Efficacy of fungicides active ingredient for
fusarium head blight (FHB) and
deoxynivalenol (DON) management in
wheat.

Funding

Funding for this project provided by the Agriculture Demonstration of Practices and Technologies
(ADOPT) program.

Organizations

e Northeast Agricultural Research Foundation, (NARF)

e lIrrigation Crop Diversification Center, (ICDC)

e Western Applied Research Corporation, (WARC)

e Indian Head Agricultural Research Foundation, (IHARF)
e Wheatland Conservation Area (WCA)

e East Central Research Foundation (ECRF)

Principle Investigators
e Gursahib Singh

Objectives

This study aims to compare the efficacy of various fungicides’ active ingredients, which are registered
for the management of FHB and mycotoxins suppression, relative to a control.

Research Plan

In 2023, field demonstrations were conducted at six Agri-ARM locations to compare the effectiveness of
five fungicides sprayed at the anthesis stage in controlling Fusarium head blight (FHB) in durum wheat.
Trials at ICDC were inoculated with Fusarium graminearum liquid inoculum, and plots were irrigated to
stimulate disease development.

Field demonstrations were conducted with durum wheat (CWAD) and bread wheat (CWRS) varieties
during the 2023 growing season at six Agri-ARM locations. The study involved the comparison of five
fungicides registered for controlling FHB in Saskatchewan (see treatment table below). Each site's field
trials were established using a randomized complete block design (RCBD). Fungicide treatments were
applied to target the anthesis stage (BBCH61 to BBCH 69). At the ICDC site, trials were inoculated with a
liquid suspension of Fusarium graminearum conidia at the heading stage. Additionally, plots were
irrigated twice daily (morning and evening) to create favorable conditions for disease development.

All plots were assessed for disease incidence (defined as the proportion of infected plants), and severity
(the portion of each infected spike), at 21 to 23 days post 50% anthesis, at crop stage BBCH65. FHB severity
was rated using the FHB visual rating scale developed by Stack and McMullen (1998). Disease severity
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and incidence were determined from 25 spikes within each plot. The FHB index for each plot was
computed using the formula: FHB index = (% disease incidence x % disease severity)/100. For quality
assessment, FDK and grain protein content were measured from the harvested grain, with FDK being
visually evaluated using a two sub-sample of 200 seeds from each plot.

Treatment Active ingredient Group Commercial name

o 1 |Control . o

D 2 |metconazole 3 Caramba (BASF Canada)

D 3 |prothioconazole 3 Proline (Bayer)

o 4 |prothioconazole 3 Prosaro XTR (Bayer)
tebuconazole

D 5 |pyraclostrobin + metconazole |11,3 Twinline (BASF Canada)

o 6 |pydiflumetofen 7,3 MIRAVIS Ace (Syngenta Canada Inc.)
propiconazole

Results

Mean monthly temperatures and precipitation amounts for each location are presented relative to the
long-term (1981-2010) averages for the 2023 growing season (May-August) in Tables 1 and 2, respectively.
Overall, the 2023 growing season experienced significantly higher temperatures than the long-term
average. Across all locations, mean growing season temperatures were 111% higher than historic
averages. Precipitation amounts were below average at all locations; however, the severity of the drought
varied from location to location. Paradoxically, the WCA (Swift Current) location, historically the region
with the lowest annual precipitation, received the most in 2023. This location was also the closest to
achieving historic means. The ICDC location received the least natural precipitation at 46% of historical
levels. However, it obtained an additional 279 mm of irrigation water, which mitigated the severity of the
drought. Black soil zone locations on the eastern portion of Saskatchewan (IHARF, NARF, ECRF), typically
those with the highest precipitation, were among the driest in 2023. Each site received less than or equal
to 50% of historical precipitation. Additionally, WCA experienced hail damage in July, significantly
impacting the plots and leading to poor yields.

Table 1. Mean monthly temperatures along with long-term (30 years) averages for the 2023 growing
season at IHARF (Indian Head), NARF (Melfort), ICDC (Outlook), CLC (Prince Albert), WARC (Scott), WCA
(Swift Current), and SERF (Yorkton), Saskatchewan.

Year May June July August May-Aug
Mean Temperature (°C)

IHARH (2023) 14.0 19.4 16.7 17.7 17.0 (+1.4)
Long term 10.8 15.8 18.2 17.4 15.6
average

NARF (2023) 14.1 19.2 16.9 173 16.9 (+1.7)
Long term 10.7 15.9 175 16.8 15.2
average

ICDC (2023) 15.2 19.5 185 18.7 18.0 (+1.9)
Long term 10.4 15.3 18.0 16.7 15.1
average
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WARC (2023) 14.9 17.2 17.1 17.4 16.7 (+1.9)

L
ong term 10.8 14.8 173 16.3 14.8
average
WCA (2023) 14.8 17.7 18.4 18.8 17.4 (1.6)
L
ong term 11.0 15.7 18.4 17.9 15.8
average
ECRF (2023) 13.8 19.7 16.7 17.8 17.0 (+1.8)
Long term 10.4 15.5 17.9 17.1 15.2
average

Table 2. Mean monthly precipitation amounts along with long-term (30 years) averages for the 2023
growing season at IHARF (Indian Head), NARF (Melfort), ICDC (Outlook), CLC (Prince Albert), WARC (Scott),
WCA (Swift Current), and SERF (Yorkton), Saskatchewan.

Year May June July August May-Aug
Total Precipitation (mm)

IHARH (2023) 12.9 49.6 15.9 40.8 119 (49%)
Long term 51.8 77.4 63.8 51.2 244
average
NARF (2023) 17.9 26.4 16.4 50.0 111 (49%)
Long term 42.9 54.3 76.7 52.4 226
average
ICDC (2023) 172 15.3 15.5 46.6 95 (46%)
Long term 426 63.9 56.1 42.8 205
average
Long term 44.7 68.6 76.6 61.6 252
average
WARC (2023) 16.6 81.1 29.7 317 159 (70%)
L

ong term 38.9 69.7 69.4 48.7 227
average
WCA (2023)" 41.0 32.9 63.3* 421 179 (95%)
Long term 421 66.1 44.0 35.4 188
average
ECRF (2023) 16.8 67.9 18.0 333 136 (50%)
Long term 51.3 80.1 78.2 62.2 272
average

Y Hailstorm at WCA (Swift Current) on July 22, 2023, resulted in an estimated 10-40% seed yield loss.

Results for all response variables at each of the six sites are presented in Table 3.

Disease pressure was notably low at all sites during this study, making it challenging to assess the
effectiveness of the five fungicides tested in disease management. Consequently, the observed results in
this study are less influenced by disease pressure and fungicide-active ingredients and may be attributed
to other unmeasured factors in the field trials.

Plots were specifically assessed for Fusarium head blight (FHB) incidence and severity at all sites. However,
no disease symptoms were observed in the plots at four sites (IHARF, WARC, NARF, and ECRF). ICDC and
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WCA both had disease present in plots, but the disparity in disease levels between fungicide-treated and
control plots was not statistically significant.

Fusarium-damaged kernel (FDK) was another parameter used to estimate FHB damage in wheat plots,
with harvested grains from all locations utilized for measurement. Due to the low FHB pressure across all
sites, only one replicate sample was employed to measure FDK in harvest samples at the five dryland
locations, while all replicates were assessed at ICDC (irrigated site). No FDK was noticed in the FDK
assessment for the five dryland sites. Although some FDK damage was observed at ICDC, where plots were
artificially inoculated, the impact of fungicide treatments on FDK level was not deemed significant.
Initially, when this proposal was submitted, we proposed to measure DON (mycotoxin) in on all harvest
samples. However, due to minimal disease infection and symptoms, we plan only to analyze DON content
based on one replication from each site. Samples were submitted to the Cereal and Flax Pathology lab at
CDC, University of Saskatchewan. However, the results were not yet available at the time of this report
submission.

The impact of fungicide active ingredients on yield compared to control plots was notably significant at
IHARF and ICDC (at a 7% confidence interval). Both IHARF and ICDC exhibited higher yields in fungicide-
applied plots compared to controls. At IHARF, where disease pressure was minimal, distinguishing the
most effective active ingredient for disease management proved challenging despite a modest yield
difference of 2-3 bushels observed among fungicide treatments. Conversely, at ICDC, a more pronounced
yield disparity was evident between fungicide-treated plots. However, it's important to note that the yield
response observed at ICDC may not solely be attributed to the fungicide effect on disease management
but could be influenced by other factors that were not directly part of this study.

Furthermore, the treatment effect on thousand kernel weight (TKW) was significant at IHARF and WCA,
with fungicide-treated plots exhibiting higher TKW than controls at both sites. While the treatment effect
on test weight was significant at IHARF and NARF, fungicides did not significantly affect protein content
at any sites.

Table 3. Main effect means for Yield, FHB Index, Fusarium Damaged Kernels, thousand kernel weight, Test
Weight, and Protein for different fungicide active ingredients in durum wheat at IHARF, NARF, ICDC, WARC,
WCA, and ECRF. Values within a column followed by the same letter do not significantly differ (Least
Significant Difference, P < 0.05).

Site Yield FHB FDK TKW Test Protein
Index Weight
Kg/ha (%) (%) (8/1000) (kg/hl) (%)
IHARF (Indian Head)
Control 4601.1 B -- - 38.7 B 78.4 C 12.0 A
Caramba 4951.5 AB - - 39.0 AB 78.5 BC 11.8 A
MIRAVIS® Era 5062.6 AB -- - 41.2 A 79.3 A 11.8 A
Proline 5059.7 AB - - 40.2 AB 79.0 AB 11.7 A
Prosaro XTR 5167.6 A -- -- 40.0 AB 79.0 AB 118 A
Twinline 5142.2 A - - 39.9 AB 78.8 ABC 11.8 A
P-value 0.02 0.04 <0.001 NS
oY 4.3 2.6 0.3 1.8
NARF (Melfort)

Control 33119 A - - 45,5 AB 80.9 BC 11.6 A
Caramba 3286.5 A -- -- 45.3 AB 80.6 C 11.5 A
MIRAVIS® Era 31339 A - - 45.9 AB 81.5 A 114 A
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Proline 3006.6 A -- -- 45.2 B 80.8 BC 11.7 A
Prosaro XTR 3243.2 A -- -- 45.8 AB 80.7 BC 11.7 A
Twinline 3159.3 A -- -- 46.6 A 81.2 AB 11.5 A
P-value NS -- - NS 0.01 NS
cVv 7.9 2.0 0.4 2.0

ICDC (Outlook)
Control 5357.7 B 30 A 33 A 46.0 A 84.1 A 12.8 A
Caramba 75327 A 09 B 23 A 453 A 83.4 A 135 A
MIRAVIS® Era 7788.2 A 0.7 B 22 A 461 A 84.2 A 12.5 A
Proline 6956.1 AB 08 B 26 A 465 A 83.8 A 13.7 A
Prosaro XTR 6878.2 AB 09 B 24 A 46.6 A 83.3 A 12.8 A
Twinline 6582.2 AB 11 B 25 A 473 A 83.9 A 133 A
P-value 0.07 NS NS NS NS NS
oY 15.5 24.4 29.5 2.7 0.9 6.1

WARC (Scott)
Control 3208.0 A -- -- 46.4 A 82.2 A 142 A
Caramba 3089.2 A -- -- 45.8 A 82.1 A 143 A
MIRAVIS® Era 2856.1 A -- -- 45.8 A 82.2 A 15.1 A
Proline 29079 A -- -- 46.5 A 82.1 A 148 A
Prosaro XTR 2887.4 A -- -- 454 A 82.0 A 14.9 A
Twinline 2996.4 A -- -- 46.1 A 82.0 A 147 A
P-value NS -- - NS NS NS
oY 7.5 3.4 0.4 4
WCA (Swift Current)

Control 626.0 C 30 A - 28.9 CD 75.8 A 179 A
Caramba 7289 ABC 15 B -- 29.9 BC 77.0 A 17.8 A
MIRAVIS® Era 8540 A 14 B -- 28.2 D 76.2 A 175 A
Proline 7516 AB 21 B - 31.3 A 77.1 A 17.7 A
Prosaro XTR 6742 BC 21 B -- 294 BCD 76.3 A 179 A
Nexicor 829.7 A 20 B - 30.6 AB 77.2 A 17.8 A
P-value 0.01 0.0 <0.001 NS NS
cvV 11.2 26.4 2.8 2.3 1.3

ECRF (Yorkton)
Control 3943.7 A -- - 40.9 A 73.4 A 14.0 A
Caramba 4081.8 A -- -- 41.2 A 73.9 A 139 AB
MIRAVIS® Era 41745 A -- -- 41.1 A 74.5 A 13.6 B
Proline 4790.1 A -- -- 433 A 74.9 A 13.6 B
Prosaro XTR 44469 A -- - 43.0 A 74.3 A 13.6 B
Twinline 44209 A -- -- 43.0 A 74.7 A 13.7 AB
P-value NS -- -- NS NS NS
cVv 14.3 7.1 1.5 1.6
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Conclusion

Overall, environmental conditions were very dry, and disease pressure was very low in all participating
locations. Therefore, drawing conclusions on the relative active ingredient performance was difficult in
2023. Farmers should consider planning for fungicide application in areas with high disease pressure
using either Group 3 or Group 7 active ingredients around the wheat anthesis stage. This proactive
approach can prove beneficial depending on prevailing environmental conditions.
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