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SUMMARY

To isolate the beneficial microorganisms that can promote vegetable growth
and supress soil borne disease, different fields were surveyed intensively
where potato and chinese cabbage have been cultivated. Total 233 bacterial
strains were isolate from different rhizosphere.

Pseudomonas fluorescens are known to inhibit plant pathogenic fungi in the
sugar beet rhizosphere. Production of secondary metabolites, e,g., antibiotics,
Fe-chelating siderophores, and cyanide, is most often associated with fungal
supression by Pseudomonas fluorescens in the rhizosphere of sugar beets.
moreover Pseudomonas fluorescens includes strains able to promote plant
growth and supress plant pathogens through a production of
2,4-diacetylphloroglucinol(Phl) and phenazine.

Microbes are applied to perform specific fuctions which benefit plant
productivity. Including biological nitrogen fixation, phosphate solubilization.
plant growth promotion and biological of pathogens. With increased public
awareness of the potential environmental and health hazaeds of chemicals and
advances in biotechnoloy to improve the performance of microorganisms to
seeds may become more popular.

The practice of applying beneficial microorganisms to seeds has not. however,
always been very popular. firstly because chemical treatments have been used
so successfully and secondly because of the inconsistent performance of many
microbial products. Often the inconsistent performances can be traced to
inappropriate formulations.

The most important criterion of success in formulating microbes is the ability
to deliver a critical number of viable microorganisms consistently. How many
microbes need to be delivered depends on the biological activity of the
microbes, the size of the seeds and their spacing when planted.

Dry powder and dry granules are most successfully produced with
spore-forming microbes. Drying processes such as spray-dry, freeze-dry or
air-dry(with or without the use of a fluidized bed) are used. Additional cost
is usually incurred by the drying processes, although there could be savings
in transporation costs. Certain protectants such as skimmed milk and gelatin
are sometimes included to increase microbial yield and stabilize the products.

Formulated microbes can be treated with seed. For example seed coating,



seed pelleting and mixed with the seed at planting.

Pelleting of seed is the best performed with a formulation containing dormant
mcrobes since dessication and substances present on the seed coat are
deleterous to metabolically active microbes upon prolonged exposure.
Formulations that contain a high moisture level are not desirable since the
moisture may swell the seed coat, weaken the physical strength of the seed
and trigger premature seed germination. By engineering additional biological
activities ito the inoculant strains, the use of microbial inoculants as seed
treatments may expand beyond its present scope and help develop new marks
in agriculture.

Double pelleting is a process designed to alter the timing of microbial activity
on Pseudomonas fluorescens treated seeds to favour the bioprotectant. This
process consists of a slurry coating of Pseudomonas fluorescens applied to
the seed.

This study was conducted to screen the antagonistic bacteria which inhibit
the growth of plant pathogen and promote the growth of plant. We isolated
an effective bacterial strains and investigated into the antifungal activity of
the antagonistic microorganism and it's identification. 6 bacterial strains
which strongly inhibited Pyricularia grisea, Phythium ultimum, Rhizoctonia
solani, Botrytis cinerea, Colletotrichum gloeosporioides, Mycosphaerella
melons, Phytophthora capsici, Alternaria solani, Fusarium oxysporum  and
the best antagonistic bacterial strain designated as BIG21003, was selected.
The antagonistic strain BIG21003 was identified to be the genus Bacillus sp.
based on the morphological and biochemical characterization.

Pelleting seed with K95009 strain was planted in 5 different areas. we
investigate the effect of microbial product on microorganisms in soil and the
growth of leaf lettuce and onion. The results were summarized as follows :
Among application of microorganisms treatments by pelleting including
K95009 strain was effective considering growth of leaf lettuce and onion as
compared control plot. specially soil drenching treatments shows the most
significant.

The change of microorgnisms number in soil for cultivation of leaf lettuce
and onion was a little decreased with pellecting seed including
microorganisms treatment plot as compared with soil dreching.

In this study we tried to employ PGPR isolates for plant growth insteaed of



chemical pestcides to enchance the seed vigor as well as to produce healthy

stands and growth promotion.

Key Words : PGPR, Pseudomonas fluorescens, Soil borne diseases,
Pelleting seed.



Contents

Chapter 1. Synopsis research development Project ~—————————- 15

Chapter 2. The present status of domestic and international
technology development ———---——————————————————— 24

Chapter 3. Scope of the research and results ~————————-—— 27

Section 1. The selection of an usefulness microorganism,

screening and identification ———————---—+ 27

1. The selection of beneficial microorganism —————————————————————~- 27

2. Effect of plant promote by beneficial microorganism ———-——————————-— 33

3. Identification of beneficial microorganism -—-——--—————————=——————~— 38

4. Activity assay of beneficial microorganism ————---——-—--—-——-—————-—- 44

Section 2. Research of optimization medium and formulation ————-- 52

1. Research of optmization condition in small fermentor ————-------- 53

2. Research of optmization condition in large fermentor ————-------—- 67

Section 3. The formulation for stable survival of microorganism ——- 76

1. Stability of Bacillus sp. BIG21003 ————-——==-——-—————————————~ 76

2. Stability of Pseudomonas fluorescens K95009 —————————-——-———— 79

Section 4. Study of physiological characteristic for crops ———————-- 83

1. Study of priming material for seed vitality in the major crops —-- &3

Section 5. Development of seed pelleting technique ——————————— 100

1. Screening of adhesive and covering material for seed pelleting ——-- 100

2. Development of seed pelleting technique ————--——--—---"—"="~"--———- 107
Section 6. Effect of plant growth promotion by microbial pelleting

seed ——mmm 121

1. Manufacture of microbial pelleting seed ~———---——----—"--"----———- 121

2. Effect of plant growth promotion —————--——---"—"""-""""-"——"—————— 124
Section 7. Suppression effect of soil borne disease by microbial

pelleting seed ~——---------"""--—---—— 130

1. Examination of bacterial survivality about microbial pelleting seed - 130

2. Root colonizing ability of antagonists ——————————--—---——————~ 138

Section 8. Fild test —+"""-""""" 144

1. Plant growth enhancement by microbial pelleting seed ———-———————- 144

2. Suppression of soil borne diseases ———————————————————————————— 155

Section 9. Identification of plant growth promotion material ——-———- 167

Section 10. Products of test product ————"-—~ 192

Chapter 4. Achievment scope and contribution to the Related



Fields -+
Chapter 5. Applications of the study -—-—-——--------------------—
Chapter 6. Informations from other institutes ~—-—-—--—--—----—-—-
References -~



= 2}

A1 AFNERAe] AL
A2 e et 848 o
A3 AFANE FF e L A}
d gy A
8 vAEe] Mute] mpE A A4

e I ——
U o Asgs 2wy

1) 12 8 s A 2 dgdd 44 o

) 22 §& MAEY] A 2 A HAH -

E} Ax 9 de _______________________________________

) 12 F8 MAAEY] A 2 A9 2y

2) 274 °*‘L nAEe] A 2 Ay HAH

& NAE] REALGENEY A

7}_ S

D #olsd a9 A

) AE sz 2 g

1’]’. ﬁaj”}' 7< —ﬂie]- ______________________________________

1) Wb R Edh
2) e AAEN g9
FEMYEY] A
7}. Aeg LW
U A3 9 37

4. Pseudomonas fluorescens 7} 244+l siderophore®] 574 ——-
DAsE LUy
24243 42 3#F
24 wix] HA3 D AAZ} AP -
1 28F BE2AA] HHS AT
7 AsE 2
D R3sey 4
) s FH
A
4) Eg=ma g9 Mgy =d
5 &28% HExGL) Ao HAS A
6) siderophore A4AF 4 ——
Uy A 2 27
) Fg2a Mgs T g HH4g
b AGAE] B2 FAp oo
W) ZdEMre] dAY 2AF -
b ZEM e v dhd e ¢
) g4 v M & A4y o

v A4 sE Wgtd e Ay

38
44
44



oh A Al pHo| G AE 59

AY) AE M) 2R e Ay 60
of) Zg~= 27401]/\1 HPAAF wjx] 2A-- 62
Z}) siderophore A4 wiA 24 - ——— 63
2}) siderophore H ol AAAwA] 2 - 65
2) 5L wEZ WFEde s 66
2. & gz A} A4 - 67
7}, Bacillus sp. BIG21003¢] 300L % 2500L 2&=x HZ3 A+ 67
DARE 2 Y 67
7H 4—/\]? 4 HE 67
W A === 68
W xed v Y 68
2}) 300L 2 2500L 2R Fo|AMe HHs A4 - 68
N A} D R 63
7}) 300 liter modified fed-batch culturesd % -—————-———-— 68
1} 2500 liter modified fed-batch cultures % ---—--————---—— 69

. Pseudomonas fluorescens K950092] 300L % 2500L ¥ & =%
HAg A 71
D AR D P oo 71
A4 L 2 71
) g% WEZEGBOL)S HFAN FY AP e 71
U o8k 9he 2(2500L)] A 34 AF - 73
3" mAE gAY A4 Y - 76
1. Bacillus sp. BIG21003 2] ¢t43s} 76
A 2y 76
1) Spray dry ————————————————— 76
2) Freeze dty ~———mmm 76
3) AA Wg 76
U A9 2 3 76
2. Pseudomonas fluorescens K95009 ¢ ¢tAH 3} ——————---——— 79
AR L 79
U Ao W TE o 79
1) Freeze dry WS 53 M¥E -} - 79
2) 32L(adsorptlon):—% o] &3 A¥ A} —---—————— 81
44 F2o ZE9 AYH EAY A AF 83
1. #2259 priming iZj T 83
b BAAE D BAPE oo 83
o Ay % _ﬂ% *************************************** 34
L -~ 94
2) AF 86
) BT 90

B 93

_‘I‘I_



5) T H) —- o 9%

54 Seed pelleting 7] /A - 100
1. Seed pelleting 48 =4 A% — 100
T I 100
JAs LWy 100

1) Seed pelleting & A 100
7H AR&E4d A - 100
W) J5Ed A e 101
2) obg FAPYY - 101
7H AHEHE Al mE dolg e 101
W) gEEH A mE dolg - 101
g 23 ¢ 7% 102
1 A «4—3 HAZEAo] wolof] MA= & — 102
7hH HA&AE o] ol MAE FF 102
W) dEmde] wope] WA= YF 105
2. Seed pelleting 7] 7B~ 107
b AR R W oo 107
1) 4&E4 slury)e Al ——---- 107
2) I5E4 powdere AAg} - 108
3) Pelleting ¥4 A%z —— 108
4) Pelleting 7ol =214 54 A - 108
7H AR & g4 54 108
W sy 54 - 108
5) Pelleting $#}¢] Wo}g — 108
7hH AEELZG| & dolg 108
W) EGEsdo] g Holg 109
6) Pelleting TAF A=A 229 9 — 109
L B I 110
1) Pelleting Ao Az — 110
2) Pelleting $Ate] #olg ———m 111
7H EGET g e dols e 111
3) Pelleting TA2] &84 54 - 112
7H A EAE e Ax @ ddE e 115
W ey 118
4) Pelleting T4 A=A &E] G o 120

64 W AE pelleting T4+ BFH3 &4 AF-———— 121
1. v E pelleting 49 A% —— 121
R B I 121

D A= AAE 121
2) "] A& pelleting T4 A% - 121
3) M E pelleting €4 29 A4 ——— - 122
4) Priming A 2]¥ "4 E pelleting 2] @934 - 122
R I e 122

_12_



) M AE pelleting 4] FEH4 122

2) Priming A% w4 % pelleting 49 &8 #4 - 124
2855 2R A 126
hAs oy 126
L T e 126
74 "= pelleting T2Ho] 299 AY - 130
L 1RE F2 A e « A=k 44— 130
hAlsE oy 130
1) Pelleting A E2 S o] &3 WA E coatingx g ———— 130
2) "= pelleting 4o A o & {4 Ve - 131
oA R aF 131
1) Pelleting 4@ =45 ©]&% WAL coating ~———--————----- 131

) M= pelleting TA4ke] &g w &Y 74 Ve - 135

2. "M[ABE pelleting T2+ A& sE - 138
ZhoAlE B e 138
D BA AT 138
2) A 717ke] M WEMS; oo 138
B B 138
4) WAA &3 139
L e L 139
D e A5 7] g 2Es; 139
2) T AHEY 140
3) [¢) Zﬂ E-ﬂ]' ________________________________________ 141
8d vt A 2AEY 144
L&A= A5 89 144
b 144
LhoAls B e 144
1) FAAE oo 144
2) 2 A R AY 144
L e R 147
1) Z7] ol Hlal o 147
2) A AHF WY 147
D AGE 57 AT AP 149
h AEExge) B g 4 149
W 2 A I 71 HsE 150
h A A9 field 8550 23 A5 151
eh) & A9 field 455 &9 HS o 155

2. B A &9 155
ZhoAlm B e 161
1) Z23u B E pelleting T4+ HAA 4 &8 FAF ——————————— 161
2) RAEW A &3 e 161
L R 161
1) 2@V E pelleting TA0] BAIA &8 Wg} - 161

_13_



2= 94 s 162
9d AGEN B A 29 L Y 167
1. A& 4 - B 2 4 167

7 AlsE W W e 167

1) FATFF 167

2) 717] R A 167

3) WA e} s el HPLC 4] e 167

HpFeELry - 168

7}) Pellet¥ suspension® F&% —————————————————————————— 168

) 5439 & #2344 &) 2 168

) 25 Holg HAA 168

2}) Column chromatographyell 2|3 Az|&Ad &2 &z

) — 169

5) Crystal 4 """ 170

7h) crystalS o] &3 FAe] Wolg AP —-mmmmmmm o 170

WRIEY 170

L I N B 170

Uy A3 L g 170

) 2z dot g A} oo 170

2) A et s efzhe] FEF ML oo 177

3) F& 4 Efo 2 23 FF v 177

4) Amberlite XAD-2 resin column chromatography ————————- 179

5) Thin Layer Chromatography ———————————""""""=""—~———- 180

6) Silicagel column chromatography ———————————————————- 180

7) Mass ¥ NMR &4 ~——— 182

8) Crystal& o]&% E=H0 24— 186

PRIEY 190

mesFdEy 191
108 A AEF A — 192
1. 192
2. AlA# A 192

AR L 192

g2 L@ 193

1) & " AE pelleting FAF A%~ 193

2) %43t v A E pelleting =4 A/ X - ——————— 194
3. "|AE pelleting TA AlAE 9 — 195

7}. Pelleting A} U4 v~ 195

Y. A A% BioCaps #AF ~————————-——— 196

A4 B8 GAAE 9 FHAP Y VAdE o 198
A5 A AFNEARge] &EAY 200
A6 AFMNEHAAAN = AeHs VR 201
Reference-------------------—— - ————— 206

_14_



12 Ao A o] JH R

AT B fE8mAE Ao Sret FE&uAES] 54 B &
g A871=e] stEA
ste] 7155 mh#Esta AlA

1. & PAEY A2 8 FA

Ed AAste wAESs 239y ARSI &37F U= Bacillus  sp.
BIG21003(¢]3} BIG21003)3 Pseudomonas fluorescens K95009(°] 3} K95009)S
AEksle] in vivo, in vitrool Al A EW Yatel] et Ay 2E ol W A
=7 a3E ZAFE Y. BIG210032  Rhizoctonia solani, Colletotrichum
gloeosporioides, Alternaria solani, Pythium ultimum E5°] ZdZHo] e
W A7}A A oA Aphanomyces raphanidl R5F A3 S dERIE K95009
TS Rhizoctonia solani, Sclerotinia sclerotiorum, Alternaria solani,
Phytophthora capsici, Pythium ultimum, Fusarium oxysporum®| tX]ul] s} o]
284S AAZ A3 Pythium ultimum, Fusarium oxysporum 8- 1tol thalo]
- FEgh daksE s Ho%—roi‘jr Adkgl 27FA el tiel A drope}l #)

A X0 g AFE Felgh Ay K9500900 4 L & tis) S5l

T =3 8529 E L}E}lﬁoq‘:} K95009% Uukz o 2 Pseudomonas fluorescens

BlE d38 yetlow CAS assay 59 WH S %3 siderophore A4
golg vt AAEE siderophore® Fe #xte] o3t Z=E3 gz &
EG Y =S Fe & F&ste] vh& #W o] Ab&akA| %3k

to

2

= —1
21 Pseudomonas sp.7F A8 = 9= HEE receptor®: £ ubo}l So A
of o]gstr}, uwpElA, Ao H5HQl o 84 w2 Hd s Hadd A
WA Ao A A5 AAsFozH B F By ZdoA WAdToZHE 2

T BEste a9E yedth

2. g A AT

A= 271K 75 BIG210033 K950099 thaf 300L<}F 2500 & ol A 2] Hj
& HAstE skt BIG21003¢] 7§ glucose ©F yeast extract® T Svi A
2 A}bg3te] modifed fed-batch culture W2 02 glucose’t AR EE A Ao
feeding 3= WS AT F 1 ODGOONm) 887FA AEFEE =4

_15_



k32
N -0
rfrﬁmh

A O R spore & FEY & UATH 2500L«] Ae AX7 A%
3] spore® 3y =rv

F9 2l glucose’t 8] zdd oF 823 $HH sporei S A
40717 5= Aol ks HdeES @0 T 5 ATk olw] AREE wiA
glucose 2%, MgSO, 0.1%, yeast extract 3.3%, KoHPO, 0.1%, (NH1)SO4 0.4%,
CaCl; 0.01%, MnSOs 0.007%Z start HIA| 23} glucose 7} X = Al A9
glucose 20g/L. & 23] feeding st WAl oz wjokatdth. w9k step by step
o= 5L Zgt23o seedE WISt 12hr $-o] 300Lo| FHE3Fe] working

o 32
= W oo

==

O

25

fo o2 of ux

o,

volume 150L% 12hr v ¥ 2500L= ©]%2}1S =3 transfer 8}% HHs =
d HEE skt K9009 S Pseudomonas fluorescens 9 7ZA9= o

Hhf 2o A= 2 2 A 7t King's B #l#|(o]dF KB ®iX])3}o| A siderophoreZ
AAsPHA 2, dw X—4. 2 siderophore AR = @A 3E KB #|XE A}
&3t do] gAY FA4HF EASE medium AHE WEY S FEI
o] 9o = siderophore *ﬁ/‘é% gk WFE WA 2 ohge wiA 2 EC] HEH
v dou AFE R AAAEE A wiA 2L ofynh dHlE KBuiA|
E A8 AL AR AR St A2 viA] ZhA o] MM Hl A A Aol A F 7k
2 Bug =z 93 7]} WA F siderophore A A o2 E AT
7RA b ol el skth whebs, Awdk wiA] oA Ak stel] A ek
Az A AHdS FE=31dA siderophore & AT 4 A& MY 21S 3
o

Ystach Fehaa ge Bl Bd Ba9d A2 0 ol g

i

o] glucose?} yeastE 1zx= wigFuwjx|z AMutsid o) AE AFS Fon
siderophoreE A 3tx = 23+ th siderophore ¢ AL BlAYo] &7 A
A= 7“5“—944 H &, 771979 &, pH Tl wet A5 44
o]Z H Y. uwEA, ©@HAYL glucose Aol glycerol, peptone T
extract® F8 H|x] AEo®3dE= GLYE 3ulX|(glycerol 6%, yeast extract 3%,
KoS04 1%, MgCly 0.4%)E siderophore AAF 713 vz 2 ZAA s}t o] AdY
Hj 2= gA-3IA 71X = ZA A siderophoreE f-E38to = w©A3lo] F a3k
AHlE =9 F o] AFdstel HEg wiA Aotk 5L R X olA modified
fed-batch culture W3S H8&3o] glycerolo] A2F %= A& 30g/L feeding
stel Aol AE AFAS =39 siderophore A2 N EFEol A st
S7bshAl okom, wiYF start WA Al ol F FEFS W sowE dAvH
t} A9l glycerole] feeding T o] AlXFE=7F =719k Hlgl A o2 sidesl
phore 7} Z7}8tA= &kth glycerol® yeast extracte] 7% @493 A4
9] H]Eo] 111 BoE 211FAdA ¢ BS siderophoreE A Rnoz ZA}
F Rtk BIG210033 o] 300L<F 2500L° A1 9] MAEAES OD6G00nm) 80
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o F=¥ 4 AL, siderophore AHE FET F AT HAd ARG
OD(600nm)oll =E3= Al 7H2 Bacillus sp.ol B3]l 23 =& 4047 A=,
siderophore A2 W& 20~30 A7+ Fo ol o|2FH ) AEHo R 271X
ol i} AFF-8 ikl A AAAQ A EAgd A S vEse]

.

3. MIBE AARA AA AT

T4 pelletingdl] & "AES A&7 AsA= HEAR AASIE B4H
olt}. Pelleting F-oll FaErAE] AAF U 7|7+ Bk BEFHAoF Fag W
& 4 Aok 2 Aol s b H o] AEES FAT F U= AEAA
E ANIsy] A8 e R A 2 dAAE AHEEe] dF dASE A=A
© ™, spray dry, freeze dry "< F3| powder el 2 A|xzstz} s

Hgrt duEE AxE BT AstE GARAe] dast, oo AFEEE Al
Ae dAET FTAHL basket centrifuge, multi-chamber centrifuge, decanter
centrifuge, disc bowl centrifuge, tubular-bowl centrifuge %< 28 A}&3}1

1t} separator centrifuge W2 71 A4EY 3 A rotor o AEE AEKEHoR

FAANA 18 AL rotor W Eo|EE a1 HALS rotor BT E UJOEE 11
tEl AHloltt AT A &S Almol wet 2E& Zolzt dAIRE o g
24L/hrolth. &3S rotor Well g o] #olH o]& A7 f& A& F
D‘FOHO]EUPD} VMF+ membrane®] vibratio n% o] &3te] MIEEZ nFHEY A=
S EElshe w *19« 720L/hre] H@ 8L 7hX 3 glo] w$ ze&Hel F
Hlojth, 2500L wE ¥ AEE A8 H‘H VME®44l poll sep. 4002 ©]-&

&}o] %1]4§ 718k Atk
FAete dFE Al we A F4
, =L A ‘?_Vég}fii spray dry®¥HE E3 AAI}E A =3}
TR D gFFe 5 capsulation A7 € 2EHXEE HAIAZL S
ofof i wF QFFA ol ¢Fatolo vk webA  skim-milk, arabic gum,
soluble starch, WA HE, HMo|F=2 dYXA2EZ sucrose, maltose, galactose,
trehalose 5 ©]83}°] hot spray dry #73 o WAst= Ao HAAE S HE
sto], g0l T2 WAL, &
2o 7 A flol BFxetd 01 Ol %Oﬂ Z &7 |9A &
ol Jojg] Jelz EAste] A= A Bl & FYA ¥
Sk B Ao A < FT 23t} galactoses FEAMAF A X FE0] Fo}
1

Zest Ry Aolm w3k o] A ZFoA galactose, arabinose & Al
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(Bacillus sp)e ©]83 & oy, EF #HAdA F3cl= o8& + gle 4%
oty 12| B = Bacillus & AAol®t AeA A 9 A4 AHS FEAE 54
o7 Hrtstw dALSY aRE g F & vk WAHER] suncap HE3H
arabic gumo|t #olF 2 dAET Lo tx FZo
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=} = 7
7EA7F =& aAjolth. £ s o] otal Wl A &3
o §d AxTt Thsete] Tl A 284S ZEFa . olet 2
o] A% galactose®}t suncap Ab&3}e] pilot plant scale®l 2500L W& Z ol A
w93k BIG21003Z VMF centrifuge & harvest 8to] spray dry #4S 333}
o] technical powder= it}
gram(-)T ¢l K95009% spray dry A Fo] A E nde AE + U+=
d dHGE Pt 245 S 7 o wEkA, E3holAR 19 &
ofdli= spray dry W2 AgsA @& WHoez dAFHAT AzAbr v
Aol @lolAnt FAAZ WS o8&t o= FwAAE= kA AA S}
) o © aAAFY EEW, G
A= EH’\JEE 7&5?1 Ay dubd o g AbE3 1 g skimmilkoA] & &
kim- U4 E © Z(maltose) 9 & (millet ]elly)o]
% A3E AESY B, Pseudomonas

fluorescens & FZAAZX WHE T A BIA/MGAE FYJste oA
qE A7 T R Fe JqAT FHAAXE doF st v EHEES o

ATk E3H Aol FgrEHY stHgE o3S FA "W AHE= oy
7HA EAAE 7HA A Aok EAEAE RS dAdH R iR HFe)okste
2 52 2 ALY 3ARAF N dxHAo] Ak oW spore BT S Al Qg

PHE2] cell 2 & damageE 94A "o} w2t A, AdAE F, AA7F & FH
At std % pelleting@ A o] W 7] wiitol cell survival rate> 2ol Hojzl

L

=3

npxjEto 2 F&e T3 AE dAHstE wesiuA] vEHe We wEdtid
nj - AA A W Fol stutelth. 4ol £ TEAE AY ARE St AXE
& AN TI = ot FARAS Tl wet MgdE FHEE BRole
w2 Ao]7} AAIRE white carbon®] A% 1119 v &2 FHT 2 Fa50]
=1}t §2 ¥ survival rate & Z2ASE A3 Algbe] Aol whet ME e
A3 st kA, SARRA 2 AN ERAS HUbste] FAE B
Ro; wRA R AE At = F FdFS WAA] K e Aoz XAE
ot ek, Bop BAAESAQ] F2o] 28 AoR wuym we &47])%
of &/ =4 (active compound)®] #HgTH o]yl EHS o= A vt
o R A48 Foste AE 3 WHoeR HER oo 3 Flolth
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22 ol o] n X o] JREA wEl A t=4 YebwEd, 7z
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melons, Phytophthora capsici, Alternaria solani, Fusarium oxysporum)< PDA
of NAMIAE 112 4 iAol 4% 9 et A #7o] ofd Awelit
o #AF AT A HAEE FA3te] I 4S5 v ustSnh

Table 1-1. Screening of Bacterial isolates that colletected from the roots of

different crops in Chungcheong and Kangwon

Total isolate for No. of selected

Collected area Sampling site . )
screening isolates
Hongseong 8 22 -
Boryeong 3 8 -
Kumsan 7 19 1
Chungju 6 25 1
Jecheon 6 9 -
Umsong 5 19 -
Jincheon 7 3 -
Chungju 8 20 -
Cheonan 3 14 -
Gongju 6 35 1
Okcheon 5 17
Yesan 3 6 -
Pyungchang 11 23 1
Chuncheon 13 43 2
Jinbu 5 11 -
Total 96 198 6
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o ¥ R AFH P%

A, B, A MiFAESYS, oWl S, A E A A4 S
A EYF A8E AFHste PDA(Difco, USA), KB, GYE, RA(Radish dextrose
medium)s Z& WAE o]&3o mMAEES stk 12 g 500
isolates®] AlvtE tidor AAS Faste] Ao o d5E5 s
i At Eo] A raphanicl tete] 23S AU A AR HE A
AEEE TAE A9l PDA, KB, GYE, 183 RA wjA& o]&3ate] &<l
sk, z4F HA A T Aol Ue= Aer gRl¥  Pseudomonas
fluorescens K95009(°] 3} K950092 x%71)7S  Rhizoctonia solani, Sclerotinia
sclerotiorum, Alternaria solani, Phytophthora capsici, Pythium ultimum,

Fusarium oxysporum’s 245 Zxtel]l Wixmjgsto] Ades 463l

0_1_4

’

mlm ol
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Table 1-2.

Screening of Bacterial

isolates that Collected from different

sources
Isolate No. Source Location Scienticfic Name
P1 Potato tuber Pyungchang Pseudomonas sp.
P2 Potato tuber Pyungchang Pseudomonas sp.
P3 Potato tuber Pyungchang Pseudomonas sp.
P4 Potato tuber Pyungchang Pseudomonas sp.
P5 Potato tuber Pyungchang Pseudomonas sp.
P6 Potato tuber Pyungchang Pseudomonas sp.
P7 Potato tuber Pyungchang P. fluorescens
P8 Potato tuber Pyungchang P. fluorescens
P28 Chinese cabbage field Jinbu Pseudomonas sp.
P29 Chinese cabbage field Jinbu Pseudomonas sp.
P32 Chinese cabbage field Jinbu Pseudomonas sp.
P33 Chinese cabbage field Chuncheon Pseudomonas sp.
P38 Chinese cabbage field Chuncheon Pseudomonas sp.
P41 Chinese cabbage field Chuncheon Pseudomonas sp.
P45 Chinese cabbage field Jinbu Pseudomonas sp.
P50 Chinese cabbage field Jinbu Pseudomonas sp.
P56 Chinese cabbage field Chuncheon Pseudomonas sp.
P57 Chinese cabbage field Chuncheon Pseudomonas sp.
K95001 Potato field Pyungchang Bacteria
K95002 Potato field Pyungchang Bacteria
K95003 Chinese cabbage field Pyungchang Pseudomonas sp.
K95004 Chinese cabbage field Pyungchang Pseudomonas sp.
K95005 Chinese cabbage field Chuncheon Pseudomonas sp.
K95006 Chinese cabbage field Chuncheon Pseudomonas sp.
K95007 Chinese cabbage field Chuncheon Pseudomonas sp.
K95009 Chinese cabbage field Chuncheon P. fluorescens
K950010 Chinese cabbage field Hongcheon Pseudomonas sp.
K950011 Chinese cabbage field Chuncheon Pseudomonas sp.
K950012 Chinese cabbage field Chuncheon Pseudomonas sp.
K950013 Chinese cabbage field Chuncheon P. fluorescens
K950014 Chinese cabbage field Chuncheon P. fluorescens

_29_



. 2434 2 3%

vl gk A= Table 1-3% Zo)h 33848 2 PGP, grisea)dl dls]A]
BIG20850, BIG20969 % BIG21003°], PU(P. ultimum)ol| < BIG21000, BIG21003
o], RS(R. solani)°l& BIG20979¢} BIG21003°], PC(P. capsici)= BIG210007}
BIG210035°¢] fF3stA =skoh. Y] PUP. ultimum), BC(B. cinerea) %
FO(F. oxysporum)ol= BIG21003%°e] 7F¢ &340l MMWM. melons)Z
AS(A. solani)oll X = Fod FUE4HS UeEbdth(Table 1-3). o] ol A <
o] BIG21003vte] 1059 AEWAd Aol da F W2 F&HdS ekl
3 53] Rhizoctonia solani, Colletotrichum gloeosporioides, Alternaria solani
Y Pythium ultimum®| 7} &34 o] 1l vh(Fig. 1-1).

Table 1-3. Antifungal spectra of bacteria isolated in this study against

several plant pathogenic fungi

Antifungal Activity®
PG> PU RS BD BC CG MM PC AS FO
BIG20850 sk sk sk % Kok ok * ok * ok

BIG20966 == - Kok - - * - % _ _

Strains

BIG20969 s ok * Kk % % ok % Kok ok

BIG20979 = - ok ok - - - - - s -
BIG21000 * KoKk %k o - * % wkk . sk
BIG21003 %% EEE EEES Hkok Hokok EEE Kok * stk *

% Antifungal activity against each fungus was measured at 5 days after
inoculation of antagonistic bacteria (***. Very good #**. Good *: Small
Efficiency).

> PG: Pyricularia grisea, PU: Pythium ultimum, RS: Rhizoctonia solani, BD:

Botryoshaeria  dothidea, BC: Botrytis cinerea, CG:  Colletotrichum

gloeosporioides, MM: Mycosphaerella melons, PC: Phytophthora capsici, AS:

Alternaria solani, FO: Fusarium oxysporum.

_30_



Fig. 1-1. Antifungal activity of Bacillus sp. BIG21003 against four different
plant pathogens. (A: Rhizoctonia solani, B: Colletotrichum gloeosporioides, C:

Alternaria solani, D: Pythium ultimum)
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]y
=3, T, B, A SAY MFAES, o¥ulF, A EY, AAAA 5
NA ZtE MAEES AT HEE VMAEE T AYdToR FHHE o

o2 25709 Pseudomonas sp., 6702l Pseudomonas fluorescens, 2712 n]&kel

Bacteria, 1270 9] ActinomycetesyF, 18] 5712 S Awsle] B Afo I

&3t HAE Skt
% A E0o] Aphanomyces raphani$t THE A tFol| thete] A3 LS A4
I A=A AR g2 FANAEER T7A4%F PDA, KB, GYE, 28] RA HiA &
o] &3te] AIAAS HAAste] Bdrk 1 A #F K95009, P7, P45+= PDA )
Aol A w9 A3 dIdAS el ar, ¥ K95009, K95014, P29, P50= KB
iAol 4 vl Zksk A3 yYEb AT (Table  1-4).  47FA1 wf ] ol A
Aphanomyces raphaniol 25 23S YEUIE K95009¢ S ZHF HYAd A
el A ste]  AEgEES A
oxysporum o] digte] g 5
ol taiMe A4S BYS

not shown).

VA3 Pythium  ultimum, Fusarium
gt das8s HAFAH(Fig. 1-2). &
U 5983 =& Ay Hold YEddti(data

Fig. 1-2. Antifungal activity of Pseudomonas fluorescens K95009 against
four different plant pathogens.

(A: Pythium ultimum replacement culture. B: Pythium ultimum overlap
culture, C: Fusarium oxysporum replacement culture, D:Fusarium oxysporum

overlap culture)
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Table 1-4. Antibiotic activities of selected bacterial isolates against
Aphanomyces raphani when the bacterial isolated coinoculated on various

culture media

Antagonism observed on different media test

Isolate No. 5 p d e

PDA KB GYE RA
P7 koskokok keskok skeokskok skoskokok
P28 Kok ok ok ok
P29 Kotk sekokok sokokok Htekok
P32 - w3k *% sk
P33 - * * sk
P38 sk Hok Hok *k
P45 sk ok ®kok Hkk ok ook
P50 k% okkok ok ook
K95009 skok ok okkok ok ok stk
K950010 ok otk *ok stk
K950013 Hk Hoksk Hx T
K950014 sokok koK o sk
“++++: very strong inhibition and - no inhibitions observed

PPDA: potato dextrose agar “KB: King's B medium

dGYE: Glucose yeast extract medium °RD: Radish dextrose medium

2. & AT FEAFEAES A4
AR 2 P

1) Zolxx a3 HA
[e)

FTApdrolE o 7H @A oY K95009:t 5 o] &3te] F A wolo] F
A1 v o] A E HAAstaA v wjdde HAFA otz gaE
ARG kS 1008, 30080, 500uf = 34 Ete] AbgstATh AE] WHE
FEet ke T2 7 10088 S AR TER SAE w gl 1A HEe &
S7ste] ALE3E T xR " FA+= 9em petridisholl filter paper 2W S Zal A
d T 10ATHARE dEE 3Y, e 697tA 7247 Wolg S EASE T

2o ZAE WE F 109 F @ AAY Aol Hel Aelw A
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14 Ade eddAe dad 488 44 1 xdE F4s] 98
10x10 cm ZES Fhrole JES $1L 4 A48 4 294e REF
F KA T, PIE, R, G A, B 2l A5 A Ko5009 o)

H & ]

S 49 7rA o= 33 A sl

27} e‘ﬁa% 12+ N?ﬂoﬂﬁ 53] ayHo|dd #EF FA pelletingo] 75 &
FEet FREAE \ﬂWOE AFERN APE APgsAnh dFet S TAE
Hitdk FEvlol e HJEE Plug tray(200 hole)ol FXstal g3t 43 TAE
284 BFsATh FEF 4dEd AAd 2HA ASA7I L 2AY =
AEERTHE AAst7] flste] 12719 AduAES dAu|gste] ZkZt holeol
238" HE 1g¥ FEVAE I or EGHFeqct e A4ENEgIE
AdE Az AR AEFow AASAL FE K 457F 74 FE| A
AE-Z ZE dry oven 65ColA AXAIA AEF(dry weight) S =43t Z+
AEE 10952 skl

Faek Fukel dets @A FFAIZ A

o
Fardh wee AFe AN @#RE AFe A% 4N, ¢
o

s o = 27
T dom, K95009 Feads FilatA FEAA HAF AEATH dFE
kst

el K95009 Ml S 100x, 300x, 500xZ 8|4 slo] Ao} FulEx)

AEeST sty HELO}'%E ZAFSE A3 AFE 100x Aol FAFA 4

ol =xom HITwol&dd A= F

%¥u= 300x ﬂrﬂ/‘] *‘7(}7‘]” T 69T 92% = FA P 88%c Hl3|

A Ve #F RS 300xe] HE AT ALu FHdd Hs st

2 ETMJO]‘}*E} K95009+ wHj<Fee] ol AlgAw Ao wol&2 100x

> 300x > Control > 500x o= E%om Fz= 300x > 500x > Control >
100x= 6.2 Wrolgo] = kth.(Table 1-6).

o
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Table 1-5. Some bacterial isolates enchancing plant growth after seed

treatment that collected from chungcheong and kwangwon area

D Lettuce Onion
Bacterial isolate Genus A B A B
BIG20850 Bacillus 91 34 89 6.6
BIG20966 " 93 35 86 6.4
BIG20969 " 90 3.3 34 6.2
BIG20979 " 91 3.6 86 6.6
BIG21000 " 92 35 33 6.1
BIG21003 " 91 3.6 88 6.9
P7 Pseudomonas 94 4.1 86 6.9
P28 " 93 4.0 89 6.8
P29 " 94 4.1 92 8.0
P32 " 90 3.8 86 6.4
P33 " 93 4.1 90 7.2
P38 " 90 35 88 7.0
P45 " 89 3.0 34 6.8
P50 " 92 35 88 6.9
K95009 " 98 4.6 94 89
K950010 " 89 3.0 86 6.8
K950013 " 89 3.0 85 6.5
K950014 " 91 3.3 88 6.9
Control - 94 4.0 92 7.8

A= Germination(%) B= Root length(cm)

Table 1-6. Enhancement of germination rate of lettuce by soaking treatment

of Pseudomonas fluorescens K95009

Treat i Germination rate(%)

) 107 20 48 72 96 120 144
100% Lett.uce 7 23 51 96 98 99 99
Onion - 29 82 89
300x Lettuce 5 20 49 92 96 97 98
Onion - - - 5 37 86 92
Lettuce 0 10 29 86 89 94 98

500x .
Onion - - - - 23 30 89
Control Lettuce 2 12 38 88 93 96 97
Onion - - - - 21 85 88

*. Hours after treatment
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Fig. 1-2. Comparision of Seedling vigour between soaking(300x) and non soaking
with by Pseudomonas fluorescens K95009.
L @ non soaking, R : soaking

s
HJ") -9-0] }\]:"/_(] %'i q] 01- i 1__/‘\—:']_

=1 g7t L‘rE‘r‘rkEHTable 177)
22 AP ME AFe FuE gow AEAGENFTHRE

Foll A= P29, P33, K95009 o]’ 47kA] sl Al Zh7 FA ¢ vlashe] 106%,
119%, 150%° HEF F7HES dveblloen, K95009+ SAA o= fogh
(P=0.05) #}o]& H ot e A= P7, P29, K950090l A 242+ o ¢} v s}
o 109%, 128%, 142%°] 7EF F7H&S YEeElHlen K950097F 5ol ek 2
o] g (P=0.05)t0]E Rt Adtd 12719 ASFHI #FE ol &3t 4+
o} Gy AFEZAANGE A A3 K009 who] FHE BFoA 7 RS
A= o s AdE

BN
>
&
i
%)
0%

m
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Table 1-7. Enhancement of plant growth by soaking

Pseudomonas fluorescens K95009

treatment of

Fresh weight(g)

Crops
10x 100x 500x Control
Welish onion 3.1 2.9 2.8 2.9
Chinese Cabbage 11.3 10.8 10.9 10.7
Radish 19.2 85 6.4 7.2
Carrot 13.7 5.2 6.8 44
Lettuce 499 205 164 15.0
Pumpkin 33.5 25.6 164 12.8
Cucumber 23.3 20.1 17.0 175
Spinach 46.8 35.2 335 32.4
45
40 | Let.tuce
O Onion
35
> 301
1S
E 25
o
Ggﬂ 20 1
> i
5 15
10 1
5 o
O m | |
(o) o) Q > N
Q\\O\ SR L N q(oQQ @QQ\ %QQ\ @QQ"
& SERCHICRE

Fig. 1-3. Plant growth promoting by soil bacteria determined as effective one

on previous tests—germination after bacterial inoculation plant roots. Vertical

bars represented standard errors of means of twelve treatments.

An asterisks

indicates a significant difference compared to the control at P=0.05.
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3. #&vigRe 57
R ER- L
BIG21003¥ K950095 sA43al7] #1ste] de4 5742 Bergey's mannual of

systematic bacteriology ¢} Identification of plant pathogenic bacteria® A& =

EUE a9day dxEn g aFe delsda, sy aiaiss, AU
EAFA, AGe] ASFEA, Axd dFEA ZH}%E—:‘. g vhekgk gest

E9dd AES FdstAn

TSk 16S rRNA sequencings ¢l3te] @dZ2ZUE MACROGEN® ¢ # 3}
Fegstgom ofget e FAHS AAH EA ATk WA template DNAE W&
71 918 @4 colony S FojAl 1oml G4+ FHol Y31 HFH salineE 05
md Yol AadHA AlA Foh 10859 10,000rpme 2 YA R st 2 F4
S dS A pellete] InstaGene Matrix(Bio-Rad, USA)E 05ml o] A
2AWAs o] 56Tl 307 wj%3 F 100CA 102 A2 & F F54S PCR
of Abg3slgd e FHZF Sequencinge Big Dye terminator(Applied BioSystems,
USA)sequencing kit & A}F&3t9] Sequencingdr ¥ Biosystems model
3730XL(Applied Biosystems, USA)& A}&3}o] automated DNA sequencing
system &S 33t A1 AF}E NCBI blast search®t RDP database

oM AlAY WAE AESte] HFH R A AT

U 234 9@ 1@
1) Bacillus sp. BIG21003

BIG210032 ¢3te] &%&
4CsE 22T A538HA ¢

ox
o
N
M
Ir

714 2 AN SE(AA>ym o=
A= Gram(+)F 2. 24 Propionate 4
35S S o]y starch #3 11, catalase’} %A, citratex= %A, nitrate
reduction %A, indoleAA= 4 0lA k. Methyl red ¥H-52 &4, VPRES2
oFshAl YEb o, HoSE A2 K/ACIaL, sl 59, xylose, mannitol
9 agrabinose® EF S o2 Vel B AFoA] B3 759 v Fel

,
'

=

rlo b
_>i‘

Ir or
>0
> % mxm r

O

Bacillus subtilise vl AES A3 Jefetz] Agetd 2 Asiels 5ol A
o] FYs Aoz HAY o3 A¥E EYR Bergey’s manual of systematic
bacteriology, Microblologlcal method 59l 7|&% E5F 7|50 wet BIG21003

FE Bacillus sp. % 345 h
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w3 2 PEA 16S rRNA sequencing Z 3% Bacillus sp.& 21Eo] H=
o7 Bergey's mannual of systematic bacteriology$®t Identification of plant
pathogenic bacteria®] A=} vlaste] sk A3} BIG21003i 2  Bacillus
subtilis®t AFSEATE o] W g AWt Aol KCTC10236BP= o+
SE3hsivh

2) Pseudomonas fluorescens K95009

K950092 &4 2zt 3714 7kt (length>2mm) 02 flagellaZ 7FA 3L &

o Aglel daTS AL AAT BHEF Q] Pseudomonas fluorescens =] 7f
Ae= 54 3 ALE 7R Ao, 4T A= o] B H oY 42T
ANA= AFA v AR FAHASH VP test?t MR test= 5422

EFik T
oAgolA &
]_

3 75 vl alFe Pseudomonas fluorescens biovar 12
Hlu HES A3 3

gekx, A 9 Asistd EA4o] A9 sd3g o=
gt o83 AxE EUE Bergey's manual of systematic bacteriology,

Microbiological methodsol 7]&€® E&F 7] wel K95009 T

Pseudomonas fluorescens & A= At}

T3 EAAES A 16S rRNA sequencing 23 % Pseudomonas fluorescens@

1= A
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Table 1-8. Morphological cultural and Physiological characteristics of K95009

strains
Classification Character'istics
Pseudomonas fluorescens biovar 1 K95009

Cell form Rod Rod
Gram staining - -
Aerobic + +
Motility + +
Levan formation + +
Denitrification + +
Flagella + +
Arginine dihydrolase + +
Gelatin liquefaction + +
Pigment of fluorescence + +
Growth at 4T + +
at 41T - -
Hydrolysis of Starch - +
Tweend0 + +
Casein + +
Reaction of Oxidase + +
VP test - -
MR test - -

Mol% G +C of DNA 67.5 67.5

Symbol

ND : No data available
+ ¢ Positive reaction
- Negative reaction

D : Differs among species
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Table 1-9. Morphological, cultural and Physiological characteristics of
BIG21003 strains
o Characteristics
Classification - —
Bacillus subtilis BIG21003
Cell form Rod Rod
Gram staining + +
Aerobic + +
Catalase + +
VP test + +
Gas from Glucose - -
Acids from D-Glucose + +
L-Arabinose + +
D—Xylose + +
D-Mannitol
Utilization of Citrate
Propionate - -
pH in V-P broth
<6 d(+/-) d(+/-)
<7 - -
Degradation of tyrosine - -
Formation of Indole - -
Dihydroxyacetone nd -
Nitrate reduced to nitrate +
Growth at pH 6.8(NB)
5.7(NB)
Growth in NaCl 2%
594 + +
7% + +
10% ND ND
at 5T - -
10C d +
30C +
40C +
50C d +
60C - -

ND : No data available, D

. Differs among species

+ 1 90% or more ard positive reaction

- 1 90% or more are negative reaction,
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COMMENT
Corresponding GeoHask esiry: AYH01723
DRIGIH
L CTCAGGACEA ACGCTEOCET COTGCCTAAT ACATGCAAGT CEAGIEGACE GAT GEAGCT

£1 TECTCOCTGA TOTTAGCGED GGACGEGTGA GTAACACTTG GGTAACCTGC CTGTAAGACT
121 GEEATAACTC ClAGAAACCE GEECTAATAT COGATGLTTE TTTGARCCED ATGETTCAGE
191 CATAARAGGT GRCTTORGCT ACCACTTACA GATGGACCCG CGGCGTATTA GCTAGTTGEET
i4l GAGOTAACGE CTCACCAAGE CIEACTHAT T TAGCCGACCT GAGAGGGTEA TOGICACAC
0] TOLGACTEAG ACACGFCCCA GACTCCTACG GEAGECAGTA GTAGHGAATC TTCCGUAATG
0] GALCGAAAGTC TIRACERGCA ADEKLGCOTE AGTOAT AT GTTTTLGOAT CGTAMAGETC
421 TGTTGTTAGG GAAGAACAAG TOGCCGTTCAA ATAGGGCGGE ACCTTCACGG TACCTAACCA
431 GAAAGCCACS GCTAACTACG TRECCAGCAGC COCGOTAATA COTAGGT GGC AAGCOTTGTC
541 COGAATTATT GORCGTAANG GOCTCGCAGH COGTTTCTTA AGTCTCGATGT GAAAGCCCLE
801 GGCTCAACCH GOEAGOGTCA TTOGAAACTG GEGAACTTOA GTGCAGAAGA GOAGAGTGGA
Bl ATTCCACGTG TAGCGOTGAA ATGCETAGAT ATGTGEAGEA ACACTAGT B CCAAGHIGAC
T2l TCTCTGSTCT GTAACTGACT CTGAGEAGDS ARAGLGTGES GAGCGAACAG GATTAGATAC
Til CCTGETAGTC CACGCOGTAA ACGATEAGTT CTAAGTGTTA GGGEEGTTTCC GCCCCTTAGT
941 GCTGCAGCTA ACGCATTAAG CACTCCGUCT GUEAGTACTE GTCGCAAGAT TGAAACTCAA
1 AFAAATTRAL EGEELLGL ACRALGGTG GAGLATOTGF TTTAATTCGS AGTARCGLE,
961 AGRACCTTAC CAGLTCTTOA CATCCTCTGA CARTUCTAGE GATALIACET CUCCTTClid:
1021 EACAGAGT A CAGOTGUTED ATGLTTOTCE TCAGLTCGET TUGTHAGA T TTGLLTT A
1081 TOCCGUAACD AGTAACTT TTGATCTTAG TTGICAGCAT TCAGI TR ACTCTAAGGT
1141 GACTGECCHET GACAARCTET AGERAGET o0 GEATGACHTC ARATCATCAT GCCCCTTATE
1201 ACCTOEGCTA CACACGTGNT ACAATOGACA GAACAAAGHG CAGTGAAACT GCGAGHTTAR
1201 GECAATCCCA CARATCTGTT CTCAGTTCGG ATCGCAGTCT GLAACTCGAC TGOFTGAAGE
1321 TOEAATOGET AGTAATCGCG GATCAGCAT: CUEGGIGAN TACGTTCCCG GRCCTTGTAC
1381 ACACCGCCCG TCACACCACG AGAGTTTGTA ACACCCREAAG TCHET GAEIT ARCCTTTTAD
1441 GAGCCAGICE COMAAGETOT GACAGATGAT TOHEAGTGAAG TCOTAACALG GTAGCCGTAT
1501 COGAAGGT GT GECTGGAT

Fig. 1-4. A full sequence of 16S ribosomal RNA of BIG21003 isolate from the
rhizosphere.
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COMMENT
Commesponding UrenBank eatry: SH 15 16E9
ORIGIH
1 TTECTCCTOE ATTCAGOGEC GEACOOGTGA GTAATOCCTA GEAATCTOCC TOGTAGTGHG
i1 GEACAACGTT TCOAAAGEAL CGULTAATACC GUATACGTLC TACGEGAGAL AGCAGGGGEAC
121 CTTCHRGEECET TEOGITATCA GATGAGCCTA GETCGGATTA GCTAGTTGOT GAGGT AATGG
181 CTCACCAAGE COACGATCCEH TAACTGGTCT CGAGAGGATEA TCAGTCACAC TGGAACTGAG
241 ACACOETCCA GACTCCTACG GOAGICAGCA GTOOOGAATA TTHGACAATG GOCHAARGLC
0] TEATCCAGCD ATGLCECGTSE TETGAAGAAG GTCTTCCEAT TETAAAGCAD TTTAAGTTGG
5] GAEFEAAGEET TOTAGATTAL TACTCTGCAS TTTTEAOGTT ACCRACAGSA TARGCALCCDGS
421 CTAACTCTGT GOCAGCAGID GRGGTAATAC AGAGIGTGCA AGCGTTAATC GGAATTACTG
8] GRUGTAAMGC GORCGTAGGT GGTTTGTTAA GTTGEATGT G AAATCCCEGE GITCAACCTG
S41 GERACTGCAT CCAAAACTGE CARGCTAGAG TATGETAGHS GETGGTGGAL TTTCCTGTGT
801 AGCEGTEAAA TGCGTAGATA TAGGAAGEAA CACCAGTGGEE GAAGGOGACT ACCTGEEACTG
5] ATACTGACAC TOAGGETECEA ARGOGTOEEE AGCARACAGE ATTAGATACT CTGETAGTCC
¥2l ACCCLCUTAAA COATETL

Fig. 1-5. A full sequence of 16S ribosomal RNA of K95009 isolate from the
rhizosphere.

Table 1-10. Primers of amplification and sequencing

primer Amplification
27F AgA ¢gTT TgA TCM TGG CTC Ag o
1492R TAC ggY TAC CTT gTT ACg ACT T o

Analysis : http://rdp.cme.msu.edu/html/
Reference : Nucleic Acids Research, Vol 18, Supplement
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4. Pseudomonas fluorescens K950097} A At3}l+= siderophore?d] A
7b Als 2

D AedAde] A4 242 &9

R4

a2

o2 Fes AAsto] B¢ A= UdAdte]

b

Pseudomonas fluorescens= 44t

AAAE AL sho] zEo

L

v 2 A

0>4
o

Fr=st
HA Ak 719 ARE FuR E uAE9 siderophore BAFHE ZASA
t}. Pseudomonas fluorescens K950097} siderophoreS AAMsEX 2] o=
CAS WA & 3lo] dolr okt CAS X E THE & wlx] ¢l paper discE =
=3 K950098 2040, 40 E HESH & #2sH v

CAS wiAz=A40L) o3 2

CAS 24.2mg, 10uM FeCl;, 100uM HCI, 729mg HDTMA, 6g NaHPO, 0.3g
KH2PO,4, 0.5g NaCl, 1g NH4Cl, 1M MgSQO,, 10% glucose, 1M CaCly, 15g Agar,
30.24 Pipes, 6g NaOH, 10% casamino acidE ¥ i DWZE 1LE uth

CAS wj#A = Alexander and Zuberer?} Scnuryn and Neilands =9 WS AL
g3t om whg7) ke ofef o}

FeDye®™® + L¥(strong ligand) — FeL®** + Dye™

Fe-CAS+= wjAlo] g&4E& = A sh= A5 3™ siderophores /g8t wf
A FWHe] Fe-CASAA Fex ## 3l ligand(siderophore)ol ¢lsle] Agtsl A 4
i Dye '& w@Hol WA AS =HA )

2) A9 siderophored] &4 A

Pseudomonas fluorescens’7t AAstE Bd2E o8 7FA7F A A=
Pyochelin?} ferric bactin® 300nmtiolA Hd &4 spectrums YER
pseudobactin(395-405nm) ¥} pyoverdin(365-381nm) 365-405nmtiol A Hd &
I spectrum= H eIt}

ol 24 FHE Ldotrr] flete] Hul FF spectrum FHE ol A

ol
o
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. siderophore A4 Edo 54 g}
WM& AHESFaATh

Siderophore®= 784 2l
A

rie

DA 7F g

rie

sabA el EA
°] A EA} ferric iron—chelating 3tg&EolH Uuizo=w
peptide Al&E = A" FEZM(yellow—green)?] MAZE  =#E=  fluorescent
chromophore®|t}. ©]+= peptide AF&9] 743 =7 wal A 27HA Y FF 4
Jel=2  YFojA =4, catechol(n-dihydroxybenzene)®] =42  catechol
amides(phenolates,  catecholates) @E|¢}  hydroxamic acid®] FEAZ
hydroxamate SE|7} At} catechol FERS  siderophore™ enterobactin,
parabactin, agrobactin, anguibacctin, vibriobactin, azotochelin S©°] ¢l
hydroxamate #E]¢] siderophore= ferrichrome, ferrioxamine, coprogen,
nocardamine % ©| Tl T3 HLo| citrate-hydroxamate & B¢ siderophore®
arthrobactin,  aerobactin,  schizokinen, quinoline #® ¢  siderophore®
pseudobactin®] Y} pyoverdin S| 832 ¢lt}.

Catechol type?] siderophore= Hl#| &5 H4S Arrawe] WHS A3l OH
groupE 7Fd #HEA ZZAAZ 510nmolA 18R o1 hydroxmate type<]
siderophore= Csaky ¥ Gillam #=i-9] WH S x3le] hydroxylamineE Al-&-3k
o] 543nmell A =73kt
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Fig. 1-6. Determination of hydroxamate type of siderophore produced by

2ml sample
[3kA BESE T, mughoicl s

l

Crovoling sol,
C2 Eodiam S atabe Gal. Tird + 3
Laultarilamicas =31 2ml = icdine 260 2mil

l

i Gd g
e
C1. 5% sadum armenibes sal. 2rml+]
0L M- 1~ g Pl e lhdariad iamire aol. 2mil)

l

J0 mx
SAZNnmH A S

Sandsd solution © Fwvdroslarmine HC

Pseudomonas fluorescens K95009.

Fig.

Tl =
(OZ~1mg 3,4 -dihvydroxcogphsnsislsnins)

l

0L S0RHCE 3 0

l

TmilS] =t 28 &4 72
L10% zodium nibrigs
10 podasm molybdaiel v elow

4

1 FaCH &4 2

b

Tl Crw &2, S10nm =2

Starndard salulicon

z

1-7. Determination of catechol

Somg. 3, 4= dinydrosyphanylalanine] S00md )

198 me, catechol 1)

Pseudomonas fluorescens K95009.
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U, 234 2 nF
1) Pseudomonas fluorescens K95009¢] siderophore A4 o1 A 3d

otz ¥ (Fig. 1-8)olA X siderophore AAu|x]¢l KB HjA|ol 7+ A4
el TSA(tryptic soy agar)®t NA(nutrient agar)ol A+ %S A% g

AU FHES yHeEllE F L2 E 2] siderophore QA& &2lstr] & CAS
A5 e 3 A 9o paper discE &#¥3 KIS0095 20ul, 40uE HE
Sk Adt 12417 & K950098 A3k paper disc = 2#AX o] 3slo]
HAh dxzwoez HEFS  Bacillus spolAE Ao WE7E gldle
Psuedomonas fluorescens K950090 A= Q@M= A o] $to] 124 7+djo] 32y
b e wiFAIRre] A &E S o] 3] AV|E AF 4dem 7HA AT o
g lete] E o Ajfko ]”"ﬂ wet Feg MdAste] th& WHAdAd Mo F
o]&5 YAlsted WX < T AUe 7ted =4

siderophore”} A4 H A

=

¥ Oome ome Z 4y ao

@

i n
_l

X

fll

ro,

Fig. 1-8. Fluorescent formation of the siderophore produced by Pseudomonas
fluorescens K95009 in KB, TSA, NA medium.
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Fig. 1-9. Orange halo formation of the siderophore produced by Pseudomonas
fluorescens K95009 in CAS medium.

A: Bacillus sp. 21003(20ut), B: Pseudomonas fluorescens K95009(20u¢), C:
Pseudomonas fluorescens K95009(40.0)

_48_



E
)
=2
OSL‘
mlo
)
0
&
-101

cell& A 73 supernatant WS o] &3}o] 2 &

1t Eﬂf?l @ﬁﬁ%}"é% Agstdt. Fig. 1-10 o4 ®HE AAH
supernatant & FEEE A3 Sw] Fol v gt %“é% Y ERY AT
o] 7 siderophore®} itEdo] #goz Fox ot A
siderophore’} A A &2 Fusarium oxysporum, Pythium ultimum o &37F =
A Z potell A A stAcHFig. 1-11).

Fig 1-10. In vitro antagonistic test of siderophore produced by Pseudomonas
fluorescens K95009 on phytopathogenic fungi after siderophore was applied on
the paperdisc, it was placed on PDA agar plates, on which spores of

Pythium. ultimum. , spores of Fusarium oxysporum were already scraped.
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Fig. 1-11. In vivo antagonistic test of siderophore produced by Pseudomonas
fluorescens K95009 on Fusarium wilt (Fusarium oxysporum).

A: Control, B: Only Fusarium oxysporum, C . Lettuce infected by Fusarium
oxysporum and treated with 10m¢ of Pseudomonas fluorescens K95009
supernatant, D : Lettuce infected by Fusarium oxysporum and treated with 20

ml of Pseudomonas fluorescens K95009 supernatant.

Fig. 1-12. In vivo antagonistic test of siderophore produced by Pseudomonas

fluorescens K95009 on Damping off (Pythium ultimum).

A: Control, B: Only Pythium ultimum, C : Cucumber infected by Pythium
ultimum and treated with 10md of Pseudomonas fluorescens K95009
supernatant, D : Cucumber infected by Pythium ultimum and treated with 20

m¢ of Pseudomonas fluorescens K95009 supernatant.
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3) Pseudomonas fluorescens K950097} A A 3}+= siderophore®d &7/ % 54

Ag 2 el vetd 7 7HA A S F8 T2 Pseudomonas sp.
Eo] Aatsle EAES BF3l=1 catechol type® hydroxamate type = ©]=
R3] &£aE=xE A8 23 hydroxamate types] FEE Ha g o o] e
o] B4 2% pseudobactin® pyoverdin 5°] ¥ Aot} AwtA © 2 pyochelind}
ferric bactin 300nmtjoll A HtH FF spectrum= YHERUYH pseudobactin(39
5~405nm)¥} pyoverdin(365~381nm) 365-405nmtioll A H ) &< spectrum<
Beldn dHx dot.  Pseudomonas fluorescens K950097F Ay =
siderophore™ free siderophore < U} 390~405r1m°ﬂ A FHdle] &4 spectrum
UERH ™ ferric siderophore dul FHdl &< spectrum®™ 390~ 405nm< °F3t
Hojdt}, w2l hydroxamate type] pseudobactin Al € 2] siderophore €1 A
E = A G744 &8 ® pseudobactin®  EAFFFo]  989Dal =
2,3-diano—6,7-dihydroxy = quinoline  &E|2]  yellow green fluorescent
chromophore® T4 %W, 1 N-terminal® 671¢] o}n|x=4to] A Aol &g
Fetol=g AAdw o] vtk Hgh Né-hydroxyornitine ® %% hydroxamate
group®} [-hydroxyasparric acid® %% o-diydroxy aromatic group & X3t
gk},

AEAX 07 Pseudomonas fluorescens K95009+% siderophores(pseudobactin) &
Eujgtomx He nz=m <ste] Ao Aol oA B AEY AN
(PGPR) s98& =oAFAY, FA=AS Ao =n Bdqto] A = AR
HAY, AEA g4 A EA (systemic resistance)S =38t HYTe Fdow

=
BE 482 REstel FHASE A% A%S 0T Ao A

o 2 o

%]\

4k
mlo
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2 AAe] wR HA3 R AA} AT
1. 24% TazdAMe 43 47
7} AE 9 9y

1
fot
N
N
)
o
L}
rr
o
R
2

|4 TdaEz o s mAEe] o HAAHE 2T
EEE ZAEH7] 918FY Glucose-lactate ananlyzer(YSI, USA)E Al-&3le] 4

st wREERE Q4P AGA FHow AR AdEeT Fol u

==

o

fAbZ= M-S Glucose-lactate ananlyzer(YSI, USA)ZA3}o] glucose A3 US4

AFah

TAsE=EE A7 9989 spectrophotometer(UVICON 430, Kontron
Instruments, Italy)E Al&3tdth. & WMGNS ST SHFTE 43519 600nmol

A EFF=E =AU 28 A% FAFADry cell weight, DCW)+= 231

ZoA 10mlE FAste] e Fol Fod2 vega A2 Agas=z b A

ot
)
oo
ne,
o2l
ot
lo,
o|\
S
Y
=2
o)
Biu}

sto] 95CelA 40~50 AP Az AS

desiccatore] X #sHA =A3}A ). o] Ay E calibration curveE 23 thS

AT SAHL A BE serial dilutiondlte] NA(nutrient agar) =+ TSA(tryptic

soy agar) platedol A EA3F= colonyE AlFdte] =A%

4) Fek~a HA wjgz

M9 basal medium(Na;HPO4 6g, KH-PO, 3g, NaCl 0.5g, NH,Cl 1g)& 7|E o=
B4 A4 T g AFZAHAEZE AU 0.1% yeast extract A
V& 7|To® gadde mE AN AEE 4510, 249 g2ds Vee=

44 Ax9e AFSA

_52_



5) &~8&F LA EGL) oMo HAst A

WsrIAdH dF5 o9& A (nutrient agar plate)%l"ﬂ/ﬂ w3 & colony
Agste] 200mle] flask culture medium©] £¢] & 500ml baffled flask ©I
HEste]l 30C, 150rpm & 12A13F wjFste] Fulatdvt. Fdwmdds 2L7 =
o] 91+ 5L jar fermentorol]l HE3dle] B wjkS AAFAT WlUFZAHAL 2=
30C, B71%& lvvmoely ¥t £+ £F2 50 (Dissolved Oxygen)e F=7F
20%7F A %5 100rpmel A A lagi =

25% NH,OHE AF&3te] pH 7002 FAHEE stgom HgA 7|2 TS
WA87] 9)ske] A E A (silicon 303 & Neorin)E & wixo] 7} st
5L waxoAe wjtTA FHAHIS 98te] 5L jar fermentor (KFC5L; Korea
Fermentor Co., Korea)& AF&3lth. Zet=a dictol e HA wjx&E 7| 2o
2 SLoll A Hl A =21s S8kt

il

6) siderophore A% =4

UV spectrophotometerE &3l 7F 4 < siderophore A HFS 43t W
3% CAS assay WH 2 o] &3 Fe-dye complex ¢ = @EE siderophore
o] A FFE elstal, UV scand £3) peakES &l&lgich v
g8t cells A
3 AAA7] AL

Fe—dye | Siderophore peak

complex peak

A. Fe-dye solution B. KB culture supernatant C. Mix A and B
Fig. 2-1. Change of UV absorbance in the presence of siderophore.

Fe-dye complex”} blue color® WElH+=dl sideropore’} H7l=™ dyeol A Fe
7} olgE WAl Mol orange color & WAEE Z1 O & siderophore A&
gl thFig. 2-2).
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Fe-dye %7} # % (blue) A7F & 3413 7 I (orange)

Fig. 2-2. Change of color in the presence of siderophore.

Y. 2% 2 23
) Fehaz Wt 5@ oY A4
) AFATe gl 2Ab

Pesudomonas fluorescens K950092] &4 9ol EAS FALsHY] st Z8~
A wj%S E3] glucose, fructose, galctose, maltose, sucrose, lactose, cellobise,
mannose, xylose, glycerol, arabinose, satrch, mannitol, dextroses ol ™3+ X35
EE ZAeAT 22 oA gAadRE 28 sk 30T, 140rpmeoll A vl Y 12
AIZE 24X AR AR EE SAsAT 2 Ad tee I Zol
mannitol®] ¢F 5240D 7}A] 44 stAth MEANEzFTEFS LY 2220go 2 &
a9t vty g £ A4S vEEY 2 o glycerolo® AE A%
o] 4550D% AMEAZX FFo] LG FFo] 158g& e o] AL glucose Al
EZo AL glycerolBth &3t ©& 46450DO| AW AXEAZ FHS LT 2.18g
o7 © wol AA Hodk Alxe] AR HAZET o] mannitold} glycerolo] U
A USAT kg 7HA0] AtgEoR 8371 sHAe] Hg VA S|tk w
A o] e} Hl=gk FFEo AE AES HolWA AFdA o R AbgstrledE BA
Ho] 999l glucoseE BAdo R 12 AAEA T (Fig. 2-3)

oN mom

oft
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Fig. 2-3. Effect of various carbon sources on cell growth of antagonistic

microorganism(Pseudomonas fluorescens K95009).

) AEgAe] Azt

A o] AAYS xAE 7] 918te] soybean meal, proteose peptone,
bato—peptone, peptone G, soytone, tryptone, yeast extract, hydrolyzed casein,
(NH)2SO4, NH,Cl, NHUNOs5 thFeh Al g J&s ZAstAnh. gad
2 1% glucoseZ 7|02 3tal 99 Y AAYS tdoz st xAbsta
MEL AATE S4d o] 12817 24A 3 43 o] 3= 600nmoll A 2
Aetdh 1 A3 the-o] 1983 o] yeat extractE AEL] A o] 4.8450D
T Z#on soybean meals 4.6100DA X 7kA| &gkv), &A1k soybean meal
soybean meal A9 YAE wFEo] okre] oAUt Uk AFEY Ax FHL
soybean meal¥} yeast extract’} L9 1.77g2 2 ZA gt} 18] soytoneol
Al FS AE S UERT ol &f Zo] Adtd HE Al FE duREg 4
29 wANA F Aebe Aow yEETth ey w2 A e THAE A FH A

A ke yeast extract® AP E 13 AAHSAHTFig. 2-4).

o rlo o N
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(@)
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z
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%o% & & @ \A §
N
] Qa

Fig. 2-4. Effect of various nitrogen sources on cell growth of antagonistic

microorganism(Pseudomonas fluorescens K95009).

) ZaAate] v H dio] I & FA}

A AL wFLro e GFS 2AE7] Y] CoCls - 6H0, ZnSO
4+ TH:0, CaCls, FeCls, CuCly - 2H.0, MgCl - 6HO, MnCl - 4HO, CaSO; - 2H:0,
CuS0; Sol wated =AF &t 1 23 FeCly7l 71 & 43S vAE 2o
2 vtk Ao e v v 9ard £ 51550DE b # Ahsk
o AEZAx FHFS LY 145g0 & vEREa MgCl - 6HOS ¢F7F =& 1530D
o2 yehytth CaCly - 6H08F CuCls - 2H0, CuSOssS AlXEe] 434S A e st
= AAYE YEyt gx2TE vEgdaE AFEEH @i gAY day vhe

Abgste] 22 2ol wjFRt 2kt (Fig. 2-5).
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5.000
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Cell Growth(OD600nm)

1.000 |
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Fig. 2-5. Effect of various trace element sources on cell growth of

antagonistic microorganism(Pseudomonas fluorescens K95009).

o) @i T wstd e Ay

gAad Ay Ay My AT AAALS nyste] AT ©@AUQA glucose
o] A% #F A9 sk wE JFES AT e W2 dS FLsHA
il B A9 F=E L9 1, 3,5 10, 20, 30, 40, 5052 w== W3 AlA 7H
A zAbET L A LY 10ge] F=olA 24413 Bk sho] Aol Aol
3.4380DA =7HA] o] 2 A H A (Fig. 2-6).
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Fig. 2-6. Effect of cell growth on concentration of carbon sources

Shof] W& A3
3 A3 Ay AAE yeast extract &= wE A3t Al
o] &S A7l 93k glucose =8 10g/Lo.2 143}l yeast %5 L
2 1, 25, 5, 10, 25, 50g= WH3}sto] ZAFSATE 12417 A Fste] 25¢ #H7HAl 9
X AAS 1.220D% 50gd7FA] 1.108Eth o & =kt sHA vk 24413 A3}
|= 50g H7HAl= AlEe] Aol ¥ o] Fox 1.390D7HA A4S A THOD
AA R 108 sldE FXd). dAFoz Axe] e DY yeast
extract®oll ¥ #ste] S7tste A2 YEtH(Fig. 2-7).

Mol Az FTHES Uetd a"dA 9SS g8 A yeast extract Tl H]
sto] Mol o] FUtsteE AR YEhdt AEA TS AAUQ yeast
extract 50g H7MA MEAZR FTFo] 05gez 7 B AXE Aists Ao

2 e

jue)
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Fig. 2-7. Effect of cell growth on concentration of nitrogen sources.
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Fig. 2-8. Growth pattern of Psudomonas fluorescens K95009 at various pH

condition.
) A At Lwol we A
A At A HAREE A7 f18ke] 25, 30, 35, 40T H2lolA

5L jar fermentaorol A Z7Z wdste] Alxel AAE Hluste] B w9}
Wk T4 215 YA st pHE 7002 Hsgdt. 2 23 vgo 19
7 o] 30ToAA 7HE £ dF9 S Bt 40T A= lag timee] 84
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DAE A A& How HuAFE 150DHE 74 #Askth 35T A& v
A 40T A Bt} lag timeo] #%ov Hi H A= 40949 v =g =5
%l 140Dell WEF Tk 25T = 2719 #A4S 271+ Hlud & 2%
Hop & zAgtovt #Hal A4S 180D o] 2L 0]—‘?& AR 7 E Eolaktt §hHA
Tk 30Col M= vl 8217 A 3ste] 300D ol2x= AGEtt. o] F = death
phase® £°]7} & o5 OD+ 189 o237

R

35

40°C

omOe

Cell Growth (OD600nm)

O T T T T T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20 22 24

Culture Time (hr)

Fig. 2-9. Growth pattern of Psudomonas fluorescens K95009 at various

temperature condition.
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oh) Feb~a oA HUAZ wA =4

ofg] 7hA] A 2AHoE A4S HES Ad Fohaa wgolA JAmMAR
A= 1 8 x] (glucoese 10g/L, veast extract 25 10g/L, MgSOs 1g/L, KoPO,
5g/L, (NH4):SO4 10g/L)°] 729 o OD #tel KB wi=| &} v 0}74] 78kl a,
glucose F& 202 7 A7 28 WA A E O% F& 4ES 2otk a2 9]
2o asparagine i A|, succinate WA oAM= A o] A xd} M_J/P glycerol @}
polypeptone & AF&3E 69W wiA|o|A 71 w2 ODFAE YERN T Table
-1). WA, AAY o2 polypeptoned yeast extracte AF&3}al BAYe F

=
A dHE AP tH(Table 2-2). glycerol &%=7F Eobds5 AE 527}
=ko ], yeast extract®t polypeptone oA E #e ZHAA H|E=3 HE FTE
2 Yl 22 polypeptone Bt} A #H 3t yeast extract 7} A3 24U Ao
= ddsan

Table. 2-1. Various composition of culture media for the maximum growth

rate

Medium (g/L) max. OD(600nm)

roteose—peptone No3 20, glycerol 10,
KB | © pep By 213
KoS0O4 10, MgClz 3.5

1 glucose 10, yeast extract 25, 240
MgS0; 1, KoPO, 5, (NH)-SO4 10 '

5 glucose 20, yeast extract 25, 14
MgSO, 1, KoPOy 1, (NHY)2SO4 4 '

5 glucose 30, (NH4)2S50s 10, CaCOs; 5, 24
NaCl 2, Kz:HPO, 0.5 MnSOy 0.05 )

4 sucrose 20, asparagine 2, KoHPO; 1, 16
MgSO, 0.5, (NH4)2SO4 5 )

5 sucrose 20, peptone 20, KoHPO, 2.5, 170
MgSQO,4 6 -

6 glycerol 20, polypeptone 20, 55
K>HPO, 1.5, MgSO4 1.5 '

sodium succinate 4, KoHPO, 6,
KoHPO,4 3, (NH4)2SO4 2, MgSO4 0.2

1.25
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Table 2-2. Various composition of culture media for the maximum growth

rate

Medium (g/L) max. OD(600nm)

roteose—peptone No3 20, glycerol 10,
Ka |V Pep a 35.0
KoHPO4 1.5, MgSO4 1.5

1 glucose 20, polypeptone 20, KoHPO4 1.5, 190
MgSO, 1.5, (NH4)2SO, 4 .

5 sodium succinate 20, polypeptone 20, 970
KoHPO4 1.5, MgSO4 1.5, (NHy)»SO, 4 '

glucose 20, yeast extract 25, KsHPO,

3 30.9
1.5, MgS0O,4 1.5

4 glycerol 40, polypeptone 20, KoHPO, 1.5, 500
MgSOs 15 '

5 glycerol 40, yeast extract 20, KsHPO, 497
1.5, MgSO,4 1.5 '

Z}) siderophore A4 wWiA] 24 ©A

S AFolA Eekaa AellA Ho AlE = OD600nm) 507H4 A2

T Ae WA 21E AT sHAIRE o] AL AEgE I AlSs FXlo| Fofs)
= siderophore A4 WX A2 olytt. webA FHo A4S 31 siderophore
S AT 7 de A =4S AASATHTable 2-3). o] AdA EE HjA]
T gdsE 7A@ AEHE AFES FAdsArh dvetd, AAgst R
iAo A FH st E A7 A S AR ST S ST BlE -‘?—5— dee] A
ste2 AAANS kA €S 4 ¢uh. Psudomonas fluorescens 2 74-% XA

ﬂlﬂ

2ol H(Fe) Aol vixo] &A1 v Hhe siderophore & A= HIE
o] AUt 2 wiA AN 7 73 yellow green < YEFY UV A7 A =
403nmel A 7F¢ & peakES YEFWTHFig. 2-10, 11). siderophore A4 ¥jx] 21 KB
WA R 2o 2s Ao, vid 3647k 71 % siderophored AA
]_M_Ty_ 1 O]‘B‘El: Z:’—/‘/x] 7L/\3]_l: 716]:2 y_oﬂr/} 113]—13]-/\1, _,-17}9/] siderophore
A A1 KB wjA & thAlste] A&k wjx] 242 % 39 siderophore®
AT A wiAl =4S Fol GLYE #i A2t H g ekaith
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(A) (B) (©)

Fig. 2-10. Absorption spectra(200-800nm) of clear supernatants from cultures
of the Pseudomonas fluorescens KO95009 strain grown in the GLYE
medium(A; after 24hr, B ; after 36hr, C ; after 48hr).

M

T 12hr | 18hr | 24hr | 30hr | 36hr | 48hr | 60hr | KB
ABS(403nm) | - 243 | 291 | 392 | 508 | 489 | 418 | 2.53
OD(600nm) | 12.0 | 21.5 | 276 | 30.8 | 35.7 | 363 | 355 | 294

40 10
-8
301
E E
o [30)
o le 2
[{e] <
5 a
<
\_%’20' \g
o
o t4 g
o 5]
o) @
© 10+
F2
0 of ; ; ; ; ; ; 0
0 10 20 30 40 50 60 70

culture time(hr)

Fig. 2-11. Cell growth pattern and siderophore production at NO. 2 culture

medium(cell growth ; closed circle, siderophore productivity ; open square).
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Table 2-3. Composition of culture media for siderophore production.

Medium (g/L) max. OD(600nm)

proteose—-peptone No3 20, glycerol 10,

KB 29.4
KoS04 10, MgClz 35

oteose—peptone  No3 20, lycerol 10,
KA | Pepront gV 37.0
KoHPO4 1.5, MgS0O4 1.5

glycerol 40, polypeptone 20, K250, 10,

1 46.1

MgCl; 3.5
1 1 40, t tract 20, K>SO; 10,

5 glycero yeast extrac 2SOy %65
MgClz 3.5

5 glucose 20, polypeptone 20, KSO, 10, 931
MgClz 3.5 '

4 succinate 20, polypeptone 20, K2SO, 10, 270
MgCl; 3.5 ’

S 53 A9 siderophore AAuiA] ZA
= A ‘%3 Hel A T A A mAe] x3tel wet
siderophore A4 @Fo] TA FH-HAY. He AxX % ODE Yell+= GLYE
w2l 2 AR g E siderophore A #= vl dAld A KahH, F719e F
Froll webA % siderophore A4 o] A #FH-HUAHTable 2-4). F7]de] th&
GLYE 13} GLYE 42 H|w3l™ GLYE 4% GLYE 19 43 Hu AxAdAS
A9t siderophore A =S wl¢- At} GLYE 29 %% GLYE 1] u]&f uj=]
o} Ho ME AL =X siderophore A =S AHul 181, GLYE 39
A$-% wjA FEE GLYE 19 28y =3 Hof A% $x £33 15 3ol
= EF3x ‘3*3 siderophore ZF< w2 55 &t} w}a}/ﬂ glycerol I}
yeast extract ¢] 2% 2 H] 9] siderophore Ao wj$- T3 WHEE 283

° PN
= A4S & 5 Ak

okr mr fl
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Table 2-4. Composition of culture media for maximum siderophore

production
Medi (g/L) e ABS
ium
eaim e OD(B00nm) | (403nm)

glycerol 40, yeast extract 20, K2SO4

GLYE 1 335 3.52
10, MgCl, 3.5

CLYE 2 glycerol 30, yeast extract 30, K:SO4 404 -
10, MgCl; 3.5
glycerol 60, yeast extract 30, K2SO4

GLYE 3 47.3 476
10, MgCl; 3.5

GLYE 4 glycerol 40, yeast extract 20, K:SO4 509 B
1.5, MgSO4 1.5

2) 5L Wi zol Ao wEAe] 23

Pseudomonas fluorescens K950092 o] &3 w49 HAAd vzEY 3
Z3ote Hdlel 443 siderophore® AASF= GLYE 391%] A& A u|A

ARt e e A HAH 229 pHE XAbste] vl Asz &
Atk Mg Es 30CE #4 shsler pH=E NHOHE A&3te] 7.0
Atk ZHl%S tryptic soy broth o 12417F v oksle] Algadvy. Zajek
T o] 5% 5 HE5] AFESEA Y. Y2 working volume 2L= 3} S
aeration¥} agitatione ©|&3lo] ¥ F wjgde] EEA4A(DO)E 10%0]4 o=
FASAG. 1 A Fig. 2-12014¢ 22 A44S B GLYE 3 WX
(glycerol 60g/L, yeast extract 30g/L, K:SO4 10g/L, MgCl; 35g/L)E 7| E o=
batch culture 219 Hdl 4% F =% ODG00nm) 47.07H4] o] 27t} fed-batch
culture Aoz A A% =& =o]laA glycerol 30g/L T2 23 #H7}s)t
Ak FAIRAA S AETE 48] AAske A S A"l 5438 HAstar
pH7} #asitirl Asos dskelr] A Hrhshe WA o® 23] feeding of
%At} fed-batch culture ¢ Hjo] ME FX+= 1040D7HA o] 2RIt ojwj o] A
X4 54 x 10" cfu/ml o] Tk webA, e 2rExel 300L 2 2500l 4 A
datarat sFqioh

AN

O

PN
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120

1007 2nd feeding
£ v
S 80 ~
o N
8 1st feeding
% 60
; v
o
>
= 40 -
[0
o

20 ~

O T T T T T T T

0 10 20 30 40 50 60 70

culture time(hr)

Fig. 2-12. Growth pattern of Pseudomonas fluorescens K95009 by culture

time condition(batch culture ; closed circle, fed batch culture ; opened square).

2. E&F TaxeNqe HH3 AF
7}. Bacillus sp. BIG 21003759 300L € 2500L @8 = A AT
D As 2 By
7H FA HF 2L BE

B Ao AMgE #FE Bacillus. sp. BIG21003& A}83t9th AME HFE
NB mediumol Al ti5=7] F717kA] HA| v kst & 30% glycerolell &E3dte] vial
o FElE 80°C deep freezerdl A A7|ZHom WY HESHA FE AMLSA

e 54 Axao] ampule A2l weaA T,
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W) #AsE 54

FAsEEE =A357] 93] spectrophotometer(UVICON 430, Kontron
Instruments, Italy)& AF&3l5 0. & wdAS ETdSHFTFE 843519 600nmel
A EFEE SHeAY. a8 Ax dAFADry cell weight, DCW)= 23
Zol A 10ml-s HAste] ATl FeHS Hela Ay AdFE v AlH
g oy A" FRT d@Eele] 95TAA 40~50 AP A ARF
desiccatorel]l E¥#stHA SA3sA T o] AR calibration curves 2H/J3E oh
OD X2 DCW(dry cell weight)= kA &3t}

(o]

ik AAHE ool Bz ] MR o YAHE Tng
¥Eg 2ANGY £9 BR22YE A4FS AP Ao At
NEGF Fol PR EEY FES 43 = o

.

2h) 300 L 2 2500L wExolAe] A3 o

Pilot plant scale fermentoroll Ao A3} FAHS 93t st AEFFAT
of A% 300L pilot plant scale fermentor(3+=9& 7], d=)A|ES A&}
5L jar fermentort H|o}o| A 2}A| H 3t Y& 3= &d 7] 5L fermentorS Ak
43l HAH3 s rh Seed culture= 2 WHE 9 10% vol..Z nutrient broth
2 F¥stn wg2E+= 30C, pHE NH,OHSF 84 702 =2 FA3A .
Aeratione lvvmo 2 HXA3}aL Agitatione 5L A+ 100~14002.%, pilot plant
scale fermentore] A= 100~5000.8 ZA3dto] vk Fo &FEAA(DO)Z 20%
ol frAste] wl sttt

A

2) A7 ¥ 1%
7} 300 liter modified fed-batch cultured %

2 AFA & Bacillus sp. © gt 28 #lx] 2718 BIG21003¢] A
|oto] wdFs FAT 23 4GS FEo S dEilo sz wiA]
glucose 20g/L, MgSQ, 1g/L, yeast extract 33g/L, KoHPOs 1g/L, (NH4)2SO4
4g/L, CaCl> 0.1g/L, MnSO4 0.07g/L & start WX 2 3}o] glucose 7} 27 H+=
A1l glucose 20g/L 2.2 23] feeding WA o2 HlFslA . o] AS 300 liter™

&7] %7 3ol A working volume 150l & A} &3} th.
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W F 14417+ 3o glucoseE 13} feeding 333l 44 7ko]

27} feeding & M Th Wi 26A17F FHE ¥AEAdo] &
3 oSS TEIIATH 5L wETldAel Ao Hdt £ Hul AE
88.00D 7+#] 37438t th(Fig. 2-13).

100 40
2nd feeding
80 -
R L 30
=
C
o
@ 60 -
8 )
[ [0
£ 2 g
= 3
© 40 - )
()]
T
(&)
L 10
20 1
0 - 0
0 10 20 30 40 50

culture time(hr)

Fig. 2-13. Growth pattern and glucose utilization of Bacillus sp. BIG21003 at
300L pilot plant fermentor(cell growth ; closed circle, glucose concentration ;

opened square).

) 2500 liter modified fed-batch cultures %

300Lell A o] e Azts wprko @ 2500Lo A Aldskdth. NB wiA] 5L Zahs
Aol seedE HEsto] 12412 st vt 300L wig7lel HFske] 12hrs wH <
3 AL 2500L HEHYo =2 transferstAth. working volume 1500L% W %S &=
B A HE 6/ 7 o] Avak A wj Aol 2FE o] AW glucose’t tFE A&
2o feedingS A2 3T} 13 feedingS BZE Z w9k 6A1 7 &, 23}
2A17Fo] Ak vl F 8A)1FA ol feeding= SEJFAUTH EAF AL feeding HHE
T 10A1%F A AARYH #ZEoH, 204 ol mgE ok FAEAT
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300LF-E 2500L7FA % #l Al ZF2 40hrs ©]le™, 300Lel Al Xt} 25001 A]
A &= vig- Witk & Hd 0Dl o2& A7k glucose &R A7l A

ek o] AL wigFETe F&T DO%t RPM<S frAlsts Zo] ml¢ Fasiths

AL HolErh A2EH 07 glucose & feeding 3t fed-batch culture 2o &
2 FY AEFEE 45 5 A}
100 40
80 -
. - 30
S
c
o
§ 60 - g
. (2]
o Glucose feeding Lo 8
< 8
2 // E}
<) 40 - =
o
8
- 10
20 -
0 = = 0
0 10 20 30 40 50

culture time(hr)

Fig. 2-14) Growth pattern and glucose utilization of Bacillus sp. BIG21003 at
2500L pilot plant fermentor(cell growth ; closed circle, glucose concentration ;
opened square).
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Y. Pseudomonas fluorescens K95009¢] 300L ¥ 2500L L&z HAHsATF
D Als 9 ay

Bacillus sp. BIG21003¢9] Az 2 @y Fo.

¢

7h &% 23 2300L)e] dHFAgst 3 AT
ZFuj e 5L flaskol 2L volumel & tryptic soy broth & &H]&}aL vj %L
30C, 140rpmell Al 12A1%F whFate] FHlstAth S-S 150L7F &9
300L piolot plant fermentor(KFC 300, Korea Fermentor Co.)°l %% 38}
Fe AAEAT wMIGERNe 5% 30T, $71%S lvvmolw uw
2k (Dissolved Oxygen)el s %7F 20%7F % HXZ 100rpmol A
S7F A AT e w3 o pHE NHOHE AE35te] pH 7082
leon WAl 7|xel WS WAy skl 43X A(silicon 303
E 2E wA el H7E skslh
300L ELLZ oMol wied HAstE 9t AETTATd AHE AdA
300L pilot plant fermentor (KFC 300, Korea Fermentor Co.) S A}-&3}%t}.
o] A¥E ¢ A3 war]= Fig. 2-15 o 300L, 2500L¥ & %°] geometric
TZE A% el 2E %9 impeller type2 Fed-batch*l @& % ujol
A mixingel 7F¢ &3 A2 AW sk 19 impellers six-blade type(43%) 12
a2 =7kEe AR impellers  six-blade pitched type(43%)S AM-&3F )
Six-blade pitched type(43%)¢] pitch angle< 30°% ¥ impellerS A}-& 331t}

0

BV
XX
o Mo orr iz ¥ H
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2 | AL
Eedes \_ | L

gy

Fig. 2-15. Geometric structure of 300L and 2500L fementor ( the numbers

indicate the scale in millimeter)

ARESE WA= A8 TR AIFSRE SLelA HAsE wjAef wgETE THA
I ARgslg o AR (g/L)S glycerol 60, yeast extract 30, KoSO, 10, MgCls
35 & AFE3EA T glycerolo] AR EHE AlFd 30g/LE 23] feeding 3] £o &

A HAY AEAAFS FE5A . siderophore Al #o] AL 7HH A o
Ol

o8] ARt el A A7 3%l siderophore AAwiA¢l KB WA & 7]F2
2 AEFS Y AFstA gA S 5o A Eke] 403nmoll A Hdl o] F3t
Fe vede #2 ¢l siderophore A8 A A O] Fed AR oy}
wj A o] wigtule wE 2 T A FH9HW 53] of" WA E A=A
of ugl AAFN= B HolE HAY ME FTE Z719 siderophore A4 #F
= ddg gulE Bl v B = flow, dA7Re] v o o]
S7He HolR i 93]y v #aste Aol At feeding ol AAHIRA] =

A
L= ZolAxE 221 siderophore A S @olx]

Aol Ws7E AA Al

A skt
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100 10

801  Glycerol feeding l -8
£ E
S 5
§ 60 - -6 3
o <
i B
; [e]
S 40 -4 &
S 5
3 5

20 A Lo

0 L T T T T T T O

0 10 20 30 40 50 60 70

culture time(hr)

Fig. 2-16. Growth pattern of Pseudomonas fluorescens K95009 by culture
time condition(cell growth ; closed circle, siderophore production ; opened

square).

) &= R X (25000) 0] AL 3 At

12} Zaje 2 w39 5L flaskel 2L vol.© & tryptic soy broth & ZH]3}
3 Y= 30C, 140rpmeoll Al 12A13F v eksle] F=nH]5 Tl 23} seed Bl Y2
300Lel Al vig2%&= 30C2 Z=43sta pHE NHOHOF 7 7.02 =4 /43
Atk 22F seed ®i%S wjok 12A17F 7 33Fe] working vol. 1500L2e] v =] 7} F4]

¥ 2500L wrEE=E E fels Fste] IS xS 2xe 30T, F
7188 lvvmel® Rk £i= £E222D0)e FE7F 20%7F §A HEE
100rpmoll Al gA o2 F7F AT B3 @g Fo) pHiE NH,OHE AHE3ho
pH 7022 {§AHES 3ton wgA 71z TS WAs7] st AXA
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(silicon 303 & Neorin)& & wx] W H7} 3}

2500L =a oA wddyd HAstS 93ke] 2500L pilot plant fermentor
(KFC 300, Korea Fermentor Co.)& AF&3F3 . 250010 A %= 300Lel Al = 4 3}
oA 9} wigEAE Ao widst gl en WXl GLYE 3 2 Wz pH
=70, 5= 30CE #AA e aerationS lvvm L8 3L agitaitonS 100~
200rpm7kA] AREEEe] Wl F wlA W &EAR(DOIE 20% oo R FA R
= 3 d. 300Let PER7EA R glycerolo] A= AlA-o] 30g/L FTEE 23
feedingatel Hdl HME vEF dux vk 2aE FAA wiA W pHE
NH,OHE AM&-3to] =433l th

100 10
80 L8
€ Glycerol feeding 3
c C
3 3
2 0 ! e 3
o 2
3 T
= S
O 40 -4 8§
= 5
3
20 A )
0 Ll T T T T T T 0
0 10 20 30 40 50 60 70

culture time(hr)

Fig. 2-17. Growth pattern of Pseudomonas fluorescens K95009 by culture
time condition(cell growth ; closed circle, siderophore production ; opened

square)
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= 2bgE TEFxd 2500LA Hd AE AFEFEEE 800D oS yEWln
siderophore %= Y3t T A8 2 AAALES aesobd Asg wjA <}
@717k wj A gbe] e Fastth B owd 2HS BEUE wjge 3
W gE3E A Fe WA E siderophore AAS FEE ¢ da, ¥wF AH3k
izl 2dom AAES =d 7 S Ao dddn. Hx wEAd ARget
i x]  ZAol| A  siderophore® Aol AAEPTL FrFHoE feedingdte

of,
ot
o

glycerol & A ¥ F%E Z°|4} siderophore A= & ") 2] A B35}

7.
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34 vAE kHH AA T
1. Bacillus sp. BIG210037 ¢ <HA 3t

7h Alg 9 9y

1) spray dry

Aeg Axygo] =glo]oji= BUCHI jit7} A %3 Zd™ minispray dryer
B-191S AH&3tsion, Aikg ~xgo] =efolol= AW FetAT Y A siA

3+t inlet temp. 180°C o] ™, outlet temp. 100C ZAsloll A EFEAZXE 43
A=

2) freeze dry

sheldlA v ool A Al mdy SFDSM06S AHgste] sdzs st
Ak RS ARl FPAE EFete] g8t 70CoA odH] 24& & F &4
Az Azdol o8 AxE TP
3) B}

AN HAabe gk o s 2ulgRe] A& H83sle] RT, AT, CTol 7t
B ysto] 45, 85, 125 F-9] wlAEES HART o714 40T 45, 85, 12
9] % do g2 Fshe Aol s A
o frk old Fate] HAFS
o 40CelA  4F7F A2 1 ] %=t} RT(room
temperature)test ; Ao ABE B#Ase] AA A7F T HAL AT(aging
temperature) test ; 40CY 50ColA A8EES Bl A A7+ T HAL
CT(cooling temperature) test ; 93} 10CE AEE WH oA AL BB

44 AIE - AR

4. 23 8 uF

EAe] A Ao deng vgH]l SHs agey sdAx Wl
H13 Hot spray dry W2je] A4 o= ettt spores
st 2 A9 spray dry 237 @4 FAA
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st hrE 3RS polymer® HOE HZES Sdrh £45 FH S 80T
N 1087 AAte] AZE ARAZ B T FRHIAHS AL§ ol

o2 dAF] FIAE et 2xyo] =eto] RAFE AXE Ao

A FAE 7 & = ok 3 A= skim milk, arabic
gum, soluble starch, ¥/ Z ¥ (sun-cap), cyclo-dextrin¥} sucrose, maltose,
galactose, trehalose &5 ©|&3ste] Harl Tx5HE wgAdd A AxEE 3t
o7lel 10% == FH7Fste] spray dry HAe FAstAT A5 ZA%

o] Fo REAZ AFHY) BE BT v5F 58S A 5 ok

o 4

m[o

Table 3-1. Yield and dispersibility of Bacillus sp. BIG21003 wettable powder

on various source

Treatment Yield Dispersibility Note
skim-milk ok ok control
arabic gum #k *
soluble starch ok *
A A B (sun—cap) sokok o
cyclo—dextrin Hx $ox
sucrose e o
maltose sk .
galactose Kok koK
trehalose ssksk e

=%k | excellent, ** ; very good, * ; good

PN

shwl

SRk
o o)
] =

o

©

1=}
AL

ot H

:Oé

N

N,

i

By

5o

rr

i)

fr

o, U_l.,
R
) HU

i)

= g A 2]
TAANA= HE FEEAHO] £L  galactosedt &
{3t BEAZX 3 technical powder & A Z3tAth galactose
12378 5 AMEE Atold 719 s ' A
oh webA], e AR AE

=5 ZekEth

> o o 2
X0,
2
i
=2,
i)
i
AC)
N
§2

o

N
i rlo o

(T
e
HN

o
:Oé
e -
b
22
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1% A%

EAA R AMEE 2 Qs AWEAAA SLS(sodium lauryl sulfate) <
9] sty

< e = 3tk galactoses AREEE ol

of Ao AFHoln, 7t W oz ARIFHE JFdorh o

2 ©49Y FolA galactose, arabinose % Al (Bacillus sp.)< ©]&3 4 <l

o, E¢Fel WA F3ols 088 g gl AEEolth. 182 R Bacillus

sp. Tolwh FdskA dex A B A
gum ©|4 cyclo-dextrin &

& 7FX7F =& Aot

2500L 2% ; 1500L, OD 80 Ol&f A% == ; 10-20% vol. 55

Powder

ZE3a Qe olek o]l AAH galactosest
sun-cap= AF&3lo]  pilot plant scaleQ] 300L<} 2500L & oA wj kst vk
Bacillus sp. BIG21003Z VMF centrifuge® harvest 3}o] spray dryS 3}t
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2. Pseudomonas fluorescens K95009% ¢ <A 3}
7b AlE 2 9

Bacillus sp. A A ¢+ 3} Wiy 5,

A% R

1) Freeze dry W& &3 M3 tHs)

gram(-) @59 K95009+% spray dry 34 o wAsts udd Ad 4 <l
= 49 dHAES Foste 242 S 7 AT wakA, Sl AT 1ds A
A oF3l= spray dry W Pseudomonas sp. ol AE3A] & Aoz Fd
otk AAAQ WolA tha AW RO PHe e AEe) hdss

A5 Hot spray dry WH I 5A3tA ZF A &9 celle A3 & -70T
ol Al 24hr &<t o¥] FA% th5 freeze drys Fastal 40TCoA A7 A

screening S 3 3} o}

TF¥3EE polymerS oFAAIZ H7beto] celle) AFAS FHdts 29SS =33
A7 84 A HErt UF Eof A2 FE Y 4 E polymerdt &
$4 a9 FA4 EYv 5 A kAol "ojHh ubHoe| dwbH oz o
AREERAL e AAIEANAE FAE vE A% kS e Ed Ak
o2 ARG E = skim-milkel A 7HE F2 AR A 2AE vEdled, v

£ % & goluble starch, levan $=°] %l tH(Fig. 3-2).
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12
—O— control
— 11 4 —— pvp
R —O— curdlan
3: —4A— glucan
© 10 —A— levan
= —w— Na-alginate
2 9 - —v— starch
5 —&— skim-milk
3 —O— guar-gum
8 8 - —&— Hi-absorbent
o)
.g 7 4
5
e]
5 °]
o
z 5 A
4 T T T T T T T

0 5 10 15 20 25 30 35

storage time(day)

Fig. 3-2. Effect of various polymer on viability of Pseudomonas fluorescens
K95009 formulated by the stabilize process and stored at 40C from O to
32days.

TFe el aid A Y AFS T8 lactosedt sucroseE 4
Az A7 As Adstaes FAY 2y F2 A dAAES ek
2 Z(maltose)$} =< (millet jelly)o] © & A% <t

s HESte] BH, K95009 ¥ T2

S
G RYA/AIAE FYsel S ARG BG AT 5
o2}
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—O— control

— 12 A —&— skim-milk
g’ —O— suncap
— —A— trehalose
o —A— maltose
= —v— millet jelly
2 10 1 —&— lactose
1 —O— sucrose
]
o
)
5 87
o
s
©
o
S 61
o
zZ

4 T T T T T T T

0 5 10 15 20 25 30 35

storage time(day)

Fig. 3-3. Effect of various sugar on viability of Pseudomonas fluorescens
K95009 formulated by the stabilize process and stored at 40C from O to
32days.

2) & ZH(adsorption) S ©]&3F A E <3}

gram(-) 9% Pseudomonas sp. < ZAZF BIS A AA 25 A
of Aol 7] BAG AAT JFHOE o] FolHrta sty
<f

4gste] 72 AN ol EERE
SRS 5 oglon mebd, wiRe] ;YA AR FEt ¥ FolA 2
; Ay, =3, =

NAA FET Q)
§ Fol Az o
A7} ol 2 3 =
= e AAE A T
o W ne@Tw gy ol aholth Fh - &
ZaAE ALgate] AEE FHal et WHAd FHAe

FrblE 4FE Aolg weldh

amage & ¢ 7ﬂ =

ol of\
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Table 3-3. Adsorption rate of a various carrier

Carrier Adsorption rate(m{/100g)¥ Note
white carbon 274
diatomite 130
attapulgite 102
zeolite 33
A E 78
Bentonite 38
talc 33
clay 27

ek o F2hAle] vl &2 F&Ae FfFol mef th=24] 9k white carbon]
A 1119 n&2 FF A= F25o] o on Ay Ay &S £X
9k aging testoll X 23] MAEFIF A o2 AT weba] of 7]
TAAZA ME BHE EFH7F Hold B AL E9& HUEste] white carbon
of SFAA AF 7|7HE MES A ARE AFEA oY vlAIIAZ A E ©
Aotoll Z JFE v AAE= KAL) o]doew FAAX WY IS %‘H
Pseudomonas 12 A7 HAS FoluAt st oy Mxe EAY sl A
A, FEA HrE Fol o3 WHozr= AA FAE YErH AT weEbA
B BAAAEAQ Ho] "ot Ao=w Auyw Fe g7 Fe] A EH
(active compound)¢] #stidA old FHS tidF AL wdsts YHoew &
e Foste Ax 3 oz HEL oo 3 Aot}
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44 Fo A2 Yo 544 BF A7

1. ¥2&E° Priming &34 74
7F FA AR 2 ZAY

Table 4-1. List of seed used in this experiment

Crop CV Production company
Codonopsis Taekisan SN e R= =R
U-rake Mikado, Japan
Lettuce Seonpung Kwonnong, Korea

Grand rapid
Changnyung-daego

Kaneko, Japan
FIdEH

Onion . B
Higuma Takii, Japan
Mussang-5-chon Hungnong, Korea
Carrot Goldrich Sakada, Japan
Kounyurum Konong, Korea
gaddzdT 4
KB103 on
FTGAZAT 2
Tobacco Burley. 21 ]
National tobacco
Reams 266 o .
administration
A A== Table 4-13 #Zo] 5% #A&E& EH*JP—E HYs Aesta =9 3
FFom Agstel Agol ol g3t & 44 FEINE 5@
Bol AUHoR oFoNA ¥u golM ZFUE A deAu HrtRrY
wokrol Aol A&
HE Tolgo gk 50% Hole] A8y v A (Ts)e T 34S o] &3t
)
(N + 1)/2 - Ni
50 = Ti + —————————————— x (Tj - T
(Nj - Ni)

N : ZHZE PolzA7|77hA] wold AA ZA4
Ni : Nel| tf3t 50% 2 "7 wold FAp2] &
Nj @ Neoll thgh 50% 2ol ole Fx49] 3
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Ti: Ni A&7+A 289 o}7| 7+
Tj : Nj Al A7ZA 288 o)1k

o, Ni < (N+1)/2 < Nj o]o]o} gt}

Wi Wolas e e AL o]gdtgown J|E ZAFFES AQSA,
ISTA 719 F3sFe] AA 54T

MDG = X (GtxDt)/2Gt,

Gt © t AFE A EobyE, Dt - ol A4

L B 7| Abel A gRbol AFESERl o) FAFe] priming A 2
2A2 & A" TAE Al GAs 1000ppmel F A sk 10
Tl 4 A2, KNOs 100uMel A3t 347 A5

Atk AL filterpaper 271E 7+ 27 9em petridishel]l 12mle] =7
Y 10089 FAE 3E AgeE 72 2xdE dAE Q] incubatorol A

=
FA $4F9 U-RAKE, 4459 AFE, 345 1dsdves

o] &3t At %—ir ZF21o] AA priming A &S Awslr] 93] KHoPO,,
ll:

GAS, PEG-8000< 12417+ A A Az 3¢For v22 2 Ay
T distilled water® 33] FA3 2F7] 25TCoA AXsIon, Az 4
= 7‘—‘.75‘ 9cm petri dishell filter paper 2WlE 23 10084 3vkE X745k 20T

incubatorol| Al @olg ol A = TS AT

oku}  F2}+=  Higuma(Japan), Changnyungdaego(Korea)ES ©]-&3F3 o
priming®] &¥7} A= KH:PO4 Ca(NOs)s, PEG-80002 ©]-83Fo] 10T A 484]
T AHYF, AYHE 3FToRE vEE 28 Ad ¥ distilled water® 33|
ME 2F7] 25CoA Axstger, Azd EAE 27 9cm petridishol filter
paper 2l Za 10084 3urEo 7 X Abste] 22°C incubatorol Al Wrolg o f
ol d S, Tsos Z3F3ATH

F F2E Mussang-5-chon, Goldrich, Kounyurum ¥#%% o]&3oH,
priming®l E37} = PEG-8000, GAsE ©]&3le 10TAA 483A17F A%, A
R 3FToR T8 g A £ distilled water® 33] FAEo] F 7]
25T Axsor, Ax"E FAE 274 9em petridishol] filter paper 29 =
Z-3 100g A 3ukE o7 XAFete] 21T incubatoroll A ®ropg Hitold = Tsy
= ZAFeEST

ol FA= KBI08, Burley 21. Reams 266(National Tobacco Administration,
2001)& ©] €3Htl Primingdd 22 2% Lee @ Kang%o] Wols =71 ¢ o+
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obAl Tl &3t Atk Bargk KNOs;, PEG-8000 % GAss S ol &3t &
=R Agstgrh A 7)1z 48413 Ak 25T2 AR FAEH
Al stg o, A distilled waterZ 33 FAE 20C 257l AxRAZ F
A2 217 9cm@ petridishell filter paper 271 Zx 100H4 3utE- o7 X]A4+3}
o] 28T light incubatorol Al B ol A4, Tys FASA T

4. 2% 9 1@
D 494

Table 4-2%} Fig. 4-1el4 B AAY &% 20ToA GA; A8 F¢ wolgo
%= 7H w2 oS WA, FAE o 22.7%°] Wolgo] F7E S
a4 gtk AYEAE GAyZF KNO; Buh 3493 & 5 At %o]
0C2 Aol GAsH e 49 73.9%, 20T M= 97% = a123fol| A 2o}
o] Wolxn LW REE 20T>25T>15T>30TCxHoz Wolgo] 4 e B}
Paatol g A5 20T GAs A FolA 869 = FA7 101 Hs)] 15
do] @At HH, Ts 30TelA FAHe v 1.7d0] 58 GAzH 2+
7} primingA 2 &37F A E=d o= AFAHA 20T d2Hg T2
ArE GAsY T ©FEH7}F Atk o2 Almdr

S o
= =2

w

i

N

Table 4-2. The relation between temperature and seed vigour in dark place

Temperature Treat. MDG(days)” Tso(days)”

Control 104 95

15C GA3 8.8 8.1
KNO; 9.3 8.6

Control 10.1 9.0

20C GA3 8.6 79
KNO3 94 8.2

Control 11.3 10.8

25C GAs 9.6 9.3
KNO; 9.8 9.4

Control 14.2 12.6

30C GA3 11.2 10.9
KNO; 13.0 11.7

¥ MDG: Mean germination days

Z

50 - days to 50% of the final germination
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Fig. 4-1. Effect of temperature on germination in dark place.

2) &=+

0

3 U-rake= KH.PO, 50mM, GAsz 500ppm, PEG-8000 -0.25MPaclA Z}
4y 98.3%, 982%, 97.1%= FA 7 95.3%HT} Holgo] FA Hlon, HYF
Seonpung = FAFEE AEFo|h. AdF T ol oAy A HolAd wiiel
FEe Ao tpFojA 1 9lom gibberellin, kinetin, benzyladenine2 il

BH) Sl A WolEzlel E3rF kil BaEol JhSAulE fg ofF I
ZA] pellet 22 713 A GAsz priming® 8 & 3thd olg L x| E oA
org ¢l Arg IR 75 Aow AsgHch W HAF GrandrapidE
KHzPO,; 100mMell A 93.7%9] op&w 2] 887%Hth Topgo] FA4 Yehill
t}.  U-rake, Grandrapid®] 4<% PEG-8000 -0.25MPa, Seonpung< KH:PO,
50mMell A A glell Blsl] 0.7~059A % Tsol D55+ o]k
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Table 4-3. Germination and Ts of Lettuce as affected by KHzPOq4
concentrations at different cultivars

Concentration MDG

eV (mM) (days)” Too(days)
Control 1.3 2.1
50 1.1 1.9
Urrake 100 1.1 2.0
200 1.1 2.0
Control 1.6 2.4
Seonpung 50 1.3 1.9
100 1.3 2.2
200 1.3 2.2
Control 2.3 2.8
. 50 2.0 2.3
Grand rapid 100 17 99
200 1.9 2.2

V7 See the Table 4-2.

100
ol /\\o
9 X—
X
©
- 90 |
°
§ 88 |
€ 86t
© gl —0— U-RAKE
g | —x—SEONPUNG
—— GRAND RAPID
80

Control 50 100 2000 mM

Fig. 4-2. Final percentage germination of lettuce at the different cultivars as

influenced by KH>PO,s concentrations.
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Table 4-4. Germination and Tsy of Lettuce as affected by GAs3 concentrations

at different cultivars

Concentration

CV MDG (days) Tso(days)”
(ppm)
Control 1.3 2.1
100 1.2 1.9
R-rake 500 11 17
1000 1.2 1.9
Control 1.6 24
Seonpung 100 1.3 2.3
500 1.2 2.0
1000 1.3 2.2
Control 2.3 2.8
. 100 2.0 2.4
Grand rapid 500 15 91
1000 1.9 2.2

v, z ; See the Table 4-2.

100
98 |-
9 | O/o/o\o
S o4t /K\K
oot X X
é 9
£ 88 [
8 g6l
84 —0— U-RAKE
o | —X—SEONPUNG
i —A— GRAND RAPID

Control 100 500 1000 ppm

Fig. 4-3. Final percentage germination of Lettuce at the different cultivars as

influenced by GAs concentrations.
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Table 4-5. Germination and Ts of Lettuce as affected by PEG-8000

concentrations at different cultivars

CV Concentration MDG Te(davs)
. 5 ays
(-MPa) (days)¥ oAy
Control 1.3 2.1
0.25 1.0 1.5
U-rake
0.50 1.1 1.7
0.75 1.2 1.7
Control 16 24
0.25 1.3 2.0
Seonpung
0.50 1.2 2.1
0.75 1.2 2.1
Control 2.3 2.8
Grand rapid 0.25 19 2.0
0.50 2.1 2.1
0.75 2.1 2.2

V% See the Table 4-2.

100
98

9 | o/i\o\o

£ 94t
‘G‘é o | >K/ \Kw
é 90
5 88t
86 r
as | —o— U-LAKE
| —x— SEONPUNG
80 —— GRAND RAPID B
Control 025 05 0.75 (-Mpa)

Fig. 4-4. Final percentage germination of Lettuce at the different cultivars as

influenced by PEG-8000 concentrations.
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3) &=

Changnyung-daegot= KH:PO; 200mMell A Wreols MDG, Tso] 714 453}
Rom, 50mMell A= 23]y FA g vls| wol&, MDG, Tssol sttt
Higuma® 4$%= Fddiael mz7Ex 2 KH2PO4 200mMell A 2olg&, MDG,
Txol 7HE dwstd ot FAglel vl 2 F7F= gl

Ca(NO3)2& ©]837 primingZ gloll A= Addia, s]5vF 25 200mMel A o =
ol Hla] ol A B MDG, Tso ©Edtel St Fdare] 4+
Ca(NO3); 200mMeoll Al MDG7F 2992 Fxz 390 Hla] 1do] &&= At
PEG-8000 -05MPaoll M= Fd i, 3w} BF wolg 3 U MDG, T
G2 FREdEd 53 MDGY @52 #rt A YErEth Haigh 5
GF3EAE  (KsPOs+KNO;) -1.00MPa2] priming # 2ol A A 2] & &}el] 1] &}
HLO}AJQL%_T_/,:% ZuHo]/\]— 1’4——?;—5]0411]—1 3}oﬂ . ct{gL Ohﬂ—ix}iﬂ Priming% ulo]_
& P B Wotagdart dEHAoH, w3 AFHFTA FEEALLLST ©
ol &34 oAk E=F Gy T YA dol&2 FAA T MYk w
gHA = 01%F oA TR o, A7) ite] wapaM = 5% Tl A #9
27 AT E Ras 9k

43ko] Priming A @& 2+ PEG-8000 -0.5MPa¥ Ca(NOs); 200mMe] o}
& T4 2 MDG, Txd @0l Fxlste] 28750l vkl AR E

:-

Table 4-6. Germination and Tsp of Onion as affected by KH2PO,

concentrations at different cultivars

concentration MDG

€V (mM) (days)” Tenldays)
Control 39 3.1
Changnyung 50 41 3.3
- daego 100 4.0 3.0
200 3.9 2.9
Control 3.3 29
Higuma 50 3.6 3.3
100 3.2 2.8
200 3.1 2.6

V7 See the Table 4-2.
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Control 50 100 200 mM

Fig. 4-5. Final percentage germination of Onion at the different cultivars as
influenced by KH>PO,s concentrations.

Table 4-7. Germination and Ts5 of Onion as affected by Ca(NOs)s
concentrations at different cultivars

CV Concentration MDG Toy(days)’
(mM) (days)’ '

Control 39 3.1
Changnyung 50 41 3.3
- daego 100 34 2.9
200 2.9 2.5
Control 3.3 29
Higuma 50 3.6 3.1
100 3.2 2.8
200 2.5 2.2

Y2, See the Table 4-2.
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Fig. 4-6. Final percentage germination of Onion at the different cultivars as

influenced by Ca(NOs)2 concentrations.

Table 4-8. Germination and Ts of Onion as affected by PEG-8000

concentrations at different cultivars

CV Concentration MDG To(days)”

(-MPa) (days)”

Control 3.9 3.1

Changnyung 0.25 3.7 3.0

- daego 0.50 3.0 2.5

0.75 4.2 3.3

Control 3.3 29

Higuma 0.25 3.3 2.9

0.50 2.4 2.2

0.75 3.7 3.1

V7 See the Table 4-2.
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100
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85 r

80

75
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65

60

55

50

Germination rate(%)

—x— Changnyungdaego
—o— Higuma

Control 0.25 0.5 0.75(-Mpa)

Fig. 4-7. Final percentage germination of Onion at the different cultivars as
influenced by PEG-8000 concentrations.

4) G

PEG-8000< o] &3 @9  priming AdolAE Mussang-5-chon,
Kounyurum@d <2 PEG -0.50MPacl A wolg& MDG, Txol 7FE U353t o
Goldrichd < PEG -0.75MPacll 4] Zo}&, MDG, Tsxol 7 Fastsieh. 4
PEGE |43 9 primingd €& A+E AHREW PEG 15CoA 25 A<t
PEG 20ColA -1.20MPaz 253 8|sto] e EFo el Ty “=a37F AAEH
tta &9l o1} Haigh2l)& K3P04+KN03 -1.60MPa°ll primingAl *#-2%9F A
g 7)o wetA FEEAES TS PAA ELeAAIRE 20TAA 257 27t
7HE FUTHAL s HalE o] Xﬂ/‘]ﬂl’ UTH
GA3 priming* 8] A] F=8 X+ GAs 100ppmolA F=g]o] H]&] whols 2.4%,
S7Fetd en, MDGeF Tso 2t 14¢Y, 119 @55 = 435 et 7245
E3 BLAE I =3 GA; 100ppmoll A FE e AdE Aok
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Table 4-9. Germination and Ts of Carrot as affected by PEG-8000
concentrations at different cultivars

CV Concentration MDG Te(davs)
. 5 ays
(-MPa) (days)” Ay
Control 8.3 51
Mussang 0.25 5.9 45
-5-chon 0.50 54 3.6
0.75 6.2 39
Control 6.7 49
) 0.25 6.6 48
Goldrich
0.50 6.2 41
0.75 49 3.1
Control 8.6 4.3
0.25 84 41
Kounyurum
0.50 49 3.2
0.75 5.1 3.4

V75 See the Table 4-2.

100 \
98 - —— Mussang —o— Goldrich

% - —x—Koun

94 r
2 r X %
0
88
86
84

Germination rate(%)

80
Control 0.25 0.5 0.75(-Mpa)

Fig. 4-8. Final percentage germination of Carrot at the different cultivars as

influenced by PEG-8000 concentrations.
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Table 4-10. Germination and Tsy of Carrot as affected by GAs concentrations

at different cultivars

Concentration MDG ,
CV v Tso(days)”
(ppm) (days)
Control 8.3 51
Mussang- 100 6.5 41
5-chon 500 6.9 4.7
1000 7.1 49
Control 6.7 49
) 100 5.3 3.8
Goldrich
500 5.6 4.0
1000 6.5 45
Control 8.6 4.3
100 6.2 3.6
Kounyurum
500 6.6 3.8
1000 7.0 3.9

Y7 See the Table 4-2.

100
98 - —— Mussang —o— Goldrich

% - —x—Koun
94
9
0 F
88
86
84
82
80

Germination rate(%)

Control 100 500 1000 ppm

Fig. 4-9. Final percentage germination of Carrot at the different cultivars as

influenced by GAs concentrations.
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5) &l

gl F2be] Wolg-2 Reams 266) Burley 21> KB108 <=°]%1om™ PEG-8000
212l Al KB108, Burley 21, Reams 266 E5 -0.75MPas oA wol&o] 713
=4 Yelow, MDG, Tsx ©@=5% At}

KNO; A gl 7ol A= KBI08, Burley 212 Y#lglo] Hla] "Hoj#|7 1} B3k 4
o]l o}, Reams 266 0.10Moll Al ol 92.2%, MDG 7.99, Ty 659 = 7}
4 gzt GAsH g E 0.100mMel A priming &37F $-5=3k =,
0.001, 0.010mMol A = F-xgo] Hlsl] FZ3st Tt priming* 2] &7+ KBI108>
Burley 21.) Reams 26622 7 YEFST GAsH Elo] A& 0.100mMel A 2t
ob-g&o] =eki=dl 53], KB1089] Z7F A dko] Fgig Ho|3lu)

°li= Saha7} F33 @l T4 GAsA A FaT=rt AEgoer & 3
olAdo] wuje] wolgo] ZvlHETt & dole] v|Qsk Aoz AlmHL A EE

% EAE Ty 79 Welgdsd 0100mMA glel s HiF 539% dEEE
2= UElt MDGE dv A gl vls) 0.100mMA 2 Al 194 5E @55
R A

Table 4-11. Germination and Ts of tobacco as affected by PEG-8000

concentrations at different cultivars

CV Concentration MDG T (days)
. 5 ays
(-MPa) (days)? ey
Control 8.3 71
0.25 7.9 6.3
KB108
0.50 6.6 6.0
0.75 54 4.6
Control 7.7 6.9
0.25 76 7.2
Br. 21.
0.50 72 6.5
0.75 59 49
Control 8.6 7.2
R, 266. 0.25 84 7.6
0.50 7.9 71
0.75 6.1 5.2

V% See the Table 4-2.
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Fig. 4-10. Final percentage germination of tobacco at the different cultivars as
influenced by PEG-8000 concentrations.

Table 4-12. Germination and Ts of tobacco as affected by KNOs

concentrations at different cultivars

MDG

CV Concentration (M) . Tso(days)”
(days)'
Control 8.3 71
0.10 7.3 6.0
KB108
0.30 8.2 6.8
0.50 89 7.8
Control 7.7 6.9
0.10 7.2 6.3
Br. 21.
0.30 76 6.5
0.50 7.8 7.1
Control 8.6 7.2
R, 266. 0.10 79 6.5
0.30 8.7 7.3
0.50 8.8 76

V75 See the Table 4-2.
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Fig. 4-11 Final percentage germination of tobacco at the different cultivars as

influenced by KNOs concentrations.

Table 4-13. Germination and Ts of tobacco as affected by GAs concentrations

at different cultivars

Concentration MDG i
CV ) Tso(days)
(mM) (days)?
Control 8.3 7.1
0.001 7.8 6.5
KB108
0.010 75 6.2
0.100 7.1 59
Control 7.7 6.9
0.001 7.3 6.6
Br. 21.
0.010 7.1 6.5
0.100 6.9 6.0
Control 8.6 7.2
R, 266. 0.001 8.0 6.4
0.010 77 6.1
0.100 7.0 5.6

¥ %, See the Table 4-2.
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Fig. 4-12. Final percentage germination of tobacco at the different cultivars as
influenced by GAs concentrations.
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53 Seed pelleting 7]& 7|

1. Seed pelleting & - 252 M

7b A

Seed pelleting?] H2=d¥ sEE529o Ao #g HAYATE5] ostd
Hirota® Z2 Zd 8o methyl cellulose®} arabic gumE £33+ A A7} A3
sHol S ettal slon, RxFAE ol&d AFdAE MIE EEHE
& 7% methyl cellulose, Z4S IEEHA= & A9= PVA(polyvinyl
alcoho)7} &Aoot B st = 2 AolAe= oz T4 445 9
alo] wholo] QbAFE whiEm HAEAS Astvh

Pelleting A= 4 o] ¥ 3

h=Nba| llj4
7MA 2l Ao ZE pellet &4 (v
A+dzEd)e] =8 st8t4 54 webA pellet T2 Fei7t Ed Y A
& pelleting FA7F A4EE = 912 pelleting T4 e 7F A5t
ols Adste EES AFehA vk Egh A8 o= o] §x 7] faA

= ZHAel Afsta Bl fA4zstHolojof st zpjie] foljk EHolofok

Pelleting =2} A4Fe A 2HE 4 (binder, polymer)S 2} ZHo)] HAlsle] k-
A4S TAEHA AIAFIHA Al FHY pellet ¥ E-E 2 (powder)
|

=0 >4 O]
=1 T
Wadol dAW eEa Aol B A 5

Aol o)gh mho] -7t Wol FAet EEH] AjHE S AsA| Ak gt
upepa] Fiee] BRx HEdo] sty olyst JAEHLS dATEAA F
2} wrolE ZFAAIF)A] oA pelleting A B Ao Fdsopsit), B A
o= gt 4AEAS s5d T2 43 231 F5to] dolo] <A
3 HAEAS Al

U As 2wy
1) Seed pelleting A3 &34 A
7h AR=d A

Pellet H2&EZ A 22 PVA(polyvinyl alcohol), AG(arabic gum),
Alginate, MC(methyl cellulose), CMC(carboxymethyl cellulose), Starch,
PVP(polyvinyl pyrrolidone), CD(Cyclo Dextrin), HEC(hydroxyethyl cellulose),
XG(xanthan gum) 5< dH0°] 05%, 1%, 1.5%, 2%, 25% % 3%= TL= &
Al A A& A T
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1,],) g B3 22 gk

a2 = U=

Pellet ¥ &%32 A4 %3S Limestone, Pyrophyllite, Illite, Bentonite, Talc,
Diatomite, Kaolin, Pyrophyllite+Illite, Pyrophyllite+bentonite, Pyrophyllite+talc,
Pyrophyllite+Diatomite, Pyrophyllite+Kaolin, Pyrophyllite+Illite+Bentonite,
Pyrophyllite+Illite+Talc, Pyrophyllite+Illite+Diatomite, Pyrophyllite+Illite+Kaolin,
Bentonite+Talc, Bentonite+Diatomite, Bentonite+Kaolin,
Bentonite+Talc+Diatomite, Bentonite+Talc+Kaolin, Talc+Diatomite, Talc+Kaolin,
Diatomite+Kaolin 5°1™ FT#HH(w/w)E 11152 1 1 1 H]&2 &35 A&

&t At

2) Wrol& ZAMYH
7hH HEAEE Ao ulE dolg

A4 FT/F P FLrt Folgd mAs JFE FASHZ] fste] AA
15cm®] petridish(Falcon, USA)| &3l® Z T=2 HFIEA Ine Y1 T4
= XA3E & dolgS FASIIT oA e

T 10094 kA efufA] 4ubEow skl
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rlo
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ox
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oft
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HEED FF 2 L7t Holgol vAE dFS HAFsty] flste] ZA7te]
Z2FE JEEH 100g7% dH0 100mes 18E 9] 47t Zep2~39] Hof shaker®
1587 WHkAlZl & A2 Zg23ad 289 IS # 389 9cm petri dishol ¥
i FAE AL Bols S A TH
ol Al & & petridisholl &< # (Whattman No. 1) 2m1S 7k 3 10084 <4<
ou x| 4ukE-o 2 Y. A Hol = A 20T, I 22T, ¥y 23T,
Y 18T, ©Hl 28T 2 3ttt #2102 A3 @uls 34w, @, 43 4
g2 el d2vlelA AAEh. WolzAbe FAF AT 19 ~3U 6
AlZE ASE AARE= 1247 AR weolg S XA OM il

= Els
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A=A FF 2 wEol g dolgo] vEA Utk A8E FHER
o w7 1% R Fobdel weh wolg e gastglon, 1%Fwe] FHE
(e} o}

3t

Tol A AG, PVA, CMC, Starch's< 94% o]4te] wol&-S velylon PVP,
CD% & 92-93% A =9 Wolg S UERIT

Uutol A4 05% 5L A PVAZF 94.3% = 714 wrolgo] Y5 3lon
AG, CMC, Starch, PVP&°o] 93%A %ol wol&S yelyr HAEA 1%5%
71 MC, Alginatet= 83-84%¢<] Wol&S Ho] F2} pelleting H2Ed 2 AL&
o] o]¥ & o= AZtHT

T A 54 Ik Ysate] A Wolgo] 90.8%= Hlw A vkokth 1

10

S PVA 0% OLISE ot Wold el et ael ARl %
S7b 05%0h Folgol ueh wobol Fhashe] 1% EelA 90%v]wke] ol

5 B

gl PVASE CMCE 05~15%%5 =04 90%°]4e] FA wol&S yeyo
o, HFAEA Tl 2%5-EHE 90% nvke] wolgS yElit

Y2 PVP 5% 05~1%°lA] Wolgo] 84% A =9 Wolg= pFx}o] wolg
I frabete] 1%9] FE7hA= F2F ool & FFS WA A okt

FeFo] JAEAo| wet =g E}Eﬂl Ur kk—t—rﬂ

= CMC, 992 PVPSIH. Z3dos Agd HHE2d35 PVA(polyvmyl
alcohol) ¢} AG(arabic gum)< 2 #=Ed EF wolrl 43533 om Alginate,
MC(methyl cellulose), HEC(hydroxyethyl cellulose) &&= -& wolgo] ok

o,
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Table 5-1. Effect of pelleting sticker and concentrations on percent

germination of lettuce

Concentration of sticker

Treat. 0.5% 1% 1.5% 2% 2.5% 3%
PVA~ 95.2° 95.0 92.5 92.1 91.6 89.8
AG 9.5 95.9 93.8 92.8 92.4 90.5
Alginate 89.5 89.4 85.4 80.4 79.6 75.6
MC 83.6 86.9 83.6 83.1 80.4 79.2
CMC 94.6 94.2 94.2 915 86.5 79.4
Starch 94.5 94.6 94.2 91.0 84.6 82.1
PVP 935 925 92.4 89.7 80.6 79.4
CD 93.6 93.1 93.0 90.4 89.5 87.6
HEC 89.6 86.4 825 80.1 78.1 715
XG 90.2 90.1 88.4 85.6 82.1 81.0
dH-0 96.2

> PVA(polyvinyl alcohol), AG(arabic gum), Alginate, MC(methyl cellulose),
CMC(carboxymethyl cellulose), Starch, PVP(polyvinyl pyrrolidone), CD(cyclo
dextrin), HEC(hydroxyethyl cellulose), XG(xanthan gum).

Percentage of Germination(%).

Table 5-2. Effect of pelleting sticker and concentrations on percent

germination of onion

Concentration of sticker

Treat. 0.5% 1% 15% 2% 25% 3%
PVA’ 94.37 94.0 92.4 90.9 89.4 88.8
AG 93.9 93.3 92.0 90.7 88.6 86.6
Alginate 83.7 83.1 825 795 75.6 70.2
MC 86.4 84.7 82.4 79.8 746 719
CMC 93.7 92.1 91.6 89.6 835 815
Starch 93.7 92.1 9.6 89.5 85.4 82.3
PVP 93.6 92.7 90.4 86.7 81.9 75.7
CD 91.6 914 875 84.6 79.8 76.1
HEC 90.8 90.7 89.1 36.4 84.2 80.6
XG 91.2 9.5 88.7 84.2 815 79.2
dH-0 94.2

>+ # See the table 5-1.
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Table 5-3.

germination of carrot

Effect of pelleting

sticker and concentrations on percent

Concentration of sticker

Treat. 05% 1% 1.5% 29% 25% 3%
PVA~ 91.1% 89.7 88.3 85.7 83.4 80.6
AG 90.6 88.7 ]7.1 845 81.1 77.1
Alginate 77.8 75.5 73.9 69.4 67.6 63.4
MC 82.4 81.7 77.3 745 72.6 69.7
CMC 36.6 83.7 81.2 78.6 73.8 69.8
Starch 83.7 82.2 785 75.4 72.4 67.6
PVP 835 83.2 80.4 76.4 74.2 715
CD 83.6 83.1 79.6 77.4 73.8 71.1
HEC 80.7 79.8 77.1 72.9 70.3 67.8
XG 84.5 83.1 80.1 76.4 72.5 70.3
dH-0 90.8
>+ % See the table 5-1.
Table 5-4. Effect of pelleting sticker and concentrations on percent
germination of tobacco
Concentration of sticker
Treat.
0.5% 1% 1.5% 29% 2.5% 3%
PVA’ 92.3* 92.2 90.4 88.1 84.6 82.3
AG 90.7 90.3 88.7 85.8 83.0 80.7
Alginate 82.7 82.4 80.4 77.1 72.5 70.2
MC 83.3 82.8 81.3 78.4 76.6 725
CMC 93.4 92.7 90.8 875 83.6 81.0
Starch 84.7 84.0 82.8 80.4 775 74.9
PVP 86.6 85.7 83.2 81.4 76.3 735
CD 87.2 86.8 83.7 81.4 79.0 77.2
HEC 85.7 85.4 84.1 80.9 775 72.8
XG 86.7 845 80.6 77.4 73.6 714
dH,0 94.0

>+ % See the table 5-1.
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Table 5-5. Effect of pelleting sticker and concentrations on percent

germination of codonopsis

Concentration of sricker

Treat. 0.5% 1% 1.5% 2% 2.5% 3%
PVA”’ 758" 73.8 72.8 68.7 65.2 62.7
AG 83.4 825 80.4 787 726 70.1
Alginate 75.3 746 73.0 71.3 70.2 67.8
MC 76.8 76.0 746 72.0 68.8 65.4
CMC 795 77.4 748 71.0 68.5 64.1
Starch 76.7 75.4 73.8 70.6 67.4 64.8
PVP 84.7 84.0 82.4 80.4 786 765
CD 725 72.0 70.2 66.7 62.3 60.4
HEC 73.8 725 716 67.8 64.6 62.8
XG 74.2 726 705 68.7 64.2 61.8
dH:0 83.3

>+ #* See the table 5-1.

W) wug el weld] mAE
Ag7A E3 Pelletings] A8H 3 9 FRBARE WAL mFshe] A
23 3], montmorillonite, rock phosphate?} < F EEZ 3} bentonite, calcium
carbonite, cellite, chalk, pyrophyllite, cork, peatmoss, sand, sawdust, krilium,

zeolite 2 vermiculite 5 ]9, bauxite, diatomite, talcs 3 28 FEZAESo] A&
lﬂl:]'ﬂ —Hi»LE]J— /\}\

EEAE dolss AR ZAd AF, 9, &3 whle
Pyrophyllite+Illite+Diatomite®] 3 &E 2 ZgtoA] olgo] 714 E=gow, ¢y
< Qilte S-&A- oA otgo] 7 =oth IR E4 Ao e dols
o] A% "4y Illite> PID > PIB , 45+ PID > PIT > BT, <& PID >
PIT > Diatomite, ¥+ PID > PIK > PIT, ©¥ul= PID > PIK > PIT 2=

=tk 2 APS Sa Holgs AAATIA &e ke 519 Y IE5EH
%3t Pyrophyllite+Illite+Diatomite, Pyrophyllite+Illite+ Talc, Bentonite+Talc,
Diatomite, Illite & & EA 233t}
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Table 5-6. Effect of pelleting powder

mixing formulation on percent

germination
Powder ' Germination (%) '
Codonopsis Lettuce Carrot Onion Tobacco

Limestone 57.4 82.5 78.5 78.6 45.6
Pyrophyllite 72.8 88.4 79.6 72.3 56.0
Mlite 76.4 91.8 75.4 70.4 78.9
Bentonite 71.4 90.4 77.1 71.5 70.1
Talc 61.6 89.1 73.8 79.1 72.5
Diatomite 67.1 92.2 87.1 75.8 65.8
Kaolin 64.5 79.9 84.1 72.6 66.2
Pyrophyllite+Illite 66.9 83.3 82.4 78.4 67.4
Pyrophyllite+Bentonite 69.0 83.1 715 77.3 75.1
Pyrophyllite+Talc 714 84.5 73.4 74.6 70.3
Pyrophyllite+Diatomite 72.8 86.4 78.6 739 72.6
Pyrophyllite+Kaolin 69.4 83.1 82.1 79.6 76.1
Pyrophyllite+Illite+Bentonite 73.8 87.3 81.1 84.1 79.8
Pyrophyllite+Illite+Talc 729 935 87.4 85.9 81.5
Pyrophyllite+Illite+Diatomite 75.4 974 90.3 93.4 87.7
Pyrophyllite+Illite+Kaolin 64.1 92 86.7 87.4 84.1
bentonite+Talc 63.7 93.3 76.8 80.5 64.5
bentonite+Diatomite 60.5 86.4 74.9 80.1 68.8
bentonite+Kaolin, 72.0 84.5 73.8 79.5 69.4
bentonite+Talc+Diatomite 67.8 83.7 771 79.8 67.2
bentonite+Talc+Kaolin 714 33.6 704 72.5 70.5
Talc+Diatomite 73.4 83.7 72.6 74.6 71.6
Talc+Kaolin 68.5 82.4 71.5 70.2 53.1
Diatomite+Kaolin 67.2 86.4 74.1 69.8 59.7
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2. Seed pelleting 7]& 71

TAE A FY T, 25k, AbAaxglo] o] Fo] AW wolE 93k FHlE SHA
Hrh, 53] Fie oo o A 12002 G E3E % a4 &
Astel e dol WA= AFEEY o8& #8 v Lttt shA v dA
eroll wxA FatHE oA EES WFA doh T4 pelletinge FEol HEAE
As SAA BFe HAAHE HEo|SHA pelleting TAE AYsAEH=Y o
A AZAAY REASOE IAFT TA 9E donEEle A9E 2T
Ao " AZzAL W A 2x 2AS oste] wu dAAdsta Ao
=2 pelleting TAE AAHord Aol ot

EAF A FAAEE Y, AF, o, 9, "ot A EEd

d Ay Ay 7 ZAEE dolgo]l H=UW HAEH AG, PVA,

CMC, PVPS 4% % y5EZ 571 ZZ(PIT: Pyrophyllite+Illite+Talc, BT:

Bentonite+Talc, PID: Pyrophyllite+Illite+Diatomite, D: Diatomite, I: Illite)S =
%= Adtale] =2} pelletingell 2834t}

1) A&FE4 SluryH e A=

FHF=XLE AG(arabic gum), PVA(polyvinyl alcohol), CMC(carboxymethyl
cellulose), PVP(polyvinyl pyrrolidone)s < ZZ 50g® dH20 57 £3jA#
1%% %9 Slurryd-S A =314 ).

Table 5-7. Seed pelleting material recipe

Treat. Ratio of Powder mixing (%) Sticker
I’ 1(100)
D D(100) Lettuce: AG
Onion, Carrot : PVA
PID P: I D (34: 33: 33)
Tobacco : CMC
PIT P: I. T (34: 33: 33) Codonopsis : PVP
BT B: T (50: 50)

> (PIT: Pyrophyllite+Illite+Talc, BT: Bentonite+Talc, PID:
Pyrophyllite+Illite+Diatomite, D: Diatomite, I Illite).
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2) ¥ &534 powder AA 3}t

ou] AAA T oo wlw A JgFo] A& 5/ xS At 4z
o] z& u|gu &S Table 13 2o} Mixing WHe PIDZEe w2237
10kgS Y A% Pyrophyllite 3.4kg, Illite 3.3kg, diatomite 3.3kgS A3
v-mixer=® 307t E33te] Azt T

3) pelleting F#F #| =
F 4 pelletingell A8 pelletdt 71 7= €949 9] pano2 AAA et &%
xdo]l 7hssta 3H pand AAIEE 2EE F e VIAE ol &sAth
pelleting W2 7171¢] rpm3} BALEE 2dsto] B dA7IHA AF 2] pandel
UEAE Y3 pellet JEEZS 4 FYsAA binderE V| Al$H nozzleZ
Bt pellet o] %3 2712 248k pand] A AHES A9 2
719l & 60-70rpm, #HZ polishing @A A= 40-50rpmo = < %04 pellet
ZF2ko] R 80% = w 7FA rollingdt vl rollinge] €4 A= AW 2
7—.L b= U4 mesh® AWste] dzxsto] ARE-sEAAT

=
=
=

& A

]_

4) pelleting A2 &84 EA XA}

7h dEAE E pellet A0 A= R L= FA
Az AEAE o] &3t pelleting 40 B=E SAHsAH. E=54
T pellet A EH| Imme]d I8 T2 FAAH T u}
o2 FANSIL. FUEE 1A OR pellet AT AE7
25 Ax% #yo AgH2E o &3ttt =AY

o
AEAN FAS) FEe] 1000z A

2 3 pellet 224 100942 AA A7)
2, 31"55, 5, 7H, 98, 168, 308)2 FFAA F7]9E pelleting A2 &35
= =
h b

4712 45l FE FEFS A

I 0{1 -1011

5) pelleting & AF2] dol-&
7hH S EBE 4% wE pelleting £AFo] wol&

g5 527 o] 57] 2= pelleting £AFe] Lol nx= JFS FANE7] 98]
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Lo < = T
1) pelleting F#}2] A=

%7 pelleting & 913ke] pan WFol 43, o, G2, Y, BTAE 244 1
[¢) 3| [e))]
H

02 gal AL pan 3| AAI7IEA ZH2}e] 3}
ol AdAFe 2] pelleting seedE A 23} T},

A2 ddl Y22k 12 E pelleting st pangdEE HiF 45~70rpmlE ¥
A 3~4A3e] Ao dn) I EEAS ] 26kgo® THE AA 28FHA
o, tg 4.6kg, ¥+ 8kg, T 10kg TElal 4 17kgol A8¥AT J A=
A "zt 1242 713 A A8ERew, 23 Ut 5 R 7Y Bol

A2 =) pelleting seed®] 27| %3 35mm, T 3.3mm, Y 3mm, AF
2.8mm, HH 0.7mm%} 2™ pelleting seed®] Z7]7} F4% pand $Ev =g A
[T AT

dEo] ~mER FHIALA = ZE9] pelleting W&S ZEol whet -3?:%?5‘}01
pelleting seed®] ¥ EF77} 15~2.0mm% = SS¥, 20~3.0mm ¥ = S,
5~35mm¢¥ W, L¥, 35~45mm¥ uw LL¥, 45~ 60mm W LLLE o= ?—r
abal Qlth %@‘dﬂ]/ﬂ A, B, Yo Aee A2vER R Fshdor,
Y2 9 E AAASH U2 A4S 22 0% J5 HASulE AA
azZ|2 #ddsdeon gule daFdAdxAF oA AAE = pelleting seed2]
7)ol GAl A zske] AF-E-3FS T

Table 5-8. Classification of target crops as the ratio of pelleting seed size

Type Size Target crops

SS 1.5-2.2mm Agg, #HFYol, ¢

S 2.0-3.0mm A, gEd,

L 25-3.5mm A wZE, R g
LL 3.5-4.5mm v}, &3, EulE, 71A]
LLL 4.5-6.0mm 5, Q0] 31
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Table 5-9. Efficiency of Manufacture on seed pelleting

PV(kg) SV(¢) T(hr) APS(rpm) RS PS  RS/PS(%) SPS(mm)
&5 8 3.4 3 55 400,000 398,000 99.50 2.8
Fut 17 5 3.8 60 120,000 116,500 97.08 35
Tt 10 5 2.3 45 330,000 314,000 95.15 33
=R 4.6 4 4 65 120,000 116,000 96.66 3
ol 2.6 1.2 4 70 6,500,000 610,000 93.84 0.7

PV: Powder volume, SV: Slurry volume, T: the necessary time, APS:
Average of pan speed, NRS: Number of Raw seed(In put) NPS: Number of
pelleting seed(Out put), RS/PS: (PS+RS)x100 SP S: Sizes of pelleting seed.

b 2= FAF pelletingA] AWrEAE FYshe] AlxE pelleting seed®] A @M
&2 FF7F 95% % JHE £l Alon g wiAg £ Ar1E kR Eel

o] A4 9384%% WA gustdnh ek w9, vEe 47 97.08%,
95.15%, 96.66% = 3~5%°] E=HFA7E T8

2) Pelleting &#}¢] wolg

7 S B 5 A% wE pelleting Ao Wol&

Table 5-10. Germination of pelleting seed treated with by powder material

Germination(%)
Treat. 3 :
Lettuce Onion  Carrot Tobacco Codonopsis

I 92.7 90.6 82.8 75.8 74.0
PIT 90.3 90.1 85.4 915 70.4
PID 94.7 93.4 90.5 86.5 78.7

D 89.4 82.3 83.8 388.2 73.9
BT 93.3 89.1 73.6 81.2 62.7

> see the Table 5-7.

th3t v EE4 2 pelletingd pelleting £4He] o8& A3 49 PIDA

oA 947% = 74 =k o ™ Diatomite A EloA = 89.4% = 713 wrkth. &3}

T, vy Aee FFok FARE dEFoldon w@ul= PITAHlellA 91.5%%
Ze

P =2 doles e 57 AEs ddeR 4 vhede] dogs =
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AFeE A3 PIDS] A E7F A5, Gk, @, gdydlA Zolgo] M =A YER
o, PITY A& gujolA 7Hg= gt

) EUdstsgo] wE pelleting FAF2] Zol&
Ao eE 27 gEd FAavt g5 EY e Ax
go] Z}7} th2 F A} pelleting 3 &5 &
, Gk B2, 9l gy o e EYF
ok Ao AE BEYseEo] 50% ZHd 3EF9 pelleting £4¢ &
Pyrophyllite+Illite+Diatomite A ol A 92.1%= W& Al H&| Zd&e]
t EdE&E mo Ay g5 EH we} ZolE KB =l Diatomite*] 2l
A T3 MDG7F 1593 2.0Y¥ 425 %o, PyrophyllitetIllite+Diatomite® 2
A FAE 1093 17Y 28 EHAY ESFFTFEol 90% o wFd
pelleting £2t9] &3 &S Pyrophyllite+1llite+Diatomite ] 2ol A 95.6% = t}&
Aelo] wls) F@&o] wotow, F@EHE I Tyt MDG7F 0.8¥€3% 1.3¢9 4
SEAT EYFTTE 50% A3 vlustH T MDG7F 0293 049 @55
At

H o ¥ ox T
32 A

x2

Table 5-11. Effect of soil moisture content on emergence, Ts and MDG of

pelleting lettuce seeds

Soil moisture
Treat. Emergence(%) Ts (days) MDG(days)

cotent

I 86.5 1.2 1.8

PIT 86.3 1.3 1.8

509 PID 92.1 1.0 1.7
D 875 15 2.0

BT 89.4 1.4 19

I 89.7 1.1 1.6

PIT 88.9 1.1 1.7

70% PID 94.2 0.8 14
D 90.0 1.2 1.6

BT 92.4 1.0 15

I 91.5 1.0 14

PIT 90.1 1.1 15

90% PID 95.6 0.8 1.3
D 90.2 1.1 1.5

BT 93.5 0.9 1.4

> See the Table 5-7.
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Table 5-12. Effect of soil moisture content on emergence, Ts and MDG of

pelleting onion seeds

Soil moisture
Treat. Emergence(%) Ts (days) MDG(days)

cotent

I 85.1 3.1 5.1

PIT 85.9 3.1 5.0

50% PID 88.5 2.8 4.7
D 80.3 3.3 54

BT 87.2 3.0 49

I 86.4 3.0 47

PIT 87.1 2.9 4.7

70% PID 90.7 2.6 44
D 82.5 3.2 5.1

BT 88.2 2.9 47

I 91.0 24 44

PIT 91.2 2.5 44

90% PID 94.2 2.3 4.2
D 84.5 2.8 4.8

BT 90.2 2.6 45

> see the Table 5-7.

Table 5-13. Effect of soil moisture content on emergence, Ts and MDG of

pelleting carrot seeds

Soil moisture
Treat. Emergence(%)  Tsp (days) MDG(days)

cotent

I 78.9 5.3 8.3

PIT 81.9 5.1 8.2

50% PID 84.2 5.0 3.0
D 81.2 5.1 8.1

BT 70.0 56 3.4

I 81.5 5.1 79

PIT 83.9 5.0 7.8

70% PID 88.4 49 7.6
D 81.6 5.1 8.1

BT 72.8 55 3.2

I 82.6 4.8 7.7

PIT 86.4 49 7.6

90% PID 904 4.7 7.4
D 83.5 50 79

BT 74.2 5.3 8.1
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Table 5-14. Effect of soil moisture content on emergence, Ts and MDG of

pelleting tobacco seeds

Soil moisture
Treat. Emergence(%) Ts (days) MDG(days)

cotent

I 73.1 8.7 145

PIT 86.4 7.9 11.8

50% PID 82.7 8.0 12.6
D 84.6 8.0 12.7

BT 785 8.2 13.0

I 75.8 8.3 13.1

PIT 90.8 7.7 11.3

70% PID 86.6 7.9 119
D 87.1 7.9 11.7

BT 81.5 8.0 12.6

I 78.8 8.1 12.5

PIT 92.6 75 10.8

90% PID 88.9 7.8 115
D 89.5 7.7 11.3

BT 83.3 7.9 12.1

> see the Table 5-7.

Table 5-15. Effect of soil moisture content on emergence, Ts and MDG of

pelleting codonopsis seeds

Soil moisture
Treat. Emergence(%)  Tsy (days) MDG(days)

cotent

I 67.7 94 12.3

PIT 65.1 95 13.2

50% PID 73.8 8.2 11.3
D 68.9 9.3 12.6

BT 60.1 9.9 14.3

I 72.9 9.0 12.0

PIT 69.1 9.2 12.1

70% PID 7 8.8 119
D 72.5 8.3 11.5

BT 64.3 9.6 13.6

I 75.3 8.7 116

PIT 71.6 9.1 12.2

90% PID 79.8 8.1 11.2
D 74.9 8.8 11.8

BT 68.4 9.3 125
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on, EXNLAE Atk a2y FEHZ

A% 4% 2 5
o

7
T3 PID A FodA 7 =%
£ Crack A1ZFe 0.7h= & A

s} gze

=
e J—ir FrAbstAth wule= PITAH 2 ol A A =7t 7Hd wqkon,
e oz Al ofnte gu) UEAe] A77F wig mAlste] o] EL
pelleting &2t} ot & A o] et Zo= Azt

Hy<e PIDAE 7 A8E 7 293 ZEE Qlite &5 Agrt 7bd=sr
t}. o]= A o] TA o} pelleting machine pant] £} rolling A ko] Z oA
A7t =A Y Roz AZEh Y] fBEA 23| w2 pelleting £ A9
dobgol A= PIDA M 71 ==t o= pelleting £4+9] 24 5
g Crack @ele} AwAlo] Azfafaw]  splittmelt@ o] WEA o7 wholg o
74 a3 A ol WA pellet FALZA Aoz AzbE)

A EE4 NP7
Fig. 5-1. Testing machine of hardness and moisture absorption on pelleting

seed.

- 115 -



Table 5-16. Physical property and uniformity of lettuce pelleting seeds

Physical properties of pelleting seed

Treat. pelleting Crack
] hardeness crack type ] dust
handling time(h)

I’ ok 284+34.7 swell 0.5 -
PIT ok ok 240£24.6 split 0.4 +
PID koK 364+41.2 split+melt 0.7 -

D Hkk 198+16.4 swell+melt 0.2 +
BT koK 308+27.7 melt 05 +

> see the Table 5-7.

Table 5-17. Physical property and uniformity of onion pelleting seeds

Physical properties of pelleting seed

Treat. pelleting Crack
] hardeness crack type ] dust
handling time(h)

I’ ok 385+36.3 melt 0.9 +
PIT Hokok 381+76.4 split+melt 1.2 +
PID Hsokok 520+41.2 split+melt 14 -

D Hokk 292+65.4 swell 0.6 ++
BT kK 298+40.8 melt 0.8 ++

> see the Table 5-7.
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Table 5-18. Physical property and uniformity of carrot pelleting seeds

Physical properties of pelleting seed

Treat. pelleting Crack
] hardeness crack type ] dust
handling time(h)

I’ sk 330+21.0 melt 0.7 +
PIT KKK 349+20.8 split+melt 0.9 +
PID koK 437+80.1 split+melt 1.2 -

D Hkok 206+12.7 swell 0.3 ++
BT koK 220£33.5 melt 05 ++

> see the Table 5-7.

Table 5-19. Physical property and uniformity of tobacco pelleting seeds

Physical properties of pelleting seed

Treat. pelleting Crack
) hardeness crack type . dust
handling time(h)

1’ Kok 559+11.1  swell+split 0.7 ++
PIT koo 736+63.5 split+melt 04 +
PID Hkok 324+66.2 split 0.2 -

D sokokokok 150£25.8 swell 05 +
BT koK 505+28.0 melt 09 -

> see the Table 5-7.
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Table 5-20. Physical property and uniformity of Codonopsis pelleting seeds

Physical properties of pelleting seed

Treat. pelleting Crack
] hardeness crack type ] dust
handling time(h)

I’ ok 516+71.2 melt 2 -
PIT Kok 371£38.2 swell+melt 14 +
PID okok ok 448+07.95 split 0.8 -

D Rk 210+15.7 swell+melt 04 +

BT ok ok 308+27.7 swell 0.8 ++

> see the Table 5-7.

b pelleting A} SEE5E =3

Pelleting &#+9] FE&F+ 1AZF A4 BT AHe 7] 713 we] &3

o] 48%° & F79s vellen 447k A 3] Diatomite®] A 2] -oll A oF
0% AL i F5 &S e 7MY =2 8 F5ES Bt oe 7]
5 A x5 wE wolg oA Diatomite] Ao Wolgo] =4 k=l
pelleting A7} =& H&=% ¥R E3Z9 Diatomite’} =3 FES HF3

T TS ASAA Holgs "ojmd Zlo= Azt gk

ol F39l F

T =
PIDAH e ¢ $8 55 F4e S +2 F522 ngr
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Moisture adsorption rate(%)

0 1 2 4 6 8 10 12
Times(hr)

Fig. 5-2. Effects of moisture absorption as different pelleting particulate
matter. (PIT: Pyrophyllite+1lite+Talc, BT: Bentonite+Talc, PID:
Pyrophyllite+Illite+Diatomite, D: Diatomite, I Illite).

4) Pelleting TAF A ZA] < 3
Pelleting &2t AZAAY &% 27| w2 pelleting $AF2] Tol&& XA
Ay AFE 21 TFAzANME Wolgol 2 JFS v AAE Eked 24T

90% wlgro = wWo] A}

o L=Vt AT A5 wolgol

Fote] A vlad 2xel @ A=l 24T AR Lobs Astd 2 o
Fe MAA @Fotor] 27CHE FHE= Tobd 2Tt yE

o AeE AFe v R 21T A= depgel vy 2 4FgE v
A okl 27T ool HW FA 3 wob&o] A

FHlE 24T 7HAE Lol Adte BEAHA Fgou 27T A REH AAE
238k

HEL 21T B golAd lopd vt yeiston 2RV 45 £5 4
g dobs havh veygth iAoz FApe] wopx o] vt oA

Wolg A7t Qa7 AZE o pelleting I A 84 HFAEHo By o
pellet machine®] drume] 3| del wW& FAp7gle] mpze] od ¢S Fxe] &
Aol "ozl Ao=m AT weEtd FA FEHE FATE F

= "1 =
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Fig. 5-3. Germination of pelleting seed as affected by operating environment
Changes in temperature while seedpelleting.
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Table 6-1. Effect of the different microbes on germination of pelleting lettuce

seeds
Treat. Germination(%) Tso(days) MDG(days) c.f.u/g Seed
A 96.2 1.03 2.20 8.7x10"
B 96.7 1.00 2.13 -
Lettuce 9
C 96.8 0.95 1.99 4.3%10
Control 96.3 1.04 2.18 -
A 95.2 2.49 3.33 1.8x10"
) B 96.1 2.45 3.20 -
Onion 9
C 96.4 2.21 3.16 5.6x10
Control 95.2 2.48 3.55 -
A 92.2 2.63 4.58 3.4x10°
B 92.0 2.53 4.18 -
Carrot 8
C 92.9 2.44 3.99 9.1x10
Control 92.0 2.87 4.63 -
A 91.2 554 797 3.5x10"
B 92.2 5.97 7.33 -
Tobacco 10
C 92.0 5.55 7.56 1.7x10
Control 91.8 6.11 8.05 -
A 38.6 .32 12.84 8.7x10°
) B 38.6 8.10 12.38 -
Codonopsis 9
C 89.9 7.97 11.90 2.5x10
Control 87.4 8.20 12.92 -

A ; treatment with BIG21003, B ; treatment with K95009, C ; treatment with
A+B

&3lo] 49 K95009 ¥=3 BIG21003+K95009 A @ ol A F-=jglol] H]s] drol&
o] Ekom, K95009 W= AglolA Ts% MDG7F el Hla] 242 03¢,
054 %479,2;?: e Ak T50% MDG+=
BIG21003+K95009>K95009>BIG21003>control =22 ©@=% 9] Bacillus sp.
BIG21003¢} Pseudomonas fluorescens K950097Fo] H7FE = glo)A o] 7}
HA e Aol vls) @EE A

Fo] 4% BIG21003+K950094 2 7} control 3 th& Aol w3 wolgo] =

gtom Ts W MDGE EEX87F controlol B3] @35 2o},
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02¢ t©] 4t} MDG+ priming A2 ¢ biopriming+pelleting * 27} 6149 =
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Table 6-2. Effect of priming on germination, Ts and MDG of pelleting seeds

Seed treat. Germ.(%) Tso(days) MDG(days)
Biopriming 98.4 0.6 1.1
Priming 975 0.7 1.2
Lettuce Biopriming +Pelleting 97.0 0.8 1.2
Unpriming +Pelleting 934 1.3 1.6
Unpriming 95.6 1.1 14
Biopriming 96.8 2.8 3.8
Priming 95.3 3.1 4.0
Onion Biopriming +Pelleting 95.6 3.2 3.9
Unpriming +Pelleting 90.2 3.6 4.6
Unpriming 93.3 3.3 4.2
Biopriming 93.1 3.9 59
Priming 92.5 4.1 6.1
Carrot  Biopriming+Pelleting 92.3 4.2 6.1
Unpriming +Pelleting 85.4 5.2 7.8
Unpriming 90.8 4.7 7.3
Biopriming 94.0 5.7 9.0
Priming 93.9 59 9.2
Tobacco Biopriming +Pelleting 93.6 5.9 94
Unpriming +Pelleting 90.4 6.5 9.8
Unpriming 92.8 6.1 95
Biopriming 92.1 6.8 9.4
Priming 90.3 71 9.9
Codonopsis Biopriming +Pelleting 90.2 7.2 10.8
Unpriming +pelleting 76.8 8.2 13.1
Unpriming 80.2 7.4 11.6

=ule] A9 bioprimingZEAFe] Wol&2 94% % unprimingTALHR T 1.2% =%o
H Tz % MDGE Z7Z 049 059 =%tk biopriming +pelleting & A=
priming* 2|5+ g FAFR T} Wolgo] 03% HAFINo FASE Aol o,
unpriming+pelleting = A= unpriming Y ARt} 2.4% 74 38o] primingS 8FA

@Il pelletings & 745 Wol& Ao =7 A
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. 234 9 3F

Z g A2 BIG210037 K950097 S ZH7F Bwkaelel o ZE2 pelleting
| H7bete] AEASEN s 2AE E AyEz o
7+l Aol Yot 942~948%= H]Z=algl o, BIG21003 ﬂa:ﬁoﬂﬁ o =

>~
i& 1
ox
e o
{0
k
1
ol
(o3
rlo

&S AYstae A, 9F 95, AAFTo] controlol HF ASo] 4315}
A A& ﬂ‘j/]:r“?_ BIG210033 K95009 A7 Hlxo A= K95009 Az 72 Ay
Fo] E9kow ol in vitro AP} LA S A o]t

Table 6-3. Growth characteristics of lettuce pelleting seed under different

antagonistic microbe

Emergence Leaves FwW
Treat. :
(%) Length(cm) Width(cm) Number (mg/plant)
AP 94.4 52 2.8 4.2 648
B 95.1 5.8 2.9 4.6 671
C 96.2 6.2 3.3 4.8 712
Control 94.6 5.1 2.7 4.2 651

Hsee the table 6-1.

el A B &L &3 A FdA PE =g, b2 AHE T H=

st 248 £ A Fol A control HH] 34em Fow, =43 ZA A 7zt

—} 6.4cm, 0.98cmo. & tE g ol u) ) b:O”jr. A A&7 AHFEZ &
O T

2 AN HnE wEE 2 A0S F59 FHow AA) 90%E
;

O]%J pelleteing F22 E7| O]oﬂ BE 3 509 A%
N A1 A3t Table 6-59F 2tk Bl 2382 &3 g ol A
90.8%°.% 74 E9kor control¥ BIG2100374 8] 7+ 747} 89.2, 89.3% = H] %
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=dE2 UEblth 242 K95009 &=, &9 A 27k controlol] H&| E3to
% =3 Al

Table 6-4. Growth characteristics of carrot pelleting seed under different

antagonistic microbe

Treat. Emergence  Plant Root FwW DwW
(%) height(cm) Length(cm) Diameter(cm) (&/plant) (mg/plant)

A’ 94.1 24.4 5.2 0.90 3.95 477

B 94.3 26.4 5.2 0.98 4.25 466

C 95.2 26.7 5.3 0.92 4.92 535

control 94.2 236 5.3 0.91 3.93 472

HHgee the table 6-1.

Table 6-5. Growth characteristics of tobacco pelleting seed under different

antagonistic microbe

Treat. Emergence  Plant Leaves' FWT? FWR T/R
(%) height(cm) length(cm) width(cm) (g/plant) (g/plant) ratio

A’ 39.3 3.4 8.0 4.2 2.58 0.43 6.00
B 39.8 8.6 8.3 4.3 2.64 0.45 5.85
C 90.8 39 8.3 4.3 2.78 0.48 5.56
Control 39.2 3.4 79 4.3 2.55 0.41 597

HHgee the table 6-1.
> FWT : Fresh weight of trunk. FWR : Fresh weight of root.

gy o F8uAE o]&3 pelleting T8 A9 E3 &L in vitro AP el A
a wrokon} FAe oin] Al 8L BB AHAERE HSE AT K95009 A
oA v, 2, 24, 25 B AP vE] Aol dEsigion, e
o] A&l 9o < FAEe vz oy 2A Y FFS 24 FAY g

L
Agol Fouth ¢ FHE AASE BIG210037S H7Hs A2+

o.
o ¢

e
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Hls] A7 a¥rt vnjstdon A FezE 5 HI7FsE Pseudomonas

fluorescens K95009+ 2] FA o] vls) ASEH a7 nus F5359

o,

Table 6-6. Growth characteristics of codonopsis pelleting seed under different

antagonistic microbe

Treat. Emergence Plant . Root .
(%) height(cm)  length(cm) diameter(cm) weight(g/plant)
A’ 855 15.3 69 0.73 5.34
B 83.1 13.8 6.0 0.70 4.59
C 35.1 16.4 7.1 0.87 6.52
Control 84.2 14.6 6.3 0.82 5.27

Hsee the table 6-1.
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Table 7-1. Various seed pelleting process as additive method and source

Steps : Control P1 P2 P3 P4
) E Seed E Seed E Seed E Seed E Seed
! priming ! priming | biopriming ! biopriming | biopriming
i E binder E binder E E
2 |binder ¥4t +K95000 | +K95000 | binder ¥4} | binder ¥At
| el B wige) B |
powder powder powder
3 ipowder %9 ipowder £ | +K95009 | +BIG21003 | +BIG21003
A R L A ER L A
4 1st size Ist size | Ist size 1st size 1st size
i sieving : sieving ! sieving : sieving : sieving
| | | | binder | binder
5 |binder %A} binder ¥4} | binder ®AF | +K95009 | +K95009
| | | | opel AR ol Al
powder powder powder
6 ipowder 9! +BIG21003 | +BIG21003 | powder %% |  +K95009
L AA L AR RS | AA %9
i Zst size | 2st size | 2st size | 2st size | Zst size
/ sieving sieving sieving sieving sieving
8 pellet v A& pellet =2+ 244

3 94
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Fig. 7-1. Survivability of BIG21003 on coating seed of cucumber at 40T
aging test.
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Fig. 7-2. Survivability of Pseudomonas fluorescens K95009 on seed coating of

cucumber at 40C aging test.
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Fig. 7-3. Survivability of Pseudomonas fluorescens K95009 on seed soaking
cucumber with various stickers.

Control : unsoaking with cell broth culture
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Fig. 7-4. Survivability of Pseudomonas fluorescens K95009 for storage period

on cucumber pelleting seed made by at 25C.
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Fig. 7-5. Survivability of Pseudomonas fluorescens K95009 for storage period
on cucumber pelleting seed made by at 4TC.

Fig. 7-6. Photo of cucumber pelleting seed.
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2) WA E pelleting 2o Aw) 7] 74 wE A=Az}

£ 2#+E biopriming¥} biopriming+pelleting 2 F7HAE2 a3
biopriming A 2]& BIG210033% K95009E N A wlj kst wjeFfo] Ao Sy &
b AR AE F S8k AMEe T o]l % 7] FAF pelleting 71ES A&
sto] WA= pelletingSAHE Al Zsto] Ao AFEsETh

ol ERU dxEE A5 Ae Ay 209, 0¥ F, duke 2
ol ZARSFATE 7 e EEO|A ol o 2o e FEE "ol &
el xWd Eodle AddES FAS] AF By WA
distilled waterell o] BIG21003 i 80Cell A autoclaved$F NAH]X] oAl 30C

3
olFFu|o]E oA wjUd3t T FdFE ZHolo] g BEF AT FE XA

w
S
e
@
S

o

H

F:U
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3) <874

BIG21003 "% 410" cfu/gol %, 1%) 5%, pyrophyllite 30%, illite 35%,
diatomite 25%, D-galactose 5%& &3tste] FTHAS e ¥, slurryd 2mlS
i 3=, 3 T2 bgol Mol Hdig FAA 3 F F2olA 2443 HdxE%
o Ax7F B9 & A4 10cm petridishel] germination paperg & ¥ & 9ml
= A FEe FEAAT F5A e wEF, A e 300E &Y F
HjF7lel HaL AP R Fxpe] ol 9l F3fo] WAES XA

167 AZXEY S5 } 18 FEES 3/4 A% @2 §, BIG21003 WA E A
FAG6x107 cfu/g seedE 2% dFsl] 7UzF 25°C (1641t light/ 817k
dark)oll A FHaAH. £ EGAFHE Sl 167 AAXE Fwnio]e
NEE 34 AR @2 3]1, el AFF2E 294 9Fekar, BIG21003¢ v &
A 1%E Oﬂ 83t TFelar 397 25°C (16A17F light, 8A1%F dark)oll Al &
a1 zotdl 7] AT in vitrool Al SES Hj

2 B9E g Zol 10ml €t
1 308 FoF &3 & 100mA BIG21003 & nutrient agar (NA) medium

b
ofr

9 4%

4) " A E pelleting £AFe] HA 53

A T2 BIG21003¥7 K950097 & o] &3t or ESW S Rhizoctonia
solaniol T} 7] A& 9l BIG210033% K95009w 2] A A E &3t FAol pelleting
Al H7bete] <ube] mEEH ik WAl g s Adu FEEg 2404 F
gt Sy mEEHol FQ WATL Rhizoctonia solani, Fusarium spp.2-

= 2 Aol M Rhizoctonia solani WA &= ZA8FA

%ikiE wREdol MatA B 2HEYS AFHEEY potol A9 Uy w4
& pelleting AL FF39h 3 272 BEES F9 2d vAAEA
AE 10g/kg o2 4L T #APHoz TAE HolF A (CSM; Covering soil
mixture)2} PAEAAZE Ao w  AAE Fo] ESFAFAHE(SD; Soil
drenching)dle] "= pelleting $AF2] WA a5 vl 2AsS

e < T
D w9 J3F 5 7134 ol e 4=}
A AE Bacillus sp. BIG21003 ol tfgh A5} i} Helgwere A

=
=82 1 AE pelleting? biopriming+7] A& pelleting 574 HEWHo=z %
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AFS} A Tk

MAE Y A SH 209 Fo WIS B we 2} pelleting HuhE
pelleting A2 A wAE wjFdol A% HA AlA biopriming # 2] 3}
= A5 AEYo] Uelytth 3 HE 409 Tl 209 $o 2
Lo s WEr7F "oy ot = 4

Futoll HF 30Y Fo WS B v AE pelleting 2] 7} biopriming $-
W AE  pelletingdt  AHHEt # E&7E "ojzlew, 604 Fole
biopriming+pelleting # 2ol A x10° c.fu/g seed © =9t} o= &< pelleting
A E B8 TA AEEA o] B2 AlTS FFA7IHEE vAE wfFd
A= biopriming# @] F A|A 3 W B=S pelleting A 2lsh= Aol & FHH
L& Eoled &34 ol7] wEoletar AztEt

N

Table 7-2. Density of antagonist on roots by seed treaments

Density of antagonist (c.f.u/g root)

Crop days after seedling biopriming + ) ) )
. . . microbial pelleting
microbial pelleting

Lottuce 20 7.3x1o: 7.1x10§
40 6.8x10° 6.4x10
Onion 30 6.9XI02 2.3x10j
60 3.2x10' 2.6x10

BIG21003 2339 c.fu/root(g)s A A HF-ol A
15x107 o} " 5239

o83 K95009¢ cfu/root(g)E  ESGAFAE BYgdE ZTAHARS
BIG210037 fAFst9l ou, &2k pelleting A @lollM s DE7F F43] 7Has)
Bok ool 9 gFEE ek uekth o] K950097©] endosporeE
A B3l Pseudomonas sp.2 AZ & 7]El B 27 A AE & A
&Y 2R SAAFRTY AT o AZEY ESHT FHE AT
7% Bacillus sp. BIG210033} wW]<zgt A& S YEY KI50098 o] &

o

1 o

Of
-

ox 32 1
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pelleting T2+ &S 74 & F A& oz AZ4En A7) @A A
Wabg o A K95009¢ 2 siderophores AAdste]l A4 2 Fo EFHo
g S YelWed ol o] AASIE siderophored] Ao upzt 2 Ag
Arrt ZAshe el 2 A 240 A2o] gt di mSE g i =4
< o] &3} siderophore®-S FHuUls Wo] AAHAA ol& FA pelletingdl 2§
stob o] AbdEe| mE AT H] A Y S siderophoreo] 93 frH
Zz719 EGHHA 2 A=AE53 23= Jheete e Ak

Table 7-3. Colonization and proliferation of microbial pelleting seed to the

root
R soil drenching seed pelleting
t
o0 Root fresh Root fresh
area c.fu/ root ) c.f.u/g root )
weight(mg) weight(mg)
1 7.3x10" 1.40 1.5%10° 1.44
2 5.9x10° 1.31 1.6%107 1.38
3 5.2x10° 1.23 6.5x10° 1.20
4 47x10° 1.20 8.3x10° 1.23
5 2.8x10° 1.25 2.8x10° 1.30
6 6.4x10° 1.26 2.3x10° 1.27
R soil drenching seed pelleting
t
00 fu/ . Root fresh fu/ . Root fresh
C.1.u Iroo C.1.u Troo
area & weight(mg) & weight(mg)
1 3.4x10° 0.40 477x10" 2.90
2 9.1x10° 0.30 2.6x10° 1.69
3 6.2x10" 0.23 5.9x10° 1.31
4 2.8x10° 0.20 1.5%10" 1.09
5 2.9x10° 0.19 4.7x10° 1.00
6 7.3x10° 0.14 3.6x10° 0.40

up: Bacillus sp. BIG21003 down: Pseudomonas fluorescens K95009

3) AL pelleting EAF2] HoAA &3
285 FErAE BIG210033 K950095 ZHz NB HiA] ¢} King's B 8] #] o] A]
oAz wjoksle] ko] oFul EAEZ 1A AE F pelleting o] CSMAE7F 2
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SD A& A R.solaniol ¢3F mzt=w 2y x| g3+= Table 7-49 ZAt} 23
A3 BIG21003¢] A3=o] atdlon mAE HAFA AH2A K9I5009°] 2
e e el kot o= Al Ao A K950097F 0] Fusarium oxysporum
, Rhizoctonia solani, Pythium ultimum®)| in vitro 2@ = 43 F37 dA
A A Aolstith mAd=S ol &S AT EAE dy oA A3l A
BMPB+ CSM+SDA 27} 4 11.7%°] 28&S vekdl 7H8 a3k4 ol v
A E pelleting A2 7% BIG21003¢] K950099¢] W& =1 @HS o4
stlon URkH o ARgHE= ?7105%3 o]-&3t PMPBA 2|7} priming* e &
&g oA g0 2 MPBA g o] vl oFghe] W o] WA RSk

Table 7-4. Efficiency of the microbial product treatment in controling

damping-off(Rhizoctonia solani) of onion seedlings in nursery bed soils

Diesease severity (%)

Treatment
1 I average

PMPB'’ 19.1 18.3 18.7
PMPK 53.9 56.8 55.4
MPB 22.6 24.3 235
MPK 55.6 60.8 58.2
BMPB 15.2 16.0 15.6
BMPB+CSM+SD 11.2 12.1 11.7
control 56.3 62.5 59.4

" PMPB : priming+microbial pelleting with BIG21003
PMPK : priming+microbial pelleting with K95009
MPB : microbial pelleting with BIG21003
MPK : microbial pelleting with K95009
BMPB : biopriming+microbial pelleting with BIG21003
CSM : Covering soil mixture with BIG21003
SD : Soil drenching with K95009

Control : Made by only basic powder and slurry without microbes

ghH BMPBA E]¢F MPBA 2l & wlals] Eu] o 2o
2 K95009 vl biopriming & A4S AXA 2 H
WooA 29U AT o= A7) AFA
T2 FFAl e Al wE 4
siderophore$} biopriming g £3 %7|
Aol g HFAEE HEAE F

7}7F 15.6%, 23.5%
oF 10% o]7e] &
Fe v A& pelleting
L= XFH e
s Fxeo 2 E frobe EH
o™ Bacillus sp. BIG21003& Z#}
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pelletingoll &3 pelleting 3t AR FE S &3 AT AS5E HAFE= AL
2 HHE AEs T8 FrloA dexom F8T 5 e VeR ek
12
o
310}
S
o
o 87
o
°
S 6t
<
) ——25C
> 4}
© —+—4C
(e}
g ——-207TC
S
=z
0
0 30 60 90 120 180

days after storage

Fig. 7-5. Survivability of BIG21003 for storage period on lettuce pelleting

seed.
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84 57 45 XZLE

1 4% A% 23 5%
7t A e

e Fofell Al AERGHN <@ vAEPlant growth  promoting

rhizosbacteria : PGPR)%] o] €4S ®d AA, 9y mEaH o2 zxH 59
A

welag A Welel viste] FAFAEL 2 ARA MAR BA, B AT
$3h gol AR FFE o84S EIAL FEBAS Yistel ABolA T
FHEmE ABAGS HA5E AR A, vSH g SATNE So way
g mojFE wE 7 WARS F2 o]g5n Ak 1o} ool A ol st
e vABAAe FR WE Agol Adsh HA ol vIABAA o] Gl
e ZaeE Aussd Rehe 497 g =9, 77 FRE 48483
FHGA HEFR oo UlF Be ATV WRF Aol

|
ks BEAFME jn vitro, in vivo A8 A ASEREart Jdqd
Pseudomonas fluorescens K950095 A} Ao A 2]
T WgdS A5t 439 S5 5 #5AE 2 AASSE powder FHZE F A}

pelleting®ll 4§38t field ol 4 e 2H& AFH 235 FHstuar A8ttt

e
offl
o
o
2
o
o
=
©©
a3
S
S
o)

U A 2 By
1) SAA=

2 EAAFEZ v AE pelleting T4 FE E2dF 27 ASS FA FE O
g, dF, G, G, 9e 58 g ez AT v A E pelletingE A= v
Ag AEEo] tAH R FAFHHA ol E AAHA &2 A pelleting B2
o pelleting TA& Al Z=3F3Hh

A field A8 S 9131 pelletingS 317] 2 Ao v AE wjgFdo] 1A &<k ¢
99} A3 Z2E biopriming A E 39S pelletingd 2429 245 74 A&

o 44 Edold 194 sEstel AP FAs

X

il

Table 8-1. seed pelleting recipes

T pellet 48 £3
Powder Pyrophyllite, Illite, Diatomite
Sticker AG(arabic gum), PVA(polyvinyl alcohol)
Bacterial isolates Pseudomonas fluorescens K95009
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Pelleting A+ & 74

W58 Edo] &4

1 celld 1¥HA

Fig. 8-1. Processing of pelleting seed sowing into tray cell.
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ZAEASEH &7 Y= Pseudomonas fluorescens K95009+ S  F A}
pelleting®ll 2 &3to] A=A F279] AFHFIAFE 2AFst7] e &4 Ed o]
o A o] Wre}gS 3218 A= Table 8-29F #t}

8= pelleting A2t UEAE 2 A 9 Wotegs XA A3 ¢y
T2 spFol ulE] Wopgo] vkt a1y A Aol TFA oY yYFA
Ae 19 gFol oyer, AA dFA 23, F2 AH9E &7 "t FAkg)
THFol Hr} 29H7] wite 194 FFsdS 499 ddA H]ﬂ—t— = om
7b gl Ao AEn d2d w3 wols > U AA et A
FE, S =4 JER

rlr

Table 8-2. Comparision of early germination by seed pelleting

seed

Codonopsis  Lettuce Carrot Onion Tabacco
treatment
MPS* 80% 96% 81.6% 96.5% 87%
RS 81% 94% 81.3% 95.3% 89%

# MPS: Microbial pelleting seed
RS: Raw seed

2) 4 A5 v
2SS 99, A5, oA Ty =gew, gujel Fte FASEA
o AT AF, Sy, Dol A controlol] BlE] At o & =gkl
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N w S (&)} [0)]
(@] (@] (@] (@] (@]

Plant height(cm

—_
(@)

OMPS
W control

Codonopsis  Lettuce Carrot Onion Tobacco

Fig. 8-2. Comparison of plant height between microbial pelleting seed and

raw seed.

250
2

OMPS
H control

Codonopsis Lettuce Carrot Onion Tobacco

Fig. 8-3. Comparison of fresh weight between microbial pelleting seed and

raw seed.
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Fig. 8-4. Effect of lettuce growth promoting by microbial pelleting seed.

Table 8-3. Chemical property of soil

Field pH EC organic total cmol+/kg P Fe
ie
(1:5H20) (dS/m) matter(%) nitrogen(%) K Ca Mg Na (ppm) (mg/kg)
Backam
6.2 0.43 3.11 0.20 0.26 509 159 0.04 451 2.2
-myun
Hamyang
6.7 0.58 3.08 0.18 042 6.83 2.34 0.05 528 16
-eup
Jije
6.2 0.41 3.05 0.15 0.37 6.02 1.78 0.04 466 1.6
-myun
Nam
6.5 0.52 3.52 0.31 0.34 6.21 2.05 0.06 425 1.8
-myun
Sanoe
6.8 0.46 3.25 0.21 0.39 7.77 1.80 0.09 675 15
-myun

P; available phosphate
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2 4
= UA dwe 49 68 FEveol 27CE ;A BFF AR sk
= & 7 YgEg FRE oy
A

8 =

Crgrot 20059 e ME AR F3 AVE §9 wR9] A% AG Aa w
s
1

OMarch BAprii OMay OJune MWJuly OAugust

Temperature
~
(@3]

10
5
0
2004 2005 | 2004 2005 | 2004 2005 | 2004 2005 | 2004 2005
Backam-— Hamyang— | Jije—-myun Nam-myun Sanoe-—
myun eup myun

Fig. 8-5. Meteorological data about mean temperature('C) on 5 different areas

during crop cultivation.

Table 8-4. Meteorological data about rain falling(mm) on different areas

during crop cultivation.

Field Year March  April May Jun July  August October

Backam 2004 144 63.8 1252 1357 382.0 1574 1834
-myun 2005 256 85.6 89.6 160.8 2017 3575 3152
Hamyang 2004  22.0 89.0 89.0 260.5 260.0 4935 2075
—eup 2000 723 66.0 75.0 157.0 4785 2485 62.0
Jije 2004  16.2 60.5 131.0 1402 360.7 1625 1782
-myun 2005  24.0 87.0 90.4 171.5 368.0  360.0 1795
Nam 2004 123 85.0 58.5 244.0 2365 4085 1625
-myun 2005 615 38.5 52.5 103.0 2295 3805 90.0
Sanoe 2004 245 48.5 76.0 2475 1955 3345 1710
-myun 2005  54.0 44.0 43.5 156.5 39505 4680 2315
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h) FF A9E field 553 a9
D Plant height
2004 ¢ AAF AS P ATe A9E Wi 172cmo 2 AH dH, S
TFs EAA oFF =3koH control AElTRet H]szsiith 2P MPS9
SD+MPS A&+ 231, 23.7cm2. 2 control tiH] 5cmA =2 A o] Hhow, X
g Re A dH 24 AKo] 7HE Fdh
A= SD+MPS > MPS > P > control 2% %9°2™, controlel] H]3j
SD+MPSH g ol A 129%°] A% &37F vetwo 45 FTEEE 459
AEEZ Frrh A5 v =skoen, Ag¥ 2= SD+MPSAH 2 7F 74
Al Vrebsk =l MPSAH 2] oF Afol= AA] ettt

ofN

°1+N

20059 - A A9 PAHEZF A9E Hit 75emeZ 7 srekoew A @

Wyt 3 AS EHA olEtt I =t AHYgE xH ASERNES
SD+MPS > MPS > control > P =282 =9t} ©<=3] pelleting?t 3fo] 1%
e A FAYe fFARS ‘ﬁwe UetWl = MPS AHgle] A5 =23 AFo] =

Al YR K950099] 23t S-S a3z e
Z7o A$- 20043 2 20053 /\E;j A3 SD+MPS, MPS* 2] 7} control® 2] ol H]
§ =okow PA 29} control®] ZF 4SS 1523

ol

@ Leaf area
2004 : HdFel S SD+MPSA 7 A9 FF 2998 cm’2 FA 2] 269.5cm”
BT} 111% =gton, AHg@z= SD+MPS > MPS > control > P A& o=
= et AA4FE A gdud AFEAS e fASA UERE

o AT A9 AAFET g9l dAHLR woed oy FF9
AFEA 7IQlg Aow AztET

2005 @ 20051 @FH A o] 2004RtF SrkE o] f& 2005 2 A= gk Ay}
2 FAEY, SD+MPS, MPSA 2] 7} controlol Hl&] ¥ A& A= 20044
7 dAsH o PAElE AoldtAl YERY control e et PA Y] GHA A%

ol EA @i Ao Arur
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Table 8-5. Enhancement of plant height(cm) growth for lettuce by seed

treatment with Pseudomonas fluorescens K95009 in different field

Backam Sanoe Hamyang
Nam-myun Average
Treat. -myun -myun —eup

A’ B A B A B A B A B

P~ 175 159 165 156 183 158 163 145 172 155
MPS 227 192 245 197 232 185 218 187 231 190
SD+MPS 230 195 254 196 236 191 226 192 237 194
control 173 168 168 134 181 162 169 136 173 15
P 189 16 165 150 169 162 178 163 175 159

MPS 203 185 229 189 213 181 218 177 212 183
SD+MPS 222 198 236 208 228 194 219 188 226 197
control 18.6 15.7 17.3 15.3 17.7 15.0 17.2 15.8 17.7 155

# MPS = Microbial pelleting seed
SD = Soil drenching

control : by raw seed

2004

2005

D A lettuce of var. cheong-chi-ma(green color)

B: lettuce of var. Seonpoong(red color)

Table 8-6. Enhancement of leaf area(cm?) growth for lettuce by seed

treatment with Pseudomonas fluorescens K95009 in different field

Backam Sanoe Hamyang
Nam-myun Average
Treat. -myun -myun —eup

A B A B A B A B A B
p-- 26577 3724 2568 3433 266.8 300.8 2789 3775 2671 3485
MPS 2968 3995 2925 3774 2905 3562 2913 3926 2928 3814
SD+MPS 300.1 4073 3082 4134 2954 3926 2956 3954 299.8 402.2
control 2762 3765 2422 3525 2714 31277 2832 3725 269.5 353.6
P 2604 3421 2605 3283 250.7 2915 2587 2986 2576 3151
MPS 2685 3752 2700 3463 2734 352.0 2709 3576 270.7 357.8
SD+MPS 2986 4005 2865 3895 2954 3384 2956 3778 2940 376.6
control 2553 355.2 263.1 3106 2449 2869 2404 300.2 250.9 313.2

# See the table 8-6.

2004

2005
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@ Number of leaf

2004 : HAAFY AS SD+MPSHZZF 209702 7bd w@ekew, MPS, P,
controlse 0.2 Bkl HAFE= HAF H)LE ot} PAEl et control A 2]
zkol = YERUA] e gkt

2005 @ FAFE & WA SD+MPSHE A 335702 71 Bgen Ao
W g3t 314700 HlE) —:%ﬂl Uebsth HE® 2% SD+MPS > MPS > control
> P wow Bt HAFE FAFe T 23 dom PAE 9k controlA #
o A4 Aol= YEUA F Ut

ui
O

Table 8-7. Enhancement of numbers of leaf growth for lettuce by seed

treatment with Pseudomonas fluorescens K95009 in different field

Backam Sanoe Hamyang
Nam-myun Average
Treat. -myun -myun —eup

A B A B A B A B A B
P 280 233 279 221 270 198 253 205 271 214
MPS 30 243 292 225 286 219 264 222 286 227
SD+MPS 305 249 310 237 294 228 288 234 299 237
control 284 238 283 207 261 206 250 204 270 214
P 256 232 2716 231 263 21.0 254 197 262 218
MPS 282 235 29 246 272 232 278 218 281 233
SD+MPS 315 262 335 271 296 259 308 254 314 26.2
control  26.2 227 274 228 265 208 269 206 268 21.7

# See the table 8-6.

2004

2005

@ Fresh weight

2004 : AAFo WA FTL SD+MPS Aol x99 Hit 3665g% control ]
2] 311.7g¥} wlulske] ©of 54.8g Z7tet T ¢ EY #FE sHA &S MPSH
2% controld] H|&d| 259ge] F7stH Y. A#¥E 2= SD+MPS > MPS > P >
control 0. & &th;lr A== Jarz=ol X8l Z71A4 sk SASHS

2005 : AAF AS A9 HT SD+MPSH &7 7HE =9kew control
goll Hl3] 65.2g°] *ﬁxﬂ%‘ 2ol 74 vEbS T A4 S5 SD+MPS A 87 7
%o controlol Ha 46.4ge] AfeolE yEtHlth AeEEe A4F A4F B
SD+MPS > MPS > control > P2 =o} 2004d FA} A9} vlus] B
A2 ¢} control A E7tell= d3d ABRE IS F AT

ol Ll )
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Table 8-8. Enhancement of fresh weight(g) growth for lettuce by seed

treatment with Pseudomonas fluorescens K95009 in different field

Backam Sanoe Hamyang
Nam-myun Average
Treat. -myun -myun —eup

A B A B A B A B A B
P 3006 3157 3205 3334 3225 3078 306.7 3221 3126 319.8
MPS 3246 3501 3546 353.0 346.7 3495 3243 3448 3376 3494
SD+MPS 3445 3498 3920 3779 3956 3552 3337 3496 3665 3581
control 3025 3134 3158 3261 3232 3108 3052 311.7 311.7 3155
P 2798 3044 308.6 323.8 303.0 309.7 300.7 3058 2981 311.0
MPS 3089 3443 3618 3365 3228 3246 3339 3297 3319 3338
SD+MPS 3342 3628 3884 3695 3758 3552 362.7 3468 3652 3586
control 2865 3005 3124 3256 3035 3128 2976 309.8 3000 312.2

# See the table 8-6.

2004

2005

® T/R

2004 : H4F= SDHMPS A2l7F 752 7F Eof thE A2l Hla] = gF-e
Aol Ao A&l vl =dHES & 5 AUTE MPSAHE A 722 74
srol Aspe] Aol 7 FA vErWoh A T/RES MPS > SD+MPS
> P, control 2.2 Yk}

e Ayl T/RELS MPS > P > SD+MPS, control =02 gkon o]
= ATt dols At
3, AdFo T/REL 106-109 AX et ol A3 vla A457F |
F3hs Jepe F3 54 7IdeE Aoz A,

2005 : AAF+= MPS=control > P > SD+MPS <02 ygton HAFi+=
MPS> P > control > SD+MPS =902 YA Yebskt}

A& pellet T2 HEE T8 AH27] AFHH 2SS AP A9 27,
A, WA, AAFLE SDMPS9 MPSA 27} control # @] o] H]3
stlom F7F & AN wet o]z AATh HEle] A MPSAH
7v 7b o rule] wheke] b mapH <l zowm AzbErTh 200493 20059
AES E3 nAE pelleting EAY F7H2E 5SS AASIE o MPSH
o w2 AAE=ZS SD+MPSHHR Bt Fe B Z&FH A=

pelleting A} &go0] 7158 oz AztE,
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Table 8-9. Enhancement of T/R(%) growth for lettuce by seed treatment

with Pseudomonas fluorescens K95009 in different field

Backam Sanoe Hamyang
Nam-myun Average
Treat. -myun -myun —eup

A B A B A B A B A B
P Y7101 75 116 69 105 75 104 74 107
MPS 76 102 73 115 66 101 74 105 72 106
SD+MPS 76 1056 75 118 74 106 74 108 75 109
control 76 103 74 118 69 107 76 108 74 109
P 69 93 75 109 75 109 73 105 73 104
MPS 68 97 72 103 75 107 72 99 72 102
SD+MPS 72 102 74 109 78 110 73 103 74 10.6
control 73 106 74 105 73 108 72 10 73 105

# See the table 8-6.

2004

2005

2}) ¥t A9 field FER &3 7

D Plant height

o|\

Fow 24 Agel wath 89 W AN 249 Afe] thE Ao
ula] vord e 2wz Basie] 7] Wl f3o] dwel JA@ Aow
7}

gl =4S SD+MPS > MPS > control > P £o2 =
ol x|
=
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Table 8-10. Enhancement of plant height growth by onion seed pelleting with

Pseudomonas fluorescens K95009 in different field

Backam Sanoe-my Hamyang

Treat. Nam—-myun Average
-myun un —eup

P 52.6 46.5 52.8 56.3 52.1
MPS 59.5 53.4 61.8 63.5 59.6
2004/ spivps 67 57.2 63.5 69.4 64.3
control 49.1 43.2 49.8 52.5 48.7
P 48.3 53.6 48.5 49.8 50.1
2005 MPS 53.8 55.8 52.8 59.3 55.4
SD+ MPS 62.5 60.8 59.2 63.5 61.5
control 50.1 52.0 49.6 54.5 51.6

# See the table 8-6.

@ Diameter of bulb

20043 A A G 27HLe SD+MPS > MPS > P, control 2.2 Zlo,
g-oF SD+MPS A2 82cme2 A9 FAF 7.6cmEY 0.6cm © Hut
2006 A9 A3 SD+MPS > MPS > P > control 2.2 Z o 2004 23

FArEHE

Table 8-11. Enhancement of diameter of bulb growth by onion seed pelleting

with Pseudomonas fluorescens K95009 in different field

Backam Sanoe Hamyang

Treat. Nam-myun Average
-myun -myun -eup

P 6.5 6.8 6.4 7.1 6.7
MPS 7.1 7.0 7.0 7.3 71
2004 spanps 75 73 75 8.2 76
control 6.7 6.5 6.5 7.0 6.7
P 6.0 6.0 6.0 6.2 6.1
92005 MPS 6.3 6.5 6.2 6.6 6.4
SD+MPS 6.5 6.8 6.5 6.9 6.7
control 5.9 6.1 5.9 6.2 6.0

# See the table 8-6.
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@ Fresh weight of bulb

20043 E7 A3 Ay SD+MPSH 27} 1386go2 7H4 :=9kow controlA €
1233gH.t} 153g =7Fkith Ag¥ 2 SD+MPS > MPS > P > control =
o= Fow, AAHIEE T4 TS5 A THE FAAFT AFo] FouTh

2005 =7 A% A= 20049 A3 fFAeA T

Table 8-12. Enhancement of fresh weight(g) of bulb growth by onion seed
pelleting with Pseudomonas fluorescens K95009 in different field

Backam Sanoe-myu Hamyang

Treat. Nam-myun Average
-myun n —eup

P 120.9 125.8 120.4 1285 124.0
MPS 130.7 129.5 125.6 134.8 130.2
204 spimps 1352 132.1 139.3 1479 1386
control 122.5 123.2 120.7 126.7 123.3
P 119.8 118.0 1185 120.4 119.2
2005 MPS 122.6 119.8 123.0 125.6 122.8
SD+MPS 135.0 130.3 131.3 138.1 133.7
control 120.3 116.2 119.6 1185 118.7

# See the table 8-6.
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Fig. 8-6. Growth of lettuce seedling before trans planting at green house.

Fig. 8-7. Growth of onion as 40 days after trans planting at Hamyang field.
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Fig. 8-8. Growth of lettuce as days after trans planting at green house.
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Fig. 8-9. Growth of onion at 90 days after planting.
A: Control B: SD+MPS C: MPS
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U A Ee FA14 &S 2AgE A3 Table 8-133 2t}
A
[e]

peo} F3h MAE AATAE A A 1209 A A AR Beo] 1
W= fAE gt

Table 8-13. Viability of seed pelleting antagonistic microorganisms

Antagonistic Colony formation
microorganisms 15% 30 60 120 240
Lettuce +++ +++ +++ +++ ++
Onion +++ +++ +++ +++ +++

* Days after seed pelleting with antagonistic microorganisms.
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20043 : %3= Bacillus sp. BIG21003 Z &S %43t Fx}o| pelleting 3},
BT 9 Agqto] HIlE X &S Auk pellleting Y3 S HYAT HEA

A2 L7170 e 2EREY oAAEES 200493 20050 A theFdk A
o TAAHES 8 A3 A% £ TAGAE control A 7F 82.9% 9]
olH &S yetwlon, SD+MPS A2 17 31.9%, MPSH 2] 7} 42.7% % control®l

Table 8-14. Suppressive effect of biocontrol treatment, Bacillus sp. BIG21003

on the damping-off of onion caused by Rhizoctonia solani at Yongin backam

myun
No. of infected Rate of
Treat. No. of plant
plant Infected plant (%)
P 386 308 79.7(96.1)
MPS 384 164 42.7(51.5)
2004
SD+MPS 382 122 31.9(38.4)
control 384 320 82.9(100)
P 369 325 88.0(101.6)
2005 MPS 365 158 43.2(49.9)
SD+MPS 365 32 22.5(26.0)
control 367 319 86.6(100)

* See the table 8-6.

@ A= 39

A7NE 4E AAH EFAA 2004d%0E controld] EEEH o)LL
89.8% = P AT wEstdt. MPSAHEE e SD+MPSAHE = 7217 26.4%,
20.3% % controlol] W& W& o] &S LiERWTH

20069 % A A= PAHE e ol &o| controld HE] Etow ThE A
T 2004 Aol frAkgE A gkol ik

ol
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Table 8-15. Suppressive effect of biocontrol treatment, Bacillus sp. BIG21003

on the damping-off of onion caused by Rhizoctonia solani at Yangpyung

jijemyun

No. of infected Rate of
Treat. No. of plant
plant Infected plant (%)

P 372 328 88.2(98.2)
MPS 378 100 26.4(29.4)

2004
SD+MPS 374 76 20.3(22.6)
control 374 336 89.8(100)
P 380 317 83.4(100.8)
2005 MPS 365 35 23.3(28.2)
SD+MPS 369 63 17.1(20.7)
control 370 306 82.7(100)

* See the table 8-6.

Table 8-16. Suppressive effect of biocontrol treatment, Bacillus sp. BIG21003

on the damping-off of onion caused by Rhizoctonia solani at Jeongeup

sanoemyun
No. of infected Rate of
Treat. No. of plant
plant Infected plant (%)
P 380 320 84.2(101.8)
MPS 386 154 39.9(48.2)
2004
SD+MPS 378 &4 22.2(26.8)
control 382 316 82.7(100)
P 376 298 79.3(101.9)
2005 MPS 369 127 34.5(44.3)
SD+MPS 368 57 15.5(19.9)
control 370 316 77.8(100)

* See the table 8-6.
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©® A& A+

2004 %= control®] oW &o] 827%E 7FH wkon SD+MPSHE ¢ A o
@7kl REEY oW &S o 20%% H|E At MPSH = 39.9% % W3

el Sl e g
20059 = control®] o]

W& 77.8%Z 200430 s RaEr dho] yrgkon,
SD+MPS A& +9 4% 1

5% w-§- &Aoot

@ BHE HAd

2004 AE A EH EF9] control®] oW &L T4T7%E S oW &S U
Wom, SD+MPSH e -¢] o]y &o] A wF Ao o EHTE WAl YER
th 3| P AE s 764%2 controlol] HlE] 9F7t & oW &S EWTH
2005 d ol & controlol A 90.4% 2 =2 ol &S UEH 20043 HlE gl A
o wzsy ol st A o &2 Ao > SD+MPS > MPS >
P > control =22 yvrtth

fiu)

Table 8-17. Suppressive effect of biocontrol treatment, Bacillus sp. BIG21003

on the damping-off of onion caused by Rhizoctonia solani at Kimcheon

nammyun
No. of infected Rate of
Treat. No. of plant
plant Infected plant (%)
P 382 292 76.4(102.3)
MPS 388 32 21.1(28.2)
2004
SD+MPS 380 50 13.2(17.7)
control 372 278 74.7(100)
P 373 300 80.5(89.0)
2005 MPS 366 172 46.9(51.9)
SD+MPS 378 112 29.6(32.7)
control 369 333 90.4(100)

* See the table 8-6.

® A &
20044 control®] EEAEZH oW &L 772%A o™ P Ay TE 81.3% = PA Y
7} =4 dEbstth Hed oW ES Ao > SD+MPS > MPS > control > P

SO 7yt
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20059 control®] R EEW oW &S 858%= 2004l wE] Eokow, Hed
o] &2 SD+MPS > MPS > P > control £ 2 Ykt

Table 8-18. Suppressive effect of biocontrol treatment, Bacillus sp. BIG21003

on the damping-off of onion caused by Rhizoctonia solani at Hamyang

hamyangeup
No. of infected Rate of
Treat. No. of plant
plant Infected plant (%)

P 380 309 81.3(105.3)
MPS 382 138 36.1(46.8)

2004
SD+MPS 380 80 21.0(27.2)
control 386 298 77.2(100)
P 379 318 83.9(97.8)
2005 MPS 362 147 40.7(47.4)
SD+MPS 365 82 22.6(26.3)
control 368 298 85.8(100)

¥ See the table 8-6.

A gyt 2AsY olyeS 7 Aol wet W] & A3} v A= pelleting
TAA e o] 45 355%9 ol&S YEHWlew, SD+MPSAH S Sdte] olH&

) A& pelleting £49] R WHow Eg@F
& 5

y %
How Ag & 5 UL Aow 44w

Table 8-19. Suppressive effect of biocontrol treatment, Bacillus sp. BIG21003

on the damping-off of onion caused by Rhizoctonia solani at total area

Treat. Rate of Infected plant (%)
P 82.5(99.3)
MPS 35.5(42.7)
SD+MPS 21.6(25.9)
Jiopan 17.1(20.7)
control 83.1(100)
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Fig. 8-10. Comparision of damping off on onion seedling
L : Healthy seedling R : Damping off
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04, 4357 B4 A ¥4 L 4r 79

1. 3FF7 EFg 22 L AE 793
7b Alg 2 O
1) FATF

2 A AEY RS FXe FHe=  AdE Pseudomonas
fluorescens K95009+ King’ B brotholl Al shaking incubatorZ ©]-&3}o], 72417+
E<k 30CoAA 160rpme X2 vl%sle], 3500rpme] =2 20837 94
slo] ANl 2)3 pellet(10g) 0.8 FE3lo] quAdAS APs T B A3

A skt

i) HE
o

2) 717] % Ao}

2 AFA EAEY 2 AFA =4 AFE-3 rotary vacuum evaporatort
EYELAjtS] N-N series& AFE33 Y. Mass= El-mass® Autospec. 365
series(Micromass, Euroscience, Manchester. UK.)S A}F&3}o] negative mode®
=330 31, GC-MSE 8000 top series(CE instrument, USA)S A}&3}31 oM,
Column<g DB-5MS(30mx 0.32mmx 0.25um)Z ©] 3921, columne%+ 80T
oA 2min FAAZ] & 15C/minl & $-=3te] 250Co A 2min Ao 2 FA
stk Injector &%= 200C A2, Carrier gast= He(l5ml/min)< A3+
t}. 1H-NMR % 13C-NMR spectra® Varian Gemini 200 spectrometer® Ah-&
alo] =439 91 chemical shiftE & unit® eI

TLC #AN&w] 2 7]ef AlFe dF B 555 AME3F% i, TLC plate= Merck
iite] Precoated Kieselgel 60 FII254s(layer thickness 0.25mm, 20x20cm, Merck
Art, 5715), RP-8 F254sE& A}&3F%1 2™, Column chromatography? < dA&
Amberlite XAD-2 resin 2 silicagel 77345 A}&3le] £33 o™, NMR 4
€ DMSO-d6 (0.05% v/v TMS)+ Sigmaiit #1&S FU3FA AFE-3FA U

3) wiA e} As o} 7He] HPLC 4

control® P AES %R Z-& KB broth®t Pseudomonas fluorescens Wl %
R AeAs ARES vustr|flste] 77l §&F9dS  rotary  vacuum
evaporator® $3 & 10,000ppme 2 ZA3 3 0ODS(3.9 300mm-Bondapack
18)columns  AH&3te] MeOH 30%°lAF-El 90%7F HES  “1etdo] Al A
HPLC® A8tk f%2 0.8n¢/min $12™, UV 265nmell A &3kt
rotary vacuum evaporator= EYELAA}FS] N-N seriesE AFE-3}1$ tH(Table 2).
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Table 9-1. HPLC analysis condition

Requester Condition
Instrument varian
wave 265nm
Column ODS-18
Mobile phase MeOH: H20=10: 9
Flow rate 0.8m¢/min

M

4) = 4 +9

7}) Pellet®} suspension®] F=
Pellet> -178°Ce] HAHLLE ol % %75474 fAPEE o] g3te] A vt

A3 = MeOHS Pellete] F H] A= 2

rulo
>
>
_O|L
K
N
N
O
2
off
4

acetate®, BuOH=, aqueous= o & U590 £ Q(Fractlo = A , A =

sto] o] &3ttt

W) A e x4 Sn 24

Pseudomonas fluorescens k95009F& &2 &u EdE=z AIAHS A5

Zb Fig. 9-1¢F o] &uje] F4xtolE o] &3t o] &ufoA EI&5S A

o} K95009 Hi S A4lie gt A5 A7 Ethyl acetates =2 Zufjr]o] ¥
o103
= A

T, 23l & e F F F Fo] 9A3] EEHW Ethyl acetates <
o 2L aqueous layere] Butanol 1/2& ¥ %
aqueouss ¥ BuOHZ < 23t 9 s 747+ 3

6=

o

) B8 Ed wolg A

Pseudomonas fluorescens K95009 I %3}

o o

Ethyl acetate layer, BuOH layer, Aqueous layer <
dH20E ©]-&3l 100, 500, 1,000, 10,000, 15,000, 20,000 ppm &E= ZA K& Tt
Stk 7 s Wolgs dolr79s] 12 well plate o =2 1084 4,
Z2A NS 500E B Fokg s FAMeRI el S Pellet: MeOHS %o
F=3 ¥ w5% AS 7FA L 10,000ppm o2 F A skl glstith. wobse 1
o @R FAEG oM, F JlgeE 307S weold JigE Eelekdal, Al
SRl dolg AT
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iz o] i F2 oA 59
AAs7] skl Sz 2¥E AAg ¥ 3 HA GAIE Amberlite XAD-
resin 400g& A3 F o] Z=HF glass open columne MeOHZ &4 3471
% H20& washingdte] &= t} of

< column®| JdH-o K950092] A5 NS F3s
53 aqueous layer 200mls B2 %, 50% TH T 50% MeOHS &33)
S£EA7 FH, 5L A7 Zgtaad 50mH EElsle] we 3 HPLCE
Atk B3 4zt £5ES =3 F 10,000ppmeE FA| ko]
silicagel plateZ ©]-&3Fo] BuOH : EtOH : H20=4:3:2¢] &1} %7 3leA TLC
plateZ2 A3z TLC plate® chamberZ% 8 7AW Z# T UV lamp(33
254nm, 360nm)S FA}ste] 339 spote] Rf value= 0.4~0.8 oA EA 3=
2] gelstdnt olek e Ad 4L Fig. 9-1o =gt om, ¥ed 33
<2 1H-NMR, 13C-NMR, Mass ¢ 7]7124& Fste] 2 x5 WY
(Markiewity et al, 1965, Du et al, 1984; Yamauchi et al, 1982; Elsohly et al,
1982).

e 2 2

Freudomonax fluerescence K95009 suspension J0L

Centrafuganen{é0lrpm, Hmm)

Suspension{25L)

| | Ewaporaticn

BuOH layer Agqueons layer(430mL)

Separated by amberhie ZAT-2 resm
Cipen coliann chremalography

b OH HyO=1.1

Fr. P 9 (8.09g)

Preparative TLC

BoOH: ErOH-H2 0= 3.2
Separated by Silicagel{TT3H)
Open colamn chramatography

Fr. Pf 1 (44mg)

Fig. 9-1. Schematic isolation procedure of active compound from

Pseudomonas fluorescens K95009.
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71 A ZFste] 740l WolE Huli o Ethyl acetate o2 ZA|3%H 7*—.‘94 L
= water® Add AFHU Lolgo] I ASR YEIWT L =5
o Tt S/HESE Polst A9 JlgE AoAXe AE & F
9-

3)

Lerctuca sativa L. Allturn ceper
I.'-.'II:LI Il.l II.III.I I!q.[ll! JI:l.'Il:I

BuOH Layer

EtQA¢ Layer

Aqueons Laver

Fig. 9-2. Lettuce and onion treated with different fractions extracted from

Pseudomonas fluorescens K95009 culture suspension.

BuOH layerdl A= =& A2 49 Top&ol 7H¢ Fskom 10,000ppme]
=2 Agsade 497t 15000, 20,000ppme-& A2 d H¢-wrd wolgo] 24
Am A= FEQko), 36AIEE 4U7hA = 15000ppme] Wolgo] o F2 A

2 F9F + Atk Al W 5l 15000ppmi T 10,000ppmel A F A
o Wobgol o & A% FAF & UATHTig. 9-4).
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Fig. 9-3. Growth of lettuce treated with ethyl acetate layer of
Pseudomonas fluorescens K95009 culture suspension.
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Fig. 9-4. Growth of lettuce treated with BuOH layer of Pseudomonas
fluorescens K95009 culture suspension.

Aqueous layerd A= tF-2 Wolgo] Y5 sA A=, FEEY =
7F A& A 45 dopgo] A yERgon, vt 49 Fo = 20,000ppmeS A 2l g
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A} BS A3 g Lol T NS ELEA
o A= 20,000ppm o= A 2 5t

5} ,
74 Foli= 15000ppmol Al FAke] Wrolgo] 7} EA Yeth wl Y 8Y o F
2 BE A S BF wold AL s 4 JAtk(Fig. 9-5)
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Fig. 9-5. Growth of lettuce treated with aqueous layer of Pseudomonas
fluorescens K95009 culture suspension.
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Fig. 9-6. Lettuce of lettuce treated with pellet extracts of Pseudomonas
fluorescens K95009 culture suspension.
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Mls) E&ol 50% Al AUA e Ao welth AF el A W 7
Qo wolg s B A9 FEBol FbE FAuT B& Aeld 49 wold
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BuOH ZFoll A9 wol&& v 7|5 Y ALEH 0w EHth Axg wol &
o vad ) gt FAY Tolgo] Axd A

ZoHE =9 20,000ppmez A3 A$HT)

G ool TP Jodk Ao m e tH(Fig. 9-8).
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Fig. 9-7. Growth of onion treated with ethyl acetate layer of Pseudomonas

fluorescens K95009 culture suspension.
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Fig. 9-8. Growth of onion treated with BuOH layer of Pseudomonas
fluorescens K95009 culture suspension
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ne

Fig. 9-9. Growth of onion treated with aqueous layer of Pseudomonas
fluorescens K95009 culture suspension.

A A =5 AEd Aok A nl=EA

2 o] Ag wld 27190 24hel 15,000ppm= A <]
2 =2 wolsltir) vit 49 o] F 2= EH Y} 10,000ppm

A gk A5 Hopgo] vl FA Ve tH(Fig. 9-9).
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Fig. 9-10. Growth of onion treated with ethyl pellet of Pseudomonas

fluorescens K95009 culture suspension.

Fote] pelletz el FEEE AR WFH ¢ 459} AN TS Ao
@ 4ol o wobgol F& A0E vehgth B AT kel FAL 6
48 WY A woleha, Pelletd Ael@ P REs Fresle st B
& AT Fubo] Wobel wistel WA WA vehdth AF FAUL /F

el

o= HYE AF & A H97F Pellet= A A¢-HUY oF 50%4HE
ofgo] =& Aow eyt o]ZH o] A3 S Ethyl Acetate layery} 433}
BuOH, Pellet =& A|2I3}aL aqueous =9HS 7Hx|a AdS AYP3A Aot
(Fig. 9-10). Y& aqueous oA HH%k g3} oute] Ao ol 574
3 RAos FEFEZHEH A 7HA 9 F Aelstda, ETEA 55 AHd
A AFe A4S 15000ppmol A 4.37cm® 7Hg Aol ZAolzp ZA YERG S
™, 10,000ppm o= A& g A= E‘rf“l %%FJOH H)3te] 347cm= A A e
2GS 3 Aoz yehylth gule 7 ol ¢} mz7FA 2 15000ppm e 2 A g
3 729 544cm=z 7HE 2 *Wémﬂ, S Agg dxzro 10,000ppmel
A& 4.62cm, 20,000ppme =z A g F§ 425cm 21 Aoz ERIHA
(Table 9-2).
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Table 9-2. Lettuce and onion root growth promotion tests with aqueous layer

of Pseudomonas fluorescens K95009

Crop 10,000ppm 15,000ppm  20,000ppm water
Lettuce 3.47 4.37 4.10 4.00
Onion 4.62 5.44 4.25 461

2) WA ok gs A7) 3k Hla

==
o2
ol
ol
i
40,
o>
Sh
AC)
=
o2
ol
2
=

juv)
==
>

N

N
Lo
2

Pseudomonas fluorescens K95009& #
o]d& dolr7] f5ted HPLC #4& AAS A3 Fig. 9-11¢F o] 3.057,

3.990, 52678 MEE EHS g T = YA olF 3990%NAM HAEH
B4 0.8657%, 526750 A&EH AL 6.7493%9 TS H Yo}t 3.057%

7&%% %7“2 26563‘7ﬂ e

Pseudomonas fluorescens K950092 124 2] KB broth oAl 72A17F F<t uj
ol T PAREE A5 AL Ethyl acetate, BUOHZ <= 5 3]
Pellet& MeOH=Z & ﬁB}Oi rotary vacuum evaporator® %<3}
e del A EtOAc TollAl oF 0.36%= 0.1434gS 4= “/r: A
oA+ 1.0569gC. 2 oF 271%9 & 945 4 AJY. 2 96.93

= aqueous =914 37.90g9 FES IS F AU

4/
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Fig. 9-11. HPLC spectrum of culture media and aqueous layer Pseudomonas
fluorescens K95009. A; HPLC spectrum of culture media, B; HPLC spectrum

of aqueous layer.

Table 9-3. HPLC caculation report

Time Area Height Concentration activity(%)¥
2.265 884,629 107,174 26.6555 39
3.057 881,561 104,767 26.563 93
5.267 223,991 20,920 6.7493 36
6.636 38,333 3,308 2.6782 72

t activity: concentration of 10ppm
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4) Amberlite XAD-2 resin column chromatography

Fig. 9-12% Pseudomonas fluorescens® ‘35 w=d3 amberlite XAD-2
resin &2 EIs 9HA de FE=EIF] HPLCE F243F spectrum©] t}.
amberlite XAD-2 resin® = 20709] fractions ¥ EF HPLCEZ A3 2
W b EEetaat s 3.0573% frAbeE 3.041% Al H =27 EAlskE 9 A
fraction?HS Helstdth. Belst Ay} Fig. 9-129 CH# o] YElEth Ax
Pseudomonas fluorescens® aqueous layerZ A&7 10,000ppme & 3] 2] &} o]
injection volume& 3ul®E FA3F spectrume]il, Bi= Fig. 9-12014 AF&#H
10,000ppm®] aqueous layer 3|2 & UelAT. At BE 522 #5993 7}
I sAg Ao AZke] Ao mel EFe] W v AR FAE A
t}. amberlite XAD-2 resin®2 3228k 50m% & 20702] fractions A
om, 1 F fr. P 9¥olA BlE 3.041%elA HEE 2AS EEsr] 98k
A/MEmel BuOH : EtOH : H.O = 4: 3: 29] U&= silicagel plate® chamber
Stol 1 AMA A Fe1d A3 Rf value 04~089A4 EA3E spotES e
T AAH

Amberlite XAD-2 resin®. =

)

=

2 283 20709 fractione 7FA 1 10ppme &

wolg 9 5 Hdolg XA 5o BT

= WF dFd T AT FTke

FHRAdol= 25T = 24 % growth chambero A dFL7E o}

A dE2TEA =5 AYdAES A5 oF 91%9]

wolgS ®Homw, zZH7te] §EES 7HA L WolsS XAk A3 E9Ol A wE

S HAoU, O &EEEAATE dxFd Hlste] Wolgo] Hx

= ET 42mme] Zolo| Hlse] Pr. P

IENANA = 45mm=z R ANFAE T3 £ HAow It 2 Uyt

o A9 Pr. P 9(E9S Pr. P 11(EIDoI ARl txFol] Hste] delgo] 71,

70%= 25 =4 et oy, fFE4dol= A9 Aol7t gle Ao & YErRTh w

Al -2 Fr. No. 9(E9)o &4&4d Aol x3d o= FAHsta AdS
718 3} tH(Table 9-4).

d
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A B C

Fig. 9-12. HPLC spectrum of Fraction No.9 seperated with amberlite XAD-2

resin. A; control aqueous layer, B; aqueous layer used for Fig. 9-12, C;

Fraction No. 9 (arrow: bioactivity was tested)

5) Thin Layer Chromatography

Pseudomonas fluorescens aqueous #+8O=ZHE amberlite XAD-2 resin
column chromatographydl A #&l¥d @4 =4 55 21312 MeOH &w)
AE o] &3te] UV 265nmelA HPLCZ Fig. 9-133 Zo] 2 ¥ peakE BuOH:
EtOH: H.O(4:3:2, v/v/v), &vwlA 2 TLC3% Z¥} Rf value 0.4~0.8 9= spot
S FI8taL silicagel® Alelste] 42 20709 &FE S 1W(Fr. Pf DollA

6) silica gel column chromatography
L8+ A Fr. P(E9)S 7FA 1L silica gel(7734, MERCK, Germany)® open
column chromatographys 33 &wjxzrdo=z 3dto] FAEe 8% i, 50ml
F 209 £EES 48 F AT 2 F Fr. Pf 194 1719] spotS &

_/':
SISIE. o2 HPLCE ol §8l) w413 A3 Fig. 9135 28 spectrum® ol
g g AT o] Fr. Pf 15 &418 A3 27t E8etaa sk Aok

- 180 -



AFSEAl 3.049E A v A5 FAE = AATH(Fig. 9-13).

Table 9-4. Measurement of seed germination rates and seedling root lengths

in tests with culture broth seperated with amberlite XAD-2 resin

Lactuca sativa L. Allium cepa
Fr. Germination Seedling Germination Seedling
rate(%) length(mm) rate(%) length(mm)
El 33 37 64 41
E2 79 40 63 47
E3 80 35 61 49
E4 32 38 65 46
E5 84 4] 69 43
E6 33 40 67 47
E7 90 39 66 44
E8 89 43 69 48
E9 95 45 71 54
E10 90 43 68 51
El1 90 42 70 49
E12 87 39 66 50
E13 85 32 64 47
E14 388 36 68 42
E15 33 38 63 45
E16 80 41 65 49
E17 32 39 69 43
E18 80 33 62 44
E19 33 37 67 46
E20 31 41 64 48
Control 91 42 69 51
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Fig. 9-13. HPLC spectrum of Fr. P 9 and Fr. Pf 1 seperated silicagel(7734).
A: Fr. P9 (E9, Pseudomonas fluorescens fraction separated with
amberlite XAD-2), B: Fr. Pf. 1 (E9 separated with silicagel)

7) Mass % NMR +4

Mass(m/z)Z 23 A3} Fig. 9-14°14 Yeld vle} o] m/z 2569 base
peak® YEIW O $UE ARE ol&sto] 3ubRoR a3k A 256 base
peak®t 293base peakE YEIWLE o]E AEXMS 3] vyA] GC-MSE
spectrum< &<lsle] NIST library A4S AAIg Ay 72082 &2l Fo]x
A e EAY 9108dA  FddH EFHS  CHxOuE EAFH 2789
1,2-Benzenedicarboxylic acid, Butyl Z2-methylpropyl ester, pthalic acid, butyl
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isobutyl& 2l ¥ A th(Fig. 9-15). Z#} o]= GC-MS columndlA €&9 =4
A Aoz didEe] k. E3d d-DMSO |vWiAE Ab&ste] 1H-NMR¥
13C-NMRE 213 A3} Fig. 9-16914 9 o] &A= A} 12} NMReA
ol o]zl spectrum® A¥E B AR o] FolW AR FAE A} Mass
o /] elxlo]R 1 2-Benzenedicarboxylic acid, Butyl 2-methylpropyl ester,
pthalic acid, butyl isobutyl®] T+F & wiAlgo] E3¥ Z2d 2 NMRE 423
o} Mass®| &A1 A#7F dA|5HA] ol dad AFANE A& T ATk ol
Fig. 9-12¢14 yEhd uie} o] S3o] Wstg Zo = o]Fofzl o7 mFo

AA4E 5 93, 49e AU A9z7le] q4sdd S4TA F44
24w WA 1 FEs MEE Aom AHCAM, St oy
d A3E 9e 5 Atk webA o Bl gelds FhHe Aol B
2% Aow Andth

Fig. 9-14. Results of Experiment No.1 of EI-MS spectrum.
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Fig. 9-15. GC-MS spectrum of Fr. Pf 1.
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Fig. 9-16. 1H-NMR and 13C-NMR spectrum of Fr. Pf 1 from
Pseudomonas fluorescens K95009.
* up: 1H-NMR, down: 13C-NMR
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8) crystals o] &3t AFFZ 23

2 AYs AYste A T S & uId S w5 AL 4T A
FetAY 55 st Alololl crystalo] AAEAUC o= v AEoZ o
o] KB Hix 9] A2l KoHPOsSF MgSO, + TH.0S Zol] &A1 7 Lol ~E

S Fdst Atoltt. agoAel ol & AP A TAVF EF 4AE]
Aget=d Hhako], HHXVJ"& %ﬂ? ZZ}Oﬂ" v WolE oAl XA WolE
st et frato]l 2w A
St o) gdolE sl A
2 ZA S, AE ﬂﬂo}ﬂ‘)r Hj Vél‘f: % KoHPO, 9} MgSO4 7H20a =%
3 g9HS 10,000ppmlE, aqueous layerE 10,000ppmo 2 ZAste] HU3
Lo A ol g s Gt

Fig. 9-17914 29 5H, 5 Ad 45 bds] Adatris st #ert o
WolsAL: redl MANE AS HAT + AN B WAE AL A5
ol wols &x YA WolE FueE Juk WA= AL FAFd £ AN
oA B KHPOsSH MgSOss E3a &8 Aea 45+ dnt 43gst
= As Fdeidt 28y aystals AYE B AS F2Y 2AEE} =2
Ak de-no gds] wgrow A wig F SRl A3 FRAIGE
o dle] A7), fRe AAT AETF el HA 3 vas . Fig. 9-182 &
=3} Crystal, WA= g3 Z$Z2 control® &2 A3 A9 vudt 13
olth. M 19 F =3 =339 Totd {2 HolE Bl A 7] M5
@ dolw AgeE AL BAT 5 AW, B9 rystal A2 F A $E vl
A 3} rysta1~ A e 45 w5 ‘%}0}7} %‘f%‘} Aoz Hol [op wMAE A
@ g FAT F 9

Atk FaE ﬂﬂd A4 ol¢k %/\}?ﬂ Ads FAF F AATHFig. 9-19,
20). Table 9-501A & w AFe o] 7kx] 2o =m Wopkds geld 23
S AR S HF 85%9 ”LO}%Q B om aqueous layer +EE& A
3 A9 89%9 Wol&S HIT T crystalS A3 A BRE MH =L
292 Bow wixE A3 Ffoe A Ee 61%2 Lol&S B o
GAIZrol Ak & glgk Ad gk o]ef AN Y-S wE FoRE FH
=3

Fig. 9-21= &3 & Wdad B#ast nAE sFded FAH crystale] B¥S
et 2dolth Zgk2a3 o dAE crystale] B F crystalS 33 dn) A
=]
-

2000 2 &1 crystale] RS A3 A wjA] A& dFolAY T A
ol Ao ®E AZty o] ) welA RI 2429 crystale U &2 Ao 7 e
o, D-glucose®t TLCZ &1t A crystale AT ofd oz &2l
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HAH(Fig. 9-22, 23). 2y wiAdEL AS Eol Al §slEoferst Ak
crystal] A9 Eol A SalEA ¢ S Al o2 GujdME A &
A = AoT nFo] B o crystalS Ao ER|EI} wjA AR 3}t
HhE ToE Axd ® Zo® FAAC wEbA T ERE kR Aot e
U crystalo] FApe] Wole] JeFS mAE Aoz AZLEH AH oF FY
T3 B UEA7F s Aoz oifE o] it

\ Py g ity

E

Fig. 9-17. Lettuce seed germination tests with crystal and various compound
of culture media.
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kL HFO,+MgS50,

Fig. 9-18. Lettuce seed germination tests with H>O, media, crystal, and
KQHPO4+MgSO4.
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Fig. 9-19. Lettuce seed germination tests with water, aqueous layer of culture
broth, media and crystal at various time intervals. (A: 24hrs after treatment,

B: 7 days after treatment).

Table 9-5. Germination of lettuce seeds under various condition

Germination rate(%)

Treatment time

water water layer crystal media
24hrs 85 89 93 61
7 days later 87 90 94 65

Water Water laver Cirystal ]'l.-iediu

Fig. 9-20. Onion seed germination tests with water, aqueous layer of

culture broth, media and crystal.(48hrs after treatment)

- 189 -



culture broth of Pseudomonas fluorscens K95009. (x200)

9) RI &4

e ol vl B 34

fii

Fig. 9-22. RI analysis.

- 190 -



=

Azt HEzTA glucose= TLC plateo] HAMAIZI F &elst g og
glucosed| A= A3 spotS FAF o} crystalS 8§34

o7 YElyttl o] crystale BS EojH o Eo
Atk o] crystal ATt BIFA] Aol A EE

AE 24 T ANV s AgutSer A4 Aor AH .

D-glucose —» . +«— crystal+HCl

giart —s . .

Fig. 9-23. Solution of crystal separated on a silicagel plate.
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E4 pelleting= F4 27] @ FAE FAANP RN 32
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n e ves & o Ail FAE HEEHA *’FE‘%*’FE—?% FAA ols
et 5 oel 7 el Aok ey fEyetel A= o A 7bA] FAbell Z
A3l coating A=Y ¥ oAy FE] €y o]&E F A= &84 pelleting
o] R ek AAolth EI SFHAYO] FaA HA e HToe= 7]
Azt BEE A% T A3, vAFRe] di"sl, T okAl Fa sl o
S F8A Ha = pelleting & S3l 4 FEH AEE FAS = &
Aol FAE AAtsta wdd 27|SEE 7ld & F vk & AFAE 1A

TAold A HA Y %1}0171 ol FFA chE=rF B AFe daEAE
pelleting ¥ el Awz ol gstdor] AW pelleting 71&S Agste] FAE
WA A w0 %L ool BAAE deetm old M R A b
A B2 nAsux g = Zeol @A 2l Al pelleting =AE5 483}
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AEo] Z39 pelleting AP E st A &8 2 14 ¢ ¥&
o Tpo
ar =

AR, 1A P 4TS xﬂm

Table 10-1. Manufacturing of lettuce pelleting seed by raw seed about 1 liter

volumn
CV PV(kg) SV(#) T(r) APSGpm) NRS NPS RS/PS(%) SPS(mm)
Seon-—
10.3 4.3 3 55 380,000 369,000 97.10 2.8
poong
Sen—
] 11 4.6 34 53 400,000 398,500 99.62 2.8
sation
Ru-
10.5 4.3 3.3 55 370,000 364,000 98.37 2.8
bella
Seon-—
10.3 4 3.3 55 360,000 346,000 96.11 2.8
green
Hwa-
8.3 3.6 35 50 340,000 320,000 94.11 2.8
hong
Mean 10.1 4.2 3.3 53.6 370,000 359.500 97.16 2.8

PV: Powder volume, SV: Slurry volume, T: the necessary time, APS:
Average of pan speed, NRS: Number of Raw seed(In put) NPS: Number of
pelleting seed(Out put), RS/PS: (PS+RS)x100 SP S: Sizes of pelleting seed.

>~ 0
q TE

of
rlo

Aol &&Fol] wWE pellet TAY] Ax HAsE Fo mE
Table 10-13} Zt}.

B 18 HE A2 A9 97.1%9 34 F&o] vustoen 208 HE Axd A

96.3%= °oF 1% Ax #ALste 4 o A5 122085 7]5)= pelleting &

Ae FE8EZdo] oF 210kg, HHAEAL 8647 A8 FHUL FAF] S/ &
=

a8 AE of 200 FHE AF BA A 39 3745
of Azge| FAE vla| FHA] uAE FAAL Bk
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Table 5-2. Manufacturing of lettuce pelleting

different liter volumn

seed by raw seed about

Vol. PV(kg) SV(¢) T(hr) APS(pm) NRS NPS RS/PS(%) SPS(mm)
1L 101 43 3 55 380,000 369,000 9710 238
oL 536 213 54 53 1,900,000 1,831,000 96.36 2.8
10L  100.7 409 69 50 3,300,000 3,660,000 9631 238
5L 1622 634 8.3 47 5,700,000 5,480,000 96.14 23
20L 2108 864 89 47 7,600,000 7,299,000 96.03 2.8

2) %9} pelleting A+ A=

Ooj]f’_o

e} hyi e

=]

E5d
ko] fE g YEAe
H AE7E AzEo] oF 981%9 TAFER AFHul oFit
UE2 18/ Alxsted 92E4S 166k,

A E pellet A} A Zo] w2
©+22,0009 4 =0

PN
Hre

2L %

Z o)
EA e

2~ 0 O
TE T

Table 10-33 2t}

8|
[e]

H pellet 2} A ZA] 120,000
=3kt

5427F A8¥H Az

2R AZFE Ht 364170 pellet A 27 35mmE A3 2.8mmXAE T %

o

Table 10-3. Manufacturing of onion pelleting seed by raw seed about 1 liter

volumn

C.V PV(kg) SV(#¢) T(hr) APS(rpm) NRS NPS RS/PS(%) SPS(mm)
Power

ball 17.1 53 35 47 123,000 120,000 9756 35
-ba

Kata-

16.9 54 3.9 45 122,500 121,000 9877 35

maroo

Canon

ball 16.3 5.3 3.6 44 122,000 120,000 98.36 35
-ba

Turbo 165 54 35 44 123,000 120,800 98.21 35

S —

o 16.1 54 3.6 46 121,600 119,000 9786 35
power

Mean 16.6 54 3.6 45 122,420 120,160 98.15 35
sho] Gapel W pellet TR Az HAH el WE FY FEE Table
10-4¢} #tf
9 18HE A2 HF 981%9 ¥4 F&o] ystem 208HE AT A5
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97.8% 2 °F 03% AE 7HA3t= Ago|gs=
9 12(208] 8 71 #)E pelleting & 4§ JEEHo

7} 28

o

Table 10-4. Manufacturing of onion pelleting seed by raw seed about

different liter volumn

vol. PV(kg) SV T(hr) APS(rpm) NRS NPS RS/PS(%) SPS(mm)
1L 166 54 3.6 45 122,420 120,160 98.15 3.6
5L 84.2 28.6 4.2 43 612,100 601,000 98.18 3.5

10L 168.2 50.8 6.0 42 1,214,000 1,188,000 97.85 3.5
15L 253.6 76.3 6.8 42 1,833,600 1,780,000 97.07 3.5
20L 341.5 112.5 8.2 42 2,448,400 2,395,000 97.81 3.5

3. AE HYFA AAF
7}. Pellet F#9} YFA v

Raw seed

Fig. 10-1. Photo of raw seed and pelleting seed.
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L Al A vlo] 278 2= (BioCaps)
Bacillus sp. BIG210033} Pseudomonas fluorescens K950097¢] 7€ w4

pelleting&#+2] RS ¢13 vlo] & = (BioCaps) = Al Al &S EA| 8T}

=

Aol AS 14 1%, 5F 992 v 1§, 58, 10% 9912 ¥4& sk
o] e 142 oF 8000%, Fvkel A% 15FE 250009 ] pelleting & A7}
=018t

Fig. 10-2. Photograph of test products.
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Fig. 10-3. Processing of rooting by pelleting seed.
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N 5% o Al

B AJE Edte] dukz o2 Pseudomonas fluorescens® A vz <&
A KBHIA] Htp A 2o] Zoldl siderophore WH A A Z o] §35}¢]
siderophore A FS Szt & 4 Ao 71¥£9 Pseudomonas fluorescens]
mutantE ©|-&3 WHET AAA olHs HAdis F 4 i ZHHoE PGPR
2 HAAE A AT F SR VAT ®=3F =4
A crystalo] 3k B} AUsE BEAo] @ Eo] g F3
HE FAG A &8l S&E = A priming A2 EH I A Ao
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4. Siderophore £H] "] E HE(UZ)
FERU2 F(Pseudomonas sp.)©] A7 sk Al dl 2 Lo (siderophores) &= 1 Al
o] o] &aAY AE ddd dFS WA F Aok A3E EddAE 53] H
B84 EAE AUEEAE AAste R FREEUYE AF AdEs =9Te
24 S85E F& th

ol GB. #=FY7|EHE(GB. Pant University of Agriculture and
Technology)2] B. N. Johria 1782 AHZXAE A= FEEYU2 AF
GRP3 Alit& AR&3te] XEAF SR vAE AHEXo|7t & T/ sty ®
Wl (mung bean) Vigna radiata L. Wilzecke] & oAl & )
O]EO i%ﬂl‘: R"”Oﬂ Fe-citrate, Fe-EDTA, Fe(OH)3& <8 & %‘43}

459 ? AEe 3’45& %%01 Zo1 5L, GRP3 AlitS A3 AEdA= “%
I

A Fol F7tstdth GRP3 Al A el = Bre]ol A ¥ SA v Al (peroxidase) 2
o] =715t FerelA FAo] 7HAdA)

Fe-citrate® GRP3¢ &7 Add& o A54 a b, T A54 o] =z
Hlalef A Zbzb 34, 48, 39% AAl S7Fekth 22 A EolM HESAvA]l 22
82% F7F ot Wt giehebaA] &4 33% #Agoh we & Hy AeA vt
& Hol AA S+t

AE52 FHFY HJASAIGA A B
9131 Fe-EDTA® Fe(OH)3Z # 2 3k

of AY Anz 2 W Wulo] GRPIZE oW Alite] Bulg AumEels

ol olgHE Aog BUUL APAEE AEHuT, AdLEe] 44 A
AR A o84S AMsE FARE D gdom, N SRS FoAFE
F 92 Ros ATAEE gsta Yot

ZFo@ ASEd Mse Zujet of 1407 Fame xRawA ABe
3owrgel A A Al e s, MY Az ole wAelA et
A ARAe Azel Aol wAcl 84 AEA A7 H

o
AdAlE Fod 4G B 22 2 FF ATN B AE

¥0, &L @ ox
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5) Pseudomonas putida®l Aw €A A5(5Y)

Rockville®] TIGER(the institute for genomic research)®] AT E3 =9
N AT AE Y Ao 9 v ABE Pseudomonas putida®l genom A A7}
et = EH AT o] M= AEe A4S HxeH, AEe A¥ES A8
= & B olyg EGE {74 SAEAY AsddE F&7s4
ol A= vA=E dEA vk Awe & 24 = siSda= Pseudomonas
putida®l Hetal tAl vtk AR ] olafE WA WEF= BlolH,

=
ol WY EY mAEC w3 HAIY FF AYdA e saF dFSs F
F F A%F dFa Y24 A7 i (biomediation) B thE &9 o] &

= SeEiM e mg 2 A Tbsds ok Aolth
Pseudomonas putzda—”— A7 e 22U 7S EYT EoA] ddE =
frowing VB EF] stutoltt. HI7hA] #AEC] ey GYoA FEUE 4T
T Q7] witol FH}sRELS A E-AE A (biopesticides)d] e} A=
A} ks 9% mAE T8 Atel ol &starAt w=ete] ghvh wmE A
A 313 E(aliphatic) T+ W3FA €F3}<4= 2 (hydrocarbon)®} #& ZAo] 73}
714 A=A A5, NAT & 9)\‘—:‘ oAl ts gk A 71ES 7R AL QL]
ol v FH LAl AE $k
Aw M523 Pseudomonas putida% 7A¢ 62WHEF DNA 7|8 o2 o] Fojxl
Gd A AdMAHE 7R derw  Penylalkaoates, ferulate, vanilate 2
S ¥3tel= WA 3E 55 aleohols, aldehydes®t acide.= A3k
A7l tAE 714s 7HA] AL 9/1 = A= HEE A
s Ae dEdE4d A 2d®] AAAY Vi, e AR
o

olg] 744 thd wofoll A &gt soE

e}
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