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Abstract

In arid and semi-arid regions, limited water and low soil moisture are critical constraints on vegetation
development. Effective runoff management is a key strategy for enhancing soil moisture and promoting plant
growth. This study evaluated the effects of the semi-circular bund system a surface runoff management
technique, on the canopy characteristics of three tree species in the Halvaei region of Minab County,
Hormozgan Province, Iran. The research included Prosopis cineraria (L.) Druce, Ziziphus spina-christi (L.)
Willd., and Acacia ehrenbergiana Hayne (syn. Vachellia flava (Forssk.) Kyal. & Boatwr.). A factorial
randomized complete block design (RCBD) was employed to compare tree growth in a treated area with
semi-circular bunds against an untreated control. Measured variables included tree height, major and minor
crown diameters, crown volume, and projected area, with data collected from 30 individual trees per species
in each replication. Results showed that the water-harvesting treatment significantly affected all measured
canopy variables (p < 0.01), except for crown thickness. Trees in the treated area exhibited significantly
greater height, crown diameter, canopy surface area, and crown volume than those in the control. No
significant differences occurred among positions within the treated area (upstream, midstream, and
downstream), suggesting uniform system effects across the site. Species responses varied: Prosopis
cineraria attained the greatest height and canopy volume, whereas Ziziphus spina-christi exhibited the
largest trunk diameter and canopy area. Both species significantly outperformed Acacia ehrenbergiana,
which recorded the lowest values. Overall, this study demonstrates the strong positive effects of the semi-
circular bund system on tree growth and underscores the importance of selecting species with high adaptive
capacity. These findings provide a solid scientific basis for decision-making in ecosystem restoration and
sustainable land management, particularly under increasing drought stress and climate change in water-
limited environments.
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Extended Abstract

Introduction

Vegetation in arid and semi-arid regions plays a fundamental role in reducing soil erosion, improving water
infiltration, regulating the water cycle, and enhancing ecosystem stability (29, 37). However, the growth and
establishment of woody species are severely constrained by low and irregular precipitation and high
evaporation rates (15). Moreover, the recurrence of droughts has underscored the importance of climate—
human interactions and their impacts on forests in arid and semi-arid regions (4, 9, 11). Surface runoff
management is widely recognized as an effective, low-cost strategy for increasing soil moisture in these
fragile environments (11, 8). In particular, semi-circular bund systems promote plant growth by reducing
runoff velocity, enhancing water infiltration, and concentrating moisture within the root zone (34). Southern
Iran is no exception, where drought is a persistent climatic reality (21). Analyses of spatial and temporal
variations in meteorological drought indicate that the southern parts of the country are among the most
vulnerable to climate change and drought risk, resulting in increasing pressure on natural resources and
agriculture (31).

This research focuses on the Sahara—Sindhi vegetative zone of Iran, an arid-tropical region that experiences
severe water stress and supports important native species such as Prosopis cineraria (L.) Durce, Ziziphus
spina-christi (L.) Willd, and Acacia ehrenbergiana Hayne (40, 19). These resilient trees are vital ecological
resources, particularly across the plains of Hormozgan Province (5). The canopy of these trees is a primary
factor in soil conservation and strongly influences understory communities, making canopy measurement
essential for evaluating forest management effectiveness and overall tree health in this region (25, 31).
Although several studies have addressed water harvesting, the long-term response of canopy components in
these specific native species remains poorly understood. A detailed, integrated analysis of the relationship
between rainfall-runoff patterns and tree canopy dynamics under water-harvesting structures is needed,
especially given that southern Iran is highly vulnerable to climate change and drought (31). Therefore, this
study aims to evaluate the effects of surface runoff management, via the construction of semi-circular bunds,
on the canopy components of these key tree species.

The study was conducted in the Halvaei area of Minab County, Hormozgan Province, Iran (Fig. 1). The
Halvaei area (27°00'12"-27°01'06"N, 57°08'15"-57°09'20"E) covers 79 ha within the Sahara—Sindhi
vegetative zone of southern Iran, has slopes below 5%, and is characterized by an arid climate (Fig. 2). The
mean annual rainfall is 201 mm. This research assesses the impact five years after the bunds were
implemented by the local Natural Resources Office, providing crucial data for sustainable ecosystem
management in the region. A control area was selected adjacent to the treated site, with completely similar
topographic and edaphic characteristics and vegetation cover.

Materials and Methods

The research dataset comprised measurements of tree height, major and minor crown diameters, crown
volume, and crown projection area for key species, including Prosopis cineraria (L.) Durce, Ziziphus spina-
christi (L.) Willd, and Acacia ehrenbergiana Hayne (Vachellia flava (Forssk.) Kyal. & Boatwr.). These data
were collected through direct field surveys, following common procedures for forestry studies in arid zones
(36). Climatic data were obtained from the Minab synoptic station.

Data analysis was performed using a factorial experimental design within a Randomized Complete Block
Design (RCBD), with two main factors: region (treatment vs. control) and tree species. For each treatment
combination, the mean values of canopy and growth attributes were calculated from 30 trees per species
across three replications. Growth parameters, including height, major and minor crown diameters, crown
volume, and crown projection area, were measured and recorded independently for each tree.

In the first step, potential study areas were identified by obtaining maps of water-harvesting and runoff
management projects implemented by the Hormozgan Provincial Department of Natural Resources and
Watershed Management, followed by field verification. The oldest project area, established in 2018, was
selected for analysis. Considering the general slope, the site was divided into three sections—upstream,
midstream, and downstream—to capture the effects of sediment thickness and the movement of infiltrated
subsurface water. These sections constituted the treatment ranges, influenced by runoff management and
water-harvesting interventions, and the three dominant tree species of the region were chosen as the
sampling population.

A control range was selected adjacent to the treatment area. Control and treatment plots were delineated in
accordance with methodological recommendations for runoff management studies (12), ensuring that the
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control area was entirely similar in edaphic characteristics and vegetation cover but lacked runoff
management structures. Table 1 summarizes the specifications of the water-harvesting structures, Fig. 3
provides an overview of the treatment and control ranges within the study area, and Fig. 4 illustrates the
procedure for measuring tree crown height using an inclinometer.

Results and Discussion

The analysis of variance (ANOVA) showed that the water-harvesting treatment had a significant effect on all
measured canopy variables, except crown thickness, at the 1% level. Tree species also had a statistically
significant effect on all canopy components except crown thickness. Mean comparison tests indicated that
trees in areas treated with semi-circular bunds were significantly different from trees in the control area in
terms of height, crown diameter, canopy surface area, and canopy volume. However, there were no
significant differences among positions within the treated area (upstream, midstream, and downstream
sections of the structures).

The species comparison showed that, within the semi-circular bund system, Prosopis cineraria had the
greatest tree height and canopy volume, while Acacia ehrenbergiana Hayne had the lowest tree height.
Ziziphus spina-christi (L.) Willd had the largest trunk diameter and canopy area, with values significantly
higher than those of Acacia ehrenbergiana. There was no significant difference in canopy area between
Ziziphus spina-christi and Prosopis cineraria. The lowest trunk diameter and canopy area values were found
in Acacia ehrenbergiana (Fig. 5, Fig. 6, Table 2).

Overall, the results confirm the positive effects of the crescent-shaped water-harvesting system on tree
growth parameters and highlight the importance of selecting suitable tree species based on their growth
characteristics and ability to adapt to local environmental conditions. These findings provide a solid
scientific basis for informed decision-making and long-term planning in ecosystem restoration and
sustainable land management, especially under increasing drought pressure and climate change in arid and
semi-arid regions.

Keywords: Arid Lands, Canopy cover, Minab County, Runoff management.
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Fig 2. Ombrothermic climogram of Minab synoptic station

Fig 3. A view of the control (a) and treatment (b) areas, and the semi-circular bunds overlaid on a
Google Earth image (c).

Fig 4. Measuring tree crown height using an inclinometer
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Figure 5. Comparison of mean tree crown component values under the semi-circular bund treatment, including
the upstream (1), middle (2), and downstream (3) sections of the treated area, and the control site (4).
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Table 1. Characteristics of the semi-circular bund system.

Characteristics Quantity
Upper width of embankment im
Ground width of embankment 3m
Height of embankment 1.2m
Structure length 17.5m
Radius of water intake 12m
Height of maximum water capacity 0.5m
Maximum water capacity of each crescents 105m®
Number of water intake crescents 600
Total water volume of crescents 63000m*

Table 2. Analysis of variance on the effects of runoff control treatment and tree species on crown components.

MS

Sources of Variation v A DS DL BH H df
Treated and Control site 597.436 473.012" 6.191" 13.534" 0.283™ 2.503" 3
Species 275.272" 157.605" 1.862" 3.3917 6.565 8.800" 2
Species* Treatment 60.216™ 42.567™ 0.0419™ 0.052"™ 0.284™ 0.362 ™ 6
Error 41.093 17.063 0.242 0.287 0.150 0.367 24

H :Full height BH :Base height . DL :Large crown diameter .DS small crown diameter .V .Crown volume, A .crown area.
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