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Background

Frogeye leafspot of tobacco (FLS), caused by Cercospora nicotianae, is primarily

managed with applications of the systemic fungicide azoxystrobin. Azoxystrobin is a

member of quinone outside inhibitor (QoI) class of fungicides, which are at high risk

for resistance development as a result of their single-site mode of action in addition

to other factorsa. Rotation with fungicides from other Fungicide Resistance Action

Committee (FRAC) groups, such as mancozeb, is recommended to reduce selection

of QoI-resistant individuals. Moderate and high resistance to azoxystrobin has been

documented in C. nicotianae, with moderately and highly resistant individuals 10%

and less than 1%, respectively, as sensitive as the presumed wild-typeb. Previous

research has shown that a sensitivity shift in C. nicotianae populations can occur

with as few as one azoxystrobin applicationb.

Objectives

Evaluate fungicides currently available for burley tobacco production for

management of frogeye leafspot and compare mutation frequencies conferring

azoxystrobin resistance after azoxystrobin applications.

Fig. 2. Older tobacco leaves with

progressed frogeye leafspot.

References: aFernández-Ortuño et al. 2010. Fungicides ISBN: 978-953-307-266-1; bPfeufer et al. 2018.

Phytopathology 108:24-24; cDixon et al. 2020. Plant Disease: https://doi.org/10.1094/PDIS-02-19-0382-RE;
dNiu et al. 2008. African Journal of Biotechnology Vol. 7 (16), pp. 2818-2822.

The authors acknowledge support from the Council for Burley Tobacco, the Burley Tobacco Growers

Cooperative, Altria, JTI, and the Kentucky Tobacco Research and Development Center.

Materials and methods

A research field of burley tobacco, KT-212LC, was grown according to recommendations

in Burley and Dark Tobacco Production Guide 2019-2020. The field trial was inoculated on

July 8 with a 4.4x104 conidia/ml suspension of C. nicotianae comprised of the three

previously identified resistance groups (wild-type, moderately resistant, highly resistant) in

a 1:1:1 ratio. Plots were sprayed with approximately 35 ml of inoculum from each side of

the plot. The lower and upper halves of the plant were rated for disease, as a percentage

of leaf area infected, three times throughout the growing season, prior to a fungicide

application.

Infected leaf samples were collected 2 weeks after inoculation and one day before harvest.

Single spores of C. nicotianae were collected with a scalpel from the sterilized leaf surface

under a dissecting microscope and isolated on ¼ potato dextrose agar (PDA). Conidial

suspensions were frozen at -80C until further use. Genomic DNA was extracted from

mycelia from each isolate using a SDS/CTAB protocolc. Sensitivity groupings were

determined using polymerase chain reaction (PCR), with primers developed to identify the

three sensitivity groups in C. nicotianae (Li et al. submitted). FLS disease severity data

were subjected to Analysis of Variance (ANOVA) with means separated using a Tukey

post-hoc test (𝛼=0.05). Mutation frequencies by treatment and sampling date were

subjected to Chi-Square analysis.

Fig. 1. Tobacco frogeye leafspot

caused by C. nicotianae.

Results

Table 2. FLS severity rating averages

from the lower leaves of burley

tobacco inoculated with C. nicotianae.

Means that do not share a letter are

significantly different.

Artificial FLS inoculum in this trial

initiated as a 1:1:1 mixture of

isolates wild type in sensitivity,

moderately resistant, and highly

resistant to azoxystrobin. After

one azoxystrobin application, the

frequency of wild type sensitivity

isolates was higher in the UTC

compared to plants treated with

azoxystrobin (P<0.001). This

trend persisted for the second

sampling date, however, a low

sample size prevented χ2

analysis.

Fig. 4. C. nicotianae sensitivity frequencies of the

inoculum, untreated check, and the azosxystrobin

treated isolates at early and late sample dates.

Discussion

The frequency of high resistance C. nicotianae after one or two applications of

azoxystrobin suggests that 1:1:1 populations treated with azoxystrobin will shift

towards the high resistance group.

FLS disease severity ratings suggest there is a loss of control with azoxystrobin in

populations of C. nicotianae comprised of ≥33% HR individuals.

The prevalence of highly resistant individuals in the UTC plots suggests inoculum

drift from neighboring plots. Plot distances may need to be increased in order to

adequately evaluate UTC population dynamics.

Current and future work

• Determine critical frequency of HR isolates that results in loss-of-control

with azoxystrobin fungicide.

• Document mutation frequencies in a field with mixed inoculum

composition in subsequent seasons to evaluate potential differences in

isolates’ overwintering capability and other fitness components.

• Improve understanding of FLS epidemiology for better experimental

design.

Fig. 3. 360 drop nozzle used in

fungicide applications.

Mean FLS severity rating by date
Treatment Jul. 24 Aug. 1 Aug. 19 
(1) UTC 8.32 a 24.82 c 46.50 d
(2) Grower Standard 8.82 ab 23.25 c 29.71 d
(3) Alternate Standard 10.61 ab 23.68 c 33.86 d
(4) Increased Rate 11.96 b 21.64 c 41.82 d

Table 1. Fungicide treatments and rates applied as Quadris (active ingredient azoxystrobin), alternate

mode of action, and a final Quadris application.

Trt. Name Fungicide Application 
1 Untreated Check None
2 Grower’s Standard Quadris (8 oz/A), Manzate(2 lb/100 gal), Quadris (8 oz/A)
3 Alternate Standard Quadris (8 oz/A), Nordox (3 lb/A), Quadris (8 oz/A) 
4 Increased Rate Quadris (12 oz/A), Manzate (2 lb/100 gal), Quadris (12 oz/A)

FLS disease severity was evaluated July 24th, August 1st, and August 19th. On July

24th, the UTC had significantly lower severity than Treatment 4, the increased

azoxystrobin rate (P = 0.035). However, no differences were apparent when FLS

severity was rated on August 1st (P = 0.620) and August 19th (P = 0.072).
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