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Objectives

e Investigate the effect of fungicide timing application on Fusarium head blight (FHB) in winter
wheat, bread wheat, durum wheat, and barley.

e Determine the effect of temperature in relation to distribution and production of 3ADON,
15ADON, NIV, and NX-2 chemotypes of Fusarium graminearum.

Research Plan

Objective 1.
Field trials with four cereal crops (winter wheat, bread wheat, durum and barley) were established in
the fall of each trial year (2021, 2022, and 2023) in Saskatoon (U of S), Outlook (ICDC) and Melfort
(AAFC). The trials were established in a randomized complete block design; each treatment was
replicated four times. Five treatments of metconazole fungicide (trade name, Caramba® by BASF) were
applied at four crop growth stages (BBCH wheat growth stage scale; Lancashire et al. 1991):

o BBCH 59 (end of heading: inflorescence fully emerged)

e  BBCH 61 (beginning of flowering: first anthers visible)

J BBCH 65 (full flower: 50% of anthers mature)

e  BBCH 69 (end of flower)

. Dual BBCH 61+69

e Unsprayed check

Individual plot sizes varied among sites (Saskatoon and Melfort - 20 m?; Outlook — 15 m?). A crop variety
of each of CWAD, CWRS, CWRW and malting barley with the highest susceptibility were selected (Table
1). Germination tests were conducted on each crop and seeding rates were adjusted to achieve a
desirable plant count of 300-350 plants per square meter. Plots were direct seeded with 10” row spacing
and depth varied on soil conditions. Soil tests were conducted to determine fertilizer rate applications
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and were broadcasted or side banded at seeding depending on the location. Saskatoon and Outlook
sites were irrigated throughout the growing season; however, irrigation was not available at Melfort.
Crop emergence counts were taken approximately 3 weeks after emergence, and data was collected
from 2, 1 meter or 4, 1 meter rows per plot depending on location. At all sites, weed control consisted of
post-emergence herbicide applications as necessary. At first flower (BBCH61), all sites were sprayed with
liquid Fusarium graminearum inoculum (concentration of 5x10* spores/ml) and re-applied every two
days for a total of three applications. At soft dough stage, Fusarium head blight was assessed using the
FHB index [FHB index = (FHB severity * FHB incidence)/100] (Stack and McMullen, 2011). For each plot,
50 wheat heads were assessed visually to estimate the severity and incidence of FHB within each plot.
At the same time, 10 or 25 randomly selected flag leaves per plot were accessed for foliar leaf disease
using the Horsfall-Barratt scale (Horsfall and Barratt, 1945). One whole plant rating per plot was given to
account for all canopies in the foliar leaf assessment (McFadden 1991). A hand-harvested sample of 2, 1
meter rows per plot was collected from each plot before the combine, to provide an accurate sample
with FDK. Hand harvested samples were dried to the desired dry moisture content and threshed with a
standing mechanical thresher with the fan off, and samples will then be cleaned by lightly blowing on
samples until all chaff is removed. The whole sample was retained for further testing (FDK and DON
content), however due to low FDK counts, no DON content testing was conducted. Plots were straight
cut harvested with a plot harvester; and harvested grain was weighed to calculate yield and quality
(thousand kernel weight, test weight, protein content) data was collected. Test weight (TW, kg hl-1),
thousand kernel weight (TKW; g), number of Fusarium damaged kernel (FDK; %), protein content (%)
were measured for each plot. Data was analyzed using the mixed model procedure of the SAS program
(9.3 SAS Institute Inc., 2010). Prior to analysis, data from each crop location year were tested for
homogeneity of variances using the Levene’s test. Heterogeneous variances were modeled with the
repeated statement as required.

Table 1. List of commercial varieties used in the field study.

Cereal and Class Variety and FHB ratingt

Durum Wheat (CWAD) CDC Precision (MS)

Wheat (CWRS) CDC Landmark VB (1) — 2021/2022
Goodeve VB (S) -2023

Winter Wheat (CWRW) Moats (S)

Malting Barley CDC Bow (MS)

t as determined at time of registration, from Varieties of Field Crops in Saskatchewan. In 2023, CDC
Landmark was replaced with Goodeve VB, a variety with higher susceptibility.

Objective 2.

The temperature study of F. graminearum chemotypes was conducted in the pathology laboratories at
the University of Saskatchewan. One isolate of each chemotype (3ADON, 15ADON, NIV, and NX-2)
available from the Cereal and Flax pathology lab collection was used. Rice grains (15 g in 50 ml
polypropylene tubes) were soaked in distilled water overnight (10 h) and autoclaved before use. Fresh
mycelial plugs of 7-day old cultures grown on potato dextrose agar (PDA) were used to inoculate the rice
substrate. Two experiments of three replicates of each isolate were incubated at 10, 17, 24 and 30°C for
7, 14, 21 and 28 days. The colonized substrate was removed from incubators and transferred
immediately to the -80°C freezer. Samples were kept at -80°C for a minimum of 72 h, then transferred to
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a Labconco Freezone Benchtop Freeze Dryer. They were freeze dried for 96 h at -50°C with a vacuum set
point of 0.04 mbar. After freeze drying, the samples were ground in a 2010 genogrinder. A 2 g sample
from each replicate of each chemotype were used to quantify mycotoxin content by the LC-MS/MS
platform (Wang et al. 2022). Data was analyzed using Proc Glimmix of the SAS program (9.3 SAS Institute
Inc., 2010). Data analysis of each chemotype was conducted for each experiment and then data from
each experiment was pooled. Temperature and incubation period were considered fixed effects,
whereas blocks and repeats (for pooled data) were considered random effects. Incubation period was
identified as repeated measures and modeled with an autoregressive covariance structure. Data means
are presented as back-transformed adjusted raw means using the llink procedure within Proc Glimmix.
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Results
Objective 1.

This project aimed to determine the optimum window of fungicide application for FHB control, the
impact on FDK, and the quantity of toxins that result in the harvested grain. The trials took place in
2021, 2022 and 2023 at Outlook, Saskatoon and Melfort, SK.

The 2021 growing was characterised by very low precipitation and high temperatures; drought
conditions occurred at Saskatoon where irrigation was limited mainly to the flowering period in hopes of
increasing the risk of FHB. Substantial irrigation at Outlook resulted in high yields, however water was
not applied often enough to keep the canopy wet, and humidity high during flowering, thus no FHB was
observed. At Melfort, irrigation was not available, however rainfall was closer to normal and yields not
far below normal. However, warm to hot, dry conditions at Melfort during flowering were not
conducive to FHB development. All sites were inoculated with F. graminearum; however, the disease
pressure was very low to non-existent in all four cereal crops, and the FHB index was effectively zero in
all plots. The harvested grain was also examined for Fusarium damaged kernels, but the grain samples
were free of Fusarium damage. Leaf spot diseases were also very low at all sites (data not collected).
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Fungicide treatments did not have any significant impact on yield at any location (Tables 2, 3 and 4).
Yield was higher at Outlook as compared to Saskatoon and Melfort. Yield varied among treatments in all
four cereals, but there was little difference in yield among treatments, and no trend was detected. Like
yield, fungicide treatments rarely affected seed quality parameters (TW, TKW or protein).

Table 2. Fungicide effects on yield, protein content, test weight (TW) and thousand kernel weight (TKW)
of cereal crops at Outlook 2021

Crop Treatmentst Yield Protein (%) ™ TKW
(kg/ ha) (kg/hL) (8)
Winter BBCH 59 6904 13.7 80.1 31.6
wheat BBCH 61 6622 13.8 80.0 29.0
BBCH 65 6573 13.7 79.6 31.0
BBCH 69 6776 13.7 80.1 31.7
Unsprayed 6937 13.8 80.2 31.5
P valuet NS NS NS NS
cv 7.0 1.9 0.5 6.1
Durum BBCH 59 5753 14.6 82.1 38.3
BBCH 61 5451 14.7 81.9 38.0
BBCH 65 5327 14.7 81.5 36.9
BBCH 69 5638 14.7 81.8 37.5
Unsprayed 5409 14.9 82.0 36.8
P value NS NS NS NS
cv 5.3 1.8 0.7 4.7
Bread wheat BBCH 59 6068 14.3 84.4 325
BBCH 61 6143 14.4 84.3 32.2
BBCH 65 6074 14.4 84.0 32.7
BBCH 69 6163 14.1 84.2 324
Unsprayed 6058 14.2 84.3 325
P value NS NS NS NS
cv 1.7 2.15 2.9 4.3
Barley BBCH 59 7302 11.7 70.3 51.6
BBCH 61 7404 11.5 69.1 51.8
BBCH 65 7131 11.7 68.4 52.1
BBCH 69 7285 11.6 68.9 52.2
Unsprayed 7450 11.8 69.1 52.0
P value NS NS NS NS
cv 4.5 1.3 2.0 1.7

NS = not significant; NM = not measured; TBBCH wheat growth stage scale; * probability of fungicide
application timing treatment differences.
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Table 3. Fungicide effects on yield, test weight (TW) and thousand kernel weight (TKW) of cereal
crops at Melfort 2021

Crop Treatmentst Yield T™W TKW
(kg/ ha) (kg/hL) (8)
Durum BBCH 59 3610 78.2 37.3
BBCH 61 3479 78.5 38.8
BBCH 65 2757 78.1 37.6
BBCH 69 3189 78.3 38.1
Unsprayed 3268 79.2 38.0
P value* NS NS NS
SEM 342.3 1.6 3.0
Bread wheat BBCH 59 3120 81.0 30.7
BBCH 61 3520 80.7 32.6
BBCH 65 3076 80.8 32.0
BBCH 69 3135 80.6 32.0
Unsprayed 3413 80.5 32.2
Pvalue NS NS NS
Ccv 194.2 0.5 4.8

Note: winter wheat was not seeded at Melfort in fall 2020, as this site was not anticipated at that
time. Barley was seeded, but data not collected due to poor emergence. Protein content was not
measured at Melfort.

tBBCH wheat growth stage scale; * probability of fungicide application timing treatment differences.

Table 4. Fungicide effects on yield, test weight (TW) and thousand kernel weight (TKW) of cereal
crops at Saskatoon 2021

Crop Treatments Yield ™ TKW
(kg/ ha) (kg/hL) (8)
Winter wheat  BBCH 59 2698 72.1 335
BBCH 61 2685 71.8 35.1
BBCH 65 2683 72.2 33.2
BBCH 69 2788 73.1 32.5
Unsprayed 2602 72.6 34.6
P value* NS NS NS
cv 13.1 2.3 5.8
Durum BBCH 59 2856 78.3 43.1
BBCH 61 3200 78.6 44.5
BBCH 65 2923 78.6 43.8
BBCH 69 2840 79.1 45.4
Unsprayed 2852 78.6 46.2
P value NS NS NS
cv 8.4 14 3.1
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BBCH 59 2946 76.3 39.5
BBCH 61 2885 75.6 40.2
BBCH 65 2844 74.4 38.1
Bread wheat BBCH 69 2846 75.2 40.2
Unsprayed 2867 75.5 40.8
P value NS NS NS
cv 6.7 1.1 1.1
BBCH 59 2413 57.9 45.0
BBCH 61 2615 56.8 45.2
BBCH 65 2498 57.2 44.9
Barley BBCH 69 2627 58.2 45.3
Unsprayed 2538 58.2 45.1
P value NS NS NS
cv 10.3 1.6 35

NS = not significant; Protein content not measured at Saskatoon; TBBCH wheat growth stage scale;
*probability of fungicide application timing treatment differences.

In the 2022 growing season, crops experienced relatively low precipitation and high temperatures at
all sites, especially during anthesis, which is the critical infection time of FHB. Although both Outlook and
Saskatoon were irrigated, conditions were not conducive to high FHB severity in any of the four cereals.
There were symptoms of Fusarium damage when FHB index was assessed; however, the amount of
Fusarium damage kernels (FDK) in the samples was very low. For this reason, no DON content testing
was conducted. Yields in general were higher at Melfort than at Outlook or Saskatoon.

At Outlook, yield of winter wheat was higher for applications at BBCH 61 and 69, and for the dual
application treatment than for the BBCH 59 treatment; however, none of these treatments differed
from the unsprayed check, or the BBCH 65 treatment (Table 5). The FHB index was higher for the
unsprayed treatment than all other fungicide treatments, except BBCH 59, from which it did not
differ. No differences among fungicide timing treatments were observed for any other factor
measured. In durum wheat, there was no difference among fungicide application timing treatments for
yield, protein content or TW, however, TKW was greater at BBCH 65 than the unsprayed check and all
other treatments. FDK content of durum was highest in the unsprayed check, which did not differ from
the BBCH 59 treatment, but the lowest FDK content was observed in the BBCH 65 and the dual
treatments (BBCH 61 and 69). In bread wheat, yield, protein nor TW differed among fungicide
treatments. The TKW was similar to the unsprayed check, except for BBCH 65 and the dual treatments,
which had slightly reduced TKW. FDK content was low, however it was higher in the unsprayed control
than any of the fungicide treatments. Similarly, FHB index was highest in the unsprayed control
compared to all fungicide application timing treatments, which did not differ from each other. There
was no impact of fungicide application timing treatments on any of the factors measured for
barley.

At Melfort in 2022, there were no differences among fungicide application timing treatments for
winter or bread wheat for any factor measured (Table 6). For durum wheat, differences among
treatments were detected for FDK content and FHB index. FDK content of durum was greater (1.5%) in
the unsprayed check than fungicide applied at BBCH 61, 69 or the dual application (0.25 to 0.5%); FDK
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content of the unsprayed did not differ from the BBCH 59 or 65 treatments (both 0.75%). Similarly, FHB
index did not differ between the unsprayed check and the BBCH 59 treatment, but all other fungicide
treatments reduced FDK content. For barley, yield, TW and TKW were not affected by fungicide
application timing treatments.

At Saskatoon in 2022 in winter wheat, there were no differences among fungicide application timings
on any of the factors measured except FHB index (Table 7). FHB index was greatest in the unsprayed
check (27.9%) and lowest in the dual application (7.3%). Fungicide applied at other timings had FHB
indices of between (17.7 and 18.4%). In durum wheat, there were differences among fungicide
treatments for TW and FDK content. The TW of the unsprayed check and the dual application did differ,
however both did not differ from other treatments. FDK content was highest in the unsprayed check
(1.75%), although it did not differ significantly from the BBCH 61 treatment. All other treatments were
less than the unsprayed check (from 0.63 to 0.88%). For bread wheat and barley, none of the fungicide
application timing treatments affected any of the factors measured.

Table 5. Fungicide effects on yield, protein content, test weight (TW), thousand kernel weight
(TKW), Fusarium damaged kernels (FDK), FHB index (%), Horsfall-Barratt rating (%) and McFadden
rating of cereal crops at Outlook 2022

Crop Treatmentst Yield Protein TW TKW FDK FHB IndexHorsfall- McFadden

(kg/ha) (%) (kg/hL) (g) (%) (%) Barratt Rating
Rating
(%)
Winter BBCH 59 4157B 12.2 68.8 29.1 1.25 3.45A NM NM
wheat BBCH 61 6654 A 12.2 70.8 29.5 1.25 0.80B NM NM
BBCH 65 5361 AB 11.8 69.2 29.1 1.13 0.53B NM NM
BBCH 69 5680A 115 71.1 26.3 1.25 0.75B NM NM
Dual (61+69) 6687 A 11.4 71.0 28.2 1.00 0.50B NM NM
Unsprayed 5320AB 11.4 70.0 29.3 1.75 3.95A NM NM
P value* 0.0183 NS NS NS NS <0.0001
SEM 564.8 0.4404 1.5190 0.7780 0.2811 0.2134

Durum  BBCH 59 4643 10.1 85.1 409B 0.75AB 16.55 598B 7.3
BBCH 61 4518 10.1 84.4 40.7B 0.25CD 17.15 7.68B 7.5
BBCH 65 4651 9.9 85.6 416 A 0.13D 17.45 4.18B 7.3
BBCH 69 4564 10.5 83.7 40.2B 0.50BC 16.40 3.28B 8.8
Dual (61+69) 4676 10.0 85.3 40.7B 0.13D 15.10 2.68B 6.8
Unsprayed 4464 10.1 85.0 40.4B 1.00A 21.65 17.5A 73

P value NS NS NS 0.0140 0.0003 NS 0.0157 NS
SEM 343.4  0.1262 0.5744 0.4183 0.1382 1.9122 2.7740 0.5863
Bread BBCH 59 4411 12.0 85.1 369A 0.13B 16.70B 9.6 7.3
wheat  BBCH 61 4408 11.9 84.8 36.8BC 0.13B 21.05B 5.7 6.8
BBCH 65 4054 12.1 84.5 359CD 0.13B 20.75B 11.2 6.8
BBCH 69 4185 12.3 84.7 36.9A 0 B 18.45B 7.0 7.3

Dual (61+69) 3924 12.2 84.6 354D 0.13B 17.30B 15.6 6.8
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Unsprayed
P value
SEM

Barley = BBCH 59
BBCH 61
BBCH 65
BBCH 69
Dual (61+69)
Unsprayed
P value
SEM

3817
NS
214.9

5634
5562
5439
4778
5535
5325
NS
414.2

12.1
NS
0.14

12.2
12.1
12.0
12.1
12.0
11.9
NS
0.1647

84.8
NS
0.21

69.7
69.6
69.3
69.4
69.8
69.4
NS
0.1411

36.5AB 0.63A
0.0002 0.017
0.22 0.1141
48.9 NM
48.5 NM
47.3 NM
49.0 NM
49.2 NM
48.9 NM
NS

0.4718

28.80 A
0.0017
2.459

NM
NM
NM
NM
NM
NM

12.8 7.3

NS NS
3.2882 0.7120
19BC 43C
16C 3.8C
2.4 ABC 5.0BC
2.8AB 6.3AB
19BC 5.0BC
3.2A 6.8A
0.0356 0.0134
0.3542  0.5652

NS = not significant; NM = not measured; SEM = Standard Error; TBBCH wheat growth stage scale; *
probability of fungicide application timing treatment differences. Means followed by different letters
indicate significant differences among fungicide application timing based on the least significant
difference test (alpha = 0.05).

Table 6. Fungicide effects on yield, protein content, test weight (TW), thousand kernel weight (TKW),
Fusarium damaged kernels (FDK), FHB index (%), Horsfall-Barratt rating (%) and McFadden rating of
cereal crops at Melfort 2022

Crop Treatmentst Yield Protein TW TKW FDK FHB Horsfall- McFadden
(kg/ha) (%) (kg/hL) (g) (%) Index  Barratt Rating
(%) Rating
(%)
Winter BBCH 59 5172 NM 78.4 33.5 1.13 5.91 63.6 9.3
wheat BBCH 61 4753 NM 77.4 33.7 0.50 4.23 76.6 9.5
BBCH 65 4846 NM 77.4 32.7 0.38 1.11 60.8 9.0
BBCH 69 5474 NM 771 33.2 0.63 2.71 57.2 8.5
Dual (61+69) 5306 NM 77.8 33.5 0.63 0.77 42.5 8.8
Unsprayed 4947 NM 76.8 33.1 1.25 3.68 63.9 9.5
P value? NS NS NS NS NS NS NS
SEM 361.60 0.5418 0.6915 0.2357 1.7606 7.0004 0.3005
Durum BBCH 59 5974 NM 81.7 394 0.75AB 28.40 38.2AB NM
AB
BBCH 61 6334 NM 815 40.0 0.50B 2460B 452A NM
BBCH 65 6205 NM 81.3 37.8 0.75AB 25.90B 343AB NM
BBCH 69 6449 NM 81.6 38.7 0.25B 24.20B 26.7B NM
Dual (61+69) 6043 NM 81.3 39.8 0.25B 23.75B 39.7A NM
Unsprayed 6221 NM 815 38.1 1.50A 32.40A 23.8B NM
P value NS NS NS 0.0335 0.0235 0.0084
SEM 351.86 0.2593 0.7124 0.2635 1.8816 4.3402
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Bread BBCH 59 5552 NM 81.8 37.0 0.50 17.75 151 NM

wheat  BBCH 61 5311 NM 81.9 35.7 0.25 19.65 175 NM
BBCH 65 5501 NM 81.8 35.9 0.25 2240 119 NM
BBCH 69 5393 NM 81.9 36.4 0.50 2405 195 NM
Dual (61+69) 5999 NM 82.2 35.8 0.13 1595 129 NM
Unsprayed 5641 NM 82.0 354 1.13 2420 16.3 NM
P value NS NS NS NS NS NS
SEM 313.49 0.2775 0.4698 0.2165 3.3075 2.1765

Barley = BBCH 59 5423 NM 67.1 45.7 NM NM 6.5 NM
BBCH 61 5934 NM 68.0 45.8 NM NM 7.5 NM
BBCH 65 5209 NM 67.3 45.3 NM NM 9.2 NM
BBCH 69 5801 NM 67.5 45.7 NM NM 7.2 NM
Dual (61+69) 5801 NM 67.8 44.9 NM NM 7.9 NM
Unsprayed 5227 NM 67.3 44.8 NM NM 9.2 NM
P value NS NS NS NS
SEM 293.15 0.3790 0.7841 1.2769

NS = not significant; NM = not measured; SEM = Standard Error; TBBCH wheat growth stage scale; *
probability of fungicide application timing treatment differences. Means followed by different letters
indicate significant differences among fungicide application timing based on the least significant
difference test (alpha = 0.05)

Table 7. Fungicide effects on yield, protein content, test weight (TW), thousand kernel weight
(TKW), Fusarium damaged kernels (FDK), FHB index (%), Horsfall-Barratt rating (%) and McFadden
rating of cereal crops at Saskatoon 2022

Crop Treatmentst Yield Protein TW TKW FDK FHB Horsfall- McFadden
(kg/ha) (%) (kg/hL) (g) (%) Index  Barratt Rating
(%) Rating
(%)

Winter BBCH 59 3890 NM 78.5 33.8 0.38 18.38B 9.6B 6.3 BC

wheat BBCH 61 3675 NM 76.4 34.0 0.38 17.65B 9.0B 7.2 AB
BBCH 65 3950 NM 79.0 34.0 0.38 18.37B 8.18B 6.3 BC
BBCH 69 3462 NM 77.2 33.9 0.25 17.85B 12.8B 6.5BC
Dual (61+69) 3873 NM 78.0 33.7 0.25 7.30C 868 5.0C
Unsprayed 4119 NM 78.9 33.1 0.63 2791 A 23.8A 8.8A
P value* NS NS NS NS 0.0026 0.0087 0.0222
SEM 372.50 1.3765 0.8687 0.2430 3.2770 2.8782 0.6663

Durum BBCH 59 3948 NM 82.6 AB 43.7 0.75B 24.15 17.9 7.8
BBCH 61 3738 NM 82.9AB 44.0 1.25AB 26.00 18.2 8.3
BBCH 65 3633 NM 82.8 AB 43.8 0.63B 2198 19.6 8.8

BBCH 69 3696 NM 83.0AB 43.4 0.63B 2260 9.9 7.8
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Dual (61+69) 4079 NM 833A 448 0.88B 17.28 10.0 7.8

Unsprayed 3975 NM 82.2B 43.0 1.75A 25.08 19.6 8.8
P value NS 0.0457 NS 0.0371 NS NS NS
SEM 229.89 0.2187 0.6204 0.2590 2.6090 3.1150 0.4167
Bread BBCH 59 3079 NM 78.8 39.5 0.13 2810 85 7.3
wheat BBCH 61 3225 NM 78.4 37.6 0 22.58 7.6 7.8
BBCH 65 2762 NM 78.8 38.5 0 30.33 8.3 7.0
BBCH 69 3248 NM 78.8 39.6 0 1835 9.3 8.0
Dual (61+69) 3081 NM 78.6 38.3 0.13 2340 6.9 7.3
Unsprayed 3104 NM 77.6 38.9 0.13 24.68 209 8.0
P value NS NS NS NS NS NS NS
SEM 274.29 0.3472 0.6893 0.0880 9.073 4.9145 0.5035
Barley BBCH 59 3810 NM 64.0 47.4 NM NM 16.1B 7.0C
BBCH 61 3666 NM 63.7 47.5 NM NM 15.1B 7.0C
BBCH 65 3898 NM 64.5 46.6 NM NM 18.2B 7.7B
BBCH 69 3775 NM 63.6 46.7 NM NM 13.7B 7.0C
Dual (61+69) 3731 NM 63.7 46.2 NM NM 14.8 B 7.0C
Unsprayed 3613 NM 64.3 47.1 NM NM 288A 85A
P value NS NS NS 0.0002 <.0001
SEM 138.42 0.5612 0.8025 2.0676 0.1523

NS = not significant; NM = not measured; SEM = Standard Error; TBBCH wheat growth stage scale; *
probability of fungicide application timing treatment differences. Means followed by different letters
indicate significant differences among fungicide application timing based on the least significant
difference test (alpha = 0.05).

As in previous years, the growing season in 2023 had relatively low precipitation and high
temperatures, at all locations, especially during anthesis. Yields were generally high at Outlook and
Melfort compared to Saskatoon. Conditions were not conducive to high FHB severity in any of the four
cereals at any of the three locations despite irrigation at Outlook and Saskatoon. There were symptoms
of Fusarium damage when FHB index was assessed; however, the amount of Fusarium damage kernels
(FDK) in the samples was very low so DON content was not assessed.

At Outlook in 2023 FDK content of winter wheat was the only factor affected by fungicide application
timing (Table 9). The FDK content of the unsprayed treatment (0.3%) did not differ from the BBCH 59
treatment (0.4%), but all other treatments had no FDK. In durum, fungicide application timing
treatments affected FDK content and FHB index. The FDK content was highest in the unsprayed
treatment (1.0%); all other treatments were lower (0.1 to 0.4%) and did not differ from each other. The
FHB index was highest in the unsprayed treatment (16.5%), followed by the BBCH 59 treatment
(9.0%). All other fungicide treatments were lower than either the unsprayed or BBCH 59 (4.3 to
5.3%). The protein content and FHB index of bread wheat was affected by fungicide application timing
treatments. Protein content was similar among the unsprayed treatment and fungicide applied at BBCH
59 and 61. Protein content was reduced slightly (by 0.4 to 0.7%) between the unsprayed treatment and
treatments with fungicide applied at BBCH 65, 69 and the dual treatment. FHB index of bread wheat was
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highest in the unsprayed treatment (28.4%) and lowest when fungicide was applied at BBCH 65 (11.1%);
other treatments varied between 12.3 and 16.7%.

At Melfort in 2023, yields were average for the area and FDK content was low (>0.5%) (Table
10). There were no differences among fungicide application timing treatments for any of the factors
measured for any of the four crops examined.

At Saskatoon in 2023, winter wheat emergence was very poor and the crop was terminated. No
differences among fungicide treatments were observed for the factors measured in barley (Table 11). In
durum wheat, fungicide application timing treatments differed for TW and FHB index. The TW was
similar among all treatments including the unsprayed check except the BBCH 59 treatment where TW
was 2.0 to 3.3 kg/hL less than other treatments. However, BBCH 59 did not differ from BBCH 65, 69 and
unsprayed check. All fungicide timing treatments were substantially lower for FHB index than the
unsprayed check (28.1%). Fungicide applied at BBCH 59 was 18.7% and other fungicide timing
treatments varied between 11.5 and 15.1%. The TKW and FHB index of bread wheat was affected by
fungicide application timing. Only the BBCH 65 treatment had lower TKW (39.2%) than the unsprayed
check (41.3%); other fungicide timing treatments did not differ from the unsprayed check. FHB index of
bread wheat was highest in the unsprayed check (17.6%), which did not differ from the BBCH 59
treatment (16.2%), and lowest for the BBCH 65 treatment (5.3%).

Table 8. Fungicide effects on yield, protein content, test weight (TW), thousand kernel weight (TKW),
Fusarium damaged kernels (FDK), FHB index (%), Horsfall-Barratt rating (%) and McFadden rating of
cereal crops at Outlook 2023

Crop Treatmentst Yield Protein TW TKW FDK FHB Index Horsfall- McFadden

(kg/ha) (%) (kg/hL) (g) (%) (%) Barratt  Rating
Rating
(%)
Winter BBCH 59 6941.18 12.3 84.4 38.4 0.38A 2.20 NM NM
wheat BBCH 61 7093.44 12.3 84.5 38.5 0 B 1.10 NM NM
BBCH 65 7059.65 11.9 84.1 38.4 0O B 0.98 NM NM
BBCH 69 6966.05 11.8 84.1 38.6 0 B 0.98 NM NM
Dual (61+69) 6949.03 12.1 83.7 37.8 0O B 1.22 NM NM
Unsprayed 6919.8 11.8 84.1 38.2 0.25A 294 NM NM
P value* NS NS NS NS 0.0074 0.0093
SEM 347.31 0.28 0.36 0.3997 0.281 ?

Durum  BBCH 59 6115 11.3 84.8 45.1 0.38B 8.958B 528 3.8BC
BBCH 61 5372 11.2 84.5 45.2 0.25B 4.82C 46BC 33C
BBCH 65 6625 111 84.8 44.7 0.13B 5.31C 538 4.08B
BBCH 69 6417 11.6 84.4 44.3 0.25B 4.25C 44BC 3.8BC
Dual (61+69) 6152 11.2 84.6 45.0 0.13B 4.77C 3.7C 3.3C
Unsprayed 6041 111 84.7 44.3 1.00A 1645A 85A 5.0A

P value NS NS NS NS 0.0063 <0.0001 <.0001 0.0002

SEM 493.53 0.26 0.12 0.63 0.147 1.224 0.4162 0.2041
Bread BBCH 59 6478 13.1AB 82.0 39.6 0.25 16.72B 7.1 4.5 ABC
wheat  BBCH 61 6477 13.1AB 814 39.4 0 12.29BC 4.6 3.8BC
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BBCH 65 6478 12.9BC 81.7 38.8 0.25 11.06C 6.4 4.8 AB

BBCH 69 6468 12.7BC 81.3 40.9 0 1498 BC 4.9 35C
Dual (61+69) 6831 126C 815 38.9 0.13 12.71BC 4.7 35C
Unsprayed 6362 13.3A 818 40.3 0.25 2844 A 9.2 55A
P value NS 0.0338 NS NS NS <0.0001 NS 0.0051
SEM 37154 0.25 0.36 0.25 0.141  2.168 1.3431 0.3632
Barley BBCH 59 8157 12.4 67.6 52.2 NM NM NM NM
BBCH 61 8220 12.2 67.7 49.7 NM NM NM NM
BBCH 65 7973 12.3 67.7 50.1 NM NM NM NM
BBCH 69 8413 12.4 68.3 49.5 NM NM NM NM
Dual (61+69) 8072 12.3 68.0 50.8 NM NM NM NM
Unsprayed 8404 12.6 67.6 49.4 NM NM NM NM
P value NS NS NS NS
SEM 459.7 0.12 0.3079 0.91

NS = not significant; NM = not measured; SEM = Standard Error; TBBCH wheat growth stage scale; *
probability of fungicide application timing treatment differences. Means followed by different letters
indicate significant differences among fungicide application timing based on the least significant
difference test (alpha = 0.05).

Table 9. Fungicide effects on yield, protein content, test weight (TW), thousand kernel weight (TKW),
Fusarium damaged kernels (FDK), FHB index (%), Horsfall-Barratt rating (%) and McFadden rating of
cereal crops at Melfort 2023

Crop Treatmentst Yield Protein TW TKW FDK FHB Horsfall- McFadden
(kg/ha) (%) (kg/hL) (g) (%) Index  Barratt Rating
(%) Rating
(%)

Winter BBCH 59 6445 NM 82.4 37.0 0.25 NM 62.6 10.0

wheat BBCH 61 6840 NM 82.5 36.4 0.13 NM 68.7 9.8
BBCH 65 6396 NM 82.6 36.3 0.50 NM 76.1 10.0
BBCH 69 6632 NM 82.8 37.2 0.13 NM 50.4 8.8
Dual (61+69) 7366 NM 82.8 35.8 0.38 NM 66.6 9.5
Unsprayed 6135 NM 82.8 36.9 0.25 NM 75.3 9.8
P valuet NS NS NS NS NS NS
SEM 314.18 0.3522 0.43 0.206 7.2148 0.3173

Durum  BBCH 59 3289 NM 80.7 41.7 0.3931 4.78B NM NM
BBCH 61 3311 NM 80.2 415 0.124 464B NM NM
BBCH 65 3072 NM 80.2 41.5 0.23 3.88B NM NM
BBCH 69 3578 NM 80.3 41.7 0.067 4.86B NM NM
Dual (61+69) 3929 NM 80.7 41.8 0.2344 4.88B NM NM
Unsprayed 3519 NM 80.3 39.5 0.3931 10.70A NM NM
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P value NS NS NS NS 0.0003

SEM 413.99 0.5864 0.83 0.1549 1.0073

Bread BBCH 59 4833 NM 79.8 334 0.25 6.00B NM NM

wheat BBCH 61 5163 NM 79.6 33.9 0.38 6.55B NM NM
BBCH 65 5009 NM 79.6 34.9 0.50 6.23B NM NM
BBCH 69 5104 NM 79.2 34.9 0 593B NM NM
Dual (61+69) 4885 NM 79.6 34.2 0.25 6.28B NM NM
Unsprayed 4896 NM 80.2 36.5 0.38 12.05A NM NM
P value NS NS NS NS NS
SEM 212.8 0.32 0.91 0.182 0.7590

Barley BBCH 59 5500 NM 68.9 4435 NM NM 32,5 10.0
BBCH 61 5803 NM 69.0 47.45 NM NM 34.2 10.0
BBCH 65 6146 NM 68.7 4490 NM NM 30.1 10.0
BBCH 69 5908 NM 69.5 4530 NM NM 28.0 10.0
Dual (61+69) 6199 NM 69.8 46.50 NM NM 30.1 10.0
Unsprayed 5804 NM 69.5 45.05 NM NM 38.0 10.0
P value NS NS NS NS NS
SEM 264.48 0.34 0.826 2.8682 0

NS = not significant; NM = not measured; SEM = Standard Error; TBBCH wheat growth stage scale; *
probability of fungicide application timing treatment differences. Means followed by different letters
indicate significant differences among fungicide application timing based on the least significant
difference test (alpha = 0.05).

Table 10. Fungicide effects on yield, protein content, test weight (TW), thousand kernel weight
(TKW), Fusarium damaged kernels (FDK), FHB index (%), Horsfall-Barratt rating (%) and McFadden
rating of cereal crops at Saskatoon 2023

Crop Treatmentst Yield Protein TW TKW FDK FHB IndexHorsfall- McFadden

(kg/ha) (%) (kg/hL) (g) (%) (%) Barratt  Rating
Rating
(%)
Durum BBCH 59 3116 NM 72.6 B 46.9 0.5 18.67B 3.9B 3.0C
BBCH 61 3043 NM 75.8A 47.0 0 11.49C 4.08B 3.5BC
BBCH 65 3106 NM 749 AB 48.0 0.63 12.76 BC 3.7B 3.8B
BBCH 69 3078 NM 75.0 AB 48.3 0.38 12.12C 5.2B 4.0B
Dual (61+69) 3176 NM 75.9A 47.0 0.25 15.11BC 2.6B 3.0C
Unsprayed 2979 NM 74.6 AB 47.8 1.25 28.06 A 10.5A 5.8A
P value? NS 0.0096 0.0341 NS 0.0003 0.001 <.0001
SEM 71.09 0.7155 0.3409 0.232 2.114 1.1300 0.2500
Bread BBCH 59 3859 NM 78.7 423 A 0.63 16.24 A 3.1B 4.8
wheat BBCH 61 3793 NM 78.2 41.0 0.13 6.81CD 7.9A 6.0

ABC
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BBCH 65 3582 NM 79.5 39.2C 0.38 532D 9.6A 6.5

BBCH 69 4149 NM 79.2 41.0 0.50 9.85B 10.8A 5.8
ABC
Dual (61+69) 3834 NM 79.0 39.8 BC 0.13 8.22BC 8.7A 7.0
Unsprayed 3694 NM 78.1 41.3 AB 0.25 1763 A 94A 6.5
P value NS NS 0.0396 NS <0.0001 0.0358 NS
SEM 182.09 0.64 0.74 0.220 0.932 1.6019 0.7407
Barley  BBCH 59 3783 NM 63.6 46.1 NM NM NM NM
BBCH 61 3521 NM 63.4 46.5 NM NM NM NM
BBCH 65 3567 NM 64.0 46.2 NM NM NM NM
BBCH 69 3605 NM 63.6 46.8 NM NM NM NM
Dual (61+69) 3807 NM 63.5 47.2 NM NM NM NM
Unsprayed 3658 NM 63.6 46.9 NM NM NM NM
P value NS NS NS
SEM 112.14 0.54 0.60

NS = not significant; NM = not measured; SEM = Standard Error; TBBCH wheat growth stage scale; *
probability of fungicide application timing treatment differences. Means followed by different letters
indicate significant differences among fungicide application timing based on the least significant
difference test (alpha = 0.05)

Objective 2.

The existing protocols for quantifying mycotoxin content for 3 and 15ADON did not work for the NIV and
NX-2 chemotypes. Despite attempts to modify the protocols, NIV and NX-2 mycotoxins could not be
quantified. Results below are for 3 and 15ADON.

3ADON

The effects of temperature and incubation period on the 3DON chemotype was evaluated in two
experiments. 3ADON data from Experiments 1 and 2 could not be combined due to significant
interaction effects with experiment (Table 11). The findings from Experiment 1 indicated that
temperature, incubation time and their interaction significantly influenced 3DON toxin production
(Table 11 & 12; Figure 1). After 7 days at 10°C, no toxin was detected, and after 14 days, there was a
slight increase to 0.07 ppm. Incubation at 10°C for 21 and 28 days significantly increased the toxin levels
to 2.26 ppm and 8.96 ppm, respectively, although these values did not differ from each other
statistically. At 17°C, the toxin levels for 7, 14, and 21 days were similar, with values of 1.09 ppm, 1.20
ppm, and 1.31 ppm, respectively. After the longest incubation period of 28 days at 17°C, mycotoxin
levels rose to 15.45 ppm. At 24°C, DON production was notably higher at 7 and 14 days compared to
lower temperatures, with production levels of 4.43 ppm and 42.85 ppm, respectively. After 21 days of
incubation at 24°C, an impressive 322.54 ppm of toxin accumulated, which did not differ significantly
from the 14-day incubation at the same temperature or from the 7 and 14-day incubations at 30°C;
yields of 166.06 ppm and 133.21 ppm, respectively. After 21 days at 30°C, the toxin content was 27.24
ppm, but did not significantly differ from the shorter incubation periods at the same temperature.
However, at 30°C for 28 days, lower DON production was observed compared to the 7-day incubation at
30°C, although it remained comparable to the mid-length incubation times. The highest toxin production
was recorded after 21 days of incubation at 24°C, however this treatment did not differ from 7 days at
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30°C and 14 days at 24°C and 30°C. Results from Experiment 1 suggest 3ADON production is highest at
24°C and 30°C.

DoM (ppm)
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Figure 1. Summary of the interaction effect of temperature and incubation period on 3ADON toxin
production in Experiment 1.

In Experiment 2, temperature, incubation period, and their interaction influenced DON production
(Tables 11 & 12). Incubation at 10°C for 7 days resulted in the lowest DON level of 0.02 ppm, which
differed from all other treatments. After 14 days at 10°C, a significant increase to 2.09 ppm was
recorded, marking the second lowest toxin level produced in this experiment, and it differed from all
other temperatures and incubation periods. At 10°C for 21 and 28 days, there was a substantial increase
compared to both the 7-day and 14-day incubations; however, the 21-day and 28-day incubations did
not differ significantly. At 17°C, toxin levels across all incubation periods were consistent, ranging
between 15.3 and 48.9 ppm. At 24°C, there was no significant difference in DON levels (ranging from
39.47 to 51 ppm) among the incubation times. Similarly, DON accumulation at 30°C did not show
significant differences across the incubation periods. The highest DON production at 30°C after 28 days
was 161 ppm, which did not differ significantly from the toxin levels recorded at any incubation time at
24°C and 30°C, nor from the 21-day incubations at 10°C and 17°C. This suggests that 24°C and 30°C are
the optimum temperature conditions for 3ADON development, regardless of incubation duration, and
that high toxin content can still occur after 21 days of incubation under unfavorable colder

temperatures.
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Figure 2. Summary of the interaction effect of temperature and incubation period on 3ADON toxin
production in Experiment 2

Table 11. Summary statistics (P values) from mixed model analyses of temperature, incubation period
(days) and experiment effects on deoxynivalenol (DON) production.

Factor P value

3ADON

Experiment 1 Temperature (T) <0.0001
Incubation period (l) <0.0001
T* <0.0001

Experiment 2 T 0.0002
| 0.0001
T* <0.0001

Pooled analysis T <0.0001
I <0.0001
T*I <0.0001
Experiment (E) <0.0001
E*I 0.6422
EXT 0.0018
T*I*E 0.0015

15ADON

Experiment 1 T <0.0001
I <0.0001
T* <0.0001

Experiment 2 T 0.0006
| 0.0064
T* 0.0130

Pooled analysis T <0.0001
| <0.0001
T* <0.0001
E <0.0001
E*I <0.0001
EXT <0.0001
T*I*E <0.0001

Table 12. Summary of the interaction effect of temperature, incubation period
and experiment on 3ADON and 15ADON toxins in Experiment 1 and 2.
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Chemotype Temperature Incubation Experiment 1 Experiment 2
period
3ADON

10 7 0.001 0.02E
14 0.07H 2.09D
21 2.26 EFG 32.49 ABC
28 8.96 DEF 12.18 C

17 7 1.09G 15.44 C
14 1.20G 15.30C
21 1.31FG 48.90 ABC
28 15.45 DE 28.64 BC

24 7 4.43 DEFG 51.00 ABC
14 42.85 ABCD 42.40 ABC
21 322.54 A 39.47 ABC
28 21.92DC 45.13 ABC

30 7 166.06 AB 115.87 AB
14 133.21 ABC 40.61 ABC
21 27.24 BDC 88.73 AB
28 21.07 DC 161.00 A

15ADON
10 7 0.00H 2.37BC

14 0.00H 0.04D
21 0.00H 2.33BC
28 0.25 DEFG 4.00 ABC

17 7 0.07G 1.38C
14 0.22 DEFG 2.55BC
21 0.43 CDEF 2.32BC
28 0.80 CDE 5.42 AB

24 7 0.10FG 2.97 ABC
14 0.18 EFG 3.17 ABC
21 6.98 AB 3.97 ABC
28 11.53A 10.15A

30 7 1.73 BC 3.37 ABC
14 1.04 CDE 4.43 ABC
21 1.13DC 3.09 ABC
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28 9.47 AB 4.36 ABC

Means followed by different letters indicate significant differences among treatments based on the least

significant difference test (alpha = 0.05).
15ADON

This study examined the effects of temperature and incubation period on DON production in the
15ADON chemotype through two experiments (Figures 3 and 4, Table 12). Data from Experiments 1 and
2 could not be combined due to significant interaction effects with experiment (Table 11). In the first
experiment, DON production was significantly influenced by temperature, incubation period, and their
interaction (Table 11). At 10°C, no DON production was observed after 7, 14, and 21 days of incubation;
however, a significant increase to 0.25 ppm was recorded after 28 days. At 17°C, DON levels were low,
at 0.07 ppm after 7 days, while levels for 14, 21, and 28 days ranged from 0.22 to 0.80 ppm, showing no
significant differences among these durations. Incubation at 24°C also resulted in low toxin production
at 7 and 14 days, similar to that observed at 17°C and 10°C after 28 days. However, significant increases
were noted at 21 and 28 days at 24°C, resulting in 6.98 ppm and 11.5 ppm, respectively. Under 30°C
conditions, DON levels remained low from 7 to 21 days, with a significant increase to 9.47 ppm at 28
days. The highest DON levels were observed at 24°C after 21 and 28 days of incubation, and at 30°C
after 28 days. Results from Experiment 1 suggest that optimal conditions for 15ADON production are at
24°C or 30°C with longer incubation periods.

=
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Figure 3. Summary of the interaction effect of temperature and incubation period on 15ADON toxin
production in Experiment 1

In the second experiment, 15ADON toxin production was significantly influenced by temperature,
incubation period, and their interaction (Tables 11 and 12). In Experiment 2, the lowest DON production
was observed at 10°C, with a value of 0.04 ppm, which differed significantly from all other treatments.
At 10°C, after 7 and 21 days, and at 17°C after 7, 14, and 21 days, the DON levels did not differ from
each other, nor from any other treatments except for the highest DON production that was observed at
24°C after 28 days. The longer incubation periods of 28 days at both 10°C and 17°C did not yield results
that differed from the highest DON production treatment. The highest DON production was recorded at
24°C after 28 days and did not differ from treatments at 24°C and 30°C, nor from the 28-day incubation
periods at 10°C and 17°C. The results from Experiment 2 indicated that optimal 15ADON production
occurred at 24°C and 30°C at any incubation time; however, under unfavorable colder temperatures,
significant toxin levels can still be achieved after longer periods of incubation.
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Figure 4. Summary of the interaction effect of temperature and incubation period on 15ADON toxin
production in Experiment 2

Conclusion

Objective 1:

The environmental conditions of this study were warmer and drier than long term normal at all sites
of the study. Irrigation at Outlook was sufficient to maintain high yields, but yields were often lower
than normal at Saskatoon and Melfort. Due to the limited severity of FHB on the crops in all site-years,
there was not benefit to fungicide on yield. Only at Outlook in 2022 was there a difference in yield
among fungicide treatment; however, none of the fungicide timing treatments differed from the
unsprayed check. Protein content, when measured, did not differ among fungicide treatments except in
bread wheat at Outlook in 2023 where it was somewhat from the unsprayed check (up to 0.9%) when
fungicide was applied at BBCH 65, 69 and the dual treatment (61 and 69). Test weight of durum was
affected by fungicide treatment at Saskatoon in 2022 and Saskatoon 2023.

In the former, the TW of the unsprayed check and the dual application did differ, however both did
not differ from other treatments and in the latter, TW was similar among all treatments including the
unsprayed check except the BBCH 59 treatment where TW was 2.0 to 3.3 kg/hL less than other
treatments. However, BBCH 59 did not differ from BBCH 65, 69 and unsprayed check. The TKW was
higher than the unsprayed check for some fungicide treatments in two cases (durum at Outlook 2022
and barley at Melfort in 2022), but lower than the unsprayed check in two cases (both in bread wheat at
Outlook in 2022 and Saskatoon 2023).

While FDK content was low at all site-years, there were five instances where there were fungicide
application timing treatments that affected FDK content. At three of these there was no reduction in
FDK content when fungicide was applied at BBCH 59 compared to the unsprayed check, while in the
other two instances fungicide at BBCH 59 reduced FDK content similar to other fungicide
treatments. There were nine instances of fungicide application timing affecting FHB index, at three of
these application at BBCH 59 resulted in similar FHB index severity as the unsprayed check, but in six
instances fungicide at BBCH 59 reduced FHB index compared to the unsprayed check. However, at two
of the six, other fungicide application timing treatments were more effective than at BBCH 59. These
results support those of Singh et al. (2021), who found that fungicide application at BBCH 59 was not as
beneficial to mitigate FHB as applications between BBCH 61 and 69. Although FHB severity, as
measured by FDK content and FHB index was low in most years of our study at all sites, our results,
similar again to Singh et al. (2021) also suggest that fungicide applied at BBCH 69 is equally effective to
reduced FDK content and FHB index as applications at BBCH 61 and 65.
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Objective 2:

The analyses for the 3ADON and 15ADON chemotypes revealed significant interactions among
temperature, incubation period, and experiment in both cases. For 3ADON, lower temperatures and
shorter incubation times were less favorable for DON production, with the lowest levels observed at
10°C for both 7 and 14 days across both experiments. The highest accumulation was noted in
Experiment 1 at 24°C after 21 days, with substantial production also recorded at 24°C for 14 days and at
30°C for 7 and 14 days. In Experiment 2, the highest toxin levels were reported at 24°C and 30°C across
all incubation times, as well as at 10°C and 17°C after 21 days of incubation. The analysis indicates that
the optimal temperatures for 3ADON development are 24°C and 30°C, with longer incubation periods at
lower temperatures increasing production. In contrast, 15ADON exhibited much lower toxin levels
overall. The highest DON levels for this chemotype were found in both experiments at 24°C after 28
days. Experiment 2 demonstrated consistently high DON levels across incubation periods at 24°C and
30°C, as well as at 10°C and 17°C during longer incubation periods of 28 days. The lowest production for
15ADON was also recorded at 10°C in both experiments, with no accumulation observed during the 7-21
day incubation periods in Experiment 1.

Overall, both chemotypes displayed similar trends in DON accumulation: higher temperatures and
longer incubation periods resulted in increased DON levels, even under colder conditions. However, for
3ADON, incubation periods at favorable temperatures had less impact on production, whereas 15ADON
consistently yielded higher DON levels with longer incubation periods, regardless of temperature.
Notably, 3ADON generated much higher levels of DON compared to 15ADON, emphasizing that 3ADON
is the more aggressive chemotype.
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