SHEtX|(Korean J. Crop Sci.), 69(1): 34~48(2024) ISSN 0252-9777(Print)
DOI : https://doi.org/10.7740/Kjcs.2024.69.1.034 ISSN 2287-8432(Online)

Original Research Article

3 MulixioflM Cifol WESHE BYEHE SFE = d=, +8 A EEE

b
=2

Lol - 29" - wasp - o3 - 2ol

Effects of Various Biodegradable Mulching Films on Growth, Yield, and Soil
Environment in Soybean Cultivation

Ye-Guon Kim', Yeon-Hu Woo', Hyun-Hwa Park?, Do-Jin Lee®, and Yong-In Kuk*'

ABSTRACT The objective of this study was to evaluate the safety of biodegradable mulching films in soybean (Glycine max)
cultivation by measuring their effects on crop growth and yield, film decomposition and soil chemical and physical properties. In
2022 and 2023, plant height, branch number, chlorophyll contents, yield components, and yield of soybean did not vary
significantly in areas using PE films and biodegradable mulching films. The light transmission rate of the biodegradable mulching
films ranged from 6.4 to 15.8% when measured 112 days after soybean transplanting, and was higher, on average, in 2023 than in
2022. In both years, degradation of the biodegradable mulching films began 20 days after soybean transplantation and increased
over time. In addition, remains of biodegradable mulching films were present in fields at soybean harvest and remained until 50
days after harvest. Decomposition rates of the biodegradable mulching films at 112 days after soybean transplanting ranged from
9.81026.7% in 2022 and 13 to 36% in 2023. Although soil pH and EC varied based on the year and timing of measurements, there
was no significant difference between areas that used biodegradable mulching films and PE films. Soil organic matter, nitrate and
exchangeable cation contents such as Ca, Mg, and K were not significantly different in areas that used both PE films and
biodegradable films. However, significantly higher levels of available phosphoric acid content were measured in areas that used
biodegradable mulch films E, S, and T. Regardless of which films were used, there were no significant differences in the soil’s
physical properties. In 2022 and 2023, there was no difference between areas that used biodegradable mulch films and PE films.
However, soil temperature in mulched areas was 2°C higher and soil moisture was 5-15% higher than in non-mulched areas.
Barley growth was not affected by being planted in soil that had been used for soybean cultivation with biodegradable films.
Therefore, the biodegradable mulch films used in this study can be used without negatively affecting the growth, yield, and soil
environment of soybeans.
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Table 1. Biodegradable films used in this study.
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Films Manufacture Trade name Major components Film thickness (mm)
F Farmhannong Farmsbio PBAT+PLA+CB 0.015
H SejinBio Hulgrofilm PBAT+PLA+CB 0.015
\" Ecohansung Vontofilm - 0.012
E GreanBio Eco world 401 PBAT+Starch+CB 0.020
S SeojinBiotech Biodegradable mulching films PBAT+PLA 0.015
T Teasung Biodegradable mulching films PLA 0.015

*PBAT (Poly-butylene adipate terephthalate), PLA (Poly-lacticacid), CB (Chlorobenzene).
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Table 2. Effects of various biodegradable films on plant height and branch number of soybean plants in 2022 and 2023.

Plant height (cm)

Branch number

Year Treatment
14 DAT 28 DAT 42 DAT 56 DAT 70 DAT 84 DAT 98 DAT 112 DAT 14 DAT 28 DAT 42 DAT 56 DAT 70 DAT
Non-mulching  31.0°  502%  725% 774  77.1° 753" 48.1° - 5.5° 8.4° 8.9 9.1° -
PE 31L1° 527" 806" 808 792 77680 66.0° - 57" 9.7° 9.9° 9.8 -
F 314> 541 767 794® 787 765 62.2° - 6.0° 9.5 9.7 9.6® -
2022 H 311 533* 77.5°  782% 781 75.9° 564 - 6.0° 9.4* 9.6° 9.6® -
v 30.7° 523 712° 754° 7.7 76.8 5T - 6.0% 9.8° 10.0° 9.9° -
S 326 54.0 749  792®  780° 763  52.1™ - 5.8 10.0° 10.1° 9.8 -
T 328 549 804" 826" 714 7590 415 - 5.9% 9.5° 9.7° 9.7 -
Non-mulching ~ 20.4°  33.9°  63.9*°  81.0°  84.0°  84.0° 899  494° 4.1° 7.1° 7.8° 9.0° 9.3
PE 223 360" 685 84.8°  872°  87.2*  89.7*  52.3° 4.5 7 9.1° 9.2 9.6"
F 225 36.7° 67.8 86.3* 873" 87.3*  882°  49.5° 4.2 7.6 9.1° 9.2 9.3
2023 H 223 375 68.7 86.1°  87.0°  87.0°  882*  494° 4.1° 7.7 8.9* 9.2 9.3
E 223 37.1° 67.3 86.3*  87.2° 872  90.0°  49.1° 43 7.5% 9.0° 9.0° 9.3
S 21.6° 359 674 86.3*  872° 872  90.6*  51.2° 4.3 7.6° 9.0° 9.0° 9.0°
T 21.2* 354 671 86.1°  86.7°  86.7°  89.4*  484° 4.2 7.8° 8.9" 9.0° 9.3

* DAT, days after transplanting; PE, Polyethylene film; F, H, V, S, and T, biodegradable films.
** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s Multiple Range Test.

Table 3. Effects of various biodegradable films on chlorophyll content (SPAD value) of soybean plants in 2023.

Treatment 28 DAT 42 DAT 56 DAT 70 DAT 84 DAT 98 DAT
Non-mulching 35.4° 35.1° 37.2° 0.1 46.0° 44 8™
PE 37.1° 36.8° 38.1° 4.2° 442 45.7%¢
F 36.5° 35.5° 38.0° 43.1° 43.3%® 45.6"
H 36.1° 36.4° 37.8° N7 437" 47.2%
E 35.2° 37.7° 37.0° 41.9° 44.5% 46.6"
S 37.4° 35.4° 38.3° 41.7° 453 44.4°
T 36.4° 36.4° 38.1° 492 39.4° 48.1°

* DAT, days after transplanting; PE, Polyethylene film; F, H, V, S, and T, biodegradable films.
** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s

Multiple Range Test.
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Table 4. Effects of various biodegradable films on yield and yield components of soybean in 2022 and 2023.

Blooming Podding 100 Seed

Year Treatment period period (Era/rlllgh POd. Seed V\./eight weight Yield
(DAT) (DAT) 0./hill) (No./hill) (g/hill) (@) (kg/10a)
Non-mulching 40.0° 47.0° 7.2° 123.8° 62.2° 30.3° 226.2°
PE 40.0° 47.0° 7.9 170.6° 74.4° 31.2% 270.5°
F 40.0° 47.0° 7.5° 156.0° 71.4° 32.3° 260.0°
2022 H 40.0° 47.0° 7.4° 159.1° 73.1° 30.7% 266.2°
\% 40.0° 47.0° 7.5 163.7° 72.3° 31.2% 263.3°
S 40.0° 47.0° 7.3 156.9° 70.7° 31.2%® 257.1°
T 40.0° 47.0° 7.4 152.0° 65.4° 30.3° 238.2°
Non-mulching 37.0° 51.0° 6.6" 180.1° 87.8" 37.8° 288.2°
PE 37.0° 51.0° 7.7 219.4° 85.6" 37.9° 358.2%
F 37.0° 51.0° 7.9 213.7% 90.0° 38.4° 370.6"
2023 H 37.0° 51.0° 8.1° 207.3% 88.9° 38.5° 334.0"
E 37.0° 51.0° 7.9° 201.6™ 88.9° 38.0° 330.3%
S 37.0° 51.0° 8.1° 204.7% 88.9° 38.1° 350.7%
T 37.0° 51.0° 8.1° 197.1% 86.7° 38.1° 312.2%

* PE, Polyethylene film; DAT, days after transplanting; F, H, V, S, and T, biodegradable films.
** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s
Multiple Range Test.
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Ao17F RAAJTHGao et al., 2021; Lee et al., 2015; Liu et By, AEIPH AL S 6.4~15.8% FFES At
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Table 5. Changes in the light transmittance (%) of various biodegradable and PE films in soybean cultivation in 2022 and 2023.

During cultivation hfl‘rit/zrs ¢
Year Treatment
0 14 28 42 56 70 84 98 112 DAT 11
DAT DAT DAT DAT DAT DAT DAT DAT DAH
PE 0.5° 0.3° 0.3° 0.3° 0.2° 0.2° 0.2° 0.2¢ 0.2¢ 0.2¢
F 0.3° 0.6° 0.7° 0.7° 0.5° 1.7° 1.8° 1.9% 1.9% 1.8%
022 H 0.9 3.6 0.8° 1.0° 1.1° 1.0° 1.0° 1.0 1.0 2.0%
\Y4 7.9 17.8° 15.8° 17.5° 17.5° 18.0° 17.7° 17.6° 17.6° 18.1°
S 1.2° 1.2° 1.6° 1.6° 1.8° 1.8° 2.7° 2.7% 2.7% 2.6™
T 0.4° 1.7° 3.6° 3.6° 3.9° 4.4° 42° 4.2° 4.3 4.2°
PE 0.2° 0.2° 0.2° 0.2° 0.3 0.3¢ 0.3¢ 0.3¢ 0.3¢ -
F 1.4° 1.7% 1.8 2.2° 5.3% 5.4% 6.9° 6.7° 6.4° -
H 0.8% 8.7° 11.9° 13.2° 13.8° 15.4° 15.7° 15.2° 15.8° -
2023 be c ab b be c be b b
E 0.8 0.7 0.6 0.7 0.8 3.7 4.5 6.2 7.6 -
S 0.5¢ 0.7 1.5 220 4.4% 5.1% 6.8" 7.0° 7.0° -
T 6.3 6.2% 7.2 7.1%® 8.8 12.0% 12.9° 14.3% 14.8° -

* DAT, days after transplanting; DAH, days after harvest; PE, Polyethylene film; F, H, V, E, S, and T biodegradable films.
** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s

Multiple Range Test.
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Table 6. Changes in visual collapse levels (0-5) of various biodegradable and PE films in soybean cultivation in 2022 and 2023.

During cultivation After harvest

Year Treatment g 10 20 30 40 50 60 70 80 90 100 110 5 15 25 35 45
DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAH DAH DAH DAH DAH

PE 0.0* 0.0° 0.0° 0.0° 0.0° 03° 03 07 07 07° 1.0° 1.0° 1.0° 1.0° 1.0° 1.0° 13°

F 0.0  0.0° 0.0* 03 07° 13 20® 20> 20~ 20° 20> 20° 27° 3.0¢ 3.0 37" 43°
- H 0.0° 0.0% 0.0° 1.0° 1.0° L7° 23* 3.0° 37° 40" 4.0° 40° 40° 47° 50° 50° 5.0°
\Y% 0.0 0.0° 0.0* 0.7° 1.0° 17 1.7% 20> 20 20° 20> 23" 23° 23% 30 3.0 3.0°
S 0.0  0.0° 0.0* 03® 07° 1.0 13% 13" 139 13 1.7° 20" 27° 33%* 40° 43° 43°
T 0.0° 0.0* 0.0° 1.0° 1.0° L7° 1.7%° 17° 27° 37° 4.0° 40"  4.0° 40 43° 43% 47
PE 0.0° 0.0* 00" 00> 00> 00 03 03> 03 03" 07° 03° - - - - -
0.0° 0.0* 1.0° 1.0° 1.7 20> 27° 27 33 33" 33 37 - - - - -
2023

0.0° 0.0* 07° 1.0° 1.3* 20> 23* 23 27° 3.0 3.0° 3.3° - - - - -
0.0° 0.0* 10" 1.0° 1.7 20> 23* 27° 33 33 33 3.7° - - - - -
0.0* 03" 1.0° 1.0° 20" 27 3.0 33" 37° 3.7 37" 43° - - - - -

* DAT, days after transplanting; DAH, days after harvest; PE, Polyethylene film; F, H, V, E, S, and T biodegradable films.
** () represents the film practically intact; 5 represents the film breaking down into fragments that were smaller than 4x4 cm?,
*** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s Multiple Range Test.

F
H 0.0 0.0* 1.0° 1.0° 20" 23® 30 33 33 37° 37° 4.0° - - - - -
E
S

—

Table 7. Changes in decomposition (%) of various biodegradable and PE films in soybean cultivation in 2022 and 2023.

Year Treatment 0 DAT 14 DAT 28 DAT 42 DAT 56 DAT 70 DAT 84 DAT 98 DAT 112 DAT

PE 0.0° 0.2° 0.2° 0.6° 0.2° 0.4° 0.8° 0.2¢ 0.2¢
F 0.0° 10.2% 15.1° 15.6° 15.9%® 17.4* 17.4%® 17.9° 19.1°
- H 0.0° 5.6™ 42° 5.2 8.2 8.8" 8.6° 9.6° 10.0°
\Y% 0.0° 12.4° 15.8° 16.1° 21.0° 21.0° 22.3° 24.0° 26.7°
S 0.0 2.1° 2.7° 2.1° 3.1° 8.4° 8.5° 9.2° 9.8°
T 0.0° 1.4° 3.7° 2.8° 4.9° 6.0 12.6™ 13.67* 14.0°
PE 0.0° 0.0° 0.0° -0.2° 2.3° 0.0° 0.0° 1.9¢ 3.1°
F 0.0° 2.0° 3.7 4.8° 7.4 8.0 9.4° 8.7 19.5%
H 0.0° 1.3 0.2° 3.3° 12.5° 13.7° 14.1% 17.7% 33.4°
2023 a a a a a ab be be be
E 0.0 -0.3 0.4 0.1 5.7 6.6 7.6 8.6 13.0
S 0.0° 0.6" 0.4° 6.2° 1.7 10.4% 13.0® 12.8%° 23.7%
T 0.0° 0.4* 0.4° 1.0° 9.2° 16.4° 20.3° 24.0° 36.0°

* DAT, days after transplanting; PE, Polyethylene film; F, H, E, S, and T biodegradable films.
** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s
Multiple Range Test.
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Table 8. Soil pH at various plant stages as affected by biodegradable and PE films in soybean fields in 2022 and 2023.

During cultivation After harvest

Year Treatment 0 14 28 42 56 70 84 98 112 11 25 39 53
DAT DAT DAT DAT DAT DAT DAT DAT DAT DAH DAH DAH DAH

Non-mulching 5.7 6.0° 57° 57° 56° 55" 54 53 535° 57 59® 58" 58
PE 58 5.6°  57® 59 58 54> 56> 56 56° 57 56 57°  55°

F 6.0° 57* 55" 58 58 62" 60" 59 59 60" 60" 60" 59
2022 H 59 57" 59 61°  6.0° 6.1° 6.0° 59° 59"  60° 6.0° 61° 6.0°
\Y 6.0° 59 55 61* 57" 60 6.0° 59  6.0° 59® 59" 61" 6.0°
S 6.0 58 55° 59° 56 58 57° 55~ 535° 57°  6.0°  6.0*° 5.6°
T 57 57° 55 6.0 577 59 58P 570 58 5gbc 58 591 58
Non-mulching ~ 6.0° 62" 64° 62 56° 53 54° 55 53° - - - -
PE 6.0° 59" 58" 60" 59° 52° 55™ 54° 55 - - - -
F 6.0° 65 67 62 56° 58 58 570 570 - - - -
2023 H 59° 65" 6.6 63" 56" 57" 55" 56" 56° - - - -
E 59° 64" 6.6 64" 59" 56 56 57" 56° - - - -
S 59 62™  63*  62™ 57° 57 590 58 570 - - - -

T 6.0°  64° 65 63" 57 56° 56 57 572 - - - -

* DAT, days after transplanting; DAH, days after harvest; PE, Polyethylene film; F, H, E, S, and T biodegradable films.
** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s
Multiple Range Test.

Table 9. Soil EC (dS/m) at various plant stages as affected by biodegradable and PE films in soybean fields in 2022 and 2023.

During cultivation hl:r{tzzz ¢
Year Treatment
14 28 42 56 70 84 98 112 11
DAT DAT DAT DAT DAT DAT DAT DAT DAT DAH
PE 0.5° 0.3° 0.3° 0.3° 0.2° 0.2° 0.2° 0.2¢ 0.2¢ 0.2¢
F 0.3° 0.6 0.7° 0.7° 0.5° 1.7° 1.8 1.9 1.9% 1.8%
- H 0.9° 3.6° 0.8° 1.0° 1.1° 1.0° 1.0° 1.0% 1.0% 2.0%
\% 7.9 17.8° 15.8° 17.5° 17.5% 18.0° 17.7° 17.6* 17.6° 18.1%
S 1.2° 1.2° 1.6° 1.6° 1.8° 1.8° 2.7° 2.7% 2.7% 2.6
T 0.4° 1.7° 3.6° 3.6° 3.9° 4.4° 4.2° 4.2° 4.3% 4.2°
PE 0.2¢ 0.2¢ 0.2° 0.2° 0.3 0.3 0.3¢ 0.3 0.3 -
F 1.4° 1.7 1.8 2.2° 5.3 5.4 6.9° 6.7° 6.4° -
H 0.8 8.7° 11.9° 13.2° 13.8° 15.4° 15.7° 15.2° 15.8° -
2023 be c ab b be c be b b
E 0.8 0.7 0.6 0.7 0.8 3.7 45 6.2 7.6 -
S 0.5 0.7 1.5% 2.2° 4.4 5.1% 6.8° 7.0° 7.0° -
T 6.3 6.2 7.2t 7.1%® 8.8% 12.0% 12.9° 14.3* 14.8° -

* DAT, days after transplanting; DAH, days after harvesrt; PE, polyethylene film; F, H, E, S and T biodegradable films.
** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s
Multiple Range Test.
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Fig. 1. Organic matter content at 101 days after transplanting as affected by biodegradable and PE films at soybean fields in
2022 (A) and 2023 (B).
* NM, Non-mulching; PE, Polyethylene film; F, H, E, S, and T biodegradable films.
** Means within bars followed by the same letters are not significantly different at the 5% level according to Duncan’s Multiple
Range Test.

Table 10. Soil mineral nutrients at 101 days after transplanting as affected by biodegradable and PE films at soybean fields in 2023.

Treatment Nitrate nitrogen  Available phosphate Exchangeable cation (cmol+/kg)
(%) (mg/kg) Ca Mg K
Non-mulching 0.015* 310.9° 14.1* 2.6 1.3
PE 0.009? 126.1° 13.1% 2.5% 1.1°
F 0.010? 146.0™ 13.6% 2.5% 1.1°
H 0.010° 252.3*¢ 14.5° 2.9° 1.2*
E 0.010° 262.3% 14.7° 2.9° 1.4°
S 0.009* 279.0° 13.6° 2.7° 1.3%
T 0.012° 328.2° 15.3% 2.7% 1.3

* PE, Polyethylene film; F, H, E, S, and T biodegradable films.
** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s
Multiple Range Test.
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Table 11. Soil bulk density, porosity, and three phases at 101 days after transplanting as affected by biodegradable and PE

films in soybean fields in 2023.

Treatment Bulk der315ity Porosity Three phases (%)
(g/em’) (%) Solid Liquid Gaseous
Non-mulching 1.0° 61.2° 38.8° 22.6" 38.7°
PE 1.1* 60.2° 39.8° 23.2° 37.0°
F 1.0° 63.3" 36.7° 21.4° 41.9°
H 1.0° 60.6" 39.4° 22.0° 38.6°
E 1.0° 62.9° 37.1% 21.3° 41.6*
S 1.0°* 61.9° 38.1° 21.8° 40.2*
T 1.0°* 63.0° 37.0° 19.8* 43.2%

* PE, Polyethylene film; F, H, E, S, and T biodegradable films.
** Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s

Multiple Range Test.
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g. 2. Soil texture (%) at 101 days after transplanting as
affected by biodegradable and PE films at soybean
fields in 2023.

* NM, Non-mulching; PE, Polyethylene film; F, H, E, S, and

T biodegradable films.
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Fig. 3. Soil temperature (A) and soil moisture (B) in soybean
fields as affected by biodegradable and PE films in
2022.

* PE, Polyethylene film; F, H, E, S, and T biodegradable films.
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Table 12. Effects of various biodegradable films on germination, plant height, and shoot fresh weight of barley in 2022 and 2023.

Year Treatment Germination Plant height Shoot fresh weight
(%) (cm) (g/3 plants)
Non-mulching 75.0° 16.3% 0.4°
PE 90.0* 14.3% 0.5°
F 80.0° 15.0° 0.5°
2022 H 90.0° 15.9° 0.5*
\Y% 90.0° 16.1° 0.5°
S 75.0° 15.8% 0.5°
T 95.0* 16.6" 0.5
Non-mulching 93.3° 13.4° 0.3°
PE 100.0° 14.5° 0.3"
F 93.3? 14.4° 0.3*
2023 H 100.0* 12.6* 0.3°
E 100.0* 13.3% 0.3
S 93.3° 14.6° 0.3"
T 86.7° 14.6° 0.3"

* Means within a column followed by the same letters are not significantly different at the 5% level according to Duncan’s
Multiple Range Test.
** PE, Polyethylene film; F, H, E, S, and T biodegradable films.
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Table 13. Summary of this study.

Light Visual b » Chemical property Physical Soil Soil
Year Treatment Growth Yield transmittance decomposition econ};osmon pH EC Available ysica ol 0! Post-crop
%) levels (0~5) (%) shosphate Others property temperature moisture
PE - - 0.2 1.0 0.2 - - - - -
F X X 1.9 2.0 19.1 x X X x X
H X X 1.0 4.0 10.0 X x x X X
2022
\% x x 17.6 23 26.7 } x x x x
S X X 2.7 2.0 9.8 x x X X X
T X X 43 4.0 14.0 x x X x x
PE - 0.3 0.3 3.1 - - - - - -
F X X 6.4 3.7 19.5 x X x X x x X
H X X 15.8 4.0 334 X x X X x x x
2023
E X X 7.6 33 13.0 X T X X X X X
S x x 7.0 3.7 23.7 x 1 x x x x x
T X x 14.8 43 36.0 x 1 x x X x x
* PE, Polyethylene film; F, H, E, S, and T biodegradable films; x, No differences ; 1, Increase; |, Decrease.
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