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Summary

Since food shortage has become an increasingly serious problem, the prevention
and control of crop diseases in order to reduce the yield loss is also now an important
issue. The biological control is at present one of the best solution for the diseases or
pests control. For decades, there has been more and more scientists devoted themselves
in biological control research. The biopestcide products registered in Taiwan is also
increasing, showing its great potential for future application. On the other hand, many
biocontrol agents that claim to have the ability to prevent plant disease continued to go
to market, and their effectiveness need to be checked or confirmed. Therefore, we
intiate this study on rapid biocontrol testing system. There are many methods for testing
the efficiency of the biocontrol agents, such as the dual culture, glass ring method, and
field trials. However, they have some disadvantages such as not so acurate, need longer
test times and the other shortcomings. Therefore, this study intends to seek proper and
rapid methods to screen the anti-phytopathogen ability of biocontrol agents. In this
study, 12 important phytopathogens has been gathered into the testing system:
Alternaria brassicicola, Botrytis cinerea, Colletotrichum gloeosporioides, Fusarium
oxysporum, Phytophthora nicotianae, Pythium spinosum, Rhizoctonia solani,
Sclerotinia sclerotiorum, Sclerotium rolfsii, Erwinia carotovora subsp. carotovora,
Ralstonia solanacearum, Xanthomonas campestris pv. campestris. A variety of testing
methods has tried. We first tried the Y-plate poison food method and then improve it to
develop the 3-way ring-plate method. We’ve also tried the agar film method, cellophane
method, and two-layer medium method. Among these methods, the 3-way ring-plate
method in combination with the system divides the pathogenic fungi into three groups
and the pathogenic bacteria for another. Therefore, we can screen all the 12 pathogens in

4 plates at a time. This system is a brand new one, and we can get the whole results

iv



within 8 days. The 3-way ring-plate method in combination with the system may
provide a good way to screen the commercial biocontrol agents in the future. In addition,
we also stuty on the culture of Streptomyces sp. YU-01, find out that red beans and rice
bran are better materials for the antibiotic performance of YU-01. The fermentation
products have showed good antibiotic activity to the majority of pathogens in our study,
using 3-way ring-plate method in combination with the system. Finally, we have
actually applied the 3-way ring-plate method in combination with the system to test 4
commercial biocontrol agents, finding that these products have various antibiotic
abilities. Our conclusion is that 3-way ring-plate method in combination with the system

is a reliable method for the rapid biocontrol testing.
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Table 1. The nine pathogenic fungi and three pathogenic bacteria for test in rapid

bioncontrol testing system.

Species Source

Alternaria brassicicola Black spot of crucifers
Botrytis cinerea Grey mold of strawberry
Colletotrichum gloeosporioides Anthracnose of mango

Basal stem rot of Anoectochilus

Fusarium oxysporum
formosanus Hay.

Phytophthora nicotianae Root rot of lavender

Pythium spinosum Root rot of lavender

Rhizoctonia solani Root of lavender

Sclerotinia sclerotiorum Sclerotinia rot of crucifers

Sclerotium rolfsii Root and crown rot of Dendrobium sp.
Erwinia carotovora subsp. carotovora Soft rot of potato

Ralstonia solanacearum Bacterial wilt of tomato

Xanthomonas campestris pv. campestris  Black rot of crucifers

+ s R E RIS B %Y 4N "3t & S (Potato dextrose agar)*t 25°C
THRRE SRR FER R & 3 a3 & A(Nutrient agar)st 25°C s g & o

FAY ST R RAL R RGN .
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(=) safF RiR2 FER
AR 2R FFRT AFHRT AR TET L 2 RfET o P ERES

1 ? Eﬂ L MTg‘LIQ b % 4 ,‘—; Streptomyces Sp YU 01 °

>S\'

FRETGR A A g S R E g R YU-0L AR e BERAR R > obe AR
=>4 % 5 L-- 5 A A& - fi(L-diaminopimelic acid, L-DAP)% glucose » #1235
Lechevalier & « z_ 4 %7 & /& >> Chemotype IC %] - d pt 2|#%rH % Streptomyces /g °

A F & 30CT % - 2 & ISP2( International Streptomyces Project Medium)
ISP3~ISP4 s % A tsavn ¥4 £ 2 235 > H A ISP2 2 ISP3 % A 2 ¥ % 7
SERFER AT 0 F 2 FSR SR AR B ISP4 1 AA2ZE R AR R ks
FARASTRRAHI o X AR EAL LI F o NFERHNSTF RERERR
YU-01> > #RHse 482 BR3P > 725 8P 20 1 50 B > %6 K o

YU-01 5 &= # f|* «ppEsg 7 - cellobiose ~ glucose ~ mannitol ~ fructose ~ xylose ;
¥ ¥ % f% adenine -~ casein ~ hypoxanthine ~ milk coagulation ~ milk peptonization - starch
tyrosine ~ urea % esculin -

Ry r % 0 ¥ 4% 165 IRNA & B A F A 7L 5 % 0 L FHT S,
anadii ~ S. geysiriensis ~ S. carpinensis ~ S. capillispiralis % ¢ » X @ - $f 8 4 1@ 4 it

P2 A RFAE FIRG et B &R L FlUt # 2 5 Streptomyces sp. ©

(=) 42k 7 YU-OL $+4 & & 5 R & 2 #4iRl3#
4 A YU-01 2 PDA TH 32 %7 3 - 2 {8 TUHERIEEFHE 5 - ¢
PDA T4 jeggifss 1 om s - R £ 94 omy R & 3215 35 - f

BEf i lom e fid B R B F(F D)2 Smm FSs s 27y £ ARG

YU- 01 ,—»_ﬁ'}%" )i .Ej'i: f ’ Ef»i%%‘ —j—ﬁ@ U—v\/%—»w N ’E_/?'J ‘%‘%éﬁ?—ﬂ#"“
FIB > Fril Bl 5 p R EE % U-01 7% o 4 2 §EAR -
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PRA KA R EBMERE YU-0L, s 2te B2 4 dpin o 2 58 L8
FABE CBRZPT BB A IR THFEF YUOL g &2 ¥ %2 Hif

4

1=

A HERFE R A B EE 2B YT HEEER
Bl A EA L A2 150 2B 1504050 mL E 4 kR 3 o 5~ 250 mL 47

Fgp oo ¥ oebpel 50 mL 2. ISP4 32 & % (7 i3 Mk 4 10.0g ~ KoHPO,4 1.0g ~ MgSOs, -
7H,0 1.0g ~ NaCl 1.0g ~ (NH,),S0, 2.0g ~ CaCO32.0g * e #i3% 1mL~ 1L %
£k 3§ Pq 14.0g - e E @A %  FeSO, - 7TH,0 0.1g ~ MnCl; - 4H,0 0.1g ~ ZnSO, -
7TH00.1g > 3% 100 mL 45K =) > R g2 fo @ * o

L4l A YU-0L W PDAR AT 32 - 2 (8> PUNEFRETIF > AFER

lﬁﬂymﬂmLi@’Hﬁé&ﬁﬁﬁwh—ﬁﬁiﬁ%ﬁﬁﬁ5%uL’%Eﬁ
ArheE B S 1.6x10° cfu/mL > & AUZ A F4F o B 28 48407 30°C » 120 rpm 2 5%
FEFEA TP FZAALREIFES X o Fp b4 mLERR o &2 4000 rpm
o 15 248 0 £ 213 gE 0.45 um 2. millipore g @ 1532 & Jgik - 3 9cm 2. PDA &
3 IR 5% 1.5 om mat b e T o B P R S p 4o r 100 pl 3 R iR 0 ¢ &

BABAMM L F R ARG FAILS FAF > 2R TR A - X L R R4 E

@)uaﬁfﬁﬁﬂ@ﬁﬁﬁ%%@%ﬁYUMi&ﬁﬂﬁ
FRAKRRHL Y 02 B - F AL EFIRTHEN Y AR
BARR AWBE - FY kRG22 N e AT H AR FRER
Brafs k2 f8 > P~ 1.5 v 50 mL z 4G kiR 3 -+ i5) » 250 mL 4aA5EL P o R0 4o »
EHZE(sfeFEL ER3F T2 7)0.25g ¢ F el ISP4 2 B3 % 50 mL o 4e
L5Q2 A M iem  ivh ¥ - AJLom @Y fE L %4 A s i &
R R e bt 2 e R 348 YU-0L 3 3 R 3 A ek B 5 1.6x10° cfu/ mL
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AEIEA EAF o B3 TR 402 30°C 0 120 rpm 2 £ FIIRITE A 0 T F = R A2E 7

%= % > & poc 4mL %% 2 4000 rpm g 15 & 48 £ 12 0.45 pm 2 millipore

WimD Fi ARk o HISRRES AR o

() r4afk ) YU-OL B pE b8 (7 § ~ P PlRd k L2 i

Fla= Rl A F % 3 A 172 48 ) YU-0L % ¢ﬁ):}]% REFL T Ik &k
B0 YUOL 3 i i 179 6 re e T 5 R RIS B LS e R T T
B VUL 2 iz & 7 % % it it $HL BB B AR 2 8 R i

Bl ERAZPRREEIZER0E A RRR IR RY Z A RIFFIRZE -

o HFH D 8RR 4 L RRERT 2 RE
(-) Bl R &4 AR B2 YR
MRS G T TS AR R BRI FRET TEHT B2
PRABEFEREE > 0 BEEFRASLTAG R IS4 20T o TR 2
TEAFRAAe B FELPEFENEEEFER & L s Wi BO1-BO4
HY B0l kp S@IRERFF L7 - B02 kpigd P ¥ 0 B03 kp F48
AP B4 KA RTEFHEL PG AT > HAph 2 T4 d 20 Hpe @l
R ERR S (R

22 7B PEMZBEE KT -

Table 2. The information of biocontrol agents for test.

Number Manufacturer Active ingredient

. . Lactobacillus, yeasts, Bacillus subtilis
B01  Walker Grow-rite International Co., Ltd.

natto
Fluorescent pseudomonads -
B02  Fwusow Industry Co., Ltd. i
Trichoderma sp.
B03  T168 bio-technique Co., Ltd. Actinomycetes

Lactobacillus, yeasts, actinomycetes,

B04  Sing For Far Co., Ltd . .
photosynthetic bacteria
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0.6 —— Alternaria
04 F —=— Botrytis
% 00 & Colletotrichum
2 Fusarium
% 0 —x— Phytoththora
T oo 40 500X 250X 125X —— Pythium
04 —+— Rhizoctonia
06 | —— Sclerotinia
Sclerotium
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Dilution
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Ji

Figure 1. The inhibitory rates of nine pathogenic fungi by the filtrate of verifying

biopestcide BioBac™, using Y-plate poison food method.
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o
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—_ 02 L
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04
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PR L T

Figure 2. The inhibitory rates of nine pathogenic fungi by the filtrate of verifying

biopestcide Tsz bei shiau, using Y-plate poison food method.
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Figure 3. The inhibitory rates of nine pathogenic fungi by the filtrate of verifying

biopestcide BioAi

dTM

, using Y-plate poison food method.

20



1 Y = N\ + A 03 L &
?1/2‘5\\——/”%""312"@164
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500 ~ O(control) ~ 1000 ~ 2000 ~ 4000 #& -
Figure 4. The suppression of three slow-growing fungi by the filtrate of verifying

biopestcide BioAid™

, using Y-plate poison food method. In each plate, the upper
pathogen is Alternaria sp., the lower-right is Fusarium sp., and the lower-left is
Phytophthora sp. From upper left to lower right, the dilutions are 125x, 250x, 500X,

O(control), 1000x, 2000x, 4000x, respectively.
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PP Em 2 B S AERE T FPORE

ZTRAARERRRFY 2D PIT 22 A RN FRGFE G & B 5 1255250
500 ~ O(control) ~ 1000 ~ 2000 ~ 4000 & -
Figure 4. The suppression of three moderate-growing fungi by the filtrate of verifying

biopestcide BioAid™

, using Y-plate poison food method. In each plate, the upper
pathogen is Botrytis sp., the lower-right is Sclerotnia sp., and the lower-left is
Colletotrichum sp., From upper left to lower right, the dilutions are 125x, 250x, 500X,

O(control), 1000x, 2000x, 4000x, respectively.
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DG A KBHE 2 pEE Y F 52 Bl o

DO BioAid 100X
W BioBac 100X
O Tsz bei shiau 25X

Inhibition zone(cm)

PR FLZARIFIRE  ZRAER S WL BREAE  CETHETER) P
BoR(E X ) -

Figure 6. The inhibition zone of nine pathogenic fungi by three verifying biopestcides
using the rapid biocontrol testing system(3-way ring-plate method). The three

biopestcides are BioAid™ , BioBac™ , and Tsz bei shiau.
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Inhibition zone(cm)
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Figure 7. The inhibition zone of three pathogenic bacteria by three verifying
biopestcides using the rapid biocontrol testing system(3-way ring-plate method). The

three biopestcides are BioAid™, BioBac™ , and Tsz bei shiau.
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23 PP Rk SLZ 4 R TRE R Z BREERE AL AR R D FZ i
R ZREER LGB LH0BERAE - CHETET ) B B(lEE#R) -
Table 3. The inhibition results of nine pathogenic fungi by three verifying biopestcides
using the rapid biocontrol testing system(3-way ring-plate method). The three

biopestcides are BioAid™ , BioBac™ , and Tsz bei shiau.

Pathogens Inhibiotion zone(cm)*
BioAid™ 100X BioBac™ 100X Tsz bei shiau 25X

Alternaria 0.58+0.08""" 0.45+0.02° 0.58+0.02°
Botrytis 0.20+0.05° 0.15+0.07° 0.57+0.24°
Colletotrichum 0.6520.02" 0.4+0.05%® 0.73+0.24°
Fusarium 0.12+0.21° 0.30+0.19" 0.36+0.18°
Phytophthora 1.52+0.28° 0.13+0.03° 0.64+0.07°
Pythium 0.54+0.19° 0 0°
Rhizoctonia 0° o 0°
Sclertinia 0° 0 0.25+0.12°
Sclerotium () 0 0°

P Bl Sk 7 L fEm R FZHREL R ARFRIEAE M EHRER

** i gy b B F A B % (least significant difference)tk <> # < 3 * Apk ¥ £ 7 5 K
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Table 4. The inhibition results of three pathogenic bacteria by three verifying

biopestcides using the rapid biocontrol testing system(3-way ring-plate method). The

three biopestcides are BioAid™, BioBac™ , and Tsz bei shiau.

Pathogens Inhibiotion zone (cm)

BioAid™ 100X BioBac™ 100X Tsz bei shiau 25X
Erwinia 0 0% o
Ralstonia 0 0.63+0.06" 0.77+0.12
Xanthomonas 0 0.77+0.06° 0.87+0.07%

*ik Yy b B ¥ £ B % (least significant difference)te %> #+ 3 * s F 4 75 F 7
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B LB BRFAE () BT (Z2T)ERR(-T) 2 SRR #

ZaRzt P iRER 2T SRRERF v T R R R

Figure 8. The inhibition zone of three slow-growing fungi by three verifying
biopestcides using the rapid biocontrol testing system(3-way ring-plate method). The
three biopestcides are BioAid™ (upper right), BioBac™™(lower left) , and Tsz bei
shiau(lower right). In each plate, the upper pathogen is Alternaria sp., the lower-right is

Fusarium sp., and the lower-left is Phytophthora sp.
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Figure 9. The inhibition zone of three moderate-growing fungi by three verifying
biopestcides using the rapid biocontrol testing system(3-way ring-plate method). The

d™ (upper right), BioBac™(lower left) , and Tsz bei

three biopestcides are BioAl
shiau(lower right). In each plate, the upper pathogen is Botrytis sp., the lower-right is

Sclerotium sp., and the lower-left is Colletotrichum sp.
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Figure 10. The inhibition zone of three fast-growing fungi by three verifying
biopestcides using the rapid biocontrol testing system(3-way ring-plate method). The
three biopestcides are BioAid™ (upper right), BioBac™™(lower left) , and Tsz bei
shiau(lower right). In each plate, the upper pathogen is Rhizoctonia sp., the lower-right

is Pythium sp., and the lower-left is Sclerotinia sp.
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Figure 11. The inhibition zone of three pathogenic bacteria by three verifying
biopestcides using the rapid biocontrol testing system(3-way ring-plate method). The
three biopestcides are BioAid™ (upper right), BioBac™ (lower left) , and Tsz bei
shiau(lower right). In each plate, the upper pathogen is Ralstonia sp., the lower-right is

Erwinia sp., and the lower-left is Xanthomonas sp.
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Figure 12. The inhibition results of four sporulating pathogens, Alternaria sp., Botrytis
sp., Colletotrichum sp., Fusarium sp., by the filtrate of verifying biopestcide BioBac™
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Figure 13. The inhibition results of four sporulating pathogens, Alternaria sp., Botrytis
sp., Colletotrichum sp., and Fusarium sp., by the filtrate of verifying biopestcide

BioAid™.

33



() MABAERIFL S WUH 2 EH P44 £ F

PG R A A Fe ~ PDAC B &+ T phgtsg Mo B R R R Pl
REZF e 2P FHREFER CFTEER) B R )2 2%
Ao RFEHA R R FE R P FIS 0 BRkAck 562 B 14~ B 15 A1 o

AEGE D ASZRBUAT A SDETERT B AL AERE R R f
THORE C ABRE 2 RAPEC APRE Y SREE T EE AL e
HF e g teaFReEke-

A £ 62WIS TR NAY R(EE B EN AL A RET P HLE

WJ\

FREFLFEAZ AL 2 el o

AERBEE L REE L EGTH 2 R S as 2 A NFERAMR

R

R 4
2R %

-

4Rl 16> - a1 A~V F Foot= PRV BRI ERHEE R

Flot Edrdl o ed PR E T2 L pl et LAl B 0 A 2 4

5 ¥
AP 2 R 2 g e HE R A S WR AR T R

34



100 3 3 7 T .
90

=~ 80 —e— Alternaria
g 7 W —=— Botryts
g 60 Colletotrichum
8 50 Fusarium
E 40 r —%— Phytoththora
< 30 —e— Pythium
B 20 —+— Rhizoctonia
10 —— Sclerotinia
0 Sclerotium
4000X 2000X 1000X 500X 250X 125X
Dilution

B 14~ 11" pL3g S R R EH S A TU T B A FEAHL BpR 1 H2 2

% o

e

Figure 14. The inhibitory results of nine pathogenic fungi by the whole fluid of

verifying biopestcide BioBac™ , using cellophane on PDA method.

35



100

~ 80 | —e— Alternaria
i.j 70 | —=— Botrytis
& 60 Colletotrichum
& 50 Fusarium
E 40 |- —x— Phytoththora
S 30 f —e— Pythium
20 —— Rhizoctonia
10 —— Sclerotinia
0 Sclerotium
4000X  2000X 1000X 500X 250X 125X
Dilutiuon

Bl 15~ 1% g3y M2 IR EE Y B (e X HF)7 FIRASA B RE F2 2

gt o

e

Figure 15. The inhibitory results of nine pathogenic fungi by the whole fluid of

verifying biopestcide Tsz bei shiau, using cellophane on PDA method.
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Table 5. The inhibitory results of nine pathogenic fungi by the whole fluid of verifying

biopestcide BioBac™ , using cellophane on PDA method.

Pathogen Inbition rate by BioBac™ (%)
4000X 2000X 1000X 500X 250X 125X

Alternaria 97.5 97.5 97.5 97.5 100 100
Botrytis 100 100 100 100 100 100
Colletotrichum 100 100 100 100 100 100
Fusarium 93.5 81.5 63.7 35.5 17.7 29.0
Phytophthora 65.9 61.7 71.6 75.9 70.2 70.2
Pythium 70.3 73.3 72.3 72.3 71.3 76.2
Rhizoctonia 100 100 100 100 100 100
Sclerotinia 100 100 100 100 100 100
Sclerotium 100 100 100 100 100 100
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Table 6. The inhibitory results of nine pathogenic fungi by the whole fluid of verifying

biopestcide Tsz bei shiau, using cellophane on PDA method.

Pathogen Inbition rate by Tsz bei shiau (%)
4000X 2000X 1000X 500X 250X 125X

Alternaria 99.1 97.4 100 100 100 100
Botrytis 100 100 100 100 100 100
Colletotrichum 100 100 100 100 100 100
Fusarium 93.5 89.5 89.5 82.3 95.2 93.5
Phytophthora 83.6 86.6 86.6 85.1 83.6 86.6
Pythium 97.1 97.1 91.4 92.9 94.3 91.4
Rhizoctonia 95.8 95.8 95.8 95.8 95.8 95.8
Sclerotinia 100 100 100 100 100 100
Sclerotium 100 100 100 100 100 100
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Figure 16. The suppression of Pythium sp. by the whole fluid of verifying biopestcide
BioBac™, using cellophane on PDA method. From upper left to lower right, the

dilutions are 125x, 250x, 500x, O(control), 1000x, 2000x, 4000x, respectively.
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Figure 17. The inhibitory results of nine pathogenic fungi by the whole fluid of

verifying biopestcide BioBac™ , using two-layer medium method.
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Figure 18. The inhibitory results of nine pathogenic fungi by the whole fluid of

verifying biopestcide Tsz bei shiau, using two-layer medium method.
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Table 7. The inhibitory results of nine pathogenic fungi by the whole fluid of verifying

biopestcide BioBac™ , using two-layer medium method.

Pathogen Inhibition rate by BioBac™ (%)
4000X 1000X 250X

Alternaria 79.4 82.4 83.8
Botrytis 85.1 92.9 95.0
Colletotrichum 75.0 80.9 96.4
Fusarium 57.1 44.6 53.7
Phytophthora 28.3 34.8 28.3
Pythium 43.9 50.9 50.9
Rhizoctonia 41.5 35.7 45.0
Sclerotinia 78.0 81.3 88.0
Sclerotium 28.4 37.6 65.1
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Table 8. The inhibitory results of nine pathogenic fungi by the whole fluid of verifying

biopestcide Tsz bei shiau, using two-layer medium method.

Pathogen Inhibition rate by Tsz bei shiau (%)
4000X 1000X 250X

Alternaria 73.5 85.3 86.8
Botrytis 77.3 87.2 92.2
Colletotrichum 58.3 64.3 75.0
Fusarium 52.5 58.2 59.3
Phytophthora 21.7 34.8 34.8
Pythium 15.8 15.8 13.2
Rhizoctonia 28.7 29.8 32.2
Sclerotinia 66.0 68.7 76.7
Sclerotium 3Al 28.4 40.4
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Figure 19. The inhibition results of Rhizoctonia sp. by the whole fluid of verifying
biopestcide BioBac™ , using two-layer medium method. Plates from upper left to lower
right, the dilution is 250x, 1000x, 4000x, and Ox as control. The upper medium on each

plate is an 5.5 cm PDA membrane.
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Table 9. The inhibition zone of nine pathogenic fungi by Streptomyces YU-01 on PDA

medium.

Pathogen Inhibition zone(cm)*
Alternaria 2.57+0.06°"
Botrytis 2.77+0.12"
Fusarium 2.77+0.29"
Colletotrichum 2.40+01
Rhizoctonia 0.73+0.12¢
Phytophthora 3.50+0.17°
Pythium 1.40+0.10f
Sclerotinia 2.90+0°
Sclerotium 2.07+0.06°

SR EL B LR R L HERE RS S BRI S EHE R
FLEse i 7.7cm e
**ix gy b | B F £ B % (least significant difference) i < > # % 3 # 4ak & 4 7 3 ¥
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Figure 20. The inhibition results of nine pathogenic fungi by Streptomyces YU-01 on

PDA medium .
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Figure 21. The dual culture results of nine pathogenic fungi with Streptomyces YU-01
on PDA medium. The pathogen on each plate from upper left to lower right is

Alternaria sp., Botrytis sp., Colletotrichum sp., Fusarium sp., Phytophthora sp.,

Pythium sp., Rhizoctonia sp., Sclerotium sp., Sclerotinia sp.
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Figure 22. The inhibition results of Pythium sp. by the filtrate of Streptomyces
YU-01culture in six natural cereals and ISP4. The six cereals are oat, sorghum, rice bran,

soybean , black soybean, and red bean, respectively. Each culture is sampled after 3, 4,

5, 6, 7 days of shaking cultivation.
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Table 10. The inhibition results of Pythium sp. by the filtrate of Streptomyces

YU-01culture in six natural cereals and ISP4.

Culture Inhibition zone( cm)*
3" day 4" day 5" day 6" day 7" day

Oat 0.13+0.09 0.09+0.08 0.1+0.08 0.18+0.12  0.29+0.08""
Sorghum  0.24+0.07 0.13+0.07 0.19+0.09 0.11+0.06 0.09+0.06°
Rice bran  0.08+0.05 0.13+0.07 0.18+0.04 0.26+0.07 0.29+0.06°
Soybean 0.22+0.04 0.20+0.05 0.13+0.07 0.14+0.16 0.11+0.11°
ISP4 0.10+0.13 0.19+0.33 0.0+0.06 0.01+0.04 o
Black od

0.20+0.09 0.21+0.06 0.21+0.14 0.19+0.08  0.05+0.05
soybean
Red bean  0.29+0.06 0.61+0.06 0.64+0.07 0.73+0.05  0.475+0.05°

FRIrHIEL SR FRFALHERER A - A BRETE L EREBRERE LSS
% 23cm -
**ikgp il B £ & 2 (least significant difference)te & > &=~ F* dp ke H £ 7 5 A
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Figure 23. The inhibition results of Pythium sp. by the filtrate of Streptomyces YU-01
cilture in rice bran, red bean, and oat after 7 days of shaking culture. The plates from
upper left to lower right are rice bran dual for 1 day and 2 days, red bean dual for 1 day

and 2 days, oat dual for 1 day and 2days.
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Figure 22. The inhibition results of Pythium sp. by the filtrate of Streptomyces YU-01

culture in rice bran or red bean, added with ISP4 or Hyponex after shaking cultivation.
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Table 11. The inhibition results of Pythium sp. by the filtrate of Streptomyces YU-01

culture in rice bran or red bean, added with ISP4 or Hyponex after shaking cultivation.

Culture Inhibition zone( cm)*
3" day 4" day 5" day 6" day 7" day

Rice bran 0.18+0.14  0.09+0.08 0.15+0.12  0.23+0.07 0.30+0.07""
ISP4 & rice bran  0.08+0.10  0.10+.08  0.09+0.06  0.03+0.07 0.10+0.05
Hyponex & rice .

0 0.04+0.05 0.04+0.07 0 0
bran
Red bean 0.35+0.05 0.60+0.05 0.61+0.08 0.54+0.05 0.58+0.07°

ISP4 & red bean  0.11+0.08  0.05+0.05 0.22+0.08  0.06+0.07 0.21+0.08°
Hyponex & red

0.15+0.14 0 0.08+0.09 0 0.05+0.05%
bean

FRIrHIEL SR FRFALHERER A - A BRETE L EREBRERE LSS
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Figure 25. The inhibition results of nine pathogenic fungi by the fermentation liquid of
Streptomyces YU-01 cultured in rice bran or red bean for 7 days using the 3-way

ring-plate method.
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Figure 26. The inhibition results of three pathogenic bacteria by the fermentation liquid
of Streptomyces YU-01 cultured in rice bran or red bean for 7 days using the 3-way

ring-plate method.
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Figure 27. The inhibition results of nine pathogenic fungi and three bacteria by the
fermentation liquid of Streptomyces YU-01 cultured in red bean for 7 days using the

3-way ring-plate method. The plates from upper left to lower right are fast-growing

fungi, moderate-growing fungi, slow-growing fungi, and bacteria.
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Figure 28. The inhibition results of nine pathogenic fungi and three bacteria by the
fermentation liquid of Streptomyces YU-01 cultured in rice bran for 7 days using the

3-way ring-plate method. The plates from upper left to lower right are fast-growing

fungi, moderate-growing fungi, slow-growing fungi, and bacteria.
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Figure 29. The inhibition results of nine pathogenic fungi by commercial biocontrol

products BO1, B0O3, and B04, using 3-way ring plate method.
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Figure30. The inhibition results of nine pathogenic fungi by commercial biocontrol

products B02, using 3-way ring plate method.
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Figure 31. The inhibition results of three pathogenic bacteria by commercial biocontrol

products BO1, B0O3, and B04, using 3-way ring plate method.
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Table 12. The inhibition results of nine pathogenic fungi by commercial biocontrol

products BO1, B03, and B04, using 3-way ring plate method.

Pathogen Inhibition zone( cm)*

BO1 10X B02 50X B03 50X B04 50X
Alternaria 1.33+1.33*" 0.40+0" 1.63+0.06° 1.03+0.06°
Botrytis 0° 0.63+0.15° 0.50+0.14° 0°
Colletotrichum  0.40+0° 0.77+0.06b° 0.50+0° 0.83+0.06"
Fusarium 0.47+0.06° 0.83+0.12° 0.87+0.15" 0.50+0.1°
Phytophthora 0.90+0.1° 0.23+0.06° 0.93+0.25" 0.73+0.06°
Pythium 0.23+0.06¢ of 0.43+0.12° 0.07+0.06°
Rhizoctonia 0° of 0 0
Sclerotinia 0.07+0.06° 0.80+0.1° 0.73+0.12° 0°
Sclerotium 0° 1.10+0.17° o 0°
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Figure 32. The inhibition results of nine pathogenic fungi and three pathogenic bacteria
by commercial biocontrol products B01, using 3-way ring plate method. The plates

from upper left to lower right are fast-growing fungi, moderate-growing fungi,

slow-growing fungi, and bacteria.
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Figure 33. The inhibition results of nine pathogenic fungi and three pathogenic bacteria
by commercial biocontrol products B03, using 3-way ring plate method. The plates

from upper left to lower right are fast-growing fungi, moderate-growing fungi,

slow-growing fungi, and bacteria.
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Figure 34. The inhibition results of nine pathogenic fungi and three pathogenic bacteria
by commercial biocontrol products B04, using 3-way ring plate method.. The plates

from upper left to lower right are fast-growing fungi, moderate-growing fungi,

slow-growing fungi, and bacteria.
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