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In this research, the effect of the mulch layer on the soil surface as an
anti-evaporation layer was investigated in three soils with a different
texture from three points of Tabriz green space including Abbas Mirza in
the south, Einali in the north, and Khavaran in eastern Tabriz. The soils
were placed in small lysimeters with a diameter and height of 30 cm (25
cm of soil and 3 cm of mulch). This field experiment was a completely
randomized blocks design with five treatments included; control (no
mulch layer) and four types of mulch cover including fine sand, manure,
wood chips, and petrochemical waste, and three replications conducted
over 20 days. The analysis of variance in all soil samples showed a
significant effect (p<0.01) of the surface mulch layer on the amount of
surface evaporation from lysimeters. The results also showed in sandy
loam soils of Abbas Mirza and Khavaran regions, sand mulch treatment
with 69.2% and 66.9%, respectively, and in clay loam soils of Einali
region, wood chips treatment with 70% reduced evaporation.
Petrochemical waste treatment showed the least effect in reducing the
amount of evaporation in all three types of soil tested.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

conserves soil water by reducing soil evaporation
and regulating soil temperature which decreases

Reducing surface evaporation using mulches in
surface soil can significantly help reduce
irrigation losses and protect water resources. The
main strength of mulching is to conserve soil
moisture by reducing surface evaporation and
controlling soil erosion. Basically, mulching
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irrigation demand during crop cultivation
periods. There is a broad range of organic
materials that work well as mulch for landscapes
and gardens, but a handful of these materials are
used more often than the rest on residential soils.
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The aim of this study was to investigate the four
types of mulch cover including fine sand,
manure, wood chips, and petrochemical waste in
surface soil as an anti-evaporation layer in soils
with different textures from three regions of
Tabriz.

Materials and Methods

To investigate the evaporation rate, the soils
were filled into small lysimeters with a height
and diameter of 30 cm (25 cm of soil and 3 cm of
mulch). Lysimeters were inserted into the soil of
the study area (Fig. 1). The amount of
evaporation was calculated in terms of changes
in the weight of the micro-lysimeter under field
capacity conditions. The amount of drained water
from micro-lysimeters (if any) was also collected
and measured by the containers placed under
them. In the control treatment, the upper 3 cm of
water repellency soil was added on top of 25 cm
of the soil. Then the lysimeters were placed
inside the soil of the study area. In this type of
lysimeter, the amount of evaporation was
calculated according to the changes in the weight
of the microlysimeter in the field capacity
conditions.
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Fig. 1 Schematic diagram of a lysimeter installed on a
field

To carry out irrigation, the height of humidity
needed to reach the humidity of the field capacity
of the soil up to a depth of 28 cm was determined
by Eq. 1

d=D(6 — 6) @)
Where, d is the height of the irrigation water

(cm), D is the soil depth (cm), 6¢, and 6; are the
field capacity moisture and initial soil moisture,

respectively. The characteristics of the soils
tested are presented in Table 1.

The 20-day period of surface evaporation
measurement was from July 6 to July 25, 2019.
After irrigation, the amount of water evaporation
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from each lysimeter was measured and recorded
every two days. In this way, on the first day of
irrigation, the soil moisture of each lysimeter was
brought to the field capacity, after two days the
weight loss of the lysimeter was measured and
the amount of evaporation was obtained. Then
irrigation was done again to bring the soil
moisture content in the lysimeter to the field
capacity so that the moisture reduction does not
prevent the reduction of evaporation. This
procedure was performed every two days for
twenty days. Finally, after the end of the
experiment (day 20), the amount of evaporation
in lysimeters with mulch and control lysimeters
in all three soils was calculated and compared.
The amount of water loss in each of the soils and
with different mulch layers was calculated and
the percentage of evaporation reduction in each
of the treatments was obtained.

Table 1 Basic characteristics of soils tested

Sandy Sandy Clay
Soil properties Loam Loam Loam
(Abbas (Khavaran)  (Einali)
Clay (%) 11.2 12 31.6
Silt (%) 9.1 21.3 29.6
Sand (%) 79.7 66.7 38.8
Bulk density 1.40 141 1.30
(g/cm?)
FC water content 13 15 23
(%)
EC of soil 1.42 1.11 3.7
saturation extract
(dS/m)
pH of soil 7.9 8.05 7.7
saturation extract
Organic carbon (%) 0.66 0.41 0.61

Results

By applying mulch on the soil surface, water
consumption is significantly reduced due to the
lack of contact of dry air and solar radiation to
the soil surface. Moreover, due to the effects of
flow slope, moisture movement from the depth to
the soil surface, soil moisture in the presence of
mulch is transferred to the soil surface by
capillaries at a slower speed and as a result the
moisture distribution in the soil is more uniform
and the soil is more uniform. In the experimental
period for all three soil types, the amount of
evaporation was obtained in the following order:
soil without surface mulch or control>
petrochemical waste mulch> manure > wood
chip > fine sand (Table 2).
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Table 2 Mean percentage of evaporation reduction in
lysimeters with mulch surface layer compared with
control treatment in tested soils

Soil
Sandy
Mulch type Loam Sandy Clay
Loam Loam
(Abbas (Khavaran) (Einali)
Mirza)
Fine Sand
: 69.2 66.9 66.8
\I\//Ivzr?grghlps 68.4 66 70
Petrochemical 63.9 60.9 57.9
51.6 46.6 46.2
Waste
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Fig. 2 Cumulative evaporation in the study area the
under coverage of different mulches

In addition,
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2. The most evaporation occurred from clay loam
soil, followed by sandy loam (Khavran) and
sandy loam (Abbas Mirza) soils.

The results of the analysis of variance show a
significant effect (at the level of 1%) of the
surface mulch layer on the amount of surface
evaporation from lysimeters of all three types of
soil. The average evaporation of lysimeters with
different surface mulch layers had a significant
difference (Duncan test at 5% level) and the
types of mulch reduced the average evaporation
of lysimeters in all three types of soil compared
to the control treatment (Fig. 3 and Table 3).

Table 3 Analysis variance of the effect of surface
mulch layer on the amount of surface evaporation
from the tested soils

the average cumulative surface
evaporation values from microlysimeters with
surface mulch layer in the three tested soils in
two-day periods (for 20 days) can be seen in Fig.

)
s g g¢ 3 & L=
Soil 53 B2 2§ &8
Se 82 53 8°
Sandy Treatment 212.4 4 *
Loam 53.09
(Abbas Error 1.33 10 0133
) Total 969.9 15 '
Mirza)
Sandy Treatment  208.5 4 52 12*
Loam Error 1.48 10 0 i48
(Khavaran) Total 1099 15 '
Clay Loam Treatment  440.9 4 110.22*
(Einali) Error 3.120 10 0312
Total 2263 15 '
* P-Value is significant at 1% level
25
a
W Sandy Loam (Abbas Mirza)
20
B Sandy Loam (Khavaran)
aa M@ Clay Loam (Einali)
15

10

Average evaporation (mm)

s SAND WOOD OM TF
Mulch

Fig. 3 Average evaporation of lysimeters with
different surface mulch layers

Conclusion
During the 20-day test period, the highest
amount of cumulative evaporation from clay
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loam soil was 213 mm and sandy loam soils
(Khavaran and Abbas Mirza parks) were in the
next rank with 148 and 143 evaporations,
respectively. The reason for more evaporation in
clay loam soil can be due to the stronger
capillary effect and better supply of moisture to
the evaporation surface (soil surface) in this soil.
In the sandy loam soil of Abbas Mirza Park and
the Khavaran region, the maximum evaporation
reduction in fine sand mulch was 69.2 and
66.9%, respectively. While in the clay loam soil
of the Einali region, the greatest amount of
evaporation occurred in the surface mulch of
wood chips and as much as 70%. In other words,
among the studied treatments, sand mulch and
petrochemical waste treatments had the highest

Environment and Water Engineering

and lowest efficiencies in reducing evaporation
from soils with different textures, respectively.
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Table 1 Basic characteristics of soils tested

Sandy Loam Sandy Clay
Soil properties (Abbas Loam Loam
Mirza) (Khavaran) (Einali)
Clay (%) 11.2 12 31.6
Silt (%) 9.1 213 29.6
Sand (%) 79.7 66.7 38.8
Bulk density 1.40 141 1.30
FC water
content (%) 13 15 23
EC (dS/m) 1.42 1.11 3.7
pH 7.9 8.05 7.7
Organic carbon
(%) 0.66 0.41 0.61
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Table 2 Mean percentage of evaporation reduction in

lysimeters with mulch surface layer compared to
control treatment in tested soils

Soil
Sandy
Mulch type Loam Sandy Clay
Loam Loam
(Abbas (Khavaran)  (Einali)
Mirza)
Fine Sand
. 69.2 66.9 66.8
st i w
Petrochemical 63.9 60.9 57.9
51.6 46.6 46.2
Waste
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Table 3 Analysis variance of the effect of surface mulch layer on the amount of surface evaporation from the

tested soils
Soil Source of Variation Sums of Squares Degrees of Freedom Mean Squares
sandy Loam Treatment 212.387 4 53,097
(Abbas Mirza) Error 1.333 10 0.133
Total 969.870 15 '
Sandy Loam Treatment 208.500 4 52 125"
(Khavaran) Error 1.480 10 0.148
Total 1099.330 15 '
Clay Loam Treatment 440.897 4 110.224*
(Einali) Error 3.120 10 0312
Total 2263.420 15 '

** P-Value is significant at 1% level
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Fig. 4 Average evaporation of lysimeters with different surface mulch layers
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