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Abstract

Fungicidal management of anthracnose leaf spot of euonfEnosymus fortunéEmerald 'n Gold’ or ‘Emerald Gaiety’), caused by
Colletotrichum gloeosporioidesvas examined. Fungicide resistance was present in the pathogen population. Weekly applications to
foliage for 12 weeks to the same plants in 1997 and 1998 of: thiophanate-methyl alone; or thiophanate-methyl, chlorthiylatosil, ¢
bis-dithiocarbamate and copper applied sequentially; or mixtures of thiophanate-methyl plus chlorothalonil alternated tiveekly wi
thiophanate-methyl plus ethylene-bis-dithiocarbamate were applied. Applications of the same treatments, azoxystrobifithar each o
above fungicides alone were applied at biweekly intervals in 1999. Unsprayed plants served as controls. Percent deftdiatsh was
for fungicide mixtures (thiophanate-methyl plus chlorothalonil alternated with thiophanate-methyl plus ethylene-bis-dithéteprha
and was highest for unsprayed controls and plants treated with thiophanate-methyl alone. The average number of lesieasgser (100

was lower for mixed and sequential fungicide programs than for untreated or thiophanate-methyl alone spray programs. Emerald 'n
Gold had more lesions per leaf than Emerald Gaiety, but the level of defoliation was greater for Emerald Gaiety. Furgjaid@-resi
gloeosporioidessolates, which were recovered on media amended with thiophanate-methyl or with chlorothalonil, were in lowest
frequency from plants treated with the mixed fungicide program. Management of euonymus anthracnose and fungicide r&sistance in
gloeosporioidesnay be achieved by applying fungicide mixtures with different modes of action.

Index words: azoxystrobin, benzimidazoles, chlorothalonil, copper hydroxide, Daconil, Dithane, Domain, ethylene-bis-dithiocarbamate,
Euonymus fortuneiprodione, Heritage, Kocide, resistance management.

Fungicides used in this study:Daconil 2787 (chlorothalonil); Dithane (ethylene-bis-dithiocarbamate); Domain FL (thiophanate-
methyl); Heritage 50W (azoxystrobin); Kocide 101 (copper hydroxide) and Zyban (ethylene-bis-dithiocarbamate and thiophanate-
methyl).

Significance to the Nursery Industry nate infection of euonymus Ify. gloeosporioidegapproxi-

Anthracnose oEuonymus fortungtharacterized by ex- mately 10% infection compared to the untreated control) (13).
tensive leaf spotting, stem lesions, and premature leaf drop,. D?splte the repear:ed apphcrz]mon of Lu_lng_lmdes, tr:je. Sever-
has been difficult to control under nursery conditions. This 'Y Of euonymus anthracnose has steadily increased in com-
may be due, in part, to fungicide resistance in the causal fun-Mercial nurseries over the last ten years and may be associ-
gus, Colletotrichum gloeosporioidesThe results of these ~ at€d with reduced sensitivity to benzimidazole and

experiments indicate that adequate anthracnose control maychlorothalonil fungicidegw vitro (1].')' Future disease man—f
be achieved by the timely application of fungicides with dif- 29ement programs need to contain a strategy to manage fun-

ferent modes of action in mixtures or applied in sequence. gicide rgs_istanc_e. Two such strategies may i”C'“.de alternat-
The use of fungicides in this manner may also slow the de- N9 fungicides with different modes of action or mixing fun-

velopment of resistance to thiophanate-methyl in the patho- 9icides with different modes of action (2). .
gen population. The combination of sanitation, environmen- To determine if these strategies could affect both disease

tal modification, cutting propagation from uninfected stock, management and fungicide resistance, we tested (i) Wh_e_ther
and the use of more efficacious fungicides in mixtures or in d|sease_|nC|<_jence cou_Id be reduced by t_he use of fun_g|C|des
sequence may all contribute to the development of effective @PPliéd in mixtures or in sequence, and (i) the proportion of

management programs for euonymus anthracnose. fungicide-insensitive euonymus anthracnose isolates that
were affected by these different management programs.

Introduction

Anthracnose leaf spot and stem blight fonymus
fortunei (Turcz.) Hand.-Mazz., caused I@polletotrichum
gloeosporioidegPenz.) Penz.&Sacc. in Penz., was first de-
scribed in 1980 (13). At that time, maneb, mancozeb, and
chlorothalonil completely protected plants from anthracnose.
Benomyl significantly reduced but did not completely elimi-

Materials and Methods

Euonymus fortundtultivars ‘Emerald 'n Gold’ and ‘Em-
erald Gaiety’) plants naturally infected witlolletotrichum
gloeosporioidesvere obtained from a commercial nursery
and placed on an herbicide-treated area at the Connecticut
Agricultural Experiment Station Valley Laboratory in
Windsor, Connecticut. Plants were grown in 7.5 liter pots
and watered daily with overhead irrigation (approximately

'Received for publication November 20, 2000; in revised form February 8, 0.7 cm or 0.25 in per day). Plants were fertilized with 12 gm
2001. This research was supported in paffly Horticultural Research

Institute, 1250 | Street, N. W., Suite 500, Washington, DC 20005he Osmocote (16:6:10) per pot on May 5, 1998, and June 7,
author thanks Jane Canepa-Morrison, Rob Ballinger and Doug Gaskill for 1999. .

technical assistance. In 1997 and 1998, twenty plants of each cultivar were each
2plant Pathologist. Email: <lamondia@caes.state.ct.us>. treated weekly for 12 weeks to runoff with one of four fungi-
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cide programs: 1) an untreated control; 2) thiophanate-me-

thyl alone (Domain FL, 865 ug ai/ml (ppm ai), The Scotts
Company, Marysville, OH); 3) a sequence consisting of
thiophanate-methyl, (865 pg ai/ml), chlorothalonil (Daconil
2787, 900 pg ai/ml, ISK Biosciences Corp., Mentor, OH),
ethylene-bis-dithiocarbamate (EBDC) (Dithane T/O, 1,350

consisting of chlorothalonil, thiophanate-methyl,
azoxystrobin, and ethylene-bis-dithiocarbamate (EBDC), or
7) a mixture of thiophanate-methyl plus EBDC alternated
with a mixture of thiophanate-methyl plus chlorothalonil al-
ternated with a mixture of azoxystrobin plus chlorothalonil.
There were eight plants per cultivar per treatment. Plants were

Kg ai/ml, Rohm and Haas Co., Philadelphia, PA) and copper rated for percent defoliation and 100 leaves per treatment

hydroxide (Kocide 101, 750 ug ai/ml, Griffin Corp., Valdosta,
GA); or 4) a mixture of thiophanate-methyl (865 ug ai/ml)
plus chlorothalonil (900 pg ai/ml) alternated with a mixture
of thiophanate-methyl plus EBDC (Zyban, 231 ug ai/ml
thiophanate-methyl and 923 pg ai/ml EBDC, The Scotts

were arbitrarily sampled to count the number of lesions per
leaf on October 14, 1999.

Changes in fungicide sensitivity to selected fungicides were
determined by changes in fungal recovery on fungicide
amended media. On September 9, 1997; September 22, 1998;

Company, Marysville, OH). The sequence of treatments was and December 2, 1999, 0.2 mm square anthracnose lesions
repeated 3 times, and the mixture treatments were repeated Gvere excised from leaves, surface sterilized in 0.5 % NaOCI

times each for a total of 12 applications.
In 1997, fungicide applications were made on June 13,

20, and 27; July 3, 11, 18, and 25; and August 1, 8, 15, 22,
and 29. Plants were rated for percent defoliation, and 100

leaves per treatment per cultivar were arbitrarily sampled to

count the number of lesions per leaf on August 7 and Sep-
tember 9, 1997. Euonymus plants were over-wintered in a

plastic-covered hoop house from December 1997 to April
1998.
In 1998, fungicide applications were made on June 11,

18, and 26; July 2, 10, 17, 24, and 31; and August 7, 14, 21,

for 45 seconds, and placed on half-strength PDA or media
amended with 1,000 pg ai/ml chlorothalonil or thiophanate-
methyl. Lesions from whic&. gloeosporioidegrew at least

1 cm (0.4 inch) into surrounding media were rated as fungi-
cide-resistant. Isolations were attempted from 84 lesions per
treatment per fungicide in 1997 and 1999 and 126 lesions
per treatment per fungicide in 1998. All data were analyzed
by analysis of variance, and means were separated by linear
contrasts.

Results and Discussion

and 28. Plants were rated for percent defoliation, and 100 By mid summer 1997, typical symptoms of anthracnose
leaves per treatment were arbitrarily sampled to count the were seen on both cultivars of euonymus. Fungicide treat-
number of lesions per leaf on July 1 and September 8, 1998.ments significantly reduced the number of leaf lesions and
Fungicide applications were made on June 7 and 21; July percent defoliation in 1997 (Table 1). Thiophanate-methyl
7, and 19; August 2, 16, and 30; and September 13, 1999.alone reduced leaf lesion counts by the first evaluation date

Fungicide treatments consisted of: 1) an untreated control,

2) chlorothalonil alone, 3) thiophanate-methyl alone, 4)
EBDC alone, 5) azoxystrobin alone (Heritage 50W 300 pg
ai/ml, Zeneca Ag Products, Wilmington, DE), 6) a sequence

in August; however, additional applications of thiophanate-
methyl did not further reduce either the number of leaf le-
sions or defoliation. The four fungicide sequence treatment
and the fungicide tank mixture combinations decreased the

Table 1. Number of anthracnose lesions and percent defoliation of Table 2. Number of anthracnose lesions and percent defoliation of
Euonymus fortuneitreated weekly with a single fungicide, a Euonymus fortuneitreated weekly with a single fungicide, a
sequence of fungicides or a mixture of fungicides, 1997. sequence of fungicides or a mixture of fungicides, 1998.

Number of Percent Number of Percent
leaf lesions defoliation® leaf lesiong defoliation®

Treatment August 7 Sept9 August?7 Sept9 Treatment Julyl Sept8 Julyl Sept8

Untreated 5.0 14.4 34.7 55.8 Untreated 10.0 11.7 335 67.0

Thiophanate-methyl 3.4 11.7 38.4 52.9 Thiophanate-methyl 12.8 11.3 58.0 75.2

Fungicide sequenée 15 2.8 12.9 17.2 Fungicide sequente 10.0 8.6 42.3 56.5

Fungicide mixture 0.7 1.3 8.9 9.0 Fungicide mixture 1.6 2.3 16.9 21.6

ANOVA Significance ANOVA Significance

Treatment 0.0001 0.0001 0.0001 0.0001 Treatment 0.0001 0.0001 0.0001 0.0001
Cultivar 0.0001  0.007 NS 0.0001 Cultivar 0.0001 NS 0.0001 0.0001
Treatment x Cultivar 0.0001 NS NS NS Treatment x Cultivar 0.02 0.02 NS NS

Linear contrasts of the means Linear contrasts of the means

Fungicide vs. Control 0.0001 0.0001 0.001 0.0001 Fungicide vs. Control NS 0.0001 NS 0.03
Thiophanate vs. Control 0.004 NS NS NS Thiophanate vs. Control NS NS 0.004 NS
Mixture vs. Sequence NS NS NS NS Mixture vs. Sequence 0.0001 0.0001 0.002 0.0001

zSequence consisting of thiophanate-methyl, chlorothalonil, ethylene-bis-
dithiocarbamate (EBDC), and copper hydroxide.

YMixtures consisting of thiophanate-methyl plus chlorothalonil alternated
with a mixture of thiophanate-methyl plus EBDC.

*Number of lesions per leaf on 100 leaves per cultivar per treatment.

“Percent defoliation of each plant determined by the average of two inde-
pendent estimates.

"Nonsignificant (NS) or significant Analysis of Variance (ANOVA) at P value.
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zSequence consisting of thiophanate-methyl, chlorothalonil, ethylene-bis-
dithiocarbamate (EBDC), and copper hydroxide.

YMixtures consisting of thiophanate-methyl plus chlorothalonil alternated
with a mixture of thiophanate-methyl plus EBDC.

*Number of lesions per leaf on 100 leaves per cultivar per treatment.

“Percent defoliation of each plant determined by the average of two inde-
pendent estimates.

“Nonsignificant (NS) or significant Analysis of Variance (ANOVA) at P value.
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Table 3.  Effects of fungicide management program on percentrecov-  zimidazole, or EBDC fungicides (13). However, since that
ery of Colletotrichum gloeosporioidesn PDA mediaamended  time, the disease has become increasingly difficult to control
with 1,000 ppm of selected fungicides, 1997 and 1998. . L. .
with fungicides. Control failures may be due to a long term
Thiophanate- reliance on fungicide applications to control disease while
Treatment Unamended  methyl Chlorothalonil maintaining conducive environmental conditions and propa-
gating from diseased plant material.

%r]‘."eated 81.0 2 517 C. gloeosporioidesas recently been demonstrated to be
iophanate-methyl 76.9 69.7 38.2 . L e
Fungicide sequence 79.3 68.5 67.6 insensitive to a number of fungicides used to control anthra-
Fungicide mixture 70.5 40.4 24.2 cnose on euonymus (11). Qarvitro results (11) indicated
that EBDC was the most efficacious single active ingredient
igg; Zj-g gg-i jg-? fungicide evaluated of the fungicides recommended for man-
: ' ' agement of euonymus anthracnose (5). Chlorothalonil was
ANOVA Significance very effective in preventing spore germination at concentra-
Treatment NS 0.0001 0.0001 tions as low as 1 ug ai/ml, but effects on hyphal grawth
Year 0.0001 0.04 NS vitro were much less (11). Chlorothalonil may be most ef-
Treatment x Year NS NS NS fective as a protectant fungicide against conidial germina-
Linear contrasts of the means tion on plant surfaces. Once conidia have germinated and
Fungicide vs. Control NS 0.001 NS the fungus has infected host tissues, this fungicide may be
Thiophanate vs. Control NS NS NS ineffective in inhibiting further growth or reducing survival.
Mixture vs. Sequence NS 0.0001 0.0001 However, different fungicides applied in mixtures or in se-

zSequence consisting of thiophanate-methyl, chlorothalonil, ethylene-bis quence were more effective than repeated application of a
dithiocarbamate (EBDC), and copper hydroxide. ’ single fungicide. Fungicide mixtures were more effective than

YMixtures consisting of thiophanate-methyl plus chlorothalonil alternated fung|C|des applied in sequence in 1998, with similar trends
with a mixture of thiophanate-methy! plus EBDC. in 1997 and 1999. The use of thiophanate-methyl plus EBDC
“Nonsignificant (NS) or significant Analysis of Variance (ANOVA) at P value.  fungicides and thiophanate-methyl plus chlorothalonil re-
sulted in superior disease control and reduced the recovery
of fungicide-insensitiv€. gloeosporioidesolates compared

to alternating thiophanate-methyl, chlorothalonil, EBDC, and
0% for the COPPer _hydro_xide fqr_lgic_ides. o

d Fungicide-insensitive isolates 6f gloeosporioidesere
present in the naturally infected euonymus from a commer-

number of leaf lesions and the percent defoliation due to
anthracnose.

The overwinter mortality of euonymus was 12.
untreated plants, 18.8% for the thiophanate-methyl treate
plants, 2.9% for the fungicide sequence treatment, and 2.7%
for the fungicide mixture-treated plants. Due to warm, wet
weather in May 1998, new anthracnose leaf lesions appearedrapie 4.  Number of anthracnose lesions, percent defoliation and per-

prior to the initiation of the spray program. As a result, dis- cent thiophanate-methy! resistant isolates fronEuonymus
ease severity was higher earlier in 1998 than in 1997 (Table fortunei treated weekly with single fungicides, a sequence of
2). In 1998, applications of thiophanate-methyl alone did not fungicides or a mixture of fungicides, 1999.
reduce the level of anthraqno;e when c_or_npared to_the Numberof  Percent  Percent T-M
unsprayed control. The application of fungicide tank mix- Treatment lesiong defoliation®  resistant
tures resulted in significantly lower numbers of leaf lesions
and less defoliation when compared to the fungicide sequenceUntreated 6.1 20.3 61.9
program. In both 1997 and 1998, Emerald 'n Gold averaged Eggpcha”ate'memy' o o0 are
7.7 lesions per leaf, while Emerald Gaiety averaged 5.3. cpjorothalonil 8.1 143 405
However, percent defoliation was higher for Emerald Gai- Azoxystrobin 7.7 13.7 50.0
ety than for Emerald 'n Gold (47.7 and 24.9%, respectively). Fungicide sequente 3.9 9.7 42.9

C. gloeosporioidewas recovered from 65 to 95 % of sur-  Fungicide mixture 23 9.0 310
face .stgerilized. leaf Igsions on half-strength PDA (Table 3)_. ANOVA Significance
Fungicide-resistant isolates were recovered from all fungi-  Treatment 0.0001 0.0001 0.04
cide treatments. Euonymus plants that had been treated with  Cultivar 0.0001 NS NS
mixtures of thiophanate-methyl and either EBDC or Treatment x Cultivar 0.004 NS NS
chlorothalonil had reduced recovery of thiophanate-methyl-, Li

. . . inear contrasts of the means

and chlorothalonil-resistant isolates compared to the other — g ngicide vs. Control 0.0001 0.001 0.001
fungicide treatments. Thiophanate vs. Control NS NS NS

In 1999, the level of anthracnose-induced defoliation was  Mixture vs. Sequence NS NS NS

higher on the thiophanate-methyl and untreated plants than

for all other treatments, which were not different from each ZS_equence consisting of thiophanate-methyl_, chlorothalonil, ethylene-bis-

other (Table 4). The number of anthracnose lesions per Ieafgl\l/lt?;ucrzrsbi?:st?st(iﬁB?)Sihs)ni;gztize;wgsrclmﬁui chlorothalonil alternated

was lower on plants treated with the fungicide tank mixtures z2'=% 55 th%phanat‘;_methyl plusyEé)DC.

and fungICIde sequence p_rogram than on plants treated WIthXNumber of lesions per leaf on 100 leaves per cultivar per treatment.

all other t,reatments' The hlgheSt numbers Of_IeS|OnS OCCurrecjWPercent defoliation of each plant determined by the average of two inde-

on the thiophanate-methyl and chlorothalonil treated plants, pendent estimates.

which were not different from the untreated controls. vPercent lesions witlC. gloeosporioidessolates recovered on media
When euonymus anthracnose was first described in 1980, amended with 1000 pg ai/ml thiophanate methyl

this disease was effectively controlled by chlorothalonil, ben- “Nonsignificant (NS) or significant Analysis of Variance (ANOVA) at P value.
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cial nursery used in these experiments. Large numbers oftrol of fungicide resistance in cereal powdery mildews (1, 3,
leaf lesions and severe defoliation were correlated with in- 9, 12). Alternatively, the use of fungicide mixtures at approxi-
creased recovery of fungicide-insensitive isolates, lending mately half rates was not as effective as alternating full rates
further support to the hypothesis that the development of for reducing the development of triadimenol insensitivity
fungicide insensitivity was associated with recent control (20).

failures in commercial nurseries. All fungicide insensitivity If the effects on fungicide resistance are similar for mix-
in these experiments was naturally occurring. Disease sever-tures or fungicides applied in sequence, the use of mixtures
ity and fungicide insensitivity increased over the two years may have some advantages. Fungicide mixtures that comple-
of the experiment under conducive environmental conditions. ment each other in terms of spectrum and mode of action

Principles for the management of both disease and fungi- (19) may achieve more effective disease control. Also, mix-
cide insensitivity include reducing fungicide exposure, use tures may be packaged together, making application easy.
of resistant cultivars, sanitation, and alternating or mixing Additionally, mixtures and unrelated fungicides may be ap-
fungicides with different modes of action (2). plied in sequence over time. In any case, our results indicate

Reducing fungicide exposure can be difficult when the thatonce present, thiophanate-methyl resistance may be fairly
infection period is long and multiple fungicide applications stable in theC. gloeosporioidegopulation, requiring long-
are required to produce a marketable crop. Euonymus an-term management of fungicide resistance.
thracnose can occur early when conditions are warm and wet, The combination of sanitation, environmental modifica-
as early as May in Massachusetts, and infection periods maytion, propagation from uninfected stock, and the use of more
continue into at least September (13). We have observed se€fficacious fungicides in mixtures or in sequence may all
vere levels of disease in hoop houses in late winter in Con- contribute to the development of effective management pro-
necticut. grams for euonymus anthracnose.

Plant resistance to euonymus anthracnose has not been
identified. While there were some differences in severity, all Literature Cited
CUItlv.a.rS tested in 1980 were susceptible unde,r controlled 1. Bolton, N.J.E. and J.M. Smith. 1988. Strategies to combat fungicide
.Condlt'ons (_13)' In the p_resent study, Emerald 'n G‘?'d had resistance in barley powdery mildew. Proc. 1988 British Crop Protection
increased disease severity compared to Emerald Gaiety, conconference—Pests and Diseases, 367—372.
sistent _Wlth previous Qbs_erv_atlons (13)' H_OWEVGI‘, we ob- 2. Brent, K.J. 1995. Fungicide resistance in crop pathogens: how can it
served increased defoliation in Emerald Gaiety compared to pe managed? FRAC monograph No. 1. GIFA, Brussels, Belgium.
Emefaw 'n Gold. Mahoney and Tattar (13) did not memlon 3. Brent, K.J., G.A. Carter, D.W. Hollomon, T. Hunter, T. Locke, and
defoliation as a symptom of anthracnose on euonymus. While m. Proven. 1989. Factors affecting build-up of fungicide resistance in
symptomatic leaves were not the only ones shed, leaves withpowdery mildew in spring barley. Netherlands J. Plant Pathology 95:31-41.
large numbers of anthracnose lesions were most commonly 4. Brent, K.J., D.W. Hollomon, and M.W. Shaw. 1990. Predicting the
lost. Symptoms of anthracnose on azalea, also caused byevolution of fungicide resistance. Pp. 303-3h9Managing Resistance to
Colletotrichum included both leaf spot and defoliation (18). Agrochemicals, Green, M.B., H.M. LeBaron, and W.K. Moberg, eds.

. . . . . American Chemical Society. Washington, DC.
Sanitation or crop hygiene is an important component in ,
future disease and fungicide insensitivity management pro- _ 5- Childs, R.D., ed. 1997. The 1997 New England Management
- - I Recommendations for Insects, Diseases and Weeds of Shade Trees and
grar_ns. The removal_ FJf diseased tissues and modification of Woody ornamentals. University of Massachusetts: Amherst, MA.
environmental conditions such as amount and frequency of L .
o . . 6. Cohen, Y. and Y. Samoucha. 1990. Competition between oxadixyl-
OY‘?rhead Irngation should help reduce the reliance on fun- sensitive and -resistant field isolate®biytophthora infestaren fungicide-
gicides for anthracnose control. treated potato crops. Crop Protection 9:15-20.

Alternating or mixing fungicides with different modes of 7. Dovas, C., G. Skylakakis, and S.G. Georgopoulos. 1976. The
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isolates (4 8 17)_ 9. Heaney, S.P., T.J. Martin, and J.M. Smith. 1988. Practical approaches
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