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Abstract Fusarium wilt symptoms were recently observed in Rubus coreanus cultivation fields in Cheongju,
Korea. This study was aimed to isolate and identify the causal pathogen of wilt disease and to evaluate the
inhibitory effects of beneficial microorganisms and a chemical fungicide on pathogen growth. The pathogen
isolated from wilt symptom plants was identified as Fusarium oxysporum species complex (FOSC) based on
morphological and genetic characters. Pathogenicity was confirmed through artificial inoculation of R. coreanus, which
resulted in typical wilt symptoms. Antifungal activity was assessed using beneficial microorganisms (Bacillus
amyloliquefaciens, B. velezensis, and B. valismotis), or the fungicide Fluazinam, and a combined treatment of
B. amyloliquefaciens with Fluazinam. Mycelial growth inhibition by beneficial microbes ranged from 7.8% to
58.5%, with B. velezensis exhibiting the strongest effect. Fluazinam, applied at double, standard, and half the
recommended concentrations, suppressed mycelial growth by 72.4% to 85.8%, indicating that the inhibitory
effect was nearly consistent across all tested concentrations. The combined treatment of B. amyloliquefaciens
and fluazinam demonstrated the most effective mycelial growth inhibition.
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B. amyloliquefaciens=iturin, fengycin, surfactin 5 Cyclic
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Fig. 1. Blackberries infected with wilt disease (A) Symptom of
brown discoloration(B; red arrow) observed on the blackberry
stem near the soil line and the causal agent: (C) Inkyung 1-1,

(D) Inkyung 1-2, (E) Inkyung 3, and (F) Inkyung 5-2.
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Fig. 2. Morphological characteristics of macroconidia chlamydospores of the pathogen isolated from the diseased blackberry
stem: (A) Microconidia and macroconidia. (B) Chlamydospores. Samples were observed under a light microscope at 40x
magnification.
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Fig. 3. Phylogenetic analysis of the TEF-1a gene from isolated pathogens. Bootstrap support values (1,000 replicates) are shown at
nodes with >70%.
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Fig. 4. Phylogenetic analysis of the TEF-1a gene from isolated
pathogens. Bootstrap support values (1,000 replicates) are
shown at nodes with >70%.
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B. valismotis= Fluazinam®] F &%(1x,
1/2x)014 AASEA] ¢o} Fluazinamdl] thet 74 0] =2
Ao ATE) ol2lgt AHE vEOE Fluazinam #]
AN Aol FAIEE B velezensis?t B. amylolique-
JaciensE NESH WAE 9T HEAME FEUANER

Ay,

iR YE S8t SEA ASSHAZ 4] oM &2
5 AlEeH 9wl FOSCol thet f-8nAEe] AL
A5 A 7= PDA BRI H7T 3 A3 B, velezensise
33.79 £ 8.55%, B. amyloliquefaciens 26.08 +2.66%, B.
valismotisi= 21.85 +7.99%% AL A& A G371 919l
ot A 7F &4 Afol= ook BUTHANOVA, P >
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Table 1. Inhibition percentagea of mycelialgrowth of pathogen by beneficial microorganisms. Values are mean + SE. In RCBD-
ANOVA (block = isolate), no significant treatment effect was detected (P > 0.05)

Isolate B. amyloligifacience” B. velezensis B. valismotis
Inkyung1-1 26.189+2.44 21.74 +0.00 12.88 +2.68
Inkyung1-2 20.83 +£0.61 22.71 +3.58 8.33+£5.89
Inkyung3 33.38+10.74 58.43 £1.54 4428 +0.12
Inkyung5-2 2391+ 1.54 32.27+4.38 21.91+6.27

Average+SE 26.08 + 2.66b 33.79+8.55a 21.85+7.99¢

“nhibition percentage = {(Control mycelial growth length — inhibition mycelial growth length) / Control mycelial growth length} x 100
YB. amyloligifacience, B. velezensis, B. valismotis were obtained from KACC, RDA



430 2t - wiD)| - st - 0] -

Table 2. Inhibition percentagea of mycelialgrowth of pathogen by fluazinam fungicide. Values are mean + SE

Fluazinam conctnetration (g/mL)

Isolate
2x 1x» Vax
Inkyungl-1 84.039+0.59 82.35+1.19 79.83 +£0.00
Inkyungl-2 81.63 £0.00 76.54 £ 1.44 72.45+0.72
Inkyung3 85.82 £ 1.06 85.07 £2.11 84.33 £0.53
Inkyung5-2 83.33+1.24 82.46 £0.00 81.58+£0.62
Average + SE 83.71+0.87a 81.60 + 1.80a 79.55 £2.54b

“nhibition percentage = {(Control mycelial growth length — inhibition mycelial growth length) / Control mycelial growth length} x 100
"The 1x concentration of fluazinam represents the registered application rate for the control of gray mold on Rubus coreanus in Korea. The
2 treatment indicates a one-half dilution relative to this registered application rate, whereas the 2% treatment indicates a two-fold increase

relative to the registered application rate.

Table 3. Inhibition percentagea of mycelialgrowth of pathogen by combination treatment of fluazinam and microorganisms

Isolate B.vel. + Fluazinam(1x)®  B.vel. + Fluazinam('sx)  B.amyl. + Fluazinam(1x) B.amyl. + Fluazinam(/2x)
Inkyung]-1 84.87Y + 0.00 84.03 +£0.59 85.71+0.59 84.87+1.19
Inkyung1-2 78.57+0.72 77.55+0.00 80.61 +0.72 77.55+0.00
Inkyung3 89.55+0.00 86.57+ 1.06 88.06 + 0.00 87.31+0.53
Inkyung5-2 83.33+0.62 82.46+1.24 85.09 +0.62 83.33+0.62
Average + SE 84.10+£2.26a 82.70 £ 1.90b 84.90 £ 1.56a 83.27+2.07b

Jnhibition percentage = {(Control mycelial growth length — inhibition mycelial growth length) / Control mycelial growth length} x 100
YThe 1x concentration of fluazinam represents the registered application rate for the control of gray mold on Rubus coreanus in Korea. The
2% treatment indicates a one-half dilution relative to this registered application rate, whereas the 2x treatment indicates a two-fold increase

relative to the registered application rate.
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Table 4. Effect of pathogen and beneficial microbes on shoot
length (cm) of Korean black raspberry

Treatment Shoot length (cm)
Control 955.33 +3.28ab
Pathogen only 43.33+£9.82b
Beneficial microbes only 65.33+491a
Pgthogen first, followed by beneficial 65.00+4.51a
microbes
Beneficial microbes first, followed 66.00+ 4.16a

by pathogen

“'Values are means + standard error (SE) (n = 3). Duncan’s multiple
range test was used for descriptive comparison of treatment means.
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Fig. 5. Root comparison after pathogen inoculation: (A)
control roots and (B) pathogen inoculated roots.
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