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Aim: In this paper, the semi-circular bund treatments were contrasted with addressing the
following questions: how does semi-circular bund affect the vascular plants’ richness and
diversity in Naroon and Neron rangelands of Sistan and Baluchestan? and make the soil
properties responses to the semi-circular bund?

Materials & Methods: Next to every site, a site was selected as controlled ones. Vegetation
(production, vegetation cover, density, richness, diversity) and soil data (texture, pH, EC,
organic carbon, total nitrogen, available phosphorus, available potassium, CaCO,) were
analyzed in a completely randomized design.

Findings: In total, 11 species from 6 families and 8 genera were observed. Control treatment
of Neron exhibited the highest number of plant species. Semi-circular bunds had the highest
vegetation cover, production, and density. The highest and lowest species richness and
diversity were measured in Naroon and Neron semi-circular bunds. Results showed that
the amounts of organic carbon, nitrogen, potassium, and phosphorus increased significantly
in semi-circular bunds than in the control areas—the highest organic carbon, nitrogen, and
potassium related to Neron semi-circular bund. Naroon and Neron semi-circular bunds
had the highest amounts of clay, and the most negligible value was measured in the control
treatments.

Conclusion: In total, the results of the study showed that semi-circular bund had a positive
effect on vegetation cover and soil properties in the rangelands of the study area.

Keywords: Species richness, Rangeland reclamation, Soil physical and chemical properties.
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Introduction

Natural resources are the life bed of
ecological systems. Performing appropriate
methods for protecting and restoring these
ecological systems can provide the basis
for their sustainable operation. For the
proper management of natural resources,
recognizing appropriate methods are
essential. Degraded rangelands require
restoring operations to achieve optimal
condition " since severe degradation of
natural areas hasled to increased soil erosion
and reduced land potential. Due to the
increasing population and increasing need
for food, soil protection and maintenance of
potential and restorable lands in watersheds
is necessary 2.

In this way, one of the most seriously
degraded natural ecosystems in Iran is
the arid mountainous region of Taftan,
which is located in Sistan and Baluchestan
province. Soil erosion is one of the most
severe environmental problems in the
Taftan region, which critically threatens
the sustainability of natural resources.
It has led to decrease biodiversity,
vegetation cover, and soil fertility. It
has also increased species loss and the
substitution of endemic species by exotic
species Bl It is interesting to note that the
main problem of natural areas in Iran is
finding the most appropriate method to
prevent erosion, runoff, sedimentation,
and increasing storage of precipitation
in the soil, especially on lower slopes, to
restore the rangelands *°. In this way, the
semi-circular bund is one of the effective
practices used in arid lands [¢7®. It aims to
increase soil and vegetation enrichment
in rangelands %71, However, some studies
have evaluated such restoration practices
in the rangelands of Iran, the effects of
the semi-circular bund on the function
of rangeland ecosystems have not been
apparent. In some areas, it had positive
effects on the restoration of plant cover
and soil properties [ %, while in some
areas, it showed adverse effects on the
reclamation of plant communities and soil
properties & 71,

Rangelands evaluation in reaction to

restoration practices is essential for
rangeland managers, mainly when the
output directly influences management
decision-making . It might be trying to
search for proof of landscape degradation or
restoration, and the procedure needs to have
equal facility in dealing with these scenarios.
In addition, it may help to guide sustainable
management techniques for conserving
natural ecosystems [,

This study was conducted to determine
the influence of semi-circular bund on
the vegetation cover and soil properties
of the vegetation communities in Naroon
and Neron rangelands in the Taftan area
with restrictive soil and climate conditions
to determine whether the ecosystems
have been restored comparison with the
control treatments (without semi-circular
bund). In this paper, our objectives were
(11 to describe the plants’ richness and
diversity of arid mountainous rangelands
under semi-circular bund treatment in
southeastern Iran and ! to study the
impacts semi-circular bund on the soil
properties.

Materials & Methods

Study description

The study area is situated in Khash city,
Sistan and Baluchestan province, Iran, be-
tween latitude28 ° 23" 41""-28° 39’ 00" N
and between longitude 60°47' 04''-28° 23’
09"E) (Figure 1). The regional climate is
classified as cold arid (Koppen), with an-
nual mean precipitation of 160 mm, and
mean temperature of 19.7°C. The minimum
and maximum elevations are 1400 m in the
south to 3000 m north of sea surface level.
The area represents a typical arid moun-
tainous landscape, covered by a mosaic of
bush-forb and bush-tree (Figure 2). In this
study, two rangelands under semi-circular
bund treatment operations, including Na-
roon rangeland with an average height of
1671 m and Neron rangeland with an aver-
age height of 2680 m, were selected study
the semi-circular bund effects on vegeta-
tion and soil restoration. The areas were
undergoing semi-circular bund projects for
10 years 2],
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Figure 1) Location of the study area in Sistan and Baluchestan Province, Iran.

Figure 2) Semi-circular bund area (a) and control area (b).

Sampling method

First, by preparing basic maps, the studied
general area was determined. In each area,
the length of transects was determined to
be 50 m based on the vegetation changes
and size of the study area. Alongside each
transect, 2 plots of 8 m* were systematically
placed at intervals of 10 and 40 m. Plot
size was determined based on vegetation
type and distribution using the minimal
area method 3. A total of 12 transects and
24 plots was considered in all sampling
areas. For each sampling area, a site
without semi-circular bund was taken as a
control. Except in two semi-circular bund
and grazing livestock factors, there was
no significant difference between spatial
heterogeneity (topography, soil type,

distribution of traits, event, or relationship
across the area) among the selected sites.
Data were collected during the growing
season (May).

Data on the plant cover was obtained using
the quadrat estimation methods 4. The
plant production was estimated using the
clipping and weighing method ™. The plant
density was measured by counting the
number of species in a plot 5. Plant species
were classified as class I (High), Il (Medium),
and III (Low) according to their palatability.
Palatability shows which part of a plant
is consumed by grazing animals [°. In the
present study, palatability was determined
using reference texts 171819, The importance
value (IV) for the plant species was measured
using the following formula 2
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_ RD+RC+RF

1w 3 Eq. (1)

where RD is the relative density (the
ratio of the number of individuals of a
species to the total number of individuals
of all species, %); RC is the relative cover
(the ratio of the cover of a species to the
total cover of all species, %); and RF is
the relative frequency (the ratio of the
percentage frequency of a species to the
total frequency of all species, %) [
Shannon species diversity index [H'=-%
pi. Inpi] ?° was determined by calculating
the frequency of each plant species (pi =
proportion of points along each transect at
which species i was recorded). Plant species
richness (S= number of species sampled
per transect) and evenness of species
abundances (Pielou’s ] index = H’/InS) were
also calculated for each transect.

Soil samples were taken at three points
along the transects in each site (within
quadrates at three points) using a soil auger
from the surface layers (0-30 cm). The soil
samples in each quadrat were then mixed
to make one composite sample. A total of 36
soil samples were selected (9 soil samples
at each site). The soil samples were put in
plastic bags and labeled; they were that air-
dried and taken to the laboratory to analyze
soil physical and chemical properties.
The soil texture was determined using
laser diffractometry [?2; the soil pH was
determined in a 1:5 soil to distilled water
slurry after one hour of agitation using a
digital pH-meter [#3; electrical conductivity
of saturated soil paste extract (ECE) usingan
EC-meter *¥; total soil N (N_) was analyzed
calorimetrically with a continuous flow ion
analyzer following wet digestion in sulfuric
acid ®J; Calcium carbonate (CaCO,) was
determined volumetrically by a calcimeter
(261, Organic carbon content (OC) was
determined using the methods described by
Lo et al. 7). Available phosphorus (P) was
measured by the method of Bray and Kurtz
(28] Available potassium (K) was assessed
by the flame photometry method [?°,

Data Analysis

The statistical processing was mainly
conducted by one-way analysis of variance
(ANOVA) and T-test. Before performing
analysis, data were checked for their
normality with the Kolmogorov-Smirnov
test and homogeneity of variance with the
Levene test (p<0.05%), and where necessary,
data were log-transformed. The soil and
plant properties between the semi-circular
bund sites and control sites were compared
by T-test. The statistical significance of
the differences between treatments was
evaluated by analysis of variance (ANOVA).
Duncan t-test between means was calculated
if F-test was significant at the 0.05 level of
probability. A probability of 0.05 or lower
was considered significant. All statistical
calculations were performed using SPSS
release 18.0.

Findings and Discussion

The effect on the composition of plant species
A list of plant species was identified and
prepared to identify the plant species in the
studied areas. Based on Tables 1 and 2, 11
plant species were listed in the study areas,
which belonged to 6 families and 8 genera.
The highest number of plant species belonged
to Naroon semi-circular bund site. The
highest frequency belonged to the families
of Compositae (41%), Papilionaceae (26%),
and Chenopodiaceae (19%), respectively. The
semi-circular bund sites showed the highest
numbers of plant species, of which 90% were
perennials with higher importance value. The
importance value showed that three plant
species were dominant in the semi-circular
bund sites: Salsola tomentosa, Artemisia
santolina, and Zygophyllum eurypterum. The
plant species of Z eurypterum, Ar. sieberi and
Ar. lehmanniana were more abundant, with
higher importance values in the control sites
than in the semi-circular bund areas (Table 1).
The construction of semi-circular bund in
both study areas increased the richness
of perennial species, which provides an
opportunity for the establishment and
growth of other plant species under the
canopy of perennial plants Ul Positive
ecological changes in plant communities
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Table 1) The composition of plant species at semi-circular bund areas.

Zygophyllum o0 o olia ceae 11 Sh P 1 2112 4230 0 0 0
eurypterum

Artemisia

; Compositae II B P 1 26.42 100 0 0 0
santolina

Artemisia o citae I B p 0 0 0 1 1328 1251
lehmanniana

Amygdalus

Iveioi Rosaceae II Sh P 0 0 0 0 0 0
lycioides

Amygdalus

. Papilionaceae 11 Sh P 0 0 0 0 0 0
scoparia

Euphorbia
helioscopia

Euphorbiaceae I F A 0 0 0 1 13.43 1215

Sh: Shrub, F: Forb, B: Bush, P: Perennial, A: Annual
IV: importance value
1: Presence of species, 0: Absence of species

Table 2) The composition of plant species at control areas.

Zygophyllum Zygophyllaceae I sh P 1 3672 100 0 0 0
eu terum

Artemisia santolina Compositae II B P 1 24.53 100 0 0 0

e il Compositae 1 B P 0 0 0 1 25.19 100
lehmanniana

Amygdalus lycioides Rosaceae 11 Sh P 0 0 0 1 19.20 45.19

Amygdalus scoparia Papilionaceae II Sh P 1 16.31 38.14 0 0 0
Lplaerie Euphorbiaceae 111 G A 0 0 0 0 0 0
helioscopia

Sh: Shrub, F: Forb, B: Bush, P: Perennial, A: Annual
IV: importance value
1: Presence of species, 0: Absence of species
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Table 3) Comparison of plant properties in the study area.

Density Cano
i Py : A
Area (nm?) cover Protlilu_cltlon Ph Richness Evenness
(%) (Kgha) (H)

I II 111
Naroon - - 0.68+0.03%2 15.87£3.50%  19.04+2.43*  0.58+01* 1.24+0.094 1.00+£0.104
Control - 120900.0+¢ 0.12+0.018%  7.70+1.27" 9.24+0.885¢ 0.48+0.03%>  0.96+0.23% 1.00+0.10%
Neron - 12.900.10+%  0.06+0.075 28.83+0.15%  34.60+0.18*  0.33+0.08" 0.33+0.274 1.19+0.104
Control - 6.980.00+™ 0.27£0.12%  13.60+1.41%  16.32+1.69%  0.23%0.10% 0.55+0.31%¢  1.07+0.10%

* Values shown are the means+ SE. Different capital case letters in each column indicate significant differences with controls (p<0.05, t-Test).
Different lower letters in each column indicate significant differences among treatments (p<0.05, post hoc Duncan test).

increase the ecological niches of plant
species and thus provide an environment
for trapping the seeds of other plants and
subsequently creating plant masses [B%.
Richness and diversity are essential features
of the ecosystem that should be considered
during vegetation recovery BlU. A semi-
circularbundwithincreasingecotonedensity
and landscape diversity can be helpful for
landscape composition 7). Therefore, plant
establishment resulting from increasing
soil moisture causes micro-habitat for the
growth of other plant species in arid areas
321, The habitat-modifying capacity of a plant
can alter its environment, both above and
below-ground. The microclimate creates a
decrease in air temperature, followed by a
decrease in evapotranspiration. Jafarian etal.
B3] indicated the changes and improvements
in vegetation composition due to rangeland
improvement operations by improving soil
characteristics.

Plant establishment during rangeland
reclamation may cause an accumulation
of mineral nutrients and water, leading to
a local increase in soil fertility 34, and may
protect the understory species against high
irradiance and temperature 1. Favorable
soil ~and  micro-climatic  conditions
underneath plant canopies act as “nutrients
resource” for understory herbaceous plants
B¢, These resources are essential to arid
land rehabilitation because they may spur
natural succession by facilitating the growth
of other plants .. They investigated the effect
of rangeland improvement and restoration

operations on the composition and diversity
of seed reserves of soil species in the
rangelands of Kabir Savadkooh Watershed of
Mazandaran Province. Rokhfirooz et al. (37)
also concluded that soil seed banks could be
changed due to restoration operations, and
this change depends on the level of changes
in vegetation due to restoration operations,
type of operation, and duration of the project.
The effects on vegetation characteristics

Results of comparing the percentage of
cover and vegetation production of the semi-
circular bund sites with the control areas
(t-test) revealed that the semi-circular bund
sites were significantly different from the
control areas in terms of vegetation cover
(Table 3) and the percentage of cover in
semi-circular bund sites was more than that
of control areas (p<5%). A similar increment
was obtained in the plant production
following semi-circular bund operation.

All semi-circular bund sites showed a
significant increase in vegetation production
(p<5%). Considering the habitat conditions
and flora of the area, plants of class I was
rarely present in the composition, so that
crescent semi-circular bund rangelands
and control rangelands did not have plants
of class I, and such species were not added
to the flora of the rangeland as a result of
semi-circular bund operations. Comparison
of plant densities of class Il in semi-circular
bund sites with the control areas (Table 3)
showed that class II species in the Neron
semi-circular bund sites were significantly
different from those of control areas (p<5%),
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but class II species were not observed in
the Naroon semi-circular bund sites. The
density of class 11l species showed that class
[1I species were higher in semi-circular bund
sites than in the control areas (Table 3).
Comparing density of plant species of class
III showed that class III species in the semi-
circular bund areas were more than those of
the control areas (Table 3). Comparing the
species richness index of semi-circular bund
areas with the control sites (t-test) showed
that species richness in semi-circular bund
areas was higher than that of the control
areas, but only Neron semi-circular bund
was significantly different from the control
sites (p<5%). The plant species diversity
and evenness of the semi-circular bund
areas were not significantly different from
the control sites (Table 3).

Results of analyzing the variance of
vegetation characteristics of all areas
showed that the plant production of all
areas was significantly different (p<5%).
The highest plant production belonged to
Neron semi-circular bund (34.60 kg ha?),
and the lowest plant production belonged
to Neron control (9.24 kg ha'). Such a result
was obtained by comparing the vegetation
cover. There was a significant difference in
the vegetation cover (p<5%) and density
(p<1%) of studied plant species. The highest
density of class 1l species belonged to Neron
semi-circular bund, and the lowest density of
plant species was measured at Neron semi-
circular bund. Results of analysis of variance
of species diversity and richness indices
(Table 3) revealed that species richness and
diversity indices were significantly different
(p<5%). The highest values of Shannon and
Menhinick indices were measured at Naroon
semi-circular bund area. The lowest values
of Shannon and Menhinick indices belonged
to Neron semi-circular bund and its control
area, respectively. Results indicated no
significant difference for the evenness index
of studied areas (Table 3).

Due to creating favorable soil humidity
conditions, a semi-circular bund creates
a better structure for vegetation cover.
Therefore, due to seasonal rainfall, the most
important goals of the semi-circular bund

construction in the rangeland, including
strengthening vegetation, increasing
production of rangeland, increasing soil
humidity, changing the climate of the area,
strengthening groundwater aquifers, helping
species diversity, preventing soil erosion,
creating temporary employment, preserving
valuable species and developing livestock,
can be achieved 1. Yari et al. ®*® reported that
in the semi-circular bund area, soil erosion
is significantly less than the abandoned and
grazed areas, confirming better conditions
of stability, soil permeability, and nutrient
cycle in these areas, so that implementation
of semi-circular bund project causes a
significant increase in soil litter and cover
Based on the results obtained in the Neron
semi-circular bund, which is the habitat of Ar.
sieberi, a significant increase in production
and percentage of vegetation cover owing to
the construction of the semi-circular bund
was measured. Habitat conditions suggest
that Naroon rangeland with lower plant
production than Neron semi-circular bund
is in a lower altitude range and includes the
plain area, but with entering to Ar. sieberi
habitat and moving towards Ar. lehmania
habitat, conditions change to hills and
mountains. In such conditions, it is expected
that the height gradient to be more effective
in this regard, and by entering the developed
rainfall heights, the water requirements of
the plants are met relatively.

Statistics of 23 rain gauge stations confirm
this issue (11-year meteorological report of
Khash city). Also, plants with a more humid
environment have a stronger vegetative
system, and there is a minor problem of
humidity at high altitudes. In the Naroon
semi-circular bund, precipitation affected
by altitude gradient similar to mountain
conditions does not occur, and plant growth
depends only on normal precipitation. The
Z. eurypterum habitat in the Neron semi-
circular bund site is strongly affected by
lack of humidity due to being located in
the arid area, and the plants use most of
their energy for the development of root
organs to compensate for lack of humidity
in cases of water shortage by increasing the
absorption capacity . One of the factors
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influencing the level of rainfall is the effect of
altitude gradient %!, In areas where rainfall
is less than 500 mm, rainfall has the highest
correlation with phytomass compared to
other environmental factors . In a rainy
season, with increasing temperature, most
soil humidity evaporates, and forb and
grass species can rapidly absorb the soil
moisture and develop their growth, but
shrub species have the lowest efficiency
in this field. Hence, the lowest plant cover
development and green leaf production
occur in them M1,

Ingeneral, theresultsoftheanalysisofvariance
revealed the positive effect of the semi-
circular bund on vegetation characteristics.
However, these characteristics had a higher
increase in Neron semi-circular bund area
(with more rainfall) than Naroon semi-
circular bund. This comparison indicated
that humidity restriction is a more influential
factor in vegetation cover restriction and
rangeland production in arid areas 2.
The effect on soil characteristics
Comparing acidity and electrical conduc-
tivity (Table 4) in the two semi-circular
bund areas with the control areas (t-test)
showed that Neron semi-circular bund
was significantly different from the con-
trol area (p<5%), so that the soil acidity
in the Neron semi-circular bund area was
lower than that of the control area, but soil
salinity showed the opposite trend. How-
ever, Naroon semi-circular bund was not
significantly different from its control in
terms of these two factors. Concerning the
percentage of clay, silt, and sand, which are
the three determining factors of soil texture
in an area, except for the percentage of clay
in the Neron semi-circular bund area that
had a significant increase compared to the
control area (p<5%), semi-circular bund
areas were not significantly different with
their control areas in terms of these three
factors (Table 4). The results of comparing
the factors influencing soil fertility (organ-
ic carbon, nitrogen, phosphorus, potassi-
um, lime) in the semi-circular bund areas
and control sites (t-test) showed that all
these factors increased significantly in the
semi-circular bund areas compared to the

control sites (p<5%).

Analysis of variance of soil characteristics
(Table 4) indicated that all the studied
characteristics were significantly different
in the semi-circular bund areas and control
areas (p<5%). The highest levels of organic
carbon, nitrogen, potassium, and lime
belonged to Neron semi-circular bund. The
lowest levels of organic carbon, nitrogen,
and lime were measured in the Neron
control. The highest value of phosphorus was
measured in the Naroon control. The highest
amount of clay belonged to the Naroon and
Neron semi-circular bund, respectively, and
the lowest level was measured in the control
areas. The highest and lowest silt levels were
measured in the Neron control area and
Neron semi-circular bund area. The highest
and lowest levels of sand were measured in
the Naroon control area and Neron semi-
circular bund area.

The diversity and abundance of perennial
plant species in the semi-circular bund
areas play a significant role in increasing soil
fertility. Increasing soil nutrients in these
areas indicate more accumulation of litter
and more development of plant roots. This
mechanism is due to increased vegetation,
which results in a reduction in soil erosion
and, consequently, trapping of nutrients
carried by the wind 344, It should be noted
that nutrient enhancement increases the
plantlitter and root mass additions to the soil
(20, The amounts of nitrogen, phosphorous,
and potassium increased in the semi-circular
bund areas. The higher soil nutrition in the
semi-circular bund areas can be partially
explained by the fact that the canopy cover
of a plant is positively correlated with litter
accumulation under its canopy [°l.

Studies have indicated that with increasing
vegetation arid areas, the level of nutrients
trapped by the plant cover will increase.
In contrast, in areas with less vegetation,
the plants’ efficiency to deposit nutrients
transported to these areas by wind erosion
will decrease, and even the nutrients of these
soils are easily moved by the wind and will
lead to reduced soil fertility in these areas
(45461 Lower radiation under canopy cover of
plant species reduces soil temperature and
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Table 4) Characteristics of soil sampled at the study area.

Soil properties Naroon Control Neron Control

ECE (dSm?) 0.20+0.00% 0.20+0.00% 0.20+0.00% 0.13+0.05"

pH 8.20+0.02% 8.19+0.025 8.86+0.234° 8.01+0.046%
Organic carbon (%) 0.26+0.004° 0.09+0.055¢ 0.80+0.0142 0.30+0.17%
Nitrogen (%) 0.02+0.004 0.01+0.00% 9.60+0.574 8.33+3.00%°
Phosphorus (mg kg') 8.40+1.50% 7.53+0.465° 0.07£0.004° 0.03+0.018¢
Potassium (mg kg!) 391.00+12.124¢ 367.00+39.555 613.33+9.23% 300.67+10.508¢

Caco, (%) 20.00+6.35%
Silt (%) 27.33+1.15%
Sand (%) 61.33+1.15%
Clay (%) 12.000.00

13.76+3.40%
26.66+1.15%
64.33+1.15%

9.00+0.004°

21.56+0.80% 20.30+2.25%

34.33+1.15% 38.00+0.00%
52.66+2.30" 54.33+1.154

13.66+1.15% 7.66+1.15%

*Values shown are the means=* SE. Different capital case letters in each row indicate significant differences with controls (p<0.05, t-Test).
Different lower letters in each row indicate significant differences among treatments (p<0.05, post hoc Duncan test).

evaporative water losses. In contrast, higher
organic matter content improves soil water
retention, thereby causing soil moisture
and litter decomposition rates to be higher
under plant canopies than in the areas
without vegetation 2. Thus, more litter
accumulation may have contributed to the
higher fertility of the soils for a long time.
Analysis of data variance showed that the
soil of the Neron semi-circular bund was
more fertile than Naroon semi-circular bund
and control areas. As stated earlier, its most
important reason can be attributed to the
vegetation and more production in this area,
since with the development of vegetation,
sunlight radiation under the vegetation will
be relatively less, leading to a reduced rate
of evaporation and loss of water and also
increased content of soil organic matter.
By increasing the humidity level in these
areas, the speed of litter decomposition
will increase, and it will increase soil
fertility 3. Also, in the semi-circular bund
areas, compared to the control areas, the
percentage of silt and clay in these areas
increased significantly. Results have shown
that the deposition of soil particles carried
by the wind is highly associated with the
development of vegetation cover ¢ With
the establishment of plants and increasing
the cover of plant foliage, the percentage

of fine soil particles deposited by the
vegetation cover and in space around plants
will be higher Bl. Given the characteristics of
this aggregate, such as high specific surface
area and nutrient storage capacity, their
limited increase can be considered a positive
move. However, it is necessary to investigate
its long-term changes and the possibility of
soil hardness and reduced water uptake by
plants due to high clay storage potential.

Conclusion

The result of the study indicated that the
semi-circular bund significantly changed
the habitat characteristics and resulted in
vegetation richness in the arid rangeland
of Khas. The numbers of palatable species
were more in the semi-circular bund areas
than the control areas. Canopy cover and
richness were increased as well as the
plant production in the semi-circular bund
areas. The results indicated that the semi-
circular bund operation could increase soil
fertility in terms of nitrogen, organic matter,
and potassium in the arid rangelands.
In conclusion, a semi-circular bund can
be an effective tool to enhance diversity
and improve soil quality. However, more
studies are needed to assess the effect of the
improvement operations on the reclamation
of rangelands in arid ecosystems.
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