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A Decade of Post-Harvest Nitrate Monitoring in the Hullcar Valley

1.0 EXECUTIVE SUMMARY

The Hullcar Valley in British Columbia, which has coarse-textured soils and shallow
groundwater, has experienced concerns about nitrate contamination of groundwater for
many years. This report presents the findings of a 10-year (2016-2025) annual monitoring
of after harvest soil nitrate-nitrogen levels in 40-50 agricultural fields within the Hullcar
Valley. The goal was to determine (i) changes in nitrate-N at 0-30 cm soil depth (post-harvest
nitrate-N; PHN) and 0-90 cm soil depth over time. A benchmark study was also initiated
within 4-6 of the fields from fall of 2016 to spring of 2020 to evaluate the changes and

distribution of nitrate-N during the non-growing season.

The study found that mean PHN in the top 30 cm ranged from 34.6-57.2 kg ha' and was
below a provincial threshold of 100 kg ha' as stipulated by Agricultural Environmental
Management Code of Practice (AEM Code) during the monitoring period. By 2019 when the
AEM Code came into effect, the mean PHN across the sampled field declined by 23%
compared to 2016 level. However, PHN gradually increased again between 2022 and 2025,
showing that continued monitoring and nutrient management are still needed. No field

consistently exceeded a provincial PHN threshold of 100 kg ha™' over the years.

Field size did not significantly affect PHN, suggesting that responsible nutrient
management is important for farms of all sizes. In contrast, annual crops, particularly silage
corn, tended to leave more nitrate in the soil after harvest than perennial crops such as
alfalfa and forage grasses. Perennial forage fields had approximately 33% lower nitrate
levels; possibly their extensive root systems are more effective at capturing and using

nutrients.

The benchmark study showed that nitrate-N was generally concentrated in the 0-30 cm
layer in the fall, but the distribution often shifted down the soil profile over the non-growing
season. The difference between the first fall sampling and last spring sampling in each year

shows that surface nitrate frequently declined while nitrate-N at 30-60 and 60-90 cm
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increased in several fields, although the magnitude and direction of change varied among

fields and years.

These findings indicate that the current nitrogen management practices in the Hullcar
Valley generally meet the provincial regulatory thresholds. By design and with the limited
farm agronomic information (e.g. N application rate), this field study does not show any
clear linkages between nitrate-N levels after harvest and high nitrate concentrations
detected in the Hullcar Valley groundwater. However, the benchmark study which measured
changes in nitrate-N from fall to spring showed a clear nitrate-N redistribution in the profile.
Also, all engagement programs should equally target farms of all sizes as field size is not a
reliable indicator. Incentives and knowledge transfer should encourage integration of
perennial crops, over-winter cover crops, and other management practices to further

reduce any potential leaching of excess nitrate.
Key findings:

e Mean post-harvest nitrate-N throughout the 2016-2025 monitoring period ranged
from 35-57 kg ha-" which is acceptable for a properly fertilized crop. The mean post-
harvest nitrate-N is below a provincial 100 kg ha-' threshold

e Over the study period, only 4.6% of the 40-50 fields had nitrate-N exceeding 100 kg
ha' in the top 30 cm. Notably, no field exceeded the 100 kg N ha-" provincial
threshold for more than one year.

e Approximately two-thirds of the nitrate-N was consistently in the top 30 cm.

e Annual crops generally had higher residual nitrate-N compared to the perennial
crops in the 0-90 cm profile.

e A benchmark study showed downward redistribution of soil nitrate-N mainly from
the 0-30 cm to 30-60 cm soil layers during the non-growing season. Despite this, soil
nitrate-N remained very low below 60 cm.

e From 2016 onward, mean soil nitrate levels declined but have been increasing in

recent years.
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2.0 INTRODUCTION

Nitrate leaching is a major environmental concern due to its implications on water quality,
human health and agricultural sustainability. Nitrate contamination of surface and
groundwater could lead to blue baby syndrome (methemoglobinemia) in infants, algae
bloom and hypoxia (eutrophication) that creates a dead zone for aquatic animals, abortion

in cattle, and economic loss to producers.

Nitrate in soil is mainly from applied nitrate fertilizer and/or from the transformation
(nitrification process) of other forms of nitrogen (N) containing fertilizer/amendments (e.g.
urea, anhydrous ammonia, manure) in soil. Nitrate leaching occurs when high nitrate
accumulation in the soil coincides with periods of high precipitation or irrigation. The
phenomenon is primarily driven by nitrogen applications (mainly from chemical fertilizer
and manure) and is influenced by soil characteristics, climate, crop types, and land

management strategies.

Nitrate-N remaining in the soil after the growing season is commonly measured by
collecting soil samples after crop harvest or after the last grazing for pasture fields, and
before fall precipitation leaches nitrate beyond the intended sampling zone. Depending on
the objective of the assessment, after-harvest nitrate-N samples may be collected from
different soil depths, such as 0-30 cm or, in some cases, to deeper depths such as 0-90 cm,
to evaluate nitrate distribution or movement in the soil profile. In British Columbia (B.C.),
Canada, after-harvest nitrate-N measured in the 0-30 cm soil depth is specifically referred
to post-harvest nitrate-N (PHN). Henceforth, nitrate-N in the 0-30 cm will be referred to as
PHN while nitrate-N in the 0-90 cm will be referred to as residual-N. For PHN testing in B.C,,
samples should be collected before 75 mm of cumulative fall precipitation on coarser soils
(sand, loamy sand, and sandy loam) or before 125 mm of cumulative precipitation for finer
soils (loams, clay loam, and clay). September 1 is designated as the starting date for
calculating cumulative fall precipitation. The latest PHN sampling dates for different regions

in B.C. can be found on the provincial PHN testing website.
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Due to concerns about nutrient contamination of surface and groundwater, the B.C. Code

of Practice for Agricultural Environmental Management (AEM Code) requires that any farm
operation that applies crop nutrient sources to the land must perform a PHN test once every
three years. If the PHN of a field is = 100 kg ha™', a PHN test must be conducted again for
that field the following year. This requirement does not apply if the agricultural land is (i) a
part of an agricultural operation having an agricultural land base totalling less than 2 ha, (ii)
used to grow crops that are intentionally flooded for harvest, or (iii) composed of organic
soils commonly referred to as peat or muck soils. For farms located over a vulnerable aquifer
such as the Hullcar Valley of B.C., a nutrient management plan (NMP) may be required under

certain conditions.

A nutrient management plan (NMP) is a technical document that indicates how farmers plan
to meet crop production goals while minimizing environmental risks such as nitrate
leaching. These plans provide balanced guidance on the appropriate nutrient sources to use
and the application rates needed to support crop growth efficiently and responsibly. As of
July 2026, a farm is required to have an NMP if (i) it is located over a vulnerable aquifer, (ii)
has an agricultural land base totalling 5 ha or more and (iii) one of the fields has a PHN of

100 kg ha' or more. Details on requirements for NMP can be found on the provincial NMP

website.

2.1 Hullcar Groundwater Nitrate Contamination

The Hullcar Valley, located in the north Okanagan region of BC which lies above Aquifer 103,
has been subjected to heightened concern over nitrate contamination of groundwater. The
agricultural sector in this region has been a focal point for the nitrate contamination due to
its intensive dairy and forage production systems. Historical reviews attributed the
contamination to primarily manure effluent application from large dairy operations,
combined with coarse-textured soils and shallow groundwater (Brandes, 2017). Post-
harvest nitrate-N testing in 56 fields in the north Okanagan in 2007 showed that 32% of the
fields had a nitrate-N level above 100 kg ha™' (Kowalenko et al., 2009). These elevated nitrate-

N levels could be partly attributed to nitrate losses from agricultural systems due to (i)


https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/8_2019
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/8_2019
https://www2.gov.bc.ca/gov/content/environment/waste-management/industrial-waste/agriculture/regulation-requirements/nmp-under-aemcop
https://www2.gov.bc.ca/gov/content/environment/waste-management/industrial-waste/agriculture/regulation-requirements/nmp-under-aemcop
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excess fertilizer or manure application beyond plant uptake requirements (ii) longer time
interval between N application and crop N uptake (e.g fall N applications are particularly
prone to leaching due to reduced plant uptake and increased precipitation), or (iii) localized

zones of urine patches/manure in grazed systems that result in high nitrate concentrations.

A memorandum by the BC Ministry of Environment in 2016 reported that several water
systems recorded nitrate concentrations exceeding the Canadian Drinking Water Quality
Guideline of 10 mg NOs~-N/L (Ministry of Environment, 2016). Following this report, the BC
government initiated several programs to reduce nitrate-N levels in groundwater (Hullcar
Aquifer Response Plan Report, 2018). One of the programs, led by the B.C. Ministry of
Agriculture and Food, was an annual monitoring of soil nitrate-N levels following crop

harvest on fields located in the Hullcar Valley.

2.2 Project Objective

The objective of this study was to review and identify the trends of soil nitrate-N levels
following crop harvest in the fall in 40-50 selected fields in the Hullcar Valley of North
Okanagan over 10 years (2016-2025). In addition, a benchmark study was set up on 4-6 of

the selected fields from 2016-2020 to evaluate the distribution of nitrate-N from fall to

spring.
3.0 MATERIALS AND METHODS

3.1 Site Characteristics

The study site is located above Aquifer 103 in the Hullcar Valley of North Okanagan, BC,
Canada. The soil is mostly well to rapidly drained soil, mostly in the Chernozemic or
Brunisolic order and a few areas of poorly drained soil in the gleysolic order (Wittneben
1986). Under the AEM code, the Hullcar Valley is classified as both a high-risk vulnerable

aquifer recharge area and a phosphorus-affected area.

Long term annual precipitation is on average 557 mm, with 29% falling as snow (mainly in
November - February). An average of 243 mm (Table 1) of the annual precipitation occurs

during the growing season (April to September). The long-term daily average temperature
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ranged from -3.5 °C in January to 19.1°C in July (weather.gc.ca). Agricultural land use in the

area includes small grains, vegetables, forage crops, silage corn, dairy, and beef production.

Table 1: Cumulative precipitation and mean temperature from 20216-2025 and long-term

average (LTA)
Months 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 LTA
Cumulative precipitation (mm)*
January 72.6 21 87.4 256 1124 40.8 452 21.6 46 7.9 60.2
February 454 57.7 90.4 46.2 29 40.2 18.8 19 376 184 31.1
March 49 84.8 53 132 166 1.8 20.5 6.3 11.1  50.8 338
April 8.6 77.7 44.8 234 12 2.2 11.1 20 19.9 18.0 29.9
May 35.8 66.3 25.6 298 544 10.8 35.9 271  31.8 29.6 48.7
June 40.2 20.8 66.4 394 758 26 ND** 11.2 26 11.9 514
July 53 0.7 324 675 17.6 5.7 ND 7.7 6.1 373 448
August 19.2 1.9 24 234 116 139 15 3 449 12.6 33.8
September 66.2 8.7 87.6 79.8 202 394 74 252 17.6 87 34
October 113.1 359 49.6 336 821 71.2 12 8 457 19.8 49.1
November 67.1 88.3 85.1 511 669 ND 582 ND 365 322 722
December 63.8 63.6 50.4 86 81.4 ND 40.6 8.5 31.3 48.6 68.2
Total*** 634 527.4 696.7 519 580 252 251.2 157.6 3545 2958 557.2
Growing 530 1761 280.8 2633 1916 98.0 559 942 1463 1181 242.6
season
Mean daily temperature (°C)
January -1.3 -7 -1.9 1.2 32 11 4 -1.1 -35 16 -34
February 1.7 -4.3 -5.7 9.2 -08 -3 -1.5 -1.1 0.8 42 1.1
March 5.6 29 1.7 0.9 1.5 4.3 5 3.6 5.1 5.7 3.1
April 11.3 7.7 7.4 7.5 6.9 8.4 7.3 8.5 9.2 10.3 8.4
May 13.9 13.5 16.2 145 129 126 12 179 135 144 126
June 16.9 16.7 16.2 17 15.2 19.7 16.3 194 16.7 19.0 16.1
July 18.7 20.9 19.4 184 186 223 224 226 241 220 191
August 19.7 19.4 17.9 18.8 187 189 232 21.8 21.7 223 184
September 12.4 14.8 12.3 143 156 13.8 16.9 164 173 19.6 135
October 7.4 6 6 5.8 6.7 7.1 12 9.5 9.2 8.5 6.7
November 4.9 0.7 2.5 1.1 1.8 ND -2.7 2.8 2.9 4.4 1.5
December -6.7 -4.1 -0.1 -09 -0.8 ND  -7.3 0.6 0.3 0.7 -2.7

Data source: Environment Canada (weather.gc.ca). Data from 2016-2021 were from Silver
Creek Weather Station (Climate ID: 1167337) while data from 2022-2025 were from Vernon
Silver Creek weather station was

Auto Weather Station (Climate ID

decommissioned in 2021.
*Note that some days have missing data in the data source and are not reflected in the
monthly data. Total and growing season precipitation did not account for missing data
**ND, no data recorded for the month.

1128582).
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3.2 Field Study Setup: Soil Nitrate-N Monitoring

The after-harvest soil nitrate-N survey of agricultural fields in the Hullcar Valley was
conducted from 2016 to 2025. At the start of the sampling in 2016, 40 fields that covered an
area of about 800 hectares were selected for this study. Half of these fields were < 20 ha. In
2017, one of the fields was dropped and only 39 fields were considered. Furthermore, nine
of the 39 fields were split into 2, to keep the field size below 30 ha and for representative
sampling. Thus, there was a total of 48 fields in 2017 with 73% of the fields being < 20 ha.
These 48 fields were sampled annually from 2017 to 2020. In 2021, three of the 48 fields

were discontinued for sampling, and five more fields were added to make 50 fields.

These fields were seeded to or already in silage corn, canola, sorghum, winter wheat, alfalfa,
grasses, and a mixture of alfalfa and grasses. Silage corn was the dominant annual crop,

and a mixture of alfalfa and grasses was the dominant perennial crop.

3.3 Benchmark Study Setup: Soil Nitrate-N Monitoring

A benchmark Soil study was conducted over four non-growing seasons (fall to spring of
2016-2017, 2017-2018, 2018-2019, and 2019-2020), to evaluate changes and potential
downward movement of soil nitrate-N. Benchmark sites were established within larger
agricultural field study set described in section 3.2. Four out of the 40 fields were selected
in 2016-2017 and six out of the 48 fields were selected in each of the subsequent sampling
years. Not all fields were retained across multiple years. The sites represented a range of
soil types found in the Hullcar Valley. Table 2 indicates the fields that had the benchmark
soil study and the corresponding crop (previous crop for annual crops and current crop for

perennial).

Each benchmark site was approximately rectangular and covered an area of about 70 to 140
m?. Every site was divided into three replicate blocks. Within each replicate block, composite
soil samples were collected from three depth intervals: 0-30, 30-60, and 60-90 cm. Each
composite sample consisted of twelve soil cores (4.4 cm in diameter). This produced three

replicate composite samples at each depth for every site and sampling time.
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Table 2: Selected fields and previous crop prior to sampling (for silage corn) or existing crop
(for alfalfa and grass) in each year.

2016-2017 2017-2018 2018-2019 2019-2020

Field Crop Field Crop Field Crop Field Crop

10 Silage corn 6 Silage corn 4 Alfalfa/grass 4 Silage corn

23 Alfalfa 17 Alfalfa 6 Silage corn 6 Alfalfa/grass

34 Silage corn 26 Silagecorn 17 Alfalfa/grass 17 Alfalfa/grass

37 Alfalfa 28 Silage corn 26 Silage corn 26 Silage corn
31 Silage corn 31 Silage corn 31 Silage corn
38 Alfalfa 38 Silagecorn 38 Silage corn

Sampling was conducted from fall, after crop harvest, through spring, following soil thaw.

The number and timing of sampling rounds varied among years (Table 3). Across the study,

fall sampling generally occurred between early October and late November while spring

sampling occurred between mid-March and early May. Most sites were either bare following

corn harvest or remained under established alfalfa. In general, no harvest, planting, tillage,

fertilization, manure application, or other soil amendment occurred during the sampling

period. Soil samples were refrigerated or stored on ice when necessary and transported to

the laboratory for nitrate-N analysis.

Table 3: Sampling time across the benchmark fields

Sampling time*

2016-2017 2017-2018 2018-2019 2019-2020
Oct 11- 27,2016  Oct 6-18, 2017 Oct 21, 2018 Oct 21, 2019
Nov 22, 2016 Oct 30-31, 2017  Nov 07, 2018 Nov 05, 2019
Mar 21-23,2017 Nov 15-16, 2017  Mar 25, 2019 Nov 25, 2019
Apr 12,2017 Apr 04 2018 Apr 01, 2019 Mar 17, 2020
Apr12-13, 2018 Apr 01, 2020
May 04, 2018 Apr 20, 2020

*Samples were collected within a range of dates during some period.

10
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The repeated sampling of the same field locations, replicate blocks, and soil depth intervals
provided a consistent framework for examining fall-to-spring changes in nitrate-N
concentration and inventory. The design also allowed nitrate movement within the 0-90 cm
soil profile to be assessed by comparing changes among the surface, middle, and deeper

soil layers across sampling times and years.

3.4 Soil Sampling and Analysis

In each field, 20 core (diameter = 4.4 cm) soil samples were randomly collected at 0-15, 15-
30, 30-60, and 60-90 cm soil depth. The 20 samples from each depth were composited as
one sample, resulting in a total of 4 soil samples per field. The samples were collected in the
fall of each growing season (between September 13 to November 4) except for the 2022
growing season when samples were collected in February 2023 due to an analytical issue
with the fall samples. The composited samples were immediately refrigerated after
collection and sent to a lab within 3 days of sampling for nitrate-N concentrations. The 2016-
2020 and 2024-2025 soil samples were analyzed by a commercial lab (A & L Canada
Laboratories, ON) while the 2020-2023 samples were analyzed by the B.C. Environmental
Laboratory (Government of British Columbia). Due to privacy concerns, no information was
collected on field location, nitrogen management, irrigation, crop yield and other

agronomic practices. Only the crop type was recorded.

3.5 Statistical Analysis

Nitrate-N concentrations (mg kg™) were converted to kg/ha using an assumed bulk density
estimated from the measured organic matter from each field as described by Adam (1973).
As the AEM code is based on soil sampling at 0-30 cm, and topsoil sampling was done at 15
cm depth intervals, weighted means were used to calculate the nitrate-N concentration for
0-30 cm depth. Since field sizes differed among participating fields, fields were grouped into
three categories to elucidate the effect of field size on nitrate-N. The field sizes were
categorized as small fields (< 10 ha), medium fields (10-20 ha), and large fields (>20 ha). The
crops were also grouped into annuals (canola, corn silage, sorghum, winter wheat),

perennials (alfalfa and grass), and others (trees, bare field in a particular growing season).

11
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For the field study, field size was used to weigh the mean and variance for all analyses. As
such, all means reported are field-size weighed. For the benchmark study, changes in
nitrate-N between first fall and last spring samples were compared. Nitrate distribution

along the soil profile and season were also compared.

4.0 RESULTS

4.1 Environmental Conditions

The precipitation events vary from year to year and month to month. Total annual
precipitation over the monitoring years was lower than the long-term average except in
2016, 2018, and 2020 (Table 1). Less than half of the precipitation occurred during the
growing season when it can be used to uptake nutrients in the soil. Despite the incomplete
data in later years, the early years showed that over 20% of the annual precipitation could
occur in September and October when the potential for nitrate leaching is high because of

little or no nutrient uptake by the crops during this period.

4.2 Distribution of Nitrate-N concentrations in the Soil Profile

Mean nitrate-N concentration decreased with depth across years (Table 4). Expectedly, the
0-15 cm depth had the highest mean and median nitrate-N concentrations across the years
(Table 4). This is because N application occurred within the 0-15 cm where most of the plants’
roots are located. The 0-15 cm depth had the widest range of nitrate-N concentrations (56.1
mg kg') while the 30-60 cm depth had the lowest range of nitrate-N concentrations (24.9
mg kg™'). The variability (as weighted coefficient of variation) in nitrate-N concentrations
among the fields and over the years increased with soil sampling depth (Table 4). This
implies that the deviation of the fields' nitrate-N concentrations from their mean is minimal

at 0-15 cm and greatest at 60-90 cm.

Over the years, mean nitrate-N concentrations across the fields at 0-15 cm were 2-6 times
the mean nitrate-N concentrations at 30-60 and 60-90 cm (Figure 1). From 2016 to 2025, the
mean nitrate-N concentrations ranged from 8.9-18.2 mg kg'at 0-15 cm, 6.3-10.9 mg kg™ at

15-30 cm, 3.1-6.9 mg kg™ at 30-60 cm, and 2.8-6 mg kg™ at 60-90 cm (Figure 1). When 0-15

12
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Table 4: Summary statistics of nitrate-N concentrations at all depths over the survey period

Soil depth Mean Median Minimum  Maximum Coefficient
(cm) of variation
................................... (11 18 1 LR %
0-15 15.0 134 0.1 56.2 61.0
15-30 8.2 6.6 1.0 41.5 75.1
30-60 4.3 3.1 0.1 25.0 85.1
60-90 3.6 2.9 0.1 33.5 94.4
20
Sampling depth
- 0-15¢cm
- 15-30cm
-4~ 30-60cm
—_ & 50-90 cm
2 15
()]
E
2
S
©
T
3
S 10
o 1]
= ¥
o
g
E
5]
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Sampling Year

Figure 1. Changes in nitrate-N concentrations by sampling depth from 2016 to 2025. Each
point represents the annual weighted mean nitrate-N concentration from 40-50 fields for
each soil depth interval. Error bars indicate the standard error of the mean.

13
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and 15-30 cm depths were combined, the mean PHN concentrations across the fields at O-
30 cm depth ranged from 9.2-15.1 mg kg' over the monitoring periods. These PHN
concentrations at 0-30 cm indicated that N was not over applied in the growing season.
Previous work from Oregon State University suggested that PHN concentrations below 15
and 20 mg kg™ at 0-30 cm for grass and corn silage, respectively, were indications that
applied N in the growing season was within the target rate (Sullivan et al. 2021). The mean
nitrate-N concentrations at the lower depths (30-60 and 60-90 cm) were relatively stable
compared to sharp changes in the top depths (0-15 and 15-30 cm), particularly in the 2021-
2025 field set (Figure 1).

4.3 Post-Harvest Nitrate-N Accumulation is Below Provincial Threshold for Requiring a
Nutrient Management Plan

Across all fields, there was a significant effect of year on amount of PHN at 0-30 cm
(p<0.001). At the start of the study in 2016, the mean PHN was 52.6 kg ha™ across all fields
(Figure 2). Individually, only three of the 40 fields had their PHN to be greater than 100 kg
ha' and two of the fields had PHN less than 10 kg ha'(Table 5, Appendix B 1). By 2019 when
the AEM code came into effect, the mean PHN had significantly reduced by 23% in 2019
compared to 2016 level (Figure 2). The mean PHN across the fields rose to 57.2 kg ha'in
2021 and then declined to 34.6 kg ha™'in 2022 before increasing gradually every year up to
55.3 kg ha'in 2025 (Figure 2). Over the years, the mean PHN level across the fields was
always below a provincial threshold level of 100 kg ha™'. The gradual increase in mean PHN
between 2022 to 2025 reiterates the importance of interventions, annual monitoring,
extension activities, and research on nitrogen management to reduce residual soil nitrate

and the potential for nitrate leaching.

Cornssilage fields had higher PHN compared to other crops in each year exceptin 2018 when
the field seeded to winter wheat had the greatest PHN. Individually and over the years, most
of the fields had lower than provincial PHN threshold (100 kg ha™) for requiring an NMP
(Appendix B 1, Appendix B 2). The year 2021 had the highest number of individual fields
with PHN greater than the AEM Code threshold (14% of the 50 fields; Table 5).In 2023, none

14
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of the field had a PHN > 100 kg ha™. It is worth noting that no field consistently exceeded
provincial PHN threshold over the years (Appendix B 1, Appendix B 2). This suggests

producers were consistently managing PHN to comply with the AEM Code.

70

] [43) oY w [4}]
(=] o o o o
1 1 1 1 1

Post-harvest Nitrate-N, 0-30 cm (kg ha™')

-
o
(|

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Sampling Year

Figure 2: Changes in mean post-harvest nitrate-N in the 0-30 cm soil depth from 2016 to
2025. Each bar represents the weighted mean from 40-50 fields. Error bars indicate the
standard error of the mean.
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Table 5: Total number of fields sampled each year and the corresponding number of fields
exceeding the 100 kg ha-' PHN threshold.

Year Total fields Fields with > 100 kg ha
Tof PHN
2016 40 3
2017 48 2
2018 48 3
2019 48 1
2020 48 1
2021 50 7
2022 50 2
2023 50 0
2024 50 1
2025 50 2

The trend of mean residual nitrate-N at 0-90 cm was similar to the PHN at 0-30 cm (Appendix
B 3). Except in 2025 when sampling was limited to 30 cm depth, 51-63% of nitrate-N in the
soil profile (0-90 cm) were within the top 30 cm over the years (Appendix B 3). Apart from
2016 when mean residual nitrate-N at 0-90 cm was > 100 kg ha”', the mean residual nitrate-

N (0-90 cm) was also below 100 kg ha'in each sampling year (Table 6).

Correlation analysis showed that there was a strong correlation between the amount of
nitrate-N between 0-30 cm and 30-90 cm (r=0.55, p<0.0001); meaning that fields with a large
amount of PHN at 0-30 cm potentially had a large amount of nitrate-N at 30-90 cm (Figure
3). This is so because nitrate is relatively mobile in soil and any precipitation events above
what the soil can hold will move nitrate down the soil profile. However, neither the PHN at

0-30 cm nor 30-90 cm was significantly correlated with field size.
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Table 6: Summary statistics of residual nitrate-N in the 0-90 cm soil profile from 2016-2025
Sampling N Weighted Median Minimum Maximum  Coefficient

Year Mean of variation
kg ha' %
2016 40 109.6 90.2 12.8 319.4 62.3
2017 48 65.9 52.9 18.2 377.2 85.4
2018 48 75.4 66.5 19.1 224.3 47.6
2019 48 78.9 71.2 18 215.2 53
2020 48 73.8 71.7 22.9 161.1 43.5
2021 50 99.4 83.1 15.5 292.5 63.7
2022 50 68.2 62.5 15.3 223.1 54.9
2023 50 74.4 62.3 26.7 188.5 54.5
2024 50 75.9 62 18.1 193.5 53.8
2025* 50 55.3 50.4 13.9 136.1 44.7
All** 432 80.3 69.2 12.8 377.2 62.2

*2025 soil was collected at 0-15 and 15-30 cm only
** 2025 was not included in the analysis for “All”
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Figure 3: Relationship between nitrate-N at top (0-30 cm) and lower (30-90 cm) depths and
field size. Numbers in the circles are the coefficient of correlations.

17



A Decade of Post-Harvest Nitrate Monitoring in the Hullcar Valley

4.4 Field Size Does Not Influence Post-Harvest Nitrate-N

There was no significant field size by year interaction (p > 0.05) on the mean PHN (0-30 cm)
or residual nitrate-N (0-90 cm). There was no significant effect of field size on mean PHN or
residual nitrate-N, but the effect of sampling year was significant. Absolute mean PHN
change between 2016 and 2019 when AEM code came into effect was most noticeable in

small size fields with <10 ha (Figure 4).

80 Large fields (> 20 ha) Medium fields (10 - 20 ha) Small fields (< 10 ha)
T, 601 [
%
:
;é20-

O_

N S "9 W2 B o
@f@@f@@f@@@f@f@ @f@@@f@@@f@@f@ @@@@@@@@f@@
Sampling Year

Figure 4: Changes in mean post-harvest nitrate-N in the 0-30 cm soil depth by sampling
year and field-size category from 2016 to 2025. Bars represent weighted mean post-harvest
nitrate N values for large fields (>20 ha), medium fields (10-20 ha), and small fields (<10 ha).
Error bars indicate the standard error of the mean.

On an individual field basis, only one of each field size had greater than 100 kg ha™' of PHN
in 2016 at 0-30 cm. From 2016 to 2019 at 0-30 cm, mean PHN reduced from 64.2 kg ha™ to

37.9 kg ha'in small-size fields compared to a reduction from 54.3 kg ha™'to 43.9 kg ha™ in
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medium-sized fields and from 51.3 kg ha™ to 35.8 kg ha” in large fields (Figure 4). Despite

the differences, the three field-size classes exhibited broadly similar temporal patterns.

For the 0-90 cm depth, mean residual nitrate-N of all field size categories were over 100 kg
ha' at the start of the sampling period in 2016, but this mean nitrate-N reduced below 100
kg ha'within a year (Appendix B 4). The implication of the soil nitrate levels (either at 0-30
or 0-90 cm) across the field size categories is that large field sizes are not responsible for
environmental contamination by nitrate nor do small fields have better environmental
stewardship; field size is not a barrier to sustainable N management. Nitrate leaching risk

is a function of N application rate, soil texture, and drainage among other factors.

4.5 Annual Crops Had Higher Post-Harvest Nitrate-N Than Perennial Crops

Comparing the amount of nitrate-N distribution over the years between annual and
perennial crops, there was a significant crop category by sampling year interaction (p<0.05)
on the quantity of PHN (0-30cm) and residual nitrate-N (0-90 cm). The mean PHN and
residual nitrate-N was greater in annual than perennial crops in most but not all years
(Figure 5). The mean PHN in the soil profile of both crop categories at the start of the
sampling periods was lower than a 100 kg ha™ provincial threshold (Figure 5). Across the 10
years, the means PHN in annual and perennial crops were 49.7 and 40.2 kg ha', respectively.

In both cropping systems, mean PHN increased from 2022 to 2025 (Figure 5).

In the 0-90 cm profile, mean residual nitrate-N in 2016 for annual crops was over 100 kg ha-
' compared to perennial crops that were below 70 kg ha' (Appendix B 5). The main
difference in the mean residual nitrate-N between the annual and perennial crops lies within
the 30-90 cm depth. The perennial crop had relatively stable nitrate-N content at 30-60 and
60-90 cm depth compared to the annual crops. More than half of the nitrate-N in the soil
profile for annual crops was within 30-90 cm. Over the years, there was a decrease in nitrate-
N in the lower depths, particularly in the annual crop. Overall, the perennial crops had 33%
lower mean nitrate-N in the 0-90 cm soil profile compared to annual crops (Appendix B 6).
The nitrate build up in the lower soil depths of perennial systems can be partly attributed to

more extensive and deeper root systems that can uptake N from the soil and store it within
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their root systems (Lasisi et al. 2018); making them an excellent cropping choice to mop up
excess soil nitrate. However, this annual versus perennial crop comparison did not account

for the quantity of nitrogen applied to each field and should be cautiously interpreted.

80
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Figure 5: Changes in mean post-harvest nitrate-N in the 0-30 cm soil depth by sampling
year and crop category from 2016 to 2025. Bars represent weighed mean post-harvest
nitrate-N values for annual and perennial crops. Error bars indicate the standard error of
the mean.

Although ANOVA showed no significant crop type by field size interactions on PHN, a
comparison between annual and perennial crops in each field size category showed that
the mean PHN was greater in annual than perennial crops in medium-sized fields. Also,
mean PHN was numerically, but not significantly, greater in annual than perennial crops for

medium and large-size fields. (Figure 6).
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Figure 6: Changes in post-harvest nitrate-N in the 0-30 cm soil depth by crop type and field
size. Each bar represents the weighted mean post-harvest nitrate-N value across several
fields over the 10-year sampling period. Error bars indicate the standard error of the mean.

4.6 Benchmark Study

4.6.2 Changes in Nitrate-N with Depth

The nitrate-N distribution through the profile across the fields in each year generally shows
a decrease in nitrate-N concentrations with depth (Figure 7). The largest nitrate-N
concentrations were in the 0-30 cm, particularly in the fall. The pattern of the concentrations
in each depth was similar among the benchmark fields in each year. Over the years, the
shape of the profiles changed between fall and spring, showing considerable variability
among fields and years. In the first year (2016-2017), the largest nitrate-N concentration
was in the 0-30 cm in mid-March. In the second year (2017-2018), several fields had high

nitrate-N concentrations in the 0-30 cm depth in October, followed by much lower surface
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concentrations later in the sampling period. The 60-90 cm depth had the least change across

the sampling times for each field and years.
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Figure 7: Changes in nitrate-N concentrations in each benchmark field with depth from fall
to spring. Error bars indicate the standard error of the mean. Note the differences in units
for the x-axis. Sampling times varies over years.
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Overall, the profiles indicate three important patterns. First, nitrate was usually
concentrated near the soil surface in the fall. Second, the vertical distribution changed
considerably over the non-growing season, with decreases in surface nitrate frequently
accompanied by increases at 30-60 and very small change in 60-90 cm. Third, the magnitude

of this redistribution varied substantially among fields and years.

4.6.2 Changes in Nitrate-N from Fall to Spring

The surface layer (0-30 cm) generally shows a decline in nitrate-N from fall to spring (Figure
8). In 2016-2017, Fields 10 and 34 show large decreases. In 2017-2018, Field 17 shows the
largest decline, from more than 130 kg ha™ in fall to about 30 kg ha in spring. In 2018-2019,
responses were mixed. Fields 17, 26 and 38 declined slightly, while Field 4 increased. In
2019-2020, most fields declined or changed only slightly, with Field 4 showing a noticeable

decline.

Changes in the 30-60 cm layer are more variable (Figure 8). In 2016-2017, Fields 10, 34 and
37 increased from fall to spring, while Field 23 changed little. In 2017-2018, Field 17 shows
a very large increase, from approximately 15 to more than 50 kg ha™'. Several other fields
also increased. In 2018-2019, most changes were relatively small, except Field 6, where
nitrate declined substantially. In 2019-2020, Fields 17, 31 and 38 increased, while the other

fields changed only moderately.

Changesin nitrate-N in the 60-90 cm were relatively small. In 2016-2017, most changes were
small, although Fields 10 and 37 increased slightly. In 2017-2018, Field 17 shows an
exceptionally large increase, reaching more than 100 kg ha™ in spring. Fields 28 and 38 also
increased. In 2018-2019, changes were mostly small, with some fields decreasing and others
increasing. In 2019-2020, Field 17 increased strongly, from less than 10 to more than 50 kg

ha”, while most other fields changed little.
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Figure 8: Fall-to-spring change in soil nitrate-N by depth and sampling year in benchmark
fields. Blue points represent nitrate-N measured at the first fall sampling and green points
represent nitrate-N measured at the last spring sampling. Horizontal lines connecting
paired measurements for each field indicate the magnitude of the difference between the
two the first and last sampling points.

Overall (across fields), there is a generally consistent pattern of declining nitrate-N in the
surface 0-30 cm layer from fall to spring, accompanied in several years by increases in the
deeper soil layers (Table 7). This pattern is consistent with downward redistribution of

nitrate within the soil profile. The strongest evidence of nitrate movement occurred in 2016-
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2017 and 2017-2018, where substantial declines in surface nitrate were approximately
balanced by increases in deeper layers while total 0-90 ¢cm nitrate remained nearly
unchanged. The significant increase at 60-90 cm in 2017-2018 is particularly important
because nitrate accumulating near the bottom of the sampled profile has a greater potential
to move below 90 cm. Across all four years, however, changes in total profile nitrate were
not statistically significant, indicating that the dominant pattern was often redistribution
within the profile rather than a measurable net loss from the entire 0-90 cm soil profile.

Table 7: Changes in soil nitrate-N between the first sampling in the fall and the last sampling
in the spring at various depths

Sampling Period 0-30 cm 30-60 cm 60-90 cm 0-90 cm
kg ha

2016-2017 -16.69 (sig)*  12.40 (ns) 4.38 (ns) +0.09 (ns)

2017-2018 -25.98 (sig) 7.04 (ns) 18.75 (sig) -0.20 (ns)

2018-2019 -7.80 (ns) -2.31 (ns) -6.34 (ns) -16.45 (ns)

2019-2020 -9.20 (ns) 12.17 (sig) 10.59 (ns) +13.56 (ns)

*sig and ns in parenthesis mean significant and not significant, respectively at probability
level of 0.05. Negative value indicates a reduction in nitrate-N from fall to spring while
positive value indicates an increase in nitrate-N from fall to spring.

5.0 CONCLUSION

This 10-year study evaluated post-harvest nitrate-N levels in agricultural soils of the Hullcar
Valley in the North Okanagan, an area of concern due to elevated nitrate detected in Aquifer
103 groundwater. The project tracked soil nitrate-N trends from 2016 to 2025, examined
changes in nitrate-N over time by crop type and field size, and assessed overall risk to water
quality. The findings showed that, the mean nitrate-N levels at the regulatory depth (0-30
cm) remained below a provincial threshold of 100 kg N ha-". In addition, no individual field
consistently had high nitrate-N level over two or more years. This indicates that nitrogen
management in the sampled fields were generally within the regulatory acceptable

threshold. The gradual increase in PHN observed in the later years (2022-2025) of the study
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underscores the need for continued vigilance, consistent monitoring, and adaptive

management to sustain these gains over time.

Importantly, field size was not a significant determinant of nitrate-N accumulation in the
soil profile, suggesting that environmental outcomes are more strongly influenced by
management practices, soil properties, and climatic conditions rather than by farm scale.
Cropping system effects were pronounced, with annual crops exhibiting higher mean PHN
levels than perennial crops. The superior performance of perennial crops in reducing nitrate
accumulation highlights their role as an effective strategy for improving nitrogen use

efficiency and mitigating environmental risk.

The benchmark study showed that nitrate-N was generally concentrated in the 0-30 cm
layer in the fall, but the depth-profile plots show that its distribution often shifted downward
over the non-growing season. The difference between the first fall sampling and last spring
sampling in each year confirms that surface nitrate frequently declined while nitrate-N at
30-60 and 60-90 cm increased in several fields, with especially clear downward
redistribution in 2016-2017 and 2017-2018. Overall, benchmark study provides evidence of
nitrate movement within the 0-90 cm soil profile, although the magnitude and direction of

change varied among fields and years.

Intervention programs, such as monitoring, nutrient management research, extension, and
cost-share funding support producers with making informed nutrient management

decisions to meet production goals, manage input costs, and protect the environment.
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Appendix B 1: Changes in post-harvest nitrate-N in individual field by year (2016-2020). Red
bars indicate fields with > 100 kg ha™ of post-harvest nitrate-N while green bars indicate
fields with < 100 kg ha™ of post-harvest nitrate-N in each year. Crop type grown on fields
with > 100 kg ha™' of post-harvest nitrate-N are indicated on the red bars.
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Appendix B 2: Changes in post-harvest nitrate-N in individual field by year (2021-2025). Red
bars indicate fields with > 100 kg ha™' of post-harvest nitrate-N while green bars indicate
fields with < 100 kg ha” of post-harvest nitrate-N in each year. Crop type grown on fields
with > 100 kg ha™' of post-harvest nitrate-N are indicated on the red bars.
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Appendix B 3: Changes in mean residual nitrate-N in the 0-90 cm soil profile by sampling
year and soil depth interval from 2016 to 2025. Stacked bars show nitrate-N contributions
from each depth. Error bars indicate the standard error for each depth interval. The red
dashed line indicates 100 kg ha-" residual nitrate-N.
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Appendix B 4: Changes in mean residual nitrate-N in the 0-90 cm soil depth by sampling
year and field-size category from 2016 to 2025. Bars represent weighted mean post-harvest
nitrate N values for large fields (>20 ha), medium fields (10-20 ha), and small fields (<10 ha).
Error bars indicate the standard error of the mean. The red dashed line indicates 100 kg ha-"
residual nitrate-N.

31



A Decade of Post-Harvest Nitrate Monitoring in the Hullcar Valley

Annual Perennial

Sampling depth
0-15cm [ 30-60 cm

B 15-30cm [ s0-50 cm

—_ —_
B 2] o] o N
o o o o o
1 1 1 1 1

Residual Nitrate-N, 0-90 cm (kg ha ")

N
o
1

Appendix B 5: Changes in mean residual nitrate-N in the 0-90 cm soil profile by sampling
year and soil depth interval from 2016 to 2025. Stacked bars show nitrate-N contributions
from each depth. Error bars indicate the standard error for each depth interval. The red
dashed line indicates 100 kg ha-" residual nitrate-N.
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Appendix B 6: Mean post-harvest nitrate-N in the 0-30 cm (top) and mean residual nitrate-N
in the 0-90 cm (bottom) between annual versus perennial crop. Bars represent weighed
mean post-harvest/residual nitrate-N across fields and years. Error bars indicate the
standard error of the mean
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Appendix B 8: Changes in silage corn mean post-harvest nitrate-N in the 0-30 cm soil profile
by sampling year from 2016 to 2025. Bars represent weighed mean post-harvest nitrate-N
across fields. Error bars indicate the standard error for each depth interval.
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Residual nitrate-N in silage corn
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Appendix B 9: Changes in mean residual nitrate-N in the 0-90 cm soil profile by sampling
year and soil depth interval from 2016 to 2025 in silage corn. Stacked bars show nitrate-N
contributions from each depth. Error bars indicate the standard error for each depth
interval. The red dashed line indicates 100 kg ha-" residual nitrate-N.
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