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Mulching is a method of controlling wind erosion in arid and desert areas. In this
study, the effects of oil mulch on some properties of soil were investigated, and
the optimum amount of mulch to wind erosion control in Dehloran, Iran, was
determined. For these purposes, after a mulching practice, soil samples were
taken from the three treatments of mulched, control and the afforestation area at
two depths of 0-10 and 10-50 cm through monthly field surveys during a year to
measure soil parameters, including temperature, soil moisture, pH and EC. Then,
the threshold velocity of wind erosion was determined using a wind tunnel and
the optimum amount of mulch for erosion control was calculated. The results of
soil characteristics analysis showed that soil temperature was significantly
affected by the depth and season of sampling and their interactions, in contrast,
soil moisture was only affected by the season. Also, soil pH was affected by all
independent variables, while EC was only affected by the treatments. Na and
SAR were not significantly affected by treatment, depth, and their interactions,
while OM was significantly affected by treatment and the interaction between
depth and treatment. Finally, the wind tunnel results showed that the erosion
threshold velocity in the control area, at the height of 30 cm, was 4.84 m/s. Results
also showed that mulching practice can control wind erosion under the maximum
wind speed of the region and 7 tons/ha was recommended for future mulching
practices in the region and similar areas.

Cite this article: Rostami, N., Karimi, H., Tavakoli, M., Mirhasani, M., Heydari, M. (2023). Evaluation of Qil Mulch Effect on Wind
Erosion Threshold Velocity and Some of Soil Properties (Case Study: Dehloran, llam). DESERT, 28 (1),
DOI: 10.22059/jdesert.2023.93544

M., Heydari, M.

Q0®

BY NC

© The Author(s). Rostami, N., Karimi, H., Tavakoli, M., Mirhasani,

Publisher: University of Tehran Press

DOI: 10.22059/jdesert.2023.93544



mailto:n.rostami@ilam.ac.ir
https://orcid.org/0000-0002-9523-789X
https://orcid.org/0000-0001-7464-1810
https://orcid.org/0000-0001-5482-4927
https://orcid.org/0009-0007-1547-3280
https://orcid.org/0000-0001-6395-8871

86 DESERT, 28-1, 2023

1. Introduction

More than a quarter of the world's lands are affected by desertification. The three major global
challenge in the 21% century is climate change, water scarcity, and desertification (Vaezi, 2011).
So, recent studies emphasize soil erosion control (Barrena-Gonzalez et al., 2020). During the
process of wind erosion and dust storms, nutrients and soil organic matters decrease, which in
turn reduces agricultural productivity (Van Pelt and Zobeck, 2004). One of the critical issues
in the management of arid and desert areas is wind erosion control because more than 95% of
Iran's sandstone deposits are located in arid and subtropical climates (Ekhtesasi, 2004).
Scientific reports showed that a vast area of Iran is covered by dunes (about 13 million
hectares), which indicates the importance of valuable information to stabilize and control these
areas (Refahi, 2012). One of the wind erosion control and vegetation restoration methods is oil
mulching practice (Rostami et al., 2022). There are various kind of mulches, which is typically
composed of organic matter such as straw, crop residues, or other minerals. In various studies,
the effect of cover crops (LOpez-Vicente et al., 2020; Novara et al., 2021) and spraying diluted
industrial phosphoric acid as a mulching liquid (Katebi et al., 2018) in control of wind erosion
was investigated. Also, Igbal et al. (2020) by using the oil palm stem mulch as soil conditioner
at oil palm in Indonesia tried to identify the characteristics of the mulch from the chopping of
oil palm stems using a mulcher, to learn the effect of oil palm stem mulch on soil conditioner
in oil palm replanting land, and to determine the optimum heap thickness to maintain soil
quality in oil palm replanting land. In another study, Rabani et al. (2023) examined the effects
of organic mulches on soil properties and growth attributes of caper (Capparis spinosa L.) for
cultivation in the coastal rangelands of southern Iran. So, in recent decades, the term mulch has
been used to refer to other natural or synthetic materials that can provide a protective coating
on the earth's surface and protect the soil against adverse environmental factors (Anonymous,
2009).

In Iran, the use of oil mulch as a chemical mulch to stabilize dunes began in 1967 (Refahi,
2012). In general, the purpose of using oil mulch in dunes stabilization practices is to increase
the stability of the soil surface against wind erosion in cooperation with planting activities such
as planting, seedling, and planting seeds (Shojaei et al., 2020).

Numerous studies have been conducted in this field. Among them, Mousavi and Sepaskhah
(1989) reported a significant evaporation decrease in the mulched soil (4,000 liters per hectare)
in greenhouse conditions. Jafariyan (2005) investigated the effect of mulching on germination
in the Kerman and Hormozgan provinces, Iran. The results of temperature monitoring showed
that there was a significant difference between the surface temperatures of mulched and control
area. Banihabib and Vaziri (2018), by laboratory and lysimeter experiments, showed that mulch
could reduce evaporation and improve groundwater recharge. Yamanaka et al. (2004), in Japan,
by measuring the effect of mulch thickness on evaporation from the soil surface in laboratory
experiments, showed that by increasing mulch thickness, the rate of evaporation from soil
surface decreases. Also, the effect of sand mulch thickness on soil temperature, soil surface
evaporation, water efficiency, and watermelon yield in a semi-arid region of China in silty loam
soil was investigated by Wang et al. (2014) and the positive effect of mulch thickness on
evaporation and control of soil temperature changes was approved. Kuznetsov and Novikov
(2010), in Russia, evaluated the soil conditioners' effect on water permeability and water
holding capacity of light Chestnut soils and observed that soil moisture in polymer treatment
was 1.3 to 1.7 times higher and evaporation rate decreased by 20% compared to the control
treatment (Abtahi and Khosroshahi, 2015). In another study Rahaman et al. (2022) evaluated
the effect of soil physical properties on groundnut production under drip irrigation with black
plastic mulch; Safari et al. (2021) Examined the temperature and soil moisture contents of
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mulches in the urban landscaping of an arid region; Alfarisi et al. (2022) in a review paper
studied the potential agricultural and environmental benefits of mulches; and also Juhos et al.
(2023) in a study evaluated the effect of wool mulch on plant development in the context of the
physical and biological conditions in the soil in a pot experiment.

In 2017 and for the first time, the Forest, Rangeland, and Watershed management
organization applied oil mulch to stabilize dunes in the Abu-Ghoveir area of Dehloran, llam,
Iran to control moving dunes that threaten the neighboring residential area. This necessitates
the present study to investigate the effects of oil mulch on soil properties, and to determine the
appropriate mulch amount for wind erosion control and wind erosion threshold speed after
mulching in the study area. So, management plans in deserts and arid regions should pay special
attention to the conservation of present plants and vegetation restoration practices in dunes, and
every complementary plan should lead to the land cover establishment that is consistent with
the ecological condition of the study area (Rostami et al., 2022). So, while the effects of oil
mulch on vegetation dynamics are noticeable (Rostami et al., 2022); this research will
contribute to improving the sustainable development goals of the United Nations to strengthen
cooperation on desertification, dust storms, land degradation, and drought, and to promote
resilience and reduction of disaster risk (United Nations General Assembly, 2015).

2. Material and methods

2.1. Study area

The Abu-Ghoveir desert area is 2658 hectares, which includes 149.6 hectares of rainfed
agriculture, 1018.6 hectares of dunes, 182.9 hectares of mixed irrigated, and rainfed agriculture,
and 1307 hectares of rangeland with poor canopy. The mulch-sprayed region, with an area of
393.42 hectares with a geographical position of 47°43°16” to 47°48°30" ecast longitude and
32°13717" to 32°16°32" north latitude, as part of the region in Dasht-e-Abbas in Dehloran, is
located in Ilam province, Iran (Fig. 1 & 2). Dasht-e-Abbas is a relatively flat plain in the southeast
of Dehloran city. Abu-Ghoveir, as a critical center of wind erosion, is a part of this plain with
about 50,000 ha area, of which 5,000 are active dunes (Rostami et al., 2019). Figure 3 shows the
three different landscapes in the study area. According to the statistics of Abu-Ghoveir
meteorological station (47°43°-32°16") (http://www.ilammet.ir), the mean annual rainfall of the
study area is 210.7 mm, and the mean annual potential evapotranspiration is 3857.5 mm, and the
mean annual temperature is 26.2°C (llam Meteorological Organization, 2020).

2.2. Soil sampling strategy

This research has been carried out in the field, laboratory, and wind tunnel steps. For evaluation
of physical and chemical characteristics of soil, especially the percentage of actual soil
moisture, EC, and pH, soil samples were collected monthly during a year in the mulched,
control, and afforestation areas at depths of 0-10 and 10-50 cm as representative of topsoil and
midsoil condition (Mahmoudi et al., 2013; Azoogh et al., 2018; Liu et al., 2020). To measure
soil temperature at the field, the mulch layer was removed and then the temperature at the
specified depths in all three areas was determined (Fig. 4).

The soil samples were transferred to the laboratory of Ilam University for analysis. Then,
desired parameters were measured by specified methods; EC of the saturated extract by EC
meter, pH of saturated soil paste by pH meter, organic carbon by Walkley and Black (1934)
method, actual soil moisture by weighing method (Famiglietti et al., 1988), and concentration
of sodium by a flame photometer (Rhoades 1982).
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Fig. 2. Mulch spray practice in the study area
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Fig. 3. Various land covers in the study area (A: afforestation, B: mulched, C: control and dunes)

Fig. 4. Soil sampling and temperature measurement steps
(A: removing the mulch layer, B: collecting the soil sample,
C: measuring the topsoil temperature, D: measuring the subsoil temperature)
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2.3. Properties of oil mulch and mulching practice

Oil mulch, which is one of the heaviest crude oil products in terms of its main components,
includes four main components: Polar aromatics, NapHthene Aromatics, Saturates, and
AspHalthenes (Akbarnia, 2009). These components can be measured by ASTM- D4124 method
(Anonymous, 2009). Although the effects of petroleum mulching-biological fixation activities on
the dune’s characteristics and the heavy metals dispersion of mulch have been poorly understood
(Azoogh et al., 2018) use of oil mulch in Iran has been accepted and approved based on
experiences. Since the use of this substance to stabilize dunes and biological stabilization has
been successful, specifications (at the national level) for its production have been determined and
approved by the two ministries of oil and agriculture of Iran and based on this agreement, Tehran
refinery and Abadan refinery since 1991 prepare and deliver the required mulch. Moreover, the
life length of this type of mulch is between 18 and 24 months (Anonymous, 2009).

In this project, oil mulch was sprayed on the dunes using a spray device. Due to changes that
may occur in the amount of mulch used in the area, mulched soil samples were taken at 1x1 m
in 3 replications and transferred to the laboratory. Soil samples were weighed using digital
scales. Then, soil samples were mixed with solvent (synthetic thinner) for two days to separate
the oil mulch from soil samples. During this period, the solvent was renewed five times until
the mulch was thoroughly washed away from the sand particles to find the net weight of soil
samples and mulch. Then, the soil samples were exposed to direct sunlight for ten days to dry
completely. Finally, the weight difference between the mulched and the net weight of soil
samples was calculated as the weight of mulch (Fig. 5).

Fig. 5. Steps to determine the amount of applied mulch in the area
(A & B: mulched soil sampling in the field, C: soil sample weighted in the laboratory,
D: solvent was applied to dissolve the sprayed mulch on the sands.
E: the soil samples were exposed to direct sunlight. F: the soil samples without mulch)
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The purpose of this step was to determine the optimal amount of oil mulch required to
stabilize the dunes in the study area. During the first field survey and the mulching project, 20
liters of oil mulch was prepared and transferred to the laboratory. Also, to determine the
appropriate amount of oil mulch for the area, after the preparation of sand samples in the wind
tunnel trays, the specified weights of oil mulch were sprayed uniformly on samples and dried
in the open air for ten days. Figure 6 shows the sand samples preparation process.

Fig. 6. The preparation of mulched soil samples

2.4. Wind tunnel test

To determine the wind erosion threshold velocity in the mulched and control area, the wind
tunnel device of the Faculty of Agriculture, llam University, was applied. This device includes
4 main sections, including A: an electric engine, a fan, and a laminar plate to produce the desired
wind speed, B: two fiberglass and galvanized monitoring parts as the central part of the wind
tunnel body, the monitoring part is the location of soil sample trays to observe the process of
wind erosion and assess wind speed using a manometer (speedometer). C: an outlet where soil
particles exit, and D: a high-power electronic oscillator (inverter) which will be controlled
according to the required voltage and frequency by proportional transformers (Fig. 7). This
simulator can create different wind speeds up to 20 m/s in the 30 cm higher the soil surface
(Bazgir and Namdar Khojasteh, 2017). Then, the wind erosion threshold was measured by
adjusting the wind speed, and by using a power flow regulator and a manometer. At this point,
the wind speed gradually increased, and the speed at which the particles began to move was
considered as the erosion threshold speed.

To determine the amount of mulch used in the region, three soil samples with thin, normal
and thick mulch layers (from about 5 to 10 mm) were collected in the fields. After washing the
oil mulch from the soil samples with a solvent, the differences in primary and secondary weights
of samples were determined by the amount of mulch in samples (Table 1).
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Fig. 7. A: wind tunnel, B: control treatment. and C: mulched treatment

Table 1. The amount of mulch used in the study area

Soil Sample Mulch (ton/ha)
Sample 1 6.6
Sample 2 9.86
Sample 3 8.14

Based on the soil samples, the average of the applied mulch in the area (8 ton/ha) was eletced as
the base for further investigation, and other alternatives were also evaluated (5, 6, and 7 ton/ha). On
the other hand, the wind speed data of the region during the 20-year statistical period have been
prepared, the maximum wind speed of the region, which has occurred in very few cases, was about
20 (m/s). However, in most cases, the wind speed did not exceed 16 (m/s) (Ilam Meteorological
Organization, 2020). Therefore, the maximum wind speed at the height of 10 meters above ground
(based on meteorological standards) in the region, i.e. (20 m/s), was considered for this study. In
order to convert this speed at different altitudes and determine the wind speed at the soil sample
surface, the method presented by Mahdavi (2005) was used (Eqg. 1).

Hy 1
Vi=V, (H_)7 (1)
2

Where V1 and V- are the wind speed at the desired H1 and H2 heights from the ground, this
relationship can be used up to several hundred meters above the ground. The treatments were
then exposed to the desired wind speed.

In this study, soil sampling was performed monthly for one year. Data of temperature, soil
moisture, EC, and soil pH were analyzed in terms of treatment, depth, and season (wet and dry).
Other soil parameters were analyzed only in terms of treatment and depth. Soil data analysis
was performed after normal and homogeneous analysis using two-way analysis of variance
(ANOVA) in general linear model (GLM).

3. Results and Discussion

3.1. The effect of mulching and afforestation practices on soil properties

The results of the effects of the treatments (mulching, control, afforestation), depth (0-10 and 10-
50 cm), season (wet and dry), and their interactions with soil properties are presented in Table 2.
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The results showed that the soil temperature was significantly affected by the depth and season
of the sampling and their interactions, in contrast, soil moisture was affected only by the season
and the treatment. Soil pH was affected by all independent variables, including treatment, depth,
and season, while EC was only affected by the treatments. On the other hand, sodium, and SAR
were not significantly affected by treatment, depth, or their interactions while OM was
significantly affected by treatment and the interaction between depth and treatment (Table 3).

Table 2. ANOVA of soil properties of mulched and afforestation area

. EC (dS/m) pH Soil moisture (%)  Temperature (°c)
Source of variation
F MS F MS F MS F MS
Treatment 3.78" 0.228 2.92" 0.139 0.24 5.14 1.59 56.78
Depth 0.228 0.017 5.37" 0.256 0.104 9.56 14.6™ 532.35
Season 0.116 0.007 135" 0643 156" 55.09 86.3™ 3078.8
Depthx treatment 1.77 0.107 0.053 0.003 0.639 2.25 0.192 0.85
Treatment x Season 1.69 0.102 0.497 0.024 3.64" 12.79 0.02 0.719
Depth x Season 0.583 0.035 0.783 0.037 1.08 3.81 5.25" 187.2
TreatmentxDepthxSeason 0.307 0.019 0.019 0.001 0.801 2.82 0.009 0.337
Test error 0.06 0.048 3.52 36.7

MS: Mean Square, F: F-valu), *, **, ***: Significance level of 0.05, 0.01 and 0.001, respectively

Table 3. ANOVA of soil properties of mulched and afforestation area

o SAR Na (mg/l) OM (%)
Source of variation
F MS F MS F MS
Treatment 0.9 0.075 0.852 0.274 0.852* 0.274
Depth 0.11 0.009 0.075 0.024 0.075 0.024
Depthx treatment 0.72 0.059 0.973 0.313 0.973* 0.313
Test error 0.083 0.332 0.322

MS: Mean Square, F: F-value, *, **, ***: Significance level of 0.05, 0.01 and 0.001, respectively (EC: electrical
conductivity, T: temperature, pH: acidity, SAR: sodium adsorption ratio, Na: sodium, OM: organic matter)

Figure 8 shows the mean comparison of soil properties affected by mulching and
afforestation practices.

The soil moisture changes showed that only in different seasons there was a significant
difference; the amount of moisture in the wet season was more than dry season. In addition,
there was no significant difference between the moisture content of the first and second depths
of the control and mulched area. In the dry season, the only significant difference in depth was
between the first and second depths of the afforestation regions (Fig. 8). Although in the wet
season, mulching leads to an increase in the moisture of surface soil compared to the control
area, this increase was not statistically significant (Fig. 8a).

Mean comparison of soil temperature between treatments at different depths and seasons
showed that increasing the depth caused a significant decrease in soil temperature in all
treatments; this issue was repeated in the all seasons. Although the soil temperature at both
depths in the mulching treatment was higher than the other treatments, this difference is not
significant. Also, soil temperature at the first depth in the dry season for all treatments was
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higher than wet season, while there was no significant difference between the second depth in
all treatments and seasons (Fig. 8b).

10 4 m0-10cm  O10-50 cm a) 60 b)
a a
8 4 a . 50 ab
- g ba
& “ w0 . bed
T 64 2 de
£ abe E e €
E i
2 41 a-d =
z bed ad bed E 59
= bed :Ea
@ 2 =
cd cd a = 10
@
N | [ - ,
Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
Mulch Control Afforestation Mulch Control Afforestation
c) 1.2 4
8.6 1
2 1.0
ab ab
8.2 abe abe T oogq b oab ab ab ab
. abe be 7
be ¢ ° W
c ¢ be = 0.6 W ap
E 7.8 1 U b ab
= 04
7.4
0.2 A
7.0 0.0 4
Wet Dry ‘ Wet Dry | Wet Dry Wet Dry Wet Dry Wet Dry
Mulch Control Afforestation Mulch Control Afforestation
0.6 - O Mulch Control  ® Afforestation e)
o 04 a
é ab
b
E ab ab T a
S ! b
0.2
0.0
0-10 cm Soil depth 10-50 cm

Fig. 8. Mean comparison of soil properties of mulched, control and afforestation regions (in
each column, the means with at least one similar letter are not significantly different), (EC: electrical
conductivity, T: temperature, pH: soil acidity, OM: organic matter)

Mean comparison of soil pH indicated that, as a whole, by increasing the depth, the pH in
all treatments and seasons increased also in the wet season was more than dry season. The
values of similar groups in each treatment (for instance, topsoil in the wet season) of the
mulching and control areas had no significant difference. Even though the soil pH in the
afforestation area, especially in the first depth, was lower than in other treatments, there was no
significant difference between the pH values of the first depth of this treatment with the
mulched and control areas (Fig. 8c). The EC had no a significant change in treatments; the only
significant change in the EC was related to its reduction in the first depth of mulching areas
compared to the afforestation areas in the wet season (Fig. 8d). The EC value in the wet season
at both depths in afforestation was higher than other treatments. The results showed that the
amount of OM was affected by the treatment; it was more in the first soil depth of the
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afforestation area (0.36+0.017) than in mulching treatment (0.21+0.058) and control
(0.24+0.039). Also, in the second depth, the amount of OM in the control areas (0.28+0.051)
was higher than the afforestation (0.25+£0.045) and mulching (0.16+0.037) (Fig. 8e). Also, Na
and exchangeable sodium percentage (ESP) of soil were not affected by treatment and depth
and did not show significant differences.

Wind tunnel results indicated that all mulched treatments (8, 7, 6, and 5 ton/ha) can control
wind erosion. However, based on the field conditions and the differences between laboratory
and actual conditions in the region, an optimal mulching rate of 7 (ton/ha) is suggested for
future mulching practices in the region. The results also showed that the threshold velocity of
wind erosion in the control sample, at 30 cm height, was 4.84 (m/s).

The results showed that, although the soil temperature at both depths in mulching treatment
was higher than in other treatments, this difference is not significant. In addition, in all treatments,
increasing the depth reduced soil temperature, which can be due to a lack of light penetration into
the substrate layers of soil (Bliss and Smith, 2006). On the other hand, the results showed that the
soil temperature in the dry season was more than wet season (Guerreiro et al., 2022). However,
there were no noticeable changes between the temperature of various soil treatments in the dry
season and no significant effect of mulching on soil surface temperature. The surface soil
temperature in the afforestation areas was not significantly different from the surface soil of the
mulching and control areas. To some extent, while in the dry season, the temperature of surface
soil did not differ from each other, but in the wet season, the temperature of surface soil in
afforestation was less than the observed data in the mulching and control region. The lower
temperature of surface soil in the wet season is due to the shadow of the tree canopy, which
prevents it from the reach of light on the ground floor (Parker et al., 2019; Speak et al., 2020).
This lower temperature moderates the environmental conditions for the herbaceous plant’s
growth, which have less capability with severe conditions (such as high temperature) (Majasalmi
and Rautiainen, 2020). In the dry season, there was no difference between the soil surface
temperature of the mulching, control, and afforestation. This is because the canopy of vegetation
and trees in this area is not dense, and each part of the afforested area is exposed to the sun during
some daytime hours, leading to an increase in the temperature. The results of this study did not
match the results of Jafariyan (2005); who showed a significant difference between the ground
surface temperatures in the two mulched and control areas, while the study of Tamaskani
Esfehankalateh et al. (2021) showed that the average and maximum of daily temperatures is
dependent to the density of trees and the characteristics of the leaf area density (LAD).

Investigation of soil moisture changes shows that mulching effectively increased the amount
of moisture available at the first depth of soil in the wet season compared to the control area.
This can be due to the effect of mulch that prevents water evaporation (i.e. water retention in
the topsoil).

Therefore, it can be concluded that water retention in the upper layers will lead to the optimal
use of herbaceous plants and the temporary use of this moisture source. Further, the second
depth moisture did not differ (in both seasons) and it can be concluded that, although mulch did
not allow deep moisture penetration (especially in the wet season), it also did not have a
negative effect on second depth moisture and other perennials such as shrubs in the area and
perennials will not be subject to water stress. Also, the amount of moisture in the second soil
depth in the afforestation areas was more than other treatments, which indicates the importance
and positive effect of biological control after soil conservation and mulching. The results also
showed that oil mulch reduces the rate of evaporation from the soil surface. This finding is
consistent with the results of Mousavi and Sepaskhah (1989), and also Banihabib and Vaziris
(2018). Also, Li et al. (2014) showed that oil mulching increases soil quality by increasing
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nutrient elements (N, P, K, and micronutrients). They concluded that oil mulch creates pores in
the soil, and in this way, facilitating plant growth. The study by Akbarnia et al. (2005) showed
that the use of petroleum mulch in some regions of Khuzestan, Iran increases sand dune
stabilization as well as vegetation.

Although there was no noticeable difference between the soil pH in the study area, the
highest soil pH was observed in the second depth of soil in the mulched areas. The increase in
pH with increasing depth is due to the leaching of soil salts from the upper layers and their
deposition in the lower depths of the soil. The same trend was observed in all treatments.
Therefore, it can be concluded that mulching practice did not have a significant effect on soil
pH. Although, in general, the pH of the study area (based on data from control areas) is
inherently close to alkalis, this amount decreased in the afforestation area and was close to the
neutral range as Bhojvaid et al. (1991); Mishra et al. (2003) were mentioned. For this reason,
the need to use biological stabilization methods and breeding processes such as mulching
becomes apparent. Humus accumulation leads to soil acidity, and therefore dunes became more
acidic over time. However, they may show increasing alkalinity with depth.

EC is one of the essential chemical characteristics of soil and indicates the number of solutes
in the soil. Typically, and due to leaching, the EC in areas with high permeability such as the
study area and dunes which are highly permeable, with good drainage (McLachlan and Brown,
2006) is not affected by depth. The EC in the first depth of mulched soil, especially in the wet
season, was significantly lower than the afforested area. The presence of trees and their use of
moisture in the subsoil can cause the transfer of solutes from the subsoil to plant organs and
then to the surface soil. In this regard, planting trees with deep roots that can transfer solutes to
the surface can increase soil salinity in the long-term and reduce soil quality for plant growth.
This finding was consistent with the results of Ja'fari et al. (2004). In their study, they showed
that the soils of the study area had a higher salinity than control area due to planting the Atriplex
and Prosopis juliflora species. One of the reasons for the high EC of the soil in the afforested
area is the high level of OM and the recycling of some elements such as Ca and Mg in the soil
through the forest litter (Mirhasani, 2018). The insignificant difference in EC between the
mulched and control area indicates no negative effect of mulch on the EC. However, the role
of mulch compounds is a crucial point in this regard. In other words, since different types of
mulch have different compositions, the mulch should not have compounds that, after mulching,
cause undesirable changes in the soil.

The highest and lowest amount of OM were observed in the first depth of the afforested area
and the second depth of the mulched area, respectively. The presence of trees and annual leaf
fall have increased the OM content in the first depth of the afforestation. Also, Cerda et al.
(2018) result that catching crops and weeds increase OM and infiltration rates, delays runoff
discharge and reduces soil and water losses.

However, in the case of halophyte plants, the decomposition of this litter has increased the
salts of the second soil depth. The amount of OM in the soil can be an excellent metric for
choosing the most critical area with the lowest amount. Based on this metric, the most critical
area is correctly selected for the mulching practice. On the other hand, mulching will prevent
the passage of plant roots (natural growth) by creating a hardpan. Also, the seeds need moisture
in the first germination stage while mulch with a hard layer will prevent moisture from reaching
to seeds. Therefore, the probability of establishing a natural cover of herbaceous plants in these
areas will be very low. For this reason, the use of complementary treatments such as planting
and seeding before the mulching practices is highly recommended. Also, in the mulched area,
the uniform layer of mulch on the surface soil prevents from mixing of litter with the soil.
Further, the presence of wind erosion and continuous wind currents, sometimes with up to 20
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m/s speeds, is effective in removing plant litter from the environment (Gholami Tabasi et al.,
2015). To justify this result, it can be said that in the control area, most of the plants are shrubs,
perennials, and annuals (Heliotropium ramosissimum, Cornulaca aucheri), which the main root
density of them is in the first 1 m of topsoil. While, this depth is much deeper for trees in dry
areas. For these reasons (root density depth and type of cover), the amount of OM in the second
depth of the control area was more than the afforested area.

However, soil salts such as Na and soil ESP increased somewhat due to afforestation, which
could be due to the transfer of solutes from the depths to the soil surface by tree roots. For this
reason, the selection of tree types should not only be based on their compatibility, but also other
characteristics such as solute transfer to the surface, tree peeling bark, abundant litter
production, and so on.

Finally, the soil in the study area is not saline, and the amount of Na and SAR added by oil
mulching cannot cause salinity in the area as there was no significant difference in EC, Na, and
SAR in both mulched and control areas. A study by Azogh et al. (2016) showed that oil
mulching and biological control increase pH, EC, OM, Ca, and Mg in the long-term. Therefore,
the results of this study were consistent with the findings of Azogh et al. (2016) in terms of pH
in the mulched area and terms of EC and OM in the afforested area.

The wind tunnel findings showed that all mulched treatments (8, 7, 6, and 5 ton/ha) were
resistant to the maximum wind speed of the study area. Also, the erosion threshold speed in the
control sample, 30 cm above the ground, was 4.84 (m/s), which is consistent with the results of
Mirhasani et al. (2019) in the Einkhosh-Dehloran region, Iran. Rodrigo-Comino et al. (2020 &
2020) concluded that soil erosion can be controlled using mulch. Although wind tunnel tests
showed the suitability of all mulch treatments, but in this study, mulch-sprayed treatments have
been prepared on a laboratory scale with great accuracy and uniform thickness. Maybe this is
not possible in the field on a large scale. On the other hand, the wind used in the wind tunnel is
free of any suspended particles while in the natural field, the particles carried by the wind affect
the surface of the soil sample through jumping and creeping movements over time and increase
the destructive effect of the wind. In addition, the movement of thorns, debris, dried plant
shrubs, and the passage of wild animals and reptiles in the area should also be considered. So,
the mulching practices should be done carefully by skilled people, and mulch must be
distributed as evenly as possible in the field. So, it should be done by people with sufficient
strength, skills, and experience. As a result, mulch consumption per hectare is directly related
to the skill of the mulcher, bulldozer driver, and the person responsible for spraying practices.

4. Conclusion

The use of oil mulch, in addition to the direct effect on increasing soil stability against wind
erosion, can have other side effects in the short or medium term like reducing the amount of
evaporation and increasing soil moisture, increasing soil temperature, protecting the soil against
erosion due to more excellent adhesion to soil particles, and protecting plant roots. The mulch
itself has only a temporary effect and after a few months or years, depending on its thickness,
it loses its effect. If the vegetation growth does not reach the desired level before the useful
mulch life, the stabilization activity is not permanent, and the environmental conditions return
to the pre-application condition. However, the natural regeneration of vegetation should not be
neglected, and native plants may return to the field without any particular action. Effective soil
stabilization by mulching can provide a basis for recovering natural plants in the field.
Therefore, the problem of the short life of these materials can be compensated by seeding and
planting seedlings before mulching practice. Therefore, when the mulch layer is destroyed, the
seeds and seedlings with established land cover will be remain.
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