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Abstract

Plastic mulches play an important role in reducing water consumption. An experiment was
conducted at Research Greenhouse, Razi University, Iran. The experiment was a completely
randomized design with three treatments and three replications. Plants used for testing were barley
and oat. Treatments included control (without plastic mulch), transparent plastic mulch with half
coverage and plastic mulch with almost full coverage. This study aimed at determining the
percentage of the plastic cover that had the highest dry matter production and water use efficiency.
Results showed that treatment of plastic mulch with almost full coverage had the lowest water
consumption and the treatment without the plastic mulch had the highest water consumption. The
treatment of barley with full coverage had a water-saving of almost 40 percent compared to control.
Water use efficiencies for both plants treated with almost full coverage were highest among
treatments. There was no significant difference between plastic mulch treatments in terms of leaf
relative water content, fresh and dry weight of stem, fresh and dry weight of leaves, plant height,
and leaf area in oat and barley. In this way, by applying a coating on the soil surface and preventing
the loss of soil moisture, water consumption can be significantly reduced, while the dry matter

produced is not reduced.
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1. Introduction

Food production systems around the world
are vulnerable to water scarcity. Water
scarcity causes a decrease in food production
and financial loss (Sutcliffe et al., 2021).
currently, water shortage is one of the major
concerns of countries around the world.
Climate change limits access to water by
increasing temperature and  decreasing
precipitation, especially in mid-latitudes
(Seneviratne et al., 2006). The arid and semi-
arid regions of the world (approximately 44.7
million square kilometres) cover about 40%
of the earth's surface and water scarcity is the
main feature of these regions and drought is
the most important stress on plants in these
regions (Sloan et al., 1990). Water is the most
important factor limiting crop production in
arid and semi-arid regions of the world. Crops

need a lot of water and lose huge amounts of
it in the process of evapotranspiration (Xiang
et al., 2020).

Plastic mulches have different colours
depending on the type of application so that
they are generally divided into three groups:
dark, clear, and coloured. Bright mulches that
are clear and white are especially important
because of their greater light reflection.
Mulches affect soil temperature (Jones et al.,
2021; Wang et al., 2021). Mulches increase
the water holding capacity of the soil by
reducing evaporation and strengthening the
soil aggregates. By maintaining soil moisture,
plastic mulch causes the production of plant
and animal biomass, which after death turn
into organic matter to strengthen the soil
aggregates. Some research has been done on
the effects of various mulches on soil
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moisture retention (Campos-de-araujo et al.,
1992; Ren et al., 2021; Zhu et al., 2021). The
advantages of using plastic mulch are
increasing water use efficiency, weed control,
protecting soil from crusting, increasing soil
fertility, preventing temperature fluctuations
and moisture  stresses, avoiding the
accumulation of salts on the soil surface,
protecting fruits from contact with wet soil,
increasing crop maturity, increasing the green
area of the field, protecting soil from erosion
and increasing yield (Richard et al., 1987).

Due to the benefits of reducing water
consumption and the high efficiency of the
drip irrigation system, combining it with
polyethylene mulch is effective in the optimal
use of water (Yuan et al., 2019; Zhou et al.,
2021). The use of plastic cover, in addition to
being effective in weed control, reduces water
consumption by  preventing  surface
evaporation and thus reduces the number of
irrigations. The use of mulch increased the
efficiency of irrigation water and saved water
by about 1500 cubic meters per hectare in
cantaloupe. This is especially true in areas
with arid and semi-arid climates where
irrigation water supply is associated with
difficulties (Jafari et al., 2007). Fereres and
Goldhamer (1991) reported that the use of
mulch in the early planting of cotton helps
maintain soil moisture. Opara et al. (1992)
reported that plastic coating treatment had a
greater effect on soil moisture retention in dry
periods than other mulches. Zolnoorian
(1996) studied the effect of black plastic
mulch on the ridge, black plastic mulch in the
furrow, and control (without mulch) on
tomato. Treatment of plastic mulch in the
furrow with 79.6% increase in tomato yield,
water-saving by 66.7%, and weed control by
70% compared to the control was the best
treatment in Asadabad region. Rad (1999)
investigated the effect of plastic and sand
coating on the establishment of haloxylon and
concluded that plastic coating can be effective
in reducing evaporation and thus have a
significant effect on increasing the
establishment of haloxylon. This factor causes
the restoration of clay plains as well as desert
areas. Deng et al. (2006) reported that the use
of plastic mulch is one of the ways to increase
irrigation efficiency in semi-arid regions of
China.

The results of a study showed that plastic
mulch increased crop yield, improved water
consumption and increased farmer's income.
Although plastic mulch increased plant yield,
it had little effect on evaporation and
transpiration (Xiao et al., 2023). Plastic
mulch, as a popular technique, leads to an
increase in farmers' yield and income (Fu et
al., 2021). Changes in soil conditions such as
increasing  soil  temperature,  reducing
evaporation from the soil surface, reducing
the loss of nutrients due to washing and
reducing the growth of weeds are some of the
effects of plastic mulch (Gao et al., 2019; Gu
et al., 2020). Using plastic mulch for crop
production and improving water consumption
in some of the populous countries like China
is significant (Sun et al., 2020). Plastic mulch
had less evaporation and transpiration than
straw mulch. Plastic mulch increased dry
wheat grain yield and water use efficiency
(Zhao et al., 2024).

In the study of the effect of plastic mulch
cover in comparison with bare soil in water
regimes on access to water and vyield of
papaya, it was seen that plastic mulch
increased papaya yield in comparison with
bare soil. Compared with bare soil, plastic
mulch reduced the effect of irrigation regime
on soil water availability (Coelho et al.,
2022). Plastic mulch increased plant growth,
yield, and water use efficiency of maize in
two years compared to no plastic mulch (Fan
et al.,, 2017). In the study of the effect of
wheat straw mulch levels (0, 25%, 50%, 75%,
and 100% of soil surface coverage) on soil
moisture retention, it was observed that 75%
and 100% coverage of wheat straw mulch had
the highest soil moisture retention capacity
(Rezaeipour et al.,, 2018). In a laboratory
study of three levels of soil cover, including
bare soil, low plant residue mulch cover (2
tons per hectare) and high plant residue mulch
cover (4 tons per hectare), it was observed
that the high mulch cover significantly
increased soil moisture and reduced soil
erosion (Montenegro et al., 2013). Plastic
mulch increased seed yield in wheat (Qin et
al., 2022), maize (Lee et al., 2021), and rice
(Zhang et al., 2020).

Both barley and oat are fodder plants of the
Poaceae  family that have  similar
physiological characteristics. The foliage of
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both plants is used by livestock. One of the
goals of this research was to evaluate the
difference between these two plants in terms
of reducing water consumption with the use
of plastic mulch. So far, no comprehensive
study has been done on fodder production
under the conditions of using plastic mulch.
In this research, the effect of plastic mulch on
forage production and physiological and
morphological characteristics of oat and
barley have been investigated. The purpose of
this experiment was to determine the
percentage of plastic coating that had the
highest dry matter production and water use
efficiency.

2. Materials and Methods

This experiment was performed in the
Research Greenhouse, Campus of Agriculture
and Natural Resources, Razi University (Fig.
1). The experiment was a completely
randomized design with three treatments and
three replications. The plants used to test were
barley and oat. The sowing date of both plants
was 2016/11/7. Treatments included control
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(without plastic cover), transparent plastic
mulch with half coverage, and plastic mulch
with almost full coverage. Non-degradable
plastic mulch was used in this research, but
degradable plastics can be used in field
conditions. It is possible to consider its
collection and recycling, which, of course,
requires relevant machinery and culture.

The experiment was performed in pots
with a capacity of about 5 kg of soil and the
pots were filled with farm soil (Table 1). The
diameter and height of the pot were 18 cm
and 20 cm, respectively. Irrigation for each
treatment was equal to the water requirement
and soil moisture retention at field capacity
and the pots lacked drainage. The water
consumption of two plants was not the same.
Water consumption was based on the plant's
water needs. Based on the demand of the
plant, water was given to the pots. The water
consumption of each plant and each pot was
recorded during the whole period of water
growth.  Plastic  mulch was applied
immediately after germination.
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Table 1. Physical and chemical properties of the soil

Electrical Organic Bulk Field Wilting point
Soil texture Soil pH conductivity carbon density  capacity ((g)p
(ds/m) (%) (gcm?) (%) ’
Silty clay 7.2 16 13 12 40 26

The choice of this stage was to study the
reduction of evaporation from the beginning
of plant growth. A transparent polyethylene
cover was used to apply the treatments.

For both barely and oat, six plants were
preserved per pot and at the end; three plants
per pot were harvested 60 days after planting
to determine the plant characteristics and final
yield.
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The pots were irrigated according to the
appearance and freshness of plants and the
dryness of the soil (Sivapalan, 2006; Heidari
et al.,, 2011). The pots were irrigated before
germination at five stages with an average
irrigation interval of 4 days.

After germination and during the
application of treatments in treatments with
plastic cover due to less evaporation, the
irrigation interval was longer. The treatments
were irrigated manually by a 5 litre watering
can. In each watering, a certain amount of
water was given to each pot so that they are
completely wet, but no moisture is drained
from the pot. The treatments were applied for
60 days and then plants were harvested as
forage to determine biomass.

The measured traits included plant height,
leaf number per plant, stem fresh weight, leaf
fresh weight, stem dry weight, leaf dry
weight, leaf relative water content, leaf area,
water consumption, and water use efficiency
for each plant. The height of the plant was
measured with a ruler with an accuracy of one
millimetre. Only completely open leaves were
used in counting the number of leaves. Plants
were weighed to estimate the initial fresh
weight immediately after harvest.

To determine the dry weight of leaves and
stems, the plants were kept in an oven at 75 °
C for 24 hours and then weighed. The leaf
area was obtained by multiplying the leaf
length by the leaf width and multiplying it by
0.75 (Heidari et al., 2019). The water
consumption during the entire growth period
of the plant was calculated cumulatively for
each pot by means of a graduated cylinder,
and it was considered as the water
consumption of that plot.

To calculate the leaf relative water content
57 days after sowing, samples were taken
from three plants per pot and the terminal
leaves of each plant were removed with
scissors. The last developed leaf without
breaks and tears was used. After measuring
the leaf fresh weight (FW), the leaf was
placed in distilled water for 24 hours and then
the leaf turgid weight (TW) was calculated.

Finally, the leaves were dried in an oven
for 24 hours and the leaf dry weight (DW)
was calculated and the leaf relative water
content (RWC) was obtained based on the

following Eqg.1 (Ritchie et al., 1990; Heidari
etal., 2017).
RWC = (FW-DW)/ (TW-DW) 1)
Water use efficiency was obtained by
dividing the dry matter produced by the plant
by the amount of water consumed per plant.
Before analyzing the data, their normality was
checked by Minitab software (ver. 11.12).
SAS software (ver. 9.2) was used to analyze
the variance of treatments. LSD test at 5%
probability level was used to compare the
mean of treatments. Excel software was used
to draw the figures.

3. Results and Discussion

3.1. Water consumption and water use
efficiency

Analysis of variance showed that plastic
mulch had a significant effect on water
consumption and water use efficiency in
barley and oat plants (Table 2).

Fig. 2 shows water consumption equation
for effect of plastic mulch on water
consumption in barley (Fig. 2a) and oat (Fig.
2b). A comparison of mean data in both oat
and barley showed that the treatment of
plastic mulch with almost full coverage had
the lowest water consumption and the highest
water consumption was related to the
treatment without plastic coating (Fig. 3a and
4a).

In other words, applying plastic mulch on
plants significantly prevented water wastage.
Burt et al. (2002) showed that the use of
mulch and straw on the soil can reduce the
rate of evaporation from the soil surface after
irrigation from 11% to 84% for a short period
and a half in the long term. In soil with a
plastic coating, water vapour pressure under
the plastic layer probably increases, and this
factor, along with the lack of effect of wind
flow on water vapour, can play a significant
role in reducing evaporation from the soil.

Zhang and Sun (2007) also reported that
the use of straw mulch in a wheat field
reduced the evaporation rate from the soil
surface by 19% compared to the control
treatment. Increased soil moisture in the
presence of mulch has been reported by
Rahman et al. (2005) and Bilalis et al. (2003).

The mean comparisons showed that in oat
plants, plastic mulch with almost full
coverage was superior to the other two
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treatments in terms of water use efficiency.
But plastic mulch with half coverage
compared to the control treatment was not
significantly different in terms of water use
efficiency. In barley, plastic mulch with full
cover had higher water use efficiency than the
control, but no significant difference in terms
of water use efficiency was observed between
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complete soil cover and half soil cover (Fig.
3b and 4b). Chakraborty et al. (2008) in an
experiment concluded that mulch from rice
residues in limited irrigation conditions was
able to retain soil moisture and plant water,
which resulted in higher water use efficiency
and higher yield in wheat.
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Fig. 2. Water consumption equation for effect of plastic mulch on water consumption in barley (a) and oat

(b).

Table 2. Analysis of variance (mean square) of effect of plastic mulch on water consumption and
morphophysiological traits in oat and barley
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Treatment 2  1480000** 0.02* 0.11ns 8.77ns 0.004ns 0.07ns 0.56ns 0.18ns 22.95ns 8.34ns 1.63ns
Barley  Error 6 0.000 0.01 0.09 4.99 0.020 0.02 039 043 2058 473 0.77
Oat Treatment 2 790000** 0.043** 0.02ns 0.11ns 0.004ns 0.0lns 0.18ns 0.31ns 0.5ns  2.1ns 10.1ns
Error 6 0.000 0.002 0.02 4.11 0.002 001 035 0.21 15 6.0 17.9
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**and*: Significance at the 1% and 5% probability level, respectively. ns: no significant
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Fig. 3. Mean comparison for effect of plastic mulch on water consumption (a), water use efficiency (b),
total dry matter (c), leaf relative water content (d), leaf dry weight (e), and stem dry weight (f) in barley.
Means with the same letter are not significantly different according to Duncan’s test.
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Fig. 4. Mean comparison for effect of plastic mulch on water consumption (a), water use efficiency (b),
total dry matter (c), leaf relative water content (d), leaf dry weight (e), and stem dry weight (f) in oat. Means
with the same letter are not significantly different according to Duncan’s test.

3.2. Total dry matter, morphological,
and physiological characteristics

Analysis of variance showed that plastic
mulch had no significant effect on total dry
matter, leaf relative water content, leaf dry
weight, stem dry weight, leaf fresh weight,
stem fresh weight, leaf number per plant,
plant height, and leaf area in both barley and
oat plants (Table 2).

All  treatments were in the same
environmental conditions. Despite the much

higher water consumption in the control
treatment and also in the treatment of plastic
mulch with half coverage compared to the
treatment of plastic mulch with almost full
coverage, there was no significant difference
in the total dry matter production in oat and
barley (Fig. 3c and 4c). This shows the
complete superiority of plastic mulch with
almost full coverage due to the reduction of
the contact surface of wet soil with the open
air and the reduction of evaporation. It seems
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that if the water consumption of the control
treatment was less than the amount used in
this experiment, the total dry matter in the
plastic-coated treatments could be
significantly  higher than the control
treatment. It is due to that water consumption
for control treatment is much higher than
complete nylon cover treatment to produce
equal dry matter. Water consumption for
barley in the treatment with full plastic cover
was about 40% less than the control
treatment. Therefore, in this experiment, the
focus was more on less water consumption
and increasing water use efficiency. Water
consumption in barley control treatment was
higher than the oat control treatment, which
indicates that barley consumed more water
during the growing season. It seems that if the
control treatment was irrigated with less water
per time, it could cause a significant
difference in dry matter production in both
plants, while the amount of water
consumption was still significant. In rice
(Oryza sativa L.), plastic mulch had a similar
seed yield to non-mulch treatment, but in
plastic mulch treatment, water consumption
decreased and water productivity increased,
which is consistent with the results of the
present study (Liu et al., 2021). Mirzaolian et
al. (2000) stated that the use of polyethylene
mulch can significantly increase the yield by
changing the irrigation interval from seven to
14 days in cantaloupe while saving water
consumption. Increased vyield in the mulch
system can be the result of maintaining
sufficient moisture, which increases microbial
activity and increases nutrient mobility
(Dahiya et al., 2007).

The results showed that there was no
significant difference between plastic mulch
treatments in terms of leaf relative water
content (Fig. 3d and 4d) in oat and barley. It
should be noted that although much less water
was used in treatments of plastic mulch with
half coverage and almost full coverage, they
did not have a significant difference in the
leaf relative water content compared to the
control. This shows the significant effect of
plastic coating on plant water retention during
the growing season. The lack of difference
between plastic mulch treatments in terms of
leaf relative water content shows that plastic
mulch is able to maintain leaf relative water

content by maintaining soil moisture in
conditions of less water consumption. When
the leaf is in a suitable level in terms of water,
cellular turgescence leads to the maintenance
of photosynthesis and biomass production. In
an experiment reported by Kamsari et al.
(2013), Mazut mulch increased plant height,
leaf number, leaf relative water content, fresh
forage yield, and decreased tiller number,
proline content, and sugar content under stress
conditions in millet. The effect of mulch on
faster plant establishment seems to be the
reason for these results.

There was no significant difference
between plastic mulch treatments in terms of
leaf dry weight (Fig. 3e and 4e), stem dry
weight (Fig. 3f and 4f), leaf fresh weight (Fig.
5a and 6a), and stem fresh weight (Fig. 5b and
6b) in oat and barley. The lack of difference
in the dry and fresh weight of the stems and
leaves of the two plants in the conditions that
less water was consumed can be attributed to
the positive effect of plastic mulch in
reducing evaporation and maintaining soil
moisture, which can also be seen through
maintaining moisture in the leaves. In the
study of the effect of plastic mulch on thyme
(Thymus daenensis) vyield, it was observed
that mulch had a significant effect on dry
weight, plant diameter, and plant height.
Plastic mulch increased the vyield of dry
matter and plant essential oil (Najafi Ashtiani
etal., 2011).

There was no significant difference
between plastic mulch treatments in terms of
leaf number per plant (Fig. 5¢c and 6c) and
plant height (Fig. 5d and 6d) in oat and
barley. Maintaining moisture by mulch
provides the conditions for improving plant
growth characteristics such as plant height
and number of leaves. In the study of the
effect of water salinity and types of mulch on
the morphological characteristics of maize, it
was seen that plastic mulch had a positive
effect on the height of the plant (139.7 cm)
and the number of leaves (10.33) of maize
(Bayat et al., 2019).

There was no significant difference
between plastic mulch treatments in terms of
leaf area (Fig. 5e and 6e) in oat and barley.
Reduction of the leaf area is one of the
morphological responses of the plant to
drought, because the leaves reduce the
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moisture reserve of the soil by transpiration
losses. The lack of reduction in the leaf area
in the plastic mulch treatment, despite the
reduction in water consumption, can be seen
as a sign of proper moisture storage in the
soil. In the study of the effect of magnetic
water and transparent plastic mulch on the
leaf area of green beans, it was seen that the
combined use of magnetic water and plastic
mulch increased the leaf area by 5.13%
compared to the control (Nikbakht et al.,
2022).

Hosseini and Nemati (2014) reported that

had a significant effect on reproductive traits
such as number of flowers, number of fruits,
and fruit weight, but had no significant effect
on plant height. In the early stages of growth,
the presence of moisture around the roots of
the plant in cultivation with mulch led to an
increase in the number of flowers compared
to the cultivation without mulch. The low
water requirement of the plant due to the
lower expansion of the plant can be
considered a possible reason for the increase
in the number of flowers per plant despite the
decrease in the number of irrigation

plastic mulch treatment and irrigation interval applications.
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Fig. 5. Mean comparison for effect of plastic mulch on leaf fresh weight (a), stem fresh weight (b), leaf
number per plant (c), plant height (d), and leaf area (e) in barley. Means with the same letter are not
significantly different according to Duncan’s test.
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significantly different according to Duncan’s test.

4. Conclusion

The results of this experiment in general
showed that the treatment with almost full
plastic coating had the greatest effect on
maintaining soil moisture. By applying a
coating on the soil surface and preventing the
loss of soil moisture, water consumption can
be significantly reduced, while the dry matter
produced is not reduced. By applying mulch,

it is possible to minimize production costs, a
large part of which is related to the water
supply to the plant, without reducing
production. Less water consumption reduces
environmental degradation. In this way, the
available water is used optimally and the area
under cultivation of crops is increased by
saving water. Despite the limited water
resources, more crops can be harvested than
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conventional cultivation. It is recommended
to use dark plastic mulch to investigate the
effect of mulch colour on crops at the next
experiments. In addition, in future research,
the amount of irrigation water for treatment
with plastic mulch can be considered less than
treatment without plastic mulch.
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