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Comparison of Soil Microbial Communities to Different Practice for
Strawberry Cultivation in Controlled Horticultural Land

Se Gyu Min, Su-Seon Park', and Young-Han Lee’*

Goseong-Gun Agricultural Development Technology Center, Goseong 638-804, Korea

'Rural Development Administration, Suwon 441-707, Korea

ZGyeongsangnam-do Agricultural Research and Extension Services, Jinju 660-370, Korea

Fatty acid methyl ester (FAME) profiles were used to describe differences in soil microbial communities
influenced by conventional farming system (CFS), conventional farming system without pesticides (CFSWP),
and organic farming system (OFS) for strawberry cultivation in controlled horticultural land. In comparison
to the CFS soils, the average soil microbial biomasses of in the OFS soils were approximately 1.2 times for
total FAMEs (195 nmol g'l), 1.4 times for total bacteria (58 nmol g'l), 1.5 times for Gram-negative bacteria
(27.3 nmol g'l), 1.2 times for Gram-positive bacteria (26.1 nmol g'l), and 1.5 times for actinomycetes (2.8
nmol g'l). The microbial communities of total bacteria (p<0.05) and Gram-negative bacteria (p<0.05) in the
OFS and CFSWP soils were significantly higher larger than those in the CFS soils. However, fungal
structure was significantly greaterin CFS than in OFS and CFSWP (p<0.05). In principal component analyses
of soil microbial communities, our findings suggest that actinomycetes should be considered as potential
factor responsible for the clear microbial community differentiation observed between OFS and CFS in

controlled horticultural land.

Key words: Fatty acid methyl ester (FAME), Microbial community, Strawberry, Organic farming

A A

A W) Aktelo] 2008l 7,7460] PO Selitet
A A AN 10,7%5 AA|SHe Fad Ul A4
ol 313 (12,1529] ), 44} (9,3039] ) k&0 7h
o] %88 25Uolc} (RDA, 2009), W)= EGF @R oF
o AERA WMEA £ AAS B3 SR MRS WA
Skt QIek (NIAST, 2008), et A4 @] A vt
Auloh Azpo glste] G W X =
5] Mol Astelm qlow Apme] B, S gk
o Eope] nYE AeAE FAH Uele] Hx it
(Choi et al., 2010a, Choi et al., 2010b; NIAST, 2005; NIAST,
2000). Tefu} oleet BAHelE Bt Aupgel o
2 A4 @) B uE tekdel et A7 ATk )
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A BEY nAEY 1S nlE Al A 2
3& A8k MIDL 7]s0] ol o8&l Qlrt (Buyer and
Drinkwater, 1997; Cavigelli et al,, 1995; Fries et al., 1997;
Ibekwe and Kennedy, 1998; Kim and Lee, 2011; Lee et al.,
9011; Macalady et al., 1998). 3] t}zko] EoF A|RZ H]
WA 7hdsla wEA A8 4= Ql= Fatty acid methyl
ester (FAME) Rl ARgsto] EQFO] njAlE A #t
ofet ulyE RS A BAE 4 9l
Baath, 1996; Macalady et al., 1998; Schutter and Dick,
2000),

uebs] 2 Ate A 2] G2, sk, 1
2]al A7t Bk v s A ] Wt wiAl= 9
& HEZA 5T

(Frostegdrd and
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ASEE A RHHHEE A W) e P 9
Ake] (3506'N, 12812°E) 3JoFe (el 25.7%, vlA} 53.0%,
AE 2134 A APETOR AAste] 3319
o} Al w2 AJET Al f71AN], ek 9
HYAY 5 3pFEOo R AE|ste] yEoR eYsiert
HAAE U718 12 Mg ha ', F9 2.4 Mg ha |, A%
0.4 Mg ha', 9P| 240 L ha "o} €4 & 3712 v
£ flol el RAERR fA] 4,0008 82 3] AESIIT
TsokAui= 94 3.6 Mg ha ', Yol8H]E (N-P,0s—K:0
= 13-8-8%) 0.24 Mg ha ', 9F22] 4,000 L ha ', A==
50 L ha™', f7]4ul= AEEH] 0.2 Mg ha ', H& 4 Mg
ha ', 27 4 Mg ha', 9F28] 600 L ha ', 353 60 L ha
FHYIUA| 30 L ha 'S ARSI B7) 2HES 20 em X
120 ecm@] AAIAZE 2010 99 104 AAlslo] 2011 4
3071 Apelstaict, AMSE sAAe] T-N, POs, KO g+
SRS WAT} 2.24%, 1.75%, 1.78% ©]2on] W7]L-2 2 20%,
0.62%, 1.04%, UFAT]= 0,39%, 0.08%, 0,04%, BR- 4.0%,
1%, 2%, AF=ZS 0,03% 0,02% 0,24%, SHIAR= 0,16%,
0.03%, 0,06%, AREEIHI= 3.42%, 1.02%, 1,35%, 752 5.0%,
1.1%, 1.0%, RAL 0.62%, 0.18%, 1.55%3T}.

EQF BB o njgE w4 WslE vjmel) ¢
3] 2231712l 49 300l S AP EAe BEoF 3}5HA
2 pH 6.4-6.82] HYRNT FF5r= 0.33-2.24 dS m’
Jon Eof 97|2L 26-31 g kg 2 UEHTH B3 B
F FREEE Tz 2.24 dS m 2 Egkow
A= 1.25 dS m ', 471 0.33 dS m 'S UERY
T 371 e A7) Fs kA7) 81 g kg oIS
o] FEAHlE 26 g kg | OR WTE HAAL T
391-640 mg ke 'o] W9l Aor] WAL FRHE 10-
93 mg kg 'S Bk 84 ZE-S 0.33-0.63 cmol. kg
2$Hd L 8.0-11.2 cmole kg, A HRIHIGE 1.8
2.3 cmol, kg '] WIS Liehdl AR A w7 A
B9 54& YTt (Table 1),

o

¥o| EF R Tl Xt Jee FEsh] 913 49
80%0] EokS AHSch AFe EFS —20Co] 2202
npkstel $AA% o 5 AAE 2 B4 Attt

TE A2 JEA R Ee] ZHIAL Sl Al AlE

[e3

and Dick, 2000), E3t ©jRE2] AT internal standard
19:0Z olgsto] EAsIGIr e w3 242 GC Agilent
6890N (Agilent Technologies, USA)¥} HP-ULTRA 2 capillary
column (25 m X 0,2 mm X 0,33 um film thickness, Agilent
Technologies, USA)S ©|-&3}3ict 248 &%= 170Cof|A]
270C7F € w7kx] B 5CH 7hestga upxat 270TCo
A 287 fAISHEE, B4 ngE Al ARARS MIDI
software program package (MIDI, Inc., Newark, DE)<
olgatol Zizke] Aubato] tigt nlBE FHS BASc)
(Hamel et al,, 2006; Pankhurst et al, 2002), & A&
i15:0, al5:0, 15:0, i16:0, 16:109, 16:107, i17:0, al7:0,
17:0, eyl7:0, 18:1w7c L cyl9:0 TFFS FhALSIo] A5}
At (Macalady et al., 1998; Schutter and Dick, 2000), 1
2o AldS AR 16:107c, 18:107c, cyl7:0 Y cyl19:0
< AISIAAL (Zelles, 1997) 1Y Mlet2 AL i15:0,
a15:0, i16:0, i17:0 Y al7:0& §Hksto] J5H3Tt (Zelles,
1997), A2 ARHAF 10Mel8:02 ARSI AL (Schutter
and Dick, 2000) &30l Z|HRAF 18:109c2} 18:206cE A}
2351t (Bradleya et al., 2006), E3F Z|HFAF 16:105c=
arbuscular mycorrhizal fungi®] biomarker@ ©]-&3}it}
(Balser et al., 2005; Frostegard et al., 1993; Olsson et al,,
1998), 12jal I3 Alett 1EFd Aletel vlE, 3
ojel F Aol Bl&, cyl19:09} 18:1w7c Hl& W E323} A
WA (MUFA) 2} 325} Z[HAE (SFA) HES-2 Bl nlds &
EfA RFE2 ARSI (Bossio and Scow, 1998; Grogan
and Cronan, 1997; Guckert et al., 1986; Kieft et al,, 1997).
CHHZE ZME BN U EARM 243 B9 o
o A (20062 AHglact

3
& vE T ndE S 5% olA LsD A4

=
o Hm fot

Table 1. Comparison of chemical properties in soils affect by different cultivation systems under greenhouse at

harvesting stage.

Treatment' pH EC OM Avail. P;0s Exch. Cation NO;-N
K Ca Mg
(1:5) ds m’ g kg’ I - — S 70) I L — mg kg’
CFS 6.4 1.25 26 448 0.39 8.7 1.8 20
CFSWP 6.7 2.24 31 391 0.63 11.2 2.3 93
OFS 6.8 0.33 31 640 0.33 8.0 1.8 10
LSD (p<0.05) 0.42 0.715 2.8 128.6 0.329 0.55 0.17 38.1

TCFS, conventional farming system; CFSWP, conventional farming system without pesticides; OFS, organic farming system.



Al E@719] Aol whe B nidEwR v 481

gk Ald 9] Aol o2 EF
nE S FAME WHo = BA%E Aik= Table 29}
2l B9 & FAME $52 S71Au)7} 195 nmol g ',
SOFAH= 186 nmol g '0]%on] TEHAHE 160 nmol g
o7 {2l ol YR (p<0.05). o]fgt Aik= Lee
et al. (2011)0] Al 315 AuhR| A F71 A7} g Afu
X} F FAME o] ol B gk Zukel A5t
LA Al TS 71AEI7E 27,8 nmol g, s kA
Hjl 26.9 nmol g ' ©& WHAHY 17.9 nmol g ‘o] ]} 1.54)
=3} (40.05). 1Y Al TR R71ANZE 26.1 nmol
g o2 YA H] 21.4 nmol g 'of| H]s 1.28) o} G214
2l o7} Aot (p<0.05) F-oFAElE 22,7 nmol g
o & yeyAfulel xfo|7t Giglet, wheka] F At TFE F
7|47} 58 nmol g 02 71 Woki FisoFAuii= 54
nmol g '¢lom] WA= 42 nmol g o & 7P At
(€0,05). ©]2J3t ATM= Zhang et al, (2010)°0] K113} b}

oF o] PR AR Agal] Hiel] % Aol
o] woll Aoe AR WAlE TR THW
Al S ARt A0E §71A4E71 2.8 nmol g 02
FrgAp 1.9 nmol g'of Hlsf 158 ok o129l Hol7}
AP} (€0.05) A= 2.1 nmol g ' O& TR
Hliel o)z gigick. Egol fke FsobAulzt 30,7 nmol
g, WA 29.2 nmol g ' Y S/ 26.2 nmol g &
olgort folHel Zoli= ek W TS #7]
A7} 3.9 nmol g !, WA= 3.7 nmol g | OF Fi=oF
AHl 3.0 nmol g KT} fol2 02 Wk} (p(0.05).

EQ O|ME AEYA X|E EF J83A4 Al
o 2 At vlE2 s 1188 7P =%
onf {7 A= 1,042 T3YAuR 0,830 H]al] FjH o2
=AU (Fig. 1), 21854 Alat-S EO] gagiso] 15
o 79 vl WISEHA BREste] Al At} (Guekert
et al,, 1986; Kieft et al,, 1997), wratA] o]yt Ail=
Table 13} Zro] yaafjufjoll ] EFO] f7]= o] =2
gl 7]0E AoeR AAE ST (Kim and Lee, 2011). 375
o|e} F At wl&S IYAuNZE 0.69, FsFAHl=
0.57 LE|al §7|AHl= 04584 HE H2igte] {94

Table 2. Soil microbial biomass in different cultivation systems in controlled horticultural land.

Soil microbial biomass CFS' CFSWP OFS LSD (p<0.05)
nmol g']
Total FAMEs 160 + 15.0° 186 + 11.1 195 + 174 29.4
Total bacteria 42 £59 54 £ 29 58 £ 45 9.2
Gram-negative bacteria 17.9 + 3.58 26.9 + 2.07 273 + 2.79 5.75
Gram-positive bacteria 214 £ 2.09 22.7 £ 0.76 26.1 = 1.60 3.16
Actinomycetes 1.9 £ 0.21 2.1 £0.20 2.8 £ 0.06 0.34
Fungi 29.2 + 4.16 30.7 + 4.17 26.2 + 4.49 NS
Arbuscular mycorrhizal fungi 3.7 £ 0.36 3.0 + 0.26 39 + 0.17 0.55

'CFS, conventional farming system; CFSWP, conventional farming system without pesticides; OFS, organic farming system.

*Standard deviation of the mean.
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Fig. 1. Ratios of Gram-negative bacteria to Gram-positive bacteria and fungi to total bacteria in controlled horticultural
soils. G(-), Gram-negative bacteria; G(+), Gram-positive bacteria; CFS, conventional farming system; CFSWP, conventional
farming system without pesticides; OFS, organic farming system. Different letters indicate significantly different values (p<0.05).

Bars represent one standard deviation of the mean.
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¢l 2to]7h AT (p€0.05). o]t A= Table 29} 2
o] #golo] g7 Kt T Alxte] ol A A8 A
0@ e,

EYf e FUdAR AEY A AR AMERE cyl19:0
I 18:1w7c Hl&S didom B d77F 2 759
Aol A 1,278 #=A et FoJZ el Zpol7t ey
(p€0.05) F717HHH 0,973} YA HR 0.84+= F-2JAQ1 Z}o]
= §lleh (Fig. 2). ¥hHo JFAQ1 AEY A X2 A}
BE= SXoRA ARG 23R o] vleE TA
7} 0,63, f714Hl= 0.59=A4] Fs2FAu] 0.56 Hrt =4
Uebstth webs sl BY AR S7HE <l
sto] mAEe] AEA7E [ Aol sy Aulof vl F
7hE)= AL A 4 2Tk (Bossio and Scow, 1998; Grogan
and Cronan, 1997; Guckert et al,, 1986; Kieft et al., 1997).
Wb B S AT ARHAS AL
G WS B RS HE4EoR Belehs 2o
FolET Fa3F AR wdEh FF ol wrloA
e EQF R} ulE AEFYA 2)xLle] IAE B

Helol AN 2ES AR Dol AL Aol

EY Dd=E 28 Hu EY s FEE A

PAME @02 Lol % B9l e 208 BT 2
T= Table 33} 2t} IS4 Al Fs A7} 14.5%,
LA 14,072 TR 11.1% BTt elHoR
St} (p<0.05). ¥hElol Tgkeby Al BAAeh 27
A7} 13.4%, BsopAa 12,225 LERICE (500,09,
olelt AL $71%el THoR Tekebd Al Hrh 1
e AT 27k S0k M el g Ao
2 Y (Kim and Lee, 2011), AT 8L 771
Aol A 1.5%= Tt Faorqule] 1.2% 2ot &
ko (p<0.05) #7330l -2 WA} 18 2% Fs
oAl 16,598} 97141 13.4% BT} 9le (p0,08). 1]
I WA A WA 2.3%2 7| AHE] 2,0%,
oAl 1,6% Kok fold o2 = Uit (p40.05).

EY s 29 AolE vlasky] ffste] 7zl
s HEEEE R B4 ARSI (Drenovsky
et al., 2004; Steenwerth et al., 2003), F4& PC1-2 u]
a9 50.9%= AT 4= QUG 4+ PC2= 1]
AE 29 30.5%5 Awste] AA| 8L4%s HET 4~
U (Fig. 3). PC 194 7|} skl ¢k
T Heol v Al 5o f2 ESloh F71AE,
FEofAul 2 EAfEl= PC1 #E ofujek PC20JA] -

Table 3. Soil microbial community in different cultivation systems in controlled horticultural land.

Soil microbial community CFS' CFSWP OFS LSD (p<0.05)
%
Total bacteria 264 + 1.16' 289 + 1.08 29.8 £ 048 1.91
Gram-negative bacteria 11.1 + 1.14 14.5 + 0.69 14.0 £ 0.22 1.56
Gram-positive bacteria 13.4 + 0.06 122 + 0.04 134 + 0.12 0.66
Actinomycetes 1.2 + 0.02 1.2 + 0.04 1.5 + 0.12 0.15
Fungi 18.2 = 0.98 16.5 £ 1.44 134 + 1.08 2.36
Arbuscular mycorrhizal fungi 23 +0.19 1.6 £ 0.23 2.0 + 0.09 0.36

'CFS, conventional farming system; CFSWP, conventional farming system without pesticides; OFS, organic farming system.

*Standard deviation of the mean.
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Fig. 2. Ratios of cy19:0 to 18:1w7c and monounsaturated fatty acids (MUFA) to saturated fatty acids (SFA) in
controlled horticultural soils. CFS, conventional farming system; CFSWP, conventional farming system without pesticides;
OFS, organic farming system. Different letters indicate significantly different values (p<0.05). Bars represent one

standard deviation of the mean.
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Fig. 3. Principal component analysis of soil microbial
communities in different cultivation systems in different
cultivation systems in controlled horticultural land. CFS,
conventional farming system; CFSWP, conventional farming
system without pesticides; OFS, organic farming system.
Different letters indicate significantly different values
(p<0.05). Bars represent one standard deviation of the
mean. Principal component analysis showing loading
values of individual microbial biomarkers. A, atinomycetes;
AMF, arbuscular mycomhizal fungi; B, total bacteria; F,
fungi; G(+), Gram-positive bacteria; G(-), Gram-negative
bacteria; MUFA, monounsaturated fatty acids; SFA,
saturated fatty acids.

ojH3] Aol5 BTt (p0.05), AR BHoIA TS
A Al a9 Aol ulgol Pole] b 2 oRke
A Aow Uehton] 7Als wawe) A% 7t
go HH= Ao Ut

ovoq d e g 48siel 14 W1

o

OZi

‘POI’SE R 4 ek olok 2ol PO i
o =9 FAME $47148 488 & 2 Aow
=42 gus

A D7) R A, sl Trefar gl ol
& A= AEAS] ®sto] nX= F3E FAME 24
o= HESI E} 714l iAol vl & FAME $F
T 128, F Al SRS L4, I AletS 154,
oA Al 1,280, Wl FFES 1, 58] =81} (240.05).
= S 7ol S oRAulzE sy A Eiol Bish

fr

LJ

& Al 9 I Al SRRl w2k,
o] FHHE-S Wt (p€0.05). FAE BAAT F
PCLE 50,9%, S35 PC2% 30,5%2 Ty, i
o 2 EAule] mgE Aol HiEh fefF <l Aol
Belon] Wlet RIS 1Al gt AsEeA o
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