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ABSTRACT

Precision agriculture or site specific farming is guiding farmers
towards anew approach to their farm and resource management. It has
been defined as ‘farm management based upon variable soil and
microclimateconditionswithinfields . Thedevel opment andintegration
of arange of technologies has enabled their application to agriculture.
Precisepositioninginreal timeviaGlobal Positioning Systems(GPS), the
useof digital maps, Geographiclnformation Systems(GI S) and computers
on-boardagricultural vehiclesaresomeof themaintechnol ogies. Currently,
these technologies are providing ways to map fields and topographic
features, navigate to sampling /scouting sites, monitor and map within-
field yield variations, apply variable agrochemical applications via
prescription mapsand allow parallel swath guidance. Automated record
keepingisanother significant benefit of precisionfarming, assistingwith
environmental complianceand management record keeping. Many other
supporting technol ogiesarebeing researched and appliedto precisefarm
management. This paper presents an overview of current precision
agricultural systems, where these technologies are progressing and
discussesthe potential and actual benefitsof precision agriculture.
K eywor ds: Precisionagriculture, sitespecificfarming, Global Positioning
Systems, GPS, Geographic Information Systems, GIS.

INTRODUCTION

Precision agricultureor site specific farming hasbeen touted asthe next revolution
in agriculture! Whether this is technology hype or reality, precision agriculture is
certainly receiving agreat deal of mediacoverage. Precisionagriculture, alsoreferredto
as Site Specific Farming, or Site Specific Management has come about from anumber
of technol ogiesreachingal evel of sophistication. Theadvancement of thesetechnol ogies
alows them to be applied to agriculture and integrated in ways that farmers, custom
applicators, crop consultants, cooperatives and agribusinesses can use them to better
monitor and managewithin-fieldvariability. Theresult appearstobeavery ‘ high-tech’
transformation of agriculture(Wilson1997). Butthejuryisstill out”, andislikely tobe
sofor sometimeyet, ontheeconomicandreal returnstogrowerswhoareimplementing
thistechnology. However, objectivity intheassessment of precisionagricultura products
and effectiveness of these methodologiesis gaining in momentum (Rund 1997; Sray
1996).

Agribusinesses, cooperatives and agronomic consultants are typically thefirst to
adopt precision agriculture, empowering themsel veswith anew range of servicesthat
they canprovidetofarmersor growers. Farmerswill typically adopt yield monitoringand
yield mapping asthefirst aspect of precision agriculturetoinvestin. Yield monitoring
isgenerally accepted asthefirst important step in precision agriculture to be adopted.
Collectingyield mapsover several yearsof croppinginaparticular field isagood step
towardsimproving theunderstanding of theinherent within-field variability. It may take
at least severa years before consistent patterns of variability can be identified in an
agricultural field. Thisisdueto thelargenumber of variablesthat may influenceyield,
the time for agronomists and soil scientists to become fully equipped at handling and

Proc. 50th N.Z. Plant Protection Conf. 1997: 176-184

© 1997 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http:/Amww.nzpps.org/terms_of_use.html



Emerging Technologies 177

interpreting such huge quantities of detailed spatio-temporal agronomic data, and the
timeit will take to verify findings over several seasonsin order to determine precise
economicreturnsand benefitsfromimplementing precisionagricultural practices. Crop
management for pests and the use of integrated pest management (1PM) techniquesis
influenced by precision agriculturewheregreater detail andlevel of information about
crops and potential pest problems can be identified, monitored and controlled (Dunn
1996).

In spite of the many unknowns about the precision agricultural movement, it is
certainly an exciting, emerging and rapidly devel oping area. The primary technologies
involved today are merely the first (i.e. Global Positioning Systems, Geographic
Information Systems, Remote Sensingimagery and variableratecontroll er technol ogies).
The application and integration of these preliminary technologies to agriculture is
opening opportunities to a whole new range of other technologies which could be
incorporated into the process. This paper endeavours to provide some insight into
precisionagriculturetoday, describestypi cal applicationsof thesetechnol ogiestoday and
whereit may lead in the future.

What isPrecision Agriculture?

Precision agriculture can bethought of asaprocess, whichinvolvesthecollection,
interpretation, planning and/or useof dataabout afieldand aparticular crop (or sequence
of crops) (Fig. 1). Currently, the precision agricultural process can be divided up into
several eventsor agricultural tasks:

e Fieldand spatia featuremapping

Soil sampling

Crop scouting

Swath guidancefor agrochemical applications

Applicationlogging and automated record keeping

Variablerate applicationsbased on prescription maps

Geographic Information Systems (Gl S) to store, manipul ate, analyse and interpret
the spatio-temporal datacollected over thefarm and to generate prescription maps
for an agrochemical applicationtoafield

Each of these stepsusesacombination of oneor both of thefollowing technologies
(although there can be other technol ogiesimplicated in many of the steps):

e Global Positioning Systems(GPS)

e Geographiclnformation Systems(GIS)

TheGlobal Positioning System (GPS)

Global Positioning Systems (GPS) can be thought of as atool to provide us with
positionsor locationsontheearth (directionsx andy, elevation z) and theexact timethat
thepositionwascollected. Thiscan beappliedtomany areas, not just agriculture, where
navigation, guidance, vehicletracking, surveyingor mapping might berequired. Infact,
GPShasanamostinfiniterangeof applicationsandisoftenreferredtoasthenext utility.
GPShascomeabout fromtheUSDepartment of Defence’ sconstellation of 24 satellites
which are orbiting the earth at approximately 20,000 km high. These satellitescontain
highly accurate atomic clockswhich are constantly orbiting the earth so that at any one
time, at least 3 satellites are visible from any location on the earth. Each GPS satellite
transmits aradio signal towards the earth. A GPS receiver is able to detect the GPS
satellitesignal (aradiowave). By determining thedistancesfromthe GPSreceiver tothe
‘visible' satellites, the position of the receiver on the earth can be derived using a
minimum of 3satellitesignals. Distancefromareceiver toonesatel liteisdetermined by
timing how long a radio wave takes to travel from the satellite to the receiver, with
distance determined from velocity . These timings are determined using the highly
accurate clockson board the satellites.

GPSaloneisnotasaccurateasit needsto befor many applications. A formof correction
isrequired to reduce several sourcesof error (e.g., satelliteclock error, atmospheric and
equipment conditions, SelectiveAvailability or SA). Thelargest sourceof erroristheUS
Department of Defence’ sintentional error setting, called SelectiveAvailability (SA), which
isseton GPSsatd litestodeny hostileforcesthetactical advantageof GPSpositioning (Hurn
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FIGURE 1: Typical stepsintheprecision agricultural process.

1989). Onemethod of obtainingmoreaccuratepositionsiscalled Differential GPS(DGPS)
whichisthemost commonly used formof corrected GPSpositioninginprecisionagriculture
today. Typical position accuracy using DGPSis1m or lesswith thehigh quality DGPS
receiversonthemarkettoday. A GPSreceiver withasourceof differential correctionallows
farmers to map the exact locations of field boundaries, rocks, trees, streams, tracks,
avoidancezonesor other hazards. Giventhat most agricultural equipment hasawidth or
boom of anywhere from 10 to 30 metres wide, a 1 metre or less accuracy is generally
sufficient.

A GeographiclnformationSystem(GIS), istheother informationtechnol ogy implicated
in precision agriculture, used for computer mapping. GIS can be thought of asaspatial
databasewherespatial datacanbestored aspoints, lines, polygonsor raster (cell) features.
GIS aso alows you to store attributes about each spatial feature and perform spatial
analysison the spatial data. GlSallowslayersof geo-referenced mapsto be overlayed,
analysed (e.g., intersections, unions, closest distancetypefunctions) and displayed. GI Sis
atool to assist with the storage, display and interpretation of spatial data that might be
collected using a GPS receiver. The precision agricultural movement has produced a
significant amount of farm-based mapping softwarewhichiseither aGl Ssoftwarepackage
customised for precision agriculture or is a very simple map-making package, which
strictly-speaking, isnot atrueGI S.

A number of other technol ogiesare sometimesusedin precisionagriculturesuchas
remotesensing, variablerateapplication controller technol ogy, but thesevary depending
on each specificagricultural task and thelevel of investment by theuser. Someof these
other technol ogiesarediscussed further below.

ThePrecision Agricultural Process

Theprecisionagricultural processcanbedividedintoseveral steps(Fig. 1). Activities
that are commonly performed within each of these steps are described in detail below.
Field and Spatial Feature Mapping

DGPSreceiversare being set up on agricultural vehiclesfor avariety of precision
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agricultural tasks. Onefunction of thesereceiversistoinitially mapfieldsand any other
spatial features of importance to the farmer. For example field boundaries, streams,
tracks, avoidance zones, weed areas, disease outbreak sites, rocks and other hazards.
Accuraterecordsof field acreages, fieldand farmmapsarenot only useful for many farm
managers, but there is a growing emphasis on accurate management records from
environmental authorities, particularly in Europeand North America. Typically, these
features and many spatial layers are collected and stored in an office-based system,
usually aGIS.

Thereareanumber of other waysthat field boundaries and spatial featurescan be
collected andloadedintoaGl S. For exampl e, boundariesand featurescan bederived or
scanned from maps based on aerial photographs, older maps or survey data. However,
thiskind of information often provesinadequate and inflexibleif you wish to combine
various sets of spatial data which have come from different sources (Stevens 1996).
Thereare caseswhere agribusinessapplicatorshavedriventothewrongfieldsto apply
fertilizer or pesticidesasthemapinformationloadedintotheapplicator’ ssystemtoldthe
operator toapply afieldwhichwasseveral hundred metresoff thecorrect field (Stevens
1996).

Crop Yield Monitoring and Mapping

Yield monitoring and mapping is one step in precision agriculture which is often
recommended as afirst step to carry out in precision agriculture (Krill 1996) Yield
monitors are devel oped by specialized agricultural engineering companiesand can be
bought toretrofitinto existing combineharvesters. Otherwise, many heavy agricultural
companies (e.g. CASE IH, John Deere, Klaus, Massey Fergusson etc) have been
releasing new seriesof combine harvestersonto the market which have built-in DGPS
receivers, ayield monitor and amoisturemonitor. A yield monitor, often aflow sensor
device, isused to determinethe cropyield asit isharvested. Moisture monitorscan be
installedtorecordaval uefor crop moisturelevel; thiscan beused to obtainacontinuous
readout of crop moisturecontent and/or used for dry matter yield determinations. Ateach
timeor distanceinterval at whichayield valueistaken (e.g., operator can setit upto be
every 1secondor every 10mfor example), theDGPSwill record apositionvalue(or fix).
Theyield and position dataiis recorded and stored onto an on-board computer and/or
PCMCIA cardor disk. Thefarmer candown-load theyield datatotheir of ficecomputer
at night and createayield mapfor that fieldwheretheyield variationsareeasily depicted
using different colours. These maps can be useful waysto learn more about the field
management and driving variables causing high or low yieldswithinthefield (Morrell
1996; West pers. comm.).

It hasbeen stated that 3-5 yearsof yield mapsneed to becollected onafieldinorder
toobserverepeatablepatternsinafield’ syield variation (Colvin 1996; L achapelleet al.
1996) and to maximisethe utility of thisinformation by combining it with avariety of
other spatial dataonthefield (Staffordet al. 1996). It may requireat least thisperiod of
in-field experimentation by most growersbefore the benefitsof yield map information
canbetruly realised. Although cereal, corn and soybean crop yield monitorshavebeen
themost readily availableyield monitorsto date, research and devel opment effortsare
constantly expanding the variety of yield monitorsfor various crop (e.g., potato yield
monitors, Hollist et al. 1996).

Soil Sampling

Detailed soil sampling hasbecomepossibleby theintegration of GPSand Gl Stools
availabletoprecisionagriculture. Many agribusi nessesor consultantsareperforming soil
sampling as a service for growers. Soil sampling is typically done by generating a
sampling patternfor afield, oftenaccordingtoagrid pattern. Thesampling grid consists
of cells(typically 2.5acregridsintheUS) whereeach cell isdesignated asamplesiteor
point (Fig. 2). Samplepointsareeither inthecentreof each grid cell (aligned, Fig. 2) or
positioned randomly withinthecell (unaligned, Fig. 2).

Therearemany other sampling patternsand techniquesthat can beused. Thechoice
of which sampling regime is the subject of much debate amongst soil scientists and
agronomistsinvolvedinprecisionagriculture(Berry 1996). Thepurposeof thesampling
isto be as representative of the field as possible to map thefield soil fertility statusas
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FIGURE 2: Aligned (left) and unaligned (right) soil sampling patterns.

accurately aspossible (Soil Improvement Committee CaliforniaFertilizer Association
1995) but within economically feasible limits for the grower. Some of the different
sampling approachesin addition to the aligned and unaligned grid are staggered start,
random cluster and random start patterns (Berry 1996). Other more complex sampling
methods are being evaluated (e.g. area testing or ‘smart grids') which involve the
consideration of other spatial layers (maps) prior to defining the sampling regime. For
example, aeria photography or satellite-basedimagery (e.g., cropfoliageimagery, bare
soil imagery or other information derived from multispectral imagery), soil maps, yield
or topography mapscan beusedtoidentify distinctionsinlandforms, soil typesor other
variables which are known to influence soil fertility. These can be used to delineate
regionsin the field so sampling can be focussed in particular regions and reduce the
samplingintensity that thegrower isprepared to pay for and/or theoperator isprepared
to carry out.

A GPS-based graphical display or navigational device(e.g., bull’ seyeor light bar)
isthenusedto hel pthesoil sampling operator navigatetowardseach of thesamplesites.
Samples from each site are placed in bags, identifying each sample with a unique
identification, suchasabar codelabel onthesamplebags. Bar codereadersor wandsare
often connected to aGPS-based computer system which allowstheoperator to‘ swipe'
the bar codesto record the uniqueidentification. Thefield-based DGPS systemisthen
used to record the current location that the sample was taken from and all of this
information issaved adatafile. Thedatafileisthen transferred to aGl'S. Once the soil
|aboratory testingiscompleted, theresultscan beadded tothisdatafile. The Gl Scanbe
used to interpol ate between the sample points to create a soil fertility surface map or
contour map. For example, the results might be amap of nitratelevel variationsacross
the field or amap of soil pH levels. Some of the precision agricultural GIS software
specialiseinprovidingawiderangeof interpol ation techniquesto createthefertility maps
(e.g. SSToolbox which is developed by SST Development Group!, as a high level
precision agricultura GIS system based on the ESRI< ArcView GIS system), while
othersallow theuser to createmapssimply and quickly viaasingleinterpol ation method
(e.g., IDmMap mapping software’ ).

Soil fertility surfaces(maps) can becombined withyield variation mapsinaGlSto
determine if there are any relationships between fertility variables (e.g., pH, nitrate,

1 SST Development Group, Inc., 824 North Country Club Road, Stillwater, OK 74075-
0918, USA. E-mail: sst@sstdevgroup.comWeb: http://www.sstdevgroup.com

2 ESRI, Environmental SystemsResearchIngtitute, Inc., 380New Y ork Street, Redlands,
CA 92373-8100, USA.E-mail: info@esri.comWeb: http://www.esri.com

3 John Deere Precision Farming Systems, Greenstar Combine Yield-Mapping System
with IDmap office mapping software
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phosphoruslevels) andyields.
Crop Scouting

Crop scoutingisbeingadvocated asanother processthat can benefit from precision
agricultural technologies. A grower may randomly spot problemsinafield andwithan
appropriate DGPS data recording system on board, can easily record that point so
subsequent control measurescan betaken (e.g. spot spraying for weed, diseaseor insect
pest occurrence). By recording the point, the grower can easily navigate back to the
problem spot at adifferent time, using navigational devicesasused for soil sampling, to
control theproblem.

Remotely sensed imagery is also being applied to mid-season crop management
(Hanley 1997; Petersonet al. 1995). Aerial photography and/or satellite-basedimagery
arebeing collectedto providegrowerswithimagesandinformationontheir crophealth
during the crop growth season. Different types of imagery can provide different
information about thecrop. For example, infraredimagery can beused toidentify plant
health and nutrition problems, while other spectral bands provide better information
about soilsand weed infestations (Spry 1996).

Advancesinsatellitesfor remotesensingwill provideagriculturewithanenhanced
set of information (Petersonet al. 1995). A new generation of satellitesfor imagery will
offer spatial, spectral andtemporal resol utionsthat havenever beenavailabletothepublic
(Hanley 1997). Severa major private companies have invested heavily in these new
satelliteservices(Carlsonand Patel 1997). EarthWatchisoneexamplewhoarebuilding
aconstellationof commercia imagingsatellites. Theinitia configuration consistsof two
EarlyBird satellites, the first of which waslaunched in the first quarter of 1997. Two
QuickBird satellites are planned by the same organisation for 1998. EarlyBird hasa3
metre resol ution panchromatic sensor and a 15 metre resol ution multi-spectral sensor.
QuickBird features a 0.82 metre resolution panchromatic sensor and a 3.28 metre
resol ution multispectral sensor. These kinds of resol utions (approximately 1 metre or
smaller) areindicative of wheresatelliteimagery isheading, with much of thisimagery
beingavail ableover mediumsuchastheWorld WideWeb. Thislevel of spatial imagery
can provide useful information to identify crop health or pest problems. Severa
organisationsand agri busi nessesare setting up with theappropri ate equi pment to col lect
large amounts of satellite imagery, to then process and interpret the images for their
growers. Problem areas are marked so these points can be navigated to using aDGPS
receiver. By groundtruthing, thegrower can besurethat the problemiswhat theoffice-
based diagnostic processclaimed. Over time, theability to diagnose from theseimages
in the office will improve and remove the need for a significant amount of ground
truthing.

VariableRate Application of Agrochemicals

Having collectedlargeamountsof spatial andtemporal informationfor afield (e.g.,
after several years of soil sampling and yield monitoring), one of the final stepsin
precisionagricultureistoautomatically vary thefertilizer and/or pesticideinputsonthe
field asthe spreader/sprayer truck drivesacrossthefield.

Toperformvariablerateapplication, thereisanimportant Gl S-based processwhere
one or more spatia layersfor afield are used to determine a prescription map which
prescribestheoptimum or suitableratesof application. Many precisionagricultural GIS
softwarepackagesall ow theuser to generate prescri ption mapsbased on past yield maps
and/or soil fertility mapsderived fromthesoil sampling process. Oneway thismight be
doneistoallow the GISuser to formulatetheir own ‘ optimum’ equationsfor fertiliser,
limeand/or pesticideratesbased on known spatio-temporal variables(maplayers) inthe
fieldsuchaspH, soil nitratelevels, drainagepropertiesetc. Theresultant map would be
theprescri ption mapthat woul d bel oaded into an on-board field computer that drivesthe
variablerateapplicator. Another way of obtai ningtheprescription mapsistousestandard
agronomist-approved formul asfor optimum applicationratesgiven soil characteristics
or climaticand other regional variationsfor that particular crop. A great deal of research
and anumber of crop growth models are being devel oped which will help to automate
this prescription generation process, for example research using decision support
systems that growers can access (e.g., over the internet) or regional models can be
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integrated into the user’ sown precision agricultural GIS software.

Some regions have environmental concerns (e.g., water quality) where natural
resourceauthoritiesareencouraging farmersto consider environmental spatial variables
intheformulation of thevariablerate prescription map (Petersonet al. 1995; Blackmer
and Schepers1996). For exampl e, arisk map of groundwater sensitivity to contamination
might beused to adjust applicationratesof nitrogenfertilisersor manureapplicationsso
the higher risk areas receive lower rates of nitrogen For several years environmental
agencies such as the US Environmental Protection Agency (EPA) have been using
complex simulation model sto eval uate pesti cideimpactson catchments(e.g. Y ounget
al. 1989; Srinivasan and Arnold 1993; Goddard et al. 1996) and/or to help screen new
pesticides (National Agricultural Chemicals Association 1994). By combining these
approacheswith more detail ed farm and fiel d-based spati o-temporal and management
information, more accurate and detail ed soil and land use monitoring will be possible.

Variablerateapplicationsaredoneby setting up aD GPSsystem on aspreader truck
or spraying unit along with an on-board processor (computer) capabl e of importingand
interpreting theprescriptionmap. Theoperator candrivethevehicleabout thefieldwith
the system automatically regulating the appli cation rates based on the vehiclelocation.
Variablerate application control devicesarealsoinvolvedin the processsince the on-
board computer sends the prescribed application rate for each location, usually set to
occur at adistanceor timebasedinterval, tothevariableratecontroller systemwhichin
turn regulates the output rate of the spray boom or the application channels on the
spreading equipment.

Swath Guidance

Another significant advantageof the DGPStechnol ogy istheability toguidethefield
operator along parallel swathing patternsor along particul ar patternsof swathingthat the
operator desirestofollow. Typically thisisused with pesticideapplicationsor fertiliser
spreading situationswhereit can bedifficult to ssewherepreviouspasses(swaths) were
made. Althoughfoammarker systemshavebeen usedfor sometimeto provideguidance
totheapplicator, anumber of problemsexist with these such asdissipation of thefoam
beforetheoperator canuseit for thenext pass, theoperator still needsto estimateby eye
where to turn and line up alongside the foam from the previous swath which can be
difficult with 230 m or longer spray boom, wind can make foam drift causing gaps or
overlapsin applications, and the application must be done in daylight (Kohls 1996).
Differential GPSfor parallel swath guidanceremovesthefoamdrift problem, canmake
it possiblefor theoperator to apply for longer hours, operateat night, operateinfoggy or
snow conditions. It isimportant to note how this can improve pesticide efficacy under
conditionsof highhumidity (e.g., at night or infog) wherepl ant-chemical surfacecontact
and plant uptakeof chemicalscanbesignificantly improved. |nsomecropsthenocturnal
behaviour of cropleavesissuchthat theundersidesof leaveswhereparticul ar insect pests
tend to reside are more exposed.

The primary purpose of using DGPSfor parallel swath guidanceistoimprovethe
applicationor coverageof thematerial ontoafieldby beingabletoeasily identify theskips
or overlapsinapplicationstoafield. Someprecisionagricultural systemsusedfor parallel
swath guidancewill display agraphical mapinthefield, withtheareasaready applied
asshaded or coloured swaths so the operator can quickly identify areaswhich have not
been applied to. This alows the operator to return to sites that have been missed and
rectify the problemwhilethey arestill inthefield.

TheFutureof Precision Agriculture

Somemay bewondering how far these* hightech” toolscan advanceinagriculture.
Itiscertainthat precision agricultureisat an early stageof development. Itisalsolikely
that advancesinand new precisionagricultural technologieswill beamajor preoccupation
of researchers and product developers over at least the next 5-10 years. Autonomous
tractorsareal ready being researched (O’ Connor 1996) and ahugevariety of ‘ on-the-go’
sensorswill extendtheability tocollectinformationabout afield’ svariability asavehicle
passes over an agricultura field (e.g., soil nutrient and soil texture sensors, light
reflectance-based sensorsfor soil moisture and organic matter) (Hummell et al. 1996;
Morgan 1996).
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Somerealitiesabout precisionagriculturewill undoubtedly appear over thenext few
years of its application in mainstream agriculture. There will be a growing amount of
information at the farmer’ s fingertips which could present an ‘information overload’
problemunlessitiscarefully managed. Markwart (1996) warnsof thegrowing demand
for dataprocessingandinterpretation servicesfor farmers, aseven high-techfarmerswill
becomeinundated with dataand timeto processand organi setheir data. Automation of
the data processing and interpretation processes is likely to develop further (e.g.,
simulation model sor decision support systemsto prescribeagrochemical ratesbased on
known spatial variablesaffecting crop growth).

Ownership of all this dataisamatter of consideration as growing environmental
pressuresand agencieswill wishtobetter track activitiesonfarms, withmany precision
agricultural systemsbeing ableto automatically generate records. Other incentivesfor
farmerstokeep good management recordsincludemarket priceincentives(e.g. proof of
applying minimum or no inputs to crops can return higher premiums) and farm land
values may be judged on the level of record keeping and evidence that agrochemical
inputswere minimised.

SUMMARY

Precision agriculture is arapidly developing field. Although there is a degree of
scepticism about the utility of such high technology tools in agriculture, there are
numerous precision agriculture users who are observing significant benefits from
applying sitespecificmanagement ontheir farms, such asthose obtai ned from guidance,
yieldmonitoring, soil sampling, crop scouting. Resultsfromtheglobal “ experimentation”
of site specific management and the growing emphasis on objective evaluations of
precision agricultural productsonthemarket will accel eratetherateat which precision
agricultureis assessed. The optimum precision agriculture methods may vary across
different crops, soilsand climates. Thereisasimultaneousneedfor traditional research
methodol ogies such as agronomy, soil science and pest management to apply and
integrateawider rangeof technol ogi essuch asremotesensing, Gl Sand GPSacrosstheir
research, thereby maximising the learning potential from the precision agriculture
experiment.
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