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Wheat straw mulch improves summer maize productivity and soil properties
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Highlights

- Wheat straw mulch improved maize grain yield by approx. 18% mainly by increased kernel numbers per ear.
- Maize growth attributes and SPAD values were improved under mulch treatment compared to no-mulch.
- Straw mulching helped in maintaining comparatively higher soil moisture content (~2%) and reduced the soil temperature (~1.72°C)

during the crop growth period.

Abstract

Crop residue mulch in agricultural systems preserves soil
health and improves crop productivity through its moderating
influence on soil temperature regime and enhanced moisture reten-
tion. Therefore, a field experiment was conducted to determine the
changes in soil properties and grain yield of irrigated summer
maize in response to wheat straw mulching in the Northern maize
region in China. The treatments investigated were: i) application of
wheat straw mulch (5000 kg ha™!); and ii) no-mulch application
(control). Maize growth and yield attributes were determined dur-
ing various growth stages, and soil hydro-thermal properties were
recorded for two depths (0-15 and 15-30 cm). Straw mulch
increased the yield by 18% and also increased total dry biomass
yield by 20%, compared to no-mulch. Yield increment was
attributed to the increased number of ears per area and kernels
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number per ear. The effect on thousand kernels weight was found
non-significant. Vigorous maize growth was observed under straw
mulch treatment, having greater leaf area index, unit leaf rate, leaf
area duration, and crop growth rate. Similarly, the dry matter parti-
tioning for maize kernels was greater in mulch treatment. At the
late reproductive stages (R3 and RS5), SPAD values for ear and
below-ear leaves were higher under mulch treatment. Straw mulch
decreased the daytime soil temperature by 1.9 and 1.5°C on aver-
age for 0-15 and 15-30 cm soil layers, respectively. Whereas, the
soil moisture content increased about 2.5% (0-15 cm) and 3% (15-
30 cm) under the mulch treatment. In crux, leftover crop residue
application as mulch in irrigated maize could be a sustainable agro-
nomic option to increase the crop productivity.

Introduction

The Huang-Huai-Hai (HHH) region in China is one of the
largest agricultural production areas in North of the country, which
covers a major portion of the famous North China Plain (NCP) (Liu
et al., 2019). The dominant cropping practice in this region is the
winter wheat-summer maize double cropping scheme, involving
rotary tillage as general tillage practice (Zhao and Yang, 2018). The
HHH plain contributes about 60%-80% of China’s wheat and 40%
of maize production annually; however, in recent years the climate
has become warmer and drier, resulting in acute water shortage as a
major agricultural constraint in this region (Jin et al., 2009; Wang et
al., 2012). Due to the gradual temperature rise and uneven rainfall
patterns, the summer maize in HHH often encounters drought
events. Therefore, about 70% of the irrigation needs are met through
ground and surface water resources to complement the precipitation
contribution (Zhao et al., 2018). Because of the limiting agricultural
water resources and increasing food insecurity, many researchers
are focusing on ways to meet crop water needs as well as preserve
water from losses to achieve environment-friendly and high-yield
production systems.

Among various field management options, the use of mulch in
agriculture has been extensively adapted as it potentially improves
soil condition by reducing evaporation, moderating soil tempera-
ture regime, improving soil nutrient pools, facilitating soil micro-
biota and improving soil physical properties (An et al., 2015,
Naab et al., 2015; Xiukang et al., 2015; Wang et al., 2019). The
most common materials used as mulches are conventional organic
stuff such as crop residue and crop cover and widely used plastic
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films such as low-density polyethylene (LDPE) film for high-value
commercial crops (Dong et al., 2009; Zhao et al., 2010; Dlamini et
al., 2016; Fan et al., 2017; Deng et al., 2019; Chang et al., 2020).
Recently, researchers are making efforts to replace plastic mulches
with biodegradable film or spray mulches (Immirzi et al., 2009; Li
et al., 2012; Touchaleaume et al., 2016; Sartore et al., 2018). The
effects of mulching, especially on soil thermal regime, vary for
various kinds of mulch materials as well as for other climatic and
edaphic factors. Mulches can have warming or cooling effects
depending on the radiometric properties of the mulching material
as they change the radiation and energy balance of the system. In
general, mulches increase the soil temperature in cool weather and
decrease it in hot spells. Vegetative mulches such as crop residue
usually lower the daytime soil temperature but enhance it at night
and early morning hours (Acharya et al., 2018). However, other
factors such as soil wetness, the period of the year, rate or thickness
of the residue mulch, and decomposition rate all influence the
impact of residue mulch on soil thermal regime. Although plastic
mulches are widely used due to their effectiveness and commercial
viability, particularly in high-value crops, they pose serious chal-
lenges to the environment. Crop residue mulch is an eco-friendly
and inexpensive approach, which is easy to use and causes signif-
icant crop yield improvements. The primary purpose of straw
mulch is to decrease the water runoff during rain, increase the soil
water infiltration, and reduce excessive evaporation (Wang et al.,
2016; Yu et al., 2018). Moreover, the buffering effect of straw
mulch on soil temperature can protect the crop from unwanted
temperature regimes, especially at the earlier growth stages (Deng
et al., 2019). However, the efficiency of crop residue mulch
depends on various factors including the amount of straw mulch,
time of application, and the tillage options (Wang et al., 2019). All
these afore-mentioned benefits due to the mulch application ulti-
mately increase the crop yields due to favourable soil conditions
and with improved water use efficiency (Zhang et al., 2017).

Easy application and cheaper cost, with associated benefits,
make crop residues perfectly applicable mulch for irrigated crop-
ping systems as well (Akhtar ez al., 2018). As described above, the
primary sources of irrigation in the HHH region are groundwater
and precipitation (Tao et al., 2015), and these resources are deplet-
ing at a faster pace. Therefore, the water and soil conservation
practice of applying crop residue mulch can be effectively adopted
in the HHH region to maximise the crop yields and most impor-
tantly improving the water use efficiency (Yin et al., 2017). This
approach of previous crop straw mulching can be a potential way
to handle the crop straw after harvest in China where the handling
of leftover straw of major cereal crops is currently a challenging
problem. A reason for the improper straw utilisation is the limited
crop-livestock mixed agriculture practice in the country, and the
straw cannot be utilised for animal feed. Therefore, the farmers
generally are used to burn the straw after its harvest; however,
recently there is a strict ban on straw burning in China (Xiao,
2012). Previous studies have documented the direct linear relation-
ship between the straw incorporation and the soil carbon stock and
organic matter (Akhtar et al., 2018; Dong et al., 2018). The present
study was aimed to evaluate the wheat straw mulching in irrigated
maize to check whether it improves the maize performance and its
productivity by improving the soil conditions in the northern HHH
region. The results may serve as a reference for left-over straw
management effects on maize growth in HHH plain.
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Materials and methods

Experimental site description

The field experiment was conducted during 2016 at the
Science and Technology Demonstration Garden of the Chinese
Academy of Agricultural Sciences in Langfang, Hebei Province,
China (39°07° N, 116°23” E; 9 m altitude). This area is charac-
terised as the northern valley of the Huang-Huai-Hai region in
China, having a warm-temperate continental monsoon climate.
The general cropping practice in the region is the winter wheat -
summer maize. The annual mean temperature is 12°C and the
annual mean rainfall is 556 mm, with maximum rainfall span from
June to September. The soil at the experimental site is sandy loam
having 13.3 g kg™ ! organic matter content, 1.4 g kg™ total nitrogen
content, 46 mg kg! available nitrogen, 14.6 mg kg! rapidly avail-
able phosphorus, 62 mg kg~! rapidly available potassium, and a pH
of 7.6.

Experimental design and field operations

In 2016, a summer maize hybrid (Zhongdan-909) was sown on
24t June (flat sowing) by hand planters at appropriate depth with
two seeds per hill. The previous crop was wheat which was har-
vested manually at ground level. During the land preparation,
rotary tillage was performed (15 cm deep) to pulverize the soil, as
the rotary tillage is general practice in this region. NPK fertilisers
were applied at the rates of 200 kg N ha~!, 60 kg P,Os ha™!, and 80
kg K,O ha™!. All P and K fertilisers were applied at sowing, where-
as two equal splits of nitrogen were applied, at sowing and eight-
leaf stages. At the three-leaf stage, all the plots were thinned to one
healthy plant per hill. The planting density was maintained at
75,000 plants ha™! approximately by keeping the inter-plant and
inter-row distance of 0.22 and 0.60 m, respectively. Two treat-
ments were established on the 2" day after sowing, one without
wheat straw mulch (NM) as control, and the other by adding wheat
straw as mulch (SM) at the rate of 5 Mg ha!'. The straw for
mulching was used from the nearby wheat fields, where the straw
residue was available in the partially crushed form due to crop har-
vest by combine-harvester in the 1% week of June 2016.

The experimental design was randomised complete block
design (RCBD), with five experimental replications. Each plot was
6 m long and 4.8 m wide having 8 crop rows. During the applica-
tion of wheat straw mulch to the designated treatment plots, the
weighing balance was used to determine the straw quantity prior to
uniform spreading in plots. Irrigation was done within 24 h after
sowing through plastic tape pipes laid down on the ground surface
at equal distances having holes on them in a spiral fashion, which
resulted in irrigation similar to the surface flooding approach. Two
irrigations were applied, each 35 mm approximately, at sowing and
at eight-leaf stage immediately after fertiliser application.
However, the summer maize production in this region is generally
dependent on summer rains, as the annual rainfall pattern matches
the summer maize period which lasts from June to October. All the
plots were managed well, cultural operations were conducted as
recommended for the experiment area. Pre-emergence weedicides
were applied at first irrigation and insecticides were applied as per
general recommendation. No water stress was observed during the

OPEN aACCESS

maize season.



press

Measurements and calculations

Crop growth parameters

Germination count was performed regularly starting from the
5t day after sowing until the constant count. During the maize
growing season, each developmental stage was recognised,
according to standard staging system, when more than half of the
maize plants in a plot had reached that stage (Ritchie ez al., 1993).
Plant sampling was done at V6, V12, R1, R5, and R6 stages for
leaf area and dry matter determination. Three plants were random-
ly selected from the destructive sampling region in each plot
excluding the border rows. After harvesting plants, the leaf area
(LA) was calculated by recording length and the maximum width
of each green leaf, and the following equation was used
(Montgomery, 1911):

LA = length X maximum width x 0.75 (1)

After leaf area measurements, for dry matter accumulation
(DMA) the sampled plants were divided into different plant organs
(leaves, stems, sheaths, ears, and ear-husks), chopped down to
small pieces, and packed in Kraft paper bags for oven drying, ini-
tially at 105°C for 30 min and then at 70 °C to a constant weight.

Leaf area index (LAI) was determined as:

LAI =LA x PD /10,000 2)

where PD is the planting density (plants ha™!).
Leaf area duration (LAD) was calculated as (Hunt, 1990):

LAD= (L+ Ly) (t>-1)/2 (3)

where L, and L, are the leaf two consecutive leaf areas during crop
season, and the #; and ¢, are the sampling times for both leaf areas,
respectively.

Unit leaf rate (ULR) was calculated as (Hunt, 1990):

ULR= (Wz-Wl)/(lz-ll) X (loge Lar- 10ge LAl)/(LAz — LAl) (4)

where W, and W, are the plant biomass at sampling time #; and #,,
respectively.
Crop growth rate (CGR) was calculated as (Hunt, 1990):

CGR= (1/P) x (W2-W)/( to-11) (%)

SPAD values were recorded as a function of leaf chlorophyll
content at VT, R1, R2, R3, R5, and R6 stages, for all the treatment
plots. SPAD meter (SPAD-502; Konica Minolta, Japan) was used
to record the chlorophyll readings, three plants from each plot were
sampled for ear leaf, the third leaf from the top (tassel position)

and fourth leaf downwards from the apical ear. Each leaf was sam-
pled at three points on the leaf blade (excluding mid-rib) viz. tip of
the leaf, middle, and the start of leaf-blade, then the average of
three values was used.

Soil temperature and moisture content

Soil water contents were determined by the gravimetric
method for two soil depths (0-15 cm & 15-30 ¢cm) from each plot
at V6, V12, VT, R1, R3, and RS stages during the maize season.
Samples were obtained from the random points in a plot at the cen-
tre of two maize rows, using soil cores with 5 cm diameter. Soil
moisture content (SMC, g g'!) was calculated as the weight differ-
ence between the fresh and oven-dried (105°C for 36 h) samples.

Soil temperature was recorded on the same day as the soil
moisture content viz. V6, V12, VT, R1, R3, and R5 stages for all
the experimental plots. Soil temperature was measured by a three-
pronged 5 cm long sensor using Decagon’s 5TE soil sensor
(Decagon STE VWC, Temp + EC, Decagon Devices Inc.). The soil
temperature was recorded on a sunny day at 12:00 hr noon for the
two soil depths (0-15 cm and 15-30 cm).

Yield and yield components

Maize was manually harvested on 28% October 2016 upon the
appearance of black layer at the kernel juncture (physiological matu-
rity), by selecting four 4-m long central rows (no previous sampling)
comprising a total harvest area of 9.6 m? in each plot. All the ears,
including prolific and non-prolific, were counted for the selected
harvest area to determine the number of ears per hectare. On the day
of harvest, ten random plants from the harvest area were tagged and
manually cut at the ground-level. Immediately after harvesting, the
fresh weights of ten plants were recorded with and without the ears,
then three representative plants were chopped into pieces and oven-
dried (initially at 105°C, then at 70°C) till the constant weight
achieved to determine the dry biomass yield. The removed ears from
ten plants (excluding ear husks) were packed in plastic mesh bags
and sun-dried before determining the grain yield and yield compo-
nents (kernels per ear, 1000-kernel weight). After processing these
ten plants, the ears were harvested manually from the remaining
marked harvest area (9.6 m?) in each plot and sun-dried before final
yield determination. Kernels number per ear and the thousand kernel
weight (after oven-dried at 70°C) were calculated as the mean value
from ten ears. The final grain yield calculation was done at 15% ker-
nel moisture content. Kernel moisture content (%) was measured by
Instant Multiple Moisture Tester PM-650 (KETT Electric Co.
Japan).

Statistical analysis

Data regarding no-mulch and wheat-straw mulch treatments
were subjected to ANOVA test, and Pairwise comparisons of sig-
nificant effects were conducted using Tukey’s HSD post hoc tests,
with significant differences identified where P<0.05. Statistical

Table 1. Grain yield, ear number, kernels number, thousand kernels weight, harvest index, biomass yield and shelling percentage of
summer maize under wheat straw mulch and no-mulch treatments in Northern Huang-Huai-Hai region of China.

No-mulch 9.9+0.06 7.2+0.11 387+9.5 279853 29543 0.562 15+0.2 84.8+0.1
Mulch 11.7£0.17  7.5+0.05 454+8.5 3194+37 3174 0.561 18+0.3 85.2+0.5
P-value 0.004 0.035 0.022 0.044 0.058 0.967 0.002 0.556

The values show mean + standard error.
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analyses were done using software Statistics 8.1 (Analytical
Software Inc., USA), and graphs were generated using OriginLab,
version 2018.

Results

Grain yield and yield components

Wheat straw mulch significantly (P<0.05) affected the maize
grain yield and the yield components compared to no-mulch treat-
ment (Table 1). With the straw mulch treatment, grain yield was
recorded at 11.7 Mg ha™! which was 18% greater than the no-
mulch treatment. The increase in grain yield for mulching treat-
ment was supported by better yield components. Kernels number
per ear and kernels number per area were found significantly
greater for the straw mulch treatment compared to no-mulch.
Kernels number per ear for the straw mulch maize were 17.3%
greater than the no-mulch maize (Table 1). Similarly, the number
of kernels per area were also recorded greater (14%) for the mulch
treatment as compared to no-mulch. However, there was no signif-
icant difference found between the mulch and no-mulch treatments
for thousand kernels weight (Table 1). Total dry biomass yield for
mulch treatment was 18 Mg ha™! and for no-mulch treatment, it
was recorded at 15 Mg ha~!. No significant difference was record-

ed for harvest index and shelling percentage between the two treat-
ments (Table 1).

Maize growth attributes and dry matter accumulation

Maize growth attributes were also affected significantly
throughout the growth period (except initial vegetative stages) and
at the final maturity stage as well. LAI for mulch and no-mulch
maize differed greatly (P<0.05) at V12, R1, and RS stages, with the
mulch treatment having greater LAI compared to no-mulch treat-
ment (Figure 1). Maximum LAI was recorded at the flowering
stage for mulch treatment. Similarly, the green leaf area duration
was also recorded maximum for mulch treatment at later reproduc-
tive stages, compared to the no-mulch treatment (Figure 1). Unit
leaf rate was significantly greater at the early growth stages of V6-
V12 as well as at later reproductive stages for the mulch treatment
compared to no-mulch treatment (Figure 1). Regarding the CGR,
mulch treatment had a vigorous growth rate during the V6-V12
interval, and subsequently at later stages of reproduction.
However, the decline in growth rate was observed after the R1
stage till the maturity for the no-mulch treatment (Figure 1).

Dry matter accumulation rate for both mulch and no-mulch
treatments was greater at the post-silking stage compared to the
pre-silking period (Figure 2). However, the total dry matter accu-
mulation (g plant!) at maturity was greater for mulch treatment as
compared to no-mulch. Figure 2 shows the dry matter partitioning
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Figure 1. Effect of wheat straw mulch and no-mulch treatments on leaf area index (LAI), unit leaf rate (ULR), leaf area duration (LAD),
and crop growth rate (CGR) of summer maize in Northern Huang-Huai-Hai region of China.
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among different plant organs i.e. leaves, stems, leaf sheaths, ears,
and ear-husks (including tassels); and the maximum partitioning,
as expected, was in maize kernels followed by stems. At the matu-
rity stage (R6), dry matter partitioning for maize kernels was max-
imum (175 g) for mulch treatment as compared to no-mulch (149
g) (Figure 2). Similarly, the stem dry matter was greater for mulch
treatment, which was 43.5 g for mulch treatment and 33 g for no-
mulch. The significant difference in dry matter partitioning was
observed in post-flowering stages. SPAD values for both treat-
ments also showed significant differences at post-silking stages for
various leaf strata (Figure 3). SPAD values of ear leaf for mulch
treatment at R1 and RS stages were respectively 62.6 and 55.2
compared to 59.3 and 51.6 for no-mulch treatment. However, the
third leaf below the ear-leaf showed greater differences for both
treatments at R3, RS, R6 stages (later maturity stages) with SPAD
values of respectively 43, 29, 16 for no-mulch and 50, 45, 32 for
mulch treatment (Figure 3). Plant height also varied significantly
(P<0.05) for mulch and no-mulch treatments. Mulch treatment was
recorded with a greater final plant height of 278 cm, compared to
263 cm recorded for no-mulch treatment (Figure 4).
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Soil moisture and soil temperature

Mulch and no-mulch treatments varied significantly at respec-
tive growth stages for soil moisture and soil temperatures at differ-
ent depths (Figures 5 and 6). Maximum soil moisture was observed
for mulch treatment at R3 growth stage, which was 21.6% at 0-15
cm soil depth and 22.4% for 15-30 cm soil depth (Figure 5). In
contrast, the minimum soil moisture contents were recorded for
no-mulch treatment at V6 stage, which was 15.8% at 0-15 c¢cm soil
depth. Regarding the soil temperature, results showed that mulch
treatment significantly decreased the day-time soil temperature rel-
ative to no-mulch treatment for both soil depths (Figure 6). On
average, mulching treatment reduced the average soil temperature
by 1.9°C for top-soil (0-15 ¢cm) and 1.5°C for below-surface soil
(15-30 cm) during the crop period. Primarily, the mulching treat-
ment showed wider differences for upper and lower soil depths
during the initial growth stages (V6, V12, VT) compared to later
reproductive stages. Compared to no-mulch treatment, the decreas-
es in soil temperature under mulch treatment at V6, V12, VT, R1,
R3, and RS stages were respectively 2.4, 2.6, 1.8, 2.9, 1.6 and
0.4°C for 0-15 c¢m soil layer and 1.6, 1.8, 2.3, 1.2, 1.0 and 1.1°C
for 15-30 cm soil layer (Figure 6).
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Figure 2. Effect of wheat straw mulch (A) and no-mulch (B)
treatments on dry matter partitioning in different plant organs of
summer maize in Northern Huang-Huai-Hai region of China.
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Figure 3. Changes in SPAD readings of different leaves (top 3
leaf, ear leaf, 3" leaf below ear) of summer maize under wheat
straw mulch (A) and no-mulch (B) treatments in Northern
Huang-Huai-Hai region of China.
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Discussion

Straw mulch improves maize yield and growth parameters

Population increase at a higher pace and limiting water resources
are posing serious threats to food security. Mulching is a cheap prac-
tice to improve the soil health and to preserve the soil water contents
in the drought-prone farmlands (Yin et al., 2017; Wang et al., 2019).
Optimum temperature and soil moisture are the key requirements for
the normal growth of crop plants (Wu ef al., 2016). Use of mulch
materials has been extensively adapted in the arid lands of China, as a
measure to sustain the soil with maximum available water contents,
thus ensuring the increased maize productivity (Wang et al., 2016; Yu
et al., 2018). In the present study, wheat straw mulch has greatly
improved the maize performance and soil status in the northern HHH
region of China, compared to no-mulch treatment. Improved maize
performance under mulch treatment was observed as increased grain
yields, kernels number per ear and per area, greater LAI, LAD, ULR,
and CGR. Under arid conditions, yield increase in maize under straw
and plastic mulch was also attributed mainly due to improved LAI
dynamics, and due to increased kernels number per ear (Yin et al.,
2017). Better growth parameters for mulch maize might be attributed
to the favourable soil conditions with greater soil moisture contents
and improved soil temperature during the various growth stages (Wu
et al., 2016). Straw mulch is reported to have more beneficial effects
in restoring soil moisture as compared to the plastic mulch because
straw mulch allows more water infiltration for in-season rainfall and
plastic mulch favours runoff more compared to infiltration (Qin et al.,
2013). Recently, Li et al. (2018) reported their findings for 7-year
straw mulching with tillage practices in China, where a significant
increase in crop yields was observed due to straw incorporation com-
pared to no straw mulch, and additionally, straw mulch also improved
soil organic carbon and soil moisture at different soil depths. Increase
in crop productivity is also coupled with improved water use efficien-
cy (WUE) for maize crop under straw mulch alone or in combination
with plastic film mulch, as the mulch material reduces soil water evap-
oration during early stages (Li ez al., 2018a; Li et al., 2018D).

Favourable soil conditions under mulch material were reflected in
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Figure 4. Effect of wheat straw mulch and no-mulch treatments
on plant height at different growth stages of summer maize in
Northern Huang-Huai-Hai region of China.
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the vigorous growth of maize plants in the present study, with higher
leaf area over land area, greener leaves with higher SPAD values, and
longer duration of green leaves. Higher green leaf area in mulch treat-
ment coupled with greater carbohydrate assimilation rate, as is shown
by greater unit leaf rate in mulch treatment compared to no-mulch.
These findings are in agreement with that of Yin et al. (2017), where
the yield increments (up to 17%) were recorded due to increase in LAI
and increased number of maize ears and kernel weights. Crop residue
mulching and plastic mulching have also been reported to improve the
soil organic carbon and nitrogen fractions in the top-soil (0-10 cm),
which caused a significant increase in maize yield in China (Dong et
al., 2018). Similarly, Akhtar e al. (2018) also found an increase in
SOC and available N content due to wheat straw mulch in maize crop.
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Figure 5. Changes in soil moisture content in different soil layers
(0-15 cm, 15-30 cm) during summer maize growing season
under wheat straw mulch and no-mulch treatments in Northern
Huang-Huai-Hai region of China.
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Table 2. Weather conditions at Langfang experimental station of Chinese Academy of Agricultural Sciences, Hebei province during the

summer maize growing season in 2016.

June 25.14 31.51 18.70 87 2284
July 26.62 31.72 2224 2549 135.9
August 25.11 30.81 2122 52.5 207.7
September 20.87 27.51 1549 17.6 220.3
October 12.72 18.46 8.17 394 119.7

Straw mulching affects soil moisture content and soil tem-
perature

Maize crop is sensitive to temperature extremes during early
growth season as well as late reproductive stages, which normally
delay the crop growth period (Liu et al., 2009; Bu et al., 2013). In this
study, average soil temperature was lower under mulch treatment com-
pared to no-mulch for summer maize. Radiometric properties of the
mulch material and heat conduction between the mulch and the soil
surface drive the ability of mulch to moderate soil temperature
(Bavougian et al., 2018). Vegetative or organic mulches reduce the heat
conduction into and out of the soil, causing cooler soil during the day
but warmer soil at night compared to bare soil (Acharya et al., 2018).
Straw mulch in present study lowered the daytime soil temperature,
and an average decrease of 1.9 and 1.5°C was observed for top and sub-
soils during the crop period, respectively. This decrease was in line with
earlier studies reporting lower soil temperature under straw mulch
treatment (Fourie and Freitag, 2010; Gholamhuseini ez al., 2019); how-
ever, Bavougian ez al. (2018) reported increased soil temperature under
organic mulch suggesting increased microbial activity as a possible rea-
son. Summers et al. (2004) found that wheat straw reflected approxi-
mately 85% of the visible spectrum of light compared to 41% under
bare soil. However, reflection is usually greater from bright residues
and decreases as straw ages (discoloration) and decomposes, resulting
in temperature differences between mulch and bare soil to diminish
over time (Acharya et al., 2018). Our results also showed diminishing
soil temperature differences over time, especially during late reproduc-
tive stages from the R1 stage onwards. The maximum temperature dif-
ference at this stage (R1) was recorded 2.9°C for top soil, compared to
a difference of only 0.4°C at the RS stage, suggesting that the reduction
in soil temperature was more prominent for the initial growth stages (up
to 60 days after sowing) as well as for top soil compared to subsoil
(Figure 6). Decrease in soil temperature during early stages and
reduced diurnal fluctuation in the present study facilitated more
favourable temperature regimes for maize seedling and hence positive-
ly influenced crop growth. Recently, Deng ef al. (2019) also demon-
strated the similar effects of mulch material on soil temperature, where
the temperature difference was greater in the upper soil layers as com-
pared to the below soil and there was a gradual decrease in this trend at
the successive growth stages of maize. The underlying mechanism
behind the decrease in soil temperature due to straw mulch could be
explained by the buffering action of straw between the solar radiation
and thermal radiation of earth, thereby preventing the thermal
exchange between both layers.

Straw mulch greatly increased the capacity of soil to uphold the
moisture contents in the topsoil (0-15 cm) and below layers (15-30 cm)
as well, the reasons might be the reduced soil evaporation due to mulch
cover as compared to bare soil with no mulch covering (Li et al.,
2018a; Li et al., 2018b). Therefore, sufficient soil moisture and temper-
ature are both the vital components for optimum root growth, nutrient
uptake, and better soil health. It is evident from the present study that

OPEN aACCESS

most of the rainfall (~300 mm) occurred during July (Table 2), and in
that scenario, the straw mulch helped increase the infiltration and it also
provided a barrier to water loss through soil evaporation. In the HHH
region, the maximum rainfall season coincides with the summer maize
growing season. Moreover, summer maize has more favourable condi-
tions with a greater number of sunshine hours compared to spring
maize (Table 2), therefore maize plants can utilise the light and soil
resources to their maximum for higher grain yields (Tang et al., 2018).

Conclusions

Wheat straw mulching proved to be a viable approach in improv-
ing irrigated maize productivity through modulating soil moisture and
soil temperature, compared to no mulch. Straw mulch increased the
soil moisture contents during the crop growth period and lowered the
soil temperature (~1.72°C) in the surface and sub-surface soil layers
and favoured the maize growth during initial stages with better growth
indices. Yield increase for the mulch treatment was mainly attributed
due to greater dry biomass yield, kernels number per ear, and kernels
number per area in comparison with no mulch. Therefore, straw mulch
can be practiced as a sustainable agronomic approach in improving soil
conditions and consequently the maize productivity under irrigated
conditions.
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