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Precision Agriculture Research Programi Brief History

The DalAC is a comprehensive, tighhit Faculty of Agricultural Sciences backed by strong
programs in engineering, environmental sciences, plant sciences, food sdiowe®rinary
sciences, basic sciences, business management, social sciences,samnwds and other
technical programs. The programs are well integrated to promote education, basic and applied
research and extension for agriculture and rural development.

In 2007, Dr.Qamar Zamarestablished worlalass Precision Agriculture Researchrdgram
(PARP with an aim to automate the existing agricultural machinery for wild blueberry to
substantially reduce the usage of agriculture inputs, improve land stewardship, increase
profitability of the blueberry industry and enhance the sustainalmlityural life in Atlantic
Canada. This programave been extremely successful in securing research gr&r@anillion

dollars) from theprovincial and federal funding agencies, amdlistry. These grants have allowed

this research team to establish stafteé the-art facilities for PA systems research.
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Funding (CAD) from government and industry sources during last ten years

PA team is one of the pioneers in the field of PA and has inventedftestive automated variable

rate (VR) technologies faieakttime spot application of pesticides and fertilizers. The team had
two patents S Patent #8488874 B2and Canadian Patent 274003 C) for the invention of
AVari abl e Rate Sprayer System and Mdheseod of
innovative PA systems are affordable, reliable and user friendly and once implemented in North
America are expected to significantly reduce agrochemical u&e@0% herbicide; 2040%
fungicide; 3040% fertilizer),as well as, increasing farm priafpility (~ 12 million dollars in NS
alone)and minimizing environmental impacts. PARP has been providing a number of economic
benefits for Atlantic Canada including job creat{omdustry research chairs, pedbcs, research
associates, graduatendergraluate students)and anticipated increases in private sector
employment that would result from the development of new, vadiged industries in the region.

In 2012,the team actively initiated a collaborative research progi@rdevelop innovative
harvesing technologies for Atlantic Canatiaincrease harvestable fruit yieltheseechnologies

5
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would allow innovative harvesting techniques to increase harvestable berry yield and quality, and
will ultimately lead to a more sustainable wild blueberry industrNorth America. The team

was successful in attracting research grants for precision harvesting research programs from
provincial and federal government funding agencies, in collaboration with indDstag Bragg
Enterprises and Wild Blueberry Producs 6 Associ at i on forfiveryea®Theant i c
preliminary results showed up to 6% increase in berry recovery using PA technologies, increasing
farm profitability of NS farmers. Increased harvesting efficiency of the harvsstgr5% only)

with no additional expenses contributes $5.5 million to the NS economy only and $31 million to
Atlantic Provinces and Quebec every year.

PA teamhas been very active in the technology transfer process presenting his results regional,
national and internationaheetings and industry presentations and demonstrations lianatug
Atlantic Canada and Quebec.
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Outreach/Technology transfer activities during last ten years

Over the last ten years, several HQ&sdergraduate and graduate students, Industry research
chars, postdoctoral fellows, research assistants and international researthese trained at

the PA research laboratory. The training philosophy adopted constitutes -baiii®ct
mentorship and handsf with close supervision. All HQPs were providedapportunity to apply

their knowledge to the development of innovatR#& systems to improve crop productivity and
reduce environmental risks. HQPs are trained to publish research results -irevieeed
scientific journals and also to present in regipnational and international conferencelQPs are
exposed to a wide variety of biologicand engineering principlelsasic scientific methods, and,
production practices that are both specific to wild blueberries but also broadly applicable to other
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horticultural crops to prepare them for future employment opportunities including positions in
academia, extension, research, industry, management, and private business in Canada.

Dr. Zaman hagstablished ties with several North American, European and Asian academic institutions
He developed partnership with a research group to work on PA technologies for blueberries including
researchers from various United States universities. These caliabsrincreasetheability to contribute

to other research programs institutionally, regionally, nationally and internationally. Giséentérnational
collaborators Dr. Arnold Schumann, Professor, University of Florida is an adjunct professoracuhyg F

of Agriculture, Dalhousie UniversityDr. Schumantas been serving as a supgory committee member

for graduate studensndis also actively involved in PResearch projects

25
20 -
15 -
10 -
0 - l |
Internatlonal PD Sc U/Grad
HQPs trained at Precision Agriculture Regarch Program in last tenyears
The PARPOGs contribution, in conformity with i

canvas of academic activity, has magnified several folds since its establishment. The strong ties of
PA research team with government institutdgr{culture and AgriFood Canada; Department of
Agriculture and Aquaculture, NB; Department of Agriculture, Prince Edward Island; Natural
Sciences and Engineering Research Council of Canada; NS Department of Agriculture; Mitacs;
ACOA; Federation of Agrictiire; Soil and Crop Improvement Association, NB; NS and NB
Institute of Agrologisfsand industry@xford Frozen Foods Limited, NS, Doug Bragg Enterprises,
NS, Jasper Wy mands of PEI , Mc Cainds group,
Associations, N . E. | . , NB. , NF, QC, Mai ne, NB Potato
Green Diamond, John Deere, Case IH, Chemical Containers, Florida, USA,ohix, Inc, USA
andCroplife- Atlantic Fertilizer Council, Canadé&skySquirrel Technologies Inc. Halifabg will

provide opportunities to receive research grants to develop PA technologies for different cropping
systems in Atlantic Canada. Th&RP will provide a number of economic benefits for Atlantic
Canada including job creati@nd anticipatedhcreases in private sector employment that would
result from the development of new, valagded industries in the region.
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1. Highly Qualified Personnel Training/Supervision

The HQPs are the foundation of rasgh programD r . Z aH@Rs{uihdergraduate and graduate
students, postoctoral fellows, research assistants and international researclaeesgxposed to inter
disciplinary research, as my collaborators include colleagues from engineering, soils agrteomy,

energy and atmospheric science disciplin®$. HQPs were provided an opportunity to apply their
knowledge to the development of innovative precision agriculture systems to improve crop productivity
and reduce environmental risks. Students postdoctoral fellows are being trained to design, analyze,
and publish experimental results in scientific and technical publications. HQPs are also trained to publish
research results in pesviewed scientific journals and also to present in regionafiomal and

i nternati onal conferences, growersé® meetings, and
students published thirteen articles in pexfiewed journals as an author andactthor and over twenty in
national/international confemee proceedings in past five years during his master and PhD program under
my supervision They have the opportunity to interact with researchers from multiplesposndary
institutions and various industrial partners including Doug Bragg Enterprisesxibrd Frozen Foods
Group, and the Wild Blueberry Producers Associations. HQPs are exposed to a wide variety of biological
and engineering principles, and, production practices that are both specific to blueberries but also broadly
applicable to othehorticultural crops to prepare them for future employment opportunities including
positions in academia, extension, research, industry, management, and private business in Canada.

All the previous PDFs have gone on to successful faculty appointmeanada, Asiaand Europe.

During the past 1§earsnineof graduate students have completed their programs (M. Sc) Dnd&aman
supervision. | supervised nipestdoc fellows and several research assistants in my research program. All
have progresseidto leadership roles. For tHé M.Sc. students: three hageaccessfully completeBhD
programgqT. Esau and A. Farooque being awarded NSHRE); four have moved into federal/provincial
government/private sector positio.r oduci ng ¢ dskogld mot be lthe botk dundidn of a
university. During thellyears, six internationalisiting researchers from Eurgpisia, and Middle East
completed research projects untlersupervision.| assisted in creating a McCain Potato Research Chair
with the financial support of industry partner and NBDA

Dr. Zamansee hisHQPs as professionals and junior colleagues and treat them with regmehtthey

have also shown to hinHe particularly emphasizethe value of collaboration/team work and showing
respect in the work place. Consequently, the HQPs have always helped one another with their expertise and
often share authorshipedlit in research publication. Dr. Zamfmtusesmore on the quality of work done

and timeliness of execution than the phylsjp@sence of trainees in the lab during regular work hours.
Indeed,PARP have attracted dedicated students, josis and researchefsegionally, nationally and
internationally)to reseach team who always go beyond theectations in rapidly learningd performing

their work. Dr. Zaman received the prestigioGLENN DOWNING AWAREom the Canadian Society

for Bio-engineering in recognition of his outstanding work in industry, teaching, research, and extension in
the area of machinery systenide alsoreceived AWARD FROM UNIVERSITY OF FLORIDAn
recognition of outstanding contributions in the development of variable rate sprayer system and method of
variably applying agrochemicalbispired by his teaching skills and mentorship, one of his PhD students
(Dr. Farooque) received thEEACHING IMPACT AWARD 201%SBE Best Graduate (PhD) Thesis
Award and Canadian Society of Hort Science Best Oral Presentation Award during his gradieste stud
Now Dr. Farooque is serving as an Assistant Professor at the University of Prince Edward Islatd, PEI.
was one of the two recipients of this award from the entire univedsityther, his graduate student Dr.

Esau has received CSBE BEST Graduat®]Prhesis AwardThe PA team has workettelessly during

the last 1lyears and made profound progress as a teassearch, teaching and extensiloshort, the

energy exuded by PA research team invigorates Dr. Zamatearning process is certainlytmal. When
everyone gets tired of workhey try to make time to get together in fahly social events or holiday
gatherings with family and friends.

8
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1.2 Pedagogy hrough Undergraduate Research

1.2.1Undergraduate (Summer Studenfsat Engineering Department, Faculty of
Agriculture, Dalhousie University (Funding source in parenthesis)

Name Status Y e a r s Title of Project (Funding Source) Present Position
Supervised

Morgan Roberts ~ completed 20082009 Quantify soil and plantariability Mining Industry
within wild blueberry fields (NSERC Employee
IPS

Travis Esau completed 20072010 Development of automated fruit yielc PostDoc
mapping system (NSERIPS)

Dainis Nams completed 2008 Performance evaluation of automate Graduate Studer
slopemeasurement and mapping
system (NSEREQJSRA)

Matthew Morrison = completed 2010 Quantification of nutrient losses in  Undergraduate
wild blueberry fieldHortCluste} Student

Asena Yildiz completed 2010 Mapping soil and plantgrameters Graduate Studer
using PA technologie@HortCluste)

Brittany Maclean = completed 2013 Improving harvesting efficiency of Undergraduate
blue berry harvester using PA Student
technologiefNSERCIPS)

Riley Giffen completed 2013 Calculating the impact of header Undergraduate
forces on berries during harvesting, = Student
(NSERGIPS)
Josiah McNutt completed 2014 Capacity analysis e commecial Undergraduate
blueberry harvesteNSERCIPS) Student

Elizabeth Faulkner = completed 2014 Calculating impact of different Undergraduate
diameter header forces on berries Student
during harvestingNSERGIPS)

Lucas Geldart completed 2015 Design analysis of harvester head = Undergraduate
Student

Samuel Creelman completed 2015 Evaluating modified harvester head Undergraduate
Student

Karen Esau completed 2016 Effective use of air from blower on  Graduate

the conveyor for cleaning berries Student

Emily Merks completed 2016 Smart hoop sprayer for tree crops = Undergraduate
Student

Rachel Hirtle Completed 2016 Implementation of precision Undergraduate
agriculture system Student

Scott Withrow Completed 2017 Evaluating wild blueberry precision = Undergraduate
harvesting technologies Student

Brooke MacLean = Completed 2017 Improving wild blueberry harvester =~ Undergraduate
efficiency Student
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1.2.2Undergraduate Students (RESM 400@&nd 4001i Research Project) at Engineering
Department, Faculty of Agriculture, Dalhousie University (Funding source in parenthesis)

Name Status Y e a r ¢ Title of Project (Funding Source) Present Position
Supervised
Jason Withrow  completed 2012 A mathematical procedure to calculate Industry
impact forceexerted by blueberry employee
harvester
Andrew completed 2012 Identify the impact of tangential and Electrical work
Macewen radial forces on the picking efficiency o
Alex McDonald completed 2012 Performance evaluation of commercial unknown
wild blueberry harester to quantify fruit
losses
Karen Esau completed 2016 Improving harvesting berry picking anc Graduate studer
quality efficiency
QilLi Completed 2017 Digital photography technique to Undergraduate
improve berry quality during harvesting student

1.3 Pedagogy hrough Master StudentsTraining (Funding sourcein parenthesis)

Name Status Y e ar < Title of Project (Funding Source) Present Position
Supervised
Aitazaz A. completed 201011  Effect of soil variability on wild Assistant Professo
Farooque blueberry fruit yield, (NSDAAIF) UPEI
Travis Esau completed 201012  Development and evaluation of a PostDoc

prototype variable rate sprayer for
spotapplication of agrochemicals in
wild blueberry fields (NSDAAIF)

Fahad S. Khan completed 2010612 | Mapping soil properties and water Industry Employee
table depths using EMhethods
(NSDA)
Shoaib Rashid completed 2010612  Variable rate fertilization in wild PhD Student
Saleem blueberry fields to improve crop Guelph

productivity and reduce
environmental impacts (NSDA)

Shaun Sharpe  completed 200710  Potential for hyperspectral Unknown
(committee technology in wild blueberry
member) (Vaccinium angustifolium Ait.)
production
David Sampson  completed 200912  Evaluation of apple slice quality Provincial Gowt.
during convection drying using real Employee

time image analysis

Hassan Shafqa  completed 201113  Evaluation of a modified variable rai Research Assistant
granular fertilizer spreader for spot Dalhousie Universit
specific fertilization in wild blueberry
fields (NSDA)

10
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Asif Abbas

Muhammad W.
Jameel

Salamat Ali

Tanzeel
Rehman

Muhammad H
Farooq

Karen Esau

Liu Yu

Arshdeep
Grewal

completed

completed

completed

In Progress

In Progress
Committee
Member

In Progress

In Progress

In Progress
Committee
Member

201214

Impact of variable rate split
fertilization on crop production and

DALHOUSIE 1818
UNIVERSITY 2118

Provincial Govt.
Employ

environmental contamination in wild
blueberry (SeH~unded)

20132015

Effect crop and machine parameter: Research Assistant
onwildb|l ueberry

h a r Dalhousie Universit

efficiency (NSDAMitac)

201416

Effect of harvesting time on wild

M.Sc. Student

blueberry fruit loss during harvesting

(NSDA)

Machine vision based weed detectic
system for speapplication of

2015-
present

M.Sc. Student

herbicide

2016
present

2017
present

2016
present

Management of Goldenrod

Improving berry qualityduring
mechanical harvesting

Bioremediation ofminkery
wastewater and astaxanthin

M.Sc. Student

MASc. Student

M.Sc. Student

production byhaematococcus

pluvialis
Haskap responge plastic mulch
colour and fertility under irrigation

2017
present

M. Sc Student

1.4. Pedagogy hrough Graduate (PhD) Training (Funding source in parenthesis)

Name

Aitazaz A
Farooque

Travis Esau

M. Azhar Inam
Baig

Rizwan
Magbool

Wenfeng Zhu

Status

Completed

Completed

Completed

Completed
(Committee
member)

In Progress
(Committee
member)

Year so
co-supervised

201115

20122016

20102017

20082014

2012-present

S u Title of Project/Funding Source

Performance evaluation of wild blueberry harves
to minimize fruit losses during mechanical
harvesting (NSEREPS)

Development of commercidMR sprayer for spot
application of agrochemicals (NSERES)
Development of a group built coupled physitcal
socio economic modelling framework for soil
salinity management in agricuii(Pak. Govi)

Nitrogen cycling, optimization of plant nutrition
and remote sensing of leaf nutrients in wild
blueberriefPakistan Government)

Comparative study of agroecosysteetvices
health between Fujian amtbva Sotia provinces

11
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Wajid Ishaq completed 20102016 Modeling water productivity in wheat (triticum
GC University (External aestivum |.) under irrigated and refied conditions
committee (Pakistan Government)
Pakistan member)

1.5 Pedagogy hrough PostDoctoral Fellows Training

Name Status Y e a r ¢ Title of Project Present Position
Supervised
Dr. Fangming = completed 2008 Development and evaluation of cost Assistant Professor,
Zhang effective automated vegetation mappin ZheJiang Uniersity,
system China
Dr. Kishore completed 200809  Development and testing of automated Assistant Professor
Swain yield monitoring systems Assam University,
India
Dr. Muhammad completed 200809  Development of VR technologies for = Professor, University
Arshad fertilization/irrigation usingeMI of Agriculture,
technologies Faisalabad, Pakistat

Dr. Gashaw. A completed 201011 @ Software development for retime spot = Unknown
Gobizie application of agrochemicals using
discrete transformation technique

Dr. Aitazaz completed 201516  Integrated harvesting system Assistant Professor
Farooque University of PEI
Dr. Young K. completed 20102016 Image processing software developme Industry Research
Chang for reattime weed, plant and bare spot Chair
identification using textural analysis for Dalhousie University
reattime spot applications

Dr. Saima A  Completed 2015 Farm Safety Assistant Professor
Bharwana Co GC University Pak.
Supervisor
Dr. Travis Esau In Progress 2016 Smart Sprayer and Precision Harvestin PostDoc

present  Technologies Dalhousie University

Dr .Meftah In Progress 2017 Precision Harvesting Technologies PostDoc

Mohamed present Dalhousie University

1.6 Pedagogy throughResearch Assistants/Technician$raining

Name Status Year ¢ Title of Project Present Position
Supervised
Kelsey Laking = completed 2009 Evaluating yield monitoring System Govt. Employee
Rene Terriene  completed 2009 Application of GPS/GIS in Precision Govt. Employee
Agriculture
Travis Esau completed 2011 Development of commerciglrototype PostDoc
VR sprayer

Dalhousie Univ.

12
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Hafiz Nafees
Ahmed

Shoaib Rashid
Saleem

Hassan Chattha

M. Wagas
Jameel

Asif Abbas
Salamat Ali

Negar S Mood

completed

completed

Completed

Completed

Completed

In
Progress
In progress
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¥

2011 Ground Modelling to reduce ground Federal Govt.
water contamination Environment
Canada
201213  Developing algorithm for spet PhD Student
applications University of
Guelph, ON
201315  Evaluation of wild blueberry harvester Research Assistar
to minimize fruit losses Dalhousie Univ.
20152016 Research Assistar
Dalhousie Univ.
201415  Evaluation of wild blueberry harvester Research Assistar
to minimize fruit losses Dalhousie Univ.
2016 to  Improvingwild blueberry harvester Research Assistar
present  efficiencyto minimize fruit losses Dalhousie Univ
2018 Implementation of precision agric. Research Assistar

technology

Dalhousie Univ.

1.7 Pedagogy throughinternational Researcheis Training

Name

Hou Weijun

Lenka Priatkova

Dr. Mumtaz
Cheema

Dr. Muhammad
Yaqgoob

Dr. Muhamed
Faruk

Dr. Saima Aslam
Bharwana

Status

completed

completed

completed

completed

completed

completed

Year s
Supervised
2008
2011

201112

2010

2014

2013 and
2015

Title of Project Country/Current

position

Application of GPS and GIS in wild
blueberry production

China/unknown

Physical and sensory evaluation of
wild blueberries

Republic of
SlovakPostdoc

To studythe agronomic aspects of wil PakistanAsso.

blueberry crop using PA technologies  Prof., Memorial
Uni., NF

Application of PA technologies for PakistarProfessor

livestock management

Evaluation of variable rate sprayer fo Egypt/Engineer in
spotapplication NSDA

Environmental impacts of variable rai Pakistan/Assistan
technologies Professor

13
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2. Scholarships

In 2007, Dr.Zamanestablished thevorld-classPrecision Agriculture Research Program (PARP) with
objectives to improve the competitiveness and profitability of the blueberry industry and enhance the
sustainability of rural life in Atlantic Canada. While building tisogram,he developed strong and

effective partnerships with industry, government, and other institutions to support pregisautiae

(PA) research needs. Dr. Zaman hasn extremely successful in securing research grants from the Canada
Foundation ér Innovation, NSERC, AlF, Agriculture and Agfbod Canada and Industry. These grants

have allowedPA research team to establish statehe art facilities for PA systems researtheresearch

program has also been funded, consistently and continydusifederal and provincial governments,
international funding agencies, industry partners
In 2012,PA teaminitiated a precision harvesting research program atAlGalith the collaboration of

Doug Bragg Enterprises arttie wild blueberry industry to develop innovative harvesting technologies for
Atlantic Canaddo increase harvestable fruit yielthese technologies would allow innovative harvesting
techniques to increase harvestable berry yield and quality, and will ultinheaelyfo a more sustainable

wild bluebery industry in North America.

PA teampublished more thasixty peerreviewed articles in nestigious scientific journals. PA team

members arhighly sought out for national/international seminars and workshops and have made ever one
hundred conference, industry and extension presentationthevaast few years. Théave also published
articles in regional annéwspapersjaonddevelopedifaotesheatsfoperatiomal a z i
manuals and custom software for growersarelc hi ner y ma n u fresearchumaspromdéed u s e .

in a range of media, including national and international television channels such as CNN, MSNBC, Fox
News PBS, CTV, and Express and is available on Googled/ YouTube and CBC radidhey have

received US Patent # 2012/0195496 Al and Canadian Patent#7231o0r t he i nvention o
Rate Sprayer System and Method of Variably Applying AgrochendicBifese innovative PA systems are
affordable, reliable and user friendly and once implemented in North America are expected to significantly
reduce agrochemical usa@®-80% herbicide; 2610% fungicide; 3810% fertilizer),as well as, increasing

farm prditability (~ 12 million dollars with VR spray in NS alora)d minimizing environmental impacts.

PARP has been providing a number of economic benefits for Atlantic Canada including job creation
(industry research chairs, poedbcs, research associatesiaguate and undergraduate studengs)d

anticipated increases in private sector employment that would result from the development of new, value
added industries in the region

2.1 Research Projects/Funding

Duration Title Funding Agency Total Statusof
Amount Award

2002 to  Implementation of Precision Agriculture USDA/NASA $160,000 Completed
2005 Techniques in Florida Citrus
2005to  Application of Variable Rate Japan Society for $150,000 Completed
2006 Technologie$ NIR soil sensor Promotion of Science
2007 to  Precision Agriculture Technologiesto  NS-Agri-Futures, $360, 000 Completed
2010 Increase Profitability and Reduce ACAAF

Environmental Pollution
2008 to  Mapping Soil Properties in Wild ND-Water Supply $36, 000 Completed
2010 Blueberry Fields, Using EMI to Enhance Expansion Program.

Water Quality and @Gnservation.
2008 to  Developmentf An Automated Yield NS-Dept. Agric. $40, 000 Completed
2010 Monitoring System Tech. Dev. Program
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2009to  SiteSpecific Application of NS- Dept. Agric- $40,000 Completed
2011 Agrochemicals using PAechnologies  Tech. Dev. Program
2008to  Precision Agriculture Technologiesto  Canadian Foundation $125,225 Completed
2013 Increase, Farm Profitability and Reduce for Innovation
Environmental Impacts
2010to  Development of Variable Rate Sprayer NS- Dept. Agric- $40,000 Completed
2012 for SpotApplication in Wild Blueberries Tech. Dev. Program
2009to  Site-Specific Application of NS- Dept. Agric- $40,000 Completed
2011 Agrochemicals Using PA Technologies Tech. Dev. Program
2011 Prototype coseffective automated Early Stage $36,500 Completed
2013 variable rate sprayer for spapplication = Commercialization
of agrochemicals Fund, Innova Corp
2012 Prototype variable rate sprayer for real Growing Forward $40,000 Completed
2013 time spotapplication of agrochemicals in Enabl. Agri. Res. and
wild blueberry fields Innov. Program NB
2010to  Site-Specific Application of NS- Dept. Agric- $40,000 Completed
2012 Agrochemicals Using EMI methods Tech. Dev. Program
2010to  Wild Blueberry Environment and Agriculture-Agri. $400,000 Completed
2013 Production Risk Mitigation System Food Canad®xford
Frozen Foods
2012 Improving Harvesting Efficiency of NSERGEnNgage, $25,000 Completed
Blueberry Harvester Dough Bragg
Enterprises
2012 to  Improving harvesting efficiency of wild  Agri-Futures $2,32,000 Completed
2013 blueberry harvester using precision agri (CAAO)-Doug Bragg
tech. to increase farm profitability Enterprises Ltd
2013to ImprovingBerry Picking Efficiency NS Department of $58,000 Completed
2015 during Harvesting Using BiSystems Agriculture, G2
Modeling Approach Research Acceleratior
2014 Evaluation of Precision Agriculture NSERCGEngage $25,000 Completed
Technologies for SpeApplications
201415 Picking Efficiency during Harvesting Mitacs-DBE $30,000 Completed
Using Precision Agriculture Technologie
and BieSystems modeling
2014 to  Develop accurate models and procedur Research Acceleratior $54,400 Completed
2016 for estimating and mapping wild NS Dept. of
blueberry yieldsand for forecasting fruit Agriculture
maturity dates
2013to Improving Harvesting Efficiency of CRD, NSERGDoug  $1.2 Completed
2016 Blueberry Harvester Using Precision Bragg Enterprises Ltd million
Agriculture Technologies
2016 Integrated harvesting technologies t« Mitacs-DBE $45000 Completed
improve berry recovery and quality
2013to Improving Berry Picking Efficiency NB-Dept. Agric. $270, 000 In Progress
2017 during Harvesting Using Precision Growing Forward

Agriculture Technologies and Bio

Systemsnodeling
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2016 Increase harvestable blueberry Mitacs- DBE $15000 Completed
yield using PA technologies

2016 Evaluation of smart sprayer for spot MitacsDBE $15000 Completed
application of agrochemical in
wild blueberry fields

2016 Machine vision based weed detectio NS-Provincial $10000 Completed
system for speapplication of Scholarship
herbicide

2017 Effective useof a variable speed blower Mitac-WBPANS $15000 Completed

fanon a wild blueberry harvestay
improvequality

2016 to  Implementation of precision agriculture NSERC CRD 0.8 In Progress
2021 technologies to improve crop productivil Slack Farms million
dollars
2016t0  Automation of wild blueberry harvester i NSERC CRD 15 In Progress
2021 increase berrpicking efficiency DBE million
dollars
2016 to  Variable rate agrahemical USPCASAFS Rs. In Progress
2019 application system in citrus orchards UNI.of Agri. FSD 300000
using onthe-go Sensors (Int. coordinator)
2016to  Development of reaime weed USPCASAFS Rs. In Progress
2019 detecton system for spot application UNI. of Agri. FSD 300000
of herbicides in Maize (Int. coordinator)
2.2 Publications
2.2.1Patent

Zaman, Q. U.,Y. K. Chang, AW.Schumann. 2013. AVariable rate spra
variably appl y USRapterd Bublioatom 884886874 B2 0 .

Zaman, Q. U.,Y. K. Chang, AW.Sc humann. 2014. Aivari able rate spra
variably applying agrochemica@sCanadian Patent N&,740,503 C

2.2.2Book Chapter

Swain K. C.andQ. U. Zaman. 2012. Rice crop mnitoringwith unmanned helicopter remote
sensinglinages, remote sensing of biomaggsrinciples and jplications, Dr. Lola Fatoyinbo
(Ed.), ISBN: 97895351-03134, InTech, Available from:
http://www.intechopen.com/books/remetensingof-biomassprinciplesandapplications/rice
crop-monitoringwith-unmanneehelicoptefremotesensingmages

Farooque, A. A.Q. U. Zaman and SchumanA. W. 2017 The Lime: Botany, Production and Uses
Precisionagriculture in lime Centre for Agriculture and Biosciences Internatio(@ABI
publishe}.

2.2.3PeerReviewed Journal Papers

Submitted:

4. Karen, E., E. Travis, Q. U. Zaman, A.A Farooque, A. W. Schumann. EO&8tive use of a
variablespeed blower fan on a mechanical wild blueberry harvester. Applied Engineering in
Agricultute. In Review.
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3. Magbool R, D. Percival, Q. U. Zaman; SAdI, D. Buszard 2018. Remote sensing of leaf macro
and micro nutrients in wild blueberry stan&emoteSensing of Environmenin Review

2. Wajid. I., M. Zaman, M H. Rahman, QU. Zaman, V Shelia, SAli, R. M.d lIkram,F. Abbas.
2018. Wateryield relations and transpiration efficiency of wheat focusing on water scarce
conditions using crop growtimodeling approach. Agricultural Water ManagemémReview

1. Rehman, T.Q. U. ZamanY. ChangA. W. Schumann, K., Corscadden, T. Es2d8. A color co
occurrence matrix based algorithm: An analysis to minimize computational overBeads.
SystemgEngineering In Review

Published:

56. IshaqueW., F. Abbas,S. Ali, K. Mahmood, Q.U. Zaman, M. Azam,{han, and M. Zain. 2017. Yield
response of wheal fiticum aestivuni..) to deficit and regulated deficit irrigation under arid/semi
arid conditionsPak J of Agric. Sci.54(1):135144.1F =1.24

55. Magbool, R, D. Percival, Q. U. Zaman, T. Astatkie, S. Adl and D. Buszard. 2@&&#.nutrients
ranges and berry yield optimization in response teaplied nitrogen, phosphorus and
potassium in wildlueberry Yaccinium angustifoliunit.). Eur. J. Hortic. Sci82(4), 166 179.
IF=0.42

54. Esau, T., Q. U. Zaman, D. Groulx, A. A Farooque, A. W. Schumann, Y. Char& \N2@dhine
vision smart sprayer for spapplication of agrochemical in wildlueberry fieldsPrecision
Agriculture.DOI: 10.1007/s1111917-9557%y IF = 1.728

53 Ali, S., Q. U, Zaman, A. A. Farooque, A. W. Schumann, C. C Udenigwe,. €hang.(2017).
Potential use of digital photographic technigue to examine wild bluebi@eging in relation to
time of harvestAppl. Engg. Agric. In PresdF = 0.571

52. Farooque AA., Q. U. Zaman, A.W. Schumann, D. Groulx,NguyerQuang 2017.Influence of
wild blueberry fruit yield, plant height and ground slope on picking performance of a mechanical
harvester: basis for automatidkppl. Engg. Agric. 33(5): 655666. IF = 0.571

51. Chattha, H. S., K. Corscadden, Q. U. Zaman. 2017. Hazard identification andsgssment
for improving farm safety on Canadian farmsof Agric.Safety and Healtl23(3): 155-174.
IF=0.571

50. Chang, Y. K., Q. U. Zaman, T. Rehman, A.A. Farooddi&Y. Jameehnd T. J. Esau. 201A.real
time ultrasonic system to measure wild éberry plant height during harvestimjosystems
Engg (157),3544.

49, Ishaque, W., F. Abbas, S. Ali, K Mahmood, Q. U. Zaman, M. Azam, |. Kdraah\. Zain.

2017 Yield response of wheat (triticum aestivum |.) to deficit and regulated deficit irrigation
under arid/semarid conditionsPak. J. Agri. Sci. 54(1t35144

48. Magbool R, D. Percival Q. U.Zaman T. Astatkie, SAdI, andD. Buszard .2016. Improved
growthand harvestable yield through optimization of fertilizer rates ofagmsliednitrogen,
phosphorus and potassium in wild bluebekfggcinium angustifoliumit.). HortSci.
51(1y10921097.

47. Esau, T., QU. Zaman, D. Groulx, Y. Chang, AV. Schumann and P. Havard. 2016. Supplementary
light source development for caméyased smart spraying in low light conditiodgpl. Engg.
Agric. 33(1): 514. IF = 0.571

46. Abbas. A., Q. U. Zaman, A. A. Farooque, A. W. Schuman, G.R. Brewster, and R. DonaldEf&&i6.
of split variable rate fertilization on wild blueberry plant growth and berry yigigl. Engg. Agric.
32(6): 675683.1F = 0.571

45, Farooque, A., Q. ZamaY. Chang, K. Corscadden, A. Schumann, H. ChattithA. Madani. 2016.
Influence of soil properties and topographic features on wild blueberry fruit yipld. Engg.
Agric. 32 (4) 379388.1F = 0.571
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44. Farooque, A. A., Q. U. Zaman, D. Groulx, A. W. SchumannTamtbuyenQuang 2016. Response of
spatial variation in crop characteristics and topographic features to the fruit losses for wild
blueberry cropping systerAppl. Engg. Agric. 32 (4) 493504.1F = 0.571

43. Farooque, A. A., Q. U. Zaman, D. Groulx, A. W. Schumad Y. K. Chang, T. NguyeQuang. 2016.
Development of a predictive model for wild blueberry harvester fruit losses during harvesting using
artificial neural networkAppl. Engg. Agric 2(6): 725738.IF = 0.571

42. Jameel, M. W., Q. U. Zaman, A. A. Farooque, A. W. Schumann, G. Brewster, T. NQugeg and
H. S. Chattha. 2016. Effect of plant characteristics on the picking efficiency of wild blueberry
harvesterAppl. Engg. Agric. 32(5), 589598 IF = 0.571

41. Chang, Y., Q. Zaman, A. Farooque, H. Chattha, S. Redd\.W. Schumann2016.Sensing and
control system for spetpecific fertilization in wild blueberry cropping system. Precision
Agriculture.1i 14. DOI : 10.1007/s1111916-94576. IF = 1.728

40. Esau, T., Q. Zaman, D. Groulx, K. Corscadden, Y. Chang, A. Schumann and P. Havard. 2016.
Economic analysis for smart sprayer application in wild blueberry fields. Precision Agriculture.
pp. :13.DOI 10.1007s11119016-9447-8.47.1F = 1.728

39. Khan, F. S., Q. U. Zaman, Y. K. Chang, A. W. Schumann, A. Madani, and A. A. Farooque. 2016.
Identification of gravel layer below soil surface within field using electromagnetic induction
method. Precision Agriculturé7 (2):155167.1F = 1.728

38. Abbas. A., Q. U. Zaman, A. W. Schuman, G.R. Brewster, and R. Donald. 2016. Effect of variable
rate split fertilization on subsurface water quality in wild blueberry fiédgpl. Engg. Agric.32(1):
7988.1F = 0.571

37. Chattha, H. SQ. U. Zamany. K. Chang, A. A. Farooque, A. W. Schumaamd G. R. Brewster
2015.Effect of lighting conditions and ground speed on performance of intelligent fertilizer
spreader for spedpplication in wild blueberryPrecision Agricultue. 16: 654667. IF = 1.728

36. Abbas, A., Q. U. Zaman, A. W. Schuman, G. R. Brewster, R. DamaddiH. S. Chattha. 2014.

Effect of split variable rate fertilization on ammonia volatilization in wild blueberry cropping
system. Appl. Engg. Agrid0(4): 619627. IF = 0.571

35. Chang, Y. K., Q. U. Zaman, T. J. Esau, and A. W. Schumann. 2014. Sensing system using digital
photography technique for spapplication of herbicide in pruned wild blueberry fields. Appl.
Engg. Agric. 30(2)143-152 IF = 0.571

34. Chattha, H. S., Q. U. Zaman, Y. K. Chang, S. Read, A. W. Schumann, G. R. Brewster, and A. A.
Farooque. 2014. Variable rate spreader fortiea spotapplication of granular fertilizer in wild
blueberry. Comp. and Elec. in Agri. 100:-78.IF = 1.766

33 Esau, T.J., Q. U. Zaman, Y. K. Chang, A. W. Schumann, D. C. Percival, and A. A. Farooque. 2014.
Spot application of fungicide for wild blueberry using an automated prototype variable rate
sprayer. Precision Agric. 15(2): 14B1.1IF = 1.728

32 Esau, TJ., Q. U. Zaman, Y. K. Chang, A.W. Schumann, D. Groulx, and A. A. Farooque. 2014.
Prototype variable rate sprayer for sppplication of agrochemicals in wild blueberAppl.

Engg. Agric.30(5): 717725 IF = 0.571

31. Farooque, A. A., Q. U. Zaman, D. Groulx, A. W. Schumann, D. Yarboroug,.aiguyenQuang
2014.Effect of ground speed and head revolutions on the picking efficiency of commercial wild
blueberry harvester. Appl. Engg. Agric. 30(8R5-546. IF = 0.571

30. Saleem, S. R., Q. U. Zaman, A. W. Schumann, A. Madani, Y. K. Chang, and A. A. Farooque.
2014.Impact of variable rate fertilization on nutrients losses in surface runoff for wild blueberry
fields. Appl. Engg. Agric. 30(2): 17485.1F = 0.571

29. Sanpson, D.)Y. K. Chang, H. P. V. Rupasinghe, and Q. U. Zan20114. A dualview computer
vision system for volume and image texture analysis in nhelgipple slices drying. J. Food
Engg. 127: 4%7.IF = 2.276

28. Saleem, S. R., Q. U. Zaman, A. Bthumann, A. Madani, D. C. Percival, and A. A. Farooque.
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2013. Impact of variable rate fertilization on wild blueberry plant growth and fruit yield. Appl.
Engg. Agric. 29(5): 688%90.IF = 0.571

27. Saleem, S. R., Q. U. Zaman, A. W. Schumann, A. Mada#, Rarooque, and D. C. Percival.
2013. Impact of variable rate fertilization on subsurface water contamination in wild blueberry
cropping system. Appl. Engg. Agric. 29 (2): 2232.IF = 0.571

26. Farooque, A. A., Y. K. Chang, Q. U. Zaman, D. Groulx, A.S8humann, and T. J. Esau. 2013.
Performance evaluation of multiple ground based sensors mounted on commercial wild blueberry
harvester to sense plant height, fruit yield and topographic features-timreaComp. Elec.
Agric. (91): 135144.IF = 1.766

25. Magbool, R., D. C. Percival, M. S. Adl, Q. U. Zaman, and D. Bus2&P. In situ estimation
of foliar nitrogen in wild blueberry using reflectance spectra. Can. J. Plarg2$6): 11551161
IF =0.547

24. Chang, Y. K., Q. U. Zaman, A. W. Schumamn, C. Percival T. J. Esau, and G. Aylew2012.
Development of color coccurrence matrix based machine vision algorithms for wild blueberry
fields. Appl. Engg. Agric. 28(3): 31823.1F = 0.571

23. Chang, Y. K.Q. U. ZamanA. A. Farooque, A. W. Schumapand D. C. Percival. 2012n automated
yield monitoring system Il for commercial wild blueberry doubtad harvesteiComp. Elec.
Agric. 81: 97103.1F = 0.571

22. Farooque, A. A., Q. U. Zaman, A. W. Schumann, A. Madani, and D. C. Percival.R&dpbnse of
wild blueberry yield to spatial variability of soil properti€woil Sci.1: 5668.IF = 1.051

21. Farooque, A. A., Q. U. Zaman, A. W. Schumann, A. Madani, and D. C. PegfitZl. Delineating
management zones for sipecific fertilizationin wild blueberry fieldsAppl. Engg. Agric.28(1):
57-70.1IF = 0.571

20. Farooque, A. A., Q. U. Zaman, A. Madani, F. Abbas, D. C. Percival, and T. J. Esau. 2011. Ecological
impacts of theN-Viro biosolidsland-applicationfor wild blueberry ¥acciniumangustifoliumAit)
production in Nova Scotia. Envir. Sci. Health. Part B 46: 3&/9.IF = 1.10

19. Farooque, A. A., F. Abbas, Q. U. Zaman, A. Madani, D. C. Percival, and M. ArshadS2111.
nutrient availability, plant nutrients uptake, and wild ey (Vaccinium angustifoliumAit)
yield in response thl-Viro biosolids and irrigation applications. J. of Appl. & Envir. Soil Se¥..1
IF=0.74

18 Zaman@Q. U.,T. J. Esau, A. W. Schumann, D. C. Percival, Y. K. Chang, S. Redd). A. Farooque.
2011.Development of prototype automated variable rate sprayer fetimeakpotapplication of
agrochemi cal s i nComp.Eléec. Agric.7ré: b7&82.1Fy=1y661 d s .

17. Zhang,F., Q. U.Zaman,D. C. Percival, and\. W. Schumann. 2010. Detecting bare spots in wild
blueberry fields using digital color photography. Appl. Engg. Adtti{5): 723-728. IF = 0.571

16. Swain, K. C., Q. U. Zaman, A. W. Schumann, D. C. Percival, and D. D. Bochtis. 2010. Computer
vision system for wi blueberry fruit yield mapping. Biosystem End@@6: 389394.1F = 1.725

15. Zaman, Q. U., K. C. Swain, A. W. Schumann, and D. C. Percival. 2010. Automatedop&twield
mapping of wild blueberry fruitAppl. Engg. Agric 26(2): 225232
IF=0.571

14. Zaman, Q. U., A. WSchumann, and D. C. Percival. 2020.automated cosffective system for real
time slope mapping in commercial wild blueberry fieldsrtTech. 20 (2): 43437.1F = 0.60

13. Zaman, Q. U.A. W. Schumann, D. C. Percival, and R. éré®n. 2008Estimation of wild
blueberry fruit yield using digital color photograpfiyans. of the ASABE. 51(5): 1535644.
IF=0.974

12. Zaman, Q. U.A. W. Schumann, and K. Hostl&007. Quantifying sources of error in ultrasonic
measurements aitrus orchards. Appl. Engg. Agric. 23(4): 4493.1F = 0.571

11 Zaman, Q. Uand A. W. Schumann. 2006. Nutrient management zones for citrus based on variation
in soil properties and tree performance. Precision Agric. 7(1$348- = 1.728
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10. Zaman, Q. U., A. W. Schumann, and K. Hos®806. Estimation of citrus fruit yield using
ultrasonicallysensed tree size. Appl. Engg. Agric. 22(1)4291F = 0.571

9. Zaman, Q. U., A. W. Schumann, andHkstler.2006. Rapid stimation of citrus tree damage
from hurricanes in Florida using an ultrasonic tree measurement system. Hort. Tech. 16(2): 339
344.1F = 0.60

8. Schumann, A. W., W. M. Miller, Q. U. Zaman, K. H. Hostler, S. Buchanon, and S. C2a04i.
Variable rate granular fertilization of citrus groves: Spreader performance with-sigle
prescription zones. Appl. Engg. Agric. 22(1)-24.1F = 0.571

7. Zaman, Q. UA. W. Schumann, and W. M. MilleR005. Variable rate nitrogen applicationFiorida
citrus based on ultrasonicaibensed tree size. Appl. Engg. Agric. 21(3):-335.IF = 0.571

6. Zaman, Q. Uand A. W. Schumann. 2005. Performance of ultrasonic tree volume measurement system
in commercial citrus groves. Precision Agric. 6(5): 4&D.IF = 1.728

5. Schumann, A. W. and Q..Zaman.2005. Software development for re¢ghe ultrasonic mapping of
tree canopy size. Comp. Elec. Agric. 47(1%:4bIF = 1.766

4. Zaman, Q. Uand M. Salyani. 2004. Effect of foliage density and ground speed on ultrasonic
measurement of citrus tree volume. Appl. Engg. Agric. 20(2):178IF = 0.571

3. Schumann, A. Wand Q. UZaman.2003. Mapping watetable depth by electromagneticluction
Appl. Engg. Agric. 19(6): 678688.1F = 0.571

2. Zaman, Q. U.R. S. Shiel, and A. W. Schumann. 2003. Variable lime application based onfattin
variation in soil pH.Pak.J. Agri. Sci.40(1-2): 1-6. IF = 1.240

1. Zaman, Q. U., A. WSchumann, and R. S. Shiel. 2003. Postsigsliof precision fertilization with P and
K based on varying nutrient content and yield poteri®iak. J. Agri. Sci40(1-2): 7-10.1F = 1.240

2.2.4 ResearchPresentationgPublicationsin International Conferences
2.2.4.1Presentations andPapersPublishedin Int. Scientific Meetings

67. Esau, T.Q. U. Zaman, K. Esau, T. Rehman, & A. Faroo@@.7. Effective use of a variable
speed blower fan on a mechanical wild blueberry harvesteual Meeting ASABE, Spokane,
Washington. July 149.

66. Far@g, M.H., S.N. WhiteQ. U.Zaman and N.S. &d. 2016. Evaluation of summbroadcast
and spot herbicide applications for goldenraahagement in wild blueberry. Canadian Weed
Science Society Annual Meeting. Moncton, New Brunswick

65. Esau, T., QJ. Zaman, D. Groulx, K. Corscadden, Y. &g, A. Schumann and P. Havard.
2016. Smarsprayer economic analysis for application in vidldeberry fields Annual
International Meeting CSBE. Halifax, Canada. July082 2016.

64. Ali, S.,Q. U. Zaman, A. W. Schuman@, C. Udeigwe, and A. AFarooque. 201@Examining
the fruit ripening levels using digital photographic technique to suggeger time of
harvestAnnual InternationaMeetingCSBE, Halfax, NS, Canada. July@ 2016.

63. Farooque, A. AQ. U. Zaman, Y. Chang, T. J. Esau, A. W. Schumann, W. Jameel and Z2)14i.
Impact of Fruit Yield, Plant Height and Slope on Pickiegformance of Mechanical Harvester:A
Basis for Automation. Variation in harvesting losses in relation to fruit yield, plant height and slope:
a basis for automation of harvester. Annual International Meeting CSBE., Halifax, Camigda.
02-05, 2016

62. Equ, T., Q. Zaman, D. Groulx, K. Corscadden, Y. Chang&umann and P. Hava@D16.Smart
Sprayereconomic analysis for application in wild blueberry fieldsinual International Meeting
CSBE. Halifax, Canada. July @5, 2016.

61. Jameel, Muhammad WD, U. Zaman, A. W. Schumaramd A. A.Farooque2016.Impact ofplant
characteristics on berry losses during mechanical harvesting of wild blueberoal
international Meeting CSBE, Halifax, Canadauly 0306, 2016.
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60. Jameel M.Q.U. ZamanA.W. Schumann; A. Farooque. 2016. Impact of plant characteristics on
berry losses during mechanical harvesting of wild blueberry. Annual Int. Meeting ASABE,
Orlando, Florida, USA. July 120, 2016.

59. Farooque, A.A., Q.U. Zaman, Y. K. Chang, T. J. Esau, AS&uman, and M. W. Jame2D16.
Variation in harvesting losses in relation to fruit yield, plant height and slope: a basis for
automation of harvester. Annual Int. Meeting ASABE, Orlando, Florida, USA. Ju01Z016.

58. Esau, T.Q.U. ZamanD. Grouk; Y. Chang; A.W. Schumann; P. Havard. 2016. Mackis®n
smart sprayer for sp@tpplication of agrochemical in wild blueberry fields. Annual Int. Meeting
ASABE, Orlando, Florida, USA. July 120, 2016.

57. Chang, Y. K.Q. U. ZamanA. A. Farooque, H. S. Chattha., A.W. Schumann. 2015. Automated
ultrasonic system to measure and map wild blueberry plant height-tineaduring harvesting.
Annual Int. Meeting ASABE, New Orleans, Louisana, USA. Juh?262015. Paper Number.
21886%.

56. Ali. S.,Q. U. ZamanA.W. Schumann, C. Udenigwe, A. Farooque. 2016. Impact ofripgihing
parameters on harvesting efficiency of the wild blueberry harvester. Annual Int. Meeting
ASABE, Orlando, Florida, USA. July 120, 2016.

55. Rehman, TQ. U, ZamanA.W. Schuman,; Y. Chang. 2016. Development of an algoffitiim
goldenrod detection using digital image processing techniques. Annual Int. Meeting ASABE,
Orlando, Florida, USA. July 120, 2016.

54. Chang, Y. K., Q. U. Zaman, A. A. Farooque, 34 Chattha., A.W. Schumann. 2015. Automated
ultrasonic system to measure and map wild blueberry plant height-tinealuring
harvestingAnnual Int. Meeting ASABE, New Orleans, LouisakégA. July 2629, 2015 Paper
Number.2188695.

53. Esau. T., Q.UZaman, D. Groulx, K. Corscadden, Y. K. Chang, A. W. Schumann, P. Havard. 2015.
Economic analysis for smart sprayer application in wild blueberry fiélasual Int. Meeting
ASABE, New Orleans, LouisandlSA. July 2629, 2015. Paper Number: 152189076.

52.Farooque, A. A., Q. U. Zamab. Groulx, K. Corscadden, A. W. Schumann, T. Quang ardd Esau
2015.Effect of spatial variability in crop characteristics and slope of the ground
onwild blueberry fruit lossesAnnual Int. Meeting ASABE, New Orleans, lisana USA. July
26-29, 2015Paper Number2188653.

51. Chattha, H. SQ. U. Zamanand A. A. Farooque. 201Relationship of plant density apiant height
with wild blueberry fruit yield. Annual Int. Meeting ASABE, New Orleans, Louis&faA. July
26-29, 2015. Paper Numbez189148.

50. Abbas. A., Q. U. Zaman, A. W. Schuman, G.R. Brewster, and R. Donald. 2015. Esj@it\afriable
rate fertilization on wild blueberry plant growth and berry yield. AnnualMigteting ASABE,
New Orleans, Louisana, USA. July-26, 2015. Paper Numbet189139.

49. Nadeem, M., M. Igbal, A. A. Farooque, A. Munir, M. Ahmad, @dJ. Zaman. 201Design
indigenization of selpropelled reaper for harvesting multi crops. AnnualNMéeting
ASABE, New Orleans, Louisan&SA. July 2629, 2015. Paper Numbez189141.

48. Jameel, M. W., Q. U. Zaman, A. W. Schumann, T. Ng«@yeang, G. Brewster, and H. Ghattha.
2015. Effect of fruit characteristics on berry losses during harvesting. Annuslidetng
ASABE, New Orleans, LouisanblSA. July 2629, 2015. Paper Number. 2189354.

47. Ali, S., Q. U. Zaman, A. W. SchumarmamdA. A. Farooque. 201%uantification of wildblueberry
fruit losses at different time intervals during mechanical harvegtimgualnt. Meeting
ASABE, New Orleans, Louisan&SA. July 2629, 2015. Paper
Number.2189301.

46. Farooque, A. A, Q. U. Zaman, D. Groulx, T. Quang, A. W. Schumann, and Y. K. Qbadg.
Predictive model for wild blueberry fruit losses during harvestrual Int. Meeting ASABE,
Montreal, QC, Canada. July 1%, 2014. Paper Number: 1898444
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Chattha, H. S., Q. U. Zaman, Y. K. Chang, A. W. Schumann, G. R. Brewster, S. Read, and A. Abbas.
2014. Evaluation of intelligent fertilizer spreader for sfagpication under sunny and cloudy
conditions in wild blueberry fieldAnnual Int. Meeting ASABE, Montreal, QC, Canada. July 13
16, 2014. Paper Number: 1910213

Esau, T. J., Q. U. Zaman, Groulx, Y. K. Chang, A. W. Schumann, and P. Hava@ll4.Smart
sprayer for spetpplication of agrochemicals in wild blueberry fieldsnnual Int. Meeting
ASABE, Montreal, QC, Canada. July-18, 2014. Paper Number: 1913227

Chang, Y. K., Q. U. Zaman, H. S. Chattha, S. Read, and A. W. SchumanrS&@didg systemsing
digital cameras for spatpplication of fertilizer in wild blueberry fieldsAnnual Int. Meeting
ASABE, Montreal, QC, Canada. July-18, 2014. Paper Number: 1913445

Khan, F. S., Q. U. Zaman, A. W. Schuman, A. Madani, and A. A. Farooque.EXitdation and
mapping of soil properties using electromagnetic induction method in wild blueberry Aalusal
Int. Meeting ASABE, Montreal, QC, Canada. July1i&g 2014.

Abbas, A., Q. U. Zaman, A. W. Schuman, G. R. Brewster, R. Donald, and HathaCR014. Effect
of split fertilizer application on subsurface water quality in wild blueberry fields. Annual Int.
Meeting ASABE, Montreal, QC, Canada. July1® 2014. Paper Number: 1913294

Farooque, A. A., Q. U. Zaman, and D. Groulx. 2013. Redoce evaluation of commercial wild
blueberry harvester to quantify fruit losses during harvestihgléehanical Engg. Research Conf.
Halifax, NS, Canada. April 26, 2013.

Abbas, A., Q. U. Zaman, A. W. Schuman, R. Donald, G.R. Brewster, and Se@&nSa013. Effect of
split fertilizer application on ammonia volatilization losses in wild blueberry fields. Annual Int.
Meeting ASABE, Kansas City, MO, USA. July-2#, 2013. Paper Number: 1598763

Chattha, H. S., Q. U. Zaman, A. W. Schumann, GBrBwster, Y. K. Chang, and S. Read. 2013.
Evaluation of modified variable rate granular fertilizer spreader forsmetific fertilization in
wild blueberry fields. Annual Int. Meeting ASABE, Kansas City, MO, USA. Juh2212013.
Paper Number: 1618578

Esau, T. J., Q. U. Zaman, D. Groulx, Y. K. Chang, A. W. Schumann, P. Havard, and A. Farooque. 2013.
Development and performance testing of a light source system on a smart sprayer-for spot
application of agrochemical in wild blueberry fields. Annudl Meeting ASABE, Kansas City,
MO, USA. July 2324, 2013. Paper Number: 1594025

Farooque, A. A,, Q. U. Zaman, D. Groulx,QuangD. Yarborough A. W. Schumann, Y. K. Chang,
and T. J. Esau. 2013. Effect of ground speed and header revolutions arkihg @fficiency of
wild blueberry harvester. Annual Int. Meeting ASABE, Kansas City, MO, USA. JuR422013.
Paper Number: 1596449

Zaman, Q. U., T. J. Esau, Y. K. Chang, A. W. Schumann, D. C. Percival, and A. A. Farooque. 2011.
Development of comercial prototype variable rate sprayer for spgiplication of agrochemicals
in wild blueberry. Annual Int. Meeting ASABE ouisville, KY, USA. August 710, 2011 .Paper
Number 1111134

Esau, T. J., Q. U. Zaman, Y. K. Chang, A. W. Schumann, BefZival, and A. A. Farooque. 2011.
Performance evaluation of a prototype variable rate sprayer fesggoific application of Bravo
fungicide in wild blueberry. Annual Int. Meeting ASABEopuisville, KY, USA August 710,
2011. Paper Number: 1110707

Gashaw, A. G., Q. U. Zaman, Y. K. Chang, A. W. SchumBn& Percival, and T. J. Esau. 2011.
Assessmenbf wavelet discrete technique for sgagiplication of pesticides in wild blueberry.
Annual Int. Meeting ASABEL ouisville, KY,. August 710, 2011.

Chang, Y. K., Q. U. Zaman, A. W. Schumann, and D. C. Percival. 2011. Performance tests
of g ratio index and color eoccurrence matrix based machine vision algorithms in the wild
blueberry fields. Annual Int. Meeting ASABEouisville, KY,. August 710,2011.

Saleem S. R., Q. U. Zama&n,W. Schumann, A. Madani, D. C. Percival, A. A. Farooque,
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F. S. Khan, and S. Read. 2011. Impact of variable rate fertilization on ground water contamination
in wild blueberry cropping systemnnual Int. Meeting ASBE, Louisville, KY,. August 710,
2011. Paper Number: 1110631

Farooque, AA., Q. U. Zaman, A. W. Schumann, A. Madani, D. C. Percival, T. J. Esau, F. S. Khan,
and S. R. Saleem. 201Delineation of management zones for sipecific fertilizationin wild
blueberry fieldsAnnual Int. Meeting ASABEL ouisville, KY,. August 710, 2011. Paper Number:
1110630

KhanF. S., Q. U. ZamarA. W. Schumann, A. Madani, D. C. Percival, A. A. FaroqoquedS. R.
Saleem2011. Mapping water table depths wselectromagnetic induction methods to develop
variable rate technologies. Annual Int. Meeting ASAB&uisville, KY, USA August 710,

2011. Paper Number: 1110632

Farooque, A. A., Q. U. Zaman, A. Madani, D. C. Percival, A. W. Schumann, T. J. ESalh@an, S.

R. Saleem, and Y. K. Chang, 2011. Characterize and quantify soil variability to delineate
management zones for variable rate fertilizatiorwild blueberry fields. Plant Canada Conf.
August 1621, Halifax, NS, Canada.

Saleem, S. R., Q. Yaman, A. W. Schumann, D. C. Percival, A. Madani, A. A. Farooque and F. S.
Khan 2011. Impact of variable rate fertilization on nutrients runoff losses in wild blueberry fields.
Plant Canada Conf. August-P8, Halifax, NS, Canada.

Chang, Y. K., Q. IZaman, T. J. Esau, A. W. Schumann, and D. C. Percival. 2011. Development and
evaluation of a green ratio based algorithm for the detection of weeds in mowed wild blueberry
fields. Plant Canada Conf. August-P8, Halifax, NS, Canada.

Esau, T. J., Q. Zaman, Y. K. Chang, A. W. Schumann, D. C. Percival, and A. A. Farooque. 2011.
Development of a prototype variable rate sprayer using digital color cameras fapepibic
application of agrochemicals in wild blueberBlant Canad&onf. August 181, Halifax, NS,
Canada.

Zaman, Q. U., Y. K. Chang, A. A. Farooque, A. W. Schumann, and D. C. Percival. 2011. An
automated yield monitoring system for commercial wild blueberry harvédtert Canada Conf.
August 1621, Halifax, NS, Canada.

Khan, F. S., Q. U. Zaman, A. W. Schumann, A. Madani, D. C. Percival, A. A. Farooque, and S. R.
Saleem. 2012Mapping soil properties using electromagnetic induction methods in wild blueberry.
Plant Canada Conf. August-P8, Halifax, NS, Canada.

Zanan, Q. U., T. J. Esau, Y. K. Chang, A. W. Schumann, D. C. Percival, and A. A. Farooque. 2011.
Development of a commercial prototype variable rate sprayer foagptitation of agrochemicals
in wild blueberry. ASABE. St. Joseph, Michigan. Paper No. 13411

Esau, T. J., Q. U. Zaman, Y. K. Chang, A. W. Schumann, D. C. Percival, and A. A. Farooque. 2011.
Performance evaluation of a prototype variable rate sprayer fosggoific application of brayo
fungicide in wild blueberry. ASABE. St. Joseph, Migan. Paper No. 1110707

ZamangQ. U.,A. W. Schumann, D. C. Percival, S. Read, and T. J. Esau. Re¥6lopmenbf
costeffective prototype variable rate sprayer for spmécific application of agrochemicals in wild
blueberry cropping system&nnual Int. Meeting ASABE, Pittsburgh, PA, USA. June2®) 2010.

Chang, Y. K., Q. U. Zaman, A. W. Schuman, D. C. Percival. 2010. Developmenttoheecal
based automated system for weeds and bare spot detection in the wild blueberry field. Annual Int.
Meeting ASABE, Pittsburgh, PA, USA. June-28, 2010.

ZamanQ. U.,A. W. Schumann, D. C. Percival, S. Read, and T. J. Esau. 3pt0application of
pesticide using variable rate sprayer in wild blueberry. CIGAR section lll ASABE, QC, Canada.
June 1316.

Farooque, A. A., Q. U. Zaman, A. Madani, D. C. Percival, ASshumann, and T. J. Esau. 2010.
Mapping soil moisture variability using electromagnetic induction methddsit 9Drain.

Symposium, ASABE, QC, Canada. JunelB3
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16. Percival, D. CS. Sharpe, R. Magbool, and Q. U. Zaman. 2010. Narrow band reflectance
measurements can be used to estimate leaf area index, flower number, fruit set and berry yield of
the wild blueberryVYaccinium angustifolium A)t.28" Int. Hort. CongressLisboa, August 22
22, 2010.

15. ZamanQ. U., F. ZhangA. W. Schumann, and D. C. Percival. 2009. Bare spot mappiniddn
blueberry fields using digital photography. ASABE, St. Joseph, Michigan, USA. Paper No. 095582

14. Zhang, F.Q. U. ZamanA. W. Schumann, D. C. Percival, D. Nams, and T. J. Esau. 2009.
Detecting weeds in wild blueberry field based on color imag&ABE, St. Joseph, Michigan,
USA. Paper No. 096146

13. Swain, C. K., Q. U. ZamaA, W. Schumann, and D. C. Percival. 2009. Detecting weed anpare
in wild blueberry using ultrasonic sensor technology. ASABE, St. Joseph, Michigan, USA. Paper
No. 096879

12. Arshad, M., Q. U. ZamakK, C. SwainA. Madani, P. Harvard, and A.W. Sahann 2009.
Electromagnetic induction methods for water management enhancement. ASABE, St. Joseph,
Michigan, USA. Paper No 095580

11. Ahmad, H. N., P. Havard, R. Jamesen, A. Madani, and Q. U. Zaman. 2009. Evaluation of
assessment tool for a small wateed under eastern Canada conditions. ASABE, St. Joseph,
Michigan, USA. Paper No. 080039

10. Zaman, Q. U.A. W. Schumann, and D.C. Percival. 2008. Development of an automated slope
measurement and mapping system. ASABE, St. Joseph, Michigan, USA. Pap&3[K02

9. Schumann, A. W. and Q. U. Zaman. 2008. Quantifying Wild Blueberry Yield with Image Processing.
St. Joseph, Michigan, USA.

8. Zaman, Q. Uand A. W. Schumann. 2008. Evaluation of foast automated systefior reattime
slope measurement anthpping. CSBE Paper No. 08150

7. Swain, K. C., Q. U. Zaman, H .P. W. Jayasuria, and F. Zhang. 2008. Estimation of rice yield and protein
content using remote sensing images acquired by radio controlled unmanned helicopter. ASABE,
St. Joseph, Michigan, USRaper No. 080038

6. Arshad, M., Q. U. Zaman, and A. Madani. 2008. Modeling approach to stimulateem@iaation
in ricewheat systemASABE, St. Joseph, Michigan, USA. Paper No. 080039

5. Arshad, M., Q. UZaman, and\. Madani. 2008. Lining impaain water losses in watercourgea case
study in indus basin, Pakistan. CSBE Paper No.08171.

4. Schumann, AW., L. G. Albrigo, Q. U. Zaman, S. Bucanon, and M. Maliszewski. R&a@sibility
of predicting citrus yield and canopy size with remote sensirgény of different resolutions.
ASABE, St. Joseph, Michigan, USA. Paper No. 051123

3. Zaman, Q. Y.A. W. Schumann, and K. H. Hostler. 2005. Quantifying sources of eroltrasonic
measurements of citrus orchards. ASABE, St. Joseph, Michigan, Rip&r No. 051123

2. Schumann A. W., K. H. Hostler, W. M. Miller, and Q.Zaman.2004. Sensdrbasedautomatic
yield monitoring for manually harvested citrus. ASABE, St. Joseph, Michigan, USA. Paper No.
041098

1. Zaman, Q. Uand M. Salyani, 2003. Effect of foliage density and ground speed on ultrasonic
measurement of citrus tree volumeSABE, St. Joseph, Michigan, Paper No. 011184

2.2.4.2Int. ConferencePresentations andPublication in Proceedings

25.Khan, H. A E. Yiridoe, T. Esau, QU. Zaman, A. A Farooque018. Field efficiency coparison of
traditional and serautomated wild blueberry harvester handling systém®&roceedings: 1%
InternationalConference on Precision Agriculture, Montreal, QC, GAne 2427, 2018

24. Farooque, A.A.Q.U. Zaman2018. Delineating management zones for-sjtecific fertilization to
improve crop productivity in potato cropping systeld" InternationalConference on Precision
Agriculture, Montreal, QC, CAJune 2427, 2018.
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23.Esau, K.Q.U. ZamanA. W. SchumannA. A Farooque2018. Effective use of a debris cleaning brush
for mechanical wild blueberry harvestirigf" InternationalConference on Precision Agriculture,
Montreal, QC, CA,June 2427, 2018.

22.Esau, T. J., Q. U. Zamab, Groulx, Y. K. Chang, A. W. Schumann, and P. Havaai 8.

Economic and management tool for assessing wild blueberry production costs and financial
feasibility. 14" InternationalConference on Precision Agriculture, MontreaG,CA,.June
24-27, 201867.

21. Esau, T., Q. U. Zaman, D. Groulx, Y. Chang, A. Schumann, & P. Havard. 2017. Machine vision
for spotapplication of agrochemical in wild blueberry fields"Huropean Conference on
Precision Agriculture. Edinburgh, EurepJuly 1620, 2017.

20. Farooque, A. AQ. U. Zaman, A. W. Schumann, and T. U. Rehman. 2016. Characterization of
spatial variability: a first step to implement precision agriculture technologies. In Proceeding of a
National Conference on Precisidgriculture, University of Agriculture Faisalabad, Pakistan.
April 18, 2016

19. Farooque, A. A., Q. U. Zaman and D. Groulx. 2014. Development of accurate models to predict wild
blueberry fruit losses using artificial neural network and multiple regressabmiques. In Proc.
of 7" Mechanical Engineering Research Conference, Halifax, Nova Scotia. April 30, 2014.

18. Farooque, A. A., Q. U. Zaman, and D. Groulx. 2013. Performance evaluation of commercial wild
blueberry harvester to quantify fruit lossksing harvesting.'6Mechanical Engg. Research Conf.
Halifax, NS, Canada. April 26, 2013.

17. Saleem, S. R., Q. U. Zaman, A. W. Schumann, D. C. Percival, A. M&&eadand H. N. Ahmad.
2012.Impact of variable rate fertilization on nutrient lossesurface runoff within wild blueberry
fields. 11" Int. Conf. on Precision Agric. Indianapolis, Ind., USAlly 1518, 2012.

16. Farooque, A. A., Q. U. Zaman, Y. K. Chang, D. C. Percival, A. W. Schumann, and T. J. Esau. 2012.
Sensor fusion on blueberratvester for fruit yield, plant height and topographic features mapping
to improve crop productivityl 1" Int. Conf. on Precision Agric. Indianapolis, Ind., USAlly 15
18, 2012.

15. Chang, Y. K., Q. U. Zaman, T. J. Esau, A. A. Farooque, A. W. Schumrachi). C. Percival. 2012.
Development of sensing system using digital photography technique foamgpaation of
herbicide in wild blueberry fields. T1nt. Conf. on Precision Agric. Indianapolis, Ind., USAly
1518, 2012.

14. Khan, F. S., Q. U. Zman, A. W. Schumann, A. Madani, D. C. Percival, A. A. Farooque, and S. R.
Saleem. 2012Relationship of soil properties to apparent ground conducti/ty International
Conference on Precision Agriculture, Indianapolis, Ind., UBdy 1518, 2012.

13.Esau, T. J., Q. U. Zaman, Y. K. Chang, A. A. Farooque, A. W. Schumann, D. C. Percival, and M. A.
Cheema2012.Spot application of herbicide using variable rate sprayer in wild blueb&fr
Int. Conf. on Precision Agric. Indianapolis, Ind., USAly 1518, 2012.

12. Farooque, A. A., Q. U. Zaman, A. Madani, D. C. Percival, and A. W. SchumannCk@tacterization
and quantification of spatial variability of soil properties and fruit yield in wild blueberry fiéld. 8
European Conf. on Precision AgriPrague. July 14, 2011.

11. ZamanQ. U.,A. W. Schumann, D. C. Percival, S. Read, and T. J. Esau. Rédfdormancevaluation
of costeffective prototype variable rate sprayer for sgécific application of agrochemicals in
wild blueberry croppig systems10" Int. Precision Agric. Conf. Denver, Colo., USA. July23,

2010.

10.Farooque, A. A., Q. U. Zaman, A. W. Schumann, D. C. Percival, and T. J. Esau. 2010. Prediction of soll
organic matter and clay content using electromagnetic indutdimods. 10Int. Precision Agric.
Conf. Denver, Colo., USA. July 243, 2010.

9. Swain, K. C., Q. U. Zaman, A. W. Schumann, and D. C. Percival. 2009. Automatexhstyeld
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mapping of wild blueberry frui EuropearConf.PrecisionAgric. Wageninga, Netherland. July
6-8.

8. Zaman, Q. U., A. W. Schumann, K. C. Swain, and D. C. Per@@89. Evaluation of low cost
automated system for reiine slope measurement and mappit) EuropeanConf. Precision
Agric. Wageningen, Netherland. July86

7.Zaman, Q. U.A. W. Schumann, and S. Shibusawa. 2006. Variable rate fertiliZzagised on
ultrasonicallysensed tree canopy volume in citrus orchaBisint. Symposium Machinery and
Mechatronics for Agric. and Biosystems Engg. (ISMAB) Seoul, Koridavember 2325, 2006.

6. Zaman, Q. UA. W. Schumann, and S. Shibusawa. 2006. Impact of variable rate fertilization
on nitrate leaching in citrus orchard¥.18t. Precision Agric. Conf. Minnesota. July-28, 2006.

5. Schumann, A. W., H. K. Hostler, Buchanon, and Q. U. Zaman. 208&lating citrusanopy size
and yield to precision fertilization. Annual Meeting of the Florida State Horticultural Soc. Tampa,
FL. June 4 6, 2006.

4. Schumann, A. W., Q. U. Zaman, and K. H. Hos#606.Importance of soil organic matter Florida
citrus productionAnnual Meetingof the Soil and Crop Sci. Soé:lorida, Tampa, FL. June-8,
2006.

3. Schumann, A. W., W. M. M#lr, Q. U.Zaman K. H. Hostler, S. Buchanon, G. Perkins, andC8gati.
2005. Variable rate granular fertilization of citrus groves: Spreader performance withtsbegle
prescription zones "8 uropen Precision Agric. Conf. Sweden, June 2005.

2. ZamanQ. U.,A. W. Schumann, and W. M. MilleR004. Variable rate nitrogen application in
Florida citrus based on ultrasonicafignsed tree size!"Int. Precision Agric. Conf. Minnesota.
July 2004.

1. Schumann A.W. and Q. @aman.2004. Software for redime ultrasonic mapping of treamnopy
volume. T Int. Precision Agric. Conf. Minnesota. July 2004.

2.2.4.3Posers and Abstracts in National nternational and Industry Meetings

40. K. Esau, Q. Zaman, A. Farooque, A. Schumann. 2Bfféctive use of a elan brush on a wild
blueberry harvestenova scotia wild blueberry producers of nova scatiaual Fall Information
Session. Truro, NS. November 17, 2017.

39. Ali, S., Q. U. Zaman, A. W. Schumann, C. Udenigwe and A. A. Farooque. 2016. Impact of fruit
ripening parameters on harvesting efficiency of the wild blueberry harvastaral Int. Meeting
ASABE, Orlando, Florida, USA. July 120, 2016.

38. Rehman, T., Q. U. Zaman, A. W. Schumann and Y. K. Chang. 2016. Developmeaigidrghm
for detectionof goldenrod using digital image processing technigiéesual Int. Meeting
ASABE, Orlando, Florida, USA. July 120, 2016.

37.Ali, S., Q. U. Zaman, A. W. Schumann, C. Udenigwe and A. A. Farooque. 2016. Impact of fruit ripening
parameters on harvestirgfficiency of the wild blueberry harvestehnnual meeting of Wild
Blueberry Producers Association of NS and NB.

35. Esau, T., Q. U. Zaman, T. Rehman and W. Jameel. 2016. Effectieé aisariable speed blower fan
on a mechanical wild blueberharvesterAnnual meeting of Wild Blueberry Producers
Association of NS and NB.

34. Ali, S., Q. U. Zaman, A. W. Schumann, C. Udenigwe and A. A. Farooque. 2015. Quantification of
fruit losses at different harvesting time on picking efficiency of wild bdugbharvestingAnnual
Int. Meeting ASABE, New Orleans, LouisandSA. July 2629, 2015.

33. Jameel, M. W., Q. U. Zaman, A. W. Schumann, T. Nge#9aang, G. Brewster and H. S. Chattha.
2015. Effect of fruit characteristics on berry losses during hangegtnnual Int. Meeting
ASABE, New Orleans, LouisanalSA. July 2629, 2015.

32. Jameel, M. W., Q. U. Zaman, A. W. Schumann, T. Ng«Qeaang, G. Brewster and A. A. Farooque.

26



Precision Agriculture Research Program % DALHOUSIE 1818
UNIVERSITY 218

2015. Effect of plant characteristics on wild blueberry losses during mechlaaigakting.
Annual International Meeting CSBEdmonton, Canada. July, 2015.

31 Ali, S., Q. U. Zaman, A. W. Schumann, C. Udenigwe and A. A. Farooque. 2015. Quantification of fruit
losses at different harvesting time on picking efficiency of wild blueblearyesting Annual
meeting of Wild Blueberry Producers Association of NS and NB.

30. Chang, Y. K., QU. Zaman, A. Farooque, T. Esau, H. Chattha and M. W. Jameel. 20ibeQa
plant height measurement system for wild blueb&nnual meeting of WilBlueberry Producers
Association of NS and NB.

29. Esau, T., QU. Zaman, D. Groulx, Y. Chang and A. Schumann. 2015. Economic analysis for smart
sprayer application in wild blueberry field&nnual meeting of Wild Blueberry Producers
Association of NS and Bl

28 Esau, T., QU. Zaman, Y. Chang, D. Groulx and A. Schumann. 2015. Dpugent and performance
testingof a machine vision smart sprayer for sppplication of agrochemicals in wild blueberry
fields Annual meeting of Wild Blueberry Producers Asstiomof NS and NB.

27. Farooque, A. A., Q. U. Zaman, Y. Chang, T. J. Esau, A. W. Schumann, and W. Jameel. 2015
Variationin harvesting losses in relation to fruit yield, plant height and slope: A basis for
automation of harvestefAnnual meeting of WilBlueberry Producers Association of NS and NB.

26. Jameel, M. W., Q. U. Zaman, A. W. Schumann, T. Ngu@eang, G. Brewster and H. S. Chattha.
2015.Effect of Plant Characteristics on the Picking Efficiency of the Wild Blueberry Harvester.
Annual meeting of Wild Blueberry Producers Association of NS and NB.

25. Esau, T. J., A. A. Farooque, B. Mc Lean, R. Giffen, and Q. U. Zaman. 2014. Capacity analysis of wild
blueberry harvester heads. WBPANS Annual Field Day, NS, and Wild BluePeoducers
Association Field Day NB.

24. Nadeem, M., H. S. Chattha, and Q. U. Zaman. 2014. Comparison of 16 Bars and 12 Bars Harvester
Heads for Picking Efficiency. WBPANS Annual Field Day, NS and Wild Blueberry Pevduc
Association Field Day NB.

23. Farogue, A. A. and Q. U. Zaman. 2014. Performance evaluation of commercial wild blueberry
harvester for fruit loss. WBPANS Annual Field Day, NS and Wild Blueberry Producers
Association Field Day NB.

22. Farooque, A. A., Q. U. Zaman, T. Quang, D. Groulx, aMd.Achumann. 2014. Bigystems modeling
to improve berry picking efficiency. WBPANS Annual Field Day NS, and Wild Blueberry
Producers Association Field Day NB.

21. Jameel, M. W., Q. U. Zaman, A.W. Schumann, T. Quang, and G. R. Brewster. 2014. Effeot of pla
height & density on wild blueberry fruit losses. WBPANS Annual Field Day. NS, and Wild
Blueberry Producers Association Field Day NB.

20. Farooque, A. A., Y. K. Chang, Q. U. Zaman, T. Quang, D. Groulx, and A.W. Schumann. 2014. Sensor
fusion to sense plameight, yield and topographic features in +iémle. WBPANS Annual Field
Day, NS, and Wild Blueberry Producers Association Field Day NB.

19. Jameel, M. W., M. Ahmad, Q. U. Zaman, A. Munir, and F. A. Warraich. ZZddlormance evaluation
of photovoltaicmodule using aluminum reflector8nnual Int. Meeting ASABE, Montreal, QC,
Canada. July 136, 2014.

18. Chang, Y. K., Q. U. Zaman, A. W. Schumann, and T. J. Esau. 2013. Development of software for single
boom smart sprayer using digital photographyBPANS Annual Meeting NS, and Wild
Blueberry Producers Association Annual Meeting, NB.

17. Farooque, A. A., Q. U. Zaman, D. Groulx, A. W. Schumann, D. E. Yarborough, and T. Quang. 2013.
Quantification of wild blueberry fruit losses at various combinationamathine operating
parameters. WBPANS and Wild Blueberry Producers Association Annual Meeting, NB
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16. Chattha, H. S., Q. U. Zaman, Y. K. Chang, A. W. Schumann, and G. R. Brewster. 2013. Evaluation of
intelligent fertilizer spreader for spapplicationunder sunny and cloudy conditions in wild
blueberry fidds. WBPANSand Wild Blueberry Producers Association Annual Meeting, NB.

15. Chattha, H. SQ. U. Zaman, A. W. Schumann, G. R. Brewster, Y. K. Chang, and S. Read. 2012.
Variable rate granular fertder spreader for spot specific fertilization. WBPANS Annual
Meeting , NS, and Wild Blueberry Producers Association Annual Meeting, NB.

14. Chang, Y. K., Q. U. Zaman, A. A. Farooque, A. W. Schumann, and D. C. Percival. 2011. An
automated yield monitoring stem for commercial wild blueberry douliiead harvester. Wild
Blueberry Producers Association, NS, NB and P.E.l and WABANA annual meeting Maine.

13. Farooque, A. A., Q. U. Zaman, Y. K. Chang, D. C. Percival, A. W. Schumann, and T. J. Esau. 2011.
Sensor fgion on blueberry harvester for fruit yield, plant height, and topographic features
mapping to improve crop productivity. Wild Blueberry Producers Association Annual Meeting,
NS, NB and P.E.I

12 Esau, T. J., Q. U. Zaman, Y. K. Chang, A. W. SchumannAaid Farooque. 2011. Prototype
variable rate sprayer for spapplication of fungicide in wild blueberry. Wild Blueberry
Producers Association Annual Meeting, NS, NB and P.E.I.

11 Khan F. S., Q. U. Zaman, A. W. Schumann, A. Madani, D. C. Percival, Rafaoque, and S. R.
Saleem. 2011. Mapping soil properties using electromagnetic induction methods in wild
blueberry fieldsWBPANS Annual Meeting, Truro, NS, Canada

10. Ayalew, G., Y. K. Chang, Q. U. Zaman, D. C. Percival, and A. W. Schumann. 2010opreeal of
image processing software for automated variable spraf@PANS Annual Meeting, Canada

9. Chang, Y. K., Q. U. Zaman, A. W. Schumann, and D. C. Percival. 2009. Development of real time
based automated system for weeds and bare spot detedtienwiid blueberry fieldWBPANS
Annual Meeting, Truro, NS, Canada

8. Zaman, Q. Uand A. W. Schumann. 2006. Variable rate technology reduces fertitizeand
limits nitrate leaching in citrus orchards. Abstract in 2006 ASBSASSSA Annual Meetings,
Indianapolis, November 126.

7. Zaman, Q. U., A. WSchumann, and S. Shibusawa. 2006. Ground water mawjiing
electromagnetic induction method. International Workshop on Ecological Informatics of Chaos
and Complex Systems. Tokyo University of AgaitdTech, Tokyo, Japan, March 623, 2006.

6. Zaman, Q. UA. W. Schumann, and S. Shibusawa. 2006. Impact of variable rate fertilization
on nitrate leaching in citrus orchard¥.18t. Precision Agric. Conf. Minnes. July, 2006.

5. Schumann A.W., Q. Zaman and K. H. Hostler2005. Soil organic matter affects
productivity of Florida citrus soilsScience tdSecure Food and the Envira2004 ASACSSA
SSSA Int. Annual Meetings Canadian Soc. of Soil Sci. Seattle, Washin@on 31- Nov 4.

4. Zaman, Q. U.A. W Schumann, and W. M. MilleR004. Variable rate nitrogen applicationFlorida
citrus based on ultrasonicalbensed tree size" t. Precision Agric. Conf. Minnesota. July, 2004.

3. Schumann, A.W. and Q. 4aman.2004. Norcontact measurement giatial variability insandy
hydromorphic soils. Abstraat i | €t t r us Congr es sFeh.1520gadi r, Moroc

2. Schumann A.\W. and Q. Zaman.2004. Software for redgime ultrasonic mapping of tremnopy
volume. T Int. Precision Agric. Conf. Minesota. July, 2004.

1. Zaman, Q. Uand A. W. Schumann. 2003. Spatial variability of soil properties and citrus tree
performance. Abstract in AChanging Sciences fo
2003 ASACSSASSSA Annual Meetings DenveZplorado November-8.

2.2.4.4Technical/Scientific Research Progress Reports

Routinely, quarterly and yearly progress reports have been developing in English and French and
submitting to government and industry funding agencies, and collaborators.
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3. Extension/Outreach/ Technology Transfer and Partnerships

3.1Special Lecture Delivered

InvitedSpeakei | nt er nati onal Seminar on ASustainabl e use
environmental risks Murray Darling Basin Authority, Canberra , Australia. August 03,2016.

Resource persdri nt er nati onal workshop on Al mpl ementati on
University of Agriculture Faisalabad, Pakistan,April 2015 and April /Nov. 2016.

Keynote Speakérin Advanced agricultural technigues to redu
University of Agriculture, Multan, Pakistan. March 2016.

Invited Speaker- UKZZanada Symposium dgismartTechnologies for Agriculturé The Value of
Precision Agriculturé Canadian High Commission, London, UK, 1819 January 2016

Special Lecture- Optimizing mechanical harvesting of wild blueberries using precision agriculture
technologies.Citrus Research and Education Center, University of FloridaJanuary 07, 2016.

Resource persdrinternational workshop on PA technologieliversity of Agriculture Faisalabad,
Pakistan, May 2015

Invited speakef | nt er nati onal Seminar on fAPotenti al Use of
Veget abl e Cr dplpQoastResBarch and Busication Centre, Wimaumaniversity of
Florida, USA, December 1620, 2013.

Invited speakei | nt er nati onal Seminar on APrecision Agricu
Cr oppi ng CiBug Rasaancisadd Education Centre, lake Alfred, University of Florida,
USA, December 1620, 2013.

Keynote speakérl nt er nat i onal Se mi nar inAgriculttre: ®Precsiorat i ve Techt
Agriculture, Renewable Energy and Bioy s t e m  MdnigegsityiofmAgriculture Faisalabad,
Pakistan, June 2123, 2013.

Resource persdninternato nal Semi nar on AEnvironment al | mpact
Te ¢ h n o | GC@hiversity Faisalabad, Pakistan July 02, 2013.
Resource persofinternational SeminaroinWat er | ssues and Options; Preci

Technology for Wi se Usuniveosity ofAdgricultuceu-bidalabady Pakidkae,s our c e s
December 1213, 2011.

Invited speakefd el i vered | ecture on fiMachi nred Vhiematianal Sy st e
Conference on Precision Agriculture ahdy, 11-15, 2012. Indianapolis, Indiana.

Invited speakei New Brunswick Soil and Crop Improvement Association Annual Meeting and technical
workshop and deliver ed giesntdMasage SoilrandfClom\fadabilayttor ve Tec
ImproveCr o p Pr oid.Marthil6r17,t2¢1d. New Brunswick, Canada.

Resource PersonAnnual Meeting ofNova Scotia Fruit Growed Association and delivered lecture on
AiPrecision Agriculture Technologies foluly20dlrticul't
Nova Scotia, Canada.

Keynote speaker | nt er nati onal Seminar on A Co Onversiyaoh a g e me n
Agriculture Faisalabad, Pakistan,June 01, 2011.

Resourcepersonl nt er nati onal Semi nar on fUBkvessiiyofonment al I s
Agriculture Faisalabad, PakistanJune 07, 2011.
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Resource personl nt er nati onal Seminar AWorl d Water Dayo F
Agr i cul t ur driverstyead Agricultare Basalabad, Pakistan,March, 2011.

Guest Speakér Precision Agriculture Technologies for Horticultu@dops Annual meetg- Croplife -
Atlantic Fertilizer Council. Sep-15-16 2010.

Resource personi Spat i al Variability and Pr ec Umversimof Agri cu
Agriculture Faisalabad, Pakistan, August, 2010.

Keynote speakerPrecision Agriculturdechnologies to Increase Farm Profitability. Agricultural
College, Multan University, PakistaBponsored by HEC, Ministry of Agriculture, Pakistan. March
2010.

Guest speakeri Pr eci si on Agricul tur e ResyeadreQiimsoReseardNi | d Bl 1
and Education Centre, Lake Alfred, University of Florida. December 07, 2008.

Guest Speakeéri Appl i cati on of Precision Agriculture Tech
University of Agriculture Faisalabad, Pakistan, 2007.

Observeri i St udy Mi ssion on | mplementation of Preci si
Countri es 0 Af€an BradudtivityeQatgartizgtion in Taiwan, 2006.
Invited Speakeri A" Gr ound Water EMappi amagwm @thi ¢ I nducti on \Y

Workshop onEcological Informatics of Chaos and Complex Systefakyo University of Agriculture

and Technology, Tokyo, Japan, 2006.

Invited Speakef i Spat i al variability i n s diYPtecisipm Agpceltcet i es ar
Workshop for Floida Citrus, Citrus Research and Education and Centre, University of Florida,

January 21, 2004.

3.2International Visitors

2007 Hosted a research scientist from Northeast Agriculture University China
with Chinese Govt. financial support for six months

2008 Hosted a research scientist from University of Agriculture, Faisalabad, with Pakistan
Govt. financial support for nine months.

201%12 Hosted a visiting professor from University of Agriculture, Faisalabad, with Pakistan
Govt. financial suppotfor six months

201212 Hosted a PhD student from Slovak University of Agr&lovak Republic for six months

2013 Hosted a lecturer from GC University, Pakistan for one week

2014 Hosted scientist Dr. Muhamed Faruk, Minufiya University, Egypt

20072014 HostedDr. Arnold SchumanrProfessor from University of Florida for one weslery
year from to work on collaborative research and academic programs.

20072017 Hosted international visitor from South America, Europe, Asia and US for short visits.
Organized their seminars and shared ideas on PA technologies to develop collaborative
research programs.

3.3 Training Courses, Conferences, Seminars, and Workshops

SeminarsOrganized: Internationallyrenowned professo(®r. John Schueller, University of Florida; Dr.

lan Yule, Professor and Director PA Research Centre, Massey University, New Zdataimnold

Schumann, Professor, University of Floridagreinvitiedand or gani zed seminars AP
DAL -AC, Atlantic Agriculture Forunand Kentville Research Centre.
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Panel SpecialistUKZZanada Symposium on Smaechnologies for Agriculturé The Value of

Precision Agriculture Auiomation and Robotics Fiction or reality® -208January, 2016anadian

High Commission, London, UKResearchers and industry related to precision agriculture
technologies from both countries (UK and Canada) were participated in the workshop to share
the activities and ideas for the development and implementation PA technologies.

3.3.1lInternational Training Workshops Organized

A two-day workshop for graduate students from Decembefl5142011 in coordination with the
Department of Irrigation and Drainage, University of Agriculture, Faisalabad, PakiasamganizedThe

purpose of this workshop was to train graduate students and the research community how to use DGPS and
GIS for mapping soil, plant and yield variability develop VR technologig® improve crop yield and

reduce environmental impactorty-three gradtudents attended the workshop.

Two days international workshop on Bsgstems modeling was organized in coordination with the GC
University and University of Agriculture, Faisalabad, Pakistan Jun23222013. More than 60
undergraduate and graduate siuig participated.

| organized four international workshops in 2015 and 2016 at University of Agriculture Faisalabad Pakistan
for faculty and Graduate students.

3.3.2Training Course at Faculty of Agriculture, Dalhousie University

Weor gani zed a two day short course for -25h2011At 1| ant
with the ceordination of the Continuing and Distance Education Department, Faculty of Agriculture,
Dalhousie University at Engineering Department, -B@l Eighteen farmers from different cropping

systems and industry personnel attended the course. The practical applications of DGPS and GIS for
mapping soil, plant and yield variability to develop PA technologies and their use for precise or VR
application of agcultural inputs within fields to improve crop yield and reduce environmental impact were
demonstrated.

3.4 Extension Presentationdhnovative Demonstrations

The significant results were presented in Regional, National and International Scientififigysieeti
U American Society of Agricultural and Biological Engineers (ASABE)

Canadian Society for Bioengineering (CSBE)

American Society of Horticulture Science (ASHS)

International Society of Precision Agriculture (ISPA)

International Society of Horticulture Bace (ISHS)

Canadian Society for Horticulture Sciences (CSHS)

Plant Canada

We have made over 100 agricultural industry and extension presentations in annual meetings of Wild

Blueberry Producers, Fruit Growers, Processors and Manufacturers over theyésst.61 have also

demonstrated Precision Agriculture Technol ogi es i
U Precision Agriculture Field Day

Wild Blueberry Producers Associations of North America (WBANA)

Wild Blueberry Producers Association of Nova Scotia (WBPANS)

Wild Blueberry Producers Association of New Brunswick

Wild Blueberry Producers Association of Prince Edward Island

Wild Blueberry Producers Association of Quebec

Nova Scotia FruitGrowesdAssociation

Faculty of Agriculture, Dalhousie University Open Houses

[entiy ent i et et et ) e

[t el et ent i ant i ant i @]

31



Precision Agriculture Research Program % DALHOUSIE 1818
UNIVERSITY 218

Engineering Department Open Houses

Farm Mechanization Shows

Soil and Crop Improvement Association, New Brunswick
New Brunswick Institute of Agrologists

Croplife- Atlantic Fertilizer Council

[l e e i e i ]

3.4.1Demonstration of Technologies at Field Days

The Precision Agriculture Tealad by mehas been participating in Wild BluebePyr o d uFiekl Day
organized throughout the North America. These field days included demonstrations and displays of
innovative PA technologies for spepplication of agrochemicals. The key wild blueberry industry
executives pr oducer s as s o candagtoweosratiesdedrtre fieldeay® Miownd3IGR e s
people representing different organizations and farming contynatténded the field days each year.
Precision Agriculture Field day

We organized PA field day at Wild Blueberry Research Institute, Debert durin?640 to demonstrate
innovative coskffective technologies developed by PARP at DIXC. Theresearchers from Agriculture
Agri-Food Canada, NSDA representatividsjversity, key wild blueberry industry executives, producers
associ at i on 0 sdgrowepsrateesdedrhe feldidayreuad2Q0 people representing different
research and acamkéc organizationsindustry personnelnd farming ommunity attended the field day

3.5Articles in News Papers and Magazines

We have published several articles related to machinery development and precision agriculture in
national/international newspapensd magazines.
U 2015. Dalhousie University Magazine. Field to fork
U Precision agriculture in wild blueberry fields. Agricola News, Volume 39, Number 1,
2013.
U Reducing herbicides Saving $. Springboard. Highlights Report (Success Safry)-
2012. .
U Precision variableate sprayer slays weetdsnd costs. The Grower Magazine, February,
2011.
U Precision equipment being developed for wild blueberries. Fruit and Vegetables
Magazine, March, 2011.
U Practical application of PA technologies foitd blueberries. Farm Focus Magazine,
November, 2010.

3.6 Custom Software Manuals, Broachers and Fact Sheets

Operational manuals for each precision agriculture system (developed by PARP resseaett-aculty
of Agriculture, Dalhousie Universijy brochures for precision agriculture systems and fact sheets were
developed and supplied to producers through wild blueberry producers associations.
Operational manualsand software developed for:
1. Automated yield monitoring system
2. Costeffective slope mappingystem
3. DualEM for mapping soil properties, nutrients and water depth
4. Automated VR sprayer for spot application

3.6.1Custom software (codes) and interfacevere developetbr all precision agriculturgystems
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3.6.2Television Commercial/Programs and Radidralk in Canada

T. J. Esauand Q.U. Zaman. 2009.Commercial mainly on Teaching and Research in Precision Agriculture
Technologies for Wild Blueberries Baculty of Agriculture, Dalhousie UniversjtyV Commercial Forty
Times Airedon CNN, Fox, PBS channelslay, 2009.Available on Google Video and YouTube. With a
potential reach of approximately 96 million people each day, the videa isvaluable tool to the
university.

The video clip is available attp://www.dal.ca/sites/precisiesgriculture.html

Zaman et al., (2009).TV program on Precision Agriculture Research PrograRaatilty d Agriculture,

Dalhousie Universitgpn CTV in Live @5.October, 29, 2009.

Another, our TV program on fAPr eci si on Agr i ¢ uFacuty fF AgRcalsire,ar ch P
Dal housi e Uni ver miOctoper, 20t@a CTWV in hive@b @ragrare. d

Radio Talk

Zaman, Q.U. (2014). Tal k on C BNew Pestidideo techimology spraysnly weedsé
http://www.cbc.ca/news/canada/priredwardisland/newpesticidetechnologyspraysonly-weeds

1.2696146(Jul 04,2014)

Television Program in Pakistan June 09, 2012016

Express Forum

TitteAdl mportance of Research in Agriculture Developm
Participants:

Dr. Dr. Igrar Khan ViceChancellor, Dr. Ashfaqg, DeaRaculty of Agriculture, Dr. Niaz, Dean Engineering,

Dr. Noor-ul-Islam, Director General, Agriculture Reseainstitute, Chief scientisRunjab Agricultural

Research Board, Dr. Shahida Jamil, Pakisdgricultural Research CounciCanadian Scientist (Dr.

Qamar Zaman).

3.6.3Additional Information (Web Site Development)

Precision Agriculture Web Pages:

PA website was developed for PA activities at-B@l. It would help us to attract national and international
students, poafocs and to develop further industry and academic collaborations. It will also helpsier
technology. PA activities at website would recognize Faculty of Agriculture, Dalhousie University a
prestigious university and would bring the Faculty of Agriculture, Dalhousie University closer to the other
international academic and industrytingions to develop collaborations.

http://dal.ca/precisionag

3.7 Networking/Collaborations (Regional/National/International)

We established ties with several North American, European and Asian academic institutions including the,
McGill University (Canada)University of Guelph University of Florida (USA)University of Maine

(USA), University of Agriculture, FaisalabaqPakistan), Arid Agriculture University Rawalpindi
(Pakistan), Slovak University of Agricultu(8lovak Republic)Northeast Agricultural UniversitgChing
andUniversity of Sadat (Egypt{Please see appendix.B)ne of my international daborators DrArnold
SchumannProfessorUniversity of Florida is an adjunct professor at Faculty of Agriculture, Dalhousie
University. He has been serving as a member of supervisory committee of my graduate students (M.Sc.
and PhD). He is also actively involved in mgsearch projects. Two PhD (Lenka and Hou) students from
Slovak University of AgricultureSlovak Republic anbortheast Agricultural University, China completed

their research project under my supervision at Dalhousie University. Dr. Farouk from Upigé&adat,
Egyptalso worked asisiting faculty in my research program.

We developed a research group to work on PA technologies for blueb&hiesonsortium consisted of
researchers/professors from US universities including UniyedditFlorida, University of California,
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Washington State University, Michigan State University, University of Wiscavisidison, New Jersey
Agricultural Experiment Station and several industry (PA equipment manufacturers) partners.

We developedUK and Canadianresearchers and industry grouplated to precision agriculture
technologiesto share/discuss the -@oing activitiesfor the development and implementatioh PA
technologiesn both countries (UK and Cangda

We also established effective academic call@ion (MOUs signed) with the University of Agriculture,
Faisalabad and Arid Agriculture University Rawalpindi, Pakistan. Agreements are being established to
support HQP exchange and visiting faculty within the PARP.

3.8Industry Partners

o Oxford FrozerFoods Limited, NS, Canada
o Wild Blueberry Producers Associations, NS, P.E.I., NB., NF, QC, Maine
o Doug Bragg Enterprises, NS Canada

0 Chemical Containers, Florida, USA

0 Ag-Tronix, Inc, USA

0 McCainFoods Potato Industry

o NB Potato Board

o CaselH

o Green Diamond

o Grapeand Wine Industry

0 Agromart

o Perennia

0 NS Federation of Agriculture

0 NS Farm Safety
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4. Most Significant Researcland Development Contributions

Precision Agriculture Technologiesi Effective Use of Agriculture Resources
(2007%-2012)

Reduce Production Cost
...Protect The Environment
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4.1 Executive Summary

The story of surpluses and shortages go on and off for every crop. Rising fuel and agrochemicals price,
water shortages, emerging disease and pests, climate changevandmental riskare diminishing the
farmers and livestock dwellers. The cost of pr@tbn is rising partly due to inefficient input use asking
for i nnovative agriculture technologies. It i s
proactive. The leadership of the university must sensitize its faculty to the needsioffaommunity.
They should feel the pain of small farmer and poor consumer alike. | developed precision agriculture
research program (PARP) at Engineering Department (Faculty of Agriculture, Dalhousie University) with
the partnership of Oxford Frozen Feobdimited (OFF) under the Atlantic Innovation Fund to develop
variable ratetechnologies inwild blueberries.These technologiewould allow corrective agricultural
practices on an aseed basis to maximize profitability, minimize environmental impacts, and ultimately
lead to a more sustainable industry with the following objectives:
1 Development of costffective and reliable prégion agriculture systems to map soil variability,
weeds, bare spots, and fruit yield within wild blueberry fields.
1 Sensor fusion to map soil and plant characteristics irtiraalfor wild blueberry fields.
1 Development of VR applicators for rei@iine spotapplication of agrochemicals in wild blueberry
fields to improve crop productivity and reduce environmental risks,
1 Development of precision harvesting technologies to improve berry picking efficiency of the
commercial wild blueberry harvester to improveffi margins.
1 Training of HQPs\indergraduate and graduate students;gmstioral research associates).
91 Development of precision harvesting technologies to improve berry picking efficiency of the
commercial wild blueberry harvester to improve profit nvasg
9 Dissemination of results to industry via participation at growers meetings, field days, and grower
oriented publications.
9 Dissemination of results to the scientific community via patrticipation at conferences and
publications in peer reviewed journals.
9 Acquisition of additional sources of funding for research.

The following interconnected taskscomplishedh support of the above program.

4.2 Design, Development and Performance Evaluation of Coétffective Smart
Sprayer for SpotApplication of Agrochemicals

Onre of the newest innovations jorecision agriculture is automatic VR sprayer. Motivation for the
development of this new VR sprayer is to assemble viable modern equiprnifit will perform
significantly better than existing systems, at the lower cost. This type of VR sprayer does not use
prescription maps, but relies on sensors/digital cameras to provid@émeakeed detection information
which is used to dispense cart@agrochemical rates for the weeds. Most importantly, the herbicide is not
applied where no weeds have been detected and fungicides/insecticides is applied only wienmy blue
plants have been detectddhe precise spegpecific application of agrochenails with automated variable

rate sprayer in fieldsaved significant amount of agrochemicals (herbicides 680% and fungicides
(20-40%), thisimproved profitability and protect the environment.
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/| ' YS NI

421Far mer 6 s Evaluation/ Commercialization/ Marketing

| received grant from Innovacorp for early commercialization of the prototype VR spraysucééssfully
tested/evaluated automated VR sprdgerspot application of herbicides and fungicides) at commercial
farms during lastew years.

We have been grantéds and Canadiapatent for commercialization

Patent

Zaman, Q. U.,Y. K. Chang, AW.Schumann. 2013. #dAVariabl ef rate spra
variably appl y USRnaterda Bublioation 88488874 B2 0 .

Zaman, Q. U.,Y. K. Chang, AW.Sc humann. 2014. AVariable rate spra
variably appl y CanadiaraRatent N2Iv40/5803cCa |l s 0 .

Please visit ounwebsite for details:http://www.dal.ca/sites/precisiesgriculture.html

4.3Modified VR Fertilizer Spreader for Spot-Application of Fertilizer Using
Automated Sensing and Control System

We developed sensing and control system consisting of three way solenoid valves, return auger,
programmable relay, air compressor, single acting cylinders, digital color cameras, custom image
processing software and computerized controller. The boom watedliinto six equal sections. Each
section was controlled automatically and fertilizer will not be applied in the section where no plants have
been detected, thus avoiding waste and environmental contamination. The principle components of
modified VR sprader were tested in lab and also evaluatéoanvild blueberryield to detect and dispense
fertilizer at right targetsn specific section of the boom where the targets were detected.
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Return Auger 2

draulic Motor

B —

ModifiR fetilizer spreaer for spatpplication of fertilizer

VRT could Reduce Fertilizer Usage and Ground Water Contamination Variable rate
fertilization saved 40% fertilizer as compared to uniform application of fertilizer in a selected wild
blueberryfields. NitrateNitrogen concentrations in ground water welecreasedvith VRT andwere
below maximum contamination limit.

Please visit our website for detailshttp://www.dal.ca/sites/precisieagriculture.html

4.4 Development and Evaluation of an Automated Slope Sensing System

We developed an automated cestective slope mapping system (software and hardware) that consists of
tilt sensors, DGPS and laptop to measure and map topographic feattinesgyorwithin blueberry fields.

The system performance for réathe slope measurement and mapping was testednmmercial fields

with variable slopesThe use of lowcost and reliable accelerometers WRIBEPSis a better option to
develop coseffective system to quantify and map slopes {ti@at) for planning sitespecific management
practices in commercial fiedd The slope mapsould also be used to adjust vehicle speed at particular
slopes to avoid accidents in wild blueberry fields having highly variable slopes.

4.5 Development of Sitespecific Technologies using DualEM

The EMI instruments are cost effective and are gaining wider use due to thdestanctive nature, rapid
response, and ease of integration into a mobile platform, from whictimeameasurements can be made.
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The spatial variations in soil propertigsjl texture and soil moisture and water table depths were quantified
and mapped using EMI technique. These maps awgrdaidin GIS software to develop prescription maps

for site-specific application of agrochemicals to reduce environmental contamsathincrease farm
profitability. Results have been published in prestigious PA journals and also presented in growers meetings
and at national/international meetings.

Dual EM to map soil propertiend water table depth reattime

4.6 Automated, LowZostYield Mapping of Wild Blueberry Fruit

The presence of weeds, bare spots, and variation in fruit yield within wild blueberry fields emphasizes the
need for yield mapping for sifgpecific application of agrochemicals. Automated yield monitoring

system (AYMS) consisting of a digital color camera, differential global positioning system, custom
software, and a ruggedized laptop computer was developed and mounted on a specially designed Farm
Motorized Vehicle (FMV) for reaime fruit yield mapping. Wild blueberry fields were selected to evaluate

the performance of the AYMS. R&ane yield mapping was carried out with AYMS. Custom software

was developed to acquire and process the images #imegland store the blue pixatio. The estimated

yield per image along with g&eferenced coordinates was imported into ArcView 3.2 GIS software for
mappingMaps showed substantial variability in fruit yield in both fields. The bare spots coincided with no

or low yielding areasii the fields. The yield maps could be used foiAsitecific fertilization in fields.

File Descriptian
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Configuration of automated yield monitoring system mounted on farm motorized vehicle.
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4.7 Economic Benefits of PA Technologies

These technologies have the potential to improve the competitiveness, and profitability of the blueberry
industry, reduce the environmental impact of current wild blueberry production practices, and enhance the
long-term sustainability of the industry.

4.7.1 Economic Benefits

4.7.2 Pesticides savingchemical saved with spaipplication was 60%80 % herbicide and 20%

40% fungicide. Due to space constraint, only weed maps before and after of one field was shown as an
example. Based on the results aétstudy, the VR sprayer proved very efficient for spgiplication of
herbicide on weeds and fungicide on foliage in wild blueberry fields. Following is the cost saving analysis
for one chemical in one field using VR sprayer:

4.7.3Cost/BenefitAnalysis- Conventional vs SpotApplication (for one application only)

Target: Sheep Sorrel

Chemical: Kerb

Area sprayed = 300 acres

Weed cover = 25%

Application cost = $180/acre

Total cost (uniform application) = 300 X 180 = $54,000
Cost of spot application $£3,500
Chemical cost saving with spapplication $40,500

4.7.4Additional cost of converting commercial to VR sprayer
Computerized VR &hannel controller

(Cameras + GP$ Dickey Johrcontroller) = $4,000.00
(Controller + GPS + linear flow control valve, flow meter$2,600.00
Wiring etc. = $400.00
Total initial cost;(Prototype Sprayer) =$7,000.00
Commercial Prototype Sprayer =$14,000.00

Cost/Benefit Analysis of VRT vs Uniform Application in Commercial Field

Chemical (gl?;t) '?rrg)i Application area needed (%) Légg?g) SAE;;)OSt
Velpar 250 100 20 25,000 5,000
Sinbar 212 100 20 21,200 4,240
Venture 72 100 35 7,200 2,520
Callisto 72 100 35 7,200 2,520

Kerb 480 100 35 48,000 16,800
Bravo 90 100 80 9,000 7,200
Proline 50 100 80 5,000 4,000
Topas 48 100 80 4,800 3,840
Pristine 214 100 80 21,400 17,120

SA Saving = $84,76fwo years production cycle $148,800 | $63,240
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4.7.5 Fertilizer Saving with VRT

Variable rate (VR) fertilizer application has the potential to improve fertilizer use efficiency, reduce cost
of production, and reduce environmental impacts. VR fertilization saved 39% and 41% fertilizer in Fields
1 and 2, respectively. Results of thisdst suggested that VR fertilization could increase fruit yield and
reduce fertilizer usage in wild blueberry fields.

7000 , M Variable Rate 60001 variable Rate
6000 - m Uniform Rate 5000 - ™ Uniform Rate
QSOOO 'E 4000
c o
4000 <3000
< =
i ]
2 3000 < 2000
> 2000 5
5 T 1000
(T 1000 -
0
0 - Zone 1 Zone 2 Zone 3
Zone 1 Zone 2 Zone 3 Slope Zone

Slope Zone

Comparison of fruit yield under VRT and uniform fertilization (Right side Field 1 and Left side Field 2)

4.8 Environmental Impact

4.81 Impact of VR Fertilization on Ground Water Contamination in Blueberry Fields

The overall environmental impact will be neutral/positive, as it is anticipated that the amount of current
agrochemicals being used in the blueberry industry will be reddtedintent of the proposed research is

to develop sitespecific management strategies for precise application of agrochemicals with minimal
environmental impactMean leachate NON concentrations for all VR treatments ranged fraiml to
3.84mg L, while those under uniformly fertilized in moderate slope and low lying areas were 7.72 and
8.52 mg !, respectively.

Bars with the same letters
5.00 are not significantly different

= Variable Rate

.00 = Uniform Rate

Nitrate- N Concentration (mg/L)

Steep Medium Low

Slope Zone

Comparison of Nitratdl concentration under VRT and uniform fertilization
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4.82 Effect of Split VR Fertilization on Air Quality

Currently, fertilizer is applied uniformly in wild blueberry fields, once in a two year production cycle,
without considering substantial variation in soil/plant characteristics, topographic features, and fruit yield.
The heavy rainfall, gentle to sevempodgraphy with high proportion of bare spots, and weed patches in
wild blueberry fields emphasizes the need for variable rate split (VRS) fertilization to avoid environmental
contamination. The results of repeated measure analysis of variance showedaavatatitization losses

were significantly (p < 0.05) lower in VRS sections as compared to uniformly fertilized sections of the
selected fields.

Fertilizer Rates (kg hB

3.0 - 20 mmmm Avg. Soil Temp.
1 25 - (°C) 20
& == 100" 19 o
= 18R a g
2 E o0 18 5
E rirog £ =8 150* 17 B
g ri6 2 $ 3
5 = 215 16 g
o I 15 2 8 3]
> = 15 2
k. r14 3 % 3
c n $1.0 14 3
o L 13 o c %]
£ =) 2 13 0
£ L 12 g E &
< " :>(’ 205 + 12 g
- >
0.0 10 e
12346568678 9101112 00 r— T T 10
123 456 7 8 9 101112
Days after Fertilization Days after Fertilization

Volatilization losses from different fertilizer rates at Field 1 (left) and Field 2 (right). Ratesiiviated
into three equal amounts and applied three times in VRS section.

4.9 Conclusion: Precision Agriculture Technologies Advantages and Benefits

1 Easyfusemdly setup on a touch screen moni-t

T Aut omat iscatcioanpefnor changing ground speed

T Manwagleed input is possible in case there I

T Adjustable front and back buffers for prec
on targets

T Accur ate pl ac e medutesagfochenjycalase he mi ¢ al

T Cost effective

1 Improve crop productity

91 Lowers pressure on environment

1 Reduces operating costs to producers

1 Help to expand to new markets from only spraying on the targeted location within the
fields which can lower the residual levels on the harvested fruit

1 Improve the competitiveness anmfitability of the blueberry industry and enhance the

sustainabilityof rural life.
Future Research

0 Implementation and commercializationof Gest f ect i v e, affordabl e a
friendly precision agriculture technologies.
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5. Most Significant Researchand Development Contributions

Precision Harvesting Technolgiesi IncreaseHarvester Efficiency
(20122017)

Increase Farm Profitability
...Improve Fruit yield and quality
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5.1 Executive Summary

Dr. Zaman and his Precision Agriculture (PA) Research Team launched an initiative to develop
innovative harvesting technologies in Atlantic wild blueberries. This proposal was a part of a
multidisciplinary research effort at the Engineering Department, Faculty of Agriculture, Dalhousie
University in collaboration with Doug Bragg Enterprises (DBE), Collingwood, Nova Scotia. This
collaboration between industry and research scientist was initiatedvelop innovative and

viable techniques that should enhance berry picking efficiency, assist with the stabilization of
yields over time and increase farm profitability. While this project is submitted with the
collaboration of wild blueberry industrg increase harvestable berry yield and quality, the DBE
harvester is being used to harvest 80% of the total acreage of wild blueberry in the Atlantic
Provinces. The combination of research and technology transfer activities situated within the
project aren the process of resulting in the continued development of more efficient, sustainable,

and environmentally friendly harvesting technologies, the continued training of graduate students,
postdoc fellows, wild blueberry producers and industry personnel,aamore competitive wild
blueberry industry.

The research project Al mproving efficiency ¢
precision agriculture technologieso was compl
to ensure the long term biity of industry and make growers more profitable over time. The
research contains training of HQPs component in the form of graduate and undergraduate student
and postdoctoral fellow, and the contigsipwing il
representatives. Therefore, it is anticipated that this research would improve the current knowledge
base of wild blueberry industry, potentially provide innovative technologies to reduce harvesting
losses, and increase blueberry supply, and improee-sand economic conditions in rural

Atlantic Canada and Quebec. The PA team at Dalhousie Agricultural Campus is actively involved

i n transferring viabl e technol ogi es includir
magazines, radio and TV tallsresenting in national, international and industry meetings, and
demonstrating the technologies in farmersoé fi

increase harvestable berry yield and reduce operator stress.

5.2 Background

Northeastern Not America i s the worl dés |(¥damahiumg pr o
angustifoliumAit.) with over 93,000 ha under management and producing 145 million kg of fruit
valued at $600 million annuallffhe crop is unique as it is native to North America aalriever

been cultivated. Fields are predominately managed o+ryéapcycles with the perennial shoots
pruned in alternative years to maximize floral bud initiation, fruit set, yield, and ease of mechanical
harvestWild blueberry crop has been harvestisthg a hand rake that was originally designed as

a cranberry scoop for the past 100 years. The increase in fruit yields over last few dboatier

of labor and consequently the increase of wages hmreased the demand for mechanized
harvesting (Yebrough, 1992). Although, the research on development of the mechanical harvester
started in early 1950s, a viable mechanical harvester was not produced until the 198sa({Hall
1983). Hallet al (1983) estimated that the Bragg blueberry harvestans 68% (in weedy fields)

to 75% (smooth weed free fields) of total berry yields.

Currently, the mechanicallyarvestedlueberry area is more than 80% of the total wild blueberry
area in Canada and only the fields in rough terrain are still hand (Rk&IA, 2005). In last two
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decadesncreased management practices using selective fertilizers and pesticides have resulted in
healthy and tall plants, high plant density, tall weeds and significant increase in fruit Tiedd.
increased harvesting losseswild blueberry crop during harvesting due to change in crop and
field conditions have pushed the growers and processors within the industry to set a goal, to
increase the harvestable yields of wild blueberries by 33% to justify ever increasing cost of
agrochemicalsCurrently, there are 15 to 25% fruit yield losses during the harvesting with existing
commercial blueberry harvester. Increased harvesting efficiency of the harvester would reduce
fruit losses and contribute $31,200,000 to Atlantic Proviraces Quebec economy every year
(WBPANS, 2010).

Improvements to the existing harvester using novel, automated and integrated precision agriculture
(PA) systems to increase agricultural production will require; (i) identification of sources
responsible forincreased losses and reduced berry quality; (i) improve harvestable berry
recovery; (iii) replace old technology with innovative integrated harvesting system; (iv) find a
suitable combination of ground speed and harvester head revolution with mininsas é&ter
detailed evaluation of harvester using PA technologies and mathematical modeling procedures;
(v) redesign the commercial blueberry harvester components to increase berry picking efficiency.
The two primary objectives of this research initiativere to; (i) develop sensor fusion system for
guantification of blueberry fruit yield losses; (ii) develop models for identification of sources of
losses to improve harvesting efficiency in order to increase fruit yield; and (iii) train highly
gualified personnel, producers and industry representatives.

Optimizing Mechanical-2Bd6yester Efficiency:

V Sensor Fusion System to I dentify Sources
Quantification of Mul tiple Fruit Losses
Design Analysis ardhtCdhmaparissem dlfealdisf f( a2
220 dia. 260 dia. and 260 wide teeth spa
| mpact of Rel ative Velocity and Differe

Efficiency

Effect of Crop Characteristics and Machi
0 n

Effectvesft Hami ngs and Climatic Condi ti

and Mechani cal Processes

(

OnLi ne Computer Program for Precise Berr:
Effective Wsae icfblAei rSpfereodm Bl ower t o Separ

(leaves, i2bootheaddi 66) teeth and 260 head
Examine the fruit quality after harvesti

(Quantification of fruit f ierynonress sa nadt isnh ol

Evaluate performance efficiency of debri

i mprover berry yield and quality
Economic analysis of smal.l box and bin

The following interconnected taskscomplishedn support of th@bove program.
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5.2.1 Development of Sensor Fusion System

An integrated automated sensing system including ultrasonic sensor, digital color camera, slope
sensor, RTKGPS, custom software and laptop computer was developed. The system was
incorporated into @lueberry harvester to map plant height, slope, elevation and fruit yield
simultaneously. The information obtained from the system will be used to identify factors affecting
harvesting efficiency of wild blueberry harvester. Commercial wild blueberrysfiedlifferent

sites in Atlantic Provinces were surveyed to evaluate the performance of the system. Information
obtained from the system could be used to increase berry picking efficiency of blueberry harvester.
This information could also be used to opaenproductivity while minimizing the environmental
impact of farming operations in fields.

Custom software to estimate fruit yield, plaeight and topographic features

The developed system was tested and evaluated in selected wild blueberry fields i.e., Frankweb,
Nova Scotia (4.10 ha); Londonderry, Nova Scotia (3.2 ha); Small Scott, Nova @c6tha) and
Tracadie, New Brunswick (1.9 ha) to map plant height, slope, elevation and fruit yieldime=al
Customized Windowbased software on a laptop computer was developed to merge the plant
height, elevation, slope, and fruit yield data wathresponding RTKGPS spatial coordinates.

Surveys were conducted to measure and map crop parameters and topographic features during
July, 2013, and fruit yield was measured and mapped during harvesting season (August to mid
September, 2013) in selected wild blueberry fields. The integrated stsikmrmore than 30,000

data points for Small Scott and Tracadie fields; and more than 55,000 sampling points for
Frankweb and Londonderry fields to estimate plant height, slope, elevation and fruit yield in real
time. Due to space constraint results of Goapte are presented here.
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Maps of fruit yield, plant height, slope and elevation obtained from sensor fusion system.

The e¢Eye camera mounted on commercial wild Dbl
kg, while the actual yielaollected in the harvester bin weighed at 9,100 kg for Cooper site
suggesting 11.07% loss of berries during harvesting. The digital color camera indicated 8.74%
pre-harvest loss of berries for Small Scott site. These results suggested that there isorehetto

research on the harvester picking efficiency in different yield (low, medium and high) areas to
guantify the wild blueberry fruit losses during harvesting.

The characterization and quantification of the soil properties, topography (slogéegation),

fruit yield and plant parameters allows to generate zones, to identify if there is any effect of these
parameters on the harvesting efficiency of the harvester. Variations in soil properties, plant
characteristics and topographic features spweading with the variability in fruit yield will
provide strong evidence in determining the factors affecting localized yield and increasing yield
losses during harvesting.
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Kriged maps of fruit yield, plant height, elevation and slope witls@efusion system.

The map comparison of plant height with fruit yield suggested that in general fruit yield was lower

in the areas where the plant height was higher. The negative baigmificant relationship (r =

0.20) between the fruit yield andgpit height also supported the correlation identified by the maps.

The substantial variation in mapped parameters and presence of bare spots/weeds within blueberry

fields suggested that these parameters could be playing a significant role in wild blfirefiterry

losses during harvesting.

The sensor fusion system (hardware and custom software; SFS) was developed and incorporated

into wild blueberry harvester after lab testing and calibration of analog and digital sensors to map

variability in plant height, fruit yield and topographic feasirin reatime. SFS mounted on

harvester was evaluated in commercial blueberry fields in Atlantic Canada. Calibration and

mapping results indicated that the developed system was an accurate, reliable and efficient to map
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plant height, fruit yield, slopend elevation in realime. Results indicated that that there was a
need to conduct research on harvester picking efficiency in different yield (low, medium and high)
areas to quantify blueberry losses. This would help wild blueberry industry to generate mo
revenue and increase profitabilifgesearch results were published in scientific jou@ahputer

and Electronics in Agriculture and presented in international conference and industry meetings. This
research was part of PhD thesis research (complelgugse research results will directly support the
automation of blueberry harvester to improve berry picking efficiency and reduce operator stress.

5.2.2 Quantification of Fruit Losses during Harvesting

Wild blueberry fields were selected to evaluatelibay picking efficiency of commercial wild
blueberry harvester. The harvester was operated at specific levels of ground speed at 1.20, 1.6 and
2.0 km ht and header rpm 26, 28 and 30. The total fruit yielehanvested berries on the plants,
berries on the ground, and berries through blower were collected from each plot within selected
fields. The preharvest fruit losses were collected from each platrpo harvest. The slope, plant
height and fruit zone were also recorded manually from each plot. Results of this study showed a
treatment combination of 1.2 kmtland 26 rpntan result in significantly lower losses as compare

to higher ground speed aheader rpm in blueberry fields with yield over 3500 kgf.HResults

were published in scientific journalpplied Engineering in Agriculture and presented in international
conference and industry meetings. This research was part of PhD thesis reseangie(gd). This
information will help to develop an automated system (hardware and software) to adjust ground
speed and header rpm automatically according to the variation in fruit yield to increase harvestable
berry yield.

5.2.2.1Evaluation of Berry Picking Performance Efficiency of Harvester

Wild blueberry fields were selected (Frankweb, Nova Scotia; Londonderry, Nova Scotia; Small
Scott, Nova Scotia and Tracadie, New Brunswick) to evaluate the berry picking efficiency of the
commercial wild blueberriiarvester. Eighty one yield plots were selected randomly in each field.
The harvester was operated at specific levels of ground speed at 1.20, 1.6 and2adé#idader

rpm of 26, 28 and 30. The pharvest fruit losses were collected from each plmtrgo harvest.

The slope, plant height, and fruit zone were also recorded manually from each plot. The
experimental plots were set up in selected wild blueberry fields based on variations in slope (flat
field, mild and steep slope), plant height (low,dmen high) and fruit yield (low, average and
high), to quantify the harvester berry picking losses.

The data collected for fruit losses was analyzed using statisticastagstical, biesystems
modeling and mapping tools to calculate the fruit lossgar@ous combinations of ground speed
and revolutions and to identify the factors responsible for losses.
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Layouts ofselected wild blueberry fields

The results of this study suggest that thel@evest fruit losseare found to be higher during the
late season suggesting that early season harvesting could be helpful in redubiawygsefruit

losses. Higher percentage of losses on the ground suggested that the berries were picked by the
harvester but not effectilyeconveyed to the inside conveyer for transportation to the storage bin
on the back of the harvester. The losses on the ground emphasized the need to operate the harvester

at lower ground speed and header rpm to provide a gentle upward movement adthelhie
through the plants to enhance berry picking efficiency.
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Collection of losses on the ground andharvested berries on the plants and fruit losses through
blower and total fruit yield from the harvested plot.

Cleanina brush cover

Cleanina brush

Berries droppin
ppIng Head wheel

Berries dropping

to inside \

off over the head

Head teeth installed on

Guide wheel

Berries dropped over the harvester strip after being picked by the harvester head during harvesting.

Fruit loss during harvesting is a linear function of the fruit yield, as fruit yield increases the fruit
losses increases and vieersa. Based on the ANOVA results it can be concluded that ground
speed, header rpm and their interaction can cause significant differences in the picking efficiency
of the wild blueberry haester.
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Mean comparison for total fruit losses (%) at different treatment combination for (a) Cooper site,

and (b) Small Scott site.
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Mean comparison for total fruit losses (%) at different treatment combination for (a) Tratadie si
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The results showed a treatment combination of 1.2 krartdl 26 rpncan result in significantly
lower losses as compare to higher ground speed and header rpm in wild blueberry fields with yield
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over 3500 kg Ha. In low yielding fields (8500 kg h&) a combination of 2.&m h' and 26 rpm

can do a better job to increabe berry picking efficiency of the harvester. Other factors including
operator skills, fieldcandweather conditions, time of harvesting, , bare spots and weed coverage,
crop maturity, crop characteristics and improper maintenance of the harvester cam tbleang
picking efficiency and berry recovery of the harvester. By choosing an ideal combination of ground
speed and header rpm can minimize the fruit lossagrease farm profitability.

5.3 Modification and Evaluation of Different Harvester Heads toReduce
berry Loss

Different components (number of teeth bars, spacing in bars, spacing in teeth, head diameter, inner
conveyor width) of traditional harvester heac
evaluated in lab and field using innovatitechniques to increase harvestable yield. Design
analysis of different harvester heads (traditional and modified) was performed to calculate tip
velocities, tangential and radial forces, patterns and paths of operating harvester along with the
capacities bthe internal and external conveyer of harvester, to examine their impact on picking
efficiency and berry quality.

Spo Ak it Yield T |

Collecting fruit sampling for berry quality analysis
Wild blueberry fields were selecta@dAtlantic Provinces. Fruit losses (losses on the ground, losses
on the leaves, blower losses, pan losses, anbamest losses) and fruit yield were collected at
different crop conditions (small and tall plants, low to high plant density, low andyregh
different fruit zone and dia.) from selected fields. Variation in plant height, fruit yield and slope
were mapped with multiple sensors and related to field losses. The information obtained will help
to develop integrated harvesting technologied adjust machine parameters automatically in
order to reduce fruit losses.

5.3.1Comparison of Harvester Heads (12 bar and 16 bar)

Traditional blueberry harvester has sixteen bars head. The DBE has been trying to improve the
design of harvester head in erdo reduce fruit losses during harvesting. Based on the preliminary
results of this project and design analysis of principle components of existing sixteen bars
harvester, a twelve bars harvester head with more spacing between bars was developegeto impro
berry picking efficiency. Both harvester heads were operated at different combination of ground
speeds (1.2, 1.6, and 2.0 k) land header rpm (26, 28, and 30 rpm).
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Design analysis of harvester head components

Results indicated that twelve ba@vester head caused 15.18% and 28.82% higher losses (%) as
compared to sixteen bars hedtie 12 bar head provided more space for plants which causes the
head to take bigger biteShe 12 bar head combed through each plant 6 times, while the 16 bar
headcombed through each plant 9 tim&ke capacity of the 12 bar head was 25% lower than 16
bar headThe 16 bar head kept the berries more securely inside the hElaeld2 bar head pulled

12% and 39% more plants when compared with 16 bar head during dinwenconditions,
respectively. Field experimentation, visual observations and video clips proved that there were

significantly higher losses with 12 bar heddesented in international conference and industry
meetings.

H 16 Bars Total Loss (%) m®12 Bars Total Loss (%)
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Mean comparison of total fruit losses (%) with 12 bars and 16 bars heads for Robbie Glenn Site.
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Mean comparison of total fruit losses (%) with 12 bars and 16 bars heads for Hardwood Hill Site.

12 bar head combed 6 times through each plant
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Head Capacity Comparison

16 Bar Head 12 Bar Head
Max Yiel ,55gg Max Yield 19176
Harvestab (Kg /7 ha
0,
5% Leav( 24290 >% Leav 18217
by Vol ur by Vol ui
0
10% Leav 23011 LU B CE 172509
0,
15% Leayv 21733 15% Leay 16300
by Vol ur by Vol ul

Results
V The 12 bar head provides magace for plants which causes the head to take bigger bites
V The 12 bar head combed through each plant 6 times, while the 16 bar head combed through
each plant 9 times
V The capacity of the 12 bar head is 25% lower than 16 bar head
V The 16 bar head keep therbies more securely inside the header
V The 12 bar head pulled 12% and 39% more plants when compared with 16 bar head during
dry and wet conditions, respectively
We propose harvester should be operated at a combination of 0.75 mph and 26 rpm in wild
blueberry fields with yield over 3000 kg h#o reduce berry losses.

532Comparison of Harvester Heads (220 dia. and

Traditional harvester was modified, based on previous results of lab (design analysis) and field
experiments using PA techngies to improve berry picking efficiency of harvester. Traditional

head (220 dia) was modified by increasing the
Both harvester heads were operated at different combination of ground speeds (1.2, 10, and 2.

km 1) and header rpm for 22 dia head (26, 28 and 30 rpm) and comparable head rpm (20, 22 and

24 rpm) f Rres2186d sheadl.i cted | ess fruit | oss wit
than 2206 dia. head. The tXx6d& hdina n2e2toe rh ehaeda d upru In
Larger circumference with 2606 head all owed f ol

teeth. (Stretched bar spacing on the 260 di am
picking achead. wi The 260ner head conveyor widt
260 di ameter head, allowing for a | arger carr.
better berry handling when travellinghean st ec¢
worked well on rough terrain and required less adjustment in head height without digging ground
surface Results wereresented in industry meetings and reported in routinely progress report.
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20 1 —‘— Trt. 2: 0.75 mph and 26 & 21 rp
Pragesed 455 7. Trt. 3: 0.75 mph and 28 & 23 Ip
S, 150, , ., peg 1501 Trt. 4: 1.0 mph and 24 & 19 rp
- 5 T ' Trt. 5: 1.0 mph and 26 & 21 rp
o 11.411 Trt. 6: 1.0 mph and 28 & 23 rp
2 10 - Trt. 7: 1.25 mph and 24 & 19 rp
- Trt. 8: 1.25mphand 26 & 1
5 Area =9.59acres
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Mean comparison of total fruit | osses (%) for
combination
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| Spacing betveen the teeth bars - 37 inches

kpacing between the teeth bars - 1.63 inches\l

218312. 9860 2.

34223. 4 25164. 17

21426. 21426.

’rhe capacity f 268% higheet 2e&6n tHhaead%

Extra Shelf
Results
VLess fruit | oss with 2606 di daneeader head i n
V The 260 diameter head pulled |l ess plants a
V Larger circumference with the 260 head al l
from the picker teeth. (Stretched bar spac
V Improved cam action resulting in a gradual picking action from an increased diameter with
the 260 head.
V The inner head conveyor has increased in w

allowing for a larger carrying capacity.
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V The increased inner head conveyor has better debris handling (not as much an issue with
the conveyor plugging with debris when wet).

V The wider conveyor seems to also allow for better berry handling when travelling on steep
slopes (less dropped berries).

V The | arger 260 diameter head seems to be eas
less adjustment in head height to successfully harvest the berries without digging into the
ground surface.

533Compari son of Har vest er ardardteeth and hi@eased i a . hea
spacings)

Anot her attempt was made to modify 260 di a.
of I ab (design analysis) and field experiment
spacing in between teeth on $af headThe datavasanalyzed using statistical, geostatistical
and GIS techniques and presented in meetings. The information obtained through detailed study
of machine parameter related to field, crop and climatic conditiangdwmprove harvestable
fruityield The 260 dia head was modified by increasi
headperformed betterthah 6 0 d i a .withhst@andarceteseth epacing bar.

BETotal Loss (%) ®Tanhdhr d4o26a( B) a Wi «

25 -
- . Trt. 1 0.75 mph and 17 rpnj
Groweros tradi] a7 Trt. 2 0.75 mph and 19 rpn
20 4 Proposed Trt. 3 0.75 mph and 21 rpn
75 e 17720 Trt. 4 0.75 mph and 23 rpn}
— 15381 l 15.8 16.1 15 Trt. 5 1.0 mph and 17 rpm
S 15 4 ae2 14.9 14.8 Trt. 6 1.0 mph and 19 rpm
o 12.2 Trt. 7 1.0 mph and 21 rpm
2 1. Trt. 8 1.0 mph and 23 rpm
S 10 A Trt. 9 1.25 mph and 17 rpn
Trt. 10 1.25 mph and 19 rpr#
Trt. 11 1.25 mph and 21 rpnj
5 A ‘Trt. 12 1.25 mph and 23 rpnj
Area =2.57acres
0 - Fruit Yield =69591b acre*
O &n’ \b‘ \6 \‘0 &(\ \oo —

& S NN
&&@@@@@@69@@6&&@@

)
&@ &@ (g@ &@ &@ &@ (g@ &@ &@ &@ &@ &,@
Mean comparison of total |l osses (%) for 260
combination.
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£ 15 A 14. o5 Trt. 7 1.0 mph and 21 rpm
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- Trt. 10 1.25 mph and 19 rpm
Trt. 11 1.25 mph and 21 rpm
5 Trt. 12 1.25 mph and 23 rpm
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Comparison of total |l osses (%) for 260 dia anc

5.3.4Three Wild Blueberry HarvesterHeads( 220 and 260 bars and 260
Spacing; 67, 65 and 63) for Plant Damage

Performance efficiency of different harvester heads was evaluated for plant damage during
harvesting. Data was collected before fainand after rainfall for comparison. Results of
preliminary comd&r ibsao nldbatt rv2ehagena d2s2 0i-12 Har leadt e d t
pull ed more pl an tl6é baahead.cThengBoahareedter head dasymed with
increased diameter (26n . ) per f or med b el6ta headansbotlc dsylapdavete d t o
conditions. The reason for better performance with increased diameter head could be the increased
spaci ng bet wlébanheddavhich altowed 2létively less aggressitieraesulting
in | esser plant p[hBIbhrheacg as compared to 220

Data for 260 head with wider teeth spacing
techniques and GIS software for comparison. The results of this study \pilichiehprove berry
picking efficiency and reduce plant damage during harvesting. The automated harvesting system
will be developed using for reéime adjustment of head height and machine parameters to
increase harvestable fruit yield.
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Joe Slack Field

# No. of leaves before harvesting m No. of leaves after harvesting

64
62 10%

13%
83% 56 56

49

43

12 Bars Head 26" Head 26 Modified Head

Defoliation of plants with three different heads for Joe Slack field.

Frankweb Field

E No. of Leaves Before Harvesa No. of Leaves After Harvest

25% 12%

53 40%

40

12 Bars Head 26" Head 26" Modified Head
Defoliation of plants with three different heads for Frankweb field.
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Joe Slack Field
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15 2% 13 6%

20
15
10

5

0

26" Head (65 tooth) 26" Head (63 tooth)

Mo. of Leaves per Plant
]
[%,]

B No. of leaves before harvesting B No. of leaves after harvesting

The 2616 harvester head with 65 and 63 tooth bar was designed and evaluated for berry quality
improvement. Preliminary results indicated leaf loss was less with 63 tooth bar harvester head.
However,visual observation revealed there was more small size berry loss with 63 than 65 tooth
bar during harvesting.

Results

V Less fAplant pullingd with wider teeth spac
bar head.

V Less leaf loss with widerteethspa 26 0 head than 2206 12 bar

V More small sized berries left on the stem and ground while with the wider teeth spacing.

V Potential for better debris cleaning from the brush with the wider teeth spacing.

V Potential for less fruit bud damagéhvwider teeth spacing.

V Larger circumference with the 260 head all
from the pickerteethSt r et ched bar spacipng on the 260

V Improved cam action resulting in a gradual picking action from aeased diameter with
the 260 head.

V The inner head conveyor has increased in w
allowing for a larger carrying capacity.

V The increased inner head conveyor has better debris handling (not as much an issue with
theconveyor plugging with debris when wet).

V The wider conveyor seems to also allow for better berry handling when travelling on steep

The

slopes (less dropped berries).
| arger 260 diameter head with 65 tiooth ba

and required less adjustment in head height to successfully harvest the berries without digging into
the ground surface.
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5.4 Effect of Plant Characteristics on Berry Picking Efficiency of the
Harvester

The effect of plant characteristics on pickeffjciency of wild blueberry harvester was evaluated

in wild blueberry fields in Atlantic Province®lant height (PH) and plant density (PD) were
classified into four different categoriee. tall plant- low plant density, tall plant high plant

densiy, short plant low plant density and short planhigh plant densityCombined effect of
ground speed (1.2, 1.6 and 2.0 ki) bnd header revolutions (26, 28 and 30 rpm) on berry losses
at each category of PH and PD was identifigelry losses wereollected from each plot within

the selected fields. Fruit losses were higher in taller (>25 cm) plants and low plant density (<12)
than short plants and high plant density areas of the selected fields. A suitable combination of
ground speed and header rpmoptimum plant characteristics at appropriate head height can
minimize fruit losses.

The effect of fruit characteristics (fruit yield, fruit zone and fruit dia.) on berry losses at different
machine parameters was examined in wild blueberry fi@dsults indicated lower losses in high

fruit zone areas of the field, while higher losses were observed in low fruit zone Hneas.
information will help to develop automated system to adjust head heighego according to

the variation in plant/frit characteristics.

The combined effect of plant characteristics and machine parameters on picking performance of
harvester was analyzed using accurate predictions of artificial neural network (ANN) model.
Processed data were categorized into four ctasé®erry losses (<10%, 45%, 1520% and

>20%), to determine the optimum crop characteristics and machine parameters for effective berry
picking during harvesting. Fruit losses were lower (<10%) in in high yield (FY > 3000 Rg ha
short plants (PH <®cm), high PD (PD > 12plants/0.0225%)rand higher FZ (FZ > 17cm) plots,
within selected fields. The best operating combination for this category was 1.2 &ndi26

header rpm. Berry losses increased with an increase in ground speed and head rpen Fihig

PH and FZ plots. Higher berry losses (> 20%) were observed in high yielding plots with short
plants and low plant density at 2 kit and 30 header RPM. Results concluded that the picking
efficiency can be increased by operating the harvestegratad speed of 1.2 km‘tand26

header rpm of harvester in spatially variable plant character{Sadse).
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Optimum combination of machine and crop parameters.to reduce fruitdiogsANN model

Training
Cl as Spee RP FY PH P D FZz Mean 1L
(km) M (kght C(cm (*) (cm) (%)
|<10°/ 1.2 26 4326 23.4 13. 21. 1 7.8|
1a59 1.2 28 5918 23.9 10. 22. 2 12. 4°
1209 1.6 28 6546 29.2 12. 27 . 8 17. 21
>2009 2 30 5521 17.2 9.9 15. 4 23. 1.
Val i dati on
Cl as Spee RP FY PH PD FZ Mean 1L
(km) M (kghtr (ecm (*) (cm) ( %)
<109 1.2 26 4543 22.8 12. 21. 1 8. 29
i1a59 1.2 28 5879 21.110. 20. 2 12. 01
1209 1.6 28 6477 28.6 12. 26. 9 17. 0.
>2009 2 30 5436 17.9 11. 14.0 22 . 51

5.5 Quantification of Fruit Losses at Different Harvesting Times

Wild blueberry fields were selected in Atlantic Provinces to examine the impact of different
harvest timings on berry picking efficiency of harvester. Fruit lossesndatacollected at three
different levels of ground speed (1.2, 1.6 and 2.0 Kinamd header revolution (26, 28 and 30

rpm) for each category of season (early, middle and late season from each field. Results revealed
fruit losses were higher in late seastompared to early and middle season harvesRegults

also showed that higher ground speed in concomitance with higher header rpm resulted in
substantial increase in fruit losses in each harvesting season, but these losses were more prominent
in late ®ason due to oveipened berries. Selecting an appropriate combination of ground speed
and header rpm is very important to enhance harvesting efficiency by reducing berry losses when
dealing with early, middle and late season harvestngsented in int@ational conference and
industry meetings. This research is part of Master thesis research).
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Mean comparison of fruit losses (%) for different time of harvesting season.

5.6 Coupling Biological, Mechanical and Environmental Data to Develop
Integrated Harvesting Techniques Using Biesystem Modeling

Bio-system modeling (ANN) to couple mechanical, biological and environmental processes
enabled us to identify the senstive factors responsible for increased [bhsgespproach
implemented various aspect harvesting i.e., quantification, prediction, classification,
optimization of efficiency and quality damage during harvesthigcessed ANN modeling data
comprising of soil, plant, fruit and environmental characteristics, and fruit losses is re#uy for
devel opment of a farmerdés friendly small comp
variations to enhance berry recovery. Peltarion Synapse software was used to develop
WorkArea0.dll file. This file served as brain to recommend efficientdsdinvg settings (ground
speed and header rpm).
The collected data were normalized, and 70% of the data were utilized for training, and 30% for
validation of the developed models using ANN and MR techniques. Results of mean square error
(MSE) and root measquare error (RMSE) suggested that the 4gighoid transfer function
between the hidden layer and output layer was the best fit for this study. The developed models
were validated internally and externally and the best performing configuration/aradieitects
identified based on MSE, RMSE, CE and coefficient of determinati®yn TRe optimum number
of iterative steps (epoch) to process data and predict fruit losses was examined by plotting the error
rate against epoch number. Results suggested that the iterative steps of 15000 was enough to
predict fruit losses during mechanichlarvesting. Results suggested that tanh sigmoid
mathematical function was the best to process the data collected. The optimal configurations of
the model to predict fruit losses were selected based on MSE, RMSE, CE and R2.
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Overall, the results of thetudy suggested that the ANN model was able to predict fruit losses
during harvesting accurately and reliably. This study can help to identify the factors responsible
for fruit losses and to suggest optimal harvesting scenarios to improve berry pickecreneyf

and recovery.

Results suggested that the ANN model could thus effectively be used for predictive modeling and
optimization of fruit losses during mechanical harvesting of wild blueberries. Based on the results
of this study, it is suggested to inde environmental factors, time of harvest, soil properties, plant
densities, fruit diameters and stem thickness to input variables in future studies while modeling
the harvesting dynamics of the wild blueberry cropping sys®®mdeveloped a C# (Microsoft
Redmond, Wash.) program for wild blueberry industry. The farmers are able to login, add their
inputs (yield, PH, PD), and software will suggest best settings of machine to reduce fruthitoss.
research is a part of PhD and Master thesis research. udenpt was published in Applied Engineering

in Agriculture Journal and presented in international conference and industry meetings.

5.7 Fruit Ripening in Relation to Harvesting Time Using Digital Photographic
Technique

Ripening of wild blueberry at theme of harvest is the leading factor for fruit quality. Currently,

there are no protocols available for the farming community related to wild blueberry fruit ripening
and maturity. Two wild blueberry fields were selected to examine the berry ripenitsyusirey

digital photographic technique on different harvesting times (early, middle and late). Completely
randomized block design with four blocks and each block was further divided into three classes of
early, middle and late. Fruit images from each klat early, middle and late seasons were
acquired and processed to count blue pixels from each image, using image processing software. A
significant correlation was found between percentage of blue pixels and actual fruit yield in Field
A (R?>=0.96; P < @M01) and Field B (R= 0.97; P < 0.001). The correlation between actual and
predicted fruit yield were also highly significant. The absolute and relative measures further
strengthened the model. The results also indicated that the effect of time ftihgroa wild
blueberry yield was significant and blueberry yield increased gradually during early harvesting,
reached maximum in late harvesting and then started to decrease in late harvesting. Comparison
results indicated that 90% of green berries hadet blue at the end of middle season compared

to early season (58%).

100% 62 ol B O OB OH OH BH H EHE EH E B EH BE H B B = -
90% | -l R
80% | -~
70% ¥
60% -|
50% -
40% | >
30% -
20% - T
10% | 4 B &

09% -

No. of berries (%)

Harvesting dates

E No. of blue berries H No. of green berries

Comparison of green and blue besra different harvesting dates
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Comparison between manually harvested green and blueberries at different harvesting dates

5.8 Impact of Time of Harvesting on Physical and Chemical Characteristics of

Wild Blueberry Ripening

Maturity of wild blueberry at the time of harvest is the leading factor for fruit quality. Prior to this
study, there were no identified protocols related to wild blueberry maturity and time of harvest that
could be used to minimize fruit loss and /or ioy® fruit quality. Two wild blueberry fields were
selected in Atlantic Provinces to examine the impact of different harvesting times (early, middle
and late) on berry ripening characteristics (anthocyanin content, firmness, total soluble solids, total
titratable acidity and moisture content). Completely randomized block design with four blocks and
each block was further divided into three classes of early, middle and late was used to collect the

data from two fields.
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The highest increase in total soluble solids (40%) were observed in middle season, mbsteas
pigment accumulation in blueberries took place in early and middle season. A significant decrease
in acidity (54%) and an increase in TSS:TA (74%) were found in middle and late season
harvesting. The maximum gain in moisture content (89%), expansiamameter (12%) and
increase in weight (19%) were observed in middle season harvesting, whereas reduction in
moisture (to a level of 84%), shrinkage of berries and loss of weight occurred in late season.
Firmness decreased gradually from early to middéssn (88%); then an increase in firmness in

late season was the consequence of gumminess, produced by loss of moisture and contraction of
diameter. Therefore, optimum time to harvest wild blueberries would be in the middle season to
ensire better qualitplueberries.
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5.9 Effective Use ofVariable Speed Blower Fan for mprovementof Berry

Quality

The management of wild blueberry fields is continuously improving and plant density/leaf foliage

have increased. The result of improvadnagement practices has led to an increased amount of
debris being collected while harvesting. When operating the mechanical harvesters during periods

of high moisture the debris is more difficult to remove as compared to dry conditions. Many
commercial arvester units contain a single speed blower fan to remove debris before the fruit
enters the storage bins. The wild blueberry processing facilities are suggesting that producers
should lower the amount of debris that is being collected in the bins.

The sudy was designed to examine the effective use of variable speed blower fan on wild
blueberry harvester for improving berry qualifynew dual fan plenum was designed and tested

that allowed for uniform air distribution to help separate debris away frerwilld blueberries.

The two fans installed on the mechanical harvester were controlled using a handheld speed
controller from the Aldelectrie tedf svetness sensoroMas used o t r a
determine the moisture of the debris that is bémgdled on the harvester conveyors.

A commercial DBE mechanical harvester was tested with two style of picker bars (63 and 65 tooth
configuration). Four different blower fan speeds{Bm/s, B=14 m/s, B=18 m/s & Bi=23 m/s)

were tested for berry cleanipgrformance. The effectiveness of the blower fan speed for debris
separation was tested at two different leaf wetness conditions=fligy moisture & LV¢=low

moisture) within selected wild blueberry fields.

T T T

New dual fan plenu & controller for faapeed adjustment.

The picking heads in conjunction with different blower fan speeds and moisture conditions was
tested at two levels of wild blueberry plant heights (R25cm & PH > 25cm) within selected

fields. The results of this experiment can bedutd suggest an ideal combination of blower fan

speeds for minimal debris during mechanical harvesting.

The harvester operating with a low fan speed (14 m/s) was able to remove 63.1% of the debris in

hi gh moisture condi t i o nbstooth bBarsingall plamts (Fig B).0Undere a d W
similar operating conditions, a fan speed of 18 m/s removed 74.1% debris while a fan speed of 23

m/s removed 84.5% debris. This data showed that the higher moisture conditions and taller plants

led to an increaseaimount of debris in the harvested collection bin as compared to dry conditions

or low plant height.
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Percentage of debris found under high moistur

Results from this study have shown a significant improvement with the debris separation using the
developed variable speed blower fan system. Data suggests that operating the fan at a speed of 23
m/s resulted in the best debris cleaning performance wsthnificant berry loss in both wet and

dry conditionsA fan speed of 23 m/s leads to a 11% increase in debris separation using a 65 tooth
head as compared to the standard operating speed of 18 m/s under high moisture field conditions
without any significat loss in berry yieldRecommendations from this study have recently
allowed new commercial systems to be developed with the new fan system incorporated into the
design. The results proved to be an important step for the low bush blueberry industmpte@imp

their harvested product to better compete with the highbush blueberry market on the global scale.

Increase in berry cleanliness with increase in blower fan speed.
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