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Introduction

Wind erosion is one of the important processes of soil degradation in arid and semi-arid regions. Increased
soil surface resistance is a key factor to prevent wind erosion. Mulch can increase the resistance of soil surface
against erosive agents by creating a coating on the soil surface. The effectiveness of mulch on wind erosion control
is on the quantity, type, and durability of the used in dust sources of Iran for stabilizing soil surface against wind
erosion. In recent decades, petroleum mulch has been broadly used for stabilizing soil surface againstwind erosion
in dust sources of Iran. Bio-polymers (e.g. cellulose hydrogel and biochar) and naturally accessible materials (e.g.
nanoclay) as environment-friendly mulches can be an alternative to chemical polymers and petroleum mulches. In
arid and semi-arid regions, wetting-drying cycles play a crucial role in soil aggregate formation and strength.
However, there have been limited studies assessing the impact of wetting-drying cycles on the durability of applied
mulches. The main objective of this study was to assess the effectiveness of different types of mulches, including
inorganic montmorillonite nanoclay, chemical polyvinyl acetate polymer, and biological biochar and cellulose
hydrogel, at various time intervals. The study aimed to improve the physical and mechanical properties of soil, as
well as control wind erosion in a loamy sand soil using a wind tunnel. Additionally, the durability of these mulches
was evaluated over time after subjecting them to four wetting-drying cycles.

Materials and Methods

A factorial experiment was conducted based on completely randomized design with three replications. The
factors including mulch type (four levels: nanoclay montmorillonite, polyvinyl acetate polymer, biochar and
cellulose hydrogel), mulch concentration (Nanoclay montmorillonite: 0, 16 and 32, Polyvinyl Acetate polymer: 0,
8, and 16, biochar and cellulose hydrogel: 0, 65 and 200 g/m?) and duration (21, 42, 63 and 126 days). The soil
used in the wind tunnel experiments was collected from a dust source in the southeast of Ahvaz (Site Number 4).
Trays measuring 50x30x5 cm were filled with this soil. The soil surface was then uniformly sprayed with an
emulsion of Nanoclay and Polyvinyl Acetate. Additionally, biochar and cellulose hydrogel were mixed uniformly
with the soil. Water was sprayed on the soil surface to maintain a constant moisture content of 75% of field
capacity. After a specified period, soil properties such as mean weight diameter of aggregates, fractal dimension,
penetration resistance, and shear strength were measured. The trays were then placed in a wind tunnel, and a wind
erosion test was conducted at a wind speed of 20 m/s for a duration of 5 minutes. The amount of soil loss was
measured using the weight method. Then, at each time, the best treatment from each mulch (in terms of reducing
wind erosion) was selected and subjected to wet and dry cycles (four cycles).

Results and Discussion

The results showed a significant interaction effects (p<0.01) of mulch type, mulch concentration and time
factors on soil aggregate stability and fractal dimension, penetration resistance, shear strength were significant
(p<0.01). Soail loss decreased in soils amended with biochar and cellulose hydrogel and increased in the case of
montmorillonite and polyvinyl acetate polymer over the time. The amount of soil loss in soil amended with
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cellulose hydrogel decreased by 99.3%. The highest amount of soil penetration resistance and shear strength was
observed in cellulose hydrogel mulch at the fourth time which were equal to 1038 and 123 kPa, respectively. Over
time, the mean weight diameter of aggregates increased in the soil treated with cellulose and biochar hydrogels,
but decreased in the polyvinyl acetate and montmorillonite nanoclay treatments. There was a negative correlation
between aggregate stability and the fractal dimension of aggregates. In terms of soil loss, at the fourth measurement
time, soils modified with cellulose hydrogels, biochar, polyvinyl acetate, and montmorillonite nanoclay
experienced reductions of 99%, 71%, 84%, and 85% respectively, compared to the control. After four wet and dry
cycles, the soil loss further decreased by 98%, 64%, 76%, and 81% in the respective treatments, compared to the
control.
Conclusion

In general, it can be concluded that cellulose hydrogel presented the greatest effect on reducing soil loss and
controlling wind erosion. In the soils amended with biochar and cellulose hydrogel, the effect of mulches on
reducing soil loss increased over the time. However, the opposite results were found in the case of polyvinyl acetate
and montmorillonite nanoclay polymers. Therefore, biochar and cellulose hydrogel in the long term and polyvinyl
acetate polymer and montmorillonite nanoclay in the short term can control wind erosion. Wet and dry cycles at
all durations increased soil loss. But their effect remained on soil loss reduction until the end of the fourth cycle.
The results revealed that environmentally friendly biopolymers synthesized from biomass components can be
considered as sustainable sources to reduce wind erosion. Bio-polymers are a new window into the use of
sustainable biomaterials instead of synthetics in wind erosion control.
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Figure 2- Plastic containers containing soil after treatments (a), Trays containing soil after treatments (b)
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Table 1- Some physical and chemical characteristics of the studied soil
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Table 2- Analysis the effect of time, mulch and concentration on soil loss in loamy sand soil.

Ola o (a5l
CJOWES I O 833l an 3 Mean Square
Source of Degree of TN 93950 Caoglie oy Cunglie 39 el JUS 3 amy
variance freedom Soi - Penetration Shear [EXHRUIENY Fractal
oil loss - . ;
resistance Strength MWD dimension
ok 3 0.131° 23914.764°* 513.267" 0.012™ 0.235™
Time
e 3 6.697* 1155966.199* 19089.696™ 0.024™ 1.007™
Mulch
s clile
Mulch 2 221.808** 1768824.929** 15624.732™ 0.996™ 4.035™
concentration
B X .
AT ol 9 0.288° 6660.502°* 470171 0.042™ 0.290™
Time x Mulch
el oo
Time x Mulch 6 0.035** 6672.709 ** 138.283™ 0.004™ 0.105™
concentration
claleX iass
Mulch x 6 1.685™ 291634.451** 4954517 0.006™ 0.367"
Concentration
B S oo
Time x Mulch x 18 0.076* 1753.693* 128.271™ 0.011™ 0.138™
Concentration
k> 96 0 138.688 27.148 5.644x10° 0.007
Error

ool doyd S Jlosis ] gdaws )3 I ime gl Kby **
**Significance at 1% level.



VY 15— ol ys ¥ oyl FY o oS g o i Y ¥

mcontrol m21day m42day mE63day 126 day

by

Soil loss (g/m?/s)

o B N W b~ O
1

rstsst  pstsu

e [ S—
T T 1

(8/mM?[s) S5 cd,y ym

control P1 P2 N1 N 2

B2 C1 C2
* e
Mulch

SB Syl yd jlade y il 5 WigS B yloy Juliie 51 -Y IS
(lopbeSTs clalé pgd g Jol gaw Vg ) (Pl J5g)am :C g s Jj B il ygacige oy ¢b N cbiasl gy youls :P)
Figure 3- The effect of time, mulch and concentration on soil erosion

P: Polyvinyl Acetate polymer, N: montmorillonite nanoclay B: Biochar, C: Cellulose hydrogel, the first and second subscripts are
concentration and time, respectively).
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Figure 4. Scanning electron microscope images of soils treated with different mulches after 126 days
a: Control, b: Soil treated with Montmorillonite nanoclay, c: Soil treated with polyvinyl acetate polymer, d: Soil treated with wheat
straw biochar and e: Soil treated with wheat straw cellulose hydrogel.
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Figure 5. The effect of time, mulch and concentration on penetration resistance(a) and shear strength(b)

P: Polyvinyl Acetate polymer, N: montmorillonite nanoclay B: Biochar, C: Cellulose hydrogel, the first and second subscripts are
concentration and time, respectively).
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Figure 6- The effect of time, mulch and concentration on aggregate stability (a) and aggregate fractal dimension (b)
P: Polyvinyl Acetate polymer, N: montmorillonite nanoclay B: Biochar, C: Cellulose hydrogel, the first and second subscripts are
concentration and time, respectively).

g ) JE5 b ok ool slacSs 5 il ials anls Sl &S dmis

SB Gialeyd Jials b beSB 51 loj cddSTL ol )i h
) > S ioled g ingh opl aels  wlel y Py
&gl}}l,»}nﬁd}n (.)")951'; 5 UL‘”"J’“”?L;" )"""L’ » bl o b p) B )5(.)")""5 xRl o0 )"u‘l;”]o

1080 59, VY5 25 ol | bons L S
Jol ey > (5eSB 93 ml b eyt 9 315 &) Ky ol uSs i 9y W7 g o 02 SJolo J)s)-‘\.& ost o
A odnlis JE5 ol J5g0n b ord oMol slaSB 5 SK cé, yun



Yol ool ol J S slp SB 50 iasSe 6 Bwile p (o Sis g 5 s as 2 5 oloj FT 55908 O 8 9 Wig e yob

ol s o
Polyvinyl Acetate polymer

3\ DlE203 /4
1 g
3z
2 4
@£ =
T3
2 vvut
control i 21 day
Colishyge Sige oy U
5 Montmorillonite nanoclay
3? 0l @223 84
4,1) l§4 N
s 83 ]
T
wn —
£ 3
& 1
i W ow U i
control L& 21 day 42 day 63 day 126 day
e e
5 Biochar
} . EH1lHE2 03 84
15
3 83
2 4
@O =2
T 3
5 1
0 .

control 2l



V¥ 15— 310,5 ¥ o,leds PV ule (S5 g o s YA

Hsko J39,002

:}1\ 5 Cellulose hydrogel
L g4 Dl 2 m3 B4
s 83
D02
-
T 31 srsPd utss ututs 4, yU
t 0 T T T 1
2 control 2aLla 21 day 42 day 63 day 126 day
ok
Time

SB Gl B g (Sl g 5 gaad o il -V S
Figure 7- The effect of wet and drying cycles on soil erosion
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