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ABSTRACT

Bus, V. G., Bongers, A. J., and Risse, L. A. 1991. Occurrence of Penicillium digitatum and
P. italicum resistant to benomyl, thiabendazole, and imazalil on citrus fruit from different

geographic origins. Plant Dis. 75:1098-1100.

In I yr, 1,287 isolates of Penicillium digitatum and P. italicum were collected from decayed
mandarins (Citrus reticulata), oranges (C. sinensis), lemons (C. limon), and grapefruit (C.
paradisi) at the wholesale markets in Rotterdam and Paris. The isolates were cultured on media
with various fungicides and concentrations. Thirty-seven percent of the P. digitatum isolates
grew at 4 and 10 mg/ L of thiabendazole (TBZ), 35 and 349, grew at 4 and 10 mg/L of benomyl
(BEN), respectively, and 17 and 12% grew at 0.2 and 0.5 mg/L of imazalil (IM), respectively.
Ninety percent of the P. digitatum strains resistant to TBZ were also resistant to BEN, and
13% of the strains tolerant to either one or both benzimidazoles showed double resistance
to IM. Forty percent of the P. italicum isolates showed resistance to 4 mg/L of TBZ and
38% to 10 mg/L of TBZ, but only 29 and 13% were resistant to BEN at 4 and 10 mg/L,
respectively, and 1% to 0.2 mg/ L of IM. The level of cross-resistance between the benzimidazoles
was 73%. Resistance of Penicillium to the benzimidazoles was highest in isolates taken from
grapefruit, less in those from oranges and mandarins, and least in isolates recovered from
lemons. However, the level of resistance to IM was higher in isolates from lemons.
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After 20 yr of intensive use, the fungi-
cides thiabendazole (TBZ) and benomyl
(BEN) are still widely applied in post-
harvest treatments of citrus fruit, except
for in the United States where BEN has
been withdrawn by the manufacturer for
postharvest use on food crops. With the
introduction of the benzimidazole com-
pounds in the early 1970s, citrus packers
had powerful means to control green and
blue mold decay, which at that time
appeared to have developed some re-
sistance to biphenyl and ortho-phenyl-
phenol (OPP) (15).

Research has shown that TBZ and
BEN are very effective in controlling de-
cay and sporulation caused by Penicil-
lium digitatum (Pers.:Fr.) Sacc. and P.
italicum Wehmer (12,13). However,
within a few years after their introduc-
tion, many cases of resistance were re-
ported from different countries (14). De-
velopment of resistance to the benzimid-
azole fungicides and multiple resistance
was described in detail by Houck (10).
Also in this review, alternatives were rec-

Mention of a trademark, warranty, proprietary
product, or vendor does not constitute a guarantee
by the USDA and does not imply its approval to
the exclusion of other products or vendors that may
also be suitable.

Accepted for publication 8 April 1991.

This article is in the public domain and not copy-
rightable. It may be freely reprinted with cus-
tomary crediting of the source, The American
Phytopathological Society, 1991.

1098 Plant Disease/Vol. 75 No. 11

ommended to prevent or control the de-
velopment of fungicide-resistant strains,
such as avoiding injuries during harvest-
ing, packing, and transporting; changing
packinghouse and storage room layouts
and sanitation procedures; and using dif-
ferent types of fungicides alternately or
simultaneously.

A new type of fungicide became avail-
able to citrus packers with the introduc-
tion of imazalil (IM) in the early 1980s.
As an experimental fungicide, the imida-
zole compound had shown good control
of Penicillium decay and sporulation (16)
and control of strains resistant to the ben-
zimidazoles (9). IM inhibits ergosterol
biosynthesis by inhibiting the demethyl-
ation of lanosterol (11). The chances of
resistance to this type of fungicide de-
veloping were expected to be fairly low
(11,16). However, a few years after re-
sistance of P. italicum to ergosterol bio-
synthesis inhibitors (EBI) was induced
under laboratory conditions (6), the inci-
dental occurrence of resistant strains in
the packinghouses was reported (3,7).

In this paper, the results of a survey
on the current distribution of resistance
of P. digitatum and P. italicum to TBZ,
BEN, and IM are presented. These three
compounds, along with biphenyl and
OPP, are the most commonly used fun-
gicides in postharvest treatments of citrus
in most citrus-producing areas.

MATERIALS AND METHODS
For 1 yr, once every month, spores
of green and blue mold were collected

from citrus fruit at the wholesale markets
in Rotterdam (Spaanse Polder, October
1988-September 1989) and Paris (M.I.N.
de Rungis, November 1988-October
1989). The spores were collected from
a maximum of three decayed mandarins
(Citrus reticulata Blanco), oranges (C.
sinensis (L.) Osbeck), lemons (C. limon
(L.) N. L. Burm.), or grapefruit (C. X
paradisi Macfady.) per fruit lot with
sterile cotton swabs that were stored in
sterile test tubes. The Penicillium species
of the isolates was determined by sight.
In cases where further identification was
needed, the isolates were sent to Mi-
crobial/Plant Technology Research,
USDA-ARS, New Orleans, LA, or Cen-
traalbureau voor Schimmelcultures,
Baarn, The Netherlands. Isolates other
than P. digitatum or P. italicum were
excluded from the study.

In the laboratory, 2 ml of sterile dis-
tilled water was added to the tube and
vibrated on a vortex mixer to bring the
spores into suspension. With a 3-mm
loop, a droplet (6 ul) of the spore sus-
pension (+ 107 spores per milliliter) was
placed on potato-dextrose agar in three-
cell petri dishes (9 cm), each cell con-
taining 3.3 ml of agar. The agar was
amended after autoclaving with 0, 4, or
10 mg/L of TBZ (Sigma Chemical Co.,
St. Louis, MO) or BEN (Agrichem B.V.,
Oosterhout, The Netherlands) or 0, 0.2,
or 0.5 mg/L of IM (Janssen Pharma-
ceutica, Beerse, Belgium), all from 500X
concentrated stock solutions in 25%
(v/v) aqueous ethanol. They were the
same concentrations McDonald et al (14)
used in their resistance study. The lower
(0.2 mg/L) concentration of IM was two

" to three times the EDs, level of IM-sen-

sitive strains (H. M. Hoogendoorn, un-
published) (2). Growth (the visible form-
ation of a colony with, in most cases,
spores) was assessed after 5 days of in-
cubation at 24 C. In this study, isolates
exhibiting any growth were defined as
resistant. At the same time, pathogenicity
of the isolates was tested by making three
wounds in an orange with a 6-mm corer
and wetting the wounds with a cotton
swab saturated with spore suspension.
Beforehand, the oranges were disinfested
by dipping in alcohol, followed by dip-
ping in a 1% hypochlorite + 1% Tween
20 solution for 1 min, and then rinsed
thoroughly in running tap water. Devel-
opment of decay was assessed after 7 days



Table 1. Percentage of Penicillium digitatum and P. italicum isolates by geographic origin showing growth on potato-dextrose agar amended
with thiabendazole (TBZ), benomyl (BEN), or imazalil (IM)

P. digitatum P. italicum
No.of _TBZ(mg/L)  BEN (mg/L) IM (mg/L) No.of _TBZ(mg/L)  BEN(mg/L)  IM (mg/L)
Origin isolates 4 10 4 10 0.2 0.5 isolates 4 10 4 10 0.2 0.5
Argentina 115 69 70 66 63 1 0 33 58 58 54 36 0 0
Brazil 31 19 19 10 10 0 0 3 100 100 100 67 0 0
California 61 75 75 77 75 54 15 25 20 20 20 20 0 0
Cuba 10 0 0 0 0 0 0 4 75 75 25 0 0 0
Cyprus 5 60 60 60 60 20 0 12 75 75 67 0 0 0
Florida 75 81 81 83 83 1 1 1 100 100 100 100 0 0
Greece 17 18 18 24 24 18 0 11 18 9 0 0 0 0
Israel 4 100 100 100 100 25 25 7 86 86 57 0 0 0
Italy 40 8 8 8 5 3 0 14 0 0 0 0 0 0
Morocco 115 30 30 30 30 2 1 99 27 25 20 5 2 0
South Africa 33 61 61 18 18 0 0 24 83 83 50 21 0 0
Spain 380 19 18 18 18 31 26 57 37 33 26 5 0 0
Tunisia 27 11 11 11 7 0 0 6 33 33 17 17 0 0
Turkey 18 17 17 17 17 0 0 11 27 27 18 9 9 0
Uruguay 27 59 59 59 59 4 0 22 45 45 32 27 S 0
Total 958 37 37 35 34 17 12 329 40 38 29 13 1 0
of m.cubatlon at room temperature in Citrus Type Number  Thiabendazole Benomyl Imazalil
plastic bags. /Origin of
Ieolates 10 mL 10 et 05 mpL
mg mg. ..
RESULTS
In total, 1,287 isolates of green and Grapefruit: 166
blue mold were collected from citrus fruit California 25 7
originating from 14 countries (Table 1). F‘°“"‘i ;(5) 1
Within the United States, California and ;“”’" na i
. . . pain 17
Florida were distinguished separately as Mandarin: 165 _
prodpction areas. For.ty-ei.ght percent of Argentina 18 J
the isolates showed in vitro resistance California 33 1
to one or more fungicides. Thirty-seven Spain 73 ]
percent of the P. digitatum isolates Morocco 26 1
showed growth on 4 and 10 mg/L of 02‘“:;“ . 3:; ]
TBZ, but resistance to BEN appeared to Urg " 1
ruguay 24
be lower—35% at 4 mg/L and 34% at South Africa 22 1
10 mg/L. The level of cross-resistance, Morocco 89 .
resistance to one or more related com- Spain 67 8
pounds, was high: 90% of P. digitatum Brazil 25 r
strains resistant to TBZ were also re- Greece 17 ]
sistant to BEN. Only 17 and 12% of the Tuniia - - 1
P. digitatum isolates showed growth on Le mo};: 246 |
agar amend;d with 0.2 and 0.5 mg/L of Argentina 1 |
IM, respectively. Some isolates showed Spain 223 R

double resistance; 13% of the strains
resistant to one or both benzimidazole
compounds showed growth in the pres-
ence of IM. About 399 of the P. italicum
isolates collected showed resistance to
TBZ at 4 and 10 mg/L, but only 29 and
139% were resistant to BEN at 4 and 10
mg/L, respectively. The level of cross-
resistance was 73%. The incidence of blue
mold isolates resistant to 0.2 mg/L of
IM was very low (1%), and none of the
strains showed growth at 0.5 mg/L. Two
percent of the blue mold strains resistant
to the benzimidazoles showed double
resistance to IM. The percentage of re-
sistant isolates to the benzimidazoles by
origin was in the range of 0-100% for
both P. digitatum and P. italicum. For
IM, most countries showed lower num-
bers of resistance. However, there were
two exceptions with P. digitatum—Cali-
fornia and Spain (Table 1). In the case
of California, the level of double resis-
tance was very high (68%) compared with
129% for Spain.
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Fig. 1. Percentage of Penicillium digitatum isolates showing growth on potato-dextrose agar
amended with thiabendazole, benomyl, or imazalil by citrus type and geographic origin (for
the origins with more than 10 isolates per citrus type).

Isolates of P. digitatum and P. italicum
with resistance to TBZ or BEN (Figs.
1 and 2) were more prevalent on grape-
fruit (68%), less on oranges and man-
darins, and least on lemons. However,
the percentage of P. digitatum strains
originating from lemons resistant to IM
was high (41 and 37% at 0.2 and 0.5 mg/
L, respectively) compared with the other
citrus types. All of the isolates collected
were pathogenic to oranges. However,
no relation in the presence of resistance
and pathogenicity was found.

DISCUSSION
The overall percentages of resistant
isolates were found to be lower for TBZ

and at similar levels for BEN with P.
digitatum, and similar for TBZ and lower
for BEN with P. italicum, compared with
the findings of McDonald et al (14). The
number of isolates resistant to BEN was
lower compared with TBZ, because this
compound generally is more active than
TBZ at the same concentrations. This
effect was more clear with blue mold than
with green mold (Figs. 1 and 2). A de-
crease in resistance to the benzimidazole
compounds can be attributed to effective
resistance management (1), of which san-
itation of the packinghouse with multi-
site fungicides forms the basis (8). In-
creasing the application levels of TBZ
or BEN is not effective once resistance
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Citrus Type Number Thiabendazole
/Origin of .
Isolates lg :i;{‘:

Grapefruit 40
Lemon 16
Orange: 175

South Africa 18

Argentina 16

Uruguay 18

Spain 24

Morocco 59

Greece 11

Italy 12
Mandarin: 98

Spain 24

Morocco 40

California 19

Benomyl Imazalil
4 mg/L 02 mg/L
B 10 mg/L
T
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Percent
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Fig. 2. Percentage of Penicillium italicum isolates showing growth on potato-dextrose agar
amended with thiabendazole, benomyl, or imazalil by citrus type and geographic origin (for
the origins with more than 10 isolates per citrus type).

occurs, because mutation to high levels
of resistance takes place in one single
step.

To reduce selection pressure, it is ad-
vised to apply benzimidazole fungicides
at reduced but effective rates (4,5) and
use it either simultaneously or alternately
with nonrelated fungicides (18). How-
ever, in the situation of double resistance,
the alternative fungicide can maintain or
even increase the frequency of isolates
resistant to the benzimidazoles, as is
shown with OPP, 2-AB, and guazatine
(8,19). The same can be expected from
IM, as shown by California (Fig. 1),
where the level of double resistance was
68%. The process of directional selection
leading to resistance with IM is stimu-
lated by inadequate applications of the
fungicide attributable to excessive fruit
flow on the packing line, resulting in
minor coverage of and lower concen-
trations on the fruit, and by the effect
of time (i.e., during storage) after treat-
ment with IM. This process can be re-
versed again by effective resistance man-
agement, partly because strains resistant
to IM are less competitive in infectivity
than sensitive strains (3,17). Resistance
levels of P. italicum to IM were very low
because this fungus occurs less frequently
than P. digitatum, especially on lemons
and grapefruit (Fig. 2).

The use of the benzimidazole fungi-
cides in Penicillium decay control is

1100 Plant Disease/Vol. 75 No. 11

limited, depending on the magnitude of
the resistance problem. IM is used as the
alternative fungicide in benzimidazole
resistance management in most citrus-
producing areas. Favorable results in
Penicillium decay control have also been
reported with other demethylation-
inhibiting fungicides (9,16), but like with
the benzimidazoles, resistance manage-
ment with these fungicides is also nec-
essary. (Cross-)resistance can be ex-
pected (6), and as shown by Wild (19)
and confirmed by this study, double re-
sistance can develop.

More research on new fungicides and
the development of fungicides with a
different mode of action is necessary. The
resistance potential of these compounds
and the resistance levels of compounds
already in use must be assessed and moni-
tored continually for decision-making on
their application. At the same time, the
use of resistant citrus varieties and alter-
native nonfungicidal methods of decay
control must be stimulated to accommo-
date the growing concern of the general
public and the growers on the use of
chemicals on foods.
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