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8 Desert steppe grazing 
management

Wang Zhongwu, Han Guodong, David Kemp, Li Zhiguo, Zhang  
Ruiyang, Hexige Baoyin, Li Jiangwen, Yan Baolong, Han Mengqi

Grazing by domestic or large herbivores is the primary method for livestock production in semi-
arid grasslands of the world (eds Kemp & Michalk 1993; Herrero & Thornton 2013). This has a 
major influence on determining plant community composition in the grassland (Milchunas et al. 
1989; Cheng et al. 2011). Grazing influences the balance between different species and population 
dynamics (Barkham 1980; Pitelka, Hansen & Ashmun 1985; Weiner 1988; Kemp et al. 2003; Pärtel, 
Bruun & Sammul 2005) and has a direct effect on plant development and species composition 
(Austrheim & Eriksson 2001; Cousins & Eriksson 2001).

The botanical composition and standing herbage mass are the key indicators of grassland 
condition for livestock production (Chapter 10) and indicators of the outcomes of environment–
grassland interactions from factors such as grazing management, hay cuts, fertiliser and other 
interventions, plus the influence of natural factors such as soil fertility, climatic conditions and 
fire. Grazing practices are known to change plant species composition; for example, causing 
shifts in dominant species from perennial bunchgrasses to annual species and grazing-tolerant 
perennial species (Moore 1970; Kemp et al. 2003; Gao et al. 2009; Hoffmann et al. 2016). 
Grassland management strategies need to identify ways of improving the botanical composition 
and herbage mass to satisfy the needs of livestock production within the constraints of natural 
environmental factors.
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The role of plant species richness in determining the productivity of grasslands has been 
the subject of a range of studies in arid and semi-arid regions. There has often been a clear 
relationship between soil water availability and plant species richness (Adler & Levine 2007; Kutiel, 
Kutiel & Lavee 2000; Shmida & Wilson 1985; Ward & Olsvig-Whittaker 1993; unpublished work 
of the senior authors) but that does not mean that productivity is a simple function of species 
richness. Grazing interacts with these relationships and can be the main determinant of plant 
community productivity, which declines as stocking rates increase (Fernandez-Gimenez & Allen-
Diaz 2001; Hoshino et al. 2009; Sasaki et al. 2005, 2008; Van Staalduinen, During & Werger 2007; 
Cheng et al. 2011). Often productivity is determined by a few dominating species, whereas, when 
richness increases, the extra species are often less productive (Kemp et al. 2003; Fraser et al. 
2015). Within the group of more productive species, there is some complementarity which lessens 
any relationship between species richness and herbage mass. Productivity can then decline 
as richness increases, as shown in a series of experiments (Kemp et al. 2003). However, recent 
studies have indicated that there is a unimodal relationship (i.e. optimal) between productivity 
and species richness (Flombaum & Sala 2008; Fraser, Jentsch & Sternberg 2014; Fraser et al. 2015). 
These differences among various studies depend in part on the range in species richness, how 
disturbed some sites are and the scale of the study. Rather than a simple measure of species 
richness, productivity is often better related to plant functional groups (Kemp et al. 2003; Tilman, 
Isbell & Cowles 2014) where, within any group, there is some redundancy among species. The 
plant functional traits within a functional group are useful in predicting grazing responses within 
grassland. Grazing intensity can change the composition of plant functional groups (Irisarri et al. 
2016). Plant functional groups are often easier for herders to recognise and manage than trying to 
monitor all species in the grassland.

Many grasslands are the prime resource that sustains livestock and herder households. The 
grasslands need to be managed so that livestock production and household incomes are optimised 
and sustained. This chapter reports on a longer-term grazing study on the desert steppe in IMAR 
that aimed to answer the following questions:

• Can grazing management optimise plant species composition to sustain productivity?

• Which plant functional groups are the more important to manage?

• How variable is grassland production in response to precipitation?

• What level of utilisation is optimal for grassland sustainability?

• How does the optimal animal stocking rate relate to the optimum management of plants?

Methods

Site description
The experiment was carried out on a degraded desert steppe grassland in Siziwang, IMAR (41.78°N, 
111.89°E, elevation 1460 m). The site is characterised by a continental climate with a mean annual 
precipitation of 223 mm, a mean annual ambient air temperature of 3.6 °C, cold winters, dry and 
windy springs and hot summers. The majority of precipitation occurs as rainfall between June–
September, during the frost-free period of about 175 days. Soils are classified as Kastanozems and 
have a sandy loam texture. The grasses Stipa breviflora Griseb. and Cleistogenes songorica (Roshev.) 
Ohwi and the semi-shrub Artemisia frigida are the commonly dominant plant species followed by 
Kochia prostrata (L.) Schrad, Convolvulus ammannii Desr. and Allium tenuissimum L. Together these 
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six species produce a mean vegetation cover of 7–20% at a mean height of about 5 cm. Further 
details about this site can be found in Wang et al. (2014). This experimental site was chosen 
to represent rangeland that had been degraded as a result of long-term overstocking (≥ 60% 
utilisation rate) that has resulted in the number of vascular plant species being reduced from over 
50 to less than 30 across the site.

Project team inspecting the Siziwang desert steppe grazing experiment in late spring. Photo: D.R. Kemp

Experiment design
The 12 years of study reported here began in June 2004, using four stocking rate treatments laid 
out in a randomised complete block design with three replications (12 fenced plots in total). Due 
to topographical considerations, plot sizes varied from 4–5.4 ha with one plot being 1.9 ha. Animal 
numbers per plot were adjusted to achieve the desired stocking rates. Local adult Mongolian 
wether sheep were used at stocking rates that averaged 0, 0.9, 1.6 and 2.3 SE/ha. These stocking 
rates are referred to as the nil, non-grazed exclosure (CK), and light (LG), moderate (MG) and 
heavy (HG) grazed treatments respectively. The HG treatment was set at the stocking rate average 
for local herders at the time the experiment commenced. For analyses, stocking rates were 
standardised to the equivalent of a 50kg sheep (1 SE), based in average weights measured through 
summer. A new group of one-year-old animals were introduced onto the plots every three years. 
Grazing only occurred during summer and autumn (June–November), except in the first winter 
when the local village sheep inadvertently heavily grazed all the plots. Livestock management 
details can be found in Wang et al. (2011). The data on livestock grassland interactions were 
analysed by considering the grazing period each year as two phases. The first phase was during 
summer, when the grass was green. The second phase was in autumn after the first frosts. In 
general, livestock growth occurred in summer, then ceased, and weight loss occurred through 
autumn. Animals were weighed at the start of summer, then in mid summer (late August/early 
September) and late October/early November when grazing finished for the year. While animal 
production was recorded, the main interest was to investigate the effects of different stocking rates 
on grassland condition.
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Sampling and analysis
Grasslands were sampled each year from 2004, in June and then in late August/early September 
when they were at peak growth. In each of the 12 paddocks, 10 portable cages (1.5 m x 1.5 m) in 
a relatively flat area of each plot were randomly located each year (ensuring no repeat sampling 
of any area from year to year). In the cages, individual vascular plants (current year’s growth) were 
identified, counted, recorded and clipped to ground level within a 1 m2 quadrat to determine net 
growth of above-ground biomass. On each occasion, a 1 m2 quadrat was also sampled nearby, 
outside each cage. Dry matter was obtained by oven-drying samples at 65 °C for 48 hours or more, 
until the herbage mass remained constant. These data were used to estimate total plant growth 
and estimated utilisation rates through summer. Meteorological data were measured using a 
micro-weather station (GroWeather, Version 1.2, Davis Instruments Corporation, USA) that was at 
the experimental site.

The estimated grassland utilisation rate for each treatment, derived from cage data, was 
calculated as:

U = ((HMi – HMo)/HMi) x 100 (%)

where:

U = utilisation rate

HMi = herbage mass inside cage

HMo = herbage mass outside cage.

This method of estimating utilisation rates is known to overestimate actual consumption by 
animals, often by a factor of two (Kemp et al. 2018) as the utilisation losses include the herbage 
consumed by micro- and meso-herbivores, disease and other losses from different leaf age 
structures. In this monograph, this calculation is referred to as an estimate of utilisation, whereas 
consumption is directly calculated from the likely DMI by animals, derived from standard equations 
(Chapter 10; eds Freer, Dove & Nolan 2007).

Plant species were classified into four plant functional groups (PFGs) based on their ecological and 
biological characteristics:

• perennial grasses and sedges that were a major part of the biomass (PG)
• shrubs and semi-shrubs that were a major part of the biomass (SS)
• perennial forbs and other minor species (PF)
• annuals and biennials (intermittent species) (AB).

Additional data on tiller numbers were obtained in 2014 and 2015, using three fixed quadrats in 
each plot, and counting the tiller density of dominant species in each quadrat in May at the start of 
growth and again in September, at peak growth.

The effects of stocking rate treatments, year and their interactions on the dry matter yield of PFGs 
were examined using the analysis of variance with a MIXED model (PROC MIXED, SAS Institute Inc., 
2008). Stocking rate, year, and their interactions were fixed effects, while replication and replication  
x stocking rate were random effects. When treatment effects were significant (P < 0.05), the means 
were separated with the least significant difference test of the LSMEANS procedure. Analysis of 
variance procedures were used to examine general effects, but as the treatments were part of a 
continuum, the data was often combined and analysed using regression models to show trends 
(using SAS and Excel).
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Results

Botanical composition and species diversity
There were 55 plant species found at the site: 

• 7 perennial grasses and sedges

• 6 shrubs and semi-shrubs

• 36 perennial forbs and other minor species

• 6 annuals and biennials. 

Most species were found in all treatments (Table 8.1) though this was more variable among the 
minor species. The main treatment differences found were in the biomass of each PFG between 
treatments and over the 12 years of this study. The total biomass of most PFGs declined from 
the nil to heavy grazing treatments. The exceptions were perennial grasses and sedges, and the 
annual/biennial PFG where the total herbage mass under light grazing remained similar to nil 
grazing. This suggested that, under light grazing, shrubs, semi-shrubs and other minor perennials 
and forbs were being grazed in preference to perennial grasses, sedges, annuals and biennials.

Table 8.1 Mean botanical composition in different stocking rate treatments, Siziwang, IMAR, 
2004–15

Plant functional group and species Nil grazing
(g/m2)

Light 
grazing
(g/m2)

Moderate 
grazing
(g/m2)

Heavy 
grazing
(g/m2)

Forage
preference

Total perennial grasses and sedges 120.99 127.23 87.86 50.56

Agropyron cristatum 5.39 3.06 1.55 2.35 moderate

Carex pediform (sedge) 1.49 1.74 0.49 0.67 high

Cleistogenes songorica (C4) 14.07 15.21 20.38 14.27 high

Cleistogenes squarrosa (C4) 16.26 30.97 22.37 4.56 high

Leymus chinensis 6.49 3.91 1.18 1.16 high

Stipa breviflora 28.78 27.09 22.33 19.69 low

Total shrubs and semi-shrubs 88.37 64.81 36.41 28.5

Artemisia frigida Willd. 33.95 24.77 18.84 12.48 moderate

Caragana microphylla Lam (legume) 10.32 6.00 6.24 3.26 low

Caragana stenophylla Pojark. (legume) 4.59 2.14 1.09 1.96 low

Ceratoides latens (J.F. Gmel) Reveal et. 
Holmgren

17.19 17.88 5.85 6.27 low

Kochia prostrata (L.) Schrad 15.97 8.44 2.87 3.55 moderate

Lagochilus ilicifolius Bunge 6.35 5.58 1.52 0.98 low

Total perennial forbs and other minor 
species

163.82 96.81 44.92 37.96
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Plant functional group and species Nil grazing
(g/m2)

Light 
grazing
(g/m2)

Moderate 
grazing
(g/m2)

Heavy 
grazing
(g/m2)

Forage
preference

Allium mongolicum regel 5.65 1.31 0.56 2.49 high

Allium polyrhizum 2.95 0.87 0.23 0.30 high

Allium tenuissimum L. 3.61 1.04 0.77 0.85 high

Artemisia commutata Bess. 0.90 0.93 0.63 0.71 high

Artemisia sieversiana Ehrh. ex Willd. 0 8.00 0 0 high

Artemisia tanacetifolia 17.01 4.72 1.89 1.31 high

Asparagus cochinchinensis (Lour.) Merr. 7.05 0.24 0 0 high

Astragalus galactites Pall. (legume) 2.75 1.19 1.41 1.02 high

Astragalus scaberrimus Bunge (legume) 2.31 3.75 1.10 1.37 high

Bupleurum Linn. 0 0.05 0 0 high

Convolvulus ammannii Desr. 9.87 5.35 4.34 4.24 high

Corispermum mongolicum Iljin 0.68 0 0.20 0 high

Cymbaria dahurica L. 14.14 0 0 0.80 high

Galium verum L. 0.36 0 0 0.08 high

Gentiana dahurica 0.66 0.17 0.14 0 high

Haplophyllum dauricum (L.) Juss. 2.79 1.03 0.89 0.43 high

Heteropappus altaicus (Willd.) Novopokr. 12.25 9.24 2.03 3.18 high

Iris lactea Pall. 0 1.60 1.74 0.11 high

Iris tenuifolia Pall. 2.05 3.04 5.30 5.72 high

Linum stelleroides Planch. 2.98 1.28 0.55 3.50 high

Melilotoides ruthenica (L.) Sojak 1.54 0.65 0.42 1.01 high

Oxytropis tenuis Palib. 3.65 2.40 0 0 high

Parthenocissus tricuspidata 0.45 0.95 0.42 0.81 high

Phlomis mongolica Turcz 1.47 3.94 0.55 1.39 high

Portulaca oleracea Linn. 0.38 0.28 0.66 0.51 high

Potentilla acaulis L. 2.03 14.00 2.47 2.12 high

Potentilla anserina L. 0 0 10.60 0 high

Potentilla bifurca Linn. 3.00 1.35 1.21 0.95 high

Potentilla tancetifolir 0.24 0.08 1.20 0 high

Potentilla verticillaris Steph. ex Willd. 0 1.05 0.70 0.08 high

Scorzonera austiaca Willd. 1.92 0 0 0 high
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Plant functional group and species Nil grazing
(g/m2)

Light 
grazing
(g/m2)

Moderate 
grazing
(g/m2)

Heavy 
grazing
(g/m2)

Forage
preference

Silene conoidea Linn. 0 0 0 0 high

Ixeris denticulata (Houtt.) Stebbins 10.80 11.48 0 1.02 low

Anemarrhena asphodeloides Bunge 0.17 0 0 0 low

Cymbaria dahurica L. 3.25 5.93 0.93 0.08 low

Allium ramosum Linn. 4.23 1.00 0.45 0 low

Artemisia tanacetifolia Linn. 0.35 2.63 0 1.40 low

Artemisia pubescens L. 7.55 0 0.71 0 low

Artemisia gmelinii 17.01 4.72 1.89 1.31 low

Sibbaldia procumbens 0 0 0 0.74 low

Medicago sativa 0 0.71 0 0 low

Allium bidentatum Fisch. ex Prokh. 1.32 0.94 0 0 low

Androsace incana Lam. 0.37 0 0 0.19 low

Artemisia scoparia Waldst. et Kit 1.05 0.89 0.25 0 low

Artemisia capillaris Thunb. 15.03 0 0.68 0.24 low

Total annuals and biennials 32.53 29.34 7.85 19.49

Androsace umbellate (Lour.) Merr. 2.34 0.99 0.35 0.89 moderate

Chenopdium glaucum Linn. 1.06 0.63 0.70 1.15 moderate

Lappula myosotis V. Wolf. 1.16 1.42 0.28 0 moderate

Neopallasia pectinata 5.78 7.41 3.61 1.31 moderate

Ribes burejense Fr. Schmidt 0.36 6.18 0 3.19 moderate

Salsola collina Pall. 21.83 12.71 2.91 12.95 moderate

Total herbage mass (all species) 405.71 318.19 177.04 136.51

Notes:
• Forage preference is based on observations within the experiment. 
• Data after 12 years of grazing treatments.

The total species number/m2 measured in each treatment varied over the years (Figure 8.1). 
The ungrazed control (CK) tended to have more species, generally extra minor species (Table 8.1). 
This difference first became significant after 10 years of the experiment. There were no consistent 
significant differences in species number among the grazed treatments.
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Figure 8.1 Species number for different stocking rate treatments, Siziwang, IMAR, 2004–15

An analysis of the rank abundance curves for the different stocking rate treatments, showed 
a small non-significant effect in the control treatment where the dominant species marginally 
exceeded the proportions of total biomass that applied in the other treatments (Figure 8.2). In 
general, all treatments had similar curves, with 5–6 species each contributing more than 90% of the 
total biomass.
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Figure 8.2 Rank abundance curves for different stocking rate treatments, Siziwang, IMAR, 
2004–15
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Productivity of plant functional groups
The productivity of plant functional groups varied considerably over the 12 years of this 
experiment. The site was initially degraded and peak herbage mass for all species was very low 
(Figure 8.3). The perennial grasses and shrubs and semi-shrubs were the most productive plant 
groups. In 2004, the shrubs dominated the biomass. Over time, perennial grasses increased in all 
grazing treatments, exceeding the average herbage mass of shrubs after 2010, except for shrubs 
in the nil and lightly grazed treatments. The herbage mass of perennial grasses showed very 
little effect of grazing treatments, indicating that the dominant species, Stipa breviflora, was not 
noticeably being grazed by the sheep. The shrubs herbage mass remained low in the moderate 
and heavy grazing treatments and increased most under nil grazing. Annual and biennial species 
made little contribution to the herbage mass, except for 2008 when there was a substantial 
increase. The other perennial forbs also contributed little to the total herbage mass, until 2012 in 
the nil and lightly grazed treatments, but thereafter declined.

PG–CK
PG–LG
PG–MG
PG–HG

0

200

400

600

800

1,000

1,200

2002 2004 2006 2008 2010 2012 2014 2016

Pe
ak

 h
er

ba
ge

 m
as

s 
(k

g 
D

M
/h

a)

(a) perennial grasses 

Sh–CK
Sh–LG

200

400

600

800

1,000

1,200

(b) shrubs 

Sh–MG
Sh–HG

0

2002 2004 2006 2008 2010 2012 2014 2016

Pe
ak

 h
er

ba
ge

 m
as

s 
(k

g 
D

M
/h

a)

2002 2004 2006 2008 2010 2012 2014 2016

An–CK
An–LG
An–MG
An–HG

200

400

600

800

1,000

1,200

0

Pe
ak

 h
er

ba
ge

 m
as

s 
(k

g 
D

M
/h

a)

2002 2004 2006 2008 2010 2012 2014 2016

0

Fb–CK
Fb–LG
Fb–MG
Fb–HG

200

400

600

800

1,000

1,200

Pe
ak

 h
er

ba
ge

 m
as

s 
(k

g 
D

M
/h

a)

(d) forbs(c) annuals

Figure 8.3 Peak herbage mass of (a) perennial grasses, (b) shrubs and semi-shrubs, 
(c) annuals and biennials and (d) perennial forbs and others under four stocking 
rate treatments, Siziwang, IMAR, Aug/Sep 2004–15
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Siziwang desert steppe grazing experiment in mid summer, in a year of above average rainfall (upper) and a dry 
year (lower). The high stocking rate treatment is on the left and low stocking rate on the right. Photos: D.R. Kemp

Plant group interactions
The most important interaction in the desert steppe plant community was the one between 
perennial grasses and shrubs and how that was influenced by grazing (Figure 8.4). All treatments 
showed similar values for both plant functional groups in 2004. This remained similar under all 
grazing treatments until 2011, when treatments diverged significantly. The nil and lightly grazed 
treatments remained close to the 1:1 line in subsequent years. The trajectory for the moderately 
grazed treatment was close to a 3–4:1 ratio (perennial grasses had 3–4 times the herbage mass of 
shrubs). The heavily grazed treatment resulted in considerably less shrubs with an average ratio 
for the trajectory of 12:1 (12 times more herbage mass from the perennial grasses than from the 
shrubs). This clearly showed that the shrubs were being grazed in preference to the perennial 
grasses, notably Stipa breviflora.



Sustainable Chinese Grasslands 163

8  Desert steppe grazing management

0

100

200

300

400

500

600

700

800

900

1,000

1,100

1,200

0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200

Pe
re

nn
ia

l g
ra

ss
 b

io
m

as
s 

(k
g 

D
M

/h
a)

Shrub biomass (kg DM/ha)

2004

Stocking rate
treatment

CK
LG
MG
HG

Figure 8.4 Trends in the interaction between shrub and perennial grass herbage mass  
response to different stocking rate treatments, Siziwang, IMAR, Aug/Sep 
2004–15
Note: The starting point for all treatments in 2004 is identified with an oval. The dashed line indicates the 1:1 ratio of 
these two plant groups.

Plant productivity between and within years
There were significant differences between and within year effects on plant productivity. The 
peak herbage mass measured in one year was significantly related to the growth in June (the 
start of summer) in the following year (Figure 8.5). The exception was the data for 2004–5, when 
the plots were heavily grazed during the intervening winter. The mean effect of the 2004–5 data 
was that herbage mass in June 2005 was only about one-third of that predicted from the other 
years. In addition, the initial growth in June was significantly related to the total peak herbage 
mass produced in the same year (Figure 8.6), though not as significant as in Figure 8.5. All grazing 
treatments conformed to the same relationships in both cases and were consistent over the years 
where plant productivity varied considerably.
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Figure 8.5 Relationship between maximum herbage mass in August/September and 
herbage mass in June of the following year under different stocking rate 
treatments, Siziwang, IMAR, 2004–15
Note: Data for 2004–05 has been excluded from fitted line.
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in August/September in the same year under different stocking rate treatments, 
Siziwang, IMAR, 2004–15
Note: Data from all grazing treatments.

Plant growth, especially for the dominant grasses, was related to the density and growth of tillers. 
Measurements in 2014 and 2015 showed that the initial tiller density in May, before grazing 
commenced, was significantly related to the peak herbage mass later that summer in August 
(Figure 8.7). Initial tiller densities at the start of summer would reflect the plant size of the previous 
year (Figure 8.5) and their management through winter. The relationship between tiller numbers 
and peak biomass for Cleistogenes songorica suggests a smaller tiller size than for Stipa breviflora, 
but this is probably due to C. songorica being grazed more than S. breviflora.
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Figure 8.7 Relationship between peak biomass and tiller numbers for Stipa breviflora and 
Cleistogenes songorica, Siziwang, IMAR, 2014 and 2015

Precipitation from May–July was related to peak growth, measured in August (Figure 8.8). The 
slope of the fitted lines varied from 13.7 to 7.8 kg DM/ha for each millimetre of rainfall. The higher 
response was for the ungrazed plots and the lowest was for the highest stocking rate. For the 
grazing treatments, the slope of the response was 8.4, 8.6 and 7.8 (mean of 8.3) kg DM/ha per 
millimetre of rainfall (not significantly different between treatments), though the highest peak DM 
levels reached on each treatment show a small (not significant) decline as stocking rates increased 
from LG to MG to HG treatments. The similarities in peak yield from each grazing treatment 
reflect the earlier data showing that the dominant perennial grass content was not influenced by 
grazing treatments (Figure 8.3). These relationships show that there would have been no growth 
if the precipitation declined to an average of approximately 25 mm, an indicator of what might be 
needed to initiate grassland growth each year. The variability in response to summer precipitation 
evident in Figure 8.8 reflects the additional factor of how growth in one year was also related to 
growth in the previous summer (Figure 8.5).
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Figure 8.8 Relationship between peak standing herbage mass and early summer rainfall 
under different stocking rate treatments, Siziwang, IMAR, 2004–15
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Animal production
Animal growth rates were linearly related to standardised stocking rates, in line with the model 
found to fit Chinese grasslands (Figure 8.9). Previous work in this program found that the net 
financial returns from livestock were generally optimal at the point where animal production per 
head was about 75% of the maximum. That is about 1 SE/ha, which was half that of the district 
stocking rate (Chapter 2) when this experiment started in 2004.
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Figure 8.9 Liveweight gain for 1–2-year-old sheep on the desert steppe grazing experiment
Note: Liveweight gain is for per head (data points, fitted solid line and the regression shown) and per hectare 
(dashed line calculated from the fitted solid line). Data is for three stocking rate treatments. Four separate groups of 
animals were used, changed every three years from 2004.

To achieve growth rates of 75% of the potential requires higher levels of forage on offer (herbage 
mass). For sheep grazing pastures of good quality forage, this will need to be > 0.5 t DM/ha (ed. 
Nicol 1987; eds Freer, Dove & Nolan 2007). If there are unpalatable plant species within the 
grassland (e.g. Stipa breviflora, which often approached 50% of the total herbage mass), the total 
herbage mass would need to be 1 t DM/ha. As forage quality deteriorates through summer, the 
herbage mass on offer needs to substantially increase to sustain the target animal growth rates 
(Badgery et al. 2017). Because there is often some compensatory gain in Chinese livestock through 
early summer, this may slightly reduce the herbage mass on offer required to sustain growth rates.

An average herbage mass of 0.5–1.0 t DM/ha through summer would require a low grazing 
pressure. This was achieved with the light grazing treatment, which also resulted in better botanical 
composition and ground cover. These results support the conclusion that the optimal management 
of the grassland for livestock production also results in optimising the grassland condition.

These experiment results reflect optimising the system within current constraints. Simulation 
modelling (Chapter 6) suggested that long-term sustainable stocking rates aimed at restoring a 
more desirable botanical composition would need to be about half the optimum found in the 
grazing experiment. That conclusion needs to test the assumption in the models about how a shift 
to more desirable grass species can be managed.
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Forage utilisation rate
The herbage utilisation rate over summer, estimated as the difference in biomass inside and 
outside cages, increased with the increase in stocking rate. Forage utilisation rates were 0%, 
24%, 44% and 57% as stocking rates increased from low to high. The utilisation rate in the 
highest stocking rate treatment was twice that of the light stocking rate treatment. Utilisation 
rates measured by the differences inside and outside a cage can be about twice that of actual 
consumption by livestock (Kemp et al. 2018) as herbage losses occur from many sources, in 
addition to that consumed by livestock. The actual consumption rates by livestock could then be 
closer to 12, 22 or 29% for LG, MG and HG respectively.

An alternative estimate for consumption rates can be derived from standard values (eds Freer, 
Dove & Nolan 2007). The average stocking rates were approximately 0.9, 1.6 and 2.3 SE/ha for LG, 
MG and HG respectively. As these were young growing animals, but not pregnant or lactating, and 
assuming they selected better-quality forage, their daily consumption rate would be approximately 
1 kg DM/SE. This allows for a small reduction in potential intake rates as the forage on offer 
would be below that required to maximise intake. As the main interest in deriving sustainable 
consumption rates is the usage over summer, we allow 100 days of grazing over summer (90, 160 
and 230 SE grazing days/ha (approximately equivalent kg DM/ha consumed)). The average peak 
herbage mass over 12 years on LG, MG and HG was 941, 745 and 566 kg DM/ha respectively. 
That means the average summer consumption rates were 10, 22 and 41% for LG, MG and HG. 
These values are similar to those estimated from the utilisation calculations, except for the HG 
treatment. The consumption calculations assume a higher daily intake rate for the HG treatment 
than may have been possible, given the low levels of herbage mass on that treatment. As LG was 
closest to the sustainable stocking rate, this indicates the average sustainable consumption rate 
of summer would be approximately 10%. Actual consumption rates would be less than this, as the 
peak herbage mass is the net outcome after grazing. However, for practical purposes, the use of 
peak herbage mass is justified on the grounds that it is often the only measure readily taken. The 
consumption rates are then an index for comparative purposes, and a calculation that could be 
done by local officials and herders.

The aim is often to define consumption rates that helped to optimise the botanical composition. As 
previously shown (Figure 8.4), treatment effects on the main plant species only started to separate 
from 2011. That suggested the consumption rates from 2004 to 2010 may have been higher than 
sustainable for most treatments. The increase in peak herbage mass from the first seven years 
(2004–10, Table 8.2) to the next five years (2011–15) was substantial on all grazing treatments. 
The SE grazing days/ha over summer varied due to seasonal factors, but remained within the 
objectives for each treatment. The estimated consumption rates, using the peak herbage mass as a 
measure of forage supply, declined substantially during the period 2011–15, reflecting the greater 
herbage growth. During the later five-year period, the light grazing treatment had an estimated 
consumption rate of 9%, similar to the earlier calculations and less than half that measured using 
the cage technique. In contrast, on the high grazing treatment during 2004–10, livestock were 
estimated to have consumed 100% of the peak herbage mass, leaving no cover over winter. This is 
typical of local experience.
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Table 8.2 Indexed consumption rates for different stock rate treatments, Siziwang, IMAR, 
2004–10 and 2011–15

Treatment Peak herbage mass (kg DM/ha) SE grazing days/ha Consumption rate (%)

Treatment 2004–10 2011–15 2004–10 2011–15 2004–10 2011–15

CK 877 1,798 0 0 0 0

LG 684 1,247 89 104 16.0 9.1

MG 580 976 164 175 41.3 22.2

HG 470 701 274 221 100.2 43.0

Of additional interest is the average herbage mass over summer, as that provides a useful 
management guideline for herders and officials to adjust stocking rates. The available data was 
limited, but in general the indications were that the average herbage mass on a treatment was 
about half the measured peak herbage mass. As the period 2011–15 was more important for 
considering when the desert steppe was being managed sustainably, the light grazing treatment 
had an average herbage mass of about 0.6 t DM/ha (i.e. half of the peak 1247 kg DM/ha). Thus, 
stocking rates that consumed approximately 10% of the peak herbage mass over summer and 
maintained an average herbage mass of 0.6 t DM/ha through summer are then likely to achieve 
sustainable outcomes.

Discussion
The desert steppe is one of the major grassland types within the Eurasian grasslands of China. 
Much of the desert steppe is classified as degraded. That was evident in the site used for this 
experiment, where half of the plant biomass were less-desirable species that were not eaten by 
livestock unless the other species, notably the shrub Artemisia, was less available. The low initial 
plant growth at the experiment site indicated that it had probably been heavily grazed prior to this 
study, a point further emphasised by the increasing plant growth, year by year throughout the 
12 years presented here, even under the heavy grazing treatment that had been set at the initial 
district average rate. During that recovery period, the less-desirable Stipa breviflora, when lightly or 
not-grazed, still maintained nearly half of the total herbage mass. This reinforced the view that, on 
much of China’s grasslands, herders and officials need to work with what they have got, rather than 
expect to greatly change the grasslands botanical composition to a dominance of desirable species. 
In this case, that means managing the grasslands to retain a higher proportion of Artemisia species. 
That is in contrast to the typical steppe site (Chapter 9), where minimising the Artemisia species is 
the goal. Normally, management of these grasslands would aim to favour the grasses, but, in this 
case, the shrubs, while not ideal, were the mainstay of livestock production. Management should 
aim to sustain them in a competitive position against the less palatable grass. This was achieved 
just as effectively through the light grazing treatment as through no grazing. Low stocking rates 
would be useful to sustain this grassland in a reasonable state. The previous district stocking rate 
would result in a grassland dominated by low-palatability species and reduced animal production.
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Sheep on desert steppe farm in mid summer on grassland, after three years stocked at the low rate.  
Photo D.R. Kemp

An interesting recent trend in this experiment has been the emergence since 2012 of a more 
palatable grass species (Stipa klemenzi), which has increased more in the nil and lightly grazed 
treatments (Table 8.1). It remains to be seen if this species will become dominant over Stipa 
breviflora. The interaction between perennial grasses and shrubs showed that the initial heavy 
grazing in the winter of 2004–05 significantly reduced both plant groups. The herbage mass of both 
groups remained low for the next seven years. It was only after 2011 that treatment differences 
became clearer. This is the first evidence for how long it can take to initiate change in the botanical 
composition of the desert steppe under grazing.

This work has shown that there are significant feed-forward effects arising from how the grasslands 
are grazed that need to be managed. The inadvertent heavy grazing of the plots in the first winter 
of this experiment provided valuable information and showed that research is needed to better 
quantify the impact of winter grazing. In this case, it is estimated that heavy grazing in winter 
reduced growth in the next summer by more than 50%. The link between years was evident in how 
grass growth in summer related to the tiller density at the start of summer, which would in turn 
have been influenced by how the grasslands had been managed through the previous year. There 
is likely to be a relationship between the intensity of grazing through autumn, winter and spring, 
and regrowth in the following early summer that needs to be defined. Growth over summer was 
related to both the early summer plant growth and rainfall over May–July. Growth of the desert 
steppe is clearly as dependent upon how it is managed with livestock as it is on seasonal conditions.

To sustainably manage the desert steppe at the optimal stocking rate (approximately 1 SE/ha), the 
average herbage mass over summer needed to exceed 0.5 t DM/ha. At that level, the botanical 
composition was the best possible, given the high proportion of less-desirable Stipa species 
present. The higher stocking rate treatment averaged much less herbage mass and there would 
have been an increased risk of soil erosion. Some soil erosion is still likely in spring when the 
grassland is managed to retain 0.5t DM/ha over summer, as the residual biomass even without 
grazing, will deteriorate during the cold winter and be blown away. But it is anticipated, as shown 
by modelling (Chapter 6), that wind erosion will be usefully reduced. Setting an optimum level 
of herbage mass for management has two important implications. The first is that the start of 
grazing in summer could be delayed until the grassland reaches this target. At present, officials 
use a calendar date, which does not change with seasonal conditions. The second is that herders 
do not have to use a fixed stocking rate. As long as they maintain the average herbage mass 
above the target value, they can have more or less animals (i.e. use flexible stocking rates around 
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the optimum). Further research is needed to refine the estimates of the minimum herbage mass 
to maintain, as the target given here is based on 12 years of data where plant growth varied 
considerably. Research needs to investigate the mechanisms whereby the botanical composition 
can be changed to a dominance by desirable species. Modelling (Chapter 6) indicated that stocking 
rates may need to be closer to 0.5 SE/ha to achieve that change.

To sustain the desert steppe, plants need to be able to capture and recycle nutrients in order to 
complete their life cycles and persist. If herbivores, including livestock, consume too much plant 
material, species become extinct. Exclosure cages were used to estimate how much of the grassland 
was being utilised. However, this technique overestimates the amount actually consumed by 
livestock, often by a factor of two (Kemp et al. 2018). Knowledge of the actual consumption rates by 
livestock enables more accurate calculation of stocking rates. For the desert steppe, it was estimated 
that a consumption rate of 10–15% of the peak herbage mass, measured in mid summer, was the 
sustainable level of use. It is reasonable to assume that as grassland environments become more 
difficult (e.g. cold and dry), the sustainable consumption rate should decline.

Herder households depend upon livestock production to sustain their livelihoods. Data obtained 
in this research showed that animal production per head was close to the expected maximum 
net financial returns in the light grazing treatment. That reinforced the view that, to optimise the 
profitability of livestock production, the grassland needs to be in the best condition possible. The 
results from analysing animal production found the sustainable stocking rate was also appropriate 
for optimising the botanical composition. This stocking rate (approximately 1 SE/ha) was similar to 
the current district stocking rate (Chapter 2). During the course of the desert steppe experiment, 
initial modelling suggested that stocking rates should be halved to this lower level. This was 
demonstrated on farms (Chapter 4) and continual discussions with local officials and herders 
helped build their knowledge and confidence in reducing stocking rates. This experiment has 
played a vital part in achieving change. In the Siziwang district, the grasslands now appear to be in 
much better condition than they were, and better than in surrounding districts.
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