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ARTICLE INFO ABSTRACT

This research has been carried out with the aim of investigating the use of gravelly
filters in rainfed gardens on sloping lands in order to optimize infiltration and
Research Paper increase soil moisture storage in the conditions of using micro catchment systems
during the years 2013-2018 in Chaharmahal and Bakhtiari province. The research
rejoin has an average annual rainfall of 300 mm, soil with silty clay loam texture,
and an average slope of 15%. Towards this attempt, micro catchments were made
Received: 25 December 2022 with five different treatments including a removed surface with and without using a
Revised: 25 January 2023 gravelly filter, an isolated surface with and without using a gravelly filter, and the
control treatment(natural surface), along with three cultivars of almond(Rabie,
Accepted: 27 January 2023 Mamaei, and Shahroud 21) and were constructed in 5 repetitions. The soil moisture
Published online: 20 April 2023  iat the depths of 25, 50, and 75 c¢m of the seedling hole in each of the systems was
accurately measured and recorded using a TDR device. In order to determine the
role of filters and to determine the difference between similar treatments with the
different presence or absence of gravelly filters in them, Paired-Samples T-Test was
used in SPSS software. The results showed that there is a significant difference
between the treatments with filter and without filter in terms of soil moisture
percentage. In other words, using the gravelly filter in the seedling pit will optimize
Keywords: the infiltration of extracted runoff into the soil, increase humidity in the place of tree
Chaharmahal and Bakhtiari root development, and increase its growth. Therefore, it is recommended to use the
province, Gravelly filter, Rainwater gravelly filter in the seedling pit in the conditions of using rainwater catchment
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EXTENDED ABSTRACT

Introduction: One of the effective measures in the field of optimizing the use of precipitation in arid and semi-
arid climates is the use of rainwater harvesting systems so that these systems increase the stability and quality of
water resources. Some scientists have acknowledged that due to uncertain weather patterns in the future,
rainwater harvesting systems are considered a reliable method for water security and the effectiveness of these
systems in drought management in arid and semi-arid regions has been proven. Today, small catchment systems
are mostly used for tree planting, and their characteristic is the direct entry of water from a relatively small
water-absorbing surface to the root of the plant. The investigation of the research done on gravelly filters shows
that the use of these filters will cause the quick discharge of the runoff collected in the seedling hole to the deep
parts of the soil in terms of high porosity. In other words, the use of gravelly filters prevents the infiltration of
runoff in the surface profile of the soil, and as a result, reduces moisture evaporation. Also, the quick penetration
of the collected runoff into the depth of the soil provides the necessary conditions for increasing plant indices.
Methodology: The current research was carried out at a distance of 5 km from Shahrekord, the capital of
Chaharmahal and Bakhtiari province. The average height of the station is 2150 m above sea level. The climate
of the region is semi-arid and the average annual rainfall is estimated to be 300 mm. To carry out the work, 75
rectangular water catchment systems were built on the ground with an area of 40 m? in the form of five rain
catchment system treatments, three varieties of almonds (Rabie, Mamaei, and Shahroud 21), and in five
repetitions. The treatments of the rainwater catchment surfaces include removed surfaces with and without using
the gravelly filter, isolated surfaces with and without using the gravelly filter, and the control treatment (natural
surface). After preparing the seedling pit, in order to store moisture in the soil profile, the appropriate amount of
rotted manure was mixed with the soil of the pit. A number of almond seedlings from among the selected
cultivars were planted downstream of each catchment system. Measurement and recording of soil moisture data
at the depths of 25, 50, and 75 cm in the seedling hole using a TDR (time domain reflectometry) device was
done once every seven days during the plant growth period. Plant indices including collar diameter, tree height,
canopy area, and fruit yield were measured for each of the almond cultivars. Statistical analysis of data was
done using SPSS software. Also, in order to determine the difference between similar treatments in the case with
gravelly filter and without gravelly filter and to determine the role of filters in soil moisture storage, Paired-
Sample T Test in SPSS software was used.

Results and Discussion: The results of this research showed that there is a significant difference between soil
moisture values in different treatments (P<0.01). The comparison of the average soil moisture data indicates that
in all three depths of 25, 50, and 75 cm of the soil of the seedling cultivation pit, the lowest amount of moisture
was related to the control treatment (natural soil) and this treatment was not able to provide enough water for the
seedlings. The use of removed surfaces and isolated surfaces has been significantly effective in increasing the
soil moisture content of the seedling pit. In addition, among the treatments, the highest amount of moisture in all
three mentioned depths is related to the isolated surface treatment with a gravelly filter. Besides, the results of
determining the difference between the same treatments in the case with a gravelly filter and without a gravel
filter, for the depths of 25, 50, and 75 cm, show that there is a significant difference between the same
treatments in the case with a filter and without a filter in terms of soil moisture. This difference is significant for
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the depths of 25 and 75 cm at the 5% probability level and for the 50 cm depth at the 1% probability level. In
fact, the infiltration of runoff into the filter and the hydraulic connection between the filter and the seedling pit
soil has increased the soil moisture in all three depths. Therefore, the use of gravelly filters, both in removed
surfaces (cleaned ground) and in isolated surfaces, has improved the penetration and transfer of runoff to the
depth and has caused an increase in soil moisture in the area of root development and better growth and
development of trees.

Conclusion: This research can be briefly concluded as follows:
o The values of soil moisture and plant indices in the case with the filter are higher than the corresponding
values in the case without the filter.
o The use of gravelly filters in rain catchment systems has a very important role in the rapid infiltration of
collected runoff into the depth of the soil and the place of root development.
o It is recommended to use a gravelly filter in the rainwater catchment systems for rainfed garden
cultivation in sloping lands.
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Figure 3- An example of a polyethylene pipe used to make a gravelly filter
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Figure 4- Placement of the filter in the seedling hole before pouring gravel in it
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Figure 5- Insulating the surface of microcatchment using plastic and gravel
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Figure 6- A view of the isolated surface treatment after planting almond seedling
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Figure 7- Map of location of different treatments of water harvesting system and almond cultivars
R: Rabie variety almond, M: Mamaei variety almond, SH: Shahroud 21 variety almond, 1: control treatment, 2: treatment of removed
surface with gravelly filter, 3: treatment of removed surface without gravelly filter, 4: treatment of isolated surface with gravelly filter, 5:
treatment of isolated surface without gravelly filter
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Figure 8- The state of the runoff storage in the banks built on both sides of the seedling pit
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Figure 9- Measurement of soil moisture percentage using TDR device
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Table 1- Comparison test of average percentage of soil moisture in different treatments by Duncan's method

Treatment Depth 25 Dep_th 50 Depth 75
(centimeter) (centimeter) (centimeter)
Control treatment 116°¢ 12.0°¢ 116°¢
Removed surface with gravelly filter 15.8%® 16.3% 144%®
Removed surface without gravelly filter 155° 155" 14.0°
Isolated surface with gravelly filter 16.3% 16.5? 14.6%
Isolated surface without gravelly filter 16.0 16.0 14.3%®

Non-similar English letters (a, b, ¢) in each column indicate a significant difference at the one percent probability level
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Table 2- Comparison of soil moisture percentage of the treatments in the condition with filter and without filter at
depth of 25 cm (paired test)
Standard Degree of
deviation freedom

Description of operations Mean t Significant

. The difference of removed surface in the
Pair 1 mode with filter and without filter 0.33 0.13 194 2.57 0.011

. The difference of isolated surface in the
Pair 2 mode with filter and without filter 0.32 0.14 194 2.39 0.018
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Table 3- Comparison of soil moisture percentage of the treatments in the condition with filter and without
filter at depth of 50 cm (paired test)

Standard Degree of
deviation freedom

Description of operations Mean t Significant

. The difference of removed surface in the
Pair 1 mode with filter and without filter 0.42 0.14 194 309 0002

. The difference of isolated surface in the
Pair 2 mode with filter and without filter 0.45 0.12 194 357 0001
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Table 4- Comparison of soil moisture percentage of the treatments in the condition with filter and without filter at depth of 75 cm
(paired test)

- . Standard Degree of A
Description of operations Mean deviation freedom t Significant
. The difference of removed surface in the mode
Pair 1 with filter and without filter 0.29 0.13 194 2.20 0.029
Pair 2 The difference of isolated surface in the mode 034 014 194 245 0015

with filter and without filter
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Figure 10- Growth of almond tree in isolated surface treatment with gravelly filter
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Table 5- Comparison of the average plant indices measured in different varieties of almonds

varieties of almond Collar diameter Tree height Canopy Fruit yield
(mm) (cm) (m? (gr per tree)
Rabie 30.3°¢ 146.8° 0.7°¢ 640.5 2
Mamaei 34.1° 151.0° 1.2° 810.7°
Shahroud 21 405° 186.9 ° 142 1024.2°2

Non-similar English letters (a, b, c) in each column indicate a significant difference at the one percent probability level
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