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ABSTRACT

This study was conducted at the test field of the Ginseng and Medicinal Herb
Research Institute (currently the Wild Vegetable Research Institute and Vegetable
Experimental Station) located in Kimhwa-eup, Cheorwon-gun, Gangwon state. After
harvesting ginseng, a three-year management of the planned site was carried out
through rice cultivation and waterlogging treatment to shorten the replanting period.
Ginseng was then replanted, and the possibility of shortening the replanting period
was confirmed through the analysis of ginseng growth characteristics and the density
of root rot pathogen in the soil. During the three years of planned site management,
a small amount of Cylindrocarpon destructans below the standard was detected in
the waterlogging treatment plots T1 and T4, but it was considered not to affect the
replanting of ginseng, and it was not detected in other treatments. By the time the
ginseng reached three years of age, in March, the T1 treatment group showed 33.9
copies/g, and in September, the untreated group (NC) showed concentrations below
the standard, but it was not detected in other treatment groups, maintaining a stable
level. In the fourth year, NC, T1, and T4 were detected below the standard in
September, but a separate analysis of the ginseng rhizosphere showed that the
pathogen was detected above the standard in the T4 treatment group. However,
among the ginseng growth characteristics of each treatment group, the emergence
rate from the time of reaching three years of age was lower in all treatment groups
compared to the control, especially 20.2% lower in the T4 treatment group. Also, the
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above-ground growth of all treatment groups was highest in NC and T2 based on
the fourth-year period, followed by T4, T1, T3, but significantly poor compared to the
control of the fourth-year original site. The below-ground growth characteristics were
also significantly poor in the T2 treatment group, which had the highest fresh root
weight of 25.29, compared to the control of 36.1g. Among the below-ground
growth characteristics, all treatment groups showed a significantly lower number of
fine roots compared to the control, especially in T3 and T3 treatment groups, where
the emergence rate and fresh root weight were poor, the number of fine roots was
7.4, significantly lower compared to the control of 59.5, suggesting that the physical
environment within the soil, such as poor drainage and waterlogging, had a greater
impact than the density of soil pathogens. However, through this study, it was
possible to confirm the decrease in soil pathogen density and the flexible relationship
in the soil microbial community due to waterlogging treatment, indicating the need
for continuous research related to this.
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H EQS 212|510 2|5 2 O| Al U HAFERY(RDA, 2017)0f
et EQF HH7 L= EMS HAISIICH By EY Held e BAHS o 4 *2[7e EYS
AZIE2 5~7 Z|HOM FAA=2 Az[510 2 m M2 ZHG & 5 g2 2tCIAS HEHHHZR]

0 T &27|0llM 2 U7t RIE BiLstRCt O] = AAME2]

(MM+50ppm) 10 m2 7tst & 2

St A4S AHSt SE UZRAI = 05 g9 EY AIRE ZEO{U DNeasy mini

kit(Qiagen, Hilden, Germany)& O|&ot0| A Z3|At2| Z[2l0| w2t DNAE ZFEotRACH FET

DNA AZ2s QY HeUIEIT SHE primerE Zst= =FAUES PHS0] real time

o-Rad Inc., Hercules, CA, USA)E s&ist¥el 2t 2=

BT UE FTF 40| tist & W S U2 HAISHAUC

Xng*6.0221*10%molecules/mole
(N*660g/mole)*1¥10%ng/g

copy No. =

x X=ds DNA2| 2(ng), N=dsDNAQ| Z0|(bp)

Lt 2|72 EL0|Y

MHo
&Y
2]
Ar
iz

397 2 AY A2l = Qi HAS &R Xe|HEE EY U 0[dE 28 E48 &elsh|
ol EL0IYE =8 2ME HAISIRAL et EY A[Z2| Total Genomic DNA (gDNA)
ZZE FastDNA® Spin Kit (MP Biomedicals, Santa Ana, USA)E AIEsStF20 7ML
ZZE (Polymerase chain reaction, PCR) ITS3(5"-TCGTCGGCAGCGTC-AGATGTGTATAAGAGACAG

310 |\ 20234 AlESI2E A



-GCATCGATGAAGAACGCAGC-3") 1t ITS4(5"-GTCTCGTGGGCTCGG-AGATGTGTATAAGAGACAG-
TCCTCCGCTTATTGATATGC3') PrimerE AFESIO] ITS2 regiong ERILE ASHSIRICE PCR RHUS
Initial denaturation: 95°C, 3min, Denaturation: 95°C, 30 sec (25 cycles), primer
annealing: 55°C, 30 sec, Extension: 72°C, 30 sec, Final extension : 72°C, 5 min O|%iC}.
PCR 422 1% OPI2AA HI|FS22 QIS 2M Gel Doc AlAEI(BioRad, Hercules,
CA, USAIM  AlZ3te|Qdct SEE 4822 CleanPCR(CleanNA, OmegaBioTek Inc.,
Winooski, VT, USA)2 ArE3I0 HAHEQUCH 22 =9 HA=E MMHMEE 22711, CleanPCR
= ARt Z2 ©HH (HIEY dd2)s AAstt. 84 2 44d= 37|= Bioanalyzer
2100 (Agilent, Palo Alto, CA, USA)O{Al DNA 7500 22 At2st =2¥si¥el =&
amplicons2 20} lllumina Miseg sequencing system(lllumina Inc., San Diego, CA, USA)
€ 0|83t 2AM3IUCt raw read 22|l&= Trimmomatic ver. 0.32(Bolger at al., 2014)&
A3 qualityE &QI5tD 250|9F ZHEZ readES ZE{2SIY SO paired and sequence
datas= 7|2 0742 VSEARCH version 2.13.4(Rognes et al., 2016) 2| fastg_mergepairs
HHS AL25t0 HESHECH d2[2 Myers & Miller3e] dE L12|ES AI25H0 RAHY
AAIZY 0.82 primergs Z2tURACE unique read= VSEARCHS| derep_fulllength @HZ A}
8310 2251, 2EL|= reades unique read?t A 2RISHE|UCH

UNITE ITS datebase(Nilsson at al., 2019)= VSEARCH2| usearch_global HE& A}&5t0
& AA LYol ARBERULH, Ol o HES pairwise 0| +l[RUCH 7|02} read=
UCHIMEalgorithm(Edgar et al., 2011)2t UNITE non-chimeric ITS databaseE At&5t0
97% AT 0|2 readS0A AL=IACE 7|02t HAH =, UNITE GIO|EH|O|AE Sdll &
FEO|M AR R %2 read (97% 0|2t RALeE)= HAYUEJL, ZIHHQ OTUsE MH5H|
23l de-novo SHAHZS LTI =7t 2M0M|A single reads(singletons)= 42| AUCEH
CHFd 2|42t BIO|20tH EHAMZ Zost= O|xF M2 @ (Seoul, Korea)Q| LF Z224

o2 g9

et & = 3G AIE AT A2FE Y 4] 5E4E ZASH| & s¥uslE
ALZAEATIE( = 68 ot=0f, Alote 4x] 542 108

o
RDA., 2012)0| w2} AR Me EM
=

A
Zt 2| Axbe= EAZZ2 SAS(version 9.2, SAS Instutute Inc. Cary, NC, USA)S
0|25t DRMT(Duncan’s Multiple Range Test) 5 % £Z0|M R942 AASIFTHpK0.05).
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B (B8, 5~99)

o (BAE) + 0)d= 2 Hr(6~88) + 0Jd= 2| + Tt Afsy

O3 2. Q4 482 ARG 78 U AFH2

hnl

B2 QY 8 = AgHe d 22| = 1@ Fo EY e £ Bl
T & pH EC SOM Ca K Mg Na

42| 6.3 0.23 18.3 52 0.4 1.3 0.1
NC 6.4 0.20 19.7 49 0.5 1.2 0.1
T 6.4 0.15 19.7 54 0.3 1.2 0.1
T2 6.4 0.24 22.4 5.3 0.5 1.3 0.1
T3 6.4 0.15 19.7 54 0.3 1.2 0.1
T4 6.6 0.18 15.1 6.0 0.4 1.3 0.1

S18#el™ 6.0~6.4 050~1.00 20~30 50~6.5 060~1.00 2.0~4.0 0.15~0.2
2 = g el d B iii“é;m%)
w0 BEQIMZZYY [EE 2] Y oIYR EY

Loj
I
0x
N
AN

2 A el 29zt 2AIRE 22t Ae[7E EY siefd2 g A2 T1a T3, T40A
137 x2|Qt OFIZIZ|2 EC ZH0| LOl¥Om 4£CtIstAS ZuiStD O|MS 2|5t T2 xa|7
= 7712 0| FA|72 NCoi| s M| Sotete d¥S EAUCLHE 3).

2 mgent /313




B 3 QY £8 = AlgHe d 22 & 2@ Fut EY e £4 Bl

T & pH (dE/Cm) (Sgc/)kl\g) = Kcmo|(+)/kMg =
g

el A 6.3 0.23 18.4 5.3 0.5 1.3 0.1
NC 6.3 0.20 19.6 4.8 0.5 1.3 0.1
T1 6.3 0.16 19.8 5.5 0.4 1.3 0.1
T2 6.4 0.23 223 5.43 0.5 1.3 0.1
T3 6.4 0.16 19.6 5.4 0.4 1.2 0.1
T4 6.5 0.17 15.2 6.1 0.4 1.2 0.1

8™ 6.0~6.4 050~100 20~30 5.0~6.5 060~1.00 2.0~4.0 0.15~02

et 28 S ZHAIY A2l M EY (Y

D BFEQIMFAYY [EH 2] Y oYz EYQ 3tetd 7|E

— —
2E M|t 2 2018 2017 el T30 ZE0| tia 52 s E2A0 NCe T1,
T20| A Qlth S0l Blwa HUACTHE 4).

2b AE 22|12 3W7F AAISID QIAF HAI H EQF B5tA
o

B 4 392 Al A2 = oY dA4 d EY shetd 4 Bl

S oH EC SOM Ca K Mg P05
(ds/m) (a/kg) cmol(+)/kg (mg/kg)
NC 6.3 0.1 23 3.7 0.4 0.9 166
T1 6.4 0.1 23 3.9 0.4 1.0 180
T2 6.4 0.1 25 4.2 0.4 1.0 220
T3 6.3 0.2 24 4.6 0.7 1.1 340
T4 6.4 0.1 23 4.5 0.4 1.0 410

5l8#He 5.0~65  1.00[5t 10~30 3.0~6.5 0.3~1.0 1.0~4.0 100~400

00 02

2 A M2 = 19 JAOIM AfEist 2aS YASHE 1dE S QY 3HYRE E
sietd S4S 4% 20N 3Ednt 10| Faet 483y 2E M7t 24 FRE=2 5
7|22 OlU2 MEstALL SI8Y(0IM IA HO{LER| RUATHE 5, 6 E OF 3, 4)
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H 5 Q4 3Ed E 55 §4 H
oo oH EC SOM Ca K Mg P,Os
(ds/m) (9/kg) cmol(+)/kg (mg/kg)
NC 5.6 0.61 24 3.8 0.5 0.98 176
T1 5.5 0.46 24 4.4 0.6 1.21 194
T2 5.9 0.51 26 4.5 0.7 1.07 249
T3 5.8 0.71 25 4.7 0.5 1.13 329
T4 5.7 0.91 23 5.2 0.5 1.24 385
5a8#He 5.0~6.5 1.00[5t 10~30  3.0~6.5 0.3~1.0 1.0~4.0 100~400
H 6 Qe 498 EY 35ty E4 H
e oH EC SOM Ca K Mg P,0s
(ds/m) (g/kq) cmol(+)/kg (mg/kg)
T1 5.9 0.4 25 4.3 0.4 1.1 179
T2 6.1 0.2 32 4.1 0.3 0.9 205
T3 6.0 0.3 25 4.4 0.3 1.0 248
T4 6.0 0.4 21 4.9 0.4 1.0 352
NC 5.9 0.4 24 4.0 0.3 1.0 170
5|89l  5.0~6.5 1.00/3t  10~30 3.0~6.5 0.3~1.0 1.0~4.0 100~400
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I 22| 7|12t S 22 B’gt= E4 X2|7Ql T1, T3, T40A HIZFZ|=20|
CIOFOL} Che X2|5tR| e NCQF T2 X2|FoMs Ch7|=2=0
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LS LIEILHRUCE 28 AI” 22|Q] 2Eai0fl= 192fet B|XE oS EA=2L 149
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10
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e +F g2l &2 712 ¢ s7F &5 HEE lo) M7 T49] Al 22 =¢st
o AEiel 32 (7 & ad 8)ut #2 ZuE EACL

ok
9_

m

B 7.74 He|+ &0 + E4

o

—

" 7 a3 g27g o7g
2T A gz & o

(mm)  (mm)  (9) N G o %) )
793 822 2402 185 751 83 43 00 0.0
66.2 71.7 146.8 1.74 7.7 8.0 4.1 0.0 0.0

58.3 66.4 103.7 148 7.96 7.5 3.9 0.0 0.0

B ol | 2

* (O 200g O|4, & 120-200g 0|2t A 80-120g O[2t, H|AED 80g D|2t

QM A3 = AIY Ho| M EY U BaMSY AR YSE Fusarium solan] B 0.24
CFU/g £Z0I400) 2t AIE X2I2 117t UAISH 3 YSE 0.19~0.28 CFU/GR 2 ¥atE
20|17 UUCHAY 9). AlE 32| 293j0IME £ solanR] YEIL B4 22lR0lM Ye ZEoly

SHA™ 11), £ solankt &H 2 Qit Be|MSYE AT Cyliindroncarpon destructans
O UETt NCOlM 77.4 Copy/g F2Lt 2|7t T30|ME 33.7 Copy/g=E 2 58% 7t ZASHA
CtAa™ 10). A" AHe| 3Exfoz G4 2|7l T1, T3, T40M £ solanR| LY=ot U2 3
BJCHAY 12). 3 A 2|2 ftmstn Qis FASH| d 24 A2|Hel $Ms
Y=oMe G4 A2 AU T12 T40|M 7|&2| OISte| C destructans’t 2% BEE|
QI ZfAOl= POl gl Aoz Wtels X1 1 2 X2|FoMes BEEAl &
CHE 8). Qlaf dAl & 3EM 2|8 (M3 ad YoM T1 22|7el 38 EY A
Z2O|M 33.9 copy/gl2 F2M3Y dA0| 7|Z2| 0|5t2 AZSEULD 9”0 HAISH EA40
Me 232l NCOlM 7[&2] ofste] s=2 HAEEACH A 13). O 2 AH2|FoM= E=
A He|E HeH3HeR YxolM= 98 EAMAI NC, T1, T4
o QA ZHURE Eaz BN ZM0Me T4 H2|F0M 7|&
CHE 9).

i el

;0 $Q OoF oo
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CFU/g

0.5

Before

—

O3 9. 197 N 2| & |78 EY W H2AUIY JAD(Fusarium solan) L=
A

o [N
(Before: AlR 22| #(4), 2 2 2t Alg 2| £(108))

NC T1 T2 TS . TS
% 10. 292t A" He|Al A2l EY W E_D(Cvlindroncarpon destructans) &4
22‘0[!3

20,000
18,000
16,000
14,000 -
12,000
10,000
8,000
6,000
4,000 -
32,000
o 4 = . 5 R
NC T1 T2 T3

Ta

a2 11, 2EZE A" H2lA| M| EY W WA (Fusarium solan) &4
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““\ — ||||| IIIII 1
WL m™ Tz T=

T4

% 12, 397 AE He|A| He|lE &Y W "R_ATD(Fusarium solan) &4

B 8. Qe A T QY 2@0M X2|HY ELHYUD U: 24 2
X VA
NC ND" ND ND
T1 ND ND 1.95E+01
T2 ND ND ND
T3 ND ND ND
T4 1.87E+00 ND ND

X: Cylindrocarpon destructans 42 ZE, Y: Not detective
Z: DNAQ| &2 LIEIL wf A= 2|, 1.00E+02 copy/g 7t 7|22 ==

Copy/g

MC T1 T2 T3 T4
3g mpE moE

a8 13, ek A = QY 38 22|78 EY W EHIH Oiindroncarpon destructans) &4
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H 9. XMel7tE EQHEIT Y RO0|3EI—4EZ, 2022-2023)
(Et2]: Copy*/q)

. 20224 (3H4) 2023 (4'H%4)

3¢ 6 o 3¢ 6 od 9 (Zd)

T1 33.9 ND ND ND ND 35.8 1.4

T2 ND ND ND ND ND ND 2.7

T3 ND ND ND ND ND ND 11.4
T4 ND ND ND ND ND 2.4 2.7E+07

232 NDY ND 23.8 ND ND 95.4 1.8
+copy No. = Xng*6.0221%10%molecules/mole s X=ds DNA®| 2ng). N=dsDNA®] ZI0|(bp)

(N*66Og/mole)*1*109ng/g
X: DNAQ| &2 LIEtd f A= Ct2|, 1.00E+02 copy/g 7t 7|4 s&
Y: Not detective(A&E|X| %4L)

5t
QU011 Cylindrocarpon destructans$} Fusarium solanR| &I 0= EQIgt 4 QACH
g 16, 17, 18, 19). Q& 43M A7[0ME EY O¥E & Md ZH0A T22F 22+
NCZ} 7t QAUBAZ dMstD, T1, T3, T47) 71712 QUETAE Bfehq ojlse 22t
£t HIE Xe2lzts E48 BT A 20, 21).

T 2 = =
2(Phylum) Ascomycota
2 (Class) Sordariomycetes
= (Order) Hypocreales
H(Family) Nectriaceae
£ (Genus) llyonectria
Z(Species) llyonectria destructans

2. X2t 321



NT

T2 T3 T4

O 14, H2|E QY 28 EX0|ME 25 Hl

The Phylogenetic Diversity indes
[CL_OPEN_REF_UCLUST WC2, M, 97% |
[Cntan ;]

o 1o am 30

200 PE (33626 %)

&0 700 L] o0 1,000 (810 1300 2300 LA00

Principal coordinates analysis

Henssn-Shamnon, Gerus, Tncluds aciassifed OTUs {eacsi]

L}

0z oo e e w0 oan oz v wie oae oz

=
et pe (50700 Sa )

@ 7 @1 @u

03 15 M2APY AN 294 EY0|MS F CHYY HlD

Taxenamic composition
( e |, [cution |, [Eutoft - 104

w1 =
T4 =
s e
a B
N : ; ; 1
| T T T T T | — T
] i A i £l & W -1 n j ]

a8 16, A27E Q

322 \202355 A|EHTE A

Proportian [cut-off % for ETC tasa : 1.0%)

EQD|ME Z(class) ==(Sordariomycetes)




Tinomamic composition
( Order | (Cotem |, [Cutf: 1,004)

W =
141 I
Tl —
b 4 i
A |
1 | 1] T 1 1 1 1
i i bl ] L] il i 1 B ] (i
Proguoctian (cubofl % for E7C buxa: 14
O 17, Me|7E s 23y ELO/'EE =(Order) =&(Hypocreales)
Taxondmic composition
( il | [t < [, [Cutf - 1.0%]
4 =
e
Tl ]
A - 0
1 O
T | 1] T T 1 1 1
i i i ] i I il T 8§ n i
Pregurfia {cutigff Y for E7C faa : 1,04
32l 18, 2|7 2l 2 EL0|ME TH(Family) F(Nectriaceae)
Taxondmic composition
(e |, [Coton ¢ ], Qe - 10%)
W O
1
T =
FbA -
i
1 | 1] T T 1 1 1
i i ¥ ] i I il [ 8§ n i

2l 19, |7

Pregoeian [cut-ofl % for ETC e : 1,044

OlA UM EQO|ME &(Genus) &= (Fusarium sp.)




Tl 11 0T 00 )

PC2 22.18%

PC1 53.97%
J21 20, OlAF 4EM 22| EY M 22 PCoA 24

PC2 27.28%

PC1 46.20%
03 21, Q4 AWM X2IPY EY UF 2Y PCOA 24

[TOIA 222|701 NCe} Blm5H0] Cha &A| EQISIICHE 10).
24 QIMOl MR M SHOIME NC 2Tt 20| 12.1m2 Y2 FFo|YoLt 2
Ol g1 1 9| WS SHL HIZHACKE 11).

32 AIY Hel B Ay S BRY H2TY AU 4R SYOM HeTY 2dye

1]
(@]
%
4
4T
o
_|
N
~
Rl
0 Ho
rln 0
x &

Wi

3
g g

-

a3 22. 2|78 Ay 29y =7
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e FA=0/1.6m) Z0k=(7H/1.6m) Z0t2(%)

NC 65.3 35.7 56.0

T1 70.0 55.7 79.5

T2 67.7 51.0 754

T3 65.3 473 72.2

T4 63.0 433 68.8

B 12, M2l Qi 24 A48 4] £Y

Hzm =8 B8 3% 3HE g8s g 988 88 83
(cm)  (cm) 8 (mm)  (H) (7h) (cm) (cm)  (cm)
NC 12.1 35 1.0 1.7 2.1 100 36 4.9 2.5
T1 13.7 3.7 1.0 2.0 2.1 10.3 4.4 52 2.8
T2 134 3.6 1.0 1.8 2.0 9.9 4.2 52 2.7
T3 141 42 1.0 1.8 20 103 45 5.7 2.4
T4 13.7 3.9 1.0 3.2 2.2 10.8 4.1 5.8 2.7

CHS afiQl 3 QIASl 2022 T2 *2|F0M 66.8% = 7t =U20 T3 22| F0j|A

2 BCH T3 X277t 4& 2AeR|H0|2t &0180| Y2 Zie=z
HR3HE o LE *2|71e| £0+20|
5} 14

dg £ = )

OMe 24, 28, 234, a4, FeU8 0N SA4H 7940l g, tiz+2l
3l q
A

3D T2 H2|7ojA

03 23, H2APH QU4 39y 4 BE
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H 13, H2[E Q4 39 0t
T = 015 (%)
NC 65.8
T1 56.7
T2 66.8
T3 48.7
T4 51.3
3E 71.5
H 14, 2|78 Qly 39 248 Me &Y
o =2y a4 a3 gYs PR fdHY =R =
T = (m) (mm) (mm) (7h) i) (cm) (cm) (cm)
NC 23343 9833 2.7+0.3 2.8+04 141+15 55+0.7 76+05 35103
T1 257439 11030 26+02 2901 152408 6.0£0.7 79+0.3 35205
T2 251831 1024 27101 3.1+04 157220 5.7+0.3 7.7#1.0 35103
T3 24326 10821 2702 31205 157425 53203 7.7+0.7 34404
T4 28049 141136 2804 33x06 169432 54+07 78+1.0 34406
382 28333 132813 25+03 34404 164+£17 6.0£0.8 7.8t04 3505
H 15 2|78 ey 39 2518 Me &4
o =& == =23 =& AHE FeH2E
T T () (@) (mm) (mm) (%) (%)
NC 19.2a* 10.8a 13.7a 8.3a 3.5a 0.7a
T1 16.9a 7.3a 11.3a 6.8a 4 .9ab 0.1a
T2 17.5a 7.3a 10.7a 8.1a 22.6¢C 0.3a
T3 13.7a 6.0a 11.7a 6.0a 7.6ab 0.5a
T4 15.1a 6.1a 11.2a 4 .8a 3.7a 0.2a
CHRA 16.3a 8.3a 11.3a 8.1a 18.6bc 4.3a

* RTE A ER

22| 3E¥0|0f 2= *2|7= DMRT p < 0.05 72| &Y
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et 4AM AI7|0l= 2029 F% T22H NC7t 7HY =2t Ol= Ald Z¥ 9 Qi

ZA2] 4341} e +F0|U20 T39| 3% 7HE 2 UERH 4T dS0M= NCet
T27b 7FY =D T4, T1, T3 £0|Y2Lt BE 2|77} 27l 22| 48dEL 225
CHA 25 E & 16). Y 424 A7|0ME AYFO| Lot T2 FHE FII2 =
AStREEI(AE 26), 22|70l et &otd SRR &2 75 = GRsT AUU=E 2d)
b 2 B BSECH =10 HE S0l =2 O 2d)0| LSt Ml 7olHl
20l QUUCHE 17). 4 4349| A5 E42 Y2S0M T27t 7+ =2 1 2| A=
FoAHoZ Yo, A2t MIee B Z2[6HA| G2 T22F NCOM R[22 AT
=%

g

(B 18 & 37 27). et H22 22 ¥ S+ GYotH Al WEH 245H=H|(Reid

and Petrie, 1991; Fujita et al.,, 2021), &< 2|8t X{2|F70|M 24 L b5 20| 2|5 I

Si7F ot Ao FYEC XMalE RHES T30|M 7 o

$F0| SYE Aoz WU HHEDN Mgy U2 T3, T40M =2 H2lE2
1

NCOIM Fo|He=2 7t = LdstACHE

H 16, H2[7E Qi 444 2018 L MR H4x EY

oo £0t8 =% A% 23 =Ry = e R
= (%) (cm) (mm) (mm) (cm) (cm) 1) (i)

T1 34ab  44.7cd  24.0c 4.5 11.8 4.7 223 1.5

T 68.3a 549b  31.1b 5.3 14.2 5.8 23.1 1.6
T3 429b  432d  23.9c 4.5 11.2 4.3 20.9 2.3

T4 5.5ab  49.4bc  27.9b 4.8 12.5 4.8 213 1.6
NC 69.8a 51.9b  29.0b 4.8 13.2 5.4 20.5 1.0
22 696a 640a 34.7a 6.2 16.3 6.9 24.2 1.6

*DMRT: p < 0.05
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(T2l %)

T = 2oty &S SHH BIAS B S HRA BIS P &=
T1 18.8 3.2 0.0 1.0
T2 13.4 4.4 0.0 0.8
T3 16.5 7.6 0.0 0.0
T4 15.0 3.1 0.0 0.0
Fxe| 3.8 8.2 0.0 0.0
H 18. X278 Qi 498 o8 Mz E4
S H2E =& e =g A2 2 [
(9) (cm) (mm) (mm) i) (7h)
T1 10.7c 15.6b 12.7b 58 10.6b 17.0bc
T2 25.2b 18.0b 18.7a 52 19.7a 24 .3bc
T3 11.7c 15.2b 12.9b 6.4 8.7b 7.4c
T4 15.7¢ 16.3b 15.5b 5.6 7.7b 7.4c
NC 13.8c¢ 18.5b 14.2b 5.7 11.9b 35.3ab
=7 36.1a 26.7a 19.7a 7.4 18.3a 59.5a
*DMRT: p < 0.05
H 19. H2[7E Q4 494 2|ot8 Hell &4
T = FHE(%) HHE(%) SEMEE HiIS(%) FRlS WS (%)
T1 34 .9abc 28.2a 3.2a 16.5a
T2 15.5bc 24 .6a 6.3ab 2.0a
T3 43.5a 44 5ab 11.0b 3.3a
T4 37.7ab 63.6b 20.8c 2.1a
£ 2| 32.1abc 28.3a 3.2a 43.4b
222 10.0c 34.3a 6.3ab 3.3a

*DMRT: p < 0.05
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(A 1) HA7I7H S8 9o EYHAT U HYRY 2F

2 APOIME QU4 28 3 AV TES sk HAHES S5 Daxel S ojyx BelS
H70 AAISH 3 QIS CHA AfHistol QM MR 4 U Y U MaMew €0F Us
24 52 S5 WAV UE JHsHS BT 31Uzt 2 H2lo] U2 oy el Fols
waimew Solp Uert ga HTRHW TIDH AN 7IE3| Ofstel Cvindroncaron
destructans?t 2% HZEAOLE AN Mol FTHO| QIS HO2 HCiEls XD 1 9

f
HeltoMe dEwAl U oY | == AlZIol= 3&o| T1 2|70
33.9 copy/g, 98O FAz2|5Q NCOM 7 | sE2 4252t O 2| HH2(TolAM
= d2&[A| ot P4 +2= FAISHUCEL Ef% Sfiel 4ddoME 98 EAAl NC, T1, T4
F A

oX
>
w
My of
0=
10 O

oM 7IE2| Ol5t2 HEEA2L g FHURE =2 F4st ZR0MEs T4 11E|—_rL01|H 7|E

2| Ol¢el FaT0| HEAC. a2l 2} 22|72 UY W] &Y & £W982 390l ==

AZ|RE 2E A2|F0M 22 Blueh 222 3Ed CiE| YAl 55| T4 22|7o|Me

20.2% UL ET ZE Aol YT HEKME 4dd ATIE TIE22 NCF T27t 7+
A

=ULL T4, T1, T3 0|2t B+l 222|440} H|WS0] 3| FAUSIL 2[6HF 4= &9

HA 4AY AZIE TIRCR T2 2|77t EZS0IM 252922 7H =L iR 36,194} Bl

St 3 FRISIUC 2SR 45 54 & ZE Ael7e URT tiEl M2eoiMe 2 42 B

= 2= S5l 2380t 42S0| BB 132 T3 A{2[HoM MZ2ert 7.42 ozt 59.524 B

IL‘3FO1 371| '-*Of Obté%ﬂ Lol I Ehh= Hi- 20| oftt Mg 5 EY W =2| 880 ¢
C

THZ|RACE 2L 2 72 Sall B 22/ ost EYEAT L= Zaot
E%k O1d4= ’é,*—l FHIAE 2 + AUCH Olet AHE R|EAQ G-t B2 A= HEHECE
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