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Abstract: In newly reclaimed coastal soil, saline conditions and nutrient deficiency are the restrain-
ing factors for crop yield. Manure and plastic film mulch are proved to play a vital role in reducing
soil salt, increasing soil water, and improving soil nutrients and plant growth. A field experiment
was carried out with plastic film mulch, manure, and their combinations in the Tiaozini reclamation
area; four treatments were set up as (1) control treatment (CK), (2) plastic film mulch (PM), (3) farm-
yard manure (FM), and (4) combined application of plastic film mulch and farmyard manure
(PM+FM). The main results showed that, compared with CK treatment, the average soil water con-
tent under the FM+PM treatment was increased by 5.8% and 3.6%, and the average soil salt content
was reduced by 20.2% and 10.0% at 0-20 cm and 20-40 cm soil layers, respectively. This was because
of the decrease in soil bulk density and increase in saturated hydraulic conductivity and saturated
water content. Meanwhile, soil organic matter, total nitrogen, available nitrogen, and available
phosphorus were significantly increased under the PM+FM treatment, except that for AN, which
was significantly decreased at the 0-10 cm soil layer owing to plant uptake. Based on the decrease
in soil salt, there was an improvement in soil hydraulic properties and soil nutrients, which resulted
in summer maize biomass and yield being increased by 106% and 137%, respectively, and barley
biomass and yield were increased by 133% and 106%, respectively, under FM+PM treatment. Con-
sequently, combined manure and plastic film mulch application was better at reducing soil salt;
increasing soil water content; and improving soil nutrients, plant growth, and yield production in
newly reclaimed salt-affected soils.
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1. Introduction

The global area of saline-alkali soil is about 900 million ha [1]. In China, the area of
saline-alkali soil is about 3.67 million ha and accounts for 4.88% of the total available land
[2]. Saline-alkali soil is characterized by high salinity and sodicity and pH value [3], poor
soil quality and structure [4], scarcity of organic matter [5], low hydraulic conductivity
[6], and low resource utilization efficiency [7,8]. Reclamation of coastal saline soil in recent
decades has greatly alleviated the shortage of cultivated land in coastal regions [9]. How-
ever, the newly reclaimed coastal saline soil has characteristics of high evaporation, sea-
sonal precipitation, high groundwater table, and poor soil nutrients, which are not con-
ducive to soil desalination and agricultural development. Thus, it is necessary to choose
a suitable method to develop agriculture in salt-affected soil.

It has been reported that the use of organic fertilizer is beneficial in remediating salt-
affected soil [10]. It can improve the physical properties of the soil [6], such as reducing
soil bulk density, increasing soil porosity and saturated hydraulic conductivity, reducing
soil salinity, improving soil quality and carbon sequestration [11], and increasing grain
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yield. Chen et al. (2021) reported that organic matter played a key role in soil quality,
phosphorus availability, and plant growth [8]. Han et al. (2021) conducted a pot experi-
ment with maize crop in newly cultivated land, indicating that soil fertility and microbial
structure were rapidly improved with the organic fertilizer application [12]. Cao et al.
(2021) suggested that straw return could be a promising management practice to reduce
mineral phosphorus fertilization without a significant reduction in seed cotton yield on
coastal saline lands [13].

Mulching is considered to be one of the positive ways to increase crop yield and is
widely used around the world [14-17]. It can reduce evaporation from the soil because of
the formation of mulch [15,18], inhibit soil salt ascending [19], reserve soil moisture [20],
and improve water use efficiency and nitrogen use efficiency [21]. Based on plot and field
experiments, Bu et al. (2013) showed that plastic film mulching can effectively increase
maize yield and water use efficiency in Loess Plateau in China [14]. Li et al. (2018) reported
that plastic film, gravel-sand, and straw surface mulch can decrease soil water evapora-
tion during early crop growth stage and increase crop yield and water use efficiency, but
the plastic film mulch works best [22]. Ding et al. (2019) indicated that the plastic film
mulch significantly improve crop production and increase resource use efficiency in a
winter wheat-summer maize rotation system [23]. Ramadhan (2021) reported that appli-
cation of wheat straw mulch could be the most effective soil management practice for
improving corn production in an arid subtropical climate region [16].

There are also reports about the combination of film mulch and organic fertilizer.
Zhang et al. (2014) reported that farmyard manure and mulch increased water holding
capacity, saturated water content, and saturated hydraulic conductivity and decreased
soil bulk density [6]. Duan et al. (2022) indicated that ridge—furrow planting with mulch-
ing and organic amendment improved soil physical properties and increased soil organic
and total nitrogen, which could be a sustainable and efficient cultivation practice for alle-
viating drought stress, improving soil properties, and increasing the economic benefit on
the Tibetan Plateau [24]. However, the combined effects of mulch and manure on soil wa-
ter and salt dynamics, soil properties, and crop yield of maize and barley in newly re-
claimed coastal land remain unclear. Therefore, the objectives of this study were to (1)
investigate the effects of manure and film mulch application on soil water and salt dy-
namics, soil properties, plant growth, and yield production; (2) clarify the effect of salt
reduction and soil properties improvement on plant growth and yield production; and (3)
determine an optimized practice for improving soil properties and crop yield in newly
reclaimed salt-affected soil.

2. Materials and Methods
2.1. Study Site

Field experiments were conducted at Tiaozini reclamation area (32° 50’ N, 120° 56" E,
mean altitude 1.86 m), which is located in Dongtai, Jiangsu province of eastern China. The
soils in this area are mainly halosols according to Chinese Soil classification system [25],
which developed from the marine deposits [26]. The texture was silty loam and contained
6.3% of sand, 80.1% of silt, and 13.6% of clay. Initially, at the experiment site, the average
soil properties of 0-20 cm soil layer were as follows: soil bulk density (BD) was 1.44 g/cm?;
salt content, organic matter (OM), and total nitrogen (TN) were 1.8, 6.06, and 0.54 g/kg,
respectively; pH was 9.20; and available nitrogen (AN) and available phosphorus (AP)
were 63.11 and 17.2 mg/kg, respectively.

The climate at the experiment site is monsoon with a mean annual temperature of
14.6 °C and a mean annual precipitation of 1100 mm [27]. Approximately 70% of the rain-
fall occurs from June to September. The groundwater table at this site was around 1.2 m,
with a salt concentration of about 12 g/L.
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2.2. Experimental Design and Field Management

The experiments were conducted from June 2016 to October 2017. The experiment
was set up to include four treatments: (1) control treatment (CK), (2) plastic film mulch
(PM), (3) farmyard manure (FM), and (4) combinations of plastic film mulch and farmyard
manure (PM+FM). PM was the transparent plastic film (0.01 mm thickness), which was
removed after harvesting and was mulched immediately at planting. FM was the chicken
manure (TN 16.53 g/kg, OM 309.4 g/kg, and salt content 1.32 g/kg) applied at a rate of 1.5
t/ha, which was spread manually and mixed into 15 cm depth by means of rotary harrow-
ing. The treatments were arranged as a randomized complete group design with three
replications. Each plot was 3 m wide and 4 m long, isolated by drainage ditch with a width
of 20 cm and depth of about 30 cm.

The amount of fertilizer applied is based on the local traditional application rate. The
nitrogen fertilizer dosage of maize and barley in the whole growth period is 225 kg/ha N,
and the phosphorus fertilizer dosage is 90 kg/ha P. The specific application is shown in
Table 1. In 2016, maize was sown on 22 June and harvested on 5 October. In 2017, maize
was sown on 22 June and harvested on 15 October. Barley was planted on 15 November
and harvested on 21 May of the following year. Maize is sown directly after barley is har-
vested, but barley is sown after rotary tillage when maize is harvested. The daily precipi-
tation and temperature during the three growing seasons are shown in Figure 1.Total pre-
cipitation during the maize growth stage in 2016 and 2017 was 723 mm and 663 mm, re-
spectively. While the total precipitation during the barley growth stage was 334 mm. The
2016 maize growing season was a little wetter than the 2017 maize growing season, and
more rainfall occurred in the later stages of maize growth compared with 2017.
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Figure 1. Daily precipitation and temperature during the experimental period.

Table 1. Specific fertilization information (kg/ha).

Barley Maize
Basel Fertilizer =~ Reviving Heading Basel Fertilizer Seeding Jointing Tasseling
Monoammonium phos-
204 204
phate (11% N, 44% P) 0 0
Urea (46% N) 146 146 146 146 97 97 97

In the 2016 maize growing season, the mean air temperature ranged from 15 °C to
31.9 °C, averaging 25.2 °C. In the 2017 maize growing season, it was 18-31.5 °C, averaging
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25.3 °C, and in the barley growing season, it was —3.5-24.9 °C, averaging 9.30 °C. The
average and highest temperature of two maize growing seasons were largely the same,
but the lowest temperature of the first growing season was 3 °C lower than that of the
second maize growing season.

2.3. Sampling and Measurement Methods

During the crop growing season, the soil water content was measured gravimetri-
cally at the depth of 0-20 cm and 20-40 cm with about a 30-day intervals (except for the
barley overwintering stage). Soil sampling points were chosen between two rows of crops
and as close to the center of the plot as possible. Samples were air-dried and ground to
pass through a mesh of 2 mm size and were used for soil salt measurement. Soil salinity
was measured by an extraction ration of 1:5 (ECis) using an electrical conductivity meter
(LE438, Mettler Toledo, Shanghai, China). Then, the ECis values were converted to the
salt content in percent (total salt, TS) based on the formula of TS = 2.47EC1s + 0.26 (R? =
0.96, p <0.001). This formula is based on our measured data in the coastal area.

In addition, physical indexes such as soil bulk density (BD), saturated water conduc-
tivity (Ks), and saturated water content (SWC), as well as nutrient indexes such as soil
organic matter (OM), total nitrogen (TN), available nitrogen (AN), and available phospho-
rus (AP), were measured in 0-10 cm and 10-20 cm soil depth. BD was determined by the
cutting ring method [28] and Ks was measured by the constant head test [29]. OM was
determined by oxidization by the potassium dichromate-external heating method, TN
was measured by Kjeldahl distillation, AN was determined by alkaline hydrolysis diffu-
sion method, and AP was analyzed by sodium bicarbonate extractionmolybdenum anti-
mony anti colorimetry [28].

2.4. Plant Growth Measurements

At maturity, nine plants were randomly chosen in each plot to measure plant height.
Atharvest, all aboveground crop parts were harvested manually from each plot and grain
yields were obtained. Six samples were collected from each plot and separated manually
to straw and grain, and then oven drying was carried out to obtain the dry matter yield.
The ratio between the straw and grain was determined. The straw biomass in each plot
was calculated by multiplying the oven-dried yield and the ratio between the straw and
the grain.

2.5. Statistical Analysis

Excel 2016 software was used for basic data processing, including calculation of the
mean value of each processing, standard deviation, and so on. SPSS program was used
for one-way analysis of variance. Mean comparisons were performed using the Fisher’s
LSD (the last significant difference) test at p < 0.05.

3. Results
3.1. Soil Water Content

Soil water content dynamics within 0-20 cm and 20-40 cm are shown in Figure 2. In
the top 0-20 cm soil layer, the initial soil water content among treatments was basically
consistent. With the development of maize growth, the difference in soil water content
among treatments first increased and then decreased. The soil water content on 15 August
2016 was 1.6%, 2.0%, and 5.6% higher under the FM+PM than that of PM, FM, and CK,
respectively. During the barley growing season, the soil water contents under FM+PM
and PM were higher than those of FM and CK. The largest difference occurred on 28
March 2017, when the soil water content under FM+PM was about 2.7% and 4.1% higher
than that under FM and CK, respectively. In the 2017 maize season, the variation in soil
water content in all treatments was similar to that of 2016, but there were significant dif-
ferences among treatments, especially between the mulched and uncovered treatments.
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On 2 August 2017, the soil water contents under FM+PM were 14.8% and 20.0%, signifi-
cantly higher than those under FM and CK.
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Figure 2. Soil water content in the 0-20 cm and 20-40 cm soil layers under CK, PM, FM, and PM+FM
treatments during the experimental period. CK: control treatment, PM: plastic film mulch, FM:
farmyard manure, PM+FM: plastic film mulch combined with farmyard manure. The vertical bars
represent the standard deviations of the data.

Different from 0-20 cm, the patterns of soil water content among treatments under
20-40 cm were more complicated, especially for the 2016 maize growing season. At the
beginning of planting, the soil water content under PM treatment was higher than that
under FM+PM, CK, and FM treatments, with the values of 2.8%, 5.2%, and 8.4%, respec-
tively. Then, the soil water content under FM+PM began to be higher than that of other
treatments until 26 September 2017. At harvest time, the soil water content of FM treat-
ment was 1.3%, 2.0%, and 5.5% higher than that of FM+PM, PM, and CK, respectively. For
the barley growing season, the soil water content under FM+PM and FM treatments was
basically the same, and it was significantly higher than that under PM and CK treatments
until 24 April 2017. The biggest difference occurred on 28 March in 2017, and the soil water
content of FM treatment was 5.9% and 11.2% higher than that of PM and CK treatment,
respectively. In the maize growing season of 2017, it was found that there was little dif-
ference among all treatments, especially for CK, PM, and FM treatments.
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3.2. Salt Content

Changes in salt content at 0-20 cm and 20-40 cm depth among treatments during the
three growing seasons are shown in Figure 3. At the 0-20 cm soil layer, the salt contents
under PM and FM+PM were significantly lower than that under FM and CK during the
whole experimental period. In the 2016 maize growing season, before 26 September, the
soil salinity in all treatments fluctuated very little, and then the soil salinity began to in-
crease rapidly, especially in the uncovered treatment. The average salt content under PM
was 16.5%, 28.3%, and 25.5% lower than under FM+PM, FM, and CK, respectively. During
the barley growing season, salt content in all treatments was on a downward trend until
28 March 2017, when soil salt content began to increase. Similarly, the average salt content
under PM was 21.0%, 34.4%, and 31.1% lower than under FM+PM, FM, and CK, respec-
tively. In the maize growing season of 2017, salt content under mulched treatment in-
creased first and then decreased during the whole growth period, while salt content under
non-mulched treatment showed an increasing trend and remained stable. The difference
between mulched and non-mulched treatments was significant. The average salt content
under PM was 20.2%, 55.4%, and 51.6% lower than under FM+PM, FM, and CK, respec-
tively.
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Figure 3. Soil salt content in the 0-20 cm and 20-40 cm soil layers under CK, PM, FM, and PM+FM
treatments during the experimental period. CK: control treatment, PM: plastic film mulch, FM:
farmyard manure, PM+FM: plastic film mulch combined with farmyard manure. The vertical bars
represent the standard deviations of the data.
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At the 20-40 cm soil depth, less variation was observed, especially for the barley
growing season. As for the maize growing season in 2016, there was no obvious pattern
of changes in the salt content of all treatments until August 15, but they all showed a
downward trend with the growth period, except for FM treatment. In the barley growing
season, the salt content of all treatments was basically the same until March 28. Then, the
soil salt content of FM treatment showed a trend of first increasing and then decreasing,
while that of PM treatment showed a trend of decreasing, and that of FM+PM treatment
showed a trend of first decreasing and then increasing. In the subsequent growing season
of maize, the salt content under FM+PM and PM treatments maintained a consistent
downward trend, while the salt content under CK treatment basically remained stable,
and salt content under FM treatment first increased and then decreased. The average salt
content under PM was 11.0%, 29.9%, and 27.1% lower than under FM+PM, FM, and CK,
respectively.

3.3. Soil Physical Properties

Soil bulk density was reduced by applying plastic film mulch and organic fertilizer,
and the effect of both was better than that of single treatment (Table 2). In the 0-10 cm soil
layer, the BD under PM, FM, and FM+PM treatments decreased by 2.1%, 4.2%, and 5.6%,
respectively, compared with that in CK, while that in the 10-20 cm soil layer under PM,
FM, and FM+PM decreased by 2.1%, 4.9%, and 5.6%, respectively. The effects of mulching
and organic fertilizer application on Ks and SWC were opposite to that of BD; especially,
organic fertilizer application significantly improved soil water conductivity and water
content. In the 0-10 cm soil layer, Ks under PM, FM, and FM+PM treatments increased by
9.4%, 18.0%, and 24.4%, respectively, compared with that under control treatments, and
SWC increased by 1.3%, 2.5%, and 3.4%, respectively. In the 10-20 cm soil layer, the in-
crease in Ks and SWC was less than that in the 0-10 cm soil layer. The Ks and SWC under
PM, FM, and FM+PM treatments increased by 6.9% and 0.9%, 17.4% and 1.9%, and 19.6%
and 2.5%, respectively, compared with that of CK.

Table 2. Soil physical properties under different treatments.

Soil Depth (cm) Treatment BD (g/cm?) Ks (cm/d) SWC (%)

CK 142+0.01a 1098+045a 3791+0.33a

0-10 PM 1.39+0.03ab 12.01+048a 38.40+0.33 ab

FM 1.36 £ 0.02 b 12.95+£0.37 b 38.86+0.38b

FM+PM 1.34+0.03b  13.65+0.24b  39.20+040b

CK 143+0.02a 10.06+0.37a  37.46+0.15a

10-20 PM 1.40+0.04 a 10.75+0.24a  37.80+0.60 ab

FM 1.36 £0.05 a 11.81+0.38 b 38.18£0.50 b

FM+PM 1.35+0.03 b 12.02+0.49b 38.41+0.70 b

Values are the means + standard deviations; values within a column followed by the same letter
are not significantly different (LSD, p < 0.05); CK: control treatment, PM: plastic film mulch, FM:
farmyard manure, PM+FM: plastic film mulch combined with farmyard manure, BD: soil bulk den-
sity, Ks: saturated water conductivity, SWC: saturated water content.

3.4. Soil Nutrients

Film mulching and application of organic fertilizer significantly increased soil or-
ganic matter content (Table 3). The content of OM in the 0-10 cm and 10-20 cm soil layers
under PM, FM, and PM+FM treatments increased by 19.3%, 57.5%, and 51.5%, respec-
tively, and 22.6%, 58.9%, and 33.8%, respectively, compared with that under CK treat-
ment. Similarly, film mulching and organic fertilizer application also increased TN and
AP, especially for the organic fertilizer application treatment. In terms of TN in the 0-10
cm and 10-20 cm soil layers, PM, FM, and PM+FM treatments increased by 8.6%, 37.1%,
and 40.0%, respectively, and 42.9%, 42.7%, and 39.3%, respectively, compared with that
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under CK treatment. Accordingly, AP under PM, FM, and PM+FM treatments increased
by 45.9%, 190%, and 277%, respectively, and 6.0%, 105%, and 84.1%, respectively, in the
0-10 cm and 10-20 cm soil layers, respectively. However, the variation trend of AN among
treatments was contrary to other indexes (OM, TN, and AP) in the 0-10 cm soil layer. The
AN in mulched and organic fertilizer treatment was lower than that in the control treat-
ment, which may be related to crop growth. Compared with that of CK treatment, AN
under PM, FM, and PM+FM treatments decreased by 34.5%, 36.5%, and 38.9%, respec-
tively, while for the soil layer of 10-20 cm, PM, FM, and PM+FM treatments increased by
52.7%, 87.6%, and 107% compared with CK treatment, respectively.

Table 3. Soil nutrients under different treatments.

Soil depth (cm) Treatment OM (g/kg) TN (g/kg) AN(mg/kg) AP (mg/kg)
CK 487+042c 0.35+0.04b 112.58 +11.41 a 16.08 £ 6.71 c

0-10 PM 5.81+0.50b 0.38+0.01b 73.78+19.4Db 2346+1.30c

M 7.67+1.02a 0.48+£0.03 a 71.51+£205b 4656 +1.21b

FM+PM 7.38 £ 0.68 a 049+0.10a 7026 £28.6 b 60.19+3.91 a

CK 470+0.25¢ 0.28+0.05b 30.71+£3.11Db 13.62+1.90b

10-20 PM 576 £0.50 b 040+£0.13a 46.89 +10.21 a 1444 +491Db

M 747 +1.09 a 0.40+£0.28 a 57.60 £22.63 a 2797 +6.82a

FM+PM 6.29+042b 0.39+0.04 a 63.55+9.90 a 25.08+7.41 a

Values are the means + standard deviations; values within a column followed by the same letter are
not significantly different (LSD, p < 0.05); CK: control treatment, PM: plastic film mulch, FM: farm-
yard manure, PM+FM: plastic film mulch combined with farmyard manure, OM: soil organic mat-
ter, TN: total nitrogen, AN: available nitrogen, AP: available phosphorus.

3.5. Plant Height

The maize height in two growing seasons is presented in Figure 4. For each season,
plants were much taller under the FM+PM, PM, and FM treatments than that under CK
treatment. There was no significance between the FM+PM and FM treatments, but they
were significantly taller than that under PM and CK treatments. The plant height in the
growing season of 2016 was higher than that in the growing season of 2017 under the
corresponding treatment, This may be related to the higher rainfall in 2016 than in 2017
(Figure 1).
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Figure 4. Plant height under CK, PM, FM, and PM+FM treatments. CK: control treatment, PM: plas-
tic film mulch, FM: farmyard manure, PM+FM: plastic film mulch combined with farmyard manure.
The vertical bars represent the standard deviations of the data and the values followed by the same
letter are not significantly different (LSD, p <0.05).

The barley height was significantly higher under the FM+PM, PM, and FM treat-
ments than that under CK treatment. It was found the height under the FM+PM treatment
was the highest, but there was no significant difference among the FM+PM, FM, and PM
treatments.

3.6. Biomass and Grain Yield

The biomass of maize varied significantly among the treatments (Table 4). The bio-
mass under the FM+PM, FM, and PM treatments was always higher than that under CK
treatment, but only that of the FM+PM and FM treatments was significantly higher than
that of CK in both growing seasons. Averaging the results for the two years, the biomass
under FM+PM treatment was 29.5%, 79.7%, and 106% higher than that of FM, PM, and
CK treatment, respectively. For barley, the biomass under FM+PM treatment was 12.2%,
30.3%, and 133% higher than that under FM, PM, and CK treatments, respectively, and
the difference was also significant.

The results of maize yields’ variation among different treatments were consistent
over two years. The yields under FM+PM, FM, and PM treatments were always higher
than that under CK treatment, but there was no significant difference between PM and
CK treatments. Averaged for the two growing seasons, FM+PM treatment improved the
yield by 43.1%, 102%, and 137% compared with FM, PM, and CK treatments, respectively.
The barley yield under FM+PM, FM, and PM treatments was 106%, 66.3%, and 57.5%
higher than that under CK treatment, respectively.

Table 4. Biomass (kg/ha) and yield (kg/ha) under different treatments during the 2016-2017 grow-
ing seasons.

Maize

Treatment 2016 2017 Average Barley

CK 3943 ¢ 3256 ¢ 3600 c 6080 ¢

Biomass PM 429b 3960 ¢ 4128 ¢ 10,890 b
FM 5826b  5633b 5730 b 12,649 ab

FM+PM 79652 6869a 7417 a 14192 a

CK 1675¢  1749¢ 1712 ¢ 2053 ¢

Yield PM 2009¢ 2000 c 2005 ¢ 3233 b

FM 2696 b 2967 b 2832 b 3415 b
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FM+PM 4372 a 3729 a 4051 a 4231 a
Values within a column followed by the same letter are not significantly different (LSD, p <0.05).

4. Discussion
4.1. Soil Water and Salt Content

Soil water content increased under mulch treatment, because mulch can reduce evap-
oration from soil surface and reserve soil water content. Many studies have reported that
mulching can reserve soil water and reduce evaporation. Zhang et al. (2021) used the Ag-
uaCrop model assessed the mulching effects at the regional scale, which indicated that
plastic film mulching improved soil water storage and significantly decreased nonpro-
ductive evaporation [30]. Li et al. (2018) presented that the average soil water storage dur-
ing the jointing stage under the plastic film, gravel-sand, and straw mulching treatments
was 34% higher than the control treatment [22]. The results also showed an increase in soil
water content under the FM treatment compared with the CK treatment. This is because
of loosening soil, decreasing its density and increasing its ability to conserve water. It was
reported that the application of manure significantly increased capillary water holding
capacity, SWC, and Ks, and decreased BD and cone index [6]. In our study, BD under the
PM and FM treatment was decreased by 2.1% and 4.6%, respectively, while Ks and SWC
under the PM and FM treatment were increased by 8.2% and 17.7% and 1.1% and 2.2%,
respectively. The average soil water content under the FM+PM treatment was the highest
owing to the double effect of mulch and manure, which was 5.8% and 3.6% higher than
that in CK treatment at the 0-20 cm and 20-40 cm soil depth, respectively. Duan et al. (2022)
reported that organic amendments and the ridge—furrow mulching system improved soil
water storage in the 0-120 cm soil layer [24].

The change in surface soil salinity is closely related to meteorological conditions (Fig-
ure 1). From September to October in 2016, soil salinity increased and then began to de-
crease. This is because rainfall began to decrease after September, while evaporation was
still relatively strong, causing salt to rise. After October, the temperature drops, soil evap-
oration and root water absorption also decrease, and soil salinity reaches its lowest level
in April of the following year. Then, the temperature rises, evaporation becomes stronger,
and soil salinity begins to rise gradually.

In the present study, it was found that the reduction in BD and the improvement in
hydraulic parameters were conducive to salt leaching. The soil salt content was positively
correlated with BD (R? = 0.060) and negatively correlated with Ks (R? =-0.064) and SWC
(R2=-0.100). The average salt content under the PM treatment was 35.8% and 6.3% lower
than that in the CK treatment during the experiment at the 0-20 cm and 20-40 cm soil
layers, respectively. This was because of the decrease in soil evaporation, where the
mulching measures not only increased the soil water content (Figure 2), but also contrib-
uted to the leaching of soil salt and reduced soil salt content. Similarly, Mohammad et al.
(2018) showed that the electrical conductivity of soil was significantly reduced by film
mulching in south coastal saline soils of Bangladesh, regardless of film materials and color
[31]. El-Mageed et al. (2016) showed that all mulch materials (without mulch, farmyard
manure, rice straw, and white polyethylene) effectively reduced salt accumulation in the
root zone [32]. In addition, the average soil salt content in the 0-20 cm and 20-40 cm soil
layers under FM treatment increased by 6.5% and 3.8%, respectively, compared with the
CK treatment, indicating that the soil salt content was increased by the application of ma-
nure alone, because the farmyard manure contained salt. Hao and Chang (2003) indicated
that high rates of manure application are not sustainable as they cause soil salinization
under non-irrigated conditions [33]. Yao et al. (2007) also assessed the possibility of sec-
ondary soil salinization by continuous application of chicken manure and pigeon manure
on a garden soil, resulting in an increase in soil salinity from low to moderate levels and
a slight decrease in soil pH [34]. However, the use of farmyard manure and film mulch
together can not only avoid the increase of soil salt content caused by the application of
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organic fertilizer alone, but also reduce soil salt and increase soil fertility. In this study,
the average soil salt content in the 0-20 cm and 20-40cm soil layers under FM+PM treat-
ment was reduced by 20.2% and 10.0%, respectively.

4.2. Soil Properties

Soil bulk density, saturated hydraulic conductivity, and saturated water content play
important roles in soil water—salt movement. Organic fertilizer application can signifi-
cantly reduce BD, enhance soil porosity, and improve saturated hydraulic characteristics
[35,36]. In the present study, manure application (FM and FM+PM treatments) signifi-
cantly decreased BD and improved Ks and SWC at 0-20 cm soil depth compared with the
control treatment (CK), except for BD at 10-20 cm soil depth (Table 2). However, there
were no significant effects of film mulch (PM) on BD, Ks, and SWC at 0-20 cm soil depth
compared with CK. Khaliq and Kaleen Abbasi (2015) indicated that soil amendments sig-
nificantly decreased surface BD and increased Ks [37]. Bilong et al. (2022) showed that the
application of poultry manure decreased BD by 21.5-26.2% and increased the water hold-
ing capacity by 13.3-30.3% [38]. Duan et al. (2022) reported that organic amendment sig-
nificantly decreased BD and increased Ks at 0-60 cm soil depth [24]. Zhang et al. (2022)
reported that straw returning combined with nitrogen application under plastic film
mulch significantly improved soil hydrothermal conditions and maize yield [39], con-
sistent with our results.

Soil organic matter, total nitrogen, available nitrogen, and available phosphorus are
basic indicators of soil nutrients that affect soil fertility and crop production. Organic fer-
tilizer application can directly improve the soil nutrient content [24,40], while film mulch-
ing can indirectly affect the soil nutrient content by improving crop growth and develop-
ment [21], thus the root biomass and plant residues were increased; ultimately, the soil
organic matter and total nitrogen content were improved. In this study, the influence of
manure on soil nutrients is greater than that of film mulching, because organic fertilizer
can not only directly increase soil nutrient content, but also improve crop growth and
ultimately improve root residue inputs [41]. Similarly, Wu et al. (2022) also reported that
the application of 100% cow manure significantly increased nitrogen and carbon from full
fruiting to the end-fruiting period [35].

4.3. Plant Growth and Yield

These beneficial effects on soil water content and soil salinity probably explain some
of the positive effects on plant growth and yield. Film mulching and manure application
promoted the growth and biomass of crops. Although the effect of manure application
alone is better than that of film mulch alone, the effect of mulch combined with manure
was better than that of film mulch or manure alone. Meanwhile, film mulch and manure
treatment also leads to a significantly higher crop yield and biomass than other treat-
ments. For maize, the biomass and yield under PM treatment were improved, but there
was no significant difference compared with CK treatment.

In terms of plant height and yield of each treatment, the effect of FM treatment was
better than that of PM treatment, indicating that the application of manure was more con-
ducive to promoting crop growth and yield improvement. However, both manure and
film mulch work better together than either alone. All of this was possibly attributed to
improved hydraulic parameters and increased soil nutrients while applying manure and
mulching during the time of the experiment (Tables 2 and 3). OM, nitrogen, and phospho-
rus are the direct suppliers of nutrients for crop growth, so plant height, biomass, and
yield are positively correlated with OM, TN, and AP (Table 5). However, there was a neg-
ative correlation between plant height, biomass, and yield and AN, which may also be
related to crop growth. The better the crop growth and the higher the crop yield, the
higher the content of AN absorbed by crop, resulting in less residual AN in the soil.

Plastic film mulch is likely to create favorable soil moisture conditions and a low sa-
linity root zone for the crop growth. Ramadhan (2021) reported similar results, finding



Water 2022, 14, 2944

12 of 14

References

that straw mulch increased grain yield significantly compared with the control treatment
[16]. Wang et al. (2020) reported that the annual yield of the winter wheat-summer maize
system can be maintained or even increased by replacing mineral nitrogen with manure
[42].

Table 5. Pearson correlation coefficient between the yield, biomass, plant height, and soil properties.

Salt BD Ks SWC oM TN AN AP
Content
Yield -0.109 -0.876 ** (0.879 ** (0.892 ** (0.778 ** (0.837 ** —-0.701 * 0.897 **
Biomass -0.052 -0.558 0559 0562 0518 0535 -0.482 0.550

Plant height  -0.155 -0314 0313 0312 0306 0301 -0.296 0.294

* Correlation is significant at the 0.05 level. ** Correlation is significant at the 0.01 level.

5. Conclusions

Three seasons of field study confirmed that the combined use of plastic film mulch
and manure fertilizer significantly improved crop growth and production. It was found
plastic film mulch or manure fertilizer application decreased the soil bulk density (BD)
and increased the saturated water conductivity (Ks) and saturated water content (SWC),
and the effect was strengthened when plastic film mulch and manure fertilizer were com-
bined. In addition, organic matter (OM), total nitrogen (TN), and available phosphorus
(AP) were increased with plastic film mulch and manure fertilizer application, while
available nitrogen (AN) was decreased as a result of plant uptake. The improved soil
properties (BD, Ks, SWC, OM, TN, AN, and AP) in turn improved plant growth and crop
production. Therefore, combined plastic film mulch and manure fertilizer application
could be a better agronomy practice for improving saline-alkali land and increasing crop
yield in saline-alkali land.
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