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Abstract


This study evaluated mulch-film degradation, soil conditions, and the growth of soybean and maize under polyethylene film (PEF) and biodegradable (BD) mulch films in South Korea in 2023. Both crops received identical treatments: non-mulching (NM) and four black mulch films (PEF and three BD films: BFI, BFII, and BFIII). In the soybean field, film weight maintenance at 120 days after transplanting (DAT) was lowest for BFII (20.3%), followed by BFIII (29.4%) and BFI (46.1%). Soil water potential values were −136.2 kPa in BFII, −125.6 kPa in BFI, −75.3 kPa in NM, −70.4 kPa in PEF, and −62.2 kPa in BFIII. Soil electrical conductivity (EC) increased in PEF plots. Bulk density decreased under mulching treatments, corresponding to increased soil porosity. PEF significantly increased root and stem fresh weight (FW), and total FW. BFII increased pod number and seed FW, with the second-highest values in BFI- and BFIII-treated plants. In the maize field, film weight maintenance declined in BFII and BFIII or in BFI between 30 and 60 DAT. Soil moisture decreased in BFII plots and, on some June sampling dates, in BFI and BFIII plots. PEF significantly reduced soil hardness, with similarly low values in BD treatments. Mulching increased soil P2O5 and K2O concentrations. PEF produced the highest vegetative FW (817.2 g), while BD films increased ear height and ear length and FW. Overall, the BFII mulching film with readily decomposable PBAT and PBS components was likely to have influenced mild drought stress during the late growth stage of soybean, producing moderate vegetative growth and promoting yield.
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1. Introduction


Polyethylene film (PEF) is the most widely used plastic mulch and is produced by polymerizing ethylene under high temperature and pressure to generate high-molecular-weight polymers [1,2]. Agricultural PEF has been used globally since the late 1950s as a ground mulch to improve crop productivity by suppressing weeds and pests and buffering soil conditions, including limiting water and nutrient losses, reducing soil erosion, and minimizing rapid shifts in soil pH [1,2,3]. However, PEF buried in soil requires more than 300 years to decompose, leading to long-term soil and environmental contamination [4,5]. In addition to landfill accumulation, disposal of non-degradable PEF can result in endocrine-disrupting chemical leakage, the release of highly toxic pollutants during incomplete combustion, and the emission of CO2, a greenhouse gas [4,5]. The disposal of waste mulch films also requires substantial labor and financial inputs, which is particularly challenging in South Korea, where rural populations are aging and agricultural productivity is constrained by worker shortages.



To mitigate environmental impacts and reduce labor demands, biodegradable (BD) plastic mulch films were introduced commercially in 2006 as alternatives to PEF and have since expanded in use worldwide [1,2,6]. BD mulch films can perform comparably to PEF for agricultural mulching and have received favorable evaluations from farmers [1,2,7,8,9]. Nonetheless, limitations remain, including higher cost, suboptimal mechanical properties, and difficulties in controlling decomposition rates across film types, soil characteristics, crop species, and environmental conditions [10]. BD mulch films are commonly produced by blending polybutylene adipate terephthalate (PBAT), polylactic acid (PLA), and/or polybutylene succinate (PBS) with carbon black, starch, cellulose, and mineral additives [11,12,13,14]. PLA degradation is driven primarily by microorganisms and is produced from biomass-derived polymers extracted from corn starch or sugarcane [15]. On the other hand, PBAT, a petroleum-derived polymer, is influenced by light, temperature, and microbial activity, typically decomposing faster than PLA [15] due to flexible aliphatic segments, with little practical on-farm evidence for these degradation behaviors.



BD mulching can stimulate soil microbial abundance and activity, promote nutrient cycling of C, N, and P, and increase nutrient availability to plants [16,17]. The amount and source of soil organic matter (OM) can shape soil microenvironments and microbial community structure, and these factors have been investigated extensively in studies evaluating microbial contributions to BD mulch fragmentation and decomposition [12,18]. Soybean (Glycine max (L.) Merr.) and maize (Zea mays L.) are major summer crops in South Korea and are frequently cultivated with mulch films to regulate topsoil conditions and manage crop environments under warm and humid conditions [19]. In a dry region, a moderately decomposable BD mulch film timed to coincide with maximal canopy leaf area was most effective for improving the growth of soybean, maize, and peppers and conserving soil OM [7,20,21]. BD film biodegradability and impact on the soil environment will vary depending on compositional differences (PBAT/PLA ratio, additives, etc.) [15,22], and region and crop species [6], consequently leading to differences in the growth and yield of major field crops [15,21]. However, there is little research investigating how the same BD mulching material degrades and affects crop growth when applied in locations with different latitudes and climatic conditions. This study evaluated film degradation, soil conditions, and the growth of two summer crops treated with PEF and different types of BD films during cultivation under hot and humid conditions in South Korea.




2. Materials and Methods


2.1. Treatment Plot


Field experiments were conducted at two farms in South Korea in 2023: soybean in a private farm of Gumi-si (36.10° N, 128.36° E) and maize in a university agriculture experiment station of Anseong-si (37.01° N, 127.33° E). The private farm in Gumi-si was leased and designated as an experimental area, and the experimental area in Anseong-si is a university-affiliated experimental farm. The Gumi-si plots had previously been used for pepper and onion experiments with similar mulching treatments [14,21]. Soil fertility at both farms was managed using fertilizers applied according to standard cultivation guidelines established by the RDA (Rural Development Administration) [23,24], and soil chemical fertilizer per ha was applied over the entire soil surface at 30 kg of T-N, 30 kg of P2O5, and 32 kg of K2O for soybean and at 158 kg of T-N, 79 kg of P2O5, and 79 kg of K2O for maize crops, with approximately 20 ton of manure compost for each crop to ensure optimal growth.



In Gumi-si, the mean air temperature and precipitation were 23.7 °C and 164.3 mm in June 2023, 25.9 °C and 481.3 mm in July, 27.0 °C and 498.3 mm in August, 22.8 °C and 219.0 mm in September, and 14.9 °C and 3.4 mm in October. In Anseong-si, the mean air temperature and precipitation were 23.1 °C and 156.0 mm in June 2023, 25.9 °C and 547.2 mm in July, and 26.4 °C and 253.9 mm in August [25]. Soil texture at 0–10 cm depth was predominantly sandy loam (clay 8.2%, sand 73.5%, and silt 18.4%) in Gumi-si and sandy loam (clay 11.3%, sand 72.1%, and silt 16.7%) in Anseong-si.



‘Daedu’ soybean seedlings were transplanted on 30 June 2023 (0 days after transplanting, DAT) and hand-harvested on 30 October 2023 (120 DAT). ‘Dongwon Eollugichal’ maize seedlings were transplanted on 7 June 2023 (0 DAT) and hand-harvested on 7 August 2023 (60 DAT). Planting soybean and maize was carried out by directly making circular holes approximately 5 cm in diameter in the mulching film. Because precipitation was sufficient during the growing period at both sites, all treatment plots were irrigated with a uniform amount of water by hose only when dry periods exceeded 7 consecutive days.




2.2. Mulch Treatments


The same treatments were applied to both soybean and maize experimental areas: non-mulching (NM) and black mulch films, PEF and three BD films. PEF was used as the reference for mulching film treatment. The most widely used BD films in Korea were selected based on the ratio of degradable components (PBAT, PBS, and cellulose), depending on whether there were components (PLA) that decompose slowly. The BFI film (I Co., Ltd., Ansan-si, Republic of Korea) consisted of approximately 80% of PBAT, PLA, and PBS, 14% of CaCO3, and 6% of Ca, Mg, and Si blend; BFII (S Co., Ltd., Pocheon-si, Republic of Korea) consisted of approximately 74% of PBAT and PBS, 25% of CaCO3, and 1% of Ca and Mg; and BFIII (G Co., Ltd., Icheon-si, Republic of Korea) consisted of approximately 98% PBAT plus cellulose and 2% of Mg and Si. Although the physical properties of the specific mulching film used in this experiment were not analyzed, a film composed of nearly 100% PBAT exhibited a tensile strength of 2740 N/cm2 lower than those of films made from a blend of PBAT, PLA, and CaCO3.



The study evaluated mulch-film degradability, soil conditions, and crop growth. Each treatment plot with 100 cm width and 320 cm length was entirely mulched on both field sites. Film thickness was 0.015 mm for PEF, BFI, and BFII and 0.020 mm for BFIII. Each treatment plot contained 10 soybean plants and 10 maize plants. Mulch films were applied to cover the entire ridge before transplanting.




2.3. Mulch Film Analysis


In soybean and maize fields, the mulching films were lifted, and the light transmittance beneath the films was measured at four different locations per plot by holding an illuminometer (FT3424; HIOKI Co., Ueda, Japan) horizontally. Measurements were taken between 12:00 and 14:00 at 30-day intervals. Light transmittance (%) was calculated as the ratio of illuminance beneath the film to atmospheric illuminance.



For film weight maintenance, two film pieces per treatment plot were collected from each field by cutting to 21.0 cm × 29.7 cm. To minimize sampling variability, the same film samples were non-destructively retrieved and repeatedly weighed at each sampling interval at 30-day intervals during the growing season. Film weight maintenance (%) was calculated relative to the initial film weight.




2.4. Soil Environment Analysis


Daily maximum and minimum of soil temperature and moisture were recorded at a depth of 10 cm using temperature and moisture data loggers (Efento Co., Seoul-si, Republic of Korea) at a single location in the center of the treatment plot. Measurements were collected in soybean plots from August to October and in maize plots during June, in the middle stages in growth of the two crops.



Soil bulk density, solid, liquid, and air phases, and total porosity were determined to investigate the precise structural properties of topsoils in soybean plots at 100 DAT, in the mid-to-late growth stage, using 100 cm3 core samples. Soil hardness was utilized in maize plots to rapidly assess field-scale soil compaction at 50 DAT, in the mid-to-late growth stage, using a soil hardness meter (DIK-5533; Daiki Co., Tokyo, Japan).



Soil pH and EC were measured at 10 cm depth using a portable pH meter (HI 99121; Hanna Instruments, Seoul, Republic of Korea) and EC meter (HI 98331; Hanna Instruments, Seoul, Republic of Korea). Measurements were obtained at 30-day intervals in soybean plots and at 30 DAT in maize plots.



Soils were sampled at 0–20 cm depth from each plot 30 days before harvest. Soil organic matter (OM) and macronutrients were analyzed according to the standard methods for research, survey, and analysis in agricultural science and technology [26]. Soil OM was quantified by the Tyurin method. Nitrate (NO3−) was determined by colorimetry after extraction with 2.0 M KCl. Available P2O5 was determined using the molybdenum blue method. Exchangeable K2O, CaO, and MgO were extracted with 1.0 N NH4OAc and quantified by atomic absorption spectroscopy.




2.5. Plant Growth and Yield Analysis


Two plants per experimental plot (replicated plot) were designated as data plants for soybean and maize measurements, respectively. Plant height, stem diameter, leaf number, and Soil–Plant Analysis Development (SPAD) values were measured at 30-day intervals using the same data plants throughout the study. Leaf SPAD values were measured with a SPAD-502 m (Konica Minolta Co., Tokyo, Japan) as an estimate of relative chlorophyll content. Weeds present in soybean plots before harvest were collected and measured for fresh weight (FW) and dry weight (DW).



At harvest, whole soybean and maize plants, including roots, were collected and measured for FW and DW. Soybean plants were separated into roots, stems, and leaves, and FW and DW were determined for each organ. Pod number and pod weight, as well as seed number and seed weight, were measured from the data plants per plot. For maize, ear height, ear length, and ear FW were measured from the data plants per plot.




2.6. Statistical Analysis


Soybean and maize field trials were arranged in a randomized complete block design with three replicates (plots) per treatment. The experimental field was blocked considering the soil moisture gradient along the slope, and each identical plot (3.3 m2) within a block was randomly allocated using a random number table. Treatment means were compared by analysis of variance (ANOVA). Statistical analyses were performed in SAS Version 14.1, and mean separation was conducted using Duncan’s multiple-range test at p < 0.05.





3. Results and Discussion


3.1. Film Biodegradability, Soil Environment, and Soybean Growth


Light transmittance increased in BFII mulch films at 0, 60, and 120 DAT, whereas transmittance decreased in BFIII, which was manufactured with a slightly greater thickness (Figure 1A). Across treatments, mulch films underwent physical and chemical weathering, becoming more opaque and less transparent over time. Film weight maintenance declined rapidly in all BD films from 30 to 90 DAT (Figure 1B). At 120 DAT, weight maintenance was lowest in BFII (20.3%), followed by BFIII (29.4%) and BFI (46.1%). Visual assessments (Figure 2) indicated substantial deterioration of BD films at 90 and 120 DAT, following the onset of degradation at 60 DAT. BFI film including a PLA component in its blend is reported to degrade slowly in soil because it requires higher temperatures (above 60 °C) for initial decomposition than BFII composed mainly of PBAT + PBS [22,27]. Localized disintegration on portions of the BFI film surface at 120 DAT likely reflected mechanical tearing (for example, wind-driven stress) rather than microbial depolymerization.



Soil water potential in all plots remained high (greater than −50 kPa) during August because of sustained rainfall and reduced temperature fluctuations during the rainy season (Figure 3A–D). Mean soil water potential decreased to approximately −200 kPa, corresponding to the initial wilting point for soybean [28], in early September. This drying period increased mean soil temperature, reaching 33.7 °C in BFIII plots and remaining near 38.0 °C for several days, followed by NM (33.0 °C). Soil water potential fluctuated markedly in September and October. Seasonal mean water potential was low in BFII plots (−136.2 kPa) due to the film degradation, followed by BFI (−125.6 kPa), NM (−75.3 kPa), PEF (−70.4 kPa), and BFIII (−62.2 kPa). BFIII films, which were cellulose-based and thicker, likely had higher hydrophobicity and stronger water-vapor barrier properties [13], thereby increasing soil moisture while raising the soil maximum temperature to 39.5 °C on 12 October. In contrast, PEF plots maintained comparatively stable soil water status and temperature, conditions that may support root elongation and rhizosphere activity during the growing season [3,19]. However, one should be careful in framing causation from a single-sensor, single-season dataset with no statistical link between degradation rate and water potential established.



Soil pH decreased in NM at 30 DAT and in NM, BFI, and BFII at 120 DAT, whereas pH fluctuated less in PEF plots, consistent with more stable soil conditions (Figure 4A). This stability is consistent with mulch-driven regulation of soil moisture and temperature and with altered dynamics of mineral salts over time [3,29]. Soil EC was significantly higher in PEF plots than in BD and NM plots from 30 to 120 DAT (Figure 4B). Similar increases have been reported in soybean fields mulched with PEF, where improved soil moisture may increase salt solubility and thereby elevate EC, potentially supporting crop productivity when EC remains within the optimal range of 0.1–2.0 dS m−1 [30,31,32]. Across treatments, EC decreased over time, consistent with salt leaching and crop nutrient uptake.



Soil bulk density decreased in all mulched plots, with a corresponding increase in porosity (Table 1). NM plots exhibited a higher solid showed high bulk density and low porosity, which may limit oxygen diffusion to roots and aerobic soil microorganisms [3,13,33]. Bulk density and porosity are key indicators of soil physical status and influence water retention, nutrient cycling, gas exchange, and temperature stability, thereby affecting nutrient uptake in summer and winter crops [13,33]. NM conditions promoted greater weed biomass inputs and may have slowed carbon decomposition because of lower soil moisture and reduced aeration relative to mulched plots, which was shown for higher soil OM in NM than in PEF and BFII plots (Table 1). BFI and BFII may have supported aerobic microbial processes under higher soil oxygen availability and increased NO3− concentrations [8,17]. Soil P2O5 tended to increase in BFIII plots containing cellulose, potentially through enhanced phosphomonoesterase activity associated with Penicillium aculeatum [34]. Increased phosphate availability may have contributed to lower NO3− concentrations via anion competition and preferential phosphate uptake [35]. Plastic mulching did not substantially alter exchangeable cation concentrations, although CaO decreased in BFIII plots, potentially reflecting increased crop uptake [36]. No differences in soil K2O and MgO levels were observed among the treatments, although lower values were recorded in the NM and BFIII plots, respectively.



Soybean plant height did not differ significantly among treatments during the growing season (Figure 5A). NM plants had smaller stem diameters at 120 DAT (Figure 5B), fewer leaves at 60 DAT (Figure 5C), and lower SPAD values at 30 DAT (Figure 5D) than mulched plants. BFI and BFII treatments increased leaf formation at 60 DAT and may improve light interception and photosynthetic performance [37], which diminished differences among treatments after canopy development. Accelerated early leaf formation may also have contributed to reduced soil water conservation during dry periods (Figure 3), although BD mulches can still reduce runoff and promote gradual infiltration as observed in Eastern Asia [19,38,39].



Root and stem FW increased significantly under PEF and were lowest in NM, whereas DW did not differ significantly among treatments (Table 2). PEF also increased whole-plant FW and DW relative to NM. Excessive vegetative growth can reduce allocation to developing seeds because of sink competition between vegetative and reproductive organs [40], consistent with reduced flowering and pod and seed formation in PEF-treated plants [40]. BFII produced the highest pod number, seed FW, and yield (4021 kg per ha), with the second-highest yields in BFIII (3393 kg per ha) and BFI (3236 kg per ha). BFII also increased the leaf FW-to-whole-plant FW ratio (14.1%) relative to NM (11.7%), PEF (10.2%), BFI (11.1%), and BFIII (12.2%). This may have been due to enhanced carbon assimilation capacity induced from partial water stress in the BFII plots during the late growth stage.




3.2. Film Biodegradability, Soil Environment, and Maize Growth


In the maize field, light transmittance was high at 0 DAT in BFII, BFI, and BFIII (Figure 6A), consistent with observations in the soybean field. No significant differences among films were detected at 30 or 60 DAT. Film weight maintenance declined in all BD films between 30 and 60 DAT, with the largest decreases in BFII and BFIII (Figure 6B), similar to the soybean field (Figure 1). However, the BD films decomposed slowly in the maize field compared to the soybean plots; this was attributed to the high clay contents and poor aeration, low levels of temperature, and precipitation in the maize field. PLA-based BD films such as BFI would slowly degrade aboveground because of their relatively high glass transition temperature and rigid structure [15,22]. Comparable patterns have been reported in soybean and cotton planting using BD films with high PLA content blended with other polymers in Eastern Asia [11,20,32].



Soil moisture decreased on some June measurement dates in BFII plots and in BFI and BFIII plots; however, soil water potential remained above −50 kPa, indicating that drought stress was unlikely to limit maize growth (Figure 7A,B). As canopy cover developed, soil temperatures converged across treatments, consistent with increased shading of the soil surface (Figure 7C,D).



PEF significantly reduced soil hardness (Table 3), consistent with the higher bulk density observed in NM and the buffering effect of mulching against rainfall-driven compaction [10,13]. BD treatments showed similarly low soil hardness values. In addition to reducing bulk density and increasing porosity, BF mulching may increase macroaggregate proportion and provide binding agents that promote aggregate stability [10].



Soil pH increased significantly in PEF plots and decreased in NM plots (Table 3), consistent with the soybean field pattern at 30 and 120 DAT (Figure 4A). Increased pH under mulching has been reported in maize systems using PEF and BD films, potentially because mulching enhances cation retention relative to NM and reduces H+ loss during summer rainfall [14,41]. Soil EC did not differ significantly among treatments, although NM tended to show lower EC, as observed in soybean. Soil OM was lower in NM and PEF than in BD treatments. In PEF plots, greater root residue inputs combined with sustained soil moisture (Figure 7 and Table 4) may enhance mineralization and thereby offset potential increases in OM, consistent with patterns observed in soybean under PEF [8,42]. Soil NO3-N and CaO concentrations did not differ significantly among treatments. In contrast, mulching increased soil P2O5 and K2O concentrations, while MgO was lowest in BFI plots. In arid, irrigated maize systems, BD film surface area was associated with increased cation exchange capacity [10] compared to less pronounced mulching effects in the moderate-to-high-rainfall region that this study was conducted in.



Leaf SPAD values did not differ significantly among treatments (Table 4). NM plants had fewer leaves and reduced stem height and diameter, whereas BFII increased these vegetative traits. PEF produced the highest vegetative fresh weight (FW; 817.2 g), followed by BFII (752.4 g), BFI (683.9 g), and BFIII (635.9 g), consistent with the strong vegetative responses observed in soybean. Ear height, ear length and FW increased under mulching, with BD treatments showing trends similar to PEF but without significant differences, consistent with prior BD mulching studies [41]. Increased maize yield under mulching has been attributed to improved soil moisture conservation and enhanced nutrient cycling under BD films, PEF, or straw mulching in Eastern Aisa [41,43,44].





4. Conclusions


Compared with PEF, BD film mulching treatments did not maintain high soil moisture contents because they began to degrade relatively rapidly between 30 and 60 DAT during the summer season. However, BD film mulching treatments improved soil physical properties and produced nutrient concentration patterns that were comparable to those in PEF plots. PEF mulching resulted in a modest increase in dry matter accumulation, but it reduced allocation to reproductive organs in soybean and to ears and grains in maize under moderately high soil moisture, relatively stable soil temperature, and elevated soil EC. Based on differences in film composition (ratios of PBAT, PLA, and PBS, as well as types of additives) and thickness, the film degradation rate and the effects on soil and summer-season crop growth showed distinct variations in the soybean crop with longer growing season and slower canopy development than those of the maize crop. In particular, the BFII mulching film, with high levels of readily decomposable PBAT and PBS components, was likely to have influenced mild drought stress during the late growth stage of soybean, producing moderate vegetative growth and promoting yield. All BF films would contribute to earlier planting of subsequent crops through film biodegradation by 30 DAT in the weather of Korea, with its warm and rainy climate during the summer. However, even though the experiments were conducted at different locations, the use of two crop species (maize and soybean) makes it difficult to definitively attribute the effects of the BD mulching film on the crops to specific factors such as location, soil texture, or climatic conditions. Despite severe seasonal weather extremes overriding mulch effects, potential confounding from irrigation, weather anomalies, and their interactions with treatments must be considered. Further discussion is deemed necessary regarding the detailed mechanisms by which BD mulching films affect the soil environment and crop growth, based on an analysis of soil microbial community characteristics and data from repeated annual experiments.
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Figure 1. Light transmittance (A) and weight maintenance (B) of polyethylene film (PEF) and three biodegradable mulch films (BFI, BFII, and BFIII) in a soybean field (Gumi-si) from 0 to 120 days after transplanting (DAT). *** Adjacent symbols indicate significant differences at each DAT by Duncan’s multiple-range test (p < 0.001); ns, not significant. 
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Figure 2. Representative images of polyethylene film (PEF) and three biodegradable mulch films (BFI, BFII, and BFIII) in a soybean field (Gumi-si) from 0 to 120 days after transplanting (DAT). 
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Figure 3. Soil minimum (A) and maximum water potential (B) and soil minimum (C) and maximum temperature (D) under polyethylene film (PEF) and three biodegradable mulch films (BFI, BFII, and BFIII) in a soybean field (Gumi-si). 
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Figure 4. Soil pH (A) and electrical conductivity (EC; (B)) in non-mulched (NM) plots and plots mulched with polyethylene film (PEF) or biodegradable mulch films (BFI, BFII, and BFIII) in a soybean field (Gumi-si). *, **, and *** Adjacent symbols indicate significant differences at each DAT by Duncan’s multiple-range test (p < 0.05, p < 0.01, and p < 0.001, respectively); ns, not significant. 
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Figure 5. Plant height (A), stem diameter (B), number of leaves (C), and SPAD (D) of soybean under non-mulching (NM) and mulching with polyethylene film (PEF) or biodegradable mulch films (BFI, BFII, and BFIII) from 0 to 120 days after transplanting (DAT) in a soybean field (Gumi-si). *Adjacent symbols indicate significant differences at each DAT by Duncan’s multiple-range test (p < 0.05); ns, not significant. 
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Figure 6. Light transmittance (A) and weight maintenance (B) of polyethylene film (PEF) and three biodegradable mulch films (BFI, BFII, and BFIII) in a maize field (Anseong-si) from 0 to 120 days after transplanting (DAT). * and ** Adjacent symbols indicate significant differences at each DAT by Duncan’s multiple-range test (p < 0.05 and p < 0.01, respectively); ns, not significant. 
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Figure 7. Soil minimum (A) and maximum water potential (B) and soil minimum (C) and maximum temperature (D) under polyethylene film (PEF) and three biodegradable mulch films (BFI, BFII, and BFIII) in a maize field (Anseong-si). 
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Table 1. Soil properties and weed dry weight (DW) in non-mulched (NM) plots and plots mulched with polyethylene film (PEF) or biodegradable films (BFI, BFII, and BFIII) in a soybean field in Gumi-si.
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Treatment

	
Bulk density

(MG∙m−3)

	
Porosity

(%)

	
Weed DW

(g)

	
OM

	
NO3-N

	
P2O5

(mg∙kg−1)

	
CaO

	
K2O

	
MgO




	
(%)

	
(cmolc∙kg−1)






	
NM

	
1.24 a

	
53.3 b

	
194.1 a

	
4.81 a

	
0.20 b

	
153.6 a

	
19.1 ab

	
0.24 a

	
3.20 a




	
PEF

	
1.18 b

	
55.5 a

	
43.4 b

	
3.35 b

	
0.21 b

	
135.8 a

	
18.1 ab

	
0.26 a

	
3.27 a




	
BFI

	
1.21 ab

	
54.3 ab

	
39.9 b

	
4.46 ab

	
0.34 a

	
150.3 a

	
21.4 a

	
0.29 a

	
3.34 a




	
BFII

	
1.21 ab

	
54.2 ab

	
44.1 b

	
3.47 b

	
0.34 a

	
144.5 a

	
18.0 ab

	
0.30 a

	
3.40 a




	
BFIII

	
1.16 b

	
56.1 a

	
42.7 b

	
4.49 ab

	
0.19 b

	
195.7 a

	
16.7 b

	
0.29 a

	
2.94 a








Means were compared among treatments within each column using Duncan’s new multiple-range test. Values followed by different letters differ significantly at p < 0.05.













 





Table 2. Organ fresh weight (FW) and dry weight (DW) and yield components of soybean as affected by non-mulching (NM) and mulching with polyethylene film (PEF) or biodegradable films (BFI, BFII, and BFIII) in a soybean field in Gumi-si.
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Treatment

	
Root (g)

	
Stem (g)

	
Leaf (g)

	
Whole (g)

	
Pod

	
Seed

	
Yield

(kg∙ha−1)




	
FW

	
DW

	
FW

	
DW

	
FW

	
DW

	
FW

	
DW

	
No.

	
FW (g)

	
Avg. No.

	
FW(g)






	
NM

	
5.9 b

	
4.6 a

	
71.0 b

	
23.0 a

	
10.2 a

	
5.0 a

	
87.1 b

	
32.6 b

	
54.2 c

	
38.9 a

	
2.1 a

	
36.6 b

	
2614.3 b




	
PEF

	
9.7 a

	
7.0 a

	
103.2 a

	
30.1 a

	
12.8 a

	
6.0 a

	
125.7 a

	
43.2 a

	
53.5 c

	
32.8 a

	
2.2 a

	
38.4 b

	
2742.9 b




	
BFI

	
8.4 ab

	
6.0 a

	
91.3 ab

	
28.3 a

	
12.5 a

	
5.2 a

	
112.2 a

	
39.5 a

	
61.2 bc

	
39.6 a

	
2.2 a

	
45.3 ab

	
3235.8 ab




	
BFII

	
7.5 ab

	
5.5 a

	
94.5 ab

	
28.6 a

	
16.7 a

	
7.8 a

	
118.7 a

	
42.0 a

	
83.0 a

	
48.0 a

	
2.2 a

	
56.3 a

	
4021.6 a




	
BFIII

	
8.1 ab

	
5.8 a

	
83.6 ab

	
25.1 a

	
12.8 a

	
5.8 a

	
104.5 a

	
36.7 a

	
69.8 ab

	
39.3 a

	
2.1 a

	
47.5 ab

	
3393. 0 ab








Means were compared among treatments within each column using Duncan’s new multiple-range test. Values followed by different letters differ significantly at p < 0.05.













 





Table 3. Soil physical and chemical properties in non-mulched (NM) plots and plots mulched with polyethylene film (PEF) or biodegradable films (BFI, BFII, and BFIII) in a maize field in Anseong-si.
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Treatment

	
Hardness

(kg∙cm−2)

	
pH

1:5

	
EC

(dS∙m−1)

	
OM (%)

	
NO3-N (%)

	
P2O5

(mg∙kg−1)

	
CaO

	
K2O

	
MgO




	
(cmolc∙kg−1)






	
NM

	
8.17 a

	
5.58 b

	
0.06 a

	
3.36 b

	
0.0020 a

	
43.0 b

	
3.63 a

	
0.35 b

	
1.21 ab




	
PEF

	
4.27 c

	
6.43 a

	
0.10 a

	
3.34 b

	
0.0017 a

	
270.8 a

	
4.64 a

	
0.77 a

	
1.44 ab




	
BFI

	
6.23 ab

	
6.07 ab

	
0.08 a

	
4.04 a

	
0.0023 a

	
328.0 a

	
3.62 a

	
0.62 ab

	
1.04 b




	
BFII

	
5.40 b

	
5.86 ab

	
0.07 a

	
3.56 ab

	
0.0018 a

	
276.9 a

	
4.13 a

	
0.57 ab

	
1.30 ab




	
BFIII

	
4.80 bc

	
5.83 ab

	
0.08 a

	
3.51 ab

	
0.0030 a

	
99.5 b

	
6.32 a

	
0.78 a

	
2.18 a








Means were compared among treatments within each column using Duncan’s new multiple-range test. Values followed by different letters differ significantly at p < 0.05.













 





Table 4. Leaf and stem traits, vegetative fresh weight (FW), and ear characteristics under non-mulching (NM) and mulching with polyethylene film (PEF) or biodegradable films (BFI, BFII, and BFIII) in a maize field in Anseong-si.
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Treatment

	
Leaf

	
Stem

	
Vegetative

FW (g)

	
Ear




	
SPAD

	
Number

	
Height (cm)

	
Diameter (cm)

	
Fruiting ht (cm)

	
Length (cm)

	
FW (g)






	
NM

	
43.8 a

	
12.7 b

	
135.4 b

	
21.9 b

	
389.1 c

	
14.3 b

	
5.0 b

	
163.8 b




	
PEF

	
45.7 a

	
14.0 ab

	
206.6 a

	
26.7 ab

	
817.2 a

	
71.1 a

	
27.0 a

	
326.7 a




	
BFI

	
48.2 a

	
14.5 ab

	
209.5 a

	
26.3 ab

	
683.9 b

	
78.0 a

	
29.8 a

	
348.3 a




	
BFII

	
48.1 a

	
15.0 a

	
219.5 a

	
28.9 a

	
752.4 ab

	
77.3 a

	
29.5 a

	
350.8 a




	
BFIII

	
44.4 a

	
14.5 ab

	
214.2 a

	
27.1 ab

	
635.9 b

	
81.8 a

	
30.1 a

	
319.2 a








Means were compared among treatments within each column using Duncan’s new multiple-range test. Values followed by different letters differ significantly at p < 0.05.
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