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Abstract. Rangeland degradation is one of the global concerns affecting the pastoralists
and those who suffer from its negative environmental consequences. Grazing exclosure has
been extensively used among the techniques implemented by the government to protect the
fertility of threatened rangelands. The impact of exclosure has been a controversial issue;
therefore, it is important to understand its effectiveness in restoring the degraded rangeland
ecosystems. The goal of the present study was to evaluate the changes in some physico-
chemical properties of soils following the grazing exclusion as compared to the adjacent
grazed areas in three winter rangelands in Golestan province, Iran in 2011-2012. In each
rangeland, ten soil samples were taken at the depth of 0—20 cm. Then in the laboratory,
some soil properties such as soil texture, bulk density, porosity, saturated humidity, pH,
EC, OM, total N, lime content, the amount of exchangeable Na*, K*, Mg*™ and Ca™ were
measured. Data of exclusion and grazed areas were analyzed using the independent T test
in SPSS18 software. The results demonstrated that the establishment of exclosure had
positive significant effects on the soil physico-chemical properties in Gomishan and
Inchehbroun rangelands. So, a significant increase in the mean value of porosity, saturated
humidity, OM and total nitrogen (p<0.05) as well as the significant decrease in bulk
density and lime content (p<0.05) was observed in these rangelands. According to the
results, the application of exclosure is recommended in Gomishan and Inchehbroun
rangelands.
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Introduction

Iran has about 86 million ha of rangeland,
and 850,000 ha of rangelands are located
in Golestan province in the north of Iran.
Land degradation is a recurrent event in
this province. Overgrazing, the absence
of clear land ownership, drought event,
weak community participation because of
lack of trust between the natural
resources office and pastoralists and lack
of the integrated range management
approaches due to the technical approach
of natural resources office are major
range mismanagement issues in Golestan
province. The major activities in
Golestan province are animal husbandry
and dry farming. Sheep, goats, and
camels are the main livestock of the
province (Mir-Deylami et al., 2015).

Land degradation and vegetation
deterioration as the negative
environmental consequences are major
issues affecting particularly those living
in the rangelands. Rangelands can be
degraded because of climate changes,
human activities or livestock overgrazing.
Overgrazing  alters  the  floristic
composition from perennial grasses to
annual forbs and from species that are
palatable to livestock to non-palatable
species (Hoshino et al., 2009). The
elimination of preferred species, the
reduction of plant coverage and its
biodiversity, the decrease of forage
production, and the increase of soil
erosion and runoff are the common
rangeland degradation indicators (Ahmad
et al., 2012); these factors might lead to
the desertification eventually (Harris,
2010). Because of different interactions
among various biological, environmental
and social factors, the rangeland
management is difficult (Ahmad et al.,
2012).

Pei et al. (2008) pointed out that
numerous studies have indicated that the
overgrazing of rangeland causes a decline
in quality of bio-physicochemical
properties resulting in dramatic changes
in vegetation and modifications in

Effects of .../ 56

nutrient cycling; indeed, it could lead in
the permanent degradation of land
productivity and  the  ecosystem
destruction. Raiesi and Riahi (2014)
stated that the effects of animal grazing
on soil quality such as physicochemical
and microbiological properties of soil
have been reported in many rangeland
ecosystems worldwide and in most cases,
rangeland  (over/continuous)  grazing
resulted in severe soil erosion and
subsequently land degradation.

Overgrazing effects are evident
particularly in the arid and semiarid
rangelands where the limited resources
exist (i.e., low residue inputs and
available water) (Raiesi and Riahi, 2014).
Jeddi and Chaieb (2010) declared that
livestock grazing is one of the main
causes of degradation in the arid and
semiarid areas. Desertification which
includes the degradation of vegetation
cover, soil degradation, and nutrient
depletion is a major ecological and
economical problem in these areas. They
observed that the effects of grazing on the
plant community and soils are considered
destructive because of the reduction of
ground cover, productivity and litter
accumulation, the destruction of topsoil
structure, and compaction of soil as a
result of trampling. These processes in
turn increase the soil crusting, reduce the
infiltration, enhance the soil erosion
susceptibility and cause a decline in soil
fertility.

The degradation of rangelands led the
government to set up some measures to
restore the fertility of threatened areas in
Golestan province.  Among  the
implemented  techniques, the re-
vegetation to stabilize the sediment, the
planting of forage species and grazing
exclosure have been extensively used.
Establishment of exclosures, which
closed off he denoting areas from grazing
for a specific period, is a well-known
management tool to restore the degraded
rangeland ecosystems (Verdoodt et al.,
2010). It has been widely applied in arid
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Australia, United States, dry tropical
Africa and North Africa (Amghar et al.,
2012).

The impact of exclosure has been a
controversial issue due to climatic
conditions, soil type and vegetation
structure (Schneider et al., 2008). Some
studies documented the improvements in
vegetation, soil and water infiltration
inside exclosures while the others
reported  site-specific and  minor
differences between the protected and
adjacent grazed areas (Haftay et al.,
2013). Mureithi et al. (2014) bhave
mentioned that withdrawal of livestock
grazing is often not sufficient to initiate
the autogenic recovery of vegetation.

In view of the increasing adoption of
rangeland exclosure and the pressure
exerted on the remaining communal
grazing areas, it is important to
understand rangeland exclosure
effectiveness in restoring the functions of
degraded rangeland ecosystems.
Recently, some intensive studies
concerning the relationship between
exclosure and its effectiveness in
improving  the  bio-physicochemical
properties of soil have been reported
(Mekuria and Aynekulu, 2011; Mekuria,
2013).

In Golestan province, Iran, some
studies concerning the effects of
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exclosure on vegetation characteristics
have been reported (Mirzaali et al., 2006;
Hematzadeh et al., 2009; Rezashateri and
Sepehry, 2011; Salarian et al., 2013;
Hosseini et al., 2012) but a few have
focused on its effect on soil properties.
Information about soil properties is
required for a better understanding of the
restoration  mechanisms, appropriate
management, and conservation of
degraded rangelands. The goal of this
study was to evaluate the changes in
some soil physicochemical properties
following grazing exclusion as compared
to the adjacent grazed areas in three
winter rangelands in Golestan province,
Iran.

Materials and Methods

Site Information

The research was conducted in 2011-
2012 in the three winter rangelands in the
northern part of Iran namely Gomishan in
the west, Inchehbroun in the north and
Maravehtappeh in the east of the
Golestan province (Fig. 1). The exclosure
of Maravehtappeh is the indicator of
loess lands and the exclosure of
Gomishan is the indicator of low and
salty land of Golestan province. The
exclosure of Inchehbroun is located in the
buffer zone of above-mentioned areas.

PAe
Maraveh Tappeh

Fig. 1. The rangelands involved in the study, Golestan province, Iran.
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In the study area, there are two distinct
seasons; the rainy season starts generally
from mid-November to May, and the dry
season is from mid-May to October
(Table 1).

The vegetation characteristics of the
studied areas are presented in Table 2.
The vegetation cover in all exclosures is
higher than the adjacent grazing ranges.
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The dominant plant type in Gomishan is
Halostachys caspica - puccinellia distans
(Mirzaali et al., 2006); in Inchehbroun,
the dominant type is Halocnemum
strobilaceum - Halostachys caspica
(Rezashateri and Sepehry, 2011) and in
Maravehtappeh, it is Artemisia sieberi -
Poa bulbosa (Hematzadeh et al., 2009).

Table 1. Normal environmental characteristics of exclosures in the study area

Environment factors Exclosure
Gomishan Inchehbroun Maraveh tappeh
Location 54" 04 E, 37° 10 N 54°29'E, 37° 14 N 55°52" E, 37°46 N
Altitude (m) -18m 620 m
Annual Rainfall(mm) 343 482
Annual temperature(°C) 16.6 16.7
Livestock number(A.U) 45000 5000 3200
Climate Arid-temperate Semi desert Semiarid

Table 2. Vegetation characteristics of the studied areas

Rangeland Life forms Plant composition (%)
Exclosure Grazing range
Maraveh tappeh Shrubs 19.30 6.10
( Hematzadeh et al, 2009) Forbs 33.75 19.85
Grasses 42.15 26.95
Gomishan Shrubs 27.30 19.95
(Mirzaali et al, 2006) Perennial forbs 3.00 1.10
Perennial grasses 28.50 421
Annual grasses 19.51 13.70
Annual forbs 29.10 9.80
Inchebroun Length of vegetation patches(cm) 89.46 40.23
(Rezashateri and Sepehry, 2011) Bare area distances (cm) 119.15 328.48

Soil sampling and analysis

Five transects (length of 100 m and
intervals of 50 m) were established
randomly— systematically in key areas of
each studied rangeland. Three soil
samples at the depth of 0-20 cm were
collected from the beginning, middle and
end of each transect and mixed. So, one
mixed soil sample (Patil, 2002) was
obtained from each transect and ten soil
mixed samples were collected from each
rangeland. A total of 30 soil mixed
samples were collected. Once in the
laboratory, with plant materials and other
removed debris, the soil samples were
air-dried and sieved to pass a 2-mm
screen. Particle size was determined
using the hydrometer method
(Bouyoucos, 1962). Soil bulk density was

determined from the core samples (Patil,
2002). Soil porosity was determined
using the equation 1 (Buckman and
Brady, 1960).

Porosity = 1- (BD / Pd) x100 (1)
Where BD is soil bulk density and PD is
soil particle density.

The present of saturated humidity was
calculated by the equation 2 (Dingman,
2002):

Humidity= (A / B) x100 2

Where, A is the weight of lost water of oven dried
saturated soil and B is the weight of dried soil.

Then, soil samples were air-dried and
finely ground to pass a 0.5-mm sieve.
Soil pH and electrical conductivity (EC)
were determined by pH-meter and
conductivity  meter,  respectively
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(saturated paw method) (AFNOR, 1987).
Soil organic matter (OM) was determined
by the Walkley—Black method (Nelson
and Sommers, 1982). Kjeldahl’s method
(Krik, 1950) was used to analyze total
nitrogen (N). Exchangeable Na and K
were determined using flame photometer
and exchangeable Ca and Mg were
obtained by titration method (Page et al.,
1987).

Data analysis

Before subjecting the data to a statistical
analysis, the uniformity of the physic-
chemical characteristics of topsoil was
checked (Verdoodt et al., 2010) in order
to find outlier or extreme values. Then in
each rangeland, the effect of grazing
exclosure on soil properties was
evaluated by the independent T-test that
was conducted with SPSSis software.
The probability values lower than 0.05
were considered as significant.

Results

Maravehtappeh

Pair-wise comparison of the exclosure
and adjacent grazing rangeand (Table 3)
proved that the exclosure has not
improved significantly (p>0.05) the
majority of the studied soil physic-
chemical properties. According to the
results, the significant effect of exclosure
was observed only on three soil physic-
chemical properties. So, the mean values
of soil pH and K* have decreased from
7.77 in the grazing rangeland to 7.36 in
the exclosure and from 18.26 in the
grazing rangeland to 7.73 (ppm) in the
exclosure, respectively. The mean value
of soil Na* has increased from 2.13 in the
grazing rangeland to 2.40(ppm) in the
exclosure.

Gomishan

Unlike Maravehtappeh, the exclosure has
improved significantly (p<0.05) the
majority of the studied soil physico-
chemical properties in Gomishan (table

Niknahad — Gharmakher et al.,/ 59

3). So, the mean value of soil bulk
density has decreased from 1.41 in the
grazing rangeand to 1.21 g/m® in the
exclosure and the mean soil porosity and
soil saturated humidity percent have
increased from 46.76% in the grazing
rangeland to 54.48% in the exclosure and
from 61.49% in the grazing rangeland to
63.25% in the exclosure, respectively.
The results revealed that the mean soil
lime percent has decreased from 33.8% in
the grazing rangeland to 30% in the
exclosure and the mean soil organic
matter and total nitrogen have increased
from 4.05 in the grazing rangeland to
6.08% in the exclosure and from 0.06 in
the grazing rangeland to 0.09% in the
exclosure, respectively. There was a
significant difference in soil pH between
exclosure and adjacent grazing rangeland
(p<0.05); so, its mean values had
increased from 7.94% in the grazing
rangeland to 8.64% in the exclosure.
There were no significant differences
between the mean value of exchangeable
Na*, K* and Mg*for exclosure and
adjacent open rangeland (p>0.05), but the
mean value of exchangeable Ca™ has
decreased significantly from 7.08 (meqL"
1Y in the grazing rangeland to 5.78 (megL"
1y in the exclosure.

Inchehbroun

The data analysis (table 3) identified
significant effect (p<0.05) of exclosure
on all the studied soil physico-chemical
properties, except soil EC. The results
demonstrated that the mean value of bulk
density has decreased from 1.57 in the
grazing rangeland to 1.41 g/m® in the
exclosure while the mean soil porosity
and saturated humidity percent have
increased from 40.45% in the grazing
rangeland to 46.44% in the exclosure and
from 59.82% in the grazing rangeland to
69.07% in the exclosure, respectively.
According to the results, the mean soil
lime percent has decreased from 21.50%
in the grazing rangeland to 16.70% in the
exclosure. Moreover, the mean soil
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organic matter percent and total nitrogen
have increased from 4.06% in the grazing
rangeland to 5.41% in the exclosure, and
from 0.06% in the grazing rangeland to
0.087% in the exclosure, respectively.
There was a significant difference
concerning soil pH between exclosures
and grazing rangelands (p<0.05); so, its
mean values has decreased 7.64 in the
grazing rangeland to 7.45 in the
exclosure. No significant differences
were found between the exclosure and
the grazing rangeland in terms of soil EC
(p>0.05). There was a significant
difference between the mean value of
exchangeable Na* and K* for exclosure
and open rangeland (p<0.05). The mean
values of exchangeable Na™ and K* have
decreased from 19.30 (ppm) in the
grazing rangeland to 16.30 (ppm) in the
exclosure, and from 13.92 (ppm) in the
grazing rangeland to 9.22 (ppm) in the
exclosure, respectively. There was a
significant difference between the mean
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value of exchangeable Mg*™* and Ca*™* for
exclosure and open rangeland (p<0.05).
The mean values of exchangeable Mg*™
and Ca™ have increased from 4.26
(megL?) in the grazing rangeland to 6.82
(meqL™) in the exclosure and from 3.29
(megL?) in the grazing rangeland to
10.30 (meqLl) in the exclosure,
respectively.

In general, the highest mean value of
the soil pH, porosity and lime was
observed in Gomishan. Moreover, the
highest mean value of the soil saturated
humidity and the lowest mean value of
the soil EC were observed in
Maravehtappeh whreas the highest mean
value of the soil EC was observed in
Inchehbroun. No significant difference
was found between exclosures and
adjacent grazing rangelands in terms of
their effects on soil texture. The soil
texture in Maraveh tappeh, Gomishan
and Inchebroun was silt-clay loamy, silt-
clay and silt loamy, respectively.
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Table 3. Results of independent T test on average of surface soil (0—20 cm) physico-chemical properties between exclosure and grazing range in studied rangelands

Site Variable Bulk Porosity Saturated organic Total pH EC CaCO3 Na* K* Mg** Ca**
Density (%) humidity matter Nitrogen (dSm™) (%) (ppm) (ppm) (meql?) (meql?)
(gcm®) (%) (%) (%)
Maraveh Grazing range  1.46+0.06 44.65+2.17 70.86+4.71 5.09+1.04  0.09+0.01 7.7740.13  0.53+0.24 20.00+1.00 2.13+0.05 18.26+2.17  3.9+0.62 2.13+1.04
tappeh Exclosure 1.40+0.10 47.16+3.77 70.60+0.10 5.20+0.52  0.09+0.01 7.36+0.11  0.58+0.15 25.83+8.04  2.40+0.20  7.73+3.95 4.3+£1.00 2.33+0.47
T test ns ns ns ns ns * ns ns * *k ns ns

Gomishan Grazingrange  1.41+0.04 46.76+1.59 61.49+0.45 4.05£0.19 0.06£0.011 7.94+0.096 5.13+3.28  33.80£0.84 22.30+0.04 16.02+1.35 10.66+0.58  7.08+0.18
Exclosure 1.21+0.03 54.48+1.35 63.25+0.69 6.08+0.80 0.09+0.005 8.64+0.104  3.90+0.62  30.00+1.41 21.84+0.03 15.60+1.59  8.00+2.46 5.78+0.80

Inchebroun  Grazingrange 1.57+0.04 40.45+1.40 59.82+6.73 4.06+0.76 0.06+0.014 7.64+0.065 10.31+3.93 21.50+3.35 19.30+0.04 13.92+1.39  4.26%0.17 3.29+0.76
Exclosure 1.41+0.09 46.44+3.33  69.07+7.65 5.41+0.79 0.09+0.006  7.45+0.043  8.04+4.06  16.70+1.20 16.30+0.09  9.22+3.33 6.82+0.56  10.30+0.79

*, **=T student is significant at 5% and 1%, probability levels, respectively.
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Discussion

According to Braunack and Walker
(1985), it is considered that the natural
recovery of soil physical properties would
depend on soil type, the severity of grazing
impact and the climate and biological
agents. This study demonstrated that soil
physical properties had altered as a result
of exclosure. Multiple factors probably
drive these changes, but based on our
results, a significant decrease in soil bulk
density and a significant increase in soil
porosity of the exclosure areas in
Gomishan and Inchehbroun rangelands can
be due to the significant increase in their
soil organic matters (Lemenih et al., 2005)
because bulk density of the organic matter
is less than soil particles (Vaillant et al.,
2009). The increase in soil OM causes to
improve soil aggregation. With the
increased porosity and aeration of soil, soil
structure is changed, and the mean value of
its bulk density is reduced. Since the
saturated soil moisture is directly
associated with the amount of soil OM
(Pei et al., 2008; Ajami, 2007), it can be
argued that the significant increase in soil
OM of Gomishan and Inchehbroun
rangelands has led to significant
improvement of their saturated humidity.

It has been known that the decreased
soil compaction and the increased plant
litter as a result of grazing exclusion can
lead to the increase of soil OM (Xie and
Wittig, 2004). Jeddi and Chaieb (2010)
stated that favorable living conditions for
humus incorporator organisms lead to soil
OM increasing.

It is considered that forage production
and litter are higher inside than adjacent of
exclosures (Hosseini et al. 2012). The
presence of plant cover and its litter
decrease the bare soil surface, evaporation,
soil compaction and erosion. Improvement
of plant cover influenced soil humidity,
aeration and surface soil temperature
(Albaladejo, 1998) and as a result, soil
microbial activities have changed (Javadi
et al., 2005); so, the ratio of soil carbon
input (primary net production) to the loss
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of soil carbon (microbial respiration and
decomposition of OM) has increased. Our
results are in agreement with prior studies
(Su et al., 2004; Yong-Zhong et al., 2005;
Pei et al., 2008; Steffens et al., 2008;
Teague et al., 2011). In rangelands, soil
OM is one of the most important sources
of soil total nitrogen; thus, changes in soil
total nitrogen are likely related to soil OM
change (Teague et al., 2011).

According to David et al. (2004), more
root biomass and more  active
microorganism  metabolism  in  the
rhizosphere can lead to the reduction in pH
mean value of soil. Hinsinger et al. (2003)
noted that the secretion of organic acids
from the roots and amounts of CO2
released from roots and micro-organisms
could lead to the decrease in pH.
According to Mahdavi-ardakani et al.
(2011), some alkaline bicarbonate is
formed in soil because of the
mineralization of organic residues of some
plants such as Haloxylon sp., Seidlitzia sp.
and Anabasis sp. Thus, in the exclosure of
Gomishan, litter quality and consequently,
the difference in soil microorganisms and
their related effects on the decomposition
of organic residues may lead to an increase
in soil pH.

Contrary to other studies (Shaltout et

al., 1996; Jeddi and Chaieb, 2010), there
was no significant difference in soil
salinity in the present study between
exclosure and open grazing. This is
somewhat surprising as this variable is
often linked to the presence of foliage and
litter cover that lead to a decrease in the
exposure of soil surface to radiation,
evaporation, soil compaction and erosion
(Yates et al., 2000; Jeddi and Chaieb, 2010
)
In Gomishan and Inchehbroun rangelands,
the significant increase in soil OM has led
to the production of organic and inorganic
acids that among them, carbonic acid is
abundant. Its permanent production in the
soil leads to the dissolution of lime
although this kind of acid is a weak acid
(Hossienzadeh et al., 2008).
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Improvement in soil humidity and the
increase in soil carbon dioxide (because of
more microbial activity) in Gomishan and
Inchehbroun rangelands can lead to the de-
liming process (Khormali and Shamsi,
2009).

CaCO3+ H20+ CO2— Ca (HCO3)2

In the case of soil cations, the reduction
in the concentration of K ions in all the
studied rangelands is partly astonishing as
its concentration is often linked to the soil
OM percent. The absorption of K ions by
soil aggregates is reduced as a result of
increased soil OM (Malakouti and
Homaee, 2005; Evangelou and Blevins,
1988; Evangelou et al., 1986).

Conclusion

The soil inside the protected areas had a
greater cover of herbaceous species,
woody debris, litter, high levels of
microtopography and little erosion. These
conditions had a major impact on soil
properties. This study indicates that
grazing exclosure results in altering soil
physical and chemical properties which
can render serious consequences for plant
growth in the studied sites. From a range
management perspective, these changes
illustrate the potential improvability of
studied rangelands and highlight the need
for more studies in order to assess the time
scale of exclusion better and to achieve a
better understanding of the ecology of arid
and semiarid rangeland ecosystems.
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