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Preface
Polyethylene film mulching technology was introduced to China from Japan in the late 1970s. It was quickly 
promoted and applied in vast areas of China. Plastic mulch film has become the fourth largest agricultural 
product after seeds, fertilizers, and pesticides, and its application successfully extended the growing season, 
conserved water and controlled weeds in agricultural production in some regions of China, and increased ag-
ricultural productivity and changed agricultural production methods. Plastic mulch helped to guarantee the 
safe supply of agricultural products in China. Preliminary estimates show the application of this technology 
will increase farmers’ net income by CNY 120-140 billion each year.

However, the long-term application of polyethylene mulch film also leads to a progressive accumulation of 
residual plastic film in soil, which damages the soil structure, hinders the growth and development of crops, 
and affects agricultural operations. In the face of new problems, opportunities emerge. One is the develop-
ment of environmentally-friendly biodegradable mulch film as a replacement for traditional polyethylene 
mulch film. However, to compare the application of traditional polyethylene and biodegradable mulch film, 
the research on their functionality, economic, and environmental effects must be strengthened. There-
fore, this report aims to describe the characteristics of traditional plastic and biodegradable mulch film, 
and compare the two products to discover and weigh their respective advantages and disadvantages, and 
finally recommend suitable measures to prevent and control plastic film pollution in China.
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The History of Mulching 
Technology Development 
in China



Plastic film mulching technology was invented by Japanese scientists in the 1950s and introduced to China in the 
1970s. Through 40 years of research and application, the mulching technology has been popularized and spread rap-
idly in China. The development of mulching technology in China has mainly experienced the following four stages.

In 1979, Zhu Rong, then Vice Minister of Agriculture, 
visited Japan and brought back the first sample of poly-
ethylene (PE) mulch film. Based on what he learned 
in Japan, he instructed the Chinese Academy of Agri-
cultural Sciences and encouraged plastic companies to 
strengthen research and development with agricultur-
al research institutes and mulch film manufacturers 
in Japan. From 1979 to 1984, through a government, 
research institutes and plastic manufacturer partner-
ship, and with the strong support of relevant research 
institutes and experts in Japan (such as Mr. Shourichi 
Yishimoto), China successfully applied plastic mulch 

Since the plastic film mulching technology was shown 
to increase yield, government and almost all relevant 
sectors embraced researches and application of the 
technology. From 1987 to 1989, the State Economic 
Commission directly presided over the “Sino-
Japanese Cooperative Research and Development 
Special Agricultural Film Project”, with the 
participation of China Petrochemical Corporation, 
Ministry of Light Industry, the Ministry of 
Agriculture, and the Japan Petrochemical Industry 
Association. Field trials were conducted in four 
representative areas (Beijing, Shanghai, Harbin and 
Shihezi) for three consecutive years. Production 
standards for aging-resistant and easy-to-remove 
mulch film and appropriate basic materials were put 
forward. The research provided important scientific 
basis for the formulation of government standards on

film for crop production. Compared with con-
ventional open field planting, plastic film mulching 
technology can not only advance crop production dates 
by 5-20 days, but also increase crop yields by about 
30%, moving the cultivation limit range 2o~5o latitude 
northward. The landmark achievement of this period 
was the establishment of experimental demonstration 
sites and the formation of a vegetable planting model. 
The application area of crops with plastic film mulch-
ing grew from a few hectares to thousands of hectares.

mulch film, selection of raw material and additives, 
and manufacture processing. Key achievement within 
this period was the promulgation of the government 
standard of plastic mulch film (GB13735-1992). Prof. 
Wang Yaolin of the Chinese Academy of Agricultural 
Sciences won the first prize of the National Science 
and Technology Progress Award for his work 
“Polyethylene mulch film products and application 
technology”. Plastic mulch film gradually expanded 
from the original transparent to a multi-color, func-
tional, thinner and stable product. Agricultural 
plastic mulching machinery and tools were developed 
in various regions, and the application to crops gradu-
ally expanded from vegetables to other economic crops 
such as cotton and peanuts. The annual application 
area grew to   more than one million hectares.

  Stage 1: Technology introduction (1979-1984)

  Stage 2: Technical improvement (1985-1992)
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During the growing researches and development,  
mulch films became diversified, thinner, more 
stable, with significantly improved cost per-
formance with increased crop yields and income, 
and stronger operation-efficient mulching 
machinery. Application mechanism of mulch film in 
various regions have been promoted, which in turn 
rapidly enlarged the application area of mulching 
technology in China. The representative 
achievement of this period was the “film mulching

Over time and with the growing scale of plastic 
mulch application, the technology has played a key 
role in en-suring the supply of agricultural products 
in China and alleviating poverty. It has also led to 
drastic changes in some crop cultivation areas and 
planting models. For example, the cotton industry 
moved from the Yangtze and Yellow River basin to 
the northwestern. The types of crops planted in the 
high-altitude dry and cold areas of the north and 
southwest have changed and the out-put has 
increased significantly. 

However, the side effects brought about by mulch film 
application have gradually emerged, especially in 
the northwest, Hexi Corridor, Hetao irrigation area, 
and Loess Plateau. The film residue pollution has 
seriously affected local agricultural production. 
Therefore, new requirements have been raised up 
on the recyclability of conventional mulch films and  
the development of biodegradable mulch films. 
Stricter requirements have been given by the 
governmental standards towards strength and 
thickness of mulches, including the minimum 
tensile strength has increased from 1.3 N to 1.6 N, 
thickness from 8 μm to above 10 μm. In addition, 
attention has been given to the development, 
evaluation, and application of biodegradable mulch 
films. Efforts, such as governmental standard of Bio-

and sowing integrated machine” by Academician Chen 
Xuegeng in Academy of Agriculture and Reclamation 
Sciences, which won the first prize of National 
Science and Technology Progress. The application of 
plastic mulch film was combined with agricultural 
machinery in different regions, and the crop yields 
has further increased, from the original vegetables 
and cash crops to field crops, such as corn, wheat and 
small grains. The application area reached tens of 
millions of hectares. 

degradable Mulching Film for Agricultural Uses (GB/
T35795-2017) has been promulgated, systematic 
research and evaluation , and the formulation of 
“Agricultural Film Recycling Action Plan”. New 
requirements on the application regions and crops 
using mulch film have been re-considered, in order 
to reduce the unnecessary and over-use. 
Additionally, China has formulated the National 
Measures for Agricultural Film Management, 
involving the entire industrial value chain.
Traditional PE mulch has been used in China for 
over 40 years, which made great contributions in 
solving the insufficient food supply. However, the 
environmental risks caused by the residues from 
traditional plastic mulch film are getting serious, 
which indicates the urgency of solving the residue 
pollution challenges. Biodegradable mulch film, as an 
environmental-friendly agricultural material, has 
been gradually tested and demonstrated in many 
regions of China in the past five years. Main purpose 
is to study its applicability and safety, and to explore 
the possibility of partially replacing the traditional 
mulch film with biodegradable mulch film as one of 
the solutions tackling residue pollution issue.

  Stage 3: Technology application (1993-2012)

  Stage 4: Technology upgrade (2013- )
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Current status and prob-
lems with traditional 
mulch film application
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  Main features of traditional mulch film

Improve canopy light conditions to increase crop 
yield and quality

Mulch film can be divided into transparent and colored 
ones. Huge different optical properties can be found 
among various colored mulch films. Reflective films 
have the most obvious effect on the intensity and 
uniformity of light in the crop canopy, with silver 
reflective films generally having a reflectivity of 
35%~95%, followed by milky white, transparent, 
and other colored mulch films with reflectivity of 
20%~30%, and black mulch film has the lowest 
reflectivity of 1%~2%. At the same time, the 
reflection of light from the mulch itself and the 
fine water droplets condensed under the mulch can 
also increase the intensity of reflected and scattered 
light in the crop canopy to a certain extent, improving 
the light conditions in the lower and middle parts of 
the crop, delaying leaf senescence and prolonging 
effective photosynthesis time of the leaves.

Increase soil temperature

Plastic film mulching changes the way of heat ex-
changes between the soil and the air outside the film. 
Long-wave radiation heat is blocked by the film. The 
films also restricts soil moisture vaporization and 
evaporation into the air and holds vaporized water 
under the film. The formation of dewdrops keeps the 
heat in the soil and increases the soil temperature. The 
plastic film mulching draws the heat from outside the 
film into the soil.  In general, plastic film mulching can 
increase the average daily temperature of the top 5 cm 
of farmland soil by 2~4℃ (Fig.1), but can vary greatly 
by regions and crops.

Figure 1. Schematic diagram of soil temperature increasing thanks to mulch film

Plastic mulch film is the fourth most important agricultural production material after seeds, fertilizers and 
pesti-cides. Traditional plastic film mainly made of polyethylene (PE). Mulching technology helps increase soil 
temperature and maintains soil moisture, resists drought, saves water and suppresses weeds. It increases crop yields 
significantly and improves plant quality, gaining the title of “white revolution”. The main functions of mulch film 
are as follows:
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Prevent soil water loss and improve water and fertil-
izer utilization efficiency

Plastic film mulching also changes the distribution 
and movement of soil moisture. Plastic film blocks 
evaporation of soil moisture to the atmosphere. At the 
same time, the micro-topography of the farmland and 
the seed and seepage holes create pathways for even 
limited precipitation into the soil. In general, plastic 
film mulching can increase the soil moisture content 
of top 20 cm by 2.6%~3.5% compared to bare soil. At 
the same time, the barrier effect of the mulch film can 
also prevent the evaporation, erosion and leaching 
of nutrients by rain or flooding, retaining fertilizer 
and improving fertilizer efficiency.

Inhibit soil salt accumulation and effectively control 
weeds

As film mulching changes the movement and distri-
bution of water in the soil, it also indirectly affects the 
migration and accumulation of salt in the soil. That 
is, the soil moisture normally containing salt rises to 
the surface due to warming. The plastic film prevents 
water evaporation to the atmosphere, and instead the 
water condense again into small water droplets and 
returns to the soil. In this way the plastic film creates 
a special environment for a small water cycle to 
op-erate under the film. This cycle is in a sense a 
cleansing of salt from the surface soil, reducing the 
salt concentration in the soil cultivation layer and 
forms a relatively “low-salt tillage layer”. Plastic 
film mulching is also very effective in controlling 
weeds, especially black plastic film can basically 
solve the problem of weeds in the mulched 
farmland, because weed seeds cannot be  
germinated under black mulch film or get hurt 
by the high temperature (Fig.2).

Figure 2. Comparison of weeds control in rice fields in Heilongjiang (with and without mulch film)



   Impact of traditional plastic mulching on agricultural production

Plastic mulch film has been applied for more than 40 
years in China, covering a large area and a wide range 
of application. According to the National Bureau of Sta-
tistics data, in 2018, the use of plastic mulch film has 
reached 1.40 million tons, covering a total area of 17.7 
million hectares, accounting for approximately 10.7% 
(2.66/24.89) of the sown area of crops in China (Rural 
China Statistical Yearbook, Rural Social and Econom-
ic Survey Department, National Bureau of Statistics, 
Beijing: China Statistics Press, 2019).  In China, plastic 

Expansion of crop planting area and changes in 
crop sowing date

Studies have shown that film mulching reduces the 
field operation procedures of spring corn and raises 
corn yield. The application of plastic mulch film has en-
abled the expansion of corn planting area and regions. 
In eastern Gansu, mountainous areas of central-south-
ern Ningxia, and high-altitude areas of southwestern 
China, corn cannot be naturally matured due to low 
temperatures, which results in low yield. Plastic film 
mulching raises the soil temperature and lengthens 
the growth period in these areas. The northern 
boundary of planting has now moved 2o to 3o latitudes 
north, the sowing date is now 5-10 days earlier, and the 
planting area has increased. In the 1980s and 1990s, the 
cotton sown area in the northwest area accounted for 
less than 10% of the total cotton sown area in China. 
The main cotton producing areas were concentrated in 
the Yangtze and the Yellow River Basin. Plastic film 
mulching combined with the application of drip 
irrigation technology expanded rapidly in the 
northwest, and realized a large-scale transfer of 
cotton planting areas.

10

mulch covers 90% of tobacco (800,000 hectares) and 
garlic (490,000 hectares) land, and more than 75% 
cotton land. Plastic film mulching can increase crop 
yield about 30%. According to preliminary estimates, 
the direct economic benefits of mulch film in China 
are in the range of CNY 120-140 billion per year. 
The impact of mulching technology on agriculture is 
comprehensive and extensive, and its main impacts are 
manifested in the following aspects:

Growth of crop yields and guarantee of agricultural 
products safety

Taking the cotton yields as an example. China 
now has three major cotton regions — Yellow 
River Basin, Northwest and Yangtze River Basin. 
Cotton yields in the three regions ranged from 360 kg/
ha to 525 kg/ha from 1971 to 1980, while the number in 
Yangtze River Basin relatively higher. During 1981 to 
1990, cotton yields were 750 kg/ha with no difference 
between regions. After 1986, the cotton yield per unit 
area in the northwest increased rapidly, with lint 
yields exceeding 2000 kg/ha in the last two years, 
while yields in the other two regions were only 
1050-1275 kg/ha. The inflection points of cotton yield 
in the northwest appeared in 1986 and 2000 
respectively, when the first round of large-scale 
application of plastic mulching film and then drip 
irrigation were introduced. 
The results of a long-term experiments in the dryland 
regions in north China showed that the yield of dry-
land maize increased by more than 100%, while  
the  average maize  yield  in  wider  area  
increased by 25%~30% on average thanks to 
mulch film. Mulching technology has also been 
widely used in vegetables, peanuts, tobacco and 
other crops, which has played a huge role in 
increasing production.
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The problem of plastic film residues caused by large-
scale and long-term application of mulch film has di-
rectly as well as indirectly made visible and tangible 
influence on agriculture production. In some regions, 
the plastic film residue pollution is more serious and 
restricts the green development of agriculture. This is 
manifested in: endangering the quality and health of 
cultivated land, destroying soil structure, altering the 

 Characteristics and influence of plastic mulch film residue pollution in farmland

Figure 3-1. Pollution of plastic mulch film residues（1）Wide distribution

According to National Statistical Yearbook, since 2000, 
the annual area covered by plastic film for crops ac-
counted for more than 10% of the annual sown area in 
China, and plastic film mulching technology was used 
in all agriculture-related counties in China.

（2）Obvious differences in regions

The second national pollution survey showed that the 
average residue amount of mulch film in the surveyed 
farmland was 51.8 kg/ha, of which, situation in 
Northwest is most serious, followed by South and 
Northeast China, and the lowest in the East. The 
highest average plastic residuals were found in the 
cotton fields in the northwest at around 200 kg/ha.

Figure 3-2. Stockpile site for collected film residue

● Main characteristics of plastic film residues pollution in farmland

（3）Difficulties in residue controlling

The plastic mulch film applied in China is ultra-thin. 
If it is not collected and recycled in time after use, 
its mechanical properties will be deteriorated and 
more difficult to be picked up nor recycled after UV 
aging, weathering and mechanical wear. At the same 
time, the film residual in the farmland often mixes 
with straw, soil particles and other materials, causes 
more difficulties in its separation and increases the 
cost for recycling (Fig.3).

physical and chemical properties of soil, and endan-
gering plant growth and development. After weather-
ing, aging and exposure to ultraviolet radiation, plastic 
film residues formed small fragments and microplas-
tics causing soil pollution. The plastic is affecting the 
rural living environment, with film residues drifting 
into villages and houses in the wind causing white pol-
lution.
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Figure 4-1. Recovery of plastic mulch film in cotton 
fields

● Economic losses caused by plastic mulch film residues pollution

Plastic mulch film residue in farmland has led to seri-
ous economic losses, especially with cotton production 
in Northwest and peanut production in North China. 

（1）Interference with cotton sowing operations and 
growing labor input

During cotton planting, extra planter has to deal with 
the plastic residues when using seeding machines.  It 
has been determined that in the cotton field with 
large amounts of residual film, it is necessary to stop 
the machine frequently to clean film residues on the 
roller, film press wheel, furrowing sheet and 
supporting sheet, to ensure that the seed is pressed into 
the soil.

（2）Increased agricultural procedures and costs

Due to plastic mulch film residue in farmland, it is nec-
essary to collect film residues after the cotton harvest 
and before planting in the second year, increasing the 
operational cost by CNY 450 per hectare. Plastic 
mulch film recycling operation requires an additional 
investment of more than CNY 1 billion.

Figure 4-2. Removal of residual film from peanut 
stalks

（3）Effects on product quality and farmers’ income

Cotton mixed with residual film during mechanical 
harvesting leads to the poor cotton processing quali-
ty and cannot meet the demand of high-end textiles. 
Peanut stalks also mix with film residues, requiring re-
moval before they can be fed to livestock (Fig.4).

Taking cotton planting as an example, the economic 
losses come from three aspects:
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Table 1. Comparison of main characteristics of plastic mulch film between China and developed countries

Country
(Region)

Thickness
(μm)

Color
Price

(CNY/kg)
Recoverability Main Functions

Japan 20-30
Colored (70% of 

Black)
>30 High

Prevent grass and main-

tain moisture

Europe and USA 20-50
Colored (70% of 

Black)
>20 High

Prevent grass and main-

tain moisture

China 10 (7-8) Transparent 
(70%)

About 13 Low
Increase temperature and 

maintain moisture

  Main challenges faced by the traditional mulch film industry

Small scale, weak industry

In China, nearly 90% of the agricultural film com-
panies are small, medium and micro enterprises, 
which are weak, lack of competitiveness and core 
strength, and poor risk resistance. Restricted by 
farming time, agricultural film enterprises are 
commonly busy for half year and idle for another. 
Front-line workers are highly mobile and lack of 
training. Most enterprises have neither R&D 
capacities, personnel nor testing equipment.  

Chaotic market and meager profits

Over the past three years, the average sales price of 
plastic mulch film is about 13 CNY/kg in China, of 
which 13 CNY/kg in 2019, 12.6 CNY/kg in 2020 and 12.7 
CNY/kg in 2021, respectively. The price of plastic 
mulch film is higher in Jiangsu and Zhejiang Province 
(East China) at 14-15 CNY/kg; lower in the northwest 
region, with the average price of 10 CNY/kg. 
Compared with the international market, the price of 

Oversupply of low-end products

The mulch film market is chaotic. Some companies 
use substandard raw materials or recycled materials 
and dump their products at low prices. The qualified 
rate of mulch film is low, however, tendency towards 
improvement can be seen. According to the mandatory 
provisions 5.1 and 5.5 of GB13735-2017 on thickness 
and physical and mechanical properties, the quality of 
plastic mulch film in China is not up to standard. At 
the same time, the problem of high homogenisation is 
prominent. Statistical analysis showed that, 
transparent and single-layer plastic mulch film was 
dominant in the sample films in the past three years. 

plastic mulch film in China is generally only 1/2-1/3. 
The price of plastic mulch film per unit area is 0.1 CNY/
m2 in China, while 1.0 CNY/m2 in Japan, where the 
thickness of plastic mulch film is 10 μm in China, and 
30 μm in Japan (Table 1),  The “involution” of price 
and quality issues have further exacerbated the 
challenges faced by recycling.



Current status and appli-
cation prospects of bio-
degradable mulch film
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Biodegradable mulch film is a feasible, new idea as a replacement for traditional mulch film to reduce plastic pollu-
tion. However, the market of biodegradable mulch is complicated, with relatively limited functions and performance 
of the material itself. Moreover, insufficient production capacity and high price are still challenges.

  The concept of biodegradable mulch

  Biodegradable materials and its production capacity

The requirements and definitions of “Biodegradable 
Mulching Film for Agricultural Uses (GB/
T35795-2017)”, state that “Biodegradable mulch film 
refers that the film can be 100% degraded by 
microorganisms in nature”. Its main component is 
aliphatic polyester, aliphatic-aromatic copolyesters 
with complete degradation characteristics, such as 
poly butylene adi-pate-co-terephthalate (PBAT), 
poly butylene succinate (PBS), polylactic acid (PLA), 
carbon dioxide-epoxy compound copolymer and one 

or more resins of other biodegradable polymers. 
Appropriate proportions of biodegradable natural 
polymer materials can be added such as starch and 
cellulose, as well as other non-environmentally 
hazardous inorganic fillers and functional additives. 
In the natural environment, these materials will 
eventually completely degrade into carbon dioxide 
or/and methane, water, and mineralized inorganic 
salts as well as new biomass, without destroying the 
soil.

Biodegradable plastics are the material basis of bio-
degradable mulch films. The so-called biodegradable 
plastics refer to a kind of molecular materials that can 
be degraded into water, carbon dioxide/methane and 
inorganic salts through the action of microorganisms 
that are ubiquitous in nature, such as bacteria, molds 
(fungi) and algae. The ideal biodegradable plastic is 
a kind of polymer material with excellent thermody-
namic properties during application, can be completely 
decomposed by environmental microorganisms and 
finally become a part of the carbon cycle in nature after 
being discarded. The materials used for biodegradable 
mulch are mainly PLA, PBAT and carbon dioxide copo-
lymer (PPC).

Fatty aromatic copolyesters (represented by PBAT) 
are biodegradable plastics used most in the market at 
present. Mainly petrochemical products, widely used 
in film/bag production, PBAT is the main raw mate-
rial of fully biodegradable mulch film, accounting for 
more than 70% of the film produced. BASF from 
Germany is the first company in the world 
producing PBAT with the earliest synthesis 
technology (patent). China began to produce PBAT in 
about 2010, and the total output in 2020 was about 
100,000 tons. The leading Chinese companies 
included Zhuhai Kingfa Biomaterials Co., Ltd., Blue 
Ridge Tunhe Sci. & Tech. Co., Ltd., Jin Hui Zhao 
Long High Technology Co., Ltd., etc. The PBAT 
production capacity is over 4 million tons per year in 
2021 based on the constructed and planed facilities.

Polylactic acid (PLA), which is mainly synthesized from 
biomass resources such as corn starch, is an iconic va-
riety of biodegradable plastics, accounting for about 
10% of the total biodegradable mulch film products. At 
present, the global PLA production capacity is about 
280,000 tons per year, and the apparent 
consumption is about 160,000 tons per year. The 
PLA production capacity is about 230,000 tons per 
year abroad, mainly by Nature Works in the United 
States and Total Corbion in the Netherlands. At 
present, the annual output in China is 15,000 tons, 
mainly in Zhejiang Hisun. Anhui Fengyuan, Henan 
Jindan also have production capacity and the domestic 
production capacity based on constructed and planed 
facilities exceeds 500,000 tons since 2020.

Polypropylene carbonate (PPC) is an alternate copoly-
mer of carbon dioxide and propylene oxide. PPC is an 
important component for improving the performance 
of biodegradable mulch films because it has the closest 
thermal insulation and moisture retention performance 
to polyethylene. Generally, about 10% can be added to 
the film. China is a world leader in the research and 
production of PPC. The related technologies and pat-
ents are mainly controlled by Changchun Institute of 
Applied Chemistry of CAAS and Sun Yat-sen University. 
The actual output is about 10,000 tons per year at pres-
ent. Major manufacturers include Jilin Boda Dongfang 
New Materials Co., Ltd., Henan Tianguan Group Co., 
Ltd., and Jiangsu Zhongke Jinlong Chemical Co., Ltd., 
etc. The PPC capacity is more than 100,000 tons from 
2021.
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After 2010, the Chinese Academy of Agricultural Sciences, Shandong Agricultural University, BASF, Showa 
Denko of Japan and others began to evaluate biodegradable mulch products in China. Zhuhai Kingfa Biomaterials Co., 
Ltd. and Blue Ridge Tunhe Sci. & Tech. Co., Ltd. proposed to use PBAT to produce biodegradable mulch film. Since 
then, both PBAT manufacturers and plastic mulch film manufacturers have turned their attention to biode-
gradable mulch film products. Since 2015, the Ministry of Agriculture and Rural Affairs organized demonstrations to 
test degradable mulch film products, its performance, safety, application and characteristics, to promote the 
research, development, and application of biodegradable mulch film. And the development of biodegradable mulch 
film in the past 10 years in China as below.

  R&D evaluation and application of biodegradable mulch film

● �T he product performance has been greatly im-
proved. The initial mechanical strength of bio-
degradable mulch film (10 micron-thick) could 
reach about 85% of the traditional mulch film. The 
anti-aging ability is improved, and the initial rup-
ture time can now exceed 70 days. The water vapor 
transmission rate has dropped from the original 
800 g/m2/d to 200 g/m2/d. At the same time, the 
moisture retention performance has improved with 
increased soil warming functionality.

● �An evaluation method for biodegradable mulch film 
was established. The study clarified the relationship 
between the characteristic parameters of the bio-
degradable mulch film and agricultural production 
applications. The evaluation system based on the 
government standard (GB/T35795-2017) focused 
on product mechanical strength, water vapor trans-
mission, rupture time, economic cost and other in-
dicators (Table 2) has been built up. According to 
the characteristics of biodegradable mulch film and 
the crop requirements, the evaluation and 
application specifications of biodegradable mulch 
film products were constructed, including safety, 
operability, functionality, degradability and 
economic aspects of mulch film products, as well 
as corresponding  agronomic  technologies.

Table 2. Comparison table of evaluation threshold of biodegradable mulch film and the governmental standard

Item
Tensile 

strength (N)
Initiation time 
of rupture (d)

Water vapor 
transmission 

(g/m2/d)

Temperature in-
crease value (℃)

Product cost
(CNY/m2)

GB/T35795 ≥1.6 60~90 <800 —— ——

Threshold value ≥1.6 60~90 <500 2.0 0.32
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Table 3. Crops and regional scale of biodegradable mulch film application in the past 6 years in China

Year Province Major Crops Scale

2015
Yunnan, Guizhou, Hubei, Chongqing, Beijing, Hebei, 

Shandong, Liaoning, Gansu, Inner Mongolia

Tobacco, Corn, Potatoes, Peanuts, 

Cotton, Leafy vegetables
Less 10 ha

2016
Hainan, Yunnan, Guizhou, Hubei, Chongqing, Beijing, 

Hebei, Shandong, Gansu, Liaoning, Inner Mongolia

Tobacco, Corn, Potatoes, Peanuts, 

Cotton, Leafy vegetables
Less 50 ha

2017

Hainan, Yunnan, Guizhou, Hubei, Chongqing, Beijing, 

Hebei, Shandong, Henan, Gansu, Liaoning, Inner 

Mongolia

Tobacco, Corn, Potatoes, Peanuts, 

Cotton, Leafy vegetables
Less 100 ha

2018

Hainan, Yunnan, Guizhou, Hubei, Chongqing, Beijing, 

Hebei, Shandong, Henan, Gansu, Liaoning, Inner 

Mongolia

Tobacco, Corn, Potatoes, Peanuts, 

Cotton, Leafy vegetables
4000 ha

2019 All provinces
Tobacco, Corn, Potatoes, Peanuts, Cotton, 

Vegetables, Miscellaneous grains, Rice
7000 ha

2020 All provinces
Tobacco, Corn, Potatoes, Peanuts, Cotton, 

Vegetables, Miscellaneous grains, Rice
16000 ha

● Reticular experiments and large-scale applications were carried out. Through a long-term trial of
biodegradable mulch products and application evaluation, more than 20 kinds of biodegradable mulch products
have been applied to 12 crops, and the application area has gradually expanded from a few hectares in 2015 to
16,700 hectares in 2020. The trials involved most regions and representative crops across the country (Table 3).
Existing research results show that on potatoes in North, processed tomatoes, tobacco, sugar beets, rice and
other crops in Northwest, the biodegradable mulch can fully meet the production needs and can replace
traditional PE mulch.



Comparison of tradition-
al mulch film and biode-
gradable mulch film
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  Differences and impacts on main functions

Traditional mulching film has high physical and me-
chanical strength and better maneuverability.

Compared with traditional mulch film, the mechanical 
strength of biodegradable mulch film, including tensile 
strength, nominal strain retention rate at break, and 
right-angle tear strength, is significantly weaker. This 
is due to the characteristics of the base material it-
self. This may be a limiting factor in agricultural areas 
where mechanical laminating operations are predom-
inant (Table 4). The plastic mulch film formula must 
be improved to increase the tensile strength of plastic 
film, and meet the requirements of agricultural ma-
chinery operations, so as to create conditions for the 
large-scale application of biodegradable mulch film.

The capability to increase soil temperature and re-
taining moisture of biodegradable mulch must be 
further strengthened. 

Compared with traditional PE mulch film, biodegrad-
able films perform differently with regard to soil tem-
perature and moisture retention. In general, the water 
vapor transmission rate of biodegradable mulch film 
is about 10 times greater than that of the traditional 
mulch (Fig.5). When using biodegradable mulch film, 
the soil moisture loss rate is rapid and the moisture 
retention performance is poor. With no irrigation, the 
water use efficiency of crops is reduced, and at the 
same time, the water loss also leads to heat loss, re-
sulting in poor soil warming conditions. Comparing 
traditional plastic mulch to biodegradable mulch, the 
difference in the top 5 cm soil temperature is more 
than 1℃.

Table 4. Main functional parameters of traditional mulching film and biodegradable mulch film (10 μm)

Key characteristics Traditional mulch film Biodegradable mulch film

Tensile strength (vertical/horizontal) (N) ≥1.6 ≥1.5

Nominal tensile strain at break (vertical/horizontal) (%) ≥260 ≥250/150

Right Angle tearing load (vertical/horizontal) (N) ≥0.8 ≥0.50

Water vapor transmission (g/m2/d) <50 <800

Temperature increased at 5 cm soil layer (℃) 2-4 1-3

Figure 5. �Biodegradable mulch film versus conventional mulch film on free water evaporation

2021-2-3 2021-4-19
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The study of PE, PPC and PLA microplastics affected 
on the behavior, growth and development of earth-
worms showed that, compared with plastic types, 
microplasitcs concentration plays a more important 
role in regulating earthworm responses to soil 
contamination. The critical threshold for 
microplasitcs contamination was 40 g kg-1, after 
which earthworms exhibit microplasitcs avoidance 
behavior. Overall, the two biodegradable materials 
(PLA and PPC), appeared to be no more bio-friendly 
than PE. The biosafety evaluation of micro-plastics 
examined different types of plastic mulch film 
(PE mulch film, PE mulch film residues, 
biodegradable mulch film, biodegradable mulch film 
residues) and showed that with the increase of 
microplasitcs concentration, results in the 
raising amount of microplastics ingested by the

earthworms, and the significant enhanced mortality 
rate, while the weight growth rate and reproduction 
rate decreased significantly.

The detection and risk assessment results of plasticiz-
ers in two types of plastic mulch film showed that the 
detection rate of the six phthalate esters (PAEs) plasti-
cizers was 100%, and the Σ6PAE (32.5 mg kg-1) in bio-
degradable mulch film were significantly higher than 
that in PE film (13.4 mg kg-1). The plasticizer content 
of the film was closely related to the material, and not 
related to color, thickness nor mechanical proper-
ties. The contribution of plastic film application to soil 
plasticizer is very low, and basically there should be 
limited risk of plastic film residue on agricultural food.

The price of plastic mulch films are determined by 
many factors, mainly by raw material and cost for 
production process. The raw materials of the PE and 
biodegradable mulch film are completely different. 
At present, the main raw materials of biodegradable 
mulch film are PBAT, and other ingredients may 
include PLA and PPC. The price of these raw 
materials is generally about CNY 20,000 per ton. In 
addition to the need for modification, production etc.,

the market price of biodegradable mulch film is 
generally CNY 25,000-30,000 per ton. The main raw 
material of traditional mulch film is polyethylene, at a 
price of CNY 7,500-9,500 per ton, no modification is 
needed for the production process. Thus, price of PE 
film is normally of CNY 10,000-13,000 per ton. 
Therefore, detailed cost and price difference between 
traditional PE and biodegradable mulch film can be 
found below (Table 5).

Table 5. Cost and price of biodegradable mulch film and traditional mulch film (CNY/ton)

Type of plastic 
mulch film

Raw materials Modification Production Others Product price

Biodegradable mulch film 18,000 -25,000 2,000 1,500 500 25,000 - 30,000

Traditional mulch film 7,500 - 9,500 0 1,000 500 10,000 -13,000

  Comparison of environmental safety

   Cost of production and price comparison
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The comprehensive cost of a product application is 
composed of product cost, application cost and post-
use processing cost. From the perspective of product 
cost, the market price of PE mulch film is about CNY 13 
per kg, while that of biodegradable mulch film is 
CNY 25-30 per kg. The price of biodegradable mulch 
film is 2-3 times that of traditional mulch film, due 
to the raw materials and processing of the two 
types of mulch film. Foreseen with the 
technological improvement of biodegradable 
materials, the expansion of production capacity, and 
the improvement of the biodegradable mulch film 
product formula, the cost difference of the two types of 
mulch film is expected to be reduced to about 1.5 times.

The disposed method and cost of these mulches are  
different. According to the survey and calculations con-

ducted by ShowaDenko Co., Ltd., the comprehensive 
cost of traditional mulch film applications in Japan 
includes the cost of mulch film products and the cost 
of recycling, each accounting for 50%, while the ap-
plication of biodegradable mulch film has no recycling 
cost. In China, where large-scale mulch films are used 
in agricultural areas, the cost of traditional mulch film 
collection is CNY 450-750 per ha, and the disposal 
cost is CNY 150 per ha. Under the current economic and 
technical conditions, the comprehensive cost of 
biodegradable mulch film application is 1.6 times 
that of the traditional mulch film. With the increasing 
requirements for traditional mulch film recycling and 
the raised labor costs, the total price gap of the two 
types of mulch film will narrowed gradually (Table 6).

Table 6. Total cost of traditional and biodegradable mulch film considering whole life cycle (CNY/ha)

Type of plastic mulch film Product Application Collection Disposal In total

Traditional mulch film 1170 300 675 150 2295

Biodegradable mulch film 3360 300 0 0 3660

Note: The traditional mulch film dosage is 80 kg/ha, and the total biodegradable mulch film dosage is 120 kg/ha

  Comprehensive cost analysis of product application



Main conclusions and 
recommendations
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 Plastic film mulching is the key technology for the safe supply of agricultural products

 The function and economy of traditional mulch film determine its universality of application

  Plastic mulch film residue is now a unique environmental pollution in China

Mulch has been used for more than 40 years  in 
China  since its introduction from Japan. In the past 
few decades, long-term systematic research on 
mulching products, mulching machines and tools, 
applied crops and models has been carried out focus-
ing on agricultural production conditions and specific 
needs in China, breaking through the bottlenecks on 
mulching technology and products.  

Polyethylene has been an ideal material for mulch due 
to easy access to raw materials, good film forming 
ability, and low price, making it possible for mulch 
production on a large scale. These plastic films have 
good stability and a high strength so that it will not 
easily break during the application process in mech-
anized operations. Secondly, plastic mulch film pre-
vents water loss in the soil and prevents the soil heat 
from being removed by water vapor. This enables early 

More than 400 million tons of plastic are produced and 
consumed globally every year, and the proportion of 
reusable and recyclable plastics is very low. 
Therefore, plastic pollution is an urgent, global issue 
to be tackled. As a plastic product, the global 
consumption of mulch is less than 2 million tons per 
year, of which about 75% is used in China. Plastic 
mulch film residue has also generated environmental 
pollution problems. 

The scale of application has changed from less than 10 
ha to about 20 million ha till today, and plastic mulch 
application has increased the water use efficiency and 
crop yields by 30%. This technology application 
produces direct economic benefits of more than CNY 
12 billion every year, playing an important role in 
ensuring the security of China’s agricultural products 
supply.

spring sowing under monsoon climate conditions in 
China. Low cost is another important factor in the ap-
plication of this technology. In China, the market price 
of traditional mulch film is basically maintained at 
about CNY 13, and in the northwest regions with plastic 
film mulching, the price can even be as low as 9 CNY/
kg. Affordability, great effect and good efficiency are 
the drivers to promote the application of plastic film 
mulching.

In China, farmland plastic film pollution is mainly 
concentrated in the arid and semi-arid areas of 
northwest China. Generally, the residual amount of 
plastic film gradually decreases from northwest to 
southeast China. At the same time, plastic film exists 
in patches in farmland, especially in the fields where 
plastic film has been used for a long time and has not 
been well recycled.

This report has clarified the application conditions and 
suitable crops for biodegradable mulch film. 
Research has explored the relationship between 
degradation of biodegradable mulch film and 
environmental factors and clarified the functional 
requirements of representative crops in typical 
mulched agricultural areas for biodegradable mulch 
film.  Evaluation and technical specifications for 
biodegradable mulches has been established, in order 
to provide technical support for its application.

Under the current technical and economic conditions, 
biodegradable mulch film can not completely 
replace the traditional plastic mulch film, due to its 
limitation on performance and economic reasons. The 
physical and mechanical properties of biodegradable 
mulch film are weaker than traditional much film. 
Biodegradable mulch lacks the ability to remain 
moisture and temperature, which limits its 
application in cold areas. Furthermore, biodegradable 
mulch film cannot meet the requirements of all 
crops, and it will likely not replace traditional plastic 
mulch film, such as on cotton in the northwest.

  Biodegradable mulch film can be a substitute in specific areas and crops



Research on the effects of various plastics, including 
conventional polyethylene and biodegradable 
micro-plastics, on the behavior and growth of 
earthworms concluded that the concentration of 
microplastics was more important than the type of 
plastics. Biodegrad-able materials (PPC and PLA) are 
not more bio-friendly than conventional 
polyethylene. High concentration of microplastics 
leads to increased ingested amount by earthworms, 

Compared with traditional mulch film, biodegradable 
mulch film does not have the ability to adapt to the 
need of different regions and different crops. There-
fore, the design and production of a special formula 
for a full biodegradable mulching film must be carried 
out in accordance with the functional requirements of 
the specific crops in the specific regions to achieve the 
goal of plastic film mulching. At the same time, the 
supporting technologies for the application of biode-
gradable mulch film are closely related to the charac-
teristics of crops and regions. Supporting technolo-

which in turn causes enhanced mortality rate and 
significant decreased body weight and reproduction 
rate. Both types of mulch films contain plasticizers, 
and the content of plasticizers in biodegradable mulch 
films is higher than in traditional mulch films. 
However, the application of mulch films contributes 
little to soil plasticizers and poses no risk to 
agricultural products and human dietary health.

gies and agronomic techniques must be improved in a 
purposeful and step-by-step manner to better match 
biodegradable mulch film and crop requirements. In 
addition, as fully biodegradable mulching film is a new 
product, so long-term monitoring should be carried 
out on the environmental impact of the product, espe-
cially on the quality and safety of agricultural products 
and soil health. Corresponding product evaluation and 
technical agronomic specifications need to be further 
elaborated.

  Comparison of environmental safety

 The application and evaluation of biodegradable mulch film needs to be strengthened
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