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Duringthe 1992-1993 and 1994-1995 winterstorageperiod for potatoes {Solarium 
tuberosum) in Québec, New Brunswick, and Prince Edward Island, tubers were 
collected which had symptoms of fusarium tuber rot and silver scurf and which 
had been treated commercially after harvest with thiabendazole. Résistance 
to thiabendazole was detected in isolâtes of Fusarium sambucinum and Hel
minthosporium solani but not in isolâtes of F. avenaceum and F. oxysporum. 
However, the majority of those farms surveyed (64%) had adéquate disease 
control with no pathogen isolated from the diseased tubers. Incidence and EC50 

values of résistant isolâtes were lower than found elsewhere and the occur
rence of farms with résistant isolâtes of F. sambucinum (18%) was greater than 
for H. solani (7%). For H. solani, EC50 values of résistant isolâtes were substan-
tially less than those found in Alberta. While the study investigated commercial 
opérations employing a wide range of thiabendazole rates (6-42 g a.i. t1), no 
spécifie trends were detected between the occurrence of résistant isolâtes and 
cultivar or thiabendazole application rate. 

[Résistance au thiabendazole par des espèces de Fusarium et par Helmintho
sporium solani chez des tubercules de pommes de terre traités commercia
lement dans l'est du Canada] 

Pendant les périodes d'entreposage hivernal 1992-1993 et 1994-1995 au Québec, 
au Nouveau-Brunswick et à l'île-du-Prince-Édouard, des tubercules de pommes 
de terre (Solanum tuberosum) présentant des symptômes de pourriture 
fusarienne et de gale argentée ont été sélectionnés, ces tubercules ayant été 
traités commercialement au thiabendazole après la récolte. La résistance au 
thiabendazole a été détectée dans les isolats de Fusarium sambucinum et 
& Helminthosporium solani mais elle ne l'a pas été dans les isolats de F. 
avenaceum et de F. oxysporum. Cependant la plupart des fermes étudiées 
(64%) luttaient adéquatement contre les maladies, aucun agent pathogène 
n'ayant été isolé des tubercules affectés. L'incidence et la « EC50 » étaient 
inférieures à celles trouvées ailleurs et le nombre de fermes avec des isolats 
résistants de F. sambucinum (18 %) était supérieur à celui de H. solani (7 %). 
Pour H. solani, les valeurs de « EC50 » des isolats résistants étaient substantielle
ment moindres que celles trouvées en Alberta. Bien que l'étude se soit concentrée 
sur les opérations commerciales faisant appel à une large gamme de doses 
de thiabendazole, aucune tendance spécifique n'a été détectée entre la présence 
d'isolats résistants, le cultivar ou la dose de thiabendazole. 

1. Agriculture and Agri-Food Canada, Research Centre, Box 1210, Charlottetown, Prince Edward 
Island, Canada C1A 7M8. Contribution No. 857. 
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INTRODUCTION MATERIALS AND METHODS 

Most potato (Solanum tuberosum L) 
production areas hâve problems due to 
fusarium tuber rot (caused by Fusarium 
species) and silver scurf (caused by Hel-
minthosporium solaniDur. & Mont. (Boyd 
1972)). While disease incidence and se-
verity vary from year to year and site to 
site, thèse diseases continue to reduce 
tuber quality and marketability. Thia-
bendazole(2-(4-thiazolyl)-benzimidazole), 
sold as Mertect® (MSD AgVet Canada 
Ltd.), is used in Canada as a post-harvest 
tuber treatment to control thèse tuber-
borne diseases. Unfortunately, résistance 
to thiabendazole has been reported for 
Fusarium sambucinum Fckl. and H. solani 
in Europe (Langerfeld 1986; Tivoli et al. 
1986), the United Kingdom (Hide et al. 
1988, 1992) and the U.S.A. (Desjardins et 
al. 1993; Merida and Loria 1990). Recent-
ly, isolâtes of F. sambucinum and H. solani 
resistanttothiabendazole hâve also been 
found in Alberta (Desjardins 1995; Kaw-
chuk et al. 1994). 

In eastern Canada, thiabendazole has 
been used primarily to control fusarium 
tuber rots as silver scurf occurs infre-
quently in this région and résistance to 
thiabendazole was not detected in any 
isolâtes collected during the 1980's (Des
jardins 1995). However, the increasing 
occurrence of silver scurf and a report of 
thiabendazole résistant isolâtes of thèse 
pathogens in some Canadian production 
areas in the 1990's (Desjardins 1995; Kaw-
chuk et al. 1994) is cause for concern 
within the potato industry. It is important 
to prevent or minimize the occurrence of 
résistance to thiabendazole as it is the 
only registered product in Canada for use 
as a post-harvest treatment and at the 

S; présent time, no other replacement fun-
? gicidal materials are in the registration 
£ process. The objectives of the présent 
j» study were to détermine the occurrence 
z of thiabendazole-resistant isolâtes of thèse 
2 pathogens in eastern Canada and to as-
o sess the rôle of thiabendazole application 
t rate in the occurrence of résistance to the 
2 fungicide. 

Following the potato storage period dur
ing the 1992-1993 winter seasons, potato 
tuber samples were collected at random 
from within commercial potato storages 
in three provinces of Canada : Québec, 
New Brunswick and Prince Edward Is-
land. From Québec in 1992-1993, tubers 
of the Superior cultivar were collected 
from the Saint-Arsène, Kamouraska and 
Notre-Dame-du-Portage areas while for 
farms from New Brunswick (Florenceville 
to Grand Falls area) and from across ail 
production areas of Prince Edward Island 
(P.E.I.), the cultivar was Russet Burbank. 
During the 1994-1995 potato storage 
period, tuber samples were collected at 
random from farms across P.E.I. but sam
ples were not available from Québec and 
New Brunswick. 

Fifteen to twenty-five tubers were ob-
tained for each cultivar, potato storage 
and post-harvest treatment rate of thia
bendazole. The collected tubers had been 
treated after harvestasthe potatoeswere 
put into the storages with thiabendazole 
at rates of 6, 12, 15, 21 or 42 g a.i. per 
tonne of tubers. They had been in stor
age for more than 100 d (approx. 5°C) and 
had clearly recognizable symptoms of 
fusarium tuber rot or silver scurf. 

Tuber slices (3-5 mm deep and approx. 
5 cm wide x 7 cm long) from régions with 
moderate to severe disease symptoms 
were placed separately on moist filter 
paper in a plastic pétri dish. After 1,2 and 
3 d incubation at 25 ± 1°C (12 h light), 
spores and/or mycélium were transferred 
from fungal growth areas on the tuber 
sections to culture plates containing 
20 mL of potato dextrose agar (PDA). 
Thèse isolâtes were maintained on PDA 
with single spore or hyphal tip transfer 
to establish pure cultures of ail isolâtes 
obtained and to identify the fungal type. 
Fusarium species identification was de-
termined accordingto Nelson et al. (1983). 
Pure cultures of the fungal isolâtes ob
tained from each potato storage sample 
were sectioned into small agar blocks 
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(3 mm x 3 mm). To test the level of 
résistance to thiabendazole in the Fusa
rium and Helminthosporium isolâtes, the 
agar blocks of the pure cultures were 
placed in the centre of pétri dishes 
(90 mm x 15 mm) containing 15 ml_ of 
PDA amended with technical grade thia
bendazole at rates of 0, 10, 20, 50 or 
100 |iL L1 of thiabendazole (added to the 
cooling média priorto pouring the plates). 
Four replicate inoculated dishes were in-
cubated at 25 ± 1°C in the dark and the 
colony diameters were measured (in two 
directions per dish) after 7-10 d. The 
effective concentration of thiabendazole 
inhibiting colony growth by 50% relative 
to the growth without thiabendazole treat-
ment (EC50) was determined using linear 
régression analysis (Genstat Analysis Pro-
gram, Rothamsted, U.K., 1993 version). 

Data summary also involved calculat-
ing the thiabendazole sensitivity respon-
ses of isolâtes. Thèse catégories include: 
a) sensitive isolâtes which hâve fungal 
growth completely inhibited on agar 
amended with thiabendazole at rates 
equal to or less than 40 u„L L1 ; b) inter-
mediate isolâtes that hâve some growth 
at thiabendazole rates greater than 40 jaL 
L1 but less than 50 \iL L1; and résistant 
isolâtes which had growth at thiabenda
zole rates greater than 50 u.L L1. Thèse 
catégories were established on the basis 
that commercial use of the fungicide in
volves an application rate of about 40 \iL L1. 
The isolâtes were categorized on the basis 
of the mycelial growth at 50 (iL L1 and 
by estimating the growth at 40 \xL L1 

based on the actual growth at 20 and 
50 jxL L1. 

RESULTS 
For the 1992-1993 sampling period, 29 
tubers with fusarium tuber rot symptoms 
and 24 with silver scurf symptoms from 
24farms in three provinces (Québec, New 
Brunswick and P.E.I.) yielded 13 and 19 
isolâtes of F. sambucinum and H. solani, 
respectively (Table 1). Thèse tubers had 
been treated after harvest with thiabenda
zole at rates of 6, 12, 15, 21 or 42 g a.i. t1 

of tubers. For the 1994-1995 sampling 
period, 53 tubers of a total of 18 cultivars 
with fusarium tuber rot and silver scurf 
symptoms were obtained from 32 farms 
on P.E.I. (Table 2). Thèse provided a total 

of 30 isolâtes of three Fusarium spp. (F. 
avenaceum (Corda ex Fr.), F. oxysporum 
Schlecht. and F. sambucinum) and four 
isolâtes of H. solani. 

The majority of the F. sambucinum 
isolated in the 1992-1993 samples had 
EC50 values less than 50 JIL L1 but five 
isolâtes had EC50 values greater than 
50 fiL L1 (Table 1 ). While one isolate of H. 
solani also had EC50 values greater than 
50 |LiL L1, most of the isolâtes had EC50 

values of about 20 (iL L1 or less. Similar 
results were obtained during the 1994-
1995 study but three isolâtes each of F. 
sambucinum and of H. solani had EC50 

values equal to or greater than 50 |iL L1 

(Table 2). In both studies, some isolâtes 
had EC50 values greater than 100 |iL L1. 

For the tubers treated with thiabenda
zole (6 g a.i. t1) from Québec in the 1992-
1993 study, 33% of the isolâtes of F sam
bucinum from tubers with symptoms of 
fusarium tuber rot were résistant to thia
bendazole while 67% of the isolâtes were 
sensitive (Table 3). In New Brunswick, 
tubers treated with the 6 or 21 g rates of 
thiabendazole, respectively, had 50 or 33% 
of the F. sambucinum isolâtes sensitive 
to thiabendazole and 50 or 67% résistant. 
In P.E.I., tubers treated at the 21 g rate 
also had 33% sensitive and 33% résistant 
to F. sambucinum isolâtes while at the 
6 g rate more sensitive isolâtes (67%) were 
found than résistant ones (33%). No iso
lâtes of F. sambucinum were obtained 
for testing at the 12 and 42 g rates. 
Averaging the four thiabendazole post-
harvest treatment rates applied to the 
tubers with fusarium tuber rot symptoms 
on P.E.I. demonstrated that 50% of the F. 
sambucinum isolâtes were sensitive and 
33% were résistant. 

Of the isolâtes of H. solani from the 
1992-1993 study in Québec, 33% tested 
résistant and none were assessed as 
sensitive (Table 3). For New Brunswick 
isolâtes, none were found to be sensitive 
or résistant; ail had an intermediate thia
bendazole sensitivity rating. In P.E.I., 
tubers treated with the 6, 12 and 21 g 
rates of thiabendazole had 33, 100 and 
20% sensitive isolâtes, respectively, and 
over ail rates the mean occurrence of 
sensitive isolâtes was 30%. None of the 
isolâtes from P.E.I. were résistant to thi
abendazole. 
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Table 1. Concentration of thiabendazole in culture média to inhibit by 50% growth of Fusarium 
sambucinum and Helminthosporium solani isolâtes obtained in May 1993 from stored potato 
tubers treated with thiabendazole after harvest in 1992 

Farma - F. sambucinum Farma -
Tuber No. 

H. solani 
Tuber No. TBZb FC c 

Farma -
Tuber No. TBZb FC c 

(g a.i. f1 ) (uL L1) (g a.i. t1) (|iL L1) 

1 - 1 6 Nad 1 - 2 6 54.0 
2 - 1 6 < 0.5 
2 - 2 6 < 0.5 — — — 
2 - 3 6 62.5 2 - 4 6 48.5 
3 - 1 6 Na 3 - 2 6 20.0 
4 - 1 21 <0.5 4 - 2 21 Na 
5 - 1 6 Na 5 - 2 6 7.7 
6 - 1 6 <0.5 6 - 2 6 7.4 
7 - 1 21 Na 7 - 2 21 20.0 
8 - 1 21 36.5 
8 - 2 21 >100 8 - 3 21 11.5 
9 - 1 6 >100 9 - 2 6 20.0 

10 - 1 21 <0.5 10 - 2 21 < 0.5 
11 - 1 42 Na 11 - 2 42 21.0 
12 - 1 21 60.0 
12 - 2 21 Na 12 - 3 21 7.2 
13 - 1 6 5.5 13 - 2 6 Na 
14 - 1 12 Na 14 - 2 12 Na 
15 - 1 12 Na 15 - 2 12 < 0.5 
16 - 1 21 Na 16 - 2 21 19.5 
17 - 1 6 Na 17 - 2 6 Na 
1 8 - 1 6 63.5 
18 - 2 6 < 0.5 18 - 3 6 19.0 
19 - 1 6 Na 19 - 2 6 < 0.5 
20 - 1 21 Na 20 - 2 21 20.0 
21 - 1 6 Na 21 - 2 6 8.5 
22 - 1 21 Na 22 - 2 21 8.0 
23 - 1 15 Na 23 - 2 15 Na 
24 - 1 21 Na 24 - 2 21 23.5 

Québec (cv. Superior) : farm numbers 1-3; New Brunswick (cv. Russet Burbank) : farm numbers 
4-9; Prince Edward Island (cv. Russet Burbank) : farm numbers 10-24. 
TBZ = thiabendazole rate. 
Rate of thiabendazole to inhibit fungal growth by 50% in amended média; values are means 
of four replications. 
Na = no Fusarium species and H. solani isolated from tubers with disease symptoms. 

Overall provinces and post-harvest 
treatment rates of thiabendazole in the 
1992-1993 study, 47% of ail F. sambuci
num isolâtes were categorized as sensi-
tive and 33% were résistant to thiabenda
zole (Table 3). Similarly, 17% of the H. 
solani isolâtes were sensitive and 6% were 
résistant. However, viable pathogen iso
lations were not obtained from 67% of 
the farms and 25% of the tubers with 
disease symptoms in Québec. For New 
Brunswick, 33 or 67% of the farms with 
the 6 or 21 g thiabendazole rates, respec-
tively, had no pathogens isolated butonly 
17 and 29% of the tubers had no patho
gen at the 6 and 21 g rates, respectively. 
The provincial average for the occurrence 

of disease symptoms but absence of vi
able pathogens for isolation was 50% 
based on the number of farms and 23% 
based on the number of tubers. On P.E.I., 
no pathogens were obtained from dis-
eased tubers on 80-100% of the farms for 
the various post-harvest thiabendazole 
treatment rates. However, based on the 
number of tubers tested, the inability to 
obtain viable pathogens ranged from 38 
to 83% depending on thiabendazole treat
ment rate. For ail provinces and ail post-
harvest treatment rates of thiabendazole 
in the 1992-1993 study, 75% of the farms 
and 40% of the tubers had no pathogens 
obtained from the diseased tuber sam-
ples. 

4 



PLATT : FUNGICIDE RESISTANCE IN POTATO PATHOGENS 

Table 2. Concentration of thiabendazole in culture média to inhibit by 50% growth of fungal 
species isolated in May 1995 from stored potato tubers treated with thiabendazole after harvest 
in 1994 

Farm - Cultivar - TBZb E c 5 0
c Farm - Cultivar - TBZb 

E C 5 0 C 

Tuber No. Fungusa (g a.i. f1) (jiL L1) Tuber No. Fungus8 (g a.i. t1) (u.L L1) 

1 - 1 KE-NF 12 Nad 15 - 1 YU-NF 12 Na 
1 - 2 RB-FA 12 < 0.5 16- 1 SH-FA 12 < 0.5 
2 - 1 NI-NF 12 Na 16 - 2 SH-HS 12 < 0.5 
3 - 1 RB-NF 21 Na 17 - 1 SU-FA 6 5.0 
3 - 2 SU-NF 21 Na 17 - 2 SU-FA 6 < 0.5 
4 - 1 RB-NF 21 Na 18 - 1 CK-FA 21 < 0.5 
5 - 1 SN-FA 12 5.5 18 - 2 SN-HS 21 > 100 
6 - 1 CR-FO 21 < 0.5 19 - 1 SU-NF 21 Na 
6 - 2 GM-FO 21 < 0.5 20 - 1 FR-NF 21 Na 
7 - 1 RB-FA 21 6.5 21 - 1 NO-FO 21 < 0.5 
8 - 1 RR-FO 42 < 0.5 22 - 1 SU-NF 21 Na 
9 - 1 RB-NF 21 Na 22 - 2 NO-HS 42 > 100 
9 - 2 YU-FS 21 50.0 23 - 1 SU-NF 6 Na 
9 - 3 YU-FS 21 60.0 24 - 1 SU-NF 21 Na 
9 - 4 YU-FS 21 49.0 25 - 1 RI-NF 21 Na 

10 - 1 RR-FA 6 7.5 25 - 2 SN-NF 21 Na 
10 - 2 RR-FA 6 < 0.5 26 - 1 AT-FS 21 12.0 
10 - 3 RR-FS 6 46.5 27 - 1 AT-NF 6 Na 
11 - 1 AT-FS 21 18.5 28 - 1 RR-NF 21 Na 
11 - 2 AT-FS 21 49.0 29 - 1 YU-HS 21 60.5 
11 - 3 AT-FA 21 < 0.5 29 - 2 NW-NF 21 Na 
11 - 4 AT-FA 21 < 0.5 30 - 1 RR-NF 21 Na 
12 - 1 SH-FA 12 < 0.5 31 - 1 AT-FS 21 19.5 
13 - 1 CH-FA 21 < 0.5 31 - 2 AT-FS 21 50.0 
13 - 2 RB-FA 21 6.5 32 - 1 YU-FS 21 46.0 
14 - 1 MC-FO 12 < 0.5 32 - 2 YU-NF 21 Na 

32 - 3 YU-FS 21 35.0 
a Potato cultivars : AT = Atlantic; CH = Chieftain; CK = Cherokee; CR = Century Russet; FR = Frontier 

Russet; GM = Green Mountain; KE = Kennebec; MC = Mclntrye; NI = Niska; NO = Novachip; 
NW = Norwis; RB = Russet Burbank; RI = Rideau; RR = Ranger Russet; SH = Shepody; 
SN = Snowden; SU = Superior; and YU = Yukon Gold; Fungal species isolated from diseased 
tuber tissues: HS = Helminthosporium solani; FA = Fusarium avenaceum; FO = F. oxysporum; 
FS = F. sambucinum; and NF = no H. solani and Fusarium species isolated. 

b TBZ = thiabendazole rate. 
c Rate of thiabendazole to inhibit fungal growth by 50% in amended média; values are means 

of four replications. 
d Na = no Fusarium species and H. solani isolated from tubers with disease symptoms. 

For ail cultivars and pathogens in the 
1994-1995 study, 4, 7, 19, 2 and 32 farms 
or 7, 8, 36, 2, and 53 tubers, respectively, 
had been treated with 6, 12, 21, 42 g or 
any rate of thiabendazole after harvest 
(Table 4). For ail cultivars, ail isolâtes of 
F. avenaceum and F. oxysporum from 
tubers treated with any rate of thiabenda
zole after harvest had thiabendazole sen-
sitive responses. None of the isolâtes 
were résistant. Isolâtes of F. sambuci
num from tubers treated with 6, 21 g or 
any rate of thiabendazole after harvest 
had no thiabendazole sensitive respon
ses and 0, 60 and 55%, thiabendazole 
résistant responses, respectively. For iso

lâtes of H. solani, 100% of those treated 
with 12 g or 25% of ail rates of thiabenda
zole used were sensitive to the fungicide 
while 100% of the isolâtes from tubers 
treated with 21 and 42 g and 75% of those 
from ail treated tubers were résistant. No 
pathogens were obtained from the dis
eased samples atthe 6,12,21,42 g or any 
rate of thiabendazole for 50, 43,63,0 and 
53% of the farms, respectively or 29, 38, 
39,0, and 36% of the tubers, respectively. 

In the 1994-1995 study, tubers of 18 
cultivars were tested (Table 5). The oc
currence of pathogens from diseased 
samples ranged from 0 to 100% but not 
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Table 3. Occurrence and sensitivity to thiabendazole of fungal species isolated in May 1993 from 
stored potato tubers treated with thiabendazole after harvest in 1992 

ice - Farms Tubers 

Occurrence 

ice - Farms Tubers 

No pathogenb 

Farms Tubers 

Fusarium rot Silver scurf 

Provir ice - Farms Tubers 

No pathogenb 

Farms Tubers Senc Resc Senc Resc 

TBZa (No.) (No.) (%) (%) (%) (%) (%) (%) 

Q u e . • • 6 g 3 8 67 25 67 (3) 33 (3) 0 (3) 33(3) 

N.B.- 6g 3 6 33 17 50 (2) 50 (2) 0 (3) 0 (3) 
N.B.- 21g 3 7 67 29 33 (3) 67 (3) 0 (2) 0 (2) 
N.B.- ail 6 13 50 23 40 (5) 60 (5) 0 (5) 0 (5) 

P.E.I. -6g 5 11 80 45 67 (3) 33 (3) 33 (3) 0 (3) 
P.E.I. - 12 or 15 g 3 6 100 83 - (0) - (0) 100(1) 0 (1) 
P.E.I. - 2 1 g 6 13 83 38 33 (3) 33 (3) 20 (5) 0 (5) 
P.E.I. -42 g 1 2 100 50 - (0) - (0) 0 (1) 0 (1) 
P.E.I. -a i l 15 32 87 50 50 (6) 33 (6) 30 (10) 0(10) 

Total 24 53 

Mean 75 40 47(14) 40(14) 17 (18) 6(18) 

a Provinces : Que. = Québec; N.B. = New Brunswick; P.E.I. = Prince Edward Island. 
TBZ = thiabendazole rate (active ingrédient per metric tonne of harvested potatoes) applied 
with a Brooks applicator on the grader or binpiller. 

b Occurrence based on the number of farms and tubers tested and from which no pathogen 
was successfully isolated. 

c Values indicate occurrence of isolate sensitivity to thiabendazole based on the number of 
isolâtes tested as shown in parenthèses. Sensitive (Sen) isolâtes are those with fungal growth 
inhibited by thiabendazole rates of 40 u.L L1 or less. Résistant (Res) isolâtes are those with 
fungal growth inhibited by rates greater than 50 \xL L\ 

Table 4. Occurrence and sensitivity tothiabendazole of fungal species isolated in May 1995 from 
stored potato tubers treated with thiabendazole after harvest in 1994 

Thiabendazole treatment rates (g a.i. t1) 

6 12 21 42 AN 

Number of farms 
Number of tubers3 

4 
7(3) 

7 
8(7) 

19 
36(16) 

2 
2(2) 

32 
53 (28) 

Fusarium avenaceumb 

% Sen 
% Res 

100(4) 
0(4) 

100(4) 
0(4) 

100 (6) 
0 (6) 

Ntc 

Nt 
100(14) 

0(14) 

Fusarium oxysporumb 

% Sen 
% Res 

Nt 
Nt 

100(1) 
0(1) 

100 (3) 
0 (3) 

100(1) 
0(1) 

100 (5) 
0 (5) 

O) 

Fusarium sambucinumb 

% Sen 
% Res 

0(1) 
0(1) 

Nt 
Nt 

0(10) 
60(10) 

Nt 
Nt 

0(11) 
55(11) 

7
8

(1
)1

 

Helminthosporium solanl0 

% Sen 
% Res 

Nt 
Nt 

100(1) 
0(1) 

0 (2) 
100 (2) 

0(1) 
100(1) 

25 (4) 
75 (4) 

Z 
O No Pathogen isolated 

TE
C

TI
 

% By number of farms 
% By number of tubers 

50 
29 

43 
38 

63 
39 

0 
0 

53 
36 

O
P

R
O

 

a Values in parenthèses indicate the number of cultivars for which tubers were tested. 
b Occurrence based on the number of tubers tested as shown in parenthèses, of sensitive (Sen) 

and résistant (Res) isolâtes. Sensitive isolâtes had fungal growth inhibited by thiabendazole 
rates of 40 u.L L1 or less. Résistant isolâtes had fungal growth inhibited at rates greater than 
50 JIL L1. 
Nt = No fungus obtained for testing. 
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ail cultivars were treated wi th the same 
rate of thiabendazole after harvest. Sev-
en cultivars had at least one pathogen 
isolated f rom the diseased samples. For 
the four pathogens isolated f rom the dis
eased samples, the occurrence of iso
lâtes sensitive and résistant to thiabenda
zole also ranged f rom 0 to 100% but not 
ail pathogens were obtained f rom ail cul
tivars. Ail isolâtes of F. avenaceum and 
F. oxysporum tested were found to be 
100% sensitive. 'Atlantic' (21 g rate) and 
'Ranger Russet' (6 g) had some isolâtes 
of F. sambucinum w i th intermediate re-
sponses to thiabendazole. For H. solani, 
isolâtes f rom 'Shepody' (12 g) were 100% 

sensitive whi le those f rom 'Novachip' 
(42 g), 'Snowden' (12 g) and 'Yukon Gold' 
(21 g) were 100% résistant. 

DISCUSSION 

Thiabendazole is registered in Canada for 
the post-harvest treatment of potato tu
bers for the control of several diseases 
including fusarium tuber rot and silver 
scurf. Whi le the former has been con-
trol led by fungicide rates of 6 g (rate in 
U.S.A.) to 21 g a.i. r1 of potatoes, the 
manufacturer recommends a 42 g a.i. t 1 

rate to control ail tuber-borne diseases 

Table 5. Potato cultivar rôle in the occurrence and sensitivity to thiabendazole of fungal species 
isolated in May 1995 from stored potato tubers treated with thiabendazole after harvest in 1994 

FA FO FS HS 
Potato No pathogenb 

isolated cultivar3 
No pathogenb 

isolated Serf Resc Senc Resc Serf Resc Senc Resc 

- (%) (%) (%) (%) (%) (%) (%) (%) (%) 

AT 25(6) 100 (21) 0(21) Ni Ni 0(21) 60 (21) Ni Ni 
CH 0 100 (21) 0(21) Ni Ni Ni Ni Ni Ni 
CK 0 100 (21) 0(21) Ni Ni Ni Ni Ni Ni 
CR 0 Ni Ni 100 (21) 0(21) Ni Ni Ni Ni 
FR 100 (21) Ni Ni Ni Ni Ni Ni Ni Ni 
GM 0 Ni Ni 100 (21) 0(21) Ni Ni Ni Ni 
KE 100 (12) Ni Ni Ni Ni Ni Ni Ni Ni 
MC 0 Ni Ni 100 (12) 0(12) Ni Ni Ni Ni 
NI 100 (12) Ni Ni Ni Ni Ni Ni Ni Ni 
N0 0 Ni Ni 100 (21) 0(21) Ni Ni 0(42) 100 (42) 
NW 100 (21) Ni Ni Ni Ni Ni Ni Ni Ni 
RB 100 (21) 100 (21) 0(21) Ni Ni Ni Ni Ni Ni 
RI 100 (21) Ni Ni Ni Ni Ni Ni Ni Ni 
RR 100 (21) 100 (6) 0(6) 100 (42) 0(42) 0(6) 0(6) Ni Ni 
SH 0 100 (12) 0(12) Ni Ni Ni Ni 100 (12) 0(12) 
SN 100 (21) 100 (12) 0(12) Ni Ni Ni Ni 0(12) 100 (12) 
SU 100 (6,21) 100 (6) 0(6) Ni Ni Ni Ni Ni Ni 
YU 100 (12,21) Ni Ni Ni Ni Ni Ni 0(21) 100 (21) 

Meand 100 0 100 0 0 55 25 75 
(6, 12, 21) (12, 21 42) (6, 21) (12, 21, 42) 

a Potato cultivars : AT = Atlantic; CH = Chieftain; CK = Cherokee; CR = Century Russet; FR = Frontier 
Russet; GM = Green Mountain; KE = Kennebec; MC = Mclntrye; NI = Niska; NO = Novachip; 
NW = Norwis; RB = Russet Burbank; RI = Rideau; RR=Ranger Russet; SH = Shepody; 
SN = Snowden; SU = Superior; and YU = Yukon Gold. 

b Occurrence based on the number of farms sampled from which no pathogen was successfully 
isolated from at least one tuber. Values in parenthèses indicate postharvest thiabendazole 
application rate (g a.i. t1 of tubers). 

c Isolate occurrence based the number of isolâtes tested atthe différent postharvest thiabendazole 
application rates (g a. i. t1 of tubers as shown in parenthèses) for two sensitivity responses : 
sensitive isolâtes (Sen) are those with fungal growth inhibited by thiabendazole rates of 
40 uX L1 or less; résistant isolâtes (Res) are those with fungal growth inhibited by thiabendazole 
rates greater than 50 JLIL L1. Ni = pathogen not isolated; FA = Fusarium avenaceum; FO = F. 
oxysporum; FS = F. sambucinum; HS = Helminthosporium solani. 

d Average for ail cultivars with values in parenthèses indicating postharvest thiabendazole 
application rate (g a.i. t1 of tubers). 
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including silver scurf. In both the 1992-
1993 and 1994-1995 sampling periods, 
isolâtes of Fusarium were found with 
résistance to thiabendazole in Québec, 
New Brunswick and P.E.I. similar to pre-
vious reports on samples from New 
Brunswick and P.E.I. (Desjardins 1995; 
Desjardins et al. 1993). However, the 
occurrence of résistant isolâtes of H. solani 
in Québec during the 1992-1993 study 
and P.E.I. in 1994-1995 is a new finding. 

The EC50 values for résistant isolâtes of 
Fusarium spp. in the présent study ranged 
from about 50 to 150 \iL L1 of thiabenda
zole which is similar to those reported 
elsewhere (Desjardins et al. 1993; Hide et 
al. 1992; Kawchuk et al. 1994). Mean-
while, the ECKn values for H. solani (about 

OU 

50 to 150 \iL L1) were substantially less 
than the 50to > 500 JLXL L1 found in Alberta 
(Kawchuk étal. 1994) but similar to those 
in Europe (Hide et al. 1988) and the U.S.A. 
(Merida and Loria 1990). However, the 
overall occurrence of résistant isolâtes of 
F. sambucinum and H. solani based on 
the number of farms in the three provin
ces (21 and 4%, respectively in 1992-1993 
and 6 and 9%, respectively, in 1994-1995) 
were less than those found elsewhere. 
In Alberta (Kawchuk et al. 1994), Europe 
(Hide et al. 1992; Langerfeld 1986; Tivoli 
et al. 1986) and the U.S.A. (Desjardins 
et al. 1993) incidence of résistance in 
Fusarium spp. on potato farms were 40, 
100 and 96%, respectively. For H. solani, 
about 45% of the isolâtes in the U.K. (Hide 
et al. 1988) were résistant whileonly 20% 
were in New York State (Merida and Loria 
1990). 

Three Fusarium spp. were isolated 
during the studies from diseased tubers 
with symptoms of fusarium rot but only 
F. sambucinum had isolâtes résistant to 

oî thiabendazole. This is similar to reports 
^ from Europe and U.S.A., but résistance in 
^ F. culmorum was found in the U.K. (Hide 
£ et al. 1992). Although F. avenaceum and 
z F. oxysporum isolâtes were obtained, 
p thèse were ail sensitive to thiabendazole. 
o However, some isolâtes of F. sambuci-
£ num and H. solani were detected with 
ce intermediate responses to thiabendazole 
o as somefungal growth wasobserved on 
£ agar amended with 40 but not 50 or 
J 100 (iL L1 of thiabendazole. For example, 

33% in New Brunswick and 17% in P.E.I. 

in 1992-1993 and 45% in P.E.I. in 1994-
1995 of the F. sambucinum isolâtes test-
ed were intermediate. For H. solani, 67% 
in Québec in 1992-1993 had intermediate 
responses. While this may reflect the 
natural response range of the isolâtes, it 
may also be indicative of a trend towards 
résistance within the population. Further 
study with a larger number of isolâtes is 
required to elucidate this phenomenon. 

During the two study periods, diseased 
tubers from 18 différent cultivars were 
evaluated. Some of the cultivars are 
known to be quite sensitive to fusarium 
rots (e.g. 'Shepody') and silver scurf {e.g. 
'Russet Burbank') but not ail pathogens 
were isolated for testing from ail culti
vars. Résistant isolâtes of F. sambuci
num were obtained from 'Atlantic' but 
not from 'Ranger Russet'. Similarly, iso
lâtes of H. solani from 'Shepody' were ail 
sensitive while those from 'Novachip', 
'Snowden' and 'Yukon Gold' were ail ré
sistant. The occurrence of résistant iso
lâtes did not appear related to spécifie 
cultivars or farming area although the 
three cultivars with résistant isolâtes of 
H. solani ail hâve early to mid-season 
crop maturities. 

Sampled farms had post-harvest thia
bendazole treatment rates ranging from 
6 to 42 g a.i. t1 of tubers. This seemed 
to be more a resuit of tradition and costs 
of application than a lack of awareness 
about the potential for résistance; most 
farmers were attempting to control fusa
rium rots. Although the manufacturer 
recommends the 42 g rate for adéquate 
control of five diseases, many producers 
recognize that fusarium rots can be con-
trolled by lower rates. In fact, a low rate 
(6 g a.i. t1) is recommended for the con
trol of fusarium rots in the U.S.A. In the 
1992-1993 study, résistant isolâtes of F. 
sambucinum were obtained from tubers 
(33 to 67% incidence) treated with 6 and 
21 g rates but not from those treated 
with 12 and 42 g rates (based on 45 and 
8 tubers, respectively). Similarly, in 1994-
1995, résistant isolâtes were found in 60% 
of the tubers treated at the 21 g rate but 
not in tubers at the other rates. Résistant 
isolâtes of H. solani only occurred on one 
farm (33% incidence) which involved the 
6 g rate in 1992-1993 but in 1994-1995, 
résistant isolâtes were detected in ail 
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tubers (100%) treated at 21 and 42 g rates 
but not in tubers at the 12 g rate. Whi le 
the occurrence of résistant isolâtes of the 
two species does not seem to be strongly 
related to the application rate, it is gen-
erally recognized that sublethal doses of 
pesticides may enhance the potential for 
résistance. For example, utilizing a low 
rate for control of fusarium rots {e.g., 6 to 
21 g rates) could increase the potential 
for résistance in populations of H. solani 
which requires a 42 g rate for control 
according to the manufacturer. The in-
ability of the two studies to detect this 
phenomenon may be related to the rel-
atively low incidences (8-9%) and EC50 

values detected in thèse production ar-
eas of eastern Canada. It may also be 
related to the fact that the pathogen may 
no tbeun i fo rm ly found th roughou ta f i e ld 
and hence a lot of potatoes. In addit ion, 
adéquate tuber coverage wi th the fungi-
cide, and therefore control success or 
potential for development of résistant 
strains, is related to the variation in the 
amount of soil on the tubers as well as 
the physical setup of the fungicide appli
cation apparatus. Thus, to accurately 
détermine the rôle of application rate on 
development of résistant strains, a more 
detailed study that accounts for use fac-
tors wou ld seem to be needed. 

The relatively high incidences where 
no pathogens were detected (75 and 40% 
of the farms and tubers, respectively in 
1992-1993 and 53 and 36%, respectively 
in 1994-1995) indicate that thiabendazole 
is still providing control of thèse patho
gens. In addit ion, the relatively low EC50 

values for H. solani résistant isolâtes 
demonstrates that this may be a fairly 
récent phenomenon. However, the oc
currence of isolâtes wi th intermediate 
responses to thiabendazole should not 
be ignored as they may represent the 
continued potential for résistance. Fur-
thermore, cross-resistance to another 
fungicide (thiophanate-methyl) used as a 
pre-planting seed treatment has been 
reported (Kawchuk et al. 1994) which 
could also become a problem if the cur-
rent practises are not modif ied to prevent 
or reduce the development of résistance 
to thiabendazole in pathogen populations. 
Thèse might include : utilizing thiabenda
zole on lya t the recommended rate (42 g); 

avoiding the use of thiabendazole and/or 
thiophanate-methyl where résistant iso
lâtes are a p rob lem; developing new 
fungicide combinat ion products for treat
ment of tubers; increasing crop rotation 
periods to prevent bui ldup of the patho
gens in the soi l ; and adjusting crop man
agement and storage sani tat ion and 
management practises to reduce disease 
risk. 
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