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VISION 

To be the primary source of irrigation research and education for irrigation producers in the 
province of Saskatchewan to maximize profitability and sustainability in the irrigation sector. 

OBJECTIVES AND PURPOSES OF ICDC 

a) to research and demonstrate to producers and irrigation districts profitable agronomic 

practices for irrigated crops; 

b) to develop or assist in developing varieties of crops suitable for irrigated conditions; 

c) to provide land, facilities and technical support to researchers to conduct research into 

irrigation technology, cropping systems and soil and water conservation measures 

under irrigation and to provide information respecting that research to district 

consumers, irrigation districts and the public; 

d) to co-operate with the Ministry in promoting and developing sustainable irrigation in 

Saskatchewan. 

 

CONTACT 

Irrigation Crop Diversification Corporation  

901 McKenzie Street South 
Box 1460 

OUTLOOK, SK S0L 2N0 
Bus: 306-867-5669          Fax: 306-867-2102 

email: admin.icdc@sasktel.net 
Web: http://irrigationsaskatchewan.com/icdc 
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 AGRONOMIC TRIALS  

 

Growing  Hybrid and Composite Mustard 
Under Irrigation in Saskatchewan  
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Funding  

Financial support was provided by the ADOPT initiative under the Canada-Saskatchewan Canadian 
Agricultural Partnership (CAP) and Mustard 21.   

Organizations  

¶ Saskatchewan Mustard Development Commission 

¶ Irrigation Crop Diversification Corporation, (ICDC) 

Principle Investigators  

¶ Gursahib Singh 

¶ Rick Mitzel 

Objectives 

The objectives of this study are to demonstrate growing hybrid and composite mustard under irrigation 
in Saskatchewan. 
 

Research Plan 

The trial was established on ICDC-leased land (Hnatowich field block-4) within the South Saskatchewan 
River Irrigation District (NE17-28-07-W3) on an Elstow loam previously planted to wheat. Before 
seeding, soil samples were collected to assess the soil's nutrient levels (Agvise Labs; results are shown in 
Table 1). 
 
Table 1. Soil Test Available Nutrients 

Depth (cm) pH O.M. (%) C.E.C. 
NO3-N (kg 
N/ha) P (ppm) K (ppm) 

SO3-N (kg S/ha) 

0 ς 15 7.7 2.8 18.8 13 10 335 56 

15 ς 30    10   120 

30 - 60    12    

 
At the time of seeding, the application included side-banding 110 kg/ha of nitrogen fertilizer, while 20 
kg/ha of phosphorus fertilizer was seed-placed. Soil available sulfur and potassium were not limiting 
factors at this site. The trial featured three treatments: the popular canola variety, L233P, was compared 
side by side with AAC Brown 18 (hybrid mustard) and AAC Yellow 80 (composite mustard). The 
experiment was established using a randomized complete block design with four replications, and the 
seeded plots measured 2m by 6m. Seeding rates for canola (L233 P), AAC Brown 18, and AAC Yellow 80 
were 9, 10, and 12 lbs/acre, respectively. As the crops approached the flowering stage, a practice 
common among seed growers of mustard under irrigation was implemented. Specifically, at the start of 
flowering, 30 lbs/acre of nitrogen and 20 lbs/acre of phosphorus liquid fertilizer were applied to 
promote less vegetative growth and encourage more flower development. All plots were directly 
combined, and harvested samples underwent cleaning, with yields adjusted to a moisture content of 
10%. Table 2 provides information on the dates of various field operations and the products used in 
2023 and details on temperature, precipitation and irrigation applied is provided in Table 3. 
 
Table 2. Dates of field operations and products used in 2023. 
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Pre-seed/ pre-emergent herbicide application incorporated Edge (ethalfluralin) at 6.9 kg/ac 

Seeding Date  May 16 

Emergence Counts June 14 

Herbicide (Canola) Hune 5 - Liberty 

Early Flowering Fertilizer Application June 29 - UAN 

Insecticide Application May 30 (Matador at 33 ml/acre - grasshoppers) 

Fungicide  None 

Lodging Rating August 15 

Desiccation (Reglone) August 26 (Canola) 

Harvest August 18 (Brown and Yellow mustard) and 
September 7 (Yellow mustard and Canola) 

  

Table 3. Mean monthly temperatures, precipitation amounts, long-term (1993-2023) normal for the 
2023 growing season, and amount of irrigation applied in 2023. 

Year April May June July August September Average/total 

   -----------------------Mean Temperature (°C) ---------------
- 

 

2023 1.35 15.2 19.45 18.6 18.7 15.45  

Long-term 4.35 11.25 16.1 18.85 17.9 13  

  
  

----------------------Precipitation (mm) ----------------------
- 

  

2023 19.7 17.5 15.3 15.5 16.6 16.6 131.2 

Long-term 18.6 41.5 65.3 55.8 43.9 30.5 255.6 

        

 Irrigation (inches)   4.6 4.7 1.7  
11.0 

 

Results 

The obtained seed yield and seed quality characteristics are detailed in Table 4. Canola demonstrated the 
highest yield at 5277 kg/ha or 94.1 bu/acre, followed by AAC Yellow 80 with 2929 kg/ha or 52.2 bu/acre, and 
AAC Brown 18 with 2794 kg/ha or 49.8 bu/acre. Notably, the thousand kernel weight and test weight of AAC 
Yellow 80 surpassed both AAC Brown 18 and L233P. We also observed shattering in composite mustard; 
however, it was not taken into account for the final yield data presented below. 
 
In the year 2023, we successfully achieved the recommended target plant population for both mustard and 
canola. The achieved plant population with the target seeding rate (L233P ς 9 lbs/acre, AAC Brown 18 ς 10 
lbs/acre, and AAC Yellow 80 - 12 lbs/acre) was as follows: L233P ς 41257 plants/acre, AAC Brown 18 ς 50924 
plants/acre, and AAC Yellow 80 - 48451 plants/acre. Detailed plant growth characteristics are provided in 
Table 4. It is noteworthy that both mustard varieties matured earlier than canola, with no significant 
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differences observed in the % green seed and height among all test crops. Additionally, Canola seed oil 
content was found to be the highest, followed by AAC Brown 18. 
 
Table 4. Mustard Seed Yield & Seed Quality as compared to canola, 2023. Different letters indicate 
ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ 

  AAC Brown 18  AAC Yellow 80 L233P         LSD (0.05) 
CV (%) 

Yield (kg/ha) 2794 b 2929 b 5277 a 0.001 
8.5 

Test weight (kg/hl) 70.3 b 72.9 a 67.6 c 0.001 0.7 

TKW (g/1000) 3.2 c 6.4 a 3.5 b 0.001 2.5 

Plants (Per m2) 113 a 107 a 92 a NS 28.1 

Green seed (%) 0.9a 0.8 a 1.2 a NS 
9.7 

Maturity (days) 93 b 91 b 104 a <0.001 
2.2 

Oil (%) 36.1 b 28.5 c 40 a <0.001 
1.3 

NS = not significant at P<0.05      
 

Economic Analysis 
The most profitable crop under irrigation was AAC Brown followed by AAC Yellow 80 (Table 5).  
 
 
Table 5. Economic analysis (net profit) of AAC Brown 18 (hybrid mustard), AAC Yellow 80 (composite 
mustard) and L233P (canola) yield grown under irrigation at Outlook, SK, 2023.  
 
Revenue Per Acre AAC Brown 18 AAC Yellow 80 L233P 

Yield (bu/ac) (A) 49.8 52.2 94.1 

Price ($/bu) (B) 35.5 41.5 14.36 

Gross revenue ($/ac) (C) 1767.9 2166.3 1351.276 

Expenses Per Acre 
   

Variable Expenses/Acre 
   

Seed 47.58 63.50 85.05 

Seed Treatments 9.00 9.00 9.00 

Fertilizer - Nitrogen 151.04 151.04 151.04 

Phosphorus 34.96 34.96 34.96 

Sulfur 0 0 0 

Plant Protection - Herbicides 66.93 66.93 66.93 

Insecticides 2.78 2.78 2.78 

Fungicides 0.00 0.00 0.00 
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Machinery Operating - Fuel 25.25 25.25 25.25 

Repair 11.59 11.59 11.59 

Custom Work and Hired Labour 21.50 21.50 21.50 

Crop Insurance Premium 10.51 10.51 10.51 

Utilities and Miscellaneous 4.23 4.23 4.23 

Interest on Variable Expenses  12.48 12.48 12.48 

Total Variable Expenses (D) 397.85 413.77 435.32 

Other Expenses/Acre 
   

Building Repair 0.8 0.8 0.8 

Property Taxes 5.66 5.66 5.66 

Business Overhead 3.39 3.39 3.39 

Machinery Depreciation 47.68 47.68 47.68 

Building Depreciation 1.65 1.65 1.65 

Machinery Investment 18.38 18.38 18.38 

Building Investment 1.92 1.92 1.92 

Land Investment 149.9 149.9 149.9 

Total Other Expenses (E) 229.38 229.38 229.38 

Labour and Management (F) 
   

Total Expenses (D+E+F)=(G) 627.23 643.15 664.70 

Return Per Acre 
   

Return Over Variable Expenses 
(C-D) 

1370.05 1752.53 915.96 

Return Over Total Expenses (C-
G) 

1140.67 1523.15 686.58 

Break Even Yield (bu/ac) 
   

To Cover Variable Expenses 11.21 9.97 30.31 

To Cover Total Expenses 17.67 15.50 46.29 

Break Even Price ($/bu) 
   

To Cover Variable Expenses 7.99 7.93 4.63 

To Cover Total Expenses 12.59 12.32 7.06 

* Nov 1, 2023 - Government of Saskatchewan grain prices 
** Using fertilizer prices from the 2023 Crop Planning Guide based on actual amounts used in the trial. 

 

Conclusion 
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Field trial was successfully conducted at ICDC in 2023. Under irrigation, the yield of both mustard varieties 
was appropriate. The yield of Canola (5277 kg/ha or 94.1 bu/acre) was highest, followed by AAC Yellow 80 
(2929 kg/ha or 52.2 bu/acre) and AAC Brown 18 (2794 kg/ha or 49.8 bu/acre). Economic returns of both 
mustard were higher than canola based on the $ price/bushel.  
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Hemp Seeding Date Demonstration for 
Grain Production  
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Funding  

This project was funded through the Strategic Field Program (SFP); we acknowledge the funding support 
by the Ministry of Agriculture and the Canadian Agriculture Partnership. 

Organizations  

¶ Northeast Agricultural Research Foundation, (NARF)  

¶ Irrigation Crop Diversification Center, (ICDC)  

¶ Western Applied Research Corporation, (WARC)  

¶ Indian Head Agricultural Research Foundation, (IHARF) 

¶ Ministry of Agriculture, Crops and Irrigation Branch, (MoA) 

Principal Investigators  

¶ Gursahib Singh, ICDC 

¶ Garry Hnatowich, ICDC 

¶ Brianne McInnes, NARF 

¶ Chris Holzapfel, IHARF 

¶ Jessica Enns, WARC 

¶ Kayla Slind, MoA 

¶ Sara Ingell, MoA 

Objectives  

The project demonstrates different seeding dates for three varieties of conventional hemp to show 
producers the ideal time for seeding in various Saskatchewan locations. This demonstration was 
intended to provide producers with data for different hemp varieties and a wide range of seeding dates 
in Saskatchewan. Hemp is a newer crop in Saskatchewan and is high value ($0.75-$0.90/lb.) with good 
potential yield (average 660-1,070 lbs./acre and up to 2,000 lbs./acre under irrigation). Discovering 
optimum seeding dates for this higher value crop will encourage local growth in the conventional hemp 
industry and help ensure that new growers have access to information that will contribute to their 
success. With increased pathogens associated with major crops currently grown (fusarium in wheat and 
clubroot in canola), increasing economic crop options in rotations are becoming more important. 
Demonstrating the high potential return of this crop and how the currently registered varieties perform 
will help producers decide if they want to include this crop in their rotation. Demonstrating the wide 
seeding date window of this crop will also show producers how growing hemp can help with time 
management in the spring.  
 

Research Plan 

This project was set up as a four-replicate split-plot design. Field trials were established at four locations 
in Saskatchewan [ICDC (Outlook), WARC (Scott), NARF (Melfort), and IHARF (Indian Head)]. Outlook was 
the only irrigated site, whereas Melfort, Scott, and Indian Head were non-irrigated.  
The main factor was the seeding date.  

1. End of May  
2. Middle of June  
3. Beginning of July  

The target dates intended were May 31, June 15, and July 1, but the actual seeding date varied between 
sites (± 5 days) due to expected inclement weather. 
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The second factor was three hemp varieties (X59, Picolo, and Kantani), all of which were high-yielding 
dwarfs that are suitable for Saskatchewan conditions.  
 
Plot size and row spacing varied at the four participating sites depending on the equipment. We seeded 
hemp plots at 30 lb/ac seed rate (sometimes adjusted for differences in germination and thousand 
kernel weight), with an estimated target plant density of 100-125 plants/m2. Fertilizer was applied in a 
sideband to reduce the risk of seedling injury, and rates were dependent on soil test results. Plant vigor 
was visually assessed for each treatment 2-3 weeks after planting. Plant heights were measured before 
harvest, and days to maturity were evaluated for each variety and seeding date. At all sites, plots were 
harvested when the crop had reached physiological maturity (lower grains were hard and the seed bract 
ŘƛŘƴΩǘ ƘƻƭŘ ǘƘŜ ǎŜŜŘǎ ǎǘŀǊǘŜŘ ǘƻ ǎƘŀǘǘŜǊΣ ōǳǘ ǘhe plants were still green). Plots were directly combined 
depending upon the maturity of each variety and seeding dates. Yields were determined from cleaned 
harvest grain samples and corrected to the required moisture content.  
 

Results 

Environmental Conditions 
The environmental conditions at all sites in 2021, 2022, and 2023 are presented in Table 1. Across the 
board, all sites experienced warmer temperatures than the long-term average during these years. 
Melfort exhibited exceptionally dry conditions in 2021 and 2023, while Indian Head experienced below-
average precipitation levels in 2022. Throughout the study period, Outlook and Scott sites consistently 
received below-normal rainfall. 
 
For each site, data from all years was combined (except for NARF) for statistical analysis, and the 
summarized yield and plant characteristics results are presented in Tables 2, 3, and 4. The results for 
each year/site can be found in the Appendices (Tables 5,6,7, and 8). Plant vigor was not assessed at all 
sites, and in those where it was evaluated, the differences in vigor across seeding dates and varieties 
were negligible (data not shown). 
 
ICDC (irrigated-dark brown) 
Throughout the study period, there was notable variability in plant density, height, maturity days, and 
yield. Plant density at ICDC in all three years was in the acceptable range of 100 -125 plants/m2. Plant 
count peaked in 2023 compared to 2021 and 2022. Plant densities varied across seeding dates and were 
higher for mid-June seeding dates. Additionally, plant densities differed between varieties, with the X59 
variety exhibiting higher plant density (Table 2). 
 
Most industrial hemp varieties exhibit dioecious characteristics, maintaining a roughly 50:50 ratio of 
male to female plants. Male plants flower and pollinate female plants, after which the male plants die 
off, allowing the female plants to continue growth and seed development (Growing Hemp in Alberta, 
2020. Government of Alberta ς Agriculture and Forestry). Six female plants were measured for height, 
and the average was used for statistical analysis. While plant height wasn't recorded in 2021, variations 
were observed between 2022 and 2023. Among seeding dates, late May and mid-June plant heights 
were comparable but taller than early July-seeded plots. Also, the hemp height for the irrigated sites 
was almost double that of the three dryland sites (Table 2).  
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Table 1. Environmental conditions from May to September of 2021 2022 and 2023 at all sites in the 
demonstration 

  May June July Aug Sept Total/Average 

-------------------------------------------------------------Temperature (°C) -------------------------------------------------------------- 

Melfort 2021 9.6 18.2 20.1 16.9 14 15.7 

Melfort 2022 9.8 15.2 18.2 18.7 13.7 15.1 

Melfort 2023 14.1 19.2 16.9 17.3 14.5  16.4 

Long-term x 10.7 15.9 17.5 16.8  11.7 14.5 

Indian Head 2021 9 17.7 20.3 17.1 14.5 15.7 

Indian Head 2022 10.9 16.1 18.1 18.3 13.7 15.4 

Indian Head 2023 14 19.4 16.7 17.7 14.4  16.4 

Long-term x 10.8 15.8 18.2 17.4  11.5 15.5 

Scott 2021  8.9 17.3  19.6  17.2  12.5  15.1 

Scott 2022 10 15 18.3 18.9 13.8  15.2 

Scott 2023 14.9 17.3 17.1 17.4  13.7 16.1 

Long-term x 10.8 14.8 17.3 16.3  11.2 14.1 

Outlook 2021 10.2 18.6 21.6 17.9 14.4 16.5 

Outlook 2022 11.5 16.1 18.9 18 12.3 15.4 

Outlook 2023 15.2 19.5 18.5 18.7 15.4 17.5 

Long-term x 11.5 16.1 18.9 18 13.0 15.5 

--------------------------------------------------------------Precipitation (mm) -------------------------------------------------------------
--- 

Melfort 2021 31.4 37.6 0.2 69.3 7.5 146.0 

Melfort 2022 90.8  78.1 34.9 37.5 29.6 270.9 

Melfort 2023 17.9 26.4 16.4 50 17.5+  128.2+ 

Long-term x 42.9 54.3 76.7 52.4  36.0 226.3 

Indian Head 2021 81.6 62.9 51.2 99.4 0.4 295.5 

Indian Head 2022 97.7 27.5 114.5 45.9 14.5 300.1 

Indian Head 2023 12.9 49.6 15.9 40.8 9.0  128.2 

Long-term x 51.7 77.4 63.8 51.2  35.3 279.4 

Scott 2021  43.9 43.8  10.4 51.3  6.1  155.5 

Scott 2022 38.9 69.7 69.4 48.7  26.5 199.3 

Scott 2023 16.6 81.1 29.7 31.7  3.4 162.5 

Long-term x 38.9 69.7 69.4 48.7  26.5 253.2 

Outlook 2021y 44.1 13.1 1.5 37.7 0.2 96.6 
Outlook 2022y 35.7 75.2 53.2 7.0 5.2 176.3 
Outlook 2023y 17.2 15.3 15.5 46.6 16.6 111.2 
Long-term x 42.6 63.9 56.1 42.8 30.5 235.9 
x Long-term average is anywhere from the years 1980-2023, but the exact range of years varies by site 
y Outlook also received a total of 218 mm cumulative precipitation as irrigation in 2021, 155 mm in 2022, and 245 
mm in 2023  
a The Environment Canada Weather Station at Melfort is missing weather data from September 18th and 
September 23-30th of 2023; therefore, average temperatures and cumulative precipitation from September 2023 
do not include these dates. 
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Estimating maturity in hemp proved challenging due to its indeterminate growth. Seed maturation starts 
from the bottom of the seed head, progressing upwards, resulting in mature seeds at the bottom and 
immature green seeds at the top. Our trials defined maturity when the lower 2/3 of the seed head was 
mature and with occasional observations of shattered seeds on the ground. Maturity data collected in 
2021 and 2023 showed differences in days to maturity between years, seeding dates, and varieties. Late 
May-seeded plots took longer to mature within the three seeding dates, while mid-June and early July-
seeded plots showed similar maturity timelines. Variety X59 consistently took longer to mature 
compared to the other two varieties (Table 2). 
 
The study coincided with Saskatchewan's driest and warmest conditions in recent decades, as 
highlighted in Table 1. Our field trials average yield across three years (Grand mean ς 1,006 kg/ha) 
demonstrated similarity to the average hemp yield under irrigation (996 kg/ha; ICDC 2024 Economics 
and Agronomics guide). Notably, the 2021 yield surpassed those of 2023 and 2022. In 2022, bird 
damage, particularly from red-winged blackbirds and starlings, affected the ICDC field trial, contributing 
to reduced yields. At ICDC, under irrigation, hemp plots seeded in mid-June exhibited the highest 
followed by late May, while delaying seeding until early July led to a substantial decrease in yield. Across 
the three varieties, X59 consistently displayed higher yields, as indicated in Table 2, whereas Katani and 
Picolo showed lower and comparable yields. Statistical analyses revealed a significant interaction 
between seeding date and hemp varieties (Table 2 and Figure 1). The most pronounced interactions 
occurred between the X59 variety and seeding dates. X59 consistently yielded better than the other two 
varieties at all seeding dates, especially in late May and mid-June.  
 
 

 
Figure 1. Hemp seed yield as Influenced by seeding date and varieties at ICDC.  
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Table 2. Analysis of variance (P-values) for seeding dates and varieties effect on plants/m2 (PPMS), days to 
maturity (days), plant height (cm), and mean yield (kg/ha) at ICDC, Outlook (combined year 2021, 2022, 
and 2023). 5ƛŦŦŜǊŜƴǘ ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ 

ICDC (irrigated) PPMS Height Maturity  
Yield (kg/ha) 

Year 
<0.01 

<0.0001 <0.0001 
<0.0001 

Seeding Date              
0.04 

0.001 <0.0001 
<0.0001 

Variety               
0.004 

0.0002 <0.0002 
<0.0001 

Seeding Date*Variety      
NS 

NS NS 
0.03 

Grand Mean 
110.8 

134.3 99.6 
1002.1 

CV 
21.8 

9.07 - 
20.81 

Year 
 

   

2021 
115 a 

- 105 a 
1235 a 

2022 
101 b 

127.8 b - 
781 c 

2023 
117 a 

140.8 a 94 b 
990 b 

Date 
 

   

Late May 
106 b 

135.8 a 104 a 
1048 b 

Mid-June 
119 a 

140.1 a 97 b 
1140 a 

Early July 
107 b 

127.1 b 98 b 
819 c 

Variety 
 

   

Katani 
105 b 

130.1 b 99 b 
925 b 

Picolo 
104 b 

129.4 b 98 b 
890 b 

X59 
122 a 

143.5 a 103 a 
1192 a 

 
IHARF (dryland ς thin-Black soil zone) 
Hemp plant characteristics and yield varied across years and treatments (seeding dates and varieties) at 
IHARF, Indian Head. Plant densities were notably higher in all years than at other participating sites. In 
2021 and 2022, plant densities averaged 114 plants/m2 but averaged 171 plants/m2 in 2023. Moreover, 
mid-June and early July seeding plots had higher plant densities compared to late May seeding date 
treatments. Additionally, plant densities were consistently higher for the X59 variety than for other 
varieties (Table 3). 
 
Plant height also differed based on years, seeding dates, and varieties. The highest average plant height 
was recorded in 2022, followed by 2021 and 2023. The height differences were related to moisture 
conditions with considerably more precipitation in 2022 compared to the other two seasons at this 
location. Late May seeding hemp plants were taller than those from the other two seeding dates, and 
the X59 variety was taller than Katani and Picolo. 
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While plant maturity was not recorded in 2021, hemp plants took more days to mature in 2022 than in 
2023, a response that could be explained by the hotter, drier weather in 2023. The maturity period 
differed between seeding dates, with late May-seeded hemp plants requiring more time to mature 
compared to mid-June and early July seeding dates. Similar to irrigated sites, X59 took longer to mature 
than other varieties (Table 3). 
 
The hemp yield at Indian Head stood out as the highest among dryland sites, reaching a yield average of 
990 kg/ha, and it was comparable to irrigated sites (Mean of 1,002 kg/ha). While hemp yield exhibited 
variations based on years and seeding dates, there were no significant differences observed among 
varieties. Among three years, the peak yield was recorded in 2022, while the lowest yield was noted 
when plots were seeded in early July. A significant interaction was identified between seeding dates and 
hemp varieties (Table 3 and Figure 2). The Katani hemp variety demonstrated the highest yields when 
seeded in mid-June, compared to both early and late seeding dates. Similarly, the Picolo hemp variety 
exhibited better yields at mid-June and early July seeding dates, but the yield declined when Picolo was 
seeded early. In contrast, the X59 variety showcased its highest yield when seeded early (end-May), with 
a tendency for decreased yield as the seeding date was delayed.   
 
 

 
Figure 2. Hemp seed yield as Influenced by seeding date and varieties at IHARF.
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Table 3. Analysis of variance (P-values) for seeding dates and varieties effect on plants/m2 (PPMS), days 
to maturity (days), plant height (cm), and mean yield (kg/ha) at IHARF, Indian Head (combined year 2021, 
2022, and 2023). 5ƛŦŦŜǊŜƴǘ ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ 
0.05). 

IHARF (dryland) PPMS Height Maturity  Yield 

Year <0.0001 <0.0001 <0.0001 <0.0001 

Seeding Date              0.0001 <0.0001 <0.0001 0.0001 

Variety               <0.0001 <0.0001 <0.0001 NS 

Seeding Date*Variety      NS NS NS <0.0001 

Grand Mean 132.9 107.2 97.6 990.1 

CV 19.5 3.9 0.3 6.9 

Year 
    

2021 114 b 106.4 b - 1077 b 

2022 114 b 123.6 a 105 a 1162 a 

2023 171 a 91.7 c 90 b 731 c 

Date 
    

Late May 117 b 115.2 a 106 a 999 a 

Mid-June 146 a 108.5 b 97 b 1024 a 

Early July 135 a 98.1 c 90 c 948 b 

Variety 
    

Katani 115 b 106.4 b 97 b 1009 

Picolo 125 b 105.3 b 97 b 981 

X59 158 a 110.0 a 99 a 980 

 
WARC (dryland ς Dark Brown soil zone) 
Similar to ICDC and IHARF, the characteristics and yield of hemp plants exhibited variability across 
different years and treatments (seeding dates and varieties) at WARC, Scott. Plant densities at WARC 
consistently remained low in all years, reaching their lowest point in 2022 and the highest in 2023. 
Seeding dates did not have a significant impact on plant densities. However, plots seeded with the X59 
variety consistently displayed higher average densities than Katani and Picolo, a pattern consistent 
across all sites (Table 4). 
 
Like plant densities, plant height demonstrated variability across years but remained consistent between 
varieties. The highest average plant height was observed in 2022, nearly doubling that of 2021, followed 
by 2023. Additionally, average plant height was higher for mid-June and early-July seeding dates 
compared to the late-May seeding date. 
 
Days to maturity differed across years, with hemp plants maturing early in 2022, while the three hemp 
varieties did not show significant differences in days to maturity. Seeding date treatment significantly 
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affected days to maturity, with late May-seeded hemp taking seven and nine extra days to mature 
compared to mid-June and early July-seeded plots, respectively (Table 4). 
 
Hemp yield displayed high variability over the three years (Coefficient of variation ς 27.8), with a lower 
average yield than IHARF (mean - 735 kg/ha vs 990 kg/ha). Yield differences were observed between 
years, peaking in 2022 (despite lower plant count) and remaining comparable in 2021 and 2023. Seeding 
date significantly influenced hemp yield, with the highest yield recorded for late May seeding, 
comparable to mid-June, but decreasing when the seeding date was delayed to early July. Statistical 
analyses failed to identify any significant interaction between seeding date and hemp varieties at WARC, 
Scott (Table 4).   
 
Table 4. Analysis of variance (P-values) for seeding dates and varieties effect on plants/m2 (PPMS), 
days to maturity (days), plant height (cm), and mean yield (kg/ha) at WARC, Scott (combined year 
2021, 2022, and 2023). Different letters indicated significant differences between treatments 
ό!bh±!Σ t Җ лΦлрύΦ 

WARC (dryland) PPMS Height Maturity  Yield 

Year <0.0001 <0.0001 <0.0001 <0.0001 

Seeding Date              NS 0.002 <0.0001 0.0001 

Variety               0.001 NS 0.01 NS 

Seeding Date*Variety      NS NS NS NS 

Grand Mean 65.4 81.7 91.3 735 

CV 23.8 8.7 4.1 27.8 

Year 
    

2021 70 b 59 c 93 a 653 b 

2022 44 c 109 a 88 b 989 a 

2023 83 a 78 b 93 a 566 b 

Date  
   

Late May 70 77.6 b 97 a 846 a 

Mid-June 64 83.3 a 90 b 790 a 

Early July 62 84.2 a 88 b 570 b 

Variety  
   

Katani 57 b 81.6 90 b 734 

Picolo 60 b 82.1 91 ab 724 

X59 78a  81.4 93 a 749 

 
 
NARF (dryland- Black soil zone) 
Melfort site experienced adverse effects from drought conditions in 2021 and 2023, resulting in poor 
germination in plots seeded in early July in both years (refer to Appendix for corresponding photos, 
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Figure 4). Due to missing data points and the unbalanced nature of the data, a comprehensive analysis 
encompassing all three years for the NARF site proved challenging. However, data from individual years 
are presented in table 8. The final interpretation is primarily based on the 2022 data collection, which 
represents the most favorable conditions at this site. 
 
In 2022, plant densities averaged 99 plants/m2, with no significant impact observed from seeding dates. 
Similar to other locations, the hemp variety X59 exhibited a higher plant count. Conversely, while 
seeding dates significantly influenced plant height, there was no discernible difference between hemp 
varieties. Notably, at NARF, plant height increased as the seeding date was delayed, with early July-
seeded hemp displaying the tallest plants in 2022. 
 
Hemp maturity in 2022 exhibited variation based on seeding dates, with the end of May-seeded hemp 
maturing earlier than the other two seeding dates. However, there was no significant difference in 
maturity between hemp varieties. The hemp yield at NARF was the lowest among the three dryland 
sites, averaging at 598 kg/ha in 2022. Surprisingly, in that year, the yield was unaffected by both seeding 
date and hemp varieties. 
 
In summary, the Melfort site did not emerge as the optimal location for hemp cultivation in 2021 and 
2023, primarily attributed to drier conditions throughout the growing season. The assessment of 
treatment impacts, particularly seeding dates, is constrained by limited data, as only one year of 
information is available for analysis.   
 

Conclusion 

This project offered valuable insights into the overall effects of and interactions between seeding dates 
and varieties for commercial hemp establishment and yield across diverse Saskatchewan conditions. 
Optimal weather conditions showed variations among locations and years, emphasizing the importance 
of tailored recommendations for each site. Commercial hemp yield and plant characteristics exhibited 
differences between years and sites, including irrigated vs. dryland and among dryland sites. Among the 
three seeding dates investigated, the mid-June seeding date consistently delivered the best results, 
leading to enhanced yield and plant densities. While late May seeding generally performed reasonably 
well, late June / early July seeding often resulted in lower yields and, in some cases, the plants failed to 
reach maturity when seeded this late. Variety X59 consistently outperformed other varieties tested, 
establishing itself as the preferred choice for achieving higher yields. Producers should consider site-
specific seeding dates and varieties based on local conditions for optimal hemp cultivation. Despite 
these successes, challenges persist in accessing maturity and harvesting hemp across all sites. Combining 
too early often resulted in dirtier grain samples with high moisture dockage, while delayed harvest 
tended to result in more issues with straw wrapping and hanging up inside the combine. Notably, hemp 
remains susceptible to bird-related damage, necessitating vigilant monitoring by farmers as the crop 
approaches maturity. 
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Effect of Tillage Management and Seeding 
Date on Dry Bean Establishment  and Yield  
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Funding  

This project was funded by the Irrigation Crop Diversification Corporation (ICDC) and through the 
Strategic Field Program (SFP). 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Ministry of Agriculture, Crops and Irrigation Branch (MoA) 

Principal Investigators  

¶ Gursahib Singh, ICDC 

¶ Garry Hnatowich, ICDC 

¶ Morgan Cote, MoA 

Objectives   

The study aimed to assess the impact of stubble management, soil warming, and seeding date on dry 
beans' emergence, plant stand, and subsequent seed yield. The experiment employed a factorial design, 
incorporating three tillage treatments (Heavy Tillage, Mid-Tillage, and No-Tillage) and three seeding 
dates (May 10, May 21, and June 1). Agronomic data and plant characteristics data was recorded to 
evaluate crop response. 
 

Research Plan 

The trial was established on-station at CSIDC in 2021 and on the ICDC land along the east side of the 
station in 2022 and 2023 on a field previously planted to spring wheat.  The trial was established in a 3 x 
3 level factorial in a randomized complete block design with 4 replicates.  The first factor will contrast 
tillage treatments.  The three tillage treatments were: 

1. Heavy Tillage ς plots were tilled with a tractor-attached rototiller until the soil was blackened 
and then harrow packed (Fig. 1) 

2. Mid-Tillage ς plots were tilled with a cultivator and harrow packed. 
3. No-Tillage ς plots were undisturbed, and beans were planted into standing stubble. 

The second factor was seeding dates.  CDC Blackstrap, a Black market class dry bean, was solid-seeded 
ƻƴ ŀƭƭ Ǉƭƻǘǎ ƻƴ нр ŎƳ όмлέύ Ǌƻǿ ǎǇŀŎƛƴƎǎΦ  tƭƻǘǎ ǿŜǊŜ ǎŜŜŘŜŘ ƻƴΣ 

1. May 10 
2. May 21 (The target date intended was May 21, but the actual seeding date varied due to 

expected inclement weather)  
3. June 1 

Seeded plot size was 1.5 m wide (6 dry bean rows) and 10 m in length, plots were later trimmed to 1.5 m 
x 8.0 m harvest dimensions.  Dry bean rhizobia inoculant was commercially unavailable, so all plots 
received a side band application with urea at seeding with an N rate of 100 kg N/ha (soil available N + 
fertilizer), along with 20 kg P2O5/ha seed-placed mono ammonium phosphate. 
 
Weed control involved a spring pre-seed application of glyphosate pre-seed burn-off at 1.33 L/ac in all 
three years of the trial. For in-season weed control tank mix application of Viper ADV (imazamox & 
bentazon) at 400 ml/ac plus Basagran Forte (Benton) at 135 ml/ac was applied in 2021 and 2022, 
whereas in 2023, Centurion (clethodim) at 75 ml/ac was used to control grassy weeds.  Plots were also 
periodically hand-weeded as required.  Weather was dry in all three years of the trials and disease 
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pressure was low. In 2021, a blanket application of Priaxor (fluxapyroxad & pyraclostrobin) at 120 ml/ac 
was applied at flowering for disease control or suppression. 
Plant height and pod height were determined just prior to harvest. For pod height, five random plants 
were collected per plot, and the number of pods with < 5.0 cm of distance from the soil surface to the 
pod was recorded for each plant, and the average of five plants was used for the final analysis.  This is 
deemed the minimum distance required for the combine cutter bar to undercut the pod and minimize 
harvest loss.  Therefore, a lower value is desirable. 
 
Before harvest, all plots were assessed for sclerotinia (white mold) disease incidence.  All seeding dates 
were harvested in a straight-cut operation with a Wintersteiger small plot combined at same time in all 
three years.  The seed was cleaned, and yields were adjusted to 16% moisture. Dates of various 
operations are listed in Table 1. 
 

Table 1. Trail site, seeding and harvest dates for 2021, 2022, and 2023. 
 

2021 2022 2023 

Trail site CSIDC-field 8 ICDC-Hnatowich field-block 2 ICDC-Hnatowich field-block 4 

Seeding 
dates 

May 10, May 19, and 
June 01 

May 10, May 21, and June 01 May 10, May 20, and June 01 

Harvest 
dates 

September 3 September 16 September 6 

 

Results 

Growing season precipitation and heat accumulation varied among the three years of the study (Table 
2), contributing to the importance of the environment throughout this study (Table 3). Among site years, 
from May through September, total growing season precipitation varied from 81.5 to 176.3 mm and was 
well below the long-term average (237 mm) for Outlook, Saskatchewan. The mean daily temperature 
varied over the years and was higher than the long-term average throughout the growing season in the 
three years of this study.    
 

Table 2.  Mean monthly temperature and precipitation for each environment (2021, 2022, 
and 2023) at ICDC, Outlook, SK 

Year May June July August Sept Total 

Mean Temperature (°C)  

2021 10.1 18.8 21.6 17.9 14.4 - 

2022 11.8 16.3 19.8 20.6 16 - 

2023 15.2 19.5 18.6 18.7 15.5 
- 

Long-term (1993-2022) 11.25 16.1 18.85 17.9 13 
- 

 Precipitation (mm)  

2021 44.5 10.3 13.8 37.7 0.2 
106.5 
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2022 35.7 75.2 53.2 7.0 5.2 
176.3 

2023 17.5 15.3 15.5 16.6 16.6 
81.5 

Long-term (1993-2022) 41.5 65.3 55.8 43.9 30.5 
237.0 

 Irrigation (mm)  

2021  - 91.6 107.1 19.7  - 
218.4 

2022  - 81.7 104.3 17.3  - 
203.3 

2023  - 116.8 119.4 43.1  - 
279.3 

 
Soil temperatures were recorded at the intended seeding depth for each seeding date, and the results 
are presented in Table 3. The analysis revealed that tillage did not impact soil temperature. However, 
variations in soil temperature were observed with different seeding dates due to changing 
environmental conditions at time of seeding. It is noteworthy that while tillage did not directly affect soil 
temperature, it is essential to consider that temperature measurements were taken at the time of 
seeding, representing a single point in a day. Consequently, it is challenging to definitively attribute the 
observed soil temperature differences solely to tillage. It is plausible that the soil in tilled plots warmed 
up more rapidly than in non-tilled plots, potentially contributing to improved establishment and yield. 
Throughout the three years of the study, spring temperatures remained consistently warm, influencing 
soil temperature dynamics. Additionally, there were no recorded instances of frost in May across all 
three years. These findings highlight the complexity of the relationship between tillage, soil 
temperature, and environmental conditions, emphasizing the need for a nuanced interpretation of the 
results. 
 

Table 3.  Soil Temperatures at different seeding times for each environment (2021, 2022, and 
2023) at ICDC, Outlook, SK 

Year Tillage treatment Soil Temperature at 5 cm 

2021    10-May 19-May 01-Jun 

  Heavy Till 15.5 10.3 30.1 

  Mid-Till 15.5 10.2 32.6 

  No-Till 15.5 10.1 33.3 

 2022   10-May 21-May 01-Jun 

  Heavy Till 9.8 11.3 14.8 

  Mid-Till 12.6 11.2 14.3 

  No-Till 10.1 12.5 16.8 

 2023   10-May 20-May 01-Jun 

  Heavy Till 21.9 14.0 26.0 

  Mid-Till 20.5 15.3 26.3 

  No-Till 22.5 16.3 27.0 
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For this report, data from all years were combined for statistical analysis, and detailed results for each 
year are provided in the Appendices (Table 5, 6 and 7). The agronomic data and plant characteristics 
results are summarized in Table 4. 
 
Across the study period, dry bean yields exhibited variability. Yields were higher in 2021 and 2023 
compared to 2022. The tillage treatment had a discernible impact on seed yield, with heavy tillage 
resulting in higher yields when compared to medium and no-till treatments. A possible explanation for 
this difference in yield may be due to the improved soil contact and enhanced root development 
facilitated by the heavy tillage, ultimately resulting in higher yield. While our observations couldn't 
quantify, there is a possibility that worked soil imposed less physical resistance during the germination 
of dry beans. Consequently, emerging plants might have displayed heightened vigor, potentially 
resulting in a higher yield. It is important to note that while soil temperatures were not affected by 
tillage, the timing of temperature measurements at the time of seeding (a singular daily occurrence) 
complicates the attribution of temperature variations solely to tillage practices. Nonetheless, it is 
possible that soil in tilled plots warmed up more rapidly than in non-tilled plots, potentially contributing 
to yield variation. Studies on the effect of tillage on dry bean establishment and yield are scarce, making 
it challenging to draw comparisons and provide insights into the factors contributing to improved yields 
in our trials. It's crucial to note that the three years during which this study was conducted coincided 
with the driest and warmest conditions in Saskatchewan over the past few decades, with no occurrences 
of spring frost. Farmers typically wait until the soil temperature reaches above 12°C (usually around the 
third week of May) before commencing seeding. However, in our trials, we experienced an unusually 
warm start to the spring, and the soil temperature was already within optimal seeding conditions at the 
early seeding date. These climatic conditions and farming practices should be considered when 
interpreting our study's results.  
 
With respect to the seeding date treatments, yields demonstrated an increase with delayed seeding, a 
pattern that aligns with expectations and mirrors findings observed in warm-season legumes in 
Saskatchewan. These results contrast with a study (Endres et al. 2021) conducted in North Dakota 
between 2012 and 2015, where yield (average across the six trials) indicated it was highest with early 
planting. Various seeding date treatments tested in the above study were based on spring conditions. 
The first seeding dates ranged from May 11 to 17 in dry spring (2012 and 2015), whereas May 23 to 24 
was in wet conditions (2013 and 2014). The second seeding dates ranged from May 22 to June 5, and 
late seeding dates ranged from June 5 to June 18. It is important to note that weather conditions 
between 2012 to 2015 were notably different, characterized by wet years, compared to the dry years 
observed in this study (2021 to 2023). Statistical analyses failed to identify any significant interaction 
between the year, tillage, and seeding date except in 2021, where interaction between tillage and 
seeding date was significant (Table 6 and Figure 2). The primary interactions manifest between tillage 
practices and seeding dates, particularly evident in the operations conducted on May 10 and May 19. On 
May 10, it is plausible that soils warmed more rapidly from planting to seedling emergence when 
employing heavy tillage, potentially resulting in a higher yield. Conversely, as environmental 
temperatures decreased during and after planting on May 19, the undisturbed treatment may have 
been shielded from fluctuations in soil temperature by the protective undisturbed stubble and thatch 
debris. This protective effect could contribute to the observed yield. 
 
The test weight of dry bean seeds exhibited variation across the project years and was highest in 2022, 
followed by 2021 and 2023. Notably, neither tillage nor seeding date treatments had a discernible 
impact on the test weight of harvested seeds. 
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Thousand kernel weight (TKW) displayed significant variability across years, with higher values observed 
in 2021. The influence of tillage treatment on TKW exhibited a trend at a 91% confidence interval (p = 
0.09), indicating that there may be a potential effect. Specifically, the no-tillage treatment demonstrated 
a higher TKW compared to the medium and heavy tillage treatments. Seeding date significantly affected 
TKW, with plots seeded in early May showing higher values. This observation aligns with the logical 
expectation that these plots, having more days for grain filling, produced coarser seeds compared to 
those seeded on May 21 and June 01. 
 
Observations on plant characteristics, including days to emergence, plant population, days to maturity, 
plant height, and pod clearance, were recorded. The days to emergence exhibited variation across the 
years. In 2021 and 2023, soil temperatures were consistently higher at all three seeding dates during 
May than in 2022. Consequently, in these warmer years (2021 and 2023), dry beans took fewer days to 
emerge in contrast to the cooler conditions observed in 2022. Notably, tillage treatment did not have a 
significant impact on the days to emergence. 
 
Seeding date treatment did influence the emergence timeline, with dry beans requiring fewer days to 
emerge when seeded on June 1. In contrast, there was no significant difference in the days to 
emergence for the May 10 and May 21 seeding dates. Similar to the yield results, the interaction 
between environmental factor (years), tillage practices, and seeding dates proved insignificant. 
The recommended plant population for black beans (CDC Blackstrap) in Saskatchewan is 40 plants/m2; 
the seed was adjusted for germination and vigor based on annual seed test reports. However, our 
observed plant populations fell below the target rates in all three years, averaging 33.3 plants/m2 in 
2021, 28.2 plants/m2 in 2022, and 30.6 plants/m2 in 2023. Interestingly, the plant stand did not show 
improvement with different tillage treatments, consistently ranging from 30.5 to 30.9 plants/m2 across 
three tillage treatments. Plant population increased with delayed seeding, reaching its highest in plots 
seeded on June 01. 
 
Tillage regimes did not influence the number of days to plant maturity; however, maturity accelerated 
with each delay in seeding (data not shown). Pod clearance varied over the project years, with more 
pods positioned lower on plants in 2022 than in 2021 and 2023, potentially leading to direct combined 
losses and contributing to the lower yields observed in 2022. Like plant maturity, pod clearance was not 
influenced by tillage operations but changed with the seeding date. Delayed seeding resulted in higher 
pod placement on the plant. 
 
Similarly, plant height in 2022 was shorter, potentially contributing to lower pod sets and yields. While 
tillage treatment did not affect plant height, an increase in height was observed with each delay in the 
seeding date. This intricate relationship among tillage, seeding date, and plant characteristics 
underscores the complexity of factors influencing dry bean cultivation outcomes. 
Sclerotinia disease pressure was absent in all the three years of the study.
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Table 4. Influence of treatments on dry bean yield, seed, and plant characteristics.  Different 
ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ 

 
Treatment 

Yield 
(kg/ha) 

Test 
weight 
(kg/hl) 

Seed 
weight 
(g/1000) 

Days to 
Emergence 

Pod 
Clearance 
(number 
of pods) 

Height 
(cm) 

Plant 
Population 

Year         

2021 
3640 
a 77.3 b 175. 0 a 8.7 c 1.6 a 41.2 b 

33.3 a 

2022 
2715 
b 

78.4 a 153.4 b 
16.0 a 1.8 a 36.7 c 

28.2 b 

2023 
3541 
a 

74.7 c 146.3 c 
12.3 b 

1.0 b 50.3 a 30.6 b 

P value 
<0.0
01 

<0.001 <0.001 <0.001 0.0004 <0.001 0.001 

CV (%) 15.8 1.1 8.22 3.3 41.4 16.6 18.1 

Tillage   

Heavy Till 
3478 
a 

76.9 a 158.4 ab 12.4 a 1.6 a 41.6 a 30.7 a 

Mid-Till 
3245 
ab 

76.7 a 154.8 b 12.3 a 1.5 a 42.6 a 30.9 a 

No-Till 
3172 
b 

76.7 a 161.5 a 12.2 a 1.4 a 43.8 a 30.5 a 

P value 0.05 NS 0.09 NS NS NS ns 

Seeding Date         

10-May 
3052 
b 

76.9 a 163.3 a 13.8 a 1.9 a 41.0 b 29.8 b 

21-May 
3272 
ab 

76.8 a 156.2 b 13.8 a 1.5 a 
42.5 
ab 

29.1 b 

01-Jun 
3572 
a 

76.7 a 155.2 b 9.3 b 1.0 b 44.7 a 33.2 a 

P value 
<0.0
05 

NS 0.02 <0.01 0.0002 0.03 0.004 

Year x Tillage Interaction   

  NS NS NS NS NS NS NS 

Year x Seeding Date Interaction 

 NS NS NS NS NS NS NS 

Tillage x Seeding Date Interaction 

 NS NS NS NS NS NS NS 

Year x Tillage x Seeding Date Interaction 

 NS NS NS NS NS NS NS 
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Conclusion 

This project provided valuable insights into the interplay of tillage management and seeding date on dry 
bean establishment and yield. Heavy tillage demonstrated a positive influence on seed yield, likely 
attributed to enhanced soil conditions and root development. Seeding date emerged as a critical factor, 
with delayed seeding positively impacting yields and influencing plant characteristics. Soil temperature 
variations were observed across seeding dates, highlighting the dynamic nature of environmental 
factors. The study's findings contribute to understanding the complexities involved in dry bean 
cultivation, emphasizing the need for a nuanced approach to tillage and seeding practices. Despite 
observed variations in plant population and other characteristics, the project did not identify significant 
interactions between year, tillage, and seeding date, emphasizing the need for continued research and a 
tailored approach to dry bean production under varying environmental conditions. The results serve as a 
foundation for optimizing tillage and seeding practices, ultimately enhancing dry bean cultivation 
efficiency in Saskatchewan.
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Flax Seeding Dates and Seeding Rates 
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Funding  

This project was funded through the Strategic Field Program (SFP). 

Organizations  

¶ Irrigation Crop Diversification Corporation, (ICDC) 

¶ Ministry of Agriculture, Crops and Irrigation Branch, (MoA) 

Principal Investigators  

¶ Gursahib Singh, ICDC 

¶ Sara Ingell, MoA 

Objectives 

This study aims to establish seeding date and rate recommendations for producers growing flax under 
irrigation in Saskatchewan, to examine the impact of seeding flax early, mid and late under irrigation, 
and compare the effect of seeding rates (low, medium, and high) under irrigation on plant stand and 
yield. 
 

Research Plan 

Field trials were seeded under irrigation at ICDC, Outlook. Soil samples were tested for available 
nutrients (Table1)and supplemental fertilizer (110 kg/ha and 20 kg P2O5 /ha) was applied at seeding.   
 

Table 1. Spring Soil Test Available Nutrients (10/05/2023) 

Depth (cm) pH O.M. (%) C.E.C. NO3-N (kg N/ha) P (ppm) K (ppm) 
SO3-N (lb 
S/ac) 

0 ς 15 8.1 2.5 21.4 12 5 191 240 

15 ς 30    11   240 

30 - 60       7       

 
This field study included two flax varieties: CDC Rowland (newer variety) and CDC Bethune (standard 
check variety). These two varieties were seeded at three different timings the first week of May, mid-
May (10 days after), and late May (20 Days after), with three different rates [(low 30 lb/ac), medium (45 
lb/ac), and high (60 lb/ac)]. Field experiments were established at ICDC under irrigation in a factorial 
randomized complete block design with four replications. Flax varieties were seeded in a 2x10 meter 
plot at 25 centimeters (10 inches) row spacing following standard agronomic practices. Data that was 
collected included standard operational information (i.e., operation dates, soil test, fertilizer, and 
pesticide applications) as well as soil temperature at seeding, days to 90% emergence, plant counts, 
flowering time (50% flower), lodging, plant maturity, and yield. Dates of various operations are listed in 
Table 2. Irrigation amount and timing aligned with crop demand and was terminated by the end of 
August. Since 2023 was dry, disease pressure was very low, and the plots were not sprayed with 
fungicides.  
 
 

Table 2. Dates of operations in 2023. 
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Operation Dates 

Pre-seed herbicide (if needed) none 

Seed trial May 05, May 15, and May 29 

Emergence counts June 7 

In-crop Herbicide June 15- Buctril M + Clethodim 

In-crop Fungicide none 

In-crop Insecticide June 12 - Matador 

Lodging (0-9)  August 30 (1st and 2nd), Sept 21 (3rd) 

Desiccated (Reglone) August 30 (1st and 2nd) and Oct 2 (3rd) 

Harvest Sept 7 (1st and 2nd) and Oct 10 (3rd) 

 

Results 

Outlook was warmer and drier in 2023 than the long-term average (Table 3). The average flax yield of 
this trial was above average than the long yield of both varieties under irrigation (ICDC- Crops Varieties 
for Irrigation: CDC Rowland ς 2515 kg/ha and CDC Bethune ς 2639 kg/ha.  
 

Table 3. Mean monthly temperatures, precipitation amounts, long-term (1993-2023) normal 
for the 2023 growing season, and amount of irrigation applied. 

Year April May June July August September Average 

    
------------------------------Mean Temperature (°C) ------
---------- 

  

2023 1.35 15.2 19.45 18.6 18.7 15.45   

Long-term 4.35 11.25 16.1 18.85 17.9 13   

  April May June July August September Total 

  
  

------------------------------Precipitation (mm) -------------
------ 

  

2023 19.7 17.5 15.3 15.5 16.6 16.6 131.2 

Long-term 18.6 41.5 65.3 55.8 43.9 30.5 255.6 

        

 Irrigation (inches)     4.6 3.4 1.7   
9.7 

 
The comprehensive results of this trial can be found in Table 4. 
Soil temperature proved to be a key factor influencing the days to 90% emergence, showcasing a 
notable reduction in emergence time at warmer soil temperatures (May 15 - 13 days) compared to 
colder conditions (May 05 - 23 days and May 29 - 16 days).  
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Flax emergence was particularly impacted by drier soil conditions in early spring, with consistent plant 
counts observed across both varieties: CDC Bethune at 289 plants/m2 and CDC Rowland at 262 
plants/m2. The choice of seeding dates played a significant role in plant emergence, with the highest 
plant count recorded on May 15 (350 plants/m2) compared to early (255 plants/m2) and late seeding 
dates (222 plants/m2). Similarly, seeding rates had a discernible effect on plant count, with the highest 
count observed at the 60 lb/ac seed rate with 316 plants/m2. 
 
Days to 10% flower and days to maturity exhibited no significant differences between varieties and seed 
rates, while seeding date exerted influence on maturity. Mid-May seed plots matured earlier than early 
May seeded plots, and maturity was delayed by approximately 20 days in late May seeded plots 
compared to mid-May seeding. 
 
Yields showed no variance between varieties, but seeding dates and rates significantly influenced yield, 
with the highest yield recorded for May 5 seeded plots (3603 kg/ha), demonstrating an increase with 
higher seeding rates (3157 kg/ha). 
 
Notably, test weight and thousand kernel weight (TKW) were superior for CDC Rowland compared to 
CDC Bethune. Both varieties exhibited minimal lodging, and no treatment effects on lodging were 
detected across all treatments. 

 

Conclusion 

In conclusion, the results presented in this report reflect the preliminary findings from the first year of 
our trial. We are committed to conducting further field trials next year to gather more comprehensive 
data. 
During the first year of this trial, the weather in 2023 was characterized by hot and dry conditions, with 
temperature fluctuations observed throughout May. The month started with a cool period, followed by 
a warm middle, and concluded with a cooling trend. Notably, these temperature variations had a 
discernible impact on the emergence of plants from the soil. 
Despite the fluctuating conditions, both varieties demonstrated commendable yields, surpassing the 
long-term yield expectations under irrigation. It was evident that the seeding date and rate played 
crucial roles in influencing yield and plant count. Interestingly, the observed plant count for flax at each 
seeding rate was lower than anticipated, possibly attributable to dry soil conditions during seeding, as 
irrigation was initiated after the second week of June. 
Moreover, there was minimal disparity in days to flowering and maturity between the selected varieties 
in this trial. However, it's worth noting that the timing of seeding significantly affected the maturity 
process. Flax that was seeded later took longer to reach maturity compared to those seeded on the 
other two dates.  
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P Fertilizer  Rate Response in Irrigated 
Dry Bean 
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Funding  

This study is funded through the Strategic Field Program (SFP).  

Organizations  

¶ Irrigation Crop Diversification Corporation, (ICDC) 

¶ Saskatchewan Ministry of Agriculture, (MoA) 

Principle Investigators  

¶ Gursahib Singh, ICDC 

¶ Morgan Cote, MoA 

Objectives 

Phosphorus (P) fertilizer management is critical for optimizing dry bean crop production, especially in 
regions like Saskatchewan with prevalent soil P deficiencies. This study investigates the response of 
irrigated wide-row dry bean crops to varying phosphorus fertilizer rates and positional placement in 
small plot trials established on cereal stubble by identifying appropriate phosphorus (P) fertilization 
rates for two different market classes of dry beans under wide row production system and studying the 
effects of P placement (seed placed vs side band) on dry bean seed safety and yield. 
 

Research Plan 

Small plots trials were established under irrigation on cereal stubble. This project treatment included 
two-sized market-class dry bean varieties. 
 
Pinto beans (large seed: WM-3), (ii) Black beans (small seed: Blackstrap) and P2O5 rates and positional 
placement were: 

1. 0 kg P2O5/ha  
2. 15 kg P2O5/ha - seed placed 
3. 30 kg P2O5/ha - seed placed 
4. 45 kg P2O5/ha - seed placed 
5. 15 kg P2O5/ha - side banded 
6. 30 kg P2O5/ha - side banded 
7. 45 kg P2O5/ha - side banded 
8. 60 kg P2O5/ha - side banded 

 
Sixteen treatments were replicated four times in a randomized complete block design (RCBD). Dry beans 
were sown in a wide-row planting system with a 50 cm row spacing after the May long weekend when 
the soil temperature reached 16.5°C. Soil test results can be found in Table 1. Applied nitrogen (N) 
fertilizer rates were determined based on the N rate recommendation for Saskatchewan irrigated dry 
bean production (ADF# 20180081). A total of 100 kg N/ha was applied, consisting of 80 kg N/ha from 
fertilizer and 24 kg soil-available N/ha. Plots were cultivated twice during the growing season within the 
inter-row spacing. A small plot bean undercutter was employed, and the plots were windrowed. Swaths 
were then combined using a Wintersteiger small plot combine. Dates of various operations are listed in 
Table 2. 
 
 
¢ŀōƭŜ мΦ {ƻƛƭ ¢Ŝǎǘ !ǾŀƛƭŀōƭŜ bǳǘǊƛŜƴǘǎ 
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Table 2. Dates of operations in 2023. 

Operation Dates 

Pre-seed herbicide (if needed) EDGE MICROACTIV (8.5 kg/ha) on May 1 

Seed trial May 23 

Plot size 1.5 m X 8 m 

Emergence counts June 14 

Inter-row cultivation June 20 and July 6 

In-crop Herbicide None (hand weeding as necessary) 

In-crop Fungicide none 

In-crop Insecticide none 

Undercut August 29 

Seed Yield: corrected to 13.5% moisture Sept 11 

 
 

Results 

Mean temperatures and total precipitation amount for May through August are provided in Table 3, 
along with corresponding long-term averages for Outlook, SK. Notably, growing season temperatures 
exceeded historical expectations in May, June, and August, while July's average temperature was 0.8 °C 
lower than the historical average. On average, the mean growing season temperature in 2023 was 2.0 
°C, or 12% higher than the 30-year average. However, natural precipitation fell significantly below 
historical averages for all months of the growing season. The cumulative precipitation for the growing 
ǎŜŀǎƻƴ ǿŀǎ ƻƴƭȅ спΦф ƳƳ όнΦррέύΣ ŎƻƴǘǊŀǎǘƛƴƎ ǎƘŀǊǇƭȅ ǿƛǘƘ ǘƘŜ ол-ȅŜŀǊ ŜȄǇŜŎǘŀǘƛƻƴ ƻŦ нлсΦр ƳƳ όуΦмоέύΦ 
The total rainfall in 2023 was a mere 31% of the long-term historical expectancy. 
 
Despite implementing in-season irrigation of 250 mm to compensate for the limitations in natural 
precipitation, the prevailing hot and dry conditions in 2023 are believed to have adversely affected the 
potential grain yield response to phosphorus (P) fertilizer treatments. 
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Table 3. Mean monthly temperatures, precipitation amounts, and long-term (1992-2023) normal for 
the 2023 growing season 

Year  May  June  July  August  September  Average  

  ------------------------------Mean Temperature (°C) ----------------    

2023  15.2  19.45  18.6  18.7  15.4  мтΦр  

Long-term  11.2 16.1  18.8  17.9  13.0 15.5 

  May  June  July  August  September  Total  

  ------------------------------Precipitation (mm) Y -------------------    

2023  17.2  15.3  15.5  46.6  16.6  111.2  

Long-term  42.6 63.9 56.1 42.8 30.5 235.9 

y Outlook also received a total of 245 mm cumulative precipitation as irrigation in 2023 

 
2023 trial results 
The response of dry bean plant densities, plant tissue P uptake, and seed yield P fertilizer treatment 
(rate and placement) are shown in Table 4. 
 
In the 2023 trial, we encountered an issue with the seed rate. The pinto bean seeds obtained from Rudy 
Agro Ltd, Outlook, SK, exhibited higher germination rates than the recommendations provided by the 
seed seller. Consequently, this resulted in a higher plant density than the intended target population of 
30 plants/m2. The plant densities of black beans were in the expected range. The placement of 
phosphorus (P) had a pronounced impact on plant densities, with higher densities observed when P 
fertilizer was side-banded compared to seed-placed P fertilizer, indicating the presence of salt toxicity 
effects. While the P rate significantly affected plant densities, there was no significant interaction 
between the P rate and the dry bean class. Due to the higher plant count in pinto beans, the average 
plant densities (combined pinto and black beans) remained close to the target plant densities. 
Consequently, it is challenging to discern precisely how the varying P rates influenced plant densities 
(Table 4). 
 
Plant tissue phosphorus (P) levels exhibited no significant differences between dry bean market classes, 
indicating similar P fertilizer demands for both classes regardless of plant and seed size. Additionally, the 
placement of fertilizer P did not influence plant tissue P levels. However, varying P rates did have a 
significant impact on plant tissue P levels. The most pronounced difference was observed between the 
control group and the P fertilizer-applied treatment, with the control group displaying lower plant tissue 
P levels compared to the P fertilizer treatment. Within the different P fertilizer rates, the variations in 
tissue P levels among treatments were marginal, differing by only 0.02% (Table 4). 
 
The average grain yields obtained for both market-class dry beans in this trial (Pinto bean - 2312 kg/ha 
and black bean ς 1983 kg/ha) is below the average yield of irrigated dry beans in Saskatchewan (3026 
kg/ha: ICDC- Irrigation Economics and Agronomics 2024). Yield was adversely influenced, despite 
irrigation, by the adverse climatic conditions persisting throughout the growing season. Only 64.9 mm 
όнΦррέύ ƻŦ ƴŀǘǳǊŀƭ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǿŀǎ ǊŜŎŜƛǾŜŘΣ ŀƴŘ ŀƭǘƘƻǳƎƘ нрл ƳƳ όмлέύ ǿŀǎ ŀǇǇƭƛŜŘ ōȅ ƛǊǊƛƎŀǘƛƻƴΣ ǘƘŜ 
crop was still stressed and yields adversely influenced. Additionally, during the second inter-row 
cultivation, some plants were lost due to root injury from the harrow (see Appendix Figure 2). The final 
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plot area was adjusted before calculating the yield for each plot.  Despite these challenges, the overall 
yield obtained for the control treatment (0 P2O5/ha) was the lowest numerically, suggesting that P 
fertilizer applications were beneficial. The highest yield was recorded in 30 kg P2O5/ha seed-placed 
applications, followed by 15 kg P2O5/ha seed-placed applications. Yield decreased as the seed placed 
P2O5/ha rate increased to 45 kg P2O5/ha. Sideband applications followed a similar trend; yield increased 
with each 15 kg P2O5/ha application to the 30 kg P2O5/ha treatment. The average yield for seed-placed 
applications was higher than the sideband application (Table 4). 
 
 
Table 4. Analysis of variance (P-values) for dry bean market class, P fertilizer rates, and placement 
effect on plants/m2 (PPMS), tissue P levels (%), and mean yield (kg/ha) at Outlook, SK 2023. Means 
ǿƛǘƘƛƴ ŀ ŎƻƭǳƳƴ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ǎŀƳŜ ƭŜǘǘŜǊ Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ 

 TRT# PPMS 
 

P uptake 
 

Yield 
 

Class <0.001 
 

NS 
 

0.0007 
 

Rate 0.001 
 

0.027 
 

<0.001 
 

Rate*Class NS 
 

NS 
 

NS 
 

Placement 0.001  NS  0.002  

Grand Mean 37.1 
 

NS 
 

1848 
 

CV 21.4 
 

16.1 
 

16.8 
 

Class       

Black bean 28.7 B 0.28 
 

1983 B 

Pinto bean 45.4 A 0.28 
 

  2312 A 

Rates 
      

15 seed 36.4 B 0.29 AB 2599 A 

15 side 44.8 A 0.3 A 1927 B 

30 seed 26.3 C 0.3 A 2904 A 

30 side 43 AB 0.27 BC 2081 B 

45 seed 28.2 C 0.28 B 1989 B 

45 side 38.5 AB 0.28 B 1981 B 

60 side 41.8 AB 0.27 BC 1931 B 

Control  37.6 AB 0.24 C 1880 B 

Placement 
      

Side band 42 A 0.287 
 

1953 B 

Seed placed 30.3 B 0.278 
 

2497 A 

 

Conclusion 

Results are preliminary; no conclusions can be made.  
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Demonstration  of Lupin as an Alternative 
to Field Pea or Lentil  
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Funding  

This study was funded by the Saskatchewan Pulse Crop Development Board. Special appreciation goes 
to Mark Olson and Lupin Platform INC for donating lupin seed and inoculum and providing lupin 
agronomy support. 

Organizations  

¶ Irrigation Crop Diversification Corporation, (ICDC) 

Principle Investigators  

¶ Gursahib Singh, ICDC 

Objectives 

This demonstration evaluated two lupin varieties as an alternative legume crop to be incorporated into 
ǇǊƻŘǳŎŜǊǎΩ ŎǊƻǇ ǊƻǘŀǘƛƻƴǎΦ ¢ƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǿŀǎ ǘƻ ŘŜǘŜǊƳƛƴŜ Ƙƻǿ ŀŘŀǇǘŜŘ ƭǳǇƛƴ ƛǎ 
for growing under irrigation in Saskatchewan conditions. This project also looked at ideal seeding rates 
for growing lupin locally. 
 

Research Plan 

The trial was established under irrigation on ICDC Hnatowich field (block 4) adjacent to CSIDC at Outlook 
as a fully randomized split-plot design with four replications.  The main factor effects were lupin species 
(L. albus and L. angustifolius), and the subfactor was seeding rates.  Weed control involved a spring pre-
seed application of granular incorporated Edge (ethalfluralin) at 6.9 kg/ac. Before seeding, a soil sample 
was obtained from the test site for nutrient analyses (Table 1).  
 
Table 1. Soil analysis results, 2023 

Depth (cm) pH O.M. (%) C.E.C. 
NO3-N  
(kg N/ha) 

P 
(ppm) 

K 
(ppm) 

SO3-N  
(kg S/ha) 

0 ς 15 7.3 2.9 19.6 7 7 307 42 

15 ς 30    4   120 

30 - 60    10    

 
No nitrogen fertilizer was applied as the varieties were treated with LEGUMFiX® lupin peat-based 
inoculant (at a rate of 3g for 833 kg seed). During seeding phosphorous fertilizer was seed placed at 20 
kg of P2O5/ha. The seeds were planted at a depth of 1-1.5 inches, and the row spacing was 25cm. 
Individual plots were 6.0 x 1.5 m.  Due to the lack of registered weed control products, the plots were 
manually rogued.  At harvest, plots were directly harvested with a small plot combine. 
 
Treatments included: 

¶ Varieties 

¶ Dieta (white lupin) 

¶ Boregine (Blue lupin) 

¶ Seeding rates  

¶ Dieta seeding rates - six, eight, ten plants/ft2  
¶ Boregine seeding rates - eight, ten, twelve plant/ft2  
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Nodule assessment was done at the start of flowering in the one replication of the trial. three plants 
were randomly selected from each plot for nodule assessment. All field-based operations and dates are 
listed in Table 2. 
 
Table 2. Operational dates and inputs used in lupin demonstration 2023. 

Activity Location - ICDC 

Pre-seed Herbicide  Edge (ethalfluralin) at 6.9 kg/ac on April 29 

Variety Blue lupin - Boregine 
White lupin - Dieta 

Seeding May 12 

N-P-S (kg nutrient/ha) 
Fertilizer  

0-20-0 

Emergence count June 8 

Nodule assessment  July 7 

In-crop Herbicide none 

In-crop Insecticide  June 12, June 16, and June 21ς Matador @ 33ml/acre  for blister 
beetles 

In-crop Fungicide None 

Harvest Boregine - August 18 
Dieta - September  22 

 

Results 

Mean temperatures and total precipitation amount for May through September are provided in Table 3, 
along with corresponding long-term averages for Outlook, SK. Notably, growing season temperatures 
exceeded historical expectations in May, June, and August, while July's average temperature was 0.2 °C 
lower than the historical average. On average, the mean growing season temperature in 2023 was 2.0 
°C, or 12% higher than the 30-year average. However, natural precipitation fell significantly below 
historical averages for all months of the growing season. The cumulative precipitation for the growing 
ǎŜŀǎƻƴ ǿŀǎ ƻƴƭȅ спΦф ƳƳ όнΦррέ May through August), contrasting sharply with the 30-year expectation 
ƻŦ нлсΦр ƳƳ όуΦмоέύΦ ¢ƘŜ ǘƻǘŀƭ ǊŀƛƴŦŀƭƭ ƛƴ нлно ǿŀǎ ŀ ƳŜǊŜ ом҈ ƻŦ ǘƘŜ ƭƻƴƎ-term historical expectancy. 
Despite implementing in-season irrigation of 280 mm to compensate for the limitations in natural 
precipitation, the prevailing hot and dry conditions in 2023 are believed to have adversely affected the 
potential lupin yield. 
 
Table 3.  Mean monthly temperature from May to August 2023 at the ICDC trial location. 

Location Year 
May June July August Sept Average 

------------ Mean Temperature (°C) ----------- 

Outlook 2023 15.2  19.4 18.6  18.7  15.4  мтΦр   
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Long-term 11.2 16.1  18.8  17.9  13.0 15.5 

 
Table 4.  Precipitation amounts vs. long-term (30 years) means for the 2023 growing season and 
irrigation applied during the season. 

Location Year 
May June July August Sept Average 

-------------- Precipitation (mm) -------------- 

Outlook 

2023 17.5 15.3  15.5  16.6  16.6  101.2  

Long-term 41.5 65.3 55.8 43.9 30.5 237.0 

Irrigation - 116.8 119.4 43.2  279.4 

 
 
Insect damage: Blister beetle pressure was high during the early growth stage of lupin plants, as 
illustrated in Figure 1. The narrow leaf variety (Boregine) suffered more damage than the narrow leaf 
variety (Dieta). In some instances, the growing point of the plants was compromised, leading to an 
inability to recover from the insect-induced injuries. Notably, three plots were lost in the second 
replication, and the data from this replication was excluded from the final evaluation. Plots were 
sprayed multiple times to mitigate the insect pressure. 
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Figure 1. Blister beetle damage in lupin plots at ICDC, Outlook in 2023 
 
Nodule assessment 
Evaluation of nodulation was done in a single replication. Both varieties and all seeding rate treatments 
exhibited poor nodulation in 2023. One possible explanation could be the low visibility of the inoculant, 
which was shipped in early May. The high temperatures during this period might have adversely 
affected the survivability of bacteria. Another potential factor is the elevated temperature during the 
early growth stage of lupin plants, coupled with dry conditions until the initiation of irrigation in the first 
week of June. 
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Figure 2. Nodulation in two lupin varieties tested in 2023 at ICDC, Outlook. 
 
The data was analyzed as a split-plot design with low, medium, and high seeding rates as the treatment 
was not balanced across varieties (Boregine ς 8, 10 & 12 plants/sq. feet vs. Dieta ς 6, 8 & 10 plants/sq. 
feet).  
 
Plant emergence counts revealed a significant difference in plant densities among the three seeding 
rates tested for each variety. The plant population increased with the seed rate, as illustrated in Figure 
3. Before delving into the yield results, it is important to note that the plant emergence count was 
conducted on June 8, preceding any occurrence of insect damage. Unfortunately, the following week, 
plots were damaged by blister beetles, resulting in a substantial decrease in plant density. Each plot's 
stubbles (per square meter)  were counted after lupin harvesting to estimate the final plant densities. 
The stubble count highlighted a marked reduction in final plant densities compared to the early 
emergence counts. 
 
The 2023 field trial exhibited a higher coefficient of variation (28.2), well beyond the permissible 15% 
cutoff. The average yield of the 2023 trial was notably lower than the 2022 field trials at ICDC (ADOPT: 
20211073; Mean yield Borgenie: 3914 kg/ha and mean yield Dieta: 4017 kg/ha). The drastic impact of 
insect damage on plant densities resulted in very low yields. Additionally, the poor nodulation in 2023 
further contributed to the significantly diminished yield. 
 
 Protein (%), seed weight, and test weight were higher for Dieta, ǿƘŜǊŜŀǎ ǎŜŜŘ ǊŀǘŜ ǘǊŜŀǘƳŜƴǘ ŘƛŘƴΩǘ 
affect these parameters.  
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Table 4. Influence of Treatments on lupin yield and seed characteristics at Outlook, SK 2023.  Different 
letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

Treatment 
  
Yield 
(kg/ha) 

Protein 
(%) 

Plant 
population 
(per sq. feet) 
  

Stubble count 
(per sq. feet) 
  

Test 
weight 
(kg/hl) 

Seed 
weight 
(g/1000) 

Varieties  

Dieta 2374 a 35.4 a 8.8 a 6.4 a 393.6 a 214.1 a 

Boregine 1342 b 27.0 b 7.6 b 4.2 b 381.1 b 119.2 b 

P value 0.006 <0.01 <0.01 <0.02 0.003 <0.001 

CV (%) 28.2 5.7 22.5 19.7 2.2 17.5 

Seeding Rates 

Low 1647 30.6 7.5 b 3.2 a 392.8 172.4 

Medium 1923 31.5 8.1 ab 5.8 b 382.1 161.7 

High 2005 31.7 9.1 a 7.6 c 386.5 165.8 

P value NS NS 0.02 <0.01 NS NS 

Variety x Seeding Rate Interaction 

P value NS NS 0.01 NS NS NS 

NS = not significant at P<0.05 

 
 
 

 
 
Figure 3. Established plant population vs seeding rate 
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Conclusion 

The 2023 trials at ICDC faced challenges and were deemed unsuccessful primarily due to elevated blister 
beetle damage, adversely impacting the lupin plants and resulting in reduced plant densities. Yields 
witnessed a substantial decline compared to the previous year's field trials. Unfavorable weather conditions 
further hampered nodulation in both varieties. Given the many factors contributing to the diminished yields 
in 2023, drawing a conclusive final recommendation proves challenging. 
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Demonstration  of Cover Crop Option 
Following Row Crop Harvest on Irrigated 

Land 
 
 

Funding  

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

Organizations  

¶ Irrigation Crop Diversification Corporation, (ICDC) 

¶ Saskatchewan Ministry of Agriculture (MoA) 

Principle Investigators  

¶ Gursahib Singh, ICDC 

Objectives 

This demonstration will evaluate winter and spring cereals as potential options for cover crops following 
the harvest of row crops on irrigated land.  Specifically, the establishment and growth of these potential 
cover crops will be demonstrated. Stand counts will be conducted in the fall, and biomass accumulation 
of cover crops will be measured in the spring before pre-seed burn-off. Spring-seeded crops (wheat and 
canola) will be seeded following the termination of the cover crop. Stand counts and yield data will be 
collected from the following crops to determine if the cover crops had any allopathic effect on the 
spring-seeded crops. The project will also demonstrate an early vs. late seeding date of the winter 
cereals. 
 

Research Plan 

Field trials were established in a split-plot design with the two factors:  
1. Seeding date  
2. Cover crop type 

This demonstration had two seeding date treatments, early September and late September.  
The subplot factor had six treatments, including five cover crops and a fallow control. Cover crops 
included fall rye, winter wheat, winter triticale, barley, and oats.  
 
There were 12 total treatments replicated three times with 36 plots. Plot size was 1.5 m x 8.0 m. 
The seeding rate of the cover crop was based on the ǎŜŜŘ ǎǳǇǇƭƛŜǊΩǎ recommendations.   
 
The project was duplicated to accommodate the seeding of two spring crops with a total of 72 plots (2 
trials X 36 plots each). Two spring crops were seeded following cover crop termination. Spring seeded 
crops include two commonly grown crops (canola and spring wheat), followed by potatoes and dry 
beans in SK. 

Results 
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Cover crop effect on soil erosion 
Prior to cover crop seeding, the trial location underwent intensive cultivation to mimic field conditions 
post-potato and dry bean harvests. All cover crops exhibited vigorous establishment in the fall of 2022, 
suggesting their suitability for cover crop options. The SCIC recommendation for the seeding date of 
winter cereals extends until the end of September. The seeding dates tested in this study align with this 
recommended timeframe, and the plants were past the tillering stage (both seeding dates) before 
freeze-up. 
 
Plant count and Normalized Difference Vegetation Index (NDVI) data for each seeding date and cover 
crops are provided in Table 2 and Table 3. The two seeding dates assessed did not impact plant count 
and NDVI measurements in different cover crops. However, a noticeable trend indicated that cover 
crops seeded in early September demonstrated superior plant count and greater biomass than plots 
seeded in late September. 
 
Temperature data from April 1 to May 9 (cover crop termination date) is illustrated in Figure 1. Winter 
cereals began emerging with the rising temperatures in April 2023. At Outlook, SK, April 2023 recorded 
cooler temperatures than the long-term average [April 2023 ς 1.35 °C, long-term (1992-2023): 4.4 °C]. 
Additionally, April 2023 exhibited considerable temperature fluctuations (continuous warming and 
cooling) and three days of sub-zero temperatures (April 19 to 21), resulting in freezing damage to the 
new growth. Winter cereals (winter wheat, winter triticale, and fall rye) experienced limited growth 
before herbicide termination on May 9. Due to restricted growth, biomass assessment was impractical 
before termination (refer to Photos in Figures 2, 3, and 4). Given the limited growth across all plots 
(Figures 2 to 5), drawing conclusions on which crop would have been more effective in preventing soil 
erosion proves challenging. Additionally, the slow snowmelt in the spring of 2023 resulted in prolonged 
high soil moisture levels, minimizing the risk of wind erosion over time. 
 
Allelopathic effect of cover crop 
Both wheat and canola were sown on May 17 post-termination of cover crops. The plant count, yield, 
and thousand kernel weight data for wheat and canola are presented in Tables 2 and 3, respectively. 
One project objective was to assess the allelopathic impact of cover crops on subsequent spring-
seeded crops. In our experiments, the plant count for wheat and canola remained unaffected by the 
preceding cover crop, indicating an absence of allelopathic effects on either spring crop. During the 
summer of 2023, Outlook, SK experienced elevated grasshopper pressure. The yield of our wheat 
plots was diminished compared to the average yield of wheat under irrigation due to the influence of 
insect pressure [Trial mean yield ς 62 bu/ac vs irrigated mean yield ς 90 bu/ac (2024 ICDC Irrigation 
Economics and Agronomics guide)]. Similar to plant count results, the yield and TKW of both wheat 
and canola demonstrated no discernible impact from the earlier cover crop. 
 
Table 1. Agronomic information and dates of operation in 2022 and 2023. 

 Factors# Operation dates 

Plot size 1.5 m X 8 m = 12 m2 

Fall cover crop (variety) and seed rate 

Barley (Maverick): 250 seed /m2 
Oats (Haymaker): 250 seed /m2 
Winter Wheat (Emerson): 250 seed /m2 
Fall Rye (Hazlet): 250 seed /m2 
Winter Triticale (Luoma): 250 seed /m2 
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Fall seeding date 
Early: September 8, 2022 
Late: September 30, 2022 

Plant emergence count date (Cover Crop) September 23 and October 17, 2022 

Cover crop termination (herbicide) May 9, 2023 (Glyphosate 540 1L/ac) 

Spring seeding date 
May 17, 2023 (both wheat- AAC Wheatland VB 
and canola ς L340 PC) 

Seed rate 
Wheat ς 300 seed /m2 

Canola ς 200 seed /m2 

Plant emergence count date (Spring 2023) June 1, 2023 

Post-emergent herbicide 

June 10 - Buctril M + Simplicity (wheat) and 
Liberty (canola) 
 

Fungicide none 

Insecticide June 12 - Matador for grasshopper 

Desiccant None 

Harvest September 14 (both wheat and canola) 

 
 
Table 2. Statistical analyses and treatment mean for fall cover crop seeding dates, cover crops, and 
spring seeded wheat yield at Outlook, SK 2023.   Means within a column followed by the same letter 
Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ 

Trt# Yield  
(kg/ha) 

TKW  
(g) 

Plant 
density  
(Fall) 
Cover crop 

Plant density  
(Spring) 
Wheat 

NDVI 
(Fall cover crop) 

Fall cover crop seeding 
time  

     

Early September 4162.1 37.7 163.3 217.5 0.411 

Late September 4179.9 37.8 154.5 222.5 0.327 

  
     

Cover crop 
     

Fallow  4140.8 37.8 - 223.2 - 

Barley 4064.5 38.0 157.5 217.5 0.317 

Oats 4223.5 38.1 151.8 215.2 0.360 

Winter Wheat 4029.8 37.3 164.8 224.8 0.470 

Winter Triticale 4256.2 38.1 153.5 213.5 0.352 

Fall Rye         4310.6 37.3 167.0 227.0 0.348 
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Seeding date (P > Fr) NS NS NS NS NS 

Cover crop (P > Fr) NS NS NS NS NS 

Seeding date*Cover crop 
(P > Fr) 

NS NS NS NS NS 

CV 6.6 1.9 14.1 9.8 35.7 

 
 
Table 3. Statistical analyses and treatment mean for fall cover crop seeding date, cover crops, and 
spring seeded canola yield at Outlook, SK 2023.   Means within a column followed by the same letter 
Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ 

Trt# 

Yield  
(kg/ha) TKW  

(g) 

Plant 
density 
(Fall)  
Cover crop 

Plant density 
(Spring)  
Canola 

NDVI  
(Fall cover crop) 

Fall cover crop seeding time          
  

Early September 4336.5 77.4 138.4 120.5 
0.524 

Late September 4394.8 78.4 122.5 116.8 
0.413 

     
 

Cover crops         
  

Fallow  4508.3 80.4 -  
127.8 -  

Barley 4212.4 75.1 129.5 
111.2 0.430 

Oats 4519.4 80.6 139.7 
118.2 0.497 

Winter Wheat 4371.9 78.0 136.5 
117.5 0.473 

Winter Triticale 4317.6 77.0 130.3 
127.0 0.468 

Fall Rye         4264.3 76.1 120.2 
110.2 0.473 

     
 

Seeding date (P > Fr) NS NS NS NS 
NS 

Cover crop (P > Fr) NS NS NS NS 
NS 

Seeding date*Cover crop (P 
> Fr NS NS NS NS 

NS 

CV 8.1 3.8 20.3 12.0 
32.5 

 

Conclusion 

The project showcased the efficacy of winter and spring cereals as cover crops on irrigated land. 
However, the limited growth observed in winter cereals poses challenges in drawing definitive 
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conclusions regarding the comparative effectiveness of different cover crops, such as summer annuals 
versus winter cereals. 
 
The assessment of allelopathic effects revealed that the cover crops had no discernible impact on 
subsequent spring-seeded crops, highlighting their compatibility within rotation systems. This study 
yields valuable insights into optimizing cover crop selection and management practices in irrigated 
agricultural systems. Nevertheless, further research is recommended to delve into long-term effects and 
refine recommendations for maximizing the benefits of cover crops across diverse cropping systems 
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Fertigation  Demonstration on Wheat, 
Canola, and Dry Beans 

 

Funding  

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

Organizations  

¶ Irrigation Crop Diversification Corporation, (ICDC) 

¶ Saskatchewan Ministry of Agriculture (MoA) 

Principle Investigators  

¶ Gursahib Singh, ICDC 

¶ Sara Ingell, MoA 

Objectives 

This project was intended to demonstrate and compare the benefits of three different fertigation 
treatments on wheat, canola, and dry beans at three different timings. The project idea is to present the 
{ŀǎƪŀǘŎƘŜǿŀƴ ƛǊǊƛƎŀǘƻǊǎ ǿƛǘƘ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘΩǎ ƻǳǘŎƻƳŜ ŀƴŘ ǇǊƻǾƛŘŜ ōŜƴŜŦƛŎƛŀƭ ǘǊŜŀǘƳŜƴǘ 
recommendations. 
 

Research Plan 

 The plot layout for this demonstration was a randomized complete block design with four replications. 
Each crop was established as an independent trial. The variety of wheat used in this demonstration was 
AAC Wheatland VB, canola was L340 PC, and dry bean was CDC Blackstrap. Targeted rates of N at 
seeding included the background soil N (0-нпέύ Ǉƭǳǎ ŀǇǇƭƛŜŘ b ŦŜǊǘƛƭƛȊŜǊΦ ²ƘŜƴ ǎŜŜŘŜŘΣ ǳǊŜŀ ǿŀǎ ǎƛŘŜ 
banded, phosphorus was seed placed, and the rates of N requirements for each crop were compared to 
the ICDC Economics and Agronomics Guide. To mimic the fertigation process, UAN was dribble banded, 
and the plots were irrigated immediately afterward. UAN was applied at 30 lbs./ac. which is the 
standard N rate for fertigation. UAN was applied at two crop stages: the early vegetative growth stage 
and the reproductive stage. Fertigation of all plots was done in the morning to ensure the canopy was 
cool to reduce the chance of leaf burn. The table below represents the treatment schedule for each 
crop.  
 
Table 1. Fertigation Treatment Schedule 

Wheat 
Trt# Treatment* Timing 

1 170 lbs N/ac at seeding (Soil+ fert N) Seeding 
2 140 lbs N/ac (Soil+ fert N) + 30 lbs N/ac (UAN)  3-5 leaf stage 
3 140  lbs N/ac (Soil+ fert N) + 30 lbs N/ac (UAN) Flag leaf 
   

Canola 
Trt# Treatment Timing 

1 160 lbs N/ac at seeding (Soil+ fert N) Seeding 
2 130 lbs N/ac (Soil+ fert N) + 30 lbs N/ac (UAN)  3-5 true leaf stage 
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3 130 lbs N/ac (Soil+ fert N) + 30 lbs N/ac (UAN) Flowering 
   

Dry bean 
Trt# Treatment Timing 

1 90 lbs N/ac at seeding (Soil+ fert N) Seeding 
2 60 lbs N/ac (Soil+ fert N) + 30 lbs N/ac (UAN)  V3-V4 stage 
3 60 lbs N/ac (Soil+ fert N) + 30 lbs N/ac (UAN) R1-R2 stage 

 

Results 

Trial sites for all three demonstrations were soil sampled in the spring of 2023, and samples were 
submitted to Agvise for nutrient analysis. The soil available N was low across all three sites, and the 
supplemental fertilizer rates were calculated for each crop based on the treatments. 
 
¢ŀōƭŜ нΦ {ƻƛƭ ¢Ŝǎǘ !ǾŀƛƭŀōƭŜ bǳǘǊƛŜƴǘǎ ŀǘ ŜŀŎƘ ǘǊƛŀƭ ǎƛǘŜ 

/ǊƻǇǎ 5ŜǇǘƘ 
όŎƳύ ǇI 

hΦaΦ 
ό҈ύ /Φ9Φ/Φ 

bhоπb όƭō 
bκƘŀύ t όǇǇƳύ Y όǇǇƳύ 

{hоπb όƪƎ 
{κƘŀύ 

²ƘŜŀǘ        
 

 л ς мр тΦт нΦт мтΦп п с омт мс 

 мр ς ол    с   мс 

 ол π сл    мл    

/ŀƴƻƭŀ         

 л ς мр тΦф нΦр нлΦс р п оом ну 

 мр ς ол    о   нп 

 ол π сл    с    

5Ǌȅ ōŜŀƴ         

 л ς мр тΦу нΦф мфΦс т т олт пн 

 мр ς ол    п   мнлҌ 

 ол π сл    мл    

 
Wheat 
The wheat yield exhibited significant variations among the three treatments investigated in this 
demonstration. Notably, the fertigation treatment demonstrated higher wheat yields compared to 
Treatment one [170 lbs N/ac at seeding (Soil+ fert N)], where all the fertilizer was side-banded at 
seeding. Interestingly, there was no significant difference in wheat yield between the two fertigation 
timings (140 lbs N/ac (Soil+ fert N) + 30 lbs N/ac (UAN) at 3-5 leaf stage vs. 140 lbs N/ac (Soil+ fert N) + 
30 lbs N/ac (UAN) at flag leaf), indicating that wheat responded favorably to split N fertilizer treatments. 
 
The trend observed for grain protein content was similar to the yield response to the three treatments, 
with the fertigation treatment resulting in a 0.8% higher protein content than Treatment 1. Additionally, 
test weight showed a distinct pattern and increased as fertigation was delayed to the flag leaf stage, and 
Treatment 1 exhibited the lowest test weight. 
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However, thousand kernel weight and plant height remained unaffected by the three treatments tested. 
 
Canola 
Canola yield demonstrated significant variations among the three treatments tested. The highest yields 
were observed in Treatment one [160 lbs N/ac side banded at seeding (Soil+ fert N)] and Treatment 2 
(30 lbs N/ac (UAN) at 3-5 true leaf stage), while yield decreased when fertigation was delayed to the 
flowering stage. The decline in yield during delayed fertigation may be attributed to leaf injury caused by 
the liquid fertilizer, as illustrated in Figure 2. This leaf injury was particularly evident in the later 
fertigation application treatment for canola. 
 
Notably, leaf injury was also observed in the early fertigation application timing (Figure 1), but it did not 
adversely affect the canola yield potential, as the plants were able to overcome this challenge during the 
early growth stage. Importantly, none of the other recorded parameters, including oil content, test 
weight, thousand kernel weight (TKW), and plant height, were influenced by the tested treatments. 
 
Dry bean 
In this demonstration, three treatments tested on dry beans had significant variations in yield. The dry 
bean yield for treatment one [90 lbs N/ac at seeding (Soil+ fert N)] and treatment two [60 lbs N/ac (Soil+ 
fert N) + 30 lbs N/ac (UAN) at V3-V4 stage] exhibited similarities, but a decline in yield became evident 
when the fertigation application was postponed to the reproductive stage [60 lbs N/ac (Soil+ fert N) + 30 
lbs N/ac (UAN) at R1-R2 stage]. Similar to canola, leaf injury was observed after the delayed fertigation 
application (Figure 3 and 4). It appears that dry beans struggled to recover from this injury, leading to a 
subsequent reduction in yield. 
 
None of the quality parameters were found to be influenced by the tested treatments. 
 
Table 3. Analysis of variance (P-values) for N fertigation treatments in wheat at Outlook, SK 2023. Means 
ǿƛǘƘƛƴ ŀ ŎƻƭǳƳƴ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ǎŀƳŜ ƭŜǘǘŜǊ Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ  

Trt# 
Yield 
(kg/ha) 

  
Protein 
(%) 

  
Test 
wt 
(Kg/hl) 

  
TKW 
(g) 

Plant 
height 
(cm) 

170 lbs N/ac at seeding (Soil+ fert N) 6486 B 11.4 B 80.2 B 40.7 84.6 

140 lbs N/ac (Soil+ fert N) + 30 lbs N/ac 
(UAN) at 3-5 leaf stage 

7314 A 12.2 A 80.6 AB 39.9 88.3 

140  lbs N/ac (Soil+ fert N) + 30 lbs N/ac 
(UAN) at flag leaf 

7370 A 12.2 A 80.9 A 40.7 85.7 

Grand Mean 7057   11.9   80.5   40.5 86.2 

Pr > F 0.02   0.01   0.02    NS NS 

CV 5.38   2.38   0.33   2.25 3.33 

UAN- Urea Ammonium Nitrate 
NS- nonsignificant 
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Table 4. Analysis of variance (P-values) for N fertigation treatments in canola at Outlook, SK 2023. Means 
ǿƛǘƘƛƴ ŀ ŎƻƭǳƳƴ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ǎŀƳŜ ƭŜǘǘŜǊ Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ  

Trt# 
Yield 
(kg/ha) 

  
Oil  
(%) 

  
Test 
wt 
(Kg/hl) 

  
TKW 
(g) 

Plant 
height 
(cm) 

160 lbs N/ac at seeding (Soil+ fert N) 3887 A 43.8   64.5   3.5 93.2 

130 lbs N/ac (Soil+ fert N) + 30 lbs N/ac 
(UAN) at 3-5 true leaf stage  

3886 A 44.3   64.6   3.5 93.7 

130 lbs N/ac (Soil+ fert N) + 30 lbs N/ac 
(UAN) at flowering 

3554 B 43.8   64.8   3.4 94.1 

Grand Mean 3776   43.9   64.6   3.4 93.6 

Pr > F 0.04   NS   NS   NS NS 

CV 4.43   0.73   0.52   4.56 2.7 

UAN- Urea Ammonium Nitrate 
NS- nonsignificant 

         
Table 5. Analysis of variance (P-values) for N fertigation treatments in dry bean at Outlook, SK 2023. 
aŜŀƴǎ ǿƛǘƘƛƴ ŀ ŎƻƭǳƳƴ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ǎŀƳŜ ƭŜǘǘŜǊ Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ  

TRT# 
Yield 
(kg/ha) 

  
Protein 
(%) 

  
Test 
wt 
(Kg/hl) 

  
TKW 
(g) 

Plant 
height 
(cm) 

90 lbs N/ac at seeding (Soil+ fert N) 3268 A  -   400.3    140.8  50.3 

60 lbs N/ac (Soil+ fert N) + 30 lbs N/ac (UAN) 
at V3-V4 stage 

3254 A  -    404.4   140.3  49.7 

60 lbs N/ac (Soil+ fert N) + 30 lbs N/ac (UAN) 
at R1-R2 stage 

2782 B  -    404.3   132.3  49.2 

Grand Mean 3101        403.2   137.8  49.7 

Pr > F 0.01        NS   NS  NS 

CV 4.43        1.53   4.29  1.7 

UAN- Urea Ammonium Nitrate 
NS- nonsignificant 

 

Conclusion 

This project offers valuable insights for Saskatchewan irrigators, showcasing the potential benefits of 
split N fertigation treatments for wheat, canola, and dry beans. The findings underscore the critical role 
of timing in fertigation applications, highlighting its implications for optimizing crop yields and 
minimizing adverse effects. While wheat exhibited significant yield variations, favoring fertigation 
treatments over conventional side-banding at seeding, it's noteworthy that in the case of canola and dry 
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beans, the conventional side-banding practice proved more effective than fertigation. These results are 
based on one year of data, providing the foundation for informed decision-making. However, for 
comprehensive recommendations and enhanced agricultural practices in the region, it is advisable to 
conduct long-term field trials. 
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Oat N Response 
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Funding  

Funding for this study provided by the Saskatchewan Oat Development Commission (SaskOats).  

Organizations  

¶ East Central Research Foundation (ECRF)  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Northeast Agricultural Research Foundation (NARF) 

¶ Conservation Learning Centre (CLC) 

Principle Investigators  

¶ Mike Hall, ECRF 

¶ Ahsan Rajper, ECRF 

¶ Gursahib Singh, ICDC 

¶ Brianne McInnes, NARF 

¶ Robin Lokken, CLC 

Objectives 

To determine the yield and test weight response of Oats to 15% and 30% reductions in recommended 
rates of N. The specific rates of soil + fertilizer N tested will be 125 lb/ac, 106 lb/ac, 88 lb/ac and no 
applied N.   

 

Research Plan 

Trials were established at each location as a factorial Design with only 2 replicates. It should be noted 
that having only 2 replications instead of the conventional 4 replicates greatly reduces the power to 
detect significant differences. The first factor contrasted CS Camden vs CDC Arborg oats and the second 
factor compared each of these varieties at 4 rates of soil + applied N (Table 1). Background soil N (0 to 
нпέύ ŦƻǊ ǘǊŜŀǘƳŜƴǘǎ м ŀƴŘ р ǾŀǊƛŜŘ ŦǊƻƳ ŀ ƭƻǿ ƻŦ нл ƭō bκŀŎ ŀǘ hǳǘƭƻƻƪ ǘƻ ŀ ƘƛƎƘ ƻŦ рт ƭō bκŀŎ at Melfort 
(Table 1). All treatments received 40 lb P2O5/ac + 15 lb K2O/ac + 10 lb S/ac so that PKS were non-limiting 
ǘƻ ȅƛŜƭŘΦ !ƭƭ ǘǊƛŀƭǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ άǎƳŀƭƭ Ǉƭƻǘέ ƛƴ ŘŜǎƛƎƴ ōǳǘ Ǉƭƻǘ ǎƛȊŜ ǾŀǊƛŜŘ ōŜǘǿŜŜƴ ǎƛǘŜǎ ǘƻ ǎǳƛǘ ǎƛǘŜ 
equipment.  Plots were harvested with small plot combines and yield was adjusted for moisture. Test 
wŜƛƎƘǘǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ άƛƴ ƘƻǳǎŜέ ŀǘ ŜŀŎƘ ƭƻŎŀǘƛƻƴΦ !ŦǘŜǊ ƘŀǊǾŜǎǘΣ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ όŀǾŜǊŀƎŜŘ ƻǾŜǊ ǊŜǇύ 
was tested for available soil N in the top 24 inches of soil. If only 0 to 12 inch depths were possible, 
values were multiplied by 1.5 to estimate the N level within a 0 to 24 inch depth. Dates of operations are 
listed in Table 2. 

Table 1. Treatment List for Each Location  

Treatment #  Oat Variety  Soil + Fertilizer N (lb/ac)  

1  CS Camden  Soil N only1  

2  CS Camden  88  

3  CS Camden  106  

4  CS Camden  125  

5  CDC Arborg  Soil N only1  

6  CDC Arborg  88  
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7  CDC Arborg  106  

8  CDC Arborg  125  
1Background level of soil N (0-нпέύ ǇǊƛƻǊ ǘƻ ǎŜŜŘƛƴƎΥ ¸ƻǊƪǘƻƴ нп ƭō bκŀŎΤ tǊƛƴŎŜ !ƭōŜǊǘ оф ƭō 
N/ac; Outlook 20 lb N/ac; Melfort 57 lb N/ac  

 

 Table 2. Dates of operations for each site conducted in 2023.  

Operation  Yorkton   Outlook  Melfort  Prince Albert  

Pre-seed herbicide  None  Roundup 
Transorb HC 
@0.67L/ha on 
May 1  

StartUp ς May 
19  

Transorb ς May 
12  

Seed Trial  May 17  May 11  May 16  May 31  

Emergence  June 19  May 31  June 2  June 12  

In-crop Herbicide  Prestige ς June 5  Buctril M -June 
8  

Prestige XL ς 
June 7  

None  

In-crop Fungicide  Trivapro ς June 27  None  None  None  

Yield kg/ha @13.5%  August 18  August 16  August 21  August 25  

After harvest soil test 
for N (if possible 0-24). 
Composite for each 
treatment (4 in total)   

August 27  August 17  September 1  September ?  

 

Results 

Weather and yield potential  

Tables 3 and 4 list the mean monthly temperatures and precipitation for the 2023 growing season along 
with long-term normals for each site in the study. The season was warmer and dryer than normal at all 
locations, resulting in lower-than-average yields at all locations excepting Outlook under irrigation. Oat 
yield was lowest at Prince Albert averaging 71 bu/ac. At Melfort and Yorkton oat yields were higher 
averaging 113 bu/ac and 120 bu/ac, respectively. At Outlook, yield was high, averaging 171 bu/ac under 

irrigation.   

 

Table 3. Mean monthly temperatures amounts along with long-term (1981-2010) normals for 
the 2023 growing season at 4 sites in Saskatchewan.  

Location   Year  May  June  July  August  Avg. / Total  

     -----------------------------Mean Temperature (°C) -------------------  
Melfort  2023  14.1  19.2  16.9  17.3  16.9  
  Long-term  10.1  15.2  17.8  16.7  15.0  

Outlook  2023  15.2  19.5  18.5  18.7  18.0  

  Long-term  11.3  16.0  18.6  17.8  15.9  
Prince Albert  2023  14.4  18.8  16.6  17.1  16.7  
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  Long-term  11.1  16.3  18.6  16.9  15.7  
Yorkton  2023  14.1  19.4  16.8  17.8  17.0  
  Long-term  10.4  15.5  17.9  17.1  15.2  

 
 

      

Table 4. Precipitation amounts along with long-term (1981-2010) normals for the 2023 
growing season at 4 sites in Saskatchewan.  

Location   Year  May  June  July  August  Avg. / Total  

     ------------------------------- Precipitation (mm) --------------------  
Melfort  2023  31.5  26.4  16.4  50.0  124.3  
  Long-term  33.4  79.5  69.6  45.9  228.4  
Outlook  2023  17.2  15.3  15.5  16.6  64.9  
  Long-term  41.5  65.3  55.8  43.9  206.5  
Prince Albert  2023  22.8  52.8  40.8  51.2  167.6  
  Long-term  34.1  62.0  67.6  42.9  206.6  
Yorkton  2023  20  83.4  17.4  72.6  193.4  
  Long-term  51  80  78  62  272  

 

Table 5 lists the F-test results for main effects, site, and their interactions.  Emergence differed 
significantly between sites with Outlook having the highest emergence rate (310 plants/m2).  Higher 
seeding rates are typically targeted under irrigation. Emergence at the remaining sites was similar 
varying from 241 to 261 plants/m2.  Significant effects of variety, fertility and site were detected for test 
weight and yield.  A variety by site interaction was also detected for test weights.  These significant 

effects will be discussed in greater detail where appropriate within this report.   

 

Table 5. F-test Results for Variety, Fertility, Site and Their Interactions on Measured Parameters  

Factor  
  
  

Plant emergence  Test weight  Yield  

      

Pr > F  Pr > F  Pr > F  

Variety (V)  0.100  <0.001  0.006  

Fertility (F)  0.629  <0.001  <0.001  

Site (S)  0.002  <0.001  <0.001  

V x F  0.886  0.413  0.781  

V x S  0.086  0.023  0.114  

F x S  0.829  0.402  0.351  

V x F x S  0.447  0.146  0.343  

 

Emergence  

Plant emergence was adequate to maintain yield potential at all locations. Emergence was similar 
between CS Camden and CDC Arborg at all locations, except at Outlook, where CDC Arborg averaged 



  
62 

346.8 plant/m2 compared to 274.0 plants/m2 for CS Camden (Table 6). However, this difference likely 
had minor agronomic effects. As N rates were increased, plant stands were unaffected at all locations, 
indicating good separation between seed and N fertilizer. No interactions between variety and N fertility 
were detected.  

  

Table 6. Main Effects and Individual Treatment Means for Emergence (plants/m2) at each 
location.  

Variety  Yorkton  Prince Albert  Outlook  Melfort  All sites  

CS Camden  239.5  258.0  274.0b  259.4  253.7  

CDC Arborg  243.6  253.8  346.8a  262.9  253.3  

Lsd  Ns  Ns  46.0  Ns  Ns  

            

Soil + Fertilizer N (lb/ac)            

Soil N1   236.2  260.0  300.0  262.9  254.8  

88  247.7  255.5  325.5  254.3  253.2  

106  257.5  259.5  291.3  267.8  261.1  

125  224.7  248.5  324.8  259.6  244.8  

Lsd  Ns  Ns  Ns  Ns  Ns  

Linear  0.899  0.930  0.814  0.936  0.862  

Quadratic  0.820  0.861  0.935  0.832  0.485  

            

V x N            

CS Camden ς Soil N1  218.2  252.0  265.0  254.3  244.1  

CS Camden ς 88 lb N/ac  252.6  256.0  283.0  252.7  254.3  

CS Camden ς 106 lb N/ac  262.5  262.0  295.5  258.4  269.6  

CS Camden ς 125 lb N/ac  224.8  262.0  252.5  272.3  252.9  

CDC Arborg ς Soil N1  254.2  268.0  335.0  271.5  282.2  

CDC Arborg ς 88 lb N/ac  242.8  255.0  368.0  255.9  280.4  

CDC Arborg ς 106 lb N/ac  252.6  257.0  287.0  277.2  268.5  

CDC Arborg ς 125 lb N/ac  224.7  235.0  397.0  246.9  274.9  

Lsd  Ns  Ns  Ns  Ns  Ns  

V x N interaction  Ns  Ns  Ns  Ns  Ns  

            

            
1Background level of soil N (0-нпέύ ǇǊƛƻǊ ǘƻ ǎŜŜŘƛƴƎΥ ¸ƻǊƪǘƻƴ нп ƭō bκŀŎΤ tǊƛƴŎŜ !ƭōŜǊǘ оф ƭō 
N/ac; Outlook 20 lb N/ac; Melfort 57 lb N/ac  
 
Test weight    
Test weights were low at all locations except Outlook (Table 7). Oats with test weights above 245 g/0.5 l 
are accepted for milling at Grain Millers without discount. As test weights fall below 245 g/0.5 l, oats are 
progressively discounted for milling.  Below 230 g/0.5 l, oats are rejected for milling. At Prince Albert, 
test weights were at rejection levels regardless of treatment. At Yorkton and Melfort, tests weights 
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varied with treatment but stayed within the discount range. In contrast, test weights were well above 
discount levels at Outlook for all treatments. When sites were combined, the test weight for CDC Arborg 
was statistically higher than CS Camden.  However, a site by variety interaction was detected (Table 
5).  When each site was analyzed individually, Outlook was the only site where CDC Arborg statistically 
had a higher test weight than CS Camden. While CDC Arborg numerically had the highest test weight at 
all locations, the difference was extremely small at Yorkton. Past work indicates CS Camden has a lower 
test weight than most oat varieties. However, this has not proven to be a concern for producers, as 
Grain Millers frequently accepts CS Camden for milling without discount (pers. Communication). When 
sites were analyzed together, increasing rate of N significantly decreased oat test weight linearly. 
Decreasing oat test weight in response to increasing soil N is a well-known phenomenon but the reason 
for its occurrence is not well understood. There were no variety by N rate interactions. However, 
assessing the impact of increasing N on each variety still has merit, as this shows the risk of rejection 
based on low test weight is greater for CS Camden compared to CDC Arborg.  
 

Table 7. Main Effects and Individual Treatment Means for Oat Test Weight (g/0.5 l) at each 
location.  

Variety  Yorkton  Prince Albert  Outlook  Melfort  All sites  

CS Camden  234.6  201.6  251.1b  235.2  230.6b  

CDC Arborg  235.0  212.5  254.7a  237.2  234.9a  

Lsd  Ns  Ns  2.4  Ns  2.1  

            

Soil + Fertilizer N (lb/ac)            

Soil N only  239.0  211.2  257.2a  239.0a  236.6a  

88  234.5  209.9  251.4b  238.6a  233.6ab  

106  233.5  205.2  253.2b  232.5b  231.1bc  

125  232.3  201.9  249.8b  234.8ab  229.7c  

Lsd  Ns  Ns  3.5  4.8  2.99  

Linear  0.257  0.108  0.043  0.013  <0.001  

Quadratic  0.122  0.232  0.034  0.072  0.477  

            

V x N            

CS Camden ς Soil N  240.5  206.6  256.3a  237.9  235.3ab  

CS Camden ς 88 lb N/ac  234.0  208.2  247.3b  238.7  232.0bc  

CS Camden ς 106 lb N/ac  232.0  199.8  250.6b  231.6  228.5cd  

CS Camden ς 125 lb N/ac  232.0  191.8  250.2b  232.7  226.7d  

CDC Arborg ς Soil N  237.5  215.9  258.1a  240.0  237.9a  

CDC Arborg ς 88 lb N/ac  235.0  211.5  255.5a  238.6  235.2ab  

CDC Arborg ς 106 lb N/ac  235.0  210.6  255.9a  233.3  233.7ab  

CDC Arborg ς 125 lb N/ac  232.5  212.1  249.4b  236.9  232.7bc  

Lsd  Ns  Ns  4.9  Ns  4.23  

V x N interaction  Ns  Ns  Ns  Ns  Ns  
1Background level of soil N (0-нпέύ ǇǊƛƻǊ ǘƻ ǎŜŜŘƛƴƎΥ ¸ƻǊƪǘƻƴ нп ƭō bκŀŎΤ tǊƛƴŎŜ !ƭōŜǊǘ оф ƭō 
N/ac; Outlook 20 lb N/ac; Melfort 57 lb N/ac  
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Yield  

Averaged across fertility, CDC Arborg was higher yielding than CS Camden at all sites. Differences in yield 
were less than 2% and were not statistically significant at Yorkton and Prince Albert (Table 8). Yield 
differences of 4% and 16% were statistically different at Outlook and Melfort, respectively. CDC Arborg 
also proved to be statistically higher yielding than CS Camden when all sites were analysed together. 
Yields increased with increasing N fertility at all locations.  Each though a nitrogen by site interaction 
was not detected, N response results for Outlook have been separated from the other sites to create 
figures 1 and 2.  This was done as the yield response to added N was greatest at Outlook and amount of 
residual soil N left over after harvest was much less at this location.  Since there were no V x N 
interactions at any site, the yield response of Oats to added N has been averaged over variety within 
these figures.    

Yields were relatively low and unresponsive to added N due to drought at Prince Albert (71 bu/ac), 
Yorkton (121 bu/ac) and Melfort (113 bu/ac). As the rate of spring applied N was increased at these 
locations, the amount of post-harvest soil nitrate-N also increased, since much of the applied N was not 
going to yield because of the drought (Figure 1). Applying 85 lb N/ac in spring increased the level of soil 
N post-harvest by 25 lb N/ac.  It is difficult to make many conclusions from this information. We know 25 
lb/ac of the 85 lb/ac was left-ƻǾŜǊ ƛƴ ǘƘŜ ǎƻƛƭ ŀǎ ƴƛǘǊŀǘŜ ōǳǘ ǿŜ ŘƻƴΩǘ ƪƴƻǿ ƳǳŎƘ ŀōƻǳǘ ǿƘŜǊŜ ǘƘŜ 
remaining 60 lb/ac went. A good portion likely went to increasing Oat yield and grain protein. A small 
portion may still be in the ammonium form which is not detected by a conventional soil test. Other 
losses to the system include volatilization, denitrification, leaching and immobilization. Determining how 
much of the applied N was used by the crop based on post-harvest residual N cannot be made 
accurately.     

In contrast, oat yield was much higher and more responsive to added N under irrigation at Outlook 
(Figure 2).  Moreover, soil nitrate after harvest was not increasing with increasing rate of spring applied 
N. In fact, it was low and declining. While more of the applied N was going towards yield under 
irrigation, more of it was likely lost to denitrification and leaching.  

 

Table 8. Main Effects and Individual Treatment Means for Oat Yield (kg/ha) at each location.  

Variety  Yorkton  Prince Albert  Outlook  Melfort  All sites  

CS Camden  4562.5  2695.8  6390.7b  3993.3b  4410.6b  

CDC Arborg  4648.8  2730.2  6665.9a  4641.7a  4671.7a  

Lsd  Ns  Ns  116.9  311.8  199.1  

            

Soil + Fertilizer N (lb/ac)            

Soil N only  4037.8  2526.1  4780.6  3919.1  3815.9b  

88  4882.8  2808.5  6913.8  4133.2  4684.6a  

106  4921.5  2716.5  7185.6  4616.1  4859.9a  

125  4580.5  2801.0  7233.3  4601.7  4804.1a  

Lsd  Ns  Ns  165.3  441.0  281.6  

Linear  0.073  0.150  <0.001  0.017  <0.001  

Quadratic  0.046  0.289  <0.001  0.055  <0.001  

            

V x N            
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CS Camden ς Soil N  3927.0  2404.9  4689.0  3567.3  3647.0c  

CS Camden ς 88 lb N/ac  4670.0  2738.9  6797.0  3918.8  4531.2b  

CS Camden ς 106 lb N/ac  4697.0  2759.4  6993.9  4306.0  4689.1ab  

CS Camden ς 125 lb N/ac  4956.0  2880.1  7082.8  4181.3  4775.0ab  

CDC Arborg ς Soil N  4148.5  2647.3  4872.2  4271.0  3984.7c  

CDC Arborg ς 88 lb N/ac  5095.5  2878.1  7030.6  4347.6  4837.9ab  

CDC Arborg ς 106 lb N/ac  5146.0  2673.6  7377.3  4926.2  5030.7a  

CDC Arborg ς 125 lb N/ac  4205.0  2722.0  7383.7  5022.2  4833.2ab  

Lsd  Ns  Ns  233.8  623.0  398.3  

V x N interaction  Ns  Ns  Ns  Ns  Ns  

            

            
1Background level of soil N (0-нпέύ ǇǊƛƻǊ ǘƻ ǎŜŜŘƛƴƎΥ ¸ƻǊƪǘƻƴ нп ƭō bκŀŎΤ tǊƛƴŎŜ !ƭōŜǊǘ оф ƭō 
N/ac; Outlook 20 lb N/ac; Melfort 57 lb N/ac  
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Economics  

The objective of this study was to determine the impact of reducing levels of recommended N for oats 
by 15% and 30% on yield and economic returns.   To make this determination, Table 9 lists the economic 
impact for each incremental derease in N for Outlook and for all locations combined excepting 
Outlook.  Prices of $0.82/ lb N and $5.25/ bu of oats were used to determine net returns and these 
values were obtained from the 2024 Saskatchewan Crop Planning Guide. Table 9 shows net revenue 
generated based directly on data point yields vs values calculated from the response curves. While there 
are pros and cons to each of these approaches general conclusions were very similar between the 
approaches.   

Decreasing the fertility rate by 15% from 125 to 106 lb N/ac increased net revenue for the high yielding 
Outlook site and the combined lower yielding sites. In other words, increasing N fertility beyond 106 lb 
N/ac was costing money at all locations.  Reducing the N fertility level by another 15% (106 to 88 lb 
N/ac) reduced net returns at Outlook and either modestly increased or decreased net returns for the 
low yielding sites depending on whether data points or response curve values were used in the 
calculation. Said another way, reducing the N fertility from 125 lb/ac by 15% was saving money at 
Outlook but a further reduction by 15% was reducing net returns by approximately $20/ac.  In contrast, 
reducing N fertility by 30% was the most economical for the low yielding sites.    

 

Table 9. Effect of Incremental decreases in N fertility on Net Revenue1.  

  Net Revenue ($/ac) Generated Based on Data Points  

N Fertility Decrease  Outlook  All sites Excepting Outlook  

125 lb N/ac to 106 lb N/ac  9.00  28.02  

106 lb N/ac to 88 lb N/ac  -22.70  -4.97  

      

  Net Revenue ($/ac) Generated Based on Response Curve  

N Fertility Decrease  Outlook  All sites Excepting Outlook  
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125 lb N/ac to 106 lb N/ac  3.86  17.16  

106 lb N/ac to 88 lb N/ac  -16.61  6.47  

      
1Net Revenue based on 0.82/lb N and $5.25/bu oat. Values taken from 2024 Saskatchewan Crop Planning Guide.  

  

Conclusion 

In conclusion, reducing 125 lb N/ac of soil + fertilizer N by 15% was economical at all sites under the 
conditions of this study.  Decreasing total N by 30% to 88 lb/ac of soil + fertilizer N was still economical 
for the combined low yielding sites but reduced net returns by about $20/ac at the high yielding Outlook 
site.   
 
For the combined low yielding sites, increasing the level of spring N fertility at seeding lead to higher 
levels of soil test N after harvest. On average, increasing soil N from 40 to 125 lb/ac increased 
background soil N post-harvest from 19.3 to 44.4 lb N/ac. While at least 25 lb/ac of the 85 lb/ac of 
applied N were clearly not used by the crop, it is still difficult to speculate on how much N was used by 
the crop due to multiple mechanisms of N loss. For the high yielding Outlook site, background levels of 
soil N post-harvest were very low and did not increase with increasing rate of spring applied N. While 
much of the applied N was likely used by the high yielding crop, soil reserves of N may have also been 
lost to denitrification and leaching.   
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Demonstrating oat seeding rates as a 
cultural control method for controlling 

wild oats in oats  

 
Funding  

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

Organizations  

¶ Northeast Agriculture Research Foundation (NARF) 

¶ Irrigation Crop Diversification Corporation (ICDC) 

Principle Investigators  

¶ Brianne McInnes, NARF 

¶ Gursahib Singh, ICDC 

Objectives 

To demonstrate oat seeding rates as an integrated pest management strategy for controlling wild oat 

populations in tame oats  

 

Research Plan 

In 2023 a small plot demonstration was conducted at Melfort (NARF) and Outlook (ICDC), SK to 
demonstrate oat seeding rates as an integrated pest management strategy for controlling wild oat 
populations in tame oats. The demonstration was a split-plot, with manual wild oat control or no wild 
oat control, in combination with four different oat seeding rates of 150, 250, 350, and 450 seeds/m2. 
Data collection consisted of plant density, wild oat density, wild oat intensity ratings, crop yield, wild oat 
dockage, and test weight. The environmental conditions were hot and dry at both locations, but the 
demonstration was successfully established, and all data was collected.  

NARF is a dryland site located in the thick black soil zone with a clay loam, high organic matter soil (7-
11%). ICDC is under irrigation and is located in the brown soil zone with a coarser texture soil and lower 
organic matter (2-3%).  

The demonstration was small plot with four replications at both sites. The treatment arrangement was a 
split-plot with wild oat control as the main-plot and tame oat seeding rate as the sub-plot. These factors 
were combined to create eight treatments at both sites (Table 1). Plot were kept wild oat free in 
treatments 1-4 by handing weeding throughout the season. 
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Table 1. Treatments used in Demonstrating oat seeding rates as a cultural control method for 
controlling wil oats in oats at both locations in 2023.  

Treatment #  Wild oat control  Tame oat seeding rate  

1  

No Control  

450 seeds/m2  

2  350 seeds/m2  

3  250 seeds/m2  

4  150 seeds/m2  

5  

Wild Oat Free  

450 seeds/m2  

6  350 seeds/m2  

7  250 seeds/m2  

8  150 seeds/m2  

 

The trial was managed at all sites for best management practices. Broadleaf weeds, disease, and insects 
were controlled using registered pesticides when needed at the discretion of each site manager. All 
dates of operations and agronomic information is provided in Table 2. Soil samples were collected in the 
trial area at all sites and results are reported in Table 3. Macronutrients (N,P,K,S) were applied at 
seeding based on soil sample results to achieve a high yielding oat crop in each respective location.  

Table 2. Agronomic information and dates of operation for Demonstrating oat seeding rates as a 
cultural control method for controlling wil oats in oats at both locations in 2023.  

  NARF  ICDC  

Stubble  Canola  Canola  

Row spacing  0.3048m  0.254m  

Plot size  14.0m2  30.6m2  

Oat variety used  CDC Arborg  CS Camden  

Fertility (N-P2O5-K2O-S kg/ha)  107-56-17-11  140-30-0-0  

Seeding date  17-May  11-May  

Seed treatment  None  Insure Cereal Fx4  

Pre-emergent herbicide  
Glyphosate 540 1L/ac May 

19  
ƴƻƴŜ  

Post-emergent herbicide  
Prestige XL 947mL/ac June 

7  
Buctril M June 8  

Fungicide  None  ƴƻƴŜ  

Insecticide  
Decis 5ec 60mL/ac June 23 

for grasshopper  
Matador May 30 for 

grasshopper  

Desiccant  None  None  

Plant counts  05-Jun    

Wild oat counts  13-Jun    

Wild oat ratings  02-Aug    

Harvest  21-Aug  16-Aug  
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Table 3. Soil sample results for the trial area for Demonstrating oat seeding rates as a cultural control 
method for controlling wil oats in oats at both locations in 2023. 

Depth  
NO3-N 
(kg/ha)  

Olsen-P 
(ppm)  

K (ppm)  S (kg/ha)  pH  
Organic 

Matter (%)  
Salts (mmho/cm)  

  NARF  

0-15cm  18  9  401  36  6.4  7.6  0.48  

15-60cm  27      61  7.3    0.54  

  ICDC  

0-15cm  4  6  317  18  7.7  2.7  0.26  

15-60cm  18      18  7.9    0.2  

 

To assess treatment differences, data measurements consisted of plant density, wild oat density, wild 
oat intensity ratings, crop yield, wild oat dockage, and test weight. Plant density was measured by 
counting the seedlings along two 1-meter sections of crop row per plot. The average between the two 
counted rows was then divided by the row spacing at each respective site to determine the plants/m2 

(PPMS). Wild oat density was completed by counting the wild oats present in 0.5m2 in two locations per 
plot at the 2-3 leaf stage of the tame oat crop.  Wild oat intensity ratings were completed after the tame 
oat crop had reached heading by rating the intensity of wild oat populations using a scale of 1-5, where 
1 equated to no wild oats and 5 equated to 100% of the plot being infested with wild oats. Grain yield 
was determined at each site by weighing each harvested plot sample and converting the grams per plot 
to a kg/ha equivalent, while correcting to consistent moisture. Test weights (TW) were determined by 
weighing the grams of seed in a 0.5-litre to the nearest hundredth of a gram. Wild oat dockage was 
completed by obtaining a 500-gram subsample of the harvested grain for every plot and separating out 
the wild oats. Wild oats were then weighed and reported as a % of the total sample weight. For 
treatment comparisons, both sites were analyzed separately using a split plot design in Statistix 10 with 
wild oat control as the main plot and seeding rate as the sub-plot. 

 

Results 

Environmental Conditions:  
The environmental conditions at both sites were warmer than average temperatures (+1.7-1.9°C) with 
lower-than-average precipitation (46-49%) as compared to the long-term (Table 4). At Melfort and 
Outlook, all growing season months had greater average temperatures except for July, where 
temperatures were 0.6°C and 0.4°C lower than the long-term average, respectively. At both locations, 
cumulative precipitation was significantly reduced from May to July, but precipitation in August was 
within a few mm of the long-term average. Additionally, the site at Outlook was irrigated, which 
provided an additional 116mm in June, 86mm in July and 43mm in August for a total of 245mm as 
irrigation. Despite the dry conditions at both locations, the demonstration was established successfully, 
and all data was collected. 
 
Table 4. Environmental conditions of the 2023 growing season as compared to long-term conditions at 
Outlook and Melfort, SK  
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  May  June  July  August  Total/Average  

--Temperature (°C)--  

Melfort 2023  14.1  19.2  16.9  17.3  16.9 (+1.7)  

    Long-termx  10.7  15.9  17.5  16.8  15.2  

Outlook 2023  15.2  19.5  18.5  18.7  18.0 (+1.9)  

    Long-termx  11.5  16.1  18.9  18.0  16.1  

--Precipitation (mm)--  

Melfort 2023  17.9  26.4  16.4  50.0  111 (49%)  

    Long-termx  42.9  54.3  76.7  52.4  226  

Outlook 2023  17.2  15.3  15.5  46.6  95 (46%)  

    Long-termx  42.6  63.9  56.1  42.8  205  

xLong-term average is anywhere from the years 1980-2021, but exact range of years varies by site  
yOutlook also received a total of 116mm in June, 86mm in July and 43mm in August of cumulative precipitation as 

irrigation  

The results for the analysis of variance (ANOVA) and treatment means for plant density, wild oat 
density, wild oat intensity ratings, crop yield, wild oat dockage, and test weight are provided in Table 5 
and Table 6 of the appendices.  

Plant Density:  

Plant density was significantly different for oat seeding rate at both NARF (p<0.0001) and ICDC 
(p=0.0019). At NARF, plant density was increased linearly from 150 seeds/m² up to 450 seeds/m². Each 
increase in seeding rate resulted in a significant increase in plant density, with densities ranging from 
138-392 plants/m². At ICDC plant density also increased linearly as seeding rate increased; however, 
plant densities were not significantly increased beyond the seeding rate of 350 seeds/m². At ICDC plant 
densities ranged from 174-333 plants/m². Amongst sites, both ICDC and NARF had similar average plant 
stands with NARF at an average of 256 plants/m² and ICDC at and average of 260 plants/m². Lastly, 
there was no significant effect of wild oat control or an interaction with oat seeding rate and wild oat 
control on tame oat plant density.  

Wild oat density:  

Wild oat density was not significantly affected by oat seeding rate or wild oat control at either location. 
Although both sites have known populations of wild oat, populations were low in 2023 due to dry 
conditions. Amongst the two sites, NARF had an average density of 0.3 wild oats/m² and ICDC had an 
average of 1.9 wild oats/m².  

Wild oat intensity ratings:  

Wild oat intensity ratings were significantly different for wild oat control at NARF (p=0.0154), but not at 
ICDC. At NARF, wild oat free treatments had significantly reduced wild oat intensity as compared to 
treatments with no wild oat control. Treatments with no wild oat control had an average intensity rating 
of 1.6 and treatments kept wild oat free had an average rating of 1.0. As for oat seeding rate, there was 
no significant effect on wild oat intensity ratings at either site. Across sites, NARF had an average wild 
oat intensity rating of 1.3 and ICDC had an average of 1.0. Similar to wild oat density, ratings for wild oat 
intensity were low at both sites due to low wild oat populations.   
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Crop yield:  

Crop Yield was significantly affected by wild oat control at NARF (p=0.0191) and oat seeding rate at ICDC 
(p=0.0377). At NARF, wild oat control significantly improved oat yield as compared to no wild control by 
283kg/ha or 6%. At ICDC, crop yield was not significantly affected by wild oat control; however, crop 
yield did significantly increase as seeding rate increased. At ICDC crop yield was significantly greater for 
450 seeds/m² as compared to 250 seeds/m². Average crop yield was greater at 350 seeds/m² as 
compared to 250 seeds/m², but the difference was not significant. At NARF, crop yield was not 
significantly increased with increasing seeding rate; however, crop yield did numerically increase with 
each increase in seeding rate from 150 seeds/m² to 350 seeds/m². There were no significant interactions 
of wild oat control and seeding rate on crop yield at either site. Lastly, average crop yield was greatest at 
ICDC with an average of 6645 kg/ha and lowest at NARF with an average of 5310 kg/ha.   

Wild oat dockage:  

Wild oat dockage was significant for wild oat control at NARF (p=0.0094) and ICDC (p=0.0001). At NARF, 
wild oat dockage was 0.0% for wild oat free treatments and 2.4% when wild oats were not controlled. At 
ICDC, wild oat dockage was 0.0% for wild oat free treatments and 1.2% when wild oats were not 
controlled. At ICDC, oat seeding rate also significantly affected wild oat dockage (p=0.0184). Wild oat 
dockage was significantly reduced at seeding rates of 350 and 450 seeds/m² as compared to 150 
seeds/m². The average reduction in dockage was 0.3%. Furthermore, there was a significant interaction 
of wild oat control and seeding rate for dockage at ICDC (p=0.0184). In wild oat free treatments there 
was no difference in dockage between seeding rates. When there was no wild oat control where there 
was significantly reduced dockage as 350 and 450 seeds/m² as compared to 150 seeds/m². Average 
dockage was reduced by 0.5-0.6%. Across sites, wild oat dockage was low averaging at 0.6% at ICDC and 
1.2% at NARF.  

Test weight:  

Test weight was significant for seeding rate at NARF (p=0.0084). At NARF, test weight was significantly 
increased at 350 and 450 seeds/m² as compared to 150 seeds/m². The increase in average test weight 
was 3.4-4.1g/0.5L. There were no significant effects of wild oat control on test weight at either site, or of 
seeding rate at ICDC. There were also no significant interactions of wild oat control and seeding rate at 
either site. Across sites, test weight was greatest at ICDC with an average test weight of 265.4g/0.5L and 
lowest at NARF with an average test weight of 243.3 g/0.5L.   

Extension: The results of this project will be posted on each site website, and will be shared at winter 
meetings and on social media whenever possible. The project was not presented on, but was passed by 
with funder and treatment signage at the NARF & AAFC Joint Annual Field Day on July 26, 2023 with 70 
people in attendance.  

 

Conclusion 

Despite the dry and hot conditions of 2023 at both locations the demonstration was successfully 

established and all data was collected. Wild oat control decreased wild oat intensity and increased crop 

yield at Melfort, while also decreasing dockage at both sites. Oat seeding rate increased plant density at 

both sites, while yield was increased, and dockage decreased as seeding rate increased at ICDC only. At 

Melfort, increasing seeding rate also increased test weight up to 350 seeds/m2. There were never any 

significant interactions of wild oat control and oat seeding rate, suggesting the oat seeding rate had no 

effect on wild oat control in this one-year demonstration. Lastly, as 2023 was a dry year and wild oat 
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populations were low at sites that typically have high populations, it would be beneficial to repeat this 

demonstration in a year with greater moisture where wild oat populations are more plentiful. The low 

densities of wild oat in this demonstration are likely to have diminished the likelihood of significant 

interactions of wild oat control and seeding rate.   
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Demonstrating the Efficacy of Foliar -
Applied Nitrogen Fixing Bacteria for 

Wheat   
 

Funding :  

Funding for this project provided by the Agriculture Demonstration of Practices and Technologies 
(ADOPT) program and Saskatchewan Wheat Development Commission (SK Wheat). 

Organizations  

¶ Indian Head Agricultural Research Foundation (IHARF)  

¶ Northeast Agriculture Research Foundation (NARF) 

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Conservation Learning Centre (CLC) 

¶ Southeast Research Farm (SERF)  

¶ Western Applied Research Corporation (WARC) 

¶ Wheatland Conservation Area Inc. (WCA) 

¶ East Central Research Foundation (ECRF) 

Principle Investigators  

¶ Chris Holzapfel, IHARF 

¶ Brianne McInnes, NARF 

¶ Gursahib Singh, ICDC 

¶ Robin Lokken, CLC 

¶ Lana Shaw, SERF  

¶ Jessica Enns, WARC 

¶ Amber Wall, WCA 

¶ Mike Hall, ECRF 

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 CWRS wheat grown under a range 
of N fertility levels and contrasting environmental conditions. 
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Research Plan 

In 2023, field trials were conducted at eight Saskatchewan locations to evaluate and demonstrate the 
potential ability of commercially-available, foliar-applied biological products to aid in nitrogen (N) 
nutrition and improve yield and quality in wheat. The locations were Indian Head, Melfort, Outlook 
(irrigated), Prince Albert, Redvers, Scott, Swift Current, and Yorkton. The treatments were a factorial 
combination of three N fertility levels (50, 100, or 150 kg N/ha) and three foliar treatments (untreated 
control, Envita®, or UtrishaTM-N). The N levels included residual soil nitrate and the foliar treatments 
were applied at the 4-6 leaf stage and label recommended rates. Except for one location, we observed 
consistent yield and grain protein concentration responses to increasing N fertilizer rates. 

Field trials with CWRS wheat 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 50 (low), 100 (medium), and 150 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 CWRS wheat 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 UtrishaTM-N (135 g/ac). These treatments were applied at the 4-6 leaf stage, in a minimum 
water volume of 93 l/ha (10 US gal/ac), and we used distilled water to minimize any potential negative 
impacts of 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.  
Selected agronomic information and dates of operations are provided in Table 5 of the Appendices. 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.  
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/m2 for each plot was calculated. Yields were determined by 
weighing the grain harvested from a known plot area, adjusting the weights for dockage and to a 
uniform moisture content of 14.5%, and converting the values to kg/ha. Grain protein concentrations 
were determined using NIR grain analyzers. 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.  
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All response data was analyzed using the generalized linear mixed model (GLIMMIX) of SAS. For grain 
yield and protein concentrations, 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 
ǿŜǊŜ ǎŜǇŀǊŀǘŜŘ ǳǎƛƴƎ ¢ǳƪŜȅΩǎ ǘŜǎǘ ŀƴŘ ƻǊǘƘƻƎƻƴŀƭ ŎƻƴǘǊŀǎǘǎ ǿŜǊŜ ǳǎŜŘ ǘo 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 Җ лΦлрΤ ƘƻǿŜǾŜǊΣ Ǉ-values of 0.05-0.1 may also be acknowledged. 
Data from three sites, Prince Albert, Swift Current, and Yorkton were excluded from the combined 
analyses due to either there being no response to N whatsoever (Prince Albert), severe hail damage 
(Swift Current), or unusually high variability that may have reduced our ability to detect treatment 
effects at other individual sites or when averaged across sites (Yorkton); 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 16-72 kg 
NO3-N/ha (0-60 cm). Nitrogen fertilizer rates were adjusted for residual NO3-N, with the lowest N level 
targeting 50 kg N/ha (soil plus fertilizer); however, this could not be achieved at Melfort, Prince Albert, 
Swift Current and Yorkton where the low N level ended up with 59, 76, 56, and 62 kg N/ha, respectively, 
after the N from any phosphorus and sulfur fertilizer products were accounted for. Soil pH, organic 
matter, and C.E.C. values ranged 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. 
 
Table 1. Selected soil test analyses results for biological N fixation product demonstrations conducted for CWRS wheat at 
Indian Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (PA), Scott (SC), Swift Current (SW), and Yorkton 

(YK) in 2023. Unless otherwise indicated, all measurements are representative of the 0-15 cm soil profile.  

Parameter  IH-23  ME-23  OL-23  PA-23  RV-23  SC-23  SW-23  YK-23  

pH  7.8  6.2  7.7  5.7  7.9  5.7  6.7  6.8  

Organic Matter (%)  5.5  8.7  2.7  3.5  3.4  3.8  2.9  7.8  

CEC (meq)  45.6  37.0  15.3  n/a  33  14.7  16.7  27.4  

NO3-N (kg/ha) Z  16  41  24  72Y  29  21  19  55Y  

Olsen-P (ppm)  7  16  8  21  6  17  8  16  

K (ppm)  590  619  345  152  199  394  298  353  

kg S/ha (kg/ha) Z  56  87  54  64  484+  105  49  77  

Z Values for residual NO3-N and S are for the 0-60 cm soil profile  

Y Corresponding values were reported for 0-30 cm and estimated for the 0-60 cm depth by multiplying by 1.5  

n/a ς data not available  
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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 50% yield 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  14.1  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  11.1  16.2  18.7  18.0  16.0  

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%)  
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IH-LT  51.8  77.4  63.8  51.2  244  

ME-23  17.9  26.4  16.4  50.0  111 (49%)  

ME-LT  42.9  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  

Z Values in parentheses Outlook are irrigation water  

Y Hailstorm at Swift Current on July 22/2023 resulted in an estimated 50% seed yield loss  

Wheat Establishment, Yield, and Grain 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, Swift Current, and Yorkton 
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 spring wheat plant density, grain yield, and grain protein 
concentration. Values within a column followed by the same letter do not significantly differ (Tukey-YǊŀƳŜǊΣ t Җ лΦлрύΦ 

Location  Plant Density  Grain Yield  Grain Protein  

  ---------- plants/m2 ----------  ------------- kg/ha -------------  --------------- % ---------------  

Indian Head Z  326.9 A (8.73)  4494 B (60.2)  9.6 D (0.18)  

Melfort Z  243.0 C (8.73)  3418 C (76.2)  9.9 CD (0.18)  

Outlook Z  224.7 C (8.73  5243 A (66.4)  10.7 BC (0.18)  

Prince Albert Y  189.6  3746  14.7  

Redvers Z  286.3 B (8.73)  4369 B (221.1)  10.8 B (0.19)  

Scott Z  308.5 AB (8.73)  4480 AB (286)  12.6 A (0.18)  

Swift Current Y  182.1  1333  17.7  

Yorkton Y  275.9  4314  12.4  

  ----------------------------------------------------- p-value -----------------------------------------------------  

Pr > F  <0.001  <0.001  <0.001  

Z Data combined for analyses across sites with SITE (S), Nitrogen (N), and the S x N interaction as fixed effects  

Y Data excluded from the combined analyses and, therefore, cannot be compared to other sites  
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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 = 0.006) but no S x N interaction was detected (P = 0.556). The highest plant populations were 
achieved at Indian Head and Scott (309-327 plants/m2), followed by Redvers (286 plants/m2), then 
Melfort and Outlook (225-243 plants/m2). Plant populations at Prince Albert and Swift Current were 
relatively low (182-189 plants/m2) while those at Yorkton were intermediate (276 plants/m2). Detailed 
results for N effects on emergence are deferred to the Appendices (Table 8); however, the response may 
have been due more to sampling error than actual differences in plant populations. The N effect on 
plant density showed populations increasing from 269 plants/m2 to 281-284 plants/m2 at the higher N 
rates. We speculate that the wheat may have been tillering earlier and to a greater extent when N was 
less limiting. While we aimed to distinguish between tillers and plants, doing so can be difficult, 
particularly if emergence counts are delayed or with less experienced staff. In any case, plant 
populations at all locations, including Prince Albert and Swift Current, were sufficiently high that we did 
not expect them to limit yields or impede our ability to detect treatment effects on grain yield or protein 
concentrations.   

Detailed results for spring wheat grain yields are provided in Tables 9-10 of the Appendices and 
summarized graphically in Figs. 1-3 below. Yield was affected by site (P < 0.001) and N level (P < 0.001) 
with an S x N interaction (P < 0.001) indicating that the yield response to N varied across sites. There was 
no effect of foliar treatment on yield (P = 0.793) and the S x F (P = 0.995) and S x N (P = 0.637) 
interactions indicated that this lack of response was consistent, regardless of environment or N fertilizer 
rate. Despite the lack of responses to the foliar treatments, all treatment means are presented in the 
interest of full transparency and because this was a key objective of the project.  

Averaged across treatments, yields ranged from 1333 kg/ha at Swift Current to 5243 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, yields increased with each 
incremental addition of N fertilizer, from 3529 kg/ha at 50 kg N/ha to 5189 kg/ha at 150 kg N/ha (Fig. 1; 
Table 9). The S x N interaction was due to subtle variation in the response at individual sites. For 
example, yields at Melfort were statistically similar at the low and medium N levels but substantially 
higher at 150 kg N/ha. At Scott, there was a more typical quadratic response with yields increasing from 
the low to medium N rates but no further gains going from 100 kg N/ha to 150 kg N/ha. For the other 
three sites included in the combined analyses (Indian Head, Outlook, and Redvers), grain yields 
increased with each incremental addition of N fertilizer, similar to the averaged results. Of the sites that 
were not included in the combined analyses, there was no response to N whatsoever at Prince Albert 
and the responses were relatively weak at Swift Current and Yorkton, but still significant and generally 
peaking at the medium (100 kg total N/ha) rate.  

Averaged across the five sites included in the combined analyses, foliar treatment had no impact on 
wheat yields with the overall average yields for the control, Envita®, and UtrishaTM-N ranging from 4375-
4415 kg/ha (Fig. 2). Consistent with the lack of an S x F interaction, there were no trends to suggest that 
the yield response to foliar treatment differed at individual sites when averaged across N levels. 
Individual treatment means are presented for individual sites (Table 10) and averaged across sites (Fig. 
3, Table 10). While some sites had considerable yield variation between foliar treatments at any given N 
level, the trends were inconsistent within and across sites and were not indicative of any meaningful 
responses to any of the foliar treatments. Across the five sites included in the combined analyses, we 
see that the yields for the different foliar treatments were quite similar for any given N rate (Fig. 3, Table 
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10) and, again, none of the overall F-tests associated with the foliar treatments were significant (Tables 
6-7).   

 
Figure 1. Nitrogen (N) fertility level effects on wheat grain yields for individual sites and averaged across sites. The N fertility 
levels were Low (50 kg N/ha), medium (100 kg N/ha), and high (150 kg N/ha), including residual soil N. The locations were 
Indian Head (IH-23), Melfort (ME-23), Outlook (OL-23), Redvers (RV-23), and Scott (SC), while AVG denotes the overall, 5-site 
ŀǾŜǊŀƎŜΦ 9ǊǊƻǊ ōŀǊǎ ŀǊŜ {Φ9ΦaΦ ŀƴŘ ǾŀƭǳŜǎ ǿƛǘƘƛƴ ŀ ǎƛǘŜ ŘŜƴƻǘŜŘ ōȅ ǘƘŜ ǎŀƳŜ ƭŜǘǘŜǊ Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό¢ǳƪŜȅΩǎΣ P Җ 

0.05).  

 
Figure 2. Foliar-applied nitrogen (N) fixing bacteria treatment effects on wheat grain 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 Scott (SC), while AVG denotes the overall, 5-site average. Error bars are S.E.M. and values within a site 

denoted by tƘŜ ǎŀƳŜ ƭŜǘǘŜǊ Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό¢ǳƪŜȅΩǎΣ P Җ лΦлрύΦ  
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Figure 3. Nitrogen (N) fertility level by foliar-applied N fixing bacteria treatment effects on wheat grain yields, averaged 
across 5 sites. The N fertility levels were Low (50 kg N/ha), medium (100 kg N/ha), and high (150 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 dƛŦŦŜǊ ό¢ǳƪŜȅΩǎΣ P Җ лΦлрύΦ  

 

Moving on to protein, results from the overall tests of fixed effects in the combined analysis were similar 
to those reported for yield with significant site (P < 0.001), N level (P < 0.001), and S x N (P < 0.001) 
effects, but no effect of foliar treatment (P = 0.256), or S x F, S x N, or S x F x N interactions detected 
(Table 6; P = 0.456-0.901). For the sites excluded from the combined analyses, the N effect for protein 
was significant at Swift Current and Yorkton (P < 0.001) but not Prince Albert (P = 0.264) while neither 
the F nor N x F interactions were significant at any locations (P = 0.088-0.941).   

Treatment means for the overall N fertilizer level effects on wheat protein are presented for individual 
sites and averaged across sites in Fig. 4 below and Table 11 of the Appendices. Across sites, grain protein 
increased significantly with each incremental addition of N fertilizer; however, the response was 
quadratic (P < 0.001) with a much larger increase going from 100 kg N/ha to 150 kg N/ha versus from 50 
kg N/ha to 100 kg N/ha. This response was as expected since grain protein often begins to increase more 
rapidly at the point where yield increases with additional N inputs begin to diminish. The individual site 
responses were consistent with this pattern and the significant S x N interaction was due to subtle 
variation in whether there was a significant protein increase going from 50 kg N/ha to 100 kg N/ha. 
Again, grain protein also increased with N rate at Swift Current and Scott, but not at Prince Albert (Table 
11).  

Consistent with the lack of significant overall tests of fixed effects, protein concentrations were always 
quite similar for the different foliar treatments, regardless of whether we looked at sites individually or 
averaged across them (Fig. 5, Table 11). With respect to individual treatments, the values were quite 
similar for different foliar treatments at any given N rate when averaged across sites (Fig. 6; Table 13). 
While variability was quite high for some of the sites individually, there were never any trends that were 
sufficiently consistent to suggest that the foliar treatments were improving grain protein with any 
confidence Table 13).   
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Figure 4. Nitrogen (N) fertility level effects on wheat grain protein concentrations for individual sites and averaged across 
sites. The N fertility levels were Low (50 kg N/ha), medium (100 kg N/ha), and high (150 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 (¢ǳƪŜȅΩǎΣ P Җ лΦлрύΦ  

 
Figure 5. Foliar-applied nitrogen (N) fixing bacteria treatment effects on wheat grain 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 Scott (SC), while AVG denotes the overall, 5-site average. Error bars are S.E.M. and 
values within a siǘŜ ŘŜƴƻǘŜŘ ōȅ ǘƘŜ ǎŀƳŜ ƭŜǘǘŜǊ Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό¢ǳƪŜȅΩǎΣ P Җ лΦлрύΦ  
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Figure 6. Nitrogen (N) fertility level by foliar-applied N fixing bacteria treatment effects on spring wheat grain protein 
concentrations, averaged across 5 sites. The N fertility levels were Low (50 kg N/ha), medium (100 kg N/ha), and high (150 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 Řƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό¢ǳƪŜȅΩǎΣ t Җ лΦлрύΦ 

Extension Activities  

At Indian Head, this project was highlighted by Chris Holzapfel during the 2023 Indian Head Crop 
Management Field Day, held on July 18 (160 participants). Kayla Slind showed the trials during the Scott 
Field Day on July 12 (120 participants) and Lana Shaw toured the Redvers trial during the SERF Field Day 
on July 27 (50 participants). Mike Hall acknowledged the trial during then ECRF farm tour on July 20 (80 
participants) and the trial was signed and acknowledged during the during the NARF/AAFC Joint Annual 
Field Day on July 26, 2023 (70 participants) where Dale Leftwich (SCDC) discussed the project in detail at 
a complementary canola trial. Carmen Prang (SWDC) discussed the project during the ICDC field day 
held on July 13, 2023 and attended by more than 200 participants. Gursahib Singh presented results 
from Outlook during the 2023 Irrigation Saskatchewan Conference, held Dec. 5-7 in Saskatoon with 
approximately 300 participants. Chris Holzapfel presented results from the project at the IHARF Winter 
Meeting and AGM at Balgonie on February 7 (150 participants) and during the 2024 ICAN Conference on 
February 8 at Moose Jaw (40 participants). Jessica Enns will be presenting results at both the Crop 
Opportunities Meeting in North Battleford on March 7 and the Agri-ARM Research update on March 19. 
This final project report will also be available online at the IHARF website (www.iharf.ca) and the 
websites of several other Agri-ARM collaborators.  

 

Conclusion 

With the exception of 1/8 sites which was excluded from the combined statistical analyses, we observed 

the expected increases in both seed yield and protein 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 N2 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). For some sites, 

individual treatment means were somewhat variable; however, there were no trends that were 

consistent enough to suggest positive responses to the biological treatments with any confidence. While 

we cannot rule out that positive responses might occur with either different crop types or under 

http://www.iharf.ca/
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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, using distilled water as a carrier, 

ensuring adequate water volumes, attempting to apply the biological products during cooler conditions, 

and testing the them under N limiting conditions. These results are generally consistent with a similar 

project conducted with canola, field-scale trials funded by SaskWheat and SaskCanola, and 

complimentary, 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.  
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Grasshopper control with cultural 
methods  

 
Funding  

This project was funded through the Strategic Field Program (SFP). 

Organizations  

¶ Southeast Research Farm, (SERF)  

¶ Irrigation Crop Diversification Corporation, (ICDC) 

¶ Wheatland Conservation Area, (WCA) 

¶ Saskatchewan Ministry of Agriculture, (MoA) 

Principle Investigators  

¶ James Tansey 

¶ Lana Shaw, SERF 

Objectives 

¶ Demonstrate the efficacies of cultural control methods to reduce grasshopper feeding damage 

¶ Demonstrate differences among specific crop plants. Prior work has indicated that there are 
substantial differences among the feeding preferences of the four major pest species of 
grasshopper in Saskatchewan. Demonstration will include multiple varieties of wheat, and 
barley, oats, lentil, and peas. 

¶ Demonstrate the effectiveness of barrier and trap strips to limit grasshopper feeding. Peas and 
oats will be used as barrier strips. Trap strips of susceptible wheat with and without insecticide 
application will also be incorporated.  

¶ Make robust recommendation to the agriculture industry regarding non-chemical or 
augmented chemical grasshopper control  

 

Research Plan 

The effect of wheat varieties along with other crops (Peas, Barley and Lentil) as a cultural control 
method were tested to see the effect of grasshopper damage in Saskatchewan during 2023 season. The 
experiment was set up as a split-plot design at three Agri-ARM sites (Outlook, Swift Current and 
Redvers) in Saskatchewan. Four wheat varieties, including HY320 or a progeny line with and three 
prevalent commercial varieties were seeded, as well as peas and barley in randomized subplots at 
Outlook, while a susceptible pulse crop (lentil) was also planted at Redvers and Swift Current. Trap strips 
of either peas, oats, or wheat (with and without insecticide) were seeded around subplots to test the 
effect on grasshopper feeding. 
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The trial was set up as a split-plot design with eight subplots at Redvers and Swift Current and seven 
subplots at Outlook. These subplots consisted of four wheat varieties, including HY320 or a progeny line 
and three prevalent commercial varieties, peas and barley. The wheat varieties were Brandon, 
Viewfield, Taber, Penhold. Lentil was included at Redvers and Swift Current. Subplots were randomized 
between blocks. Main plots, consisting of different seeded borders around the subplots, were planted 
with wheat (with and without coragen), oats and peas.   

The plot maps for three sites are attached for reference.   

 

Fig1. Plot Map at SERF (Redvers, SK)  

 

Fig2. Plot Map at ICDC (Outlook, SK)  
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Fig3. Plot Map at WCA (Swift Current, SK) 

Yield and Foliar damage were assessed at Outlook and Swift Current as percent defoliation of 25 
randomly selected plants per plot. At Redvers, the damage rating was not recorded due to lack of 
ƎǊŀǎǎƘƻǇǇŜǊΩǎ ƴǳƳōŜǊǎ ƳŀƪŜǎ ƭŜǎǎ ǘƘŀƴ м҈ ŘŀƳŀƎŜ ƻƴ ŀƭƭ ŎŜǊŜŀƭǎ and pulse crop plots. On the other 
hand, plant count was recorded at Redvers. Insecticide was not applied to either the subplots or border 
area at Redvers due to not meeting the threshold for application. WCA (Swift Current) experienced a 
hailstorm that negatively affected yield, for which the percentage (%) damage was attached for the 
reference in Table 5.   
 

Results 

Yield and foliar damage were assessed at Outlook and Swift Current as percent defoliation of 25 
randomly selected plants per plot while damage assessment was not done at Redvers due to less than 1 
% damage being observed on any cereals and pulse crop.   

Table 1. Data for Yield (kg/ha) at ICDC (Outlook)  

Site  Treatment no  Treatment name  Yield (kg/ha)  

Trap Cover 
(Wheat 
Brandon)  

Trap Cover 
(Wheat 
Brandon+ 
Coragen)  

Trap Crop 
Oats  

Trap Crop 
Peas  

Outlook  

1  Wheat 1 -Brandon  787  1247  419  1650  

2  Wheat 2 -Viewfield  2929  3845  3299  4273  

3  Wheat 3 -Taber  3361  4150  2407  5613  

4  Wheat 4 -Penhold  3034  1897  2938  3653  

5  
Wheat 1 -
Brandon+Coragen  1711  2019  1755  2495  

6  Pea-AC Profit  808  921  1046  1589  

7  barley  2085  6291  4572  1203  
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Table 2. Data for damage rating at ICDC (Outlook) (0= no damage, 10 = no leaves left)  

Site  Treatment no  Treatment name  Average  damage Rating (1 to 10)  

Trap Crop 
(Wheat 
Brandon)  

Trap Crop 
(Wheat 
Brandon+ 
Coragen)  

Trap Crop 
Oats  

Trap Crop 
Peas  

Outlook  

1  Wheat 1 -Brandon  9.280  2.240  0.560  1.240  

2  Wheat 2 -Viewfield  5.720  0.320  1.920  0.960  

3  Wheat 3 -Taber  2.720  0.760  1.480  1.960  

4  Wheat 4 -Penhold  3.880  3.560  0.720  3.640  

5  
Wheat 1 -
Brandon+Coragen  3.960  6.760  0.600  0.800  

6  Pea-AC Profit  0.625  1.920  0.960  2.480  

7  barley  1.000  0.880  3.360  0.760  

 

Table 3. Data for damage rating at WCA (Swift Current)  

Site  Treatment 
no  

Treatment 
name  

Damaged heads (out of 25)  

Trap Cover (Wheat 
Brandon)  

Trap Cover (Wheat 
Brandon+ Coragen)  

Trap Crop Oats  Trap Crop Peas  

At 
flowering   

At 
Dough  

At 
flowering   

At 
Dough  

At 
flowering   

At 
Dough  

At 
flowering   

At 
Dough  

WCA  

1  
Brandon 
Wheat  4  6  4  5  8  10  8  10  

2  Taber Wheat  4  4  6  6  10  10  6  7  

3  
Viewfield 
Wheat  16  14  16  10  19  20  17  17  

4  
Penhold 
Wheat  4  4  4  4  9  9  12  12  

5  

Brandon 
Wheat + 
coragen  10  10  10  10  18  18  22  25  

6  
Lewchenko 
peas  2  5  0  0  2  2  0  0  

7  barley  8  12  2  10  2  5  2  2  

8  lentils  4  4  4  4  4  4  12  12  

 

Table 4. Data for percentage (%) defoliation at WCA (Swift Current)  

Site  Treatment 
no  

Treatment 
name  

% defoliation out of 25  

Trap Cover (Wheat 
Brandon)  

Trap Cover (Wheat 
Brandon+ Coragen)  

Trap Crop Oats  Trap Crop Peas  

At 
flowering   

At 
Dough  

At 
flowering   

At 
Dough  

At 
flowering   

At 
Dough  

At 
flowering   

At 
Dough  

WCA  1  
Brandon 
Wheat  10  15  10  15  10  15  10  10  

2  Taber Wheat  10  15  5  5  5  5  10  10  
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3  
Viewfield 
Wheat  10  10  5  5  10  10  10  10  

4  
Penhold 
Wheat  5  10  5  10  5  10  10  10  

5  

Brandon 
Wheat + 
coragen  15  15  5  10  10  10  15  15  

6  
Lewchenko 
peas  5  10  5  10  0  10  0  10  

7  barley  10  10  5  5  5  5  5  10  

8  lentils  0  0  0  0  0  0  0  10  

 

Table 5. Data for yield (kg/ha) at WCA (Swift Current)  

Site  Treatment no  Treatment name  Yield (kg/ha)*   

Trap Cover 
(Wheat Brandon)  

Trap Cover 
(Wheat 
Brandon+ 
Coragen)  

Trap Crop 
Oats  

Trap Crop 
Peas  

WCA  

1  Brandon Wheat  1222  1205  1193  1118  

2  Taber Wheat  1699  1356  1541  1409  

3  Viewfield Wheat  1455  1272  884  982  

4  Penhold Wheat  1451  1566  1387  1562  

5  Brandon Wheat + coragen  1409  1261  1553  1031  

6  Lewchenko peas  867  1028  1212  1047  

7  barley  1048  1300  1057  1530  

8  Simmie lentils  515  431  688  243  

 

Table 6. Data for Yield kg/ha at SERF (Redvers)  

Site  Treatment no  Treatment name  Plant count (plants/m2)  

Trap Cover 
(Wheat 
Brandon)  

Trap Cover 
(Wheat 
Brandon+ 
Coragen)  

Trap Crop 
Oats  

Trap Crop 
Peas  

Redvers  

1  Wheat 1 Brandon  80  64  103  97  

2  Wheat 2 Viewfield  56  100  100  121  

3  Wheat 3 Taber  111  97  59  100  

4  Wheat 4 Penhold  120  89  146  121  

5  Lentil Simmie  110  61  103  70  

6  Pea Lewochko  107  66  141  93  

7  Barley  121  115  82  85  

8  Wheat 1 + Coragen  66  146  98  115  

 

Conclusion 
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There were negligible numbers of grasshoppers found at Redvers during the 2023 growing season so, 

the effect of cultural method to check damage by grasshoppers was not compiled. While the data from 

Swift Current and Outlook is recorded for yield and damage rating but that needs more processing to 

draw a worthy conclusion.  
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Do Barley Varieties Differ in Response N 

Fertility, PGR, and Fungicide?  
 

Funding  

Funding for this project provided by the Agriculture Demonstration of Practices and Technologies 
(ADOPT) program and Saskatchewan Barley Development Commission (SK Barley). 

Organizations  

¶ Indian Head Agricultural Research Foundation (IHARF) 

¶ Northeast Agriculture Research Foundation (NARF)  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Conservation Learning Centre (CLC)  

¶ Western Applied Research Corporation (WARC) 

¶  Wheatland Conservation Area Inc. (WCA) 

¶ East Central Research Foundation (ECRF) 

Principle Investigators  

¶ Chris Holzapfel, IHARF 

¶ Brianne McInnes, NARF 

¶ Gursahib Singh, ICDC 

¶ Robin Lokken, CLC 

¶ Jessica Enns, WARC 

¶ Amber Wall, WCA 

¶ Mike Hall, ECRF 

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 yŜŀǊΩǎ 
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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-Ǉƭƻǘ ŦŀŎǘƻǊ ƛǎ ά.ŀǊƭŜȅ aŀƴŀƎŜƳŜƴǘέ ŀƴŘ ǘƘŜ ǎǳō-Ǉƭƻǘ ŦŀŎǘƻǊ ƛǎ ά.ŀǊƭŜȅ ±ŀǊƛŜǘȅέΦ aŀƴŀƎŜƳŜƴǘ ! ŀŎǘǎ 
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 lb N/ac of soil + added N  

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

- Group 3 = high yield potential: Yorkton, Melfort, Outlook: 130 vs 162 lb 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-
ƭƛƳƛǘƛƴƎ ǘƻ ȅƛŜƭŘΦ !ƭƭ ǘǊƛŀƭǎ ǿŜǊŜ άǎƳŀƭƭ ǇƭƻǘέΣ ōǳǘ Ǉƭƻǘ ǎƛȊŜ ǾŀǊƛŜŘ ōŜǘǿŜŜƴ ƭƻŎŀǘƛƻƴǎ ōŀǎŜŘ ƻƴ ŀǾŀƛƭŀōƭŜ 
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/m2.  

Dates of operations and measurement taken at each site are listed in Table 2.   

Table 1. Treatment list for project (Barley Management by Barley Variety)  

#  Barley Management (A-D)  Barley Variety  

1  A. Standard1 N Fertility ς No PGR ς Fungicide3   AAC Synergy  

2  A. Standard1 N Fertility ς No PGR ς Fungicide3   AAC Connect  

3  A. Standard1 N Fertility ς No PGR ς Fungicide3   CDC Fraser  

4  A. Standard1 N Fertility ς No PGR ς Fungicide3   CDC Austenson  

5  A. Standard1 N Fertility ς No PGR ς Fungicide3   Claymore  

6  A. Standard1 N Fertility ς No PGR ς Fungicide3   Oreana  

7  B. Enhanced1 N Fertility ς No PGR ς Fungicide3  AAC Synergy  

8  B. Enhanced1 N Fertility ς No PGR ς Fungicide3  AAC Connect  

9  B. Enhanced1 N Fertility ς No PGR ς Fungicide3  CDC Fraser  

10  B. Enhanced1 N Fertility ς No PGR ς Fungicide3  CDC Austenson  

11  B. Enhanced1 N Fertility ς No PGR ς Fungicide3  Claymore  
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12  B. Enhanced1 N Fertility ς No PGR ς Fungicide3  Oreana  

13  C. Standard1 N Fertility ς PGR2 - Fungicide  AAC Synergy  

14  C. Standard1 N Fertility ς PGR2 - Fungicide  AAC Connect  

15  C. Standard1 N Fertility ς PGR2 - Fungicide  CDC Fraser  

16  C. Standard1 N Fertility ς PGR2 - Fungicide  CDC Austenson  

17  C. Standard1 N Fertility ς PGR2 - Fungicide  Claymore  

18  C. Standard1 N Fertility ς PGR2 - Fungicide  Oreana  

19  D. Standard1 N Fertility ς No PGR ς No Fungicide  AAC Synergy  

20  D. Standard1 N Fertility ς No PGR ς No Fungicide  AAC Connect  

21  D. Standard1 N Fertility ς No PGR ς No Fungicide  CDC Fraser  

22  D. Standard1 N Fertility ς No PGR ς No Fungicide  CDC Austenson  

23  D. Standard1 N Fertility ς No PGR ς No Fungicide  Claymore  

24  D. Standard1 N Fertility ς No PGR ς No Fungicide  Oreana  

1All 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 

Albert  
Scott  

                

Seed  May 16   -  May 16 May 10  May 9  - May 15  
Pre-seed herbicide 

(if needed)  
None  RT540 ς May 

1   
Startup - 

May 16  
None  Weathermax ς 

May 11  
Prepass ς 

May 26  
Glyphosate + 
Aim ς May 

14  

Emergence counts  May 30 & 

31  
May 30  June 1  May 31  May 29  June 23  June 14  

In-crop Herbicide   Prestige 
XL - June 

5   
Axial - 

June 6  

Liquid 
Achieve + 
Buctril M + 
Carrier ς June 

8  

Prestige 

XL -  
June 7  
Axial - 

June 20  

Buctril M 
+Tralkoxydim ς 

June 5  

Axial + 
Prestige ς June 

7  

None  Axial + Infinity 

ς June 2  
Buctril M ς 

June 13  

In-crop Insecticide   None  None  Decis - 

June 23  
None  Coragen Max -

June 22  
None  Decis - July 7  

Apply Moddus 
(trinexpac-ethyl) at 
GS30-32 (stem 

elongation)  

June 14  June 16  June 13  June 7  June 12  June 28  June 16  

Trivapro applied at 

flag leaf  
June 27  June 20  June 29  June 20  June 24  July 7  June 29  

Height (cm)  July 24  August 2  July 31  July 27  July 26  Was missed  August 3  
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Lodging (0-9)  August 

15  
August 2  August 

21  
July 27  August 4  September 

8  
August 16  

Precent leaf 
disease coverage of 
penultimate leaf. 
Rate 10 leaves per 
plot for treatments 
1-6 and 19-24 at 
least 10 days after 
fungicide 

application.   

Rep 1 to 3 

July 10  
Rep 4 July 

11  

June 30  July 10  July 4  July 10  July 18  July 10  

Seed Yield: 
corrected to 13.5% 

moisture  

August 

15  
September 

25  
August 

21  
August 14  August 15  September 

12  
August 17  

 

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  19.4  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  18.4  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 lme4 
package (Bates et al. 2015) for fitting mixed-effects models, the lmerTest 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  

  V x M  0.538  <0.001  <0.001  0.185  0.014  0.195  

  V x S  0.001  <0.001  <0.001  0.662  <0.001  <0.001  

  M x S  0.917  0.081  0.995  0.111  0.385  0.076  

  V x M x S  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.  

  
Melfort  Yorkton  

Prince 
Albert  

Outlook  Scott  
Swift 

Current  
Indian 
Head  

Variety  ----------------------- plants m-2 ---------------------  

  AAC Synergy  234  303  491 b  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. (V x S)  ------------------------- 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, 
ƭŜŀŦ ŘƛǎŜŀǎŜ ƭŜǾŜƭǎ ǿŜǊŜ ŀƭǎƻ ǊŜƭŀǘƛǾŜƭȅ ƘƛƎƘ ŦƻǊ /ƭŀȅƳƻǊŜΦ ²ƘƛƭŜ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘ ǿƘŜƴ ǳǎƛƴƎ ¢ǳƪŜȅΩs test, 
leaf disease was significantly reduced by fungicide when lsd was used to separate means (data not 
shown).  .ƻǘƘ /ƭŀȅƳƻǊŜ ŀƴŘ hǊŜŀƴŀ ŀǊŜ ǊŀǘŜŘ ŀǎ ά{ǳǎŎŜǇǘƛōƭŜέ ǘƻ bŜǘǘŜŘ ƴŜǘ ōƭƻǘŎƘ ŀƴŘ ŀƭƭ ƻǘƘŜǊ 
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.  

  
Melfort   Yorkton  

Prince 
Albert  

Outlook  Scott  
Swift 
Current  

Indian 
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  

  V x M  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 ōȅ tDw ǿƘŜƴ ǳǎƛƴƎ ǘƘŜ ¢ǳƪŜȅΩǎ ǘŜǎǘ ŦƻǊ ƳŜŀƴ ǎŜǇŀǊŀǘƛƻƴΦ  However, when the less 
conservative lsd test was used, only the height of malt varieties were significantly reduced by PGR (data 
not shown).  

 

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.  

  
Melfort  Yorkton  

Prince 
Albert  

Outlook  Scott  
Swift 

Current  
Indian 
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  

  V x M  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  

 

 
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.   

 

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.  

 

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 lb/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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Demonstrating benefits of seeding date 

and rate on canola yield and quality  
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Funding  

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

Organizations  

¶ Saskatchewan Conservation Learning Centre Inc. (CLC)  

¶ Wheatland Conservation Area (WCA)  

¶ Northeast Agriculture Research Foundation (NARF)  

¶ Irrigation Crop Diversification Corporation (ICDC)  

Principle Investigators  

¶ Robin Lokken, CLC 

Objectives 

¶ Demonstrate how different seeding dates and rates can improve canola yield and quality  

¶ Provide a backdrop to discuss methods of flea beetle control and proper scouting techniques at 
Field Days and/or extension activities.  

 

Research Plan 

This trial aimed to demonstrate how different seeding dates and rates can improve canola yield and 
quality, and to provide a backdrop to discuss methods of flea beetle control and proper scouting 
techniques. Small plot trials were established in 2023 at Wheatland Conservation Area (WCA) in Swift 
Current, Northeast Agriculture Research Foundation (NARF) in Melfort, Irrigation Crop Diversification 
Corporation (ICDC) in Outlook, and Conservation Learning Centre (CLC) in Prince Albert. Five seeding 
dates occurred every 10-14 days, at a low and a high seeding rate, to capture an ultra-early seeding date 
and a late seeding date. 

The trial was set up as a 4-replicate split plot design. Seeding date was seeded in blocks and seeding rate 
was randomized within each block. Five seeding dates occurred every 10 -14 days in order to capture an 
ultra-early seeding date and a late seeding date that falls just before the Crop Insurance Seeding deadline 
(June 20th for Prince Albert). These dates were adjusted for each site based on spring conditions and local 
crop insurance deadlines.   
Plots measured approximately 2m x 7m depending on site equipment. The standard seeding rate was 80 
seeds/m2 and the higher seeding rate was 160 seeds/m2. Assuming 50% mortality, the seeding rates were 
used to target final plant stands of 40 and 80 plants/m2. Seeding rate was increased in Outlook to 200 and 
250 seeds/m2 to achieve 100 and 125 plants/m2 due to the site being under irrigation. Weeds and disease 
were kept non-limiting and fertility was applied based on spring soil test results. Site specific agronomic 
practices used can be found in the appendix (Table A1).  
Soil temperature was recorded at time of seeding for three days (day before, of, and after seeding) to 
determine general soil temperature. It is recommended that seeding occurs when average soil 
temperature is at least 4-5 degrees Celsius when measured over three days. All seeding dates across all 
sites occurred at temperatures above the 4ς5-degree Celsius recommendation (Table 3). Plant emergence 
was recorded as days until approximately 75% of the plot had emerged. Plant density was determined as 
count of plants in four 1 m sections of crop row at two weeks after emergence.  

  



  
106 

Flea beetle damage was assessed when the second leaf was visible but not unfolded. Digital photos were 
collected at two locations per plot (front, edge, and middle of plot) and rated for damage as an estimate 
of % seedling defoliation using the visual rating key provided at: 
https://www.canolawatch.org/2011/05/09/estimating-flea-beetle-damage-in-canola/. Ratings were 
determined as the average damage that occurred on 10-20 plants at each of the two locations per plot.  
  
Days to maturity was recorded as the days from seeding to 60% seed color change. Yield was collected 
using plot combines, and samples were cleaned and corrected to 10% moisture. Oil content was measured 
in house using NIR technology. Weather-related conditions such as precipitation, temperature, hail, spring 
and fall frost days were recorded.   
Data analysis was completed by ANOVA using Statistix 10 software. Post-hoc test used was LSD data at 
the p=0.05 level. Co-efficient of variation (CV) is reported along with grand mean and p-values. Box plots 
are included for selected results.  

 

Results 

Weather  

All sites were warmer in 2023 than long term averages (Table 1). Outlook was exceptionally dry, but the 
trial site received 4.6, 3.4 and 1.7 inches of irrigation in June, July, and August respectively. Prince Albert 
and Melfort were drier than long-term averages. While Swift Current received close to normal 
precipitation, the site did experience hail damage on July 22nd (Appendix A1).   

Table 1. Weather data from four Saskatchewan sites investigating canola seeding dates and rates in 
2023.   

Location  Year  May  June  July  August  Sept  Oct  Avg/Total  

    --- Total Precipitation (mm) ---  

Prince Albert  2023  22.8  52.8  40.8  51.2  3.8  26.9  198.3  
  2015-2022  34.1  62.0  67.6  42.9  34.5  20.3  261.4  

Swift Current  2023  48.8  33.8  76.7  47.5      207  
  2010-2023  44.2  73.9  52.4  43.0      214  

Outlook  2023  17.5  15.3  15.5  16.6  16.6    81.5  
    41.5  65.3  55.8  43.9  30.5    237  

Melfort  2023  31.5  26.4  16.4  50      124.3  
  1997-2021  33.4  79.5  69.6  45.9  36.0  28.4  292.8  
    --- Mean Temperature (°C) ---  

Prince Albert  2023  14.4  18.8  16.6  17.1  13.9  3.5  14.1  
  2015-2022  11.1  16.3  18.6  16.9  11.2  3.3  12.9  

Swift Current  2023  14.8  17.8  18.5  17.8      17.2  
  2010-2023  10.9  15.4  18.7  17.7      15.7  

Outlook  2023  15.2  19.45  18.6  18.7  15.45    17.5  
    11.25  16.1  18.85  17.9  13    15.4  

Melfort  2023  14.1  19.2  16.9  17.3      16.9  
  1997-2021  10.1  15.2  17.8  16.7  11.7  3.3  12.5  

 

https://www.canolawatch.org/2011/05/09/estimating-flea-beetle-damage-in-canola/
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Soil Test Results  

Soil test results are included for all sites (Table 2). Each site applied fertilizer based on soil test 
recommendations (Appendix A1). As to be expected, Melfort and Prince Albert, located in the Black Soil 
Zone, had greater organic matter and residual soil N.    

Table 2. Spring soil test results from the four Saskatchewan sites investigating canola seeding dates and 
rates. CLC in Prince Albert, SK.  

Prince Albert              

Depth (cm)  N (lb/ac)  P (ppm)  K (ppm)  S (lb/ac)  OM (%)  pH  Salts (mmho/cm)  

0 to 15  25  5  262  18  6.1  6.0  0.20  

15 to 30  27      22    6.6  0.21  

Swift Current              

Depth (cm)  N (lb/ac)  P (ppm)  K (ppm)  S (lb/ac)  OM (%)  pH  Salts (mmho/cm)  

0 to 15  5  14  364  10  2.6  6.4  0.15  

15 to 30  6      8    6.8  0.07  

Outlook                

Depth (cm)  N (lb/ac)  P (ppm)  K (ppm)  S (lb/ac)  OM (%)  pH  Salts (mmho/cm)  

0 to 15  5  5  393  30  3.1  7.9  0.27  

15 to 30  4      20    8.3  0.26  

Melfort                 

Depth (cm)  N (lb/ac)  P (ppm)  K (ppm)  S (lb/ac)  OM (%)  pH  Salts (mmho/cm)  

0 to 15  19  14  401  20  7.8  6.6  0.37  

15 to 60  15      60    7.6  0.58  

 

Table 3. Soil temperature averaged over three days for each seeding date across four Saskatchewan 
sites. Emergence dates are also included.  

Prince Albert  Swift Current  Outlook  Melfort   

Seeding 
Date  

Soil 
Temp 
C  

Emergence  
Date (Days)  

Seeding 
Date  

Soil 
Temp 
C  

Emergence  
Date (Days)  

Seeding 
Date  

Soil 
Temp 
C  

Emergence  
Date (Days)  

Seeding 
Date  

Soil 
Temp 
C  

Emergence  
Date (Days)  

May 11  6.8  May 24 
(13)  

May 3  7.1  May 19 
(16)  

May 
12  

15.7  June 3 (22)  May 
12  

14.3  May 25 
(13)  

May 19  7.8  May 29 
(10)  

May 
13  

10.5  May 26 
(13)  

May 
22  

16.5  June 4 (13)  May 
24  

13.1  June 2 (9)  

May 31  13.2  June 6 (7)  May 
23  

14.6  June 4 (11)  June 1  20.2  June 13 
(11)  

May 
31  

18.9  June 7 (7)  

June 12  15.2  June 20 (8)  June 2  17.8  June 23 
(21)  

June 
11  

21.1  June 19 (8)  June 9  20.2  June 19 
(10)  

June 21  14  June 28 (7)  June 
12  

18.3  June 28 
(16)  

June 
21  

19.2  June 29 (8)  June 
19  

19.3  July 4 (15)  

Spring 
Frost:  

May 19 (-0.4C)  April 29 (-0.7C)      
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Fall 
Frost:  

September 20 (-
0.3C)  

      

 

Data Analysis  
 
Spring Emergence  
Emergence can be delayed if canola is planted into cool soils. All canola was seeded into soils warmer than 
the recommended three-day average minimum of 4-5 C (Table 3).  Days to emergence was high across all 
sites for the first seeding date and shorter for the later May seeding dates.  Days to emergence increased 
again for Melfort and Swift Current with later seeding dates, but remained shorter for both the Prince 
Albert and Outlook sites. Soil moisture is likely affecting days to emergence more than cool soil 
temperatures. The Prince Albert site has an onsite SRC climate station that monitors soil moisture. Soil 
moisture at the CLC was consistent at 32 ς 33% (by volume at 10 cm depth) from the first seeding date 
until May 25th, when it increased to 37%. The only substantial precipitation that fell in the month of May 
was 19.2 mm from May 24th-25th. June 1st received an additional 22.5 mm of precipitation. These 
precipitation events likely aided with emergence of the first three seeding dates. Soil moisture was as low 
as 22.5% in June, but timely precipitation on June 14th and June 19th aided with later seeded canola 
emergence. While Outlook was dry, the plots were irrigated in June aiding with emergence. Spring frost 
can be detrimental for early seeded canola crops, but was not an issue across sites in 2023. A spring frost 
did occur on May 19th after the first seeding date in Prince Albert, but crop had yet to emerge.  
Seeding Rate  
Seeding rate affected plant density across all sites except for the irrigated location in Outlook. Seeding 
rate had no affect on the other data collected. The different seeding rates used at Outlook only varied by 
25 plants/m2, whereas the other sites had a greater difference between low and high seeding rates. The 
irrigation site also would not have been as affected by low soil moisture, but did note dry conditions for 
the first seeding date resulted in non-uniform emergence. Plant densities were similar at Prince Albert (47 
and 82 plants/m2) and Melfort (55 and 80 plants/m2), lowest at Swift Current (25 and 36 plants/m2), and 
greatest at Outlook (154 and 151 plants/m2) (Tables 4-7). Seeding rates were expected to be beneficial 
for reducing yield losses associated with flea beetle damage and as insurance for a late spring frost. Late 
spring frost and high flea beetle pressure was not present in 2023. Although there was some flea beetle 
pressure in Melfort, no differences in % defoliation was observed for seeding rates.  
  
 Table 4. Statistical analyses and treatment mean for canola yield and quality response to seeding date 
and rate at Prince Albert, SK, in 2023. Means within a column followed by the same letter do not 
ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ  

Prince Albert  
  Plant 

Densityz  

Flea Beetle 

Defoliation  
Maturity   Grain Yield  Oil  

  Plants/m2  %  Days to  Kg/Ha  % DMB  

Seeding Rate            

80 PPMS  47 b  0  96  2054  46.7  

160 PPMS  82 a  0  96  2327  49.4  

Seeding Date            

May 11  51 b  0  99 a  2507 a  49.7 ab  

May 19  75 a  0  93 c  2593 a  50.5 a  



 

Research and Demonstration Program Report 2023                                                                                                      109 

May 31  61 ab  0  94 bc  2655 a  50.4 a  

June 12  75 a  0  98 ab  1830 b  48.9 bc  

June 21  60 ab  0  97 ab  1367 c  48.3 c  

Rate * Date            

May 11 x 80 PPMS  46 e  0  99  2464  49.5  

May 11 x 160 PPMS  57 cde  0  99  2551  49.9  

May 19 x 80 PPMS  54 de  0  93  2564  50.7  

May 19 x 160 PPMS  95 ab  0  93  2621  50.3  

May 31 x 80 PPMS  48 e  0  95  2397  50.1  

May 31 x 160 PPMS  74 bcd  0  93  2913  50.7  

June 12 x 80 PPMS  44 e  0  99  1549  48.6  

June 12 x 160 PPMS  105 a  0  96  2110  49.2  

June 21 x 80 PPMS  41 e  0  97  1294  48.2  

June 21 x 160 PPMS  79 bc  0  97  1439  48.5  

Rate (p-value)  0.0000***  --  0.0849  0.0741  0.1704  
Date (p-value)  0.0339*  --  0.0144*  0.0001***  0.0015**  
Date * Rate (p-value)  0.0207*  --  0.1273  0.6144  0.4977  
Grand Mean  64.3  0  95.9  2187.9  49.6  
CV  38.04  --  3.66  29.7  2.97  

zSignificance level of the p-value: *p<0.05, ** p<0.01, *** p<0.001  

 

Table 5. Statistical analyses and treatment mean for canola yield and quality response to seeding date 
and rate at Swift Current, SK, in 2023. Means within a column followed by the same letter do not 
sƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ  

Swift Current  
  Plant 

Densityz  

Flea Beetle 

Defoliation  
Maturity   Grain Yield  Adj. Grain 

Yield  
Oil  

  Plants/m2  %  Days to  Kg/Ha  Kg/Ha  % DMB  

Seeding Rate              

80 PPMS  25 b  0.03  86  484.2  1278.0  39.7  

160 PPMS  36 a  0.18  86  483.5  1239.3  39.9  

Seeding Date              

May 3  38 b  0  84 b  441.8 b  1767.1 ab  39.9 b  

May 13  28 c  0.31  82 c  600.8 ab  2002.5 a  41.8 a  

May 23  49 a  0.19  75 d  687.7 a  1375.4 bc  40.3 b  

June 2  22 c  0  82 c  585.1 ab  975.1 c  39.7 b  

June 12  14 d  0  108 a  103.8 c  173.0 d  37.3 c  

Rate * Date              

May 3 x 80 PPMS  32  0  85  457.9  1831.4  39.5 d  

May 3 x 160 PPMS  45  0  84  425.7  1702.9  40.2 cd  

May 13 x 80 PPMS  23  0  82  621.2  2070.5  41.5 ab  
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May 13 x 160 PPMS  32  0.63  81  580.4  1934.5  42.1 a  

May 23 x 80 PPMS  41  0.13  76  754.6  1509.2  40.9 bc  

May 23 x 160 PPMS  57  0.25  75  620.9  1241.7  39.7 d  

June 2 x 80 PPMS  19  0  82  510.4  850.6  39.5 d  

June 2 x 160 PPMS  26  0  82  660.0  1099.7  39.8 cd  

June 12 x 80 PPMS  10  0  108  76.9  128.2  37.1 e  

June 12 x 160 PPMS  19  0  108  130.7  217.8  37.4 e  

Rate (p-value)  0.0007***  0.2577  0.1369  0.9856  0.6154  0.4748  
Date (p-value)  0.0000***  0.4083  0.0000***  0.0000***  0.0000***  0.0000***  
Date * Rate (p-value)  0.8371  0.4864  0.7858  0.2067  0.2550  0.0349*  
Grand Mean  30.275  0.10  86.125  483.82  1258.6  39.783  
CV  49.7  411.4  13.4  50.2  57.4  4.4  

zSignificance level of the p-value: *p<0.05, ** p<0.01, *** p<0.001  

 

Table 6. Statistical analyses and treatment mean for canola yield and quality response to seeding date 
and rate at Outlook, SK, in 2023. Means within a column followed by the same letter do not significantly 
ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ  

Outlook  
  Plant 

Densityz  

Flea Beetle 

Defoliation  
Maturity   Grain Yield  Oil  

  Plants/m2  %  Days to  Kg/Ha  % DMB  

Seeding Rate            

200 PPMS  154  0  -  3438.5  41.2  

250 PPMS  151  0.5  -  3540.9  41.5  

Seeding Date            

May 12  122 c  1.25  109  5193.4 a  42.8 b  

May 22  160 ab  0  99  4937.4 a  43.6 a  

June 1  137 bc  0  95  3937.3 b  42.1 b  

June 11  169 a  0  93  2704.1 c  39.8 c  

June 21  175 a  0  94  676.4 d  38.6 d  

Rate * Date            

May 12 x 200 PPMS  124  2.5  -  5244.0  42.9  

May 12 x 250 PPMS  121  0  -  5142.8  42.8  

May 22 x 200 PPMS  175  0  -  5036.8  43.3  

May 22 x 250 PPMS  145  0  -  4838.0  43.8  

June 1 x 200 PPMS  133  0  -  3772.3  42.2  

June 1 x 250 PPMS  140  0  -  4102.3  42.1  

June 11 x 200 PPMS  165  0  -  2574.3  39.6  

June 11 x 250 PPMS  172  0  -  2834.0  40.0  

June 21 x 200 PPMS  174  0  -  565.3  38.2  

June 21 x 250 PPMS  177  0  -  787.5  39.1  
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Rate (p-value)  0.7857  0.3332  -  0.5556  0.1304  
Date (p-value)  0.0100*  0.4449  -  0.0000***  0.0000***  
Date * Rate (p-value)  0.8010  0.4380  -  0.8149  0.4207  
Grand Mean  152.5  0.25  98.0  3489.7  41.4  
CV  24.9  632.5  6.1  49.9  5.0  

zSignificance level of the p-value: *p<0.05, ** p<0.01, *** p<0.001  

 

Table 7. Statistical analyses and treatment mean for canola yield and quality response to seeding date 
and rate at Melfort, SK, in 2023. Means within a column followed by the same letter do not significantly 
ŘƛŦŦŜǊ ό[{5Σ t Җ лΦлрύΦ  

Melfort   
  Plant 

Densityz  

Flea Beetle 

Defoliation  
Maturity   Grain Yield  Oil  

  Plants/m2  %  Days to  Kg/Ha  % (10% 

moisture)  

Seeding Rate            

80 PPMS  55 b  10.2  101  2195.2  45.5  

160 PPMS  80 a  10.1  101  2313.3  45.7  

Seeding Date            

May 12  84 a  19.1 a  94 d  2510.2 b  48.9 a  

May 24  64 bc  16.4 b  96 bc  2994.2 a  48.8 a  

May 31  71 ab  10.7 c  97 b  2421.4 b  47.6 b  

June 9  56 c  2.4 d  95 cd  1840.3 c  43.7 c  

June 19  63 bc  2.1 d  122 a  1505.2 d  39.2 d  

Rate * Date            

May 12 x 80 PPMS  83  19.5 a  94  2504.3  48.8  

May 12 x 160 PPMS  85  18.7 a  94  2516.0  49.0  

May 24 x 80 PPMS  46  16.6 b  96  2915.7  48.7  

May 24 x 160 PPMS  82  16.1 b  96  3072.7  48.8  

May 31 x 80 PPMS  53  10.4 c  97  2363.5  47.4  

May 31 x 160 PPMS  88  11.0 c  97  2479.3  47.9  

June 9 x 80 PPMS  50  1.5 ef  95  1858.8  43.3  

June 9 x 160 PPMS  63  3.3 d  95  1821.8  44.0  

June 19 x 80 PPMS  45  2.9 de  122  1333.7  39.3  

June 19 x 160 PPMS  81  1.3 f  121  1676.6  39.1  

Rate (p-value)  0.0023**  0.6882  0.3332  0.1144  0.3456  
Date (p-value)  0.0110*  0.0000***  0.0000***  0.0000***  0.0000***  
Date * Rate (p-value)  0.3759  0.0128*  0.4380  0.4988  0.8685  
Grand Mean  67.4  10.1  100.7  2254.3  45.6  
CV  33.9  71.5  10.5  28.3  8.4  

zSignificance level of the p-value: *p<0.05, ** p<0.01, *** p<0.001. Rate*date post hoc test p=0.15. 
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Seeding Date  

Seeding date consistently had an effect on plant density, maturity, grain yield, and oil content at all 
sites.   

Prince Albert ς Plant density was lowest for the earliest seeding date, but still above the desired plant 
stand of 40 plants/m2. The earliest seeding date had the longest days to maturity (DTM), with May 19th 
and 31st having the shortest DTM. Yield and oil content decreased for both June seeding dates (Table 4).  

Swift Current ς Plant stands were lowest at Swift Current, with the mid-May seeding date having the 
greatest plant stand (49 plants/m2) and the latest seeding date having the lowest plant stand (14 
plants/m2). The earliest and latest seeding dates, had the longest DTM. In field observations found 
losses due to hail damage were greater for earlier seeded canola (Appendix A1). An adjusted grain yield 
is also presented, estimating yields had hail damage not occurred. Canola yield decreased with June 
seeding dates. Oil content also decreased with the latest seeding date (Table 5).  

Outlook ς Plant stands in Outlook were lowest for the first and third seeding dates, but were well above 
desired plant stands. The earliest seeding date (May 12th) had the greatest DTM. Overall yields were 
greatest at Outlook and decreased as the seeding date became later. Oil content also decreased with 
delayed seeding (Table 6).  

Melfort ς Plant stands were greatest for the first and third seeding dates. Flea beetle pressure in Melfort 
was highest for the earliest seeding dates, but did not reach the threshold of 25% leaf loss for control. 
Cotyledons can withstand up to 50% leaf loss before economic losses occur, but since damage can 
progress quickly, the recommendation is to spray at 25% (Canola Council, 2017). The earliest seeding 
date had the shortest DTM and the latest seeding date was the longest to mature. Even with higher flea 
beetle damage, yield and oil content was still greatest for earlier seeding dates (Table 7).  

Overall, there were no consistent interaction effects of seeding rate and date across the sites (Tables 4-
7). Prince Albert did have a significant interaction for plant density. The greatest plant stand was 
achieved June 12th at the high seeding rate and the lowest plant stands occurred at all seeding dates 
with the lower seeding rate. Swift Current had an interaction effect on oil content showing highest oil 
content was achieved with the May 13th seeding date using a higher seeding rate. June 12th had the 
lowest oil content with both seeding rates. Melfort, the only site to have notable flea beetle pressure, 
had an interaction on flea beetle defoliation, but the differences between seeding rates were minimal 
for each seeding date.  

This demonstration was a valuable tool to showcase to producers at extension events the importance of 
recommended best agronomic practices when growing canola. In particular, it provided an excellent 
opportunity to discuss methods of flea beetle control and proper scouting techniques. Below are site-
specific extension events where the project was or will be featured:  

WCA - Canola Council members toured the demo in Swift Current during various tours in June and July. 
¢ƘŜ ǇǊƻƧŜŎǘ ǿŀǎ ŦŜŀǘǳǊŜŘ ƻƴ ²/!Ωǎ ǿŜŜƪƭȅ ǊŀŘƛƻ ǇǊƻƎǊŀƳ Ϧ²ŀƭƪ ǘƘŜ tƭƻǘǎΦϦ Lǘ ǿŀǎ ǘƻǳǊŜŘ ƻƴ ǘƘŜ !ƴƴǳŀƭ 
Field Tour July 20, 2023 (~80 attendees).  

CLC ς Annual Field Tour July 27, 2023 (68 attendees). Will be featured at Top Notch Farming in 
Spiritwood on February 6, 2024 and CropTalk in Prince Albert on March 13, 2024.  

NARF - Will be featured at Top Notch Farming in Melfort on February 15, 2024.  
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Conclusion 

Early seeding dates, when spring conditions are favourable, is a recommended practice that was clearly 
demonstrated with the seeding dates used in this project. Across all sites, yields decreased when canola 
was seeded in early June and sites experienced yield losses of up to 48% in Prince Albert, 87% in Outlook, 
91% in Swift Current, and 50% in Melfort when canola was seeded in mid to late June. Quality of harvested 
canola also decreased with seeding date as was evident with decreasing oil content. Late seeding dates 
had issues with uniform dry down and harvest was delayed as late as October 25th for the Melfort site.   
Seeding rates were included in this study to demonstrate how the practice can compensate for high 
seedling mortality during unfavourable growing conditions that can occur particularly for early seeded 
canola. While conditions were relatively dry compared to long term averages, early seeded canola did not 
face anticipated higher risks like flea beetle pressure, cool soils, and frost damage. Only Melfort had 
notable flea beetle pressure that was greater on earlier seeded canola.  However, economic thresholds 
were not met and no yield differences were detected for seeding rate. Past research suggests earlier 
seeded canola is a better option, so canola seedlings can establish before large numbers of crucifer flea 
beetles appear. The earlier damage and field observations confirm that the flea beetles present in Melfort 
were predominantly striped flea beetles and while researchers believe slightly later seeding dates may be 
more appropriate than early seeding dates for striped flea beetles (Arnason, 2023), pressure was not great 
enough in 2023 to capture this.   
It is also valuable to note, high seeding rates are necessary to target plant stands of a minimum 40 
plants/m2, as seed mortality was often 50% or greater. Canola Council of Canada recommends a target 
plant density of 50-80 plants/m2, as yield potential drops with 30-40 plants/m2 (Canola Council of Canada, 
2023). Plant stands were very low at Swift Current, making recovery from hail damage more difficult. 
Unadjusted canola yields were very poor.  
While it is difficult to predict the likelihood of flea beetle pressure in an upcoming growing season, it would 
be valuable to repeat this demonstration with higher flea beetle populations. Selecting an earlier seeding 
date could help showcase how less desirable growing conditions can affect canola yields and how seeding 
rates can help compensate and reduce yield losses.  
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Response of Canola and Flax to Humic acid 

coated P fertilizer (MAP) rates  
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Funding  

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

Organizations  

¶ Irrigation Crop Diversification Corp. (ICDC) 

¶ Indian Head Research Foundation (IHARF) 

¶ Conservation Learning Center (CLC)  

¶ East Central Research Foundation (ECRF) 

Principle Investigators  

¶ Gursahib Singh, ICDC 

Objectives 

This study aimed to demonstrate if humic acid-coated MAP (Monoammonium phosphate) fertilizer can 
promote phosphorus absorption by plants and enhance fertilizer utilization rates.  

 

Research Plan 

Humic acid fertilizers are widely used in agricultural production, soil remediation, and environmental 
protection. Humic acid is a readily available and low-cost material that, when combined with various 
inorganic fertilizers, has been shown to optimize soil structure, stimulate and increase germination 
percentage, promote plant establishment, and improve fertilizer utilization, thereby increasing yield and 
income 1,2. Humic acid, an organic substance formed through the decomposition and transformation of 
animal and plant remains by microorganisms, undergoes a series of geochemical processes.   

The effect of humic acid as a nutrient enhancer on macronutrients N, P and K has already been explored 
in Europe and Asia on various crops (2,3,4). Compared with the same amount of ordinary fertilizer, 
humic acid-coated fertilizer showed a high capacity for stabilizing urease. It increased the natural 
circulation reduction ability of the nitrogen element by about 1/3, increased the phosphate activities in 
the soil and hence reducing the fixed loss of available phosphorus by nearly half, and decreased the loss 
rate of available potassium by 1/3 (1). In the past few years, humic acid has gained much attention as 
fertilizer companies promote this product as a nutrient enhancer in seed placed and foliar fertilizers. 
Research on humic acid utilization in Canadian agriculture is limited; this is a perfect opportunity to 
explore its benefits. Canola is known to respond well to P applications in low P soils but is also relatively 
sensitive to seed placement and, as such, is an excellent test crop for this project.   

Both SaskCanola and Saskatchewan Flax Development Commissions have expressed interest in 
conducting studies on humic acid fertilizer. This attention originated from their producer boards and 
members and was suggested to Agri-ARM as a potential ADOPT demonstration. Despite claims from 
existing literature and private industry/retailers about the benefits of humic acid for crops and fertilizer 
utilization, there is a lack of research trials in Saskatchewan to substantiate these claims.  

It has been asserted that humic acid reduces the fixation of available phosphorus in the soil, activates 
the insoluble phosphorus, and increases the soluble phosphorus in the soil or directly reacts with the 
phosphate fertilizer to promote phosphorus absorption by plants. Since Saskatchewan soils have very 
low available P levels and given the high cost of fertilizers in the past few years, using humic acid 
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blended with various inorganic P fertilizers may help improve fertilizer P recovery and increase 
economic returns for Saskatchewan growers.  

Small plot trials were established at Indian Head (IHARF), Yorkton (ECRF), Prince Albert (CLC), and 
Outlook (ICDC). Five treatments (Table 1) were implemented using a Randomized Complete Block 
Design, with four replications for each crop. All P fertilizer was placed in the seed row, and nitrogen, in 
the form of urea (46-0-0), was uniformly side-banded across all treatments. Response of Canola and flax 
was evaluated in separate and individual trials.   

Data collection encompassed various aspects, including soil testing for residual soil nutrients and 
qualities in the spring, emergence count, early-season biomass, Tissue P, maturity dates, and yield 
estimation at harvest.  

For plant biomass and P tissue uptake, all above-ground plant material from 2 x 0.5 m sections of crop 
rows per plot was harvested, dried, and weighed to determine early-season biomass yields. Canola 
samples were collected between bud formation and early bolting, while flax samples were taken from 
early bloom to the start of boll initiation. Following the recording of wet and dry weights, individual plot 
samples were ground and mixed equally to create bulked treatment samples, which were then 
submitted to AgVise for determining percent P.  

Table 1. Treatment plan for both canola and flax field trials  

Treatment  Canola/Flax  

1.  control  

2.  1X (25 kg/ha P2o5) MAP  

3.  1X (25 kg/ha P2o5) MAP treated with humic acid  

4.  2X (50 kg/ha P2o5) MAP  

5.  2X (50 kg/ha P2o5) MAP treated with humic acid  

 

1. Yanan Li (2020) Research Progress of Humic Acid Fertilizer on the Soil. J. Phys.: Conf. Ser. 1549 
022004  

2. Li Y, Fang F, Wei J et al. (2019) Humic Acid Fertilizer Improved Soil Properties and Soil Microbial 
Diversity of Continuous Cropping Peanut: A Three-Year Experiment. Sci Rep 9, 12014.  

3. Delfine S, Tognetti R, Desiderio E and Alvino A (2005). Effect of foliar application of N and humic 
acids on growth and yield of durum wheat. Agron. Sustain. Dev. 25 183ς191.   

4. Ahmad T, Khan R and Khattak T N (2018) Effect of humic acid and fulvic acid based liquid and 
foliar fertilizers on the yield of wheat crop, Journal of Plant Nutrition, 41:19, 2438-2445.  

 

Results 

Mean monthly temperatures for each location, along with the long-term (30-year) averages, are 
presented in Table 2, while precipitation amounts can be found in Table 3. All locations experienced 
notably warmer temperatures than the average, with May and June being particularly hot. July exhibited 
a slight cool-down, ranging from slightly below average to approximately average, while August 
temperatures were around average to slightly above. Throughout the four-month period from May to 
August, growing season temperatures ranged from 1.4 to 1.9 °C above the average. Precipitation levels 
were below normal at all participating locations. Outlook recorded the lowest precipitation with only 95 
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mm (46% of the average); however, it is worth noting that this location is irrigated and received an 
additional 279 mm of irrigation water between June and August.  

 

Table 2. Weather data from four Saskatchewan sites investigating canola seeding dates and rates in 2023.  

Location  Year  May  June  July  August  Avg/Total  

    --- Total Precipitation (mm) ---          

Prince Albert  2023  22.8  52.8  40.8  51.2  167.6  

  2015-2022  34.1  62.0  67.6  42.9  206.6  

Yorkton  2023  16.8  67.9  18  33.3  136.0  

  2010-2023  51.3  80.1  78.2  62.2  271.8  

OutlookX   2023  17.5  15.3  15.5  16.6  64.9  

  1992-2023  41.5  65.3  55.8  43.9  206.5  

Indian Head  2023  12.9  49.6  15.9  40.8  119.2  

  1997-2021  51.7  77.4  63.8  51.2  244.1  

    --- Mean Temperature (°C) ---          

Prince Albert  2023  14.4  18.8  16.6  17.1  16.7  

  2015-2022  11.1  16.3  18.6  16.9  15.7  

Yorkton  2023  13.8  19.7  16.7  17.8  17.0  

  2010-2023  10.4  15.5  17.9  17.1  15.2  

hǳǘƭƻƻƪ  2023  15.2  19.45  18.6  18.7  18.0  

  1993-2023  11.25  16.1  18.85  17.9  16.0  

Indian Head  2023  14.0  19.4  16.7  17.7  17.0  

  1997-2021  10.8  15.8  18.2  17.4  15.6  

XOutlook site received a total of 117 mm in June, 119 mm in July, and 43mm in August of cumulative 
precipitation as irrigation. 

The trial was overseen with a focus on implementing best management practices across all sites. Control 
measures for broadleaf weeds, diseases, and insects were applied using registered pesticides as 
necessary, based on the judgment of each site manager. Details regarding all operational dates and 
agronomic information can be found in Tables 3 and 4.  

Table 3. Dates of operations in Canola trial in 2023.  

Operation  Prince Albert  Indian Head  Yorkton  Outlook  

Pre-seed herbicide  

(if needed)  
Roundup Transorb HC 
@0.67L/ha on  

May 12  

0.67 l/ac Roundup 
Weathermax on  

May 20  

none  EDGE MICROACTIV 

(8.5 kg/ha) on May 1  

Seed trial  May 24  May 18  May 20  May 12  

Seed rate   120 seeds/m2  115 seeds/m2  115 seeds/m2  200 seeds/m2  

Emergence counts  June 02  June 13  June 05  June 14  

In-crop Herbicide  Poast Ultra @ 1.1L/ha 

on June 08  
Liberty 150SN (1.35 
l/ac) + Centurion (50 
ml/ac) + 0.5% Amigo 
and 0.2% Valid (drift 

reducer) on June 9  

Liberty 150SN (1.35 l/ac) on 

June 06  
Centurion + Amigo + AMS 

on June 20  

Liberty 150SN (1.35 

l/ac) on June 5  
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In-crop Fungicide  none  0.280 l/ac Cotegra 

applied on July 5  
Acapella on July 05  none  

In-crop Insecticide  none  none  none  Matador 120EC 
(grasshopper) on 

May 30  
Harvest Aid  
  

Reglone Ion 
@2.04L/ha on Aug 

29  

Roundup 
Weathermax (0.67 

l/ac) on August 2  

none  Reglone Ion 
@2.04L/ha on Aug 

26  
Harvest date  Sept 08  Sept 06  Aug 30  Sept 7  

 

Table 4. Dates of operations in Flax trial in 2023.  

Operation  Prince Albert  Indian Head  Yorkton  Outlook  

Pre-seed herbicide (if 

needed)  
Roundup Transorb HC 
@0.67L/ha on May 

12  

Authority 480 (0.118 
l/ac) on May 19   and 
Roundup 
Weathermax (0.67 

l/ac) on May 20  

none  Roundup Transorb 
HC @0.67L/ha on 

May 17  

Seed trial  May 29  May 16  May 24  May 29  

Seed rate  67.5 kg/ha  50 kg/ha  50 kg/ha  50 kg/ha  

Emergence counts  June 02  June 06  June 05  June 12  

In-crop Herbicide  none  0.405 l/ac Buctril M + 
300 ml/ac IPCO 
Contender (Assure 2) 
+ 1% IPCO MSO 

adjuvant on June 10  

Curtail M on 07-Jun-23  
Centurion + Amigo + AMS 

on June 19  

Buctril m+ clethodim 

on June 26  

In-crop Fungicide  none  Dyax (0.16 l/ac) + 
Agrol 90 (0.125%) 

applied on July 5  

none  none  

In-crop Insecticide  none    Dyax on 07-Jul-23    

Harvest Aid  
  

Reglone Ion 
(2.04L/ha) on  

Sept 21  

Roundup 
Weathermax (0.67 

l/ac) on Aug 23  

Reglone Ion (2.04L/ha) on 

Aug 31  
Reglone Ion 

(2.04L/ha) on   
Oct 2  

Harvest date  Oct 16  Sept 8  September 06  Oct 10  

 

Soil test results for both canola and flax sites are presented in Table 5 below. The available phosphorus 
nutrient levels at IHARF, CLC, and ICDC sites were within the low range, while at ECRF sites, they ranged 
from medium to high. Nitrogen fertilizer application followed soil test recommendations and was 
adjusted for the varying phosphorus treatments. Soil pH, organic matter, and C.E.C. values exhibited a 
broad range but were deemed typical for their respective locations.  

 

TTable 5. Selected soil test analyses result at IHARF (Indian Head), ICDC (Outlook), CLC (Prince Albert), and SERF 

(Yorkton) in 2023. Unless otherwise indicated, all measurements represent the 0-6 inches soil profile.  

Parameter  CLC  IHARF  ECRF  ICDC  

Canola site          

pH  6.0  7.7  6.5  7.9  
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Organic Matter (%)  5.7  5.9  6.3  2.6  

CEC (meq)  -  41.5  21.4  22.2  

NO3-N (kg/ha) a  40.3  19.1  31.6  11.2  

Olsen-P (ppm)  5.0  7.0  15.0  5.0  

K (ppm)  253.0  650.0  385.0  277.0  

kg S/ha (kg/ha) a  40.4  62.7  44.8  132.6  

Flax site          

pH  6.1  8.0  6.5  7.9  

Organic Matter (%)  6.6  5.1  6.3  3.1  

CEC (meq)  -  45.9  21.4  17.9  

NO3-N (kg/ha) a  58.2  14.5  31.6  10.0  

Olsen-P (ppm)  4.0  4.0  15.0  5.0  

K (ppm)  244  466  385.0  393.0  

kg S/ha (kg/ha) a  62.7  53.7  44.8  56.0  

a0-12"  

 

Canola response  

Plant density:  

Significant impacts on canola emergence were observed in five tested treatments at IHARF, CLC, and 
ECRF, while the effect was nonsignificant at ICDC. IHARF control plots exhibited superior plant density 
compared to MAP-applied plots. No variance in plant densities was observed between humic acid-
treated MAP and fertilizer rates (1X vs. 2X). At ECRF, a notable difference between 1X and 2X rates was 
evident, with the 1X rate displaying a higher plant count.  

Dry Matter:  

Irrigated sites (ICDC) consistently demonstrated higher dry matter yield than dryland sites due to the 
impact of drier conditions across all locations. Dry matter remained unaffected among the five 
treatments tested at ICDC, IHARF, and CLC, except at ECRF, where a positive response to the treatment 
was noted. However, the actual difference in dry matter between treatments at ECRF was negligible. 
Control plots exhibited the lowest dry matter yield, with an increase observed with MAP rates, though 
the difference between MAP and humic acid-treated MAP was not statistically significant.  

Plant Maturity:  

Days to maturity were unaffected by MAP treatments at IHARF, CLC, and ICDC, with the exception of 
ECRF, where control plots matured a day earlier than MAP-applied plots.  

Grain Yield:  

The overall yield fell below the average yield potential at all sites. Similar to dry matter, grain yield 
remained unaffected by the tested treatments at IHARF, CLC, and ICDC, except at ECRF, where a positive 
trend for MAP application was observed compared to control plots. At ECRF, yield showed no significant 
impact from humic acid application and rates.  

Tissue P  
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Tissue P samples were bulked across replicates to generate a consolidated sample for each treatment, 
rendering statistical analysis impractical and prohibiting the derivation of conclusions from a single data 
point. The results for P uptake exhibited a range of 0.16 to 0.55 %, indicating a tendency towards 
increased Tissue P with MAP application compared to the control. Detailed results for each site can be 
found in Tables 6-11.  

  

Flax response  

Plant density  

The seeding rate for flax at each site is provided in Table 4. Dryer spring soil conditions influenced flax 
emergence at ICDC, resulting in lower plant density (mean ς 285 plants/m2). Overall, plant counts 
exhibited no significant variation between treatments (control vs. MAP treatments, MAP vs. Humic acid 
MAP, 1X and 2X MAP rates) at all sites. However, at ICDC, there was a significant difference in plant 
densities between the control and MAP fertilizer treatments. Plant count also varied with fertilizer rates, 
with 1X rate treatments exhibiting superior plant densities compared to 2X (Table 12).  

Dry Matter and Plant Maturity  

Flax dry matter yield and maturity remained unaffected by the tested treatments at all sites. At CLC, flax 
maturity was impacted by untimely August rainfall and a late frost.  

Grain Yield:  

Flax yield was impacted by adverse conditions across all sites. Additionally, at CLC, flax plots were 
affected by wildlife damage (deer) due to delayed harvest, resulting in significantly lower yields. IHARF 
recorded a significant impact of tested treatments on flax yield, with check plots (0 P fertilizer) 
displaying the lowest yield and a yield increase with adding P fertilizer. Fertilizer rates (1X vs. 2X) also 
influenced flax yield, with higher yields observed for 2X rates. No yield advantage was observed in flax 
due to Humic acid treatments. ECRF and ICDC showed no significant treatment effect on flax yield.  

Tissue P  

Treatment samples were bulked across replicates like canola, making statistical analysis unfeasible. 
Tissue P varied across sites and 0.11 to 0.31 %. A general trend towards increased tissue P with MAP 
application compared to the control was observed at IHARF.  

 

Conclusion 

Overall, environmental conditions were adverse for canola/flax production due to widespread drought 

and heat stress at all trial locations. This study provided valuable insights into the applicability of humic 

acid MAP in our current agricultural practices. However, the bulked nature of tissue P samples impedes 

the ability to draw precise conclusions about whether there was an enhanced phosphorus uptake in 

canola and flax when utilizing humic acid. The results indicate variability in plant responses across 

locations and treatments, emphasizing the complexity of factors influencing crop performance. Based 

on one-year trials, no noticeable plant density and yield improvements were observed by treating MAP 

fertilizer with humic acid. Further research with a more targeted approach is recommended to 

comprehensively understand the potential benefits of humic acid-coated MAP fertilizer in Saskatchewan 

agriculture.  
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Developing Target Yield Nitrogen 

Fertilizer Recommendations for Silage 

and Grain Corn Under Irrigated and 

Dryland Production  

 

 

Funding  

This study is funded through the Agriculture Development Fund (ADF).  

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

Principle Investigators  

¶ Gursahib Singh, ICDC 

Objectives 

¶  Determine nitrogen (N) uptake and N fertilizer use efficiency for silage & grain corn under 
irrigated and dryland production.  

¶  Determine N fertilizer rate recommendations for silage & grain corn under irrigated and dryland 
production.  

¶ Develop corn target yield N fertilizer values based on soil test N levels, N uptake and yield 
response to applied N 

 

Research Plan 

The primary objective of this study is to develop specific nitrogen (N) fertilizer recommendations based 
on target yield expectations for silage and grain corn, under either irrigation or rainfed production 
systems. A total of 36 individual corn trials were established during the three-year period 2021-2023. 
Half the trials were conducted under irrigation, half under dryland production conditions. Likewise, half 
of each production system was conducted with grain corn, half with silage corn. Each trial consisted of N 
fertilizer application rates of 0, 50, 100, 150, 200 and 250 kg N/ha.     

Over three years of trials (2021, 2022,2023) a total of thirty-six individual research trials were 
established within the South Saskatchewan River Irrigation District (SSRID).  Half of these trials (18) were 
established under irrigated production and half (18) established relying on rainfed (dryland) production 
conditions.  Within each production system, half the trials (9) evaluated silage corn and half (9) assessed 
grain corn.  Due to limited corn production within Saskatchewan, and within SSRID, the majority of trials 
were established on land with no prior history of corn production.  All trials were established in a 
randomized complete block design replicated four times.   
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The silage hybrid planted was P7527AM, considered a dual-purpose silage or grain hybrid with a 2150 
corn heat unit rating.  The grain corn hybrid used was P7005AM with a heat unit rating of 2000.  The 
SSRID region typically accumulates 2200-2400 corn heat units annually.  Irrigated trials were seeded to 
target final plant stands of 80,000-85,000 plants/ha and dryland 70,000-75,000 plants/ha.  Plots 
consisted of 4 rows of corn at 75 cm row spacing.    

Soil samples from each control plot (0 fertilizer N, 4 plots for each silage and grain trial) were taken prior 
to seeding.  Soil samples were obtained for the 0 ς 15, 15 ς 30, 30 ς 60, 60 ς 90 and 90 ς 120 cm depths.  
Two soil samples were obtained from each plot and material composited for nutrient analyses.  A 
general composite for each site was also obtained from 0 ς 15, 15 ς 30, 30 ς 60 cm depths.  Samples 
were collected using a Giddings hydraulic soil sampler.  Soil samples were submitted to Agvise 
Laboratories for nitrate (N03-N) analyses.  

Nitrogen fertilizer, as urea (46-0-0), was banded at 25 cm spacings across the width of plots at time of 
seeding.  Nitrogen fertilizer was applied at the following rates to both silage and grain and irrigated and 
dryland trials:  

N Treatments:  
      kg N/ha            
1.    0                     
2.  50                    
3. 100                     
4. 150                     
5. 200     
6. 250          

All plots also received supplemental additions of monoammonium phosphate (11-52-0) seed-placed at a 
rate of 30 kg P2O5/ha.  Soil testing indicated adequate availability of sulphur, potassium, and micro-
nutrients at all sites.  Weed control was provided by pre-burn and in-season glyphosate applications.  
Biomass samples for % N and N Uptake determinations were obtained for both silage and grain corn 
trials at approximately the R3 growth stage.  Samples were obtained by cutting down whole plants close 
to the soil surface.  Biomass sample size was 1m length of each of the two center corn rows.  Biomass 
fresh weights were determined in-field upon sampling, all material was processed through a wood 
chipper and a representative subsample obtained for moisture determinations.  Dried material was 
ground through a stainless-steel Wiley mill to pass through a 2.0 mm sieve and subsamples submitted to 
Agvise Laboratories for N tissue analysis determinations.  Final yield harvest was obtained from the 
same center 2 corn rows and adjusted for the removed biomass area.  Silage yield was obtained at 
approximately ½ milk line stage (target plant moisture 65-70%), grain corn yield was taken when kernels 
were hard (<12% moisture).  Silage yields were obtained with a Hege small plot forage combine 
equipped with a mulching header, grain yields by hand picking all ears within the harvest area, ears were 
then dried and thrashed through a stationary Wintersteiger plot combine.    

All data was statistically analyzed by individual trials in each site year and in combined site-year, trial and 
N-rate and all interactions in a mixed model analysis.  

LǊǊƛƎŀǘƛƻƴ ŀǇǇƭƛŜŘ ƛƴ нлнм ǘƻ ƛǊǊƛƎŀǘŜŘ ǘǊƛŀƭǎ ŀǘ /{L5/ ǿŀǎ нмуΦп ƳƳ όуΦсέύΣ ŀǘ L/5/ нрфΦм ƳƳ όмлΦнέύ ŀƴŘ 
ŀǘ tŜŘŜǊǎƻƴ нлуΦо ƳƳ όуΦнέύΦ ¢ƻǘŀƭ ƛƴ-season irrigation applied in 2024 to irrigated trials at ICDC ς Area 
рм ǿŀǎ ннуΦс ƳƳ όфΦлέύ ŀƴŘ ŀǘ L/5/ ς HnatowƛŎƘ мсрΦм ƳƳ όсΦрέύΦ {ǳǇǇƭŜƳŜƴǘŀƭ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ōȅ 
ƛǊǊƛƎŀǘƛƻƴ ƛƴ нлно ǘƻǘŀƭŜŘ нррΦл ƳƳ όмлέύ ƻƴ L/5/ ƭŀƴŘ-ōŀǎŜ ǘǊƛŀƭǎΣ нпрΦл ƳƳ όфΦсέύ ŀǘ DǊǳƴŜǊǳŘ ŀƴŘ 
омрΦл ƳƳ όмнΦпέύ ŀǘ tǊƛƳǊƻǎŜ ƭƻŎŀǘƛƻƴǎΦ 
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Results 

Weather  

Mean temperatures, corn heat units and precipitation for each of the 3-years of trials is provided in 
Tables 1, 2 and 3 respectively.  

Environmental conditions are considered to have significantly influenced the results obtained 
throughout the three years of investigation. Mean seasonal temperatures where hotter by 1.6 - 3.3 °C , 
more importantly, annual precipitation was significantly less than historic 30-year averages. Above 
average temperatures throughout the duration of this trial are also reflected in the cumulative corn heat 
units which were greater than long-term records. Dryland trials were obviously more susceptible to 
moisture stress compared to irrigated trials. The South Saskatchewan River Irrigation District in which all 
trials were established has been experiencing drought conditions since 2017. In each year of the study 
both silage and grain corn were planted at 3 dryland sites annually, however, only 4 sites of the total of 
12 trials planted for each were ultimately harvested. The remaining trials simply did not survive drought 
conditions, a picture of the 2021 Larson dryland trial at time of tasselling (and abandonment) and early 
season 2023 Grunerud site is shown in the appendix (Figure 7a and 7b). The 4 silage and 4 grain trials 
harvested under dryland conditions would possibly be lower had half not been established on previously 
irrigated fields. Though no irrigation was ŀǇǇƭƛŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴΣ ƛǘΩǎ ōŜƭƛŜǾŜŘ ǘƘŜǎŜ ǘǊƛŀƭǎ 
benefited from stored soil moisture at depth from preceding irrigation. It is strongly believed that 
drought conditions also adversely influenced irrigated trials. Consequently, results obtained may not 
reflect what would have been obtained under non-drought conditions and all results discussed must be 
nuanced by these adverse conditions.  

Table 1. Mean monthly temperatures within SSRID Region compared to long-term (30 years) averages.  

Year  May  June  July  August  Sept  Avg. / Total  

 ------------------------------ Temperature (°C) ----------------------  

2021  10.1  18.8  21.6  17.9  14.4     18.6  

Long-term  11.3  16.0  18.6  17.8  12.7  15.3  

2022  11.8  16.3  19.7  20.5  16.0  16.9  

Long-term  11.2  16.0  18.7  17.8  12.8  15.3  

2023  15.2  19.5  18.6  18.7  15.5  17.5  

Long-term  11.3  16.1  18.9  17.9  13.0  15.4  

 

Table 2. Mean corn heat units within SSRID Region compared to long-term (30 years) averages.  

Year  May  June  July  August  Sept  

2021  171  794  1530  2148  2597  

2022  202  763  1467  2169  2654  

2023  311  976  1628  2285  2781  

Long-term  211  739  1408  2026  2350  

 

Table 3. Precipitation received within SSRID Region compared to long-term (30 years) averages.  

Year  May  June  July  August  Sept  Avg. / Total  

     --------------------------------- Precipitation (mm) ---------------------  
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2021  44.5  10.3  13.8  37.7  0.2  106.5  

Long-term  43.2  69.3  57.6  44.2  32.7  247.0  

2022  35.7  75.2  53.2  7.0  5.2  176.3  

Long-term  43.2  69.0  57.1  44.0  32.2  245.5  

2023  17.5  15.3  15.5  16.6  16.6  81.5  

Long-term  41.5  65.3  55.8  43.9  30.5  237.0  

 
General Observations ς Individual Sites (2021, 2022 and 2023)  
Individual results for each agronomic measurement for all trials are provided in the Appendix in Tables 8-
40. These tables have additional agronomic observations obtained but not discussed in this report.  
  
Combined Site Analyses ς (2021, 2022 and 2023)  
Silage Corn Trials  
Combined site (n=8) irrigated silage corn yield, moisture, tissue N, midseason biomass dry weights, plant 
N uptake and plant populations are provided in Table 4. Similarly, combined site results for these factors 
for irrigated grain (n=7), dryland silage (n=4) and dryland grain (n=4) are shown in Tables 5, 6 and 7 
respectively.  

  
Table 4 also demonstrates results obtained for agronomic observations between years. This year-by-year 
variability is significant but importantly to note that yields obtained in all years are below normal 
expectations.  This is problematic with respect to the project objectives of determining N fertilizer 
recommendations as upper yield goals were not obtained.  

  
The combined year analyses indicates that all fertilizer N applications were statistically greater in yield 
compared to the unfertilized control treatment. Though results show no statistical difference between N 
fertilizer rates there were numerical differences of interest. Maximum yield was obtained with the 
application of 200 kg N/ha with a 28% yield gain above the unfertilized control. However, the first 50 kg 
N/ha applied resulted in the largest incremental yield response of 20% above the unfertilized control. 
Each additional 50 kg N/ha fertilizer applications resulted in small incremental % yield gains. Table 4 also 
indicates the wet silage yield expressed as metric tonnes/acre adjusted to 65% moisture. It should again 
be highlighted that silage yields obtained are less than the yield potential possible in comparison to 
previous ICDC irrigated trials, some of which have been 25% higher than the mean yields obtained in this 
study.  

  
The lack of statistical yield responses to increasing N fertilization applications is problematic in developing 
specific N fertilizer recommendations, as is the limited average yield obtained throughout the trial period. 
Yield results obtained suggest that, numerically, silage yield maximizes with the application of 200 kg N/ha 
and then levels. On this basis, for irrigated silage corn the suggested N fertilizer input of 150 kg N/ha can 
be recommended for near optimal yields. To create N fertilizer recommendations for specific target yields 
we had hoped to find greater yield responses between successive N fertilizer additions, and higher yield 
potentials.    

  
Silage moisture content was not influenced by N fertilizer additions. Moisture content was slightly higher 
than the desired plant moisture of 65% targeted.  The 65% moisture content was assumed by harvesting 
biomass when the kernel milk-line was 50%. Historically, this has worked well with harvest moisture +/- 
1-3% of the targeted 65%.  Silage harvest was conducted at the 50% milk-line in all years of the study, the 
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higher moistures obtained might be another indication of plant stress and rapid plant maturation. 
Generally, N fertilization did not influence plant days to tassel or silk (Appendix Tables 13 & 14).  

  
DŜƴŜǊŀƭƭȅΣ ǘƛǎǎǳŜ b ŎƻƴǘŜƴǘ ƛƴŎǊŜŀǎŜŘ ŀǎ ǘƘŜ ǊŀǘŜ ƻŦ b ŦŜǊǘƛƭƛȊŀǘƛƻƴ ƛƴŎǊŜŀǎŜŘ ƘƻǿŜǾŜǊ ƻƴƭȅ ŀǘ ǊŀǘŜǎ ƻŦ җмлл 
kg N/ha were differences statistically significant. Total N uptake was greater in all fertilizer N application 
compared to the unfertilized control, however the high coefficient of variation (CV%) suggests results are 
suspect in accuracy. Similar results were obtained with respect to total N uptake. Midseason biomass was 
not influence by N fertilizer additions.  This is also problematic as these results impact total N uptake and 
the relationship between silage yield and N uptake correlations. A strong relationship is required with 
these components in developing target yield N fertilizer recommendations. N fertilization decreased plant 
population with N fertilizer applications, statistically so at the highest two application rates. While only 
33% of the total fertilizer N was banded to the side and below the seed of each corn row, these results 
suggest that during the dry germination and emergence period experienced the fertilizer did damage 
seed.     

   
Table 4: Influence of treatments on combined site (n= 8) irrigated silage corn yield and plant 

characteristics.  5ƛŦŦŜǊŜƴǘ ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ  

  
Treatment  

Dry Weight 

Yield  
(kg/ha)  

Wet Weight  
(65% H2O)  
 Yield (T/ac)  

Silage  
Moisture  
(%)  

Tissue  
N  
(%)  

N  
Uptake  
(kg/ha)  
  

Dry Tissue 

Midseason  
Biomass  
(kg/ha)  

Plant 

Population  
(plant/ha)  

¸ŜŀǊ                
2021  18643  21.6  68.1  1.44  175  12382  84829  
2022  12032  13.5  73.0  2.10  146  6880  63484  
2023  16254  18.8  72.6  2.19  152  7059  87073  

N Fertilizer treatment kg N ha-1    
0 kg N/ha  13360 b  15.4 b  71.5 a  1.57 c  126 b  8420 a  89904 a  
50 kg N/ha  16041 a  18.5 a  70.5 a  1.66 c  132 b  8435 a  82246 b  
100 kg N/ha  16626 a  19.2 a  70.1 a  1.89 b  170 a  9391 a  83036 ab  
150 kg N/ha  16942 a  19.6 a  70.9 a  1.98 ab  181 a  9898 a  80151 bc  
200 kg N/ha  17153 a  18.9 a  71.2 a  2.09 a  173 a  8895 a  72424 cd  

250 kg N/ha  16954 a  19.6 a  71.6 a  2.10 a  172 a  8945 a  74245 d  
P value  <0.001  <0.001  NS  <0.001  <0.001  NS  <0.001  
CV (%)  13.5  13.5  3.2  12.5  27.9  18.9  17.4  
Location x N Fertilizer Interaction P value  
  0.004  0.004  NS  NS  NS  NS  0.003  

NS = not significant at tҖ лΦлр  
  

Dryland silage corn results are presented in Table 5. Similar to the irrigated trials dryland yields were, on 
average, lowest in 2022, followed by 2023 and highest in 2021. Dryland yields obtained for each N fertilizer 
application are low and not statistically different. Again, it is note-worthy that only 4 of 9 established 
dryland silage trials were carried through to completion over the three-year trialing period. Further, 2 of 
the 4 completed dryland silage corn trials likely only survived by being established on previously irrigated 
land and believed benefited by soil moisture reserves from the prior growing season. Though the 
unfertilized control was the lowest yielding, no statistical differences occurred between fertilizer 
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treatments. As such N fertilizer recommendations based on a specific target yield cannot be developed. 
Numerical yield in Table 5 maximized at 100 kg N /ha.  Therefore, this data suggests that for dryland silage 
corn 100 kg N/ha can be applied for optimal yield. Yield results indicate the 2nd lowest yield belonged to 
the 250 kg N/ha treatment suggesting this high rate of N fertilizer being detrimental in dry, stress growing 
conditions.  Of agronomic importance, fertilizer N applications did, generally, increase plant tissue N 
content. Total N uptake was statistically greater than the control for the 100 through 200 kg N/ha fertilizer 
applications, declining at the 250 kg N/ha application due to lower midseason biomass production. 
Midseason biomass was not influenced by N fertilizer rate, partially explained by lower plant populations 
obtained at high fertilizer rates. This observation mimics the irrigated silage corn results of plant 
populations.  

  
Table 5: Influence of treatments on combined site (n= 4) dryland silage corn yield and plant characteristics.  Different 

ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ  

  
Treatment  

Dry Weight 

Yield  
(kg/ha)  

Wet 

Weight  
(65% H2O)  
 Yield 

(T/ac)  

Silage  
Moisture  
(%)  

Tissue  
N  
(%)  

N  
Uptake  
(kg/ha)  
  

Dry Tissue 

Midseason  
Biomass  
(kg/ha)  

Plant 

Population  
(plant/ha)  

¸ŜŀǊ                

2021  15777  18.2  63.5  1.47  146  10046  77381  
2022  8612  10.0  70.2  2.16  118  5555  61258  
2023  12474  14.4  75.0  2.44  153  6288  80495  
N Fertilizer treatment kg N ha-1    
0 kg N/ha  10007 a  12.8 a  69.2 c  1.83 c  109 c  6645 a  73352 ab  
50 kg N/ha  12017 a  15.3 a  67.7 d  1.74 c  120 bc  7296 a  77404 a  

100 kg N/ha  12240 a  15.6 a  69.5 bc  2.09 b  143 ab  7144 a  76374 a  
150 kg N/ha  11713 a  14.9 a  70.1 abc  2.21 ab  153 a  7227 a  71360 ab  
200 kg N/ha  11732 a  14.9 a  70.8 ab  2.32 a  150 a  6663 a  64148 bc  
250 kg N/ha  10293 a  13.1 a  71.0 a  2.17 ab  130 abc  6233 a  57729 c  
P value  NS  NS  <0.001  <0.001  0.004  NS  <0.001  
CV (%)  14.8  14.8  2.8  13.0  24.3  20.2  18.2  

Location x N Fertilizer Interaction P value  
  0.01  0.01  NS  NS  NS  NS  0.03  

NS = not significant at tҖ лΦлр  

  
  

Grain Corn Trials  
Combined site irrigated gain corn agronomic information is shown in Table 6. As with silage corn trials the 
yield of grain corn was lowest in 2022 but highest in 2023. Average grain yield did not approach yield 
obtained in prior ICDC trials, which have achieved 180 bu/ac under small plot replicated conditions. This 
lack of obtaining high yields also again questions the feasibility of developing target yield N fertilizer 
recommendations. Combined year and trial location analyses indicated that yield response to N fertilizer 
applications increased until the 100 kg N/ha fertilizer rate and then declined with subsequent fertilizer N 
additions. It appears a luxury of N available at higher fertilizer N rates was detrimental under stressful 
growing conditions. All fertilizer N applications statistically increased tissue N content in irrigated grain 
corn. Within N fertilizer treatments tissue N content did not statistically differ at N rates > 150 kg/ha. 
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Similarly, total N uptake by irrigated grain corn increased with fertilizer N applications. Total N uptake did 
not statistically increase with fertilizer N application rates > 100 kg N/ha. N fertilizer applications did not 
influence midseason biomass yield, plant population was reduced at the two highest N fertilizer rates.  

  
Table 6: Influence of treatments on combined site (n= 7) irrigated grain corn yield and plant 

characteristics.  5ƛŦŦŜǊŜƴǘ ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ  

  
Treatment  

Yield  
(15% H2O)  
(kg/ha)  

Yield   
(15% H2O)  
(bu/ac)  

Tissue  
N  
(%)  

N  
Uptake  
(kg/ha)  

Dry Tissue  
Midseason  
Biomass  
(kg/ha)  

Plant Population  
(plant/ha)  

¸ŜŀǊ              

2021  7614  121.3  1.42  165  11674  87393  
2022  3867  61.6  2.05  97  4665  80563  
2023  8635  122.7  2.22  140  6415  87683  

N Fertilizer treatment kg N ha-1         

0 kg N/ha  5926 c  90.7 c  1.57 d  105 c  7205 a  90345 a  
50 kg N/ha  6875 b  104.5 b  1.74 c  130 b  8084 a  90659 a  
100 kg N/ha  7640 a  116.8 a  1.84 bc  147 a  8746 a  89835 a  
150 kg N/ha  7464 ab  114.1 a  1.92 ab  146 ab  8176 a  86264 ab  

200 kg N/ha  7250 ab  110.9 ab  1.95 a  144 ab  7920 a  80377 bc  
250 kg N/ha  7017 b  107.6 ab  1.96 a  158 a  8723 a  75667 c  
P value  <0.001  <0.001  <0.001  <0.001  NS  <0.001  
CV (%)  14.7  14.7  9.6  20.9  20.5  13.9  
Location x N Fertilizer Interaction P value  

  NS  NS  NS  0.0333  0.0202  0.0167  
NS = not significant at tҖ лΦлр  

  
Combined site dryland gain corn agronomic information is shown in Table 7. Unlike the irrigated dryland 
silage corn, grain corn average yields were lowest in 2022 but highest in 2021. Again, as with the dryland 
silage corn trials only 4 trials were completed in the 3-years of trialing, and half of the completed likely 
only brought to harvest from establishment on previously irrigated land. Fertilizer N applications generally 
had no influence on dryland grain corn. Yields, grain and midseason biomass, were not statistically 
elevated by N fertilizer additions. However numerically, grain yields increased to the 100 kg N/ha rate and 
ŘŜŎƭƛƴŜŘ ŀǘ ǊŀǘŜǎ җ нлл ƪƎ bκƘŀΦ bƻǘŜ ǘƘŜ ƘƛƎƘ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ǾŀǊƛŀǘƛƻƴ ό/±҈ύ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŎƻƳōƛƴŜŘ 
dryland grain yield results, thus, reliability of grain yield results is suspect. N fertilizer applications did 
increase tissue N content with each incremental rate of N. This indicates that, despite stressful growing 
conditions, N provided by fertilizer did contribute to the N status of growing plants. Increased tissue N 
also contributed to higher total N uptake of fertilized treatments; however total N uptake did not 
statistically increase with rates > 100 kg N/ha. Total N uptake was not statistically influenced with fertilized 
N additions. Again, plant populations declined as N fertilizer rates increased.  

  
Table 7: Influence of treatments on combined site (n= 4) dryland grain corn yield and plant 

characteristics.  5ƛŦŦŜǊŜƴǘ ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ  

  
Treatment  

Yield  
(15% H2O)  

Yield  
(15% H2O)   

Tissue  
N  

N  
Uptake  

Dry Tissue  
Midseason  

Plant Population  
(plant/ha)  
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(kg/ha)  (bu/ac)  (%)  (kg/ha)  Biomass  
(kg/ha)  

¸ŜŀǊ              

2021  5160  82.2  1.31  126  9718   77289   
2022  2898  46.2  1.89  92   4998   63003   
2023  3794  60.4  2.29  163  7113   80174   

N Fertilizer treatment kg N ha-1        

0 kg N/ha  2907 a  46.3 a  1.36 d  80 c  6421 a  77198 a  

50 kg N/ha  3784 a  60.3 a  1.64 c  112 b  6949 a  77541 a  
100 kg N/ha  4072 a  64.9 a  1.90 b  132 a  7228 a  74863 ab  
150 kg N/ha  3950 a  62.9 a  1.98 b  131 a  6772 a  68269 bc  
200 kg N/ha  3646 a  58.1a  2.02 ab  129 ab  6783 a  67376 c  
250 kg N/ha  3744 a  59.6 a  2.10 a  122 ab  6085 a  59959 d  

P value  NS  NS  <0.001  <0.001  NS  <0.001  
CV (%)  17.3  17.3  8.7  20.5  20.4  13.3  
Location x N Fertilizer Interaction P value  
  0.0485  0.0485  NS  NS  NS  0.0463  
NS = not significant at tҖ лΦлр  

  
Soil Test Results vs N Uptake in Corn Biomass  
5ŜǘŀƛƭŜŘ ǎƻƛƭ ǎŀƳǇƭƛƴƎ ǇǊƻŎŜŘǳǊŜǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ƻƴ ŀƭƭ άŎƻƴǘǊƻƭέ όƛΦŜΦ л ƪƎ bκƘŀύ ǘǊŜŀǘƳŜƴǘǎ ǇǊƛƻǊ ǘƻ 
seeding and fertilizer applications. It was intended to obtain soil samples from the 0 ς 15, 15 ς 30, 30 ς 
60, 60 ς 90 and 90 ς 120 cm depths. This was attempted at all times. Unfortunately, sample acquisition 
from the deepest depths was not always obtained. At a number of locations throughout the three years 
the lower soil profiles were extremely dry and soil could not be retained within the sampling tube, even 
when equipped with appropriate dry soil tube tips. All trials were conducted in the SSRID region on soils 
classed as sandy to sandy loam texture which are challenging to collect under dry soil conditions. 
Consequently, only soil from the 0 ς 15, 15 ς 30 and 30 ς 60 cm depths were obtained consistently at all 
trial locations. Biomass of all corn was conducted at the R3 stage at expected maximum plant growth and 
biomass production. Biomass was then analysed for total N uptake.  The relationship between soil test N 
levels (0-60cm) and total plant N uptake is shown in Figure 1. The figure is a compilation of both irrigated 
silage and grain corn trials as there were little differences between silage and grain corn N uptake 
relationships. There is a high degree of variability above and below the trend line. These deviations are 
indicated by the low coefficient of determination (R2). The relationship provides a guide as to the quantity 
of N provided during the growing season and available for plant uptake. It suggests that >46 kg N/ha is 
available for plant uptake in addition to the soil test available N. This would be obtained from soil N 
reserves below the 60 cm sample depth and from N mineralization processes during the growing season. 
However, the relationship is weak and a reason we did attempted to obtain soil samples from deeper 
depths.   

  
Corn a very deep-rooted crop is capable of extracting soil N reserves from below the typical rooting zone 
of typical small grain cereals, oilseed and pulse crops. Results suggest a large portion of the total N uptake 
was acquired from subsoil depth. Potential soil N reserves are a potential weakness within this project. A 
concern with the study is the majority of trials conducted were established on land with no prior history 
of corn production.  Therefore, deep soil N reserves may have masked potential N fertilizer applications 
ǊŜǎǇƻƴǎŜǎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜǎŜ ǊŜǎǳƭǘǎ Ƴŀȅ ǊŜŦƭŜŎǘ ŎƻǊƴ ǳǇǘŀƪŜ ƻƴ άǾƛǊƎƛƴέ ŦƛŜƭŘǎ ƻƴƭȅΦ b ǳǇǘŀƪŜ ƻƴ 
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previously cropped corn ground may have withdrawn deep depth soil N reserves and N suppling potential 
would differ from results obtained here. N fertilizer recommendations could differ significantly between 
these differing cropping histories.       

  
The model presented in Figure 1 predicts that a soil test of 40 kg N/ha (0-60 cm) would provide a total of 
106 kg N to corn through the growing season (106 =1.5[40] + 46.264). It is important to stress these results 
represent findings obtained from abnormal environmental conditions. It is uncertain these results would 
reflect potential findings under historically typical growing season environmental conditions. Additional 
research would be required to either refute or support these findings. Additional data is necessary for the 
development of target yield N fertilizer recommendations.    

  
Figure 1. Relationship between unfertilized spring soil test N and irrigated corn N uptake, 2021-2023.  

  
  

Similarly, the results obtained for dryland corn trials is shown in Figure 2. Dryland silage and grain corn 
were also combined in Figure 2. The reason for combining is the same rational used in irrigated trials. 
Concerns of the usefulness of these results are those expressed for Figure 1. Caution is again warranted 
by these results due to both adverse environmental conditions and the limited number of dryland sites 
obtained over the three years of the study. The relationship suggests that a higher amount of subsoil N is 
available compared to irrigated trials, possibly due to historically less leaching losses.  

  
Figure 2. Relationship between unfertilized spring soil test N and dryland corn N uptake, 2021-2023.  
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Relationship between Yield and Plant N Uptake  
All plots (fertilized and unfertilized treatments) were sampled at the R3 growth stage and subjected to 
analysis for total plant N silage content.  The relationship between final dry silage yield and total plant N 
uptake for irrigated silage corn is demonstrated in Figure 3, irrigated grain is shown in Figure 4. Unlike soil 
test vs N uptake, silage and grain are not combined as their respective relationships differed.   

  
Figure 3. Relationship between irrigated silage corn yield and total plant N uptake, 2021-2023.  
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Figure 4. Relationship between irrigated grain corn yield and total plant N uptake, 2021-2023.  

  
 
The trendlines and associated equations in Figures 3 & 4 indicate that silage corn yield is predicted to 
level prior to obtaining yields of 20000 kg/ha; and grain corn does not obtain 10000 kg/ha.  These yields 
have been achieved both in this study and previous ICDC trials. The reliability of these equations does 
not accurately equate to the actual results obtained at lower yield potential environments.  For 
example, actual results obtained for the control silage corn treatment was a yield of 13360 kg/ha with 
total N uptake of 126 kg N/ha (Table 4). The model predicts only 100 kg N/ha total uptake required to 
achieve an equal yield. However, the mean yield obtained for the 200 kg N/ha treatment for irrigated 
silage corn was 17153 kg/ha with total N uptake of 173 kg N/ha. The model predicts 168 kg N/ha total 
uptake to achieve the same yield.  
  
The relationship between final dry silage yield and total plant N uptake for dryland silage corn is 
demonstrated in Figure 5, irrigated grain is shown in Figure 6.  
  
Again, the validity of these yield vs N uptake relationships requires further evaluation under stress-free 
growing conditions.  
  
Figure 5. Relationship between dryland silage corn yield and total plant N uptake, 2021-2023.  
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Figure 6. Relationship between irrigated grain corn yield and total plant N uptake, 2021-2023.  

  
  
Fertilizer N Recovery  
Fertilizer N recovery or nitrogen fertilizer use efficiency (NUE) was determined by the following 
calculation,  

% NUE = NU+N ς NU0N               x 100  
   Fertilizer N Applied  

  
NU+N = plant N uptake (kg N/ha) of the fertilizer treatment   
NU0N = plant N uptake (kg N/ha) of the unfertilized control treatment   
Fertilizer N Applied = either 50, 100, 150, 200 or 250 kg N/ha   
  

Fertilizer N recovery was similar for all scenarios being 45% for irrigated silage, 42% for irrigated grain, 
41% for dryland silage and 42% for dryland grain corn averaged across the three years of trialing.  Results 
are lower than typically expected for western Canada N fertilizer recovery.  Fertilizer N recovery in this 
study were approximately 10% lower than norms and reflect drought influence on fertilizer efficiency.  

  
Developing a Target Yield N Fertilizer Recommendation ς An Example  
The following is an example intended as a guide for future research in developing a corn target yield N 
fertilizer recommendation. The principal investigators are not suggesting these tables should be 
considered accurate as we have concerns on the validity of results generated by the study negatively 
influenced by environmental conditions.  This is strictly an example and not intended for use.  

  
For irrigated trials we have found the relationship between the N suppling power of unfertilized soil and 
total N uptake by corn is described by the equation of y = 1.5x + 46.264 where;  
y = total N uptake by corn in kg/ha  
x = soil test N (kg/ha) in the 0-нпέ ǎŀƳǇƭŜ ŘŜǇǘƘΦ  

  
We can then develop the following chart of the N supplying power during the growing season bases a 0-
нпέ ǎǇǊƛƴƎ ǎƻƛƭ ǎŀƳǇƭŜΣ ǾŀƭǳŜǎ ŀǊŜ ǊƻǳƴŘŜŘ ǘƻ ǘƘŜ ŎƭƻǎŜŘ ǿƘƻƭŜ ƴǳƳōŜǊΦ  

  
Chart 1. Predicted corn N uptake from soil test available N results  

Soil Test NO3-N (kg/ha)  
0-нпέ  

N Provided to Irrigated Corn Plants  
Total N Uptake (kg/ha)  

10  61  
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20  76  

30  91  

40  106  

50  121  

60  136  

70  151  

  
For irrigated silage corn the relationship between silage dry yield and total N uptake is described by the 
formula y = -2.417x2 + 112.86x + 4238.9 where;  

y = corn silage dry yield in kg/ha  
x = total N uptake in silage corn necessary to obtained a desired yield.  
  

The following chart summarizes the relationship of the total N uptake (kg N/ha) required to achieve 
specified silage yield.  

  
Chart 2. Predicted total N uptake for target irrigated silage yield.  

 Total N Uptake  
(kg/ha)  

Irrigated Silage Corn Dry Yield  
(kg/ha)  

57  10000  

88  12500  

125  15000  

177  17500  

Model does not predict 
this yield potential  

20000  

  
From the previous two charts the following matrix chart 3 can be created which indicates how much 
more N is required above soil supply to achieve the desired target yield.   
 

Chart 3. Additional N required in irrigated silage corn plants in addition to soil N to obtain yields.  

  N Required for Irrigated Silage Corn in Addition to Soil N Supply  

Target Irrigated 
Dry Silage Yield 
(kg/ha)  

10000  12500  15000  17500  20000  

Soil Test NO3-N  
Kg/ha in 0-нпέ  

  

10  0  27  64  116  

Model does not 
predict this yield 

potential  

20  0  12  49  101  

30  0  0  34  86  

40  0  0  19  71  

50  0  0  4  56  

60  0  0  0  41  

70  0  0  0  26  
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Lastly the nitrogen fertilizer use efficiency needs to be factored into the Chart 3 obtained values.  For 
irrigated silage corn the NUE determined from the study was 45%.  Typically, NUE IS 50% or greater, 
depending on method of fertilizer application. For this exercise we assume irrigated corn has a NUE of 
50%. Therefore, the amount of fertilizer N required to obtain specific irrigated silage target yields is shown 
in Chart 5.  

  
Chart 5. N Fertilizer Recommendations (kg N/ha) for Irrigated Silage Corn.  

  N Required for Irrigated Silage Corn in Addition to Soil N Supply  

Target Irrigated 
Dry Silage Yield 
(kg/ha)  

10000  12500  15000  17500  20000  

Soil Test NO3-N  
Kg/ha in 0-нпέ  

  

10  0  54  128  232  

Model does not 
predict this yield 

potential  

20  0  24  98  202  

30  0  0  68  172  

40  0  0  38  142  

50  0  0  8  112  

60  0  0  0  82  

70  0  0  0  52  

 

Conclusion 

Results from the study should be deemed inconclusive and require further investigation. The principal 

investigators were concerned through the entirety of the study with the adverse climatic conditions 

under which the investigations were conducted. This was obviously more problematic with dryland 

trials. However, even under irrigation both silage and grain corn plants often expressed stress responses 

(leaf-curling, dessicating silks). As such, irrigated corn yields did not statistically respond to N fertilizer 

applications exceeding 100 kg N /ha for grain corn and 50 kg N /ha for silage corn. Dryland trials failed to 

respond to fertilizer N applications. Consequently, results obtained during these investigations are 

deemed inconclusive.    
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Demonstration of Barley Underseeded 

with Ryegrass for Forage Production ɀ 

Irrigated  
 

Funding  

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

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Western Applied Research Corporation (WARC) 

Principle Investigators  

¶  Gursahib Singh, ICDC 

Objectives 

The study aimed to demonstrate the forage yield benefit of under-seeding ryegrass with spring-seeded 
forage barley compared to monocropping of each species. Two forage harvests are anticipated, the first 

in late June or early July, the second in September or October.  

 

Research Plan 

A study was initiated at two AgriARM sites (ICDC and WARC) to assess the effect of seed rate on forage 
yields of barley under-seeded with ryegrass.  Three seeding rate treatment combinations of barley and 
ryegrass (Intercrop3 - Barley @ 3.0 bu/ac + 5 lb/ac Italian and 5 lb/ac Annual, Intercrop2 - Barley @ 2.0 
bu/ac + 5 lb/ac Italian and 5 lb/ac Annual, Intercrop1 - Barley @ 1.0 bu/ac + 5 lb/ac Italian and 5 lb/ac 
Annual)  were compared to monocrop barley (Barley @ 3.0 bu/ac) and ryegrass (Italian @ 10 lb/ac 
Italian + Annual @ 10 lb/ac Annual).  Forage barley variety AB Advantage (6-row), Italian ryegrass variety 
Jeanne, and annual ryegrass variety Common Westerworlds were seeded in the field trails. The trial was 
established in May of 2023, and field plots were harvested twice; the first cut, mainly comprising of 
barley harvested at the soft dough stage, and the second cut of ryegrass in October. The trial was 
established in an RCBD design with four replicates. 

Field trials were established on canola stubble at the ICDC (Hnatowich field block 3). The trial was set up 
under irrigation. A composite soil sample was collected and sent to AgVise Laboratories for analysis (Table 
1).  Nitrogen (N) fertilizer at a rate of 100kg N/ha was broadcast applied and incorporated at seeding. 
.ŀǊƭŜȅ ǿŀǎ ǎŜŜŘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ǎƛŘŜōŀƴŘ ƻǇŜƴŜǊ ŀǘ м ǘƻ мΦрέ ŘŜǇǘƘΣ ŀƴŘ ǊȅŜƎǊŀǎǎ ǿŀǎ ǘƘǊƻǳƎƘ ǘƘŜ ǎŜŜŘ 
ƻǇŜƴŜǊ ŀǘ мκу ǘƻ мκнέ ŘŜǇǘƘΦ tƘƻǎǇƘƻǊǳǎ ŦŜǊǘƛƭƛȊŜǊ ǿŀǎ ǇƭŀŎŜŘ ǿƛǘƘ ǘƘŜ ōŀǊƭŜȅ ǎŜŜŘΦ  

 

Table 1. Soil Test Available Nutrients  

Depth (cm)  pH  O.M. (%)  C.E.C.  NO3-N (kg N/ha)  P (ppm)  K (ppm)  SO3-N (kg S/ha)  
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ICDC                

0 ς 15  7.7  2.7  15.3  6  8  345  18  

15 ς 30        5      14  

30 - 60        10        

 
A total of 5 treatments were arranged in a four-replicate randomized complete block design trial (Table 
2), and the individual plot size was 8.0 x 1.5m. Forage barley variety AB Advantage (6-row), Italian ryegrass 
variety Jeanne, and annual ryegrass variety Common Westerworlds were seeded in the field trails. After 
the first harvest, all plots were top-dressed with an additional 50 kg N/ha. Plots were irrigated 
immediately after application to minimize losses.   
Weed control consisted of a burn-off prior to seeding, and plots were hand-weeded as required. Forage 
yields were obtained with a Hege small plot forage combine, plots were subsampled for moisture, and a 
bulk sample of each treatment (reps were bulked) was submitted to A&L CANADA LABORATORIES INC. 
(2136 Jetstream Rd, London, ON, N5V 3P5) for feed quality analysis after each forage harvest. The plots 
were harvested twice; the first aimed for barley at the soft dough stage, and the second harvest timing 
was aimed at ryegrass and delayed till as long as the season allowed before freeze up. Forage yield results 
[First harvest, second harvest timing, and combined (first + second harvest)] for dry matter and silage 
(35% moisture) for each treatment are presented in Table 5.   
 
Table 2: Detailed treatment list with treatment codes and seed rate of treatments.  

Treatment No.  Treatment codes  Crop  

1  Barley  Monocrop barley @@ 3.0 bu/ac seed rate  

2  Intercrop3  Barley @ 3.0 bu/ac + 5 lb/ac Italian and 5 lb/ac Annual  

3  Intercrop2  Barley @ 2.0 bu/ac + 5 lb/ac Italian and 5 lb/ac Annual  

4  Intercrop1  Barley @ 1.0 bu/ac + 5 lb/ac Italian and 5 lb/ac Annual  

5  Ryegrass  Monocrop 10 lb/ac Italian and 10 lb/ac Annual  

  

Dates of various field operations and the products used are listed in Table 3.  
  

Table 3. Dates of field operations and products used in 2023.  

#Field activities    

Pre-seed/ pre-emergent herbicide application  May 5 - Glyphosate @1 L/acre  

Seeding Date   May 11  

N-P-K (kg/ha at seeding)  100-15-0  

Plot size  1.5 x 8m  

Herbicide  -  

Fungicide  -  

First harvest  July 24  

N fertilizer after the first harvest  50 kg N/ha (broadcasted- July 24)  

Second harvest  October 9  

 
The total in-season rainfall from May through September at Outlook, SK, is listed below (Table 4). 
Outlook experienced above-normal temperatures throughout the season and reduced precipitation 
amounts. The total in-ǎŜŀǎƻƴ ƛǊǊƛƎŀǘƛƻƴ ŀǇǇƭƛŜŘ ŀǘ L/5/ ǿŀǎ олпΦт ƳƳ όммΦфέύΦ    
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Table 4. Growing season temperature and precipitation by month for Outlook, SK in 2023, and the 30-
year average (19922023).  

Year  May  June  July  August  September  Total  

L/5/  ------------Mean Temperature (°C) --------------  

2023  15.2  19.4  18.6  18.7  15.4  -  

Long-term (1992-2023)  11.2  16.1  18.8  17.9  13.0  -  

ICDC  ---------------------Precipitation (mm) -------------------  

2023  17.5  15.3  15.5  16.60  16.6  101.2  

Long-term (1992-2023)  41.5  65.3  55.8  43.9  30.5  237.0  

Irrigation    116.8  119.4  43.1  25.4  304.7  

 

Results 

Moisture Content  

The moisture content (%) data for both harvest timings are presented in Table 5 for all treatments. 
Moisture content remained consistent between intercrop treatments and monocrop barley at both 
harvest times. However, variations in moisture content were observed between ryegrass and other 
treatments (monocrop barley and intercrop treatments).  

Dry Matter Yield (combined first and second harvest)  

Table 5 and Figure 1 illustrate each treatment's combined forage yields in dry matter yields. Significant 
differences in treatment yield were observed. Monocrop ryegrass (10 lb/ac Italian and 10 lb/ac Annual) 
yielded 9.15 T/ha, while monocrop barley (3.0 bu/ac seed rate) yielded 15.63 T/ha. In comparison to 
monocrop barley, intercrop3, and intercrop2 showed an approximately 21% higher yield, and the 
intercrop1 treatment yielded 14.5% higher. Yields of intercrop3 and intercrop2 were not significantly 
different (Table 5 and Figure 1).  

First Harvest:  

During the first harvest, ryegrass plots resulted in the lowest yield. Within the barley treatments, 
including monocrop and intercrop barley, monocrop barley demonstrated a yield of 15.63 T/ha, 
surpassing the yield of the intercrop1 treatment. Notably, the intercrop3 treatment showcased the 
highest yield at the first harvest.  

Second Harvest:  

In the second harvest, ryegrass achieved the highest yield at 5.72 T/ha across all treatments. Among the 
intercrop treatments, an interesting trend emerged: an increase in barley seeding rate led to a decrease 
in second harvest yield. This suggests that the higher barley seeding rate hindered the optimal 
establishment of ryegrass, resulting in a lower overall yield 

Table 5. Moisture content and yield [Dry matter and Wet (35% moisture)] for each treatment.  Different 
ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǘǊŜŀǘƳŜƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ό!bh±!Σ t Җ лΦлрύΦ  

Crop  

First Harvest  Second Harvest  Combined yield  Moisture content (%)  

Yield (T/ha)  Yield (T/ha)  Yield (T/ha)  First    Second    

Dry    Wet    Dry    Wet    Dry    Wet    Harvest    Harvest    

Barley  15.63  ab  24.04  ab  -  d  -  d  15.63  b  24.04  b  55.6  b  -    

Intercrop1  14.45  b  22.23  b  3.45  b  5.31  b  17.90  ab  27.53  ab  55.1  b  68.7  b  



  
138 

Intercrop2  16.24  ab  24.98  ab  2.80  bc  4.31  bc  19.04  a  29.29  a  51.8  b  71.3  b  

Intercrop3  17.39  a  26.75  a  1.66  c  2.55  c  19.05  a  29.30  a  51.4  b  82.1  a  

Ryegrass  3.72  c  5.72  c  5.44  a  8.36  a  9.15  c  14.08  c  71.5  a  66.7  b  

                                  

P value  <0.001    <0.001    <0.001    <0.001    0.001    0.001    <0.001    0.001    

CV  13.76    13.77    34.38    34.37    11.42    11.41    7.58    5.19    

                 

  
 

  

Figure 1: Yield difference between treatments tested at ICDC in 2023.   
 
Forage Quality  
Each site submitted a treatment sample (bulked across reps) at each harvest for the forage quality analysis 
(Table 6).  
 

¢ŀōƭŜ сΦ  Forage quality analysis (DRY) for each treatment.      

Forage Mix  

Moisture 
content 

(%)  

Crude 
Protein 

(%)  

TDN  ADF  NDF  Ca  P  K  Na  

  (%)  (%)  (%)  (%)  (%)  (%)  (%)  

First harvest                    

Barley  68.0  6.46  64.81  30.93  51.70  0.28  0.22  1.90  0.06  

Intercrop1  62.99  5.58  66.14  29.22  48.23  0.22  0.22  1.34  0.04  

Intercrop2  63.27  5.40  66.04  29.35  47.74  0.23  0.19  1.30  0.04  

Intercrop3  63.21  5.67  65.41  30.16  46.34  020  0.20  1.46  0.04  

Ryegrass  81.17  8.04  64.77  30.97  45.49  0.52  0.26  3.24  0.04  

Second harvest                    

Barley  -  -  -  -  -  -  -  -  -  

Intercrop1  73.48  8.56  64.98  30.71  49.59  0.43  0.18  1.68  0.04  

Intercrop2  70.78  11.75  68.95  25.61  42.59  0.55  0.20  3.19  0.07  

Intercrop3  65.39  8.25  67.62  27.32  46.48  0.50  0.20  1.54  0.04  

Ryegrass  60.04  6.38  67.21  27.84  44.50  0.33  0.15  1.87  0.05  
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  TDN = total digestible nutrients; ADF = acid detergent fibre; NDF = neutral detergent fibre; Ca = 
calcium; P = phosphorus; K = potassium; Na = sodium  

 

Conclusion 

We harvested the crop twice; under irrigated conditions at ICDC, the combined dry matter yield was 
higher for Intercrop2 and Intercrop3 treatment when compared to monocrop barley and ryegrass 

treatment.    
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Optimum Management of Oats Can Vary 

Between Varieties  
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Funding  

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

Organizations  

¶ East Central Research Foundation (ECRF) 

¶ Irrigation Crop Diversification Corporation (ICDC) 

Principle Investigators  

¶ Mike Hall, ECRF 

¶ Gursahib Singh, ICDC 

Objectives 

The objective of this project was to demonstrate how seeding rate and N fertility may need to be 
managed differently between oat varieties to optimize yield, test weight and lodging resistance.   

Recent study indicates that oats are more responsive to added N than has been historically applied. 
Some producers are hesitant to increase N rates due to increased lodging risk and decreased test 
weights. However, these risks differ between varieties and can be managed to some degree with 
seeding rate.    

 

Research Plan 

Each trial was setup as a 2 X 2 X 3 factorial with 4 replicates. The factors were oat variety, nitrogen rate 
and seeding rate. The varieties CS Camden and CDC Arborg were compared at soil + fertilizer N rates of 
110 and 140 lbs N/ac and each rate of N was evaluated at seeding rates of 100, 200 and 300 live 
seeds/m2. Table 1 shows all treatment comparisons.   
  

Table 1. Proposed Treatment List for Oat Management Trial   

trt#   Variety  Lb N/ac at seeding (soil+fert N)a  Live Seeds/m2  

1  CS Camden  110  100  

2  CS Camden  110  200  

3  CS Camden  110  300  

4  CS Camden  140  100  

5  CS Camden  140  200  

6  CS Camden  140  300  

7  CDC Arborg  110  100  

8  CDC Arborg  110  200  

9  CDC Arborg  110  300  

10  CDC Arborg  140  100  

11  CDC Arborg  140  200  

12  CDC Arborg  140  300  
aSide banded urea + background soil N (0-нпέύΦ b ǊŜǎǳƭǘǎ ŦǊƻƳ ǎŀƳǇƭŜǎ ǘƘŀǘ ŀǊŜ ƻƴƭȅ л-мнέ ŘŜŜǇ 
ǿŜǊŜ ƳǳƭǘƛǇƭƛŜŘ ōȅ мΦр ǘƻ ŜǎǘƛƳŀǘŜ b ŀǾŀƛƭŀōƭŜ ƛƴ ǘƻǇ нпέΦ   
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The trials were conducted at Outlook (Irrigated Brown), and Yorkton (Black). Plot size varied between 
sites depending on equipment. All other macronutrients were applied at rates to be non-limiting to 
yield. Dates of various operations are listed in Table 2.  

  

 Table 2. Dates of operations in 2023.  

Operation  Yorkton  Outlook  

Pre-seed herbicide (if needed)  none  none  

Seed trial  May 17  May 11  

Emergence counts  June 19  ?  

In-crop Herbicide  June 5 -Prestige   June 8 -Buctril M  

In-crop Fungicide  June 28- Caramba  none  

In-crop Insecticide  none  May 30 - Matador  

Lodging (0-9)  August 17  ?  

Seed Yield: corrected to 13.5% 
moisture  

August 17 & 18  August 16  

 

Results 

Yorkton and Outlook were warmer and drier in 2023 than the long-term average (Tables 3 & 4). Oat 
yield only averaged 75 bu/ac at Yorkton due to the dry conditions. At Outlook, the average oat yield was 
much higher (177 bu/ac) as the site was irrigated.   
  
Table 3. Mean monthly temperatures amounts along with long-term (1981-2010) normals for the 2023 growing season at 8 sites in 
Saskatchewan.  
Location   Year  May  June  July  August  Avg. / Total  

     -----------------------------Mean Temperature (°C) -------------------  
Outlook  2023  15.2  19.5  18.5  18.7  18.0  
  Long-term  11.3  16.0  18.6  17.8  15.9  
Yorkton  2023  14.1  19.4  16.8  17.8  17.0  
  Long-term  10.4  15.5  17.9  17.1  15.2  

  
  
Table 4. Precipitation amounts along with long-term (1981-2010) normals for the 2023 growing season at 8 sites in Saskatchewan.  

Location   Year  May  June  July  August  Avg. / Total  
     ------------------------------- Precipitation (mm) --------------------  

Outlook  2023  17.2  15.3  15.5  46.6  94.6  
  Long-term  43.2  69.3  57.6  44.2  214.3  
Yorkton  2023  20  83.4  17.4  72.6  193.4  
  Long-term  51  80  78  62  272  
              

 
Oat emergence was good at both locations.  Increasing seeding rate produced a large range of plant 
emergence rates at both locations (Table 5 and 6). Plant emergence was very similar between oat 
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varieties at Yorkton (Table 5).  At Outlook, CS Camden had an average emergence rate of 154.9 
plants/m2, whereas CDC Arborg had a statistically higher plant emergence of 183.3 plants/m2 (Table 
6).  However, the agronomic impact of this difference is likely modest. At Outlook, there was a 
significant N rate by seeding rate interaction as the spread in emergence between seeding rates was 
more narrow for the low rate of soil + fertilizer N. While the reason for this is unclear, the differences 
were not substantial and are likely agronomically inconsequential.  Lodging was minimal at both 
locations and no treatment effects on lodging were detected between CS Camden and CDC Arborg as 
ōƻǘƘ ŀǊŜ ǊŀǘŜŘ ŀǎ ƘŀǾƛƴƎ ά±ŜǊȅ DƻƻŘέ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƭƻŘƎƛƴƎΦ   
  
At Yorkton, CS Camden significantly yielded 20% higher than CDC Arborg (Table 5). Increasing N rate and 
seeding rate did not significantly affect yield at Yorkton, which was likely the result of drought. In 
contrast, CDC Arborg significantly yielded 5% more than CS Camden at Outlook (Table 6). However, 
there was a significant variety by seeding rate interaction. While seeding rate did not affect the yield of 
CS Camden, increasing seeding rate from 100 to 200 seeds/m2 significantly increased the yield of CDC 
Arborg from 6626 kg/ha to 7078 kg/ha, an increase of 7%.  Despite a lack of statistical significance this 
trend was also observed at Yorkon, where the yield of CDC Arborg increased from 2289 kg/ha to 2919 
kg/ha (27%) when seeding rate was increased from 100 to 200 seeds/m2. Increasing seeding rate to 300 
seed/m2 at either site did not significantly or substantially increase the yield of CDC Arborg any further.    
  
Increasing N rate from 110 to 140 lb/ac of soil + fertilizer N reduced test weights at both locations. This 
phenomenon has been well documented by past research. However, the effect was only statistically 
significant at Outlook, where test weight was reduced from 249.0 to 247.9 g/0.5 l (Table 6). Increasing 
seeding rate significantly increased test weight at both locations (Tables 5 & 6). However, a significant 
variety by seeding rate interaction at Yorkton found the effect was more pronounced for CDC 
Arborg.  While increasing seeding rate from 100 to 300 seeds/m2 only increased test weight for CS 
Camden from 215.7 to 218.4 g/0.5 l, test weight for CDC Arborg was increased more from 211.1 to 221.8 
g/0.5 l. However, regardless of seeding rate, the test weight for both varieties were well below 230 g/0.5 
l, the level below which oats are rejected for milling at Grain Millers. At Outlook, no test weight 
interactions were detected with variety (Table 6). On average, CS Camden had a significantly lower test 
weight than CDC Arborg at Outlook which supports past research. However, the test weight for both 
varieties were above 245 g/0.5 l regardless of management.  This is the level above which oats are not 
discounted for milling by Grain Millers.   
  
 Economics  
  
The economic evaluation in this discussion uses price values from the Saskatchewan Crop Planning 
Guide for 2023.  These include $0.32/lb for oat seed, $1.18/ lb N, and $5.19/bu for milling oats. While 
oat test weights at Yorkton were too low to technically make milling standard, $5.19/bu of oat was still 
used in the economic analysis, as test weight seems to be more of an issue in our research plots than for 
farmers in the field.  The reason for this is not clear but it may be the result of producers blowing more 
fine seed out the back of the combine during harvest.      
  
At Yorkton, increasing the level of soil + fertilizer N from 110 to 140 lb/ac did not increase yield due to 
droughted conditions.  As a result, the cost of applying additional N only served to reduce the net return 
by $36.71 (Table 7). Increasing the seeding rate from 100 to 200 seeds/m2 increased the net return by 
$29.75/ac on average. Despite no interaction detected, most of this increase can be attributed to a yield 
increase for CDC Arborg.  However, further increasing seeding rate to 300 seeds/m2 reduced yield and 
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reduced the net return by $34.76/ac. Overall, CDC Arborg was 13.4 bu/ac lower yielding than CS 
Camden, and generated $69.68/ac less income.  
  
In contrast to Yorkton, increasing the rate of applied N at Outlook increased net return by $15.97/ac 
(Table 8). Like Yorkton, increasing seeding rate at Outlook from 100 to 200 seeds/m2 generated an 
additional net return ($48.82), but only for CDC Arborg. The yield of CS Camden was unresponsive to 
increasing seeding rate and in turn any increase in seeding rate from 100 seeds/m2 decreased net 
return. 

 

Conclusion 

In conclusion, there was little information to suggest CDC Arborg and CS Camden should be managed 
differently.  Neither N rate, or seeding rate had a significant influence on lodging, as levels of lodging 
were very low in this study and the varieties used ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ ǿŜǊŜ ōƻǘƘ ǊŀǘŜŘ ŀǎ ƘŀǾƛƴƎ ά±ŜǊȅ 
DƻƻŘέ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƭƻŘƎƛƴƎΦ LƴŎǊŜŀǎƛƴƎ ǘƘŜ ƭŜǾŜƭ ƻŦ b ŦŜǊǘƛƭƛǘȅ ōȅ ол ƭōκŀŎ ŦǊƻƳ ǿƘŀǘ Ƙŀǎ ōŜŜƴ ƘƛǎǘƻǊƛŎŀƭƭȅ 
recommended was only economical at Outlook under irrigation. There was no statistical evidence to 
suggest this differed between varieties.   Under droughted conditions at Yorkton, the same increase in N 
fertility did not statistically increase yield for either variety and thereby reduced economic net return by 
$36.71on average. While increasing N did reduce test weight at both locations it was economically 
inconsequential. Regardless of variety or N rate, test weights were too low for milling quality at Yorkton 
and were above discount levels at Outlook. It was possible to push test weights higher for CDC Arborg 
with increasing seeding rate but not sufficiently high enough to make milling specifications. At Outlook, 
test weights were above discount levels regardless of seeding rate or variety. Increasing seeding rate 
from 100 seeds/m2 to 200 seeds/m2 increased yield at Yorkton and Outlook enough to increase net 
return for CDC Arborg. However, the effect was only statistically significant at Outlook. Increasing 
seeding rate did not affect yield of CS Camden at either site and proved uneconomical.  At both 
locations, increasing seeding rate further from 200 to 300 seeds/m2 reduced economic returns for both 
varieties.   
  
In summary, there was some evidence to suggest increasing seeding rate from 100 to 200 seeds/m2 was 
more economical for CDC Arborg compared to CS Camden in this study. However, the economic effect 
of increasing N did not appear to differ between Varieties. It should be noted that low test weight is 
more of a concern for CS Camden. Thus, the acceptance of CS Camden for milling based on test weight is 
more likely to be negatively impacted by increasing N and positively impacted by increasing seeding rate 
compared to CDC Arborg depending on environmental conditions.  
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Expanding Rotational Options Using New 

and Novel Pulse Crops 2.0 
 

Funding  

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

Organizations  

¶ Northeast Agricultural Research Foundation (NARF)  

¶ Irrigation Crop Diversification Center (ICDC)  

¶ Western Applied Research Corporation (WARC)  

¶ Indian Head Agricultural Research Foundation (IHARF) 

¶ Wheatland Conservation Area (WCA) 

¶ Conservation Learning Centre (CLC) 

¶ East Central Research Foundation (ECRF) 

¶ South-East Research Farm (SERF) 

Principle Investigators  

¶ Amber Wall, WCA 

Objectives 

The objective of this demonstration was to provide producers with basic economic and agronomic 
information on non-traditional pulse crops that may be adapted to the various regions in the Agri-ARM 
network, specifically fenugreek and lupin. Introducing new and novel pulse crops into specific regions is 
necessary to maintain, diversify, and extend cropping rotations leading to a more robust integrated pest 

management cropping system.  

 

Research Plan 

Introducing new and novel pulse crops into specific regions is necessary to maintain, diversify, and 
extend cropping rotations leading to a more robust integrated pest management cropping system. Each 
crop was replicated four times in a split block design ŀƴŘ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ǇǳƭǎŜ ΨǊŜŦŜǊŜƴŎŜΩ ŎǊƻǇ όŜƛǘƘŜǊ 
peas, or lentils) to ensure a good visual representation and quality data. A pre-seed herbicide registered 
for all crops was applied and weeds were controlled using a combination of registered pre-seed and in-
crop herbicides. Inoculants were limited for many of these pulse crops, so nitrogen fertilizer was applied 
according to a general soil test where inoculant was not available. Many of the Agri-ARM sites featured 
this demonstration during their annual field days. 

Field trials were initiated for the 2023 growing season at all 8 Saskatchewan Agri-ARM sites, including 
Swift Current (WCA), Indian Head (IHARF), Prince Albert (CLC), Outlook (ICDC), Melfort (NARF), Scott 
(WARC), Redvers (SERF) and Yorkton (ECRF). Running these demonstrations at multiple Agri-ARM sites 
provides provincial wide coverage across multiple soil zones and a wide range of growing conditions. 
Some crops are likely be better suited to certain regions, therefore having this information gives 
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producers and opportunity to select crops and varieties best suited for their particular operation and 
environments. Treatments and varietal information are listed in Table 1.   
 

Table 1. Crop, seed rate and variety information.  

Crop  Variety  
TKW 

(grams)  
Distributor  Traits  

Fenugreek  

CDC Canafen  17.9  
Emerald Seed Products 
Limited  

White-flowered  175 plants/m2  

250 plants/m2  

White Lupin  

Dieta  265  Lupin Platform Inc.  
Purple/blue-flowered, shown resistance to 
Aphanomyces root rot  

40 seeds/m2  

56 seeds/m2  

Blue Lupin&  

Boregine  190  Lupin Platform Inc.  
White-flowered, narrow- leaved, shown resistance 
to Aphanomyces root rot  

40 seeds/m2  

56 seeds/m2  

Small Red Lentil  

CDC Impulse  45  SeCan  Clearfield tolerant  130 plants/m2  

190 plants/m2  

Yellow Field pea  

AAC Profit  226  FP Genetics  White-flowered, semi-leafless, medium seeded 
yellow pea  85 plants/m2  

95 plants/m2  

*Indian Head, Swift Current, Redvers, Scott and Prince Albert seeded blue lupin at 108 and 129 plants/m2  

 
Fenugreek and lupin, as well as a pulse reference crop (either peas, or lentils depending on the site 
location) were seeded at the current recommended (standard) seeding rate (based off previous 
research), as well as an increased rate. Each crop was replicated four times in a split block design to 
ensure a good visual representation and quality data. A pre-seed herbicide (glyphosate) was applied. In 
crop weed control using a combination of registered pre-seed and in-crop herbicides for grassy weeds 
including Centurion, or Poast Ultra and Assure II. For broadleaf weed control, Metribuzin is registered 
for in-crop applications for lupin. Odyssey is registered for fenugreek. Some hand weeding was 
permitted at the discretion of the site manager. 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 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 center rows of each plot were harvested to avoid potentially 
confounding edge effects. Where inoculants were limited, nitrogen fertilizer was applied according to a 
general soil test. Lupin platform supplied peat inoculant for lupins and was seed applied at a rate of 3 
grams per kilogram of seed. Plot size varied across locations to accommodate the specific seeding and 
spraying equipment. Selected agronomic information and dates of operations are provided in Table 6 of 
the Appendices.   
 
Various data were collected to evaluate the treatments and help explain the results:  

1. A soil sample of the general area in order to note NPKS, as well as soil pH of and OM%.   
2. Establishment (1 m row from front, middle and back of plot)   
3. Weed Competition (1-5, 1=excellent weed control)   
4. Yield (kg/ha)   
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5. Basic economics 

 

Results 

Soil Test Results and Growing Season Weather Conditions  

Soil test results for all eight sites are provided in Table 2 below. Soil pH, organic matter, and C.E.C. values 
ranged widely but were all considered typical for their corresponding locations.   
 
Table 2. Selected soil test analyses result at Indian Head (IH), Melfort (ME), Outlook (OL), Prince Albert 
(PA), Redvers (PA), Scott (SC), Swift Current (SW), and Yorkton (YK) in 2023. Unless otherwise 
indicated, all measurements are representative of the 0-15 cm soil profile.  

Parameter  IH-23  ME-23  OL-23  PA-23  RV-23  SC-23  SW-23  YK-23  

pH  7.8  6.2  7.7  5.9  7.9  5.7  6.7  6.8  

Organic Matter (%)  5.5  8.7  2.7  5.7  3.4  3.8  2.9  7.8  

CEC (meq)  45.6  37.0  15.3  18.4  33  14.7  16.7  27.4  

NO3-N (kg/ha) Z  16  41  24  57  29  21  19  55Y  

Olsen-P (ppm)  7  16  8  4  6  17  8  16  

K (ppm)  590  619  345  267  199  394  298  353  

kg S/ha (kg/ha) Z  56  87  54  54  484+  105  49  77  
Z=0-12"  

Mean monthly temperatures for each location are presented along with the long-term (1981-2010) 
averages in Table 3 while precipitation amounts are in Table 4. 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 were much drier than 
average. Swift Current was the exception, with 95% of average precipitation. However, the soil moisture 
reserve has been very low since 2017. Unfortunately, the plots at Swift Current were also damaged by a 
hailstorm that resulted in an estimated 10-40% yield 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. 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 3. 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  14.1  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  
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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  11.1  16.2  18.7  18.0  16.0  

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 4. 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  

ME-23  17.9  26.4  16.4  50.0  111 (49%)  

ME-LT  42.9  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  
Z Values in parentheses Outlook are irrigation water  
Y Hailstorm at Swift Current on July 22, 2023 resulted in an estimated 10-40% seed yield loss  
  

Establishment and Yield  

Plant densities were measured to provide insights into the overall establishment of each crop. A pulse 
reference crop (either peas, or lentils) was seeded at a standard recommended and increased seeding 
rate at each location. Yellow peas were seeded at Melfort, Outlook and Yorkton. While red lentils were 
seeded at Indian Head, Swift Current, Redvers, Scott and Prince Albert. It was common among all crops 
for increasing mortality at the increased seeding rate.  
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Yellow peas were seeded at the recommended (85 plants/m2) and increased rate (95 plants/m2). 
Outlook resulted in a significantly different yellow pea population at the higher seeding rate (79 
plants/m2) compared to the standard seeding rate (73 plants/m2, Table 7). Melfort yellow pea 
population was the lowest of the sites and did not significantly differ by seeding rate averaging 68 
plants/m2 Table 8). At Yorkton, yellow pea densities were intermediate and averaged 71 plants/m2 at 
the recommended rate and 75 plants/m2 at the increased seed rate (Table 9).  

 
Yellow peas yielded very well at all 3 locations and well above the provincial 10-year average.1 At 
Outlook (irrigation), yellow peas were the highest yielding crop and averaged 4,104 kg/ha. At Melfort, 
yellow peas seeded at the recommended rate was the highest yielding treatment overall (3,969 kg/ha) 
and significantly higher than peas seeded at the increased seed rate (3,475 kg/ha), even though plant 
densities did not significantly differ. This treatment yielded 64% higher than the next highest yielding 
crop, which was white lupin seeded at the recommended rate (2,419 kg/ha). The highest yielding site for 
yellow peas was Yorkton, where the increased seed rate resulted in a yield of 4,185 kg/ha, significantly 
different than the yield resulting from the recommended seed rate (3,691 kg/ha). This treatment was 
also a 46% yield increase over the next highest yielding crop, which was fenugreek seeded at the 
recommended rate (2,863 kg/ha).  
 
All sites where lentils were seeded resulted in significantly higher plant populations as a result of the 
increased seed rate. Red lentils were seeded at a recommended (130 plants/m2) and increased rate (190 
plants/m2). Average lentil populations in the order from highest to lowest site were Redvers (236 
plants/m2 Table 10), Swift Current (216 plants/m2 Table 11), Indian Head (168 plants/m2 Table 12), 
Prince Albert (140 plants/m2 Table 13) and Scott (112 plants/m2 Table 14).  
Lentils were the highest yielding crop at Prince Albert and Scott. At Prince Albert, seeding rate had no 
effect on lentil yield and lentils yielded 43% higher (2,558 kg/ha) than the next highest yielding crop, 
which was fenugreek, seeded at the increased rate (1,787 kg/ha). At Scott, the highest yielding 
treatment resulted from the increased lentil seeding rate (3,577 kg/ha), significantly different than yield 
resulting from the recommended seed rate (3,402 kg/ha). This was 54% higher than the next highest 
yielding crop, which was fenugreek seeded at the increased rate (2,319 kg/ha). Seeding rate did not 
influence lentil yield at Prince Albert (2,509 kg/ha), Indian Head (2,435 kg/ha), or Swift Current (1,149 
kg/ha). Redvers was the lowest yielding lentil site and the increased seed rate resulted in a significantly 
different yield (1,248 kg/ha) compared to the recommended rate (1,092 kg/ha).   
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Image 1. Lentil plots seeded at 130 plants/m2 (left) and 190 seeds/m2 (right) at Swift Current on July 19, 
2023.  
  
White and Blue Lupin (Images 2-9).  
White and Blue lupin seeding rate varied by location. Melfort, Outlook and Yorkton seeded both 
varieties at a recommended rate of 40 plants/m2 and increased rate of 56 plants/m2. However, Indian 
Head, Swift Current, Redvers, Scott and Prince Albert seeded white lupin at 65 and 86 plants/m2 and 
blue lupin was seeded at 108 and 129 plants/m2. There was an adjustment made to the blue lupin 
seeding rate in the protocol after some sites had initiated the trial. Recommended seeding rates for blue 
lupin is 40 plants/m2 and the increased rate is 56 plants/m2.   
With the exception of Outlook, all sites observed increasing white lupin population with increasing seed 
rate. Scott had the lowest establishment rates for white lupin (53-54%), followed by Prince Albert (76-
77%). With the exception of Redvers, all sites observed increasing blue lupin population with increasing 
seed rate. Percent establishment varied by location. At Indian Head, Swift Current, Melfort and Yorkton, 
blue lupin establishment rates were 100%. However, blue lupin percent establishment was less than 
50% at Redvers and Scott.  

 

White lupin yield from highest to lowest by site was Outlook (2,750 kg/ha), Melfort (2,419 kg/ha), 
Yorkton (2,355 kg/ha), Scott (2,270 kg/ha), Redvers (1,709 kg/ha), Indian Head (1,424 kg/ha), Swift 
Current (1,128 kg/ha) and Prince Albert (851 kg/ha). White Lupin seeded at the increased rate of 86 
plants/m2 was the highest yielding treatment at Redvers, and was 37% higher yielding than the red lentil 
reference crop (1,248 kg/ha). White lupin also yielded well at Swift Current (seeded the recommended 
rate and yielded 1,218 kg/ha), and was 2-4% higher yielding than the red lentil reference crop (1,172 
kg/ha). At Melfort, Indian Head, Redvers, Scott, Swift Current and Yorkton white lupin yielded 
significantly higher than blue lupin. At both Melfort and Indian Head, white lupin yield did not 
significantly differ by seed rate (Melfort=2,409 kg/ha, Indian Head=1,373 kg/ha), and blue lupin yielded 
less when seeded at the higher rate (Melfort=997 kg/ha, Indian Head=773 kg/ha).  
  
Blue lupin yields highest to lowest by site were Scott (2,170 kg/ha), Yorkton (1,522 kg/ha), Prince Albert 
(1,436 kg/ha), Melfort (1,187 kg/ha), Redvers (1,009 kg/ha), Indian Head (884 kg/ha), Swift Current (765 
kg/ha) and Outlook (483 kg/ha). Blue lupin yields at Outlook were very low because of insect damage 
and poor nodulation. During a nodulation assessment, very few tiny nodules were observed. This could 
be due to the inoculant source being shipped between sites when the temperature was already above 
25 degrees Celsius, possibly affecting viability. At Prince Albert, white lupin yielded significantly less (805 
kg/ha) compared to blue (1,408 kg/ha). At Redvers, both varieties resulted in a significantly higher yield 
when seeded at the increased rate (white=1,709 kg/ha, blue=1,009 kg/ha).  

 

  
Images 2-5. White lupin at emergence and flowering at various locations. Plots seeded at 65 plants/m2 
and 86 plants/m2 at Swift Current (right).  


