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Abstract

Semi-circular bunds are one of the useful rainwaters harvesting methods in arid and semi-arid areas
for restoration and reclamation of rangelands. The aim of the present study was to evaluate the
effects of semi-circular bunds on vegetation indices in semi-arid rangelands of Dashtestan county in
Bushehr province. For this purpose, a systematic-randomized sampling method was conducted in
the restoration (semi-circular bunds) area and control area. In each plot, the vegetation cover
percentage was estimated. To compare the different indices such as species composition, biomass,
diversity, and species richness between two areas, a t-test was used. The results showed a
significant difference between the two areas in terms of all indices (P<0.05). The mean comparison
showed that these practices had a significant effect on 31 plant species. In addition, comparing the
means of indices including the number of species, Simpson and Shannon-Wiener diversity indices
and Margalef richness indices showed that the restoration practices led to a significant increase in
these indices. However, the Pielou evenness index increased significantly in the control area.
Generally, in the semi-circular bunds area, the biomass of grasses, forbs, and total biomass was
significantly higher than those of the control area. The RDA analysis showed that valuable species
such as Atriplex leucoclada, Hippocrepis unisiliqguosa, Medicago polymorpha, Medicago rigidula,
and Medicago raditaa were more present in the semi-circular bund’s areas. The results showed that
constructing semi-circular bunds had a positive effect on the vegetation indices of semi-arid
rangelands in Bushehr province.
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1. Introduction

In the recent two decades, Iran has
experienced extensive or regional drought.
Moreover, population growth, uncontrolled

urban  development, and inappropriate
management of water distribution and
consumption lead to an increase in the

vulnerability of Iran against drought and water
crisis. In the very dry climate with low soil
moisture content, which is not enough to
produce crops and vegetation, performing
some water storage practices is of central
importance (Khadem et al.,, 2015). In the
rangeland  ecosystems,  for  vegetation
reclamation and strengthening its quality and
quantity, it is necessary to change the soil
moisture regime positively, so that with
increasing soil moisture, it is possible to
establish and grow the best plant species that
were present before the degradation (Holechek
et al., 2003). To do so, performing a series of
biomechanical practices on the ground surface
seems necessary to increase the permeability
of water in soil and prevent the formation of
runoff and wasting some parts of rainwater.
Finally, these practices provide conditions for
plant germination and establishment as well as
rangeland reclamation through the guantitative
and qualitative increase in vegetation (Oweis
and Hashem, 2004).

Construction the structures such as contour
furrow, terracing, pitting, flood spreading,
semi-circular bunds, and Turkey nest are
among the methods of collecting and
controlling runoff in rangelands. In recent
years, the semi-circular bunds systems have
been used as an improvement and restoration
method in arid and semi-arid rangelands of
Iran (Jankju, 2009).

Semi-circular bunds are the curved pits
with at least a 1.4 m radius, 30-40 cm depth,
50 cm height, and 40-50 cm thickness. The
pond volume of each semi-circular bund is
0.7-1 m*, which is constructed by labor force
or machinery such as tractor and excavator
along contours and perpendicular to the slope
direction. The factors affecting the designing
of semi-circular bunds are runoff volume, the
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precipitation intensity, the slope of the
location, vegetation, type and texture of soil
(Saghari et al., 2019).

Considering that such mechanical systems
lose their initial efficiency after several years,
and also considering the necessity of forage
production for arid and semi-arid regions as
well as biodiversity conservation, the
biological methods are usually used combined
with mechanical practices. The biological
method is used to create vegetation through
seeding, drill-seeding, and planting of high-
quality and palatable species or providing
proper conditions to grow plants by reducing
the competition of low-quality and invasive
species (Moghim, 2014).

Some studies performed in other semi-arid
and arid regions of Iran indicated the positive
effects of semi-circular bunds on production,
diversity, and richness of species, as well as
increasing the vegetation cover percentage of
palatable species, and improving the rangeland
condition (Delavari et al., 2014; Rigi et al.,
2015; Mahmoudi Mogadam et al., 2016;

Abdollahi et al., 2016; Bahmandi and
Shahriary, 2017; Khosravi et al., 2016; Saghari
etal., 2019).

For many years, the construction of semi-
circular bunds has been performed as
restoration practices in a large number of
rangelands in Bushehr province, especially
Dashtestan. Therefore, the aim of the present
study was to investigate the effect of semi-
circular bunds on vegetation indices in semi-
arid rangelands of Bushehr province.

2. Material and methods

The study area is located in Tang-e Eram
region of Dashtestan between the latitudes 28°
53> 24 N to 28° 54’ 15 N and longitudes
51° 44> 8 to 16° 43° 7”’E in a mountainous
area of Bushehr province. The two trees
Ziziphus spina-christi and Ziziphus
nummularia are found in the study rangelands.
According to data available for the period of
2006-2018 at the study site from the National
Meteorological Information Center of Iran, the
mean annual rainfall is 335 mm. The mean
annual temperature is 20.5°C. The mean
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altitude of the study area is 680 m above sea
level. Generally, the climate of the study area
is semi-arid based on Domarten method. The
soils are mainly silt loam in texture.

The vegetation sampling was performed in
the three sites, where restoration practices of
semi-circular bunds were constructed. In each
site, the reclamation practices area (20-
hectare), in which semi-circular bunds were
constructed, and the control area (19-hectare),
where no reclamation practices were
performed were selected. The ecology and
topography of the control area and reclamation
area were similar. Semi-circular bunds one of
the effective management practices that aim to
increase soil fertility, vegetation cover and
diversity in rangelands, which have been
highly relevant as a potential practice for the
conservation objectives. It is recommended to
construct semi-circular bund with a height of
at least 25 cm in order to avoid the risk of
over—topping and subsequent damage. Where
the ground slope exceeds 2.0%, the semi-
circular bund height near the infiltration pit
must be increased (Armas and Pugnaire,
2005).

Accordingly, in each of the reclamation
practices area (semi-circular bunds) and
control area, five transects of 150-m were
established and 10 plots of 2-m2 were
randomly studied along each transect. In each
plot, the vegetation data such as the density of
plant species and vegetation percentage were
estimated. It is of note that, the minimal area
method was used to determine the number of
plots required (sample size) (Mesdaghi, 2003).
The rangeland production was also estimated
in both treatment and control areas using the
clipping and weighting method. The samples
were correctly identified using the common
methods and identification keys with the aid of
flora and botanists of the province. Vegetation
in the area has changed considerably over the
past several decades, primarily due to
overgrazing. But the area was under enclosure.

The collected data were analyzed using

statistical and ecological software. The effect
of semi-circular bunds on vegetation was
evaluated as the individual response of species
and the response of all species. To evaluate the
individual response of available species and
the species diversity and richness in two areas,
T-test was used in a completely randomized
design. The statistical analysis was done in R
software. The multivariate analysis methods
were used to evaluate the effects of these
reclamation practices on vegetation using the
CANOCO 5 software (Leps and Smilauer,
2014).

3. Results
3.1. Species composition changes

In the area under the restoration practices of
semi-circular bunds, 45 species were
identified. In the control area, 45 species were
also recorded. Onobrychis crista-gallii was
only found in the reclamation area and Bromus
tectorum only in the control area. In the semi-
circular bunds, Medicago rigidula,
Zygophyllum eurypetrum, Capparis spinosa,
Salsola ntricate and Ducrosia anethifolia,
respectively showed the highest canopy cover
percentage (Table 1). However, in the control
area, Cressa cretica, Centaurea bruguieriana,
Bromus tectorum, Onoprodon leptolepis, and
Onosma dasytrichum had the highest canopy
cover percentage, respectively (Table 1).

3.2. The individual response of species

Comparing the mean values of canopy cover
percentage of 45 common species in both
semi-circular bunds and control areas was
done using t-test. The results showed the
significant effect of restoration practices on 32
plant species (Table 1). The mean values also
indicated that in the semi-circular bunds area,
the canopy cover percentage of 21 species was
significantly higher than that of control (Table
1). Besides, in the control area, the canopy
cover percentage of nine species significantly
was higher than that of semi-circular bunds
(Table 1).
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Table (1): Comparing the mean values of canopy cover percentage of common species in both semi-circular
bunds (SCB) and control areas in semi-arid rangeland of Bushehr province (the significant t values are bold)

Species Control SCB t-value P-value
Achillea eriophora 0.06 0.52 2.69 0.009
Aegilops umbellulata 0.33 0.36 0.12 0.9
Alhagi mannifera 0.52 0.15 -1.79 0.07
Anabasis setifera 0.16 0.89 2.45 0.01
Artemisia aucheri 0.12 0.43 1.07 0.09
Atriplex halimus 0.24 0.68 1.54 0.12
Atriplex leucoclada 0.1 0.55 2.55 0.013
Bromus danthonia 0.2 1.2 3.39 0.001
Bromus tectorum 1.4 - - -
Calotropis procera 0.08 0.47 1.72 0.09
Capparis spinosa 0.25 1.64 3.07 0.003
Capsella bursa- pastoris 1.8 0.15 -4.99 <0.001
Carthamus oxyacantha 0.6 0.06 -2.63 0.01
Centaurea bruguieriana 1.82 0.09 -5.09 <0.001
Centaurea intricata 0.27 0.3 0.09 0.92
Cichorium intybus 0.18 0.52 1.62 0.1
Citrullus colocynthis 0.32 1.58 2.77 0.001
Convolvulus acanthocladus 0.15 0.8 2.57 0.01
Cressa cretica 1.89 0.19 -2.65 0.01
Ducrosia anethifolia 0.25 1.13 2.72 0.008
Echinops dichrous 0.44 0.55 0.35 0.72
Erodium gruinum 0.19 0.89 2.54 0.013
Erysimum oleifolium 0.39 0.75 1.25 0.22
Fagonia bruguieri 0.13 0.85 3.07 <0.001
Gundelia tournefortii 0.11 0.32 1.24 0.22
Gypsophila obconica 0.2 0.39 0.96 0.35
Heliotropium ramosissimum 0.09 0.66 2.65 0.01
Heteranthelium piliferum 0.58 0.09 -2.6 0.01
Hippocrepis unisiliquosa 0.04 0.58 2.8 0.007
Hordeum glaucum 0.36 0.02 -2.28 0.13
Hyparrhenia hirta 0.19 0.53 1.52 0.55
Malva parviflora 0.37 0.09 -1.64 0.1
Medicago polymorpha 0.03 1.2 4.09 <0.001
Medicago radiata 0.14 0.94 3.03 0.003
Medicago rigidula 0.21 2.47 4.29 <0.001
Oliveria decumbens 0.09 0.6 2.62 <0.01
Onobrychis crista- gallii - 0.46 2.79 0.007
Onoprodon leptolepis 1.01 0.04 -3.64 <0.001
Onosma dasytrichum 1.01 0.06 1.8 0.07
Phalaris minor 0.7 0.14 -2.59 0.01
Plantago ovata 0.5 0.09 -2.03 0.04
Reseda aucheri 0.67 0.09 -2.92 0.004
Salsola imbricata 0.09 1.33 3.95 <0.001
Scabiosa calocephala 0.04 0.45 2.62 <0.001
Teucrium polium 0.07 0.59 2.87 0.005
Zygophyllum eurypetrum 0.19 2.05 4.09 <0.001
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3.3. Species diversity, richness, and evenness indices (Simpson, Shannon-Weiner) showed
indices changes that restoration practices of semi-circular bunds
The results of t-test for species diversity, resulted in a significant increase in species
richness, and evenness indices in both semi- diversity. Moreover, comparing the mean
circular bunds and control areas indicated that values of Margalef richness index indicated a
all indices, except Menhinick richness, had significant increase in species richness in the
significant  response  toward  restoration semi-circular bunds area (Table 2). However,
practices of semi-circular bunds. The the Pielo evenness index showed a significant
comparison of the species number and diversity increase in the control area (Table 2).

Table 2: Comparing the mean values of species diversity and richness indices in both semi-circular bunds (SCB)
and control areas in semi-arid rangeland of Bushehr province (the significant t values are bold)

Indices SCB control t-value P-value
The number of species 9.25 6.5 5.02 <0.001
Simpson diversity 0.85 0.77 4.03 <0.001
Shannon-Weiner diversity 2.03 1.67 4.68 <0.001
Margalef richness 1.87 1.43 3.72 <0.001
Menhinick richness 1.02 0.96 0.96 0.35
Pielo evenness 0.85 0.89 -2.94 0.004
3.4. Rangeland biomass changes results of comparing the mean values of
The ANOVA results for the biomass of biomass indicated that in the semi-circular
grasses and forbs showed that the biomass had bunds area, the biomass of grasses, forbs, and
a significant response toward the reclamation total biomass were significantly higher than
practices of semi-circular bunds (Table 3). The those of the control area (Table 3).

Table (3): Comparing the mean values of biomass (gr/m2) under restoration practices of semi-circular bunds
(SCB) in semi-arid rangelands of Bushehr province (the significant t values are bold)

Biomass SCB Control t-value P-value

Grasses 33.85 12.16 3.4 0.001

Forbs 125.75 2231 16.65 <0.001

Overall biomass 159.6 34.47 21.23 <0.001
3.5. Species group response to the spinosa, Citrullus colocynthis, Echinops
restoration dichrous, Erodium  gruinum, Fagonia
To evaluate the group response of plant bruguieri, Gypsophila obconica, Gundelia
species in the study area to two environmental tournefortii, Hippocrepis unisiliquosa,
factors (semi-circular bunds and control), the Medicago polymorpha, Medicago rigidula |,
redundancy analysis (RDA) analysis was used, Medicago radita, Onobrychis crista gallii,
in which the obtained model was significant Oliveria decumbens, Salsola imbricata,
(F=8.15 and P=0.001). The two-dimension Teucrium polium and Zygophyllum
diagram obtained from RDA analysis showed eurypetrum were dominant in the reclamation
the circles of both semi-circular bunds and area of semi-circular bunds (Fig. 1). However,
control areas, affecting the first axis in two species such as Bromus tectorum, Capsella
completely opposite directions. The plant bursa- pastoris, Heteranthelium piliferum,
species are affected by two environmental Cressa cretica, Hordeum glaucum, Malva
factors as big as the length of arrows (Fig. 1). parviflora, Phalaris minor, Plantago ovate,
Species including  Atriplex leucoclada, and Reseda aucheri were observed in the
Atriplex halibut, Aegilops umbellulata, Anabas control area (Fig. 1). Moreover, species like
setifera,  Achillea  eriophora, = Bromus Centaurea ontricate were not affected by the

Danthonia, Calotropis procera, Capparis
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reclamation practices of semi-circular bunds

and the control treatment (Fig. 1).
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Figure (1): The RDA analysis diagram to evaluate the group response of plant species to
the restoration practices (SCB). The full name of species is listed in Table 1.

4. Discussion and conclusion

The lack of soil moisture content in the
rangelands of the country is one of the
important stresses affecting the life of
rangeland plants. When the soil of rangelands
loses its permeability to absorb rainwater,
mechanical methods are employed in the area
to provide infiltration (Jankju, 2009). In arid
and semi-arid regions, soil moisture is the most
important factor limiting germination and plant
growth. Mechanical or biomechanical practices
such as pitting, furrowing, contour furrow, and
semi-circular bunds are among the rangeland
improvement and reclamation  methods.
Therefore, the construction of semi-circular
bunds can provide better moisture condition for
plant growth, thereby increasing canopy cover
percentage in the area (Moghim, 2014; Al-
Rowaily et al., 2015).

The results of the present study indicated
that performing semi-circular bund systems in
the study area significantly increased the
vegetation cover percentage, consequently
leading to an increase in the species biomass,
diversity, and richness. According to the
increased vegetation cover percentage and

Y¢

biomass, it can be stated that the higher moisture
content in deep soils naturally helps the
establishment of perennials with deep roots
(Maestre et al., 2003; Amici et al., 2012). The
results of the numerous pieces of research
showed that harvesting rainwater methods in
rangelands including pitting and contour furrow
increased the infiltration rate, thereby increasing
species diversity, richness, composition, and
biomass (Abdollahi et al., 2015; Khosravi et al.,
2016; Saghari et al., 2019).

The results demonstrated that in the
restoration area the spices diversity indices
were higher than those of the control area, so
that Simpson and Shannon-Weiner indices
showed significant difference with the control
area. Besides, the Margalef richness index of in
the reclamation area was higher than that of the
control area. The Simpson diversity index is
varied between zero and one, showing the
possibility of selecting two individuals from
one species. Therefore, the closer the index to
zero, the lower the diversity is (Delavary et al.
2017). Accordingly, in the semi-circular bunds
and control area, Simpson diversity index was
calculated to be 0.85 and 0.77, respectively.
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These values indicate that both regions have
good diversity, but the reclamation area has
higher diversity than the control area. The
values of the Shannon index usually varies
from 1.5 to 3.5, and in exceptional cases, it can
be less than 1.5 or more than 3.5. In this study,
the value of the Shannon index was estimated
to be 2.03 and 1.67 in the restoration and
control areas, respectively, indicating a higher
diversity in the restoration area. Some scholars
also pointed to changes in diversity and
richness indices during  biomechanical
restoration practices, especially semi-circular
bunds (Khosravi et al., 2016). It should be
noted that since in the study area, many
ranchers live and their livestock grazes on the
rangeland, grazing affects the diversity of the
area, which is in agreement with other studies
(Zhao el at., 2011).

In the restoration area, the humidity, and
management condition is getting better and
results in more uniform vegetation (the
vegetation spots are distributed uniformly in the
area) and frequency, thereby increasing species
diversity compared to the control area
(Heshmati et al., 2018). However, the high
species diversity and richness in the semi-
circular bunds area can be attributed to the seed
collection and transfer by wind and water into
the pits and formation of a more powerful seed
bank compared to the control areas (Rathore et
al., 2015). In addition, the cultivation of plant
species by seeding and drill seeding such as
Capparis spinose, Zygophyllum eurypetrum and
some other rangeland species, as well as shrub
planting of Atriplex halimus can be explained as
a reason for higher diversity and richness of the
semi-circular bunds area compared to the
control area (Bahmandi and Shahriary, 2016;
Saghari et al., 2019).

In the control area, due to the high grazing
pressure and the imbalance between livestock

Reference

1. Abdollahi, V., Zolfaghari, F., Jabbary, J. and
Dehghan, M.R. 2016. Effect of crescent pond on
soil and vegetation properties in Saravan
Rangelands (Sistan and Baluchestan Province).
Iranian Journal of Range and Desert Research,
22, (4): 658-672.

2. Al-Rowalily, S.L., EI-Bana, M.1., Al-Bakre, D.A.,
Assaeed, A.M., Hegazy, A.K. and Ali, M.B.

Y4

and rangeland capacity, the canopy cover and
consequently the density was decreased.
Grazing pressure initially affects the canopy
cover of species, and if the pressure continues
for several seasons, it changes the species
composition and ultimately reduces species
diversity and richness (Rigi et al. 2014,
Khosravi et al. 2016). Not only is the effect of
grazing on the species composition, density,
diversity, and richness of central importance but
also the effect of reclamation practices and
environmental factors on species diversity and
richness, which should be paid attention by
natural resources managers.

The results of multivariate analysis showed
that the species composition resulted from the
restoration practices (semi- circular bunds) is
inclined to valuable and palatable species, which
is quite clear in the two-dimensional RDA
analysis diagram. The changes are also evident
in Table 1, which both confirm each other.

In general, the results indicate the positive
effect of semi-circular bunds on the reclamation
of the study area. If this method is performed
with respect to the technical principles together
with biological practices, it could be considered
as one of the most suitable solutions for optimal
use of moisture in arid and semi-arid regions.
Therefore, semi-circular bunds lead to an
increase in the canopy cover percentage and
biomass for livestock use and water storage.
Finally, it is suggested that the biological
practices in the semi-circular bunds should not
be limited to planting trees and shrubs. The use
of native shrub species, forbs, and grasses such
as Zygophyllum eurypetrum, Medicago sp. and
Vicia sp. as well as planting of medicinal plants
such as Capparis spinosa and other valuable
plants should be prioritized. It is necessary to
continue the present research in the following
years and evaluate the efficiency of reclamation
practices in other parts of Bushehr province.

2015. Effects of open grazing and livestock
exclusion on floristic composition and diversity
in natural ecosystem of Western Saudi Arabia.
Saudi Journal of Biological Sciences. 22: 430-
437.

3. Amici, V., Rocchini, D., Geri, F., Bacaro, G.,
Marcantonio, M., Chiarucci, A. 2012. Effects of
an afforestation process on plant species richness:



10

11.

12.

13.

. Armas, C.

. Delavari, A., Bashari,

. Delavari,

. Ghorbani

S.H. Mousavi, M. Masoudi, P. Gholami/ Desert Ecosystem Engineering Journal (2019) 8 (4) 23-30

a retrogressive analysis. Ecological Complexity,
9: 55-62.
and Pugnaire, F.l., 2005. Plant
interactions govern population dynamics in a
semi arid plant community. Journal of Ecology,
93:89-97.

. Bahmadi, M.H. and Shahriari, A.R. 2016. Effects

of different rainfall storage methods on
vegetation restoration (Case study: Romeh and
Dehno watershed, Nehbandan city). Iranian
Journal of Range and Desert Research, 23, (1):
51-57.

H., Tarkesh, M and
Mosaddeghi, M.R. 2017. Effects of small micro-
catchment semi-circular bunds on the diversity
indices and frequency distribution models in
Narron rangelands- (Sistan & Baluchistan
Province). Journal of Rangeland. 11 (3): 331-
341. (In Persian)

A., Bashari, H., Tarkesh, M.,
Mirkazehi, A., Mosadeghi, M.R., 2014.
Evaluating the effects of semi-circular bunds on
soil surface functionality using Landscape
Function Analysis. Journal of Rangeland. 8 (3):
251-260. (In Persian)

Moghaddam, M., Farzam, M.,
Dastorani, M.T., Zadbar, M. and Hoseinzadeh, S.
2016. Effects of Rainwater Harvesting Methods
on Initial Establishment of Rangeland Plants in
Chahdar Rangelands of Mashhad. Journal of
Rainwater Catchment Systems, 4 (2): 39-50.

. Heshmati, M., Gheitury, M. and Hosseini, M.

2018. Effects of runoff harvesting through semi-
circular bund on some soil characteristics. Global
Journal of Environmental Science and
Management, 4(2): 207-216.

. Holechek, J.L., Pieper, R. D. and Herbel, C. H.
2003. Range management, principal and
practices. 5™ edition, Prentice Hall, USA, 607 p.
Jankju, M., 2009. Range Development and
Improvement. Jahad Daneshgahi Mashhad
Press, 237 Pp. (In Persian)

Khadem, K., Jankju, M. and Mesdaghi, M.
2015. An investigation on the most suitable size
of curved pits and the best plantation place
inside the curves (Case study: Koomiran
rangelands, Ghaen, South Khorasan). Iranian
Journal of Range and Desert Research, 22, (2):
231-239.

Khosravi, H., Ebrahimi, M. and Rigi, M. 2016.
Semi-Circular Bunds Effect on Restoration of
Plant Vegetation and Soil Properties in Koteh
Rangeland, Sistan and Baloochestan Province,
Iran. Journal of Rangeland Science, 6 (4): 355-
367.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Leps, J and Smilauer, P. 2014. Multivariate
Analysis of Ecological Data using CANOCO 5,
2nd edition. Cambridge University Press. UK,
376 Pp.

Maestre, F.T., Bautista, S., Cortina, J. 2003.
Positive, negative, and net effects in grass-shrub

interactions in  Mediterranean  semiarid
grasslands. Ecology, 84: 3186-3197.
Mahmoodimoghadam, G., Saghari, M.,

Rostampour, M. and Chakoshi, B. 2015. Effects
of constructing small arc basins system on
rangeland production and some soil properties
in arid lands (case study: Steppic rangelands of
Sarbishe, South Khorasan Province). Journal of
Rangeland, 9 (1): 67-75. (In Persian)

Mesdaghi, M. 2007. Range management in Iran.
Qodse razavi press, fifth edition, p: 333. (In
Persian)

Moghim, H. 2014. Watershed Engineering
(Biomechanical, biological and managerical
methods). Sobhe entezar Publication. 558 p.
Oweis T and A. Hashem, 2004. Water
harvesting and supplemental irrigation for
improved water productivity of dry farming
system in West Asia and North Africa.
Proceeding of the 4th International Crop
Science Congress, 26 Sep-1 Oct 2004, Brisbane,
Asutralia, also Published on web Site: www.
Cropscience.org.au.

Rigi, M., Pakzad, A. and Masoudi Pour. A.R.
2015. Investigation on effects of crescent like—
micro cachment on vegetation cover properties
in kamarek range, Taftan. Watershed
Management Research, 103: 147-153.

Rathore, V.S., Singh, J.P., Bhardwaj, S.,
Nathawat, N.S., Mahesh Kumar, M. and Roy,
M. 2015. Potential of native shrubs Haloxylon
salicornicum and Calligonum Polygonoides for
restoration of degraded lands in arid western
Rajasthan, India. Environmental Management,
55 (1): 205-216.

Saghari, M., Rostampour, M., Mahmoudi
Moghaddam, G. and Chakoshi, B. 2019.
Investigation of the Effect of Constructing
Small Arc Basins System on Vegetation
Composition and Biodiversity in Aridland
Ecosystemsin the East of Iran (Case study:
Rangelands of Sarbisheh, South Khorasan
Province). Desert Ecosystem Engineering
Journal, 8(23): 23-44.

Zhao, L.J., Su, G., Wu and Gillet, F. 2011.
Long-term effects of grazing exclusion on
aboveground and belowground plant species
diversity in a steppe of the Loess Plateau, China.
Plant Ecology and Evolution, 144 (3): 313-320.



