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Abstract

Norway spruce (Picea abies (L.) Karst.) is a desirable coniferous species for afforestation
due to its ecological adaptability and high economic value. However, the production of
high-quality seedlings required for successful afforestation is often constrained by fungal
pathogens, which lower the survival and growth vigor of P abies seedlings. Nurseries
mainly use chemical pesticides to control fungal pathogens, but their negative effects on
the environment, and the emergence of resistant pathogenic strains necessitate the
development of biological control alternatives. This study investigated the biocontrol effect
of Bacillus velezensis CE 100 against fungal pathogen that cause seedling damping off in
P. abies forest nursery. A fungal strain was isolated from P abies seedlings exhibiting
damping off symptoms and the strain was identified as Fusarium oxysporum. Bacillus
velezensis CE 100 showed strong antifungal properties through the production of lytic
enzymes such as chitinase, 8-1,3-glucanase, and protease during bacterial growth, with a
maximum activity of 97.79 unit/mL, 11.95 unit/mL, and 21.26 unit/mL, respectively.
Treatment with the bacterial crude enzyme fraction at a concentration of 100 xL/mL
hydrolyzed the fungal cell wall and consequently inhibited the spore germination and
mycelial growth of F oxysporum by 95.24% and 42.50%, respectively. These results
demonstrate that B velezensis CE 100 can contribute to the production of high-quality P,
abies seedlings by controlling £ oxysporum.
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EUA7MEH|(Picea abies (L.) Karst = B399 ofst A @ YAy}l 7t2nte]obAbm o]
oAt | o] AR TR AR 7THEH[URES] S wEoR Wl AT £2 AR A
2 7HX]7} ot 18M)715E 8-S SHoE AR ATHI4]. E3t SU7HRHl= e 2-84g0]
Zo} AR GEL op e} TfRE g RA0NA] #-3to] AR 5= Qlo] wl=, AUt U, Hope]
7} 35 9 FAHE 5 ot =kl A= QeH1,2].

EA7REHE i EAQ] 2EaFolA T, FRAgolA WAeks FEolyoR AMEE Aito] A
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=L UCH5). E3| Fusarium spp.= A MAZ O R FHA | 53] WASH= T30l HYHFo
2, SYIEHet 22 Adgol BAE 9 RuSIHS YAA gois fltks ZA0E dHA

AH6,7]. B AFANME Fusarium oxysporunP] SJst RAEH O Z EQU7IEH] HE0| JALSH=
o7} HAYSITt. £ OXYS.DOFUUH—E FZ Bl ARtE|o] 50] S3of Mok, ot ¢
AR LS B3l BT ot HEo AESat IARE WAAXITHB-10]. 1REE ARt SU7RE

H] &2 AR o8 EA Y £ oxyspommﬂ' 22 Fgoly ByYw] BAVE S a5kt 18y
Feuete] 5Y7kEE] FEACIA = B0 WsiE = 8ol Hedol w3t ARV A gl
/U}HO‘IE]-

Ut o® FuAlA FEolE WAE sl e AFAZE AREE Tkl Ty
SRS A &A 02 AT 9 A AT EYR Y 59 SATAIE EA¥ska, SRRtk A
S A AT Hdto] ESdsto] Hdd WAV o H¥R= Aol iH12-14]. 1A
T AFAIE dAlst] B9 8ol WA It =S Hbo] 5 Qlnh Ao E
AEAAE A oK plant growth promoting bacteria, PGPB)?l Bacillus spp.”7} @o| AR
H3 QeH15-20]. Bacillus spp.= Z1EEEL, f-1,3-2FE0 a4 © ohdEs)| a4l &
2 &FaAE At 719, £-13-25 4 IHE SPAE 8 3ol Bt Alxd
S Fofiolal 3go M) A} ot} AR AR AARITH15,19,21,22]. ©FF B3W Bacillus
spp.© THANA T30 W8S HAA7|1L Bl BES Z|AAXITHIS, 16l 12y -2yt
9] JHAA HEC] WfE = FEolHe JAIE Y9l A= dAEXIE e 2lokg &8t A=
o ATH16,17]. WEbA £ Ate vl SY7HEH] B50] msiE = 8l Yol
gt FE52t ARE Ao Ao TARE BEoA gl HddZ 22 2 sk Eet
AEAFE 201 Bacillus velezensis CE 100 ARE3to] SA7MEH] SR A] BHAYSI= &
ol BLFR! £ oxysporumE YA 718 FgotaA}l gl
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1. SUiH| B20| wYss ZROlY WP 22 Y Y

jg
18

SV B AR Adtithl $EACETFGA 5 852 77)00 A3 B oR-Ao)A
oYLt £ Aol AR HY7FEEE 20229 790 AR ESHEAIE A SAE B
ok, 525 2o 15397 Aok wgolitt. mEet SAE 20224 8ERH Holsy] ARt
1, 20239 5EHE HE 7|7t EUAHA IAbl: A7 EAYSH]IT

EU7REH| HEoA WSk gold HYdE EEloh] flo) AR HES €715 1 cm
SE Z2E NaOCl 1% &8} ofekE 70% §HOE HH 453 T SHESE AlHotal AXsH3]
ot Axst €7] AlmEeE @A(streptomycin 0.05 g/L)E A71st PDA HiA|(potato dextrose
broth 24 g/L 9 agar 20 g/1)°l &9 25COlA] BigstFtt. o] Fgoly WY & 22g
sl FBAE H7I5kA] 2= PDA HiA|of ATl g5t

4 Belw Fgoly Hdwte] 592 Macrogen(Korea)ol|A] Internal transcribed spacer(ITS)
FH9| FHA F= 9 GRS Bl S FAR S5 A D EA Ol universal primer
£ ARESEITHTable 1). IARE oA B3t 3ol B |44 A714E-E national
center for biotechnology information(NCBI)¥] basic local alignment and search tool
(BLAST, http://www.ncbi.nlm.nih.gov/) Ei:l_a42 =9 o2 Fgo| #579 F7A g} vl
sto] #2lE g0l WYt reference #FE ARRIS FALEES EAISHIH:
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Table 1. The universal primers used for ITS region amplification and sequencing

Primer Primer sequence (5'-3')
ITS5 TCCGTAGGTGAACCTGCGG
ITS4 TCCTCCGCTTATTGATATGC

2. B. velezensis CE 1002] FH| ¥ M& IjH 2M

2 Aol AMEE B velezensis CE 1002 EFFEE Aulistdd o2 EQOA 2= A0H23].
B. velezensis CE 100 #3229 @ EFZUE TSB HiAl(tryptone soy broth 30 g/L) 100 mLe]l
AZE3H 30C9) 120 rpm RA0A 297F 85Tt

B. velezensis CE 1009 A% siel-S &5l Yd8fl PB ¥iA|(pink fertilizer 3 g/L, KH,PO4
0.2 g/L, MgS04 0.2 g/L, NaCl 0.1 g/L, CaCO; 0.1 g/L, sucrose 3 g/L, chitin powder 0.6
g/L, yeast extract 0.6 g/L, gelatin 0.024 g/L & power chitin 2 mL/L)°l B. velezensis CE
1009] HjoF 1 mL/LE AZE3tT 30C9 120 rpm ZA0A wiokslsith & & 10¢ S9t
ujd 34t Wi 100 xS TSA HlA|(tryptone soy broth 30 g/L @ agar 20 g/L)°] =&}
o] 30ColA HigstaL J2Hg g4 (colony-forming unit, CFU)E ARSI A 3 HHE: &
=k

3. B. velezensis CE 1002 8zdg4 &4

B. velezensis CE 1000] A/ol= St a4l 7|HEad, f-1,3-2F0Esa4 2 oy
Bl a4 B4 4517 Yall PB iRl B. velezensis CE 1009] 8% 1 mL/LE FEslaL
30C9] 120 rpm £Z0A BiFsHRIt olF 102 &%t WY 900 pLo] wiFAS AFst] 4T
12,000 rpm ZZ00A 10=7t FilEe]sto] 4SS Ak

7IRES g B4 EA6] o YAETste] d2 wiAe] A4EH 50 pLe 50 mM
sodium acetate buffer(pH 5.0) 450 pL H 0.5% colloidal chitin 500 L& Eg3t & 37CoA
1AIZE B9 BEAIFT:. 12137 1 N NaOH 200 pLE gof ¥k AAA714L, 4T 9] 12,000 rpm
ZA0A 1587 YAlEeste] S99 ASdS At SHEY A5 750 plot 3AF S
250 pL 9 Schales reagent 1 mLE £ 100COA 1587 Bt 7€ a4o] dAd=
= UV B33 A(OPTIZEN Alpha, K LAB Corporation, Korea)= A5 530 nmollA &%
L5 St 71eEsat €49 &l(unit/mL)= 37CAA 1417 &%t GleNAc 1 gmols
&R 549 o= St

B-13-=2FE a4 S 46| o dileeste] A2 vkl A5 50 uLt 50
mM sodium acetate buffer 400 pL 2 0.01% laminarim 29 50 pI2 333t & 37CoA
1A17F B2t HESAIAEE. 18] dinitro salicylic acid solution 1.5 mLE go] ¥H3-& HA|A)7]1L
100COlA 587 Bk f-1,3-2FE084 @45 UV B8 EAE ARESH] 550 nmolAl
FIEE SO B-13-2FEAaA 249 d(unit/mL)E 37CoA 1ARE B9t
glucose 1 pmolZ &3 A9 ko g st

TR E A S BA6l] flo eAlETste] 2 gL ASH 50 pLe} tris-HCl
buffer(pH 8.0) 950 pl& E§3t & 60TolA 158 &<t SRSAIHTE. 183 20% trichloroa-
cetic acid 500 pLE go] ¥R ARX|A7]AL 1587 A0 F3ict. o]& 419 12,000 rpm
271004 1587 dilEeste] A5 A1l UV 283 EAE ARESHe 280 nmolA S3EE
Zsklch SR as 249 D9l(unit/mL)E 1AIRE 59F 60TOlAl tyrosine 1 pge &
o 549 o= Stk BE Exfah AL 39 YRS $3YE|Qirh
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4. B. velezensis CE 1009] X84 F&

284 FE2 A9 B velezensis CE 1002 PB iAol &30 30T 2] 120 rpm ZANA]
747t wiekeRltt. 181 viFHE 6,000 rpmOllAl 3081t eAlEelste] S-S Eejsiglon,
29 4TH2 ABAE Bl AT A A4Sl ammonium sulfateE 80% E3HE7}
A 4TollA AH3] Hrlste] AAAF FHE N 4TollA 12417 B9 Hislal R4S
33 pelletS @71 5l PRIt aE3t pellet tris buffer(pH 8.2)°] -&afidaL
4TNA 24A17F B3t L bufferolA FA6310 o1, 284 FZHL 0.2 pm syringe filter
2 ofalste] AF AME- #7kA] 70T oA Betgltt.

5. B. velezensis CE 1002| F. oxysporum X} 20t x|

TR B2 Z7)0A4 Bejst 3ol WYEl £ oxpsporum 7Y ¥t PDA A
HASFrE A7oll EetE WEo|2 HHS F2 F, 439 AZRE AR iR 22+ ofatsto]
F. oxysporum®| ZA} ErHS ARkelglet. ZAFEH| Sl st ETARS ARE:
5ol 1x10° spores/mLE 2319t} B. velezensis CE 1009 RAAE tris bufferS AF25}0]
0 pL/mLEZTD), 250 pxl/mL, 500 xL/mL ¥ 1,000 xL/mLE ZA5}ct

F oxysporum® ZA FEH 100 pLe S5F< 550 pl, 4xPDB 250 uL ¥ B. velezensis
CE 1009] 5= 284 100 pLE 286kl 25ColA 12417 52t vigkstgict. 12iar 200812
4FAn|(NSB-80T, Samwon, Korea)< o83l thxe} Z17Ho] AtoflA 100712 22} 5
Holeh IALY] =5 S7FoIgitt. Wolte] ZAR] Zo] o Fo 2 AE QLS wf =X} okt Ao
2 7oyl A2 39 RHE 9= Qlh

B. velezensis CE 1009] =3g0|% Bt A ol A& thy 3412 ol-&sto] Aktsiith

ol BYFe] A dot AAE&(%) = [(@ - ) / a] x 100
(o= tZ2of|A glokgl Z3go|s WHYde] 2o $olH,
= A FofA] dolst Zgoly WU x| $oltt)

6. B. velezensis CE 1002] F. oxysporum wA} 4% Kol

PDA iAol 819 £ oxysporume cork borderE o835t A7 5 mm SI1E V=
M= PDA HiAlol] HFEstict. 181 o8 HEHe] E81004 3 cm Bolxl 3ol 24
mm&] FHE W= 0 pL/mLEET), 25 uL/mL, 50 xL/mL ¥ 100 gl/mLE2 S5 23
B. velezensis CE 1008] 284AE 25 plA HZ319ch 284 & FA&= tris buffers AR
Stoit}. &3 PDA E0|EE 797t 25T oA ik & Ashes S5l Ad2 39 vHE
Y=k

B. velezensis CE 1009] &°gc]% B A A Asfe ths 541& ol-83ato] Akt

o o o

Afe(%) = @ - B) / al x 100
(0= 2T plate®] Fgoly HYFe] vHgust A4 Zojolm,
B= AT plate?] Fgoly BHYFo] vgulsF A7 dolojct)

O o

B. velezensis CE 100°] &%g°|¥ WLHF9 #AF Feol] tjXe J3RS 7| al, B
velezensis CE 1000] @Ak A4S AsiAZ] 4 AN FARE A3 S 20081&2] gstdun|go
2 I3k
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B. velezensis CE 1009] a0 95t F3golw x| 32} ot Asfg d A+ 4%
£ JYur] BAAGI0H AREAAL least significant difference(LSD) 41 AAI5HH
tH(p<0.05). BAEAL Statistical Package for the Social Sciences(SPSS) £4] ==& 13(SPSS
25.0, SPSS, USA)Z ARE3I3ct.

7. 84 24
247 A

24 J'_I_I.

1. SY7I2H| B=0| sk 20| Hax 22 ¥ 83

JARRE HEOA Eefet 1709] 8o Y= NCBIQ| BLAST searchE &9l reference
o] FFEY FVIME AR H|wdt AT, £ oxysporum® 100%Y] FAEES YERARITL
Gibberella tujikuroi @ F. verticillioides?F= 99.94%9] FAIES UEIY K Table 2). w=HA
2 Fgoly HYFS £ oxysporumOE Bt

2. B. velezensis CE 1009 A%t T{E

B. velezensis CE 1002 {9 2292p71A] AAto] S7Folcrt 3UAjof| ok 7H4Astal, thA] S7t
ate] 54x40] 3.50x 10° CFU/mLE HHAgke UeRHItHFig. 1). L 3 B velezensis CE 1002
AL FAH 7H4aslo] v 6YRll= 0.80x 108 CFU/mLAC™, ol% 10¥A714] 0.63~
0.80x10° CFU/mL9] YAt A4S A8t

3. B. velezensis CE 1009 8784 &Y

B velezensis CE 1009] 7|d&dl8a 442 v 27158 FZHA S7Fsto] Bl 384100
94.14 unit/mLE YEFHITKFig. 2A). o]% i 482 E 7|eEsad 42 93.16~97.79
unit/mLe] YT G2 FASHILL, 7FE =2 42 97.79 unit/mLE HiF 7LASITH

B. velezensis CE 1009] -1,3-2F7H8a4 4L o 1€l 11.95 unit/mL7H] £7}
3 S HYT, 293f 6.46 unit/mLE A5 6YAHA] 6.30~7.15 unit/mLY L
et IthFig. 2B). 11 ¥ p-1,3-2 484 S JZH 0= 7rasto] viek 1094e] 5.21
unit/mLE &S UERfSiH.

B. velezensis CE 1009] SiAE a4 T2 vieF 3UA}0]| 21.26 unit/mL7HA] S7Fst]

Table 2. BLAST search results of isolated fungus

Accession number Description Percent identity (%)
MT102254.1 Fusarium oxysporum strain GF1 small subunit ribosomal RNA gene, partial sequence 100.00
XR_001936456.1 F. oxysporum f. sp. lycopersici 4287 18S ribosomal RNA (FOXG_22946), rRNA 100.00
MK889397.1 F. oxysporum f. sp. cubense race 4 isolate P.TJ1 (L18) small subunit ribosomal RNA gene, partial 100.00
MK889390.1 F. oxysporum f. sp. cubense race 4 isolate P.TH14 (L11) small subunit ribosomal RNA gene, partial 100.00
XR_008554444.1 F. oxysporum Fo47 18S ribosomal RNA (FOBC_06210), rRNA 100.00
KC143070.1 F. oxysporum strain 8-11P 18S ribosomal RNA gene, partial sequence 100.00
DQ916150.1 F. oxysporum 18S ribosomal RNA gene, partial sequence 100.00
AB110910.1 F. oxysporum gene for 18S rRNA 100.00
MT649536.1 F. oxysporum isolate 43 small subunit ribosomal RNA gene, partial sequence 100.00
HM165488.1 Gibberella fujikuroi strain SH-f13 18S ribosomal RNA gene, partial sequence 99.94
XR_001989347.1 Fusarium verticillioides 7600 18S ribosomal RNA (FVEG_17751), rRNA 99.94

https:/lwww.etals.org
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Fig. 1. The cell growth pattern of Bacillus velezensis CE 100 during the 10 days of incubation.
Error bars indicate the standard deviation from the mean (n=3).

HHE AT, 49400 18.41 unit/mLZE FF Z4sHTHL, 593 19.92 unit/mLe] E4&
UeRHItKFig. 20). o]F ThlARs|aA S FAH oz Fhasto] vieF 1080+ 14.06
unit/mLAt.
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Fig. 2. The lytic activity of chitinase (A), §—1,3-glucanase (B), and protease (C) produced Bacillus velezensis CE 100 during the growth
period. Error bars indicate the standard deviation from the mean (n=3).
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4. B. velezensis CE 1009| F. oxysporum EX} L0} 24X

B. velezensis CE 100 2849 F oxysporum ZEAF o}l A a5 B4t 43}, 284
25 pL/mL 5004 87.55%, 50 pL/mL 5204 93.04% E 100 pL/mL =04 95.24% A
HJcHFig. 3A). 183 219 £ oxysporum EXR= AAZ 02 dolslH o, B velezensis
CE 1009 284 Ae4te BE 5E(25 pL/mL, 50 #L/mL % 100 xL/mL)eA dopd A17%o]
HAEQT ZAL] ol AA =] ckFig. 3B).

5. B. velezensis CE 1002| F. oxysporum At 4% Xl

B. velezensis CE 100 2849 F oxysporum w4+ A7 Ao G315 245 A3} oA A%
2 284 25 pl/mL sENA 25.83%, 50 pL/mL BEONA 36.67% % 100 pL/mL sEoA
42.50% A= AKFig. 4A). AUIBLE £ oxpsporum®| A FHIE HESIGE 1 dix279
AR 23 AR FH oY, AT Ak FIEE 2 B 59 BIAdER] FHE Bt
(Fig. 4B).
i

DAEWRS JRGKE £ oxpsporume BES IAA]7 = 50 HYHAo R, A AAHez
EU7IEEE E3e Y G0 &5] WAYsk= Wofolth6,9]. 2 Ao, 5Y7kEE B
o] BASHHo R WA= Hali7h WAetlom, JIARE HEA £ oxpsporume] 9] E 74
=¥tk Table 2). F. oxysporume H59] EHE Wof B8-S E7FoH olal HES JAMK|F]7]
ool A ZU7HEH] HES YAkl Hliile F oxysporumeg AAISH= Zlo] Hasht8-
10]. £ oxysporunre BIER IFE9] 3780l e AlxH 7|93t p-1,3-2FXt0] 1A}
Aot e W S Thiido] FHet QF Fo0 7 FAEo] 3lom, QR 9 Rlo =R
AZE Booky Ao et JeiE fAoke ol Bl 9T hoH22]. T3 8o ¥
O] A2 22} Holo} AL BE 7HESHA sto] s AlRZE0] T} 7] Wto] Hrh
[22]. ZAF= 3801 HYdS 7= o1, gk A= Holslo] HFARE B9l 552
AT FFolBE AAAXITH22,24]. AE/dE218te|2joRl B. velezensis CE 1002 =308

a a
. :
] I [ Contral 25ul/mL 50uL/ml 100pL/mL
25 50 100

Ciude enzyme comcentsation (sl

Fig. 3. The effect of the crude enzyme fraction from Bacillus velezensis CE 100 on the rate of spore germination inhibition of Fusarium
oxysporum (A), and the micrographs showing spore germination of F. oxysporum (B). Error bars in the figure (A) represents the standard
deviation from the mean (n=3), and the different superscripts in the figure indicate significant differences among treatment levels (p<0.05).
The scale bars on the micrograph correspond to 50 xm.
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Fig. 4. The effect of the crude enzyme fraction from Bacillus velezensis CE 100 on the rate of mycelial growth inhibition of Fusarium
oxysporum (A), and the images of mycelial growth Inhibition of F. oxysporum on PDA plate and the corresponding micrographs showing
the hyphal morphologies of F. oxysporum in each treatment group, observed under a light microscope (B). Error bars in the figure (A)
indicate the standard deviation from mean (n=3), and the different superscripts indicate significant differences among the treatment levels
(p<0.05). The white arrows on the micrographs indicate abnormal alternations of hyphae, and the scale bars correspond to 50 gm.
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BT AEES Eooks 78Rl f-13-2FHEdaA 9 hdEsaio] S4B
AckFig. 2). WekA| B velezensis CE 1009] Z84= F oxysporum® EAL} 7Al tisl] 738
St FFTAS e ITKFigs. 3 and 4). £3] B. velezensis CE 1009 Z84 25 pL/mL, 50
pL/mL 2 100 pL/mLE A2gt A|g7ellA 22} ozt 2z} 87.55%, 93.04% 2 95.24% A=
AUrkFig. 3A). @HHoE ZAE S o 2119 ZAE: FJH R UoRt BHH, X84
AP 24} dlolr) g o]fojx|A] U9kt KFig. 3B). 181 B. velezensis CE 1009] 284
25 pL/mL, 50 pL/mL % 100 pl/mL =X F oxysporum®] w4t A2 Y2 25.83%,
36.67% L 42.50% A= UK Fig. 4A). F oxpsporum® #AIE @n|7oz HEAHS o] |2+
O] wAkE 2L 2H5HA ARt BHH, 284AF AEfet AdAolie dAPE FiEEa B B
8291 Fe7t WA= AT Fig. 4B). AEAEREE ol Aakels ZIHRel 8y, f-1,3-2F%F
woflaa 9 AR g A 72 B4FGAE o MU Al Eofisto] Ao QI

1TE
=S B ARUS B 24l EsiE Al SRR RS EAR AR

FEE 9 B 22 vAAE FEHE oPIA7IAL o HewY] ZA; Hole oA AR
7152 AAIRITH15,16,25,260). &, F8ol HEw] AZHS Edotd F35o]9] B85S AT
Hat ofet F3gol9] AE 7S Asfisto] FgolE e WAL 7RssitH15,16]. Yun S171 &
d+aAE A= B velezensis CE 100°] d§&{(Pinus thunbergii Parl)ol ¥Ask= £
oxysporum®| EAt Hot W AL S dAote] o] BEES FIAFES Bsiitt £
AFNME B velezensis CE 1000] Sa4E AAJsto] ZL71EHo) HAS= £ oxysporum
o] Z2} ool AL BE Ak 5ol U IS ol= B velezensis CE 100°]
EU7NEH] HEo) BAElE F oxpsporume AHE 07 WASle] SRS giAE = Qe &
Zol WAAE AMSE 5 Sl 7Me e HolEth

o
=

kO

2 A7E SY R B2 TN BREHE) Bl £ oxsporumE S

83 B, velezensis CE 1000] 718188 |E A0} p-1,3-2FEE 8184 U GBS EAS BH)
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sto] £ oxysporum®] AEHE Eeotal A} Hotel A AL AARRE TESHAT WA

B 4329] AIN= B velezensis CE 1000] ZEAEHLS G4}
(o)

sjo] SU7bRlo] AHRE ko] Jlejd 4 S-S AN
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