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ABSTRACT

The benificial microorganisms(BM) present in the rhizoplane can reduce pathogenic
activity of soil borne pathogen. They can accomplish these tasks by competing with the
pathogens for nutrient sources, producing antibiotic metabolites that inhibit the growth
of the pathogens, microparasitic cell wall destruction by lytic enzyme producing and
physically eliminating the pathogens from the plant by occupying the space and sites
first. The biological control applies to the use of microbial antagonists to suppress
diseases and the organism that suppresses the pest or pathogen is referred to as the
Biological Control Agent (BCA). The undesirable problems caused by the widespread use
of chemicals in agriculture has been a subject of public concern and scrutiny due to the
potential harmful effects on the environment. As an promising non-chemical alternative
methods to control plant diseases, the biological control of plant diseases with BCA has
been considered a viable alternative method to resolve the problems caused by the
chemical fungicide use. The EM not always naturally present in plant environment can
be introduced in an attempt to control diseases. This can be done by application of
organic materials that contain natural microbial populations such as composts or natural
microbial populations added to them including natural organic fertilizers with microbial
supplements. Fungal plant pathogens are very diverse and cause diseases on different
parts of plants such as root, stem, leaf, fruit, etc. The purpose of this study was to
applicate of biological control strategies for controlling fungal diseases on root and

atmosphoric parts of plants.
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I . Biocontrol technique development against soil—borne disease of
ginseng for environment affinitive ginseng cultivation.

The econmically important pathogens isolated from ginseng root and crown areas are
as follows; Fusarium solani and Cylindrocarpon isolated from root-rot, Cylindrocarpon root
rot, caused by Cylindrocarpon destructans (Zins) Scholten, and rusty root, a disorder of
unknown cause, are two factors that limit ginseng cultivation. Epidemiological and other
information on these problems is lacking and no control measures are available. The
isolates of C. destructans were recovered from diseased roots and grew well at 20TC.
Mycelial growth in broth culture, conidial germ tube length, secondary branching of
germ tubes, spore production and PPO production by C. destructans was found to be
enhanced by Fe. Phytophthora ; The first symptom of Phytophthora root rot is a wilting
plant. Affected root surfaces have a brown discoloration and the interior vascular ring of
the root will be darkened. The rest of the root interior, which should be creamy white,
will appear beige. In later stages, the root will feel soft and rubbery, have a foul, rotten
odor, and will eventually disintegrate. Rhizoctonia spp. causes damping-off of seedlings
and isolated in warm to hot temperatures and moderate moisture levels. The fungi is
found in all ginseng growing soils. Infected plants often have slightly sunken lesions on
the stem at or below the soil line. Transfer of the fungi to the germination room or
greenhouse is easily accomplished by using outdoor gardening tools inside or vice versa.
Pythium spp. causes damping-off of seedlings and foot rot of cuttings. It isoated in cool,
wet, poorly-drained soil. Infection results in wet odorless rots. When severe, the lower
portion of the stem can become slimy and black. Usually, the soft to slimy rotted outer
portion of the root can be easily separated from the inner core. Sclerotinia spp is most
important soil borne disease in 6 year old ginseng growing field. The most characteristic
symptoms are sudden wilting of leaves, a root rot and a basal stem canker. Generally,
wilting is first observed in ginseng growing area in late spring, but infected plants can
be observed in the seedling stage. At first, wilted plants are scattered in the field, but
later they are commonly found in series within rows. This disease usually appears in
patches within the field. Because plants can wilt within several weeks from the time of

infection, the onset of symptoms in the field appears rapid.

Streptomyces0104 was gram positive, spore-forming bacteria found in soil. They are
characterized by their tough, leathery, frequently pigmented colonies and their
filamentous growth. Streptomyces0104 is chemoheteroorganotrophs, growing best at 25°C
and pH 8-9. it use complex organic materials as carbon and energy sources and are
involved in the breakdown of these products in the soil. This degradative ability makes

these bacteria pivotal in the production of fertile soil for agriculture. It also give soil its



characteristic smell by the production of a class of volatile low molecular weight
compounds called geosmins. The 165 rRNA gene sequences of S. griseus0104 was
determined by direct sequencing and a 165 rRNA gene pylogenic tree of these strains,
related streptomyces and representative strains of the genus streptomyces was
constructed. The gene sequence for Streptomyces0104 matches the database entries for
Streptomyces griseusATCC25497".

Streptomyces0104 did not sporulate on PDA, NA, LB, CM, Bennett's medium, YM and
submerged culture. Streptomyces0104 grew well on the PDMN medium(PD broth 1L,
MgSOs, K;HPOs KHyPO4 ZnSO47H,O, FeSO47H,O Agar 20g, D.W. 1L) prepared in our
lab after inoculum(NB 8g, cellulose 5g, sugar 20g, DW 1L) smeared on that. The
hydrophobic spores floated on water surface and could not harvest and we use 0.1%
surfactant. The spores harvested after washing in distilled water freeze dried.

The microorganismic fungicide made by mixing Streptomyces0104 spore and it’s
metabolite effectively inhibited mycelial growth of sclerotinia in vitro. In field test, it

effectively prevented sclerotinia root rot spread after irirrigation by 5L on 90x180cm.

II . Benificial potting soil manufacturing process to prevent
phytophthora late blight of pepper

Phytophthora blight, caused by Phytophthora capsici, seriously developed in heavy
rainfall season. On pepper, infection of the stem near the soil line is common. Stem
lesions start as dark, water-soaked areas which become brown to black and result in
girdling, wilting and plant death. P. capsici may also cause root rot and foliar blight on
pepper. On leaves, small, water soaked lesions expand and turn a light tan colour.
White moldy growth may be seen on leaves during wet periods. Rapid blighting of
leaves and shoots may occur. Pepper fruit can also be infected through the fruit stalk.
Fruit rot appears as dark green, water-soaked areas that become covered with a white to
gray mold. Infected fruit dries, becomes shrunken and wrinkled, and remains attached to
the stem. As the P. capsici is a soilborne pathogen, management is difficult. The
overwintered oospores in soil or in plant debris can infect any time. Oospores are
resistant to desiccation and cold temperatures, and can survive in the soil for many
years. In the spring, oospores germinate to produce sporangia and zoospores and

sporangia germinate to directly infect host tissue.

To prevent P. capsici invation in pepper growing field, we studied on antagonistic
microorganism added potting soil manufacturing method. The compost prepared by cow
dung and rice straw mixing have a more sufficient nutrient source than commercial

potting soil. The EC value of compost was 24.7 and seed germination rate was very
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low. To overcom this problem, the compost mixed with peat moss as same volum. The

composted organic matter added potting soil have a sufficient moisture capturing
capacity and seed germination rate and root growth increased. The organic potting
s0il(OPS) made by mixing the composted potting soil and mass cultured antagonistic

microorganisms, Trichoderma hamatum0577, Pseudomonas putida, Bacillus subtilis. The pepper

grew in OPS had prevented from Phytophra blight efficiently. The disease incidence of
the plot which planted with seedling grown in commercial potting soil was 93.5%, and
that of the plot which planted with seedling grown in OPS decreased to 26.5%. The

pepper grew in OPS had efficiently protected from phytophthora blight and the

protection rate of OPS using was about 50.9%, in field test.
The antagonistic

. Microorganismic fungicide production to control ginseng
plants.

and horticultural crop disease
and vinyl house

microorganisms, Bacillus poymixa, Pseudomonas synxanxa, Sreptomyce griseus were selected

To develop biocontrol method against fungal diseases which harmful to atmosphoric
horticultural
to control Botrytis cinerea, Phytophthora capsici, Fulvia fulva. The extract from 3 antagonist’s

on ginseng

plant part
cellwall with 30% liquor or vinegar had antifungal activity in vitro.
The endospore forming B. subtilis cultured by submerged fermentation, the B. subtilis

growing medium was mixture of PD broth and nutrient broth. In 200 L fermenter, the
culture time was 21lhr and the cell harvest weight was 11g per 1L.

Streptomyces griseus cultured in 200 L fermenter. limitations to S. griseus growth are pH,
nutrient source, the amount of oxygen supply and inpellor speed. The concentration of
dissolved oxygen and oxygen transfer rates are controlled by aeration and impellor rpm.
and the dissolved oxygen content of the media in the bioreactor was measured with an

oxygen probe. Impellor velocity, ranging from 300-1000 rpm, allowed us to determine

the optimal speed at which the greatest oxygen transfer rate was achieved in the
bioreactor solution with minimal bacterial shearing. The standard curves for determining

cell concentration were generated by measuring the optical density and the cell growth
optimized by dextrin supply and the total weight harvested from 150 L culture was 11
kg. The extract from P. synxanxa cellwall with 30% liquore had effective antifungal

activity against tomato leaf mold.
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o QiANEl A A B o] &3S Fe HWUToE FFAES A3t T OE Phytophthora

sp, Pythium spo} ZAE BASHA ¥ dAMAIGAYE FA3t= Rhizoctonia sp.= ©]

il
A5 Auy A 2 S 3L, Fusarium sp.9} Cylindrocarpon sp.= A3H5- B2 A3 Wit
oA EHHATE F7tAA dZAMA A E F= FHolgl EYe EGHAT
Sclerotinia sclerotiorum-S T2 F4t9E 3 3@RE A7 A|gelar, W E A4te
=717} 27190 AlEdF3, HFe SAE AAS (Y 1, 2) ADEE7F v T4
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AE 2. Ay UAS 2gT BE - 53

Aatell HellE F= F@olBdTe WS dAs= 23] U=
01049] &85 98 Wadwrel 16S DNA 9714 <L DNAE FZE3}al, 16S
DNA PCREZFE AAsth SF® PCR =S AAst d7IAES 248 d714<E
(1,393bp)> DDBJ/NCBI/Genebank?} Ribosomal Database Project II ¢ databasedl A &
d AME AT A, Streptomyces £ F& EFE= AFTH 2F FIke dFEA
Streptomyces griseus ATCC 25497'(D63872)¢F 97%<] FABAZS el Streptomyces
griseusZ A JTHTHE 3).

tlo
S
A
tlo
f

> i x2

Streptomyces griseus ATCC 254977 (D63872)

0005

= M Streptomyces 0104

Streptomyces argenteolus JCM 46237 (AB045872)
Streptomyces ornatus DSM 403077 (X79326)
Streptomyces caviscabies ATCC 51928 (AF112160)
Streptomyces yanii AS 4.11467 (AB015854)

Streptomyces peucetius JCM 99207 (AB045887)

Streptomyces beijiangensis YIMET (AF385681)
‘lrsveptomyms purpureus DSM 434607 (X53170)
bl 15

: Streptomyces venezuelae JCM 45267 (AB045890)

Streptomyces laceyi 7654 (AY094367)
Streptomyces virginiae 1IFO 128277 (D85123)
Streptomyces clavuligerus JCM 47107 (AB045869)

P

ptomyces longisporus ISP 51667 (AJ399475)

19 3. 16S rRNA FAZHE Aol €3 Streptomyces01049] A AA &4

AlE 3. AALS AT TAYLE AxA

Streptomyces 0104 EAE AAbste AT (2E 4)olvt AA i Foll A EAHZ] A3
HA FUTHEE 1). AFAFE fE Badt IS ety RET TN FEste] Al
gk IAE NCSHIA] (NB 8g, cellulose 5g, sugar 20g, D.W 1L)ol| @gste] HF Ao =3}
3, A Qb v Sds H7hsk PDMN(PD broth 1L, MgSO, KHPO,
KH,PO; ZnSO;7H,0, FeSO7H,0 Agar 20g, DW. 1L)H)A o] HEAL 0.1nl4 =2gEa
T 30CH g1l 1047 v F + EAE Fg3hdrh

19 4. Chitin agartl] Aol v %3St Streptomyces0104 & el T2
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3£ 1. Streptomyces0104%] HA I A W ZAFAZFHF AL

% Culture time Optical density

Medium (hr) (A600) pH Glucose (g/L)  sporulation
48 - - -
LB 72 - - - ND
192 1.5 84 -
48 - - -
CM 72 - - 6.89 ND
192 - - 6.9
48 7.0 6.38 8.1
Bennett’s 72 8.0 6.39 6.02 ND
192 7.5 6.9 0
48 11.0 7.3 2.54
YM 72 12 7.4 0 ND
192 11 7.89 0
48 8.9 6.28 0.01
MBY 72 9.0 7.14 0 ND
192 8 8.29 0

XComposi’don of each medium(Bennett's-1% glucose, 0.1% Yeast extract, 0.2% Bacto
peptone, 0.1% Beef extract, MBY-1% glucose, 0.2% Meat extract, 0.4% Bacto peptone,
0.2% MgSO4, 0.5% NaCl, 0.2% Yeast extract, YM-1% glucose, 0.3% Yeast extract, 0.5%
Bacto peptone, 0.3% Malt extract, 0.02% CaCly, CM-1% glucose, 1.2% Malt extract,
0.06% Bacto peptone, LB-1% tryptone peptone, 0.5% yeast extract, 0.5% NaCl)

A3 4. Streptomyces0104] A| 3 3}

TR AN A FES A= 10% BAE ol sAZSAL, Streptomyces01047F A AR
TEEL 30% FHoE =3 % %%%%5}‘}1 AzxsAcE THE 229 FHEAS
FA ot Eeto] ddsiAlR gArelen, AakE AlEFS 2,0008 B A HA T
A AAsAT(E 5)
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19 5. Streptomyces01042] T3 Aol thgk FAMG AT (A) A G-H S
(B) Streptomyces0104 2,0008] 3] 4] (C) Polyoxin 2,0008] 3]4]
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o] ul-¢ %%3}9&‘:}. °]T=_r A Ast7] Yl RESoIY FJEE A9} 11140 WHE AEESH
& ABPES) Hmsle] NPKEFol £OoHE DIF FAReLE AR Hfe] F5a)
ATHE 1). BHE §FEE S8 507 AAEEC 7T F FEFFE AFFVIE A
@ 23 HugEe] JERAE D RuE Ho] FHE AR Hego] Ea el Aol
53 THE 2)
it 1. G HHE o] &3 IFFEE JES HEAAE 4
° pH EC Ca K Mg Na T-N P>0s
SEAE 0
(1:5) (dS/m) (mg/kg) (mg/kg) (mg/kg)  (mg/kg) % of wt. (mg/ks)
ul g g ] 87 247 129 254 53 6.6 19 15153
HlE o} 6.4 04 107 05 0.4 0.2 01 217
13 L E oF
‘égﬁﬂﬁéﬁ% 8.0 62 107 7.6 37 2.0 0.6 4772
3 15
AEE%T;—EQ“] 76 180 133 160 6.2 73 12 90271
ANARE 49 77 102 32 49 6.6 0.2 513
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A 2. FEFHE v EAA A

aFA o] dis 71Ago] FAH 2% Trichoderma(18 2) & T. hamatum 05772 XA}
FEol Eob AAL] Golaton, BHoR AMEstaLAl St Pseudomonas putidat
Bacillus subtilisol] W3t 28280 o3 A3 HA=r} <Fslth

a9 2. IFAWTE dALe 71AARE-S St Trichoderma(F-T. hamatum0577, $-T. viride)

SHAER /\]*%‘3}7]-4311 LEAZ Hulel A A A7) s T. hamatum05772
PDA BBUAS HET 5 25C B2 Sl A ol o] 4714 =g vl
159 wiFsta, J4€ “Z}b A 01% AAE FFatglon, 449] 7obA EJJr’\]ﬁ TARE Al
71@ o didddstd ettt FE T 10% SRRl A3 § FARESA
Pseudomonas putida~ King’s B medium(proteose peptone 20g, MgSO.7H,O 6g, K.HPO, 2.5g,
glycerol 15m¢, D.W 1 £ )l ¥}l Bacillus subtiliss= NY medium(Beef extract 3g, peptone 5g,
K,HPO, 2g, KHPO4 0.5g, D.W. 12, 50m¢ 10% glucose, 1m 1M MgSO..7HO, pH 7.2)°l| Hlj kst
% 33] AR AH(S,000rpm) st FAAZSAE TG TS AEFEE 10°cfu/gE 2313
T3 3). AFH S BAs] A 71 ddES TEHN 9 YERAE 1(v/v)E 4o THIZ 115
BAE 1ke? MIBEAZES 1gRlER Hriste] E31F &8t FHIgHAT

Ho

# 3. FHIAZHE 2¥dF ARE ALY

2AZFEF ) g Hj| w2 FTAAZRZA cfu/g
T. hamatum0577 A By < PDA B2 55 10°

P. putida of A uj F KB NB + myo-inositol 10°

B. subtilis of 7 ) <k NY NB + myo-inositol 10°

AN 3 7158 EY AFAFEAELRAY
HEd EEHMW uFIgPIA Y AR ES] HAEY 4PS Jd BE FQ
NF YIS PDA Hi Aol 28 Coll A i3 3 VSjuice NA ol wjFste] FAAZS 3319

|
ot Bl HEE uF 9T HEYL F8o] 3 F 1FUYE 5en Zo]Z ZE} PD broth
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2 Streptomyces sp., AFFOIH L P. synxanxa ATFEET B. polymiva V|2 Z

] ol o3
A0 WA EATHEE 1).

4
iy

1 AT AR e 2l

=5

A 2] 4 (mm)

15 = [}
AT 1A A 0% &A= SRS
Pseudomonas. A&l o T -
o o + ++ ++
synxantha ol o]y 4+ o+ +
Al o) +++ +++ +++
B. polymixa g H ++++ ++++ +++
QlZgo|H] +4++ +4++ +4+++
Al TG0 ++ ++ ++++
Streptonyces sp. o H +Ht +Ht +t
ol ol +++ ++++ ++

¥ AAAY : + - 2mm, ++ - dmm,, +++ - 6mm, +++++ - Smm,©] %

A'Y 2. A8t Bacillus subtilis®] dA U Fu]FS S AA S =HF 3}

B. subtilisttFE LutHo g WAZAE dAse aTFAAATe widd 54 U
o HEF7AL pHE 652 ZAH3AL BlFEE 30°C, F7|FFL lvvm, AHHEEE
100-1200rpm7HA] &8 F3, DO 20% ©]d FX3tHA 5L jar fermenterol A ] Y3}
HEE T oY 30°C, 140rpme] Z7Q0 F A 7|oA 12A17F vt B o

4e& B4 e pH, £%, DO, rpm% <]
] $ ANEE AEE AFAsY 400

vl gEEv|desr @23 A3 wjd 31d F HAEATE FAHJARLEE 1), AEFFHL
HiF 24413 Fo] WA E Yl dAdFLe R FHE glucoses M 1047 = 3L

b = :‘l“d)—“ A 7
TR TGN 2 T w3k A
5 La ARSIy et (N S
RSP WP D
s VA - “’Q.‘ B3 17
UC I NPAR S S AL AT AR 7
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Culture Time (hr)

19 2. 5L jar fermenterol| Al B. subtilis®] A7FSF(o-), glucose FF(m-m),
TAAES(0-0)

A dZFsae AFAuA L} NBE 410 FHISAE 200L & Z) 160L ¥ Et
2 HEs] wgadt Hax wIxzALe 30C, pH 652

E2F2(DO)= aeration?} agitations ©]-&3}e] 20%°]F o2 4
W =S 02bar® fFASIAT 1 A3 29 33 o] Az 4

o] OD%kol 4022 FHWAZ7]d ol2xly MEARX FTHFe A 1L T

130 50

120 45
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AE 3. AF Streptomyces gricens®] FA N FNES AT AAF HH &

Streptomyces griceus®] AWl FS $13 WiYFEAS 5Ljar fermenterol A G35
HAFS AT HFLL BETS HIuA HFsh 3L wid @IS FHeo
1000 L baffled flask Wi A& 200ml & F3to] FrIg HEA vz HF3t 30°C, 200rpm
oA 20A1ZbEE HiFE & EaTge HIFdoew ARSSIITE AREE WA= 3%
dextrin, 0.1% MgSOs, 2% yeast extract, 0.5% soybean meal, 0.1% KH>PO4 0.3% NaCl,
0.3% CaCOs& AH&3tAth 5L jar fermentero] vjYFH S 3L ko] ujFo] £ & Thouj
N 26L2 ARG FH7]2 400ml o] wfFedo] FH AT wiF F 40A17ke] HWh O.D.%k
o] 500] Ugkal AZto] AgesE wAde] R sjA AEZIF dojuk 2 ghol 54
A "ol WiY% F DOE 20%°ldo®2 FAXNAFZ s m¥tr]1E 300rpmol A
1000rpm7HA] A A3 Z7AAFACHLE 4).

10

1000 {7 8
300 1 T i
_ L6
2 600 A s
o° 400 | o
200 K
: 0
60
50 -
S 40
w
<
z
% 30 -
-
5
o
2 20
o
10
L
T T j I )
0 20 40 60 80 100 120

Time (hr)

a9 4. S. griseus®] 5L jar fermenter 3]& 2] Hj<F

k7)1 7F = 40A)7F, 90A)ZE, 115A1%F &0l A 82 x| 3 3te] 4000) Fstan Fo g B2
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