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Background

Nitrogen is an essential nutrient for potato production and is often the most limiting factor for
growth (Zebarth et al. 2007). Effective nitrogen management involves selecting the appropriate
fertilizer source, rate, timing, and placement to better match crop demand and improve growth and
yield (IPA Agriculture 2009). Applying nitrogen too early or in excessive amounts can delay tuber
initiation, reduce yield, and increase nitrogen losses through leaching or gaseous emissions,
potentially leading to environmental impacts. Split nitrogen applications during the growing season
can help better align nitrogen supply with crop demand and improve nitrogen management (Burton
& Agomoh n.d.).

Several studies have demonstrated the benefits of split nitrogen applications in potato systemes.
However, the magnitude of these effects can vary depending on potato variety, fertilizer source, soil
type, and climate. In a three-year study of Russet Burbank potatoes in Manitoba, Canada, split
applications using granular fertilizers (applied at pre-plant and hilling) and liquid fertilizers (applied
in-season through fertigation) increased marketable tuber yield compared with the control (no
nitrogen applied), with granular fertilizers producing the highest yields (Gao et al. 2018). Nitrogen
use efficiency (NUE) was similar for both split strategies and slightly higher than when all nitrogen
was applied at pre-plant. Similarly, in Kazakhstan, urea applied in three split applications (40%
before planting, 30% during vegetative growth, and 30% at flowering) increased potato yield and
NUE, with the optimal rate identified as 150 kg N/ha compared with rates from 60 to 240 kg N/ha
(zhapparbergenov et al. 2025). In sandy soils in Florida, banded ammonium nitrate applied three
times (planting, emergence, and tuber initiation) better matched potato nitrogen uptake, resulting
in higher marketable Atlantic potatoes yields and lower soil nitrate loss compared with two
applications at emergence and tuber initiation (Silva et al. 2022). The optimal distribution was 25%
of total nitrogen at planting, 50% at emergence, and 25% at tuber initiation (total of 224 kg N/ha).

In the Fraser Valley, British Columbia, Canada, adopting the split nitrogen application strategy can
be limited by available equipment. Most potato growers irrigate with travelling guns, which are not
suitable for in-season fertigation. As a result, fertilizers are typically applied prior to planting as a
broadcast application and at planting in-furrow, with side-dressing used at hilling for an in-season
application. Alternative application methods may help improve the timing of nitrogen applications.
For example, sprayer-based applications of urea ammonium nitrate are already commonly used for
post-emergence nitrogen applications in corn production (Carlson 2023). This may also allow
nitrogen to be applied closer to crop demand and can be useful during drought conditions when
limited soil moisture restricts nutrient movement to the plant (Burton & Agomoh n.d.).

On-farm demonstration research is a valuable approach that producers can use to objectively
evaluate what works best on their farm. Demonstration research should be replicated over a few
years to gain confidence in the results.

Objective & Research Questions

The objective of this on-farm demonstration research is to evaluate split nitrogen
applications delivered as banded sprays in potato production.

The research questions that this project will address are:

1) Can split nitrogen applications delivered as banded sprays improve nitrogen
management by increasing plant-available nitrate and decreasing post-harvest soil
nitrate levels?

2) Can split nitrogen applications delivered as banded sprays improve yield?

3) Do split nitrogen applications delivered as banded sprays cause plant phytotoxicity?



Trial Design

This trial will be conducted in a potato field (variety
Agata) comparing two treatments 1) in-season split
nitrogen applications (split nitrogen) and 2) the standard
grower’s practice without in-season nitrogen
applications (control). Both treatments will receive a 9-0-
35 fertilizer broadcasted pre-planting, 14-7-22 fertilizer
banded at planting, and Nitrabor (4-0-0) at hilling. The
split nitrogen treatment will include two additional
applications of a mixture of UAN (28-0-0) and CAN-17
(17% N), applied with a sprayer (nozzles adjusted to
resemble a banded application). There will be three
replications per treatment with each replication being at
least 15 rows wide (Fig. 1). The trial will be repeated a
second year with the possibility to reduce the nitrogen
rate at planting in the split nitrogen treatment.

Figure 1. Example of one replication showing the split
nitrogen treatment (blue) and the control treatment
(white). There will be three replications of each
treatment. The widths of the treatments are not drawn to
scale.
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Materials List
UAN (28-0-0) and CAN-17
(17% N) for split nitrogen
applications
Agata seed for the field
Soil probe
5-gallon buckets (2-3)
Large Ziplock plastic bags
Paper bags
Measuring tape
Scale
Potato size profile board
Marker
Datasheet
Pin flags
Flagging tape
Bamboo stakes

Camera

1. Inspring, before planting and fertilizer broadcasting, collect baseline soil samples.

2. For both treatments, broadcast fertilizer 9-0-35 at 200 Ib/acre pre-planting, band
fertilizer 14-7-22 at 1100 Ib/acre at potato planting and apply Nitrabor (4-0-0) at 200

Ib/acre at hilling.

3. Use labelled pin flags, flagging tape, and field landmarks to identify split nitrogen and
control areas that are representative of the field while avoiding edge effects.

4. Within each replication, flag one subplot (20 m long by 12 rows wide) in both

treatments using bamboo stakes.

5. Apply two split nitrogen applications in the split nitrogen treatment at 30-40 and 40-50
days after planting. Each application will consist of a mixture of 50 Ib/acre UAN (28-0-0)
and 70 lb/acre CAN-17 (17% N). Assess plants for phytotoxicity in each subplot within
one week after each application for both treatments.

6. Within the subplot of one replication per treatment, collect soil samples at specific
potato growth stages and days after emergence.

7. Within the subplot of each replication, collect petiole samples weekly from the hooking
stage for up to 10 weeks in both treatments.

8. One week before harvest, conduct yield assessments in each replication in both
treatments.

9. After harvest, collect soil samples from each replication in both treatments.



Data Collection and Evaluation

Nutrients soil sampling (both years):

For each year, take soil samples for both treatments five times: 1) Spring (baseline -
whole field), 2) In-season soil sampling #1 (~30 days after planting - in subplot of one
replicate), 3) In-season soil sampling #2 (~50-60 days after planting — in subplot of one
replicate), 4) In-season soil sampling #3 (~70-80 days after planting — in subplot of one
replicate) and 5) Fall, post-harvest of the potatoes (all replicates)

For each composite sample:

* Collect one soil core at each of 15 random sampling points in a W transect
pattern (Fig. 2) with a 2.5 cm diameter soil probe at a depth of 0-15 cm and an
additional 15-30 cm depth during fall

* Mix soil from all cores, remove any plant material, and place it into a labelled
Ziplock plastic bag to form a composite soil sample

Send samples to the laboratory for analysis

Figure 2. Example of one replication showing the W-shaped

Split nitrogen S N - N \ 7 transect soil sampling pattern (dashed black lines) used for
o N/

Control

spring and fall sampling and the subplot (red rectangle) and W-
AN 2N m , shaped transect sampling pattern (dashed red lines) used for in-

S ~, 7 S ~ season soil, tissue sampling, and phytotoxicity. Samples should
be collected away from field edges and non-representative
areas. The split nitrogen treatment is shown in blue and the
control in white.

Tissue sampling (both years):

Within each subplot, collect one composite petiole sample weekly from the hooking
stage for up to 10 weeks for both treatments

For each composite sample, collect petioles from 30 randomly selected plants.

At each plant, take the petiole from the youngest fully expanded compound leaf
(generally the fourth leaf from the top) and remove all leaflets

Place samples in labelled paper bags and send them to the laboratory for analysis

Phytotoxicity assessment (both years):

Conduct two phytotoxicity assessments, within one week following each split nitrogen
application

Within each subplot of each treatment, randomly select five plants

For each plant, record phytotoxicity using a 0-4 rating scale based on the percentage of
visible symptoms (chlorosis, leaf scorch, wilting, marginal yellowing, or stunting)
(Canadian Weed Science Society 2018; University of Maryland Extension 2023)

Rating scale: 0 = 0% (no phytotoxicity), 1 = 1-9% (slight discoloration and/or stunting), 2
= 10% (generally acceptable and likely to be outgrown), 3 = 11-30% (unacceptable), 4 =
>30% injury (severe) (Canadian Weed Science Society 2018)



Data Collection and Evaluation Continued

Potato yield assessment (both years):
» Before harvest, evaluate yield for each replication in two subplots per treatment
* For each subplot, measure a 7 ft 3 in length of row (with consistent number of plants,
between 7 to 9 depending on spacing)
* Record the number of tubers from three tuber size categories - small (<2 in),
medium (2 to 3.5 in) and large (>3.5 in) - and record the weight (Ib) from each of
the three categories (Fig. 3a-b)

Figure 3. A 7 ft 3 in subplot
measured and marked with
flags for hand harvest to
measure yield (a), tubers
hand-harvested from the
measured subplot. (b)

Record-keeping (see attached datasheet):

* Dates to record: soil sampling, fertilizer applications, split nitrogen treatment
applications, tissue sampling events, phytotoxicity assessments, and yield assessments

* Data collected: soil nitrate, nitrate and total nitrogen in petioles, phytotoxicity ratings,
and potato yield (average number of tubers, total yield, and yield per size category).
Note any other observable differences between treatments

* Photos: fertilizer applications, planting, split nitrogen applications, potato plants both
treatments throughout the growing season, tissue sampling, phytotoxicity on plants,
and yield assessment

Evaluation:

* The split nitrogen application treatment will be compared to the standard treatment
(control)

* Nitrate and total nitrogen in petiole, in-season nitrate in the soil, and post-harvest
nitrate levels in the soil will be compared between treatments

* Potato yield (average number of tubers, total yield, and yield per size category) will be
compared between treatments

* Average phytotoxicity ratings will be evaluated for the split nitrogen treatment




Trial Schedule (2026-2027)

Date Description of Activities

Spring 2026, 2027 Before applying fertilizers and planting the potatoes, sample
soil in the spring

Spring 2026, 2027 Plant potatoes

Summer/growing season Apply in-season nitrogen applications as part of the split
2026, 2027 nitrogen treatment

A week after split nitrogen Assess plants for signs of phytotoxicity

applications 2026, 2027

May to August 2026, 2027 Collect in-season soil samples

May to August 2026, 2027 Collect petiole samples weekly starting at the hooking stage
for up to 10 weeks

Late August to early A week before harvest, conduct yield assessments
September 2026, 2027

Fall 2026, 2027 Sample soil post-harvest

Fall 2026, 2027 Analyse data and prepare a project summary report




Budget for Supplies (new)

Item Description Cost $ (CAD)
Two applications Four applications of each product over two years 214/acre
for split nitrogen with a cost per application of UAN (28-0-0) @
(2026, 2027) $25.76/acre and CAN-17 (17% N) @ $27.69/acre
Ten sampling periods over two years. In spring,
one composite soil sample (baseline) for the entire
field. In the fall, one composite sample from each
. replicate in both treatments. For in-season
Selll et sampling, one composite sample from one
nutrients ’ 874

(2026, 2027)

replicate for both treatments. Element lab fees: 1)
Conservation + Dilution Test for 0-15 cm ($35.00
per sample; 14 samples) and 2) Nitrate and
Sulphate with Dilutions for 15-30 cm ($16.00 per
sample; 24 samples)

Tissue sampling
(2026, 2027)

Up to 20 weekly sampling periods over two years.
For each sampling event, one composite sample
per treatment. 1) A&L lab fee: Petioles ($39.70 per
sample, up to 120 samples) and 2) FedEx: standard
overnight shipping (564.55 per sampling event, up
to 20 sampling events)

6,055 (up to)

Pin flags, bamboo To identify the treatment areas, and subplots 20
stakes or flagging within replicates

tape

Ziplock plastic bags | Large Ziplock plastic bags for soil sampling 10
Paper bags Paper bags for tissue sampling 10




Labour (outside of normal farm practices)

Description Estimated
Hours
Split nitrogen Apply two split nitrogen applications each year 8
application

(2026, 2027)

Soil sampling Ten sampling periods over two years, time to collect 20
(2026, 2027) soil samples and drop off samples to the lab
Tissue sampling | Up to 20 sampling weeks over two years, time to 30
(2026, 2027) collect composite tissue samples, and drop off

samples to be shipped to the lab for analysis
Phytotoxicity Four assessments over two years, time to rate 6
assessment plants for phytotoxicity

(2026, 2027)

Yield Two assessments over two years, time to conduct 20
assessment yield assessment
(2026, 2027)

Record-keeping Project documentation of dates, data, and photos.
(2026, 2027) Documenting visual differences and taking photos

Summary Analyse and prepare a trial summary each year 16
(2026, 2027)




Datasheet Templates

Record-keeping

Comments (e.g. weather, field

Year Activity Date Time Cost conditions, observed differences
Spent Incurred
between treatments)
2026 Soil sampllr-mg spring
(baseline)
2026 Applying pre-plant
fertilizers
2026 Applying fertilizers at
planting
202
026 Plant potatoes
2026 Applying fertilizers at
hilling
2026 First split nitrogen
application
2026 Phytotoxicity
assessment #1
2026 Second split nitrogen
application
2026 Phytotoxicity
assessment #2
In-season soil
2026 sampling #1
In-season soil
2026 sampling #2
In-season soil
2026 sampling #3
Weekly tissue
2026 sampling (up to 10
weeks)
2026 Potato yield
assessment
2026 Fall post-harvest soil

sampling

10




Datasheet Templates

Record-keeping

Comments (e.g. weather, field

Year Activity Date Time Cost conditions, observed differences
Spent Incurred
between treatments)
2027 Soil sampllr-mg spring
(baseline)
2027 Applying pre-plant
fertilizers
2027 Applying fertilizers at
planting
2027
0 Plant potatoes
2027 Applylng'fejrtlllzers at
hilling
2027 First splllt mFrogen
application
Phytotoxicity
2027 assessment #1
2027 Second spllt r'1|trogen
application
2027 Phytotoxicity
assessment #2
In-season soil
2027 sampling #1
In-season soil
2027 sampling #2
In-season soil
2027 sampling #3
Weekly tissue
2027 sampling (up to 10
weeks)
2027 Potato yield
assessment
2027 Fall post-harvest soil

sampling

11




Datasheet Templates

Nitrate soil sampling results (2026)

Nitrate (0-15

Nitrate (15-30

Total nitrate

Date Timing Treatment Replicate cm) (kg NOs- | cm) (kg NOs-
N/ha) N/ha) | (ke NOxN/ha)
i ” o
Spring 2026 | i selg N/A / /
(baseline)
In-season soil Control
sampling #1 1 b
2026 Split nitrogen
In-season soil Control
sampling #2 1
2026 Split nitrogen
In-season soil Control
sampling #3 1
2026 Split nitrogen A A
Fall 2026 (post-| _ “°ntro! .
harvest) Split nitrogen
Fall 2026 (post- Control 2
harvest) Split nitrogen
Fall 2026 (post- Control 3

harvest)

Split nitrogen

Control - Average total nitrate (kg NOs-N/ha)

(all reps):

Split nitrogen - Average total (kg NOs-N/ha) (all

reps):

Note: To convert soil nitrate from ppm to kg NOs-N/ha use this conversion tool: Nitrate Test

Calculator



https://nmp.apps.nrs.gov.bc.ca/MiniApps/NitrateTestCalculator
https://nmp.apps.nrs.gov.bc.ca/MiniApps/NitrateTestCalculator

Datasheet Templates

Nitrate soil sampling results (2027)

Nitrate (0-15

Nitrate (15-30

Total nitrate

Date Timing Treatment Replicate cm) (kg NOs- | cm) (kg NOs-
N/ha) N/ha) (kg NO3-N/ha)
i ” o
Spring 2027 Full field N/A / /
(baseline)
In-season soil Control
sampling #1 1 b
2027 Split nitrogen
In-season soil Control
sampling #2 1
2027 Split nitrogen
In-season soil Control
sampling #3 1
2027 Split nitrogen A A
Fall 2027 (post-| _ <ontro! .
harvest) Split nitrogen
Fall 2027 (post- Control 2
harvest) Split nitrogen
Fall 2027 (post-|  <ontrol 3

harvest)

Split nitrogen

Control - Average total nitrate (kg NOs-N/ha)

(all reps):

Split nitrogen - Average total (kg NOs-N/ha) (all

reps):

Note: To convert soil nitrate from ppm to kg NOs-N/ha use this conversion tool: Nitrate Test

Calculator



https://nmp.apps.nrs.gov.bc.ca/MiniApps/NitrateTestCalculator
https://nmp.apps.nrs.gov.bc.ca/MiniApps/NitrateTestCalculator

Datasheet Templates

Potato tissue nitrate results (2026) - Control

Average %

Date Week Nutrient Rep 1 (%) Rep 2 (%) Rep 3 (%) (among reps)

1 Nitrate
Total Nitrogen

5 Nitrate
Total Nitrogen

3 Nitrate
Total Nitrogen

4 Nitrate
Total Nitrogen

Nitrate
> Total Nitrogen

6 Nitrate
Total Nitrogen

7 Nitrate
Total Nitrogen

8 Nitrate
Total Nitrogen

9 Nitrate
Total Nitrogen

10 Nitrate

Total Nitrogen

Potato tissue nitrate results (2026) - Split nitrogen

Average %

Date Week Nutrient Rep 1 (%) Rep 2 (%) Rep 3 (%) (among reps)
1 Nitrate
Total Nitrogen
5 Nitrate
Total Nitrogen
3 Nitrate
Total Nitrogen
4 Nitrate
Total Nitrogen
5 Nitrate
Total Nitrogen
6 Nitrate
Total Nitrogen
. Nitrate
Total Nitrogen
8 Nitrate
Total Nitrogen
9 Nitrate
Total Nitrogen
10 Nitrate

Total Nitrogen

14




Datasheet Templates

Potato tissue nitrate results (2027) - Control

Average %

Date Week Nutrient Rep 1 (%) Rep 2 (%) Rep 3 (%) (among reps)

1 Nitrate
Total Nitrogen

5 Nitrate
Total Nitrogen

3 Nitrate
Total Nitrogen

4 Nitrate
Total Nitrogen

Nitrate
> Total Nitrogen

6 Nitrate
Total Nitrogen

7 Nitrate
Total Nitrogen

8 Nitrate
Total Nitrogen

9 Nitrate
Total Nitrogen

10 Nitrate

Total Nitrogen

Potato tissue nitrate results (2027) - Split nitrogen

Average %

Date Week Nutrient Rep 1 (%) Rep 2 (%) Rep 3 (%) (among reps)
1 Nitrate
Total Nitrogen
5 Nitrate
Total Nitrogen
3 Nitrate
Total Nitrogen
4 Nitrate
Total Nitrogen
5 Nitrate
Total Nitrogen
6 Nitrate
Total Nitrogen
. Nitrate
Total Nitrogen
8 Nitrate
Total Nitrogen
9 Nitrate
Total Nitrogen
10 Nitrate

Total Nitrogen

15




Datasheet Templates

Plant phytotoxicity assessment (2026) - After first split nitrogen spray

Date

Treatment

Replicate Plant #

Phytotoxicity rating (0-4)

Control

Split nitrogen

Average

Control - Average rating (all reps):

Split nitrogen - Average rating (all reps):

Rating scale: 0 = 0% (no phytotoxicity), 1 = 1-9% (slight discoloration and/or stunting), 2 = 10% (generally
acceptable and likely to be outgrown), 3 = 11-30% (unacceptable), 4 = >30% injury (severe)

IThe percentage of visible symptoms based on chlorosis, leaf scorch, wilting, marginal yellowing, or stunting.

16




Datasheet Templates

Plant phytotoxicity assessment (2026) - After second split nitrogen spray

Date

Treatment

Replicate Plant #

Phytotoxicity rating (0-4)

Control

Split nitrogen

Average

Control - Average rating (all reps):

Split nitrogen - Average rating (all reps):

Rating scale: 0 = 0% (no phytotoxicity), 1 = 1-9% (slight discoloration and/or stunting), 2 = 10% (generally
acceptable and likely to be outgrown), 3 = 11-30% (unacceptable), 4 = >30% injury (severe)

IThe percentage of visible symptoms based on chlorosis, leaf scorch, wilting, marginal yellowing, or stunting.

17




Datasheet Templates

Plant phytotoxicity assessment (2027) - After first split nitrogen spray

Date

Treatment

Replicate Plant #

Phytotoxicity rating (0-4)

Control

Split nitrogen

Average

Control - Average rating (all reps):

Split nitrogen - Average rating (all reps):

Rating scale: 0 = 0% (no phytotoxicity), 1 = 1-9% (slight discoloration and/or stunting), 2 = 10% (generally
acceptable and likely to be outgrown), 3 = 11-30% (unacceptable), 4 = >30% injury (severe)

IThe percentage of visible symptoms based on chlorosis, leaf scorch, wilting, marginal yellowing, or stunting.

18




Datasheet Templates

Plant phytotoxicity assessment (2027) - After second split nitrogen spray

Date

Treatment

Replicate Plant #

Phytotoxicity rating (0-4)

Control

Split nitrogen

Average

Control - Average rating (all reps):

Split nitrogen - Average rating (all reps):

Rating scale: 0 = 0% (no phytotoxicity), 1 = 1-9% (slight discoloration and/or stunting), 2 = 10% (generally
acceptable and likely to be outgrown), 3 = 11-30% (unacceptable), 4 = >30% injury (severe)

IThe percentage of visible symptoms based on chlorosis, leaf scorch, wilting, marginal yellowing, or stunting.

19




Datasheet Templates

Potato yield assessments (2026)

Date:
) Weight .
Replicate Treatment | Subplot# | #small |# medium| #large Weight med;gum Weight
small (Ib) (Ib) large (Ib)
Control 1
Control 2
1 Average
Split nitrogen 1
Split nitrogen 2
Average
Control 1
Control 2
) Average
Split nitrogen 1
Split nitrogen 2
Average
Control 1
Control 2
3 Average
Split nitrogen 1
Split nitrogen 2
Average

Control - Average (all reps):

Split nitrogen - Average (all reps):

20




Datasheet Templates

Potato yield assessments (2027)

Date:
) Weight .
Replicate Treatment | Subplot# | #small |# medium| #large Weight med;gum Weight
small (Ib) (Ib) large (Ib)
Control 1
Control 2
1 Average
Split nitrogen 1
Split nitrogen 2
Average
Control 1
Control 2
) Average
Split nitrogen 1
Split nitrogen 2
Average
Control 1
Control 2
3 Average
Split nitrogen 1
Split nitrogen 2
Average

Control - Average (all reps):

Split nitrogen - Average (all reps):

21
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