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Effect of Biodegradable Mulch Film on Soil Microbial Community
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The biodegradable film application can escape from plastic environmental pollution. This experiments studied
the effect of biodegradable mulch film on the soil microbial community using fatty acid methyl ester method
in soybean production field. The soil NO3-N content in polyethylene mulch film (PE) soil was significantly
higher than biodegradable mulch film soil (p < 0.05). The soil microbial community of Gram negative bacteria
showed significantly higher in biodegradable mulch film soil than PE mulch film soil (p < 0.05). In addition,
biodegradable mulch film soil had significantly low ratio of cy17:0 to 16:107¢c and cy19:0 to 18:107¢
compared with those of PE mulch film soil (p < 0.05), indicating that microbial stress decreased. The ratio of
cy17:0 to 16:107c and cy19:0 to 18:1w7c should be considered as a potential responsible factor for the obvious
differentiation that was observed between the biodegradable mulch film soil and PE mulch film soil in a
upland field. The results of this experimentation show the potential of using biodegradable mulch film in place
of PE.
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Ratio of cy17:0 to 16:1w7c¢ and cy19:0 to 18:1®7c¢ of different mulch film soils for soybean cultivation. Means by the same
letter within a column are not significantly different at 0.05 probability level according to Tukey's studentized range test.
Bars represent one standard deviation of the mean.
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Introduction

T vl 21 | FeE AufEo] e HA] 7P,
B, £8, FUE, WUE 5 9e v ABgEeR

g0l e Fag 2Hgolth, ) T AWAE s0dr
2747 205t ha A% AMIEIAAT 1 o] & [} gHasiol
2015 577 ha A= AuiE Il Quef, A A o=
ofe] 29lo] Yo} wmelu] Frio] m A4k o] Z|<43]
718 20 09102 B 4 gtk 3 A4S A4S =
HH| 50,5%, £HH] 5,0%, AAH] 11.1% SO 2 =gH|7}
AAaks Vo] uje B}, HTolis weu] o )
A w2e Fol7] ¢is) udmE A7} wo] ool
ULk F7toA Eol ARSIl Q= PE ZES A,
EY oREA, BEY 2, A AT #4E S
A7e Bt Qlom gz oz 7hAo] Aystal 0|85t
71 219 AAR c& de] ARSE AL Qle} (Miles et al., 2012).
ES PE 52 EYY 352 TUAA A e FA
3}7|%= gt (Kim and Hong, 1986). 12{L} PE T&2 A
Aol 7kl Bqdol A a7t HA] gfot S LAl
713 Qlek FAl W= SeuEhs 20149 F= ]
d %“%‘E‘:i 32971 =0 A9t =AM &S 57% =7} A E
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Aok G FAEA ALEFo B

Ul*é%, EH%J*, Xl%ﬂ Soll os HA ZaliEar e zlek4]

Q1 Al HEoll gt -7 ol RIBgE AL Qlet (Costa
et al,, 2014; Cowan et al,, 2013; Kasirajan and Ngouajio,
2012; Yang and Wu, 1999), EFoA nAYE 3 B4
Shz wPe nARe] fAA] BALS B sl A4 7]
% (Davinic et al,, 2012; Jones et al., 2009)} 0]RYE2]
RIS At 24E BASHE AT el AT (fatty
acid methyl ester, FAME) HPH-E o] AL&3}a7 9} (Kim
and Lee, 2011; Kim et al,, 2015; Lee and Kim, 2011; Lee
and Yun, 2011; Macalady et al,, 1998), 73E*]%] WEFS
LA AR Q] 749 AHPAE cyl17:07} 16:107c B]E0] 0.45
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= AupA] 13.4%°) vl8l WITh (Kim et al,, 2014), 1]at
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Materials and Methods

FHHY 2! EQF XZH  E Ao AR F =22 o
ol o]Au|AFARFE (Ihyeon series, Coarse silty, mixed,
mesic family of Dystric Fluventic Eutrochrepts)©j|4] H3

anE AEslelnt Aehee wAe, pE BB AR

a%% 350 Aejste] Y svkEo R Saysielrt,
52 69 25U AAJEte] FAO| S2Eo] 14l 4
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2 sjo] 15 28 S st R s e
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100 R0 = A4 3 kg 914t 3 kg @ 7] 3.4 kgl
A 7|HlE Al 94 QAR SAJQI), el Tl
FAbze| = AuIsteL,

ABA 2ok BB pH 6.7, EC 0,20 dS m ', 97]%
19 g kg ', FAEQIA 469 mg kg |, X2 ZF 0.46 cmol.
kg, AT 24 8.9 cmol kg, XA wavle 2.6
cmole kg, AN A2 4 mg kg '] HP 0] WE] E
A& e

EY SiStdE 2MuH Bk 13| RES 1
emA = ZoJ L 0-15 em Zlo]of| A 500 g =S 3W Wk
o7 AFHset I EFAEE S OIA 7S St
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Sotoirt, Eopo] Slebie EBIHLAY (NIAST, 2010)
& Hgato] LAkt EPe] pHOH BOE B9 10 gof
50 ml, 2542 715lo] 15 Hl&2 345k T Hlo]AZ 7}
LA A o)FEHA 1A)7E AAGE & pH meter (Orion 520A
pH meter, Orion Research Inc., Boston, USA)Q}, EC meter
(Orion 3STAR EC meter, Orion Research Inc., Boston,
UsA)E 481900t 57182 Tyurin®, 8814k Lancaster
WO 7 "|AA (UV-1650PC, Shimadzu Co., Kyoto, Japan)
& AHgsto] Bastalet, Aaky BE. D4, e, o
Ef 59 9ol IM NHOAcE F=3}0] ICP (Analyst
300, Perkin—Elmer, Norwalk, USA)Z 2A35}9011 ZlALe)
A ddios st

Eor |:||AH% __rl.xl _=,l_kl H]—EO]: u]/\g% %ﬂ% ‘}E\‘E%
AR23}0] Schutter and Dick (2000)2] W ol &3} fatty
acid methyl ester (FAME) W& o]-8813tt (Kim et al.,
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2014; Park et al,, 2014), U|AyEQ] &F) 3% 42 GC
Agilent 6890N (Agilent Technologies, USA)¥} HP-ULTRA
2 capillary column (25 m 0,2 mm 0,33 um film thickness,
Agilent Technologies, USA)S ARES}FaL Internal standard
19:0& o]-85fo] AehAQl gFgat vl Alkbsleltt (Hamel
et al., 2006; Kim et al., 2014), & Ao AHHAF 24
i15:0, al5:0, 15:0, i16:0, 16:109, 16:107, i17:0, al7:0,
17:0, cyl7:0, 18:107c¢2} cy19:0 (i, iso—branched FAMEs;
a, anteiso—branched FAMEs; cy, cyclopropane groups,
o, aliphatic; ¢, cis—conformation)& §Hiksto] B89 cH
(Macalady et al,, 1998; Schutter and Dick, 2000), 132
A Ald-e A AL 16:1w7c, 18:1w7c, cyl7:0 E cyl19:02 3t
ASERaL, QR Al AHHAEi15:0, al5:0, i16:0, i17:0
4 al7:05 ibsto] FHekGlTt (Zelles, 1997), WHAlwE-S A
HPAF 10Me18:0 (Me, methyl group)2 ARS8} (Schutter
and Dick, 2000) = F0o|&= Z|HAF 18:109c¢2} 18:206cS A}
23190t (Bradleya et al., 2006), Z[HMAL 16:105c= WA
Z+19] biomarker® o|-&35}9t} (Frostegard et al., 1993;
Olsson et al., 1998). 18|31 cyl17:03} 16:1w7c2} cyl19:03}
18:1w7c?] Hl&-2 EoFeH ol et B4 A2 ARSIt
(Guckert et al,, 1986; Grogan and Cronan, 1997).

SHEM EAE B st nE 52 SAS 2
219 9.1.3 WA (2006)= A&l SAREA SF3ITE B
oF 3}k 1) v AE A2 5% 4550l 4] Duncan's multiple
range testg SYStTt. 121 EoF Ak A degat

5
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BYe AT F 3 587
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S vz Ao HctEn) ®3 PE EES WA
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St Rhoads et al, (1999)2] Ao} Ux|5}%c) 1283l PE

WS o A A9 Ak mvE BAY 2
oIzt AR Be WYl vjs) Yare) Aae] g
73Tk (Romic et al., 2003), BE H]ollA] AlFSE
E 35142 Kim et al, (2014)0] B3 x| FA|uf
Zo] BESF 9718 T 31 g kg |, AU 766 mg kg,
g4 Z4E 0.90 cmole kg ' BT} e ke vehdch
ESF pHi= AR 6.79] Bl3l PE & 6.4, FA7] 9 HE
3 ZF 6.5% Wolglou Azt §243l zfol7} gliet.
Jg)a YRS B2 Ats BEF G718 19 gke |, SR
QIAF 455 mg kg ', AT 2 0.50 cmole kg, AT 2
1

£ 8.8 cmol. kg ' W 2|3HA uly4: 2.7 emol. kg o]0

o Aj2ieh PR BE BT felHA Holt ggie,

EY 0ME S 487 EYY ndE TS 4
3t AIH= Table 29F At} B nBEAFS Uetli=
% FAME ¢Hef2 AEs] L8 )77} 177.5 nmol g 0] %]
ow PE "E A = 1751 nmol g, FH T 1731
nmol g & YERH O fe]7 el 2tol= QIgic) s 2
5 Ael+et PE I5 At 1Ed Al oS 23.2
nmol g Y 22,1 nmol g 'O 2A] FAE] 20,0 nmol g ' X
o folH o & Wkt (p<0.05). §hdef F3go] T F
2]7} 31.2 nmol g ' ©.ZA] PE IE AT 29.2 nmol g '
U YRS A2 T 285 nmol g Kok o F o wsltt (p
< 0.05). o]t A= Jung et al. (1985)°] H 13t Hle}
o] EGF ol Aol 9&8-S o A B F=0]
TR 571 AldEe] 40 StiE Aes wty
Aot F Al Tt 1A Al e AR 28 A
2]77} 53.9 nmol g X 28.0 nmol g 2] O PE HE
2] 51.8 nmol g ' & 26.5 nmol g ' 18]3 FA]E] 50.5

nmol g % 27.9 nmol g Kt Pokout 5023 Xfoli=

Table 1. Chemical propetties of different mulch film soils for soybean cultivation.

Exch. cation

Mulch film pH EC OM Avail. P,Os NOs-N
K Ca Mg

(1:5) dS m" g kg'l mg kg'] --------------- cmol, kg'I --------------- mg kg'l

Control 6.5 0.22¢ 2la 457a 0.43a 8.8a 2.7a 7.5b

Polyethylene film 6.4a 0.42a 19a 408a 0.49a 9.5a 2.8a 29.9a

Biodegradable film 6.5a 0.26b 19a 455a 0.50a 8.8a 2.7a 8.8b

"Means followed by different letters within the same row are significantly different at a 0.05 significance level. according to

Duncan's multiple range test.
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Table 2. Microbial biomass of different mulch film soils for soybean cultivation.

Mulch film TF' B G () G () A F AMF
nmol g']

Control 173.1a° 50.5a 27.9a 20.0b 2.6a 31.2a 4.4a

Polyethylene film 175.1a 51.3a 26.5a 22.1a 33a 29.2b 4.6a

Biodegradable film 177.5a 53.9a 28.0a 23.2a 3.2a 28.5b 4.1a

TTF, total FAMEs; B, total bacteria; G (-), gram-negative bacteria; G (+), gram-positive bacteria; A, actinomycetes; F, fungi;

AMF, arbuscular mycorrhizal fungi.

*Means followed by different letters within the same row are significantly different at a 0.05 significance level. according to

Duncan's multiple range test.

21k, o]#dt A3N= Lee and Ha (2011b)7} B33t 7
A vk BEF 25704 BEQF n|A¥ES] F FAME $=F 233
nmol g, & Alit TS 73 nmol g |, THSA Al 1
2o TS 33 nmol g, WAITE FES 4.5 nmol g,
SFFS 40 nmol g, WA FFL 6.8 nmol
g W} Wit} 18] Kim et al, (2014)0] R1dt g
o] AR & FAME &eF 302 nmol g ', & Al &5
85.9 nmol g ', 134 Al T 41.4 nmol g ', IS
2 Al §2F 39.1 nmol g ', WA ¥F 5.2 nmol g |, &
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™ (p<0.05) FA27E 0.14 9 0,481} FARRE AakE et
Wt duta o & cyl17:07) 16:1w7c B]E& cyl19:0} 18:1w
Tc H|&O] HE&45 nAEY &2 S7HET (Mechri et
al,, 2010), o]t Q2 JYFY B+, AM ES, B
o] i H= 59 okt alell wt cyclopropyl AWH4k
o] HAE]o] u|PE9] o] Hakl= Ao= dHA St
(Guckert et al., 1986; Grogan and Cronan, 1997). ©|2]gt
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T At

EY 0jdE 24
2o g LMo njAgE AIH= Table 37} 2
t} (Bossio and Scow, 1998; Schutter and Dick, 2000), Aj
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Fig. 1. Ratio of cy17:0 to 16:1w7c of different mulch film
soils for soybean cultivation. Means by the same letter within
a column are not significantly different at 0.05 probability
level according to Duncan's multiple range test. Bars represent
one standard deviation of the mean.
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Fig. 2. Ratio of cy19:0 to 18:1w7c of different mulch film
soils for soybean cultivation. Means by the same letter within
a column are not significantly different at 0.05 probability
level according to Duncan's multiple range test. Bars represent
one standard deviation of the mean.
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Table 3. Microbial communities of different mulch film soils for soybean cultivation.

Mulch film B' G () G () A F AMF
%

Control 29.2a" 16.1a 11.6b 1.5a 18.1a 2.5a

Polyethylene film 29.3a 15.1b 12.6ab 1.9a 16.7a 2.6a

Biodegradable film 30.4a 15.8a 13.1a 1.8a 16.1a 2.3a

TB, total bacteria; G (-), gram-negative bacteria; G (+), gram-positive bacteria; A, actinomycetes; F, fungi; AMF, arbuscular

mycorrhizal fungi.

*Means followed by different letters within the same row are significantly different at a 0.05 significance level. according to

Duncan's multiple range test.
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Fig. 3. Principal component analyses between microbial
communities of different mulch film soils for soybean culti-
vation. The variance explained by each principal component
(PC) axis is shown in parentheses. PC analysis shows loading
values for the individual microbial biomarkers. The bars
represent one standard deviation of the mean. Means by the
same letter within a column are not significantly different at
0.05 probability level according to Duncan's multiple range
test.
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