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Microbial Community Changes in the Soil of Plastic Film House as Affected by
Anaerobic Fermentation of Rice Bran or Wheat Bran
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Soil microbial community has been changed after the treatment of anaerobic fermentation using wheat
bran or rice bran was applied to the soil. In the dilution plate technique, the number of anaerobic bacteria
and fungi was higher in rice bran-treated soil than in non and wheat bran-treated soil, but of yeast was
higher in wheat bran-treated soil than in non and rice bran-treated soil. Specially, the fungi were not
detected in the wheat bran-treated soil. Identified by 16S rDNA sequencing, the number of aerobic bacteria
was similar in all treatments, the dominant bacteria was the genus Bacillus. In the phospholipid fatty acid
(PLFA) technique, both Gram-positive and Gram-negative bacteria change slightly in all treatments for 20
days of fermentation process but, after 20day, increased rapidly in wheat or rice bran-treated soil. In
conclusion, the microbial communities structure was dramatically changed after the treatment of wheat or

rice bran to soil.
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342 ATE - AYA - SR - AY3) - HEN
3}8h4 542 Table 13 29} 3, BEAS Y E(sand DNAE F%3% % universal primerQl fDI1(5-
33%. clay 13%, silt 54%) Atk A gl A U71& AGAGTTTGATCCTGGCTCAG-3")3  rP2(5'-
I AAE dE Ee RAEA G2 AdTE AS A ACGGCTACCTTGTTACGACTT-3)& °|&43to] 16S
2300, 747} 20t ha' & E3} T2 ERP T DNA gene® PCRE B3] ZZaArh ol@A Aolx
30 cm ZAo|7kA =E3F] FHA £ JdeE Udo ES F PCR AF & & 510R sequencing primer(5’-
Ttk 23 vde ol gt AHER AAE TATTACCGCGGCTGCTGGCA-3") ¢ DNA
Ho] oF F77F FYEA ZEE A3 DA sequencing kit(BigDye terminator Cycle Sequencing
AEo) A 209 EoF SR P HE v Bd B Ready Reacions v3.1 : Applied Biosystem)Z& AR&-3}
g A AST 104 F<F HA 33 o)A &5l of HWFE A7l 3 3100 Genetic Analyser(Applied
AE 7ok §712kS Al A A Biosystems) 2 ¢F 400-500 47] Ag¥& 48t 9
71 8L EzTaxonorg Server (http~//210,218,222,43)
EUAE A EG mAEdSs 2487 A% 22O FAIE £45 T3l E(genus)7HA] A4 8t
155 ES 15 cm ¥99 ESS AFAATt AA At
o EYS WAETS {1t ES] WstE H4skE]
et 4 H 7bA] 20T Bkt EY oMz FHFE =M R R A C
el Al 2 mm AE FHS S B 5
Ed 2z A 374 M EYLLEE ES g & &7 3 F CMBP 3325 ml& F¢ 2A7H5¢r
15cm Zolol, B/l S5 AE 15me) Zolo] LEA o 120 pmOE AFF FEAS Bl Zrhslo] $7
2 HAs ZYHGon, EFE] 24 F 0%t 2390 843 2942979 chloroform 538 ml
COxrve 29 7HA0 2 Hda} ESF Alolo 7= 7} Phosphate buffer 524 mlE Yol &3 & oF 184
X F3}lo] CheckMate Il (PBI-dansensor Inc., DK) & HEol Ao X uFES Btk 18A17F & wp
A8t S5 AME gy f8 Addd &1 F F FE=
o] wlg] 4|3 37°Ce| water bathell A& el Suj
oo ost EY ojdME HE EY vAE Y FiEol NEE Y3, ALVt AE 7 AT FY
e 374 A, @714 At A AV 32 R st f§716mE A ASAT 4Hds] AxE AIH
B Fo8 uFol EA4sdr 3714 Al YGHR o 15~20 ml®] chloroforms Fo] A A& &3t &
Ao, 714 MTFL beef extract AR S o] L 3F silicic acid column chromatographyS ©]-&3le] %2
of 7] &7 A 156~3047F 30Ce B2 ZF 7oA (neutral lipids, glycolipids, polar lipids)% neutral lipids
vl ok & A th, WA F-S starch-caseind- A B A & o] &3} + chloroform=, glycolipids® acetones ©]-83te] A|
A AFAHEES rose bengald] &R = PDAH] Ao A AE T B AHA A1 FE polar lipidsS
v Al 43R tH(Yang and Kim, 1992). methanolS ©|&3te] FF 3ttt Aoy 7 polar lipids
2 F718mE A 73 F toluene-methanol organic
16S rDNA HI[MEEM 7t SR AZEEEH solvent®} methanolic KOH®} hexane-chloroform
DNA extraction kit(Toyobo, Japan)Z 232 organic &S o]&sle] =AI T T AdoA fatty
Table 1. Physico-chemical properties of used soil.
Ex.cation .
pH OM EC NOs-N Av.P:0s X Ca Mg Soil texture
1:5 gkg’ dSm’ mg kg’ mgkg' = e cmol kg -
6.83 23.8 3.53 2259 683 0.34 4.16 1.25 L
Table 2. Chemical properties of rice bran and wheat bran.
T-N P20s K20 MgO CaO T-C C/IN
14— Go —=mmmmmmn
Rice bran 243 18.7 18.6 7.7 0.7 50.8 20.9
Wheat bran 21.8 6.5 109 3.7 0.6 52.7 24.2
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GCE ol&dte] EAsAH Fe PAA G2 AlE FEHATHKI and Kim,
(Morten and Baath, 1998). £42 E3lo] Adojz % 1985; Park, 1984).
WA FEE FAE BAHS Foted 23T BAS TE AHdT BEY 371242 Fig 29 3ol A
TR 2] 2dARE OxEe F&3A Zashed oF 001%
WelE FAE W, COrsmes Ag 494 HALse
Zda g nE of =g3 F ¢ BuFEs FASAT ol A
z27] AZFe fF7l=d 2 FHol e ¥5%
A 71Zbst A E = E%%E% ZAe 4 =2 axste] Uehd Anz sAEn. o]% oy
F Figlsp @ol sy d7lEne H2 6C WAl g copre mge @408 $A44 DY
on, F ot W e 747 50T, 27C el =20] Alot® Az AR
o} 4] 15cm Zolol &= W73 AA g 7+ 7} A8 EoFu Al EAL Table 33 7tk HE 20
2ol S HolA @kgtow, F - offt A e 77 o T = Halek Eoke] 574 A WEE 243 X
425C¢t 35C et ol& o5& HdS 294 ¢ 100 CFU g, #A9 Wr|eS Az Eope 717}
EFEETF Sem Aol M= of 55C WDARE 15~ 137 193 x 107 CFU g'2 % A 79 Auwgzol
2oem el M #x 45C BEAHC RS ML gg gy Are ® AT 2 At v
stel 2 o Wrlest AAE EFEE A 2 9 3 FEolen, #AE AP EFS 89 x 107
CFU g 2 &7t g itk Walde] 2es A
. 2 7k 2 Aol glo] 4~6 x 10" CFU g 'FF°lgith
APl AEE BAE A EgelA 480 x 107
. 60
: CFU g' %9 & Uxs Yeyoy, 272< A
i P9 BRAAE AREE SAE ST - AT
B EEE WS ANG EGINT 4 H9
* o AAHoR EGUAES 714 Euae #71=
mﬂ/ll 8/13 8/15 8717 8718 8/21 8/23 8/25 8721 8/29 %%7]— T:—1 % oé 60]:% D] \]}E_ Zigi QFQ—E]%T;"- Klm
s et al(2007) B71&< A3 BN F3 534
Fig. 1. Qhange of ail: and so.il temperature as affected b?f 7} =o 2 Uk Z3 7o wrgaAEo] 25 mMol
anaerobic fermentation of rice bran and wheat bran(soil s N .
temperature measured at 15cm depth). A AdE v, AAE AEe EYS 8 mMoldR
25 50
15 - ¢ Y
N20 1 % Rap -
E ;‘“‘a\\%ﬂ\\e//ﬂ\w Has i ‘.w\
215 H 30 F AT P
4 25 :‘:«"" um;::‘_::“&i‘,.wtr o e
10 ~g— control 20 - 74 ~—g control
3] ~--Wheatbran | 915 1 & -~ W heatbran
g 5 i -~ Ricebtan | 8 32 e RicEbran
4 . i ¢
S ) ¥ oottt e e
1 2 4 1 8 11 15 17 24 1 2 4 1T 8 11 15 17 24
Day after treatment Day after treatment

the soil.

Fig. 2. Concentration of Oxygen(Left) and carbon dioxides(Right) affected by anaerobic fermentation of rice bran and wheat bran in

Table 3. Soil microbial population affected by anaerobic fermentation of rice bran and wheat bran in the soil.

Aerobic Bacteria Anaerobic bacteria Actinomycetes Fungi Yeast
Treatment s 4 7 a1 5 a1 3 1 4 -1
x10"CFU g x10"CFU g x 10" CFU g x10°CFU g x10"CFU g
Control 243a' 27b 587a 333b 0.0b
Rice bran 137b 89.0a 6.00a 480.0a 00b
Wheat bran 123b 2.0b 447a 0.00b 12.6a

" Column values followed by the same letter are not significantly different at P<0.05 according to DMRT.
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7t HgdE ¢F BE AldE 16SE 53 TF
gt A Table 49} 7o) 18%0] EAstA e, I &
Bacillus%:°] %% &9t} Bacillus$& 2AE A3
EgolA A & F BBE M B HlTE A

At oy, FAee 2re&S A BESS zhzt
63% S} 44% 2 FAEH|Eo] Aoz Ittt

49 & FRE A4S AW B0l 13 22 4
],

e o v @Sty FHE & T Bacillusgy 3

Paenibacillus®&2 25 A FoA ZEZHOZT BaF

W 9 T S5 AP g 2 aelE myth
g v 4R QYA wolE TR g )
$ vhpsith 2 dde) WHE FE ATP FIS
Zqs J1esd ARAF 1e3 BaUS deld
biolog Eo] ol§Hel ok A AHe MAPBE
AP BRANA WY AP F9 1% Mo I

tH(Amann et al. 1995).
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1986; Frostegard and Baath, 1996), A<
15:0ANTEISO, 15:0 ISO, 16:0ISO, 16:1w@5c,
17:0methyll0, 17:0ANTEISO, 17:0CYCLO, 17:0ISO
2 18:1w7c =9o]th(Bossio and Scow, 1999: Morten
and Baath, 1998). wWetr o]E¢] % Ze] ¢ o
43k} Fig. 3% o] F/B&S wwsdoh ¥ A
T-9] 18:20692 GC/tollAl Ae] HEEA ¢rol F/B
go] 0ol 7M7Asivh BAE AT EYS F/BE W
k= 025% WA & Wk ey A 209 74

F/Bratio in tot PLEA (%)
s

Days after treatment

Fig. 3. F/B ratio of total PLFA of 15 cm soil layer as affected
by anaerobic fermentation of rice bran and wheat bran in the
soil (Fungi MARK : 18:2w6,9; Bacteria MARK :
15:0ANTEISO, 15:0ISO, 16:0ISO, 16:1w5c, 17:0methyl10,
17:0ANTEISO, 17:0CYCLO, 17:0ISO, 18:1w7c).

Table 4. The number of aerobic bacteria identified by MIDI system as affected by anaerobic fermentation of rice bran and wheat

bran in the soil.

Genus Control

Rice bran

Wheat bran

Bacillus 20
Paenibacillus 2
Brevibacillus
Micromonospora
Nocardioides
Streptomyces
Agromyces
Microbacterium
Arthrobacter
Caulobacter

[E I )

Ammoniphilus

Virgibacillus

Actinomadura

Lysobacter 1
Gracilibacillus 1
Thermoactinomyces 1
Streptosporangium

Microbispora

28
5
2

15 63
8 15
3
2

I VI NG N SO U S ST SR

Sum 32

36

34 102
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GPBin tot PLFA(nmdl g 9

Days after treatnent

o~ 8,000
% 7000 - —E-control
g 6,000 } —&— Ricebran
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£ 4.000
S 3000
g 2,000
@ 1000

o

Days after treatmeat

Fig. 4. Gram-positive bacteria(Left) and Gram-negative bacteria(Right) in total PLFA of 15 cm soil layer as affected by anaerobic
fermentation of rice bran and wheat bran(Gram-positive bacteria : 15:0ANTEISO, 15:0ISO, 16:0ISO, 17:0methyl10,
17:0ANTEISO, 17:0ISO, Gram-negative bacteria :16:1 5c, 17:0CYCLO, 18:1 7c).

R ZH ¥ PasE AL B e W)
+2 Aee U F/BES A 100 F43 37
& F gaste] RALG A A EF o)
OE P4S BT 0% e F/BEY Wst: 27
2ol £FE Aol Yool YT TEFS Aitol

15:0ANTEISO, 15:0ISO, 16:0ISO, 17:0methyll0,
17:0ANTEISO ¥ 17:0ISO°|™, 1% AT 16:1@
5c, 17:0CYCLO, 18:1@w7cZ thH¥ ¥ t}(Bossio and
Scow, 1999; Morten and Baath, 1998). H#xg E<F
of O YA AT dEv A 77 T 2=
o] WstE yetA &tk 2713 BAE AT
EF A A7 et & ®stE UERA Z%ke

¢
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Fig. 5. Biomass-C of 15 cm soil layer as affected by anaerobic
fermentation of rice bran and wheat bran in the soil.
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Fig. 6. Principal component analysis of PLFA profiles for
anaerobic fermentation of rice bran and wheat bran after
treatment 5, 15, and 30days. CT, Control( O ); RB, Rice
bran( 0 ); and WB, Wheat bran(A ).

1", 10:0 20H; 2, 11 methyl 18:1 w7c; 3, 11:0 ISO 30H; 4, 12:0; 5,
14:0; 6, 14:0 1SO; 7, 15:0; 8, 15:0 ANTEISO; 9, 15:0 1SO; 10,
15:0 ISO 20H; 11, 15:1 ISO F; 12, 15:1 ISO G; 13, 16:0; 14, 16:0
10 methyl; 15, 16:0 ISO; 16, 16:1 @l1c; 17, 16:1 wSc; 18, 16:1 @7c
alcohol; 19, 16:1 w7c; 20, 16:1 «9c¢; 21, 17:0; 22, 17:0 10 methyl;
23, 17:0 ANTEISO; 24, 17:0 CYCLO; 25, 17:0 ISO; 26, 17:1
ANTEISO B; 27, 17:1 1SO I; 28, 17:1 @8c; 29, 18:0; 30, 18:0
ANTE; 31, 18:1 «7c; 32, 18:1 «9c; 33, 18:2 w6,9c; 34, 18:3 wbc
(6,9,12); 35, 19:0 CYCLO w10c; 36, 19:0 CYCLO w8c; 37, 19:1
6c; 38, 20:0; 39, 20:1 «9c; 40, 20:4 w6,9,12,15¢; 41, ISO 17:1 «c¢.

—~

Kim et al, 2007).
ARAo 2 W%
' AEYE EY AE
aotel AAE Az e
Stk e, oleie ARt B

A E B Al ot
Sk F7FH Q1 A7 2 -E T

A

Fo

4

(]

ils)
)

Ll

-
(e
_%_I‘
(B

o

T

N

B
o2
oz
2
=)

)

o
i)

2 rE o T ooz
o X op

ofp |

>
= oy ™
_()|L

o xR
i3

w e

g bt

ML oL T
Mo o x
By g ot

o

)

¢

NN

—
=

i
bo{t
0%,
o3
rlo
i)

ro

|o
=)

td
rle

o2 R X oox
to i
2 o

[

ol
o
frt

rr ol

s}
S

o

oX,

=k
Tl

rulo il
i
9

e

=

g:hq_ 71—
71& 3 AA X%ﬂ” ] 2
Fzke) #ATzE AA

=

=7

g5t

0% ol i o

ool rfr o 4t N oZ 1 T (U m K
N
ool Tl XY

38
|o
i)

18
o

A 8= H

Mo

Amann R., W. Ludwig, and K.H. Schleifer. 1995. Phylogenetic
identification and in situ detection of individual microbial cells
without cultivation. Microbiology Rev. 59:143-149.

Bossio, D. A. and K. M. Scow. 1998. Impacts of Cabon and
Flooding on Soil Microbial Communities: phospholipid fatty acid
Profiles and Substrate Utilization Patterns. Microb Ecol. 35:265-
278.

Federle TW. 1986. Microbial distribution in soil - new techniques.

In Megusar F, Ganthar M (eds) Perspectives in microbial ecology.
Slovene Society for Microbiology, Ljubljana, pp 493-498.

Frostegard A, Baath E. 1996. The use of phospholipid analysis to
estimate bacterial and fungal biomass in soils. Biol. Fertil. Soils.
22:59-65.

Jun, H.S., W.C. Park, and J.S. Jung. 2002. Effects of soil addition
and subsoil plowing on the change of soil chemical properties and
the reduction of root-knot nematode in continuous cropping field
of oriental melon. Korean J. of Environmental Agriculture. 21:1-6.

Ki, K.U., and K.C. Kim. 1985. Possibility of soil solarization in
korea. Korean J. Plant Prot. 24:107-114.

Kim, H,L., B.K. Sohn, K.H. Jung, and Y.K. Kang. 2006. The Effect
of Anaerobic Fermentation Treatment of Rice or Wheat bran on
the Physical and Chemical property of Plastic Film House Soil. J.
Korean Soc. Soil Sci. Fert. 39:366-371.

Kim, H.L., B.N. Jung, and B.K. Sohn. 2007. Production of weak
acid by anaerobic fermentation of soil and its antifungal effect. J.
Microbiol. Biotechnol. 17:691-694.

Kim, HW., Y.W. Kim, and K.S. Kim. 1989. Effects of Water-
logging on the Chemical Properties , Microflora and Biomass in
Continuous Cropping of Cucumber Soils. J. Korean Soc. Soil Sci.
Fert. 22:146-155.

Kim, K.S., Y.W. Kim, J.A. Kim, and H-W. Kim. 1988. Effects of
Pesticides on Soil Microflora I . Effects of Herbicides on
Microflora and Enzyme Activity in Soil. J. Korean Soc. Soil Sci.
Fert. 21:61-71.

Kim, L.Y., HJ. Cho, B.K. Hyun, and W.P. Park. 2001. Effects of
physical improvement practices at plastic film house soil. J.
Korean Soc. Soil Sci. Fert. 34:92-97.

Kwon, J.S., J.S. Suh, H'Y. Weon, and J.S. Shin. 1998. Evaluation of
soil microflora in salt accumulated soils of plastic film house. J.
Korean Soc. Soil Sci. Fert. 31:204-210.

Lynch, J.H. 1977. Phytotoxicity of acetic acid produced in the
anaerobic decomposition of wheat straw. Journal of applied
bacteriology. 42:81-87.

Morten, M. and E. Baath. 1998. Microbial community dynamics
during composting of straw material studied using phospholipid
fatty acid analysis. Fems Microbiology Ecology. 27:9-20.

Ok, Y.S., JE. Yang, K.Y. Yoo, Y.B. Kim, D.Y. Chung, and Y.H.
Park. 2005. Screening of adsorbent to reduce salt concentration in
the plastic film house soil under continuous vegetable cultivation.
Korean J. of Agr. 24:253-260.

Park, C.S. 1984. Effects of soil solarization for control of cucumber



EG B/10E A A4 AA EFel 4B oA G 347

wilt. Korean J. Plant Prot. 23:22-27.

Uhm, M.J., S.G. Han, K.C. Kim, Y.H Moon, and J.S. Choi. 2001.
Properties of plastic film house soils and physiological disorder of
eggplant. J. Korean Soc. Soil Sci. Fert. 34:192-198.

Yang, J.S. and J.S. Kim. 2002. Soil microbiology experimentation.

Worldscience. pp. 1-38.
Zelles, L. 1999. Fatty acid patterns of phospholipids and
lipopolysaccharides in the characterisation of microbial

communities in soil. Bio Fertil Soils. 29:111-129.



