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Objectives

The broad objective is to determine if 3 malt and 3 feed barley varieties differ in response to N fertility,
PGR, and fungicide. The malt varieties to be screened include AAC Synergy, AAC Connect, CDC Fraser,
and the feed varieties include CDC Austenson, Claymore, and Oreana.

Research Plan

This project is a resubmission of the enhanced barley trials which were supported by ADOPT and
SaskBarley last year, with modifications to reduce costs and increase efficiency. This proposal combines
the N fertility, PGR, and Fungicide proposals from last year into one study. Efficiencies are gained by not
having to replicate the no fungicide no PGR checks for 3 separate trials. This trial design also allows for a
comparison between the additive effects of PGR and Fungicide that was not possible with last year’s
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study. SaskBarley believes it is important to have more than one year of study on this topic to provide
producers with better information that covers a range of environmental conditions.

Table 1 lists the treatments established at each location in a split-plot design with 4 replications. The
main-plot factor is “Barley Management” and the sub-plot factor is “Barley Variety”. Management A acts
as a check for managements B, C and D which helped to keep the trial size to a manageable level.
Management A has been compared to management B to determine the varietal response to standard vs
enhanced N fertility when all varieties have received fungicide at flag but no PGR. Standard and
Enhanced rates of N varied by location group based on historic yield potential (SCIC data). The groupings
were as follows:

-Group 1 = low yield potential: Swift Current: 100 vs 125 Ib N/ac of soil + added N

- Group 2 = mid range yield potential: Prince Albert, Indian Head, Scott: 120 vs 150 Ib N/ac of soil +
added N

- Group 3 = high yield potential: Yorkton, Melfort, Outlook: 130 vs 162 Ib N/ac of soil + added N

When soil sampling to 24 inches was not possible, N available in a 12 inch depth was multiplied by 1.5
for an approximation of N present in a 24 inch depth. Phosphorous and potassium were applied evenly
to all treatments in each trial to be non-limiting to yield even at the highest rate of N.

Management A was compared to management C to determine the varietal response to PGR, at a
standard rate of N and with fungicide at flag. The PGR applied was Moddus (trinexapac-ethyl) at GS30-
32 (stem elongation). Management A was compared to management D to determine the varietal
response to fungicide applied at flag leaf. For this comparison, all varieties were compared at the
standard rate of N and with no PGR. The fungicide Trivapro© was applied at flag leaf timing. A 4th
comparison was also made between Management C and D to determine the varietal response to a
combination of PGR and fungicide for varieties fertilized at a standard rate of N.

Herbicide and insecticide selection were at the discretion of the site manager to ensure pests were non-
limiting to yield. All trials were “small plot”, but plot size varied between locations based on available
equipment. Depending on plot width, either the whole plot or only 4 or 5 centre rows were harvested
using a small plot combine. Seeding rates for each variety were based on TKW and germination tests to
target 300 live seeds/m?.

Dates of operations and measurement taken at each site are listed in Table 2.
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Table 1. Treatment list for project (Barley Management by Barley Variety)

#  Barley Management (A-D) Barley Variety
1 A. Standard: N Fertility — No PGR - Fungicide? AAC Synergy

2 A. Standard: N Fertility — No PGR - Fungicide: AAC Connect

3 A. Standard: N Fertility — No PGR - Fungicide? CDC Fraser

4 A. Standard: N Fertility — No PGR - Fungicide: CDC Austenson
5 A. Standard: N Fertility — No PGR — Fungicide: Claymore

6 A. Standard: N Fertility — No PGR - Fungicide: Oreana

7 B. Enhanced: N Fertility — No PGR - Fungicides AAC Synergy

8 B. Enhanced: N Fertility — No PGR — Fungicides AAC Connect

9 B. Enhanced: N Fertility — No PGR - Fungicides CDC Fraser

10 B. Enhanced: N Fertility — No PGR — Fungicides CDC Austenson
11 B. Enhanced: N Fertility — No PGR - Fungicides Claymore




12
13
14
15
16
17
18
19
20
21
22
23
24

Enhanced: N Fertility — No PGR - Fungicides
Standard: N Fertility — PGR? - Fungicide
Standard: N Fertility — PGR? - Fungicide

Oreana
AAC Synergy
AAC Connect

DODDUUONNNNNN®

Standard: N Fertility — PGR? - Fungicide
Standard: N Fertility — PGR? - Fungicide
Standard: N Fertility — PGR? - Fungicide
Standard: N Fertility — PGR? - Fungicide
Standard: N Fertility — No PGR — No Fungicide
Standard: N Fertility — No PGR — No Fungicide
Standard: N Fertility — No PGR — No Fungicide
Standard: N Fertility — No PGR — No Fungicide
Standard: N Fertility — No PGR — No Fungicide
Standard: N Fertility — No PGR — No Fungicide

CDC
CDC

Fraser
Austenson

Claymore
Oreana

AAC
AAC
CDC
CDC

Synergy
Connect
Fraser
Austenson

Claymore
Oreana

All sites were fertilized at P and K levels to be not limiting, even for the high N rate based on soil test

recommendations

2PGR applied will be Moddus (trinexapac-ethyl) at GS30-32 (stem elongation).

3Fungicide applied will either be Trivapro or Nexicor applied at flag leaf.

Dates of operations are listed in Table 2.

Table 2. Dates of operations for locations in 2023

Operation in 2023 ([Yorkton [Swift Current |[Melfort [Outlook Indian Head  |Prince Scott
Albert
Seed May 16 41 May 16 |may 10 May 9 - May 15
Pre-seed herbicide |None RT540 — May [Startup - |None Weathermax —|Prepass —  [Glyphosate +
(if needed) 1 May 16 May 11 May 26 Aim — May
14
Emergence counts [May 30 & |may 30 June1l [May 31 May 29 June 23 June 14
31
In-crop Herbicide |Prestige (Liquid Prestige |Buctril M Axial + None Axial + Infinity
XL - June |Achieve + XL - +Tralkoxydim — |Prestige — June L June 2
5 BuctriM+ |, ,ne7 Punes 7 Buctril M —
Axial - Carrier —June Axial - June 13
june6 (8 June 20
In-crop Insecticide |None None Decis-  [None Coragen Max - [None Decis - July 7
June 23 June 22
Apply Moddus June 14 [June 16 June 13 Pune 7 June 12 June 28 June 16
(trinexpac-ethyl) at
GS30-32 (stem
elongation)
Trivapro applied at june 27  [June 20 June 29 |lune 20 June 24 July 7 une 29
flag leaf
Height (cm) July 24 [August 2 July 31 [uly 27 July 26 Was missed |August 3
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Lodging (0-9) August  [August 2 August  uly 27 August 4 September  |August 16
15 21 8

Precent leaf Rep 1to 3{june 30 July 10 Jluly 4 July 10 July 18 july 10
disease coverage offjyly 10
penultimate leaf. Rep 4 July
Rate 10 leaves per |4
plot for treatments
1-6 and 19-24 at
least 10 days after
fungicide
application.

Seed Yield: August  [September  |August  |august 14 August 15 September |August 17
corrected to 13.5% |15 25 21 12

moisture

Results

Mean monthly temperatures and precipitation for each location are presented along with the long-term
(1981-2010) averages in Tables 3 and 4, respectively. All locations were considerably warmer than
average, with May and June being particularly hot. All locations but one were much drier than their
historical average. Swift Current was the wettest relative to its average annual

precipitation. Unfortunately, some of its precipitation came in the form of hail resulting in an estimated
yield loss of 50%. Outlook was the driest of the sites with only 95 mm of precipitation (46% of average);
however, this location was irrigated. The remaining locations received 49-70% of the long-term average
precipitation amounts with Indian Head, Melfort, and Yorkton being the driest in absolute terms and as

a percentage of their long-term averages.

Table 3. Mean monthly temperatures amounts along with long-term (1981-2010) normals for the 2023 growing
season at 7 sites in Saskatchewan.

Location Year May June July August Avg. / Total
Mean Temperature (°C) -------------------
Indian Head 2023 14.0 194 16.7 17.7 17.0
Long-term 10.8 15.8 18.2 17.4 15.6
Melfort 2023 14.1 19.2 16.9 17.3 16.9
Long-term 10.7 15.9 17.5 16.8 15.2
Outlook 2023 15.2 19.5 18.5 18.7 18.0
Long-term 11.5 16.1 18.9 18.0 16.1
Prince Albert 2023 14.4 18.8 16.6 17.1 16.7
Long-term 10.4 15.3 18.0 16.7 15.1
Scott 2023 14.9 17.2 17.1 17.4 16.7
Long-term 10.8 14.8 17.3 16.3 14.8
Swift Current 2023 14.8 17.7 184 18.8 17.4
Long-term 11.0 15.7 18.4 17.9 15.8
Yorkton 2023 13.8 19.7 16.7 17.8 17.0
Long-term 10.4 15.5 17.9 17.1 15.2
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Table 4. Precipitation amounts along with long-term (1981-2010) normals for the 2023 growing season at 7 sites in

Saskatchewan.
Location Year May June July August Avg. / Total
Precipitation (mm) --------------------
Indian Head 2023 12.9 49.6 15.9 40.8 119
Long-term 51.8 77.4 63.8 51.2 244
Melfort 2023 17.9 26.4 16.4 50.0 111
Long-term 42.9 54.3 76.7 52.4 226
Outlook 2023 17.2 15.3 15.5 46.6 95
Long-term 42.6 63.9 56.1 42.8 205
Prince Albert 2023 22.8 52.8 40.8 51.2 168
Long-term 44.7 68.6 76.6 61.6 252
Scott 2023 16.6 81.8 29.7 31.7 159
Long-term 38.9 69.7 69.4 48.7 227
Swift Current 2023 41.0 32.9 63.3 42.1 179
Long-term 42.1 66.1 44.0 35.4 188
Yorkton 2023 16.8 67.9 18.0 33.3 136
Long-term 51.3 80.1 78.2 62.2 272
Statistical analysis

Data were analyzed with the R statistical program, version 4.2.2 (R Core Team 2022), using the Ime4
package (Bates et al. 2015) for fitting mixed-effects models, the ImerTest package (Kuznetsova et al.
2017) for assessing model fit and treatment differences, and the emmeans package (Length 2023) for
means separation. Data from all site-years were combined for a multi-site analysis. To assess the overall
response across environments and determine the presence of significant site interactions, mixed effects
models were fitted for each response variable (plant density, disease, height, lodging, yield, and protein)
with fixed effects being Site, Variety and Management, all two-way interactions, and the three-way
interaction. Random effects were Replicate within Site, and Management within Replicate within Site
(Management was blocked in the split-plot design). If a significant three-way interaction was identified,
then sites were analyzed separately, with Variety, Management, and the interaction as fixed effects, and
Replicate and Management within Replicate (split-plot design) as random effects. Estimated marginal
means were determined and if significant treatment effects were identified, means were separated
using multiple pairwise comparisons with the Tukey method for P-value adjustment and the
Satterthwaite method for determining degrees of freedom. Treatments were considered significantly
different at P<0.05.

Study Results

Table 1. F-test results of mixed-effects model analysis of crop response variables assessing the presence
of site interactions with Variety and Management. Effects are considered significant if P<0.05 and
significant effects are bolded for emphasis. S.E. is the standard error of the model.

Plant density  Disease Height Lodging Yield Protein

Fixed effects Pr(>F)
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Variety (V) <0.001 <0.001 <0.001 0.771 <0.001 <0.001

Management (M) 0.532 0.017 <0.001 0.113 0.312 <0.001

Site (S) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

VxM 0.538 <0.001 <0.001 0.185 0.014 0.195

VxS 0.001 <0.001 <0.001 0.662 <0.001 <0.001

MxS 0.917 0.081 0.995 0.111 0.385 0.076

VxMxS 0.378 <0.001 0.061 0.116 0.174 0.442
S.E. 20.1 0.71 2.24 0.83 284 0.31
Plant density

There was a significant Variety by Site interaction on plant density, but no difference in plant density
between Management treatments (Table 1). Pairwise comparisons were completed to examine the
Variety by Site interaction and showed that there was no significant difference in plant density between
varieties at all sites except Prince Albert (Table 2). However, plant density varied by less than 10% at
Prince Albert and would not be expected to differentially influence crop response between varieties at
this site. Individual site analyses for plant density can be found in Table 1a of the Appendix.

Table 2. Estimated marginal means for the effect of variety on plant density at each site. Letters indicate
the separation of estimated marginal means within individual sites using multiple pairwise comparisons
across all varieties and sites. Letters are not shown for sites with no significant difference between
varieties.

Prince Swift Indian
Melfort Yorkton Albert Outlook Scott Current Head
Variety plants m-2 -—----—eecemeee -
AAC Synergy 234 303 491b 270 237 198 270
AAC Connect 224 320 533 a 259 243 193 292
CDC Fraser 238 314 540 a 274 254 202 310
CDC Austenson 225 287 545 a 247 231 193 284
Claymore 230 284 525 ab 260 236 210 306
Oreana 229 307 522 ab 255 254 202 302
S.E.(VxS) 13.1-

Disease

There was a significant three-way interaction for disease (Table 1), so the sites were analyzed
individually. There was a significant Variety by Management interaction at four sites (Table 3). At all four
sites, means separation indicated that disease was significantly reduced with a fungicide application
with Oreana, but did not differ with fungicide application on any other varieties (Figure 1). At Outlook,
leaf disease levels were also relatively high for Claymore. While not significant when using Tukey’s test,
leaf disease was significantly reduced by fungicide when Isd was used to separate means (data not
shown). Both Claymore and Oreana are rated as “Susceptible” to Netted net blotch and all other
varieties are more resistant. There were also other significant differences in disease level between
varieties, with and without fungicide, at these four sites. At Melfort, there was a significant difference in
disease level between varieties, but no effect of management (Table 2a in Appendix), and there was no
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difference in disease levels between varieties or management at either Prince Albert or Swift Current.
Individual site analyses for leaf disease can be found in Table 2a of the Appendix.

Table 3. F-test results of mixed-effects models of disease levels assessing the presence of Variety and
Management interactions at each site individually. Effects are considered significant if P<0.05 and
significant effects are bolded for emphasis. S.E. is the standard error of the model.

Prince Swift Indian
Melfort  Yorkton Outlook  Scott
Albert Current Head
Fixed effects Pr(>F)
Variety (V) 0.047 <0.001 0.153 0.049 <0.001 0.474 <0.001
Management (M) 0.470 <0.001 0.408 0.001 0.208 0.520 0.011
VxM 0.985 <0.001 0.660 0.033 0.022 0.338 <0.001
S.E. 0.11 0.48 0.26 0.05 1.77 0.11 0.31
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Figure 1. The interaction of variety and management at four sites. Error bars indicate the standard error
within sites. Letters indicate the separation of estimated marginal means by pairwise comparisons using
the Tukey method.

Height

There were significant Variety by Management and Variety by Site interactions for height, and the 3-way
interaction between variety, management and site was nearly considered significant with a p value of
0.061 (Table 1). The Variety by Management interaction showed that height varied with management
across all sites in all varieties except Oreana (Figure 2). For all varieties other than Oreana, plants were
significantly shorter with Management C (PGR application with standard fertility) than with
Management B (no PGR application with enhanced fertility). AAC Synergy and CDC Fraser also showed a
significant decrease in height with PGR application even without added fertility (Management A vs
Management C). The Variety by Site interaction showed that there were significant differences in height
between varieties at all six sites (height was not assessed at Prince Albert), but the sites differed in
regards to the shortest and tallest varieties (Figure 3). AAC Synergy and Claymore were often but not
always significantly taller than other varieties, while AAC Connect, CDC Austensen, and Oreana were
often but not always significantly shorter than other varieties, depending on site. When sites were
analyzed separately, signficant interactions between management and variety were detected at Melfort,
Yorkton and Indian Head (Table 4). At Yorkton and Indian head only the heights of the malt barley
varieties were significantly reduced by PGR (Figure 4). At Melfort, height for each variety was not
statistically reduced by PGR when using the Tukey’s test for mean separation. However, when the less
conservative Isd test was used, only the height of malt varieties were significantly reduced by PGR (data
not shown).
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Figure 2. The interactive effect of management and variety on height across all sites. Letters indicate the
separation of estimated marginal means by pairwise comparison within variety. Error bars indicate the
standard error across all sites.
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Figure 3. The interactive effect of variety and site on height across all management treatments. Letters
indicate the separation of estimated marginal means by pairwise comparison within site. Error bars
indicate the standard error across all sites.

Table 4. F-test results of mixed-effects models of height levels assessing the presence of Variety and
Management interactions at each site individually. Effects are considered significant if P<0.05 and
significant effects are bolded for emphasis. S.E. is the standard error of the model.

Prince Swift Indian
Melfort Yorkton Albert Outlook Scott Current Head
Fixed effects Pr(>F)
Variety (V) 0.001 0.003 Na 0.262 0.732 <0.001 0.001
Management (M) <0.001 <0.001 Na <0.001 <0.001 <0.001 <0.001
VxM 0.009 0.053 Na 0.11 0.661 0.482 <0.001
S.E. 1.44 1.94 3.21 3.23 1.56 1.03
80
70 . . .
60 I - . W - o R . v
50
3
t 40
T
u
30
20
10
0
Indian Head No PGR Indian Head PGR Yorkton No PGR Yorkton PGR

mAAC Synergy m AAC Connect mCDC Fraser CDC Austenson mClaymore mOreana

Figure 4. The interactive effect of variety and PGR on crop height. Means followed by the same letter are
not significantly different within a location (Tukey test).

Lodging
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Lodging differed between sites but there was no effect of management or difference between varieties
(Table 1). Levels of lodging were very low in this study. Individual site analyses for lodging can be found
in Table 4a of the Appendix.

Yield

Similar to height, there were significant Variety by Management and Variety by Site interactions for
yield, but the three-way interaction was not significant (Table 1). The Variety by Management
interaction showed that across sites, yield did not differ significantly with management in all varieties
except Oreana (Figure 5). Yield of Oreana was significantly higher with Management B (enhanced
fertility + fungicide) than with management D (standard fertility, no fungicide). The Variety by Site
interaction showed that there was no significant difference in yield between varieties at any site except
Outlook (Figure 6). At Outlook, the feed varieties tended to be higher yielding than the malt varieties.
Individual site analyses for Yield can be found in Table 5a of the Appendix. Although the three-way
interaction was insignificant (p=0.174), individual site analysis found PGR significantly increased yield at
Swift Current which had low yield potentials due to hail. The reason for the increase is unclear as
improvements in lodging were not detected as this location. PGR also significantly reduced yield
potential of AAC Synergy at Indian Head and a trend was observed for all other varieties except
Claymore. PGR applied during drought has often been observed to reduce yield potential. Enhancing N
increased yield of AAC Connect and Claymore at Indian Head.
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Figure 5. The interactive effect of management and variety on yield across all sites. Letters indicate the

separation of estimated marginal means by pairwise comparison within variety. Error bars indicate the
standard error across all sites.
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Figure 6. The interactive effect of variety and site on yield across all management treatments. Letters
indicate the separation of estimated marginal means by pairwise comparison within site. Error bars
indicate the standard error across all sites.

Protein

There was a significant effect of management on protein overall, and the Variety by Site interaction was
significant (Table 1). The effect of management on protein was consistent across varieties and sites and
was such that protein was significantly higher with Management B (Enhanced fertility) than with A, C, or
D (standard fertility) (Figure 7). The Variety by Site interaction was such that there was a significant
difference in protein between varieties at all sites except Scott, but varieties with higher and lower
protein levels differed from site to site (Figure 8). Individual site analyses for protein can be found in
Table 6a of the Appendix.
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Figure 7. The effect of management on protein across varieties and sites. Letters indicate the separation
of estimated marginal means by pairwise comparison. Error bars indicate the standard error.
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Figure 8. The interactive effect of variety and site on protein across all management treatments. Letters
indicate the separation of estimated marginal means by pairwise comparison within site. Error bars
indicate the standard error across all sites.

Conclusion

Weather conditions were dry at all locations, except Outlook under irrigation. As a result, leaf disease
levels were low, lodging was minimal, and yields were average. At several sites, application of fungicide
only significantly reduced leaf disease for Oreana, which when untreated had significantly more leaf
disease compared to all other varieties. However, levels of leaf disease would still be considered
minimal for untreated Oreana regardless of location. As a result, applying fungicide did not increase
yield and only served to reduce net returns. Assuming a feed barley value of $5.3/bu, a malt value of
$6.45/bu and a cost of applying fungicide of $25/ac, net return was only positive for CDC Fraser ($12/ac)
when considering all sites together. For the rest of the varieties net returns were reduced between $6
to $38/ac. There were many instances where crop height was reduced by PGR. However, height
reduction from PGR was more apparent for malt versus feed varieties. Regardless of management,
lodging was not an issue for any treatment within this study. Application of PGR only served to reduce
economic returns when considering all sites together. Assuming a cost of applying PGR of $23/ac, net
returns were reduced between $14 to $42/ac depending on variety. At Swift Current, barley yield
averaged across varieties was increased by 5.8 bu/ac, a large increase for a low yielding hailed crop.
Using a crop price averaged between malt and feed ($5.88/bu), the applications of PGR would have
increased net returns by $11/ac. The reason for this is unclear as lodging was not reported as an issue at
this site despite the hail. Enhancing N by 30 Ib/ac also reduced Net returns. Assuming $1.20/lb N,
enhancing N resulted in reduced net returns varying between $22/ac to $38/ac for malt varieties and
from $5/ac to $23/ac for feed varieties. However, an argument could be made that enhancing N
increased net returns for AAC Connect ($27/ac) and Claymore ($7/ac) at Indian Head. In summary, there
was not a lot of evidence to suggest varieties should be managed differently. Oreana may be more likely
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to benefit from fungicide than other varieties in this study due to its greater susceptibility to leaf
disease. Feed varieties in this study may be less likely to benefit from PGR application since their heights
were less affected by PGR and they generally have higher ratings for lodging resistance. However, yield
benefits from applying of fungicide to Oreana or PGR to malt varieties vs feed were not observed in this
study.
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