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ABSTRACT

Grazing management strategies in arid ecosystems are of critical importance to regulate plant regeneration, improve
forage quality, and ensure sustainable utilization of rangelands. This study examined the impacts of controlled graz-
ing management on vegetation dynamics (gain/loss) and land cover changes over a 17-year period (2006-2022) at the
Royal Botanic Garden, Jordan. Climatic factors, including precipitation and temperature, were analyzed alongside the
Normalized Difference Vegetation Index (NDVI) to assess vegetation health and greenness. Autoregression models
were used to investigate annual temporal trends between vegetation biodiversity indices and climatic factors. To assess
the impact of controlled grazing on vegetation biodiversity, the study period was divided into four periods: the initial
period (period 0: 2006-2007) which represented the pre-dating-controlled grazing period, followed by three subsequent
periods: period 1 (2008-2012), period 2 (2013-2017), and period 3 (2018-2022). Land cover analysis using yearly av-
eraged NDVI values was assessed, including five distinct classes: water body, barren soil, herbaceous and shrub, open
forest, and closed forest. The study identified short-term changes during period 1 and long-term changes during periods
2 and 3. The results revealed a significant annual temporal trend only in NDVI (P<0.001), indicating dynamic changes
in vegetation health over the whole study period. A positive influence of controlled grazing on vegetation dynamics and
biomass production was observed. During period 3, controlled grazing has led to a significant (P<0.05) increase in veg-
etation biomass compared to earlier periods (214.4 ton in period 3 compared to 97.1 and 106.8 ton in periods 1 and 2,
respectively). NDVI also showed significantly higher values during the later periods of controlled grazing, emphasizing
its positive impact on long-term vegetation health. Furthermore, the study showed interesting trends in plant groups and
species, with short-term controlled grazing leading to increased species richness and significant changes in vegetation
indices. Over the study period, controlled grazing influenced land cover dynamics, with significant decreases in barren
soil (from 66.7% to 9.8%) and increases in herbaceous and shrubland areas (33.2% to 89.6%). The study concluded
that controlled grazing significantly shapes plant communities, fostering dynamic changes in species and groups over
time. The study provides valuable insights into the ecological impact of controlled grazing management. The obtained
findings revealed vegetation resilience to short-term climate variations, with sustained vegetation health under grazing.

Keywords: plant biodiversity indices, NDVI, vegetation cover, vegetation health.

INTRODUCTION rainfall, including dry sub-humid, semi-arid, arid,
and hyper-arid regions (Dregne 2002). These dry-

Drylands encompass approximately 50% of  lands mainly comprise dry rangelands (Davies et
the Earth’s surface and are classified into dif- al., 2015), which refer to uncultivated areas pro-
ferent sub-categories based on the amount of  viding natural fodder essential for grazing and
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browsing animals. This definition excludes bar-
ren deserts, farmland, closed-canopy forests, as
well as concrete or glacier-covered land (Herrera
et al., 2014; Holechek et al., 2020; Lund 2007).
However, managed grazing lands are the most
common form of land use globally (Asner et al.,
2004) and support approximately 50% of the
global livestock (UN 2015).

Grazing management strategies encompass
various techniques, such as adjusting stocking
rates, grazing methods, and employing other fac-
tors to regulate plant defoliation by grazing ani-
mals (Derner et al., 2022). The primary factors
influencing plant regrowth through defoliation
are grazing frequency, intensity, and timing (Sol-
lenberger et al., 2020). The primary objectives
of a grazing manager involve maximizing plant
growth, improving forage quality, and ensur-
ing efficient utilization of forage by grazers. It is
imperative to consider economic goals and em-
ploy sustainable management practices (Dubeux
and Sollenberger 2020). Nevertheless, optimiz-
ing plant or animal productivity may not always
be the most advantageous approach in terms of
maximizing the economic and environmental
benefits. The plant-animal interactions play a
significant role in the dynamics of grazing lands
across different spatial scales. The presence of
controlled animal grazing practices drives higher
vegetation heterogeneity in grazed lands due to
selective grazing and waste deposition (Sandor et
al., 2018; Zilverberg et al., 2018).

Jordanian lands are predominantly charac-
terized by arid to semi-arid conditions, covering
an area of around 89,000 km? According to ag-
ricultural law No. 20, which was first published
in 1973, and agricultural law No. 13, published in
2015, the rangelands in Jordan are defined as “all
lands registered as state-owned or designated for
public use that receive less than 200 mm of rain-
fall and are not sustainably irrigated” (MoA 2013).
The Jordan highlands encompass approximately
450,000 hectares of rangelands, accounting for
2.5% of Jordan’s total rangeland area, and receive
an annual rainfall exceeding 250 mm. These high-
land pastures are typically found in small patches
near villages in the Ajloun and Jerash governor-
ates. The most significant grazing plants in these
lands include clover, vetch, wild wheat, wild
barley, and oak trees. Livestock grazing plays a
significant role in the agricultural landscape of
Jordan and holds deep cultural importance for the
Bedouin people (Al-Tabini and Al-Khalidi 2022).
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However, the health of rangelands in Jordan is
a pressing concern, with forage production esti-
mated to be less than 10% of its potential levels
(Al-Tabini et al., 2012). Several factors contribute
to the degradation and decline of rangeland condi-
tions (Msadek et al., 2022; Sawalhah et al., 2018),
including heavy stocking rates, continuous graz-
ing, dryland cultivation, urbanization, and pro-
longed drought (Al-Tabini 2001).

Numerous rehabilitation and restoration ini-
tiatives have been implemented in the degraded
rangelands (Badia) of Jordan, but it remains un-
certain whether these efforts successfully contrib-
uted to restoring the ecosystems to their original
conditions (Strohmeier et al., 2017). Conversely,
the highland rangelands have received less at-
tention in terms of restoration and management
efforts, raising concerns about their sustainabil-
ity and transitional state. The lack of knowledge
regarding the baseline conditions of rangelands
further complicates restoration endeavors (Al-
Karadsheh et al., 2012; Juneidi and Abu-Zanat
1993). While historical vegetation types are
known, it is crucial to acquire the information on
the spatial and temporal distributions of rangeland
vegetation for effective management and restora-
tion. Unfortunately, Jordan’s first native plant
species checklist as well as the Jordan Plant Red
List Volumes 1 and 2 were only published in 2015
and 2017, respectively, providing only rough esti-
mates of the flora coverage and threatened status
in Jordan (Taifour 2017; Taifour and El-Oglah
2015; Taifour and El-Oqlah 2017). Therefore, the
objective of this study was to assess the effective-
ness of long-term controlled grazing as a viable
rangeland management approach for enhancing
semi-arid ecosystem resilience through vegeta-
tion dynamics (gain/loss) and land cover changes
over a 17-year period.

MATERIALS AND METHODS

Study area

The study was conducted at the Tall AI-Rum-
man site in Jordan. The site is located in the north-
western part of Jordan at latitude (32.183616°)
and longitude (35.825542°) (Figure 1). The site
is a remnant of a previously widespread pine-oak
forest habitat. The site was managed as a Botanic
Garden by the Royal Botanic Garden (RBG), Jor-
dan, since its establishment in 2008. The study
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Figure 1. The Tall Al-Rumman Royal Botanic Garden (RBG) study site in Jordan

site area covers 1907 dunam, and its elevation
ranges from 150 to 450 m above sea level. Since
establishment, managed sheep grazing has been
applied during the summer and autumn seasons
based on biomass estimation. The climate is semi-
arid, with warm summers and cold winters, and it
receives a mean annual precipitation of 360 mm,
with almost all of it occurring during the winter
season (November to March). The temperature
varies by season, reaching 4 °C or less in winter
and rising up to 40 °C or more in summer.

Vegetation data analysis

The vegetation data was assessed to discover
the effectiveness of rehabilitation processes on
the study site. Under managed conditions with-
out disturbances, vegetation-dynamic changes
typically occur gradually. To gauge the impact
of controlled grazing on vegetation biodiversity,
the study period from 2006 to 2022 was divided
into four distinct periods. The first period (2006—
2007, denoted as period 0) represented the time
before the implementation of controlled grazing.
Subsequently, the remaining study period was di-
vided into five-year intervals to include period 1

(2008-2012), period 2 (2013-2017), and period
3 (2018-2022). In addition to that, the study sug-
gested a short-term response that has occurred
within period 1 (2008-2012) and a long-term re-
sponse that has occurred within periods 2 (2013—
2017) and 3 (2018-2022).

The annual vegetation data was retrieved
from the RBG database. Additionally, the bio-
mass production data were estimated according
to the number of sheep allowed to graze and the
number of grazing days per year. This allowed
the calculation of the carrying capacity, which
indicates the number of sheep that can be sup-
ported by the available forage. Carrying capac-
ity was calculated based on the estimated sheep
feed intake in terms of dry matter per sheep per
day. The sheep’s intake was determined to be
2.5% of its body weight (Holechek et al., 2011).
The final carrying capacity, expressed in Animal
Unit Months (AUMSs), was calculated based on
the assumption of an average Awassi ewe weigh-
ing 60 kilograms. This translates to an estimated
daily dry matter feed intake of 1.5 kg, resulting in
a monthly requirement of 45 kg. Furthermore, to
assess and compare the changes among different
plant life groups, the vegetation life forms were
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classified into four groups: perennial (including
Chamaephyte, Climber, Geophyte, Halophyte,
Hemicryptophyte, and Parasitic plant), annuals,
shrubs, and trees.

Vegetation biodiversity indices are numerical
measures used to quantify and assess the diversity
of living organisms in a specific area or ecosys-
tem. These indices provide valuable insights for
ecologists, conservationists, and researchers to
understand the composition and distributions of
plant species within a given habitat. During the
study period, four different indices were utilized
to assess and quantify changes in vegetation.
These indices included the percentage of change,
the number of plant species gained, the number of
plant species disappeared, and the Jaccard similar-
ity index (Kaarlejérvi et al., 2021). The percentage
of change serves as a measure of relative variation
in the number of plant species between two specif-
ic time periods (Eq. 1). To track the appearance of
new plant species, the gain index was employed,
representing the total count of plant species that
emerged in the current time frame but were not
present in the previous time (Eq. 2). Conversely,
the loss index quantifies the number of plant spe-
cies that were present in the previous time but are
absent in the current time (Eq. 3). To assess the
similarity between the current and previous time
periods, the Jaccard similarity index was used.
This index assesses the extent of shared and dis-
tinct plant species between the two studied peri-
ods. A Jaccard similarity index ranges from 0% to
100%, with 0% indicating no shared species and
100% representing complete similarity or an iden-
tical set of species composition between the two
communities or sites being compared (Eq. 4).
#PSCP — #PSPP
~ #pspP
where: PC —percentage change, #PSCP — of plant

species in the current period, #PSPP — of
plant species in the previous period

PC = x 100% (1)

Gain = # of plant species found in current period
but not existing in the previous period  (2)

Loss=# of plant species found in previous
period but not existing in the current period (3)

JI=— )

where: JI —Jaccard Index, NP —number of shared
plant species between current and previ-
ous period, TNP — total number of plant
species in both period.
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In this study, the annual temporal trend analy-
sis was conducted using the normalized differ-
ence vegetation index (NDVI) data to investi-
gate changes in different vegetation classes at the
study site. The yearly average NDVI values were
retrieved from the Earth Map website (https://
earthmap.org/), while the NDVI values used to
develop land cover change maps and calculate
land cover change areas were acquired from
Landsat 5-8 satellite images (30 m). The satellite
data was obtained from the Earth Explorer portal
(http://earthexplorer.usgs.gov).

The NDVI values were calculated according
to the formula shown in Eq. 5, where “NIR” rep-
resents the reflectance in the near-infrared band,
and “Red” represents the reflectance in the red
band. To conduct the classification and calculate
the area of each vegetation class for each study
period, the study utilized the cell statistics and re-
classify tools within the spatial analysis toolbox
in ESRI’s ArcMap 10.6 software.

NIR—Red

NDVI = NIR+Red (5)

The NDVI analysis was performed for each
year around the end of the growing season, which
facilitated tracking changes in vegetation cover
over time effectively. This approach helped gain
valuable insights about the dynamics of vegeta-
tion classes at the study site. The NDVI values for
distinguished classes range from -1 to 1 and serve
as a quantitative measure of plant greenness.
These values were then used to classify the im-
ages into distinct vegetation classes, as detailed in
Table 1. The area of each class and the percentage
of the areas of these classes relative to the total
study area for each period were calculated.

Statistical analysis

The annual temporal trends in vegetation
biodiversity indices over the whole study period
(2006-2022) were analyzed using PROC AU-
TOREG procedure in SAS 9.4 (SAS Institute,
2013). Generalized Durbin Watson (DW) statis-
tic was used to diagnose 1* to 10" order autocor-
relation and the Portmanteau Test statistic to di-
agnose heteroscedasticity. When autocorrelation
and heteroscedasticity were detected, generalized
autoregressive  conditional heteroscedasticity
(GARCH) or exponential GARCH models were
used (Bollerslev 1986). The impact of controlled
grazing on NDVI was investigated by subject-
ing vegetation biomass production, vegetation
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Table 1. Normalized difference vegetation index (NDVI) values ranges for each distinguished class as applied in

this study (adapted from Anim, et al., 2013)

NDVI Value Class
<-0.1 Water body: areas covered with water, such as river, stream, dams, lakes, and waterlogged areas
-0.1-0.15 Barren soil: areas with no vegetation cover, degraded land, settlement areas
>0.15-0.25 Herbaceous and shrub: areas covered mainly with grassland, herbaceous vegetation, and shrub
>0.25-0.32 Open forest: areas covered with trees growing sparsely
>0.32 Closed forest: areas with dense deciduous plants

biodiversity indices (during and among periods),
and comprehensive data sets to rigorous analysis.
First, to assess normal distribution, the Shapiro-
Wilk test was employed through the IMP® 11
statistical analysis program. Notably, all variables
yielded small p-values (P<0.05); consequently, it
was determined that no variable followed a normal
distribution. Considering these data distributions,
non-parametric  analysis (Wilcoxon/Kruskal-
Wallis tests with Chi-Square Approximation) was
utilized for period-to-period comparisons. When-
ever the non-parametric analysis model revealed
statistically significant differences (P<0.05), the
non-parametric Dunn Method comparison test
was executed to identify which variable exhibited
significant variations from others.

RESULTS

Annual climatic factors and NDVI index

During the study period (2006-2022), the an-
nual cumulative precipitation exhibited fluctua-
tions, with nine years (2009, 2010, 2012, 2013,
2015,2016,2018,2019, and 2020) recorded high-
er precipitation levels compared to the long-term
average (2006-2022) of 357.61 mm. Conversely,
the year 2011 experienced drought conditions,
defined as annual precipitation < 75% of the av-
erage long-term annual precipitation (Society for
Range Management 1989) (Figure 2).

The average air temperature throughout the
study period was 19.59 °C, with 2010 being the
warmest year (20.93 °C) and 2006 being the cold-
est year (18.6 °C) (Figure 2). The annual aver-
age of NDVI exhibited a general increasing trend
over the study period. There was a positive trend
observed between NDVI and average annual pre-
cipitation. The lowest average NDVI value of
0.19 was observed in 2011 and accompanied by
the lowest average precipitation of 261 mm dur-
ing the same year. On the other hand, the highest

average NDVI value of 0.31 was recorded in
2020, coinciding with the highest average pre-
cipitation of 484 mm in 2019. Notably, despite
the fluctuations in annual precipitation, the aver-
age NDVI values continued to increase in general
(Figure 2). This trend was particularly evident in
2014 and 2017, where the annual precipitation
decreased to the minimum average amount, but
the average NDVI did not decrease at the same
level, possibly indicating the positive impact of
controlled grazing management practices on veg-
etation dynamics.

Annual temporal trends

The findings from utilizing GARCH-
EGARCH autoregression models on the data
spanning from 2006 to 2022 (Table 2), surprising-
ly revealed that there was no significant annual
temporal trend observed in the vegetation biodi-
versity indices and the climatic factors, biomass,
and grazing carrying capacity over the study pe-
riod. However, it is notable to mention that the
average NDVI index emerged as the only variable
showing a significant temporal trend (P<0.001).

Periodic temporal effects of
controlled grazing

During the last five-year period (period 3),
there was a significant increase (P<0.05) in veg-
etation biomass production (214.4+13.29 ton)
compared to the first (97.08+11.17 ton; period 1)
and second (106.8+1.2 ton; period 2) five-year
intervals after the implementation of controlled
grazing. In addition, the annual average NDVI,
which serves as an indicator of vegetation health
and greenness, exhibited significantly (P<0.05)
increasing values during the last two periods
(0.28+0.01 and 0.29+0.01, periods 2 and 3, re-
spectively) compared to the first two periods.
However, no significant difference was observed
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Figure 2. Annual average climatic factors and normalized difference vegetation
index (NDVI) for the period 2006-2022 at Royal Botanic Garden, Jordan

between the NDVI values of the first two peri-
ods (0.21£0.02 and 0.24+0.01, periods 0 and 1,
respectively) (Table 3).

The percentage of change for different plant
groups and species also showed interesting peri-
odic trends. During the short-term period (period
1), after the implementation of controlled graz-
ing, there was a significant increase in the total
count of plant species and perennial plant spe-
cies (P<0.05). However, in the long-term period
(periods 2 and 3), the perennial plant species
showed a slight, yet significant, decrease, while
the total plant species count remained unchanged.
Particularly, the percentage of change for annu-
als, shrubs, and trees remained relatively stable at
short- and long-term control grazing implementa-
tion throughout the study periods.

Additionally, the gain and loss indices, which
signify the changes in the number of plant species
gained or lost during the respective periods, these
indices demonstrated fluctuations in total plant
numbers but showed no significant differences
across the periods. However, during the short-
term period (period 1), there was a slight increase
in the total number of plant species gained, fol-
lowed by a sharp decrease during the long-term
period (period 3). Also, a smaller number of plant
species were lost as the study progressed.

During the short-term period (period 1), there
was a significant gain in the perennial and tree
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plant species (P<0.05). However, in the long-
term period (periods 2 and 3), the perennial and
tree plant species showed a slight, significant de-
crease in gain, while the total plant species, annu-
als, and shrubs remained unchanged. Also, in the
short term (period 1), there was a significant loss
in the annuals, perennials, and tree plant species
(P<0.05). However, in a long-term period (pe-
riods 2 and 3), the annuals, perennials, and tree
plant species showed a slight, significant decrease
in loss, while the total plant species and shrubs
remained relatively stable.

The similarity index values provided an indi-
cator of similarity between the different periods
regarding the composition of plant groups. The
similarity index for total plant species and shrubs
remained unchanged (Table 3), suggesting that
controlled grazing did not lead to significant al-
terations in the overall plant species and shrubs
at both short- and long-term periods. On the other
hand, annual, perennial plants, and trees showed a
significant difference in similarity index between
the short-term (period 1) and the long-term (pe-
riod 3) periods of controlled grazing implementa-
tion, where the plant composition showed more
similarities at the long-term periods after imple-
menting controlled grazing (Table 3).

Overall, the results suggest that the implemen-
tation of controlled grazing had a positive impact
on biomass production and vegetation health in the
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Table 2. Annual temporal trend significance of vegetation biodiversity indices, biomass production, carrying
capacity, average NDVI and climatic factors using a generalized autoregressive conditional heteroscedasticity
(GARCH) or an exponential GARCH (EGARCH) model for the 2006-2022 period at Royal Botanic Garden, Jordan

Variables Model’ Estimate P-Value R?
Percent of change (%)
Total plants census EGARCH -0.0161 0.4947
Annual EGARCH -0.0212 0.6846
Perennial EGARCH -0.0109 0.9056
Shrub GARCH -0.0137 0.0718
Tree EGARCH -0.00473 0.6461
Gain (plant)
Total plants census GARCH -16.1527 0.4133
Annual GARCH -9.5661 0.5883
Perennial EGARCH -5.8202 0.4349
Shrub EGARCH -0.3549 0.3924
Tree GARCH -0.4672 0.4567
Loss (plant)
Total plants census GARCH -0.0504 0.7836
Annual EGARCH -4.7438 0.3387
Perennial EGARCH -4.2981 0.3682
Shrub GARCH -0.3497 0.7092
Tree GARCH -0.224 0.1363
Similarity index
Total plants census EGARCH 0.0231 0.6502
Annual GARCH 0.0273 0.1988
Perennial GARCH 0.0287 0.2147
Shrub EGARCH 0.057 0.4385
Tree EGARCH 0.0613 0.4335
Estimated biomass (Ton) EGARCH 11.3086 0.5042
Average NDVI Index EGARCH -0.001454 <0.001 0.4913
Carrying capacity (AUM™) EGARCH 143.1649 0.3241
Average temperature (°C) EGARCH 0.0389 0.2916
Maximum temperature (°C) GARCH -0.0995 0.6794
Minimum temperature (°C) EGARCH 0.0639 0.506
Precipitation (mm) GARCH 4.4378 0.6351

Note: Model were select based on lowest Akaike information criterion (AIC),** AUM: animal unit month.

study area. The controlled grazing practice seemed
to play a significant role in shaping the plant com-
munity composition and species availability, lead-
ing to dynamic changes in certain plant groups and
species over time. These findings provide valuable
insights for understanding the ecological effects of
managed grazing and its potential benefits for veg-
etation management and conservation.

Periodic land cover changes

Five distinct land cover classes were identi-
fied based on the yearly average NDVI values,

including water body, barren soil, herbaceous
and shrub, open forest, and closed forest (Figure
3). During the no-control grazing period (period
0), the water body covered 0.9 dunam, while
barren soil occupied the largest area, amounting
to 1271.7 dunam (66.7%). The herbaceous and
shrubland area was 633.6 dunam (33.2%), and
both open and closed forests covered 0.9 dunam
and 0 dunam, respectively. In the short-term pe-
riod of control grazing (period 1), the water body
area remained unchanged at 0.9 dunam, while
barren soil decreased to 1080 dunam (56.6%).
The herbaceous and shrubland area increased to
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Table 3. Comparison of the yearly NDVI, vegetation biomass production, and vegetation biodiversity indices
among different periods since control grazing was applied in 2008 at the Royal Botanic Garden, Jordan. The data

in the table shows the median (mean)

Variables Period 0 Period 1 Period 2 Period 3
(2006—2007) (2008-2012) (2013-2017) (2018-2022)

Biomass (Ton) - 92 (97.1)b 108 (106.8) b 214 (214.4) =
NDVI index 0.19 (0.21)° 0.20 (0.24)°® 0.23 (0.28) 2 0.25(0.29) 2
Percent of change (%)
Total plants species -0.25 (-0.25) b 0(0.17)a 0(0)a 0(0)a
Annual -0.35(-0.35) = 0(0.22) 0(0)a 0(0)a
Perennial -0.11 (-0.11) b 0(0.11)a 0 (0) ab 0 (0)ab
Shrub -0.45 (-0.45) = 0(0.21)a 0 (0.02) 2 0(0)a
Tree 0.4(04)a 0(0.07) 0(0.08) = 0(0)a
Gain (plant)
Total plants species 268 (268) ab 253 (223.6) 253 (181.8) ab 75 (60.2) b
Annual 144.5 (144.5) 2 160 (131.8) a 160 (112.4) 2 41(33)a
Perennial 111 (111) ab 78 (78.6) @ 78 (57.6) & 27 (21.6)b
Shrub 7(7)2 8(6.8)2 8(6.4)2 4(3.2)a
Tree 5.5 (5.5) 7(6.4)2 7 (5.4)2 3(24)b
Loss (plant)
Total plants species 245 (245) a 76 (96.6) 2 76 (61.4)a 3(3)a
Annual 144 (144) @b 41 (48.8) 2 41 (33.4) b 3(3)¢r
Perennial 89 (89) ab 28 (41)a 28 (22.4) @b 0(0)b
Shrub 8(8)a 3(34)a 5(4)a 0(0)a
Tree 4(4) @b 2(34)a 2(1.6)a 0(0)b
Similarity index
Total plants species 0.26 (0.26) @ 0.54 (0.53) @ 0.77 (0.77) @ 0.77 (0.77) @
Annual 0.27 (0.27) & 0.5(0.52) b 0.78 (0.82) &b 0.98 (0.98) a
Perennial 0.27 (0.27) & 0.61(0.55) b 0.77 (0.81) & 1(1)a
Shrub 0.21 (0.21)a 0.47 (0.42)a 0.47 (0.56) @ 1(1)a
Tree 0.09 (0.09) &b 0.5(0.38) b 0.64 (0.67) & 1(1)a

Note: *° Values within the same row that have different superscripts differ (P<0.05).

826.2 dunam (43.3%). No open forests were ob-
served during this period, and closed forests re-
mained at 0 dunam. In the long-term period (pe-
riod 2), the water body area remained constant at
0.9 dunam. The barren soil area decreased sig-
nificantly to 186.3 dunam (9.8%), while the her-
baceous and shrubland areas increased remark-
ably to 1709.1 dunam (89.6%). A small open for-
est area of 10.8 dunam was detected, and closed
forests remained unchanged (0 dunam). Finally,
during the second long-term period (period 3),
the water body area continued to occupy 0.9
dunam. The barren soil area slightly increased
to 225.9 dunam (11.9%), while the herbaceous
and shrubland areas decreased to 1679.4 dunam
(88.1%). The open forest area decreased to 0.9
dunam, and closed forests remained at 0 dunam
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(Figure 4). In summary, the land cover changes
over the study periods showed fluctuations in
different classes. Particularly, there was a sig-
nificant decrease in barren soil (from 66.7% to
9.8%) and an increase in herbaceous and shru-
bland areas (33.2% to 89.6%) from the no-con-
trol grazing period to the long-term period (Fig-
ure 4). However, in the long-term period (period
3), the barren soil increased slightly to 11.9%,
while the herbaceous and shrubland areas de-
creased slightly to 88.1%. In addition, open for-
ests appeared in the long-term periods of control
grazing (periods 2 and 3) as well as showed a
reduction in size in periods 2 and 3 to represent
10.8% and 0.1% of the total study area, respec-
tively. However, this reduction could be due to
floods, fires, and the dieback effect (Figure 4).
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Figure 3. Land cover maps based on the NDVI values over the periods since control
grazing was applied in 2008 at the Royal Botanic Garden, Jordan.

Overall, the controlled grazing practice applied
in the study area appears to have influenced the
land cover dynamics, particularly in terms of
barren soil, herbaceous, and shrubland areas.

DISCUSSION

The observed increase in the NDVI over
time in this study indicates positive changes in
vegetation dynamics and the potential benefits
of controlled grazing management practices in
the study area (Figure 2). The positive effects
of precipitation on NDVI were found to be the
dominant climatic factor contributing to veg-
etation greening in the study area (Wang et al.,
2003). It is noteworthy that the increase in NDVI
persisted even during years with below-average
precipitation. This suggests the resilience of veg-
etation health to suboptimal climatic conditions,
which is likely attributed to the positive impact
of controlled grazing on vegetation dynamics
(Giralt-Rueda and Santamaria 2021; Zhao et al.,
2022). Surprisingly, controlled grazing was also

observed to have a positive effect on grassland
greenness, as confirmed through grazing experi-
ments on the Inner Mongolian steppe (Miao et
al., 2021; Yan et al., 2013). Miao et al. (2021)
conducted research on the Mongolian Plateau
and found that animal density, precipitation,
temperature, as well as radiation were the main
determinants of grassland NDVI changes. They
explained that the annual variation in precipi-
tation and grazing intensity has a complex and
nonlinear relationship with aboveground net pri-
mary production changes. These findings high-
light the intricate interplay of environmental
factors and human activities shaping vegetation
greenness in the study area. The research pro-
vides quantitative evidence that the changes in
precipitation and to a lesser extent, temperature
play a dominant role in influencing vegetation
greenness, while controlled grazing also con-
tributes to vegetation greening, particularly dur-
ing short-term drought periods. In other words,
controlled grazing enhances biomass productiv-
ity resilience to short-term climatic variability,
which agrees with the previously mentioned
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Figure 4. Land cover area (in Dunam) and
percentage change (%) based on the NDVI values
over periods since control grazing was applied
in 2008 at the Royal Botanic Garden, Jordan

literature. The stable trends in vegetation biodi-
versity indices and most climatic factors indicate
a relatively limited interplay between these fac-
tors over the years. However, the significant tem-
poral trend in NDVI suggests dynamic changes
and fluctuations in vegetation health and green-
ness over time (Table 2), hence emphasizing the
importance of monitoring NDVI as a critical indi-
cator of vegetation dynamics and as a measure of
ecosystem health. The notion that NDVI serves
as an indicator of vegetation health was well sup-
ported by Meneses-Tovar’s (2011) research. Ac-
cording to Meneses-Tovar. (2011) NDVI serves
as an indicator of degradation in ecosystem veg-
etation, with a decline in the NDVI value signal-
ing a decrease in vegetation greenness. Conse-
quently, the relationship between the indicator
estimates (i.e., aerial biomass in various ecosys-
tems) and NDVI can be used to observe process-
es of vegetation dynamics and health. Similarly,
the findings of Wang et al. (2022) aligned with
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the outcomes of this research to emphasize the
assertion that NDVI is widely recognized as the
most popular indicator for monitoring vegetation
dynamics and health.

The study found interesting trends in terms of
the percentage of change for different plant groups
and species when comparing short- and long-term
periods, particularly after the implementation of
controlled grazing. During the short-term period
(period 1), there was a significant increase in both
total plant species and perennial plant species.
However, over subsequent periods, the percent-
age of change for perennial plant species exhibit-
ed a slight decrease. The number of plant species
gained, and lost demonstrated fluctuations over
time, with significant differences observed across
the periods (Table 3). Nonetheless, implementing
controlled grazing led to a noticeable rise in the
overall species diversity during a short-term pe-
riod, which agrees with the findings from other
studies (Guo et al., 2019; Liu et al., 2020; Tang et
al., 2016; Zhang et al., 2022). This increase can
be attributed to the reduction of trampling dam-
age caused by herbivores, hoof tillage effects,
and the promotion of seedling establishment due
to the buried seeds in the soil (Ma et al., 2013).
Therefore, lost plant species including annual
species or short-lived perennials with higher col-
onization capacity, rapidly establish themselves
during short-term grazing control (Zhang et al.,
2022). Furthermore, during the short-term period
of controlled grazing, plant interspecific facilita-
tion plays a significant role in the colonization of
species (Bonet 2004). However, a shift occurs in
the long term, where resource limitation in high-
productivity grasslands results in aggravated
interspecific competition. Consequently, slow-
growing and long-lived species with higher com-
petitive advantages suppress or even exclude less
competitive species (Borer et al., 2014; Liu et al.,
2019; Van Der Wal et al., 2004). As a result, nu-
merous previous studies have reported significant
decreases in vegetation indices during long-term
controlled grazing (Kelemen et al., 2013; Oba et
al., 2001; Wu et al., 2009).

The controlled grazing approach has emerged
as a significant factor in shaping the composition
of plant communities and influencing the distri-
bution of different plant groups and species (He
et al., 2023; Smith et al., 2017). The findings of
this research underscore the potential of con-
trolled grazing to positively impact vegetation
management and conservation efforts, leading to
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favorable changes in vegetation health and com-
position over long-term periods (Anderson et al.,
2022; Gibson et al., 2022). By managing the in-
tensity and timing of grazing, land managers can
strategically influence plant growth and diver-
sity, thus enhancing overall ecosystem resilience
(Ghahramani et al., 2019; Pent and Fike 2021).
On the other hand, the long-term grazing exclu-
sion period has been shown to reduce species
richness due to intensified interspecific competi-
tion when productivity approaches the environ-
mental carrying capacity (Chesson 2018; Ken-
kel, 1988). As a result, the efficiency of vegeta-
tion restoration declines with increasing grazing
exclusion duration (Sacha 2020); these findings
indicate that grazing exclusion, if maintained for
an extended period of over eight years, may have
negative consequences on species diversity and
overall ecosystem health.

Considering land cover changes, vegeta-
tion dynamics, biomass production, and average
NDVI values in tandem is of crucial importance
when evaluating the impacts of controlled graz-
ing management (Figure 3; Table 3). Controlled
grazing emerges as a powerful factor in shap-
ing the composition and distribution of land
cover, thus significantly contributing to the bio-
mass production, overall health, and stability of
ecosystems. By avoiding constant and uniform
grazing pressure on vegetation, controlled graz-
ing enables certain plant species to recover and
flourish, ultimately leading to a substantial in-
crease in herbaceous and shrub land cover (Law-
rence et al., 2019).

The results suggest that the implementa-
tion of controlled grazing had a positive impact
on biomass production and vegetation health in
the study area. The controlled grazing approach
seems to play a significant role in plant diversity,
plant community composition and plant species
distribution, leading to dynamic changes in cer-
tain plant groups and species over time. These
findings hold valuable insights towards under-
standing the ecological effects of managed graz-
ing as well as its potential benefits for vegetation
management and conservation. Furthermore, con-
trolled grazing proves to be an effective strategy
for mitigating the adverse effects of overgrazing
and soil trampling. Implementation of such graz-
ing practices could potentially mitigate soil ero-
sion and degradation, minimize bare soil cover,
as well as offer a more favorable environment for
vegetation growth (Apfelbaum et al., 2022).

CONCLUSIONS

The study aimed to investigate the effect of
controlled grazing management along with pre-
vailing environmental conditions on vegetation
dynamics and land cover changes over a 17-year
period (2006-2022). The results revealed a posi-
tive trend between NDVI and average annual pre-
cipitation, indicating the importance of precipi-
tation for vegetation health. Despite fluctuations
in annual precipitation, the NDVI values showed
a general increasing trend, possibly influenced
by controlled grazing practices. The study also
found no significant temporal trends between an-
nual vegetation biodiversity indices and climatic
factors, except for NDVI, which exhibited dy-
namic changes over time. The implementation of
controlled grazing positively affected vegetation
biomass production and enhanced NDVI in the
long-term periods of the study. Short-term con-
trolled grazing resulted in higher species gain,
while long-term controlled grazing contributed
to changes in plant composition and distribution.
The land cover analysis showed fluctuations in
different classes, with a significant decrease in
barren soil and an increase in herbaceous and
shrubland areas, likely influenced by controlled
grazing practices. Overall, the findings suggest
that controlled grazing management plays a cru-
cial role in shaping vegetation dynamics and land
cover changes, contributing to a healthier and
more resilient ecosystem. These results provide
valuable insights for vegetation management and
conservation efforts, emphasizing the importance
of considering both land cover changes and veg-
etation dynamics in conjunction when assessing
the impact of grazing practices on ecosystems.

Acknowledgment

The authors would like to express their sincere
gratitude to the Royal Botanic Garden for providing
all the data necessary to complete this study.

REFERENCES

1. Al-Karadsheh, E., Akroush, S., Mazahreh, S. 2012.
Land degradation in Jordan — Review of knowledge
resources. Aleppo, Syria: International Center for
Agricultural Research in the Dry Areas (ICAR-
DA). [online] Available at: https://pdf.usaid.gov/
pdf docs/PBAAF671.pdf

39



Journal of Ecological Engineering 2024, 25(5), 29-42

2. Al-Tabini, R.J. 2001. An evaluation of the potential of
Atriplex nummularia for sheep production in arid Jor-
danian rangelands: the effects of defoliation manage-
ment (Doctoral dissertation), University of Newcastle
upon Tyne, United Kingdom: Newcastle University.

3. Al-Tabini,R.,Al-Khalidi, K. 2022. Rangeland manage-
ment between science, local knowledge and applica-
tion, Royal Botanic Garden of Jordan, Amman, Jordan.

4. Al-Tabini, R., Al-Khalidi, K., Al-Shudiefat, M.
2012. Livestock, medicinal plants and rangeland
viability in Jordan’s Badia: through the lens of
traditional and local knowledge. Pastoralism: Re-
search, Policy and Practice, 2(1), 1-16. https://doi.
org/10.1186/2041-7136-2-4.

5. Anderson, L.K., Blanco-Canqui, H., Drewnoski,
M.E., MacDonald, J.C., Carlson, Z., Hansen, B.H.,
Brinton, Mc.M., Ulmer, K.M., Calus, K.J. 2022. Cov-
er crop grazing impacts on soil properties and crop
yields under irrigated no-till corn—soybean manage-
ment. Soil Science Society of America Journal, 86(1),
118-133. https://doi.org/10.1002/saj2.20358.

6. Anim, D.O., Kabo-Bah, A.T., Nkrumah, P.N., Mu-
rava, R.T. 2013. Evaluation of NDVI using Spot-5
satellite data for northern Ghana. Environmental
Management and Sustainable Development, 2(1),
167. https://doi.org/10.5296/emsd.v2i1.3709.

7. Apfelbaum, S.I., Thompson, R., Wang, F., Mosier,
S., Teague, R., Byck, P. 2022. Vegetation, water in-
filtration, and soil carbon response to adaptive multi-
paddock and conventional grazing in Southeastern
USA ranches. Journal of Environmental Man-
agement, 308, 114576. https://doi.org/10.1016/j.
jenvman.2022.114576.

8. Asner, G.P., Elmore, A.J.,Olander, L.P., Martin, R .E.,
Harris, A.T. 2004. Grazing systems, ecosystem re-
sponses, and global change. Annual Review of Envi-
ronment and Resources, 29(1), 261-299. https://doi.
org/10.1146/annurev.energy.29.062403.102142.

9. Bollerslev, T. 1986. Generalized autoregres-
sive conditional heteroskedasticity. Journal
of Econometrics, 31(3), 307-327. https://doi.
org/10.1016/0304-4076(86)90063-1.

10. Bonet, A. 2004. Secondary succession of semi-arid
Mediterranean old fields in south-eastern Spain: in-
sights for conservation and restoration of degraded
lands. Journal of Arid Environments, 56(2),213-233.
https://doi.org/10.1016/S0140-1963(03)00048-X.

11. Borer, E.T., Seabloom, E.W., Gruner, D.S., Harpole,
W.S., Hillebrand, H., Lind, E.M., ... Yang, L.H. 2014.
Herbivores and nutrients control grassland plant di-
versity via light limitation. Nature, 508(7497), 517—
520. https://doi.org/10.1038/nature13144.

12.Chesson, P. 2018. Updates on mechanisms
of maintenance of species diversity. Journal
of Ecology, 106(5), 1773-1794. https://doi.
org/10.1111/1365-2745.13035.

40

13. Davies, J., Ogali, C., Laban, P., Metternicht, G.
2015. Homing in on the range: enabling invest-
ments for sustainable land management. Technical
Brief, 29(01).

14. Derner, J.D., Budd, B., Grissom, G., Kachergis,
E.J., Augustine, D.J., Wilmer, H., Scasta-Derek J.,
Ritten, J.P. 2022. Adaptive grazing management
in semiarid rangelands: An outcome-driven fo-
cus. Rangelands, 44(1), 111-118.

15. Dregne, H.E. 2002. Land degradation in the Drylands.
Arid Land Research and Management, 16, 99—132.
https://doi.org/10.1080/153249802317304422.

16. Dubeux, J.C., Sollenberger, L.E. 2020. Nutrient
cycling in grazed pastures. In Management strate-
gies for sustainable cattle production in southern
pastures. Academic Press, 59-75.

17. EarthExplorer. 2016. USGS EarthExplorer—US
Geological Survey. Availabele online: http://earth-
explorer. usgs.gov.

18. Ghahramani, A., Howden, S.M., del Prado, A.,
Thomas, D.T., Moore, A.D., Ji, B., Ates, S. 2019.
Climate change impact, adaptation, and mitigation
in temperate grazing systems: a review. Sustainabili-
ty, 11(24), 7224 https://doi.org/10.3390/su11247224.

19. Gibson, M., Maron, M., Taws, N., Simmonds, J.S.,
Walsh, J.C. 2022. Use of citizen science datasets
to test effects of grazing exclusion and replanting
on Australian woodland birds. Restoration Ecolo-
gy, 30(7),e13610. https://doi.org/10.1111/rec.13610.

20. Giralt-Rueda, J.M., Santamaria, L. 2021. Comple-
mentary differences in primary production and phe-
nology among vegetation types increase ecosystem
resilience to climate change and grazing pressure in
an iconic Mediterranean ecosystem. Remote Sensing,
13(19), 3920. https://doi.org/10.3390/rs13193920.

21. Guo,N.,Degen, A.A., Deng, B., Shi, F., Bai, Y., Zhang,
T., Long R., Shang, Z. 2019. Changes in vegetation
parameters and soil nutrients along degradation and
recovery successions on alpine grasslands of the Ti-
betan plateau. Agriculture, Ecosystems and Environ-
ment, 284, 106593. https://doi.org/10.1111/gcb.15361.

22.He, S., Xiong, K., Song, S., Chi, Y., Fang, J., He,
C. 2023. Research progress of grassland ecosystem
structure and stability and inspiration for improv-
ing its service capacity in the Karst desertification
control. Plants, 12(4), 770. https://doi.org/10.3390/
plants12040770.

23.Herrera, P.M., Davies, J., Baena, PM. 2014.
14 rebuilding pastoral governance. The Gov-
ernance of Rangelands: Collective Action
for Sustainable Pastoralism, 236. https://doi.
org/10.4324/9781315768014.

24.Holechek, J.L., Geli, HM., Cibils, A.F., Sawal-
hah, M.N. 2020. Climate change, rangelands, and
sustainability of ranching in the Western United



Journal of Ecological Engineering 2024, 25(5), 29-42

States. Sustainability, 12(12), 4942. https://doi.
org/10.3390/su12124942.

25.Holechek, J.L., R.D. Pieper, C.H. Herbel. 2011.
Range management principles and practices. 4th
ed. Upper Saddle River, NJ, USA Prentice Hall.

26.JMP®, Version 11. SAS Institute Inc., Cary, NC,
1989-2023.

27. Juneidi, J.M., Abu-Zanat, M. 1993. Jordan agricul-
tural sector review: low rainfall zone. International
Center for Agricultural Research in the Dry Areas,
Aleppo, Syria

28. Kaarlejérvi, E., Salemaa, M., Tonteri, T., Merild, P.,
Laine, A.L. 2021. Temporal biodiversity change fol-
lowing disturbance varies along an environmental
gradient. Global Ecology and Biogeography, 30(2),
476-489. https://doi.org/10.1111/geb.13233.

29.Kelemen, E., Nguyen, G., Gomiero, T., Kovacs, E.,
Choisis, J.P., Choisis, N., Paoletti, M.G., Podma-
niczky, L., Raschawy J., Sarthou P.J., Herzog F.,
Dennis. P., Balazs, K. 2013. Farmers’ perceptions of
biodiversity: lessons from a discourse-based deliber-
ative valuation study. Land Use Policy, 35, 318-328.
https://doi.org/10.1016/j.1andusepol.2013.06.005.

30.Kenkel, N.C. 1988. Pattern of self-thinning in
jack pine: testing the random mortality hypoth-
esis. Ecology, 69(4), 1017-1024. https://doi.
org/10.2307/1941257.

31.Lawrence, R., Whalley, R.D.B., Reid, N., Rader,
R. 2019. Short-duration rotational grazing leads
to improvements in landscape functionality and
increased perennial herbaceous plant cover. Agri-
culture, Ecosystems Environment, 281, 134-144.
https://doi.org/10.1016/j.agee.2019.04.031.

32.Liu, Y., Zhu, G., Hai, X., Li, J., Shangguan, Z.,
Peng, C., Deng, L. 2020. Long-term forest succes-
sion improves plant diversity and soil quality but
not significantly increase soil microbial diversity:
Evidence from the Loess Plateau. Ecological En-
gineering, 142, 105631. http://doi.org/10.1016/j.
ecoleng.2019.105631.

33.Lund, H. 2007. Accounting for the World’s
Rangelands, Rangelands, 29(1), 3—10. http://doi.
org/10.2458/azu_rangelands v29il lund.

34.Ma, M., Zhou, X., Du, G. 2013. Effects of dis-
turbance intensity on seasonal dynamics of al-
pine meadow soil seed banks on the Tibetan Pla-
teau. Plant and Soil, 369, 283-295. https://doi.
org/10.1007/s11104-012-1560-5.

35. Meneses-Tovar, C.L.2011. NDVI as an indicator of
degradation. Unasylva, 62(238), 39—46.

36.Miao, L., Sun, Z., Ren, Y., Schierhorn, F., Miiller,
D.2021. Grassland greening on the Mongolian Pla-
teau despite higher grazing intensity. Land Degrada-
tion and Development, 32(2), 792—802. https://doi.
org/10.1002/1dr.3767.

37. Ministry of Agriculture, Directorate of Rangelands
and Badia Development 2013, Updated Rangeland
Strategy for Jordan 2013/2014. Amman, Jordan.

38. Msadek, J., Tlili, A., Moumni, M., Louhaichi, M.,
Tarhouni, M. 2022. Impact of grazing regimes, land-
scape aspect, and elevation on plant life form types
in Managed Arid Montane Rangelands. Rangeland
Ecology and Management, 83, 10-19. https://doi.
org/10.1016/j.rama.2022.02.013.

39.0ba, G., Vetaas, O.R., Stenseth, N.C. 2001.
Relationships between biomass and plant spe-
cies richness in arid zone grazing lands. Jour-
nal of Applied Ecology, 836-845. https://doi.
org/10.1046/1.1365-2664.2001.00638 x.

40.Pent, G.J., Fike, J.H. 2021. Enhanced ecosystem
services provided by silvopastures. Agroforestry
and Ecosystem Services, 141-171. https://doi.
org/10.1007/978-3-030-80060-4 7.

41. Sacha, V. 2020. Move the fences. Science, 368, 962—
963. https://doi.org/10.1126/science.368.6494.962-f.

42.Sandor, R., Ehrhardt, F., Brilli, L., Carozzi, M., Re-
cous, S., Smith, P., Snow, V., Soussana, J.F., Dorich,
C.D., Fuchs, K., Fitton, N., 2018. The use of bio-
geochemical models to evaluate mitigation of green-
house gas emissions from managed grasslands. Sci-
ence of the Total Environment, 642, pp.292-306.
https://doi.org/10.1016/j.scitotenv.2018.06.020.

43.SAS, 2013. SAS Version 9.4. SAS Institute, Inc,
Cary, NC, USA.

44. Sawalhah, M.N., Al-Kofahi, S.D., Othman, Y.A.,
Cibils, A.F. 2018. Assessing rangeland cover con-
version in Jordan after the Arab spring using a
remote sensing approach. Journal of Arid Envi-
ronments, 157, 97-102. https://doi.org/10.1016/j.
jaridenv.2018.07.003

45. Smith, A.P., Moore, A.D., Boschma, S.P., Hayes,
R.C., Nie, Z., Pembleton, K.G., 2017. Modelling of
lucerne (Medicago Sativa L.) for livestock produc-
tion in diverse environments. Crop Pasture Science.,
68, 74-91. https://doi.org/10.1071/CP16176.

46. Society for Range Management. 1989. Glossary of
terms used in range management, 3rd Ed. Denver,
CO, USA.

47.Sollenberger, L.E., Aiken, G.E., Wallau, M.O.
2020. Managing grazing in forage—livestock sys-
tems. In: Management Strategies for Sustainable
Cattle Production in Southern Pastures, Academic
Press, Cambridge, 77-100. https://doi.org/10.1016/
B978-0-12-814474-9.00005-0.

48. Strohmeier, S., Haddad, M., De Vries, J., Nou-
wakpo, S., Al-Hamdan, O., Weltz, M., 2017. Re-
storing degraded rangelands in Jordan: optimizing
mechanized micro water harvesting using rangeland
hydrology and erosion model (RHEM). Simo and
Poch (Eds). Book of Abstracts of the 1st World

41



Journal of Ecological Engineering 2024, 25(5), 29-42

Conference on Soil and Water Conservation under
Global Change-CONSOWA Lleida. June 12-16,
2017. Departament de Medi Ambient iCiencies del
Sol (Udl), Lleida, Spain.

49. Taifour, H. 2017. Jordan Plant Red List. Royal Bo-
tanic Garden, Jordan.

50. Taifour, H., EI-Oqlah, A. 2015. Jordan Plant Red
List. Royal Botanic Garden, Jordan.

51. Taifour, H., EI-Oqlah, A. 2017. Plants of Jordan — An
annotated checklist. KEW Royal Botanic Gardens, UK.

52.Tang, J., Davy, A.J., Jiang, D., Musa, A., Wu, D.,
Wang, Y., Miao, C. 2016. Effects of excluding
grazing on the vegetation and soils of degraded
sparse-elm grassland in the Horqin Sandy Land,
China. Agriculture, Ecosystems and Environ-
ment, 235, 340-348. https://doi.org/10.1016/].
agee.2016.11.005.

53. United Nations. 201. Transforming our world: The
2030 agenda for sustainable development. United
Nations Sustainable Development Goals Knowl-
edge Platform. Retrieved from https://sustain-
abledevelopment.un.org/post20.

54. Van Der Wal, R., Bardgett, R.D., Harrison, K.A.,
Stien, A. 2004. Vertebrate herbivores and ecosys-
tem control: cascading effects of faeces on tundra
ecosystems. Ecography, 27(2), 242-252. https://doi.
org/10.1111/§.0906-7590.2004.03688.x.

55. Wang, B., Yan, H., Wen, X., Niu, Z. 2022. Satellite-
Based Monitoring on Green-Up Date for Optimiz-
ing the Rest-Grazing Period in Xilin Gol Grass-
land. Remote Sensing, 14(14), 3443. https://doi.

42

org/10.3390/rs14143443.

56. Wang, J., Rich, PM., Price, K.P. 2003. Temporal re-
sponses of ND VI to precipitation and temperature in
the central Great Plains, USA. International Journal
of Remote Sensing, 24(11), 2345-2364. https://doi.
org/10.1080/01431160210154812.

57.Wu, G.L., Du, G.Z., Liu, Z.H., Thirgood, S. 20009.
Effect of fencing and grazing on a Kobresia-domi-
nated meadow in the Qinghai-Tibetan Plateau. Plant
and Soil, 319, 115-126. https://doi.org/10.1007/
s11104-008-9854-3.

58.Yan, L., Zhou, G., Zhang, F. 2013. Effects of dif-
ferent grazing intensities on grassland production in
China: a meta-analysis. PloS One, 8(12), e81466.
https://doi.org/10.1371/journal.pone.0081466.

59.Zhang, Y., Zhao, J., Xin, X., Wang, M., Pan, F.,
Yan, R., Li, L. 2022. Effects of stocking rate on
the interannual patterns of ecosystem biomass and
soil nitrogen mineralization in a meadow steppe of
northeast China. Plant and Soil, 1-23.

60. Zhao, W., Luo, T., Wei, H., Zhang, L. 2022. Rela-
tive impact of climate change and grazing on NDVI
changes in grassland in the Mt. Qomolangma na-
ture reserve and adjacent regions during 2000-2018.
Diversity, 14(3), 171. https://doi.org/10.1007/
$11104-021-04901-4.

61. Zilverberg, C.J., Angerer, J., Williams, J., Metz, L.
J., Harmoney, K. 2018. Sensitivity of diet choices
and environmental outcomes to a selective graz-
ing algorithm. Ecological Modelling, 390,10-22.
https://doi.org/10.1016/j.ecolmodel.2018.10.007.



