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Abstract (microbe-free MOF). Compared with the control, appli-
cation of recommended amount of MOFBS (MOFBS
250 kg/10a, MOFBS treatment) and double the recom-
mended amount (MOFBS 500 kg/10a, 2MOFBS treat-
ment) did not significantly change the growth factors
of lettuce. After the application of two formulation
types or two different amounts of MOFBS, soil chem-
ical properties such as electrical conductivity, organic

Bacillus spp. and Saccharomyces spp. are effective mi-
croorganisms that are applied as microbial fertilizers for
crops in Korea. Mixed organic fertilizer (MOF) has been
used in the Korean organic agriculture to supply nu-
trients to crops. This study was conducted to investigate
the effects of MOF containing Bacillus amyloliquefa-
ciens HSOB-7 and Saccharomyces cerevisiae HSOB-8
(MOFBS) on the soil chemical properties and growth
of lettuce (Lactuca sativa). Growth factors of lettuce

matter (OM), exchangeable Ca, and cation exchange-
able cation (CEC) increased. These results indicated
that although the application of MOFBS improved soil
fertility including OM and CEC, it did not significantly
affect lettuce growth.

were higher after applying different formulation types
of MOFBS, such as powder and pellet, than those of
NF, and not significantly different than those of control

Key words: Cation exchangeable capacity, Growth factor,

*Corresponding author: Young-Sun Kim Lettuce, Mixed organic fertilizer containing Bacillus am-
Phone: +82-53-850-6715; Fax: +82-53-850-6719; yloliquefaciens HSOB-7 and Saccharomyces cerevisiae
E-mail: imOsunkim@daegu.ac.kr HSOB-8 (MOFBS), Organic matter, Soil chemical property

**Co-Corresponding author: Sung-Hyun Cho
Phone: +82-42-867-8838; Fax: +82-42-624-4068;
E-mail: esphyun@naver.com

338



Lettuce Growth after Applying Mixed Organic Fertilizer Containing B. amyloliquefaciens and S. cerevisiae 339

A o

AR A7IANRE F4 071 A0 R o] &
2 A% B R 012 S8 Abgshs Fo@ ulRelTil
A $710 2 HarEn| 2o S

) W2
1839 F20] otk AF 5 520 ATHIR o)
PR ETR, ERAD L H718T0] thREe A3

2] AR R B sl AoR B Fol
A F7Ie AR AskE o] Age o] 8 SR [3] Ao}
Ao e FR8kL, P
(4], EF ol 71Es &
EG U mAEs EX U 35d
9 olsteMd& TNdstaL, Amel Fast %E‘i—% THeto] A=
g] *E*J*ég 6‘1:/\1-/\ 1;}.[3 4] Eof 141 L A=)
& %71” e wAleU HEEEss §*F'5F k=3
ol o5 TN $E 5 e vA s
|88k SIeH5,6]. =ulollr = olefst -8 mdE

=7l ’\l
& olgsto] AaAle] o] && = glom, v gy Al
= EYrAEAAE EReka otk sjelelM e dakdvs

i

= ¢ak

M mlgEe] o] Sl HlRk Slow7] =9 RlEw
iAol B AEAA R S5t 8t
A AG Sk A, EA|, 3|, A
HIR S ofgsh= Wl wet vhakst FEizt JH8,9].

Bacilllus amyloliquefaciens’} ¥ Aolv A 5 7]
e WAllshe wHe 2 Jlom[9], IRdEES Artsto]
AEA A B A mEAAR o]887] = FtH10].
Kim et al[9]> E¥elX AWE B amyloliquetaciens=
W= 0 F AS(Lactuca sativa)©ll 2251 wolle 55
&3zt vlelsh 7)1 dH 59} 3 Aelehs 75 At
o] 7Kt Hatsto] 7] AR 59l 8 Al s adte] o
3l Xarsk v} QIt}. K8t Saccharomyces cerevisiae™ T
AF o] k318 ubgo] o] 287 gloLH11] AEF R Q%
-3-oFx| EAHindole-3-acetic acid, JAA)S A | = O]-U%
[12], TAA A3kso] 9= vldas el 2] Al A5E 7)
As71% seH12]. B amyloliquefaciensS} S. cerevisiae=
27y ek 54 2L Qo] E9F Al AR 5 AS B
¢helk = Qlvhe A o wikxzio] v2y] il &
7 dgap7] feiMe vdE wiA 230 v o

& ARG vAEY 5SS AT 0 A1E o

esltH13]. f714M s dEe ]*ﬁg Aol Qo v
F71EYS Bk gl 1 AEs APl o8 < 3l
22 A3F3slad A ZEAM)

AEHl] ARk H 8 % éﬁﬁC’ﬂ

S| UE FEE glonm

1A E9} FErES ?‘%Wﬂ AFsHE 2lgt A7 Fe

sitk. w7 Ats AR R AW B amyloligue-

faciens HSOB-73} S, cerevisiae HSOB-8= %L%O]J: 71

Z¥] S (mixed organic fertilizer containing B. amyloli-

quetaciens HSOB-7 and S. cerevisiae HSOB-8, MOFBS)

5 5ol Alnlg 3 MOFBSS] AlE 9 Azl we} 4

o A% 54 2RI

o

SA=
2 A= 20161 8€HE 2017 8714 12717 X E

A&} NS a8, LEAFS tigA] 249
AALS] AEE 2AoA, AR T ol Al 57

oM A FARES SFL. sativa; FEAND(GE
45, Kwonnong, Cheongju, Korea), ZgAIH(H=HS],
Worldseed, Gwangju, Korea)]E ©]&33lth FAH =
237141 E(mixed organic fertilizer, MOF; Hyosung
O&B Co. Ltd., Asan, Korea)?} m|AESF G7]2nE
(MOF containing B. amyloliquefaciens HSOB-7 and S,
cerevisiae HSOB-8; MOFBS)E ARE-3}SIt) n| &S
78|55 HAMIA 4 Bk wasy A28 E 2
7} B. amyloliquefaciens HSOB-79} S. cerevisiae HSOB-8
< el el v ES HA kel A2t wjek
F & MOF22) E3tsto] A& statgich. f71dn| 57t 4
wo] B Mo R drfjE= S aefste] MOF w2+
s S FEAIF I o]F 8 mm YA CE A
WAF o2 AHESIGItE SRS A 9 548 Table
jﬂr 7h;]. EA]EO ro ]_ MJEEEH ﬁE/\]aJJr J.xl—/\]ﬁoﬂ
AbgE Eoke] o]38ha EAL Table 2% Z2th Ao
ARESE WNETE FRES ol &Stk

] r°%'

MOFBS HIFE &= 43 Al
MOFBS A& A8 2016 §L5E 11974 471€

Table 1. The properties of fertilizers used in this experiment (%)

Fertilizer WC OM N P.Os KO NaClI*
MOF 13.2 67.6 4.4 2.0 1.1 0.10
MOEFBS 135 74.1 4.6 3.1 1.8 0.18

“NaCl content of fertilizer was based on dry weight.

WC: water content; OM: organic matter; MOF: mixed organic fertilizer without poultry manure; MOFBS: mixed organic
fertilizer containing Bacillus amyloliquefaciens HSOB-7 (3.1 x 10° cfu/g) and Saccharomyces cerevisiae HSOB-8 (3.4 x
10° cfu/g). The formulation types of MOFBS were a powder type and pellet type.
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Table 2. The chemical properties of soil used in this experiment
Exchangeable cation
. D pH EC T-N OM Av-P,0s CEC
Experiment K Ca Mg
(1:5) (dS/m) (%) (mg/kg) (cmol” /kg)
Pot 1 7.42 0.39 0.18 1.77 304 0.47 6.74 1.69 10.9
Pot 2 6.62 0.48 0.30 0.42 95 0.99 448 2.13 9.36
Field 7.49 0.39 0.18 1.77 425 0.74 5.94 2.06 9.8

YPot 1 and 2 in the pot experiments showed a formulation test of MOFBS and fertilizing amount test, respectively.
EC: electrical conductivity; T-N: total nitrogen; OM: organic matter; Av-P,Os: available phosphate; CEC: cation ex-

changeable capacity.
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Table 3. Changes of soil chemical properties in the lettuce applying two types of mixed organic fertilizer containing
Bacillus amyloliquefaciens HSOB-7 and Saccharomyces cerevisiae HSOB-8 in the pot experiment

Exchangeable cation

T " pH EC T-N OM Av-P,0s CEC
reatment K Ca Mg
(1:5) (dS/m) (%) (mg/kg) (cmol” /kg)

NF 7.22a% 0.25a 0.13a 1.63b 256b 0.35a 6.21b  1.24b  8.63b
Control 7.47a 0.29a 0.15a 1.72ab 284a 0.38a 6.33a 1.40a 9.10a
Powder 7.13a 0.30a 0.16a 1.88a 290a 0.39a 6.39a 1.42a 9.25a

Pellet 7.12a 0.30a 0.16a 1.90a 286a 0.39a 6.40a 1.42a 9.28a

UTreatments were as follows. NF: non-fertilizer; Control: MOF 250 kg/10a; Powder: powder type of MOFBS 250 kg/10a;
Pellet: pellet type of MOFBS 250 kg/10a. These fertilizers were applied before 15 days planting lettuce. MOFBS means
mixed organic fertilizer containing B. amyloliquefaciens HSOB-7 and S. cerevisiae HSOB-8.

?Means with same letters within column are not significantly different by Duncan’s multiple range test p=<0.05 level.
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Table 4. The growth of lettuce applying two types of mixed organic fertilizer containing Bacillus amyloliquefaciens
HSOB-7 and Saccharomyces cerevisiae HSOB-8 in the pot experiment

Treat R Chlorophyll content No. of leaves Leaf length Leaf width Fresh weight Dry weight
reatmen
(mg/ 100cm?) (ea/plant) (cm) (g/plant)

NF 3.70b? 12.7b 18.3b 9.5b 25.3a 1.86b
Control 3.96ab 15.3a 19.9ab 10.4ab 27.9a 2.21ab
Powder 4.11a 16.0a 21.2a 10.8a 30.2a 2.36a

Pellet 4.13a 16.0a 21.3a 11.0a 30.4a 2.40a

UTreatments were as follows. NF: non-fertilizer; Control: MOF 250 kg/10a; Powder: powder type of MOFBS 250 kg/10a;
Pellet: pellet type of MOFBS 250 kg/10a. These fertilizers were applied before 15 days planting lettuce. MOFBS means
mixed organic fertilizer containing B. amyloliquetaciens HSOB-7 and S. cerevisiae HSOB-8.

?Means with same letters within column are not significantly different by Duncan’s multiple range test p=<0.05 level.

Table 5. Changes of soil chemical properties in the lettuce after applying mixed organic fertilizer containing Bacillus
amyloliquefaciens HSOB-7 and Saccharomyces cerevisiae HSOB-8 in the pot experiment

Exchangeable cation

T " pH EC T-N OM Av-P,05 CEC
reatment K Ca Mg
(1:5) (dS/m) (%) (mg/kg) (cmol*/kg)

NF 6.27b” 0.37b 0.22a 0.34b 57.6b 0.35b  4.09p 099a  8.02b
Control 6.72a 0.55ab 0.26a 0.45a 78.0ab 0.39ab 4.24ab  1.09a  8.37ab
MOEFBS 6.42ab 0.67a 0.27a 0.43a 87.8ab 0.43ab 4.27ab  1.12a 8.51a

2MOFBS 6.54ab 0.76a 0.29a 0.52a 101.7a 0.49a 4.33a 1.20a 8.82a

DTreatments were as follows. NF: non-fertilizer; Control: MOF 250 kg/10a; MOFBS: MOFBS 250 kg/10a; 2MOFBS:
MOFBS 500 kg/10a. These fertilizers were applied before 15 days planting lettuce.
?Means with same letters within column are not significantly different by Duncan’s multiple range test p=<0.05 level.
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Table 6. The growth of lettuce after applying mixed organic fertilizer containing Bacillus amyloliquefaciens HSOB-7 and
Saccharomyces cerevisiae HSOB-8 in the pot experiment

Chlorophyll content No. of leaves  Leaf length Leaf width  Fresh weight = Dry weight

Treatment”
(mg/ 100cm?) (ea/plant) (cm) (kg/ m?)

NF 2.65a” 15.3a 15.6b 9.6b 28.7a 2.22b
Control 2.75a 17.0a 17.4ab 10.8ab 32.5a 2.51ab
MOFBS 2.84a 17.7a 18.2a 11.4a 34.1a 2.66ab
2MOFBS 2.95a 18.3a 19.1a 12.1a 36.3a 2.82a

DTreatments were as follows. NF: non-fertilizer; Control: MOF 250 kg/10a; MOFBS: MOFBS 250 kg/10a; 2MOFBS:
MOFBS 500 kg/10a. These fertilizers were applied before 15 days planting lettuce.
?Means with same letters within column are not significantly different by Duncan’s multiple range test p=<0.05 level.

Table 7. Changes of soil chemical properties in the lettuce applying mixed organic fertilizer containing Bacillus amyloli-
quetaciens HSOB-7 and Saccharomyces cerevisiae HSOB-8 in the field experiment

Exchangeable cation

T " pH EC T-N OM Av-P,05 CEC
reatment K Ca Mg
(1:5) (dS/m) (%) (mg/kg) (cmol*/kg)

NF 7.26a” 0.25b 0.14a 1.52b 362b 054b 514b  1.54b 8.26¢
Control 7.54a 0.28ab 0.15a 1.67ab 396ab 0.57ab  5.4la 1.73a 8.74b
MOFBS 7.08a 0.34a 0.16a 1.75ab 414ab 0.6lab  5.56a 1.67a 9.38a

2MOFBS 6.76b 0.40a 0.18a 1.86a 461a 0.65a 5.65a 1.77a 9.92a

DTreatments were as follows. NF: non-fertilizer; Control: MOF 250 kg/10a; MOFBS: MOFBS 250 kg/10a; 2MOFBS:
MOFBS 500 kg/10a. These fertilizers were applied before 15 days planting lettuce.
?Means with same letters within column are not significantly different by Duncan’s multiple range test p=<0.05 level.

A]1 2folE HERHA] oksktt. EEA M= MOFBS A 8). NF¢} nlae W, MOFBS #2|7-9] 954 9%, i<
TRE A7 QIlou A AolE ko] Aul 3, AF 2 AT 7B, diET e v o) SAH 0
el 2Jgt Afol= AZAH AT Kim et al.[9]9] Aol B, 2 4RL AlolE HERA O}CEAL‘:}. MOFBS A2} g5
amyloliquetaciens= He|& 235 A 2] pHE SobA]= o] A% BlaelA MOFBS €} 2MOFBS #2] -9 352] 1,
e vehdo] & oq:rLg} FARE W3S ekt ol g A, 95 2 AETY Aols vEh A it ol midE
¥Rz B subtilis 3+t WI1RE e METHAC A2t o Al ave vehly] flsiie A4 0z vdEs B

i

Al A AR BES vERITHTI. glo} A2 FHIE Bl AHH R 3T W 2= Aol
MOFBS A2 529 274 Al A3 5 d5-2] 3% S7F8l7] wEolt9].

S4e AR A, 54 9 A5, 9%, 9% 9 AT MOFBS 9| AHl= Az 714859k f8rdes ¥

< 717} 3.60-4.05 mg/100cm?, 21.9-34.4 ea/plant, 17.4- B Atk ARle] Jlan, AEA) AlEA f7]14u R

24.0 cm, 11.2-17.3 cm, 9.76-39.91 kg/m’S UERIL} (Table Bk 1 ¢ glont 8 lEe] E8e g Adsat

Table 8. The growth of lettuce applying mixed organic fertilizer mixed organic fertilizer containing Bacillus amylolique-
faciens HSOB-7 in the field experiment

Treatment” Chlorophyll content No. of leaves Leaf length Leaf width Dry weight
reatmen
(mg/ 100cm?) (ea/plant) (cm) (kg/ m?)
NF 3.60b? 21.9b 17.4b 11.2b 9.76b
Control 3.88ab 31.8a 22.0a 16.4a 33.53a
MOFBS 3.94a 34.0a 23.6a 17.2a 39.13a
2MOFBS 4.05a 34.4a 24.0a 17.3a 39.91a

DTreatments were as follows. NF: non-fertilizer; Control: MOF 250 kg/10a; MOFBS: MOFBS 250 kg/10a; 2MOFBS:
MOFBS 500 kg/10a. These fertilizers were applied before 15 days planting lettuce.
?Means with same letters within column are not significantly different by Duncan’s multiple range test p=<0.05 level.
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AE/del thet Aol o] sl

R

= AT e R
ciens HSOB-7%} Saccharomyces cerevisiae HSOB-8 52
gHsks 771485 (MOFBS, mixed organic fertilizer con-
taining B. amyloliquefaciens HSOB-7 and S. cerevisiae
HSOB-8)% “J5oll AlHIg § MOFBSO| A% 4l Ae]ze]
e o] ASRiskE 2AREItE MOFBS Al @ = vl
& o, NFET g2 B50] F7k8kial, vl E7414
O FoHQl AolE RN sk thatel i ),
MOFBS #2|3d LEAGIs} LAl 5] &
B g A ECM EAF R oAl AolE vehy
A| 3kh. MOFBS A% Bl 238 A|glell] MOFBS #|2]
¥ E% ¥ EC, OM, Ca ¥ CECx= StiSlth 7] 23t
F§e o, MOFBS Al E% FelA EC, OM ¥ CEC7}
Sl Eoko vEErt JAE Y B amyloliqueta-
ciens HSOB-78} S, cerevisiae HSOB-8 A 2]¢]| &Jgt *5-2]
A EIR= vl|shglt

A Bacillus amyloliquefa-

Note

The authors declare no conflict of interest.

References

1. An NH, Lee SM, Lee CR, Oh EM, Gong MJ (2020)
Change in fertilizer characteristics during fermenting
process of organic fertilizer and effect on lettuce
growth. Journal of the Korea Organic Resources Recy-

cling Association, 28(3), 27-36.
https:/ / doi.org/10.17137 / korrae.2020.28.3.27.

2. Kim MS, Kim SC, Yun SG, Park SJ, Lee CH (2018)
Quality characteristics of commercial organic fertil-
izers circulated. Journal of the Korea Organic Resour-
ces Recycling Association, 26(1), 21-28.
https:/ /doi.org/10.17137 / korrae.2018.26.1.21.

3. Mavis BB, Hwang HY, Lee SM, Lee CR, An NH (2014)
Vermicompost as an effective organic fertilizer and
biocontrol agent: Effect on growth, yield and quality
of plants. Reviews in Environmental Science and
Bio/Technology, 14(1), 137-159.
https:/ /doi.org/10.1007%2Fs11157-014-9347-1.

4. Jang JE, Lim GJ, Lee JG, Yoon SH, Hong SE, Shin KH,
Kang CS, Hong SS (2019) Application effects of organ-
ic fertilizer utilizing livestock horn meal as domestic
organic resource on the growth and crop yields. Jour-
nal of the Korea Organic Resources Recycling Assoc-
iation, 27(2), 19-30.
https:/ /doi.org/10.17137 / korrae.2019.27.2.19.

5. Kim KY, Park HB, Adhikari M, Kim HS, Byeon EJ, Lee
IK, Lee YS. (2022) Selection and characterization of an-
tagonistic microorganisms for biological control of
Acidovorax citrulli causing fruit rot in watermelon.
Research in Plant Disease, 28(2), 69-81.
https:/ / doi.org/10.5423 /RPD.2022.28.2.69.

6. Kim DS, Shin HY, Han SI (2022) Isolation of indole-
3-acetic acid (IAA) producing Arthrobacter sp. and
plant growth promotion effect. Journal of the Korean
Applied Science and Technology, 39(6), 831-838.
https:// doi.org/10.12925/jkocs.2022.39.6.831.

7. Kim YS, Lee CE, Ham SK, Lee GJ (2016) Growth of
creeping bentgrass by application of compound fertil-
izer containing microbes. Weed and Turfgrass Science,
5(1), 42-50. https:/ /doi.org/10.5660/ WTS.2016.5.1.42.

8. Choi SY, Yoon MH, Whang KS (2006) Comparison of
the gel formation ability and stability of encapsulated
microbial inoculant using extractable alginate from sea
tangle. Journal of the Korean Society for Applied Bio-
logical Chemistry, 49(3), 170-174.

9. Kim YS, Cho SH, Lee HS, Lee GJ (2021) Growth effects
of microbial fertilizer containing Bacillus amylolique-
faciens in lettuce. Journal of the Korea Organic Res-
ource Recycling Association, 29(4), 15-24.
https:/ /doi.org/10.17137 / korrae.2021.29.4.15.

10. Lee SY, Weon HY, Kim WG, Kim JJ, Han JH (2015)
Selection of Bacillus amyloliquefaciens M27 for bilo-
control on lettuce Sclerotinia rot. The Korean Journal
of Mycology, 43(3), 180-184.



Lettuce Growth after Applying Mixed Organic Fertilizer Containing B. amyloliquefaciens and S. cerevisiae

345

11.

12.

13.

14.

https:/ / doi.org/10.4489 /KJM.2015.43.3.180.

Jung HK, Park CD, Park HH, Lee GD, Lee IS, Hong
JH (2006) Manufacturing and characteristics of
Korean traditional liquor Hahyangju prepared by
Saccharomyces cerevisiae HA3 isolated from tradi-
tional Nuruk. Koran Journal of Food Science and
Technology, 38(5), 659-667.

Prusty R, Grisafi P, Fink GR (2004) The plant hor-
mone indoleacetic acid induces invasive growth in
Saccharomyces cerevisiae. Biological Science, 101(12),
4153-4157.

https:/ / doi.org/10.1073 / pnas.0400659101.

Park JK, Seo SI, Han GH, Kim KM, Kim DH, Song
JK, Kim PI (2018) Development of microbial formul-
ation a biological properties using Bacillus velezensis
GH1-13. Korean Society for Biotechnology and Bio-
engineering Journal, 33(4), 237-246.

https:/ /doi.org/10.7841/ksbbj.2018.33.4.237.

Choi JW, Jo JR, Lee KS, Kim MK (1992) Effects of
paper mill sludge in submerged soil. CNU Journal
of Agricultural Science, 18(1), 74-79.

15.

16.

17.

18.

An NH, Lee, SM, Oh EM, Lee CR, Gong MJ (2020)
Application effects of fermented mixed organic fer-
tilizer utilizing by-products on yield of Chinese cab-
bage and soil environment. Journal of the Korea Or-
ganic Resources Recycling Association, 28(4), 77-85.
https:/ /doi.org/10.17137 / korrae.2020.28.4.77.

Ham SK, Lim JY, Lee YM (2014) The effect of thatch
decomposing by application with composted liquid
manure and microorganism medium in golf course
soil. Weed and Turfgrass Science, 3(4), 342-346.
https:/ / doi.org/10.5660/ WTS.2014.3.4.342.

Lee JH, Jun KS (2006) Effects of compost amendment
on petroleum hydrocarbon removal and ATP con-
centration in bioremediation of diesel contaminated
soil. Journal of Korean Society of Environmental Eng-
ineers, 28(7), 721-730.

Kim DY, Kim BY, Ahn JH, Weon HY, Kim SI, Kim
WG, Song JK (2015) Quantitative analysis of Bacillus
amyloliquefaciens GR4-5 in soil. Korean Journal of
Organic Agriculture, 23(4), 847-858.

http:/ /dx.doi.org/10.11625/KJOA.2015.23.4.847.



