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In order to control seed-borne diseases, we obtained extracts from commercial fermented food products of
Kimchi, Gochujang, Doenjang, Ganjang and Makgeolli and their suppressive effects against seed-borne dis-
eases were studied. In addition, the suppressive effects of bacterial strains isolated from the fermented foods
were screened in vitro and in vivo. Among fifty food extracts, twenty food-extracts suppressed more than
92% incidence of seedling rots in vitro and seven food extracts increased 58.3-66.8% of healthy seedling in
the greenhouse. Among 218 isolates from the fermented foods, 29 isolates showing high antifungal activity
against seven seed-borne fungal pathogens were selected. Among 29 isolates, 13 isolates significantly
reduced seedling rot and increased healthy seedlings. Sixteen isolates with high antifungal activity and sup-
pressive effect against sesame seedling rots were identified by 16S rRNA sequencing. Fourteen of sixteen
isolates were identified as Bacillus spp. and the other two isolates from Makgeolli were identified as Saccharo-
myces cerevisiae. It was confirmed that B. amyloliquifaciens was majority in the effective bacterial population of
Korean fermented foods. In addition, when the bioformulations of the two selected effective microorganisms,
B. amyloliquifacien G¢j2-1 and B. amyloliquifacien G¢j3-1, were prepared in powder forms using bentonite, ka-
olin, talc and zeolite, talc- and kaolin-bioformulation showed high control efficacy against sesame seed-borne
disease, followed by zeolite-bioformulation. Meanwhile control efficacy of each bentonite-bioformulation of
B. amyloliquifacien Gcj2-1 and B. amyloliquifacien Gcj3-1 was lower than that of bacterial suspension of them.
It was found that the selected effective microorganisms from Korean fermented foods were effective for con-
trolling seed-borne diseases of sesame in vitro and in the greenhouse. We think that Korean fermented food
extracts and useful microorganisms isolated from the extract can be used as bio-control agents for suppress-
ing sesame seed-borne diseases based on above described results.

Keywords : Bacillus amyloliquifaciens, B. subtilis, Korean traditional fermented food, Saccharomyces cerevisiae,
Sesame seed disinfection
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Table 1. Suppression of mycelial growth of seed-borne plant pathogens” by fermented food extracts

Mycelial growth inhibition (mm)?

Food

cd Ps An Fo Pc Ds As
Ganjang 1 0.0’ 0.0 0.0 0.0 0.0 1.0 00
Ganjang 2 0.0 0.0 0.0 1.7 0.0 0.0 0.0
Ganjang 3 0.0 03 0.0 0.0 0.0 1.0 0.0
Ganjang 4 0.0 0.0 6.7 0.0 0.0 0.0 0.0
Ganjang 5 0.0 0.0 0.0 0.0 0.0 0.0 14.0
Ganjang 6 4.7 1.7 0.0 10.0 0.0 0.0 5.0
Ganjang 7 0.0 0.0 0.0 83 83 23 23
Ganjang 8 0.0 0.0 0.0 0.0 0.0 1.7 0.0
Ganjang 9 0.0 0.0 1.0 0.0 0.0 0.0 0.0
Ganjang 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ganjang 11 5.0 0.0 0.0 0.0 0.0 0.0 0.0
Ganjang 12 0.0 0.0 0.7 0.0 0.0 133 6.7
Doenjang 13 250 250 133 10.0 10.0 270 0.0
Doenjang 14 0.0 27 0.0 0.0 5.0 0.0 0.0
Doenjang 15 25.0 15.0 14.0 1.7 10.0 217 253
Doenjang 16 200 7.0 5.0 5.0 15.0 200 250
Doenjang 17 250 37 0.0 1.3 5.0 15.0 10.0
Doenjang 18 20.0 3.7 0.0 15.0 0.0 15.0 123
Doenjang 19 15.0 20.0 10.7 57 16.7 183 133
Gochujang 20 200 200 0.0 123 200 15.0 250
Gochujang 21 25.0 20.0 230 15.0 183 25.0 26.7
Gochujang 22 18.0 16.3 0.7 6.3 200 250 133
Gochujang 23 20.7 6.7 0.0 1.7 33 19.0 0.0
Gochujang 24 250 15.7 23 5.0 20.0 233 11.7
Gochujang 25 220 200 23 15.0 15.0 200 20.0
Doenjang 26 18.0 200 123 3.0 0.0 200 250
Gochujang 27 220 70 157 5.0 10.0 15.0 20.0
Makgeolli 28 15.7 1.7 0.0 57 16.7 3.0 0.0
Makgeolli 29 233 0.0 0.0 0.0 0.0 0.0 0.0
Makgeolli 30 0.0 0.0 0.0 6.7 0.0 0.0 0.0
Makgeolli 31 133 0.0 0.0 9.7 200 200 0.0
Makgeolli 32 183 0.0 0.0 0.0 133 0.0 0.0
Makgeolli 33 0.0 20 0.0 0.7 200 20.0 21.7
Makgeolli 34 200 11.0 37 9.0 200 233 270
Makgeolli 35 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Makgeolli 36 23 0.0 0.0 33 33 0.0 0.0
Makgeolli 37 0.0 0.0 0.0 0.0 15.0 23 15.0
Kimchi 38 20.0 33 0.0 50 15.0 50 8.1
Kimchi 39 0.0 0.0 0.0 10.0 15.0 7.0 0.0
Kimchi 40 0.0 1.7 83 73 16.7 23 16.7
Kimchi 41 50 1.7 0.0 133 133 9.0 12.7
Kimchi 42 16.7 15.7 7.0 10.7 250 1.7 0.0
Kimchi 43 200 200 0.0 0.0 247 80 26.7
Kimchi 44 6.7 50 0.0 33 250 6.7 233
Kimchi 45 0.0 250 15.0 83 250 13.0 26.0
Kimchi 46 200 0.0 0.0 33 5.0 7.0 0.0
Kimchi 47 20.0 250 43 10.0 20.0 20.0 21.7
Kimchi 48 10.0 0.0 1.0 1.7 200 5.0 5.0
Kimchi 49 16.7 0.0 0.0 1.7 200 6.3 20.0
Kimchi 50 15.0 5.0 4.0 1.0 15.0 15.0 6.7
Kimchi 51 250 6.7 6.0 10.7 16.7 25.0 240

Cd, Colletotrichum dematium; Ps, Phomopsis sp.; An, Aspergillus niger; Fo, Fusarium oxysporum; Pc, Phytophthora capsici; Ds, Diaporthe sp.; As,
Alternaria sesame.

“Mycelial growth inhibition of each fermented food extract was measured by investigating diameter of mycelial growth inhibition zone formed through
dual culture of the pathogen and the fermented food extract on potato dextrose agar.

*Each letter was a mean of three replicates.
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Table 2. Effect of fermented food extracts on germination and disinfection of sesame seeds, which they were soak-treated in the suspension of
fermented food extracts in vitro

Food" Seed germination (%)  Infected seeds (%) Food Seed germination (%) Infected seeds (%)

1 89.8abc” 30.8 defg 26 100d 25ij

2 94.8 bed 30.8 defg 27 100d 28.2 defgh
3 87.2ab 82.1a 28 97.5 bed 53.8bc

4 97.5cd 53.8 bc 29 100d 10.2 ghij

5 100d 41.0 bcde 30 100d 7.7 hij

6 97.5cd 20.5 efghij 31 97.5cd 28.2 defgh
7 94.8 bcd 35.9 cdef 32 975cd 10.2 ghij

8 94.8 bcd 35.9 cdef 33 97.5cd 59.0b

9 92.3 abcd 41.0 bcde 34 97.5cd 5.2j

10 100d 7.7 hij 35 975 cd 282 defgh
1 92.3 abcd 5.2 36 94.8 bcd 23.1 efghi
12 100d 7.7 hij 37 97.5cd 154 fghij
13 100d 46.2 bcd 38 100d 0.0j

14 94.8 bcd 7.7 hij 39 100d 0.0j

15 94.8 bcd 48.7 bcd 40 100d 5.2

16 94.8 bcd 5.2jj 41 100d 0.0j

17 89.8 abc 12.8 ghij 42 100d 12.8 ghij
18 92.3 abcd 28.2 defgh 43 100d 0.0j

19 100d 7.7 hij 44 100d 00j
20 100d 0.0j 45 97.5cd 2.5ij
21 100d 5.2ij 46 100d 0.0j
22 92.3 abcd 53.8bc 47 100d 12.8 ghij
23 100d 35.9 cdef 48 975cd 23.1 efghi
24 100d 10.2 ghij 49 100d 52ij
25 100d 15.4 fghij 50 100d 12.8 ghij

Untreated check” 846a 975a

"1-12, Ganjang; 13—19 and 26, Doenjang; 2025 and 27, Gochujang; 28—37, Makgeolli; 3851, Kimchi.

?Each letter was a mean of three replicates. Within columns, means followed by the same letters are not significantly different (P=0.05) according to
Duncan’s multiple range test.

?Sesame seeds were soak- treated in distilled water as control with three replicates of 13 plants.

Table 3. Effect of fermented food extracts on the sesame shoot emergency when sesame seeds were soak-treated in the suspension of fermented food
extracts and sowed in the potted soil in the green house

Shoot emergence” (%)

Food extract

Undiluted 10-fold dilution 100-fold dilution
Ganjang 11 16.7 abcd” 27.8 abcde 56ab
Ganjang 12 56ab 56ab 11.2abc
Doenjang 16 7789 333 abcde 333 abcde
Gochujang 20 333 abcde 27.8 abcde 16.7 abcd
Gochujang 21 7789 56ab 16.7 abcd
Doenjang 26 7789 7789 50.0 defg
Kimchi 38 7789 333 abcde 16.7 abcd
Kimchi 39 22.2 abcde 22.2 abcde 27.8 abcde
Kimchi 40 55.5efg 16.7 abcd 33.3 abcde
Kimchi 41 72.2fg 50.0 defg 00a
Kimchi 43 72.2fg 38.8 bedef 38.8 bcdef
Kimchi 44 72.2fg 7789 16.7 abce
Kimchi 45 55.5efg 11.2 abc 11.2 abc
Kimchi 46 445 cdefg 11.2abc 16.7 abcd
Kimchi 49 55.5efg 22.2 abcde 278 abcde
Untreated check” 33.3 abcde - -

"In this experiment, there were three replicates of six seeds per each treatment. The percentage of healthy plants was investigated 35 days after
sowing sesame seeds.

Within columns, means followed by the same letters are not significantly different (P=0.05) according to Duncan’s multiple range test.
?Sesame seeds were soak- treated in distilled water as control with three replicates of 6 plants.
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Table 4. Effect of fermented food originated microorganisms' on the sesame seed germination and disinfection when sesame seeds were
soak-treated in the suspension of fermented food microorganisms in vitro

Food origin Isolate No. of seeds sown Germination (%) Seed infection (%)
Kimchi 1 Kc1-1 27 100.0b” 922ab
Kimchi 2 Kc2-2 27 100.0b 144 klm
Kimchi 3 Kc3-2 27 9%.7b 7.8m
Kimchi 4 Kc4-2 27 100.0b 25.6ijkim
Kimchi 5 Kc5-4 27 100.0b 11.11m
Kimchi 6 Kc6-2 27 922b 36.7 ghijkl
Kimchi 7 Kc7-3 27 96.7 b 30.0 hijklm
Gochujang 1 Gqj1-1 27 100.0b 77.8 abcd
Gochujang 1 Gqj1-4 27 96.7 b 189 klm
Gochujang 2 Gqj2-1 27 100.0b 144 klm
Gochujang 3 Gcj3-1 27 9.7 b 189 klm
Gochujang 3 Gcj3-2 27 100.0b 144 klm
Gochujang 4 Gcj4-2 27 96.7 b 81.1abc
Gochujang 5 Ggj5-1 27 100.0b 41.1 fghijk
Doenjang 1 Dj1-2-1 27 100.0b 58.9 cdefg
Doenjang 2 Dj2-1 27 96.7 b 189 kim
Doenjang 3 Dj3-3 27 1000b 922 ab
Doenjang 4 Dj4-2 27 9.7 b 96.7 a
Doenjang 5 Dj5-2 27 100.0b 36.7 ghijkl
Doenjang 6 Dj6-1 27 100.0b 55.6 cdefgh
Ganjang 1 Gj1-4 27 100.0b 30.0 hijkim
Ganjang 2 Gj6-1 27 778a 889ab
Makgeolli 1 MkI1-1 27 96.7 b 92.2ab
Makgeolli 2 MkI2-2 27 100.0b 889ab
Makgeolli 3 MkI3-8 27 100.0b 55.6 cdefgh
Makgeolli 4 Mkl4-1 27 100.0b 589 cdef
Makgeolli 6 Mkl6-3 27 96.7 b 22.2 jkim
Makgeolli 6 Mkl6-4 27 96.7 b 33m
Makgeolli 7 MkI7-1 27 88.9ab 52.2 defghi
Untreated check’ - 27 1000 b 100.0a

"Among 218 isolates from fermented foods, 29 isolates showing suppressive effect against both of mycelial growth and spore germination of
seed borne fungal pathogens were selected and used in this study.
?In this experiment, there were three replicates of nine seeds per each treatment. Within columns, means followed by the same letters are not
significantly different (P=0.05) according to Duncan’s multiple range test.
?Sesame seeds were soak- treated in distilled water as control with three replicates of 9 plants.
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Table 5. Effect of fermented food originated microorganisms on sesame shoot emergence and health stands when sesame seeds were soak-
treated in the suspension of fermented food microorganisms and sown in the seed-boxed soil in the green house

Food origin Isolate” No. of seeds sown Shoot emergence (%) Healthy plants (%)
Kimchi 2 Kc2-2 18 883f 833f"
Kimchi 3 Kc3-2 18 783f 61.7 def
Kimchi 4 Kc4-2 18 66.7 ef 61.7 def
Kimchi 5 Kc5-4 18 71.7f 61.7 def
Kimchi 6 Kc6-2 18 61.7 def 45.0 cde
Kimchi 7 Kc7-3 18 45.0 bed 33.3abcd
Gochujang 1 Gqj1-4 18 66.7 ef 61.7 def
Gochujang 2 Gej2-1 18 77f 71.7 ef
Gochujang 3 Gcj3-1 18 83.3f 783f
Gochujang 3 Gej3-2 18 45.0 bed 45.0 cde
Gochujang 5 Gej5-1 18 83.3f 83.3f
Doenjang 1 Dj1-2-1 18 333 bc 333 abcd
Doenjang 2 Dj2-1 18 21.7 abc 21.7 abc
Doenjang 5 Dj5-2 18 71.7f 71.7 ef
Ganjang 1 Gj1-4 18 21.7 abc 21.7 abc
Ganjang 2 Gj6-1 18 333bc 33.3abcd
Makgeolli 2 MkI2-2 18 11.7 ab 11.7 ab
Makgeolli 3 MkI3-8 18 21.7 abc 16.7 abc
Makgeolli 6 Mkl6-3 18 383 cd 383 bcd
Makgeolli 6 Mkl6-4 18 833f 78.3f
Untreated check” - 18 50a 50a

"Among 29 isolates showing suppressive effect against both of mycelial growth and spore germination of seed borne fungal pathogens in the
previous study, 20 isolates showing suppressive effect against seed infection were selected and used in this study.

“In this experiment, there were three replicates of six seeds per each treatment. Within columns, means followed by the same letters are not
significantly different (P=0.05) according to Duncan’s multiple range test.
?Sesame seeds were soak- treated in distilled water as control with three replicates of 6 plants.
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Table 6. Identification of sixteen effective microorganisms isolated from fermented foods according to 16S rDNA sequences

Food origin Isolate Identification Probability (%) Accession No.”
Kimchi Kc2-2 Bacillus sp. 99 KACC17953
Kimchi Kc3-2 B. subtilis 99 KACC17954
Kimchi Kc4-2 B. subtilis 29 KACC17956
Kimchi Kc5-4 B. amyloliquefaciens 99 KACC17957
Gochujang Gcj1-4 B. amyloliquefaciens 929 KACC17946
Gochujang Gcj2-1 B. amyloliquefaciens 99 KACC17944
Gochujang Gcj3-1 B. amyloliquefaciens 99 KACC17947
Gochujang Gcj3-2 B.amyloliquefaciens 99 KACC17948
Gochujang Gcj5-1 Bacillus sp. 29 KACC17949
Doenjang Dj1-2-1 B.amyloliquefaciens 29 KACC17945
Doenjang Dj5-2 B.amyloliquefaciens 29 KACC17942
Ganjang Gj6-1 B. subtilis 29 KACC17950
Makgeolli Mkl2-2 Saccharomyces cerevisiae 29 NA
Makgeolli Mkl4-5 S. cerevisiae 29 NA
Makgeolli Mkl6-3 B. subtilis 29 KACC17960
Makgeolli Mkl6-4 B. amyloliquefaciens 99 NA

" Accessed in Korean Agricultural Culture Collection(KACC) ofthe RDA Gene Bank Information Center. NA means the isolate was not accessed in

KACC of the RDA Gene bank Information Center.
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Table 7. Effect of fermented food originated microorganisms (FFOMs) on sesame seed germination and sesame seed disinfection when sesame

seeds were coated with bentonite, kaolin, talc or zeolite containing FFOMs

Isolate Coating material Seed germination (%) Seed disinfection (%)
- 100.0a 487 bede”
Bentonite 949ab 64.1 bc
Ggj2-1 Kaolin 974 ab 28.2de
Talc 974 ab 256e
Zeolite 923b 359cde
- 100.0a 38.5 bcde
Bentonite 100.0a 61.5bc
GCj3-1 Kaolin 1000a 30.8 cde
Talc 949 ab 30.8 cde
Zeolite 974 ab 333 cde
Untreated check - 1000a 100.0a

"In this experiment, there were three replicates of thirteen seeds per each treatment. Within columns, means followed by the same letters are not

significantly different (P=0.05) according to Duncan’s multiple range test.

o1/ gloith. ¥l bentonite S FA| 2 AHE-5FG1S ol
kaolin, talc, bentoniteo]] H]3] 2] &1}7} ¥-e ko]l
3| B. amyloliquefaciens Gcj2-1 #3325 F-A5to] A A3k 2 2o
A= kaolin A| A 2} talc A7} bentonite A Ao vl 7] %]
o= 1 oA T} 945191t} Bharathi 5(2013)S W7 &
AR A4 W WA S 95t 24 Trichoderma, Pseudomonas,
AzatobacterE T T &332 3t HA Trichoderma}t
PseudomonasE &% A 2|si3le W ¥ Fdaart 7Hg &
37} 9431900t SAhatoto] glofA 18] 7] e S B
18kl =t), =& Al E ol Al+= kaolind} talcA| A 71 ¥ A2 =
£ SAIO|E BIE ST A eh) BT 248 7]
Aol ¢ k1l AHE At} Sankare} Jeyarajan(1996)2
Macrophomina phaseolina®ll 2|3t 27} 2r5-& WA 517] ¢
sto] 234 Trichoderma®} Gliocladium®| talcs H-A| = 27}
shol toll Aelstet e W) A el 45071 Aok WA G
A= AL 120G 7HA| &= 50% o] /o] Mg FAIsklthaL B
T3PHA talcE ©]-8-3t Trichoderma®} Gliocladium2] A|A| 7}
/9= =7 B71k3lth Ryu 5(2006)2} Choi -5(2014)2 Z12¢
Paenibacillus polymyxa E6813} Pseudomonas fluorescens M45E-
ZA|Fo] HA 2 clay®} vermiculite AFg-5}o] E217 € 2 2] 5}
P2 W A AGR EEE D AHEES FHAIS Harst
%At} Jeyalaksshmi 5-(2013) FAHH A/ ¥ & vl 23t ol 2] 714]
W) ahke WAIShEA ZFul 8 2 Trichodermast Y 3
=& Aesto] TA AR mol L B WS EY U=
AAAE Eirstitt. Elewa 5(2011)2 274 e 45w
A SFH A Bacillus subtilis, Trichoderma viride, ¥]1¥ <43 Fusarium
oxysporum X Glomus spp.& WA A= A 2jste] 1 A& 2
015143t} Nagayama 5-(2007)-2 Trichoderma asperellum-=- ©]
&5to] B FA LS S 5dS Ndste] 4 3tet e

A |

==

w, El-Bramawy$£} El-darag (2012)%= Trichoderma <5 -2 *]
25telS o B WA= 8 e gttt B skl

AN SAHAS Bl HASH] lske] thFet 18148
=2 TRohe AR, 24, A P, e el E A she] 4
FEE2 AL FAA A Lol digt JA =
Abstitt 7= AlEf-e vl =] 2 SR A el
A A= in vitro X in vivo Z A3} A Z ARSI T 507) 2]

S50 Hel W FAE Akl gl Helshel e o 2078
FE o] fHAS TS 92% o4 AR T A F
B Aol LARANA A FHLS 583-668% F
2 hehgth g EAFORRE A 218
AR 3 759 FAAGA Hawel thte] e
B BYH 2977 Hstel FALEANE FH
07713 94 &Ik} Gl A 0= vhebie 202

3t B S S ol U AaAA AT

(O I

Ml o >
1
ko rr
2o

lor

)
N

235 5ol HE4Y $8VAZ 1650 oot FHL
AT 14+3F= Bacillus & A|lF2.=2, 9-4 ]
Saccharomyces 2.2 52 & 31}
&) H A = 55 B. amyloliquifaciens
ol Ao &2 vrelytct. Auk == 3 B. amyloliquefaciens Gej2-12}
B. amyloliquefaciens G¢j3-1E T B A2 bentonite, kaolin, talc
9l zeoliteS A7} £3}ot0] A SIS 1) T F5 F] talc
9} kaolin #| g o] AA| BI}7} -3} 3L 71 th5-o] zeolite #|
ol At} L2t bentonite A% 9] 7 -$-ofl+= Bl Al ol B3]

KU At mR mo N rot oo ofN o AN x o 12 PN o

ol o o2
T ob
{
o
i ¥
N

oo
N

w lr



Research in Plant Disease Vol.21 No. 4 307

o)A Fa7} WA Uhebeh, e AR AL in
vitroS} S0 A7 FAA A WA QoA wt
Q) 7102 S|k o 49| ATE DA TR LEA
= fo) vl R W FALEG YA

Acknowledgement

This study was carried out with the support of «Research
Program for Agricultural Science & Technology Development
(Project No. PJ010879032015), National Academy of Agricultural
Science, Rural Development Administration, Republic of Korea.

References

Afolagboye, F. M. 2011. Seed-borne fungi of sesame (Sesamuum
indicum L.) and their control with plant extracts. Undergraduate
& Postgraduate Thesis. Federal University of Agriculture, Abeo-
kuta (Abstract).

Agarwal, V. K. and Sinclair, J. B. 1997. Principles of seed pathology.
2nd ed. Lewis Publisher. pp. 42—56.

Ahmed, E. M. M., Abushara, Y., Bakheir, T. and Fadlelmula, A. A. 2015.
Evaluation of Presmise 25FS (Triticonazole) to control seed and
seedling damping-off disease in sesame. ARPN J. Sci. Technol. 5:
114-116.

Ahn, K. J. 2009. Characterization and production of antibiotic by
Bacillus subtilis 028-1, a Chungkookjang fermenting strain. The
Korean J. Microbiol. 45: 185—192. (In Korean)

Altaf, N., Khan, S. A, Ahmad, M., Asghar, R,, Ahmed, R. A, Shaheen, S.,
Zafar, M. and Saqib, M. 2004. Seed borne mycoflora of sesame
(Sesamuum indicum L.) and their effect on germination and
seedling. Pakistan J. Biol. Sci. 7: 243—245.

Baek, S.Y, Yun, H. J, Choi, H. S, Koo, B. S. and Yeo, S. W. 2010. Isolation
and physiological characteristics of microorganisms producing
extracellular enzymes from Korean traditional soybean source
and soybean paste. Korean J. Microbial. Biotechnol. 38: 379-384.
(In Korean)

Bharathi, V., Sudhakar, R., Parimala, K. and Reddy, V. A. 2013. Evalu-
ation of bio-agents and bio-fertilizers for the management of
seed and seedling diseases of sesamum indicum (sesame). J.
Plant Pathol. 2: 179-186.

Carstens, M,, Vivier, M. A. and Pretorius, I. S. 2003. The Saccharomyces
cerevisiae chitinase, encoded by the CTS-2 gene, confers anti-
fungal activity against Botrytis cinerea to transgenic tobacco.
Transgenic Research 12: 497—-508.

Chang, M., Moon, S. H. and Chang, H. C. 2012. Isolation of Bacillus
velezensis SSH100-10 with antifungal activity from Korean
traditional soysauce and characterization of its antifungal com-
pounds. Korean J. Food Preserv. 19: 757—766. (In Korean)

Cho, K. C,, Math, R. K, Hong, S.Y,, Islam, S. M. A,, Mandanna, D. K.,

Cho, J. J, Yun, M. G,, Kim, J. M. and Yun, H. D. 2009 Iturin pro-
duced by Bacillus pumilus HY1 from Korean soybean sauce
(kanjang) inhibits growth of aflatoxin producing fungi. Food
Control 20: 402—-406.

Choi, O., Kim, S. H. and Kim, J. 2014. Powder coating formulation
with Pseudomonas fluorescens M45 enhance the emergence
rate and healthy stand establishment of sesame in disease-
conducive soil. J. Agricult. Life Sci. 48: 27-33.

Chung, H. S. and Choi, W. B. 1990. Biological control of sesame
damping-off in the field by coating seed with antagonistic
Trichoderma viride. Seed Sci. Technol. 18: 451-459.

Elewa, I. S., Mostafa, M. H., Sahab, A. F. and Ziedan, E. H. 2011. Direct
effect of biocontrol agents on wilt and root-rot diseases of
sesame. Arch. Phytopathol. Plant Prot. 44: 493—504.

El-Bramawy, M. A.S. and El-Sarag, E. E. 2012. Enhancement of seed
yield and its components in some promising sesame lines using
antagonism of Trichoderma spp. against soil-borne fungal dis-
eases. Int. J. Forest Soil and Erosion 2: 148—154.

Enikuomehin, O. A. 2005. Cercospora leaf spot disease manage-
ment in sesame (Sesamuum indicum L.) with plant extracts. J.
Tropical Agricult. 43: 19-23.

Enikuomehin, O. A. 2010. Seed sorting of sesame (Sesamum indicum
L.) by salt density and seed-borne fungi control with plant ex-
tracts. Arch. Phytopathol. Plant Prot. 43: 573—-580.

Jeyalaksshmi, C., Rettinassababady, C. and Nema, S. 2013. Integrat-
ed management of sesame diseases. J. Biopesticides 6: 68—70.

Jung, J.Y, Lee, S. H, Kim, J. M., Park, M. S,, Bae, J. W, Hahn, Y-S, Madsen,
E. L. and Jeon, C. O. 2011. Metagenomic analysis of Kimchi, a
traditional Korean fermented food. Appl. Environ. Microbiol. 77:
2264-2274.

Kim, Y. K., Hong, S. J,, Shim, C.K, Kim, M. J,, Lee, M. H,, Park, J. H., Han,
E, J, Choi, E. J, Bae, S. I. and Jee, H. J. 2014. Effect of Korean fer-
mented food extracts and bacterial isolated from the extracts
for the control of rice seed-borne fungal disease. Korean J.
Pestic. Sci. 18:383-395.

Koch, E, Schmitt, A, Stephan, D., Kromphardt, C, Jahn, M., Krauthausen,
H. J., Forsberg, G., Werner, S., Amein, T,, Sandra, A., Wright, .,
Tinivella, F, Gullino, M. L., Roberts, S. J., Wolf, J. and Groot, S. P. C.
2010. Evaluation of non-chemical seed treatment methods for
the control of Alternaria dauci and A. radicina on carrot seeds.
Eur. J. Plant Pathol. 127:99-112.

Lee, H. J,, Park, K. C, Lee, S. H., Bang, K. W,, Park, H. W.,, Hyun, D. W,,
Kang, S. W, Cha, S. W. and Chung, I. M. 2012. Screening of an-
tifungal Bacillus spp. against Alternaria blight pathogen (Alter-
naria panax) and anthracnose pathogen (Colletotrichum gloeo-
sporioides) of ginseng. Korean J. Medicinal Crop Sci. 20: 339-344.
(In Korean)

Lee, J. I, Kang, C. W. and Lee, S.T. 1982. Effects of seed sterilization
on seedling blight in sesame. Korean J. Crop Sci. 27: 78-83.

Lee, J.R, Kim,S.Y, Chae, H. B, Jung, J. H. and Lee, S.Y. 2008. Antifun-
gal activity of Saccharomyces cerevisiae peroxisomal 3-ketoacy-
CoA thiolase. BMIB Reports 31: 281-285.



308 Research in Plant Disease Vol.21 No. 4

Lee, N. K., Kim, S. Y, Choi, S.Y. and Paik, H. D. 2013. Probiotic Bacillus
subtilis KU201 having antifungal and antimicrobial properties
isolated from Kimchi. Food Sci. Biotechnol. 22: 1375-1379.

Lee, S. Y, Kim, B. Y, Ahn, J. H,, Song, J. K, Seol, Y. J., Kim, W. G. and
Weon, H.Y. 2012. Draft genome sequence of the bio-control
bacterium Bacillus amyloliquefaciens strain M27. J. Bacteriol. 194:
6934-6935.

Macrogen Inc. 2014. 16S rDNA region sequencing analysis. World
Meridian Center. Seoul.

Nakayama, K., Watanabe, S., Kumakura, K., Ichikawa, T. and Makino,
T. 2007. Development and commercialization of Trichoderma
asperellum SKT-1(Ecohope®), a microbial pesticide. J. Pestic. Sci.
33:141-142.

Park, N. Y, Lee, S. Y, Kim, J. Y. and Choi, H. S. 2013. Quality charac-
teristics of buckwheat Soksungjang manufactured by Bacillus
subtilis HJ18-4. Korean J. Food Preserv. 20: 699—704. (In Korean)

Park, S. J,, Chang, J. H,, Cha, S. K. and Moon, G. S. 2009. Analysis of
the bacterial composition during Kochujang, a Korean tradi-
tional fermented hot pepper-soybean paste, fermentation.
Food Sci. Biotechnol. 18: 1035—1037.

Reddy, P. P. 2013. Bio-priming of seeds. In: Recent Advances in Crop
Protection. (http://static-contents.springer.com)

Ryu, C. M., Kim, J. W,, Choi, O. H., Kim, S. H. and Park, C. S. 2006. Im-

provement of biological control capacity of Paenibacillus poly-
myxa E681 by seed pelleting on sesame. Biological Control 39:
282-2809.

Sanker, P. and Jeyarajan, R. 1996. Seed treatment formulation of
Trichoderma and Gliocladium for biological control of Macroph-
omina phaseolina in sesamum. Indian Phytopathol. 49: 148—151.

USDA-NIFA. 2000. Crop profile for sesame in United States. The crop
profiles/PMSP database. 19 pp.

Yang, E. J. and Chang, H. C. 2008. Antifungal activity of Lactobacillus
plantarum isolated from Kimchi. Korean J. Microbiol. Biotechnol.
36: 276—284. (In Korean)

Yoon, S. H,, Kim, J. B,, Lim, Y. H, Hong, S. Y., Song, J. K, Kim, S. S,,
Kwon, S. W.,, Park, I. C., Kim, S. J,, Yeo, Y. S. and Koo, B. S. 2005.
Isolation and characterization of three kinds of lipopeptides
produced by Bacillus subtilis JKK238 from jeotgal of Korean
traditional fermented fishes. Korean J. Microbiol. Biotechnol. 33:
295-301. (In Korean)

Yuan, W. and Crawford, D. 1995. Characterization of Streptomyces
lydicus WYEC108 as a potential biocontrol agent against fungal
root and seed rots. Appl. Environ. Microbiol. 61:3119-3128.

Ziedan, E.-S.H., Elewa, I.S., Mostafa, M.H. and Sahab, A.F. 2011.
Application of mycorrhizae for controlling root diseases of
sesame. J. Plant Prot. Res. 51: 355-361.



