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Abstract In order to study current situation of application, recycling and residue pollution of mulching films in Xinjiang, and accurately grasp

pollution degree of residue of mulching films, this paper made an empirical analysis on residue of mulching films in 31 typical counties and cit-

ies in Xinjiang. Results indicate that (i) use of mulching films in Xinjiang is wide and there is great difference in use and residue recycling

between cities and counties. Planting area and planting structure jointly influence use of mulching films, and the use of mulching films is sig-

nificantly correlated with recycling of mulching films, but not correlated with recycling rate of mulching films. (ii) There are significant differ-

ences in distribution of residue of mulching films, highest in North Xinjiang and South Xinjiang, followed by East Xinjiang, and the lowest in

West Xinjiang. (iii) There are significant differences in distribution of residue of mulching films between different crop fields. Residue of

mulching films in cotton field is the key problem of pollution.
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1 Introduction

Xinjiang Uygur Autonomous Region is situated in Asian-European
inland with typical arid and semi-arid climate, dry with little rain
but high evaporation. The annual mean precipitation is less than
200 mm, and most areas are below 100 mm which is ineffective.
In order to solve huge harm of aridity and formidable natural con-
ditions to agricultural production, Xinjiang Uygur Autonomous Re-
gion started popularizing the cotton planting with mulching films as
early as the 1980s. Practice indicates that mulching films can pro-
tect moisture, save water, reduce weed growth, and promote early

! Energetically developing mulching film

maturity of crops'"
planting technology not only can solve the problem of drought in
spring, but also can increase the accumulated temperature, and it
plays a great role in developing agricultural production and promo-
ting increase of farmers’ income. However, with gradual increase
of use of mulching films, recycling of waste and old mulching films

! constantly deteriorates, and resi-

lag behind, white pollution”
due of mulching films has become a major factor restricting sus-
tainable agricultural development and income farmers in Xin-
jiangrér .

Due to vast area and diversified climate in Xinjiang, the
difference is great in crop planting and use of mulching films,
leading to diversified residue of mulching films in Xinjiang. On
the basis of surveying use and recycling of mulching films in 9 pre-
fectures and 31 typical counties and cities of Xinjiang, we compre-
hensively analyzed current situation of use and residue of mulching
films in Xinjiang, in the hope of providing reference for correctly
grasping distribution of residue of mulching films and coming up

with pertinent measures.
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2 Materials and methods

2.1 Survey areas

2.1.1 Survey of use and recycling of mulching films. 31 typical
counties and cities; Shawan County, Korla City, Jinghe County,
Kuqga County, Shache County, Yuli County, Awat County, Shule
County, Manas County, Wusu City, Shaya, Aksu City, Emin
County, Xinhe County, Wenquan County, Fuhai County, Bole
City, Yopurga County, Burgin County, Fuyun County, Yumin
County, Habahe County, Ghulja County, Yanqi County, Gongliu,
Shanshan County, Yiwu County, Turpan City, Markit County,
Hejing County, and Jimsar County.

2.1.2 Distribution of residue of mulching films. 9 prefectures
are Changji Hui Autonomous Prefecture,, Kashgar Prefecture, Bor-
tala Mongol Autonomous Prefecture, Tacheng Prefecture, Aksu
Prefecture, Bayingolin Mongol Autonomous Prefecture, Turpan
Prefecture, Aletaide Prefecture, Yili Kazakh Autonomous Prefec-
ture.

12 kinds of crops using mulching films are ; hot pepper ( cap-
sicum annuum ) , cotton, corn, pigment pepper, leafy and root
vegetables, wheat, flowers, processed tomato, melon and fruit,
sunflower, potato, and corn for seed.

2.2  Survey method In 2014, the bureau of agriculture of
counties and cities made statistics of input and recycling of mulc-
hing films in 31 typical counties and cities.

In the same year, bureau of agriculture of prefectures sur-
veyed residue of mulching films for 12 kinds of crops in 9 prefec-
tures by 0 —20 c¢m and 20 — 30 cm soil layers. When selecting
sample farmland, the period of use of mulching films was 0 -5 a,
6-10 a, 11 —15a, 16 —20 a (not applicable for some crops) , 21
—25 a (not applicable for some crops) , and 26 —30 (not appli-
cable for some crops). Then, we calculated average value as resi-
due of mulching films.

Measurement of residue of mulching films in soil ; after divid-

ing sampling plot, we explored soil and picked residue of mulc-
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hing films. Firstly we removed foreign matters on residue of mulc-
hing films, took residue to laboratory and clean. After cleaning,
we used absorbent paper to absorb moisture on residual mulching
films, extended the residual mulching films to prevent damage,
and put them in dry place for natural drying. Finally, we meas-
ured the weight of residual mulching films using 1/10000 electron-
ic scale.

2.3 Data analysis
comparison of LSD using SPSS20. 0, and made drawings using ori-
gin8. 5.

We made variance analysis and multiple

3 Results and analyses
3.1 Current situation of use of mulching films in 31 typical
counties and cities in Xinjiang Current situation of use of
mulching films in 31 typical counties and cities in Xinjiang (use of
mulching films, area of mulching films, and percentage of various
crops) , crops, coverage form and coverage percentage are differ-
ent.

From Fig. 1, we can see that there is significant difference in

use of mulching films among 31 typical counties and cities in Xin-

jiang. Shawan County has the largest use of mulching films, reac-
hing 8740 tons, which was 90 times of Jimsar County. The top ten
counties and cities using mulching films consumed 46858 tons of
mulching films in total, accounting for 69.3% of 31 key monito-
ring counties. Thus, the close attention of controlling mulching
film pollution should be paid to these top ten counties and cities.
Average weight of mulching films used in 31 counties and cities is
3692 tons, 8 counties exceed the average value, and 23 counties
are below the average value. The difference of planting area is the
key factor leading to difference in use of mulching films in counties
and cities, such as Shawan County and Korla City. Besides,
planting structure exerts significant influence on use of mulching
films. For example, in Yining County and Gongliu County, agri-
cultural planting area is large, but the use of mulching films is rel-
atively little, mainly because crops such as corn, wheat and beet
do not use mulching films, and most crops do not adopt mulching
films. In Shawan County, Korla City, and Jinghe County where
mulching films are used for a great deal, the 100% cotton adopts

mulching films.
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Fig.1 Use of mulching films in 31 counties and cities of Xinjiang

3.2 Recycling of mulching films From Fig. 2, we know that
there are significant differences in recycling of mulching films a-
mong 31 counties and cities, Korla City is the highest and Turpan
City is the lowest. The recycling of mulching films in 31 counties
and cities was 39542 tons, accounting for more than half of total
use of mulching films. Top ten counties and cities of recycling of
mulching films include 9 counties and cities in top ten of use of
mulching films, indicating there is significant correlation between
recycling and use of mulching films.

From Fig. 3, we know that there is significant difference in
recycling rate of mulching films among 31 counties and cities, with
Yiwu County the highest and Emin City the lowest. The average
recycling rate of mulching films in 31 counties and cities is 58.
47% , and the recycling rate of 18 counties and cities exceeds the

average recycling rate. In top ten counties and cities of using

mulching films, Kuqga County, Manas County, Korla City, Jinghe
County, Yuli County, and Shule County have recycling rate of
mulching films higher than the average recycling rate. Awat Coun-
ty, Shawan County, and Shache County have low recycling rate of
mulching films, especially Shawan County, the recycling rate is
extremely low (only 34.38% ), which will inevitably lead to large
residue of mulching films.

In sum, through survey of 31 counties and cities using mulc-
hing, we found that the mulching films are still in large volume in
the whole Xinjiang, and there are great differences in use and re-
cycling of mulching films among all counties and cities. Planting
area and planting structure jointly influence use of mulching films,
and the use of mulching films is significantly correlated with recov-
ery of mulching films, but not correlated with recovery rate of

mulching films.
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Fig.3 Recycling rate of mulching films in 31 counties and cities of Xinjiang

3.3 Current situation of residue of farmland mulching films

From Fig. 4 — A, it can be known that there are great differ-
ences in density of residue of farmland mulching films in 9 prefec-
tures of Xinjiang using mulching films. Changji Hui Autonomous
Prefecture, Kashgar Prefecture, and Bortala Mongol Autonomous
Prefecture have the largest density of residue of farmland mulching
films, followed by Tacheng Prefecture, Aksu Prefecture, Bayingo-
lin Mongol Autonomous Prefecture, and Turpan Prefecture, and
the lowest is in Aletaide Prefecture and Yili Kazakh Autonomous
Prefecture. Changji Hui Autonomous Prefecture has the density of
residue of farmland mulching films up to 263. 3 kg/km’ , while Yi-
li Prefecture has the density of residue of farmland mulching films
only 20. 1 kg/hm’, only 1/13 of the density in Changji Prefec-

ture.

The major reason for great difference of residue of farmland
mulching films lies in difference of planting structure. Changji Hui
Autonomous Prefecture mainly plants cotton and processed tomato
which have high coverage of mulching films, while Yili Prefecture
mainly plants corn and wheat which require little of mulching
films.

From Fig. 4 — B, we know that from Aletaide Prefecture to
Aksu Prefecture, 0 —20 cm soil layer residue of farmland mule-
hing films takes up a greater and greater proportion in total residue
of farmland mulching films, indicating that accumulated residue of
farmland mulching films is relatively distributed in 0 —30 c¢m soil
layer.

There are significant differences in distribution of residue of
mulching films, highest in North Xinjiang and South Xinjiang, fol-
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lowed by East Xinjiang, and the lowest in West Xinjiang.
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Fig.5 Current situation of residue of mulching films for major crops using mulching films in

Xinjiang
From Fig. 5 — A, it can be known that there are great differ- due of cotton field has reached 197 kg/hm®, while potato field is
ences in density of residue of farmland mulching films in 12 crops only 38 kg/hm’, only 1/5.2 of the residue density of cotton field.
of Xinjiang using mulching films. Cotton, corn, and pepper have The key factor leading to difference in density of residue of
higher density of residue of mulching films, while potato and corn mulching films for different crops lies in accumulated coverage
for seed have lower density of residue of mulching films. The resi- times of mulching films and physiological features of crops. For

example, cotton has the history of using mulching films as long as
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30 years in Xinjiang, while the corn for seed has short history of
using mulching films, leading to residue of mulching films in cot-
ton field much more than residue of mulching films in corn for
seed. Besides, cotton and corn have developed root system and
higher over-ground parts which increase the difficulty of recycling
of mulching films, while potato and other vegetables have relative-
ly simple root system and short over-ground parts which are favora-
ble for recycling of mulching films.

From Fig. 5 - B, we know that the density of residue of
mulching films in 0 =20 c¢m soil layer of sunflower field is smaller
than 20 — 30 cm soil layer, while other crops have higher density
of residue of mulching films in 0 —20 cm soil layer than 20 — 30
cm soil layer. The major reason for spatial distribution difference
of residue of mulching films is different physiological characteris-
tics of different crops. In sum, there are significant differences in
distribution of residue of mulching films between different crop
fields. Combining density of residue of mulching films and crop
planting area, the residue of mulching films in cotton field is most

prominent.

4 Conclusions

(1) The mulching films are still in large volume in the whole Xin-
jiang, and there are great differences in use and recycling of mulc-
hing films among all counties and cities. Planting area and plant-
ing structure jointly influence use of mulching films, and the use
of mulching films is significantly correlated with recovery of mulc-
hing films, but not correlated with recovery rate of mulching films.
It is recommended to start from key counties and cities to control
the problem of residue of mulching films, especially in Shawan
County and Shache County which have large volume of use but low
recycling rate of mulching films.

(ii) There are significant differences in distribution of resi-
due of mulching films, highest in North Xinjiang and South Xin-
jiang, followed by East Xinjiang, and the lowest in West Xin-
jiang. Changji, Bortala, Bayingolin, Aksu, and Kashgar prefec-

tures have large planting area, mainly cotton and processed toma-
to, and the use of mulching films has a long history. In addition to
shortage of water resources, the use of mulching films is still in
large volume and accumulation of residue of mulching films is also
very high. In comparison, Yili and Aletaide prefectures have
abundant water resources, the use of mulching films is little, and
accumulation of residue of mulching films is also very little.

(ii1) There are significant differences in distribution of resi-
due of mulching films between different crop fields. Xinjiang is
the major area of cotton production in China, the problem of resi-
due of mulching films in cotton field is very prominent. Therefore,
it is urgent to solve the problem of residue of mulching films in
cotton field.
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the citrus farmers’ concerns and stabilize supply of raw citrus.
Thirdly, in terms of the cost of acquisition, the citrus juice pro-
cessing enterprises’ demand accounts for almost half of the
county’s citrus production, so it dominates the purchase price of
citrus, and the negotiated market protection price is bound to
kept at a reasonable level in line with market supply and demand
balance lest the processing enterprises might suffer. And in the
long run, if the coordination mechanism is established and well
implemented , it will effectively prevent external competitors from
competing for raw citrus, thereby forming an effective market ob-

struction tactics for the citrus juice processing enterprises.
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