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Objectives

The objective of this project was to demonstrate the effects of commercially available, foliar-applied
nitrogen (N) fixing bacteria products on the yield and seed quality of canola grown under a range of N
fertility levels and contrasting environmental conditions.

Research Plan

Field trials with canola were initiated at eight Saskatchewan locations in the spring of 2023. The
locations were representative of a broad range of Saskatchewan growing regions and, in alphabet order,
included Indian Head (thin-Black soil zone), Melfort (Black soil zone), Outlook (Brown soil zone,
irrigated), Prince Albert (Black soil zone), Redvers (Black soil zone), Scott (Dark Brown soil zone), Swift
Current (Brown soil zone), and Yorkton (Black soil zone). The treatments were a factorial combination of
three N fertilizer levels and three foliar-applied, N fixing biological products, arranged in a Randomized
Complete Block Design (RCBD) and replicated four times at each location. The target N levels, adjusted
for residual soil NO3-N (0-60 cm), were 60 (low), 110 (medium), and 160 kg N/ha (high). It was our
expectation for N to be limiting at both the low and medium levels while, at the high level, the N rates
would be more typical for canola but still not excessive for most regions. The foliar-applied biological
treatments were either an untreated control (none applied), Envita® (95 ml/ac plus 0.1% Agrol 90), and
Utrisha™-N (135 g/ac). These treatments were applied at the 4-6 leaf stage, in a minimum water volume
of 93 I/ha (10 US gal/ac), and we used distilled water to minimize any potential negative impacts of
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chlorine or other additives on the biological products being demonstrated. We also did our best to apply
the treatments either early in the morning or on relatively cool days. While prolonged humid conditions
may have also been ideal, this was not necessarily possible as we had to hit the target crop stages and
have limited windows that were suitable for the treatment applications. Furthermore, farmers do not
generally have the luxury of waiting for ideal conditions to apply crop protection products or biologicals
such as those evaluated in the current project.

Plot size varied across locations to accommodate the specific seeding and spraying equipment. Weeds
were controlled using registered pre-emergent and in-crop herbicides and preventative fungicide
applications were recommended to ensure that disease would not be a yield limiting factor. Although
not all sites applied a fungicide, the risk of disease was generally low and it is highly unlikely that this
had any impact on yields or the observed responses. Pre-harvest herbicides or desiccants were used at
the discretion of individual site managers and, wherever possible, only the centre rows of each plot
were harvested to avoid potentially confounding edge effects.

Table 5. Selected agronomic information and dates of operations for the 2023 biological N fixation product trials with canola at

Indian Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (RV), Scott (SC), Swift Current (SW), and Yorkton,
Saskatchewan.

IActivity IH-23 ME-23 OL-23 PA-23 RV-23 SC-23 SW-23 YK-23
Previous
Crop Wheat Wheat Wheat Oat Barley Wheat Wheat Wheat
Pre- Mav-20 May-16 May 12 May-22 May-16 May-8
Emergent ay- (glyphosate)| nil  |(glyphosate)|(glyphosate)|(glyphosate)|(glyphosate) nil
Herbicide (glyphosate)
Seeding
Date May-16 May-24 [May-16 | May 29 May-22 May-18 May-11 May-23
Row
Spacing 31cm 31cm 25cm 25cm 25cm 25cm 21cm 31cm
poil NO-N kg/h kg/h 20 kg/h kg/h kg/h kg/h kg/h
0-60 cm) 20 kg/ha 44 kg/ha kg/ha 72 kg/ha 32 kg/ha 38 kg/ha 24 kg/ha | 47 kg/ha
kg N-P,0s- 4-20-0-

28-40-20-20 | 27-56-0-17 25-50-0-17 (17-34-0-11 (17-21-0-17 |37-57-0-28 |21-28-0-17
K,0-S/ha 2 0
Emergence)
Counts Jun-12 Jun-9 Jun-12 Jun-19 unknown Jun-16 Jun-6 Jun-5
in-crop Jun-9 junz | U | Junes8 Jun-21 Jun-7 Jun-7 Jun-6
Herbicide (Liberty)| (Poast ] ) i )
1 (Liberty) [(Centurion) Ultra) (Liberty) (Liberty) (Liberty) (Liberty)
n-crop Jun-9 Jun-10 ) . . Jun-7 Jun-7 Jun-20
Herbicide ] _ nil nil nil ) ) (Centurion)
b (Centurion) | (Liberty) (Centurion) |(Centurion)
In-crop Jun-10

. un-

Herbicide n/a nil nil nil nil nil nil
b (Facet L)
Foliar
Treatment | jun-16 Jun-21  |Jun-14 | June 22 Jun-13 Jun-16 Jun-12 Jun-12
Date
Fungicide Jul-5 | | | Jul- | Jul-5
Date (Cotegra) n/a n n n 5 (Dyax) n (Acapella)

206



Pre- Aug-29

Aug-25 § . Sep-7 . Aug-16 . Aug-22
harvest (glyphosate)| il nil nil
Herbicide |BlYPhosate) (Reglone) (Reglone) (Reglone)
Harvest
Date Sep-5 Sep-11 Sep-7 Sep-15 Sep-2 Aug-29 Aug-21 Aug-31

Z Fertility information only includes nutrients provided by phosphorus, potassium, and/or sulfur products applied (i.e., do not
include soil residual nutrients or N provided by supplemental urea applied to achieve the target N levels)

Various data were collected to evaluate the treatments and help explain the results. Composite soil
samples were collected for the specific study areas and analyzed by Agvise Laboratories for residual
nutrients and other basic properties. To provide information on the overall establishment at each site
and test for potential N fertilizer rate effects, plant counts were completed after emergence was
complete and the average number of plants/m? for each plot was calculated. Yields were determined by
weighing the seed harvested from a known plot area, adjusting the weights for dockage and to a
uniform moisture content of 10%, and converting the values to kg/ha. Seed protein and oil
concentrations were determined using NIR grain analyzers; however, only seed oil was determined at
Outlook. Weather data for each site were recorded using either Environment Canada or privately owned
weather stations and are summarized for the May-August, inclusive, period.

All response data was analyzed using the generalized linear mixed model (GLIMMIX) of SAS. For seed
yield, seed protein, and seed oil, the effects of site (S), N fertilizer level (N), foliar treatment (F), and all
possible interactions were considered fixed while replicate effects (nested within site) were considered
random. For plant density, foliar treatment was excluded from the model since these treatments had
not yet been applied when the measurements were completed. We permitted and tested for
heterogeneity in variance estimates across locations for all response variables; however, the more
complex model was only used when doing so significantly improved convergence. Treatment means
were separated using Tukey’s test and orthogonal contrasts were used to test whether the overall N-
rate responses were linear, quadratic, or not significant. All treatment effects and differences between
means were considered significant at P < 0.05; however, p-values of 0.05-0.1 may also be acknowledged.
Data from three sites, Prince Albert, Scott, and Swift Current, were excluded from the combined
analyses due to either there being no response to N whatsoever (Prince Albert and Scott) or severe hail
damage (Swift Current); however, data from these sites were still analyzed individually using simplified
models and are reported on and discussed as appropriate.

Results

Soil Test Results and Growing Season Weather Conditions

Soil test results for all eight sites are provided in Table 1 below. While our intention was to have initially
low residual N at all sites, this was not always possible with the actual amounts ranging from 20-72 kg
NO;-N/ha (0-60 cm). Nitrogen fertilizer rates were adjusted for residual NOs-N, with the lowest N level
targeting 60 kg N/ha (soil plus fertilizer); however, this could not be achieved at Melfort, Prince Albert,
and Yorkton where the low N level ended up with 71, 97, and 68 kg N/ha, respectively, after the N from
any phosphorus and sulfur fertilizer products were accounted for. Except for Prince Albert, these levels
were considered to be close enough to the target that we did not treat the low N levels at these sites
any differently in the statistical analyses. Soil pH, organic matter, and C.E.C. values varied widely but
were all considered typical for their corresponding locations. Nutrients other than N were intended to
be non-limiting and were not specifically of interest for this project.

Research and Demonstration Program Report 2023 207



Table 1. Selected soil test analyse results for biological N fixation product demonstrations conducted for canola at Indian
Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (PA), Scott (SC), Swift Current (SW), and Yorkton (YK) in
2023. With the exception of soil NO;-N and S, which are estimated for 0-60 cm, all measurements are for the the 0-15 cm
soil depth.

Parameter IH-23 ME-23  OL-23 PA-23 RV-23 SC-23  SW-23  YK-23
pH 7.7 7.3 7.9 5.7 7.8 5.3 6.6 6.5
Organic Matter (%) 5.7 7.2 2.6 6.2 2.8 3.1 2.5 6.3
CEC (meq) 44.7 34.6 22.2 20.2 31.0 14.9 17.0 21.4
INO--N (kg/ha) 2 20 44 20 72" 32 38 24 47y
Olsen-P (ppm) 7 15 5 5 4 30 18 15
K (ppm) 655 368 277 273 205 260 495 385
kg S/ha (kg/ha) 2 58 85 198" 74 65 101 54 45

zValues for residual NO,-N and S are for the 0-60 cm soil profile
¥ Corresponding values were reported for 0-30 cm and estimated for the 0-60 cm depth by multiplying by 1.5

Mean monthly temperatures for each location are presented along with the long-term (1981-2010)
averages in Table 2 while precipitation amounts are in Table 3. All locations were considerably warmer
than average, with May and June being particularly hot. July was slightly cooler than average to
approximately average while August temperatures were approximately average to slightly above
average. Over the four-month period from May through August, growing season temperatures ranged
from 1.4-1.9 °C above average. Turning our attention to precipitation, all locations but one were much
drier than average. Swift Current was the exception, with 95% of average precipitation and, with 179
mm in total, this location was also the wettest in absolute terms, despite typically being the most arid of
the Agri-ARM locations. Unfortunately, the plots at Swift Current were also damaged by a hail storm
that resulted in an estimated 60% vyield loss. Outlook was the driest of the sites with only 95 mm of
precipitation (46% of average); however, this location is irrigated and received an additional 246 mm of
irrigation water in June through August. The remaining locations received 49-70% of the long-term
average precipitation amounts, or 111-179 mm. Excluding Outlook, which was irrigated, Indian Head,
Melfort, and Yorkton were the driest in both absolute terms and as a percentage of the long-term
average.

Table 2. Mean monthly temperatures along with long-term (LT; 1981-2010) averages for the 2023 growing season at Indian
Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (RV), Scott (SC), Swift Current (SW), and Yorkton (YK),
Saskatchewan.

Year May June July August May-Aug
Mean Temperature (°C)
IH-23 14.0 19.4 16.7 17.7 17.0 (+1.4)
IH-LT 10.8 15.8 18.2 17.4 15.6
ME-23 141 19.2 16.9 17.3 16.9 (+1.7)
ME-LT 10.7 15.9 17.5 16.8 15.2
OL-23 15.2 19.5 18.5 18.7 18.0 (+1.9)
OL-LT 11.5 16.1 18.9 18.0 16.1
PA-23 14.4 18.8 16.6 17.1 16.7 (+1.6)
PA-LT 10.4 15.3 18.0 16.7 15.1
RV-23 14.5 19.7 17.6 17.9 17.4 (+1.4)
RV-LT 111 16.2 18.7 18.0 16.0
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SC-23 14.9 17.2 17.1 17.4 16.7 (+1.9)
SC-LT 10.8 14.8 17.3 16.3 14.8
SW-23 14.8 17.7 18.4 18.8 17.4 (1.6)
SW-LT 11.0 15.7 18.4 17.9 15.8
YK-23 13.8 19.7 16.7 17.8 17.0 (+1.8)
YK-LT 10.4 15.5 17.9 17.1 15.2

Table 3. Mean monthly precipitation amounts along with long-term (LT; 1981-2010) averages for the 2023 growing season
at Indian Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (RV), Scott (SC), Swift Current (SW), and Yorkton
(YK), Saskatchewan.

Year May June July August May-Aug
Total Precipitation (mm)
IH-23 12.9 49.6 15.9 40.8 119 (49%)
IH-LT 51.8 77.4 63.8 51.2 244
IME-23 17.9 26.4 16.4 50.0 111 (49%)
ME-LT 429 54.3 76.7 52.4 226
OL-23 17.2 15.3 (117) 15.5 (86) 46.6 (43) 95 (46%)
OL-LT 42.6 63.9 56.1 42.8 205
PA-23 22.8 52.8 40.8 51.2 168 (67%)
PA-LT 44.7 68.6 76.6 61.6 252
RV-23 84.1 33.0 10.8 37.6 166 (62%)
RV-LT 60.0 95.2 65.5 46.6 267
SC-23 16.6 81.1 29.7 31.7 159 (70%)
SC-LT 38.9 69.7 69.4 48.7 227
SW-23 41.0 32.9 63.3* 42.1 179 (95%)
SW-LT 42.1 66.1 44.0 35.4 188
YK-23 16.8 67.9 18.0 33.3 136 (50%)
YK-LT 51.3 80.1 78.2 62.2 272

zValues in parentheses Outlook are irrigation water
¥ Hailstorm at Swift Current on July 22/2023 resulted in an estimated 60% seed yield loss

Canola Establishment, Yield, and Seed Quality

To give a sense of the overall environmental conditions and productivity at each site, location means
for each response variable are presented in Table 4 below. Again, Prince Albert, Scott, and Swift
Current were excluded from the combined analyses so neither letter groupings nor standard error
values are provided for these locations. Not unexpectedly given the wide range of environmental
conditions, the site effects were highly significant (P < 0.001) for all response variables (Table 6). Overall
differences between sites will be referred back to where appropriate while discussing treatment effects
and individual response variables.

Table 4. Main effect means for location, or site effects on canola plant density, seed yield, seed protein concentration, and
seed oil concentration. Values within a column followed by the same letter do not significantly differ (Tukey-Kramer, P <
0.05). Values in parentheses are the standard error of the treatment means (S.E.M.).

Location Plant Density Seed Yield Seed Protein Seed Oil
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----- plants/m2 ----- kg/ha % %
ndian Head ? 104 A (2.25) 2246 C (99.7) 18.4 AB (0.76) 46.0 AB (0.86)
Melfort 2 76 C (2.25) 2115 C(99.7) 16.7 B (0.13) 47.0 A (0.17)
Outlook 2 108 A (2.25) 3502 A (100.0) - 43.4 B (0.23)
Prince Albert ¥ 80 3018 18.7 44.9
Redvers 2 61 D (2.25) 2401 BC (99.7) 18.5 A (0.16) 44.2 B (0.20)
Scott ¥ 95 2614 22.7 44.1
Swift Current ¥ 44 529 294 40.5
Yorkton 2 92 B (2.25) 2780 B (99.7) 20.4 A (0.66) 43.7 B (0.83)
p-value
Pr>F <0.001 <0.001 <0.001 <0.001

zData combined for analyses across sites with SITE (S), Nitrogen (N), and the S x N interaction as fixed effects
¥Data were excluded from the combined analyses and, therefore, cannot be compared to other sites

Plant densities were primarily measured to provide insights into the overall establishment at each
location in addition to any potential impacts of the N fertility treatments. According to the overall tests
of fixed effects in the combined analysis (Table 6), emergence was affected by site (P < 0.001) and N
rate (P =0.037) but no S x N interaction was detected (P = 0.579). The highest plant populations were
achieved at Indian Head and Outlook (104-108 plants/m2), followed by Yorkton (92 plants/m?), Melfort
(76 plants/m2), and Redvers (61 plants/m?). Plant populations at Prince Albert, Scott, and Swift Current
were 80, 95, and 44 plants/m2, respectively. Detailed results for N effects on emergence are deferred to
the Appendices (Table 8) and the overall N effect was small and somewhat difficult to explain with
slightly lower populations at the medium N level (85 plants/m?) compared to either the low or high
levels (90-91 plants/m?). The trend was not observed at all individual locations and small enough that
mean plant densities did not differ between N levels for any sites individually. At both Scott and Swift
Current (analyzed separately), plant densities were significantly lower at the highest N level, not
uncommon depending on soil texture, seeding equipment, and conditions at seeding. Establishment
was not affected by N level at Prince Albert.

Detailed results for canola seed yield are provided in Tables 9 and 10 of the Appendices, but
summarized graphically in Figs. 1-3 below. Yield was affected by both site (P < 0.001) and N level (P <
0.001); however, the lack of an S x N interaction (P = 0.224) tells us that the N response was consistent
across sites. There was no effect of foliar treatment on yield (P = 0.224); however, a marginally
significant S x F interaction (P = 0.076) and the fact that this was a key part of the project objectives
justifies presentation of the individual site responses, regardless of their significance.
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Figure 1. Nitrogen (N) fertility level effects on canola seed yields for individual sites and averaged across sites. The N fertility
levels were Low (60 kg N/ha), medium (110 kg N/ha), and high (160 kg N/ha), including residual soil N. The locations were
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Indian Head (IH-23), Melfort (ME-23), Outlook (OL-23), Redvers (RV-23), and Yorkton (YK), while AVG denotes the overall, 5-
site average. Error bars are S.E.M. and values within a site denoted by the same letter do not significantly differ (Tukey’s, P
<0.05).
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Figure 2. Foliar-applied nitrogen (N) fixing bacteria treatment effects on canola seed yields for individual sites and averaged
across sites. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol 90), and Prod B (135
g/ac Utrisha-N), applied at the 4-6 leaf stage. The locations were Indian Head (IH-23), Melfort (ME-23), Outlook (OL-23),
Redvers (RV-23), and Yorkton (YK), while AVG denotes the overall, 5-site average. Error bars are S.E.M. and values within a
site denoted by the same letter do not significantly differ (Tukey’s, P < 0.05).

Averaged across treatments, yields ranged from 529 kg/ha at Swift Current to 3502 kg/ha at Outlook
(Table 4). Again, yields of all eight locations cannot be directly compared since not all were included in
the combined analyses. Of those that were, and averaged across them, canola yields increased with
each incremental increase in the N fertility level (Fig. 1; Table 9). At Swift Current, yields at the highest N
level were greater than those at the lowest while there was no yield response to N whatsoever at Scott
or Prince Albert (Table 9). With the exception of Prince Albert and Scott, the response was linear for all
sites individual (P < 0.001); however, when averaged across the five sites included in the combined
analyses, the response was quadratic (P = 0.024) due to slightly diminishing returns going from the
medium to high N fertilizer levels. Averaged across the five sites in the combined analyses, foliar
treatment had no impact on canola yields; however, the marginally significant (P = 0.076) Sx F
interaction could arguably justify a closer look at individual sites. This interaction appeared to be
primarily due to Outlook, where Utrisha™-N yielded higher than Envita®, but neither differed from the
untreated control (Fig. 2; Table 9). There were no significant effects of foliar treatment on canola yield at
Prince Albert, Scott, or Swift Current, regardless of N rate (Tables 7 and 9). Although no significant N x F
interactions for yield were detected at individual sites or when averaged across them, these individual
treatment means are provided in Table 10 (all sites and averaged across sites) and Fig. 3 below
(averaged across sites).
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Figure 3. Nitrogen (N) fertility level by foliar-applied N fixing bacteria treatment effects on canola seed yields, averaged
across 5 sites. The N fertility levels were Low (60 kg N/ha), medium (110 kg N/ha), and high (160 kg N/ha), including residual
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soil N. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol 90), and Prod B (135 g/ac

Utrisha-N), applied at the 4-6 leaf stage. Error bars are S.E.M. and values within a site denoted by the same letter do not
significantly differ (Tukey’s, P < 0.05).

In general, canola seed protein will increase with improvements in N fertility, with the most rapid
accumulation often occurring after yield increases with additional N begin to diminish. With that, we
would generally expect positive responses to the foliar treatments to result in higher seed protein. We
have already seen that there were no significant yield increases associated with the foliar treatments.
According to the overall tests of fixed effects (Table 6), canola seed treatment was affected by site and N
level with a significant S x N interaction (P < 0.001-0.003) detected. The effect of foliar treatment was

not significant (P = 0.676) and nor were the Sx F, Nx F, or S x N x F interactions (P = 0.250-0.735). Again,
seed protein was not measured at Outlook.
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Figure 4. Nitrogen (N) fertility level effects on canola seed protein concentrations for individual sites and averaged across
sites. The N fertility levels were Low (60 kg N/ha), medium (110 kg N/ha), and high (160 kg N/ha), including residual soil N.
The locations were Indian Head (IH-23), Melfort (ME-23), Outlook (OL-23), Redvers (RV-23), and Yorkton (YK), while AVG
denotes the overall, 4-site average (Outlook did not measure seed protein). Error bars are S.E.M. and values within a site
denoted by the same letter do not significantly differ (Tukey’s, P < 0.05).
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Figure 5. Foliar-applied nitrogen (N) fixing bacteria treatment effects on canola seed protein concentrations for individual
sites and averaged across sites. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol 90),
and Prod B (135 g/ac Utrisha-N), applied at the 4-6 leaf stage. The locations were Indian Head (IH-23), Melfort (ME-23),
Outlook (OL-23), Redvers (RV-23), and Yorkton (YK), while AVG denotes the overall, 4-site average (Outlook did not

measure seed protein). Error bars are S.E.M. and values within a site denoted by the same letter do not significantly differ
(Tukey’s, P < 0.05).

Overall, and regardless of whether they were included in the combined analyses, mean seed protein
concentrations for each location ranged from as low as 16.7% at Melfort to 29.0% at Swift Current
(Table 4). Averaged across the sites included in the combined analyses, seed protein increased linearly
(P <0.001) from 17.1% at the lowest N level to 20% at the highest (Table 11, Fig. 4). The Sx N
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interaction, however, tells us that this varied for individual sites. The sole discrepancy was at Melfort,
where protein concentrations were similar between the low and medium levels while, for all other sites,
protein increased with each incremental increase in N fertility. With no overall effect of foliar treatment
(P=0.676) nor S x F interaction (P = 0.735) according to the overall tests of fixed effects in the combined
analyses (Table 6), canola seed protein was not affected by foliar treatment when averaged across sites
or for any of them individually (Fig. 5; Table 11). The N x F interaction and S x N x F interactions indicated
that the response to foliar treatments was not affected by N fertilizer level;, however, means are
presented for interest sake in Fig. 6 below and Table 12 of the Appendices. At Prince Albert, Scott, and
Swift Current, analyzed individually, seed protein consistently increased with N fertilizer rate (P < 0.001-
0.009) but was not affected by foliar treatment (P = 0.119-0.726), nor were there any N x F interactions
(P=0.258-0.879).
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Figure 6. Nitrogen (N) fertility level by foliar-applied N fixing bacteria treatment effects on canola seed protein
concentrations, averaged across 4 sites. The N fertility levels were Low (60 kg N/ha), medium (110 kg N/ha), and high (160
kg N/ha), including residual soil N. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol
90), and Prod B (135 g/ac Utrisha-N), applied at the 4-6 leaf stage. Error bars are S.E.M. and values within a site denoted by
the same letter do not significantly differ (Tukey’s, P < 0.05).

Averaged across treatments and regardless of whether they were included in the combined analyses,
seed oil ranged from 40.5% at Swift Current to 47% at Melfort (Table 4). Seed oil concentration in canola
is inversely related to protein and, while not necessarily a desirable response, would be expected to
decline with improvements in N fertility status. Essentially, the responses for canola seed oil mirrored
those just discussed for protein; however, the effect was opposite in that the values declined with
increasing N fertilizer rate (Fig. 7, Table 13). Foliar treatments had no impact on seed oil concentration
and there were no interactions associated with this factor, indicating that the lack of response was
consistent regardless of location (Fig. 8, Table 13) or N level (Fig. 9; Table 14).
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Figure 7. Nitrogen (N) fertility level effects on canola seed oil concentrations for individual sites and averaged across sites.
The N fertility levels were Low (60 kg N/ha), medium (110 kg N/ha), and high (160 kg N/ha), including residual soil N. The
locations were Indian Head (IH-23), Melfort (ME-23), Outlook (OL-23), Redvers (RV-23), and Yorkton (YK), while AVG
denotes the overall, 5-site average. Error bars are S.E.M. and values within a site denoted by the same letter do not
significantly differ (Tukey’s, P < 0.05).
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Figure 8. Foliar-applied nitrogen (N) fixing bacteria treatment effects on canola seed oil concentrations for individual sites
and across sites. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol 90), and Prod B
(135 g/ac Utrisha-N), applied at the 4-6 leaf stage. The locations were Indian Head (IH-23), Melfort (ME-23), Outlook (OL-
23), Redvers (RV-23), and Yorkton (YK), while AVG denotes the overall, 5-site average. Error bars are S.E.M. and values
within a site denoted by the same letter do not significantly differ (Tukey’s, P < 0.05).
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Figure 9. Nitrogen (N) fertility level by foliar-applied N fixing bacteria treatment effects on canola seed oil concentrations,
averaged across 5 sites. The N fertility levels were Low (60 kg N/ha), medium (110 kg N/ha), and high (160 kg N/ha),
including residual soil N. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol 90), and
Prod B (135 g/ac Utrisha-N), applied at the 4-6 leaf stage. Error bars are S.E.M. and values within a site denoted by the same
letter do not significantly differ (Tukey’s, P < 0.05).

Conclusion

With the exception of 2/8 sites which were excluded from the combined statistical analyses, we
observed the expected increases in seed yield and protein concentrations along with reductions in seed
oil concentrations with the addition of N fertilizer in the form of the side-banded urea. We did not,
however, observe any effects on these variables that could indicate improved N status or biological N,
fixation associated with the foliar applications of the biological products demonstrated in this project.
This was the case, regardless of the environmental conditions encountered (i.e., site) or overall N
fertility level (i.e., N fertilizer rate). While we cannot rule out that positive responses might occur with
either different crop types or under environmental conditions that were not met in the current project,
we did our best to allow the foliar products to succeed. This included careful storage of the products,
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using distilled water as a carrier, ensuring adequate water volumes, attempting to apply the biological
products during cooler conditions, and testing them under N limiting conditions. These results are
generally consistent with those of a similar project conducted with spring wheat, field-scale trials funded
by SaskWheat and SaskCanola, and complementary, ongoing research at the University of
Saskatchewan. With all this in mind, we recommend that farmers avoid reducing their N fertilizer rates
when using biological products intended to improve N nutrition in crop production and utilize untreated
check strips (preferably replicated) to confirm whether or not they are realizing any benefits on their
own farms.

Research and Demonstration Program Report 2023 215



