Faba Bean Agronomy to Enhance Yield,
Hasten Maturity, & Reduce Disease
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Objectives

Demonstrate and investigate:

e The overall adaptation and yield potential of faba beans throughout all of the major soil climatic
zones of Saskatchewan, including regions where this crop has not traditionally been grown or
recommended.

e The ability of early seeding to both optimize yield and allow for earlier faba bean harvest.

e The effects of higher seeding rates on disease development, maturity, and yield.

e The capacity for foliar fungicide applications to reduce disease, enhance yield, and potentially
delay maturity.

Research Plan

Over the 2021, 2022, and 2023 growing seasons, field trials with faba bean were successfully completed
at 16 sites which were representative of a wide swath of the major grain producing regions of
Saskatchewan. Two locations were in the Brown soil zone, Swift Current which was dryland and Outlook
which was irrigated, while four locations were in the Black soil zone, which is generally best suited for
faba bean production. These included one southern (Indian Head), one central (Yorkton), and two more
northern (Melfort and Prince Albert) locations

The treatments were a factorial combination of two seeding dates (early vs. delayed), two seeding rates
(45 vs. 65 viable seeds/m?), and two fungicide treatments (untreated vs. treated). Early seeding was
targeted for April 25 to May 7 while delayed seeding was targeted for May 20-30; however, seeding was
sometimes initiated later than targeted due to delayed snow melt and/or wet spring conditions. The
fungicide was either Priaxor® or Dyax®, applied approximately 7-10 days after the initiation of flowering.
These products contain the same active ingredients but in different proportions, providing 75-99 g/ha of
fluxapyroxad and 99-148 g/ha pyraclostrobin. While the original intent was to use Priaxor® at all sites,
this product was discontinued prior to the 2021 growing season and not all sites had access to it. The
eight treatments were arranged in a split-plot design with seeding date as the main plots and seeding
rates and fungicide treatments as the sub-plots. Each treatment was replicated four times.

Plot size and general crop management varied across locations, depending on equipment and other
factors (i.e., specific crop pests encountered). The plots were always direct seeded into cereal stubble.
The protocols specified that the variety would be Snowbird at all locations since this is a popular and
well-adapted variety in western Canada with good yield potential, reasonably early maturity, and a
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smaller seed size than many high tannin types. However, Swift Current grew CDC Snowdrop in all three
years which will need to be considered when interpreting results since CDC Snowdrop has a lower yield
potential and smaller seed size than many of the other faba bean varieties, including Snowbird. Weeds
were controlled using a combination of pre-emergent and in-crop herbicides. Pre-harvest herbicides or
desiccants were applied at the discretion of individual site managers and the centre rows of each plot
were straight combined when it was fit do so. The harvest dates were tailored to the two seeding dates
whenever it made agronomic and logistic sense but, in some cases, all plots were harvested on the same
date.

Various data were collected over the growing season and from the harvested grain samples. Emergence
was measured by counting plants in 4 x 1 m sections of crop row per plot and calculating the average
number of plants/mz. Days to flowering was recorded for each seeding date (not for individual plots),
primarily as a reference point for timing the fungicide applications. The beginning of flowering was
defined as when approximately 10% of the plants had at least one flower open. Disease ratings were
completed for each plot at two distinct times and with dates tailored to each seeding date. One set of
ratings was completed just prior to the fungicide applications while the second was completed during
pod filling, a minimum of 14 days after the fungicide applications but prior to senescence. The plots
were rated on a scale of 0-9 where 0 = no disease, 1 = less than 10% of the plant affected, 2 = 10-20% of
the plant affected, and 9 = greater than 90% of the plant infected. While these ratings were rather
subjective, they were useful to confirm the presence of disease and the relative severity across
treatments. The Julian date where each plot reached maturity was recorded and used to calculate the
number of days from seeding to maturity. Maturity was defined as the stage where approximately 80%
of the pods had started to turn colour and 33% of the pods had completely turned (dark brown to
black). Seed weight was determined by counting and weighing a minimum of 200 whole seeds (i.e., no
splits) per plot and calculating g/1000 seeds. Mean monthly temperatures and total precipitation
amounts were compiled from the nearest Environment and Climate Change Canada weather stations.

Data from all 16 sites were combined and analyzed using the generalized linear mixed model (GLIMMIX)
procedure of SAS Studio. For plant density and initial disease ratings, the effects of site (S), seeding date
(D), seeding rate (R), and all possible interactions were included as fixed effects. For the remaining
variables, site, seeding date, seeding rate, fungicide (F) and interactions were included as fixed effects.
Replicate and D x Replicate interactions (nested within site) were included as random effects. While we
attempted to test and allow for heterogeneous variance estimates within each site, model convergence
could not be achieved with this model due to the large size and complexity of the data set. Based on
preliminary, individual site analyses, we knew that there was a high probability that heterogeneity in
variance components likely did exist amongst the sites for some variables. With that in mind, basic tests
of the fixed effects and variance estimates from the individual site analyses were summarized and
reported to compliment the combined analyses and aid in the interpretation of results in cases where
the combined analyses may not have been as precise as we had hoped. The single site analyses were
essentially identical to the combined analyses, but without the effects of site or any associated
interactions included in the model. Tukey’s multiple comparisons test was used to separate individual
treatment means and treatment effects and differences between means were considered significant at
P <0.05.

Results

Weather & Environment
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Mean monthly temperatures and precipitation amounts for each location-year (site) are presented
relative to the long-term (1981-2010) averages in Tables 1 and 2, respectively. Although the late-
seeded faba beans were harvested in early October on some occasions, September harvests were
much more common, and it is unlikely that September precipitation ever had much impact on either
disease or yield potential. There were far more instances where harvest was completed in late
August than cases where it was delayed until October and weather data are only reported for May
through August. With 16 location-years, there was wide variation in the environmental conditions
encountered; however, the project was conducted through a relatively hot, dry period which was
neither ideal for faba bean yield potential nor for the development of the most important diseases
affecting this crop.

Table 1. Mean monthly temperatures along with long-term (LT; 1981-2010) averages for the applicable
growing seasons at Indian Head, Melfort, Outlook, Prince Albert, Swift Current, and Yorkton,
Saskatchewan.

Location  Year May Jun Jul Aug Avg.
Mean Temperature (°C)
2021 9 17.7 20.3 17.1 16.0 (+0.4)
Indian 2022 10.9 16.1 18.1 18.3 15.9 (+0.3)
Head 2023 14 194 16.7 17.7 17.0 (+1.4)
LT 10.8 15.8 18.2 17.4 15.6
2021 9.6 18.2 20.1 16.9 16.2 (+1.0)
Melfort 2022 9.8 15.2 18.2 18.7 15.5 (+0.3)
2023 14.1 19.2 16.9 17.3 16.9 (+1.7)
LT 10.7 15.9 17.5 16.8 15.2
2022 11.8 16.3 19.7 20.5 17.1 (+1.0)
Outlook 2023 15.2 19.5 18.5 18.7 18.0 (+1.9)
LT 11.5 16.1 18.9 18 16.1
2022 10.2 15.1 17.9 18 15.3 (+0.2)
Prince
Albert 2023 14.4 18.8 16.6 17.1 16.7 (+1.6)
LT 10.4 15.3 18 16.7 15.1
2021 9.5 18.3 21.6 17.9 16.8 (+1.0)
Swift 2022 10.8 15.7 19.7 20.9 16.8 (+1.0)
Current 2023 14.8 17.7 18.4 18.8 17.4 (+1.6)
LT 11 15.7 18.4 17.9 15.8
2021 8.9 19.1 21 17.3 16.6 (+1.4)
2022 10.6 15.7 18.6 18.9 16.0 (+0.8)
Yorkton
2023 13.8 19.7 16.7 17.8 17.0 (+1.8)
LT 10.4 15.5 17.9 17.1 15.2

Mean growing season temperatures were considered above average (> 0.5 °C of the long-term
average) at 75% of the sites and approximately average (within 0.5 °C of the long-term average) at
the remainder of the sites. There were no cases where the mean growing season temperatures fell
below the long-term (1981-2010) average. Growing season precipitation amounts were much more
variable, ranging from as low as 42% of average (ME-23) to as high as 121% of average (IH-21).
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However, this information can be misleading as initial soil moisture reserves varied widely and both
the timing of precipitation and corresponding temperatures could have major implications regarding
both total water availability and the water use-efficiency of the crop. For example, Indian Head 2021
(IH-21) and IH-22 received similar amounts of total precipitation; however, 2021 started out
extremely dry and a large percentage of the precipitation came in August, too late to be of much
benefit to the crop. In contrast, 2022 started wet, and most of the precipitation came in May and
July. As such, 2022 was a much wetter growing season overall with considerably higher yield
potential, despite the four-month precipitation amounts being much like the previous season.
Despite the wetter overall conditions at IH-22, June was dry and disease pressure during this critical,
early flowering period, was negligible. In hindsight, it would have been beneficial to measure initial
spring soil moisture to a minimum depth of 60 cm at the start of each growing season. Notably, the
plots at Yorkton 2022 (YK-22) and Swift Current 2023 (SW-23) were damaged by hail. This should be
kept in mind when considering the overall yield potential at these locations and it is also possible
that the early seeded faba beans were affected to a greater degree than the late seeded plots. At
Swift Current, yield loss was estimated at 40%; however, no distinction was made between the early
and late seeded crops. At Yorkton, pea leaf weevil was a persistent problem, particularly in 2022 and
2023. In addition to the hail, this likely contributed to the low yields and extremely high variability at
this location.

Table 2. Total monthly precipitation amounts along with long-term (1981-2010) for the applicable growing
seasons at Indian Head, Melfort, Outlook, Prince Albert, Swift Current, and Yorkton, Saskatchewan.

ILocation Year May Jun Jul Aug Avg.
Precipitation (mm)
2021 81.6 62.9 51.2 99.4 295 (121%)
2022 97.7 27.5 114.5 45.9 286 (117%)
Indian Head
2023 12.9 49.6 15.9 40.8 119 (49%)
LT 51.7 77.4 63.8 51.2 244
2021 31.4 37.6 0.2 69.3 139 (52%)
Melfort 2022 90.8 78.1 34.9 37.5 241 (91%)
2023 17.9 26.4 16.4 50.0 111 (42%)
LT 42.9 54.3 76.7 52.4 226
20222 35.7 75.2 53.2 7.0 171 (83%)
Outlook 2023 17.2 15.3 15.5 46.6 95 (46%)
LT 42.6 63.9 56.1 42.8 205
2022 224 63.4 45.7 42.2 174 (60%)
Prince Albert 2023 22.8 52.8 40.8 51.2 168 (57%)
LT 44.7 68.6 76.6 61.6 252
2021 30.0 26.8 36.6 53.5 147 (78%)
Swift 2022 43.2 31.2 83.5 6.7 165 (88%)
Current 2023 x 41.0 32.9 63.3* 42.1 116 (62%)
LT 42.1 66.1 44.0 35.4 188
2021 24.6 18.1 35.2 69.7 148 (54%)
Yorkton 2022 % 137.9 57.9 38.4 90.8 325(119%)
2023 16.8 67.9 18.0 333 136 (50%)
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| LT 51.3 80.1 78.2 62.2 272

2(L-22 site also received 155 mm of irrigation water between June-1 and August 31, 2022
¥ OL-23 site also received 279 mm of irrigation water between June-1 and August 31, 2022
xPlots were damaged by hail at Swift Current 2023 (Jul-22) and Yorkton 2022 (Jun-23)

Overall Tests of Fixed Effects

The overall tests of fixed effects from the combined analyses are presented in Table 3 below. The
effect of site was highly significant for all variables, and the overall site means provide information
on the broader performance and adaptation of faba beans throughout Saskatchewan, in the years
for which this project was conducted. Bear in mind that the variability in the disease ratings and
maturity dates was, at times, negligible for individual sites and this had implications for the
statistical analyses. Consequently, differences that were too small to be of much agronomic
importance were occasionally still significantly significant. For some of the other variables,
particularly seed yield and seed weight, convergence could not be achieved when the model
allowed for heterogenous variance estimates for individual sites and, as such, treatment differences
that were picked up in the individual site analyses were not significant in the combined analyses. In
other cases, particularly for sites where the data was more variable, treatment effects that could not
be detected in the individual site analyses became significant in the combined analyses.
Consequently, results from the overall tests of fixed effects from the individual site analyses were
also summarized and reported (Tables 9-11) along with measures of variability for each effect/site
combination. While we will mainly focus on the combined analyses, this additional layer of
information may be useful to help interpret results in cases where the combined analyses did not
work as well as we would have liked. Specific results of the tests of fixed effects will be referred to
as required throughout the discussion of results.

Table 3. Overall tests of fixed effects for selected response variables in faba bean seeding date by seeding
rate by fungicide trials conducted 2021-23. Data were combined across 16 sites for analyses and analyzed
using the generalized linear mixed model procedure of SAS® Studio.

Source . L . . Days to Seed .
Plant Density Initial Disease Final Disease . . Seed Weight
Maturity Yield
p-values
Site (S) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Seed Date (D) <0.001 <0.001 0.238 <0.001 <0.001 0.009
Sx D <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Seeding Rate (R) <0.001 0.865 0.234 0.015 <0.001 <0.001
S x R <0.001 0.228 0.868 <0.001 <0.001 0.008
DxR 0.517 0.217 0.167 0.130 0.474 0.880
SxDxR 0.005 0.186 0.577 0.926 0.916 0.029
Fungicide (F) - - 0.009 0.003 0.002 0.293
S x F - - 0.399 0.025 0.207 0.010
DxF - - 0.026 0.130 0.156 0.231
SxDxF - - 0.040 0.204 0.538 0.141
RxF - - 0.431 0.743 0.389 0.170
SxRxF - - 0.742 0.999 0.887 0.947
DxRxF - - 0.610 0.838 0.879 0.579
SxDxRxF - - 0.919 0.996 0.981 0.703
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Overall Adaptation and Performance Across Locations

We recognized that, of the dryland locations, faba beans were likely to be most well adapted to the
more northern, Black soil zone locations; however, production challenges with more conventional
options (i.e., pea and lentil) in the Brown and Dark Brown soil zones incentivized us to conduct this
project outside of the traditional faba bean growing areas. Overall mean plant densities, disease
levels, maturities, seed yields, and thousand seed weights are presented for each site in Table 3.
Focusing on emergence, the target seeding rates averaged 55 viable seeds/m? for all sites. Actual
plant populations ranged from 39-65 plants/mz. While plant densities exceeding 55 seeds/m? were
technically not possible, they can potentially be explained by differences in the target versus actual
seeding rates, variation in seed distribution from row to row and within the plot, discrepancies in
the assumed versus actual TKW/germination info, and sampling error. In any case, populations of
>50 plants/m? for 63% of the sites indicated that seedling mortality was less 10% in many cases.
There were only 2/16 (13%) sites where the estimated mortality approached 30% (SW-23 and OL-
23) and, in the case of OL-23, the month of May was extremely dry, and irrigation did not begin until
June. To be safe, growers might consider assuming approximately 10-25% seedling mortality along
with their target plant populations when calculating faba beans seeding rates, with the higher values
only being likely under poor seeding conditions. This is valuable information for farmers since, due
to the large seed size, seeding can be expensive and logistically challenging for this crop.

As alluded to in the previous section, disease pressure was generally quitee low in 2021-23,
regardless of location. The plots were rated on a scale of 0-9 at two distinct stages, first at early
bloom (prior to any fungicide applications) and again during pod fill but prior to senescence.
Although the ratings were quite subjective, 75% of the sites had mean overall ratings of less than 0.5
at the early flowering stage, indicating that <5% of the plant area was affected, generally just the
lowest leaves which may have also been affected by other environmental stressors. For the final
ratings, the values were generally not much higher and, in some cases, were even lower, despite
half of the plots not receiving any foliar fungicide. While disease was frequently confirmed by the
Saskatchewan Crop Protection Laboratory (not shown), the observed ratings suggested that, for the
most part, disease was not much of a limiting factor under the environmental conditions
encountered. Where samples were submitted for positive identification, Chocolate spot (Botrytis sp)
was, by far, the dominant disease while Alternaria Leaf spot (Alternaria sp) was confirmed in a few
cases (likely saprophytic) and Alternaria/Stemphylium leaf spot complex was identified in one case.
The number of days from seeding to maturity ranged from 88-109 days, on average, with the crop
generally developing more slowly at sites where moisture was less limiting and/or temperatures
were cooler. For example, the driest to wettest seasons at Indian Head were 2023, 2021, and 2022
while the corresponding values for days to maturity were 93, 101, and 104 days from seeding. While
longer periods from seeding to maturity often appeared to correlate to higher yields, this was not
always the case. Maturity was consistently achieved in a relatively short period of time at Swift
Current. While we cannot rule out the role of genetics, Snowbird and CDC Snowdrop have similar
maturities; therefore, we expect that the earlier maturity at this location was primarily due to
environment.

Yield potentials ranged widely across environments. Indian Head had intermediate yields but
substantial variation from year to year. 2021 and 2023 were the drier years and yields averaged
1855-2235 kg/ha in these years compared to 3352 kg/ha under the wetter conditions in 2022. The
same was true at Melfort where yields ranged from 2235 in 2021 to 4223 kg/ha in 2022. Yields were
also reasonably high in 2023 at Melfort, despite the dry and hot weather. The difference between
2021 and 2023 at this location was partly attributed to higher soil moisture reserves going into 2023.
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At 4575-5782 kg/ha, yields under irrigation at Outlook were consistently quite high, despite the
coarser soil texture and high temperatures at this location. While they will need to compete with
other high value crops, this suggests that faba beans are quite well adapted to irrigated production
in the Brown soil zone, unlike some other cool season pulse crops (i.e., peas and lentils) which
generally do better under dry conditions and are not necessarily the best candidates for irrigated
production. Yields at Prince Albert were highly variable, the highest of all sites in 2022 (6654 kg/ha)
but amongst the lowest in 2023 (1754 kg/ha). This extreme variability could not easily be attributed
to weather, as total growing season precipitation was similar for both years. Weed control issues
and residual herbicide damage were noted as possible yield limiting factors in 2023 and this was also
the site with the highest overall disease ratings and the sole site where Stemphylium complex was
confirmed. Swift Current consistently had the lowest yields, especially in 2021 and 2023 where
mean yields were less than 1 Mt/ha; however, the low yields in 2023 were partly attributed to hail
damage which was estimated to have resulted in a yield loss of approximately 40%. Again, Swift
Current also grew a lower yielding variety; however, we know that this site is likely a poor candidate
for faba bean production relative to the cooler, wetter regions of the province. Field peas, lentils,
and chickpeas are likely to be better overall pulse crop options for the dry Brown soil zone, but
these crops have been met with challenges of their own in the region; hence the interest in
alternatives such as faba bean. Yorkton would normally be considered a location that should be
quite well suited for faba beans; however, this site has been challenged by drought, hail, and pea
leaf weevil over the three years of this project. As such, yields at Yorkton have been poorer than
expected and were amongst the lowest of all sites in 2021 which was particularly dry. Yields in 2022
and 2023 were more intermediate (2300-2367 kg/ha); however, the potential was higher in 2022
but substantially reduced by the hail damage that occurred.

Table 4. Overall site effects on selected faba bean response variables. Trials were conducted in 2021 (21),
2022 (22), and 2023 (23) and, in alphabet order, the locations were Indian Head (IH), Melfort (ME), Outlook
(OL), Prince Albert (PA), Swift Current (SW), and Yorkton (YK). Means within a column followed by the same
letter do not significantly differ (Tukey’s, P < 0.05).

Site Plant Initial Disease Final Days to Seed Seed
Density Disease Maturity Yield Weight
- plants/mz- - 0-9 - - 0-9 - ---- days ---- ---kg/ha --- g/1000 seeds
IH-21 52.2 FE 1.2B 1.6 AB 100.7 E 1855 GH 432 B
IH-22 64.1 AB 0.7C 1.1CD 104.1 D 3352 E 382F
IH-23 64.8 A 0.5 CDE 0.7D 93.0H 2235 FG 390 EF
ME-21 41.1 HI 0.4 EF 0.1E 92.3BC 2235 FG 400 DE
ME-22 53.7E 0.4 DE 0.9CD 105.2 BC 4223 CD 408 CD
ME-23 51.2 EF 0.4 DE 0.2E 108.8 A 3967 D 481 A
OL-22 53.7E 0.5 CDE 0.7D 103.5D 4575 C 401 DE
OL-23 38.61 0.0H 0.2E 106.0B 5782 B 432 B
PA-22 60.2 BC 0.6 CD 0.2E 105.1C 6654 A 487 A
PA-23 58.7 CD 0.2 GH 19A 103.6 D 1754 H 494 A
SW-21 449 GH 0.0GH 0.0E 91.21 749 ) 223 H
SW-22 46.7 G 0.5 CDE 1.2 BC 95.0G 1476 HI 228 H
SW-23 3951 0.0H 0.0E 88.3J 833 245G
YK-21 55.1 DE 0.2 FG 0.1E 98.5F 1087 1) 415 CD
YK-22 60.8 BC 15A 0.1E - 2300 F 421 BC
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YK-23 48.9FG 0.2F 00E 94.6 G 2367 F 422 BC
S.E.M. 1.41 0.06 0.14 0.30 144.3 54

Thousand seed weights varied substantially with environment. First, Swift Current needs to be
considered separately as CDC Snowdrop has a much smaller seed than Snowbird (325 versus 448
g/1000 seeds according to the 2023 Saskatchewan Seed Guide). Even then, the actual seed sizes at
Swift Current were much smaller than expected, ranging from only 223-245 g/1000 seeds. These low
seed weights were attributed to the poor overall adaptation of faba beans to this environment with
its coarse textured, low organic matter soil, low precipitation, and high temperatures, particularly in
2021-23 when this project was conducted. For the sites that grew Snowbird, seed weights ranged
from 382-494 g/1000 seeds. Notably, seed size did not appear to be well correlated to the overall
yield potential. For example, at Indian Head, we saw the largest seeds in the lowest yielding year,
2021. Prince Albert consistently saw the largest overall seeds (487-494 g/1000 seeds); however,
yields in 2022 were nearly 4x as high as they were in 2023 at this location. While seed size is
undeniably a yield component, this data suggests that it is not likely to be a primary driver of the
overall faba bean yield potential with pods per plant or seeds per pod, neither of which were
measured, likely being much more important.

Multi-site Averages for Main Effects and Interactions

The multi-site averages for all effects and all response variables are summarized in Tables 5-7 below.
These are solely intended to provide a high-level summary of the results; however, it needs to be
appreciated that interactions with site occurred in most cases. As such, the overall across site
averages are not representative of the actual results that were observed on an individual site basis.
These means will be referred to where appropriate throughout the report as we look more closely
at the individual factors that were evaluated. While we will touch on interactions where meaningful
conclusions can be drawn, much of the focus will be on main effects as the higher-level interactions
can be obscure and difficult to explain given the project’s large size and complexity.

Table 5. Overall main effect means of seeding date, seeding rate, and fungicide treatment for selected faba
bean response variables. The values presented are overall 16 site averages and, importantly, the individual
site results often varied. Main effect means within a column followed by the same letter do not significantly
differ (Tukey’s; P < 0.05).

Main Effect Plant Density Initial Disease Final Disease Days to Seed Seed Weight
Maturity ? Yield

Seeding Date - plants/m2- - 0-9--  ---09-- --days-- --—-kg/ha---  g/1000 seeds

Early 50.8B 0.60 A 0.52A 101.3A 3060 A 3945A

Delayed 53.4 A 0.29B 0.60 A 97.4B 2621 8B 388.2B

S.E.M. 0.48 0.021 0.048 0.11 48.6 1.78

Pr > F (p-value) <0.001 <0.001 0.238 <0.001 <0.001 0.009

Seeding Rate

45 seeds/m? 447 B 0.44 A 0.54 A 99.4 A 2793 B 3946 A

65 seeds/m? 59.5A 0.45A 0.58 A 99.2B 2887 A 388.1B

S.E.M. 0.47 0.018 0.039 0.09 37.9 1.54

Pr > F (p-value) <0.001 0.865 0.234 0.015 <0.001 <0.001

Fungicide

Control - - 0.61A 99.5 A 2803 B 390.6 A
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Treated — — 0.51B 99.2 B 2878 B 392.1A
S.E.M. — — 0.039 0.09 37.9 1.54
Pr > F (p-value) - - 0.009 0.003 0.002 0.293

z Days to maturity was not reported at YK-22

Table 6. Overall average means for two-way interactions between seeding date, seeding rate, and fungicide
treatment for selected faba bean response variables. The values presented are overall 16 site averages and,
importantly, the individual site results often varied. Main effect means within a column followed by the
same letter do not significantly differ (Tukey’s; P < 0.05).

2-Way Plant Density Initial Final Disease =~ Daysto Seed Seed Weight
Interaction Disease Maturity Yield

Date x Rate plants/m> 09 -— - 0-9 ----- ----days ---- --—-kg/ha-—-  g/1000 seeds
Early — 45 43.2D 0.59A 0.47 A 101.5A 3021 8B 397.6 A
Early — 65 58.5B 0.61A 0.57A 101.18B 3098 A 391.38B
Delay — 45 46.1C 0.30B 0.60 A 97.4C 2566 D 39168
Delay — 65 60.6 A 0.28B 0.60 A 97.3C 2677 C 384.8C
S.E.M. 0.65 0.025 0.055 0.13 51.3 2.06
Pr > F (p-value) 0.517 0.217 0.167 0.130 0.474 0.880
Date x Fung

Early — Untr — — 0.53B 101.2 A 3006 B 392.8 AB
Early — Fung — — 0.51B 101.3 A 3114 A 396.1A
Delay — Untr — — 0.69 A 97.1C 2601 C 388.3B
Delay — Fung — — 0.51B 97.68B 2642 C 388.1B
S.E.M. — — 0.055 0.13 51.3 2.05
Pr>F (p-value) - - 0.026 0.130 0.156 0.231
Rate x Fung

45— Untr — — 0.57 AB 99.3A 2766 C 394.8 A
45 — Fung — — 0.50B 99.6 A 2821 BC 394.4 A
65— Untr — — 0.65A 99.0B 2840 B 386.3B
65— Fung — — 0.52B 99.4 A 2935B 389.8B
S.E.M. — — 0.047 0.12 41.4 1.85
Pr > F (p-value) - - 0.431 0.743 0.389 0.170

zDays to maturity was not reported at YK-22

Table 7. Individual seeding date by seeding rate by fungicide treatments for selected faba bean response
variables. The values presented are the overall 16 site averages and, importantly, the individual site results
often varied. Main effect means within a column followed by the same letter do not significantly differ
(Tukey’s; P < 0.05).

Individual Final Disease  Days to Seed Seed Weight
Treatment Maturity 2 Yield

DxRxF ----- 0-9 -----  ---—-days ----  ---kg/ha ---  g/1000 seeds
Early — 45— Untr 0.48C 1014 A 2979 B 397.4 AB
Early — 45— Fung 0.47C 101.5A 3063 B 397.8A
Early — 65— Untr 0.58 ABC 100.9B 30328B 388.3 CDE
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Early — 65— Fung 0.55 ABC 101.2 AB 3164 A 394.3 AB
Delay — 45— Untr 0.67 AB 97.2 DE 2554 E 392.3 ABC
Delay — 45 - Fung 0.54 BC 97.7C 2578 DE 390.9 BCD
Delay — 65 — Untr 0.71A 97.1E 2648 CD 384.3E
Delay — 65 — Fung 0.48C 97.6 CD 2706 C 385.3 DE
S.E.M. 0.066 0.16 56.5 2,51

Pr > F (p-value) 0.610 0.838 0.879 0.579

z Days to maturity was not reported at YK-22

Faba Bean Establishment

Again, only site, seeding date and seeding rate were considered when we looked at faba bean
establishment and, as previously discussed, seedling mortality was quite low overall. When averaged
across all sites, seeding rate, and fungicide treatments, we saw slightly better establishment with
delayed (53.4 plants/m2) versus early (50.8 plants/m?) seeding (Table 5). This could be reasonably
attributed to warmer soils and better seeding conditions as the fields had time to dry out; however, the
effect was small and, based on the S x D interaction (P < 0.001), inconsistent. Inspection of individual
site means (Table 12) revealed that the seeding date effect was only significant at five individual sites,
four of which favoured delayed seeding (IH-22, IH-23, YK-21, and YK-23) and one of which favoured early
seeding (YK-22). For 11/16 sites (69%), seeding date did not significantly affect establishment regardless
of whether the data was analyzed for each site individually or combined across sites. As such, growers
are not necessarily advised to adjust their seeding rates based on seeding date; however, they should
pay attention to the specific soil conditions and drill settings at the time of seeding. The S x D
treatments where we did see higher mortality appeared to be heavier soils under relatively wet
conditions, likely resulting in poorer overall seed bed conditions. While beyond the scope of this project,
seeding into cold wet soils may increase the potential benefits of seed treatments. Notably, faba beans
can be seeded quite deep so it is important to try to place to the seed into good moisture; however,
seeding too deep in wet clay soils can result in poorer seed placement and furrow closure and
subsequently delayed emergence or higher seedling mortality.

Seeding rate effects on faba bean establishment were consistent as expected with higher populations
achieved at the heavier seeding rate, 45 plants/m2 and 60 plants/m? at the 45 and 65 seeds/m? seeding
rates, respectively, when averaged across all 16 sites (Table 5). These numbers suggest that seedling
mortality increased slightly at the higher seeding rates. An S x R interaction for plant density (P < 0.001)
was likely due to cases where seedling mortality was much worse at the higher seeding rate, most
notably OL-23 and SW-23. At these sites, there was only a 6 plants/m? difference in plant populations
despite a 20 plants/m? difference in seeding rate while, for the remaining sites, the spread was in the
range of 10-20 plants/m? (Table 12).

While there was no D x R interaction (P = 0.517) for plant density according to the combined analyses,
the S x D x R interaction was significant (P = 0.005). Although such interactions can be challenging to
decipher and explain, the individual site analyses showed at least marginally significant interactions at
three sites, IH-23, PA-22, and SW-22, with SW-22 being most prominent. For example, at SW-22 we saw
much higher seedling mortality at the lower seeding rate compared to the higher seeding rate while the
opposite occurred with delayed seeding. This response is difficult to explain and may have largely been
due to random variability.

Faba Bean Disease Severity
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Like plant density, the initial disease ratings were completed prior to any fungicide applications;
therefore, fungicide treatment was not included in the statistical model. At this time, there were
differences between sites (P < 0.001) and seeding date (P < 0.001); however, the seeding date effects
varied with site (P < 0.001; Table 3). Although initial disease severity was low in all cases, we saw higher
ratings with early seeding at 9/16 sites, higher ratings with delayed seeding at 2/16 sites, and no
difference between dates at 5/16 sites (Table 14). These differences were generally too small to be of
much practical importance. Neither seeding rate nor any interactions associated with it were significant
for the initial disease ratings (P = 0.186-0.865).

Although the values for the final disease ratings were, again, all quite low in practical terms, we
detected significant site and S x D effects (P < 0.001) but no overall date effect (P = 0.238). We also
detected overall fungicide (P =0.009), D x F (P = 0.026), and S x D x F (P = 0.040) interactions for the final
disease ratings. The S x D interaction was such that the vast majority (14/16) of sites saw no differences
in final disease levels between seeding dates, but IH-21 reported higher severity with early seeding
while PA-23 observed the opposite, higher disease severity with delayed seeding (Table 16). Averaged
across sites, the mean ratings were similarly low (0.5-0.6/9) for both seeding dates (Table 5). The overall
fungicide effect, while significant, was small with just slightly lower ratings with a fungicide and the
overall D x F interaction suggested that the difference was only evident with delayed seeding, when
averaged across sites. Again, these responses should not be given too much weight since the disease
pressure was extremely low in all cases and the S x D x F interaction indicates that the responses varied
with environment (Table 18). The D x F interactions for individual sites were too subtle to be identified
using the Tukey’s means separations, but were likely due to many sites showing no treatment effects
whatsoever, some showing a trend for a benefit to fungicide at one date but not the other (i.e., ME-22),
and some showing a trend for opposite fungicide effects depending on the date (i.e., PA-23). Again,
disease levels were low in all cases with site and, to a lesser extent, seeding date generally being more
important than fungicide treatments.

Faba Bean Maturity

Overall tests of fixed effects and differences between means for maturity should be interpreted
cautiously as no sites reported variation between treatments within a seeding date. The data were still
analyzed to help guide the discussion and identify the most important factors; however, some specific
results may be misleading. While the overall main effects of site, seeding date, and fungicide on
maturity were significant (P < 0.001-0.015), interactions with site were detected for all three factors P <
0.001-0.025), indicating that the effects of these treatments are all varied with environment. When
averaged across sites, only the seeding date effect was large enough to be of much importance. Early
seeded faba beans took an extra four days, from seeding, to reach maturity. That said, there was a 14-27
day spread in the seeding dates for individual sites; therefore, the early seeded crop always reached
physiological maturity well before the late seeded crop in terms of the actual calendar date. Focusing on
the S x D interactions (Table 21), we see that the slower crop development with early seeding was
observed at 11/16 sites while there was no effect at one site (IH-23) and the opposite effect (slower
development with delayed seeding) at 3/16 sites (ME-23, PA-23, and YK-21). At IH-23, ME-23, and PA-
23, where the unusual seeding date responses occurred, it was attributed to extreme heat in May and
June followed by cooler temperatures and, perhaps, a slight improvement in moisture conditions during
the latter half of the season. A similar weather pattern occurred at YK-21; however, it was likely driven
more by moisture than temperature in this case. Seeding rate effects on maturity were much less
frequent and, when they did occur, smaller than seeding date effects. In one case (ME-21), maturity was
slightly delayed with the higher seeding rate, but this effect was unexpected and difficult to explain. In
any case, our results indicate that higher seeding rates would not be a cost-effective way to hasten
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maturity to any meaningful degree. Past research has shown the maturity can be delayed at very sparse
faba bean populations; however, the ranges evaluated in this project did not have much impact.
Similarly, while fungicides have potential to delay maturity in crops, any effects on maturity in this
project were also infrequent, occurring at only 25% of the sites. The actual maturity dates with and
without fungicide were always within 1.5 days when differences did occur. Here too, the results at ME-
21 were the opposite of what was expected with a slight hastening of maturity observed with fungicide.
In many cases, even when the difference was not significant, there was a tendency for slightly later
maturity with fungicide; however, the effect was never large enough to be of any agronomic concern.

Faba Bean Seed Yield

In addition to the previously discussed differences between sites, faba bean seed yields were affected by
seeding date, seeding rate, and fungicide (P < 0.001-0.002) with significant S x D and S x R interactions
also detected (P < 0.001). The overall, 16 site average seeding date effect was as expected, with early
seeded faba beans yielding 17% higher than with delayed seeding, or 3060 kg/ha versus 2621 kg/ha
(Table 5). The combined analyses (Table 26) revealed this seeding date effect to be significant at 44% of
the sites (7/16) while the individual site analyses picked up an effect at 56% (9/16) of the sites (Table
10). The only site where higher yields were achieved with delayed seeding was YK-23; however, data
from this site were extremely variable and, despite being quite large, this effect was not significant (P =
0.191) when data from YK-23 was analyzed on its own. The seeding rate effect on yield was smaller and
less consistent with, averaged across all 16 sites and seeding date / fungicide treatments, a mean yield
of 2793 kg/ha at 45 seeds/m? and 2887 kg/ha at 65 seeds/mz2. The S x R effect revealed that positive
responses to higher seeding rates only occurred 19% of the time (3/16 sites). The responsive sites were
OL-22, OL-23, and PA-22 along with a marginally significant (P = 0.057) seeding rate effect detected at
ME-22. The statistical significance of these responses was consistent for both the combined and
individual site analyses and, while there were never any yield losses associated with higher seeding
rates, most sites saw no difference between these two treatments. The overall fungicide effect,
although significant, was also small with only a 75 kg/ha gain when averaged across all 16 sites.
Depending on the cost of the fungicide product, application cost, and price of faba beans, the overall
average response was unlikely to be sufficient to cover the cost of this input. Although the S x F
interaction was not significant (P = 0.207), inspection of the individual site means and tests of fixed
effects (Table 26) revealed that the response was strongest at ME-22, YK-21, and YK-22 (P = 0.008-
0.014). The lack of an S x F interaction was attributed to the fact that most sites showed a numerical
yield advantage to fungicide, even when it was not statistically significant or likely to be large enough to
cover the cost of application. The individual site analyses (Table 10) also showed a fungicide benefit at
SW-21 (P =0.013) and a D x F interaction at ME-22 (P = 0.041) whereby the fungicide response was only
observed with delayed seeding (Table 28). The lack of any R x F interactions, regardless of how the data
was analysed or interpreted, suggested that higher seeding rates did not have a measurable effect on
disease pressure or the potential benefits of a fungicide.

Faba Bean Seed Weight

In addition to site (P < 0.001), thousand seed weights were affected by seeding date (P = 0.009) and
seeding rate (P < 0.001) with significant Sx D, S x R, and S x D x R interactions (P < 0.001-0.0290. Across
all 16 sites, seed weights were slightly higher with early (395 g/1000 seeds) versus delayed (388 g /1000
seeds) and at the 45 seeds/m? (395 g/1000 seeds) versus 65 seeds/m? (388 g/1000 seeds) seeding rates.
The S x D interaction revealed that seeding date effects on seed weight occurred at 69% (11/16) but
were not consistent in that the advantage went to early seeding at five sites and to delayed seeding at
six sites (Table 31). The sites were nearly evenly split between larger seeds with early seeding, larger
seeds with delayed seeding, and no effect of seeding date whatsoever. Seeding rate effects on seed
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weight were also inconsistent across sites and generally less important than seeding date. At 3/16 sites,
significantly larger seeds were observed at the low seeding rate while the opposite occurred at 2/16
sites and there was no effect at 11/16 (69%) of the sites. The S x D x R interaction was attributed to D x
R interactions at IH-21, IH-22, and, to a lesser extent, PA-22 where the seeding rate effects on seed
weight differed, depending on the seeding date. Although the overall fungicide effect on seed weight
was not significant (P = 0.293), we did detect and S x F interaction (P = 0.010). This interaction was due
to positive responses to fungicide occurring at two sites (ME-22 and ME-23), a negative response at one
(YK-21), and no effect at 81% (13/16) of the sites. Even though the nature of the responses differed, 2/3
of the sites that observed a fungicide effect on seed weight also observed some of the strongest yield
increases with fungicide. As previously noted, seed weight is a key yield component; however, the lack
of a consistent correlation with yield indicates that pods per plant and/or seeds per pod are likely more
important determinants of faba bean yield.

Conclusion

Overall, our results are largely in agreement with past research and supportive of current
recommendations. Faba beans should be seeded as early as possible and target seeding rates of
approximately 45 seeds/m? are likely to be sufficient in most cases if seedling mortality is not excessive.
Higher seeding rates may potentially be justified under high yielding conditions such as with irrigation or
in cooler environments when moisture or other factors are non-limiting. Higher seeding rates can also
help with weed competition; however, there is likely little to gain in this regard by going beyond 40-50
plants/m2 if establishment is uniform, and herbicides are used appropriately and applied in a timely
manner. As opposed to waiting for the soil to warm up, utilizing high quality seed, potentially using a
seed treatment, and paying attention to seeding depth and placement will be the best ways to minimize
seedling mortality. Faba beans can be seeded relatively deep and require substantial moisture to
germinate so should not be seeded too shallow; however, seeding too deep into wet, heavy clay soils
can have the unwanted effects of delaying emergence and increasing mortality. Seeding in the third
week of May can still produce a viable crop; however, yield losses are possible and will become
increasingly likely and severe as seeding is delayed into late May or June. Anecdotally, at Indian Head we
also observed noticeably more lygus bug damage on the harvested seed with delayed seeding; however,
this was not specifically measured, and no other sites reported similar observations. Regarding disease
management, our results would not necessarily support the widespread, preventative application of a
foliar fungicide. In most cases, the yield increases realized with a fungicide were likely too small to cover
the combined costs of the product and its application. Any impacts of fungicide applications on disease
symptoms were also low. This is not, by any means, to say that fungicides will never be required or
advantageous. The project was conducted during a period of relatively low disease pressure, and it is
unclear whether the product we used at most sites had much activity on the dominant disease,
Chocolate spot (Botrytis). In this regard, we recommend basing decisions regarding whether or when to
apply a fungicide in faba beans on the actual disease pressure encountered and choosing products that
are specifically registered for Botrytis to maximize the likelihood of the applications being warranted and
profitable.
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