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Abstract: Biodegradable mulch films (BDMs) are recognized as eco-friendly materials
for sustainable agriculture. However, the degradation rate of the BDMs is known to
be affected by various soil physiochemical and biological factors. In this study one
LDPE mulch film and two Poly butylene adipate-co-terephthalate (PBAT)-based BDMs
were buried in three agricultural soils (GS, JJ, and YW) with different period of exposure
to BDMs and incubated at 28°C for 8 weeks. The two BDMs were degraded only
in the soil YW, one with the longest period of exposure to BDMs, up to 80% and
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ps://doi.org/ L 31% of the initial areas of the films, respectively, for 8 weeks. The difference in soil

Korean J. Environ. Agric. 2024, 43, 348-357 physicochemical properties showed little correlation with the difference in the degrada-

tion rate among the soils. The analysis of the microbial communities during the degrada-
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Published: December 18, 2024 soil and on the LDPE film. It also showed that the fungal genera Paraphoma, Purpure-

ocillium, and Setophoma were significantly enriched on the biodegradable films. Strains
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that longer exposure to BDMs can facilitate more rapid degradation of the BDMs in

Check for the soils due to the enrichment of the microorganisms degrading the main components
updates of the films.
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9] A3 SIEH1). 585] Selo] 2 (polyethylene, PE)o] e 7% 59 BAEE WrgoR st

AR)Z 714 ol AT Teht 1 dEsh o Bk dold nMSeate B AY WAl 85w

ol QJorg i A0 YA 23l i U MY WS 20224 7)E 314507202 B

LDPE HF0] 50%E AAISHAL et AR HHd o 65%7F +AH YA FAHA] F2 F& HHd>
AGAY 2 274 5HE AL JTHKECO, 2022 Agricultural Waste Survey).

A B HAHE (Biodegradable Mulch Films (BDMs))2 7]& Wi EetAEH 7|6k AW E 0] by g JES[IA}, A&
37 &olgt &A= vl AT FOIHH4,5]. A BAHEEON AHEEe FENY SHLEH 2 2= PBAT (Polybutylene
adipate-co-terephthalate), PLA (Poly Lactic acid), TPS (Thermoplasctic starch), PHA (Polyhydroxy alkanoates), PBS (Polybutylene
succinate) 50| 120 ARG F2jolLt E/J ‘ﬂrﬂ} A& o AR $AE 2edsto] ARRH4]. JEed BYLES Fg
A aole E-5kL, AA B0l e FH Eeieiers 9l AEehd 230 wet 28] Lo 2 Aot Al A= U
A= 9 EG AHAC F9Fe vE & O‘E} o A+ Ao EALECl EYel &4 A, EY 49 Hoh EY
nE LSl dis] F2sAH 6] BEHd EHEES EF WH Al BEY et A4 £80] I Fe A= 4HA
AH78]. Bt EF Ul ndE BAFS S7MI71AL, B4 B0 T2 F, nd= LT = Mt Hs A=
gFol5}9t}H9,10].

MENAY BAILE9 79 Z 7|&9l EN 17033 (European Committee for Standardization, 2018)-2 E o4 2 W 90%

ol AESE AL YA A Yus) S et 2R - AEE ARl A AR EE AR dA AUk
webA AE A7 S W8 fAS BEY e 5 Aded RS S 242 BEEE EHEE
8% g0t 2 I BENY BHLES AT EF s7OIA 2E 2A & 2Ae VY, @Ale & F ol 250

B3E 89 WY 715¢ FYIL BE 220 o 48 4 A9 5

rlo

BN
N
of
i)
)

rr

el

o>
E
H
R
o
32
R
iz}
alf
1o

N
N

o
GBS A1 olelol FE B9l G AHHEL Y T IS B 458 BT 8 S50 ol 2

e A ek

M= 5y

EY A= MF

EYY =9-ofoHdE 24] s, BESE EHEE A8 EY T Al X2 EFE AFEHH EY AR AFe ot
2t} PBAT-7|WF B3 BHEE HARTH 37§do] 43 Mo J4H(GS; N35.296211, E127.19333), b A5
Al(JJ; N35.830045, E127.045922), 7 HE FHH(YW; N37.229860, E128.290879) 5744 EFOIA 0~5 cm Zo]Q] EFZ AATH
&, AES(0-20 cm)of| A BEF ARE AFSHAT. S0 AF s AL SHEE A8 ZHoEA 2dz A=
Al glo] sl BHEES A - AN 201U Y e S ASEIEA 59 ol AR BHEES
ARl wiEStEA AR BAEEC ASH R kEd EYoIlth 53] 9E BEF2 2023d T E A&HH 02 A
dAEEe 27| SV Al Qi

=ope] £l HRAL 2o AR B pHE BF BHA19S EAN 2ARIHCE ST, S
e =7J5to] AFESItt A7) AEL(EC), F718 F(Tyurin®), S8 Q4H(Lancaster),
, A Fol £4(IM NH,OACH)S 52840 AA1E EelehEA ol g7sto =54 71&8H

B rlo

rzi ﬂ?ﬂ
M ot

349 https:// K . https://doi.org/10.5338/KJEA.2024.43.33
ttps://www.korseaj.org Korean J. Environ. Agric. 2024, 43, 348-357




Article

EY 00|22 TEE 0|83 Mol BHLZS0| By

Rl BHBE] EF vhE 2UNHY L FHelsp] IAste] theat 2ol UL LUt Sefols me (R
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LDPE Y&} BDM-A GEo] & 5 FH EU(S) 500 mge FastDNA™ SPIN Kit for Soil (MP bio)

A AZAR] ®Ho] wEh DNAS :zn—%ﬁ}%‘i‘:}. g E LAEAS Ao, At 168 rRNA F-349] V3-v4 §H2 FEo}
Iz}olw] Bakt 341F/Bakt_805%2} Rt ITS PYHPS ZZ 35} ITS3/ITS4 Zefo|HE o] 85lo] 5= DNA PHES =235}
Mlumina AFS] MiSeqTM 2000 ZHES o]-&olo] uf=aZA (Macrogen, Inc)Ato] @714 8 EA4LS QF ot}

AolA G714 EY EA4-2 USEARCH (v.9.1.13)[13]2} MOTHUR ZE(v.1.39.5)[14] 7]|Wto &2 3§t mlo]LalQl-& ARE-51A
ok A4 dlolEe dlH] ot e 3 2ot @AY Zetol EUATE s AWELE AAT F, 0039 cutoffE 7|EL
2 Operational Taxonomic Units (OTUs) 2.2 ZHAESF6IR L, 7|2t AldAE= AAEHATE OTU table MOTHUR AJof| A
ALE O E Perl AFHEE 0]-g, shared FA2] A2 AL It MOTHURS] HFolE o|-&5to, Alxt2] 16S rRNA
A A E dglo]gH|o]AQ] Ribosomal Database Project database (RDP version 18)[15]2} Zt2] ITS A& d|o]g H|o]AQ]
UNITE database (version 10)[16]& AF25}9] iters = 1,000, cutoff = 60 XA HIE O & OTU9| E5F35t% TS 434513t
Z+ MEZ9] AR TE read 5 7FY 2 read $E& 7|F0 2 HFSIS & Good’s coverage, & FH X A|4(Chaol, ACE),
Z th¥/d A|4(Shannon, inverse Simpson)E AFESIFATE Alet2] read= SINA aligner [17]2} SILVA 16S rRNA database (SSURef-
138.1)2 Ago] FEE (18], o] HIE O Z FastTree TZ 1S 0]-&5}0] phylogenetic treeE T-EIHTH19]. Weighted
Fast UniFrac distancesE A52A5H] (phylogenetic) 232} A4 ¥4 T (abundance) Z2IE 23| 3 71 AZE AH=ESH
% Principal coordinate analysis (PCoA)S 35 tE XS] 4% MOTHUR We] HH & AREote] 4 7+ AATA S

I8

ArE51 a1, o]& HIEFO R Principal component analysis (PCA)E 43353t}

PBAT 23l D|ME M 8l Félls A

FY EFoA wjFst HEo] B2E EF 1 gt 0.9% NaCl 10 mLE 50 mL YAE EE'_(SPL)C’]] 23 cute mixer (Eyela,
Japan)ollA] 30 B9t WRIRE &, X[AfA] AdHEo] PBAT o @0l e 1A HjA|o] =F £ dlear zonex Foh= HAES
&5 B9 TH20]. it 3= 16S rRNA SAAE 27F9) 1492R TEto|HE ZE T EzBioCloudo|A] EEF5F9} v| w5l
Ao H[21], A #FE ITS FGL 1TS19} 1TS4 Zato|H 2 Fubgroll Al A|HAJSIe] A ES 2|3t &, UNITE database
o BLASTE A|¥¥5te] 54531t 16].

ulo|aERE AP EF 3%, BE 250 tstel 3EA F 18749 Hel7w TASIom FAHOE foule
i}o% £49517] 98] ARHE t 440l Duncan 4ol 7|81 ANOVAE o] §3H%Ek. ANOVA AAolAE 5% 204

EA AAE £Yotgct BE 544 BEAL2 R studio (v4.1.2)2 $PSFHTHR studio team).
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) = T4, A% EPAE Bt
ol gskort 38 EYIAE 06%0] BEAA Bolh Aohch 4, 85 EPIAE 87 FoIE et 7o) Lofnt
A AR, FY EFNAL 63 F 67.3%, 85 F 80.1%7H4] Eoivh B,

 AF, 9Y B S8 T pHE 22 23-18%, 63-68 WZ 2 Aol7t AU, IY S| WA, §71B,
7F84 Q19 SE 3% EOF FIA 2-3910] FABET Yol (Table 1), EF Eel-S3po] JY EFIA FReY BHBE
o e o $Eo] e oheky WHskTHel

o

=4, AT, oA AFt 584 BEF A=Y EY = -SHdS £4e Az Table 13 At EQF] WiHe BYLE
o] B3l A= 2ol 27 A LR 8577 2ARE 23, LDPE 52 HE EYOA 37t 2EEA gster 34
& 9 AEsid 2AEE 257t BEEHUH(Table 2) BHEE W& 45 Fo =

Table 1. Physiochemical properties of the soils continuously using mulch films

Sampling sites ~ Water content (%) pH (1:5) EC (dS/m) Ca (cmol/kg) K (cmol./kg) Mg (cmol./kg) Na (cmol./kg)
GS 25.12 6.30 1.18 1.36 0.12 0.35 0.04
JJ 23.21 6.40 0.25 14.49 21.38 3.33 0.04
YW 27.52 6.80 3.05 2.69 0.33 0.48 0.10
Sampling sites T-N (%) Organic matter (g/kg)  Avail. P,Os (mg/kg) Soil texture
GS 0.27 8.90 81.19 Loam (sand 47.3%, silt 32.4%, clay 20.3%)
J 0.23 60.31 1395.37 Sandy loam (sand 55.1%, silt 32.6%, clay 12.3%)
YW 0.13 21.97 478.88 Sandy loam (sand: 67.4%, silt: 23.1%, clay: 9.5%)

Table 2. Temporal variations of the relative areas degraded of various mulch films in different agricultural soils

Soil Film type leieel
ow 2w 4w 6w 8w

LDPE 0 0 0 0 0

GS BDM-A 0 0 0 0 0

BDM-B 0 0 0 0 0

LDPE 0 0 0 0 0

JJ BDM-A 0 0 0 0 0

BDM-B 0 0 0 1.45 0

LDPE 0 0.52 0 0 0
YW BDM-A 0 0 20.63 67.30 80.13
BDM-B 0 0 3.210 21.10 30.64

Film sheets were collected every 2 weeks for 8 weeks.
GS=Goksung, JJ=Jeonju, YW=Youngweol.

o [=]
Y EIA BEAY BHBE) M2 Bopt £F Y TP Wsiel Beto] YA TR s 437 Bk

o =]
Aol 9 B W LDPE WE BDM-A BEo] FaE EFBT 1 ¥ BF©)0RNE BF Amg JHotn 4R
272 B4519{THFig. 1). BDM-A o] 225 EoiBDM-A_P)O] Al 9 W F32 BDM-A B2 3 EY(BDM-A_S),
287 Qojupx] gk LDPE 8o R2kel EHLDPEF) % LDPE BE 7 EJIDPE S AlF U A7 2UTE F5e
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Fig. 1. The beta-diversity of bacterial (a) and fungal (b) communities on the LDPE and BDM-A films and in the respective surrounding
soils.

The bacterial and fungal communities were analyzed using the principal coordinates analysis (PCoA) based on the Weighted UniFrac
metric of the 16S rRNA genes and the principal component analysis (PCA) of ITS regions, respectively. Symbols: @, LDPE; ll, BDM-A.

Rol7} g A2 Uehe, o= G EYolA Bl BHBE] Lojol A % Aol Bofet 7Hsdo] 38 ehie)

At F(phylum) =04 E-4] A], BDM-A_FO||A] Bacteriodetes@} Candidatus Saccharibacteria®] H]-&0] Z+2Z} 22.0%, 6.7%=
T2 AT H9] 15.8~18.9%, 3.7~4.7%°] B|3] 71519 2, Firmicutes= 1.9%% TS X Z]F29] 3.1~3.3%0°] 1|5} ﬁiﬁ}%ﬂ}(Fig.
2a). Proteobacterias class =0 4] H451H, BDM-A_F A 2|10l 4| Betaproteobacteria®] B]£&°0] 7.0%% thE A& 19] 3.4~
3.5%0] H|of =2 Ao=Z YEpyTh dukx oz BRI WAL oA STFsIthal &7 [22] Actinobacteria= BDM-A_Fol| 4]
48%% Q5|8 T2 A F(5.1~7.4%) B} ZAstnt. AR HAE S| F2E EQFo||A Bacteroidetes 2] Ohtaekwangia
@} Terrimonas <5, Betaproteobacteria 732] Comamonadaceae ¥}2} Hydrogenophage <5 5-°] BDM-AC] H-2tH EQFo|A o=
A 2j=to] Hlsl f-2J5tA F7F5tod (Fig. 3a) ©] &ofl &ot= Altso] BESNY EHLEY Eofjol TofstlS 2o & FHHT
Ohtaekwangia %-2- PLAC] @ EJA Aidog F715k= Zlo] ol koA EIiE{t}23]. BDM-A%l= &4 7S
918l PBAT ﬂoﬂ PLAT 3= o] 9lo] o] mJEo] PLA Esfiof #olfE 7ol AUk

At & oA AENAY dADE HHBDM-A_F)Q] EY Ao 82 AscomycotaZ} 49.9%% TFE A |Lo] H]](22.9~
31.5%) ¥ AL= UEHHTHFig. 2b). Aat 85 & oA £451%= W, BDM-A_F 3ol A Paraphoma, Purpureocil-
lium, Setophoma 4;0] ZYZ+ 30.7, 3.5, 3.6%% TF= A 2]7Lof| H|5}(<0.8%) A Z713t A O 2 LeFtH(Fig. 3b). Paraphoma 50|
&35t= ;ﬂ‘:rl'—‘: PBS, PBSA, PBAT 5-9] t}afst AENA EtAES Ealstttal B E131[24], Purpureocillium 452 PBATS

HRE AR Fehage ARt URE o BaEolcks, 6]
o c} PY B4 B9 BYBE B solA A A7 209 F O, F FRES FAsAcktg ). A2
A9 % FRE(Chaol A5)k HEY BIBIo) RAY EHBOMA B3t thE Aol FuIat Holsk g, &

o “gl(Shannon A9 35 B E Aol Bl § SHEE FolsHl d4astel ARG EHBFOIM B4 vEY] Sk
7} Z27151902S e Qi o] ALor BEA dXTWE B2}t E0Fo] Chao 1 Y Shannon |27} tFE Eoko] H|3
daste] ARsd 2HTEANA 54 A9 8= 371 A F o= Fasies HERiit

&2 AT 2= EYOIA AR BAEES B3V BEY vidE A9 4% HgkE st ol 3] At FAlA
Atts AS HojEnh ol AR EHEEY EY miHol 53] At 2AFx2e} 840 IS b= oA A+ At
LAITHTH6,27].
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Fig. 2. The relative abundances of bacterial (a) and fungal (b) phyla on the LDPE and BDM-A films (LDPE_F and BDM-A_F, respectively)
and in the respective surrounding soils (LDPE_S and BDM-A_S, respectively) in the Youngweol soil (average, n=3).

6.0
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Fig. 3. The relative abundances of bacterial (a) and fungal (b) genera with relative abundances significantly higher on the BDM-A film
(BDM-A_F) than those in the surrounding soils (BDM-A_S), and those on the LDPE film (LDPE_F) and in the surrounding soils
(LDPE-S) in the Youngweol soil.

The values sharing the same letter indicate no significant difference (average + standard deviation, n=3, p<0.05).

PBAT 2¢l 0| dE M 8 Eolis AH

TR IS v e R 9 50 FAE EY2ERH PBATE £3f5k= "dE 458 225t 54

o

A3}, At

e
fl

https://doi.org/10.5338/KJEA.2024.43.33
Korean J. Environ. Agric. 2024, 43, 348-357

353 https://www.korseaj.org



Article

Chaol Shannon
750 5.7
a a a
700 A a 5.6 A
b
a a 5.5 -
650 - a
5.4 A
600
5.3 A
550 - 52 4
S < S
<% v &7 * <7 >~/ &7 -/
3 4 L 4 3 9 3 %
S & 9 O & ©
R ) Vo ¥V @
(a)
Shannon
o 549 2@ b b
800 - ¢
= 4 1 ¢
60{H H N 5
wl 1 1 B
AN I N | 2
H B B
200{ H H BN 7
HE =B B
E B
g 4—— == = n -
§ % .9 9 < 9 9
g & & X & - 2N 4
MR- AN Y §

(b)

Fig. 4 Alpha diversities on the LDPE and BDM-A films and in the respective surrounding soils.

Chao1 and Shannon indices of bacterial (a) and fungal (b) communities, respectively. The values sharing the same letter indicate no
significant difference (average + standard deviation, n=3, p<0.05).

19538} Aot 29571 B2 10 ZFZ}y Rhizobacter sp. 55-2, Purpureocillium sp. 1112-3, Plectosphaerella sp. B-22 53 | it}
AIE Al 55 PBAT o2HS Xesh= 124 Hijx]o] HEstal £ A& 5745t A& £ =5 Bl st th(Fig.
5). & Ato] £ AP £7t At 5o Bls) ©hE A 02 UEhd=d ol Mol A Al g 1A viA] fjoflA
TFAE EO AL S 5 7] HiE o R B o] AT AE E Purpureocillium £2] w504 PBAT &3f &-/g0]
B E|Q31[25,26], Rhizobacter < GA| PBAT AJE5] &/dof thst R 7t SR1=QeH28]. £3| Purpureocillium 452 E 0]
A e BABE $H EYoIA Solhoz ke A S0(Fg 3b) o] S0l /I olgst A BRI TR
PRAT 28] 4L 27 9| ghRoleie 248 JRsabA dth ARy BB AERES} FE gL v,

JP

53] Alit50] PBAT &3fl v8E=2 AEHA| ZU=t ol= oI5 T L77F PBAT 7123l Ql°] PBATS] A Ql butane-
diol, adipic acid, terephthalic acid?+& ©|-&3}7] &Y AOoZ FH =T}

9l A+ At RY BEdY EHLE 7] 59 9 5 o 7= BESIAY BAHE S 7] ARGl wet BEsi Y EAE
F 23l vdEe S5 9 23 840l 3] el ® FAHE. ole ARNAE BALE AR 27100 Bls| AR 71710l
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Fig. 5. Confirmation of PBAT biodegradability of fungal and bacterial strains.

The formation of clear zone by Pureureocillium sp. 1112-3 (left), Plectosphaerella sp. B2 (middle), and Rhizobacter sp. 55-2 (right) on
PBAT emulsion media (a). The temporal variations of the diameter of the clear zone by the two strains (b).
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