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SUMMARY

I. Tile:

Development of Bioherbicide for Control of Kudzu

II. Contents and the scope of the research

1. Isolation and assessment of biocontrol agent
2. The physiological and growing characteristics of kudzu and forest tree
damage by its vine.

3. Development of bioherbicidal formulation

III. Results and discussion

Kudzu (Pueraria thunbergiana) has been used mainly for the row material
of living products and herbal medicine and reducing soil erosion. However, it
1s very aggressive and can out-compete or eliminate native plant species
thereby upsetting the natural diversity of plant and animal communities.
Therefore, it is recognized as a pest weed which killed or degraded
agricultural crops and trees. For successful short-term control of kudzu,
mechanical and chemical control means have been used. However, using
broad-spectrum herbicide have no host specificity and always showed side
effects to agricultural crops or trees. Furthermore, repeated applications of
several soil-active herbicides have been resulted on severe devastation in
arable land or forest.

For the development of successful microbial bioherbicide, (1) the isolation
and selection of biocontrol agent, (2) assessment of physiological and growth
characteristics and damage of kudzu against forestry situation, and (3) the

development of bioherbicidal formulation were conduced.



1.Isolation and assessment of biocontrol agent

Symptomed kudzu leaves and stems were collected randomly from
southern parts of Korea by considering symptoms, growth stages of
kudzu and collecting sites. Major symptoms collected were leaf spot, leaf
blight and vine blight. The blighted vines were mainly collected within
June but spotted leaves and blighted leaves were mainly collected from
August to October. The causal fungal pathogen of each symptom was
1solated and identified to Phytophthora erythroseptica for vine blight,
Rhizoctonia solani or Fusarium solani for leaf blight, and Alternaria
tenuissima for leaf spot, respectively. Each symptomatic, morphological
and taxonomical characteristics of each fungal pathogen was described as

belows.

Leaf spot of Kudzu caused by Alternaria tenuissima

In July of 2002, a leaf spot on kudzu leaves was observed at southern area
in Korea. A small leaf spot was appeared as a typical symptom and the spot
was then surrounded by chlorotic halo. These lesions were expended and
coalesced. And then the symptomed leaves turned to be yellowish and later
fall out. A causal fungal pathogen was isolated and its colony color on PDA
was light gray green to dark green. This pathogen produced mostly the
single conidium but rarely long chain of 3 to 8 conidia. The conidia were
dark brown in color, long ellipsoid or oval and 20 - 60 x 10 — 25 pm in size.
Their septa were 4 - 8 transverse and 1 - 2 longitudinal or oblique. The
fungal pathogen was, therefore, identified as Alternaria tenuissima based on
cultural and morphological characteristics. This is the first report on the leaf

spot of kudzu caused by A. tenuissima in Korea.

Leaf blight of Kudzu caused by Fusarium solani
A blight on the kudzu leaves was observed in Korea during mid-2002 year.
The typical symptom was leaf blight following yellowish and wilting. The

causal pathogen was isolated from symptomed kudzu leaf and usually



produced white to creamy floccose mycelium. It readily formed reddish orange
mycelium on PDA. It produced typical microconidia and macroconidia. The
microconidia were the reniform. The macroconidia were wide, slightly curved,
usually 3 to 4 septate and their size was 45-85 X 5-10 pm. The pathogen
produced chlamydospore singly on short hyphal branches within 2 to 3 weeks,
which was hyaline, globose, and smooth walled. The fungal pathogen was,
therefore, identified as Fusarium solani based on cultural and morphological
characters. This is the first report on the leaf blight of kudzu caused by F.

solani in Korea.

Vine blight of Kudzu caused by Phytophthora erythroseptica

A blight of kudzu was observed in Jeonbuk province in Korea. The
symptoms resulted in vine blight. The causal pathogen of the leaf blight was
isolated from symptomed kudzu leaf and produced white rosaceouse mycelia
on PDA. It produced the hyaline mycelium and the typical characteristics was
hypal swelling. It produced the sporangium on agar in water, which was
ovoid, no papillate and no caduceus. Oospore formed by both oogonium and
antheridium appeared the aplerotic and its size was 30 - 40 gm (35 gm). The
pathogen was, therefore, identified as Phytophthora erythroseptica based on

cultural and morphological characters.

Leaf blight of Kudzu caused by Rhizoctonia solani

A leaf blight of kuzu was found in Korea. The infected plants showed
typical leaf blight. The causal pathgen showed aerial mycelium with the
initially white and turned brown to gray. It readily formed sclerotia on PDA
after 20 days. It was irregular, spherical and 0.5 - 3 mm (1.27 mm) in
diameter. The causal fungus of leaf blight was identified as Rhizoctonia
solani according to criteria based on the cultural and morphological
characteristics. This is first report on the leaf blight of kuzu caused by R.

solani in Korea.

_‘IO_



2. The physiological and growing characteristics of

kudzu and forest tree damage by its vine.

Morphological and Growing Characteristics of Kudzu

Seven kudzu communities in Chonbuk province were randomly selected
and external morphology and growing characteristics of kudzu vine were
studied. There was morphological variations in the size of leaf, flower
and fruit according to communities. When the growth rate of vine was
measured, it was also different according to communities. The minimum
length of vine was 1.93 m and the maximum was 11.07 m. And the
growth rate was highest in June. The pollen grain of kudzu was monad,
tricolporate and prolate spheroidal at equatorial view. Polar length of the
pollen grain was 19.37 25.6 ¢m and equatorial width was 16.07 23.4 m.

And its exine was foveolate.

Vegetation of Kudzu Communities

Quadrats of seven kudzu communities were established and the
structure of vegetation and soil was analyzed. The index of Shannon
species diversity (H') was 0.69 7 0.847, which implied biodiversity of the
communities had been kept pretty well. Three species; FRosa multiflora,
Rubus crataegifolius and Clematis apiifolia showed high frequency and
importance value within the kudzu communities. As vascular plants in the
communities, there were 152 taxa of 123 species and 19 varieties in 123
genera of 60 families. Among these, 55 taxa were woody plants and 96
taxa were herbaceous plants. And nine naturalized plants were found. The
physical and chemical characteristics of soil were analyzed. The soil
texture showed five types; sandy loam, silt loam, loam, clay loam and
clay, which suggested kudzu occupied almost any type of the soil. The

soil was strongly acid with pH 4.04 ~4.67. The organic matter content of

_‘I‘I_



the soil was only 0.107 1.38 %, which demonstrated kudzu could survive

even in barrens.

Forest Tree Damage by Kudzu Vine

To find out how much forest trees were physiologically depressed by
kudzu vines, photosynthetic ability of ten tree species was measured. The
photosynthetic rate was increased by 7.4 times when trees were freed
from kudzu vines. Every species studied in this study was found to be
impacted negatively by kudzu vines in their physiological activities. The
difference of photosynthetic ability can bring growth difference of forest

trees.

3. Development of bioherbicidal formulation

To develop the optimal formulation of selected candidate fungi as a
bioherbicide for controlling kudzu, Alternaria tenuissima, Fusarium solani,
Rhizoctonia solani and Phytophthora erythroceptica were used as the
candidate fungal agent.

The candidate fungi were formulated with three major combinations that
could be applied easily with a garden sprayer. The tested 3 formulations were
1) ILPON surfactant, 2) sucrose-Tween 20 solution, and 3) w/o/w emulsion.
Combinated w/o/w emulsion showed a significant improvement on disease
severity over the ILPON surfactant or sucrose-tween 20 solution. The w/o/w
emulsion was made by mixing and emulsifying a oil phase and a water phase
(1:1, v/v) and the final oil concentration of the emulsion was adjusted by
mixing the additional water. The oil phase of the emulsion contained 20 ml of
vegetable oil, 2 g of emulsifier (ISP-590), 80 ml of distilled water. The water

phase contained 2.0 g sucrose, 0.1 ml of Tween 20, and 100 ml of tap water.

_12_



Prepared inoculum of each fungal agent was suspended in W/O/W emulsion
and sprayed onto leafy kudzu in growth chambers, green house and field
plots.. Selected optimal inoculum concentration was 1x10* spores/ml for A.
tenuissima, 1x10° spores/ml for F. solani, 1x10° zoospores/ml for P.
erythroseptica and 1x10° mycelia/ml for R. solani, respectively. Emulsified oil
enhanced disease index and safflower oil for A. tenuissima and R. solani and
sesame oil for F. solani and P. erythroceptica were selected. The optimal oil
concentration of selected oil was 5% safflower oil (v/v) for A. tenuissima, 5%
sesame oil (v/v) for F. solani, 3% sesame oil (v/v) for P. erythroseptica and
5% safflower oil (v/v) for R. solani, respectively. However, control kudzu
inoculated with no emulsion but each inoculum showed weak infection
without further lesion expanding.

The w/o/w emulsion combination was the best formulation to control

aggressively growing kudzu.

_13_
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Table 1. Isolates from symptomed kudzu in sourthern Korea

Symptom/ pathogen

Collected month

No. of isolate (%)

June 10
Leaf spot/ August 45
Alternaria sp. October 55
Sub-total 110 (46.0)
June 10
Leaf blight/ August 18
Fusarium sp. October 20
Sub-total 48(20.0)
June 20
Vine blight/ August 12
Phytophthora sp. October 7
Sub-total 39(16.3)
June 7
Leaf blight/ August 20
Rhizoctonia sp. October 15
Sub-total 42(17.6)
Total 239
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Holl ik WA Aol gk HAHo] Fste] & 9] bioherbicide® AR-8-3}
7o Age WAt (Alternaria tenussima, Fusarium solani, Phytophthora
erythroseptica, Rhizoctonia solani)®] 29 WA S HAAZ A= ofdel 2
=3

7}. Alternaria tenuissima®] 93 3 AFYH

Leaf spot of kudzu caused by Alternaria tenuissima

% (Pueraria thunbergiana)2 THdA, W&, 99 A2 g A& H3 A
ol wig- Gt A&ttt F2 #Eoly Fio AAHE7EA A At A

o Qs e Ausm e AEe] Agel B AT Frh Aol oL

gk vgo] F7kE AL A= AAolvk (AFA, 1997).

= AlzARl st Ql fA|ZE o] & H L o =2 Abolu A}
gho] o] 2 e e el Fo diste] Al AEle AAHoR v
T ofEH 9] WAl ofyFeol Ak (3, 1997). whebA el g3 Aol 9l
A MAES o]&gt AETA WAzl aFE I ok Fo dAstE Hddo=
2=l = Colletotrichum gloeosporoides (Farris®t Reilly, 2000), Pseudomonas
syringae pv. phaseolicola (Zidack®} Beckman, 1996)7} X gl om -2 vl
A= Pseudocercospora puerariicola (X, 1997), Phytophthora erythroseptica
(A, 1992)¢} Gloeosporium sp. (2, 1967), Monochaetia sp. (2, 1967),
Phyllosticta sp. (8}, 1961), Phakopsora pachyrhuzi (8} 1958)7} H.al ¥ ®} 9l
o} SEyetel A F e WAl 2 Phytophthora sp.&°]83%F & ®A7F B HAo
(41, 1992; 4, 1997).
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- utetel A A3t ¥k (2002)0 °Jstel Alternaria tenuissima©ll °1g i A
Tydoe] Ba FHow, AdRoME Alternaria tenuissimaol o34 7wl =g}k

(H ARt BEEL &, 2000), &+ (Honda &, 2001; Rahman &, 2002), % 2]
=23 HEAE (ML 5, 1992)9 2, &7], 7FA, B4, Fell AFH S dexl

U Bark o

o%
i

AgRLH

w5 flste] el Qo A AR wWyks Fyste] xW
AR 1% AFARAUEF S 1%, 70% dAS=2 187 2

t ¥ 4253 AES AF FHRFE 28 FAE Fo) oJfx S o] &dlo] %
He] RS AASAT. Streptomycin sulfate® 2] E F 100 mgo] H7He At
ol (PDA; potato dextrose agar) WX & o]-&3}e] 28C 7|0 s}l A

WA BRES Wol HATS BeHY

AT 54

MAT FHA 54 PDA wAe] wFstuA T ABR 7 F@A
24 52 2SR FUH BFS 9Aste] PDA wANM AP el LS
ZASAA FAS A, RAEAL] Fo) 5 BAIHAT

ste] PDA wj Aol Al 28C &27]e] 10943 wiss o5&
F AEdoz Agadh HddSs 7917 flste] &
HAGY (100%  RH, 25C)ol 24A17F B3 & HF AT
AEUHe AR JdorRE 109 714 A AdE Ho RyHF Ao
ABAYAANA FUY AAS WE F B 1202, FE 0%, E 28T 270

A zAbs
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Fig. 1. Symptoms of leaf spot of kudzu (Pueraria thunbergiana) and
mycological characteristics of the pathogen, Alternaria tenuissima. The
symptoms of causal pathogen were typical leaf spot (A) surrounded by
chlorotic halo. Infected shoot became brown, dry and then death (B). The
lesions became more yellow, dry, and brittle and finally fall out. Left, disease;
Right, health (C). Its mycelium of the causal pathogen after 7-day incubation
on PDA at 28C (D) had hyphal septa (E). Conidia had 4 to 8 transversal and
1 to 2 longitudinal septa (F, x400).
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Table 2. Comparison of morphological and cultural characteristics of the

causal fungus of leaf spot of kudzu (Pueraria thunbergiana) and previous

description
Mycological .
. Present isolate Yu, 2001
Characteristics
) Hyphal septa, branched Hyphal septa, branched
Mycelium . .
Hyaline to pale brown Hyaline to pale brown
Dark green Gray gray green
8 cm/ 7days 677 cm / 7days
Colony . . . .
Aerial mycelium, branched Aerial mycelium, branched
No pigment on PDA medium No pigment on medium
Conidophore Solitary or fascicles, septa Solitary or fascicles

Moderately long chains of 378
) In short or moderately long
or more (Mostly single ) _
L chains of 378 or more
conidia) L .
) Ellipsoid or broadly ovoid or
Varies greatly ,weak beak

. obclavate
L Ovoid or obclavate _ _
Conidia -~ - 25758 x 10718 /m long
20760 x 10725 pm long
(35.4x17.9 pm)

Pale- brown

Pale mid golden brown
4710 transversal septa

N 172 longitudinal or oblique
478 transversal septa

- o septa

172 longitudinal septa
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Alternaria tenuissima~= 33 ZH&Ql Fhol W] Aol ®wau #np Qv
(Honda ‘&, 2001; Rahman -5. 2002; #2} ¥, 2002). & Aol F2 el
AT S oyl ¥dire] A tenuissimall Ao =Z 15T

o @ ol 7 Aol HeEd WATe 542 {+ (2001), Honda &
(2001), Rahman & (2002), @3 ¥ (2002)¢] 7]<3st #3834 EA Aty o=z
A x3te], o] WS Alternaria tenuissimadl 93 2 HAFHwor ®H9 szt

o},

=

Y. Fusarium solanid] 9% & 4vSH

(Leaf blight of kudzu caused by Fusarium solani)

e i, 924, IR=E et &3 = F e ofxolth &

o g ZxHAR o&Hi glon I FU= THEY ARE ol &¥olst
ohome o HyE Ao dofARE olgstal glown ol 7], %3, B
o, &, A8 S &3t m=oha IHA dvk (FEA, 1996). 1y we A
Fog sty FHFe & HE Fa Utk 53] RS o & st
ety Abglel o fxw JdAE I vk He Ae dEow Yihk A E
el E7]e vt2E W FEal 94 das FHeo F7|d Folste wHd
spsb] wAl7E Aok A o] WHES W= AAd o] WAELE] Wk

(A8, 1997). T3t slstebA| & o]
B4 ZAld o]l s glow, Ab HATIU AbgRe] o] gx] %
Ak Jol Agoll= kAl A7t Ebsste]l WAl of# ol Utk . whEbA
o Aol oA WS o] &3 A& WA= vl dasi FHo Ay
3= HWdToR o FoE  Colletotrichum  gloeosporoides (Farris®t  Reilly,
2000), Pseudomonas syringae pv. phaseolicola (Zidack®} Beckman, 1996)7} X
axlon g ye M= Pseudocercospora  puerariicola (4, 1997),
Phytophthora erythroseptica (3, 1992)¢t  Gloeosporium sp. (3, 1967),
Monochaetia sp. (B}, 1967), Phyllosticta sp. (¥}, 1961), Phakopsora pachyrhuzi
(B, 1958)7F B @ vl ok $gyetel A 2o WA= Phytophthora sp.E©]
|3 A B Hdv (31, 19925 A, 1997).
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B
FAmEEE 2001 T 20040l W= A ef o] Aol A AbEkal ole Aol elel
LA Fo WA Aol Aol vkESAe vEhlth TR xR e vh

AAeRE A% wMoz wWaEA go Aol me W FMom Mty

o A FsEA o At FaA T WA

£ 5] 4HEH<i4ﬂﬁﬂ(ﬁg2®.%ﬂOHE%ﬂE-ﬁ%%%Q
2 qstel zHe] wAste] A4S AAGGoY AdEd 43 F& F/)e

g EAks mAbEAbe] Ve gt

2ot P xate] Feli= CLA wiAolA 27 2ALsE . PDA v Aol A
27 7 mme 7S 79 wek wjk (28T FL7)) & A A4 80 mE A

et ¢ Agde AHAE WH, 3F Fole A3 cdxMor W)
Atk (Fig. 2D).

CLA #iAellA Fusariumsp.®l @A 54 dE 3 2 EAFEAE JA
AT P B EAE Aol 3 ~ 42 o] nEFH A}t (Fig. 2F). 7]
=45 ~ 8 X5~ 10 m (563 X 7.2 im3th (Table 3). A% $ 3 Fol= U
FEAEA] A F7F 7 ~ MR Bobxlow A Atolrh FEo] & B

.
Hol rhehgrh 2R

A= ZRRgoz |1 ~ 279 Auto] EA Y
(Fig. 2E). 35F w3t #59] #AIS #AFPS Z 9o e 521 He &
¥ zE tEFo g FAEAY (Fig. 2F). E8¥ HYAe #83 54L& Table

3ol et
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Fig. 2. Leaf blight of kudzu (Pueraria thunbergiana) leaves and mycological
characteristics of the pathogen, Fusarium solani. The main symptoms were
yellowish and blight (B).The margin of light green or yellow leaves became
blight and necrotic (A). Also, shoot became dark brown, blight and collapsed
and it grew no more (C ). The isolated pathogen was cultured at 28°C for
7days on PDA (D). Macroconidia were both hook and blunt type and

microconidia were renifrom, 1 to 2 septa (E). Globose chlamydospore formed

in 3 weeks borne singly on phal branches (F, X400).
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Table 3. Comparison of morphological and cultural characteristics of isolated

in this study and previously described Fusarium solani

Fusarium solani

Mycological Present isolate
(Snyd, 1881; Paul, 1984,

characteristics ( 2002 - 2003)

Lee, 2001)
Cream color White cream color
Reddish white Reddish white
) (after 3 weeks) (after 273 weeks)
Mycelium
Floccose shape on PDA Sparse, floccose shape on
8 cm / 7days PDA
Aerial mycelium Aerial mycelium

From abundantly, slightly )
B ) From abundantly, slightly
curved 3 4septa,thick wall

o Mostly hooked cell
Macroconidia ) Mostly blunted (rounded)
Sometimes blunted cell

45 7 8 X 57 10 um

curved 374 septa, thick wall

cell

Sometimes hooked cell

(56.3 X 7.2 m)
) o 172 septa 172 septa
Microconidia . . )
Reniform Oval, ellipsoidal or reniform

. . Form single or pairs
Chlamydospore  Form single in 3 weeks o
in 273 weeks

A3tS PDA wiAel 109 &<t widstol 4% #F S HELL

2 Agatgn. HEYY =5 10 6/1/ml2 2A4ste] BERHESG. A EA
Foll A HE3LFE Ao 7GRt Ag Moz wedth HEFAZ o] A

gol wet uto] SuiEQon] wlEEge] tehibn

Qe 27 2
Paul S(1984), Lee 5 (2002)9] €15] B8 F solanie] wF=, Fe= =o]
A ¥ w Fig. 3o Yebd 9 mtEH % TomS(2001)0] 98] ®id H

itk webA FHel o nERE Lol F, solaniz 43

of Lo
Ruigp iy



t}. Phytophthora erythroseptica®] 23 Z 94
Vine blight of kudzu (Pueraria thunbergiana) caused by Phytophthora

erythroseptica

Z (Pueraria thunbergiana)> 32 A A Ao ¢ 35F0] X F o] glom
Tyt Ao Aris A Ue 3y e AEolv 2 v
Ao st tg FRFot 2Ee A Zag U
oAl "nt olHg BFA 540 Atgdge] o T
2ol war glow olF WAl flgk A7k &HstA o] FolA AL glom A

x

2]
WA GAHRo] ALHow FrFet= FAlelth (o], 1997, 4, 1997, AHHA.

FA He WA @ wHom AR ol @ Hol AAsh Ao L,
T2 ARE g3 sl e AAGE =5 FHOR WAS gt A
2 oogksh Zebal S e Sk ol &7 WA ot shehokAlo)

of lolA i w2 AAeltt (3.

1997)
F ol o =rol M= HATs o] &3 gxo] A=A WAl i A+

7F @3] &3 vt (Charudattan, 2001). # ol WHAsHE HYAd oz 9o
= Colletotrichum gloeosporoides (Farris®t Reilly, 2000), Pseudomonas
syringae pv. phaseolicola (Zidack®} Beckman, 1996)7} B 1 o -2 v}
A= Pseudocercospora puerariicola (21, 1997), Phytophthora erythroseptica
(A, 1992)¢} Gloeosporium sp. (2, 1967), Monochaetia sp. (%, 1967),
Phyllosticta sp. (M}, 1961), Phakopsora pachyrhuzi (8, 1958)7F B € vl 9}
o FEvEel M del WAR Phytophthora sp.E°l83 & WA7F B St
(A, 1992; #, 1997). €| Phytophthora erythroseptica®l 2J&)A FFA}4-sl 3
= doFive= Bart ok (AWM. 200. 7+ 5, 2003)
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2343 0 F
A
2001 T 2004 7HAl AFA G ] qbell F o] AT F2 A3t o
271 viESAS @48 " FHo Ag 2Ulde A2 g =3

348 gure] ee g4 AA FEsel A WAt ZUh (Fig 3A). of
9 AzE guse sEEgE 492 9Fn Ak H9 (Fig 3B). o) W4

wsk HF F 647 o4 g BRI
2w Hold Ak webd ole@ B3 H7o] WA e} o] W
To B WAHS BARA R A0E Ak S o F He| o] o

% s BMoem WAHWA ddo] AEI W Fi vE@yel vehdd

i}

)

T,
=
)
=
R
[\
(o)
3
ot
o
N
=
N
(i1

Mo
o7t 8ol %%%W Fe= FEol & B&HJY (Fig. 3E). Ly 9
XA #AFEA gt FFAGH 2ol 2 T IR EAGY fFFEAEYS 3
At o] FFAGS FFA FEEHE A7 EEEHA &GS EEFoln
Hggtdoldrl (Fig. 3F). Fd7]E A oA EA8Iden ¢ F3o=
Fwol wjirel e, T3k oF7k 71 48P FA = Fdr) ofdl HES A
Baste ARy oz vebyth dEAe] 271 30 T 40 m (35 mon R
wol HlFutgeldon 7+5 A%d dxAt AdVE UHE A FUES U
Ebdl dxAE BT (Fig. 3G). o] W] #3t4 54S Table 4 4

)
Mr =

32
i O

Hdte 4 2 TN YEd 542 Pethyridge (1913), #
(1997) , A (20000 s B ¥ P. erythrosepticast W3, ez =7 o]

dA A .
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Fig. 4. Vine blight of kudzu (Pueraria thunbergiana) and mycological
characteristics of causal pathogen, Phytophthora erythroseptica. The typical
symptom by the causal pathogen was vine blight (C) and infected shoot and
vine became water-soak on leaf and vine blight (A, B). Aerial, white and
roseceouse type mycelia (D) were formed on PDA medium cultured at 28T
for 7 days. Typical morphological characteristics were hyphal swelling (E),

sporangium produced on the top of sporangiophore (F), and oospore (G, X400)
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Table 4. Comparison of morphological and cultural characteristics of isolated

in this study and previously described Phytophthora erythroseptica

Mycological ) Phytophthora erythroseptica
o Present kudzu isolate, 2002 .
Characteristics (Pethyridge , 1913)

. . Aerial mycelium, hyphal
) Aerial, hyphal swelling )
Mycelium swelling
Rosaceous type
Rosaceous type

Produced on agar in water  Produced on agar in water

) Ovoid Ovoid and ellipsoid
Sporangium ) )
No papillate No papillate
No caduceus No caduceus
Oogonium Smooth Smooth
. Amphigynous
o Amphigynous ] _ )
Antheridium ] Spherical ~ long cylinder
Long cylinder shape
shape
Aplerotic Mostly aplerotic
Oospore . - . -
Size @ 30740um (35um) Size 28735 um (30.5 gm)
Chlamydospore  No formation No formation

a: Details of P. erythroseptica was as described in Jee (2000).

BAdS AAs7] fste]l =AolA Ak HIp XEANA A e dFo=
SEATE 28T &=71lA 10% V8 wiAol A 5A3F wjdfate] FFAE FAdst
Gt HEHLe 549 wE5Z 10 3 zoospores/ml) o & ZH3dFo] z}z; EEFH
T otk AT HF 3YFH A3 ofd 7] vhESel UE
A AE AT A= 8 e whep @o] o]zt lo] g xzio] W
Al7lell e IS Fe Fdow AZdn dHE Wit A BHAdds sk
AT A3 A5 S dFe HdTe iy 54 2 A elA #F9

At RN FA3AC}. P erythrosepticat &I} of7}A]ofo] H

o Bl (3, 1992, Al 1997)9F o] 2 AFelAM = WHddoel dAFHAT. 2

o
(o,
o,
°
fass
O

r

-

.
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ol Fud Hol dwe dov)= Wdite] P oeryvthroseptica?l A o.=Z 2l
Sk A HE A Fo A7 oA E71E5 AN FHT (Fig. 2-3A).

o] ol H AgelA Fed WATe] 54 54 Pethyridge (1913),
A (1997) , A (2000))°] 9l&l ®i¥ P. erythrosepticast "M ¥%, Jej2 5Ho]

A= sle] oW P. erythroseptica®l 213+ 2 oz Fldlc}

2}. Rhizoctonia solanid] 913 ¥ YvlEH

(Leaf blight of kudzu caused by Rhizoctonia solani)

He U Ao A7 B Ades gd g2y Aol e
1w Ao skl tE FEFe Age] Age "ad W Aud
= gzolth oled A% SHoz Hdnd o Taw 3
93 k. Ao BAEs) A9 AT BRAA olFfAL Yo
WAl go] A%HOow Frkshs Aol (o], 1997 4, 1997, AHH. 199). %
Adl AL WA A% PO AYL o8 Ho AAt Hel I, YL

ARR 01§87 fstel A& AAdE wFY FHOR WAS ok AT o

o

I BAAQ Bl A o] JhA] @ o Qlste] AjEE WAlHe] a9 "Hr
(. 1997).

Holl mellAe HE HUddS o] &3 Fxo AESA WAl g AT
7} @] W3 ¢ltd (Charudattan, 2001). o] HAst= HAF o= 9 3o
= Colletotrichum gloeosporoides (Farris®} Reilly, 2000), Pseudomonas
syringae pv. phaseolicola (Zidack¥®} Beckman, 1996)7} X aslow S i}ig}o
A= Pseudocercospora  puerariicola (AN &%, 1997),  Phytophthora
erythroseptica (W4, 1992)9} Gloeosporium sp. (443, 1967), Monochaetia
sp. (WFFA, 1967), Phyllosticta sp. (BV&A, 1961), Phakopsora pachyrhuzi (8%
T4, 1958)7F wargul ok s-uetel A Hel WA= Phytophthora sp.g ©l
€3 F A musEol gk (A, 1992; A, 1997). $-Fvtgtel A Rhizoctonia

solanidll o3 W= 82F°] B on ol FHFE 7|Adst= ¥ 1150
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Fig. 4. Leaf blight of kudzu (Pueraria thunbergiana) leave and mycological
characteristics of the pathogen, Rhizoctonia solani. Typical symptoms by the
pathogen were water soak (A) and leaf blight (B) on leaf. As the disease
became more severe, blight and shoot turned into dark brown and collapsed
(C). The pathogens was cultured at 28C on PDA medium for 7days (D) and
dark brown to black sclerotia were formed on white mycelial mat (E).

Mycelium was branched at a 90° angles (F, X400).
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Table 5. Comparison of morphological and cultural characteristics of in this

andpreviously described Rhizoctonia solani

Mycological . ) . .
o Present isolate Rhizoctonia solani

characteristics
Cream — Light brown Light brown

Mycelium Branch at a 90° angles Often branch at a 90" angles
Most multinucleate More than two multinucleate
Irregular, Globose Small, irregular shape

Sclerotium Size: 0.573.0 mm 173 mm

Dark brown black

Dark brown black

Monilioid cell Present Present and absent
Hed A4

TR gt ¥AdS AAstrIfstol 2 A H3} Ao A A
s ol gttt BEle WATwS PDAwA A 7d7F skt dFAMEHEE 10
4/1ml =2 £dso] EFFFsAT AT A5 A=ALL (25T F=27]0
24N 7 F & F UAl 25T, ¥ 5 70%, 1273 FF7] 7)) By shHA
A S AT A ddA HddS A AT & ddT HE 7Y
FHE el 22 Wuko]l yEhr] Alzkety, Az ddsty] dean A S
o (Fig. 4A, B). H&3ste] dnjd FolellA BHadds st AHFA% As
o2 Aol F1ENer Hdwe dHA 54 B AN #EFe 5Ho
S Hod 397y TSI R, solanis= GHHA R W A& y =
Fod 53 EFAddelH, 53] A ET IBE Fa Rl REEEs 4ol
Char B s AT )
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Fadol TAsAG £ o E7)
AbE o] Heol ST S AXAA

=
ot a8y #Fe ZF7)9F ool YA &gttt A tenuissimadl Ag A9
[e)

ofFfAl oo = kgt B o] WA o] YElYE=d A tenuissima® V|TFERE
AAHY B v E gtk et Fo FHAEN Fo FEF E A
2o = WAool gl vZIFR g7t §llth. Alternaria sp.ol WA=
< A AAAR Be AedA st ofF &3 §om FE 1A A&
dasle] 2 HaflE &vbx Baustg e (Agrios, 1997) %, ZEAZE 29
slo] v etty Wit (AK1992). o E ] Flel M= Amaranthus hybridus
o] Yof WHEle WAAZIYE Burt Yk (Blodgett, J. T, and Swart, W. J.
2002), A. tenuissima °] 7 %ol T AEQ] 7ol W Aol B HIUT
(Honda.2001, Rahman.2002, ¥, 2002). A&=34 A& 9t F&H TS 8
g B4 AFdelA AN He Js WA 913 Ao R kg EAge
I pEole = thE o] £k tEAR] FRAAE A
of gttt & AFolA At &R Fi 55 5 s Feols dEE
o] HYAdS YEtA ol Ao WAE 9 WAMAER Az ET

F. solani®] 71FH9E 2AMS A3 FHAE 23FolA 74A, agniel 55
A

oft

2

A% Ao A EAsE T FEoIdE TG ol el ol
| UERA ekgkon] wmut oy 23 4
o]

Bol WAREe 24 A3 JPAo
o Aglm el BAYL el 2atth F Fxe] ASAE Helw

=
Fegol vetllon the I3 Fxole Wddel vEhbA k. =8 T
T, AFolE Mol yEtubA ekt Aol Q1A
2 = Yol JIAHA Fu
Fusarium sp.°ol '2Ast= B2 715 He7F ol A AAZ R B2 A=
€]

A o AskE Wl or 538 FI AE Avs daE Fe= Aol agn



2001).
P. erythroseptica® 7)5F4

Bddel e v7lFela, R o WAl dow AuatEds
A2kl P. erythroseptica®l 715390l 2&H A o= F2 A3} oA F7]
o wESES UERlTh W] o] Ag Aol AWl FaE AshA e
Ydsdol vela o 7= AL A4S BASAT £ oyl F7)dd Wol
P E W Ho] skl Fekal aabd o] Heof fAdd RS AAAHT. 2
2 F7]9 ol WHE X &ty P erythroseptica®l A% #<e 3

Jol AskAl W S ddske] ARIA YAl FHon ASY

Ao = HYAlo] A= P oervthrosepticad 7152 QA=A 7 e
_Z,_

T2 THHER Fo FEF 2 AuEEeds HdAdel glof n7l

Phytopthora sp.ol A= W A AAXeZ #e % F&J HAsH &
3 7] B x2AAN RAEHE doA IIE Tl Haskdth (Agrios,
1997).  SgvEtel A P erythroseptica®l ¢3sle] W= 71F2 7 (1997)3%
Al (20000 els H A, F T (2003)°l ot HAF FAE-Y B IT=

=<
Bazk ot & Aol o kel Hadol slo] 7Sl 23dE AT
= Aol FHelle 3 HAddSs dEhled, v Ao iAol 8l

&= WdAgdol A At T Fx Aeole How W]l At
Uebg A wE o2 T3 gxes Hago] YdEbA ekt

R. solanie- ©hH7d WAT o2 AA Z el FxEo] 9lom 483 263F 9
A 2o 7|Aste] WHE dozitty B Ho| vt 53 13 JHA, EvtE, 7
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Table 6. Pathogenicity and host range in Leguminosae plants of A. tenussima,

F. solani, P. erythroseptica, R. solani isolated from the kudzu

Pathogenicity a)
At Fs Pe Rs
N =AHE. koreensis) - - - -
3] 35 (Sophora japonica ) - - - -
U5 (Moaackia amurensis ) - - - -

Host Korean name(Science name)

28] (Lespedeza cyrtobotrya) - - - -
o}FtAl oW (Robinia pseudoacacia) + - - -
9 *(Caragana sinica) - - - -
A AV - (Albizzia julibrissin) - - - -
vhe)| 7| U5 (Cercis chinensis) - - - -
SYW-(Wisteria floribunda ) - - - -
AW A2l (Amorpha fruticosa) - - - -
% (Pueraria thunbergiana) +4++ A+t
| 5E(Kummerowia striata) - - - -
Weed NMEEE238D. oxyphyllum) - - - -

2} A E(Aeschynomene indica) - - - -

Tree

E7ZE(Trifolium reperis) - - - -

33 (Arachis hypogaea) - - - -

=5(Phaseolus radiatus) - + - -

2=X.(Vigna sinensis ) - - - -

FE3F(Phaseolus vulgaris) - - - -

Crop F(Glycine max) - - - -

A= (Vicia fava) - - - -

Z(Phaseolus angularis) - - - -

X (Pisum fava) - - - -

a) Plants were sprayed with inoculum containing mycelium suspension of
10days-old-pathogen. b) Disease severity was rated two and four weeks after
spraying. -, no visible lesions; +, small scattered lesions; ++, numerous
lesions coalesced; +++,75% of leaves dead or defoliated; ++++, dying or dead

plant.
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Table 7. Pathogenicity and host range in non-Leguminosae plants of A.

tenussima, F. solani, P. erythroseptica, E. solani isolated from the kudzu

Pathogenicity a)
At Fs Pe Rs
U (Pinus densiflora) - _ _ ~

2 P (Ginkgo biloba) - - - -

ST

Host Korean name (Science name)

L
of

Y (Acer palmatum) - - - -

o2

(Buxus microphylla) - - - -

o
-
U (Castanea crenata) - - - -

Tree

T fo

WY (Pseudosasa japonica) - - - -

o
-

(Juniperus chinensis) - - - -

=
o3
U (Zelkova serrata) - - - -

Ir

E]
U (Prunus serrulata) - - - -
=

2} (Quercus mongolica) - - - -

(Oryza sativa) - - - _

oo

M Solanum tuberosum) - + . -

EuE (L. esculentum) - - - -

7VYA|(Solanum melongene) - - - -

13 (Capsicum annuum) - - - -

Crop
vk Ipomoea batatas) - + - -

=l (Nicotiiana tabacum) - - - -

S\ (Perilla frutescens) - - - -

Z(Setaria italica) - - - _

L5294 (Zea mays) - - - -

a) Plants were sprayed with inoculum containing mycelium suspension of

10days-old—pathogen. b) Disease severity was rated two and four weeks after
spraying. -, no visible lesions; +, small scattered lesions; ++, numerous
lesions coalesced; +++, 75% of leaves dead or defoliated; ++++, dying or dead

plant.
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A2 A Ao AN AT 54 2 R

2-1. #e I8 L A 54 =4

e engEets 54 (4, %, 3, dvhe 2A] flske] 20014 34
ol AA ] ol xR (600m™ ©]
HE A Qe A dlellA dxsta Wake] gl A& o, 2, i,
AvlE APete]l A2 AREElTh 24 A AT o, ¥, duiE 100704
ARl ©de] doje} % Eq] Zolo £ w Ao, AW Ze], shA 9} 3}
o], 33 Hole} = %2 Digital Calipers (Mitutoyo)2 =43}t 3k&
He oo m 55 dojot AW A F, ol Zdo|e} £ x| FAE &
gdnd (OLYMPUS B20Doz SAson, fWFHE FAMHEAATA
(JEOL JSM-5600 LV)o.& w33t}
A 9 77 g QEv)e s B A 5AS FAbe7] $lske] 2001

.1

rlo

W] A37]|Q 39HEH 10€97HA] wigde] 7z} ZALFolA] AAsHA ASshe
S50MAE AAst Q=79 AFS oA FA4sI e, 1 Z7]o 94
2 10€ 2 =433

7h He deety 54

@E}HE 7 A ZAFE(Table 8)ol4 MRS o HFy ey FHS =
I}= Table 9-11°] YeRE v} ). 22 355 (trifoliate)e] FE|
Hol e=d, WA 429 (eaflet)e] dol= HA 9 cnollA H 21em7}
A (B 14.2 cn) H9I7F QAT AgE R XIQE Aol H 12.3m=A 7F
A Zgra, 3 Ado] HE 15.7 em2ZA 7FE TA el 299 Zo 9l
o= HA 9 molld A 20 Al (B 13.9 cn) dolek Aol n=d Ak
o]t} (Table 9).

Bele] dol= HA 24 emolA 60 en7bA (H 39.7 cm) Z7]] o]z} wjS-
gFshA vetgkon, dl X de] Hot 33.2 emZA 7B Akar, F A Yo
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Hat 43.1 emZA 7 AA YERY 10 em AES] Aol & HATE Foll glofA]
= ok 2 o] HHF 24.9 em2A A ZAga, % A do] FF 31.0 an=EA
7V AA YERSETE (Table 9).

Awe] Zolt Ha 8 oA Hl 41 an (BF 21.9 e)7HA] UEhten,
d Aol 16.8 amzAl 7P Ak, FF Aol 264 A PE E FAE
Btk A, 29 dole HA 3 ol A 7 em (HE 4.4 can)e] HY
24 99l Aol W 3.9 azA 7 A, ¥ Aoje] BT 5.4 mEA

7HE AA Ytk (Table 9).

Table 8. Location and situation of quadtats in ZPueraria thunbergiana

community

ZAM 9 Al e AAKC) | ()
A AR AFT AgW By B2 S7T0W 40760 2,000
B A& ek bW wglfold Rt SI5W 20730 700
C AE ¥ odd Fx8 33da3 ¥ N30W 45750 600
D A& Fea HEW FERFAL B2 E15N 25730 875
E A& HdA Absd Absad E15S 20725 1,000
F A5 &3 73W SEnks 72 SI0OW 10715 750
G AR AT gx¥ gAus] B2 E30N 5715 1,200

2 7-84d AA FAMow FTASA (raceme)® W Hyt Hol= 17.6
emo|t}, A GHR = &5 A Fo] H 18.6 em=EA 7HY A3 g A Fo] Ht
16.2 mZA At Wol7p veFsiAl vEbEH gt (corolla)e 71
(standard), ¥ (wings), &=% (keeD9] 37] F-FOo= o]Fojx] Qom Zo]
= " 2.2 enolo, 9 A Yo Hy 2.4 emZEA PF Za, F A Hol
Hat 2.0 en®2A 7HF A YER T (Table 9).

A= FI Gk, legume)ZA 97 10 2A olev AFYE HE Y
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o2 o= H4 3.4 cnold H 11.1 emol AW HFHOZE 6.6 cnolYL
o, Al RE £33 Aol Hi 6.9 cn2A M A, ok oA % o]
1 6.3m=A 7 Agkth ey, Fol QlojA = A3 Apolrh A gljlom
HaHo2E 0.9 emo| 3t} (Table 9).

olde] AFE B ul, o F FHL AHd wat g2 Ao
Hol7b s o 4 =, ol Fol At A9 VF, EY, &

W9, BAL B 87 R AFAAGH o] J9lske Aow Ardth

Table 9. Data of leaf characters of Pueraria thunbergiana in seven

quadrats ¥ min-(mean)-max
P aqmel a9® mqwe HaE qwde] 4w
24 (cm) (cm) (cm) (cm) (mm) (mm)
(9?%) 12-(14.7)-17 11-(15.4)-20 29-(40.3)-53 20-(26.3)-31 13-(22.2)-33 3-(4.4)-6
( ]BO]_) 9-(12.3)-17 10-(12.7)-17 28-(41.5)-60 18-(24.9)-36 16-(25.2)-37 3-(4.5)-6
UCZ 11-(14.3)-18 11-(14.4)-19 28-(43.1)-58 21-(27.1)-34 12-(25.4)-41 4-(5.4)-7
()
(XOP_/]:) 10-(14.0)-18 10-(13.0)-15 28-(37.6)-57 23-(28.5)-34 10-(19.8)-38 3-(3.9)-6
(u-qu) 12-(13.6)-15 10-(12.2)-15 24-(33.2)-38 23-(27.8)-33 8-(15.8)-20 3-(3.9)-5
(:‘,:F’l—) 12-(15.7)-21 9-(14.1)-20 30-(42.1)-52 24-(31.0)-42 14-(22.2)-29 3-(4.7)-6
(O]G/é) 12-(15.1)-19 12-(15.7)-20 28-(40.4)-53 21-(26.5)-33 13-(22.7)-33 3-(4.5)-6

B 9-(14.2)-21  9-(13.9-20 24-(39.7)-60 18-(27.4)-42 8-(21.9)-41 3-(4.4)-7

e FEYL G (monad)CE ZFZo] (polar axis length)7} H+ 22.32
£ (equatorial width)< H4 19.57 meolt}. P/E A+ (&4
o]/AEHA B 93t HAEHIA (equatorial view)S 1.027 1.38= 4] <k

H
& (oblate-spheroidal) ™ &3 (prolate)o] A ¥ HFA o 2= 1 1524 kA
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3 (subprolate)e]t}. ol (aperture)™= 3873 (tricolporate)e]™, F--Z o]
(colpus length)¥= v+ 14.73im, 7-7% (colpus width) 3t 1.92 molt}.
FHEAE Ho 1.78 mEA 9 3EYW (ektexine)o] WIEHW (endexine)ol] H|3H
k7l FA A vrelwtth (Table 11; Fig. 5, 6). 9 5Y (sculpture pattern)= 1
o o]&ke] 2 o] AbAStE ¥ H(perforate) &2 YEFRTE (Table 11;
Fig. 7, 8).

Table 10. Data of flower and fruit characters of Fueraria thunbergiana in

seven quadrats ¥ min-(mean)-max
g4 5}*1 4ol s} o] d4do] A=
ZA} (cm) (cm) (cm) (cm)
AZ 10.3-(18.6)-28.3 1.5-(2.4)-2.7 3.5-(6.5)-11.1 0.6-(0.9)-1.1
(&)
B
(Ao} 9.2-(17.5)-26.1 1.4-(2.2)-2.8 3.6-(6.3)-10.8 0.6-(0.8)-1.3
. 10.0-(17.0)-25.6  1.4-(2.1)-2.8 3.6-(6.6)-10.6 0.5-(0.9-1.4
FF)
D,\ 10.1-(16.2)-25.2 1.6-(2.0)-2.6 3.5-(6.7)-10.5 0.6-(0.9)-1.2
)
(LLE%) 9.7-(17.9)-27.8 1.5-(2.2)-2.5 3.4-(6.6)-11.0 0.8-(0.8)-1.3
,\F,} 9.8-(18.2)-28.1 1.7-(2.3)-2.8 3.7-(6.9)-10.6 0.7-(0.9-1.2
(=)
(OE\]) 9.4-(18.1)-26.7 1.6-(2.1)-2.7 3.4-(6.3)-10.7 0.6-(0.8)-1.2

gt 9.2-(17.6)-28.3 1.4-(2.2)-2.8 3.4-(6.6)-11.1 0.6-(0.9)-14
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Table 11. Data of pollen characters of Pueraria thunbergrana

¥ min-(mean)-max

Parameters ) (Pueraria thunbergiana) 3+%(pollen)
=27 0] (um) 19.34-(22.32)-25.67

A =l A & (um) 16.00-(19.57)-23.44

ok o] (um) 12.65-(14.73)-17.48

WHob+-2 (1) 1.49-(1.92)-2.60

9 F7 () 1.49-(1.78)-2.23

P/E(S 54 ol/4 = A ) 1.02-(1.15)-1.38

A =Y o}4-13 (subprolate)

ol 3& 79 (tricolporate)

A 37 (perforate)
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Fig. 5. Equatorial view of pollen grain of Pueraria thunbergiana (LM,
x400)
Fig. 6. Polar view of pollen grain of P. thunbergiana (LM, X400)

HEKY Hio0. p@w

Fig. 7. Equatorial view of pollen grain of P. thunbergiana (SEM, x3,500)
Fig. 8. Sculpture pattern of pollen grainof P. thunbergiana (SEM, *<15,000)
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He 994 dEds (@ EA Adgo]l ARt As Edel=
7] F2o] gk Fa tgefol vl S AT A9E 2 VER

AR A.E7]9 dolE FHa 1.93 molA Hd 11.07 m7kA HH7F wiS-

WA Yelgsd, Hudozs F4 A9e] 6.10 mEA 7 Agka, 94 A

o] 9.39 mzZA 7F4 AA vERY} 3.29 me Be xolE Btk ey, o
W2 57 A9 Ht 7.3277.50 me] ®Hel lol A< o7t gl

ol A9l 371087149 717 A HAAGHS BE A9l 10¥

of 7} Aew, 694 7 AT LS BAFAY. 15 57787 A

e BE AdolA A9 65% oS AXAste] e A&l Mg Sde

A2 debgeh, 95 A9 F$- 109l 12.1 em (AA 1.6%)9 A& AFS

Hel v 6ol 2.16 m (29.2%)9] Hol AES HAFAG. &4, o2 =7]

Ao 3.49 o7t

A Fatglon, ¢ A o] it 1.33 m®E 7P Agkomn, & A o] At

il
o
S
N
_OL
rlr
Bjie
i)
ot
(i,
e
iy
N
lo
r
(o
oM.
lo
N
[N
(@)
©
ﬂ
(@]
=
=2
o)

B % R A el Aele) e 9
[e)

[ez]
-
HE AAY 24 e AFAAGgH Akl 7IdEs Ao
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Table 12. The length and root diameter of Pueraria thunbergiana in sites

and months (unit: cm)
o] =
. 3,871 9173 (mm)
< A1 %(em) _
3 4 5 6 7 8 9 10 B ] 2~ (H )~
A Ha-(F)- 20
=
A 267-(741)- 10.4-(13.3)-
—\ 22.1 66.2 132.3 216.4 179.4 76.0 36.5 12.1
(&%) 1107 20.4
B 312-(739)- 12.9-(18.5)-
30.7 74.6 131.7 202.1 152.5 90.6 41.9 14.9
(F1eh) 848 24.3
C 309-(732)- 11.1-(16.1)-
o=, 21.7 73.4 108.0 228.4 163.2 85.4 33.6 18.3
FF) 915 25.5
D 223-(610)- 11.0-(21.2)-
Sy 21.7 46.5 80.6 161.8 155.8 93.6 38.2 11.8
&) 774 31.2
E 240-(736)- 9.7-(15.8)-
o) 26.2 82.8 117.7 210.0 152.8 93.8 38.1 14.6
) 1115 23.3
F 193-(750)- 14.3-(22.8)-
P 27.0 81.0 130.5 209.5 163.1 87.6 36.2 15.1
(=3 998 34.9
G 446-(939)- 11.8-(19.2)-
o Al 51.1 115.0 198.1 270.8 139.8 97.3 54.7 12.2
(44 1250 27.5

2-2. AEA e A 2Ab

AR R W

1Apd el AR ] 93 ZHEAE didem dAT AY T4 dH 3
AQdA 92 Sl wek T 2AE AYel 3 m o x 3 m (9 m) A7 FARF
(Quadrat)& 7H7+ 3714
£ AAsta, sd =S S48 U

ZE ARl B3 A SAE Blaskr] $18ke] Curtis and Mclntosh
(1951) ez Fd$Hd= (I V. : Importance Value)E T3tRow, F T4
dEHe]l vYgd FxE Fetstr] flste] FFHAF (Mueller-Dombris  and
Ellenberg, 1974)¢} Shannon-Wiener?] 59 %% (Pielou, 1975) 283l 1o w&

HANGYE Hun), TA% (J), 4% (D) & Fadvh (&, dd¢Hdx=

1
of
Do
[a—
=
i
i
iﬁ
of
ol
£
1>
ox
N
S~
>,
>
d
=
N,
Y
I
1>
d
ox
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Zake] A, SAEE QWA © mol oA FEol AXeE W

I 2
AHe S dr)e] vz Axtsdn. 432 74 A9E AaeA dA

o

=
N
>

e BT ZAElY EdslE #4524 E (vascular plants)S 7] E35 2
Fuller®} Tippo =/ aA] wel wjEstg o, oy
7 (o145, 1989), #A3AE (naturalized alien plants) % 7
(2001) 7 Ak ol (1980)°l whakrt.

EGS AR AL wdd Aol A AHAFALH, HFFF Avee
Wil #Fo2HH o 10~15em 2ol EdS A - £3ste] dudA
A ARRE ARG EY B4 e QoA EALS vw
(USDA)= wstown, E¥e pHE EYY FHTE 162 st =4
o7 f7]EE TyuwrinHoz, &AL $F#S microkjeldahl EaH o=,

A& Lancaster &=, X 3A Yol olw FolA HolE (CH;COONH,)

)
Z
rlo
ki

)
rot
1>

Ko,
o
flo
=
> o
o

oYMy
o 9

off

= g de
oX,
rE

4
o
o
Mo o U
o mN o R

of
ol
3R
=l
N
o
oo o

3 %  Atomic absorption spectrophtometer® 2}z =4
(CEC.)LS arFolAHo]E (CH3;COONHy) Z A E=3te] 7zt B34}

aF

23}

purat

7h. A A ZAL
IR S ibiES X
ol HstE A 7 AR 8ol 7+ 3] WEF 3 m X 3 mE
AAete] AESHE 2AF B4 A 7F Ao ZARPE HT e S,
TAE 2 S¥E 5& F 139 vebd vhep 2o
Table 13914 Hi= kel o] F wetA|o] A Hd T4 EA
3

ez}
-1
Dol 1IEFTor 7H 42 H=Fo] &dF v BA Y (b2 1987
3

S A8 Shannon®] FUSE (H) A& 0.6970.84% et vy
T2 TUYEE FA L A5 & F Arh BAEHEE EX (D)o 0.69
2 7P ggton FA Y (£3)0] 0.842 7M4 =4 et #AE D9 ¢
A5 0.6270.71, 0.29~0.38% 72| #ol7} go] 7/ Ao &
AL v AgE HoFAuh @, A Ed ¥ EE 68.37
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80.0%°1R=d CAY (FF)°] 80.0%= 7H¢ =A YElgom BAA(XehH¥}
DA CF)e] 242t 68.3%% 7HE vkt & AEwEEA S Fate] ol ¢4
stal Sl AT A= HE Foll 9ste] B AEEe] ydHa AN L
g T8t dE AL vud e TS AL s & 5
ct.

Table 14+= Hw=Ae 2AMRE F2 &3 Fde-44 LV)E YEkd
otk N BE ZAMfLOA FH 38.77525%% Mg 4% AES §X
aH geAo® S Al don, REAES Ay fFdsA 7TAY B
T ZAFOlA 287 13.6%9 HIER F¥ste] H AT EASe FELE Y
BTt g, 2EAEQ Y, & mausvl, ey REAE
=)ok ARIAME 2.0% ool HlE&R o] ZAFAA AT Fdste HAES
o= 7|59k A5k = (naturalized plants)Ql 7Wdx¢ wWFg= BAY (X
HF CAY (FF)ellA A2 3.5% ool HlER A d AGelA] AFEa

c WEFRD 2R, %Hx}ﬁﬂ, S, AU, 7k kel &
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Table 13. Comparison of species diversity in Pueraria thunbergrana
communities

NG 13 5.75 0.75 1.12 0.67 0.33 70.0
B(x1<h) 19 8.35 0.78 1.26 0.62 0.38 68.3
C(HF=) 14 6.01 0.78 1.14 0.69 0.31 80.0
DCE) 15 6.55 0.80 1.17 0.69 0.31 68.3
E(d-<) 11 4.55 0.69 1.02 0.67 0.33 70.0
F(3) 16 6.60 0.84 1.19 0.71 0.29 78.3
G(d4) 15 6.38 0.78 1.16 0.67 0.33 71.7

2) =% (Flora)

AL A E1yE FrE Ay e B 607 1234 133F 1949
% 15287 (taxa)o2 Hots|o] (Table 15, 17) Hlw A tjeFst FEo] %M
HEo] AAsh A3t S ¢ 5 Atk ZAFEEE ARG ()00 A
317 464 45F AWTY] F 49% 7/, BAY (FghelA 38?% 604 555 129
T F 67T, CAGEF-T)oNA 267 424 38F 8¥ITY F 46% 7, DX
o (FP)ellA 253 394 35F 8WEC] F 43WFwr, EXY (Fe)elA 197
32% 27F 6WFo F 33%Fw, FAY (=)dA 337 545 50F 10WFe
F 60EF, GAY (2ol A 297} 48% 4RF F 51EFTFOR A}
Hol AgHER i Aol E YER

o]F HEAE (woody plants) = @uy, E3FUS, a3y, g,

=258, HUF 59 293 44% 53F 2WF] F 55EF
%P A5 (herbaceous plants)2 97EF (63.8%)S A4
= Hmrler aabE e 23R VISEATL Y A= BF 9%t

ZAFE A Gkl HAAE ol gxg A Ee] 53

154 14% 2WF9 F 16877 (10.5%)°1QaL, 2 A2 =24 537

|
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10624 118%F 16WE9] & 134877 (88.2%)S A3} o).

2ol

3

=5}3)

FAsHE 2 Fa A48 g ]
A, A, A, WAE, & gusuEy] S| E FEHdA Z@sto]

Wbl Exetal ilow, Hmy), o7, 5, HEE, d¥olF= =
=

m{l:
rigs
>
o
M
=)
Ir

§ 2= 1:1-4%

S AEFoln. 2AbE H=E TolAM 7P Bo

]
(Compositae) 2l&o] 208F1°(13.6%)o.= 74 Bsronw, Fat

(Leguminosae) 15%#F(9.9%), v # (Rosaceae) 10%EF- (6.6%), Wz}
(Gramineae) 9% (5.9%)2] o]t}

Azt = wAe, Aege], dgtold Mux 59 63 115 12F(7.9%)°]
Byste Aow 2AEAY vl (Table 17) ol A& =Ao] A8t e
2kl AEAE Fd T4 S2EFTOR HuEda (FETgae e, 1998),
WA 99 Ed U 36w (AAR 5, 200009 et W, &=
FHe] Abolut skl ool HlE) AAAEAEAL] weo] A Aow AYZtE
=

_66_



Table 14. Importance value of the main species in PFPueraria thunbergrana

communities

AT

1z
A&

A®HF) B(XISH CHF) D) E(d4) FE&EF) G

#

51.1

41.8

38.7

47.7

52.5

43.9 48.2

A ] ]

8.2

£

5.0

2.0

4.3

10.6

LY

4.8

g =

4.8

2.4

2.9

2.9

5.8

2.9

g

3.7

3.9

6.2 4.6

A

3.6

2.8

9.8

5.4

5.0

3.1 13.6

e
gl gE

3.6

A

2.4

EEDEPY

2.2

2.4

2.8

2.2

BN E

2.1

e

10.7

6.6

3.7

4] 7]

9.4

5.2

M

3.7

5.2

3.1

v 71 2]

3.5

4.4

Ao 4w

3.4

4.2

9.9

AL

2.6

]

2.1

ZPoH el S

4.0

ik

3.4

L
T4

2.1

£ s

11.4

4.4

a7 e

2.5

svhel

2.5

of )

2.4

3.7

Q%

5.0

VAIRERE]

2.9

oz

2.3

AEGE

2.2

o5 =

9.3

BEAE]

3.6

e

2.2

el

2.0

e

2.0

FUT

3.8

&8t

3.4
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Table 15. The total flora of seven Pueraria thunbergiana communities

¥ EN = W=z

WA (taxa) (family) (ge?lus) (Speocies) ({I—a?.) Al(taxa)
FA A = 2 2 1 1 2
(B R - - - - -
SR E gl A= 5 15 14 2 16
AR &= 53 106 118 16 134
Al 60 123 133 19 152
U, EYgzA
Table 162 7} ZAHH B9 o]glsts EAS BA35H Ao}, 7499
A 2 Bl BEAL AFFE (SL), WAMEGE (SIL), 9% (L), 4%E (CL)

2 AE (C) 59 57HA F/ fr@ol yEhY, ol 53 EAS 7HEA ¢
theket tellA gudoz SHE ded & Utk EY AR (pH)E AA
ZAFZE 4.047 4672 BF S YERen, 98 vt giRie] AEE
F(B.075.6, 2Dl HE =7 =4 vYEET f71EdE (OM)> 0.107
1.38 (F+t 0.53)%=A w9 sre ghs dEhde] & 3 Ae] mjg- Hukg
Fol AFEa S &4 F oAdnh FERAMN (P00 e AXY ()M
16.8 ppmo. = 7F 2 WA DAY (F)ellA 2.3 ppmoE 7P AA A=
HAARE FdA (6.4 ppm) o2 Wl W2 FFS B FAT B dol
A8 (CEC)L 7.3727.0 (H 15.6) me/100ge=z W7 HAA R F
Ao z2E vt 2y Eke] A9l 11.4me/100g Hth °F7t =A e}
ek 2gAd A7 KT, Ca'’, Na', Mg o] &2 27 0.1370.33 (Bt
0.22), 0.976.0 (F¢ 3.2), 02777 (FF 2.8), 0.1670.34 (F7 0.25)
me/100go. 2 el -glubel st Al Bkl HarAQl 0.24 (K'), 1.84
(Ca™), 0.26 (Na"), 1.48 (Mg" " )me/100g®l H]a} Ca"™", Na', Mg " & =& 7k
S yehd vl KTe 9 ghS e
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Table 16. Physiological and chemical characteristics in soil of seven
Pueraria thunbergiana communities

P& (%) 0 oom Ton Avik cpe 2§44 471 (me/100g)
- A b B
AT @ @ @ 29 (me/100g)
Sand Silt Clay bpm K Ca Na Mg
A SiL
=, 30.5 56.5 13.0 ("AFE 430 1.38 0.40 16.8 8.5 0.33 3.3 7.7 0.31
CES il
FE)
B SL
(Foh) 55.2 22.7 22.1 (AFrE) 4.67 0.35 0.25 2.5 9.3 0.16 0.9 0.3 0.16
C SL
(313 57.0 22.3 20.7 (AForE) 4.19 0.93 1.26 4.5 20.5 0.19 2.0 2.1 0.22
D CL
(F22) 29.9 30.4 39.7 (AoFE) 4.25 0.10 0.42 2.3 7.3 0.27 1.6 1.5 0.16
E L
(90 40.4 415 18.1 (i) 4.04 0.22 1.64 8.7 27.0 0.21 6.0 1.0 0.26
F " . C . . .
(2=3) 21.3 34.3 44.4 () 452 0.55 0.86 4.9 17.3 0.41 4.3 7.0 0.34
O]G] 15.6 27.3 57.1 ]C 4.30 0.19 0.81 5.2 19.0 0.13 4.1 0.2 0.32
(44) HE)
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Table 17. The list of flora of seven Pueraria thunbergiana communities

* woody plants

s} (Scientific name) @™ (Common name)

A9

C

D

E

F

G

H| 31

Equisetaceae A3}
Equisetum arvense 4]®7]
Pteridaceae iLA}E] 3%
Pteridium aquilinum var. latiusculum A}
Gramineae ® 3}
Agropyron tsukushiense var. transiens 714
Avena fatua ™72
Dactylis glomerata 2.2
Digitaria sanguinalis vV} o]
Elymus sibiricus 7} 5.2
Miscanthus sinensis var. purpurascens <A
Oplismenus undulatifolius 5%/ &
Setaria viridis 7o} &
Zoysia japonica Y]
Cyperaceae A}z 3}
Carex lanceolata 1EXt%
Araceae 94
Pinellia ternata ¥t}
Commelinaceae 93 E 3}
Commelina communis 23%
Liliaceae W33}
Hemerocallis fulva 93]
Lilium tigrinum 312
Smilax china VPG = =
S. sieboldii H7tA @& =
Salicaceae W =4 i3
Populus alba &9k *
Salix gracilistyla AWE *
S. koreensis WEUH =
Betulaceae XA}3}53
Alnus hirsuta = Qg5 =+
Corylus sieboldiana /W45 =
Fagaceae ZIU5F 3
Castanea crenata it
Quercus aliena 2%}
Q. serrata EFUF *
Q. variabilis =35 =

=

N
=
T

(@)

O

@]

71 3}
13}

71 3}
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Table 17. Continued

st (Scientific name) 2™ (Common name)

H| 11

Equisetaceae <A 3
Equisetum arvense 47|
Pteridaceae 31A}E 7
Pteridium aquilinum var. latiusculum 1A}
Gramineae 4 3}
Agropyron tsukushiense var. transiens 714
Avena fatua ™9 €
Dactylis glomerata 2.2
Digitaria sanguinalis B} o]
Elymus sibiricus 71 5.
Miscanthus sinensis var. purpurascens <A
Oplismenus undulatifolius &% %
Setaria viridis 7FoFAZ=
Zoysia japonica Zrt
Cyperaceae A}x3}
Carex lanceolata “1EXt%
Araceae A2
Pinellia ternata W3}
Commelinaceae %933
Commelina communis 9%3%
Liliaceae W33}
Hemerocallis fulva 93
Lilium tigrinum 7442
Smilax china P @ = *
S. sieboldii H7F @ = *
Salicaceae W =453}
Populus alba &9k =
Salix gracilistyla 7AW E =
S. koreensis WIZUF x
Betulaceae A&}
Alnus hirsuta 2 2|5 =
Corylus sieboldiana /NG UF =
Fagaceae IUH3
Castanea crenata 15
Quercus aliena 235
Q. serrata EFUF x
Q. variabilis =3 }F =

713}
71 3}

713}




Table 17. Continued

st (Scientific name) 2™ (Common name)

ENEE

H| 11

Ulmaceae =&4Y% 3

Celtis sinensis U =

Ulmus parvifolia =545 =
Moraceae ¥ U533

Broussonetia kazinoki — Sy x

Morus alba 45 =

M. bombycis AFEUE o«
Cannabinaceae 413}

Humulus japonicus 3314 =
Urticaceae #7]1E3

Boehmeria nivea RA&

B. spicata EMNAYF =

B. tricuspis A5 7%
Polygonaceae wu}t]E 3}

Persicaria hydropiper <%

P. perfoliata ™ =32 ¥

P. senticosa ™ =247

P. thunbergii 17}

Polygonum aviculare v}t &

Rumex acetosa %9

R. crispus 28] A 0]
Chenopodiaceae ™ o}F 3}

Amaranthaceae ¥ &3}

Achyranthes japonica %%
Phytolaccaceae A& 3}

Phytolacca americana W)=+ A}8] &
Portulacaceae 44 &3}

Portulaca oleracea 414 %
Caryophyllaceae 2=}

Arenaria serpyllifolia B = 0] 22

Cerastium holosteoides

var. hallaisanense U=y &
Stellaria aquatica %183
S. media 2%

Chenopodium album var. centrorubrum ol

71 3

71 3
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Table 17. Continued

st (Scientific name) 2™ (Common name)

H| 11

Ranunculaceae 11} o} 1] 2

Clematis apiifolia A+ &AW *
Lardizabalaceae S &9 =3

Akebia quinata S 5W = *
Menispermaceae 7|3}

Cocculus trilobus o]l W &

Sinomenium acutum 7]
Papaveraceae %7 H] 3}

Chelidonium majus var. asiaticum ©°7]1%%
Cruciferae A &3} 3}

Cardamine flexuosa AW o]

C leucantha w|Y2|9o]

Lepidium apetalum T o]

Rorippa indica 717t o)

R. islandica 4%0°1%
Crassulaceae EUE 3}

Sedum sarmentosum &4
Saxifragaceae 897 3

Philadelphus schrenckii L3 F *

Ribes fasciculatum

var. chinense  7}vFHIRFOI E LT+

Rosaceae & 1|3}

Agrimonia pilosa AN U}E

d

Duchesnea chrysantha 9% 7]

Prunus persica  SARJF *

P. sargentii APHUE =

Rosa multiflora A% =

Rubus coreanus —BRAE7] *

R. parvifolius WA E7] =

Sanguisorba officinalis 2.0 =

Spiraea prunifolia var. simpliciflora Z3HU5 =

Stephanandra incisa ~ EFYUT o+
Leguminosae I3

Albizzia julibrissin  AHAUF *

Amorpha fruticosa ZA|H A7 *

Amphicarpaea edgeworthii var. trisperma %

0 O O O O
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Table 17. Continued

st (Scientific name) 2™ (Common name)

D

H| 11

Astragalus sinicus A%
Kummerowia striata "h 5%

Lespedeza bicolor 2] *

L. cuneata W] *

L. maximowiczii ZE2A8 =

Pueraria thunbergiana % *

Robinia pseudoacacia O}7FA YT =

Sophora flavescens L4}t

Trifolium pratense H<E7|%

T repens E7%

Vicia amoena Z#HAYE

V. unijuga YHIYE
Geraniaceae F<£olE 3

Geranium nepalense ©| 3%
Oxalidaceae o] y3}

Oxalis corniculata 33 ©] %t
Rutaceae <33}

Zanthoxylum schinifolium 2FZUH *
Euphorbiaceae =3}

Acalypha australis 7=

Securinega suffruticosa e *
Anacardiaceae &5 3}

Rhus chinensis 5 *
Celastraceae =59 Z 3}

Celastrus orbiculatus ="' = *

Euonymus alatus 32 U5 =
Staphyleaceae LEUVF 3}

Staphylea bumalda 3% *
Aceraceae @3 UF 3

Acer ginnala AN YHF- =
Balsaminaceae ¥ X33

Impatiens balsamina 3713}
Vitaceae X =3

Vitis coignetiae W *
Actinidiaceae U U F 3}

Actinidia arguta ) *

713}

71 3}
713}
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2APA]

Table 17. Continued

f

8t (Scientific name) @™ (Common name)
A

Violaceae Al®|Z 3}
Viola mandshurica A|¥] %

Elaecagnaceae X &Y}
Elaeagnus umbellata ®.2] 51} ¢)

L

o3

Onagraceae Hl= 23}
Oenothera odorata
Araliaceae FEFYF
Aralia elata 755
Umbelliferae A& 3}
Hydrocotyle sibthorpioides 3] 9}o]

Torilis japonica A 3AF
Cornaceae =34 %34
Cornus controversa

C. kousa Argui x

EERIES

*

FHy -
O

Primulaceae °§ =3}
Lysimachia barystachys 7}

Ebenaceae 7} 3}
Diospyros lotus 1IL&U5 *
Styracaceae WEYF 3
Styrax japonica WHYF x
Oleaceae &Fd Y53}
Ligustrum obtusifolium
Asclepiadaceae d+37}+3 3
Metaplexis japonica ©FF 712
Convolvulaceae ™ %3}
Calystegia japonica W%
Borraginaceae A X 3%}
Trigonotis peduncularis 2v}g] )
Verbenaceae v} x 3}
Clerodendron trichotomum  F# 35 =
Labiatae &3}

O

Clinopodium chinense
var. parviflorum Z3o°|%
O

AFHT -

Prunella vulgaris var. lilacina
v = /v A
27T X

Scutellaria indica

Stachys riederi var. japonica
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Table 17. Continued

st (Scientific name) 2™ (Common name)

A Y

H] 31

Solanaceae 7}A] 3
Solanum nigrum 7}a}E
Scrophulariacae @4t3}
Mazus pumilus TEA
Veronica peregrina =X %
Rubiaceae FFA Y3}
Galium spurium 29 =
G. verum var. asiaticum EUE
Paederia scandens 7 8.5
Rubia akane %544
Caprifoliaceae ¢ %3}
Lonicera japonica %1% *
L. subhispida @3 EUF =
Viburnum wrightii A7 AU =
Compositae =3}
Ambrosia artemisiifolia var. elatior A&
Artemisia princeps var. orientalis %
Aster scaber 73
Bidens frondosa v|=r7}ekAME]
Chrysanthemum boreale — At=¢
Cirsium japonicum var. ussuriense <733
Erigeron annuus N%%
E. canadensis W%
Eupatorium chinense
var. simplicifolium S5 3ZU%
Hemistepta lyrata A 37N
Ixeris chinensis var. strigosa 7421}
L dentata %}
Lactuca indica var. laciniata 315w 7]
Sonchus asper ZW7HA%
S. oleraceus L7HA %
Taraxacum mongolicum WE
T officinale A IFANEY
Youngia denticulata ©] 5w 7)
Y. japonica FEE]¥]o]
Y. sonchifolia 315w 7)

71 3
713}

71 3

Notes; A(¢+5), B(XIeh), C(F5), D<), E(F9), F(&3), G(Y4)

_76_
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Ui, S U AU S g e R AT FEEY AEd 5A4S b

wakz] o) el ofs) vtHEdS weol AdHom At S W (WED)

344 & (photosynthetic rate; A), S4F& (stomatal transpiration rate; E), 71

T A E% (stomatal conductance; gH:0) 59 =32 20043 79 5HE 89 Alo]o

F-Fo&3334=47] (Leaf chamber analyzer; Type LCA 4, Analytical

Development Corporation)E& AF&3le] AW [PLC4AB)] & SAsA. F34
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200

s
a

3

-
T

55 FolA 7}

Ut (Castanea crenata)
A

=13
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T
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=
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=

=

o]

o x

R

1.19]e] 7pd o
pmol m 2s7'ell A 3 ¢tAl (0.35 mmol H:O m2s )R AH4(1.61 mmol Hz0

m s Hoz ek w7} oF 4.69)
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=l
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Table 18. Comparison of Photosynthesis abilities in the deperssed trees
by Pueraria thunbergiana and the normal trees

T =3
ey ety ATAEEGIL0) g

Sz m2g7) m2s ) (mmol m “s™) (l};n(?}
S9A AAA AgA AdA sdga gda ™)

T .12  6.75  1.61 2.75 110 410 100
A 220 6.81 1.61 2.56 180 420 200
3= 0.30 4.30  1.41 1.67 420 500 200
U 0.70 293 1.23 1.30 100 110 200
L 059 4.89 0.35 1.61 140 420 200
SARAIUE 0.38 5.33  0.86 1.09 390 520 220
M= .11 9.27  0.93 1.19 230 340 400
AR 292 1857 273 445 590 1,010 500
O 417 10.92 156 243 160 300 530
FoE 1.31  9.07  0.65 1.42 280 350 1,100
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A 32 v AE AANLEE ¢33 formulation 7]

3-1. 7 ¥ e]l 3 formulation screen

HellM Zeld Wedde ol&stote] A& WAlstaa AAl e 98t A

% formulation screens U3} o] 233}

Ag L Ay
q4F4;
Al 1A 28 sA-E o Wdgdo] &R1¥ Alternaria tenuissima, Fusarium
solani, Phytophthora erythroseptica, Rhizoctonia solaniS 2 A3 HE&n A5
2 ARG A2Q o2 A tenuissima, F. solanis A3 A (PDA)) A

28C 327]o] 1097F ®j<%3t #2 homogenizer® A & IS HEYPo=R

AVREL AT, P oerythrosepticay= 10% V8 v Aol Al 547 vk & 25T 9 &
71 Al 48412t v gFste] FFAbE FAAASH, dud fEleo® JhEA

g FFAE Edste] 3Fde® AMESA T R solani= PDA wjA oA 7
- ks #ES A fE¥Eoe®E FHE9 Young (1982)¢ Hel uwh)
homogenizer= TAFAHS THEo] HE Aoz A&t

HEAY v5E A tenuissima, F. solani ¢ P. erythrosepticas > ¥ A& g
1x10" spores/ml, 1x10° spores/ml, 1x10° zoospores/mlii, R. solani= 1x10°
mycelia/ml7} ¥ =5 dsto] nAdE BAY S7Hs 98 AA =t F
ol EFHF sHATH

U (DI, disease index):= disease severityol] uwiEl W EZS XAl
[(severity rating X number of plants in that class)/total number of plants]
o] Ao wat AAsE ) Disease severityd FAME HE 2F TERE, 0~57
Ao A HE AFESAT 0 = FHA, 1 = 9 AF ] 10% olat= g A,
2 =9 WA 20% olst® Wuk YA, 3 = ¢ WA 50% olst® HWRF A, 4
= & WA 50%-80% W @A, 5 = ] MA|7t aAtgket DI 3.0 o]stolH
oF wi Z7ie] WA o= 39, DI 30 ol dolw AHAdoz st}

==

fr
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7}. A A (formulations) 9 A

)

49 T A. tenuissima, F. solani, P. erythroseptica, R. solanis HEY
o8 stof, BAdE SI7HANTIV] S AAE Adely] f1ske] ILPON Al 24
A, Sucrose-Tween 20 € W/O/W emulsions A&3F4 o).

1). AREZA

AHEA A= W] o] A organosilicone surfactant, %o/ AHEAA <} S
o] AWEAA]  acyltaurateA|E<  ILPONE dH] AdS e,
acyltaurate A4l ILPON AW A7} b2 AW Ao vla] AEafdo
of g FIstA o), Aol & e Al F¥S FA &= ILPON
ARG A TS A AFEs T
HELY Lol AWEAAAd ILPON (Surface Active Agents Water
treatments, IL SHIM CO.)¢] FX& 0.01%, 0.03%, 0.05%, 0.08%, 0.1%, 0.2%,
0.3%, 04%% =dsto] Aol AREssivh. HEd3 ILPONES &3sto] & <o
o EFHEF}L FREEAALE (100% RH, 25T)o 12417F B3t § A &4
(light 12h, RH 70%, 28C)Z & 71 ILPON AW &g WUAd 2%
ATk

ki

E ZAs

2). Sucrose-Tween 20 (ST) &9

Sucrose-Tween 20 (ST) &2 sucrose®} tween 20 33 fdoz 1
At AW} kFA 2 ZE3HE tween 202 F3HA
TS0l 2.0% sucrose®t 0.1% tween 202 3938t S
ZAFsEA T

*Hﬂ

b
il

3). W/o/w emulsions

W/O/W emulsion (Water in Oil in Water) %7} 582 d=2 FA =S
o AL AdAor AAHL = F3HAQ ISP-590 (Dongbang food Co.)
I} Myverol 18-99 (Gillco Co.)& AFE3ISth. W/O/W emulsion®] 742 water
phase (ST £9; 2g9 sucrose, 0.1m9] tween 20, 100ml2] top water)®} oil
phase (20m¢2] vegetable oil (20%, v/v), 80me] DW, 2g2] emulsifier (ISP-590
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L Myverol 18-99)8 e (lilyv/wvez &3 F 2% 7F homogenizer
(C60421-N)2 1Hkste], thA] Fae] DW3 ILPON surfactant® 4014 X7}
S 2 ds el W/O/W emulsions AlZxste] 2 3o A9t

Holld HAde] naAz 288t HAdd olPHS w5 23T7e A=A
24 (vegetable oils, Table 3)= W/O/W emulsion®] Z&sle] &4 <

WA Ho ot o]qAS ZASIYG T ZF oil phase®t water phaseE %33 &
of F&9 water?} ILPON surfactant’} F%% 02%7} H=s E33le] 46%

9 W/O/W emulsionsS %33ste] &34 ¢ w/o/w emulsions A 2a}sich

WATS Hosta, vAESY] 48 M7 5402 AAE AEesitt
2= A A Aol dve 4T WA (A tenuissima, F. solani, P.
erythroseptica, R. solanis)& Aoz Zo whAo] &3z ¢l AAZS Auslr]
9 3te], ILPON AW &A A, Sucrose-Twee'n 20 €43 W/O/W emulsione A}
g3t HA AAE At

flr

1). ILPON A9 &4 A9 WA &3

ol AESH WAZS fste] 459 T (A tenuissima, F. solani, P.
erythroseptica, R. solani)¢}t ILPON AHZAAE AAZ 5o At Ay
Table 13 2t} ILPON &7t S7teds5 Wo) Wy =rF 23k, 0.2%°]4
A Z el B3 A} 9 (necrotic spot)S FA S AT A tenuissima=
0.2% ILPON ©]/ell A Disease index (DD= 2.00.2 WH =5 YetWon 01%
o]&}2] ILPONoIA = 1.0-15% itk F. solani®l 75 0.2% ILPON o]/l A]
T DI=15% DI=16¢ 2 EE B ou 0.1%°]8ke] ILPONelA = 0.7-1.1°] 3
t}. P. erythroseptica®] 745 0.2%°]72] ILPONol| A DI=259 9 EE EY
om, 0.1%°]&te] ILPONe A= 1.2-1.89] W =S RAYth R solani®l 495 2%
o]42] ILPONe| A+ DI=1.39] HHES vEepHon 0.1% o]t A= 0.7-1.09]
WY EE B (Table 19). 2k 5o whel Apol= AARE ILPON A &3 Al
o] F=7F 02% o]l Bld A ES Bt

ILPON#} 22 Adg A= sofel 2ol wig vhefatA 2H&sto] oA o
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1
g 3 22 dgool A AMGAA = Bolde= AR (dew

azA o] A& 3]
period)e] #tlgte Xx7F Weld 4= ole £l IS ISk, o EHe
A ZAEo] nFE=Y =S Fu= Bt vk (Anderson, 1983., Prasad

1993., Shabana et al, 1997). Walker (1982)= Alternaria cassiae® 3A}7}
Tween 207 Tween 807 #2 AWHSAA A= 22| A7 Holrt oA
A7+ non-ionic nonoxynol A& Ao A= ¥ExLe] dolE F7FAA  sicklepod
(Senna obtusiolia L) A& WAE 7M1 & vk At 18 2
Aol AHSE ILPON AZgdAed we WHdAd S7F 2= 02%0]4H]
ILPONI| M= =W =7 30 olst= veY, A tenuissima, F. solani, P.
ervthroseptica, R. solani® WU S7tolle B IS vXA] &= Aoz
AtgE Y webA, ILPON AW g4 e thE BxAete] 8o we HAdd &
7hell M A= FEFEs AEH 0w AFsfof & Aow AztE

_4

Table 19. Effect of surfactant concentration on the disease index of kudzu
leaf by A. tenuissima (At), F. solani (Fs), P. erythroseptica (Pe) and R.

solani (Rs)

ILPON concentration (%)

Pathogen 0 001 003 005 008 01 02 03 04
At 10" 10 12 13 13 15 20 20 20
Fs 07 07 10 10 11 11 15 16 16
Pe 12 12 14 15 17 18 25 25 25
Rs 07 07 09 10 10 10 13 13 13
Control” 0 0 0 0 0 0 0 0 0

“Disease index indicates the severity of disease, which was rated on a scale
from 0 ( no symptom) to 5 (whole plants dying or dead).
"Control was sprayed with each ILPON concentrations onto leafy kudzu

without inoculum.
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2). Sucrose-Tween 20 €92 WA a3

Sucrose-Tween20 &< (ST €M)} 4F AT S o= o AET
A Aol #3kste] 2Ed A= Table 203 2o ST §o 72 Wit 4
TS st AAE wE 7 HES AR A tenuissima®l 5ol =
Disease index (DD=1.1, F. solani® 74-% DI=2.7, P. erythroseptica> DI=2.2%
YEHH AL, R solaniv= DI=12E Yebwth 2ou HddS d5ow A2
Ae A tenuissima®l 739 Disease index (DD=0.17, F. solani® 73$-d+=
DI=1.2, P. erythroseptica> DI=1.1, R. solani DI=0.8% WH =7} vt} o] Ak
o] Az} o] WYUWS ST &N E3tate] Hestd Wdd @5 Aol H

=

WetE Ee WS vehlle] el ARIA Aol ST AAE Hel Al
&35 o] gL,

Yang (1993, 1995)2 aquoes sucrose &9 (0.5g sucrose + 0.1ml tween 20 +
100ml top water)ol|l Alternaria alternata®t A. angustiovoideal &E3ste] A
st A3} leafy spurge®] WA HAEAA TWHETE A FUF A= ¥k B
stk 3 29 sucrose Yol Myrothecium verrucarias E3dto] A
Fell = Hadde] oA S7ketA = St vk 2 Aol e HAdd S

Al
=«
@5 AEeh ST ol WHdds & A Zdyeld M d=s5Agunn

~

K

ST golo] HALFS £ AL 49 FA4) Yol FAHAo I
of AEEA wAldl ST o3 WAF o] $53 WARAI don} v
@ Aoz Amdd
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Table 20. Effect of ST solution on the disease index of kudzu leaf by A.
tenuissima (At), F. solani (Fs) and P. erythroseptica (Pe) and R. solani (Rs)

Disease Index”

b . N

Treatment I Reghcatlon - Mean
ST sol+At 0.8 1.0 15 1.1
At, only 0.1 0.2 0.2 0.17
ST sol+Fs 2.5 2.5 3.0 2.7
Fs, only 15 1.0 12 12
ST sol+Pe 2.0 1.7 3.0 2.2
Pe, only 1.0 1.2 1.2 1.1
ST sol+Rs 1.0 1.2 15 1.2
Rs, only 0.2 0.3 0.3 0.8
ST sol, only 0.0 0.0 0.0 0.00

“Disease index indicates the severity of disease, which was rated on a scale
from 0 ( no symptom) to 5 (whole plants dying or dead).

"Plants were sprayed with inoculum suspended in sucrose (2%) Tween 20
(0.1%6) or D.W solution. Inoculated plants were first incubated in a dew

chamber at 28 C for 24 hr and then moved to the growth chamber.
3). W/O/W emulsions9] & WA &3

W/O/W emulsion (Water in Oil in Water)9} ¥ Yg#S oz o &3t
A WAE Ade A= Table 33 2t W/O/W emulsion< Invert emulsion
o] /] 99 FEE wFo] phytotoxicity® FAHEE J&f S Fola, Ao Z
fo] golalxE 3Tl 23FF 9 vegetable oil2l-ATH# 2 (apricot kernel
oil), ol 7%= 2 ¥ (avocado oil), M7 & (camellia oil), 7F=2 (canola oil),
w2 (castor oil), <5472 (corn oil), A (cottonseed oil), £x 2
(grape oil), %8} 2 (jojoba oil), =& HF (olive oil), °FAtf (palm oil), &
F7]2 (peanut oil), E7]& (perilla oil), A= (rapeseed oil), ZT7|E& (rice
germ oil), @ (rice oil), ILFA 7|5 (redpepper oil), #7]&(sesame oil), 3l
%24 (seaweed oil), 3} (safflower oil), slvlel7] - (sunflower oil), ™+

(soybean oil), ¥ Hjo}f (wheat germ oi)sS AF83}e] 23%F7F <2 #A|A] (Table
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3 BEAZA 02% ILPON AHSAAZS HA7FsE 23279 AA (Table 21)5

o 46%7e AAE vhastel WAYF LAE APk

Table 21. Combinations of W/O/W emulsion and their composition

Formulation  Composition

IL ILPON OMT,Surface Active Agents Water treatments.
ST 2%Sucrose-0.1%Tween20 solution

AP ST sol+ Apricot kernel oil

APIL ST sol+ Apricot kernel oil+ILPON (final con. 0.2%)
AV ST sol+ Avocado oil

AVIL ST sol+ Avocado oil+ILPON (final con. 0.2%)
CA ST sol+ Camellia oil

CAIL ST sol+ Camellia oil+ILPON (final con. 0.2%)
CN ST sol+Canola oil

CNIL ST sol+Canola oil+ILPON (final con. 0.2%)

CS ST sol+Castor oil

CSIL ST sol+Castor oil+ILPON (final con. 0.2%)

CR ST sol+Corn oil

CRIL ST sol+Corn oil+ILPON (final con. 0.2%)

CO ST sol+Cottonseed oil

COIL ST sol+Cottonseed oil+ILPON (final con. 0.2%)
GR ST sol+Grape oil

GRIL ST sol+Grape oil+ILPON (final con. 0.2%)

JO ST sol+Jojoba oil

JOIL ST sol+]Jojoba oil+ILPON (final con. 0.2%)

OL ST sol+Olive oil

OLIL ST sol+Olive oil+ILPON (final con. 0.2%)

PA ST sol+Palm oil

PAIL ST sol+Palm oil+ILPON (final con. 0.2%)

PE ST sol+Peanut oil
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Table 21. Continued

Formulation Composition

PEIL ST sol+Peanut oil+ILPON (final con. 0.2%)

PR ST sol+Perilla oil

PRIL ST sol+ Perilla oil +ILPON (final con. 0.2%)
RA ST sol+ Rapeseed oil

RAIL ST sol+ Rapeseed oil+ILPON (final con. 0.2%)
RG ST sol+Rice germ oil

RGIL ST sol+Rice germ oil +ILPON (final con. 0.2%)
RI ST sol+Rice oil

RIIL ST sol+ Rice oil +ILPON (final con. 0.2%)

RP ST sol+Redpepper oil

RPIL ST sol+ Redpepper oil +ILPON (final con. 0.2%)
SE ST sol+ Sesame oil

SEIL ST sol+ Sesame oil +ILPON (final con. 0.2%)
SW ST sol+Seaweed oil

SWIL ST sol+Seaweed oil+ILPON (final con. 0.2%)
SA ST sol+Safflower oil

SAIL ST sol+ Safflower oil +ILPON (final con. 0.2%)
SU ST sol+Sunflower oil

SUIL ST sol+ Sunflower oil +ILPON (final con. 0.2%)
SO ST sol+ Soybean oil

SOIL ST sol+ Soybean oil +ILPON (final con. 0.2%)
WH ST sol+ Wheat germ oil

WHIL ST sol+ Wheat germ oil+ILPON (final con. 0.2%)

46F5F9 =" W/O/W emulsion®l 4F9] 5 A tenuissima, F. solani, P.
erythroseptica, R. solani's ¥ E%3te] 7t w5 3420 W/O/W emulsions
ZAMgE A= Table 2294 2tk A=AAlE AH&3te] DI=3.0014¢ A= A
tenuissima®] 74 SAA A} SAIL A AANA 452 7FF =9koey o2 CA
(4.0), CAIL (4.0), SE (3.5), SEIL (35), RA (3.0), RI (3.0)0 AlA ]t} F.
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solani= SE A A¢k SEILAAGIA 4302 7} =9kow, o=@ SA (4.0),
SAIL (4.0), CA (3.0), CAIL (3.7), RA (3.2), RPIL (3.2), RP (3.0)AI#] =o] At}
P. erythroseptica®l 74-%% SE A A2} SEIL AANA 472 71 =skeH o
+o=2 PR (35), PRIL (35), CA (3.5), CAIL (3.2), RP (3.2), RPIL (3.2), , SA
(3.2), SAIL (3.0), RAIL (3.0), RI (3.0), RIIL (3.0) AA =olAtt. R. solani=
SAA AL} SAIL AAANA 4082 7Hg =kon, bg5o= CAIL (32), CA
(3.0), RP (3.0), RPIL (3.0) AlAl <=olutt. DI=3.0¢]d Hetll= AA FolA
ILPON AHEGAE H7tste] whs AAZE H7bebA] @& AARG &7 e
¢ 3E Fosolani®] 7% RPILA|AI7F RPAIAI Btl DI=0.2 #kow, ke A4 9
45 ILOPN& #H7beE AAZE 23|12 DIF0.2-11AFol = SPAY 2o P
erythroseptica® 73 RAILA A7} RAAAET DI=0.2 :skow, A
tenuissima®t R. solaniv= ILPONS #H7Fst 33 s4# &8 A9 DIgke] #AY
028 % YA #ZHAT Adelx, W/O/W emulsionsell ILPON 7% 24 4]
(final con. 0.2%)& F7tste] whE AA e} H7bshA] ek AAA ZF WAt
A4 S7hl G PAA @E Aoz ALRFHER [LPON AWSHAE A
|34 22 w/o/w emulsionol| Al &3 A AE AL A T

dep o] Hol AETA WAE 9% HAAAAR=E W/O/W
emulsion®] 7bg Aol om WHUdEEZE A tenuissima + ST &9 + &
3 (SA)A A A HHEE 45909, F solani= ST €9 + Z7]E (SE)A
W% 430]H P, erythroseptica= ST £ + F7]E(SE)A Aol = 47
olH, R. solaniol A= ST &4 + F3F (SAAANA EHE 4002 HA A

A= s QT

o,
~
2,
o
i3
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Table 22. Effect of W/O/W emulsion or W/O/W emulsion+ILPON surfactant
solution on the disease index of kudzu by A. tenuissima (At), F. solani (Fs)

and P. erythroseptica (Pe) and R. solani (Rs)

Disease Index

Formulation

At Fs Pe Rs Control”
AP 1.0 1.0 0.5 0.8 0.0
APIL 1.0 0.7 0.7 0.8 0.0
AV 1.2 05 2.0 1.2 0.0
AVIL 1.0 0.6 1.5 1.0 0.0
CA 4.0 4.0 3.5 3.0 0.0
CAIL 4.0 3.7 3.2 3.2 0.0
CN 2.0 1.0 2.0 1.3 0.0
CNIL 2.2 1.2 2.0 1.0 0.0
CcO 1.7 2.0 14 0.5 0.0
COIL 1.8 2.2 15 05 0.0
CR 1.0 0.7 0.8 14 0.0
CRIL 1.3 0.7 1.0 15 0.0
CS 05 15 1.2 1.7 0.0
CSIL 0.7 1.7 1.2 2.0 0.0
GR 2.3 1.7 1.7 0.8 0.0
GRIL 2.0 2.0 1.5 1.0 0.0
JO 2.2 05 1.8 2.0 0.0
JOIL 1.9 0.8 2.0 2.0 0.0
OL 15 0.7 1.0 05 0.0
OLIL 1.7 0.8 1.0 0.6 0.0
PA 2.0 1.5 15 14 0.0
PAIL 2.0 15 1.6 1.6 0.0
PE 14 1.7 1.0 1.8 0.0
PEIL 1.5 14 09 2.0 0.0
PR 2.5 25 3.5 2.0 0.0
PRIL 2.5 2.8 3.5 15 0.0
RA 3.0 3.2 2.8 2.5 0.0
RAIL 2.8 2.9 3.0 2.2 0.0
RG 2.8 2.2 2.7 15 0.0
RGIL 2.5 2.0 2.7 1.6 0.0
RI 3.0 25 3.0 2.0 0.0
RIIL 2.7 2.5 3.0 2.0 0.0
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Table 22. Continued

Disease Index®

Formulation -

At Fs Pe Rs Control
RP 2.7 3.0 3.2 3.0 0.0
RPIL 2.5 3.2 3.2 3.0 0.0
SE 3.5 4.3 4.7 2.5 0.0
SEIL 3.5 4.3 4.7 2.5 0.0
SW 1.0 15 1.5 2.0 0.0
SWIL 0.9 1.7 1.6 2.2 0.0
SA 4.5 4.0 3.2 4.0 0.0
SAIL 4.5 4.0 3.0 4.0 0.0
SL 1.2 1.0 2.0 1.7 0.0
SLIL 1.2 1.1 2.0 15 0.0
SO 2.0 1.2 1.8 1.2 0.0
SOIL 15 1.0 1.7 1.0 0.0
WH 1.2 0.5 14 2.0 0.0
WHIL 1.0 0.7 1.6 2.2 0.0
Each

0.7 0.5 0.8 0.4
Pathogen

“Disease index indicates the severity of disease, which was rated on a scale
from 0 (no symptom) to 5 (whole plants dying or dead). Inoculated plants
were first incubated in a dew chamber at 28 C for 24 hr and then moved to
the growth chamber.

Control was containing each formulation without mixing inuculum.
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32 AN AEe] AT R oAZAL G wEA A

HelM Zed ¥dets o3kt H& WAlstaa AAe] AEE 8k
#4 formulation screen?]A A&H W/O/W emulsions o=z HE:H9 &

%=, W/O/W emulsionsdll Al 2 ¥ F% T tiste] 394 S7ladE 293t
oJ
AN

7l AF3E 5=

Az 2 WY

4F 9] #Fo W AN HF ATdE W/O/W emulsion AAE o] &3}
of =Y TEE ZAEAY. A tenuissima= ST €9 + Z3lF (SA) A A
of LAl FEZ 1x107 1x10° 1x10%, 1x10°, 1x10° spores/ml W ol A] ¥ =
g ZAER A, F osolani= ST €9 + F7|E (SE) AA ¥A9 s=&
1x10% 1x10°, 1x10%, 1x10°, 1x10° spores/ml WA WHEE zAeH 1, P,
erythroseptica’= ST €9 + F7|E(SE) AAd EAe Hx2  1x10% 1x10°,
1x10%, 1x10°, 1x10° zoospores/ml % ol A HFH F9 o™, R solani+
ST &} + Z3hf (SAAA AL HE S 1x10% 1x10°, 1x10%, 1x10°,
1x10° mycelia/ml H oA 27} 2 Qo B HEs ] S ES ZAEIY T
A (100% RH, 27C)ell 12h &<F Byter Hel {7 &4
o

W, MHEE 4F 37 Fo A,

il
011

=2 24
=

off
ot mlru

23 9 a3
A. tenuissima®t R. solaniE SAAAANAM, F. solani ¢ P. erythroseptica=
SEAAIANA ZF JEHe] sz 77 & Qo] &5%3F ¢ A= Table 23
7 2o} A tenuissimay EAFS] % 1x10" o] oA DI=4.8% THE FE 9} H|
we u e WHEE Bolu 1x10° oldte] A FRoME W Es} 1.8 o)
St} Fosolanit 1x10° ©14Fe] E#49] oA DI=472 L7} %7
e o 1x10° o] st e W =7} DI=2.80l 8t & Wkt P erythroseptica
= 1x10° o] 49 EAFm|A] DI=492 W mrl E=gkon}  1x10° o]ste] E A
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TR AE et DI=3.02 2 @t R solanis 1x10° ©]24Fe]

A DI=45% w7 =9to} 1x10" o]t F oA W =7} DI=3.00 =

Y

Yang (1993)2 invert emulsion®l A A. alternata ¢} A. angustiovoidea®] X
A F2 AFANA A alternata®l 7S 1x10° o]l A e WWES wglow,
A. angustiovoidea’= 1x10°14 Q1 FEwel| 50% Wi P4 on 1x107
AoQle]l aAbetE =S UHLEE YeHlda sglvh B Y A s A

tenuissima®] 7% olR T} vr& ol 1x10% A & o] JALSE = urH T

=Y =
2 HW9 invert emulsion® Tt Y FE7} SgLonx az ¢ HAA S
LR
o]} o] AR A Aol B Hig 3

Table 23. Effect of inoculum concentration on the infection of A. tenuissima
(At) and F. solani (Fs), P. erythroseptica (Pe), R. solani (Rs) in the selected

w/o/w emulsion

Inoculum concentration Disease index®

(per ml) At Fs° Pe° Rs”
10° 5.0 47 5.0 45
10° 5.0 4.7 5.0 4.5
10" 4.8 2.8 5.0 3.8
10° 18 1.0 4.9 1.0
107 05 0.3 3.0 0.2
10! 0.4 0.1 0.7 0.2

“Disease index indicates the severity of disease, which was rated on a scale
from 0 (no symptom) to 5 (whole plants dying or dead).
"Sprayed with SA emulsion containing the suspension of At or Rs.

‘Sprayed with SE emulsion containing the suspension of Fs and Pe.
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Y. W/O/W emulsionsolA 2¥ &%

As 2Ly
458 g5 A=A WA g Aol HF AEE W/O/W emulsion
AAE ol&ste] 2d s AU HFTHLY Fxe A tenuissima®l 7
© 1x10? spores/ml, F. solani= 1x10° spores/ml, P. erythroseptica+~ 1x10°
zoospores/ml, R. solani= 1x10° mycelia/ml= ZH3th 4% HY77 24
o] T2 w/o/w emulsion F@olA e wAlel 7H aAQd LA AAE
A3t o™, A tenuissima®t R. solani®l A%+ 3t (SA AADE F

solani¢}t P. erythroseptica% 715 (SE AA)ES AH&etth 2 2de] v=+

1, 3,5 7 9%=2 2%l 74T itk AT A2 Fe2dAEd (100%
RH, 27C)ell 12h ‘&<t Bagh Ho A2ddden &7 AT 357 Fo 2=

g 2Assh

A3 4 13

A. tenuissima ¢t R. solani= SAAA o] §H F3FE F. solani 9 P.
erythroseptica= SEA| Ao o]&¥ H7|E& ZF LUd¥FE 1, 3,5 7, %= 34
M EE A A= Table 249 2t A tenuissimat™ 3% 8 3hroll A
DI=3.0 oldelA w2 WWES detwoew, &3 F=7F 5 7, 9%dA =
DI=5.09 2 =2 F ¢lo] aAtetith ey 1% = S =7t 2002 $ak
th. F. solaniv= #7154 FE7F 3%l A4 DI=3.0, 5%l 4 DI=4.50H 7%<t 9%
oA DI=47=2 W=7 A Uettou 7|59 w=7F 1%Y 45 =7t
152 vkt P. erythroseptica®™ 3715 F%7F 1% 4o E¥E=7F 3.001
o, 3%, 5%, 7%, 9% #A71ElA DI=5.0o2 & <o] mAstAth R solani
3%olste] &A= DI=2.0= I E7F wrekot 5% o] e FshfrelA=
DI=4.00] o2 Eon 7%, 9%°lA DI=432% 5%9 H|s=d s HS
o}

o Wopdhs mESta V| AFY 2hES %O%Z—U%, EAp Top, Wobd Al
Id

w247 g4 27007 B3 9t Au



afutet7)froll A G orbiculare®l EA A} bt HEFISH, spiny
cocklebur (Xanthium spinosum 1.)¢] ¥ Aol F7t= o] whAlo] & v}4 o]gal
B3t o, Todd (2003 s %= 10% w7 E= 10% siuket7]fol Al

oy ap E3tste] HEAS o,

northern jointvetch®] WS F7FAIZIthal H 31319 o

C. gloeosporioides f. sp. aeschynomene®] X A&

Table 24. Effect of selected vegetable oil concentration on the infection of A.

tenuissima (At), F. solani (Fs), P. erythroseptica (Pe) and R. solani (Rs)

Disease index®

Oil concentration (%)

At’ Fs¢ Pe° Rs”
0 1 0.8 1 0.7
1 2 1.5 3 1.2
3 3 3 5
5 5 4.5 5
7 5 4.7 5 4.3
9 5 4.7 5 4.3

“Disease index indicates the severity of disease, which was rated on a scale
from 0 (no symptom) to 5 (whole plants dying or dead).

bSprayed with SA emulsion containing the suspension of At or Rs.

‘Sprayed with SE emulsion containing the suspension of Fs and Pe.

|

o
o
o
o
e
=
)
X,
lo
o)
2

o2
lo

Azt B RUES F1E u ¥Udds

Ao 2ol T/ v B 4TS 71, 4 #5o nE A HdAY F
7 292 JedE oY 58 A tenuissimas= 5% 23, F. solani= 5%
718 P. erythroseptica™ 3% 718, R. solanis 5% Z-3hfrolA =& iy

=2 1)
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o AFYE T WL FtES HA

As L 3y
ol WAl A= 4F9 WY (A tenuissima, F. solani, R. solani, P.
erythroseptica)™ M44 2712 Jegde 29442 w/o/w emulsiong &33}

o] 2o A¥3ALE. A tenuissimal R. solaniv= SAAAES A&t o,

F. solani®t P. erythrosepticat= SEA|A|E A glstz #HAAN F7F 235 ZAlsH
ATk HzxEE 50w SA AAS SEAARS Agstglon, a7z yAddF

e Aeletel BT WEES A

a3 4 1%

4F0 7o mE ZAAQ WA FUHE vHEe= 4 AAE Agsta ¥
AA e 7S ZAFE A 3= Fig. 9, Fig. 10, Fig. 11, Fig. 129} #Zt}.

A, tenuissimat 46F°] AATAA SAAAZE LHE T E=don, A
tenuissima®t SAAAE &35 sk A
Z24 SA AASE HES HoAE AHETE 0 o2 ByAHo] YA ko
1 (Fig. 9-A), A tenuissima B THS HF3 HolAMe Y T IF
U= g4 39t (Fig. 9-B, C). A. tenuissima®t SA AAS H=3 IS =z
of Hlu g S WAFol Srtetdem (Fig. 9-D), HE 15Y¢ 5 Wwko] E473
Al @Al AAedth MAL 270 FRGeR SeAUA AT 2
A FAGe dE Hytew §3Eol o AAVE AT (Fig.
9-D). o]8} o] A tenuissimas SAA AL} EF35le] o Agshd wH =7}
FaL, A tenuissimas TEOR AYAS FHU HAGe] F7F HAH

F. solaniv= 46%F 2] A A TN SEAAZF ¥ = 71 =%oH F solani2}
SEAIAE E&ste]l F ol B¥HF & 2= Fig. 109 2k SE AARS
HES HolAes FHEE 0 o]le (Fig. 10-A, left), F. solani W4T &
HE T Holde= dF <delM &3t ddel vEsth (Fig. 10-A, right, Fig.
10-B). F. solani¢t SEAAIE HEF HL ek vjaste] o] S71asivt
(Fig. 10-C). & 5¢ F-o ®Wwto] A 7] A aetAal 169 Fol= o Aol

5¢
Sl 2] WAL 9 BRERE Agdel ntE F4% molr wo A

?_Q
o
£
N
51/
2
Mo
-
o)
i
ol
N
Sl
rir
=
@
Nej
fo
)
Au)
o =

va

r =
}v\l|l E‘l_l__
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5 (Fig. 10-C). o]¢} o] F. solanis SEA A
of &&ste] ol AHestH YW =i, F osolanis @502 A PS¢
B ol F7HE v
P. erythroseptica’™ 46&% AAFolA SEAAI7F dH¥E 7bg =kom, P
erythroseptica®t SEAAES Z&sto] z do EFHEF 3 23+ Fig. 113 2
ot txz2A4 SE AATS JE3 HoAMe HHErE 0 oJdew(Fig. 11-A,
right), P. erythroseptica WBUwWe HEs HAAME vtEFAol YE
(Fig. 11-A, left). P. erythroseptica®t SEAAE HE3 L& o
HAdel F7te vk (Fig. 11-C). FEe & HE 10¢ Foll ¢bds] aArsksd

A A7 AAEA gtk (Fig. 11-C). A2 o dAdd 2o 4% n&
%

R. solani= 46%9] AATAAM SAAAZF $HE 74 =%o, R solani?
SAAIAE E3Fete] & Aol EFHET & A= Fig. 129 2o djlxz=24 SA
Yy 5= W (Fig. 12-A, left), R. solani
AwkS HE3 Heldes 2] Btz Wyto] A=At (Fig. 12-A, right).
R. solani®t SA AAE HEF H2> dxe vluste] HAddo] S7tsttt (Fig.
12-C). A3 o] ¥AL 2 Eqr3 wWylo] WA JAdHH7E o A g
= ol aAbskl (Fig. 12-0).
Daigle (1990)3} Quimby (1990)% < invert emulsion (water in oiDolA A.
cassiae®] B EA} WolE Z7FAA sicklepod (Cassia obtusifolia 1.)¢ WA
23H9S Btk Invert emulsiong ©]83F Ao A Boyette (1990)&
hemp sesbania (Sesbania exaltata Cory.)e] &% WA thal Colletotrichum
truncatum® HIA S ST Budd o, Yang (1995)2 leafy spurge
(Euphorbia esula) Aol Wlgt AFolA Myrothecium verrucaria®l W94 S
7M1t Baskdth. Auld (1993)+=  AEAH 29 emulsionol A
Colletotrichum orbiculare.®] W<H7do] S7F=o] spiny cocklebur (Xanthium
spinosum L)E a¥AH o2 WAttt Bttt Mintz (1989)9F Egleys
(1994)2 S5 AAZ hemp seshaniad WA} Amaranthus retroflexus

L. Al Byt A4S 700 BRaustgin. & 243 2= A

AARS HS3 HolM= 2

N
o
o
32
o
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tenuissima®} R. solani= SAA|AANA, F. solani®t P. erythroseptica= SEA|A|
oA =& WA FT7tERE 2o (Fig. 9, Fig. 10, Fig. 11, Fig. 12) 2&4

=70
ds ol &3 AT AR A AT SAAAS} SEAA AMEH &Sk
1A Qeld g B4 F

fo

KR
=
=

=0

Y
N

o

7EA7E Aem AbmE

Fig. 9. Enhanced pathogenicity of Alternaria tenuissima (At) by using SA
emulsion. Control was sprayed with SA emulsion alone (A) and spore
suspension of At alone (B, C). Inoculum was prepared by suspending in SA

emulsion and inoculated (D) and the result was recorded 2 weeks after
inoculation.

_97_



Fig. 10. Enhanced pathogenicity of Fusarium solani (Fs) by using SE
emulsion. Control was sprayed with SE emulsion alone (A, left) and spore
suspension of Fs alone (A, right; B). Inoculum was prepared by suspending
in SE emulsion and inoculated (C) and the result was recorded 2 weeks after

inoculation.
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Fig. 11. Enhanced pathogenicity of Phytophthora erythroseptica (Pe) by using
SE emulsion. Control was sprayed with SE emulsion alone (A, right) and
spore suspension of Pe alone (A, left; B). Inoculum was prepared by
suspending in SE emulsion and inoculated (C) and the resulting vine blight

was recorded 2 weeks after inoculation.
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Fig. 12. Enhanced pathogenicity of Rhizoctonia solani (Rs) by using SA
emulsion. Control was sprayed with SA emulsion alone (A, left) and spore
suspension of Rs alone (A, right; B). Inoculum was prepared by suspending
in SA emulsion and inoculated (C) and the resulting vine blight was recorded

2 weeks after inoculation.
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3-3. Field A&A1 &g 93t & formulation #4]

ARG 2ol zh el A Hdd SUtERE Uetdlle AlAek A
TE AAle] edERE Faste]l AedA HSAIAS AAEAC. A
tenuissima®l 7% 5% SAA A N4 1x10" spores/ml, F. solani= 5% SEA| A ]
A 1x10° spores/ml, P. erythroseptica= 3% SEAAIo|A 1x10° zoospores/ml,
R. solani= 5% SAA A A1x10° mycelia/mlo] =2 & ste] Z oo BRI
HE a9k gzt 2A SA AAe SE AARS dEow BREHE A &
HEe JF 275 g3t

At Ak A A ] 3ol w2 bioherbicide 2] 9F #3)e] A W= AlA
of AHgHE 2% °oFAl - Yxel (Dicamba, A3ETE: RbE)AA 9L Al
(Glyphosate, &x™: A AA| ko] v S HAISHAT. kAo A2 WH

e F 9ol BRAE shgom wyEs 4% 2750 Fsgh

4%0] dFo] wE AuelA HF e AAE A& bioherbicidest 3}3}oF
A= ofelo A A3 Ay Table 259 #Zt}. Glyphosate °FA| *gle] 4%
DI= 492 7b¢ =4 veEbsew, vh5 2= Dicamba °FAl Ao A5l
DI=4.7 o|dt}t. Y P.  ervthroseptica/SE emulsionol 4] DI=3.7, A.
tenuissima/SA  emulsionol 4] DI=3.6°]%oW, F.  solani/SE emulsion¥ R.
solani/SA emulion®] 7% 7}7z} DI=2.7% DI=25% ¥ E=E el
4% °] bioherbicide® A #gt A}, x=ZA] @d=xo= SA AATS F Sl &
THE skASd= (Fig. 13-A) ¥HstA] ko A tenuissima/SA emulsion
S AYAE Ao Feo do] AR o (Fig. 13-B), R. solani/SA emulion
o] AFox & Aol A} (Fig. 13-C) vk, 8yt A tenuissima/SA
emulsion®] R. solani/SA emulion BT} ALE = Qo] $7F @ WA F3pr}
=8t SE AANES A el HF stAdSwe (Fig. 13-C) T shA] gk o
F. solani/SE emulsione A2 s 5ol L5 & dso] A (Fig.

13-E), P. erythroseptica/SE emulsion®] %ol tiF&<9 2z o] 1A} (Fig.
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13-F)3te] F. solani/SE emulsion Xt} ¥ %A g35 AFAL

3fstoFA| S A st A3 Fig. 149 #Zt}. Glyphosate %AlE A7 (Fig. 14-A)
3RS w2t Dicambags A& (Fig. 14-B)3 2w & 37} H]Z=3t}. Bioherbicide9}
stekopAle] WAl &Y = Wyt RE 38 A7 e A
tenuissima/SA  emulsion®} P.  erythroseptica/SE  emulsionS A&
bioherbicide®] 7-¢-ol& ©@7Izte] A& hd3] DA 7| A= @AW ASH
717k AT w9 e S A erA e S AGE A

At wekA 4% Wt AdE A A< bioherbicideo] 2]g WA= 2o A

284 vA 7} s Atg "o

(o

off
oZ:
o,

o,
rr
fru

Table 25. Comparison of bioherbicide containing A. tenuissima (At), F. solani
(Fs) and P. erythroseptica (Pe) or R. solani (Rs) and herbicide on herbicidal

effect against kudzu

Disease Index®

Treatment Replication
I i T Mean

At/SA emulsion 3.7 35 35 3.6
Fs/SE emulsion 3.0 25 3.0 2.7
Pe/SE emulsion 35 4.0 35 3.7
Rs/SA emulsion 2.4 2.7 2.5 25
SA emulsion 0 0 0 0
SE emulsion 0 0 0 0
Dicamba 45 4.3 4.0 4.3
Glyphosate 4.8 5.0 5.0 4.9

“Disease index indicates the severity of disease, which was rated on a scale
from 0 ( no symptom) to 5 (whole plants dying or dead) 2 weeks after

spraying inoculation.

Aol AEA WAl the A= IWelA = Phytophthora erythroseptica (31
1997)& o] &35l WAL 7teAdS AlASHE lom oo A= Pseudomonas
syringae pv. phaseolicola (Zadack and Backman, 1996) ©o]-&3}o] WAS A =3
vk At
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A A (formulation) 22Fet 22 &4 A&7 inert carriers (diluent$} AW
dAANE EFete], BeAzAd B4 SAS MAA aHHA BEAAE
et ol E AlAle WAEEY S S F7HA71L AT (Boyette
and Abbas, 1994; Green et al., 1998). Al Ao whd}o] water-based formulation
Bt} ol formulation ©] WAE 2459 FAS FUMAZIUE Havk Atk
(Klein et al., 1995, Womack et al., 1996; Alves et al., 1998). RZ A 24 oils9]
AL QR F ol AHF A#Ho] ¢Jom pesticide’t & om maE 4 g)
t} a1 8} oH(Chappat, 1994). Invert emulsion (Water-in—oil)9] AF&-& 2 71x] ¢
GHES 7HA A Aok B 2 do] Abgol wE v &o] Eom wlg HAdo] Eo
A A gl el 527 FA7F Zaskal, petroleum oil& AHEE 5 AR
dfof &G el AT = dvkar skl (Auld, 1993).

B Ago A A tenuissima/SA AA, F. solani/SE A A, P. erythroseptica/SE
A A, R solani/SA AAE ©] &3 WEAAE A2 A5 Ao uAZE dojut
e Fo A%E At 2dE vela vk webd B AR 2 A
T A3E Fastd ofelxrelA BEAAE HEZ Ffd o 27 A57I

El
of AxIvd ST WAl ThedE U= Ao AlsdU

=}

o
—lrr‘ -
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Fig. 13. Enhanced control efficacy 2 weeks after spray inoculation by the
application of optimized formulation using w/o/w emulsion: A, SA emulsion
alone; B, SA emulsion containing A. tenuissima, C, SA emulsion containing
R. solani; D, SE emulsion alone; E, SE emulsion containing F. solan.; F, SE

emulsion containing P. erythroseptica.
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Fig. 14. Effect of herbicides on kudzu 2 weeks after spray inoculation: A,

Glyphosate alone; and B: Dicamba alone.
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M4 SESME ¥ Besotel JoE
A 14 53 9484 %
T AT S A7 g R WS
134 (He Fe8uAE | BAE A FE&nA=S st A
A " uAEE A tenuissima, F. solani, P.
o oW 27 |ervthroseptica, R. solani = % °] bioherbicide®
L AHg b5 el itk
=]
E3] Alternaria tenuissima®= S-@vgte] HA Y
o FUAEE oA HeElE FEVAEFT 46%E AXsm 9o
B B2 wdasle s9s 108e] Aelahe A 53
7} & Aot} Phytopthora erythrosepticas= % 9]
AEz2710 690 T2 Aysiez o A& %
7lol dxete= Zlo] ZI Aol
294 |H e AYAGE (NGERE 7Y FHTEEAE A AR F 9
WEANE Jgnara (o), 2 Qe 2 srey (@43 54
o He| Ae AF [& et VIR A 545 2AeloH,
iR BB WS ZARE] A Fw A
o Ao o3 of AwkAQl AAS EAsI. TS, FHell ol
PEIE SR vgtE FEEN 2] FFAFR 2= TL

2 A}

o &
SHEA A ]
A A A}

BN
>
_O‘L
®

W AGEY 2 QB A BE Aol
APNLREE SAF How FerE
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A=

o

o

A A 7 &
93
formulation
iy

[e]
5

B ZA 9

Sy

ke

BZA

AR-g-of o) gt
<4

o

T ooy
g ok fol

rﬁ g%
i Ag

riﬂjz'a”ri_w oY ofN of
E:‘
E
Q
:
@]
)

== 1=
ST =

A A €]

A, surfactant AA,

A A, Sucrose-Tween 20 solution &
inverted emulsion (water in
oil in water emulsion, W/O/W emulsion)s< ©|&
sto] 7} Wdte] oigk HA formulations A3k
Ak AL &4 A7 A% W/O/W emulsion©]
b ZaA AA R eloem, 5ol &4
ol AAR A SAAA, Fusarium
SEAA|, P. erythroseptica= SEA|A|, R.
SAAAANA WHE (Disease index, DI)7}
LERS T oF9 a3, A
tenuissimas~= SAA A, P. erythrosepticax= SEA| A
o Egtstel A el Aelg A3 DI 3.00149 %
HAdS Yetlloy £ solani= SEAA,
o]

tenuissima~
solani+
solani=

g 4

R. solani
SAAAIeE Eekstel F el A2d 23 DI 3.0
ske]  ofF WAAdS  UshdddY wEbd, A
tenuissima®} SAA A, P erythroseptica®t SEA| A
= Z3tel mAEAA F solani?t SEAA, R
solani®t SAAAE E3e WAE AAERGYG =&

WA Z3E BoFA
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0. A. tenuissima®} SAAA, F. solani®t SEAA|, P. erythroseptica®t SEA|
Al, R. solani®t SAAAE Z33F v AEA A o A3 v S st 9l
= #e AR o] 8d Foz vuH.
2. A g AQ SH
0. AZzAe] Abgol o3t &y} A ZxA ] ALgo] W H]go] Hytd Ho=w

7] el .
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L 2 d7elA Hel e do7

rr

4% 5 (Alternaria tenuissima, Fusarium
solani, Phytopthora erythroseptica, Rhizoctonia solani )2 &0 AFo] &+
SAAAT B AFolAE 2 Ao 2R F8E vAAES B ATl o] &=
Aolm, & Ao A gl 715 el ke A=Al o] &= Zlojtt

3.8 Ao MeE w/o/w emulsion Tl 237 7 =A e SAAA

S} SEAA= gHx WA e BA sdew 48 F Aol

=<

r1r

4 EF B ATe] A Fulg #a APl FEL ARe HRE Bol
AFE Aoz Audel %A sheAd =Ee AMSAL FA el
bekel MET Aol bl @A B AT HAE WEF ABI EE

AR oA L A9, ol&, HIFF, AW 2004. Alternaria tenuissimadl
ot & HHFHH, AEHAT 10(2) : 126-129.

Ja-Moon Kim, Jung-Sook Lee, Wan-Yeob Song, Hyung-Moo Kim and
Byung-Soo Sed.. 2003. Leaf blight of kudzu (Pueraria lobata) caused by

Fusarium solani. The Korean Society of Plant Pathology.

HAAL, AF5, HER, . 2004, FHEA o] AL =l ets] shad R
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Aol BAE dslol we AEIh o]Fea glon}, e USDAE A4

= —
2 o|Fo| A1 Y= Myrothecium verrucaria®] W3k A7 AHE A1 Y=
Aoy B3 Ha vk 2y Hdqtol

O

rir

T2 2= (beet, marigold,
sunflower, zinnia, peanut, cotton, red clover @ Z+zb), #FHz= EHAE,
cocklebur, velvetleaf ¥ johnsongrass) & A2 Eox HS
Hil wo] 9lom QIFHAE HolE mycotoxin® fleS %%‘?‘SHOF e W

A S otar At} Boyette &, 1999).
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