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There are 400 Mha of Chinese grasslands (Jia & Su 1996), of which 90% are considered degraded by
overgrazing due to the large increase in the people and animals that have depended on them since
the 1950s (Chapters 1 & 2; eds Kemp & Michalk 2011). It is acknowledged that a reduction in stock
numbers is required to prevent further degradation (Kemp et al. 2013), but this must be balanced
against an imperative to increase the production of red meat globally by 50% by 2050 to meet the
demands of a growing population (Thornton 2010), many of whom will be in China. To meet these
dual objectives of increasing production and reducing degradation, we must investigate ways to
improve efficiency by closing the yield gaps on underperforming lands (Alexandratos & Bruinsma
2012) while reducing the number of animals grazing in the landscape. This provides an opportunity
for Chinese small holders to sustainably intensify their production based on new technologies,
practices and production systems and produce more from less (eds Kemp & Michalk 2011; Michalk
et al. 2015). While the area excluded from grazing in China has now reached 26 Mha (11% of China’s
natural grasslands) since the ‘returning grazing land to grassland’ policy was implemented in 2003
(Xiong et al. 2016), low to moderate grazing levels might still give similar benefits in many areas and
help maintain herder incomes.
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One of the key issues from previous studies investigating grassland composition change and
grazing pressure is that composition shifts are often described in terms of species number,
diversity and evenness indexes (Zhang & Zhao 2015; Xiong et al. 2016). However, these measures
do not give a useful indication of biomass or the biophysical mechanisms that are involved, nor
of how animal production may be affected. It is often not clear which species are more sensitive
to grazing, what level and timing (winter vs summer) of grazing is required to drive composition
change, what roles climate (Bai et al. 2004) and landscape patch dynamics (Badgery 2017) plays,
or whether composition change reaches thresholds that are irreversible (Friedel 1991; Briske,
Fuhlendorf & Smeins 2005). The diversity measures often do not give a clear indication of which
management strategies are effective. For instance, Xiong et al. (2016) found that grazing exclusion
had little long-term effect on recovering plant diversity in a meta-analysis with 447 data points
from across China’s grasslands, yet the response of grazing sensitive, high-value plants was not
reported. The degradation pathway is understood for some steppe types (Tong et al. 2004), but it
is not clear how reversible this process is when grazing pressure is removed or reduced. A better
understanding is needed.
Grasslands are a major part of the world’s land-based ecosystems, with functions that go beyond
sustaining the livelihoods of herders (Badgery et al. 2015). There are greenhouse gas (GHG)
mitigation benefits from reducing grazing pressure. Increases to soil carbon (Xiong et al. 2016) as a
result of greater root production (Gao et al. 2008; Chen et al. 2015) and higher CH4 fluxes into the
soil and reduced methane emissions from livestock (Wang et al. 2014) have all been documented
with reduced grazing pressure. However, while it is clear that grazing bans have many of these
same benefits at specific sites, if they are imposed across large areas of grassland simply to
improve carbon storage this will displace production to other areas, or intensive feedlot production
systems that can have a greater contribution to the production of GHGs (Plevin, Delucchi & Creutzig
2014). Moreover, there is evidence of soil carbon actually being lower when grazing is removed,
compared to light or moderate grazing (Liu, Zhang et al. 2012; Orgill et al. 2016; Zhang et al. 2015)
due to decreases in root turnover (Chen et al. 2015). Therefore, it is important to understand these
implications for GHGs when managing grassland composition and livestock numbers. If there are
to be successful outcomes for the grasslands and for herder livelihoods, grassland management
recommendations need to take a systems-level approach that links plant and animal components.
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Overgrazing in some areas, like this desert grassland in Gansu, is so extensive that inedible shrubs that even
camels do not eat dominate. Fortunately, most grasslands are not in this state. Photo: D.R. Kemp

In China, the grassland areas are categorised as steppe. The four main types are alpine, meadow,
typical and desert (Kang et al. 2007; Wang & Ba 2008). These extend from the meadow steppe and
alpine meadow, which generally have higher rainfall, grading through to the typical and desert
steppe on a decreasing rainfall gradient. In most steppe areas, there are both C3 and C4 grasses.
Sedges and semi-shrubs and perennial plants dominate. The desert steppe, located throughout
large areas of IMAR, has an average production of 400–1500 kg DM/ha/yr and carries 0.25–1.2
SU/ha5. A typical steppe in central regions on the Mongolian Plateau has an average production
of 1000–3000 kg DM/ha/yr and carries 1.5–2 SU/ha. The meadow steppe in north-eastern China
produces up to 4000 kg DM/ha/yr and carries 2–4 SU/ha. Alpine meadows on the Qinghai–Tibetan
Plateau have an average production of 150–1000 kg DM/ha/yr and carry 0.2–1.4 SU/ha (Ren et
al. 2008). In practice, the ASRs can be higher than this, as demonstrated in other chapters. The
dominant plant species vary across and within these regions. A general description of the species
was given by Kang et al. (2007). The desert steppe is often dominated by Stipa spp. (S. gobica,
S. klemenzii), Cleistogenes songorica (C4), Allium polyrhizum, Hippolytia trifida, Ajania fruticulosa and
Artemisia spp. The typical steppe comprises Leymus chinensis, Stipa spp. (S. grandis; S. krylovii),
Festuca sulcata, Cleistogenes squarrosa, Agropyron cristatum and Artemisia frigida. Alpine meadows/
steppe also have Stipa spp. (S. purpurea, S. subsessiliflora), Festuca spp. (F. kryloviana), Carex
moorcroftii and Artemisia salsoloides. The response of these grasslands to grazing depends on the
proportion of desirable and less-desirable species. The low productivity of many grasslands and
5

One Chinese sheep unit (SU) is equivalent to a 40 kg reference weight sheep in moderate condition, often also defined as a
lactating ewe, which implies that an SU more commonly reflects grazing pressures over summer. Elsewhere in this monograph, sheep equivalents (SE), based on a 50k g reference weight, are used for many of the analyses. A 40 kg lactating ewe
and a 50 kg SE are similar in average energy requirements for maintenance.
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well-established perenniality means that it does take several generations and seasons to change
the proportions of species, arguably longer than the five years imposed by grazing bans. That
means, in practice, that techniques must focus on optimising the combination of species present
rather than aiming to increase desirable species that may have a significant presence in the
grassland. The first sign of degradation in a grassland is an increase in less-desirable plant species,
which means the more preferred plant types have become minor components.
The first phase of the program from which this monograph has come (eds Kemp & Michalk 2011)
sought to understand how farmers (herders) managed their livestock. Models were then developed
to analyse the livestock farming system and investigate options to improve management, including
reducing stocking rates, improving feeding, introducing warm sheds, changes to enterprise and the
timing of operations such as lambing (eds Kemp & Michalk 2011). On-farm demonstrations were
established to verify the improvement in herders’ livelihoods with new management systems. The
initial focus was on the organisation of livestock, because it is easier to make those changes than
to focus only on grassland improvement. Any changes made in the livestock system were those
that had implications for grassland improvement. In general, the reducing livestock densities would
reduce consumption rates by livestock, while increasing productivity per animal and net financial
returns. However, further verification of the changes to grassland composition and ecosystem
services as a result of improved management were required. These processes can be difficult
to model, and data was needed to develop functions for the StageTHREE SGM to investigate the
sustainability of new management practices (Chapter 6). Grazing experiments were established at
Guyuan in Hebei Province (typical steppe; Zhang et al. 2015) and Maqu in Gansu (alpine meadow;
Sun, Angerer & Hou 2015) along with a long-term experiment at Siziwang in IMAR that commenced
in the first phase of this program (desert steppe; Wang, Jiao et al. 2011). These experiments
primarily examined the influence of stocking rate and grazing management on livestock
production, grassland composition and associated ecosystem services (including greenhouse
gas mitigation) across the three less-productive grassland types. Previous chapters provide more
details on these studies.
The aim of this chapter is to synthesise the information from the research on managing grasslands
to develop criteria for the optimal grazing management and utilisation that will enhance grassland
composition while maintaining livestock production and essential ecosystems services (GHG
mitigation and prevention of erosion). Optimised scenarios are assessed against current district
average stocking rates and the implementation of partial or total grazing bans, policies currently
used to restore grassland degradation. The main hypothesis being tested was that enhancing
grassland composition, improving the efficiency of livestock production and improving ecosystem
services (GHG mitigation and erosion control) could be done by optimising the stocking rate at
levels 30 to 50% lower than the current district averages. We also consider the management
principles that could be taught to herders to enable them to adjust stocking rates and other
practices more effectively. Often recommendations are made about stocking rates that are rigid
and not easily adapted to changing conditions.
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Criteria used to manage grasslands
The program reported in this monograph had a clear focus on defining better ways of managing
grasslands that could also improve herder incomes. This involved not only grazing experiments but
also modelling and the development of theory about how best to define the conditions where
grasslands are likely to be managed sustainably. The two main system components involved are
grassland condition and animal productivity. These components need to be defined in ways that
allow grassland managers to easily know when the grassland is in a desirable state (Kemp &
Michalk 2007).
The desired grassland condition is one with an optimal proportion of desirable species, with lessdesirable species being confined, where possible, to minor components. The biomass of plant
species needs to be at a level that optimises animal production and maintains sufficient ground
cover to limit soil erosion, within what is feasible for the environment, to sequester carbon in
the soil, minimise CH4 release to the environment and optimise biodiversity. Simple measures of
biodiversity (e.g. total species) are often inadequate, as they do not consider plant functional types
(Chapter 8) or if there is an optimum number of species, or if more desirable species are increasing
or decreasing under management practices.
Optimum animal production is best defined as the point where net incomes of herders are
maximised, but in a way that links directly to the condition of the grassland. The focus in this
work has been on defining optimal grazing practices for the period over summer when livestock
graze the grasslands. Whole-year optimal animal production is a separate issue, as it depends on
developing feeding strategies and the best use of warm sheds through the nine months of low
temperatures when plant growth is nil and grassland forage quality is below animal maintenance
requirements. Grazing through autumn, winter and spring is of doubtful value, as the energy costs
of grazing typically exceed the energy obtained from the available forage. At best, animal liveweight
loss is slowed from autumn grazing, when the quantity of available forage is higher. Grazing
through winter is likely to damage grassland condition (Chapter 8).
Each component of grassland condition and animal productivity can be defined in its own terms,
but this presents herders and grassland managers with the need to continually optimise their
management across a range of components, which all need to be monitored. That rarely works in
practice in any field, least of all with herders who do not have all the skills required. The alternative
strategy developed here was to examine all the main components of grassland condition and
animal production in terms of common variables. The aim was to identify a single measure that
indicated whether or not the grasslands are being sustainably managed. The measure needed to
be something that herders could readily monitor and understand in terms of how it influenced
other system components, and that officials could also use to check management practices and
apply policies. The common factor that is related to many grassland components and animal
production is herbage mass (Kemp et al. 2015, 2018).
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In grassland studies, the biomass of all plants should always be recorded at frequent intervals, as
the primary measure along with plant cover, soil data, diversity measures, etc. Unfortunately, many
ecological studies have recorded species in terms of cover, frequency and other measures, with no
biomass data. That information is very difficult to use. Animals eat biomass, not frequency or cover,
so a relationship with animal production and grassland state cannot be determined. The average
standing herbage mass of a grassland through the growing season relates to total plant growth,
the proportions of key species, the amount of carbon sequestered, general biological activity in
the root zone, biodiversity (Kemp et al. 2003) and animal production (Kemp & Michalk 2007; Kemp,
Badgery & Michalk 2015; Kemp et al. 2018).
Animal production in many studies over many years, and in models, has generally been assessed
as the output of animals, meat, milk, skins or fibre per hectare. That is a highly relevant measure
when land is a major limiting factor, as is now the case in much of China. However, many herders
have not traditionally understood or focused on productivity per unit land area. The work reported
in Chapter 5 suggests that they think more about stocking rates as the number of animals per
farm. However, herders do understand the productivity of individual animals. This is becoming
more important in China and elsewhere, where market prices reflect the quantity and quality of
animal products per head. Animal production per head is the primary measure of performance
used in research and by modern farmers. It is then multiplied by the stocking rate to estimate
productivity per unit area of land. Animal production per head is a more relevant measure for
herders traditionally used to common grazing practices. The research done here generally derived
animal production per hectare, and the same measure was used in models to estimate optimal
stocking rates. In general, it is often the case that the financially optimal stocking rate is when
animal production per head is around 75% of the potential possible for those animals on that
grassland system (Kemp, Badgery & Michalk 2015; Kemp et al. 2018).
Many experiments have shown that there is a hyperbolic relationship between herbage mass,
animal intake and production (eds Freer, Dove & Nolan 2007; Kemp, Badgery & Michalk 2015;
Badgery et al. 2017). Maximum animal production is reached when the herbage mass of grassland
is at or above 1500 kg (green) DM/ha for Lolium perenne/Trifolium repens (ed. Nicol 1987). The
financially optimal position of 75% of potential is around 1000 kg DM/ha for temperate higher
rainfall pastures. However, the exact relationship will depend upon the grassland type, condition
and type of livestock (Badgery et al. 2017). The key point is that, to achieve 75% of the potential
per head production, the grassland needs to have readily prehended forage, which means more
biomass than the typical overgrazed grasslands of China provide. Maintaining the average herbage
mass above the levels required to optimise plant system components would enable herders
to manage their livestock closer to the target value. Grazing experiments can be analysed to
determine the values of herbage mass where animal production/head was around the target value.
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Grazing experiments
A national program lead by Professor Zhang at China Agricultural University was established with
many grazing experiments, in association with the program reported in this monograph. Much of
that work is still being analysed and will be reported elsewhere.

(Left) Professors Kemp and Hou F. (Lanzhou University) at the grazing experiment in eastern Gansu on the
Loess soil. (Right) Dr Michalk and Dr Badgery at the grazing experiment on the meadow steppe at Hailar in
IMAR. These experiments are part of wider national programs that collaborated with the ACIAR program.
Photos: D.R. Kemp

The main three sites used for grazing management experiments in this program were in Siziwang,
IMAR, on a degraded desert steppe site; Guyuan, Hebei, on representative typical steppe grassland,
and Gannan, Gansu, on a well-used alpine meadow. This chapter highlights some of the effects
that help develop the principles for interpreting grassland management studies and general
considerations.

Desert steppe, Siziwang
The experiment at Siziwang (41°N, 111°E, elevation 1460 m) was established in 2004 to investigate
the influence of grazing pressure on grassland composition and livestock production (Chapter 8).
The site has an annual precipitation of 223 mm per year and mean annual temperature of 3.6 °C.
Four grazing treatments were established over the growing season:
• nil
• light (notionally 0.75 SU/ha)
• moderate (1.5 SU/ha)
• heavy (2.25 SU/ha).
Heavy grazing represented the average stocking rate in the district at the beginning of the
experiment.
The dominant desert steppe plant species typically found are Stipa breviflora and Artemisia frigida.
They both progressively increased throughout this experiment, dominating the experiment
and indicating that the site was probably previously grazed at stocking rates above the highest
stocking rate treatment. That suggestion is further supported by the increase in grassland growth
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year by year throughout this study. In the desert steppe, the loss of palatable perennial grasses
and increasing shrubs and semi-shrubs (Artemisia spp.) are a common sign of the first phase of
degradation associated with overgrazing. With continued overgrazing, decreasing plant coverage,
increasing bare ground and patch size occurs (Lin, Han et al. 2010; Lin, Hong et al. 2010). The
edible semi-shrubs decline, leaving unpalatable grasses and other species. Soil erosion increases
with these changes. As stocking rates are reduced, this process is somewhat reversed, though it is
unlikely to return to an ideal state for livestock production. The desert steppe experiment, after 12
years and best management, has still not returned to its probable original state.
The value of long-term studies has been clearly demonstrated with this experiment. Stipa breviflora
increased on all treatments from 2004 to 2016, but there was no stocking rate effect on the
biomass of this relatively unpalatable grass (Figure 8.5). The exception was in the winter of
2004–05, when the whole site was inadvertently heavily grazed by many animals, which reduced
the S. breviflora content. That heavy grazing period reduced the edible semi-shrub Artemisia
frigida to a much greater extent than the grass. The content of A. frigida then increased on grazing
treatments over time, mostly in the ungrazed control and least under the heavy grazing treatment.
These results indicated that the sheep preferred to graze A. frigida and avoided S. breviflora,
which was confirmed with observational studies (Wang ZW, unpublished). S. breviflora was eaten
in October (autumn) when plant growth was frosted, but this had no effect on the subsequent
botanical composition.
It took eight years of this desert steppe experiment before the relative proportions of S. breviflora
and A. frigida started to differentiate (Figure 8.4). This was significantly longer than the normal
five-year grazing bans used in IMAR to rehabilitate grasslands. After 12 years, S. krylovii, a more
palatable grass, has started to increase within the nil and light grazing treatments, but not those
with higher stocking rates. S. krylovii is a preferred species and in time it may become more
important within this grassland. The mechanisms that allowed S. krylovii to become dominant
need to be identified. Within the grassland, there were also some, generally minor, annual plant
species and other forbs. However, the plant community has remained dominated by S. breviflora
and A. frigida. While this combination may not be ideal for livestock production, animal growth
rates have been reasonable on the light grazing treatment, where A. frigida was maintained in equal
proportions to S. breviflora. In contrast, under heavy grazing (at the original district average stocking
rates), the ratio of S. breviflora to A. frigida was 12:1 (Figure 8.4). This work clearly emphasises the
need to work within the current state of the system, rather than trying to aim for an ideal. In the
medium to long term, S. breviflora may be replaced by a more palatable grass, but that will require
careful management to avoid overgrazing. It may be possible to use heavy grazing in winter (as
occurred in 2004–05) every five years or so to reduce S. breviflora, but further research will be
needed to identify better ways of using such techniques.
The desert steppe experiment found that the grassland growth in one year was more dependent
upon growth in the previous summer (Figures 8.5 and 8.6) and less so on the current summer
rainfall. This was a larger effect than could be discerned from rainfall alone. This effect seems to
come from the condition of plants in early summer, possibly from the number of buds/tillers that
survive the winter, which then influences growth in early summer that in turn influences the whole
of summer growth in this dry environment.
Sheep liveweight gain data indicated that the optimum sustainable stocking rate was likely to be
around 1 SE/ha over summer, slightly above the low stocking rate. This is the stocking rate over
summer that averaged around 75% of the maximum per head production, around the point where
net income per hectare is often maximised (Kemp et al. 2018). A stocking rate of 1 SE/ha is about
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half the average stocking rate in the district when the experiment began, but is now close to the
regional average (Chapter 2). At 1 SE/ha, the average herbage mass remained about 0.5 t DM/ha
throughout the summer and livestock consumed 10% of the total herbage growth.
There was no clear evidence of changes to soil carbon with differences in grazing pressure (or no
grazing) over a four- or six-year period at Siziwang (Lin, Hong et al. 2010; Liu, Zhang et al. 2012).
However, heavy grazing reduced the size of vegetation patches, increased the homogeneity of
the spatial distribution of plant biomass and soil carbon (Lin, Hong et al. 2010) and suggested
there could be declining levels of soil carbon. The desert steppe soils at Siziwang have been
demonstrated to be a small CH4 sink (Wang, Hao et al. 2011), and increasing grazing pressure
decreased the proportion of CH4 uptake once stocking rates were higher than 0.75 SU/ha in
this experiment (Wang et al. 2012). Soil erosion and deposition may also be a cause of SOC
differences. A previous study in the desert steppe by Pei, Fu and Wan (2008) showed lower SOC
with grazing compared to two- and six-year exclusions. This was due to increasing sand fractions
(> 0.1 mm) and less fine-soil fractions (< 0.1 mm) in the grazed area than exclosures (Pei, Fu &
Wan 2008), supporting erosion (or deposition) as a contributing factor. However, due to a lack of
true replication in the design of that experiment, the differences may actually represent spatial
variability in soil properties and vegetation patterns.
The desert steppe experiment has clearly supported the view that lower stocking rates are needed
to optimise the existing botanical composition, maintain more profitable rates of animal growth
and reduce adverse effects on soil carbon. These components were optimal when the average
herbage mass over summer was above approximately 0.5 t DM/ha. The optimal consumption rate
of forage by livestock averaged 10%. This was the first study with evidence that grazing in winter
has adverse effects on grassland productivity, though more information on that interaction is
needed. The interesting result that grassland productivity in one year directly relates to growth
in the next summer shows there is a clear feed-forward effect that justifies lower stocking rates
in order to rehabilitate the grassland. District stocking rates are now of the same order as this
experiment showed (Chapter 2).

Typical steppe, Guyuan
The typical steppe (simply called steppe in Mongolia) grazing experiment was done at Guyuan,
Hebei (41°N 115°E, elevation 1430 m). The area has an average annual precipitation of 430 mm,
mostly occurring between July and September and the annual mean temperature is 1.4 °C.
Leymus chinensis and Artemisia frigida were the main plant species, plus Carex duriuscula. The
grassland condition prior to the experiment was considered desirable, due to the high proportion
of L. chinensis. The treatments investigated selected combinations of rest (R), moderate (M) or
heavy grazing (H) pressure through the summer growing season. Five grazing treatments were
implemented (RMH, RHM, MMM, HHM and HHH) through early, mid and late summer. In 2013,
after three years, the stocking rates on all grazed treatments were reduced by 25%. Because of the
varying stocking rates and length of time plots were grazed, the grazing pressure was calculated
as the number of SE grazing days over summer. Further details of the experiment can be found in
Zhang et al. (2015) along with other research on managing the typical steppe (Chapter 9).
Grassland production was directly related to the SE grazing days/ha/yr (Figure 10.1). There were
different relationships between years. Herbage mass was highest in 2010 but decreased in
subsequent years. The slope of the log-linear relationship increased in 2013, due mostly to the
lowest stocking rates having greater improvements in average levels of herbage mass. The other
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data points had the same slope as the 2012 data. These changes in relative production between
years were not a function of rainfall. These data indicate how in 2010 and 2011 the grassland was
adjusting to the treatments and management of the experiment, reflecting the good grassland
condition at the start of this study. By 2012–13, the combined data suggest an increased curvilinear,
declining relationship (not shown) between total herbage mass and SE grazing days that reached
a minimum similar to that found at the highest SE grazing days in the previous year. At 400 SE
grazing days, the mean herbage mass (approximately 0.5 t DM/ha) in 2012–13 was about 60% of
that achieved with the lowest SE grazing days in those years.
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Figure 10.1 Relationship between average grazing season herbage mass and grazing days
on a typical steppe, Guyuan, Hebei, 2010–13
Source: Zhang et al. (2015)

The composition of the grassland was closely related to biomass, with consistent relationships
over treatments and years. There was an exponential decrease in the proportion of L. chinensis,
declining below approximately 1 t DM/ha of herbage mass (Figure 10.2a) and below 70% when the
herbage mass was < 0.5 t DM/ha. In contrast (Figure 10.2b,c), Artemisia spp. increased above 5%
when the herbage mass was below approximately 0.5 t DM/ha and forbs increased above 10% at
the same point. The change in grassland composition witnessed in this study shows the common
pattern of species shift from overgrazing. This has been previously documented by Liang et al.
(2009), who found that on a grazing gradient from no grazing to heavy grazing vegetation changed
from the original dominant grass species L. chinensis to the semi-shrub species A. frigida. There is
evidence that the species composition change in typical steppe is reasonably resilient, within the
realms of this short-term experiment. When stocking rates were reduced in 2013, both L. chinensis
and Artemisia spp. reversed treatment trends with reduced grazing pressure, but forbs were not
reduced to a lower level. Rest treatments maintained similar, desirable proportions of plant species
across all four years.
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Figure 10.2 Average proportion of (a) Leymus chinensis, (b) Artemisia spp. and (c) forbs on
a typical steppe under different grazing treatments, Guyuan, Hebei, 2010–13
Note: The grazing treatments are combinations of H = heavy, M = moderate and R = rest/no grazing through the
three months of summer.
Source: Zhang et al. (2015)

Because of the design used in the typical steppe experiment (Zhang et al. 2015), it was not
reasonable to simply use the liveweight gains from each treatment to determine the optimum.
Instead the SEw grazing days/ha/yr were calculated and productivity was related to that. The
optimum SE days/ha/yr for grassland condition was approximately 400, which meant a stocking
rate of 4 SE/ha over 100 days of grazing. At this stocking rate, the herbage mass averaged
> 0.5 t DM/ha and animal growth rates were > 100 g/hd/day.
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Methane fluxes were estimated on all treatments. Heavily grazed treatments had significantly
higher CH4 emissions from animals over the grazing season (22 kg/ha/yr), compared to moderately
grazed (17 kg/ha/yr) and early-season rest treatments (approximately 14 kg/ha/yr). The moderately
grazed treatment was a little above the optimum stocking rate of 400 SE days/ha/yr. This treatment
also recorded a higher uptake of CH4 into the soil (3.7 mg/m2/day) compared to other treatments
(approximately 1.5 mg/m2/day) (Wang et al. 2015; Zhang et al. 2015) and greater sequestration of
SOC (1.2 Mg/ha/yr) than for treatments with an early summer rest (approximately 0.6 Mg/ha/yr) or
high stocking rates (approximately 0.1 Mg/ha/yr). The higher SOC sequestration can be explained
by greater root turnover (Chen et al. 2015). The main sources and sinks of GHGs were combined
throughout the grazing season to estimate the systems level emissions. The moderately grazed
treatment had the highest net sequestration of GHGs at 4 t CO2/ha/yr, while the high stocking rates
actually emitted GHGs (Table 10.1). The largest sink in GHGs was due to increases in SOC, though
the benefits are likely to decrease over time (He et al. 2008). Assuming all treatments reach an
equilibrium soil carbon level at a similar time, moderate grazing pressure would still have lower
GHG emissions than the high treatments.
Table 10.1

Average GHG fluxes under different grazing treatments

GHG fluxes

HHH

HHM

MMM

RHM

RMH

lsd

–164.7

-410.1

–4,343.0

–2,219.9

–2,072.2

1,156.7**

CH4 uptake (kg CO2-e/ha/yr)

–36.6

–34.5

–103.0

–51.2

–39.4

28.0*

CH4 sheep emissions (kg CO2-e/ha/yr)

651.6

597.8

470.7

424.2

380.7

43.9**

GHG flux (kg CO2-e/ha/yr)

384.4

92.9

–4014.7

–1,886.8

–1,767.4

1,164.9**

SOC sequestration (kg CO2-e/ha/yr)

Notes:
• GHG fluxes have been standardised as carbon dioxide equivalents (CO2-e).
• Least significant differences are indicated as *= P < 0.01, ** = P < 0.001.
Source: Zhang et al. (2015)

The typical steppe experiment demonstrated that a moderate grazing pressure through summer
of approximately 400 SE grazing days/ha (4 SE/ha over 100 days) maintained higher animal
growth rates, an average herbage mass above 0.5 t DM/ha that kept the content of L. chinensis
above 70% and A. frigida below 10% of the grassland and achieved the highest net level of
carbon sequestration. In contrast with the desert steppe study, where A. frigida was the more
desirable species for animal production in the grassland, management in this case can focus on
minimising the amount of A. frigida and optimising the content of the desirable grass, L. chinensis.
At 400 SE grazing days/ha, this meant that the consumption rate by sheep of the grassland was
approximately 20%. Of interest was the result on the desert steppe that the sustainable stocking
rate of 1 SE/ha over summer also resulted in an average herbage mass of 0.5 t DM/ha. However,
considerable further work is required to determine what would be the critical values for herbage
across other grassland types. The conclusions from this work are broadly supported by other
research on the typical steppe (Chapter 9).
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Alpine meadow, Maqu
The alpine meadow grazing experiment was done in Maqu, Gansu, on the east of the Qinghai–
Tibetan Plateau (35°N, 101°E, elevation 3500 m). The average precipitation is 616 mm and annual
temperature is 2.4 °C, with 270 frost days/yr over the past 13 years. This region has recorded
significant changes in grassland cover over the last 25 years (Lu et al. 2016). The grazing experiment
investigated continuous grazing (July–December) with a stocking rate of 4 sheep/ha vs short
duration seasonal rotation (SDSR) treatments with 4 or 8 sheep/ha that were grazed through
summer (July–September) in the growing-season pasture and then in autumn (October–December)
in a separate autumn pasture when there is no plant growth and frosts occur. Within the SDSR
treatments in summer, animals were grazed around three subplots, moving every 10 days. In
autumn they were grazed around two subplots, moving every 15 days. The SDSR treatments also
compared a heavy stocking rate in the growing season and light stocking rate in the cold season
(SDSR-HL) with a light stocking rate in the growing season and heavy stocking rate in the cold
season (SDSR-LH). Measurements of herbage mass were done before and after each graze period,
or at monthly intervals (in the continuously grazed plots). Further details of the experiment can be
found in Sun et al. (2015).
Within the main continuous grazing treatments, other smaller experiments were done using an
open communal grazing design (Kemp & Dowling 2000) to test month-by-month effects of grazing
or rests on grassland composition. This chapter only gives a summary of a couple of the main
results that influence how best to graze alpine meadows. Detailed plant measurements of species
were done in August each year, when plants could be readily identified. This meant that results
in one year better reflected the medium-term effects of treatments in previous years than the
current-year effects.
Within alpine meadows, there has been a concern that less-desirable (unpalatable/toxic) plants
increase in proportion as overgrazing increases. However, the data from two years of the
experiment across a range of treatments showed that the supposed less-desirable species were
at higher levels in the treatments that were mostly rested (3.1 t DM/ha compared to 1.8 t DM/ha
of desirable species) than in grazed treatments (2.3 t DM/ha compared to 2.2 t DM/ha of desirable
species). This indicated that less-desirable species are grazed. In other years, the results suggested
no consistent treatment differences in plant species proportions. This raised the question of what
herders consider a less-desirable species. No detectable effects on animal health were found in
this experiment, even though these species made up a high proportion of the grassland. It was
not possible to clarify if the definition was confounded by translation from Tibetan to Chinese then
English. The plants in this category may be those that are less productive, or that at other times
are rejected by livestock. The interesting result is that control of this less-desirable plant group
is arguably achieved by grazing. A grazing ban would then be inappropriate for managing these
species. Tactical heavier grazing could prove to be an effective technique for improving grassland
condition, as observed in the desert steppe experiment.
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Figure 10.3 Desirable and undesirable species during the 2013 growing season, Maqu,
Gansu

In the main grazing experiment, seven-month-old Tibetan sheep were purchased in June, grazed
on treatments until December, then sold. Under light stocking rates (4 sheep/ha) there was no
difference in liveweight gain (LWG) per head between continuous stocking and SDSR treatments
(Figure 10.4). Over the three years of this study, animals, on average, gained weight between
July and September then lost weight from October through December, irrespective of grazing
management treatment (Sun, Angerer & Hou 2015). The average daily LWG over three years in
the main contrasting stocking rates showed a similar pattern of response to that found in other
experiments (Figure 10.4). The average potential sheep growth rate was 127 g/hd/d, 75% of which
is 95 g/hd/d, which is about the value where livestock production is more profitable (Kemp et al.
2018). This was estimated to be at a stocking rate of 13–14 sheep/ha over summer. This result
supports the view that, for this site, the average stocking rates are arguably sustainable and not
overstocked. This result was further refined by considering the residual herbage mass after grazing,
which averaged 1.6–2.3 t DM/ha. These values suggest that animal intake would not be greatly
restricted (Badgery et al. 2017) though, at the higher stocking rates, the availability of green forage
may have been marginally limiting (Figure 10.4). Sun, Angerer and Hou (2015) concluded that
the sustainable stocking rate was a seasonal forage allowance of 310 SU d/t DM of peak herbage
growth, which applied to the six months from July to December. As the average level of residual
herbage mass across treatments was close to 2 t DM/ha, that suggests the sustainable carrying
capacity could be approximately 600 SU grazing days/ha or only 3.3 SU/ha over the 180 days from
July to December. This is a conservative result in comparison to the results shown in Figure 10.4.
Setting stocking rates based on the peak forage allowance is problematic as animal numbers
need to be determined a few months before peak growth. Hence, in this monograph, there is
more emphasis on managing to average a critical level of herbage mass. Further work on alpine
meadows is needed to identify what those critical levels are.
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Figure 10.4 Average liveweight gain over summer at two stocking rates over three years for
young Tibetan sheep grazing an alpine meadow, Maqu
Note: Solid line is the response per head and the dashed line is the response per hectare calculated from the
equation for solid line.
Data estimated from Sun, Angerer and Hou (2015)

When this experiment started, the higher stocking rate treatments were set at the district average
stocking rates. The field site on the valley floor near the local village had been typically grazed
throughout the year, as herders had regular access. After two years of the experiment, the
herbage mass within the experiment, even on the highest stocking rate treatment, was two to four
times greater than that of the surrounding areas. This is reflected in the experiment results. An
investigation found that the effective stocking rate on farms on the valley floor was much greater
than the district average suggested. This very high local stocking rate occurred because herders
obtained permission to bring their animals into that area so they could sell them to traders.
Overgrazing was then only occurring in part of the region. The overall livestock numbers could be
sustained (as shown in the experiment) when evenly distributed. To reduce overgrazing on the
valley floor, the local community needs to work out better ways for herders to sell their livestock
without increasing pressure on the valley floor.
In general, alpine meadows have a higher carbon content than other soils and a shorter time of
the year above freezing. The rate of CH4 uptake by the soil was lower than for other grasslands and
best under moderate grazing (Liu, Sun et al. 2012). The highest soil carbon content was under no
grazing (58 g C/kg soil; 0–15 cm), reducing to 37 g C/kg soil under heavy grazing (Sun 2012; Nie et al.
2013). Further work is needed to refine how these effects relate to herbage mass.
The research on alpine meadows suggested that average stocking rates may not lead to
overgrazing, but that local practices that affect distribution of animals are a problem. Stocking rates
were more important than the patterns of grazing.
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Discussion
Grazing management research has a long history in the developed world, but less so for
the grasslands of China. The challenge is to advance knowledge about what practices would
improve the grasslands and the livelihoods of millions of herders who depend on them. Grazing
management not only improves the sustainability of grasslands, but also sustains the millions of
people who depend upon grasslands for their livelihoods, food, fibre and fuel. Those combined
aims mean that grazing has multiple aims that need to be resolved in practical ways. Practical in
this sense meaning deriving methods that can be understood and used by the herders directly
engaged in managing grasslands and livestock.
Grazing management involves managing both animals and the grassland. Animals are the main
tool used by herders. This tool involves varying the density of animals (stocking rate), the intensity
and frequency with which they graze any given area of grassland, and the timing of when grazing
starts and stops. These components need to be standardised in terms of impact, usually by
expressing them as a standard sheep equivalent. The work done in China, summarised in this
monograph, shows the main components of grazing management that are important are the
stocking rate, the time when grazing starts in summer, and no grazing in winter. An important
result from this work is that grazing practices need to focus on working with the current state of a
grassland, rather than trying to restore it to some ideal state, which is unlikely to be feasible in the
medium term. As argued by Westoby, Walker & Noy-Meir (1989), the rehabilitation pathway for a
degraded grassland would rarely be the same as for the initial degradation, hence it cannot simply
be reversed.
In the desert and typical steppe, reduced stocking rates are vital for sustaining the grasslands.
In general, a 50% reduction in stocking rates from the high levels reached in the 1990s (Chapter
2) is needed to improve or maintain a desired species composition and increase income from
livestock. This has been promoted to officials in various meetings over the years. The exception
found was in the alpine meadows, where overgrazing is a local problem in only parts of the
landscape. Infrastructure changes (e.g. access roads, special stock routes, holding fields and market
organisation) are likely to be important parts of solving the local overgrazing in valley floors. The
data on livestock numbers (Chapter 2) for the alpine meadow area of Maqu showed there had
been a smaller increase in animal numbers in recent decades than elsewhere in China.
While reduced stocking rates are clearly needed for most grassland types, setting an ideal stocking
rate may not be the optimum strategy, as that only defines forage demand, not the supply. A better
strategy, promoted through this monograph, is to focus on managing livestock to maintain
grasslands above a critical level of herbage mass through the summer plant growth period. Standing
herbage mass in a grassland is the net balance between consumption and growth. Both the desert
and typical steppe experiments defined this level as above 0.5 t DM/ha. In practice, this would
mean herders need to maintain an even higher value, as it would be difficult to be precise and
achieve exactly 0.5 t DM/ha across all their grasslands. This critical value is related to optimising
plant species composition, optimising soil carbon and CH4 uptake, reducing the soil erosion risk
and achieving animal growth rates near the financially optimum level. Herbage mass can be
monitored remotely by officials and others to determine the state of grasslands, and used to advise
herders what to do and when. In poor seasons, livestock numbers would need to be less than the
average optimal stocking rates to maintain critical values of herbage mass. Herders would get prior
warning about when to sell livestock. In many instances, this would mean they receive a better
price than if they had waited until all the grass was gone and the animals were in poor condition.

206 Sustainable Chinese Grasslands

10 Devising sustainable grasslands grazing management practices for the future of Chinese grasslands

In China, markets need to be developed to accommodate this need. In a good season, it may not be
possible to breed or acquire enough animals to reduce the herbage mass to the set critical value.
However, that is a good problem as it provides the opportunity for grasslands to recover.
Delaying the start of grazing in summer has been shown to improve both summer growth and
total production (Chen, Michalk & Millar 2002). This has now become a standard part of grassland
regulations; especially where local government have implemented grassland balance strategies
designed to allow grazing and continue livestock production while rehabilitating the degraded
grasslands. The research presented in this monograph has helped to define the reduced stocking
rates needed. The delay in grazing has, however, been set on calendar dates. The typical and desert
steppe experiments have shown that grassland composition has improved when the herbage
mass is maintained above 0.5 t DM/ha. That critical threshold could prove to be a better criterion
for when to commence grazing than a calendar date, or at least could help set a better average
calendar date in different regions.
One of the unresolved dilemmas is how best to manage the reportedly toxic plants in alpine
meadows. The limited work done indicated that these plants are grazed, and they increase when
not grazed. It may be that they are in a similar category to species in other grasslands, which are
considered by herders to be less productive and/or less palatable and not necessarily always toxic.
The data obtained so far suggests that these species can be managed by grazing. It may be possible
to use heavy grazing at critical times in their development (e.g. when flowering is initiated in earlymid summer or when any known toxins are minimal) to reduce their presence and achieve more
productive, higher forage quality meadows. In Australia, as an example, undesirable Aristida ramosa
grassland can be changed to one dominated by Rytidosperma linkii using targeted heavy grazing
followed by rest (Lodge & Whalley 1985; Lodge et al. 1999).
Grazing through winter has always been problematic in China, as temperatures are very low.
Modelling found that the energy costs of grazing in winter greatly exceeded the energy obtained
from eating the dead plant material available (Takahashi, Kemp, Behrendt, unpublished). The one
piece of evidence obtained was for the desert steppe (Chapter 8). This showed a considerable
reduction in plant growth in the year following heavy grazing pressures in winter. More research
is needed to clarify the effects of intensity of grazing through winter on the state of grasslands. It
is clear, however, that low temperatures and limited feed supplies will mostly mean that animals
will lose considerable weight through winter (Chapter 3). In effect, better design of warm sheds
can partly offset the lack of food and achieve better outcomes for animals. The survival of animals
through winter will be improved by not grazing, keeping them in better designed warm sheds
and increasing the supply of quality food. This will be part of the progress of herders from being
focused on simply managing animal survival to managing animals to optimise production and
improve incomes.
In China, total grazing bans have been used since 2003 (Xiong et al. 2016) as a prime mechanism
for rehabilitating degraded grasslands. However, the research presented here has not found that
this always results in the best outcome. Reduced stocking rates have often achieved useful changes
in plant species, stored more carbon and CH4 in soils, and maintained plant cover to reduce erosion
risks just as effectively as grazing bans. Under reduced stocking rates, the net financial returns
from livestock have increased (Chapter 6; eds Kemp & Michalk 2011) and the level of government
payments to achieve reduced stocking rates are significantly less than for a total grazing ban. It
is also arguable that when the right stocking rate is used and markets pay premiums for betterquality livestock, as shown in the Siziwang farm demonstrations (Chapter 8), there is no need for
a government payment. Furthermore, while these policies are targeted at improving grassland
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composition, they may have unintended GHG outcomes by displacing production to other lesssustainable areas or intensive feedlot production systems that may have a greater contribution
to the production of GHGs (Plevin, Delucchi & Creutzig 2014). The evidence in these experiments
(Chen et al. 2015; Zhang et al. 2015) and others (Liu, Zhang et al. 2012; Orgill et al. 2016) indicate
that light or moderate grazing can store as much or more carbon than grazing bans due to
increased root turnover (Chen et al. 2015). It is clear that grazing is not all bad for the environment.
Grazing treatments had similar livestock production with reduced GHG emissions compared to
ungrazed treatments (Zhang et al. 2015).
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