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INTRODUCTION

ABSTRACT

Clay soil results in higher crop yield and quality than sandy soil. However, irrigation
causes clay soil to slump easily, increasing compactness and decreasing soil oxygen
content. This study investigated the effects of dry seeding and wet emergence on the
soil microenvironment and cotton growth promotion in Xinjiang silt loam fields. The
experimental design included three aerated and three non-aerated treatments. The
results showed that aerated irrigation decreased dry density of the 0—20 cm soil layer
to different degrees, the field capacity increased to different degrees, and the dry
density and field capacity of the 20-30 cm soil layer did not change among the
different treatments. The dry density and field capacity of WP2 treatment changed
the most, the dry density of 0-10 cm and 10-20 c¢m soil layer were respectively 1.28
g cm™ and 1.27 g cm?, and the field capacity were respectively 35.23% and 35.7%.
Under the same irrigation quota, the soil water content of the aerated treatments was
lower than that of the non-aerated treatments. Aerated irrigation inhibited the
horizontal diffusion of water and facilitated downward water transport. The WP2
treatment had the highest peak soil temperature at depths of 10 and 20 cm, and the
WP2 treatment had the highest numbers of bacteria, fungi, actinomycetes, urease,
and catalase activities, seedling emergence, primary root length, plant height, and
stem thickness.

the irrigation water utilization coefficient is at a low level
(Zhao et al., 2016). As the problem of water shortage in

Cotton  (Gossypium  hirsutum L.) 1is an
economically important crop that plays a pivotal role in
national economy (Xing et al., 2018). Cotton occupies a
dominant position in China's cotton industry (Li, 2019;
Zhou et al., 2020), accounting for 45-50% of the cropping
area in Xinjiang, and the income from cotton planting
accounts for 60—-65% of the total income of cotton farmers
(Zhang et al., 2020). However, Xinjiang is an arid region
with water shortage, with an average precipitation of 154
mm per year, which is only 23.0% of the average for the
whole of China; the main cotton-producing areas are
irrigated agriculture in Xinjiang, and

the region continues to intensify, there are not enough
water resources to meet the requirements of cotton fields
for winter and spring irrigation measures to ensure soil
moisture when cotton is sown, which can seriously limit
the development of the cotton farming industry. Therefore,
the effective use of limited water resources to meet the
needs of cotton is a bottleneck that must be overcome (Er
et al.,, 2022). The selection of appropriate irrigation
techniques and the targeted implementation of water
conservation strategies can play an important role in
improving crop production efficiency and the effective
use of limited water resources (Su et al., 2011; Su et al.,
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2014;). Dry sowing and wet emergence is a planting
technique that requires little winter and spring irrigation
before sowing and ensures the normal emergence of crops
via drip irrigation after sowing. The small amount of water
needed has considerable advantages for water
conservation (Han et al., 2022). Currently, dry sowing and
wet emergence techniques have been successfully applied
to cotton (Xiao & Yao, 2013), sunflower (Zhang et al.,
2015), and maize (Yang et al., 2018). Previous studies
have mainly examined the effects of irrigation systems on
soil moisture content, soil salt transport, ground
temperature, and seedling emergence status (Wang et al.,
2012; Zhang et al., 2013). However, dry sowing and wet
emergence technology have high requirements for soil
texture and salinity content, yet research on these methods
are currently distributed in agricultural fields with sandy
or loamy soils of moderate to mild salinity; few studies
have been conducted on clay loam or clay soils.

Soil texture is the basis of soil productivity and an
important component of soil physical properties (Li et al.,
2004). Differently textured soils vary considerably in
physical and chemical properties, which can affect soil
water, fertilizer, gas, heat, and salt migration and
transformation. These processes in turn affect plant
growth and development (Gao et al., 2014; Bacq-Labreuil
et al., 2019). Clay soils have greater potential for high
yield and quality crop cultivation than sandy soils because
of their different characteristics. Water infiltration,
evaporation, and salt transport frequency are all faster in
sandy soils, meaning clay soils retain water better and
hinder salt transport. Furthermore, under the same
irrigation quota, chalky-sandy clay loam soils have higher
water content (Abilovski et al., 2019; Zhou et al., 2019),
along with stronger nutrient adsorption and fixation
(Zhang et al., 2014; Zhao et al., 2020). However, clay soil
is prone to post-irrigation slumping, warms more slowly
than sandy soil, and has greater difficulty exchanging air
with the atmosphere. These characteristics are detrimental
to dry-seeding and wet-emergence planting techniques for
cotton fields.

Aecrated subsurface drip irrigation uses water to
ventilate the crop root zone, solving the problems of soil
consolidation and oxygen deficiency. This method ensures
that the oxygen demands of both crop roots and soil
microorganisms are met (Su, 2004). Aerated irrigation
research  often  investigates effects on  soil
microenvironments. For example, subsurface aerated
irrigation was found to decrease the number of soil

TABLE 1. Soil particle size.

macropores and increase the number of micropores, while
also improving soil pore connectivity (Lei et al., 2017a;
Yang et al., 2019). Other benefits include promoting heat
exchange between soil and atmosphere, maintaining
uniform soil temperature, and increasing soil oxygen
saturation (Wang et al., 2016). As a result, aerated
irrigation increases soil microbial abundance and enzyme
activity (Ben-noah & Friedman, 2016), as well as water
and fertilizer uptake rates (Li et al., 2016a). In turn, root
vigor is enhanced (Niu et al., 2012a), contributing to the
accumulation of root length and aboveground (leaves,
stems, and dry fruit) biomass (Niu et al., 2012a). Aerated
irrigation has been found to improve crop yield (potatoes:
Chen et al., 2019) and quality (e.g., significant increase
in vitamin C and soluble solid content in tomato: Essah
& Holm, 2020).

Despite these findings, we still know little
regarding how aerated irrigation causes systematic
changes in soil physicochemical properties and structure
(Li et al., 2016b). Few studies have been conducted on
combining aerated irrigation with dry sowing and wet
emergence techniques to promote cotton seedling growth
in clay loam soils.

Therefore, in this study, we conducted experiments
in light saline clay loam soil with different volumes of
aerated and non-aerated irrigation water to determine
effects on dry sowing and wet emergence of cotton. We
buried underground drip irrigation tapes in narrow rows of
cotton and used them to apply emergent water. We
measured soil physical and chemical properties, soil
temperature, seedling emergence rate, plant height, and
stem thickness. Our overall goal was to solve the problems
of sloughing and poor seedling emergence in clay loam
soils when using dry sowing and wet emergence
technology, thus improving their applicability. These
findings should benefit efforts to improve cotton
cultivation and alleviate water shortages in Xinjiang.

MATERIAL AND METHODS
Study site

The experiment was conducted in 2021, and the
study site was located in Hailou Town (41.25°N, 82.70°E,
986 m above sea level) in Shaya County, Xinjiang, China.
The climate is a typical warm temperate, extreme
continental arid desert, with annual rainfall <100 mm,
annual evaporation >2000 mm, and groundwater burial
depth >3 m. The soil type is loamy (Table 1).

Soil depth (cm) >0.05 mm (%) 0.05-0.002 mm (%) <0.002 mm (%) Soil texture
0-10 35.7 55.2 9.1 Loamy soil
10-20 41.2 53.0 5.8 Loamy soil
20-30 39.9 51.3 8.8 Loamy soil
30-40 36.9 55.0 8.1 Loamy soil
40-60 39.1 52.3 8.6 Loamy soil
60-80 22.4 68.6 9.0 Loamy soil
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Experimental design

This study used Cotton No. 11 for all experiments.
Before plowing, 10 kg of diammonium phosphate and 5
kg and potassium sulfate were applied to each hectare.
Next, the soil was harrowed and leveled with a tractor and
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a combined tiller, then compacted. A total of 2250 mL of
33% herbicide (pendimethalin) was sprayed per hectare.
Drip irrigation tape in narrow rows of cotton was placed
in the soil at a depth of 10 cm. The drip flow rate was 2.1
L h'! and drip spacing was 20 cm.
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FIGURE 1. Schematic of planting patterns. Unit: cm

The cotton field was aerated with an aerator (super
micron, Summer Spring Technology Company, China)
connected to the main pipe. The aerator produced micro-
and nanobubbles of 200 nm to 4 um in size. Bubble
content was between 84-90%, bubble average rise rate
was 4-8 mm s™!, and inlet volume was 2 L min™!. A water
meter was installed at the front end of the supermicron
aerator inlet to measure non-aerated (pure) irrigation water.
For drip irrigation, the valve was opened to ensure that
irrigation pressure was consistently above 0.1 MPa.
Other variables that were maintained at a constant level
were irrigation water temperature (14°C) and irrigation

TABLE 2. Experimental design.

water mineralization (1.8 g L!).

Irrigation occurred on April 16, 2021. The
experiment was divided into two conditions, totaling six
treatments (WP1-6) comprising different aerated volumes
and different irrigation quotas (Table 2). For WP1-3,
irrigation quotas were 150 m? ha’!, 225 m3 ha’!, and 300
m? ha’!, respectively, coupled with aerated volumes of
3600 L ha'!, 5400 L ha'!, and 7200 L ha™!. For WP4, WP5,
and WP6, irrigation quotas were 150 m® ha'!, 225 m?® ha,
and 300 m? ha’!, respectively, without aeration. Subsurface
drip irrigation was used, and each treatment was repeated
three times in an experimental plot area of 80 m?2.

Treatments WP1 WP2 WP3 WP4 WP5 WP6
Irrigation quotas (m> ha™') 150 225 300 150 225 300
Aerated volumes (L ha') 3600 5400 7200 0 0 0

Indicator measurements
Soil temperature

Soil temperature at the surface water level (depth
0-5 cm) was measured using the Doctor of Soil (JXBS-
3001-SCY-PT2, Qiaoqi, China) at 10:00 from the first day
after irrigation to cotton emergence. After irrigation for
seedling emergence, vertical-depth ground temperature
was measured every 30 min using an automatic
temperature and humidity recorder (EasyLog-USB-2,
LASCAR, UK), buried 10 and 20 cm deep.

Soil water content

Surface soil water content was measured at 10:00
using a Doctor of Soil (JXBS-3001-SCY-PT2, Qiaoqi,
China) on the first day post-irrigation until cotton
emergence. Soil from wide and narrow rows per treatment
was sampled in 10 cm intervals using a soil auger at depths
of 0—40 cm. Mass moisture content was determined using
the drying method and then multiplied by dry soil capacity
to obtain volumetric moisture content.

Soil dry density and field capacity

After seedling emergence, soil dry density and
field capacity were determined with the cutting ring
method from in situ soil samples and the drying method.
The cutting ring method sampled from a depth of 30 cm
and a layer every 10 cm (Liu et al., 2021).

Soil microbial population

Three 50 g mixtures from the 0-20 cm soil layer
were randomly sampled per treatment, placed in self-
sealing bags, and frozen in a -20°C refrigerator. Colony
counts were calculated after culturing bacteria in beef
paste peptone agar medium, fungi in Martin-Bengal Red
agar medium, and actinomycetes in modified Gaucho 1
agar medium (Microbiology Laboratory, Nanjing Institute
of Soil Science, 1985). Microbial colony counts were
calculated as follows:

Colony number =M x D +m (1)
where:

M is average number of colonies, CFU;

D is dilution multiple, time, and

m is mass of dried soil, g.

Engenharia Agricola, Jaboticabal, v.43, n.2, e20220129, 2023
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Soil enzyme activity

To determine microbial content, a 5 g soil sample
was combined with 1 mL of toluene in a 50 mL volumetric
flask and shaken gently with a stopper for 15 min. Then,
5 mL of 10% urea solution and 10 mL of citrate buffer (pH
6.7) were added to the flask and mixed carefully. The
sample was then incubated at 37°C for 24 h, diluted with
38°C distilled water until toluene floated above the scale,
shaken, and filtered. The filtrate (1 mL) was added to a 50
mL volumetric flask, diluted to 10 mL with distilled water,
shaken with 4 mL of sodium phenol solution and 3 mL of
sodium hypochlorite solution, then rested for 20 min.
Subsequently, the mixture was diluted to the scale and
absorbance at 578 nm was measured. To determine urease
activity, absorbance of the control sample was subtracted
from absorbance of the test sample. The concentration of
ammoniacal nitrogen was derived from the standard curve.

Air-dried soil (2 g) was placed in a 100 mL
triangular flask and filled with 40 mL of distilled water
and 5 mL of 0.3% hydrogen peroxide solution. A control
flask was also established, filled with 40 mL of distilled
water and 5 ml of 0.3% hydrogen peroxide solution
without adding soil. Flasks were placed in a shaker for 20
min. Subsequently, 5 mL of 3N sulfuric acid was added to
stabilize undecomposed hydrogen peroxide. The
suspension was filtered through slow-speed filter paper.
The filtrate (25 mL) was aspirated and titrated with 0.1 N
potassium permanganate to a light pink endpoint.

Seedling emergence rate

The number of seedlings and empty holes were
counted.

Plant height, stem thickness, and root length

Before the field was sprayed with shrunburl amine,
10 groups of seedlings were randomly selected from each
treatment. Plant height and stem thickness were measured
using a straightedge and electronic Vernier caliper
(accuracy 0.01 mm), then averaged per treatment. Three
cotton seedlings per treatment were randomly uncovered
to a depth of 10 cm for measuring the main root length
with a straightedge.

Statistical analysis

Data were quantified in Excel 2019, plotted in
Origin 2018, and analyzed in SPSS version 19.0.
Differences between groups were determined with
ANOVA, followed by multiple comparisons.

RESULTS AND DISCUSSION

Effect of aerated irrigation on dry density and field
capacity in the tillage layer

Soil dry density and field capacity of the 0-30 cm
soil layer are shown in Table 3. Aerated irrigation
decreased dry density in the 0—10 cm and 10-20 cm soil
layers more than non-aerated irrigation. At 30 cm depth,
however, dry densities did not differ (P > 0.05) between
the WP1-WP6 conditions. In non-aerated treatments, dry
densities of the 0-10 cm and 10-20 cm soil layers
increased with increasing irrigation quota. Thus, under the
same amount of irrigation water, aerated irrigation
decreased dry capacity only in the 0—10 cm and 10-20 cm
soil layers compared with the non-aerated treatment. The
interaction between aerated volume and irrigation quota
significantly influenced dry density (P < 0.05). The WP2
condition resulted in the largest drop in dry density,
meaning that the magnitude of the decrease did not vary
linearly with the amount of aerated water.

In non-aerated treatments, field capacity decreased
with increasing irrigation quota. In aerated treatments,
aerated volume, irrigation quota, and their interaction all
influenced field capacity, which did not change linearly
with aerated volume or irrigation quota. For the same
amount of irrigation water, aerated treatments decreased
field capacity in the 0—10 cm and 10-20 cm soil layers
compared with non-aerated treatments. The WPI
treatment had 1.02 and 1.03 times higher field capacity
than the WP4 treatment in the two soil layers, respectively,
whereas WP2 field capacity was 1.14 and 1.13 times
higher than WP5 field capacity. Additionally, WP3 had
1.12 and 1.09 times higher field capacity than WP6 in the
two soil layers, respectively. Field capacity was highest in
WP2, owing to the interaction between aerated volume
and irrigation quota (P < 0.01).

TABLE 3. Dry density and field capacity at different depths in irrigation treatments.

. Indicators Dry density (g cm™) Field capacity (%)
Experiments =g epth (cm) 0-10 10-20 20-30 0-10 10-20 20-30
erated WPI 1.3740.07cd  1.440.05c  1.61£0.05a 32.26+0.16c 33.29+0.35b 30.43+0.52a
e WP2 1.2840.08d 1.2740.07d 1.54+0.06a 35.23+0.57a 35.7+0.17a 31.17+0.28a
WP3 1.3240.07cd 1.4440.08bc 1.54+0.04a 33.62+0.29b 33.23+£0.37b 30.52+0.68a
WP4 1.4120.05bc 1.46£0.05bc 1.59+0.05a 31.54+0.27cd 32.29+0.19¢ 30.59+0.32a
I\t]fe‘;;igt‘zd WP5 1.5140.04ab 1.53£0.07ab 1.59+0.04a 30.8+1.01de 31.48+0.41d 31.04+0.94a
WP6 1.58£0.04a  1.6240.07a 1.6240.06a  30.13£0.52¢ 30.54+0.60¢ 30.08+0.84a
Aerated volume  37.12%%  27.27%* 2.04 123.40%%  217.91%* 0.2
Irrigation quota 1.76 6.07 0.62 8.41%* 30.41** 2.51
F Aerated
volumexIrrigation  5.64% 3.32% 1.33 18.45%* 27.11%* 0.32
quota

Note: Data are mean + standard deviation (n = 3), and different letters in the same column indicate significant differences at P < 0.05.

*P<0.05, **P<0.01.
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Effect of aerated irrigation on soil water content at
different locations

Effect of aerated irrigation on soil water content at
horizontal locations

The results of the soil water content at the
horizontal locations in the different treatments are shown
in Table 4. The interaction between aeration and irrigation
quota did not affect soil water content (P > 0.05). The soil
water content of the aerated and non-aerated treatments
increased with the irrigation quota. The water content of
different locations of the WP1-WP6 treatments was 0 cm >
5 cm > 10 cm, and the soil water content decreased away
from the drip irrigation zone. Affected by aeration, the
difference in soil water content at 0, 5, and 10 cm in the
aerated treatments was higher than in the non-aerated
treatments. This indicated that aeration promoted soil
water infiltration and inhibited horizontal water transport.

Under the same irrigation quota, the soil pore space
of aerated treatments was occupied by air, and the soil
water content of aerated treatments was lower than that of
non-aerated treatments; the soil water content of the WP1
treatment was 2.2 %, 2.5 %, and 2.8% lower than that of
the WP4 treatment at 0, 5, and 10 cm, respectively, and the
soil water content of the WP2 treatment was 1.9%, 1.6%,
and 2.0% lower than that of the WP5 treatment at 0, 5, and
10 cm, respectively; and the WP3 treatments had 0.5, 0.7,
and 1.0% lower soil water content than the WP6 treatment
at 0, 5, and 10 cm, respectively. The difference in the soil
water content between the aerated and non-aerated
treatments at different locations decreased with increasing
irrigation water content. This also indicates that the air
content in the soil did not increase with an increase in the
aerated volume if the irrigation quota and aerated volume
increased simultaneously.

TABLE 4. Water content of surface soil at different locations in irrigation treatments.

Experiments Horizontal locations (cm) 0 5 10

WP1 27.1+£0.53d 23+0.70d 20.6+1.32d
Aerated treatments WP2 28.2+0.46¢cd 24.3+0.36¢ 21.9+0.30c¢
WP3 31.7£1.05a 27.7+0.30a 25.2+0.53a
WP4 29.3+0.46bc 25.5+0.46b 23.4+0.50b
Non-aerated treatments WP5 30.1+0.53b 25.9+0.43b 23.94+0.30b
WP6 32.2+0.53a 28.4+0.30a 26.2+0.53a

Aecrated volume 26.79%* 57.60%** 36.83%*

F Irrigation quota 57.73** 119.33%* 48.92%*

Aerated volumexIrrigation quota 3.13 6.08 2.67

Note: Data are mean + standard deviation (n = 3), and different letters in the same column indicate significant differences at P < 0.05.

*P<0.05, **P<0.01.

Effect of aerated irrigation on soil water content at
different vertical depths

The soil water contents at different vertical depths
for the different treatments are shown in Fig. 2. The soil
water content at different locations was closely related to
the aerated volume and irrigation quota. The soil water
content in the different treatments was WP6 > WP5 >
WP3 > WP2 > WP4 > WPI. As the soil layer deepened,
the soil water content in each treatment increased and then
decreased. The soil water content in the 10-20 cm soil
layer was higher than that in the other soil layers. In the
two soil layers of 20-30 cm and 30-40 cm, the soil water
content of the aerated treatments was higher than that of

the non-aerated treatments under the same irrigation quota,
indicating that aerated irrigation was beneficial for the
downward movement of soil water. However, the soil water
content in the 0-20 cm soil layer did not reach field capacity
before the downward movement of water occurred.

The rate of downward movement of water in the
aerated treatments was faster than that in the non-aerated
treatments, the rate of vertical transport slowed down, and
the water transported to the wide-row soil was lower than
that in the non-aerated treatments. Therefore, for the same
irrigation quota, the soil water content of the aerated
treatments was lower than that of the non-aerated
treatments: WP1 < WP4, WP2 < WP5, and WP3 < WP6.

Engenharia Agricola, Jaboticabal, v.43, n.2, e20220129, 2023
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FIGURE 2. Changes in water content at different soil depths of aerated (a) and non-aerated irrigation (b) treatments.

Effect of aerated irrigation on vertical and horizontal
soil temperature

Effect of aerated irrigation on surface soil temperature

Surface soil temperature at seedling emergence
(Table 5) were influenced by surface soil water content
across different treatments in the following order: 0 cm
< 5 cm < 10 cm for WP1-WP6. Soil temperature
increased as measurements took place farther away from
the drip irrigation belt. In WP1, soil temperature at 0 cm
was 1.3°C and 1.8°C lower than at 5 cm and 10 cm,
respectively. Overall, surface soil temperature at 0, 5,
and 10 cm in aerated treatments decreased gradually as

irrigation quota increased.

For the same irrigation quota, aerated treatments
yielded higher soil temperature than non-aerated
treatments. The WP1 treatment increased soil temperature
at0, 5, and 10 cm compared to the WP4 treatment, but the
difference was not significant (P > 0.05). In contrast, the
WP2 treatment significantly increased (P < 0.05) soil
temperatures at 0, 5, and 10 cm by 1.5°C, 1.5°C, and
1.7°C, respectively, compared with the WPS5 treatment.
The WP3 and WP6 treatments also differed in soil
temperatures across the various distances from the
irrigation belt. The WP2 treatment had the best warming
effect of all treatments.

TABLE 5. Ground temperature at different horizontal locations in irrigation treatments.

Experiment Horizontal locations (cm) 0 5 10
WP1 17.3£0.50b 18.6+0.20b 19.1+£0.43ab
Aerated treatments WP2 18.3+0.26a 19.2+0.30a 19.840.56a
WP3 17.1£0.20b 17.6+0.20cd 18.3+0.46bc
WP4 17.1£0.40b 18.1+0.36bc 18.5+0.36bc
Non-aerated treatments WP5 16.8+0.36bc 17.7+£0.20cd 18.1+0.46¢cd
WP6 16.4+0.26¢ 17.2+0.40d 17.4+0.40d
Aerated volume 24.00** 34.56%* 25.39%*
F Irrigation quota 8.04** 24.18%* 10.59%*
Acrated volumexIrrigation quota 5.38% 6.66%* 2.41

Note: Data are mean + standard deviation (n = 3), and different letters in the same column indicate significant differences at P < 0.05.

*P<0.05, **P<0.01.

Effect of aerated irrigation on soil temperatures at
different depths

The effect of irrigation treatments on daily
variations in soil temperature at different depths are shown
in Fig. 3. Daily minimum soil temperatures at 10 cm for
WP1-WP6 treatments all occurred at 9:00, being 15.28°C,
15.00°C, 15.17°C, 16.25°C, 15.92°C, and 16.17°C,
respectively. Aerated treatments had lower minimum
soil temperature than non-aerated treatments for the same

irrigation quota: WP1 was 0.97°C lower than WP4, WP2
was 0.92°C lower than WP5, and WP3 was 1.00°C lower
than WP6. Thus, aerated treatments had weaker soil heat
storage capacity than non-aerated treatments. The highest
soil temperatures for aerated treatments (WP1-WP3)
were 31.58°C, 33.17°C, and 31.75°C, respectively, all
occurring at 17:00. The highest soil temperatures for non-
aerated treatments (WP4—WP6) occurred at 1 h later at
18:00, being 30.83°C, 30.25°C, and 29.25°C. Thus, soil
temperatures in aerated treatments were 1.02, 1.10, and

Engenharia Agricola, Jaboticabal, v.43, n.2, e20220129, 2023
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1.09 times higher than temperatures in non-aerated
treatments under the same irrigation quota. Daily average
ground temperatures of WP1-WP6 were 22.71, 22.74,
22.49, 22.53, 22.08 & 21.91°C, respectively, indicating
considerable  variation in maximum intra-day
temperatures of aerated treatments, which had a strong
effect on the daily average ground temperature.

Data for 20 cm depth in the WP3 treatment are
missing because of a geothermometer malfunction.
Daily soil temperatures in WP1-WP6 treatments reached

34 4
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g
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=
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8
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|4 T T T T T 1
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Time
(a)

00:00

Soil temperature at 20cm (°C)

the lowest point around 11:00, being 17.67°C, 17.27°C,
17.42°C, 18.00°C, and 17.58°C, respectively; non-
aerated treatments had higher minimum soil temperature
than aerated treatments. Peak daily changes in soil
temperature for WP1-WP6 were 27.42°C, 27.00°C,
26.50°C, 26.25°C, and 25.75°C, respectively, while
average daily soil temperatures were 22.07°C, 21.99°C,
21.53°C,21.77°C, and 21.36°C. Thus, acrated treatments
resulted in higher peak and average daily soil
temperature than non-aerated treatments.
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FIGURE 3. Characteristics of daily variation in ground temperature at 10 cm (a) and 20 cm (b) across different

irrigation treatments.

Effect of aerated irrigation on soil microorganisms and
soil enzyme activity

Effect of aerated irrigation on abundance of soil
bacteria, fungi, and Actinomycetes

Microbial abundance is shown in Table 6. Aerated
volume and irrigation quota separately influenced the
abundance of soil bacteria, fungi, and Actinomycetes, as
did their interaction. Fungal and Actinomycetes
abundance did not differ between the WP6 treatment and
the other non-aerated treatments. Soil bacterial, fungal,
and Actinomycetes abundance in aerated treatments were
higher than abundance in non-aerated treatments because
of the aerated volume X irrigation quota effect. However,
abundance did not increase when aerated volume and
irrigation quota increased. Notably, the number of
Actinomycetes did not differ between WP1 and WP4,

indicating that aerated water levels were not an
influential factor.

Soil bacteria abundance in aerated wide rows was
higher than in non-aerated rows. Aerated volume,
irrigation quota, and their interaction had significant
effects on the soil fungal population (P < 0.01), with
aerated volume in particular promoting fungal growth.
Aerated treatments resulted in more soil fungi than non-
aerated treatments, with WP2 having the highest fungal
abundance. Aerated volume, irrigation quota, and their
interaction all influenced Actinomycetes populations, but
they did not differ significantly between the WP1-WP4
treatments. Soil bacteria, fungi, and Actinomycetes
abundance were higher in the narrow rows than in the
wide rows. This outcome was likely because irrigation
volume and aerated volume had less effect on the wider
rows than on the narrow rows.
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TABLE 6. Number of soil microorganisms at different locations in irrigation treatments.

Locations Narrow rows Wide rows
Project Indicators Bacteria Fungi Actinomycetes ~ Bacteria Fungi Actinomycetes
x107 (cfu/g) x10%(cfu/g) x10%(cfu/g)  x107(cfu/g) x10*(cfu/g) x10*(cfu/g)
WP1 5.49+£0.08b 20.19+1.24b 4.73+£0.33a 5.32+0.26a 13.48+1.20b 3.68+0.34a
tr‘:;tr;t:ris WP2 6.37+0.77a 27.3+1.44a 4.93+1.05a  5.35:0.35a 17.37+0.75a 3.99+0.38a
WP3 5.2140.32bc  9.01+0.77c  3.95+0.33ab  5.30+1.04a 12.840.96b  4.06+0.65a
Non- WP4 4.66+0.34cd 6.16+0.47d 4.02+£0.10ab  4.53+0.20ab 4.72+0.33¢  3.63+0.81a
aerated WP5 4.41+0.09d 4.23+0.14e¢  3.25+0.13b  4.06+0.04ab 3.344+0.37d  2.39+0.74b
treatments WP6 4.2240.08d 2.74+0.27e  1.67+0.98c  3.16£1.62b 2.56+0.31d  0.52+0.02¢c
Aerated volume 51.84%* 1246.14** 28.50%* 13.66** 098.35%* 42.88**
Irrigation quota 4.87* 209.13%* 10.89** 1.17 19.67** 9.18%*
F Aerated
volumexIrrigation 4.07* 140.41%** 2.44%* 1.06 20.29%** 14.57**
quota

Note: Data are mean + standard deviation (n = 3), and different letters in the same column indicate significant differences at P < 0.05.

*P <0.05, **P<0.01.

Effect of aerated irrigation on soil enzyme activity

Table 7 shows soil urease and catalase activities in
the irrigation treatments. Aerated volume, irrigation quota,
and their interaction all influenced soil urease activity in
the narrow rows of irrigation treatments. In non-aerated
conditions, soil urease activity decreased with increasing
irrigation quota. However, in aerated conditions, soil
urease activity was affected by the aerated volume x
irrigation quota effect and did not increase as either
aerated volume or irrigation quota increased. Soil urease
activity was highest in WP2 and was affected by the
interaction between aerated volume and irrigation quota,
as well as by the two variables individually, increasing
by 15.6 mg 100 g' from WPS5 levels at the same
irrigation quota. Peroxidase activity was highest in WP2
and significantly different from levels in other treatments
(P < 0.05). Soil catalase activity was higher in aerated
treatments than in non-aerated treatments because of the

interaction between aerated volume and irrigation quota.
Soil peroxidase activity in non-aerated treatments
decreased as irrigation quota increased. However, in
aerated treatments, peroxidase activity did not increase
with increasing aerated volume or irrigation quota.
Overall, soil peroxidase activity was higher in aerated
treatments than in non-aerated treatments. Aerated
volume and irrigation quota both had significant main
effects on soil urease activity in wide rows, but their
interaction had no effect. Soil urease activity was highest
in the WP2 treatment, but not significantly higher from
activity in WP1, WP3, and WP4 treatments. Non-aerated
treatments resulted in lower peroxidase activity than
aerated treatments. Additionally, in non-aerated
treatments, peroxidase activity decreased with increasing
irrigation quota, but was only affected by aerated volume
and not irrigation quota or the interaction term. Soil urease
and catalase activities were higher in narrow rows than in
wide rows because of aeration and the interaction effect.

TABLE 7. Soil urease and peroxidase activities at different locations in irrigation treatments.

Locations Narrow rows Wide rows
Project Indicators Urease activity ~ Catalase activity ~ Urease activity ~ Catalase activity
(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
A q WP1 244.09+1.33b 1.30+0.01b 239.52+2.67a 1.30+0.04a
tre:tflt:nts WP2 249.4342.85a 1.34+0.03a 239.64+1.952 1.29+0.02a
WP3 239.48+2.16¢ 1.30+0.02b 238.52+3.93a 1.2940.04ab
WP4 236.92+1.27¢ 1.28+0.01b 236.67+1.85ab 1.274+0.01abc
Non-aerated
WP5 233.83+0.29d 1.24+0.01¢ 233.08+1.88bc 1.24+0.03bc
treatments
WP6 232.324+0.57d 1.24+0.01¢ 231.21+0.67¢ 1.2240.01¢
Aerated volume 161.75%%* 55.88** 139.95%* 16.28**
Irrigation quota 19.96** 3.71 15.68%* 1.81
F Aerated
volumexIrrigation 12.83** 6.90%* 8.56 0.70
quota

Note: Data are mean + standard deviation (n = 3), and different letters in the same column indicate significant differences at P < 0.05.

*P<0.05, **P<0.01.
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Effect of aerated irrigation on seedling emergence and
growth indexes

Seedling emergence rates and growth indices are
shown in Table 8. Aerated treatments yielded higher
seedling emergence rates and growth indices than non-
aerated treatments, indicating that aerated irrigation
provides more oxygen to cotton seeds and induces

deeper root establishment.

The WP2 treatment resulted in the highest
seedling emergence, main root length, plant height, and
stem thickness, respectively 1.10, 1.18, 1.01, and 1.06
times higher than values in the WP1 treatment, as well
as 1.09, 1.02, 0.97, and 1.05 times higher than values in
the WP3 treatment.

TABLE 8. Seedling emergence rate and growth index of different irrigation treatments.

Project WP1 WP2 WP3 WP4 WP5 WP6
Seedling emergence rate (%) 81.3+0.06c  89.8+0.1a 82.5+0.21b  80+0.29¢  75.8+0.15d 69.2+0.15¢
Main root length (cm) 4.5+0.12bc ~ 5.3+0.12a  5.2+0.12a  4.3+0.12b  3.6+0.10d  3.8+0.12cd
Plant height (cm) 6.840.06c  6.9+0.17ab  7.1+0.12a  6.6+0.17bc  5.6+0.17d  5.7+0.15d
Stem thickness (mm) 2.34+0.08bc  2.47+0.03a 2.36+0.02a 2.24+0.02b 2.06+0.01c 2.22+0.02b

Note: Data are mean =+ standard deviation (n = 10, 3), and different letters in the same row indicate significant differences at P < 0.05.

Soil microbes are not the main driving force for
recycling soil organic matter and nutrients into humus.
Microbes directly affect soil oxidation, nitrification,
ammonification, and nitrogen fixation, promoting organic
matter decomposition and the transformation of soil
substances. Their ability to induce the movement and
exchange of materials and energy vertically make
microorganisms essential to the soil ecosystem (Zou et al.,
2005). However, tillage systems, mechanical milling,
irrigation systems, and other anthropogenic influences
cause excessive soil densification (Tang et al., 2011).
These processes restrict air exchange between the soil and
atmosphere, leading to root hypoxia (Niu et al., 2012b)
and inhibition of aerobic respiration in soil
microorganisms. In turn, beneficial microbial activity is
limited, along with the seed germination that is dependent
on it, including the germination of major crops like cotton
(Li et al., 2015). Oxygen delivery to crop roots can
increase soil microbial activity, improve the inter-root
growth environment, and promote plant growth (Lei et al.,
2017b). In this study, we found that irrigation quotas were
a major influence on soil microbes; bacterial, fungal, and
Actinomycetes abundance in narrow rows decreased with
increasing irrigation quotas (Table 5). This effect was
mainly related to soil pores being occupied by water,
squeezing air out of the soil (Fig. 2). This decrease in soil
oxygen content caused a corresponding drop in aerobic
microorganisms. Aerated irrigation can promote the
microbial population via increasing or connecting soil
pores and lowering dry density (Yang et al., 2019),
delivering air to soil in the tillage layer and raising soil
oxygen content (Yu et al., 2022). In our study, the decrease
in dry soil density caused an increase in the percentage of
soil pore volume and soil field capacity (Table 2).
However, soil water content did not increase in actual
aerated irrigation because of a decrease in dry soil density
and an increase in field capacity. This phenomenon can be
explained by the fact that although aerated irrigation
increases the percentage of soil pore volume, the pores are
not all occupied by irrigation water. Instead, air dilutes the

concentration of irrigation water in the soil, providing
sufficient oxygen for cotton seed emergence and for soil
microorganisms, thus increasing enzymatic activity
(Table 5). In addition, aeration connects soil pores,
increasing the capacity of downward water transport,
while limiting horizontal water transport.

Under equal weather and agronomic practices, soil
temperature in agricultural fields is influenced by several
factors, including soil texture, moisture content, and
compactness. Sandy loam soils increases soil temperature
more easily than clay loam soils, mainly due to the
specific heat capacities of different soil textures. Cotton
requires a higher soil temperature during the seedling
emergence period, and a slow increase in soil temperature
prolongs its emergence. A large amount of irrigation water
causes a rapid drop in soil temperature, especially when
the source of irrigation water is snow and ice meltwater.
Furthermore, the high water content of soil after irrigation
increases the risk of seed rot and non-emergence.
Although aerated irrigation cannot change soil texture, it
can change soil water content and compactness to
influence soil temperature (Lv et al., 2022). Moreover,
aerated irrigation increases the soil pore ratio (Lei et al.,
2017a; Yang et al., 2019), decreases soil dry density and
specific heat capacity, and improves soil permeability.
These characteristics allow soil temperature to rapidly
increase when exposed to surface heat radiation. In our
study, we observed that aerated soil had lower water
content under the same irrigation quota non-aerated soil,
mitigating the magnitude of soil cooling by irrigation
water. However, because aerated soil had lower specific
heat capacity and water content than non-aerated soil, the
peak soil temperature was higher under aerated irrigation
than under non-aerated irrigation during the day and lower
at night (Fig. 3).

Within a certain range, cotton yield increases with
planting density (Xiao et al., 2021). At a fixed planting
density, seedling emergence is one of the main factors
determining cotton yield. The dry seeding and wet
emergence technologies used in our study are subject to
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the drip irrigation effect (Rzicka et al., 2007) and to the
dual effects of dripping and easy slumping in slit loam
soils. All of these are detrimental to cotton emergence.
Consistent with our findings (Table 4), previous research
has shown that subsurface aerated irrigation can induce
deep root establishment and development (Xu, 2020),
promote rapid root nutrient uptake, and enhance the
growth of aboveground plant parts (Wang et al., 2018).
However, under water-air intercropping conditions, high
levels of emerging water and aerated volume are not the
most favorable for cotton emergence and growth. Cotton
emergence rate is influenced by soil water, fertilizer, air,
heat, and salt (Cao et al., 2020). From the results of our
experiments, we considered that the irrigation quota
and aerated volume in the WP2 treatment were optimal
for cotton.

CONCLUSIONS

Aerated irrigation can significantly decrease soil
dry density and improve field capacity in cotton fields.
Among the treatments, the WP2 treatment resulted in the
highest reduction in soil dry density and the highest
increase in field capacity. At the same irrigation quota,
aerated irrigation reduced soil water content, promoted the
downward movement of water, and inhibited the
horizontal transport of water; thus, water was retained in
the 10-20 cm soil layer. Horizontal soil temperatures of
both aerated and non-aerated treatments was in the order
of 0 <5 < 10 cm, and aerated treatments had higher soil
temperature than non-aerated treatments. Under the same
irrigation quota, soil temperatures at 10 cm and 20 cm
peaked in a shorter period of time for aerated treatments
than for non-aerated treatments Peak and diurnal
temperature difference was also higher for aerated
treatments than for non-aerated treatments. The number of
microorganisms (bacteria, fungi, and Actinomycetes) and
soil enzymatic activity (urease and catalase) were higher
in the aerated treatment than in the non-aerated treatments;
narrow rows were higher than wide rows, and the number
of microorganisms and enzyme activities were the highest
in the WP2 treatment. Aerated treatments resulted in
higher emergence and growth indices than non-aerated
treatments, with WP2 found to be optimal.

ACKNOWLEDGMENTS

The authors would like to acknowledge the
financial support from National Natural Science
Foundation of China “Soil microhabitat effects and
nitrogen reduction-growth promotion patterns of bio-
fertilizer application in saline water drip irrigated cotton
fields” (52269017), National Key R&D Program “Water
Saving and Salt Suppression Irrigation and Drainage
Synergistic =~ Control =~ Technology = Model  and
Demonstration” (2021 YFD1900805) and Major Science
and Technology Special Projects in Xinjiang Uygur
Autonomous Region “Research and development of dry
sowing and wet out technology and products for salinity-
impaired cotton fields in South Xinjiang” (2022A02007-3).

REFERENCES

Abilovski R, Brayek A, Magazin N, Petkovi K,
Manojlovi M (2019) Drip fertigation in apple orchards:
impact on soil chemical properties and nutrient
distribution in relation to soil texture. Tarim Bilimleri
Dergisi (4). https://doi.org/10.15832/ANKUTBD.410265

Ben-noah I, Friedman SP (2016) Aeration of clayey soils
by injecting air through subsurface drippers: Lysimetric
and field experiments. Agricultural Water Management
176: 222-233. https://doi.org/10.1016/j.agwat.2016.06.015

Bacq-Labreuil A, Crawford J, Mooney SJ, Neal AL, Ritz
K (2019) Phacelia (Phacelia tanacetifolia Benth.) affects
soil structure differently depending on soil texture. Plant
and Soil 441(1): 543-554.
https://doi.org/10.1007/s11104-019-04144-4

Chen H, Shang ZH, Cai HJ, Zhu Y (2019) Irrigation
Combined with Aeration Promoted Soil Respiration
through Increasing Soil Microbes, Enzymes, and Crop
Growth in Tomato Fields. Catalysts 9(11): 945.
https://doi.org/10.3390/catal9110945

Cao XS, Li HP, Zheng HX, Feng YY, Chen ZZ, Zhao
QH (2020) Effect of aerated irrigation on crop growth
and soil fertility quality in root zone. Agricultural
Research in the Arid Areas 38(01): 183-189.

Essah SY, Holm DG (2020) Air Injection of Subsurface
Drip Irrigation Water Improves Tuber Yield and Quality
of Russet Potato. American Journal of Potato Research
97(4). https://doi.org/10.1007/s12230-020-09792-2

Er C, Lin T, Xia W, Zhang H, Xu GY, Tang QX (2022)
Coupling effects of irrigation and nitrogen levels on yield,
water distribution and nitrate nitrogen residue of machine-
harvested cotton. Acta Agronomica Sinica 48(02): 497-
510. https://doi.org/10.3724/SP.J.1006.2022.04277

Gao CQ, Liu GS, Yang YF, Liu DS, Fan WG, Zhang YY,
Jia CL (2014) Effect of Different Textural Soils on
Dynamic Growth of Flue-cured Tobacco Overground
Parts. Soils 46(01): 158-164.

Han ZY, Zhang JH, Bai YG, Zheng M, Liu HB, Xiao J,
Ding Y, Zhao JH, (2022) Effects of soil amendments on
soil properties and seedling emergence rate of dry
sowing and wet emergence mode in cotton field in
southern Xinjiang. Water Saving Irrigation 1-14.
http://kns.cnki.net/kems/detail/42.1420.TV.20220718.144
1.056.html

Li CH, Li SL, Wang Q, Hou S, Jing J (2004) Effect of
Different Textural Soils on Root Dynamic Growth in
Corn. Scientia Agricultura Sinica (09): 1334-1340.
https://doi.org/10.3321/1.issn:0578-1752.2004.09.013

Li Y, Niu WQ, Zhang MZ, Xue L, Wang JW (2015)
Effects of Aeration on rhizosphere Soil Enzyme
Activities and Soil Microbes for Muskmelon in Plastic
Greenhouse. Transactions of the Chinese Society of
Agricultural Machinery 46(08): 121-129.
https://doi.org/10.6041/1.issn.1000-1298.2015.08.018

Engenharia Agricola, Jaboticabal, v.43, n.2, e20220129, 2023



Effect of aerated irrigation on soil microenvironment and cotton growth promotion

LiY, Niu WQ, Wang JW, Liu L, Zhang MZ, Xu J
(2016a) Effects of Artificial Soil Aeration Volume and
Frequency on Soil Enzyme Activity and Microbial
Abundance when Cultivating Greenhouse Tomato. Soil
Science Society of America Journal 80(5): 1208.
https://doi.org/10.2136/sssa2j2016.06.0164

LiY, Niu WQ, Dyck M, Wang JW, Zou XY (2016b)
Yields and Nutritional of Greenhouse Tomato in
Response to Different Soil Aeration Volume at two
depths of Subsurface drip irrigation. Scientific Reports
6(1): 39307. https://doi.org/10.1038/srep39307

Li FG (2019) China’s cotton industry through
construction of the whole industrial chain: improving
quality and performance and enhancing international
competitiveness. Journal of Agriculture 9(3): 6-10.

Lei HJ, Liu H, Zhang ZH, Bhattarai S, Balsys R (2017a)
Impact of NaCl and biodegradable surfactant on water
and oxygen transmission under aerated irrigation.
Transactions of the Chinese Society of Agricultural
Engineering 33(05): 96-101.
https://doi.org/10.11975/.issn.1002-6819.2017.05.014

Lei HJ, Yang HG, Feng K, Pan HW (2017b) Impact of
continuous aerating irrigation on growth water use
efficiency and nutrient uptake of pak choi growing in
different soils. Journal of Irrigation and Drainage 36(11):
13-18. https://doi.org/10.13522/j.cnki.ggps.2017.11.003

Liu JL, Xu Q, Li L,Fu Q, Wang XH, Ma BS, Yan JM,
Liu HY (2021) Spatial heterogeneity of field capacity of
chernozem soil in northeast of China. Journal of
Irrigation and Drainage 40(02): 55-61+124.
https://doi.org/10.13522/j.cnki.ggps.2020248

Lv MF, Ma XC, Cai T, Jia ZK (2022) Effects of biochar
application on soil hydrothermal environment and soil
respiration in winter wheat field. Agricultural Research
in the Arid Areas 40(03): 197-206.
https://doi.org/10.7606 /j. issn.1000-7601

Microbiology Laboratory, Nanjing Institute of Soil
Science, Chinese Academy of Sciences, (1985) Soil
Microbiology Research Method. Beijing: Science Press.

Niu WQ, Jia ZX, Zhang X, Shao HB (2012a) Effects of
soil rhizosphere aeration on the root growth and water
absorption of tomato. Acta Hydrochimica Et
Hydrobiologica 40(12): 1364-1371.
https://doi.org/10.1002/clen.201100417

Niu WQ, Zang X, Jia ZX, Shao HB (2012b) Effects of
Rhizosphere ventilation on soil enzyme activities of
potted tomato under different soil water stress. CLEAN —
Soil, Air, Water 40(3): 225-232.
https://doi.org/10.1002/clen.201100480

Rzicka K, Ljung K, Vanneste S, Podhorska R, Benkova
E (2007) Ethylene regulates root growth through effects
on auxin biosynthesis and transport-dependent auxin
distribution. The Plant Cell, 19(7): 2197-2212.
https://doi.org/10.1105/tpc.107.052126

Su N (2004) Generalisation of various hydrological and
environmental transport models using the Fokker—Planck
equation. Environmental Modelling & Software 19(4):
345-356. https:/doi.org/10.1016/S1364-8152(03)00134-8

Su LT, Abudu SLM, Hudan TMEB, Song YD (2011)
Effects of under-mulch drip irrigation on soil salinity
distribution and cotton yield in an arid region. Acta
Pedologica Sinica 48(04): 708-714.

SuYZ, Yang R, Yang X, Wang T, Wang M (2014) Effects
of water-saving irrigation on cotton yield and irrigation
water productivity relative to soil conditions. Acta
Pedologica Sinica 51(06): 1192-1201.
https://doi.org/10.11766/trxb201404160180

Tang AM, Cui YJ, Richard G, Défossez P (2011) A study
on the air permeability as affected by compression of
three French soils. Geoderma 162(1-2): 171-181.
https://doi.org/10.1016/j.geoderma.2011.01.019

Wang C, Yao BL, Wang XP, Zhang XX (2012) Soil salt
transfer law and water consumption characteristics for
cotton with drip irrigation under mulch with dry sowing
and wet seeding. China Rural Water and Hydropower 10:
25-30.

Wang J, Hou XQ, Li XQ, Yao ZX (2016) Study on
influence of irrigation in lanzhou and its surrounding
area on microstructure of loess landslide. Urban Roads
Bridges and Flood Control (09): 208-210.
https://doi.org/10.16799/j.cnki.csdqyth.2016.09.058

Wang S, Tang J, Wang XS, Lv MC, Wang JK, Wu DF
(2018) Effects of aerated underground drip irrigation on
growth and development of cucumber in greenhouse.
Journal of Henan Institute of Science and Technology
(Natural Science Edition) 46(03): 22-27.
https://doi.org/10.3969/1.issn.1008-7516.2018.03.005

Xiao R, Yao BL (2013) Soil temperature variation in
cotton budding pre-stage with drip irrigation under
mulch with dry seeding and wet emergence method. Acta
Agriculturae Boreali-occidentalis Sinica 22(05): 49-54.
https://doi.org/10.7606/.issn.1004-1389.2013.05.009

Xiao ZL, Li H, Liu LT, Zhang YJ, Bai ZY, Zhang K, Sun
HC, Li CD (2021) Effects of water and planting density
on nitrogen accumulation, distribution and yield of
cotton. Acta Agriculturae Boreali-Sinica 36(04): 132-
138. https://doi.org/10.7668 /hbnxb.20192298

Xing J, Zhang SP, Zhao XH, Yan ZZ, Wei R, Zhang LZ
(2018) Interaction of plant density with mepiquat
chloride affects plant architecture and yield in cotton.
Cotton Science 30(01): 53-61.
https://doi.org/10.11963/1002-7807.xjz1z.20171201

Xu DX (2020) Effects of different aerobic drip irrigation
methods on yield, quality and photosynthesis of cherry
tomato in greenhouse. Jiangsu Journal of Agricultural
Sciences 36(01): 152-157.

Engenharia Agricola, Jaboticabal, v.43, n.2, e20220129, 2023



Qin Zhou, Yungang Bai, Zhongping Chai, et al.

Yang F, Ma WL, Li ZZ, Chen YW (2018) Dry seeding
and wet emergence technology of maize in Ningxia
Yanghuang irrigated area. Journal of Anhui Agricultural
Sciences 46(13): 44-46+79.
https://doi.org/10.13989/j.cnki.0517-6611

Yang HJ, Wu F, Fang HP, Hu J, Hou ZC (2019)
Mechanism of soil environmental regulation by aerated
drip irrigation. Acta Physica Sinica 68(01): 94-106.
https://doi.org/10.7498/aps.68.20181357

Yu ZZ, Wang HX, Zou HF, Sun HT, Wang HY, Wang C,
Li HL (2022) Changes of red soil respiration rate under
aerated irrigation and its relationship with soil water and
oxygen. Chinese Journal of Tropical Crops 43(01): 110-
118. https://doi.org/10.3969/j.issn.1000-2561.2022.01.015

Zhang YL, Wang XP, Xiao R, Ding QQ (2013) Impacts
of drip irrigation under mulch with dry sowing and wet
seeding on soil temperature, water content and seeding
emergence rate of cotton. Water Saving Irrigation 10:
11-13.

Zhang LE, Shuang WY, Yun AP, Niu LA, Hu KL (2014)
Spatio-temporal Variability and the Influencing Factors
of Soil Available Potassium in 30 Years in Quzhou
County, Hebei Province. Scientia Agricultura Sinic
47(05): 923-933.

Zhang RX, Shi JG, Song RW, Li W, Yu J (2015)
Response characteristics between drip irrigation cotton
stomatal conductance and volumetric water content
under different nitrogen fertilizer applications. Journal of
Irrigation and Drainage 34(12): 71-74+88.
https://doi.org/10.13522/j.cnki.ggps

Zhang YL, Wu DM, Wang WK, Cheng SX, Sun J, Li L,
Ma XY (2020) Cotton "Insurance plus Futures" model
helps poverty alleviation in the main cotton producing
areas of southern Xinjiang. China Cotton 47(2): 6-8.

Zhao B, Wang ZH, Li WH (2016) Effects of winter drip
irrigation mode and quota on water and salt distribution
in cotton field soil and cotton growth next year in
northern Xinjiang. Transactions of the Chinese Society
of Agricultural Engineering 32(06): 139-148.
https://doi.org/10.11975/j.issn.1002-6819.2016.06.019

Zhao QY, Xu SJ, Zhang WS, Zhang Z, Yao Z, Chen XP,
Zou CQ (2020) Spatial regional variability and
influential factors of soil fertilities in the major regions
of maize production of China. Scientia Agricultura Sinic
53(15): 3120-3133.

Zhou L, Su T, Zhao L (2019) Simulation of water and
salt transport in shallow soil with different soil quality: a
case study of Jiefangzha irrigation area of Inner
Mongolia. Water Saving Irrigation (02): 91-95.
https://doi.org/10.3969/1.issn.1007-4929.2019.02.018

Zhou XL, Qin Q, Wang L, Hu CC, Zhu HY (2020)
Application status of defoliation and ripening agent in
cotton production in Xinjiang. China Plant Protection
40(2): 26-32.

Zou JW, Huang Y, Jiang JY, Zheng XH, Sass RL (2005)
A 3-year field measurement of methane and nitrous
oxide emissions from rice paddies in China: Effects of
water regime, crop residue, and fertilizer application.
Global Biogeochemical Cycles.
https://doi.org/10.1029/2004gb002401

Engenharia Agricola, Jaboticabal, v.43, n.2, e20220129, 2023



