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TAR SPOT OF GORN:
ITS IMPACT IN INDIANA AND MANAGEMENT
OPTIONS FOR THE FUTURE

Darcy Telenko
Assistant Professor/ Field Crop Extension Pathologist
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Resources for Indiana
it
Follow on Twitter: @DTelenko sontemosearmriomn || e
Purdue Field Crop Pathology Website @70 =D
https://extension.purdue.edu/fieldcroppathology/ 7,/%@% %%%@

Applied Research in Field Crop Pathology for
Indiana - watch for 2021 in January

Purdue Extension Publication — BP-90-W
https://www.extension.purdue.edu/extmedia/BP/BP-90-
W.pdf

Crop Protection Network Publication

https://cropprotectionnetwork.org/
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Tar Spot of Corn — Identification

Causal agent: Phyllachora maydis
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Tar Spot of Corn — Identification
Causal agent: Phyllachora maydis
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Tar Spot Occurrence —
10/24/2021
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Symptoms appear 14-21 days after
infection, and new ascospores are
produced in stromata.

Tar Spot | A

Disease Cycle i ~

under conducive
conditions = .
-

Infected tissue dries and is

Stromata release ascospores that infect returned to the field at harvest.

foliage when moderate temperatures

coincide with extended leaf wetness. l/
N .

The fungus overwinters in infested residue as stromata,
and ascospores may spread from one field to another.

The Genetics of P Maydis

Current U.S. research efforts indicate:

* That there are endemic species of Phyllachora (mostly on grasses)

* Two Distinct populations of P. maydis in the U.S.

* Mexico population — closely related to isolates from Florida, Ohio, and Indiana

* Caribbean population — closely related to isolates from lowa, Michigan, lllinois,
Minnesota, and Wisconsin

Van Etten, K., Broders, K., Lolaski, S., Plewa, D., Duray, Z., Chilvers, M., Paul, P., Dalla Lana, F., Raid, R., Robertson, A., Malvick, D., Mueller, D., Smith, D., Telenko, D.,
Kleczewki, N. 2021. Diversity of Phyllachora species infecting maize and other grass species in the United States and Latin America. North Central APS Division
Meeting. Abstract 19637.
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Determining Tar Spot Risk in Indiana

Objectives
* Determine distribution of tar spot in Indiana

* What parts of the state are most at risk?
* What influences the annual epidemic?

* Can we use this information to monitor the disease and
help prediction modeling in the future?

Wl © Telenko, 2021 @ PURDUE Botany and Plant Pathology

UNIVERSITY

Yearly Distribution of Tar Spot in Indiana

Tar Spot Distribution

1 Vanderburgh

B 2015 counties 2 Switzerland

B 2016 counties ig::gkfnrd

W 2017 counties 2015 — 7 counties PPDL FIRST REPORT US

[ 2018 counties .

[ 2019 counties 2016 — 5 new counties ples (13)

[] 2020 counties 2017 - 3 new counties PPDL samples (16)

[[] 2021 counties 2018 - 25 new counties PPDL + survey (41)

[J Netdetected 2019 — 25 new counties PPDL + survey (66)
2020 — 12 new counties PPDL + survey (78)
2021 - 4 new counties PPDL + survey (82)

i i © Telenko, 2021 E PURDUE Botany and Plant Pathology
{ UNIVERSITY
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Range of Leaf Severity of Tar Spot

5-7 % severity on leaf

>25 % severity on leaf

1 % severity on leaf <1 % severity on leaf

© Telenko 2021 - o E PURDUE ‘ Botany and Plant Pathology

UNIVERSITY.

Survey of Tar Spot Average Field Incidence 2019-2021

2019 2020 2021

Tar Spot Average Field
idence- 2019

Botany and Plant Pathology
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Survey of Tar Spot Average Leaf Severity 2019-2021
2019 2020 2021
© Telenko, 2021 E UPHVREPSIIJ:IE‘:I Botany and Plant Pathology
Survey of Tar Spot Index 2019-2021
2020
[
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Drought Conditions 2019, 2020, and 2021

U.S. Drought Monitor U.S. Drought Monitor U.S. Drought Monitor
Indiana Indiana Indiana

July 27, 2021
(Rlosed Tursiny. 25, 021)

30 July 2019 27 July 2021

U.S. Drought Monitor U.S. Drought Monitor U.S. Drought Monitor
Indiana Indiana

© Telenko, 2021 E PURDUE

UNIVERSITY.
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@ oo 2021 - Leaf wetness is a driving factor

Precipitation Departures from Average
June-August 2021
Average Period: 20" Century

Created: Tue Sep 07 2021 Inches Data Source: nClimGrid

Summary of Tar Spot Survey in Indiana

* Tar spot continues to spread in Indiana
* 7 counties in 2015
* 82 counties in 2021
* There is a range of severity in fields
* Currently lower risk central and southern Indiana
* High risk in northern Indiana
* Pockets of disease in some areas, keep a close eye in the future

* Increasing inoculum for future epidemics

* Weather conditions will continue to play a signification role and
influence annual risk

Botany and Plant Pathology

© Telenko 2021 E PURDUE
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Tar Spot Development in Non-Treated Canopy, Indiana 2020

Trial COR20-03
. Location: PPAC
Pinney PAC 2020 Hybrid: "W2585SSRIB’

V12 R1 R2 R3 R5 R6
50.0 28 Jul 14 Aug 25Aug 1Sep 15 Sep 29Sep
_. 450
E\‘:
= 40.0
o 350
]
» 30.0
£
s 25.0
E 20.0 —Ear leaf -2
5]
3 150 Ear leaf
e
© 100 ——Ear leaf +2
5.0
0.0 T T T T T T T T T T
s 3 3 |z 2 2 2 & § & 8
4 04 4] T 0 3 92 2 9 9
el o~ o o o o (<] (<)} ()] (<)}
- N ) — N

28 July - tar spot first

©Telenko, 2021 detected in plots at PPAC ' PURDUE ‘ ety and Pt Pethalogy

UNIVERSITY.
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Impact of Tar Spot on Corn Hybrid Yield

92-106 Day RM 107-113 Day RM

300

250
= 200
%150
£ 00 0.3 to 1.4 bu/A loss per 1% increase in tar spot severity

Early maturing 0.5 bu/A yield loss per 1% increase in tar spot severity RRCS2EeeE30.00
%0 Late maturing 0.8 bu/A yield loss per 1% increase in tar spot severity S
° 0 10 20 30 40 50 60 70 ’ 0 10 20 30 40 50 60

Tar Spot Severity (%) Tar Spot Severity (%)

*Data from Wisconsin, Michigan, lllinois, and Indiana - 2018

Telenko, D. E. P., Chilvers, M. I., Kleczewski, N., Smith, D. L., Byrne, A. M., Devillez, P., Diallo, T., Higgins, R., Joss, D., Lauer, J., Muller, B., Singh, M. P., Widdicombe, W. D., and Williams, L.A.
2019. How tar spot of corn impacted hybrid yields during the 2018 Midwest epidemic. Crop Protection Network. doi.org/10.31274/cpn-20190729-002

q CROP PROTECTION NETWORK

12



12/17/2021

UNIVERSITY.

J 7 PURDUE

de Field Trials

ici

Fung

de Trial for Tar Spot

ici

Disease Progress Indiana 2020

Uniform Fung

6
295ep

R

RS

3

1Sep

R

2

25 Aug

R

1
14 Aug

R

VT

V12

28Jul

15Sep

7 Aug

= Nontreated control

83,
N & &= O
2 o =
N = S §
8837 %a3s
SOV 2F 0% & w
s~ 2T aos 0
~x o 2 2 c 0 o =
2 ES S8 20 g9
£28REESET
%_nwwﬂmw._hﬂwwmlﬂ
F30-8
I das-8z
I das-gT
+ das-g
L 8ny-6C
- 8nv-61
I 8ny-6
I Inf-0€
I INf-0¢
Inr-0T
wn o wn o wn o
(o] o~ - —

(%) A1uanss ewouas 1ods ue)

03

Trial COR20

t

12

2

=

=

<}

Q.

2]

=

©

c

e}

>2

3 0

S0
2

© ©

N ©
-
x
x
=
>
(=2
- 3
m <
o~
o
el

0B 2

<< ® o

awa

PMa

£=3

=208

23

Sz

PURDUE

e

13



12/17/2021

Rapid development of tar spot in non-treated plots in Indiana 2019. Image on left
taken 21 September and the same plot (right) 13 days later on 4 October

Source: Telenko et al. (2021). Fungicide efficacy on tar spot and yield of corn in the Midwestern United States. Plant Health Progress. In press.

Fungicide Products Evaluated for Efficacy

FRAC
Trade name® Active ingredient (%) Rate/A Group
Aproach Prima 2.34SC cyproconazole (7.17%) + picoxystrobin (17.94%) 6.8 fl oz 3+11
Delaro 3255C prothioconazole (16.0%) + trifloxystrobin (13.7%) 8.0fl oz 3+11
Headline 2.09SC pyraclostrobin (23.6%) 6.0 fl 0z 11
Headline AMP 1.68SC pyraclostrobin (13.6%) + metconazole (5.1%) 10.0fl oz 11+3
Lucento 4.17SC flutrifol (19.3%) + bixafen (15.55%) 5.0fl oz 3+7
Miravis Neo 2.5SE pydiflumetofen (7.0%) + azoxystrobin (9.3%) + propiconazole (11.6%) 13.7floz | 7+11+3
Proline 480SC prothioconazole (41.0%) 5.7floz 3
Quilt Xcel 2.2SE azoxystrobin (13.5%) + propiconazole (11.7%) 14.0fl oz 11+3
Revytek 3.33LC mefentrifluconazole (11.61%) + pyraclostrobin (15.49%) + fluxapyroxad (7.4%) 8.0floz | 3+11+7
Topgard EQ 4.29SC azoxystrobin (25.30%) + flutrifol (18.63%) 7.0fl oz 3+11
Tilt 3.6EC propiconazole (41.8%) 4.0fl oz 3
Trivapro 2.21SE benzovindiflupyr (2.9%) + azoxystrobin (10.5%) + propiconazole (11.9%) 13.7floz | 7+1+3
Veltyma 3.24S mefentrifluconazole (17.6%) + pyraclostrobin (17.6%) 7.0fl oz 3+11

*FRAC group — 3=Sterol biosynthesis inhibitor: DMI fungicides; 7=Inhibitor of respiration in complex Il. SDH: SDHI or carboxamide fungicides; 11=inhibitor of respiration in complex Ill at Qol: Qol

or strobilurins.

Source: Telenko et al. (2021). Fungicide efficacy on tar spot and yield of corn in the Midwestern United States. Plant Health Progress. In press.
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Uniform Fungicide Trial on Tar Spot — Disease Severity

10
P=<.01

9
T 8
e 7 )
c 2019 and 2020 trials
g. 6 conducted in lllinois Indiana
5 s Michigan and Wisconsin
H (8 environments)
g 4
& 3 Range of tar spot in
;E 2 trials 1.6 to 23.3%

1

0

YTar spot severity was rated by visually assessing the percentage of the symptomatic leaf area on the ear leaf on five plants per plot at the dent growth stage (R5).
ZValues are least squares means. Values with different letters are significantly different based on least square means test (a=0.05).

Source: Telenko et al. (2021). Fungicide efficacy on tar spot and yield of corn in the Midwestern United States. Plant Health Progress. In press.

Uniform Fungicide Trial on Tar Spot - Yield

275

250 b
«d  od bed bed 34 e bed Zalbs bed ;20

225 | 507 a07 208 212 217216 555 230 212

a
d 223
205 21
200
2019 and 2020 trials
175 conducted in lllinois, Indiana,
150 Michigan, and Wisconsin

(8 environments)

Grain yield (bu/A)

125  Fungicides protected yield by 1.5 to 7.9 % over the non-
100 treated controls

75 * Delaro 325SE, Revytek 3.33LC and Veltyma 3.34S

50 significantly increased yield over the non-treated control

o o
<~ <R & © P=<.01
Values are least squares means. Values with different letters are significantly different based on least square means test (2=0.05).

Source: Telenko et al. (2021). Fungicide efficacy on tar spot and yield of corn in the Midwestern United States. Plant Health Progress. In press.
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Effect of Mode of Action (MOA) on Tar
Spot Severity and Grain Yield

Tar spot severity (% stromata) Yield (bu/A)
250 5 a

b b
230
221 223 228

150

0
Non-treated One MOA Two MOA Three MOA Non-treated One MOA Two MOA Three MOA

2019 and 2020 trials conducted in lllinois, Indiana, Michigan, and Wisconsin (8 environments)

Source: Telenko et al. (2021). Fungicide efficacy on tar spot and yield of corn in the Midwestern United States. Plant Health Progress. In press.

Summary

* Tar spot severity ranged from 1.6 to 23.3% in the trials

* All fungicides significantly reduce tar spot compared to non-treated
controls (means of eight trials).

* Fungicides protected yield by 1.5 to 7.9 % over the non-treated controls

* Delaro 325SE, Revytek 3.33LC and Veltyma 3.34S significantly increased
yield over the non-treated control

* Products that had two or three MOAs decreased tar spot severity over not
treating and products with one MOA

. * Three MOA s significantly increased yield over not treating with a fungicide

or using a single MOA group

Iy
i
i © Telenko, 2021 @ PURDUE Botany and Plant Pathology
|

UNIVERSITY
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Fungicide Products Evaluated for Efficacy 2021

FRAC
Trade name® Active ingredient (%) Rate/A Group
Aproach Prima 2.34SC cyproconazole (7.17%) + picoxystrobin (17.94%) 6.8 fl oz 3+11
Delaro Complete 3.83 SC | prothioconazole (14.9%) + trifloxystrobin (13.1%) + floupyram (10.9%) 8.0floz | 3+11+7
Headline 2.09SC pyraclostrobin (23.6%) 6.0 fl oz 11
Headline AMP 1.68SC pyraclostrobin (13.6%) + metconazole (5.1%) 10.0 fl oz 11+3
Lucento 4.175C flutrifol (19.3%) + bixafen (15.55%) 5.0fl oz 3+7
Miravis Neo 2.5SE pydiflumetofen (7.0%) + azoxystrobin (9.3%) + propiconazole (11.6%) 13.7floz | 7+11+43
Revytek 3.33LC mefentrifluconazole (11.61%) + pyraclostrobin (15.49%) + fluxapyroxad (7.4%) 8.0floz | 3+11+7
Tilt 3.6EC propiconazole (41.8%) 4.0floz 3
Veltyma 3.24S mefentrifluconazole (17.6%) + pyraclostrobin (17.6%) 7.0fl oz 3+11

*FRAC group — 3=Sterol biosynthesis inhibitor: DMI fungicides; 7=Inhibitor of respiration in complex Il. SDH: SDHI or carboxamide fungicides; 11=inhibitor of respiration in complex Ill at Qol: Qol

or strobilurins.

Source: Telenko, Ames, Chilvers, Smith, and Tenuta (2021). Tar spot uniform fungicide trails 2021.

Uniform Fungicide Trial on Tar Spot — Disease Severity 2021

30
P=<.01

25
)
> 20 2021 trials conducted in
ES lllinois, Indiana, Michigan,
% be Wisconsin, and Ontario, CA
,2 15 c c c (5 environments)
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YTar spot severity was rated by visually assessing the percentage of the symptomatic leaf area on the ear leaf at the dent growth stage (R5).
2Values are least squares means. Values with different letters are significantly different based on least square means test (a=0.05).

Source: Telenko, Ames, Chilvers, Smith, and Tenuta (2021). Tar spot uniform fungicide trails 2021.
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Uniform Fungicide Trial on Tar Spot — Yield 2021

250 ab b a a a
ab ab ab a a
237 21 555 5, 217 219 g7 2% 25
200
2021 trials conducted in
E 150 lllinois, Indiana, Michigan,
2 Wisconsin, and Ontario, CA
= (5 environments)
£ 100
<
50
P=0.004
0
> <© S X 2 Q EY & @ &
&8 Q N < & & & & &
& ¢ © < 2 & Q BN
<& S ) Y R & L
S = & 9 N 2 (93
2 K\ N L & B
& & E &
& v &
® <

ZValues are least squares means. Values with different letters are significantly different based on least square means test (a=0.05).

Source: Telenko, Ames, Chilvers, Smith, and Tenuta (2021). Tar spot uniform fungicide trails 2021.

Fungicide Timing — Indiana 2019, 2020, 2021

Fungicide: Trivapro 13.7 fl oz/A

First detection of tar spot

Trials COR19-05/COR20-05/COR21-03
Location: PPAC
Hybrid: “W2585SSRIB’

© Telenko, 2021

V8 fb VT — 14 Jul,7 Aug
Tarspotter —no app

e

2019 2020 2021 3 Jul
e V7-8Jul 13 Jul * V8-14Jul * V8-23Jul
* V9-15Jul * V10-20Jul 28 Jul * V12 -2 Aug
* V10-19 Jul * VT/R1-7 Aug * R1-6Aug
* VT/R1-7 Aug * R2-21Aug * R2-20Aug
* R2-23Aug * R3-2Sep * R3-30Aug
* V7fbVT-8lJul, 7 Aug * R4-11Sep * R4-10Sep
¢ Tarspotter —no app * R5-23Sep * R5-16Sep

V8 fb R1—23 Jul, 6 Aug
Tarspotter — 2 Aug

PURDUE

UNIVERSITY

Botany and Plant Pathology
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Fungicide Timing and Model Validation for Tar Spot in
Corn — Disease Progress, Indiana 2019

—Nontreated
35.0 V7 Vo VT R2 RS V7 (8 Jul)
8Jul 15Jul 7 Aug 23Aug 18 Sep i
V9 (15 Jul)
— 300 —V10 (19 Jul)
X
> VT/R1 (7 Aug)
§ 25.0 ——R2 (23 Aug)
]
- ——V/7 (8 Jul) fb VT (7 Aug)
€ 20.0
o ——Model (no application)
7
5 15.0
a
w
o
©  10.0
Trial COR19-05
Location: PPAC
5.0 Hybrid: ‘W2585SSRIB’
Fungicide: Trivapro 13.7 fl oz/A
13 Jul 2019 tar spot first detected
0.0 T T T T T T
3 E E ¥ £ ) )
= o = 3 3 ¢ ¢
— o0 ) Q A D

© Telenko, 2021 @ PURDUE Botany and Plant Pathology

UNIVERSITY

Fungicide Timing and Model Validation for Tar Spot in
Corn — Disease Progress, Indiana 2020

——V38 (14 Jul) fb VT (7 Aug)

——Tarspotter (no application)

35.0 = Nontreated
V8 V10 VT R2 R3 R4 RS R6 V8 (14 Jul)
14Jul 20Jul 7Aug 21Aug 25ep 115ep 18Sep 29 sep

—_ V10 (20 Jul
< 300 (20ul)
E VT (7 Aug)
= =—R2 (21 Au;
§ 250 (21 A
Q —R3 (2 Sep)
»
© ——R4 (11 Sep)
€ 20.0
o —R5 (23 Sep)
=
7]
-
o
Q
wv
=
i

Trial COR20-05

5.0 Location: PPAC

Hybrid: “W2585SSRIB’
Fungicide: Trivapro 13.7 fl oz/A

0.0 T T T - . 28 July 2020 tar spot first detected
2 2 2 :?:D é" c;m_ 5’.»_
T ; 0
i o i 1 h i ()
- " 4 2 & 2

© Telenko, 2021 @ PURDUE Botany and Plant Pathology

UNIVERSITY
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Fungicide Timing and Model Validation for Tar Spot in
Corn — Disease Progress, Indiana 2021

30.0 = Nontreated control
V8 V12 R1 R2 R3 R4 R5 R6 V8 (7/23)
234ul 2Aug 6Aug 20 Aug 30 Aug 9Sep 16 Sep 295ep
_. 250 —V12(8/2)
q
é R1 (8/6)
2
= 7 —R2 (8/20
a>-) 20.0 / (8/20)
3 ——R3 (8/30)
g R4 (9/10)
o
= 15.0 ——RS5 (9/16)
‘g ——V8FbR1(7/23 fb 8/6)
2 10.0 ——Sporecaster (V12 8/2)
©
i
Trial COR21-03
5.0 Location: PPAC
Hybrid: “W2585SSRIB’
3 July 2021 tar spot first detected
0.0

Trivapro 13.7 fl oz/A
Note on R1 — 1.5 inches rain from
popup storm after application

© Telenko, 2021 @ PURDUE Botany and Plant Pathology

UNIVERSITY

20-Jul
30-Jul
9-Aug
19-Aug
29-Aug
8-Sep
18-Sep -
28-Sep A

Fungicide Timing and Model Validation for Tar Spot in Corn —
AUDPC on Ear Leaf in Indiana 2019, 2020 and 2021
800 .
2019 Trial COR20-05
o 600 Location: PPAC
S 400 a abc be c ab Hybrid: ‘W2585SSRIB’
2 d d d Fungicide: Trivapro 13.7 fl oz/A
200 -_l 28 July 2020 tar spot first detected
0
Nontreated V7 (8Jul) V9 (15Jul) V10(19Jul) VT(7Aug) R2(23Aug) V7 (8Jul)fb Tarspotter
400 VT(7Aug)  (no app)
2020 Trial COR20-05
g Location: PPAC
S Hybrid: ‘W25855SRIB’
< Fungicide: Trivapro 13.7 fl oz/A
28 July 2020 tar spot first detected
Nontreated V8 (14Jul) V10(20Jul) VT(7Aug) R2(21Aug) R3(2Sep) R4 (11Sep) RS (23Sep) V8 (14lul)fb Tarspotter (no
VT (7 Aug) app)
800
2 i -
O 600 021 Trial (?ORZl 03
% Location: PPAC
<3( 400 2 a b B ab a ab Hybrid: “W2585SSRIB’
< d d cd 3 July 2021 tar spot first detected
200
Note on R1 — 1.5 inches rain from
0 r T T v r T T T v ) popup storm after application in
Nontreated ~ V8(23Jul) V12(2Aug) R1(6Aug) R2(20Aug) R3(30Aug) R4(10Sep) RS(16Sep) VBFbRL(23 Tarspotter 2021
control Julfb 6 Aug) (V122 Aug)
Trivapro 13.7 fl oz/A
© Telonko, 2021 P / F220:40):101) S EE———
UNIVERSITY
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Fungicide Timing and Model Validation for Tar Spot in Corn —
Yield in Indiana 2019, 2020 and 2021
200 . . be abc ab 2 ab . 2019 Trial COR20-05
Location: PPAC
< 150 Hybrid: ‘W2585SSRIB’
@ 100 Fungicide: Trivapro 13.7 fl oz/A
. 28 July 2020 tar spot first detected
5
0
Nontreated V7 (8Jul) V9 (15Jul) V10 (19Jul) VT(7Aug) R2 (23 Aug) V7 (8Jul)fb Tarspotter
VT (7 Aug)  (no app) 2020 .
200 Trial COR20-05
< Location: PPAC
= 150 Hybrid: ‘W2585SSRIB’
= 100 Fungicide: Trivapro 13.7 fl oz/A
w 28 July 2020 tar spot first detected
0
Nontreated ~ V8 (14Jul) V10(20Jul) VT(7Aug) R2(21Aug) R3(2Sep) R4 (11Sep) R5(23Sep) V8 (14Jul)fb Tarspotter (no
VT (7 Aug) app)
200 2021 Trial COR21-03
< 150 Location: PPAC
> Hybrid: ‘W2585SSRIB’
© 100 3 July 2021 tar spot first detected
50 Note on R1 — 1.5 inches rain from
popup storm after application in
0 2021
Nontreated ~ V8(23Jul) V12 (2Aug) R1(6Aug) R2(20Aug) R3(30Aug) R4(10Sep) R5(16Sep) V8FbR1(23 Sporecaster
control Julfb 6 Aug) (V122 Aug)
© Telenko, 2021 . E PURDUE Botany and Plant Pathology
Trivapro 13.7 fl oz/A UNIVERSITY

Evaluation of Veltyma Fungicide Programs for Tar Spot in Corn— COR21-35
400
EL+2
g 300
S
= 200 a ab bc
cd de de e de
100 ¢ f
0
400 EL
g 300 a .
al abc
S 200 be od
de e
< e e e
100
|
0 "_\—7 ——
400.0 a a WEL-2 Image ©Crop Protection Network
b ab ab
o bc
a o cd
9 200.0 d .
2 Trial COR21-35
e Location: PPAC
- Hybrid: “W2585SSRIB’
0.0 i
Nontreated Nontreated V8-23Jul V12-2Aug R1-6Aug R2-20Aug R3-30Aug R4-10Sep RS-16Sep R1fbR4-6 3 July 2021 tar spot first detected
Control  Control2 Aug b 10 Note on R1 — 1.5 inches rain from
Sep popup storm after application
Veltyma 7 fl oz/A
© Telenko, 2021 E PURDUE Botany and Plant Pathology
UNIVERSITY
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Evaluation of Veltyma Fungicide Programs for Tar Spot in Corn— COR21-35

250.0

225.0

200.0

175.0

150.0

125.0

Yield (bu/A)

100.0

75.0

50.0

25.0

0.0

© Telenko, 2021

Nontreated
Control

Corn Yield

be bc

Nontreated
Control2

V8-23Jul V12 -2 Aug R1-6Aug

ab

R2-20Aug R3-30Aug

Veltyma 7 fl oz/A

R4 - 10 Sep

22

R5 - 16 Sep

R2+325bu
R3+38.3bu

Trial COR21-35

Location: PPAC

Hybrid: ‘W2585SSRIB

3 July 2021 tar spot first detected

R1fbR4-6  Note on R1— 1.5 inches rain
Augfb10Sep  from popup storm after
application
PURDUE Botany and Plant Pathology

UNIVERSITY

Fungicide Timing and Application for Tar Spot in Corn
— COR20-15 and COR21-06

Fungicide Products and Timings Evaluated

© Telenko 2021

-
+

Treatment rate/A and timing

2020 Dates

2021 Dates

1 Nontreated control

2 Veltyma 7 fl oz at 1st detection 8/5/2020 (early VT) 7/14/2021 (V6)

3  Veltyma 7 fl oz at V8 7/14/2020 7/23/2021

4 Veltyma 7 fl oz at VT 8/7/2020 8/6/2021

5 Veltyma 7 fl oz at R3 9/2/2020 8/27/2021

6 Veltyma 7 fl oz at 1st detection fb 3 WAT 8/5/2020 fb 8/27/2020 7/14/2021 b 8/2/2021
7 Veltyma 7 fl oz at V8 fb 3 WAT 7/14/2020 fb 8/5/2020 7/23/2021 fb 8/12/2021
8 Veltyma 7 fl oz at VT fb 3 WAT 8/7/2020 fb 8/27/2020 8/6/2021 fb 8/27/2021
9 Veltyma 7 fl oz at R3 fb 3 WAT 9/2/2020 fb 9/23/2020 8/30/2021 fb 9/16/2021
10 Nontreated control

11 Lucento 5 fl oz at 1st detection 8/5/2020 (early VT) 7/14/2021 (Ve)

12 Lucento5flozat V8 7/14/2020 7/23/2021

13 Lucento5flozat VT 8/7/2020 8/6/2021

14 Lucento 5 fl oz at R3 9/2/2020 8/27/2021

15 Lucento 5 fl oz at 1st detection fb 3 WAT  8/5/2020 fb 8/27/2020 7/14/2021 fb 8/2/2021
16 Lucento 5 fl oz at V8 fb 3 WAT 7/14/2020 fb 8/5/2020 7/23/2021 fb 8/12/2021
17 Lucento 5 fl oz at VT fb 3 WAT 8/7/2020 fb 8/27/2020 8/6/2021 fb 8/27/2021
18 Lucento 5 fl oz at R3 fb 3 WAT 9/2/2020 fb 9/23/2020 8/30/2021 fb 9/16/2021

e

PURDUE

UNIVERSITY

Botany and Plant Pathology
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Fungicide Timing and Application for Tar Spot in Corn — COR20-15 Trial COR20-15
Ta r S Ot AU D PC Location: PPAC
p Hybrid: ‘W2585SSRIB’
a a 28 July 2021 tar spot first detected
600 ab be ab
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© Telenko 2021 l Veltyma 7 fl oz , l Lucento 5 fl oz ,

Fungicide Timing and Application for Tar Spot in Corn — COR21-06 Trial COR21-06

Tar spot AUDPC Hbrid: Was0ESSRIE

3 July 2021 tar spot first detected
600 v P
I 500 ° ab @ ab ab
& 400 be  be be
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H 3 3 3 Note on VT/R1 — 1.5 inches
- - rain from popup storm after
© Telenko 2021 l Veltyma 7 fl oz , l Lucento 5 fl oz , application
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21-06

Y(,

Fungicide Timing and Application for Tar Spot in Corn — COR

N RIS el = on TS e
© Telenko 2021 Nontreated control vs Veltyma 7 fl oz/A at V8 fb 3 WAT @ UPH‘EPSII{EY Batany and Plant Pathology
30 Sep at R6 growth stage

Fungicide Timing and Application for Tar Spot in Corn — COR20-15, COR21-06
Trial COR20-15
250
= 200
<
>
L2 150
e}
£ 100
50
0
Trial COR21-06
250 % *
< 200 a 2 ab b
3 4 « bed  bod * . . . 4w b g bed b a b be
< 150
E H = m o =
~ 100 *Significantly different treatments
50 26 — 44 bu/A increase in yield (18.0 — 30.8%)
o [ N EH B B B B B
T I T T S S S
b@&‘ e“éo @S @S @@ @S e>°°°¢ e@éo @°’$ @oﬁ\ ®°’$ ®°’$
& @b & K Ky > & \;b & K Ky >
& & & o
B &5
¥ Veltyma 7 fl oz > Lucento 5 fl oz
© Telenko 2021 @ PURDUE Botany and Plant Pathology
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Fungicide Program Evaluation for Tar Spot — COR20-14

Trt Treatment* Rate/A Timing

1 Nontreated control

2 Miravis Neo 2.5 SC 13.7 fl oz V12
3 Miravis Neo 2.5 SC 13.7 fl oz VT/R1
4 Miravis Neo 2.5 SC 13.7 fl oz R2

5 Miravis Neo 2.5 SC 13.7 fl oz R3

6 Trivapro 2.21 SE 13.7 fl oz VT/R1
7 Trivapro 2.21 SE 13.7 fl oz R2

8 Aproach Prima 2.34 SC 6.8 fl oz VT/R1
9 Aproach 6 fl oz @ V7 fb Aproach Prima 2.34 SC 6.8 fl oz @VT/R1 6.0 fl 0z fb 6.8 fl oz V7 fb VT/R1
10Fortix NXT 6 fl oz VT/R1
11Zolera ODX 5 fl oz VT/R1
12 Dexter Xcel 48 fl oz VT/R1
13Zolera FX 5 fl oz VT/R1
14 Fortix NXT 6 fl oz V7
15 Fortix 3.22 SC 5 fl oz V7
16 Headline AMP 1.68 SC 10 fl oz VT/R1

17 Nontreated control

*All treatments applied at VT/R1, R2, and R3 contained a non-ionic surfactant (Preference) at a rate of 0.25% v/v. Inal EORZFPI;:A}‘C‘
ocation:
Hybrid: “W2585SSRIB’
28 July 2021 tar spot first detected

© Telenko 2021 @ PURDUE Botany and Plant Pathology

UNIVERSITY

Fungicide Program Evaluation for Tar Spot — COR20-14
Tar spot stroma severity R5

Tar spot (% stroma)

Fortix 3.22 SCV7
Fortix NXT V7
Dexter Xcel VT/R1
Zolera FX VT/R1
Fortix NXT VT/R1
Zolera ODX VT/R1

Trial COR20-14

Location: PPAC

Hybrid: “W2585SSRIB’

28 July 2021 tar spot first detected
*All treatments applied at R1, R2,
and R3 contained a non-ionic
surfactant (Preference) at a rate of
0.25% v/v.

© Telenko 2021 E PURDUE Botany and Plant Pathology

UNIVERSITY

Nontreated control
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Miravis Neo 2.5 SCR3
Miravis Neo 2.5 SC V13
Miravis Neo 2.5 SC R2
Miravis Neo 2.5 SC VT/R1
Trivapro 2.21 SE R2
Trivapro 2.21 SE VT/R1

Headline AMP 1.68 SC VT/R1
Aproach Prima 2.34 SC VT/R1

Aproach 6 fl oz @ V8 fb Aproach Prima
2.345C6.8fl oz @VT/R1
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Fungicide Program Evaluation for Tar Spot — COR20-14
Yield (bu/A)

*

200

* * *
abc @b ab bed a ab
o of of of ¢ cde c@ def cde

< 160 f

2

el

£ 120

£

T

(U]

abc abc

*Significantly different treatments
80 24.8 — 29.5 bu/A increase in yield (14.4 — 17.1%)

Fortix NXT V7

Trial COR20-14

Location: PPAC

Hybrid: “W2585SSRIB

28 July 2021 tar spot first
detected

*All treatments applied at R1,
R2, and R3 contained a non-
ionic surfactant (Preference) at
a rate of 0.25% v/v.

Fortix 3.22 SCV7

Nontreated control
Dexter Xcel VT/R1
Zolera FX VT/R1
Fortix NXT VT/R1
Zolera ODX VT/R1
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Miravis Neo 2.5 SCR3
Miravis Neo 2.5 SC V13
Miravis Neo 2.5 SC R2
Miravis Neo 2.5 SC VT/R1
Trivapro 2.21 SE R2
Trivapro 2.21 SE VT/R1

Headline AMP 1.68 SC VT/R1
Aproach Prima 2.34 SC VT/R1
Aproach 6 fl oz @ V8 fb Aproach Prima

2.345C6.8 floz @VT/R1

© Telenko 2021 @ PURDUE Botany and Plant Pathology

UNIVERSITY

Fungicide Program Evaluation for Tar Spot — COR21-15

Trt Treatment*
1 Nontreated Control
Miravis Neo 13.7 fl oz/A at V12 (NO NIS)
Miravis Neo 13.7 fl oz/A + NIS at R1
Miravis Neo 13.7 fl oz/A at V12 (NO NIS) + Miravis Neo 13.7 fl oz + NIS at R3
Trivapro 13.7 fl oz/A + NIS at R1
Delaro Complete 8.0 fl 0z/A + NIS at R1
Veltyma 7.0 fl oz/A + NIS at R1
Aproach Prima 6.8 fl oz/A + NIS at R1
Brixen 15.0 fl oz/A + NIS at R1
10 Brixen 13.0 fl oz/A + NIS at R1
11 Brixen 10.0 fl oz/A + NIS at R1
12 Zolera ODX 5 fl oz/A + NIS at R1
13 Vacciplant SL 14 fl oz/A + NIS at R1
14 Zolera ODX 5 fl 0z/A + Vacciplant SL 14 fl oz/A + NIS at R1
15 Zolera ODX 5 fl oz/A + NIS at R2
16 Vacciplant SL 14 fl oz/A + NIS at R2
17 Zolera ODX 5 fl oz/A + Vacciplant SL 14 fl oz/A + NIS at R2

W0 (N || |D | W(N

Trial COR21-15
18 Veltyma 7.0 fl oz/A + NIS at R2 Location: PPAC
19 Delaro Complete 8.0 fl oz/A + NIS at R2 Hybrid: ‘W2585SSRIB’
20 Nontreated Control 3 July 2021 tar spot first detected

*All treatments applied at R1, R2, and R3 contained a non-ionic surfactant (Preference) at a rate of 0.25% v/v.

© Telenko, 2021 @ PURDUE Botany and Plant Pathology

UNIVERSITY
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Fungicide Program Evaluation for Tar Spot — COR21-15
AUDPC

600
P=<.0001

AUDPC

Trial COR21-15

Location: PPAC

Hybrid: ‘W2585SSRIB

3 July 2021 tar spot first detected
*All treatments applied at R1, R2,
and R3 contained a non-ionic
surfactant (Preference) at a rate of
0.25% v/v.
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© ©
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z z

Trivapro 13.7 fl oz at R1
Veltyma 7.0 fl oz at R1
Zolera ODX 5 fl oz at R1
Brixen 15.0 fl oz at R1
Brixen 13.0 fl oz at R1
Brixen 10.0 fl oz at R1
Zolera ODX 5 fl oz at R2
Veltyma 7.0 fl oz at R2

R2

Vacciplant SL 14 fl oz at R2
Miravis Neo 13.7 fl oz at V12 + Miravis Neo

Vacciplant SL 14 fl oz at R1
Miravis Neo 13.7 fl oz at R1
Aproach Prima 6.8 fl oz at R1
Delaro Complete 8.0 fl oz at R1
Miravis Neo 13.7 fl oz at V12
Delaro Complete 8.0 fl oz at R2

13.7floz atR3

Note on R1 — 1.5 inches rain from
popup storm after application

© Telenko 2021 E PURDUE ‘ Botany and Plant Pathology

UNIVERSITY

Zolera ODX 5 fl oz + Vacciplant SL 14 fl oz at
R1
Zolera ODX 5 fl oz + Vacciplant SL 14 fl oz at

Fungicide Program Evaluation for Tar Spot — COR21-15

200 :b % X p=<0001

: ;: - bed >
c C
c-g _cof cde o g cf
g0 g fe efg efg 98 fg “8 CB ofg efg CB
=
=
3 *Significantly different treatments
© 80 16.8 — 41 bu/A increase in yield (11.4 — 27.9%)
40

Trial COR21-15

Location: PPAC

Hybrid: “W2585SSRIB’

3 July 2021 tar spot first detected
*All treatments applied at R1, R2,
and R3 contained a non-ionic
surfactant (Preference) at a rate of
0.25% v/v.

Note on R1 — 1.5 inches rain from
popup storm after application
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Vacciplant SL 14 fl oz at R1
Trivapro 13.7 fl oz at R1
Vacciplant SL 14 fl oz at R2
Miravis Neo 13.7 fl oz at R1
Veltyma 7.0 fl oz at R1
Aproach Prima 6.8 fl oz at R1
Zolera ODX 5 fl oz at R1
Brixen 15.0 fl oz at R1
Zolera ODX 5 fl oz + Vacciplant SL 14 fl oz
atR1
Delaro Complete 8.0 fl oz at R1
Brixen 13.0 fl oz at R1
Brixen 10.0 fl oz at R1
Zolera ODX 5 fl oz at R2
Veltyma 7.0 fl oz at R2
Miravis Neo 13.7 fl oz at V12
Delaro Complete 8.0 fl oz at R2
Zolera ODX 5 fl oz + Vacciplant SL 14 fl oz
atR2
Miravis Neo 13.7 fl oz at V12 + Miravis
Neo 13.7 fl oz at R3

Values are least squares means. Values with different letters are significantly different based on least square means test («=0.05).

© Telenko, 2021 EPURDUE ‘ Botany and Plant Pathology

UNIVERSITY
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Disease Prediction is Key - Tarspotter

* Development and validation work ]
supported by Wisconsin Corn Promotion
Board and National Corn Growers
Association

* Sporecaster set the framework to build on
for deploying models for other diseases

* Platform is easy to use and flexible — Uses
Logtl)stlc_:_regresswn models (think
probabilities!)

» Simply retrain the models using the
biologically appropriate weather variables
and moving averages

+ Validate, retrain, validate — this is an iterative
process (Machine Learning)

Field List

O

Extension
RSITY OF WISCONSIN-MADISO!

(. CROP PROTECTION NETWORK

[ == .~ =}

Tarspotter

Field List

b il Risk MEDIUM
D

mlyfr\' 2021 Risk LOW .

on )
Julyzu‘ 2021 Risk MEDIUM

Hancock 15 Irrigated
ﬁ;n 2021 Risk HIGH . ) .
TarSpotter

i Risk MEDIUM @ "Sporecaster” calculates daily risk
calculates daily of tar spot infection
Field List before symptoms,
giving you time to
control.

S Lt risk HiGH (§8) risk of infection
during flowering
for white mold on

soybean crops

Help & Info

For Android versions, Visit http:ipcm.wisc.edu/apps
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The Tar Spot Take Home

* Tar spot will continue to be an issue in Indiana

« Severity level will be a function of the hybrid, weather, and when epidemic initiates earlier vs. later in the season (episodic
disease like white mold or Fusarium head blight)

* The 2021 epidemic was problematic, because tar spot started in some fields before tasseling
* Fungus driven by weather —a wet July in 2021 compared to 2019 and 2020.
* Varying levels of tar spot occur across state due to weather

* The tar spot fungus can overwinter in the upper Midwest
e High inoculum levels
* Weather key (irrigation management)
* Rotation may help a bit, not a sole solution
. Tillage_tmﬁy help reduce or delay onset of disease (reducing residue) — inoculum can travel long distances, so tillage won't
solve it a
* Some hybrids are more resistant than others
* Resistance not tied to brand — Every hybrid stands on its own
» Strong hybrid resistance can be overcome by a favorable disease environment (Manage irrigation!)

* Fungicide application can reduce tar spot severity

* Product important (Qol + DMI or Qol + DMI + SDHI)

* Timing very important

* Application needs to occur close to the onset of the epidemic

* Number of applications and optimal timing are going to vary by year (Think Disease Triangle!)

* Tarspotter isn’t perfect, but a valuable tool to help make the decision, and optimize, fungicide applications
If just spraying once and not interested in prediction, VT-R2 has been most consistent timing
Understand your farm — what disease are most of concern

© Telenko, 2021 @ PURDUE Botany and Plant Pathology

UNIVERSITY

4 . CROP PROTECTION NETWORK

What can you do?

* Assess risk — is it endemic in your area? — Scout!!!
* Talk to your seed salesperson about hybrid resistance
« If applying fungicides be sure to leave check strips

* Help monitor areas not confirmed — diagnostic clinic

* Don’t forget about other diseases - new and established
- AW =

CROP PROTECTION NETWORK

Fungicide Efficacy for Control
of Corn Diseases Table

Active ingredient (%) Product/Trade name Rate/A (1

| Azoxystrobin 22.9% Quadris 2.085C, multiple generics 6.0-15.5
B 11 Pyadestrobin 23.6% Headline 209 EC/SC 60-120
!
1 Piconystiobin Aproach 208 5C 10-120
g Xyway LFR 1.925C LR 76152
Futriafol 209%
\ Xyway 30255C 058118
Propicanazcle 41 8% Tih 36 £C, multiple generics 2040
Prothioconazole 41.0%  Proline 4805C 57
Tebuconazole 38.7% Folicur 3.6, multiple generics  4.0-60
. Tetraconazole 20.5% Domark 230 ME 40-60
“T D 11 Aznuystibin 135% QuitNeel 225, 105140
B Propiconazoie 11.7% multiple generics
] [ senzovindinupyr 29%
1 Azoxystiobin 10.5% Tvapro 221 5 137
B Propiconazole 11.9%
I Crproconazele 7.17%
ch Prima 2.34 5C 14-64
11 Piconystrobin 17.94% Roroach
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What else are
we doing?

» Screening hybrids

+ Screening inbreds

+ Spore trapping

* Residueftillage studies
+ Genomics

* Host-pathogen interaction

Cruz and Telenko

* Contour-based detection and
quantification of tar spot stromata
RGB imagery

* Development of Stromata Contour
Detection Algorithm (SCDA)

© Cruz and Telenko

INDIANA
CORN

Marketing Council

PURDUE

12/17/2021
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* Tar spot disease quantification using
unmanned aircraft systems (UAS) data

4= PURDUE

UNIVERSITY

Botany and Plant Pathology
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Tar spot research at USDA in collaboration with Purdue University

/ Genetics of resistance\ Corn microbiome \ @st-pathogen interactions
berrimus.

K3 CML52 CML228  KI1l NC350

Sporobolomyces_rul
Cryplococcus_perniciosus Developing an improved genome
Nigrospora_oryzae sequence ‘

ium_oberjochense
Flocaskdum_magnum Identified likely host-interacting
Bipolaris_maydis ..
Papilrema, aurea genes from the existing genome
Hannacla_oryzae and testing for effects in plants
Hymenoscyphus_menthae ‘

_zeae

Hope to design improved

Ustiago_maydis " -
Vishriacozyma victoriae stta nce in the future /
Hannaela_

Fusarium_oxysporum " "
Papiliolrema_fuscus f Basic blology of the \
Zymoseptoria_brevis p ath o g en

HP301 B97 M37W OH43

]
|

Genclevuria_amylolytica
; - o Popliorema_pseudoaloa Have hired a technician in
Scored 300 progeny lines ] Susceptible Resistance collaboration with Purdue
: progeny Analyzed bacteria and fungi on Universit
in two crosses for tar spot ; S \ 3
resistant versus susceptible lines .
& ' Will work on methods for
Identify closely linked Identified many species that were culturing the fungus and for
markers that breeders can different ' inoculating plants in the field and
use to select for resistance Hope to isolate, identify and test greenhouse
2 species of bacteria and fungi that 4

Genetic analysis to map might be antagonistic against the tar Also working on ?”tomat?d
\ resistance genes spot pathogen / methods for scoring the disease

/

Tar spot yield loss survey

We would like your help:
* Document yield loss to tar spot
« Examine production practices that may impact tar spot

* Any questions? — please ask Dr. Martin Chilvers, at
chilvers@msu.edu
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ONLINE SURVEY CONSENT FORM

You are being asked to participate in a research study. The
purpose of the study is to gather farmer and industry
representative estimates on yield losses and changes in
management decisions due to tar spot. You will be asked to
complete a short 10-minute survey asking about your
experiences. Your participation is voluntary. You can skip any
question you do not wish to answer or withdraw at any time.
You must be 18 or older to participate. If you have any
questions please contact Dr. Martin Chilvers, at
chilvers@msu.edu. You indicate that you voluntarily agree to

participate in this research study by submitting the survey.

INDIANA
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| Many Thanks

Dary Telenko,PhD . Many Collaborators

« Tar spot working group

Phone: (76 5) 496-5168 n . I(I:orn an(dISEoyb;an Disease nging Groups'l
Em ail:dtelenko@ purdue edu FFAR Roar USDAARS - AGPMT
D . « National Corn Board +  USDA- Hatch project
Folbw m e on Tw iter:@ D Telenko « Indiana Corn Marketing Council #IND00162952
. . ] * Indiana Soybean Alliance +  USDA- NIFA
hﬂ:ps .//exhens:on pu]:due edu/feﬁcroppathobgy «  Purdue University * Industry: AMVAC, BASF, Bayer
« North Central Soybean Research CropScience, Certis, Corteva, FMC,

Program Gowan, Oro Agri, Pioneer, Sipcam,
USWBSI-NFO Syngenta, UPD NA Inc., Valent

@ UE Botany and Pan:FnIn

UNIVERSITY

©Darcy Telenko
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