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Fungicide-resistant isolates of Monilinia fructicola grew
readilv on media amended with 0.1, 1.0, 10, 100 and
1,000 g a.i/ml of carbendazim, benomyl, or thiophan-
ate-methyl. However, sensitive isolates did not grow on
media amended even with 0.1 pg a.i./ml of carbenda-
zim, 1.0 pg a.i/ml of benomyl or thiophanate-methyl.
The fitness compositions including mycelial growth on
fungicide-free medium, sporulation on fungicide-free
mediom and pear, and virulence on pear were not dif-
ferent between resistant and sensitive isolates. The resis-
tant iselates persisted carbendazim resistance during
multiple subculfuring and long term storage. The com-
petitive ability of resistant isolates obtained from peach
orchards in Korea was similar to those of sensitive iso-
lates.

Keywords : competilive ability, fitness compositions, fungi-
cide resistant, Aoniiinia fructicola.

The brown rol of stone fruits caused by Monilinia fructicola
is ane of the most destructive diseases in their production
process in Korea. M. fiucticole usually causes blossom
blight in spring, and the disease provides inocuhum for
latent infection of green fruits. Brown rot appears on fruit
around the end of the season or during storage, transport,
and even at the markets (Agrios, 1997).

The control of the brown rot depends on chemical
method using fingicides (Agnios, 1997; Delp, 1988). The
advent of many effective fimgicides has resulted in a rea-
sonable control in recent years. However, in the past two
decades, fungal resistance to fungicides has become an
increasingly important problem (Delp, 1988; Johnes and
Ehert, 1976; Keinath and Zitter, 1994; Tate et al,, 1974;
Zehr et al., 1991). All around the world, many plant patho-
gens, for example, Boirytis cinerea (Delp, 1998; Kim et al.,
1995}, Penicillium diaitativm (Bus et al., 1991), P italicium
(Bus et al, 1991), Fenturia ingequaiis (Koernaat ¢l al.,
1992), Uncinula nectater (Pearson and Taschenberg, 1980),
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Coccomyces hiemalis (Johnes and Ebert, 1980), and
Didvmella bryoniae (Kemath and Ziiter, 1994), have been
reported for their resistance to benzimidazole fungicides.
Benomyl resistance of M. fructicola was initially reported
by several authors from late 1970s (Johnes and Ehret, 1976;
Szkolink and Gilpatrick, 1977). Benomyl resistant isolates
have shown cross-resistance to another benzimidazole fun-
gicides (Kim et al., 1995; Lim et al., 1998). Sonoda and
Ogawa (1982) reported that benomyl-sensitive isolates
showed higher growth rate than benomyl-resistance isolales
on PDA and peach fiuits. In New Zealand, Sancamuang
and Gaunt (1985) reported that subpopulaion of carbenda-
zim-resistant 1solates in M. fructicola populations main-
tamed permantenly and pathogenicity, virulence, and
fimess of carbendazim-resistance isolates were similar to
the original values afler survival for 1 year,

Fungicide resistance of M. fructicola in Korea, benzimi-
dazole- resistant isolates from overwinlering mummies and
peduncles in several locations were first reported by Lim et
al. in 1998. Also, they reported that some benomyl-resistant
isolates showed cross-resistance to other benzimidazloe
fimgicides and double resistance to dicarboximide fungi-
cides (Lim et al., 1998).

In tlus paper, we report studies on mycelial growth on
agar medium, spore germination, virulence, and competi-
tive abbility on canned peach, sporulation on agar medium
and pear, and the stability of benzimidazole-resistant iso-
lates.

Materials and Mcthods

Fungicides. The following fungicides were used; benontyl (50%
WP), carbendazmun (60% WF), and thiophanatc-methy] (70%
WP). Fungicide suspensions prepared were diluted to concentra-
tion, and added to potato dextrose agar (I"DA) of which tempera-
ture is between 50-60°C, immediately before pouring in Petri
plates (Zehr et al., 1991).

Fungal isolates. Benzimidazolc-resistant {(our isolates) and sen-
sitive (four isolates) isolates obtained from brown rot peach fruits
at the middle of the season in 1998 at Chungdo and Kyongsan,
Earea.

Mycelial growth. Fungicides-resisiant and sensilive isolates
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were tesled for growth on fingicide-free PDA and on PDA
amended with 0.1, 1.0, 10, 100, and 1000 pg a.1/ml of benomyl,
carbendazim, and thiophanaie-methyl. The 5-mm-diameter myce-
Jinm plugs were taken from the margin of 7-day-old PDA culture
and transferred to the test media. The colony diameters were
examingd afier incubation for 7 days at 25°C.
Sporulation, spore germination and virulence. Ir vitro, spori-
lation of fungicides-resistant and sensiive isolates were tesied on
15-day-old PDA culture in the dark. The conidial concentration
was examined by a haemacytometer after harvest with 30 ml ster-
ilized distilled water per plate. For the spore germination test,
spore concentration was 1 % 107 conidia/ml and the suspension
was incubated for 8 hr at 25°C. Spore germination was checked
twice for replication and counted from 300 spores in each trial.
Sporulation rates of fungicidesresistant and sensitive isolates
were examined in vivo on fungicide-free pear and on pear treated
with 1.0 pg a.i/ml of carbendazim. Inoculum was taken from the
margin of 7-day-old PDA culture. The inoculated pears were
stored in a plastic tray which was wrapped with the plastic bag
and kept at 25°C in the dark. Incubation period and latent period
were mvestigated at intervals of 1 hr after 15 hr. Lesion sizes were
measured 7 days later (Elmer and Gaunt, 1994},
EC;, values in subculture conditions. For four months, all the
isolates were subcultured once a weck. In the 3" subculture,
responses 1o fungicide were tested on PDA free of fungicide or
incorporated with 0.1, 1.0, 10, 100, 1000 pg ai./nl of carbenda-
zim. EC;, values of all the isolates were compared with the origi-
nal values. After storage for four months on slant PDA, the
responses were checked with the similar method to subculture
condition.
Stability in storage. After 7 days of incubation on fungicide-free
PDA, 5-mm-diameter mycelial plugs were taken from the margin
of colony and transferred to fungicide-free PDA slant. Inoculated
PDA slants were incubaled at 25°C for 7 days and transferred Lo
4°C, After slorage for 16 weeks, all isolates were subcultured on
fungicide-free PDA for 7 days. Responses to fungicide were
tested on PDA amended with 0.01, 0.1, 1.0, 16, 100, and 1000 ug
a.1/ml of carbendazium.
Competitive ability. One benzimidazole-resistant isolate, K726,
and the other benzimidazole-sensitive, K763, were used 1n this
study. The competitive behavior of the two isolates 10 the absence
of fungicide was investigaled on canned peach fruit. Comdial sus-
pensions of the iwo isolates were adjusted to | x 10° conidia/m],
and mixed Lo give a proportion of resistant isolate from 0% to
100% at 20-30% intervals. The suspension was inoculated on
canned peach fiuils by spray and the freated fiuits were incubated
on a plastic tray which was wrapped with the plastic bag at 25°C
in the dark. After 7 days of incubation, conidia on each frint were
harvested m 50 ml sterilized distilled water. Responses to fungi-
cide were tested on PDA amended with 10 ug ai/ml of carbenda-
zium, Density of harvested comdia were adjusted to 1 x 107
comdiayml and 200 aliquots was pipetled onto PDA plates
amended and unamended. Conidia in the aliquots were distributed
evenly over the surface of the plates by a glass rod and germinated
spores were counted after 8 howrs of incubation. Germination
rates of conidia on the amended medium indicated the ratio of

fungicide-resisiant spores.

Result

Fungicide resistance test. Of the eight isolates used in the
first test, four isolates (D758, K745, K765, and K7106)
were sensitive to carbendazim, benomyl and thiophanate-
methyl (no growth at 1.0 ug ai/ml), On the other hand, the
other four isolates (D793, K726, K740, and K.760) showed
fungicide resistance (growth at 1.0 g a.i./ml of carbenda-
zim, benomyl, and thiophanale-methy!) (Fig. 1). On the
medium containing 0.1 g a.i/ml of carbendazim, the rales
colony diameter relative to fungicide free medium was 0
Tor the sensitive isolates, but those of resistant isolates were
from 0.38 to 0.46 at 1,000 pug ai/ml (Fig. 2A). Carbenda-
zim resistant isolaies showed reduced sizers of colony
diameter at 10 pg adi/ml (Fig. 2A). For benomyl and
thiophanate-methyl (Fig. 2B, C), sensitive isolates showed
no colony growth at 1.0 ug a.i/ml, However, the isolates
D795, K726, K740, and K760 which had longer than 0.5 of
colony diameter rates on media amended with 100 g a.i/
m! of benzimidazole fungicides, were considered highly
resistant to carbendazim, benomyl, and thiophanate-methyl
(Fig. 2).

Mycelial growth, The mycelial growth was not signifi-
cantly different (P=0.05) between carbendazim-resistant

Fig. 1. Responses of M fructicola 1solated from peach orchards
in Korea to fungicides. Test media were amnended with either 1.0
wg at/ml of benomyl (A), carbendazim (B), or thiophanate-
methyl (C). R and S represent resistan and sensitive isolate to the
fungicides.
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Fig. 2. Relative growth of benzimidazole-resistant (vacant symbols)
and -sensitive (filled symbols) isolales on PDA amended with
0.01,0.1, 1.0, 10, 100, and 1000 ug a../ml of a certain fungicide
A; carbendazim, B; benomyl, C; thiophanate-melhyl

(imean 68.6 ) and sensitive (mean 66.5 mm} isolates, but
the growth of isolates was significantly (P=0.05) different
between isolates regardless of resistance or sensitivity. The
mean mycelial growth of 1esistant isolates was 3.2% faster
than that of sensitive {Table 1).

Sporulation and spore germination. There were signifi-
cant (£=0.05) variations in sporulation among the isolates
regardless of resistance or sensitivity to fungicides. How-
ever, sporulation of carbendazin-resistant and sensilive iso-
lates on the fungicide-free medium were not different
{(F=0.03) (Table 1). Carbendazim-sensitive isolates, K745
and K763, produced more spores than the other isolates, but
on [ungicide-free pears, spore production rates of fungi-
cide-resistant isolales were similar to those of sensitive 1so-
lates (Table 1),

In fungicide-free potato dextrose broth (PDB), all isolates
showed more than §9% of spore germination rates (Table
3. The germination rates were not sigmficantly different
(P=0.05) lrom each other
Virulenee. The durations of incubation period (lime from
inoculation to initial symptom expression) and latent period
(ime from inoculation to sporulation) on pear were very
similar between carbendazim-resistant and sensitive iso-
lates (Table 2). The incubation period of carbendazim-resis-
tant isolates ranged from 27.3 to 29.5 hours (mean 28.1
hours). However, incubation periods of carbendazim-sensi-

Table 1. Mycehal growth. sporulation, and germination ol benz-
imidazole-resistant and sensitive isolates of M. fructicola isolated
from peach archards in Korza'

Mycelial growth

on PDA Sporulation on Spore
[solates - germination
Rank Diameler I:DA Pear® (U6)°
{mm) (= 10" spores)
BS*
D758 I 73.0x 26¢ “—+ 90.2a
K745 5 68.2 xy 85a +++ 90.0a
K765 8 561z 105a AR 91.2a
K7106 4 68.5 xy idec ++ 9G3a
BR*
D795 6 67.0 yz 47 A 90.2a
K726 3 715 56b +H+ 003 a
K740 7 623z 4.5be ++ 89.7a
K760 2 724 xy 3.6bc + 90.1 a

“Means with the same letter in the column are not significantly differ-
ent al £=0.03 in Duncans mulliple range (est.

Popt; tare, +++; abundant.

Spore germnation was examined with 300 spores after 8 hr incuba-
t1on.

“BS represents benzimidazole-sonsitivity.

“BR represents benznmidazole-resistance.

tive isolates (K745 and K763) were shorter than those of
the other isolates (Table 2). There were significant differ-
ences (P=0.05) in incubation time between isolates. On the
other hand, latent periods of carbendazim-resistant isolates
ranged from 44.8 10 45.3 hr {mean 45.1 hr), and no signifi-
cant difference (P=0.05) was observed among the isolates.
Lesion diameter of carbendazim-sensitive isolate K7106

Table 2. Virulence of benzimidazole-resisiant and sensilive A4

Jructicola isolates on pears®

[ncubation pelod  Latent period Lesion diameters

Isolates {hr)" (hry’ (mm)
Bs
D758 290x 44.8 x 558x
K745 200y 44.8 x 51.7x
K765 268y 43.9x 537 x
K7106 283x 446 x 48.0x
BR*
D795 273y 453 % 594 x
K726 284 x 453 x 33.6x
K740 295x 44 8 x 352x
K760 273y 449 x 552

"Means with the same letter in the column are not significantly difter-
ent at =005 m Duncans mulliple range test

*Time span from inoculation to mitial symptom expression

“Trme span from oculation to sporulation from the lesion swiface on
pear.

! Benzimidazole-scnsitive,

“Benzimidazole-resistant
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was small, but the diameter was nol significantly different
from that of carbendazun-resistant isolates (Table 2).

EC,, values in subculture condition. The initial EC,, val-
ues of carbendazim o M. fructicola isolate were belween
0.002 and 938.7 1g a.i/ml (Table 3). Among the 4 benzim-
1dazole-sensilive isolates, sensitivity of D758 and K745 to
carbendazim was not changed significantly (P=0.05) even
after 16 times of consecutive subcultures on fungicide-free
FPDA (Table 3), On the other hand, the carbendazim sensi-
tivity increased right after the first subculture in K765 and
K7106. Also, EC,, values on the two isolates, K726 and
K7106, were not changed significantly (£=0.035) after 16
times of consecutive subcultures on fungicide-free PDA,
While the other two resistant isolates, D795 and K760,
showed significant decrease of (P=0.05) ECs, values afler
12 times of subcultures (Table 3).

Stability in storage. After the storage for 16 weeks at 4°C,
the ECs, values of D795 and K740 decreased significanily
(2=0.05), compared to the milial ECy, values {(Fig. 3), but
K726 and K760 isolates show any significant changes

of ECy, values (Fig. 3).

Competitive ability. The compelitive ability test was
conducted on canned peach with K726 (carbendazim-resis-
tant) and K765 (carbendazim-sensitive). In all mixture
pairs, resistance rates of reisolated spores were similar 1o
initial inoculation (Fig. 4). In all comparisons on fruit, the
compelitive ability of resistant isolates were not signifi-
cantly (P=0.05) different from that of sensitive isolates
(Fig. 4).

Table 3. Changes in ECy, of benzimidazole-resistant and sensitive
M. fructicota isolates to carbendazim by subculturing®

MNumber of subculture

Isolateg
1 2 3 4
B&°
D738  0015x  0075x  0.013x  0D018x 0010x
K745 0.002x 0002x 0007x 0007x 0.009x
K765 0123x  0.0l4y 0010y  0.0lly 0009y
E7106  0109x 0042y 0038y 0039y 00loy
BR!
D795 9387x  900.1x  902.8x 8920 463Ry
K726 4796x  450.0x 4482~ 4489x 416.0x
K740 841.0x  8l0.lx 790.0x  7903x 6071y
K760  5113x  490.0x  480.6x  4812x 434.7x

“Isolates were subculired on fungicide-free PDA al 7 days interval
and dose responses was test on PDA amended with 0.01, 0.1. 1. 10,
100, and 1000 pg a.i/m] of carbendazim.

*Means with the same letler in the row are nol significantly different
al £=0 05 m Duncan s multiple range test.
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Fig. 3. Stahlity of carbendazim-resistant M. jfructicola isolates
after storing for 16 weeks at 4°C. After |6 weeks, all isolales were
grown on fungicide-free PDA for 7 days and then cultured on
PDA amended with 0.01, 0.1, 1.0, 10, 100, and 1000 pig a1./ml of
carbendazim for resistance test

Discussion

Relative growth indices of carbendazim-resistant isolates
on PDA amended with carbendazim ranged from 0.6 to 1.0
at the concentration of [.0 pg a.i/ml, but were smaller than
0.38 at the concentration of 1000 Ug ai/ml. All of those
isolates had bigger relalive diameter mdices of the colonies
(0.46) at 100 pg a.i/ml of benomyl or thiophanate-methy]
{Fig. 2).

OCn the other hand, the indices of all the sensitive isolales
remained O at the different doses of carbendazim (from 1.0
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Fig. 4. Resolation rates of benzimidazole-resistanl and sensitive
M. fiucticolu isolates from peach inoculated with suspensions of
various conidial concentrations of resistant and sensitive isolates,
Responses 1o fungicide were tested on PDA amended with 1.0 pg
a.i./ml of carbendazim. Symbols represent mixing ratio of spores
for benzimidazole-sensitive and resistant isolates.
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to 1000 pg a.i/ml) (Fig. 2A). The index ranges of the sensi-
live isolates were similar to that of Didymella bryoniae
which is sensitive to benomyl and thiophanate-methyl
(Keinath and Zitter, 1994).

Carbendazim was more inhibilory to A fiucticola than
benomyl and thiophante-methyl. For example, the indices
of the sensitive isclates were 0 at 0.1 pg a.i./ml of carbenda-
zim, but ranged from 0.7 to 1.0 at 0.1 g a.i./ml of benomyl
and from 0.83 to 1.0 on the medium amended with thiopha-
nate-methyl (Fig. 2).

The fitness compositions of resistant isolates including
mycelial growth on fungicide free medium, sporulation on
fungicide-free medium and pear fruits, and their virulence
lo pear fruits were similar to those of sensitive isolates
(Tables 1 and 2). The virulence, sporulation, and lesion size
on pear of resistant-isolales suggests that there is a potential
for dominance in the population and selection pressure gen-
erated by benzimidazole fungicides may cause difficulty in
disease control at the regions of low resistant density in
Korea as reported by Lim et al. (1998).

In this study and based on literature review (Delp, 1988),
the fitness of the resistant isolates seemed to be same as that
of the sensttive isolates. In addition, the isolates resistant to
catbendazim persisted for a long time under the experimen-
tal conditions (16 times of subculture and storage at 4°C for
16 weeks), which was similar to the result of Bosyiis
cinereq {Delp, [988).

After noculation with the mixture of spore suspensions
of resistant- and sensitive-isolates, the reisolation rate of the
resistant spores was not significantly {P=0.05) reduced
regardiess of their mixing ratios. From the results, it could
be concluded that the competitive ability of the resistant
isolates obtained from peach orchards in Korea was similar
to that of the sensitive isolates. Therefore, in the regions of
low carbendazim-resistant fungal populations such as
Chochiwoen and Youngduk in Korea reported by Lim et al.
{1998), the selection pressure generated by benzimidazole
fungicides and the incidence of isolates resistant to car-
bendazim in the field population of M. fructicola are likely
to be mcreased (Sanamuang and Gaurnt, 1995).
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