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Background

A balanced nutrient management plan aims to fulfill the crop’s needs, be economical,
feasible for the grower and minimize environmental damage (Norgaard et al. 2022). This is
often challenging for organic growers as they are reliant on compost or manure for their
primary nitrogen nutrient source. Applying compost or manure to meet crop nitrogen
needs can lead to phosphorus over-application (Norgaard et al. 2022). Finding an organic
alternative with high nitrogen availability could help minimize or replace compost or
manure applications, thereby reducing soil phosphorus accumulation (Poon & Schmidt
2010).

Nitrogen-fixing biological products could be an organic alternative. They utilize nitrogen-
fixing bacteria to convert atmospheric nitrogen to plant-available nitrogen (Singh & Kumar
2024). Torres Vera et al. (2024) sprayed corn leaves with a nitrogen-fixing bacteria,
Methylobacterium symbioticum, and found 21% higher yield compared to the control with
no treatment. Similarly, field strawberries sprayed with M. symbioticum at two different
rates showed 29.9% and 32.6% increased yield compared to the control. Furthermore,
carrots sprayed after sowing with two different strains of Gluconacetobacter diazotrophicus,
another nitrogen-fixing bacteria, with no additional nitrogen or phosphorus applied, had
higher yields compared to the commercial urea-based fertilizer (Ceballos-Aguirre et al.
2023).

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 research is to evaluate whether a nitrogen-fixing biological can meet
the crop nitrogen needs of an organic barley crop, with an overarching goal of reducing
manure and compost applications in fields with high soil phosphorus.

The research questions that this project will address are:

1) Can the nitrogen needs of a barley crop be met using a foliar nitrogen-fixing biological
without additional fertilizer or amendments?

2) Can the phosphorus needs of a barley crop be met using existing soil phosphorus?

3) Is barley yield improved when a foliar nitrogen-fixing biological is applied without
additional fertilizer or amendments?



Trial Design

A barley field will have a nitrogen-fixing biological
product applied, except for a strip of land (36 ft wide)
that will be left untreated as a control. A field with a
history of moderate to high soil phosphorus levels will
be chosen. The control will be compared to an adjacent
treated area of similar size (Fig. 1).

Treatment - N-fixing biological

Control

Figure 1. Areas in the field with N-fixing biological (grey) and the control
(white) that will be sampled for comparisons. The rest of the field is in
brown and treated with the nitrogen-fixing biological product but not
sampled post-application.

Methodology

Materials List

» Nitrogen-fixing biological
product

» Spray equipment

» Pin flags

» Flagging tape

» Soil probe

» Bucket

» Large Ziplock plastic bags
» Paper bags

» Marker

» Datasheet

> Camera

Using labelled pin flags, flagging tape and noting landmarks, identify the control area
and the adjacent treated area that is representative of the field while avoiding edges.

Sample soil before barley is planted in the area to be treated and in the area to be left
as the control.

Plant barley in spring and maintain it throughout the growing season as per standard
growing practices.

When barley is at the 3-6 leaf stage or approximately 6 inches in height, apply the
nitrogen-fixing biological as a foliar spray following the label rate to the whole field.
Identify the control area in step 1 and do not apply any product.

Sample barley leaves for nutrient levels at specified growth stages in the treated and
control areas.

Sample soil in the treated and control areas before the barley starts stem elongation
(growth stage Zadoks 31-39 or Feeks 6-9). This is when the plant has the highest
demand for nitrogen (Yara Canada n.d.; Larsen et al. n.d.).

Conduct yield assessments in the treated and control areas.

Sample the soil post-harvest of the barley in the treated and control areas.



Data Collection and Evaluation

Soil sampling:

* Take one composite soil sample per treatment at three time points: 1) Spring 2025
before barley is planted (baseline), 2) Before the barley reaches stem elongation (growth
stage Zadoks 31-39 or Feeks 6-9), and 3) Fall 2025 post-harvest of the barley

* For each composite sample:

* Collect one soil core from 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
bag to form a composite soil sample

* Send samples to the laboratory for analysis

< ~ = Figure 2. Each sample should follow a W transect
Treated D == = - walking pattern (dashed black lines). Soil cores should
~ ~
not be collected near edges or areas that are not
S o PRI - representative of the field. Nitrogen-fixing biological
Control S 7 S 7 treatment is in grey, and the control is in white.

Barley leaf tissue sampling:

* Take composite barley leaf tissue samples after the treatment is applied

* Sample during tillering (growth stage Zadoks 20-29 or Feeks 2-5), stem elongation to
booting (growth stage Zadoks 30-49 or Feeks 6-10), and before harvest (North Dakota
State University n.d; Simmons et al. 1985)

* For each treatment, collect one composite sample per growth stage by picking the flag
leaf from multiple barley plants at random, and filling approximately half of a brown
paper bag (A&L Laboratories 2011)

* Clean leaves by brushing off any soil or lightly wiping with a damp towel

* Make sure the leaves are dry before placing them into a labelled paper bag and sending
it to the laboratory for analysis

Yield assessment:

* Conduct yield assessments by hand-harvesting four subplots in the treatment and
control. Each subplot will consist of a 3 ft (0.91 m) section of one barley row. Measure
row width (m) to calculate the net harvest area (m?)

* Record the number of plants, heads harvested, grains per head (average of 20 heads),
total fresh stem weight, and total fresh head weight

* For each subsample, collect a 100-200 g portion, record fresh weight, and oven-dry at
75°C for three days, weighing daily until constant weight. Record final dry weight and
calculate dry weight yield (kg/ha) using the following equation (Devkota 2023):

Portion dry weight (g)
Portion fresh weight (g) . 10,000

1000 Net harvest area (m2)

Total fresh weight (g) *

Dry weight yield =



Data Collection and Evaluation

Record-keeping (see attached datasheet):

* Dates to record: planting, soil sampling, treatment application, leaf tissue sampling, yield
assessment

* Data collected: soil nitrate, soil phosphorus, leaf tissue nitrogen, leaf tissue phosphorus,
and yield parameters. Note any other observable differences between treatments

* Photos: treatment application, barley growth at different sampling dates and at harvest

Evaluation:

* Soil nitrate will be compared between the treatment and the control at the three
sampling times (baseline, before stem elongation, post-harvest)

* Soil phosphorus will be monitored in the field overall in spring, summer and post-harvest
to capture changes in levels over time

* Note that a reduction of soil phosphorus might not be seen the first year of no inputs, it
may take a few years

* Nitrogen in the barley leaf tissue will be compared between the treatment and the
control to evaluate if the nitrogen-fixing biological can be a nitrogen source for the plant

* Phosphorus levels in the leaf tissue will be analyzed across the trial to see if it remained
sufficient given that no additional phosphorus input was applied

* Yield will be compared between the treatment and the control to evaluate if the
nitrogen-fixing biological can be used to enhance barley yield when no additional
nitrogen inputs are used

Trial Schedule

Description of Activities

Spring 2025 Sample soil before barley is planted

Spring 2025 Prepare land and plant barley

Spring 2025 Apply the nitrogen-fixing biological as a foliar spray and leave a strip of
land untreated as a control

Summer 2025 .Sample 5.0|I to determine how much plant-available nitrogen is available
in the soil

Summer 2025 Sample barley leaf tissue at specified growth stages

End of summer

2075 Conduct barley yield assessments

Fall 2025 Conduct post-harvest soil sampling after barley harvest

Fall 2025 Analyse data and prepare a project summary report




Budget for Supplies (new)

Item Description Cost (CADS)
Nitrogen-fixing Product containing nitrogen-fixing bacteria (e.g. 10/acre
biological Methylobacterium symbioticum, Gluconacetobacter
product diazotrophicus)

Soil samples Three sampling periods, one sample per treatment. 403
Element Lab fees: 1) Conservation + Dilution Test
for 0-15 cm ($61.20 per sample; six samples) and 2)
Nitrate and Sulphate with Dilution Test for 15-30 cm
(518.06 per sample; two samples)
Barley leaf Three sampling periods, one sample per treatment. 446
tissue sampling Element Lab fees: Nutrients with Total Nitrogen Test
(S74.32 per sample; six samples)
Pin flags or For flagging out control area 20
flagging tape
Ziplock plastic Large Ziplock bags for soil sampling 10
bags
Paper bags Paper bags for plant tissue sampling 10

Item

Labour (outside of normal farm practices)

Description

Estimated
Hours

Nitrogen-fixing

Applying product to barley field at the 3-6 leaf

biological . . . . 2
B . stage or approximately 6 inches in height

. . Three sampling periods, time to sample field and
SEERI I drop off samples to lab 9
Barley leaf Three sampling periods, time to sample field and 6
tissue sampling drop off samples to lab
Mk Conducting yield assessment 8
assessment
Record-keeping Project documentation and photos 2
Summary Analysing and preparing a trial summary 8




Datasheet Templates

Record-keeping

Time Cost Comments (e.g. weather, field conditions, observed

Activit Date .
v Spent | Incurred differences between treatments)

Soil sampling #1:
Spring (before
barley planting)

Barley planted

N-fixing biological
application

Leaf tissue
sampling #1:
Tillering

Soil sampling #2:
Before barley
stem elongation

Leaf tissue
sampling #2: Stem
elongation to
booting

Leaf tissue
sampling #3:
Before barley

harvest during
yield assessment

Barley yield
assessment

Soil sampling #3:
Fall post-harvest




Datasheet Templates

Summer nutrient soil sampling (0-15 cm depth): nitrate and phosphorus

Date

Timing

Treatment

N

Before barley
planting

Soil Sampling #1:

Control

Before barley
planting

Soil Sampling #1:

N-fixing

elongation

Soil Sampling #2:
Before barley stem

Control

elongation

Soil Sampling #2:
Before barley stem

N-fixing

Fall nutrient soil sampling (0-15 cm and 15-30 cm depths): nitrate and phosphorus

Date Timing Treatment | N (0-15cm) | N (15-30 cm) Total N P (0-15 cm)
Soil Sampling
#3 fall post- Control
harvest
Soil Sampling
#3 fall post- N-fixing
harvest
Barley leaf tissue results: total nitrogen and phosphorus
Date Timing Treatment Total N P
I Control
Tillering N-fixing
Stem elongation to Control
booting N-fixing
Before harvest Cor.1t.r ol
N-fixing




Datasheet Templates

Barley yield results

Date:

Row spacing (m) =

Net harvest area (m?) = [0.91 m * row spacing (m)] =

# heads # grains per | Total fresh | Total fresh
Treatment Subplot # plants head (average| stem weight | head weight
harvested
of 20 heads) (g) (g)
Control 1
Control 2
Control 3
Control 4
Average
N-fixing 1
N-fixing 2
N-fixing 3
N-fixing 4
Average
Barley yield results (continued)
Portion |[Portiondry| Portion |Portiondry| Stemdry | Headdry
Treatment | Subplot | fresh stem |stem weight| fresh head |[head weight|weight yield|weight yield
weight (g) (8) weight (g) (8) (kg/ha) (kg/ha)
Control 1
Control 2
Control 3
Control 4
Average
N-fixing 1
N-fixing 2
N-fixing 3
N-fixing 4
Average
Equation for stem and head dry weight yield:
Total fresh weight (g) * Portion dry weight (g) 10.000

Dry weight yield =

Portion fresh weight (g) .

1000

Net harvest area (m2)

10
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