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and Soil Properties in the Mahabad Sabzepoush 
Rangelands, Iran

[1] Potential ... [2] Effects ... [3] Differentiating ... [4] Dynamics ... [5] Grazing ... [6] Grazing-induced ... [7] 
Grazing ... [8] Elevated ... [9] Insights ... [10] Soil bacterial ... [11] Effect  ... [12] Carbon ... [13] One-year ... 
[14] Effectiveness ... [15] Effects ... [16] Effects ... [17] Effects ... [18] Changes ... [19] Grazing ... [20] 
Grazing ... [21] Vegetation ... [22] Grazing  ... [23] Long-term ... [24] Long-term ... [25] Suitable ... [26] 
Adaptive ... [27] Cumulative ... [28] Effect ... [29] Effect ... [30] Grazing ... [31] Effects ... [32] Determining 
... [33] Study ... [34] Plant ... [35] Soil ... [36] Comparison ... [37] Drift ... [38] Vegetation ... [39] Rangeland 
... [40] Flora ... [41] Flora ... [42] Flora ... [43] Flora ... [44] The life ... [45] Phenological ... [46] Studio ... [47] 
Introduction ... [48] Investigating ... [49] A mathematical ... [50] A comparison ... [51] How relevant ... [52] 
The impact ... [53] Soil analysis ... [54] Flora ... [55] Introduction ... [56] Comparison ... [57] Vegetation ... 
[58] Investigate ... [59] Comparison ... [60] Spatial ... [61] Assessment ... [62] The effects ... [63] The effect 
... [64] Effect ... [65] Livestock ... [66] Effects ... [67] Short-term ... [68] Plant ... [69] Composition ... [70] 
Development ... [71] The role ... [72] Livestock ... [73] Spatial ... [74] Effects ... [75] Rangeland ... [76] 
Suitable ... [77] Effect ... [78] Hemicryptophytes ... [79] A selective ... [80] Spatial ... [81] Relationships ... 
[82] Comparison ... [83] Factors ... [84] Grazing ... [85] The effect ... [86] Critical ...

Aim Most rangelands of Urmia in Iran have been destroyed and need significant restoration to 
achieve favorable conditions. This study aimed to investigate the impacts of a 19-years research 
exclosure on vegetation and soil features in Mahabad Sabzepoush rangelands of Iran.
Materials & Methods To conduct research using the random-systematic method, three 
reference sites inside the exclosure and three reference sites outside the exclosure were 
selected with similar conditions. In each site, three linear transects, and along each transect, 
ten plots of one square meter were established. The percentage of canopy cover and the 
number of plants in each plot were measured using estimation and counting methods. From 
the beginning, middle, and end of each transect, soil samples were collected from a depth of 30 
cm. An independent t-test was used to compare data on quantitative vegetation factors, land 
surface cover, richness characteristics, species diversity, evenness, and soil characteristics both 
inside and outside the enclosure. 
Findings Based on the results, 75 species belonging to 60 genera and 19 families were identified 
in the selected sites. Results showed that vegetation factors such as density and canopy cover 
of forbs and grasses and total canopy cover had a significant difference between the outside 
and inside of exclosure (p<0.05). The total density, density, and canopy cover of shrubs were 
not significantly different between exclosure and control sites (p>0.05). In the grazing area, 
the value of plant density of forbs, grasses, and shrubs was 43.84, 40.62, and 1.10number/
m2, respectively. After 19 years of the exclosure, the forbs’ density (57.45number/m2) and 
shrubs (2.17number/m2) were increased. Besides, forbs canopy cover increased from 18.14 
to 24.88 (percentage) and shrubs canopy cover increased from 0.91 to 0.97% in 19 years 
exclosure. Richness, diversity, and evenness did not differ significantly between the exclosure 
and open grazing sites (p>0.05). The richness and diversity index was increased by 0.03 and 
0.05 in the exclosure sites, but the evenness index increased by 0.01 in the open grazing sites. 
Nitrogen, electrical conductivity (EC), available phosphorus, organic matter, silt, and potassium 
in the exclosure and open grazing areas, had a significant difference (p<0.05). In the grazing 
area, EC and potassium’s value was 1.35ds/m and 464.24ppm, respectively. After 19 years 
of the exclosure, the value of EC (1.10ds/m) and potassium (464.24ppm) were increased. 
Nevertheless, the values of other factors were decreased.
Conclusion Although exclosure has increased the percentage of canopy cover, density, and 
diversity of species, but in some cases, non-observance of exclusion will prevent the achievement 
of the expected goals and desired results. These results indicate that grazing exclosure plays a 
crucial role in vegetation recovery and soil protection of destroyed rangelands. 
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Introduction 
The arid and semiarid regions cover about 30% 
of the Earth's land, about 4 billion hectares [1, 2]. 
These lands have been endangered due to 
various interventions such as climate change 
and human disturbances (overgrazing for a long 
time, over-cultivation, and the use of plants as 
firewood) [3, 4], which may lead to a range of 
severe environmental problems, including soil 
erosion, biodiversity loss and waste of global 
carbon soil and nutrient cycles [1, 2].  
Livestock grazing is a culturally and 
economically important activity everywhere [5, 

6]. In arid land ecosystems, especially in dry 
conditions, the effect of livestock on plants and 
soil is intensified and leading to heightened 
water and wind erosion [7, 8]. Livestock grazing 
impacts change plants' cover and quality and 
change the soil's physical condition by trampling 
[9]. 
Exclosure is an efficient management method to 
increase rangeland carbon sequestration and 
reclamation of degraded ecosystems [10]. In 
recent years, several studies have been 
conducted to evaluate the rehabilitation of 
degraded rangelands using grazing exclosure 
(GE) [11, 12, 13]. However, there is disagreement 
about the result of fencing on rangeland 
rehabilitation. Gao et al. [14] and Yuan et al. [15] 
stated that grazing exclosure (GE) improved the 
soil water holding capacity. Other studies have 
shown that exclosure, plant evapotranspiration 
increases and absorb by shallow roots, thus 
reducing the soil water content [16, 17]. Therefore, 
by increasing in organic matter input, GE can 
significantly increase soil carbon's nitrogen and 
concentration [18]. However, depending on the 
soil, local climate, or type of vegetation, grazing 
intensity has an unknown or even negative 
impact on soil nitrogen, soil carbon, and the 
other soil nutrients [19, 20]. Concerning the effect 
of GE on plants, studies have shown that 
exclosure has positive effects on plant biomass, 
as it improves the availability of water and soil 
nutrients and prevents its use by grazers [21]; 
while due to the short duration of the exclosure, 
the belowground biomass has not changed [22]. 
Moreover, GE may have a negative effect on 
species diversity [23], or have little effect on 
species diversity [24], or even increase species 
diversity [16]. Contradiction in the effects of 
exclosure on different rangelands depends on 
various factors, for example, rangeland type [25], 
the degree of degradation before exclosure [26], 

duration of exclosure [27], and local climatic 
conditions [28]. Thus, finding an equilibrium 
between the beneficial and negative impacts of 
exclosure on community structure and species 
diversity of rangeland ecosystems has become 
the focus of discussion. Scientifically, finding this 
equilibrium is of great importance for the 
sustainable use of rangelands [29]. 
About 45% of 165 million hectares area in Iran 
is covered by rangelands, which is mainly 
distributed in arid ecosystems (up to 85% of 
rangeland ecosystems), and they serve as main 
natural resources by valuable economic, social 
and ecological importance to supporting more 
than 65 million people, and also their crucial role 
in sustaining rural and nomadic livelihood [30, 31]. 
Rangelands provide many services such as 
forage for livestock, soil conservation, offer 
recreational activities, and have great ecological 
contributions in biodiversity conservation [31]. 
Besides, in Iran, improper rangeland 
management is one of the most important 
problems that lead to unprincipled exploitation, 
disregarding the timing of entry and exit of 
livestock and overgrazing of its capacity [32]. For 
this reason, some rangelands have been 
destroyed and are classified into poor and very 
poor classes in terms of rangeland conditions. In 
Iran, the grazing exclosure method follows two 
purposes. The first grazing exclosure for 
research purposes sheds light on the 
effectiveness of this method for rangeland 
reclamation. Second, once the first step is 
approved for habitat, it is applied to reclaim 
rangelands to increase soil fertility and canopy 
cover, and plant diversity, which have been 
highlighted as appropriate approaches for 
protection purposes [30, 33]. Moreover, they found 
that grazing exclosure is a promising 
management action in rangelands. 
 

In many regions, such as Mahabad Sabzepoush 
rangelands in West Azerbaijan province, Iran, 
palatable, even unpalatable, and toxic plants 
have experienced extinction, and the soil is 
exposed to water and wind erosion [34]. There is 
also some evidence that overgrazing strongly 
affects soil's chemical, physical and biological 
features, which causes significant changes in 
plants and nutrient cycle, and declining 
permanently land efficiency and lead to 
ecosystem destruction [35]. Mostly rangelands in 
Urmia-Iran have been destroyed and need 
significant restoration to gain a favorable 
condition. In Iran's four climatic zones, the study 
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area of this research is located in semiarid areas. 
This region has cold winters and relatively mild 
summers [36]. So far, vegetation and soil 
characteristics' reaction to grazing exclosure is 
not fully understood in this area. To fill this 
research gap, this research aims to compare and 
evaluate vegetation changes and 
physicochemical soil features in the exclosure 
area with open grazing areas with similar 
climatic and physiographic conditions in 
Mahabad Sabzepoush rangelands. These results 
can supply technical support for the restoration 
and scientific management of semiarid 
rangelands. The main research question is 
whether there is a significant difference 
between species' composition and diversity 
inside and outside the exclosure in the Mahabad 
Sabzepoush rangelands. Moreover, one of the 
hypotheses of this research is that exclosure has 
an effective role in vegetation and soil 
restoration.  
 
Materials and Methods  
Study area 
The study was conducted in Mahabad 
Sabzepoush rangelands, coordinated over 36° 
54′ 58′′ north latitude and 45° 49′ 14′′ east 
longitude in West Azerbaijan province of Iran, 
16km from Mahabad city, central part, Makrian 

Gharbi village and allotments of Haji Khosh 
village (Figure 1). The total area of allotments is 
1260 hectares, of which 747.4 hectares are 
rangeland and livestock grazing, and the 
remainder are exceptions [36]. The average 
annual temperature is -20 to +40 Cº, and 
precipitation is 200 to 350 mm [36]. The 
minimum and maximum elevation above sea 
level are 1358 and 1580 m, respectively. There 
is numerous stratigraphic unit in the province of 
West Azerbaijan from the Precambrian to 
Quaternary periods, which Mahabad region 
includes 6.01% of the intrusive rock, 15.50% of 
metamorphic rock and 4.50% of sedimentary 
rock [37]. Based on the province's geographical 
location, various plant compositions have been 
created in different topography levels [36] (Table 
1). Also, dominant species include Crepis 
alpestris, Lolium rigidum, and Bromus tectorum. 
In the Mahabad region, there are more than 
197000 hectares of rangelands, of which 50000 
hectares have suitable coverage, 70000 hectares 
have moderate coverage, and the rest of the 
rangelands have poor coverage. In this region, 
170000 head of livestock is allowed to use 
rangelands, while now there are three times this 
amount of livestock in these rangelands. 
Rangeland management projects have covered 
more than 21000 hectares of rangelands in the 
region in recent years. 

 

 
Figure 1) Location of the study area in Iran and West Azerbaijan province and sampling sites 
 



Effect of Grazing Exclosure on Vegetation Characteristics and Soil …                                                                                                                    142 

ECOPERSIA                                                                                                                                                                                  Spring 2021, Volume 9, Issue 2 

Table 1) Plant species recorded at inside and outside of grazing exclosure 
Presence/Absence Palatability 

class 
Life 

cycle 
Vegetation 

form 
Life 
form Chorotypes Family and species Outside of 

exclosure 
Inside of 

exclosure 
Apiaceae 

  II A F Th IT Bupleurum gerardi Pollini * 
  III P F He IT, ES, M Eryngium campestre L. * 
  II A F Th IT Scandix aucheri Boiss. 
  III P F He IT, ES Torilis stocksiana (Boiss.) Drude * 

Asteraceae 

  III P F He IT, ES Achillea santolinoides subsp. 
wilhelmsii (K.Koch) Greuter * 

-  III P F He IT, ES, M Carduus pycnocephalus L. * 
  III P F He IT Carthamus oxyacantha M.Bieb. * 
  III A F Th IT Chardinia orientalis (L.) Kuntze * 

  III P F He IT Cousinia eriocephala Boiss. & 
Hausskn ex Boiss. 

  III A F Th Cosm Crepis alpestris (Jacq.) Tausch 
  III A F Th IT, ES, M Crepis alpina L. 
-  III A F Th IT Crepis kotschyana (Boiss.) Boiss. 
 - III A F Th IT, M Crepis sancta (L) Babc. 
  III A F Th IT, M Crupina crupinastrum (Moris) Vis. 
  III P F He IT, ES Echinops ritrodes Bunge * 

  III A F Th IT, M Garhadiolus hedypnois (Fisch. & 
Mey.) Jaub. & Spach 

  III P F He IT Lactuca orientalis (Boiss.) Boiss. 
  III A F Th IT, M Picnomon acarna (L.) Cass. 
-  I P F He IT Tragopogon carcifolius Boiss. * 

Boraginaceae 
  II A F Th IT, ES Nonea caspica (willd.) G. Don * 
  III A F Th IT Rochelia disperma (L. f.) K. Koch 

Brassicaceae 
  III A F Th IT, ES Alyssum desertorum Stapf * 
 - III A F Th IT, ES, M Erysimum repandum L. * 
-  III P F He IT Isatis tinctoria L. * 

Caryophyllaceae 
 - I P G He IT Arenaria gypsophiloides L. 
  III A F Th IT Minuartia meyeri (Boiss.) Bornm. 

-  III A F Th IT Petrorhagia cretica (L.) P.W.Ball & 
Heywood 
Cistaceae 

  III A F Th IT, ES, M Helianthemum salicifolium (L.) 
Mill. 
Dipsacaceae 

  III P F He IT Pterocephalus canus Coult. ex DC. 

  II A F Th IT Scabiosa macrochaete Boiss.& 
Hausskn. 

  III A F Th IT, ES Valerianella coronata (L.) DC 

-  III A F Th IT Valerianella oxyrhyncha Fisch & 
C.A. Mey 

  III A F Th IT, ES Valerianella vesicaria Moench 
Ephedraceae 

  II P Sh Ch IT Ephedra procera Fisch. Et Mey. * 
Fabaceae 

  I P F He IT Astragalus effusus Bunge * 

  I A F Th IT Astragalus campylorrhynchus 
Fisch. & C. A. Mey 

-  I A F Th IT Astragalus guttatus Banks & Sol. 
  I P F He IT Astragalus kirrindicus Boiss. 
-  I P F He IT, ES, M lathyrus pratensis L. 
  I A F Th IT Lens culinaris Medik. * 
  I A F Th IT Medicago radiata L. * 
-  I A F Th IT, ES Medicago rigidula (L.) All. 

  I A F Th Cosm Trigonella calliceras Fisch. ex 
M.Bieb. 

  I A F Th IT Trigonella grandiflora Bunge * 
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Continue of Table 1) Plant species recorded at inside and outside of grazing exclosure 

Presence/Absence Palatability 
class 

Life 
cycle 

Vegetation 
form 

Life 
form Chorotypes Family and species 

Geraniaceae 
  III A F Th IT,ES,M Erodium cicutarium (L.) L'Her. * 

Lamiaceae 
  III P F He IT Salvia multicaulis Vahl * 
 - II P F He IT Scutellaria pinnatifida A. Hamilt * 
  III P F He IT, ES, M Sideritis montana L. * 
  III P F He IT, M Stachys inflata Benth. * 
  III P Sh Ch IT Teucrium polium L. * 

  II P Sh Ch IT Thymus kotschyanus Boiss. & 
Hohen. * 

  III A F Th IT Ziziphora capitata L. * 
Papaveraceae 

  III A F Th IT, ES, M Fumaria officinalis L. * 
  III A F Th IT Papaver dubium L. 
-  III A F Th IT Papaver laevigatum M.Bieb. 

Poaceae 
-  II A G Th Cosm Aegilops crassa Boiss. 
 - III A G Th Cosm Aegilops geniculata Roth 
  II A G Th IT, ES Avena eriantha Durieu 

  II A G Th IT Boissiera squarrosa (Banks & Sol.) 
Nevski 

  III A G Th IT Bromus danthoniae Trin. 
  III A G Th Cosm Bromus tectorum L. 

 - III A G Th Cosm Eremopyrum triticeum (Gaertn.) 
Nevski 

  I A G Th IT, M Lolium rigidum Gaudin 
  II P G Ge IT, M Poa bulbosa L. 
  III A G Th IT, ES, M Rostraria cristata (L.) Tzvelev 

  III A G Th IT, ES, M Taeniatherum caput-medusae (L.) 
Nevski 
Primulaceae 

  II A F Th IT, ES Androsace maxima L. 
 Ranunculaceae 

  III A F Th IT Nigella arvensis L. * 
Rosaceae 

  I P F He IT, ES, M Sanguisorba minor Scop. * 
Rubiaceae 

-  II P Sh Ch IT Asperula glomerata (M.Bieb.) 
Griseb * 

  III A F Th IT Callipeltis cucullaris (L.) Steven 
  III A F Th IT, M Galium setaceum Lam. 
-  I A F Th IT, ES Galium spurium L. 

Scrophulariaceae 
  I A F Th IT, ES Verbascum orientale (L.) All. * 

Violaceae 
  II A F Th IT, M Viola occulta Lehm. 

Note: * Medicinal plants; Cosm: Cosmopolite, ES: European-Siberian, IT: Irano-Turonian, M: Mediterranean, Th: Therophytes, He: 
Hemicryptophytes, Ge: Geophytes, Ch: Chamaephytes; F: Forbs, G: Grasses, Sh: Shrubs, A: Annual, P: Perennial; Class I: Highly palatable 
species; Class II: Moderately palatable species; Class III: Lowly palatable species; × presence of species, - Absence of species 
 
Sampling 
To evaluate the effects of grazing exclosure on 
soil and vegetation characteristics, grazed and 
non-grazed (19-year) sites were selected. The 
control and exclosure sites were near each 
other, and they were almost similar in terms of 
geology, geography, distribution of traits, and 
relationship across the area or event. A multi-
site review during the growing season of 
dominant plants from April to June 2018-2019 
was conducted to select study sites. A grazed 

rangeland was considered as a control. Such 
enclosures are managed publicly in a 
conventional manner. 
Therefore, using a random systematic method 
was selected three grazing exclosure sites and 
three control sites as sampling sites. Three 
100m long transects were established in grazing 
and exclosure sites (in total 18 transects) and 
ten 1m2 plots were established spaced equally 
(10m) along each transect. A flexible systematic 
model and minimal area method were 
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considered to determine the size and number of 
plots [38]. In each plot, we measured species' 
presence, plant densities, canopy cover, and 
percentage of stone, gravel, and bare soil. 
Density and canopy cover percentage (forbs, 
shrubs, and grasses) were estimated singly in 
each plot. Plant species' density was calculated 
by counting the number of species per plot [39]. 
Also, the surface or plot method was used to 
measure the percentage of canopy cover. In this 
way, the plot's total area was considered 100%, 
and the area of the plot occupied by the canopy 
of the species was determined as the percentage 
of canopy cover [39]. 
Vegetation surveys 
Species identification was performed in the 
herbarium of the University of Mohaghegh 
Ardabili. The naming and identification 
corresponded to the Flora of Tukey [40], Flora 
Iranica [41], and Flora of Iran [42]. Chorotypes of 
the plant species were determined according to 
Zohary [43]. The life form of plant species 
according to Raunkierʼs method [44] was 
identified, and it was classified into seven 
specific biological types (phanerophytes, 
chamaephytes, hemicryptophytes, cryptophyte, 
therophytes, aerophytes, and epiphytes). The 
vegetation form (forbs, grasses, and shrubs) and 
life cycle (annual, perennial) and plants' 
palatability degree were also determined. For 
this purpose, plants were divided into classes I 
(high palatability), II (medium palatability), and 
III (low palatability) according to their 
palatability. Class I plants form the main part of 
the plant community in the climax stage and are 
rapidly reduced in heavy grazing conditions. 
Class II plants first increase their biomass under 
heavy grazing conditions and later decreases 
due to higher grazing intensity. Class III or 
invasive plants rapidly increase their biomass 
under heavy grazing conditions. These plants 
limit soil protection and have a negative effect 
on the yield of neighboring plants and soil 
erosion [45]. Moreover, to identify medicinal 
plants, the resources of medicinal plants and 
local knowledge were used [46, 47]. Finally, the 
species composition (floristic, chorotypes, life 
form, vegetative form, life cycle, and palatability 
class) were compared in two regions of grazing 
exclosure and control sites [48].  
To examine plant diversity, Shannon's diversity 
index was calculated using equation 1, where pi 
is the proportion of points in the transect, where 
plant species i was observed [49]. Menhinick 

richness index was measured using equation 2, 
where S is the number of species, and n is the 
number of persons [50]. The evenness index was 
calculated by Pielou's J index using equation 3, 
where H′ is Shannon's diversity index, and S is 
the number of species sampled per quadrat [51]. 
H′=Σpi*Ln (pi)    (Equation 1) 
S/√n     (Equation 2) 
(H′/lnS)     (Equation 2) 
Soil sampling 
In grazing exclosure and control sites, soil 
samples were taken from the center of plots at 
the beginning, middle, and end of each transects 
at depths of 0-30 cm (depth of roots activity) [52]. 
A mixed sample was prepared for each transect, 
giving a total of 18 samples. Then soil samples 
transferred to the Faculty of Agriculture and 
Natural Resources' soil laboratory, University of 
Mohaghegh Ardabili. Soil samples were dried to 
analyze soil features. Samples were passed 
through a two-millimeter sieve. Then the 
organic matter (by calculating organic carbon 
using the modified Walkley–Black wet oxidation 
procedure), total nitrogen content (using 
Kjeldahl), the amount of available phosphorus 
(using Olsen method with a 
spectrophotometer), potassium content (using 
flame photometer), electrical conductivity 
(using EC meter in saturated extracts), pH (using 
pH meter in saturated extracts) and soil texture 
(using two hydrometer readings method) were 
measured [53]. 
Data Analysis 
Data were tested for normality using the 
Kolmogorov– Smirnov test before statistical 
analysis, and Levene's test was used to examine 
the homogeneity of variances. Differences 
between ground cover, vegetation 
characteristics, species diversity index, and soil 
features of the control plots and grazing 
exclosure were analyzed using the Independent-
Samples T-Test in the form of a completely 
random design using SPSS 26 software. 
Significance was determined at the 5% 
probability level unless otherwise stated. The 
species diversity index using PAST3.04 software 
was performed.  
 
Findings  
Grazing exclosure effect on floristic 
composition 
In general, 75 species from 19 families and 65 
genera were observed in the study area (Table 
1). The numbers of species and genera in the 
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grazing exclosure sites were increased. The 
maximum number of species were observed in 
the long-term exclosure, while the minimum 
number of species and genera was recorded in 
the grazing rangeland (Table 2). The region was 
dominated by plant families of the Asteraceae 
(18.75%), Poaceae (13.75%), Fabaceae 
(12.50%), and Lamiaceae (8.75%), respectively 
(Table 1). The results of the chorotypes showed 
that the highest percentage of the flora belongs 
to the Irano-Turonian elements (48%), followed 
by Irano–Turonian, and European-Siberian 
(16%), Irano-Turonian and European-Siberian 
and Mediterranean (16%) elements (Table 1). 
The results of plant classification of life form 
showed that therophytes with 66.66% and 
hemicryptophytes with 26.66% were the most 
abundant life forms in the area and 
chamaephytes with 5.33% and geophytes with 
1.33% were next in terms of importance and 
number of species (Table 1). The results of plant 
classification in terms of vegetative form in the 
area showed that forbs with 78.66% and grasses 
with 16% were the most abundant vegetative 
forms and shrubs with 5.33 percent were next in 
terms of the number of species (Table 1). The 
results of plant classification in terms of life 
cycle showed that annual plants with 66.66% 
and perennial plants with 33.33%, formed the 
plant species in the area (Table 1). The 
palatability class results showed that 60% of the 
species included class III, 21.33% of species 
included class I, and 18.66% of species included 
class II (Table 1). 
Grazing exclosure effect on plant cover and 
species diversity 
The grazing exclosure significantly impacted 
plant species characteristics (Table 2). The 
independent t-test analysis results showed that 
vegetation factors such as density and canopy 
cover of forbs and grasses and total canopy 
cover had significantly different between the 
grazing exclosure and control sites (p<0.05). 
The total density, density, and canopy cover of 
shrubs were not significantly different between 
exclosure and control sites (p>0.05). In the 
grazing area, the value of plant density of forbs, 
grasses, and shrubs was 43.84, 40.62, and 1.10 
(number/m2), respectively. After 19 years of the 
exclosure, the density of forbs 
(57.45number/m2) and shrubs 
(2.17number/m2) were increased (Table 2). 
Besides, forbs canopy cover increased from 
18.14 to 24.88%, and shrubs canopy cover 

increased from 0.91 to 0.97% in 19 years 
exclosure (Table 2). 
Mean comparison of the land surface factors 
showed a significant difference between 
exclosure and control sites in terms of 
percentage of bare soil (p<0.05), but there was 
no significant difference in terms of percentage 
of stone and gravels. After 19 years of the 
exclosure, the percentage of bare soil was 
decreased (Table 2). The grazing exclosure had 
no significant effect on indicators of diversity, 
richness, and evenness (p>0.05). The values of 
richness, diversity, and evenness indices were 
2.05, 1.96, and 0.77 in the exclosure area, 
respectively. Furthermore, these indices' values 
were 2.02, 1.91, and 0.78 in the open grazing 
area, respectively. Thus, the richness and 
diversity index (H′) was increased during the 19 
years exclosure, and the evenness index was 
decreased during the exclosure (Table 2). 
Grazing exclosure effect on the highly 
palatable species (class I) 
The results showed in Table 3 that grazing 
exclosure effects on characteristics of plant 
communities. Table 3 presents the results of 
density and canopy cover analysis of class I 
species in grazing and exclosure rangelands. 
Density and canopy cover of Lens culinaris, L. 
rigidum, Medicago radiata, Trigonella 
grandiflora, Verbascum orientale species had 
significant differences between two areas 
(p<0.05), but Astragalus campylorrhynchus, 
Astragalus effusus, Astragalus kirrindicus, 
Sanguisorba minor, Trigonella calliceras species 
had no significant differences between two 
areas (p>0.05; Table 3). The plant species of A. 
campylorrhynchus, A. effusus, S. kirrindicus, L. 
culinaris, M. radiata, S. minor, T. calliceras, T. 
grandiflora, V. orientale had more density and 
canopy cover in the exclosure than in the grazing 
area (Table 3). The Aegilops geniculata, Arenaria 
gypsophiloides, Crepis sancta, Eremopyrum 

triticeum, Erysimum repandum, and Scutellaria 

pinnatifida were not detected in the 19-year 

rangeland exclosure. However, these plants were 

recorded in the grazing rangeland (Table 3). 
Grazing exclosure effect on plant density and 
canopy cover of life cycles and life forms 
The density of perennial species was 
significantly affected by exclosure (p<0.05; 
Table 4). The 19-year exclosure showed the 
largest numbers of plant species, of which 9.21% 
were perennials. So that the density and canopy 
cover of annual plants in the grazing rangeland 
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was more than the exclosure area, and the 
density and canopy cover of the perennial 
species in the exclosure area was higher than the 
grazing area (Table 4). The grazing exclosure 
had significant effects on the density and canopy 
cover of geophytes (Table 4). So that, the density 
and canopy of geophytes inside the exclosure 
were 2.43 and 0.05 and outside the exclosure 
were 0.98 and 0.03, respectively. Also, density 
and canopy cover of hemicryptophytes and 
chamaephytes in exclosure were more than 
grazing rangelands, while the density of 
therophytes decreased after 19-year exclosure 
(Table 4). 
Grazing exclosure effect on soil physical and 
chemical properties 
Table 5 presents the values of measured soil 
properties. The soil pH showed a lower value 

(7.71) in the 19-years exclosure soils in 
comparison to grazing area soils (7.75), and no 
significant difference between the sampled soils 
(p>0.05; Table 5). The electrical conductivity 
(EC) values had a significant difference between 
the grazing (1.10ds/m) and exclosure (1.35 
ds/m) sites (Table 5). As the results showed, 
there was a significant (p<0.05) enrichment of 
available phosphorus and potassium reserves in 
the exclosure (Table 5). Potassium and available 
do not follow each other's patterns. The organic 
matter content and nitrogen were significantly 
in the grazing rangeland compared to the 
exclosure (Table 5). The amount of clay 
(14.73%) was greater in the soils of 19-years 
exclosure than the soils of grazing rangeland, 
whereas the amount of sand and silt was low at 
these sites (Table 5).  

 

Table 2) Comparison of plant cover, richness, diversity, and evenness at inside and outside of grazing exclosure 
Sites 19-years exclosure Grazing rangelands t 

Number of species 69 62 - 
Number of genera 57 55 - 
Number of families 19 19 - 
Density of total species (number/m2) 83.92±51.11 85.56 ±47.46 -0.22ns 
Density of forbs (number/m2) 57.45±38.22 43.84±24.73 2.83** 
Density of grasses (number/m2) 24.28±24.86 40.62±38.32 -3.39** 
Density of shrubs (number/m2) 2.17±4.62 1.10±3.65 1.73ns 
Canopy cover of total species (%) 32.62±12.47 28.06±12.31 2.30** 
Canopy cover of forbs (%) 24.88±12.03 18.14±9.14 4.23** 
Canopy cover of grasses (%) 6.77±4.82 9.01±6.56 -2.60** 
Canopy cover of shrubs (%) 0.97±2.79 0.91±1.74 -0.19ns 
Stone and gravels (%) 44.94±17.70 40.58±19.11 1.58ns 
Bare soil (%) 22.47±15.31 31.27±16.47 -3.71** 
Richness 2.05±0.97 2.02±1.01 0.08ns 
Diversity 1.96±1.21 1.91±1.26 0.23ns 
Evenness 0.77±0.31 0.78±0.32 -0.21 ns 

** p<0.05, ns represents nonsignificance (means±SD) 
 

Table 3) Comparison of density and canopy cover of Class I species at inside and outside of grazing exclosure 
Canopy cover (%) Density (number/m2) 

Species t grazing 
rangelands 

19-years 
exclosure t grazing 

rangelands 
19-years 
exclosure 

1.66ns 0.01 0.05 1.14ns 0.01 0.04 Astragalus 
campylorrhynchus 

0.25ns 0.12 0.14 -0.26ns 0.11 0.13 Astragalus effusus 
-0.11ns 0.82 0.88 -0.52ns 0.07 0.10 Astragalus kirrindicus 
6.88** 0.04 1.05 6.90** 0.04 2.03 Lens culinaris 
-3.25** 3.10 1.12 -2/76** 18.27 6.54 Lolium rigidum 
3.70** 0.05 0.34 2.68** 0.06 0.81 Medicago radiata 
0.59ns 0.07 0.13 0.36ns 0.07 0.11 Sanguisorba minor 
1.32ns 0.55 0.96 1.15ns 0.96 1.53 Trigonella calliceras 
2.11** 0.23 0.55 1.85** 0.32 0.68 Trigonella grandiflora 
2.14** 0.17 0.43 2.47** 0.27 1.00 Verbascum orientale 

 Limited species in 19-years exclosure 
Eremopyrum triticeum Crepis sancta Arenaria gypsophiloides Aegilops geniculata 

 Scutellaria pinnatifida Erysimum repandum 
Limited species in grazing rangelands 

Carduus pycnocephalus Astragalus guttatus Asperula glomerata Aegilops crassa 
lathyrus pratensis Isatis tinctoria Galium spurium Crepis kotschyana 

Tragopogon carcifolius Petrorhagia cretica Papaver laevigatum Medicago rigidula 
 Valerianella oxyrhyncha 

** p<0.05, ns represents nonsignificance (Means) 
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Table 4) Comparison of density and canopy cover of the life cycle and life forms properties at inside and outside of grazing 
exclosure 

 Annual Perennial Hemicryptophytes  Geophytes  Chamaephytes Therophytes 
Density (number/m2)      
19-years exclosure 74.71±49.02 9.21±7.85 4.82±6.77 2.43±5.01 2.17±4.62 74.82±49.05 
grazing rangelands 79.58±47.00 5.97±7.65 4.48±4.26 0.05±0.27 1.10±3.65 79.58±47.00 
t -0.68ns 2.79** -0.39ns 4.49** 1.73ns -0.66ns 
Canopy cover (%)      
19-years exclosure 22.72±9.97 7.16±8.48 5.26±7.68 0.98±2.25 0.97±2.79 22.72±9.97 
grazing rangelands 25.41±12.70 5.41±6.26 4.40±5.75 0.03±0.18 0.91±1.74 25.41±12.70 
t 1.57ns 1.57ns 0.85ns 4.00** -0.19ns 1.57ns 

** p<0.05, ns represents nonsignificance (Means±SD)  
 
Table 5) Comparison of soil features inside and outside of grazing exclosure 

t Grazing rangelands 19-years exclosure Soil properties 
-0.90ns 72.10±4.89 71.39±4.19 Sand (%) 
-3.11** 13.99±0.30 13.87±0.23 Silt (%) 
1.15ns 13.95±4.87 14.73±4.20 Clay (%) 

- Sandy loam Sandy loam Soil texture class 
-1.23ns 7.75±3.66 7.71±0.21 pH 
3.70** 1.10±0.39 1.35±0.78 EC (ds/m) 
-3.79** 0.30±0.07 0.27±0.03 Nitrogen (%) 
-6.97** 12.53±3.56 8.82±3.56 Available Phosphorus (ppm) 
6.25** 464.24±154.80 783.23±458.05 Potassium (ppm) 
-2.75** 3.13±0.65 2.88±0.56 Organic Matter (%) 

** p<0.05, ns is no significant (Means ± SD) 
 
Discussion 
Effect of exclosure on vegetation 
composition 
The introduction of the flora of the Mahabad 
Sabzepoush rangelands of Iran indicates 19 
families and 75 species. The family of 
Asteraceae, Poaceae, Fabaceae, Lamiaceae, 
Dipsacaceae, due to better adaptation to 
semiarid and semi-humid climates, have a larger 
share of vegetation. These families have been 
introduced as the most important plant families 
in the study of Nejadhabibvash et al. [54], Shikh 
Kanlooie Millan et al. [55], Ahmadkhani et al. [48], 
which were conducted in West Azerbaijan. 
When grazing intensity on the dominant species 
in the area increases, the strain and the amount 
of its presence decrease, resulting in spreading 
species with highly competitive and high-
resistance species [56]. Rangeland exclosure 
through the reservoir of soil seed banks creates 
favorable conditions for soil and plant growth 
[57] and changes plant composition. In this 
survey, the first change was observed in species 
composition in the exclosure and grazed 
rangeland. The number of plant species 
increased from 62 species in the free grazing 
area to 69 species in the exclosure area, 
classified into three classes I, II, and III. Amousi 
et al. [58] and Mirzaei Mossivand et al. [59] in their 
studies stated that exclosure had increased the 
number of species, and the results of this study 
are consistent with their results. The results 

showed that the Asteraceae and some other 
families were more in the free grazing area than 
the exclosure area. These species' widespread 
presence in the exclosure region can indicate the 
full vegetative growth of these species due to 
favorable conditions such as the prevention of 
livestock grazing in the exclosure region.  
Effect of exclosure on plant cover and species 
diversity 
 

The exclosure provides the conditions for 
natural regeneration of natural ecosystems by 
creating opportunities to grow seedlings of plant 
species [60]. As can be seen, the exclosure had a 
useful effect on the plant cover of forbs and 
shrubs. Livestock grazing has a significant 
impact on the density and canopy cover of forbs 
and shrubs compared to the enclosed areas, so 
that by reducing the pressure of grazing in the 
exclosure area, the density and canopy cover of 
forbs and shrubs has increased, which indicates 
the desired effect of protection. Therefore, 
sexual and asexual reproduction in forb species 
have increased them in the exclosure region and 
considering that the shrubs have some moderate 
forage value, exclosure has caused this type of 
plant to have enough opportunity to regenerate 
and increase their number. In plants of the 
Poaceae family, the final bud is located on the 
soil surface, the damage caused by grazing is 
much less than other plants [61], which is a reason 
for the higher density of grasses in the free 
grazing area. Firinioğlu et al. [62] studied the 

https://www.merriam-webster.com/dictionary/hemicryptophyte
https://www.thefreedictionary.com/words-that-start-with-cryptophyt
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effects of long-term grazing exposures on 
rangeland plants in the central Anatolian region 
of Turkey concluded that exclosure increases 
the percentage of vegetation cover of forbs, and 
the results of this study are consistent with their 
results. Haydaryan Aghakhani et al. [63] and 
Ghazani [64] also stated that the canopy cover of 
plants inside the exclosure was significantly 
higher than outside the exclosure. The results of 
this study are consistent with their results. 
Mirzaei Mossivand et al. [59] concluded in their 
study that the density and percentage of canopy 
cover of perennial grasses and forbs inside the 
exclosure increased compared to the outside of 
the enclosure. The density and percentage of 
canopy cover of annual grasses decreased, 
following the results of this research, and 
exclosure in Mahabad Sabzepoush rangelands 
has led to an increase in the density and canopy 
cover of the perennial grass species such as Poa 
bulbosa. 
Livestock grazing causes bare soil surfaces. With 
the reduction of the surface layer of the soil and 
the reduction of the organic matter of the soil, 
eventually, an increase in surface runoff occurs 
[65]. In various studies, such as Siahmansour et al. 
[66], it has been stated that the soil conditions 
improved by applying the exclusion. 
Many reports have indicated that the beneficial 
effects of grazing exclosure on arid lands include 
an increase in biodiversity and species richness 
[67]. Ebrahimi et al. [67] stated that the number of 
species in the exclosure area is more than the 
grazing rangelands. In arid lands, increased 
grazing intensity causes species extinction and 
soil degradation and causes irreversible damage 
to biodiversity [68]. As results showed, grazing 
exclosure affects the characteristics of 
vegetation diversity. Plant diversity reflects 
differences between grazing and exclosure areas 
at the family, genus, and species levels. Grazing 
exclosure had effective results on the total 
number of species and species richness. The 
diversity and richness of species in grazing 
rangeland had decreased. This means that the 
plant species Class I, such as Astragalus guttatus, 
Galium spurium, lathyrus pratensis, Medicago 
rigidula, and Tragopogon carcifolius, are 
sensitive and intolerant to grazing; 
consequently, they are present in protected 
condition. The high level of richness and 
diversity species in the exclosure area indicates 
the non-use of the local ranchers within 19 years 
after exclosure and the lack of livestock and 

humans. Heavy grazing reduces litter, plant 
biomass, soil cover and degrading soil 
compaction and structure due to trampling [69]. 
Effect of exclosure on the highly palatable 
species (class I) 
In some studies, it has been stated that heavy 
grazing reduces the palatable species density by 
preventing the seeding of this species, and as a 
result, the number of non- palatable species 
increases [70]. In this study, the number of classes 
I and II species is high in the exclosure area. The 
number of class III was decreased with exclusion 
exclosure, which implies the positive impacts of 
rangeland exclosure. Because the residents are 
mostly ranchmen and are highly dependent on 
the region's rangelands, less palatable species in 
the heavy grazing area reduce soil bank seeds 
[71]. Derner & Hart [72] showed that grazing 
livestock affects plant community composition 
and increases annual and invaders such as B. 
tectorum that one of the important reasons for 
this problem is attributed to the degradation of 
soil and moisture in habitat. There is a high 
frequency of some species in our study, such as 
B. tectorum, Bromus danthoniae, Callipeltis 
cucullaris, Rochelia disperma, and Torilis 
stocksiana in the grazing area, but their 
frequency was lower in the exclosure area. 
These plants are not preferred by livestock. Also, 
an increase of palatable-perennial species such 
as A. effusus and A. kirrindicus and palatable-
annual species such as L. culinaris, L. rigidum, M. 
radiata, T. grandiflora, and V. orientale in the 
exclosure area showed that exclosure could 
improve both quantity and quality of vegetation. 
Changes in the plant community through 
succession lead to an increase in trapping seed 
dispersers, ecological niches, and increasing 
plant establishment and colonization of new 
plant species [57, 73]. 
Effect of exclosure on density and canopy 
cover of the life cycle and life forms 
properties 
The exclosure by increasing perennial plants' 
vegetation creates herbaceous and annual 
species under their canopies [74]. Woody plants 
help increase plant cover in arid lands by 
accumulating the seeds of other plants. Seedling 
establishment under the canopy cover of woody 
species would lead to herbaceous plants' 
stability and colonization [75]. Finally, plants' 
development makes fertile soil with high 
permeability and forms a suitable environment 
for seed germination and plant growth in the 
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region with unfavorable conditions [35, 57, 75]. In 
this research, higher the density and canopy 
cover of perennial plants in the exclosure area, 
higher the density and canopy cover of annual 
plants in the grazing rangelands. 
Plant life-form has the same reaction to climatic, 
edaphic, topographic, and management factors 
[69]. As climate and topography in both areas 
(grazing and exclosure) are similar, plant life-
forms in the two areas are due to type 
management. In this study, density and canopy 
cover of therophytes in the grazing area was 
more than exclosure. These species are annual, 
and some research showed that premature 
grazing and grazing increases therophytes [76]. 
The therophytes reflect the severe climatic 
conditions and human activities that have 
weakened other perennial species [77]. Followed 
by therophytes, hemicryptophytes have the 
most frequency in both areas. As a whole, in 
most research about life forms in areas of Iran, 
because of arid and semiarid conditions, 
therophytes and hemicryptophytes have 
dominated. Hemicryptophytes density and 
canopy cover in the exclosure area is more than 
the grazing area. Houessou et al. [78] showed that 
the more grazing intensity, the lower 
hemicryptophytes canopy cover is. 
Chamaephytes and geophytes in the exclosure 
area were more than in the grazing area that 
corresponds with the results of Benaradj et al. 
[77]. Plants whose buds are above the ground, 
such as chamaephytes are damaged from 
grazing more than those whose buds are 
underground [79], thus in the grazing area; their 
number was decreased. 
Effect of exclosure on soil properties 
Comprehensive soil information is essential for 
managing, conserving, monitoring, and 
restoring rangelands, natural ecosystems, and 
specially protected areas [80]. The result of this 
research showed that exclosure is an effect on 
some soil properties. There was a significant 
difference in the value of potassium, electrical 
conductivity, organic matter, available 
phosphorus, nitrogen, and the percentage of silt 
in the two areas of grazing and exclosure. 
The higher soil salinity is related to minerals. 
The minerals conduct the electricity; whatever 
the amount of soil salinity higher, the greater its 
electrical conductivity [81]. Therefore, the 
increase in Ec may be due to the increase in soil 
fertility factors and increased cations exchange 
capacity in the exclosure area [82]. Besides, one of 

the reasons for an increase in K in exclosure is 
related to using K by vegetation, and the 
percentage of vegetation cover in exclosure is 
high; as a result, the absorption of nutrients by 
vegetation from the soil increased, so the value 
of K was increased at the soil surface. Potassium 
is a moving ion in the soil, and as a result, 
significant amounts of this ion can be released 
by leaching [83].  
Grazing led to an increase in organic matter, 
available phosphorus, nitrogen, and silt 
percentage. Organic matter impresses many of 
the chemical, physical, and biological features of 
the soil. The low level of organic matter in the 
exclosure area indicates that exclosure has not 
been well observed in the Mahabad Sabzepoush 
rangelands and may have been grazed by the 
wild animals, which has reduced plant biomass 
and reduced the return of organic matter to the 
soil, resulting in reduced organic matter in the 
region. Haydaryan Aghakhani et al. [63] examined 
the effect of exclosure on soil chemical 
properties in Sisab rangelands of Bojnurd, Iran. 
They stated that the percentage of carbon and 
organic matter in the exclosure region shows a 
significant increase, that the results of this study 
do not match their results. In the area under 
grazing, soil nitrogen's value has increased, and 
these changes have a similar trend to changes in 
soil organic matter. The high level of nitrogen in 
the soil is due to the fact that nitrogen in the soil 
is mostly in the form of organic compounds, so 
the process of nitrogen accumulation in the soil 
is closely related to the accumulation of organic 
matter. 
Vegetation plays an important role in soil 
nitrogen content in terms of type and density of 
cover. Soils covered with abundant roots usually 
contain a lot of nitrogen and organic matter [84]. 
So, in the under grazing area, due to the higher 
density of grasses and the high volume root in 
the soil, nitrogen in the grazing area is more than 
the exclosure area. Phosphorus plays an 
essential role in photosynthesis, protein 
metabolism, breathing, and enzyme synthesis 
[85]. This element is more common in the open 
grazing area than in the exclosure area. Most of 
the soil phosphorus is combined with organic 
matter, and therefore soils rich in organic matter 
have more phosphorus [84]. Also, silt significantly 
in the grazing area is more than the exclosure 
area, but the value of clay and sand is similar. 
Abdalla et al. [86] showed that the value of soil and 
silt did not vary significantly (p<0.01) between 
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the exclosure and grazing area. As soil texture is 
an intrinsic soil property and is affected by 
original rock and grazing livestock, it does not 
affect it.  
 
Conclusion 
In Iran, unmanaged grazing is one of the 
important reasons for soil degradation and 
natural rangelands. Grazing exclosure is one of 
the good management strategies used to reduce 
soil erosion and re-establish vegetation. The 
results showed that exclosure improved habitat 
characteristics and enriched vegetation in the 
rangelands of Mahabad Sabzepoush rangelands. 
Mahabad Sabzepoush rangelands' exclosure 
improved soil fertility and the vegetation cover 
and the emergence of new species, especially 
palatable plants (class I), compared to the heavy 
grazing conditions. Thus, exclosure can be the 
most economical and promising method of 
rehabilitation in semiarid rangelands. 
Rangelands exclosure can be an effective 
strategy for the restoration of soil conditions 
and vegetation cover. These results indicate that 
grazing exclosure plays a crucial role in 
vegetation recovery and soil protection of 
destroyed rangelands, confirming the research 
hypothesis. However, further studies are needed 
to evaluate the impact of exclosure on the 
regeneration process in semiarid rangelands. 
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