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SUMMARY
I. Title

Development of Systemic Control for Rusty—-Root on Ginseng

II. Objectives and background of the study

Ginseng is a semi-shade plant growing in blackish brown humus of the forests
in the north of Temperate Zone in the northern hemisphere. Therefore, to cultivate
ginseng, the humus obtained with clearing of broadleaf forests is needed as well
as constant the temperate weather, north facing or northeast facing topography,
and humid condition rather than dry and cool, and appropriate light should be
penetrated into the area; ginseng has been specifically cultivated with no soil
dressing or fertilization. There has been almost no appearance of rust in past
because the physical properties and water-retention ability of soil was appropriate
and nutrients were appropriately supplied avoiding irritation on the roots of
ginseng. However, rusty ginseng was found in Gaeseong Territory around 1908
and had partial reddish brown spots on its roots; this phenomenon was followed
by a disease resulting in decomposition of roots which was called Rotfaule and
there is a record that the disease was occurred when ginseng is cultivated in
excessively humid soil or humid weather.

Until late 1970, rusty ginseng was considered as having a Rotfaule caused by
soil bacteria; rust was not produced in spite of inoculation of bacterium that had
not less than 95% of detection rate in rusty ginseng; Yun and Yang (2000)
suggested that microorganisms may participate in rusty phenomenon explaining
that rusty phenomenon may be induced by the substances that may form a brown
complex in the soil, the substances of ginseng, and the actions by microorganisms
however, rusty phenomenon was found in disinfected soil also and it gradually
became to be understood as a complex disorder. When the rust is formed on
low—aged roots, the thickening growth of roots is affected and, as going to
high—aged roots, the husk becomes thick or rough due to rusty phenomenon and,

in serious cases, the husk is cracked or forms foreign layer that is easily
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separated; therefore, the rusty phenomenon was known to be harmless to human
bodies in spite of worsened quality in appearance. Nevertheless, when rusty
ginseng is manufactured to red ginseng, it does not produce the original red luster
of red ginseng and the value as a commodity is reduced due to worsened husk or
wrinkles. Jeong et al. (1985) reported that the husk with rusty phenomenon has
about three times of ferrous content compared to healthy husk and Lee et al.
(1995) reported that the husk with rusty phenomenon has high level of lipid
substances as well as high levels of crude lignin and suberin.

In the situation that the cultivation area of ginseng is increased every year and
its cultivation places are also expanded to the whole country, excessive nitrogen
salts caused by excessive fertilization with the droppings of domestic animals such
as chicken droppings, cow droppings, and pig droppings, and marketed
concentrated organic fertilizers, occurrence of concentrated water leakage caused
by diverse sunlight-shading covers, low banks, and/or poor cultivation with
dispersion of weed killers for the purpose of income with no consideration of
richness of the soil are the cause to increase rusty phenomenon; such a situation
means that the environmental change in and worsening of neighboring soil which
may irritate the roots of ginseng, recently becomes serious and it is thought that
the stress caused by single or complicated factors resulted from aforesaid situation
which affect the normal breath of ginseng roots elevates the occurrence of rusty
phenomenon.

Paddy ginseng cultivation places are in rapidly increasing trend due to
insufficient dry farms for cultivation; however, the chemical fertilizers used in
cultivation of rice remain in the soil make the slats of soil be accumulated on the
surface of soil during cultivation of ginseng and early defoliation is frequently
occurred before passing hot season of July and August due to physiology obstacle.
When the salts are accumulated in the soil, the rusty phenomenon on ginseng
roots becomes serious or early loss of root affects the growth resulting worsening
of the quality as a commodity. The rusty phenomenon is occurred every parts
including the taps, branch roots, and fine roots of ginseng and the phenomenon

occurred on the taps and branch roots shows yellowish brown or reddish brown
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large and small circular or irregular spots and is gradually expanded. The
phenomenon occurred on fine roots shows many small spots on their husks and, if
the condition becomes serious, fine roots becomes soft resulting in separation and
only taps and branches remain. In addition, although the rusty phenomenon
occurred in low-aged roots may sometimes disappear as becoming high-aged
roots, thickening growth is not done in most cases and, as the husks become
thicker and rough as becoming high-aged roots, the quality of manufactured red
ginseng 1s significantly reduced.

Therefore, the purpose of this study is to produce high-quality ginseng through
identification of selected rusty improvement substances and through improvement
of agronomical Control methods after selection of rusty improvement substances
such as growth stimulators, microorganism substances, and soil improvement
substances, to identify the rusty phenomenon occurred during cultivation of
ginseng, to suppress the occurrence of rusty phenomenon, and to improve the

chemical and physical properties of soil.

IM. Contents and scope of the study

To survey and analyze the causes of occurrences of rusty ginseng that is
frequently appeared in the cultivation areas and to identify the effect to reduce the
occurrence of rusty phenomenon through improvement of agronomical control
methods after selection of soil improvement substances, growth motivation
substances, and microorganism substances to improve the physical and chemical

properties of soil, below-listed experiments were performed.

1. Identification of the environment of rusty phenomenon appearance by ginseng
cultivation method.

1) Survey of rusty phenomenon incidents by cultivation method and cultivation

soil.

2) Survey of rusty phenomenon occurrence by material shading ginseng from

sunlight.

3) The influence of soil dressing on the chemical properties of soil.

,15,



4) The influence of soil dressing on ginseng growth and rust occurrence.

2. Identification of the effect of treatment with microorganism substances, soil
improvement substances, and reduced water to improve rust in ginseng cultivation
farms.

1) Selection of wuseful microorganism substances and soil improvement
substances to reduce rust.

2) Change in the chemical properties of soil with treatment with microorganism
substances, soil improvement substances, and reduced water to reduce rust.

3) The effect on ginseng growth and rust occurrence reduction when treated with

microorganism substances, soil improvement substances, and reduced water.

IV. Results and Implication For the Application of the Results

This study pursued to verify the cause of rusty-root, to find environmental
condtions occurring rusty-root and to develop methods control occurrence of
rusty —root.

In the preliminary experiment, the factors (soil moisture content, type of organic
fertilizers, wound of ginseng, and concentration of rusty-root causing bacteria)
affected the occurrence of rusty-ginseng. The Hue values were measured for the
degree of rustiness as affected by the factors; the higher the values, the weaker
was the rustiness. The rustiness was severe on the wounded-ginseng and on the
ginseng inoculated with the rust-causing bacteria. The Hue values of the control,
the non-wounded ginseng inoculated with the bacterium (CG20126) causing
rustiness, the wounded-ginseng, and the wounded-ginseng inoculated with
CG20126 were 113.3, 108.1, 85.8, and 57.5, respectively. The average Hue value of
the horticulture bed-soil was 56.8 whereas the value of the paddy bed-soil
counterpart was 64.7. The Hue values on the ginseng roots grown in the soil
containing 10%, 20%, 50%, and 70% of moisture, were 96.2, 85.9, 78.0, and 75.7,
respectively. The organic fertilizer increased the rustiness of ginseng and the
range of Hue values was 35.2-27.8. The increased concentration of the

rust-causing bacteria increased the rustiness of ginseng. CG20126 at 102, 104, 106,
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and 108cells/m¢, resulted in the Hue values of 628, 63.3, 55.6, and 488,
respectively.

Of 31 isolates from rusty ginseng roots, twenty—four isolates repeatedly induced
severe to moderate rust on root while seven isolates induced slight rust.
Microorganisms responsible for rusty-roots were mainly Gram negative aerobic
bacteria. They were identified as Agrobacterium tumefaciens, A. rhizogenes,
Burkholderia phenazinium, Ensifer adharens, Lysobacter SUMMosus,
Microbacterium luteolum, M. oxydans, Pseudomonas marginalis, P. veronii,
Pseudomonas sp., Rhizobium leguminosarum, R. tropica, Rhodococcus erythropolis,
Rh  globerulus, Streptomyces fimbriatus, Variovorax paradoxus based on
bacteriological characteristics and 16S rDNA sequences. These bacteria possibly
caused the rusty-roots on ginseng by infection and growth as endophytic bacteria.

Production of brown compounds in rusty-root might inicate the involvement of
polyphenols and polyphenol oxidases. The content of polyphenol was higher in
naturally occurred rusty-root than in the control (not a rusty-root). The degree of
rustiness increased as increases in rustiness. Polyphenol content in artificially
rust-induced ginseng by infection of the rust-related(induced) bacteria also
increased. Polyphenol content also increased with prolonged incubation after the
inoculation. Activity of polyphenol oxidase (PPO) increased in naturally occurred
rusty-root compared to the control. Artificially inoculated rusty-root contained
decreased activity of PPO.

All of the rust inducing bacteria were sensitive to sodium hypochlorite. Most of
the rust inducing bacteria were sensitive to didecyl dimethyl ammonium bromide,
ClO2, benzalkonium chloride, octyldecyl dimethyl ammonium chloride 2.250%, dioctyl
dimethyl ammonium chloride+didecyl dimethyl ammonium chloridetalkyl dimethyl
benzyl ammonium chloride, glutaraldehyde+ dimethyl cocobenzyl ammonium
chloride affected the bacterial growth.

Most of the bacteria were sensitive to ampicilin, chloramphenicol, erythromycin,
kanamycin, streptomycin, rifampin, streptomycin, and tetracycline, especially to the
mixed agents, neomycin+streptomycin and streptomycin+tetracycline.

Submerging treatment of ginseng in NaClO, treatment of neomycinettetracycline,
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were effective on prevention of rusty-root. Carrier-substance white carbon showed

significant effect on inhiibion of rusty-ginseng.

1.Identificationofrustoccurringenvironmentbyginseng cultivationmethod

1) Survey of rusty phenomenon incidents by cultivation method and cultivation
soil

In terms of the period to manage planned ginseng farms, not less than 74.5% of
paddy ginseng cultivation farms were managed for less than 1 year; in terms of
green manures that were the most frequently used by ginseng cultivation farmers,
74.6% of paddy ginseng farms and 30.6%of dry ginseng farms preferred rice
straw; and in terms of farmyard manure, organic fertilizers were the most
frequently used. Also, when the situations of rust occurrence were surveyed by
seeding density in direct seeding cultivation, the rate of rust occurrence was the
lowest (8%) when seeding at 6cmx17cm (159 particles) and was the highest (26%)
when seeding at 6cmx13cm (207 particles). When the chemical properties of soil
were surveyed for physiological obstacle field in four territories consisted of
Geumsan, Nonsan, Jinan, and Pungi that are major ginseng cultivation territories,
the ginseng field of Geumsan and Pungi showed the highest salt accumulation
with 2.3dS/m and 2.0dS/m levels of transplantation field, respectively; such result
was considered as the result of excessively accumulated chemical fertilizers used
in cultivation of rice when inspected with use of paddy ginseng farms in Geumsan
and Poongi.

2) Survey of rusty phenomenon occurrence by material shading ginseng from
sunlight

Of the four sunlight-shading types that were the most frequently used in
Geumsan, PE quadruple (double black and double blue) fabrics showed the lowest
rust occurrence (3.7%) and the fabrics made of 'reed hanging screen + rice straw
+ vinyl + PE double fabrics’ showed the highest rust occurrence (52.5%) with
1.7kg per column (the smallest quantity) in terms of quantity.

3) The influence of soil covering on the chemical properties of soil
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When soil covering was performed on the 3-year-ginseng farm having disorder
of salt-accumulated with four kinds of materials (yellow soil, activated carbon,
ocher, and elvan), the EC of yellow soil showed the highest adsorption of surface
soil salts with the change in salt level from 0.2dS/m before soil covering to
6.60dS/m after soil covering; activated carbon also significantly improved the level
from 0.3dS/m to 4.10dS/m and this result was consistent with the reports that
activated carbon adsorbs large quantity of salts.

4) The influence of soil covering on ginseng growth and rust occurrence

When soil dressing was performed under sunlight-shading net made of PE
quadruple fabrics with use of four kinds of soil-covering materials, the
underground root weight of 6-year ginseng was the heavier (150g/piece, 167%
compared to non-treated ginseng underground roots) and excellent result was also
obtained with the area treated with yellow soil that showed no occurrence of rust

compared to 20% of rust occurrence in non-treated section.

2. Identification of the effect of treatment with microorganism substances, soil
improvement substances, and reduced water to improve rust in ginseng cultivation
fields

1) Selection of wuseful microorganism substances and soil improvement
substances to reduce rust.

Of the soil improvement substances that can prevent rust phenomenon in
ginseng improve the chemical properties of ginseng, when the effect of treatment
with humic acid was analyzed, non-treated section showed the best growth (2.96g)
and significantly low occurrence of rust phenomenon compared to control section.
In terms of the results of treatment with five kinds of growth motivation
substances, Goemar-treated section showed the best underground growth (2.59g)
and the lowest rust occurrence index (0.4). When the soil was treated with four
kinds of marketed microorganism substances, treatment with Batguana showed the
best underground growth with root 1.56g of weight and 17.3cm of root length but
treatment with Bio Doctor showed the lowest rust occurrence index (0.2).

2) Change in the chemical properties of soil with treatment with microorganism
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substances, soil improvement substances, and reduced water to reduce rust.

When the soil was treated by mixing humic acid with soil before seedling
transplanting in farmers’ field, soil acidity was 0.170.5 and phosphoric acid content
was reduced by 10720mg/kg; when compared with control section, salts were
accumulated near to surface soil of the section treated with humic aced (075cm);
and when the change in chemical properties of soil was analyzed with treatment
of 2-year ginseng farm with carbonized chaff, the acidity of soil was elevated
with increasing quantity of carbonized chaff used and the adsorption of salts with
largely increased organic contents was low. Also, when the chemical properties of
soil was analyzed with mixed use of carbonized chaff and organic fertilizer, the
section treated with 66.66g of organic fertilizer and 20 liters of carbonized chaff
showed about 17 times of high salt concentration in surface soil (6.6dS/m of salt
concentration) compared to control section and indicated that the acidity and salt
levels of marketed organic fertilizers should be inspected before use. When the soil
was treated with toluene that is an antioxidant, the acidity of soil was somewhat
increased and phosphoric acid content was somewhat reduced.

3) The effect on ginseng growth and rust occurrence reduction when treated
with microorganism substances, soil improvement substances, and toluene.

When the ginseng growth was analyzed with treatment with humic acid that is
a soil improvement substance, the section treated with humic acid (8.33g/column)
showed heavier root weight by 0.3g compared to control section; in case of the
section treated with carbonized chaff, heavier results were obtained with increasing
quantity of carbonized chaff and the section treated with the mixture of carbonized
chaff and humic acid (20 liters and 66.66g/column, respectively) showed 6.4g of
root weight and 23.1cm of root length (about 3 times of root weight and 1.5 times
of root length compared with control section, respectively). When the ginseng
growth was analyzed with treatment with toluene that is an antioxidant, it seemed
that ginseng growth is not significantly influenced from the times of toluene
drench but rusty phenomenon was reduced with increasing times of toluene
drench.

V. Implication For the Application of the Results
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1. Planned ginseng cultivation farm should be managed for two years and humic
acid and carbonized chaff should be used to improve the physical and chemical
properties of soil.

= Expanded dispersion through technology introduction to farmers and model

projects.

2. In case of developed land or soil covering field, ginseng should be seeded
after effective improvement of physical and chemical properties of soil with
treatment with humic acid and/or carbonized chaff.

3. Field grafting of ginseng cultivation technique in the area with possible

environment-friendly agriculture.

= Establishment of low—agricultural-chemical and environment—friendly
ginseng cultivation techniques through development of the methods to treat with

soil improvement substances.
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A abe]l Fy o ¥ &F% 79 superoxide dismutase(SOD)&A] (units/mg protein)<
Borelol wla -z 359, 2,08 = okar, A WA e ] catalase 29 °F 1.6W) =%
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polyphenol oxidase® T &]o]< 33}
of olste] &dstHM, R 2 Cl o] &2 S 7HY (A &, 20005 o], 1984).

Tyrosinase®| ©]&F tyrosine®] Abstol ogh AW UF ofxF{e} A Fo Zo
JojA wl$ FL23} tyrosinase diphenol XA EZ H+E 4T diphenol =
Eo| AstE = Ao Btk (A 5, 2000; ©], 1984).

Peroxidasei= Fe-porphyrin &S A4 T2 A G424 H0:9 EAA
catechol, pyrogallol, hydroquinone, guaiacol, catechin 52| phenols 5& *F3}35}o]
quinones AA3SFIL, ©] quinone®| T Esle] ZHo] I HTE  peroxidasei= 2 & A
of de] #x3}i, 53] horse raddish, 33, 15u, 5 59 FHeo] FHsrH(A
5, 2000; ©], 1984).

FEe RAoA T3 BREHE AWALS FES ASATIE T8F 8Ao0EAH
AW Ao 3rEol e HEsFEEY Atstel "W wdo] Jlow 53] A%
T ol ¥Hw3lstEe Wiy & Aoz "we FHUuh (Blenkenship and Richrdson,
1985). B-Folol = F= chlorogenic acid (Cheng and Crisosto. 1995), Al¥}ol A=
chlorogenic acid, catechin % epicatechin®] At3}= 2l&le] ZWE= HAoRE Hi F
At (Murata 5, 1995).

7)
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Tl A= 2y, BS W aAZA A Aol 23] FEE = olgt SW E
= e F=2 polyphenol oxidase(PPO, E.C.1.10.3.1)o ¢]3l ¥ =31352] AF3}o
2 49y 284 e (Costeng and Lee. 1987; Wu %, 1992).

©
Hd 3 AirE ‘A (waxes, surface layers)S zral ol 7o &4E A o=

1)
= T U, FAES e 2U1E AAGAY 7] diled COH NoE tiAgHe
24 Aol AAE & Avk(H 5, 2000; ©], 1984).

Maltol2 PPOE JA|&tA]+= E3FA W o-benzoquinones®} ZA3Hs= 53 22 kojic
acid= PPO% o-benzoquinones R ®W-&sto 23 brownings ZEtHH 5,
2000; ©], 1984), benzoic acid®} 4-hexyl-resorcinol® 72 competitive & A4 = 2%
o] AWMS =4 F-83Fth. Ascorbic acidet #Z2 3H A= polyphenols®] Ab3lol ¢
st A ¥ quinones FHFEHE FAU, FAbE 24 & &3lEH e AMAE

SAANAA ZAHE At 39S 7R SHEEE (sulfhydryl compounds)
¢l cysteineo]t} glutathione & JAol] 9o zZwWoxzgo] ged, oAS
ascorbic acid¢} W-E3stH AW Ao v Fastth(4 5, 2000, ©], 1984).

ob &4t A(sulfide salts)e] §He TAES gHH o=z gAste] F=r}. 0,0005M
o] NaHSO3 &4l ¢]aste] of 60itolH geo] 25% = THAE I 1200l &4
3] 1 &¥o] AdET. Fe =+ Cu ©] w4 ione &40 @AS FXFoR
o5 ol AAsAY g&Hom @ &Y VFE AMEsHA dow AWs AT
T AU

FVEAS Alternaria alternata, Fusarium oxysporum f. sp. callistephi, F.

53]

oxysporum f. sp. tulipae, Phoma narcissi and P. poolensis®l] tslo] A #] &3}

= AN L(Saniewska, 2001), 71€l EFAH = Fusarium yellowse] i &3 by &
2 A FAAAHBell 5, 1998). 71EAF ZEL (05-29% &H) Haol wl, 719 %

o] g & Fajo FHAAHTFDu &, 1997).

Litchi®] €vwl& 0.1% thiabendazole(TBZ)dl H7he = 1.0%4Y 2.0% 71E4F €
(1h) anthocyanin, flavonoid 12 3l, % phenolics content®] W3}E A AA|F 1, =
g, PPO &9 S7FE AdAZeH, 53] PODEA A S717F A E At o] g
W3lE Aol W3lel dAE Wt Zhang and Quantick. 1997).

EFutdd AgH =& 559 Wl o2 HIWs nhEo] st £RE A

At F 59 A E(Fe0)S 8l =2y gol2(H0)0] F-EEQl 434138 (Fe0n) =

off
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Table 1. The rustiness as affected by wound and inoculation of bacteria

Treatment Rustiness ¥ (Hue value”)
Control 113.3+2.5a"
Inoculation” without wounding 108.1+4.4a
Wounding 85.8+2.7b
Wound inoculation 57.5%£3.9c

YRustiness was measured after treatment 14 days . "Hue value(Hue angle®) ; O° =
red, O° = yellow, 180° = green, 200° = blue, “Inoculation with CG20126 at 10° cells/ml.
Mean scores within a colummn followed by the same letter are not significantly different (P<0.05).

A B C D

Fig. 1. Rusty symptoms of ginseng root induced by the artificial inoculation of

bacteria isolated from rusty ginseng roots (Inoculation of CG2026 and bacterium
concentration 10° cells/m¢). A : control, B : inoculation without wounding, C :

wounding, D : wound inoculation.
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} 9tk (Lee et al., 1981).
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Fig. 2. The rustiness affected by horticultural and paddy rice bed-soils. Rustiness

was measured by inoculation of CG20126 at 10° cells/ml after growing ginseng for

Panels A : horticultural bed-soil,

14 days. To see the Hue values refer Table 2.

B : paddy rice bed-soil.
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Table 3. Effect of soil moisture on rustiness.

Moisture concentration Rustiness ¥ (Hue value®)
10% 96.2+3.5a°
20% 85.9+1.7b
50% 78.0+1.5¢
70% 75.7+1.2¢c

“Rustiness was measured by inoculation of CG20126 at 10° cells/ml after growing
ginseng for 14 days. ®Hue value(Hue angle®) ; O° = red, A = vellow, 18° = green, 20° =
blue, “Mean scores within a column followed by the same letter are not significantly different
(P<0.05).
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Table 4. Effect of several organic fertilizer on rusty-ginseng occurrence.

Treatment of Rustiness ¥ (Hue value)
fertilizer Non-wounding Wound
A 108.2+1.9a° 31.7+2.2d
B 92.4+£2.5¢ 35.2£2.8d
C 104.2+2.8b 27.8+1.7e

YRustiness was measured by inoculation of CG20126 at 10° cells/m¢  after
growing ginseng for 14 days. “Hue value(tue angle®) ; O° = red, 9° = vellow, 18° =
green, 270° = blue, “Mean scores within a column followed by the same letter are not significantly
different (P<0.05).
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H 5(2002)& AWate] e - 1o EAS nedd uw AU LA FLAEH
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green, ZAP = blug

62.8+2.6a
55.6+3.1b
48.8+1.9¢c

inoculation on rusty-ginseng
64.8+1.5a°

Rustiness ® (Hue value)

Bacterium concentration
(cells/me)
107
10"
10°
10°

YRustiness was measured by inoculation of CG20126 at 10° cells/ml after growing

ginseng for 14 days.”Hue value(tie age’) ; = red 9P = vellow; 187
“Mean scores within a column followed by the same letter are not significantly different (P<0.05).

Table 5. Effect of concentration of bacterium

occurrence.
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s, 1984; & 5, 1987).

o1kel Awe L (1909 o&] HEE B Hdr LHE 3 dEgA <
Ahate] o] Fel A e qbd Aol wWwto] Ar|al A Sy EA &
o= WHEZ=AZA FiA7= WAS #FEEI Erwinia  carotovora  subsp.
carotovora (Erwina araliavorus= 7] Aol gk A F-®oletir WH st 1 $of
Lee (1972)% ZAXHM LS E carotovora subsp. carotovora®l ]3] At sk}
Ahn 5 (1982)2 EGESAE st AR Aol =4 Hava 3,
Chung et al. (1985)2 A4te] Aol EoFe] 9 ®HATe HY, AudF 59 =
g3k skl ofa] sk o] FuiAleln, o2t Wale] &t f7k H| 5]
Al A7 7]#elgkal skl

Aol wol WAeE Ao R= EYY IAF (F T, 1996), Wi B (5 5,
1995), M= F71EdAFY] A& (A 5, 1985), E¥9] s
A FEwE] (5 5, 1996) Sol@tn Rkt H
Yun Yang (2000)0l] oJ3t¥l AW@Ade Ao FAsfEs LAY F v EGY B

-
Qikel AR vigme] Ago] oa fuHtin sho] wago] AWaste] el

e

~
N

Aq

ey M
i

o 7HA @Al fa 2FEH i des T JEFE B

N
N
o
)
B
rlo
N
= 9

l b
o olgl&e A e AAel kM 2 A Ay
<

d-835t7] skl WAl o3 A B FEATs A AT

,53,



A2d Az R B
1 WAAEe el

A At sto] F&mdel A Aufg 4d Q1A =
o QlatE ste]l ARgsth 70% ethanol¥t 0.5%
At A LAV EFOR B Adtete] AR AW 1395 Zeblo] A A&

S Hitdh tubedl Wal vhEdch Ey el A3 2 vkd] #YLS clean benchol A
AA AT w24 A5 E 7bete] 10'~10°2 348 1 King's B agar
(bacto peptone 20g, KoHPO4 - 3H.O 1.5g, MgSO, - 7TH.O 1.5g, agar 15g, glycerol 15
ml, =55 14; KBA) vlA 7} 0]+ petri dishel 10002 S 7}sle] o] =5
SdskiTh 27Ce F27]oA F AEHE 2~3d93F vjget & colonyTE S5
o A3 A27)7F BE colonyE AEEtol KBA wjA|ol A 2-33] A wi¥oer EoE
23 & 15% glycerol¥} &35tste] -80TC oA B#stdA Hwst 3 2 A
Aol Abg-skaA T

™
=
HEdez Abgatsint. 4ade] ddstel U s
sand paper® @2l FAE Wi HJFeAT HEFE A4S 10x20 no] dFF =
gtaE 7)o did FEE Yol QAS A 25T A 253 & thaol AwdA
™
=

#rg dEskel vwakch

3. A¢%H 54 #A
Awgtozie #eld Aol 5434 Schaad (1983) 3 Holt & (1994)] %
ol sl AAstA.

19
g

4. 16S rDNA 39 ¢ d7IA 48 4
16S rDNAE Z440¢ Wow ddZzUzYE FZAZd. 16S rDNA2] PCR

Z%2 Stackebrandt & Liesack (1993)el <3 7]&¥ 27F % 1492R primers ©] £
sto] AAE AT PCR 2713 47149 42 Chun & Goodfellow (1995)2] W of
wz} AAEST $Z ¥ PCR 4HE 2 QIAquick PCR purification kit (Qiagen)< A}
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g3l =3}t 3% 16S rDNAE ABI Prism BigDye Terminator cycle
sequencing ready reaction kit (Applied Biosystems)®} automatic DNA sequencer
(Model 377, Applied Biosystems)E A}&3to] A7]Ad 4S5 AR 16S
rDNAY 7192  GenBank®] W1l sequences &3 F2Po=Z  alignshlom,
PHYDIT Z223 (Chun et al, 200002 °l&3te] d7IMLs Aelsta AeEds

ERETES

A3d dxn " ud

1. Ao A 2%

Aol WA Alte] UE=E FARSE A= Table 63 2ok AL MadEs
9.6x10'~15 x10* cfu/g fw (fresh weight)o] 3, AW %7]Z4S JeER)E 59 9
WA ATFEEE 14 x 10" ~34 x 10cfu/g fw, Z#o] Ag Re] AFUEE 37
x 10°~5.1 x 10'cfu/g fw= o]l Asidel wet Addert aA Z7hstsiet o9
ol A RglolA Aite] Wwrl wolxe AL AsrzAd WA Aol Hw

A4t gl 9ee AT

Table 6. Population of endophytic bacteria between normal and rusty roots of

ginseng.
Degree of rusty Bacterial population (cfu/g fresh wt)
Healthy 96 x 10'~15 x 10
Mild 14 x 10" ~34 x 10°
Severe 3.7 x 10°~5.1 = 10
2. Aw &

Ao mEE Feg Aol g AW F A== Table 739 2k CG20111,
CG20112, CG20116, CG20117, CG20122, CG20127, CG20130 #++= A WS oFelAl

,55,



ek e, CG20101, CG20102, CG20103, CG20104, CG20106, CG20107, CG20109,
CG20110, CG20114, CG20115, CG20120, CG20121, CG201125, CG20128, CG20129,
CG20131, CG20132 5+ TAEZ fdstalen, CG20105, CG20108, CG20113,
CG20119, CG20123, CG20124, CG20126 wF+ AWE AstAl fFksto] dF3te] 4
MR AEsE sl ekl WARF) AR O ARAE 3

QA Aat AWk At (Fig 3).

Table 7. The occurrence of rusty root by artificial inoculation of bacteria isolated

from rusty ginseng roots 14 days after inoculation.

Isolate No. Degree of rusty Isolate No. Degree of rusty
Control - CG20116 +
CG20101 ++ CG20117 +
CG20102 ++ CG20119 ++
CG20103 ++ CG20120 ++
CG20104 ++ CG20121 ++
CG20105 et CG20122 +
CG20106 ++ CG20123 e+
CG20107 ++ CG20124 e
CG20108 et CG20125 ++
CG20109 ++ CG20126 e+
CG20110 ++ CG20127 +
CG20111 + CG20128 ++
CG20112 + CG20129 ++
CG20113 et CG20130 +
CG20114 ++ CG20131 ++
CG20115 ++ CG20132 ++

+ @ Slightly rusty, ++ : Mildly rusty, +++: severely rusty.
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Fig. 3. Rusty symptoms of ginseng root induced by artificial inoculation of
bacteria isolated from rusty ginseng roots 14 days after inoculation. A : control

(sterilized water treatment), B : inoculated (isolate no. CG 20105).

WA o8 e Evel A @il wel Aolzk dRen Has
JAY Azz 2eAE AR Jeud. 2oy AR w#sE 1E9 A4

I AAE WA Fa Ads HES AN AHdAdo]l yEhA @kt ol
(2002)el ofstdl QIatxz o w e Zeldh At Qi Aejxsh whgsho] HaA

o EEdAY dFelu slFe] dal, wFoliol o el

=
AF7HA Ba | AWl ol wAstE B4 B¢ B - g &%, 71
£, vls F71Ee AR T2 AlEHo] = djle] HER v 2Ae

sko] Alxtol sl T4 ek Ao AWl WAst= Aow FAHET

aHy e wAEQ Cylindrocarpon sp., Erwinia sp., Pseudomonas sp.,
Kurthia sp., Bacillus sp. 5 (Chung, 1974; & %5, 1979; Yang et al. 1997b)2 ¥4
el 4% R A&l Belsht AN Aot fAF A Fol ol B
B ATAs okzhe] Aolst Uitk olel@ Arks VB FRe) e He|elx,

q
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3. AW T AdEd 54

AMpomFE gk WAAT FolA AS Foste Alde F9 54 Table
8% 2t} 317 w5 F Gram Aol 243, Gram FAro]l 7T E Gram &4
o] HEo] =A Ueuth s H R FAsE d e FUIHeR SAse dF
= 47 REFAH aHyY HAEZAE FAsE w2 B EA FkHh o9k 2ol
A E G 77 gEES Gram ST, FAgdto] dF AT

4. 16S rDNA 999 d714 <4 £4 R AF 54,
AWE frdsks Aol 16S tDNA 97144 #4% 23 Table 94 ¢k #Zeo] &
A Ad. CG20101, CG20102, CG20126, CG20129 <=  Agrobacterium
tumefaciens, CG20103 =% Variovorax paradoxus, CG20104, CG20105, CG20107,
CG20109 =+ Pseudomonas marginalis, CG20106 T+ Pseudomonas sp.,
CG20105 FF+=Microbacterium oxydans, CG20110 % Rhizobium tropica,
CG20111, CG20112 =+ Burkholderia phenazinium, CG20113, CG20116 5
Lysobacter gummosus, CG20114 ¥+ Rhodococcus erythropolis, CG20115 i+
Rhodococcus globerulus, CG20117 w5+ Lysobacter gummosus, CG20119

e

rie

Rhizobium leguminosarum, CG20120 T+ Microbacterium luteolum, CG20121,
CG20122, CG20123, CG20124, CG20125, CG20130 5+ P. veronii, CG201127 5
T Streptomyces fimbriatus, CG20128 ¥+ Microbacterium luteolum, CG20131
= Ensifer adharens, CG20132 5+ A. rhizogenes® ZtZ} 54 ¥ 3t
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Table 8. Characteristics of bacteria isolated from rusty ginseng roots.

) Fl E
Isoalate No. Gram stain u.orescent OF test Potato ndospore
pigment rot forming

CG20101 - -
CG20102 - -
CG20103 - -
CG20104 - +
CG20105 - -
CG20106 - +
CG20107 - -
CG20108 + -
CG20109 -
CG20110 -
CG20111 - -
CG20112 - -
CG20113 - -
CG20114 + -
CG20115 + -
CG20116 - -
CG20117 - -
CG20119 - -
CG20120 + -
CG20121 - -
CG20122 - -
CG20123 - -
CG20124 - -
CG20125 - +
CG20126 - -
CG20127 + -
CG20128 + -
CG20129 - -
CG20130 - -
CG20131 + -
CG20132 - -

++ -
+++ -
+++ -
+++ -
+++ -
++ -
+++ -
+++ -

+++ -

+++ -

Q0000000000 O0OHOHTHOTHOOOOOOOOOOOO

- Negative reaction, + : Positive reaction.
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Table 9. Bacterial species identified on the basis of 165 rDNA sequence analysis

data.

Isolate No. Identified bacteria Isolate No.. Identified bacteria

CG20101  Agrobacterium tumefaciens | CG20117  Lysobacter gummosus
CG20102  Agrobacterium tumefaciens | CG20119 Rhizobium leguminosarum

CG20103  Variovorax paradoxus CG20120 Microbacterium l[uteolum
CG20104  Pseudomonas marginalis CG20121 Pseudomonas veronii
CG20105  Pseudomonas marginalis CG20122 Pseudomonas veronii
CG20106  Pseudomonas sp. CG20123 Pseudomonas veronii
CG20107  Pseudomonas marginalis CG20124 Pseudomonas veronii
CG20108  Microbacterium oxydans CG20125 Pseudomonas veronii
CG20109  Pseudomonas marginalis CG20126  Agrobacterium tumefaciens
CG20110 Rhizobium tropica CG20127  Streptomyces fimbriatus

CG20111  Burkholderia phenazinium CG20128 Microbacterium l[uteolum
CG20112  Burkholderia phenazinium CG20129  Agrobacterium tumefaciens

CG20113  Lysobacter gummosus CG20130  Pseudomonas veronii
CG20114  Rhodococcus erythropolis CG20131  Ensifer adhaerens
CG20115  Rhodococcus globerulus CG20132 Agrobacterium rhizogenes

CG20116  Lysobacter gummosus

o3} e Avke Aite Palst AwWe Yot FLF adolg ALL 9
5% & 9Arh Qa9 "Awe Tyl WA R9, Rost 9, YAE we
Bl A hebbel, Aol wAsE Azke] Aol meh AW, FopEE AL HYA
9l Aelurhe Aol AAstel AT FARA HH Fojs)y) Wty Y7
ohoolsh go] witel Pl - AN 532 meld u) AU YEH, FYEH
a9l g EAES &Y 2@ VPR FPoR Euld FuBPol g

z G343t A wa )T
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HWbe QA Ed B £

7HA] FhRle tia A= ¥e] A% A

ol Awats A AEtel AuAE AESAT. A 1

Qlabel A9 096~15x10" cfu/g fwol Biatgort ol AF H¢E 0.
= n

51x10" cfu/g fw= A4 Qato] Hste] Wm7}h mf$

N
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Agrobacterium tumefaciens, A. rhizogenes,
Burkholderia phenazinium, Ensifer adharens, Lysobacter SUMIMOoSLus,
Microbacterium luteolum, M. oxydans, Pseudomonas marginalis, P. veronii,
Pseudomonas  sp., Rhizobium leguminosarum, FE. tropica, Rhodococcus
ervthropolis, Rh. globerulus, Streptomyces fimbriatus Variovorax paradoxus®| At
o2 FAaEdrt. wmebA QAR dAe UM Y 2 FA |Qlgk A
ow FAH
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47 161-166.
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with 16S rRNA gene sequences. Int J Syst Bacteriol. 45: 240-245.
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Aol whAlskd Q14te] WA o] AstE o] o]l At A Alx
FAAsY delo] Ho} (5 5, 1987). Heo] AidAde A6 gfH o
= =9 2tshe} sk #HEo] 9lom (Blenkenship¥t Richardson, 1985),
E-oolol M= % chlorogenic acid(Cheng®} Crisosto, 1995), A}¥}ol A4J+= chlorogenic
acid, catechin % epicatechin®] AF3}= 2ldle] ZAWE = ZAo g W HJtH(Murata
=, 1995). ol#)d Z3W wi:= AWe& F=2 polyphenol oxidase(PPO)el| &3 ¥ =3}3t
=9 Absle] Qs Aoz deE dEA A THCoseteng Lee, 1987, Wu 5,
1992) peroxidase’} &1 ¥ S 7Fe A= A A E A tHForget¥ Guaillard, 1997).
Hdol F¥ AAS FE Z4aHS AW el oa HAst VEA R 27
= A7 EA415 = 2794 polyphenol oxidase(PPO)&} peroxidase(POD) S-o <]
st A Hs StEY §47 Abst #goletal e th(Richard-Forget®t Gauillard,
1997). #= 3}stEo] 2bstE o] FAH O-quinones o] F§ste]l WF&Ado 4
A Z(melanes)7F A H W, 2w Foje] e Aok A Fls % PPO9| dhkol

10

A%
filo

_l

FgFS w=tha s Y (Nicolas &5, 1994, Williams 5, 1985). F38F #l& slgE9] =
e YH zAHL o FZ < #3 9 subepeidermal layersel] © & Aoz &
4 2 tH(Bengoechea®} Sancho %, 1997).

oj9} o] EF <@ A =l o dato] stressE Wow i A7) W

)

AR A =43 AL ELo] = wEHe] o F o] TH I 97
gt }A4ES =4 o= ligningt WA= subering} ¥ Thil st o]
EY F9 Feo] duA 543 Yol HWA olE

Ao la) itel FAEE BWE Methanolz B717H(1271¢) BA sl F%
She A9 el FMBAl §EHY, oo hE AMEL Huite] Akl v
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f13te] ascorbic acidE 10%= &3llste] H7bgk thy 80% ethanol 10mlS # 7}s}o]
i Bk mpAlE Tl 1213l water batholl Al 60 ColA 30%7F WEd & AR
(15,000rpm, 20+, 20C)ste] A HS falcon tubee] Eo} total volumes 40mlz #
Fotel EAANER AREEAT. F dlE 82 AR Imlel SFF Smls 3 7keo]
ImlzZ F=NS 314 3le] phenol reasent(Hayashi, Japan) 1mlS % 7}s}e] vortexing
3 & 5% %o 50C sodium carbonate 1ml(35%)E % il vortexing 3Fx A A] 7

S 2A17ko] At H 725nmol A FHEES S48

5. Polyphenol oxidase(PPO) &4 =3

PPO AAl= & ANS FE67] 98] AvEelel dd59e 195 747 3g¥ &
0.05M phosphate buffer(pH 6.8) 10mlE 73k v} wla 3k & phosphate buffer
10mlz 12+ Alxska 5ml= vhie] AFstdh AAe 8945 30min(15,000rpm,

0C) Bt AR F AAae zasdon HaYh 2aAAS 02m¥ 1079
Al Boll Wil ice bath Aol B3t PPO &84S Wong 5(1971)9] WS Wy
sFo]  zZALSFAA T AolS wg ol (0.05M citrate buffer(pH6.8) 2.6ml ¢ 1.25%

pyrogallol buffer(citrate buffere] %) 02mlS ¥l 30% FoF ¥F3A#A 450nme

gl g o] e 01m ©d + BCA(bicinchoninic acid solution ; copper sulfate
= 50:1) 2.0mlS &3ste] 42 v} 37C water batholl A 303t shaking(rpm 30)3%F
T Ao r A3 562nmel A F3E=E S8tk PPO(Polyphenol oxidase)§t[ 40D
at 450/gFW/min]& UV %t x volume(F&Y ml) / A Z(g) / 3(34-5A17F min)Z2 A
AF5F9 AL, proteinklgm protein/g FWI]S (UV F-y=) / 7127] x volume(FZ%) /
MZ(g)= PPO EA[A0D at 450/gFW/min]> PPO / protein & WE}HTH

6. Fuo] WE Yx A}
Aue g AEe] e AEE ARGt A=A Agstel 2o, 11

13} #Zo], Hue angle, a value #to % YERH O] v 3k}

Hue angle(®) = [ATAn(b/a2N] x 360 — 0° = red-purple, 90° = yellow, 180° =
bluish-green, 270° = blue.
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A3Hd dxn 2 uF

1 AT A Hd A

AWAatel A el gk CG20267 5 HEske] 1, 10, 20, 30Y Fo MEAE o] &3]

W A HEE FAE Ad= Table 103 2ok 1, 10, 20, 309 $9] Hue angle %t
101.2, 10 % 95.90, 20¥¢ % 90.05, 30+ 60.89= T HAF 106.00] H]slo] FH-2

o7 WHHISFS & F Avh Yy A EEE AW ge 4T A¥

Hue angle #tEth SHA Uebs: 309 Tl =A359

0w AZbE T

2 A}

Mo

=
X 3

1=

%

Celel @ Aol AFHE F

7]

Table 10. Effect of incubation period after inoculation on degree of rustiness on

ginseng
noculation Heu value'

Healthy root 106.0
Natural rusty root 447

1 101.2

10 95.90

20 90.05

30 60.89

“Hue value ; 0°=red-purple, 80°= bluish—-green, 90°=yellow, 270°=blue.
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Fig. 4. Rusty symptoms of ginseng root induced by artificial inoculation of ba
cteria isolated from rusty ginseng roots. A: one days after inoculation, B: 10 days
after inoculation, C: 20 days after inoculation, D: 30 days after inoculation, E:

natural rusty ginseng.

2. AW A4e] polyphenol 3
Ad47 A St Aa FolA AWAET FHHE] A AW A=T)
1 5355 54 A= Table 117 2
0

64, A7 AL 07002 A
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Table 11. Comparison polyphenol contents of healthy ginseng, natural occurrence

rusty ginseng

Healthy Light rusty Heavy rusty
ginseng ginseng ginseng
Polyhenol contents 0.53" 0.64 0.70

Y Absorbance at 720nm.

CG20113(Lysobacter gummosus), CG20123(Pseudomonas veronii), CG201263t
(Agrobacterium tumefaciens)S Q&2 02 HEdto] futy Hwabo Zolds &
o] WstE 720nmeoll Al 73 A¥= Table 129F 2ol CG20113¢ 2] AW f et
& HFsHA &S FAHYUTY BF 19 Fd FFE7F 0417, 59 F 0420, 10¢
0.433, 209 + 0437, 30¢ Fel= 0452 ©]At. CG2013++ —4 2 Wkt
gk 1Y $ofl= 0434, HF 59 F 0435, 109 % 0455 20¢ % 0471, 30¢ % 05
= FAETEY FF=7F 242 0016, 0.015, 0.022, 0.034, 0.062= HE § L7t

5% atel7t FbEkh old @ Ade Awe] YEALE Eelslm 3ol

ot N

ol

ol 40»

s dF

HHU
—
N

&
olX

olX

PARE
= =2
AW bl CG2023T 5 HE 1¢

4 = 0

% 0517, 208 3 0524, 30¥ % 05720|%l o AW Fubito] M%Loﬂ% 1
_“;c_
_?_

u:Zi o

ol 043, 5% & 0450, 102 F 0483, 20
Z3} FRE AolE 19 Foll 0021, 52

=)
o
—
o~
—
(«)
{7
o
=)
o
w
=
[\)
S

A
(@)
(=)
)
3
w
S

Coo6 TAE GBB TANE AF F A BHBEE FHE A9
W, AgTe FALT 1 5 10, 20, 300 ¥ FAE Aol: 47 0021, 0024
0.014, 0.019, 0.081°]At}. o] A¥= CG2001wFHH CG2031w 52 AW

of Abdel] dksie] Ade 2291 CG20113+F, CG20237tF, CG20267tF7F AR
ans Qg
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Table 12. Comparison of poyphenol after inoculation of CG20113, CG20123,
CG20126

Days of Inoculation Inoculation Inoculation
inoculation  Control (" Gonts  Control - (T Esn19g - Control - (TG Go0196
1 0.417" 0.434 0.431 0.452 0.440 0.461
5 0.420 0.435 0.450 0.464 0.451 0475
10 0.433 0.455 0.483 0517 0.472 0.436
20 0.437 0471 0.497 0524 0475 0.494
30 0.452 0514 0524 0572 0.491 0572

V" Absorbance at 720nm.

PPO2] &4-& polyphenol®] Aol 4Ad st

U ZdeskA g5 e &4do] asty] wEoldtar AzEn

= AR 9ulo] upgZo Ry AWyl Ao w dge wel 993 up

A 3] phenol A S7Fetal PPO &2 sropA A e &40 gle H2 AX
7] wjitolehar AzhE

I T AAEAYS O 24 ol e dHEstdEe] Abstel WA #Hol

Rom 53] A F ols FEIFEe Wiyt & Ao E HE 3l vh(Blenkenship ¥

Richardson, 1985). &-%olo] A= == chlorogenic acid(Cheng®} Crison, 1995), A}¥}

o ]+ chlorogenic acid, catechin 2 epicatechin®] AF3}t2 ¢l&lo] ZAHE = Aoz W

= At (Murata %, 1995).

ZHHe A EA| 7} A7 o]l g o g o] HHEAS =Hsto] Hw o] Wt

S

Aow FAH Jrh & Aol Hdxdatel Hlste] polyphenol 3ol S7hg

A== 3]
71L& olab2 AW E o) phenolic compound 33} Fed] &afo] =1(4 % 1985), W
#3] Fol+ phenol /‘é 4 ggfo] =t B sk o](1990)9 H

=
ojf
op 4
no,
N
o
o

CG20126 & AT 1, 10, 20, 309 F<] A4fozRE F5
= 19 39 2 X*% A7t SAETE ANETE Srstow, oM A¥
73

h=]
polyphenol9] &F %=} &



3. Hwstel Eeds SAGAY &4

At Axsel EEdE SAITA(PPO)S &8 vue A= Table 13%
2ok Ad dee] Awake]l PPO €492 0.044/protein® 2 14 0.0870 Hlete] €
T SAE Skt o] d A AR Awake ARzt 717J°]

471 el Az Hmol HYdeR olv] WEEly] wiEol PPO &/de]

°olF HF3d AWt PPO A 0.040/proteinii A9 0.085xTh

: g4 o]

Soldl AL T & AT AT AED skl F PPO BAL 065301 FAe

o] % PPO Z4L 040302 FA o] v]ato] 27}0} ABREe Akl g
A% PPOS] BA0] W& AL HED AT wuHo] @) urow A7

A AT Aol AWARY wude] darel ez & el A Al

o WEst Brhi A 520029 wash #de] g Ao A7 AF HTse

g AW AE dulde] Fare] e AR A7 HAEF Mwel 9@ Ao B

Table 13. Comparison polyphenol oxidase activity in rusty ginseng and healthy

ginseng
Lol . PPO activity
PPO(mg - g FW) Protein(mg) (PPO / protein)

Rusty ginseng (nature) 0.299 6.818 0.044
Healthy ginseng(nature) 0.347 4.005 0.087
Rusty ginseng

0.653 16.228 0.040
(inoculation of CG20126)
Control 0.403 4738 0.085

A9l CG20113, CG20123, CG20126v 5 HE3ste] 1A 30 ] At
3 PPO%} Protein, PPO activityES FAFsE A3}+= Table 149 2. CG201137F+=
H4E T F, 1del= PPO#2 096901913, 109 F-ol= 145001 e 209 5ol =
1531, 309 Foll= 1.167(mg - g FW)E depdoh @ud e HE 19 Fos
170(mg - g 'FW), 102 Fojl= 372, 209 Foll&= 391, 309 Fol& 29.70]t}. 19|
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& PPO activity® FAFSte], 19 Fell& 0057, 104 Felle 0039, 208 Foll&=
0.039, 309 Fell&= 00392 FAFH ], CG20137FE5 HE3
& dAol AAACR FasA= Fa 109 ol FFH W sEo 24& UEhl
= ez yesth PPOgtel HF 209 Foll 15312 7Hg #A YEser 309 F
1= oAl Fashs Aol @M g =Y CG2013 #5 HFste] =

208 F7F 7w 391 309 Fell 2972 v sk A Ee] uEsith

r&'L
i
—
o
4
o
r
4
s
fin
o

2 9

Table 14. Comparison of PPO, Protein, PPO activity after inoculation of CG2013,
CG20123, CG20126

Days after PPO activity

‘noculation Isolate PPO(mg - g 'FW) Protein(mg) (PPO / protein)

1 CG20113 0.969 17.0 0.057
CG20123 1.089 19.1 0.057

CG20126 1.157 20.5 0.056

10 CG20113 1.450 37.2 0.039
CG20123 1.626 41.7 0.039

CG20126 1.176 45.2 0.039

20 CG20113 1.531 39.1 0.039
CG20123 1.767 45.3 0.039

CG20126 1.863 48.1 0.039

30 CG20113 1.167 29.7 0.039
CG20123 1.334 34.2 0.039

CG20126 1.406 36.0 0.039

CG2023¢ 5 AEste] 1delA 30¥e] A % PPO® Protein, PPO activity S
ZAFSE A3 HE 194 = PPOZES 1.089% 31, 10Y Fol &= 1.6260] o1 2045
ol 1767, 30¢ Foll= 13348 vebyth diEdEE2 HF 1Y Fol= 19.1(mg -
g 'FW), 109 o= 417, 209 Foll= 453, 309 o= 34.2019t}h. 1o uw}2 PPO
Fol, 1 $ol= 0.057, 109 $ol=  0.039, 20¢ Fl= 0.039, 30
T 0.0392 FAFH O], CG20237 &5 AT & 109 + o
AA o7 A= Fa 109 o] FHH Hld a5 dAS Uedle slew u

Bl Tl PPO7Ee] A& 209 To] 1.767= 7F4 =4 Jelygon 309 Zo= thA 7

o

o

O

activity S FA}F

FE = Hold &4d0] A

-~
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304 Fol= 140602 vghth gwldZe HF 19 FolE 205(mg - g 'FW), 104
Foll= 452, 209 Foll= 481, 30¥ Fol= 36.00]Atk. 2o wWE PPO activityE %
Abet, 19 Foll= 0.056, 109 F-el= 0.039, 209 Foll+= 0.039, 30¥ Fol %= 0.039%
Ao, | ol &Adol HashA 1558 3 o] 245
Ell= Ao & vepytth PPOgel AF 209 ol 7 =A dErs e 309 Fo

oo ek Agelglen, wuldd md CGABTFFE FEd 2AGAS
%

rr
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R
—
o
i1

O

1742 A3E gokstd AN FAES Tt AU nAEo] FAsEA Al
X5 FFstar o] wf FAE FHEFEAE AHAhe Eo] &AW polyphenol oxidase
of oJgte] = 9 FEAZE Wstal o] FEAES ks TSk vEaAAd %
§ow ZAWste Ao FAHHAY

polyphenol oxidase H| g 44 24
s =4 - - A= A — 4
st B ksl F39

Al 44 Ao

A= AWM A polyphenol 3% 2 polyphenol oxidase A 3o] #AZE 43
71 9late] A Asth polyphenol ¥ A% QIAtE T 2kd LAY AwelA] @k
o AHEAEI AEeE Frtste A g

of Eedls FEFE FAL A vlsto] Frbstdith

T3l polyphenol e HEF & A
27V 42 =7 sl nk Ao ab Al sl A kel PPO 284 9 A/ dwA e A A



AF wjste] gAdo] vttt 1w HFske] AT Awite] PPO &4/duid e A4t
1} o} 7:5

o] ZAdE T stk PPO €742 Ad4EY F7takai
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=0
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Cylindrocarpon sp., Erwinia

<H

2

2 mn (o] &, 2004).

A ARgo] elg A

I
H

B
=

=)
=

Hol= m A
sp., Pseudomonas sp., Kurthia sp., Bacillus sp. Lactobacillus sp., Micrococcus sp.,

Matsuo%}t

(A, 1968 A 1974, & &, 1979;

= Aot

HI

o

Neisseria sp.
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Miyvazawa, 1984; % 5, 1997, a3 % 2001). 13 dAA7tA HAHS FEsts dal
I 7)1 zfel ois ehdskAl B AA] i dow) AW o] W m AL oS
M & =o] A&ELL T

HT, 2 AFxe AHs

5 WAAT o3 AQ @] Hus} %4%}741 QHEIF AW He Felag
o

T
o
=
i
o
f
_V‘i
o
_>L
)
oz
=,
=

O
o
&

ol
o
_0|L
3
El
o,

o (F &, 2005). ol ATl WS Fishes Fdd A ddA = ofx A
A ko, AwidAle B4 e F suE Ade Hael we AW TAYS
7450}71 eI E Fae Aade EYG)

dTe AW wAe ddow AW f AT HS H FAS WA

el %A, MABAS EFF AAHTE, FAA 5 ol o5 g 4w

el S AR Aol A AAE Addste] Al 2ol Q14

frirol glel WAATES o]&ste] AmA B m A EA
Al Aol g ols #Fe HrAe AT King's WiA 00l AsAlE ALAA 4738
TER gMste] =t & AW {irS =Sl 1] Ao HE AR AFEE A
A= DDidecyl dimethyl ammonium bromide 10%), CIO(CIO2 24,000ppm), ODDA(Octyldecyl
dimethyl ammonium chloride 2.250%, Diocyul dimethyl ammonium chloride 1.125%6, Didecyl
ammonium chloride 1.125%, Alkyl diethyl benzyl ammonium chloride 3.00020),
GD(Glutaraldehyde 1.5%, Dimethyl cocobenzyl ammonium chloride 1%)& Z+2; 5008 &]4)s}
o} ARg-33dar, BEg NaClO(Sodium hypochlorite 99%)= 6008 8]4]5fe] Al-g-312l )

2. ZAA A g HAATS AT 24

King’'s 1A (MgS0O4 - TH20 1.5g, K2HPO4 1.5g, peptone 20g, glycerol 15ml, Agar
15g/1L)e] A\ WAATFS =gt 1 9ol 3AA disc(paper disc for
antibiotic)& =d¥< F, 28°CollA 33 wjFsto] AR L] A4S AT A disc
= 77t Ampicilin(10mg), Chloramphenicol(30mg), Erythromycin(15mg), Kanamycin(30mg),
Neomycin(30mg), Rifampin(bmg), Streptomycin(10mg), Tetracycline(30mg)7} E3= o] 2L
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gAA el EtAelE YA =, Neomycin (30mg)¥ Tetracycline(30mg)S 1:11% &%
3 NS F A7 paper disc @ Neomycin(30mg)¥} Streptomycin(10mg)S 1118 &

G NS FAA paper discE ©]-&3H

3.3 TR gA a3 HA

AHEE AR A, %A= 6008 B4 8 NaClO, ZH2F 50081 = 81418k Do} CIOE
1=z E£3% 9, ODDASH GDE 12 £33 & of&atsirh =3, 134 AA=
A v A E A (Mlcrobial agent, 408 3]4]), A& A&ZFZ A (Plant growth promoter
agent, 1000u] 3]4) 0.2% 7] E4HCEHI3NO5, MW 179.17, pH 58)& At&3to] 1 &
H=Z ZANEA Y FAA ZAE Neomycin 30mget Tetracycline 30mgZE 1:112 E33F
! 3} Neomycin 30mget Streptomycin 10mgg 1112 E3%3F A8 Z}7} o] &3}%
A B ARARA A&l E, Ao, FEES ARG

AAg gate]l AwWS A f¥¢stE CG20105(Agrobacterium  tumefaciens),
CG20126( Pseudomonas marginalis)E @& &, AUA2dS Fa AT

WAl A e oblE B w5 Agelel wgolAe] Aw wa o4

L

s
al,

2]
AYE A AA e 2AS 106 cells/mlZ 3413 zh7te] 55 1118 £33
oHo 2027 AAAH Y AT BAS S8k, ST BAS 47 ofAld 5%
AN F ST oAl WA AgE BARS ANFF SrbE A Stell A A

T xS 9E 2004 10€ 014, 200541 10€ 099 <QI4Hs =3kt 72+ A
g wEg 0748 Aol = 47, !
%

SER=
0; A7, 1; 1710%, 25 11724%, 3; 25% ol4h)o @ FHato] AMAERZ ZAlsto]

==
:j_Xg—y A xq?];l':_
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Table 15. Proliferation potential of bacteria isolated from rusty ginseng root in

response to various disinfectants

Type of disinfectants

NaClO" D/CIO B/ODDA  B/D GD/D ODDA/GD

: ; b
Agrobacterium tumefaciens - - -

Isolated bacteria

Agrobacterium rhizogenes - - - - - -

H

H
[

Pseudomonas marginalis -
Pseudomonas sp. - + - - -
Microbacterium oxydans - - + - - -
Rhizobium tropica - - - - - -
Burkholderia phenazinium - - - - - -
Lysobacter gummosus - + - - + -
Rhodococcus erythoropolis - - - - - -
Rhodococcus globerulus - - - - - -
Rhodococcus leguminosarum - - - - - -
Microbacterium [uteolum - - - - - -
Psudomonas veronii - - + + + -
FEnsifer adharens - - - - - -
Variovorax paradoxus - - - - - -
Unknown - + - - + -

? —; negative growth, +; slight growth, +; positive growth.

> NaClO; sodium hypochlorite 99%, D; didecyl dimethyl ammonium bromide 109,

ClO; ClO2 24,000ppm, B; benzalkonium chloride 10%, ODDA; octyldecyl dimethyl

ammonium chloride 2.250%, dioctyl dimethyl ammonium chloride 1.125%, didecyl
dimethyl ammonium chloride 1.125% and alkyl dimethyl benzyl ammonium chloride
3.000%, GD; glutaraldehyde 1.5% and Dimethyl cocobenzyl ammonium chloride
1.0%.

¥ / ; mixed treatment.
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Table 16. Susceptibility of bacteria isolated from rusty ginseng root to different

antibiotics

Type of antibiotics

Amp

Identified bacteria Chl Ery Kan Neo Rif Str Tet N/S N/T

Agrobacterium tumefaciens 106 9.7 197 9.3 125 115 103 115 165 180
Agrobacterium rhizogenes 9.0 ND ND ND ND &80 ND 13.0 11.0 19.0
Pseudomonas marginalis ND° 3.0 ND 98 118 105 88 10.0 19.0 195

Pseudomonas sp. ND ND ND 100 140 100 80 11.0 22.0 21.0
Microbacterium oxydans ND 90 11.0 13.0 140 9.0 90 13.0 21.0 18.0
Rhizobium tropica ND 7.0 ND 11.0 200 13.0 80 11.0 20.0 20.0
Burkholderia phenazinium 95 9.0 125 65 95 65 95 125 225 26.0
Lysobacter gummosus 10.3 10.7 90 6.0 83 153 97 107 17.0 187

Rhodococcus erythoropolis 11.0 9.0 150 120 16.0 12.0 100 11.0 19.0 19.0
Rhodococcus globerulus 12.0 11.0 12.0 12.0 140 100 100 90 17.0 17.0
Rhodococcus leguminosarum 10.0 13.0 150 13.0 15.0 11.0 10.0 12.0 28.0 25.0
Microbacterium luteolum 55 55 55 125 100 35 125 13.0 22.0 215

Psudomonas veronii 54 48 72 93 115 72 85 93 205 21.2
FEnsifer adharens ND 70 ND 80 ND 11.0 80 11.0 21.0 210
Variovorax paradoxus ND ND ND 10.0 16.0 ND ND ND 15.0 15.0
Unknown ND 9.0 90 100 140 80 9.0 11.0 180 180

a Amp; ampicilin 10 g, Chl; chloramphenicol 30 Mg, Ery; erythromycin 15 Mg,
Kan; Kanamycin 30ug, Neo; neomycin 30 Mg, Rif; rifampin 5 Hg, Str; streptomycin
10 pg, Tet; tetracycline 30 Hg.

" The diameter of clear zone (mm).

¢ ND; not detected.

3. &25A 2 HAZFE AA A7t HAHEA dAo) A= 9F

TAleE AR fab gt Agrobacterium tumefaciens?} Pseudomonas marginalis©ll o s}
o
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Table 17. Efficacy of various immersion treatments with disinfectants, microbial

and natural agents in growth and rusty root of two years old ginsengs

Root Root Root Degree of
Treatments
diameter (mm) length (cm) weight (g) rusty root
Control® 10.362" 18.85ab 4.97a 1.26bc
NaClO 10.30ab 18.59ab 4.77a 0.80c
D/CIO 9.72b 17.88b 3.87b 2.55a
ODDA/GD 10.05ab 19.49ab 4.64a 2.65a
PGPA 10.43a 19.86a 5.03a 1.50bc
MA 10.49ab 19.00ab 4.73a 2.18a
Chitosan 9.06c 15.87¢c 3.35b 1.31b

a Control: no treatment, NaClO; sodium hypochlorite 9996, D; didecyl dimethyl ammonium
bromide 10%, CIO; CIO2 24,000ppm, ODDA; octyldecyl dimethyl ammonium chloride 2.250%,
dioctyl dimethyl ammonium chloride 1.125%6, didecyl dimethyl ammonium chloride 1.125%6 and
alkyl dimethyl benzyl ammonium chloride 3.000%6, GD; glutaraldehyde 15% and dimethyl
cocobenzyl ammonium chloride 1.096, PGPA; plant growth promoter agent, MA; microbial agent,
Chitosan; C6H13NOG.

b Different alphabet showed significant differences at 526 by Duncan’s multiple range test. Each
datum is average of three replicates.

¥ / ; mixed treatment.

4. FAA 2 AFZA A7 AHYg 2 A= 4F
AA EZFNA ] o5 F 2T AT AW Ao EHTF EAE YolrR 7]
ste), Bakel AW f-it Agrobacterium tumefaciens$t Pseudomonas marginalis
S A %39 Neomycin, Tetracycline ¥ Streptomycin®] &3] 3ol
AlZL F oAt qdt. wgh, gAY BHE STV fste] AEA] JE;E 5t
7 ol E Aoy Bl SEE HUbete] o559 ¥ HESU

S, 28 ZhEel Q1ake] s Bl AW A AE FARE A3 Table 183

ﬂd
rie
2
o

Neomycin@} Tetracycline®] T3 el A2 dy wp7bx =2, iz 3] %
W7t 24 Jebsttl @) Neomycin® Tetracycline®] £33 230 AA 7}
9GS B ol#st 54, HAAE HIUFS HgdAE & 5 e, dFA

T BtolEFFE, AlEetolEs AN AL ) B g AugAle] aapHolgle

rlr
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L, 5ol #asda, AddE Hbes Aeode 28l Aol IHES &
= Atk 3H, Neomycin¥}  Streptomycin®] ?}%L A= AR ta g3E
Holal, AFoE AT JFS v A ko, o5

T EE Aol Aol xRy O IPgHdnt E APl AFEF AFA=

RUAARA OJEL Bol skl olgSAL, UA olF ARAL A2A = E

ru{n

Wol the Rwo] 9l&e HARAT ol AHAL 25ld QMo FFo] A
Ae 2@ AN woth E#, FAA Ao WE A4 Ak FAL FAA A
97h medel Fold mARe A4 EF oA AFsAel JlAd Ao Az

Table 18. Efficacy of various immersion treatments with antibiotics in growth and

rusty root of two years old ginsengs

Root Root Root Degree of
Treatments

diameter (mm) length (cm) weight (g) rusty root

Control” 841 abc” 4.39 a 15.35 a 047 a
N/T 10.71 a 407 a 9.62 b 0.24 ab

N/T/W 8.04 bc 3.13 abc 9.26 b 0.07 b
N/T/L 8.09 bc 2.92 abc 10.00 b 0.47 ab
N/T/Zeo 8.74 ab 3.17 abc 10.86 b 0.14 ab

N/T/Z 6.75 bc 1.70 bc 825 b 114 a
N/S 9.29 ab 401 a 16.20 a 0.34 ab
N/S/W 8.15 bc 3.48 abc 14.47 a 0.77 ab
N/S/L 897 ab 3.63 ab 14.89 a 0.71 ab
N/S/Zeo 8.36 abc 3.63 ab 14.18 a 1.11 ab
N/S/7Z 6.02 ¢ 147 ¢ 1045 b 0.90 ab

a Control; no treatment, N; neomycin 30 mg, T; tetracycline 30 mg, S; streptomycin 10
mg, W; white carbon, L; loess, Zeo; zeolite, Z; zeobuilder.

b Different alphabet showed significant differences at 5% by Duncan’s multiple range
test. Each datum is average of three replicates.

¥ / ; mixed treatment.
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HAG g3t Gl Bl kel ANE FA G EF Fol U 4F Fal
o WAL dAgozA 2ol FENARY FHL FAAA B WAL A4
B Qe A%E FAAINE MARAGE el 8w o)A

Al 44 23 8

2 Ags 254, A H chitosan, WAAEA, A E o] &5 AW HAY
S Jhdsly] §ste] AAlekth AEfEAl S sodium hypochlorited] F5F FH=Alo]@lar,
didecyl dimethyl ammonium bromide, ClOz benzalkonium chloride, octyldecyl dimethyl
ammonium chloride 2.250%, dioctyl dimethyl ammonium chloride+didecyl dimethyl
ammonium chloride+alkyl dimethyl benzyl ammonium chloride, glutaraldehyde+ Dimethyl
cocobenzyl ammonium chloridedl| &= 7ol wet A o2 Hk-3-519)

A o] tFE2  ampicilin, chloramphenicol, erythromycin, kanamycin,
streptomycin, rifampin, streptomycin, tetracyclineo] tsle] ZHAl o 72 WS35} 01
neomycin+streptomycin, streptomycin+tetracycline®] &3HdFo = RE £#5F7F &
T o2 WHESSITE

AW FbAs Bkl HEE F, NaClOool A A= AW
i1, Neomycin¥} Tetracycline®] TFA g A% W] BAS oA A H
Q1 Sto] EFHES A7 Aol A 7hd AW Al &3E deblth 2y &A%
Al, chitosan, P8 =A= AWAA E37F gl on AeddA= oFte] A&z A7}
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B4 #4442 ESS AMAS AN T3 F 20meshE FHstes Z4 6t
Ak A Ams 15N EFHFT) Bl o Y pH(pH meter MP225) 2 7
71" =% (Orion conductivity meter M162)Z o] &3} A& At A5 #7]& g
H2 Tyurin WHOZ A4k Lancasteri &2 & F v|AAZF ek Xk A
A Fo] 2 (K, Ca, Mg, Na)2 Inductivity Coupled Plasma Optical Emission Spectro
meter(GBC Integra XMP. Australia)E AF&3lo] 4390 (5&E337, 1978).

(3) S F AT AL

AT EE QAo AdskE ASEE, AHe o8 U SRR EAEI S
W, Ak 52 1082 s AeEsto] AS5EE R H4ues A

4) EFO|S 2 {FI71E AEES

B £42 ESS AMAS SAAA T
Ak BAE AEE BN ESHFF) Wl ofsh
71 =% (Orion conductivity meter M162)E ©] 83}

2o Tyurin WHO R, ¢Ae Lancasterd 02 & & u|AMA = sk, =3 F

=
E <% pH(pH meter MP225) 2 =
o

SAstan. ARe frle F

A o] 2 (K, Ca, Mg, Na)2 Inductivity Coupled Plasma Optical Emission Spectro
meter(GBC Integra XMP. Australia)E AF&3lo] 4390 (5&E33%, 1978).
fr7l= A& AEE 105TAA &7Fo] & w7t#] dxste] i8S 73 o
Aol A FME FHete] 0lmm AE SHAA ZAARE Stk ARAEE 9

47 Aol oAz olB g &7l ¥i SFFE 10mlE 7hsto] A4 v w4

el ALow WA 7 3 Whatman No.6 o] 32 & o] 3}38}o] Total phosphat

7)
e(T-P), K, Ca, Mg % T5% A& ICPE A3t
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A3d dxn 2 3
1. QA FAd e AW gy 84 7

D Aupdd] 2 A ESFE AE 28 E A CE7 £F)

AWAR2 19709 ] M A = BTl o)F AFHer FHaEHo eurt H
= A2 FHAesta o, 6\ FulEate] 50% ool Awisto] WAl H o
oAz e] whde]l AX A = AA et (Fig 5).

wWeld A Aus g B4 T9s

b7 Sishel ke g QLA £ 300
g4 20057H8 BgoE A4A wel /7 % AAES 2AF A3E Table 195

2ok dA=] Hel= 6709 mvko]l 11.5%, 19 74.5%, 21 135%, 39 05% % of F-3it

o 1d olste] dAA weE At S AHE wola, AW A E
G =4 R S A ffste] dAgAE 29 ol dEd - AAsk= Al
G A Aol Hed Aem g glo] AR BAS ztojor & Ao
=

Fig 5. Harvest of Rusty colored ginseng.
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Table 19. Period of soil management for ginseng culture and previous cultivated

Crops.

Period of soil managerrent(%9) The former crops

Imonth 6month lyears 2years 3years Paddy Upland

Rice, Tobacco, red Pepper, Radish,
6.5 5.0 74.5 135 0.5 Medicinal ~ Watermelon, Sweet potato,
herb Sesame, bean, Medicinal herb

QA s 7 AlRske SHlS R =l A Bl 746, B 188%, S
159% ok =%, B, Faags 4 & 10%v ez HAS HdEstdrt 2
Hjol A} Abg-eb= FH|FFE= "ol 306, 9H 1145%, S5+ 290%, Fheh s
226%, BEA 113% ollen ofdZx, 7l = 10%vwte= Jde Adzsglon
= el wlske] vhstAl AFE-SFA

714 A2 = =Ajel A AR 188%, - 188, 71 A EH] 486%E Al &3 1L
WA o A= AR 29.0%, -3 29.0, 71 AEY] 548%E Al&ote AOoE UEY
(Table 20). o]’d3} o] A GA o] A4 Aol B2 AR & FES A&3=
E7H7F Ak E ko] 38.3%, At AElE 7ol 56%¢ B s HES AlEsta
ol A EAY Fa3 dolew AANHIL Uk SEHIEE =AjujolA
Magnesium 73.9%, Boric acid 464%E A|&3F% 3, =Aujol A Magnesium 75.8%,
Boric acid 67.7%% *]-8-3Fth.

AN E7HE S 90%0)de]l EGHAS A Fa JAAAME st e, E
FaES B0%E HAAlSH, AHA #E F VA E e AFE 50% A=
ollZ 7|d& dATH (Table 21). E¥HA glo]l dAAE st o] B &
2R o] Alsek Aol

,91,



Table 20. Survey of basal fertilizers for ginseng cultivation.

(Amount of inspection : Paddy field-138, Upland-62)

Non-app

Green manure Organic manure Chemical fertilizer .. .
lication

Division
(lassification rate(%) Classification rate(%) Classification rate(%) rate(%)

Greens 3.6 Towl dopng 188 Magnesium 73.9 3.6
Rice straw 746 Ox manure 188 Boric acid 46.4
Paddy Barley 1.4  Pig manure 0.7 Calcium 0.7
Wheat 188 Qmuicanpt 486  Phosphate 0.7
field  Sudangrass 5.8 Soybean meal 5.8 Enzyme 0.7
Corn 159
Sesame 0.7
goreens 1O Fowl doging 200 Magnesium 758
Barley 113 Ox manure 29.0 Boric acid 67.7
’ Pig manure -
Upland Wheat 145 Oroeri
Sudangrass 22.6 Soybganmrmalmtgt 5§118
Corn 29.0 feed 16
Sesame 4.8 ceds :
Table 21. Survey of soil management methods for ginseng cultivation.
Soil testing(%) Soil fumigation(%) number of Tillage operation
Yes No Yes No 175 6710 10
95 90.5 98.0 2.0 12.0 38.0 50.0

BAab AR A 1070 A 492 ko] Asky S F AWAFE dopd
A7 (Table 22) T3S 34k 268z, A4F 114g, B 285, %9 303g, " 240g, &
9 309g, £7] 223g, AA 232g, E Og, FF 250g5 AE F9xe witol
303g2 1Y BALeH, 9 Ao wAe [14gw b ASo] Bt A
o ko] AudAl A5E 24k 30.0%, A4 80.0%, WS 20.7%, F% 34.3g%, "
2 90.0%, ¥ 9.29%, %—71 90.0%, A 7.7%, ER 23.1%, FF 62%= A7) FFXA
o HAto] 6.2%= 7 AAl ARo] WA E o] A HEA o] AR AWl 2Hglo
H, =5 vdy A& 771 o] 90%= 7H AwWo] wo] Ao HAAZ ] w
a}

7_(_'
Ak
we] B EA g S 4 ¢ A0

P
o =

_lZi
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Table 22. Root growth and red colored rate of 4 years ginseng grown up

with seedlings produced by 10 different region.

. Root weight Root length .ROOt Rusty rate Red colored
Region (@) (em) diameter (%) rate
- (mm) (%)
German, 2%.8 2.3 19.1 29 30.0
Chungnam
Seosan, 114 95 106 200 200
Chungnam
Boeun,
Chungbuk 285 28.8 19.9 10.7 20.7
Jeungpyong,
Chungbuk 303 306 19.7 50.0 343
Miwon,
Chungbuk 240 24.4 19.4 15.0 90.0
Namwon,
Jeonbuk 30.9 28.2 187 14.6 9.2
Punggi,
Gyeongbuk 22.3 25.6 19.5 30.0 90.0
Yeoncheon, 232 303 183 50 77
Gyeonggi
Locheon, 20 26.7 16.4 10.0 23.1
Gyeonggi
Yangju, ) 25.0 28.7 18.1 0.1 6.2
Gyeonggi

AvpAil EUEY 39T Qate] Awwea 4Re
bemx17em= THEA AWgol 80%% b Augol A

]
AR
26%% 7HE w2 AWEs yEhllon, a7l ol Aul o= 64%2] HHEs Ko
o

N
ﬂll

oAt AL HWo] Wol F2 @ & YUk T FFUEWE tha
te e welXw AT Auwa et dAw FAS A2 1T Au
of FEE W, o HAMT AALYRIAL 81%0lFo] BANA MR At =¥
WORAEE ol AT ok va) cha e AFelRom, 2y A
RO w o AT A 03%7F BA WHHAAW, AspAulTE SAG A2 1
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Table 23. Occurrence of red colored root and root rot disease under the

density of plant in direct sowing cultivation.

Seeding Red Part of Red colored (%) Rusty  Part of rusty root(%)
colored Mainroot Taproot

density rate
rate  Nhinroot + Lateral Taproot Support
(number/kan) (%) Sligl())(t)rt root (%) Sligl())(t)rt root

6cmx1lcm 3 3

(246) 19.7 54.5 27.3 18.2 3.1 100
6cmx*13cm _ _

(207) 26.0 20.0 80.0 7.6 88.9 11.1
6cmx*15cm _ _

(180) 19.1 28.6 714 3.8 83.3 16.7

O™ 80 500 200 300 20 444 222 333

6cm*19cm B
(143) 15.0 77.8 22.2 35 71.4 14.3 14.3

Transplanting ¢ 81.3 18.8

(8x10) - 6.3 93.3 6.7 -

e
38

A F AMAL FA, =4, ek B FT] ) AN AN () E

W omge] AR E(As o) EFSSY S £AF AvH(Table 24), A9 &
FE=mrt oA A £l 0.69dS/m, 7] 156dS/m, =4k 090,
092d8/me2 717} v & ARE nAL, ARANELANE F7>F>
P>t o AR BA A4H AL ¢ 5 AT WA AWAFE A9
MEFR T o A AMEGAA T B ek, ol AstAmAl o4 Aue] w5t
of Huo] A= W wiush AX s Az

(2

2

>
o Ay
R

2

g AWMBANFE dRgAe]l e ¥ AN BAge] B ARE wo
o 4H8 ARFE/ Auuael & e nAE dow puHd
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Table 24. Survey of soil properties and red colored roots in main
cultivation area of ginseng
~ Ex.cati 1 Red
Regin Cultural Dol oy oM PO xeation(emolvke) o o
practice (cIr)n) (1:5) (g/kg) (mg/kg) g Ca Mg (dS/m)  tion
index
05 59 19 45 047 59 18 071
G Direct oy 60 17 218 051 60 16 062 11
e sowing
u 10715 60 18 202 055 62 18 046
m
S 05 58 23 339 055 63 21 069
a Transpl oy 5o g 372 059 62 19 057 23
anting
10715 59 18 295 043 64 18 055
05 52 20 330 122 18 14 067
N Dt svg 530 o3 208 111 16 15 055 07
sowing
o 10715 55 18 26 128 19 15 049
s 05 53 18 317 027 25 03 090
n Transpl o0 o4 g 316 042 19 05 08 09
anting
10715 55 16 298 047 24 04 068
05 62 7 325 011 85 13 054
pooDret s 61 90 212 020 86 L1 043 08
: sowing
! 10715 63 7 208 018 88 12 055
a 05 63 11 342 035 40 12 092
n Transpl o0 60y 279 044 39 13 081 10
anting
10715 59 13 341 039 41 09 067
o 05 62 16 449 037 53 15 120
P TeCt w10 59 2 364 029 51 11 089 17
u  sowing
by 10°15 59 18 359 039 59 10 076
g 1 05 59 11 482 033 38 13 156
: Taft?jg 510 58 12 360 041 45 11 102 20
10715 6.0 9 367 038 48 15 088

% Red coloration index : O=healthiness, 1=some(1710%), 2=middle(11725%)

3=extreme(26% over)
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2). A4 A AAE HE DT AL

Akl A 7Hd Wol AbESta = sivEEARAl 4FS st b AW
F&2 Table 259 o] PEAFT(H2,52) I &5T7F 15%= 7Hg AW dAo] Ao
W g AFARE 35742%9 HAWHFEE Bt FAWES PEAFE(H2,52)0A
38%% 7t AQon A AX+HD+PE(S2) T5-TollA 525%% 7 AlskAl LAEk
oh R TS vpE xR () PE(Z2) dEol A 15%% 7 viekor Zrii+
AX+HD+PE(52) 577F 58%= 7P Be AMAZE Wi AEAh 25788 PEAS (A
2,32) 6.3%, PFE+APRA|(LHA)PE(Z2) 75%% PE(ER)+HG+5-2 Z+PE(42) 2 2o+
A +H+PE(52) 9] 5-7-9] 188 30.0%K.th Ao i-go] Aol gapAelry. 7> PEAZ
H(H2,52)0] 38kg/FtoE 7Y Ehow, whEAFA(2HA]) +PE(52) 5= 33ke
o= PECEE)+HI+ A IAPE(R2) 3 Atd+7/X+8]d+PE(52) ¥579] 17kg, 13kgHth

=k wEA si7E AAle] 543 A3 AlARE Fgo] Ha FEukeke] =2 27t A

e % 2Y-go] Hof S Bk

Table 25. Growth characteristics of 6 years old ginseng under different

shading types in virgin soil.

) Yield Red Root rot
Shading type colored disease rate  Yield index
(kg/kan) rate(%) (%)
A 3.8 3.75 6.3 291
B 3.3 10.0 75 256
C 1.9 25.5 18.8 147
D 1.7 52.5 30.0 128

A : PE 4(Polyethylen film 4 layer), B : PE2+vinyl+nonwoven—fabric+PE2,
C 1 PE2+rice straw+PEA4, D :Reed+rice straw+PE2

,96,



3) EEAYI EFY gt v 9

A o] &d AAEFS] S Table 263 o] REZ(075cm)e]  EC
© 329dS/m= AF7F HuskA HAHO A, #71= 12g/kg, P05 105.8ppm
K20 0.11cmol kg ', MgO 2.29cmol kg ‘el it} A E(5710cm)= EC 0.47dS/m, 7%
< 9g/kg, P:Os 59.9ppme] AT weka Al AREH QIAEA ] EY IR F
T At Ao JAAR FHEL As EYY ISR FX(0] 5, 1984)
oF ¥l W P0so A9= S At sEoldoy KO, Ca ¥ MgO2
w$e F

3]
-1 H
Eolglen dFEE Hua =dold.

rlo

Table 26. Chemical properties of soils before experiment.

Soil Exc. Cation(cmol - kg )
Shade type depth pH EC OM P20s

(em) (1'5)  (dS/m) (g/kg) (mg/kg) K0 CaO MgO

Polyethylene 075 6.0 3.29 12 105.8 0.11 0.18 2.29

net 510 66 1.47 9 599 007 0.14 1.86

ek Aol AMEE HEARC 33Hde w41 A Table 277 Zvh EFE
© pH 44, EC 12dS/m= 97 ¥ =7} Hlw4 =9k f71E &S 60go = w5
=S Aol o Aol 29l KO, Ca, Mg ¥ Na o] 433 =& ol
th &+ pH 46, EC 02dS/m= 9§ s=7F vl§ weka, XA dolem A9 ¢l
T Aok He AR pH 1022 ZLdZeE e, EC 6.3dS/mzE d 5 =7}
=L Hollow F7EL 9lg® EHEAR T 7PE =gkt wWukd e pH 99%
Azt ollal, EC 0.8dS/m= 97 #%7F wtdow, f71ES W8 $fHA 23
=3

,9’77



Table 27. Chemical properties of soil covering materials.

Treatment pH EC OM P05 Exc. Cation(cmol - kg ')
(1:5)  (dS/m)  (g/kg) (mg/kg) K,0 CaO MgO NaO
Casting 44 12.0 60 39 0.58 22.6 3.0 0.53
Ocher 4.6 0.2 1 - 0.12 0.6 0.1 0.03
Activated 5, 3 91 10 823 141 21 037
charcoal
Elvan 99 0.8 - 14 0.61 12.6 09 0.60

- Not detected

nEEe GRAGANN AF A5 h Oﬂemﬂ J7e A% BE EnE 7
W7 9ste] 3de AHEAES dAow °F 971 4ol

BE ul2 U3 (05cm) EY EC &+ A #Aas4
A EC ¥%7F 0.7dS/m= 7b4 wreka, oSS kA Ayt 0.7dS/mollon, g
B EFEMAME 1.271.7dS/mol L tETFolAE A8 Agddrnd ¢33y 71y
o] 540dS/melAth. EEZHFE 5710cm F919 EFolA ] EC w27t BEAF u}
2t Apole UANE FEES 250dS/mel BlE] #EkA 0.40dS/m, &9 ¥ 0.50dS/m, E
BES FEEEA 27 07, 1.0dS/moE BEA g o] A FEor Ay
ATk gk EE AYEJE A5E AT A9 FEAAE HEEH EC7F 0.2dS/mel
A 660dS/m=E EEASE F AEFTY AFE Ad wol £ AnE wo =g
gAete] Agox HEH ECTL O.3dS/m°ﬂ’\1 5

Hr
Lot
N
[aN
v
=
ll
1y
X
N
N
1,
fr

A AERJY. &, FES(0"5cm) e NaO 557F F58-E 5 0.64cmol
kg 'oll W& EEADTAA 0.1970.24cmol kg 2 AA #FAH AT oleld AR 2

,98,



AEANA Ao BEE sFow Avel EAet o BEZom oEe
£ olEs g7 Be ¥ NaOrt ¥ BEZOR oFsy] wiel Awo
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=
NaxO =& #aAZd 4 9o Ay oz NaOd <93 Aoy

Table 28. Effect of soil covering materials on the growth of 4 years old ginseng.

Soil _ Exc. Cation(cmol - kg )
Treatment  depth  PHL EC OM  POs

(em) (1:5)  (dS/m) (g/kg) (mg/kg) KO Ca0 MgO NaO

05 6.2 5.40 5 143 017 134 2.0 0.64
Control 5710 6.5 2.50 6 61 006 131 14 0.41
10715 6.8 1.30 7 51 004 122 1.2 0.25
Covering 5.3 11.9 6 30 084 310 55 1.32
05 6.3 1.20 8 68 008 121 15 0.24

Casting
5710 6.5 0.70 7 61 007 116 1.3 0.19
10715 6.6 0.50 8 61 007 116 1.3 0.21
Covering 45 6.60 9 20 0.29 7.0 15 0.46
05 6.1 1.70 7 61 008 116 15 0.25

Ocher
5710 6.3 1.00 8 oY1 007 118 14 0.19
10715 6.4 0.70 1 49 007 113 1.3 0.20
Covering 87 4.10 7 14 144 185 29 0.30
Activated 05 7.2 0.70 8 71 009 118 15 0.21
charcoal 5710 6.8 0.50 10 60 007 122 14 0.23
10715 6.9 0.50 12 62 007 121 14 0.23
Covering 8.3 4.20 4 55 030 170 1.1 0.62
05 77 0.70 7 60 007 120 15 0.19
Elvan

5710 7.3 0.40 9 4 006 120 14 0.17
10715 7.0 0.40 11 58 007 115 1.3 0.18

,99,



4). EEAYZ} QA4S 4F 2 AHTY VA= T

PE 434 Aol 71y T2 slA duAdE 4z HEdmd A @ 4
F(Table 29) 613+ A4Fe] A3ty 45 EFE AHYF7F 2 150goz FAHHF
of Hla} 167%A % FANeH, AWES FAE 20%, WikA EFE 9 AR 5%
of WAG Aol Hls FEAMFAANE A BAAEA ol 7MY 5 AAE B

O
oM, MY FFF AN Aol Y FBaGm, AREE Aok

1=,

Table 29. Root growth and red colored rate of 6 years old ginseng as affected by

different soil covering materials under 4 layer polyethylene film shade.

- Root Root Root rot

Treatments Root ( W)elg ht length diameter Regtté?(l)/oged disease

g (cm) (mm) © rate(%)
Elvan 142.0 349 36.7 5 10
Ocher 120.0 35.0 38.8 0.0 10
Casting 150.0 38.0 37.8 5 10
Activated 1200 336 346 5 5

charcoal
Control 90.0 35.2 314 20 5
A Be] AowA ik wA

Zo + g4 28 sirkd e ad 2o
BEAYES g5l At go] FA T 5%l Hl& 5715%
o} wWeol WAHJH. AT BHFES EFE EE?%EFH} FA 2 80gell vl sl
175% S7ve /WA 140ge= 7 ¢od d5s B, ST A= 135gS
2 439 Ass Ban 2 AT 2/o°ﬂ vl FEA A 10% = 7}
F wol TAEHA=H ol FEA AN HlaY B2 vk AT Aa A

et
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Table 30. Root growth and red colored rate of 6 years old ginseng as affected by

different soil covering materials under reed mat + rice straw shade.

- Root Root Root rot
Treatments Root (W)e1ght length diameter Regt(éc()(lyoged disease
g (cm) (mm) © rate(%)
Elvan 112.0 34.8 33.4 5 2
Ocher 115.0 338 37.0 15 10
Casting 140.0 37.0 385 10 5
Activated 135.0 37.0 35.8 10 5
charcoal
Control 80.0 36.2 29.4 5 2
b+ ARA(LUA) + PEARHEDE QAR Tk A glo] BEEF B
Alglel dASA 10%e] AMES HAa, A A5 FEAYF7F 7P Fasto]
SFe B 135g0® MY BAYI, 2FHE 414emE 7FE Aol ) Fz o] v S|

1429%, 110% <z slA A3

Table 31. Root growth and red colored rate of 6 years old ginseng as affected by

different soil covering materials under hemp+silver paper+PE 2.

. Root Root
Treatments Root weight length diameter Red co(l)ored Rustgl rate
(g) (cm) (mm) rate(%) (%)
Elvan 95.0 39.8 29.2 10 5
Ocher 135.0 414 35.6 10 10
Casting 115.0 35.4 34.8 10 5
Activated
charcoal 120.0 35.6 35.6 10 10
Control 95.0 37.4 28.8 10 10

PE(Z-&)+R| d+F- 2 E+PE(52) A3 si7Fd 7 x(Table 32)olM = #@&o] o

2]
0%z HEAYAEd #AGl] =2 AHEss BAAY REARET E¥E AT
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Table 32. Root growth and red colored rate of 6 years old ginseng as affected by

different soil covering materials under PE 2+vinyl+nonwoven—fabric.

- Root Root
Treatments Root(w)elght length diameter Regt(é?(l)/oged Rus(té’/ )rate

g (cm) (mm) ° °

Elvan 100.0 33.2 34.8 30 10
Ocher 85.0 35.0 27.2 30 10
Casting 100.0 35.0 30.5 10 5

Activated

charcoal 110.0 31.2 32.0 30 10
Control 65.0 34.2 26.6 30 25

AT+ AR 0] DHPE(S2) 237 s 7k 9= (Table 15)91 4= #| 8}

¥

o,
oo
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ax
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o
o
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38
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Table 33. Root growth and red colored rate of 6 years old ginseng as affected by

different soil covering materials under reed mat + rice straw+vinyl +PE 2

Treatments Root (;v)eight lgncg)gh di?r?lgter Regtté?(l)/(())ged Rus(t 3,/) )rate
(cm) (mm)
Elvan 90.0 32.2 30.6 40 30
Ocher 75.0 28.4 27.2 50 30
Casting 95.0 29.6 33 50 30
Activated 80.0 314 31.0 70 30
Control 45.0 31.6 24.4 30 30

Al 44 23 8

2]
A7 7HE Bol AR&she mHl= =4 74.6%, WAl 306%7F WA S Ald

o
fz
32
[
V.2
N
2
jus)
)
12
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2
rif
22
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2
pes
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N
N
=
B
19
Lo
o
AC)
o
gL_t‘
ot
2o

L
o EFRAA S 2AF A3} B R FAQG ol bY wel 4F A

= Ed
TAA G A THE wol Abgste d7tY 4w ET P

E
Ay gol 37%2 7 Agor], duldisA R uY4PE 234 9B} 52509 A
o

Al
£S5 Hol Mg gol AW Hu, £EE N 1.7kglo® HH HL £ YR
ct.

3T AFHA FaAel &, ST, EFE H MRS 435 HE AL 42
I FEo BEEA EC7F 0.2dS/molA 6.60dS/meZ HEAR T HEZ AFE A
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ArATAT A JAAATE LA 1-96.
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Whatman No.6 o] 3% & o]3}&}o] Total phosphate(T-P), K, Ca, Mg % 3%

A HS ICP
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Sh
1%
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ol
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(2) EFolststy &4

B4 #4442 EYdS AMAG AN T3 F 20meshE FHst =S Z4 6t
Ak EdE AlRe L RSF) Wl 9o = pH(pH meter MP225) 3 4
717 =% (Orion conductivity meter M162)& o] &3te] A3t A= {715 3
F2 Tyurin o2, 2142 Lancasterd &2 & & A ol E=3 A8
A kol (K, Ca, Mg, Na)2 Inductivity Coupled Plasma Optical Emission Spectrome
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(Table 34) 52 Fwlglo] 296ge.= 7Hd F78a1, 4w~
02%2 7H4 =3 A% mglom, gzl vs) Bk AA o] <1l A
S Age] T2 TS vAE Aom ARHAY. FFLS FERAIL 2442cmE
MY GER A Hla, 2438 gelZado] 834em® JHE Aol skl

o,

Table 34. Root growth of 2 years ginseng as affected by application of selling

products based on humic acid.

Root weight Root length  Root diameter Red colored

Treatments (g) (cm) (mm) index
Control 1.14 11.40 6.93 1.0
Life soil 1.60 12.50 8.34 1.0

Buminwon 2.96 20.10 7.97 0.2

Root power 2.28 24.42 6.95 0.4
Humate 2.65 14.78 7.84 1.0
Daerahn 2.16 18.50 7.45 0.2

% Red coloration index : O=healthiness, 1=some(1710%), 2=middle(11725%)

3=extreme(26% over)
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Table 35. Root growth of 2 years ginseng as affected by application of selling

products based on growth promotor.

Root weight  Root length Root diameter Red colored
Treatments

(g) (cm) (mm) index
Control 1.14 114 6.93 1.0
33 0.95 9.6 5.58 1.2
Brixup 2.45 21.8 7.70 -
Ginseng enzyme 2.36 134 8.06 1.0
Dustan 2.26 12.0 7.98 1.0
Goemar 2.59 20.8 7.85 0.4

% Red coloration index : O=healthiness, 1=some(1710%), 2=middle(11725%)

3=extreme(26% over)

Table 36. Root growth and red colored rate as affected by soil amendment in 2

years ginseng.

Root weight Root length Root diameter Red colored

Treatments (g) (cm) (mm) index
Control 1.14 114 6.93 1.0
Oyster shell 2.05 145 7.58 0.5
Sylipagel 2.84 19.6 8.78 1.0
Kitosan 1.86 155 7.35 0.5
Monosylicon 2.44 151 791 1.6

# Red coloration index : O=healthiness, 1=some(1710%), 2=middle(11725%)

3=extreme(26% over)

AMAEE EFAFA 4Tl Aol AR Ag WAL g
(Table 36) Alg]stA A7} 284go = 7P FAR 455

AP TE 244508 FEF AFS RGOV, AWM ASE AR N2 A
T Ha AL ANge JEnad
A

o
Apg MARAA ALl o AWy WA AR L AsE AFAFE 2
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A3H(Table 37) WIETFoh} A77h 250l 9do] 744 $AL 156g% moLt A
Adow mud BFFE A%E DAk et ETel va Hage v EAA
AelT 2%sh A9n,

Table 37. Root growth and red colored rate as affected by microbe products in 2

years ginseng.

Treatments Root weight Root length Root diameter Red colored

(g) (cm) (mm) index
Control 1.14 114 6.93 1.0
Sangmyuntan 0.92 9.4 5.69 0.83
Batguana 1.56 17.3 6.14 0.40
Biodoctor 0.55 9.4 4.70 0.20
Biolacto 1.21 12.7 6.93 0.40

% Red coloration index : O=healthiness, 1=some(1710%), 2=middle(11725%)

3=extreme(26% over)

2. HEWAEA, EGNGA L HA5 Aol BE EFHNY AK(5ALF)

FAT dold shFe] AakAEske] Zgel 2003 3. 199 BAF o] A HAake

ol

EYEs Aestgal, 2003. 10280 B AFH F2ike] Edgiedel nAE v
& A A3 (Table 38)= the3 2ok B22F A2t dizell vls)] A2 2o
FAgle] ESAETE 597652 thh "ozl ARE Hylon HES AE BT Qi
geo] AA FAHJAT T EG dold A5 EE ARG Ay ZE AE
B 1.0ds/m 01*&91 =2 deEE Ba, A AR 2EF9(075cm) o] o
FEE dETol ve Bk et Ui w2 S B, 749 833g AlE
7F 29ds/m2 7Hg w2 deEE Btk 28y Scmolshe] A B A=tz
v dEert ad 2d3Es 1o
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Table 38. Changes in soil properties as affected by application of humic acid in gi

nseng field(farmer’s field)

Sol - Ex.cation(cmol+/kg)
Treatment depth pH oM P2Os E.C

(em) (1:5)  (g/kg) (mg/kg) K Ca Mg (dS/m)
075 6.6 9 94 0.21 9.3 2.7 1.81
Control 5710 7.2 9 112 0.17 95 29 1.29
10715 7.4 6 104 0.14 9.3 2.5 1.14
075 6.5 10 91 0.22 95 34 2.90
Humic acid
5710 6.5 9 92 0.18 94 29 0.90
(8.33g/kan)
10715 6.6 8 98 0.16 9.3 2.7 0.90
075 6.1 6 80 0.25 94 3.1 2.23
Humic acid
5710 6.4 9 &5 0.18 9.3 2.7 1.05
(16.66g/kan)
10715 6.5 6 2 0.16 9.3 2.6 0.84
075 59 9 81 0.29 9.1 2.6 1.32
Humic acid
5710 6.5 8 81 0.21 9.2 2.7 0.73
(24.99g/kan)
10715 6.6 8 80 0.17 9.2 2.7 0.65
F2E AA A2l S EYsstd s AR A (Table 39) tiz=+-o vlsl] F214F A
I77F plZk B F7HE 43S Bgor, AR RES GR/ Bl ¥
Aujo] Qo] QIAkel A&o] vl AT Zow FAHIUY 17 HFUY AHITE
¥ES dFR7F 426dS/m= JHE =& FHE How, golxxed HIGw
413dS/m= "¢ =& dFHAdETE RAT, AP Yol2FT KE tah FadE H

2 e
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Table 39. Changes in soil properties as affected by application of selling products

based on humic acid in ginseng field

et digilh DH OM P,O Ex.cation(cmol+/kg) EC
(em) 1:5)  (g/kg) (mg/kg) Ca Mg (dS/m)

075 5.6 24 103 0.44 6.9 1.3 1.78

Control 5710 55 1.8 98 0.22 59 1.2 1.17

10715 5.6 1.8 98 0.20 6.1 1.2 1.13

075 59 1.8 119 0.19 12.2 1.6 413

Life soil 5710 6.0 1.3 124 0.18 11.5 2.0 2.17

10715 6.2 1.3 108 0.14 8.3 14 1.08

075 6.2 1.1 67 0.13 109 2.1 4.26

Buminwon 5710 6.4 1.0 47 0.10 9.6 1.4 0.97

10715 6.5 0.8 157 0.11 9.5 1.4 0.76

075 6.1 1.6 81 0.20 10.1 1.8 2.17

Daerahn 5710 6.1 15 7 0.18 9.3 14 1.09

10715 6.0 1.3 64 0.18 8.2 1.3 0.96

075 6.3 1.1 83 0.07 8.6 1.5 2.87

Root power 5710 6.5 1.0 86 0.12 10.4 1.5 0.98

10715 6.6 0.8 81 0.11 8.8 1.3 0.60

A AA AEs ESssd s AN A (Table 39) tjztol B3]
q

27} pH7F vha S7HE A A A A
Aol glo] Q14te] AFo] w9 AxE FAom FAHJG 1 F FHY AYT=
XES dAF7F 426dS/mz ME =L FHE RJoW, FgolTad A tn
413dS/m=z "¢ =& AFFIAEATS HAa, M@ Lo)leF K i Had A

g2 veh g
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Table 40. Changes in soil properties as affected by application of carbonized chaff

in 2 years ginseng field.

: Ex.cation(cmol+/kg)
Soil pH  OM  P0; E.C

15 (gke) mgke) ¢ cn  ag  (@S/m)

Treatment depth

(cm)
075 6.8 17 153 013 89 16 0.37
Control 5710 6.8 13 141 0.11 9.0 14 0.24
10715 6.8 14 139 012 92 18 0.24
Carbonized 075 6.9 20 135 023 91 1.7 0.39
chaff 5710 6.9 25 127 0.21 9.2 1.7 0.25
(104 /kan) 10715 6.9 30 125 0.22 9.3 1.9 0.24
Carbonized 075 72 22 137 019 92 1.7 0.32
chaff 5710 7.3 21 132 019 91 15 0.28
(204 /kan) 10715 73 17 133 0.19 9.3 1.7 0.27
Carbonized 075 72 27 124 018 93 15 0.29
chaff 5710 7.3 30 114 017 92 14 0.28
(304 /kan) 10715 7.2 27 106 0.17 9.3 14 0.26

T {71 dEHE &8 A Al(Table 41) EYW pHE 656625 a7 pH6.8

of Hlal tha A, e g A4 SUFeklt Kok Mg #&2 "=t
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M2 A EZolA I F7]EEHN] 66.66g+TE 20T EHE E£8& 4
FA R AFEIF 666dS/m= Rl uls] oF 17H e A=

Humic acidt F&&8 Ael7olM= 7o Ha) = pH7F o =obdlaL, 71
=
[¢)

Table 41. Effects of application of carbonized chaff, humic acid and organic

manure on soil properties.

Soil pH OM P,O; Ex.cation(cmol+/kg) EC

Treatment (%?351 (15 (g/kg) (mg/kg) Ca Mg (dS/m)

075 6.8 17 153 0.13 8.9 16 0.37
Control 5710 6.8 13 141 0.11 9.0 14 0.24
10715 6.8 14 139 0.12 9.2 1.8 0.24

Organic manure (-5 6.4 23 157 024 98 32 556
(33.33g/kan)
+Carbonized 5710 6.4 17 162 0.19 95 2.3 2.08

chaff B

(9204 /kam) 10715 65 24 175 0.18 9.4 2.1 1.74

Organic manure 075 6.5 27 180 0.42 94 3.3 6.16
(E6.66g/kan)  ~\n oo 29 179 035 93 29 430
+Carbonized

chaff(20 ¢ /kan) 10715 6.6 30 201 0.35 9.2 2.8 3.19
Humic acid 05 6.9 23 170 0.20 9.0 2.2 1.84
(B.3ghkan) 4 6.8 21 162 019 91 22 176
+Carbonized

chaff(20 ¢ /kan) 10715 6.9 27 170 0.21 89 2.1 1.28
Humic acid 05 7.1 2%5 167 0.27 3.8 1.9 1.41
(66.66g/kan) .\ g 2 202 026 89 21 074
+Carbonized

chaff(20 ¢ /kan) 10715 6.8 32 179 0.26 9.2 21 0.48
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#* 7] AEH 2AAE ¢ Humic acid 75%, NHy -N 4%, SiO: 1%, Fe 0.5%,
Mn 0.1%, 7]€t 15%
A AR BEFQl A § B g 2ARE 23N (Table 42) A 2]7del H

of EPAEL oF7h ebztm, abehgel Al wsl EFzoldl eglel tha

Table 42. Changes in soil properties as affected by application of toluene.

Soil Ex.cation(cmol+/kg)
H o.M P20s5 EC

Treatment depth b 2

(cm) (1:5) (g/kg) (mg/kg) K Ca Mg (dS/m)

075 5.6 2.4 103 0.44 6.9 1.3 1.78

Control 510 55 18 98 022 59 12 117
1015 56 18 98 020 61 12 113

Toluene 05 59 2.0 108 011 84 15 208
drench (Three 5710 6.1 18 95 007 47 06 101
times) 1015 63 20 110 008 46 06 071

3. FIAEA, EGMFA 2 Fd5 A g7 AAAYSH AR TR F A}

TBCE7HES)

ESNFAD FALE Arb Iab A Aol wAls S 2ARE A
Table 43) 7t & humic acidE 8.33g Al-&3 A7 th2+<F 2ul, 3ulaF A 2] 7ol
Hlel 5 (6.04cm) ¥ (29.8cm) A Sl A 7MY 2 AdE Bl ow(Fig 6), A
HAFE 042 7H A2 AW 28es el ek 524k A4 A B A

o A 2SS AP AgEE Aol HEAd Row ek
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Table 43. Root growth as affected by humic acid in 2 years ginseng.

Root weight Root length Root diameter Red colored

Treatments (@) (em) (o) o
Control 5.70 22.7 10.3 2.3
féiér%fé/ﬁ%‘% 6.04 29.8 9.1 0.4
ﬁlélféléé/ﬁiﬁ 545 25.7 8.2 0.8
aee aoid 5.89 24.4 96 06

% Red coloration index : O=healthiness, 1=some(1710%), 2=middle(11725%)

3=extreme(26% over)

Control Humic acid

Fig 6. Root growth as affected by humic acid in 2 years ginseng

of MR PP £AG A3 Table 4) Feke] A
F, 24, 2470l oAt 2gL el
8 23l 2ol Frkste AnE u

=
o F&o] dite] EFsed 2 =S JHAdske] Aty A5S A STHTI=
7
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Fig 7. Root growth as affected by carbonized chaff in 2 years ginseng

Table 44. Root growth as affected by carbonized chaff in 2 years ginseng.

Root weight

Root length Root diameter

Red colored

Treatments () (cm) (mm) ex
Control 22 165 6.6 0.4
Carbonized Chatt 53 19.8 9.8 1.0
Carbonized chaff 48 17.9 9.3 13
Carbonized chaft 5.4 21.0 103 08

¥ Red coloration index : O=healthiness, 1=some(1710%), 2=middle(11725%)

3=extreme(26% over)
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Feb 2 B2 Al dakA s Ko nAE JFS A A3H(Table 45)
AL A7 dzTel vlel 2%, 2 2 23 A BE s %S
3l b & F2)ak 66.66g+E 8 202 A2 S o
gzl wls 25 oF 3, ¥4 o 1
AE+Fe AgTs deert Zol AWAFRE FAb+Fe Ao vl3)

A e T

Table 45. Root growth as affected by carbonized chaff, humic acid and organic

manure in 2 years ginseng

Root Root Root Red
Treatments weight length diameter colored
(g) (cm) (mm) index
Control 2.2 16.5 6.6 0.4
Organic manure (33.33g/kan)
+ Carbonized chaff (20 ¢ /kan) 30 179 80 04
Organic manure (66.66g/kan)
+ Carbonized chaff (204 /kan) 36 214 9 05
Humic acid (33.33g/kan)
+ Carbonized chaff (20 ¢ /kan) 45 208 92 03
Humic acid (66.66g/kan) 6.4 931 97 03

+ Carbonized chaff (20 ¢ /kan)

% Red coloration index : O=healthiness, 1=some(1710%), 2=middle(11725%)

3=extreme(26% over)

A W AEAA Al oe Hwak LA AEN F AR AFEES A
gt 27 (Table 46) thx=7-oll vl W A=AA A2l 77F Zdge] ozt A om, A
st A2 Bacillus subtilis AA A2l77F HE7-¢F Pseudomonas maltophilia
AG-12 A A Aol vl&l] +F(2.44g)¥ 27 (7.8omm)o] 53 A5S BT
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Table 46. Root growth as affected by selling products based on microbe in 2

years ginseng.

Root Root Root Red colored
Treatments weight length diameter inil N
() (cm) (mm) ¢
Control 2.25 16.3 6.72 1.2
Pseudomonas maltophilia
AG-12 1.69 13.1 6.93 1.0
Bacillus subtilis 2.44 16.3 7.85 0.9

AR 8 394 EFY(Fe =8 Cus #5018 AA) A9
A

E &
gko]  1/20000 ¢t EEC] HAHS 3704 o] A3 ¥ potd fUFRl EFHR A6}

S8 300mH 14 w5 Adsarh. =@ zPAM] ARt 24 Aste] 28], 3
3 % 58 Ael@ F A4eel AKAZ(Table 47, Table 48)% £AF 241 8l
W EFA A #F 050l wAgle] 2dT A AgHye 4 2 Fol

E HolA @ten, Asti-o] AuAgs gl Hla EFd AA dA8 A
1 A3E B

Table 47. Growth characteristics as affected by toluene in 2 years ginseng.

Leaf length  Leaf diameter Stem length Stem diameter
Treatments

(cm) (cm) (cm) (mm)
Control 5.8 2.8 7.8 2.1
Toluene drench
(two times) 5.8 3.0 8.3 2.2
Toluene drench
(three times) 6.4 3.3 79 2.4
Toluene drench
(five times) 6.2 3.1 8.1 2.3
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Table 48. Root growth as affected by toluene in 2 years ginseng.

Root weight Root length  Root diameter Red colored
Treatments

(g) (cm) (mm) index
. lcontfhol . 1.14 114 6.93 1.0
omene drenc 15 115 6.76 0.2
(two times)
Toluene drench
(thres Himes) 20 10.4 7.90 0.4
Toluene drench 21 145 9.60 0.1
(five times)
A 44 A3 QoF
Qe AW dgeti EFSSAS AN @ 5 At EPNFAFT FANS A
2% @ A EdE AW 4% 209 zm%w 296go R 71 FEH AR B
A 4

g A Aol wAEAh AwE v PEA 4F A dn EToht et
2% 2 29l 2ol 156g, 173em= 743 AsHy A%ol FEstgor), AuAFE:

Hpo] S BE A 2] 7F WA 022 7HE Zqﬂl Aol LA E A
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8.33g/7t A& A7t izl Hl& 03g Bl Uik o= yEyhal, FEbAE
TolM e FeAEFe] BEFE FAZE duzka, FE 208 E FALE Y
66.66g =3 el A FolA <5 6.4g, & 23.1ecm=E w3 B3] o

v, SA 42 oF 159 YEst AS5S Bk ARSPEAAIR)] EFQ Ao wE <l

S
AAKALE 24T AW ARAKS ERA BF 057 2 9FL A @
Ao wollh, HFEAFIF BEFS AUAFE Fadsts 40E By
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= 4
stx EAI 16S rDNAQ A7kA4d 44 o3& 543 A3 Agrobacterium
tumefaciens, A. rhizogenes, Burkholderia phenazinium, Ensifer adharens,
Lysobacter gummosus, Microbacterium luteolum, M. oxydans, Pseudomonas
marginalis, P. veronii, Pseudomonas sp., Rhizobium leguminosarum, R. tropica,
Rhodococcus erythropolis, Rh globerulus, Streptomyces fimbriatus Variovorax
paradoxus® Al o= FEEJATH wheba] QIAHA W] AL WA Q) H F
2o 7]Qlgk Ao w FAHt

polyphenol &S A i rEt; xpod wbAgE Ao worom HHAErE 4E
T5 7T ARTEATEs Qe FEe] FoE AWty EeHs g
FA ] vlate] Frkekdth E3F polyphenol S HE F A5 SHEFE T
7hetdth AAd A Awate] PPO T84 % &4/ A A4 vlste] &4 o
sEokh

WA S sodium hypochlorited] W5 A o]1aL, didecyl dimethyl ammonium

A

bromide, ClO, benzalkonium chloride, octyldecyl dimethyl ammonium chloride 2.250%,
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dioctyl dimethyl ammonium chloride+didecyl dimethyl ammonium chloride+alkyl dimethyl
benzyl ammonium chloride, glutaraldehyde+ Dimethyl cocobenzyl ammonium chloride®l &=
o] we Ao wheaked

AR FIA T hFE-S  ampicilin, chloramphenicol, erythromycin, kanamycin,
streptomycin, rifampin, streptomycin, tetracyclineo] tsle] ZHAl o7 WS35} 01
neomycin+streptomycin, streptomycin+tetracycline®] &3dFo = RE #5377 &
TR H-EE T

AW i AldS Batel 53§, NaClOoo] A%

i, Neomycin®} Tetracycline®] &g glolA = W] 14y

Ql Sto]EFHES H7FEE A gellA 7Hd AW A

A

AE AT )RS =AAMA L T45% ol el 1 wwto whels

K
3

214

o, QAN ETE g gl AbgstE Hul =4k 746%, WA 306%7 WAL A
A PEsGa, Hule {71 AN E T wol AgsHE AR vehdth A4FA
WA Fah, = A9 W F7) aNAe] YA (@D £ge] £y

HAE 98 4§ e
FAA AN A g wol Agehe 7Y 4R8F PE 4FA(52, H2) IR A

Mol 37%% 7P HYom, Zou A LPE 254 98T 525%9] AU
o

Kol 7P Wol AW s T 17kgo® 7MY A S S UERY A
3d dRAA A IR, G4", EFE B NN T 455 BEAYSE 4
I FGES EEH EC7 02dS/mdA 6.60dS/m= HEASST RESTS 9FE Ad

BT, FADE BED EC7E 03dS/mel A 410d8/m= 27 5
A Aol A7hY FESIA WA 4F0] BEALE HF A3 6

T2 E¥E At 29 150ge = FA ol Bl 167% 78 =
A2l 20%°] wls] FEA = Hs Aol AL A gop 7H
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