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This study investigated the effects of a furrow-based water-harvesting system on soil
salinity, soil moisture distribution, and vegetation biodiversity in a degraded dryland
ecosystem. Field sampling was conducted in furrow-treated and untreated (control)
plots. Soil samples were collected at three depths (0-30, 30-60, and 60-90 cm) to
evaluate electrical conductivity (EC) as an indicator of soil salinity and gravimetric
soil moisture as a measure of water availability within the soil profile. Vegetation data
were also recorded to assess biodiversity responses using species richness and diversity
indices. Statistical analyses were performed to compare treatments, and depending on
the characteristics of the data, Mann—Whitney U tests and Welch’s t-tests were applied.
To reduce the risk of Type I error due to multiple comparisons, p-values were adjusted
using Bonferroni and false discovery rate (FDR) corrections. The results showed that
the furrow treatment significantly reduced soil salinity across all sampled depths
compared with the control plots, indicating effective redistribution and leaching of
soluble salts from the root zone. Soil moisture content was also higher in the furrow
plots, with the most pronounced and statistically significant increases observed in the
subsurface layers (30-60 and 60—90 cm). In contrast, differences in soil moisture in
the surface layer (0-30 cm) were not statistically significant, which may be attributed
to rapid evaporation and the transient nature of surface moisture conditions in dryland
environments. Vegetation analyses indicated a positive ecological response to the
furrow treatment, with higher species richness and greater plant abundance recorded
in the treated plots. Diversity indices reflecting species richness responded more
clearly than indices weighted by species dominance, suggesting that improvements in
soil conditions initially promote species establishment before substantial shifts in
community structure occur. Overall, the findings demonstrate that furrow-based
water-harvesting systems can significantly improve soil physicochemical conditions
by reducing salinity and enhancing soil moisture availability, particularly in deeper soil
layers that are critical for plant growth during dry periods.
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EXTENDED ABSTRACT

Introduction: Arid and semi-arid regions, covering more than 40 percent of the Earth's land area, are home to a
significant portion of the world's population. These ecosystems are among the most vulnerable natural
environments to land degradation and desertification due to low rainfall, high evapotranspiration, and climatic
instability. Land degradation in arid and semi-arid regions is often associated with soil salinization, limited water
availability, and reduced vegetation cover. These constraints limit natural regeneration and decrease ecosystem
resilience. Water-harvesting techniques are widely used to improve soil-water conditions and support vegetation
establishment in drylands. Among these methods, furrow systems can modify microtopography, concentrate
runoff, enhance infiltration, and potentially reduce salt accumulation in the root zone. Despite the widespread
application of such techniques in dryland restoration, their combined effects on soil physicochemical properties
and biodiversity responses remain insufficiently documented. Therefore, this study aimed to evaluate the impact
of furrow systems on soil electrical conductivity (EC), soil moisture distribution, and vegetation diversity
compared with untreated control areas.

Methodology: The study was conducted in a dryland ecosystem where furrow structures were implemented as a
water-harvesting treatment. Soil samples were collected from both furrow and control plots at three depths: 0-30,
30-60, and 60-90 cm. Soil electrical conductivity (EC) and gravimetric soil moisture were measured to assess
salinity and water availability within the soil profile. Vegetation data were recorded to evaluate biodiversity
responses, and several community metrics were calculated, including species richness and commonly used
diversity indices. Statistical analyses were performed to compare treatments. To assess changes in vegetation
cover in the furrows and control areas, field sampling of vegetation was carried out using the transect-quadrat
method. First, two transects were randomly established in the center of the project area in intersecting and
perpendicular directions to the furrow rows. 15 plots were placed on each transect, and a total of 30 plots were
sampled in the furrows. At the intersection of each transect with the furrow, a fixed quadrat of one square meter
was established, and all plant species present in the plot were identified, and their canopy cover percentage was
measured. To provide comparison conditions, a similar number of plots (30 plots) were also collected in the
intervals between the furrows as control areas. Depending on data distribution and variance equality, Mann-
Whitney U tests and Welch’s t-tests were applied. To control for multiple comparisons, p-values were adjusted
using Bonferroni and false discovery rate (FDR) corrections.

Results and Discussion: The results showed a clear effect of the furrow system on soil properties. Soil electrical
conductivity was significantly lower in the furrow treatment than in the control across all sampled depths,
indicating effective redistribution and leaching of soluble salts from the soil profile. Soil moisture content was
also higher in the furrow plots, particularly in the subsurface layers (30-60 and 60-90 cm), where statistically
significant increases were observed. In contrast, differences in soil moisture at the surface layer (0-30 cm) were
not statistically significant, likely due to higher evaporation rates and rapid fluctuations in surface moisture
conditions. Biodiversity analyses revealed a positive response of vegetation to the furrow treatment. Richness-
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related indicators and species abundance tended to increase in the furrow plots, suggesting improved conditions
for plant establishment. The average species richness in furrow treatment plots is about four times that of the
control plots, and the very large effect size indicates that the furrow water harvesting system has had a strong and
ecologically important effect on increasing the number of species present per unit area. Diversity indices that
account for species evenness showed weaker or delayed responses, indicating that community structural changes
may require longer time periods to become evident.

Conclusion: The observed reduction in soil salinity in furrow plots can be attributed primarily to enhanced
infiltration and runoff concentration within the furrows, which promotes leaching of soluble salts below the root
zone. In addition, the altered microtopography likely disrupts capillary rise and reduces the upward movement of
salts driven by evaporation. Increased soil moisture in deeper layers further supports plant growth by improving
water availability during dry periods. The ecological responses observed in vegetation metrics suggest that furrow
systems can facilitate natural regeneration processes by creating favorable microsites for seed germination and
seedling survival. Overall, the findings indicate that furrow-based water-harvesting systems can simultaneously
improve soil physicochemical conditions and support biodiversity recovery in degraded dryland landscapes. Such
practices therefore represent an effective and low-cost strategy for ecological restoration and sustainable land
management in arid environments.
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Figure 1- Location of the study area: (a) Iran, (b) Khuzestan Province, (c) climatic map of the region, and (d) isohyet
map of Khuzestan Province
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Figure 2— Executed furrows in the implementation area
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Table 1- Alpha Indecies of vegetation diversity

Usual name Formulae Refrence
Py}
S Margalef _s-1 (Peet, 2003)
o InN
w
S
Shannon H =-— Z P;InP; (Krebs, 2009)
i=1
Dominance S n;
— 2 L
- (revised) D= ) P P_ N (Krebs, 2009)
% i=1 =
S Simpson Diversity B B Z 2 m
t:% (revised) 1-D=1 2 Py P;_ N (Krebs, 2009)
— 1=
< 1
. /p (Smith and Wilson, 1996)
S
Equitability H,L (Pielou, 1966)
max

S: Total number of species, N: Total number of individuals in the sample, P_(i) is the proportion of
individuals of the i-th species in the population, n_i is the number of individuals of the i-th species
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Table 2- Comparison of mean richness and diversity indices between treatments
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J Jlasiw] dlobw 45" dad o Hlis Syi Hluw il 05101 5 Cunl dals sl ply e 290 Jld Jlows s Jd (slaeS slie
ool 43l o sy )3 pols (sladieS slas Ll oo Blidpe 5 598 b s

Mean+sp  Mean* Change 95% ClI 95% ClI Shapiro  Shapiro
Index (Furrow) SD A rate Classic Bootstra P_raw (Furrow) (Control)
(Control) (%) P

Taxa_S 6.83t1.32 3.93+141 290 73.75 2.19t0 3.61 22710357  0.00 0.04 0.05
Individuals ~ 42.9+27.57 243258 4047 166395  30.13t050.80 000 000 000 0.00
Dominance D 0.37:0.18  0.41:021 -0.04 -9.85 -0.14100.06  -0.14100.05  0.42 0.00 0.00
Simpson_1-D  0.63:0.18 059:0.21 004  6.83 -0.06100.14  -0.05t00.14  0.42 0.00 0.00
Shannon_H 133:0.38 1.11:044 022  20.24 0.01 t00.64 0.02t00.43  0.04 0.16 0.01
Evenness_e’H/S 06019  0.85:0.12 -025 -2912  -033t0-016  -0.33t0-0.17  0.00 0.23 0.01
Brillouin 1.01£029  0.32+021 069 215.12 0.56 t00.82 056t00.81  0.00 0.72 0.27
Menhinick 118+0.37 249+097 -131 -52.74  -16910-0.93  -1.68t0-0.94  0.00 0.38 0.21
Margalef 168043 0.83t114 085 103.08 0.40 t01.31 04610126  0.00 0.54 0.00
Equitability J  0.7#0.19  0.86£0.12 -0.16 -1826  -0.24t0-0.07  -0.23t0-0.08  0.00 0.01 0.02
Fisher alpha  2.81#1.11 1.81#315 100  54.89 -0.24t02.23 02310216 0.1 0.60 0.00
Berger-Parker ~ 05+0.19  0.35+028 0.5 4235 0.02t00.27 0.03t00.26  0.02 0.12 0.01
Chao-1 7.37t176  4.00£147 337 8431 2.53t04.21 26210420  0.00 0.29 0.13
Smith 0.49+0.19 077016 -028 -36.62 0.37t0-019  -0.3710-020  0.00 0.60 0.31
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Table 3- Adjusted P-values (Bonferroni and FDR) and effect size (Cohen’s d) for comparisons between treatments

Index P (Bonferroni) P (FDR) Effect_Type Size Effect Cohen_Class
Taxa_S 0.00 0.00 r 0.74 Very Large
Individuals 0.00 0.00 r 0.85 Very Large
Dominance_D 1.00 0.42 r 0.10 Small
Simpson_1-D 1.00 0.42 r 0.10 Small
Shannon_H 0.56 0.05 r 0.24 Small
Evenness_e"H/S 0.00 0.00 r 0.64 Large
Brillouin 0.00 0.00 d 2.70 Extremely Large
Menhinick 0.00 0.00 d -1.78 Very Large
Margalef 0.01 0.00 r 0.42 Medium
Equitability J 0.01 0.00 r -0.96 Very Large
Fisher_alpha 1.00 0.13 r 0.39 Medium
Berger-Parker 0.28 0.03 r 0.27 Small
Chao-1 0.00 0.00 d 2.07 Extremely Large
Smith 0.00 0.00 d -1.61 Very Large
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Table 4- Comparison of mean soil properties at different depths between the furrow and control treatments

Depth Mean+SD Mean+SD  Change . s Cohen’s
(ch:1) (Furrow) (Control) rate ((9@ test P_raw P (Bonferroni) Cohen’s d class
0-30 4.2+045  45.39+18.53 -90.74 U 0.00 0.00 3.14 Extremely
EC (ds m?) 30-60 3.7£1.92 60.22+20.19 -93.86 U 0.00 0.00 3.94 Large
60-90 6.24+4.00 63.16+18.40 -90.12 U 0.00 0.00 4.28
Moisture 0-30 1.98+0.62 1.76+0.55 12.50 t 0.30 1 0.37 Small
%) 30-60 5.16+1.63 1.02+0.32 405.88 U 0.00 0.03 3.54 Extremely
60-90 2.02+0.64 0.99+0.31 104.04 t 0.00 0.00 2.06 Large
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Table 5- Plant species recorded in furrow and control treatments along with their life forms and chorotypes

species Life form Chorotype Furrow Control
Halocharis sulphurea Th Sahara-Sindian v v
Psylliostachys spicata Th Sahara-Sindian / Irano-Turanian v v
Frankenia pulverulenta Th Mediterranean-Sahara-Sindian v v
Mesembryanthemum nodiflorum Th Mediterranean-Sahara-Sindian v v
Spergularia marina Th Cosmopolitan v v
Sphenopus divaricatus Th Mediterranean v v
Eruca sativa Th Mediterranean-Irano-Turanian v -
Polypogon monspeliensis Th Mediterranean v v
Phalaris minor Th Mediterranean-Irano-Turanian v -
Lolium rigidum Th Mediterranean v -
Malcolmia taraxacifolia Th Irano-Turanian v v
Seidlitzia rosmarinus Ch Sahara-Sindian v -
Reseda aucheri Th Irano-Turanian v v
Trigonella anguina Th Irano-Turanian v -
Parapholis incurva Th Mediterranean v v
Hordeum marinum Th Mediterranean-Sahara-Sindian v -
Aeluropus lagopoides H Sahara-Sindian v -
Carthamus oxyacantha Th Irano-Turanian v -
Medicago polymorpha Th Mediterranean v -
Plantago coronopus H Mediterranean v -
Atriplex leucoclada Ch Sahara-Sindian v -
Bassia eriophora Th Sahara-Sindian v v
Bienertia cycloptera Th Sahara-Sindian - v
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