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Abstract

Livestock performance is a critical indicator of grassland production systems and is influenced strongly by precipitation and stocking
rates. However, these relationships require further investigation in the arid Desert Steppe region of northeastern China. We employed
a randomized complete block design with three replications and four grazing treatments (nongrazed exclosure [Control]), lightly
grazed [LG], moderately grazed [MG], and heavily grazed [HG]) by sheep in a continuously grazed system (June to November), to test
the effect of stocking rate on sheep performance. The planned stocking rates were 0, 0.15, 0.30, and 0.45 sheep-ha™'-mo ™", for the
control, LG, MG, and HG treatments, respectively. However, actual stocking rates were calculated for each paddock in each year
based on a 50-kg sheep equivalent (SE). Annual net primary production (ANPP) was determined at peak standing crop in August 2004
to 2008. Live weight gain was determined for the summer and fall periods, as well as the total grazing period, in each year. ANPP
decreased with increasing stocking rate, and daily live weight gain per head decreased linearly with increasing stocking rates over the
total grazing period but in a quadratic manner over the summer period with a plateau at the lower rates. Maximum sheep production
per unit area over the total grazing season occurred at about 2 SE ha ™! for about a 5-mo grazing period, but individual gains per sheep
were predicted to decline after about 1 SEha ™! presumably because of forage limitations. However, in order to achieve stable annual
production, we recommend that the Desert Steppe be grazed at about 0.77 SEha™! for a 5-mo period (0.15 SEha™*-mo ™). This
estimate is based on published grazing strategies that consider an average ANPP with a recommended utilization rate of 30%.

Resumen

El rendimiento del ganado es un indicador crucial de los sistemas de produccion en los pastizales, y estd vinculado definitivamente a la
precipitacion y a la carga animal. Sin embargo, esta relacion requiere mas investigacion en la region drida de la estepa del desierto del
noreste de China. Se utilizé un disefio de bloques completamente al azar con tres repeticiones y cuatro tratamientos de pastoreo (no-
pastoreo [Control], pastoreo ligero [PL], pastoreo moderado [PM] y pastoreo alto [PA] con ovejas en un sistema de pastoreo continuo
(de Junio a Noviembre), para examinar el efecto de la carga animal en el rendimiento de las ovejas. La carga animal planeada fue 0,
0.15,0.30,y 0.45 ovejas-ha~'-mo ™! para los tratamientos de control, PL, PM, y PA respectivamente. Sin embargo, la carga animal
definitiva se calcul6 para cada potrero en cada afio basandose en la equivalencia de una oveja (SE) de 50 kg. La produccion anual
primaria (ANPP) se determind al final de la época de crecimiento en Agosto, del 2004 y del 2008. La ganancia de peso se obtuvo para
los periodos del verano y del otofio, asi como para el periodo total de pastoreo, en cada afio. La ANPP disminuy¢ al incrementar la
carga animal y la ganancia por dia por cabeza disminuy6 linealmente con el incremento de la carga animal en el periodo total de
pastoreo. Sin embargo, lo hizo de una forma cuadratica durante el periodo del verano siendo estable en las carga mas bajas. La
produccién méxima de las ovejas por unidad de drea para la estacion total de pastoreo ocurri6 alrededor de 2 SEha™' en
aproximadamente 5 meses de pastoreo. Se pudo predecir que las ganancias individuales disminuirian después de 1 SEha ™' debido a
las limitaciones del forraje. Sin embargo, para poder llevar a cabo una produccion anual estable, recomendamos que la estepa del
desierto se pastoree alrededor de 0.77 SEha™! por un periodo de 5 meses (0.15 SEha™'-mo™!). Esta estimacién se basa en las
publicaciones de las estrategias de pastoreo que consideran una ANPP con una utilizacién recomendada de un 30%.
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There is an extensive history of research examining relation-
ships between stocking rate and livestock production (Orr and
Newton 1984; Common et al. 1993; Ash and Smith 1996; Hart
and Ashby 1998; Han et al. 2000; Derner and Hart 2005).
Typically, live weight gain per animal decreases and gain per
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area increases as stocking rate increases until stocking becomes
excessive and gains per unit area decline (Hatch and Tainton
1997). Live weight gain had been used as an important
indicator for predicting optimal stocking rates in grassland
management (Hart et al. 1988b; Han et al. 2000). It has been
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Table 1. Precipitation distribution over the growing season and total annual precipitation in each year of the grazing study of a Desert Steppe

community in Inner Mongolia.

April to
Year April May June July August September Sep[iember Annual
(mm)
2004 12 72 32 51 68 12 247 253
2005 2 30 0.3 22 86 16 156 157
2006 1 24 24 42 49 19 159 161
2007 3 13 31 37 23 27 134 162
2008 1 5 45 69 56 35 211 231
Mean 4 29 26 44 56 22 181 193

generally observed that average daily gains decline exponen-
tially beyond an optimum stocking rate (Ackerman et al. 2001).

Optimal stocking rates for any given landscape will vary
between vyears, ecological sites types, and class of grazing
animals (McCollum 1993). A biologically optimum stocking
rate can be estimated from an animal production curve, but this
predicted optimum is only a guide that must be adjusted in
response to actual management practices (Wilson and Macleod
1991). An economically based optimum stocking rate requires
known fixed and variable costs and can be calculated from a
relationship between production per head and production per
unit area (McCollum 1993; Ash and Smith 1996). The
relationships between live weight gain per head and per hectare
are pivotal to conceptual development of optimal stocking
rates.

Generally, rainfall is a key driving variable for grassland
vegetation, soil, and livestock productivity (Orr 1980; Fynn
and O’Connor 2000; Ursino and Contarini 2006). In arid and
semiarid grasslands, rainfall amount and pattern (season and
intensity) have a direct influence on primary production
(Milchunas et al. 1994; Bates et al. 2006) and have an indirect
effect on livestock production (Yu et al. 2004).

Rainfall can account for most of the temporal variation in
animal weight gain (Fynn and O’Connor 2000). Within the
Desert Steppe of Inner Mongolia, over 60% of annual
precipitation occurs during a 6-mo period from April to
September. This is also the key period for livestock grazing on
the Inner Mongolian rangelands. Therefore, an understanding
of the relationships between stocking rate and primary or
secondary production, and the influence that precipitation may
have on it, is important for sustainable grassland management.
To clarify those relationships for the Desert Steppe, we
conducted a study to determine the effect of stocking rate
and rainfall on sheep production in order to provide an
experimental basis for stocking rate recommendations within
the Desert Steppe of Inner Mongolia.

MATERIALS AND METHODS

Site Description

The experiment was conducted from June 2004 to November
2008 in Siziwang Banner, Inner Mongolia, China (41°46'43.6"N,
111°53'41.7"E; elevation 1456 m) in a Desert Steppe commu-
nity. The climate of this site is classified as continental with a
mean annual precipitation of 193 mm yr~' and mean annual
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temperature of 3.4°C. The climate is very dry and windy in spring
with high ambient air temperatures during the summer months.
The majority of precipitation occurs from April to September.
The frost-free period is 175 d. The soil is Kastanozem (FAO soil
classification) with a sandy loam texture. The dominant plant
species of the study area are Stipa breviflora Griseb., Artemisia
frigida Willd., and Cleistogenes songorica (Roshev.) Ohwi, while
the average vegetation height is about 5 cm with a canopy cover
ranging from 17% to 20%. The vegetation and soil character-
istics are shown in Table 1.

The majority of the experimental site was degraded due to
overgrazing in the past 15+ yr prior to the onset of our grazing
experiment. The site had been grazed by sheep year-long at a
stocking rate of <0.08 sheep-ha ''mo~' prior to 1988.
Stocking rate increased steadily after 1988 and reached about
0.5 sheep-ha™'-mo ™! at the time the experiment began in 2004.

Experimental Design

In 2004, 12 paddocks were fenced along a gradient of increasing
grazing pressure that had previously been imposed for 2 yr as
part of a grazing experiment. Therefore, we employed a
randomized complete block design of four planned stocking
rate treatments and three blocks. The stocking rates were
nongrazed (Control), lightly grazed (LG), moderately grazed
(MG), and heavily grazed (HG) representing 0, 0.15, 0.30, and
0.45 sheep-ha '-mo !, respectively. The treatments randomly
assigned to the paddocks at the start of the study in 2004.

In the spring of 2004, 72 sheep from the same cohort (2-yr-
old in 2004, Mongolian wethers) were randomly allocated to
the 12 paddocks according to plan. Their average initial
weights (mean = SE) were 34.9+0.3 kg, 42.2+0.4 kg,
40.6 + 0.5 kg, 33.3 = 0.7 kg, and 49.1 + 1.0 for 2004, 2005,
2006, 2007, and 2008, respectively (Table 2). Two cohorts of
sheep were used: one cohort from 2004 through 2006, and a
second cohort from 2007 and 2008.

Seasonal grazing was planned for 6 mo during the period
June to November in each year. The actual grazing period in
different years is fluctuated depending on the available forage
from year to year. The daily grazing schedule was from 06:00
to 18:00. The sheep were penned each evening in a separate
enclosure away from the experimental site. Water was provided
twice per day (at early morning and dusk), and salt was offered
ad libitum in the paddocks over the entire grazing period. From
December through May each year, all experimental sheep were
kept in the enclosure and supplied with hay, corn stover, and
grain at levels that met their maintenance energy requirements.
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Table 2. Initial vegetation conditions as measured in moveable cages in August 2004, within experimental paddocks, and initial weights of sheep

used in each year of the trial.

Initial vegetation condition in 2004

Sheep initial weight of each year (kg)

Canopy ANPP Perennial grass
(% cover) (kg-ha™") (% of ANPP) 2004 2005 2006 2007 2008

Control’ 21 1102 20 — — — — —
LG 22 907 29 36 41 42 34 50
MG 18 1152 18 36 44 43 32 48
HG 18 913 25 34 40 39 34 50
Mean? 35a 43 b 41b 33a 49 ¢
SEM 2.1 10.1 0.04 14
Effect Probability

Treatment (T) 0.19 0.20 0.29 0.17

Year (Y) <0.01

TXY 0.41

LG, MG, and HG represent low, moderate, and heavy stocking rates, respectively.
2Means in a row having the same letter are not different (P> 0.05).

Measurements

Annual net primary production (ANPP) was determined in
August of each year by harvesting a single 1-m? quadrate inside
each of five portable cages (1.5 X 1.5 m) that were established
in each paddock before grazing began in spring. Before
harvesting the quadrate, the canopy of all plants was
determined visually as a proportion of ground cover. Available
forage during the grazing season was estimated monthly by
harvesting at ground level 15 0.1-m? paddocks in 2004, 2005,
and 2006 and 10 1.0-m” quadrates in 2007 and 2008 outside
the portable cage. These estimates were averaged for grazing
period and represented the average forage available to the
sheep over that period. The cages and all quadrates were
located randomly and moved after they were harvested.
Harvested biomass was separated by species, oven-dried at
65°C for 48 h, and then weighed. Available forage was
calculated as the sum of all species. Herbage allowance was
calculated on the basis of a sheep equivalent (SE) defined as a
50-kg animal and expressed as available forage SE™"+ha'.

Live weight gain per animal and per hectare were determined
for the summer and fall periods, as well as the total grazing
period, in each year. The sheep were weighed on the first and
last days of the total grazing period as well as once near the
beginning of fall to yield a summer and fall grazing period. In
2005 grazing was terminated in late summer because of dry
conditions. As a result the gains representing the summer
period were equivalent to the total period while the fall period
was absent. In 2006, the sheep were not weighed in midseason,
which prevented calculating spring and fall estimates. Gains per
sheep were calculated as the weight difference between two
dates and expressed as daily weight gain.

A micro-weather station was located adjacent to the
experimental site in 2003. Precipitation was measured at a
nearby meteorological station (GroWeather® software version
1.2, Davis Instruments Corporation, Vernon Hills, IL) located
about 1 km from the grazing study.

Statistical Analyses
The effects of planned stocking rate, year, and their interaction
on ANPP and sheep weight gains were analyzed using a mixed
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model (MIXED procedure; SAS Institute 2008) with replications
and replication X stocking rate as random effects. The residuals
of all analyses were tested for normality using the UNIVARIATE
procedure of SAS (SAS Institute 2008). Where necessary, outliers
were either removed or the data was transformed using the
logarithmic transformation. Significant differences among
means were detected using the least significant difference test
when the treatment effects were significant (P < 0.05).

In order to account for changing animal weights among
years, and weight differences among treatments within years,
we calculated a revised stocking rate for each paddock based on
the sheep equivalent for a 50-kg animal at the beginning of
each grazing season. Models were developed that best
explained the relationship of average daily gain (ADG) to the
adjusted stocking rate using TableCurve 2D 5.01 (SYSTAT
Software 2008). The resulting model was used to calculate the
relationship of stocking rate on ADG-ha~'. The relationship
of ADG to allowable herbage mass was fit to the model:
ADG = a(1 — [exp{—allowable forage}]) using the NLIN pro-
cedure (SAS Institute 2008); here a is the plateau that represents
the point at which ADG is unresponsive to additional allowable
forage, and the exponent defines the slope of that relationship.

Regression analyses (procedure REG; SAS Institute 2008)
were used to determine the relationship between forage
production and rainfall. For these analyses we used the April
to July precipitation totals, in favor of April to September or
May to September, as they provided the best fit as measured by
their correlation coefficient. Simple regression coefficients were
determined by replicate for each treatment. Their coefficients
and intercepts were used to test the effects of planned stocking
rates on the relationship between forage production and rainfall.

RESULTS

Precipitation

Most of the annual precipitation occurred from April to
September with amounts during the grazing period in 2004,
20035, 2006, 2007, and 2008, accounting for 98 %, 99%, 99%,
81%, and 92% of total annual precipitation, respectively. The
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Table 3. The effect of stocking rate and year on the above-ground net primary production (ANPP) on the Desert Steppe in Inner Mongolia.

Stocking rate' 2004 2005 2006 2007 2008 Mean
ANPP (kg+ha™")

Control 1102 272 385 799 1454 802
LG 907 210 305 644 1103 634
MG 1152 203 202 411 768 547
HG 913 114 280. 495 1151 591
Mean? 1018 (6.9) a 210 (5.2) b 293 (5.6) b 591 (6.3) b 1141 (6.9) a
SEM (0.13)
Effects

Stocking rate (SR) 0.09

Year (Y) <0.01

SRxY 0.41

LG, MG, and HG represent low, moderate, and heavy stocking rates, respectively.

®Means of the year effect are given as the arithmetic with (log transformed); log transformed means that have the same letter are not different (P> 0.05).

total annual precipitation in 2004 (253 mm) and 2008
(231 mm) was above the 5-yr (2004-2008) average (193 mm;
Table 1).

Forage Availability
The initial vegetative conditions among planned stocking rate
treatments were similar (P >0.05) for ANPP, ground cover,
and the proportion of grass in ANPP (Table 2). The initial
weight of sheep assigned to each treatment in any year was
similar (P> 0.05).

ANPP was affected (P <0.05) by experimental year but not
by the grazing treatment or its interaction with year (Table 3).
ANPP was highly responsive to total precipitation over the
period from April to July (Fig. 1); however, that relationship
was not affected by the stocking rate treatments (for the LG,
MG, and HG treatments the intercepts were —4, —38, and
—25 kg-ha™' [P=0.06] respectively, and the regression

coefficients were 0.66, 0.92, and 0.86 kg-ha ' ANPP-mm
precipitation” ' [P = 0.24], respectively).

The ADG of sheep for the summer, fall, or both periods
combined was affected (P < 0.05) by both the planned stocking
rate treatments and the experimental year, but not (P> 0.05)
by their interaction (Table 4). ADG was ranked (LG = MG)
>HG for the summer period, (LG >MG) =HG for the fall
period, and LG > MG > HG for both periods combined.

Effect of Stocking Rate on Sheep Live Weight Gain

Over both summer and fall grazing periods, live weight gains
per animal decreased linearly (P>0.05) with increased
stocking rate (Fig. 2). This relationship produced the maximum
gains per ha at the highest stocking rate of about 2.4 SEha'.
In the summer, ADG exhibited a plateau, defined by a log
function (P <0.05), until a stocking rate of about 1 SEha™"
was reached (Fig. 2). The calculated gain per ha peaked near
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Figure 1. The effect of total precipitation from April to July over 5 yr on annual net primary production (ANPP) on the Desert Steppe in

Inner Mongolia.
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Table 4. Effect of planned stock rates and year on the average daily gain of sheep over the grazing season in the Desert Steppe of Inner Mongolia.

Stocking
Effect Probability rate (SR)"2 2004 2005 2006 2007 2008 Mean?
Average daily gain (kgeha='ed™")
Summer/fall
SR <0.01 LG 0.070 0.118 0.121 0.118 0.078 0.101 ¢
Year (Y) <0.01 MG 0.061 0.102 0.100 0.094 0.085 0.088 b
SRXY 0.13 HG 0.042 0.062 0.067 0.059 0.066 0.059 a
Mean 0.058 a 0.094 ¢ 0.096 ¢ 0.090 ¢ 0.076 b
SEM 0.0042 0.0049 0.0059 0.0042 0.0042
Summer
SR <0.01 LG 0.091 0.118 — 0.107 0.101 0.104 b
Year (Y) 0.02 MG 0.085 0.102 — 0.101 0.119 0.102 b
SRXY 0.17 HG 0.060 0.062 — 0.076 0.079 0.069 a
Mean 0.079 a 0.094 b — 0.095 b 0.100 b
SEM 0.0043 0.0046 — 0.0040 0.0040
Fall
SR 0.03 LG —0.014 — — 0.138 0.021 0.048 b
Year (Y) <0.01 MG -0.036 — — 0.079 0.001 0.015a
SRXY 0.06 HG 0.011 — — 0.029 0.032 0.024 ab
Mean —-0.010a — — 0.082 ¢ 0.018 b
SEM 0.0106 — — 0.0106 0.0106

LG, MG, and HG represents the low, moderate, and heavy stocking rates, respectively.
2Means in a row or column having the same letter are not different (P> 0.05).

2SEha ' In the fall, gains were marginally affected (P = 0.06)
in an inverse quadratic function, suggesting that gains were
greatest at a light stocking rate but near zero over most of the
range of rates that were investigated (Fig. 2). The gains per ha
followed a similar trend.

Live weight gains followed an exponential relationship to
allowable forage with a plateau near 0.1 kg-ha '-d~! (Fig. 3).
This level was reached when the allowable forage per sheep
equivalent was near 3 kg-SE™'-d ",

DISCUSSION

Heavy grazing pressure on the Desert Steppe had no effect on
forage production over a 5-yr period, and rainfall had a similar
effect in all grazing treatments regardless of grazing pressure.
The primary factor affecting livestock performance was the
biomass of forage allocated to animals over the grazing period,
which was influenced by high variation in the amount of
annual rainfall. Therefore, production on the Desert Steppe
conforms to the disequilibrium theory of grassland stability,
which is defined largely by climate (Fernandez-Gimenez and
Allen-Diaz 1999), and the recommended stocking rate could be
dictated by animal performance (Jones and Sandland 1974).
This suggests that stocking rate should be adjusted annually
to utilize forage at a rate that would maximize livestock
productivity. However, this is difficult to achieve because most
herders do not have the capacity to remove and replace animals
to achieve fluctuating targets, and those targets cannot be
predicted early enough to be effective. Therefore, the grazing
recommendations made by Martin (1975) for systems with
high rainfall variability were for constant stocking at 90% of
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average annual capacity. This rate was expected to return
greater profits than flexible stocking (Martin 1975).

Based on our study, maximum animal performance was
achieved when sheep were offered at least 3 kg forage dry
matter per day over the grazing season. For a 5-mo (155-d)
grazing period, this would require about 465 kg dry
matter-ha”'-SE™!, which was achieved in only 2 of the 5 yr,
suggesting that 1 sheep per ha was too high. This observation is
supported by results showing a loss of animal weight with
stocking rates greater than 0.5 sheep per ha when estimated for
the entire grazing season. However, this estimate is not
expressed over the summer period when animal losses were
not evident until after 1 sheep per ha.

Nevertheless, over 5 yr of the study, most live weight gains
per ha were produced where the stocking rate was stocked from
1.5 to 2 (or more) sheep per ha. Although the maximum gains
may be obtained at higher stocking rates, those animals would
have lower body fat and need to be fed more preserved forage
in the winter to maintain their condition (Freeze and Willms
1998). This factor was not part of the study but might be
expected where weight gains are suppressed by inadequate
nutrition. Therefore, maximum economic output over the § yr
of the study would likely be derived at a rate that is
substantially lower than the maximum live weight gains per ha.

An important consideration in the development of a
recommended stocking rate for the Desert Steppe is the
requirement for stability in livestock numbers and the ability
of the herder to stock at rates that avoid periodic livestock
losses and grassland deterioration (Martin 19735). This strategy
is based on managing the grassland for average productivity
and, for the Desert Steppe, an average utilization rate varying
from 30% to 50% (Zhixin and Shuyou 1989) for winter
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Figure 2. Average daily gain of sheep relative to stocking rates adjusted annually in each paddock according to a 50-kg sheep-equivalent animal at

the time grazing was initiated in spring.

grazing. For summer grazing, the utilization rate would
probably be set at the more conservative rate of 30%. Given
these constraints, and an average production of 640 kg-ha !,
the proper stocking rate on the Desert Steppe over a 5-mo
grazing period should be about 0.41 SEha™'. This value is
calculated as: (640 kg-ha ' x30%)/(3 kg-SE-d"'x 155 d)
and may be adjusted by the nutritive requirements of a
particular class of animal or the ability of the grassland to
sustain heavier utilization. For example, according to the
National Research Council (1985) requirements for a 50-kg
ewe in late stage of gestation (assuming this is equivalent to a
50 kg whether that is expected to gain 0.1 kg-d ') is about
1.6 kg-d ™', suggesting that an average ANPP utilized at 30%
could support 0.77 SE-ha™!. This stocking rate is still well
within the mass required to achieve maximum weight per
individual animal (3 kg-d~" or 465 kg over § mo of grazing).
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Nevertheless, these values are much lower than that reported
from an earlier study that recommended almost 2 sheep-ha™*
over the same period (Han et al. 2000) as this study. It is
possible that our estimates reflect the continuous overgrazing in
recent years that has likely resulted in significant decreases in
carrying capacity across the region.

The trends in animal weight gain relative to stocking rate
were dependent on the period of investigation and, presumably,
our lowest stocking rates. The trend we observed over the
summer was similar to that reported by Hart et al. (1988a) for
cattle in the mixed grass prairie. However, for the entire
grazing period, which was similar to that of Hart et al. (1988a),
the plateau at the lower stocking rates was not evident but was
modified into a linear downward trend when the fall
observations were included, similar to those of Harlan
(1958), Phillips and Coleman (1995), and Ackerman et al.
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Figure 3. The effect of allowable forage for sheep on their average daily gain on the Desert Steppe in Inner Mongolia over the combined summer

and fall grazing seasons.

(2001). In the fall, sheep responded positively to a very low
stocking rate, which was reflected in the trend for the total
grazing season. Therefore, it appears that in the fall, low
stocking rates enable selective grazing that result in better
nutrition and improved weight gains. Presumably, a plateau
would be evident below the stocking rates we observed.

The vegetation of the Desert Steppe is resistant to change and
the 5 yr of the study are too short to have produced a new
equilibrium of vegetation characteristics within each treatment.
While ANPP was not affected by the grazing treatment, forage
quality appeared to be altered by shifts in the proportions of
grass, pasture sage (Artemisia frigida Willd.), and Russian
thistle (Salsola collina Pall.) among the grazing treatments. We
observed a large biomass of Russian thistle in the heavily
stocked treatment in 2008, which was a wet year, and the
lowest mass of pasture sage in the heavily stocked treatment in
the last 2 yr of the trial (Han Guodong and Wang Zhongwu;
personal communication, February 2009). The relatively short
period of the study leaves us with no clear evidence that the
lightly stocked treatment was recovering from overgrazing
before the trial began. However, the trends we observed in the
proportions of Russian thistle and pasture sage suggest that the
heavy stocking rate was causing further degradation.

MANAGEMENT IMPLICATIONS

The Desert Steppe needs to be managed conservatively to
achieve production stability because of the large annual
variation in rainfall, which is linked with large fluctuations in
ANPP. High ANPP in years of high precipitation are obtained
from annual species, which have little or no value for winter
grazing and provides no value for carryover to the following
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year. Therefore, basing the carrying capacity on an average
ANPP can be misleading in managing for long-term stability,
and a better estimate would be to base it on carrying capacity
from the production of perennial species. We estimated two
stocking rates based on different assumptions of forage
requirements for each SE. Our maximum recommended
stocking rate of 0.77 SE-ha™' for a 5-mo grazing period is
equivalent to our lowest experimental rate of approximately
0.75 SE-ha™" and is based on a relatively short-term assessment
of this grassland type. The study needs to progress for a longer
period to validate this estimate and ascertain the process of
grazing induced degradation in the Desert Steppe. In the
meantime, herders need to follow a conservative stocking rate
to ensure livestock production can be sustained and that
grassland degradation does not continue.
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