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Abstract: The feasibility of using liquid films as substitute
to plastic films and the combination of liquid film mulching
technique and drip irrigation were investigated to explore
a solution to the increasingly serious white pollution
induced by agricultural film residues in cotton fields in
arid areas. With the adoption of bucket tests, five different
mulching treatments giquid film 1900 kg/hmz, LFD1;
liquid film 2200 kg/hm*®, LFD2; liquid film 2500 kg/hmz,
LFDS3; ordinary plastic film, PFD; in bare soil, NFD) were
performed on the cotton plants, and the effects of
different treatments on soil moisture and temperature, as
well as the growth of cotton plants and roots, were
monitored and analyzed. The results indicate that liquid
film spraying can promote the growth of cotton roots and
affect the growth and development of cotton plant. In
particular, the squaring stage was 2-5 days earlier with
liquid film than that in bare land, and the yields were
increased by 7.1%-14.39%. Compared with the results
on the use of plastic films, soil evaporation were
increased by 1.85%—6.90%; the ground temperature at 5
cm was reduced by 1°C, with a decreasing ratio of 2.5%—
7.7%; the decreasing ratios of the ground temperature at
10 cm soil depth were 3.0%—6.4%; the growth stages
were 1-2 days later; the yield was only reduced by
0.11%. The amount of liquid film (not less than 2500
kg/hmz) combined with the drip irrigation and plastic
mulch film of cotton with drip irrigation is a water-saving
and yield-increasing effect compared with the NFD, with
liquid film can be degradable; hence, the proposed
technique can be used in numerous applications because
of these non-pollution characteristics. With the urgent
need to protect the agricultural ecological environment
and to conserve agricultural water, the use of liquid film
can be improved on the basis of sustainable and efficient
agricultural development.
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INTRODUCTION

Mulching for soil moisture conservation is an effective
measure for saving water resources, increasing crop
yields, and improving crop quality due to its capacity to
effectively regulate and control soil moisture in farmlands
and to enhance crop water production efficiency.
Because of its remarkable function in increasing cotton
yield and quality, plastic film mulching cultivation
technology has currently been widely applied in Xinjiang,
the largest cotton producing area in China. However,
plastic films are usually used for many years, and it
cannot be recycled timely and effectively, which results in
an increasing amount of plastic film residues in most
cotton producing farmlands in Xinjiang. Inevitably, these
residues have caused serious pollution to soils and the
surrounding environments. Improving cotton yield without
any pollution is generally recognized as a challenge
[6,7,13].
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Liquid film is a kind of composite black—brown viscous
liquid that is degradable, thus making it environmentally
friendly. After being mixed with water and sprayed on
soil, this liquid film can become a layer of black
immobilizing film on soil surfaces, which can contribute
significantly in enhancing soil temperature and inhibiting
water evaporation [3,18].

The use of potato-dreg-based degradable liquid film
can increase soil temperature and moisture content by
0.8-1.6 °C and 6.4%-17.9%, respectively [2].

Compared with the conditions on traditional bare land,
the soil that is processed with liquid film mulching
technology exhibits substantial improvements, particularly
in the topsoil with depth of 0—25 cm, where daily mean
temperature and average moisture content were
increased by 2.38 °C and 2.50%, respectively, and the
yield of potato tubers was increased by approximately
27.17% [4].

The soil temperature during liquid film mulching can
be enhanced by 0.5-1.3 °C [5].

Liquid film mulching can increase soil temperature,
especially for soil under medium-water and water-
deficient treatments, where soil temperature can be
increased by approximately 7.4% [8].

Both plastic film mulching and liquid film mulching
exhibit favorable moisture-holding and water-promotion
effects. Specifically, in topsoil with depth of 0-10 cm,
plastic film mulching exhibits relatively remarkable
effects, whereas in deep soil layer with depth of 30—40
cm, liquid film mulching is more preferred [12].

By using plastic films, the soil layers with depth of 0—
5, 5-10, and 10-15 cm have increased their average soil
temperatures by 4.92%, 3.45%, and 0.65% compared
with the results using liquid films [15].

When the liquid film used is 225 kg/hm?, the weed
inhibition ratio of the soil is the highest, being up to
65. 7%, whereas, when the liquid film used was 300
kg/hm the ratio of yield increase of the soil was the
greatest, up to 19.7% [16].

By using liquid films, the seeding emergence ratio of
corn plant can be increased by 17%, i.e., the liquid film
contributes to corn plant growth and development; the
corn yield can also be increased with liquid film by 17.4%
greater than without liquid film mulching [19].

Therefore, to date, few studies were made on the
effects of liquid film mulching technique on the growth
and development of cotton plant by drip irrigation,
especially the studies in Xinjiang, where drip irrigation
under mulching is widely applied. In this study, we
conducted experiments on cotton plant by drip irrigation
under liquid films to analyze the effects of liquid film
mulching on soil moisture and temperature, as well as, on
the growth of crop and underground root system. Thus,
the analysis of these effects can provide theoretical and
technical guidance for the scientific applications of liquid
films. With the urgent need to protect the agricultural and
ecological environment and to conserve agricultural
water, the sustainable and efficient development of
agriculture in China becomes increasingly extensive.

MATERIAL AND METHODS
Brief introduction of the test area

The tests were conducted during the period from April
to October, 2014. The test field was located in the test
site of Corps Key Laboratory of Modern Water-saving
Irrigation (85° 59’ E and 44° 19’ N) with an elevation
of 412 m. Its annual average sunshine duration is up to
2865 hours, and the frost-free period lasts for 170 days.
The accumulated temperatures above 10 °C and above
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15 °C were 3463.5 and 2960.0 °C, respectively. The
annual average air temperature of the areas is 7.7 +
0.90 °C. In particular, the annual highest air temperature
appears in July, which averages at 25.4 + 0.74 °C,
whereas the annual lowest air temperature appears in
January, which averages at -5.5 + 2.07 °C. The annual
precipitation in the area is approximately 213 + 56.7 mm,
and the annual evaporation capacity is approximately
1342 + 413 mm [17].

Test materials

In the tests, liquid film (Lv'ye/Greenfield; Yangling
Mingrui Chemical Science & Technology Co., Ltd.,
Shaanxi, China) was used. These liquid films are
composed of residual oils, emulators, and water, which
account for 50%, 30%, and 10% of the liquid film,
respectively. The early-maturing Xinlu No. 48 cotton
(Huiyuan 710) was selected. Ordinary plastic films
(Tianye Co., Ltd., Xinjiang) were used for comparison.
These plastic films were 0.008 + 0.0003 mm in thickness
and were mainly composed of polyethylene. The adopted
single-wine labyrinth drip irrigation tapes were also
provided by Tianye Co., Ltd., Xinjiang, and the spacing
and flow rate of drip holes were 30 cm and 2.6 L/h,
respectively.

Test design

The tests were performed in plastic buckets (Fig. 1), and
bucket cultivation was adopted. Fifteen plastic buckets
were used in the test, and the height and inner diameters
at the top and bottom of the bucket were 0.52, 0.45, and
0.35 m, respectively.
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Fig.1 - Plastic bucket for testing

The plastic buckets were filled with medium loams with
bulk density of 1.37 kg/m®. In the tests, five different
treatment conditions were conducted on cotton plants as
follows: LFD1 (1900 kg/hm? liquid films), LFD2 (2200
kg/hm? liquid films), LFD3 (2500 kg/hm? liquid films), PFD
(plastic films), and NFD (cotton cultivated without
mulching films for comparison). Each treatment was
repeated for three times. On April 21, the cotton plants
were sown by dry sowing and wet germination. At the
distances of 15-20 cm away from the center of buckets,
equilateral triangles were drawn, and 3—4 cotton seeds
were placed in each vertex. The buckets formed two
columns, and two drip-irrigation tapes were used for
water supply. A 450 m drip-irrigation tape was placed
above the top openings of 7 buckets, while the other tape
that was 510 cm long was placed above the top openings
of the remaining 8 buckets. For each bucket, 2 drip holes,
which are 7.5 cm away from the internal wall of top
opening, were made. Pressure regulating valve, pressure
gauge, and water meter were installed at the connection
of each drip-irrigation tape to regulate and control
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pressure and irrigation. On April 22, the liquid films were
sprayed, with the amounts of 1900, 2200, and 2500
kg/hmz. The liquid films were diluted in water in the
proportion of 1:2, and then evenly sprayed on the soil
surfaces of the buckets by using a sprayer. For plastic
films, an ordinary amount of 50 kg/hm2 was used in the
tests. The irrigations and fertilizer applications were
identical under different treatment conditions. During the
whole growth period, the irrigation frequency was 11, with
irrigation quota and irrigation water quota of
approximately 378 mm and 35 mm, respectively. The
local deep fresh groundwater was adopted as the
irrigation water source, with the mineralization degree of
1.3 g/L. The fertilizing amount was 832 kg/hm2 (it should
be noted that urea and potassium phosphate were
applied by way of topdressing with irrigation according
the ratio of 2:1). The other management measures were
similar to those used in ordinary cotton fields. As stated
above, drip irrigation was used in the tests. The drip
holes of drip-irrigation tape were pressed closely against
the soil surface, and then water was gradually permeated
into the soils through capillary channels (i.e., the reserved
capillary channels formed during the formation of liquid
films because the evaporation of water). Therefore, drip
irrigation would not cause any damage on liquid films.

Technology Roadmap
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Measurement and calculation method

Measurements of soil moisture and ground temperature

In measuring soil moisture, the masses of the plastic
buckets before and after irrigation were measured by
using the electronic scale (XK3150), and then the sall
evaporation capacity can be determined.

In measuring ground temperature (Fig. 3), five angle-
stem earth thermometers were placed in each plastic
bucket, and then the soil temperatures at 5-25 cm depth
were measured and averaged daily during 10:00, 16:00,
and 20:00.
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Observation and measurement of cotton roots

At the boll-opening stage, the root systems of cotton
plant were used by transverse section method. Each 10
cm long root system was selected as a sampling unit.
The soil samples were soaked for 24 h and then sifted by
using a 0.5-mm sieve. Subsequently, all the root systems
were obtained, and photographs of these were taken.
Thereafter, the root length was quantified using
computer-assisted image analysis technique. Finally, all
these root systems were placed into the oven for 72 h at
65 °C and were weighed by using an electronic balance
with precision at 0.1 mg.
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The root length density (RLD) and root weight density HiH AR,
(RWD) can be calculated by the following formulas: FMATEAL
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where TL is the overall root length in soils, V is soil Hep TL N ERARREKE: VvV AHEER; DM KN

volume and, DM is the mass of dry matter of roots in unit
soil column.

RESULTS
Effects of liquid film mulching on soil evaporation
Soil evaporation volume can be obtained by weighing
the buckets successively for six days in two irrigation
periods after liquid film mulching treatment. Fig. 4
displays the variation of soil evaporations using different
mulching treatments, which shows that after one-time
irrigation, the evaporation volume decreased gradually
with prolonged irrigation time. Compared with the
condition on bare land, the soil evaporations using liquid
film mulching decreased on all treatments, and the
average decreasing amplitude and ratio were 0.25-3.21
mm and 4.27%-29.14%, respectively. Specifically,
compared with bare land condition, when using LFD1,
LFD2, and LFD3 treatments, the soil evaporation
volumes were reduced by 0.25-1.82, 0.63-3.21, and

BIn A A NIRRTV R .

ZHR50T
AR R i 0 o R B T

ANFE AR AP AR BRI AL 4. diE 4 ATEL
B, RV AL BRSPS E K T PN 20 ol e Ak
1 6 RXMHBEATFRE . 45 REH, £ —UKG, BEER
B, 2R BN, MR S LIEA R B
P2k 0.25-3.21 mm, &K 4.27-29.14%. LFD1
g R B MR /> 0.25-1.82 mm, [EK 4.27-

16.57% . LFD3 A1 LFD2 13 7% A & %5 4 3 4 1) ek 2>

40



Vol.47, No.3 /2015

0.57-2.14 mm, respectively, with the decreasing ratios of
4.27%-16.57%, 15.44%-29.14%, and 13.85%-19.43%,
respectively. Compared with the condition using plastic
film mulching, the evaporation volumes of soils using
LFD1, LFD2, and LFD3 increased by 0.31-1.89, 0.13—
1.57, and 0.06-0.5 mm, respectively, with the increasing
ratios of 9.26-25.86%, 3.70%—21.55%, and 1.85%-—
6.90%, respectively. The soil evaporation in the other
irrigation periods exhibit similar tendency among these
different treatment methods. The results indicate that,
although liquid film mulching is inferior to plastic film
mulching in terms of soil moisturizing effect, liquid film is
superior in bare land conditions without any mulching.
The evaporation in soils after liquid film mulching is the
evaporation controlled by water flux profile at an
extremely low level under the limitation imposed by
organic thin-films; whereas, water is completely isolated
when using plastic films. Apparently, the amount of liquid
films also affects soil evaporation. With low application
amount, the film properties are poor, whereas with high
application amount, the film properties become desirable.
However, these films were easily damaged when the
cotton seedlings and weeds emerge from the ground. In
addition, during the formation of films, the reserved
capillary channels due to water evaporation became the
channels for rainwater seepage after mulching.
Therefore, compared with plastic films, liquid films are
more beneficial to rainwater infiltration into soils.
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Fig.4 - Soil evaporation using different mulching treatments

Effects of liquid film mulching on ground temperature

Fig. 5 displays the variation of ground temperatures
with time using different mulching treatments. Fig. 6
displays the average ground temperatures at 5-25 cm
depth using different mulching treatments. The ground
temperatures using different processing methods differ
considerably. Generally, ground temperature can be
enhanced to varying degrees by applying mulching
treatments, and the increasing ratio eventually decreases
with soil depth and prolonged irrigation time. The ground
temperatures in LFD3 treatment were the highest among
all treatments. Specifically, compared with bare land
conditions, the ground temperature at 5 cm depth
increased by 0.5-5 °C, with the increasing ratio of
2.33%-16.67%. The ground temperature at 10 cm depth
increased by 0.5-4.5 °C, with the increasing ratio of
2.50%-16.36%. Compared with the conditions when
using plastic film mulching, the ground temperatures at 5
cm depth were reduced by 1-5 °C. In particular, the
condition using LED3 treatment in 35 days after spraying
liquid film, the ground temperature was only 1 °C below
that of plastic films, with the decreasing ratio of 2.5%—
7.7%. The ground temperature of soil with liquid film at 10
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cm depth exhibited the decreasing ratio of 3.0%—6.4%
compared with plastic films. These results suggest that
liquid films exhibit a moisturizing effect, which is primarily
due to the layer of immobilizing films that formed on the
soil surface after spraying. The immobilizing films have
terminated the water exchange between soils and the
surrounding environment. Meanwhile, these black
immobilizing films can absorb a great deal of solar
energy, which leads to increased soil heat flux. The
increase of soil temperature directly affects microbial
activities and nutrient variation in soils, thus affecting the
growth and development of root systems and nutrient
absorption.

o 401 4
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Fig.5 - Ground temperatures using different mulching treatments
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Effects of liquid film mulching on the cotton’s growth
and development

Table 1 illustrates the growth of cotton plants in
different mulching treatments, which shows that the
growth of cotton plants after mulching was faster than in
bare land. For the cotton plants using LFD3 and LFD2
treatments, 10 and 11 days were required from sowing to
emergence of seedlings, and the lengths were shortened
by 4 and 3 days compared with that in bare land,
respectively. The cotton plants in liquid films entered the
squaring stage that was 2-5 days earlier than that in bare
land, whereas the cotton plants in plastic films entered
the initial flowering stage that was 5 days earlier than that
in bare land. Apparently, the amount of liquid films
affected the growth and development of cotton plants,
i.e., with the increasing amount of liquid films, the early
growth periods began earlier. However, with the increase
of the amount of liquid film, the cotton plants were more
likely to be senile at later growth periods. The primary
reason is that liquid films can contribute to the
preservation of soils moisture and the temperature
increase. These effects are more apparent in topsoil, and
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thus the cotton plants have difficulty rooting, which is
related to the information that the water and nutrients in
deep soils cannot be fully utilized at the later growth
stages of cotton plant.
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Table 1
Effects of different mulching treatments on the growth and development of cotton plant
Month-day
Treatment Sow Seedling Squaring Initial Boll opening
stage flowering stage
stage

LFD1 4-21 5-3 6-18 7-3 8-19
LFD2 4-21 5-2 6-17 7-1 8-18
LFD3 4-21 5-1 6-15 6-30 8-18
PFD 4-21 4-30 6-13 6-29 8-17
NFD 4-21 5-5 6-20 7-4 8-19
Effects of liquid film mulching on the root length T T S X T D5 12 TR AC B SB

density of drip-irrigation cotton plants

Significantly positive correlations exist among the
biomass of leaf area per plant, the biological yield above
the ground, and the number of reproductive organs [9—
11,14]. Root length density is the overall length of root
systems per a unit volume of soils, which reflects the
number of capillary roots and directly reflects the
extension and intensity of root systems to absorb water
and nutrients. Fig. 7 displays the root length densities of
the drip-irrigation cottons in different mulching treatments.
Compared with the data using the treatment of NFD, the
root length densities of the soils at 20—30 cm depth in the
LFD1 and LFD2 treatments increased by 405.063 and
851.974 m/m°, respectively. The root length density of the
soils in LFD3 was 915.803 m/m* higher than that in NFD,
but 63.823 m/m® lower than that in PFD. These results
indicate that the liquid film application at an appropriate
amount can contribute to the root system growth of cotton
plant, which lays solid foundations for growth and
development, and finally, to achieve high yield. In
addition, all of the root length densities in different
treatments initially increased and then decreased with
increasing soil depth. The root systems beneath the
plough layer, although its density is fairly small, play quite
important roles in absorbing and utilizing the nutrients
and water in subsoil.
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Fig.7 - Root length densities in different mulching treatments

Effects of liquid film mulching on the root weight
density of drip-irrigation cotton plants

Root weight density is the gross mass of the dry
matters in roots, which directly reflects the mass of root
systems and indirectly reflects the extension and intensity
of root systems to absorb water and nutrients. Fig. 8
displays the root length densities of drip-irrigation cottons
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MR RS iy AR LR R TR R, ROBAR
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determined by using different processing methods, which
shows a negative exponential function between cotton
root weight density and soil depth. At 10—-20 cm soil
depth, the root densities in the LFD1 and LFD2
treatments increased by 0.1335 x 10 “g/cm® and
0.4496x10 “g/cm?®, respectively, compared with that in
NFD. The root weight density using LFD3 was 1.3645 x
10™*glcm® being greater than that in NFD, but 0.4429 x
10"*g/cm® lower than that in PFD. These results indicate
that liquid films, in the appropriate amount, can be
comparable with plastic films in terms of root weight
density. More importantly, the white pollution caused by
plastic film residues can be thoroughly eliminated.

Root weight density
/110"*g/em?
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Fig.8 - Root weight densities using different mulching treatments

Effects of liquid film mulching on the yield of drip-
irrigation cotton plants

Table 2 presents the yield structures of cotton plants in
different mulching treatments, showing that the boll
number per plant was increased by 0.31-0.67 compared
with that in bare land. After liquid film spraying, the yields
were approximately 4980-5317 kg/hmz, which were
increased by 7.1%-14.39% relative to the results in bare
land. However, compared with the result using plastic
films, the yields were reduced by 28-365 kg/hmz, with the
decreasing ratio of yield of 0.11%-7.4%. Notably, the
yields of the cotton plants in LFD3 treatment were
considerably close to that in plastic films. Conclusively,
the cotton yields by drip irrigation in liquid films, although
lower than that in plastic films, were apparently higher
than the yield on bare land. From the perspective of
ecological sustainability, liquid film spraying is of great
application value. Practices proved that premature
seedling is the key for a high cotton yield, which also
requires a favorable soil environment. Therefore, liquid
films can contribute to the enhancement of boll numbers
and the improvement of boll quality.
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Table 2

Yield structures of cotton plants in different mulching treatments

Treatment Boll Single boll Seed cotton Growth ratio
number weight (g) yield compared
per plant (kg/hm?) with the

condition

without
mulching
(%)

LFD1 4.87 5.09 4980 7.10
LFD2 5.21 5.25 5196 11.79
LFD3 5.23 5.28 5317 14.39
NFD 4.56 4.77 4648 —
PFD 5.24 5.31 5345 14.50

44



Vol.47, No.3 /2015

Discussion

Currently, many similar research results on the role of
liquid film in preservation of soil moisture and
enhancement of soil temperature were presented.
However, the research regarding the combination of liquid
film mulching cultivation technique and drip irrigation and
their effects on soil moisture and temperature, as well as
cotton growth and root systems, is still quite rare. In the
present work, not only the effects of liquid film mulching
on cotton growth and development, as well as the root
systems, were analyzed, but also the effects on soil
moisture and temperature. The results indicate that, after
liquid film spraying on drip-irrigation cotton plants, the soil
temperature can be remarkably enhanced, and
simultaneously the soil evaporation capacity can be
significantly reduced, i.e., the absorption and synthesis
capacity of the root systems can be improved. The
elevated root activity can also provide solid foundations
for promoting the growth and development of over ground
cotton plants and achieving high vyields, which are
characterized by premature growth of cotton plants,
greater mass of cotton bolls, and significant increase in
yield. Moreover, different amounts of liquid film also
exhibited different degrees of mulching effects. A
favorable soil ecological environment is an important
prerequisite for high yield of cottons, since it firstly affect
the growth and development of underground roots and
then the growth of over ground cotton plants, and finally
leads to a high cotton yield. Although the liquid film is
inferior to plastic film in the aspects of soil moisture
preservation and yield growth, it can be beneficial to the
seepage of rainwater into soils, deeper rooting, the
increase of the ratio of root weight beneath the soils, and
the maintenance of strong absorption and synthesis
capacity of the cotton root at the later growth stages. In
addition, by using liquid films, the premature senility of
cotton plants can be effectively prevented. After liquid film
spraying, the boll numbers per cotton plant increased by
0.31-0.67 compared with the values on bare land; the
average cotton seed yields were enhanced by 7.1%-—
14.39% compared with the values on bare land, but were
reduced by 0.11%-7.4% compared with the values using
plastic films. These results are slightly inconsistent with
the previous research results. In further studies, we
should expand the test range of liquid film mulching. In
particular, we should conduct tests in farmland and probe
into the effects of intensity and frequency of liquid film
spraying on drip-irrigation cotton plants. Moreover, a
related technical specification of liquid film mulching
should be established and improved.

Liquid film, a novel cover material for cultivation in
farmlands, is highly efficient, nontoxic, innocuous, and
can be changed into organic fertilizers through
biodegradation and light degradation [1]. Liquid films are
not only applied in the cultivation of grains and cotton in
fields, but also are applicable for the growth and
development of fruits and vegetables in orchards.
However, liquid film mulching technique should be further
improved in terms of degradation characteristics and rain-
wash resistance performances. As a consequence, these
liquid films can be completely degraded within the
mulching period, and moreover, they cannot be degraded
very prematurely to lose their mulching effect. As the
plastic films are commonly used for many years, the film
residues causes severe contamination in cotton fields.
Liquid films, owing to their low costs, strong adaptability to
geographic and geomorphic conditions, favourable
emergency, and ecological effects, can remarkably enhance
the economic and ecologic benefits of cotton fields.
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CONCLUSIONS

(1) By spraying liquid films on drip-irrigation cotton
plants, the soil evaporation capacity can be reduced by
4.27%—-29.14%, and the soil temperatures at 5 cm depth
can be enhanced by 2.33%-16.67% compared with the
values on bare land. Liquid film spraying can promote the
growth of cotton roots and affect the growth and
development of cotton plant. In particular, the squaring
stage of cotton plants in liquid films was 2-5 days earlier
than that in bare land and the yields were increased by
7.1%-14.39%. The mulching effect using an appropriate
amount of liquid films was comparable with the results
using plastic films, that is, soil evaporation was increased
by 1.85%-6.90%. The ground temperatures at 5 cm
depth were 1°C lower than the values using plastic films,
with the decreasing amplitude of 2.5%-7.7%. The
decreasing amplitudes of the ground temperature at 10
cm depth were 3.0%-6.4%. The growth stages were 1-2
days later, and finally, the yield was only reduced by
0.11%.

(2) For the cotton cultivation by drip irrigation in arid
areas, the spraying of an appropriate amount of liquid
films can achieve a favorable mulching effect that is
comparable with plastic films. Moreover, the liquid films
can thoroughly eliminate increasing white pollution
caused by film residues in farmlands, and thus contribute
to the sustainable development of ecological environment
in farmlands. Liquid film mulching is a feasible technique
in cotton production by drip irrigation. With the urgent
need to protect the agricultural ecological environment
and agricultural water conservation, the sustainable and
efficient development of agriculture in China is more
extensive.
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