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Canada-Saskatchewan Irrigation Diversification Centre

The Canada-Saskatchewan Irrigation Diversification Centre (CSIDC), located in Outlook,
Saskatchewan, is a world class facility established in 1949 by the Prairie Farm Rehabilitation
Administration. The Centre was originally designed to demonstrate irrigation technology and to
assist farmers transition to irrigated agriculture. In 1986, the facilities were significantly upgraded
and moder ni zed t o f a&hefvirolelof cantluetingCfendingy amddfacilitating irrigated
research and demonstration in response to industry needs.

Since 2008, CSIDC has been a collaborative partnership between Agriculture & Agri-Food
Canada (AAFC), the Saskatchewan Ministry of Agriculture, the Irrigation Crop Diversification
Corporation (ICDC), the Saskatchewan Irrigation Projects Association (SIPA), and the University
of Saskatchewan. ICDC and SIPA recently announced their organization would merge into
Irrigation Saskatchewan in April 2024. Researchers investigate and demonstrate crops,
technologies, and best management practices that help producers to sustain land and water
resources while maintaining their economic viability.

CSIDC operates under the Canada-Saskatchewan-Industry Framework Agreement for Irrigation
Based Economic Development and Environmental Sustainability, which is current until July 31,
2024. The partners form the Executive Management Committee which is responsible for
implementation and management of the Framework Agreement, the sharing of research,
development, and technology transfer activities of the Annual Work Plan, and the overall strategic
themes and direction. 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.

CSI DCbs irrigated | and Ihacass)hana Whichl 45$a iarented hya | of
ICDC and 125 ha is owned by AAFC. Water is supplied to CSIDC by a computer controlled

variable output pressurized pipe system and 19 ha of subsurface drainage allows environmental
monitoring and treatment comparison.

A wide range of equipment and facilities are available for applied irrigation research and
demonstration, including: a year-round greenhouse, five cold frame greenhouses, a potato and
vegetable storage and handling facility complete with a quality assessment laboratory, an
automated weather station, a range of small plot to commercial sized agricultural equipment; drip
irrigation equipment, and centre pivot and linear move irrigation systems, five of which are
equipped with variable rate technology.

In 2023-24, AAFC purchased a Tilmor row crop tractor and various implements (i.e., basket
weeder, finger weeders, mulch winder) to better equip the horticulture program with mechanical
weeding capabilities and mulch laying/lifting (Figure 1) and an InteliRain automated variable rate
irrigation system was installed on the Field 4/5 centre pivot (Figure 2). Additional purchases
included a 2t deck trailer, single shark tooth wheel residue managers for the 8 row green
Fabro, a 14 cubic foot Heratherm drying oven, a GeoRipper mini trencher, new boardroom chairs,
a seacan, tool boxes for the irrigation truck, repairs to the John Deere 7330, and GPS autosteer
for the John Deere 6415 tractor.
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Figure 1. Tilmor row crop tractor and basket weeder procured in
February 2024.

Figure 2. InteliRain automated variable rate irrigation system installed on the
Field 4/5 centre pivot in June 2023.
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CSIDC Staff 2023-24
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Ken Achtymichuk, Horticultural Crops Technician
(306) 867-5420
ken.achtymichuk@agr.gc.ca

Don David, Field Crops Technician
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don.david@agr.gc.ca

Evan Derdall, Irrigation & Drainage Engineer
(306) 385-9383
evan.derdall@agr.gc.ca

Debbie Greig, Administrative Assistant
(306) 867-5400
debbie.greig@agr.gc.ca

Darryl Jacobson, Irrigation Equipment Operator
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darryl.jacobson@agr.gc.ca
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Barry Vestre, Field Operations Supervisor
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Richard Wagner, Field Equipment Operator
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richard.wagner2@agr.gc.ca
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Brenda Joyes, Executive Administrator
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brenda.joyes@irrigationsaskatchewan.com

Damian Lee, Field Crops Technician
(306) 867-2101
damian.lee@irrigationsaskatchewan.com

Anne Marie McGowan, Research Associate
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annemarie.mcgowan@irrigationsaskatchewan.com

Ted Nodge, Research Associate
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Gavin Pederson, Field Crops Technician
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Gursahib Singh, Research Director
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Figure 3. AAFC summer students Aver, Claudia, Kennedy,

Cadence, Keely, McKenna, and Hailey.
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Executive Management Committee Members
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CSIDC Work Plan Summary

Table 1. List of research projects led by Agriculture & Agri-Food Canada, including Field Crop
Agronomy, Horticultural Crop Agronomy, and Irrigation Water Technology trials.

Lead
Project Description Researcher(s) Term
AAFC Field Crop Agronomy
Evaluating the effect Determine and_ compare irrigation requi_rements, water use, and E. Derdall,
X water use efficiency for canola seeded in early, mid, and late
of seeding date on : . . . . AAFC-Saskatoon
the water use seeding d_ates using a repllcated Frlal. Results will be used to E. Karppinen 30f3
efficiency of canola better define water/irrigation requirements and water use AAFC-OutIoo’k
efficiency for canola as it is actually grown in the field.
Beneficial A_ddress the_f_ollowing obje_cti_ves_: (i) determine the optimal
nitrogen fertilizer rate and irrigation management regime for ;
management o . . E. Karppinen,
practices to maximize irrigated canola, (i) determine the response of canola seed AAFC-Outlook
. .~ | yield and oil productivity to various nitrogen fertilizer rates and 20f3
the seed yield and oil irrigation management regimes, and (iii) evaluate the economic E. Derdall,
productivity of ; L P NN AAFC-Saskatoon
irrigated canola returns associated w!th different nitrogen and irrigation
management strategies.
Spatial and depth distributions of soil residual nitrate will be
Putting soil residual determined in one dryland and one irrigated field in_ each of
. . three years. Management zones will also be established. Crop .
nitrate to work: . R ) . P. Mooleki,
Variable and deep responses to nitrogen fertilization will be_determ_lned over the AAFC-Saskatoon 3of4
nitrate field. Results will be used to develop optimum nitrogen
fertilization practices to best take advantage of the residual
nitrogen.
Determine adaptability of AAC Trueman under three moisture
conditions at CSIDC near Outlook, SK. The large-scale plots
Evaluating AAC will compare AAC Trueman performance under excess B. Houston,
Trueman alfalfa in moisture, normal irrigation and dryland conditions. Evaluate AAFC-Regina 30f4
Saskatchewan CDC Tiznow Timothy as a potential flood tolerant variety that Y. Papadopolous,
can be mixed with AAC Trueman in higher soil moisture AAFC-Truro
landscapes. Forage production and forage quality will be
assessed.
AAFC Horticultural Crop Agronomy
Develop best management practices for sustainable production
capitalizing on opportunities presented by climate change
(longer, warmer growing season: earlier planting,
Climate change multiple/s_,ucce_ssive crops, _Iater harvest). Crop specifip
opens new agronomic vanableg |nclud.|ng Wat.er r_r_1qnagement, soil mulch
opportunities for (moisture conservation, soll warming T i.e. acce_lerate growth J. Wahab, 30f3
vegetable production and maturity, Wged control) will be examl'm'ad using season- AAFC-Saskatoon
on the Prairies extension techniques (high tunnel and mini tunnel) to simulate
climate change settings. Yield, storage characteristics,
bioactive contents, and economic performance will be
evaluated for the three crops under the projected climate
change scenario.
Leafy green
vegetable production | Evaluate adaptability of spinach, kale, and bok choy cultivars
in Saskatchewan: and develop best management practices for Saskatchewan
Enhancing yield, (i.e., cool and short) growing conditions. Objectives include: J. Wahab, 30f3

quality, and
bioactives under
high-tunnel and

open-field

productivity, water use efficiency, sequential cropping, spinach
market classes (baby, bunched, freezer, etc.), season
extension (high-tunnel), storability, and quality.

AAFC-Saskatoon
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Dry onions and sweet
potato: Agronomic

Develop economically viable and environmentally sustainable
best management practices for production, harvest, storage
management, and quality attributes of onion and sweet potato
for Saskatchewan growing conditions. This three-year project is
a comprehensive evaluation of cultivars and developing
sustainable agronomic practices for dry onion and sweet

J. Wahab,

refmeme_nts and potato. Y_ear-l. Initial |pvest|gat|on ut|||2|ng appropriate AAFEC-Saskatoon 1of3
economic agronomic treatments; Year-2 and Year-3: Refinement of
performance treatments targeted at developing economically viable and
environmentally sustainable best management practices.
Year-3: Agronomic refinements and conduct technology
verification and technology adaptation studies in producer
fields.
There is continued effort by AAFC to develop potato (i.e., seed,
processing, and table) cultivars with superior yield, pest
National potato resistance/tolerance, culinary, and storage attributes targeted J. Wahab, Multi-
variety trials for domestic and export markets. This project is designed to AAFC-Saskatoon year
identify O emaartluyr i ng6é and dédmai ncr op
irrigation management, for prairie growing conditions.
Determine if intercropping broccoli and rutabaga with wheat
can help protect against damage caused by cabbage root
Integrated Pest maggots. Intercropping vegetables with wheat is expected to M. Vankosky,
Management of Delia | interfere with the egg-laying behavior of root maggot flies and AAFC-Saskatoon 2 of 2
root maggots in could also provide physical protection to vegetable seedlings. lan Scott; 0
rutabaga crops The project will compare root maggot damage levels and AAFC-London
vegetable yields between crops grown conventionally and in
the intercrop.
Horseradish E. Karppinen Multi
germplasm Maintain horseradish germplasm at CSIDC. ' ' i
preservation germp AAFC-Outlook year
AAFC Irrigation Water Technology
The concept of using thermal based sensors/indices to
Validation and determine crop water stress was first introduced in the early
refinement of thermal | 1980s. With improvement in infrared thermometer technology, E Derdall
indices for monitoring | the application of using sensors in agriculture has become AAFC-Saékatoon 30f3
crop water stress in more economical. The objective of this project is to evaluate
the Canadian Prairies | and refine current thermal indices for use in irrigation
management in Saskatchewan.
A Bowen Ratio Energy Balance System is installed in a crop
Crop coefficient field to collect data to measure the crop evapotranspiration of
development in pea and soybean. Reference evapotranspiration is estimated H. Tanko
Saskatchewan to using data from meteorological station. The crop AAFC-Régina 20f2
improve yield and evapotranspiration measured in the field and the reference
water use efficiency evapotranspiration are then used to develop the crop
coefficients.
Irrigation can be a tool for environmental stewardship,
particularly when irrigation water is managed to meet crop
requirements and reduce environmental losses. Irrigation ]
Comparing irrigation | Scheduling allows producers to fully maximize irrigation E. Karppinen,
paring Irmgat efficiencies by reducing water and power consumption while AAFC-Outlook
scheduling tools in o X . S ) lofl
maintaining crop yield and quality. There is limited information E. Derdall,

Saskatchewan

comparing different irrigation scheduling tools (i.e., soil-based
sensors) and the effects on crop yield, quality, and water use

efficiency. Tools will be compared to provide more information
to producers to encourage adoption of irrigation scheduling.

AAFC-Saskatoon
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Climate change
resilience:
Understanding of
management and
tools to address
water extreme events
and matching water
demand with access

Develop knowledge and tools to help producers and industry
adapt to changing water availability as a result of climate
change, three key areas of focus toward this objective:

1) improve the forecasting ability by leveraging existing
capacity within AAFC, developing reporting tools designed to
assist producers plan for short and longer term water
availability, 2) develop agronomic best management practices
T work with partners and industry to improve water use
efficiency through agronomic approaches including nutrient
management, varietal evaluation, agronomy, etc., and

3) evaluate management tools for improved water and energy
use efficiency.

E. Derdall,
AAFC-Saskatoon
A. Chipansi,
AAFC-Regina

30f3
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Table 2. List of research projects led by Irrigation Crop Diversification Corporation, including Field
Crop Variety, Field Crop Agronomy, and Fruit & Vegetable Agronomy trials (included in the 2023
ICDC Annual Research and Demonstration Report).

Lead
Project Description Researcher(s) Term
ICDC Field Crop Variety
SVPG Hex 1 Evaluate the adaptability of current and potential Canadian Singh. ICDC Onaoin
Regional Variety Trial | Western Red Spring wheat varieties under irrigated production. - =g, going
Evaluate the adaptability of current and potential Canadian
SVPG Hex 2 Prairie Spring Red, Canadian Western Hard White Spring, Singh. ICDC Onaoin
Regional Variety Trial | Canadian Western Extra Strong, and Canadian Western ' an, going
General Purpose wheat varieties under irrigated production.
SVPG Durum Evaluate the adaptability of current and potential Canadian
. . . Western Amber Durum wheat varieties under irrigated . Singh, ICDC Ongoing
Regional Variety Trial production
. . Evaluate the adaptability of current and potential Canadian
\?\;);L\all\t/rg:ltgoSpnng Western Soft White Spring wheat varieties under irrigated . Singh, ICDC Ongoing
P production.
SVPG Barley Evaluate the adaptability of current and potential 2- and 6-row . .
Regional Variety Trial | barley varieties under irrigated production. - Singh, 1CDC Ongoing
SVPG Oat Regional Evaluate the adaptability of current and potential oat varieties Singh, ICDC Ongoing
Variety Trial under irrigated production. ’ ’
Regional Flax Variety | Evaluate the adaptability of current and potential flax varieties Singh. ICDC Ongoin
Trial under irrigated production. - =g, going
Drv Bean Regional Evaluate the adaptability of current and newly registered dry
Tl’i);.l 9 bean varieties using both wide and narrow row production . Singh, ICDC Ongoing
systems.
Soybean Regional . .
Variety Trials: Short Evalga;e new and experimental varieties of soybean under . Singh, ICDC Ongoing
- both irrigated and dry land production systems.
Season Irrigated
Soybean Regional . -
Season Irrigated 9 y P y )
ggnl\)lggg%]:rliet Evaluate new and experimental conventional varieties of Singh. ICDC Onaoin
.y. . y soybean under irrigated production. -=ihgh, going
Trial: Irrigated
Pea Variety Regional | Evaluate the adaptability of current and potential pea varieties Singh. ICDC Onaoin
Trial under irrigated production. - =Ihgh, going
Birgcsm:l:rﬁtrlizgtzga" Evaluate fall rye varieties potentially suitable under both Singh, ICDC Ongoing
crop irrigated and dry land production systems. ' ’
ICDC Field Crop Agronomy
Nitrogen fertilizer rate Determine nitrogen fertilizer rate yield responses for pinto
gen fertilz market class irrigated wide row dry bean production. Determine .
response in irrigated ; S . . Singh, ICDC 30of3
dry bean whether_ESN nitrogen fertilizer |s_bf_enef|0|al compared to urea
as a fertilizer nitrogen source for irrigated dry bean production.
Developing target
yield nitrogen fertilizer . . . .
recommendations for Stqu nitrogen upf[ake and ylelgl response to varying nitrogen . Singh, ICDC 30f3
o fertilizer rates in silage and grain corn.
irrigated and dryland
silage and grain corn
Faba bean agronomy inah. ICD
to enhance yield, Evaluate the impact of varying seeding dates, seeding rates g ﬁlr:g 7fC| ¢ 1of1
hasten maturity, and and fungicide applications on faba bean. IHAF;)anp el,

reduce disease
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Winter wheat variety
evaluation for

Evaluate winter wheat varieties best suited to irrigated

irrigation vs dryland production. G. Singh, ICDC Lof1
production
Demonstration of
bgrley underseeded Demonstrate the forage yield benefit of underseeding ryegrass ;
with ryegrass for with spring seeded forage barley as compared to monocropin G. Singh, ICDC lofl
forage production i pring s g y P ping M. Reed, SPG
. of each species. ’
Irrigated & dryland
production
Demonstration of , Determine how adapted lupin is for growing under irrigation in M. Hall, ECRF
lupin as an alternative Saskatchewan conditions G. Sinah. ICDC lofl
to field pea or lentil ' -=ingh,
Do barley varieties
differ in response to A - e
. - Determine if malt and feed barley varieties differ in response to .
nitrogen fertility, plant nitrogen fertility, plant growth regulators, and fungicide. G. Singh, ICDC lofl
growth regulators,
and fungicide?
When does it pay to
apply fungicide to
faba beans in Investigate fungicide applications on yield and quality and B. Mclnnes. NARF
Saskatchewan and compare if applications should be observational/environmental G. Sinah IéDC 1of3
what does the or growth stage based. - =Ingn,
weather have to do
with it?
. Demonstrate and provide producers with basic economic and A Wall. WCA
Asggtitrfnsc’f novel agronomic information on non-traditional pulse crops that may GI S_a ,h I(C:DC lofl
P P be adapted to the various regions in Saskatchewan. - =Ingn,
Growing hybrid and Investigate hybrid mustard performance under intensive G. Singh, ICDC
composite mustard irriqation C. Jacob. SMA lofl
under irrigation 9 ) - Jacop,
E;\;g?gf;ﬁg%ggg Demonstrate various forage options best suited for inclusion
following row crop into a cropping rotation anql promote the benefits of haymg G. Singh, ICDC 1of1
L forages in rotations (including breaking up weed and disease
harvest on irrigated | il health ; i herbici .
land cycles, soil health, nutrient cycling, and herbicide resistance).
Oat nitrogen Determine the yield and test weight response of oats to 15% G. Singh, ICDC 1of1
response and 30% reductions in optimum rates of nitrogen. ' '
Strategies to build Evaluate the benefit of annual phosphorous (P) fertilizer versus
sustainable single large P fertilizer applications over a 4-year irrigated G. Singh, ICDC
phosphorus levels cropping system. Along with assessing whether higher single P E Kar ;nen 1of4
and optimize water | applications inhibit zinc availability to plants as well as total - Rarppinen,
S L . AAFC-Outlook
use efficiencies on water use and assess water productivity as it relates to P
low P soil fertilization strategies for irrigated production.
Optimum . . .
management of oats Dek;nonstrate r(;o(\]l/yﬁseedlrgt)rate and nitrogen fertlllty mgy.need M. Hall, ECRF f
can vary between to be managed differently between oat varieties to optimize G. Sinah. ICDC lofl
o yield, test weight and lodging resistance. - =INgh,
varieties
Do plant growth
regulators available
for spring wheat Demonstrate the response of current and common Canadian G. Singh, ICDC
improve the Western Red Spring wheat varieties to plant growth regulators ' ’ lofl

productivity of current
Canadian Western
Red Spring varieties?

registered for use in spring wheat.

B. Mcinnes, NARF
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Efficacy of fungicides
active ingredient for
Fusarium head blight

Compare the efficacy of wvario

. which are registered for the management of Fusarium head G. Singh, ICDC lof1l
and deoxynivalenol ' . : .
- blight and mycotoxins suppression, relative to a control.
management in
wheat
Fertigation Demonstrate and compare five different fertigation treatments
demonstration on at two different timings on wheat, canola, and dry beans. The S. Ingell, SMA 1of1
wheat, canola, and project outcome will be the most beneficial treatment and G. Singh, ICDC
dry bean timing for each individual crop.
Demonstrating oat
seeding rates as a Demonstrate oat seeding rates as an integrated pest G. Singh, ICDC
cultural control _ management strategy for controlling wild oats populations in B. Mclnnes, NARF lofl
method for controlling | tame oats.
wild oats in oats
Biological inoculant The objgctlvefo;_tr;ls _stuldy isto provu:l]e a side-by-side _ G. Singh, ICDC f
trial in pulses comparison of biological treatments that promote an agronomic M. Reed. SPG lof1l
improvement in the growth of pulse crops. ) '
Demonstrating
gzpeegtr?dorfaisiﬂng Demonstrate how different seeding dates and rates can G. Singh, ICDC 1of1
. improve canola yield and quality.
canola yield and p y q y R. Lokken, CLC
quality
Demonstrating the Demonstrate the effects of commercially available foliar-applied :
. . : = . | X G. Singh, ICDC
efficacy of foliar- nitrogen fixing bacteria products on the yield and seed quality
ary = . ) e : C. Holzapfel, lofl
applied nitrogen fixing | of canola grown under varying fertility levels and contrasting HARF
bacteria for canola environments.
Efg%c;r;sti ?]fuﬁnﬁgogii 4 | Demonstrate if humic acid-coated monoammonium phosphate _
fertilizer can promote phosphorus absorption by plants and G. Singh, ICDC lof1l
coated phosphorous by
- enhance fertilizer use rates.
fertilizer rates
Efficacy of GWN Evaluate efficacy of GWN 9790 as a seed treatment for control | G. Singh, ICDC 10f2
9790 of Aphanomyces root rot. G. Clenzy
Demonstrating the Demonstrate the effects of commercially available foliar-applied :
i . . g ) . - G. Singh, ICDC
efficacy of foliar- nitrogen fixing bacteria products on the yield and seed quality cp 1of1
applied nitrogen fixing | of wheat grown under varying fertility levels and contrasting SkV\;ﬁng’
bacteria for wheat environments. eat
Lupin herbicide Demonstrate herbicide treatments for crop tolerance on early G. Singh, ICDC 1of1
screening trial varieties. M. Olson, SPG
ICDC Fruit and Vegetable Agronomy
Demonstration of Demonstrate the potential to produce chicory for processing in
commercial chicory Saskatchewan and introduce t hlC.Drury,SMA lofl
production producers.
Determining size
profiles of . - o
Saskatchewan grown Demonstrate growing cant_aloupe in field conditions and C. Drury, SMA 1of1
. | determining their size profile.
cantaloupe for a retail
market
Efficacy of increased
pollinator habitat _and Demonst_rate the quallty of pollmatlon and the handling ease of C. Drury, SMA 1of1
forage on pumpkin each pollinator and pollination strategy.
production
Brussels sprout
varieties for fresh and | Provide an infield example for potential growers to learn about C. Drury, SMA 1of1

processing markets in
Saskatchewan

brussels sprout.
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Containerized soilless
blueberry production

Demonstrate production of hardy blueberry cultivars in soilless

grown under . media grown in containers under protected cultivation. F. Scharf, SMA 1of2
protected culture in

Saskatchewan

Training apples on

trellis wire to create a | Demonstrate training of high-density dwarf apple trees onto F.Scharf. SMA 10f2
high-density wall trellis wire for improved apple production in Saskatchewan. '

production system

Methods to improve

productivity of sour Evaluate impact of applications of ProGibb and Promalin on

cherry suffering from | sour cherry plant health, yield and fruit quality. F. Scharf, SMA 20f 3
blind wood

iﬁéesgggo?iaéﬂftli?/\gg Evaluate varieties under high tunnel production with extreme D. Waterer, JSA 1of1

for heat tolerance

heat.

Table 3. List of Field Crop Agronomy research projects led by Saskatchewan Ministry of
Agriculture (included in the 2023 ICDC Annual Research and Demonstration Report).

Lead

Project Description Researcher(s) | Term
SMA Field Crop Agronomy
Vari T. Kowalchuk,

arietal assessment Determine yield potential for irrigated production of grasses for | SMA
of forage seed . 3of4
production seed. J. Relf-Eckstein,
SFSDC
Hemp seeding date D. Risula. SMA
demonstration for Demonstrate hemp cultivars. . ' 20f2
grain production G. Singh, ICDC
Flax seeding dates Establish seeding date and rate recommendations for S. Ingell, SMA 2 of 2
and seeding rates producers growing flax under irrigation in Saskatchewan. G. Singh, ICDC
Effect of tillage
management and Evaluate three levels of tillage management and three seeding | M. Cote, SMA
seeding date on dry dates on dry bean production G. Singh, ICDC 3of3
bean establishment ’ - =ingh,
and yield
Lygus in flax Assess chemical pesticide times of application and product J. Tansey, SMA 2 of 2
efficacies. G. Singh, ICDC

Grasshopper control | Demonstrate the efficacies of cultural control methods to J. Tansey, SMA 1of2
with cultural methods | reduce grasshopper feeding damage. L. Shaw, SERF °
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Table 4. List of research projects led by University of Saskatchewan, including Field Crop
Agronomy, Weed Science, and Water Management.

Lead
Project Description Researcher(s) | Term

U of S Field Crop Agronomy
Fungicide timing to Study fungicide timing on spring wheat, winter wheat, and
mitigate Fusarium durum for reduction in Fusarium head blight incidence
head blight in cereal (included in the 2023 ICDC Annual Research and R. Kutcher, U of S 3of3
crops Demonstration Report).
Place-based
phosphorous Assess the distribution of available phosphorous (P) in the
management: landscape and the potential to reduce inputs of P to areas of H. Bauch, U of S 2 of 2
Agronomic, the landscape where P is already elevated and there is risk of J. Elliot, ECCC °
environmental and P loss in runoff.
economic benefits
U of S Weed Science
Integrated seedbank Ismﬁ:rg\(/:(reoweed gor_ltjgl in jplce crops and ultlmatel¥, mc(rjezse
management to p p seed yield and encourage expansion of seede C. Willenborg,
augment long-term acreage. H!gher_ yields and greater profits _could promote the UofS 20f4
weed control crop dlver3|f|cat|qn and the inclusion of spice crops in irrigated

and dryland rotations.

Address herbicide resistance issues, field studies will be

conducted over four years over a typical 3-year rotation.

Treatments will include factorial combinations of harvest weed | C. Willenborg,
Herbicide screening seed control and cover crops. This project will generate data for | U of S 2 of 2
in spice crops producers to assess the relevance of including both harvest E. Karppinen,

weed seed control and cover crops in their rotations to improve | AAFC-Outlook

long term weed control and also reduce seedbank densities,

which can improve weed management over the long term.
U of S Water Management

Leverage ongoing work being conducted through the U of S

Global Water Futures Program and Smart Water Systems

Laboratory which has been field-testing new remote sensing W. Helgason,
High-resolution crop platforms including lidar, thermal, multispectral, hyperspectral UofS
monitoring using sensors and gamma ray detectors. Develop knowledge to P. Harder, U of S 20f2
UAV-based sensors promote adoption of UAV sensor technology to spatially E. Derdall,

quantify variable crop health and growth rates, allowing for AAFC-Saskatoon

more timely and accurate identification of crop stress and

improvement of precision agriculture outcomes.
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Plot Location Maps
CSIDC Main Station
S¥% 15-29-08-W3

Figure 4. CSIDC Fields 1 to 11 site plot layout.
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Figure 5. CSIDC Field 12 and ICDC Area 51 site plot layout.
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Figure 6. ICDC Hnatowich site plot layout.
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CSIDC Off-Station
NW 12-29-08-W3

Figure 7. CSIDC Off-Station site plot layout.
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Table 5. CSIDC site plot layout legend.

# Crop # Crop

1 Profit peas 55 ICDC trials

2 Alfalfa 56 ICDC trials

3 Melons 57 ICDC trials

4 Raspberries 58 ICDC trials

5 Cauliflower/broccoli variety trial (outside) 59 Wheatland wheat
6 High Tunnels 2-5: Sweet potatoes, bush beans, leafy green vegetables 60 ICDC trials

7 High Tunnel 1: Cauliflower/broccoli variety trial (inside) 61 ICDC trials

8 Saskatoon berries 62 Wheatland wheat
9 Apples 63 ICDC trials

10 | Haskaps 64 ICDC trials

11 | Sour cherries 65 ICDC trials

12 | Profit peas 66 ICDC trials

13 | ICDC flax trial 67 ICDC trials

14 | Camelina and carinata trials 68 ICDC trials

15 | Canola trial 69 ICDC trials

16 | Carrot trial 70 ICDC trials

17 | Caraway trial 71 ICDC trials

18 | Dill trial 72 ICDC trials

19 | Coriander trial 73 ICDC trials

20 | Cumin trial 74 ICDC trials

21 | Profit peas 75 ICDC trials

22 | Broccoli/cauliflower trial 76 ICDC trials

23 | Potato trials 77 ICDC trials

24 | Sweet potato trials 78 ICDC trials

25 | Leafy green vegetable trials 79 ICDC trials

26 | Bush bean trials 80 ICDC trials

27 | Wheatland wheat 81 ICDC trials

28 | Profit peas 82 ICDC trials

29 | Wheatland wheat 83 ICDC trials

30 | Canola 84 ICDC trials

31 | Wheatland wheat 85 ICDC trials

32 | Canola scheduling trial 86 ICDC trials

33 | Canola water use efficiency trial 87 ICDC trials

34 | Canola oil trial 88 ICDC trials

35 | Rutabaga trial 89 ICDC trials

36 | Chicory trial 90 ICDC trials

37 | Brussels sprout trial 91 ICDC trials

38 | Wheatland wheat 92 ICDC trials

39 | Horseradish 93 Canola

40 | Trueman alfalfa/Timothy trial 94 ICDC trials

41 | Alfalfa 95 ICDC trials

42 | ICDC forage trials 96 ICDC trials

43 | Wheatland wheat 97 Seedbank trial
44 | Profit peas 98 Wheatland wheat
45 | ICDC 99 Alfalfa/grass
46 | Profit peas 100 | Alfalfa/grass
47 | ICDC trials 101 | Wheatland wheat
48 | ICDC trials 102 | ICDC trials

49 | ICDC trials 103 | ICDC trials

50 | ICDC trials 104 | ICDC trials

51 | ICDC trials 105 | Canola

52 | ICDC trials 106 | Trueman alfalfa/Timothy trial
53 | ICDC trials 107 | Alfalfa

54 | ICDC trials 108 | Profit peas
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Weather Summary

Average daily maximum temperatures were below normal in April, above normal in May, June,
and September, and approached normal in July and August. Average daily minimum
temperatures followed a similar trend (Figure 8;Table 6). There were 23 days that daily maximum
temperatures exceeded 30.0 °C, with 2, 5, 7, 6, and 3 days in May, June, July, August, and
September, respectively.

With the exception of April and August, monthly precipitation was below average, particularly in
June and July which were less than 30% of normal (Figure 9,Table 7). Precipitation was less than
half of the 30-year average in May, June, and July.

Corn heat units are accumulated from May 15 to the first killing frost (-2.0°C) or to September 30
at the latest. Minimum temperature dipped as low as 2.4°C on September 5 but there was no
killing frost. Overall, cumulative corn heat units were above average (Figure 10).

Growing degree day heat accumulations were above average from May 15 through to
September 15 (Figure 11; Figure 12; Figure 13).

With the exception of August, solar radiation was above average (Figure 14; Table 8).
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Figure 8. CSIDC growing season temperature (average daily minimum and
maximum) by month for 2023 and the 30-year average (1993-2022).
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Table 6. CSIDC growing season temperature (average daily
minimum and maximum) by month for 2023 and the 30-year
average (1993-2022).

Temperature (°C)
Month Maximum Minimum
2023 1993-2022 2023 1993-2022
April 6.9 10.6 -4.2 -1.9
May 23.2 18.3 7.2 4.2
June 27.0 22.3 11.9 9.9
July 25.9 25.4 11.3 12.3
August 25.6 24.9 11.8 10.9
September 23.3 19.9 7.6 6.1
65 I 2023
_ [ Average 1993-2022
60 n 56
€
£ 47 -
pu 42
O 40 A ]
©
H— 31
=
o
A 20 19
0
N x~ S
Q & 2 » 2 )
N
< Y 0y Y ¢ 0§
< g
&
%)
Month

Figure 9. CSIDC growing season precipitation by month for 2023 and the

30-year average (1993-2022).
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Table 7. CSIDC growing season
precipitation by month for 2023 and the
30-year average (1993-2022).

Precipitation (mm)
Mkl 2023 1993-2022

April 19.7 18.6

May 17.5 41.5

June 15.3 65.3

July 15.5 55.8

August 46.6 43.9

September 16.6 30.5

Total 131.2 255.6
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Figure 10. CSIDC cumulative corn heat units (CHUs) by month for 2023 and the
30-year average (1993-2022). An asterisk (*) denotes cumulative CHUs to
September 30 or to the first killing frost (-2.0°C), whichever occurs first.
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Figure 11. CSIDC cumulative growing degree days (Base 0°C) by month for 2023 and the
30-year average (1993-2022).
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Figure 12. CSIDC cumulative growing degree days (Base 5°C) by month for 2023 and the
30-year average (1993-2022).
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Figure 13. CSIDC cumulative growing degree days (Base 10°C) by month for 2023 and
the 30-year average (1993-2022).
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Figure 14. CSIDC solar radiation by month for 2023 and the 11-year average
(2012-2022).



Table 8. CSIDC solar
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radiation by

month for 2023 and the 11-year average

(2012-2022).

Solar Radiation (kJ/m?)

I 2023 2012-2022
April 19,441 16,327
May 21,384 20,294
June 25,737 21,060
July 22,592 22,109
August 17,875 17,963
September 14,267 13,083
October 8,572 7,782




Irrigation Summary
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Table 9. Irrigation depth applied at the CSIDC Main Station site during the 2023 field season.

Total Total
Eild Irrigation Depth Applied Growing Wota
'; Crop Season A al_erd
May June July | August | Sept | Irrigation pplie
mm
1 | Peas 0 108 143 0 50 251.0 301
2 | Alfalfa 0 0 25 25 0 50.0 50
3 | Flax Trials 0 65 75 45.8 0 185.8 185.8
3 | Peas 0 285 875 0 0 116.0 116
4 &5 |Dill Coriander, 0 49 375 25 1115 1115
Cumin
4&5 | Peas 0 41 375 0 25 785 1035
Carrots and
485 | oy 0 49 50 25 25 149.0 149.0
6 | Broccoli 0 125 775 62.5 0 265.0 265.0
6 Potatoes 0 100 40 25 22.5 187.5 187.5
7 | Wheat 0 1275 150 50 25 3275 3525
7 | ICDC Wireworm 18 305 6 18 0 725 725
8 | Wheat 0 74.8 925 50 0 217.3 217.3
8 | Peas 0 74.8 925 50 0 217.3 217.3
9 Canola 0 68.5 92.5 50 25 211.0 236
10 | Wheat 0 76 875 25 0 1885 1885
Broccoli,
11 | Rutabaga, 0 133.9 112.6 68 375 352.0 352
Chicory, Brussel
Sprouts
11 | Canola Oil- 0 18 27.5 65 0 110.5 110.5
Deficit
g | CanolaOil- 0 33 425 65 0 1405 1405
Irrigated
g | Canola 0 275 675 15 0 110.0 110
Sclerotinia
Canola WUE:
9 | Early Seed Date 0 40 55 15 0 110.0 110
Canola WUE:
9 | o eed Dete 0 0 125 125 0 25.0 25
Canola WUE:
9 | e Date 0 275 25 0 0 52.5 52.5
10 | Peas 18 705 55 0 0 1435 1435
10 | Rutabagas 0 29 60 335 | 130 2525 2525
11 | Wheat 0 20 92 83 0 195.0 195
12 | Trueman -Grass 37.5 125 50 50 262.5 262.5
Excess Irrigation
12 | Trueman- Grass 0 18.8 62.5 25 25 131.3 131.3
Normal Irrigation
12 'Tcri'gg Forage 26.5 60.5 80 | 100 267.0 267.0
12 | Peas 14 605 15 0 89.5 89.5
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Table 10. Irrigation depth applied at the CSIDC Off-Station Demo site during the 2023 field season.

Total Total
Irrigation Depth Applied Growing Wota
Quadrant Crop Season A algrd
May June July ‘ August ‘ Sept | Irrigation ppiie
mm
NE ICDC Dry 0.0 30.0 115.0 | 625 | 125 220.0 220.0
Beans
Trueman
NE Alfalfa 0.0 30.0 115.0 75.0 77.5 297.5 297.5
NE 'Tcngg Cereal 0.0 300 | 1150 | 625 | 00 2075 2075
Fall Seeded
NE Cereals 0.0 30.0 115.0 62.5 112.5 207.5 320.0
NW Alfalfa 0.0 15.0 87.5 37.5 50.0 190.0 190.0
Seed Bank
NW Management 0.0 30.0 100.0 37.5 50.0 167.5 217.5
NW Wheat 0.0 30.0 100.0 25.0 50.0 155.0 205.0
SE Soybeans 0.0 15.0 575 87.5 27.5 187.5 187.5
SW Wheat 0.0 15.0 117.5 90.0 0.0 2225 2225
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Knowledge & Technology Transfer

CSIDC Tours

Outlook High School i Environmental Science 20 Watermelon Planting, May 26, 2023
Sun West School Division i Think Irrigation, May 29, 2023

Outlook Elementary School i Kindergarten Tour, June 8, 2023

Saskatchewan Ministry of Agriculture T ExperienceAG: Irrigation in Saskatchewan,
July 17, 2023

Outlook High School i Grade 8 Tour, June 19, 2023

Outlook Elementary School T Grade 4 Watermelon Harvest, September 19, 2023
Lee Sexton i Soil Health Workshop, September 21, 2023

Outlook Elementary School T Terry Fox Run, September 22, 2023

Outlook High School i Terry Fox Run, October 13, 2023
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Watermelons and more: Students in Outlook get hands-on experience

1% You and 6 people like this | ¥ Comments (0) | = Share November 16, 2023

Growing watermelons is not a
common agricultural practice in
Saskatchewan, but with irrigation
and research, staff at the Canada-
Saskatchewan Irrigation
Diversification Centre (CSIDC) are
finding out what's possible. As
part of a small community, they
wanted to show students what
they were working on. And
because watermelons are
something most people have
consumed, they focused on them
for their student project.

"This fit in well with the science
curriculum,” says Dr. Erin
Karppinen, coordinating biologist
for AAFC at Outlook,
Saskatchewan. "The students got
to see the difference between
direct seeding watermelon seed

into the ground versus seeding
greenhouse grown seedlings. They |
also saw how drip tape and plastic
mulch had an impact on the
seedling's success, as well as the
difference between varieties. The
yellow-fleshed varieties were a big |
surprise for many.”

Staff at CSIDC are planning to Y > : G
work with the schools again next S N S u

year to provide tours and other Students from Outlook Elementary School learn about the watermelon varieties at the Outlook Research Farm in Saskatchewan.
hand: it

n learing opp in
the field. They're considering a potato variety trial with the high school students so they can do chipping, frying and baking tests, and then another fruit/vegetable crop for the elementary
students to harvest.




Field Days
Irrigation Field Day & Tradeshow, CSIDC, SK, July 13, 2023

T

@ Irrigation Field Day. &
e Tradeshow. |
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July 13, 2023
9:00 to 3:00

Canada-Saskatchewan Irrigation Diversification Centre
901 McKenzie Street South
Outlook, SK
9:00 Tradeshow
9:15 Welcome
9:45 ICDC Agronomy Tour (Group 1)
10:00 I1CDC Agronomy Tour (Group 2)

« Novel pulses, N-fixing bacteria, flea beetles, humic acids, fertigation,
climate-smart canola, N fertilizer for corn

11:45 Lunch
1:00 Agronomy Tour

« Thermal indices of crop water stress, canola water use efficiency,
precision crop monitoring, irrigated flax, AAC Trueman alfalfa, forage
seed production, micro-zone precision irrigation technology

1:00 Horticulture Tour

« Brussels sprout varieties, chicory production, root maggots, leafy green
vegetables, sweet potato production, apple dwarfing rootstock,
blueberry production, cantaloupe size profiles, cauliflower and broccoli
heat tolerance

No cost to attend and no registration required. Lunch is provided. Certified Crop Advisor (CCA) credits available!
For more information please contact Erin Karppinen at erin.karppinen@agr.gc.ca or (306) 867-5400

Vot o [spA ] 8ICDC  Canadi

Conferences, Workshops, Meetings
Progressive Agriculture Foundation Safety Day i ATV Safety, Outlook, SK,

T
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April 21, 2023

Soil Health Workshop, CSIDC, SK, September 21, 2023
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Saskatchewan Irrigation Projects Association Open Mic, Outlook, SK, October 17, 2023
Irrigation Saskatchewan Conference, Saskatoon, SK, December 2-4, 2023

Executive Management Committee Meeting, Virtual, January 25, 2023

Saskatchewan Vegetable Growers Association i Potato Tuber Grading Workshop,

CSIDC, SK, February 29, 2024

Saskatchewan Vegetable Growers Association i Insect Scouting Workshop,

CSIDC, SK, March 25, 2024
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Evaluating the effect of seeding date on irrigation
requirements and water use efficiency of canola

Funded by Agriculture and Agri-Food Canada

Principal Investigator: Evan Derdall, AAFC-Saskatoon
Co-Investigator: Dr. Erin Karppinen, AAFC-Outlook
Site Lead: Don David, AAFC-Outlook

INTRODUCTION

Increasing crop yield per unit of water, defined as water productivity, requires improved cultivars
and agronomic practices (Passioura, 2006). Often in research, the focus is on economic or yield
improvements of selected cultivar or promoted agronomic practices, where water productivity is
usually not investigated due to the perceived lack of value attributed to water conservation. Water,
in Canada, does not have defined cost per unit volume. Any associated price is attributed to delivery
and not the resource itself. As competition for water increases, the value associated with water
should increase in turn; therefore, it is important for the sector to implement practices and select
cultivars that utilize the resource efficiently.

Management practices such as irrigation scheduling has also been shown to result in improved
water productivity. Low adoption rates of water productivity technologies and practices continue to
be an issue despite these demonstrated benefits. For example, only 14% of irrigators in Alberta are
using advanced scheduling methods (Wang et al., 2015). Low adoption rates of advanced irrigation
scheduling methods are due to a number of barriers, including a lack of understanding of the
economic and environmental benefits (Garvin 2014), equipment costs, ability or lack of access to
information over the internet, lack of knowledgeable people and continuously evolving technology
(Steele, 2017).

Conditions permitting, early May seeding for canola is generally recommended in most production
areas of Western Canada. Compared to early-seeded canola, an average of 5.5% and 11.6% yield
loss from mid and late-seeded canola, respectively, was reported from 26 station-years of data
(Canola Council of Canada 2020). McKenzie et al. (2011) reported the effects of seeding dates for
eleven cereals and oilseeds under irrigation in Alberta. The yield loss for canola (1.7% per day of
seeding delay through May) was greater than for any other crop, but losses for the others were also
substantial (from 0.6% to 1.3% per day for cereals and oilseeds respectively). Despite the generally
recognized and sometimes large benefits of early planting, seeding is often delayed into late May
and even early June. Between 2007 and 2018, an average of 43% of irrigated canola in
Saskatchewan was seeded after the third week of May; in one year during the same period, 71% of
the crop was seeded late (Saskatchewan Crop Insurance Corporation data).

Early versus late seeding results in very different environments for the crop in terms of weather, soil
conditions, and day length at different stages of crop growth. These differences affect crop water
requirements, water availability, and water losses i and hence, irrigation requirements and water
use efficiency. Few studies to date have examined seeding date as a factor in crop water use and
water use efficiency. Thus, the purpose of this study is to determine and compare irrigation
requirements, water use, and water use efficiency for canola seeded in early, mid, and late May.
Results will be used to better define water/irrigation requirements and water use efficiency for
canola, which has the largest irrigated acres in Saskatchewan.
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MATERIALS & METHODS

Study Site

Canola trials were established at the Canada-Saskatchewan Irrigation Diversification Centre
(SW 15-29-08-W3) in Outlook, Saskatchewan over three growing seasons (2021-2023) (Figure 15).
Soil samples taken to 120 cm depth were collected in the spring of and analyzed for a suite of
physical and chemical properties, including nitrate, sulphate, and phosphate. The study site is a
Bradwell Association soil that has been in irrigated annual crop production for many years. Over
the study period, total in-season rainfall was below the long-term average while growing degree day
heat accumulations, minimum and maximum temperatures, and solar radiation generally exceeded
monthly long-term averages.

S P J.-‘ .J?, oy e ey -“‘6;’.‘4'-'- "‘:‘L‘, s e i el
Figure 15. Early, mid, and late-seeded canola plots established on Field 9 in the
2022 growing season.

Experimental Setup

Canola (var. 340PC) was direct seeded into wheat stubble at a target rate of 100 plants/m?
(adjusted for germination, estimated field emergence, and seed weight). Plots were seeded every
two weeks to establish (i) Early, (i) Mid, and (iii) Late treatments. The trial was established with
11 m x 8 m plots in a randomized complete block design. Large plots were necessary to allow for a
5 m transition zone between seeding date treatments to prevent overspray of adjacent irrigation
treatments into the harvest area. Target fertility rates were 155 kg N/ha and 15 kg P.Os/ha and
adjusted for residual nitrate. Fertilizer applications included side-banded urea (46-0-0) and
seed-placed monoammonium phosphate (11-52-0). Irrigation water was applied with a Valley®
linear system equipped with individually controlled low pressure rotator sprinklers. Each plot was
irrigated with 4 individual sprinklers to allow for treatment-specific irrigation scheduling. Pest
management consisted of pre-emergence applications of Edge® MicroActiv® (ethalfluralin;
8.5 kg/ha) and CleanStart® (Credit®; glyphosate; 1L/ac + Aim® EC; carfentrazone; 30 mL/ac)
herbicides. Post-emergence applications consisted of tank mixed Liberty® 150 SN herbicide
(glufosinate  ammonium; 1.35 L/ac) + Centurion® herbicide (clethodim; 60 mL/ac) + Amigo®
Adjuvant (phosphate ester surfactant; 0.5%) and Decis® 5 EC insecticide (deltamethrin; 60 mL/ac).

Soil Moisture

Gravimetric soil samples were collected from 0 to 90 cm depth immediately prior to seeding and
following harvest using a Giddings tractor-mounted hydraulic soil sampling machine. Soil moisture
monitoring occurred multiple times per week in each plot using (i) a POGO® Pro sensor inserted to
5 cm depth to monitor volumetric water content and (i) WATERMARK® Soil Moisture Sensors
installed at 30 cm and 60 cm depths to monitor soil water tension. A threshold of 50% soil available
water capacity was used to determine irrigation requirements and scheduling for each seeding date,
based on soil texture. Total rainfall (from the on-site Environment & Climate Change Canada
weather station) and irrigation accumulations were recorded for each seeding date (Table 11).
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Table 11. Monthly and total rainfall and

irrigation.
Moisture Early Mid Late
mm
2021
Irrigation 273.1 209.6 241.4
Rainfall 72.5 67.1 53.9
Total 345.6 276.7 295.3
2022
Irrigation 110.0 52.5 25.0
Rainfall 143.7 141.7 142.4
Total 253.7 194.2 167.4
2023
Irrigation 106.5 181.5 69.0
Rainfall 71.7 89.8 77.5
Total 178.2 271.3 146.5

Water use efficiency (WUE) is determined by conducting a water balance on individual plots to
determine the total water used and lost, and combining with plot yields to determine the yield weight
per unit of water. In irrigated production, the water balance can be calculated (Eq. 1):

Eq.1: P+ITETIi DI R = @&SM
Where:

P 1 precipitation (mm)

I'T irrigation (mm)

ET i evapotranspiration (mm)

D i drainage (mm)

R run-off (mm)

&S M change is soil moisture (mm)

To simplify the analysis, drainage and runoff (small in a well-managed irrigation system) can be
grouped with evapotranspiration to determine the water required in crop production (incorporates
inefficiencies). Therefore, Eqg. 1 can be simplified to determine the water use (Eqg. 2):

Eq. 2: WaterUse=P +[-&S M

Precipitation (P) data was collected using an on-site Environment and Climate Change Canada
weather station. Total precipitation for the analysis was the summation of daily precipitation
between seeding and harvest. Irrigation (I) events were recorded and applied water depths
measured using an infield tipping bucket rain gauge and irrigation records. Soil moisture
measurements were taken immediately prior to seeding and after harvest to limit any changes in
soil moisture occurring outside of the crop production period. Soil cores were taken to a depth of
1 m from each of the research plots using a tractor mounted Giddings® soil sampler. Samples were
weighed, oven dried, and re-weighed to calculated the gravimetric soil moisture content. These
values were converted into a volumetric soil moisture content using the measured soil bulk density.
A positive change in soil moisture, is an increase in the moisture over the season and accounts for
moisture not used in crop production; conversely this method accounts for water reserves used in
crop production (decrease in soil moisture over the growing season).
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Data Collection & Analysis

Plant emergence counts were assessed 2 to 3 weeks after seeding by counting four 1 m row
sections in each plot to determine plants/m2. Plant height was measured at flowering stage and
calculated by averaging the crop height at two representative locations within the plot. Crop growth
stages (i.e., start and end of flowering, maturity, swathing) were monitored and recorded throughout
the growing season. Lodging was assessed on a 1 (erect) to 5 (flat) scale. Water use efficiency was
calculated by dividing yield (kg ha) by total water use (mm). Total water use was determined by
summing rainfall, irrigation, and change in soil moisture over the growing season.

Seed from each plot was collected using a WINTERSTEIGER plot combine to harvesta8 mx 1.5 m
swathed area. Harvested samples were dried and cleaned and yield results were adjusted to 10%
moisture content. Seed moisture and oil content was measured using a FOSS Infratect 1241 grain
analyzer. Test weight was analyzed using a DICKEY-john® GAC® 2500-AGRI grain analyzer.
Thousand kernel weight (TKW) was determined by establishing a random sample using a seed
counter, weighing the sample, and calculating grams per 1,000 seeds.

Statistical Analysis

A one-way analysis of variance (ANOVA) was used to test the effect of seeding date on agronomic
data and crop WUE. Data was tested for assumptions of normality and homogeneity of variance
and transformed if necessary. Me a n s s lsast gignificant
difference (LSD) multiple comparisons test. Pearson correlation was used to determine the
relationship between yield, total moisture, and water use efficiency. All statistical analyses were
executed using the car (Fox and Weisberg, 2019), agricolae (de Mendiburu, 2021), emmeans
(Russell et al., 2023), corrplot (Kuznetsova et al., 2017), and multcomp (Hothorn et al. 2008)
packages in R version 4.2.2 (R Core Team 2022) and visualized in SigmaPlot 15.0.

RESULTS & DISCUSSION

Yield, Seed Quality, and Plant Growth

Although trends suggest that the early (3,976 kg ha?) and mid-seeded (4,011 kg ha') treatments
were higher yielding than the late-seeded (3,550 kg ha!) treatment, these differences were not
statistically significant (Table 12, ANOVA, P 00.05). Based on the literature review, yield was
expected to decrease as seeding was delayed so the results from this multi-year study were not in
agreement. Emergence was fairly consistent with average emergence ranging from 61.6% in the
mid-seeded treatments to 77.1% in the late-seeded treatments (Table 12, ANOVA, P 00.05). In
terms of seed quality, there were no treatment differences in oil content or test weight, but seed
weight was highest in the early-seeded treatment compared to the late-seeded treatment. As
seeding date was delayed from early May to early June, plant height increased but did not result in
higher lodging incidence.

Table 12. Effect of seeding date on emergence, yield, seed quality (oil, test weight,
seed weight), and plant height. Different letters indicate significant differences
between seeding dates (ANOVA, P 00.05).

, Emergence | Yield Oil Test Weight | Seed Weight | Height
Seeding Date | 1 nis/m?) | (kgiha) | (%) (kg/hl) (g/1000 seegds) (cm)
Early 66.1 a 3,976a| 44.1a 62.2 a 3.8a 108 ¢
Mid 61.6 a 4011a| 43.2a 63.2 a 3.6ab 117 b
Late 77.1 a 3,550a | 43.3 a 62.9 a 34b 129 a
P-value (0.05) ns ns ns ns 0.012 <0.001

ns = not significant, P 00.05

on

wa



Field Crop Agronomy | 36

Crop Growth Stages

Not surprisingly, crop growth stages (i.e., start of flowering, end of flowering, swathing) were
influenced by seeding date (Figure 16; P 00.05). For example, start of flowering was 49, 44, and
38 days after planting (DAP) for the early, mid, and late-seeded treatments, respectively. End of
flowering followed a similar trend, but by maturity there was no difference between the mid and
late-seeded treatments.

(1 Start of Flowering
a 1 End of Flowering
100 - B Maturity
b
b
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Seeding Date

Figure 16. Start of flowering, end of flowering, and maturity, in
days after planting (DAP), for each seeding date treatment.
Different letters indicate significant differences between
treatments (ANOVA, P 00.05).

Water Use Efficiency

When compared to the late-seeded treatment, total moisture use was significantly higher in the
early and mid-seeded treatments (Figure 17, ANOVA, P 00.05) but there was no difference in the
yield, change in soil moisture, or WUE (Figure 17, ANOVA, P 00.05). A breakdown of total moisture
use is presented in Table 13. As expected, WUE was positively correlated with yield and negatively
correlated with total moisture (Table 14, P 00.05), but was not correlated with any other factors.
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Figure 17. (A) Yield (kg ha?), (B) water use efficiency (kg ha! mm™), (C) total moisture
use (mm), and, (D) change in soil moisture (mm) at early, mid, and late seeding dates.
Different letters indicate significant differences between treatments (ANOVA, P 00.05).

Table 13. Average irrigation, rainfall, and

total moisture use from 2021 to 2023.

Moisture Use Early Mid Late
mm

Irrigation 162.3 147.9 111.8

Rainfall 97.5 97.0 92.3

Total 320.2 334.6 270.1




Table 14. Pearson correlation coefficient (r)
values between water use efficiency and
various agronomic and environmental
factors. Bold and underlined text indicates

significance at P 00.05.
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Pearson
Factor correlation Pr(>F)
coefficient (r)

Emergence 0.06 ns
Yield 0.56 <0.001

Qil -0.11 ns

Test Weight -0.08 ns

Seed Weight 0.11 ns

Height -0.01 ns

Change in SM 0.26 ns
Total Moisture -0.63 <0.001

CONCLUSIONS

Over three growing seasons (2021-2023), we aimed to used irrigated field studies to incorporate
WUE as a performance metric and link changes in WUE to agronomic practices like seeding date.
There were no differences in WUE between early, mid and late-seeded canola. Although more
water was used by the late-seeded canola, there were no treatment differences when the overall
change in soil moisture was considered. From a water perspective, seeding date was only a factor

in in-season moisture use.



Field Crop Agronomy | 39

Beneficial management practices to maximize the seed yield
and oil productivity of irrigated canola

Funded by Agriculture and Agri-Food Canada

Principal Investigator: Dr. Erin Karppinen, AAFC-Outlook
Co-Investigator: Evan Derdall, AAFC-Saskatoon
Site Lead: Don David, AAFC-Outlook

INTRODUCTION

Saskatchewan plans to significantly increase its canola crushing capacity with the announcement

of the addition/expansion of four facilities to be developed by Richardson, Viterra, Cargill, and Ceres

Global Ag i for a potential additional capacity of 5.7 million tonnes. Producers will see an increase

in domestic market opportunities once these value-added facilities are operational. 2021 was also

a record setting year for Saskatchewands agricult't
topping the list of leading export commodities.

In 2021, Saskatchewan accounted for approximately 48% of the national canola production despite
unprecedented drought recorded across the province that reduced average yield to 22 bu/ac. In
2020, canola accounted for 31% of crops seeded within the Lake Diefenbaker Development Area
and irrigated canola continues to outperform its dryland counterparts, with irrigated varieties yielding
over 70 bu/ac. The province of Saskatchewan recently announced plans to expand the irrigated
acres supplied by Lake Diefenbaker. The $4 billion expansion project will add approximately
0.5 million acres of irrigated production to the area. With expanded irrigated acres will come
increased demand on limited water resources. Both water use and nitrogen (N) use efficiencies
must be considered since they interact to impact yield.

With the proposed increased crushing capacity of 5.7 million tonnes and irrigation expansion of up
to 0.5 million acres, it is likely that as dryland acres are converted to irrigated production the share
of the canola market produced by irrigation will continue to increase. Processors will require a
consistent and high quality canola feedstock to meet this increased demand. Irrigated canola has
an opportunity to supply a portion of the demand due to the increased production potential and
drought resilience over its dryland counterparts. Thus, it is important to increase the efficiency of
irrigated agronomic practices and to maintain consistent performance, particularly in regard to
canola seed yield and oil productivity.

The objectives of this project were to: i) determine nitrogen requirements and response of dryland,
deficit, and irrigated canola; and ii) evaluate how the seed yield and oil productivity of canola
responds to varying nitrogen fertilizer rates and irrigation regimes.

MATERIALS & METHODS

Study Site

The trial was established on June 1, 2023 on Field 11 at the Canada Saskatchewan Irrigation
Diversification Centre (SW 15-29-08-W3) in Outlook, Saskatchewan (Figure 18). Soil samples
taken to 120 cm depth were collected in the spring of 2023 and analyzed for a suite of physical and
chemical properties. Total residual NO3z-N was 82.5 kg/ha from 0-60 cm. The study site is a
Bradwell Association soil that has been in irrigated annual crop production for many years. In 2023,
total in season rainfall was well below the long term average while growing degree day heat
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accumulations and minimum and maximum temperatures generally exceeded monthly long term
averages.

Figure 18. Aerial image of the canola oil trial on July 27, 2023.

Experimental Setup

The trial was arranged in a split plot design with irrigation regime as main plots and N fertilizer rate
as subplots. Treatments were replicated four times and consist of factorial combinations of three
irrigation regimes (full irrigation, no irrigation at the vegetative state/deficit, dryland) and five N
fertilizer rates (0, 50, 100, 150, 200 kg/ha), for a total of 15 treatments. Canola (var. 340PC) was
direct seeded into wheat stubble at a target rate of 100 plants/m? (adjusted for germination,
estimated field emergence, and seed weight).

Urea (46-0-0) was side-banded at seeding in each treatment so that soil N + fertilizer N equaled N
fertilizer rate. Monoammonium phosphate (12-52-0) was seed-placed at a rate of 15 kg/ha.
Irrigation water was applied with a Valley® linear system equipped with individually controlled low
pressure rotator sprinklers. Each plot was 1.5 m by 8 m with 10 m between blocks to allow for a
transition zone between irrigation management regimes. The plots were managed so that pests,
weeds, and other macronutrients were not limiting. Pest management consisted of pre-emergence
applications of Edge® MicroActiv® (ethalfluralin; 8.5 kg/ha) and CleanStart® (Credit®; glyphosate;
1L/ac + Aim® EC; carfentrazone; 30 mL/ac) herbicides. Post-emergence applications consisted of
tank mixed Liberty® 150 SN herbicide (glufosinate ammonium; 1.35 L/ac) + Centurion® herbicide
(clethodim; 60 mL/ac) + Amigo® Adjuvant (phosphate ester surfactant; 0.5%) and Decis®5 EC
insecticide (deltamethrin; 60 mL/ac).

Nitrogen Use Efficiency

Prior to seeding, two soil samples were collected from the ON control from each block and
composited at 0-15 cm, 15-30 cm, and 30-60 cm depths to determine soil N supply. Biomass
samples were collected from each plot by cutting a 1 m? area from each plot at full flower
(Figure 19). Plant tissue was analyzed for total N to determine N uptake. Nitrogen use efficiency
was determined by evaluating Agronomic Efficiency (AE) which is defined as the contribution of
fertilizer N toward yield compared to an unfertilized control (Dobermann, 2007; Eq 1).
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Eql: AE=
Where:

Yield [N Rate] i seed yield in fertilizer treatment (kg seed ha)
Yield [Control] T seed yield in control plot (kg seed ha)
Nt T N from applied fertilizer (kg N hal)

Nitrogen use efficiency was also determined by evaluating Fertilizer-N Recovery Efficiency (REfern)
which is defined as the percentage of fertilizer N that is taken up by the plant, accounting for
background soil N levels (Dobermann, 2007; Eq 2);

EqQ2: REfern = z x 100
Where:

Plant N [N Rate] i N uptake in fertilizer treatment (kg N ha?)
Plant N [Control] i N uptake in control plot (kg N hal)
N: T N from applied fertilizer (kg N hat)

Figure 19. Summer tuen Keely and Avery
biomass sampling on July 20, 2023.

Water Use Efficiency

Water use efficiency (WUE) was determined by conducting a water balance on select ON plots to
determine the total water used and lost, and combining with plot yields to determine the yield weight
per unit of water. In irrigated production, a water balance can be calculated (Eq 3).
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Eq3: P+ITETI DI R = &SM
Where:

P i precipitation (mm)

[T irrigation (mm)

ET i evapotranspiration (mm)

D1 drainage (mm)

R run-off (mm)

&S M change in soil moisture (mm)

To simplify the analysis, drainage and runoff (which is small in a well managed irrigation system)
can be grouped with evapotranspiration to determine the water required in crop production
(incorporates inefficiencies). Therefore, Eq 3 can be simplified to determine the water use (Eq 4).

Eq4: WaterUse=P +1-&S M

Precipitation (P) was the summation of daily precipitation between seeding and harvest. Irrigation
() events were recorded and applied water depths measured using an infield tipping bucket rain
gauge and irrigation records (Table 15).

Table 15. Total rainfall and irrigation.

Total Irrigation Regime
Moisture
Accumulation DL VS Fl
(mm)
Irrigation 0.0 219.0 267.8
Rainfall 90.0 90.0 90.0
Total 90.0 309.0 357.8
FI = full irrigation; VS = no irrigation at vegetative state; DL =
dryland

Soil Moisture Monitoring

Soil moisture monitoring occurred multiple times per week in each plot using (i) a POGO® Pro
sensor inserted to 5 cm depth to monitor volumetric water content and (i) WATERMARK® Soil
Moisture Sensors installed at 30 cm and 60 cm depths to monitor soil water tension. A threshold of
50% soil available water capacity of a loam soil was used to determine irrigation requirements and
scheduling for each irrigation regime. This limited potential excess irrigation events which could
result in increased efficiency losses due to runoff or deep drainage.

Soil moisture measurements were taken immediately prior to seeding and after harvest to limit any
changes in soil moisture occurring outside of the crop production period. Soil cores were taken to
a depth of 1 m from each of the research plots using a tractor mounted Giddings® soil sampler.
Samples were weighed, oven dried and re-weighed to calculated the gravimetric soil moisture
content. These values were converted into a volumetric soil moisture content using the measured
soil bulk density. A positive change in soil moisture, is an increase in the moisture over the season
and accounts for moisture not used in crop production; conversely this method accounts for water
reserves used in crop production (decrease in soil moisture over the growing season).

Data Collection & Analysis

Plant emergence counts were assessed 2 to 3 weeks after seeding by counting four 1 m row
sections in each plot to determine plants/m2. Plant height was measured at flowering stage and
calculated by averaging the crop height at two representative locations within the plot. Crop growth
stages (i.e., start and end of flowering, maturity, swathing) were monitored and recorded throughout
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the growing season. Lodging was assessed prior to swathing by recording the percentages of plot
area leaning (at 91 45° from vertical), lodged (at 451 85° from vertical), and lodged flat (at 851 90°
from vertical) and used to calculate lodging index on a 0-100 scale (Roques and Berry 2015).

Seed from each plot was collected using a Wintersteiger plot combine to harvest a 8 m x 1.5 m

swathed area. Harvested samples were dried and cleaned and yield results were adjusted to 10%

moisture content. Seed moisture and oil content was measured using a FOSS Infratect 1241 Grain

Analyzer. Oil yield (kg ha' ) was calculated by multiplying the seed yield by the corresponding oil

content and dividing by 100 (Legesse, 2013). Test weight was determined by weighing the amount

of grain in a half-litre cylinder and convertingg 0.5 L tokghL'according to the grain
conversion chart. Thousand kernel weight (TKW) was determined using a seed counter to establish

a random sample, weighing the sample, and calculating grams per 1000 seeds.

Statistical Analysis

A mixed-effects analysis of variance was used to analyze data, with irrigation regime and nitrogen
rate as fixed effects and replicates as a random effect. Data was tested for assumptions of normality
and homogeneity of variance and transformed if necessary. All statistical analyses were executed
using the car (Fox and Weisberg 2019), corrplot (Wei and Simko 2017), ImerTest (Kuznetsova et
al. 2017), Ime4 (Bates et al. 2015), PerformanceAnalytics (Peterson and Carl 2020), and
multcomp (Hothorn et al. 2008) packages in RStudio v. 4.0.4 (R Core Team 2021) and visualized
in SigmaPlot v. 15.

RESULTS & DISCUSSION

Seed & Oil Yield, Seed Quality, and Plant Growth

Most parameters were affected by irrigation regime and nitrogen rate, but not the interaction of both
factors (Table 16, ANOVA, P 00.05). Both irrigated treatments, full and deficit (no irrigation at the
vegetative state), had significantly higher yield (combined average of 3,243 kg ha') than the
dryland treatment (2,582 kg ha). Yields increased with increasing N fertilizer rate up to the 200N
treatment. Oil content was lower in dryland canola and decreased with increasing fertilizer rate.
However, oil yield significantly increased from the ON to 100N treatment and was higher in the
irrigated treatments when compared to the dryland treatment. Test weight was higher in dryland
canola and increased with increasing fertilizer rate. Seed weight was highest in the full irrigation
treatment, followed by the deficit irrigation treatment, then the dryland treatment. Height was not
influenced by irrigation regime but responded to nitrogen rate - plants were shortest (112 cm) in the
ON treatment and tallest (121 cm) in the 100N treatment. Lodging incidence increased with
increasing nitrogen rate and was higher in irrigated treatments.
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Table 16. Effect of irrigation regime and nitrogen rate on emergence, seed and oil yield, seed
quality (oil, test weight, seed weight), plant height, and lodging. Different letters indicate
significant differences between treatments (ANOVA, P 00.05). Significant P values are
highlighted by bold and underlined text.

: : S Test Seed : Lodging
Factor Emergence | Yield Oil Oil Yield | Weight Weight Height | " =erect;
(plants/m?) (kg/ha) (%) (kg/ha) (kg/hl) | (9/1000 seeds) | (cm) 100=flat)
Irrigation Regime
Fl 58.9 a 3,178 b 446 b 1,411 b 60.6 a 3.4c 116 a 1.97 b
VS 57.8a 3,307 b 449 b 1,479 b 60.6 a 3.2b 117 a 1.40 ab
DL 64.7 a 2,582 a 41.3 a 1,070 a 62.9b 3.0a 115 a 1.65a
P'(‘(’)a(')‘gj 0.057 0.001 | <0.001 | <0.001 | <0.001 | <0.001 085 | <0.001
Nitrogen Rate
ON 68.5b 2,279 a 454 ¢ 1,031 a 60.9 a 3.2a 112 a 1.25ab
50N 66.9b 2,810ab | 449bc | 1,262ab | 61.0a 3.2a 119ab | 1.17 a
100N 52.2a 3,390 b 43.4ab | 1,375b 61.4b 3.3ab 121 b 1.33 ab
150N 59.2 ab 3,225 b 42.2 a 1,451 b 61.8 b 3.4 ab 113 ab | 1.58 ab
200N 554 a 3,407 b 42.1 a 1,483 b 61.8 b 35b 114ab | 1.67 b
P(\(/)acl)us <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.009 0.011
Irrigation Regime x Nitrogen Rate
P-value 0.22 0.38 0.55 0.33 0.08 0.47 0.97 0.10
(0.05) . . . . . . . .

FI = full irrigation; VS = no irrigation at vegetative state; DL = dryland

Crop Growth Stages

Crop growth stages (start of flowering, end of flowering, maturity) were influenced by nitrogen rate,
but only maturity responded to irrigation regime (Table 17; P 00.05). Generally, days to start of
flowering, end of flowering, and maturity increased with increasing fertilizer rate. For example, days
to the start of first flower increased from 189 days after planting (DAP) at ON to 191 DAP at 200N.
Days to end of flowering and maturity followed a similar trend. Maturity was delayed in both irrigated
treatments when compared to the dryland treatment.
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Table 17. Effect of irrigation regime and
nitrogen rate on start of flowering, end of
flowering, and maturity. Different letters
indicate significant differences between
treatments (ANOVA, P 00.05). Significant
P values are highlighted by bold and
underlined text.

Start of End of
Factor Flowering | Flowering | Maturity
(DAP) (DAP) (DAP)
Irrigation Regime
Fl 190 a 208 a 236 b
VS 190 a 208 a 236 b
DL 190 a 208 a 233 a
P'(‘(’)"f‘(')”; 0.32 0.99 <0.001
Nitrogen Rate
ON 189 b 206 a 233 ab
50N 189 b 207 a 232 a
100N 190 a 208 ab 235 bc
150N 191 ab 210b 237d
200N 191a 209 ab 236 cd
P'(‘(’f(')”; <0.001 <0.001 | <0.001
Irrigation Regime x Nitrogen Rate
P-value
(0.05) 0.66 0.43 0.60

DAP = days after planting; FI = full irrigation; VS = no irrigation
at vegetative state; DL = dryland

Water Use Efficiency

Although the irrigated treatments had higher water use efficiency compared to the dryland
treatment, differences were not significant due to high variability within treatments (Table 18). Water
use efficiency ranged from 7.1 to 7.9 kg/ha-mm. These values are similar to those published in
scientific journals (7.6 kg/ha-mm, Hagert et al. 2016). It is expected that as you supply full irrigation,
water use efficiency will decrease as yield response to water availability decreases under irrigated
conditions when maximizing yield. Conversely, deficit irrigation (VS), is usually observed to have
the highest water use efficiency, as this scheduling method is designed to maximize available water.
Additional years of data are required to determine if these differences are statistically significant.

Table 18. Water use efficiency, change in soil
moisture, and total moisture use in ON plots.

Irrigation Qhange in _ Total Wa_te_r Use
Regime Soil Moisture | Moisture Use Efficiency
(mm) (mm) (kg/ha)/mm))
Fl -38.8 323 7.6
VS -38.1 292 7.9
DL -84.0 199 7.1

FI = full irrigation; VS = no irrigation at vegetative state; DL = dryland

Nitrogen Use Efficiency
Both AE and RE were calculated to evaluate nitrogen use efficiency in fertilized treatments, but
there were no significant differences between treatments (Table 19; ANOVA, P 00.05). However,
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average AE was higher in the Fl and VS treatments compared to the DL treatments. REnn did not
follow a similar trend as the DL treatment was higher than the VS treatment. Both AE and REfenn
were highest at 100N (Table 19; Figure 20).

Agronomic Efficiency
(kg seed ha”1/kg N ha™1)

Figure 20. Agronomic efficiency and fertilizer-nitrogen (N) recovery efficiency by N

Table 19. Agronomic efficiency (AE) and

fertilizer-N

recovery

efficiency (RE).

There were no significant differences
between treatments (ANOVA, P 00.05).

AE REfertN
Factor _
kg seed hﬁ Y %
kg N ha
Irrigation Regime
Fl 9.44 82
VS 10.73 66
DL 5.04 70
P-value
(0.05) 0.07 0.75
Nitrogen Rate
ON 0.00 0
50N 10.62 48
100N 11.11 106
150N 6.31 58
200N 5.64 78
P-value
(0.05) 0.14 0.15
Irrigation Regime x Nitrogen Rate
P-value
(0.05) 0.84 0.57

AE = agronomic efficiency; RErenn = fertilizer-N recovery
efficiency; FI = full irrigation; VS = no irrigation at vegetative

state; DL = dryland

16 4 & DL - 140 4 —#— DL
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- -
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fertilizer rate. DL = dryland; VS = no vegetation at vegetative state; FI = full irrigation
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CONCLUSIONS AND NEXT STEPS

More data is required to develop conclusions, but after two years of data collection, trends suggest
that irrigation can increase the yield and oil content of canola but there was little to no benefit in
fertilizing over 100 kg N/ha in soil with ~80 kg/ha residual N.

The final year of this trial will be established in 2024.
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Herbicide screening in spice crops

Funded by Saskatchewan Agriculture Development Fund

Principal Investigator: Dr. Chris Willenborg, University of Saskatchewan
Co-Investigator: Dr. Erin Karppinen, AAFC-Outlook
Site Lead: Don David, AAFC-Outlook

INTRODUCTION

Spice crops have been grown in Saskatchewan for over 30 years. These crops provide growers
with a rotational break from traditional crops such as canola and wheat, and also help to diversify
Saskatchewan agriculture. Renewed interest in these crops by producers is likely a function of the
desire to seek alternatives to the traditional pulse and oilseed crops, where disease issues have
limited the frequency of these crops grown in rotation. In spite of this renewed interest, agronomic
research on these crops has been limited. In particular, little is known about the ability of these
crops to tolerate new herbicides that have been introduced to Saskatchewan in the past decade.
Most of the research on these crops was done in the 1990s and thus, is likely irrelevant and
outdated.

One potential option for growers is to increase seeding rate in many of these crops, which would
make them more competitive with weeds. Increasing seeding rate could result in reduced weed
biomass and higher seed yield. However, seed costs are very expensive and broadleaf weed
interference remains problematic without any herbicides registered, as nearly all spice crops are
poorly competitive with weeds. The loss of the herbicide linuron further compounds this problem,
as linuron was of significant importance to weed control in many spice and vegetable crops. The
looming loss of linuron means that in many of these crops, few, if any herbicide options will exist to
manage broadleaf weeds (De Boer et al., 2019; Colquhoun et al., 2019). Because these are minor
crops by growing area, little attention has been given to improving herbicide options in these crops.

Screening for herbicide resistance has been done periodically as part of the Provincial Minor Use
Program and the Minor Use of Pesticides program at Scott, SK. More recently, anecdotal
information indicates that there may be some tolerance to herbicides among certain spice crops.
Spice crop producers have expressed support for herbicide screening and perhaps the exploration
minor use registration for potential projects, in particular, due to the impending loss of linuron.
However, very little research has been published on the tolerance of spice crops to herbicides. In
this research project, we explored several new herbicides with potential for tolerance across one or
more various spice crops, with the objectives of (i) screening herbicide options for potential
tolerance by and use in spice crops and (ii) providing date to Minor Use of Pesticides Program to
support herbicide registration. This reports provides results for the 2023 growing season.

MATERIALS & METHODS

To address the objectives, field studies were conducted at three locations in Saskatchewan in 2023;
the Kernen/Goodale Crop Research Farm near Saskatoon, an off-site location (Hunter) near
Saskatoon, and the Canada-Saskatchewan Irrigation Diversification Centre in Outlook. The
experimental design was a randomized complete block with four replications. Plot size was 2 m x
4 m. Treatments included factorial combinations of crop, herbicide, and herbicide rate. Herbicides
included are listed in Table 20. Each herbicide was tested on several spice crops including caraway,
coriander, cumin, anise, dill, and carrot (Figure 21). Spice crops were planted with a Monosem
vacuum planter using singulation technology to ensure adequate plant stands. Each crop was
planted based on specific recommendations for that crop and optimal fertility as provided for the
trial. Nitrogen was applied prior to crop seeding while phosphorus was applied at seeding. A
glyphosate burn off (900 g ae ha) was applied to the plot area prior to seeding.
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In Outlook, 56 kg N/ha urea (46-0-0) was broadcast and incorporated on May 5. Edge® MicroActiv®
(ethalfluralin; 8.5 kg/ha) was applied, incorporated with a Restill cultivator, and harrow packed on
May 6. Poast® Ultra herbicide (sethoxydim; 26 mL/ac) + Merge® Adjuvant (surfactant blend +
solvent; 1 L/100L) was applied on June 10 due to aggressive millet pressure throughout the study
area. A basket weeder was used to weed all plots on June 16 and June 26. Throughout the growing
season, the dill, coriander, and cumin received a total of 206 mm of in-season moisture (94 mm of
rainfall and 112 mm of irrigation) while the carrots and caraway received a total of 243 mm of in-
season moisture (94 mm of rainfall and 149 mm of irrigation).

Table 20. Herbicide treatments used to assess tolerance in spice crops.

Herbicide Treatments Application 1X Rate | 2X Rate

Trade name Chemical name Timing | ------ g ai hat ----—--
Zidua® Pyroxasulfone Pre 250 500
Zidua® + Authority® | Fyroxasulfone + Pre 250 + 140 | 500 + 280

sulfentrazone

Authority® Sulfentrazone Pre 140 280
ValteraE EZ Flumioxazin Pre 107 214
Vulcarusk /TirexorE | Trifludimoxazin Pre 40 80
Pardner® Bromoxynil Split 116 232
Sencor® 75DF Metribuzin Split 140 280
Lorox® FL Linuron Post 790 1,580
Command® 360 ME | Clomazone Post 120 240
Armezon® Topramezone Post 12 24
Tough® Pyridate Post 450 900
Basagran® Forte Bentazon Post 1,080 2,160
Weed-free control n/a n/a n/a n/a

Pre = pre-emergence application

Split = post- emergence split application
Post = post-emergence application

n/a = not applicable
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Figure 21. Carrott plots established on
Field 4/5 at the Canada-Saskatchewan
Irrigation Diversification Centre.

Each herbicide was applied at a 1X and 2X rate in order to assess crop tolerance. An unsprayed
control was included in each trial. Pre-emergence treatments at Saskatoon were applied on May 9,
with crops seeded on May 16. Crop emergence occurred on June 13, with post emergence
application of herbicides occurring on June 27 at the 2-leaf stage. Pre-emergence treatments at
Outlook were applied on May 10, with seeding taking place on May 11. Crop emergence occurred
on June 5, with post emergence herbicides applied on June 29 when crops were at the 2-leaf stage.
Herbicides requiring a split spray application were applied on July 6.

Data collection included plant stand counts, visual injury assessment 7, 14, and 21 days after
treatment (Figure 22), days to flowering, days to maturity, and crop yield. Analysis of variance was
carried in a manner appropriate for a RCBD. Yield data was not collected at the Hunter site due to
very poor plant stands. At Outlook, coriander, cumin, and dill were harvested on September 18 but
carrot and caraway were not harvested.

0% 10% 30% 60%

Figure 22. Coriander phytoinjury, ranging from 0 to 60%, assessed in different
herbicide treatments at the Goodale site.
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RESULTS & DISCUSSION

In Outlook, dill, coriander, carrot and caraway emerged well and produced good stands which
allowed for proper herbicide rating and yield assessments. Cumin emergence was inconsistent and
uneven in the control plots (Figure 23). Since carrot and caraway were not harvested and cumin
emergence was poor, only the results for dill and coriander are included below.

Figure 23. Uneven emergence in
cumin plots.

Coriander

Initial injury 7 days after application (7 DAA) at all three sites were variable for most pre-emerge
treatments, with crop injury often ranging between 6-40%. However, injury was lower at later rating
dates and by 21 DAA, Zidua (pyroxasulfone) at 1X rate had about 20% injury but yielded roughly
the same as the untreated control. At Outlook, however, injury was much lower and was within the
acceptable range at <10% injury (Table 21). This was also true when Zidua was combined with the
low rate of Authority. Authority (sulfentrazone) and Vulcarus (trifludimoxazin) at a 1X rate had high
observable injury (approx. 40%) at both Goodale and Hunter, but yielded similar to the unsprayed
check. Both products exhibited acceptable phytotoxicity (<11%) at Outlook (Table 21). Differences
between Outlook and Goodale are likely due to greater soil moisture at the Outlook site as a function
of irrigation. All of the pre-emergence herbicides require moisture for activation.

The response of coriander to post emergence herbicides was quite variable. Plots treated with the
1X rate of Command (clomazone) exhibited low phytotoxicity ratings at Outlook (Table 21) with
acceptable tolerance at Goodale (<17%). The 2X rate was not well tolerated at any site. Pyridate
(Tough) at the 1X rate caused little injury at the Outlook site but had significant injury at the
Saskatoon sites (Table 21). Although not statistically significant, yields were considerably lower in
these treatments compared with the unsprayed control. Metribuzin (Sencor) tended to cause
unacceptable crop injury at all sites, regardless of rate. The only exception was a 1X rate at Outlook,
which initially caused 10% injury (Table 21). However, significantly greater injury was observed at
the Saskatoon sites. Interestingly, linuron (Lorox) had no negative impact on crop phytotoxicity
Outlook but did cause significant injury at the Saskatoon sites (Table 21). Injury at the Saskatoon
sites may have resulted from severely dry conditions impacting the ability of the coriander plant to
metabolize the herbicide. Coriander tolerated fairly well the application of bromoxynil at all three
sites, with crop phytotoxicity values <15% 7 DAA that declined to <10% 21 DAA, no significant yield
loss was observed with this product (Table 21). All other post emergence herbicides caused
unacceptable crop injury at the Saskatoon sites, although clomazone (Command) caused little
injury at a 1X rate in Outlook (Table 21).
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Table 21. Analysis of variance results for coriander crop tolerance and yield at Outlook in
response to the application of various herbicides.

Coriander i Outlook

Crop Injury Ratings (% injury)

7 DAE 7 DAA 14 DAA Crokp/;(ield
a
Trt | TreatmentName | Rate | Ra® | APPL 285003 | 7/27/2023 | 8/23/2023 tare
Unit Code
1X Zidua 250 g ai’/ha A 6.3 ef 0.0 I 0.7 ij 1,936 a-e
2 | 2X Zidua 500 g ai’ha A 7.5 ef 0.3 kl 1.8 | g 1,747 c-f
1X Zidua 250 g ai/ha i
3 - - A 40 bc | 75 g 6.8 | d-g 2,212 a-d
1X Authority 140 g ai/lha
2X Zidua 500 g ai/ha
4 : : A 85 a | 64.1 a 50.0 | ab 835 g
2X Authority 280 g ai/ha
5 | 1X Authority 140 g ai’lha A 53.8 b | 109 | e-h | 11.8 | cde 2,167 a-d
6 | 2X Authority 280 g ai’/ha A 73.8 a [449 | ab (387 | b 1,577 d-g
7 | 1X ValteraEZ 107 g ai’lha A 10 ef 1.3 i-l 1.3 | hij 2,551 ab
8 | 2X Valtera EZ 214 g ai/ha A 9.5 ef 0.6 jkl 0.7 ij 2,322 a-d
9 | 1X Vulcarus 40 g ai’lha A 6.3 ef | 0.3 kl 0.0 j 2,468 abc
10 | 2X Vulcarus 80 g ai’/ha A 9.3 ef | 0.0 I 0.0 j 1,906 b-e
11 | 1X Pardner 116 g ai’/ha B 125 | ef 4.6 h-k | 3.2 f-j 2,217 a-d
12 | 2XPardner 232 g ai’/ha B 11.3 ef | 10.1 | e-h 6.1 | d-h 1,796 b-e
13 | 1X Sencor 75DF 140 g ai’/ha B 10 ef | 253 | cde | 14.1 | cd 1,267 efg
14 | 2X Sencor 75DF 280 g ai/ha B 17.5 | def | 62.9 a 69.1 | a 983 fg
15 | 1X Lorox FL 790 g ai’/ha C 55 f 8.0 f-i 49 | e 1,804 b-e
16 | 2X Lorox FL 1,580 g ai’/ha C 4.3 f 51 | h-k | 2.6 | g 2,445 abc
17 | X Command 360ME | 120 | galha | o | g3 | o | 28 | hi [ 00 | j | 2106 | ad
Merge (adjuvant) 1 L/100 L
2X Command 360 ME 240 g ai/lha ) -
18 - C 25 | cde | 1.0 i-l 0.7 ij 2,243 a-d
Merge (adjuvant) 1 L/100 L
1X Armezon 12 g ai’lha
19 - C 25 | cde | 13 d-h | 6.1 | d-h 1,616 d-g
Merge (adjuvant) 0.5 L/100 L
2X Armezon 24 g ai/ha
20 - C 438 | bc | 196 | cg | 9.7 | cf 2,009 a-e
Merge (adjuvant) 0.5 L/100 L
21 | 1X Tough 450 g ai’lha C 8.8 ef 5.5 h-k | 42 | fif 2,276 a-d
22 | 2X Tough 900 g ai/lha Cc 36.3 [ bed | 22.2 | cf | 13.7 | cd 1,894 b-e
23 | 1X Basagran Forte 1,080 g ai’lha C 41.3 bc | 32.1 bc 19.2 [ 1,790 b-e
24 | 2X Basagran Forte 2,160 g ai/ha C 46.3 b | 294 | bcd | 185 | ¢ 1,701 c-f
25 | Weed-Free Control - - - 4.8 f 0 | 0.7 ij 2,718 a

DAE = days after emergence
DAA = days after application

A = pre-emergence application
B = split application

C = post emergence application
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Dill

Very poor emergence of dill occurred at the Hunter site (Saskatoon), while emergence was good at
Outlook due to irrigation (Table 22; Figure 24). All pre-emergence treatments at the Hunter
site (Saskatoon) caused unacceptable crop injury and significant yield loss. At Outlook, pre-seed
treatments caused very high injury initially, but this initial phytotoxicity decline by the last
ratings (Table 22). Both sulfentrazone (Authority) and trifludimoxazin (Vulcarus) at the 1X rate did
not significantly reduce crop yield (Table 22).

Metribuzin (Sencor) at a 1X rate did not have a negative impact on crop phytotoxicity and did not
reduce yield at either location (Table 22). Some crop injury occurred at the 2X rate, with
phytotoxicity generally minimal and ranging between 10-15%. Similarly, minimal injury to linuron
(Lorox) was observed at all sites at the 1X rate (Table 22), but a 2X rate caused substantial crop
injury at the Hunter site (Saskatoon). Pyridate at a 1X rate caused little crop injury at all evaluation
dates at Outlook, but significantly reduced crop yield (Table 22). Crop injury was observed at the
Hunter (Saskatoon) site, however, at both the 1X and 2X rates. Similar observations were made for
clomazone. Crop injury was observed 7 DAA at Outlook, but injury declined to acceptable levels at
14 and 21 DAA (Table 22). Yield loss, although not statistically significant, was substantial with this
product. This contrasts greatly with the substantial phytotoxicity observed at Saskatoon. Yield at
this site was significantly reduced. In contrast, crop injury was observed at Outlook and was
generally above the 20% threshold that is considered acceptable (Table 22). Yield was reduced
substantially at this site as well. Products containing bromoxynil, topramezone, and bentazon all
caused unacceptable injury with significantly reduced yield (Table 22).

Figure 24. Aerial image of dill and coriander plots.



Field Crop Agronomy | 54

Table 22. Analysis of variance results for dill crop tolerance and yield at Outlook in
response to the application of various herbicides.

- : o et
Dill i Outlook Crop Injury Ratings (% injury) .
7 DAE 7 DAA 14 DAA Crokplzleld
a
Trt | TreatmentName | Rate | R [ APPL I 260003 | 7/27/2023 | 8/23/2023 tare
Unit Code
1 | 1X Zidua 250 g ai’/ha A 275 | fi 2.5 g 2.6 | ghi 1,067 bcd
2 | 2X Zidua 500 g ai’ha A 25 f-j 10 fg 4.9 f-i 1,148 a-d
1X Zidua 250 g ai/ha .
3 - - A 625 | ad | 13.8 | efg | 3.8 | ghi 1,068 a-d
1X Authority 140 g ai’ha
2X Zidua 500 g ai’/ha
4 : : A 83.8 a | 438 | ¢ | 237 | cd 1,377 abc
2X Authority 280 g ai’/ha
5 | 1X Authority 140 g ai’/ha A 66.3 | abc | 13.8 | efg | 7.0 | fgh 1,532 a
6 | 2X Authority 280 g ai’/ha A 80 ab 25 | def | 7.0 | fgh 1,067 bcd
7 | 1X Valtera EZ 107 g ai’/ha A 33.8 | e-h | 138 | efg | 3.2 | ghi 1,203 a-d
8 | 2X Valtera EZ 214 g ai’/ha A 43.8 | def | 0.0 g 0.0 i 1,201 a-d
9 | 1X Vulcarus 40 g ai’/ha A 155 | hij | 5.0 g 0.0 i 1,076 a-d
10 | 2X Vulcarus 80 g ai’/ha A 41.3 | def | 8.8 fg 3.2 | ghi 1,364 abc
11 | 1X Pardner 116 g ai’/ha B 325 | fgh | 375 | cd | 20.8 | cde 1,002 bcd
12 | 2XPardner 232 g ai’/ha B 55 |cde | 625 | b |514 | b 949 d
13 | 1X Sencor 75DF 140 g ai’ha B 6.3 ij 16.3 | efg | 7.0 | fgh 1,028 bcd
14 | 2X Sencor 75DF 280 g ai’/ha B 15 hij | 12.5 | efg | 10.6 | d-g 1,208 a-d
15 | 1X Lorox FL 790 g ai’ha C 13.8 | hij 15 | efg | 14.5 | def 1,019 bcd
16 | 2X Lorox FL 1,580 | g ai/ha C 18.8 | g 15 | efg | 94 | e-h 1,007 bcd
1X Command 360 .
17 | ME 120 ] gaiha | o 1 375 | efg | 163 | efg | 106 | d-g | 1,063 | bed
Merge (adjuvant) 1 L/100 L
2X Command 360 240 g ailha )
18 | ME C 15 | hij | 63 | g | 7.3 | fgh | 1,096 | ad
Merge (adjuvant) 1 L/100 L
1X Armezon 12 g ai’ha
19 - C 725 | abc | 80 a | 884 | a 602 e
Merge (adjuvant) 0.5 L/100 L
2X Armezon 24 g ai’ha
20 - Cc 75 |abc | 875 | a 91 a - -
Merge (adjuvant) 0.5 L/100 L
21 | 1X Tough 450 g ai’ha Cc 16.3 | g-j | 8.8 fg 1.8 hi 985 cd
22 | 2X Tough 900 g ai’/ha C 23.8 | f 30 |[cde | 234 | cd 993 bcd
23 | 1X Basagran Forte 1,080 | g ai/ha Cc 61.3 | bcd [ 388 | cd | 449 | b 922 d
24 | 2X Basagran Forte 2,160 | gai/ha C 60 bcd | 42.5 c 38.2 | bc 1,051 bcd
25 | Weed-Free Control - - - 5 i 10 fg 7.2 | fgh 1,418 ab

DAE = days after emergence
DAA = days after application

A = pre-emergence application
B = split application

C = post emergence application
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CONCLUSIONS & NEXT STEPS

Many of the products tested produced unacceptable crop injury. This was especially true of the pre-
emergence products for both dill and coriander at the Saskatoon sites. At Outlook, some of the pre-
emergence products exhibited low crop phytotoxicity, perhaps due to irrigation. More testing under
irrigation is required for these products. Clomazone and bromoxynil may have potential as post
emergence products on coriander, although only bromoxynil was tolerated at the 2X rate. Coriander
exhibited marginal tolerance to pyridate and metribuzin under irrigated conditions, but phytotoxicity
at the 2X rate was unacceptable. It is notable that even linuron caused injury at the Saskatoon site,
suggesting dry conditions caused greater crop injury than might have been expected. Metribuzin
showed promise for dill, with minimal injury noted at the 2X rate. Currently none of the other tested
herbicides appear to have potential in dill crops.
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control

Funded by Saskatchewan Agriculture Development Fund

Principal Investigator: Dr. Chris Willenborg, University of Saskatchewan
Co-Investigators: Dr. Dilshan Benaragama, University of Manitoba
Dr. Khaldoun Ali, University of Saskatchewan
Dr. Erin Karppinen, AAFC-Outlook
Site Lead: Don David, AAFC-Outlook

INTRODUCTION

Herbicide resistant weeds are a major issue in cropping systems across the world. In the USA
alone, it is estimated that resistant weeds now cover over 5 million hectares of land (Gressel, 2015).
Herbicide resistance is also a major concern across the prairies, with weeds such as kochia and
wild oat now resistant to herbicides from multiple herbicide groups (Beckie et al., 2017). Given this,
two important observations emerge. The first is that management tactics that avoid the overuse of
herbicides are necessary to reduce the selection pressure for resistant weeds. Second,
management efforts to contain weed populations must focus on reducing weed populations over
time, and more specifically, must focus on managing the seedbank.

Significant efforts are being directed at preventing weed seed rain (seed shed or dispersal of seeds)
as a management tactic to reduce weed escapes, particularly late season weed escapes that are
also those most likely to contain resistant biotypes (Bagavathiannan and Norsworthy, 2012; 2013).
One of the most effective methods is harvest weed seed control (HWSC), which either collects or
destroys weed seeds before they are shed into the soil seedbank. The Harrington Seed Destructor
is one such management tool that has been adopted in Australia and trialed in both Canada and
the USA. Other options include chaff lining and chaff collection, where the weed seeds are either
burned in a chaff pile or fed to livestock.

While managing seed shed is expected to be helpful, it alone will not be completely successful at
eliminated or driving down weed populations over time. In fact, for many weed species, preventing
weed seed rain will not completely prevent seed return to the soil (Tidemann et al., 2014;
Burton et al., 2016; 2017). Consequently, a significant proportion of weed seeds will be, and
currently are, returned to the soil seedbank each year (Archibold and Hume, 1983). Additional weed
management beyond limiting weed seed rain is also required; we must also manage the weed
seedbank and the seeds contained within it.

Cover crops are an important component of cropping systems that improve soil health and
functioning. Moreover, cover crops have been shown to have a positive impact on the management
of weeds. Competition from cover crops can provide weed control at a time when competition from
crops is absent (i.e., in the fall). Previous studies incorporating cover crops often fail to look at
impacts on weed populations over the long-term, especially with regard to the seedbank. In addition,
no study has yet looked at combining harvest weed seed control with cover crops. Thus, we propose
to determine the impact of cover crops and harvest weed seed control, alone and in combination,
on weed management both above- and below-ground. We hypothesize that by combining harvest
weed seed control strategies with cover crops, growers can drive down weed populations over time
and this improve long-term weed management. The objectives of this project are to (i) determine
the impact of cover crops and harvest weed seed control on weed populations and communities
and (ii) determine the impact of cover crops and harvest weed seed control on weed seed
production and seedbank inputs.
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MATERIALS & METHODS

To address the objectives, field studies were established at two locations in Saskatchewan (Kernen
Crop Research Farm, Saskatoon and Canada-Saskatchewan Irrigation Diversification Centre,
Outlook). The study will be conducted over four years and carried out over a typical three-year crop
rotation to assess how treatment differences accrue in time within each of the individual plots.
Wheat was sown in 2023 and will be followed by canola, with peas (P-W-C-P) being seeded in the
fourth year to allow comparisons to be made with weed and seedbank characteristics assessed in
the first year of the study. Plots were fertilized and maintained to maximize crop growth and for
optimal agronomy.

In Outlook, wheat (var. CDC Landmark) was seeded into pea stubble on May 17 at a targeted rate
of 133 kh/ha (Figure 25). Each plot received 133 kg N/ha as side-banded urea (46-0-0) and
15 kg P20Os/ha as seed-placed monoammonium phosphate (11-52-0). Pest management consisted
of a pre-seeding application of CleanStart® (carfentrazone-ethyl + glyphosate; 1,500 g ai/ha) on
May 12 and a post-emergence applications of Velocity® herbicide (thiencarbazone-methyl +
pyrasulfotole + bromoxynil; 1 L/ac) on June 13. Plots were harvested on August 30 and
September 4. Plots requiring a cover crop treatment were seeded with red clover at a rate of 9 Ib/ac
on September 6. Throughout the growing season, the plots received a total of 283 mm of in-season
moisture (93 mm of rainfall and 190 mm of irrigation).

SO\ T
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Figure 25. Wheat

The experimental design will consist of a randomized complete block with six replications.
Treatments will include factorial combinations of HWSC (present/absent) and cover crop
(present/absent) (Table 23). HWSC was used in the 2023 wheat crop by collecting chaff from the
combine harvester using a system that diverted the chaff flow from the combine. Cover crops were
sown immediately following harvest, and will be terminated with glyphosate prior to establishing the
canola in 2024. Cover crops will be comprised of annual ryegrass following broadleaf crops
(i.e., pea, canola) and red clover after wheat, and so red clover was sown in the fall of 2023. Each
HWSC and cover crop treatment will be applied to the same plot over the four year time-frame (i.e.,
plots with both HWSC and cover crops will have them present in each year). Plot size was 4 m x
10 m. Plots were sown using the native weed seedbank at both locations and in that regard, the
weed seedbank was characterized at each location in the spring of 2022, prior to trial establishment.
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Table 23. Integrated seedbank management project treatment list.

Treatment l;aeg/degovr\mlﬁz? Cover Crop Seed Predators
1 Present Present Present
2 Present Present Absent
3 Present Absent Absent
4 Present Absent Present
5 Absent Present Present
6 Absent Present Absent
7 Absent Absent Present
8 Absent Absent Absent

Baseline data was collected in Year 1 (2022) and included weed counts, weed seed production,
and carabid seed predators which provide ecosystem services such as weed seed predation . Weed
counts will be used to assess weed densities. Weed counts will be used to assess weed densities
in each year going forward, but also to determine the weed community and any shifts associated
with treatments occurring in the coming years. Weed counts were carried out in three, 0.25 m?
guadrats in each plot just after in-crop herbicide applications. Quadrats were then flagged and
rectangular seed catch trays (15 x 100 cm) were placed in the middle of each quadrat. Seed trays
were emptied weekly until crop harvest, and collected seeds were identified, counted, and weighed
to quantify seed shattering for each weed species. Seedbank density of weeds was determined in
Year 1 and will be again in Year 4 to determine the change in the weed seedbank accumulated in
each treatment, over the duration of the study. To assess weed seedbank density, two soil cores
were taken in each plot at the 0-5 cm depth. These two cores were bulked to form a composite
sample from each plot and were then grown out in the greenhouse as per Forcella et al. (1992) to
determine weed seed bank community composition and density.

Carabid seed predators were sampled by installing one pitfall trap in each plot, near one of the
guadrats. Each pitfall trap was installed within a vertebrate exclusion cage, which was constructed
by bending metal mesh into cylinders (mesh size 1.27 cm; diameter 22 cm; height 22 cm). A clear
plastic dish was attached to the top of the exclusion cage to act as a rain guard. Pitfall traps
consisted of two 0.5 L plastic cups (11 cm diameter), one acting as a sleeve that is dug into the
ground and kept flush with the soil surface, and the other (the actual trap) inserted into it (Spence
and Niemela, 1994). Each trap cup was filled with c. 0.25 L of a dilute (50%) solution of propylene
glycol to act as a Kkilling agent and preservative. Traps were emptied and recharged with
preservative weekly, and captured adult specimens were preserved in 70% ethanol until
identification. Traps were established in mid-June and were monitored until 2 weeks after crop
harvest. The composition of carabid communities was determined in Year 1 (2022) and will be again
in Year 4 to determine the change accumulated in each treatment over the duration of the study.
Insecticides were not applied to seed predator plots. In plots where seed predators were absent,
Sevin® XLR (carbaryl; 466 g/L) insecticide was applied every 3 weeks from seeding to late October.
This data will be analyzed in Year 4 to examine changes accrued over time as no treatment impacts
would be expected in year one, given the entire trial was seeded to the same crop with no
treatments yet imposed.
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RESULTS & DISCUSSION

Yield

In Saskatoon, there was a significant increase in crop yield in the second year of the experiment
(2023) in comparison to the first year (2022) across treatments. However, there were no significant
differences among treatments within each year. The treatment by year interaction was also not
significant, indicating that the changes accrued over one year of experiment did not reach statistical
significance. Notwithstanding, treatments T1, T2, T3, and T4 showed a marked increase in their
yield from 2022 to 2023 (a clear separation of error bars). HWSC was present in all these four
treatments either with (T1 and T2) or without (T3 and T4) a cover crop. No such yield increase was
observed in the remaining treatments (T5, T6, T7, and T8) where HWSC was absent. The major
driver of the change in yield between the two years was the change in crop, from peas in 2022 to
wheat in 2023. In Outlook, crop yield did not show any significant differences among treatments or
between years.

HWSC targets and destroys weed seeds during crop harvest to minimize the input of new weed
seeds into the soil seedbank. The result should be a decline in weeds seeds entering the soil
seedbank, which when combined with other weed control methods (i.e., cover crop, seed
predators), should result in reduced weed populations and low weed recruitment (Walsh and
Powels, 2022; Akhter et al., 2023). This in turn is expected to slow down the evolution of herbicide-
resistant weed biotypes (Somerville et al., 2018). However, several years are needed for such
effects to accrue over time and bring about significant desirable outcomes (Borger et al., 2021). Our
field study has been going on for only one year. Thus, it is not unexpected for the statistical models
to lack significant interaction terms between the different treatments at this point. Despite this,
treatments in the current study can be observed to bring about desirable changes in terms of crop
yield, dockage, and the reduced density of some weed species.

Given the above, it is still early to tell how combing HWSC with cover crops and/or seed predators
would impact weed population dynamics and weed community composition. It is also early to tell
how these treatments would affect the size and composition of the soil seedbank. The data we have
collected thus far suggest that changes are taking place, especially that there was a general
reduction of the density of wild oat and redroot pigweed between 2022 and 2023 at the Kernen site.
Kochia did not seem to be affected by the different treatments in our field study. This should be
expected since weed species have different phonologies and seed shatter rates and thus, are likely
to vary in their response to HWSC alone or combined with other weed control tactics (Tidemann et
al., 2017; Borger et al., 2021). The emergence of volunteer canola in 2023 and the absence of
| ambds quarters, stink weed, and wild mustard i
community associated with crop rotation and treatment effects that accrue over time (Blackshaw et
al., 2001). The overall effects of treatments adopted here are expected to be more pronounced
regarding the density and composition of dominant seed species in the soil seedbank (Somerville
et al.,, 2018). Baseline seedbank data have been collected in Year 1 (2022) and they will be
collected again in Year 4 to explore the influence of our different treatments on the dynamics of the
soil seedbank.

The lack of treatment effect at Outlook suggests that site-specific factors are also likely to influence
the overall outcome of the integrated weed management approach tested here. This agrees with
previous studies suggesting that the efficacy of HWSC systems in western Canada will depend on
the target weed species, site-year, and year-specific environmental conditions (e.g. Tidemann et
al., 2017). As the study progresses, these effects are expected to become clearer and easier to
track through statistical modeling.

NEXT STEPS
Canola will be seeded into the existing wheat plots and evaluation will continue in 2024.
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INTRODUCTION

The value of soil residual nitrogen (N, primarily nitrate [NO3]) present in the root zone after crop
production, as a source of N to the following crop in the Canadian prairies has long been known.
The relatively low rainfall and cold winters (frozen soil) allows at least much of the nitrate to remain
within the root zone until needed by the following crop.

The most recommended soil depth for nitrate evaluationwas 0-60c m ( 24 0) , based on sc
work that showed relationship between soil nitrate and fertilizer N response with increasing

sampling depth (Soper et al., 1971). Projects of that era, throughout the prairies of Canada and the
western/central USA evaluated the residual nitrate soil test and concluded that it had merit as a

factor in developing fertilizer N recommendations, and resulted in recommendations for sampling

to at least the 60 cm depth (Young et al.,, 1967), or deeper, e.9g.150 cm for corn and small

grains (OSU, 1971).

Soil sampling to 30 cm depth increased in popularity in Saskatchewan in the 1990s with
development of recommendation criteria incorporating a wide range of other factors (e.g. relating
to moisture probabilities [Karamanos and Henry, 2006]). Soil nitrate content to the 60 cm depth was
still the variable incorporated into the calculation, but it was estimated from the 30 cm, or even the
15 cm soil depth if deeper sampling was not conducted. Conversion factors used were based on a
few years of historical soil testing data. This was done in part because a lot of soil testing was
already being done using the 0-30 cm or 0-15 cm soil depth, and it seemed this trend was growing.
However, our experience is that the amount of nitrate that is available in the 0-15 or 0-30 cm is
highly variable among years and conditions (and even locations within a field). Therefore, use of
empirically derived conversion factors reflecting only the average distribution could significantly
underestimate or overestimate the amount of nitrates available to the subsequent crop. A landscape
study on a gently sloping Thin Black till soil found that the mean fraction of nitrate in the 0-120 cm
depth (considered the root zone in the study) that was present in the 0-30 cm depth varied from
20.6 to 40.3% (Farrell et al., 1996). Recent reports indicate that a large majority of fields that are
soil-tested in Saskatchewan are only samples to 30 cm. Reasons cited include cost and time
required to sample to deeper depths, as well as the emergence of technologies that claim improved
prediction of available N without deep sampling.

Data from soil testing laboratories show that a substantial proportion of fields in Saskatchewan
contain levels of residual nitrate that would justify reducing N rates for the subsequent crop. In 2018,

a commercial soil testing laboratory reported median soil residual nitrate following canola of

68 kg N hal in the 0-60 cm soil depth; with 30% of the fields showing greater than 90 kg N ha™.
Failing to fully take soil residual nitrate into account when deciding on N fertilizer application rates
affects notonly producersé profitability, but al so the
Emissions of nitrous oxide (N2O), a greenhouse gas 298 times more potent than CO,, and
contamination of groundwater by nitrate leached below the root zone from farm fields are two of the
most serious environmental hazards created by crop production. The risks for both are greatly
increased when the nitrate in the soil exceeds the amount that the crop can take up - such as when
Anor mal 06 (or onl y s Niatgshate usgd despit@d the peedence dbf sail tesidual Nt e r
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that would meet much or all of the crop N requirement. Many studies have examined the effect of
a range of N management variables on N>O emissions - increasing the rate of fertilizer N applied is
the most consistent factor that causes increased emissions (Shcherbak et al., 2014.).

Development of management zones within fields and increasing capacity on the farm to apply N at
controlled varying rates between those zones is an important and necessary development.
However, residual nitrate levels can vary greatly even within management zones (Franzen et al.,
2011), so separate testing of such zones often results in fertilizer N reductions that may be much
less than could be made. Even where management zones and capacity for variable rate application
of N exist, the soil testing conducted is most often based on samples taken to only the 30 to 60 cm
depth, therefore, most of the reserve of residual N is still not being measured. Furthermore, although
response to N fertilize is sometimes small or nil even when soil residual nitrate levels are low,
response to applied N is almost never high when and where residual nitrate is present at high levels.
Large losses of soil residual N would only occur under unusual circumstances for our environment,
such as when very exceptional amounts of rainfall occur between soil testing and planting, leading
to extreme losses through denitrification or leaching.

This study is being conducted on both dryland and irrigated fields - one of each in each year. The
irrigated fields are included (despite representing a small proportion of the cropped acres in
Saskatchewan) because:
1 Fertilizer N application rates and residual nitrate levels are often higher under irrigation
because yield targets are higher and often higher value crops are grown. Higher-value crops
(e.g. potato) are more frequently over-fertilized due to the larger revenue lost from even
small yield losses (Bardak-Meyers, 1996). Irrigated crop producers have more to lose if their
crops are deficient in N, but they have more to gain by identifying soil residual nitrate that
can allow them to reduce their applied N.

1 Severe drought is not uncommon in the study area (the drier portion of the Dark Brown soil
zone). Yield and N response can be very low under drought conditions. Inclusion of the
irrigated site each year ensures that the value of the residual nitrate is shown under
conditions of higher yield potential - more reflective of much of the province which may not
be experiencing drought.

Spring wheat is used as the test crop for the study. However, results would still be generally
applicable to most annual non-legume crops because they can similarly take advantage of soil
residual N (e.g. other cereals, canola, flax). Secondly, wheat is extensively grown in the study area
under both rainfed and irrigated production, and was found to be more practicable for conducting
certain aspects of the study than canola (e.g. harvesting a large number of 1 m? plots areas out of
the larger field at maturity).

The overall objective of this study was to establish how best to determine soil residual nitrates in
Saskatchewan fields (sampling protocols and depths) and how this information can be used to make
N management decisions that minimize costs and environmental risks without jeopardizing crop
yield, quality and profitability.

MATERIALS & METHODS

Field Selection and Detailed Grid Soil Sampling

In late October 2022, two fields were soil sampled using a grid approach. The dryland quarter had
106 soil sampling points, approximately 50 m apart. The irrigated field had 100 soil sampling points,
approximately 50 m apart. Soil samples were taken in the 0-15, 15-30, 30-60, and 60-90 cm sail
depths. In fall of 2023, the soil samples collected from the research were air dried at 60 °C and
analyzed for macro nutrients, micronutrients, pH, EC, OM, and soil texture. The nitrate levels were



Field Crop Agronomy | 62

used to create maps of the two fields which in turn were used to determine where the strips would
be allocated in each field.

Seeding and Treatment Application

Entire Field

In the spring of 2023, Canada Western Red Spring wheat (hereinafter, wheat) was seeded across
each field by the respective cooperating producers, leaving two marked 12 m strips in each field
unseeded and unfertilized. In the dryland field, wheat direct-seeded in canola stubble. In the
irrigated field, the field was harrowed in the fall to cover the irrigation wheel ruts, prior to applying
anhydrous ammonia. Two 12 m wide strips were left unfertilized.

Research Strips

In both the dryland and irrigated fields, two 12 m wide research strips were selected based on nitrate
maps, and seeded to the same variety as the entire field using a 1.5 m-wide plot drill set at 25.4 cm
(10060) row spacing and s(Eigur R6) Bachdstipwas sutpdividet intd five
sub-strips to which urea was applied at 0, 40, 80, 120, and 160 kg N ha?. The N rates were
randomly assigned to the sub-strips. The sub-strips ran for the entire length of the field and parallel
to each other. Each strip ran over a grid sampling transect.

Experimental Design and Data Collection

Soil and crop data were collected at each grid sampling point (grid point). Soil samples were taken
in the fall of 2022 (pre-seeding) at each grid point. Post-harvest soil sampling was done in every
sub-strip at the grid points where pre-seeding soil samples was done in transects within the two
research strips. In the irrigated research strips and field, aboveground biomass was harvested from
one 1 m? quadrant in each sub-strip at each grid point using hand sickles. In the dryland field,
aboveground biomass was collected from two 1 m? quadrants due to low yield. All aboveground
biomass samples were placed in cotton bags and allowed to sun dry for two weeks before threshing
using a stationary thresher. Grain was separated, cleaned and weighed. A representative hand
grab of the straw and chaff was collected for each sample. The weights of total aboveground
biomass and grain were used to determine total biomass yield, grain yield and straw yield.

Management Zone Delineation

Similar to the first year, we used late fall soil nitrates to delineate management zones. We also
adopted the Manitoba Soil Test Guide ratings to determine nitrate level classifications. We were not
able to find one for Saskatchewan. We regrouped these nine classes into seven classes based on
the nitrate levels we obtained from the fall grid soil sampling (Table 24). These seven classes were
used to create legends for mapping both soil nitrate levels and measured crop parameters.
However, some classes did not have sufficient observations for statistical analysis. In order to
create meaningful management zones, the seven classes were further regrouped to create three
management zones based on the nitrate levels namely, Low (0-40 kg N hal), Medium
(41-80 kg N hal), and High (>80 kg N ha?) residual nitrates management zones (Table 24).

Figure 26. Summer students Hailey and
McKenna seeding at the irrigated Vestre field.

m

(10)
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Table 24. Determination of management
zones based on soil nitrate levels.

kg Nha® |Rating Level | Zone
I 0-20 Very Low VL

21-40 Low L Low

41-60 Medium M .

61-80 High H Medium

81-100 Very High VH

101-120 Very Very High VVH High

>121 Excessive Excessive

Experimental Design and Statistical Analysis

Soil and crop data were collected at each grid point along the two research strips. As the focus of
the study is to look at the effect of residual nitrates, the generated management zones were
considered as an independent factor with three levels (Low, Medium & High). Each grid point (75 m
apart) represented a replication within the strip. The number of replications within management
zones varied. To achieve a balanced design, the number of replications with the lowest replications
from the two strips was used as the number of replications for all three management zones. In order
to use data from all grid points, where more than five grid points in a management zone were found,
data from grid points on similar nitrate level and close to each other were combined, and means of
those grid points taken as the value of the replication. In the irrigated field, there was only one grid
point rated as a low management zone. This lone management zone was added to the medium
management zone. Thus, in the dryland field, five replications were used for each management
zone, while in the irrigated field, seven replications were used for each management zone. The crop
data was analyzed as a two-factor (management zone and N rate) factorial design with five
replications. N rate levels were 0, 40, 80, 120, and 160 kg N ha’.

RESULTS & DISCUSSION

Nature and distribution of soil residual nitrates in agricultural fields

To determine levels of residual nitrates in the field, soil samples were taken in late fall of 2022 using
a grid soil sampling method. Soil test results show that in the dryland field in fall of 2022, residual
nitrates were highest (39 kg N ha') in the 0-15 cm soil depth and lowest (12 kg N ha) in the
15-30 cm soil depth. Residual nitrate levels in the lower soil depth were also more elevated (35 and
28 kg N hal, respectively) but lower that in the 0-15 cm soil depth (Figure 27). In the irrigated field,
residual nitrates were lowest (45 kg N ha) in the 0-15 cm soil profile, but increased with depth to
excessive levels (144 kg N ha') in the 30-60 cm soil profile. Although nitrate levels decreased
further down, the levels were still high (76 kg N hal) in the 60-90 cm soil profile.
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A: Profile segments B: Cumulatively
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Figure 27. Residual soil nitrates at (A) different soil depths and (B) cumulatively in the
irrigated and dryland fields for the 2022-23 growing season.

Cumulatively, increasing soil sampling depth resulted in increased residual nitrate levels in both
dryland and irrigated fields (Figure 27). On the dryland field, soil depths 0-15, 0-30, 0-60 and
0-90 cm, showed increasing residual nitrate levels from, low, medium, very high to very, very high,
respectively. On the irrigated field, 0-15 cm soil samples showed medium residual nitrate levels.
However, increasing the sampling depth to 30 cm, pushed the residual nitrate levels to excessive
levels (over 130 kg N ha). Therefore, using the entire 0-90 cm soil profile, dryland field would be
considered to have VVH levels of residual nitrates, while on irrigated land, sampling only to 30 cm,
put the field into excessive nitrate rating.

Spatial distribution of nitrates in the irrigated and dryland fields in the fall of 2022 were evaluated.
In the irrigated field, residual nitrate levels were more variable in the 15-30 cm and 60-90 cm soil
profiles. Frequency distribution showed that 78% of the grid points exhibited low to very low residual
nitrate levels in the 0-15 cm profile. In the 30-60 cm soil depth, 65% of the grid points exhibited very
high to excessive residual nitrate levels, and in the 60-90 cm soil depth, 62% of the grid points
exhibited high to VVH residual nitrate levels.

Cumulatively, in the irrigated field in the fall of 2022, 44% of the grid points exhibited VH to VVH
residual nitrate levels in the 0-30 cm soil profile. In the 0-60 and 0-90 cm soil profiles, 86% and
94%, respectively, exhibited excessive residual nitrate levels; with 50% and 70%, respectively,
showing residual nitrate levels greater than 250 kg N ha’.

In the dryland field in fall of 2022, spatially, residual nitrate levels were more variable in the 0-15
and 30-60 cm soil profiles (Figure 28). On average, residual nitrate levels were low in the 0-15 cm
(Figure 27) with 68% of the grid points exhibited low to very low residual nitrate levels. In the
15-30 cm soil depth, 96% of the grid points exhibited low to very low residual nitrate levels; with
71% showing less than 10 kg N ha. Cumulatively, 72% of the grid points in the 0-30 cm soil profile,
exhibited low to medium residual nitrate levels. A bimodal distribution pattern was observed in the
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0-60 cm soil profile where 48% of the grid points exhibited low to medium residual nitrate levels and
27% very high to VVH residual nitrate levels. In the 0-90 cm soil profile, 56% of the grid points
exhibited high to VVH residual nitrate levels.

A Irrigated fisld

0-15cm

B Dryland field

0-15 om 1530em 30-60 cm

Figure 28. Spatial distribution of nitrates at
different soil depths in the fall of 2022 at the
irrigated field (A) and dryland field (B). Soil
samples were taken using a 50 m x 50 m grid
soil sampling method.

Spatial residual nitrate patterns

Visual examination of the residual nitrate management zones map in comparison with wheat crop
parameters in the dryland and irrigated fields (Figure 29) in the 2022-23 season, showed poor
correlation. In other words, crop performance in terms of total biomass yield, grain yield, straw yield,
plant height and NDVI patterns on dryland, mostly, did not seem to reflect influence by residual
nitrates as represented by the seven nitrate levels. On dryland, except for plant height, total N
uptake and grain protein which showed small but positive correlation, all the other parameters
including, total biomass, grain yield, straw yield and TKW, exhibited negative, albeit small,
correlation to increasing residual nitrate levels. Similarly, on irrigated land, small but negative
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correlations were observed for most of the wheat parameters, except for grain yield, grain N uptake
and grain protein which exhibited small but positive correlations with increasing residual nitrate
levels. A one way analysis of variance on these parameters with nitrate levels as the independent
variable was conducted in order to see how the crop responded to the increasing levels of residual
nitrates at either the seven nitrate levels or if these nitrate levels were grouped into three
management zones (Table 24). On dryland, significant residual nitrate effects were observed on
total biomass, grain yield, straw vyield, and plant height. However, other parameters were less
significantly affected by residual nitrate levels. These included NDVI, grain N uptake, total N uptake,
grain protein and straw N content. On the irrigated field, no significant differences were observed.

Dryland (2022-2023)

Residual nitrates Total biomass Grainyield

Straw yield

............

.......

| Grain Plant NDVI
Nitrates  Biomass Grain Yield | Yield [Straw Yield | height 0.20-030
kgNha' | kgha' kgha' | buac kg ha' om 0.31 - 0.40
0-20 02000 __ 10-1000 [0-15 | 0-1000 040
21-40 12001 - 4000 1001 -2000 116-30 [1001-2000 |41-50
4160 14001 - 6000 2001 - 3000 (31-45 |2001-3000 |51-60
|__|61-80 16001 - ogooﬁsoo: -4000 |46-60 [3001-4000 |61-70
|_f81-100  [8001- 10000 4001-5000 [61-75 [4001-5000 |71-80
101-120 110001 - 12000 |5001 - 6000 (76-90 |5001 - 6000 |80-90
> 120 1> 12000 > 6000 [>90 |>6000 >90
Irrigated (2022-2023)
Residual nitrates Total biomass Grain yield Straw yield Plant height NDVI

Figure 29. Spatial distribution of nitrates at 0-60 cm (dryland) and 0-30 cm (irrigated)
soil depths based on grid sampling taken in the fall of 2022.

The seven level residual nitrate delineation was further regrouped into three levels namely
Low (VL & L), Medium (M & H) and High (VH, VVH & EXC) management zones (Table 24). Using
the three management zones, some crop parameters showed significant differences among the
zones. On the dryland field, plant height and NDVI were significantly higher on low management
zone than high management zone, while similar trend was observed with grain protein and straw N
content, but to a lesser extent. No significant differences were observed on the other crop
parameters among the management zones. In the irrigated field, no significant differences were
observed on any crop parameters among the management zones.
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Effect of deep residual nitrates

Depth-wise, crop parameters were also analysed to determine the extent to which deeper residual
nitrates influenced crop performance. It is assumed that higher residual nitrate levels deep in the
soil profile would enhance crop performance and hence, the determination of these residual nitrates
should play a role in N fertilizer recommendations.

Cumulatively, increasing soil sampling depth resulted in increased residual nitrate levels in both
dryland and irrigated fields (Figure 27). On the dryland field, soil depths 0-15, 0-30 and 0-60 cm,
showed low, medium and very high residual nitrate levels, respectively. Sampling to 90 cm pushed
the residual nitrate levels to excessive levels for the field. On the irrigated field, 0-15 cm soil samples
showed medium residual nitrate levels. However, increasing the sampling depth to 30 cm, pushed
the residual nitrates to excessive levels.

The low correlation coefficients indicate that, although some significant trends in wheat parameter
were observed in relation to soil depth residual nitrates, only a very small part of that variation could
be attributed to residual nitrates. This can also be seen in the spread of the scatter points around
the fitted models, reflecting the width of the deviations around the mean at any given point.

Response to rate of N fertilizer application

Following soil test analysis results, N fertilizer recommendations are made taking into account
residual N levels in the field and crop yield target. Therefore, one of our objectives was to determine
the response of wheat to different levels of residual nitrates in the two fields of study. To meet this
objective, two 12 m strips were established in each field of study and five rates of N applied to five
sub-strips. The various crop parameters were assessed at each sampling point from each sub-strip.
The three residual nitrate management zones (Low, Medium and High) were used as the
independent factor. A two-way analysis of variance was conducted as described in the methodology
section.

Averaged over the management zones, on dryland field, no response to increasing N rate was
observed for biomass yield, grain yield, straw yield, plant height, harvest index, and TKW. However,
significant quadratic response to increasing N rate was observed for total and grain N uptake, and
a linear increase in straw N uptake, albeit in small quantities. As well, under dryland conditions, a
significant quadratic response was observed for NDVI. Under irrigated conditions, significant
response was only observed for TKW, straw N uptake, and straw N content.

Averaged over the N rates, on dryland field, biomass yield, grain yield, straw yield, and total, grain
and straw N uptake were significantly higher in medium management zone than in high
management zone, while the lower management zone was intermediate. Crop greenness (NDVI)
was significantly lower under high management zone than in the lower and medium management
zones. In the irrigated field, significant differences among management zones were observed only
for grain yield, plant height and straw N content, where grain yield and plant height were higher on
medium management zone than on high management zone, while straw N content was higher on
high management zone than on medium management zone.

No significant interaction effect between management zone and N rate were observed under both
dryland and irrigated conditions. However, the response of all wheat parameters were examined at
each management zone. On the irrigated field, no differences in both magnitude and trend were
observed for all parameters between the medium and high management zones. On dryland total
biomass, grain yield, straw yield, total N uptake, grain N uptake, and NDVI showed stronger
guadratic response to N rate on medium management zone than on high management zone. In
fact, these parameters showed more linear to no response to N rate on high management zone.



Field Crop Agronomy | 68

CONCLUSIONS & NEXT STEPS

Results from the second year of the study continue to show that indeed, in some fields, there are
significant amounts of residual nitrates in both irrigated and dryland fields if soil sampling includes
deeper soil profiles (in this case, 0-90 cm). However, when sampled to the traditional 0-60 cm, or
shallower depths, some fields may show less residual nitrate levels, which may indicate need for
applying N fertilizer. Similar to the first year of the study, second year results continue to show
wheat shows limited or no response to increased N rates when residual nitrates in the soil are rated
high and above. This was the case in both dryland and irrigated fields, indicating that in those cases
where residual levels are high, there is room for producers to reduce rates of N fertilizer application.
The second year results continue to show that management zones could have a significant effect
on wheat performance, indicating the potential of using management zones in nutrient management
plans.

In the fall of 2023, two fields were selected and soil sampled using a grid approach. Wheat will be
seeded on these fields in 2024, and research strips will be established.
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INTRODUCTION

Climate change will have major impacts on agricultural production in Canada with average
temperature increases anticipated to be twice that of the global average (Bush and Lemmen, 2019).
This increase will cause greater uncertainty in weather patterns, resulting in an increase in climate
variability and the intensity of extreme events including drought and flooding (Pomeroy and
Dumanski,2017) . This increase is forecast to be more fr
experts believe Western Canada could be one of the few areas to see an increase in heat units and
a longer growing season for agricultural production (Qian et al., 2010). To capitalize on this
opportunity and prepare for periods of water uncertainty, livestock and hay producers will require
new climate resilient forage crops and varieties. This will allow for a forage system that can tolerate
extreme events in both high and low moisture environments while maintaining good yield, quality
and productivity across normal years (Picasso et al., 2019).

Forage legumes like alfalfa are an important feed source for livestock in Western Canada and have

the potential to provide a sustainable solution for food and protein security in a changing climate.

Al falfa is often recogni zbecduseobits combenatiorgotihgleyieldper t he f
hectare and high nutritional quality. However, cultivation of forage legumes is under threat from

changing climatic conditions, indicating the need for breeding cultivars that can sustain and

acclimatize to the negative effects of climate change (Kulkarni et al., 2018). For example, flooding

is a major limitation to alfalfa production (Barnhart, 2008) and the development of varieties that can

tolerate waterlogging will provide producers with additional cropping options in wetter soil

conditions.

Development of new perennial forage varieties that are more resilient in extreme weather conditions

is ongoing and coincides with agricultural industry needs. For example, at a recent workshop, the
Saskatchewan Cattl emenods A sfalovmng @iority:davelgpBevmnpnual d ent i f
and perennial grass and legume varieties with improved stand longevity, quality, yield, and

adaptability (i.e., flood and drought resistance) (Possberg, 2020). Although developed in Atlantic
Canada, A A F Gflasvariatye WACaTruéman, may hel p address ®@GAG6s pri
characterized by its unique rhizomatous growth, late flowering habit, winter hardiness, mid-summer

drought tolerance, tolerance to spring and fall waterlogging, and frequent grazing (Belanger et al.,

2019). The large root system of this perennial legume can limit soil and nutrients lost to erosion as

well as increase soil carbon deposition and improve soil quality traits such as soil aggregate

stability, bulk density, and water infiltration.
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In order to build a resilient, stable, and productive forage system in a changing climate, new
perennial forage varieties must be developed and tested in various geographic locations and
climatic conditions. AAC Trueman was evaluated in trials at three locations in Atlantic Canada
(Papadopoulos, 2020). Unlike the development of previous alfalfa varieties such as AC Caribou
(developed in Quebec but thoroughly tested in Western Canada and released in 1992), AAC
Trueman has not been tested extensively in Western Canada. However, during the course of
cultivar development AAC Trueman (under pre-variety name CRS-1001) was seeded in a field near
Atwater, Saskatchewan by a highly experienced alfalfa seed producer. This occurred at the request
of AAFC forage breeder Dr. Yousef Papadopoulos to increase the seed available and to test the
alfalfa variety in another area of Canada. Since the release of the variety in late 2018 there has
been a lot of interest from Western Canadian producers, especially regarding the higher
waterlogging tolerance. The new variety was featured in a recent Canadian Cattlemen magazine
article, helping to further producer interest.

AAFC partnered with the Saskatchewan Forage Council beginning in 2018 to work with six
Saskatchewan producers interested i n i droelcer
management practices. This was not a formal project with dedicated funding, but rather a cursory
activity based out of interest from Saskatchewan producers and AAFC (forage professionals and
AAC Trueman breeder Dr. Papadopoulos). Producers worked with AAFC staff who gathered basic
gualitative and minimal quantitative information. The intent was not to burden producers with
onerous data collection or time-consuming analysis, but simply to get a sense of how well AAC
Trueman performed under on-farm conditions. Producers were selected across various locations
in Saskatchewan. Due to very dry soil conditions in 2018, some fields were not seeded until the
following year or under less than ideal conditions (mid-summer seeding or inadequate pre-seed
weed control). This activity is still on-going although no field visits occurred in 2020 due to the
COVID-19 pandemic. While this activity is not part of any funded project, it does highlight producer
interest and a current information gap, illustrating the need for a formal project to more rigorously
assess the potential of AAC Trueman in Saskatchewan.

ng

I n addition to assessing the AAC Truemands adaptab

project is also assessing the potential of alfalfa-grass mixture that includes CDC Tiznow Timothy
(formerly called ST1) as it may provide a good forage mixture in higher moisture environments.
CDC Tiznow Timothy was released in 2022 and was developed for higher biomass yield and higher
seed yield (personal communication, Biligetu 2020).

Project objectives:

1) Evaluate forage production, forage quality, and winter hardiness of AAC Trueman alfalfa in
the Brown, Dark Brown, and Black soil zones of Saskatchewan.

2) Determine the adaptability of AAC Trueman in Western Canada under three moisture
conditions; excess water, irrigated, and dryland.

3) Evaluate ST1 Timothy as a good candidate to be included in a forage mix with AAC Trueman
in higher soil moisture landscapes.

4) Develop knowledge and technology transfer products that will benefit the Saskatchewan
agriculture industry with an emphasis on improving long term economic potential.

A large plot trial (seeded in 2020) and a small plot trial (seeded in 2021) were established on

CSI DCbs irrigated fields in the Dark Brown soil

Z 0
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MATERIALS & METHODS

Large Plot Trials

Experimental Design

In 2020, a randomized split plot block design with four forage stands and two replications was
established in the Dark Brown Soil Zone at CSIDC (Field 12) in Outlook. The four forage treatments
included: (1) AAC Trueman alfalfa; (2) 4010 BR alfalfa; (3) AAC Trueman alfalfa mixed with
AC Knowles hybrid brome; and (4) 4010 BR alfalfa mixed with AC Knowles hybrid brome. The site
was seeded with field scale equipment, similar to what a farmer would normally use to seed forages.
Treatments were seeded into cereal stubble. Soil testing occurred at all sites to determine fertility
requirements. Pre-seed weed control followed common agronomic practices for the region. Seeding
rate was 12 Ibs/ac for alfalfa treatments and for alfalfa-grass mixes, it was 6 Ibs/ac alfalfa +
6 Ibs/ac hybrid brome.

Variable Rate Irrigation

Plots were seeded under a Variable Rate Irrigation (VRI) system. VRI allows for more control of soil
moisture conditions within each plot with soil moisture continually monitored to promote desired
testing conditions of i) excess moisture (irrigation water applied at 110-120% of evapotranspiration
rate [1.1-1.2x optimum]), ii) normal (irrigation water applied to meet crop evapotranspiration rate),
and iii) dryland conditions (no irrigation water applied, water supplied through precipitation only)
(Figure 30). Stands were assessed for the same vegetation attributes as Objective 1 (forage
production, forage quality, persistence). Soil moisture content was regularly monitored with soil
moisture sensors in each water regime in order to adjust irrigation as required to maintain desired
soil moisture content throughout the growing season (Figure 31).
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Figure 30. Plot layout and sample locations under three moisture conditions. Plots
were seeded in 2020; 2023 was the third year of data collection.

Data Collection

Data collection in 2023 included: (1) occupancy 1-2 weeks after the first harvest; (2) botanical
composition prior to the first harvest; and (3) dry matter yield (taken at the 2 harvest periods and
added together for seasonal dry matter yield). Botanical composition will identify seeded legume,
grass, and other plants by sampling from every plot using two quadrats of 50 cm x 50 cm (0.25 m?
in area). Dry matter yield was collected by clipping the quadrats used for botanical composition or
through the use of a forage harvester. Plots were managed in a 2-cut system. Forage samples were
dried to a constant weight of 55°C for at least 72 hrs and samples were sent to a certified third-party
lab for forage quality analysis.
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Figure 31. Drone image of plots before first cut on June 22, 2022.

Small Plot Trials

Small plots were also seeded at the CSIDC off-station demonstration site on May 26, 2021 to
evaluate CDC Tiznow (ST1) Timothy as a potential forage mix with AAC Trueman in higher soil
moisture landscapes (Figure 32). Due to windy conditions during seeding and small seed size there
was a concern that Timothy did not reach the seedbed. There was also significant weed pressure
in 2021 and Timothy plots had limited establishment. 2022 was very dry with 165 mm of rainfall
(67% of normal) being supplemented with 298 mm of irrigation. The 2023 growing season provided
a better indication of establishment and persistence. Alfalfa was well established in all plots;
Timothy plots had uniform yet thinner stands, and the mixed plots were predominately alfalfa with
significantly less Timothy (Figure 33). In 2023, the first cut was on June 21, followed by a second
cut on July 28. Activities completed include measuring occupancy in mid-May and late-June (1%
cut). Botanical composition was monitored prior to first harvest.
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Figure 32. Outlook small plot trial design.
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Figure 33. Small plots at Outlook in 2021.

RESULTS & DISCUSSION

Large Plot Trials

Variable Rate Irrigation

Soil moisture levels were adjusted based on amount of irrigation. Table 25 shows how dry 2023
was in the Outlook Region. Precipitation in 2023 was only 47% of normal, in 2022 precipitation was
only 67% of normal, and in 2021 precipitation was only 44% of normal. Excess and Optimal added
to the seasonal water placement. However, due to loss due to evaporation there was less of a
distinction between Optional and Excess values.

Table 25. Growing season precipitation and Variable Rate Irrigation
values (May 1 to September 28, 2023).

——— Rainfall | Irrlgr::.:]on |  Total % ot Nz
Excess 112.0 270.0 382.0 161
Optimal 112.0 125.0 337.0 142

Dry 112.0 0.0 112.0 47
Normals
(1993-2022) 237 ) 237 -

Forage Yield
The forage yield from the first cut at Outlook on June 14, 2023 (Figure 34) ranged from 4,680 kg/ha

up to 8,340 kg/ha. The forage yield from the second cut on July 26, 2023 (Figure 35) ranged from
3,180 kg/ha to 5,673 kg/ha. The total yield for the season ranged from 7,664 kg/ha up to
13,990 kg/ha (Figure 36). As expected, the dryland treatments produced the lowest forage yields
whereas there was not much difference between the excess moisture yield and the irrigated
treatment. Further analysis will be conducted as we gather more yield data over the next year.
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Figure 34. Dry matter yield (Mg/ha) of Out | o didstdcut on
June 14, 2023.
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Figure 35. Dry matter yield (Mg/ha) of Out | o @dcdnd cut on
July 26, 2023.
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Figure 36. Dry matter yield (Mg/ha) of entire season in Outlook.

Forage Quality

Forage quality results for protein levels in the first cut are presented in Figure 37. Protein levels
ranged from 15% to 18% and are similar among forage species and mixtures. Irrigated plots at
Outlook showed slightly higher protein levels than the other sites. Acid detergent fibre and neutral
detergent fibre levels are lower at Swift Current than the other 2 sites. No differences are noted

between cultivars or forage mixtures.
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Figure 37. Forage quality (protein [%]; acid detergent fibre [%]; neutral detergent
fibre [%]) of the first cut at Swift Current, Outlook, and Melfort.
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Small Plot Trials

Average seasonal yields with 2 cuts for the small plots are presented in Figure 38. Timothy was the
lowest at 7,567 kg/ha, Timothy i Trueman alfalfa was 11,820 kg/ha, Timothy T Check alfalfa was
12,350 kg/ha, Trueman alfalfa was 12,800 kg/ha, and the Alfalfa check was largest at 13,540 kg/ha.
Forage quality results are presented for protein, acid detergent fibre, and neutral detergent fibre in
Figure 39.
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Figure 38. Seasonal yield (Mg/ha) of Outlook small

plots.
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Figure 39. Protein (%), acid detergent fibre (%), and neutral detergent fibre (%) of Outlook
small plots.

NEXT STEPS
This project will continue in 2024.
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INTRODUCTION

The goal of the place-based phosphorous (P) project is to assess the distribution of available P in
the landscape and the potential to reduce inputs of P to areas of the landscape where P is already
elevated and there is risk of P loss in runoff. The seven field sites are located in a variety of soil
zones in Saskatchewan and Manitoba and the field site at Outlook is notable for being the only
irrigated site as well as having soil with the highest proportion of sand. The Outlook site is also fairly
flat so topographic differences may be less pronounced than at more rolling sites.

The five main objectives of this project are: 1) to assess soil test phosphorus variation and the
impact of soil, landscape, and management characteristics on soil test phosphorus, 2)to
understand spatial yield variation and the relationship between yield and P at different landscape
positions, 3) to assess P runoff risk with high P in hydrologically active areas, 4) to understand
agronomic, environmental, and economic benefits of place-based P management, and 5)to
improve recommendations for use of place-based P management.

MATERIALS & METHODS

Approximate field site locations are:
1. Muskeg Lake Cree Nation, SK: Black soil, Indigenous dryland production.
2. Clavet (Livestock Forage Centre of Excellence, 2 fields), SK: Dark Brown soil, dryland
production. One field with mineral fertilizer a second field with manure fertilizer.
3. Outlook (Canada-Saskatchewan Irrigation Diversification Centre), SK: Dark Brown soil,
irrigation production. Flat with salinity issue; variation in soil texture within field; no manure.
4. Central Butte, SK: Brown soil, dryland production.
5. Quill Lake, SK: Grey soil, dryland production. Relatively flat with salinity issue, variable rate
mineral fertilizer.
6. South Tobacco Creek, MB: Dark Grey soil, dryland production.

Samples for soil chemistry analysis were collected from 0-5 cm and 0-15 cm depths at all seven
sites before seeding in 2022 with collection of crop samples before harvest and additional soil
samples for snowmelt simulations collected in the fall. Samples were collected from 24 points within
each field with the points generally in 3-4 transects along a topographic gradient with some of the
samples also collected at points where overlap was observed. In late March 2023, a snow survey
was conducted at the soil points to capture peak snowpack with snow cores for snow water
equivalent collected at a subset of points (3-9 points) in each field.

Field work in 2023 included collection before seeding of 0-15 cm soil cores at the same sampling
locations in 2022 for soil chemistry parameters potentially related to yield. Crops at the sampling
points will be sampled (0.25 m?) approximately one week before harvest. In fall 2023, 0-5 cm soil
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samples were collected for analysis of soil chemistry parameters related to potential for nutrient
export in snowmelt runoff. On the fall trip 0-5 cm deep 20 x 20 cm soil sections were collected for
snowmelt simulations, as in 2022.

Soil samples collected in 2022 were analyzed for Kelowna P, resin P, water soluble P, P sorption,
total P, 2M KCI ammonium and nitrate, organic carbon, texture, pH, electrical conductivity, and
gravimetric moisture. Soil total phosphorous (TP), organic carbon, and texture will likely not be
analyzed in 2023 soil samples as these parameters are unlikely to substantially change from the
2022 soil samples. Crop samples were collected and analyzed for grain and straw yield as well as
nitrogen and phosphorus content. Soil collected for snowmelt simulations was stored frozen until
mid-winter and then snow was collected and melted over the soil samples with snowmelt runoff that
had been in contact with the soil analyzed for total phosphorus.

In 2022 most parameters were measured only in the 0-5 cm cores, however in 2023 the 0-15 cm
will be analyzed for modified Kelowna P, resin P, pH, electrical conductivity, and gravimetric
moisture to relate to crop yield and P uptake over the 2023 crop season. Soil cores from 0-5 cm
collected after harvest will be analyzed for soil modified Kelowna P, resin P, and water soluble P
along with 2M KCI ammonium and nitrate since this may better represent the end of season
conditions in the soil surface layer most likely to interact with snowmelt runoff.

RESULTS & DISCUSSION
Substantial analysis of the data collected from the field and laboratory work in 2022 and 2023 is
ongoing, with a masters student leading analysis of a subset of sites, and his defence is anticipated
in winter term 2025. Additional preliminary results across all sites are also available. Soil test
phosphorus, total phosphorus, nitrate, ammonium, organic carbon, and texture were variable
between and within field sites.

The Outlook Knapik site was the lightest textured with the lowest soil test phosphorus, organic
carbon, and nitrate of the seven sites. The proportion of sand in soil was greatest at topographically
higher positions in the field. In 2022, wheat grain yield at the Outlook site may have been higher in
field locations with higher organic carbon (in lower landscape positions), although further analysis
would be required to consider whether organic carbon is correlated with other soil parameters
influencing grain yield.

In 2023, our measurement of additional parameters on the 0-15cm cores helped to better
understand the Outlook site where 0-5 cm cores had generally low nutrient levels and analysis of
the deeper cores indicated that soil test phosphorus was relatively similar between years and soll
depths (Figure 40).

Crop biomass appeared somewhat reduced in higher landscape positions (Figure 41) possibly due
to lower organic C and higher soil sand content that was observed at those positions in 2022. Grain
yields did not appear to be limited by 0-15 cm soil test phosphorus concentrations in either
year (Figure 42). Snowmelt simulations in both years indicated potential for greater concentrations
of TP in snowmelt runoff that had been in contact with soil from elevated landscape positions,
locations that also had higher resin P (Figure 43; Figure 44). Similarly, P150 (single point P sorption
at 150 mg/L P) results from both years indicated greater phosphorus sorption potential for 0-5 cm
soils in lower landscape positions (Figure 45) supporting the snowmelt simulation results which
found greater TP release from higher landscape positions.

At 0-5 cm, soil nitrate was higher in 2023 than 2022 (Figure 46), potentially due to growing
nitrogen-fixing peas and differences in the time of soil sampling i this occurred in the fall of 2023
and in the spring (before fertilizer was applied) of 2022. Soil ammonium was similar in both years
(Figure 47).
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Figure 40. Modified Kelowna Phosphorus in 0-5cm and 0-15cm soil
samples from Outlook Knapik in 2022 and 2023, by relative topographic
position (0 =ridge, 4 = depression).
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Figure 41. Outlook crop biomass in 2022 and 2023 by relative
topographic position (0 =ridge, 4 = depression).
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Figure 42. Grain yield and soil 0-15cm Modified Kelowna
Phosphorus (MKP) in 2022 (wheat, upper panel) and 2023

(yellow peas, lower panel).
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Figure 43. Snowmelt simulation runoff water total

phosphorous (TP) concentrations from Outlook Knapik in 2022 and
2023 by relative topographic position (0 =ridge, 4 = depression).
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Figure 44. Resin-P in 0-5 cm soil samples from Outlook Knapik in 2022
and 2023 by relative topographic position (0 =ridge, 4 = depression).
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Figure 45. Single point P sorption at 150 mg/L P in 0-5cm soil
samples from 2022 and 2023 by relative topographic position
(0 =ridge, 4 = depression).
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Figure 46. Nitrate in 0-5cm soil samples from 2022 and 2023 by
relative topographic position (0 =ridge, 4 = depression).
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Figure 47. Ammonium in 0-5 cm soil samples from 2022 and

2023 by relative topographic position (0 =ridge,
4 = depression).

CONCLUSIONS

With the project work moving towards completion, key insights include relatively high variation in
nutrients across the multiple subsites in a field, with potentially important agronomic and
environmental effects arguing for benefits of place based nutrient management. While field position
in some cases seems associated with variation in nutrient concentrations, these potential impacts
are complex and seem site and year dependent.
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