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ABSTRACT

This thesis reports gootato crop suitability mapping along the Upper Saint John
River Valley in New Brunswick based on provins@e available higkresolution light
detection and ranging (LiDAR) derived digital elevation model (DEM). Potato crop
suitability rating was done bway of multicriteria evaluation accounting for (i) topsoil
and subsoil texture, (ii) soil calcareousness, (iii) soil coarse fragment content, (iv) depth
to-compaction of soil, (v) soil drainage (defithwater table (DTW)), and (vi) elevation
(slope perent). It was foundhat
1. the tax assessment values of farmlands and farm and woodland combinations reflect the
soil suitability for potato cropping across the Saint John River Valley, as mapped;
2. some of the fielesurveyed soil property and associateber yield variations can be
guantified and mapped using the LIiDABEM derived flow channels and associated DTW
layers; this verification was done based on three publishedsiigley reports that deal

with potato cropping nearatht-André, Florencevile, and Hartland, NB.
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CHAPTER 1: GENERAL INTRODUCTION

1.1 Problem Statement
In New Brunswick(NB), potatoes arseedednd harvestedpproximately20,000
hectares(ha) annually thereby making them the mainopr grown in the province
(Government of Canada, 2020 Canada, théive main producing provinces aRxince
Edward Island, Manitoba, Albertaith NB in fourth plac€Government of Canada, 20).
This crop produag1.19billion dollars forthe Canadiareconomyin 2017 (Government of
Canada 2020) NB producel 687,601megagram (Mg)of potatoesin 2017 whichare
intended to be eithgrocessed63 %, approximate yield o2 Mg/hg), for seed 19 %,
approximate yield o¥ Mg/ha), or for freshmarket(18 %, approximate yield 06 Mg/hg
Government ofCanada, 2020 The top fiveregistered seed potatoes varietiesthe
province are Russet Burbarktlantic, ShepodyGoldrush, and Innovat¢Government of
Canada, 2P0). Together, primary, secondary, and other guopcessing activities
including tradingand selling have beconamimportantrevenue source for the province.
Currently, there is an interest in further expanding potato crop production in NB,
especially across forested lands deemed most accessible and suitable for farming.
Expanding potato pruction would in part
l. emhance NBOs; food security
2. create new farming opportunities for existing and prospective agricultural
producers
3. generateemployment opportunities by way of crop processing and marketing

(Government of New Brunswick018.



To thisextent, there are methodsat can be used to locate additional arabledand
across forested and ndorested lands, asreviewed beldwn t hi s regar d, NBO®
of Agriculture, Aquaculture and Fisheries (DAAF) launched a site in 2018 for locating
suitable areas for growing apples, corn, soybeans, grapes, hemp, potatoes, and small grains.
However, themapsso produced do n@ccountor crossprovince variations in soil type,
with slope and soil drainage impacts on cropping remaining poorly reselydtistrated

in Figure 1.1 and Figure 1.2 (Government of New Brunswick, 2018).

Figurel.l. Southwestern excerpt of NBide apple crop suitability mapping: areas deemed
too wet (black), unsuitable (red), fair (yellow), suitable (green), and open waters (white).
Source:Government of New Brunswick (2018)
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Figurel.2. Apple (top image) and potato (bottom image) crop suitability mapping details
centered on PocologanBNred box in Figure 1.1), with the 1 meter (m) hillshaded light
detection and ranging (LiDARJeriveddigital elevation (DEM) as background. Areas are
seen to be (i) fair to suitable when located on flat to slightly sloping uplands (yellow to
green), (ii) unsuitable when slopes are too steep (red), or lead into depressions, wetlands,
and open waters (traparent to grey). Note the wider suggested uplands suitability
conditions for potato than for apple croppir@purce: Government of New Brunswick
(2018).




1.2. Crop Suitability Rating Schemes

Practices pertaining to crop suitability ratings by soil, land climate have been
reviewed recently by, e.g., Akpoti et al. (2019), Moloudi & Mahabadi, (2019) andy®lugi
et al. (2021) as representedHigurel.3.

Traditional methods (TMs) use biophysical crop, soil, and climate characteristics
to perform- by hand or by computer qualitatively and quantitatively simple land
suitability assessments for individual land parcels from suitable to fair and unsuitable fo
local to regionwide. Typically, TMbased crop suitabilities are at first rated individually
by each growttaffecting factor. The ratings so assigned involve additions, subtractions,
multiplications, and/or resuliffecting transformations as deemed appiate. An
example of this is theand Suitability Rating SystefbRSL) developed by Agf-ood and
Agriculture CanadaXgronomic Interpretations Working Groufp995. Its crossCanada
data layer requirements refer to:

1. Climate: mean annual/seasonal temperatures, precipitation amandt$;ost
conditions.

2. Soils: watetholding capacity, texture, structure, organic matter (OM)
uncompactedoil depth, pH, salinity, sodicity, soil temperature soil parent material
drainage and slope.

3. Landscapesurface expressions, surface deposits, waterbodies, wetlands
bedrock formations

4. Vegetation cover: forests, grasslands, and deserts.

Another widely known TM example using similar information is the Storie Index

methodfor rating soils for land use and productivity across Californiaiiginal and
4



revised form (St o,2008),The tropSuRability®aiirg arel enappirgt a |
scheme as it currently exists for NB also represents a TM exaogie) topographic
positioring asthedominant factor.
Apart from TM, modern crop rating schemes also invgMegiyo et al, 2021;

Figurel.3):

1. Analytical hierarchyprocesses (AH$).

2. Fuzzylogic.

3. Machine learning (ML).

4. Crop simulation methal(CSMs).
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Figure 1.3. Percentage distribution of land suitability rating technigues among 101
literaturebased articles (1993019 left), including the extend of combining these
techniques (right) as reviewed by Mugiyo et @021). In all of this, there has been a
transition from simple schemes to increasingly complex rating computations, from local to
regionwide applications.



1.3 Literature on Potato Crop Suitability Rating

Table 1.1 provides a brief literature revieficateria and methods usegecifically
for potato crop suitability mapping. Theaéso differ by local to regional extent, with
climatespecific rating factors dominating across large regidhag et al., 201.8NVang et
al., 2021). In this, bpography climateand soil property factors are important for local
evaluations. Among these, the rating scheme employed by Trigoso et al. (2020) is the most
complex byalsoconsidering(i) soil nutrient statug(ii) sociceconomicalransportation
and(iii) crop processing factois relation todistance to roads and rivers. Climatic factors
pertaining toprecipitation, air temperaturandevapotranspiratioare used to assetdse
extent to whichmoistsoil conditionsare naturally maintaineaicross wetaeratedgotato
growing fields. According to Zhao et al. (28), wind speed and relative humidity also
matter, and especially in dry regiothgt are subject tdesiccating winds.

The extentto which soil moisture conditions vary locally chestbe revealed
through highresolution GlSbased slope and soil drainage mapping. To do so, Trigoso et
al. (2020)used aslopedetermining DEM at 12.5 m spatial resolution. Asfaw et al. (2017)
used DEMdata at30 mresolution (resampled to 20 rajhd Daccache et al. (2012) used
DEM dataat 25 m resolution. Wang et al. @) andZhao et al. (208) only used GIS to
infer regionwide climate differences from existing weather station informafibus far,
best GlSdetermined soil drainage assessment across fields and regions are obtained
through DEMs ata 1 mspatial resolution, especially when done in connection with PEM
determined flow directias) flow accumulatios, and rasteto-shapéle stream flow

channel delineations (D8Farboton, 1997; Murphy et al., 2009).



In brief, AHP refers to complex muitrriteria evaluation by weighing each crop
suitability criterion through pairwise land parcel comparisons. Fuzzy logic provides
plausible rating ranges rahthan single values for each land parcel. CSMs deal with crop
growth simulations by crop type, soil type, and daily weather. Among the ML methods,
random forest classification is a technique that can be used to expand crop suitability
ratings as determad for specific land parcels across entire regions based clay@®d
crop type, topography, and climate factors (GIS: geographic information system). Further
ML developments toward precision agriculture (PA) and forestry currently focus on
enhancing thedigitized resolution of Gl@ayered information for cropffecting soil
properties such as soil texture, depth, density, OM content, coarse fragment (CF) content,
and topographic position, as available from existing data coupled with digital soil mapping
(DSM; Furze, 2018).

Tablel.1. Recent literaturerderia and methods used in making potato crop land suitability

analysis
Authors and Locatior Criteria Method
Trigoso et al. (2020) | - Meanannual temperature AHP with remote
Amazonas, Peru - Mean annual precipitation sensing and GIS DEM

- Elevation evaluation
- Terrain slope

- Terrain aspect

- Land use

- Distance to rivers

- Distance to roads

- Soil texture

- Soil pH

- Organic matter

- Nitrogen

- Phosphorus

- Potassium

- Cation exchange capacity
- Electrical conductivity




Asfaw et al. (2017)
Amhara Region,
Ethiopia

- Elevation

- Slope

- Soil type

- Mean annual rainfall

- Temperature variation

- Poor crop management

Combination of modern
multi-criteria decision
making and with GIS
DEM evaluations

Daccache et al.
(2012)
England, Wales

- Root depth

- Growing season

- Texture

- Organic matter

- Structure

- Slope

- Stoniness

- Rainfall

- Evapotranspiration
- Temperature

Modelling usingpedo
climatic functions and
GIS DEM evaluations

Yusiarto et al. (2020)
Wonosobo, Indonesi;

- Altitude

- Soil texture

- Slope percentage
- Rainfall

- Temperature

Multi criteria evaluation
with GIS DEM
evaluations

Wang et al. (2P1)
Across China

- Annual precipitation

- Annual average minimal
temperature

- Average temperature in the
coldest month

- Sunshine duration

Maximum entropy
model (machine
learning), with GIS
based weather station
interpolations

Zhao et al. (208)
Across Northern
China

- Maximal and minimal air
temperature

- Average air temperature
- Precipitation

- Solar radiation

- Relative humidity

- Wind speed

Fuzzy mathematics witl
GIS based weather
station interpolations

Figurel.4 provides a 278quarekilometres (km?) potato crogsuitability mapping
example (Trigoso et al., 2020y his example ixenteredon the Jucusbama and Tincas

watersheds withirthe Luya Povince in southerdPeru ands based on th&HP rating



criteria summarized imable 1.1. As shown, climate, soils and tgraphy influenced this

rating scheme equally, followed by transportation proximity to roads and rivers.

Climate
30.14%:
Precipitation
dominant

Soils
29.16%:
Organic
matter
dominant
; Topography
25.72%:
Slope
¥ dominant
§ — Rivers
‘| — Roads
@ Main urban zoncs
- Buffor?ﬂ'hpfmr_n A
archaeological sites oul°4e_c98%:
Suitability Road &
@B (4) Highly suitable nver
@B (3) Moderately suitable transportation
dominant

@ (2) Marginally suitable
@ (1) Not suitable

Figure 1.4. A mapped potato crop suitability rating example, located in southern Peru

(Luya Province) as reported by Trigoso et al. (2020), with detail$able1.1 above. In

this example, climate and soil factors were determined to be the most crop suitability
restrictive, while the factors relating to slope as well as crop processing and markes&ing wer
less so.

1.4 Research Objective
The objective of this thesis is to addressitisueof potato crop suitability rating
by taking advantagef the following provincewide availabledata layers:
1. The LIDAR-DEM coverage at mresolutionrasterformat.

2. The forest soils mamvailable as a shapefile.
9



1.5

3. Shapefilesdelineating theopen water bodies, wetlands, flow channels, and
individually held properties across the province.
Theobjectives andechnical aspect®r this research refer to:

1. Producing a LiDARbased potato crop suitability map along the Upper Saint John
River Valley at a high 1 m spatial resolution using mciltieria evaluation.

2. Validating the produced LiDABased potato crop suitability map by addneg
the extent to which soil factors (potassium contasgicium (Ca) content,
phosphorus content, potato tuber yield, electrical conductivity (EC), clay content,
andsoil moisture(SM) reflect soil quality by way opublished record@erron et
al., 2018)

3. Addressing the extent to which the assessed market value of farmlands and
woodlandsncrease with increasemiop suitability

4. Validating the produced LiDARased potato crop suitability map by comparing
results with DSM and GIS derived data layers
Thesis Structure
This thesis hasevenchapters:

1. Chapter 1General Introduction

2. Chapter 2Potato Crop Suitability MappingThis chapter deals with the specific
formulations by soil property as per the NB forest soil map, andvidi@ LIDAR
DEM derived depth to water (DTW) and slope coverage.

3. Chapter 3Mapping ResultQualitative EvaluationsPresented in th chapter are
examplecollages for specific areas of interesdchcollagedone in four parts

a. Hillshaded DEM.
10



b. Hillshaded DEM with crop suitability layer overlaid.
C. Satellite imagés).
d. Satellite imagés) with crop suitability layer overlaid.

The crop suitability componds of these collagesre also compared witlihe
currentcoarsegriddedNB crop suitability ratingesults with parcelidentifiers (PIDs) flow
channelswith > 4 haupslope flow accumulationsvetlands, water bodies, and roads
overlaid whereand asapplicable.

4. Chapter 4:Parcel Account NumbeGenerated ResultsThis chapter deals with
farmlands and woodlandsarcel account number®ANs) assessment values in
relation withthe thesisderivedpotato crop suitability mappingsults.

5. Chapter 5:Comparisons of Published Fiefdenerated Crop and Soil Data with
DSM andGIS-Generated Data Layerd his chapter relates published site field
data pertaining telectrical conductivity tuber yield, soil moisture, and mineral
contents to the crop suitability informing GIS data layers, at a 1 m resolution
(Perron et a).2018).

6. Chapter 6:ReExamining Soil Variations Across a Hummocky Field Under
Intensive Potato Production Using a Cartographic DemttWater Mapping
Protocol.

7. Chapter 7Summaies, Conclusions, and Suggestions for Future Work

11
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CHAPTER 2: POTATO CROP SUITABILITY MAPPING

2.1. Introduction

To expandpotato Solanum tuberosuncroppingfurtherin NB while sustaining
existing cropping areas, it is important to determine which other areas would also be
suitablefor this production. To this effect, there are already several prowit= crop
suitability mapsn place(Governmenbf New Brunswick, 2018 However, these maps
derived from a 70 mesolutionDEM T are quite coarse, thereby remaining poorly resolved
in termsof field-specifc slope and drainageonditions andas yetdo not address local to
regional variations in sbtype and climate (Government of New Brunswick, 2018). The
procedures described in this chapter @rteredon improving this for the Upper Saint
John River Valley in NBKigure2.1). Doing savas facilitated by:

1. The provincewide 1 m spatial resolutioniDAR-DEM coverage, to portray flow
channelsslope, and soil drainage.

2. The forest soils map for NB to characterize the overall soil conditions within and
across field and forest properties (Colpitts etl#95).

3. Provincewide data layers fagrowing degree days (@Ds), frostfree days (FFDs),
waterbodies, wetlands, roadarm and wood lands propertieforested and nen
forested areas, and building footprifihese layers provide contextual information
about local variations in climate, tramsfation, and socioeconomic conditions.

Theworkflow that was needed to track, evaluate, combine, and map the rating factors,

criteria, and evaluations is presented@atble 2.1. The overall objective is to produce potato
crop suitability maps that can beed forassessing kifield and farmto-farm variations by

croptype, soil type, slope, and drainage in an effort to explainty so acroskiB.
14



Rating: Mapping,

NB Forest Soil ,

Soil texture
N Subsoil texture

Association

Depth to compaction
Coarse fragment content
Calcareousness

Climate .

> Annual degree growing days

Annual frost free days

Farm & forest property

> taxation

Socioeconomics !

N
>
v

Rating Factors Rating Criteria Combining & Evaluating
Topography > Slope > Using NB’s 1 m resolution DEM
Depth to Water (DTW) for slope, flow channel

& DTW derivation

l

Updating the Forest Soil map
using current NB wetland
& waterbodies map

1

Climate, Soil, & Topographic
Rating Criteria combined

Applying these to NB in 3 parts:
(1) Woodstock to Florenceville
(i1) Woodstock to Edmunston, NB
(iii) All of NB

Evaluating farm & forest properties
by taxation level

Figure2.1. Workflow for addressing rating factors aeriteria in the development of potato
crop suitability mapping by addressing soil type, drainalppe, and climate conditions.

2.2. Methods

2.2.1. Study Area

The study areatrethesfrom Edmundston (northwestern boundary) and Saint
Quentin (northeastern boundargputhwards to Canterbury (southern bound&igure
2.2). This area isomprisingmost of the potato cropping adties in NB. This being sp

this area enables direct comparisons between crop suitability mapping with actual field

layouts and current propefby-property taxation levels.
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Figure2.2. NB basemap with study area (yellow boundary) used for LiElaRed potato
crop suitability mapping and evaluatiddasemap source: GeoNB.

22.2. Data

The 1 m resolution LiDARyenerated DEM raster for NEigure2.3, left) and all
the layers outlined belower e acquired from NBa@mg.) TBe o NB
DEM layer was used to generate proviwade raster layers for slope (%) and cartographic
DTW (Figure2.4), as described by Murphy et al. (8). The forest soil shapefile presented
in part byFigure2.5, 2.6, and2.7 provided generalized data information topsoil and

subsoil texture, deptto-compaction, CF content, and degree of calcareousness by soil
16



association. Also retrieved fro@eoNBwere the shapefiles fqurivateproperties Figure
2.3, right), roads, wetlands, water bodies, crownlands, andarested aread-igure2.9).
Non-forested areas include agricultural fieldsher fields, roadsind builtup areas for
residential, institutional, and industriaée Finally, elevationinterpolaed weather station
records fomir temperaturgvere used to produce provinagde rasters fogrowing degree
days(GDDs > 5°C) andfrost-free daysEFD9 at 10 m resolutiofFigure2.9). The reults
so presented at LIDAIREM-derived10 mresolution correspond closely withDBs and

growing days (equivalent to FFDs) maps in Jong et al. (2013) and Pedlar et al. (2015),

respectively.

Figure2.3. LiDAR-generated 1 m resolution DEM for NB (lefthd property parcel PID
map for NB (right). Source: GeoNB
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Figure2.4. Cartdgraphic DTW map for NB (lefgnd sloée map for NB (right). Both are
derived from the 1 m DEM. Source: Forest Watershed CasiNB, (unpublished).
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Figure 2.5. Topéoil (left) and subsoil (right) ratinfor pmotato crop suitability mapping
across NB, by soil association polygons. Sources: Ge@bitts et al. {99%).
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Figure 2.6. Soil dépth (m, left) and soil CF (%, rightating for potato crop suitability
mapping across NB, by soil association polygons. Sources: GeoNB; Colpittsléoa). (
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Figure2.7. Soil wéatherability (m, left) for crop suitability mapgiand overall distribution
of glacial ablation versus basal till (right) across NB. Sources: Ge@wdbitts et al.
(19%).
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Figure2.8. Mapping the distribution of crownlands, and of Horested areas across NB
al so showing water bodies and | akes (Il eft)
Source: GeoNB.
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Figure 2.9. GDDs (left) and FFDs (right) across NB, generated from geospatially
interpolating weathestation recorded air temperature data, extrapolated by elevation.
SourcesUNB Forest Watershed Centre; Furzel@p
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2.2.3. Crop Suitability Mapping by Soil Association

By soil texture. While potato crops can be grown in differently textured soil, they
grow best in welldrained sandy loams and other leaontaining soils (Rees et g2011;
Redulla et al., 20R). Clay containing soilg.€.,sandy clay loam, clay loam, and clayg
not recommended because fiextured soils are easily compactéithis compaction
would result in poor soil aeration followed by potato rot when moist to wet. Across NB,
soil textues varyprimarily by mode of geological surface deposition. Basal tills as well as
lacustrine to marine deposits tend gmduce finetextured soil whereas ablation {ill
riparian and glaciofluvial deposits tend to be coarse textured. Among these, adnhation
basal tillstogether withtheir combinationsf ablation till on top of basal till are prevalent.

By CF. CF refer to gravel, cobbles, stones, and boulders from smallest < 2
millimeters (mm) to largest. Where possible, large CF should be removediéldstb
facilitate sedbed preparations and potato harvesting. Additionally, CF removal increases
the soil availability for rooting, improvesater filtration thereby reducing surface runoff
and erosion, decreases heat conduction and relateéndanght soil temperature
extremes, and miniizes tuber injuries during harvesting (Chow et alQ720

By soil depth Potatoes will nbroot into firm to very firm soil. Restrictions in seil
related rooting depth are encountered on traffic compacted or natoallyacted soils,
such as findextures lacustrine and marine deposits and basal tills. Moderate rooting
restrictions occur on basal tills overlain by ablation tilwest restrictions are associated
with deep ablation tills, outwash plains, and sandy siepalong riverbanks and well

drained floodplains.
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By calcareousnessSoil parent materials containing limestones and/or calcareous
siltstones, sandstones, mudstones, and slates generally improve and maintain good soll
gualities in terms of elevated pH, increased exchangeable Ca and magnesium (Mg)
contents, reduced salddity, and enhanced Gsoil aggregation, and particularly so on
loamy and clay enriched soils.

By soil crop suitability ratings combined. The variations of the above soil
properties across NB were reported and mapped by Colpitts et al. (h995pil
asso@tion. The information so obtained was crspitability coded 0.from poor to 1 for
best Table 21). The extent of soil calcapeisness was coded 0 (absent) to 1 (limestones)
depending on the stated mineral mix of each soil associdiadole 2.2 showshis rating
by theforest sodassociatiommappingunits, along with parent materiéthology of and

ared extent
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Table 2.1. Potato crop suitability rating by topsoil texture, subdeXture, depttio
compaction of soil, CF content, and calcareousness.

Topsoil Subsoil Depthto- Coarse Calcareousness
Texture Texture Compaction Fragments
C 06| C 06 |1 01 |H 0.1 | Cornhill 0.1 | Carleton 0.75
C-M 08| C-M 08 |12 0.2 | M-H 0.25 | Kennebecasis 0.1 | Muniac 0.75
M-C 1 M-C 1 1-2/R 02 | M 0.5 | Parleeville/ 0.1 | Thibault 0.75
Tobique
M 06| M 0.6 | 1-3 0.3 | L-H 0.75 | Parry 0.1 | Caribou 1
M-F 0.3 | M-F 0.3 1-3/R 0.3 | L-M 0.75 | Salisbury 0.1 | Siegas 1
F 01| F-M 02 |2 045| L 1 Tracadie 0.1 | Kedgwick 1
F 0.1 | 23 0.6 Erb Settlement 0.5 | Undine 1
3 0.8 Saltsprings 0.5 | Others 0
34 0.9
3-4/R 0.9
40r2-3/ 09
4 1

Texture code: [C = coarse;I@ = coarsemedium, MC = mediumcoarse, M= medium,
M-F = mediurdafine, F = fine]; Depthto-compaction code: [1 = <= 30 cm, 2=-8% cm, 3
=66-100 cm, 4 => 100 cm, R = rock] Coarse fragment code: [H = higH,#¥medium
high, M = medium, EH = low-high, L-M = low-medium, L = low].

Table 2.2. Forest soil units with soil rating, tot@lectare provincavide, and primary
lithology of parent materials. Forest soil units within shedy areaKigure2.2)are bolded.

Forest soil units | Code Soll Total Ha Province| Primary Lithology of
Rating Wide Parent Materials
Siegas SE 1 45,698 Argillaceous
Caribou CA 1 198,213 limestones. Minor
Undine UN 1 17,416 limestones.
Kedgwick KE 1 94,304 Calcareous siltstone
Carleton CR 0.75 242 574 calcareous
Thibault TH 0.75 214,897 sandstones and/or
Muniac MU 0.75 26,441 calcareous slates.
Saltspings SS 0.5 9,282 Grey calcareous
Erb Settlement EB 0.5 8,904 mudstones and/or

feldaspathic to lithic
sandstones. Minor

polymictic

conglomerates
Salisbury SA 0.1 167,047 Red polymictic
Parry PR 0.1 155,879 conglomerates,
Cornhill CH 0.1 23,771 feldspathic to lithic
Parleeville- PT 0.1 1743,501 sandstones and/or
Tobique mudstones. Calcium
Kennebecasis KN 0.1 20,616 carbonates presents
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Tracadie TD 0.1 33,923 in the cementing
material.
Holmesville HM 0 325,472 Metaquartzites,
Victoria VI 0 145,859 slates, metasiltstone
McGee MG 0 335,809 metaconglomerates
Glassville GE 0 193,900 and/or metawackes.
Grand Falls GF 0 71,227
Stony Brook SB 0 466,591 Redmudstone
Tracy TR 0 53,942 (weathered). Mnor
Harcourt HT 0 531,746 grey-ed lithic-
Becaguimec BE 0 13,078 feldspathic
Barrieau BB 0 95.444 sandstones, quartzo
Buctouche sandstones and/or
polymictic
conglomerates
Reece RE 0 522,674 Greylithic-
Sunbury SN 0 281,388 feldspathic
Fair Isle FA 0 63,650 sandstones. Minor
Riverbank RI 0 148,791 quartzose sandstoneg
polymictic
conglomerates,
guartz pebble
conglomerates,
and/or red
mudstones.
Tetagouche 1T 0 43,445 Mafic volcanicrocks,
Kingston Kl 0 63,546 gabbros and/or
Mafic Volcanic MV 0 106,595 diorites
Tuadook TU 0 142,527 Gneiss, granites,
Juniper JU 0 245,307 alkali granites,
Big Bald BD 0 48,283 granodiorites and/or
Mountain guartz diorites
Popple Depot PD 0 200,003 Felsic volcanic or
Jacquet River JR 0 100,974 mixed igneous rocks
Lomond LO 0 168,872 and/or felsic pebble
Gagetown GG 0 85,311 conglomerates
Long Lake LL 0 336,934 Metasedimentary
Britt Brook BR 0 233,494 rocks mixed with
Serpentine SP 0 41,033 igneous rocks.
[lgneous clasts 260
%]
Catamaran CT 0 117,735 Igneous rocks mixed
Irving IR 0 121,426 with
Pinder Pl 0 38,828 metasedimentary
rocks. [Sedimentary
clasts 2650 %].
Rogersville RG 0 39,529 Greyed sandstone

or mudstones mixe
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with igneous rocks
[lgneous clasts 260

%]
Interval IN 0 45,185 Undifferentiated.
Acadia AC 0 15,299
Organic Soil OS 0 235,644
Mining Debris MD 0 5,901

Overall soil suitability by soil association Assuming that the coded rate erdrie
in Table 2.1 capture the saiffected variations in potato cropping response, it is necessary

to determine how these rates combine into a single potato crop suitability factor by soil

association. To do this, it wasaided that:

1. To multiply the ratings fordpsoil and subsoil texture, rooting depth, and G,

similar to calculating the likely occurrence outcome of simultaneously occurring

random events.

2. To add the calcareousness rating to the resulting multiglicatioduct assuming

that calcareousness is one thaglimportant as the best combination of the other

four va

3. To normalize the results so obtained by dividing this result with its maximum value

riables.

4. To transform the normalized values so generatedbtai a linear0.3 to 1

suitability progression across the range of soil associations. This was accomplished
through 0.33 exponentiation.

The result of doing so generated Ed.:

R’Iopsml X RSuhsoil X R])epth—tof('mnpnctinn X R('oar%e Fragments +0.33 Calcareousness

0.3
Eq. 2.1.

RSDH Association

max(RTnpsoil X RSllhsoﬂ X RTJeplh-ro-(‘mnpactinn X R{‘narsc Fragments +0.33 Calcarcousncss)
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Table2.3. Potato crop suitability rating by soil association across NB.

Potato Crop Suitability Rating by Soil Assadiota
*Not adjusted by drainage, growisttggree days, frodtee days, or slope
Glassville 0.30 Gagetown 0.62 Holmesville 0.79
Stony Brook 0.33 Saltsprings 0.63 Catamaran 0.79
Mafic Volcanic 0.34 Kingston 0.64 Grand Falls 0.79
Tetagouche 0.34 | Parleeville Tobique 0.65 Juniper 0.79
Big Bald 0.35 Kennebecasis 0.65 Kedgwick 0.80
Mountain
Harcourt 0.38 McGee 0.66 Jacquet River 0.81
Fair Isle 0.39 Irving 0.66 Muniac 0.81
Pinder 0.43 Erb Settlement 0.68 Parry 0.82
Serpentine 0.44 Barrieau 0.70 Caribou 0.83
Buctouche
Acadia 0.44 Riverbank 0.70 Thibault 0.83
Cornhill 0.45 Victoria 0.71 Long Lake 0.84
Lomond 0.46 Popple Depot 0.72 Carleton 0.86
Reece 0.50 Salisbury 0.72 Tracy 0.86
Tracadie 0.52 Tuadook 0.74 Becaquimec 0.92
Sunbury 0.54 Siegas 0.77 Britt Brook 0.92
Rogersville 0.61 Undine 0.78 Interval 1.00

Soil suitability mapping. Applying the soil suitability rating ifable 2.2 province
wide required wupdat i rogest edils slizpelldN® @eanforrmat al o g
Ge o NB 6 s iesaahdewettandd layersThis was donein ArcMap 10.7.1 using
procedures dealing with:
1. Eliminating all waterbaliesand wetland features in the forest soil shapefile for
NB.
2. Convertingtheresultt(h s hapefile into a 5 m resolut
at the foressoil registered waterboes and wetlandlocations.
3. Systematicallyextending existing se#éssociation identified pixels into all their

adjacent fino datao spaces.
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4. Onc e compl et ed, replacing t he resul ti
waterbodes or wetland pixels where needed, done through conditional raster
calculations.
5. Converting the resulting raster into the updated soil association shapefile, followed
by feature outline smoothing to redwed/or eliminate their pixelated appearance.
6. Applying Eqg.2.1 wsing the shapefile field calculator to generate the prowvide
crop suitability | ayer by soiliessandsoci at
wetlands features in place, as shownHRigure?2.8.
2.2.4. Crop Suitability Mapping by Soil Drainage and Slope

The crop suitability mapping partsy DTW and slope was done using the 1 m
resolution coverage for elevation across NB. For this, the slope was desingdheSlope
tool in ArcMap 10.7.1 as steepespercent rise over distan@@mong the eightardinal
directiorsadjacent to each DEM pixélhe DTW layer as shown Figure2.4was derived
using the ArcMapl0.7.1Cost Distanceool, with the delineated flow channel network
marking DTW = 0 reference cells, and the slope percent raster used as the cost raster. The
resulting DTW and slope rasters are showrrigure 2.4. In detail, DTW refers to the
distance between the soil surgsand the water table associated with the neasdstbody
and the flow channel locations, as affected by slope. The flow channels were developed
using the D8 algorithrthat deriveghe r flow accumulation and flow network rasters from
the depression fédd DEM according to the pixeletermined flow directions. The resulting
flow channet were subsequently classified to have no data for any pixels widhha
upslope flow accumulation. This threshold generally equates to mapping the extent of

permanentstreams under open emd-summer field conditions. This being sendof-
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summer conditions for DTW < 0.1@,1 m < DTW <0.25m, 0.25m <DTW <0.5m, 0.5
m<1m, Im < DTW <= 10 m, DTW > 20 m generally correspond to: very poor, poor,
imperfect, moderately &, well and excessive soil drainage, respectively.
The 0 to 1 crop suitability rating function for DTW was estimated by setting
Rotw = a[1l-exptb DTW)]° exptd DTW)] Eqg. 22
with a =1.065, b =3.5,d =0.03,c=4.8
As illustrated inFigure 2.4 (left), Rotw starts from 0 when DTW = 0 (too wet)
reaches a maximum at 1.5 m (sufficiently moist most of the time), and trails downward
from there to about 0.5 as DTW approached 20 m and beyond (becoming drier with
increasingd TW towards the upper ridges).
The 0 to 1 crop suitability rating function for slof8) was estimated by setting:
Rsiope=1 /{1 + exp [- 3 (slopei 10)]} Eq.2.3
This slope rating equation uses slope %4.@s the DEMderived slopeghreshold
for ensuing that if slope < 106, then:
1. Field operations pertaining to seedbed preparation, seeding, harvesting, etc. remain
safe
2. Soil erosion remains minimal. This threshold is moditigdapproaching slope =
10 % gradually from 86 upwards, ad leaving it gradually towards 22 (Figure

2.4, right).
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Figure2.10. Potato crop rating specific to variations in DEMrived DTW and slope %.
The overall sot#based crop suitability ratingccommodates the DERBptured

DTW and slope variationsytresetting Eq2.1 to Eq.24. (i.e., with Rorw and Rsiope as

additional multiplication factors.

0.3
RTopsoil X RSubsoil X RDeplh—t(}Cmnpactile RCoarse Fl'agmenter 0.33 Calcareousness

Rgoil = Rprw X Rgopers

max(RTcpsoil X RSubsoi] X RDEpﬂl-lD-COl].\])aCﬁUH X RCua.l'sc Fragments +0.33 Calcareousness) Eq 24

2.2.5. Crop Suitability Mapping by Growing Degree Days and-rost-Free Days

In general, potatoes require about nine weeks (63 days) for full canopy
development, and 18 weeks (126 days) to initiate senescence and thereby completing tuber
growth Figure2.1]). Late frost in spring affds fdiage development. Early frost in fall
affects tuber quality by tissuamagingFor exampleearlyintermittent freezing leads to
black external spot$:FDs generally exceed 100 days across NB except for the elevated
areas in the northwedfigure2.9). This implies that the number of growing season days
for potatoes is sufficiently long provineede, with only minor FFD rating adjustments
needed for the high elevation areas in the northwest.
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Figure2.11. Percent extent of potato shoot, foliage, and tuber development by days after
emergence. Source: Rosen & Bierman (2008).

In terms of GDDs, potatoes require about 1,000 and 1,500 GDDs from emergence
to tuber initiation and harvestingigure2.12. AcrossNB and according téigure 2.9,
GDDs range from 200 to 2100, thereforepotato cropping isssentially not climate
restricted across NExcept for thehigh elevation location in the northwedWhere
conditions are suitabl&DDs > 1500ead toadditional tuber growth, particular for Russet

potatoesKigure2.12).
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Figure2.12. Russepotato tuber numbers and length in relatiotheenumber of stems and
increasing GDDs > 8C. Source: Goeser et al. (2012).

Accounting for increasing FFDs and GDDs benefits on potato suitability rating
modifies Eq2.4 to Eq.2.5:

Rsoil & climate= Rsoil X Repp X Rrrp

Eq.25
with
Rrro=1/[1 + exp{arrp (FFD1 brrp)] Eq.2.6
and
Rcop (tuber length) = JA+exptacop (GDD-bepp)] Eq.2.7

Varying from 0 to 1 with increasing GDD and FFD values. Tentatiss,, dcop,

aFFD, and bFFD are set at 0.006, 12hQ, and 100, respectively, with the result shown
in Figure2.13
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Figure2.13. Increasing the rating for FFD and GDD as generated witR B.6, and2.7
marks the time available for potato cropping femof days within and across regions
depending on local climate conditions.

2.2.6. Crop Suitability Mapping by Socioeconomic Factors
This thesis does not rate potato crop suitability within the context of socioeconomic
realities such as distance pmtato processing facilities and market but evaluates the
outcome of these realities by examining the extent of-famd woodand-based property
taxation across NB. To this effect, farm and dlaad tax assessment valuess listed for
each property were comparedvith the propertycorresponding values for:
1. Mean crop suitability ratings.
2. Area (ha).
3. Footprint area of bildings (n¥).
4. Binary variable coded 0 for farm fields properties only and coded farfor and
wood lands property combinations.
The datdayersusedto do this examination refer to:
1. The RD layer Figure2.3).
2. The soll, slope, DTW, and climatessessed potato crop suitability lesyeas

presented itChapter 3.
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3. GeoNBO&6s building footprint | ayer
The resultsdr this socieeconomic evaluation are describedimapter 4.
2.3 Results
Figure2.3 shows the potato crop suitability mapping results for the wholelAOI.
Chapter 3theresultsso obtainegber PIDwill be discussedcross the study area as a whole
andper three subsectiofi@/oodstock aredHartlandto Florencevillearea andthenorthern

sectionabove Florenceville
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Figure2.14 LiDAR -based potato crop suitability mapping results within the @Qick
boundary) Basemap source: GeoNB.

24. Discussionand Conclusion
The approactiakenabove differs from the literature on potato crop suitability

mapping, as follows:
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1. The approach makes use of higisolution airbme 1 m LiDAR data. The
precedingarticles on potato suitabilitisted in Chapter 1 do this at significantly
coarse resolution[Trigoso et al.(2017), Asfaw et al(2017), Daccache et al.
(2012), Yusiato et al. (2012), Wang et gR021), and Zhao et al. (2018)The
provincewide GDD and FFD data layers as described above are elevation adjusted
at LIDAR-DEM generated 10 m resolution. In contrast, Internet available GDD and
FFD data layers are based muchcoarse resolutionse,g.,Gridded 5Skilometre
(km); NationalCentes for Environmental Informatior2022).

2. While GDDs and FFDgend b decreasevith increasingly norther latitudes it
appears that these variatiergcording taFigure 2.9 - remain within the feasible
GDD and FFDranges for potato cropping across NBxcept on the high northwest
elevations.

3. The above potato crop suitabilitgnalysis explicitly accounts for five $oi
characteristics that effect potato cropping fundamentady, subsoil and topsoil
texture, CF content, deptto-compaction of soil, rd calcareousnesslThe
corresponding literaturbased soil selection listed Trable1.1 range from eclectic
to selective. For example, Trigoso et al. (2017) accounted for soil pH, OM, P, K
cation exchange capacity (CEC), and EC. Asfaw et al. (203e) generalized soll
type information from Selassie et al. (2014) &tuallias & Kalivas (1999) about
pH, OM, total nitrogen (N), and available P in Ethiopian soils wKibdlias &
Kalivas(1999) prowdes soil information about slope, drainage, textuagh@nates,

and erosion risk in Greek soils. Daccache et al. (20hB) accounted for soill
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texture, OM, and soil structure. For establishing the potato suitability context over
wide regions, Yusiao et al. (2020) dealt with soil texture only.

. Socioeconont factorscan be included into the overall potato suitability rating
schene through locatiorspecific addon considerations. For NB, thiwould
amount toassessingdji) the transportation costs from fields and farmséarby
processing facilitiegjii) the costs needed for upgrading existing feetal adjacent
forested areas to enable potato cropping(éihdhe costs required to establish new

farms and processirfgcilities.
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CHAPTER 3: MAPPING RESULTS, QUALITATIVE

EVALUATIONS

3.1 Introduction

This chapter evaluates and presents some of the potato crop suitability mapping
results generated by the workflow processes detaileGhapter 2 across the area as
depicted inFigure2.2 and detailed by soil associatiorTiable 2.2. This was done for three
areas: around Woodstock, Edmundston and Grand Halisiré 3.1), with property
specific examples for each area viewed in terms ofshdidded DEM and recent satellite
images withand without the resulting potato crop suitability layer overlaid. Also overlaid
in these presentations are (i) the Digkrived flow channels with > 4 ha upslope flow
accumulation areas and (ii) the Geol&alogued wetlands, water bodies, roads, and
PIDs. Subsequently, the potato crop suitability mapping examples so generated are
compared with the corresponding clipped portions of the cegraered provincevide
crop suitability map as provided byB DAAF.

The evaluation of the individugdroperty pieces across the study area refers to
separating each property by its agricultural field and forest components. This is done to
determine the total areas and the average crop suitability rating for these two components.
The hypothesis is that tlagricultural field components have higher suitability ratings than

the forest componesit
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Figure3.1. NB topographic map overlaid on the potato crop suitability (%) map within the
study area within @ AOI (black boundaries), with the locations of the fietsed map
examples for the Woodstock, Florenceville and northern NB sectors ové&&sdmap
source: GeoNB.

3.2  Methods
3.2.1 Qualitative Assessmerg
LiDAR -based potato crop suitability mappingssdone according to workflow and

procedures described @hapter 2. Provincavide shapefiles referring to properties as well
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as waterbodies, wetlands, and roads wabtained through GeoNB. These files were
clipped to produce examples of propegsed avp suitability examples by forested and
agricultural field components (e.gkigure 3.2) for the Woodstock (4 examples),
Florenceville (4 examples) and northern NB (5 examples) areas. These examples contained
the maskextracted crop suitability raster olegd on the (i) hikshaded DEM and (ii) ESRI
satellite image®r georeferenakGoogle Earth imagedhis procedure was repeated to
enable exampigpecific comparisons with tighapter2-generated and the coarggained
ontline provincial potato site suitability maps (Government of New Brunswick, 2018).
3.2.2 Quantitative Assessment

Basic statistics of the mean potato crop suitab(fity, numbers of PANs, and total
area of PANs (hady land class (farm, woodlot, and farm and wood combinations lands)
and split by sectis(Woodstock area, Hartlarelorenceville area, and Northwestern NB
areg were generated womparepotato crop suitability across the AOI and by current land
use.PANs were used instead of PIDs since it is possible to identify which properties

contains both agricultural and forested componastspposed to PIDs.
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Figure 3.2. Closeup of an area within the AOI. World imagery wi@ed\B-retrieved
property outlines (0PI DsoO, white borders)
borders) overlaidBasemap source: GeoNB.

3.3 Results
3.3.1 Qualitative Assessment: Woodstockrea
Figure 3.3 shows the four locations of the crop suitability examples for the

Woodstock area, overlaid on the forest soil association unit within this area, witlupkse

shown inFigures 3.4, 3.5, 3.6, and 3.7.
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Figure 3.3. Locations of the crop suitability examples (PIDs 10283562, 10048296,
10270999, 10175354) within the Woodstock area, overlaid on the forest soil units for the
area and roads (yellow lines). Source: Ctdpét al. (1995).
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In detail, the PID 10048296 entry (84.50 ha) is located in Wakefield Parish
(46°13'12.0"N 67°38'14.3"W). The underlying soil for this PID refers to CR, which is
derived from calcareous siltstones, sandstones and/or $tajase 3.4 indicates poor to
moderate potato crop suitability along the streams and associated wet areas with poor soll
drainage. The steeper slopes are also categorized by poor crop suitability. Otherwise, most

of the PID is deemed to be suitable for potato crappas is already the case for most if

its eastern field portion.
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Figure3.4. Images of PID 10048296 cles@s. From left to right, and from up to down:
hillshaded DEM, hillshaded DEM witlpotato crop suitability (%) overlaid (layer
transparency set to @), satellite imagery, satellite imagery with potato crop suitability
overlaid (layer transparency set to &). All images also showing streams (4 ha), PIDs,
roads, waterbodies, and wetthar-orest soil unit: CR. Basemap source: GeoNB. Potato
crop suitability varies from 0 to 10%, coloured from red through yellow to green,
respectively.

CJWetlands

“low:0

Figure3.5 shows closeps of PIDs 10270999 (33.58 and 29.82 ha, north to south),
located in Richmoné&arish (46°11'14.8"N 67°44'30.8"W). The field also occur on CR soil.

The satellite imageindicate that thefields are highly suitable for potato cropping.
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Exceptions occur along the mapped bedflow channels that run cross the fgel@hree of

these chnnels (southern PID, bottom left and middle, northern PID white line) run along

imagedetectable ditches.
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Figure3.5. Images of PID 10270999 clos@s. From left to right, anftom up to down:
hillshaded DEM, hillshaded DEM with potato crop suitability (%) overlaid (layer
transparency set to 38), satellite imagery, satellite imagery with potato crop suitability
overlaid (layer transparency set to &). All images also showingtreams (4 ha), PIDs,
roads, waterbodies, and wetland. Forest soil unit: CR. Basemap source: GeoNB. Potato
crop suitability varies from 0 to 10%, coloured from red through yellow to green,
respectively.
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Figure 3.6 shows closeps of PID 10175354 (61.14a), located in Richmond
Parish (46°10'30.4"N 67°43'38.9"W). This PID occurs on calcareous CR and TH soils. Due

to the steep slope conditions this forested PID is not suitable for potato cropping.
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Figure3.6. Images of PID 10175354 cles@s. From left to right, and from up to down:
hillshaded DEM, hillshaded DEM with potato crop suitability (%) overlaid (layer
transparency set to 38), satellite imagery, satellite imagery wibtato crop suitability
overlaid (layer transparency set to &). All images also showing streams (4 ha), PIDs,
roads, waterbodies, and wetland. Forest soil units: CR and TH. Basemap source: GeoNB.
Potato crop suitability varies from 0 to 19§ colouredrom red through yellow to green,
respectively.

Figure 3.7 shows closeps of PID 10283562 (113.66), located in Wilmot Parish
(46°17'53.0"N 67°38'53.2"W). This PID occurs on calcareousi@hSEsoils. Potato crop

suitability varies across this PID fronmsuitable for the middle part on the flat area along
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the main flow channel from west to east at near to suitable for the norther and southern
parts. According to the historical Google Earth images, the northern part was forest cleared
from west to east beeen 2017 and 2019, but with the forest portions within wet areas of

this section remaining intact.
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Figure3.7. Images of PID 10283562 cles@s. From left to right, and from up to down:
hillshaded DEM, hillshaded DEM with potato crop suitability (%) overldayer
transparency set to 38), satellite imagery, satellite imagery with potato crop suitability
overlaid (layer transparency set to @&). All images also showing streams (4 HDs,

roads, waterbodies, and wetland. Forest soil units: CA and SE. Basemap source: GeoNB.
Potato crop suitability varies from 0 to 1%6) coloured from red through yellow to green,
respectively.
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3.3.2 Qualitative Assessment: HartlandFlorenceville Area
Figure 3.8 shows the four locations of the crop suitability examples for the
HartlandFlorenceville area, overlaid on the forest soil association units within this area,

with closeups shown irFigures 3.9, 310, 3.11, and 3.17.
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Figure 3.8. Locations of the crop suitability examples within tharttdnd-Florenceville
area, overlaid on the forest soil units for the area. Source: Colpitts et al. (1995). Yellow
lines: roads.
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In detail,Figure3.9 shows a closep collage of PID 10227098 (87.60 ha), located
east of the Harland High School (46°18'30.11"N, 67°30'29.46"W). The PID occurs on CR
soil. Along the less hummocky and less steeper portions, this parcel has been used for
agricultural production since settlement, with the steeper and not suitable portions

remaining forested. More details about this PID are presentelbipter 6.
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Figure 3.9 Images of PID 102270980seups. From left to right, and from up to down:
hillshaded DEM, hillshaded DEM with potato crop suitability (%) overlaid (layer
transparency set to @), satellite imagery, satellite imagery with potato crop suitability
overlaid (layer transparencgtdo 50%0). All images also show streams with > 4 ha upslope
flow accumulation areas, PIDs, roads, waterbodies, and wetland. Forest soil unit: CR.
Basemap source: GeoNB. Potato crop suitability varies from 0 t@4l@®loured from

red through yellow to rgen, respectively.

Figure 3.10 shows a closep collage of PID 10263366 (20 ha), located in

Centreville (46°26'20.89"N, 67°42'43.14"W). The PID is ¢h<oil. The hillshaded DEM
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reveals a smooth to hummock terrain which is mostly mapped to be suitable for potato

cropping.
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Figure3.10. Images of PID 10263366 clos@s. From left to right, and from up to down:
hillshadel DEM, hillshaded DEM with potato crop suitability (%) overlaid (layer
transparency set to @), satellite imagery, satellite imagery with potato crop suitability
overlaid (layer transparency set to%0). All images also show streams with > 4 ha upslope
flow accumulation areas, PIDs, roads, waterbodies, and wetland. Forest soil unit: CA.
Basemap source: GeoNBotato crop suitability varies from O to 108 coloured from

red through yellow to green, respectively.

The flow channels along the western pditthis PID are mapped to have low crop
suitability. Looking at the historical Google Earth images reveals a darkening of the surface
colour towards this channel, thereby trending towards wetter and lower soil drainage

conditions. Historically poor soil dirage along this channel may have been addressed by
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installing subsoil drainage tiles. Along the northeastern portion, the PID remains in part
forested. The portion of the forested area south of the PfDrithe most part mapped to
be potatecrop suitble.

Figure 3.11 shows a closgp collage of PID 10151512 (13.38 ha), located in
Wilmot Parish (46°22'54.8"N 67°41'18.7"W). The PID is located @A soil. The
southwestern forested part of the field is not suitable for potatoes due to hilly topography.
In addition, there are parts mapped to be unsuitable neacfiannel location conditions.
Looking at the historical images reveals that cropping took place across therested
portion of the field, but surface cal@tion within the May 2021 Google Earimage
changed along the hilhade revealed lower lying portions of this field.

Figure 3.12 shows closap collage of PID 10201267 (36.03 ha), located in
Brighton Parish (46°25'30.0"N 67°23'12.7"W) on TH soil. Overall, this field is suitable for
potab crops, expected for the small and steeply sloping forested area at its southern
boundary and the small pooitirained area around the stream located at the northern

boundary. The flatter areas around this PID are also mapped to be suitable for potato

cropping.
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Figure3.11. Images of PID 10151512 cles@s. From left to right, and from up to down:
hillshaded DEM, hillshaded DEM with potato crop suitability (%) overlaid (layer
transparency set to 38), satellite imagery, satellite imagery with potato crop suitability
overlaid (layer transparency set to%). All images also show streams with > 4 ha upslope
flow accumulation areas, PIDs, roads, waterbodies, and wetland. Boresnit: CA.
Basemap source: GeoNB. Potato crop suitability varies from 0 t@4al@®loured from

red through yellow to green, respectively.
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Figure3.12. Images of PID 10201267 cles@s. From left toight, and from up to down:
hillshaded DEM, hillshaded DEM with potato crop suitability (%) overlaid (layer
transparency set to 38), satellite imagery, satellite imagery with potato crop suitability
overlaid (layer transparency set to%). All images ao show streams with > 4 ha upslope
flow accumulation areas, PIDs, roads, waterbodies, and wetland. Forest soil unit: TH.
Basemap source: GeoNB. Potato crop suitability varies from 0 t@4l@®laired from

red through yellow to green, respectively.

3.3.3 Qualitative Assessment: Northwestern NB
Figure 3.13 show the northvestern study are by soil association, with spad
wetlands and waterbodies overlgiollowed by the closeip collageexamples irFigures

3.14 10 3.19.
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