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Abstract

BACKGROUND: Soil bacteria play important roles in
organic matter decomposition and nutrient cycling during
the non-growing season. The purpose of this study was to
investigate the effects of soil management and chemical
properties on the utilization of carbon sources by soil
bacteria in paddy fields.

METHODS AND RESULTS: The Biolog EcoPlate was
used for analyzing community-level carbon substrate
utilization profiles of soil bacteria. Soils were collected
from the following three types of areas: plain, interface and
mountain areas, which were tested to investigate the
topology effect. The results of canonical correspondence
analysis and Kendall rank correlation analysis showed that
soil C/N ratio and NH, " influenced utilization of carbon
sources by bacteria. The utilization of carbohydrates and
complex carbon sources were positively correlated with
NH," concentration. Cultivated paddy fields were compared
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with adjacent abandoned fields to investigate the impact of
cultivation cessation. The level of utilization of putrescine
was lower in abandoned fields than in cultivated fields.
Monoculture fields were compared with double cropping
fields cultivated with barley to investigate the impact of
winter crop cultivation. Cropping system altered bacterial use
of carbon sources, as reflected by the enhanced utilization of
2-hydroxy benzoic acid under monoculture conditions.

CONCLUSION: These results show that soil use intensity
and topological characteristics have a minimal impact on
soil bacterial functioning in relation to carbon substrate
utilization. Moreover, soil chemical properties were found
to be important factors determining the physiological
profile of the soil bacterial community in paddy fields.

Key words: Biolog Ecoplate, Cropping System, Carbon
Source, Soil Bacteria
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o Fofsitt. L AEH2 ot Fast 4TS dFv(Harms
and Wick, 2006; Pajares and Bohannan, 2016), Alx<]
Awgle] o) Al&=e] Wigo] debd 4 gItHWang et al.,
2017). 55, CO,, NO, CH, & 24712 el ofaly] wii:
of] 71%:3}e] ojalje} def| F23ltiKolb, 2009; Thomson
et al., 2012).

TAANESNY AEA QAL Aol dedTel 93
FES Hom, EFAE FHIAS A T HEAED
25 Yehde A3E &8-¥ti(Figuerola et al., 2012; Gil-
Sotres et al., 2005). EXAENAI] 754 i EQu|AE
o] AErieldat ddHo] 3ltiMaron et al, 2018; Delgado-
Baquerizo et al.,, 2016). 5744 = 7oL Alb] 52 J&F
O 7 AAGHA R EFAE AETE o] Wa e
(Ding et al., 2013), A%A M FAE SsiHE &
A o] & Eel whE EFATe] TR Wste) dist &
HE 3 oal|7F F sttt

Biolog A|Z~Ele- Hjofo] 7kt Alate] el o] 8= E
FAE] 74 veFde dAgehed AREAL Stk 1 5
EcoPlatet™ 317}49] ®hAgS ¥x38ta Qlo] wste] o
ot Aol 5 Al o] gEt) ARl A& widks &
3l A4 S TR YERlE CLPP (community-
level physiological profile)= A3+ r2fo] AQu= ARk
Hjegolut Agleta o] s Bekek = 9l o™ (Schutter
and Dick, 2001), #7847} EFAHAS =4 7)ol
n| x| kS olr =t &3t Classen et al., 2003).

wollil WE AskA e FalelE EokAlatel 2%
T71% 23l 58 BE2 Ae-2 AlGE, o]o o Eokek
W HshE B AelE ks vtk BEARre] F27]
9 ©AsRHE Welle =2 A9F SAolY AEA F
o] o] g el wet gebd o vk FE7] =] okt o]
SFE7E EokAllare] Aed] A vA= EAE s
el o2&k FAof otk o] 87k wigt W
o] EFATe] CLPPl mA& H3s AR
EseE EQAES] e 9FS mA= 8% &
2% 484 9l7] wWiEol(Wang et al., 2017) ©2¢ 0|43}
o] A& ATk

Mz R 2E

Ol =AM & EARHH

2 AT A WS A9 =5 o A o] H
o we} Fat7)ol 2AEISITE =0] AT A FS AA|(AHE
78] Az, 30 m W), SRR Az, 50-200 m), B
oFA|(AFEZE] A, 500 m oD E Wrom AL A=
Fig. 1°] YepiSitt A8 4 f3d=2 247 104384 A3t
o] 20179 11€¢] 0-10 em®] ESFs AF3IGE 749 &
g AR S8l SRS Farste] 4-7d7F AAe 8t
A ok F7A9F 20 m o] QU =& 8AHH Mt
2018\ 3€ol Eoks AFHTh oAy} At = B

1km

Fig. 1. Map of survey sites under different topological
types in Jeongeup city.

nwsl7| 918l Rel(Hordeum vulgare)s AWk o] 22F 1=
¥} Q1o Ar A =5 7k 104384 AAsle] 2018 49
of ES AF3IGILE A EGARE AFARE $Hlste]
4Cof masrlon 15 ool AHs3itk

Biolog EcoplateE 0|2&t EXAM[Z| EtAH 0|2 SH

Biolog EcoPlate (Biolog Inc., Hayward, CA)% ©]-83}
o] mopilEel 474 B4E vlmsigith EadeyEd
w7, 1:9)= 20T ollA 96A7FE<t HlYFE $- MicroStation
(Biolog Inc,, Hayward, CA)<& ©]€-3t%] 590nmellA] 4
S5t EopAllte] 'AsRlE o]8-5 ZAKISIT 7 vad
o] o] g MRSl ODsy o HAEI oM, AWCD
(average well colour development)i= Garland (1997)2

e ke Aelsic,

E¥9] pHS EC= B T79 HlES 1:5% 3]
1 #d8NE pH meterst EC meter® 717} S43ISIT)
(RDA, 1988). -F&IAkS Acetate-lactate buffer® F%3}
91, NOs9 NHy = 2M KCIZ F%3}%] SmartChem
autoanalyzer (Westco, Italy)& ©]&-3fo] A 02 Az
Akl el weh S45k3ieh Bkl CoF N &> CN
analyzer (Vario Max CN, Elementar, Germany)& ol g
stel itk

Sl

EFAEY] 'l d Aol thate] HAF2XHLSD)
WS o] gsto] AF 9 o] &R Ee] wWE AfolE Hlwskl
o ©Ag o] 88} Eoksiel g ate] AAHAE Gotry] 9
3lo] Kendall rank correlation®.Z #4315it}h 99 £
712 SAS9.1 (SAS Institute Inc., Cary, NC, USA)S ©]
goto] skt FEA e Ank=e] vlaelX= 31714 ¢
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€915 amino acid (oF7]=41), amine (©F1), carboxylic
acid (FF2EAIAY), complex carbon source (H3EHA4),
phosphate-carbon (Q18}3=) 2 st E48I8lt) =<
I EokM CLPPSF B3l o Aad & #4138
7] 913l canonical correspondence analysis (CCA)E 4
AlBISITE =98] o] & H e A oAM= Eoksled el At
do] §ll7] wZell principal component analysis (PCA)
% CLPPE #43i9itt. &8 CLPP] F Hwzt A4 2
©]:= MRPP (multi-response permutation procedure)=
539t o3t AL R studio (version 1.6.)%
o]gato] T3St

F i n k-
=9| Z7HH R3Y EYMT CLPP
EOkA|e] CLPP A¥}= MRPP #4oA A2 #3
2 BAA Zol7k AP = 0.002), CCA F-AolM:= 5
oAl EeEA d9kem NHy 9 C/N&o| 43S v
Aoz VERITHFig. 2). Alitel 49 o] 85497 Eos)
Skejs

st 3} JaAlE Kendall rank correlation® @ #-4]
A% B4 C/NE& N-acetyl-D-glucosamine (tau
-0.28, p = 0.03) ¥ phenylethyl-amine (tau = -0.29, p =
0.03)% AH#33A17) 912131, NH, & Tween 80 (tau = 0.28,

p = 0.03) % a-D-lactose (tau = 0.29, p = 0.03)$} 343

jul
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Fig. 2. Canonical correlation analysis (CCA) for community-
level physiological profiles of soil bacteria in paddy fields
under different topological types.

AZY 0l ofeldt Ak EekAle] CLPP7} =9] 53k
A FREYe Bl 93Fs o weths ds 1o
k.

B C/NEY T7he Alte] nle| emiAs AaA7)e
G397 QOom(Eiland et al, 2001; Wan et al, 2015)
N-acetyl-D-glucosamine %= phenylethyl-amine®] ©]-&-
e 5o AHAE R o AWE o vk Y
C/NE2 #71=2] &efjel WA a7l 9o (Zhang et
al,, 2013), ] |9 W3h= Alwt 3} +5-30] 9] HlE5 WA
A ojabH o ® faFAol s v < ItHMalik et
al, 2016). wellARQ] Altat wrgols A7) Bl EE 9
ekl glo] o] 59 A8 EHEHAS] vheks Holds
EajA Aure-g Uo7t Hedlund et al., 2004).

31579 Bads IFHE e s 248 4
7} NH, "= carbohydrate ¥ complex carbon sources®}
T2 ATA Y S tHTable 1). A& B]welA amino
acid, amine, carbohydrate, carboxylic acid, complex
carbon source®] ©]&5E7} FIHAolA 2 Aol QA
T 3% FFElsh 2fol= flsltKTable 2). Carbohydrates
P BEdHEAE ATk T2 94 EYlE W
7 WSt Hu et al, 1995). NH,' &= B 7|4
9 G5& ARl 44 3l KZhang et al, 2017),
carbohydrate ©]-§%=7te] YRt ko] A= Adukd
Avz eIt $, B ol NH & ASAA |~
5 9= AsEo] Jo”Z(Norman and Barrett, 2014),
ole]gh Allxtel €]l carbohydrate ©]€°] S7F=A F7F
el A7 das) Held.

=

=)
=
=
=

h=1
=

X2t Yh=0| ELMITF CLPP

EpHE CLPPE] PCARA Aol F7d41¢k =0 72
%] 919k Om(Fig. 3A), MRPP £-4ol| oM = Hekgt #2
A 2017} YATHP = 0.504). PCA 4 Avjejr] dZ2] 4
HETF S A 787 @Al SAo] FrARLY] Wil A
o7 FEECL Y] BAshE o857t i 87T Alo]
7F 21310, putrescine ©-§ =R =R FAA oA whortt
(Fig. 4A). Putrescine®] #alloll= T w s 134+
o] ¥ofdh= 3714 FE7E dA lom, BN Bacillus
% Aleto] Ealigith= Ba17} It Chang and Chang, 2012;

1ol

Table 1. Correlation coefficient between utilization of carbon sources by soil bacteria and soil chemical properties

pH EC NH," NO5y PO,* N C C/N
Amino acids 0.18 0.13 0.04 -0.06 -0.17 -0.02 0.02 -0.05
Amines 0.09 0.14 0.17 0.14 -0.09 -0.14 -0.08 -0.08
Carbohydrates 0.05 0.20 0.36™* 0.08 -0.11 -0.05 -0.03 -0.20
Carboxylic acids 0.06 0.10 0.02 -0.06 -0.10 -0.06 -0.05 -0.04
Complex carbon sources 0.09 0.09 0.26* -0.02 -0.21 -0.02 0.01 -0.05
Phosphate-carbon 0.01 0.09 0.08 0.10 -0.02 0.05 0.06 -0.03

P values: * < 0.05; ** < 0.01
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Table 2. Utilization of carbon sources by soil bacteria in rice field soils under different topological types

Mountain Interface Plain
ODsg (Optical density)
AWCD 1.340.1a 1.3+0.1a 1.240.1a
Amino acids 1.310.1b 1.240.1a 1.240.1ab
Amines 1.3+0.1b 1.440.0a 1.3+0.0b
Carbohydrates 1.4+0.0b 1.440.0a 1.440.0ab
Carboxylic acids 1.240.1b 1.2+0.1a 1.1+0.1b
Complex carbon sources 1.3+0.1b 1.4+0.0a 1.3+0.0b
Phosphate-carbon 0.8+0.1a 0.8+0.1a 0.8+0.1a

Means followed by different letters are significantly different (2 < 0.05) as determined by LSD multiple comparison test.
AWCD, average well colour development.
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Fig. 3. Principal component analysis for community-level physiological profiles of soil bacteria in abandoned and paddy
fields (A) and uncultivated and barley fields (B).
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Fig. 4. Comparisons of carbon source utilization by soil bacteria between abandoned and paddy fields (A) and between
uncultivated and barley fields (B). Asterisks indicate significant differences (paired #test, n = 8): *P < 0.05.

Wunderlichova et al.,, 2014). =3} putrescine E%| F 0|2 Ztn} U@ Xt =o| EQFM|F CLPP

P& A5 7HAEd A A AE s SHehs a9= EFAIAE] CLPPS] PCAA] Aifol|A o|mzta) rrzfo
UTHAhmed et al., 2017). EAIT E737 putrescine ©| TR #9keH(Fig. 3B), MRPP 4e] 2J3iM: At
Sote] Aol gt FHR] AF BoF A0E AL 122 2117k IUTH P = 0.207). Ti--e] ©asletsE o]8-
a9} 7} 5 137kl Afol7t 91%lem, 2-hydroxybenzoic acid ©]

ne 2

F
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S5rke] 1B o] 2ol BSITHFig. 4B). 2-hydroxybenzoic
acid<- salicylic acid 2% d&A] glon|, AFAE Lokt
e R SlghEe] ey SRR EYelA mg/kg
TEHE HEHHMeyer et al,, 1999). B3, salicylic acid
© Ok AE dEisiRleel Sabd, Al Ao g
o ¥3% vZItHDong et al, 2015; Popova et al., 1997).
T3t o] 7o Aol 23 A=e 2 5 72 Al
o T7& Y8 HLebeis et al., 2015). Salicylic acid+
AN Azospirillum, Pseudomonas, Mycobacterium,
Yersinia %0 43h= Aldtel] 28] AdEw(Mauch et al.,
2001), E<F HEeatel gt A3 S =Y 7 THAnand et
al.,, 2008). WA F F-8 2] EFoA salicylic acid?] o]&
T gEUE AL o] 249 Bkl £3) ztold| we) o]k
Ao F AL AT HF R JFS & F vk A
= AAFET

2 E

i
%
Z
z
off
b
o
@]

INE2 EgAlare] w2l o]-8-3}
AT AT QST whdel] Fgol o)A} 5o 5]

Al e B4 AJol7t AQdth=
el whE YR wste] fFo] AA ofvhs
&

al,, 2016). Wk EARE AT A7 whet Al 2ol
Aol7k vehd 4= Q7] wiizel olell gk iz} Fesit
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