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Soil is the fundamental component of each terrestrial ecosystem, so the

consequences of land management regime on soil health and productivity

should be evaluated. To this end, the long term effects of livestock grazing

management on soil health were studied in three land management systems

of north-eastern Iran, comprising unlimited grazing, managed grazing, and a

rangeland where grazing was prohibited. First, properties including pH, EC, bulk

density and contents of phosphorus, potassium and calcium in soils subject

to the three grazing management regimes were compared. Then, seasonal

variations of organic carbon, total nitrogen, microbial respiration (BR and SIR),

carbon and nitrogen of microbial biomass (MBC and MBN), fungal biomass

and AMF (Arbuscular mycorrhizal fungi) spore density were studied at the three

sites. Several soil stoichiometric microbial indicators were also compared. Soil

phosphorus contents were found to drastically decline (by around 40%) in

response to long term unlimited grazing, while soil acidity and bulk density slightly

increased under that grazing regime, in comparison with managed-grazing and

grazing-excluded rangelands. Season and grazing management had significant

impacts on all the studied variables. Although soil nitrogen content increased,

presumably due to livestock urine, organic carbon content and all the soil

microbial variables declined in grazed sites, which were also the ones with lower

plant cover. A higher AFM spore density was observed around the rhizosphere of

Artemisia aucheri, the most frequent plant, in lands with unlimited grazing. Based

on these results, managed grazing is strongly recommended rather than any kind

of unlimited or continuous grazing.

KEYWORDS
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Introduction

It is estimated that rangeland ecosystems occupy about half of the world’s land area
(Schuman et al., 2002). The conservation, development and management of these valuable
natural resources require knowledge and basic information. Most rangelands are threatened
by both improper strategic management and over-grazing by livestock (Alemu, 2016). They
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have been exposed to such overgrazing for many years, which not
only threatens their plant biodiversity and stability, but has also
altered their ecosystem structure and function, leading to declines
in soil productivity (Frank et al., 2000; Liu T. et al., 2011; Zhou et al.,
2017). According to Tanentzap and Coomes (2012), proper grazing
management can maintain and increase biomass productivity and
subsequently improve soil organic matter.

Increasing soil organic matter in rangeland, where the
plant community has not been extensively grazed by livestock,
enriches the soil quality, microbial community, and microorganism
biodiversity (Verdú et al., 2000; Dubeux et al., 2006; Zhang
et al., 2018). On the other hand, any changes in the plant
community composition due to overgrazing lead to shifts in
soil ecophysiological functions (Barger et al., 2004; Pan et al.,
2018). Moreover, deposition of dung and urine of livestock via
grazing can substantially change soil fertility (Bolan et al., 2004),
raising the question as to whether grazing improves or degrades
the soil.

Although trampling by livestock compacts and modifies the
physical structure of the soil (Silva et al., 2003), grazing also has less
visible effects, notably on chemical and biological characteristics
(Hashemi et al., 2019). Nutrient uptake (Farrakh Nawaz et al.,
2013), soil microbial biomass (Pupin et al., 2009), soil enzymatic
activities (Buck et al., 2000), and soil fauna (Chan and Barchia,
2007) can be negatively affected by soil compaction, but these shifts
depend greatly on the characteristics (species, size, etc.) of the
grazing flocks (Farrakh Nawaz et al., 2013).

Given the increasing human need for livestock products,
grazing management is vital to maintain and support rangeland
services. Along with common physical and chemical indicators
for assessment of the sustainability of soil ecosystems, microbial
activity is a reliable tool to study soil disturbance resulting
from grazing (Piotrowska-Dlugosz and Charzynski, 2015).
Understanding the relationships between grazing regime and soil
microbial activities can provide useful information for sustainable
use and proper management of rangeland (Qiu et al., 2013).

Most studies of the impacts of livestock grazing on soil
ecosystems have focused on soil physical and chemical parameters
(Binkley et al., 2003; Javadi et al., 2006; Piñeiro et al., 2010;
Ajorlo et al., 2011; Karimian and Jafari, 2017) rather than soil
microbial variables. For instance, Hashemi et al. (2019) utilized
soil enzyme activities as soil biological indicators to assess the
impact of livestock trampling on oak forest stands. Moreover,
Kooch et al. (2020) employed some soil microbial activities such as
microbial transpiration and microbial biomass carbon and nitrogen
to determine the impact of grazing management on northern
Iranian rangeland.

Soil microbial activity is a promising indicator of effects of
different land management strategies on soil quality (Maharjan
et al., 2017). In terrestrial ecosystems, such as rangelands, microbial
biomass plays a critical role in soil nutrient cycling and quality
(Yadav et al., 2011). Microbial biomass carbon (MBC) and
microbial biomass nitrogen (MBN) are widely used as indicators
of soil carbon and nitrogen dynamics (Maharjan et al., 2017) and
nutrient cycling (Liu J. et al., 2011). Furthermore, soil respiration
(a key ecosystem process that releases carbon from soil as CO2) is
affected by land management (Wang et al., 2013).

It is already known that any kind of soil disturbance causes
significant declines in soil microbial biomass (Kaschuk et al., 2010),

suggesting that determination of soil fungal biomass can help
to predict the outcome of grazing regimes. Aleixo et al. (2014)
demonstrated the importance of soil fungal biomass to understand
microbial functionality and nutrient cycling under differing soil
management systems. Furthermore, arbuscular mycorrhizal fungi
(AMF) are particularly sensitive to soil management variations, so
they can be considered good indicators of management quality
(Castillo et al., 2006). In this regard, their spore density can
determine the ability of AMF to withstand a given grazing regime
(Oruru and Njeru, 2016).

The effects of grazing management on the soil biological
functions that control rangelands’ nutrient cycles are not well
documented. On the other hand, the sufficient data from
rangelands of moderate climate is not available. Thus, our
study aimed to simultaneously evaluate variations of physical,
chemical and biological properties of soils under various grazing
management regimes (unlimited, managed, and excluded) in
north-eastern Iran (North Khorasan Province), to assess the
influence of grazing management regime on soil functions.
Since grazing intensities vary over the year, we measured the
seasonal variations of such properties. The objective was to
address the following questions: (i) is soil fertility improved
by deposition of dung and urine by livestock? (ii) are soil
microbial variables altered by grazing management? (iii) do soil
chemical and biological parameters vary seasonally? (iv) are there
any significant correlations between soil C and N contents and
biological parameters under the different grazing regimes? The
findings of the current study were expected to contribute to further
understand the effects of long-term grazing management on natural
rangelands, and provide informative data to optimize management
of these ecosystems.

Materials and methods

Study area: Location and history

This study was carried out in rangeland ecosystems of
the Sarigol region in northeast Iran, in North Khorasan
Province, on the eastern ridge of the Alborz Mountains, Aladagh
(Supplementary Figure 1). The geographical location of this
region is 36◦55′ to 37◦8′N and 57◦76′ to 57◦47′E. The Sarigol
region covers 59500 ha including 20000 ha of protected area
and 7500 ha of national park. All livestock grazing has been
prohibited in the national park since its establishment by the
Iranian government 18 years previously. In the protected area,
created 47 years ago, livestock grazing is allowed according to a
plan (managed grazing). Both the national park and the protected
area are managed by the Iranian Department of Environment.
In a third area of around 32000 ha, managed by the Iranian
Forests, Range and Watershed Management Organization, hunting
is banned but free livestock grazing is allowed throughout the
year (under intermittent grazing by sheep) (for more details see
Supplementary Table 1). The rangelands’ altitudes of 1400–2940
m, the mean annual precipitation of the region is 273 mm, and
the mean temperature is 13◦C; the mean of the minimum and
maximum temperature is 6.5 and 18◦C, respectively. Furthermore,
relative humidity is 56% and potential evapotranspiration has
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been determined around 573.19 mm. In totally, the climate
of this region is more affected by subtropical high-pressure
systems, Azores high-pressure, western winds, Siberian, and
Mediterranean high-pressure systems. The classification of the
soil according to the US soil taxonomy classification system is:
silty loam, mixed, mesic, Lithic Torriorthents. The rangeland
ecosystems of the Sarigol region are dominated by Artemisia
aucheri and other non-leguminous grasses (for more information
see Supplementary Table 1).

Soil sampling

In the central part of each of the three areas, sampling sites
were defined that had similar physiographic conditions (aspect,
slope, elevation). At each site, three parallel transects of 2000 m
were defined (500 meters apart) and five quadrats (1 m × 1 m)
were established along each transect (400 m apart), resulting in
15 quadrats (replicates) for each grazing management regime.
Five soil samples (25 cm × 25 cm × 30 cm) were taken from
each quadrat, and then mixed together to produce a single soil
sample per quadrat. Soil sampling was carried out in four seasons
of 2020 (April, July, November, and February). In each season,
45 soil samples (i.e., 5 soil samples along each transect × 3
transects per grazing management regime× 3 grazing management
regimes) were taken to the laboratory in a cooler. To avoid pseudo-
replication (see Hurlbert, 1984), the location of each transect was
shifted by approximately 50 m each season.

Laboratory analyses

Each soil sample was divided into two portions: one was air-
dried and used for chemical analyses; the other was stored at 4◦C
for study of soil biological activities. Soil bulk density was measured
by the clod method (Plaster, 1985). Some of sampled soils were air-
dried, grounded and passed through a 2-mm sieve. The electrical
conductivity (EC) and pH of the soils were determined using an
Orion Ionalyzer Model 125 901 in a 1/2.5 soil/water solution.

Soil organic carbon, total nitrogen and available phosphorus
were determined by the Walkley-Black method (Allison, 1975),
Kjeldahl acid-digestion (Bremner and Mulvaney, 1982) and Olsen’s
method (Homer and Pratt, 1961), respectively. Soil potassium was
determined by the normal ammonium acetate method (Bower
et al., 1952). Total calcium was determined using EDTA titration
(Tucker and Kurtz, 1961).

Soil biological parameters were measured on the samples stored
at 4◦C. Soil microbial basal respiration (BR) was determined by
trapping and measuring the evolved CO2 over a 5 days period at
25◦C (Alef and Nannipieri, 1995; Kamali et al., 2020). Substrate-
induced respiration (SIR) was determined using glucose (1%) as
substrate (Parsapour et al., 2018). The evolved CO2 was adsorbed
in NaOH and measured by HCI titration (Anderson and Domsch,
1978). Microbial biomass C and N (MBC and MBN) were measured
by fumigation-extraction (Brookes et al., 1985; Sparling et al.,
1990). Soil microbial entropy (MBC: organic C), qCO2 (BR: MBC),
C availability index (BR: SIR), MBC/MBN, and MBN/N were
calculated based on the relations between organic C, N, BR,

SIR, MBC, and MBN (Kooch et al., 2019). Fungal biomass was
determined by the volume of Ergosterol: Ergosterol of soil fungi was
soaked with KOH, then extracted with N-hexane in a separating
funnel, dried at 40◦C in a rotary evaporator and finally dissolved in
methanol before being measured at 282 nm by HPLC (Beni et al.,
2017).

In each season, soils were sampled from the rhizospheres of
Artemisia aucheri Boiss, the most dominant species in all the
three study areas. To determine the total number of arbuscular
mycorrhizal fungi in the soil, a certain quantity of soil sample was
air-dried, sieved to 2 mm, and then the number of spores was
counted using the Gerdemann and Nicolson (1963) method under
a microscope.

Data analysis

One-way analysis of variance (ANOVA) was used to compare
soil bulk density, pH, EC, K, P, and Ca between the three
grazing management regimes since they were measured on the
first soil sampling occasion in spring 2019. The effects of grazing
management regime and seasonal factors on those variables, in
each season, were tested with two-way ANOVA. Prior to ANOVA,
the normality of the variables was checked by the Kolmogorov-
Smirnov test, and Levene’s test was used to examine the equality
of variances. Simple linear correlation and regression analyses were
used to characterize the relationships between soil C and N contents
and microbial activities across different grazing management types.
All statistical analyses were conducted using the SPSS v. 16
statistical software package.

Results

Soil compaction

To understand the impact of livestock grazing on soil
compaction, we measured soil bulk density and our statistical
analysis indicated that livestock hoof significantly increased
the soil bulk density. Bulk density was significantly higher
(1.63 g cm−3) under unlimited grazing than under managed
grazing (1.41 g cm−3) and grazing-exclusion (1.23 g cm−3)
(Supplementary Figure 2).

Soil physico-chemical parameters

Soil pH differed significantly (P < 0.001) according to the type
of grazing management, ranking as unlimited grazing >managed
grazing ≈ grazing-excluded, while the soil EC did not differ
significantly (P > 0.05) (Supplementary Figure 2). Although soil
phosphorus content was affected by the different grazing regimes,
potassium and calcium contents did not vary significantly. Soil
phosphorus content was lower under unlimited grazing (15.5 mg
kg−1) than under the other two grazing regimes studied (around
25–26 mg kg−1).
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Seasonal patterns of soil nitrogen and
carbon contents

Soil nitrogen and carbon contents varied significantly in
response to grazing management regime (G) and season (S)
(Supplementary Figure 4). Nevertheless, the interaction S × G
had no significant effect on these soil variables. Soils from the
unlimited grazing site always had lower carbon contents than those
from other regimes. In contrast, the greatest soil nitrogen values
were always observed in soils from under unlimited grazing. The
soils from sites under managed grazing and grazing exclusion
showed similar contents of nitrogen and carbon. Taken separately,
the grazing regime and the season led to significant variations
of soil C/N ratio, but the S × G interaction did not. Soil C/N
ratios were significantly lower under livestock grazing (unlimited
and managed) than under grazing exclusion. With regard to
the contributions of independent single factors (i.e., grazing
management type, season and their interaction) on the variability
of C, N, and C/N (see Supplementary Figure 3), the season was the
principal factor explaining variations in soil nitrogen (51.5%) in the
studied rangelands.

Seasonal patterns of soil microbial
parameters

Basal respiration (BR) varied significantly through the seasons
but grazing management and S × G interaction did not have
significant effects (Supplementary Figure 5). Under all three
grazing management regimes BR was highest (0.7–0.9 mg CO2
g−1 day−1) in summer and lowest in winter (0.1–0.2 mg CO2
g−1 day−1). It ranged between 0.3 and 0.5 mg CO2 g−1 day−1

during the spring.
Substrate-induced respiration varied significantly in response

to grazing management, to season, and to the interaction between
season and grazing management (Supplementary Figure 5). SIR
was lowest (0.33 mg CO2 g−1 day−1) in winter in soil from the
site with unlimited grazing. The highest values were found in the
summer under grazing exclusion (2.32 mg CO2 g−1 day−1) and
under managed grazing (2.12 mg CO2 g−1 day−1), and in the
spring (2.08 mg CO2 g−1 day−1) and autumn (2.02 mg CO2 g−1

day−1) under grazing exclusion.
The single effects of season and grazing management, as well

as their combination significantly affected the microbial biomass
carbon (MBC). MBC was significantly lower under unlimited
grazing than under managed and excluded grazing, with the lowest
value (around 30 mg kg−1) in winter. Under unlimited grazing
MBC ranged between 70–90 mg kg−1 from spring to autumn. The
highest MBC content was recorded during summer and autumn
in soils under excluded (246–248 mg kg−1) and managed grazing
(219–225 mg kg−1). In the grazing-excluded and managed grazing
sites, the lowest soil MBC (around 140 mg kg−1) was measured in
winter. The interaction of grazing management and season had a
significant impact on microbial biomass nitrogen (MBN) although
the effect of each factor alone was not significant. The greatest
MBN contents were observed in soils from excluded (6.98 mg kg−1)
and managed grazing (6.93 mg kg−1) rangelands. The lowest MBN
values were obtained from soils of the unlimited grazing site, in

spring (2.76 mg kg−1) and winter (3.07 mg kg−1). MBN was higher
in summer under all the grazing management regimes.

Considering the contribution of independent single factors (i.e.,
grazing management type, season, and G × S) to the variability
of the studied soil microbial parameters (see Supplementary
Figure 3), the season was the principal factor explaining variation
in basal respiration (BR) (62.99%), while grazing management
regime determined variations in SIR (44.3%) and MBC (61%).

Seasonal patterns of soil fungal biomass
and AFM spore density around roots of
Artemisia aucheri

Both season and grazing management had significant impacts
on soil fungal biomass, although their combination had no
significant effect on this soil variable (Supplementary Figure 6).
Fungal biomass in the soils was the lowest under unlimited grazing
(always below 1 mg kg−1), and the highest in grazing-excluded
sites. Under grazing exclusion and unlimited grazing, fungal
biomass was significantly lower in winter than in the other seasons.

The two factors (season and grazing management) and their
interaction (S × G) had significant effects on AFM spore density
around roots of A. aucheri (Supplementary Figure 6). This
was significantly higher in summer in soils from rangelands
under unlimited grazing (73.93 spores per g soil) and grazing
exclusion (73.46), and also in autumn under unlimited grazing
(72.6). The lowest AFM spore density was measured during the
winter in all grazing (25–35 spores per g soil). Generally, the
soils around roots of A. aucheri under unlimited grazing had
higher AFM spore densities than soils under the other grazing
regimes. Considering the contribution of independent single
factors (i.e., grazing management type, season, and G × S) to the
variability of soil fungal parameters (see Supplementary Figure 3),
the grazing regime determined most changes in fungal biomass
(63.35%), whereas season explained most of the variability of AFM
spore density (45%).

Seasonal patterns of some soil
stoichiometric microbial indicators

All the studied stoichiometric indicators except the microbial
metabolic quotient were affected by season and grazing regime,
and by their combination (S× G) (Supplementary Table 2). Mean
CIA ranged from 0.11 (under managed grazing) to 0.83 (under
unlimited grazing) and both minimum and maximum values were
recorded in winter. Across seasons, CIA was significantly lower
under grazing exclusion (0.13–0.35) than under unlimited and
managed grazing, and greatest under unlimited grazing (0.39–
0.83), followed by managed grazing (0.11–0.45). Microbial entropy
was always lower (1–2.4) under unlimited grazing than managed
grazing (3.2–4.7) and grazing exclusion; this indicator was greatest
during autumn under all grazing regimes.

During summer, qCO2 was highest under unlimited grazing
(0.10) and lower (0.01) under managed grazing and grazing
exclusion. Generally, qCO2 was higher under unlimited grazing
than the two other regimes, and highest in summer.
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The soil MBC/MBN ratio was highest in autumn under grazing
exclusion (around 60) and lowest in winter under unlimited
grazing (around 10). Under all grazing regimes, MBC/MBN was
lowest in winter. Generally, MBC/MBN was highest in soils under
grazing exclusion.

As with MBC/MBN, the MBN/N ratio was lowest in spring
under unlimited grazing (0.39), and highest in winter under grazing
exclusion (1.65) and managed grazing (1.50). MBN/N was always
highest under grazing exclusion. With regard to the contribution
of the independent single factors (i.e., grazing management type,
season, and G × S) on the variability of the studied stoichiometric
indicators (see Supplementary Figure 3), the grazing regime was
the principal factor explaining variation in qCO2 (42.65%) and
microbial metabolic quotient (43.23%).

Correlation and regression analyses of
biological variables with organic carbon
and nitrogen contents

Based on Pearson correlation and regression analyses
(Supplementary Figure 7), significant correlations were found
between organic C and SIR (r = 0.54, F = 76.53, p-value < 0.0001),
MBC (r = 0.59, F = 96.39, p-value < 0.0001), and fungal biomass
(r = 0.56, F = 82.03, p-value < 0.0001). Organic C also showed
a significant but low correlation (r < 0.50) with BR (r = 0.29,
F = 16.80, p-value < 0.0001) and MBN (r = 0.46, F = 48.64,
p-value < 0.0001). Pearson correlation and regression analyses
between the above variables with soil nitrogen were also carried
out (data not shown), and a high and significant correlation was
only observed for BR (r = 0.526, F = 66.11, p-value < 0.0001).

Discussion

In the Sarigol region, unlimited and managed grazing by
livestock during 47 years reduced plant cover by 30 and 15%,
respectively, compared with sites where the presence of sheep
has been forbidden for 18 years. It has frequently been reported
that plant cover in rangeland ecosystems strongly affects soil
functions and ecosystem health, and that the performance of soil
microorganisms is directly related to plant cover and litters (Teague
et al., 2011). Therefore, it seemed important to determine and
compare the effects of grazing and trampling by livestock on soil
physical, chemical and microbial characteristics of these rangelands
under three different grazing management regimes.

The bulk density of the soil under unlimited grazing was
greatest; its soil was around 25% more compacted than that
under grazing exclusion. Also, managed grazing led to more soil
compaction (around 13%) than grazing exclusion, due to the
pressure of livestock hooves. Our results were in line with those
of Binkley et al. (2003) and Hashemi et al. (2019), who reported
higher soil bulk densities after trampling by animals. It can be
stated that one of the visible impact of unlimited livestock grazing
in rangelands is soil compaction that subsequently causes further
effects on the soil functions.

The levels of nutrients P, K, and Ca in soils under the three
grazing regimes were compared. Although soil K and Ca contents

did not differ between grazing regimes, the P content was sharply
lower under unlimited grazing. After 47 years of unlimited grazing,
soil P content was 40% lower than in the site under grazing
exclusion for 18 years. In line with other investigations (Jaafari et al.,
2014; Hashemi et al., 2019), our study reports that P content is
sensitive to soil compaction. Decreasing litter accumulation in the
unlimited grazing fields has probably caused the decline of soil P
concentration, as proposed by El-Dewiny et al. (2006).

There was no significant variation in electrical conductivity
in response to the studied grazing regimes. Nevertheless, soil pH
was slightly higher under unlimited grazing (7.5 vs. 7.2–7.3). In
agreement with the findings of Xie and Wittig (2004) and Liebig
et al. (2006), this confirms that livestock grazing has no negative
impact on soil pH and EC. Although livestock excreta contain some
salt that can increase soil salinity (Ajorlo et al., 2011), the EC of
the soil was stable and variations of pH were low under all grazing
regimes.

Bolan et al. (2004) believed that the fertility of rangeland soils is
substantially affected by the deposition of dung and urine, and their
subsequent transformation in soil. Zarekia et al. (2012) found that
livestock manure is a nitrogen input to soil. The data presented here
clearly show that in all seasons, especially spring, soil N content was
greater under unlimited grazing than under grazing exclusion and
managed grazing, so the presence of livestock on the rangelands
improved soil N content. In contrast to nitrogen, soil organic C
content was 3–4.5% under unlimited grazing, lower than under
managed grazing (4–6.5%) and grazing exclusion (5–6.5%). In line
with our finding, Ganieva et al., 2019 reported a 6.07% decrease in
organic carbon content in the soils of dry steppes of Azerbaijan. The
lower concentration of soil organic C under unlimited grazing was
probably due to decreased vegetation cover and litter (Yong-Zhong
et al., 2005).

In the spring and summer, when the grazing intensity is higher,
the soil N level is higher and C is at a minimum. However,
dropping of N and C content to the minimum in the winter was
expectable. In this study, the C/N ratio was >7.5 in soils under
unlimited grazing, and 8–14.5 under managed grazing and grazing
exclusion. Although soil C/N ratio is strongly driven by plant cover
(Lucas-Borja et al., 2011), it is substantially decreased by addition
of nitrogen from livestock urine. In agreement with our study,
Qasim et al. (2017) demonstrated that unmanaged grazing severely
affected vegetation coverage, soil organic matter, large-sized soil
aggregates, nitrogen mineralization and soil moisture contents of
arid shrubland of Baluchistan, Pakistan.

Significant differences in soil basal microbial respiration in
response to livestock grazing regime were not recorded. Variations
were largely seasonal (see Supplementary Figure 2), with a
maximum always in spring, maybe because soil respiration depends
on precipitation and soil temperature (Zarafshar et al., 2020).
Besides, soil biological activities such as microbial respiration are
strongly influenced by season through changes in biotic and abiotic
factors (Kaiser et al., 2010; Bagheri Delijani et al., 2022).

The highest values of SIR were measured during summer
and spring, and were lowest under unlimited grazing. Parallel
to this study, Bagchi et al. (2017) also observed adverse effects
of continuous grazing on soil microbial respiration. Sankaran
and Augustine (2004) hypothesized that the intensity of grazing
(percentage of aboveground production consumed) is an important
factor regulating soil microbial activity. This study indicated that
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plant cover changes in a rangeland ecosystem can cause changes in
the nitrogen and carbon of microbial biomass (MBC and MBN),
since lands with lower plant cover, under unlimited grazing, had
higher MBC and MBN than those with higher plant cover (manage
grazing and grazing exclusion). The decline in soil MBC and MBN
in response to unlimited grazing was probably due to the decrease
of carbon input from litter decomposition (Zarafshar et al., 2020).
Our analyses indicated a significant relation between organic C and
MBC and MBN. MBC and MBN were mostly highest in the spring
under all grazing regimes. In accordance with our finding, low
MBN under continuous grazing in northern Iran has been reported
(Kooch et al., 2020).

In line with Taddese et al. (2007), we observed that soil
fungal biomass declined to about a third in response to unlimited
grazing when compared with grazing exclusion or even managed
grazing. According to Goomaral et al. (2019), shifts in soil fungal
communities caused by livestock grazing are related with changes
in the biomass and diversity of functional vegetation groups. Our
floristic data (see Supplementary Table 1) demonstrate that the
plant community and frequency of the Sarigol region has been
shifted due to unlimited grazing, suggesting that the decrease in
fungal biomass can be explained by the plant community change.
Surprisingly, the density of AMF spores in the rhizosphere of
A. voucher plants under unlimited grazing was higher than that
under managed grazing. Not only was AMF spore density higher
under unlimited grazing than under grazing exclusion in autumn,
but similar AFM spore densities were recorded in other seasons.
We hypothesize that the N fertilizer effect of livestock urine is
countered by stressful biotic and abiotic conditions induced by
long-term grazing, leading to greater AMF symbiosis with roots
of A. voucher. In contrast to the results presented here, many
investigators [Egerton-Warburton and Allen (2000), Bhadalung
et al. (2005), Mbuthia et al. (2015)] found that the use of nitrogen
fertilizers caused a decrease in AMF spore density.

In this study, the highest microbial metabolic quotient was
detected under unlimited grazing, illustrating a lower efficiency of
microbial activities in the soil (Fterich et al., 2014), supporting the
findings of Kooch et al. (2020), who reported higher qCO2 under
continuous grazing.

Moreover, our finding is supported by other investigators who
reported that non-grazing rangelands show higher soil microbial
entropy (Juan et al., 2008; da Silva et al., 2012). In this regard,
we clearly observed lower soil microbial entropy under unlimited
grazing than under grazing exclusion and managed grazing. In all,
the greatest values of the C availability index or CIR (BR < SIR)
were found in soils under unlimited grazing, indicating that there
were no large differences between BR and SIR values, while more
disturbed soil showed BR > SIR (Zarafshar et al., 2020). SIR can
indicate fungal, bacterial, and total microbial responses to glucose-
induced respiration, as well as the potentially active microbial
biomass present in decomposing plant residues (Beare et al., 1990),
so it can be concluded that the microbial community was degraded
under unlimited grazing. As we had speculated, lower values of
MBC/MBN and C/N were detected in rangelands under higher
grazing intensities.

Conclusion

Our study demonstrated that soil organic carbon and
phosphorus contents are sensitive to differently managed rangeland
ecosystems and can be considered as promising indices to evaluate
grazing management regimes. Our data indicate that soil microbial
functions drastically declined as a result of removal of plant
cover by grazing. In this regard, unlimited grazing had the most
deleterious impact on microbial structures, specifically fungal
biomass. This study found evidence that managed grazing had
a less detrimental impact on soil microbial variables (microbial
respiration and biomass) than unlimited grazing, mostly due to
higher input of fresh plant residues into the soil. In conclusion.
Nevertheless, implementation of intermittent grazing to maintain
soil health is strongly recommended. Moreover, the assessment
of some soil services like carbon and nitrogen stocks under
different graze management regimes could provide a set of detailed
information for better management.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

AS and NK conceived and planned the experiments. MB carried
out the experiments. MZ and SB contributed to the interpretation
of the results. MZ took the lead in writing the manuscript. All
authors provided critical feedback and helped shape the research,
analysis and manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/ffgc.2023.1028149/
full#supplementary-material

Frontiers in Forests and Global Change 06 frontiersin.org

https://doi.org/10.3389/ffgc.2023.1028149
https://www.frontiersin.org/articles/10.3389/ffgc.2023.1028149/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/ffgc.2023.1028149/full#supplementary-material
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/


ffgc-06-1028149 April 1, 2023 Time: 16:26 # 7

Bastani et al. 10.3389/ffgc.2023.1028149

References

Ajorlo, M., Abdullah, R., Hanif, M., Husni, A., and Yuso, M. K. (2011). Impacts of
livestock grazing on selected soil chemical properties in intensively managed pastures
of Peninsular Malaysia. Pertanika J. Trop. Agric. Sci. 34, 109–121.

Alef, K., and Nannipieri, P. (1995). Methods in Applied Soil Microbiology and
Biochemistry, Vol. 576. London: Academic press.

Aleixo, A. P., Kaschuk, G., and Alberton, O. (2014). Soil fungal and bacterial
biomass determined by epifluorescence microscopy and mycorrhizal spore density
in different sugarcane managements. Cienc. Rural 44, 588–594. doi: 10.1590/S0103-
84782014000400002

Alemu, M. M. (2016). Environmental role of national parks. J. Sust. Dev. World. 9,
1–7. doi: 10.5539/jsd.v9n1p1

Allison, L. E. (1975). “Organic carbon,” in Methods of Soil Analysis, ed. C. A.
Black (Madison, WI: American Society of Agronomy), 1367–1378. doi: 10.2134/
agronmonogr9.2.c39

Anderson, J. P. E., and Domsch, K. H. A. (1978). A physiological method for
the quantitative measurement of microbial biomass in soils. Soil Biol. Biochem. 10,
215–221. doi: 10.1016/0038-0717(78)90099-8

Bagchi, S., Roy, S., Maitra, A., and Sran, R. S. (2017). Herbivores suppress soil
microbes to influence carbon sequestration in the grazing ecosystem of the Trans-
Himalaya. Agric. Ecosyst. Environ. 239, 199–206. doi: 10.1016/j.agee.2017.01.033

Bagheri Delijani, N., Moshki, A., Matinizadeh, M., Ravanbakhsh, H., and Nouri,
E. (2022). The effects of fire and seasonal variations on soil properties in Juniperus
excelsa M. Bieb. stands in the Alborz Mountains, Iran. J. For. Res. 33, 1471–1479.
doi: 10.1007/s11676-021-01446-1

Barger, N. N., Ojima, D. S., Belnap, J., Shiping, W., Yanfen, W., and Chen, Z.
(2004). Changes in plant functional groups, litter quality, and soil carbon and nitrogen
Mineralization with sheep grazing in an inner Mongolian grassland source. Rangeland
Ecol. Manage. 57, 613–619. doi: 10.2111/1551-5028(2004)057[0613:CIPFGL]2.0.CO;2

Beare, M. H., Neely, C. L., Coleman, D. C., and Hargrove, W. L. (1990). A substrate-
induced respiration (SIR) method for measurement of fungal and bacterial biomass on
plant residues. Soil Biol. Biochem. 22, 585–594. doi: 10.1016/0038-0717(90)90002-H

Beni, A., Lajtha, K., Kozma, J., and Fekete, I. (2017). Application of a Stir Bar
Sorptive Extraction sample preparation method with HPLC for soil fungal biomass
determination in soils from a detrital manipulation study. J. Microbiol. Meth. 136, 1–5.
doi: 10.1016/j.mimet.2017.02.009

Bhadalung, N. N., Suwanarit, A., Dell, B., Nopamornbodi, O., Thamchaipenet, A.,
and Rungchuang, J. (2005). Effects of long-term NP-fertilization on abundance and
diversity of arbuscular mycorrhizal fungi under a maize cropping system. Plant Soil
270, 371–382. doi: 10.1007/s11104-004-1829-4

Binkley, D., Singer, F., Kaye, M., and Rochelle, R. (2003). Influence of elk grazing
on soil properties in Rocky Mountain National Park. For. Ecol. Manag. 185, 239–247.
doi: 10.1016/S0378-1127(03)00162-2

Bolan, N. S., Saggar, S., Luo, J. F., Bhandral, R., and Singh, J. (2004). Gaseous
emissions of nitrogen from grazed pastures: processes, measurements and modeling,
environmental implications, and mitigation. Adv. Agron. 84, 37–120. doi: 10.1016/
S0065-2113(04)84002-1

Bower, C. A., Reitemeier, R. F., and Fireman, M. (1952). Exchangeable cation
analysis of saline and alkali soils. Soil Sci. 73, 251–261. doi: 10.1097/00010694-
195204000-00001

Bremner, J. M., and Mulvaney, C. S. (1982). “Nitrogen-total,” in Methods of Soil
Analysis: Part 2 Chemical and Microbiological Properties, ed. A. L. Page (Madison, WI:
American Society of Agronomy), 595–624. doi: 10.2134/agronmonogr9.2.2ed.c31

Brookes, P. C., Landman, A., Pruden, G., and Jenkinson, D. S. (1985). Chloroform
fumigation and the release of soil nitrogen: a rapid direct extraction method to
measure microbial biomass nitrogen in soil. Soil Biol. Biochem. 17, 837–842. doi:
10.1016/0038-0717(85)90144-0

Buck, C., Langmaack, M., and Schrader, S. (2000). Influence of mulch and soil
compaction on Earth wormcast properties. Appl. Soil Ecol. 14, 223–229. doi: 10.1016/
S0929-1393(00)00054-8

Castillo, C. G., Rubio, R., Rouanet, J. L., and Borie, F. (2006). Early effects of tillage
and crop rotation on arbuscular mycorrhizal fungal propagules in an Ultisol. Biol.
Fertil. Soils 43, 83–92. doi: 10.1007/s00374-005-0067-0

Chan, K., and Barchia, I. (2007). Soil compaction controls the abundance, biomass
and distribution of earth worms in a single dairy farm in south-eastern Australia. Soil
Tillage Res. J. 94, 75–82. doi: 10.1016/j.still.2006.07.006

da Silva, D. K. A., de Oliveira Freitas, N., de Souza, R. G., da Silva, F. S. B., de Araujo,
A. S. F., and Maia, L. C. (2012). Soil microbial biomass and activity under natural and
regenerated forests and conventional sugarcane plantations in Brazil. Geoderma 189,
257–261. doi: 10.1016/j.geoderma.2012.06.014

Dubeux, J. C. B. Jr., Sollenberger, L. E., Comerford, N. B., Scholberg, J. M., Ruggieri,
A. C., Vendramini, J. M. B., et al. (2006). Management intensity affects density
fractions of soil organic matter from grazed bahiagrass swards. Soil Biol. Biochem. 38,
2705–2711. doi: 10.1016/j.soilbio.2006.04.021

Egerton-Warburton, L. M., and Allen, E. B. (2000). Shifts in arbuscular mycorrhizal
communities along an anthropogenic nitrogen deposition gradient. Ecol. Appl. 10,
484–496. doi: 10.1890/1051-0761(2000)010[0484:SIAMCA]2.0.CO;2

El-Dewiny, C., Moursy, K., and El-Aila, H. (2006). Effect of organic matter on the
release and Availability of phosphorus and their effects on spinach and radish plants.
Res. J. Agric. Biol. Sci. 2, 103–108.

Farrakh Nawaz, M., Bourrié, G., and Trolard, F. (2013). Soil compaction impact
and modelling. A review. Agron. Sustain. Dev. 33, 291–309. doi: 10.1007/s13593-011-
0071-8

Frank, D. A., Groffman, P. M., Evans, R. D., and Tracy, B. F. (2000). Ungulate
stimulation of nitrogen cycling and retention in Yellowstone Park grasslands.
Oecologia 123, 116–121. doi: 10.1007/s004420050996

Fterich, A., Mahdhi, M., and Mars, M. (2014). The effects of Acacia tortilis subsp.
raddiana, soil texture and soil depth on soil microbial and biochemical characteristics
in arid zones of Tunisia. Land Degrad. Dev. 25, 143–152. doi: 10.1002/ldr.1154

Ganieva, S. A., Dyunyamalieva, N. Y., and Ramazanova, F. M. (2019). Grazing effect
on soil properties in dry subtropic steppes of Azerbaijan. Arid Ecosyst. 9, 174–178.
doi: 10.1134/S2079096119030028

Gerdemann, J. W., and Nicolson, T. H. (1963). Spores of mycorrhizal endogone
species extracted from soil by wet sieving and decanting. Trans. Brit. Mycol. Soc. 46,
235–244. doi: 10.1016/S0007-1536(63)80079-0

Goomaral, A., Yamato, M., Kusakabe, R., Undarmaa, J., Yamanaka, N., and
Taniguchi, T. (2019). Effects of livestock grazing intensity on soil arbuscular
mycorrhizal fungi and glomalin-related soil protein in a mountain forest steppe and a
desert steppe of Mongolia. Landsc. Ecol. Eng. 17, 253–265. doi: 10.1007/s11355-019-
00399-2

Hashemi, A., Ghasemi Aghbash, F., Zarafshar, M., and Bazot, S. (2019). 80-years
livestock transit impact on permanent path soil in Zagros oak forest, Iran. Appl. Soil
Ecol. 138, 189–194. doi: 10.1016/j.apsoil.2019.03.004

Homer, C. D., and Pratt, P. F. (1961). Methods of Analysis for Soils, Plants and
Waters. Berkeley, CA: University of California, 309.

Hurlbert, S. H. (1984). Pseudo-replication and the design of ecological field
experiments. Ecol. Monogr. 54, 187–211. doi: 10.2307/1942661

Jaafari, A., Najafi, A., and Zenner, E. K. (2014). Ground-based skidder traffic changes
Chemicals oil properties in a mountainous Oriental beech (Fagus orientalis Lipsky)
Forest in Iran. J. Terramech. 55, 39–46. doi: 10.1016/j.jterra.2014.06.001

Javadi, S., Jafari, M., Azarnivand, H., and Zahedi, G. (2006). Investigation on grazing
upon soil Parameters at Larsummer rangeland. J. Agric. Sci. 11, 71–78.

Juan, L. I., Zhao, B. Q., Li, X. Y., Jiang, R. B., and Bing, S. H. (2008). Effects
of long-term combined application of organic and mineral fertilizers on microbial
biomass, soil enzyme activities and soil fertility. Agric. Sci. China 7, 336–343. doi:
10.1016/S1671-2927(08)60074-7

Kaiser, C., Koranda, M., Kitzler, B., Fuchslueger, L., Schnecker, J., Schweiger, P.,
et al. (2010). Below ground carbon Allocation by trees drives seasonal patterns of
extracellular enzyme activities by altering microbial community composition in a
beech forest soil. New Physiol. 187, 843–858. doi: 10.1111/j.1469-8137.2010.03321.x

Kamali, N., Siroosi, H., and Sadeghipour, A. (2020). Impacts of wind erosion and
seasonal changes on soil carbon dioxide emission in southwestern Iran. J. Arid Land
12, 690–700. doi: 10.1007/s40333-020-0018-5

Karimian, M. M., and Jafari, H. (2017). Soil property changes under different kinds
of herbivore Grazing in arid rangelands of Yazd province. Appl. Ecol. Environ. Res. 15,
1367–1374. doi: 10.15666/aeer/1503_13671374

Kaschuk, G., Alberton, O., and Hungria, M. (2010). Three decades of soil microbial
biomass studies in Brazilian ecosystems: lessons learned about soil quality and
indications for improving sustainability. Soil Biol. Biochem. 42, 1–13. doi: 10.1016/j.
soilbio.2009.08.020

Kooch, Y., Ehsani, S., and Akbarinia, M. (2019). Stoichiometry of microbial
indicators shows clearly more soil responses to land cover changes than absolute
microbial activities. Ecol. Eng. 131, 99–106. doi: 10.1016/j.ecoleng.2019.03.009

Kooch, Y., Moghimian, N., Wirthc, S., and Noghre, N. (2020). Effects of
grazing management on leaf litter decomposition and soil microbial activities in
northern Iranian rangeland. Geoderma 361:114100. doi: 10.1016/j.geoderma.2019.11
4100

Liebig, M. A., Gross, J. R., Kronberg, S. L., Hanson, J. D., Frank, A. B., and Phillips,
R. L. (2006). Soil response to long term grazing in the northern Great Plains of North
America. Agric. Ecosyst. Environ. 115, 270–276. doi: 10.1016/j.agee.2005.12.015

Liu, J., Jiang, P., Wang, H., Zhou, G., Wu, J., Yang, F., et al. (2011). Seasonal soil
CO2 efflux dynamics after land use change from a natural forest to Moso bamboo
plantations in subtropical China. For. Ecol. Manag. 262, 1131–1137. doi: 10.1016/j.
foreco.2011.06.015

Liu, T., Nan, Z., and Hou, F. (2011). Culturable autotrophic ammonia-oxidizing
bacteria population and nitrification potential in a sheep grazing intensity gradient

Frontiers in Forests and Global Change 07 frontiersin.org

https://doi.org/10.3389/ffgc.2023.1028149
https://doi.org/10.1590/S0103-84782014000400002
https://doi.org/10.1590/S0103-84782014000400002
https://doi.org/10.5539/jsd.v9n1p1
https://doi.org/10.2134/agronmonogr9.2.c39
https://doi.org/10.2134/agronmonogr9.2.c39
https://doi.org/10.1016/0038-0717(78)90099-8
https://doi.org/10.1016/j.agee.2017.01.033
https://doi.org/10.1007/s11676-021-01446-1
https://doi.org/10.2111/1551-5028(2004)057[0613:CIPFGL]2.0.CO;2
https://doi.org/10.1016/0038-0717(90)90002-H
https://doi.org/10.1016/j.mimet.2017.02.009
https://doi.org/10.1007/s11104-004-1829-4
https://doi.org/10.1016/S0378-1127(03)00162-2
https://doi.org/10.1016/S0065-2113(04)84002-1
https://doi.org/10.1016/S0065-2113(04)84002-1
https://doi.org/10.1097/00010694-195204000-00001
https://doi.org/10.1097/00010694-195204000-00001
https://doi.org/10.2134/agronmonogr9.2.2ed.c31
https://doi.org/10.1016/0038-0717(85)90144-0
https://doi.org/10.1016/0038-0717(85)90144-0
https://doi.org/10.1016/S0929-1393(00)00054-8
https://doi.org/10.1016/S0929-1393(00)00054-8
https://doi.org/10.1007/s00374-005-0067-0
https://doi.org/10.1016/j.still.2006.07.006
https://doi.org/10.1016/j.geoderma.2012.06.014
https://doi.org/10.1016/j.soilbio.2006.04.021
https://doi.org/10.1890/1051-0761(2000)010[0484:SIAMCA]2.0.CO;2
https://doi.org/10.1007/s13593-011-0071-8
https://doi.org/10.1007/s13593-011-0071-8
https://doi.org/10.1007/s004420050996
https://doi.org/10.1002/ldr.1154
https://doi.org/10.1134/S2079096119030028
https://doi.org/10.1016/S0007-1536(63)80079-0
https://doi.org/10.1007/s11355-019-00399-2
https://doi.org/10.1007/s11355-019-00399-2
https://doi.org/10.1016/j.apsoil.2019.03.004
https://doi.org/10.2307/1942661
https://doi.org/10.1016/j.jterra.2014.06.001
https://doi.org/10.1016/S1671-2927(08)60074-7
https://doi.org/10.1016/S1671-2927(08)60074-7
https://doi.org/10.1111/j.1469-8137.2010.03321.x
https://doi.org/10.1007/s40333-020-0018-5
https://doi.org/10.15666/aeer/1503_13671374
https://doi.org/10.1016/j.soilbio.2009.08.020
https://doi.org/10.1016/j.soilbio.2009.08.020
https://doi.org/10.1016/j.ecoleng.2019.03.009
https://doi.org/10.1016/j.geoderma.2019.114100
https://doi.org/10.1016/j.geoderma.2019.114100
https://doi.org/10.1016/j.agee.2005.12.015
https://doi.org/10.1016/j.foreco.2011.06.015
https://doi.org/10.1016/j.foreco.2011.06.015
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/


ffgc-06-1028149 April 1, 2023 Time: 16:26 # 8

Bastani et al. 10.3389/ffgc.2023.1028149

in grassland on the Loess Plateau of Northwest China. Can. J. Soil Sci. 91, 925–934.
doi: 10.4141/cjss2010-003

Lucas-Borja, M. E., Bastida, F., Moreno, J. L., Nicola, C., Andres, M., Lopez, F. R.,
et al. (2011). The effect of human trampling on the microbiological properties of soil
and vegetation in Mediterranean mountain areas. Land Degrad. Dev. 22, 383–394.
doi: 10.1002/ldr.1014

Maharjan, M., Sanaullah, M., Razavi, B., and Kuzyakov, Y. (2017). Effect of land
use and management practices on microbial biomass and enzyme activities in sub
tropical top and sub-soils. Appl. Soil Ecol. 113, 22–28. doi: 10.1016/j.apsoil.2017.0
1.008

Mbuthia, L. W., Acosta-Martínez, V., De Bruyn, J., Schaeffer, S., Tyler, D., Odoi,
E., et al. (2015). Long term tillage, cover crop, and fertilization effects on microbial
community structure, activity: implications for soil quality. Soil Biol. Biochem. 89,
24–34. doi: 10.1016/j.soilbio.2015.06.016

Oruru, M. B., and Njeru, E. M. (2016). Upscaling arbuscular mycorrhizal symbiosis
and related agroecosystems services in smallholder farming systems. BioMed. Res. Int.
2016:4376240. doi: 10.1155/2016/4376240

Pan, H., Xie, K., Zhang, Q., Jia, Z., Xu, J., Di, H., et al. (2018). Archaea
and bacteria respectively dominate nitrification in lightly and heavily grazed soil
in a grassland system. Biol. Fertil. Soils 54, 41–54. doi: 10.1007/s00374-017-1
236-7

Parsapour, M. K., Kooch, Y., Hosseini, S. M., and Alavi, S. J. (2018). Litter and
topsoil in Alnus subcordata plantation on former degraded natural forest land:
a synthesis of age-sequence. Soil Tillage Res. 179, 1–10. doi: 10.1016/j.still.2018.
01.008

Piñeiro, G., Paruelo, J., Oesterheld, M., and Jobbágy, E. (2010). Pathways of grazing
effects on soil organic carbon and nitrogen. Rangel. Ecol. Manag. 63, 109–119. doi:
10.2111/08-255.1

Piotrowska-Dlugosz, A., and Charzynski, P. (2015). The impact of the soil sealing
degree on Microbial biomass, enzymatic activity, and physicochemical properties in
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