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Ducks Unlimited Canada: Winter wheat fertility program to maximize yield potential 

of new winter wheat varieties 
 

Project duration: 2019-2021 

Objectives: To compare historical/standard “Producer Practice (100% spring)” fertility program 

to a balanced  “High Yield Practice (Balanced)” as determined by Western Ag Soil 

analysis and recommendations. 

Collaborators: Elmer Kaskiw, Ducks Unlimited Canada, Western Ag Lab and Professional Agronomy 

 
Background 

Following decades of extensive work in winter wheat production in North America, many researchers 

and producers have begun to implement best management practices to obtain higher grain yield and 

improve profitability in the crop. Management practices presently being implemented to improve 

winter wheat production include; increasing seeding rate, application of starter fertilizer by banding 

during seeding, variety selection, pest control (Anderson, 2008) and split application, during planting in 

fall and at tillering or stem elongation in spring (Schulz et al., 2015). Fertility management, in particular 

nitrogen and phosphorus, remains an integral part of the overall management package aimed at 

achieving higher yields in winter wheat (Halvorson et al. 1987). Recommended fertilizer management, 

particularly nitrogen management, differs widely in winter wheat production, but the crop’s nitrogen 

demand is correlated to yield potential and availability of moisture in dryland production systems (Beres 

et al., 2018).  Compared to spring wheat, winter wheat presents more challenges in development as a 

result of its higher nitrogen demand during the long vegetative phase, hence the reason why it requires 

25 to 50% more N than spring wheat in the Prairies (Fowler et al., 1989). The ideal fertility management 

package would help counteract the escalating cost of winter wheat production per unit area, which is 

the main goal that producers aim to achieve. There is still a knowledge gap on the rates and timing of 

nitrogen fertilizer application, particularly in Western Canada, that result in improved yield without 

compromising grain quality and economic returns. Morris et al. (2018) suggested the implementation of 

adaptive use of nitrogen to help augment and improve nitrogen application rate decision making by 

farmers. Therefore, there is a great need to continue with research on the best management practices 

that can be availed to producers to improve economic returns in winter wheat production. Nitrogen is 

most often the focus of crop fertility in field studies. However, having a balanced approach and 

considering other essential nutrients, such as, phosphorus, potassium and sulphur and micronutrients 

available in the soil, offers great yield potential when nitrogen needs of the crop are met. Perhaps more 

efficient returns on investment potential can be achieved as fertility management is optimized. 

Materials and Methods 

This study was established at four locations, Melita, Arborg, Carberry and Roblin, Manitoba in the fall of 

2020 (Table II). In Melita, wheat was seeded into canola stubble at a depth of 0.5” on September 14, 

2020 using a 6-row dual knife seed hawk air seeder. The soil was characterized as Ryerson5Loam/ 

Regent5Loam. No pre-emergent herbicide was necessary in 2020 at the Melita site.  Post emergence 

weed control was done in spring to control flowering volunteer canola by application of Mextrol 450 at 
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0.5 L ac-1. No fungicide application was needed at the Melita site in 2021, but Prosaro or Folicur 

fungicides were applied at the Arborg, Carberry and Roblin sites. The treatment structure consisted of a 

factorial arrangement of two fertilizer management practices and four to six winter wheat varieties in a 

randomized complete block design. The winter wheat varieties utilized at all sites were; Gateway, 

Goldrush, Elevate and Wildfire. At the Carberry site, AAC Network and W583 varieties were also 

incorporated into the trial. Fertilizer treatments included: 

 Producer practice: 100 lbs of nitrogen (urea plus agrotain) per acre applied in spring and 30 lbs 

phosphorus banded at seeding in fall and, 

 Balanced fertility practice: Nitrogen was applied as per Western Ag recommendations based on 

soil test results, and application was split with 50% N banded at seeding and the other 50% N 

(urea plus Agrotain) broadcasted in spring. In addition, site specific P, K, S, and micronutrient 

recommendations were applied. 

A summary of fall soil tests conducted at Melita, Roblin, Carberry and Arborg, and fertilizer treatments 

for the 2020/2021 trial are presented in Table I. Data were analyzed using Minitab 18.1 software, and 

means were separated using Fisher’s mean separation method at 95% confidence. 

 
Table I. Fall soil test results by site and producer practice (100% N in spring) and balanced practice 
(50% N in spring) treatments for winter wheat in the 2020/2021 season 

Fall Soil Test Results (lbs ac-1) 

Nutrient 
Location 

Melita Roblin Carberry Arborg* 

N 11 53 31 93 

P 10 71 27 44 

K 306 410 48 660 

S 36 22 15 582 

Zn 1.4 1.1 0.04 0 

* Farmers Edge sampling 

Producer Practice Application 
(all N applied in Spring) 

N 100 100 100 100 

P 30 30 30 30 

K 0 0 0 0 

Balanced Practice application recommendations 
(Western Ag Processional Agronomy Laboratory) 

50% N applied in fall 

N 130 105 130 161 

P 38 20 30 40 

K 50 0 100 50 

S 0 0 5 0 

Zn 0 0 0 0 
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Table II. Site description and agronomics for each trial site in the 2020/2021 season 

Location Melita Carberry Roblin Arborg 

Cooperator WADO CMCDC PCDF PESAI  

Legal NW23-3-27W1 South ½ of 8-11-14 W1 NE 20-25-28 W1 NW 16-22-2 E1 

Rotation (2 yr.) 
Spring wheat – LL 
Canola Soybean (2019), Canola (2020) 

Barley silage (2019), 
Oat silage (2020) Canola – Cereals 

     

Soil Series Ryerson Loam Ramada Clay Loam Erickson clay loam Fyala heavy clay 

Soil Test Done? (Y/N) Yes Yes Yes  Yes 

     

Field Prep No till No till Vertical tilled No till 

Stubble LL Canola Canola Oat Canola 

Burn off  None 09-Sep-20: Roundup 0.67 L +  None None 
(Date/Rate per 
acre/Products)  

Heat 29 g + Water 40 L sprayed              
 

  before seeding   
Soil Moisture at Seeding Very poor Fair Dry  Optimal 

     

Seed Date 14-Sep-20 16-Sep-20 18-Sep-20 21-Sep-20 

Seed depth (Inches) 0.5 1.0 0.75 1.0 

Seeder (drill/planter?) Knife drill Knife drill Disc drill Disc drill 

Errors at seeding None None None None 

     

Topdressing  09-Apr-21 23-Apr-21 16-Apr-21 29-Apr-21 

Herbicides  08-Jul: 0.5 L Mextrol  
09-Sep: 0.7 L Glyphosate, 30 g 
Heat 

14-Jun: 0.81 L Curtail 
M, None 

(Date, Rate/ ac, Name) 450 on flowering 
canola 

15-Jun: 0.12 Fitness, 0.4 L 
Buctril M, 0.5 L Axial 

0.71 mL Puma 

 
Fungicides none 08-Jul: 0.325 L Prosaro 15-Jun: 0.202 L Folicur 22-Jun: 0.2 L Folicur 
Insecticides 17-Jul: Coragen, aerial, 

hoppers 
None None 28-Jun: 0.325 L 

Prosaro 

     

Harvest Date 16-Aug-21 12-Aug-21 25-August-21 3-Aug-21 

Total Precipitation (mm)  222     

(Seeding > Harvest)         

Results  

Winter wheat variety was not found to have a significant effect on wheat yield at any of the individual 

trial sites (Table a). However, over all four site years, a significant (P = 0.003) grain yield trend was 

observed. Across all four site years, Wildfire winter wheat produced the greatest average yield, though 

this yield was not significantly different from that of Elevate winter wheat. AAC Network and W583 

varieties were not included in multi-site analysis as these varieties were only included in the Carberry 

trial. Winter wheat variety significantly influenced grain protein content at the Melita, Roblin and Arborg 

sites in the 2020/2021 growing season. At the Melita site, protein content of Gateway grain (15.8%) was 
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significantly (P < 0.001) higher than that of Elevate, Goldrush and Wildfire varieties. In Roblin, Gateway 

winter wheat also resulted in the greatest protein content (16.7%), though this was not significantly 

different from that of Goldrush winter wheat (16.4%). At the Arborg site, no significant difference in 

protein content was observed among Wildfire (14.4%), Gateway (14.3%) or Goldrush (13.9%) varieties. 

Elevate winter wheat resulted in the lowest average grain protein content at the Melita, Roblin, and 

Arborg sites, indicating a potential protein content disadvantage of this variety in Manitoba compared to 

the other varieties used in this trail. Protein content data was not collected for Carberry grain in 2021. 

Protein content of Elevate winter wheat was also demonstrated to be significantly (P < 0.001) lower 

than all other varieties when Melita, Roblin, and Arborg site data was combined (14.0%), while protein 

content of Gateway winter wheat (15.6%) was demonstrated to be greater than all other varieties 

grown at these sites. Test weight significantly varied across varieties at the Melita, Roblin, and Arborg 

sites, as well as across varieties over all four site years. At these sites, the greatest average test weight 

was observed from Gateway winter wheat. 

Fertilizer management practice did not have a significant influence on grain yield at the Melita, Roblin, 

or Carberry sites. In Arborg, winter wheat grown with a balanced fertility practice (50% N in fall) had a 

significantly (P = 0.034) greater average yield than winter wheat grown with the current producer 

fertility practice (100% N in spring). No significant effect of fertility practice on winter wheat grain 

protein content was observed at the Melita or Arborg sites, but winter wheat grown using current 

producer fertility practice at the Roblin site had greater average protein content (16.1%) than winter 

wheat grown using the balanced fertility practice at this site (15.7%). However, when data from all sites 

was combined and analyzed, no significant influence of fertility management practice on winter wheat 

grain yield or protein content was observed. Fertility management practice had a significant influence on 

grain test weight at the Melita site, the Carberry site, and over all site years, with test weight of grain 

grown under the producer fertility practice significantly greater than that of grain grown under a 

balanced fertility practice.  

Significant variety and fertility practice interactions (variety x fertility) were observed when yield data 

from all site years was combined, but no significant interactions were observed at individual sites. Over 

all four site years, Wildfire winter wheat grown under producer fertility practices had the greatest 

average yield (4176 kg ha-1), though this yield was not significantly different from that of Goldrush 

winter wheat under balanced fertility practices (3895 kg ha-1). No significant yield differences were 

observed between fertility practices for Elevate or Gateway winter wheat varieties over four site years. 

A balanced fertility practice resulted in a greater average yield than the current producer fertility 

practice for Goldrush winter wheat, though the opposite was true for Wildfire winter wheat. This result 

may indicate that yields of some winter wheat varieties respond better to a balanced fertility practice 

than others. At the Melita site, Gateway winter wheat grown under balanced fertility practice resulted 

in the greatest average test weight (73.5 kg hL-1), though this test weight was not significantly different 

from that of Elevate, Gateway, or Goldrush winter wheat grown under producer fertility practices. 

Protein content of winter wheat was not significantly different among variety and fertility management 
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practice combinations (variety x fertility) at individual sites or when Melita, Roblin, and Arborg protein 

data was combined. 

Overall, results from the 2020/2021 growing season indicate that yields of some winter wheat varieties 

respond better to a balanced fertility program than others. Additionally, yield results from the Arborg 

site demonstrate a potential yield benefit of a balanced fertility program, as wheat grown under a 

balanced fertility program at this site yielded significantly higher than wheat grown under a current 

producer fertility program.  Winter wheat protein content was demonstrated to likely be more 

influenced by winter wheat variety than fertility management practices in the 2020/2021 growing 

season, as fertility management practice only had significant impact on winter wheat protein content at 

the Roblin site, while variety significantly influenced protein content at all sites. Test weight of harvest 

grain was significantly greater in wheat grown under current producer fertility practices than in wheat 

grown under a balanced fertility practice at two sites indicating a potential test weight benefit of 

applying all nitrogen in spring. Continued field study is necessary to further evaluate the performance of 

new winter wheat varieties under both fertility management strategies, and to effectively develop 

fertilizer management recommendations that winter wheat producers can implement in their 

production systems. 
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Table a. Analysis of variance for average winter wheat yield (kg ha-1), protein content (%), and test weight at Melita, Roblin, Arborg, and 
Carberry, Manitoba sites for the 2020/2021 growing season.   

  Location 

  Melita Roblin Arborg Carberry All Sites 

 
Treatment 

Yield 
(kg ha-1) 

Protein 
(%) 

Test Wt. 
(kg hL-1) 

Yield 
(kg ha-1) 

Protein 
(%) 

Test Wt. 
(kg hL-1) 

Yield 
(kg ha-1) 

Protein 
(%) 

Test Wt. 
(kg hL-1) 

Yield 
(kg ha-1) 

Test Wt. 
(kg hL-1) 

Yield 
(kg ha-1) 

Protein* 
(%) 

Test Wt. 
(kg hL-1) 

Variety 

Elevate 1 2134 14.1d 72.1ab 3862 14.8c 60.4c 3216 13.0b 79.0b 5582 69.1 3699ab 14.0c 70.1b 

Gateway 2 1935 15.8a 73.0a 3377 16.7a 63.3a 2922 14.3a 81.5a 5582 70.2 3454c 15.6a 72.0a 

Goldrush 3 2299 15.4b 71.0c 3428 16.4a 62.2b 3103 13.9a 78.2b 5750 69.6 3645bc 15.2b 70.2b 

Wildfire 4 2456 14.9c 71.3bc 3661 15.7b 59.2d 2983 14.4a 76.9c 6597 70.0 3925a 15.0b 69.3c 

AAC Network 5 - - - - - - - - - 6545 69.6 - - - 

W583 6 - - - - - - - - - 5925 70.3 - - - 

Fertility 
Balanced 1 2077 15.1 71.4b 3478 15.7b 61.4 3167a 14.1 78.8 5829 69.3b 3628 15.0 70.2b 

100% Spring 2 2335 15.0 72.3a 3686 16.1a 61.1 2945b 13.7 79.0 6164 70.3a 3733 14.9 70.7a 

V
ar

 x
 F

e
rt

 

 1,1 1855 14.3 71.2cd 3706 14.5 60.3 3365 13.4 79.2 5334 68.6 3565bcd 14.1 69.8 

 1,2 2413 13.9 72.9ab 4018 15.0 60.4 3068 12.6 78.8 5831 69.6 3832bc 13.9 70.4 

 2,1 1778 15.9 73.5a 3106 16.9 62.9 3025 14.6 81.5 5609 70.0 3379d 15.8 72.0 

 2,2 2091 15.7 72.6abc 3648 16.5 63.6 2820 14.1 81.5 5555 70.4 3529cd 15.5 72.0 

 3,1 2370 15.3 69.8d 3575 15.9 63.1 3340 14.0 77.8 6296 69.3 3895ab 15.1 70.0 

 3,2 2227 15.4 72.2abc 3281 16.9 61.3 2866 13.7 78.7 5205 69.8 3395d 15.3 70.5 

 4,1 2302 14.9 71.1cd 3526 15.4 59.4 2939 14.4 76.7 5923 69.0 3673bcd 14.9 69.0 

 4,2 2610 14.9 71.5cd 3797 15.9 58.9 3027 14.4 77.2 7271 70.9 4176a 15.1 69.7 

 5,1 - - - - - - - - - 5914 68.8 - - - 

 5,2 - - - - - - - - - 7176 70.4 - - - 

 6,1 - - - - - - - - - 5901 70.0 - - - 

 6,2 - - - - - - - - - 5948 70.633 - - - 

  P values Variety 0.082 <0.001 0.006 0.221 <0.001 <0.001 0.176 0.011 <0.001 0.066 0.113 0.003 <0.001 <0.001 

    Fertilizer 0.075 0.158 0.021 0.252 0.036 0.265 0.034 0.197 0.493 0.18 0.001 0.223 0.824 0.008 

    Var x Fert 0.353 0.297 0.035 0.405 0.115 0.072 0.248 0.721 0.533 0.072 0.482 0.001 0.181 0.605 

    CV(%) 15 1 1 12 3 1 8 5 1 12 1 11 3 1 

Values followed by the same letter are not significantly different by Fisher’s mean separation method at 95% confidence. 
*Does not include Carberry site 
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