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Abstract

Arid and semi-arid regions, which cover a large proportion of Iran’s rangelands, are among the most
vulnerable ecosystems due to low precipitation, high evaporation, and uneven rainfall distribution. These
conditions result in increased surface runoff, reduced soil infiltration, and severe limitations in water
resources. Implementing strategies such as rainwater harvesting techniques and soil amendment treatments
has the potential to enhance soil moisture retention, minimize evaporation losses, improve water-use
efficiency, and ultimately support the sustainability of vegetation cover. In the present study, the effects of
different rainwater harvesting methods and soil amendment treatments on the establishment and growth of
two rangeland species, Aellenia subaphylla and Artemisia sieberi, were evaluated in the desert rangelands of
Jajarm, Iran. The experiment was conducted as a factorial arrangement within a randomized complete block
design with four replications. Three rainwater harvesting methods including crescent-shaped catchments,
pitting, and contour furrows, were tested in combination with soil amendment amendments including two
levels of acrylic clay nanoparticles, Glomus intraradices, Glomus mosseae, Glomus fasciculatum, straw
mulch, two levels of zeolite, and a control. Vegetation parameters such as establishment rate, canopy cover,
plant height, and major and minor diameters were measured during the first year after establishment. The
results showed that A. subaphylla achieved the highest establishment rate (71.21%) under the contour furrow
method, while A. sieberi recorded its highest establishment rate (86.11%) under the pitting method.
Conversely, the crescent-shaped catchment resulted in the lowest establishment rates for both species. Soil
amendment treatments did not exhibit significant effects on either species. Significant differences among
rainwater harvesting methods were observed in terms of major and minor diameters for A. subaphylla, and in
major diameter and canopy cover for A. sieberi. Overall, the findings suggest that while rainwater harvesting
methods play a critical role in improving the establishment of rangeland species, long-term studies are
required to fully evaluate the impacts of soil amendment treatments.
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Extended Abstract

Introduction

Arid and semi-arid regions, which cover approximately 40% of the Earth's land surface, face significant
challenges in the establishment and maintenance of vegetation cover (16). Due to their distinct climatic
conditions—characterized by low precipitation and extreme temperature fluctuations—these areas are
regarded as some of the most fragile ecosystems worldwide. A substantial portion of Iran’s land area also
lies within these arid and semi-arid zones, emphasizing the importance of effective ecosystem management
in the country (22, 23). The vegetation in such regions mainly consists of drought-tolerant species
characterized by specific adaptations, including extensive root systems, small leaves, and efficient water-use
mechanisms (21). Rangelands in Iran play a vital role in maintaining biodiversity, controlling soil erosion,
and providing forage for livestock (22). However, multiple factors—including climate change, overgrazing,
and land-use change—pose significant threats to these valuable ecosystems (21, 36). In recent years, the
application of rainwater harvesting techniques and soil amendment treatments has emerged as an effective
strategy to enhance vegetation cover, improve water infiltration, reduce evaporation, and conserve soil
moisture (8, 9). Despite numerous studies on water resource management and soil improvement in arid
environments, notable research gaps still exist. Many studies have independently assessed the impacts of
rainwater harvesting or soil amendments. Yet, few have examined the combined effects of these approaches
on the establishment and growth of rangeland species. The present study examines the impact of various
rainwater harvesting methods and soil amendment treatments on the establishment of two key rangeland
species, Aellenia subaphylla C.A. Mey and Artemisia sieberi Besser, in the Jajarm region.

Material and Methods

This study was conducted in the desert region of Jajarm, located in the southern part of North Khorasan
Province, Iran (Fig. 1). The study area has an arid climate, with an average annual rainfall ranging from 100
to 150 mm and an elevation ranging between 1100 and 1200 m above sea level. The soil is predominantly
sandy loam with light texture. Rainfall is concentrated in winter and early spring, whereas summers are hot
and dry with minimal precipitation. The dominant vegetation in the rangelands is composed mainly of shrub
species, including Artemisia sieberi, Salsola orientalis S.G. Gmelin, and Salsola arbusculiformis Drob (14,
15, 18). The experiment was designed as a factorial arrangement within a completely randomized design
(CRD) with four replications. The target plant species were established at 5 m intervals (Fig. 2). Three
rainwater harvesting techniques were tested: (1) crescent-shaped catchments (3 x 1.5 m) (Fig. 5), (2) pitting
(40 x 40 x 40 cm holes) (Fig. 4), and (3) contour furrows (20 cm depth, 10 m spacing) (1, 12) (Fig. 3). Five
soil amendment treatments were also applied: (1) acrylic clay nanoparticles at two concentrations (1% and
3%), (2) mycorrhizal fungi including Glomus intraradices, Glomus mosseae, and Glomus fasciculatum, (3)
straw mulch (3 cm thickness), (4) zeolite at two levels (10% and 20% of soil weight), and (5) a control
treatment. Plant growth parameters-including establishment percentage, canopy cover, plant height, and the
major and minor canopy diameters- were measured one year after planting (Figs. 6, 7). Data analysis was
performed using Minitab software version 16. Data normality was tested using the Kolmogorov—Smirnov
test, followed by analysis of variance (ANOV A) and mean separation using Tukey’s test.

Results

Establishment percentages were evaluated across the study area under different rainwater harvesting
methods. Results showed that Aellenia subaphylla achieved the highest establishment rate under the contour
furrow method (71.2%) and the lowest under the crescent-shaped catchment method (43.33%). Similarly,
Artemisia sieberi exhibited the highest establishment rate under the pitting method (86.1%) and the lowest
under the crescent-shaped catchment method (76.1%) (Figs. 8, 9). Analysis of variance (ANOVA) revealed
significant differences among the three rainwater harvesting methods—contour furrow, pitting, and crescent-
shaped catchment—for A. subaphylla in terms of both major and minor canopy diameters (Table 1). For A.
sieberi, significant differences were detected in primary canopy diameter and canopy cover area. In contrast,
soil amendment treatments did not produce statistically significant effects on the measured traits for either
species (Table 2). Mean comparison results indicated that, in A. subaphylla, the greatest average plant height
was obtained under the Glomus intraradices treatment, whereas the highest averages for major and minor
canopy diameters and canopy cover were observed under the 3% nano-clay treatment. Additionally, contour
furrow and pitting methods resulted in the highest values for plant height, canopy dimensions, and cover area
(Figs. 10-12).
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For A. sieberi, the highest average plant height was recorded under the G. intraradices treatment, while the
greatest primary canopy diameter and canopy cover were obtained under the G. fasciculatum treatment. The
largest minor canopy diameter was observed in the 300 g zeolite treatment. Furthermore, the pitting method
consistently produced the highest averages for all measured growth parameters in A. sieberi (Figs. 13-15).
Overall, the findings indicate that pitting and contour furrow methods, in combination with treatments
involving mycorrhizal fungi and nano-clay, provided the most favorable conditions for enhancing the
establishment and growth of the studied species.

Discussion and Conclusion

The results of this study demonstrated that the contour furrow method produced the highest establishment
rate for Aellenia subaphylla (71.21%), whereas the pitting method was most effective for Artemisia sieberi
(86.11%). These differences likely reflect the distinct ecological traits and water requirements of the two
species. Consistent with previous studies (2, 9, 31, 37), the findings confirm that rainwater harvesting
techniques can substantially enhance plant establishment and growth by improving soil moisture availability
and water infiltration. In contrast, soil amendment treatments—including mycorrhizal fungi, zeolite, and
acrylic clay nanoparticles—did not exhibit significant short-term effects. Nevertheless, their long-term
potential to improve soil structure, nutrient availability, and plant—soil interactions should not be overlooked,
as reported in earlier studies (5, 13). Evidence from other research also suggests that combining soil
amendments with rainwater harvesting techniques can produce synergistic effects, further enhancing
vegetation establishment over time.

Overall, this study underscores the importance of selecting appropriate rainwater harvesting methods that
align with species-specific ecological requirements in the rehabilitation of arid rangelands. Furrows and
pitting emerged as the most effective approaches for the studied species and can be recommended as
practical strategies for similar environments. To strengthen these findings, future research should focus on
long-term monitoring of combined water harvesting and soil amendment practices, as well as their
applicability across different rangeland species and climatic conditions. Such investigations will contribute to
developing more comprehensive and sustainable rangeland management strategies in arid and semi-arid
regions.

Keywords: Rainwater harvesting methods; soil amendment treatments; desert rangeland rehabilitation;
establishment of rangeland species.

N

Legend

I  Boundary of study area

D Boundary of province

=3 Jajarm county
100 km
[} Counties
Crescent-shaped catchment
= Pitting

Contour furrow

56°28'19"E

37°0'58"N

r4
S
in
I
&
-

N.#000°0,89¢

56°28'19"E

56°48'0.000"E 56°28'12"E

Fig 1. Location of the study area



Journal of Desert Management, Vol. 13, No. 2, Summer 2025, pp 1-22

Fig 3. Bed Preparation and construction of Fig 2. Construction of contour furrows in the study
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Fig 7. Establishment of A. subaphylla in study area Fig 6. Establishment of A. sieberi in study area
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Fig 8. Chart of the establishment percentage of A. subaphylla by treatment and planting bed
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Fig 9. Establishment percentage of A. sieberi across different treatments and planting beds.

Table 1. Analysis of variance for the effect of rainwater harvesting methods and corrective treatments on A.

subaphylla
L Mean of Squares (MS)

Source of Variation df Height Large diameter Small Diameter Canopy cover
Rainwater harvesting 2 1048.5ns 360.46* 135.42* 39084ns
Corrective treatment 8 405.8ns 117.22ns 42.76ns 23332ns
RWH * CT 16 562.1ns 203.21ns 58.13* 37269*
Error 54 429.5 96.49 30.1 18997
Total 80

**: Highly significant, *: Significant, ns: Not significant

Table 2. Analysis of variance for the effect of rainwater harvesting methods and corrective treatments on A.

sieberi
L Mean of Squares (MS)

Source of Variation df Height Large diameter Small Diameter Canopy cover
Rainwater harvesting 2 112ns 396.44** 5.78ns 31524*
Corrective treatment 8 53.4ns 47ns 11.28ns 11525ns
RWH * CT 16 130.4ns 54.49ns 23.1ns 10240ns
Error 54 175.4 68.99 21.05 10509
Total 80

**: Highly significant, *: Significant, ns: Not significant
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