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Abstract: Photo biodegradable film is an ideal degradable mulch film with synergistic effect of photo-degradability and 

biodegradability.  To examine the covering effects of different films, maize was cultivated in the field with three kinds of 

degradable films (DF) mulching which had different degradation cycles (DF No. 1, No. 2 and No. 3), with common plastic film 

mulching and no filming mulching (open ground) as comparison.  The degradation rates and degrees of degradable films were 

examined, and the effects of different films on soil temperature, soil moisture, maize yield and relevant characteristics in each 

treatment were analyzed.  The results indicated that the degradable films had good degradability, and the weight loss rate in 

100 d for DF No.1, No.2, and No.3 were 22.31%, 19.46%, and 15.63%, which were 4.16, 3.63, and 2.92 times of the plastic 

film, respectively.  In the early period of maize growth, the degradable films had good warming effects on soil, which were 

similar with the plastic film.  The effect of DF No.2 on soil water conservation was slightly better than that of DF No.1 or 

No.3, similar with that of the plastic film.  The soil water contents in 0-140 cm depths were significantly higher for DF No.2 

than that for the open ground (p < 0.05).  The degradable films could significantly promote the ear development of maize, 

improve the ear characteristics, shorten the bald tip, and increase kernel number per plant (KNP) and 1000-kernel weight 

(TKW).  The grain yields (GYs) for DF No.2, No.1, and No.3 were significantly improved, with 35.15%, 31.35%, and 30.07% 

higher than that the open ground respectively (p < 0.05).  With no significant difference between DF and the plastic film, the 

GY was increased more for DF No.2 than that for DF No.1 and No.3.  The degradable films fulfilled successfully all the 

functions of the plastic film, thus they were recommended as viable option to the plastic film due to their good degradability. 
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1  Introduction

 

Film mulching has developed rapidly and has been widely 

used in China since its introduction in 1978, and its benefits of 

earlier harvest can be summarized as a result of increasing soil 

temperature, enhancing the efficiency of fertilizers and water levels, 

improving total soil porosity, reducing soil erosion, and increasing 

crop yield and quality[1-5].  However, the films used in China were 

mostly the conventional plastic films made from polyethylene, 

which cannot be naturally biodegraded in the field[6-8].  The main 

negative consequence of using plastics in agriculture is related to 

the plastic wastes handling and the associated environmental 

impact.  Only a small fraction of the plastic films is currently 

recycled due to the expense and time required for recycling, and a 

large portion of plastic films is left on the field or burnt 

uncontrollably by the farmers, emitting harmful substances with the 

associated negative consequences to the environment[9-11].  

Accumulated plastic film residues in the soil deteriorate the soil 
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structure, inhibit crop roots from absorbing water and nutrients, 

reduce crop yields, and limit the sustainable development of 

agriculture[12-14]. 

In recent years, the alternative materials that can degrade or 

come from renewable sources such as photo-degradable, 

biodegradable, oxo-degradable or oxo-biodegradable films, paper 

mulches, bast fiber mulches or crop residues are found to overcome 

these environmental problems, and many experiments have been 

carried out to examine the covering effect of different types of 

degradable films in the field[15-18].  The main causes for 

degradation of degradable films during their lifetime are 

photo-degradation (a degradation process caused by the absorption 

of photons, particularly those wavelengths found in sunlight, such 

as infrared radiation, visible light, and ultraviolet light) and 

biodegradation (a degradation process resulting from the action of 

naturally occurring microorganisms such as bacteria, fungi, and 

algae, degrading into products such as carbon dioxide or methane 

and water).  With synergistic effect of photo-degradability and 

biodegradability, the photo biodegradable film is an ideal 

degradable mulch film, of which both the buried and ground part 

can be thoroughly degraded as the ground part can be 

photo-degraded and the buried part can be biodegraded.  However, 

the degradation of the photo biodegradable film is more difficult to 

be controlled due to the influence of the regional climate, natural 

conditions and crop varieties.  Previous studies were mainly 

focused on comparing the covering effects of different types of 

degradable films but not on different degradation cycles.  The 

objectives of this study were to (1) examine the degradation rates 
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and degrees of degradable films with different degradation cycles, 

and (2) assess the effects of degradable films with different 

degradation cycles on soil temperature and moisture, as well as the 

effects on maize grain yield and its components. 

2  Materials and methods 

2.1  Experimental details 

Field experiment was carried out in Hecun Village, 

Lingjingdian Township, Yangqu County, Shanxi Province, China 

(38°05′N, 112°65′E), during the maize-growing season from April 

to October in 2013.  The test site was located in a typical 

semi-arid region with continental monsoon climate with annual 

average precipitation of 434.7 mm, average annual evaporation of 

328.9 mm, and annual average temperature of 6.86°C.  Average 

frost free period was 120 d with the early frost in mid-September 

and the last frost in mid-May.  Soil analysis (0-20 cm and 20-   

40 cm) indicated organic matter of 7.66 g/kg and 7.81 g/kg, total N 

of 0.67 g/kg and 0.64 g/kg, hydrolyzable N of 53.33 g/kg and  

60.55 g/kg, available phosphorus of 4.68 mg/kg and 3.98 mg/kg, 

rapidly available potassium of 81.67 mg/kg and 85.02 mg/kg, 

respectively. 

2.2  Treatments and experimental design  

The experimental plastic film was produced by The Third 

Plastic Factory in Ji’nan, Shandong Province, China, with a film 

width of 80 cm and a film thickness of 0.005 mm.  Three kinds of 

degradable films (DF) with different degradation cycles (DF No. 1, 

No. 2 and No. 3) were photo-biodegradable films produced by 

Tianjian Polymer Materials Limited Company, Hebei Province, 

China, with a film width of 80 cm and a film thickness of    

0.005 mm, too.  The tested maize variety was Xianyu 335, widely 

cultivated in Shanxi Province, China. 

The experiment set 5 treatments including one plastic film,   

3 kinds of degradable films and one open ground control.  Each 

treatment has 3 repetitions and a total of 15 plots were arranged in 

random area (Figure 1).  The plot area was 42 m2 (6 m×7 m), with 

maize row spacing of 60 cm, plant spacing of 25 cm, and 

theoretical density of 60 000 plants/hm2.The film mulching plots 

were firstly covered by the film and then artificial sowing was 

carried out.  Maize was sown in April 26th and harvest in October 

1st.  Field management was the same as the local general field. 

 
Figure 1  Experimental design 

 

2.3  Measurements 

2.3.1  Degradation rate and degree 

Film condition was observed once every 10 d after film 

mulching.  The grading standards were as follows: Level 0: no 

cracks (including wind and man-made damage); Level 1: cracks 

began to appear (induction period); Level 2: small cracks in the 

25% film; Level 3: 2-2.5 cm cracks appeared; Level 4: uniform 

network cracks appeared, film thinning, and no large film exists; 

Level 5: the film was broken into fragments below 4 cm×4 cm. 

Before film mulching, the 1 m film segments of 3 kinds of DF 

and one PF were taken randomly, weighed and recorded as the 

original weight (Wo) of 1 m film segment.  When film mulching 

and sowing in the main plot, the film segments were laid in the 

field, and covered with transparent gauze nets, but no sowing was 

carried out.  At 100 d after mulching, the gauze nets were 

removed and the fragments of 4×4 cm2 above were selected, 

washed, dried by airing, weighed separately, and recorded as the 

present weight (Wp) of 1 m film segment.  The weight loss rate 

(WLR) in 100 d was calculated as follows: 

 in 100 d 100%
o p

o

W W
WLR

W


   

where, Wo is the original weight of 1 m film 100 d ago, and Wp is 

the present weight of 1 m film in 100 d. 

2.3.2  Soil temperature 

The daily variation in soil temperature of different treatments 

was measured by curved tube geothermic meter once every 2 h 

from 6:00 to 20:00 at 7 d, 10 d, and 13 d after sowing (DAS), 

respectively.  The determination positions were at depths of 0 cm, 

5 cm, 10 cm, 15 cm, 20 cm, and 25 cm.  The weekly variation in 

soil temperature of different treatments was measured at 8:00, 

14:00, and 20:00, started at 7 DAS, once a week, ended at 56 DAS. 

2.3.3  Soil moisture 

Soil water content was determined by a neutron meter during  

14-70 DAS, once a week, and the soil layers were 0-20 cm, 20-  

40 cm, 40-60 cm, 60-80, 80-100 cm, 100-120 cm, 120-140 cm, and 

140-160 cm. 

2.3.4  Maize yield  

At crop maturity, plant samples were taken from each plot to 

measure the ear characteristics, grain yield (GY) and its com-

ponents.  Ear length, ear diameter, bald tip length, ear row number, 

row grain number, kernel number per plant (KNP), and 

1000-kernel weight (TKW) were determined. 

2.3.5  Statistical analysis 

Variance analysis was performed to determine the effects of 

degradable films on soil moisture and maize yield using Tukey’s 

HSD test.  The notations of a and b are used to indicate a 

significant difference at p<0.05.  Statistical analysis was 

performed using the IBM SPSS Statistics ver. 20.0 (IBM 

Corporation, Somers, New York) program. 

3  Results  

3.1  Degradation rates and degrees of degradable films 

As shown in Table 1, DF No. 1 entered the induction period at 

30 DAS, reached Level 2 at 50 DAS, Level 3 at 60 DAS, Level 4 at 

70 DAS, and Level 5 at 90 DAS, respectively.  DF No. 2 entered 

the induction period at 40 DAS, reached Level 2 at 60 DAS, Level 

3 at 70 DAS, and Level 4 at 90 DAS, respectively.  DF No. 3 

entered the induction period at 50 DAS, reached Level 2 at 60 DAS, 

Level 3 at 80 DAS, and Level 4 at 90 DAS, respectively.  The 

plastic film with very small cracks appeared at 60 DAS, reached 

just Level 2 at 90 DAS. 

As shown in Table 2, the present weight of 1 m film in 100 d 

for DF No. 1 was 4.04 g, while its original weight 100 d ago was 

5.20 g.  The weight was reduced by 1.16 g with the WLR of 100 d 

about 22.31%.  The present weight of 1m film in 100 d for DF No. 

2 was 3.60 g, while its original weight 100 d ago was 4.47 g.  The 
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weight was reduced by 0.87 g with the WLR of 100 d about 

19.46%.  The present weight of 1m film in 100 d for DF No. 3 

was 3.40 g, while its original weight 100 d ago was 4.03 g.  The 

weight was reduced by 0.63 g with the WLR of 100 d about 

15.63%.  The present weight of 1m film in 100 d for the plastic 

film was 4.24 g, while its original weight 100 d ago was 4.48 g.  

The weight was only reduced by 0.24 g with the WLR of 100 d 

about 5.63%.  The WLR of DF No. 1, No. 2 and No. 3 were 4.16, 

3.63, and 2.92 times of the plastic film, respectively. 
 

Table 1  Degradation rates of different films 

Treatment 

Days after sowing/d 

10 20 30 40 50 60 70 80 90 

DF No. 1 0 0 1 1 2 3 4 4 5 

DF No. 2 0 0 0 1 1 2 3 3 4 

DF No. 3 0 0 0 0 1 2 2 3 4 

Plastic film 0 0 0 0 0 1 1 2 2 
 

Table 2  Degradation degrees of different films 

Treatment 

Original weight of  

1 m film 100 d ago 

/g 

Present weight of  

1 m film in 100 d 

/g 

Film weight  

reduction 

/g 

Weight loss  

rate in 100 d 

/% 

DF No. 1 5.20 4.04 1.16 22.31 

DF No. 2 4.47 3.60 0.87 19.46 

DF No. 3 4.03 3.40 0.63 15.63 

Plastic film 4.48 4.24 0.24 5.36 
 

3.2  Effects of degradable films on soil temperature 

The daily variation in soil temperature at 7 DAS, 10 DAS, and 

13 DAS were shown in Figures 2-4.  As shown in Figure 2, the 

surface soil temperatures in each treatment had little difference at  

7 DAS, increased from 6:00 to reach the highest values at 10:00, 

then declined to a steady level and kept constant from 14:00.  The 

change of soil temperature in 5 cm, 10 cm and 20 cm depths were 

roughly the same as that of the surface soil temperature, but the 

range of change were smaller and the highest value were reached at 

12:00.  In 20 cm and 25 cm depths, the change of soil temperature 

was basically the same, and compared with other levels, the daily 

variation in soil temperature were relatively gentle.  The 

underground soil temperature was higher in film mulching 

treatments than that of the open ground.  As shown in Figure 3, 

the surface soil temperatures had little difference in each treatment 

at 10 DAS, increased from 6:00 to 12:00 to reach the highest value, 

then declined to 18:00 and changed gently from 18:00 to 20:00.  

The change of soil temperature in 5 cm, 10 cm, and 15 cm depths 

were roughly the same as that of the surface soil temperature, but 

the range of change were little and the highest value were reached 

at 14:00 or 16:00.  The underground soil temperatures in film 

mulching treatments were higher than that of the open ground at 

12:00-20:00.  As shown in Figure 4, the surface soil temperature 

at 13 DAS increased from 6:00 to 14:00 to reach the highest value, 

then declined to 18:00 and changed gently at 18:00 to 20:00.  It 

was also observed that soil temperatures in film mulching 

treatments were higher than that of the open ground at 8:00-14:00.  

The soil temperature in 5 cm and 10 cm depths were higher in film 

mulching treatments than that of the open ground at 10:00-20:00, 

and the soil temperature in 15 cm, 20 cm, and 25 cm depths were 

higher in film mulching treatments than that of the open ground at 

6:00-20:00. 

In general, the daily variation in soil temperature in 20 cm and 

25 cm depths were obviously lower than that in 5 cm, 10 cm and  

15 cm depths, indicating that the soil temperature in 5 cm, 10 cm 

and 15 cm depths were greatly influenced by film mulching, while 

the soil temperature in 20 cm and 25 cm depths were less affected.  

There was little difference in soil temperature under different film 

mulching, which indicated that 3 degradable films had similar 

effects on improving and maintaining soil temperature with the 

plastic film. 

The weekly variation in soil temperature at 8:00, 14:00, and 

20:00 were shown in Figures 5-7.  As shown in Figure 5, the soil 

temperature at surface or in 5-25 cm depths at 8:00 were higher in 

film mulching treatments than that of the open ground during 7-  

56 DAS.  The change of soil temperature in 5-25 cm depths has 

roughly the same pattern as that of the surface soil temperature, but 

the range of change was little.  As shown in Figure 6, the surface 

soil temperature at 14:00 appeared a large decline at 35 DAS due to 

the dramatic drop in air temperature, and the soil temperature in   

5 cm, 10 cm and 15 cm depths changed similarly to the surface, but 

the variation of temperature gradually decreased with the soil depth 

increasing.  The weekly variation in soil temperature in 20 cm 

depths changed similarly to 25 cm depths, with a small variation 

range at 14:00 during 7-56 DAS.  The soil temperature at surface 

or in 5-25 cm depths at 14:00 was higher in film mulching 

treatments than that of the open ground during 7-28 DAS, while the 

soil temperature in 20-25 cm depths was higher in film mulching 

treatments than that of the open ground during 7-56 DAS.  As 

shown in Figure 7, the soil temperature at surface or in 5-25 cm 

depths at 20:00 appeared a little decline at 35 DAS due to the 

dramatic drop in air temperature, and the soil temperature was 

higher in film mulching treatments than that of the open ground 

during 7-56 DAS, which indicated that 3 degradable films had 

similar effects on improving and maintaining soil temperature with 

the plastic film. 

 
Figure 2  Daily variation in soil temperature at 7 DAS 
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Figure 3  Daily variation in soil temperature at 10 DAS 

 
Figure 4  Daily variation in soil temperature at 13 DAS 

 
Figure 5  Weekly variation in soil temperature at 8:00 

 
Figure 6  Weekly variation in soil temperature at 14:00 
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Figure 7  Weekly variation in soil temperature at 20:00 

 

3.3  Effects of degradable films on soil moisture 

As shown in Figure 8, in 0-20 cm depths, soil under DF No.2 

and the plastic film has significantly (p<0.05) higher water content 

than that of other treatments at 14 DAS, 49 DAS, and 56 DAS, soil 

under film mulching has significantly higher water content than 

that of the open ground at 21 DAS, 28 DAS, and 42 DAS, and soil 

under DF No.2, No.3 and the plastic film has significantly higher 

water content than that of DF No.1 and the open ground at 35 DAS.  

In 20-40 cm depths, the soil under DF No.2, No.3 and the plastic 

film has significantly higher water content than that of DF No.1 

and the open ground at 14 and 35 DAS, the soil under DF No.2 and 

the plastic film has significantly higher water content than that of 

other treatments at 21 DAS, 49 DAS, and 56 DAS, and the soil 

under film mulching has significantly higher water content than 

that of the open ground at 28 DAS and 42 DAS.  In 40-60 cm or 

60-80 cm depths, the soil has no significant difference on water 

content in each treatment at 14 DAS, the soil under film mulching 

has significantly higher water content than that of the open ground 

at 21 DAS, 28 DAS, and 42 DAS, the soil under DF No.2, No.3 

and the plastic film has significantly higher water content than that 

of DF No.1 and the open ground at 35 DAS, and the soil under DF 

No.2 and the plastic film has significantly higher water content 

than that of other treatments at 49 DAS.  In 40-60 cm depths, the 

soil water content at 56 DAS were similar to that at 49 DAS.  In 

60-80 cm depths, the soil water content at 56 DAS were similar to 

that at 21 DAS, 28 DAS, and 42 DAS. 

As shown in Figure 9, the soil water content in 80-160 cm 

depths had no significant (p<0.05) difference in each treatment at 

14 DAS.  In 80-100 cm depths, the soil under film mulching has 

significantly higher water content than that of the open ground at 

21 DAS and 56 DAS, the soil under DF No.2, No.3 and the plastic 

film has significantly higher water content than that of DF No.1 

and the open ground at 28 DAS, 35 DAS, and 42 DAS, and the soil 

under DF No.2 and the plastic film has significantly higher water 

content than that of other treatments at 49 DAS.  In 100-120 cm 

depths, the soil under film mulching has significantly higher water 

content than that of the open ground at 21 DAS, 28 DAS and    

56 DAS, the soil under DF No.2 and the plastic film has 

significantly higher water content than that of other treatments at 

35 and 49 DAS, and the soil under DF No.2, No.3 and the plastic 

film has significantly higher water content than that of DF No.1 

and the open ground at 42 DAS.  In 120-140 cm depths, the soil 

under film mulching has significantly higher water content than 

that of the open ground at 21 DAS and 56 DAS, the soil under DF 

No.2, No.3 and the plastic film has significantly higher water 

content than that of DF No.1 and the open ground at 28 DAS, and 

the soil under DF No.2 and the plastic film has significantly higher 

water content than that of other treatments at 35 DAS, 42 DAS and 

49 DAS.  In 140-160 cm depths, the soil under film mulching has 

significant higher water content than that of the open ground at 21 

and 28 DAS, and no significant difference on water content was 

observed in each treatment at 35-56 DAS. 
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Note: Letters a and b indicate significant differences at p<0.05 among the treatments, the same as below. 

Figure 8  Soil water content in 0-80 cm depths 

 
Figure 9  Soil water content in 80-160 cm depths 
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In general, the soil water contents in 0-160 cm depths were 

lower at 14 DAS than at other times, and in 40-160 cm depths the 

soil water contents had no significant difference in each treatment, 

but in 0-40 cm depths the soil under DF No.2 and the plastic film 

has significantly higher water content than under the open ground.  

At 21-56 DAS, the soil water content varied in different treatments 

and different depths, and soil under DF No.2 and the plastic film 

has similar water content in 0-140 cm depths, and were 

significantly higher than that of the open ground. 

3.4  Effects of degradable films on maize grain yields and their 

components 

Maize grain yields and their components in different 

treatments are shown in Table 3.For the ear length, no significant 

differences existed among each treatment.  For the ear diameter, 

the treatments of DF No. 2, No. 3 and the plastic film were 

significantly (p<0.05) greater than the treatments of DF No. 1 and 

the open ground.  For the bald tip length, the treatments of DF No. 

2, No. 3 and the plastic film were significantly shorter than the 

treatments of DF No. 1 and the open ground.  For KNP, the 

treatments of film mulching were significantly greater than the 

open ground while no significant differences existed among the 

treatments of DF No. 2, No. 3 and the plastic film.  For the ear 

row number, row grain number, TKW and GY, the treatments of 

film mulching were significantly greater than the open ground.  

The grain yields (GYs) were improved of 40.06%, 35.15%, 31.35%, 

and 30.07% for the treatments of plastic film, DF No. 2, No. 1 and 

No. 3 than that for the open ground respectively, with no 

significant differences among the treatments of film mulching.  

Three kinds of degradable films could obviously promote the 

ear development of maize, improve the ear characteristics, shorten 

the bald tip, increase KNP and TKW, and increase the final maize 

GY. 
 

Table 3  Maize grain yields and their components in different treatments 

Treatment 
Ear length 

/cm 

Ear diameter 

/cm 

Bald tip length 

/cm 
Ear row number Row grain number Kernel number 

Kernel weight 

/g 1000- grain
-1

 

Grain yield 

/kg·hm
-2

 

DF No. 1 22.08a 5.14b 1.06a 16.0a 39.8a 636.8b 331.8a 12373.9a 

DF No. 2 22.26a 5.20a 0.96b 16.2a 40.0a 648.0ab 337.6a 12732.1a 

DF No. 3 22.16a 5.21a 0.94b 16.4a 40.3a 660.9a 319.6a 12254.0a 

Plastic film 22.35a 5.28a 0.97b 16.8a 40.7a 683.8a 328.5a 13194.3a 

Open ground 21.91a 5.18b 1.17a 15.6b 39.1b 610.0c 270.1b 9420.8b 
 

4  Discussion 

4.1  Degradation rates and degrees 

Former researchers had conducted related research on 

degradable films with different degradability.  In 2015, two kinds 

of biodegradable films provided by KANEKA were tested in China.  

Results show that the film No. 1 entered the induction period at  

21 DAS, which was totally broken at 30 DAS and lost its covering 

effect as the cracks expanded rapidly, while the film No. 2 entered 

the induction period at 30 DAS with a relatively longer effective 

covering time[19].  In 2016, 3 kinds of degradable films with 

different content of degrading masterbatch (Dahua 1, 2, and 3, 

containing 3%, 5%, and 7% degradation masterbatch, respectively) 

were tested and the results show that the film of Dahua 3 reached 

Level 3 at the end of maize growth period, while the film of Dahua 

1 and 2 only reached Level 1 and Level 2 respectively[20].  The 

degradation rates and degrees of the degradable films were affected 

by the content of degrading masterbatch, and in a certain range, 

higher content of the masterbatch leads to higher degradation rates 

and higher degrees of the degradable films.  In this work, the films 

of DF No. 1, No. 2, and No. 3 entered the induction period at 30, 

40, and 50 DAS respectively, and reached Level 5, Level 4, and 

Level 4 at 90 DAS respectively.  The WLR in 100 d for DF No. 1, 

No. 2, and No. 3 were 22.31%, 19.46%, and 15.63%, which were 

4.16, 3.63, and 2.92 times of the plastic film, respectively.  The 

degradation characteristics of degradable films are usually related 

to their chemical components[21,22], technological parameters, and 

storage and field environments[23].  In the development and 

production of degradable films, special prodegradant should be 

added to adjust the physical properties of the films according to the 

geographical area, cultivation and season[10,24] . 

4.2  Soil temperature and moisture 

The effects of degradable and conventional plastic films on soil 

temperature and moisture have been widely documented.  

Generally,the degradable film and plastic film have similar effects 

of increasing soil temperature and moisture at early growth 

stages[25-29].  Biodegradable films warm soils less than 

polyethylene mulches, which could be favourable in areas and 

seasons characterized by high temperatures that responsible for 

damages to the crops, although polyethylene films may be 

advantageous in areas with cool conditions[30].  Wang et al. 

reported that the average temperature in 0-25 cm soil of 

biodegradable film mulching was increased by 1.91°C in 

comparison with the open ground and reduced by 0.85°C in 

comparison with the plastic film mulching, and the water-retention 

of biodegradable film was 90.4%-95.4% of the plastic film[31].  Gu 

et al. reported that the effects of increasing soil temperature and 

soil moisture were similar for the biodegradable and plastic film 

mulching, and were significantly higher than for the open ground 

before 150 DAS[32].  Results from this study got similar 

conclusion.  Previous research indicated that for degradable film 

mulching, soil temperature at surface and 10 cm depth and soil 

moisture in 0-40 cm depths during two months after maize sowing 

were all obviously higher than the open field, but were little lower 

than the plastic film mulching[33,34].  The present study showed 

that 3 kinds of degradable films and the plastic film had good 

warming effects on soil in the early period of maize growth, and 

the effects of different films were similar.  In the early stage of 

film mulching, soil moisture, especially in deep soil depth, was not 

affected much.  At 14 DAS, the soil water contents in 0-40 cm 

depths were significantly higher under DF No. 2 and the plastic 

film than under the open ground, but in 40-160 cm depths no 

significant difference between each treatment was observed.  At 

21-56 DAS, the soil water content varied in different treatments 

and different depths, and in 0-140 cm depths, the soil water 

contents were significantly higher under DF No. 2 and the plastic 

film than under the open ground (p<0.05).  The effect of DF No. 

2 mulching on soil moisture was similar with that of the plastic 
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film mulching. 

4.3  Grain yield 

Zhang et al. found that compared with the open ground control, 

GY of maize covered by degradable film and ordinary film were 

increased by 19.96% and 19.67%, respectively[27].  Hu et al. found 

that GY of maize covered by biodegradable film were significantly 

increased 12.63% and 14.69% than liquid film and no film 

treatment, separately[35].  Previous research showed that KNP, 

TKW, and GY of maize under degradable film covering were 

increased by 9.6%, 20.9%, and 35.1% respectively, and the 

degradable film did not show significant difference with plastic 

film[32].  In the present study a similar result was gained.  For the 

ear row number, row grain number, KNP, TKW and GY, the 

treatments of film mulching were significantly greater than the 

open ground.  The GYs for different treatments ranked as the 

plastic film>DF No. 2>DF No. 1>DF No. 3>the open ground, 

which were significantly improved by 40.06%, 35.15%, 31.35%, 

and 30.07% for the plastic film, DF No. 2, DF No. 1, and DF No. 3 

respectively than for the open ground (p<0.05).  There was no 

significant difference existing among the film mulching treatments.  

5  Conclusions 

All these three kinds of degradable films had good 

degradability.  DF No. 1, No. 2, and No. 3 entered the induction 

period at 30 DAS, 40 DAS, and 50 DAS respectively, and reached 

Level 5, Level 4, and Level 4 at 90 DAS respectively.  The WLR 

in 100 d for DF No. 1, No. 2, and No. 3 were 22.31%, 19.46%, and 

15.63%, which were 4.16, 3.63, and 2.92 times of the plastic film, 

respectively. 

These three kinds of degradable films had good warming 

effects on soil in the early period of maize growth, which were 

similar with the plastic film.  The soil water contents in 0-140 cm 

depths were significantly higher for DF No. 2 and the plastic film 

than that for the open ground (p<0.05).  The effect of DF No. 2 on 

soil water conservation, similar with that of the plastic film, was 

slightly better than that of DF No. 1 or No. 3. 

These three kinds of degradable films could significantly 

promote the ear development of maize, improve the ear 

characteristics, shorten the bald tip, and increase KNP and TKW.  

The GYs for DF No. 2, No. 1, and No. 3 were significantly 

improved by 35.15%, 31.35%, and 30.07% respectively higher than 

that for the open ground (p < 0.05).  The GY was increased more 

for DF No. 2 than that for DF No. 1 or No. 3, but the difference 

was not significant.  With no significant difference in GY between 

DF and the plastic film, 3 kinds of degradable films successfully 

fulfilled all the functions of the plastic film, thus were 

recommended as viable option to the plastic film due to their good 

degradability. 
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