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Summary
We conducted a literature survey of grazing effects on soil physical and chemical properties and
vegetation in China and Israel. For comparison, we selected two similar landscapes-temperate
desert, and temperate steppe, respectively, in China and in Israel. The aim was to examine the
differences and similarities in grazing effects on soil and vegetation between Israel and China, to
elucidate unsolved questions for further research, and eventually to provide scientific
recommendations for rangeland management. In China, we selected Suniteyouqi representing
temperate desert and Hulunbeier representing temperate steppe to compare North Negev and the
Golan Heights, Israel, respectively.
Grazing affects soil properties mainly through trampling, consumption of the vegetation and
distribution of excreta. Generally, grazing effects on soil bulk density, PH and moisture were
consistent between China and Israel, showing that increasing grazing intensities led to an increase
in soil bulk density and in PH, and a decrease in soil moisture. In contrast, inconsistencies were
found in effects of grazing systems on soil porosity and bulk density, possibly due to different
stocking rates and management of grazing systems.
Grazing effects on chemical characteristics closely related to how grazing affects soil physical
characteristics. Long-term trampling and increasing grazing intensity, particularly, heavy grazing,
negatively influence soil moisture and soil structure. These effects, in turn, caused changes in soil
nutrient composition, enzyme activity, microbe composition and respiration rates and a reduction of
soil organic matter. These were similar both in Israel and China. Besides, another similarity was soil
C and C/N decreased with the increase of grazing intensity.
Grazing impacts on plant functional groups were consistent between China and Israel. Higher
grazing intensity promotes the growth of less palatable short grasses and annual forbs, and prohibits
the growth of more palatable tall graminoides. By contrast, the responses of biomass, seed bank and
plant species richness to grazing intensities differed within China and within Israel. Different
definitions of grazing intensity, and differences in environmental conditions are the main possible
reasons.
Both similarities and differences in grazing effects on soil and vegetation were found between
China and Israel. Inconsistent criteria of defining grazing intensity and grazing management, and
different environmental conditions, make it difficult to compare the research results. It is hard to
give a suggestions as to which kind of grazing intensity or grazing system is better, especially transi

regions. Consequently, research results could not be effectively extrapolated to be applied to
rangeland management beyond the respective specific study sites. Therefore, standardization of
grazing intensity and grazing system with relation to climate, vegetation and soil variabilities,
replacing qualitative with quantitative comparisons, become very important to international
academic communication and rangeland management. We plan to undertake this mission.
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1 Background
China and Israel, as two ancient nations, have a long history of grazing. Much of the land in China
that is grazed today was under grazing for the last millennia and so in Israel.
China has 4×108 hm2 of natural grasslands with about 1012 kg fresh production per year during
2011-2014 (National Grassland Monitoring Report 2011-2014, China). Most of These grasslands
are found in four provinces: Inner Mongolia, Xinjiang, Tibet and Qinghai. According to climatic
and vegetation conditions, these grasslands can be classified into 18 types. The four main types
include: alpine meadow, temperate desert, alpine steppe, and temperate steppe.
In Israel, North Negev, the Eastern Galilee and Golan Heights are the main grazing areas. The size
of the grazed lands in the Golan Heights is 4×104 hectare (Ish-Shalom-Gordon 1995), and the
cumulative size of grazed areas in North Negev is of a similar magnitude. The vegetation in these
area can be sorted into four main types: herbaceous vegetation, dwarf shrubs, shrubs, and trees.
The landscapes of the Northern Negev and Golan Heights in Israel could be compared to the
temperate desert and temperate steppe of China, respectively. Our aim of this study was to select
two specific regions in China, and compare them to two similar ecosystems in Israel; Northern
Negev and Golan Heights. We examined several candidate districts in China, based on their
similarities in climate and land use with their respective Israeli counterparts. Major differences
between the Chinese and Israeli regions in climate, land use and vegetation cover were found. Still,
we defined two Chinese regions that were more similar to the Israeli counterparts than other
candidates. In China, Suniteyouqi was selected to represent temperate desert and be compared to
Northern Negev, in Israel (Table 1), accordingly, Hulunbeier was selected to represent temperate
steppe and be compared with the Golan Heights (Table 2). This comparison focuses on grazing
effects on soil and vegetation. The goals of this study are: (1) to examine the differences and
similarities in grazing effects on soil and vegetation between Israel and China, (2) to elucidate
unsolved questions for further research, and (3) to eventually provide scientific recommendations
for rangeland management, based on these comparisons.
In table 1 and 2, the information on environmental and grazing conditions (including climate, soil,
vegetation, livestock composition and grazing) of Suniteyouqi vs. North Negev and Hulunbeier vs.
Golan Heights is presented, aiming at providing a base for further comparative analysis of grazing
effects on soil and vegetation in China and Israel.
1

Major differences in climate and soil properties between Suniteyouqi and North Negev, as well as
between Hulunbeier and Golan Heights are shown. In China summer is hot and wet and winter is
cold and dry, while in Israel summer is hot and dry, and winter is cold and wet. Also, the winter in
China is much colder than in Israel, with temperatures reaching around -25℃. By contrast, summer
temperatures are similar between the two countries.
Livestock composition in Suniteyouqi and North Negev are similar, with sheep being the dominant
component in both regions. In contrast, there is a big difference in livestock composition between
Hulunbeier and Golan Heights. The grazing management in these four areas differ from each other
due to differences in climate and vegetation. However, there are some similarities, e.g.
supplemented feeds are often used in dry seasons.
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Table 1 Comparisons of climate, soil, vegetation and
grazing between Suniteyouqi and Northern Negev
Suniteyouqi

Northern Negev

Temperate continental monsoon climate
Annual precipitation: 178mm
Mean MinT: -3.5℃; Mean MaxT: 9.8℃

Semi-arid climate
Annual precipitation: 204mm
Mean MinT: 14.2℃; Mean MaxT: 25.7℃

Soil

Light chestnut soil

Sandy loam/sandy clay loam

Vegetation
structure

Dominated by perennial herbaceous plants,
shrubs and dwarf-shrubs. The average plant
cover is around 15%.

Mainly sparse shrubs with annual herbaceous
plants during the wet season, bare ground during
the dry season.

Livestock
composition

sheep: 85.2%; goats: 10.7%; cattle: 2.6%;
horse: 1.1%; camel: 0.4%

sheep: 90%; goats: 10%

General: Flocks leave corral every morning.
Sheep and goats often are accompanied by a
herder. All flocks consume grass in the
pasture freely, and return at night. The length
of grazing day is about 10h in summer, and
approximately 4-5 hours in winter.

General: Each flock separately leaves the corral
every morning accompanied by a herder, follows
a meandering, daily-varying routes across the
landscape, and returns at night. Generally,
grazing lasts 5-6 hours.

Climate

Grazing
description

Continuous grazing: Most of the pasture is
used extensively for continuous grazing. In
the warm season (from May to Nov.), the
flocks graze freely in the pasture; in the cold
season (from Dec. to Apr.), they mainly
graze the remaining dry vegetation. And
supplementary feeding is needed.
There is one month for grazing prohibition
from April to May.
Grazing intensity: The grazing intensity is
variable, with an average of about 2.5 ha per
head.
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Rotational grazing: In wet seasons (from Jan.
or Feb. to May), grazing is mainly in the
rangeland. During summer (Jun.–Sep.), grazing
is restricted to stubble fields and agricultural
aftermaths in the region. During the fall and
early winter (Oct.–Jan.), the flocks return to the
farm and graze the remaining of dry vegetation,
together with supplemented feed such as maize
and barley grains.
Grazing intensity: The grazing intensity is very
variable, but in the paddock the density is about
1 ha per head.

Table 2 Comparisons of climate, soil, vegetation
and grazing between Hulunbeier and Golan Heights
Hulunbeier

Golan Heights

Temperate continental monsoon climate
Annual precipitation: 626mm
Mean MinT: -6.0℃; Mean MaxT: 5.8℃

Mediterranean climate
Annual precipitation: 509mm
Mean MinT: 12.3℃; Mean MaxT: 26.6℃

Soil

Dark chestnut soil, Chestnut soil

Basaltic Brown Mediterranean Clay

Vegetation
structure

From east to west are forest, forest-steppe
ecotone, and steppe. More shrubs are found in
forest-steppe ecotone. In steppe, mainly
perennial herbaceous, less semi-shrubs, almost
no trees. The average plant cover is about 70%

Mainly perennial forbs, annual and
perennial grasses, annual legumes and
annual forbs; Scarce trees and dwarf shrubs

Livestock
composition

sheep: 71.6%; goats: 6.8%; cattle: 15.9%;
horse: 5.6%; camel: 0.1%

cattle: 90%; sheep: 10%

Climate

General: Flocks leave corral every morning.
Sheep and goats often are accompanied by a
herder. All flocks eat grass in the pasture freely,
and return at night. In winter and spring, mainly
corralling and feeding forages, sometimes when
it is sunny, flocks graze in low-land pasture in
the morning, mainly let flocks do exercises and
eat some snow for water supplement, then
supplementary feeding when they back to
corral.
Grazing
Description

Rotational grazing: In summer (from Jun. to
early Aug.), grazing in the pasture with good
water condition (often at low-lying land), then
transferring to the pasture with poor water
condition (often at high-land) in autumn (from
late Aug. to early Nov.); In the late autumn,
mowing in the pasture with good water
condition.
There is one month for grazing prohibition,
about from Apr. to May.
Grazing density: The grazing intensity is wide
variable, but the average is about 1.5-2 hectare
per head.
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General: In the paddocks, cattle graze all
day long and all year round, without
shepherd; sheep also graze all the year
round, but with shepherd dogs they are
brought back at night. In dry summer
season, (from early July to late November),
livestock is fed with poultry litter as a
supplements.
Rotational
grazing:
Rangeland
management mainly depends on herds and
shepherds. Different paddocks classes can
be defined: very bad, bad, good, and very
good. The subdivided paddocks may have
different size, grazing duration and
intensities.
No mowing and no grazing prohibition
here.
Grazing density: The grazing intensity is
wide variable, but generally is 2-3.5 hectare
per cow.

2 Grazing effects on soil physical properties


Soil porosity

An and Xu (2013) found that soil porosity had a negative correlation with grazing intensities in
desert steppe, China (Fig. 1), with the increase of grazing intensity a decrease in soil porosity was
found.
Compared with the effects of grazing management systems (i.e. RG: rotational grazing; CG:
continuous grazing; NG and CK: no grazing) on soil porosity, two studies (Wei et al. 2005; Shi et
al. 2015) showed different results (Tab. 1, Tab. 2), one study (Wei et al. 2005) that was conducted
in desert steppe showed that soil porosity was significantly higher under RG than CG and NG.
There was no significant difference between CG and NG; in the other study (Shi et al. 2015)
conducted in meadow steppe, it was shown that soil porosity was higher under NG than RG and CG,
the order was NG>CG>RG.


Soil bulk density

Two studies (Wang et al. 2002; An and Xu 2013) showed a consistent result, with soil bulk density
increasing with grazing intensity (Fig. 2, Fig. 3).
However, the effects of grazing systems on bulk density were inconsistent between desert steppe
and meadow steppe (Wei et al. 2005; Shi et al. 2015). The results (Tab. 1, Fig. 4) were opposite to
soil porosity (Fig. 2, Fig. 3), which indicate that with increase of porosity, a lower bulk density was
found.
In Israel, one study (Stavi et al. 2008) had similar result, trampling route which was greatly affected
by grazing had higher soil bulk density in grazed area compared to ungrazed area (Fig. 5).


Soil texture

Two studies (Wei et al. 2005; Shi et al. 2015) in China showed that the soil texture (<0.1mm,
<0.002mm) tended to be finer under rotational grazing than under continuous grazing and no
grazing (Tab. 3, Tab. 4).


Soil moisture

Several studies (Wang et al. 2002; Deng et al. 2013; An and Xu 2013; Wei et al. 2005; Zhao et al.
2011) in China showed that grazing affected soil moisture negatively (Fig. 6-8, Tab. 1, Tab. 5). Soil
moisture decreased with the increase of grazing intensities.
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In Israel results were inconsistent. Li et al. (2005) showed that soil moisture was highest under
heavy grazing (Fig. 9). Stavi et al. (2008) showed an opposite result in trampling route (Fig. 10).


PH

Two studies (An and Xu 2013; Zhao et al. 2011) in China showed increase of soil PH with grazing.
PH increased with the increase of grazing intensity (Fig.11, Tab. 5).


Electric conductivity

One study (An and Xu 2013), regarding grazing effects on soil electric conductivity in China,
showed that the electric conductivity was highest under moderate grazing (Fig.12).


Summary of grazing effects on soil physical properties

Grazing affects soil properties mainly through trampling, consumption of the vegetation and
distribution of excreta. Generally, trampling increases soil compaction, reduces soil porosity, and
increases soil bulk density correspondingly, which also affect soil moisture capacity to some extent.
Moreover, browsing or grazing can decrease plant height, cover and litter, and lead to enhance soil
evaporation and further decrease of soil moisture leading to soil tend to be drier. When soil
evaporation is enhanced, soluble salts move up to the surface with capillary water and increase PH
as well as electrical conductivity.
Research results mentioned above had relative consistency of grazing effect on soil physical
properties in China and Israel, showing that soil bulk density and PH increase with grazing
intensities, soil moisture has an opposite trend, except for one study conducted by Li et al. (2005) in
Northern Israel that showed soil moisture to be higher under heavy grazing than moderate grazing.
Stavi et al. (2008) found that soil moisture showed a significant difference between terrain types in
Israel. Therefore, the possible reason for those contrasting results is that vegetation, soil and
topography, may affect these results.
Effects of grazing systems (RG, CG, NG) on soil porosity and bulk density in desert steppe differed
from meadow steppe, possibly due to different stocking rates and management of the grazing
systems. Although it is called rotational grazing in desert steppe, actually, only grazing in summer
and autumn is applied rotationally, grazing in winter and spring still is continuous. There is much
less grazing in winter and spring, mainly using fenced paddock in meadow steppe. Besides, the
rotational periods of grazing are different. In desert steppe, each plot was grazed for 7 days with
1.24 sheep/hm2. However, in meadow steppe, each plot was grazed for 15 days with 5-6 sheep/hm2.
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Another possible reason is the large differences between the desert and the meadow rangelands. For
instance, soil organic matter in desert steppe is much lower than meadow steppe. Trampling can
destroy biological soil crust and increase wind and water erosion effects on soil, reducing soil stable
aggregation and soil organic matter. Eventually, soil structure is destroyed and soil desertification
occurs.

3 Grazing effects on soil chemical properties


Soil organic matter (SOM)/ soil organic carbon, N, P, K, C/N

Several studies in China (Zhao et al. 2011; Yan et al. 2014; An and Xu 2013; Yan et al. 2010; Gao
and Han 2011; Yan et al. 2010), focused on grazing effects on soil C, N, P and K. The results were
inconsistent, and varied in different grazing intensities, plant communities and seasons (Tab. 5-9,
Fig. 13).
The impact of grazing on soil organic carbon, C/N was consistent in meadow steppe and desert
steppe (Yan et al. 2014; An and Xu 2013; Yan et al. 2010). Soil organic carbon and C/N were
higher under no grazing and light grazing, and decreased with increasing grazing intensities (Tab.6,
Tab. 7, Fig. 13).
In Israel, two studies (Henkin et al. 1994; Stavi et al. 2008) had similar results. Henkin et al. (1994)
found that neither thinning of trees nor shrub control using herbicide had any significant effects on
available soil P (Tab. 10). In another study (Stavi et al. 2008) it was shown that the rate of organic
carbon was lower under trampling under trampling routes than in other terrain types (Fig. 14). )


Relationships between soil physical and chemical properties

One study (An and Xu 2013) in China found that soil moisture had a positive relationship with PH,
soil organic carbon, total N, total P, total K, available P and C/N; soil bulk density had a positive
relationship with total N, total K and available P, but had a negative relationship with C/N (Tab. 11).


Grazing effects on soil enzyme

Three studies in China (Zhao et al. 2011; Gao and Han 2011; Yan et al. 2011) had inconsistent
results of grazing effects on soil enzymes under different grazing intensities (Tab. 12, Tab. 13, Fig.
15).


Grazing effects on soil microbes

Two studies in China (Yan et al. 2011; Gao et al. 2007) showed that differences of the size of soil
microbes populations (bacteria, actinomyces, fungi and azotobacter) was inconsistent under
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different grazing intensities. The total number of soil microbes had relatively clear trends. Yan et al.
(2011) found that the total number of soil microbes was largest under no grazing than any other
grazing intensities in meadow steppe (Tab. 14); Gao et al. (2007) found that it was larger under
light grazing than no grazing and heavy grazing in desert steppe (Tab. 15).
In Israel, one study (Li et al. 2005, Fig. 16) had shown a consistent result with Gao et al. (2007),
findings that soil microbial biomass was higher under moderate grazing than under no grazing and
heavy grazing.


Grazing effects on soil respiration

Two studies in China (Deng et al. 2013; Wang et al. 2014) found that soil respiration rates were
highest under light grazing (Fig. 17, Fig. 18).
One study in Israel (Li et al. 2005) had a similar result showing that soil respiration rate was higher
under moderate grazing compare to no grazing and heavy grazing (Fig. 19).


Summary of grazing effects on soil chemical properties

Effects of grazing on soil C and C/N in China and Israel are relatively consistent. Both soil C and
C/N have downward trend with grazing intensities. The possible reason is that grazing usually
reduces soil C by decreasing primary production and litter, but sometimes increase soil N through
grazing animal excreta, accelerating N cycle, and improving plant nitrogen-fixing capacity and N
mineralization rate.
There is a close relationship between soil physical properties and chemical properties. Grazing
affects soil nutrients, enzyme, microbes and respiration through changing soil physical properties
firstly, especially the changes of soil bulk density and moisture mainly caused by trampling and
browsing. Long-term trampling can greatly destroy soil structure by increasing soil bulk density and
decreasing soil aggregation. This may seriously affect soil moisture and nutrient preservation. As a
result, soil organic matter drops. Meanwhile, the decrease of soil moisture affects soil enzymes and
microbes negatively and reduces their activities, which lowers litter decomposition rate and further
reduces soil organic matter.
However, moderate grazing disturbance is helpful to stimulate plant root, accelerate litter
decomposition and CO2 release. This may explain the findings that soil microbial activity and soil
respiration rate were higher under light grazing (Gao et al. 2007; Deng et al. 2013; Wang et al.
2014; Li et al. 2005).
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4 Grazing effects on vegetation


Plant functional groups

Two studies (Jiao et al. 2006; Yang et al. 2006) in China showed inconsistent responses of plant
traits to grazing intensities (Tab. 16, Tab. 17). Yang et al. (2006) found that grazing had positive
effects on shrubs/semi-shrubs and annuals/biennials, and negative effects on perennial graminoides.
More plants that have high tolerance towards drought occurred with increasing of grazing
intensities (Tab. 17).
Two studies (Aboling et al. 2008; Sternberg, et al. 2015) in Israel had similar results that grazing
had negative effects on tall grasses (Here tall grasses mainly refers to graminoides, including
Hordeum bulbosum, Avena sterilis, Hordeum spontaneum, Triticum dicoccoides), while positively
affected short grasses and annual forbs (Fig. 20-22).


Biomass

Two studies (Yang et al. 2006; Zhang et al. 2012) in China showed that grazing negatively affect
biomass (Fig. 23, Fig. 24).
Similarly, in Israel, it was found (Leu et al. 2014, Henkin et al. 2015) that grazing had a negative
effect on biomass production (Fig. 25). Another study (Gutman et al. 2000), however, found that
biomass was higher in plots under heavy grazing than under moderate grazing (Fig. 26). The main
reason is that the dominant vegetation in Gutman’s study (2000) was woody plants (mainly
Quercus calliprinos), not herbaceous plants and the young leaves and stems from the stumps and
trunks were the main food of cattle. Therefore, under heavy grazing, the tree cover decreased
significantly, which provided large niche for herbaceous to increase their cover and biomass.


Seed bank

One study (Yan et al. 2011) in China found that seed density was highest under no grazing than
under rotational grazing and continuous grazing. However, rotational grazing is more beneficial for
species richness of seed bank and forages with high palatability than continuous grazing (Tab. 18).
In Israel, two studies (Sternberg et al. 2006; Aboling et al. 2008) found similar results (Fig. 27,
Fig.28). Another study (Sternberg et al. 2003) found that seed density was highest under very heavy
early seasonal grazing compare to other grazing treatments (Tab. 19). The possible reason is that
very heavy and early seasonal grazing strongly increased the seed densities of short annual grasses,
annual legumes and annual forbs.
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Biodiversity

Regarding grazing effects on biodiversity, several studies in China had inconsistent results (Yang et
al. 2006; Wang et al. 2010; Yan et al. 2007; Bao et al. 2009). Regarding different grazing
intensities, Yang et al. (2006) found that species diversity index and evenness were higher under
moderate grazing than other grazing intensities (Tab. 20); by contrast, Wang et al. (2010) found that
the Shannon-Wiener diversity, Simpson dominance index and Pielou evenness were higher under
no grazing and light grazing than moderate grazing and heavy grazing; Margalef species richness
was highest under light grazing (Tab. 21).
Under different grazing systems, Yan et al. (2007) found that Margalef richness and ShannonWiener diversity were higher under rotational grazing and continuous grazing than no grazing (Fig.
29). Bao et al. (2009) found that Shannon-Wiener diversity and Margalef richness were higher
under four-season grazing than two-season grazing (Fig. 30).
In Israel, the grazing treatments were different from China, as well as the results. Sternberg et al.
(2015) found that Shannon diversity index significantly increased under continuous and early
grazing compared to late grazing, while the equitability index was higher under very heavy early
grazing compared to all other treatments (Fig. 31). Osem et al. (2002) found that species richness
was higher in ungrazed regions in south-facing, north-facing and hilltop, while in Wadi, the species
richness was higher under grazing than no grazing (Fig. 32).


Other studies

One study in China (Lv et al. 2014), focusing on grazing effects on species spatial distribution,
found that spatial distribution of Stipa breviflora depended on structural factors under grazing,
affected by density of Cleistogenes songorica and Allium polyrhizum. While under no grazing, it
displayed random distribution (Fig. 33). Another study (Deng et al. 2012) found that grazing
intensity positively affected the difference of chlorophyll between grazed and ungrazed Leymus
chinensis. The responses of carotenoid and chlorophyll a+b to grazing intensities in grazed Leymus
chinensis were different (Tab. 22, Tab. 23).
One study in Israel (Saltz et al. 1999) assessed grazing impacts by remote sensing in Negev desert
and found difficulties in 5 chosen vegetation indices (Normalized Difference Vegetation Index,
NDVI; Soil Adjusted Vegetation Index, SAVI; Modified SAVI; Perpendicular Vegetation Index,
PVI; Transformed SAVI) as direct indices to define grazing impacts on plant cover in hyper-arid
environment (Tab. 24, Tab. 25).
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Two studies in Israel (Carmel and Kadmon 1999; Sternberg et al. 2000) found that there existed a
significant regression relationship among vegetation cover, vegetation baseline, topographic
characteristics and grazing intensities (Tab. 26).


Poisonous and Miscellaneous plants

Several studies ( Ren et al. 2009; Dong et al. 2009; Wei et al. 2012; An and Li 2013) found that the
dominance of poisonous plants increased with increasing grazing intensities (Fig. 34, Tab. 27, Tab.
28, Fig. 35).
One study (Xing and Song 2002) in China found that the spatial distribution of Stellera
chamaejasme was cluster distribution under heavy and over grazing, random distribution under
extreme grazing.
Zhao et al. (2004) found that poisonous plants decreased biodiversity, and increased the dominance
index. They negatively affected the biomass, density and coverage of other plants and positively
increased their own growth.


Summary of grazing effects on vegetation

Although plant functional group classifications are different in China and Israel, there is a very high
similarity in the impact of grazing on plant functional groups in these two countries. Generally,
grazing positively affects short grasses and annual forbs, negatively affects tall grasses (mainly
graminoides). As a result, less palatable plants increase with increasing grazing intensity.
Regarding grazing effects on biomass, seed bank and biodiversity, results are inconsistent within
China and within Israel. The possible reasons are different criteria of grazing intensities, different
initial vegetation states, different environmental conditions (climate, soil, vegetation, etc.), different
grazing history, different browsing habitats of grazing animals, different responses of plants to
grazing, as well as limitations of sampling methods.
For instance, regarding to grazing intensities, Sternberg et al. (2015) defined that moderate, heavy,
and very heavy grazing in northern Israel were 0.55, 1.1 and 2.2 AU/ha, respectively; Gutman et al.
(2000) regarded moderate and heavy grazing in western Galilee as 0.48 cows/ha and 0.67cows/ha,
respectively; Jiao et al. (2006) considered light, moderate and heavy grazing in desert steppe as 0.93,
1.82 and 2.71 sheep/ha/half year; Yang et al. (2006) took light, moderate, heavy and over grazing in
Hulunbeier steppe as 2, 4, 6 and 8 sheep/ha; Wang et al. (2010) classified grazing intensity into
light, moderate and heavy grazing according to plant species, standing crop and litter biomass.
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Appendix
Note
OG: over grazing; HG: heavy grazing; MG: moderate grazing; LG: light grazing; NG/CK: no
grazing. RG: rotational grazing; CG: continuous grazing.

Figures

Fig. 1 Grazing effects on soil porosity (An and Xu 2013, desert steppe)

Fig. 2 Grazing effects on soil bulk density (Wang et al. 2002, Leymus chinensis steppe)

Fig. 3 Grazing effects on soil bulk density (An and Xu 2013, desert steppe)
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Fig. 4 Grazing effects on soil bulk density (Shi et al. 2015, Hulunbeier steppe)

Fig. 5 Grazing effects on soil bulk density (Stavi et al. 2008, North Negev)

Fig. 6 Grazing effects on soil bulk density (Wang et al, 2002. Leymus chinensis steppe)
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Fig. 7 Grazing effects on soil moisture (Deng et al. 2013, Hulunbeir steppe)

Fig. 8 Grazing effects on soil moisture (An and Xu 2013, desert steppe)

Fig. 9 Grazing effects on soil moisture (Li et al. 2005, Northern Israel)
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Fig. 10 Grazing effects on soil moisture (Stavi et al. 2008, North Negev)

Fig. 11 Grazing effects on soil PH (An and Xu 2013, desert steppe)

Fig. 12 Grazing effects on soil electric conductivity (An and Xu 2013, desert steppe)
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Fig. 13 Grazing effects on soil C/N (Yan, et al. 2010, desert steppe)

Fig. 14 Grazing effects on soil organic carbon (Stavi et al. 2008, North Negev)

Note: G0: 0.00 Au/hm2, G1: 0.23 Au/hm2, G2: 0.34 Au/hm2, G3: 0.46Au/hm2, G4: 0.69 Au/hm2, G5: 0.92
Au/hm2, 1.00 Au/hm2= 500kg beef cattle per hectare

Fig. 15 Grazing effects on soil enzyme (modified from Yan et al. 2011, Hulunbeier steppe)
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Fig. 16 Grazing effects on soil microbes (Li et al. 2005, Northern Israel)

Note: R0: 0.00 Au/hm2, R1: 0.23 Au/hm2, R2: 0.34 Au/hm2, R3: 0.46 Au/hm2, R4: 0.69 Au/hm2,
R5: 0.92 Au/hm2, 1.00 Au/hm2= 500kg beef cattle per hectare

Fig. 17 Grazing effects on soil respiration (Deng et al. 2013, Hulunbeir steppe)

Note: G0: 0.00Au/hm2, G1: 0.23Au/hm2, G2: 0.34Au/hm2, G3: 0.46Au/hm2, G4: 0.69Au/hm2, G5: 0.92Au/hm2,
1.00 Au/hm2= 500kg beef cattle per hectare.

Fig. 18 Grazing effects on soil respiration (modified from Wang et al. 2014, Hulunbeir steppe)
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Fig. 19 Grazing effects on soil respiration (Li et al. 2005, Northern Israel)

Fig. 20 Grazing effects on plant functional groups (Aboling et al. 2008, northern Israel)

Fig. 21 Grazing effects on plant functional groups (Sternberg, et al. 2015, Northern Israel)
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Fig. 22 Grazing effects on plant functional groups (Sternberg, et al. 2015, Northern Israel)

Fig. 23 Grazing effects on biomass (Modified from Yang, et al. 2006, Hulunbeier steppe)

Fig. 24 Grazing effects on biomass (Modified from Zhang, et al. 2012, desert steppe)
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Fig. 25 Grazing effects on biomass (Leu, et al. 2014, Northern Negev)

Fig. 26 Grazing effects on biomass (Gutman, et al. 2000, Northern Israel)

Note: Control: ungrazed control; MU: protected plants in the moderately grazed paddocks; MG: unprotected
plants in the moderately grazed paddocks; HU: protected plants in the heavily grazed paddocks; HG: unprotected
plants in the heavily grazed paddocks.

Fig. 27 Grazing effects on plant seed bank (Sternberg M, et al. 2006, Northern Israel)
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Fig. 28 Grazing effects on plant seed bank (Aboling et al. 2008, northern Israel)

Fig. 29 Grazing effects on biodiversity (Yan, et al. 2007. desert steppe)

Fig. 30 Grazing effects on biodiversity (Bao, et al. 2009, typical steppe)
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Fig. 31 Grazing effects on biodiversity (Sternberg, et al. 2015, Northern Israel)

Fig. 32 Grazing effects on biodiversity (Osem, et al. 2002, North Negev)

Fig. 33 Grazing effects on spatial distribution of constructive and dominant species (Lv et al. 2014,
desert steppe)
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Note: GSG: germinal species group; SSG: sedge species group; LSG: leguminous species group;
NSG: noxious species group; FSG: forbs species group
Fig. 34 Grazing effects on poisonous plants (Ren et al. 2009, alpine steppe)

Fig. 35 Grazing effects on poisonous plants (An and Li 2013, desert steppe)
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Tables
Tab. 1 Soil physical characters under different grazing systems
(Modified from Wei et al. 2005, desert steppe)

Tab. 2 Grazing effects on soil porosity
(Modified from Shi et al. 2015, Hulunbeier steppe)
Sampling

Porosity (%)

Soil depth
Non-capillary

Capillary

CG

RG

NG

Tab. 3 Grazing effects on Soil texture
(Modified from Shi et al. 2015, Hulunbeier steppe)

27

Permeabi lity
Porosity

(%)

Capillary/
noncapillary

Tab. 4 Grazing effects on Soil texture (Wei et al. 2005, desert steppe)

Tab. 5 Grazing effects on Soil Moisture, PH, Organic matter, N and P
(Modified from Zhao et al. 2011, desert steppe)

Tab. 6 Grazing effects on Soil C and N (Yan et al. 2014, Hulunbeier steppe)
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Tab. 7 Grazing effects on Soil C, N, P, K and C/N (An and Xu 2013, desert steppe)

Tab. 8 Grazing effects on Soil N, P, K and Organic matter (Yan et al. 2010, desert steppe)

Tab. 9 Grazing effects on Soil Organic matter, N, P and K
(Modified from Gao and Han. 2011, desert steppe)
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Tab. 10 Grazing effects on Soil P (Henkin et al. 1994, Northern Israel)

Tab. 11 Correlationship between soil physical and chemical characteristics
(An and Xu 2013, desert steppe)

Tab. 12 Grazing effects on Soil Enzyme (Modified from Zhao et al. 2011, Hulunbeier steppe)

Stipa baicalensis

NG

G

S. grandis

NG

G

S. krylovii

NG

G
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Tab. 13 Grazing effects on Soil Enzyme (Modified from Gao and Han, 2011, desert steppe)

Tab. 14 Grazing effects on Soil Microbes (Modified from Yan et al. 2011, Hulunbeier steppe)

Tab. 15 Grazing effects on Soil Microbes (modified from Gao et al. 2007, desert steppe)
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Tab. 16 Grazing effects on plant functional groups (Modified from Jiao, et al. 2006, desert steppe)

Tab. 17 Grazing effects on plant functional groups
(Modified from Yang, et al. 2006, Stipa baicalensis)

Tab. 18 Grazing effects on plant seed bank (Yan, et al. 2011, desert steppe)
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Tab. 19 Grazing effects on plant seed bank (Sternerg M, et al. 2003, Northern Israel)

Tab. 20 Grazing effects on biodiversity (Modified from Yang, et al. 2006, Hulunbeier)

Tab. 21 Grazing effects on biodiversity (Modified from Wang, et al. 2010, Hulunbeier)

Tab. 22 Grazing effects on physiological plant characteristics (Modified from Deng et al. 2012,
Hulunbeier steppe)
Ca rotenoid

Gr azing
intensity
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Tab. 23 Grazing effects on physiological plant characteristics (Modified from Deng et al. 2012,
Hulunbeier steppe)
Carotenoid

Gr azing
intensity

Tab. 24 Assessing Grazing impacts by remote sensing (Saltz et al. 1999)

Tab. 25 Assessing Grazing impacts by remote sensing (Saltz et al. 1999)

Tab. 26 Grazing effects together with topography (Carmel and Kadmon 1999, Hulunbeier steppe)
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Tab. 27 Grazing effects on poisonous plants (Dong et al. 2009, alpine steppe)

Tab. 28 Grazing effects on poisonous plants (Wei et al. 2012, desert steppe)
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