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The current research aimed to investigate the impact of a semi-circular bunds system
on vegetation and soil moisture levels. This research was carried out in the plain
rangeland of Ahangaran region, South Khorasan province. Rainwater harvesting
projects with semi-circular bunds structure along with Haloxylon persicum planting
have been done in the years 2018-2021 in four areas adjacent to each other. In this
project, biological restoration including seed broadcasting in the inside and on the bund
ridge have been carried out. In the four studied areas, the canopy cover area and plant
height and production of Haloxylon persicum were estimated. To investigate the effect
of the structure on the soil properties, in April 2022, soil samples were taken from
of inside and outside the semi-circular bunds at a depth of 0-30 cm. Soil moisture
levels, soil texture, Bulk density, and soil organic matter content were determined in
the laboratory. Kruskal-Wallis test was used to investigate the effect of year on
vegetation characteristics. Moreover, to compare the vegetation characteristics of the
inside and on the bund ridge, as well as the soil characteristics of the inside and outside
of the structure, the Student's t-test were used. The results showed that the location of
seed broadcasting in semi-circular bunds systems has a significant effect on vegetation
characteristics (p<0.01), canopy cover area and plant height resulting from seeding on
the ridge are higher than on the inside. The results showed that the effect of the semi-
circular bunds on other soil moisture properties (except for saturation moisture), soil
texture, bulk density, and soil organic matter was not significant (p>0.05). Soil texture
of both areas with sandy loamy has not changed after four years. In 2018 and 2019, as
wet years, semi-circular bunds project in this region has increased the vegetation
compared to the control region, but in 2020 and 2021, as drought years, this system did
not play a role in the increase of quantitative of rangeland vegetation.
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EXTENDED ABSTRACT

Introduction: Studies have shown that in the next few decades, global water shortage will become increasingly
severe, so the protection of potential areas for water harvesting plays an important role in reducing drought.
Rainwater harvesting is a traditional water management method that has been used to cover potable and non-
potable water needs. Rangeland ecosystems in arid and semi-arid regions are located in the territory of fragile
ecosystems, and the small amount of precipitation and its inappropriate distribution are among the most
important limiting factors for the growth of rangeland plants in these areas. In arid regions, the semi-circular
bunds system has been considered as a management method used for ecological restoration in terms of
vegetation enrichment and soil amendment. So far, a lot of research has been done on the effect of this system
on the rangeland soil characteristics, vegetation cover and plant production, species diversity and rangeland
functional attributes in arid regions. However, there is little information about the effect of this system on
different soil moisture levels in rangeland during periods of drought and wet. Therefore, this research examines
the effect of the semi-circular bunds on the vegetation and soil characteristics of the reclamated rangeland of
Zirkouh, South Khorasan province.

Methodology: This research was carried out in the plain rangeland of Ahangaran plain, South Khorasan
province. Rainwater harvesting projects with semi-circular bunds structure along with Haloxylon persicum
planting have been done in the years 2018- 2021 in four areas adjacent to each other. In this project, biological
restoration including seed broadcasting in the inside and on the bund’s ridge have been carried out. In the four
studied areas, the canopy cover area and plant height and production of Haloxylon persicum were estimated. In
order to investigate the effect of the structure on the soil properties, in April 2022, soil samples were taken from
inside and outside of the semi-circular bunds at a depth of 0-30 cm. soil moisture levels, soil texture, Bulk
density and soil organic matter content were determined in the laboratory. Before data analyses, normality of
data, homogeneity of variances and data autocorrelation were checked by Shapiro-Wilk, Bartlett and Durbin-
Watson tests, respectively. Kruskal-Wallis’s test was used to investigate the effect of year on vegetation
characteristics. Also, in order to compare the vegetation characteristics of the inside and on the bund ridge, as
well as the soil characteristics of the inside and outside of the structure, the student’s t-test were used.

Results and Discussion: The results showed that the location of seed broadcasting in semi-circular bunds
systems has a significant effect on vegetation characteristics (p<0.01), the results showed that with the increase
in years after plantation, plant canopy cover, plant height and production have increased significantly. Also,
canopy cover area and plant height resulting from seeding on the ridge are higher than on the inside. The results
showed that the effect of the semi-circular bunds on other soil moisture properties (except for saturation
moisture), soil texture, bulk density and soil organic matter was not significant (p>0.05). Soil texture of both
areas is sandy loamy and after 4 years, soil texture has not changed. 2018 and 2019, as wet years, semi-circular
bunds project in this region has increased the vegetation compared to the control region, but 2020 and 2021, as
drought years, this system did not play a role in the increase of quantitative of rangeland vegetation. Ground
vegetation, roots and litters the overall increase in soil organic matter, improves soil structure and the stability of
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the soil aggregate and increases soil porosity. This improvement in soil quality increases soil permeability and
available water capacity.

Conclusion: In a general summary, it can be concluded that in wet years, the semi-circular bunds system has a
positive effect and has led to an increase in plant growth, but in drought years, it has no effect on increasing the
quantity and quality of vegetation. Besides, in the drought situation, moisture characteristics, soil texture
components, and soil organic matter inside and outside of bunds are not different from each other. It was
probably due to choosing the wrong location of this system. If this system is implemented in the suitable place
and time, considering its positive effect in increasing the vegetation cover, it will undoubtedly have a significant
effect in the storage of precipitation in the long term. It seems that the width and size of semi-circular bunds
should be variable depending on water needed for irrigation of target plant species.
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Table 3- The results of normality, homogeneity of variances, autocorrelation, and Kruskal-Wallis tests

Attributes test Test statistics P-value

Normality (Wilk-Shapiro) 0.85 0.00
Vegetation Homogeneity_of varianc_es (Bartlett) 105.1 0.00
cover area Autocorrelation (Durbin—Watson) 1.93 0.46
Wallis-Kruskal 33.99 0.00

Effect size (I] °) 0.62 -
Normality (Wilk-Shapiro) 0.91 0.00
Homogeneity of variances(tlettBar) 17.39 0.00
plant height Autocorrelation (Durbin—Watson) 1.45 0.02
Wallis-Kruskal 33.69 0.00

Effect size (] ) 0.90 -
Normality(Wilk-Shapiro) 0.63 0.00
Homogeneity of variances (Bartlett) 168.5 0.00
Plant production Autocorrelation (Durbin—Watson) 0.76 0.00
Wallis-Kruskal 36.55 0.00

Effect size (I] °) 0.75 -
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Figure 3-Changes in the average canopy cover area of Haloxylon persium in the studied years
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Figure 4- Changes in the average height of Haloxylon persium in the studied years
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Figure 5- erageChanges in the av production of Haloxylon persium in the studied years
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Table 4- The result of independent samples t-test of the effect of seed broadcasting location on the
vegetation characteristics

vegetation T Effect size
characteristics P d interpretation
Vegetation cover area 4.65 0.00 1.32 Very large
plant height -5.10 0.00 1.44 Very large
Plant production -0.23 0.81 0.07 Non effect
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Figure 6- Comparison of Haloxylon persium canopy cover area in the inside and on bund ridge
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Figure 7- Comparison of Haloxylon persium height in the inside and on bund ridge
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Figure 8- sonCompari of Haloxylon persium production in the inside and on the bund ridge
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Table 5- The result of independent samples t-test of the effect of semi-circular bunds on the soil moisture

properties
. - Effect size
Soil characteristics t p q Interpretation
Soil Moisture 1.01 0.33™ 0.58 Medium
Soil Saturation -2.86 0.027 1.65 Very large
Wilting Point -0.92 0.38"™ 0.53 Medium
Field Capacity -1.31 0.22"™ 0.75 Medium
Available Water -1.73 0.11™ 1 Large

*:Significant at 0.05 level. ns: non-significant
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Figure 9 — Comparison of of soil moisture inside and outsidethe semi-circular bunds
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Figure 10 — Comparison of soil saturation of inside and outside the semi-circular bunds
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Figure 11 — Comparison of wilting point of inside and outside the semi-circular bunds
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Figure 12 — Comparison of field capacity of inside and outside the semi-circular bunds
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Figure 13 — Comparison of available water inside and outside of the semi-circular bunds
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Table 6- The result of independent samples t-test of the effect of semi-circular bunds on the soil texture
components, bulk density, and organic matters

. L Effect size
Soil characteristics T p g Interpretation
Sand 1.73 0.11™ 0.99 Large
Silt -0.70 0.50™ 0.40 Small
Clay -0.90 0.39™ 0.52 Medium
Bulk Density -0.42 0.68"™ 0.24 Small
Organic Matters 0.74 0.48"™ 0.43 Small

ns: non-significant
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Figure 14 — Comparison of sand of inside and outside of the semi-circular bunds
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Figure 16 — Comparison of clay of inside and outside the semi-circular bunds
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Figure 17 — Comparison of bulk density of inside and outside the semi-circular bunds
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Figure 19- Schematic design of the semi-circular bund, flowage line and the seed planting place on the
bund ridge
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