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Abstract. Grazing strategies, consisting of grazing systems and stocking rate adjustments, have evolved from the need
to sustain efficient use of the forage resources by livestock, increase animal performance and sustain forage production.
A 3-year study was conducted with Tibetan sheep on the Eastern Qinghai-Tibetan Plateau, China to compare: (1) two
grazing systems [season-long continuous (SLC; July to December) versus short duration with seasonal rotation (SDSR;
July to September in growing-season pasture and October to December in cold-season pasture) with a stocking rate of
24 sheep months ha–1(SM ha–1)]; (2) SDSR system with 24, 36 and 48 SM ha–1; and (3) seasonal aspects of stocking rate
under the SDSR system by comparing strategies of heavy stocking rate in the growing season and light stocking rate in
the cold season (SDSR-HL) versus light stocking rate in the growing season and heavy stocking rate in the cold season
(SDSR-LH). No differences were found between grazing systems in liveweight gain per head or per ha and in residual
herbage mass. Liveweight gain per head for treatment SDSR24 was greater than for treatments SDSR36 and SDRS48,
whereas liveweight gain per ha showed the opposite tendency. No differences were found between the SDSR-HL and
SDSR-LH treatments in liveweight gain per head or per ha, whereas the ratio of residual herbage mass at the end of grazing
the growing-season pasture to the cold pasture of treatment SDSR-LH was more than twice that of treatment SDSR-
HL. Daily liveweight gain of Tibetan sheep decreased linearly with increasing grazing pressure in both growing and cold
seasons. It was estimated that, at a grazing pressure index of 310 sheep days t–1 DM peak herbage mass, liveweight gain
per head and ha appears to be optimised over the whole grazing period. Liveweight loss by Tibetan sheep during the cold
season was apparent regardless of grazing pressure indicating that temperature had a stronger influence on sheep
performance in the cold season than herbage availability.
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Introduction

Grazing strategies, consistingmainly of the selection of a grazing
system and stocking rate, have evolved from a need to sustain
efficient use of the forage resource by livestock and to improve
livestock performance and forage production (Briske et al. 2008;
Hunt et al. 2014; O’Reagain et al. 2014). Grazing systems
originated from nomadism and progressed to more sophisticated
rotational systems during the 20th century, and most recently to
intensive short-duration systems (Briske et al. 2008) but, for
forage and livestock production on rangelands, the effects of
rotational and continuous grazing are similar (Norton 1998;
Teague andDowhower 2003; Briske et al. 2008;O’Reagain et al.
2014). In the development of grazing strategies, the optimisation
of livestock gains with forage use and productivity are of
interest. The relationship between livestock performance and
plant productivity received little attention until the 1950s when
researchers examined livestock and vegetation responses in

relation to economic metrics across stocking rates (Harlan 1958;
Klipple and Bement 1961; Riewe 1961). Bement (1969)
proposed that the average daily liveweight gain per animal
decreased with increasing stocking rate whereas the animal
liveweight gain per unit area exhibited an opposite trend. The
‘optimum’ stocking rate occurred at the ‘intersection’ of the
averagedaily liveweight gain and the liveweight gainper unit area
curves. Thismodelwas improved by additional studies that found
that liveweight gain per animal remained flat, then decreased
linearly after a specific point where grazing pressure exceeded a
threshold, and liveweight gain per unit area changed along a
parabola with the increasing stocking rate (Manley et al. 1997;
Hart and Ashby 1998). Furthermore, Hart (1972) described the
limitations of other approaches (e.g. Harlan 1958) and suggested
the need for ametric to standardise stocking rate.He proposed use
of forage allowance,whichwas defined as foragemass divided by
number of animal days per unit area. Hart (1972) also proposed
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the use of grazing pressure (the inverse of forage allowance) and
showed that the relationship between daily liveweight gain per
animal and grazing pressure was mathematically linear. Smart
et al. (2010) suggested that researchers should adopt the use of
the grazing pressure index, which can be defined as the ‘animal
to forage relationship measured in terms of animal units per unit
of weight of forage over a period of time’ (Bedell 1998). The
grazing pressure index would allow stocking rates to be
standardised, thus allowing for comparisons across larger
geographic areas. In addition, the herbage remaining in pastures,
as influenced by stocking rates, is considered to play an important
role in keeping rangeland production sustainable and preventing
degradation of rangeland (Bement 1969).

On the Qinghai-Tibetan Plateau, grazing of livestock has
occurred for thousands of years (Gerald et al. 2003; Xin et al.
2011; Feng et al. 2013) andTibetan sheep (Ovies aries) are one of
the major livestock species, with a population of over 50million
animals, providing meat, milk and income for the majority of
people living in this region (Harris 2010; Xin et al. 2011).
However, for centuries, Tibetan sheep have been caught in the
vicious cycle of ‘alive in summer, strong in autumn, thin inwinter
and tired in spring’ (Dong et al. 2003) because of strong abiotic
and biotic factors present in the plateau. The seasonalfluctuations
in herbage supply, both in quantity and quality, influence the ratio
of herbage intake to liveweight gain (Masters et al. 1990; Zhao
et al. 1991; Dong et al. 2006; Xin et al. 2011). In the spring,
pasture growth occurs in May and biomass production increases
rapidly (Gerald et al. 2003). Forage is generally plentiful and of
high nutritive value in the summer (Long et al. 1999; Zhao et al.
2000). During the autumn and winter (October–May), Tibetan
sheep graze standing dormant grasses, and as the long, cold
season progresses, they suffer from inadequate feed supply
resulting in poor nutrition and health-related problems. During
the cold season, Tibetan sheep can lose as much as 20–30% of
their liveweight (Ren 2008). These negative biotic effects are
exacerbated by poorly planned grazing management on alpine
rangeland (Dong et al. 2003; Xue et al. 2005; Feng et al. 2013).
Hence, the livestock production and the forage utilisation
efficiency of the traditional production system are very low (Zhao
et al. 1989). Furthermore, to compensate for the low efficiency,
producers have increased sheep numbers in order to reach an
‘appropriate’ herd size to meet their economic needs, which has
resulted in continued vegetation and soil degradation of the
plateau (Mishra et al. 2001; Zhou et al. 2002; Shang and Long
2007; Shang et al. 2014). This trend has intensified in recent
decades (Du et al. 2004; Wang et al. 2008a), causing severe
economic and environmental problems for the local people. It has
also affected people who live in central and east of China through
the changingof the ecological environment at the headwaters area
of Yangtze-Yellow River (Shang and Long 2007) and increasing
the frequency of dust storms (Fang et al. 2004). Given these
economic and environmental problems that have been attributed
to increasing livestock numbers, no official recommendations of
stocking rates exist to ensure sustainable pasture use by producers
(Wang et al. 2005; Zhang et al. 2014) and existing information
documenting improvement measures that could be used in
management is limited. So, it is of essential importance to develop
a grazing strategy that considers both livestock productivity and
environmental aspects (Owensby et al. 2008).

The objectives of this study were: (1) examine the effects of
grazing system and stocking rate on Tibetan sheep performance
and alpine rangeland productivity; (2) explore the ‘optimal’
stocking rate with a seasonal rotational grazing system, (3)
examine the seasonal aspects of grazing strategyonTibetan sheep
performance and alpine rangeland productivity under a seasonal
rotational grazing system, and (4) investigate the relationship
between the daily liveweight gain of Tibetan sheep and grazing
pressure index both in growing and cold seasons. To our
knowledge, this is the first comparative analysis addressing
suitable grazing strategies concerning benefits of livestock and
forage productivity in alpine rangeland of the Qinghai-Tibetan
Plateau.

Methods

Study site

This study was conducted in Maqu county of Gansu province,
China, situated the eastern of the Qing-Tibetan Plateau (N358580,
E1018530, 3500m a.s.l.). The average annual temperature was
2.48C in the past 13 years, and average warm and cold-season
temperatures were 10.38C and –1.68C, respectively. Average
annual temperatures in 2010, 2011 and 2012 were, respectively,
3.28C, 2.58Cand2.58C. In the growing seasons of 2010, 2011 and
2012, average temperatures were 11.38C, 10.48C and 10.48C,
and in the cold season, average temperatureswere –0.78C, –1.48C
and –1.58C, respectively (Fig. 1). In the past 13 years,
precipitation has averaged 616mm, and average precipitation
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Fig. 1. (a) Precipitation and (b) average daily temperatures of the latest
13 years at the study site (data fromMaquWeather Station). In (a) and (b) the
no-shaded part of the bar refers to the growing season and the dark-shaded bar
refers to the cold season, and in (b) the light-shaded bar refers to annual daily
average temperature bars.
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occurring during the growing and cold seasons was 442 and
173mm, respectively. In 2010, 2011 and 2012, annual
precipitation totalled 580, 637 and 697mm, respectively;
growing season precipitation totals were 423, 459 and 472 mm;
and cold-season precipitation totals were 158, 178 and 225mm,
respectively (Fig. 1). The site averages 2580 h of sunshine and
more than 270 frost days per year (Ma et al. 2013). The soil type at
the study site is alpine meadow soil that is primarily Mat-Cryic
Cambisols (Gao and Li 1995), which is a common soil in the area
surrounding the study site (Wu et al. 2010). The plant community
type is mainly alpine meadow that is dominated by many
monocotyledons species, primarily Poaceae and Cyperaceae.
Various dicotyledonous species are also common, such as those
belonging to the Ranunculaceae, Polygonaceae, Saxifragaceae,
Asteraceae, Scrophulariaceae,Gentianaceae andFabaceae (Ma
et al. 2010a, 2010b).

Grazing treatments

In the early spring of 2010, a season-long continuous grazing
system (SLC) and short-duration seasonal rotational grazing
system (SDSR) were set up with fixed fences, covering 35 ha
(24 ha were used for field experiment and remaining areas were
supplemental or buffer zones) on a typical alpine rangeland. Prior
to the implementation of this experiment, the study site was used
by the local government as a yak research institute where
continuous grazing had been implemented for the past 30 years.
Stocking rates during that period had been kept at moderate to
slightly above moderate.

The treatments were: SLC24 – season-long continuous
grazing from July to December at 24 sheep months (SM) ha–1,
SDSR24 – short-duration seasonal rotational grazing at 24
SM ha–1 from July to September in growing-season pasture and
October to December in cold-season pasture, SDSR36 – the
average response of SDSR-HL and SDSR-LH treatments (see
below), SDSR48 – short-duration seasonal rotational grazing at
48 SM ha–1 from July to September in growing-season pasture
and October to December in cold-season pasture, SDSR-HL –

short-duration seasonal rotational grazing at 48 SM ha–1 from
July to September in growing-season pasture and 24 SM ha–1

fromOctober toDecember in cold-season pasture, and SDSR-LH
– short-duration seasonal rotational grazing at 24 SM ha–1 from
July to September in growing-season pasture and 48 SM ha–1

from October to December in cold-season pasture.
For the SLC24 treatment, eight sheep grazed on a 2-ha pasture

continuously during the growing and cold seasons (6 months).
For the comparison of light stocking rates under two grazing
systems, each system had a common stocking rate of 24 SMha–1.
For the SDSR24 treatment, eight sheep grazed in a 1-ha paddock
during the growing season (3 months) and were then rotated to a
1-ha cold-season pasture (3 months). For the SR36 treatment,
the response of eight sheep grazing on the SDSR-HL and SDSR-
LH treatments were averaged. For treatment SDSR48, eight
sheep grazed 0.5-ha paddocks sequentially on the growing-
season pasture and the cold-season pasture. For the SDSR-HL
treatment, eight sheep grazed on 0.5-ha paddocks (48 SM ha–1)
on the growing-season pasture and on 1.0-ha paddocks (24
SM ha–1) on the cold-season pasture. For the SDSR-LH
treatment, eight sheep grazed on 1.0-ha paddocks (24 SM ha–1)

on the growing-season pasture and eight sheep grazed on 0.5-ha
paddocks (48 SM ha–1) on the cold-season pasture.

Sheep were moved from the growing-season pastures to the
cold-season pastures in late September. Although heavy stocking
rates in the cold season would generally not be recommended in
this region, heavy stocking does occur in this regionwhen herders
concentrate their livestock during very cold winters and when
herders are unable to sell livestock before the cold season.

All grazing treatments had three replicates. Within each
replicate of the SDSR treatments, growing-season paddockswere
subdivided into three sub-paddocks whereas cold-season
paddocks were subdivided into two sub-paddocks. In these
treatments, sheep were rotated between the sub-paddocks every
10 days during the growing season and every 15 days during the
cold season, giving each sub-paddock 20 days of rest during the
growing season and 15 days of rest during the cold season.
The SLC pasture had no rest/rotation periods and sheep grazed
the pasture for 6 months (both growing and cold seasons) during
each year of the study.

In order to address the research objectives, the grazing
treatment comparisons were as follows: (1) treatments SLC24
versus SDSR24; (2) treatments SDSR24 versus SDSR36 versus
SDSR48; and (3) treatments SDSR-HL versus SDSR-LH.

Measurements

Pasture samples were collected in 2010, 2011, and 2012 to
determine herbage mass and the residual herbage mass at the
end of each grazing period. For this assessment, herbage-mass
samples were collected at the beginning and end of each
grazing period based on the livestock movement schedule of the
SDSR treatments (i.e. 10 days in growing season and 15 days in
the cold season). Samples of herbage mass were collected from
three randomly placed quadrats (0.5� 0.5m) along a diagonal
transect in each grazed sub-paddock. This resulted in nine
quadrats for each replicate paddock and each grazing period
(30 days) in the growing season and six quadrats for each
replicate paddock and grazing period in the cold-season pasture.
The SLC paddocks were sampled at the same time as the SDSR
treatments with the same number of samples per replicate
paddock. The herbage mass of each seasonal grazing period
was the average herbage mass (total without litter) of 27
quadrats in the growing season and 18 quadrats in the cold
season per replicate. The sampling method for the measurement
of residual herbage mass, which included litter, was the same
as that used for the measurement of herbage mass for both
growing- and cold-season pastures and was conducted at the
end of the growing and cold seasons. For the statistical analyses
for each scenario, the averages of the residual herbage mass in
the growing- and cold-season pastures were used. To assess
peak herbage mass during each year of the study, four 1m� 1-
m cage exclosures were installed in each grazing treatment
(growing- and cold-season pastures under SDSR, and pastures
under SLC) at the beginning of the growing season during the
first year of measurement. At the end of August during each year
of the study, a 0.5� 0.5-m quadrat was placed inside each cage
and herbage mass clipped from the quadrat. After clipping,
the cages were placed randomly in another location for the
subsequent year’s evaluation. All herbage mass samples were
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oven-dried in at 558C for 48 h to determine total dry matter
(DM) content (AOAC 1980).

For each year of the experiment, 150 5–7-month-old male
Tibetan sheepwere purchasedduring themiddle of June from local
farmsnear the studyarea.Of these, 120wereused in theexperiment
and 30were kept as replacements in case of sickness or death of the
experimental sheep. At the end of each year, the sheep were sold
andnewonespurchased in the followingJune.Onedayafter arrival
of the sheep, the sheepwere ear-tagged, vaccinated, and treated for
parasites with Albendazole (Hanzhong Tianyuan Pharmaceutical
Co. Ltd, Shanxi, China). Initial liveweights of each sheep were
determined as the average of liveweights from two consecutive
days (Days 0 and 1) after the sheep had been grazing in the buffer
zonefor~2weeks.Thesheepused for theexperimentweregrouped
into 15 groups according to their liveweight to make sure the
average original liveweights were similar among the grazing
treatments [the average liveweights (kg) at the beginning of the
study were 29.1� 3.03, 26.6� 2.21 and 27.7� 2.40kg in 2010,
2011and2012, respectively].Thesheepweremarkedwithpaint on
their rumps tomake it easy to identify the different groups. OnDay
0 (1 July in each year of the experiments), the sheep groups were
randomly assigned to one of the replicate treatment paddocks
for both the SDSR (12 paddocks) and SLC (three paddocks)
grazing systems. All the sheep had access to a mineral-mix
block, made at a local factory, and fresh water while on pasture
for the duration of the study.

Measurements of liveweight were made on two
consecutive days at the end of each month to determine
liveweight gain.

Data analyses

Repeated-measures ANOVA was used to examine the effects of
grazing treatments, sampling year and their interactions on the
liveweight gain per head and per ha of Tibetan sheep, residual
herbage mass and ratio of the residual herbage mass left in
growing-season (G) and cold-season (C) pastures (G/C) for each
of the three grazing treatment comparisons described above.
Differences among means were considered significant at the
P < 0.05 level. All statistical tests were performed using the
Software Statistical Package for the Social Sciences version 19.0
(SPSS Inc., Chicago, IL, USA).

Liveweight gain per head was determined as the difference
between the in- and off-grazing period liveweights following the
standardised diet period divided by the number of days.
Liveweight gain per ha was determined from sheep numbers on
each paddock� daily liveweight gain per head� days on a
specific pasture (Schlegel et al. 2000). The number of days on a
pasture was the actual days that sheep grazed a specific
experimental paddock. Sheep that died during the grazing period
were replaced with ones from the herd of replacements
immediately but the average of the remaining sheep’s daily
liveweight gain was used as the plot average value. The grazing
pressure index (GPI) was determined, according to Smart et al.
(2010) as follows:

GPI ¼ SR=PHM ð1Þ
where SR is stocking rate defined as the relationship between
the number of animals and the grazing management unit utilised

over a specified time period in animal unit days per ha (AUDha–1)
and PHM is peak herbage mass. To derive AUD per ha, we
calculated the Animal Unit Equivalent (AUE) for Tibetan sheep
as:

AUE ¼ ðWinitialÞ0:75:ðWref
0:75Þ�1 ð2Þ

where Winitial is average liveweight of Tibetan sheep during the
grazing period in kg,Wref, (kg) is the 454-kg reference liveweight
for an Animal Unit (Schlegel et al. 2000; Smart et al. 2010),
and D is the number of days on pasture. ANCOVA was used to
test the assumption of homogeneity of regression slopes and
intercepts, taking GPI as the covariate.

Results

The treatment-by-year interaction for all the variables was not
significant for SLC and SDSR treatments (Table 1). The 3-year
means are used, therefore, to describe the differences due to the
main effects of the treatments.

Liveweight gain per head and per ha, and residual herbage
mass, were not significantly different for the two grazing systems
at 24 SM ha–1. Liveweight gain per head under treatment
SDSR24 was significantly higher than that of treatments
SDSR36 and SDSR48 and the liveweight gain per ha had an
opposite trend (Table 2). The residual herbage mass of treatment
SDSR24 was higher than that of treatments SDSR36 and
SDSR48. However, the ratios of residual herbage mass at the

Table 1. Significance of main effects and interaction of years (Y,
2010, 2011 and 2012) and treatments (T) for liveweight gain (LWG)
per head and per hectare, residual herbage mass (RHM, t DM ha–1),
ratio of residual herbage mass in growing-season and cold-season
pastures (RHM ratio) and grazing pressure index (GPI, AUD t–1) for

comparison of grazing system and stocking rates
Scenarios were: (1) GS-a comparison of grazing systems under light
stocking rate using season long continuous grazing v. short duration
seasonal rotation grazing; (2) SR-SDSR, a comparison of stocking rates
(light, moderate, and heavy) under short duration seasonal rotation; and
(3) SA-SDSR, a comparison of short duration seasonal rotation grazing
strategies of heavy stocking rate in growing season and light stocking rate in
cold season v. Light stocking rate in growing season and heavy stocking rate

in cold season

GS SR- SDSR SA-SDSR
Variables Source F P F P F P

LWG (g day–1) Y 1.49 0.265 1.54 0.233 0.17 0.846
T 0.00 0.985 36.74 0.000 0.25 0.627
Y�T 0.39 0.684 0.39 0.811 0.39 0.684

LWG (kg ha–1) Y 1.48 0.267 1.98 0.157 0.17 0.845
T 0.00 0.994 219.19 0.000 0.25 0.630
Y�T 0.39 0.683 0.84 0.511 0.08 0.927

RHM Y 1.22 0.320 0.93 0.414 2.56 0.105
(t DM ha–1) T 2.26 0.133 1050.25 0.000 2.37 0.122

Y�T 0.05 0.995 1.31 0.305 0.33 0.855
RHM ratio Y 1.94 0.172 0.11 0.897 2.44 0.116

T 9.59 0.001 0.78 0.470 615.49 0.001
Y�T 1.132 0.373 0.01 1.000 1.922 0.150

GPI (AUD t–1) Y 3.016 0.087 2.18 0.132 3.422 0.067
T 2.368 0.115 4711.56 0.001 3.285 0.095
Y�T 0.620 0.554 0.12 0.973 0.190 0.829
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end of the grazing period in the growing-season and cold-season
pastures were not significantly different (Table 2).

In describing the relationship between GPI and daily
liveweight gain per head (ADG), a linear function was found
to be the most appropriate fit. However, the relationship
between GPI and liveweight gain per ha was explained by a
quadratic function for the whole grazing period (Fig. 2).
A theoretical maximum liveweight gain ha–1 (LGH) would
occur at 71 AUD t–1 DM peak herbage mass and the ‘optimum’
stocking rate would occur at 31 AUD t–1 DM peak herbage
mass according to the equations: ADG= 86.7 – 0.788 GPI
(R2 = 0.83), and LGH= 3.406 GPI – 0.034 GPI2 – 12.021
(R2 = 0.96).

No significant differences (P > 0.05) were found for any of
the liveweight gain variables or residual herbage mass between
treatments SDSR-HL and SDSR-LH. However, the ratio of
residual herbage mass was almost two times higher in treatment
SDSR-LH than in treatment SDSR-HL (Table 2).

An assessment was conducted to evaluate effects of GPI
on daily liveweight gain per head in the growing and cold seasons
for stocking rates under the SLC and SDSR systems. There were
linear relationships between GPI and daily liveweight gain
per head for each system/stocking rate and season (Fig. 3a, b;
Table 3). In the growing season, there were no significant
differences among the slopes of treatments (P > 0.05, Table 3)
whereas the intercept of daily liveweight gain per head for
treatment SDSR48 was larger than that of treatments
SDSR24 and SLC24 (P < 0.01, Table 3). In the cold season,
both the slopes and intercepts of daily liveweight gain per head
of all treatments were significantly different (P < 0.001, Table 3).
As would be expected, the SDSR48 treatment had the greatest
change in GPI across months as the cold season progressed.
However, sheep on all treatments exhibited comparatively large
liveweight losses during the cold season regardless of grazing
treatment (Fig. 3b).

Discussion

Grazing systems

Historically, grazing systems were implemented in an attempt to
increase livestock production by allowing key plant species the
ability to capture adequate light, water, and nutrients to enhance
plant growth and by enabling livestock tomore efficiently harvest
forage (Briske et al. 2008;Hunt et al. 2014). In a reviewof grazing
studies that had been conducted during the past 60 years, Briske
et al. (2008) found that past research indicated that rotational
grazing was not superior to continuous grazing on rangelands for
many different variables including plant production, liveweight
gain per head, and liveweight gain per ha. These findings were

Table 2. Liveweight gain (LWG, kg hd–1 and kg ha–1), residual herbage mass (RHM, t DM ha–1), ratio
of residual herbage mass at the end of growing and cold seasons (after the natural logarithm
transformation), and grazing pressure index (GPI, AUD t–1) (means and standard deviation of the mean)

in growing- and cold-season pastures for the stocking rate and grazing system scenarios
Scenarios were: (1) GS, a comparison grazing systems under light stocking rates using season long continuous v.
short duration seasonal rotation; (2) SR-SDSR, a comparison of stocking rates (light, moderate, and heavy) under
short duration seasonal rotation; and (3) SA-SDSR, a comparison of short duration seasonal rotation grazing
strategies of heavy stocking rate in growing season and light stocking rate in cold season v. light stocking rate
in growing season and heavy stocking rate in cold season.Meanswere averaged across years (2010–2012).Means

followed by the same letter are not significantly different (P< 0.05)

Scenarios LWG (kg hd–1) LWG (kg ha–1) RHM (t DM ha–1) RHM ratio GPI (AUD t–1)

GS
SDSR-L 11.8 ± 0.38a 47.2 ± 1.52a 2.3 ± 0.03a 1.7 ± 0.07a 23.6 ± 0.21a
SLC 11.8 ± 0.35a 47.2 ± 1.39a 2.2 ± 0.05a 1.6 ± 0.08b 23.8 ± 0.27a

SR-SDSR
Light 11.8 ± 0.38a 47.2 ± 1.52a 2.3 ± 0.03a 1.7 ± 0.07a 23.6 ± 0.21c
Moderate 11.0 ± 0.49b 58.7 ± 2.60b 1.9 ± 0.02b 2.1 ± 0.83a 31.3 ± 0.54b
Heavy 9.6 ± 0.63c 77.8 ± 5.01c 1.6 ± 0.03c 2.0 ± 0.11a 46.0 ± 1.11a

SA-SDSR
L-H 11.1 ± 0.43a 59.0 ± 2.30a 1.9 ± 0.03a 2.9 ± 0.21a 31.6 ± 0.41a
H-L 10.9 ± 0.56a 58.3 ± 2.97a 1.9± 0.03a 1.3 ± 0.03b 31.1 ± 0.58a
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Fig. 2. Relationships between average daily liveweight gain and liveweight
gain per ha in the short-duration season rotational grazing system and grazing
pressure index of Tibetan sheep (180-day grazing season), based on the data
of 2010, 2011 and 2012. Values are means for each stocking rate for each
year of the study.

Grazing strategy effects on Tibetan Plateau sheep production The Rangeland Journal 185



true for early grazing experiments comparing continuous and
rotational grazing (Sampson 1951; Heady 1961) and in later
investigations (Hart et al. 1993; Holechek et al. 1995; Hunt et al.
2014;Manley et al. 1997;McCollum et al. 1999;Derner andHart
2007). In this study, we had similar results and did not find
any significant differences in the liveweight gain per head and
per ha when comparing continuous grazing to rotational grazing
at a light stocking rate.

In previous promotions of rotational grazing systems, the
benefits of the system were purported to be increased herbage
mass production and desirable changes in species composition
through rest of key plant species and reduced patch grazing as
a result of high grazing pressures minimising selectivity by
livestock (Briske et al. 2008). However, in our study we did
not find significant differences in residual herbage mass
between SLC and SDSR systems, which is in agreement with
the conclusions of Briske et al. (2008) and O’Reagain et al.
(2014).

Stocking rates

Selecting the appropriate stocking rate is the most important
grazing management decision a producer can make as it strongly
influences long-term financial returns and environmental
outcomes (Holechek et al. 1995; O’Reagain et al. 2011).
Individual livestock performance declines in a linear fashionwith
increasing stocking rate (Holechek et al. 1999; Owensby and
Auen 2013) whereas livestock performance per ha responds
with a parabolic trend (Bement 1969; Briske et al. 2008). The
intersection of these two curves is generally considered the
‘optimum’ stocking rate that ensures economic sustainability.
This has been supported by a series of studies (Hart et al. 1988;
Manley et al. 1997; Hart andAshby 1998). However, few studies
exist where optimum stocking rate has been determined for alpine
rangelands on the Qinghai-Tibetan Plateau. Generally, the
prevailing stocking rate of this region has been based on the
local producers’ traditional experience (Gerald et al. 2003).With
global warming (Wang et al. 2012) and increased human
disturbance in the past several decades (Wang et al. 2008b) on the
Qinghai-Tibetan Plateau, it has become more important to find
suitable stocking rates for this region. This has become especially
true after the 1980s,when the ‘HouseholdResponsibility System’
was implemented, which encouraged a semi-sedentary or
completely sedentary lifestyle for livestock producers in the
Qinghai-Tibetan Plateau (Gerald et al. 2003). In this study, the
daily liveweight gain per head and the average liveweight gain
per ha intersected at 31 AUD t–1 DM peak herbage mass (Fig. 2).
This stocking rate is similar to the ‘constrained flexible
stocking rate strategy’ described by O’Reagain and Scanlan
(2013) andwill beuseful for livestockproducers on theplateau for
optimal grazing strategies to benefit the producer’s economic
returns. However, additional study in this region would be
required to evaluate the effects of this optimal stocking rate on
environmental and rangeland health indicators. Hart et al. (1988)
stated that the optimal stocking rate for livestock production
could impact on forage production and range condition over the
long term.Research examining theproduction andenvironmental
consequences of adoption of the optimal stocking rate would
be useful for shaping policy recommendations for alpine
rangelands.

Seasonal aspects

The liveweight gain per head and per ha of Tibetan sheep were
influenced by the stocking rate of the whole grazing period
rather than some part of the grazing period (Table 1). However,
we found that the sheep lost liveweight in the cold season
regardless of stocking rate and herbage mass, so temperatures
during the cold season appear to have had much stronger effects
on livestock production than did stocking rate. Moreover,
liveweight losses as the cold season progresses past the end of
our study period (December) would likely be even greater
(Fig. 3a, b), and, therefore, lower stocking rates may play a
stronger role in whether sheep survive the cold temperatures, like
those used in the SDSR-LHor SLC treatments in this study.Also,
we found that the ratio of residual herbage mass in treatment
SDSR-HL exhibited a balance between growing-season and
cold-season pastures (ratio ofG/Cwas1.26, Table 2),whereas the
ratio of residual herbage mass in treatment SDSR-LH was much
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Fig. 3. (a) Relationship between grazing pressure index and average daily
liveweight gain in (a) the growing season and (b) the cold season, based on
the data of 2010, 2011 and 2012. Values are monthly means averaged across
years of the study for treatments SDSR24 (circles), SDSR48 (squares) relating
to the short-duration rotational grazing system and treatment SLC (triangles)
relating to a continuous grazing system.
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higher (2.26 times higher than that of SDSR-HL) as the grazing
pressure was less during the growing season and more during the
cold season. The surplus accumulation of herbage in the growing-
season pasture of SDSR-LH may have the potential to reduce
productivity (Klein et al. 2007) of the whole grazing season.
Surplus herbage mass can result in lower total productivity and
delay the germination of plant species by changing the solar
radiation that is intercepted (Kato et al. 2004). Furthermore, the
increased amount of dead material relative to vegetative growth
creates shading bydeadmaterial, and thus reduces photosynthetic
capacity (Gerald et al. 2003). The negative effects can carry over
to plant growth in the following year, which may be exacerbated
by the short growing season in the high elevation and low
temperatures of the Qinghai-Tibetan Plateau region (Niu et al.
2009). In addition, the surplus deadmaterial can reduce the ability
of animals to select green in their diet, which may reduce animal
productivity before vegetation green-up in the following year
(Kahn and Cottle 2014). On the contrary, the very low residual
herbage mass in cold-season pasture may result in the
degeneration of the rangeland, causing a decrease in livestock
production, and environmental problems (e.g. dust storms and
erosion) (Yan et al. 2000; Shang and Long 2007). At present, the
viewpoint held bymost people in the region is that overgrazing is
the primary cause of rangeland degradation in the Qinghai-
TibetanPlateau (Wang et al. 2006;Wang et al. 2008b) and the low
residual herbage mass resulting from overgrazing may be the
main contributor. Lower stocking rates in the cold season to
reduce grazing pressure may be a sensible choice to reduce
overgrazing that can result in degradation.

Liveweight gains and grazing pressure index

Knowledge of relationships between livestock performance and
plant productivity can assist in developing livestockmanagement
programs that take into account both livestock production and
conservation goals (Derner et al. 2009). The linear relationship

betweenGPI and liveweight gain per head (Fig. 3a, b; Table 3) of
this study was similar to previous findings (Bement 1969; Hart
1972; Hart et al. 1988; Hart and Ashby 1998; Smart et al. 2010).
In the growing season, the SDSR24, SDSR48 and SLC24
treatments had similar changes in daily liveweight gain for a unit
change inGPI (P> 0.05) (Fig. 3a). Themost likely reason for this
is the higher quality of the vegetation in the growing season and
herbage mass generally does not become limiting. The potential
productivity of Tibetan sheep (the intercept of daily liveweight
gain per head) of treatments SDSR24 and SDSR48 is higher than
that of SLC24 (within the narrow GPI range during the growing
season). This suggests that the SLC system had more stable
liveweight gains throughout the growing season,whichmay have
resulted from patch grazing (Streeter et al. 1974; McNaughton
1984;Coughenour 1991). In theSLCsystem, the sheep can afford
to be more selective because they have more area to graze at any
one time. So, they can potentially revisit areas where they have
grazed previously and access new regrowth (Briske et al. 2008;
Lin et al. 2012). In the cold season, daily liveweight gain per
head in the SLC24 treatment decreased faster than that on the
SDSR24 and SDSR48 treatments for a given unit increase inGPI,
which may result from herbage quality declining across the
pasture caused by sheep patch grazing in the growing season. For
the SDSR treatments, the slope on treatment SDSR24 is greater
than that on treatment SDSR48. One possible reason for this is
that the heavier sheep on treatment SDSR24 had higher herbage
intakes than on treatment SDSR48, which may result in a
more rapid decrease in the forage quality. However, the low
temperatures during the cold season on the Qinghai-Tibetan
Plateau play another important role in reducing liveweight gains,
which are associated with small increases in GPI. The potential
productivity of the SLC system, as indicated by the regression
intercepts being larger than that for treatments SDSR24 and
SDSR48, may result from the sufficient forage supply (only four
sheep ha–1) that carries over into the cold seasonwhen plants stop
growing. The potential productivity of the SLC system in the cold

Table 3. Regression equations ofmonthly grazingpressure (GPI,AUD t–1) andmonthly averagedaily
liveweight gain for Tibetan sheep (ADG, g) for the different grazing treatments under continuous

(SLC24) and short duration rotational grazing (treatments SDSR24 and SDSR48)
Monthly averages used in the regressions represent means of GPI and ADG across the 3 years of the
study for each season and grazing treatment. The levels of significance (P values) for the slopes and

ADB-intercepts are also given

Season Treatments Equation (R2) Slopes (P) ADG-intercept (P)

Growing SDSR24 ADG=165.49–4.0195GPI (0.605)

SDSR48

SLC24 ADG=134.45–3.3535GPI (0.7463)

Cold    SDSR24 ADG=140.92–7.88GPI (0.9852)                          

SDSR48 ADG=105.90–2.75GPI (0.9890) 

SLC24 ADG=175.73–14.56GPI (0.9965)

0.990

0

0.571 0.001

0.002

0.000

0.000

0.000
0.001

0.000

0.000
0.001

0.282

ADG=167.22–2.3144GPI (0.9878)

Values of detecting the differences to slopes and ADG-intercepts are 95% confidence limitation of slopes
and intercepts.
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season is greater than that observed in the growing season. One
possible reason for this is that Tibetan sheep may have higher
body condition at the beginning of the cold season, and usually,
the initial body condition influences the performance of livestock
(Launghbaugh 1957; Owensby and Auen 2013). The potential
productivity of treatment SDSR24 is greater than that of
SDSR48, and themain reason for this would be the greater forage
supply over time.

Irrespective of the amount of herbage available or the grazing
pressure in the cold season, the daily liveweight gain per head
became negative after November and for treatments SLC24,
SDSR24 and SDSR48 was highly correlated with average daily
temperature in the cold season. This provides an indication that
the effects of low temperature may become a dominant factor
influencing livestock productivity in the cold seasonwith grazing
pressure being less important.

Conclusions

This study provides important information on the grazing
management of Qinghai-Tibetan alpine rangeland in north-
western China and indicates that grazing system does not affect
theTibetan sheepperformancewhen the stocking rates are set low
(e.g. 24 SM ha–1). A grazing pressure of 31 AUD t–1 DM peak
herbage mass (310 sheep unit days t–1 DM peak herbage mass,
e.g. 1519 SU-day ha–1 for the three study years when the average
DM peak herbage mass was 4.9 t) can sustain utilisation under
the SDSR system, whereas the theoretical maximum gain ha–1

would occur at 71 AUD t–1 DM peak herbage mass (710 sheep
unit days t–1 DM peak herbage mass). It is important for the
producer to carefully manage livestock numbers to cope with the
severe cold season. This will ensure income while also providing
residual herbage to protect the soil from erosion and subsequent
degradation.
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