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In this study, we examined the chemical properties and microbial community characteristics in 25 controlled
horticultural soils (CHS) sampled from Gyeongnam Province by fatty acid methyl ester (FAME) method. The
electrical conductivity of watermelon CHS was significantly (p < 0.05) higher than those of red pepper CHS,
pumpkin CHS, and strawberry CHS. The amounts of total FAMEs, total bacteria, gram-negative bacteria,
gram-positive bacteria, and fungi were significantly (p < 0.05) higher in red pepper CHS than those in
strawberry CHS and pumpkin CHS. In addition, higher (p < 0.05) ratios of cy19:0 to 18:1w7c were detected in
tomato CHS than those in watermelon CHS, pumpkin CHS, and red pepper CHS. This implied that microbial
communities of tomato CHS were stressed more than other species of cultivation soils. Actinomycetes
community in red pepper CHS was significantly (p < 0.05) higher than those in tomato CHS, strawberry CHS,
and watermelon CHS. Differences in soil microbial community composition were highly associated with
cultivated crop species which might result from the management inputs such as fertilizer, herbicide, and
irmgation.
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Principal component analysis between soil microbial communities and soil physicochemical properties. A, actinomycetes;
AMF, arbuscular mycorhizal fungi; EC, electrical conductivity; F, fungi; G(-), gram-negative bacteria; G(+), gram-positive
bacteria; TB, total bacteria.
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Introduction

AR = ERU H =] A H| R B dRTt
AAE= EARC] 9k (Choi et al,, 2010), EFE] g}
the mAES S wehA7)7] bl e sde ¢
A= PEES] S HESHL A= Ao] T8
3lt} (Lee and Kim, 2011; Lee and Yun, 2011), ESFQ] 1]
A5 AT 3]-S Fatty acid methyl ester (FAME) W
He ARESto] nAES] Al xR 2408 ZHHEH
B35 4= QIt} (Kim and Lee, 2011; Macalady et al,, 1998;
Schutter and Dick, 2000), 115 AJdZjuljA]ol|4] Yang et
al, (2012)& 774 A7} AF-2A 2ol s F3o], 1%
S Alat, BT D AT Aol Erkar sHel
Il Tee et al, (2011b) G714 ui7} T3z ufol wlsh )48
EAFo] 138 okl shglek, Z1ejar =] Al EAfulR]of
A BYF T Al o, IEE Al o, 1S Al
o, WAl o, Sl o, Wi S A RE
Tt w2 Eo] 443 BEQF B} fol¥oR w9l

%
Alet, 18573 Alet, 1= Alet, A=, #30] 2 W
]

At Aol 8 FolHor w2 BRIt (Lee et
al., 2011a). E3L B7] 7| Al Aol Hlsl & FAME
S 128, & Alet S 14v, 1834 ARt 15
v, IR At 12w, WAt SRS 15vH w8k
nAE TS AR e s bR El 7 e Aol wlsl
T At 2 IS AlRe] dH Rl =2 W, g0l
TAHES AT (Min et al,, 2011), HEE] AlZH ]
HAE 2780l A] Bgol| gt AEHIA 23R AMS-ER= (Bossio
and Scow, 1998; Kieft et al., 1997) cy19:03} 18:1w7c W]
& 33 AVAAOIA $71A7E B vioke.
o (Lee et al,, 2011a) B7] AR uR]ol|A= GFEw=r}
E EYHET dRsErt AR Bl W B B
o BE9F 3 AEH AV AL AoF BUEC} (Lee et
al,, 2011a; Min et al,, 2011),

2 As AEAY AEAEA] 25725 e R A
of w2 E9Fo] S} FAME 45 F3 e 23
AESto] ey BT E % 712 A=E Algstaat
TS

Materials and Methods
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n &l 7FRA|AL Qs AL Alaze A
A2 BA81= FAME HH O 2 GC Agilent 6890N (Agilent
Technologies, USA)X} HP-ULTRA 2 capillary column (25 m
X 0,2 mm X 0,33 um film thickness, Agilent Technologies,
USA)Z o]83}3 1 internal standard 19:02 AFg3}o] &
25} t} (Schutter and Dick, 2000), Z4 25X+ 170C o
A 270C7F E of 74x] £ 5CH 7heate] mpx]dt 270C
oA 287t fAE T BAE uAE Ay 2k
MIDI software program package (MIDI, Inc,, Newark, DE)
= olgsto] nAE #3e AT (Hamel et al,,
2006), & A< i15:0, al5:0, 15:0, i16:0, 16:109, 16:1w
7. 117:0, al7:0, 17:0, cyl7:0, 18:107c L cy19:0 THFS T}
Aksto] BAISH9ITT (Macalady et al,, 1998; Schutter and
Dick, 2000), 1324 Al XHRAE 16:107c, 18:1wT7c,
cyl7:0 L cyl9:02 THABIFIAL (Zelles, 1997) T13FA] A
2.0 2L i15:0, al5:0, i16:0, i17:0 L al7:02 SHAka}o]
Z5AT) (Zelles, 1997). B AHPAF 10Mel8: 08 ARE-
3}l (Schutter and Dick, 2000) &0]= XA 18:1w
9ce} 18:2w6cE AMESFILT (Bradleya et al., 2006), W3St
AHPAE 16:1w5c= arbuscular mycorrhizal fungi®] biomarker
2 0|83t} (Balser et al,, 2005; Frosteg rd et al., 1993;
Olsson et al,, 1998), L&l 9-5/d At 17kl At
o] vl #7709t & Ao Hles T8k e™ cyl19:09k
18:107c HlE&-E B4 nlE B X A= ARESH
t} (Bossio and Scow, 1998), EA% n|YE EAJL SAS =
233 9.1.3 WA (200602 ARSI 2HEE EQF Ay
E EAT 3PS 5% 42Fol|A] Tukey's studentized
range testS SISt TR 9 BOS} WS 2L 74

B4 Fato] 2Eof wE ol vln HESICH
Results and Discussion

Z=H A EY iR AR A4ApIA] £
ool SBE-S Table 17} 2}, B AREEE 44t A
iA]o] A 6,26 dS m & 315 AJEA] 3,11 dS m, F4t A
HiA] 2,06 dS m ™' E H7] AuljA] 1.87 dS m ' KT} 9] F
O 7 =T} (p €0.05), A L TFE 46 AufA| 7t
4.69 cmol, kg 2.2 7] AIA] 1,99 cmol. kg | L F8f
AulA] 1,24 cmole kg ! BT} §-oF0 & Wit} (p < 0,05).

E5] g vhavle TS 428k A7} 6.8 emol. kg
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o2 EulE 39 cmol. kg |, 113 AuiA] 3.6 cmol, kg ',
Sk AEiA] 3.4 cmol. kg ' D =] AuiA] 3.2 cmol, kg
wrt gojH oz daro] wkeh (p € 0.05). AWHA A4
AR 2Eo] Sfedw Hot TR NIAST (2010b)0]|A]
Aokl A 2442241 pH 6.0-6.5, EC 2.0 dS m "’
o3}, 471% 25-35 g kg |, FELIAT 450-550 mg kg ', |
4 25 0.7-0.8 emole kg, 21$Hd 25 5.0-6.0 emol. kg
)3Hd ub1v|4 1.5-2.0 emol. kg BT} =9kt o]t
7432 Choi et al. (2010)0] B3t vle} o] Higof gt
F7RRIA Y] Hfo g SZHEN| 5o drpald]of ot A}

A2 EY DIME &2 HW AR A BESY
A v E RS Al AR o (FAME JR) S
2 FA3E ATH= Table 29F 2}, Ao AJAH EQF n]AY
= O Bt a5 AEiA| oA & FAME o] 655
nmol g 'o]9lom F Aldt T 176 nmol g |, THSA
A2 81 nmol g ', LHYA Al 79 nmol g, WAl
2 26 nmol g ', ol 131 nmol g |, WAHIAS 11
nmol g 'o|$itk, I3 Aul| 2] & FAME &, & Al &
o, IHSA At o, IR Al 3, 580] S

2 W) QA St A vs) el wr

(p < 0.05). o]&st A1}= Lee et al, (2011b)T}+ Min et al,
(2011)0] 213 A{ufR| 2} B7] RO EoF wAY = kgt
QARHATE el Sur AEKe EokE AeAo]
Table 17} 20] $71% W] BolE =] Al
4.0dS m" oA EolA] uEL] gl PP F Ao
PEEGlT YR TS 29 AAIeIA 21 nmol
g'o@ 32 AIA] 11 nmol g ', T4 AJufA] 8 nmol g
2 =7] A 6 nmol g Ert FoFo Wikt (p <
0.05), a5~ Ajufz|e} &8 Al R|= 154 At 1%
Fd Alet vlgo] 212F 1,03 91,0022 G| AHui=] 0,85
4 EolE Afufz] 0,82 Hrb {2408 =9ktt nmol g,
ofejet Ak T3HeA Ale] BAOR Eoold Bkt B
o] HEFAH ALt ZAsR=t] (Kieft et al., 1997;
Kim and Lee, 2011; Guckert et al., 1986) 7]|Ql%l #o=R
e gleh Fgolel T Al HlE2 15 Auj|efA
0.74% =8} AjulA] 0,53 9 G7] Auf=] 0,51 Hr} {04
o= E9dHh (p € 0.05).

O8E AEYA X EQF ol o2 JF2d &
EfA T2 ARREE cy19:03} 18:107c H[-E-2 Fig, 13+
Zo] EutE Aufz|ofA 0,912 4=} ZJul=] 0,62, =8} A
Hiz] 0,61 B 115 AuiR] 0,67 Hrh f-o)F o= =9kt (p

Table 1. Chemical properties in controlled horticultural soils affected by different crops.

Exch. cation

Crop pH EC oM Avail. P,Os NOs-N
K Ca Mg Na

(1:5) dS m" g kg mg kg'1 ---------------- Po1118) P < — mg kg'1
Red pepper 7.0a 3.11b 40a 948a 3.04ab 11.5a 3.6b 1.13ab 163a
Strawberry 7.1a 1.87b 39a 1,017a 1.9% 11.7a 3.2b 0.54b 78a
Watermelon 7.3a 6.26a 48a 1,445a 4.69a 13.7a 6.8a 1.61a 217a
Tomato 6.8a 4.21ab 50a 866a 3.00ab 12.2a 3.9b 1.06ab 164a
Pumpkin 7.0a 2.06b 33a 859a 1.24b 9.7a 3.4b 0.72ab 86a

"Means by the same letter within a column are not significantly different at 0.05 probability level according to Tukey’s

studentized range test.

Table 2. Microbial biomass in controlled horticultural soils as affected by different crops.

Crop TF' B G(-) G(+) A F AMF  G(-)/G(+) F/B
nmol g

Red pepper 655a" 176a 8la 79a 26a 131a 11bc 1.03a 0.74a

Strawberry 266¢ 74c 3lc 36¢ 6b 38b 6¢ 0.85b 0.51b

Watermelon 578ab 162ab 72ab 75ab 13b 103a 2la 0.94ab 0.63ab

Tomato 592ab 175a 70ab 89a 10b 100a 16ab 0.82b 0.59ab

Pumpkin 369bc 102bc 46bc 47bc 13b 55b 8bc 1.00a 0.53b

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

AMF, arbuscular mycorrhizal fungi.

*Means by the same letter within a column are not significantly different at 0.05 probability level according to Tukey’s

studentized range test.
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Fig. 1. Ratio of cy19:0 to 18:1w7c in controlled horticultural
soils. 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
error of the mean.
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A EY Old=E 28 24 AE ES ey &
Fe & FAME o2 Lhro] nidEe] IS 245k
T} (Table 3). A EFO] nPES Alato] 2677114 29.4%,
T3 Aletel 1L7%01 A 12.7%5 Uepi ey AaE &
o AT THFA At 2 EURE AulA| oA
14.9%2 714 £3kor 34 AuliA]= 12.8%, 15 AHiA]
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Fig. 2. Principal component analysis between soil microbial
communities and soil physicochemical properties. 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 error of the mean. Means by the same letter within
a column are not significantly different at 0.05 probability
level according to Tukey’s studentized range test. A,
actinomycetes; AMF, arbuscular mycomhizal fungi; EC,
electricla conductivity; F, fungi; G(-), gram-negative bacteria;
G(+), gram-positive bacteria; TB, total bacteria.

23 AR 42%mA D7) AA 2.1%, S8t Au
2,0%, TerhiE AR 1,5% Bkl 02 39l (p € 0,05), B
o] TR 13 AR} 19,6700 Tk A 14.6%, T
7) AiA] 14,3% o} SelH o2 3ttt (p € 0.08), U
B 2L Sk AR 3. 9%2A Sk A 2,2%,
33 A 1.5% Bk olFow Bkt (p € 0,05), B
o) JREEl BO4S HAE, Bl L WFIE F
Ko] §oj4 0 2 Lol ITkL S19LoL (Lee et al,, 2011a) 2
Ao Boloh WAlFRe] ol vlsat A
ey,

Table 3. Microbial communities in controlled horticultural soils as affected by different crops.

Crop B G(-) G(+H) A F AMF
%

Red pepper 26.7a" 12.3a 12.1b 4.2a 19.6a 1.5b

Strawberry 28.0a 11.7a 13.9ab 2.1b 14.3b 2.6ab

Watermelon 28.3a 12.3a 13.4ab 2.0b 17.6ab 3.7a

Tomato 29.4a 12.0a 14.9a 1.5b 17.4ab 2.7ab

Pumpkin 27.8a 12.7a 12.8b 2.6ab 14.6b 2.2b

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

mycorrhizal fungi.

*Means by the same letter within a column are not significantly different at 0.05 probability level according to Tukey's

studentized range test.
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