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ABSTRACT
A two years (2014-15 and 2015-16) field experiment was performed to find out the effect of
plastic film and straw mulching on yield, water use efficiency (WUE) of wheat (Triticum
aestivum L.) and selected soil properties. There were three treatments i.e. control, plastic film
and straw mulch. No mulch was added in control. Rice straw was applied on the surface at a
rate of 5 Mg ha-1. Soil samples in 0-15 cm and 15-30 cm depths were taken and analyzed.
Soil water contents at 20 cm interval every 7 days were determined in 0-160 cm soil depth
before sowing, after harvesting and during growing seasons. Results showed that grain yield
was increased significantly by 29.8 in 2014-15 and 35.6% in 2015-16 over that of control
under straw mulch. Straw mulch also decreased total water use with an increase in WUE. Soil
bulk density was decreased significantly with a significant increase in porosity, water stable
aggregates, active carbon, organic matter and soil water contents after harvesting. Soil water
storage was higher under straw mulch for most sampling times. In conclusion, mulching soil
with straw can sustain wheat yield and improve WUE and soil properties.
Key words: Active carbon, mulch, water use efficiency, total water use, soil water storage.
INTRODUCTION
Serious water scarcity problems due to
higher evaporation rates of soil-moisture
and limited rainfall are being faced
particularly by arid and semi-arid regions
(like Pakistan) of the world. As a result,
farming practices with the aim of soil
water conservation have been developed in
those regions. Saving water resources for
ensuring sustainable use of the agriculture
lands have occurred by several practices.
Transpiration of soil water, increase in
infiltration rate and interception of rain
drops reduce soil erosion due to presence
of covers (mulch) on the soil (Kader et al.,
2017). Irrigated agriculture must address
the issues of water scarcity using new
approaches based on environment-friendly
technologies
(Pereira,
2006).
Soil
conservation practices on agricultural
fields are being done by the using the
protective plant covers in every climatic
zone (Gyssels et al., 2005). Terracing,

reduction in tillage and mulching are
different
soil-moisture
conservation
techniques that have been practiced now in
agricultural production in every part of the
world.
Small scale and poor farmers of Asia
are ignoring the use of mulches, where it is
required the most. There are some social
and economic issues that prevents the
adoption of mulches. It has been reported
that sometimes crop yield may be
decreased in the initial years of mulch
application (Pannell et al., 2013).
Adequate availability of good quality
mulch materials is major constraints of
wide-spread use of mulches and mulch
spreading also requires more labor
(Kasirajan and Ngouajio, 2012). Crop
residues are removed and sold as livestock
fodder for gaining quick economic benefits
(Jaleta et al., 2015). For logistic reasons,
straw mulching is practiced in conjunction
with conservation agricultural (CA)
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systems including residue retention and
cover cropping (Lal, 2015).
Effects of different mulches on soil
moisture are largely dependent on climatic
and precipitation factors. Reduction in the
evaporation rate by mulching conserves
soil water and in summer surface
evaporation rate is controlled due to
influence of mulching on soil water
regime. Soil structure, soil-moisture
retention capacity is improved and weed
growth is suppressed by mulching
(Mutetwa and Mtaita. 2014). However,
variation in soil water under different
mulch types is not uniform. Different
mulching types have different effects on
the soil water conservation under different
climatic conditions and soil types. In
comparison to bare soil having no mulch,
higher soil moisture is stored by the
mulching treatments generally (Zhao et al.,
2014).
Soil chemical and physical properties
are influenced by the various mulches at
the soil surface that also improve soil
hydrological properties as reported by
Smets et al. (2008). Soil structure, soil
aeration and organic matter content are
improved
because
soil
quality
deterioration is reduced due to runoff and
erosion reduction by mulches (Jordan et
al., 2010). Soil bulk density reduces;
organic matter content, soil porosity and
aggregate stability improve due to
increased rate of mulch application.
The mulches effect on soil water is
focused by other studies in different parts
of the world (Almeida et al., 2015;
Filipović et al., 2016). Plastic film
mulching was proved to be very effective
in improving crop-water use efficiency and
reducing soil evaporation (Dong et al.,
2009). Higher economic value for farmers
due to high product quality and yield by
the plastic mulching are the benefits of
mulches on soil properties (soil moisture
and temperature control) in short-term
(López et al., 2015). Effects of mulches on
environmental pollution, soil health, eco-

system services and farm profitability need
to be considered in long-term for farmers’
perceptions
and
public
awareness
(Steinmetz et al., 2016).
Crop growth, yield and microclimate
are greatly affected by both organic and
inorganic mulches (Atreya et al., 2008).
Plant agronomy which is a good indicator
of increased crop production in
agricultural
is
influenced
by
microclimates. Microclimates influenced
by mulching materials can have beneficial
of harmful effects on crop yield and
physiology. Contrasting results under
different mulching materials were also
reported regarding soil-moisture storage.
Rice straw mulching was found to have
more positive effect than plastic mulching
(Khan et al., 1988) while straw mulching
results in the highest soil water storage
among different mulch treatments as
reported by Begum et al., (2001). Javed et
al., (2019) reported that although the total
cost of production increased through
mulch application, but at the same time it
also increases the gross income and net
benefits. Higher net benefits shows that
mulching is a viable management practice
for improving crop yield and water saving
(Jabran et al., 2016). There is prediction of
increase in the variability of precipitation
continuously due to climate change.
Climatic
conditions,
especially
precipitation, vary greatly among years in
Pakistan and there is little literature on
how WUE and soil water contents might
be influenced in rich versus poor
precipitation years by different mulching
materials. It was hypothesized that
mulching will improve yield and WUE of
wheat by improving soil quality.
Therefore, a two years field study was
performed to find out the influence of
straw mulch and plastic film on yield,
WUE of wheat and soil properties. The
findings may be helpful to sustain wheat
yield and improve soil properties in semiarid regions of Punjab, Pakistan and area
with similar climate.
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MATERIALS AND METHODS
The two years field experiment using
wheat as the test crop was conducted at
Research Farm of Institute of Soil and
Environmental Sciences, University of
Agriculture, Faisalabad, Punjab, Pakistan.
Faisalabad climate is semi-arid and
meteorological conditions of wheat
growing seasons are presented in Fig. 1.

Figure 1: Mean maximum (
) and
minimum temperatures (
) and total
rainfall (
) during the wheat growing
seasons.
Source: Agriculture Meteorology Cell, University of
Agriculture Faisalabad.
Temperatures and rainfalls are monthly means and
total respectively.

The experimental soil was alkaline (pH
8.05), non-saline (EC 1.48 dS m-1),
deficient in organic matter (0.72%),
nitrogen (0.03%), phosphorus (6.1 mg kg1
) and sufficient in potassium (168.6 mg
kg-1) with bulk density of 1.41 Mg m-3.
There were three treatments i.e. control
(CT), plastic film (PM) and straw mulch
(SM). No mulch was added in control
treatment. Treatments were planned in a
randomized complete block design
(RCBD) having three replicates with a plot
size of 5.5 × 4 m. Wheat variety “AARI2011” was sown at a seed rate of 125 kg
ha-1 with a single row hand drill. Chemical
control was done to control weeds and

insects. 120:85:65 kg ha-1 of N:P:K
recommended by Govt. of Punjab
Agriculture Department respectively.
Application of whole of P and K in form
of single super phosphate (SSP) and
sulphate of potash (SOP), respectively was
done at the sowing as side dressing while
N was supplied in two equal splits. At
sowing, half of N was applied as urea
while other half was applied with 1st
irrigation at crown root initiation stage as
side dressing. Rice straw and plastic film
mulches were applied between crop rows
manually on surface 7–10 days after
seeding Rice straw having carbon 53.3%,
nitrogen 0.63% and C:N ratio 84.6 was
spread on surface at the rate of 5 Mg ha-1.
Crop was harvested in each plot and
plants were dried at 60 ˚C. Then grains
were separated and weighed to determine
the grain yield. Grain yields was reported
at 13% moisture contents. Soil samples
with steel cores having internal diameter
of 50 mm were taken form 0-15 and 15-30
cm depths in each plot for determination of
bulk density. Cores were oven dried at 105
°C for 24 hours and oven dried mass was
divided by core volume for bulk density
calculation (Blake and Hartge, 1986).
Total porosity (ft) of soil was calculated as
follows:
(

)

Where
ρp is particle density (2.65 Mg m-3) and
ρb is the bulk density.
Soil samples were also taken from 015 cm and 15-30 cm depths with auger for
soil organic matter (SOM), active carbon
(act. C) concentration and water stable
aggregates (WSA). SOM concentration
was determined with the Walkley-Black
method (Ryan et al., 2001). In 500 mL
conical flask, 1g of soil sample was taken.
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10 mL of K2Cr2O7 (1N) + 20 mL of conc.
H2SO4 was also added in it. It was titrated
till greenish end point against Ferrous
Sulphate (0.5M) using Diphenylamine as
indicator. Biologically act. C was
estimated by using spectrophotometer
(Weil et al., 2003). 0.5 g of dry soil was
extracted with 0.02 M potassium
permanganate solution filled in 50 mL
centrifuge tube for the estimation of
biologically active carbon. Absorbance at
550 nm was determined with a
spectrophotometer.
Small
rainfall
simulator was used to measure water
stable aggregates (WSA) from disturbed
samples (Moebius et al., 2007).
Soil volumetric water contents were
measured at 20 cm intervals with Time
Domain Reflectometry (TDR) in 0-160 cm
between the crop rows in soil profiles in
each plot. Water contents were determined
at a interval of 7 days during whole crop
season and also at sowing and harvesting.
Soil water storage (SWS) was calculated
using following formula:
(

)

( )

(

)

where ‘l’ is soil depth.
Total water use (TWU) was estimated by
using following relationship (Ram et al.,
2013):
(

)

where, P is the precipitation in mm during
wheat growing season; I is the irrigation
water applied in mm in each season; ‘∆W’
is water content change in soil between
sowing and harvesting; D is the drainage
in mm below root zone; CR is the root
zone capillary rise of water and R is the
surface runoff in mm (Su et al., 2007).
Capillary rise and drainage were neglected
and were not taken in formula. WUE was
calculated using:

(

)
(
(

)
)

The collected data was analyzed using
analysis of variance using RCB design.
Mean comparison was performed using
Tukey’s Honestly significant difference
(HSD) test at P ≤ 0.05.
RESULTS
Effect of mulches on grain yield of
wheat during both years was significant
(Table 1). Grain yield was maximum
under straw mulch (SM) and the increase
was 29.8 and 35.6% over that of control
during 2014-15 and 2015-16 growing
seasons respectively. The difference
between plastic film (FM) and straw
mulch was not significant in 1st season.
Mulches also affected the total water
use in wheat significantly during both
years. The maximum water use was
observed from unmulched (CT) plots
during both years as compared to that
under straw and plastic film mulches. The
lowest water use was recorded under straw
mulch treatment in 2014-15 and under
plastic film in 2015-16. But the differences
were not significant during both years.
Straw mulch significantly improved WUE
of wheat. WUE was in order of
SM>FM>CT in both seasons (Table 1).
Bulk density and porosity of soil was
affected significantly by the application of
mulches in upper as well as lower layers
during both years (Figure 2a and 2b). Bulk
density decreased, and porosity increased
with the application of mulches.
Significantly lower bulk density and
higher porosity were observed in both soil
layers straw mulch treatment in both
seasons. Difference between plastic film
and straw mulch was not significant in
2015-16 in both soil layers. Straw mulch
significantly increased soil organic matter
SOM) and active carbon in both soil layers
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(Figure 3a and 3b). In 2014-15, difference
between plastic film and straw mulch was
non-significant in 15-30 cm soil layer in
both seasons. The soil water contents after
harvesting varied significantly under
different mulches during both seasons in
each soil layer (Figure 4). In both seasons
growing seasons, soil water contents were
increased significantly under straw mulch
in all soil layers. In deeper soil layers (80,
140-160 cm) soil water contents did not
vary significantly in 2014-15. In 2015-16
growing season soil water contents were
not significant in 140 and 160 cm soil
layers. During both growing seasons effect
of mulches on soil water storage (SWS)
was different (Figure 4). In 2014-15
growing season, SWS under straw mulch
was lower in the start but was higher
during rest of season except for one
sampling date in late of season. In 201516, SWS was more under straw mulch
throughout the season.
DISCUSSION
Beneficial effects of mulching have been
recognized and harnessed for water
conservation in drylands (Li et al., 2013a).
However, depletion of agricultural water
resources in Pakistan (Ahmed et al., 2007)
and elsewhere in the Indo-Gangetic Plains
(MacDonald et al., 2016) has drawn more
attention to the use of mulches in recent
years (Sarwar et al., 2010). Straw mulch
acts as a protective cover on soil surface
reducing the rainfall impact on soil surface
and in result reduces soil dispersion. Water
infiltration and water storage is increased
in soil profile. Straw mulch also conserves
the water efficiently infiltrated in to the
soil (Li et al., 2013b).
Through a straw mulched surface
rate of water loss is lower than that of a
bare moist surface. This reduction in water
losses is due to three reasons. First, water
must convert from liquid to vapor phase if
it is lost and diffuses through mulch which
is greatly lower as compared to unmulched
soil surface. Amount of energy required by

water to change its phase is greatly
reduced by presence of mulch which acts
as a barrier and prevents direct solar
radiation. Third, mulch prevents the
downward conduction of heat in to the soil
and thereby reducing the conversion of
liquid into vapors and their escape (Unger
et al., 2006).The data presented herein
provide a analysis on the effects of two
mulching techniques (plastic film and
straw mulch) on yields and WUE of
wheat. The more pronounced effect of
plastic film was observed as compared to
that under straw mulch for maize. Changes
in soil temperature and reduction in
evaporation might be the positive effects
of soil mulching which increased the yield.
Thus favorable moisture and temperature
conditions can enhance plant nutrient
uptake from the topsoil and increase grain
yield.
The results showed that by using straw
mulch the wheat yield and WUE was more
as compared to control. Mulching affects
soil water availability and fertility of soil
which in turn significantly influence crop
yield (Peng et al., 2014). Thus, the
mulching the soil with crop straw can
affect crop yield positively (Karami et al.,
2012). Increased crop yield and WUE with
decrease in water use has also been
reported by Tao et al. (2015). The surface
application of straw mulch increases soil
water content, reduces water evaporation,
and conserves water without decreasing
grain yield and leads to enhanced WUE
(Jin et al., 2009).
Organic matter is the main factor that
improved the soil properties (Akhtar et al.,
2018). The results revealed that an
increase in the soil organic matter and
active carbon content was observed under
straw mulch as compared with that of
unmulched (control). Straw being a good
source of carbon becomes constituent of
SOM after decomposition (Ram et al.,
2013). This SOM improvement increases
aggregate stability and porosity with a
decrease in bulk density. Positive effects
are also observed in soil aggregates
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Table 1: Grain yield, total water use and water use efficiency of wheat under different mulching
materials.

Water use efficiency

Grain yield (kg ha-1)

Total water use (mm)

2014-15

2015-16

2014-15

2015-16

2014-15

Control

2.78 b

2.87 c

356.64 a

333.22a

7.81 b

8.61 c

Plastic film

3.32 a

3.47 b

333.47 b

309.30b

9.97 a

11.22 b

Straw mulch

3.61 a

3.89 a

327.16 b

317.55 ab

11.09 a

12.39 a

HSD(0.05)

0.51

0.23

20.08

19.36

1.55

0.89

Mulches

(kg ha-1 mm-1)
2015-16

Within a column, same letters are non-significant at P = 0.05.

Figure 2: Soil bulk density (a) and porosity (b) after wheat harvest under different mulches. Bars within
same depth and year with same letters are non-significant at P = 0.05.
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Figure 3: Soil organic matter (a) and active carbon (b) after wheat harvest under different mulches. Bars
within same depth and year with same letters are non-significant at P = 0.05.

Fig. 4: Soil water contents under different mulches in 2014-15 and 2015-16. Bars within same depth and
year with same letters are non-significant at P = 0.05.
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Fig 5: Soil water storage under different mulches in 2014-15 and 2015-16

stability and SOM improvement due to
straw mulching (Wagner et al., 2007).
According to Nzeyimana et al. (2017)
straw mulching soil carbon, improved
aggregate stability and decreased the bulk
density significantly.
Rice straw mulch significantly
increased the water contents and SWS
which might be due to the reason that
straw acts as a protective cover on soil
surface reducing the water loss from soil
surface. Uniform application of straw
mulch on soil surface conserves soil
moisture (Tao et al., 2015) and decreases
soil evaporation (Zhu et al., 2010). Liu et
al. (2016) also reported that mulches
significantly improved the soil water
contents and water storage.
The data presented suggest that soil
mulching may increase WUE and narrow
the gap between actual and attainable
yields. Mueller et al. (2012) reported that
yield obtained in well managed field trials
is only 30-80% of the potential yield. This
study indicated the reduction in
evaporative demand through mulching to
improve nutrient and water management to

narrow the yield gaps. These findings
clearly demonstrate the significance of
site-specific management and knowledge
of mulching.
CONCLUSION
Applying rice straw mulch had significant
effect in improving yield and WUE of
wheat as compared to plastic film
mulching. SOM and act. C increased under
straw mulch which decreased bulk density
and improved porosity. Soil water contents
and SWS were improved in upper and
deeper soil layers. Straw mulching proved
to be a good optimization to improve
yield, water use efficiency and soil
properties.
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