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ARTICLE INFO ABSTRACT

. . The excessive use of water and soil resources, especially in arid and semi-arid
Avrticle type: regions, causes increased soil erosion, followed by the appearance of destructive
Research Paper floods, the emergence of dust, and intensifying the phenomenon of desertification.
Therefore, in order to prevent the environmental problems of these areas, there is a
need for efficient management of their water and soil resources. The rainwater
catchment systems are one of the strong points of dry and desert areas, which have a
high ability to develop these areas. This study investigated the effect of rain
Received: 05 February 2023 catchment systems on the physical and chemical characteristics of rainwater
N catchment systems soil in the Mil Nadir area of Sistan. For this purpose, six soil
Revised: 29 March 2023 samples were taken from the rainwater catchment systems and the control area and
Accepted: 01 April 2023 their physical and chemical properties were measured. The results of this study
. . showed that there is a significant difference of 1% between the average percentage
Published online: 02 August 2023 |4¢ clay, silt, and sand in the soil of the rainwater catchment systems areas compared
to the control area (P<0.01). With the increase in the percentage of clay and silt, the
soil texture from class Loamy-sandy in the control area was changed to loamy class
in rainwater catchment systems, which caused a 28% increase in soil moisture
compared to the control area. In the examination of soil chemical properties, the
findings indicate that the amount of acidity, electrical conductivity, sodium, and
sodium absorption ratio significantly (P<0.01) in the soil of rainwater catchment
systems decreased, but the amount of organic matter, nitrogen, and potassium
Keywords: increased. The effect of rain catchment surface systems has improved the physico-
Desertification, Rainwater chemical_ properties of tr_lg so_il, due to tr_le e>_<isting environmental crises and the
Catchment Systems, Sediments acceleration of the desertification process in this region. The use of these catchment
. - ' ' systems in the Sistan Region provides suitable conditions for improvement. It
Soil properties. provides ecological and environmental protection of these areas.
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EXTENDED ABSTRACT

Introduction: Food supply is one of the greatest challenges of humans in the 21* century. Agricultural
ecosystems are the main suppliers of food, but they are also the main consumers of water resources worldwide.
Depending on the climate and economic development of the region, these ecosystems use between 60 and 90 %
of the available water. About 275 million ha of agricultural land in the world is devoted to the cultivation of
irrigated crops with a growth of 1.3%. This amount constitutes about 23% of agricultural land. However, 45% of
the total food production is obtained through these types of products. To provide food due to the increase in
population growth in 2050, global production must increase by 70%. This means a 53% increase in the
consumption of water resources globally. Many areas around the world have a severe water shortage, which is
caused by several factors, including the consequences of global climate change, rapid population growth, land
use change, expansion of agriculture and urbanization, increased water demand from various production sectors,
insufficient water distribution, etc. The decrease in water quality is due to the exploitation of water, lack of
rainwater, and high evaporation and dryness due to the increase in temperature and lack of storage of rainfall in
the soil. Therefore, water scarcity is a limiting factor for rural development, especially in countries with
emerging or underdeveloped economies based on agriculture. To solve the problem of water shortage, there is a
need to use efficient management to contain and control runoff, especially in arid and semi-arid areas. The rain
catchment areas are one of the areas that have a high potential to extract rainwater for use for various purposes,
including increasing the production and sustainable exploitation of natural and agricultural fields and controlling
soil erosion. One of the characteristics of dry areas is low rainfall amount, irregular distribution, and high
intensity. A major part of its annual rainfall may occur in a few hours. Iran, which is located in the dry region
and its rainfall is one-third of the global average, also has these problems. Therefore, its rains are always
accompanied by destructive floods that destroy the soil and natural ecosystems and cause a lot of financial and
human damage. Therefore, in order to plan and use these water resources and natural areas, there is a need for
efficient management, on the one hand, the floods and also the rainwater catchment systems, which are valuable
water sources, can be used efficiently.

Methodology: The studied area is in the south-west of Sistan, in the Mil-Nader Region, and is a part of Nimroz
city, which is located 30 km west of Zabol. This water catchment level has been created based on the elevations
of the area, as well as the excavations around the mentioned road and other infrastructure activities. To carry out
this research, six soil samples were randomly taken from the surface of the rain catchment and also from its
neighboring areas as a control treatment from a depth of 0-20 cm and transported to the laboratory. To
determine the size of soil particles, the hydrometric method and densitometer ASTM H-152 were used. In the
study of soil chemical properties, acidity was measured using a pH meter, electrical conductivity was measured
using a conductivity meter in terms of dS m™, and the concentration of sodium and potassium was measured
using an optical spectrometer. To determine the percentage of lime, titration with soda, organic matter was
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estimated by the Valky-Block method, and nitrogen was estimated by the Kjeldahl method. Equation (1) was
used to calculate sodium absorption ratio (SAR) and Eq. (2) was used to determine soil moisture percentage.
SAR= Na" A[(Ca" Mgh /2] 1)

SP = (Wmoist*Wdry / Wdry) x 100 (2)

In order to compare the soil characteristics of the rain catchment surfaces and the control area, first, while
checking the normality of the data, the mean comparison test (Student's t-test) and SPSS version 23 statistical
software were used.

Results and Discussion: There is a significant difference of 1% (P< 0.01) between the percentage of clay, silt,
and sand in the area of rainwater catchment systems and the control area. So the highest percentage of sand is
related to the control treatment and the highest percentage of silt and clay is related to the rainwater catchment
systems. By determining the texture of the studied samples, the findings indicate that the soil texture of the
control area is in the loamy-sandy texture class, while the soil texture of the rainwater catchment systems has a
loamy texture. In the analysis of soil moisture percentage, it showed that the amount of this parameter is higher
in the soil of the rainwater catchment systems, which shows a significant difference at the level of 1% (P< 0.01).
In examining the physical properties of the soil, the findings showed that the percentage of clay, silt, and sand in
the control treatment and the field of rainwater catchment systems had a significant difference at the level of 1%
(P< 0.01). The fact that size distribution of particles has a significant role in the soil texture, therefore, the
erosion and transfer of soil particles along with the runoff to the areas of the catchment systems and the
infiltration of sediments in it, leads to the change of the soil texture. The soils of the studied area have high
divergence potential and by absorbing moisture, the structure of the soil is easily destroyed and causes the
transfer of fine particles along with the runoff to the rainwater catchment systems. The findings showed that this
mechanism, along with the change in the size distribution of soil particles, caused a change in the soil texture
class from the sandy loam class in the control area to the loam class in the area of rainwater catchment systems.
Since the soil texture is an effective factor in the water-holding capacity in the soil. Therefore, with the change
of the soil texture, the water holding capacity in the soil also changes, and the results of the analysis of the
percentage of saturated soil moisture also indicate a 28% increase in the values of this characteristic in the soil
of the rainwater catchment systems compared to the control treatment. The average acidity of the soil in the
control area is equal to 7.9, which has significantly decreased (7.63) in the soil of the rainwater catchment
system. In the examination of electrical conductivity, the findings show a significant difference in the values of
this characteristic in the examined samples (P < 0.01). The highest value of this variable was measured in the
control treatment and equal to 20.5, and the lowest value was measured in the soil of rainwater catchment
system and equal to 5.9 ds/m. In examining the chemical properties of the soil, the findings show a decrease in
the characteristics of acidity, electrical conductivity, sodium, and sodium absorption ratio, and on the contrary,
an increase in the characteristics of organic matter, nitrogen, and potassium in the range of rainwater catchment
system. Considering that the changes in soil electrical conductivity are affected by the solutes in the soil,
therefore, the reduction of dissolved solutes plays a significant role in reducing the soil electrical conductivity.
Conclusion: The lack of rainfall and a lot of evaporation and transpiration is the humidity limitations of dry and
semi-arid regions, which play an important role in the lack of development of dry regions like Sistan. Such
climatic conditions and unreasonable use of resources cause soil erosion and the removal of a large part of
susceptible lands, the occurrence of violent floods and the occurrence of dust phenomena, and the intensification
of desertification. Mil Nader Region is one of the regions that have the potential for the growth of plants if
moisture is available. The soil surface of this area consists of a hard layer that prevents water from penetrating
into the soil. Since the rainfall in the area is low but with low distribution and high intensity, rainfall of about 10
mm in this area causes runoff and its storage in natural and artificial pits. As the results showed, the catchment
surface systems increased the water-holding capacity in the soil by increasing the percentage of clay and silt and
changing the soil texture to loam class compared to the control treatment. Also, with the decrease in the
characteristics of acidity, electrical conductivity, sodium, and sodium absorption ratio, and in contrast to the
increase in the characteristics of organic matter, nitrogen, and potassium, the soil in the range of rain catchment
surfaces has been affected by the optimal performance of the rain catchment surface systems and the
improvement of physical characteristics and soil chemistry in these areas. Therefore, the use of these potential
talents provides a suitable platform for improving the physical and chemical properties of the soil, which plays
an effective role in revitalizing the vegetation and improving the environment, and protecting water and soil in
the Sistan Region.
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Table 1 — Average comparison (Standard error + Mean) of some physical characteristics of the soil in study area

Sampling location Rainwater Catchment T
_ Systems Control treatment Degree of t Significant
Variable Y freedom 9
Sand (%) 59 (+ 0.89) 34.5 (+1.78) 11 -36.52 0.000™
Silt (%) 28.5 (£ 0.82) 455 (£ 0.54) 11 56.9 0.000™
Clay (%) 13.5 (+ 0.54) 20 (+ 0.89) 11 15.18 0.000™
Saturation (percentage) 32.6 (+0.81) 41,16 (+ 1.29) 11 13.63 0.000™

" Significant difference in the level of 1%
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Figure 2- Determining the texture of soil samples in the study area
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Table 2- Average comparison (Standard error + Mean) of some chemical characteristics of the soil in study area

Sapling location Rainwater Catchment Control treatment Degree of : .
Variable Systems freedom t Significant
PH 7.63 (£ 0.08) 7.9 (+ 0.05) 11 -3.381 0.027
EC 5.9 (+ 0.52) 20.5 (+ 1.09) 11 -28.7 0.000™
Na 8.9 (+7.52) 15.1 (+ 9.09) 11 21.11 0.000™
SAR 73.9 (+7.52) 168.5 (+ 9.09) 11 21.11 0.000™
OM% 7.63 (+ 0.04) 0.18 (+0.02) 11 14.36 0.000™
N% 0.23 (¥ 0.02) 0.09 (£0.01) 11 14.27 0.000™
K 154.03 (+ 4.28) 84.6 (+2.73) 11 305 0.007™
Cacog 3.02 (£ 0.04) 7.25 (£0.22) 1 -2.46 0.03"
™ Significant difference in the level of 5% " Significant difference in the level of 1%

Ol 25T Zokaw 50 Sligw ) o )5 3l50 31 (2les =¥ JSU
Figure 3- A view of the amount of sediment deposition in rain catchment surfaces
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