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1. Transposong ©]&3&o] P. fluorescens B169] mutant pools WHEATE ©]
mutant poolell A 7FA] 3 Zhzoll A &3-S Y27+ Ralstonia solanacearum®l| 33t
Zhg-o] glojx WolAl 97] (K1-36, K1-15, K14, K18, K22, K4, K5, K6, K7)9} &+
ZHgol o Zalzl 371 (K2-31, K2, K3)¢] WelA & sttt

2. Agrobacterium¥ Ralstonia AT 733 &2 Bl6z Aol 7z

Hol Al K2-31, &at&dde] glojxl Kl-155 oz 2 74 A& HdA+3 <+

adb

Mol tgk @t spectrume 23Rt Erwinia carotovora, E. chrysanthemi,

E
coli, Paenibacillus polymyxa, P. aeruginosa, P. s. phaseolicolas ol &4 S 1}

o

WX k1 A tumefaciens, R. solanacearum, P. fluorescens, P. putida's o< 7
S e AT
Hol Aol Wol7h dojyt F9e] {FHAE cloningstel A7IMES A48T

3.
K1-15= P. syringae® cysteine synthase B (90% identity, 94% positives), K4 ¢} K7

o

=  Aeropyrum pernix® cystathionine gamma lyase (36% identity, 54% positives),
K5, K6, K182 Thermotoga maritima®l pyruvate formate-lyase activating enzyme
(39% identity, 60% positives), K142 unknown protein, K2-31-> P. aeruginosa®
nitrate/nitrite regulatory protein (36% identity, 59% positive)# Z+Z} FAMAE S B At}

4. P. fluorescens B162] cosmid genomic libraryE %1t}

5. &tArgol glojxl WolA Kbe| Wol7h dojut H-9le] DNA HHS probe®
34 B16 genomic libraryZ4%-E wild type clone®l pB03, pJWB1 =181 Kl-159]
Ho 7l dojyd B9je] DNA AL probeZ a4 pB059 wild type cloneg colony
blotting & 3|4 2k}

6. pB03, pJWB1, pB059] cosmid clones ¥rzt&o] §lojxl WHolx| 9 gkt 28]
Fall 7 WolAlel transformationdlo] &4t 289 WstE 1319t pB032}t pJWBl12
gt AFg-o] glojzl WolAl Ki1-36, K14, K18, K22, K4, K5, K6, K79 &8 3%

il Wol Al Kl1-15% pB05ol o8 dtzhgo] & udrt. et atge] Al ®ol
AE9 FdZ8E 37F4 cosmid cloneo] 93 wild type &+ L2 Fo]EX = Foth

7. R. solanacearum®| 12180 1= P. fluorescens 1855.344°1 pB03, pJWBI,

Wl

pB052] cosmid clones transformationdle] & =zt-&9] W3 E 32ls A =d pJWBI1
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A FHdAE pJWBIAl 25 wjdEoe] s AL st

8. Cosmid clone pJWBl1Z Tn3-gus mutagenesisE A A]&}e] plasmid random
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SUMMARY

The research was aimed to develop the biocontrol agents for seed and root
treatments and their formulations for practical use in farmer’s fields. Through
this research project we tried to select promising bacteria isolates enhancing seed
germination and seed vigor as well as suppressing harmful microorganisms
associated in seeds. The seed treated bacteria was also expect to suppress the soil
borne plant pathogens attacking seeds and young roots of vegetable seeds.
Another important object of this research is to develop the promising biocontrol
agents to control phytophthora blight of pepper and bacterial wilt of tomato by
root treatments. We also aimed to enhance the growth of pepper and tomato by
root treatment of biocontrol agents. Genetical studies including mutant selection
and gene analysis were carried out to enhance the key function of biocontrol
agents related to plant growth promotion and disease suppression. The results
obtained from in vitro experiments were conformed through the experiments
conducted in green houses and farmer’s fields. The results obtained through this

study was summarized as follow.

Section 1. Researches on the selection of the microorganism

for seed treatment and its utilization

1. Selection of microorganism enhancing seed germination

Total 660 bacterial isolates were collected from the onion and welsh onion
roots grown in southern parts of korea. From them, 5 isolates belong to
Paeudomonas, 2isolates belong to Bacillus one isolate of Paenibacillus and
unidentified 3 isolates were selected for seed treatment. Among the selected
isolates, Bacillus sp. B2-13 enhanced the seed germination of tomato, pepper,

spinach, crowdaisy, carrot and water melon greatly and paenibacillus polymyxa
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H210 enhanced rice seed germination pronouncedly.

2. Effect of chemical priming and microbial treatment on the seed

germination

Seed biopriming with B2-13 was more effective to enhance the germination
rate and homogeneous emergence of pepper and tomato seed than chemical seed
priming with PEG8000. Biopriming with B2-13 and H210 also showed better
results in seed germination in terms of germination speed and total rate than Solid
Matrix Priming. The addition of bacterial suspension of B2-13 to SMP treatment
enhanced the efficiency of SMP.

3. Cellular form of Bacillus sp. B2-13 and enhancement of seed

germination

The vegetative cells and endospore form of B2-13 were not greatly different
in the efficiency of enhancement of seed germination but the live cell suspension
and much efficient then dead cell suspension to enhance the germination ability of

pepper seeds.

4. Ssustainability of the biopriming seeds

The pepper seeds bioprimed with B2-13 sustained its seed priming effect until
6 months in room temperature condition. The sustain ability of bioprimed seeds
last longer then chemical priming or SMP treated seeds. The addition of B2-13 to
SMP treatment showed to extend the priming effect of SMP.

5. Control of seed borne fungi by microbial seed treatment

Paenibacillus polymyxa H210 and Serratia plymuthica A21-4 successively
inhibited the microorganisms associated in pepper and onion seeds. However

A21-4 showed adverse effect to seed germination. Bacillus sp. B2-13 did not
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showed strong inhibitory effect to fungal pathogens in nutrient media but B2-13

was successively control the seed borne fungi associated in onion seeds.

6. Control of seedling diseases by microbial seed treatment

The suppression of soil borne diseases by B2-13 and HZ210 were evaluated in
the pot soils that antificially infested with Pythium ultimum and Rhizoctonia
solani H210 controlled pythium and Rhizoctonia effectively when the pepper and
onion seeds were submerged in bacterial suspension of H210. H210 also enhanced
rapid emergence of pepper and onion seeds. while B2-13 was not effective to
control the soil borne pathogens like H210. But it enhanced seed germination and

rapid emergence of onion and pepper seeds.

Section 2. Control of Phytophthora blight of pepper by

microbial treatment

1. Selection of antagonistic organism and its characterization

A promising biocontrol agent, serratia plymuthica A21-4 was selected from
this investigation. A21-4 showed exceptionally strong inhibitory effect only to the
plant pathogens belong to genera pythium and phytophthora. A21-4 readily
colonized root of cucumber, pepper, and tomato. It produce strong chitinolytic
enzyme. A21-4 was identified as S. plymuthica through physiological,

morphological characteristics and full sequencing of 16s rRNA base.

2. Selection of antibiotic negative mutant of A21-4

Cells of A21-4 were mutated using omegon-km Tn mutagenesis to identify
the genes related to antibiotics production. Among the 3000 mutants, we selected
SSM1 showing no antibiotic activity to P. capsici. The mutant SSM1 was not

reduced root colonizing ability.
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3. Antagonistic activities of A21-4 on the Phytophthora capsici in vitro

A21-4 strongly inhibited mycelial growth of P. capsici in PDA medium. The
bacteria also greatly inhibited zoosporangia formation and zoospore liberation.
A21-4 also significantly suppressed the germination of zoosporangia and

cystospores of P. capsici.

4. Population dynamics of A21-4 and P. capsici on the root of

pepper and rhizosphere soil

A21-4 successfully inhibited population density of P. capsici in antificially
infested soil and sustained population density more than 10° cfu/g soil until two
weeks after bacterial inoculation. The inhibitory effect of A21-4 to P. capsici was
more effective in roots of pepper plant. The population density of A21-4 retained
more than IOGCfu/g root when the inoculum concentration of A21-4 was 10° cfu/ml
until one month later. The mutant SSM1 was not successfully inhibited the
population density of P. capsici both in soil and roots. This results might be

attributed loss of antibiotics production of SSMI.

5. Suppression of phytophthora blight of pepper by A21-4

When A21-4 inoculated by soaking the bacterial suspension to roots of
pepper seedings and transplanting to pathogen infested soil, the phytophthora
blight of pepper was completely controlled in pot experiments. Same
experiments carried out in rockwool hydroponic system also showed complete
control. When the A21-4 inoculated pepper seedling were transplanter to vinyl
house soil and antificially infested with zoospore suspension (10%spores/ml) of
P. capsici after one week. The disease incidence of untreated control was
745% while A21-4 treated plot was 12.6% when the final examination was

made at 3 months after transplanting.
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6. Suppression of phytophthora blight of pepper in farmer’s fields

Total 13 farmer’'s field were employed to evaluate the disease control
efficiency of A21-4 throughout the investigation. Most of farmer’s field were not
proper for evaluation of control efficiency of A21-4. Some fields did not showed
any disease symptom until end of season while other fields outbreak too much
disease incidence. A21-4 showed successive disease control in one large scale
vinyl house that had been continuously cultivated pepper plant for many years.
The disease incidence chemical fungicide treated plots was 13.7% while A21-4
treated plots was 2.3% at 50 days after transplanting. Untreated disease control

plots wee not allowed in farmer’'s field trials.

7. Plant growth enhancement by A21-4

A21-4 root treatment revealed significant enhancement of growth in cucumber,
pepper, tomato, chinese cabbage seedlings. A21-4 treated plants contained more
chlorophyll than untreated plots or nutritional solution added plots. Growth
promoting effect of A21-4 was more pronounce in the soil mix contains no
fertilizer. This phenomenon is suggested that A21-4 might helpful to nutrition
uptake of plant or support some nutrients needed for plant growth. The most
proper time for the application of A21-4 was between the cotyledons of pepper,
cucumber, and tomato were fully expanded and just before the primary leaf

emerging.

Section 3. Suppression of bacterial wilt of tomato by

microbial treatment

1. Population changes of antoganistic and pathogenic bacteria in

rockwool hydroponic system

Pseudomonas fluorescens B16 produced antibacterial substance in minimal
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medium condition. This antibiotic substance was effective to FRalstonia
solanacearum, the bacterial wilt pathogen of solanaceous crops. The minimal
condition of media i1s similar to root and rhizosphere condition that grown in
rockwool hydroponic system. B16 readily colonized on the roots of tomato plant
which grown in rockwool block. When the tomato roots were inoculated with
bacterial suspension of B16(10°cell/ml), the population density of B16 on the root
sustained 10’cfu/g root until 60 days after treatment. The bacterial population of
B16 on the tomato root rather increased in the plots that challenged with R.
solanacearum. The population densities of R. solanacearum reduced drastically

due to coexistance with B16 both in the root and rockwool block.

2. Disease suppression by B16 with different methods of application

Drenching the bacterial suspension of B16(10%ell/ml) to rockwool seeding block
at transplanting time was most efficient to control the bacterial wilt of tomato in
rockwool hydroponic system. The disease incidence of B16 seed treatment was 55%,
drenching after transplanting was 34% but drenching seeding block at transplanting

time was 17% while untreated control was 100% disease incidence.

3. Disease suppression by B16 and its mutants

The wild type isolate of B16, Mutant R2-31 enhanced antibacterial activity, and
mutant K1-36 antibiotic negative were examined their disease control efficiency. The
rates of wilted tomato plant in untreated control was more than 75%, K1-36 antibiotics
negative mutant treated plot was 57%, the wilt type of B16 was 10% and antibiosis

enhanced mutant K2-31 was 8%. The control efficiency was better than chemical control.

4, Evaluation of disease suppression by B1l6 in the green house

and open field

In field experiments, B16 treatment was not sufficient to control the bacterial
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wilt of tomato. One time application of Bl6 at transplanting time retarded the
disease out break and suppressed the disease progress but could not protect the
plant from the wilt pathogen in the soil or rockwool block. It needed additional

application of B16 cell suspension for further protection.

Section 4. Research on the genetic characteristics of
microbial agents related to plant growth

promotion and soil borne disease control

Pseudomonas fluorescens B16 is a plant growth-promoting rhizobacterium and
produces an antibacterial compound sensitive to plant root pathogens, such as
Agrobacterium tumefaciens and Ralstonia solanacearum. We identified a gene
cluster consisting of four genes responsible for the antibacterial compound
biosynthesis.  Whole biosynthetic genes were resided in a 4.3 kb Sall-Narl
fragment. When the plasmid clone carrying the fragment were introduced in
another P. fluorescens strain 1855.344 that does not exhibit any antibacterial
activity against A. tumefaciens and K. solanacearum, the transconjugants gained
the antibacterial activity. This indicated that the plasmid clone carries all
essential genes responsible for the production of antibacterial compound. DNA
sequence analysis of the fragment identified four putative open reading frames
(ORFs) from ORF1 through ORF4. Deduced amino acid sequences of ORFI,
ORF2, and ORF4 had similarities to cystathionine gamma lyase, pyruvate
formate-lyase activating enzyme, and transcriptional regulator, respectively. Amino
acid sequences of ORF3 showed no obvious similarities to any other known
proteins in the database. We also demonstrated that the antibacterial activity is

responsible for biological control of bacterial wilt caused by E. solanacearum.
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Table 1. Screening of Bacterial isolates to enhance the germination rate of
cucumber and rice seed that collected from the roots of oninon and welsh onion

grown in souther parts of korea

Collected Sampling Total Isotates No. of Selected
area site for screening Isotates
Busan 18 243 1
Masan 3 39 -
Hamyang 16 273 7
Jinju 1 10 -
Haenam 6 32 1
Jindo 12 63 2
Total 56 660 1
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2) W FALel HA3 R
2 AFLHGAANA BEst FFZoA 1119 dF7F ¥ EA FolE =FA

= 7
o2 Yeteed 2w 879 #FE ude= v e QA AFS stk

2l

A gk 87 wF BF FA P Hlste] dASA B AGS ZAAH oY BEe] F
T Agztel & Aol7b gldth Mg #F Fol A7-10, B1-9, B2-13 o] #e4l
A4S FelshA A= AT-10% Bl1-9% A#E wivit Adrp 24 oA
T dA A FApTersr At FHAAY B2-13S Ak th(Table 2).

Table 2. Some bacterial isolates enhancing rice root growth after seed teratment

that collected from onion and whelsh onion root

Bacterial Genus Root length Total No. of
Isolate (cm) Root
A7-10 Pseudomonas 10517 5.2
B1-9 " 10.50™ 4.7
B2-13 Bacillus 10.35 5.1
B4-11 " 9.40™ 4.1
B6-1 " 9.49™ 5.0
B8-22 Pseudomonas 9.23" 5.2
B10-4 " 9.20™ 4.6
B11-11 " 9.60™ 5.1
Control - 7.40 4.8

Means within each culumns marked with an astrick (#*) were significantly higher
than untreated control

duj A e Fote] Awet B2-137 T APAFE T3t AdrE Pseudomonas
fluorescens B16, Paenibacillus polymyxa H210, E631& ® Fx}o] A wldle] FxF &

ohgs wAME At Aee oo #F wE e woles @A FAA
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Atd 58 27] Wobd 4ol FrelAs vebdth A T 4dAE TAe @
ob&& ob4 20% A =l W= A= HlE] E681, H2105 2 60%°l +5st= o}
& ehn ek

A2 At B2-132 8] F2F dole QlojA = 7]E Awret E681, H210, B16
S e of 93k FE v XE Aoz Yelgth(Fig. 1).
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Fig. 1. Enhancement of germination rate of rice by treatment of selected
bacterial isolates
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3 T500] whskeh Zb Al

v Age FA et dolg 4 GVt GEkon o' #FE BE Fxl] figte
W odFE o AEs dFE FAAE v dsiAE H2107%

A7-109] E7F fHolywta uFolE B2-133% A7-10 183 EvtEE B2-13% B4-119]
HEA oA ddd a3E JeERA @9koy B2-13S kg A &3t

2 ey By olygt A2 FASE Bacilluss Ao s AFa Azt fdd

Ao Berso] B-13 ol §atel AxFAY Wobd FYANBL HHTH(Table 3, 4)

Table 3. Enhancement of germinability of rice, pepper and tomato seeds by

treatment of selected bacterial isolates

Baeterial Germination Rate(%) T50(Days)
Isolates Rice Pepper  Tomato Rice Pepper Tomato
Pseudomanas spp.
A7-10 98.2 100 98.1 35 3.8 3.1
B1-9 85.3 95.0 100 5.1 44 3.0
B8-22 90.5 97.2 95.5 4.1 4.8 2.8
B10-4 90.5 96.0 94.0 4.8 54 2.8
B11-11 94.0 95.0 92.8 3.9 5.2 3.0
B16 92.5 93.3 93.0 4.2 44 2.8
Bacillus spp.
B2-13 85.8 100 100 4.7 3.7 2.4
B4-11 90.5 90.5 100 4.1 5.3 2.4
Paenibacillus spp.
E681 92.3 91.3 99.5 3.8 5.0 3.2
H210 95.0 96.8 96.5 3.3 4.3 2.5
Others
4-10 88.2 90.0 92.5 4.7 55 3.1
88-7-2 735 89.0 93.5 4.8 5.8 3.4
159-9 87.3 885 94.0 4.8 6.2 3.1
Check 72.3 85.5 90.5 52 7.2 35
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Table 4. Effects of bacterial treatment on the germination rates of various
vegetable seed at 60h and 75h after treatment

Germination rate (%)

60h 75h

Bio Che CK Bio Che CK

Tomato 86.0 717 68.3 95.3 94.0 92.3
Spinach 70.0 60.5 29.0 86.3 92.3 50.0
Water melon 39.3 30.0 0.7 100.0 94.7 63.7
Hot pepper 69.0 30.3 18.0 92.0 90.0 80.3
Carrot 85.0 57.7 39.7 96.0 85.7 81.7
Welsh onion 40.0 49.3 97.3 61.3 73.0 98.0
Onion 48.0 40.0 76.7 87.3 72.7 93.0
Crowndaisy 61.7 52.7 64.7 68.7 69.3 68.3

Bio : Biopriming with B2-13, Che : Chemical priming with PEG 8000, CK

Untreated control.

2) MAE A g EnE FA9 wolg FA

Ag s MAE 75 B2-13, H210, B16 25 FAgo] n]ste] %7] wolgo] &
A3 FaEE ARE dehddeh 28y H2102 o T 7bA A E 5o H)s)
of AR At "ok RE FAIE iR Holats 4dAldd= At & Aol
7b etk E71@nke AL B2-133% B162 A3 EvtE Fae AE 394 He
g Fahe] 80%o0] 4ol wrobsle] T 10%9e dAH G AFolE Ve tH(Fig. 2). ®
Aol A et AiEs BW HF ol &S nAE Ay FAek FHE Abold] At
ol7b IAIRE Z7] WelgeME @A XolE Holal Slth oA FApo] whopA|
(seed vigor)7} sttt S YEtdle= o2 HAA| Ee oFatds o dolrt wh

23 #Ys] FAF 5 Avks 54 dehd A0E Basy F4 dols 4
AAE F2 Astela ARg
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Fig. 2. Enhancement of germination rate of tomato seed by treatment of
selected bacterial isolates.
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Fig. 3. Enhancement of germination rate of pepper seed by treatment of

selected bacterial isolates.
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Wobgol wdl FET & A wske] AAA FFIS L & Ak olwel Fxt

7boaes wWotrlAl e Aol Faddl A FU]E BESE A=

oy

Vermiculitedl A 5715 HEsH= Aol 4 @A ot Vermiculite® 715 E
Agk Ao A= 13 FAE FFehA] 2URke] 50%0]/4o] Wolstglom 33U Fo =
80%0°]%o =& wolss YER AT Table 5).

ole]gk dol UetuA H7I7HA FAH oA ojw g e Al Wty =Tt
of theliA = obA FARSE v glom B e whEAALE e ANE dglonw
A o] Fapol FREHHL FAAd AES WA HAa ©]E Biopriming

ojgtar kA =AY

Table 5. Germination rate of pepper seeds after treated with Bacillus sp. B2-13

with variation of application methods.

Germination Rate(%)

Treatment
2 3 4 5 6 7 day
B2-13 Biopriming 30 51 75 95 98 98
B2-13 Filter paper 30 48 82 95 98 98
B2-13 vermiculite 53 82 92 95 93 98
Control - - 20 Y! 82 90

Table 6. Effect of seed soaking period for the biopriming with B2-13 on the

germination rates of various vegetable seeds.

Germination rate (%)

46h after 68h after
1h soaking 2h soaking 1h soaking 2h soaking
water melon 17.34 16.66 50.00 50.00
Tomato 36.67 18.00 88.00 84.66
Hot pepper 75.34 73.34 97.34 96.66
Rice 36.66 24.00 71.34 56.00
Barley 90.00 90.00 96.00 98.00
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2) MAEAZS 3T ELDS o]&¥ priming A EI

HA FAE @ed] Altgdel AAg A 2lek PEG80002-2 priming? FAhe] &
ols FAET HA Aol HuslS wf FAbel]l whe} oFIbe] Aol oy WiAFE
of AaFA7E B2-130] A GAe o FAge Hlgto] ded] =2 Holes UEh
1om o] PEG8000S= priming#e] & ARt 4 Fokth 53
= Z7Idobgo] 2ol =tk ey ofelgk Apol= Algte] A Aoz A 75
AZre] AtZo = 3eEAE primingdt Aot vAE FJA AP ko] Aolrl A9
S TH(Table 7). 3 B2-132.& Bio-priming * 28 A2xTAE @ed] A2 A2
g Fatol mlsto] dASHA WolH T WA= AIE HERA=H EE SRkl 3}
=2 % primingA 8§ FAR T Wopgo] Mgit)y oA vEhd AdAH AlFko] A
= Biopriming®} chemical priming® ol &5 oy A8 ZFE 70A A=
o] FAbel 9lol A Biopriming ¥t EAFe] ol o] & dth(Table 8).

ol

L2

ng

Table 7. Comparison of B2-13 soaking and chemical priming effects on the

germination of various vegetable seeds on the petri—plates.

Germination rate at 60h Germination rate at 75h

vegetable
Crops Soaking Chemical CK Soaking Chemical CK
Tomato 86.0 71.7 68.3 95.3 94.0 92.3
Spinach 70.0 60.5 29.0 86.3 92.3 50.0
Water melon 39.3 30.0 0.7 100.0 947 63.7
Hot pepper 69.0 30.3 18.0 92.0 90.0 80.3
Carrot 85.0 57.7 39.7 96.0 85.7 81.7

u| A E #F B2-132 % Biopriming * 23 2FF2}9} PEG8000L. 2 priming A
23t AFFAE AUl FAETFA oA dotsS vtk WA priming A

£ 3 TAS s B2 FA= AAGA TotsolA zolE HAH EE FAVE
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100% ol == 7ol ARAT 50%2] F A7 Holst= Al7FS B2-13 Biopriming
Z2= 12041 7Fe] ABth B2-132.% Biopriming 3 Z£x}& 72417 QFol] 80% 0] 4; ik

ofgto 2 3}3t priming A& Bt} 36A A W oh(Fig. 4). o83 AL A F71A
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B H oz FAI| ALl A AASAL 9= priming A Xt P E priming A ElE 2

]_

o
o
o

ool EE @A AL S US Bu ohe AW BolF AL 5

= A }.

f

& A4 Pyoldn BuE

xo

Table 8. Comparison of biopriming with B2-13 and chemical priming effects on

the germination of various vegetable seeds on the petri—plates.

Germination rate at 46h Germination rate at 70h
vegetable crops
Bio-priming Chemical Bio—priming Chemical
Hot pepper 91.33 83.33 96.00 94.00
Crown daisy 62.00 55.67 62.33 64.33
Tomato 91.33 83.67 97.67 95.67
Carrot 86.00 61.67 96.00 73.33
Water melon 45.33 41.00 100 43.00
Onion 52.33 20.33 98.2 51.00
Welsh onion 47.33 9.30 91.00 34.33
Spinach 28.00 - 43.00 48.67

3) Water priming ¥ Biopriming<] H] X

uFFTAE vABE ol STl ATk 28TA 2447 FEE HAsEA

=
RE W Y] olkso] FHHES

Fe Aels FAe et vast SENIER A S
Z2A vAE glol SHFNE AEste] priming £3E YEHE S 2 ATolA =

& priming(Water priming)el&ta 3+t 28y & primingS B2-1375FE o] &3

Biopriming ¥ Bl aetH @A 2ol & YERU Ltk (Table 9)
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Fig. 4. Acceleration of germination speed of pepper by bio—priming with
B2-13 and chemical priming treatment.

Table 9. Enhancement of pepper seed germination by treatment of B2-13
biopriming and water priming

Germination rate(%)

Day after
Treatment .. ..
B2-13 Biopriming water priming Control

2 58.1 23.2 0
3 85.3 54.1 0
4 95.1 725 18.2
5 98.3 92.8 32.4
6 100 93.2 54.8
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wf AololE AEERE olyEl & AE FHAS HHYAs ol 4P &
UeEd S & F ddth Ag 39 Fole B primingA g Bk @A A Holgo] =
okom 1 & gAY zolE FoEUTE AoldE MES FHo Axete Aol:
Z7) ool A AA AFe]7F Wtk (Table 10).

i

Z7] wolg FAFE FAIoLEZ wig- Fagh BQdoR o] gk AEE
Biopriming A ]38l Zlo] E}Estttal A= E )

Table 10. Germination rate of pepper seeds after biopriming with live and dead
cells of B2-13

Germination Rate(%)

Days after
Treatment B2-13 B2-13 Water Untreated
Live cell Dead cell priming Control
2 48.1 239 18.6 -
3 63.1 58.5 42.3 -
4 85.1 70.4 68.1 12.1
5 97.1 88.2 85.2 24.3
6 97.1 90.6 94.2 48.8
7 98.8 94.8 95.1 60.1

f

B2-139] A & A FoA] ZXE PR ¥ Axet xAAE FAAT AX
=2 Biopriming A #3 A& EIxE HASHHA &S AMNAEE 7M1z A3 A

o] z7] welgol @A EFh A FAL 4 AANEE 112 He A

>
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Fig. 5. The effect of Endospore and Mixture cell of B2-13 on the germination of
pepper seeds when the seeds were primed with the bacteria. (*Means in
columns are separated by DMRT. P=0.05)

5. Biopriming ¥ Solid Matrix Priming

Ant oz FA] wolEAE 91§ primingd 2t F71AF PEGRE oA 4t
sgao] £42 AAAI)E We] T2 AeHo] fh ey PEGE H40] kol
A gl Fol fEALT REAA WS WEe] FAe] A7) 2 BA doiA
solg Ze] 2tk 2 3 YA et 497 B B9 Auny 5 o=

L g o Exp7} £abE o] woldo]l 93 WolrE ALLE EE U g Lo
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M

SMPA gl= =gl H|slo] rolgo] k4 T oojujep ol o] gl
A dAS FFS JERSITE 18y SMPAH El= B2-132 2 Bi

HT= @ol&oli} dolEwoa] &4 FHHT Biopriming*# & FAF 50%7F &
olsle] Ed3tE AlZF 5UYAHEP o} SMPAHE = 75YAE ARon %7] o}
A7} Biopriming H]3Fe] BR Skt (Fig. 6). SMPAglo] B2-13S #7135l S o
© SMPY5 Aegjrth AR Fopa] ol gy WolEL 5 A stA FAA7I= A
o2 yehyt a8y SMPel B2-13&  H7FgE A7l B2-13 dWEow

Biopriming$t A2l & S7slA = EvhH(Fig. 7).

opriming 3+ | &

1001 [ Bio—priming

B SMP
H Control

2 80 1

X

z

£ 60}

=

2

£ 40}

g

S

Qo 20H

6 7 8

Days after sowing

Fig. 6. Germination of pepper seeds after treatments of Bio—priming with Bacillus
sp. B2-13 and Soil Matrix Priming.
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Fig. 7. Effect of Bacillus sp. B2-13 on the enhancement of pepper germination
when the bacteria were added in Solid Matrix Priming treatment
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M ol TR FAE WTE Avk ok AN RFAAT EAZ A
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T gkl wel zpolzk hAIRE AR 1 o] priming A ¥ &L
FAHEE Aoz oA v AFEde  HwE 3 Ae JAs= st
priming< A 2] 7]ibEtel] el wolrh o]folx wrelo] =ist wAll Sl
FEfolar FAE el TolE 7 A4 Aezrgor wu|dfol AFFE] 42K
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AgFEe] ARV A &gk giibrE dojur] Hell Axdgdo=m A A H
2 1AL 7137 Atk B Ao E B2-132 % priming A #3 13222 A

WA AFs9S uW Biopriming @ &E37F o]9A wWIlEE 7ME 2AE T

stetE o] 9%t F A priming PEG8000 33% &< IFFAH(FHlvhHE A3
o] 20TCelA 743 v v SHTE oA S8 SMPA = dellA <
38 Micro Col-E& Carrier2 3&}o] 20Tl A 3¢ AEdt 13 T2 SHF= A
oA &7 B2-13S ©]€ 3 Biopriming A& E 10%cel/mis] = A 5-gHol a1
FEAE 2AEE AASATIE FAske] Aol Abgsiith. A" FA= 42t
Aol 30¢, 90Y, 180¢ A3 F T Hops i TH0S FAteR o Hobs S

= v
gA d2 2AEEA T

R

Priming A g gt TAES AG7|7HE A wolgo] TaHA F= AU
U SMPA gl A2olA 671d 3+ BESAS W FAASHA Hotgo] AstEo] FA
g e} =gk WolgS UERYATE ol g A4S WolEEE YE = TH00 A % H
3 A3E Uetdiedth Primex 218 13252 AR AZ7I3F Fol Pops
7} AstEE Ao ® yehgEtl SMPA 2l7F PEG8000A4 8] ®Bth o vHA UEhyit 1
2 ") A E-S Bioprimingd 1FEAE 6719 7bA wol& % AY AslE A Zkon
WopL=7E of3F AstE oy thE APl Metd AATIZE Fetel opAlzt A
A = AdE UER i vH(Table 11).

B2-132. % Bioprimingx &3+ A3 SMPA g ZAES 2ALoA 47447 BE
S $ potoll Aol wolsS vlwd Ay B2-13& A 1FFTAY] FAES
Primex 2] 23 719 W3glo] lom Fxjgol] nldte] Fx} 50%7F EdAst= 7]
ko] 3 ol WEItH(Table 12). o]o] H]gle] SMPAH = %7] & &°] #A 39
Sorom 471 Fele F E2deR A A5l Hste] e dv(Fig. 8).

N
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Table 11. Comparison of germination rates of pepper seeds primed with PEG8000, B2-13

and SMP after the seeds were stored at room temperature for 30, 90 and 180 days.

Germination Rate(%)

Treatment
30 60 180(Days)
PEG8000 95.5 93.5 90.1
B2-13 100 100 98.4
SMP 100 95.4 87.1
Control 87.8 87.2 86.6

Table 12. Comparison of germination speed of pepper seeds primed with
PEG8000, B2-13 and SMP after the seeds were stored at room temperature for
30, 90 and 180 days.

Duration for 50% germination(day)

Treatment
30 90 180
PEG8000 3.8 45 4.8
B2-13 2.8 3.3 3.3
SMP 4.2 45 52
Control 5.8 6.2 6.8
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Fig. 8. Changes of accelerating effect on the emergency rate of pepper primed
with Bacillus sp. B2-13 and SMP after the seeds were stored at room temperature

for 4 months.

Table 13. Emergence rate of pepper seed primed by SMP in addion with or without

bacillus sp. B2-13 after the seeds were stored at room temperature for 4 month.

Emergence Rate(%)

Treatment storage
7 8 9 10(Days)
0 55 75 95 100
SMP+B2-13
4 month 45 55 78 95
0 18 60 84 100
SMP only
4 month 7 22 58 88
0 0 33 70 95
Control
4 month 0 0 36 70
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B Ao A dojd An Fol Fv gl AMEE SMPHEE & uFTAE A
oA Ajgte] AP 4E wolg ) wolL it HasE A3E JehflEd SMP
A2l BANA B2-139] ATEFFAE THT tAl M7ke Ao HYAFe] &
745 g2 FAL oS & F AATH(Table 13).

ol# gt A SMPA et B2-134E7F A2 dgzgozr A7 Fsade
K7l Btk B2-139 Biopriming &37F YR Zlo 2 FAF AT SMPA 2= A2
o= B2-139] wols g ate] mA A E3A AZ7IE Fol AYEHTt =
3 fragoe] wske B2-132 A A= Bioky] wiEolth whEla A4 welA
WAFI v]E3 A7te] @Wo] =+ SMPAE tl4ale] B2-135 o438t Zlo] ©@hAzt

FEAANE T F A B oIS AT WHE AA & F dE FET A

o

3 ol Wk = AyE Adrk 18y
B2-135 A2l g Zleol| Hlgte] 7] Tol&S AT Wkt o]g g xolE
Bl = Biopriming¥ water priming *]21& F2-7F A7 3kl wpepA ST
ofel ot AFTFS WA =7HE dotrEy] 9t B2-13A¥® FAS =
priming <Xx& 371€, 671¢€ A 27} A2 A B & FEIF dANE
EZEo| AojA EdE&S v ustH T

Primex 2] - 37§€ ® 35FFA= B2-13°14 = priming 25 A2 #4529
et &S BAow FA o] Hlste] 4Uo)d dFAX = AIH}E HEFHS
H(Fig. 9). 23 AH 6719 Fo= & priming 3F A= ol =7t & A3
AstE o FdAE&E 20%0]7d wolxth(Fig. 10). olglst A¥rt dojxl 3
B2-13A4 24t & prime A2 B5F 7] FAEolE FAT]= FHR FESHAR
AHEg el A A ek Aok 2ol FA frolu AYd xR &5 A
A7A @A 7= Aol ofyal e or IS FA =S o slom dd
™ & primed] A= A FAstE @44 AT 671 Foll= A A
stobg o b B2-139] B¢ Alwte] @Azt A vr] FAY a4 A &

AelE] 7] Wil Aow FAHFE
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Fig. 9. Change of germination rate of pepper seed as influenced by storage after

Bio-priming treatment and Water-priming.
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Fig. 10. Change of accelerating effect on the of Bio-priming treatment and

Water-priming germination rate of pepper seed as influenced by storage.
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1) 25 43 T BH9 vAE A

Aol T vAE ol E68L, H2102 A=Wd A EdteiA FHed
T30l WATS oA =3I A21-4%=  Pythium®  Phytophthora's 2
. ool H]Ete] B2-13¢& FAHe] ol

38k g3 obF HEel oy Wt digk 22 skl th(Table 14).
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Table 14. Antibiotic activities of selected bacterial isolates to the major plant

pathogens when the bacterial isolated coinoculated on TSA

Pathogen E681 H210 A21-4 B2-13
Pythium ++ " e+ n
Phytophthora o o At n
Rhizoctonia +4+ AR + n
Fusarium +++ R + 4
Alternaria +++ ot + _
Coleosporium ++ 4+ ¥ _
Colletotrichum ++ ++ + _
Botrytis ++ - o -
Penicilliun ++ ++ n _
Xanthomonas + + - _
Agrobacterium + + - -
Erwinia + + - _

+ ! clean zone less then 2mm, ++ @ clean zone between 2mm and 5Smm, +++ : clean

zone larger then 5mm
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Table 15. Frequency of bacterial and fungal colonies grown on water agar plates

originated from pepper seeds that producted by local farmer

Frequency of detected colonies(%6)

Genera of
Organisms H210 B2-13 Control
Alternaria 1.3 11.2 22.3
Cladosporium 2.1 8.4
Penicillium 0.9 34 5.6
Aspergillus 0 4.3 45
Botrytis 0 0
Collectotrichum 0 2.0 55
Phoma 0 0 3.3
Unidentified 2.6 2.6 12.1
Total 4.8 25.6 61.7

B oATA TAEAE ArTAES AU FERIAAA on] MRS
AR FAECIER T AA4 Bl o zHE GAsde FAILA
et srrel A A7E AE T nFFAt FukEAE TAsk] v Eel oF T4
A4 B AAmztE AAAT
AAlsd e Holgot T4 wop 3 TYL
shs Bnk opyel FAbel webA = dE W A497E Aol H2103%, B2-13
< TAske] Algstglth
FHA FH aFFAE FACAA 61%7F HE FAVF 4F vAE od
B2-

132 256%, H2102 4.8%=ZA HlAES] WSS dA3H

=

¥ E68l, A21-4 5 W

H| 1l

ax
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AAsG o skelstA JAlEtA = EatAtH(Table 15). Al#EE 2k 25A4E A

Al MAES gAstE Ao HEtH HMAERA FA 25AE A

et e Tl dole AztEnh ey kel dojAME FA A FAF 81%0] %

o] MAEo] odHd nste] B2-13A 8+ 121% =2 HE ZAAZA L H2100M = 2

de FTAE ZS F K Table 16). ol#jg Ayes FAFTAE AdS o] &34
TALES & F ole e s AAsa At

FTAE Mg del wolr Aito] FAFEH A= Fot

H]

]_

s

FAEA

Me
ofs

a

d

of oA EHel edd VA= AES A= Aoz FHd

Table 16. Frequency of bacterial and fungal colonies grown on water agar plates

originated from onion seeds that produced by from local farmer.

Frequency of detected colonies (%)

Genera of
Organisms H210 B2-13 Control
Alternaria 0 2.1 12.4
Cladosporium 0 3.3 14.3
Penicillium 0 0 6.5
Aspergillus 0 3.3 11.3
Botrytis 0 0 6.4
Phoma 0 0 7.6
Bacteria 0 3.2 3.3
Unidentified 0 4.2 16.4
Total 0 12.1 81.2
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2) MAE FAAY 3 EFY WARH

7h) 139 EY A A E

Rhizoctonia solani7t &% Eol H210¥ B2-1322 A gk i
w H210 vh& Aol ulate] dAsHA dopgo] whgrs Bk ofuet W AR &
1 Edebe BE7t AASA BYoHFig. 11). olol Hldte] B2-132 A3 nFE ¥
Aol mlejr = TopLmy HHH

=
& Edol FAE FAE ARG AgEvs HE AV 4 Bokrk(Fig. 12).

ol

deol dA3] =dARE HAddS HFoA &

——H210-P -©-D-C
80 -  —eH210 -e—H-C

Germination rate(%)

9 10 11 12 13 14 15

Days after sowing

Fig. 11. Effect of H210 treatment to pepper seeds on the emergence rate of
healthy stands in Rhizoctonia solani inoculated soil.
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Fig. 12. Effect of B2-13 treatment to pepper seeds on the emergence rate

of healthy stands in Rhizoctonia solani inoculated soil.

W) dvo ESY WAAEY

Fulo]l F b dtolel Z7|AH| AFS FE= Rhizoctonia®t Pythium-<
A& EFol A B2-133 H210& A3t A= Al Pythiums %
T3k Edo A B2-13¥ H2102 Priming* 83k FA}+= E gl "3t
53] E& dolHLE BHygon dHEe] FdAEE A9 100%0 Edte =
A e 15%0l Bkl dASHA FdE S & 7 Aok (Fig. 13, 15). o] &%
A% Rhizoctonias FEF EFAE HeElS=d B2-13x 27} 23]8 ¢

< =385 et HH(Fig. 14, 16). °]21 3§ 42 B2-132] Priming#] ¢

b EAY wMelsE e @ASA FYAPOR Astel PAT AL W]
ool AGHE FAL FAFOEM W AL AWRAY Aow FH
At
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Fig. 13. Effect of bio—priming B2-13 and H210 on the emergence rate of onion in
Pythium ultimum inoculated soil.
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Fig. 14. Effect of bio—priming with B2-13 and H210 on the emergence rate of

onion in Rhizoctonia solani inoculated soil.
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Py.ultimum Py.ultimum
H210 H210-P

Fig. 15. Effect treatment of H210 to onion seed on the emergence rate of

onion in Pythium ultimum inculated soil.

L ¥

R.solani R.solani
H210 H210-P

Fig. 16. Effect treatment of H210 to onion seed on the emergence rate in

Rhizoctonia solani inoculated soil.
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ek dsto] FS "ol v wapapdro] Zobd $dE] miaste] 0.IM MgSO4&-of
30meoll 3413k 1/10 Tripticase Soy Agar(TSA)wjA| o] Z=ale] 28Co|A 3UA %= wjk
ato] & colonyE FAAZG. £E¥ MAESS T8 EFHATI A et e
9 ALY 2358 ARSI B FFES anHor AR st T
Pythium ultimum, Rhizoctonia solani, Fusarium oxysporum, Phytophthora capsici® %
4 lem¥ = wAPEE S AEote] WA dARSL vAEE Atoldl FAH = AAWHALIL
S FAstel 7 el U3 238S SAs ] 144 o= n=s A
3

A 2634 F B EFE BEsAsE 2 SellA 49740 2

Adrg 49719 ZEm A EES Pythium® Phytophthoradl 73 23S 71z
= GIirgdA 2 E A=l ofF Solgh 4

FE8E Ueit V& AgAddA AdHA™  Pseudomonas fluorescens MCO7,

>
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_0|L
32
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>
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Pseudomonas fluorescens M45, Paenibacillus polymyxa E681, Paenibacillus
polymyxa G157 & 52 EF HS HY 2358 Yeho EdAdgAdH
Q<] Pythium, Phytophthora, Fusarium® Rhizoctonia% o] X% ZA33H& e
WE=d A21-43F % Pythiumo|y Phytophthora &itols 7Za 23S yYepd W

W Fusarium®]Y Rhizoctoniags ol = 23S el x| &ktk(Table 18, Fig. 17) .
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Table 17. Isolation of antagonistic bacteria from the Welsh onion and Onion root

samples collected from massively cultivated area in Gyeongnam.

Sample No. of No. of No. of antagonistic
collected from samples collected 1solates obtained bacterial isolates
Myengji 20 266 28
Jinsung 1 16 3
Munsan 2 12 2
Hamyang 3 57 16
Total 26 351 49

Table 18. Antifungal activities of strain S. plymuthica A21-4 and previously

selected biocontrol agents against fungal root pathogens.

Inhibition zone (mm)

Name of Strains
Pythium  Phytophthora Rhizoctonia Fusarium

pif; r C%%a A21-4 14.0 15.3 11 1.0
P ﬁsgfggggggs MCO7" 65 7.2 7.0 6.8
P 553?:;’;3;;’5 M45 40 7.1 65 6.5
P %%’}%;%US E681 78 79 105 11.0
Paenbacillus— Gasy 76 738 106 10.9

> biocontrol agents which have been selected in this laboratory
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Fig. 17. Antifungal activity of Serratia plymuthica A21-4 against fungal root
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D : Fusarium oxysporum.
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ol & AAeh nARS FAo AW 1 FAT wold W BulEs FAREE
% olgstel FASY] Adse] AZ AAGE FL we TRHEAS G0 F

Hate] A& AR Bz olFate] e A EFnT Fud + Yomz
=

Aty wAEe] LEARFHE AAs] #1389 Double Layer Filter Paper

)
=
3
oL
tlo
o
ofo
ol
ol
30
ui
>
&Y
o
o

etri plateoll Filter paper 3¢ & Z1 A< 45md
E H7Me 5 2 Yo mAE dgd10ctu/m)ol A AAA FAES SEEn
ol Filter paperg B & 28T 9 dx7olA ndste At B 858 IlanE
zZrebdo] ekl 9mee] 0.0M MgSOs& 9ol 32 3te] 1/5 TSAm A o] E2e F 2

8C F2ulg7loA 294 wFete]l &€ colonys= #ejo] A= ryE

lo
i)

w5 ZARSIGITE Ak Al ffsjr =d FHAeH] AW FF
¥ Ahmad & Baker(E¢u] #4)Mo2 2a44 58S A48t

A21-43tF+= DLF¥ 3 Ahmad & Bakerd RFollAl 2], =dh wa) v v
F, AT BEvtE 5 oolg] JhA A8 e 2 AFsgoh DLFYH ez S35
A o A BmE o] wglult} 10'cfu/mold A 2E99 3 Ahmad & Baker

T

i

A
[¢]
Moz Z4ele Ave TAE BE A2 Pntt 10cfu/gel el YRR A
SAAAT ol d5& Flstiti(Table 19).

Table 19. Population density of S. plymuthica A21-4 on the root segment of
each crops plant analyzed by Filter Paper and Soil Medium.

Population Density

Tested plant

Filter Paper Soil Medium

(Log cfu/em root) (Log cfu/g roots)
Cucumber 4.00 5.60
Watermelon 4.89 5.00
Barley 4.00 6.26
Rice 4.00 5.89
Chinese cabbage 4.92 5.02
Tomato 4.37 5.25
Pepper 456 5.95
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2t A21-4759 AeEH 54

A21-47t9) T4 Hadt AE4d EXEL Bergey's manual of Systematic Bacteriology
Z J)|F0® d9a 1 EAES ATCC(American Type Culture Collection)el Xl Serratia
plymuthica(ATCC No. 6109D01)¢t 5 £ obA Hlwstdrh oS &43] 817] flsto] A21-4
9] 16S rRNAY sequenceZ #4313t NCBI BLAST search® & o] &3to] #4319

A21-43t52] chromosomal DNA+& Wilson(1987)H o2 &3t PCR2
ologonucleotide primerE A}-&38}At}. oWl denaturation, annealing 223l extension
L= 92T, 55C 281 72T = 3t} Sequencing vectors= pBluescript II SK(+),
Z12] 3L compliment bacteriat DH5S Al-&3} T},

A21-4359] 16S rRNA sequence #2143} Serratia plymuthica®t 98%< %54
S Yeldz o AYgHd EASo] ATCCAA B4 Serratia plymuthica
6109D01(ATCC number 53858)vF =<} < %] 8} tH(Table 20). 16S rRNA sequence (Fig.

18) ®A3 A EA| o5t A21-475F= Serratia plymuthica® 57 3+ th.

Table 20. Comparison of the characteristics of antagonistic bacterial isolate
A21-4 with the S. plymuthica 6109D01

S. plymuthica A21-4 6109D01
Gram reaction — - —
Cell morphology straight rod, straight rod straight rod
flagella peritrichous flagella peritrichous flagella peritrichous flagella
Cell size 0.6-1gm, 1.2-3um 0.7-1gm, 1.4-2.5um 0.7-1gm, 1.5-2.5um
Anaerobic growth + + +
Pigment — — —
Catalase + + +
Methyl Red — — —
Gelatinase + + +
Urease — - -
Arginine B B B
dihydrolase
Starch hydrolysis
Chitinase +
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GGGTAACGCCAGGGTTTTCCCAGTCANGACGTTGTAAAACGACGGCCAGTGAATTGTA
ATAGGACTCACTATAGGGCGAATTGGGCCCTNTAGATGCATGCTCGAGCGGCCGCCAG
TGTGATGGATATCTGCAGAATTCGCCCTTAGAGTTTGATCACGGCTCAGATTGAACGC
TGGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAGCACAAGAGAGCTTGCTCTCTGG
GTGACGAGCGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAA
CTACTGGAAACGGTAGCTAATACCGCATAATGTCTACGGACCAAAGTGGGGGACCTTC
GGGCCTCACGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAATGGCT
CACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAG
ACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAG
CCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTAGGGTTGTAAAGCACTTTCAG
CGAGGAGGAAGGGTTCAGTGTTAATAGCACTGTGCATTGACGTTACTCGCAGAAGAA
GCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCG
GAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGTCAGATGTGAAATCCCCG
CGCTTAACGTGGGAACTGCATTTGAAACTGGCAAGCTAGAGTCTTGTAGAGGGGGGT
AGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAA
GGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGA
TTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGATTTGGAGGTTGTGCCCTTGA
GGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGG
TTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAAT
TCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTTCCAGAGAT
GGATTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGT
TGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCG
ATTCGGTCGGGAACTCAAAGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGATG
ACGTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCGTATA
CAAAGAGAAGCGAACTCGCGAGAGCAAGCGGACCTCATAAAGTACGTCGTAGTCCGGA
TTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAA
TGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTG
GGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATTC
ATGACTGGGGTGAAGTCGTAACAAGGTAACCAA

Fig. 18. Nucleotide sequence of 16S rRNA gene of A21-4
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A21-47F 2] mutagenesis= Fellay et al (1989)%%H < ©]-43}%t}t. Kanamycin
(Km)A & FHAE 7HA 20 E QKmE XY £ coli S17-1 pJFF350(Fig. 19)}
A21-47t 59 cells 22 =522 &Y 0.2um membrane filters #loll HF3}o]
filterS LAAISoll &# 30TAA 16417 wFstdet. wldad cellS 0.9%°] NaCl
of 3]s} Rifampicin?} Kanamycing 72} 50pg/me? A 7Fst LAv| Ao =alo]
v k& o). Transconjugants® ¢ FA ¥ mutantE % Rifampicin® Kanamycing 3
7hek wix|o| A ztebd g 9tk o] Al dojZ mutantES Pythium ultimum™} th =]
v Fste] A&gE S S mutantE AEEkS T

ok 30009 70¢] mutantE Pythium¥ WA wjdste] AgaS A4S mutant
SSM1& A8kt A21-4it9 ZA&d#EE& 3 $ mutant SSM1<S Phytophthora
capsicidl e A== JAsAch(Fig. 20) . SSM19] +AA 29 S DLFYH

2]
Ahmad & Baker# &2 XAISIE S A #dF2A A21-4359F ¥ o] §lo] &+dA

N

e S B (Table 21).

Pvull Pgtl

Omegon Km

Sno |

Fig. 19. Genetic map of plasmid pJFF350. Thin arrows represent the direction of
transcription, heavy arrows indicate the 28-bp inverted repeats of Omegon-Km,
black triangles denote the triple translation stop signals. Hairpin symbols are the

T4 gene 32 transcription stop signals.
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Fig. 20. Antifungal activity of Serratia plymuthica A21-4 and the antifungal
defective mutant SSM1 against Phytophthora capsici.

Table 21. Population densities of Serratia plymuthica A21-4 and the mutant
SSMI1 colonized on the root of pepper.

Population density

strains

DLF Soil Medium
(Log cfu/em root) (Log cfu/g roots)
A21-4 4.56a 5.45a
SSM1 4.78a 5.26a

? ¢ Values followed by the same letter in each colum were not significantly

different by Duncan’s multiple range test (P=0.01).

3. In vitrodl A A21-49] P. capsici ° W3t

2

A9
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7}, A21-47F 9] P. capsici® Y3 EAL Woleo] g A 5H

A21-47F59] P. capsici 2| cystospore2] drolo] thdt g A5 L2 slide glassE ©|
g3to] AF3ATE P capsicil cystospore & B (10"'spore/ml)# A21-47F 5] & ekl
(10°%fu/m) S 112 21014 slide glass ¢o] Hojmal 3 <43l
platec]l 2olA 30T &F=2mjd7lol A wjeFstdet. wiF 2A17F =5
cystospore®] oS @Av|Astol A EASIAY HE R AdsE ARSI

¢l A4 Ao A= cystosporeZt HE 2A]7Fuke] 50%0] A Holsk) AL
8AZkRbell 859601 o] wholstalth. SFAIRE A21-4F gl A= 8AIZIRre| = A
otw] Al ol ek, A21-47F7F P. capsici®] cystospored] ZolE A EHA A5

= e & 5 JvkFig. 21, 23).

-

FEE FAS petri

i)
;[
>,
>
2,
o
(‘Z
3

o
98]
X
k1

v, A21-47 59 P. capsici & FFAE Lot g JA 9

A21-47FF2] P. capsici 2] zoosporangia®] Hrolol w3k a5 #E A slide glassE
o] 83l A#s AT P. capsici® zoosporangia & B (10'spore/ml) T A21-47F 5] g}
A(10%cf/m)E 112 Aol slide glass 9ol "ojmal & AAH FEE A3 petri
platecll ¥olA 30T g7l vt WgF 2AF FFE FAR] A
zoosporangia®] ol-&S Au| A st A ZASEATE ER2FE AdTE ANE

thxel A Ao e zoosporangiaZlt BlE 2A| kel = 80% AL o}
3L 8AIFRFe 98% 0] o] wrolst it SHAIRE A21-4A ol A= 8AIZFRE = A -
Th A21-43FF7F P. capsici® zoosporangia®] olE A A A o

1094 % wrolalsy
Aste A& & 5 ArhFig. 22, 23).
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Fig. 21. Effect of inoculation of Serratia plymuthica A21-4 on the
germination of cystospores of Phytophthora capsici.
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Fig. 22. Effect of inoculation of Serratia plymuthica A21-4 on the
germination of zoosporangia of Phytophthora capsici.
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Fig. 23. Inhibition of growth and germination of cystospores a zoosporangia of
Phytophthora capsici by Serratia plymuthica A21-4. Normal germination of
cystospore(A); and suppressed germination of cystospore(B); Normal germination

of zoosporangia(C); and suppressed germination of zoosporangia(D).

o}. A21-47 59 SSM19 P. capsici 523 A v X I

M A21-49 59 1 488S 44 mutantdl SSM19] P. capsici® 74
Fo] Ao v A= 9IS petri plateE ©]&3Fo] A TE VR Agar Hl Ao
Al A=k P.ocapsici®] wARAIS] 7RG A dAREHE(A A 0.8em)S Al E petri
plated] &7 ¥3 AA3Fe] AitF & FAGA10°cfu/m)S W 20-25CE A
A Fads BES 16/ 29 F fEAde QRS dAvjAstol A #EsTh
At oF 4388 A3 mutant SSM1S HEaAS A B o FFA

RANE A21-45 A3t 45 FFabdol obel FAHA Fodth GA
A21-43t 5= P. capsici® TAMAE, ddEALe] dtolel fFApde] wels oA &
W ootyet fFAEe] JAAAE @A JATES & F AthFig. 24).
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Fig. 24. Inhibition of zoosporangia formation of Phytophthora. capsici by
Serratia plymuthica A21-4 and the mutant SSM1. A : Treatment of sterilized
distilled water; B @ Treatment of antibiotics defective mutant SSMI1 cell
suspension; C : Treatment of S. plymuthica A21-4 cell suspension.
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7} A21-47F ¢ SSM19 315 SHEGNAY AR

A21-43tF9 SSM1¢] 15 SAEYGAM S drwsies SAEY 1gs F st
e 1M MgSO44-H o2 814 35e] 50ug/m Rifampicing 3 7Fe 1/10TSA 8 A
Este] A E colonyTE Al I A2 AEE ZASATL

ZAESNA Y A21-49F SSM19 ARELEE P capsici?t FEFE Egon} F
FHA e Egolu BF n=d AL ned BF 7¢9AdE 2% 107 cfu/m

7

%o WER FFAgm Aol Angel met 1 WErF "ol FFE mar

W 7days
o O 14days
E 021days
o 7 T
on
o
<
©
T 6 | I |
(7]
e
(8]
©
0o
5 5T
o
z
4 1 1 1
A21-4,P A21-4 SSM1,P SSM1

treatment

Fig. 25. Population changes of Serratia plymuthica A21-4 and the mutant
SSM1 in pepper planted soils with presence or absent of Phytophthora capsici.

U, A21-47F ¢ SSM19 13 oA dxwHs}

[

A21-47 59 SSMIe] w3 HelolMe] WEwsls wiMe] g8 Ase] 52
B RRd WYE AR AL T g RE P 2 A F 4TS 0IM

MgSOs& N o7 34 3sle] 50ug/ml Rifampicing 3 7Fs 1/10TSA #j Ao =déte] &

¥ colonyTE Aol 1 Gz HEE ASEAT
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a o A o] A21-49F SSM19] U= SAHAESY &2 P capsicis: HF
ol A 7T A= P. capsiciE HETIA ¥ B HlEle] ARd =y

ot

al

1 AX

2 '
A3 1dLANE RE QY TlA AR gashs AFE Bolrht 21
He

e

M= P. capsicies HAEA &2 A Sl AHF Faste IS

Aol P capsicis FE3 ATl 235y ARE=rE =718 o (Fig. 26).

r

ol= AHgst Adu|WEI P capsici 7ol 2 oW S IAT AA FSF AZE

.

W o] Xt

8
MW 7days
o O 14days
P_ O21days
o 7 T
on
o
= -
© o
E 6 -
)
3}
©
0o
S 5
d T
z
4 1 1 1
A21-4,P A21-4 SSM1,P SSM1

treatment

Fig. 26. Population changes of Serratia plymuthica A21-4 and the mutant
SSMI1 in pepper roots with presence or absence of Phytophthora capsici.

o A21-48F ¢ SSM19| 15 ZHEGFANAY P. capsicidl B A&7}

EFAS] P ocapsici®l HWxEE FAsH7] flste] EF 1gs FHokel P
capsici® AEHA] 2l Jee WA (CMA 17g, Agar 3g, =F 3 1000m¢, Pimaricin
0.4m¢, Rifampicin 10mg, Ampicilin 100mg, Hymexazol 50mg, PCNB 100mg)$]°ll =
2 T A4S 10md, Pimaricin 4p09F J-AMS(Rifampicin 30mg, Ampicilin 300mg,
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Hymexazol 150mg, PCNB 300mg, &+ 30m¢) 100ul % 7Fsle] 25Tl Al 2443
st ¢ 2= o wixzddd de &S Ao & oA A 10me,
Pimaricin 402t J-AMS 100iS FH7FsFe] 25T oA 24417+ wf
we & dEA L 9dd FA4E colonyTE Al ESF 1goll &A=
o] dxE FAbakdth

Ags AHEstA @ FAEFolA = F ol TLAAFEH P. capsici

3t A tH(Fig. 27).

100
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= -0~ SSM1
3 80 r —-CK
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e 40
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s 20 r
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1 7 14 21

Days after treatment

Fig. 27. Effect of inoculation of Serratia plymuthica A21-4 strain and the
mutant SSM1 to pepper roots on the population changes of Phytophthora capsici

around root growing soil.
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= =ol #eE AREA A2 5 HArbRE Z vpdsto] Poocapsicie] A EEIAQ]

Jee WA (CMA 17g, Agar 3g, =%H<% 1000m¢, Pimaricin 0.4m¢, Rifampicin 10mg,

Ampicilin 100mg, Hymexazol 50mg, PCNB 100mg)$]°ll & & A4 10m¢, Pimaricin

402} J-AMS(Rifampicin 30mg, Ampicilin 300mg, Hymexazol 150mg, PCNB 300mg, =
9 30me) 1000 H7Fske] 25Tol A 24217 wiFet & 52 Fof vz gl

rr

Mo E Aol T thA] A4 10ml, Pimaricin 4409 J-AMS 100p0S # 718ke] 25T
off A 24A17F wiFst & v EHS & DA 2 9o A colonyFE Alo] Hg

of EA3}+= P. capsici®] =S FAEA T
a5 YoM E ZEESY v AdS 1oed Agds AEshA g2 T
A Foll e oA TAMREE P capsici®] BE7F 2A AL 2197 0l= P. capsici

o] =7t AASA S7FEJAARE A21-45 A3 a5 YoM = 4L Ao d=T}

Za SAHAAL 2ALdAANE ofF A2 Fol dx=E FAHAY & U SSM1A
M= FAZRYE D7t HA SIFsEAAIRE A21-4A gl Hste] DIr} @ol S}

skl vhH(Fig. 28).
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Fig. 28. Effect of inoculation of Serratia plymuthica strain A21-4 and the
mutant SSM1 to pepper roots on population changes of Phytophthora capsici

In pepper roots.
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ul, A21-47F9 %o 2 2AARFA A

F TAESY o #ZF Ao Pocapsicid BEES gAEe] 9HS gyFHoR
Ad % Atk 22 A2-49] BEE o] A A 13 2PEGT B4
o AAdwe W oAsEe 747 flske] A21-47FE 10°cfu/nl, 10°cfu/nl, 107cfu/
nl, 10°%cfu/ms =2 BEF F P capsici®l FFAH10'spore/m)E HEFotL ZAEST}
el Ao A21-4wFo] AL EE FAFSFITh

A21-47F2 NZ BE FE= 4FRAe 3%
Ao

A2147F 5 10%cfw/mle] =2 13 2@ AXASAE 45 A2A4FFE 1
[<3]

10%cfu/me, 10%fu/mé, 10°cfu/mé 25 10°%fu/g root ©]73
daou 149ALHE WE7F 23 Fol=l: FAE BAEU 538 10%fu/nl,
10°cfu/me, 10°%cfu/ms =2 HEF Agdolde 1 = Awrt 10°cfu/m A 7ol 1)
o] dAEA FAEUAHFig. 29). SHAESANE Halel A ud Ag¢s B
= 79 Ao = 10%cfu/nl, 10°%cfu/ml, 10cfu/ml 25 10°cfu/g soil o] Fx= 4 Zat
Aoy ULAFHE Aoz Folu= FAE A tHFig. 30).

A21-47tF5 10cfu/ms 22 AP Fols 13 TAEYT o)A

L

BE QRS oA & 9 wE WED ZAAGAY 1 o5 ¥EE A3
9 A ZoE 100/t msh 5eA BASAA L Aol Aukgel m

5. A21-4¢Fd & 15398 dAEH

A21-47F= in vitrool A P. capsici®] TAMAES A A JASL A
of ¥ ol 1y yFxare] Wols WA SHA oA F W ool 1F
AAA e s B¢ aFielet ARG & FHee] P agpsici®l BrEE dA st
A AAFAT 1€8vd a1
AEZHE FARSEAT
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N Wk 000 N
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7 14 21
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Fig. 29. Population changes of Serratia plymuthica A21-4 in pepper roots
treated with different population of A21-4.
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Fig. 30. Population changes of Serratia plymuthica A21-4 in pepper planted
soils treated with different population of A21-4.
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509 @ 1FRFE(FEFT 5HE 23 4@
N F P capsici7t AEE EFo] o]2atet). o] A% T 10 Ae] wHLS =
Abat ATt

o] A3 10U Aol Ao AE 80%o] Al WH S-S wol ulHo A2]1-4% g
A= M WS A i SSMIAHE A E oF 70%°] &S el

(Fig. 31, 32).

100

Disease incidence (%)

A214 SSM1 CK
Treatment

Fig. 31. Suppression of Phytophthora blight of pepper treated with Serratia
plymuthica A21-4 and antifungal defective mutant SSMI1 after 10days of
inoculation, the diseased plants were recorded in the pot. The letters on top of
bars indicate significant difference range of Duncan’s multiple range test, same

letters do not differ significantly (p=0.01). CK : untreated control.
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Fig. 32. Suppression of Phytophthora blight of pepper by treatment of Serratia
plymuthica A21-4 and antifungal defective mutant SSM1. CK : untreated control.

= 10°%cfu/me, 10%fu/me,

‘?_
10°cfu/me, 10°%fu/ms =2 HEI & P capsici® 3210'spore/m) S HE 3}

A21-47FE AR 8 vER JEAAS A5 oy wEes 248 49
e ¥ 10%cfu/ms=2 Agstae 45 ¥

gk R e HEel 10°cfu/ml, 107cfu/me, 10°%ctu/mes ==
o= o W A EIATE e AIRE AJZEo] A wgtel] uhet
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Fig. 33. Suppression of Phytophthora blight of pepper by treatment with
different population of Serratia plymuthica A21-4

o Hlga s 2o Ao mEAy oA &

509 @ AFAFE(EE 332 28w deA10%ctu/m)ol FA AE A A7
O~

of o] A% § AFA Ao Ausrtse detHde desiitt

ek~ AFo A A21-4X Tl E 126%9] LHES B FAFAME
T45%9 W &S W 5% WAZAE A& F Utk A21-47FE Potoll A # oy}
AR e E 13 8-S A AT 5+ IS & 5 AUkFig. 34, 35).

2. Rock wool hydroponic AlZ€d A 9] 139y oA &7}

HTEo] FAAM Alzdlo] @o] w=fiEe B wrtsdd EuEa vk &
Aufoll A= EFAQufot npztrA = el o) g vlajrt Aaste] 2 9lsfrt 209674 ol
gt doh A21-4tFrF FAA A"l E YA AT YEAE ot
7] rock woolel A Ag& ek 2048 1F FEE A20-47F A A (10°cfu/me)ol
HAAANZ F rock woolel o] 2atgith. 012 d F P, capsici® &5 2H10*spore/ml) S

Snid FEFL 159 Hol WHES A

32
=
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Fig. 34. Suppression of Phytophthora blight by treatment of Serratia
plymuthica A21-4 in the vinyl house after 14days of inoculation, the diseased
plants were recorded. The letters on top of bars indicate significant difference
range of Duncan’s multiple range test, same letters do not differ significantly
(p=0.01). CK : untreated control.

Fig. 35. Over all view of vinyl house experiments healthy looking plants on the
left hand side are A21-4 treated plot and drooped and wilted plants on right
hand side are control plot.
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FAE el SSMIAE Tl 159 Feol RF IREte] AR A| Rk
A21-4A 8 Fell A= Ade IREHA ki a5 Al FA o] Hste] A sHA
212 tH(Fig. 36). A21-4x 27} FaAm A~y E 139
A g As Aom AZEHAAW o oo gk HA FrF XFHAS o

A9 stelof @ lo]th,
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Fig. 36. Suppression of incidence of Phytophthora blight in pepper plants by
treatment of Serratia plymuthica A21-4 and the mutant SSMI1 in rock wool

system.
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A Potd @t st widekg A@el Az B £ 489S ddstdn
AR ABANE B 9 A BHE A0 Aol 001AE 1F Gy B
QFR AEI 47 AN T Pojskel 2FL A A FAgG o

T2 Agagon 34 T Bele FUoR §

=
datA dElstes skt Adddy FH ATEFAA= 4
Al wkEZkel] 2 Apo] §lo] A = ATl Rl A Bt datas dE
T A 47 A xFAA = ol BAYsA Fo} datas FA XA
20029 el = AA 2HZNAM Y ATE Skl HE B2 24S Ad9ste
A& stAtH(Table 22). stAWE 7ol @] AA £ A2 w5 oz At
Wgo] gk o] Wstel] uwhel o] Wehy] wiiol Awbz Qlste] Wo] Wo] s}

2
il
e
r]i.
il
_‘

2
P
°¥ﬂ

At ofel Wol WA gol we AARE A4 Fagth FH ATEFE nFY
Mool EgoE 20029l % AvhE Qo] AEHWA RE A TN BF Wol
AFA WAl A3E A RSAD G FF EgAE ol WA WolA

=
[
g
roh
t
o
off
BN
)
o
Sl
~N
>
=
ol
_O|L
o
[>
=
>
rr
il
X
o
=)
ok
o

>,
ol
X

o

s
ox
o

SWA W wAgelRE wAFAT AudA o4 50U AAAE WYIFE P
Wi whE ol4stEE BFsa 1Fsk W R4 glol ok Adsl Ada Ae

Il
= gl vh(Fig. 37).

2002 9o W= =3 ol AV|K 1FE FL2o|A] o 200059 1F

%
= stk Al A o) 309 Hel 3}t
= 5% AE=7F Bt aAbsta A21-4F ] ol A= v EkA] gka 509 FHell=
gtsls k(g eh A gol A 13.7% A= WA T A21-4A- 2o A& 2.3%<2 dH &S

B 13 A 9A A21-47FE A3 AFEIF o4 F Bk dFo] 3
a4

o
::1‘
o
Ho
o
BN
_|>L
it

JES FHFE E=dTHTable 23, Fig. 38). & 2%-& ofA 717
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Table 22.

2001. 5 ~ 2001. 8
2001. 5 ~ 2001. 8
2001. 5 ~ 2001. 8

2001. 11 ~ 2002. 3

)

B

%)

~

i
el

B

~o

Ho
=

ol

%0
T

2002. 1 ~ 2002. 5
2002. 3 ~ 2002. 7
2002. 3 ~ 2002. 7
2002. 3 ~ 2002. 7
2002. 5 ~ 2002. 9
2002. 5 ~ 2002. 9
2002. 4 ~ 2002. 8
2002. 5 ~ 2002. 9

2002. 9 ~ &

FExE (o]7])

—_— — — — —

W

Hr

~O
Ho
e
o

%0
T

2

Fig. 37. Suppression of Phytophthora blight of pepper by treatment with

Serratia plymuthica A21-4(3+&

- 103 -



ﬁo

NI
T

# 2

50 A

30 A

2.3

67.58 3.78 0.62

A 21-4

13.7

0.61

3.49

62.13

A2

\=
-

Fig. 38. Suppression of Phytophthora blight of pepper by treatment with

Serratia plymuthica A21-4 in vinyl house at 50days after transplanting.
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THo] gith H 5o AU E wES A e & AIFASHA AE 4GS =

AANNNAY ESHE S At AEAATEXTAAMT(PGPR, plant growth promoting

rhizobacteria)ol] thgt A7} xtsl A 2P glom o]ef FHAE 53 dFE9|

ol A= Qi) o] gt PGPRAITES A &8 U4t

sk Aol war, Bele] & AgFste] et FRo &

A7 e AdAlste]l Y] Ves FEATIT
EdSole #E9 A 2 dd= 71AA Feee 2AEe] A

P

[e)
'_\3"
ythium? 22 EF Y50l ol S48t vk & A elA

of
o,
o
12
2

ol

e 38 =48 A

f

(o

A=

ull

9] U]E% 7}

ol

= A2-AFFIE A PFEQ ARE FH

al
3 7 991S W mA Amshgivh

U A21-47F9 A9 w28 AZEA 23

A2l-4t5E oE 7 wEE AEE B¢

10%cfu/me, 10°cfu/me, 107ctu/ml, 10°cfu/mE =& 139} EwlE SR A stelt} pluge
725 A AEE FHEAC(AR) HES A Ome¥ = 2] 3k
ot Ae 309 Aol &S 2AEAT 0ciw/ns 2R FEIHAE B wFo Ent
EolA g2 gy A wake]l @AsA Agol HAHYIL 10°cfu/nl s =l A
ot A%EAEHE dEdn aun B SRAAE 43Rt FR8A U
B4l @ dtH(Table 24, 25, Fig. 40). 4wk SR A HH FAHE Aol 157U
duly gtk aEohE A21-4FE AR B9 o] okl Bl

& TEAME AFSAaAT vebd = & AR JdEd.

o
QL
32
=
-
ot
[\~
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Fig. 39. The effect of plant growth promoting by treated with Serratia
plymuthica A21-4

Table 24. A21-4¢] o1& 7}A] Fk AP o3 Evte fFHo AF=318 3}

%) g4 9% f4F =2 AE BAAE ARE AsE d5A

o (em) (em) (em) (em) () ABAF(g) WAS(g) (ug/mg)
10" 5.8 45 2.5 11.6 55 2.0 0.9 04 27.0
x10° 3.7 2.6 1.3 5.8 2.6 1.2 0.2 0.3 19.2
<10 3.5 2.4 1.3 5.6 25 1.2 0.2 0.3 18.3
x10° 2.2 1.6 0.8 39 14 09 0.1 0.1 17.3
Rl 4.0 3.1 1.7 7.0 3.3 14 0.3 0.3 204
A g 2.5 1.9 1.0 4.7 1.9 1.1 0.1 0.2 176
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Table 25. A21-49] o2 7}A] F&= Ao 93 Evte fFreo] 4FF31a3

Ay AR

Ad AROD e AW AAFm) G g WE
x10° 4.7 13.8 5.7 3.1 19 0.3
x10° 2.3 6.1 18 15 0.3 0.2
10" 25 5.7 1.7 16 0.6 0.1
& 3.0 8.2 3.1 19 0.7 0.2

T3 2 2.3 6.3 2.0 15 0.4 0.2

107cfu/ml 108cfu/ml 108¢fu/ml

107cfu/ml 108cfu/ml 109%cfu/ml

Fig. 40. The effect of plant growth promoting by treated with different
population of Serratia plymuthica A21-4

o A A E A21-4F 7 AREA T

A21-45 5 I1F SHA o= A7 A& st Ald SHRHLAAE Lolr 7]
Yl 1FE FFste] woldt F 7d A0 R A21-45 AP E L FF 409A

of o1 S-S FAEF T
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S ¢ 7

AL &I oA

UTHTable 26, Fig. 41). A A7l wofste] Eho] v AXE w~

Table 26. A21-47%2] JelAl7lo] e u3k §ro 4% a7
A 2 ZF(em) FF(em) FE(em) A7 (cm) @Z}lﬂ/}’%?g) xﬂﬂé %l?g) (Ojjm';i)
74 14.90 4.08 2.36 0.25 0.93 0.53 36.68
144 A 14.04 3.68 2.06 0.21 0.65 0.35 36.18
214 A 10.58 3.24 1.86 0.18 0.41 0.10 34.66
28 A 5.78 2.14 1.06 0.13 0.13 0.09 35.42
-4 6.06 1.82 0.90 0.17 0.14 0.17 22.02

Fig. 41. The effect of pepper growth promoting by treated with Serratia

plymuthica A21-4 in different stage of pepper

- 108 -



g A2 g2 FEGAY A21-4T7F9 AAFE=R 57

M2 GE R A2l-4utFo] AFSZAEINE dotry] flete] FRAAAN

Bol AHEE = AEE] FRIEANIGR), FHIELN(NIGIR), vl QA E(F

A21-4A )7} FA 2ol Hlste] Aol FelshA HAEAL FAA LG E FA S
A As B 5 tH(Table 27, 28, Fig. 42).

Table 27. oJ2]7HA] FEA 9 A21-47 59 15 fFH tidh G52 &3

2~ 3= oE
° 1@ (1) (em)  (cm)

P

T A AAAE AAE ASE dEA
em)  (em)  (mm) AAAF(g) WA S(g) (ug/mg)

—~

Y ¥ A21-4 58 45 25 116 55 2.0 0.9 0.4 27.0
¥ 4 40 31 1.7 70 3.3 14 0.3 0.3 20.4
A= 25 19 10 47 19 1.1 0.1 0.2 176

f+ H A21-4 75 56 32 144 57 24 1.6 0.7 33.1
¥ 4 56 50 26 110 54 2.1 1.0 0.5 31.0
FA4g 60 53 28 139 63 2.3 1.2 0.6 26.0

Htol e A21-4 68 57 34 169 75 2.6 1.7 0.5 30.6
& 4 58 50 27 154 72 2.3 1.2 0.5 30.5
FAg 57 44 24 129 59 2.0 0.9 0.5 24.6

= 5 A21-4 68 47 29 112 51 24 1.2 0.5 32.8
% 94 50 39 21 103 50 1.8 0.6 0.5 24.9
A48 42 32 18 74 3.5 15 0.3 0.3 19.6
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Table 28. A2]7kA] FENA 9] A21-4vF2] EvlE R gk AFH a3

FoE Ad 450D 2@ 243 393 L Sk
oA A21-4 4.7 13.8 5.7 3.1 19 0.3
¢ 9 3.0 8.2 3.1 1.9 0.7 0.2
1 2.3 6.3 2.0 15 0.4 0.2
i H A21-4 5.0 174 6.9 3.7 3.2 0.6
¢ 9 42 158 7.2 3.1 2.0 0.4
1 4.5 16.8 8.3 3.3 2.6 0.5
Hko] Q. A21-4 5.3 159 7.0 3.7 3.2 0.6
¢ 9 45 15.7 7.3 3.2 2.5 0.6
1 4.0 14.5 7.1 3.0 1.8 0.4
= 5 A2lH4 4.7 13.5 59 3.9 24 0.6
¢ 9 3.7 10.7 4.3 2.6 1.2 0.4
1 3.2 7.6 2.7 1.8 0.5 0.2

;T = EOE

"k 3
O T LAk K A S [R5 = g R

=l

e Sl it | e

- ™ il e
iy e . S,

i e

10%fu/ml el o o 108cfu/ml 109fu/ml

Fig. 42. The effect of pepper and tomato growth promoting by treated with

Serratia plymuthica A21-4 in different soil media.
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A3d mAEA g 3 EvtE ErtEH o WA

P. fluorescens Bl6w 5+ EvtE FEufEH A R solanacearumz ] %314

2 oy Aol dis) 2@ 7Hxa Utk (Table 29). 12l A=Al <84

o
ol
o
&
=
o
e}
S
£
o
c.
2
=
>
[>
juii)
=2
a2
ofo
i
ofr
o
ol
o
2
T

Table 29. Antibacterial activity of Pseudomonas fluorescens B16 againt several
bacterial pathogens and rhizobacteria

Tested bacteria Antibacterial activity

Pseudomonas syringae Cit7 -4

P. s. phasealical -

Plant pathogenic

) Agrobacterium tumefaciens ++
bacteria

Erwinia carotovora SR29 -

E. chrysanthemi EC873 -

P. fluorescens 2-79 +
P. aureofaciens 30-84 +
Plant root-associated P. fluorescens Cha 94 o
bacteria P. fluorescens P1 +

Paenibacillus polymyxa E681 -

Bacillus cereus UW85 +

% The degree inhibition was divided by the range of the inhibition zone; -,
inactive; +, 5-10 mm; ++, 10-15 mm.
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Fig. 43. Antibacterial activities of P. fluorescens B16 (wild type), mutant K2-31
(antibiosis enhanced) and K1-36 (antibiosis defected) against R. solanacearum

in LB media and minimal media (AB).

o
)
e
.3
o

1. Rock wool AwjA| A€o e A3 HAA

B164 2 WS TAHAAZL} FEIAHAAY F7HA WS ARSI F
AIAAYE EvfEFAES Bl6FFe @gtd (10%cfu/m)ol 14 AAAZ F 945
A1 R TEIAAYE 098 EvtE RS BI6E 10 ctu/m)ol A A]
71 % rock wool slabs (10x10x6.5cm)ell o] A stdtt (Fig. 44). ©]2 74 ol R
solanacearum (10°cell/m)E 100m% £33 EntE el o} rock woolol A e B16%}
R. solanacearum® BE=E ZASFATH

228 FHo R Bl6S HAEsds A
7AA Awrb 10°-10° cfu/go 2 frA =

B

A5 zastel 60Y ol Fol= BI6S
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Seed treatment

Root treatment

Fig. 44. The method of root treatment of P. fluorescens B16

Bl67+2 EnlE ZHd HA g3 & R solanacearumsS HBE3FIAS 29
HESHA E%s 459 EvtE By el rock wooldl A9 Bl6w 9] AU EE vl
Aoz AlZre] Ao wel Bl6e WE7F HAHOoR fAAhdE F

ol
o
4
fto
o
b _{0
2

o
tjo
W
o
¥E
ol
=

| 53] R. solanacearum= HEsAS 4% EvE ¥4 Bl16 ¥
T 5x10%fu/go 2 R. solanacearumZ BE3A %S wl (6x10°cfu/g)Eth 108)
=2 W AHAzAsta 9 tH(Fig. 46).

B16S AHEsl9S A R solanacearum® EEE oA 3x10°%cfu/gol A
1x10%cfu/go.2 7238t9 3, rock wooldl %= 1x10°%cfu/gol A 1x10°cfu/g o2 7FA 3}
At o= Bl6o] #ulsh= AdEF Aol 93 R solanacearum® A37¢o] A H Ho

& Hol At (Fig. 47).

BIG#FE Add ¥ 9 VAL 2Aete] ngtd BI6RFE Aade
A% FA AT b FAEE 4 dehdn Pl 2 WaE 4 g

(Table 30).
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Root Treatment
O Tomato Root
@ Rock wool

Seed Treatment
] Tomato Root
Hl Rock wool

Population densities (Log cfu/g)

S = N W A Ut &N O X
T

30 45 60 75

Days after treatment

Fig. 45. Population changes of P. fluorescens B16 in tomato root and rockwool

when the bacteria were introduced by means of seed treatment and root treatment.

9
-5~ B16 root

g’ 8 -8 B16+RS root
© ——B16 rockwool
o
ke) —&— B16 +RS rockwool
= /T
3
[72)
C
[0
©° 6 F
c
2
kS|
a 5 ¢
9
a

4 1 1

Days after treatment

Fig. 46. The changes of population densities of P. fluorescens B16 on the root

of tomato with or without inoculation E. solanacearum.
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Population density (log cfu/g)

mRS

Root

@816 + RS

Rock wool

Fig. 47. Population densities of E. solanacearum on root of tomato and in rock

wool at 45 days of seedling growth with or without inoculation of BI16.

Table 30. Number of total bacteria or fungi after disease occurance on root of

tomato in rock wool system

Treatment
B16 K2-13 CK
Only 4.42 3.89 4.20
Bacteria
plus RS 3.84 3.18
Only 6.91 6.96 6.94
Fungi
plus RS 6.62 6.73
2. Bl6F9 A HHd & ¥ JdA &z
BIG# T Ael de sl shge A% W AEAE Folnr] el F
AA 2], A A], rock woolell #HFA sk WHS FAEtY] APS WAt
Bl6 el PiiMe A5S 4% A4S W AR P gl 5%
R. solonacearums &3A oz WA & g SAFIAAE WHS BH S0
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w
&
fu
i
o
L
L]
o,
o>

& rock woolel] #F3t= WHE TR Eo] 17%= 7P a94
o2 WE WAT F AATE (Fig. 48). W AL T A¥Z R solonacearum] H
S5 ZARSE A3 Wo] BAE FAAS IAIAAYA = HddA e v52g
10°cfu/gel B=E depdd we #FAes 10%fu/ge R obF we dEz JFa)

i ee Flskdt (Fig. 49).

o
S
hN

w
S
N

Disease incidensce (%)
S~
o
N

Seed Seeding cube Pouring CK

Fig. 48. suppression of tomato bacterial wilt by treatment with Pseudomonas
fluorescens B16.

8
BRS [OB16
IS
s 6f]
3
2
2 L
@ 4
©
c
Ke)
=
g 2
a
0 Seed Seeding cube Pouring CK
Treatment

Fig. 49. Population densities of FRalstonia solanacearum and Pseudomonas

fluorescens BI16.
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3. Bl6# 59 I ¥olA9 EvlE AlE5H W Az

TnSZ A2 Bl169] WolA|l T Fatgo] dalld K2-313 Fatargo] tha
Aozl K1-369 Ad@ste] Agdo Tttt A3 2 rock wool Au] Al 25l o] A
StA A 308 ¥ EFEREE rock woolel o]2g & Bl63 1 ®olAQl K2-31,
K1-36 (10°cfu/m) @E4S rock wooldl BFAgstith g 15¢ FHol 2s
= XAeRSITH

AAAH} FAAN AL T5%0)d THE
ol Al K2-31Aglold 10%9 8%4rol wHakA] Fgkar et zbgo] ofajxl wWolA

1-36014 57% A =0 =2 Wes yebdln (Fig. 50, Fig. 51).

==
=
:(I)l:
)
=
D
)
ot
Al
LS
oo
o
ol
%
N,
g

Disease incidence (%)
=

20
. BN =
None B16 2-31 1-36
Treatment

Fig. 50. Suppression of tomato bacterial wilt by biocontrol agent P. fluorescens
B16, mutant K2-31 (enhanced) and K1-36 (defective).
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’ Health
#% Check

Fig. 51. Suppression of tomato bacterial wilt by P. fluorescens B16 and
antibiosis enhanced mutant in rockwool hydroponic system.

4 EvtE Eriew dAe 4 @ T4 94

7h 24 HAA
BI6# 55  ABHIA|l A of 48417k wFAIZ) F 0.IM MgSOs §lo] @etsto]
B 2-3¢7]0] o8 EvlE (FF: F5)E oF 3087 HA I F potoll A 3urE A

Matgith aeln UFY § ErkEsl BEE fe EvhEd Wadel Z@

A3t
BI6S Aed ErhEl A wAe] wH A5
AAsdn 3 AAE 29T (Table 31).

o
-0,
,JI>
—
(e
e
M
X
i)
of
ol
ol
)

wgow F4 87 de] EvkE (2U6-8%71)F AB brothol 4 °F 48X 7k W]}
AR BI6TFS] ool oF 3023k A A F EF G TP 10574 4w A

9 dFd § FEnEH AT R solanacearum 18707 F dEHAS EunlE 3 F
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SRR 3
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o] 10 =A W] Asdn

Table 31. Biological control test in

Aol Asel ppRAAE Bl6

=]

N

[e)

=

HAAE =2 (Table 32).

At EntEs Ao vE ASSH

[e]

greenhouse.

Days after treatment

Strain 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
0 0 0 0 0 0 0 0 0 25 50 50 50 100 100 100 100
B16 o 0 0 0O O 0O 0 0 O O 0 0 5 5 7 7 100
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 100
0 0 0 0 0 25 100 100 100 100 100 100 100 100 100 100 100
CK 0 0 0 0 0 0 25 25 100 100 100 100 100 100 100 100 100
0 0 0 0 0 0 50 50 100 100 100 100 100 100 100 100 100
AL SR E o|WFE &
Table 32. Biological control test in greenhouse
Days after treatment
Strain 1 4 7 11 14 17 20
B16 0 0 3 9 10
0 0 3 10 10
0 0 4 8 8 10
0 0 4 9 10 10
CK 0 8 10 10 10 10 10
0 6 9 10 10 10 10
0 1 10 10 10 10 10
0 2 5 8 9 10 10
AL SR E o|WFE &

- 119 -



A 44 HEA3FE R BEGH BA mAE AAY 7E

1. P. fluorescens B169] FdAEZA AIAH FHAA 4

D AZEAD A FAX 9 78 AA 78S A P. fluorescens B16

o] HolA A

>
e

5

P. fluorescens B16& A& % ¢l Gram-negative 43 FA]d oju] &4 T

rfe

A
5 transposable elementsE ©]-&3 WolA fFEi= foldtA o]FAd = ATt
A= WolAl =5 98 + T/ transposons AHEESATE & FHE QKm

o7 A7|7} vlwA . &AA| ol replication origing 7FAaL 9lo] WHolA| clones

L

Fusl7l7h golsiths & Aol Atk F oA &9 44 BHAEY w@Ax

E 4 & TnblacZ A%< transposong Al

o
r\j
l
4

52 A3s7] 93 reporter fusion
L3tk QKmS Ad E. coli S17-1 pJFF3503% TnblacZ A% ¢ transposon$! E.
coli S17-1 pSUP102-Cm:Tn5-B202 P. fluorescens B163 27z} A& AA P
fluorescens B16°] QKm¥} TnblacZ7} A2 o2 AE WHolAS z+z 15000

F A % o 3000 FE FREAT} (Table 33).

2) P. fluorescens B16 ¥ EZA At ##H wo|A A

Table 337 o] SrE WHolA|l ¥ F, GKmeo] AY¥ 150001 74| w525
Fad=d AL B HolAlE Asty] ffdte] HAGEF A AB (NaH2POs 1.0g,
KoHPOs 3.0g, MgSO,4 - 7TH,O 0.3g, KCI 0.15g, NH4Cl 1.0g, CaCl; - 2H-O 0.01g,
FeSOQ, - TH02.5mg/liter, glucose® W= AafA 0.2%% Al AFE)ElA] Ao A =4
2l Ralstonia solanacearum®| W3ale] clear zones ¥A3HA| X3t HolAES A
wopaith Add wiAE 42T7HA FRe A3 v 24X w9 v R

solanacearum<-S ¥ 1 plated] 20ml¥ 7o Ho} 3t} Bl6e ®HolA &5 1A

- 120 -



N2 ggar WA o] X AFsle] 28T wiSE7|O] 24A)17F F

Tl clear zoneS ##E3FA
Adt®l WolAles BT 129 e, olE T K2-31, K2, K3= wild type! P.
fluorescens B16X.t} R. solanacearum ©| W3t SqHAEZAS 1] o] EHjslE Wo

A om, K1-36, K1-15, K14, K18, K22, K4, K5, K6, K72 Fitd24S 2u|sx|
St AY kel A B WHolA AT (Fig. 52).

A

Table 33. Mutant pool of P. fluorescens B16

Transposon QKm Tnblac/

No. of mutant 1,500 1,500

Fig. 52. Antibacterial activity of P fluorescens Bl6 and its mutants against R.

solanacearum on AB agar medium. 1, B16; 2, K4; 3, K5; 4, K6; 5 K7, 6, K14, 7,
K18; 8, K1-15; 9, K2-31.
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3) P. fluorescens B169] IdAHEZD AFA WHolA] FHA &4

i

Transposon©] A91le] Wel7k olyk 47 T4 BH18t7] 9Iste] ol

= 12709 WejAlz HE Wolrt dojdt ¥-9E cloningstith. WolAlZ

rO

standard W% (Sambrook et al.) chormosomal DNAE FZ3}%tl. Chormosomal
DNAZE EcoRI AgtaAE A3 & T4 DNA ligaseE AFE3}o] self-ligationd} S il
E.coli DHbaol transformationdt®] kanamycin®] SojgE LB #ix|o] Aojlr}s=
colonyE 83ttt Ecoli HE plasmid DNAE 3539 EcoRI A3t Ao <
3 agarose gel’dolA single band® YElYE plasmidE AR Genetic
mapping= 3 ®Wo|7} dojt B169 chromosomal DNAZE pBluescript II SK(+)
cloning vector®] cloningst&th. @714 E 48 93 PCR WS- standard 4 ol
Wk AFR3F primers cloning vector®] Universe®} Reverse primerZS AM-&3}th.
QKmeo] Aele 919 AR E &7 3l HR primer
(5-TGCTTCAATCAATCACCGG-3)E AH&3te] sequencingdtdth. ol &7 A <
& FAAAHRE BLAST program (National Center for Biotechnology Institute),
MEGALIGN  software (DNASTAR), GENETYX-WIN software (Software
Development Inc.) 2.2 #A135t9 T DNA sequencer® ©] &3+ BLAST Search #4124
I} K1-15= P. syringae®l cysteine synthase B (90% identity, 94% positives), K4
¢} K7= Aeropyrum pernix® cystathionine gamma lyase (36% identity, 54%
positives), K5, K6, K182 Thermotoga maritima® pyruvate formate-lyase
activating enzyme (39% identity, 60% positives), K142 unknown protein, K2-31<
P. aeruginosa® nitrate/nitrite regulatory protein (36% identity, 59% positive)@} 2z}
ZF A& Btk (Table 34).

4) P. fluorescens B162] 3 spectrum

Bl63} dirgAdo] Zsjxl wolA K2-31, @ Ao] glojzl Kl-158 o=
2 7R AE YA Ty dA T st @t spectrums Table 3 A A8} T

1

O
al
4y

28 A HE felA AgE HJAWHS wskth. Erwinia carotovora, E.
chrysanthemi, E. coli, Paenibacillus polymyxa, P. aeruginosa, P. s. phaseolicola's

o= IS e A &3 Agrobacterium tumefaciens, R. solanacearum, P.
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fluorescens, P. putidasol= 7F3st A4S e Y. &4 spectrum 23}, B16
2 SHAMrl g Z3k g gE Btk B169

oA By 2 9IAE FH7] 9

A Zt=lo] Xt} (Table 35).

B4 e A

5) P. fluorescens B162] genomic library A #t

Zyzre] wWolAo A Wol7l dojutk BE XY= wild type clones 7] ¢34
genomic libraryZ A&t} (Fig. 53). Alkaline lysis %% (Sambrook et al.)ol] <
3 P. fluorescens B162.2%-F chromosomal DNAE FZE3}3th AStE A Sau3AlS
2 partial digestiond}o] 22-28 kb =712 DNA HA#HAES 10-40%92] sucrose gradient
o] 93} centrifugationdlte] insert DNAES Lth Vectors BamHICZ Hehd}lo]
calf intestinal alkaline phosphataseE *]2]3}¢] dephosphorylationdte] 4|3}
Insert?} vector DNA Z33 $oz Zg3sle] T4 DNA ligase® HEg3A}.
Gaigapack packaging kitE A}&3stel E coli HBI1019l transformationd}<
tetracyclineS 92 LB viX|o]A 719 A&+ E coliz P. fluorescens B162] genomic
library Al&atAch 2071 colonyE ¢el& Aeste] plasmid DNAE FE31
EcoRIS& A g 3dte] dnp} thaksdk Bl169 chromosomal DNA ZHH OS2 genomic

library7} 9FEo] FE=7FE Q893 90% o)A A2 tE cloned S & & UA)

6) P. fluorescens B169] genomic library 2% wild type clone® A

Mutant K52] ®o]7} dojut 9] 32 kbe] DNAZE probeZ 39 genomic
library 2 5-€] colony hybridization ¥ 22 wild type clone¢! pB03¢} pJWB1E Z+
7t A& 4 AU (Fig. 54). EcoRl, BamHl, Hindll, Psd'c 9] A& &A% physical
map< AA3 ZAF pB03Y pJWB1L 17 kb A% overlapH o] At Mutant
K1-15¢] "oz} dojd B9 DNAZ probe® 3} genomic libraryZ%E wild
type clone pB05E ATt pB05+ pB03¢t pJWB13# Alg& 4 physical mapol Al &

TE RS AT (Fig. 55). 23, A7HA 59 cosmid cloneo] Fi#4dEd A%
A7 BEE FAAZE Mg E o] 93 chromosome gl A A2 oA EA8ta Q)&
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Table 34. Mutated genes by the transposon insertions in P. fluorescens B16

Mutants Gene

Similarity® to:

K2

K3

K4

K5

K6

K7

K14

K18

K1-15

K2-31

K1-36

ntrB

hemolysin—coregulated protein
cystathionine gamma-synthase/beta-lyase
pyruvate—formate-lyase activating enzyme
pyruvate—formate-lyase activating enzyme
cystathionine gamma-synthase/beta-lyase
ferrous iron transport protein B
pyruvate—formate-lyase activating enzyme
cysteine synthase B

nitrate/nitrite regulatory protein, narL

putative aminotransferase

Vibrio alginolyticus (48%)
Vibrio cholerae (20%)
Aeropyrum pernix (36%)
Thermotoga maritime (39%)
Thermotoga maritime (39%)
Aeropyrum pernix (36%)
unknown protein
Thermotoga maritime (39%)
P. syringae (90%)

P. aeruginosa (36%)

Streptomyces coelicolor (35%)

? Identity was determined based upon predicted amino acid sequence.

7) pB03, pJWBI, pB05E |- &% FTAHEA A WolF I

Helper plasmid¢!

pB05E

E

probeZ &l A
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pRK2013& A}&3}e] triparental mating
12719] oAl 77t transformationdt 9 th. pB03E
K1-36, K14, K18, K4, K5, K6, K79] A$& ZF
2 Aol 3HEHATD K1-159 A9 3E5HA
A2 pBOGE K1-159] &g
o a, K2-31, K2, K39k #Zo] 84 Aol o
o &l wild typed FELOLE ZFJEAE &

AAES E O AAd §TEL 497 Bag

P. fluorescens B169] FFo 2 IAE
2359tk K1-159 mutationo] < ojyt
S wild type T2 3 &3
7MY 7%+ pB03, pJWBI, pB05
2 okth (Table 36). A=, =4 AT
gl A8k

] 3 complementation

Ho = pB03, pJWBI,

transformationd 2 3},

o5 o7} o
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= FAAE 283 clonelZ A7ZtH o, 53], K1-159] ®ol7F dojd F-99 {4
A7} cyteine synthase B ¢} homologyE Zt+ A3 datztgo] f Az WHolA K2-
o] WHol7} dojuk 919 F A7} nitrate/nitrite regulator protein® homology S Zt+= A

ol =55 v A kel Foud.

Table 35. Antibiotic spectrum of the antibacterial substance produced by P.

fluorescens B16 and its mutants

Strains B16 K2-31 K1-15

Agrobacterium tumefaciens ++ AR -
Erwinia carotovora - - _
E. chrysathemi - - _
Escherichia coli - - _
Paenibacillus polymyxa - - _
Pseudomonas aeruginosa - - -
P. aureofaciens 30-84 - - _
P. fluorescens 2-79 4 F4+ -
P. fluorescens Cha94 ++ e+ -
P. fluorescens 1855.344 - - -
P. putida PI + e+ _
P. syringae Cit7 + o _
P. s. phasealicola - - _

Ralstonia solanacearum ++ +++ -

% The degree inhibition was divided by the range of the inhibition zone. +++,
strong (>15mm); ++, moderate (15-11mm); +, weak (10-5mm); -, inactive
(<5mm).
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8) Heterologous host$l P. fluorescens 1855.344° A o] & 24

(¢}

Tripatrental mating W' © 2 pB03, pB05, pJWB1<& 3#&2dS AAsA E3)

= P. fluorescens 1855.344°l transformationd}s 372l

R4

solanacerum®l| 3k

R.
B AgS et (Fig. 56). pB039t pB05E Z+2 712 P. fluorescens 1855.344

] &ta pJWB1E 713 P. fluorescens 1855.344% 3285

[}

et sloh ol2x Fitzd A3l #dd 7k pJWBLel 25 widso] gl
om pB03el A ZeEol = A FlsAn

Fig. 53. Genomic library clones of P. fluorescens B16. M, kb marker; 1 to 15, EcoRI digested
cosmid clones.

Fig. 54. Wild type cosmid clones of P fluorescens Bl6. Colony hybridization (A), southern

blotting (B). Probe DNA : 32 kb Hindlll fragment of pOK5 (7.0 kb self-ligated EcoRI
clone from Kb5).
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Fig. 55. Restriction enzyme maps of cosmid clones of P. fluorescens Bl6. Enzyme
abbreviations: B, BamHI;, E, EcoRl, H, Hindlll;, P, Pstl

Table 36. Complementation of the antibacterial activity-deficient mutants by

cosmid clones

Cosmid clones

Mutants
pB03 pJWB1 pB05

K4 48 ot -
K5 ++ +t -
K6 T+ -+ -
K7 ot o+ -
K14 ot ot -
K18 T+ T+ -
K1-15 - - ++
K1-36 ++ ++ -
K2-31 ot ++ -

® The degree inhibition was divided by the range of the inhibition zone. +++,

stron (>15mm); ++, moderate (15-11mm); +, weak (10-5mm); -, inactive (<5mm).
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Fig. 56. Antibacterial activity of heterologous host P. fluorescens 1836.344 containing wild type
cosmid clone. 1, P. fluorescens BI6;, 2, P. fluorescens 186.344(pJWBL); 3, P. fluorescens
1856.344(pB03).

HH E EHH EP P EH E ®
| 1] L1 11 |

p— 110 411 1§11

2kb

Fig. 57. Physical maps of cosmid clone pJWBI1, the DNA region from P.
fluorescens B16 encoding genes involved in the production of antibacterial
compound. Insertions of Tn3-gus that interfered with antibacterial compound
production are marked on the map of pJWB1 as filled lollipops. Enzyme
abbreviations: B, BamHI; E, EcoRI; H, Hindlll, P, PstlL
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9) Tn3-gus mutagenesis$} marker-exchangeE 3 FFAAZEZD YA HolA M

Cosmid clone pJWB12 % Tn3-gusel 23 plasmid mutagenesis® 2 A3t}
pJWB1&  transposon donor strain®l E. coli S17-1(pHoHol, pSShe)e°l
transformationd} 4t} ol &2 A A <& transconjugantE E. coli C2110¢} mating 3}
#3  kanamycin, nalidixic acid, tetracycline2 %-& LBu]A|o] =3 Ath Tn3-gus
7} AYdE  plasmidEalkaline lysis WHoR  FE3¥I E coli DHbadl
transformationd} 1t} Tn3-gus 7F AY® F 99} transcription W3S &7 3 A
g A2 A ste] mappingdtil Tn3-gus’F AYE 9= direct sequencing s}l th.

Direct sequencing> Tn3gus primer(5'-CCGGTCATCTGAGACCATTAAA AGA-3)

il

ARg&Lo] #4139 th Wo] plasmidE helper plasmidZ ©] &3} triparental mating
HH o 2 Bl69] transformationdt $ tetracycline® kanimycinol A A}gk= colony=
E. coli 2174(pPH1JI)¢} mating3}1th. Matingét mixtureES gentamycin, kanamycin,
rifampicin®] €7t LB #]X] o] Z=%3}o] kanamycino] A2}l tetracyclinedl] AF&}A]
23E= colonyE £33 1L southern hybridization© 2 marker exchange”’} #|th &
o] Fo] HExx el vl Marker exchange’} A E o] Fo] X mutante] A
AT (Fig. 57). &4 23 pB03<t pJWB13} overlap® = °F 5 kb 7] ¢]
DNA fragment$®} overlap 1A &+ ¢F 1 kb Z7]9] DNA fragmentol]l &3t EHA]of

° PN
S ¢ 5 g

o

o

1l

M
N

S =]
23 5

of

Figure 5914 &1 &4 EF AFAT #Ho| Qvxn AdH+= F1A
B)s x3lsle] =0 B R A7 EE sequencingstith. WA, pJWBle g2 X
B EcoRl, Hindll, Pstl fragment®] subclones 2}z 7, 5 37 S H&¢aL
pBluescript II SK(+)°ll cloningstAt}. 333l primerg Al Ztste] A7 LS
A sklth pJWB1e i xtE AR FHAE 29eks 15kb 2719 @Y=

e 5ekdth pJWB1el x5 A3 ##e] 9= 15kb 9471E NCBI Blast

!

search®} A2 ¥4 programs %3l 11719 FHAE A Tn3-gus
mutagenesisE &3l ZtZte] FHAl Tn3-gusE AY 3 mutant clones Ao

wild type 21 B169] marker exchangedlo] B16¢] dA&E=Ao] AMaA 242 o
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2 #Ho] e A FAAE doldllth ol& FHAE 27 ORF1, ORF2, ORF3,
ORF4% wWHs3sltl. ORF12 Cystathionine gamma lyase, ORF2+ pyruvate
formate-lyase activating enzyme, ORF4+% transcriptional regulator®} Z+2+ 36%,
39%, 36%<¢] similarityE® X993 ORF3& unknown protein®® 2hel=
(Table 37). 18]3L Tn3-gus’F 44 ¥d H9E direct sequencing 3 southern
hybridization W o= g<elatdltt (Fig. 58). ORF1, ORF2, ORF32 2 &%l A
A2 0 7 transcription®] Yot} ORF4E ZoA Q220 2 transcription©]
APg = Aoz Felw At orfidt o2 47019 baseZ overlap® o] AL o229}
orf3 200782 471 LElal orf3¥ orfd= 100708 V1= ZhzE HolA 9lgd

ORF1, ORF2, ORF3, ORF4% Z}Z} 381, 494, 239, 143712] o}v] :=4FS coding 8l L

AT

Table 37. Charcteristics of antibacterial compound biosynthetic genes and

products

o Amino . b
Gene Base range?® Size(bp) %GC ) Similarity” to:
acids(n)

_ cystathionine gamma lyase from
orfl 176-1321 1146 48.79 381 Aeropyrum pernix (36%)°

pyruvate formate-lyase activating
orf? 1318-2802 1485 47.75 494 ?nzyrile from Thermotoga maritime
39%

orf3 2903-3622 720  43.40 239 unknown

_ transcriptional regulator from
orf4 3823-4254 432 AT 143 Pseudomonas aeruginosa (36%)

? Nucleotide range within the 4.3 kb Sall-Narl fragment.
> Gene product in the database with the highest amino acid similarity.

¢ Identity was determined based upon predicted amino sequence.
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EcoRl)
BamHI)

pIWB44 T T
7 Z s 2 i
€ & £ ¢ =8
pJWB4O L 1 1 1 N}
ORF1 ORF2 ORF3 ORFT
< < <3
- z s ¥ B«
1kb a & S & £8
J | J J J | { JI 1 J //
45 28 118 [l 100 66 299 354 388 108
K4|K5 K6 K18 K14
K7
Antibacterial n . - L _ +

activity

Fig. 58. Genetic organization and restriction map of antibacterial compound
biosynthetic gene locus of P. fluorescens B16. Open arrows indicate the positions
and orientations of antibacterial compound biosynthetic genes. Vertical bars in the
map indicate the positions and orientations of the Tn3-gus insertions, and the
antibacterial activities of the mutants are represented below the restriction map.

Vertical bars with arrowhead indicate the positions of QKm insertions.

11) FFAHEZ AT FAAE 25 ¥ 33+ DNA fragment subcloning.

pJWB1o 2 XE] Pstl fragment deletion®] <&} subclone pJWB4Z <t}
ORF1%-E] ORFA7}A] @+t =2 Adgol AHH oz #do] 3= F&5 cloning
37] 98 pJWBARZYE Sall-Narl DNA fragmentZ cloningdle] pJWB40S < it}
ORF47} 1% clones 947] 913l PshAle.2 pJWB40Z5-EH DNA fragmentE #He}
o] pJWB42 cloned ¢t 18]lal ORF49 E#gx o= EAst:E pJWB4M
subclones At oA A& subcloned heterologous host?l P. fluorescens
1855.344¢9  transformationdlo] &t =28 Q18 th. pJWBI1, pJWB4, pJWB40

cloneg 7}2 P. fluorescens 1855.344 strain®lA] 284S B A subclone
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pJWB40 Wlel Bl169 &4 A FAAZ 5 238EH Ao= JHdHJIL A

7Ii= 43 kbl A& &8ttt (Fig. 59).

12) B-Glucuronidase activity &3

B16°] Tn3-gus’} fusion® WolAZ o=z 4-MUG(A-methylumbelliferyl-p
-D-glucuronide)E& 7] & & pB-glucuronidase activity® =Astvt. 280 74
AstA vEts ™ AB HAaGFuA o B16S 16A13F, 24417, 56A17E, 12041 & o}
Fo] 28T shaking incubatorol A Hj%&lo] cellS 3]48to] Ao A&t Al
4% serial dilutiondte] 23 Algste] 218t 1 mlel bacterial cultureE 0.5 ml
9] Gus extraction buffer (50 mM NaH2PO4 [pH 7.0], 10 mM EDTA, 0.1% Triton
X-100, 0.1% SDS, 10 mM PB-Mercaptoethanol)el & E3d % sonicatorE AF-&3}o]
cell& 703 centrifuge® cell debrisE §l F5AS AU Enzyme HH-S-2 37T
A w1 mM 4-MUG7F 5901 8= gus assay buffer® stk = 23} B
—glucuronidase activity 7} bacterial growth phaseol] ¢a] S Wi=d| 1647t 244
ZF wjksl Ao = p-glucuronidase activityZ} A9 WEFUA] k9kar 564 7HE

AR 2L HA] Eo]Z 0 F hacterial growth”} stationary phase] 219 FH-g

-
4
—
[\
()

p-glucuronidase activity’} Aa& o2 F7kshS & 5 AdTh oyt AEE v Fo
& ] P. fluorescens Bl6¢] @A EZ-S stationary phase®] $HE HapH oz A

Ast7] AFetE AS o 5 AT (Table 38).

13) P. fluorescens B16% 37 E A A A mutante] <AARZ5H

Wild type B16¥ I Ad=dE& AAASHA Xt Tn3-gus ®eolA JWBIIS,
JWB100, JWB354, JWB388¢] <d7482 35 A3t f1ste] o]F o #4 (DLF)
S ol g3Au. &4 FFIF 579 TS JEo olF A7 24
Petri platedl] X4Falo] 49 5 Qo|¥y] o AF23 Ao Drs xAS Y. ak+t

_§‘
AEAS AAEA Este HolAle +dAATHS wild typedt vl g w =LA =

to
-
ofN
>
=2
=X

ol7F Yt dHAEdE Aol TAAFTHA = ofFd FF S MAA XK= A

o2 #aylh (Table 39).
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Antibacterial activity in
heterologous host

T g _g§zEoEss o¥.. ¥ %%
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_ ¥. =z 3. oz B
T os8sy 0§ 2 & g
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¢ g o8
pIWB40 L——1 NI +
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= T =
g § 8
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z :
8 8
pJWBE L— | -

Fig. 59. Restriction enzyme maps of cosmids and subclones that show
antibacterial activity in heterologous host P. fluorescens 1855.344. Enzymes site of

pLAFR3 vector marked in parenthesis.

14) pJWB19 subclone ©] &3 W o]A complementation

Ftd=d A FAA orfl/orf2/orf3/orfdl 27 Tn3-gus7h Al WolA|
o pJWB40, pJWB42, pJWB44Z Z}7} transformationdt AT}, orfl/orf2/orf3/orfdS =
T XSt pJWB40> Tn3-gus WolAl JWBI118, JWBI100, JWB66, JWB354,
JWB299, JWB388 =F FitFg& IEARIL ofd7b e pJWB42= JWBLIS,
JWB100, JWB66, JWB354, JWB299°] 3awt#t&-& 3| EAIZAT orffo] fusion®
JWB388 ®olAle] FFatagS |EATIA Eepdn. v o s 713 pJWB44+=
JWB388e] &+ 285 3] EA AT (Fig. 60).

15) 3 AEsHel U ¥ 94 29 AA

P. fluorescens B162] &2 A AdA Aol diak AEALA 3

- 133 -



E Yolr7| 98 4-5971¢ 1F (Fuly, F4EFE) FH5E wild type strain B16, Q
Km WHe]AQl K5, K5(pB03:& 285 3] &EAZl cosmid clone), K5(pLAFR3:cloning

vector)®] H&@E Al FAsh= W oer @ Ak A4 1lem®] potel o] 43}

I frEeded 393 71 F AESHS YodE R solanacearum®) i AEFA(10°
cfu/mhs 10ml 2 #Fa3Ath 240 Fi #efstHA 10d0]$ FH W dA&S
ZAbeA T B163 K5(pB03)E A2l gk A el ol A= Aol glA] Fgkal &t
ZHgol 4w WolAl K59 K5(pLAFR3)A 2l 7ol A A2 104 ol F ¥ TAe] &l

HATH (Fig. 61). ol 24 Bl69 a4 AL Add AE5H ¥ AAE 7

N FaF 29 FAT 5 Ak

A

Table 38. B-Glucuronidase activities of orfl/orf2/orf3/orf4::Tn3-gus fusions in P.

fluorescnes B16 after growth in AB minimal medium for 120h

Strains Tn3-gus insertion site  B-Glucuronidase activity (10 *U/CFU)?
B16 4.25

JWB118 orfl 31.25

JWB100 orf2 144.33

JWB66 orf2 3.81

JWB354 orf3 662.24

JWB299 orf3 3.66

JWB388 orf4 20.56

? One unit of B-glucuronidase was defined as one nmole of 4-metylumbelliferon

released per bacterium per minute.
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Table 39. Root-colonizing population of P. fluorescens B16 and antibacterial

activity—defective mutants in cucumber

Root-colonizing population on root

Strains (cfu/l-cm segment of root tip)”
B16 2.6x10°
K2-31 2.0x10°
K5 5.0x10°
JWBI118 2.0x10’
JWB100 4.010°
JWB354 2.6x10°
JTWB388 3.7x10°

% The colonizing populations on the last 1-cm of cucumber root segments. The
cucumber was grown using DLF methods for 4 days.

Fig. 60. Antibacterial activities of P. flurescens B16 and Tn3-gus inserted mutants. 1,
P. fluorescens B16; 2, JWBI118; 3, JWB100; 4, JWB354; 5, JWB388; 6, JWB118(pJWB42);
7, JWB100(pJWB42); 8, JWB354(pJWB42); 9, JWB383(pJWB42); 10, JWBI118(pJWB44);
11,  JWBI00(pJWB44); 12,  JWB354(pJWB44); 13,  JWB388(pJWB44); 14,
JWBI118(pLAFR3); 15, JWB100(pLAFR3); 16, JWB354(pLAFR3); 17, JWB388(pLAFR3).
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Fig. 61. Suppression of bacterial wilt by the treatment with P. fluorescens B16.
1, Healthy control; 2, disease control; 3, P. fluorescens B16 treated plant; 4,
antibacterial activity—defective mutant K5 treated plant; 5, mutant K5 harboring
cosmid clone, pB03, treated plant; 6, mutant K5 harboring pLAFR3 treated plant.
The photograph was taken 10 days after treatment.
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U ZAE A T B8 HolA ALS A% Az

weloA 134z Addd AF=44E50 WolAl 151/E EvtES o] &3t 24
A AR Ad wild typedt HlaE] 2 ApolE 1 & 4 gldvh A, diatE X
A= 3 ol e 49 HWolA|E screening & F AE FHo] UAA T o8 I}
3 3], o] &3l 2000
wolx] Kl &o] #

gbow WM Adz d A4S & A Aew AdHAT. o #7
A

o
fo
r o
-3
52
rlo
o2
o%
o
=
N
=
H
52
rlo
=
i
S
>
o2t
o,
%0,
32
W o
At

&

AL Adst7] s ¢4 A= A F2 #d WHolA s 9 Al=F ol
Zha e Holal & ATE AEsH7] fla vE 22 RolA A TE a}
o A er AEEol FAR w7t dwiE i A= rockwool slabs AFE-Sh
. WA seeding cube (1.5x3cm)oll EVIE FAE5 1F3sle] 154 w¢F d8A Enf
FEE gHagrr 2¥9 A #FE minimal mediumel ¥ F 10° cfu/ml
L2 d4sta 159 ¢ 7IE EnE FHE At dA st Seeding
cubeZ rockwool slab (10x10x6cm)ell o] A&t 209 woF 4o T EvntE A
Fe AT (Fig. 62).

7

o
=
e
R Mo

32

OH‘HH—E

oA AFER BA WolA M

ol 27| ArA A Aol 3,000 71 WolA #FE 2 ATAlA] I
el AZAGEH oA Al W S ® screening AT AB A Gl A ol
Al 36A17F wjekEte] agar plate=FE wAE 3 Fatga Aol 108 cfu/mlo
rrg deste] #AE #4389k Rockwool seeding cube® 15¢ ¢k 712
EntE fFH (B, SYTH)E o dg o] 301 HFstel LA s
Seeding cubeZ= rockwool slabell o]2]3l11 3047F Ao FHA EnfEe A&
FEE FARSEA T 3,000 7] WeolAlF 1xA o m AtE A =AEEHI wolA
190755 52Hd W H AFAFS A HF 275 (708, 818)F RS
(Table 40). 708¥} 8182 Bl6°| <3t EvlE AFF7 gye} dvlusiA &

2 FYAE 18T & A FA Y v ASYEE HolWA wild typeol
A R AFEN a3E 7Id & AT (Fig. 63). =3k 7083 8189 <A =
W= BI63 2ol 7b flolth (Fig. 64).
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m —> —> —>
Seeding in 15-day —old
Seeding cube seedling

Bacterization

Grown in green
house for 20 days

Transplant into
rockwool slab

Fig. 62. Screening for plant growth promoting effect-defective mutant of P.

fluorescens B16 in hydroponic culture system.

Table 40. Number of plant growth promoting effect-defective mutants of P.

fluorescens B16

Times of 1st 2nd 3rd 4th 5th
screening screening sceening screening screening screening
No. of mutants 3,000 190 15 5 2
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B16 708 818 Water
Treatment

Fig. 63. The tomato growth treated with P. fluorescens B16 and plant growth
promoting effect-defective mutants 708 and 818. Tomato growth was recorded

every 10 days after treatment. ** indicates significant difference from the
treatment of B16 (P=0.01).

Log cfu/g root

B16 708 818
Treatment

Fig. 64. Root-colonizing populations of P. fluorescens B16 and plant growth
promoting effect-defective mutant 708 and 818. The root samples were collected 30
days after treatment.
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Al 54 FA R TAANEY A=A dE3}E AT

T3P 2 AYAL AT

HAT7IRQ B stael ] ArERs dAshy] fls)A A

e MAdE EFE Mgt mAE
a

7HIAEE - vAEA Ae T2 &8 wE mae g34d dAA4de 99 718
A A T3
D mAzAe] FAA e eh e AR By A
2) mA=AL] A b T2 Topell M= FF A
3) MAEAY TR IAAYA A A= 9F AA
4) MBEA AYFAe] AT 2o AdA A7
W 229 E D AEA AP AEAe YRS T3 A=A 38 B oA
23 AA4ANE 73
D vgEAe SAA g o3 F21 SHe ¥ 5 A4
2) MAEA A Bell Wi vdshe-2ok mAolM o] a4 Al g3 A
3) M e T mA=A A T W FAgA 23 AEAE 7
4) Zh=d v A=A Aol o wotel AHHZ a3 HA

o 3REE ¢ B4 L 2N VAR 283 A% TG B % AL AT
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D AWAE - m A AAe] e T3 37
2) 3452 AW - W PAT W 9% P TAlA B2 7

3) £AAY - WAEA A 1F 8o wA Aue] b W Bl Ln 97

O TS B - AFAE AT VAEA AFAL 2 AL py H7
- 483 et wA)
2. Az 3 WUH

FL

B odAE F oA Ed AAdstuet JEArivd Asdstuds A=
B oA AE fste] WAE EFE AEE vAER V)T AHE
E dTete] e vAEAR Anyzsgols TR oAH A A=
2212 Heste] nAEA a7t 2] wolo] w A= dE 4
I B A EHE HAste] A A&sE fg Alde] FPEJ=d e

& thgat

7}, FAAR

B oo A ARz Aaustda utE mAEARZE A21-4, B2-139] A}
EH AL, TAE Az olT FHETE)Y 1FFTACGFY, BE, &, 24,
F BErlE FAE AEstg e, BT 1999de] AatE FAR 15 2 EnE F
b= A=A Ao we ol gl AP EGow UvA FaE mAAEAe] A
7b opell mA = FFS AEHY] f18ke] AREH A

od

b

Feistol A eAEAE Wdes zhzke] mAsAl AE HAjsta, o Ad

FAE Fiwe} wolA

A, TAAY 5= FHsA L, A=A AF AT ZF Q)
SHA Uy A 2 HAEsE 9 APe Feor AAES
1) FopAlg 1 A wolAld-e ISTA ruleo] Ak 4"x4”2] AFZ; petri dishell Zt
7b 508 4t o 7 2A4kEtel  20~30C9  Incubator oAl WolxE L& A A &gt
2) EopukolAd : EopuolA e Al

[e]
Ir
3 o] 1067 94 potol ABE FEE AHgStel BEH g eRE 24T 5 9

- 141 -



= dd 24 oA 252 F7F 25~30T, okt 16~20CE Zdslo] A A st}
3) A R 5 AL AFE  MAEA AEYFAY AFU A o2 A
g2 HAAS 9] 4749 AHEFAE AdEgd W) A(H>3F1-15T,

RH35%)°ll BystH A vl 37) vt} 43]0] 24 doldAbs A A8kt

D EFAD PGS AW kel G F 2o wdees @ 2
& Qulstel §RAIA EwelE A7 1nF BE AANIIAA §Rae] 44 3

F Aol NEAF Fgold ¥ 2w A sbF st W AR A21-42 10
Sefu/ml FEE 2 Aglate] ool AAZ vg AA F 2
T A0 2 23l AA nAEAE F/E A HElsigon,
5) WAd HEAY @ 32 UM g HEADL 257 A& potell FA
e

5 dFste] 2 459 =dATI w7 RN e

rot
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2
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)
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il
B

10'spore/mt 0.2 3 A3 the 51E 7 2z 5md Aelstel 8-S SR
6) MAEA FAAY AY L FAAY DY N A=A FAAY AY
Mz @A e §3e sto] mAEA 10°ctu/me] &Hel 122F IA A
of 2]%F biopriming@} I H3IIES $15F°] biopriming & ¥ FAZS H3F 7] A tale
powder®t HZA PVA §HS AE3lo] pelletings AAISHA 3, vAEA9 52 &
AAT BPE 2] 9ste] nAES Feland AY FYstes HHIA B AA
A= ool A Aefste] Hlal Al
TEjal Aupdopr gyt EdelA e tiHl R FA g, KNOz 1.0% &l 1
AZF priming Mg FAE AFESIA I, EHAIRY HAT JEAFY vxEe
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3. d7Z2% 4 1%

b vl A EA S ATt A dole] WA 9
wahale] BAo]l FAL 44 A o mel 2ol mARAE Aste] el

wol, frel AAHA VA G 2L g wy

tjo

AA A 7=l AL, TS oA S
Ao A Ed dorng WA uAEA Hyrt Fxpe] wolo] WA= o
F& xAFe7] Sste] A BelalE AAStAEd, AEAR E 1A Henket
o] Wl A=A A7-10, B2-133} Priming @3 o] gl v 3fe] wrolzm o} i
AEE YE= TH001A 15 254, BEvtE 1592 FA g 4597 254 Hls}
of dA #eka, FAke] &9 Axml LolAZd nF= A F 5AACN vAA=A
A e]= 94.5%, Priming A2 955%% A& 780%e°] Bvlste] €53 =9k, EntE
£ A4 F 3940 vAAEA APE 935%, Priming A2 91.0%2 v A=A A2
Aol A 835%°] Hlte] €53 Eokrh weEbA] mAEA S Mt ot Evf
E FAe] wol el aavt gl Ao® dER:

2% priming A& 9SS AG dobAle o] &t 9o o
HoFAS| AL A AgAoR FEeta gV st W EAYAE 9T WA EA ]
A7t nFet BEvtE FA0 T gyt 24 deElbtE AL wdA s g

doleta & & A

Table 1. M[AEA9] A7} 15 % Evte Fako] ol nx= FF

Germination (%) T50 (day)

Control A7-10 B2-13 Priming Control A7-10 B2-13 Priming

Pepper

All 77.0 95.5 93.0 94.5 4.4 2.7 2.7 2.5
Myeongpum 80.0 96.5 96.0 95.5 4.2 2.3 2.3 2.4
Doobena 78.0 94.5 94.0 96.5 4.6 2.5 2.6 2.5
Onsesang 77.0 93.5 93.0 95.5 4.8 2.6 2.5 2.6
Mean 78.0 95.0 94.0 95.5 4.5 2.4 24 25
Tomoto

Kwangsoo 83.5 94.0 93.0 91.0 2.5 14 1.6 1.6
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Y. HAEA HYrt A9 EGdol 2 FH AP v IF

nAEA A2 FAE G2 WelA A4 XEO HFste] fHe Fd8&Y &
H 29§ 27 AS vAE 9FE =AM 29 13 9 F 8UAd A7-10
A2 7F 83%, B2-13 M7} 82%= F-H el 62%° vlste] 27] @& FAEA
453 Egow, Ex+< primingd 29 84%9t= Aot gt EviE: dF
647 A7-104 27} 90%, B2-13x 2|7} 87% =2 F-A g 72%¢°] W&kl 39} npirhx]
2 F9g 2 ddro Jdo €5 P s97F A, HEF2L priming A2l 9

8% R F37F A aeal 9k F 457F B wWi7hA el ASAEHE 2

wWebA ool AsE vFojmel mARAY] FAAYL nF} ErE EA
27) Wolsl Z@Aue AKEANE 438 G317} At ASE BPH o] primingA
9 AR FAel wol @ HAFFL A7 AdPHon Agser] 95t
o omsbel ARAT AGH Adel Baw Ao pungdy, £d U4 g S

AZ Aol o] dad Aow AUt

Table 2. "|AEAS A7t 15 3 EntE FAo] FH Zdd vAs 9F
Emergence (%)
Parameters
Control A7-10 B2-13 Priming

Pepper

All 62.0 81.0 80.0 82.0
Myeongpum 66.0 87.0 90.0 89.0
Doobena 58.0 80.0 80.0 82.0
Onsesang 62.0 84.0 82.0 83.0
Tomato

Kwangsoo 72.0 90.0 87.0 84.0
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o AEA FAAHY AZE £ ZH] AEA

nAEA AgE FAE APAUe A2y AL3(15C, RH35%)o] H3t3st
of wj 37fgwich A woldAl B EokwolhdAlE st Hygaet A7
Aol W gys HAINAEH, Ao B e AHE T 6/hdo] FHsiuA
FE MAEA L FH BAGlel LolAl F, o] FA3] FAade 4TS B
S B2 e ARE AMAE FAste 194 Tl
Z710ll sl oF 10% A% TopA7t "ol Ao w yEryt ol iz FA
29} priming A FTAE Bagaet A7)l #Agle] Hlzg Ade Ko Bl
7b o Hdn, Eddoldal A Al Auidel HabAder Wz AFS HAY
(Table 3, 4). o] Axz ®Hol wAEA L FAALE FA FEY 1F EvE
TAY Z7] Wolel fH EFF Z ASEH ane AT BAFLe AG3L
of Aol wet 1 AU A AoR Hol AA FAI|ALA &Eatr] A
2 671l 1d o] Aead A&o] aFEHER olF 93 AFEUI GV
Aol diug AF7F o BAEojof & o Hojxith

o

, A ate] Bug

Y

Table. 3 M[AEA ATt B A%7|gbel] wpg wdols

germination (%)

crops month amb — el —
control A7-10 B2-13 priming control A7-10 B2-13 priming

pepper 0 78 94 95 96 78 94 95 96

3 79 93 93 95 79 94 94 95

6 81 91 92 95 81 92 93 96

9 78 37 38 93 78 90 91 93

12 79 33 36 92 79 38 33 94

tomato 0 33 94 93 91 33 9 93 91

80 91 90 92 80 93 92 9

6 81 92 91 90 81 93 91 92

33 38 37 38 33 90 37 90

12 80 83 82 90 80 88 82 88
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Table. 4 WAEA AeFAe] Bags, A7t BE FH =8E
emergence (%)
amb 15T
crops month
control A7-10 B2-13 priming control A7-10 B2-13 priming

pepper 0 62 83 83 34 62 83 83 84
3 65 84 83 87 65 82 84 85
6 67 80 81 86 67 81 82 88
9 66 78 79 86 66 82 80 83
12 66 71 77 85 66 79 78 84

tomato 0 72 90 87 34 72 90 87 34
3 71 91 86 83 71 89 88 82
6 77 89 86 84 77 90 87 85
9 70 87 85 82 70 83 83 82
12 73 80 80 83 73 85 77 81

3. mARAe 13 B AU @ TF 49 24 o4 1
® ATHAe FE BHo] VgEAle] Aol o £ W w4 P domz
o]% 9% APor 1Mo MARA A8

SRANA FES AFdhel $EG e 44 4T Ao nF me =

AE Aeistel 44 stk NBEFE FHAA GW IS T 2 Adag,
S92 AME Helste] AwkalSs F R Adstel 3Uk TYAFL At

aem oy gAel BAvk olThe ollae 2RANE AL d

24 A, EF, gkl & Aol flo] A EE Al ol o] st AL
[ez]

g oA 2dE A e FEvh ARAT A= AP b obddat A

- 146 -



Table 5. =A] £ olA ] a5 AW WAl hat vgEA2 A 23

A (%)

2 & - .
S5 AL
e 63.3 483
=z} .
) g 2 495 .
. +1) A B =] 2 38.9
+oFel A A A 2 536 35.0
= 58.1 328
o HEF
A21-4 AR AR 476 289
= 7} =
A robela @A 64.3 36.7
= 678 394
P HEF
B2-13 i AR 1A ) 65.0 483
5] 2
A rolelar A g 66.1 344

293 A7E AW R Y At oy Aol HoA SRAW 1, 2
AR AQeln BRAoR Wy F4 me] AuF APL AR 477 ol
Fd AL Quses AelAE 49 e gdou B4 F @ go| B
WA v gE A P nF B A% Fest e Ae ol wske] ErHTable
5. o1l NG Atz B W, A T Aol £F Jejst #AHA e ®
g oluel w3 AAYle] Bzl nedx Ao FuAel F9sh wop W
g A Astel Aed v AR YW TS
A AR A3 BEE B2k oY) wEe] Ao
_/l‘_

o7 woin. o] AMEE HAAE AFEA
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= AAWSE wdses eld SRR AY Adld mARAE AP 1F

o BYE FF & MAEA Zd AE 153 5o 3 A BA AR

nAZA S 2 Azt 15 5ol 9u A Al aaE HAs7] flstke 1A+
= A=A Ay FAE FEI
gatd=d 122 d=s F 7HA wAEATE SAbel A
FAE e primingA 8] FAE SHI thE Q9 H o
gt FF, A=A FAAY D thHl g EFel A ¥t WA B3k 7|
T AATE Ok B Aldgel H/lE FRE 243 AhE WA= v A=Al
E A 5o A% FE7E ofzt o 7Igto] AudaE Aolzk glolvh. whek
A uAEA e EARAEE 7] FH9 E3Y FUR o 3= 9o} AH
of WA= Ao &It gioenE W WAts FAAYToRE Erbsstal <A

A F2 oA AFA st Hasirta AH gl

f
i
dlo
19
ok
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o
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do
L
o
fru
iy
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_O|_‘
2
>

ot

(o3
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< = T

of

Agatel AR, kel AWEe A7 BE 9 RGAYE A%l APe 5
g FAYG YBUE ol BE ATl 100% AAFAT, VS
Aok v robl b it A el 100% W Ee]l wAlstg o, vgEs

oheltE =7 AUF el 9 T

oy

T3 AlE oAM= oF 30745%9] AA F7t
Yol nAEAS Ao vk Held ArcteE 2@l AYd Aol W WAl N &Er}
A A tH(Table 6).

v H A=A FAAY AY R FAAY P A

td kel A g W wAeh T2k &Y FXE fste] dE vAAEAE

Ags oA ole] A Aol dold AREL vgon 1 AW Aden E

T, %, AAIZE AWy 59 biopriming A&7 FHEAIFE T nAEA] F
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58 wo A zdE FusAslY] AF greE WARAS ASH #Ys
(pelleting) A& FATT AEAT/ B AUz mool N 1 &I AAAY
2 AAsat. wFEAY BEn me 4G HAe A% APzt nYEA

A7-10, B2-13, &4 % EwvlEE 0 EA B2-13, dd= v A EA AT-10S A A

gk Aol g adt Ao

A 2] 2y A 4 H] a1
-1 0
A= 0 PR
ofQ14t 0

A - 49 100

nAE - gy 59.8

ofAE + A 44.8

Table 7. z&d VA=A FAAY AP e &3

Water A7-10 B2-13
Parameters  Control "5 o ™" ONIP ™ Priming  SMP__ Priming _ SMP
G ) 09 (%9 () (%)
Pepper 69 91 82 9% 92 98 83
Tomato 74 75 74 86 76 85 76
Onion 77 88 74 92 74 91 71
Water melon 82 70 - - - 93 -

a8 vAEAES talac powderdl] A E]ste] AxAZ TS THA] WAE Bdw
ol JHA=HS PVAE AH&ste]l #d3H(pelleting)dF Aol A= tha A4 0]
AR=d, WA HHste] AMEE W AEA A21-49F B2-13 FolA A21-4E5 A&

AL WFsh mFo] wote] FelE Fol mel Relsk Ahm NgeA Feh Aol

¢
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2. TAAY vAEY FVILEHL AL B AT

Z2F Aggoz JREd B2-133 H210& R 5% EndosporeE A dtE Ato=x
e vl Al W E7IRES ARAIA A AEE FEstd Ar] BEde AV /v
T 3 Tkl AHEld B2-133 H2100] Axgh R Ao RASAES o 1do]
Ay A&dAgol= o A7 gldh
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T oA aF AW B dEM e A21-4 AE FHA10%ell/n)ol LFHE
A7k} olAatE WPoz WUwe] WEIL ke Ao e AT + glort 3
Bl AF AL o4 F 19 AW F 2L wre AF FAg 13 BFea
TRl o] AL BT A 1E F A #F Ak

A2l-4¢) FEE Foli g HtEs AHgomAa

1
T AFE o AR Almsley @A7HA el YA FEAT= S AEs

A21-40] FAEA A BAE FHARRI} BHAW o BAZ AAY + 9l

AFER3  WAEY 2&3E AT AF AL R 339 FA

1. TAAZA L AB3 R coating 7l& AT

FTAA Y 7lEol A coating 7lES FAE A Arists FAtel A QFHEet A
skar, ZIAIst R g AL ¢ e AAS 2R o 2 AR o
gor 3¥Y At 7|AFdd e HEA Bt s o® A Z3 FAF coating
S ol g3t ¥ 74X FEH] B2-137 H210S A A 15, BEvlE, Qo] T2 &5

g Ao wotgo] 3le "WolA i wolr|3te HojxA HAE St &
AZF d= AoE YET o]RUbE ks Mlwt &9 FA|3ke] Biopriming sk

AgzA BE e AS 7 AAFOE coating 7=l B AIFS H ol W

B Ay 3y ez wEdS o AEHo] A 39 F /102 "ojxa, 30d
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