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Abstract: Long-term and widespread use of plastic mulching has led to the accumulation of residual plastic film (RPF) in
farmland soils of Xinjiang, China. However, there is no specific quantitative basis for RPF pollution or a clear understanding
of the influence of residual film on crop growth. The aim of this study was to investigate the effect of RPF on the growth of
cotton, an important cash crop of Xinjiang. Based on the field conditions and previous reports, various amount of residual
film was applied in 0-30 cm soil layer. The growth index including emergence rate, dry matter, and yield of cotton was
examined at different growth stages under different soil residual film levels. Results demonstrated a significant effect of RPF
on soil moisture distribution and movement. Plastic residues had a significant effect on cotton growth at levels above
200 kg/hm?, and the yield decreased as the RPF amount increased. Based on these findings, 200 kg/hm? was suggested as a
threshold level to determine the effects of RPF on cotton. This study provided a basis to rate RPF pollution in farmland soils
and help understand the impact of pollution on crop productivity.
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1 Introduction

Xinjiang Province covers an area of more than 160 million hm?
in China. Agricultural region of this province is around the
Taklamakan desert, which is the second largest desert in the world.
Due to the unique geographical environment, this region receives
scanty rainfall and abundant sunlight, and oasis agriculture is
practiced in this area. Xinjiang is the largest cotton producing
area in Chinal¥l, with snow on the Tianshan Mountain serves as the
water source for cotton growth. However, oasis agriculture
system in Xinjiang needs an increase in soil temperature and
conservation of soil moisture. Therefore, plastic mulch is adopted
to cover the soil surface. Mulching, which was firstly introduced
in Xinjiang in 1980, has been widely applied in farming®®®!.
Plastic mulch preserves both soil heat and soil moisturel®3,
significantly increases the yield of oasis agroecosystem*®.  Drip
irrigation belt is laid under the mulch to supply water and fertilizer.
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Mulch placement time is from the beginning of sowing to the end of
harvest. This method can reduce the influence of climate on crop
growth to some extent.

In 2017, approximately 2 800 000 hectares of farmland were
used for cotton cultivation and 198 000 tons of plastic film was
consumed in Xinjiang™™. The long-term use of plastic films has
contributed greatly to crop yield, but it also caused many problems.
To reduce the initial investment, thin mulch film (<0.01 mm) and
polyethylene blow molding have been widely used in Xinjiang.
Mulch film is a plastic product, which loses its mechanical
properties after one cultivation cycle. Moreover, it is difficult to
mechanically or manually recover the mulch. The average
recovery rate of mulch film is only 60%-85%, and mulch film that
hasn’t been recovered was turned into smaller plastic debris and
combined with soil to form the residue. The residual plastic film
(RPF) was randomly distributed in the soil and distributed in strips,
sheets and cylinders. Among them, when the RPF is fully
expanded, majority of the RPF was in the size range of 4-20 cm.
When water shrinks in the soil, it is generally in the shape of a
cylinder or a long strip. Its shape diameter shrinks to about 1-
1.5 cm, and length is 4-8 cm. Therefore, the approximate contact
area of the RPF in the soil is 4-12 cm?. They interact with water
and combine with soil, affecting soil texture. Researchers have
found that the residual film was mainly and evenly distributed in
the soil tillage layer in Xinjiang (0-30 cm in depth) after ploughing,
and these particles, in turn, cause harmful effects on soil and crop.
This phenomenon has been defined as residual plastic film
pollution®®? and the agricultural plastic film fragments were
called “residual film”. The quantitative value of residual film is
the total mass of residual film in a farmland area, which is referred
to as the RPF amount. The effect of these pollutants on soil and
crop isdefined as residual membrane pollution.
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RPF is regarded as the most important indicator of plastic film
pollution™. RPF has got accumulated in farmland soils over
decades!™, but the pollution hazards due to plastic film have been
largely ignored. According to a survey conducted by author’s
research team, the mean amount of RPF in the cotton fields of
Xinjiang is 216.88 kg/hm?*®.  The heavily polluted areas include
Shihezi, Aksu, Bortala Mongol Autonomous Prefecture, Tacheng
Prefecture, Changji Prefecture, Hami City, and Kashi Prefecture
(RPF>300 kg/hm?).  Nowadays, plastic film pollution is receiving
wide attention. Jin et al. reported ploughing, soil structure, and
water movement that affected by plastic film residues™®. Dong et
al. found that artificial mixing of RPF influenced soil properties
and water movement during farming®*”. Studies demonstrated
12.8% decrease in mean cotton yield when the density of residues
was 600 kg/hm?81 Hou et al. indicated the importance of a
quantifiable index to judge the degree of soil pollution™! and to
help improve the recovery of soil residual film. This quantitative
value can be defined as the threshold above which residual film
influences crop yield, emergence rate, dry matter, and other growth
factors and adversely affects agricultural production. Due to the
complexity of the environment, this threshold can only be obtained
by field experiments; however, it is difficult to accurately simulate
the field conditions in the laboratory. Chen proposed that RPF
pollution assessment is conducive to agricultural production and
the threshold value of RPF should be set according to local
conditions?],  According to the Ministry of Agriculture of China,
the threshold value of agricultural RPF is 75 kg/hm?  The
national standard for residual value of mulch film in farmland
(GB/T 25413-2010) issued by the Ministry of Agriculture of China
in 2010 focused on film fragments visible to the naked eye (size,
4-20 cm? and contact area, 6 cm?).  The standard specifies that the
residual amount of mulch film is 75 kg/hm2 of farmland, and states
that when the residual value is 75 kg/hmz, the residual film has
little impact on crops. However, samples collected from different
regions revealed that the actual amount of residue is far higher.
This indicated the possibility of heavy pollution in Xinjiang with
no drastic effect on yield and other growth indexes of cotton.
Extensive use of chemical fertilizers and an increase in cotton
seeding rate per hectare provide nutrition and maintain plant
density. This counteracts with the effect of pollution caused by
RPF and reduces farmers’ concerns over this problem[22'23].
Therefore, some researchers believed that RPF may have only a
small effect on crop yield. So far, few studies have demonstrated
the relationship between RPF and crop growth. Therefore, this
study was aimed to investigate the correlation, set a threshold value
of agricultural RPF according to regional characteristics, and revise
the threshold value for cotton in Xinjiang according to actual
planting elements.

The aim of this study was to analyze the direct effect of RPF
on cotton growth. Initially, the amount of RPF in the soil (0-
30 cm) of selected cotton fields of Xinjiang based on actual field
conditions and previously collected data were determined. The
experimental soil was divided into seven grades (TO-T7) based on
the amount of residual film after mixing RPF fragments from the
field with the soil of the experimental area.  All experimental sites
were covered with plastic film, and water and fertilizer were
delivered by drip irrigation. The cotton growth indexes, such as
emergence rate, dry matter content, and yield during different
growth stages and at different RPF levels, was measured to
investigate the impact of RPF. The findings of this study will
provide the basis to assess RPF pollution and help reduce pollution.

2 Materials and methods

2.1 Experimental site and materials
2.1.1 Selection of the experimental site

The field experiment was conducted during 2017-2018 at the
No. 18 Laboratory Site (151.2 m?), Alar City, Xinjiang (40°33'N,
81°10'E; elevation, 1031 m) (Figure 1la). This area is
characterized by an arid continental climate. The mean annual
sunshine duration was 2990 h, the mean annual temperature was
11.4<C, the frost-free period was 180-210 days, and the mean
annual rainfall was 58.6 mm. Temperature and rainfall during the
experiment are shown in Table 1. The temperature of this area
remained stable throughout the year with no extreme weather.
The average duration of sunshine from April to October was 9.5 h,
which is suitable for long staple cotton and fine staple cotton
cultivation. During the experimental period, the sunshine time
and rainfall are similar to those in the past three years, there was no
extreme weather, and the natural climate conditions were stable.
Moreover, when mulching and drip irrigation under mulch were
used, the crop growth conditions were stable and suitable for
repeated plot experiments. Therefore, the repeatability
experiment in this period was used as the evaluation experiment of
the effect of RPF on cotton growth. The experimental period was
from April 10, 2018 (sowing date) to October 20, 2018 (193 days).
Seedling emergence was on April 21%, flowering on July 7™, and
boll opening on September 15",  The soil was aridisols according
to USDA soil taxonomy. The soil pH was 8.55 and the soil
conductivity was 1.91 s/m (top layer, 0-30 cm). The available
nitrogen, available phosphorus, available potassium, and organic
matter contents in the soil were 77.61 mg/kg, 23.33 mg/kg,
151.02 mg/kg, and 1.62%, respectively.

Table 1 Temperature and rainfall in the field during the

experiment
Monih  temportre tomperaure RNl Rainfall Ranstorm  FLCEEE
/T /T

April 26 6 0 0 0 13
May 33 9 2.2 1 0 16.2
June 34 13 9.4 2 0 20.8
July 36 14 17.3 5 0 235
August 35 15 117 3 0 24.8
September 30 8 8.9 2 0 20.2
October 36 -3 0 0 0 12.2

Note: The experimental period was from April 10 to October 20, 2018 (193 d)
2.1.2 Cotton seeds and RPF

Seeds of the cotton accession ’Xinluzao No. 33’ were used
(germination rate = 97%) in this study. RPF samples were
collected from farmlands where plastic mulching was continuously
practiced for more than 10 years (Figure 1b). The residual film
samples were strip-like and were evenly distributed in the soil by
artificial mixing. The actual size of the RPF was a random sheet
shape of 4-20 cm. When it shrinks in the soil layer, it was
generally a strip shape or a cylinder shape. The contact area
between the two sides of the whole shrinking cylinder shape and
the soil was about 4-12 cm®  Because of the randomness of the
shape and size of the residual membrane, three sizes were selected
as the samples of the RPF. The first sample was 3 cm in width
and 5 cm in length when it was expanded and 5 cm? when it was
contracted in soil. The second sample was 3 cm in width and 8cm
in length, and 8 cm? in soil shrinkage. The third sample was 3 cm
in width and 10 cm in length when it is expanded and 10 cm? when
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it was contracted in soil. These three samples were either shrunk
or stretched under the influence of soil, water, and other factors that
made the actual area of contact between the residual film and the
soil close to 6 cm?  The RPF samples were collected from soil
(0-30 cm layer) before sowing. Fig 1c shows pieces of RFP that
takes on a long strip shape as it contracts in the soil. The RFP
was mixed in 0-30 cm soil according to the experimental
proportion to study the effect of RPF on crops.
2.1.3 Experimental tools

A German-made 1Iftt-550 hydraulic high-speed plow and a
Canadian-made 1jpd-3000 soil preparation machine were used to
make the soil flat before sowing, and the ploughing depth was
30 cm so that the residual film was distributed evenly in the soil
layer after cultivation. Seeds were sown using 2BMJ—38/2, a
precise mulching and seeding machine, developed by Xinjiang
Keshen Co., Ltd. This machine combines precision sowing,
mulching, drip belt laying and other processes, and can complete
the laying of drip belt under the film, hole drilling on the film and
mulching at the same time, as shown in Figure le. Other tools
used in the experiment were shovel, spade, sieve (mesh number =
10, mesh size = 2 mm), pegwood (length = 50 cm), position line,
tapeline, bag, electronic balance (BT125D; precision: 0.001 g;
Sardo company), soil temperature/humidity detector (TDC-220D

A T
e d Experimental field

c. Residual plastic film samples in soil

e. Mulching and sowir{g-

Drip tape

type sensor; Beijing time Technology Co., Ltd.), and digital caliper.
2.2 Experimental methods

Seeds were sown on March 29, 2018, during the spring seeding
period in Xinjiang, using the mulching and seeding machine after
ploughing (depth of 30 cm) and seed bed preparation. The
experimental field (120 hm?) was divided into seven blocks that
represented seven treatments, and each block was divided into three
plots for three replicates. The width of a plastic film was
2000 mm, in which cotton was arranged in twin row. In each twin
row, the distance between cotton rows was 100 mm, the distance
between twin rows was 660 mm, and 100 mm gap between plants
was set on both sides of the twin row of cotton on the most edge.
The redundant side membranes on both sides were firmly
embedded in the soil to ensure contact between the membrane and
the soil (Figure 1f). During the experiment, the drip irrigation belt
was set under the mulch, and one drip irrigation belt was placed in
each twin row of cotton on the surface of the soil. The field was
managed in a routine way using drip irrigation, which provided
water and fertilizer for cotton. The drip irrigation belt was set
under the mulch, and one drip irrigation belt was set for every two
rows of cotton on the surface of the soil. Irrigation was first done
(130.5 m¥hm?; once) for seed emergence and thereafter, twice a
month (364.125 m*hm?; total 12 times).

Nt S

Wide row

Wide row
Narrow row

Narrow row Narrow row

Cottor

Ground surface
Residual ffilm

300 mm

1 1 -
—
660 mm 100 mm

—
100 mm
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f. Edge' film of mulch is buried in the soil

Figure 1 Experimental site and residual plastic film samples
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Based on earlier studies, RPF of three different sizes?*?*! were
uniformly mixed into the soil at a mass ratio of 1:1. The RPF
samples were taken from the periphery of the site and were evenly
mixed into the 0-30 cm soil layer after pre-sampling. Seven RPF
levels (TO, T1, T2, T3, T4, T5, and T6; TO represents the ideal state
of cotton growth that is free from the effect of RPF) were applied
according to the film size and density, planting years, and the
actual value of plastic film residue of selected cotton fields in
Xinjiang®! (Table 2). In TO set, the RPF in the experimental plot
was removed to avoid residual membrane influence. The residual
membrane in other areas was set based on the RPF ratio. The
residual film in T1 experimental area was set to 7.5 g/m? (the depth
of sample treated soil was 0-30 cm), and the residual film in T2
experimental area was set to 15 g/m? (the depth of sample treated
soil was 0-30 cm). Two repeat groups were maintained
simultaneously, in which one of them served as control.

Table 2 Residual plastic film levels used in the experiment.
Seven gradient amounts of residual plastic film were used in
the experiment denoted by TO, T1, T2, T3, T4, T5, and T6

Number RPF/kg hm™ Test number
1 0 TO
2 75 T1
3 150 T2
4 250 T3
5 350 T4
6 500 T5
7 800 T6

In addition, replicate test plots were maintained for each
treatment to verify the accuracy of the results. During seedling
stage and boll set stage, three similar plants were removed from
each plot and a total of nine plants were selected for each RPF
amount to analyze root characteristics and dry matter content
(Figure 2).
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Note: TO-t6 group was set up in the experiment, and each group was set up with

a repetition group to facilitate the experiment comparison and data measurement.

The width of each group is 2000 mm, and a repeat group is set every 20 m.
Figure 2 Schematic diagram of the field experiment. TO to T6

represent the different experimental groups

2.3 Sampling and measurement of indexes
2.3.1 Root volume and root length

Root samples were collected during the seedling stage (May 15,
2018) and the boll set stage (July 15, 2018). 0.003 m® soil (10 cm
long, 10 cm wide and 30 cm deep) was dug out by trench method
from the area around the plant to obtain each root sample. At the
inner 1/3-1/2 of the outer edge of cotton seedlings, trenches (10x<
10>30 cm) were dug that formed a cutting line with the crown
diameter. The soil was divided into three different layers (0-10 cm,
10-20 cm, and 20-30 cm).  The roots were collected, cleaned with
water, and dried with filter paper. The root volume was measured
by drainage method using a measuring cylinder. The measuring
cylinder (300 mL) was firstly filled with 100 mL pure water. The
root system was completely immersed to give the root volume.
To measure the root length, five root systems were selected from
the samples, including long, short and medium root to get the
average value.
2.3.2 Dry matter content

Sampling was done at the end of the seedling stage and the boll
set stage. Roots, stems, leaves, flowers, and fruits were separated
from each sample. After deactivation at 105<C for 30 min, the
organs were dried at 80T until a constant weight was obtained.
2.3.3 Plant height and stem diameter

Sampling was done 60 d after sowing at a frequency of once a
week. A tapeline was used to measure the root length and the
plant height. A digital caliper was used to measure the diameter
of the main stem. From each control group, crown height of
20 groups was measured and the average was calculated.
2.3.4 Root dry weight density and root length density

Root dry weight density and root length density were
calculated as follows:

w

Dm = Vl (1)
L
D = v @)

where, Dy, represents the root dry length density (g/m®) of the 0-
30 cm soil layer; D, represents the root length density (m/m®) of the
0-30 cm soil layer; W represents the root dry weight (g) of the O-
30 cm soil layer; V; is 0.003 m® (volume of soil in the trench), and
L represents the root length (cm) of the 0-30 cm soil layer.
2.3.5 Yield index

Cotton samples were harvested three times based on maturity.
Samples from different plots were separately collected, weighed
and preserved. Statistics on the amount of cotton harvested from
the experimental field and the mean amount of cotton collected
from each experimental plot were collected.
2.3.6 Data processing and statistical analysis

AutoCAD 18.0 (2010) was used to draft the experimental field.
OriginPro 8.5.1 was used for drawing and function fitting. SPSS
19.0 was used for variance analysis and multiple comparisons
(LSD).

3 Results and discussion

3.1 Effect of RPF on soil moisture

The distribution of soil moisture content in different plough
layers (0-10 cm, 10-20 ¢cm, 20-30 cm) in the test area was shown in
Table 3. In each experimental group, the humidity of TO and T1
groups increased gradually in 0-30 cm soil layer. The average
humidity was 19.8% in 0-10 cm soil layer, 21.45% in 10-20 cm soil
layer, and 21.92% in 20-30 cm soil layer. The results showed that
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with the small amount of RPF in the TO and T1 experimental
groups, the infiltration of water and fertilizer in the soil was
uniform, and the water and fertilizer could reach the cultivation
layer (0-30 cm) of crops normally. In the T2-T6 experimental
group, the humidity value changed significantly in the 10-20 cm
soil layer, showing that the 10-20 cm soil humidity value was
higher than the 20-30 cm soil layer. This was related to the
movement of water in the soil layer. The water was permeated to
the surface of soil by drip irrigation belt and then moved down.
However, residual film can hinder the downward movement of
water, and make an uneven distribution of water in different soil
layers. Water in the soil without the influence of RPF can move
down faster, which makes the water and fertilizer reach the root
system of crops quickly.

Table 3 Moisture distribution measured in 0-30 cm soil layer

%
Soil Measurement Measurement Measurement Measurement Measurement
RPF - . . - .
layer point 1 point 2 point 3 point 4 point 5
TO 19.54 19.92 20.03 19.81 20.16
T1 19.83 20.04 20.81 20.19 20.06
T2 20.90 20.21 21.88 20.15 20.37
0- T3 21.23 21.88 21.93 20.64 20.61
10cm
T4 21.08 22.86 21.24 21.31 21.32
T5 21.98 22.08 22.16 22.29 21.43
T6 2222 23.01 22.30 23.47 22.96
TO 21.22 21.30 21.80 22.06 20.90
T1 20.88 21.21 21.41 20.89 21.30
T2 22.30 20.95 21.19 22.07 22.18
10- T3 23.06 2251 22.82 22.94 23.11
20cm
T4 23.90 24.02 23.88 23.67 2391
T5 25.02 24.31 24.80 24.13 25.10
T6 24.16 24.09 23.63 23.57 2291
TO 22.32 21.84 21.37 21.99 22.07
T1 23.11 23.08 22.19 22.67 21.97
T2 20.11 20.85 20.16 19.29 20.37
20- T3 20.84 19.28 19.81 20.54 19.83
30cm
T4 21.08 20.31 19.87 19.65 20.61
T5 20.20 20.11 20.77 18.97 19.53
T6 19.68 20.10 19.86 20.54 20.31

3.2 Effects of RPF on germination rate and seedling survival
rate

Cotton yield was closely related to survival rate, which refers
to the probability of cotton seedling survival after germination.
Distribution of RPF is a key factor that influences cotton growth
and an important index to evaluate the effect of RPF on seed
germination and seedling survival (Figure 3). Meanwhile, an
even distribution of residual film in the soil was expected to
prevent its adverse effects on nutrient absorption, root growth, and
ultimately plant growth and yield. Multiple comparisons using
LSD performed that germination rate and seedling survival rate
were significantly different between different RPF levels, while TO
was selected as the reference group, using 240 plants to optimize
the reference group results (Table 4). In general, germination rate
showed a negative correlation with the amount of RPF. At lower
levels (T1-T2), RPF had no significant effect on the germination
rate. From T3 RPF level, the germination rate started to be
significantly less than that for TO (F = 2.93, p < 0.05). Therefore,
the RPF amount used in T3 was considered a key level to rate
pollution.

W T it x
ton germination in the experimental field

N L

Figure 3 Co

Table 4 Effects of different gradient amounts of RPF on
germination rate and survival rate

RPF Plant Germination Survival ~ Germination  Survival

number number number rate/% rate/%
TO 240 221 198 92.08 82.50
T1 120 106 97 88.33 80.83
T2 120 106 99 88.33 82,51
T3 120 101 94 84.16 78.33
T4 120 94 77 78.33 64.16
T5 120 89 71 74.16 59.16
T6 120 82 61 68.33 50.83

At this threshold level, the survival rate of cotton seedlings
showed a negative correlation with the amount of RPF. From T1
to T6, the survival rates decreased by 2.02%, —0.012%, 5.06%,
22.23%, 28.29%, and 38.39% respectively compared to T0. RPF
had no significant effect on the seedling survival rate at levels
below 250 kg/hm?  The seedling survival rate for T4-T6 (250-
350 kg/hm?) were significantly decreased compared to other
treatments (F = 2.66, p < 0.05). Therefore, an RPF level of
250 kg/hm? was considered as a key to determine the threshold
limit value of RPF.

3.3 Effect of RPF on root growth
3.3.1 Root volume

RPF below 250 kg/hm? showed no significant effect on cotton
growth during the seedling stage (F=0.35, p>0.05). However,
the root volume was significantly decreased when RPF level
increased to above 250 kg/hm? (F=2.93, p <0.05) (Figure 4).
From T1 to T6, root volume decreased by 8.61%, 16.44%, 20.08%,
37.33%, 43.6%, and 74.38% respectively compared to TO, which
indicated the significant negative effect of RPF on root volume.

During the boll set stage, the root volume decreased with
increasing RPF level. From T1 to T6, 4.4%, 9.33%, 18.27%,
28.83%, 57.34%, and 68.77% decrease of root volume compared to
TO was observed. The root volume during the seedling stage
decreased faster than during the boll set stage, which indicates a
greater effect of RPF on root volume during the seedling stage.
3.3.2 Root length density

To quantitatively analyze the effect of RPF on cotton growth,
the weekly growth rates were calculated during the seedling stage
and the boll set stage. Above a threshold level, the growth rate of
plant height demonstrated a negative correlation with the amount of
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RPF. At 250 kg/hm?, the root length density, during both the
seedling stage and the boll set stage, significantly decreased under
the effect of RPF. This may be because the residues block soil
infiltration, makes the moisture remains in the topsoil and gets
evaporated, which in turn inhibits plant growth.
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Figure 4  Effects of residual plastic film on root volume during the

seedling stage (SS) and the boll set stage (BS)

From T1 to T6, the root length density was decreased by
8.69%, 13.04%, 20.65%, 31.52%, 40.21%, and 40.86% during the
seedling stage and by 5.63%, 7.9%, 13.15%, 22.34%, 32.47%, and
35.51% during the boll set stage compared to TO (Figure 5).
During both the seedling stage and the boll set stage, the root
length density was significantly lower than that in control group
when RPF levels above 250 kg/hm? (p<0.05). The root length
density during the seedling stage decreased faster than during the
boll set stage, which may indicated a greater effect of RPF on root
length density during the seedling stage.

45 460 -

1

40
50

40

30

20

10

(BS) Root length density at boll set stage/m-m™

(SS) Root length density seeding stage/m'm
[

0 75 150 250 325 500 800
(RPF) Residual plastic film amount/kg-hm™

Note: Different lowercase letters indicate a significant difference between the
gradient levels in the seedling stage (SS) (p<0.05). Different uppercase letters
indicate a significant difference between the gradient levels in the boll set stage
(BS) (p<0.05).

Figure 5 Effect of residual plastic film on root dry length density

at the seedling stage (SS) and the boll set stage (BS)

Soil humidity was measured using a plug-in hygrometer (soil
temperature/humidity detector (TDC-220D type sensor; Beijing
time Technology Co., Ltd.) that inserted deep into each soil layer.
Result showed that soil moisture was closely correlated with the
growth of root system and above-ground organs in cotton. In the
soil layer 0-10 cm deep, the moisture content demonstrated a
significant (p<0.01) negative correlation with the growth indexes

(Table 5), which indicated that a higher moisture content at this
depth is not favorable for cotton growth. As the amount of RPF
increased (Table 3), the moisture content in soil top layer (0-10 cm)
increased. In contrast, plant height, root length density, root
volume, stem diameter, and root dry mass density were all
decreased. Plastic film is a foreign substance that provides no
nutrition for crops?®?).  As the amount of RPF increases, the
moisture movement in soil is blocked since both soil porosity and
soil permeability decrease, which impedes the downward
infiltration and the horizontal diffusion of water, finally affect crop
roots. Moreover, under strong evaporation, irrigated water gets
converted into unavailable water, which inhibits normal root
growth in cotton!®l. Evaporation from top soil has a negative
effect on root growth that results in reduced root volume, root
surface area, and root length!2=01,

Table 5 Correlation analysis of soil moisture contents in
different soil layers and characteristics of root system and
above-ground organs

Soil layer Root Root length  Root dry Plant Steam
/em volume density weight height diameter
0-10 -0.978**  -0.985** -0.947**  -0.99**  —0.954**

10-20 0.952* 0.971* 0.936* 0.993** 0.940*
20-30 0.95* 0.968** 0.937* 0.933** 0.938*

3.4 Effect of RPF on plant height and stem diameter

Plant height and stem diameter are two indexes that reflect
cotton growth®*2 In this study, plant height of experimental
group T1 to T6 was decreased by 7.2%, 15.75%, 22.14%, 29.34%,
37.26%, and 41.31% respectively compared to TO (Figure 6a),
significantly decreased with increase in RPF amount. During the
boll set stage, the plant height was less than (0.86, 0.79, 0.76, 0.66,
0.51, and 0.44 times) that of TO. Stem diameter of experimental
group T1 to T6 decreased by 7.21%, 8.36%, 10.08%, 12.96%,
21.91%, and 29.37% during the seedling stage, and by 4.87%,
5.8%, 6.35%, 6.82%, 14.11%, and 31.31% during the boll set stage
as compared to TO (Figure 6b).

The RPF exists in the soil. If the cotton seed was in the
position of RPF at the time of sowing, the plastic fragments will
wrap the cotton seed. On one hand, it will make the cotton root
system difficult to grow. On the other hand, it will also make the
water and fertilizer harder to move in the soil, affecting the cotton
root system to absorb nutrients. This kind of situation is obvious
in the farmland with a large amount of RPF. Soil residues
influence water and fertilizer absorption, which in turn affect
seedling growth in cotton®®. Moreover, cotton root system is
generally weak during the seedling stage. Therefore, cotton plants
were shorter at higher RPF levels in this study.

To quantify the effect of RPF on cotton growth, the weekly
growth rates during the seedling stage and the boll set stage were
calculated. During the seedling stage, the growth rates of plant
height of experimental group T1 to T6 decreased by 6.89%,
7.62%, 10.34%, 12.64%, 21.83%, and 29.88% respectively
compared to TO (Figure 6c). Variance analysis revealed that at
when RPF levels equal to or greater than 300 kg/hm?, the growth
rate of plant height significantly decreased (p<0.05). RPF in the
range 300 to 500 kg/hm? had a significant effect on cotton growth
during the seedling stage. During the boll set stage, the growth
rate of plant height of experimental group T1 to T6 decreased by
13.25%, 16.57%, 18.65%, 23.52%, 33.89%, and 48.16%
respectively compared to TO (Figure 6¢). The T3 and T6 plant
height growth rates were significantly less than that of other



166  January, 2020 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

Vol. 13 No. 1

treatments (p<<0.05). During the seedling stage and the boll set
stage, plant height decreased as the RPF level increased. In
addition, the effect of RPF on plant height during the boll set
stage was greater.

During the seedling stage, maximum plant height growth rate
was 3.89 cm/week and maximum stem diameter growth rate was
0.87 mm/week (Figure 6d); minimum height growth rate was
1.3 cm/week and minimum stem diameter growth rate was
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Figure 6

0.57 mm/week. During the boll set stage, maximum plant height
growth rate was 8.97 cm/week and maximum stem diameter
growth rate was 1.61 mm/week; minimum plant height growth rate
was 4.13 cm/week and minimum stem diameter growth rate was
0.9 mm/week (Figure 6d). During both stages, the stem diameter
growth rate decreased with increased RPF level. When RPF
content above 300 kg/hm?, the stem diameter growth rate was
significantly lower (p<0.05).
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Effects of different amounts of residual plastic film on (a) plant height, (b) stem diameter, (c) growth rate of plant height,

and (d) growth rate of stem diameter in cotton

a. Experimental field under plastic film mulching

3.5 Effect of RPF on dry matter content

Below a certain threshold, the dry matter content during the
seedling stage apparently correlated with the amount of RPF. Dry
matter content of experimental group T1 to T6 decreased by 5.09%,
1.55%, 9.14%, 31.63%, 46.82%, and 41.88% respectively
compared to TO (Figure 8a). There was no significant difference
in the root, stem, or leaf dry matter contents between different RPF
levels when its content was below 300 kg/hm? (Figure 8a) (p>
0.05). When RPF levels were above 300 kg/hm?® (Figure 8a),

b. Data collection
Figure 7 Plant height and stem diameter of cotton during the seedling stage

stem dry matter content decreased significantly as RPF level
increased (F=13.21, p<0.05) while leaf dry matter content did
show a significant difference (F=2.13, p<0.05).

Dry matter content during the boll set stage demonstrated a
negative correlation with the RPF level. Dry matter content
decreased significantly with increase in RPF level above
300 kg/hm? (F = 31.32, p < 0.05) (Figure 8b). Dry matter content
of experimental group T1 to T6 decreased by 6.92%, 4.31%,
13.14%, 14.26%, 23.35%, and 46.32% respectively compared to
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TO (Figure 8b). Total dry matter content during the boll set stage
was less than that during the seedling stage, which indicated a

greater effect of RPF on dry matter content during the boll set stage.

During the boll set stage, the root, stem, and flower dry matter
contents were all decreased with increase in RPF level, and the leaf
dry matter content is the only parameter that showed the opposite
trend.

Dry matter content is an important indicator of cotton
growth®*®1. During the seedling stage, root and stem dry matter
contents, together with soil moisture content, decreased with
increase in RPF level, while leaf dry matter content increased
gradually. Moreover, cotton is a water-sensitive plant. These
changes together promoted abscisic acid generation in the root.
Even during water shortage, cotton plants grow normally as the
abscisic acid moves to the above-ground organs®="  Under these
conditions, the number and size of cotton leaves were able to
maintain an increasing trend, which results in an increase in leaf
dry matter content.
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Figure 8 Effects of different amounts of residual plastic film on

dry matter content of root, stem, and leaves during seedling and
boll set stages

3.6 Effect of RPF on number of bolls and cotton yield

Above a certain threshold, a decrease in number of bolls with
increase in RPF level was observed (Figure 9a). Below 300 kg/hm?,
the effect of RPF on the number of bolls was not significant and the
mean number of bolls was 7.8 per plant, which made no difference
from the control group. Above 300 kg/hm? the effect was
significant and the mean number of bolls was 6.1 per plant, 21%
less than that when RPF level was below 300 kg/hm? (Figure 9a).

Cotton vyield for TO, T1, T2, T3, T4, T5, and T6 at
367.45 kg/hm? 375.71 kg/hm? 358.15 kg/hm? 319.45 kg/hm?,
297.13 kg/hm?, and 261.71 kg/hm? respectively was recorded in
this experiment (Figure 9b). T1 obtained the highest yield while

T6 got the lowest yield. When RPF levels in the range of 0-
150 kg/hm?, the effect of RPF on cotton yield was not significant.
When RPF level was higher than 200 kg/hm?, its negative effect on
cotton growth was start to be significant. When RPF level
reached 500 kg/hm? the cotton vyield decreased by 27.07%
compared to TO (0 kg/hm?).
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Figure 9 Effects of different amounts of residual plastic film on (a)
number of bolls and (b) cotton yield

Yield is an important indicator of productivity in cotton. The
increase in residual film had adverse effects on root, leaf, and stem
of cotton, which led to a decrease in the number/size of cotton bolls.
RPF at different densities have different effects on soil water
movement, which influences the distribution of the matter in roots
and other organs*¥! inhibits root growth, and reduces the contact
area between root and soil. This may directly lead to abnormal
growth and precocity of the cotton. Plastic residues in the soil
influence water and fertilizer absorption, which in turn affects root
growth and leads to early crop maturity. Eventually, flower and
boll numbers and single boll weight decrease, which result in yield
drop. Based on these findings, it is concluded that soil residual
film levels above 200 kg/hm? (threshold level) significantly affect
cotton yield. It is also suggested that the effect of RPF on cotton
can be measured using several indexes, including boll number,
single boll weight, and actual yield.

4 Conclusions

RPF significantly affects the distribution and movement of
moisture in the soil. Rapid evaporation of moisture from top soil
inhibits the ability of cotton to absorb water and fertilizers.
Above a certain threshold level, RPF demonstrated adverse effects
on germination rate, seedling survival rate, root volume, root length
density, plant height, dry matter content, and yield in cotton. RPF
at levels above 250 kg/hm? demonstrated significant effects on both
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germination rate and seedling survival rate at the initial stages and
on root volume and root length density during both the seedling
stage and the boll set stage. At RPF levels above 300 kg/hm?,
stem dry matter content decreased significantly. During the boll
set stage, root, stem, and flower dry matter contents decreased with
increase in RPF level; however, leaf dry matter content increased.
At levels above 200 kg/hm? RPF demonstrated a negative effect on
cotton yield. In summary, RPF at levels above 200 kg/hm? had a
significant negative effect on cotton growth. To assess and
control RPF pollution, 200 kg/hm® was recommended as a
threshold level in the soil for cotton cultivation. This study
provided useful information for the management of soil pollution
caused by RPF as well as for soil restoration.
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