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Abstract

Rusty root of ginseng has been known as one of the limiting factors in ginseng pro-
duction in Korea. An attempt was, therefore, made to elucidate biological and chemical
natures of the rusty root, and the redox potential of the ginseng cultivated soils were
measured and compared with diseased and non-diseased soils. Reddish discoloration
was most frequently observed on the epidermis of ginseng root and the pigments were
accumulated in all epidermal cells of the diseased lesions. The lower the redox poten-
tial of the ginseng cultivated soil was, the more severe the rusty root was observed.
Fe content in the diseased epidermis was 3 times higher than that of healthy one. Organic
acids such as oxalic, malonic, succinic, and citric acids were also higher in the rusty
root than in the healthy one.

Thin layer chromatogram of phenolic acid fractions obtained from the epidermal cells
of the rusty root of ginseng exhibited 3 to 4 unidentified substances not found in the
healthy root. Also lignification of the epidermal cells and the activity of phenylalanine
ammonia lyase were greater in the rusty root than the healthy root. Colony formation
and conidia production of F. solani, and mycelial growth and sclerotium formation of
Sclerotinia sp. isolated from ginseng root were suppressed in a nutritionally minimal
medium supplemented with water extract of rusty ginseng root epidermis. It is,
therefore, suggested that rusty root of ginseng is caused by unfavorable rhizosphere
environmental stress or stresses resulting abnormal metabolism in the root as a self-
defence mechanism of non-specific resistance responses.
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HEESL Qate] FAIe CEHOVE A ) 7 F84 F& AAAHoR A
oz Hageg BRAM FEEE B 71 o2 oA oV o
HOEFA WG B KEKEFoE, oFE A’%‘Hi v ez 2R A He Qe
2 A vrel AwdH, oleldt AEEL KAKAEI FAYXA ARE] () W " el
FAQRA obEel Effel FAlste] AuEtts Helmc, HEI FHF fohviel Qs
9 Mg olF du KBS AZ 9 de ZAV FEFEINE YN 559
FoA el vhelta] edol AEVFAE MEAHLEA F FAVE a9

Aol B 1978 4 A7IA G 6 8 BME nﬁi # sed Hd 11.6% #
HAE Below, ) M) alel ARETL 3B Llhdrx Addz, BE IAd Felu
Mol ¥ AL (IS ER v+ Ao 2F @AEdda oy,

1916 4, EKEA A= Fjoll flEw e F A (rust)o] ol-&-& Wl sd=dl, 1 ddE
wE A E Faga obw By AsAz fgae]l o Aelztawt sk ® %S

LY ExnE q4std FA A= (R s Bacillus araliavorus 2F 8} 24"
#H HEA BTG AEE AA sAda¥, BEYE Al I Sfreld oraER
Fusarium solani 2} Cylindrocarpon destructans & F# ti#e) A E£8 5 334 Helo
A FEA o R Gk, HaoR Hils A+E Ao dETE aHsdenE B
G B s B FiK-e #WE7) oldicha shalel, RS s s A &k
el el el chEzielet sl fisEBe] wol fEEs AL LHnh fha
A, e A4, Ca, Mg 59 &ekel Eohon 3O Fusarium spp, Trichoderma spp,
#7144 A, Erwinia spp, 1elar Bacillus spp 2 #lF &7 oz gtgoh? =
#5 KA Cylindrocarpon sp 7¢ @o) 4pi ol om S alny AZEe] o)
FrrRicka sl FREYS hige] beh shAAelel A B Hlel vheAdel At
Ra A RS ARTE vepdY st B3 gEHUVR "obA] ME f
WS Bt s A o xR EREEgE g AokelE A4 sk
c},

e e Ao prggel = B ta oA vbA] SR FE G Aot WAy
< AR dx e dAelrh, B dFdMde AR A& w7l A x 9
T2A el wWel AR EAe I R AZvele] Y, {LBm EHA
5A4E ot AEsEA

ME S FE

BES R reE

Aol A A E SR AR AT 2 6L A, 3% FAAANA (B
Moz BAED 444, 22T AR EAAG A Al FET 54k AZe 247
AZaled HEZ 1S o



2% AAE . 258 .0]ds - upyA 33 gl Akt 3] =]

2. ¥ KFo HolHw nE
Aol FES #5ANS Cryostat(AO 975C) 2 W EF oFA Addsle Hujpao=z #
sl ch,

3. LiRel M@ &H

Ahx A 260 £ AsH el E 2Absta, 2UEGE AFHE 300ml
AbZE Lepiaed 250ml AEHA ¥ F oA 22 FS AEF 25C 274 21
d7b Foohst BiAEA FdvledTa REENY YA oste S5

4, RE2 BBRS> S

AaEgat @egie] RKE 150C Ax7ANA4 2™ H 0.5~1,02% 100ml Az L2}
2ze] ¥3, A% AAH(HNO;: 10ml/g A1 8) & H7lste stddold 10~15 ¥ 713
o] ##HA7A . A HNO,;:H,SO,:Percholoric acid (10:1:4) mixture 4~5ml & @3 7}
Aol A Had7)7b G A g H 7%= (Toyo No.2)oll ZAel A = (50H)2 3
A sted AxFFFEA 7] (Varian 575) 2 &4 sk ot

5, ke Hes2E A9 oW

WEAZY KK 122 Acetone:Methanol:H,O(7:7:6) 20 ml 7} EoiglE ZHo 4
o] 24 A17F B FFG 3 ) H, AFHstd 40Ceol A F20ml A ER FstE
%332 thA] 6N-Hel 0.2ml & @-&<c}$ n-hexane 20ml ¥ 33 F%3ted n-hexane( |-
B Hels Bige #slgtl, 22 Ether:Ethylacetate(1:2) 20ml = 3 3] wb & Z 2315
L& (40])2 Na,S50,.2 g5 este] 5~10ml =2 A3teEstdort o4 N2 &
Z3le] w2 zmzae 29 (TLC) 2 ¥4 stedct, TLC plate & silica gel G60(GF 254,
Merck)-& *F&3lsd 2 H7/l &9l = Tolune:EtoAc:Formic acid(5:4:1), 2 ¥ A = FeCl; 9}
K;Fe(CN)s 1% &8s 7tz w2 2tge] FAchzk AR 1112 4 AhE 3
=

6. F¥E U E2EC FHE N

HEEREe Court %9 HiK'™e FIHIst o4 stk dEA2T RKebg Zeold 20
mesh A= AH 2g& FElupizt de 126ml A7 =Zspxzq @a 20ml Dry
methanol & 12% H,SO,(v/v)7} & 9l+ Dry methanol 30ml & o] 20417 EF
Aep A g, AeF filler paper 2 AL FH 2 FHY 25mlE 50ml e FFF7F £
9l B2 r)d £71% 10ml e chloroform o2 33 223lgdny, o 2248
Na,SO2 =524 50mle volumetric flask o] 23, chloroforme. 2 50ml 7} = A
34 3t GC(Varian 3700)2 43}tk Column € 3% EGSS-X on chromosorb W
AW-DMCS(80/100, 2mm ID x 6, glass)& Al&3lg e 7222 flame ionization detec-
tor 2 3lgdtl, Oven &%+ 130-2000C 74%] 7.5C/min & 222 AbsAzg e Aztex
M 1EE HF2=NAH 58%¢ 2 &5 5 #AAHAt. =& gas flow rate & H,/
N,/Z71€ 30/30/300ml/min 2 3} ),
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1. RES EFEY HIMX| =M U FEE £ FBE

BE £E22 0.5¢% FH5 20ml 9 sea sand 43S Y& mortar o A -4 3
H 300rpm 2.2 20 #7F dAEelsle, 1 ASY 15mlE FHicdkuR| o} a2 Awd
# wiA] 300mlell el A 4eix Plating st Ab& sldoh, #HAodFuirl = NaNO;
2g, K,HPO, 1g, MgSO, « 7TH,O 0.5g, KCl 0.5g, FeSO, - 7 H,0 0.012g, Agar 15g & #7}
sted A3, RRE Fusariwm solani = WE P &4 st 2}
Aegtyd wix el A 255CR 77 wioksdm, FEEFES 20CE 39zt AAAE9A
o ol A el of3le] AlL-slHdct, WA AL Fosolani of T H-HH(4,5x10°/ml) 0.1
ml & plate o] smearing &be] 25Ceo 4] 5z wieksl H # F4E, 283 plate
170 S%F 5ml & el Zde # Fojd £3 FHde wE H EASFE
hemacytometer 2 ZA}sladvl, BFIEKES Sclerotinia sp.o] A A wjokad s (x4 7
m) & KEFEA A7 Ae] ¢lo] 200C N4 357 nhokste] FALEA A As Fd 3§
g 2AEtdd, 2ARE 7 xelR 3 plated 5ubEo 2 AX s}

8. Phenylalanine Ammonia Lyase(PAL) &M BIFE

Friend & o] }ighe ol &3t edl, ANE2AE sl HA gy @aEs) kg
(Cortex)& 8lA WE ZHA=zslx, ik 3g< 5mM-2-Mecaptoethanol & #7tste] =)
g -200C2 9= acetone o] 4ol top-drive homogenizer(Sorvall 8001455)8 2 %7} 2+
sttt °]A& | %A & 2z Biichner funnel @ °f50ml A x7} Fu7b= W25 acetone
2 AojA AHiF, 2 AA7E 7 Lol Al FAste], ohr] AT AR 14
Zb Feh wE H ozawk Alg el oy 20Ce Rastdrirl i L0 i &)
Ak, 2AE K# 0.5gD.W)e 0.1%(w/v) L-phenylalanine ] o] 9l §ml 0.
IM-Sodium borate buffer(pH8.7)ell @31 40°C S xo 4 142 ZF w24 A 0.2ml 2
SM-HCl 2 b2 gl 5A g5 altelsted 2 A5 4E ether 2 F%38e) Nyvprz
F% gk oL 02ml el ethanol® %8 01mlE #H3ted 2.9mle 005
M-NaOH o] €] 343 5 spectrophotometeri 260 nm o A BRORKEEE HIE 5} o},
FEFAL t-cinnamic acid(Tokyo Kasei) & AF-&3)o] ub& 9},

9, &2 lingnin 58 A%

lignin &2 342 iplel 2gEsfel lingnin 3%, A8 zt7 Friend %ib4a
Hammerschmidt %''9¢] )y abstel, 51223 L)% 1g € 40 ml 2 methanol(99.
5%)ell ¥ ] homogenizer ol 4 w422 297l visfal H glass funnel(porosity 3)& o
et oAl methanol & 3~4 3] A& ¥ A7 & 30ml el methanol o] w24 7}

Aol A 20 82 At de A7 TR Aaw FHLeR Yguds u
std ekt oA ® Abgskalol, Mg R 100mg & 2.5ml 2] /571 Fof 9l
+ screw cap Al @ F(1x5em)ell €52, 1n NaOH 25ml & A 7psted 70°C Szl 4] 16
A7 Bt dE ] A feldeR oisla ohA] 2E4 2.5ml 2 B A Eae
ATlA ol F2 AANE Moo ofsple mgirh, ze of#elg §N HCl 2
7 pH3 o2 ZAax lingnin #4-& $1sked 4CoN A 2-4 217 F<dchzh, 3,000 4 20
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7 QAR sl AS A wejr 0.IN HCl# 552 4o ¥ 5 F2& NaOH &
o (pH8.5)l =9t} (100 mg o cell wall residue & 2ml 2] &) 9 £ 400xXul &
0.1M Tris-HCI buffer (pH9.0) 3.6mle] 2 3z A A3 25w 4 Gibb’s reagent(2,6-
dichloroquinone-chlorimide 5mg in 10ml 95% Ethanol) 200 x1 & ¥ 7}ste] Hifiel A 1
A ZF whx) 3 Hol 610nm oA FF w5 FA A,

&R

I FEE RES =2 eE

REEE O] Kk A% 2AINE 2l MiA WHEC 2R deldx R4
7 £33 "145101 slotem, el Al ® Ag Kkl w2 13 Fx5
Ay AsA 2 2-3F7HA v A9 & & ddd(Figh),

03
el

Fig. 1. Light micrograph of healthy and rusty ginseng root epidermal cells.
A. Healthy cell showing many granules (x 1,600).
B. Rusty pigment accumulated cell (x 800).

2. FRET RE W] Mt etel B

2P Eoke] AR 280-270mV ol A= WA WL Adsrel 80% ol el
gge nel ol 420mV o] Aol 4% kel Ael ¥ ekgterd, olh v RIHe
B ATEIELE AR (= —0.5579, p=0.0D)°] Asdch(Fig2).

3. RS BHAS

AT el KK MR b 2 (Fe)& AYd o3 s T M
dlgdont, A& o] 2070ppm &2 442l 600ppm Bk oF 3w Axw wokrt
(Table 1),
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Fig. 2. Relationship between percent of rusty root
and redox potential of ginseng cultivating soil(Date
of survey: Sept. 25—30, '83).

Table 1. Mineral contents in the epidermis of rusty vs healthy ginseng roots

Zn Fe Mn Cu K Ca Mg Na
Root Source ppm %
Rusty Root 87 2070 100 44 1.75 0.31 0.27 0.25
Healthy Root 85 600 118 37 1.68 0.46 0.27 0.28

Each value is a mean of 3 samples obtained from different ginseng fields.

4, ke HE2E A9

Kot 4ol Kk phenol & HLiEE A ul RAAE 10% g N E ARE
B A4S AdAdele ¢ 37hA FA(RE=027, 042, 0.70) 0] Huite] kol A% s
AL, 1% KsFe(CN)sot FeCly g8 Az 4438 dx g4 2711 HEe] o
vt (Rf: 0.29, 043, 054, 0.68), = o] Y] #ellx FE A= =gk 2744 o 3
Aol il FKikol o LTS & 5 ddch(Figd),

5. FREFEL B2ES FHE

2 4EHS i) fiMRs b Oxalic, Malonic, Succinic 3} Citric acid 2] &ake] 341. 8,
187.3, 80.0, 1645, 2ppm &2 A HAbe]l 2067, 59,8, 49.4, 1318, 6 ppm Bt} 7zt gte
A% olelm SRS 47b2] BR 24 mpR A2 fsge] @R cr W A
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o] ici(Table 2),

®
08

- LD .y
<J c.} i/ (W,
O &
. ® GG
- i ( Fig. 3. Thin layer chromatogram of phenolic acid
o G fraction of rusty(R) and healthy(H) ginseng root
. epidermis.
) w4 Spray reagent :{A) 10% H,SO, in ethanol.
(B) 1% soln. of K;Fe(CN)s and FeCl,.
H R H R Solvent system : Toluene-ethyl acetate-formic acid
(5:4:1).
Table 2. Organic acid content in rusty vs healthy ginseng roots
Oxalic Malonic Succinic Citric
Age Root Source p—
2 Yrs. Rusty Root 341.8 187.3 80.0 1645.2
Healthy Root 206.7 59.8 49.4 1318.6
5 Yrs. Rusty Root 145.1 75.3 16.9 986.7
Healthy Root 140.0 36.1 9.9 773.4

Each datum is a mean of three replications.

Gas chromatography analysis condition;

Column : 3% EGSS-X on Chromosorb W AW-DMCS 80/100, 2mm IDx 6" glass.

Gas flow rate : H,/N,/Air—30/30/300ml/min.

Detector : flame ionization detector.

Oven temperature (temperature programming) : 130°C for 1min—200°C for 5min, rate 7.5°C/min.

6. RES EFFY HIMHXMAM REES £&

FE 25295 UM Heob AF oA KEEY Fusarium solani & &%
TA XA fEE FZ2H Yol R| 7} 56, 5/plate, 63, 6X10%/cc &2 AR ALe 69,8/
plate, 212.7x10*/cc ¥t} ztzt 4 A ¢lc}k(Table 3),

FRIRE  Sclerotinia sp.o] WHIEG& el ¥ 4 E& vEs Botd, WA 3
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Table 3. Colony formation, sporulation of Fusarium solani and mycelial growth, sclerotial formation of-
Sclerotinia sp. on the synthetic minimal medium added water extract of epidermis of rusty and

healthy ginseng root

F. soalni® Sclerotinia sp.®
Root Source No. of NO‘. o‘f Diameter of No. of.
Colony Conidia Colony Sclerotia
x 1/plate x 10,/ml mm x 1/plate
Rusty Root 56.5* 63.6*** 32.3%+* 1.0
Healthy 69.8 212.7 39.0 7.3

a. Incubation at 25°C for 5 days.

b. Incubation at 20°C for 3 weeks.

Each data is a mean of 5 replications.

*Significantly different at p=0.05.
***Significantly different at p=0.001.

Table 4. Levels of PAL and lignification in rusty vs healthy ginseng roots

__PAL Activity® Lignification”
Root Source puM t-cinnamic acid Absorbance at 610 nm
g dry wt. h™ 100 mg™ dry wt.
Rusty Root 76.6* 0.601*
Healthy Root 59.3 0.488

a. Activity in cortex,

b. Lignification in epidermis.

Each datum is a mean of 3 replications.
*Significantly different at p=0.05.

2 A bR A FF A 7o) 32,3mm 2 AHAY FEA el 39, 0mm R

3
W Agon FAYARE fo4e gou dAE: ARe vl

7. FEFED BE2FH KB PAL EMY %2 Lignin &gt
FREEgEe] (EMES 76.6 0% fE44ee] 59,3 Roh gstew, lingnin SEE 1 BE F
B @ v 3 A, AEA Z317F 0,601 & AR 0,488 B} ¥ekeh(Table 4),

£ =

dubd o B RS SR e SR R el ERleixlm glev ¥ e
b A Askd 4A Ae AR g (A, 2, RV AN 24z
Aboll A b HE AR cohe gkt FA HY AL A%l o wrpn shglen,
= H9FS BRI FNERC A ] e 238 ERE Aste A
Toodoka W oshedoh, A% el e sHgaiv RS AR Mdled %
& F¥olv Wlzag MydAdx @hddn stgonden wA Ae fiHel e
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Wb B Eel pEEE T S, ojebRe o rbA] I o3 REKe 2
o] 2] Mol A F7bA 9] s GRIER) ol e e EERIS A8 FHEKME
g fEeh wRisbcka A zbE sl ok

KR OHIRANY A% Aae AAZe Hol 77 i Zel A dAd =Y
A Bol=A #on'® MIEE Figlir o ¥ &2 Fdiste HAA d&dx A
Saae oo, Lk AE ARl dedeR Bd kY XRHks

R el 4bsl 097 REPF Hwal o] Alatyudl (Fig2), ol Eake]
QA e o) Wel E 4 ke o vEs ARE HelsAd HgabE
A AREH S A7) A o] fiio] Alstdl vl BadYe A sk, ® E ko]
o= 2y H9d A (Fef)ely w3 (Mn*t, Mn*t)eo] i so] w2 (Fe),
27H(Mn?t) o] ZF7bE=d'®, 53] ql4te] @& EoFel A& 4 (Fe phosphate) o 3
B2 Beje] FH Hol WAL g Aol By e JAbgEke] ¥
o= zlo 2 Hol AWt Fuel A o] & (Table 1) &7t5l wifE Ao
#adxw gJ&AR 2t = Hook?™ % loblolly pine fi7} el A3shd et &
712] Fe &&gko] ZF7bsld, L flele] #eje] 3% A (permeability)Z-7hel dofEde
e A F4(discriminatory uptake)z® ol A zejzti 3lelch,

gofo]l Azl =W geirtx #AWE F AME 53] BESSA AET A
Beol AT e Rl LRI EEel FHa=dl'Y, weol T AFTL EKE A
gigso] olalg gkol Hgo] # 5 A= slen?, EE(ris)e &L WEN
Hel AR viAeg 4w sed A¢ "oz do, Zye] Heigs TLICE #
Aald o fBEE Kol A 3,4717 AHA 296 e #Eel AEHAA=H (Figd),
g gk F83 24 PAL NS slad kel AW T 2 A
(Table 4) 2.2 wio] Bu oj8jd AEAHEEL gl FA 9 AFal(precursor)d
22 AP w F1o A fFAe] Azsid HEA ES H(Fe)
Chelate & & A3sle] S84 £2 Z24& velll« Ao dad led, g
Zi fAStER old Wyl dE AEEN FAAHE HESHH F A Fr
71 A A w Abel) 4] 1 3Fafo] R E=gti=d] (Table 2), Crawford®®9} Tyler %2o] Iris
o 4} succinate, malate ¢} shikimic acid & 7} 9E7F F<5AbH (flooding)2l A&
(tolerance)z} Uz HAade] gl Zloletx g wiel o], AL IAFAH A AW
sholl A-g317] dsted A el #{brl dold Aoz FA=n o £k o
Ae Aqe7bA mieR o] 22 AT vEE AeE 4R,

S ko] BFEYE A A Bas KK 2AdA Eoh KEE S
H:Eol A = w(Table3), =ZHabe]l PAL G} lignin f5fo] AR AR ¥
skl (Tabled), dubd o= HNIA7 HEe) FdE HAHE B BIELZ A
vy A2 el PAL iftke]l FelAx ok&® HAEE4AS FIHT lingin g§Ade] Fridge
¥ gieeenal zhe Hakolqlnh, w WA T KE A2 ZAo] HEEe]
ZAEe] A7 oA FFo o3 e A AR, FrA dAEgd 2R 5

e
T CH7E §ls 58 2308 g
%

2

&

al

A

do ¥E o M
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o) stetAe &AL e sfoHY HE3g AL ol Al A A £33}
o}, RE®E dztale) AFFE A2 Yol AwAale] FA3] Fo EUFET R F
ot
ol Abwp zFo] ofeirbA e Azs) Bu AZRe]e] SEEUKE Eoke 3], UH
ofok, WHEY A, AFFE FHE %%Bdi}(enwronmentdl stress)oll 2] & A 7]
o mEfeHz A, oleldt spdl ALy ¥ AE AA wEBolm Ay sz

(non-specific resistance response)2 2 A z+= o} (Fig.4),

Treatment of
raw manures

=

Reduction of
rhizosphere soil

il 1

Increase of Deficiency of Production of
so.uble Fe, Mn oxygen toxic organic acid

Flooding

Treatment of toxic Infection of

material (HgCl,, Mercron) pathogens Unknown factors

Fig. 4. The schematic diagram for causal mechanism of rusty ginseng root.

ae)m, ke REgic] A old WVl fs M e sEimREIRm T A
ZAA e FARAH FHS %iﬂ*lzl Fgkxal MV 9ad Ao Az,

A A eliE Zb 2 pEpel shubel fisbgie) g W) #lsted, el Al
A g £ BEokah fkgiel RobA] vl - LRI RS orpr skl

AR R Rele] gokel s HE Mhe KAHIR SRl S s sddd
o}, Qb Al Eeke] AbstEY ALvE b Aw ] Fatom, Rl B
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orh AassE el Fe ko)l @& %ol 17lol wisl o 3w} Ax wokvh, REEEK
£ phenol & W o2 F&slo wWEazvieaxl (TLOZ 4rd #E, AAdAtd
v v 92 3-47HA WEECl AE HA BbA AR = Abate] A
AAMh ge Ags vk = fEE KK E5E9E AT BAEREREAA
A% MUEHRES Fusarium solani 2} colony @ f-73 A3, #WEORE Sclerotinia sp 9
FAREES WEkE Aol A=

s AW e lignin FaFe] AAA KRG Eghkew, ozl FF AREARY
phenylalanine ammonia lyase(PAL)2] if#:x 2 W Aale] &g,
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