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SUMMARY

1.Distribution charcteristics of an indigeneous arbuscularmycorrhizal
fungi(AMF) in ginseng garden soil of Jeonnam region and mass
proliferation of AMF inoculum

This study was carried out to investigate the distribution characteristics,
colonization patterns of arbuscular mycorrhizal fungi (AMF) on ginseng field
soils and ginseng roots collected from Jeonnam region(Gokseong,
Yeonggwang, Yeongam and Haenam) and the changes in AMF propagule
density and physiochemical properties of soil were cultivated with host crops
for establishment of the soil management methods in improving and
maintaining of soil quality of a ginseng fields. Total average density of AMF
spores was in the range of 34~59 g ' dried soil, and spore density in
investigated soils was increased up to three years old ginseng field. Whereas,
AMF spore density in the marginal field soil with 6.3~14.7 g ! was higher
than in ginseng field soil. In distribution of AMF spores in size, the highest
distributed frequency was 74.3% in the range of 45~106pm in diameter. AMF
colonization pattern of in ginseng roots depended on highly with a Paris-type
mycorrhizal association. Average infection percentage showed between 40%
and 50% levels and especially, the highest mycorrhizal infection rate was
64.4% in Yeongam area. The hyphal quantity increased with an increment of
ginseng cultivation years. External hyphae length (EHL) in the rhizosphere
soil of ginseng field was in the range of 0.5~4.4 m g 'dried soil. Total dry
weight of propagated AMF inoculant in 6 months after mass proliferation was

150kg and average density of AMF spore was 185 g 'dried soil.



2. Improvement of AMF propagule density in the soil before ginseng
cultivation

Winter crops (barley and rye) and summer crops (sudangrass and
soybean)were cultivated in combination with treatments to improve AMF
propagation and soil aggregation in ginseng field before planting. Yield of
harvested green manure was higher at the rye only (3,045 kg hafl),rye /
sudangrass (2,756.8 kg ha '), barley / soybean (1,628.3 kg ha '), respectively.
Soil organic matter was increased about 0.1~0.2% after incorporation of
winter crops comparing to control. Soil aggregation rate was improved at
barley (45.7%) and at rye / sudangrass cultivated plot (45.1%6). The number
of AMF spores in soil after cultivating of winter crops was slowly increased.
In summer crops, AMF spore density at sudangrass cultivated plot (64.0
g 'dried soil) was higher than soybean cultivated plot. EHL was 15~20m g '
at winter crop, whereas at summer crop cultivation was 26~29m ¢! in
sudangrass and in 17~22 m g ' in soybean plot. Glomalin content in the soil
cultivated with host crop was higher than that of control. Especially, the
highest glomalin content was shown in the soybean cultivated plot after
barley harvest with a 1.7mg g ..

These results indicated that the most effective soil management of
pre-management of ginseng field is cultivating sudangrass as a succeeding
crop after post-harvesting of barley for improvement of AMF spore density

and soil physical properties.

3. Studies on the growth response to Korean ginseng(Panax ginseng C.A.
Meyer) seedling inoculated with an arbuscular mycorrhiozae
inoculum in field condition

To establish the effective conditions for inoculating the arbuscular
mycorrhiza fungi (AMF) inoculum into the ginseng seedlings, the mixtures

with hydroxyethylcellulose (HEC), flour, glutinous starch syrup, seaweed
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extract and the tap water were used as good adhesives by estimating the

AMF inoculum'’s adhesive ability.

The physical characteristics of one year old Korean ginseng seedlings
which used in transplanting were 1.33 of weight, 19.43cm of length, 554 mm
of diameter, 47.23 cr' of surface area and 18.5 spores/g of the spore density of
the inoculums propagated for 6 months. Among the various levels of the
viscosities (1, 25, 50, 100, 150, 200, 250 cp) tested in this study, it is
estimated that the 150cp viscosity of adhesives showed the strongest in
adhesive ability with 2.81g of AMF inoculums. Because there was not much
difference in AMF inoculum’s adhesive ability were several different
materials, seaweed extract, which known to be effective on AMF hyphae
germination and growth, was used as a main material and HEC was added
into the seaweed extracts to adjust the viscosity. There was not found any
significant physical differences of cortex cells in ginseng seedlings with
observation under the microscope after 3 hours dipping with adhesive
materials. The accumulated and sequential oxygen wastages from each
adhesive materials 45mg from HEC, 43mg from glutinous starch syrup and
the seaweed extracts, 32mg from flour and 22mg from the tap water.
Sequential oxygen wastages showed the highest at around 1 hr after
adjustment to constant temperature, resulting in 13mg from HEC, 12mg from
the mixtures with the sea weed extracts and flour, 1lmg from the glutinous
starch syrup and 9mg from tap water and then it was barely existed after 7

hours.

To examine the effectiveness of AMF into ginseng seedling the field
condition, we investigated the growth response of one year-old Korean
ginseng seedlings inoculated with AMF (46 spores per seedling) at
transplanting time. The chemical properties of the field soil were a 59 of pH,
0.20 dS/m of EC, 279.7 mg/kg of P:0s 1.61 g/kg of SOM, 0.06 % of T-N,
0.62 cmol/kg of exchangeable K, 1.86 cmol/kg of Ca, 0.82 cmol/’kg of Mg and

0.22 cmol/’kg of Na, respectively. At sixteen weeks after inoculation with

_‘I‘I_



AMF, the growth of mycorrhizal ginseng plants were improved by additional
inoculation of AMF. Root fresh weight, leaf area, and chlorophyll content of
AMF inoculated ginseng plants were improved significantly. Root fresh
weight of ginseng in 16 and 52 weeks after transplanting were increased
respectively in 365% and 30.4% compared to non-inoculated ginseng
seedlings. The macro—nutrient and micro—nutrient concentrations of the
ginseng plants inoculated with AMF were highly increased compared to those
of non-inoculated ones. The spore densities of AMF in the rhizosphere soil at
16 weeks after inoculation with and without AMF were 256.8 and 186.3
spores/30g fresh soil, respectively. The AMF infection rate in lateral roots of
AMF inoculated ginseng plants was approximately 19% higher compared to

the lateral roots of non-inoculated control plants.

In AMF mycorrhizal plants, the bioprotection against soil-borne pathogens
can result from the preactivation of defence responses including some
structural ~ modifications and the pathogenesis—related(PR) proteins

accumulation, such as chitinase, B-1,3-glucanase etc.

Therefore, we determined whether chitinase or B-1,3-glucanase activities in

ginseng seedlings inoculated with or without AMF was increased.

Our results showed that plant chitinase activity was highly increased at 7
day with treatment of AMF, meaning mycorrhizal-specitic induction of plant

chitinases could be involved in the biocontrol of a certain pathogen by AMEF.

Taken together, we can conclude that inoculation of ginseng seedlings
with AMF at transplanting time may enhance plant growth and consequently

improve the yield of ginseng root.

4. Ecology of major diseases and strategies of eco-friendly controls
against pathogens in ginseng field in Jeonnam area.

1)Major diseases of ginseng field and their ecology in Jeonnam area.

Major diseases of ginseng in Jeonnam area were Alternaria blight,

_12_



Anthracnose, Damping-off, Gray mold, Root rot and Root-knot nematode.
Chemical fungicides have been treated for control of Alternaria blight,
Anthracnose, Damping-off and Gray mold,

Alternaria blight and Anthracnose were observed from early and middle
June. Damping-off was occurred from middle to early May and Gray mold
was observed from late march to late June. Dead plants were observed in
all of ginseng plantations. Numbers of spores of Alternaria panax,
Colletotrichum gloeosporioides and Botrytis cinerea were distributed on the
dead plants. It was considered that the spores might be played an role as

major inoculum of diseases occurring in the growing season of ginseng.

2)Stratigies for control of anthracnose and alternaria blight of

ginseng by environmental-friendly system.

The dead plants that observed in July at the ginseng plantations had the
numbers of conidia of Colletotrichum gloeosporioides and Alternaria panax..
Eradication of the dead plants showed considerable control effect, with control
value of about 30% for anthracnose and about 25% for alternaria blight. The
rain cut—-shade roofs showed control values of about 40% for anthracnose and
about 25% for alternaria blight. We could see that the fields of rain
cut-shade roofs are spraying much less fungicides (less than a half in
spraying times) than the fields of general shade roofs in Jeonnam area. In
2005 experiment, the treatment of combined culture solution with L.
enzymogenensis and Chromobacterium sp. strain C-61 showed superior
control efficacy with control values of 81.3% for anthracnose and 84.7% for
alternaria blight, which were similar to those of fungicidal treatment. In 2006
experiment, however, control efficacy of the culture solution was lower than
that of fungicide. Present study indicates that anthracnose and alternaria
blight of ginseng can be controlled by environmental-friendly system such as
use of rain cut-shade roof, eradication of dead plants and application of

biocontrol agents.
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3)Biological control of damping-off and gray mold of ginseng by
chitinolytic microorganisms

Damping-off caused by Rhizoctonia solani and Pythium sp. and gray mold
caused by Botrytis cinerea are important disease in the ginseng plantations.
The growth of K. solani was largely inhibited on PDA plates by chitinolytic
bacteria such as Chromobacterium sp. strain C-61 and Lysobacter
enzymogenensis, and Pythium sp. was inhibited by Serratia plymuthica. All
of these antagonists inhibited growth of Botrytis cinerea. The pot
experiments showed that damping-off is largely suppressed by L.
enzymogenensis and Chromobacterium sp. strain C-61. However, S.
plymuthica was interfere with the emergence of ginseng and formed lesion on
the ginseng leaves. In 2005 experiment, the treatment of combined culture
solution with L. enzymogenensis and Chromobacterium sp. strain C-61
showed control values of 82.3% for damping-off and 72.8% for gray mold,
which were similar to those of fungicidal treatment. Superior control efficacy
of the culture solution on damping-off was also obtained by 2006 experiment.
These results suggest that damping-off and gray mold of ginseng can be

controlled by environmental-friendly method.
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Aol Bolq A= 27 AR F AFAEe] Lo FdHe] /FAR
i FRERE FAAA NFAE Q%o f9F 9% MAE Arbuscular

32 of
(
o2t

T =
T2 (AME)o| gt EgnAEe #Ao] mxE i 9o (Kapulnik® Douds,
2000), 2=l ok AMFe] HEaad7t SERAAIY mAHA A& 27|85
Fxloll 1 g3 AA AL oM (R 5, 1994; Budi 5, 1998; Blal, 1999;
Jaizme-Vega®} Diaz—Perez, 1999; <=, 2000), AMFtAlel 935 AAbE=
Glomalinol gt Edo] EGYAEH] F7IEHES A2 Z2FAANA, EFS A
A7l T8 A4S e AMdo] ¥elxl ®b lvk(Hooker &, 1994
Azcon-Aguilar?} Barea, 1992; Wright %, 1996). 33, E%o] i o]lg &3 E
2 AMF 5 E Aol m2} AMFe 282 JIAASS 53X e JAAZ
oA, AA AAEle]l AMFE o8& A& Aldg vk Ao (Zeusket
Weber, 2000), "= 2 Panax quinguefolium L))ol AMFZ =3 A3 gz
Bu AFgo] vty 4o AAFL 41~43%S7HE S HusH (L, 1995).
AMFe] #9942 Arum-typed}t Paris-type ¥ 7FAZ FE3sh=d A4 o
A= Paris-typeo] F2 @A 319 tH(Whitbreads, 1996).

T 5 AMFE AT 2 A eelA dE7S A F2 |

QAT AL BF7 el
b, BE 347 Be 9 pot ol & AMFREY 340 o8 B HE
sk gleh,

Webd, B ATE WA 2E AN £ AMFREEEYS
Agos wael e AMFAEY AdAgel Bed 439 342 99

Sekzol AMF¥IAAE WEshel S4 39

2. A= R Py
7 st AlAe] AMF 254

D) ZAHA S 2 A RAF
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AdA Fa A Al =43, 9%, I, A 0 o, 5870 A A

+ v ZF A9E, AujdsEE A9,
AR A2 98] A3 B S A3 T Formalin acetic acid £ (FAA,
10ml formaline + 5ml Acetic acid + 200ml Ethylene)oll 317g3}o] A g e o] &3}
Atk B Qi A 500g~1kg HAEE AFHF 4T A2y dae] 2
Hatgion, A= Fst 2mmAlE APEE § B B - A Al AL

3ttt

o=

=
F3te BH(FENEHFA7IEA T4, 1989)0l +=3te] w4kt pH
AA=H, EGFUE < Tyurin®, &4 Lancasterd, T2 X(T-N)&
Kjeldahl =74, &4 A71E 543571 91814 IN-NHOACEH o= HEAA

ICP(Optima 3300DV, Perkin-Elmer, U.S.A)S o] &3t £33t}
2 FEHHE 52 AP (Daniels# Skipper, 1982)& ©]-§3to] E¢ge] x

128 AP 3 A Z271(500um, 354um, 250pm, 106¢m, 45um)E =

T 7d& ZFAF= Phillips®t Hayman(1970)e] Wi o=z
st o o e S ) Formalin Acetic Acid(FAA)-& o] #3=
o Aol2 A2 F 10% KOHE N2 90T 2EoA Hele
Ao met 20~30%3 HEste] THRFE 3~43] Pl ¥ 0.1% Chlorazal
black EQ M A (Brundurtt 5, 1984)0.2 AM3 3 50% glycerolZ EA351 T}

Al
e 3 A 5AS Mcegonigle 5(1990) Ho® @Ad ejdAs AMFe
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ozl FXAA (arbuscule), @A (vesicle), A hyphae)E & w7 (Olympus,
PM-20, Japan)dlell Al #zsle] 5mmuje] ZAd7F SAAHEE %2 e AT

5) AMF2] A 3+ AF(External hyphae)s%& 2 Zo]

Hyphae %2 Miller9} Jastrow(1992)2] WHo & Al
FEAA (Calgon) 31ml ¥ 1 30&7F WX & & =
A 12ml FetAch 28 S 125mle Yol wnke & FAdd mold A 5~
30ml # 34 0.45um membrane filter2 o343+ t}3 0.05% trypan blue &N o2
dAe  F  #dn 4 (Olympus, PM-20, Japan)stellAd Al=ate]  Axbsidct
(Tennant. 1975, Abbott, 1984).

v Ex AMFEZ 2] A vl

D 12k B 5 B2 AMF®

a9 318 AN EFORRE FAAbEel o) 14 R EAHTY
Sl M) 2% 3 F2I AMF ZAE Ushis, O D Glomus ) 712
EAE Eetolsgo A Amel F9F mFolth aYlA mE mps o]

AL FOEAE 0 £ 8RS Hd

=

WAAEe 4FY F49 ol gshelnh

Stk olsh e FAAEE AMF

&

,(

2) AMPHEA 342 A% 2%
AMFRE9 #ng 98 8LSo] 47 potol B#AZ AEAsh &

M EF AMFEAE A5 F5F T fdolA 649 F 43kl

the wrle APl gEAoR AHgstach
DAMFH A Ee} EARE 75

AN AW FQ potsl MFHE PR ANGOR Gadte] BETEE
] 2=

A A stel A Sskel 7]
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O1YOR
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EMarginal Field(Weeb)
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Sampling sites
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Glomus% 3} Acaulospora
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A7)l Wl P el &

O]E‘

} 4= 9lth(Schenck N.C.2} Yvonne Perez, 1990). 29l
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0}

1=

3-2. A A ESF F IxAE

i
bl

AMFXA4= / 30g A A EF

SEEERE

>500pm  354~500mm 250~354m 106~250pm 45~ 106pm Total
3AE(FA) 546D 0(0) 5(4.67) 18(16.82)  79(73.84)  107(100)
52 (9%) 0(0) 1(0.95) 1(0.95) 9(8.57) 94(89.53)  105(100)
4d(39h) 2(2.2) 4(4..39) 3(3.3) 7(7.69) 75(82.42) 91(100)
53 000) 4(4.17) 0(0) 20(20.83) 72(75) 96(100)
s 2
—%‘——3;0&(1}5) 1(0.09) 7(0.63) 11(0.99) 217(19.5)  877(78.79) 1113(100)
9% 5
noE ek (2 2) 3(0.19) 4(0.26) 3(0.19) 461(29.78) 1077(69.58) 1548(100)
3 5t
noE ek 2) 0(0) 10(1.33) 54(7.18) 125(16.62) 563(74.87)  752(100)
g 5 d
RoEor(Hx) 1(0.38) 2(0.78) 6(2.33) 24(9.3) 75(87.21)  258(100)
i 1.5(0.3) 4.0(0.8) 10.4(2.1)  110.1(22.5) 364.0(74.3) 490.0(100)

B
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a3 3-3. A EfoA] FEld uks AMEF ¥AES

3) AMF #49& 2 ¢ A3 AHExternal hyphae) Z o]

KD
PT GAR T VAN FIFFE HAW Ao 1Y 349 2
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T 2% 3-49] Aol B mpel o] VlFA o] it AMFARolell 7] %
T ARAE A= wd FA&(Smith®t Read, 1997)=  &#zl 2434

(Arbuscule)’} @AF o] IS HolFoh T 18 3-49 BolA IAE(—)Z
it o] Fa A 2ol EeEo] 9lom o] ui-atAl(internal

Hyphae)E& &3l &3 F7|¢Es S5t B9 dF 9FES rh(Smithét
Read, 1997). & 3-49] C¢} DA <attelel =] e dAkeh 2dA
(vesicle) & e

2% 3-59 AR AMFe F 7HA e S HoFed 19 A, Be
Paris-type2. 2 HGE SAAEA  FEFM(Gallaud, 1905), Smith <}
Smith(1997)2] H 1o 2J&hH m=rel4k2 Paris-typel. % Arbuscules¥ Vesicles
] wit] Atolel hyphal coil& o] Fw Wdata AEtelA AlEto® e H o]
AeS FAsAHWhitbread &, 1996). 7|52 EZHE Fdit=e HA7
7] W&ol hyphal coil®] A3 ¢ =gAIvt AEH o2 AP 3+
o] B Al7]o & Arbuscules coil® hyphal coil T4 & o] H] =2
ta Baskglh E FE(EMR)Y A= 18% A AAIRE, 2o dol=
15% %7 et vkar Bk vl th(McGonigle &, 1999). Z18]ar 19 3-59 C
= FeA, Ao A5 AFHAZ Arum-type o ZA AEHW 3 A EH AL
ofe & HE AW FFdo] g I AHEoM EsA = F

tH(Smith¢} Smith 1996, 1997).
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a9 3-4. 214 A2 5 AMF 79 4.
[A : Arbuscule(A), B : An epidesmal cells and external hyphae(EH),
C and D : Vesicle formed by hyphae]




[A, B : Paris—type hyphae(H), C, D : Arum-type hyphae(H)]

) AMF €] A3t AHExternal hyphae) 2]

F 34 A4t AA AR 1A Apd
ZAEE Atolrt. o) At Al 7]2*—1‘3 Balo] 749
Al71aL EFde] A E =

i

g R Lol g

i
5o] G

= -W

B

FEsTE S
& gy s 7t
AAZG ZdEA JdoMillersd  Jastrow, 1992; Tisdall, 1994; Wright$t
Upadhaya, 1996).

A A ol @] Rt Ake] Aol ¥t 1.39~2.48m

it
_EL
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t
_?L
il
1>
o
u
rO
e
i

E

= N
= 5da 6dE 2Ze JdF3T 9] 358m g !, 439m g FEoE B %
AR} 9 REARe] olsk 2~3u) 11 Ao w FAHAY. £F, FATH 9%
T AL ATt T GRS R dolw 11 Ao

F7F 7t dE AL ETE Sk AL

uk Eoko] Q|NiFAldol7F 50m g & aE BF ¢lom(Smithet Read, 1997;
Tisdall, 1994), 9 »E#gdeole] &7 AE g@ 31m g' (McNaughton¥}
Oestenheld, 1990), Serengeti®] %= 0.03~6.9m g ' (Tisdall# Oades, 1979)2 =
AbEQIE olel WlaerdS o $-eubel Q1abAulA B 139~248m g 'E W
FTOE UEHT

i
_\-'g
©
e
X
e
i
_\-'g
il

s
30
o

rlo

HPN
E

90

DOVesicle
80 | OHvenae

DArbuscule
70
60
50 r
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Colonization (%)
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. ‘ Ceml B

Gokseong Yeonggwang Yeongam Haenam
Sampling Sites

a9 3-6. AR A el A AMFA &
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# 3-3. A A 9 E AMF

o
HaE

AMF 4 5(%)

T2
Vesicle Hyphae Arbuscule Total

19+ 0 46.43 0 46.43

2+t 0 55.26 3.90 59.16

=4 3dd 3.31 59.63 0 62.94
4d <+ 0 32.75 0 32.75

54+ 1.81 42.49 0 44.30

3t 1.02 47.31 0.78 49.11
19+ 0.76 47.40 4.82 52.98

2+t 1.62 69.26 4.60 75.48

4 3d 0.64 82.03 554 88.21
4d <+ 2.75 68.80 1.49 73.04

54+ 0.66 54.35 0 55.01

3t 1.29 64.37 3.29 68.95
19+ 0 61.99 0 61.99

2+t 0 30.85 14.80 45.65

o33 3d 0 9.68 0 9.68
4d <+ 0 37.24 16.56 53.80

54+ 0 58.30 7.97 66.27

611+ 1.32 66.82 4.58 72.72

At 0.22 44.15 7.32 51.69
2+t 3.35 68.36 2.75 74.46

3d 4.01 50.95 1.38 56.34

At 49 0 563 0 5.63
54+ 0 19.28 0 19.28

61l 0 17.16 0 17.16

At 1.47 32.28 0.83 34.58
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=5}

3-4. A4HAMA S AMF 95741 o]

Sampling Sites Hyphae Length(m dry soil g™')
2YOR" 0.46
3YOR 1.04
5YOR 3.03
1YOR Marginal field 1.02
Average(Gokseong) 1.39
3YOR 0.92
5YOR 3.58
6YOR 4.39
5YOR Marginal field(tomb) 1.04
Average(Yeonggwang) 2.48
2YOR 0.75
3YOR 1.86
4YOR 1.51
5YOR Marginal field(tomb) 1.73
Average(Yeongam) 1.46
3YOR 1.76
4YOR 1.36
5YOR 0.79
5YOR Marginal field(tomb) 2.17
Average(Haenam) 1.52
Total Average 1.71

*YOR : Years Old Root
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4. AHa

A odaAvi %] ¢] E2 Arbuscularit &7 (AMF) X9} I EAS dof

= =T 71 O

$71 faA w24, 9P, 9, AFTAGE BPoR B ARARE

ZAA G WA Hit IALEE AE g 34~597 Wt en, Aujds 3

e EAUET v Fhshe 4%e ngd wael AdgHe] £ F

AMF AP EE 63~147/19 HYES Hol QAAumA Ho}p D E7F =4
eyttt 222718 By A4 45~106mB Y 7F 143%E =S NERYE B
g AMF 7 A Paris-typeo] 2 &9 ¥ Hd 7Z4dE&L oA

o] = Webi(64.4%), 1 9 A2 40~50%H 95 W ATh

ZAA ] TAES F AMF S|ATA Bele AE g 05~44m g M99
om Qitel Aujedd 47t Aol Yol uhel hyphaeol %ol wWolAth

67047 S2d HELe T 150kgH L Bt EASE 30gF 55434705 e
Wow, 1gd A5 185702 ke o),
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2. A R AW

. AU &
%A% AMolsel whE AMF W] A4
& A4, ozt 7]

$4=e nel, AYE A F o

Mske stofsbarl QatAuA @

w2 o] WA

o
o
w
e
nlm
f
2.*:

Abek ZH

- -0

Ho

#3-5. 7l = A=z

A AL E AF2E Zhal
Control 1 Control 1 Control Plowing only
Control 1I Control 1I Soybean / Sow a field with summer

Sudangrass crops after plowing
Winter crops in corporated

Barley Barley gﬁgzgar;aé S with soil oo after heading
g stage/sowing of snmmer crops
Rye Rye gﬁggreg;aés Same above
Control 1 Control II

A
A<l -’Fﬁli‘ré@r s 0101&17& A e 3k o}
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. = GBI 59
we] §718 TS ko7 da) ABAEL FE] Ao ALHEL 2~

em Awhasle] ool £9 F 4ear)

1

o] gote &
ZAE AL, 1R v FYa(Fe, Mn, Zn)E $43 A2 5g& 100ml 473
23 @i DTPAHORE HEAZ $F No2 A= o #}ste] ICP(Optima
3300DV, Perkin- Elmer, US.A)Z 4]3}4t}.
Edo B4 5490 Wad ddskES Tiulind} Yordet7d iQbgh et &4
71E o] &ste] FEAEHOR FAEAT. S 20, 1.0, 05 025, 0.1mme] ZH7}
= Wi 10&3F A ste] BEAZ o
o ToolA 303 ks AT dskeEel vy A E 16T 4%
Az7)AA T~8A3F Az F A wadsE FEFste] daard= N s(%) &

A3t

2}, AMF YU xwstel 7t

o]
NFAE Aol u}

2
il
ME,
oL
e
\f
—
lo,
&
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&
ok
L
|o
fr
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=
=]
RS
g
b
ME,
=)
o2
o
ox
tlo
1
o

vt AMF 9 A i AHExternal hyphae)F<& 2 Z o]
Ay o] At e AMFO ATALE FE5H] dolE& ZANSHY] 93

kel A, As R WH UEe 5)" Mo A

vt GlomalinF%

ESYT g3t Foll #AH = Glomaling EYC2ZHE FE354 S =
Abst7]l 138l 2mmAE FHE FHAEY 1go] 50mM sodium citrate® 23l Hit
(121°C, 60~90%) & A %](5000xg, 15%)3te] wulzo] AL ASols
oA 4T HAsttH(Wrights, 1996,  Wright$t Upadhyaya, 1996, 1998).
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Bovine Serum Albumin(BSA)E ©o]&3te] FF=FAS ¥t} Phosphate
Buffered Saline(PBS)9} A& %S 20007 S Al 3kt Bio—Rad protein dye 50
e Bi 5% ¥ AiEs S4ste BSA9 TS ol&d dFHS AAEE
tH(Bradford, 1976; Wright 5, 1996). Bradford®4S %3t A4tE T2 1
# 3t ELISA(32B11 antibody)& ©] &3 AHFEA S &t F=3AH(Wright
%, 1987, Wright 5, 1996).

3. 294 4 1%

) SR RE(REIEIEY)) AAk=

® 363 & 372 AAANA] oAA A Bkl Al SH|(RRIEES] Ak
o AjufAle] F]yE Folrt dHA Y FujAplE EGEHA NAY fUIE e
= BAo® AgHom AulErielA HAlsta = dHeiHel E£3En

A= o] Aot Ak HA dE NS A= e Berr 47t
3045kg ha !, 2104kg ha '& W& Control I, Controlll)e] ]3] 68] A& =3
o ALAE A AELE FHagAE A A8 FH 5802%g ha
BT FS AW AES FHS 4605kg ha '® UEWT ALAE HIE
Avfgk & $zpo 2 o FAE FugtAE AW AEe T ALES 4246kg
ha!, $2o2 2 A A8 2L 3732%kg ha ‘= UEhdoz Fu)/5dae
2 > Ry/aaags > AY/F > BY/F AT o2 Aol wolxlth

olef 2 A= thgol ZALE EYFO] P - seAdAE A H A

g B = F Us AR dgAEY B Az

AdEFTS a8 ALLAES HeRyg AgE Austs

H
W, B AR 9L TS A A Bk Fuanss
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[e]
=
£ Alelg o] Fuaeks AT %R A B, AAHeR Sy
o]

etas ARk ek 37~45%, T Awd AE s 26~35%9

Shoot(dry weigth) Root(dry weigth) Total
Treatments  --rre-rrssrresrrss et e
(kg ha )
Control I 423.40 90.94 514.34
Control I 405.05 105.36 510.41
Rye 2311.96 733.27 3045.27
Barley 1583.24 520.53 2103.77
E37. AW olguu e YA
Treatments 0oL dry weigth | Root dry weigth . Total .
(kg ha )
ControlI  ~ Weed . 8D e 2T 11519
Sudangrass 1156.9 886.2 2043.2
(7] 515 4] B 1 R e e R LR LR LR LS DALALLE
___________________ Soybean T ISI T g 040
R Sudangrass 17215 1035.1 2756.7
o e T
e Soybean g2 TS 15905
Sudangrass 1386.1 755.9 2142.0
Barley  srrorrrrme e s
Soybean 1293.6 334.6 1628.3
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=5
w
O‘O
2
il
A
E

2
e
:|N=.
:i‘:‘;
o
ol
1o
jines
(L
Lot
o

Treatments seeeee e

Control 1 16.98 6.11 7.13 13.58 26.83 29.37
Sudangrass 25.11 7.89 10.06 16.77 21.04 19.13
CoONtrOlIL ecerececreecerrerercuenieieriotereiciieieitericiciieteiotericictietesiotetacicriotesioteracacrcacsnes
Soybean 16.29 7.67 8.16 15.66 19.92 32.30
R Sudangrass 14.26 5.31 8.13 16.92 28.19 27.19
SR R C DECRERLEEEEERERD,
Soybean 17.44 5.98 6.82 11.46 20.76 37.54
Sudangrass 11.52 5.84 7.18 15.19 22.71 37.56
Barley  corororereere e
Soybean 12.50 431 6.94 12.64 14.31 49.30

4

wuldE A7 F R fed 549 A Avs dudon 2 st g%l
om A2g Aol e taTel wmad W Rt thh et A%
g Uepth muAEe B9 ¥ 4718 due susron ATt 2 ol
2 RolX QAN oBARE AWM F =P §71% TR dzT T(Control

3) AMFEA =9} - 7+

U] ZE Ao o] wE AMF dxe] AAA wWels vjotelaxt 2EHE AMF
FAUE WS A8 Aae a9 3-103% 2E 3-119 2o ALFEd 1A
= HsE B ASZI)ARE 49 169 A A7MAE dizTe 2HE A
EAAE] 2ozt ALl ®olx| ekgkon} 1HY F AN tz et BelE Aug

ZIFAEE ASFT] AR g% AMF ¥AEEE= 28 107, AF 6712 2AME
Bt 7 e AMF ZAWNEES Bk o488 T AuTos va2A 949
219 A FeoEks Aute] EAEETY FUhEe] F Al wohE o)
2 Az O 28 IANEE YelWen, o F BEE Audd Ay s
gt At AR gd A E P =S A URE YeRlLh ot AxtEs
FTde 2 oo HugEs ALHEe weE Austa ool oEFEd Sy
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o

BVeside
L OHyphae
W Arbuscule

@
o

N
o
T

Colonizatiob(%)
g 8 3
—F—
——
]
I

W
o
T

N
o
T

-
o
T

o

,
Sudangrass‘ Soybean Sudangrass‘ Soybean Sudangrass‘ Soybean

Con Conll Rye Barley

Plant

% 37120 AEHAEEE AuiAl AMFHE &

4) AMF 9] A+ AHExternal hyphae)Z ©]

3E 399 i 3-102 FH|AE AMES e AE g SF-wAl dolE AL
Aztolty, ALES Auj o] R FAte] Zoli 15~20m g | WAew, of
Z7(15m g HRT A(©2.09m g ), Rel(207m g HE Alek &7t =4 bt
th OEAES e 3 g FekaEks YulT 26~29m g !, F AT 17~
22m g FEOE UETHG B %S UEWi, IS Aue AT Boe o
gk~ E A YT 09m g AT 2k 53], REE A § Fdoags
(293m g Hek F(220m g ) A A P72 %S vhepi

o

F 39 AL =] A Bl o] AMF A o] Dol A}

Treatments Hyphae Length(m dry soil g~')
Control I 1.51
Control II 1.53
Rye 2.09
Barley 2.07
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3 3-10. o5 FHIAE A EgelA el AMF wARA o] Aol xA}

Treatments Hyphae Length(m dry soil g %)

___________ C _Qntrol I — 1.12
Sud 2.63

Controlll S udangrass 283
Soybean 1.72
Sudangrass 2.71

Rye e
Sudangrass 2.93

Barley e
Soybean 2.20

5) Glomalin®%

I 3-13& E% % Glomaling ELISAZ o] &3 A& 4 Axz dubdgom
057~167mg g ' WSS vehdlon] txt 1 wus A2 Al me e
s Hehidth 53], ALAE BEE A F olo] AmE oAFHER] F
167mg g '§Fo® =& ks Wl
Glomlaine AMF##Abl AR E BE2M EY @428 Adsy g g7 %

o A% AL WAL A=l F5 olgel Solstl T rh(Wright<}

1.6707974
. 2
3 kS
O16
1.2932156
cS 09580134 15
(_5 e) 12 [
ES 0.74 0.79
SE 08/ O 57
()
204t
o
O
0
nl Soybean Soybean Soybean
plant

19 3-13. oI5 =ulFkE Al Eel A9 Glomalin 4 &
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Upadhyaya, 1996). T3k AMFEFAtel] w27 X =0 Bk ETA F ddtst
olgol oS vA= 22 B HutiDegens &, 1996, Jastrow &, 1998;
Tisdall, 1991).

oj

Qa4 pelHAd A Edel AMF A% Ans B4 Adstnn
g9 welsh Mg, JgAE Fuagact F& Avste] AMF UE W

H 2HE (RIEEYp) o] Artede AEdE 5 AZE Awis A2 57H3045.3
kg ha'), 9828 F A Av F FHazdxs A A 727568 ke
ha ')o} ®e & At A2 716283 kg ha )7 B AE AL
Fo et ASAE £ F 718 FFY Wzt dx OE Agst
01~02%4%= S7tE Atk ddsse ®BEys A AgT7F 46.7%, AGE
Augt & FaagasE Qe q27F 461% 2 FobATh

5 TS A

S o] AAHOR Zres Ao, J2FEL k)
25 A ATt AR g 64702 T Auid A Hrh Frhekdn
b Aol AL&FEo] AE g9 15~20m g ' FF ogen, o
exge Foag~2 A AYT 26~29 m g !, FS AW A7t 1
2mg! FFEOE YETEG =itk
EY ¥ Glomalin® #H&S A He77F iz Boh & s Uehiith
2 FANE BeElE A Foolo] F& A ATt 17 mg g 2 =4 e

Fl
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#3-11. AHEE AMF

HE

R

Materials Price remarks

Flour 1,000W/kg
Starch syrup 1,300W/kg
Hydroxyethylcellulose

YATORYELY 12,000W/kg
(HEC)
Seaweed extract
(Undaria pinnatitida) 150W/ke

2) AFA AAHAG 7=
A4 @A ARr1Ee A4s7] A =R AL 98 drehe

Hydroxyethylcellulose(HEC)E ©]
Ae Fodz2 §£98 A

|
? AMF #HEd <

43} viscometer (DV-I+, USA)E A}-&35}¢]
, AMF HZE9

AP 2GS F oY 3

ko3
T

HAA (A UEE Aetsle] AFd=E HAsATh

3) B4 gFo " gREde] obdA

Bt AMF ZZ2YS B23AA AR £ZA BAE 4 J3A4) =% 45
BE matol XA AAQE w7tz A2QFHE AFS AR AR 2@ H2A 7}
Tabe] Bo] e wor uA e yFo £AARE HAA 3Aol Y HXA
3 & gt A v SAEe] JE A WEE du|Astol A AT
4) AR EY F £ &=

747re] JAAE 6mA AAA T 2 AAEYS 20gS THF It £

4 7](Challenge AER-200, USA)el Al 25C= 10A]17F &<t
FAA S A WehE

ot
o

zAbak g,
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Z73e] 747+ 1.33g, 1943cm B 554mE WEFHAL, BAF 109 EH A2 47.23er 3T

E 312 ARE A AHSE 194 B 24

Eresh Length(cm) Diameter(mm) Surfacez
weight(g) area(cm”)
Average 1.33 19.43 5.54 47.23

2) AMF % § 2403 24
AAAMARL =4 AW AAA el Bl ol & TH(167), 9¥, 12€]

L=,
AAsAI, FAAF FAS 8 AHAST HYE T F Formalin acetic

T, T, duAd " - AERe] AT T8 2ARIG e, 54 TR
J =2 =A7]71(SPAD-502, Japan, Minolta) 2 =4 &} 9]t}
T

Tk AFS AEAE HOwslHoez st & 24y S 233 %
A(ICP, Optima 3300DV, Perkin U.S.A)Z t&FA A (K, Ca, Mg, Na)9} 1| &4
(Fe, Mn, Zn, Cu)Z #43dtt

3 =g Hoha 54

4
EoFol SSH HHe F20eFE(H), EFH/IEFBOM, FLA
<

iy
le
it
o2
do
N
o
i)
of
rlo
>_]
<
c
=,
5
le
Ho
fols
rO
22
rlo
—
Q
=)
e)
Q
1))
g
—
;E
ofy
N

Zaw, NBHANS 2457 984 IN-NHLOACE )
ICP(Optima 3300DV, Perkin-Elmer, U.S.A)S o] &3} X33t}

4 FALE 24}

T
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FA By 54 AP (Daniels? Skipper, 1982)2 o] &3t o™, EF
AEE 12 APE 5 AG00u, 45m)E E3ete] Bkl ¥ EEste] 4T
BHsbAA AA @143 (Zeiss, Stemi 200-C, Germany)stoll A Al sk}

| 3 27 #9s& ZAE Phillips® Hayman(1970)¢] WH o2
2t} Formalin Acetic Acid(FAA)& o] A=

ro,
k2
=z
o ul

gastgon 1 PEe te
QAT S of lemZolZ A2 F 10% KOH& o= 90Te] SEaA Bee)
Aejel wel 20~3087 Azl FHSFZ 3~45 AFolW F 0.1% Chlorazal

AR ©

Brundurtt 5, 1984)o.2 QA3 & 509% glycerol® EA3}%th.

o
)
o
=
es!
jated
1=
12
L —~

& 2 I EAS Mcgonigle 5(1990) Wy oz dMeE By dAS AMFY
AT+EA  FA A (arbuscule), @3 A(vesicle), wAHhyphae)E  dv] 7

(Olympus, BX50, Japan)dlelAl #Zste] 5mm e A7 E2AARE %=
YR ST

6) AMF ] A+ AHExternal hyphae) Z ©]

Hyphae %2 Miller9} Jastrow(1992)2] WHo & Al
B AA (Calgon) 31ml ¥ 3 3087 w23 & 12 =
A 12ml FeAoh 28l SHS 125mle go] mukdk & A3 EoloA 5~
30ml #H3}e] 0.45pm membrane filter® ]33 t}S 0.05% trypan blue £ Yo 2
dAg = dw A (Olympus, BX50, Japan)dlell A Al4=3ke] A4k} tH(Tennant.
1975; Abbott, 1984).

7) <8 EY S Glomalin &%

Eddd ¢t4d3 S #HEEHE Glomaling EYOZRYH FE59 dHs *
Abel7] el 2mmA S 233 FAEY 1go] 50mM sodium citrateE 2 Eif
(121C, 60~90%) & YAEZ(B000xg, 15%)ste] wuldo] FAJE A5
Folal 4T HA3AH(Wright 5, 1996, Wright®l Upadhyaya, 1996; Wright<}
Upadhyaya, 1998). Bovine Serum Albumin(BSA)E o] &3le] XFFAS ¥
T} Phosphate Buffered Saline(PBS)9} Al&#S 200ul7F A SFA T
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Bio-Rad protein dye 50uE Y1 5% & ZAyE =AH3lo] BSAS XFI4L
o] &3 &S A4rstyd tH(Bradford, 1976; Wright 5, 1996). Bradford®24& =
slo] A"l Hx=E we]sle] ELISA (32B11 antibody)E o] &3t A#HEAS &=

sto FE3F tH(Wright &, 1987; Wright 5, 1996).

8 2UEF §714 % EF 3

.

A shs AL
Qlatel]l W3 AMF HEFEWE Air permeability meter(PL300, Germany)$}
sampling ring measuring chamber® ©|-&35te] X AFZZNA F7 S =

EET=s

= 5
G BN WG AEE AL ARGl EUR A FeANE 1050
lox]

FAZINA T~8AF A% F A wFUE st qua ¥z Mg

14 A
7y el QA FE HFENH 6en AR Tem AHAAE IATHAS T
AFrez Easla, =4 dH7|(NK, Plant Microtome MTH-1, Japan)E ©]&
ato] 100mme] FA= AAS AAstdet. F-9 oF 100704 AAE A F
oz 3078 Aeste] Aeel slidedol A 0.05% toluidine blued 9o &
st THTE FStY ISP 9 E 3-43] FHATIHA G & 3}
7 (Olympus, BX50F4, Japan)atollA 33 2 SAFE #H#sta 1000912 of
bmpol AR M B oA FAF AMEFE AlFdte] a7 E ALts AT

o2
& o

il
=y

(¢

10) <14 & ZAFEU(Crude saponin)e] &4
2] 353 A (http://safefood kfda.go kr/RS) 2] QlAbA] FE ol upelr] ZAIEU S
tol A% =, AR 25 A ST 33l

HZ 60ml & AL v E5S 523 F8hE 60ml = 33| %%6& B EZo
EF A & 50mlE A= = sk &
230 A S w5 F 105TCA A 2027 7x28kar, thA] gl A] A o] Elof A

£

ol

oo 2wy
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0% AE FAE ol the Ao wet 2AZ U] S e Ylth
AR (mg/g) = A-B/ S

A EX REE3S 55 A2 Fo Zgtra9 FA(mg)

B: ggo=z 3 Wl Fexao FA(mg)

St A A g)

D A=A

AMF #HFo= 9  <Aike] #WAYA  AHEZ(chitinase, B-1,
3-glucanase)S &Rlst7] 913 BAMS frelAol A4dsta, AMF HE Al A%
AEAe AAA FFe gds] f8 54l ol4 $ 1, 3, 5,6, 7,8 9, 10, 11,

12 % 13d0] A B2 AAZFoR AHEAT. AH3E A EE liquid nitrogen=
=]

2) B-1, 3-glucanase &4 =ZA}
0.06M sodium actate(pH 5.0) buffer®} protein extractsE Z33Fe] 37ColA
IAI7E 3H8 3 1%2] NaOHZ #7}3te] 58 F9 boiling 3 5 HAIEH S 3o
AeSs 1ml FH3ske], DNSH® (Miller, 1960) 2.2 535moll A &3 =2 =4 38o]
o

skl

3) Chitinase €4 ZA}b

Liquid nitrogenE ©o|&3sle] A 85& EZdgHz TE & 50mM NaOAC
buffer(pH 5)Z 2ml/g ¥ TF&AZFA|A 4TNA 12000g for 2025 LA 23}
o AsATE Al tube® %71 AAE chitinaseE®: Y ©¥d FE==2 Fix 800
KC-juniors ©]83}o] chitinase A& Z43t3th.  Microplateo] 50mM
NaOAC buffer(pH 5)oll AA A chitinaseE ¥ 11, 714 4-MU-(GIcNAc)E W&
Al 7E IHOH A do] B4S A= Qal, 37ColA vkS Azl & 585nmoll Al &
B2 =A3sHtE o]= N-acethyl-D-glucosamine(NAG) "9 (J.Bac., 1997)<

ot
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1) AMF <59 4

PR

23-130 EF AT

)

=9 ¥ 0.06g, AMFRE o] 0.6g ol &+

& 19go]dar, 200cpsY W HELo F

AMFAHZE Y 9]

185spored] & Holu, xd A E

o
_Xﬁl

-
o)

o
1o

~E

ol
=

ol
N

s

150cps=

Z}¢] AMF

hya
fn i

o]
=
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HAl A 5 910,

Materials

A3
Ethylcellulose(HEC)

Starch syrup

(Undaria pinnatitida)
Flour

Seaweed extract
Hydroxy—

Tap water

AEERE 152~161cps W9 FFOo2 34

o wiE = Ay a9 3-13%

A SAET &

2+

thzx 2ot wast

A
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Oxygen uptake (mg)

Oxygen uptake (mg/hr)

—A— W =T(FES)

—&— Hydroxyethylcellulose

Time (hr)

—— Y ER($%E)
| A\ —— Hydroxyethylcellulose

0 2 4 8
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. Ql4tel AMF QE & 79

1) AMF A& & AA8kg ZAL

EAatel Arbuscular# <t (AMF) HE&3E <1st7] s AMF 45 2.8¢g
o 46+37) EZ3&stA = HAFA(fFF + Hydroxyleellulose, 150cps) S ©]-&3}
of Adt A4 AW AAA QA A Y] & x5 o] A A HAke] A ste] A&
WS FAREE AE #3-15¢] YERHAAL, 171315 9F 193-16914 BE vl
¢} o] AMF gZFolf-o wepx A5e] zol& 7P Ao x 13 & g3l

#E3-15014 = wpel o] 165 § AANts A A3 AMFE {33 A7
T7F tixzTtel e 2%, S35, duA, AAE, 4548 3 Sol =4 vE
al AMF A 2] Foll A 2.84g= of
36% =2 FAE Bon, A = EH - 105.7ciiell H3l °F 46% S7H=
Hol= 1645ars HEHWH oW, 954 RS 32mg/100cr &= FY A SIS

010 m

iy
gl

H

S Bk ®3-16004 B z%h Waldo], 244 2 4=

= 7 YERa e <l %

d Hg+= 33.0g= 30.4%ﬂ FETHE KA

Al 41-43%9] AAF S7HE THAYTE 294 er( , 1995)ell= wAA] Zshd
X

WA R Musds A9 $FE A5 2 BaH.

#3-15. Aol 44 AMFAEY AE2A7 1657 Fo AAus

Plant Root No. of leaf Fresh wt(g)  Chlorophyll
Treatment length length lateral area content
(cm) (cm) roots (cm) Top Root  (mg/100cm)

AMF— 15.0 8.7 17.1 105.7 1.72 2.08 2.9

AMF+ 16.9° 10.2™ 24.0°  154.57 2.667 2.84"7 3.2°

ns . non-significant, * and ** : significant at 5% and 1% levels by t-test
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¥ 3-16. AMF HE9 H% 2d F@Ed3)e s

Plant Root Root  No. of leaf Fresh wt(g)  Chlorophyll

Treatment length length diameter lateral area content
(em)  (cm) (mm) roots (ct) Top Root  (mg/100cm)

AMF—- 296 25.6 19.96 22.4 704.39 6.34 25.33 2.0

AMF+  32.9" 27.2™ 26.61 23.1% 1043.54 9.24™ 32.977 2.7

ns : non-significant, * and ** : significant at 5% and 1% levels by t-test
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Inoculation

a9 3-19. BAtol A AMFEEY A8 &
1657(A) ¢F 23 2(B) <14t 52 v aARR
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_of

7n
0.56
0.66™
0.14
0.30™

7.12
2.63
3.97"

Fe
13.96™

(mg/kg)

0.60
0.73"
0.10
0.10

Mn

Cu
0.03
0.09™
0.06
0.13™

MgO
0.37
0.45™
0.31

0.30
. significant at 5% and 1% levels by t-test
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CaO
1.76
2.43"
0.23
0.31"

(%)

K0
1.84
2.16™
1.62
1.97"

P20s
0.17
0.19"
0.29
0.38"

: non-significant, * and *x*

AMF

inoculation
ns

Root

Shoot
3) A4 AujA] EFe] st



ool st e zAY Ass AMHoR ECH FEAN FF 2 T4

Ze| ko]l AGVIEA B =A ZAEAC Q4 AeiA e pH AR =
N ekl s A9 ghol 5924 dF7E 5.0~6.000 A, ESHIE T
o] e FATTFNA 1299 AYT 16lg kg '® AZ7F 2.0~358 T ko)
FEAAS kAl o] FFFE FEel T0~200mg kg ' ®WTh FA 2 7(221.5mg

kg et AMF A8 7(279.7mg kg Dol & &S wo] #Ed Au] zdo] I
23 X3 o]l (Ex-Cations)2 ZEK)Fol =2 Hoez Yeiyow, 1

A BEFelAM Al olsel HA

o
7] wiZol kA A deE] Al AP Amer e WS &8s E
G& TEe wHgoeRA AR & A& gaE Ao M ERE aesfor &
Ao Aztdn
4) FALE A
22 Ao WstE # 3-18A By BAF o4 A EY 30g B B FE

% BA, 165 F 24 AdE 1FAL AUsA e gRTE 1867 £ES
wglet AMF #4590 ALTE 25671 47 vehl gxzTol sl 37.6%71
o A AR 2 zu AL AAe] B Hegel we Fad BE

46 B3 A R(E T, 2003)0 wEWA ZE AR el 2R

A EY 1g9 TAFE 4y 121, vk 117, 253 101749 +£9 A 95 E B
got B AAu ZAIA G ¥4 UEE EY g9 257 FES Ko %)

=
EE 27 33 AMF ZAUESE 2Abske] JA4Q WE WekE =48] 1

=
WEE77A/30g EHE U2 129 102 2AF AE EF 30g T 1697 FEo
Pkt olst ol B =
EFm B ojske] w3} AbEsy
FAAE B Ao AMS 17 3219 AU A AR AMFE
|

AeletA e oz Ak Al =g
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o o o fo) 0
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a9 3-21. HE 1657F ArAu Ao A ZEl sk 2] ARzl (scale bar = 500um).

o1 S A = Al A FAGTS #ES Adye ¥ 3-22¢
2t} Arbuscule® vesicle Alolel hyphal coil& o] Fw waail AE Stol A

TFAMAE 2o r 7tdyo] FHAER g4 2185 E Paris-typed 74
zZ7F &3] #EHA. 29 3-22A9 4= hyphal coilS WHAE 4= ) o=
Smith ¢ Read(1997)2] X o] &J3tH w242 Paris-type2 2 Arbuscules¥}

rou
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Vesicles®] mtt] Alolo| hyphal coil& o] Fm 2eHs)

S5 #9189 (Whitbread 5, 1996) A3} 2& FAlole} Azbdn) w3k 1Y
3-22D A B E npe} o] y|F2AEo] <4ty AMF Alolo] Fr]odokitz 3t

A AFE S wE A (Smith 9 Read, 1997)2 &# % arbusculeo] A3 o<
= HojFEnh 1h5 B ol @k s A EoA wol wEEH AEH L A
o W L= BAF UYrte Arum-types B AATh

gyl 3-22014 2 wke} o] WA (vesicle), wAHhyphae) 2 FA/GA
(arbuscule)®] Z47zte] AWM= E AXbstel dA & FAES AL A %
3-19¢l 41 &} 7ol iz 61.4%°l HlE °F 20%7F =& 80.3%°] #HEE&S HE
Atk &S AA = 7“%-321]9] 5—/‘}7‘%3401]/‘1 B @A (vesicle) ot AF

°

=
(hyphae)?] #ZR =7} =3

=

2% 3-22. )14 Al § AMF S

(H:hyphae, EH:external hyphae, IH:internal hyphae, A:arbuscule)
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#3-19. AMFHEY HE F 1657 59 AMFH+&

AMF infection(%)

Treatment -
vesicle hyphae arbuscule total
AMF- 0.1 61.3 - 61.4
AMF+ - 80.3 - 80.3

6) AMF 2] A AHExternal hyphae) Z o]
olMtel = EY T fHtAle] HolE 2AMS A= #
o

d
T FE5 =9 VIFAEY] AS5E %—7}/\1711 Eddde] et gsts EoF
W oEd, Ador A% £ qunds gaAddn A 9
(Miller&Jastrow, 1992; mTisdall, 1994; Wright & Upadhaya, 1996).

A% Aael AMF ATFolA 997t § A BAse 98 & 5 9

o

93, 783 99 24 At 15-18m/g EF FEe RAT, 128 24 AE
Tm £EoR Aol FaE wel, Agel a4 Uwel 7 Aaste Fgn A

0

l= 292 Rl W Eoko] 9 RFAL Zo|7b 50m g '® EAMR I ® bl 9l
=ol(Simth &Read, 1997; Tisdall, 1994), °]<} Wl st S uwl A4k Au) EFL
065~18m g '& w& FFo =z hehytth

o

¥ 3-20. o1 HHEY T AMFS 5T AHexternal hyphae) Zo] ZALZ 3}

Jul. 18 Sep. 5 Dec. 10
Treatments
AMF+ AMF-  AMF+ AMF-  AMF+ AMF-
Hyphae length
ybhae fens 153 142 180 072 077 065

(m dry soil g
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AMFe] ZAhsh Aol A fralets BAR A0 Baol WS 2e 54
2 nol EAw 4ol J@e AT LA Glomaling ELISAZ o] §

A
bl A" A 3 Ade ¥ 3-23% 2t AMF HE AeTelA 0.96me/g
2 Fael 7113k Ao w Ay
Glomlaine E¥ ©4E5 AAsty @art 7] Sz fdHe 2Ae BAs8
I AE F¢ olgfS foldA T (Wright & Upakhyaya, 1996), HE3F
AMF ttAbel] whesA 2w EFe] 284 5 s}t 8o dFS vA=
EZ2 B3 ¥ v At (Degens 5, 1996; Jastrow 5, 1998; Tisdall, 1991).
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e 02}
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AMF — AMF +
a% 3-23. AMFAFoI-9 @89 165F EY 5 GlomalindH 3 1)1
) “HEY 7|4 9 EY ddsts
ol Aol thd AMF HEoREE Air permeability meter(PL300, Germany)<}

sampling ring measuring chamber® ©]&3to] #AX AHxLANA TS =

Ae A= 1Y 3-240 TAEATE 2Fol A By gz A 202 10 /s,
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2) Chitinase &4 A}
chitinase®= T4t AEAMAE 2%, e 9 FE F)d EASHA
chitin(N-acetyl-D-glucosamine polymer)< 7} Al7]= &4 2A fungi Al¥E
Wo] F FAHRo|t} Arbuscular mycorrhizal fungi(AMF)ol ¢&f 21 & B2 39|
colonization ¥+ A2 A =3 PR F2H Q] W] o) o] H It
Fungi7t 2 =9 3F& T3ete] AFAE WioA T4 dej= st
= HAA Fgol AMEHS chitin BE T W] dojupi=d], o]e} T

o] A& chitinased| 93] o] FojA = Aoz delx i v= AMFe ¥
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=9 Fa dvjdstell A Ak

3 3-23 MRS EYetr] gk AR o] AR
Hl 2] A Phytophthora spp. Pythium spp.
Cornmeal agar(Difco) 17¢  Cornmeal agar(Difco) 17¢g
B pH 40
Pimaricin Smg Pimaricin 5mg
Vancomycin 200mg Vancomycin 200mg
- PCNB 100mg PCNB 100mg
PenicillinG 100mg Rosebengal 10mg
Benomyl 2.5mg
Hymexazol 20mg
H| %] A 2 Rhizoctonia solani Fusarium spp.
Agar 15.0g Agar 20.0g
Sucrose 50.0g Peptoneb 5.0g
olore] KNOs3 10.0g  KH2P04 1.0g
%Y K.HPO4 50g MgS0:.7H,0 0.5¢
MgS04.7H20 2.5g
FesCly 20mg
Rose Bengal 67mg Oxgall 1.0g
PCNB 100mg
SR .
Chlorotetracycline HCL  50mg
Streptomycin sulfate 100mg

(7b) chitinZ v &2l 2

(1) 7191 g-dnfx|e] ZA : &7 1L%Z colloidal chitin, 2g; (NH4)=SO04, 3g;
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KoHPO4, 3g; MgSO4 TH20, 0.2g; H3BOs3, 5.6mg; CuSO4 5H20, 0.4g; ZnSO4
TH-0, 0.5mg; NaMoO4 2H:0, 1.5mg; Fe citrate, 1.0mg; CaClz, 10mg; Yeast
extract, 0.2g. pH 7.0 2 3} m<¢t HFA| AT}

(2) colloidal chitinz=A] : 7]¥l (chitin, SigmaC-4666) 40g< @4t 400mLel| ¥
I 10% T AowA moA glass wools FHEte] o sttt o TtE o9

dabe A7 ffste] #%E S5LE H7bske] 71dE A
[e=]

X
>
Y
o
ox

I

2
o
24

AU

S B¥e AAste daael sHskn, AW FANA Aol mushel, 2

8Tol A 39 wjF & clear zoneo] & #FZ £t h

() 2dmAEe] A
Botrytis cinerea, Rhizoctonia solani, Phytophthora cactorum, Pythium
ultimum, Fusarium  oxysprorum, Alternaria  panax, Colletotrichum
gloeosporioides® A} A#A (A7 05cm)E PDAS %o HZEstx, 1 AF
45910 TR EsATES HEsAT o5 wWiAE 28T 2714 4-54%F j
Fote ZIRlZe) At At dFAE Abolol | E A AV|E FARSHAL,

A} elA o] 2 FFE Auarih
(th 2 aEel 54

A& M2 chromosomal DNAE FZ#3l9] PCRE 16S rDNA #FHAE 5=
= o

A7 Be 971 ES AA4ste & d529 9714 <€ homology searchdl$d
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(1) 2005 = A3 A sl kol By SR o] x| A Al H ) s

A<l 2004 12€ 14¥el 10 &< wikE W AYEA

(Chromobacterium sp. strain C-61 + Lysobacter enzymogenesis + Streptomyces

sp. strain S-2 &3 wjgd)E 20038 20 AE 1A B #5383, 20054 4

2 3099 24 #F F, 59 20U oJYREL TAFAG EF JRPRA

ER2RAE Fae] 2o 25 F BEste] WARAE wustgch ALFF
3

of WA 5 X4 44

ok
ok
2
it

off
rlo
ol
_>‘i
o
ofN

(2) 2006 = A3 0 A sidat Ateld W FER o FAd Fap gF Ul
2004 12€ 10¥9l 109 ot widd v A E A (Chromobacterium sp. strain
C-61+Lysobacter enzymogenesis) 2008 202 A% 12 E #5331, 2005
W49 250 23 #F F, 59 2090 REEH ojHMHE&S XAbstAUTh %
Q22X EZREAE TA 0 79 2% F dFste] WAEHNE vushs)

.

3. 472+

uwpeka o] A s FxA G Lo AR FAT A AMNEAG TS
g W EFHF 2 1 wAAY] & 200049 4¥5E 9¥971A xAlE QT 1 A
3}, Ao WAstE Hog HEUYW A Ho] EAAE L A, AEE Ho
72 nE= ”

7hH AFHY &7, dAF(EY), dol HAsk=d, 2004d AFAe] A =
71 4-59, dAFok delle 69 179 o] F5H #HEH AT
3]

2719 A% z7loE WEEe) wue] F4uo YR FeAmL 1 SREo]
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R Aol Weol HEU W o 2 XY Alternaria panax, ©HAH O RYXE  Colletotrichum
gloeosporioidesS 73ttt B9 wHel AUl gdo|y o 2YXE Bomrytis cinerea,
RzrEW o 2 e Rhizoctonia solani, Pythiun ultimum,  Ye]®SH o 7 RE

Cylindrocarpon destructans, Fusarium oxysporium, Fusarium solani, 9% © 2 5F-¥

Phytophthora cactorum 55 %3 22 ESWdti (2 3-35).

(Botrytis cinerea)

(Alternaria panax)  (Colletotrichum gloeosporioides)
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(Rhizoctonia solani) (Pythium ultumum)  (Cyvlindrocarpon destructans)

(Fusarium oxysporium) (Fusarium solani) (Phytophthora cactorum)

79 335 HE 2FoIA Fel e Bwe Qe WYwE

(W) =2 &7 a2d Wit 574

KR
el WE dodle AFHWH(Alternaria panax) (L
(Colletotrichum gloeosporioides)(ZL® 3-36B)3} A Ao H
ol (Botrytis cinerea) (138 3-36C) S°] 43 EXst Yo wabA
ol W& wE F7] Sl Tt A AEAd FE Yie Ao® Ay

ATt
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% 3-37. 14te] oY Wldato] Wi ¢ A e A Ap =
Alternaria panax, Cg = Colletotrichum gloeosporioides, Pc = Phytophthora
cactorum, Bc = Botrytis cinerea, Rs = Rhizoctonia soalni, Py = Pythium
ultimum, A3V AE : Se = Serratia sp. Ch = Chromobacterium sp., Ly =

Lysobacter enzymogenes, S2 = Streptomyces Ssp.

Y ]

FIRE M AEES AEHANTY] AEHS Zalste] AEHS o
= 4eA vk weba o] dArellAE QA Ee] XSt gl ol 7"
AEEZEE PDASINA A4te]l WAl Alternaria panax, Colletotrichum
gloeosporioides, Phytophthora cactorum, Botrytis cinerea, Rhizoctonia solani,
Pythium ultimum®] TAEZ A =& AT

O Ay, a9 3-370A4 B vtek o] Alternaria panax © tdlA+= Se,
Ch, Ly B, Colletotrichum gloeosporioides®] Wald = Se¢t Ly7F A3
o}, T3k Phytophthora cactorum, Botrytis cinerea, Rhizoctonia solani,
Pythium ultimumsS R 719 &0 & &l A=A, 53], Ph
cactorum, Bo. cinerea, Py. ultimum-= Seol 284 7}4 A AA = wA RA
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solani= Lyt Chel <Jdld o A dAFHAL, HAFd S2 7+ Bo.
cinerea®} Rh. solaniS =LA A3}t

¥ 3-38. AgvAEe] 71€lw3led. Ly = Lysobacter enzymogenes

Se = Serratia sp., Ch = Chromobacterium sp.

Adrd 2gm el tg 165 rRNA frdake] A7 ES 2Ast] A S

3-24°4 X wle} o] Chy Chromobcterium violaceum™}
93.0%2 FAMES Uz g T35 50% olste] FAME S YERA
2

ML
=
oL
i

=]
e

=

Chromobacterium sp. strain C612 W3}t Lye Lysobacter enzymogenes
9} 99.51%, Lysobacter antibioticus®} 97.71%, Lysobacter gummosus®t 97.39% 2]
A3 S YEtW A Lysobacter enzymogenes® EA3tAtk A Se:x Serratia
plymuthica®} 99.67%, Serratia quinovora®} 99.50%, Serratia proteamaculans$};

98.67%< A4S UEMA Serratia sp. strain C12 933},
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3 A -
Conidiophores

a9 3-39. < 2R 2 &7] (A)st 2E ol wxska Q=

A

- 104 -

¥ 3-24. 16S rRNA 9714 4dd o den A= 54
e IS AR FATT
Ch Chromobcterium violaceum 93.00 Chromobcterium sp.
Aeromonas hydrophila 48.52 strain C61
Lysobacter enzymogenes 99.51 Lysobacter
Ly Lysobacter antibioticus 97.71 enzymogenes
Lysobacter gummosus 97.39
Serratia plymuthica 99.67  Serratia sp.strain C1
Se Serratia quinovora 99.50
Serratia proteamaculans 98.67
2) A AW AFH e WEAFA WA A
Aol Az E AGFE Hom HAyHuyy gAye] EAAEIL AN
ol WYL Ao WAHIL Jeu T 7] Fo] X Y= Ao
APE ATE (19 3-39). wEkA] o AP e ol WS A AoE AT
A 7HAE AA A gEiA 1 g3E HISEA

I (Colletotrichum gloeosporioides)(B) 2 ¥ (Alternaria panax) (C)



ZA}a}
Atk 1 A¥, gAY Ag uAtE AES AAAS AFolle olHaEe]
95%, AASA &AS Aol 135%=A AR A& AACd <siA 29.
6% WAFE BAFA. A, FAFHY ] Aeole aAkE AES A8

= A5 ool 205%, AASA FShE B 27.3%=A 249% ] WATLE
UeEblth (2" 3-40). ol ¢k o] &A uAtd A=A AAstHete FIE W

AadsE detdE &4 5 A

30 —
O Eradication
25 [ ENo eradicate

20
15

Diseased leaf(%)

Anthracnose Alternaria

Y 3-40. WAE HEA AAN A% BAW BRI A w3}
S 296%, FFHW S 249%9 WAE Yeby

(b vizkd gl o
wAgEe EAE 2
)l 2437 g zol 4
Sol w50l 97l wiel vhgrel ejsiA % Bl Avtw
7

kA BIZbE AR GAHS A4Es] AT oA Ao JdH o

o

oA 2o

3-39°ll M ®= whe} ol

o

N3
i
=2
o
:Oll_l“
X
2
o
i)
K

)

(

o
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EAWel A ARG Eo] AAE A3 dwkapgrre] dAdE A9 (2H
3-41A) o] WY EE Huste] Bk 1 A B
oA A vhAW (123%° oW AT

= S
AAE Ao A A ghAw (20.2%)7 XJUH‘*S (34.3%) Bt} WY =7}
4 0 wes ¢ 4+ AT o PARES PR BRAAL 4,
M ARE A Aol vshel BAWE 391%, WL EL 251%9] T
AEFE IS & & QT oY WAYS BE ARUME wAYRY
ol oA AEds § AT HE S F AeS & F AT (1" 3-41B).
(B)
ORain cut
B General

Anthracnose Alternaria

9 3-41. v|7kE zkg3te] ok A4k g4 ¥ (Anthracnose)
A9 (Alternaria) ] WA &3, &AW S 39.1%, AFHHEE 251%9] WA S
e

(th) Pl A=A e Aol o W A&

og] 7198 AEEZHE BAH (Colletotrichum gloeosporioides)¥ %
H¥ T (Alternaria panax) = AT 4 A= Serratia  plymuthica,
Chromobacterium sp. strain C-61 % Lysobacter enzymogenesis(ZL3 3-37)°]
st A=A HAGHE AFeATh olE dF FolA Serratia plymuthicat® <!
Ao TS F9 7] Wil (¥ 3-42A), Chromobacterium sp. strain C-61 ¥}

Lysobacter enzymogenesis®] g NS v B EAZ o] &3} T}
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B 7b g Apg o] AAE 3dd 4d3 2] nAEAS A¥d 5 AT
o FAYTFY W BAENE 2AG A, BAWS 3ATL G A 793%, 4
T EgA 808% S WAE vebdm, ARHMe] AgoE 3dTE G A

82.6%, 4d EAolA 805% 9 WAZFE Ut THE 3-42). =, 2 WAAEA
7 X2 BFoA s n AR disted ¢ WAEHE BT
c}.

20051 HIZFE g o] A 5d EAAAN 2 AES A7sa, 2003
g 10T AEe nAEAE 69 39, 69 12¥, 7Y 49, 79 259 43 A¥ES
I, ETR G FAAER ol FA~ERE AFFEAS Axste] ¥ WA E
B2 vustdh. 2 243 vAAEAS FTNS A9 SAHE 81.3%, HFH
e 847%9 = HAVLE Uedled, ol WAl e fU1FAFSdA of
FZA2ERZN A5 AE AY3AE 499 v FEIAT (F 3-25).

60
OTreat 35 C OTreat

50 B No tr 30 ]
® &
?—‘; 40 ;(-_é 25
K o© 20
o 30 °
& 215
3 20 3
@ @ 10
SR a s

0 0

Anthracnose Alternaria Anthracnose Alternaria

19 3-42. Lysobacter enzymogenensis®} Chromobacterium sp. strain C-619]
S gFH S A4z AxEHS A9 ®AW(Anthracnose) ¥ HF-HH
(Alternaria)e] WA &3 AB : 3@ ¥ C : 4d 23
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Hrgol gk v g Aol Al & 2005 =)

er -
o ok

. X~] =) ‘/] =z ]

e STBAE WA oA WA
u] A& A 59 a 81.3 111 a 84.7
Akt A 73 a 76.7 10.3 a 85.8
T3 g 316 b - 723 Db -

* O A EA| = Lysobacter enzymogensis 2 Chromobacterium sp. strain
C-619] &3 Wl
x ATrA| = o} ZA|~EZH A3l A 20008, (15%/2003 )

=

2005 Lol 2 WA EAlC og W WAEIAIF fEkly] wiel, 200619 ol =
1] 7} €l 2} 3 3} o) H;-q_g 6l ETHNA =& AES AAS, 2008% 102 A
3] dxste] F1EEE

Lo nAEAESE 69 19, 69 159, 7¢ 39, 79 249 4
e ®Bgkoh F 3-2600 A4

SFQl opEALEZN oG BhAste] W A EHE v
BE nle} o] mAEA ] o3 WA g}t A
QA olEA~EZN sl o) @ WAl Lol

F 3-26. 1A SRR A5l g v A= AL Al & 2006 =)

_ A4 el
T NREen Ao cMaEcs  wANCH
1] A8 = A 354 a 53.2 487 a 51.3
At A 165 b 78.2 195 b 80.5
A g 75.6 ¢ - 100.0 ¢ -
* HAEA = Lysobacter enzymogensis <+ Chromobacterium sp. strain

C-619] £ ujel
x 2t A = o} FA|AEREA] A skAl 20008, (152/200%3 )
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3) it mAEW Adlggoly e A=A WA

A Ao 2 MitH Serratia plymuthica, Chromobacterium sp. strain C-61
9 Lysobacter enzymogenesis 5-< PDAWIX| oA ERAZWI Rhizoctonia
solani, Pythium sp. & AU FFol¥ 9 Botrytis cinerea ¢ A A7 oJAEx
et (g 3-37).

b REERe gk olE AT W AAHE XE AdHlA xAbs
S +=d, Chromobacterium sp. strain C-61 9‘r Lysobacter enzymogenesis
o14to]l FolgS =3 FQ oy, Serratia plymuthica = ZoFS =LA A3k
3 Serratia plymuthica = 2142 o€l A% d&f = FU7] wio AAF
ol Ag & gle w2 AES U 3, Chromobacterium  sp.
strain C-61 ¢ Lysobacter enzymogenesis © FE ZAe]ol o] mz=w o x|

of A%e A7 &S & 5 AT (2" 3-43).

(B)

B No emergence]
B Damping-off —
OTotal

S2 Ly Ch Se Non

oHA) ¥ EZEZH o] TA(B)o

e

1}

ald
ofd
o,
o

of ha WAaIE
| o 2 A EAe] A
|58 mol Foidl, o
3-27, 3-28). @ AR EFo| M
Fo] AZME wel Folidl, 20064

2005720061 270l A A4 REEW
At st Abelw Ao A ZAMSEHA
S 20051 ¥ 20061 B 80% o143
718 5ok ER AR A A 9} v 58}
of gigk W AEAS] &3 20061 70% ©

7 P
o
O e
d s
oFE NI
o

b

o
%2
o m
%
_>.~L

o,
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},
g2
32
e
b

.

3-217).

Lol FAgTl Wl dAsA ol WAladE Add

H“ =
R A3 Fol
A 2]
Ol FE& (%)  WAITH%)  olWF&(%) WAI7H%)
o] A& A 49 a 82.3 52 a 72.8
Akt A 73 b 76.7 103 b 85.8
A 2717 ¢ - 191 b -
* U|AER = streptomyces sp. strain S-2, Lysobacter enzymogenensis,

Chromobacterium sp. strain C-61 &3 ujofl
w AR = ERAEA Fo Ay

3328 4t mEEel gk v AAEAe] WA & H2006%)

A2 o] ¥ & (%) WA 7H(%)
1) A = Al 9.8 a 82.1
At A 107 a 80.4
A g 54.7 b -

* A& A = Lysobacter enzymogenensis, Chromobacterium sp. strain
C-61¢] &3 uje
x A A = ERAEA B A
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