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Aims: This study investigates the response of some soil bio-physicochemical properties
under different grazing intensities management in a 17-year-old arid rangeland ecosystem
of Iran.

Material & Methods: The grazing intensity gradient was as follows: (1) without herbivore
grazing over a whole year (NG), (2) grazing by sheep and goats done communally from
November to May (RG), and (3) continuous and heavy grazing over a whole year (HG). The
soil samples were collected from the upper 20 cm in November and May.

Findings: The significantly higher bulk density values (P<0.05) were measured with
increasing grazing intensities, i.e., 1.65, 1.82, and 1.96 g.cm™ in NG, RG, and HG, respectively.
The management system affected significantly (P<0.05) organic carbon (0C), total nitrogen
(TN), available phosphorus (P), exchangeable potassium (K), as well as enzyme activity of
acid- and alkaline phosphatase (ACP, ALP) and urease. Similarly, the time of sampling affected
significantly (P<0.05) OC, P, C, ACP, ALP, and urease activity in the soil. The soil OC ranged
from 0.46 to 2.78 %, K ranged from 51.81 to 92.06 ppm, TN and P showed significantly
(P<0.05) higher HG and RG values than NG. The soil pH ranged from 7.89 to 8.32, and EC
(electric conductivity) ranged from 0.47 to 0.93 dS.m", which was significantly affected
neither by the grazing management system nor by sampling time. The TN showed a high
positive correlation with ALP (r = 0.89), urease (r = 0.72), and dehydrogenase (r = 0.76). The
0OC, P, ACP, and ALP responded more sensitively to grazing management systems.
Conclusion: The presence of animals in our study site positively affected soil fertility.
However, similar studies are required to complete our knowledge under different climatic
conditions, vegetation-grazer types, and grazing duration.
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Introduction

Rangeland degradation is supposed to be
a global ecological challenge [, instigated
by other environmental issues such as
global warming, reduction of precipitation,
rangeland use conversion, and excessive
animal grazing 2%, It can lead to soil erosion,
nutrient losses, and threats to food security
and ordinary human life ™.

Thereisawide variance of findings regarding
the effects of grazing on soil properties in
different pasture ecosystems. For instance, I°
found 12% lower organic C in grazed pasture
sites compared to no-grazed study sites in
Northern Yinshan Mountain Grasslands.
Contradictory, Abdalla et al. found a 6%
higher rate of organic matter in light-grazed
pastures compared to no-grazed ones in
dry-warm pasture ecosystems, on average,
worldwide [®. Moreover, "l showed that the
grazing significantly increased soil moisture,
bulk density, and nitrogen amount by 12%,
7%, and 14% in Properties in the Semi-Arid
Grassland of Northeast China, respectively. It
also showed that the CEC (cation exchange
capacity) and soil pH were not affected by
grazing in the rangeland of Portugal 1©.
Moreover, livestock grazing can affect above-
ground biomass, such as plant diversity and
coverage, as well as soil properties, e.g,
organic matter, nutrient cycling, and soil
structure via feeding, trampling, and feces
extraction [Pl Furthermore, graying can
affect the activities of soil enzymes, which
are essential in soil chemical properties 1.
The soil enzymes, such as dehydrogenase,
urease, and acid-alkaline phosphatase,
respond rapidly to environmental changes.
Therefore, they could be used as early indices
of soil quality affected by management
practices ''l. Therefore, soil nutrient content
and biological activity measurements have
been beneficial for evaluating soil and plant
conditions in arid degraded lands %13,
Overgrazing may also lower biodiversity

and stability, change plant-soil structure and
function, and finally lead to organic matter
losses in pasture ecosystems ¥, The degree
of degradation can differ mainly according
to the grazing intensity, duration, and

ecological conditions of the exploited site
[6,15]

Under grazing intensity, the enzyme and
microorganism’s activities can also be
affected differently. The soil urease and
sucrase activities showed significantly lower
values in overgrazed sites in Stipa in Inner
Mongolia % Also, Wang et al. *”) showed
that under grazing conditions, urease and
cellulase enzyme activities were decreased
by 79% and 166%, respectively. In contrast,
the catalase activity was increased by 500%
in steppe rangeland of northeastern China.
It was also found that grazing exclusion
significantly increased microbial and
bacterial richness (5%) and fungal richness
(9%) compared to grazed sites 18],

The seasonal differences can temporarily
change the soil's bio-physicochemical
properties by changing the root activity and
litter fall ™. The moisture and temperature
change within a year, changing soil acidity,
nutrient contents, and enzyme activity (2%,
Also, 1 showed that the organic carbon
and microbial biomass increased parallel
with increasing temperature in the growing
season in alpine ecosystems. However, it is
shown that the activities of glucosidase and
acetyle-glucosaminnidase were not affected
by seasonal variations in turfgrass systems 2.
We have researched an arid rangeland
ecosystem in central Iran under different
grazingmanagement, i.e.,no-grazed,rotating,
and heavy-grazed sites. We hypothesized
that soil bio-physicochemical properties
change via grazing management systems
and seasonal variations. Therefore, the
results can help us 1) to find more sensitive
soil factors that can better reflect the soil
changes under different grazing intensities,
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and we can also test 2) how the sampling
time, i.e., spring and autumn, change the
results of different grazing management
systems, which could be helpful in further
future similar studies. The results could be
practical in optimizing our decisions for
future precise selection and investigation of
grazing management systems.

Materials & Methods

The experimental site was located in the
Markazi Province in central Iran at 1400 m
a.s.l. (Long. 50° 35’ to 50° 49’ E, Lat. 35° 23’
to 35° 30" N). The study site’s mean annual
temperature was 19.3°C, and the average
annual precipitation was 190 mm (Figure 1).
The dominant species are Artemisia sieberi,
Salsola laricina, and Stipa hohenackeriana.
On average, 24% of our study site had
vegetation cover, and Salsola laricina,
Artemisia Siberia, and Stipa hohenackeriana
were dominant plants with coverage of 10%,
6%, and 3%, respectively 23],

The focus of the present study was on
three grazing patterns listed by increasing
intensity according to grazing time as
follows: (1) without herbivore grazing over
a whole year within a fence (NG), (2) grazing
by sheep and goat done communally during
early November (Fall) to early May (Spring)
with rotation and rest of the grazing pasture
(RG), and (3) continuous and heavy grazing
(4 Animal unit Month/ha) over a whole
year (HG). All three grazing practices were
applied in this pasture for 17 years. They
are located across the same geographical
areas and environmental conditions. The
experiment randomized design was used,
and two 5 x 5 m plots (>10 m from each
other) were randomly established in each
grazing experimental site for soil sampling.
In May and November, soil samples were
collected from the upper 20 cm for each
experimental treatment. Three soil cores
(10 cm in diameter, 20 cm in depth) were

collected from each plot, leading to 36 soil
samples (3 grazing treatments x 3 replicates
x 2 seasonsx 2 plots).

In this study, the soil texture was determined
using the hydrometer method. Soil pH and EC
were measured in the saturated soil paste,
and soil bulk density was determined »!. In
addition, soil exchangeable K was extracted
with NH,C,H,0, and analyzed on an atomic
absorption spectrophotometer with a flame
atomizer [l OC was determined via titration
procedure ?1. TN was measured using the
Kjeldahl method . Available P extracted with
0.5 M NaHCO, was analyzed calorimetrically
using the ascorbic acid molybdate method
[29]

ACP and ALP activities were determined
in 1 g (wet weight) aliquots of the soil
from each treatment using p-nitrophenyl
phosphate (pNPP) as an orthophosphate
monoester analogue substrate. They were
reported on a soil dry weight basis %. The
concentration of urea in the assay wells was
20 mM. The plates were incubated at 20 °C
for roughly 18 hr. The colorimetric salicylate
and cyanurate reagent packets from Hach
were applied to quantify the Ammonium
released by the reaction. Urease was
determined spectrophotometrically at 610
nm B, The activity is shown as a micromole
of Ammonium released per gram of soil
hourly (umol NH,* g* h™'). Dehydrogenase
was specified using 2, 3, and 5-triphenyl
tetrazolium chloride (TTC) as a substrate,
and the results were recorded as ug triphenyl
formazan (TPF) g dry soil h™. Samples
and controls (by adding the substrate after
the reaction ended) were put for analysis
in triplicate and averaged. Controls were
carried out for dehydrogenase assay with
Tris-HCI buffer instead of TTC 32,
One-way ANOVA was performed to compare
means for soil texture and bulk density
amongst grazing treatments. A two-way
ANOVA was applied to determine the
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Figure 1) The study area in Markazi province in Iran. Grazing systems: NG no grazing, RG rotating grazing, HG

heavy grazing.

effects of sampling time (two levels) and
grazing treatments (three levels) and their
interactions; when the grazing management
effects were statistically significant, the two-
way ANOVA was followed by Tukey’s test for
further grazing management comparisons.
The Pearson correlation coefficients also
tested the correlations between soil enzymes
and chemical parameters. Some data sets
were changed in terms of logarithm to
meet the requirement of ANOVA regarding
normality and homogeneity of variances.
The Kolmogorov-Smirnov test was used to
check the normality of data, and the Levene
test was applied to investigate the equality
of variances. All of the analyses were
performed using SPSS 26 software.

Findings

In all three management systems, the soil
texture was characterized as sandy loam
(Table 1). However, high grazing treatment
determined the lowest sand and highest
silt contents (Table 1). Furthermore, the

ECOPERSIA

significantly higher bulk density values
(P<0.05) were measured with increasing
grazing intensities in the study site, i.e,
1.65, 1.82,and 1.96 g.cm? in NG, RG, and HG,
respectively (Table 1).

The results of two-way ANOVA showed
that the management system affected
significantly (P<0.05) soil chemical factors
(i.e, OC, TN, P, K, EC, and C:N ratio), as well
as enzyme activity of ACP, ALP, and urease
(Table 2 & 3). Similarly, the time of sampling
and interaction of two variables affected
significantly (P<0.05) OC, P, C:N ratio as
well as ACP, ALP, and urease activity in the
soil (Tables 2 & 3). Nevertheless, the soil pH
ranged from 7.89 to 8.32,and dehydrogenase
ranged from 8.04 to 9.38 ug TPF g soil h'!
were significantly affected neither by the
grazing management system nor sampling
time (Table 2 & 3).

The soil OC ranged from 0.46 to 2.78 %, and
K ranged from 51.81 to 92.06 ppm amongst
different management systems, and
sampling time showed significantly (P<0.05)

Summer 2024, Volume 12, Issue 3



Table 1) Bulk density and percentage contribution of silt, clay, and sand as soil texture.

Management Buélg(_g;rf)'ity Clay % Silt% Sand% Soil Texture
NG 1.65 = 0.04° 17.94 £ 0.66 6.74 +0.24° 75.32 £0.67? Sandy loam
RG 1.82 £ 0.02° 17.51+0.99 8.31£0.57° 74.18 + 0.60° Sandy loam
HG 1.96 £ 0.34* 16.50 + 0.58 15.21 + 0.56° 68.27 + 0.53° Sandy loam

Mean values within columns followed by different lower-case letters indicate significant differences among mange systems.
NG stands for no grazing, RG for rotating grazing, and HG for heavy grazing.

higher values in HG and RG compared to NG
(Table 2). Similarly, the highest significant
values of TN (0.05%) and P (8.30 ppm) and
lowest values of C: N (50.59) were measured
in HG (Table 2). Moreover, the results
showed increased activity of enzymes ACP,
ALP, and urease with increasing grazing
intensity (Table 3). The OC had higher values
in November than in May, whereas the ASP,
ALP, and P showed higher values in May than
in November (Tables 2 & 3).

Some soil chemical properties were
correlated with enzyme activity in the soil
significantly (Table 4). The TN showed high
positive correlation with ALP (r = 0.89),
urease (r = 0.72) and dehydrogenase (r =
0.76) (Table 4), while ACP showed high
positive correlation with pH (r = 0.67), P (r
=0.93), 0C (r=0.56) and C:N ratio (r = 0.83)
(Table 4).

Discussion

Altogether, the results of the present
study suggest that both grazing intensities
result in considerable differences in the
soil parameters in the ecosystem of arid
rangeland (Tables 1, 2, & 3). Furthermore,
our results showed increased C, N, and K
contents in RG and HG sites compared with
NG (Table 2). The results are consistent
with those of ©*3], which found a higher rate
of organic matter (6%) and (7.5%) in the
grazed pastures compared to the no-grazed
ones, respectively. Grazing by livestock on

pastures leads to urines and dung excretions
in the soil, which, in turn, increase the
carbon and nitrogen contents of the soil %]
Nearby, grazing increases root C contents at
the driest and wettest sites, decreasing root
C contents at intermediate precipitation
levels (400-850 mm) . The average
annual precipitation in our study site is
approximately 190 mm. However, Yang et al.
found 12% lower organic C in grazed pasture
sites compared to no-grazed in Northern
Yinshan Mountain Grasslands P. Similarly,
3¢) showed more carbon biomass of soil in
light-grazed sites compared to grazed sites
(1.17 vs. 0.57 ton/hectare) in the rangelands
in the Northwest of Iran. This might be due
to reduced canopy cover and litter amount
(371 Nevertheless, it is also shown that 38! the
complete resting of grazing can decrease
soil organic matter content in pasture
ecosystems.

Additionally, the C:N ratios in our study sites
range from 51 to 73 (Table 2), indicating
very slow organic matter decomposition.
Consequently, the lower rate of organic
matter decomposition than the accumulation
rate may result in higher organic matter
values in the heavy-grazing sites. There was
no significant difference between rotating
and heavy-grazed sites regarding C content
(Table 2). It is also suggested that the
relationship between grazing intensity and
soil organic carbon is not mostly linear B,
The grazing has increased the bulk density in
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Table 2) The effects of management systems and sampling time and their interactions on soil chemical variables.

pH (F=1290)*  (F=197)* (F=1547)" NG 7.89 + 0.09 7.92 +0.16

HG 7.98 £0.07 8.01 +0.08

RG® 0.93 £0.06 0.82 +0.08

0C (%) (F=34.19)" (F=331.1)" (F=9.59)" NGP 1.56+0.17 0.46 = 0.03

HG® 2.78 £0.52 1.05+0.03

RGP 0.03 £0.01 0.02+0.02

K (ppm) (F=99.20)  (F=34.89)* (F=15.61)* NG® 63.24+621  51.81+7.51

HG* 92.06 + 2.29 72.48 £ 4.15

RG¢ 591+0.48 17.75 £ 0.75

C:N ratio (F=1323)" (F=367.2)" (F=9.52)" NG 7334+10.60 21.41+2.03

HGP 50.59 £9.05 20.02 £ 1.25

Mean values (+SD) within columns followed by different upper-case letters indicate significant differences among
management systems. M refers to Management systems: NG no grazing, RG rotating grazing, HG heavy grazing, and T time. EC
electric conductivity, OC organic carbon, TN total nitrogen, K potassium, P phosphorus, C/N organic carbon / total nitrogen.
P <0.05;"P<0.01;P=0.05

our study site from 1.65 to 1.96 g.cm™ (Table
1). Similar observations have also been
reported by %, which found that trampling
caused significantly greater bulk densities in
the no-grazed sites compared to the grazed
sites (0.25 vs. 0.40 g.cm?®). However, !
reported lower bulk density in light-grazed
compared with no-grazed fields in 7-60 cm
soil depth.

ECOPERSIA

In the current study, pH ranging from 7.89
to 8.32 showed no significant difference
amongst management systems (Table 2).
Similarly, the soil pH ranged from 5.3 to
5.5 in 0-15 depth of soil was unaffected by
different grazing intensity management [®),
Nevertheless, some previous studies showed
different results, such as urine additions
by livestock in grazed soils increasing soil

Summer 2024, Volume 12, Issue 3



pH 2 while others reported decreased
pH levels in response to high grazing 3.
The EC values in our study site amongst
management systems show a variability of
0.47- 0.93 dS.m”, indicating that salinity is
not the primary concern that could affect the
grazed field.

The grazing increased enzyme activity
in our study site, possibly due to more
organic matter in our grazed vs. no-grazed
site. However, [*°l showed lower urease and
sucrase enzyme activities in overgrazed sites
in Stipa in Inner Mongolia. The urease, ACP,
and ALP show higher activity in the high-
grazed treatment, where the soil contains
more organic matter (Tables 2 & 3). Contrary
to our results, "7 reported lower urease
and cellulase enzyme activities by 79% and
166% in grazed sites in steppe rangeland of
northeastern China, respectively.

Correspondingly, in agreement with [*4,
our results indicated a strong correlation
between urease activity and nitrogen (r
= 0.72). Urease activity is essential for
decomposing urea into ammonia, making
it a vital enzyme in the nitrogen cycle *°.
In the HG site, the soil contains higher
concentrations of animal urine, which
could increase urease activity directly !¢l
However, we found no significant effect of
grazing intensity on dehydrogenase activity.
However, ! found that the dehydrogenase
has higher activity in the grazed pastures in
arid ecosystems. We also found a positive
correlation of ACP with soil pH (r=0.67),
which is consistent with those of 8 and
similarly found the critical role of soil pH in
the activity of ACP enzyme.

The effects of grazing intensity on soil
characteristics are long-term. In contrast,

Table 3) The effects of management systems and sampling time and their interactions on soil biological variables.

Probability
Factor Management November May
M T MxT
Dehydrogenase (F=50.37)* (F=9.60)" (F=10.56)" NG 8.72+2.19 9.38 +0.82
RG 8.17+0.75 8.04 +1.14
HG 9.37 + (1.35) 9.06 +1.35
Alkaline phos. (F=953.1)° (F=70.85)" (F=25.94)" NG® 67.14 + 8.39 86.11 + 7.59
RGP 79.11 £ 4.26 95.75 £9.07
HG* 163.37 £ 5.96 206.93 £ 5.66
Acid phos. (F=125.1)" (F=715.4)" (F=23.76)" NG¢ 13.27 +2.09 48.87 + 4.84
RGP 12.99 +1.31 37.08 £5.58
HG? 26.40 + 1.54 72.82 +5.58
Urease (F=480.7) (F=17.99) (F =564.9) NG¢ 303.84 + 6.66 296.65 +13.12
RGP 416.17 £ 6.29 232.07 +£21.95
HG* 359.70 + 24.79 620.60 + 15.75

Mean * SD (n=6). Different letters indicate significant differences among management systems. M refers to
Management systems: NG: no grazing, RG: rotating grazing, HG: heavy grazing, and T: time. Dehydrogenase (ug
TPF g soil h™), alkaline phosphatase (ug p-nitrophenol g-1soil h-1), acid phosphatase (ug p-nitrophenol g-1 soil
h1), and urease (ug N/g. dm. 2h). P < 0.05; P < 0.01, ™ P = 0.05.



Table 4) Correlation coefficient (r) between soil enzyme activities and soil properties.

Factor pH EC 0oC TN C:N P K
Dehydrogenase 0.18ns -0.25m 0.12n 0.76™ -0.45™ 0.40° 0.18ms
Alkaline phosphatase -0.01»  -0.10™ 0.17ns 0.89™ -0.36" 0.78" 0.39
Acid phosphatase 0.67" -0.29 0.56™ 0.32 1 0.83" 0.93™ -0.22m
Urease 0.07" 0.12r 0.19ns 0.72" -0.10m 0.30 0.09

EC: electric conductivity, OC: organic carbon, TN: total nitrogen, K: potassium, P: phosphorus, C/N: organic
carbon / total nitrogen. ‘P < 0.05; P < 0.01; ™ P > 0.05

Conclusion
Grazing management systems and seasonal

the seasonal differences in the effects
on soil bio-physicochemical properties

are temporary, as they change the soil
temperature, root activity, and litterfall [,
The results of the present study showed a
significant role of sampling time on enzyme
activity, so the ACP and ALP activity in all
grazing intensities presented higher values
in May than in November. [t might be due to
the lower autumn temperatures in our study
site that could decrease enzyme activities
(201 Furthermore, higher values of OC in
November than in May can be attributed
to plant litterfall in autumn. However,
P showed higher values in May than in
November, maybe due to the higher activity
of ACP and ALP enzymes, as both showed a
high correlation with P availability (Table
4) in our study area. Soil phosphatases
such as ACP and ALP can hydrolyze several
low molecular weight P compounds such
as polyphosphate, sugar phosphate, and
mononucleotide, which result in higher P
availability in the soil *°. The pH ranging
from 7.89 to 8.32 and EC ranging from 0.47-
0.93 dS.m* showed no significant difference
in sampling time.

In this study, we only focused on the impact of
grazing on soil physical-chemical properties
and enzyme activities. Therefore, further
research on above-ground biomass (i.e,
plant coverage, composition, and nutrient
cycling) can help us understand the soil-
plant response to grazing intensity in arid
rangeland ecosystems more clearly.

variation changed the bio-physicochemical
properties of soil in our study site, which
confirms our initial hypothesis for this
study. Furthermore, the presence of animals
in our arid land ecosystems positively
affected soil fertility by increasing the soil’s
0C, TN, K, and P content. Moreover, helpful
soil enzymes like ACP, ALP, and urease had
higher activity levels in the grazed site. We
found no adverse effects of heavy grazing
on soil acidity and salinity in the grazed site.
However, grazing harmed the soil structure
by increasing soil compaction. The soil
biochemical factors, i.e., OC, P, ACP, and ALP,
responded more sensitively to the different
grazing management systems. Moreover,
the soil biochemical factors, i.e., pH, EC, TN,
and dehydrogenase, are more stable and not
sensitive to sampling time. Similar studies
are necessary to improve our knowledge
of other climatic conditions with different
vegetation-grazer combinations and grazing
duration.

Acknowledgment

This study was financed by the Research
Institute of Forests and Rangelands,
Agricultural Research Education and
Extension Organization (AREEO)] under
Grant [12-09-09-9353-93005].
Ethical Permissions: The authors ensure
they have written original works and that
the previous studies were appropriately



cited.

Conflict of Interests: The authors have no
conflict of interest.

Authors’ Contribution: Elham Nouri
(First author) collected and analyzed the
soil samples and Introduction author
(30%); Alireza Moshki (Second author),
Methodologist/ statistical analysis/
Discussion author (40%); Mohammad
Matinizadeh (Third author), Methodologist/
Discussion author (30%);

References

1. Cao a, Adamowski b., Ravinesh C., Xueyun a,, Yifan
a,, QiFengd. Grassland degradation on the Qinghai-
Tibetan Plateau: Reevaluation of causative factors.
Rangel. Ecol. Manag. 2019; 72(6): 988-995.

2. Lu X, Kelsey K, Yan Y, Sun ], Wang X, Cheng
G., Jason C.N. Effects of grazing on ecosystem
structure and function of alpine grasslands in
Qinghai-Tibetan Plateau: a synthesis. Ecosphere.
2017; 8(1): e01656.

3. Motaharfard E. Mahdavi A, Iranmanesh Y,
Jafarzadeh A. Effect of Land Uses on Aboveground
Biomass and Carbon Pools in Zagros Forests, Iran.
ECOPERSIA 2019; 7 (2) :105-114.

4. Harris R.B., Samberg L.H. Yeh E.T, Smith A.T,
Wang W, Wang ], Gaerrang D.J. Rangeland
responses to pastoralists’ grazing management
on a Tibetan steppe grassland, Qinghai Province,
China. Rangeland ]. 2016; 38(1): 1-15.

5. YangZ, Miao P, Zheng Y., Guo ]. Impacts of Grazing
on Vegetation and Soil Physicochemical Properties
in Northern Yinshan Mountain Grasslands.
Sustainability. 2023; 15(22):16-28.

6. Abdalla M., Hastings A., Chadwick D.R,, Jones D.L.,
Evans C.D., Jones M.B.,, Rees R.M., Smith P. Critical
review of the impacts of grazing intensity on soil
organic carbon storage and other soil quality
indicators in extensively managed grasslands.
Agric. Ecosyst. Environ. 2018; 1(253):62-81.

7. Hassan N, Abdullah I.,, Khan W,, Khan A., Ahmad N.,
Igbal B,, Iftikhar A., Effect of Grazing and Mowing
on Soil Physiochemical Properties in a Semi-Arid
Grassland of Northeast China. Pol. ]. Environ. Stud.
2024;33(2):1725-1735.

8. Fonseca F, Castro M., Alves L., Castro ], de
Figueiredo T. Impacts of Extensive Sheep Grazing
on Soil Physical and Chemical Quality in Open
Mountain Forests, NE Portugal. Span. ]. Soil Sci.
2023;13:e11632.

9. Koster K, Koster E., Berninger F, Heinonsalo
], Pumpanen ]. Contrasting effects of reindeer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

grazing on C02, CH4, and N20 fluxes originating
from the northern boreal forest floor. Land Degrad.
Develop. 2018; 29(2): 374-381.

Su Y.Z., Li Y.L, Cui J.Y, Zhao W.Z. Influences of
continuous grazing and livestock exclusion on soil
properties in a degraded sandy grassland, Inner
Mongolia, northern China. Catena. 2005; 59(3):
267-278.

Lin B, Zhao X, Zheng Y., Qi S., Liu X. Effect of grazing
intensity on protozoan community, microbial
biomass, and enzyme activity in an alpine meadow
on the Tibetan Plateau. |SS. 2017; 17: 2752-2762.
Dinesh R., Ghoshal Chaudhuri S., Sheeja TE. Soil
biochemical and microbial indices in wet tropical
forests: Effects of deforestation and cultivation. J.
Plant Nutr. Soil Sci. 2004; 167(1):24-32.

Dianati Tilaki G.A., Naderi Nasrabad H., Abdollahi J.
Investigation of Relationship between Vegetation,
Topography and Some Soil Physico-Chemical
Characteristics in Nodoushan Rangelands of Yazd
Province (Iran). ECOPERSIA 2011; 14(2) :147-156.
Lehnert LW, Meyer H., Meyer N., Reudenbach
C. Bendix |. A hyperspectral indicator system for
rangeland degradation on the Tibetan Plateau: a
case study toward spaceborne monitoring. Ecol.
Indic. 2014; 39: 54-64.

Bardgett R, Bullock ], Fry E. Combatting global
grassland degradation. Nat. Rev. Earth Environ.
2021; 2(10): 720-735.

Zhang X, Zhang W, Sai X, Chun F, Li X, Lu X,
Wang H. Grazing altered soil aggregates, nutrients,
and enzyme activities in a Stipa kirschnii steppe
of Inner Mongolia. Soil Tillage Res. 2022; 219:
e105327.

Wang L, Jia Z, Li Q, He L., Tian J., Ding W, Liu
T, Gao Y, Zhang, ]. Grazing Impacts on Soil
Enzyme Activities Vary with Vegetation Types
in the Forest-Steppe Ecotone of Northeastern
China. Forests. 2023;14(12): 2292.

Shu X, Ye Q., Huang H,, Xia L., Tang H., Liu X,, Wu
J, Li Y, Zhang Y., Deng L., Liu W. Effects of grazing
exclusion on soil microbial diversity and its
functionality in grasslands: a meta-analysis. Front.
Plant Sci. 2024;15: e1366821.

Panayiotou E. Dimou M., Monokrousos N. The
effects of grazing intensity on soil processes in a
Mediterranean protected area. Environ. Monit.
Assess. 2017; 189:1-11.

Pavel R,, Doyle ]., Steinberger Y. Seasonal patterns
of cellulase concentration in desert soil. Soil Biol.
Biochem. 2004; 36(3):549-554.

hen Y, Han M, Yuan X. Seasonal changes in soil
properties, microbial biomass, and enzyme
activities across the soil profile in two alpine
ecosystems. Soil Ecol. Lett. 2021; 3(4): 383-394.
Yao H.Y, Bowman D., Shi W. Seasonal variations of
soil microbial biomass and activity in warm- and


https://link.springer.com/article/10.1007/s10661-017-6161-6

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

cool-season turfgrass systems. Soil Biol. Biochem.
2011; 43(7): 1536-1543.

Matinizadeh M., Nouri E, Bayranvand M,
Kolarikova Z., Janouskovd M. Arbuscular
mycorrhiza and rhizosphere soil enzymatic
activities as modulated by grazing intensity and
plant species identity in a semi-arid grassland.
Rhizosphere. 2024;1(30):e100893.
Haveren B.P. Soil Bulk Density as Influenced by
Grazing Intensity and Soil Type on a Shortgrass
Prairie Site. ]. Range Manag. 1983; 36(5):586-588.
Warncke D, Brown J. Potassium and Other Basic
Cations. In: Brown, J.R, Ed, Recommended
Chemical Soil Test Procedures for the North
Central Region. Missouri Agricultural Experiment
Station SB 1001, University of Missouri, Columbia.
1998; 221:31-33.

Walkley A., Black I.A. An examination of Degtjareff
method for determining soil organic matter,
and proposed modification of the chromic acid
titration method. Soil Sci. 1934; 37:29-38.
Bremner .M., Mulvaney C.S. Nitrogen-total.In A. L.
Page, R. H. Miller, and D. R. Keeney (eds.), Methods
of Soil Analysis, Part Agron. 1982; 9(12): 595-624.
Schinner F, Ohlinger R, Kandeler E. Margesin
R.Methods in Soil Biology. Springer Publication;
1996: 294p.

Sinsabaugh R, Reynolds H. Long T Rapid
assay for amidohydrolase (urease) activity in
environmental samples. Soil Biol. Biochem. 2000;
32(14): 2095-2097.

Gmbh E.U, Bundesanstalt S.B., Maikornes
P. Eine modifizierte Methode zur Erfassung
der Dehydrogenaseaktivitit im Boden nach.
Nachrichtenbl. Deut. Pflanzenschutzd 1993;
45(9): 180-185.

Kim ], Ale S, Kreuter U, Teague W. Grazing
management impacts on ecosystem services
under contrasting climatic conditions in Texas
and North Dakota. J. Environ. Manag. 2023; 347:
e119213.

Wang M., Zhang C, Chen S, Zhang Y, Yu T,
Xue X, Wu L., Zhou W, Yun X, Yan R, Bai K.
Moderate grazing increased carbon, nitrogen
and phosphorus storage in plants and soil in the
Eurasian meadow steppe ecosystem. Sci. Total
Environ. 2024; e1:914:169864.

Pifieiro G., Paruelo J.M., Jobbagy, E.G., Jackson R.B,,
Oesterheld M. Grazing effects on belowground C
and N stocks along a network of cattle exclosures
in temperate and subtropical grasslands of South
America. Global Biogeochem. Cycles. 2009;
23(2):1-14

Ehsani M., Sheidae Karkaj E., Aliloo E Variation
of Carbon Sequestration in Halocnemum
strobilaceum and Soil under Livestock Grazing
(Case Study: Salt Lands of Golestan Province,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Iran). ECOPERSIA 2017; 5(3) :1875-1883.
Mofidi Chelan M., Sheidai Karkaj E. Grazing
management effects on plant functional groups
in Sahand summer rangelands, Northwest, Iran.
ECOPERSIA 2022; 10(2) :85-94.

Liu Y, Zhang M., Wang X. The impact of different
grazing intensity and management measures on
soil organic carbon density in Zhangye grassland.
Sci. Rep. 2024; 14(1):e17556.

Eldridge D.J, Delgado-Baquerizo M., Travers S.K,
Val |, Oliver J. Do grazing intensity and herbivore
type affect soil health? Insights from a semi-
arid productivity gradient. J. Appl. Ecol. 2017;
54(3):976-985.

Tate K., Dudley D., McDougald N., George M. Effect
of canopy and grazing on soil bulk density. ]. Rang.
Manag.2004; 57(4):411-417.

Schuman A.G.E,, Reeder ].D., Manley ].T, Hart R.H,,
Manley W.A. Impact of Grazing Management on
the Carbon and Nitrogen Balance of a Mixed-Grass
Rangeland. Ecol. Appl. 2010; 9(1): 65-71.
Enriquez A.S., Chimner R.A,, Cremona M.V, Diehl P,
Bonvissuto G.L. Grazing intensity levels influence
C reservoirs of wet and mesic meadows along
a precipitation gradient in Northern Patagonia.
Wetl. Ecol. Manag. 2015; 23:439-451.

Zhang F, He ].D, Ni QD, Wu QS., Zou YN.
Enhancement of drought tolerance in trifoliate
orange by mycorrhiza: Changes in root sucrose
and proline metabolisms. Not. Bot. Horti. Agrobo.
2018; 46(1):270-276.

Katsalirou E., Deng S., Nofziger D.L., Gerakis A,
Fuhlendorf S.D. European Journal of Soil Biology
Spatial structure of microbial biomass and activity
in prairie soil ecosystems. Eur. J. Soil Biol. 2010;
46(3-4):181-189.

Craine J.M., Fiona B., Michael P, Nick Z., Carl M,,
William D. S. Grazing and landscape controls on
nitrogen availability across 330 South African
savanna sites. Austral. Ecol. 2009; 34(7):731-740.
Diaz Fierros E, Gil F, Carballas M., Letros C.M. Effect
of cattle slurry fractions on nitrogen mineralization
insoil.]. Agric. Sci. 1988; 110(3):491-497.

Olivera N.L., Prieto L., Carrera A.L., Cisneros H.S.,
Bertiller M.B. Do soil enzymes respond to long-
term grazing in an arid ecosystem? Plant. Soil.
2014; 378: 35-48.

Rocabruna P, DomeneX. Aldo Matteazzi A.
Ulrich Figl U, Fundneider A., Martinez M. Effect
of organic fertilisation on soil phosphatase
activity, phosphorus availability and forage yield
in mountain permanent meadows. Agric. Ecosyst.
Environ. 2024; 368: e109006.

Turner B.L, McKelvie 1D, Haygarth PM.
Characterization of water-extractable soil organic
phosphorus by phosphatase hydrolysis. Soil Biol.
Biochem. 2002; 34(1): 27-35.


https://www.sciencedirect.com/science/article/abs/pii/S2452219824000466
https://repository.arizona.edu/handle/10150/645931
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007GB003168
https://ecopersia.modares.ac.ir/article-24-6311-en.html
https://ecopersia.modares.ac.ir/article-24-52845-en.html

https://link.springer.com/article/10.1007/s11104-013-2010-8
https://www.sciencedirect.com/journal/agriculture-ecosystems-and-environment/vol/368/suppl/C

