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ABSTRACT

An automated prototype variable rate (VR) sprayas developed for control of eight
individual nozzles o a 6.1 m sprayer boom for spayplication (SA) of agrochemicals in
wild blueberry fields The VR control system consisted of eight ultrasonic serems
four cameragmounted on a separate boom front of the ATV, flowcontroller, VR
controller, ruggedized computer, flow valve and eswid valvesCustom software was
capable of processing the images to detectiwee plants in reagime and automatically
senda signal to the VRcontrollerfor SA atthe correcttarget. The performance of VR
sprayer forfSA on weeds (herbicideand foliaye (fungicide) was evaluated in commercial
wild blueberry fields.Based on the results of this study, the VR sprayer was reliable,
efficient and accurate enough A of agrochemicalsThe average volume afhemical
saved withSA was 70 % herbicide and 36 fungicide.
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CHAPTER 1
INTRODUCTION

As production agriculture operations have grown in size and competitiveness, the
agricultural equipment industry has followed the trend by providing larger and faster
machines to satisfyhe produced slemand. The wild blueberry industry is rapidly
growing with over 16,500 ha in productionin Nova Scotia alonéWilliams, 2010)
Blueberries rank as the number one fruit crop in Canada with respect to area under
production Howatt, 2008)and farm gate valueAt the same time, technologies for
agriculturalfield task improvement have been develgpatbwing detailed crop input
management and more efficient field operations. Many of the technologies developed to
address these issues a@iGPSguided prescription maps and can be quite expensive and
relativdy complicated to us€Tian, 2002 Schumann et al., 2086Michaudet al., 2008).
Because of the high cost and complexityoperaton a pr oducer ds deci
these technologies has become more difficult. It often takes more management effort to
fully utilize the potential of theetechnologies.

One of the newest innovations in precision agriculture is thetireal variable
rate (VR) sprayefor spotapplication (SA) Motivation for the developent ofthis type
of VR sprayeris increased field pesfmance andower chemical use andput costs.

This type of VR sprayer does not use presimniptnaps, but relies on sensorscameras
to provide reatime weed and bare spot detection informationttie controller for
sprayingthe correct targets. Although research programs throughout North America have
concentrated on the development of VR technologies for different brdps date, little

attention has begmidtowards vild blueberry production



Wild blueberry (Vaccinium agustifoliumAit.) yields are highly dependent on
agrochemicals for adequate weed, diseasd insect control. Growers appiyost
products during the growing season. For example, herbicides mesotGatisto®
480SC) for preemergence control of annualbroadleaf weedspropyzamide (KrbE
WSP) for posemergence control of grasses and broddaved weedsfungicides for
floral blights (Monilinia and Botrytis) and leaf diseasesSdptoria and Thekopsora
minimg), and insecticide for the fruit fly. These agrochemicals atr@aditionally applied
uniformly without considering significant bare spots -&D%) of the total field area
(Zaman et al., 2008) and weed patches that exist wsihimnefields. The repeated and
excessive use of agrochemicaldbarespots and plant areas haesulted in an increased
cost of production. Theextensiveuse of agrochemicals is also dangerous for the
environment, humans, native pollinators and plants. Chemipallyted runoff fromthe
fields cause contaminated surfaaed ground water (Pimentel and Lehman, 1998
targeting of herbicides to weed patchesdifferent cropping systemsiay lead to
reductions in herbicide usage by 2b (Dammerand Wartenberg2007). Similar or more
agrochemical saving potential is exptin the wild blueberry industry, given the high
proportion of bare spois typical wild blueberry fieldsTherefore, there is aemerging
need to develop an affordablend reliable automated VR sprayer foSA of
agrochemicals in wild blueberry cropping system.

The hypotheds proposed in this study wdbkat uniform blankeapplications of
agrochemicals araot necessary and the development rofeffective and practicaV/R
sprayer for SAcan be achieved. Withheé development of the sprayer system, an

important new management tool wik available for use by thaild blueberry industry.



1.1 Objectives

The objectives of this study are to:

Develop a prototype/R sprayerusing ultrasonic sensors and/@Eye
digital color cameras, computerizedcBannel VR controller, Land
Manager Il controller, handheld Pocket PC with operating software, servo
valve, flow meter, solenoid valves, nozzles and a tank capacity of 209 L
for small scal&sA in wild blueberry fidds.

Evaluate the performance of the prototype VR sprayéh ultrasonic
sensors for targeting tall weeds in wild blueberry fields.

Evaluate the performance of the prototype VR sprayer with digital color

cameras foBA of agrochemicain wild blueberry fields



CHAPTER 2
LITERATURE REVIEW

2.1 Wild Blueberry Cropping System

Nort heastern North America 1is t he worl c

with over 86,000 ha being managed anoducing 112 million kg of fruit valued at 82
million annually (Yarborough, 2009). Wild blueberry fields are developed from native
stands on deforested or abandoned farmland by removing competing veg&atam (
1988) Wild blueberry plats are low growing, ten to sixteeentimeters tall, with new
shoots of maturing plants developing from dormant buds on underground stems called
rhizomes Therhizomesoriginate from seedlings and spraaater the soil an average of
five to eight centimeterper year (Kinsmen, 1993Yamanet al (2008 found significant

bare spots in some fields (30 % of the total field arealhe fourkinds of lowbush
blueberrieshat grow wild in Canada areelvetleaf blueberry Vacciniummyrtilloides),
ground hurts accinium borealg common lowbusiblueberry Yaccirium angustifolium

Ait.) andblack lowbush blueberryaccinium angustifoliurh nigrum) (Kinsmen, 1993)

The mostabundaniacciniumspecia found in blueberry fieldis the commonlowbush
blueberry However,the velvetleaf blueberryhas been reported at up to 50c®verage

in stands of lowbush blueberries (Kalt et al., 208R)eberry fields are made up of many
different clones of blueberry plantand it is practically impossible to find two
morphological identical clones in the sarfield (Kinsmen, 1993).Generally, it is
difficult to detect differences in florddud counts or yields between treatments because of
the high variability and the natural clonal patchiness of the blueberry crop (Boyd and

White, 2010. In most cases wild beberry fields are managed omwa year production



cycle where one year produces vegetative growth, followed by a year in which bloom,
pollination, andberry growth anddevelopment occar Wild blueberries are harvested in
August and SeptembéFig. 2-1). Following the biennial crop management practice they

are pruned in the fall or spring of the cropping year by burning or mowing (Malay,.2000)

Figure 21  Wild blueberries in August of the cropping year.

Wild blueberry fields have a high proportion of bare spots and weed patches on
gentle to severe topographyeeds are becoming a greater problem in wild blueberry
production (Howatt, 2008Weeds have always beeansidered aa major yieldlimiting
factorin blueberry fields (Jensen and Yarborough, 2004). Weed flora in blueberry fields
traditionally consisted of slow spreading perennial spedies majority of ne species

invading blueberry fields are common vigorous annual weeds of arable fields that



producea large number of seeds and require control with herbicides both in prune and
production years (Jensen and Yarborough, 2004; McCully et al., 1991). Traditionally,
herbicides are applied uniformly withadequate attention being giventhe significan
bare spots and plant areamly to control competing weeds and encourage berry
production inthe sprout year. Excess usage of herbicide spréare spots and blueberry
plant areas using conventional methods, may increase productiors eost
environmatal pollution Malay (2000) repoed excessive loss of soil threatens the
sustainability of the wild blueberry industry as a result of poor blueberry cover and the
excessive use of herbicides.

Growers uniformly apply fungicides for floral blight&1¢nilinia and Botrytis)
and leaf diseasesSéptoriaand rust), and insecticides fdre fruit fly. The commonly
used fungicide chlorothalonil (Bravo® 500) for wild blueberry production has resulted in
fish mortalities in Prince Edward Islan@anadafrom chemical ruroff (Ernst, 1991;
Pariseauet al, 2009). To prevent negative environmental impaitt$s important to
consider practices that reduce pesticideatirand erosion during the production cycle
(Mutch, 1999). Fungicides and insecticidesild be saved in bare patches usragable
rate YR) technologies.The current crop management practices are implemented
uniformly with inadequate attention being given to the substantial variation in
soil/plant/weed characteristics, topograpfeaturesand fruit yield (Fig. 22). Spatial
variability in wild blueberry fields is a unique challenge greducerseedto overcome
(Farooque, 2010 The reed for precise sispecific crop management practices
essentialfor the future success of the wildueberry industry. These igue features

emphasize the pulfrom producersfor the development of automated vegetation



detection systems toidentify and map weeds/grasses and bare spots for accurate

applications.

Site-Specific Technology Can:

v'Reduce agrochemical use

v'Increase farm profitability

v'Decrease environmental pollution

Figure 22 Wild blueberry fieldshowing substantial bare spots, grass, weeds and crop
variability.

Consumer demand for wild blueberries has increased because of increasing
publicity and array ofhealth benefits. Anthocyanins in the berries have a range of
potential anticancer andantiheart disease properties including antioxidant, -anti
inflammatory, and cell regulatory effects (Beattie et al., 2005). The high concentration of
anthocyanins in wild blueberries repairs and protects genomic DNA intggdiyce age
associated oxidative reiss, as well as improving neural and cognitive brain function
(Bagchi et al., 2003). Smith et al. (2000) reported that wild blueberries exhibited

significant antioxidant activities in both the lipid and aqueous environment as well as



being rich in flavonws. Free radicals oxidatively damage lipids and proteins and
compromise genomic DNA integrity (Bagchi at al., 2003). Wild blueberries may be an
essential requirement for healthy livirend sustainable management practptag a key
role in the industrie success. fle development of a VR sprayer would promote the
management of a healthy crop using environmentally friendly methods of production.
2.2 Weeds and Foliar Dseases\ssociated with Wild Blueberry Production

Goldenrod(Solidagospp) is a common weed found in many wild blueberry
fields. McCully et al. (1991) found goldenrod in 94 of 115 sampled fields in Nova
Scotia. Boyd and White (2010) evaluated the effect of V&Ipdr applied preemergent
and multiple application timings of pestnergentCallisto® 480SC on goldenrod in wild
blueberry fields The spotsprayng of goldenrod with Callisto® 480SC is generally
effective, but labor intensive, and a broadcast treatment is desirable (Boyd and White,
2010). Although kroadcast treatmentseaeffectivethey are not necessary and increase
cost of production while polluting the environment.

Kennedy et al. (2011) determined the impact ofL&4.0 synthetic fertilizer and
Velpar® DF preemergence herbiciden Rumex acetosell@gheep sorrel) growth patterns
in lowbush blueberry fields. Kennedy et al. (2011) found Velpar® DF decreases the
reproductive shoot biomass ratio by as much & 96

Black bulrush(Scirpus atrovirengis anothemweedin wild blueberry production.
McCully et al. (1991) found black bushrush in 8% of 115 sampled fields in Nova Scotia.
Boyd and White (2010) evaluated the effect of terbicil (sinbar®) applieg¢mpergent
and nicosulfuron/rimsulfuron (ultim® 75 DF) applied pestergent and multiple

applicationtimings of Callisto® 480SC applied pestergenion black bulrush in wild



blueberry fields. Bog and White (2010) reported & 90 % control of black bulrush
was achieved with an application oitim® 75 DF or two sequential applications of
Callisto® 48®C. Herbicide could be saved in the wild blueberry cropping system with
the development and adaption of a VR sprayer that applieeappbtation (SA) where
needed within the field.

Wild blueberry yields are highly dependent on fungicides for adequataseis
control. The two most common foliar diseases found in wild blueberry fieldSeqteria
leaf spot Geptorig and blueberry rustThekopsora minimja(Percival and Dawson,
2009). Septorialeaf spot prevails in late June and rust in late July of the vegetative
development stage of the biannual crop production cycle (Wild Blueberry Factsheet,
2009). Both diseases cause visual reductions in green leaf area and leaf area duration and
cause redction in carbohydrate supply to develop floral buds (Perawal Dawson
2009). Growers apply fungicides during both the vegetative and cropping year to reduce
disease pressuremd increag floral bud counts and harvestable yields (Percasad
Dawson 2009). Chlorothalonil (Bravo®)is applied to prevenSeptorialeaf spot and
blueberry rust during vegetative year, propiconazole (Topas® 250E)doitinia blight
(Monilinia vaccinircorymbos) cyprodini |l / f | uBsdtrytes xBotnytis | ( Swi
cinerea) , and PristinekE ( b o Yatdenkinad (Vgldensimiac | o st r
heterodxa) leaf spot and rust during crop yedmaditionally fungicidesare applied
uniformly without considering bare spots that exist within fields. The repeated and
excessive use of fungicides in bare spots has resulted in an increased cost of production.
The wrong or over use dfingicideis also dangerous for the envirant, for humans,

for the native pollinators, and for the plan@hlorothalonil, the active ingredient in



Bravo® is a fungicide that is heavily used in eastern Canada and has led to significant
aquatic contamination (Ernst, 19%Rarisealet al, 2009. Given the high proportion of
bare spotsin typical wild blueberry fieldsthere is a significanfungicide savings
potential expected in the wild blueberry industfherefore, there is an urgent need to
develop an affordable and reliable automa#t sprayer for a more sustainabl8A of
fungicides inthewild blueberry cropping system.
2.3 Precision Agriculture

Precision agriculture (PA) refers to the management of crop production inputs in
an environmentally stable way. PA uses information thredlatesttechnology to target
and adjust the correct rate of fertilizers, herbicides, fungicides, insectamndés other
agriculture inputs onan as needed basif?A promots improved management of
agricultural production through recognition that the produgtipiitential of agricultural
land variesconsiderably, even over very short distances (Bramley and Wuabba, 2002).
With the increasing need to protect the environment, more attention is being given to
manage the fields accordinggpatialvariability in soi properties an@rop requirements
by varying the agricultural inputsithin field. PA contributes in many ways to the leng
term sustainability of production agriculture. Sustainability in agricuisitbeability to
reduce or prevent environmental detggon from economic activity with the goal to
enhance the environmental quality of the resource base which is needed for agriculture
providing food for human consumptionhe PA benefits to the environment come from
more targetedapplicationsof agriculturalinputs that reduce nutrient imbalances from
excess applicationsOther benefits include a reduction in pesticide resistance

development (Bongiovanni, 2008recision agriculture responds to manage crops on the
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basis of the variabilityin land, using a set of technologies to develop sustainable
agriculture, toreach a balance between the economic efficiency of operanzhthe
quality of the harvegnitigatingthe environmental risk&Castro et al., 2011).

Precision agriculture technologiésive spread rapidly around the world. 3&e
technologies have been adapted more easily by producerbamtfarms with larger
acreagehan smalacrefarms,and they rely on universities and extemsemgencies for
information on adoptiorof the equipment(Winstead et al., 2009)n 2005, acotton
precision farming survey showing results from 11 southern states indicated #abv#38
producers have taken advantagd®éftechnologies in somefm (Roberts et al., 2006).
For producers taisethesenew techndogies, they will need more information about the
economicreturns to justify the agption costs with investing in thé®A equipment
(Mooneyet al, 2009).

2.4 Sensing and Control Systems fo¥R Agricultural Applications

Several studies have beeonncentrated on camebased, noiestructive fruit
yield estimation and mapping techniques (Chinchuluun and Lee, 2006; Schumann et al.,
2007). Chinchuluunand Lee (2009) developed a machine visibased citrus fruit
counting system for a continuous cangpgke and catch harvester. The system consisted
of a 3CCD camera with custom image processing algorithm that could idemtiit and
measure its sizeA digital color camera mounted on a moving vehicle was used to
capture georeferencexverlapping imags using redjreenblue pixel ratios and
thresholds to identify and quantify numbers of mature fruit. Zaman et al. (2008)
evaluated the performance of a eeffective 10mega pixel digital color camera for wild

blueberry fruit yield estimationZaman et k (2010) developed an automated yield
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monitoring system (AYMS) consisting of a digital color camera, ruggedized laptop
computer, custom software and réiahe kinematicsglobal positioning system (RTK
GPS). They successfully estimated and mapped frdd ymewild blueberry fields. The
digital photography technique using cestective, reliable color cameras aRTK-GPS
might be an option for loekhead vision technology on a VR sprayer for wild blueberry
herbicide, fungicide and insecticidield applications. However, ordinary digital color
cameras are not viable for commercial application on a VR sprayer. ttér Bgstem
could involvecompact sized, cosiffective, fast and reliable cameras wiépid custom
image processing software to develop agfiRayerfor agrochemical applications in wild
blueberry fields.

Many researchers have developed machines that operate -Htimealsing a
variety of remote sensing devices. Adsttal (1999) developed an automatedtba-go,
soil nitrate monitoring syem using a nitrate ion selective electrode for-tiwaé in-field
soil nitrate measurements. Tumled al (2002) developed an dghego system for
sensing chlorophyll status in corn using neural networks and-diiitér spectrometry
which was used to aaife spectral response patterns at a travelling speed of Ot6km
in five corn field plotsSchumanret al (2007) developed ultrasonic and optical sensors
to control the placement and rate of fertilizers and pesticidesMRtfertilizer spreaders
in Florida citrus grovesCastroet al (2011) presents the development of a high
performance fertilizer spreader, which optimizes the balance between the quality of
cultivated products and fertilization costs. The sprea@sable to automatically adjust a

proportional flow valve depending on the tractor speed, depositing the proper amount in
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conjunction with the rest of the control sensors deployed with a PID (proportional
integrative derivative) control algorithm.

Ultrasonic sensors are widely accepteddoantification of plant heights (Sui et
al., 1989; Schumann and Zaman, 2005). Swain et al. (2009) developed and tested a low
cost ultrasonic system for weeds (taller than plants) and bare spot mappingtimeeal
within wild blueberry fields during thergwing season. They reported that eelective
ultrasonic sensomsere capable tdetect tall weeds (taller thdntueberryplants) and bare
spots in wild blueberry fielddHdowever, machine vision technology is needed because
weeds are not tall enough ¢ spring and fall herbicide applications over the two year
production cycle.

Wild blueberry producers and processors have set a goal to reduce agrochemicals
usagewithin the industry. Management of wild blueberry cropping systems will require
increased grochemical use efficiency by replacing conventional technology with new
VR technology forSA of agrochemicalsZzhang et al. (2010) developed a ground based,
automated machine vision system using -affdctive digital photography technique to
measure andgnap bare spots in wild blueberry fieldBherefore, this machine vision
technology could be incorporated into a VR sprayer to save fungicide applications in bare
soil zones within wild blueberry fields.

Several techniques are being tested for wetéction and mapping in different
cropping systemgGiles and Slaughter, 1997; Gillis et al., 2001; Tian, 2@&nmer and
Wartenberg, 2007) Sogaard (2005) constructed active shape models for weed
identification based on a set of training images. Geghatdal. (2005) used reame

differential images of near infrad (NIR) wavelength obtained with digital cametas
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save 81 % herbicides on broad leaved weeds ard % for grass weed herbicides in
cereal crops using a VR sprayeé8harp (2008) discrimated sheep sorrelRgmex
acetosellaL.) using a Field Spec® 3 haiebld spectral radiometefhese research
efforts have not yet resulted in generic technologies probably due to the inherent
difficulties of the methods utilized and the relatively higimpaiting and economic cost
involved.

Several machine vision systems have been developed to detect weeds in different
cropping systems (Sui et al.,, 1989; Shearer and Holmes, 1990; Zhang and
Chaisattapagon, 1995; Tig2002), because reaime weel detectiorat the time of spet
spraying could be very valuable flawering chemical costs and reducing environmental
contamination. However, these vision systems generally needed a relatively high image
resolution and the detection algorithmere quite complicatedand computationally
expensivgMeyer et al., 1998). Zhang et al. (2009 and 2010) usedetfesitive digital
color cameras and fast image processing techniques to detect weeds and bare spots in
wild blueberry cropping systentherefore, coseffective sensrs/cameras and fast image
processing techniques are able to sense the weeds 4tinreadnd provide the weed
detection information needed by fast VR controllers for spraying the correct targets in
wild blueberry fields.

Chang et al. (20)2leveloped a dor co-occurencematrix based machine vision
algorithms for wild blueberry fields. The developed algorithms wlessgnedo identify
bare spots, wild blueberry plants and weeds in wild blueberpporg fields. Chang et
al. (2013 used fourcolor cameras to take imagisreattime and transfer via USBnk

to a ruggedized laptop with custearitten programs coded in Microsoft Visual® C++.
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The textural features of eacmage were extracted using MATLABImage Processing
Toolbox Version 7.8.Math Works, Natick, MA, USA)and later analyzed with SAS®
(SAS Institute, Cary, NC)The accuracy levels of developed algorithfois detecting
weeds, blueberry plants and bare spatgyed from 91.4 to 94% with processing time

of 27 to 55mswhich will bring the maximum vehicle travel speed of 6.3 to 3.1 ki hr
respectivelyThereforea costeffective digital photography technique could be used on a
VR sprayeffor SA of agrochemicals in wild blueberry cropping system.

Advances in sensing technology have offered cost effective alternatives for
detecting weeds in specific sections of the VR sprayer boom. Advances in VR control
systems have made it possible to respond quiddBny commercial controllers have
been developk to deliver agrochemicals oa site-specific basis using GPS guided
prescription maps within the fieldD(CKEY-john Land Manager II: DICKEYohn
Corporation, Auburn, IL; MidTech Legacy 6000 controller: Midwest Technologies,
Springfield, IL; Raven 660 cordller: Raven Industries Inc. Sioux Falls, SD). Schumann
and Hostler (2009) with the partnership of a machinery manufact@eentgical
Containers, Inc., Lake Wales, FL, USAEeveloped an -8hannel computerized VR
controller consisting of electronic hardwamwith internal firmware and matching
Windows Mobile 6.0 software on a handheld pocket PC (PPC). The controller is linked
with the PPC using wireless Bluetooth. Typically this controller does not use prescription
maps, but relies on sensors to provide -tima¢ weed information which is used to
dispense the correct herbicide rate for the weed eradication within the field.

Researchers throughout North America have concentrated on the

development/adoption of PA technologies for horticultural/agronomic di@pes and
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Slaughter,1997; Tian, 2002 Carrara et al., 2004; Zaman et al., 2005; Schumann et al.,
2006h; Dammer et al., 2008)However, very little attention was paid to the wild
blueberry cropping system prototype VR sprayer consisting of ultrasoniosa's and
or digital color cameras, -6hannel computerized VR controller, Land Manager |l
controller, solenoid valves, PPC with operating software could be developed- for in
season redime weed detection and spot spraying in wild blueberry fields.
25 VR Spray Technologies

Agricultural sprayers withVR technology have the potential to improve farm
profits by lowering input and application costs while still being able to increase yields
(Mooney et al., 2009). The two main types of VR application methagprascription
map based VR technology and réale sensor based VR technology. The prescription
map based approach usegR controller to monitor and adjust the target application rate
based on the applicatorsaet field location usually featuringn an-board GPS device
and a computer generategplied map. Maps are most commonly created using GIS
software and geceferenced data on soil properties and yield (Mooney et al., 2009). The
prescription map can be generated using manually collected datdhfeofield or from
aerial or satellite photos. Re@ine sensor based VR technology eliminates the need for
prescription maps and uses sensors mounted on the moving farm implement that acquires
the crops spatial data without GPS or GIS. However, GPS anadaiStill be used in
combination with reatime sensor based VR technology to -geference and record
application maps for later referencing purposes.

Vehicle traveling velocity is always an important factor when using an

agrochemical sprayer in the fielChanges in sprayer ground speed are effected by slope,
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roughness of terrain, gross vehicle weight, and available power (Qiu et al., 1998).
GopalaPillai et al. (1999) tested an electronic flow control system foisis#eific
herbicide applications witthe ability to travel at various ground speéeliseyfound that
the time lag of th&/R nozzle for a change in flow rate from minimum to maximum was
less than 30 seconds and the smaller the change in flow rate, the shorter the time lag. The
Synchro VRcontwoller (Capstan Ag Systems Inc., Model No. VN65%@3s usedto
adjust the herbicide application accurately while travelling at low spé¢mgever, at
higher speeds it would be desirable to modify the controller for higher valve frequencies
compared to th&0 Hz already used. Alvin and Quy (2001) developed a varfkivefan
nozzle using the control pressure and line pressure to achieve independent flow rate and
droplet size spectral control for-dhe-go VR application of crop production chemicals.

VR appication of herbicides based on soil properties and harvestable yield could
be a viable method of decing the amounts of herbici@ggpplied to agricultural crops.
Qiu et al. (1998) completed a feasibility study of direct injectionvi@r preemergence
herbride application in corn and usedctors such as dilne mixing location, hose
diameter, nozzle spacingiozzle size, and ground speefibr performance testing
procedureTheyused GIS software to generate herbicide application rate maps and the
corresponohg error rate maps and found that application errors for direct injection
systems were as high as %® for mistreated areas of the field, with some changes in
chemical concentration at the nozzles occurring as much as 80 m beyond the target
location. Basal on the results this system would not be accurate enough for use in

agrochemical applications in wild blueberry fields.
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Vogel et al. (2005) evaluated the ability of a conventional spray system converted
to VR application to successfully apply herbicidege-specifically. Nine prescription
maps from various fields in Kansas State were uploaded into the FarnfarksSite
Mate VRAG6 V.8.22 software (The Farm Office, Tavistock, Ontario NOB 2R0) with
prescribed pr@mergence and/or pesimergence applicatioates.Theydetermined that
weed patches could be managmsthg commercially available VRchnology for use in
corn and soybeatiowever, prescription maps are troensuming and costly to develop
and affordable GPS positional accuracy is insufficient.

Commercially, three common techniques for applying herbicides to roadsides
weeds include; hand spraying, truck and boom sprayers and-actedted boom
sprayers (Gillis et al., 2001). Hand spraying is time consuming and very labor intensive
but can accutaly spray the weed targets without wasting chemical. Truck boom sprayers
can complete the job very quickly however, large amounts of herbicide is wasted in areas
where no weeds are preseaesulting in environmental contamination and wastage of
money. More recently, companies have begun to use sensors to detect red and near
infrared light reflectance from the wesed he sensors are mounted in front of the nozzles
on the sprayer boom and sending information to a central processing unit that relay
triggering information to the corresponding solenoid valve to open the corresponding
spray nozzle where the weed was first detected (Blackshaw et al., 1998). This hybrid
system has the ability to operate in a timely manner while at the same time nnogwast
chemical as compared wniform application(UA). The main factor that affects the
operation of the hybrid system is fluctuations in solar radiation that can be caused fro

the time of year, time of dayr degree of cloudines$heytested the sensimgystem at
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the Lethbride Research Centre and determined operators must wait 70 to 80 min after
sunrise to attain sufficient irradiance for maximum performance as well as cease at a
similar time period before sunsétheyalsofound that the sensor detectispstem can
effectively control sprayers to apply herbicides only where weeds are present.

Michaud et al. (2008) developed a VR prototype sprayer to deliver pesticides
based on prescription maps, developed in GIS software, using aerial spectral scans of
wild blueberry fields. The system was sensitive to positional error caused by the inherent
characteristics of affordable global positioning systems (GPS). Also, obtainitogdaype
aerial photography was expensive, the quality was quite variable, and-olztaging for
weed detection was also intensive and diffidmi$tead of using a prescription map based
VR sprayer an automated VR sprayer f&A of agrochemicals in wild blueberry
cropping systems could be developed using-etisttive sensing and caot systemsor
reaktime field operation

Gillis et al. (2001) developed a fluid handling system to allowdemand
chemical injection for a machingsion controlled sprayer. A Raven Direct Injection
System (Model SC350, Raven Industries) was addeattarget activated spray@ihey
concludedthat the use of a commercial chemical injection system for tagetated,
offset sprayers is feasible with keeping chemical concentration rates within 10% of the
desired and pressure fluctuations of only 5%.

Tian et al. (2000) developed a machingon-systemguided precision spyer
using a low resolution wiview camera and a retaine discrete wavelet transformation
algorithm to effectively reduce herbicide application amounts for corn and soybean crops.

With averageweed coverage of 1.% the precision sprayer was able to save 58.4
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chemical compared to @A broadcast sprayer. The overall accuracy of the sprayer was
determined to be 10% with bare soil detection, Z& in weed infested zones and 4%8

in crop plant zone detectiomith a timedelay of 0.37 sand a maximum vehicle travel
speed of 4.2 krhr,

2.6 Economic Impact of SA of Agrochemicals

The wild blueberry is the most important horticultural crop produced in eastern
Canada with over 16,500a under management in Nova Scotia alone (Williams et al.,
2010). Wild blueberry yields are highly dependent on pesticides for adequate weed,
disease and pest control (Jensen and Yarborough, 2004; McCully et al. 1991).

Jenson and YarborougB004) claimed the increasing appearance of herbaceous
perennials such as sheep sorrel and naleawed goldenrod was most likely the result of
reduced Velpar® rates rather than herbicide resistance. The reason for reducing the
Velpar® rate was to preversoil and water contamination as well as blueberry harm.
Also, the use of excessive agrochemicals with conventional methods has resulted in an
increased cost of production and has developed concerns with weed and grass resistance
to such herbicides as \f&r®. Typically, herbicides are broadasbn an entire field
without regard to the spatial variability of the weeds to be controlled resulting in just as
much herbicide in areas where no or few weeds exist as in areas with a high weed
population (GopalaPai et al., 1999). Estimates indicate thatreduction ofll % of
pesticide agent by using VR sprayers in different cropping systems (Mooney et al., 2009).
Carrara et al. (2004) saved 2@ herbicide with VR application as compared to
conventional applideon in a wheat crop field. Similar or more agrochemical savings

potentials are expected in the wild blueberry industry, given the high proportion of bare

20



spots B0-50 %) in newer developedild blueberry fieldgZaman et al., 2008 typical
wild bluebery fields.

When pesticides are applied to agriculture crops residues may remain in/on the
food. The maximum residue limit (MRL) is the maximum pesticide residue legally
allowed in/on a food at théme of sale regulated byh¢ Canadian Food Inspection
Agency (CFIA. Canada has a set table for MBLs of commonly used pesticid¢Best
Management Regulatory Agency, 2006). Zhang et al. (2002) mentions strict international
environmental legislations force farmers to significantly reduce usage of agroalemic
Compliance with the requirements of international markets with respect to improved
quality and reduced chemical (MRL) use in blueberry production will facilitate export of
the crop (Howatt, 2008 Matching chemical inputs to the needs of differenidfi@reas
(site-specific farming) can result in the reduction of farming costs and environmental
contamination by reducing the amount of chemicals applied@g&di and Ayes, 1999).

Many producers lack the information about the profitability’8f technolay for
their use in combination with agricultural spreaders and sprayers. Mooney et al. (2009)
developed an economic framework to evaluate the returns required to pay for the
investments in VR technology. One major factor that determines the profitaibiNtR
technology is the degree of spatial variability. The cost savings from VR technology as
compared to traditiondUA technology systems is greater in fields with higher spatial
variability because the ideal application rate would neelde adjusted mre frequently.

They suggestedthat realtime senscbased VR technology systems have higher
ownership cost but lower recurring annual costs than prescription map based VR

technologies. The ownership costs for VR technology systems include the initial
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invegment required to purchase the added equipment over and above the Wical
equipments price. Also, it includes any increase in taxes, insurance, and storage. The
recurring annual costs or informatigiathering costs include the prices of things needed
eah year to be able to use the VR technology such as GPS correction subscription, aerial
photographs, manual labor costs in gathering prescription data, data analysis and training,
etc. In general, producers with larger acreages will have a faster payauk for real

time sensor based VR technologies especially if the land is spatially variable. VR
technology can be used in almost every aspect of farm management including
fertilization, planting, spraying, yield monitoring and harvesting.

The uniform fetilization practices on agricultural cropisatis not supported by
rational criteria could alter the balance between productivity and quality, a methodical
planning of fertilization, as measured by the criteria and objectives is essential for
obtaining quality production (Castro et al., 2011). Excessive applied fertilizer contributes
to ground and surface water contamination, and farther, increases costs of production
from the mismanagement of resources (Castro et al., 2011). Bongiovanni (2008deport
that agriculture cannot be sustainable if farmers use practices that are socially
unacceptable or not profitable.

Economic threshold decisions are often made on a-detdagewide basis,
except weeds are not typically spread evenly across a field butisrbuted into
patches. A producer could s#pecifically apply herbicidein areas of the field where
weed densities exceed the economic threshold (Vogel et al., 2005). Minimizing
agrochemicals usage in wild blueberries is a unique approach that peodaceaise as a

marketing tool.Therefore, there is an urgent need to develop an affordable, reliable VR
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sprayer, using inexpensive sensors and automated VR controllers foimee&A of

agrochemicals in the wild blueberry cropping system.
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CHAPTER 3
MATERIALS AND METHODS

3.1Developnent of a Prototype VR $rayer

The prototype VR sprayer was developed for spilication(SA) of herbicides
on weedgrassesand fungicides on plant foliage the wild blueberry cropping system.
The VR spragr consiss of ultrasonic sensors and/or pEye digital color cameras,
computerized &hannel VR controller (VRC), Land Manager Il controller (LMC),
handheld Pocket PC (PPC) with operating software, servo \ikdve meter, solenoid
valves, nozles and a tank capacity 809 L (Fig. 3-1). The VR sprayer was mounted on
an altterrain vehicle (ATV). The 6.In sprayer boom was divided into eight sections
(76.2cm each sectignand mounted behind the ATV &t0 m above the ground. Th
boom height was adjustable so that weed sensing area and spray couldtieefint
crop conditions. Eight solenoid valves and nozzles (one valve and one nozzle in each
section) were mounted on the boom with a uniform (76.2 cm) interval betthem. Tk
nozzles wereflat fan Teejet TP8004E (Spraying Systems CoWheaton IL, USA).
Using aseries of T joints, the line connecting the distribution valve to each section was
then connected to each solenoid valve to which a nozzle was fitted as closedgibkepo
The model 2201A solenoid valve (Delware Pump and Parts Limited, Delwatg, O
Canada) was operated wit@ V and consumed only 13 W. The feed line from phenp
wentthrough a flev valve and flow meter then sepasiato two lines, each linel€ft
andright) feeding four sections of the boom. The puwgs operate by a Honda gas

engine (Honda Inc., NS, Canada).
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Solenoid valves and spray nozzles

Gasoline engine
Flow meter

Electrical junction box
Flow control valve

Sprayer boom

Centrifugal pump

In line screen filter

209 L supply tank

GPS antennae
Land manager II controller

VR control box

Ultrasonic height sensors

Figure 31 Schematic diagram of automated prototyffe sprayer forSA of
agrochemicalsising ultrasonic sensors

3.2LMC Flow Rate Evaluation

An experiment wasonducted at the NSAC to evaluate the performance accuracy
of the LMC for flow rate measurements from the nozzles mounted on the sprayer boom
(Fig. 3-2). The volume of water from each nozzle and then from diftetembinaions
of nozzles wasecorded from the LMC and alst the same time volume waseasured
manually with graduated cylinders for comparison. The experimeasteplicatedthree
times and volume measurement readingsewecorded The differences between LMC
volumes and manually measured volumaeseused to characterize the performance of

the LMC.
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DICKEY:johri land Manager™

Figure 32 Dickey JohrLand Manager Il Controller (Dickejphn Corporatioi
3.3VR Sprayer with Ultrasonic Sensors for Tall Weed Detection

Eight wide angle beam, long range and fast measurement cycle Maxbotix LV
MaxSonafEZ1 Sonar Module ultrasonic sensors (Robotic Inc., Boisbriand, QC, Canada)
were incorporated vertically into individual boom secsida detect weeds taller than
blueberry plantsn reaktime for usein wild blueberry fields Fig. 3-1). The 6.1m long
sersor boom was mounted in front of the ATV at 0rfBCheight above ground surface.
The sensors were connectedthe VRC (Chemical Containers, Ind_ake Wales, FL,
USA). The VRC consistsof electronic hardwaravith internal firmware and matching
WindowsMobile 6.0 softwaren a PPC.The VRC wasinterfacedto a PPCandcouldbe
operated easilfrom a PPCusingwirelessBluetooth®radio. The VRC received target

(weeddaller thanblueberryplants)detectionsignal fromthe sensorandopenedhevalve
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in a specific sectionof boom where thdarget had been detected.The plant height
typically rangedfrom 12cmto 27 cm at time of applicationThe VRC wasinstalledin
the ATV cab and was comected toLMC (DICKEY-John Corporation,Auburn, IL,
USA). After receiving the target detection information from the sensorthe VRC
autamatically communicateavith the LMC. The LMC regulatedthe discharge of the
nozzlesin specific sectionsof the boom wherethe target had beedetectedbasedon
groundspeedobtainedfrom a WAAS enabled DGP$Garmin Internationalinc. Olathe,

KS, USA) through aDickey John DJ) servovalveandDJ flow meter(Fig. 3-3).

VRC

LMC

Ultrasonic AAnang to digital converting
i
sensor Anal anal ,ACompare with threshold
nalog signal
959 A/elocity from GPS —_—

(0~5V)
ischarging signal out

,AServo valve control —p | Servovalve
A/elocity input from GPS
A1.2V signal input

A:|0W meter data input ¢ Flow meter

esponse time calculation

A
1 12 V signal (ON/OFF) »| Solenoid valve
v

Anput parameter settings l

(distanceresponsdime and
threshold)

ADisplay parameters
PPC

Figure3-3 Flow chart showing the complete procéssn tall weed detection to spray
discharge using ultrasonic sensors.

3.3.1Ultrasonic SensorCalibration

Ultrasonic sensorwere calibratedin the metalshopat Nova Scdia Agricultural
College (NSAC), Truro, NS, Canadato measurethe distancefrom the sensorto the
target.The distances (from senstw the target;cardboard)vere measuredhreetimes at
~12.7 cm intervalsup to 152.4cm with a measuringtape. The corresponding voltages

were recordedusing a digital multimeter at the timeof distance measurementsor
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comparisonThe voltagesweredigitized from analogto digital to makethemcompatible
with the program softwarmstalledin the PPC.The measuredlistancegfrom sensor to
target)andvoltagewere comparedby linear regression usindlicrosoft Excel software
(Microsoft, WA, USA) to examinethe performance accuraof the ultrasonicdistance
measurements. The calibrati@gyuationwas incorporatedinto the program software
installed inthe PPC.

The dtrasonic sensoraerecalibratedio measurahe distancefrom the ultrasonic
sensorto the weedsin a wild blueberryfield. The maximum heigh{from the ground
surface)of selectedweedswas 30 cm.The distancegfrom sensorto the weeds)were
measured three timest ~10 cmintervals up to 140 cm with measuringtape. The
multimeterwasconnectedo a sensorThe correspondingoltageswererecordedusinga
digital mukimeter atthe time of distancemeasurement®r comparison.The measured
distances (fronmsensorto weeds)and voltagewere comparedoy linear regression using
Microsoft Excel softwareto examinethe performance accuracy tie ultrasonicdistance
measurementsThe developed calibrationurve was installed in the VRC for proper

targeting of tall weeds in wild blueberry fieldsig. 3-4).
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Figure3-4 Front viewof VR sprayeright boom sectioshowingthreshold height from
sensor to target and sensor target zone for spray.

3.3.2VRC Response Timdor Precise Targeting using Ultrasonic Sensors

An experimentwas conductedin the metal shop at NSAC to calculate the
responsdime (i.e., lag time betweensensordetectionand target sprayfpr the VRC to
openthe valve at the correcttargetafter receivng targetdetectioninformationfrom the
sensor.The time to build up thecone after the dischargeis startedhasbeenaddedin
calculating responsgme for precisereattime sprayat correcttarget. An LEDbulb was
wired into switch#8 on VRC. A uEye camera (UL220SE/C, IDSmagingDevelopment
Systeminc., Woburn,MA, USA) waspositionedin front of the spraynozzle(nozzle#8)
to record thevideo. The bulb wasplacedwithin 5.8 cm of the camera lens sthatit could
be seenin the centreof the video frame (Fig 3-5). The video wagecordedwith 149
framess ' when thesensordetected the targetnd bulb was ON until the controller
openedhevalveto spray athetarget.The estwasrepeatedentimesandvideoimages
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were analyzedvith V1 HOME 2.0 software(InteractiveFrontiers, Inc., Plymouthiil,
USA), allowing for a frameby frame analysisof response timéetweensensordetection

andtarget beingprayed

Figure 35 VRC response time experimental setup.

3.4 VR Sprayer with pEye Digital Color Cameras for Weed and Blueberry Plant
Detection

Four, coste f f e c t i digaal celd yanmeras (UL220SE/C, IDS Imaging
Development System Inc., Woburn MA, USA) were incorporated on the boom in front of
the ATV at a height of 1.2 m (Fig3-6). Each camera covered two sections of the boom
(0.762 m each section). Cameras wattached using USB cables toumgedized laptop
(Latitude E6400 XFR, Dell Inc., Round Rock, Texas, USA) on the ATV. The camera
lenses tM4NCL, Kowa Optimed Inc, Torrance, CA, USA) had 3.5 mm focal length and
were set up with fixed aperture4fD) and infinity focusExposure time and digital gain
were automatically conttled by auto exposure shuttauto gain control (AESAGC) to
adjust for variable outdoor light conditionhe maximum auto exposure shutter was set

to 2 ms to prevent picture blurring during field operadion
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Figure3-6 Schematic diagram of automated prototyffe sprayer foiSA of
agrochemicalsising digital color cameras

Customimage processingoftwareinstalled in a computevas capale of
processing images to differentiate betwbare spots and foliagwild blueberry plants
and weedsin reattime and send ON/OFF commartdsa U3-HV (LabJack Corp.,
Lakewood, CQUSA) i/o unit. The U3HV sends ON/OFF signals (5 V D®) the VRC.
The VRC hagsiser programmable inputi®m PPCsuch as a before and after buffer
precise overlapping, distance between front boom and sprayer boom and respense t
and is able to automatically compendte signal delay based on vehigl®und speed
from a WAAS-enabled DGPS (Garmin International Inc. Olathe, KS, USAg VRC
converts ON/OFF signals from 5 VDC to 12 VDC and sends to the LMC and each

solenoidvalve. The LMC regulas the flow with a D3ervo valve and a DJ flow meter
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based on the status of solenoid valves and ground speed obtained from&WAASd

DGPS(Fig. 3-7).

A\pply parameters from PPC
Digital  Ruggedized A/elocity from GPS LMC l
cameras PC ONJ/OFH /&Calculate discharging time A'Servo valve control based on _»
Foliage | signals | With parameters and velocity signal input and velocity
D_> detection (0~5V): Aignal converting (5 t@2 V) A/elocity from GPS l
progrem kischarging signals out Aoy discharging signal inputsq—
,&Flow meter data input
3 L
! - »| Solenoid valve
v 12V signal (ON) :I
APaametersetting (buffers, L

distance and response time)

isplay parameters and rela

PPC

Figure3-7 Flow chartshowingcomplete processom foliage detection to spray
dischargeusing digital color cameras

3.4.1Software Development

Realttime foliage detection software f&A of fungicide was developed G++
using Visual Studio 200 (Microsoft, Redmond, WA, USA)The realtime foliage
detection softwaracquires 24-bit RGB 752x 128images corresponding tolab2x 0.31
m area ofinterest from each camera and proessthe datao discriminate foliage from
bare spots.Two interrupt routines (DGPS reading andréé timer)were built into the
program to acquire the image from the camera and transfer onto the rugdegliaptbr
image processingrhe digital color images taken by the cameras were processed-in real
time to differentiate bare spots from wild blueberry plants in RGB color space. The ratio
used was (G< 255)/(R + G + B), and a manually obtained thresh¢#85) adequatly

discriminated the apparent foliageeenpixels from the remaining pixels in all images.
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Small clusters of pixels in the image were incorrectly identified as foliage due to specular
reflection but these were easily removed by applying an erosion Tilterfinal result of
foliage detectionconverted5 V DC signal, in eah image andentit to the VRC for
spraying in the specific sectiori the boom where the foliage hheéen detecte(Fig. 3-

8).

Image grabbing Flag ON

Y < INT 1: GPS
GrabRGB imagedrom cameras NT 2- Timer

Calculation of Gratio

v

Remove reflectance

(R>200 & G>200 & B>200)

v

Segmentation oB-ratio images (85)

v

De-noise by erosion filter

SendOFF
signal to
VRC

Over tireshold pixels >et value

SendON signal to VRC
(Variable Rate Controller)

Figure3-8 Imagecaptureprocessing and signal transfer algorithm
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3.4.2VRC Responselime for Precise Targeting usingDigital Color Cameras

An experiment was conducted in the metal shop at NSAC to calcekgtense
time (i.e. lag time betweeramera image acquisition and spray dischaigethe VRC to
open the valve at the correct target. Camera image acquisition time combined with image
processing tira was determined using a millisecetmder function buil into the custom
software. An LED bulb was wired int-o a s\
1220SE/C, IDS Imaging Development System Inc., Woburn MA, USA) was positioned
in front of the spray nozzle to record the video. The video was recorded withaidé&sfr
per second when the VRC receives targeting information from the computer and the bulb
was ON until the controller opens the valve to discharge. The test was repeated ten times
and video images were analyzed with V1 HOME 2.0 software (Interactiveiéfsynnc.,
Plymouth, MI, USA), allowing for a frame by frame analysis of response time between
VRC triggering signahndspraydischargeThe total response was calculated as follows:

Te=Tc+ Tp+ Tw

Where:

T = Total response time

Tic = Time talen by camera for image acquisition

Tip = Imageprocessing time for plamr bare spot detection and time from

computer(sendingsignal) to VRC

Tvg = Time from VRC to spray discharge
3.5Reattime Field Testusing Ultrasonic Height Sensors

Three wild blueberry fields were selectedin central Nova Scotia to testthe
performanceaccuracyof the VR sprayerfor SA of agrochemicals. Kaolin clay and water
mixture was applied to Fields 1 and 2 for application mapping and Callisto® was applied

to Field 3 The selected sites were the Carmel Field (Held 1; 4547110EN,

63.645816W), Cattle MarketField (Field 2; 45364850N, 63212783W) and Cooper
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Field (FHeld 3, 45.480573N, 63.573471W). Carmeland Cattle Market Fieldwere in
their sprout vegetativeyear of the biennial crop produdion cycle in 2009 at time of
application havingbeenin the crop yearin 2008 while,Cooper Fieldvas in sprout year
in 2010 during VR spray testing.he fields had beemundercommercialmanagement
overthe pastdecadeand received biennigdruningby mowing for the pastseveralyears
along with conventionalfertilizer, weed, and diseasemanagement practices. Theain
weed species,in competition with wild blueberry weregoldenrod (Solidago sp.) in
Carmel and Cooper Fieldand black bulrush $cirpus atrovirensWilld.), dogbane
(Apocynum androsaernlium L.) andbrackenfern (Pteridium aquilinunlL.) weremore
in Cattle MarketField. The averageblueberryplant heightwas 24 cm and weedeight
rangedfrom 50 cm to 70 cm. Meteorologicalconditions weresamefor both UA andSA
duringthefield experiment

Two tracks(100m x 6.1 m each)wereselectedn both CarmelandCattle Market
Field to test theaccuracyof VR sprayerfor detectingweedsand spraying athe correct
targets.The boundariesof selectedrackswere mapped with realime kinematicsglobal
positioningsystem(RTK-GPS) (On GRADHNnNc., Dartmouth,NS, Canada)n each field
Twelve water sensitivpapers(WSPs) were stapledat randomlyselected weedpotsin
eachtrack in Carmeland Cattle Market FieldFigs. 3-9 and 3-10). The weed patches
werenot equallydistributedin thefields. Therewerevery few weedsat the Westpartin
Carmel Field The WSPs wereorientated parallel tthe groundandselectedargetswere
markedwith RTK- GPS formappingin ArcView3.2 GIS software(ESRI,RedlandsCA,
USA). Thewaterwassprayedon SA modeandWSPs werecollectedafterdrying. WSPs

were stapledagain and water was sprayed with a uniform application YA) for
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comparison.The WSPs were scanne@nd processedo calculatePAC of the sprayed
targets with both SA and UA using WinRHIZO image analysis system (Regent
Instrumentsinc., Canada).The paired t-test wasperformed to examinewhetherthe
percent area coverageAC) of the sprayedargetswith SA weredifferentfrom the PAC
of the targetswith UA. The heightsof selected targetsveeds)were measurednanually
with ameter stickat the timeof applicationduringthe experimentsThelinear regression
methodin Microsoft Excel was usedto testthe relationshipbetweentarget heightand

PAC of the sprayedargetswith bothmethoddJA and SA.

o Water Sensitive Paper

I Goldenrod r
h Tracks

L 1 1 1 I 1 1 1 1 1 1 |
I Me{ers

Figure3-9 Map showing targetaN'SPs) selected for spray applications with prototype
VR sprayer in each track of Carmel Field 1.
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Figure3-10 Map showing target3NSFs) selected for spray applications with prototype
VR sprayer in each track of Cattle MarkéglH 2.

The Cooper Field was dividedinto 18 equaltracks (80 x 6.1 mand the
experiment laid out followingcompletely randomized block desig8RBD) with three
treatments and six replicationBhe treatments were: gontrol (CN); No application, ii)
SA of Callisto®, and iii) UA of Callisto®. Chemical saving analysis was also performed
comparingSA technique to the conventiondA. The boundaries of selected tracks were
mapped with RTKGPS and twelvaVSPs (targets) were stapled at randomBblexted
weed spots in a SA tracdnd UAtrack (6 WSR in each) (Fig3-11). The weed patches
wererandomly distributed but there seemed &ldérger patches in the@wth half of the
field. TheWSPs were orientated parallel to the ground and selected targets were marked
with RTK- GPS formapping in ArcView3.2 GIS software. Callisto® was sprayed in
each SA and UA track in the field and the VéSRre collected after drying. The WSP
were scanned and processed to calculate PAC of the spragets tith bothSA and

UA using WIinRHIZO image aalysis system. Theairedt-test was performedsing
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Minitab statistical 15oftware(Minitab Inc, NY, USA) to examine whether the PAC of
the sprayed targets with SA different than the PAC of the targets withAUgercent

Callisto® savings was alsmlculated for the six SA tracks in the field.

Tracks

- Goldenrod

o Water Sensitiver Paper

Figure3-11 Map showing targetdNSFs) selected for spray applications with prototype
VR sprayer in each track of Coopeiek 3.
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The groundspeedduring the field operationswas 6 + 0.2 km hr’. Threshold
distance ifom the sensorto weed canopywas setat 58 cm heightto detectthe weeds
accuratelyin the selectedields. The bufferpeforeand after the target,was adjustedat
25.4 cm for precise overlappingf Callisto® applicationon targets.The responsdime
and other constantparametersthreshold height fronthe sensorto weed canopyand
buffer beforeandafter the targetwerestoredin a nonvolatile flash memoryon the main
microcontroller foraccuratespray on correcttargets.The stored operating parameters
could be easily retrievedand activatedby linking the VRCwith a PPCusing wireless
Bluetooth® radio andediting or selecting value®n the setup screenwith Windows
Mobile® conpatible softwareTheapplicationratewassetupat 187.0L ha' in LMC.

3.6 Prototype VR Sprayer Setupusing Digital Color Cameras

Growers apply herbides during the growing seasong(a® for preemergence
controlof grassesnd perennial broadleaved weadg\pril, Callisto® a postemergence
for control goldenrodand other annual broadleaf weeds in June and propyzamide
(KerbE ) in the fall to control éscue grasses and sheep sorrybicide can be savéxy
utilizing a system employindigital color photography technology however, testing with
actual herbicide is not recorded in this thesis but will rather focughenproper
application offungicidesin wild blueberry fields. Fungicideare applied for control of
floral blights Monilinia and Botrytis) and leaf diseasesSé¢ptoriaand rust) on foliage
only, and insecticides for fruit fly in Julifhe blueberry plantsgrasses and weeds are not
tall enough to sense using ultrasonic sensors in April and October. The digital color
cameras with custom software, using the advanced ipragessing techniques, and fast

processorsreused tadifferentiate weeds, bare spots and blueberry plantdinealin the
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field. The weed or plant detection informatios sent to the controller to spray
agrochemical in the specific boom section whbeeweeds or plants have been detected.
The automated prototype VR sprayer consistd#d pEye color cameras,
ruggedized PCYRC, LMC, PPC, solenoid valve8J servo valve DJ flow meter and
TeeJetnozzles (Fig.3-12). The VR sprayer was mounted on an ATV (Yamaha Motor
Canada Ltd., Toronto, ON, Canaddahe 6.1 m sprayer boom walvided into eight
sections (0.762n each sectionBection3.1describes the details of sprayer designSar

in wild blueberry fields.

VRC LMC PC Servo valve Flow meter Solenoid valves

-L"i.“ 7 g
L i

Figure3-12 PrototypeVR sprayer withuEyedigital cameras, ruggedized PZR
controller(VRC), land manager flow controller (LMC)
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3.7Field Setup for SA using Vision Technology

The Cooper Fieldn Londonderry Nova Scotia (43.80573N, 63.5B471°W)
was seleted to test the performaneecuracy ofthe VR sprayer foSA of Bravo® in
July of 2010 The selecteavild blueberryfield was inthe vegetative sprout year of the
biennial crop production cycle, having been in crop during the previous summer of 2009.
The field has been commercially managed while in production over the past decade.
Conventional rates of herbicides for weed managemeseécticides for insect control
and fungicides for minimizing disease pressures were applied.

The groundspeedduring the field operationswvas6.0 + 0.2 kmhr*. The buffer,
before and after the target, was adjusted at 25.4 cm for precise overlappingof
agrochemicahpplicationsontargets.The response timéuffer beforeandafter the target
and other constantparametersvere storedin non-volatile flash memory on the main
microcontroller.The storedoperating parameteruld be easilyretrievedand activated
by linking the VRCwith a PPCusingwirelessBluetooth® radio anediting or selecting
valueson the setupscreenwith Windows Mobile® corpatible softwareThe application
ratewassetupat 187.0L ha’ in LMC.

Tracks (6.1 m wide each) weselected in the field to test the accuracy of the VR
sprayer for detecting bare spots and spraying at correct taBgetsdaries of 18 selected
tracks were mapped wWiRTK-GPSin the selected fielBravo®was appl i ed at
rate of 7.2 Lha’ on foliage blueberryplans and weeds)The field was laid out
following aCRBD with three treatments and six replicatiohke treatments were: QN;

ii) SA, and iii) UA (Fig. 3-13).
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Figure3-13 Cooper Fielddyoutfor VR application of Bravo®. Map shows locations

for selected plant growth and frui
sensitive paper locations for SA and UA in bare spots and plant foliage
areas«).
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3.7.1WSP Field Experiment and Estimated FungicideSavings

WSPs were fastened at sbandomly skected plant foliage areas and bare spot
areas in one SA track and the same procedure with a UA (ffagk3-13). The WSPs
were orientated parallel to the ground and selected targets were marked viRfFikthe
GPS.Tracks were sprayed with SA and UABifavo® for comparison. Th&/SPs were
collected after drying. TheVSPs werescanned and processed to calcuthgsr PAC in
both blueberry plant foliage and bare spot areas for comparigdiassical statistics
analysis was performei calculate minimum, maximum, mean and standard deviation
of PAC targets for both SA and Udsing Minitab 15 statistical software (Minitab Inc.
NY, USA). The pairedt-test was performed to examine whether the PAGuafets with
SA is different fromthe PAC of the targets with UA.

A chemical savings analysmas performed to compare Séchnquewith UA of
Bravo® in wild blueberry fields. Spray areas were mapped using the RBIRS and
imported intoArcGIS 9.3 computer software (ESRI, Redland#y,@JSA), to evaluate
the performance of VR spraygf¥ig. 3-14). Thechemicalsavings was calculatedin the
sprayed area and the tragike using the following formula:

YNni 0®@QQw
Zp

6'M & QXD QPQ p MM
YE OGO QW
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Figure3-14 Cooper Fieldayout forSA and UA of Bravo® as well as Cikacks Map
shows application tracks and shows lspetareas
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3.7.2Blueberry Plant Growth, Health and Yield Measurements

Plant growth and yield parameters were measured frommasidcomly selected
sampling plotsn each track (SA, UA and CN) to assess the effect of Brgta® 3-13).
A steel quadrat measurifigl5 x 0.15m was used to mark out the area for plant density
measirementsSix blueberry stemBom each0.15 x 0.15m sample area were randomly
cut using a knife to measure the height, number of branches and nuniloealdfuds.
The 6 recordings taken from each quadrat were averaged to show number of branches
and nunber of floral buds per sterd 0.5 % 0.5 m steefjuadratwas used to collect and
measure the yield from eadf the 108 data collection plot3he yield was manually
harvested using 36 toothhand rake collecting blueberries from the vine as well as any
blueberries that dropped onto the ground. The collected yield and leaf dabndes
were packaged in a sealed plastic bag and later separated and weighed in the lab. The
plant density, sterheight, numbeof branches and number of flotalds were counteid
December 2010 of the sprout year while the fruit was harvested wAMidst of 2011.
Classical statisticsvas usedto calculate minimum, maximum, mean and standard
deviation using Minitab 15 statistical software (Minitab Inc. NY, USA). Analysis of
variance (ANOVA) and post hoc LSD methodith 95 % confidence intervalvas
performed usingSAS statistical softwarg SAS Institute, Cary, NCJo examine and
compare the effect of Bravo® on the plant parameters with SA, UA and CN.

An 8.1-megapixel Sony Cybeshot digital camera (Sony of Canada Ltd., Toronto,
ON, Canadayvasmounted on a tripod and pointetbwnwards at each of the six selected
sample plotsn each track at 1.0 matheight above ground (Fig-15). On October04 of

2010, blueberry foliage images were collected at each of the 108 different sample

45



locations.A 0.5 x 0.5 m steel framguadrat vasconstructed anglacedat these selected
locationson the ground to identify tharea of interest. The image exposure and other
camera settings were on automatiodefor this experiment. The images were imported

into a laptop computer for further processing.

Figure3-15 Image acquisition at selected pointsJooper Field

A custom imagenalysisprogram was usetb determine th@ercentage ofireen
pixels of the images taken from all application rates (SA, UA, CN) at each quadrat for
comparison to quantify the effect of Bravo® on plantvgioand leaf retention (Fig-

16). The software was used to enhance andtthe mostly green pixels in the quadrat
region of each image, using RGB pixel ratios, and expressing the rethattasal green

guadrat pixels.
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A manually obtained threshold of 8 adequately discriminated the apparent
foliage from the remaining pixels in all igas.The percent of green ratio was calculated
using the following formuland ANOVA and post hoc kst significant differenc¢LSD)
statistical procedureith 95 % confdence intervalvas performedisingCoStat statistical
software (CoHort Software, CA, USAp compare theercent ofgreen ratio of the

selected areas with respect to the three application methods.
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Most of thefunctions of the image analysis program are same teinealfoliage
program except omitted interrupts, sending signals to VRC and image grabbing routines

and added image reading and display routines.

.
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Folder to save image Jog fie

Figure3-16 Image processing with custgoercentage ajreenpixelssoftware.
Original image (top)¢onversion to calculatgercentage afreenpixels
(bottom)
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3.8 Expected Outcome

The expectedutcome of theroject is the development of equipment which will
reduce the amount of agrochemicals applied to biletberry fields by applying SA.
The equipmentonsiss of a VR sprayer with lookahead vision technology whicbpen
and close spray nozzles in the specific locations as reqttifedtures easy usefriendly
setup with no complicated switches. Wireless conveniérceperating parametesetup
is possible even at some distance from the controlier8luetooth. Ther isautomatic
compensation for changing ground speed with no need to manually readjust satfsors
the ability to input amanualspeedin case of GPS signal outagkdjustable front and
back edgalistancebuffersareusedfor precise overlapping of agreemical applications
on targets. The outcome will increase agrochemical input use efficiency, reduce the cost
of production and reduce environmental contaminatidre research will also help to
identify potential problems and future improvements requitednake the prototype
sprayer a commercial reality.
3.9 Project Benefits and Impacts

Wild blueberry producers and processors are the immebdateiciary of this
proposed research. In total, there are over 2,500 wild blueberry producers in Atlantic
Canada Quebec, and Maineho can benefit from the research. The large horticultural
industry in eastern Canada will also benefit from this technology as it can be modified for
other high value horticultural crops. The VR sprayer technology will also have a target
audience including enggers involved in the design and manufacturing of sereswls
controllersfor precision agriculture. Other audiences that may benefit from the proposed

research include the high buslueberry and cranberry industriesiorth America
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This project has the potential to improve the competitiveness and profitability of
the blueberry industry, reduce the environmental impact of existing wild blueberry
production systems, and enhance the sustainability of rural liEastern Canadda he
ernvironmental impact will be positive as it is anticipated that the amount of current
agrochemicals being used in the wild blueberry industry will be reduced and better
targeted bySA of agrochemicals. This coincides with the desirdlokberry producers
association and leading wild blueberry producers and proces3gfsrd Foods Group to
reduce agrochemical use by %8 increase harvestable yields by @3and to improve
product quality and safety; and an overall need in the NSf@apli industry to develop
site-specific farm management practices.

This technology could be very useful to (i) reduce agrochemical use, improve
product quality and environmental stewardship, enhance production sustainability, reduce
agrochemical usage and the alkcost of production; (ii) add value and enhance the
efficiency, competitiveness and mar ket pos
(iii) fill the growing market for environmentally friendly, safe, and healthy foods; and
(iv) facilitate the cotinued conversion of the agiood industry to a knowledgeased

industry.
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CHAPTER 4

DEVELOPMENT OF A PROTOTYPE VR SPRAYER FOR SMALL SCALE
SPOT-APPLICATIONS IN WILD BLUEBERRY FIELDS

4.1 Introduction

Weeds are the major yielamiting factor in wild bluebeny fields (Yarborough,
2006). Weed flora in blueberry fields traditionally consisted of slow spreading perennial
species whereas many of the new species invading blueberry fields are common annual
weeds of arable fields that produce large number of seedisregjuire control with
herbicides both in prune and production year (Jensen and Yarborough, 2004; McCully et
al., 1991). Traditionally, herbicides are applied uniformly in wild blueberry fields, but
weeds are not distributed uniformly within fields. Iregle situations, spatial information
management systems hold great potential for allowing producers tdufiaethe
locations, timings, and rates of herbicide application.

Many researchers have attpted to develop VRechnologies for various crops
(Rockwdl and Ayers, 1994; Giles and Slaughter, 1997; Steward and Tian, 1999; Tian,
2002; Carrara et al., 2004; Miller et al., 2005; Zaman et al., 2005, Schumann et al.,
2006, Dammeret al., 2008) to date little attention has been paid to wild blueberry
production systems. Michaud et al. (2008) developed a VR prototype sprayer to deliver
pesticides based on prescription maps, developed in GIS software, using aerial spectral
scans of wd blueberry fields. The systenvas sensitive to positional error caa by
GPS and obtaining wto-date aerial photography was expensive, the quality was quite
variable, and data processing for weed detection was also intensive and difficult.

Several mdgine vision systems have been developed to detect weeds in different
cropping systems (Sui et al., 1989; Shearer and Holmes, 1990; Zhang and
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Chaisattapagon, 1995; Tian et al., 1997; Zhang et al., 2009), becauseneealeed
detection at the time of spspraying cald be very valuable for lower chemical usage
and reducing environmental contamination. However, these vision systems, based on
morphological or tetural weed detection metls, generally needed a relatively high
image resolution, and the detect algorithms were qte complicated and
computatiorlly expensive (Meyer et al., 1998; Zhang et al., 2009). There is a need to
develop spespecific herbicide application technologies that do not require high
resolution image processing techniques, biyt on sensorsr digital color cameras with
fast image processingp sense the weed in reahe and provide the weed detection
information to fast R controllers for spray at corretetrgets.

Ultrasonic sensors are widely accepted for quantificationasft pneights (Sui et
al., 1989; Schumann and Zaman, 2005). Swain et al. (2009) developed and tested low
cost ultrasonic system for weeds (taller than plants) and bare spot mappingtimeeal
within wild blueberry fields during growing season. They regubrthat ultrasonics
performed well to detect tall weeds (taller than plants) and bare spots in wild blueberry
fields.

Advances in sensing technology and VR control systems have offered new
opportunities for detecting weeds a8é of agrochemicals in a spéc section of the
VR sprayer boom where the weeds have been detected. Many commercial controllers
have been developed teliver agrochemicals on sigpecific basis using GPS guided
prescription maps within field (DICKEMohn Land Manager II: DICKEYohn
Corporation, Auburn, IL; MidTech Legacy 6000 controller: Midwest Technologies,

Spring field, IL; Raven 660 controller: Raven Industries Inc., Sioux Falls, SD).
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Schumann and Hostler (2009) tvi the partnership of a maclkeny manufacturer
(Chemical Contauers, Inc., Lake Wales, FL, USA) developed acth@nnel computerized
VR controller consists of electronic hardware with ing¢ firmware and matching
Windows Mobile 6.0 softwar@n a handheld pocket P@PC). A computerized-8
channelVR controller is linked with PPC using wireless Bluetooth®. Typically this
controller does not use prescription maps, but relies on sensors to provitimeeaked
information which is used to dispense the correct herbicide rate for theenssidation
within field. Reliabk and fast ultrasonics/digital color cameaasi VR controllers could
be used to develom VR rate sprayer for useason, spedpplication (SA) of
agrochemicals ithewild blueberry cropping system.

In this study, an automated VR prototype sprayer congistf ultrasonic sensors,
digital color cameras3-channel computerized VR controllé/RC), Land Manager I
controller (LMC), solenoid walves, PPC with operating sofire was developednd
performance tested
4.2 Materials and Methods
4.2.1Developmentof a Prototype VR Sprayer using Ultrasonic Sensors

The aubmated prototype VR sprayeleveloped forSA of herbicides on tall
weeds/grassconsiss of ultrasonic sensors,-éhannelcomputerized VRCLMC, PPC
with operating softwae, solenoid valveservo valve, flow meter and nozzles. The 6.1 m
sprayer boomis divided into eight sections (97 cm each sectioith an independent
solenoid valve and nozzle for each sectidditrasonic sensors wer@corporated
vertically into individual boom sectiond the sprayer to detect tall weedsd grassn

reattime within wild bluebernyfields. The sensor boomas6.1 m in width at a height of
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0.90 m above the ground surfac&éhe sprayer and front loekhead sensor boomas
mounted on an ATV The stored operaig parameters (bufferresponsetime and
threshold height) ereretrieved and activated, by linking the VRC with a handheld PPC
using wireless Bluetooth and editing or selecting values on the setup screen with
Windows Mobile compatible software. The VREceives signals from the sensors and
communicates at the same time automatically to both the LMC and the individual
solenoid valves. The LMC regulates the flow rate based on ground speed obtained from
WAAS-enabled DGPS through a servo valve. The totaliegghemical information will
bestoredandlaterimported from the LMC.
4. 2. 2 Devel opment of a Prototype VR Spray
Two coste f f e c t idigital cedoEcameras were incorporated on each side of
the boom because blueberry plants, grasses and weeds were not tall enough to sense
using ultrasonic sensors in spring and fall. Each camera is able to cover two sections of
the boom (97 cm each semt). Cameras were attached using USB cables to the
computer on the ATV. Custom software, installed on the computer, capable of processing
the images to detect weeds, bare spots and blueberry plants-imeeaends weed or
plant triggering signals thrgih a Labjack digital i/o (LabJack Corp., Lakewood, CO) and
data acquisition device to the VRC. The VRC had user programmable inputs such as a
before and after distance buffeesponsdime and ground speed correction. The VRC
sent a 12 V DC power signé the LMC which automatically adjusted the flow rate
based on the number of nozzles on at a specific time and also actuated the corresponding
solenoid valve to spray agrochemical in the specific boom section where the weeds or

plantsweredetected.
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4.2.3Testing and Performance Evaluation of the Prototyp&/R Sprayer

Major components of the prototype VR sprayer (VRC, senstigsfal color
cameras, and LMCyvere tested at the Nova Scotia Agricultural College (NSAC) for
accurate target detection and sprgyiiithe performancef SA with the prototype VR
sprayemwasevaluated in wild blueberry fields.

An experimentvasconducted at the NSAC to evaluate the performance accuracy
of the LMC for flow rate measurements from the nozzles mounted on the sprayer boom.
The volume of water from each nozzle and then from different combinations of nozzles
wererecorded from the LMC and a@sat the same time volume wamasured manually
usinggraduaed cylinders for comparison. The experimemassredicatedthree times and
outputvolume measurement readingsr@averaged in Excednd the percent difference
was determined between manually measured readings and the LMC digital r&mout
differencesfound betweenmanually measured volumes abBlC volumeswereused to
characterize the performanaecuracyof the LMC.

Ultrasonic sensorgerecalibrated to measure the distance from the sensor to the
targetin the metal shop at NSACThe correspondingoltageswere recorded using a
digital multimeterat the time of distance measurements for compariSba measured
distances (from sensor to target) and voltageecomparedn Microsoft Excelby linear
regression to examine the performance accuradlyeofiltrasonic distance measurements.
The calibration equatiowasincorporated into the software program installed in the PPC.

An experimentwas conducted in the metal shop at NSAC to calculate response
time (i.e. lag time between sensor detection smey discharge time) fothe VRC to

open the valve at the correct target after receiving target detection information from the
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sensor. An LED bulowaswi r e d Il nto a switch omast he
positioned in front of the spray nozzle tecord the vido. The video images were
recorded with 149 frames peecond when the sensor detedteel target andhe bulb
was ON until the controller opesd the valve to discharge. The tesaswepeated te
times and video images wergnalyzed with VIHOME 2.0 softwae (Interactive
Frontiers, Inc., Plymouth, MI, USA), allowing for a frame by frame analysis of response
time between sensor detection dnll spraydischarge.
4.3 Results and Discussion
4.3.1LMC Flow Rate Evaluation

The LMC performed reliably and rapidip regulatethe flow rate in each nozzle
throughthe servo valve and flow metewith a maximum ofO 3.7 % difference from
manual flow measurementduring calibration testand (Table 4-1). Therefore,the
principle components dhe VR sprayer could be used torther developthe sprayer to
detect targets (weeds taller than plants) &#l of agrochemicals atorrecttargets
reliably to reduce cost of production and protect environment.

Table4-1 Comparison o MC discharge measuremt with manuallyneasured
dischargdrom the nozzlés) in different sections ahe sprayer boom.

1,2,3
12,3, 1,23, 1,23, ,'c'%
Nozzlgs) open 1 12 1,23 4 45 456 4,3,6, All 8

Manually Measurec 120 133 149 186 189 189 186 36.9

(L min™)

LM Controller | 1,7 133 152 190 194 196 190 37.4
(L min™)

Difference +25 00 20 -21 -26 -37 -21 -14
(%)
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4.3.2Ultrasonic Sensor Calibration

The principal components ofthe VR sprayer (sensors and controllers) were
successfullycalibrated and tested in the metal shop at NSAC foretasgnsing and
spraying at corrediarget in a specific section of the sprayer boom where the target has
been detectedUltrasonicswere calibrated for distance measurement and the linear
calibration model showed that distance measured from sensor to cardboard was
correlated highly significantly with the voltage {R 0.99; P< 0.001).The utrasonic
sensor was also calibrated for tdisce measurement in a wild blueberry field and the
linear regression results indicated highly significant correlation between distance
measured from sensor to weeds and voltage(®99; P< 0.001).The utrasonic sensor
calibration equatiofior distane measurement (F8g4-1 and4-2) wasincorporated into

software installed in PPC to permit the sensor of target detection accurately.
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Figure 41 Relationship between voltage obtained from voltmeter connected to
ultrasonic sensor and actual distance measured from sens@eto tar
(cardboardith measuring tape for calibration of ultrasonic sensor to
measure target heights.
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Figure4-2 Relatimship between voltage obtained from voltmeter connected to
ultrasonic sensor and actual distance measured from geriacget weeds)
with measuring tape for calibration of ultrasonic sensor to measure target
heights.
4.3.3VRC Response Timdor Precise Targeting using Ultrasonic Sensors
Results indicated that VRC was operated easily from PPC using wireless
Bluetoothradio with Windows Mobile compatible software. VRC was fast and accurate

enough to open thealve at correctarget with responségme 0.0® + 0.003 s(Table4-2)

after receiving the sensor target detection information.
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Table4-2 Response time for-8hannel computerizedRC to open valve and spray in a
specific section of the boom where the target has been detected.

Trial |Camerastart time (s) Spray time (s)Difference (s Average response time (
1 3.497 3.544 0.047
2 7.946 7.993 0.047
3 12.329 12.376 0.047
4 16.765 16.819 0.054
5 21.087 21.141 0.054
6 25.490 25.537 0.047 0.0% +0.003
7 29.564 29.618 0.054
8 33.564 33.618 0.054
9 37.336 37.390 0.054
10 41.282 41.336 0.054

4.3.4lmage Processing and VR@Responselime with pEye Digital Color Cameras

The totl response time (0.13) was programmed into the VRC and the front
boom was spaced far enough ahead of the rear sprayer boom to compensate for the time
lag needed ttake the imageprocesghe image with computer, send triggering signal to
the control and then send power te ttorresponding solenoid valve opening the nozzle
and graying (Table4-3). The VR sprayewas able tespray at thaarget location while
traveling at 6 kmhr™ during field operatiomvithout responséime issues.

Table4-3 Response time for-8hannel computerizedRC to open valve in the specific
section of the boom where the target detected.

. 'm‘f"g‘? Processing tim Camera star Spray Difference Average
Trial | acquisition (from camera time (s) time (s) (s) response
time (s) to VRC) (s) time (s)
1 3.497 3.544 0.047
2 7.946 7.993 0.047
3 12.329 12.376 0.047
4 16.765 16.819 0.054
5 21.087 21.141 0.054
6 0.015 0.064 25.490 25.537 0.047 0.13
7 29.564 29.618 0.054 +0.003
8 33.564 33.618 0.054
9 37.336 37.390 0.054
10 41.282 41.336 0.054
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4.4 Summary and Conclusions

The LMC performed reliably and rapidly to regulate flow rate in each nozzle
through servo valve and flow metevi t h 7 @ diflerence from manual flow
measurementguring calibration teswith four nozzles operUltrasonics were calibrated
for distance measurement and the linear calibration model showed that distance measured
from sensor to cardboard and sensor to weed was correlated highly significantly with the
voltage (R = 0.99; P<0.001) and (R= 0.99; P< 0.001) respectivelyResults indicated
that the VRC was operated easily from PPC using wireless Blue®atmio with
Windows Mobil&® compatible software. Using the ultrasonic sensors the VRC was fast
and accurateenough to open the valve Hte correcttarget witha responsetime of
0.09 s after receiving the sensor target detection informatidrerefore,the principal
componentof the VR sprayer could be used to develihye sprayer to detect targets
(weeds taller than plants) ai®h of agrochemicals at corretgrgets reliably to reduce
cost of production and protect environment.

With pEye digital color cameras the abtresponse time (0.13%) was
programmed into the VRC and the front boom was spaced far enough ahead of the rear
sprayer boom to compensate for the time lag needed to process andllgprang the
ATV to travel 6 kmhr* without responséme issuesTherefore, The VR sprayer could
be usedto further expand the spray capabilitiasd allow for SA of herbicides and
fungicides only where needed within fieldving in bare spatreas or non weed infested

areas during all times over the twear productionycle.
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CHAPTER 5

PERFORMANCE EVALUATION OF THE PROTOTYPE VR SPRAYER WITH
ULTRASONIC SENSORS FORSPOT-APPLICATION OF HERBICIDES ON
TALL WEEDS IN WILD BLUEBERRY FIELDS

5.1 Introduction

Wild blueberry producers apply agrochemicals to minimize weed, grass an
disease pressures within fields to maintain high yielding crops (Percival and Dawson,
2009, Yarborough and Jemison, 1997). Perennial weeds that have a life cycle of greater
than two years are the most difficult to contirolwild blueberry fields (WildBlueberry
Factsheet, 1997). Fields developed from woodland, often have to be treated with
herbicides to control tree seedlings, perennial bushes and shrubs. However, fields
developed from abandoned hayfields or pastures typically have to be treatedtifor con
of grasses and perennial weeds (Wild blueberry factsheet, 1997).

Hexazinone has been used heavily in wild blueberry production since 1983 to
suppress competing weed cover (Yarborough and Jemison, 1997). As a result,
hexazinoneincreases blueberry stedensity, length, and number of buds maximizing
yields up to threefold (Yarborough and Bhowmik, 1989, Yarborough and Jemison, 1997).
Eaton (1993) found that wild blueberries react slowly to herbicide and fertilizer
applications, and that much of the yiéghtreases are from the effect of herbicides rather
than from fertilizers. Hexazinone is known for leaching into ground water from wild
bl ueberry fields because of the mostly sa
composition (Yarborough and Jemisd®97). As a result, hexazinone has been applied
at a reduced rateesulting in an increasedeed pressures within wild blueberry fields

(Yarboroughand Marra, 1997). Premergen@pplication of herbicide is one of the most
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effective methods in controllingveeds, while later postmergentapplications are
effective but can cause serious foliar damage to the crop (Jensen, TI88B)ova Scotia

wild blueberry network information centre suggests farmers to follow a list of best
management practices for wilduleberry production. Producers need to scout their fields
and spray onlyhen and where necessary (Wild Blueberagtsheet, 1997)arborough

and Marra, (1997 found it does not pay to control common weeds found in wild
blueberry fields until onéourth © onehalf of the field is infested with the weeds. If SA
technologies were to be used it would allow for growers to apply herbicides to fields with
any given percentage of weed coverage without worry of wastage of chemical that would
increase productionost and pollute the environment.

Prior to the registration of premergentherbicides, cutting and hawdping or
herbicide rollers were used to control the growth of taller weeds (Yarborough, 2006).
However, cutting is not effective and wiping could résulinjury to the blueberry plant.
Both cutting and wiping methods are laborious and time consuming. Newer post
emergent innovations such as the wick master wiper, sideswipe hockey stick wiper,
sproutless weeder and clean cut applicator are readily bleaikffective and cause less
damage to the plant however, they are still laborious and tonsuming to operate
(Yarbarough, 2006).

Precision agriculture brings technologies together to make agriculture more
economically and environmentally efficient (&aadi et al, 1999; Castro et al, 2011;
GopalaPillai et al, 1999). One of the newest innovations in precision agriculture is the
reaktime VR sprayer. Motivation for the development of this type of VR sprayer is

increased field performance and lower chehitse and costs (Mooney et al, 2009). This
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type of VR sprayer does not use prescription maps, but relissnsordo provide real
time weed and bare spot detection information to the controller for spraying the correct
targets. Although research progthroughout North America have concentrated on the
development of VR technologies for different crops to date, little attention has been put
towards wild blueberry production systerrsthis study the developed VR sprayer with
ultrasonic sensors is perfoance tested in selected wild blueberry fields in central Nova
Scotia.
5.2Materials and Methods
5.2.1Field TestsUsing Ultrasonic Sensors

Three wild blueberry fieldswere selected in central Nova S to test the
performanceaccuracy othe VR sprayer foSA during the summerThe selected fields
werein the vegetative sprout year of the biennial crop production cybke predominant
weed species, in rivalry with the wild blueberry wétack bulrush $cirpus atrovirens
Willd.), dogbane (Apocynum androsaerdnlium L.) and bracken fern (Pteridium
aquilinumL.) in the Cattle Mrket Field (45.364850°N, 63.212783°)\and gldenrod
(Solidagosp) in Carmel(45.471101°N, 63.645816°ynd Cooper Fiel@45.480573°N,
63.573471°W. The averageblueberryplant heightwas 24 cm and weedheightranged
from 50 cm to 70 cm. Meteorologicalconditions weresamefor both SA andUA during
thefield experiment
5.2.1.1Carmel Field

The Carmel Field was broken into two téstcks (00 x6.1 m wide)that were
markedto investigatethe accuracy of the VR sprayer for detecting weeds and spraying at

the correct targets. The boundaries of selected traeke mapped witha RTK-GPS.
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TeeJe® water sensitive paper§USFs) (Spraying Systemsd, Wheaton, IlLUSA) were
fastened at randomly selected weed spots in each track WBf&s were used for
performance testing using thpercent area coveragPAC) and comparing SA to UA
techniqueThe paired-test wasperformedwith Minitab statistical 15software(Minitab
Inc., NY, USA) to examine whether the PAGf the sprayed targets with Swere
differentfrom the PAC of the targets with UA. The heights of selected targets (weeds)
were measured manually with a ruler at the time vediter application during the
experiment. Théinear regression method wased to test the relationship between target
height and PAC of the sprayed targets with both SA and UA methods.
5.2.1.2Cattle Market Field

Two tracks (100 m x 6.1 m each) weselectedwithin the Cattle Market Fieltb
test the accuracy of the VR sprayer for detecting weeds and spraying at the correct
targets. The boundaseof selected tracks wenmsapped with &RTK-GPS. Weed patches
weremapped with a RTKGPS in test tracks of the selected field before and kdiglin
clay sprayapplication to evaluate the performance accuracy of the VR sprayer in the wild
blueberryfield. The sprayed map wasiperinposed on the weed map ArcGIS 9.3
computer software @RI, Redlands, &, USA) for comparisonThe area of each track
before and aftempplication of chemical wameasurd with RTK-GPS. The data was
analyzedor chemical savings.
5.2.1.3Cooper Field

The CooperField was selected inLondonderry, Nova Scotia to test the
performance and accuracy tife VR sprayer folSA of a postemergence herbicide

(Callisto®) for control of annual broadleaf weedgoldenrod)duringJune The field was
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divided into 18 equalplots and the experiment wdaid out following completely
randomized block designCRBD) with three treatments and six replicationgne
treatments werd) Control (CN); No application, ii)SA of Callisto®, and iii) Uniform-
application (UA)of Callisto®. A Cost saving analysis wagrformed.
5.3 Results and Discussion

Results of this study indicated that LMC regulated the flow correctly through DJ
servo valve and flow meter in specific nozzle of the boom section where the weeds had
been detected dung the operation with SA (Fi$-1). The pairedt-test for UA versus SA
targets PAC indicated that there was no significant bias in the SA and that the SA was
accuratelt is observed that LMC automatically compensated the changes in nozzle flow
rate caused by variatian ground speed during operatiby monitoring the flow valve
position.On a conventional chemical broadcast application sprayer, the nozzle spacing
and the boom height chosen mainly depend on the overall spray pattern uniformity
requirement. For the newRC, the sensing system spatial resolution was considered as
the major factor in the nozzle spacing selection (8i§). For each individual nozzle to
be controlled separately, the size of the section which one nozzle covered was equal to, or
slightly larger than the detection zone of the sensing system.
5.3.1Carmel Field
5.3.1.1 Water and Kaolin Clay Spray Application

Tall weeds remain a serious threat for the growth of wild blueberry as well as for
smooth mechanical harvesting causing fruit losses. [Restithis study indicated that
automated identification of taller weeds in réale and SA of herbicides using

ultrasonic and fast VRC would help in monitoring their growth in wild blueberry fields
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Pairedt-test forUA versus SA targets PA@ith a 95 % confidence intervahdicated
that there was no significant bias in th& &nd that the SA technique w&s apply
chemicals at selected targets (Tabld). Visual observation also revealed thaR
sprayer performed reliably during the fielckperiments, permitting redéime target
(weed) sensing anflA at correctargets in a specific section of sprayer boom where the
weeds have been detect@lg. 5-1). Therefore, it is important to develop VR sprayer
using ultrasonics and VRC for-seasorBA of agrochemicals in wild blueberry fields in

order to increase net economic returns.

- Goldenrod

Tracks

Sprayed

]
Metlers

Figure5-1 Map showing weeds and sprayed patches with protdtigsprayer in each
track of Carmel feld 1.

5.3.1.2Goldenrod Targeting using WSB

As expected, alWWSPs were targeted with UA (Fig-2). Using SA technique all
WSPs were also able to be all targeted (FiB)5 The VR sprayer performed well to
target proper locations in the field where goldenrod was growing and open the nozzle in

the specific section dhe boom.
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Figure 52 Showing the targetdNSPs) sprayed with water andAC of the sprayed
targets folUA in Carmel Fieldusing prototyp&/R sprayer.
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