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ARTICLE INFO ABSTRACT

The objective of the present study was to investigate the effect of the
integrated system of semi-circular bunds with seed sowing inside them on
soil surface cover characteristics and biodiversity in the rangelands of
Esfakany, Boshrouyeh, South Khorasan Province. Vegetation sampling was
conducted in the spring of 2024, during the flowering stage of dominant
plants, using a systematic-random method with quadrats. Vegetation
characteristics, including density, composition, percentage of soil surface
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circular bunds combined with seed sowing on cryptogam cover, litter, stone
Published online: 12 September 2026 !and gravel cover, and vegetation cover was significant (p < 0.05), but its
effect on bare soil percentage was not significant (p > 0.05). Furthermore,
the semi-circular bunds significantly affected the number of species, number
of individuals, Simpson's dominance, Margalef richness, Chaol richness,
and Shannon and Simpson diversity indices, while their effects on
Menhinick richness and species evenness were not significant (p > 0.05).
The results of the omega-squared effect size indicated that the semi-circular
bunds had the greatest effect on the species number of individuals (0.96) and
the least effect on Menhinick richness (0.31). The chi-square goodness-of-fit
test showed that in both inside and outside the semi-circular bunds, the log-
normal model fitted the species abundance distribution data well, indicating
that the species frequency distribution follows a log-normal pattern and
reflects stable and diverse communities in these areas.
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EXTENDED ABSTRACT

Introduction: Water is fundamental to ecosystem functioning, soil health, and biodiversity conservation;
however, its uneven spatial and temporal distribution has led to severe water scarcity in many parts of the world,
underscoring the need for sustainable water management strategies. Among these strategies, rainwater
harvesting systems—particularly semi-circular bunds—play an important role in enhancing surface runoff
infiltration and improving soil moisture storage. In arid and semi-arid regions, rainfall is typically low and
irregular, often occurring as short, intense events that exceed the soil's infiltration capacity. Consequently,
substantial amounts of surface runoff are generated and lost before being utilized by vegetation, which in turn
exacerbates land degradation and desertification processes. In such environments, traditional rainwater
harvesting systems have long served as critical tools for water resource management, with earlier generations
developing innovative methods to capture scarce water for domestic, livestock, and agricultural uses. Semi-
circular bunds are among the most effective runoff harvesting techniques in arid and semi-arid landscapes.
These semi-circular structures, constructed on slopes, intercept surface runoff and retain it within the basin,
thereby promoting infiltration, reducing soil erosion, and improving conditions for vegetation establishment.
Numerous studies have demonstrated that these structures can substantially increase rangeland plant production,
influence vegetation characteristics, and enhance soil moisture storage. However, some research has shown that
their positive effects on vegetation cover may be more pronounced in wet years. Despite the extensive body of
research addressing their role in improving soil moisture and vegetation cover, the effects of semi-circular bunds
on biodiversity and species richness have received comparatively little attention. Therefore, the present study
evaluates the influence of semi-circular bunds on vegetation cover indices in the Esfakany rangelands of
Boshrouyeh, South Khorasan Province, with the aim of addressing this knowledge gap.

Methodology: The study area was located in Boshrouyeh, South Khorasan Province, Iran. The Esfakany
rangeland covers an area of 4,217.6 hectares in the southwestern part of the county. The mean elevation of the
area is 1,261.2 meters, the average slope is 23.6%, and the mean annual rainfall is 113.93 mm. Construction of
semi-circular bunds, together with seed sowing, was implemented across 503.2 hectares, followed by enclosure
of the area. The semi-circular bunds were constructed in 2017 over approximately 195 hectares. Vegetation
sampling was conducted in May 2024 across three treatments: inside the semi-circular bunds, outside the semi-
circular bunds within the same operational area, and an untreated control area. In the outside-bund and control
treatments, three 100-meter transects were established, and ten two-square-meter plots were placed along each
transect, resulting in 30 plots per treatment. Within each plot, species identity, percentage cover, and density
were recorded. In addition, total vegetation cover, cryptogam cover, litter percentage, stone and gravel
percentage, and bare soil percentage were measured. The following biodiversity indices were calculated: species
richness, abundance, Simpson dominance, Shannon diversity, Margalef richness, Simpson diversity, Chaol
richness, Pielou evenness, and Menhinick richness. Treatment effects were tested using one-way analysis of
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variance (ANOVA), followed by Tukey's post hoc test at a = 0.05. Effect size was estimated using omega-
squared (®w?). The chi-square goodness-of-fit test was applied to assess four ecological abundance models:
geometric series, logarithmic series, broken stick, and log-normal. Rényi diversity ordering curves were used to
compare biodiversity among treatments. All statistical analyses were performed in R software.

Results and Discussion: One-way ANOVA revealed significant differences among treatments for vegetation
cover, cryptogam cover, litter, and stone and gravel indices, while no significant difference was found for bare
soil. Vegetation cover showed the highest susceptibility to the semi-circular bunds combined with seed sowing
(p <0.001, F = 122.1) with a very large effect size (0? = 0.96). Cryptogam index was significantly affected (p =
0.007, F = 12.6; @* = 0.72). Litter showed significant differences (p = 0.005, F = 14.3; @* = 0.74). Stone and
gravel were significantly affected (p = 0.010, F = 10.8; > = 0.68). No significant difference was found for bare
soil (p = 0.452, F = 0.90). Vegetation cover percentages inside the semi-circular bunds were three to four times
higher than outside and control areas (37.13%, 10.52%, and 4.22%, respectively). The integrated system of
semi-circular bunds with seed sowing significantly affected biodiversity indices (p < 0.05). Omega-squared
results showed the greatest effect on abundance (0.96) and the leaston Menhinick richness (0.31). Renyi
diversity plots showed that the inside of the semi-circular bund curves above others, indicating greater species
richness and biodiversity. The chi-square test showed that inside the semi-circular bunds and outside the semi-
circular bunds areas, the log-normal model fit well (p > 0.05), indicating that species frequency distribution
follows patterns typical of stable, diverse communities. In the control area, no model showed significant fit,
indicating degraded community structure. Previous studies have shown that semi-circular bunds increase
vegetation cover by 1.5 to 3.4 times, while the present study with the integrated system of semi-circular bunds
and seed sowing showed an 8.8-fold increase.

Conclusion: Three main conclusions are drawn: (1) the integrated system of semi-circular bunds with seed
sowing significantly increases vegetation cover, cryptogam cover, litter accumulation, and stone and gravel
cover, with vegetation cover three to four times higher than control areas, while having no significant effect on
bare soil percentage. (2) The effect on biodiversity indices is substantial, with abundance showing the largest
effect size and Menhinick richness the smallest. (3) Species abundance distribution follows the log-normal
model in treated areas, indicating stable and diverse communities, while control areas show no fit with any
common ecological models, suggesting degraded community structure. An exception is that during drought
years, positive effects may be significantly diminished. The theoretical implication is that semi-circular bunds
facilitate ecological succession toward more stable community states by modifying micro-hydrological
conditions. Practically, these structures serve as an effective, low-cost restoration tool that requires no heavy
machinery, improving soil properties such as organic matter, coarse aggregates, and nutrients, leading to soil
stability, carbon sequestration, reduced flood risk, and strengthened subsurface flow. It is recommended that
implementation be combined with biological operations, such as sowing native species and prioritizing
indigenous shrubs, forbs, and medicinal plants. Future research should evaluate long-term effectiveness under
varying climatic conditions and across different ecological zones. This approach is recommended as an effective
and low-cost solution for sustainable rangeland management and restoration of arid and semi-arid ecosystems.
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Figure 1- Vegetation sampling inside the semi-circular bunds in the Esfakani rangelands, Boshrouyeh
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Table 1- Alpha diversity indices and their equations used for evaluating species diversity in the Esfakany rangelands, Boshrouyeh
County, South Khorasan Province, Iran. (Adapted from Magurran, 2004)

Diversity component Index Equation Domain
F:
Richness species Chaol Schaot = Sgbz T (ﬁ) 0-0
- - S - 1 ]
Richness species Margalef Rl = () 0-0
5
Rich i Menhinick R2=— .
ichness species enhinic N 0-0
&
Species diversity Shannon-Wiener H =-} (pj=In(p)) 0-4.5
I=1
-]
Species diversity Simpson 1-D =1- Z pf 0-1
s i=1
Species dominance Simpson 0= Z pj"' 0-1
I:=].I
Speci Piel E —L 0-1
pecies evenness ielou = In(5) -

Su: total number of species in sampling site, Sobs: total number of species observed in each sampling site, F1: number of
single species, F2: number of doubleton species, S: total number of species, nmax: proportion of individuals in the most
abundant species, N: number of individuals in the sample, Pi: proportion of individuals in the ith species, R1: Margalef
richness index, R2: Menhinick richness index D: Simpson dominance index, H” Shannon-Weiner diversity, E: Pielou
evenness index.
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Table 2- Classification of omega-squared (©?) effect sizes (Field, 2013)
o? <0.01 0.01-0.06 0.06-0.14 >0.14
Effect size Very small Small Medium Large
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! One-way ANOVA
2 Shapiro-Wilk

3 Levene's test

4 Durbin-Watson

> Tukey's HSD
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Table 3- Results of one-way ANOVA for comparing ground surface cover components among three treatments (inside semi-circular
bunds, outside semi-circular bunds, and control) in the Esfakany rangelands of Boshrouyeh

Indicator Source of Variation Mean

Sum of Squares df F Sig. o?
Square

Cryptogam Between Groups 143.7 2 71.872 12.6 0.007 0.72
Within Groups 34.2 6 5.7
Total 177.9 8

Litter Between Groups 19.6 2 9.813 14.3 0.005 0.74
Within Groups 4.09 6 0.6
Total 23.7 8

Stone and gravel  Between Groups 2507.2 2 1253.604 10.8 0.010 0.68
Within Groups 692.7 6 1154
Total 3199.9 8

Bare soil Between Groups 127.9 2 63.981 0.9 0.452 0.00
Within Groups 422.3 6 70.3
Total 550.2 8

Vegetation cover  Between Groups 1831.6 2 915.822 122.1 0.000 0.96
Within Groups 44.9 6 7.4
Total 1876.6 8

df = degrees of freedom; w? = omega-squared (effect size). Significant effects (p < 0.05) are indicated in bold.
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Figure 2- Ground surface cover components in the Esfakany rangelands of Boshrouyeh: (a) Vegetation cover, (b) Litter cover, (c)
Cryptogam cover, (d) Stone and gravel cover
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Table 4- Results of one-way ANOVA for comparing biodiversity indices among three treatments (inside semi-circular bunds,
outside semi-circular bunds, and control) in the Esfakany rangelands of Boshrouyeh

Index Source of Variation  Sum of Squares df Mean Square  F Sig. 08

Species Richness  Between Groups 172.667 2 86.333 24281  0.001 0.838
Within Groups 21.333 6 3.556
Total 194.000 8

Abundance Between Groups 177362.000 2 88681.000 109.799 <0.001 0.960
Within Groups 4846.000 6 807.667
Total 182208.000 8

Dominance Between Groups 0.052 2 0.026 5.043 0.052 0.473
Within Groups 0.031 6 0.005
Total 0.082 8

Simpson Between Groups 0.052 2 0.026 5.043 0.052 0.473
Within Groups 0.031 6 0.005
Total 0.082 8

Shannon Between Groups 0.893 2 0.447 6.145 0.035 0.533
Within Groups 0.436 6 0.073
Total 1.330 8

Pielou Between Groups 0.028 2 0.014 3.293 0.108 0.340
Within Groups 0.026 6 0.004
Total 0.054 8

Menhinick Between Groups 0.519 2 0.260 3.057 0.121 0.314
Within Groups 0.510 6 0.085
Total 1.029 8

Margalef Between Groups 3.622 2 1811 8.211 0.019 0.616
Within Groups 1.323 6 0.221
Total 4.945 8

Chaol Between Groups 236.765 2 118.382 57.979 <0.001 0.927
Within Groups 12.251 6 2.042
Total 249.016 8

df = degrees of freedom; ®? = omega-squared (effect size). Significant effects (p < 0.05) are indicated in bold.
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Figure 3- Biodiversity indices in the Esfakany rangelands of Boshrouyeh: (a) Species richness, (b) Abundance, (c) Simpson
dominance, (d) Shannon diversity, (€) Margalef richness, (f) Simpson diversity, (g) Chaol richness
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Figure 4- Renyi diversity profiles for three treatments (inside semi-circular bunds, outside semi-circular bunds, and control) in the
Esfakany rangelands of Boshrouyeh
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Table 5- Results of the chi-square goodness-of-fit test for species abundance distribution models in the Esfakany rangelands of
Boshrouyeh County

Treatment Geometric series Logarithmic series  Broken stick Log-normal

1 p-value 2 p-value 2 p-value 2 p-value
Inside semi-circular bunds 1549.00 0.00 214.40 0.00 1105.00 0.00 8.45 0.08
Outside semi-circular bunds  157.70  0.00 36.80 0.00 125.80  0.00 0.16 0.98
Control 36.42 0.00 16.10 0.00 38.08 0.00 0.00 0.00
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Table 6- Comparison of the Effect of Semi-Circular Bunds on Vegetation Cover in Different Studies

% Vegetation o .
Study Study Area Cover (Inside C?vgf?é?r?t?gl) Inl:g;f?;e
Bunds)
Abdollahi et al. (2016) Saravan, Sistan and Baluchestan 234 6.9 3.4 times
Khosravi et al. (2016) Kateh, Sistan and Baluchestan 24.8 7.3 3.4 times
Saghari et al (2019) Sarbisheh, South Khorasan 29.6 15.35 1.93 times
Ebrahimi (2022) Naroon, Sistan and Baluchestan 15.87 6.70 2.37 times
Ebrahimi (2022) Neron, Sistan and Baluchestan 28.83 13.60 2.12 times
Present study Esfakany, Boshrouyeh 37.13 4.22 8.8 times
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