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Background

Dairy farmers typically have ready access to manure and must optimize its use as a nutrient
source on their fields, as it must be applied to agricultural land. However, some fields are
less suitable for manure application due to factors such as size, location and accessibility.
Many farmers rent land, and certain fields are small, located near estate homes, or are
difficult to access with large equipment such as manure spreaders. In addition, there are
restrictions on manure application, including minimum setbacks from water sources (BC
Ministry of Agriculture and Food 2020). For these less suitable fields, evaluating alternative
fertilizers and application rates is important to identify effective and practical nutrient
management strategies. Testing different fertilizers and rates can help farmers develop
feasible, long-term management approaches that address land and access limitations, while
maintaining or improving forage protein content, yield, and soil nutrient levels.

Various nutrient amendments have been evaluated for their effects on forage production
and soil nutrients. In Ethiopia, different nutrient amendments were tested in degraded
pasture fields consisting of grasses, herbaceous legumes, and forbs over two years (Bedaso
et al. 2021). Cattle manure resulted in the highest crude protein, while chemical fertilizer
produced the greatest plant height and biomass yield. Both amendments increased total
soil nitrogen, although cattle manure resulted in the highest soil phosphorus levels (Bedaso
et al. 2021). Similarly, Netthisinghe et al. (2014) compared several nutrient sources with
equivalent total nitrogen on tall fescue forage production in Kentucky, USA. Over two years,
broiler litter produced the highest dry matter yield, followed by commercial fertilizer, dairy
manure, and the control (no nutrients applied). Crude protein levels and soil organic matter
were similar among nutrient sources (Netthisinghe et al. 2014). Comparable results were
reported in Saskatchewan, Canada, where a four-year study comparing inorganic fertilizer
and farmyard manure from beef cattle found that inorganic fertilizer produced the highest
yield in a mixture of bromegrass, crested wheatgrass, and alfalfa (Holt and Zentner 1985).
Both nutrient amendments increased forage phosphorus levels, but neither amendment
affected total soil nitrogen, phosphorus, or carbon.

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 the impact of different nutrient
amendments on a forage field.

The research questions that this project will address are:

1) How do three nutrient amendments (dairy manure, low-rate fertilizer and high-rate fertilizer)
affect forage protein content compared to the control?

2) How do three nutrient amendments (dairy manure, low-rate fertilizer and high-rate fertilizer)
affect soil nutrients compared to the control?

3) How do three nutrient amendments (dairy manure, low-rate fertilizer and high-rate fertilizer)
affect forage yield compared to the control?



Trial Design

A 7-acre forage field (orchard grass and tall fescue forage
mixture) will be used for this trial. The treatments will
include three different nutrient amendments (dairy
manure, low-rate fertilizer and high-rate fertilizer) and
an untreated control (Fig. 1). The fertilizer used will be
urea (46-0-0) at a low and high rate. The dairy manure
treatment will consist of a 65 ft wide strip by 800 ft (1.2
acres), and the low-rate and high-rate fertilizer
treatments will each consist of a 50 ft wide strip by 800
ft (0.9 acre). These treated areas will be compared with
an untreated control area of a similar size (Fig. 1).

Dairy manure

Low-rate fertilizer

High-rate fertilizer
Control

Figure 1. Areas in the field with dairy manure (grey), low-rate fertilizer
(green), high-rate fertilizer (blue) and the control (white), which will be
sampled for comparison. The widths of the treatment areas are not
drawn to scale.
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Materials List

7, ZOOgaIIons of dalry manure
(total for both years)

405 Ibs of urea (46-0-0) (total
for both years)

Soil probe

Bucket

Large Ziplock plastic bags
Plastic containers with lids (2)
Paper bags

Plastic tub (2-3)
Measuring tape

Clippers

Scale

Marker

Datasheet

Pin flags

Flagging tape

Camera

1. Use labelled pin flags, flagging tape, and field landmarks to identify each treatment
area (dairy manure, low-rate fertilizer, high-rate fertilizer, and control) that are

representative of the field while avoiding edge effects.

2. Before the dairy manure treatment is applied, sample soil in each treatment.

3. Apply dairy manure at a rate of 3,000 gal/acre in March or April. Collect a sample for

laboratory analysis.

4. Apply fertilizer treatments approximately 30 days before the first cutting (typically early
May) at a rate of 75 Ib/acre (low-rate) and 150 Ib/acre (high-rate).

5. A week before the first cutting (approximately early June), collect forage tissue
samples, measure height, and collect yield data in each treatment.

6. After the final cutting, collect soil samples from each treatment.



Data Collection and Evaluation

Soil sampling (nutrients):

Take samples for each treatment four times: 1) Spring 2026 (baseline), 2) Fall 2026, 3)
Spring 2027 and 4) Fall 2027

Take one composite sample per treatment in spring 2026 (baseline). For subsequent
sampling events, collect up to three composite samples per treatment

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, place it into a labelled Ziplock
plastic bag to form a composite soil sample

Send samples to the laboratory for analysis

Figure 2. Soil sampling layout showing

Dairy manure NN 7 NS S Do Y a W-shaped transect pattern (dashed
black lines). Soil cores should be
o collected away from field edges and
Low-rate fertilizer NS N A A0 non-representative areas. Three
composite samples are shown for
High-rate fertilizer NUNU N TN each treatment. The treated areas are
dairy manure (grey), low-rate fertilizer
Control N o ~ o PEERN o -~ o N o -~ o ’ (green) and high-rate fertilizer (blue).

The control area has no nutrient
amendments (white).

Dairy manure sampling (for both years):

In the spring, collect a sample of the liquid dairy manure

Collect a sample when the manure is being loaded into the application equipment to
ensure the mixture is well agitated. Fill around % full of a 4 or 1 L plastic screw top
container (Poon et al. 2010)

Screw the lid tightly and place it into a sealed and labelled Ziplock plastic bag (Poon et
al. 2010)

Send samples to the laboratory for analysis

Forage tissue sampling (for both years):

Just before the first cutting, collect up to three composite samples from each treatment
Each composite sample should consist of at least 5 to 10 subsamples collected from
randomly selected locations within the area. For each subsample, cut the forage to
ground level and place it in a labelled paper bag. Continue collecting subsamples until
the bag is full

Air-dry the composite samples in a dry area by spreading each sample on a sheet of
newspaper and allowing it to dry for at least 24 hours

After drying, place the forage in a labelled Ziplock plastic bag and send it to the
laboratory for analysis



Data Collection and Evaluation Continued

Measuring forage height and yield assessment (for both years):
* Just before the first cutting, collect five subsamples from each treatment
* For each subsample, measure a plot area of 0.178 m? (42 cm x 42 cm)
* Measure the height of the forage from the ground to the tip of the grass
* Clip forage to ground level and place it into a large and labelled paper bag. Only
include forage plants within the plot area (Meehan et al. 2022)
* Then, place the forage into a plastic tub and record the wet weight
* Spread subsamples on newspaper in a dry area and cut long pieces into smaller sections
* Air dry for up to five days, weighing daily until the weight remains constant
between consecutive days (NRCS KS 2019)
* Record the final dry weight
* Average the subsample dry weights and multiply by 50 to estimate yield (lb/acre)
(Meehan et al. 2022)

Record-keeping (see attached datasheet):

* Dates to record: dairy manure sampling, soil sampling, applying treatments, forage
tissue sampling, measuring forage height, and yield assessments

* Data collected: nutrients in manure and soil, crude protein in forage tissue, forage
height, and yield (Ib/acre). Note any other observable differences between treatments

* Photos: treatment applications, forage in the different treatments throughout the
growing season, forage tissue sampling, forage height, and yield

Evaluation:
* Forage crude protein, height and yield will be compared across treatments
* Soil nutrients will be compared across treatments

Trial Schedule (2026-2027)

Date Description of Activities

Spring 2026, 2027 Before manure application, sample soil in the spring

March or April 2026, 2027 | Apply manure treatment and collect samples for analysis

May 2026, 2027 Apply fertilizer treatments

June 2026, 2027 Before the first cutting, sample forage tissue, measure height
and conduct yield assessment

Fall 2026, 2027 Sample soil after final cutting

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




Budget for Supplies (new)

Item Description Cost $ (CAD)
Dairy manure | The cost of transport and spreading ($150/acre or 360
(2026, 2027) $0.05/gallon) for two years
Fertilizer The cost of the urea (46-0-0) (50.476/Ib) and 221
(2026, 2027) transport/spreading (50.07/Ib) for two years
Manure Two sampling periods over two years, total of two 160
analysis samples. Richie Smith Feed Lab fees: Liquid manure test
(2026, 2027) ($50.00 per sample and $30.00 shipping/handling; two
samples)
Four sampling periods over two years. One composite
sample (baseline) and up to three composite samples
Soil samples per treatment (subsequent sampling events). Element
for nutrients lab fees: 1) Conservation + Dilution Test for 0-15 cm 1,784 (up to)
(2026, 2027) ($35.00 per sample; up to 40 samples) and 2) Nitrate
and Sulphate with Dilutions for 15-30 cm ($16.00 per
sample; up to 24 samples)
. Two sampling periods over two years. Up to three
Forage tissue . o .
samplin composite samples per treatment. Richie Smith Feed Lab 840
(202% 2%27) fees: General NIR Scan (CNCPS 6.5+) Test Package
’ ($35.00 per sample; up to 24 samples)
Pin flags or To identify the treatments 20
flagging tape
Ziplock plastic | Large Ziplock plastic bags for soil and forage tissue 10
bags sampling
Paper bags Paper bags for forage tissue sampling and yield 10
assessment
Plastic screw Plastic screw top containers for dairy manure sampling 20
top
containers
Plastic tubs Plastic tubs for weighing out forage during yield 20

assessment




Labour (outside of normal farm practices)

Description Estimated
Hours

Apply nutrient For both year, apply dairy manure and fertilizers at 16
amendments two different rates
(2026, 2027)
Manure Two sampling periods over two years, time to 4
sampling collect dairy manure and drop off samples to lab
(2026, 2027)
Soil sampling Four sampling periods over two years, time to 14

(2026, 2027)

collect soil samples and drop off samples to lab

Forage tissue
sampling
(2026, 2027)

Two sampling periods over two years, time to
sample forage tissue and drop off samples to lab

10 (excluding
drying time)

Height and yield | Two assessment periods over two years, time to 20 (excluding
assessment measure forage height and assess yield drying time)
(2026, 2027)

Record-keeping Project documentation of dates, data, and photos. 4
(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 conditions,

Year Activity Date Time Cost observed differences between
Spent | Incurred
treatments)
Soil sampling
2026 #1: Spring
Dairy manure
2026 .
sampling
2026 Applying dairy
manure
Applying
2026 fertilizer
treatments
2026 Forage t.|ssue
sampling
Forage height
2026 and yield
assessment
2026 Soil sampling

#2: Fall




Datasheet Templates

Record-keeping

Comments (e.g. weather, field

Year Activity Date Time Cost conditions, observed differences
Spent Incurred
between treatments)
Soil sampling
2027 #3: Spring
2027 Dairy ma?nure
sampling
2027 Applying dairy
manure
Applying
2027 fertilizer
treatments
2027 Forage t'|ssue
sampling
Forage height
2027 and yield
assessment
2027 Soil sampling

#4: Fall

10




Datasheet Templates

Nutrient soil sampling 0-15 cm depth results

) Nitrate
Date Timing Composite Treatment| (kg NOs- | P (ppm) | K (ppm) pH SOM (%)
Sample #
N/ha)
1 Control
Sampling #1: 1 Manure
Spring 2026 1 Low fert
1 High fert
1 Control [/
Sampling #2: > ngt;ZI /
202
Fall 2026 3 Control
Average
1 M
Sampling #2: anure
Fall 2026 2 Manure
3 Manure
Average |
Sampling #2: L Low fert
Fall 2026 2 Low fert
3 Low fert
Average
Sampling #2: L H!gh fert
2 High fert
Fall 2026 -
3 High fert /
Average A
Sampling #3: L Control
Spring 2027 2 Control
pring 3 Control
Average
Sampling #3: L Manure
Spring 2027 2 Manure
pring 3 Manure
Average
Sampling #3: L Low fert
Spring 2027 2 Low fert
pring 3 Low fert
Average
Sampling #3: L H!gh fert
Spring 2027 2| Highfert
pring 3 High fert
Average
Legend: Manure = liquid dairy manure, Low fert = low-rate fertilizer, High fert = high-rate fertilizer.

11




Datasheet Templates

Nutrient soil sampling 0-15 cm depth results

) Nitrate
Date Timing Composite Treatment| (kg NOs- | P (ppm) | K (ppm) pH SOM (%)
Sample #
N/ha)
1 Control [/
Sampling #4: > Cg:t:gl %
Fall 2027 3 Control
Average
1 M
Sampling #4: anure
Fall 2027 2 Manure
3 Manure
Average
Sampling #4: ; tgx 1]:22
Fall 2027 3 Low fort
Average
Sampling #4: L H!gh fert
2 High fert
Fall 2027 :
3 High fert
Average A

Legend: Manure = liquid dairy manure, Low fert = low-rate fertilizer, High fert = high-rate fertilizer.

Note: To convert soil nitrate from ppm to kg NO3-N/ha use this conversion tool: Nitrate
Test Calculator

12



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

Datasheet Templates
Fall nitrate soil sampling results
Date Timin Composite| _ . Nitrate Nitrate Total nitrate
€ | sample# (0-15cm) | (15-30 cm) (kg NOs-N/ha)
| 1 Control
Sampling #2:
Fall 2026 2 Control
3 Control
Average:
| Manure
Sampling #2:
Fall 2026 Manure
Manure
Average:
| Low fert
Sampling #2:
Fall 2026 Low fert
Low fert
Average:
| High fert
Sampling #2: -
Fall 2026 High fert
High fert
Average:
| Control
Sampling #4:
Fall 2027 Control
Control
Average:
| Manure
Sampling #4:
Fall 2027 Manure
Manure
Average:
| Low fert
Sampling #4:
Fall 2027 Low fert
Low fert
Average:
I High fert
Sampling #4: -
Fall 2027 High fert
High fert
Average:

13




Datasheet Templates

Forage tissue nutrients results

_ Composite Crude o
P (% Mg (%
Date Timing sample # Treatment Protein (%) Ca (%) (%) g (%)

I 1 Control
Sampling #1:

Early June 2026 2 Control

3 Control

Average

| Manure
Sampling #1:

Early June 2026 Manure

Manure

Average

I Low fert
Sampling #1:

Early June 2026 Low fert

Low fert

Average

| High fert

Sampling #1: -

Early June 2026 High fert

High fert

Average

| Control
Sampling #2:

Early June 2027 Control

Control

Average

I Manure
Sampling #2:

Early June 2027 Manure

Manure

Average

I Low fert
Sampling #2:

Early June 2027 Low fert

Low fert

Average

I High fert

Sampling #2: -

Early June 2027 High fert

High fert

Average

Legend: Manure = liquid dairy manure, Low fert = low-rate fertilizer, High fert = high-rate fertilizer.

14




Datasheet Templates

2026: Forage height and yield assessment

. . . Average yield
Date Timing Treatment [Subsample H(e(:fn';t Wet (w )e ight| Dry ‘(Nelght production
& 8) (Ib/acre)

Control 1
Sampling Control 2
#1: Early Control 3
June 2026 Control 4
Control 5

Average w,
Manure 1
Sampling Manure 2
#1: Early Manure 3
June 2026 Manure 4
Manure 5

Average iz
Low fert 1
Sampling Low fert 2
#1: Early Low fert 3
June 2026 Low fert 4
Low fert 5

Average W i
High fert 1
Sampling High fert 2
#1: Early High fert 3
June 2026 | High fert 4
High fert 5

Average L

Legend: Manure = liquid dairy manure, Low fert = low-rate fertilizer, High fert = high-rate fertilizer.

Calculation: Average yield production (Ib/acre) = average dry weight (g) * 50

15




Datasheet Templates

2027: Forage height and yield assessment

Average yield

Date Timing Treatment |Subsample|Height (cm) Wet weight) Dry weight production
(g) (g) (Ib/acre)

Control 1
Sampling Control 2
#2: Early Control 3
June 2027 Control 4
Control 5

Average w,
Manure 1
Sampling Manure 2
#2: Early Manure 3
June 2027 Manure 4
Manure 5

Average iz
Low fert 1
Sampling Low fert 2
#2: Early Low fert 3
June 2027 Low fert 4
Low fert 5

Average W i
High fert 1
Sampling High fert 2
#2: Early High fert 3
June 2027 | High fert 4
High fert 5

Average L

Legend: Manure = liquid dairy manure, Low fert = low-rate fertilizer, High fert = high-rate fertilizer.

Calculation: Average yield production (Ib/acre) = average dry weight (g) * 50

Liquid dairy manure sampling results

- Dry TotalN | NHs-N | TotalP Phosphate | Organic
Date Timing matter (Ib/ton) | (ppm) (%) (P,05) matter C:N
(%) (%) (%)
Sampling #1:
Spring 2026
Sampling #2:
Spring 2027

16
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