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Summary

To develop sustainable biocontrol agents against potato common
scab disease, two Streptomycete strains A010321 and A020645, were
selected through paper disc diffusion and streak-inoculation methods
out of 10,000 strains including the 7,000 of actinomycetes isolated from
domestic soil samples. Optimization studies for fermentation and
formulation of pelleted granule type of agents were carried out. In the
case of Streptomyces sp. A010321, galactose, starch and dextrin were
selected as effective carbon sources and soybean meal as a nitrogen
source. Optimal carbon to nitrogen ratio was 30g:30g. On the other
hand, Streptomyces sp. A020645 well utilized galactose, maltose and
soybean meal. Optimal carbon to nitrogen ratio was determined as
30g:30g. Also, it is confirmed by the scale-up test of bL-jar fermenter
and the best agitation condition was 200 and 300rpm, respectively.
Finally selected optimal fermentation condition was applied to pilot
plant using 300L volume of fermenter. Culture broth was lyophilized
and used as ingredient for formulation. Various kinds of carrier such
as clay, perlite, bentonite, etc. were applied to forming pelleted granule
type agent. As a result of release profile of Streptomyces sp. A010321
and formulation particle breakdown rate, talc and bentonite combined
agent was thought as the most effective formulation. Also, bentonite

formulation showed the best stability.
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7F ogeH, FAE AR A fle AAolth(Agrios, 1997). 53] %
guetel = go] Bl el Hdgde] & Aow dexl gAEE
o] 271%to]l 7bed olf ' wWol ZAAHL JdoH, A dAFFS A

wHol A gL AdAelofA o = g A
Aolt}, ol 77 xHel A uwel russet, netted, turtle back,
deep—pitted scab S22 Y} (Loria 5, 1997), (Scholte %, 1985),

(Alchuleta, 1981). #F#} f oS do 7= HAF O ZA Streptomyces

=

scabiei7t 7V FRAFTORE dEA dow, APxPAAARE F A=
Streptomyces acidiscabies 2 erumpent lesionS U 27|+ Streptomyces
turgidiscabies7t M2 T2 Hig vl i (Miyajima &, 1998), 71 &k
Streptomyces europaeiscabiei, Streptomyces stelliscabies al
Streptomyces reticuliscabiei 7% & 2% WAool A Au] B
oA EE e ALe=Z HiEo] A lth(Bouchek-Mechiche &, 2000),
(Takeuchi &, 1996). H<t =ule] Ak Aujx| M= Streptomyces
acidiscabies 2 Streptomyces turgidiscabies?7} Tl o|¥ 3} I slo] x|
F BEyyE Aoew ®a # vk gok(Park 5, 2002).

AEFoke Ad Ao EAs vAdES ol &3 S4sA AER A

24 FA ok e tAlstel Ao ANFES SuAHIA FA &

A T TARE AT ¢ e Weteg By a glon 1At
oo S Streptomyces diastatochromogenes strain PonSSIIol A
23k gAYEAo] Streptomyces scabieis A= B a7k AvH(Liu
5 1995), (Lius 1996), (Menzies, 1959), (Paulsrud, 1996), (Schottel %,
2001), (Weinhold ¢} Bowman, 1968), (Eckwall ¢} Schottel, 1997). =i

o] mAEF o] did A= 2001 AAFH “MAETF TS A%
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Table 1. Formulation ingredients for granular formulation

Ingredient

Function

Example

Surfactant

Diluent

Binder

Disintegrator

Stabilizer

Anticaking
compound

Others

emulsification, dispersion, hydration,

alkylsulfate, fatty acid

penetration, disintegration, lubrication salt, parafin sulfonate

dilution and adsorption of active

ingredient

increase of particle binding

improvement of granule

disintegration and dispersion in

water environment

increase of microbial stability

bentonite, clay,
diatomaceous earth,

talc, agalmatolite,
calcium carbonate, zeolite

starch, dextrin, bentonite,
lignosulfonate

cellulose, dextrin, starch,
maleic acid,
polyvinyl pyrollidone

polyethylene glycol,
polyvinyl alcohol

inhibition of microbial crystallization starch, sodium alginate,

on the surface of granule

decrease of toxicity, improve
formula, imrpove effective activity,

improve fluidity

mannose, galactose
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Aol = paper disc(8mm, Advantec, Toyo Roshi Kaisha,
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o o] stock solution(lml)< RHE ] Bennet's agar Wl #| 257 Wil
Siel wte] = 5 SAHAGE WA Z AT ST S0ulE
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Aoz AP A4 wirgd L a9 oSUAL Atk F 25F

extractE, #HZ AaY FAAHA = glucoses Badoz A Z
250ml Z&t2~=e] 50ml &FH o2 28ToA 5d4%F etujeksle] A=

(PCV) 2 Sy AnE G,

Table 2. Basal medium composition to determine carbon and nitrogen sources

GSS medium (g/L)

Glucose 20g
Soluble starch 10g
Soybean meal 25g
Yeast extract 4g
Beef extract 1g
NaCl 2g
CaCOs 2g
KoHPO4 0.25g
pH 7.2




Table 3. Carbon and nitrogen source candidates to determine optimal media

composition

[monosaccharide]l] glucose, xylose, fructose, galactose,

mannose, arabinose, rhamnose,

[disaccharidel lactose, sucrose, maltose, molasses
[trisaccharide] raffinose
Carbon
[polysaccharidel] starch, cellulose, dextrin, maltodextrin
source
(DE 11), maltodextrin(DE 11-14),
maltodextrin(DE 14-20), maltodextrin
(DE 18-20), inulin, cotton seed flour
[polyalcoholl glycerol, solbitol, mannitol, inositol
yeast extract, beef extract, malt extract, fish meal,
soybean meal, soytone, tryptone, aspargine,
Nitrogen
N-Z amine, pharmamedia, corn steep liquor,
source

ammonium sulfate, ammonium acetate,

ammonium nitrate, NaNOQOs, urea
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Table 4. Carbon to nitrogen ratio and composition(g/L)

C/N Ratio Carbon source Nitrogen source Other element
1:1  10g:10g Glu 7, Starch 3 Soybean 80, Y.ext 1.5, B.ext 05
1:1 20g:20g Glu 14, Starch 6 Soybean 17 , Y.ext 24, B.ext 0.6
1:1  30g:30g Glu 20, Starch 10 Soybean 25, Y.ext 40, B.ext 1.0

2:1 20g:10g Glu 14, Starch 6 Soybean 80, Y.ext 1.5, B.ext 0.5
3:1  30g:10g Glu 20, Starch 10 Soybean 8.0, Y.ext 1.5, B.ext 05
3:2  30g:20g Glu 20, Starch 10 Soybean 17 , Y.ext 2.4, B.ext 0.6
3:3  30g:30g Glu 20, Starch 10 Soybean 25, Y.ext 4.0, B.ext 1.0
3:4  30g:40g  Glu 20, Starch 10 Soybean 33, Yext 55 Bext15 Nacl 2
4:2 40g:20g Glu 27, Starch 13 Soybean 17, Y.ext 2.4, B.ext 0.6 CaCOs 9
4:3  40g:30g Glu 27, Starch 13 Soybean 25, Y.ext 4.0, B.ext 1.0
4:4 40g:40g Glu 27, Starch 13 Soybean 33, Y.ext 55 Bext 15 KHPOs 0.25
4:5 40g:50g Glu 27, Starch 13 Soybean 42, Y.ext 6.4, B.ext 1.6
5:1 30g: 6g Glu 20, Starch 10 Soybean 5.0 , Y.ext 0.8, B.ext 0.2
55 50g:50g Glu 34, Starch 16 Soybean 42, Y.ext 6.4, B.ext 1.6
10:1 30g: 3g Glu 20, Starch 10 Soybean 2.5, Y.ext 04, B.ext 0.1
20:1 30g:1.5g Glu 20, Starch 10 Soybean 1.25, Y.ext 0.2, B.ext 0.05
30:1 30g: 1g Glu 20, Starch 10 Soybean 0.8 , Y.ext 0.15, B.ext 0.05

* Glu, glucose; Y. ext, yeast extract; B. ext, beef extract

10
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Table 5. Phosphate concentration added GSS medium

KoHPO, (g/L)

Basal medium(g/L)

0.125

0.5 fold

20

Glucose

10

Soluble starch

0.25

1 fold

25

Soybean meal

Yeast extract

0.5

2 fold

Beef extract

NaCl

0.75

3 fold

CaCOs3

11



(4) 7IEtd & T BE wFED

7 AddE wFErE b 2 Assta dd=d Aades F

QAH

gt

L G(NaCh % CaCOsl AH %% FAL 9Astol, 4 Y29 FES

s

glsto] mj<ksidth. M Fo ZaE FAFPCV) 2 FHEgHs 7

o7 FGrreton H7F v&2 ol ¢ table 63 #Ztl

Table 6. NaCl, CaCO3 KoHPO, concentration on GSS medium(g/L)

ol
-

i)

Basal composition Other element

Glucose 20 0.5 fold NaCl 1g, CaCOs 1g, KoHPO4 0.125

Soluble starch 10y £14 NaCl 2, CaCOy 2g, KoHPO, 0.25
Soybean meal 25

2 fold NaCl 4g, CaCOs 4g, KoHPO4 0.5
Yeast extract 4

Beef extract 1 3 fold NaCl 6g, CaCOs 6g, KoHPO4 0.75

12



2) Jar fermenterdolA e HH wjgx=7

(1) H MAXAEE o4 Tax 43

Flask 7delA HE e 2443 H]E&S SL-jar fermenter “goll A&
ste] gl A§ JhsofE FA4F s, mEAE AT,

T

FHEA AT B pH| WIS EAbste] 1 W3 Folg Fld)

3R

B A o]§str] f% Add A2 Table 79 UEFH AT

Table 7. Selected optimal media composition for Streptomyces sp. A010321

and Streptomyces sp. A020645(g/L)

Ingredient A010321 A020645
Galactose 10 15
Soluble starch 10 -
Dextrin 10 -
Maltose - 15
Soybean meal 30 28
NaNO3 - 2
NaCl 4 2
CaC0s 4 2
KzHPO,4 0.5 0.25
pH 7.2 7.2

13



o2 d#A Art oo impellere] 3IH £EE
200, 300, 400rpmeo.2 =4 Fo] WaFE 7tEstdoer 5SL-jar
.
|=]

fermenterol| 4] 3L-%} Fom™ lvvmel aeration, 2

8TCollM 5Lzt wiFstH 2z Mo A, =4 4%, pH

o

14



3) Pilot plantdol ¢ & L T4

(1) ¢5=x7

Fekaa % fermenterdol Aol Ayt niEto R dojil HA wjgF=A
S pilot plant’del 2 €3t tHFig. 1). 300L-volume?] & Fo| Al 100L-
Agdg&For 543 28T, lvwme] &7]%Fe] =15 A& o wits
=9 A$  Streptomyces sp. A0103217FF9]  wideolE 200rpm,

Streptomyces sp. A0206457F5=2] H ol = 300rpmS ZH7F 2 83515

Fig. 1. Fermentation in 300L fermenter.
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(2) A

Pilot plant’d(300L-volume fermenter)oll 4 B v S 86T, 48

Azt sAAx ko] 2.2kgol
2. 2% @ #A &

&3t

FAAZ @ A ELS A x5t (Fig.

o] F- 4TCelA Byt AA st Al o]

Fig. 2. Lyophilization through vacuum freeze dryer.
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4. AA S AT

1 AAY =4

Az AA] AR F AASAHAZA HY1910(Sodium poly acrylate
I E 50%) 1.5%, HAA=ZA glycerol 1%, 23A 2 B3] - SxdA| 24
= dextrine 2%, Streptomyces sp. A010321 TAAZx A E4S 2.2%
H &2 A A HA7lel o S22 4+ clay, bentonite, perlite, talc,
zeolite, dialite, pyrophyliteE ©]-&3}th ouAE S T3] A=
Wr=o] SfEHE =Y FEvt e 2EHE B9 E "gAE o o] ®Y
ol A & 2 SFA TFEF &S 28t AR o8 deE Ad A

H

SEATE ZF A Al digk 232 table 89 WEU AT

Table 8. Composition of pelleted granular biocontrol agent(g/kg)

Formulation HY1910 Glycerol Dexirin A010321 DW  Clay Bentonite Perlite Talc  Zeolite Dialite Pyrophylite

A2C2 15 10 20 22 170 763
A2C3 15 10 20 22 203 730

A2B1 15 10 20 22 234 233 466

A2B2 15 10 20 22 200 483 250

A2B3 15 10 20 22 200 250 483

A2P3 15 10 20 22 333 460 140

A2T1 15 10 20 22 203 730

A2T2 15 10 20 22 237 696

A2z1 15 10 20 22 2083 354 376

A2Z2 15 10 20 22 237 333 363

A2D1 15 10 20 22 273 493 167

A2Y1 15 10 20 22 203 730
Az2y2 15 10 20 22 237 696
A2Y3 15 10 20 22 270 663

* A2C2¢ A2 : Streptomyces sp. A010321, C2 : secondary formulation with clay
x C @ clay, B : bentonite, P : perlite, T : talc, Z : zeolite, D : dialite,
Y : pyrophylite

17
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z8 AA 1gg F3dlel Age] Y 10mle] STHFE A3
S AAAZ A AA ] FErl SAHE AEE AAAIER S

stelom AAZE THEHE AEE 10%SG9IE = FASAHH(Fig. 4).

Fig. 4. Breakdown of pellet of granulated biocontrol agents
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Fig. 5. Release profile of the Streptomyces sp. A010321 from

granulated biocontrol agents into water.
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6) A LA

AE AAE 4CAA BASY Ax T 1LoAHE 2/M1L7A F7]
Ho 7 golslrt. FASAHS o] &3] Flstg o, AA AFxIzH
B 15, 257, 37, 109, 270Y, 3/MLE7tA 9] A A S Fo] AATE

SAGoRAM Axd 4 AA] IS HES AT
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. 23 ¢ &

1. 34 ojgF=z=A &4

D) E2agelxe 4 wFza

() #4 gad 2 A4

AutEl A&t Streptomyces  sp. A010321, Streptomyces — sp.
A020645¢ tigh HZA wad 2 Aiad SMEES A 4 A (Fig. 6,
Fig. 7), Streptomyces sp. A010321+9] ¢ Y9IdF=ZE  xylose,
galactose, arabinose, rhamnose®] o]&4¢] £ Zo =2 Ugstow o]
2+ maltose, molassesE, TYHFZT starch, cellulose, dextrin,
maltodextrin, inuling, poly-alcohol®+= glycerol, mannitol, inositol,
cotton seed flour?] o] &4 o] ZT2 glucosel t} Erom HAirgoR
+ soybean meal, soytone, pharmamedia®] ©¢]&84°] tHZG2 yeast
extractel]l H]8] ¥ Aoz yelykt} Starch 9 dextrine] A ZH(PCV :
packed cell volume)®olA x99 A 5% pevel Hl& zZHz 85,
9%9] FAHE B FHFEA HolME Streptomyces scabieiol
747} 15, 16mme] A& AA S YEPRATE Soybean meals Hi¥ o
= A7 A dAEE 6% pevir o ASA A g2 15mm=E e
Streptomyces sp. A020645vr 9] A ©@IdF  FoAAE  xylose,
galactose, mannose, rhamnoseE, °|9#F FolAl lactose, sucrose,

maltose, molassesE 2 ©] &3} 3, A F2 raffinose$t - S ol A

% starch, cellulose, dextrin, maltodextrin, inulin, cotton seed flour®] o]
SAo] F& Aoz yEerwth 3H polyalcoholAlE 9 mannitol#}
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inositols AHA o=z & o] &3t o= Ueyom AAYomAE
malt extract, soybean meal®] o]-&Ao] £ Zo=x I} o] &4

o] FL Zt wBAaYd HE AAYe ddE FHFE AURAAFES AA
Streptomyces sp. A010321 o W3]+ = galactose, soluble starch,
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Fig. 8. Effect of different carbon to nitrogen ratio on

Streptomyces sp. A010321 and Streptomyces A020645.
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Fig. 9. Effect of different phosphate concentration on

Streptomyces sp. A010321 and Streptomyces sp. A020645.
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Fig. 10. Effect of NaCl, CaCOs, KoHPO, concentration on

Streptomyces sp. A010321 and Streptomyces sp. A020645.
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Fig. 11. Growth curve comparison of Streptomyces sp. A010321

in modified media to GSS.
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(A) : Streptomyces sp. A010321, (B) : Streptomyces sp. A020645

Fig. 15. Cell powder of Streptomyces sp. A010321 and

Streptomyces sp. A020645 obtained through lyophilization
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Table 9. Hydrogen ion concentration of formulations

Formulations pH
A2 C2 7.2
A2 C3 7.3
A2 Bl 7.3
A2 B2 7.5
A2 B3 7.7
A2 P3 7.5
A2 T1 8.1
A2 T2 8.1
A2 71 6.1
A2 72 6.2
A2 D1 6.9
A2 Y1 6.9
A2 Y2 6.9
A2 Y3 7.0
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(B) Bentonite formulation
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(C) Perlite formulation
Fig. 16. Particle breakdown rate of the clay, bentonite and perlite

formulations.
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(D) Talc formulation
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Fig. 17. Particle breakdown rate of the talc, zeolite and dialite

formulations.
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(G) Pyrophylite formulation

Fig. 18. Particle breakdown rate of the pyrophylite formulations.
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(C) Perlite formulation
Fig. 19. Release profile of the Streptomyces sp. A010321 from the -clay,

bentonite and perlite formulations into water under static condition.
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Fig. 20. Release profile of the Streptomyces sp. A010321 from the talc, zeolite

and dialite formulations into water under static condition.
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Fig. 21. Release profile of the Streptomyces sp. A010321 from the

pyrophylite formulations into water under static condition.
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Table 10. 50% breakdown rate on various kinds of granular formulations

Formulation BD50 Formulation BD50 Formulation BD50
A2 C2 15min A2 P3 30sec A2 D1 2min
A2 C3 45min A2 71 90min A2 GC1 30min
A2 Bl 40min A2 72 90min A2 GC2 40min
A2 B2 10min A2 Y1 40min A2 GC3 180min
A2 B3 3min A2 Y2 40min A2 GT1 40min
A2 T1 15min A2 Y3 40min A2 GT2 45min
A2 T2 10min

* BDgy © 509 breakdown rate

47



4) A% LA

g F 9= A =79 AA clay, bentonite, & perliteE Awdtste] ol
Azt Az 19 F 10cfu/g 79 #F PEES AN ZE AA7} 157 F
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now A 2F A= clayS o] &3 AA F Y=L 65 x 10'cfu/g
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Fig. 22. Stability of the bentonite, clay, and perlite formulations.
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