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Environmental Factors on the Development of Root Rot on Ginseng
Caused by Cylindrocarpon destructans
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The fungus Cylindrocarpon destructans is the cause of root rot in many ginseng production areas in Korea. A
total of 57 isolates of C. destructans were recovered from diseased roots in a survey of ginseng-growing fields
from 2011-2012. Among these isolates, 37% were classified as highly virulent (causing lesions on unwounded
mature roots) and 61% were weakly virulent(causing lesions only on previously wounded roots). Radial
growth of highly and weakly virulent isolates on potato dextrose agar was highest at 20°C and there was no
growth at 35°C. Mycelial mass production was significantly (P = 0.05) lower at pH 7.0 compared with pH 5.0.
To study the effects of pH (5.0 and 7.0) and wounding on disease development, ginseng roots were grown
hydroponically in nutrient solution. Lesions were significantly larger (P < 0.01) at pH 5.0 compared with pH
7.0 and wounding enhanced disease by a highly virulent isolate at both pHs. In artificially infested soil, 2-year-
old ginseng roots were most susceptible to Cylindrocarpon root rot among all root ages tested (1 to 4 years)
when evaluated using a combined scale of disease incidence and severity. Root rot severity was significantly
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&ot] of g2z 7HA7) 7] dlol S, & divt &
obrlot 7RSOl A F2 AU = AL Ut 2ol e oFE
7FA7F 2] A A v=3 Auer 5 St R ol A1

o A& g &-E& A Auf =] L QItHKim 5, 2010). ¢14+e] X
o= 4-637F e = 7] W2l 2 A dA o, &7 *
glof o|27|7h7] RE 57|l A B HEo] 2AYstaL 3l
CF. QUAF A ul E o) A =)o) e o 2 ’3}“ R o] Ay

o mjet £ xjalel 4=ao] @8] 743 2lcHHankins,

The Korean Society of Plant Pathology

Research in Plant Disease
PISSN 1598-2262, elSSN 2233-9191

(P<0.05) enhanced by increasing the inoculum density from 3.5 x 10° cfu/g of soil to 2.0x10° cfu/g of soil.

Keywords : Disappearing root rot, Disease index, Epidemiology, Pathogenicity

2009; Jang =, 2011). E3] =) o4 Al A4S 2, A2
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|5t Aeiato] 28531 Qltk(Jang 5, 2011; Rahman¥}
Punja, 2005). 14+ Ajufl o]l ¥e] o] BAgsh= P2 Cylin-
drocarpon destructans= ¥LE] S o] F£Q el o 2 gt
ZthHReeleder 5, 1999). C. destructans v ¢14+2] Ha]of 4]
ok 2S4S 207 vl Qo] Aake oy 5t
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Aol ool AT-5E A} Aol thsto] i Astl o] 2t
2 3hgit.

3, EoF W ¥+t2l Fusarium spp.2} Rhizoctonia solani 52
Cylindrocarpon <53} 071 R| 2 Q1A A5 2 ¢4~ 715 H ¢
oAz 7at WA T oFeE H XS LrehiiTha BaEo] 9]
thRahman} Punja, 2005; Seifert <5, 2003). Seifert 5-(2003)9]|
OfShal QIARE Thag Al a3 G B A fet 2ekel @ Al
Aol 4 2718 W eRE WA o] 48 Ao] EAfel]
ol A% 2 g 71540 v Hrha B sk 9k o] 5o
Qo] oJshel Q1914 0= YA HET Wejet Ko
2 70 Mool 4 AR ThE 217]9} ol o] Wito] FAHE

712 Shelstel U elA] Aol 7k glrkan shgick. 21 el

A 223} C destructans ] LA 7} B RS2 S AUA S
AT A A el o) Fuf| S AR A S e AL

(Seifert 5, 2003), 2| ¥ /-2 oFgh W /g 1t wsi = o] Slrtar
H735}37 ¢JtHRahman} Punja, 2005).

A A S5 AT TSl tha Aol 5
YR = C destructans®] 733t & 7H o2 AR
2]9] ZollA A= Aol e A el S s skl
= o] upg o] g3 vAUA e SRR U] A
wof Ji2) A& JH*P’WP Ty AT TR 2R
21 9] oy A oA A E53F FH AN o= WAE 1
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0‘1:} (Kim %, 2006). SFH, oFst /) A Q] C destructans”} ©]
gt A wE o] A= S 6, 28]2 Fusarium spp.
o] A A I Qlth= B alx Qlti(Rahman} Punja,
2005). C. destructans©l] I3+ Q14+ He] 4312 18-21°C] 4]
@3} pH7.09] F4) Eop} 72 1 uhA 1ol A Wl o] sl
o} B2 Z=Ato] 3 #]3] Tol&ittar 519 tHRahman¥} Punja,
2005). o] {3t 27 BQISE v} AHBe] Wel By, 2 Zut
v, Pythium} Phytophthora <-0l] 2] 3t 2] X1 1} -2 EQF
A o] 7]} U7t Ao 2Rg-o] Wh o) Ik = A
© 7 oA 1THBlank2} Murray, 1998; Cho 5, 1996; Sang &,
2006).
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St S A AW S glo] Hu
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ezAE % FeE 0.1%2] NaoCl
o] 28] ol A2 Ae) shsick B
HE 27258 ET]5to] Reeleder 5(1999)2] rose
bengal agar(RBA) vl 2] }ol| 2| 4stof Fle|d 218 9+t 2f oFA}
7} AAYsto] S¢tom 21 4= 9l wj7hA] 20 £2°C i YF]
of| A 3-5U 7 vl kst SiTt. o] % A& potato dextrose agar
(PDA; dextrose 20 g, agar 20 g, 555 100 m)E -2 Hl|9FH
Aol 7 149 F<F A7) 5 A Fol o) gshch Felg
FRE WOl AHS B B O oIS TS 471N E S
4 0| 2/5to] BlastS 53] 213 F 4P #EE FAHAC
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HAEY ™, 494 AR ERY £2H 859 C
destructansS 7 A3 Q1AF M| o) A E3}o] A A<} PDA
of 4] A 521 0.5 cm?Q] F5-S 2-37)(49HE) K o 4 F
gt A2 AN E g2 ST E 87](15%25 cm)of o
20°C &F27] 0] Eatstoirt. o|uff Fej sz g5 F-9lofl ulAlut
L2 210 1.0 mm, 412 025 mme] AHH = WAL SAH 2 A
Zolgch AR oo el YR T 5 AL 228 Tof =4
stelom Holdt HE & A5l & -2 o] yvk g4

Aol upeh U4 LS
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TAPYE U HEXL M. C destructans 455 7
S e 33529} oFg A4S YEhE= 3 -Zr
5] PDA Hj x| /4Joll HFek $- 20+2°CE] A-2of K
AR 7o) = Hljof 23 & 20 AT E éxgz‘s]-

EA YA EE AT F 15 mio) SREE T Y

Z)Akol| 14 S0t vl o3t C. destructans CD-1(3 ¥4 7hx} CD-
1403 9/d oh o =5 E F3F0.5 cm AL 2213 PDA v 2|4
xH;H}_ > HHO}:7194 _QEE_ 5-35°C /\}O]E /H;g] o]—OI] 301 7]-7:1
07 FAS] A T2 =AFL ) o B8 7hel HYAL %
752 PDA | Aol A 224} F A =7F 4] 7] v
of 3£} A2 Efistr] 93l modified potato ginseng agar
(MPGA), & 1,000 ml&] 914FE.2] 20 g, 744} 20 g2 €3l 15571
#U T AZE A 300 mle] FE=& Y= Fagar 15 g 5
R4 700 ml 2 7H) ¥ 2|5 o] 85}t

pH Hatol ol§h WAL WEZAL, oAt Y
1} %] 2] pH= pH 3.0, 5.0, 7.00.82 2 A3}7] ©]3}to] Na,HPO,/
NaHPO,5} eL413 3 RAILE o] T8l i) §94 001 M

ZA|5to] ARg-BF AT Z2A1E ¥ T 89 100 mlE- 250 ml =
B}/\ioﬂ g 11 potato dextrose broth(PDB)E A A= W& t}
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= 121°Col A 1523 B3k 3iet. Eat & 252 22 1N HC
T NaOHE 237 sho] pHE 24s5k3ith v|2] 149 &
QF PDA vl 2] Aol A vl F3F T C. destructans CD-10 4] gt
0.5cm A ZZHS AZrZak A o] HE3E & 3] A ujoFr] ol
TAste] 159 ok vlakE  Bepaa R RE FAAS of3)
3 40°CoN 4 72417k %3 TS A2 2T,

ofr
—-

pH H3l2t XMFRIL Lol DXl= S Qe
B A Hof tigt pHe| Y} el H HE S gut A71E S
gt7] f15ke] Ak ol A Al 21d 8 A #e] & Afjuj
EF A AW & Y & wF A A st AERES o] &
sho] Al shiek oju] ARER Y HoSAt e EE
HjFol-& 1 N HCl == NaOHE ©]-8-5}o] pH 5.0 = 7.00.2
A3} C destructans 52 Q4t BLafof] FAMA HEt

AR RBLR 2714 WL R Assic. Q4 2el o] 4
HEL nqHls o]-&3sto] Z1o] 1.0 mm, X]— 0.25 mm 27|
2 8-103] AHA & f-italSith HY+ H£-2 potato ginseng
agaroj| Al AJAFeE Ha]o CD-12] ZA} =% 5 5 10°spores/ml
Az 228101 1,000 mi wjkolo] §71 §7] o] Wol 217} 3
Foick Eah, Al A 2ol ule 217} 379] wop
|71(ZF 8719 657)0ll @of pH 5.03 7.00. & FE5)o] Afjuf
3].011;]_ E o2 870 H 7S AEatA] oF 1l 620] ol Al

o Apuata A xR ALgST. 2 4719 wjopele
7] #AF 2AE Ol 3715 FYsklar Ao e Fx
(40 pmol/m)of A At Flejo] Mg == 3 7H4 o
&2 APl o, WRta 7] = WA kol wef 69 A = U
otk 2, 1 =281, 2= 27 09 mm 2, 3= 27 1-40mm

OH

7]\Et7l-tt] 4 =27 5-7 mm ZL& 2, 5= 27 7.0 mm °JA}
Ao 7, 6 = gl a) & 2b7h RS gIch 1 ohe i A4

(disease severity index, DSI) & T} 4]-& A8-51¢] k4SS T}

(XX 1)+ (X;x2) +(X3%3) + (X, x4) + (X5 %5) + (X x6)
X+ X+ X+ X+ X+ X,)

DSI =

A7 A ZE AT Xy Xo Xoy X Xy X 1-62) HE| W51 |
ool sigshs B 8 2ARITH

A2 LE 0fxl= B, A4 AFE £EY o]
A& Al Ak el SR o] v ste] AR S5 5442
QU A7 e A = RS AT YRS £
A3} 7-71= $5F 4.5%, NO, 27 ppm, P 108 ppm, K 525 ppm,
Ca 950 ppm, Mg 880 ppm, S 66 ppmo| I Tt. o] 5 EFS 45 %
70 cm ZEof o} kg AWl A FAFAT 2L A
U7 Bk o] §3teleh. FHANE AT A A
445 2L AR 140 PR YAfslo] Melel =y

& BE AR g ZEY 374 o] 45te] X S| A
HiSHE A EE SHE 15 cm A= EoRufo] Bo] 9] 34k

o g2 Aol A2 A& 9] R =7F 20+ 2°CE F-A| 5}
T 40 A= A Belstgich ZEY o)Al & 30
Ok AfufshH A HLe) A S S W A ol whet 1-6%
o8 Fisto] EAISHY

ol off 38 Jo

rdJ

HE sk ¥ X7t wHof ojxl= FE.
&> PDA v 2| =5 E] A oAl plugs
2271.9] oatmeal vl %] of| 3 F5}of 377F A-2(2 Joll Al uj
oFslo] o83}t vljoF = -TFJ—OE <l oat meal H{ A & 3£
ZFo] B o 1,5, 10% (v/v) E83l0] JEHEZ 3.5%10%
2.0x10% 718]31 3.5 x 10° cfu/gO. &2 Z+zF =& 35}gith 2H2Ho]
AExE=r = JAAS 531 oatmeal B A ZEE] 1,5, 10 ml
T ErolS PDA A 9fof| =& 2] S}3ith. PDA vl 2] /4tof &7
HEZ2Y e AR220£2°0)0 4 3U7F vieketo] F2Y
gotglek. g 294 Q14 %‘iﬂ elof| et Ajul 27
E1 FAsko] A Heu et 4 TEQ iR X
}olAlste] Aufstict 2t HE s i e A2H 2 E
l% A B, EohE 37 Bed AF 2E =
} 5 o|A]slg ) o|mf BEa|ArA = u]/\ﬂ\ﬂ}hg Z10o]
]‘3 0.25 mm =L7]| & 8-107] A &]35}gic). o
7110 %‘3}:—5 S HEE Jo] S EEAS A3l e
FEY SEAELE 39 7HH 0 7 FEhe] 3
%lef}&"‘iﬁh o] 4] 30 & Fe S oy
H 24> A4bs 5810] 1-6 550 2 -5}
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A
A A Z SAIS Hol= #ez24
structans 574535 H2-2]5}9 tHTable 1). 2131 1-4
ZRE BN H 52 55%% .00, 1,24 3
31011*194 ma o Ha 82 65%, 3, 414 Ma]o Ao B
F2 35%= eI C destructans2] 2] I Zof A
ok ROl A Fusarium spp.7t 5-E8FHA| Cylindrocarpon
spp. T RS E T} W B4 el HelE ¢
destructans 5745FZ| A 61%(34dF)= BH YA o] Iero
o, b} 2] 37%(21 750 AP A F ol A = HukS A st
7% UL ehN 2LTHFig. 1A). T3 o] 5 )5S PDA
v R o A 255 AYAFA 7] ATf 735 HYAAd-S Ve
S e 2L Lehl vhE o] O 5L Ho]
A L @2 ZHS ek 9ekFig. 2)

C. destructans 22| X HY AN, IS 29| E53t
< C.
Al

r_‘l o

TR0l e HEXF P e, RS Ad -2

8,19 52| PDA Hl Aol A A} A BE 11X 10,
3% 10%, 2% 10°0] EAZ bl kel w1 4o] ot CD-6, 16,
172 7.2%10% 6.6 X 10%, 7.2 X 10°2] LA} A A5} e}, 3,
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Table 1. Analysis rate of related pathogens of root rot and symptom of root rot disease in infected ginseng

Isolation of pathogens (%)

Compartment Nt'lmber Fusarium Cylindrocarpon Fusarium .
of isolate . Bacteria sp. Others
solani destructans oxysporum
Dark reddish epidermis 75 3 (4.0 41 (54.6) 22(29.3) 2(27) 7 (14.6)
Darkelliptical shape rot 72 6(8.3) 12(16.7) 45 (62.5) 4(5.6) 5(6.9)
Dark rotting root 6 - 4(66.7) - 2(33.3) -
Total 147 9(5.9) 57 (37.3) 67 (43.8) 8(5.2) 12(7.2)

“|solation rate.

Fig. 1. Growth and development of Cylindrocarpon destructans on ginseng roots. A: Lesion development by highly (right) and weakly (middle)
virulent isolates on 3-year-old roots 2 weeks after inoculation. A wound (1.0 X 0.25 mm in diameter) was created with a sharp pin on the upper
inoculation site while the lower inoculation site was unwounded. B: Lesions developing mainly at the junctions of primary and lateral roots

cultivated in pathogen inoculated soil.

Fig. 2. Growth and development of Cylindrocarpon destructans on ginseng roots. Two-week-old colonies of highly virulent (left) and weakly
virulent (right) isolates of C. destructans growing on potato dextrose agar.

Colony diameter (cm)

B
20°C
6 - 15°C
25°C
4 .
10°C
2 /

Time (days)

Fig. 3. Effect of temperature (°C) on radial growth of Cylindrocarpon destructans on potato dextrose agar. A: Isolate 2 (highly virulent), B: Isolate

16 (weakly virulent).
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C. destructans H-2]w+2 5-35°C2] &= Qo) L-ZA]A YA+
ARl Aak 7Fe WS Ad CD-2+= 20°C7F 5420 AL
(Fig. 3A), Fal YA S Vbl CD-16 #3325 20°C7}T -S4
20| I tHFig. 3B). F+ F-]t B 5°Cof| A= Aol Weore ‘?4
CD-27} CD-16 5.t} A AFo] =& 7 ko] g] 0w, 35°Cof| A=
=t B AAeER] Bt gint

271 FAMME O|X|= Y&k  C destructans B2 7S
5-35°CE| 2=/l 9ol =EA|A AFAIZ] A1kFig. 3) 743t |
249 2 CD-29F oFgh WAL LFER CD-16 #5 W=

20°C7} RS20l Slnk R 5 oF B 5°Co| A= Aol
a1, 35°Cof| A= AASHA] S5t el e, CD-16k.t} CD-22] AY
Aol =9 Aot

pH ZAL 8 R w0l 0jxl= g S-S FEA
HF A2 E pH 5.03} 7. 04 Hlj et ol A A7 A
gA1H o2 sk R RS AR Fig. 4ol LERY ATt
SARE oA 4] %HP—?: pHoll A o] HE 5 5Lof| ot
Ebgr o, A2 Q1 fet= pH 5.001 4 Bt} pH 7.0901 4] A

3] Wekth(Fig. 4). TR, F4A T oo Ak pH 7.091 4 2]
=T ER o Sokon, Rl A 4 oA Kot
R3] A FAE e F M8 At o] APl vl A
+ pH A3} PDB vl 2] of| A ZAFRE 23} pH 3.0} 7.0 A H ot

x
] : = pH 5 no wound
T45 priS no wou
£ 4 = pH 7 no wound
> | = pH 5 wound
T 35 = pH 7 wound
tl>.> 3
32.5‘
2.5
£15
8 1
0os5-

0

5 8 1 ] 14 17
Days after inoculation

Fig. 4. Effect of pH and wounding on disease severity index due to
Cylindrocarpon destructans on hydroponically maintained roots.
Vertical bars represent the standard errors of means from three
experiments (n = 30).
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© 4
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33

@ 2

S c

=,

0

3 5 7

pH

pH 5.0001 4 AA3HA =7 7= 212, pH 3.0:.Th+= pH 7.0
oA H Fodt A3E e ATHFig. 5).

ga| Aot wHo] 0jXl= S T EFUl 55
AR EE W4 & o] Alsto] Ajuligh A} 24y Feof A

HE 795%2 =O AgFo|glon, A T 452 7FRF =9F
tHTable 2). ¥Hd 1E4) Wa]i 2 Al Majo] H|3)] WA Ei=
AN 2 o] g B o A A o] ebdE] el AAH F
o L7 Akt ®3, 3, 4948 Fe] o R B 2o
=] 2ol @2 Qo] FAE|glom, 294y el v
WA g Eo] Wrtth(Table 2).

Table 2. Effect of ginseng root age on Cylindrocarpon root rot severity”

Root Highestrotting Disease Plantsurvivalat Disease
age severity incidence 30 days after severity
(years) observed (%) inoculation (%) index
1 55a 50.00 ¢ 50.00a 290b
2 48b 79.50 b 13.60c 4.50a
3 3.0c 100.00 a 28.50 bc 340b
4 29c 100.00 a 40.10b 320b

*Means followed by a different letter in a column are significantly
different according to Fishe’s protected LSD test (P = 0.05).

7

6 ™ Unwounded
= wounded

Disease severity index

0.35 2 35
Inoculum conc. (CFU/g dry soil)x 103

Fig. 6. Effect of inoculums concentration and wounding on Cylindro-
carpon root rot development; Data from three experiments having
three replicate pots for each treatment with two roots in each pot
were pooled after testing the homogeneity of variance. Vertical bars
represent the standard errors of means (n = 18).

Fig. 5. Effect of pH on mycelial mass production by Cylindrocarpon destructans. Bars followed by different letters are significantly different from
each other according to Fisher’ protected LSD test (P < 0.05). Vertical bars on the top represent the standard errors of means from three experi-

ments each having three replicate flasks (n = 9).
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[e) =
= Ut RS s Hed HEsE 3.
10 cfu/g A 2] Xt} 2.0 x 10° cfu/g ] 2] F-ol| A =3kth 18
U Yt H55 % 2.0 X 10° cfu/g R} 32 3.5 % 10° cfu/g §
FTeolAs HEA =TT HE oA A= 28k THFig. 6). 7F
H, o) A A ol A HE ek 3
ASHA =2 A2 RS B/ skeiTh

[

i

1Al AuitR] | A C. destructanse EoFoll EAsE A B
XSS Yoy HYFo R WUAEH] 7} vl o 7| uf
=1

no
d B Fl| 7} g sh=d], B o] =2
B e S SRR AL ek Qlate A4S T o
Al Bie] o) AHFTAS U o] A4S A5HAI717] |
ofl AHulE oFAl Al E 4
3h& o]t} (Rahman®} Punja, 2005). & ¢Lo]| 4] 4idLo] tigt
Bojsol ¥y AA A3} C destructans 5] 61%= A}
A AZoll A= BHto] FAE R Far A HEA 2ol A B
Hho] el 2 o0& Kol rel/do] ofgt A o 2 #5735}3itt. o]
A3t W do] oFgh w52 AUl A] Ql4t B A5
A 2k fl A= A 7 ol sk al STk
oj2fgk A2 W AR = QY7 EFS oA A s
e ESY EASHE AT ASE Sl Be B A
& 5ol ool 55 A AA7HEE T 4= 7] i Zolt.
Mahesh 5(2006)& C. radicicolas 1A} #e]of| TEo 2 A5
A 2] st A3} ke g AISHA] QAR Pratylenchus penetrans
o Zro] F= o] WIS HET A5t P o] golsk itk
I B3k Q)T Kim £(2006) = Eof&of £2A5t= A=E
o] l4tEt e ol A E S A% Al C destructansell 7 A
Hohar B AIsGI ) o] of o), Bk o EAf ok W /d o] of
Sk C destructans®= 14} He]of] A7 A= A& 79 47
A dsto] e 7t Ql= Aoloh Aol ofsff Qlarte] o A
A7} Ay 79 o oha=9] HLejof| A Cylindrocarpon spp.oll ]
2k S UER ItHKim 5, 2006). 5221 Q4 F el
A M) 3o A e B\ E= X7} C destructans
off gt AtAZ ol MY Flet T o= Uk o] = lak Aul =27
oA Fel ARSI = EAIE oY e SAAY F
1ol A B4 7] wiizoltHFig. 1B). o] 2F Zro] Q14 e| 45
15 of ’Ag-2- Jle| s u| Al szof| A B/ o] Rt ool WA
F5 il do] oFgh 9] 22 e A R o] o] Fojxl Ao s
%

ok

¥

L

31, Punja 5-(2007)0) wh2H 2 H ] Z] 9F& o] C destructans

of| 2J&| A7} ok e} Fusarium spp.ofl ZFE = o] ©AYE oz}
3 B Askar Qlek o gt Ayt QIAk Belo A EETt C
destructans 55X TF Fusarium spp. 50| 4] £-2|3t H E]
LA &4x9] g o] =8k7] wjszolgkal B arskal §leH(Rah-
manx} Punja, 2005). o] 2|3t FE| LA 40 1 2HA]E A4
o] A%t 50| ot #5 Hr} 7] WlRol). ol 84
F FHAA AESHS YO 7]= Fusarium sp. 22| 9
AR s SR o] ta AT E vl2a At et
Ui thLee, 2004).

Shel 4859 QUaFoll TS w9kl o] 4b4 o] Eaf pHet
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