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a b s t r a c t

In the semi-arid region of the Loess Plateau in China, the use of alternative field management practices is
essential for sustainable agriculture. The purpose of this study was to investigate the effect of mulching
and fertilization on the soil temperature, soil water content, soil nitrate-N content and grain yield of maize.
The experiment was conducted over three consecutive years and used randomly assigned field plots with
five replicates. The six treatments consisted of no fertilizer without plastic film (CK), no fertilizer with
plastic film (ZM), basal fertilizer without plastic film (BN), basal fertilizer with plastic film (BM), basal
and top dressing without plastic film (BTN) and basal and top dressing with plastic film (BTM). The soil
temperature of the 10-cm mulching treatment was significantly higher than that of the no-mulching
treatment, and the average soil temperature of the mulching treatment increased by 2.3 ◦C before July
and nearly 1.2 ◦C after July. The soil water content in the mulching treatment was significantly higher than
that in the no-mulching treatment at 0–60 cm, which was not significantly different from the 140–200 cm
depth. The trend in the soil nitrate-N content distribution revealed symmetrical shapes along the center of
the furrows, and the standard symmetrical distribution reduced gradually with an increase in soil depth
under the plastic film mulching conditions. The soil nitrate-N content under basal fertilizer was 1.65
times higher than that without fertilizer at 0–10 cm at 36 days after sowing. The soil nitrate-N content
in the topsoil was reduced from 48.67 to 30.77 mg/kg after 58 days. We found that plastic film mulching
with basal fertilizer increased maize yield by 10.61%, 9.48%, and 15.36%, and top dressing increased the
yield by 16.61%, 20.94%, and 12.24% over the three consecutive years. A treatment involving plastic film
mulching, basal fertilizer and top dressing is recommended. Further studies are required to investigate
the effect of mulching on increased soil temperature, soil water content and soil nitrate-N content, which
simultaneously affect yield, and to determine the effects on the field microclimate.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

The success of agriculture in keeping pace with the population
explosion has been depended on hybrid crops varieties, fertiliza-
tion, irrigation and innovations in field management (Godfray et al.,
2010). In particular, plastic film mulching has proven to be one of
the most effective methods to increase water use efficiency and
grain yield in dry farming agricultural areas (Fisher, 1995; Wang
et al., 2009). The advantages of plastic film mulching have been
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reported since the middle of the last century, and the technique
has reduced harvest time by up to nine days (Andrew et al., 1976)
and has almost doubled grain yield (Hopen, 1964). Studies have
indicated that mulching is conducive to crop growth by improving
the soil water content and soil temperature in dryland agriculture
(Cook et al., 2006). Mulching also has the benefit of improving
soil physical conditions, including the protection of topsoil sta-
bility (De Silva and Cook, 2003). A higher soil temperature and
better soil moisture increase seed fertility and individual plant
yield under plastic film mulching (Zhou et al., 2009). Studies have
demonstrated that the benefits of plastic mulching result from the
adjustment of the soil environment caused by an increase in soil
temperature and a reduction in evaporation, weed competition,
soil compaction, and soil erosion. These changes in the soil envi-
ronment are good for crop root growth, and the stronger ability of
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roots results in increased absorption of water and nutrients, which
improves plant growth rates (Clark et al., 2003).

On the Loess Plateau, the field management practice of plas-
tic film mulching has been extensively applied to crop production
(Wang et al., 2009; Zhang et al., 2011). Maize yield has been
increased by plastic film mulching for two major reasons. First,
plastic film mulching reduces soil evaporation by intercepting the
steam that is released when water moves from deeper soil layers to
the topsoil by capillarity and maintains the stability of the topsoil
water content, which increases crop transpiration. Second, plastic
film mulching increases the soil temperature through the green-
house effect, which absorbs solar radiation above the mulching and
reduces heat loss, improving crop production.

Increased yield in response to plastic film mulching not only
results in improved soil water content and increased soil temper-
ature but also directly changes soil biological characteristics and
fertility (Grassini et al., 2009; Liu et al., 2013). The soil nitrate-N
content is an important indicator of soil fertility and productiv-
ity (Reeves, 1997). In the semi-arid region of Tunisia, nitrogen
(N) fertilization was shown to increase durum wheat production
under dry conditions with poor water supply (Barron et al., 2003;
Latiri-Souki et al., 1998). However, grain yield may be reduced with
the excessive application of N fertilizer. In addition, N fertilization
should be modulated because excessive N fertilization can pose a
danger to the environment and is wasteful in terms of economic
efficiency (Morell et al., 2011). The variation in crop yield response
to fertilizer application, which occurs because of unstable precip-
itation and differences in the fertilizer rate and disposal of crop
residues, might result in loss of fertilizer under traditional farming
systems (Wang et al., 2010). Thus, it is important to quantify the
relationship between N fertilization and the vertical distribution of
the soil nitrate-N content.

Previous studies have been conducted to quantify N removal
and mulching in maize site-specific field experiments, mainly at
research stations. Very few have attempted to investigate the
relationships between N removal and mulching and soil water
and nitrate-N contents across widely varying field environments,
especially in high-yielding systems (Cai and Sharma, 2010; Knoth
et al., 2013; Li et al., 2013; Miriti et al., 2012). This study evalu-
ated the feasibility of using alternative field management practices
to contribute towards food security and sustainable agriculture.
Therefore, the aim of the study was to evaluate the effect of plas-
tic film mulch on the vertical distribution of soil temperature, soil
water contents, and soil-N content in a maize crop on the Loess
Plateau of China.

2. Materials and methods

2.1. Experimental site

The field experiment was conducted at the Changwu Exper-
imental Station (35◦12′N, 107◦40′E and altitude 1206 m) on the
Loess Plateau in Changwu county of Shaanxi Province, China. The
climate is temperate semi-arid with a mean annual air temper-
ature of 9.1 ± 2.3 ◦C, a mean monthly maximum temperature of
22 ◦C (July) and a mean monthly minimum temperature of −7 ◦C
(January). The average annual sunshine duration is 2230 h with
more than 171 frost-free days. The mean annual precipitation
from 1990 to 2012 was 571 ± 74 mm, of which approximately 55%
fell during the growing season between July and September. The
rainfall during the experimental period was measured using an
automatic weather station (Changwu experimental station meteo-
rological observatory, WS-STD1, England) at the experimental site.
According to the USDA textural classification system, the soil has a
silty loam texture, which is derived from loess with a deep and even

soil profile. Soil sample was dried at room temperature (75 ◦C) in
the laboratory to a constant weight and sieved (2 mm) to eliminate
coarse soil particles. Soil acidity (pH) was measured in an aque-
ous soil extract in de-ionized water (1:2.5 soil:water). Bulk density
was measured by the core method, using cores that measured
3 cm in diameter, 10 cm in length, and 70.68 cm3 in volume. Field
capacity at 33 kPa was determined using a pressure-membrane
extraction apparatus. Soil organic matter was determined using the
Walkley–Black method (Antonio et al., 2010). The topsoil (0–80 cm)
is 35% clay, 62% silt, and 3% sand with a pH of 8.3, and has a bulk
density of 1.28 g/cm3, a field capacity of 24.5% cm3/cm3, an organic
matter content of 11.8 g/kg, a total nitrogen content of 0.81 g/kg,
an available phosphorus content of 14.2 g/kg, an available potas-
sium content of 145.8 g/kg and an inorganic nitrogen content of
4.12 g/kg.

2.2. Experimental design

In this experiment, six treatments were designed and applied:
(1) a flat plot (8 × 4 m) with no basal fertilizer, no top dressing and
no mulching (CK); (2) plastic film mulching with no basal fertilizer
and no top dressing (ZM); (3) basal N (80 kg/ha) and P (80 kg/ha)
(Murungu et al., 2011) with no top dressing and no mulching (BN);
(4) plastic film mulching and basal N (80 kg/ha) and P (80 kg/ha)
with no top dressing (BM); (5) basal N (80 kg/ha) and P (80 kg/ha)
and top dressing N (80 kg/ha) with no mulching (BTN); and (6) plas-
tic film mulching with basal N (80 kg/ha) and P (80 kg/ha) fertilizer
and top dressing N (80 kg/ha) (BTM).

The experiment was laid out using a randomized block design
with five replications; each plot was 8 m long and 4 m wide. The
entire experimental area was ploughed and leveled each year
during the three-year period over which the experiment was con-
ducted. Following dividing and ridging of 30 experimental plots,
basal fertilizers (80 kg N/ha and 80 kg P/ha) were mixed in the soil
for the BN, BM, BTN, and BTM treatments. Maize was planted at a
30- cm row and 60-cm line spacing, and a sketch showing the width
direction arrangement is presented in Fig. 1. Mulching was laid over
the soil surface layer of the ridges, 80 cm wide and 0.008 mm thick
(Yonggu suye Co., Ltd., Shaanxi, China).

The maize breed (Zea mays L., cv. ‘Liyu 18’) was sown on 22
April 2010, 26 April 2011, and 21 April 2012, using a hole-sowing
tool (3-cm diameter). Top dressing N (80 kg ha−1) fertilizer was
applied in late June (BTN, BTM). The maize crop was harvested on
17 September 2010, 21 September 2011, and 18 September 2012.
After harvest, the plastic film was gathered and recycled by the
manufacturer. Traditional tillage in dry farming areas of northern
China involves mouldboard ploughing (motorized) to a depth of
16–18 cm, followed by a sequence of harrowing, smoothing, rolling,
and hoeing.

2.3. Sampling and measurements

Soil temperature measurements (N = 3 repeated three times per
treatment)

- A batch of rectangular geothermometers (Jingda Thermal Instru-
ments, Wuqiang County, Hebei Province, China) was placed in the
middle of a ridge and furrow in every treatment plot at depths of
0, 5, 10, and 20 cm.

- On bright sunny days, the soil temperature (Dwyer et al., 1990)
was recorded hourly from 08:00 to 20:00, i.e., on 26 June 2010
(65 days after sowing), 29 June 2011 (64 days after sowing), and
22 June 2012 (62 days after sowing).

- For three consecutive field seasons, the soil temperature was
recoded at nearly 15-day intervals from sowing to harvesting.
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Fig. 1. A sketch of the experimental arrangement system (cm).

- The mean soil temperature was calculated as the mean of the
mulching and no mulching temperatures, using the average value
at 8:00, 14:00, and 20:00 on the detection day.

During the growing season, the soil water content (N = 3) was
measured using a the gravimetric method, and the depth inter-
val spacing was 10 cm (from 0 to 100 cm) and 20 cm (from 100
to 200 cm). The soil water content was measured in the middle of
the furrows, and the distance from a plant was 10 cm. The mea-
surements were performed for nearly one month within the entire
growth period. The soil nitrate-N content (N = 3) was measured
using a spectrophotometer (UV–vis 8500II, China), with sampling
a depth interval of 10 cm, down to 100 cm. First, 0.5 g of fresh soil
was placed in a 100-mL triangular flask. Then, 50 mL of a 2-mol/L
potassium chloride solution was added. The solution was shaken
for half an hour until uniformity was reached. The solution was
filtered, and 5 mL was placed in a spectrophotometer and exam-
ined at a wavelength of 210 nm (Griffin et al., 2009). The nitrate
content was determined using colorimetric analysis. The soil water
content measurements were performed at the same time as the
measurements of the soil nitrate-N content.

2.4. Statistical analysis

Analysis of variance was conducted on the soil temperature, soil
water content, soil nitrate-N content and grain yield using SAS 9.2
(SAS Institute Ltd., North Carolina, USA). Duncan’s multiple range
test was used for paired mean comparisons at a 0.05 probability
level (McCullough and Wilson, 2002).

3. Results

3.1. Weather conditions

The total rainfall during the growing season was 339 mm in
2010, 346 mm in 2011, and 351 mm in 2012 (Fig. 2), and this
accounted for 61.2%, 66.1%, and 73.2% of the annual rainfall, respec-
tively. There was less rainfall in August over the three consecutive
years. The amounts of rainfall varied from season to season, and
there was a larger proportion of rainfall in June and September in
2010 and 2011 compared with the other months of the growing
season, and there was considerably higher rainfall in July 2012 than
in June–September.

During the maize growing season, the average daily temper-
ature generally ranged from 15 to 25 ◦C, and the highest daily
temperature in 2010, 2011, and 2012 was 27 ◦C (Fig. 2). The mean
daily air temperature was higher than 15 ◦C for 128 days in 2010,
125 days in 2011, and 116 days in 2012, accounting for 86.5%, 84.5%,
and 77.3% of the whole maize growth period. The differences in

rainfall and air temperature in the maize growing season might
affect maize growth, soil temperature, soil water content, and grain
yield.

3.2. Soil temperature

The soil temperature exhibited temporal and spatial varia-
tions (Fig. 3). The soil temperature at 10 cm in the plastic film
mulching treatments was significantly higher than that without
mulching. The average temperatures from 8:00 to 20:00 without
mulching were 2.08 ◦C, 2.60 ◦C, and 2.00 ◦C lower than those mea-
sured in the corresponding mulching treatments in 2010, 2011,
and 2012, respectively. The average soil temperature of the plas-
tic film mulching treatment at 0 cm, 5 cm, 10 cm, and 20 cm were
1.12 ◦C, 0.87 ◦C, 2.08 ◦C, and 1.6 ◦C higher, respectively, than the
no-mulching treatments in 2010; similar results were observed
in 2011 and 2012. The daily surface layer temperature decreased
after 14:00 and was slower in declining in the film mulching treat-
ment compared with the no-mulching treatment. Three years of
continuous field experiments indicated that the maximum soil
temperature occurred around midday and in the topsoil; and the
peak time occurred later with increased soil depth. In particular,
the amplitude of the diurnal variation decreased with depth, and
peak soil temperatures were not obvious at 20 cm. The variation in
soil temperature from 8:00 to 20:00 was similar to a sine curve
(Fig. 3). The chord height of the sine curve decreased with soil
depth, and the variation of soil temperature at 20 cm was nearly
a gentle smooth line, which may indicate that the soil tempera-
ture response to surface solar radiation energy was delayed. The
results indicate that mulching delayed the temperature reduction.
There was no significant treatment difference in soil temperature
at 20:00, but the soil temperature in the plastic film mulching treat-
ment was slightly higher than that without mulching. The results
indicate that plastic film mulching preserves heat, which leads to
a slowing of temperature transmission from belowground into the
atmosphere.

The soil temperatures under plastic film mulching were higher
than those without mulching over the three growing seasons
(Fig. 4). The highest soil temperature was measured in July across
all treatments, and the variation in soil temperature followed a
quadratic parabola-like curve over the growth period. The plastic
film mulching effect on the soil temperature in the earlier period
was greater than that in the later period, and the effect decreased
over growth time. The soil temperature of the plastic film mulching
treatment increased approximately 2.3 ◦C before July, which is bet-
ter for germination and growth, compared to the treatment without
mulching. However, the soil temperature decreased from July to
September, and the plastic film mulching treatment increased the
soil temperature by nearly 1.2 ◦C during this period.
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Fig. 2. In maize growing season, the distribution of air temperature and rainfall were recorded in the study years.

3.3. Soil water content

We focused on three successive years to visualize the annual dif-
ferences in soil water content caused by plastic film mulching and
fertilization, as shown in Fig. 5. The BM and BTM treatments had
the highest average soil water content at 0–80 cm at 36, 39, and 31
days after sowing in 2010, 2011, and 2012, respectively. The aver-
age soil water content (0–200 cm) in the CK treatment was 0.42%,
2.23%, and 4.45% lower than that in the ZM, BM, and BTM treat-
ments, respectively, approximately one month after sowing for the

three consecutive years. However, there was no significant treat-
ment difference in the average soil water content at 140–200 cm
(F-test, P > 0.05). Three months after sowing, the average soil water
content (0–200 cm) in the CK treatment was lower than that mea-
sured in the plastic film mulching treatments, i.e., 3.33%, 4.75%, and
4.61% lower than the ZM, BM, and BTM treatments, respectively, in
2010. Unexpectedly, the average soil water content in the CK treat-
ment was higher than in the ZM treatment from 0 to 80 cm, and this
phenomenon changed from a depth of 80 cm. The soil water content
ranged from 15% to 20% one month after maize sowing, whereas
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Fig. 3. The average soil temperature with mulch and no mulch at different times and soil depths in the study years.

the values increased over the three month period after sowing and
increased by 17% to 23% over the three-year study period. These
results can be explained by the fact that the rainfall was mainly
distributed in the summer months.

The average soil water contents were significantly higher in
the mulch than in the no-mulch treatments. There was no sig-
nificant difference between the same fertilizer treatments. The
linear relationships between the soil water content and soil depth
and the plastic film mulching, basal fertilizer and top dressing
in the maize growing season over the three years are shown in
Table 1.

3.4. Soil nitrate-N content

The dynamics of the soil nitrate-N content in the root region
soil of the no-fertilizer treatment with plastic film mulching in
2010 are shown in Fig. 6. There was a large horizontal difference
in the soil nitrate-N content in the top layers (0–60 cm) at 36 days
after sowing. The trend in the soil nitrate-N content distribution
exhibited symmetrical shapes along the center of the furrow. The
standard symmetrical distribution reduced gradually with the soil
depth, but persisted under the plastic film mulching conditions. The
nitrate-N concentration in the root absorption area was lower than
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Fig. 4. Soil temperature effect on mulch and no mulch during the growing season in the study years.

in the other areas. The results indicate that high levels of nitrate-N
were mainly distributed at 0–10 cm at 36 days after sowing, and
the nitrate-N concentration in the basal dressing treatment was
1.65 times higher than in the treatment that did not receive fer-
tilizer (Fig. 6(a)). The nitrate-N in the root zone was reduced in
the soils of the basal and top dressing treatments with the plas-
tic film mulching. There was no significant difference in the soil
nitrate-N content below 50 cm, and the symmetrical distribution
was the same as that observed in the ZM treatment in the top lay-

ers (0–40 cm). The soil nitrate-N content in the topsoil was reduced
to 30.77 from 48.67 mg/kg at 58 days after sowing. There was a sta-
tistically significant difference in soil nitrate-N content under the
ridge, and a small area of soil nitrate-N appeared at 40 cm.

The soil nitrate-N content in the subsoil (60–100 cm) increased
at 58 days after sowing compared with 36 days after sowing
(basal fertilizer treatment). These results were related to nitrogen
migration and root absorption. In particular, there was a nitrate-
N accumulation area at 50 cm. The soil nitrate-N content had
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Fig. 5. Soil water content effect on six treatments during the growing season in the study years.

gradually reduced by 91 days after sowing. However, the vertical
distribution of the soil nitrate-N content was not statistically sig-
nificant during the harvest. The soil nitrate-N content decreased
significantly in the top layers (0–40 cm) at 58 days after sowing
(Fig. 6(b)). The rate of the nitrate-N content decline in the middle
of the ridges was slower than in the furrows. A higher concentration
area existed at a 40-cm depth, and the nitrate-N content had a hor-
izontal and parallel distribution below 60 cm. The results indicate
that the important drivers for soil mineral nitrogen migration are

leaching and surface runoff. There were no significant differences
in the soil nitrate-N content at 91 days after sowing (Fig. 6(c)). and
there was almost the same nitrate-N content as the horizontal soil
profile at 138 days after sowing.

The topsoil nitrate-N content increased to approximately
60 mg/kg at 91 days after sowing compared with 58 days after
sowing (BTM). In addition, top dressing greatly increased the soil
nitrate-N content in the upper layer of soil (0–40 cm), and the soil
nitrate-N content decreased with increasing soil depth. The soil



60 W. Xiukang et al. / Agricultural Water Management 161 (2015) 53–64

No-Basal-No-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 
70 
80 

Basal-No-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 

Basal-Top 

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 
70 
80 
80 
90 
100 
110 
120 

(a) Soil nitrate-N content on 36 DAP (mg/kg) 

No-Basal-No-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 

Basal-No-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 
70 
80 

Basal-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 
70 

(b) Soil nitrate-N content on 58 DAP (mg/kg) 

No-Basal-No-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 
70 
80 
55 

Basal-No-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 
70 
80 
50 
55 

Basal-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 

(c) Soil nitrate-N content on 91 DAP (mg/kg) 

No-Basal-No-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

10
15
20
25
30
35
40

Basal-No-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

15
20
25
30
35
40
45

Basal-Top

 Horizontal distance (cm)
-30 -20 -10 0 10 20 30

So
il 

de
pt

h 
(c

m
)

20

40

60

80

100

20 
30 
40 
50 
60 
70 
80 

(d) Soil nitrate-N content on 138 DAP (mg/kg) 

Fig. 6. Dynamics of nitrate-N content in root zone soil of different treatments in 2010, no Basal and no Top dressing fertilizer (No-Basal- No-Top), Basal fertilizer and no Top
dressing fertilizer (Basal-No-Top), Basal and Top dressing (Basal-Top).



W. Xiukang et al. / Agricultural Water Management 161 (2015) 53–64 61

Ta
b

le
1

Li
n

ea
r

m
od

el
s

fo
r

p
re

d
ic

ti
n

g
so

il
w

at
er

co
n

te
n

t
(y

)
w

it
h

so
il

d
ep

th
(x

)
in

m
u

lc
h

an
d

fe
rt

il
iz

er
tr

ea
tm

en
t

in
th

e
st

u
d

y
ye

ar
s.

Tr
ea

tm
en

t
C

K
(%

)
ZM

(%
)

B
N

(%
)

B
M

(%
)

B
TN

(%
)

B
TM

(%
)

M
u

lc
h

(%
)

N
o

M
u

lc
h

(%
)

20
10

y
−0

.0
02

7x
+

19
.5

75
−0

.0
16

5x
+

19
.0

82
−0

.0
10

5x
+

18
.1

06
−0

.0
09

2x
+

18
.8

49
−0

.0
19

3x
+

18
.9

27
−0

.0
16

0x
+

19
.8

14
−0

.0
14

5x
+

18
.5

98
−0

.0
13

9x
+

19
.2

48
R

2
0.

02
85

0.
69

81
0.

47
13

0.
47

2
0.

57
02

0.
70

05
0.

76
11

0.
78

74
20

11
y

−0
.0

06
7x

+
18

.1
93

−0
.0

10
0x

+
18

.7
56

−0
.0

12
2x

+
18

.7
97

−0
.0

14
7x

+
19

.3
37

−0
.0

01
6x

+
17

.8
49

−0
.0

12
7x

+
19

.5
14

−0
.0

06
8x

+
18

.2
79

−0
.0

12
5x

+
19

.2
02

R
2

0.
22

23
0.

76
08

0.
46

2
0.

45
7

0.
03

31
0.

51
35

0.
46

47
0.

61
35

20
12

y
−0

.0
08

0x
+

18
.3

64
−0

.0
16

9x
+

19
.7

36
−0

.0
08

5x
+

18
.6

40
−0

.0
16

5x
+

19
.8

64
−0

.0
12

2x
+

19
.0

81
−0

.0
15

8x
+

19
.7

35
−0

.0
09

6x
+

18
.6

95
−0

.0
16

4x
+

19
.7

78
R

2
0.

39
25

0.
74

11
0.

46
94

0.
67

63
0.

50
03

0.
64

5
0.

58
55

0.
75

34

nitrate-N content ranged from 40 mg/kg to 60 mg/kg because the
nitrogen fertilizer was converted into mineral nitrogen as a result
of the high temperatures during this time. The soil nitrate-N was
concentrated at 80 cm at harvest time, and there was no difference
along the entire soil profile (Fig. 6(d)).

3.5. Maize grain yield

The grain yield varied considerably between the different plastic
film mulching and fertilization treatments (Table 2). Higher grain
yield was observed in the no-plastic film mulching treatment com-
pared with the mulching treatment without basal fertilizer or top
dressing. When there was no basal fertilizer or top dressing, there
were no significant differences in maize grain yield between the
mulching and no-mulching treatments, but mulching had a neg-
ative effect on yield compared with the CK treatment. However,
there was a significant difference for the plastic film mulching
treatment with basal fertilizer or top dressing, and plastic film
mulching had a positive effect on grain yield. The yield increased
with an increase in the basal fertilizer, top dressing and plastic
film mulching, and the grain yield increase ranged from 23.41% to
83.23% compared with the CK treatment.

4. Discussion

The maize grain yield increased in response to plastic film
mulching and the addition of basal fertilizer and top dressing.
The plastic film directly increased the soil water content and soil
temperature and changed the soil nitrate-N content and dynamic
migration.

4.1. Soil temperature

The soil temperature differences between the film mulching
treatments and those without mulch gradually increased with an
increase in the soil depth, except for the 5-cm depth, over the three
years of field experiments. These results are the same as those
presented by Davidoff et al. (1986), who observed significant dif-
ferences in the temperature measurements at the 10-cm soil depth.
Comparative studies of these relationships have produced inconsis-
tent results. For example, Bocock et al. (2006) have showed that the
mean temperatures at a 5-cm soil depth were significantly differ-
ent in the ridges compared with the adjacent flat areas. We propose
that the effects of the plastic film mulching on soil temperature at
5 cm was related to the plastic film absorbing and reflecting solar
energy, but this requires further study.

The soil temperature increased by approximately 2.3 ◦C and
2.1 ◦C with plastic mulching at depths of 10 cm and 20 cm, respec-
tively, in the early growth period, and these values decreased to
1.2 ◦C in the later growth period. Ramakrishna et al. (2006) found
that mulching increased soil temperature by approximately 6 ◦C at
a depth of 5 cm and 4 ◦C at a depth of 10 cm. Our findings indi-
cated that the midday soil temperature under plastic mulching
was 3.6 ◦C higher than without mulching at a depth of 10 cm,
and the difference between the presence and absence of mulch
gradually decreased and was no longer significant at sunset. This
finding agrees with the results of Liu et al. (2009), who found that
plastic film mulching applied 30 days before sowing significantly
increased the soil temperature (10 cm) and improved the soil water
content during the early growth stage compared with conventional
tillage. This result will help farmers to accurately determine the
maize planting depth in agriculture practice.

The variation in soil temperature followed a quadratic parabola-
like over the growth period. The results indicated that lower
soil temperatures occurred before mid-May and after September,
mainly because of the meteorological environment. The results
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may be related to the weather conditions, e.g., the average daily
temperature generally ranged from 15 to 25 ◦C, and the highest
daily temperature recorded in maize growing season was 27 ◦C.
This result may provide a reference value for maize seeding time in
agricultural practice.

4.2. Soil water content

In the present study, the average soil water content of the CK
treatment over the three years was lower than that measured in
the ZM, BM, and BTM treatments approximately one month after
sowing, and there was no significant treatment difference in the
mean soil water content at 140–200 cm. The weather conditions
may have reduced the soil water content before June, and low rain-
fall in the growing season did not improve the soil water content.
There was a negative linear relationship between soil water content
and depth, and mulching, basal fertilizer and top dressing over the
three years. The BTM and BTN treatments provide a good example.
After three growing seasons, the soil water content with mulching
was significantly higher in the 0–60 cm soil layer in the ZM treat-
ment and the 0–80 cm soil layer in the BM and BTM treatments
compared with no mulching. These results indicate that the cor-
relation coefficient of the distribution of the average soil water
content without mulching was higher than that with the plastic film
mulching treatment. We may conclude that plastic film mulching
adjusts the regulation of the vertical distribution of the soil water.
In addition, the soil water content was significantly decreased in
the 140–200 cm soil layer in the mulching treatment compared
with the treatment without mulching (with the same fertilizer) in
June, and there was no significant difference in September. These
results are compatible to those of previous studies. A higher soil
water content was observed in the surface layer in the mulching
treatment, which was probably due to lower surface run-off and
evaporation because there was no change in surface soil porosity
(Ssali et al., 2003; Jovanovic et al., 2013). The soil water content in
the mulching treatment was higher than that of a bare plot at the
time of seeding; after one month, however, these soil water con-
tents were similar (Liu et al., 2010; Wang et al., 2009). Collectively,
these results indicate that the soil water content in the mulching
treatment was higher than in the no-mulching treatment at the
time of seeding.

4.3. Soil nitrate-N content

High levels of nitrate-N were mainly distributed at 0–10 cm at
36 days after sowing, and the mean nitrate-N content in the basal
dressing treatment was 1.65 times higher than that in the no-
fertilizer treatment. There are two possible explanations for this
difference; one reason is that the basal fertilizer was mainly in the
surface layer due to low rainfall, and the other reason is that the soil
organic matter content in the surface layer resuted from nitrate-N
via digestive functions. Similar nitrogen application and nitrate-N
content results were reported by Pandey et al. (2001).

Our study also found that the soil nitrate-N content in the topsoil
was reduced at 58 days after sowing. This occurred because of the
high maize growth during this period, when the plants required a
greater amount of soil nutrients. In addition, the plastic film inter-
cepted the rainfall, causing it to flow into the furrows, and this water
infiltration resulted in the migration of nitrate-N from the topsoil to
the subsoil. Moreno and Moreno (2008) discovered that the ability
of the plastic mulch to improve the soil water content simultane-
ously improved the plant nitrogen availability. After sowing, the
soil nitrate-N content continually decreased until 91 days (around
shoot elongation), probably because there was no topdressing and
soil fertility decreases with rainfall infiltration leaching. The soil
nitrate-N content decreased slightly until the top dressing fertilizer
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was applied in late June. The topsoil (0–30 cm) nitrate-N during the
sowing or top dressing period was consistently higher compared
with the rest of the soil profile. Thorup-Kristensen (2001) showed
that the amount of soil nitrate-N content in the topsoil (0–50 cm)
was significantly different from that in the subsoil (50–100 cm),
and the subsoil nitrate residues were well correlated with root
intensity. We found that the nitrate-N concentration in the root
absorption area was lower than in the other areas.

4.4. Maize grain yield

Other studies found that film mulching in field experiments
increased the maize grain yield by approximately 20–30% in very
wet years, 60–95% in average and drought years (Li et al., 2013;
Zhou et al., 2009). Additional mulch in furrows increased the maize
grain yield by 8–25% in the semi-arid Loess region of northwestern
China (Li et al., 2001). Our findings indicated that the soil tempera-
ture was lower in the CK treatment than the ZM treatment, but had
no negative impact on the soil water content or maize yield. There-
fore, the hypothesis that plastic film mulching increases grain yield
was accepted when basal fertilizer or top dressing were added but
was rejected when basal or top dressing were not added.

In this experiment conducted over three consecutive years, rela-
tively higher grain yield was obtained in the BTM treatment in 2011,
which can probably be attributed to the well- distributed and aver-
age rainfall described above. Another possible reason is the BTM
experimental plot had residual fertilizer from basal and top dress-
ing fertilizer treatments in 2010. Nutrient management should
consider these types of variable conditions. In rainfed areas, the
utilization of water and other resources was better under mulching
conditions, and the maize grain yield of the plastic film mulching
and maize straw mulching treatments was 8–24% and 13–24%
higher, respectively, than that of the CK treatment (Liu et al., 2010;
Zhang et al., 2011).

In a separate study, lower grain yield responses to nitrogen fer-
tilizer in the third year probably occurred because the repeated
application of nitrogen fertilizer to a sandy soil led to soil acid-
ification (Gandah et al., 2003). This may relate to the fertilizer
application rate, as a previous study demonstrated that a surplus
of 115–121 kg/ha occurred at a nitrogen fertilizer level of 270 kg/ha
(Zavattaro et al., 2012). Other studies have also reported that a
surplus of 60 kg/ha of nitrogen occurred at a nitrogen supply of
213 kg/ha (Maltas et al., 2007; Wang et al., 2013). In our study, the
maize grain yield at a fertilizer rate of 160 kg N/ha (basal, 80 kg N/ha
and top dressing, 80 kg N/ha, which is recommended for the Loess
Plateau of China) was significantly higher than that measured at
other levels of N. Further studies may be required to investigate the
effects of mulching on increased soil temperature, soil water con-
tent and soil nitrate-N content, which simultaneously affect maize
yield, and to determine the effects on the field microclimate.

5. Conclusions

In the topsoil layer, the soil water content in the mulching
treatment was significantly higher than in the treatment without
mulching. A high soil nitrate-N content was mainly distributed in
the topsoil layer at 36 days after sowing, and the treatment with
top dressing fertilizer had a higher soil nitrate-N content com-
pared with the treatment where top dressing was not applied.
The grain yield increased between 23.41% and 83.23% with basal
fertilizer, top dressing and plastic film mulching. The use of plas-
tic film mulching has shown promising results. Compared with
the no-mulching treatment, these practices have been shown to
increase soil temperature and improve maize yield. Regardless
of the research achievements and promotional activities of field

management, traditional cultivation without mulching remains
common practice, and considerable efforts will have to be made to
achieve widespread application of plastic film mulching. The BTM
treatment is recommended because it increased the grain yield by
71.66%, 83.23%, and 74.75% in 2010, 2011, and 2012, respectively,
compared with the CK (no mulching and no fertilizer) treatment.

Acknowledgments

The authors are thankful to Nebo Jovanovic who give us the
valuable advices and anonymous reviewers for their valuable com-
ments on this paper. This research was supported by National
Science and Technology Support Plan (2011BAD31B01), Special-
ized Research Fund for the Doctoral Program of Yan’an University,
and China’s Post-doctoral Science Fund (2015M572659XB).

References

Andrew, R.H., Schlough, D.A., Tenpas, G.H., 1976. Some relationships of a plastic
mulch to sweet corn maturity. Agron. J. 68, 422–425.

Antonio, J., Lorena, M.Z., Juan, G., 2010. Effects of mulching on soil physical
properties and runoff under semi-arid conditions in southern Spain. Catena 81,
77–85.

Barron, J., Rockström, J., Gichuki, F., Hatibu, N., 2003. Dry spell analysis and maize
yields for two semi-arid locations in east Africa. Agric. For. Meteorol. 117,
23–37.

Bocock, K.L., Bailey, A.D., Hornung, M., 2006. Variation in soil temperature with
micro-relief and soil depth in a newly planted forest. J. Soil Sci. 33 (1), 55–62.

Cai, X.L., Sharma, B.R., 2010. Integrating remote sensing, census and weather data
for an assessment of rice yield, water consumption and water productivity in
the Indo-Gangetic river basin. Agric. Water Manag. 97 (2), 309–316.

Clark, L.J., Whalley, W.R., Barraclough, P.B., 2003. How do roots penetrate strong
soil? Plant Soil 255, 93–104.

Cook, H.F., Valdes, G.S.B., Lee, H.C., 2006. Mulch effects on rainfall interception, soil
physical characteristics and temperature under Zea mays L. Soil Till. Res. 91,
227–235.

Davidoff, B., Lewis, J.W., Selim, H.M., 1986. Variability of soil temperature with
depth along a transect. Soil Sci. 142 (2), 114–123.

De Silva, S.H., Cook, H.F., 2003. Soil physical conditions and performance of cowpea
following organic matter amelioration of sand. Commun. Soil Sci. Plant Anal.
34, 1039–1058.

Dwyer, L.M., Hlyuon, H.N., Culley, J.L.B., 1990. Prediction of soil temperature from
air temperature for estimating corn emergence. Can. J. Plant Sci. 70, 619–628.

Fisher, P.D., 1995. An alternative plastic mulching system for improved water
management in dryland maize production. Agric. Water Manag. 27, 155–166.

Gandah, M., Bouma, J., Brouwer, J., Hiernaux, P., Van Duivenbooden, N., 2003.
Strategies to optimize allocation of limited nutrients to sandy soils of the Sahel:
a case study from Niger, west Africa. Agric. Ecosyst. Environ. 94, 311–319.

Godfray, H.C., Beddington, J.R., Crute, I.R., Haddad, L., Lawrence, D., Muir, J.F.,
Pretty, J., Robinson, S., Thomas, S.M., Toulmin, C., 2010. Food security: the
challenge of feeding 9 billion people. Science 327, 812–818.

Grassini, P., Yang, H., Cassman, K.G., 2009. Limits to maize productivity in Western
Corn-Belt: A simulation analysis for fully irrigated and rainfed conditions.
Agric. For. Meteorol. 149, 1254–1265.

Griffin, G., Jokela, W., Ross, D., et al., 2009. Recommended Soil Nitrate Tests [M].
Recommended Soil Testing Procedures for the Northeastern US, 3rd ed.
Northeastern Regional Publication, pp. 493.

Hopen, H.J., 1964. Effect of black and transparent polyethylene mulches on soil
temperature, sweet corn growth and maturity in cool growing season. Am. Soc.
Hort. Sci. 89, 415–420.

Knoth, Jenny L., Kim, Soo-Hyung, Ettl, Gregory J., Doty, Sharon L., 2013. Effects of
cross host species inoculation of nitrogenfixing endophytes on growth and leaf
physiology of maize. GCB Bioenergy 5, 408–418.

Latiri-Souki, K., Nortcliff, S., Lawlor, D.W., 1998. Nitrogen fertilizer can increase dry
matter, grain production and radiation and water use efficiencies for durum
wheat under semi-arid conditions. Eur. J. Agron. 9, 21–34.

Li, R., Hou, X., Jia, Z., Han, Q., Ren, X., Yang, B., 2013. Effects on soil temperature,
moisture, and maize yield of cultivation with ridge and furrow mulching in the
rainfed area of the Loess Plateau, China. Agric. Water Manag. 116, 101–109.

Li, X., Gong, J., Gao, Q., Li, F., 2001. Incorporation of ridge and furrow method of
rainfall harvesting with mulching for crop production under semiarid
conditions. Agric. Water Manag. 50, 173–183.

Liu, C.-A., Li, F.-R., Zhou, L.-M., Feng, Q., Li, X., Pan, C.-C., Wang, L., Chen, J.-L., Li,
X.-G., Jia, Y., Siddique, K.H.M., Li, F.-M., 2013. Effects of water management
with plastic film in a semi-arid agricultural system on available soil carbon
fractions. Eur. J. Soil Biol. 57, 9–12.

Liu, C.A., Jin, S.L., Zhou, L.M., Jia, Y., Li, F.M., Xiong, Y.C., Li, X.G., 2009. Effects of
plastic film mulch and tillage on maize productivity and soil parameters. Eur. J.
Agron. 31, 241–249.



64 W. Xiukang et al. / Agricultural Water Management 161 (2015) 53–64

Liu, Y., Yang, S., Li, S., Chen, X., Chen, F., 2010. Growth and development of maize
(Zea mays L.) in response to different field water management practices:
Resource capture and use efficiency. Agric. For. Meteorol. 150, 606–613.

Maltas, A., Corbeels, M., Scopel, E., Oliver, R., Douzet, J.-M., Silva, F.A.M., Wery, J.,
2007. Long-term effects of continuous direct seeding mulch-based cropping
systems on soil nitrogen supply in the Cerrado region of Brazil. Plant Soil 298,
161–173.

McCullough, B.D., Wilson, B., 2002. On the accuracy of statistical procedures in
Microsoft Excel 2000 and Excel XP. Comput. Stat. Data Anal. 40, 713–721.

Miriti, J.M., Kironchi, G.M., Esilaba, A.O., Heng, L.K., Gachene, C.K.K., Mwangi, D.M.,
2012. Yield and water use efficiencies of maize and cowpea as affected by
tillage and cropping systems in semi- arid Eastern Kenya. Agric. Water Manag.
115, 148–155.

Morell, F.J., Lampurlanés, J., Álvaro-Fuentes, J., Cantero-Martínez, C., 2011. Yield
and water use efficiency of barley in a semiarid Mediterranean agroecosystem:
long-term effects of tillage and N fertilization. Soil Till. Res. 117, 76–84.

Moreno, M.M., Moreno, A., 2008. Effect of different biodegradable and
polyethylene mulches on soil properties and production in a tomato crop. Sci.
Hort. 116, 256–263.

Murungu, F.S., Chiduza, C., Muchaonyerwa, P., Mnkeni, P.N.S., 2011. Mulch effects
on soil moisture and nitrogen, weed growth and irrigated maize productivity
in a warm-temperate climate of South Africa. Soil Till. Res. 112, 58–65.

Jovanovic, Nebo, Bugan, Richard D.H., Israel, Sumaya, 2013. Rainfall, soil water
content, and groundwater levels at the riverlands nature reserve (South
Africa). Dataset Papers Geosci. 1, 1–14.

Pandey, R.K., Maraville, J.W., Chetima, M.M., 2001. Tropical wheat response to
irrigation and nitrogen in a Sahelian environment. II. Biomass accumulation,
nitrogen uptake and water extraction. Eur. J. Agron. 15, 106–118.

Ramakrishna, A., Tam, H.M., Wani, S.P., Long, T.D., 2006. Effect of mulch on soil
temperature, moisture, weed infestation and yield of groundnut in northern
Vietnam. Field Crops Res. 95, 115–125.

Reeves, D.W., 1997. The role of soil organic matter in maintaining soil quality in
continuous cropping systems. Soil Till. Res. 43, 131–167.

Ssali, H., McIntyre, B.D., Gold, C.S., Kashaija, I.N., Kizito, F., 2003. Effects of mulch
and mineral fertilizer on crop, weevil and soil quality parameters in highland
banana. Nutr. Cycl. Agroecosyst. 65, 141–150.

Thorup-Kristensen, K., 2001. Are differences in root growth of nitrogen catch crops
important for their ability to reduce soil nitrate-N content, and how can this be
measured? Plant Soil 230 (2), 185–195.

Wang, X., Dai, K., Wang, Y., Zhang, X., Zhao, Q., Wu, X., Cai, D., Hoogmoed, W.B.,
Oenema, O., 2010. Nutrient management adaptation for dryland maize yields
and water use efficiency to long-term rainfall variability in China. Agric. Water
Manage. 97, 1344–1350.

Wang, X., Li, Z., Xing, Y., 2013. Effects of nitrogen fertilization and supplemental
irrigation on maize growth and nitrogen absorption in Loess Plateau of
Northwest China. J. Food Agric. Environ. 11, 959–963.

Wang, Y., Xie, Z., Malhi, S.S., Vera, C.L., Zhang, Y., Wang, J., 2009. Effects of rainfall
harvesting and mulching technologies on water use efficiency and crop yield
in the semi-arid Loess Plateau, China. Agric. Water Manag. 96, 374–382.

Zavattaro, L., Monaco, S., Sacco, D., Grignani, C., 2012. Options to reduce N loss
from maize in intensive cropping systems in Northern Italy. Agric. Ecosyst.
Environ. 147, 24–35.

Zhang, S., Li, P., Yang, X., Wang, Z., Chen, X., 2011. Effects of tillage and plastic mulch
on soil water, growth and yield of spring-sown maize. Soil Till. Res. 112, 92–97.

Zhou, L.-M., Li, F.-M., Jin, S.-L., Song, Y., 2009. How two ridges and the furrow
mulched with plastic film affect soil water, soil temperature and yield of maize
on the semiarid Loess Plateau of China. Field Crops Res. 113, 41–47.


	Effects of mulching and nitrogen on soil temperature, water content, nitrate-N content and maize yield in the Loess Plateau of China
	1 Introduction
	2 Materials and methods
	2.1 Experimental site
	2.2 Experimental design
	2.3 Sampling and measurements
	2.4 Statistical analysis

	3 Results
	3.1 Weather conditions
	3.2 Soil temperature
	3.3 Soil water content
	3.4 Soil nitrate-N content
	3.5 Maize grain yield

	4 Discussion
	4.1 Soil temperature
	4.2 Soil water content
	4.3 Soil nitrate-N content
	4.4 Maize grain yield

	5 Conclusions
	Acknowledgments
	References




