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1. Project Overview

(i) Need for the Precision Agriculture Research Program

Wild blueberry producers currently manage their fields as uniform production units
but considerable variability in various field characteristics are known to exist. The
presence of weeds and bare spots within the wild blueberry field requires more accurate
applications of inputs to maximize profit margins and reduce environmental
contamination. Precision agriculture techniques provide the tools that allow growers to
manage site specific or smaller areas within their fields on.an as needed basis. Maps of
fruit yield, topography, soil/plant characteristics, pests and weed populations, and bare
spots are the basis for varying application rates of nutrients and pesticide in wild
blueberry production,

To address research needs in precision agriculture for the wild blueberry sector,
Oxford Frozen Foods Limited and the Nova Scotia Department of Agriculture established
a Precision Agriculture Research Chair at the NSAC. The Precision Agriculture Research
Program (PARP) is a unique industry, government and academic partnership. In
December 2006, the PA Research Chair, Dr. Q. Zaman assumed his duties at the NSAC.
Dr. Zaman'’s research program will initially focus on the development/adoption of new
PA technologies to improve wild blueberry crop productivity and mitigate the
environmental impacts.

(it) Challenges

Some of the largest horticultural producers and processors in Atlantic Canada have
set the goal of reducing agrochemical input by 20 % to 40 % in the next five years. To
remain competitive in a global economy the horticultural sectors throughout Canada must
adopt efficient and more economical approaches to food production. The development of
new technologies that will work to apply agrochemicals site-specifically efficiently and
cost-effectively will allow Atlantic Canadian wild blueberry producers to remain
competitive. There are no automated systems commercially available to quantify and
map weed patches, bare soil spots and blueberry plant areas within the field for site-
specific application of agrochemicals. The application of appropriate fertilizer and
herbicides rates based on information collected with automated system may increase
horticultural profitability and mitigate environmental poliution. Therefore, this PARP is
initiated to pursue the following objectives with the aim of developing/adopting new PA
technologies:

(iii} Objectives
i. Develop an automatic cost-effective yield monitoring system to measure and

map real-time wild blueberry fruit yield.

ii. Develop an antomatic slope measurement and mapping system to measure
and map topographic features in real-time,

iii. Develop a cost-effective and reliable automated system to quantify and map
the variations in plant sizes, bare spots and weed patches on-the-go in wild
blueberry fields.

iv. Adopt DualEM linked with a DGPS for real-time measurement and
mapping of soil horizons and variation in water table depths.



v. Develop VR sprayer and spreader to apply pesticides/fertilizer on an as-
needed basis in wild blueberry ficlds.
vi. Assess the cost/benefit of the new PA systems in blueberry production
systems.
vii. Bvaluate the impact of VR agrochemical applications on groundwater
contamination.
viii. Expected deliverables at the project’s completion:
» submission of annual reports to all partners
» acomplete final report in English and French to ACAAF boards
e preparation of factsheets in English and French on precision
agriculture systems and its distribution to wild blueberry production
stakeholders throughout Eastern Canada
e presentations at wild blueberry producers twilight, quarterly and
annual meeting, (when invited) and national/international conferences
e posting of significant results in English and French on the Precision
Agriculture Research Program website
¢ publication of results scientific journals;
¢ demonstration of PA systems at wild blueberry producer’s field days
and in agricultural machinery shows throughout Eastern Canada; and
e training of industry representatives, extension specialists and
individual growers on aspects of PA technologies.
¢ Precision agriculture new technologies will be patented and marketed
commercially as they will significantly reduce input costs, increase
profitability while minimizing environmental risks.

2. Development of Precision Agriculture Systems/Technologies

(i) Automated, Low-Cost Yield Monitoring System for Commercial Wild
Blueberry Harvester

a) Estimation of Fruit Yield Using Digital Coloxr Photograph

The presence of weeds, bare spots, variation in soil/crop characteristics and fruit yield
within the wild blueberry field requires more accurate applications to maximize profit
and reduce environmental risks. An automated yicld monitoring system to incorporate
into harvester for real-time fruit yield mapping to develop site-specific nutrition program.,

In 2007, wild blueberry fields were selected to evaluate a photographic method for
fruit yield estimation. A 10-megapixel 24-bit digital color camera was mounted on a
tripod and pointed downwards to take photographs of the blueberry crop from a height of
approximately 1 m. At harvest time, blueberry crop images were collected in each field at
30 different sample locations displaying a range in yield. Actual fruit yield was sampled
from the same locations by hand-harvesting out of'a 0.5 x 0.5 m quadrat using a
commercial blueberry rake. Custom image processing software was developed to count
the blue pixels of ripe fruit in the quadrat region of each image (Fig.1) and compared
with actual fruit (Fig. 2). Based on the results, an automated yield monitoring system



consisting of a digital camera, computer, and DGPS was developed to monitor and map
blueberry fruit yield in real time.

Fig. 1: Image processing custom software to calculate blue pixel ratio in quadrat
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Fig. 2: Maps showing fruit yield at the selected locations (left) and percentage blue pixels
at the same location (right) for comparison.



b) An Automated, Low-Cost Yield Monitoring System for Wild Blueberry

In 2008-2009, an automated yield monitoring system (AYMS) consisting of a
digital color camera, DGPS, custom software (Fig. 4), and a ruggedized laptop computer
was developed and mounted on a specially designed Farm Motorized Vehicle for real-
time fruit yield mapping (Fig. 3). Wild blueberry fields were selected to evaluate the
performance of AYMS. Maps showed substantial variability in fruit yield in both fields.
The bare spots coincided with no or low yielding areas in the fields (Fig. 5). The yield
maps could be used for site-specific fertilization in wild blueberry fields.

Based on the results, AYMS consisting of two uEye digital cameras, computer, and
DGPS was developed to incorporate into a two head harvester to monitor/map blueberry
fruit yield in real time.

Fig. 3: Farm motorized vehicle (FMV) mounted with AYMMS (1, DGPS Antenna, 2-
Digital camera, 3-Laptop, 4-GPS Receiver)
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Fig. 4: Software interface for automated yield monitoring system
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F1g 5: Maps showing blue pixel ratio (left), fruit yield of each image (middle) using
AYMMS and bare-spot map (right) in a field.

¢) An Automated Yield Monitoring System II for Commercial Wild Blueberry
Double-Head Harvester

In 2010, the image acquisition hardware consisted of ruggedized computer, RTK-GPS
and two pEye cameras was developed (Fig. 6). The cameras, connected to the computer
through a USB cable, could acquire images. The cameras were mounted at the front of
FMYV at a height of 0.9 m and a separation of 1.1 m between adjacent cameras.

Image acquisition program was developed. Real-time on-screen updates of grabbing
images were used to adjust several important parameters including camera exposure time
and gain values (Fig. 7). Blue pixel ratio was calculated in each image and latitude and
longitude data for each image was recorded simultaneously using RTK-GPS,
Performance accuracy of AYMS for fruit yield mapping was evaluated in wild blueberry
fields. The maps showed substantial variability in fruit yield in both fields (Fig. 8).

Fig. 6: AYMMS mounted on FMV (Two uEyecameras Laptop, RTK-GPS)
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d) Sensor Fusion on Blueberry Harvester for Fruit Yield, Plant Height and
Topographic Features Mapping to Improve Crop productivity

In 2011, an integrated automated sensing system including ultrasonic sensor, digital color
camera, slope sensor, RTK-GPS, custom software and laptop computer was developed.
The system was incorporated into a blueberry harvester to map plant height, slope,
elevation and fruit yield simultaneously (Figs. 9 and 10). The information obtained from
the system will be used to identify factors causing crop performance decline in variable
wild blueberry fields. Two commercial wild blueberry fields at two different sites were
surveyed to evaluate the performance of the system. Preliminary results indicated
information obtained from the system could be used to implement site-specific
management practices within the blueberry fields to optimize productivity while
minimizing the environmental impact of farming operations,



Fig. 10: Custom software to estimate fruit yield, plant height and elevation in real-time

(ii) Electromagnetic Induction Methods for Water-Related Soil Properties
Mapping to Develop VR Technologies

a) EMI Methods for Water Management Enhancement

Electromagnetic induction (EMI) methods are gaining popularity due to their non-
destructive nature, rapid response and ease of integration into mobile platforms to
measure and map water-related soil variability.

In 2008-09, Observation wells were installed to calibrate the DualEM for
predicting the groundwater depths within the field. The software was developed to store
the data from sensor and DGPS. The regression model showed significant correlation
between the actual groundwater table depths and ground conductivity measured with
DualEM. Surveys were conducted using DualEM to map ground conductivity in selected
fields. The predicted groundwater depth maps were generated in GIS software. This
information could be used for scheduling irrigation and designing drainage systems
within fields.
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Fig. 12: Groundwater depth maps, a) 3 Oct., b) 6™ Oct., and ¢) 10™ Oct., 2008

(b) EMI Methods for Soil Mapping

In 2010-11, wild blueberry fields were selected to map soil moisture content,
organic matter, and soil inorganic nitrogen using DualEM. The soil moisture content and
organic matter content, soil inorganic nitrogen were determined for each grid point from
selected fields for ground truthing, The ground conductivity was measured and recorded
with Dual EM at same from sleeted grid points. Comprehensive surveys were conducted



in those fields to measure ground conductivity for soil moisture, organic matter and soil
inorganic nitrogen estimation in real-time using DualEM.

Ground conductivity was significantly related with the soil moisture content,
organic matter and NH4-N in the fields. The estimated soil moisture, soil organic matter
and soil inorganic nitrogen maps showed substantial variation in selected fields. This
information could be used for developing VR technologies in blueberry cropping system.
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Fig. 13: Soil properties maps (estimated using DualEM)

(iii) Cost-Effective Real-Time Slope Sensing System for Wild Blueberry

In 2007-2009, the majority of blueberry fields in eastern Canada have gentle to
severe topography. An automated slope measurement and mapping system (SMMS)
consisting of low-cost accelerometers used as tilt sensors, DGPS, laptop and custom
software was developed and mounted on an ATV for real-time slope measurement and
mapping (Figs. 14 and 15). Several commercial wild blueberry fields were surveyed to
evaluate the performance of SMMS. The automatically sensed slopes (SS) were
compared with manually measured slopes (MS) at selected points in each field to
examine the accuracy of SMMS. The fruit yield, leaf nutrients and soil samples were
taken from selected points in different slope zones in each selected field. The SMMS
measured slope reliably in the selected fields. MS slopes were overlaid on SS maps and
matched with the SS throughout the fields (Fig. 16). The soil organic matter, leaf
nutrients (N, P) and fruit yield were significantly different in steep slopes and low lying
areas of each field (Table 1), Therefore, the use of low-cost and reliable accelerometers
with a DGPS is a better option for developing cost-effective SMMS to quantify and map
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slopes (real-time) for planning site-specific management practices in commercial fields.
The SS maps or real-time SMMS could also be used to adjust vehicle speed at particular
steep slopes to avoid accidents in wild blueberry fields.

Fig.14: Cost-effective SMMS using accelerometers, DGPS, custom software and laptop
to measure and map slope in wild blueberry fields.
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Fig. 16: Interpolated maps of slope angles in degrees, measured automatically with the
SMMS (S5) and manually (MS) at selected points () in wild blueberry ficlds.
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Table 1: Comparison of mean fruit yield, soil properties, and leaf nutrients for different
slope zones at both sites.

Soil properties/Leaf Site 1 Site 2
nutrients/Fruit yield Slope (degrees) Zones Slope (degrees) Zones
0-12 12-18 18-24 0-12 12-18 18-24

Yield(Mgha™) 61" 49 26 86 56 315
________________ 18011Pr026rtles

SOM (gkg™) 55.4° 45.1° 41.7 82.2° 70.2° 57.2°
Soilptl 454 46 462" 465 465 468"
____________ ]LeafNutrlents

N(gkg") 16.3° 16" 1320 181® T g5 16.2°

P(gkg") 1.3 1 2% 1.0° 1.4° 1.9% 1.0"

K(gkg") 41 42° 3.8 4.4° 43" 4.1°

Means followed by similar letter(s) in each row not significantly different from each other at the
5 % confidence level

(iv) Site-Specific Fertilization in Different Management Zones

a)} Evaluation of VR Fertilizer Spreader for Site-Specific Fertilization Using GPS-
Guided Prescription Maps

| In 2009-11, Maps of fruit yield, topography, soil properties, and bare spots are the

i basis for varying application rates of nutrients and in wild blueberry production. The

} slope and soil data was imported into GIS software. Geostatistics in combination with

3' GIS were applied to produce detailed maps. Zonal statistics function of GIS was used to
examine the variation of soil properties within different slope zones. The bar charts of
soil properties with respect to slope indicated the high values for moisture content,

! organic matter and inorganic nitrogen in the low lying areas. The steep slope areas

contained less moisture, ammonium nitrogen and organic matter (Fig. 17).
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Fig. 17: Relationships- soil properties and nutrient in different slope zones to develop
management zones for site-specific fertilization
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A prescription map for VR fertilization was generated on the basis of slope maps
using GIS and dividing the field into three sub-regions with homogeneous yield limiting
factors. The highest fertilizer rate, equal to the grower’s previous uniform rate (200
kg/ha), was allocated to the steep slope areas, 150 kg/ha in medium slope position and
100 kg/ha was allocated in low lying areas. The areas with weeds and bare soil received
no fertilizer (Fig. 18). The VR fertilizer was applied using VR fertilizer spreader with
prescription map (Fig. 19). For comparison purposes, uniform grower’s rate {200 kg/ha)
was applied to one half of the field. Impact of the VR fertilization on the crop growth,
yield and ground water quality will be studied.

VR fertilization saved 41% fertilizer as compared to uniform application of fertilizer in a
selected wild blueberry field,
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Fig. 18: GPS-guided prescription map for VR fertilization

Fig, 19; V tepeciﬁc fertilization
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(b) Modified VR Fertilizer Spreader for Spot-Application of Agrochemicals Using
Automated Sensing and Control Systems

In 2010-11, in this research project, we intend to develop/modify innovative
cost-effective automated VR spreader within wild blueberry fields, Motivation for the
development of this new VR spreader is to assemble viable modern equipment which will
perform significantly better than existing precision agriculture systems, at the lower cost.
This type of VR spreader does not use prescription maps, but relies on sensors/digital
cameras to provide real-time weed, bare spots and blueberry plant detection information
which sends signal to fast computerized to dispense correct agrochemical rates site-
specifically within wild blueberry fields, Most importantly, the fertilizer will not be
applied where no plants have been detected, thus avoiding waste and environmental
contamination.

We developed sensing and control system consisting of three way solenoid valves,
return auger, programmable relay, air compressor, single acting cylinders, digital color
cameras, custom image processing software and computerized controller. The boom was
divided into six equal sections (Fig. 20). The principle components of modified VR
spreader were tested in lab and also evaluated in hay field at NSAC to detect and
dispense fertilizer at right target in specific section of the boom where the targets were
detected.
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Alr Compressor
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Betum Auger 1
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Fig. 20: Modified VR fertilizer spreader for spot-application of fertilizer
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(vii) Development of an Automated VR Sprayer for Spot-Application of
Agrochemicals

Management of weed population with reduced agrochemical inputs that have increased in
diversity and is expressing increased incidence of herbicide resistance will require: (i)

_increased herbicide use efficiency; and (ii) replacement of conventional technology with

new VR technology for site- specific application of agrochemicals. There is an urgent
need to develop affordable, reliable and efficient antomated precision agriculture systems
to apply agrochemicals on site-specific basis.

We developed innovative cost-effective automated VR sprayer for spot-
application of pesticides in wild blueberry fields. Motivation for the development of this
new VR sprayer is to assemble viable modern equipment which performs significantly
better than existing precision agriculture systems, at the lower cost. This type of VR
sprayer will not use prescription maps, but will rely on sensors/digital cameras to provide
real-time weed, bare spots and blueberry plant detection information which will be used
to dispense correct agrochemical rates on exact targets within wild blueberry fields. Most
importantly, the herbicide would not be applied where no weeds have been detected and
fungicides/insecticides would be applied only where blueberry plants have been detected,
thus avoiding waste and environmental contamination,

a) An Automated VR Sprayer Using Ultrasonic Sensors

In 2007-2009, we lab-tested the principle components (cost-effective sensors and
fast 8-channel computerized VR controller) required for a real-time VR sprayer to detect
tall weeds and dispense chemical in a specific section of a sprayer boom. Subsequently,
these components were integrated and custom-mounted on an ATV to prove the concept
of real-time weed detection and application of herbicide on weeds in blueberry fields.

A cost-effective automated prototype VR sprayer was developed for control of 8
individual nozzles on a 6.1-m sprayer boom for spot application of agrochemicals on
weeds. The 6.1 m sprayer boom was divided into 8 sections and mounted behind an ATV
at 76.2 cm above the ground. The VR control system consisted of 8 ultrasonic sensors
(one per spray section) and four cameras (each camera covers two sections) mounted on a
separate boom in front of the ATV, Dickey John Land Manager IT controller and flow
valve, solenoid valves and an 8-channel VR controller interfaced to a Pocket PC using
wireless Bluetooth® radio with software.

In 2009, wild blueberry fields have been selected to evaluate the accuracy of the
VR sprayer. Water sensitive papers (targets) were stapled to weeds randomly selected in
two tracks of each field. The papers were orientated parallel to the ground. The percent
area coverage (PAC) of the sprayed targets with both SA and uniform application was
calculated by an imaging system. Based on these results, the VR sprayer was cost-
effective, efficient and accurate enough for spot- application of agrochemicals usage in
wild blueberry fields. We evaluated the performance of prototype sprayer for herbicide
applications accuracy in several commercial wild blueberry fields
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Fig. 22: Showing the targets (water sensitive papers} sprayed with water for both spot-
application and uniform application using prototype VR sprayer.

b) An Automated VR Sprayer Using Digital Color Cameras

In 2010, growers apply herbicides during the growing season hexazinone
(Velpar® DF) for pre-emergence control of grasses and perennial broadleaved weeds,
fluazifop-P-butyl (Venture®) a post-emergence for control of grasses, Mesottione
(Callisto® 480SC) a post-emergence for control of annual broadleaf weeds, propyzamide
(Kerb™ WSP) a pre-emergence to control grasses and broad-leaved weeds), fungicides
benzisothiazolin (Bravo®) for fruit rot, propiconazole (Topas®) for monilinia blight,
cyprodinil/fludioxonil (Switch™) for botrytis, boscalid/pyraclostrobin (Pristine™) for
valdensinea leafspot and rust), and insecticides (imidacloprid (Admire®) for aphid
control, acetamiprid (Assail) and spinetoram (Delegate™) for blucberry maggot and
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spinosad (Entrust®) for blueberry spanworm). However, the grasses and weeds are not
tall enough to sense using ultrasonic sensors in spring and fall,

Two cost-effective pEye digital color cameras were incorporated on each side of
the boom. Each camera is able to cover two sections of the boom (97 cm each section).
Cameras will be attached using USB cables to the computer on the Yamaha Rhino.,
Custom software capable of processing the images to detect weeds, bare spots and
blueberry plants in real-time will be able to send weed or plant triggering signals through
a Labjack digital i/o and data acquisition device to the VRC, The VRC will have user
programmable inputs such as a before and after distance buffer, delay time and ground
speed correction. The VRC sends a signal to the LMC which will automatically adjust the
flow rate based on the number of nozzles on at a specific time and also actuate the
corresponding solenoid valve to spray agrochemical in the specific boom section where
the weeds or plants have been detected.

We evaluated the performance of prototype sprayer with both sensors and

cameras for pesticide (herbicide and fungicide) applications accuracy in commercial wild
blueberry fields.

Controllers

Fig. 23: Image processing custom software to discriminate weeds and bare spots
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c¢) Development of Prototype Commercial VR Sprayer

In 2010 Fall, a commercial prototype (VR) sprayer was developed for spot-
application of agrochemicals in a specific section of the 12.2 m sprayer boom where the
weeds have been detected. The boom was divided into 16 sections (97 cm each section).
VR control system consisted of eight digital color cameras mounted on a separate boom
in front of the tractor, 20-channel MidTech Legacy 6000 controller and two 8-channel
VR controllers interfaced to a Pocket PC using wireless Bluetooth® radio. Cameras were
attached using USB serial cables to the computer. Custom software was capable of
processing the images to detect weeds in real-time, and weed triggering signals were sent
to the VRC to spray in the specific boom section where the weeds have been detected.

In (2010-11), the performance accuracy of principle components of VR sprayer
was tested and evaluated for real-time spot application of herbicides in the specific
section of the boom where the weeds have been detected and fungicides and insecticides
where the foliage have been detected.

The performance accuracy of automated VR sprayer is being assessed
aggressively for real-time spot application of herbicides (Velpar + Sinbar, Kerb, Chattue,
Callisto, Venture) in the specific section of the boom where the weeds have been detected
and fungicides and insecticides where the foliage have been detected in commercial wild
blueberry fields. Preliminary results indicated sensing and control system performed well
to apply herbicide and fungicides at right targets. VRT reduced significant chemical
usage in wild blueberry fields.

Controller

Solenoid Valves & Noazzles Height Sensor nEye Camera

Fig. 23: An automated prototype commercial VR sprayer for spot- application of
agrochemicals in wild blueberry fields
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Fig. 24: Maps showing weed patches before spray (top) and after spray coverage
{bottom) in field

3. Outcomes
Benefits to the Blueberry Industry

The proposed research has the potential to improve the competitiveness, and
profitability of the blueberry industry, reduce the environmental impact of current wild
blueberry production practices, and enhance the long-term sustainability of the industry.
Through the development of an integrated site-specific management program, blucberry
producers will have the resources available to make better and more timely management
decisions. Wild blueberry producers in Atlantic Canada and Quebec, in both conventional
and organic farming, will benefit from the proposed research. The site-specific
application of agrochemicals will increase input use efficiency, fruit yield and also
increase farm profitability. This increased productivity is of paramount importance with
an escalating demand for wild blueberries, the need to remain competitive with the
bilberry and cultivated blueberry industries (i.e., northern and southern high bush and
rabbiteye industries).

a) Cost/benefit assessment of new PA systems in blueberry production systems

Fertilizer saving: fertilizer saved with site-specific application in a wild blueberry field
was 41% using VR spreader. '

Pesticides saving: chemical saved with spot-application was 60% - 80 % herbicide and
20% - 40% fungicide. Due to space constraint, only weed maps before and after of one
field was shown as an example. Based on the results of this study, the VR sprayer proved
very efficient for spot- application of herbicide on weeds and fungicide on foliage in wild
blueberry fields. Following is the cost saving analysis for one chemical in one field using
VR sprayer:
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Cost Analysis- Conventional vs Spot-Application (for one application only)
*  Target: Sheep Sorrel

*  Chemical: Kerb

¢ Area sprayed = 300 acres

. weed cover =25%

*  Application cost = $180/acre

. Total cost (uniform application) = 300 X 180 = $54,000

»  Cost of spot- application =$13,500

. Chemical cost saving with spot- application = $40,500

. Fewer trips to set water for sprayer

*-  Saves time (10 hours) + fuel, and labor
. Less impact on ENVIROMENT

*  Less chemical content

»  MRL

Additional cost of converting commercial to VR sprayer:

. Computerized VR 8-channel controller

(Controller + Sensors/Cameras + GPS) = $4,000.00
. Dickey John Land Manager I controller
. (Controller + GPS + linear flow control valve, flow meter)= $2,600.00

. Wiring etc, = $400.00
. Total initial cost: (Prototype Sprayer) =$7,000.00
. Commercial Prototype Spraver = $14,000.00

b) Environmental Impact: Impact of VR Fertilization on Ground Water
Contamination in Wild Blueberry Cropping System

The overall environmental impact will be neutral/positive, as it is anticipated that the
amount of current agrochemicals being used in the blueberry industry will be reduced.
The intent of the proposed research is to develop site-specific management strategies for
precise application of agrochemicals with minimal environmental impact. This project is
focused on identifving weeds, and grasses to apply herbicide site-specifically that will be
helpful in mitigating environmental and consumers concerns related to production
practices. Reduced fertilizer applications with site-specific management in the areas of
blueberry plants only, will also benefit the environment in the long term by reducing the
leaching of surplus nitrate-nitrogen from fields. This will maintain the drinking water
standards of Nova Scotia’s aquifers. Although the focus of this research will be on Nova
Scotia wild blueberries, the results should be easily adapted to other horticultural
industries and crops.

Wild blueberry fields have gentle to severe topography with high proportion of
bare spots, and weed patches. A wild blueberry field has been selected for (VR)
fertilization based on variation in topographic features to improve farm profitability and
fertilizer use efficiency, and reduce ground water contamination. Management zones
{(zone 1 through 3) were delineated and GPS-guided prescription map was generated in
Arc GIS 9.3 based on variations in slope and bare spots in the field. Three fertilization
rates (200, 150, and 100 kg ha™) were applied with a VR fertilizer spreader according to
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the prescription map. Zero rates were allocated to the bare spots in prescription map. For
comparison, half of the field received the growers uniform fertilizer rate of 200 kg ha™.
Soil leachate samples were collected after every heavy rainfall from suction lysimeters
installed at 40cm depth below soil surface from 36 points in each 18 paired plots. The
leachate samples collected were analyzed for nitrate nitrogen (NO3y-N), and ammonium
nitrogen (NH;'-N) concentrations, and leaf samples were analyzed for leaf nutrient
concentrations under VR and uniform fertilization. The VR treatment significantly
(p<0.05) decreased NO3™-N and NH,™-N loading from leachates leaving the root zone in
moderate and low lying arcas when compared to the uniform treatment. Mean leachate
NOj™-N concentrations for all VR treatments ranged from 2.71 to 3.84 mg L'l, while
those under uniformly fertilized in moderate slope and low lying areas were 7.72 and
8.52 mg L respectively. Although, phosphorus, nitrogen and potassium in leaf nutrients
were more than recommended ranges in zone-2 and zone-3 of uniformly fertilized section
but most of other nutrients were within the optimal ranges. VR treatment used 42% less
fertilizer than standard uniform fertilization and could protect environment,
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Fig. 25: Comparison of Nitrate-N concentration under VRT and uniform fertilization

4, Communication Plan

The communication plan for the project involved dissemination of results at the
scientific community, industry specialists and producer level. It was anticipated that a
minimum of three peer reviewed scientific manuscripts will be published in regional,
national and international journals. Six scientific papers have already been published in
peer reviewed journals such as HortTechnology, ASHS, Applied Engineering in
Agriculture and Computer and Electronics in Agriculture. We are in the process to submit
scientific papers in peer reviewed journals. Significant results were presented in
International Precision Agriculture (PA) Conferences, annual meetings of American
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Society for Agricultural and Biological Engineers, Canadian Society for Biological
Engineers and American Society of Agronomy and Soil Science.

In addition, results from the project were posted on the Wild Blueberry Precision
Agriculture Research Program, NSAC websites (hitp://nsac.ca/pa/). We provided
quarterly reports to Oxford Frozen Foods Limited on the ongoing research. Results and
updates were being made available to producers in Atlantic Canada through the
participation in wild blueberry producer meetings (e.g., WBPANS), twilight meetings,
Oxford Frozen Foods scientific committee meetings and field days, and publication of
producer newsletters, PA broachers and bulletins. PA field day was also organized to
demonstrate PA technologies to farming, industry and researcher communities. We
applied US and Canadian patent for VR (VR) sprayer. The VR sprayer will be marketed
with the help of manufacturers. We had three TV programs (CTV Canada) and a
commercial (CNN and Fox) for the promotion of NSAC as a lead research institution in
Canada. We also published several articles in grower’s magazines (The Grower Canada
Wide, Farm Focus, and Truro Daily News) regarding PA technologies and their
implementation to increase farm profitability and reduce environmental contamination.

The operational manuals were also developed for PA technologies; 1) VR sprayer, 2)
automated slope mapping system, 3) DualEM for mapping soil properties, 4) automated
yield monitoring system and 5) custom softwares and interfaces. We trained HQP (three
summer students, two international visiting scientist, and two postdoctoral fellows).
Currently, we are training five graduates (M. Sc) and two PhD students and two post-
doctoral fellows, a research assistant and two international visiting researchers, two
undergraduate students to develop PA technologies.

Research progress meetings within the Wild Blueberry Research Program occur on a
weekly basis. During these meetings, the progress of the various experiments was being
monitored and discussed. The rescarch staff, and students involved in the research
activities were present and attempts were being made to facilitate constructive criticism,
and enhance the qualify of research being conducted. The research staff also met
regularly with the industry partners involved to discuss the progress of the experiments
and dissemination of results.

5. Intended Benefits

Resource optimization, production sustainability and yield enhancement are all
critical research priorities to the blueberry industry. It is anticipated that the proposed
project will have a positive impact on the rural economy and employment. The research,
producer awareness, and training components contained within the project will result in
the development of a more efficient, productive, and sustainable production system
resulting in the continued development of a more profitable Canadian blueberry industry.
This will in turn continue to enhance the rural economy, increase employment
opportunities, and expand the marketing opportunities for wild blueberry production. -

The proposed research project will address these research priorities through the
development of an integrated site-specific management program for VR application of
agrochemicals. The development of VR techniques will reduce fungicides, insecticides,
herbicides, and fertilizer use in wild blueberry cropping systems. Economic thresholds
will be determined to limit the use of agrochemicals while minimizing the environmental
risks.
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6. Project Summary

The project consists of a combination of research and extension activities that are
structured around developing/adopting the site-specific management practices for wild
blueberry production. The collaborators for this project consist of the Bragg Lumber
Company, Wild Blueberry Producers Association of Nova Scotia, the Wild Blueberry
Research Program (NSAC), Agriculture and Agri-Food Canada and University of Florida.
The objectives of the project continue to be to develop and evaluate precision agriculture
technologies for site-specific application of agrochemicals within wild blueberry
cropping systems to increase farm profitability and reduce envirommental risks. The
combination of research and technology transfer activities situated within the proposed
project are in the process of resulting in the continued development of more efficient,
sustainable, and environmentally friendly VR management practices, the continued
training of wild blueberry producers and industry personnel, and a more competitive wild
blueberry industry.

7. Future Research Plan
1. Compacting the major components of VR sprayer for commercial version
ii. Continue evaluation of commercial prototype automated VR sprayer to
apply herbicides, and fungicides in wild blueberry cropping system.
iii. Continue evaluation of hardware and software of VR spreader to apply
fertilizer on site-specific basis to improve the performance accuracy,
iv. Continue assessing impact of VR agrochemical applications on groundwater
contamination will be evaluated.
v. Continue assessing cost/benefit of the new PA systems in blueberry
production systems
vi. Presentations at wild blueberry producers meetings and national,
international conferences will be made.
vii. Publish results in scientific journals,
viii. Continue display and demonstrate PA systems at blueberry producer’s field
days and in agricultural machinery shows.
ix. Continue training uundergraduate/graduate students, post-doctoral fellows,
industry representatives, extension specialists and growers.
x. New viable precision agriculture technologies will be patented and marketed
commercially as they will significantly reduce input costs, increase
profitability while minimizing environmental risks.
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