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Effects of Cover Plants on Soil Microbial Community in
Organic Apple Orchards
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Organic fruit production has increased due to consumer’s interest and government’s political support for
environmentally-friendly agriculture. The aim of this study was to investigate the effects of cover plants on
soil microbial community and establish the fruit cultivation method by organic farming techniques. Cover
plants used as an organic nutrient source in an apple orchard were rye and bardey, the Gramineae and red
clover and hairy vetch, the Leguminosae. In the effects of cover plants on the soil chemical characteristics, the
soil pH values were higher than that of conventional organic pear orchard. The content of P showed no
significant difference between control and cover plant plots. Organic matter level was similar in control and
Gramineae cover plant plots, while organic matter content in cover plants belong to Leguminosae was lower
than that of control plot. K content was lower in the plots treated with rye and red clover than control plot,
while K content in hairy vetch treated plot was higher than control plot. Ca content was lower in control plot
than in cover plant treated plots. Concentrations of Mg in the plots treated with bardey and hairy vetch was
lower than control plot. In August rye and red clover covered soil showed higher bacterial community density
than that of control soil and bardey treated soil showed highest Actinomycetes community density among
treatments. Barley and hairy vetch soils showed higher level of fungi community density than that of control
soil in August. In pyrosequencing analysis badey treated soil showed highest distribution ratio of
Actinomycetes among treatment. Our findings might be used as basic data for choosing cover plant with
effective organic matter decomposition and nutrition supply capacity.

Key words: Cover plant, Soil microbial community, 16S rDNA

N o 740 4 Fbol 68% ol Z7FHA), TERel A

4ul] Fr=o] S7FdS WP I (Choi et al., 2010). ARl

20129 9] e sike At 2011 oiH] 13% 4 A= F71srhed Fsofsits sl S7Alel A

T S71RE 3% 6,800%¢e® Hustal St aH|AEY o, IFE7E tiiEe] Walls el ol oEes A1

A FAkECl HiFt 895 SEA717] Sl AlAd e R = Aol wEbA TpAful o] ek A

7154 AR v= fH 5 ASS SHeE SH|EE HAIsHAY AR ES £ 4 e W] shu=

20004 o]% vjd 20% W] A&AQ HAHAIE HolaL A P EAES AR AHAIA 7R o] 1d) Folrt
Qltt. (Granatstein, 2002; Peck et al., 2005; Young, 2002), Tlo] EokS njEAIER ylg|shH Bkl A7)
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et al., 2010; Wyland et al., 1996).

MRS 2 Fueh HEUR R S A,
e FFALE TAE A GRY0R 429
(Astragalus sinicus), 3|1 X] (Vicia villosa), S2HS
5o| 9t} (Cardina, 1995; Kuo and Sainju, 1997), %1%+
B8 FAAE AuiA] FAES FapzbEo] Aaket A
29] 30~60%5 &5 o o] AaHE AEE EY
Qtar &4#A Q) (Evans and Terashima, 1987; Fisk
and Hesterman, 2001; Celette et al., 2009), W1} 3| EA}LE
2= 3 (Secale cereal), A¥2] (Hordeum vulgare), &
HAF  (Festuca arundinacea), 18k~ (Sorghum

sudanense), S%M (Festuca myuros), AE7|EF1erA

oft

(Poa pratensis)

ol Qlon, Tt wEzET} g A4 142 5H] ¢k
gk o, R A AREY B R NS S
HollA SHEIE o]t Spehhlr e = 4 U=
Aok,

o5 HEAES Aull T mH|E B Edtehd B
O] Rt 7S A= F8%t 92 gt (Duxbury
et al,, 1989; McGill et al,, 1986; Sakamoto and Oba,
1993). o3t f7l=o] A7t ol & 4 Qe o A
gh=7] fleliAls EdmAEe] ot Eafjabgo] Fasict
fF71ES 2olste] dryoks Adshe dryolehd A
&, dEYorE Filem W7 AAks, QA 7F
Bohtolut w1o] BEol o3t 7] 19| FUIEE} 5 Tl
e FFor gt B9 Wf ek Eufjabgo] dast
=8

&2 Ee] o3t ESrYEe] Hilke Bl Rt
of QoA Fagt aael o
?F A7F BERE AAolt), wEbA, & Ats #71 ARG
Aol Al Wkl e, s, Fael sojHA], H=F
EHE I 5AEE o8 Al 7] Al o] EF aFehy
W3}, EgrdE 2UEE nAe F¥a DGGE #£4
Ot A u| =4 W8k, T12]3L pyrosequencings E%F T
e TS 24 Fo ESrAE deol £-83 2%
= Adstaa A4-E 8kl
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AlREEA 2 OEAS M2 =k SRy
S A o SAEr ARRA R Y] R
AFFAI R SO A 2011 ARRHRRS] SeatslRlof T2
=5 Aulisto] B4 ARe] F5-2 $AIE o853
1 B BAES ShETtof| £8h= S (Secale cereal), Ak
2| (Hordeum vulgare) 2&1} Fito| &= fl=a 24
(Trifolium pretense), S|AABIHX1E (Vicia villosa) 25S

ARl 22 FARQl xS I AIbAE
AAsto] 2ARIILE ZF AlEe] A7) 4 mx 6 m2 4]
A AEPHEE SA0 R xRl Lpsliie] uEAES A
g)algrt, mEAES 59 20 kg 10a, HEF 15 kg
102", F=221 4 kg 10a”", F|oj|#| X135 8 kg 10a 'S
39 959 &t mEaiglr), WEAES JREFUeR 1

2 A|3Ero] oA AFATIAL AT

EUNE MH U DHEY SHSME B o
AE 2ALE SI5F EPARE tETel Aol vk

ARE AAE] L2 F 2 mm AE B EPAR
e R

P Al (NIAST, 2010)°] &38to] pHi= B S/
o] H] &2 1:52 3} pH meter= S5 1L, B 224
1 Zebh SRS Flemental analyzer (Vario Max CN,
Elementar, Germany), 584K Lancaster ¥ ©]-83}
of ARSIt ZE, 4+, kdls, UERE 5 AE
AJoFo]l 28 IN Ammonium acetate® 2Z&5}0] S = A3Z
g Zu} W= A (ICP, Intergra, GBC, Australia)® H-41
St

OMdE FHUE EAL A3 EY 10 g2 90 mi9)
HFE 0.85% NaCl g-Ho] o] zehfeFr] (Vision Co,,
Bucheon, Korea)ollA] 200 rpm© & 3057+ detalgict &
gl A9 XA E THE F, Alek2 cycloheximide
(0.05 g L2 73t R2A agar (NA, Difco, Detroit MI)H|
Zlo]|, AAHFS chloramphenicol (0,02%)& 718t R2A
agar (Difco, Detroit MI) #jX|e]l, ®4lwt sodium caseinate
agar "ol F=rgste] wieFstRlrt, whE ke Ao
74 28°C oA 27t WS 4A7F, AMFES 5UE vl
o3t B 233} colony2 AlS5lAch 2 ABY vgE 2
= 3719] petridishof] UER colony S 22t A543t & Bt

A

DGGE (Denaturing gradient gel electrophoresis) =41
2ol vlEAEE EqfollA A EdvdE e ¥
a7} Q1A 2AkH] $13 DOGE B4 Sapsiact, =of
| A& 2 HE] DNAE FastDNA Spin Kit (Qbiogen, Carsbad.,
US.A)E AREste] FE3H3em, 16S rRNA FAAE
PCR £Z3l¥tt, PCRS ¢3¢t Zeto| M= eubacteria®] V9
oI5 Eoleles, 1070f-1392r& ARESIIom o]
714 DL 107015 ~ATGGCTGTCGTCAGCT-3', 1392r:5'—
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CGCCCGCCGCGCCCCGCGCCCGGLCCCGCCGLCCCCGCCCCA
CGGGCGGTGTGTAC-3'0]it}t, PCR HFE-S &3S 50
ULE 3}, 5 uLe] 10x PCR buffer, 10 ng®] 53 DNA, Z}
25 pmol®] oFyF o 200 uMe] Z+Z+9] dNTP, 2.5
U9 f—Tag DNA polymerase (Solgent, Daejeon, Korea)S
A7ketnt. PCR 2712 95C oA 5871 WS AR
5 95C o)A 18, 55C oA 15, 72TC oA 159 =7
30 cycle =afatglom, mpxjuto g 72°C oA 727F BhS-
AlFT), PCR AHE-& Deode Universal Mutation Detection
System (Bio—Rad, Hercules, U.S A2 ARg-3}o] HAJA|Ql
formamide”} 40-70%=2 =E=Ttu]E 8% ofm Zolu|=Alo
A A719%535kc) A7lEl DNAS SYBR Green I (Cambrex
BioScience, Rockland, ME, USA)I} EtBrz2 FA15lo] Gel
Doc 2000 (Bio—Rad Laboratories, Hercules, CA)2 ©o]-&
UV transilluminatordlofl A 2515t

Pyrosequencing= 0|28t 16S rRNA gene H7|ALE
M EJoRRE I3 DNAS FFPOE ARESI,
16S rRNA gene?] 22 ¢|5}o] fusion primer?] BI6S—F
(5'—=CCTATCCCCTGTGTGCCTTGGCAGTC-TCAG—AC—CGAG
TTTGATCMTGG CTCAG—3'2} B16-8-62 (5 ~CCATCTCATC
CCTGCGTGTCTCCGAC—TCAG—TAGATGCG—AC—WTTACCG
CGGCTGCTGG-3)E AF&3l3th PCR HH2-2 10x buffer
+MgCLe 5uL, 10 mM dNTPs 1uL, 20 pmol uL! primers
(forward/reverse) 2 UL, 5U UL~ 7ag Polymerase (Roche,
Brandord, USA) 0,25 uL, DNA template (100 ng) 1 uL.E
Y F Fu7} 50 b7t HEE dH05 go] PCR 5342
3}t PCR WH2-& Touch—down programs ARE-3}o]
denaturation (94, 5%), denaturation (94, 30%), annealing
(60, 45%), extension (72, 90Z)TAIE 103] HHE3}1H A
7+ THAulC) annealing 2F5 0,54 WA AASE &
denaturation (94, 30%), annealing (55, 45%), extension
(72, 0Z2)HAE 203] ¥HEsI3IT), 5355 PCR A&
o7 ste] 3t 7|2 bead Bk 7H—4 DNA fragment’} 5
HEEE sol, PORS 5131 Bad 712 U mhe} T
PicoTiterPlate®] wello]] Z7}st F GS FLX Titanium

system (Roche, Brandord, USA) 97| Al X7
5}o] pyrosequencing®h-3-2 RISPA|ZT), 2
L EzTaxon (http://www,eztaxon,org) 2] 16S rDNA sequence

o} ulawsto] Est,

15 &
o
=

s
2o

N HEzEAuel mhe =gt
ZEAPETR= Table 19]] AASHAE:. E9F ofebde] At
ole EYrE Aol ¥ v 4 7] "o, A4
2A Aot v EAEE g sl A7t S
A zA17] 8l 69 AFEFoZRE B9 pH, 471%
T, fraQlal, ol 5 EASIY (Table 1), B
pH= 7.8~8.1 HPI=A 7] vl ohela) wayaed o] pHO
Bl ARe] =2 Ao AR SIT} (Choi et al., 2011).
EO) pHie Bl EAlske d29] framel 3 vl
A, drbEos A (pH 4.5)0A= FaE7} Sot
AL P4 (9F pH 6.5)0l1A = okl el Alrka 2

AL AT %EOJ*JE 279~286 mg/kg WA 2pal A
Aot w e Al 794 e Aol jlslen,

AR Al Eok ;qow 27 9lel 200-300 mg/kg W
o o] g gt fEME TR S gl
oz 2AEU vgHse] g71sAEolA fa
AV g Weltn BaE uh gl (Van
Diepeningen et al,, 2006). 9-7|& &2 19.7~30.7 g/kg
MR Az} vat v EaEte] S g 3
ol gigjot Ful u|EXET v off AFHZAY L
v)g) 21} g B2IEo] 87| dleko] HL Ao T RAFES]
o, 713N ekl A akle] A9 A $7]
2 742 QA0 2 0718290 B7|El3} (mineralization)
7t AAEle] 5715 Fhako] FaE Ago] ekt

(Choi et al,, 2011), & A4 F=Zzw|o] AL |
5 650l 7:14 5 9 7|& sleko] FAAF] Wolx= Aoz &
A0) ol AT WY 2t gad A22 Hady

o

o A2 ol Aol iy HEERY A

Table 1. Soil chemical properties in control soil and soils covered with barey, rye, red clover and hairy vetch.

Exch. Cation

Parameter pH oM P
K Ca Mg
(1:5) g kg’ mg kg' s P 11Te) L —
Control 8.1 30.7 281 0.85 6.4 1.86
Rye 7.8 29.1 286 0.78 5.6 1.88
Barley 7.9 26.7 279 0.86 5.5 1.67
Red clover 7.9 19.7 283 0.79 5.5 1.81
Hairy vetch 7.9 24.5 286 0.97 5.4 1.71
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T= AdzATol] Wlsl v W2 Ao R AL, §

olH 2159 79- ApA Ao vl 2 A O ' 2AME
At g T Azl vlal] B EREEA tha
o Ao yehton] nlau dere Eﬂ@r gof2]

WA 1EoA] AT Ha ke Aom HAbEtt
714 WRo) GO BoFEe] 4718 WETIet ol
T2 ASH] Hal e $20) NI ol WS
GAARITHL S1gont B Aol Ao 2 Aol
2 Holx| glo} WBAE S8t Ul A§ 7o WBkE 2Aks
ofof & Aoz Amwrt

EJ0IME ZHUE 2M AAxATel 9E2h
EGARE AZIER AFete] vE LU E HIlE

HHHJFNHHU

AT (Table 2), 493 89 EQPARY EoRulYE
AU 2APAT Al FABEE AFAZYTFAAE

GFE 2 Apol7F vrEhtA] gisron, 2y IR A
gt 49 Bl Hlgl 89 EgollA FTIske A, B
He|op v 2] Zejtol A= 4dE o] Blsl 89 EqfollA ot
2 TAehes S Bk AA|F o= 8 EofoA= A
A=A Oﬂ Hlsf} 23} g eda2s Al Al 4 E
Tt ok w2 Ao ® BAE S WA AU Ee 49
EFAI= H]GH 8d Efo] oF 1.8 ~ 3,64 = £ AL
B2 AT, Aol HlasiA] 8 EqfollA= A
e g WhAadE YR O w2 A0 R YEY
of, Zot FAYUEE 8Y oA 2.2 ~ 3.8 F= F7F
shlom AAzAYTto] vl slojH AT AlFTY] 3
U&7t oK =2 Ao R AU, vl s Al 7
|4 Aao Fagadolal f71d HRE AlEEol wet
HE AAe] S7HE o] BoFe] 7MY davt A HH
L H317} 9o (Sakamoto and Oba,1993), UHIH O Z

Table 2. Number of microbes in control and cover plant treated soils of apple orchard.

Cover plant

Microbes Month Control -
Rye Barley Red clover Hairy vetch
Bacteria Apr. 220+54" 27161 606+10 196+55 203+87
(x10%) Aug. 233+59 353+14 180+33 435496 170+43
Actinomycetes Apr. 29.9+12 46.2+16 35.7+11 26.5+4 37.6+8
(x10%) Aug. 101.0+£30 84.0+16 121.6+24 96.6+34 58.0+5
Fungi Apr. 35£19 28+10 42+13 27+12 28+10
(x10%) Aug. 8645 676 9615 607 10711

Tcolony forming unit(CFU)/g fresh weight +standard deviation from three replications.

A
M C€C Hv S Tp VW M

Fig. 1. DGGE analysis of 16S rDNA V9 region obtained after PCR amplification with eubacterial primers 1070f and 1392r.
DGGE profile for April (A) and August (B) field soils of control (C), baley (Hv), rye (Sc), red clover (Tp) and hairy vetch (Vv).

M, DGGE molecular marker
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WFEQFo| A =8| E-E
AYAGT IE3A Al
t} (Suh et al,, 2010).

DGGE 24 Aolzg7ol sjuapy mopowy
DNAZ Z&3fe] DOGE 4 olgste] 245t A7 4
Eofol i AeAzAITel WRAETE Aol et g
oteh. AZH band®] $IXU At BE BT FAF
o Ao 2AET Wk 89 Eool A bando] Tebd
o] Leptom, Aelzaie] ulal YRl sAlo) Fast
Ao]% ol band7} UK Zlo BAE g, 59
& 4 =T} Aol7} e Ao BAE dEaay
oMt AR} Hlaste] ol Ul band7h GIGLOH,
slojex|e] 29 37} A=) SIAL} o] Holg Ho]
= band7h UL Zo® 2490t (Fig, 1), DGGE
band®] intensity7} T 2 AAl@e] 47} Bk 4
2 ofujiet, w3k 22 9139 bandi 2 FO] 4B
S 9la ThE Fo) mlAEe] AR 4= glof Hol7t Lt

i band 59] FU F4o] 8= o= AlmH,

p8l

PyrosequencingE 0|28t EU0|IYME ZF =M
Pyrosequencing *H 02 Az Aol mlEA-E4 Eof]

B TS HARE A3 GAZPTE 32117 (average
length=448 6 bp), JHE 2= 2,0057]] (average length=437 11
bp), Y- 14937} (average length=437.11 bp), HEZ=E
W= 2 4057] (average length=437.11 bp), d|oJE|HX]=
34217)] (average length=437.11 bp)2] 16S rRNA gene sequence
2 H=shT} Phylum S0l wAbEe] HEu| RS 1

=
St A3k AA AL Eu|E-L Proteobacteria (38%),

T

Acidobacteria (17%), Actinobacteria (13,7%), Firmicutes
(8.4%), Bacteroidetes (6.8%) <=0.%2 H3E3}G, FH =
Proteobacteria (32.9%), Actinobacteria (32.3%), Firmicutes
(12%), Acidobacteria (5.8%), Bacteroidetes (5.4%)<>C. 2,
3-8 Proteobacteria (40.1%), Actinobacteria (16,9%),
Acidobacteria (15,5%), Chloroflexi (8%), Bacteroidetes (5,2%)
&0 g BI3|Yt) g =22 W= Proteobacteria (37.9%),
Actinobacteria (17.3%), Acidobacteria (14,6%), Chloroflexi
(7.6%), Hrmicutes (5,7%)2) <=0 & d||oJ2|H|R == Proteobacteria
(89.3%), Actinobacteria (15,9%), Acidobacteria (15.8%),
Firmicutes (8,7%), Chloroflexi (5.4%)2] <=0 & B3Esk= 7
o2 A (Fig. 2). Phylum$3olA 9] SHu|ge

100

B - =

Red clover Hairy vetch

Barley

90

80

70

6

o

M Ctc.
Thermobaculum_p

M Planctomycetes
Gemmatimonadetes

5

=)

4

o

M Nitrospirae
W Chloroflexi
M Bacteroidetes

3

=}

Firmicutes
M Actinobacteria
W Acidobacteria
M Proteobacteria
M Streptophyta

2

o

o

o

Control Rye

Fig. 2. Bacterial composition in control soil and soils covered
with barley, rye, red clover and hairy vetch by pyrosequencing
analysis. Relative abundance of operational taxonomic units
classified to each taxon was determined with partial sequences
of bacterial 16S rRNA genes from soils by EzTaxon.

Table 3. Phylogenetic distribution of the dominant isolates obtained from control and cover plant soils.

Cover plant

Bacteria
Control Rye Barley Red clover Hairy vetch

Proteobacteria 38.0 40.1 329 379 39.3
Actinobacteria 13.7 16.9 323 17.3 15.9
Acidobacteria 17.0 15.5 5.8 14.6 15.8
Firmicutes 8.4 4.5 12.0 5.7 8.7
Chloroflexi 5.7 8.0 5.0 7.6 5.4
Bacteroidetes 6.8 52 5.4 52 4.8
Gemmatimonadetes 2.2 3.8 - 1.7 2.5
Nitrospirae 22 2.0 - 1.5 25
Planctomycetes 1.7 - - 1.3 1.6
Thermobaculum_p 1.1 - 24 - 1.1
Streptophyta - - - 35 -
Etc. 3.1 4.0 43 3.7 24

Total 100 100 100 100 100
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OF{E

SEH| S AR} T EAETE 2 Afol= HolA] oF
Fout, HHelox HAAmPE

H|&o] ThE Eoko] Hlg FHf o] =& A (33% R
AFE] QAT (Table 3), E9F 5 WAlatE
71E9 wall, 53] e f71E ol
s, 03t BEFRAIE Aol wofsi, At
I 0] BESH] AN E 715 she A

0]Q)t} (Kennedy, 1999; Heuer et al., 1997a). ©]7]9] WAl
o AR A, a4 9 ey EdS W

Y 7o|7|% lt} (Heuer et al,, 1997a), Al

g+t FolA high G + CO] {22 A O =|n (Embley
et al,, 1994), EoFo| A AA| 7A|ES] 30%0) & AHAIR
(Kennedy, 1999). 52¢] SHM = B & 419 A
AE Eafisto] FrlER HIAA E4S BISsHA Tt
ARz mELE BEYoiE sHH o2 38t Actinobacteria
o Hxrlgo] ZslEonE olo] AlE F §7)% At
Ago] m|Al= FEFe W] ZAF A4S oF & A o= A

EE,

e

2 Actinobacteria®]
A

o (o]
) =

Ftol AHIAE] Qb wikEol thak lw R
220l 13750l that A0z §7] T A A
Ao wEo] Yot AT W% 2= 97 Al
shele] EOF 8hoby W Al Eopul o] et 1w
B3 DRABY QPR GFES TS 715
o ofgt TR S SRS Syt

e vt 2ol 51, Auelel Fuh A9l 7
cazue} slojeiNE o= sheick Alttukelol
sj=xeo] ofst EoslebYE Wake Az Hlok
of £ Aol Holx] gsron] WHAE Hetelw £o4
Ol 7olS Vi) Gsith EOF pHE 7.8~81 W
A §7) o) 1) BRpake] pHol Hls) AEE B Aom
A Gl REQIALS AP BT} HH2E AP
T FORUE Aol QAT £71% B AAZYT
o vlat WBAE] GO Uk Holt giglont, T
o222} w RS u) ARG w8 Bt v EAE
o §71% gl AL Aom At MY Fole
QL ZEUIA B0 A=I2e ARTE AARAT
of sl tha e Hom A, SejeHlAY H
Az v B AOR G T4 BFES
Az Hlaf HBAE SN tha W Ao et
o, vkl GRS Fuelet solelulHols Aol
Aol Bls) e AoR 2AEGT EGUIYE YA
2AVE3 89 EQPolA] AAzATo Hl3) EAv =D

A

Jl")’ oL

=

rE flo

=2 A0 ZAEY Pyrosequencings F3l A
vt 9 ov] wjofte] RS vwet Ak JReE
o) 53 Al EoFe] Wbl HaEH|go| thE Eof b
gl 2uf) ol w2 AR AR
£ ATE vEaE uiE EomgEA G 2AR
okHY

Ao Aol avtael 4718 3
R CEERE TV E R Do

At At

AT 521 S sdeEde] 1Y (A
PJ9070682011) 0] 2l&l $=3)=] %L

re

=2
o

2
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