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Executive Summary

The British Columbia (BC) Ministry of Agriculture is interested in identifying clean technology options that
align with provincial priorities; have positive impacts on climate, air, land, and water; and are feasible for
implementation in BC. Precision agriculture technologies for nutrient management planning are of particular
interest to the BC Ministry of Agriculture as nutrient loading is a prominent issue in parts of the province.
Nutrient management planning is a growing activity for farms throughout the province and the BC
Government is assessing technologies that are available to assist farmers in this planning, as well as for
long-term, on-farm nutrient management and productivity improvements.

The Delphi Group, in partnership with Bioenterprise Corporation, conducted an agriculture clean technology

scoping study on behalf of the BC Ministry of Agriculture to identify and assess precision agriculture

technologies for nutrient management that are specifically relevant and applicable in BC. The project

included defining the technologies, developing a data collection framework, undertaking scoping research
(including a targeted literature review and a series of 14 key informant interviews), and synthesizing the
results presented into this report.

Overviav of Precision Agriculture Technology in North America

Precision agriculture for nutrient management is a farming practice that uses data gathering technologies
(e.g., proximal and remote sensors), analytics, and precision application controls to guide farm

management practices related to nutrienta pp | i cat i on.

ANutr.i

entso can

occurring compounds, and animal and plant waste. Use of precision agriculture for nutrient management

has the potential to improve nutrient use efficiency, as well as farm productivity.

For the purposes of this study, precision agriculture for nutrient management has been categorized into
three main processes, and further sub-divided into six main groups of technologies.

sampling point.

Process Definition Technology Groups
Technologies that use global positioning systems (GPS) or Geo-location and Geo-
Nutrient geographic information systems (GIS) and a variety of sensors imagery (GPS/GIS)
o (e.g., optical, electrochemical, mechanical, moisture, airflow,
Monitoring L X
temperature, etc.) to capture data pertaining to soil and crop Sensors
attributes.
Technologies (hardware and software) that use raw data Geo-location/Geo-imagery
Nutrient gathered from .the nutrient mo_nitorin_g technolqgies for a precise Processing
Planning mapping of a field to be used in nutrient planning and Application Programming
application. Interface (API) and Data
Analytics
Technologies capable of applying nutrients (e.g., nitrogen, Variable Rate
Nutrient phosphorus) and soil ameliorants (e.g., lime) in a site-specific Technologies (VRT)
Application manner based on accumulated data recommendations for each Guidance and Autosteer

It is rare that one of these technologies would be used on its own in precision agriculture, as each depends
on or feeds into another. For example, prescription maps can be developed through a combination of
GPS/GIS technologies and processing, on farm or aerial sensors, and data analytics. Prescription maps
are then fed into variable rate technologies (VRT) for the application of farm inputs, such as fertilizers.
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Industry Trends

The global precision agriculture technology market has seen steady growth over the last decade, with
improved products on the market and higher adoption rates. According to a 2017 study by Stratistics MRC,
the global market accounted for $2.81 billion USD (approximately $3.65 billion CAD)! in 2014, and is
expected to increase to $6.43 billion USD (approximately $8.36 billion CAD) by 2022, at a compound annual
growth rate (CAGR) of 12.5%.2 A 2018 study by BIS Research estimated that the market would reach
$10.55 billion USD (approximately $13.71 billion CAD) by 2025, at a CAGR of 13.7%.3 The key driving
forces for the global precision agricultural market include increasing global sales potential; growing demand
for food; eminence of wireless, telematics, and fAbig d
energy and cost efficiencies; and consumer pressure for more transparency on farming practices (e.g.,
where their food is coming from, the health of the soil, how environmentally responsible the farmers are,
etc.). Compared to cost savings, increasing crop yields and reducing environmental impacts will play a
growing role in the future for driving precision agriculture technology adoption.

Overview of the BC Farm Sector

The number of farms has been decreasing in BC, down 11.3% since 2011, which is nearly double (5.9%)
the decline nationally. Total farm area has declined by 0.8% and land in crops has declined 3.1%. The
distribution (number) of farms across BC is presented in the table below.

Primary Agricultural Regions Small Farms Medium farms Large Farms
(under 400 acres) (400 to 2880 acres) (2880 acres and over)

1725 16 1

Vancouver Island - Coast Region:
Includes CARs 17, 19, 21, 26

Lower Mainland - Southwest Region:
Includes CARs 9, 15 3891 46 3

Thompson - Okanagan Region:

Includes CARs 7, 33, 35, 37, 39 4580 264 95
ggrlboo Region: Includes CARs 14, 545 316 o7
gseagg River Region: Includes CARs 440 - 4o

More than 40% of BC farms are considered small farms; however, farms are generally increasing in size
and therefore the impact of individual farms on the environment is also increasing. B C 6ideal growing
conditions allow farmers to grow over 200 different commodities. Of the total farmland in 2016, 62% was in
pasture land (e.g., tame or seeded pasture and natural land for pasture); 23% was is in crops (e.g., hay
and field crops, fruits, field vegetables, and sod and nursery products); 14% was used for farmland, and
the remaining 1% was summer fallow. Within BC, all reported crops, excluding tame hay and wheat, are
increasing in both average yield and total production. Statistics Canada estimated that the population of BC
surpassed five million in 2018.4 Between 2007 and 2017, the population grew by 12.3%.5 Increasing
population results in increasing demand on production of food crops, particularly under the stresses of

! Conversion assumes 1 USD = 1.3 CAD.

2 Lamb, J. (2017). Precision Farming Market Size, Share, Report, Analysis, Trends & Forecast to 2022. Reuters. Retrieved from
https://www.reuters.com/brandfeatures/venture-capital/article?id=14966.

3 BIS Research. (2018). Global Precision Agriculture Market Anticipated to Reach $10.55 billion by 2025, BIS Research Report. Cision

PR Newswire. Retrieved from https://www.prnewswire.com/news-releases/dlobal-precision-agriculture-market-anticipated-to-reach-
10-55-billion-by-2025-bis-research-report-899815577.html

4Statistics Canada. (2018). Canadads popul tpsi/\wwwl5e.stdtcamyea.ca/aigdaily-t hi rd qua
quotidien/181220/dq181220c-eng.htm

5 Statistics Canada. Population. Retrieved from https://www150.statcan.gc.ca/n1/pub/12-581-x/2018000/pop-eng.htm
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climate change, which also impacts availability of imported food (e.g., due extreme weather events in
California, Mexico, and other jurisdictions). Precision agriculture technologies can be used in BC to improve
productivity and yields of food crops, while also lowering operational costs.

Opportunities for Precision Agriculture Technologies in Nutrient ManaigeRent

Precision agriculture technologies have the potential to address some of the major challenges faced by the
agricultural industry in BC, including nutrient loading in areas where there are high concentrations of
livestock, poultry and eggs, grain crops, and horticultural production. The management of nutrients on-farm
can involve many different practices including, but not limited to, composting, tillage practices, residue
management, use of cover crops and green manure crops, manure management, crop rotation, fertilizer
application, pest management, irrigation, grazing management, and GPS and field mapping. These
practices can be complex and require a significant amount of information and data; however, the integration
of precision agriculture technologies on-farm can simplify and optimize nutrient management planning.

There are a number of variables to consider when assessing opportunities for precision agriculture
technologies in BC for nutrient management. Farm size, crop type, landscape, and weather conditions can
all impact the potential for precision agriculture technologies. As a result, there will be regional differences
in terms of what technology will be the most beneficial, both profit-wise and environmentally, and this may
even differ from farm-to-farm within the same region. The following table provides a high-level overview of
the opportunities for precision agriculture technologies in BC. Additional details are provided in the
technology group profiles below.

Process Technology Groups High-Level Relevance to BC
Geo-location and Geo- Monitoring (e.g., nutrient soil sensors) may be the most important
Nutri imagery (GPS/GIS) component of precision agriculture for nutrient management on
utrient . : .
Monitoring any far_m,_ as _|t prov!des the groundwork to help determine \_/\(here
Sensors the variation in nutrients can be found and where opportunities
exist to better manage nutrients.
Geo-location/Geo- Analytics is an up-and-coming practice in the agricultural sector on
imagery Processing ibig datao processing and may
Nutrient farm. However, its application is most promising in areas that have
Planning Application Programming | confined agricultural production (e.g., Fraser Valley, Okanagan
Interface (API) and Data | Valley) where high value crops and operations rely on high
Analytics nutrient application, water, and intense management.
Variable Rate VRT and autosteer technologies are most applicable to areas of
Nutrient Technologies (VRT) high acreage proqluction and GPS/GIS (_:overage._VRT is
Application _ especially usefl_JI in ann_ual crop productlon_ and high acreage row
Guidance and Autosteer | crops (e.g., grain and oilseed crops in particular). Further use in
inconsistent soil conditions will elevate the effectiveness of VRT.

Taking a fisystemso appr oac hhelpoinpgrateali relevamtiechamaogiés ¢ewy,
monitoring, planning, and application) to capture localized micro environmental data, as well as macro level
information. However, there are challenges, not the least of which are initial capital costs and a current lack
of interoperability between technologies and technology groups (see below). Instead, a collection of
techniques and technologies to collect, analyze, and use data are selected based on overall farm profile,
which are different for each location, crops, terrain, and soil type. Nevertheless, use of some precision
agriculture technologies on BC farms can lead to enhanced profitability with favourable environmental
impacts.
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Technology Group Profiles

Te?rr;c:llsgy Costs & ROI Technology Risks & Readiness Commercial Status Relevance to BC
. The costs for satellite data are low per b Nutrient deficiencies are difficult to GPS and GIS technologies, Satellite imaging and high-

Geo-location L . o o . .
hectare, but the total cost is high detect with satellite imagery. satellite imagery, now much altitude drone technologies

.and Geo- because commercial providers require p Satellite-based remote sensing for more accessible and less cost would likely have good

Imagery a minimum area for coverage. precision agriculture is still limited by prohibitive. application in large scale

(GPSIGIS) The initial cost may be high for a single coarse spatial resolution, cloud Use of GPS devices lead to farming operation areas like
task, but the same unmanned aerial interference during image acquisition, mapping of fields allowing the Peace River District and
vehicle (UAV) can often be used for and slow turn-around times. farmers to use site-specific and Williams Lake.
multiple tasks. b Systems/technologies are data precise solutions for their Near ground or on-ground
Cost range: $10/acre for raw image intensive. Data generating/ nutrient management issues. equipment or in-ground
files to $57/acre for a normalized collecting/managing/analyzing is UAV-based remote sensing technologies may be more
difference vegetation index (NDVI) expensive. applications for various applicable to smaller or hilly
image. agriculture applications has farms.

Cost range for remote sensing from soared over the last decade.
manned aircraft: $1/acre to $3/acre.

One example of ROI was between $20

and $75/acre.

Increases the operational efficiency of

production.

Sensors The cost of sensors has been declining o Communication of sensors with the The amount of data collected on Sensor technology packages
as manufacturing processes have central controller, without any farms through sensors has are decreasing in size and
improved and technologies developed. interference and at low power increased dramatically over the price and are being made
Enhanced NPK soil sensors considered consumption, can be a challenge. last decade. available to smaller farm
to be in line with conventional soil o Optical sensors are limited in Declining cost of sensor operations.
moisture sensors (e.g., $650/probe per effectiveness for nutrient deficiency technologies has allowed On-equipment technologies
year + one-time installation cost of monitoring. farmers to monitor factors such may be useful in high
$1,800). 0 Some sensors are limited by as soil health, soil moisture, etc. plateau areas.

One source (Reuters) indicated a low environmental tolerance. in almost real time conditions. The installation and
ROl in the sensor industry of 4.88%. o The type of data that is being Some technologies (e.g., calibration of equipment
Return on sensors will likely be as a collected has transitioned from wireless sensors) are at the before use generally
result of the use of variable rate gathering simple numerical values early commercialization stage. requires technical expertise,
technologies for nutrient applications in (e.g., yield, water quality) to include Sensors are typically simple and which may or may not be
conjunction with the sensors. Sensor more qualitative information (e.g., easy to use and therefore may available in certain regions
provide the data required to optimize odour) at high accuracy. be adopted more readily than of the province.
resources on-farm. other technology types.
G CAPEX is minimal (e.g., cell phone, b Technology risk lays within the Sophistication of the technology The higher costs of this
Ioizt-ion/Geo computer, tablet or other viewing tool). method of data gathering. For is increasing relatively quickly. technology make it relatively
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(Geo-analytics)

licensing fee to use the data
processing/analytics platform.

Annual cost of a typical full geospatial
analytical service (e.g., imagery
analysis, prescriptions, scouting) is
$13,000 per farm or less. For smaller
farms, the cost is typically around
$5/acre, capped at $10,000.
Reduces average input and increases
crop yield for high production areas.
Reduces average input with similar
yield for low production areas.

or UAV to feed the analytics systems.
The time between passes is one of
the largest risks to this type of
prescription.

Analytics platforms have existed for
several decades through government
organizations. However, in the past 10
years, private organizations have
launched constellation satellites
allowing the option of private
prescriptions for the general market.

Technolo . . .
Groupgy Costs & ROI Technology Risks & Readiness Commercial Status Relevance to BC
imagery OPEX for a traditional user would example, a minimum number of Growing competitiveness in the inaccessible to smaller
Processing include paying a subscription or 'passes' may be required by a satellite agricultural geospatial analytics farms.

sector due to the increasing
number of start-up and analytics
platforms licensing raw data
from existing satellite
constellations.

Satellite imaging and high-
altitude drone
technologies/analytics would
likely have good application
in large scale farming
operation areas such as the
Peace River District and
Williams Lake.

Lower altitude drone
technologies/analytics would
have use in the Okanagan
and Fraser Valleys where
farm size is smaller, but land
is highly productive and
subject to significant
management.

Application
Programming
Interface (API)
and Data
Analytics

The cost for growers is typically the
cost of web-based annual subscription
fees, which vary depending on the
product and level of service. For
example, a service that includes API,
data collection, composite soil
sampling, and flat rate prescriptions
may cost approximately $3.50/acre.
Whereas, a service that includes API,
data collection, zone-based soil
sampling, and variable rate
prescriptions may cost approximately
$6/acre.

In addition, hardware may be required
for some companies to collect and
upload data.

ROl is generally accepted to be
positive. One independent study
against typical growers resulted in an
ROI of approximately $15/acre.

To date, full service companies tend
to own the farm data and do not make
the raw data available to the farmers,
which means that the farmer cannot
use this data with other technology
applications.

Specific to data analytics around
nitrogen management, changing how
nitrogen is used on farms is a big risk,
as it is critical to crop yield. Without
scientific, independent data, this is not
a decision that will be taken easily by
most growers.

Without local expertise and support
(e.g., at the dealer level), deploying
APIs and data analytics tools can be
more of a challenge.

Use of APlIs in the agriculture
industry is relatively new, though
have quickly become
commonplace.

Big data analytics companies
have focused their efforts and
tools for US application
(particularly for predictive
analytics).

Commercially available, but
newly emerging
worl do testing
application/comfort levels to
date.

Provided technology
availability and local support,
the use of data analytics is
particularly relevant to those
areas that have confined
agricultural production (e.g.,
Fraser Valley, Okanagan
Valley) where high value
crops rely on high nutrient
application, water, and
intense management.
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Technology
Group

Costs & ROI

Technology Risks & Readiness

Commercial Status

Relevance to BC

system (DGPS) systems cost in the
range of $13,000 to $26,000. Whereas,
real-time kinematic (RTK) systems cost
$$26,000 to $39,000.

Operating costs range from $1,000 to
$2,600 per year.

In general, the cost of agbots is still
high. For example, in trial, Rowbot: was
used to fertilize corn at $13/acre.

ROI for guidance and autosteer is
around $1/acre.

Reduced costs of labour, inputs, and
fuel.

available units.

. VRT hardware is typically included in There is considerable risk/ uncertainty o The tools for VRT combine Variable rate technology is
Variable Rate : i
. new machinery. However, there would around returns, as the results are hardware, software, and most applicable to annual
Technologies be additional costs for the software and completely land dependent. operational techniques and are crops and row crops.
(VRT) services to use the hardware. The usefulness of each tool varies all readily available. There would be more utility
A new purchase for a complete system from farm to farm and field to field and o The present systems are not and benefit for VRT in the
(e.g., guidance, VRT hardware and therefore the best information for VRT designed to completely replace larger operations found in
software, etc.) may cost $20,000 to management should be gathered at industry professionals and Williams Lake and Peace
$30,000. the field level (i.e., within the farmers in management River districts.
Costs for agronomist services around boundaries of each field). decisions but to provide VRT is most beneficial when
VRT typically range from $5 to $15 per information and tools to improve a farm has highly variable
acre depending on technologies input use-efficiency. soil types across the farm.
applied, soil sampling, analysis, level of
VRT service, etc.
ROI vary due to crop type, soil
variability, inputs, technology, etc.
Studies have shown a range from $4 to
$96/acre.
Benefits result from increasing yield,
reducing input costs, and managing
risks.
. Automated steering systems range in Autosteer and guidance technologies o Autosteer and guidance Most guidance and
Guidance and . . . .
cost based on the type of are considered to be risk-free. technologies have been fully autosteer technologies are
Autosteer technology/level of accuracy. For Agbots for nutrient management are in commercialized for many years. focused on row crops (e.g.,
example, differential global positioning their infancy with no commercially o Agbot application in nutrient canola and wheat).

management is still limited with
technologies at the early
commercialization stage.

Use in small acreage farms
is in its infancy but is likely to
grow in the future. Though
currently, the cost may be a
barrier for smaller farms.
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Challenges &arriers to Precision Agriculture AdoptioBC

Key challenges and barriers identified through this scoping study include:

il

High capital costs (and support needed for small farms): High capital costs and uncertainties
with respect to the return on investment (ROI) given the early stage of precision agriculture
technologies in Canada (limited track records). Small farms face additional challenges and
limitations with respect to prohibitive capital or operating costs and what technologies are available
(e.g., some drone services require a minimum acreage).

Risk aversion and limited understanding (and lack of independent experts): The value of data
is not fully understood. There is also a lack of desire and/or ability to interpret and apply the
multitude of complex data captured through precision agriculture technologies. Complexity of data
and a lack of trusted professionals to interpret and apply the data on a farm-by-farm basis is a
major barrier to the adoption of these technologies.

Aging farmer population: Precision agriculture planning may go against intuition and the decades
of experience of the farmer. There may not be a big uptake until there is a generational change
amongst farmers in BC.

Technology limitations: Some technologies are unsuitable for BC farms due to lack of access to
wireless coverage, as well as soil and weather conditions (e.g., some technologies will not work
with pooled water or snow pack).

Lack of integration of hardware and software: Lack of seamless integration between
technologies, equipment, and data. Thereisn o fisyst emo t hat wi &lllprecsion
agriculture technologies and data for an all-inclusive, comprehensive nutrient management plan.
Data ownership issues (and open data): Lack of access for farmers to their own raw data.
There is a need for an open data concept for precision agriculture technologies for nutrient
management applications.

Desire to optimize vs. maximize: The mindset for certain high value crops (e.g., grapes,
blueberries, raspberries) is to maximize, not optimize, yields. These growers are not as
concerned about how much fertilizer or water they are using, and adoption of precision agriculture
technologies will be slower for these areas.

Lack of best practice guidance: There is a need for an agreed upon protocol for best practise
and government support for farmers to adopt more precision agriculture technologies in BC.

Benefitso BC Farmers frofrecision Agriculture Adoption

While the benefits are difficult to quantify in actual terms for BC farmer operations at present given their low
adoption rate, several potential environmental and economic benefits in general terms are listed below,
specific to the whole Asystem. o

|l

GHGs and Air: GHG emission reductions result from an overall decrease in nutrient application,
reduced fuel consumption (and associated emissions) from farm equipment, as well as reduced
emissions associated with nutrient manufacturing. Note that there has been limited study of the
environmental benefits of specific precision agriculture technologies for nutrient management.

Water: Precision nutrient application (e.g., amount, timing, location) leads to decreased nutrient
runoff and resulting water contamination.

GROUP
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1 Soil: Fewer passes for nutrient application results in decreased soil compaction. Precision nutrient
application (e.g., amount, timing, location) leads to decreased nutrient runoff and resulting soll
contamination.

Plant Health: Increased yield and improved plant health results from more tailored use of nutrients.

1 Economic: In general, precision agriculture technologies optimize resource use on the farm. This
results in reduced input costs (e.g., fertilizer) and reduced fuel costs through some technologies
(e.g., guidance and autosteer and VRT). Other technologies help to reduce the cost of labour (e.g.,
guidance and autosteer) and manage risks (e.g., VRT). In addition, GPS/GIS technologies increase
the operational efficiency of production (e.g., better allocation of equipment, reduction in lab
sampling costs, reduction in labour requirements, etc.). Economic benefits of precision agriculture
technologies also result from increasing yield.

Conclusions Key Takeaways

As mentioned earlier, the global precision agriculture technology market has been steadily growing. In the
US, guidance and autosteer segments appear to have the most potential, whereas in Canada, western
farmers tend to consider sensors to be the most beneficial.

From the nutrient management perspective, nitrogen contamination due to fertilizer overdosing is a big
challenge for the agriculture sector. Current global nitrogen use efficiency is only 35-40%, meaning that
there is a great opportunity to improve the efficiency through accurate rate and timing control on nutrient
applications using precision agriculture technologies.

Key takeaways for the BC Ministry of Agriculture to consider when identifying and assessing next steps are
listed below.

1 BC Farm Sector

o Highly concentrated, agriculturally dense regions could greatly benefit from precision
agriculture for nutrient management; however, the opportunity for application may be
lower than other regions due to smaller farm size, cost, and potential ROI.

0 There are fewer barriers facing largeroperati ons wi t h #oke A pr @iduice i on,
well as annual crops, to implementing precision agriculture for nutrient management
(e.g., VRT, GPS/GIS, and guidance and autosteer).

I Technology Limitations

0 There is currently no system to integrate all technologies, data, and applications.

0 There are some companies that are working to integrate all different types of data (from
different hardware and software technologies) into one platform, who may be able to
assist BC farmers in bringing together more holistic systems for technology adoption.

0 The technologies and associated dashboards need to be simple to use with no or very
little disruption to current farm management systems.

o New equipment tends to come equipped with some precision agriculture technologies
(e.g., autosteer, VRT), but these technologies are not often being used effectively by BC
farmers. There is currently more equipment capacity than actual usage.

GROUP
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1 Understanding the Benefits of Precision Agriculture Technologies

(o]

GHG and air emission reductions result from an overall decrease in nutrient application,
reduced fuel consumption from farm equipment, as well as reduced emissions associated
with nutrient manufacturing.

Precision nutrient application (e.g., amount, timing, location) leads to decreased nutrient
runoff and resulting soil and water contamination. Fewer passes for nutrient application
also results in decreased soil compaction.

Increased yield and improved plant health results from more tailored use of nutrients and
real-time monitoring.

Economic benefits to BC farmers result from optimizing resource use on the farm (e.g.,
reduced input and fuel costs) and increasing yields. Additional benefits arise from
reduced labour costs, better risk management, and increased operational efficiency.

1 Addressing the Main Barriers

(o]

O O O O

. ']
- v

Behavioural change is required.

Increased education and awareness are required.
Increased and improved service and consulting is required.
Addressing the data concerns will be required.

High capital costs need to be addressed.
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1. Introduction and Project Overview

The British Columbia (BC) Ministry of Agriculture is interested in identifying clean technology options that
align with provincial priorities; have positive impacts on climate, air, land, and water; and are feasible for
implementation in BC. Precision agriculture technologies for nutrient management planning are of particular
interest to the BC Ministry of Agriculture, as nutrient loading is a prominent issue in parts of the province.
Nutrient management planning is a growing activity for farms throughout the province and the BC
Government is assessing technologies that are available to assist farmers in this planning, as well as for
long-term, on-farm nutrient management and productivity improvements.

The purpose of this scoping study is to identify and assess precision agriculture technologies for nutrient
management that are specifically relevant and applicable in BC.

ProjectObjective andMethodology

The Delphi Group, in partnership with Bioenterprise Corporation, conducted an agriculture clean technology
scoping study on behalf of the BC Ministry of Agriculture to better understand the potential for precision
agriculture and nutrient management technologies to be deployed in BC.

The project included multiple activities:

1 Atechnology definitional framework and data collection template were developed to define
precision agriculture for nutrient management purposes and to structure the research phase.

I Scoping research was conducted in two stages: an initial targeted desktop literature review
followed by a series of industry consultations (14 key informant interviews). The focus was on
BC-based companies as available, followed by Canadian and international companies with
commercially ready products, applicable to BC.

1 Asynthesis and analysis of results from the research phase was undertaken on each of the
technology groupings for relevance to the BC farming sector.

1 Afinal report was developed, providing an overview of the key findings from the scoping,
industry consultation, and analysis.
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2. Overview of Precision Agriculture Technology in North

America

Precision Agriculture Technologies for Nutrient Management

Precision agriculture for nutrient management is a farming practice that uses data gathering technologies
(e.g., proximal and remote sensors), analytics, and precision application controls to guide farm
management practices related to nutrienta ppl i cati on. HANutrientsd can include
occurring compounds, and animal and plant waste. Use of precision agriculture for nutrient management
has the potential to improve nutrient use efficiency, as well as farm productivity. Nutrient loading is a
prominent issue in parts of BC, and nutrient management planning is a growing activity for farms throughout
BC. Improving nutrient use efficiency has the goal of optimizing use to minimize leaching and accumulation.

Precision Agricultur€echnology Groupings

For the purposes of this study, precision agriculture for nutrient management has been categorized into
three main processes, and further sub-divided into six main groups of technologies. The classification of
these technologies is illustrated in Figure 1.

— Nutrient Monitoring

Gealocation and Genage
(GPS/GIS)

Gealocation/Gemagery
Processing

PRECISION AGRICULT
FOR NUTRIENT Eome Nutrient Planning
MANAGEMENT Application Programmi

Interface (API) and Da
Analytics

Variable Rate Technolog
(VRT)
— Nutrient Application
Guidance and Autostes

Figurel Precision agriculture for nutrient managemegiiechnology groupings
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Nutrient Monitoring 7 Technologies that use global positioning systems (GPS)/geographic information
systems (GIS) and a variety of sensors (e.g., optical, electrochemical, mechanical, moisture, airflow,
temperature, etc.) to capture data pertaining to soil and crop attributes.

1 Geo-location technologies are central to precision agriculture, as they allow various types of data
collected to be overlaid with geographical information. Geo-imagery allows for the visual
identification of certain variables/indicators.

1 A variety of sensors used for monitoring variables/indicators, including climatic variables (e.g.,
temperature, wind, rain, etc.), soil variables (e.g., texture, moisture level, pH, organic matter
content, etc.), crop yields, as well as nutrient levels (both macronutrients and micronutrients).

Nutrient Planning i Technologies (hardware and software) that use raw data gathered from the nutrient
monitoring technologies for a precise mapping of a field to be used in nutrient planning and application.

1 Geo-location and geo-imagery processing use photogrammetry and/or spatiotemporal
technologies. Photogrammetry converts drone images/satellite images into topography.
Spatiotemporal leverages high-resolution aerial imagery to monitor crops for hotspots.

1 Application programming interface (API) is a platform for sharing data between multiple software
and hardware applications. Data analytics refers to the analysis of data to help farmers make real-
time and predictive decisions, including real-time data visualization, forecasting, and nutrient
planning.

Nutrient Application i Technologies capable of applying nutrients (e.g., nitrogen, phosphorus) and soil
ameliorants (e.g., lime) in a site-specific manner based on accumulated data recommendations for each
sampling point.

1 Variable rate technologies (VRT) enable variable rate control of inputs for site-specific field
conditions. Variable rate technology enables the optimal distribution of resources.

1 Guidance and autosteer are GPS guidance systems to steer a moving vehicle (e.g., tractor, baler,
combine, sprayers) automatically. The technologyisi nt egr ated directly
allowing farmers to obtain clear access to cab controls. Agbots, autonomous robots used for the
agricultural sector, are also considered within this group. The only agbot identified for nutrient
management is Rowbot, which rolls between row crops to spray fertilizers.

It is rare that one of these technologies would be used on its own in precision agriculture, as each depends
on or feeds into another. For example, prescription maps can be developed through a combination of
GPS/GIS technologies and processing, on-farm and aerial sensors, and data analytics. Prescription maps
are then fed into VRT for the application of farm inputs, such as fertilizers. Though Section 4 (Profiles of
Technology Groupings) discusses each technology group separately, it should be noted that optimally, the
real benefit to farmers comes from applying multiple precision agriculture technologies as a system.

Precision Agriculture Ingury Trends

The global precision agriculture technology market has seen steady growth over the last decade, with
improved products on the market and higher adoption rates. According to a 2017 study by Stratistics MRC,
the global market accounted for $2.81 billion USD (approximately $3.65 billion CAD)® in 2014, and is

6 Conversion assumes 1 USD = 1.3 CAD.
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expected to increase to $6.43 billion USD (approximately $8.36 billion CAD) by 2022, at a compound annual
growth rate (CAGR) of 12.5%.7 A 2018 study by BIS Research estimated that the market would reach
$10.55 billion USD (approximately $13.71 billion CAD) by 2025, at a CAGR of 13.7%.8 In addition, the
global venture capital in agricultural technologies was $10 billion USD (approximately $13 billion CAD) in
2018, whereas it was only $500 million USD (approximately $650 million CAD) in 2013.° The key driving
forces for the global precision agricultural market include increasing global sales potential; growing demand
for food; eminence of wireless, telematics,and fibi g d a gomednmenbintenventioms) @ncerns on
energy and cost efficiencies; and consumer pressure for more transparency on farming practices (e.g.,
where their food is coming from, the health of the soil, how environmentally responsible the farmers are,
etc.). Compared to cost savings, increasing crop yields and reducing environmental impacts will play a
growing role in the future for driving precision agriculture technology adoption.0

According to the 18" Survey of Crop Input Dealers about Precision Agriculture Technologies study
conducted by CropLife magazine and Purdue University in February 2017,1112 81% of dealers offered some
type of precision agronomic service to customers. The GPS guidance systems with automatic control for
fertilizer/chemical application is the most widely offered technology at 78%. Approximately half of the
dealers (52%) are offering remote sensing using aerial/satellite imagery. As for soil sensors, only 9% of
dealers offer these technologies to their customers.

In October 2016, the US Department of Agriculture (USDA) published a report to investigate farm profits
and adoption of precision agriculture.1® According to that study, precision agriculture technologies are more
likely to be adopted by larger farms. For example, the adoption rate of the largest corn farms (i.e., >2,900
acres) is double the average rate of all farms. It is interesting to observe that the hired labour costs on larger
farms with precision agriculture technologies are 60-70% higher than small farms, as the additional labour
may be used for information management and other special field operations. However, the percentage of
operation costs associated with precision agriculture technologies for large farms are five times lower than
that for small farms. In addition, this report indicated that yield mapping has been widely used for corn and
soybean farms, and has increased use for peanuts, rice, and spring wheat as well. Since BC is a large
producer of wheat,'* there is great potential for the use of monitoring and mapping in BC farms.

In early 2017, Agriculture and Agri-Food Canada (AAFC) contracted Dale Steele to conduct a Farmer
Survey in Western Canada to analyze precision agriculture adoption and barriers in Western Canada, which

7 Lamb, J. (2017). Precision Farming Market Size, Share, Report, Analysis, Trends & Forecast to 2022. Reuters. Retrieved from
https://www.reuters.com/brandfeatures/venture-capital/article?id=14966.

8 BIS Research. (2018). Global Precision Agriculture Market Anticipated to Reach $10.55 billion by 2025, BIS Research Report. Cision
PR Newswire. Retrieved from https://www.prnewswire.com/news-releases/global-precision-agriculture-market-anticipated-to-reach-
10-55-billion-by-2025-bis-research-report-899815577.html

9 Personal communication with precision agriculture expert.

10 schimmelpfennig, D. (2016). Farm Profits and Adoption of Precision Agriculture (Economic Research Report Number 217). United
States Department of Agriculture, Economic Research Service. Retrieved from
https://www.ers.usda.gov/webdocs/publications/80326/err-217.pdf?v=0

11 Erickson, B., Lowenberg-DeBoer, J., and Bradford, J. (2017). 2017 Precision Agriculture Dealership Survey. CropLife and Purdue
University. Retrieved from https://agribusiness.purdue.eduffiles/file/croplife-purdue-2017-precision-dealer-survey-report. pdf

12 Results were analyzed based on 209 completed questionnaires across US.

13 Schimmelpfennig, D. (2016). Farm Profits and Adoption of Precision Agriculture (Economic Research Report Number 217). United
States Department of Agriculture, Economic Research Service. Retrieved from
https://www.ers.usda.gov/webdocs/publications/80326/err-217.pdf?v=0

14 Government of British Columbia. Grains & Oilseeds. Retrieved from https://www2.gov.bc.ca/gov/content/industry/agriculture-
seafood/animals-and-crops/crop-production/grains-oilseeds-pulse-crops
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covered Alberta, Saskatchewan, and Manitoba.'® According to the 261 responses,'® which represents
almost one million acres of cropland across these three provinces, 84% indicated that they are currently
using precision agriculture technologies, and 93% agreed or strongly agreed that precision agriculture
technologies are useful. The average cost of precision agriculture is $6.74 CAD/acre. In general, larger and
high-revenue farms tend to have higher adoption rates for precision agriculture technologies. In addition,
farmers between 35 to 54 years of age appear to have higher adoption rates than the younger and older
farmers. As for specific technologies, autosteer systems with GPS guidance are widely used in Western
Canada, with an adoption rate of 79%. In addition, 48% of the respondents indicated the use of prescription
maps and/or VRT to apply variable (or unique) rates for fertilizer applications, and 36% are using automatic
section control for fertilizer application.

Table 1, as well as Figure 2 and Figure 3 below, provide an estimate of the percentage of acres in the
dealersd areas (market areas) that use various precision technologies that are relevant to nutrient
management in the US. The GPS guidance system with automatic control still shows the highest potential
for farmer adoption in the US. Field mapping (with GIS) and VRT for lime and fertilizer application also
exhibited great potential for the three years following the study in the US. In contrast, according to the
Farmer Survey in Western Canada,’ respondents (27%) consider sensors to be the most beneficial
technologies for their farm business over the two years following the study in Canada, followed by data
analytics (19%), crop monitoring (17%), data automation (15%), and autonomous equipment (12%).

Tablel Produceuse of precision technologies, retailers estimate of their market‘area

Precision Agriculture technologies relevant to Estimated market Estimated market
nutrient management area (2017) area (2020)
Guidance / autosteer 60% 72%
Field mapping (with GIS) 45% 61%
VRT liming application 40% 51%
VRT fertilizer application 38% 54%
Satellite or aerial imagery 19% 33%
Cloud storage of farm data 14% 32%
Any data analysis service 13% 30%
UAV or drone imagery 6% 22%
Y drops on fertilizer applicator 6% 16%
Telematics 5% 12%
Chlorophyll / greenness sensors for N management 3% 10%

15 Steele, D. (2017). Analysis of Precision Agriculture, Adoption and Barriers in Western Canada, Producer Survey of Western Canada.
Prepared for Agriculture and Agri-Food Canada. Retrieved from https://www.realagriculture.com/wp-content/uploads/2017/04/Final-
Report-Analysis-of-Precision-Agriculture-Adoption-and-Barriers-in-western-Canada-April-2017.pdf

16 Of the 261 responses, 46% were from Alberta, 32% from Saskatchewan, and 22% from Manitoba.

17 Steele, D. (2017). Analysis of Precision Agriculture, Adoption and Barriers in Western Canada, Producer Survey of Western Canada.
Prepared for Agriculture and Agri-Food Canada. Retrieved from https://www.realagriculture.com/wp-content/uploads/2017/04/Final-
Report-Analysis-of-Precision-Agriculture-Adoption-and-Barriers-in-western-Canada-April-2017.pdf

18 Erickson, B., Lowenberg-DeBoer, J., and Bradford, J. (2017). 2017 Precision Agriculture Dealership Survey. CropLife and Purdue
University. Retrieved from https://agribusiness.purdue.eduffiles/file/croplife-purdue-2017-precision-dealer-survey-report. pdf

. DELPHI
JENTERPRISE <l crour



https://www.realagriculture.com/wp-content/uploads/2017/04/Final-Report-Analysis-of-Precision-Agriculture-Adoption-and-Barriers-in-western-Canada-April-2017.pdf
https://www.realagriculture.com/wp-content/uploads/2017/04/Final-Report-Analysis-of-Precision-Agriculture-Adoption-and-Barriers-in-western-Canada-April-2017.pdf
https://www.realagriculture.com/wp-content/uploads/2017/04/Final-Report-Analysis-of-Precision-Agriculture-Adoption-and-Barriers-in-western-Canada-April-2017.pdf
https://www.realagriculture.com/wp-content/uploads/2017/04/Final-Report-Analysis-of-Precision-Agriculture-Adoption-and-Barriers-in-western-Canada-April-2017.pdf
https://agribusiness.purdue.edu/files/file/croplife-purdue-2017-precision-dealer-survey-report.pdf

FINAL REPORT

PRECISION AGRICULTURE TECHNOLOGIES FOR NUTRIENT MANAGEMENT IN BC

100%
s ie|ld monitor w/ GPS
90% —| === Satellite or aerial imagery
=@=UAV or drone imagery
0% —| =@ Grid or zone soil sampling
Soil EC mapping 72%
70% — =g Chlorophyll/greenness sensors for N management . .
smBem G uidance/autosteer 0% .-" 62%

60%

50%

40%

30%

0,

10%

0%

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Figure2 Farmer use of precision technologies, estimated by ret&ilers

60%
smgee\/RT nutrient application 549 —
amips'\/RT single nutrient application _"
50% —| =&=VRT multiple nutrient application ..‘. {
VRT lime application o 1.' 51%
==@mm\/RT pesticide application 41% 40% - -
o | . .
40% =mgmm\/RT seeding prescription - . " 35%
31% 32%
0,
0% 2a%/ 37%
22%

18% 19 280

20%

Figure3 Farmer use of variable rate precision technologies, estimated by retéilers

19 Erickson, B., Lowenberg-DeBoer, J., and Bradford, J. (2017). 2017 Precision Agriculture Dealership Survey. CropLife and Purdue
University. Retrieved from https://agribusiness.purdue.eduffiles/file/croplife-purdue-2017-precision-dealer-survey-report. pdf
20 Erickson, B., Lowenberg-DeBoer, J., and Bradford, J. (2017). 2017 Precision Agriculture Dealership Survey. CropLife and Purdue
University. Retrieved from https://agribusiness.purdue.eduffiles/file/croplife-purdue-2017-precision-dealer-survey-report. pdf
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3. Opportunities in B ritish Columbia for Precision Agriculture
Technologies in N utrient Management

This section presents an upfront overview of the BC farm sector, a summary of top opportunities for
precision agriculture technologies in BC, and key gaps that are relevant to BC. Technologies, opportunities,
barriers, and benefits are discussed in detail in Sections 4, 5, and 6.

Overview of iish ColumbiaFarm Sector

In BC, the number of farms has been decreasing. The 2016 Census of Agriculture counted 17,528 census
farms in BC, down 11.3% from 2011 and almost double (5.9%) the decline nationally. Total farm area has
declined by 0.8% and land in crops has declined 3.1%.%! Additionally, more than 40% of BC farms are
considered small farms, with less than $10,000 CAD in receipts. Because farms are generally increasing
in size, the impact of individual farms on the environment is also increasing. However, those farms will also
have a higher ability to absorb the costs associated with precision agriculture technologies for nutrient
management.

Table2 Number of farms in key agricultural growing regions by size

Primary Agricultural Regions Small Farms Medium farms Large Farms
(under 400 acres) (400 to 2880 acres) (2880 acres and over)

Vancouver Island - Coast Region: 1725 16 1

Includes CARs 17, 19, 21, 26

Lower Mainland - Southwest Region: 3891 46 3

Includes CARs 9, 15

Thompson - Okanagan Region: 4580 264 95

Includes CARs 7, 33, 35, 37, 39

Cariboo Region: Includes CARs 14, 545 316 97

53

Peace River Region: Includes CARs 440 469 146

55, 59

For farmers expanding production, the cost of land may limit the farmers ability to also invest in precision
agriculture technologies. The average cost of farmland in BC is double the Canadian average, and even
higher in areas located close to urban centres. The Agricultural Land Reserve has improved efforts to
preserve what arable land there is for agricultural use, but this has not prevented land prices from
escalating.

B C dideal growing conditions allow farmers to grow over 200 different commodities. Within BC, there are
1,000 grain and oilseed producers, farming over 380,000 acres. Of the total farmland in 2016, 62% was in
pasture land (e.g., tame or seeded pasture and natural land for pasture); 23% was is in crops (e.g., hay
and field crops, fruits, field vegetables, and sod and nursery products); 14% was used for farmland, and
the remaining 1% was summer fallow. BC reported the largest absolute increase among the provinces in
the number of farms reporting vegetables, up 289 from 2011 to 2,329 farms. Within BC, all reported crops,
excluding tame hay and wheat, are increasing in both average yield and total production. This trend is
caused by the improvement of farming efficiency and adoption of precision agriculture technologies. The

21 Statistics Canada. 2016 Census of Agriculture. Retrieved from https://www.statcan.gc.ca/eng/ca2016
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potential application of precision agriculture technologies in BC is also impacted by the diversity of
commodities.

The Peace River region in BC has been the main growing region for grain and oilseed crops since the early
1900s. There are 250 producers located in the region alone, accounting for 80% of the provincial acreage
and production export.

In the Nechako, Cariboo, and Kootenay regions, the majority of the crops, specifically barley and oats, are
used for livestock feed, with minimal amounts harvested as grain.

The area allocatedtoBC6s main field crops is canola (29%),
peas (3%). The majority of corn grown in BC is used for livestock feed as opposed to a grain crop.?2

The Southern Interior regions of BC where it is warm and dry is the main growing region for fruit trees and
grapes that are used in the wine industry.

The Fraser Valley and VVancouver Island, where is it cooler and wetter, grow high value vegetables, berries,
mushrooms, and most of the floriculture and nursery crops. The adoption of precision agriculture
technologies in these areas is impacted by the intensity of production, geographic location, and the type of
commodity produced.

Population and demand must also be considered. Statistics Canada estimated that the population of BC
surpassed five million in 2018.23 Between 2007 and 2017, the population grew by 12.3%.2* Increasing
population results in increasing demand on production of food crops, particularly under the stresses of
climate change, which also impacts availability of imported food (e.g., due extreme weather events in
California, Mexico, and other jurisdictions). Precision agriculture technologies can be used in BC to improve
productivity and yields of food crops, while also lowering operational costs.

The age of farmers is also a key consideration for the adoption of precision agriculture technology. In BC,
farm operators under the age of 35 account for an increasing share of the total operations; these numbers
increased for the first time in the last 25 years as of the 2016 Census. From 2011 to 2016, the proportion
of farm operators aged 55 years and older in BC rose to 58.5%. However, the proportion of young farm
operators (under 35 years old) increased to 6.9%. Over the five-year period, the average age of operators
edged up from 55.7 to 56.3 years. Additionally, BC had the highest proportion of female farm operators
(37.5%) in Canada in 2016, up from 36.5% in 2011. Nationally, women accounted for 28.7% of all farm
operators in 2016.

22 Government of British Columbia. Grains & Oilseeds. Retrieved from https://www2.gov.bc.ca/gov/content/industry/agriculture-
seafood/animals-and-crops/crop-production/grains-oilseeds-pulse-crops

wheat

23 Statistics Canada. (2018) . Canadads popul ati on esti mates,

https://www150.statcan.gc.ca/n1/daily-quotidien/181220/dq181220c-eng.htm
24 gstatistics Canada. Population. Retrieved from https://www150.statcan.gc.ca/n1/pub/12-581-x/2018000/pop-eng.htm

ot | DELPHI
OENTERPRISE 7—11 GROUP


https://www2.gov.bc.ca/gov/content/industry/agriculture-seafood/animals-and-crops/crop-production/grains-oilseeds-pulse-crops
https://www2.gov.bc.ca/gov/content/industry/agriculture-seafood/animals-and-crops/crop-production/grains-oilseeds-pulse-crops
https://www150.statcan.gc.ca/n1/daily-quotidien/181220/dq181220c-eng.htm
https://www150.statcan.gc.ca/n1/pub/12-581-x/2018000/pop-eng.htm

FINAL REPORT 9
PRECISION AGRICULTURE TECHNOLOGIES FOR NUTRIENT MANAGEMENT IN BC

Table3 Proportion of farm operators by age group ifBC

Age Group 2011 (% of farm operators) 2016 (% of farm operators)
Under 35 5.4 6.9
35-54 40.5 34.6
55 + 54.1 58.5

These data are relevant in that younger farmers may be more likely to adopt new technologies and be more
attune to their impact. Positioning of precision agriculture technologies to the market then must take into
consideration who is purchasing the technology.

Summary of op Opportunitiefr Precision Agriculture Technologies in British Columbia

Precision agriculture technologies for nutrient management have the potential to address some of the major

challenges faced by the agricultural industry in BC. For instance, nutrient loading is a prominent issue in

BC, patrticularly in those areas where there are high concentrations of livestock, poultry and eggs, grain

crops, and horticultural production. There is a need to continue to develop geo-referenced models to assess

and predict climate changeds impact on water avyailabil
soil carbon sequestration, soil biodiversity, pest distribution and ecology, and crop distribution with

consideration of their vulnerability to environmental risks.

Crop diversity directly impacts nutrient management through crop rotation (with respect to annuals), fertility
requirements for perennials, and carbon management (and organic matter care). Poorer soils retain
fertilizers to a lesser extent, and therefore will require more supplemental nutrients. It becomes a vicious
cycle.

The management of nutrients on-farm can involve many different practices including, but not limited to,
composting, tillage practices, residue management, use of cover crops and green manure crops, manure
management, crop rotation, fertilizer application, pest management, irrigation, grazing management, and
GPS and field mapping. These practices can be complex and require a significant amount of information
and data, however, the integration of precision agriculture technologies on-farm can simplify and optimize
nutrient management planning.

To determine the top opportunities for precision agriculture technologies in BC for nutrient management, a
number of variables must be considered, including farm size, crop type, landscape, and weather conditions.
Therefore, there will be regional differences in terms of what technology will be the most beneficial profit-
wise and environmentally and this may even differ from farm-to-farm.

Any sensor technology that can measure level of nutrients in the soil would give immediate information on
what kind of nutrient management is required (e.g., nutrient replacement, maintaining optimum nutrient
level). Of nutrient application, planning and monitoring, the latter may be the most important as it provides
the groundwork to help determine where the variation in nutrients can be found and where opportunities
exist to better manage nutrients.

% Statistics Canada. Farm operators classified by number of operators per farm and age, CANSIM Table 004-0239. Retrieved from

https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210044201
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Data analytics adoption is not high in the agricultural space, but it is an up-and-comingareaon fibi g dat ao
processing. This is however relevant to those areas that have confined agricultural production (e.g., Fraser

Valley, Okanagan Valley) where high value crops and operations rely on high nutrient application, water,

and intense management.

Variable rate technologies are especially useful in annual crop production where nutrient management is
subject to crop type and the previous cropping system. Perennial cropping systems (e.g., grapes, tree fruits,
blueberries) will see less benefit compared to application in high acreage row crops (e.g., grain and oilseed
crops in particular). Because these crops tend to be grown on larger operations, their applicability will also
be higher and can be used in concert with GPS/GIS systems. Further, use in inconsistent soil conditions
will elevate the effectiveness of VRT.

Similar to VRT, autosteer technologies are currently geographically limited to areas of high acreage
production and GPS/GIS coverage.

Although optimally, monitoring, planning, and application technologies would be used together in a system-
wide approach (as further discussed below), it is not likely given the current challenges, not the least of
which are initial capital costs and a current lack of interoperability between technologies and technology
groups. Instead, a collection of techniques and technologies to collect, analyze, and use data are selected
based on overall farm profile, which are different for each location, crop, terrain, and soil type.

Key Gaps

|l deally, taking a Asystemsodo approach to precision agric
would capture both localized micro environmental data as well as macro level information. Realistically,

producers are employing some of these technologies to meet their environmental responsibilities and at

the same time maintain their own business sustainability. It is however unrealistic to presume that producers

will use all technologies but use of some technologies in precision agriculture will lead to both enhanced
profitability with consequent favourable environment al
allow for integration of these technologies, and the data collected by each, into one system for an all-

inclusive, comprehensive nutrient management plan. There is a need for an open data concept for precision

agriculture technologies for nutrient management applications.

Additionally, there are other challenges associated with the BC farming landscape and the applicability of
these precision agriculture technologies. For example, in the regions of BC where they grow a significant
volume of grapes, blueberries, and raspberries, growers are not as concerned about how much fertilizer or
water they are using because they are growing such high value crops. They are interested in maximizing,
not optimizing, yields. In these areas, adoption of precision agriculture technologies will be slower.

As well, a large percentage of farms in BC are considered small farms. This puts a limitation on some
technologies, such as certain drone services that require a minimum acreage in order to see a return on
investment. Other technologies, such as hyperspectral imaging analytics have a high capital or operating
expenditure associated with application and therefore would not make sense financially for a small farm.
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In addition, the complexity of the technologies and associated data can be a major barrier to the adoption
of these technologies. A significant gap is the lack of trusted professionals that have a deep understanding
and knowledge of the precision agriculture technologies that exist for nutrient management. There is a need
for industry experts that can work with farmers on a case by case basis to identify what technology would
be best suited and provide the most benefits to their specific operation.

Getting the agricultural industry to agree on what is best practise is also a major gap and barrier to precision
agriculture adoption. As quoted by one entrepreneur #fi
15 opinions. o0 There is a need for an agreed upon protoc
of subsidies to support farmers to adopt more precision agriculture technologies in BC.
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4. Profiles of Technology Groupings and Outlook for
Application within B ritish Columbia

Geoalocation and Gewmnagery

Introductionto TechnologyGroup

Global positioning systems (GPS) and geographic information systems (GIS) are essential for the
development of precision agriculture in the BC market and will assist growers in unique farming
environments to establish environmentally friendly yet economically efficient resource utilization. Geospatial
data can be captured from a number of different acquisition technologies including satellite, aerial, drone,
and on-the-ground technologies, each providing different degrees of resolution and geospatial relevance.

Satellite-based geospatial technologies have the advantage of being able to monitor large geographic
spaces (Figure 4), and with the advent of new sophisticated technologies, can monitor and detect changes
in attributes such as crop health, topography, and soil moisture. Aerial-based technologies will have similar
capacity but at a more limited geographic swath. The advantage of using drone technology is to increase
the pixel resolution per acre thereby allowing for more specific analysis than that which is available from
satellite-based technologies. On the ground and in ground geospatial technologies enable the capture of
geo-referenced micro level data, such as crop metabolism, transpiration, and gaseous exchange (COz, O2).

Low Resolution

High Resolution

Figure4 Geographic capacity and resolution of geospatial technologies (image adapted from R&zatec)

26 |mage source: Rezatec https://www.rezatec.com/
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Some imaging technologies measure the amount of incident energy that is reflected by vegetation, soil, and
other artefacts in the cultivation. The geo-referenced sensors have varying spatial, spectral, radiometric,
and temporal resolutions. Other sensors that can be used include light detection and ranging (LIDAR),
synthetic aperture radar (SAR), and earth penetrating radars. Examples for the use of LIDAR on aerial
technologies include developing topographic or elevation maps of a field in a very short time, with LIDAR
providing resolutions in centimeters/inches. In addition, GPS/GIS/aerial technologies can monitor the
physical and chemical properties of soil, including soil types, texture, organic matter, and pH. Soil nutrient
data includes soil nitrogen, phosphorus, potassium, and other large numbers of nutrients.

These systems are extremely data intensive because of real time data collection, global positioning, and
data interpretation. GPS/GIS technologies are used in concert with farm management, field and soil
monitoring, pesticide and fertilizer input decisions, mapping for field conditions (e.g., moisture, crop scouting
and vigour, fertility), and seeding to harvest crop management.

Costs
CAPEX, OPEX, ROI as available

There is typically no capital expenditure (CAPEX) for producers using GPS/GIS technologies, particularly
for satellites and aerial technologies. However, in some circumstances, producers may want to invest in
their own drones or on-the-ground GPS/GIS equipment. In these cases, the farmer would have both CAPEX
and operating expenditure (OPEX).

The OPEX cost to growers depends upon the service they are looking for. These can range from a basic
service starting around $1.50 USD (approximately $1.95 CAD)/acre and to more advanced packages up to
$7 USD (approximately $9 CAD)/acre. A basic service would include numeric data or vector data, while
more advanced packages would include layers of GIS, including polygons, lines, points, and raster images,
presented as separate layers together as one map.?” There are volume discounts depending upon the size
of the operation as well as costs associated with annual web-based subscriptions. These costs are
dependent upon the level of support the supplier provides. In some circumstances, certain costs are not
part of the provided service and lead to additional costs. These costs could include GPS, geospatial
imagery, and/or equipment inputs which use the internet of things (10T) (e.g., tractors, sensors, etc.). GIS
provides the map polygon for the GPS technology to identify the position and movement within the polygon.
Internet of things data provides specifics of the characteristics within the polygon.

For comparison, in the US, services may cost from $7.50 USD (approximately $9.75 CAD)/acre for raw
image files to $44 USD (approximately $57.20 CAD)/acre for a normalized difference vegetation index
(NDVI) image. The costs for remote sensing from manned aircraft range from $0.75 to $2.30 USD
(approximately $0.98 to $2.99 CAD) per acre. The costs for satellite data are low per acre but have high
total cost because commercial providers require a minimum area for coverage.

Return on investment (ROI) should not be limited to only looking at the costs associated with GIS/GPS
technologies for nutrient management. The initial cost may be high for a single task (i.e., nutrient
management), but the same unmanned aerial vehicle (UAV) could be used for multiple tasks. For example,

27 Syracuse University Libraries. GIS (Geographic Information Systems), Geospatial Data: Types of GIS data. Retrieved from
https://researchquides.library.syr.edu/c.php?9=258118&p=1723814
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following crop development during the growing season, following pest progression (e.g., weeds, insects,
disease), and estimating yield at harvest are all potential uses of the UAV that could impact the optics (and
decision) of the investment.

One of the companies interviewed stated that the ROI for their technology was typically around $20
CAD/acre and could be as high as $75 CAD/acre. A key reason for implementing these technologies is to
increase the efficiency of production and minimize environmental impacts. One example provided was that
of a 10,000-acre Hutterite colony which had invested in 5,000 new acres. By using GIS/GPS technologies,
they increased their operational efficiency with a margin of 45% through better allocation of equipment (with
associated reduced capital expenditures on new equipment), use of agronomists, a 50% reduction in lab
sampling costs, and also a reduction in labour costs.

Technology

Readiness/commercialization stage

A key advantage of these systems is that there is familiarity in the agriculture sector for the use of GPS/GIS.
Remote sensing and GIS have emerged as effective tools for the macro and micro level mapping of natural
resources.

Companies are developing new uses for GPS devices. GPS can be integrated into smartphones, hand held
devi c e s,anddatelité technology, all of which lead to mapped fields for farmers to apply site specific
and precise solutions for their nutrient management issues. For example, UAV-based remote sensing
applications for various agriculture applications have soared over the last decade because of their potential
to be a low-cost, accessible, and practical substitute for satellite and micro aerial vehicle (MAV)
technologies.

Part of the challenge for the adoption of this technology is the readiness of farmers to accept the technology.
There are cases wh e rtiee bddget fore&cGPS/GISItechndlbgieshas it would be a new
expense for them. This forces them to come up with the money and justify that it is helping their bottom
line. It has been suggested that having the government agree upon protocols (e.g., hitrous oxide emission
reduction protocol - NERP) and providing subsidies will allow for more adoption of these types of
technologies.

General risks/uncertainties associated with the technology

A number of technical challenges have led to uncertainties in the uptake of these technologies by
producers. Current satellite technologies in operation range in age from 1977 to present day. The Canadian-
based satellites are primarily RADARSAT-2, while other global providers have technologies including RGB
(red, green, blue) optical, LIDAR, near-infrared (NIR), and limited multi-spectral imaging. Satellite-based
remote sensing in precision agriculture are still limited by the coarse spatial resolution, cloud interference
during image acquisition, and slow turnaround. Most of the high-resolution satellites used for precision
agriculture are not equipped with a high-resolution thermal band, and the spatial resolution of the thermal
band is not able to assess crop water stress at field scale. Future technologies will include hyperspectral
imaging, a technology that has more capability in this area than those previous, however these are not
available to the commercial market yet.
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For growers, nutrient deficiencies are hard to detect with current satellite imagery because these
deficiencies do not happen uniformly across the
almost too late because they are informed by the characteristics of the crop stand. Once hyperspectral
imaging becomes the norm, nutrient deficiencies will be detectable on bare ground prior to planting. This
will lead to the precision application of fertilizers and other crop enhancers using variable rate technology
at planting.

In addition, data formats are also constantly changing. For individual companies, the challenge is to
determine which of the hundreds of data types to pursue, and how to engineer the data for acceptance into
various platforms. Data platforms need to be compatible with old and new machinery. File sizes for imaging
environments are massive and are often measured in multiple gigabytes, which is a challenge for older
machinery.

Environmental Benefits
Air, water, land

Environmental benefits are not directly applicable to GPS/GIS technologies. However, remote sensing with
imaging spectrometers is an important method for assessment of soil variation, specifically organic matter
content. Soil properties are continuous over a landscape with few abrupt transitions and to simplify
management, variations are often used to divide a field into management zones, with different zones
receiving inputs tailored for those zones. Precision agriculture imaging is used at the detection,
identification, localization, and validation steps of nutrient management.

Nutrients, yield, plant health

Precision agriculture can provide early detection of stress, thus, can facilitate improved agronomic practices
where UAVSs are responsible for spraying chemicals on crops. The application of chemicals is controlled by
the feedback obtained from a wireless sensor network deployed on the crop field, ensuring efficient use of
nutrients. Certain GPS/GIS are mature technologies (primarily RGB for optical imaging, measuring
reflectance and colour intensity, as well as NDVI for thermal spectrum in the infrared bands for
differentiation of plant conditions) that can identify crop stresses such as nutrient and water stress, disease,
pest, and weed infestation. Geo-imagery enables farmers to identify problems and take immediate or long-
term (year-over-year) action, which improves overall crop yield and health. For example, geo-imagery pest
management can have a direct and immediate impact on the efficiency of production (and yield), impacting
nutrient use. To identify nutrients in the soil, higher level and more recent technologies include multispectral
and hyperspectral imaging. Some data can be derived from multispectral images, but more complex profiles
require hyperspectral resolutions.

Other

In the past, it was difficult for farmers to correlate production techniques and crop yields with land variability.
This limited their ability to develop the most effective soil/plant treatment strategies that could have
enhanced their production. Today, GPS/GIS technologies enable farmers to visually link field variability with
levels of productivity and other variables, ultimately reducing expenses, producing higher yields, and
creating a more environmentally friendly farm.
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CommerciaBuccess

Market info

GIS/GPS technologies have been on the market for more than 30 years and are well understood.
Application of the technologies is |Iimited by the prodit

General barriers

A potential barrier is access to these technologies by the producers. To address this, one of the companies
interviewed sells their technology through a dealer network and input suppliers and provides support to
growers through this network. Additionally, having personnel with expertise in precision agriculture will
reduce the risk to growers in their adoption of these technologies. This approach has allowed this company
to extend its reach through 156 countries, serving 1.6 million acres.

There is a history of farmers not having a good experience with technology and service; even services such
as basic solil testing are not done by the majority of producers. In the western provinces, for example,
adoption of basic soil testing is about 25%. A perception that exists is that companies have done a poor job
soil testing, had limited policies and procedures, and inaccurate soil collection, resulting in poor data. There
is a need for re-education about precision agriculture technologies, particularly those that may seem more
advanced or complex, such as GPS/GIS, for farmers and the risks associated with adoption and non-
adoption.

Competitiveness and alternatives

There are a number of technologies (e.g., handheld GPS, UAVs, satellites, etc.) within this grouping that
all do similar things. Each has its own pros and cons and need to be considered on a case by case basis.

Relevance to BC Farming Sector
Market potential in BC

Given the breadth of GPS/GIS technologies, there is market potential in BC, depending on the farmers
requirements, topography, and crop type, etc. Initial farm mapping could be provided by various types of
geospatial imagery however, in mountainous territory like BC, angle of incidence of the image can affect
the accuracy of the polygon shapes and relief. However, with basic field imaging, ground proofing of the
satellite imaging with on-equipment GPS could provide accurate location and shape of field polygons and
provide the potential for improved nutrient sensing, either by UAV or on-equipment. Ground proofing
involves the validation of the image coordinates by visiting the identified coordinate location on the ground
and ensuring accuracy of the data point for the border of the field polygon.

Drone technologies are most applicable to places where crops are on hillsides or steep slopes. Ground
proofing can be done with drone positioning in a similar manner to the on-equipment GPS technologies.
Lower altitude drone technologies would also have use in the Okanagan and Fraser Valleys where farm
size is smaller, but land is highly productive and subject to significant management. Satellite imaging and
high-altitude drone technologies would likely have good application in large scale farming operation areas
like the Peace River District and Williams Lake.
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BC specific risks/uncertainties associated with the technology

General earth imaging (geospatial) from satellites is limited by the field of view especially in mountainous
areas, and the environmental/climatological barriers that may exist (e.g., clouds, fog, rain, smoke). As a
result, near ground or on-ground equipment or in-ground sensing may provide the most reliable and
immediate opportunity to collect data particularly with respect to nutrient profiles.

Barriers/challenges spiéc to BC

Distribution of service providers for identifying farm coordinates and field coordinates are likely located in
either the areas of the Okanagan or the Fraser Valleys. Application for these services in other in-land areas
may be cost prohibitive from a travel and operations perspective for the service provider.

Sensors

Introductionto TechnologyGroup

Sensor technologies can be found in a variety of different areas related to agriculture nutrient management.
These would include sensors like yield monitors, hand-held spectrometers, hyper-spectral camera drones,
soil sensors (e.g., nutrients, water, soil structure), and weather/climate monitors. Sensors in nutrient
management are a relatively recent development and have been augmented through the development of
microelectronic sensing technology and the advent of the internet of things (IOT) for the transmission of
data. The efficiency in transmission rates, types of data, and ability to interpret these data increase the
utility of these technologies. Companies are developing new technologies in this field and in general the
field is growing. Innovations are being developed through small or medium size enterprises and the
incorporation of artificial intelligence algorithms and the interpretation of the data in real time is leading to
opportunities in electronic nutrient management sensing.

Multiple sensors are used in precision management for nutrient management. Soil sensors can be
electrochemical (Figure 5), electrical or electromagnetic, optical (Figure 6), radiometric, acoustic, or
mechanical.
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Figure5 Electrochemical sensor for soil pH mappift

Figure6 Optical sensor with visible and neafrared spectrum (left) and soil spectra obtained from the optical
sensor (righty

Soil sensors can be used for on-site soil assessment to generate real-time soil data such as pH, electrical
conductivity, salinity, dissolved oxygen, nutrient concentration, and more (Figure 7). This information can
be tied to GPS data to generate maps to efficiently display nutrient variability to be used for site-specific
nutrient application. For example, Figure 8 shows a non-contact electromagnetic sensor for soil mapping.
This type of sensor is used to measure the electrical conductivity of the soil. It does not make direct contact
with the soil and is usually used together with a GPS receiver on a moving vehicle.3!

% These sensors measure voltage, which is translated to a concentration of ions.

2 Image source: Folnovic T. Smart sensors for accurate soil measurements. Retrieved from http:/blog.agrivi.com/post/smart-
sensors-for-accurate-soil-measurements

%0 Image source: Folnovic T. Smart sensors for accurate soil measurements. Retrieved from http:/blog.agrivi.com/post/smart-
sensors-for-accurate-soil-measurements

31 Folnovic T. Smart sensors for accurate soil measurements. Retrieved from http://blog.agrivi.com/post/smart-sensors-for-accurate-
soil-measurements
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