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FIELD SELECTION

Find a field with CropPro/SWAT MAPS that fits the following parameters:

e Ideally previous use of variable rate management

e |deally previous use of SWAT MAPS

e In agrain-oilseed rotation; the approaching season study must be a canola year

e  Field should be in close proximity to your location as this project requires frequent visits

e Thereis $10k in your budget for the farmer for their involvement (time, costs, and work) with this project

The specific canola hybrid is to be determined by the landowner.

SWAT MAPS Sampling and Analysis

CropPro/SWAT MAPS will intensively sample soil for residual nitrate, available macronutrient concentrations as well as soil
properties (organic matter, pH, elevation, and electromagnetic conductance) and used to generate variable rate (VR) N
prescription maps.

Determine Field Layout

Management Zones

Management zones will be identified using the SWAT MAPs for the field (see Figure 1 and Figure 2). Targeting each of the ten
management zones is not feasible, nor is there a guarantee that a field will include enough area of each zone for sufficient
sampling. We will instead focus on three distinct zones:

e Top:Zonel
e Mid-slope: Zone 5
e low:Zone 10

Treatments

The following treatments will be imposed in three separate strips at each commercial field:

1. Typical Practice — farmer or regional typical management with blanket N and conventional urea as the N source
(similar to Provincial and soil test laboratory N recommendation),

2. Variable Rate — variable rate N addition of conventional urea using management zones identified using SWAT MAPS
treating management zones with rates tailored to yield potential,

3. Variable Rate X SuperU — a combination of variable rate N addition with a variable source of N (conventional urea
for low N loss and nitrification inhibited urea for high N loss management zones) using SWAT MAPS,

4. Variable Rate X SuperU (reduced by 10%) — the combination of variable rate N addition with a variable source of N
(conventional urea for low N loss and nitrification inhibited urea for high N loss management zones) using SWAT
MAPS with rate of nitrification inhibited urea reduced by the cost of the inhibited product (10%), and

There is no prescribed width for treatment strips; width will be determined by the seeder and combine used at each field site
such that the treatment strips are wide enough to accommodate both pieces of equipment. It is not necessary for the seeder
and combine to be the same width, but the combine absolutely can not be wider than the seeder as this will result in yield
data being collected from an adjacent / more than one treatment. If that is the case, more than one pass of the seeder will be
required to lay in each treatment such that the combine harvests from a single strip.
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If the producer uses MAP (12-52-0) and AS (21-0-0-24), adjust your treatment rate(s) by subtracting the amount of total N
applied from those forms from the treatment urea amount, but not the SuperU amount if applicable.

Treatment Strip Placement

Each treatment will be replicated three times for a total of 12 treatment strips in the field. Treatment strips should be placed
such that they include as many of the three targeted management zones (i.e. Zones 1, 5, and 10) as possible and ideally with a
similar area of each in any given strip (Figure 2).

Some fields may have insufficient areas of Zone 1, 5, and/or 10. If this is the case, additional zones may be included, as
follows:

e Top: focus on Zone 1 but include Zone 2 if needed
e Mid-slope: focus on Zone 5 but include Zone 6 if needed
e Low: focus on Zone 10 but include Zone 9 if needed

Sample Site Locations

Factorial combination of three management zones and four treatments gives a total of 12 different Zone-Treatments, each of
which will be sampled in eight locations for a total of 96 Sample Sites (Figure 3). When determining Sample Site locations,
take into consideration relative proximity and the presence of drainage ditches or other landscape features such as muddy
Low zones or windbreaks that may inhibit movement between sites during gas sampling. If the field allows, choose locations
so that a technician conducting a gas sampling run can visit Sample Sites within the same Zone but through different
Treatment strips.

Samples collected at each Sample Site include gas emissions with a static vented chamber, soil samples, and hand-harvested
biomass samples.

PRE-SEED

Determine if there is a nearby weather station that can provide air temperature and rainfall data. If there is not, install the
necessary equipment to monitor air temperature and rainfall at the field site.

Install equipment to monitor soil moisture and soil temperature at the field site, using logger-based probes. Alternatively, or
additionally, soil moisture and soil temperature can be measured instantaneously each time you collect gas samples.
Ultimately, we need to collect sufficient data to summarize moisture and temperature for the three management zones over
the growing season.

GROWING SEASON

Gas Sampling

The static vented chamber method will be used to estimate N20 fluxes on at least 20-30 days over the non-frozen portion of
each cropping year (i.e. seeding to freeze-up and, if possible, during the following spring thaw). Frequency of sampling is
based on expected emissions events:

e 3times a week for the 3-4 weeks following seeding, then reduce to
e 2 times a week up until flowering, then reduce to
e 1time a week until freeze-up

The 4RIRC-SOP-Static Vented Chambers PDF contains detailed instructions on chamber placement, installation, and how to
conduct a gas sampling run.
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The Sampling Interval for this project is 15 minutes, though this may be affected by field layout and Sample Site locations.
Chambers are to be about 50 cm long and 15 cm high; ideally, one dimension will be long enough to cover the space between
seed rows (i.e. the inter-row) such that gas sampling is representative of the relative on-band and off-band soil area as this is
critical to estimating N20 fluxes. The 4R IRC Lab uses rectangular Plexi-glass chambers but food serving trays are acceptable.

Place chambers in an inter-row and oriented perpendicular to the seed row. As this project will be side-banding fertilizer on
every seed row and there is only one chamber per Sample Site, correct placement of a second chamber relative to the first is
not applicable. However, if for some reason a second chamber is placed at the same site, follow the instructions in the
Chamber Placement and Installation section of the 4RIRC-SOP-Static Vented Chambers PDF. There are two subsections;
Ubiquitous Fertilizer Distribution — Broadcast and Adjacent Inter-Row Application applies to side-banded fields.

Do not place chambers too close to an adjacent treatment; whenever possible, leave at least three seed rows between the
chambers and an adjacent treatment strip.

At the time of sampling, use portable instrumentation to measure the soil temperature and volumetric moisture content, so it
can be related to management zone productivity and emissions. See the 4RIRC-SOP-Static Vented Chambers PDF for info on
procedure and equipment used.

Indian Head Agricultural Research Foundation

The 4R IRC Lab will provide the necessary chambers, vials, and sampling kits to the IHARF, as well as conduct its sample
analysis. Regular communication will be necessary to coordinate exchange of evacuated and used vials; the point of contact in
the 4R IRC Lab is Brad Sparling (Brad.Sparling@umanitoba.ca).

Soil Sampling to 15 cm

Collect composite soil samples from each of the 96 sample sites. Specifically, collect six on-band 0-15 cm cores from around
the chamber at each site and combine them into one sample. Avoid areas disturbed by foot traffic and other sampling and do
not sample from near an adjacent treatment strip. Do not combine composite cores from different Sample Sites; each site
should have its own sample.

Conduct soil sampling immediately after seeding, and then again approximately 14, 30, 60, and 90 days after seeding. There is
flexibility in timing, but these samples are intended to capture the transformation of N over the growing season.

Analyze samples fresh for 2M KCl extractable NH4* and NOs’; using a third-party commercial lab is acceptable but confirm that
they conduct these analyses on fresh / non-dried soil.

Field Tour

Ideally, host an open public field tour at each site in July or August. Contact Chris Manchur (manchurc@canolacouncil.org) of
the Canola Council of Canada to arrange for a representative of the organization to attend.

PRE-HARVEST

Hand Harvest Biomass

Canola grain and above-ground biomass will be determined after maturity and prior to harvest by ground-clipping the crop at
each sample site. Clip four 1 m long sections of seed rows around the static vented chamber at each sample site; do not
collect from areas affected by gas and soil sampling foot traffic, do not collect sub-samples from rows immediately next to
each other, and if you are close to the edge of a treatment strip, make sure you do not collect biomass from an adjacent Zone-
Treatment. Combine the four sub-samples. Material will be dried at 602C and weighed. Grain weight will be determined after
threshing hand-harvested samples in the lab.
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HARVEST

Monitor Yield

To obtain spatial coverage over a larger extent possible than hand harvest and biomass samples as described above, we will
rely on grower yield monitoring using a weigh wagon or yield monitor for field-scale yield determinations of all twelve
treatment strips. Ensure the grower understands that the header must remain within each strip and does not overlap with
other adjacent treatments; collecting yield from a central pass may be the safest approach.

POST-HARVEST

Soil Sample to 60 cm

Collect composite soil samples from each of the 96 sample sites. Specifically, collect six on-band 0-60 cm cores from around
the chamber at each site and combine them into one sample. Avoid areas disturbed by foot traffic and other sampling and do
not sample from near an adjacent treatment strip. Do not combine composite cores from different Sample Sites; each site
should have its own sample.

Analyze samples fresh for 2M KCI extractable NH4* and NOs’; using a third-party commercial lab is acceptable but confirm that
they conduct these analyses on fresh / non-dried soil.

FOLLOWING SPRING

Emissions at thaw can be considerable in hummocky landscapes in the Canadian Prairies (Dunmola et al. 2010). Endeavour to
sample during thaw periods but realize access to fields and sample sites will be extremely challenging and we may not be able
to sample as much as we would like or at all.
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SAMPLE ANALYSIS & DATA MANAGEMENT

N>O Emissions

The N20 concentration of sample gas will be determined in the laboratory by gas chromatography. Flux rates will be
determined from the progress of mass of N20 accumulation (from chamber area, volume, gas concentration, temperature
using the Ideal Gas Law) with time. The R-package, HMR will be used to determine the flux rate using the most appropriate
linear and non-linear model fitting the data. Emissions for each Sample Site will be estimated by interpolation of between
sampling dates.

Indices of N20 emission efficiency will be area (kg N20-N/ha, called Cumulative Emissions), yield (kg N2O-N/Mg, called
Emission Intensity) and nitrogen addition (kg N20-N from fertilizer/kg N fertilizer added, called Fertilizer Emission Factor) for
each Sample Site.

Nitrogen Use Efficiency

Extractable ammonium and nitrate in soil will be determined using typical 2 M KCl extraction and analysis by autoanalyzer. In-
season soil cores are to a depth of 15 cm whereas fall prior or pre-seed, and post-harvest samples are to a depth of 60 cm. To
preserve the relative amounts of NH4* and NO3-, soil samples must be analyzed fresh — do not dry them.

Hand harvest biomass will be stationary-threshed to separate grain-oil seed from residue, each will be weighed and ground.
Nitrogen concentration of canola residue and grain will be determined by combustion analysis. Nitrogen content of plant
components will be calculated from weight and nitrogen concentration and expressed on a kg N/ha basis. Root N nitrogen
content will be estimated based on above-ground weight, measured harvest-index and above-ground to root ratios and root
nitrogen concentration of the crop reported by Karimi et al. (2020). Total N uptake (kg N/ha) for each Sample Site will be the
summation of grain N, residue N and root N.

Profitability

SWAT MAPS/CropPro will be responsible for the yield monitor data synthesis to grain yield of the 12 Zone-Treatments.
Variable (seed, pesticides, fertilizers, soil testing, VR and Precision 4R service costs, labour, fuel) and fixed (tractor,
implements) costs of production will be estimated for each Zone-Treatment area based on Provincial cost of production tables
for canola. Gross income from market value the grower sells the canola crop will be estimated for each Zone-Treatment area.
This work will be conducted by Tristan Skolrud (tristan.skolrud @usask.ca) of the University of Saskatchewan.
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EXAMPLE FIELD LAYOUT USING THE 2023 MANITOBA SITE

SWAT MAPS

A Variable Rate MAPS Report Lost Island Farms
5VVATMARPS

(22) Andrew Farm east $1-14-19 Acres: 135 (131.9 GPS)
Crop: Canola Machine Controller: iCon
Last Crop: Wheat Prescription File: SuperUAndEastCan23
Yield Goal (bu/ac) 65.4
YieldGoal Urea SuperU "--’
Zone Acres (buwac) Layer1 Layer2 Layer3 Layerd Layer5 Actual Fertility Rates
1 12.5 55 270 124- 0 -0 - 0 ‘
2 17.5 60 275 126- 0 -0 - 0
3 18.8 65 295 136- 0 -0 -0
4 18.7 70 233 7 142- 0 -0 - 0
5 18 75 155 155 142- 0 -0 - 0
-] 17 75 77 233 142- 0 -0 - 0
7 12 75 310 143- 0 -0 - 0
8 10.2 60 275 126- 0 -0 - 0
a 6.6 40 205 94 -0-0-10
10 1.9 25 135 €2-0-0-10
Average: 65.4 166.6 1226 133- 0 -0 -0
Notes:
Field Area % Field N{21) OM% pH P K 3 Cl Zn Cu B Texture  Salinity  CMPT Date
zone 1,2 3 7 1.0 7.9 11 ({0lsen) 358 ] 7 0.5 0.5 0.9 0.36 Nov 01, 2021
zone 3,4 28 28 5.8 7.3 14(Olsen) 252 72 9 0.7 0.5 1.0 0.47 Nov 01, 2021
zone 5,6 26 32 5.8 71 13 (Olsen) 285 69 12 1.0 0.6 1.0 0.40 Nov 01, 2021
zone 7,8 17 16 5.7 7.8 28(0Dlsen) 283 160 23 1.5 0.8 2.2 1.52 Nov 01, 2021
zone 9,10 6 89 7.1 8.2 39(Dlsen) 244 160 37 1.5 1.0 4.1 3.97 Nov 01, 2021

Figure 1. SWAT MAPS output for the Precision 4R Canola Cluster 2023 field site near Brandon, Manitoba indicating management zone, urea, and SuperU rates.
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Field Map Layers

SE_1-14-19W/1

Figure 2. Map layers of the Precision 4R Canola Cluster 2023 field site near Brandon, Manitoba showing (a) the base
satellite image, (b) SWAT MAP superimposed, (c) treatment layout set out by the farmer (m N, = /R N, m VR N+SU, m VR

-10%
N+SU ), and (d) treatment layout with an overlay of targeted management zones ( & Top, , W Low).
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Sample Site Selection

Figure 3. Example of 96 sample site locations (»* ), eight in each of the twelve Zone-Treatments [(m Top, = \Vlic, mm® Low zones)x(m N, = /R N, m VR N+SU, m VR

-10%
N+SU treatments)], and six gas sampling runs ( — ) consisting of 16 chambers each at the Precision 4R Canola Cluster 2023 field site near Brandon, Manitoba.
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