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Screening for In Vitro Antifungal Activity of Soil Bacteria Against Plant Pathogens

Sung Hwan Chang, Jung Yeop Lee, Ki Deok Kim* and Byung Kook Hwang

Department of Agricultural Biology, Korea University, Seoul 136-701, Korea

Antifungal bacteria for biological control of plant diseases or production of novel antibiotics to plant pathogens were isolated
in 1997 from various soils of Ansung, Chunan, Koyang, and Paju in Korea. Sixty-four bacterial strains pre-screened from
approximately 1,400 strains were tested on V-8 juice agar against eight plant pathogenic fungi using ir vitro bioassay technique
for inhibition of mycelial growth. Test pathogens were Alternaria mali, Colletotrichum gloeosporioides, C. orbiculare, Fusarium
oxysporum f. sp. cucumerinum, F. oxysporum f. sp. lycopersici, Magnaporthe grisea, Phytophthora capsici, and Rhizoctonia solani.
A wide range of antifungal activity of bacterial strains was found against the pathogenic fungi, and strain RC-B77 showed the
best antifungal activity. Correlation analysis between inhibition of each fungus and mean inhibition of all eight fungi by 64 bac-
terial strains revealed that C. gloeosporioides would be best appropriate for detecting bacterial strains producing antibiotics with

potential as biocontrol agents for plant pathogens.
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Concern about the negative effects of synthetic fungicides
in agricultural production has led to the search for biocontrol
agents and naturally occurring substances with antifungal ac-
tivity from fungi, bacteria, algae, and higher plants. Both
microorganisms and their metabolites have been investigated
to minimize pesticide usage and deleterious effects on envi-
ronment (Hebber and Lumsden, 1999). Soil has thousands
of microbial species including approximately 30,000 bacteria
species and 1,500,000 fungal species (Lee, 1994). The iso-
lation and selection of microorganisms from the soil are the
first step in the search for novel antibiotics and/or biologi-
cally active microorganisms effective against plant pathogens.
Screening for effective candidates usually involves time-con-
suming procedures. Therefore, mycelial growth assays with
target fungi have been frequently used for the purpose
(Boyyetchko, 1999; Broadbent et al., 1971). In the present
study, we isolated bacterial strains from various soils, using
an inhibition assay of mycelial growth, to search for bacte-
rial strains producing novel antibiotics which might also be
antagonistic to plant pathogens.

Bacterial strains were obtained in 1997 from various field
soils of Ansung, Chunan, Koyang, and Paju in Korea. Soil
samples were taken using an open-end soil probe (20 cm
deep, 2.5 cm in diameter) (UDY Corporation, Fort Collines,
CO, USA), put into polyethylene bags, and stored in an ice
chest. Each soil sample (25 g) was put into a 500-ml Erlen-
meyer flask containing 250 ml sterile distilled water. Flasks
were shaken on a rotary shaker (150 rpm) for 30 min, and
dilutions of the samples were made before plating on tryptic
soy agar (Difco, Detroit, MI, USA) amended with 50 mg I
cycloheximide. Bacterial strains were isolated from the cul-
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tures after incubation for 2~3 days at 28°C.

Antifungal activity of approximately 1,400 bacterial strains
was pre-tested on V-8 juice agar (pH 6.4) against plant
pathogenic fungi, Alternaria mali, Colletotrichum gloeospo-
rioides, C. orbiculare, Fusarium oxysporum f. sp. cucumer-
inum, F. oxysporum f. sp. lycopersici, Magnaporthe grisea,
Phytophthora capsici, and Rhizoctonia solani. From this pre-
screening, 64 bacterial strains (Table 1) were selected for
further examination. The 64 bacterial strains or sterile water
(control) were streaked in a line down the centers of V-8
juice agar and incubated for 24 h. Mycelial disks (5 mm in
diameter) from the actively growing 7-day-old cultures of
the fungi were placed on both sides of the V-8 juice plate.
Inhibition of mycelial growth of each fungus by bacterial
strains was measured when fungal mycelia in the water con-
trols reached the center of the plate.

Experiments were conducted twice with three replications,
in which one replication indicated the mean of the two mea-
surements of each test plate. Statistical analyses were con-
ducted with pooled data from repeated experiments using
the Statistical Analysis System (SAS Institute, 1988). Anal-
ysis of variance was conducted using the general linear
models procedure (LSD) and means were separated using
the least significance difference. Relationships between inhi-
bition length of each fungus and mean inhibition length of
eight fungi by 64 bacterial strains were examined using the
correlation analysis.

A wide range of antifungal activity of bacterial strains
against plant pathogenic fungi was found in the test of
mycelial growth of fungi on V-8 juice agar (Fig. 1 and
Table 1). Among 64 strains tested, strain RC-B77 showed
the highest antifungal activity to plant pathogenic fungi
while strains LS-B80, OA-B15, and OC-B18 did the lowest.
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Table 1. Antifungal activity of 64 bacterial strains to eight plant
pathogenic fungi on V-8 juice agar

Bacterial Inhibition of mycelial growth (mm)*

strain .~ AM* CG CO FOC FOL MG PC RS Mean

RC-B77 23.5° 142 267 104 103 183 150 197 173
GC-B27 158 158 218 158 157 230 188 7.6 168
RC-B33 211 131 264 105 9.7 185 150 207 168
GC-B33 161 154 208 13,6 15.1 21.8 187 99 164
GK-B26 156 155 21.1 158 149 221 188 7.1 164
MM-B25 16.7 143 220 140 13.0 212 205 9.1 164
"GC-B07 154 147 204 158 136 229 189 82 162
GC-B32 145 157 206 149 153 214 193 82 162
RC-B39 21.6 148 253 105 105 169- 105 17.3 159
GC-B35 151 143 207 140 142 217 193 6.8 15.8
GK-B21 153 150 212 148 136 220 171 73 158
MW-B02 16.5 158 19.7 13.6 136 199 201 69 158
MW-B19 147 142 220 135 134 21.1 191 93 158
RC-B40 208 135 251 113 9.0 180 13.0 17.0 158
GK-B29 144 149 201 147 143 21.5 180 72 157
GK-B28 14.6 149 206 143 13.8 208 187 7.7 155
OA-B36 152 138 21.8 132 119 21.6 188 80 155
RK-B26 156 134 218 132 126 215 191 7.0 155
GK-B24 143 144 209 133 121 205 191 53 150
OA-B22 137 13.6 205 134 108 214 195 69 150
GK-B09 136 144 21.1 124 117 206 189 59 148
GK-BI5 142 140 201 125 134 197 166 99 148
GK-B18 137 144 190 131 129 196 175 62 145
GK-B25 11.8 128 182 136 133 206 165 7.3 143
RC-B78 14.1 152 221 117 103 256 47 97 142
GC-B23 131 133 170 99 127 203 150 94 139
MM-B16 206 11.0 231 65 54 151 122 170 139
OA-B65 138 133 194 121 115 182 157 6.6 138
VK-B14 124 12.1 207 11.8 113 189 163 74 138
LS-BOI 128 11.1 196 107 9.8 197 179 72 135
OA-B26 126 123 186 119 99 198 160 64 135
PK-B09 123 134 189 115 113 169 157 73 134
LS-B42 139 113 188 114 102 182 166 64 133
RC-B38 143 93 201 112 60 11.5 144 158 128
RC-B65 128 125 194 85 90 241 37 71 123
GC-B26 112 114 168 94 78 167 150 51 118
LS-B70 84 59 189 35 21 21.8 31 23 83
OC-B70 74 58 122 43 47 146 12 23 66
MM-B22 57 44 69 85 79 17 87 31 59
MM-B03 44 35 70 81 74 26 85 44 57
MM-BO1 48 42 82 64 73 29 84 25 56
MM-B20 40 32 77 85 73 30 73 30 56
GC-B17 55 57 93 32 24 82 07 14 46
MW-B24 57 51 58 31 26 57 08 20 39
MW-B18 350 54 66 28 31 59 00 16 38
GCBI9 350 43 83 12 11 69 04 09 34
PK-B26 45 44 53 29 13 63 00 13 33
GC-B28 28 41 106 02 06 18 12 00 27
PK-B14 35 39 99 09 09 16 08 00 27
OA-BO3 22 25 98 14 00 23 29 00 26
OA-B37 18 34 105 10 10 00 29 00 26
GCB24 29 30 95 06 04 18 12 00 24
LS-B0O3 26 27 90 07 06 18 09 00 23
RC-B41 15 16 96 06 02 07 30 00 21
MW-BI0 12 09 65 06 57 08 00 00 20
RC-B64 1.7 14 73 12 04 13 18 10 20

Table 1. Continued

Bacterial Inhibition of mycelial growth (mm)

strain - AM CG CO FOC FOL MG PC RS Mean

RC-B37 03 09 60 04 07 35 16 09 18
VCBIl 11 41 51 16 07 20 00 00 18
RK-B41 09 28 53 14 11 02 00 00 14
LSB81 05 11 57 00 05 11 13 00 13
MW-B15 07 19 40 L1 11 00 L1 00 12
LS-B8O 03 23 23 04 03 L1 07 00 09
OA-BI5S 00 04 50 13 01 05 00 00 09
OC-BI8 03 18 33 12 04 00 00 00 09
LSD,,, 30 21 36 20 22 28 22 23 19

‘Inhibition of mycelial growth was determined when mycelia in water
controls reached the center of the V-8 juice agar plate.

"AM = Alternaria mali, CG = Colletotrichum gloeosporioides, CO = C.
orbiculare, FOC = Fusaium oxysporum f. sp. cucumerinum, FOL = F,
oxysporum f. sp. lycopersici, MG = Magnaporthe grisea, PC = Phyto-
phthora capsici, and RS = Rhizoctonia solani.

“Values are means of six replications from two experiments.

In addition, RC-B77 for A. mali and C. orbiculare, MW-
BO2 for C. gloeosporioides, GC-B27 for E oxysporum f. sp.
cucumerinum and F. oxysporum f. sp. lycopersici, RC-B78
for M. grisea, MM-B25 for P. capsici, and RC-B33 for R.
solani showed the greatest antifungal activity, respectively
(Fig. 1 and Table 1). Thus the inhibition assay of mycelial
growth successfully identified bacterial strains antifungal
against plant pathogenic fungi as has been widely used in
many researches (Broadbent et al., 1971; Chin-A-Woeng et
al., 1998; Mazzola et al., 1995; Trejo-Estrada et al., 1998).
In addition, antifungal bacteria were found to have similar
suppression effects on mycelial growths of nearly all test
fungi. These results -are well supported by similar observa-
tions of Rodriquez and Pfender (1997) that a Pseudomonas
fluorescens strain producing antifungal metabolites inhibited
mycelial growth of Pyrenophora tritici-repentis, Drechslera
poae, and Sclerotinia homoeocarpa.

When correlation between inhibition length of each fun-
gus and mean inhibition length of eight fungi by 64 bacte-
rial strains was analyzed, C. gloeosporioides showed the
highest correlation coefficient at P =0.001 and R. solani did
the lowest (Table 2). This implies that C. gloeosporioides
would be best appropriate for detecting bacterial strains pro-
ducing antibiotics or biological control agents. Other fungi
except R. solani are also available for the purpose since they
showed high levels of correlation coefficients. Further re-
search with these antifungal strains screened from this study
will be needed for searching novel antibiotics and/or deter-
mining biological control efficacy in the greenhouse and
field as well as identifying strains.
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Fig. 1. Inhibition of mycelial growth of plant pathogenic fungi, Alternaria mali (AM), Colletotrichum gloeosporioides (CG), C.
orbiculare (CO), Fusarium oxysporum f. sp. cucumerinum (FOC), F. oxysporum f. sp. lycopersici (FOL), Magnaporthe grisea
(MG), Phytophthora capsici (PC), and Rhizoctonia solani (RS) by bacterial strains, RC-B77, MW-B(02, RC-B77, GC-B27, GC-
B27, RC-B78, MM-B25, and RC-B33, respectively. Photographs for bacterial strains were taken when fungal mycelia in water
controls reached the centers of the V-8 juice agar plates. Bacterial strains or water (control) were streaked in a line down the
centers of the V-8 juice agar plates 24 hrs before inoculation of plant pathogenic fungi.

Table 2. Correlation coefficients between inhibition length of each
plant pathogenic fungus and mean inhibition length of
cight fungi by 64 bacterial strains on V-8 juice agar

. Correlation

Plant pathogenic fungus coefficient'
Alternaria mali 0.946
Colletotrichum gloeosporioides 0.961
C. orbiculare 0.937
Fusarium oxysporum f. sp. cucumerinum 0.938
E oxysporum f. sp. lycopersici 0.916
Magnaporthe grisea 0.939
Phytophthora capsici 0912
Rhizoctonia solani 0.795

*Correlation coefficients are significantly different at P =0.0001. This
analysis was conducted using pooled data from two experiments with
three replications each.
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