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Introduction 
 

 

Located at Outlook, Saskatchewan, the Canada-Saskatchewan Irrigation Diversification Center 

(CSIDC) is a modern applied research and demonstration facility.  It operates as a partnership 

between Agriculture and Agri-Food Canada, the Saskatchewan Ministry of Agriculture, the 

Irrigation Crop Diversification Corporation, the Saskatchewan Irrigation Projects Association, 

and the University of Saskatchewan.  The partnership is driven by the challenge and the desire 

to meet the needs of its farmer clients and to serve the western Canadian irrigation industry. 

 

CSIDC consists of a 135 hectare land base equipped with a full range of modern irrigation 

equipment, including variable rate irrigation systems.  Nineteen hectares of subsurface drainage 

allow environmental monitoring and treatment comparison.  Water is supplied to the Centre by a 

computer controlled variable output pressurized pipe system. 

 

CSIDC has a full range of small plot to commercial sized agricultural equipment.  It includes a 

potato and vegetable storage and handling facility complete with a quality assessment 

laboratory.  In addition a heated greenhouse, a well-equipped shop, an automated weather 

station and a modern office are part of the facilities. 

 

CSIDC has a highly qualified and experienced team of research, technical, extension, 

operational, administrative and management staff that effectively address the research, 

demonstration and extension needs of the industry.  These staff contributions are provided by 

Agriculture and Agri-Food Canada, the Saskatchewan Ministry of Agriculture, the Irrigation Crop 

Diversification Corporation, the Saskatchewan Irrigation Projects Association, and the University 

of Saskatchewan. 

 

The project activity conducted at CSIDC is reviewed, evaluated, rated and approved by an 

Executive Management Committee to ensure that research, demonstration and education 

activities meet the objectives of the partnership agreement.  Project suitability is based on the 

potential to increase the economic impact of crops grown under irrigation, to increase on-farm 

profitability, and to protect and sustain the environment.  Projects include evaluating new and 

existing crops and cultivars in a changing environment, developing Beneficial Management 

Practices (BMP) for sustainable irrigated crop production and resource protection, evaluating 

management practices for improved water use efficiency, and supporting the transfer and 

adoption of improved practices and technologies. 

 

Each year the work at the Centre is highlighted at the annual CSIDC Field Day and trade show, 

as well as numerous commodity tours and extension events. 
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Executive Management Committee Members 
 
 

Agriculture and Agri-Food Canada 
 Felicitas Katepa-Mupondwa, Director, Research and Development, 

    Saskatoon Research Centre 
 Ranjana Sharma, Associate Director, Research and Development  

 Henry de Gooijer, Coordinating Biologist, Experimental Farms 

 Laurie Tollefson, Science Manager, Agricultural Water Management 
 
Irrigation Crop Diversification Corporation 

 Garry Hnatowich, Irrigation Agronomist 

 Anthony Eliason, Producer Rep 

 David Bagshaw, Director, Lake Diefenbaker Development Area 

 
Saskatchewan Irrigation Projects Association 

 Roger Pederson, Chairman 

 Larry Lee, Director, Lake Diefenbaker Development Area 

 Joel Vanderschaaf, Objectives Facilitator at Tuberosum Technologies Inc. 

 
Saskatchewan Ministry of Agriculture 

 Bill Greuel, Director, Crops and Irrigation Branch 

 Jason Drury, Manager, Irrigation Branch 

 Kelly Farden, Manager, Agronomy Services 

 
University of Saskatchewan 

 Fran Walley, Associate Dean (Academic), Dept. of Soil Science,  
College of Agriculture and Bioresources 

 Steve Shirtliffe, College of Agriculture and Bioresources 
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Technology Transfer Activities 
 

Publications/Posters 
Å R. Mohr, A. Nelson, D. Tomasiewicz, D. McLaren, M. Monreal, B. Irvine, M. Khakbazan, 

A. Moulin, D. Derksen, and K. Volkmar.  2015.  Nutrient Availability Following a 14-year 
Irrigated Potato Rotation Study in Manitoba.  Poster presented at the 2015 
CLRA/ACRSD ï MSSS Joint Conference.  Winnipeg, MB.  June 15-18, 2015. 

 

Hosted Tours 
Å  A/DG Gabriel Piette, May 5, 2015 

¶ Preschool Group, May 21, 2015 

¶ LCBI Agriculture Class, May 27, 2015 

¶ Omar Houssainy, President of Pierce Corporation, June 16, 2015 

¶ ADM Gillies Saindoin, July 15, 2015 

¶ Vox Trading Corporation from Japan, Oregon and Regina, July 23, 2015 

¶ ADM Brian Gray, August 27, 2015 

¶ Preschool Group, October 8, 2015 

¶ Chinese Ministry of Agriculture delegation visit, November 2-4, 2015 

¶ Director, Research and Development, January 22, 2016 
 

Field Days 
Å  Annual Field Day, July 9th, 2015 
Å  Crop Diagnostic School, July 28-30, 2015 
Å  Saskatchewan Seed Potato Growersô Association Producerôs Workshop Day, August 17, 

2015 
Å  ICDC Field Day Tour, August 20, 2015 
 

Conferences, Workshops and Meetings 
Å óSmallô and óTableô Potato from AC Peregrine Red: Influence of Falgro, Seed Type & 

Spacing on Growth and Yield.  The 99th Annual Meeting of the Potato Association of 
America, Portland, ME, July 19-23, 2015 

Å SIPA/ICDC Conference, Moose Jaw, December 8-9, 2015 
 

Professional Development 
 

Committee Representation 
Å CSIDC Field Day Organizing Committee 
Å Occupational Health & Safety (OSH) Committee 
Å Canadian National Committee on Irrigation & Drainage (CANCID) 
Å International Commission on Irrigation & Drainage (ICID) 
Å Water Use Efficiency Technical Team 
Å Global Research Alliance on Greenhouse Gas Mitigation Technical Team 
Å OECD Committee on Agriculture & Environment 
Å Saskatchewan Soil Fertility Committee 
Å Director, Saskatchewan Seed Potato Growers Association 
Å Director, Herb, Spice, and Specialty Agriculture 
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2015 Weather Summary 
 

The late winter and early spring proceeding the 2015 growing season were warm and dry.  May 
was exceptionally dry, allowing relatively early planting but poor soil moisture conditions for 
germination.  Generally dry conditions persisted until July 11; several heavy rains were received 
from that date through mid-August, making irrigation unnecessary after early July but not 
causing extensive crop damage.  Despite the dry early season weather, even rainfed crops 
yielded well wherever stands established well, due to good subsoil moisture and rain during 
filling.  Harvest conditions were generally favourable. 
 
September heat units shown (Figure 3) are those accumulated from May 15 through 
September 30, or to the first killing frost (defined as -2.0°C), whichever is earlier.  In 2015 the 
first frost meeting the -2.0°C criterion did not occur until October 6. 
 
Comments are also included in the individual project reports. 
 
 

 
Figure 1. CSIDC growing season temperature (mean daily minimum and maximum by 
month) 
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Figure 2. CSIDC growing season precipitation by month 
 

 

 

 
Figure 3. CSIDC cumulative corn heat units 
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Figure 4. CSIDC cumulative Growing Degree Days Base 0 °C 

 

    
Figure 5. CSIDC cumulative Growing Degree Days Base 5 °C  

 

    
Figure 6. CSIDC cumulative Growing Degree Days Base 10 °C 
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2015 Irrigation Summary 

 

Table 1. Monthly and total irrigation depth applied by field and study area 

Field Study 

Irrigation Depth Applied Growing 
Season 
Irrigation 

Total 
Water 

Applied May Jun Jul Aug Sep 

  --------------------------------------- mm ------------------------------------ 

1 Early Generation Canola 7.0 58.5 15 0 0 80.5 80.5 

1 CDC Faba Beans 7 58.5 30 0 0 95.5 95.5 

2 CDC Utmost Wheat 12.5 75 25 0 0 112.5 112.5 

3 CPT Canola 33 12.5 15 0 0 60.5 60.5 

3 Canola Establishment 24 12.5 15 0 0 51.5 51.5 

3 Canola Fungicide Study 28.5 12.5 15 0 0 56.0 56 

3 Canola - Wheat Fill 25 50 15 0 0 90.0 90 

4&5 Canola 12.5 61 0 0 0 73.5 73.5 

4&5 Soybeans 0 61 0 0 0 61.0 61 

6 Horseradish - Irrigated 25 75 36 3 0 139.0 139 

6 Horseradish - Dryland 25 75 0 3 0 103.0 103 

6 CDC Utmost Wheat 50 50 36 0 0 136.0 136 

6 Soybeans 50 75 36 0 0 161.0 161 

7 Soybean - Faba Bean 
Irrigation Study 

25 
as per 
study 

as per 
study 

as per 
study 

as per 
study 

25.0 25 

7 CDC Utmost Wheat 12.5 12.5 25 0 0 50.0 50 

8 Canola Trials 19.5 50 0 0 0 69.5 69.5 

8 Dry Bean Trials 19.5 50 8 0 0 77.5 77.5 

8 Faba Bean Trials 19.5 50 0 0 0 69.5 69.5 

8 Field Pea Trials 19.5 50 0 0 0 69.5 69.5 

8 Soybean Trials ï Irrigated 19.5 50 0 0 0 69.5 69.5 

8 Soybean Trials ï Dryland 19.5 12.5 0 0 0 32.0 32 

8 CDC Utmost Wheat 19.5 37.5 0 0 0 57.0 57 

9 Corn Trials ï Irrigated 18 65 0 0 0 83.0 83 

9 Corn Trials ï Dryland 18 22.5 0 0 0 30.5 30.5 

9 ICDC Crop Demo ï Irrigated 18 40 0 0 0 58.0 58 

9 ICDC Crop Demo ï Dryland 18 12.5 0 0 0 30.5 30.5 

9 CDC Utmost Wheat 18 50 0 0 0 68.0 68 

10 Barley Trials 25 40 0 0 0 65.0 65 

10 Flax Trials 25 40 0 0 0 65.0 65 

10 Wheat-Durum ï Intensive 
Irrigation Study 

12.5 50 30 0 0 92.5 92.5 

10 Wheat-Durum ï Non-Intensive 
Irrigation Study 

12.5 40 0 0 0 52.5 52.5 

10 Wheat Trials 25 40 0 0 0 65.0 65 
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Field Study 

Irrigation Depth Applied Growing 
Season 
Irrigation 

Total 
Water 

Applied May Jun Jul Aug Sep 

10 Winter Wheat ï Irrigated 25 37.5 15 0 0 77.5 77.5 

10 Winter Wheat ï Dryland 25 0 0 0 0 25.0 25 

11 Potato Trials 18 91.5 25 18 0 152.5 152.5 

11 CDC Utmost Wheat 18 91.5 18 0 0 127.5 127.5 

12 Alfalfa Salinity Trials 25 50 27.5 0 0 102.5 102.5 

12 Canola N Study 31 52.5 15 0 0 98.5 98.5 

12 CDC Utmost Wheat 25 50 27.5 0 0 102.5 102.5 

Demo 
Site 

Alfalfa 12.5 37.5 15 0 0 65.0 65 

Demo 
Site 

Canola Establishment ï  
Post Plant 

24 25 30 0 0 79 79 

Demo 
Site 

Canola Establishment ï 
Pre-plant 

12.5 25 30 0 0 67.5 67.5 

Demo 
Site 

Southwest Quarter 25 37.5 30 0 0 92.5 92.5 

Demo 
Site 

Northeast Quarter 12.5 52.5 15 0 0 80 80 

Demo 
Site 

Pulse/Oilseed Trials 28.5 25 30 0 0 83.5 83.5 
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2015 Fields 1-11 Plot Layout 
 

 

 
 
Figure 7. CSIDC Main Station plot layout 

 

 
The plot layout legend follows on page 13.   
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Legend 

1. Early Generation Canola  25. Faba Bean Inoculant Study 

2. Fababean Trials  26. ICDC Canola 

3. Crop Diagnostic School  27. Western Canadian Soybean 
Variety Trials 

4. Hybrid Bromegrass  28. Dry Bean Variety Trial 

5. Crop Diagnostic School  29. Corn Trials- Irrigated 

6. CDC Utmost Wheat  30. Corn Trials- Dryland 

7. Canola  31. Potential Crops- Dryland 

8. Canola Establishment  32. Chickpea-Flax Intercrop 

9. Canola Fungicide Trial  33. Potential Crop- Irrigated 

10. Canola- CPT  34. Plant Growth Regulators- Wheat 
and Durum- Normal Irrigation 

11. Crop Diagnostic School  35. CWRS Variety Trial 

12. Soybeans  36. Winter Wheat and Fall Rye 
Variety Trials 

13. Canola  37. High Yield Wheat Variety Trials 

14. Horseradish  38. Canola Irrigation Scheduling 
Trial 

15. CDC Utmost Wheat  39. Plant Growth Regulators- Wheat 
and Durum- Intensive Irrigation 

16. Soybean- Date of Seeding  40. Flax Variety Trial 

17. Pulse Irrigation Study- Soybeans  41. Dow Elanco- CDC Utmost 
Wheat 

18. Pulse Irrigation Study- Fababeans  42. CDC Utmost Wheat 

19. CDC Utmost Wheat  43. CDC Utmost Wheat 

20. Alfalfa  44. Potato Trials 

21. Alfalfa  45. Russ Hynesô Trials 

22. Pea Variety Trials  46. Hascap and Sour Cherryôs 

23. Faba Bean- Seeding Rate and 
Fungicide Trials 

 47. Saskatoon Berries 

24. Canola Registration Trials  48. High Tunnels 
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0

 
 

Figure 8. CSIDC Field 12 plot layout  
 
 

Legend 

 

49.  Canola Nitrogen Study 52. Grass/Alfalfa Salinity Trials 

50.  ICDC Wheat Variety Trial 53. CDC Utmost Wheat 

51.  CDC Utmost Wheat   
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Figure 9. CSIDC Demo Site plot layout  

 

Legend 
 

54. Canola Establishment  61. Flax Variety Trial 
55. CDC Faba Bean Trials  62. Canola 
56. CDC Dry Bean Trials  63. Canola 
57. CDC Dry Bean Trials  64. CDC Utmost Wheat 
58. ICDC Dry Bean Variety Trials  65. ICDC Forage Trial 
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Horticulture Research and Development 
 
 

Dr. Jazeem Wahab and Greg Larson 
 
Potato is a high-value crop.  Potato is the largest sector of the horticultural industry in Canada, 
generating $4.2 billion in sales with on-farm receipts estimated at $1.04 billion in 2014.  Potato 
is also the leading sector in the horticulture industry in Saskatchewan.  Saskatchewan produces 
potatoes mainly for the óSeedô, óTableô, óSmallô and óOrganicô potato markets.  The phenomenon 
of óNorthern VigourTMô, and lower disease pressures enables Saskatchewan to produce high-
quality, vigorous and disease-free seed-potato.  Considerable quantities of seed potato are 
exported to other Canadian provinces, the U.S.A, and Mexico.  Presently, consumers are 
seeking healthier non-fry alternatives to fried or processed potatoes.  óSmallô or óCreamerô potato 
is one such option, with health advantages to the consumer and providing considerable 
economic benefit to the producer.  The demand for small potato is increasing very rapidly in 
USA, Europe, and Canada.   
 
Relatively short and cooler growing season, highly competitive markets, and increasing 
production costs are major challenges and resulted in reduced profit margins to the prairie 
potato producers.  Further, potato processors stipulate strict quality standards in their potato 
contracts.  Tuber lots that do not meet specified standards are subjected to penalty, resulting in 
loss of income to the producer. 
 
Potato is a high input, shallow rooted crop sensitive to water stress.  Adequate soil moisture is 
required for optimum productivity.  Both deficit and excess soil moisture can adversely affect 
potato yield and quality and affect economic returns.  Efficient water and resource management 
is essential to optimize yield and quality, minimize environmental impact, and maximize 
profitability.  This includes: (i) maximizing productivity per unit water use, (ii) minimizing cost of 
irrigation, (iii) minimizing ground water contamination, and (iv) sustaining the dwindling water 
resources.   
 
Maximizing profitability in potato production depends on the adaptability of cultivars to local soil, 
climate and production practices and to meet the demands of target markets.  Potatoes are 
harvested at physiological maturity for optimum yield and quality.  Cultivar response and 
production environment, i.e. location and season, can affect potato yield and quality attributes.  
AAFC has committed considerable resources in producing superior cultivars and developing 
cost-effective and environmentally sustainable agronomic practices for the different potato 
market classes grown under diverse agro-climatic regions in Canada. 
   
Studies were conducted at CSIDC to examine the productivity, culinary attributes, economic and 
environmental performance of advanced French fry, Chipping, Fresh market, and Small potato 
clones from the Agriculture and Agri-Food Canadaôs Potato Germplasm enhancement Program. 
Comparisons were made with standard commercial cultivars and crops grown from different 
seed types under irrigated and dryland production. 
 
Field studies were conducted at the Canada-Saskatchewan Irrigation Diversification Centre, 
Outlook during the summer of 2015 to: (i) evaluate superior potato germplasm developed by 
AAFC, (ii) examine the yield potential and culinary attributes of commercial potato market 
classes under irrigated and dryland production, and (iii) to develop cost-effective agronomic 
practices for ósmallô potato production. 
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Crop Management: 
The 2015 potato crop was raised using standard management practices with treatments applied 
appropriately as required by the different tests.  Eptam 8E (6.2 l/ha) was applied as pre-plant 
herbicide.  Seed pieces were spaced at 91 cm between-row and 30 cm within-row for all trials 
except for the óSmallô potato seed spacing study.  Nitrogen at 200 kg N/ha (half at planting and 
half at second hilling), phosphorus at 120 kg P2O5/ha and potash at 100 kg K2O/ha (at planting) 
were given for the crop.  The crop was raised using supplemental irrigation maintaining the soil 
moisture status above 65% Field Capacity.  A combination of fungicides and insecticides were 
used for disease and insect control.  The test plots were flailed and desiccated with Reglone 
(2.5 l/ha).  A second application of Reglone was given to promote die-back and skin set.  Tubers 
were harvested after adequate skin set.   
 
Commercial potatoes were graded according to tuber diameter based on Canadian Standards.  
Tuber specific gravity and culinary characteristics (boiled, baked, chip, and french fry) were 
determined using recommended AAFC Variety Testing protocols.  Fry colour categories were 
based on USDA classification.   
 
 

Potato National Adaptation Trial 
  

Co-Investigator: Dr. Benoit Bizimungu, AAFC 
 
The performance of 25 advanced potato clones was evaluated relative to cvs. Norland (East 
and West), Chieftain (East), Yukon Gold (East), and Adirondack Blue.  Test plots consisted of 
20 hills with two replications.  The crop was planted on May 14, 2015, grown under irrigation 
using standard management practices, top-killed on September 4, and harvested on September 
21, 2015.  The growing season received 299 mm rain and 169 mm irrigation.  Data from this trial 
will be utilized to support registration of new cultivars.  Superior clones will be advanced for 
further evaluation.   
 
 

PRC Demonstration: French Fry and Chip Selections 
 

Co-Investigator: Dr. Benoit Bizimungu, AAFC 
 
Fifteen French fry and nine chipping clones were evaluated under irrigated production.  
Comparisons were made relative to Russet Burbank (East and West) and Shepody (East and 
West) for the French fry category and Atlantic (East and West) and Snowden (East) for the 
Chipping category.  Test plots contained 10 hills with one replication.  The crop was planted on 
May 14, 2015, top-killed on September 4, 2015, and harvested on September 21, 2015.  The 
growing season received 299 mm rain and 169 mm irrigation.  Tuber yield and culinary 
characteristics were determined for the harvested tubers.  This information will be used to 
support registration of new cultivars. 
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Longitudinal 

cut 

Transverse 

cut 

Whole tuber 

Irrigation and Seed-type Effects on Tuber Yield, Culinary Attributes, and 
Economic Performance of French Fry, Chipping, and Fresh Market Potato 

 
Co-Investigators:  B. Bizimungu, R. Zhou, and E. Mupondwa 

 
Traditionally in Europe, potatoes are grown using whole-tubers and in North America 
predominantly using cut seed-pieces.  Generally, whole seed has been found to be more 
productive than cut seed-tubers of comparable weight.  However, dormant tubers could benefit 
from cutting by releasing dormancy leading to early emergence and more mainstems.  Variable 
responses were observed on the effect of seed-piece type on potato growth and yield: e.g. 
apical seed portion producing more mainstems and higher yield than basal portion or both 
apical and basal portions producing similar yields.  The present study was designed to examine 
the productivity, culinary attributes, and economic performance of advanced French fry, 
Chipping, and Fresh market clones from the Agriculture and Agri-Food Canadaôs Potato 
Germplasm enhancement Program compared to standard commercial cultivars.  Comparisons 
were made for crops grown from different seed types under irrigated and dryland production.  
 
Two advanced clones and two commercial cultivars of French fry (AAC Alta Strong, CV4144-1, 
CV98112-3, Russet Burbank), Chipping (Vigor, WV4479-1, Atlantic, Snowden), and Fresh 
market (FV15597-04, V7148-2, Chopin, Milva) market classes were grown using three different 
seed types (whole-seed, longitudinally cut and transversely cut halves)  under irrigated and 
dryland production.   
  
Field plots were laid out as a Split-Split-Plot Design 
with four replications.  Irrigation, cultivar, and seed-
type treatments were assigned to Main-plot, Sub-plot, 
and Sub-sub-plot respectively.  The crop was planted 
on May 20, 2015 at 91 cm between-row spacing and 
30 cm within-row spacing.  For the irrigated treatment, 
soil moisture status was maintained above 65% Field 
Capacity.  During the growing season, the dryland 
crop received 293 mm of rain and the irrigated crop 
received an additional 169 mm of irrigation.  The crop 
was flailed on September 4, 2015, desiccated using 
Reglone and harvested on September 23, 2015 after 
adequate skin set.   
 
A comparative economic analysis of the potato clones/cultivars was targeted at the three market 
segments (French fry, Chipping, and Fresh market) using standard crop budgeting methods 
involving the estimation of their corresponding annual net return under dryland and irrigation 
crop production systems.  Potato output is specified in terms of yield per ha.  The derivation of 
annual net return is represented as the difference between gross revenue and crop production 
input costs, computed using 2015 farm gate prices of potatoes targeted at each of the three 
market segments, e.g. CAN$ 255.96 for French fry, CAN$ 352.30 for Chipping, and CAN$ 
490.09 for Fresh market.  Specifically, net return was calculated as income left over above:  
a) cash costs (i.e., seed, fertilizer, chemical, fuel and repairs, custom work, irrigation power, 
irrigation service/water charges, crop insurance premium, land tax, and interest cost on variable 
inputs); b) ownership costs (buildings, irrigation system, specialized equipment, depreciation, 
interest on investment, insurance and licences, labour and management, housing). 
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Statistical significance of analysis of variance on the effects irrigation, cultivar, and seed-piece 
type on tuber yield and quality attributes for the different market classes of potato are presented 
in Table 2.   
 
Table 2. Effects of water management, cultivar and seed-type on potato yield and quality 

Attribute 
Water 
(W) 

Cultivar 
(C) 

Seed 
type (S) 

W x C W x S C x S W x C x S CV (%) 

French fry 

Yield ** *** *** ns ns ns ns 11.8 

Specific gravity ns *** * ns ns ns ns 0.38 

Fry colour ns *** ns ns ns ns ns 11.4 

Fry col. uniformity ns ns ns ns ns ns ns 8.7 

Fry texture ns * * ns ns ns ns 11.4 

Chipping 

Yield ns *** *** ns ns * ns 11.0 

Specific gravity ns *** ns ns ns ns ns 0.23 

Chip colour ns *** ** ns * * ns 9.2 

Fresh market 

Yield  ns ns ns ns ns ns ns 13.3 

Specific gravity ns *** ns ns ns * ns 0.17 

Bake - Texture ns *** ns ns ns ns ns 12.7 

Bake - Colour ns *** ns ns ns ns ns 3.3 

Boil - Texture ns *** ns ns ns ns ns 13.9 

Boil - Colour ns *** ns ns ns ns ns 4.6 

Boil - Sloughing ns ns ns ns ns ns ns 5.2 

Boil ï Aft. ck. 
dark. 

ns * ns ns ns ns * 7.4 

***, **, *, and ns indicate significance at 0.001, 0.01, 0.05 levels of probability, and not significant 
respectively. 

 
French fry potato 
Treatment means and their associated significant differences within each factor for French fry 
potato is summarized in Table 3. 
 
Irrigation produced higher marketable yield than dryland.  However, irrigation had no effect on 
tuber specific gravity or quality attributes.   
 
AAC Alta Strong produced the highest marketable yield.  Tuber specific gravity was lower for 
AAC Alta Strong compared to Russet Burbank.  The clone CV4144-1 produced darker fries with 
a USDA rating of 2.8 compared to the other clone/cultivars where the fry colour rating ranged 
between 1.1 and 1.3.  The fry colour uniformity ratings were similar for the various cultivars.  
The texture of CV98112-3 fries was slightly mealy, whereas the textures of the other 
clone/cultivars were slightly wet. 
 
Cut (Longitudinal and Transverse) seed-pieces produced higher yield and higher tuber specific 
gravity than whole seed.  Seed-type had no effect on fry colour or fry colour uniformity.  Fries 
produced from all three seed types had slightly wet texture.  
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      Table 3. Effect of seed type and irrigation on yield and quality of French fry potato 

Treatment Yield (t/ha) 
Specific 
gravity 

Fry colour
Z
 

Fry colour 
uniformity

Y
 

Fry texture
X
 

Water management: 

Dryland 42.3 b 1.0719 a 1.4 a 4.2 a 2.0 a 

Irrigation 44.7 a 1.0731 a 1.6 a 4.1 a 2.2 a 

Cultivar:  

CV4144-1 42.5 b 1.0763 a 2.8 a 3.8 a 2.1 ab 

CV98112-3 30.2 c 1.0712 bc 1.3 b 4.1 a 2.5 a 

AAC Alta Strong 61.6 a 1.0687 c 1.1 b 4.4 a 1.7 b 

Russet Burbank 39.6 b 1.0737 ab 1.1 b 4.3 a 2.0 ab 

Seed-type: 

Whole seed 39.6 b 1.0708 b 1.4 a 4.2 a 1.9 b 

Long. cut 46.2 a 1.0727 ab 1.6 a 4.3 a 2.3 a 

Transverse cut 44.7 a 1.0740 a 1.5 a 4.0 a 2.1 ab 

Z
Fry colour based on USDA Standards. 

Y
Fry colour uniformity, AAFC protocol:  1, 2, 3, 4, and 5 indicate Very variable, Variable, 

Acceptable, Uniform, and Very uniform respectively. 
X
Fry texture, AAFC Protocol: 1, 2, 3, and 4 indicate Wet, Slightly wet, Slightly mealy, and 

Mealy respectively.  
For each treatment, values followed by the same letter are not significantly different.  

 
 
Chipping potato 
Treatment means and their associated significant differences within each factor for Chipping 
potato is summarized in Table 4. 
 
Irrigation had no effect on tuber yield or quality characteristics. 
 
Vigor and Snowden potato produced the highest and lowest yield respectively.  Tuber specific 
gravity was highest for Snowden and lowest for Vigor.  Chip colour exceeded three for Snowden 
and WV4479-1 and less than three Atlantic and Vigor.  
 
Cut (Longitudinal and transverse) seed-pieces produced higher yield than whole seed.  Seed-
type had no effect on tuber specific gravity.  Chips obtained from transversely cut seed were 
darker than chips from longitudinal cut or whole-seed. 
 
Fresh market potato 
Treatment means and their associated significant differences within each factor for Fresh 
market potato is summarized in Table 5. 
 
Generally, irrigation had no effect on tuber yield or quality characteristics. 
Chopin, Milva, and the two clones produced similar marketable yields.  Flesh colour for 
FV15597-04 and V7148-2 were white, Chopin was off-white, and Milva was yellow.  The baked 
and boiled texture was slightly wet for Chopin and MIlva, wet for V7148-2, and slightly mealy for 
FV15597-04.  For the clones/cultivars, there was no sloughing or after-cooking darkening. 
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Seed-type had no effect on yield attributes, baked and boiled characteristics. 
 

Table 4. Effect of seed type and irrigation on yield and quality of chipping potato 

Treatment Yield (t/ha) Specific gravity Chip colour
Z
 

Water management: 

Dryland 44.5 a 1.0847 a 2.9 a 

Irrigation 42.4 a 1.0861 a 3.3 a 

Cultivar:    

WV4479-1 46.6 a 1.0819 c 3.9 a 

Vigor 49.6 a 1.0810 c 2.5 b 

Atlantic 42.3 b 1.0878 b 2.2 b 

Snowden 35.6 c 1.0910 a 4.1 a 

Seed-type:    

Whole-seed 40.8 b 1.0853 a 2.9 b 

Longitudinal cut 43.8 a 1.0854 a 3.0 b 

Transverse cut 46.0 a 1.0855 a 3.5 a 

Z
Chip colour based on USDA Standards. 

For each treatment, values followed by the same letter are not 
significantly different. 

 
Economic analysis 
 
The distribution of net returns under dryland and irrigated production systems based on average 
yields across cultivars for each market segment is summarized in Table 6.  For economic 
analysis, the farm average prices from Prince Edward Island, Ontario, and British Columbia 
were used for French fry, Chipping, and Fresh market respectively as these market classes are 
the dominant potato sector in the respective provinces.  Irrigation had little or no economic 
benefits due to the favourable rainfall situation during the 2015 growing season.  Based on the 
price assumptions and the favourable growing conditions, the most profitable market class was 
Fresh market potatoes and the least profitable was French fry potatoes.  Although, the 
additional irrigation did not realize any economic benefits in 2015, past experience has shown 
significant benefits to irrigation during drier years. 
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Table 5. Effect of seed type and irrigation on yield and quality of fresh market potato 

Treatment 
Yield 
(t/ha) 

Specific 
gravity 

Baked Boiled After-
cooking 
dark.

W
 Texture

Z
 Colour

Y
 Texture

Z
 Colour

Y
 Sloughing

X
 

Water Management: 

Dryland 48.7 a 1.0704 a 1.9 a 1.6 a 2.0 a 1.7 a 2.9 a 2.7 a 

Irrigation 46.1 a 1.0715 a 1.9 a 1.7 a 2.1 a 1.7 a 2.9 a 2.7 a 

Cultivar: 

FV15597-04 46.4 a 1.0768 a 2.5 a 1.0 c 2.5 a 1.0 c 2.7 a 2.5 b 

V7148-2 44.6 a 1.0630 c 1.2 c 1.0 c 1.5 c 1.0 c 2.9 a 2.8 a 

Chopin 49.4 a 1.0684 b 2.1 ab 2.0 b 2.0 b 2.0 b 3.0 a 2.9 a 

Milva 49.3 a 1.0756 a 1.9 b 3.0 a 2.1 b 3.0 a 3.0 a 2.7 ab 

Seed-type: 

Whole-seed 45.8 a 1.0709 a 1.8 a 1.6 a 2.1 a 1.7 a 2.9 a 2.7 a 

Longitudinal cut 49.1 a 1.0709 a 1.9 a 1.7 a 1.9 a 1.7 a 2.9 a 2.6 a 

Transverse cut 47.5 a 1.0710 a 1.9 a 1.7 a 2.0 a 1.7 a 2.9 a 2.8 a 

Z 
Texture, AAFC Protocol: 1, 2, 3, and 4 indicate Wet, Slightly wet, Slightly mealy, and Mealy respectively.  

Y
Colour, AAFC Protocol:  1, 2, 3, and 4 indicate White, Off white, Yellow, and Deep yellow respectively. 

X
Sloughing, AAFC Protocol:  1, 2, and 3 indicate Severe, Moderate, and Little or none respectively. 

W
After cooking darkening, AAFC Protocol:  1, 2, and 3 indicate Severe, Moderate, and None respectively. 

For each treatment, values followed by the same letter are not significantly different. 

 
     Table 6. Distribution of net returns by potato market segment 

Water management French fry Chipping Fresh market 

   Dryland $6,713.00 $11,563.00 $19,749.00 

   Irrigation $7,327.00 $10,823.00 $18,475.00 

 
 

óSmallô Potato Production:  Irrigation, Seed Spacing, and Top-Kill Timing Effects 
on Yield and Economic Performance 

 
Co-Investigators:  Dr. Benoit Bizimungu, Dr. Eddie Mupondwa 

 
Highly competitive markets, increasing production costs, substantially reduced profits margins, 
and the recent health issues such as acrylamide associated with cancer in traditional fried or 
processed potatoes and potato products has compelled the potato industry to search for viable, 
healthier alternatives.  óSmallô potatoes are one such healthy fresh and non-fry option with 
economic potential.  The demand for small potato is increasing very rapidly in the USA, Europe, 
and Canada.  óSmallô fresh potato and its non-fry derivatives offer an economically viable 
alternative to the potato producers.  Considerable acreage of small potato is being grown in the 
Outlook irrigation area to meet the demand of this expanding market sector.   
 
Small potato markets in North America including Canada target tubers between 20 mm and 40 
mm in diameter.  Cultivars and agronomic recommendations used for standard (larger) potato 
production cannot be directly applied for producing small potato.  The crop is top-killed relatively 
early, when the plants are still actively growing, to limit tuber sizing.  The differences in 
production practices and the various challenges in growing small potato, compared to 
conventional potato, include the need for cultivars that produce high yields of small tuber size 
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profile, earlier top-kill and harvest to maximize target (óSmallô) size grades, and other production 
practices to optimize yields of small tubers. 
 
AAFC breeders have developed several superior clones suited for óSmallô potato production. 
This project was designed to identify superior germplasm, and to develop cost-effective 
agronomic practices for producing ósmallô potato under irrigation.  Potato cultivars CV96044-3 
(AAC Hamer) (Early ï Mid season, Round, Light beige skin, cream coloured flesh, 
chipping/fresh market, low GI); AC Peregrine Red (late season, round, red skin, cream coloured 
flesh, fresh market, slight after cooking darkening); Milva (medium early season, tear drop 
shape, yellow skin, yellow flesh, fresh market, no after cooking darkening); and Operle (early - 
medium early season, round, yellow skin, yellow flesh, fresh market, slight after cooking 
darkening) were evaluated in this study.  Other treatments included two production systems 
(irrigated and dryland) and three top-kill timings (10, 11, and 12 weeks from planting).  
 
The crop was planted on May 20, 2015, raised using standard management practices under 
irrigated and dryland production, and top-killed at 10, 11, and 12 weeks after planting.  The 
growing season of the 10, 11, and 12 week dryland crop received 180 mm, 221 mm, and 229 
mm of rain respectively.  The irrigated crops received additional 150 mm of irrigation in seven 
applications.  Plots were flailed according to protocol and desiccated with Reglone.  A second 
application of Reglone given at a later stage to promote vine kill and skin set.  Tubers were 
harvested at proper skin set.  The harvested tubers were graded according to tuber diameter.  
The size grades included 20-25 mm, 25-30 mm, 30-35 mm, 35-40 mm, 40-45 mm, 45-50 mm, 
and >50 mm.  In the following discussion, tubers between 20 mm and 40 mm were considered 
'Small' grade and tubers larger than 40 mm were considered oversize. 
 
Tuber Yield: 
The effects of cultivar, seed-piece spacing, top-kill timing on yield (óSmallô and óOversizeô 
grades) and tuber specific gravity under dryland and irrigated production are summarized in 
Table 7.   
 
Favourable temperatures and well distributed rainfall during the 2015 growing season 
(Figure 10) resulted in comparable yields between the irrigated and dryland crops.  It is possible 
that the intense rain during July may have negatively impacted the crop.  On average, dryland 
produced 10 t/ha óSmallô grade and 20 t/ha óOversizeô yield, and irrigation produced 8 t/ha 
óSmallô grade and 23 t/ha óOversizeô yield; i.e. dryland produced 34% higher óSmallô grade yields 
and 16% higher óOversizeô yields compared to irrigation respectively. 
 
Under both dryland and irrigation, Operle and AC Peregrine produced highest and the lowest 
óSmallô grade yield and lowest and highest óOversizeô yield respectively.   
 
On average, under dryland, the crop top-killed at 10 weeks produced 11 t/ha óSmallô grade and 
óOversizeô yields.  Delaying top-kill resulted in lower óSmallô grade and higher (2X) óOversizeô 
yields.  Under irrigation, delaying top-kill had a slight non-significant reduction in óSmallô grade 
yield, but a significant increase (2X) in óOversizeô yield.   
 
Significant cultivar x top-kill timing interaction (Table 7) for óSmallô and óOversizeô yields under 
dryland and for óSmallô grade yield under irrigation indicates that cultivars responded differently 
to top-kill timing with respect to tuber yield (Figure 11).  For example, óSmallô grade yield for 
Operle were not affected by top-kill timing under both growing conditions.  Whereas, for the 
other three cultivars, delay in top-kill resulted in a progressive yield decline (Figures 11a and 
11c).  Delaying top-kill by one week, i.e. from 10 to 11 weeks or from 11 to 12 weeks resulted in 



    
  Horticulture and Root Crop Agronomy | 27  
   

 
Canada-Saskatchewan Irrigation Diversification Centre  |  Annual Review 2015-16 

a 16% - 17% decline in óSmallô grade yield under both dryland and irrigated growing conditions.  
Consequently, Operle appears to be better suited for óSmallô potato production as it produced 
the highest óSmallô grade yield under both dryland (19 t/ha) and irrigation (12 t/ha) allowing 
flexible top-kill timing without adversely impacting yield. 
 
Table 7. Effect of cultivars, seed spacing and top-kill on small and oversize tuber yields 

Treatment 

Dryland Irrigation 

óSmallô 
yield

Z
  

Oversize 
yield

Y
  

Specific 
gravity

X
 

óSmallô 
 yield

Z
  

Oversize 
yield

Y
  

Specific 
gravity

X
 

Top-kill Timing:       

     10 weeks 11.25  11.16  1.0576  8.29  15.02  1.0617  

     11 weeks 10.24  22.02  1.0610  7.91  23.74  1.0643  

     12 weeks 9.61  25.93  1.0667  7.10  29.71  1.0696  

Seed spacing:       

     15 cm 11.14  19.77  1.0620  8.02  22.01  1.0652  

     20 cm 9.60  19.64  1.0615  7.51  23.63   1.0652  

Cultivar:       

     CV96044-3 7.55  24.35  1.0702  6.18  25.53  1.0710  

     Operle 18.85  8.83  1.0682  12.32  13.12  1.0723  

     Milva 10.32  19.77  1.0540  8.38  21.77  1.0572  

     AC Peregrine 4.75  25.88  1.0547  4.19  30.85  1.0603  

ANOVA 

Source: 
Top-kill (T) 
Seed spacing (S) 
Cultivar (C) 
T x S 
T x C 
S x C 
T x S x C 

 
***(0.82) 
**(0.87) 
***(1.10) 

ns 
*(1.91) 

ns 
ns 

 
***(1.77) 

ns 
***(2.45) 

ns 
***(4.25) 
*(3.47) 

ns 

 
***0.(0003) 

ns 
***0.(0033) 

ns 
ns 
ns 
ns 

 
ns 

*(0.43) 
***(0.72) 
**(0.75) 
***(1.25) 

ns 
ns 

 
***(3.38) 

ns 
***(2.56) 

ns 
ns 
ns 
ns 

 
***(0.0019) 

ns 
***(0.0016) 

ns 
ns 

*(0.0022) 
ns 

CV (%) 18.4 21.5 0.23 16.1 18.6 0.26 
Z
Marketable yield: Tubers between 20 and 40 mm diameter. 

Y
Over-size yield: Tubers between >40 mm diameter. 

X 
Specific gravity estimated for 35 mm - 40 mm diameter tubers. 

***, ***, *, and ns indicate significance at P>0.001, 0.01, 0.05 levels of significance and not significant 
respectively. 
Values within parentheses are LSD estimates at 0.05 level of significance. 
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Figure 10. Long-term versus 2015 growing season temperature and rainfall 

Figure 11. Cultivar and top-kill timing interaction effects on 'Small' and 'Oversize' yields under 
dryland and irrigation 



    
  Horticulture and Root Crop Agronomy | 29  
   

 
Canada-Saskatchewan Irrigation Diversification Centre  |  Annual Review 2015-16 

Delaying top-kill produced significantly higher óOversizeô tuber yields under both dryland and 
irrigation (Table 7).  Cultivar x Top-kill timing interaction was significant for dryland and non-
significant for irrigation (Table 7).  Under dryland, the change in yield was less pronounced for 
Operle than the other cultivars (Figure 11b).  However under irrigation, the yield response to 
delay in top-kill time was similar with all cultivars including Operle (Figure 11d). 
 
Closer (15 cm) produced higher óSmallô grade yield under both dryland (16% increase) and 
irrigation (7% increase) than the wider (20 cm) spacing (Table 7).  However, the 15 cm and 20 
cm seed spacing produced similar óOversizeô yields under irrigation and dryland. 
 
Plant growth attributes for the dryland and irrigated trials are summarized in Table 8 and Table 9 
respectively.  The response of cultivars and seed-piece spacing on the various growth attributes 
were generally similar under the two growing conditions.  Results can be summarized as: 

- Emergence: Early for CV96044-3 and late for AC Peregrine. 
- Mainstem number/m2:  Milva and CV96044-3 produced the highest and the lowest stem 

number respectively.  Closer (15 cm) spacing produced more stems than wider (20 cm 
seed-piece spacing. 

- Flowering (100%):  CV96044-3 and Operle flowered the earliest and latest respectively.  
Seed spacing had no effect on flowering. 

- Crop Vigour:  Milva and CV96044-3 exhibited highest and the lowest vigour respectively.  
Wider spaced crop was more vigorous that closer spaced crop. 

- Plant height:  Operle and CV96044-3 produced the tallest and shortest plants 
respectively.  Closer spaced crop was taller than the wider spaced crop. 

- Leaf Area Index (LAI):  AC Peregrine and Milva produced the highest and lowest LAI 
respectively.  Seed spacing had no effect on LAI. 

 

Table 8. Effect of seed spacing and cultivar on plant growth attributes of dryland potato 

Treatment 
50% Emergence 

(DAP) 
Mainstem  
#/ sq. m 

100% Flower 
DAP 

Vigor 
PRVT 

Plant Ht @ 
100% Flower 

LAI 
Mean 

Seed spacing:       

     15 cm 25.0  17.8  51.8  3.10  89.0  2.11  

     20 cm 23.4  15.4  51.8  3.25  86.5  2.01  

Cultivar:       

     CV96044-3 21.8  14.4  47.0  2.17  81.7  2.30  

     Operle 22.3  16.8  55.4  3.04  92.2  1.80  

     Milva 25.8  19.0  50.8  3.92  90.0  1.56  

     AC Peregrine 26.7  16.2  53.8  3.58  87.0  2.58  

ANOVA 

Source: 
Seed spacing (S) 
Cultivar (C) 
T x S 
T x C 
S x C 
T x S x C 

 
**(0.9) 
***(1.6) 

ns 
ns 
ns 
ns 

 
***(0.6) 
***(1.1) 
**(1.1) 

ns 
*(1.6) 

ns 

 
ns 

***(2.1) 
ns 
ns 
ns 
ns 

 
**(0.09) 
***(0.14) 

ns 
***(0.24) 
**(0.19) 

ns 

 
*(2.2) 
**(5.8) 

ns 
ns 
ns 
ns 

 
ns 

***(0.47) 
ns 
ns 
ns 
ns 

CV (%) 11.5 11.8 6.9 7.5 11.3 39.1 

***, ***, *, and ns indicate significance at P>0.001, 0.01, 0.05 levels of significance and not significant respectively. 
Values within parentheses are LSD estimates at 0.05 level of significance. 
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Table 9. Effect of seed spacing and cultivar on plant growth attributes of irrigated potato 

Treatment 
50% Emergence 

(DAP) 
Mainstem  
#/ sq. m 

100% Flower 
DAP 

Vigor 
PRVT 

Plant Ht @ 
100% Flower 

LAI 
Mean 

Seed spacing:       

     15 cm 23.8  22.8  50.9  2.96  79.0  2.04  

     20 cm 23.8  18.8  50.3  3.10  77.6  2.00  

Cultivar:       

     CV96044-3 20.3  17.1  47.0  2.21  72.3  2.03  

     Operle 21.2  23.3  55.0  2.75  82.5  1.90  

     Milva 26.7  23.9  50.0  3.88  79.6  1.50  

     AC Peregrine 27.0  18.8  50.4  3.29  78.7  2.67  

ANOVA 

Source: 
Seed spacing (S) 
Cultivar (C) 
T x S 
T x C 
S x C 
T x S x C 

 
ns 

***(1.01) 
ns 
ns 
ns 
ns 

 
***(0.89) 
***(1.66) 

ns 
ns 

*2.4 
ns 

 
ns 

***(1.75) 
ns 
ns 
ns 
ns 

 
ns 

***(0.18) 
ns 

***(0.31) 
ns 
ns 

 
ns 

***(5.3) 
ns 
ns 
ns 
ns 

 
ns 

***(0.45) 
ns 
ns 
ns 
ns 

CV (%) 7.4 13.8 6.0 10.1 11.6 38.3 

***, ***, *, and ns indicate significance at P>0.001, 0.01, 0.05 levels of significance and not significant respectively. 
Values within parentheses are LSD estimates at 0.05 level of significance. 

 
 

 

Rotational Tolerance of Norland Potato to Arylex, Post-emergent Herbicide, 
Applied to the Preceding Wheat Crop 

 
Co-Investigator:  Rory Degenhardt (Dow AgroSciences) 

 
This is a joint study between CSIDC and Dow AgroSciences designed to evaluate rotational 
tolerance of potatoes grown during the season following application of halauxifen-methyl to a 
cereal crop.  
 
Halauxifen-methyl is a new active that will be sold in Western Canada as commercial 
formulations Pixxaro (halauxifen-methyl + fluroxypyr + MCPA) and Paradigm (halauxifen-methyl 
+ florasulam).  Halauxifen-methyl has relatively short half-life and research conducted across 
Western Canada has determined that most common pulse and oilseed crops can be planted the 
season after application.   
 
However, very little research has been conducted to date on potato.  Potato is a high-value crop 
that commonly follows cereal crops in Western Canada.  Studies are being conducted in 
Alberta, Manitoba, and Saskatchewan to determine the residual effects of halauxifen-methyl 
applied to wheat on potato planted after wheat in the rotation.  The present study examines the 
residual effects of halauxifen-methyl on potato grown under irrigated production in 
Saskatchewan.  Results from this study would indicate whether potato growers in 
Saskatchewan can safely use halauxifen-methyl on their cereal crops that precede potatoes in 
their rotations. 
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Field trials consists of a wheat (2015) and potato (2016) rotation.  Several herbicide treatments 
(Table 10) were applied to the wheat crop.  Norland potato will be grown on these plots to 
evaluate the effects of herbicide applied to the wheat crop on phyto-toxicity, productivity, and 
culinary attributes of potato. 
 
Wheat cv. CDC Utmost was grown under irrigation.  The crop was seeded on June 3, 2015, 
grown using standard management practices, and harvested on October 9, 2015.  Growth and 
phyto-toxicity ratings were recorded during the growing season.  The harvested grain was 
cleaned and yield estimates were recorded.  This data will be used to support herbicide 
registration purposes. 
 
       Table 10. Cereal herbicides applied the previous season prior to potato 

Treatment Formulation Herbicide rate Adjuvant rate 

  grams a.e./ha % v/v 

Halauxifen + Intake WG / EC 5.0 1.0 
Halauxifen + Intake WG / EC 10.0 1.0 
Halauxifen + Intake WG / EC 15.0 1.0 
Halauxifen + Intake WG / EC 20.0 1.0 
Halauxifen + Intake WG / EC 40.0 1.0 
Lontrel 360 SL 150.0 --- 
Lontrel 360 SL 300.0 --- 
Control --- --- --- 
WG = wettable powder; EC = emulsifiable concentrate; SL = soluble powder 

 
 

Horseradish Production and Quality Assessment 
 

Funded by the Saskatchewan Ministry of Agriculture and the Canada-Saskatchewan 
Growing Forward 2 bilateral agreement (Agriculture Development Fund) 

 
CSIDC Lead: Dale Tomasiewicz         Co-lead: Don David 

 
Growers are always looking at opportunities to diversify, especially if there is potential to capture 
significant value added opportunities.  Horseradish (Armoracia rusticana) is a perennial plant in 
the Brassica family that is grown primarily for its root, which is processed for use as a pungent 
spice/condiment.  Although native to Europe/Asia, it grows well in Saskatchewan (as shown by 
its vigorous growth and persistence gardens) - but it is not known how the yields and quality 
compare to other production areas.  International buyers who are already purchasing good 
quality mustard in Saskatchewan have recently expressed interest in purchasing horseradish.  
They perceive the Province to have potential as a supplier of superior quality horseradish in part 
because of the clean environment, and perhaps also as a function of the Northern Vigor 
phenomenon observed in other crops. 
 
This project was initiated to assess the yield potential and quality of Saskatchewan grown 
Horseradish.  Specific objectives included determination of the relative yield and quality of 
genotypes available to growers, establishment of yield and quality profiles over the course 
single and two-year of production cycles, and determination of relative yield and quality under 
irrigated versus dryland production. 
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Methods 
 

The field study was established on a calcareous Bradwell fine sandy loam soil on-site at CSIDC 
(Field #6; SE15-29-8-W3).  The field was in irrigated wheat production in 2014. 
 

The soil in the study area was sampled to the 60-cm depth on May 8 prior to plot establishment.  
It was non-saline at all depths.  The 0-15 cm depth had 1.7 % organic matter, pH 8.0 (1:2 
soil:water), and 67-27-6% S-Si-C.  Most extractable nutrient levels were in the moderate range. 
 

Horseradish planting stock was obtained from three sources as follows; all appeared to be in 
reasonably good condition: 

1) Broderick - Root sections from Broderick Garden Centre (Outlook), described as the "Big 
Top" type.  These were about 5-20 mm in diameter and 15 cm long (Figure 12). 

2) Early's - Root sections from Early's Farm and Garden Centre (Saskatoon).  These were 
about 15-18 cm long but only 4-5 mm in diameter. 

3) Richters - Transplants grown from small root sections, in ~6-cm pots, from Richters Herbs 
(Goodwood ON).  Each plant had ~3-6 slender leaves 15-25 cm long. 

 

In addition, horseradish roots had also been collected from a dozen locations in Saskatchewan 
(e.g. from current and abandoned farmyards); a few to several root sections suitable for planting 
were obtained from each source. 
 

On May 14 a broadcast application of urea (46-0-0), monoammonium phosphate (11-52-0), and 
ammonium sulphate (21-0-0-24) fertilizers to provide 56-56-11 kg/ha of actual N-P2O5-S 
respectively was made over the whole study area and incorporated with a deep tillage cultivator. 
 

The area to be planted to root sections was then rototilled on May 15, and furrows at 36" 
spacing were made with a two-row potato moldboard hiller.  Root pieces were positioned by 
hand into the furrow face, at an angle of about 30-40° from vertical in one consistent direction, 
with the tops of the root pieces about 5 cm from the soil surface.  The bottom end of the root 
sections had been cut off at an angle to allow the roots to all be placed right-side-up in the 
furrow.  Shortly after planting the furrows were filled and soil heaped up over the planted roots 
with a Lilliston rolling row crop cultivator, burying the root pieces so that their tops were 
approximately 10 cm from the soil surface.  This was all completed on May 15 (Figure 13). 
 

Plantings were duplicated, in one area to be Irrigated and in the other to be Rainfed, with a 
sufficient gap between to keep irrigation water away from the Rainfed area.  Within each area, 
each stock source was planted at two in-row spacings - 16 and 24" (40.6 and 61.0 cm).  Marked 
strings were used to correctly space the root pieces within the rows.  The numbers and lengths 
of planted rows varied among the stock sources based on the amount of available planting 
stock.  The smaller (and varying) numbers of root sections from the twelve locally collected 
sources were all planted at 24" spacing in the irrigated area.  The various blocks planted are 
described in Table 11. 
 

Due to dry soil conditions, the entire study area was irrigated on May 22 and again on June 1, 
with 25 mm of water each time using the linear move overhead irrigation system. 
  
On June 2 the area to be planted with the transplants from Richters was rototilled and planted, 
using the same interrow and in-row spacings as described above.   A transplanter was used to 
mark the rows and in-row plant spacings to be used, and then the plants were transplanted by 
hand.  The depressions made by the transplanter were watered by hand after planting on 
June 2, and again on June 3. 
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The entire study area was then irrigated on June 4, 5, 8, and 23, with 12.5 mm of water each 
time.  All the May and June irrigations were applied to the whole study area (Irrigated and 
Rainfed) for good plant establishment (especially of the transplants).  A good stand was desired 
in both areas - we did not want the Rainfed area to be lost due to poor stand (only 47 mm of rain 
was received through May and June).  The irrigated plots (only) were irrigated further with 18 
mm applied on each of July 2 and July 8.  Irrigation was not required thereafter due to abundant 
rainfall.  Soil moisture sensors were installed in early August and monitored through August. 
 
Due to concern about nutrient sufficiency, a plant tissue sample was taken on August 12, and 
analyzed for total levels of all nutrients.  On August 24 a blanket broadcast application of urea 
(46-0-0), monoammonium phosphate (11-52-0), potash (0-0-60), and ammonium sulphate (21-
0-0-24) fertilizers to provide 60-60-60-15 kg/ha of actual N-P2O5-K2O-S was made. 
 
On June 8 RoundUp herbicide was sprayed at 1 l/ac to kill weeds and volunteer crop plants in 
the areas planted with root sections.  A small percentage (<3%) of the horseradish plants were 
emerging by that time, so they were covered with cans to prevent damage.  A row cultivator was 
used to till between the rows for weed control on June 30 and July 7, and some limited hand 
weeding/hoeing was done. 
 
Ripcord insecticide (20 ml/ac) was sprayed on the whole trial on June 29 to control flea beetles.  
On September 3 Decis 5EC insecticide was sprayed at 175 ml/ha to control green larvae (likely 
of diamondback moth) on the foliage.  Both applications effectively controlled the insects. 
 
Half of the rows from each block were harvested in October 2015, and the remainder left for 
harvest in 2016.  For the 2015 harvest rows, all but one row from each block (i.e. 5 or 2 rows 
depending upon source) were dug on October 15, and the remaining single row in each block 
was dug on October 29.  Plant numbers (and gaps from missing plants) were recorded for each 
row section to be harvested.  Plant tops were mowed off shortly before harvest (October 13 or 
29).  For harvest (Figure 14), plants were dug with a single-row potato lifter.  Most dirt was 
shaken off each root in the field, and the roots were bagged by row section in mesh bags, and 
taken in to be stored under cool (generally 2-4°C) humid (90+% RH) conditions in a vegetable 
storage facility.  For the plants from the twelve locally sourced roots, all plants to be harvested in 
2015 were harvested on October 29. 
 
The harvested material was further processed over a few weeks following the harvests.  Any 
remaining shoot material was trimmed from the samples approximately where the stems started 
to turn green (which would correspond with the soil surface level).  The roots then shook over a 
coarse grating that would retain roots of substantial size, but allow soil to fall through, to remove 
as much soil as possible.  The plants from each row section harvested were then counted, 
returned to their original mesh bags, and weighed. 
 
For quality analysis, a subsample of three roots representing each of the twelve source x 
irrigation x harvest date combinations was then taken (each included plants from both 16 and 
24" spacing blocks).  This sample was submitted to the Saskatchewan Food Industry 
Development Centre in Saskatoon.  Sara Lui, Product Development Manager at the Centre, 
conducted a sensory panel evaluation of the samples, using material from some of the larger 
roots.  Ms. Lui also reviewed literature on horseradish quality parameters, focussing on analysis 
the isothiocyanates formed from breakdown of glucosinolates when the tissue is disrupted 
(which gives the strong and distinctive horseradish flavour). 
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Results and Discussion 
 
Planting stock could not be obtained in the originally intended numbers, and of clearly identified 
cultivars, so the field study in 2015 was smaller than originally intended.  Only one of the 
sources (Broderick) cited a name at all ("Big Top").  Big Top Western, Common, and Bohemian 
are the three main types of horseradish used in commercial production; they are probably better 
considered general phenotypes (especially regarding leaf shape) as opposed to cultivars, 
strains, or clones. 
 
The plants were slow to emerge from the planted root pieces (3.5 to 5.0 weeks).  The 
transplanted stock suffered substantial die-back of leaves after planting.  Regardless, plant 
establishment was very good from all sources (95%+).  Plants were also slow to develop 
canopy, and never did fully cover the soil surface across the rows (Figure 15). 
 
Total nutrient contents in the plant tissue samples taken on August 12 were as follows: 
 

 
 
Interpretive criteria specific to horseradish were not available.  Based on suggested critical 
levels for other cruciferous crops such as canola and broccoli, the N level was low, while P, K, 
Cu, and Zn were marginal.  Other nutrient levels were sufficient to high. 
 
In mid-summer through fall the leaves showed considerable damage and necrosis, beyond what 
should have been attributable to the moderately light infestation of insects observed.  
 
Harvest of the roots was reasonably effective.  Although portions of some roots that were very 
deep or far from the row centre were not recovered, they were generally of small diameter.  
However, it will be necessary to have an implement that is capable of recovering roots from a 
somewhat deeper and wider soil cross-section in 2016.  The potato lifter brought the roots to the 
surface of the soil quite effectively, but there was still a lot of soil attached to the roots despite 
the sandy soil texture.  Substantial time was taken, in the field and again when processing the 
samples, to shake off dirt from the roots; this would not be feasible at a larger scale. 
 
Root yields were somewhat higher than anticipated, averaging over 8000 kg/ha (Table 12).  
Note that statistical analysis cannot distinguish which differences in table 12 are significant, 
since there was only one area of each source x irrigation x spacing x harvest date combination 
(and those areas varied from one to five rows each).  Yields were generally highest for the 
plants grown from started plugs (Richters), though the morphology of the roots from that source 
were least desirable - they were highly fibrous nature with few roots of substantial diameter; this 
may also have resulted in more soil retention on those roots, inflating yields.  No attempt was 
made to determine root yield for various root diameters in 2015, though only relatively large 
diameter roots are marketable.  The Broderick source plants had the next highest yield, and the 
Early's the lowest - this is probably related at least in part to the much thicker root pieces in the 
Broderick stock.  The Broderick plants were generally larger, with more top growth. 
 
Root yields for the twelve locally sourced planting stocks (based on only 2 to 7 harvested plants 
for each source) varied from 6231 to 13,513 kg/ha, except for one which yielded only 986 kg/ha.  
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There were no visually apparent differences between plants in the Rainfed and Irrigated 
treatments in 2015.  Yields were also similar.  This is not surprising since both were irrigated in 
May-June to establish the stands, and rainfall from July onward was abundant.   
 
Yields were lower about 15% lower, and individual plant root weights were higher, in the 24" 
spacing treatment as compared to the 16" treatment.  This indicates some competition between 
plants, despite the fact that full canopy cover was never achieved.  Since there is added cost to 
the higher planting density, and the proportion of roots large enough to be of marketable size 
may be affected (this was not assessed), we cannot conclude that the 16" spacing is preferable.  
Also, spacing may have less impact on yields after the second season of growth. 
 
It is generally recommended that horseradish harvest be conducted after a heavy frost which 
kills the foliage.  The main harvest was taken on October 15, lest weather and soil conditions 
prevent later harvest (due to frozen soil or wetness).  However, the coldest temperature reached 
to that date was -2.2°C (October 6).  The temperature reached -4.6°C on October 26 and -5.2°C 
on the morning of the final harvest date, though the foliage never did appear to freeze down 
much.  There was little if any difference in yields between the two harvest dates.  However, the 
late harvest recommendation is more for improved quality than for yield. 
 
Typical yields of Big Top Western horseradish are 4000-8000 kg/ha in California, 9000 kg/ha in 
Wisconsin, and 6000-18,000 kg/ha in Ontario, according to Ashraf et al. 2009 (Horticultural 
Reviews 35: 221-261).  These are probably marketable yields.  It is likely that the marketable 
yields in the current study would be well below the total yields listed in Table 12 due to the high 
proportion and fine fibrous and small-diameter roots and possibly to soil adhering to them (soil 
was only beat and shaken off, not washed off).  Agneta et al. 2014 (Scientia Horticulturae 
170:249-255) sited total and "marketable" root yields for six horseradish accessions from 
southern Italy - marketable yield was 44% of total root yield for one, but 58-73% for the others.  
It is not stated what specifications were used to define "marketable" in their study, and 
requirements vary by market. 
 
The potential buyers indicate that a minimum 15 mm root diameter is required.  Only a small 
proportion of the roots from the current project were that large.  Hopefully the second season of 
growth for the plants established in 2015 will result in more large-diameter roots. 
 
Quality parameters for horseradish also include pungency and taste, which are mostly related to 
the levels of isothiocyanates formed from breakdown of glucosinolates.  The SK Food Centre 
(Sara Lui) has initiated sensory panel evaluations, and with a chemist (Dr. Rong Zhou) from 
AAFC-Saskatoon will be analyzing for specific isothiocyanates.  Preliminary results indicate that 
locally sourced material has good pungency. 
 
All involved with the project gained good field research experience with horseradish as a crop, 
learned a great deal about its quality parameters and assessment, and engaged other 
collaborators to contribute to the quality assessment aspect of the project.  The trial was 
included in one of the tours at the CSIDC Field Day (July 9) and in the Saskatchewan Seed 
Potato Growers Association Field Day (August 17).  Current potato growers would be best 
equipped to diversify into horseradish production. 
 
The input and collaboration of Connie Achtymichuk (SK Ministry of Agriculture), Sara Lui (SK 
Food Centre), Rong Zhou (AAFC-Saskatoon), and Jazeem Wahab (AAFC-Saskatoon) is 
acknowledged and greatly appreciated. 
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Table 11. Sources for horseradish planted in spring 2015 

Block  Source Irrigation 
In-row 

spacing 
No. of 
rows 

Row 
length* 

No. of plants 
per row* 

   (inches)  (m)  

1 Broderick Rainfed 16 12 8.2 20 

2 Broderick Rainfed 24 12 8.2 13 

3 Broderick Irrigated 16 12 8.2 20 

4 Broderick Irrigated 24 12 8.2 13 

5 Early's Rainfed 16 6 6.1 15 

6 Early's Rainfed 24 6 6.1 10 

7 Early's Irrigated 16 6 6.1 15 

8 Early's Irrigated 24 6 6.1 10 

9 Richters Rainfed 16 6 8.2 20 

10 Richters Rainfed 24 6 8.2 13 

11 Richters Irrigated 16 6 8.2 20 

12 Richters Irrigated 24 6 8.2 13 

n/a SK - Various Irrigated  24 various (12 sources tested) 

* approximate 
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Table 12. Horseradish yield and mean plant root weight 

Block Source Irrigation 
In-row 

spacing 
Harvest 

date Yield 
Mean plant 

root wt. 

   (inches)  (kg/ha) (g) 

1 Broderick Rainfed 16 Oct. 15 8370 318 

1 Broderick Rainfed 16 Oct. 29 9103 338 

2 Broderick Rainfed 24 Oct. 15 6994 396 

2 Broderick Rainfed 24 Oct. 29 9619 536 

3 Broderick Irrigated 16 Oct. 15 7498 279 

3 Broderick Irrigated 16 Oct. 29 8025 298 

4 Broderick Irrigated 24 Oct. 15 6986 390 

4 Broderick Irrigated 24 Oct. 29 6249 348 

5 Early's Rainfed 16 Oct. 15 8109 301 

5 Early's Rainfed 16 Oct. 29 8454 314 

6 Early's Rainfed 24 Oct. 15 6079 339 

6 Early's Rainfed 24 Oct. 29 5218 291 

7 Early's Irrigated 16 Oct. 15 7741 299 

7 Early's Irrigated 16 Oct. 29 6940 276 

8 Early's Irrigated 24 Oct. 15 5529 308 

8 Early's Irrigated 24 Oct. 29 5151 316 

9 Richters Rainfed 16 Oct. 15 10,006 372 

9 Richters Rainfed 16 Oct. 29 10,652 396 

10 Richters Rainfed 24 Oct. 15 8927 498 

10 Richters Rainfed 24 Oct. 29 8279 462 

11 Richters Irrigated 16 Oct. 15 12626 469 

11 Richters Irrigated 16 Oct. 29 8383 312 

12 Richters Irrigated 24 Oct. 15 11,999 700 

12 Richters Irrigated 24 Oct. 29 9504 530 

       
       Means by source of planting stock 

 Broderick    7855 363 

 Early's    6653 306 

 Richters    10,047 467 

       
Means by irrigation 

  Rainfed   8317 380 

  Irrigated   8053 377 

       
Means by within-row plant spacing 

   16"  8826 331 

   24"  7545 426 

       
Means by harvest date 

    Oct. 15 8405 389 

    Oct. 29 7965 368 
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Figure 13. Planting horseradish root pieces (right) and covering with a row cultivator, 
May 15 

 

 
Figure 14. Horseradish harvest 
 

 
Figure 15. Horseradish trial on September 3. Plot blocks (left to right) are Broderick, 
Early's, and Richters planting stock respectively. The dryland study is in the foreground. 
Note that a full canopy has not been established. 

Figure 12. Horseradish root planting 
stock (Big Top) from Broderick Garden 
Centre prior to planting 
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Canola Nitrogen Study 

Funded by the Saskatchewan Ministry of Agriculture and the Canada-Saskatchewan 
Growing Forward 2 bilateral agreement (Agriculture Development Fund) 

 
CSIDC Lead: Dale Tomasiewicz         Co-lead: Don David 

 Collaborators: Richard Farrell and Sarah Wilcott, Univ. of Saskatchewan, Saskatoon 
 
Crops grown under irrigation have very high yield potential, and consequently high nutrient 
requirements.  With canola yield potential exceeding 3500 kg/ha, recommendations for fertilizer 
nitrogen (N) can approach 200 kg/ha of actual N.  This can represent a cost of over $250/ha for 
the N fertilizer, as well as a very large amount of fertilizer to transport, handle, and apply.  Other 
non-legume crops can also have fertilizer N requirements in the 100 to 200 kg N/ha range.  
Understandably, producers need to use it in the most efficient way appropriate for their 
operations, by considering the four R's of nutrient stewardship - right source, right rate, right 
time, and right place. 
 
The objective of the study is to evaluate N fertilizer needs (N rate) and efficacy of selected 
management options (N timing and placement) for irrigated canola production in Saskatchewan.  
The application treatments were selected in 2012 (the first year of the study) based on input 
from industry regarding N fertilization practices used by and of interest to irrigation growers.  In 
addition to effects of treatments on canola yield and quality, effects on plant tissue N and fall 
residual ("soil test") soil N are also determined.  ADF is funding the trial in 2014, 2015 (reported 
here), and 2016. 
 
In addition to cost to the producer, N fertilization also has a cost to the public - in the form of 
greenhouse (GHG) gas emissions.  The most important GHG emission associated directly with 
crop production is release of nitrous oxide (N2O) gas from the soil, and applied fertilizer can be 
the source of much of that N2O.  The manufacture of the N fertilizer itself is also a major source 
of GHG emissions, so using only the needed rate of N fertilizer is especially important.  A 
separate collaborating project led by Dr. Richard Farrell (U of SK) closely monitored GHG 
emissions in selected treatments of this study - see the report entitled Determining the 
environmental optimum rate of fertilizer N for irrigated crops in the semiarid prairies in this 
document.  In 2015 an additional project also collaborated with the study, using samples from it 
to examine microbial aspects of N cycling and nitrous oxide production in irrigated soils.  
Samples for the purpose were collected before and after fertilizer applications and the first 
rain/irrigation event.  See the report entitled Microbial pathways of N2O production in irrigated 
soils: establishing a biological baseline in this document. 
  
Methods 
 
The replicated small-plot study was located on an orthic to calcareous Bradwell loam soil on-site 
at CSIDC (Field #12; SE15-29-8-W3).  The field was in irrigated spring wheat production in 
2014, and not fall-cultivated. 
 
On 30 April 2015 the soil was sampled to the 1.2 m depth by block with a hydraulic corer, taking 
six cores in each of the four blocks and dividing them into the following depth increments: 0-15, 
15-30, 30-60, 60-90, and 90-120 cm.  All twenty samples were analyzed for nitrate content.  A 
set of composite samples by depth was also prepared using soil from all blocks for site 
characterization (results below; nutrient levels are in mg/kg, and for the 0-15 cm depth only 
except where indicated otherwise).  The soil was non-saline at 0-15 cm, and slightly saline at all 
depths below 15 cm: 
 



  Field Crop Agronomy | 42  
 

 
Canada-Saskatchewan Irrigation Diversification Centre  |  Annual Review 2015-16 

 Organic C 0-15 cm - 1.2% (~2.1% OM) 15-30 - 0.9% (~1.6% OM) 
 Carbonate C 0-15 cm - 0.3% CaCO3-equivalent 15-30 - 1.3% CaCO3-equiv. 
 Nitrate (as NO3-N) 0-15 cm - 6.0    15-30 - 8.0    30-60 - 3.0    60-90 - 3.5    90-120 - 3.5 
 Ammonium (as NH4-N) 0-15 cm - 1.6    15-30 -2.9    30-60 - 3.5    60-90 - 3.1    90-120 - 4.9 
 P (Olsen) 3 
 K (ammonium acetate) 195 
 Sulphate high at all depths 
 Cu (DTPA-sorbitol) 0.49 
 Fe (DTPA-sorbitol) 14 
 Zn (DTPA-sorbitol) 0.47 
 Mn (DTPA-sorbitol) 2.6 
 B (DTPA-sorbitol) 0.90 
 Particle Size Analysis: 47% S, 38% Si, 18% C (0-15 cm; by hydrometer) - Loam 
 
Total nitrate in the 0-60 cm depth ranged from 35 to 51 kg/ha among the four blocks, and in the 
0-120 cm depth from 53 to 91kg/ha. 
 
The following N treatments were used: 

1 - Check No N applied 

2 - BC-110 110 kg/ha N pre-plant broadcast and incorporated (br&inc) 

3 - BC-220 220 kg/ha N pre-plant broadcast and incorporated 

4 - Band-110 110 kg/ha N sidebanded at planting 

5 - Band-220 220 kg/ha N sidebanded at planting 

6 - Split-55 27.5 kg/ha N pre-plant br&inc plus 27.5 kg/ha N topdress just prior to bolting 

7 - Split-110 55 kg/ha N pre-plant br&inc plus 55 kg/ha N topdress just prior to bolting 

8 - Split-165 82.5 kg/ha N pre-plant br&inc plus 82.5 kg/ha N topdress just prior to bolting 

9 - Split-220 110 kg/ha N pre-plant br&inc plus 110 kg/ha N topdress just prior to bolting 

 
These represent a factorial combination of three placement/timing options and two N rates, plus 
a Check treatment with no applied N, and two additional N rates for the Split treatment.  The 55 
and 165 Split N rates were added to accommodate a greenhouse gas (GHG) study also using 
the trial.  The study was laid out using a RCBD with four blocks. 
 
On May 1 the study area was pre-worked once with a Res-Till cultivator, and Edge Granular 
herbicide was broadcast and incorporated with a heavy harrow followed by two passes of a 
harrow-packer.  The following operations were all conducted on May 12.  A blanket application 
of triple superphosphate (0-45-0) fertilizer was made over all plots, and urea (46-0-0) was 
applied to only the plots requiring spring broadcast N per the treatment schedule.  These were 
applied with a plot drill, and the fertilizers were immediately incorporated with a cultivator 
followed by two passes of a harrow-packer.  The plots were then seeded the same day with a 
double disc plot drill with 10" row spacing.  InVigor L252 canola seed treated with Prosper 
Evergol was seeded approximately 1.2 cm deep at 7.5 kg/ha.  Side-banded N applications 
where required by the treatment schedule were done with the seeding operation - urea was 
banded approximately 2.5 cm to one side of and 5.0 cm below the seedrow.  Greenhouse gas 
sampling chambers and equipment were also installed after seeding on May 12. 
 
The study was sprayed with Liberty 150SN herbicides at 1.5 L/ac on June 15, with Lance WDG 
Fungicide at 142 g/ac on July 6, and with Decis insecticide at 60 ml/ac on July 8. 
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The topdress N applications required in the split treatments were hand-broadcast on June 23 
(shortly before onset of bolting), and watered in with irrigation (12.5 mm) the same day.  For 
accuracy of application rates over the small chamber areas, the chambers were covered during 
the broadcast applications, and fertilizer falling on the covers was discarded off the plot areas.  
The small amounts of fertilizer needed for the chamber areas were then accurately weighed and 
sprinkled over the soil within each chamber. 
 
Three irrigations totalling 31 mm were conducted May 20-27 to encourage stand establishment 
(spring weather and soil conditions were exceptionally dry in May 2015).  Five more irrigations 
totalling 67.5 mm were conducted from June 3 to July 7.  Further irrigation was not required due 
to abundant rainfall for the remainder of the season.  Four pairs of WaterMarkÊ soil moisture 
sensors (@ 25 and 75-cm depths) were installed in the study and read every two or three days 
from June 15 until the date of swathing.  Over that time, median moisture tension levels were 
always between 28 and 48 centibars at 25 cm, and between 22 and 36 centibars at 75 cm, 
indicating moisture conditions that would not be limiting to growth of irrigated canola. 
 
On June 8 plants in four 1-m row sections (selected prior to crop emergence) in each plot were 
counted.  On July 10 plots were sampled for tissue analysis (early-mid flowering stage).  The 
youngest mature whole leaf was taken from at least thirty plants within each plot; samples were 
oven-dried and submitted to a commercial laboratory for total N determination.  On July 16, 20, 
and 29 four NDVI (Normalized Difference Vegetation Index) readings were taken from each plot 
(two near each end) with a Trimble hand-held GreenSeekerÊ. 
 
Plots were swathed on August 21 with a plot swather, at approximately 60-75% seed color 
change in most plots.  Prior to this, plot ends were trimmed back, and rows were separated to 
allow swathing of the centre six rows (1.524 m width) only out of the 12-row wide plots.  This 
was done to prevent edge effects from inflating the measured yields.  The final harvest areas 
averaged almost 11 m2 within each plot.  The study was combined on September 21.  Harvest 
samples were dried to approximately 6.5% moisture and cleaned.  For each plot, average seed 
size, test weight, moisture content, seed oil content (by NIR transmittance using a Foss 
InfratecÊ 1241 Grain Analyser), and green seed count (based on a 300-seed crush for each 
sample) were determined. 
 
Each plot was sampled on September 29-30 for soil residual N content.  Three cores per plot 
were taken to the 120 cm depth out of the harvest area, separated by 30-cm depth increments, 
and bulked by plot.  Samples were air-dried and submitted for analysis under the collaborating 
project, which will also report the results. 
 
Results were statistically analysed for all treatments as RCBD by analysis of variance.  The 110 
and 220 kg N/ha treatments were also analysed as a 3 x 2 factorial design, and the 0N check 
compared to all other treatments by contrast analysis. 
 
Results and Discussion  
 
All operations and measurements were conducted as planned, and crop diseases and pests 
were effectively controlled. 
 
Stand density (data not presented) averaged only 62 plants/m2, but counts were not significantly 
related to treatment and no sizable areas without any plants were present.  Although stands 
were thinner than the 110 plants/m2 recommended for irrigated conditions (2015 Saskatchewan 
Irrigation Economics and Agronomics.  ICDC.  2015), each treatment averaged more than 50 
plants/m2 - the minimum density needed to maintain yield potential according to the Canola 
Council of Canada (http://www.canolacouncil.org/canola-encyclopedia/crop-establishment/plant-
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population/).  Stand counts ruled out the possibility of high sidebanded N rates having reduced 
stands due to toxicity to the germinating seedlings - the two treatments with sideband N had two 
of the three highest mean stand densities. 
 
Yields (~65 bu/ac for treatments with sufficient N) were moderate by irrigation standards 
(Table 13, Figure 16).  Only the 0N check plots (with lighter growth and paler color) were usually 
visually distinguishable from the others - from approximately mid-June through harvest.  The 55 
kg N/ha Split and 110 kg N/ha Broadcast and Band treatments had the next lowest yield means, 
though these were far from statistically significantly less than the means for the higher-N 
treatments.  Economic optimum N rates for the situation were probably in the 60 to 120 kg N/ac 
range, depending upon application timing and placement.  Current guidelines for irrigated 
canola suggest N application at approximately 165-180 kg N/ha for the study conditions (2015 
Saskatchewan Irrigation Economics and Agronomics.  ICDC.  2015). 
  
Tissue N concentrations (Table 14) related well to yields - very low for the 0 N check treatment, 
and only small non-significant differences among the other treatments.  For the treatments 
receiving N there was a weak but consistent trend for tissue N to increase with N rate, except 
for the 220 kg N/ha Banded treatment.  That treatment had relatively low tissue N, possibly due 
to a limitation in the amount of N that the crop could take up to that point in the season from the 
relatively widely spaced (25.4 cm) bands with high fertilizer concentrations.  NDVI readings 
increased with time from mid to late-July (Table 14).  They showed some small but sometimes 
significant differences with treatment; however, these were not consistent across measurement 
times.  NDVI values appeared to relate most closely to N rates and yields at the latest sampling 
time (July 29), which would be too late to use the technique as a basis for decisions to apply N 
by topdressing or fertigating.  The increasing readings with time, and the better relationship with 
N applied and yield for the last reading date, may reflect effects of the flowers on the readings 
(they may have blocked out some of the green foliage).  The stand would have still been in near 
full flower at the first reading, but would have had few flowers still present at the last.  
 
Seed oil concentrations were high, and declined slightly but very consistently with increasing N 
rate (Table 13).  The inverse relationship between concentrations of oil and protein (and hence 
N application rate) in canola seed is well recognized, and is an additional reason to avoid N 
rates beyond those needed for yield. 
 
Seed size (thousand kernel weight - TKW) and seed test weight were unaffected by treatment 
(Table 13).  TKW averaged only 3.3 g - the lower end of the range typically observed for 
Brassica napus.  Growing conditions during pod filling were good, and yields were not low.  
Therefore seed numbers must have been high due to low levels of flower and/or pod abortion.  
Good soil moisture and moderate temperatures during mid to late flowering and filling may be 
responsible - the temperature did not reach 30°C between July 19 and August 10. 
 
Although green seed incidence was very low (<0.7%) in all treatments, it was significantly higher 
in the split N treatments than in the Broadcast or Banded treatments.  This may be due to the 
later season N application stimulating some later flowering or delaying maturity. 
 
In summary, although N stress in the 0N treatment reduced yield by about 30% (~1000 kg/ha), 
N rates required for optimum yield were below current recommendations.  There were no 
significant differences in yield, seed quality parameters, plant tissue N, or NDVI readings among 
the N fertilizer timing/placement treatments, except that the split treatments produced more 
green seeds.  Seed oil content slightly but consistently declined with increasing N rate for all 
methods of N application.  Tissue N concentrations on July 10 were markedly lower in the 
lower-yielding 0N check treatment plots.  This N-stressed treatment could not be distinguished 
based on NDVI readings until late July, and effects of treatments on readings were small. 
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Results from the collaborating ADF-funded projects studying GHG emissions and microbial 
aspects of N cycling and nitrous oxide production in irrigated soils will add valuable information 
toward development and understanding of N management BMP's for irrigated conditions. 
 
The Canola N Study was featured prominently in the two morning (general) tours at the CSIDC 
Field day on July 9, 2015.  Drs. Tomasiewicz and Farrell spoke to each tour about the study.  A 
group of senior officials from AAFC also visited the study on July 15.  Results were presented at 
the Saskatchewan Irrigation Projects Association/Irrigation Crop Diversification Corporation 
Annual Meetings and Conference on December 8, 2015, and at other events. 
  

Figure 16. 2015 Canola Nitrogen Study Grain Yields 
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Table 13. Canola N study seed yield and quality parameters 

 Treatment  Yield* Oil Test wt. 
Thousand 
kernel wt. 

Green 
seed 

   kg/ha % kg/hl g % 

All treatments 

 1 - Check  2567 53 60 3.1 0.0 

 2 - BC-110  3583 50 63 3.6 0.0 

 3 - BC-220  3724 48 65 3.0 0.0 

 4 - Band-110  3516 50 65 3.2 0.2 

 5 - Band-220  3702 47 64 3.2 0.1 

 6 - Split-55  3437 51 64 3.2 0.1 

 7 - Split-110  3639 50 61 3.3 0.3 

 8 - Split-165  3679 49 65 3.0 0.3 

 9 - Split-220  3609 48 65 3.3 0.6 

        
 P-value  0.000 0.000 0.35 0.74 0.048 

 LSD (0.05)  345 1.4 4 0.7 0.4 

 CV (%)  6.8 1.9 4.8 14 142 

        
   Contrast - 0N vs. all others 

 P-value  0.000 0.000 0.036 0.56 0.15 

        
        
As application x N rate factorial (includes 110 and 220 kg/ha N treatments only) 

   Application placement/timing 

 BC  3654 49 64 3.3 0.0 

 Band  3609 48 64 3.2 0.2 

 Split  3624 49 63 3.3 0.6 

        
 P-value  0.93 0.35 0.71 0.85 0.008 

        
   N rate (kg/ha) 

 110  3579 50 63 3.4 0.2 

 220  3678 48 65 3.2 0.2 

        
 P-value  0.32 0.000 0.20 0.34 0.79 

        
   Application x N rate 

 P-value  0.64 0.88 0.31 0.45 0.28 

 CV (%)  6.5 2.1 4.3 14 120 

* yields are adjusted to 8.5% moisture basis 

 
  



  Field Crop Agronomy | 47  
 

 
Canada-Saskatchewan Irrigation Diversification Centre  |  Annual Review 2015-16 

 
Table 14. Canola N study plant tissue N content and NDVI readings 

 Treatment Tissue N July 16 NDVI July 20 NDVI July 29 NDVI 

  % kg/ha % kg/hl 

All treatments 

 1 - Check 3.9 0.54 0.63 0.68 

 2 - BC-110 5.1 0.52 0.62 0.72 

 3 - BC-220 5.3 0.52 0.60 0.76 

 4 - Band-110 4.9 0.56 0.64 0.73 

 5 - Band-220 4.8 0.55 0.61 0.74 

 6 - Split-55 4.8 0.56 064 0.70 

 7 - Split-110 4.9 0.57 0.67 0.73 

 8 - Split-165 5.2 0.58 0.67 0.73 

 9 - Split-220 5.3 0.50 0.61 0.73 

      
 P-value 0.000 0.037 0.109 0.000 

 LSD (0.05) 0.5 0.05 0.05 0.02 

 CV (%) 6.9 5.7 5.7 2.0 

      
   Contrast - 0N vs. all others 

 P-value 0.000 0.90 0.78 0.000 

      
      
As application x N rate factorial (incl. 110 and 220 kg/ha N treatments only) 

   Application placement/timing 

 BC 5.2 0.52 0.61 0.73 

 Band 4.8 0.55 0.62 0.73 

 Split 5.1 0.54 0.64 0.73 

      
 P-value 0.15 0.096 0.33 0.63 

      
   N rate (kg/ha) 

 110 5.0 0.55 0.64 0.73 

 220 5.2 0.52 0.61 0.74 

      
 P-value 0.20 0.060 0.038 0.14 

      
   Application x N rate 

 P-value 0.45 0.12 0.50 0.95 

 CV (%) 7.2 5.6 6.3 2.0 
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Improving Canola Stand Establishment for Irrigated Conditions 
 

Funded by Agriculture and Agri-Food Canada 
 

CSIDC Lead: Dale Tomasiewicz         Co-lead: Don David 
 
Canola is by far the most extensively grown individual crop under intensively managed irrigation 
in Saskatchewan, accounting for over one-quarter of that irrigated area.  The irrigated crop 
production environment is distinct.  Due to the relatively long, warm growing season and little 
risk of drought stress, yields under irrigation are typically higher and more consistent than in 
other areas.  However, soils and climate are not similar to those in the Black soil zone where the 
highest yields are normally produced and most research with canola has been conducted; the 
Brown/Dark Brown soils and climate are typically drier at planting and are lower in organic 
matter, creating different conditions for crop establishment. 
 
One of the greatest agronomic challenges for canola production is in the area of crop stand 
establishment.  Small canola seeds produce a thin weak stand if seeded too deeply, but dry soil 
conditions can necessitate deeper seeding to get the seed "into moisture" so that it can 
germinate.  Crusting of the lower organic matter irrigated soils can also pose a challenge for 
canola emergence under moister conditions and in finer-textured soils.  Due to certain special 
high-value crops in many irrigated rotations, cultivated productions systems as well as zero-till 
are involved.  Irrigation can provide the surface soil moisture and soften soil crusts, for better 
crop emergence, but irrigating after seeding can in some situations also challenge emergence 
by washing in and packing soil over the seedrow.  Irrigation for stand establishment has been 
used by some growers to improve crop stand, but the practice has not been studied and 
success with it is inconsistent. 
 
The objective of this field project is to determine the effectiveness of the most practicable 
measures available to the irrigated canola producer to improve canola stand density and 
uniformity.  This includes irrigation shortly before planting and irrigation shortly after planting.  
To broaden applicability of results, the study is conducted on two differing soils and tillage is 
also added as a variable at each site. 
 
Methods 
 
In 2015 the replicated small-plot study was located on a dominantly calcareous Bradwell loam 
soil on-site at CSIDC (Field #3; SW15-29-8-W3), and on an orthic Bradwell sandy loam soil at 
the CSIDC off-site location (Knapik northwest field; NW12-29-8-W3).  The 0-15 cm soil at the 
on-site location had 3.3% organic matter and a particle size distribution of 36-58-16% S-Si-C, 
and the off-site location had 1.7% organic matter and 71-19-10% S-Si-C.  Both fields were in 
irrigated spring wheat production in 2014 and not fall-cultivated afterwards. 
 
Treatments were a factorial combination of two tillage x four irrigation treatments as follows: 
 
 Tillage: A) No tillage (direct-seeded into standing stubble) - No-Till 
   B) Spring-tilled well before seeding ï Till 
 
Irrigation: 1) Irrigated, with a single pre-seeding irrigation for stand establishment - Pre 
   2) Irrigated, with three post-seeding irrigations for stand establishment - Post 
   3) Irrigated, with no irrigation for stand establishment - None 
   4) Rainfed all season; no irrigation at any time ï Dry 
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The Dry treatment was not randomized in with the other irrigation treatments - it was laid out as 
a separate (2 treatment x 4 block) study along one side of each of the irrigated studies to 
facilitate the irrigations to be conducted after the establishment.  The irrigated study was laid out 
in a strip-plot design with four complete blocks, due to the difficulty in applying irrigation and 
tillage treatments to individual small plots. 
 
The first tillage in the tilled treatment at both sites was conducted on April 30 with a field 
cultivator.  They were both again cultivated twice and harrow-packed twice on May 19.  On-site, 
the Pre irrigation treatment plots (only) were then irrigated (12.7 mm) on the same day, while 
that irrigation was conducted early on May 20 at the off-site location.  Both sites were seeded on 
May 20 with a double-disc plot drill with 25.4-cm row spacing.  L252 canola was planted at 7.5 
kg/ha (~150 seeds/m2) approximately 10 mm deep into dry quite soil conditions at seeding 
depth (especially in the tilled treatment).  The studies were fertilized and all pests were 
managed as generally recommended for irrigated canola production in Saskatchewan. 
 
The Post irrigation treatment plots at both sites were irrigated with 8.0 mm of water on each of 
May 21, 22, and 26 (Figure 17).  All irrigated treatments were later irrigated between June 25 
and July 10 as required (a total of 27.5 mm on-site and 42.5 off-site).  From June 11 onward 
rainfall was more than sufficient to meet crop requirements. 
 
Plant counts were made (four 1-m row sections per plot) at both sites on May 29 and again on 
June 8.  A third count was also conducted on-site on June 19, and off-site on June 18, due to 
late germination and emergence occurring after rain that fell June 11-12.  The exact sections of 
rows to be counted were marked prior to plant emergence to avoid bias and improve precision 
to detect changes.  Stem counts were also taken after harvest in the same locations.  Lodging in 
each plot was rated on August 28 at both sites (1= lower stems vertical, to 9= lower stems 
horizontal).  Various other measurements and observations were made that are not reported 
here - soil moisture and temperature, maturity, etc. 
 
Both trials were swathed on August 29 and combined on September 11, taking about 13 m2 
from each plot in the on-site trial and 11 m2 from each plot in the off-site trial.  The exact areas 
to be harvested for yield were cut out of the larger plots just prior to swathing, to avoid inflated 
yields due to edge effects.  Samples were cleaned, and yield and various quality parameters 
were determined. 
 
Results were analysed by site using analysis of variance conducted in accordance with the 
above-mentioned experimental design (including separate analysis for Dry treatment). 
 
Results and Discussion 
 
The last substantial spring rain in 2105 occurred on April 25-26.  Only 11 mm of rain fell from 
then until June 11, all in events of <3 mm each which were insufficient to cause germination of 
seed in the dry surface soil.  Prior to the June 11-12 rain stands were generally thin and non-
uniform in treatments not receiving irrigation just prior to or just after seeding - this was more 
pronounced at the sandier off-site location, and in the tilled treatments as compared to the 
direct-seeded treatments (Tables 15 and 16, Figure 18).  May 29 counts are not presented, as 
they were almost identical to the June 8 counts shown.  Post-seeding irrigation improved stand 
density more than pre-seeding irrigation, especially at the off-site location.  This may have been 
due to the shallow seeding depth and intense drying conditions after seeding. 
 
By the June 18-19 counts, all previously poor stand areas had additional plants emerging to 
eliminate bare areas and bring average counts for every treatment above 60 plants/m2 on-site 
and 40 plants/m2 off-site.  Although most stands were thinner than the 110 plants/m2 
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recommended for irrigated conditions (2015 Saskatchewan Irrigation Economics and 
Agronomics.  ICDC.  2015), almost all exceeded the 50 plants/m2 suggested to be the minimum 
density needed to maintain yield potential according to the Canola Council of Canada 
(http://www.canolacouncil.org/canola-encyclopedia/crop-establishment/plant-population/).  Stem 
counts after harvest were quite consistently substantially lower than the last plant counts in 
almost all treatments, but more so for the treatments not receiving irrigation just before or after 
seeding - possibly due to the later emerging plants not being able to compete with the larger 
plants which emerged much earlier. 
 
Although lodging was not severe and lodging ratings were not significantly related to treatments, 
there was a general trend for lodging to increase with stand density. 
 
At both sites canola seed yield was not significantly affected by tillage treatment, nor by 
irrigation treatment, nor their interaction.  The fully Rainfed treatment at each site also yielded 
similar to the irrigated treatments.  There were not even trends to higher yields with higher plant 
populations.  However, the plots with poor initial emergence contained plants at two very 
different growth stages (Figure 19).  This delayed harvest but was not otherwise a disadvantage 
under the study conditions in 2015.  But it could be a problem under certain other conditions, 
such as when there is an early fall frost or when high winds cause shattering of the earlier crop. 
 
Effects of treatments on seed oil content were very small and mostly non-significant.  Seed size 
was relatively small (~3.5 mg) and unaffected by treatments (data not reported). 
 
In summary, canola germination and stand establishment was initially poor due to spring 
drought conditions in 2015 - the problem was worse at the sandier site and was exacerbated by 
tillage at both sites.  Irrigation just before or after seeding improved the stand density 
substantially, with post-seeding irrigation the more effective.  Rainfall starting on June 11 was 
sufficient to cause germination and emergence in all previously bare/thin areas, and produce a 
plant stand and crop which matured in time to produce a good yield, so yields were unaffected 
by irrigation and tillage treatments.  So risk of poor canola stand establishment can be reduced 
by avoiding pre-seeding tillage and seeding delays.  When conditions for stand establishment 
are dry, irrigation just before or (preferably) after seeding can improve stand. 
  

http://www.canolacouncil.org/canola-encyclopedia/crop-establishment/plant-population/
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Table 15. Canola establishment study plant stand, yield and oil content, CSIDC site 

Treatment 
Plant count 

June 8       June 19 
Stem 
count Lodging Seed yield 

Oil 
content 

   plants/m2 plants/m2 stems/m2 1-9 kg/ha % 

Rainfed  

 Tillage  

  No-till 62 76 56 1.5 3934 48 

  Till 17 93 60 2.0 3362 47 

         
  P-value 0.003 0.080 0.67 0.39 0.20 0.11 

  CV 18.6 10.8 20.5 40.4 13.5 1.8 

         
         
Irrigated  

 Tillage  

  No-till 73 80 66 2.1 3930 47 

  Till 68 104 72 1.9 3877 48 

         
  P-value 0.69 0.15 0.68 0.66 0.80 0.66 

  CV 38.9 32.5 43.2 42.5 10.7 5.1 

         

 Irrigation  

  None 44 98 61 1.9 3950 47 

  Post 93 100 79 2.4 3852 47 

  Pre 74 79 67 1.8 3908 48 

         
  P-value 0.000 0.001 0.015 0.36 0.90 0.092 

  CV 8.4 10.8 12.4 42.1 11.8 1.8 

         

 Tillage x Irrigation Interaction  

  No-Till - None 72 85 64 2.0 3827 47 

  Till - None 16 112 58 1.8 4072 48 

  No-Till - Post 86 90 80 2.2 4161 46 

  Till - Post 100 110 77 2.5 3543 47 

  No-Till - Pre 61 67 54 2.0 3800 47 

  Till - Pre 88 90 79 1.5 4016 48 

         
  P-value 0.000 0.44 0.008 0.48 0.13 0.98 

  CV 12.7 5.9 10.2 29.5 10.3 1.5 
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Table 16. Canola establishment study plant stand, yield and oil content, off-station site 

Treatment 
Plant count 

June 8       June 18 
Stem 
count Lodging Seed yield 

Oil 
content 

   plants/m2 plants/m2 stems/m2 1-9 kg/ha % 

Rainfed  

 Tillage  

  No-till 16 64 47 3.2 3199 45 

  Till 27 48 52 2.8 3891 47 

         
  P-value 0.36 0.101 0.24 0.39 0.29 027 

  CV 62.8 11.9 10.0 23.6 21.4 3.7 

         
         
Irrigated  

 Tillage  

  No-till 72 83 64 3.2 3412 46.0 

  Till 51 70 48 3.1 3294 46.3 

         
  P-value 0.004 0.092 0.022 0.79 0.37 0.030 

  CV 10.1 17.0 16.4 22.3 8.2 1.1 

         

 Irrigation  

  None 48 86 50 2.5 3289 46 

  Post 87 89 77 4.1 3279 46 

  Pre 50 55 44 2.8 3492 47 

         
  P-value 0.002 0.003 0.001 0.054 0.70 0.59 

  CV 22.4 15.9 17.5 35.6 16.6 4.1 

         

 Tillage x Irrigation Interaction  

  No-Till - None 68 87 57 2.2 3534 46 

  Till - None 28 85 37 2.8 3044 46 

  No-Till - Post 89 95 81 4.5 3269 46 

  Till - Post 85 84 73 3.8 3290 46 

  No-Till - Pre 59 68 54 2.8 3434 46 

  Till - Pre 41 42 34 2.8 3550 47 

         
  P-value 0.021 0.18 0.58 0.32 0.44 0.84 

  CV 15.2 14.3 21.8 24.2 14.2 3.2 
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Figure 17. Canola establishment study pre-plant irrigation of selected treatments at the 
on-site trial showing tilled and un-tilled treatments. 
  

Figure 18. Canola establishment study plots at the off-site location on June 11. 
Treatments (left to right) are tilled dryland, un-tilled dryland, and tilled with post-
seeding irrigation respectively. 
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Figure 19. Canola establishment study on-site location on September 2 showing wide 
variation in maturity in a tilled and not irrigated plot with poor initial germination. 
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Effects of Genetic Sclerotinia Tolerance and Foliar Fungicide Applications on the 
Incidence and Severity of Sclerotinia Stem Rot Infection in Argentine Canola 

 

Funded by Saskatchewan Canola Development Commission (SaskCanola) 
and Agriculture and Agri-Food Canada 

 

 Principal Investigator:  Chris Holzapfel, Indian Head Agricultural Research Foundation 
 CSIDC Lead: Dale Tomasiewicz  Co-lead: Don David 

 

Sclerotinia stem rot causes significant yield loss for canola in western Canada each year; 
however, the degree to which this disease affects individual fields is highly variable depending 
on the specific environmental and weather conditions that are encountered.  Foliar fungicides 
have proven to be the most consistent and effective method of controlling sclerotinia; however, 
in many canola growing regions of the Prairies, annual applications may not be economically 
viable over the long-term.  Commercial cultivars that are considered relatively tolerant to 
sclerotinia stem rot have recently been introduced. 
 

This project aims to enhance our current understanding of potential benefits and limitations that 
might be expected with both tolerant cultivars and foliar fungicide applications, and specifically: 

1) To evaluate the effectiveness of genetic tolerance to sclerotinia and foliar fungicide 
applications for reducing sclerotinia stem rot infection in Argentine canola under field 
conditions, and 

2) To determine if, and under what conditions, foliar fungicide applications may be 
required when growing a cultivar with genetic tolerance to sclerotinia. 

 

In 2015, the third and final year of the study, field trials were conducted at five locations in 
Saskatchewan and Manitoba having at least a moderate to high risk of sclerotinia developing in 
canola based on their climates.  The sites at CSIDC-Outlook and Brandon, MB were irrigated; 
the non-irrigated sites were at Indian Head and Melfort, SK, and Melita, MB.  This report 
includes detailed results for the Outlook 2015 location only, and the summary and conclusions 
from the final report on all sites. 
 

Methods 
 

The 2015 study at Outlook was conducted on-site at CSIDC under a linear irrigation system 
(SW15-29-8-W3: Field #3), on a dominantly Calcareous Bradwell silt loam soil with significant 
Regosolic Bradwell soil areas.  No fall tillage had been used after the field was in irrigated wheat 
production in 2014, but the straw was baled off.  The specific trial area was not separately soil 
tested, but the larger field it was located in (~2 ha) was tested in the fall (sampled 30 October 
2014) to the 60-cm depth.  The 0-15-cm depth soil contained 2.8% organic matter, had a pH of 
8.1 (1:1 soil:water suspension), and was non-saline.  Soil below the 15-cm depth was slightly 
saline.  Soil test nutrient levels were sufficient for K and very high for N, P, and S. 
 

The treatments were a factorial combination of two canola hybrids and four fungicide 
treatments.  The hybrids were 45H29 RR (susceptible) and 45S54 RR (tolerant) 
 

The foliar fungicide treatments were: 
1) untreated check 
2) Early - fungicide applied at 20% bloom 
3) Late - fungicide applied at 50% bloom 
4) Dual - full rate of fungicide applied at both crop of above stages. 
 

The treatments were arranged in a Randomized Complete Block Design (RCBD) with four 
replicates. 
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The cereal stubble was cultivated with a Res-Till cultivator on May 4.  The study was seeded on 
May 16 with a 6-row plot drill (25-cm row spacing), approximately ~1.5 cm deep.  Urea and 
11-52-0 fertilizers were sidebanded during planting to provide total rates of 20 kg/ha each of 
actual N and P2O5.  The seed was treated with Helix XTra® from source.  Both hybrids were 
glyphosate tolerant and seeding rates were adjusted for seed size to target approximately 125 
viable seeds/m2 (a relatively high rate to promote dense crop canopies and increase the 
likelihood of disease).  Individual plots were approximately 4.6 m (3 drill passes) wide by 12 m 
long (after trimming out of alleyways between ranks). 
 
On June 25 urea was topdressed using a spin spreader at rate to provide 70 kg/ha of actual N, 
followed by 0.5" irrigation on same day.  This application was made despite the high soil nitrate 
test for the field, due to areas of paler growth in the study that may have been due to low N. 
 

Roundup WeatherMAX herbicide (540 g ae/L) was sprayed on July 10 at 0.51L/ac.  The Early 

and Late fungicide applications (specific to each treatment) were made on June 28 and July 3 
respectively, and each consisted of an application of Lance WDG Fungicide (boscalid) at 
142 g/ac.  Decis insecticide was sprayed on July 8 at 60 ml/ac. 
 
A total of 56 mm of irrigation water was applied from May 19 to July 9, after which rains were 
more than sufficient to maintain optimum soil moisture (based on soil moisture tension 
monitored with Watermark soil moisture sensors installed in each block). 
 
Stand counts (of two 1-m row sections in each plot) were made on June 4.  Time from planting 
to initiation of flowering (5-10% of plants have at least one flower open) and to end of flowering 
(5-10% of plants are void of flowers) were each documented by plot.  On August 19 sclerotinia 
incidence and severity ratings were made in each plot (Figure 20).  One hundred individual 
plants per plot were rated on a scale of 0-5 (method described in: Kutcher, H. R. and Wolf, T. M. 
2006.  Low-drift fungicide application technology for sclerotinia stem rot control in canola.  Crop 
Prot. 25: 640-646).  Time to maturity (when 60% of seeds show signs of color) was also 
documented by plot, as was lodging on August 19. 
 
Plots were swathed (the centre 6 rows) on August 20 and combined on September 11.  Seed 
was dried, cleaned, and assessed for yield, moisture, seed size, distinctly green seed 
percentage (based on 300-seed crush for each plot), and oil content. 
 
Results and Discussion 
 
Stand densities were somewhat below the targeted level but not significantly related to 
treatment (Table 17).  Sclerotinia incidence was very low and unrelated to treatment.  Lodging 
was moderate to severe in all treatments, but significantly worse in the sclerotinia tolerant 
hybrid.  Yields were moderate by irrigation standards, and significantly lower for the tolerant 
hybrid than for the susceptible one.  The only other significant treatment effects were slightly 
longer time to maturity and larger seed size for the sclerotinia tolerant hybrid.  Seed oil content 
averaged 45%, and was not significantly affected by treatments (data not presented). 
 
Summary and Conclusions from the Final Project Report (for all sites and years) 
 
Overall, this study showed that sclerotinia incidence and severity were reduced by either using 
tolerant hybrid or fungicide applications; however, overall disease pressure was low and neither 
technology eliminated the disease when it was present at notable levels.  Under the low disease 
pressure encountered, there was little benefit to applying fungicide for tolerant hybrid as there 
were no further reductions in disease and effects on yield were generally not significant or likely 
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to be economical.  That being said, yields were frequently higher with the susceptible hybrid 
and, even there, the economic viability of fungicide applications was questionable at best for the 
vast majority of individual locations-years.  In most cases where there was evidence of a yield 
increase with fungicides, yields tended to be higher at the later of the two fungicide applications; 
however, these results would not be expected under all conditions.  Furthermore, at 50% bloom, 
the application window for controlling sclerotinia with fungicide application is rapidly closing.  
 
Because early infection generally has the greatest potential to yield loss therefore it is generally 
advisable to apply fungicide between 20-50% bloom and before a significant number of petals 
have dropped.  Not surprisingly given the low levels of disease, there were no benefits to dual 
fungicide applications with regard to either visual symptoms or actual seed yields.  Overall, 
these results showed that tolerant hybrids are effective for reducing disease and less likely to 
benefit from fungicide; however, susceptible hybrids may frequently yield higher, at least under 
low disease pressure as encountered in these trials. 
 
Concerns are occasionally raised as to whether small plots are appropriate for evaluating 
diseases such as sclerotinia, primarily due to edge effects and increased air flow through the 
canopy.  In addition, this disease tends to be more severe in low-lying, wet areas of the field 
while plot trials tend to be situated on well-drained, uniform sites.  Nonetheless, all sites strived 
to make plot sizes as large as possible and, at Indian Head, the current results are consistent 
with those of field-scale evaluations conducted with susceptible hybrids over the same period.  
 
While we know that fungicides can dramatically reduce yield loss under heavy disease 
pressure, we saw few responses despite repeating the trial 14 times at locations which were 
specifically selected to have moderate to high disease pressure.  Due the relatively small and 
inconsistent responses, the challenge for managing sclerotinia in canola continues to be 
accurately predicting whether yield responses to fungicide applications are likely and future 
research should continue to develop and improve predictive tools.  While this can be a 
challenge for all diseases, it is especially the case for sclerotinia which can only be controlled 
well before the first symptoms develop.   
 
Genetic tolerance is an exciting advancement that has could help to reduce our dependence on 
fungicides and provide adequate protection under the relatively low disease pressure than is not 
uncommon in western Canada.  However, to be widely adopted and utilized to its full potential, 
sclerotinia tolerance must be incorporated into a broader range of hybrids and, given the 
sporadic and unpredictable nature of this disease, yields must remain competitive with 
susceptible hybrids. 
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Table 17. Results for the canola sclerotinia study 

Treatment Stand 
Flowering 

Initiation End 
Sclerotinia 
incidence Maturity Lodging 

Seed 
yield2 

Green 
seed 

Seed 
size 

 (#/m2) (days) (days) (%) (days) (1-9)1 (kg/ha) (%) (mg) 

Hybrid 

 Susceptible 90 46 62 0.38 98 4.6 3665 0.2 3.6 

 Tolerant 90 45 63 0.38 98 5.7 3239 0.1 4.1 

           
 P-value: 0.97 0.42 0.000 1.00 0.067 0.013 0.010 0.67 0.000 

           

Fungicide 

 Check 80 45 63 0.4 98 4.6 3439 0.2 3.9 

 Early 93 45 63 0.5 98 5.1 3616 0.1 3.9 

 Late 86 46 63 0.2 98 5.2 3462 0.2 3.9 

 Dual 101 46 63 0.4 98 5.6 3292 0.3 3.8 

           
 P-value: 0.54 0.057 0.68 0.90 0.19 0.36 0.52 0.13 0.84 

           

Hybrid x Fungicide 

 Sus-Check 79 45 62 0.2 98 4.2 3733 0.2 3.6 

 Sus-Early 105 46 63 0.5 98 4.8 3905 0.1 3.7 

 Sus-Late 77 46 63 0.2 98 4.5 3633 0.2 3.6 

 Sus-Dual 101 46 62 0.5 98 5.0 3388 0.4 3.6 

 Tol-Check 82 45 63 0.5 98 5.0 3144 0.2 4.2 

 Tol-Early 82 45 64 0.5 98 5.5 3326 0.1 4.0 

 Tol-Late 94 46 64 0.2 98 6.0 3291 0.2 4.1 

 Tol-Dual 102 46 63 0.2 98 6.2 3196 0.3 4.0 

           
 P-value: 0.61 0.88 0.93 0.90 0.44 0.87 0.75 0.98 0.59 

 CV (%): 33 0.95 0.75 177 0.47 21 12.3 110 4.5 

1 Rating from 1=lower stems vertical, to 9=lower stems flat on the ground 
2 Yield adjusted to 10% seed moisture basis 
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Figure 20. Final Sclerotinia rating for incidence and severity. The plots are being 
separated in preparation for swathing. Note the degree of lodging. 
 

 
Moisture Management Effects on Soybean and Fababean in Saskatchewan 

 
Funded by the Saskatchewan Pulse Crop Development Board 

 
 Lead Investigator: Dale Tomasiewicz    Co-lead: Don David 
 Collaborators: Evan Derdall, AAFC Saskatoon; Garry Hnatowich, ICDC 
 
Soybean and fababean are relatively "new" in Saskatchewan with respect to substantial 
commercial production - acreages of both crops remained low in Saskatchewan until the past 
few years.  Both showed considerable increases in 2012, and then large jumps in each of 2013 
and 2014.  Provincial acreages in 2014 reached approximately 270,000 for soybean and 14,000 
for fababean.  Continued increases are anticipated.  Both are long-season crops.  Until the past 
few years, commercially available cultivars of soybean were not regarded as good risks for 
production in Saskatchewan.  Fababean, though not quite as great a risk with respect to season 
length, also requires good moisture for good production.  Increasing acreages of both crops 
over the coming years will mean expanding their production into additional areas of the Province 
where they have not previously been extensively grown or proven to be "adapted".  Adaptability 
of crops to areas is primarily a function of their requirements with respect to temperature 
(including growing season length) and moisture. 
 
Generally, soybean is considered moderately drought-tolerant, though its long growing season 
results in relatively high seasonal water requirements.  Fababean has a long growing season 
and high seasonal moisture requirement, and is more sensitive to drought/heat conditions.  Both 
crops are (at least anecdotally) among the more tolerant of annual crops to periods of excess 
moisture ("wet feet").  Their relative resistance to lodging, and hence to the favourable 
conditions for disease development that a lodged crop presents, may be factors. 
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This project was initiated to better define the moisture needs of the crops, and the effects of 
drought and excess moisture stress at various times during the growing season.  The objectives 
are to determine the effects of selected irrigation treatments on soybean and fababean 
development, yield, and quality, and on soil moisture and temperature, for two cultivars of each 
crop.  Irrigation treatments are structured to provide information useful for irrigation scheduling, 
and also to be applicable to non-irrigated conditions, such as to indicate adaptability of the crops 
to soils and areas where drought and/or excess moisture are common. 
 
Methods 
 
Separate replicated small-plot studies were conducted with each crop (fababean and soybean).  
They were located adjacent to each other on Bradwell sandy loam soil on-site at CSIDC 
(Field #7).  The field was in irrigated spring wheat production in 2014, and not fall-cultivated. 
  
On 30 April 2015 the soil in each study area was sampled to the 0.6 m depth for testing.  
Results were very similar between the two areas, except for copper.  The soil was non-saline at 
all sampled depths, and soil test K, S, Zn, Mn, and B were sufficient to high.  Mean values for 
other selected results follow (for the 0-15 cm depth only, except for nitrate): 
  

Organic C  1.2% (~2.1% OM) 
 Carbonate C  1.0 % CaCO3-equivalent 
 Particle Size Analysis 73.5% S, 19.5% Si, 7.0% C (by hydrometer) - Sandy Loam 
 Cu (DTPA-sorbitol) Fababean - 0.31 mg/kg Soybean - 0.51 mg/kg 
 P (Olsen)  15 mg/kg 

Nitrate (as NO3-N) 0-15 cm - 8 kg/ha 0-60 cm - 60 kg/ha 
  
Each study used a split-block (=strip-plot) design, with four complete blocks.  Variables were 
cultivar (two for each crop) and irrigation treatment (seven for each crop).  That design was 
used for logistical reasons (e.g. the irrigation treatments can only be applied to substantial areas 
that can each accommodate two plots, and convenience in seeding the cultivars [the less 
important variable in the studies] in strips). 
 
Since the two cultivars within each study and water treatment would be irrigated together, 
varieties with similar season length requirements (days to maturity) were selected so that the 
irrigation regimes would be appropriate for both.  For fababean, CDC Snowdrop (a zero tannin 
variety) and CDC SSNS-1 (normal tannin) were used.  For soybean, the glyphosate-tolerant 
cultivars 23-10RY and NSC Moosomin RR2Y were used. 
 
Irrigation treatments were as follows (I1 to I6 are the same for both crops): 
 

Trtmt No. Trtmt. 
   

Trt. Desig. 

I1 Rainfed (no irrigation at any time) Rainfed 

I2 Full irrigation  
  

Full irrig. 

I3 Early season drought stress (to flowering) Dry early 

I4 Late season drought stress (pod-filling) Dry late 

I5 Early season excess moisture Wet early 

I6 Late season excess moisture Wet late 

I7 Fababean Mid-season drought stress (flowering) Dry mid 

I7 Soybean Irrigation at emergence Emerge 
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The differing I7 irrigation treatments were included to test anecdotal evidence that mid-season 
drought stress may be good for fababean pod set, and that very early irrigation of soybean may 
impede growth (possibly due to temperature shock). 
 
Specialized hand-set irrigation equipment was set up for the study to permit best flexibility in 
locating the trials and control of irrigation applications by irrigation plot (56 in total).  Each 
irrigation plot was irrigated by a single nozzle in the centre of the plot.  Senninger High Angle 
Xcel Wobbler nozzles, each with a 20 psi pressure regulator, were used.  These provide uniform 
coverage (irrigation rate) from approximately 1.5 to 7.0 m from the nozzle, and relatively low 
application rates (0.65-0.85 cm/hr) to avoid run-off.  The two cultivars were planted on opposite 
sides of each nozzle.  All harvests and measurements were conducted between approximately 
1.5 and 6.0 m from the nozzle.  Plots were arranged in a square grid pattern at ~15.2-m spacing 
in both directions (Figure 21).  All irrigation dates and amounts are listed in Table 18. 
  
The area for both studies was pre-worked (April 28) and Edge Granular herbicide was 
broadcast at 6.9 kg/ac and incorporated with Res-TillÊ cultivator (April 29).  A second similar 
tillage was conducted on May 7 followed by a harrow-packing operation. 
 
Due to exceptionally dry weather conditions in May, and exacerbated by the above-mentioned 
tillage operations for herbicide incorporation, the surface soil moisture condition for crop 
germination and emergence was poor.  Using the overhead linear irrigation system also present 
in the field, a blanket irrigation of 1.3 cm was made to the entire study area on May 22.  
Substantial wireworm damage was then observed in the emerging fababean study.  Since no 
wireworm control had been used in the fababean study, on May 27 Alias SC insecticide 
(imidacloprid) was applied at 1.2 L/ha to both crops immediately followed by another 1.3-cm 
irrigation to wash in the pesticide.  Although this was not a specifically registered application 
type, imidacloprid is registered for both crops in seed treatment formulations, and very thin or 
patchy stands due to poor establishment for any reason would jeopardize the studies. 
 
Both studies were seeded with a six-row double-disc press drill with 25.4-cm row spacing.  
TagTeam granular inoculant was applied in the drill row at 5.5 kg/ha, and 15 kg/ha each of 
actual P2O5 and K2O as ammonium phosphate and potash fertilizers were side-banded.  
Harvests at maturity were conducted with a 1.52-m (6-row) wide plot combine.  Ends of the final 
harvest areas were cut out in advance and exact lengths of harvest areas (mostly 8.5-10.0 m) 
were measured.  Harvested seed was dried before processing.  Moisture (as well as protein and 
oil for soybean) contents were determined with a Foss Infratec 1241 Grain Analyzer.  Other 
details of operations are listed below by crop. 
 
Fababean: 
Å May 11 - seeded at 56 viable seeds/m2, to target a stand of 45 plants/m2.  TKW and 

germination rates for the seed sources were determined to establish rates for each variety 
(239 kg/ha for Snowdrop and 169 kg/ha for SSNS-1).  Apron Maxx seed treatment was 
used for disease control. 
Å Plants counts in two 1-m row sections within each plot were conducted on June 5 

(Stand1) and June 10 (Stand2)  
Å Basagran and Poast Ultra herbicides, Priaxor fungicide, and Diquat desiccant were 

applied at recommended rates and times for weed and disease control and crop dry-down 
Å September 11 - the percentage of the foliage that was necrotic was visually estimated by 

plot  
Å October 8 - harvest 
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Soybean: 
Å May 25 - seeded at 50 viable seeds/m2, to target a stand of 40 plants/m2.  Actual TKW 

and germination rates for the seed sources used were determined to establish rates for 
each variety (92 kg/ha for 23-10RY and 76 kg/ha for Moosomin).  The Moosomin seed 
had been pre-treated with Cruiser Maxx Vibrance Beans and Nodulator Pro inoculant; 
the 23-10RY with Cruiser Maxx Vibrance Beans and Optimize inoculant. 
Å Plants counts in two 1-m row sections within each plot were conducted on June 9 

(Stand1) and June 17 (Stand2)  
Å June 27 - Roundup WeatherMax herbicides applied at 0.67 L/ac 
Å October 2 - harvest 

 
Soil moisture tension at the 25-cm depth was monitored in each plot with a WaterMark soil 
moisture sensor; each pair of plots within each irrigation treatment plot also had one WaterMark 
sensor installed at 75 cm.  Sensors were installed approximately May 19 (fababean) and 
May 27 (soybean), and read until September 17. 
 
A groundwater level monitoring well was installed between the two studies in a central location 
in early June, and monitored through August. 
 
Results were statistically analysed as a split-block design by analysis of variance.  The Rainfed 
treatment was also compared to all other treatments by contrast analysis. 
 
Results and Discussion 
 
The specialized solid-set irrigation equipment developed for the study worked well.  However, it 
was found that it was very susceptible to wind drift.  Drift appeared to be excessive at wind 
speeds above approximately 5 km/hr.  To minimize this problem, the system was operated only 
when the wind was very low - generally in the late evening and nighttime.  For 2016, a timer (or 
remote control) apparatus should be installed to automatically turn the system on and off as 
programmed. 
  
Fababean and soybean stand, yield, and grain characteristics are tabulated (Tables 19 and 20); 
yields are also presented graphically (Figure 22).  Soil moisture tensions at 25 cm are shown in 
Figure 23.  Tensions at 75 cm are not presented - they were low (generally <20; i.e. moist) 
throughout the season and little affected by treatment.  
 
Yields were generally moderately good.  The two fababean cultivars produced very similar 
yields in all irrigation treatments.  The two soybean cultivars had similar yield only in the Rainfed 
treatment; 23-10RY outyielded Moosomin by an average of 10% in the irrigated treatments.  
Growth appeared quite variable over the area for reasons unrelated to treatment (likely soil-
related) - this is reflected in the CV's for yield, which, though acceptable by most standards, 
were not as good as we have usually been able to attain with our field research practices. 
 
For both cultivars of fababean, and the Moosomin soybean, the Dry Early treatment yielded 
similar to the Rainfed treatment, suggesting that the only yield-limiting drought stress occurred 
early in the season.  This is in agreement with the general rainfall pattern in 2015.  The season 
was very dry prior to July 11, after which rainfall was abundant and well-distributed for the 
remainder of the season.  The early season drought stress, despite reducing yield in most 
cases, was not reflected in the soil moisture tension readings (Figure 23).  For a sandy loam 
soil, irrigation would not generally be initiated until the tension reached approximately 30 
centibars in the root zone.  However, some late June/early July irrigation was conducted 
(Table 18) due to the observed soil moisture profile - the soil was very dry (based on hand-feel) 
above the 25-cm monitoring depth, and the crop appeared stressed during midday heat, 
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prompting concern that the roots were not yet sufficiently developed to effectively use the 
moisture at 25+ cm depth.  Moisture tension monitoring depths will be reduced for 2016 and 17, 
to increase sensitivity to early-season drought stress. 
 
Due to the rainfall pattern, the Dry Late and Dry Mid irrigation treatments could not be achieved 
in 2015 - soil remained moist in all treatments from the July 11 rain through harvest. 
 
The water table was about 1.7 m below the soil surface in early June, and gradually increased 
to ~1.9 by July 10.  Thereafter it fluctuated with rainfall events within the 1.45 to 1.75 m range.  
Although the groundwater may have influenced the deeper (75 cm) soil moisture tension 
readings, it seems unlikely that it would have influenced the crop growth, considering that the 
soil never became very dry in any treatment at even the 25-cm depth. 
 
The Dry late and Dry mid treatments were not effectively implemented in 2015 due to abundant 
rainfall from July 11 onward.  The wet early and wet late treatments were conducted (Table 18) 
and the resulting soil wetting at is apparent in the moisture tensions at 25 cm (Figure 23).  
However, they clearly had no negative effect on yield (Figure 22).  The irrigation of soybean at 
emergence also did not reduce yield, and may have even provided a benefit for the 23-10RY 
cultivar. 
 
Comparing the fababean varieties (Table 19), a better stand was achieved for Snowdrop; the 
stand density for SSNS-1 was below the target, though yields for the two varieties were similar.  
SSNS-1 was slightly shorter and lodged less, in keeping with general observations for the two 
varieties from variety evaluation studies.  Considerable blackening and necrosis of the foliage 
occurred late in the season, much more so for Snowdrop than SSNS-1.  This was attributed 
primarily to Chocolate Spot (Botrytis spp.), though may have been reflecting normal senescence 
to some extent; it was not affected by irrigation treatment.  It also did not appear to affect late-
season pod-fill, as the seed size for Snowdrop was larger than average for that variety. 
 
There were significant effects of water treatment on lodging for the fababeans, but the reasons 
are not apparent.  None of the cultivar x irrigation treatment interactions were significant. 
 
For soybean, the final stand density was higher for 23-10RY than for Moosomin; both reached 
the target density, so that is not likely the reason for the trend to lower yield with Moosomin.  
Plant height was 15 cm higher for 23-10RY, and lodging ratings were significantly higher 
(though that is not meaningful in light of the very low lodging ratings for both cultivars).  Irrigation 
treatments did not affect these parameters.  The Moosomin kernal weight was substantially 
lower than that of 23-10RY, but its oil content was higher.  The Rainfed treatment produced 
grain with significantly higher oil content, lower protein, and higher test weight, than the irrigated 
treatments.  None of the cultivar x irrigation treatment interactions were significant. 
 
The soybean trial was inspected for disease symptoms on September 18.  Disease levels 
appeared low and unrelated to treatment - quantitative ratings were not made.  Rhizoctionia 
lesions were present on some roots and lower stems.  Although variety evaluations indicate that 
Moosomin generally matures only slightly earlier than 23-10RY, it was considerably earlier in 
this study.  Brown pod percentages for 23-10RY/Moosomin were estimated to be 15/65 on 
September 18, and 60/94 on September 21.  There were no obvious effects of irrigation 
treatment on maturity. 
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Figure 21. Irrigation at emergence treatment on a soybean plot on June 14. Note 
irrigation system design for uniform coverage, soil moisture monitoring equipment, and 
flagged locations for plant counts. Fababean plots are in the left background. 
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Table 18. Irrigation data for the soybean and faba bean water management study

Fababean Study 

      

 
I1 I2 I3 I4 I5 I6 I7 

Date Rainfed Full irrig. Dry early Dry late Wet early Wet late Dry mid 

May 22 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

May 27 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

June 23 
 

1.6 
 

1.6 1.6 1.6 1.6 

July 1 
    

0.6 
  

July 2 
    

2.5 
  

July 3 
    

1.4 
  

July 4 
    

2.9 
  

July 5 
    

4.9 
  

July 8 
 

2.5 
 

2.5 
 

2.5 2.5 

August 21 
    

2.1 
 

August 22 
    

0.2 
 

August 24 
    

8.9 
 

August 25 
    

3.0 
 

August 28 2.3 2.3 
 

2.3 2.3 2.3 

Total: 2.5 9.0 4.9 6.7 18.8 23.2 9.0 

    
      Soybean Study 

      

 

I1 I2 I3 I4 I5 I6 I7 

Date Rainfed Full irrig. Dry early Dry late Wet early Wet late Emerge 

May 22 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

May 27 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

June 8 
      

1.3 

June 9 
      

1.0 

June 14 
      

1.3 

June 30 
 

2.5 
 

2.5 2.5 2.5 2.5 

July 7 
 

1.9 
 

1.9 1.9 1.9 1.9 

July 12 
    

3.2 
  

July 13 
    

5.7 
  

July 14 
    

2.5 
  

August 21 

    

2.1 

 August 22 

    

0.2 

 August 23 

    

8.9 

 August 25 

    

3.0 

 August 28         2.3   

Total: 2.5 7.0 2.5 7.0 18.4 21.2 10.5 
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Table 19. Agronomic data for the faba bean water management study 

Treatment Stand1 Stand2 Height Necrotic Lodging Yield Test wt. TKW 

 #/m2 #/m2 cm % 1-9 kg/ha kg/hl g 

Cultivar         

CDC Snowdrop 42 45 109 74 1.3 5672 78.0 402 

CDC SSNS-1 33 33 114 34 2.1 5686 81.5 377 

         P-value: 0.12 0.082 0.062 0.000 0.021 0.94 0.000 0.091 

CV (%): 41.5 44.3 6.0 17.1 38.3 12.7 0.47 9.9 

         
Irrigation treatment 

Rainfed 36 39 107 48 1.4 5306 79.4 380 

Full irrig. 40 40 116 57 1.9 5907 79.8 400 

Dry early 31 35 105 48 1.6 5324 79.6 400 

Dry late 39 41 112 53 2.1 5692 80.2 386 

Wet early 39 40 114 51 1.3 5863 79.7 395 

Wet late 38 39 118 67 1.9 5924 79.9 378 

Dry mid 39 41 112 55 2.0 5736 80.0 389 

         P-value: 0.50 0.79 0.68 0.34 0.013 0.092 0.47 0.57 

LSD (0.05): 9 9 17 18 0.5 527 0.8 29 

CV (%): 22.5 21.8 14.3 30.9 25.2 8.8 1.0 7.2 

 Contrast - Rainfed vs. all others 

P-value: 0.69 0.96 0.35 0.29 0.022 0.036 0.13 0.31 

         Cultivar x Irrigation treatment 

Snow-Rainfed 39 43 105 61 1.0 5362 77.5 394 

Snow-Full Irr. 45 47 116 76 1.4 5737 78.0 424 

Snow-Dry 
early 

36 42 103 60 1.5 5268 77.6 417 

Snow-Dry late 46 50 111 76 1.5 5730 78.7 393 

Snow-Wet 
early 

44 45 109 74 1.1 5902 78.2 401 

Snow-Wet late 40 42 116 91 1.3 6000 78.3 384 

Snow-Dry mid 43 47 105 80 1.6 5701 78.1 405 

SSNS-Rainfed 33 36 109 35 1.8 5251 81.3 367 

SSNS-Full Irr. 35 32 115 38 2.4 6078 81.6 377 

SSNS-Dry 
early 

27 27 108 36 1.8 5380 81.7 383 

SSNS-Dry late 31 32 113 30 2.6 5653 81.8 379 

SSNS-Wet 
early 

34 34 119 28 1.5 5824 81.2 389 

SSNS-Wet late 36 36 120 43 2.5 5848 81.5 373 

SSNS-Dry mid 34 34 119 30 2.4 5771 82.0 373 

         P-value (CxI): 0.88 0.69 0.22 0.30 0.073 0.81 0.97 0.74 

LSD (0.05): 17 18 18 22 0.8 849 1.5 48 

CV (%): 20.8 19.4 5.2 24.7 19.8 6.2 1.7 6.4 
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Table 20. Agronomic data for the soybean water management study 

Treatment Stand1 Stand2 Height Lodging Yield Test wt. TKW Protein Oil 

 #/m2 #/m2 cm 1-9 kg/ha kg/hl g % % 

Cultivar          

23-10RY 40 47 81 1.1 3558 71.8 190 34.8 16.2 

Moosomin 37 42 66 1.0 3288 71.7 157 34.4 17.0 

          P-value: 0.17 0.049 0.002 0.014 0.14 0.78 0.002 0.26 0.008 

CV (%): 14.7 12.4 7.0 7.2 14.6 0.62 6.9 2.9 3.1 

          
Irrigation treatment  

Rainfed 38 42 74 1.0 3076 72.1 165 33.5 17.1 

Full irrig. 39 46 71 1.1 3395 71.9 178 35.1 16.5 

Dry early 39 46 76 1.3 3360 71.7 168 34.4 16.6 

Dry late 37 41 77 1.1 3499 71.7 176 34.8 16.5 

Wet early 39 47 74 1.0 3455 71.6 180 34.5 16.7 

Wet late 38 44 75 1.0 3537 71.7 174 34.9 16.5 

Emerge 37 45 67 1.1 3639 71.5 172 35.3 16.3 

          P-value: 0.99 0.87 0.37 0.081 0.050 0.18 0.20 0.039 0.051 

LSD (0.05): 9 10 9 0.2 325 0.42 13 1.0 0.4 

CV (%): 22.0 20.7 12.1 16.0 9.0 0.55 7.1 2.8 2.6 

  Contrast - Rainfed vs. all others  

P-value: 0.86 0.46 0.76 0.22 0.003 0.018 0.053 0.002 0.003 

          Cultivar x Irrigation treatment  

23-10-Rainfed 37 43 81 1.0 3059 72.1 183 33.8 16.7 

23-10-Full irrig. 40 48 79 1.1 3557 71.7 192 35.2 16.0 

23-10-Dry early 39 45 81 1.4 3609 71.6 189 34.8 16.0 

23-10-Dry late 39 45 84 1.1 3580 71.7 193 34.8 16.1 

23-10-Wet early 44 53 83 1.0 3591 71.7 197 34.6 16.3 

23-10-Wet late 38 45 81 1.0 3627 72.0 189 35.2 16.1 

23-10-Emerge 38 47 78 1.3 3884 71.6 185 35.2 16.0 

Moos.-Rainfed 38 41 68 1.0 3094 72.0 147 33.2 17.5 

Moos.-Full irrig. 38 43 64 1.0 3234 72.1 164 35.0 17.0 

Moos.-Dry early 39 47 70 1.1 3112 71.9 147 34.0 17.1 

Moos.-Dry late 34 37 70 1.0 3417 71.6 159 34.8 16.9 

Moos.-Wet early 34 40 66 1.0 3320 71.6 164 34.4 17.2 

Moos.-Wet late 37 43 69 1.0 3447 71.4 158 34.5 16.9 

Moos.-Emerge 36 42 56 1.0 3394 71.5 158 35.3 16.6 

          
P-value (CxI): 0.91 0.60 0.49 0.41 0.30 0.37 0.087 0.20 0.35 

LSD (0.05): 12 13 11 0.2 562 0.7 17 1.3 0.6 

CV (%): 22.2 17.3 6.4 14.2 6.8 0.60 2.7 1.2 1.4 
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Figure 22. Grain yield of a) fababean and b) soybean for the water management study. 
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Figure 23. Soil moisture tension at the 25 cm depth for a) fababean and b) soybean for 
the water management study. 
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Evaluation of AAFC Canola Germplasm at CSIDC and  
Investigation into Response to Differential Watering Treatments 

 
Funded by the Agriculture Development Fund, SaskCanola, the Canola Breeding Industry 

Consortium, and the Canola Breeding Research Support Agreement 
 

Principal Investigator: Sally Vail, AAFC 
Co-Investigators:   Laurie Tollefson, Dale Tomasiewicz, Isobel Parkin, 

Steve Robinson, and Raju Soolanayakanahally, AAFC 
 
Background and Methods 
 
Issue 
Commercial canola hybrids selected for yield stability across multiple prairie environments may 
not be most suitable for irrigated conditions where water availability is never a yield limiting 
factor.  Germplasms collections within the AAFC-SRDC canola breeding program represent a 
wide range of diversity, and as such, would best represent differential responses to water 
availability through irrigation.  Identification of canola lines that respond differentially to water 
availability would provide clue as to what canola breeders should select for to optimize response 
available moisture. 
 
Objectives 
To better understand variability in response to watering regimes, two collections of germplasm 
were examined under Irrigation and Dryland treatments in the field season of 2015 at CSIDC.  
In the first trial, a diverse collection of lines of spring Brassica napus was examined.  The origin 
of this diversity panel represented lines collected world-wide and the maximized range of 
diversity breeders have access to across the species for germplasm enhancement for various 
traits.  The second trial examined a collection of AAFC breeding lines represented a sub-set of 
lines directly from the AAFC canola breeding program.  These lines are being evaluated for 
yield potential as well and agronomic and seed quality characteristics; however, the intended 
final application of these lines are in hybrid combinations within commercial breeding programs. 
 
Methods 
The Diversity Collection was conducted in a nested design where two replications of 60 lines 
were treated with Irrigated and Dryland treatments.  This was the second year these lines had 
been evaluated in the field, however the first year they were grown under different watering 
treatments.  A wide range of agronomic, physiological, canopy architectural and seed quality 
characteristics were recorded on the plots.  
 
The Breeding Line Collection was conducted in a split-plot design where two replications of 15 
lines were treated with Irrigated and Dryland treatments.  Each replication contained two plots of 
each treatment.  This collection of lines had been already evaluated for several years within 
nurseries and yield trials at other locations, but 2015 was the first year these lines were 
evaluated under Irrigated conditions.  These lines will also be evaluated in a similar trial in 2016. 
 
For watering treatments, the Dryland received a small amount of water shortly after germination 
to ensure sufficient emergence of plants however only received natural rainfall after the 
cotyledon to 1-leaf stage.  The Irrigation treatment was as per recommended for commercial 
canola crops. 
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Results and Observations 
 
Diversity Collection 
In the collection of diverse lines, not a lot of significant differences were detected between 
watering treatments or interactions with lines, but differences between lines were highly 
significant.  Under irrigated conditions, there were trends for higher seed protein content and 
duration of flowering; however lower seed oil content under Irrigation (Table 21).  There was a 
trend for higher yield under irrigated conditions; however a few lines were similar to a sole entry 
of B. juncea in the trial that they significantly out-yielded under the Dryland treatment.  As shown 
in Table 21, a wide range of values was identified for key parameters as was expected due the 
nature of the Diversity Collection of lines. 
 
 

Table 21. Agronomic and seed quality metrics for the AAFC canola germplasm evaluation 
Treatment 

(Trt) 
Duration of Flowering (Days) Oil (% of seed) Protein (% of dry meal) Yield (g/plot) 

 
Min Max Range Mean Min Max Range Mean Min Max Range Mean Min Max Range Mean 

Irrigated 26 50 24 36 30.39 46.92 16.53 39.75 24.36 34.65 10.29 28.69 386 2365 1979 1520 

Dryland 26 43 17 33 33.16 47.43 14.27 41.07 23.22 32.24 9.02 27.62 311 2236 1925 1355 

Effect 
Num 
DF 

Den 
DF 

F 
Value 

Pr > F 
Num 
DF 

Den 
DF 

F 
Value 

Pr > F 
Num 
DF 

Den 
DF 

F 
Value 

Pr > F 
Num 
DF 

Den 
DF 

F 
Value 

Pr > F 

Treatment 1 2 4.82 0.1593 1 2 24.49 0.0385 1 2 77.04 0.0127 1 2 2.34 0.266 

Line 59 118 1.94 0.0012 59 118 50.3 <.0001 59 118 26.38 <.0001 59 118 11.44 <.0001 

Trt x Line 59 118 0.86 0.7317 59 118 1.23 0.1669 59 118 1.32 0.1044 59 118 1.04 0.415 

 
Breeding Line Collection 
The difference between Irrigated and Dryland treatment means were non-significant for 
agronomic, yield and seed quality parameters, but trends in averages were observed.  For 
example, there was 10% more emergence in Dryland due to initial soil crusting on the irrigation 
treatment.  Similar to the trend within the Diversity Collection, 1% longer (0.5 days) of flowering 
time was observed in Irrigated treatments.  Yield was 5% greater under irrigation compared to 
dryland. 
 
When the combined means of Irrigated and Dryland treatments were examined, it was found 
that two AAFC breeding lines (with different genetic backgrounds) had similar yield to the Open-
Pollinated check and 70 and 76% of the yield of a commercial hybrid (Table 22).  These 
particular lines were later flowering (4-6 days) than commercial checks however had similar 
duration of flowering and comparable seed quality. 
 
No significant watering treatment by line interactions were detected; however, when means 
between Irrigated and Dryland were compared for each line, some interesting differences were 
observed.  For example, three lines (the commercial hybrid and two AAFC breeding lines) 
showed statistically significantly increased Duration of Flowering by 8-13% or 2.5 to 4.25 days.  
Also, only two lines showed less yield under irrigation compared to dryland.  One of these lines 
was the commercial hybrid whereas the other was an AAFC breeding line; however, these yield 
differences were not statistically significantly different. 
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Next Step 
In the 2016 field season, hybrids generated from a sub-set of lines evaluated in the Breeding 
Line and Diversity Collections will be evaluated alongside the inbred parental lines for each 
hybrid to examine hybrid vigour with respect to response to water availability using irrigated and 
dryland treatments. 
 
Table 22. Agronomic, yield and quality data for AAFC inbred canola breeding lines 

 
  

Line Name or 
Description 

Day to 
Flower  Group 

Duration 
of 

Flowering  Group Yield  Group Oil Group Protein  Group 

 
days 
after 

seeding 
 days  g/plot  %  

% dry 
meal 

 

Commercial Hybrid 
Check 

40.75 G 33.625 DEF 2534 A 44.8 B 25.7 FG 

Q2 (Open-
Pollinated Check) 

42.125 EF 30.375 G 2025 B 43.1 CD 27.3 CD 

N13-1419 48.125 B 30.25 G 1923 BC 41.5 F 27.7 BC 

DH28009 46.125 C 32.625 FG 1761 BCD 46.3 A 24.9 HI 

YN03-715 44.75 D 33.5 DEF 1684 CDE 45.9 A 24.5 I 

N13-1439 40.625 G 35.75 CDE 1632 DEF 42.5 DE 26.5 E 

N11-10311 43 E 37.625 BC 1570 DEFG 40.2 H 28.4 A 

N13-1417 40.625 G 40.5 A 1526 DEFG 42.5 DE 25.4 GH 

N13-1402 42.125 EF 37.75 BC 1520 DEFG 41.2 FG 28.0 AB 

N12-12089 41 G 37.25 C 1518 DEFG 41.3 FG 26.8 DE 

N11-10214 47.375 B 33.5 DEF 1489 EFG 39.7 H 27.7 BC 

N11-10330 41.25 FG 37.75 BC 1453 EFG 41.8 EF 26.1 EF 

N13-1408 42.125 EF 36 CD 1437 FG 43.5 C 25.0 HI 

N11-10356 49.5 A 33.25 EF 1367 G 39.8 H 27.8 ABC 

N12-12072 40.25 G 40 AB 1344 G 40.4 GH 28.0 ABC 
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CDC Pulse Crop Breeding Trials at CSIDC in 2015 
 

Funded by the Crop Development Centre and Agriculture and Agri-Food Canada 
 

Plant Breeders: T.D. Warkentin, A. Vandenberg, B. Tar'an, and K. Bett,  
Crop Development Centre, University of Saskatchewan, Saskatoon  
 

Table 23 summarizes the pulse crop breeding trials conducted by the Crop Development Centre 
(CDC), University of Saskatchewan in collaboration with CSIDC in 2015. 
 
Land was prepared and irrigated by CSIDC staff, who also implemented weed control.  Trials 
were set up and planted by CDC staff, who also conducted the note-taking and harvesting.  Plot 
size was 4 m2 for all trials. 
 
The CSIDC on-station site (óOutlookô in Table 23) generally provided more reliable results than 
the off station (óKnapikô) site.  Success rate of CDC trials at the Knapik site has been erratic.  
Pea co-op trials at Knapik were ceased a few years ago for that reason, and soybean trials will 
also be ceased at the Knapik site.  Reasonable success has been achieved with dry bean and 
faba bean trials at both locations. 
 
From the CDC pulse breeding perspective, a new irrigated site in the Outlook area could be 
beneficial.  Ideally this site would have relatively uniform soil type, low salinity issues, and be 
less prone to sand-blasting in spring. 

Table 23. Crop Development Centre pulse crop breeding trials 

Trial Location 
Entries x 

Reps Plots 

Bean Yield Trial 01 Knapik 72 x 1 72 
Bean Yield Trial 02 Knapik 72 x 1 72 
Bean Yield Trial 03 Knapik 48 x 1 48 
Bean Yield Trial 04 Knapik 72 x 1 72 
Bean Yield Trial 05 Knapik 72 x 1 72 
Bean Yield Trial 06 Knapik 72 x 1 72 
Bean Yield Trial 07 Knapik 72 x 1 72 
Bean Yield Trial 08 Knapik 48 x 1 48 
Bean Advance Yield Trial 01 Knapik 24 x 2 24 
Bean Advance Yield Trial 02 Knapik 24 x 2 24 
Bean Advance Yield Trial 03 Knapik 24 x 2 24 
Bean Elite Yield Trial 01 Knapik 12 x 3 36 
Bean Elite Yield Trial 02 Knapik 24 x 3 54 
Common Bean Advanced Trial Knapik 20 x 3 60 
Faba Bean Yield Trial 03 Knapik 96 x 1 96 
Faba Bean Advance Yield Trial 01 Outlook 36 x 2 72 
Faba Bean Advance Yield Trial 02 Outlook 36 x 2 72 
Faba Bean Advance Yield Trial 03 Outlook 36 x 2 72 
Faba Bean Advance Yield Trial 04 Outlook 36 x 2 72 
Faba Bean Advance Yield Trial 05 Outlook 18 x 2 36 
Faba Bean Elite Yield Trial 01 Outlook 12 x 2 24 
Faba Bean Elite Yield Trial 02 Outlook 12 x 2 24 
Faba Bean Co-op/Regional Yield Trial A Outlook 12 x 3 36 
Faba Bean Co-op/Regional Yield Trial B Outlook 20 x 3 60 
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Microbial Pathways of N2O Production in Irrigated Soils:  
Establishing a Biological Baseline 

 
Funded by the Agriculture Development Fund 

 
Principal Investigator: Bobbi Helgason, AAFC Saskatoon 
Co-Investigators: Dale Tomasiewicz, Reynald Lemke, Rich Farrell, AAFC 

 
Background and Methods 
 
Burgeoning global population requires a greater intensity of food production on existing 
agricultural lands.  Saskatchewan is poised to expand our irrigated production to meet this 
need.  However, a greater intensity of food production will require more intense use of 
resources such as water and nitrogen (N) and more efficient use of these resources is an urgent 
priority in order to minimize potential negative environmental impacts while sustaining optimal 
profitability. 
 
Soil microorganisms are the key drivers of N turnover and thus of N availability for plant growth; 
the ñenginesò that power N conversions.  The rate of N turnover in soils is a function of the 
abundance of the microorganisms (including those perform specific N conversions), the 
availability of substrate (e.g. organic N, NH4, NO3) and the state of environmental conditions that 
control microbial activity and substrate availability (e.g. temperature, moisture).  Gaseous N 
emissions, including N O, are a symptom of inefficient N use, have negative environmental 
impacts and are costly to producers.  Some work has been done to study the loss of gaseous N 
in irrigated systems, however little is understood about the physical, chemical or biological 
processes which drive these losses making it difficult to explain the variability that is often 
observed in N2O emissions.  For example, work in Eastern Canada by Rochette et al. (2008) 
determined that oxygen (water) and C availability were the dominant controls on N2O emissions 
in irrigated vs. non-irrigated soils.  
 
In contrast, Ellert and Janzen (2008) observed that in Western Canada, timing of irrigation often 
corresponded with peak periods of crop transpiration and decoupled the application of water 
from N2O emissions.  Further, a recent review by Trost, et al. (2013) concluded that in most 
cases higher N availability, rather than increased soil moisture, was responsible for increased 
N2O emissions in irrigated soils.  Thus, previous studies indicate that location and climate may 
have a dominant influence on the interaction of N2O-generating process controls.  By studying 
the microbial turnover of N in irrigated soils, we will gain quantitative information about how 
chemical and biological factors interact to control soil N cycling and regulate plant N availability 
in Saskatchewan soils.  
 
Currently, there is no information available about the functioning of soil microorganisms in 
irrigated soils of Western Canada.  In order to interpret and understand the symptoms of N 
inefficiency (e.g. N2O emissions and reduced crop yield) it is necessary to understand how soil 
microorganisms in our semiarid soils respond to irrigated system management. 
 
This project builds on two existing ADF-funded projects that examine nitrogen fertilizer use in 
irrigated systems (ADF project #ôs 20120130 (Farrell) and 20130229 (Tomasiewicz)).  The 
proposed work will focus on the impact of N fertilizer rate and timing of application on microbial 
N turnover in canola.  Evaluating enzyme activity and gene abundance of N cycling 
microorganisms will provide the process level information needed to understand why and how 
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different fertilizer applications interact with irrigation water application to optimize crop growth 
and efficient resource use while minimizing environmental losses. 
 
The experiment (established as part of ADF project 20130229) is on-going at the Canada- 
Saskatchewan Irrigation Diversification Centre (CSIDC) near Outlook, SK.  The plots are set up 
in a randomized complete block design with five (5) nitrogen treatments replicated four (4) 
times. 
 
The nitrogen treatments that are the focus of this project are the 110 and 220 kg N/ha and the 
crop is canola (planted to wheat stubble with plots moving between Y1 and Y2 to avoid 
confounding effects of previous crop).  Timing of N application will also be studied (all N applied 
at seeding vs. 50% at seeding + 50% at bolting), for a total of 16 samples (RCBD; n=4 reps) per 
sampling time.  We will obtain soil samples from the field in 2015 and 2016 before and after 
fertilizer applications as well as after the first moisture event (rainfall or irrigation) that follows N 
application.  This will require a pre/post-seeding sampling, as well as a second sampling prior to 
bolting to capture split-rate fertilizer application.  We also intend to sample once following a mid-
season irrigation event (when soil available N is not recently affected by N fertilizer application).  
 
The total number of samples for our laboratory-based assays will be approximately 96 per year 
[2 N rates x 2 N application methods x 4 reps = 16 plots x 2 (before and after N or water 
application); x 3 times during the season].  Soil samples will be collected from the field plots and 
transported to the laboratory on ice and stored at 4°C prior to sieving and processing. 
Laboratory assays will be conducted within days of field sampling. 
 
Laboratory-based assays: 

The following objectives will be addressed using soil samples collected before and after 

irrigation in single and split-rate N fertilizer applications as well as at one point later in the 

season following an irrigation even (when a direct short-term effect of recent N fertilizer 

application is not expected). 

 

1) Potential enzyme activity assays will be conducted for arlyamidase (conversion of 

organic N to urea) and urease (conversion of urea to NH4
+).  In addition, potential 

nitrification (NH4
+ to NO3) and denitrification activity (NO3

- to N2) assays will be performed 

at each sampling time. 

2) DNA will be extracted from the soils and quantitative polymerase chain reaction (qPCR) 

will be used to quantify the number of gene copies of key genes in the nitrification and 

denitrification pathways (archaeal amoA; bacterial amoA; nirK; nirS; nosZ) 

3) The data describing the abundance and activity of N cycling microorganisms will be 

related to the quantity and pattern of N2O emissions and crop performance data 

collected by collaborators as part of ADF projects #20130130 and #20130229 to 

determine more specifically how fertilizer and water management affect N use efficiency.  

 
Results and Observations 
 
Soils were sampled before and after N fertilizer application events (i.e. at seeding and at split-

application N top dress when the crop reached bolting stage).  Soils were also sampled before 
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and after the first irrigation event due to the potential effect of increased soil moisture on 

microbial activity and soil N dynamics.  Sampling dates are outlined in Table 24.  

Table 24. Sampling times for the N2O baseline study 

Event Date sampled 

pre-seed  11-May 
post-seed 13-May 
pre-irrigation 19-May 
post-irrigation 21-May 
pre-bolt fertilization 23-Jun 
post-bolt fertilization 24-Jun 

 
Results thus far have shown differences in microbial activity between different fertilizer 
treatments over time.  More in-depth analyses of 2015 data (year 1 of 2) will be conducted by 
MSc student Akeem Shorunke who was recruited for this project in Feb 2016.  
 

 
Greenhouse Gas Emissions from Shelterbelts under 

Elevated Soil Moisture Conditions 
 

Funded by the Agricultural Greenhouse Gases Program 
 

Principal Investigator: Chukwudi Amadi, University of Saskatchewan 
Co-Investigators: Ken Van Rees; Richard E. Farrell, University of Saskatchewan 

 
Background and Methods 
 
Soil moisture is known to be a major control of greenhouse gas (GHG) emissions from 
agricultural soils.  However, there is little data regarding GHG exchange from the organic 
matter-rich soils characteristic of shelterbelts - especially under elevated soil moisture 
conditions.  We quantified CO2, CH4 and N2O fluxes from shelterbelts under elevated soil 
moisture (irrigated) and semi-arid (rainfed) conditions.  Studies were carried out at the Canada-
Saskatchewan Irrigation Diversification Centre (CSIDC) near Outlook, Saskatchewan.  Non-
steady state vented chambers were used to monitor soil GHG fluxes from three shelterbelts in 
2013 and 2014.  The shelterbelts consisted of a single row of caragana with a north-south 
orientation and a single row of Scots pine with either a northïsouth or east-west orientation.  
Each shelterbelt was divided into two areas based on whether or not it received irrigation.  
 
Results and Observations 
 
During the 2-year study period, N2O emissions from the irrigated shelterbelts (IR-SB) (0.93 kg 
N2O-N ha-1) were significantly greater than those from the rainfed shelterbelts (RF-SB) (0.49 kg 
N2O-N ha-1).  Soil CH4 oxidation was significantly lower in the IR-SB compared to the RF-SB  
(-0.85 and -1.20 kg CH4-C ha-1, respectively).  Irrigation activities stimulated CO2 
production/emission in 2014, but had no effect on CO2 emissions during the much drier 2013 
season.  Correlation analyses indicate a strong dependence of CO2 and CH4 fluxes on soil 
moisture in both IR-SB and RF-SB sites.  There was a significant relationship between N2O 
emissions and soil moisture for the IR-SB sites in 2013; however, no such relationship was 
observed in either the IR-SB or RF-SB sites in 2014.  Our study suggests that changes in 
precipitation patterns and soil moisture regime due to climate change could affect soil-
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atmosphere exchange of GHGs in shelterbelts; however, elevated soil moisture effect on GHG 
emissions will depend on the availability of N and C in the shelterbelts. 
 
For more information 
 
Amadi, C.C., K.C.J. Van Rees, R.E. Farrell. 2016. Soil ï atmosphere exchange of carbon 
dioxide, methane and nitrous oxide in shelterbelts compared with adjacent cropped fields. 
Agric., Ecosyst. Environ. 223:123-134. 
 

 

Determining the Environmental Optimum Rate of Fertilizer N 
for Irrigated Crops in the Semiarid Prairies 

 
Funded by the Agriculture Development Fund; Fertilizer Canada; 

and the International Plant Nutrition Institute 
 

Principal Investigator: Richard E. Farrell, Univ. of Saskatchewan, Saskatoon, SK 
Co-Investigators: Reynald Lemke, Dale Tomasiewicz, AAFC 
 

Background 
 
Global food demand is increasing rapidly and irrigated agriculture is poised to play a prominent 
role in meeting these demands.  This is especially true in the western Canadian prairie region 
where there is the potential to see large increases in the number of irrigated hectaresð 
provided that existing water supplies are proven reliable (as in the Lake Diefenbaker 
Development Area) and the economic and environmental sustainability of irrigated cropping 
systems can be assured.  Indeed, sustainable development of the Provinceôs land resources is 
the foundation on which agricultural production is based, and is key to ensuring future food 
security.  Moreover, establishing the environmental sustainability of crop production practices 
has become a critical aspect of market access (e.g., the European Union Renewable Energy 
Directive) and, for crop production practices on the Canadian prairies, N2O emissions constitute 
a key sustainability indicator. 
 
Nitrous oxide is an important greenhouse and ozone-depleting gas that is emitted from both 
terrestrial and aquatic ecosystems as a natural consequence of microbial activities.  However, 
the amount of N2O being generated has increased dramatically as a result of human activitiesð 
with agricultural activities comprising the largest source (60ï70%) of these emissions 
(Desjardins et al. 2005).  Not surprisingly therefore, reducing N fertilizer application rates has 
been proposed as one strategy for reducing greenhouse gas emissions associated with crop 
production (Climate Action Reserve, 2013). 
 
The magnitude of soil-emitted nitrous oxide is strongly governed by prevailing soil-water 
regimes, and in the Canadian semi-arid prairies direct emissions of N2O tend respond to 
increasing levels of N fertilizer in a linear but frequently non-significant fashion (Rochette et al. 
2008).  However, relative emissions have been reported to increase rapidly at fertilizer rates in 
excess of crop requirements for portions of the landscape where water stress is minimal 
(Izaurralde et al. 2004).  This implies that fertilizer-induced emissions (FIE) on irrigated landð
where moisture stress is minimized by the application of waterðin the semiarid prairies may be 
a disproportionately high contributor of FIEs of nitrous oxide.  On the other hand, yields are 
substantially higher on irrigated compared to non-irrigated fields, which could result in 
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greenhouse gas intensity values that are similar or even lower for irrigated compared to non-
irrigated crops produced on the Canadian prairies.  However, data from irrigated land in the 
semiarid prairies is extremely limited and though we are closing some of the gaps in our 
knowledge of FIEs in irrigated cropping systems, information regarding how these emissions 
respond to fertilizer application rate and estimates of the agri-environmental optimum rate for 
fertilizer N for irrigated crops in the semiarid prairies is entirely lacking. 
 
This research complements a larger, federally funded study designed to compare irrigated and 
dryland cropping systems in the semi-arid prairies.  As part of this Agricultural Greenhouse Gas 
Program (AGGP) project, small plot and field-scale studies are being conducted to quantify N2O 
emissions under conditions typical of the prairies, examine the effects of crop rotation 
sequence, and determine the processes driving these emissions.  As well, the project builds on 
and extends a two year (2012 & 2013) study being led by Dr. Tomasiewicz investigating timing 
(all N at seeding versus ½ at seeding and ½ prior to bolting), placement (broadcast and 
incorporated vs. side-banded) and rate (100 vs. 200 kg) of N applied.  The project also 
introduces a state-of-the-art GHG flux measurement system developed at the U of S with 
support from ADF through the Strategic Research Program (Dr. Farrell). 
 
Methods 
 
Field plots were established at the Canada-Saskatchewan Irrigation Diversification Centre 
(CSIDC) near Outlook, SK in 2014.  The plots were located in Field 6 during the first year of the 
study, and (as planned) were moved to Field 12 following the spring thaw event in 2015. 
 
The main treatment consists of a split application of urea applied at rates of 0, 55, 110, 165, and 
220 kg N/ha (n = 20)ðwith half the fertilizer applied prior to seeding (broadcast and 
incorporated) and the remainder applied as a topdress just prior to bolting.  Additional 
treatments included (i) side-banded applications of urea applied at planting at rates of 110 and 
220 kg ha-1 (n = 8); and (ii) broadcast applications of urea applied and incorporated prior to 
seeding at rates of 110 and 220 kg ha-1 (n = 8).  All plots received a blanket application of triple 
super phosphate (TSP) equivalent to 80 kg P2O5 ha-1.  The plots (3.05-m x 10-m) were arranged 
in a randomized complete block design (RCBD) and were seeded to canola (L252) on 12 May 
2015. 
 
Greenhouse gas (N2O, CO2, CH4) fluxes from the split application and side-band treatments 
were monitored on a semi-continuous basis throughout the growing season and during the 
spring thaw period using the AFC-FTIR system developed at the U of S.  In 2015, R. Lemke 
obtained an additional eight chambers; thus the side-band treatments were added to the FTIR-
AFC system.  The system consists of a Fourier Transform InfraRed (FTIR) gas analyzer 
interfaced to a series (n = 28) of automated flux measurement chambers (AFC).  The number of 
measurements made in a single day depends on both the time required to obtain an accurate 
flux measurement and the number of chambers interfaced to the gas analyzer.  Thus, to 
increase temporal resolution, two AFC-FTIR systems were deployedðwith each interfaced to 
14 chambers.  One AFC-FTIR system was deployed in Blocks I and II while the second system 
was deployed in Blocks III and IV, and each chamber was sampled over a 15-min deployment 
periodðwhich resulted in six to seven measurements per plot per day.  Each system was 
calibrated against a standard gas three times daily to account for any measurement bias 
associated with the analyzers.  Each automated chamber was also connected to temperature 
and moisture probes, the data from which were recorded during each flux measurement period.  
Gas fluxes were calculated using the SoilFluxPro software provided by LiCor (Lincoln, NB).  
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Cumulative (seasonal) emissions were calculated using an Area-Under-the-Curve (AUC) 
analysis applied to the daily flux vs. time (day of year) data. 
 
In addition to the automated chamber system, traditional vented, non-flow through, non-steady 
state chambers were placed in all the plots and were manually sampled throughout the season.  
Gas samples were collected and stored in pre-evacuated 12-mL Exetainer vials and shipped to 
Saskatoon for analysis using gas chromatography.  Manual sampling was conducted 2-3 times 
weekly when emission potentials were high (i.e., following fertilizer applications, irrigation and/or 
high rainfall events, and during spring thaw), and with reduced frequency through the balance of 
the season until the soils freeze.  In all, gas samples were collected on 65 days.  Headspace 
gas samples were collected at only a single time point (i.e., 20-min after the chamber was 
placed on the base) during chamber deployment; and the placement of manually sampled 
chambers in plots with the automated chambers allowed us to compare the effect of sampling 
intensity on the seasonal flux estimates used to calculate fertilizer induced emissions (FIE). 
 
In addition to a basic soil characterization (textural analysis; soil pH, EC, and organic C & N), 
ancillary measurements included: above ground biomass; grain yield, grain & residue N; and 
spring and fall soil profile mineral N (nitrate & ammonium; 0ï120 cm).) 
 
Results and Observations 
 
Research plots were established in early May 2015 at the CSIDC farm (Field 12) in Outlook.  
However, before moving the GHG sampling trailers to the new field site, they remained in their 
original location (Field 6) to complete the spring thaw period sampling needed to develop a 
complete N2O budget for the 2014/15 year.  The two trailers, each housing an FTIR greenhouse 
gas analyzer and the ancillary equipment needed to interface it with 14 LiCor long-term soil flux 
chambers were then moved to Field 12 and located in the alleyways between Blocks I & II and 
Blocks III & IV.  Fertilizer was applied and the plots seeded on May 12th (DOY 132); plots 
treated with a split application of N fertilizer, received the second application on June 23rd (DOY 
174). 
 
Nitrous oxide fluxes were measured at the CSIDC site using both the automated flux chamber 
system (AFC; coupled with a field-based FTIR gas analyzer) and the manual flux chamber 
system (MFC; with GHG analysis performed using gas chromatography at the lab in 
Saskatoon).  Whereas flux data obtained using the AFC-FTIR system had a very high temporal 
density (n = 1500), flux data obtained using the MFC-GC had a much lower temporal (n = 65).  
Cumulative (seasonal) N2O emissions were calculated by performing an area-under-the-curve 
(AUC) analysis of the daily flux vs. time (expressed as day of the year; DOY) data. 
 
The main area of the plots was swathed on August 21st (DOY 233) and combined 
approximately four weeks later (September 21st; DOY 267); the area immediately around the 
chamber bases (1-m x 1-m) was hand harvested on August 24th.  Plant material from the hand 
harvest was dried, threshed and weighed to determine both the total biomass and seed yields. 
 
Fall soil samples (one core per plot) were collected to a depth of 120 cm on October 15th and 
16thðwith samples collected at 0ï30, 30ï60, 60ï90, and 90ï120 cm depths.  The soil samples 
were returned to the Department of Soil Science where they were dried, ground and sieved 
(< 2mm), and analyzed. 
 
Nitrous oxide (N2O) emissions from soils are known to be significantly affected by the timing and 
intensity of precipitation/irrigation events.  Indeed, emission intensity generally follows what has 
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been described as an event based/background pattern wherein the most intense emissions are 
associated with some sort of triggering event.  The primary triggering events are: snow melt 
accompanying an increase in temperature during the spring thaw; precipitation events following 
the application of fertilizer N; and large, early- to mid-season rainfall events that can trigger 
denitrification of plant available N in the soil.  In general, late-season precipitation events do not 
trigger large N2O emissions as, by then, the available N pool has been largely depleted by the 
standing crop.  Climate data for the CSIDC field site are presented in Figure 24.  The 2015 
sampling season was near normal in terms of daily temperature (-0.2°C; 13.4°C vs. 13.6°C).  
Conversely, the 2015 season was, on average, considerably wetter than normal (+99 mm)ð
with cumulative growing season precipitation (240 mm) exceeding the 30-year average 
(175 mm) by about 40%ðthough dry conditions prevailed early in the growing season, with the 
majority of the rainfall occurring in July.  Consequently, the research plots also received 
98.5 mm of irrigation water between May 20th and July 7th (Figure 24). 
 
Nitrous oxide fluxes during the 2015 spring thaw period (i.e., from March 18th to May 10th) at 
the Field 6 site (i.e., associated with the 2014 fertilizer treatments) revealed large emissions at 
snow melt, followed by a series of smaller emission events that paralleled changes in soil 
temperature.  That is, with peak emissions generally occurring during warming periods.  In 
addition, there was a large emission event on DAY 84, which was associated with an increase 
in both VSWC (from ca. 21 % to 34%) and soil temperature (from ca. -1°C to +7°C).  The spring 
2015 emissions accounted for 22ï37% of total cumulative (i.e., 2014 growing season + spring 
2015) emissions and the total cumulative emissions from the check and split application 
treatments increased in the order: check » split-55 < split-110 < split-165 å split-220 (Figure 25). 
 
In general, N2O fluxes measured during the 2015 growing season were generally smaller than 
they were in 2014, but still followed an event based/background pattern (see Figure 26) 
described by Yates et al. (2006) as being typical of the semi-arid prairies.  That is, the highest 
fluxes were associated with emission events triggered by precipitation or irrigation events that 
followed the application of the fertilizer N, and with low (near-zero) fluxes occurring on most 
days during the summer (Figures 25 & 26).  Flux data obtained using the AFC-FTIR system are 
shown in Figure 26; these data have a very high temporal density (n = 1200), which when the 
scale is expanded, show a distinct diurnal trend in the N2O flux (see the inset in Figure 26).  
Regardless of the amount of fertilizer N applied, the N2O emission pattern was essentially the 
same for plots receiving a broadcast application of the urea-N (including the plots receiving a 
split application).  As shown in Figure 26, there was an initial burst of N2O following the first two 
irrigation events (totaling 25 mm) on May 20th and 22nd (DOY 140 & 142; Figure 24).  Whereas 
emissions from the check (0 N) plots were only marginally greater than the background 
emissions, there were significant emissions from the plots receiving fertilizer N, which lasted 
about 192 h in the plots receiving 110 kg N ha-1 at seeding (i.e., a split application of the 220 kg 
N ha-1 treatment).  Moreover, emissions from the fertilized plots also demonstrated a large 
amount of diurnal variability during this period.  Thus, given that the cumulative (seasonal) N2O-
N loss is calculated by extrapolating emissions between sampling times (using an Area-Under-
the-Curve analysis), it was anticipated that these diurnal variations could impact the calculated 
cumulative emission. 
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Figure 24.  2015 climate data for the field site at CSIDC. The shaded area in the upper panel 
shows the range in daily air temperature, while the solid blue line represents the soil 
temperature (0ï5 cm); daily precipitation and irrigation are shown in the middle panel; 
volumetric soil water content (VSWC) data are presented in the bottom panel.  
 
Note: early spring measurements of soil temperature and VSWC obtained from Field 6 are 
shown as purple lines; growing season measurements obtained from Field 12 are shown as 
blue lines. 

 
Emissions associated with subsequent precipitation and irrigation events were generally smallð 
presumably reflecting the fact that there was good stand development (and hence, N use) of the 
canola crop.  Again, there was a distinct emission event following the second urea-N application 
(June 23rd; DOY 174) in the split-N treatment plots (Figure 26 & 27).  However, it appears that 
within about three weeks of the split N application, the crop had depleted the available soil N 
pool, such that large irrigation (15-mm) and precipitation (30-mm) events on July 7th and 11th 
(DOY 188 & 192) did not trigger large-scale N2O emissions.  A similar pattern was observed in 
2014, which suggests thatðindependent of fertilizer application rateðthis type of irrigation (i.e., 
centre pivot with low pressure rotating sprinklers) by itself may have only a minimal effect on 
N2O emissions. 
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Figure 25. Cumulative (2014 growing season + spring 2015) N2O emissions determined 
using the automated flux chamber system. Bars with the same upper or lower letter are not 
significantly different at the P = 0.05 level of probability.  
 
Notes: (i) plots receiving a split application of urea received one-half the fertilizer just prior to 
seeding (broadcast and incorporated), with the remainder applied as a topdress just prior to 
bolting; and (ii) the check plots received the same tillage operations as the plots receiving the 
split application of fertilizer. 
 
Traditionally, N2O flux measurements are obtained using a manual flux chamber (MFC) system, 
in which samples are collected at regularly spaced (e.g., 15 min) intervals during the chamber 
deployment, injected into pre-evacuated ExetainerR vials and returned to the laboratory for 
analysis using gas chromatography (GC).  The GHG flux is then calculated form the change in 
gas concentration measured during the chamber deployment.  However, sample collection and 
analysis is both labour intensive and expensive, which limits the number of times a site can be 
sampled during the year.  In turn, the cumulative emission estimateðwhich is calculated by 
performing an AUC analysis of the daily flux vs. time (expressed as day of the year; DOY) 
dataðwill be affected by both the timing and frequency of the gas sampling.  Indeed, the 
relatively low density of the temporal data (generally 30ï35 sampling dates per year in the 
western Canadian prairies) contributes to the relatively large uncertainty associated with 
N2O emission estimates at both the regional and national scales.  Flux data obtained in 2015 
using the MFC-GC system are shown in Figure 27.  Whereas these data have a much lower 
temporal density (n = 66) than that obtained using the AFC-FTIR system (see Figure 26), they 
exhibit the same basic temporal pattern.  That is, they capture the relatively large initial peak 
associated with the fertilizer application at seeding and with the large precipitation/irrigation 
event on DOY 140ï142.  However, diurnal variations observed using the AFC-FTIR system are 
not present in the data obtained using the MFC-GC system.  At the same time, individual flux 
events appear more prominent in the MFC-GC dataðreflecting the fact that they are 
extrapolated over longer periods of time (compare Figure 27 with Figure 26). 
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Figure 26. Daily N2O flux measured in the plots receiving split applications of urea at 

rates of 0 and 220 kg ha-1. One-half the fertilizer application was made prior to seeding 
(broadcast and incorporated), with the remainder applied as a topdress just prior to bolting.  
 
Notes: (i) fluxes measured during the spring thaw period (and associated with the 2014 fertilizer 
applications) are shown in red; (ii) the solid arrow marks the start of the 2015 season (i.e., 
seeding & fertilizer application) and the switch from Field 6 to Field 12; the dashed arrow marks 
the date of the split application; (iii) the check plots received the same tillage operations as the 
plots receiving the split application of fertilizer; and (iv) gas samples were collected using the 
automated flux chamber (AFC) system and analyzed using Fourier transform infra-red (FTIR) 
gas analysis. 
 



Environmental Sustainability | 87 

 
Canada-Saskatchewan Irrigation Diversification Centre  |  Annual Review 2015-16 
 

 

  

Figure 27. Daily N2O flux measured in the plots receiving split applications of urea at rates 
of 0 and 220 kg ha-1. One-half the fertilizer application was made prior to seeding (broadcast 
and incorporated), with the remainder applied as a topdress just prior to bolting.  
 
Notes: (i) fluxes measured during the spring thaw period (and associated with the 2014 fertilizer 
applications) are shown in red; (ii) the solid arrow marks the start of the 2015 season (i.e., 
seeding & fertilizer application) and the switch from Field 6 to Field 12; the dashed arrow marks 
the date of the split application; (iii) the check plots received the same tillage operations as the 
plots receiving the split application of fertilizer; and (iv) gas samples were collected using the 
manual flux chamber (MFC) system and analyzed using gas chromatography (GC). 
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Cumulative N2O emissions measured using the manual and automated flux chamber 

systems are compared in Figure 28.  In general, there were no significant differences 

between the two measuring systemsðwith both systems yielding cumulative N2O emissions 

that were greatest for plots receiving side-banded applications of the N fertilizer at the two 

highest rates (i.e., 110 and 220 kg ha-1) and smallest for the check (0 N) plots and the plots 

receiving the lowest rate of fertilizer N (i.e., 55 kg ha-1).  In addition, though it was observed 

that daily N2O fluxes were generally greatest late in the afternoon (e.g., between 5 and 6 

PM), the manual sampling yielded a flux value that was roughly equivalent to the average 

daily flux measured using the automated system.  This suggests that the data obtained 

using the AFC-FTIR system are ñbackwards comparableò with the data obtained in previous 

years using the MFCGC methodology. 

 
Interfacing the Gasmet FTIR-MGA with a Li-Cor multiplexer and long-term flux chambers 
allows for the semi-continuous measurement of N2O emissions (with simultaneous 
measurement of CO2 and CH4 emissions) in the field.  Operational and maintenance 
requirements of the automated soil greenhouse gas system are comparable to those of a 

Figure 28. Comparison of the cumulative (seasonal) N2O emissions determined using the 
automated (AFC-FTIR) and manual (MFC-GC) flux chamber systems. Plots receiving a split 
application of urea received one-half the fertilizer just prior to seeding (broadcast and 
incorporated), with the remainder applied as a topdress just prior to bolting.  
 
Note: the check plots received the same tillage operations as the plots receiving the split 
application of fertilizer.  Bars with the same upper or lower letter are not significantly different at 
the P = 0.05 level of probability. 
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conventional automated soil CO2 flux measurement system.  Using the automated system, it 
was determined that (i) N2O emission events peak in late afternoon/early evening, but that 
measurements obtained at mid-day using the manual chamber system were roughly 
equivalent to the daily averages obtained using the automated system; and (ii) total 
emission associated with an individual emission event tended to be overestimated by the 
manual sampling method, though the magnitude of the overestimation depends on temporal 
resolution and 9 decreases with increasing sampling frequency.  Nevertheless, cumulative 
(seasonal or annual) emission estimates obtained using the MFC-GC were not significantly 
different from those obtained using the AFC-FTIR system. 
 
For logistical reasons (using the automated system for all nine treatments would have 
required purchasing an additional AFC-FTIR system), N2O emission measurements in the 
plots receiving all their fertilizer N at seeding using a broadcast-incorporated application 
were obtained using the manual flux chamber system only.  Thus, treatment effects on the 
cumulative (seasonal) N2O emissions (Figure 29) were evaluated using data obtained from 
the MFC-GC system.  In general, N2O emissions increased with increasing N rate - 
especially when the amount of fertilizer N was increased from 110 to 220 kg ha-1.  
Moreover, side-banding the fertilizer N resulted in a shift in the daily emission pattern 
(Figure 29).  That is, side-banding the N fertilizer resulted in both a delay in the onset of the 
emission event triggered by the application of irrigation water and lower magnitude fluxes.  
However, the emission event itself lasted considerably longer when the fertilizer was side-
banded.  Engel at al. (2010) reported similar results for granular urea in a study with canola 
in Bozeman, Montanaðnoting that the impact of urea placement on the N2O emission 
pattern was greatest at the highest N rate (200 kg urea-N ha-1).  They attributed these 
effects to a delay in urea hydrolysis and inhibition of nitrification in the banded treatments. 
 
Despite the fact that N2O emissions were generally lower in 2015 than in 2014, the 
treatment effects observed in 2015 for the split-N and side-banded applications were the 
same as those observed in 2014 (Farrell et al. 2015).  Conversely, whereas cumulative N2O 
emissions associated with the broadcast/incorporated treatment were significantly lower 
than those associated with the side-banded treatment in 2014, the reverse was true in 2015 
(see Figure 29).  Although the exact reason for this difference is not yet clear, it is likely 
associated with differences in weather conditions during the two yearsðespecially during 
the period immediately following the spring fertilizer application.  Indeed, whereas 2014 was 
quite wet during this period (Farrell et al., 2015), relatively dry conditions prevailed during 
the spring of 2015 (see Figure 24).  Thus, although banding is often thought to increase N2O 
emissions compared to broadcast applications (Venterea et al., 2010; Engel et al., 2010; 
Fujinuma et al., 2011), maximizing denitrification potential within the band depends on soil 
environmental conditions.  For example, Gao et al. (2015) reported that cumulative N2O 
emissions at two sites in Manitoba were generally greater following broadcast/incorporation 
than side-banding. 
 
The timing of the fertilizer application also had a significant impact on N2O emissions and, 
again, this was most apparent at the highest N rate (see Figure 29).  Indeed, at the highest 
N rate (220 kg urea-N ha-1), cumulative N2O emissions from the plots receiving a split 
application (broadcast-incorporated) of the urea were significantly (P Ò 0.05) lower than 
those from plots receiving all the fertilizer at seeding.  This is presumably a reflection of the 
fact that N added later in the season is more likely to be taken up by the standing crop and, 
thus, is less susceptible to denitrification induced loss. 
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Canola yields were significantly greater in 2015 than 2014 (Table 25), reflecting the more 
favorable growing conditions in 2015.  However, whereas there was no significant treatment 
effect on total biomass yield, seed yield did show a significant N-fertilizer effect; i.e., seed 
yield was greater in the fertilized plots than in the check plots.  At the same time, seed yield 
was independent of the rate, timing or placement of the N fertilizer. 
 
Fertilizer-induced N2O emissions (i.e., the percentage of applied fertilizer lost as N2O; FIE) 
were greatest for the broadcast-incorporate and side-band treatments (Table 26) and, for 
these treatments, increased with increasing N-rate.  Conversely, FIEs from plots receiving 
the split-N treatments tended to decrease with increasing N-rate.  Yield-scaled emissions 
(i.e., the amount of applied N lost as N2O expressed on a per unit yield basis), on the other 
hand, tended to increase with increasing N-rate regardless of timing or placementðthough 
treatment differences were significant (P Ò 0.05) only at the highest N-rate (Table 26). 
 

Figure 29. Effect of rate (0ï220 kg N ha-1), timing (at seeding vs. split) and placement 
(side-band vs. broadcast & incorporate) of urea fertilizer on cumulative (seasonal) N2O 
emissions from irrigated canola. Bars with the same letter are not significantly different at the P 
= 0.05 level of probability. 
 
Notes: (i) the check plots received the same tillage operations as the plots receiving the split 
application of fertilizer; (ii) for the split application, one-half the fertilizer was applied prior to 
seeding (broadcast-incorporated), with the remainder applied as a topdress just prior to bolting; 
and (iii) gas samples were collected using the manual flux chamber (MFC) system and analyzed 
using gas chromatography (GC). 
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Table 25. Canola seed yield and biomass response to fertilizer nitrogen 

Treatment N rate 

Total biomass Seed yield 

2014 2015 2014 2015 

 ----------Mg/ha---------- ----------Kg/ha---------- 

Check 0 5.7 8.2 1533 2507 b* 

Split 55 5.0 9.7 1308 3359 a 

 110 6.2 10.0 1725 3554 a 

 165 5.2 9.4 1450 3596 a 

 220 5.8 11.5 1548 3534 a 

Broadcast-Incorporate 110 6.4 10.0 1628 3510 a 

 220 5.5 10.9 1488 3649 a 

Side-band 110 5.1 10.7 1293 3441 a 

 220 5.4 10.7 1528 3629 a 

  ns ns ns  
ns = no significant difference 
* means followed by the same letter are not significantly different at the P = 0.05 level of probability 
 
 
 
 
Table 26. Effect of N rate on fertilizer induced emission (FIE) of N2O  

Treatment N rate FIE YsEF 

 kg/ha % g N2O-N/kg seed 

Check 0 --- 0.129 c 

Split 55 0.187 c 0.121 c 

 110   0.143 cd 0.131 c 

 165 0.132 d 0.157 c 

 220 0.134 d   0.170 bc 

Broadcast-
incorporate 

110 0.245 b 0.164 c 

 220 0.517 a 0.412 a 

Side-band 110 0.370 b 0.218 b 

 220 0.428 a 0.362 a 

* preliminary results based on the 2015 growing season only. Values will be recalculated following the 
spring 2016 emission measurements. 
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Figure 30.  Daily N2O flux measured in the plots receiving side-banded and broadcast-
incorporated applications of urea at a rate of 220 kg ha-1.  
 
Notes: (i) fluxes measured during the spring thaw period (and associated with the 2014 fertilizer 
applications) are shown in red; (ii) the solid arrow marks the start of the 2015 season (i.e., 
seeding & fertilizer application) and the switch from Field 6 to Field 12; and (iii) gas samples 
were collected using the manual flux chamber (MFC) system and analyzed using gas 
chromatography (GC). 
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Interim Conclusions 
 

Cumulative N2O emissions were significantly impacted by fertilizer placement in both 2014 
and 2015, though the effect was inconsistent; i.e., whereas emissions were lower for the 
broadcast application compared to the concentrated side-band application in 2014, the 
reverse was true in 2015.  This suggests that wetter conditions (such as existed in spring 
2014) are required to induce and maintain denitrification activity in the sub-surface band. 
 

Cumulative N2O emissions were significantly impacted by the timing of the fertilizer 
applicationðwith emissions being lower for the split N application compared to a single 
application at seeding in both years.  Likewise, in both years N2O emissions were 
significantly affected by N rate; i.e., emissions tended to increase with increasing N rate, 
especially at the highest N rate (220 kg N ha-1). 
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Developing Improved Variable Rate Irrigation Prescriptions 
 

Funded by the Agriculture Development Fund 
 

Principal Investigator: Evan Derdall, AAFC 
 
Co-Investigators:  Laurie Tollefson, AAFC  

   Dr. Warren Helgason, University of Saskatchewan 
 
Background and Methods 
 
Soil and crop conditions often vary within agricultural fields due to soil texture, topography, 
and fertility.  Advancements in GPS, computing and mapping technologies have resulted in 
the adoption of precision agriculture solutions such as variable rate seeding and fertilization 
under the awareness of the inefficiencies associated with treating a heterogeneous field with 
uniform agricultural practices.  Similarly, a uniform approach to irrigation can lead to 
over/under watering of crops in certain locations of the field, resulting in waterlogging, runoff, 
disease, decreased yields and variable crop quality.   
 
Variable Rate Irrigation (VRI) is a precision agriculture technology applied to irrigation which 
allows varying amounts of water to be applied to different areas within a field.  As such, VRI 
systems require an irrigation 'prescription' to spatially vary the water application.  Although, 
unlike variable rate seed/fertilizer applications, irrigation is a dynamic input that requires new 
prescriptions to be developed throughout the growing season. 
 
Recent studies have shown that there is no practical method for developing VRI 
prescriptions on a dynamic basis, and this has largely restricted adoption by producers.  
Current industry practice for prescription map development evolved from existing precision 
agriculture techniques (seeding and fertilization), this method tries to maximize inputs on 
productive lands and minimizing applications on less productive lands.  This method utilizes 
electromagnetic (EM) induction or electrical resistivity (VerisÊ) surveys as a proxy for soil 
texture, as well as incorporating topography and historical yield data.  The issue with this 
practice is that EM and VerisÊ surveys are highly susceptible to salt content and soil 
moisture; both of which can be prevalent in irrigated soils, usually indicating an underlying 
problem not associated to soil texture and can result in incorrect prescription map 
development and potentially exacerbate the issues associated with saline soils.  An 
additional drawback of this method is the static nature of the map development, with a single 
map being developed per season.  This method is not conducive to irrigation management, 
as field-water content is dynamic and should be revisited periodically during the growing 
season. 
 
Emerging technologies (i.e. drones and remote sensing methods) may be better suited for 
this application, as they allow for remote near-real time monitoring.  Innovative sensing 
methods, such as thermalized infrared and Normalized Differential Vegetative Index (NDVI) 
have been used in large scale studies to identify areas under irrigation and used in 
combination with weather data in irrigation scheduling.  Though these large scale projects 
have utilized satellite imaging and are not at the precision required for infield management.  
This project will try to apply these techniques on a field level scale, utilizing hand-held and 
drone mounted sensors, to determine if NDVI or thermalized-IR can gauge the degree of 
water stress and if this technology can be applied in VRI prescription writing.  
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To encourage adoption, the economics of the technology must be investigated, a point 
which has currently been lacking in research to date.  
 
The project is located near Outlook, Saskatchewan consisting of one 40 acre intensive field 
trial and additional producer trials to increase site numbers.  A number of technologies have 
been identified for implementation in VRI prescription development.  These include 
traditional (EM38, sampling-modelling, in-situ moisture measurement) and non-traditional 
(NDVI, Radiometric, Thermal IR).  Irrigation scheduling methods utilizing each technology 
will be evaluated based on the ability to a) quantify soil moisture or water stress and b) 
spatially delineate zones of variable soil moisture content or stress.  Based on the findings 
of this method evaluation, associated prescription development practices will be developed 
for use by irrigators. 
 
Results and Observations 
 
The project is currently in year 1 of 3.  The initial year has included collecting site data for 
field characterization, utilizing EM38 and VerisÊ technology, yield variability analysis, 
topographic survey and soils mapping.  A number of non-traditional technologies have been 
identified for evaluation in year 2 and 3 of this project.  These include, Passive Radar, Active 
Radar, Thermal infrared, multi-spectral imagery for calculation of NDVI or Crop Water Stress 
Index.  During preliminary analysis each technology has proven to have strengths and 
weaknesses in terms of practicality and reliability ï further analysis will dictate applicability in 
VRI prescription development.  Although this project was initially identified for VRI 
prescription development, many of these new non-traditional technologies seem to have 
significant promise for implementation in tradition uniform irrigation management. 
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Irrigation Scheduling Adoption Tool  
 

Funded by Agriculture and Agri-Food Canada 
 

Principal Investigator: Eric Haaland, Agriculture and Agri-Food Canada 
 
Co-Investigators:  Laurie Tollefson; Dale Tomasiewicz, AAFC 

 
Background and Methods 
 
The Prairies (AB/SK/MB) account for 78% of the irrigated acres and 84% of the total 
irrigated water use in Canada (StatsCan 2011).  Despite this high level of irrigation use, 
there is a low uptake of irrigation scheduling technology.  A user needs analysis for irrigation 
producers in the prairies was commissioned by AAFC in 2014/15, the results of which were 
used in preparing this proposal and project.  There are several reasons for a low uptake 
including a lack of knowledge on appropriate technologies to use; lack of awareness of the 
potential return on investment; and time constraints involved incorporating new technologies 
into farm operations.  
 
A major output from this project will be the development of a decision support tool in the 
form of a suitability guideline to help irrigators better understand and adopt irrigation 
scheduling technologies and practices.  This tool will assist irrigation producers to realize 
potential maximized crop production (i.e. yield improvements) and subsequent water and 
cost savings by utilizing various technologies and practices.  The tool will identify 
technologies and practices most likely to be adopted by producers and will be tested and 
refined by working with irrigators, provincial irrigation extension specialists and agrologists.  
A technology transfer strategy will be developed and implemented in co-ordination with 
internal AAFC staff and provincial partners.  Field days, printed materials, workshops and 
media releases will be some of the tools used in this strategy. 
 
Results and Observations 
 
The project was awarded in August 2015 after first being put on a waitlist for 5 months.  
Because of this delay, the first field season wonôt occur until the spring of 2016.  This first 
year of the project was used to complete a literature review of Irrigation Scheduling 
Technology Adoption in the Prairies; complete the field trial plan for the spring of 2016; and 
to procure equipment with the project budget.  
 
It was decided from a project team meeting to demonstrate 3 methods of irrigation 
scheduling, including plant based, soil based and computer modelling based examples.  
Equipment for the plant based method was available at CSIDC; computer modelling 
software was available for no cost via the internet; and two different types of soil moisture 
based irrigation scheduling technologies were purchased.  With the inclusion of a control 
treatment where no irrigation would take place, a total of 5 treatments and 3 replications 
were planned for demonstration.    
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