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ABSTRACT 

 

 For decades researchers have been studying forest soils and summarizing findings 

in the form of soil surveys with thematic soil maps depicting soil associations, broad 

polygons representing groups of individual soil types. With growing availability of high-

resolution spatial data, it has become possible to model and map how individual soil 

properties vary, both spatially and with depth, across the landscape at high resolution. 

This dissertation demonstrates how this can be accomplished for the Province of New 

Brunswick (NB), Canada by way of digital soil mapping (DSM) based on (i) existing soil 

information and related data sets, (ii) principles of soil formation as dictated by location-

specific changes in topography, surficial geology, and climate. For this purpose, existing 

elevation data sets were fused via error reduction procedures to generate a 

comprehensive province-wide digital elevation model (DEM) at 10m resolution. The 

resulting DEM was then used to delineate a variety of data sets detailing spatial variations 

in topography, hydrology, and climate. Various sources of spatial geology depictions were 

combined by way of similarities in classifications resulting in re-delineations of landform 

and lithological attributes. In combination, the data layers generated were used to 

determine how specific soil properties (n = 12,058) vary, both spatially and with increasing 

depth, across the province at 10m resolution. These determinations were made possible 

by way of machine-based random forest regression modelling.  
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This dissertation provides details in terms of how (i) a province-wide soil database 

was generated from existing soil survey reports, (ii) how missing soil data were 

substituted through the process of pedotransfer function development and analysis, (iii) 

how the province-wide DEM layers were fused, and (iv) how the DSM procedure was 

formulated and executed. The soil properties selected for modelling and mapping 

purposes refer to soil depth, drainage, bulk density, texture, coarse fragment content, 

and soil organic matter content. In turn, these properties, in combination with spatial 

data sets (topography, geology, and climate), can be used to model and map other soil 

variables such as, e.g., pH, soil water retention at field capacity and permanent wilting 

point, and cation exchange capacity.  
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CHAPTER 1 - INTRODUCTION 

1.1. OVERVIEW 

Soil is a complex and essential, yet non-renewable, natural resource which plays a 

critical role in policy and resource management (Adhikari et al., 2012; Cambule et al., 

2013; Poggio et al., 2013). As such, this resource is gaining increasing attention with 

growing concerns around climate change adaptation and how soil properties vary with 

changing environments (Grimm and Behrens, 2010; Häring et al., 2012; Poggio et al., 

2013). Of particular importance, especially for precision agriculture and forestry, is 

knowing how soils and their properties vary across the landscape and how these 

variations influence root development and the movement, and storage, of soil carbon, 

nutrients, minerals, and water (Florinsky et al., 2002; Smith et al., 2006; Carré et al., 2007; 

Keys, 2007; Grimm and Behrens, 2010; Häring et al., 2012; Weil and Brady, 2017). 

 Soil formation relies on five primary factors: parent material, relief (topography), 

vegetation, climate, and time (Jenny, 1941; Klingebiel et al., 1988; Valladares and Hott, 

2008; Adhikari et al., 2012; Cambule et al., 2013). Therefore, understanding the variation 

in these factors for any given location can provide a glimpse into soil conditions, and in 

turn, may allow for better understanding the relationships between soil properties and 

vegetative productivity. Conventionally, soils are depicted as choropleths, i.e., tessellated 

boundaries that hierarchically group soils by similarities in landforms (i.e. soil 

associations, distinguished by morphological features and mineralogical composition) as 

illustrated in Fig. 1.1 (Colpitts et al., 1995; Fahmy et al., 2010). This form of mapping 
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represents a generalized simplification of surveyed soil properties (McBratney et al., 

2000a; MacMillan et al., 2005; Mora-Vallejo et al., 2008). The resulting map units, 

however, are too broad to reflect many of the soil variations within these units as affected 

by elevation, drainage, type of vegetation cover, surface exposure, water flow, and 

gravitation influences (Odgers et al., 2014).  

 
Figure 1.1. Visual example of one of Holmesville soil associations within NB with extent outlined in white 
(A), range of elevation within the association (B), and range in varying land types (organic) and land 
management practices (both agriculture and forestry) within small subset of association overlain on GeoNB 
basemap imagery (C). This one association covers 35,683ha (0.6% of NB). 

 

Traditionally surveyed and delineated soil associations are limited, specifically due 

to (Pitty, 1979; Moore et al., 1993; Zhu and Mackay, 2001; Heung et al., 2014; Odgers et 

al., 2014): 
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1. Soil surveys were developed for assessing land uses instead of soil property 

variability. 

2. Soil properties vary continuously and do not abruptly change at defined 

boundaries (Simbahan et al., 2006; Odgers et al., 2014). 

3. Relationships between soil properties and landform/landscape position were 

often missed (MacMillan et al., 2005). 

4. Locations of individual soil types within each, and across, soil associations remain 

unknown with reference to actual landform extent and topographic delineations 

(Dobos et al., 2000), 

5. Survey objectives were limited in various ways: time and available financial 

support, lack of survey-supporting data layers, and non-standardized data 

collection and laboratory procedures (Park et al., 2001).  

With increasing availability of high-resolution datasets within geographic 

information systems, pertaining to, e.g., digital elevation models (DEMs) (with resolutions 

ranging between 50 - 100cm) and DEM-derived secondary models (topographic and 

climate models), it is possible to ascertain how soil properties, those of which influence 

the rooting medium, vary spatially across the landscape, from upper reaches of hill crests 

to valley bottoms and stream banks, with properties focusing on soil depth, texture, 

organic matter content (SOM), bulk density (Db), coarse fragment (CF) content, pH, cation 

exchange capacity (CEC), and moisture retention at field capacity (FC) and permanent 

wilting point (PWP). This is feasible by way of digital soil mapping (DSM): 
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1. Developing pedotransfer functions (PTFs) (Bouma, 1989), mathematical 

relationships between soil properties, and  

2. Producing spatially-continuous soil attribute maps by modeling relationships 

between geographically-explicit soil profiles across the landscape with data sets 

representing surficial geology, climate, and topographic information (from DEMs). 

Digital soil mapping (DSM) is a growing science directed toward modeling soil 

properties spatially across the landscape at a continuous extent by resolving the issue of 

soil boundary discretization and omission of soil property inter-variability per soil 

association (McBratney et al., 2003; Smith et al., 2006). This approach is based on three 

fundamental principles: 

1. pedometrics, mathematical and statistical approaches to modeling soil properties 

and relationships (Florinsky, 2012),  

2. soil-landscape relationships (Gerrard, 1981; Birkeland, 1999; McBratney et al., 

2000; MacMillan et al., 2005; Barka et al., 2011), and 

3. soil formation and soil forming factors (Jenny, 1941; Birkeland, 1999; Wu et al., 

2008; Adhikari et al., 2012).  

With DSM, soil properties from field-collected soil samples can be statistically 

compared to DEM-derived topographic derivatives, climatic and geological datasets from 

ancillary data sources, and remote sensing techniques (Moore et al., 1993b; Odeh et al., 

1994; Gessler et al., 1995), following the framework of the well-known soil-formation 
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ƳƻŘŜƭΣ Ψ/[hwt¢ΩΣ ŀǎ ƻǳǘƭƛƴŜŘ ōȅ Jenny (1941). With advancements in soil science and 

geospatial analyses, McBratney et al. (2003) ƛƴǘǊƻŘǳŎŜŘ Ψ{/hwt!bΩ ǘƻ ŀƭǎƻ ƛƴŎƻǊǇƻǊŀte a 

spatial component, neighborhood (N), into the modeling framework. The SCORPAN 

model suggests that a soil property at a given spatial location, Soil, is a function of other 

soil properties at the same spatial location (S ), climate (C ), organisms (O ), relief 

(topography) (R ), parent material (P ), age (A ), and neighborhood (N ) (McBratney et al., 

2003; Florinsky, 2012; Cambule et al., 2013). This model coincides with enhancements in 

geospatial analyses and the ability to spatially compare soil properties to underlying 

ancillary data sources for any given location.  

This dissertation introduces and explores the development of a DSM framework 

for NB, Canada, with the purpose of producing continuous soil physical and chemical 

property maps across the landscape. NB was chosen as a study extent due to the wealth 

of existing data and the variability in soil forming factors. These factors refer to changing 

temperature and precipitation conditions from lowlands in the southeast to highlands in 

the northwest, changing glacial landscapes, and topographic expressions varying from flat 

lowlands to steeply sloping hillsides (Pronk and Ruitenberg, 1991; Colpitts et al., 1995; 

Fahmy et al., 2010).  

1.2. RESEARCH QUESTIONS 

1. To what precision can pedotransfer functions be derived from county-based soil 

surveys? 
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2. How can spatial models be derived for use in predicting soil properties at a 

continuous extent?  

3. To what extent can the underlying relationships between soil formation and soil 

forming factors be modeled by way of digital soil mapping for predicting soil 

properties spatially? 

1.3. OBJECTIVES 

The objective of this dissertation was to develop a framework with functioning 

models for predicting soil physical and chemical properties continuously across the 

landscape for the province of NB, Canada as a case study. The process to complete this 

task was applied as follows: 

1. County-based soil surveys and current soil maps were utilized to develop an 

aspatial database, and, in turn, produce pedotransfer functions relating soil 

attributes to one another. 

2. Available DEMs for NB were amalgamated resulting in a new DEM via open-

sourced DEM fusion. In turn, DEM-derived topographic and hydrographic datasets 

were developed. 

3. Continuous climate data sets pertaining to temperature and precipitation were 

developed for NB by way of comparing historical records for spatially explicit 

weather stations from NB and Ontario to underlying DEM and spatial location.  
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4. Existing surficial geology delineations were updated via similarity modeling 

comparing different data sets representing parent material mode of deposition 

and primary lithology.   

5. Spatial database of soil properties was developed via amalgamating field-collected 

soil profiles from numerous sources (n = 12,058). 

6. Statistical comparison of soils information in spatial database to underlying 

geologic, topographic, and climatic datasets, and conventional soil maps was 

conducted using Random Forest machine learning algorithm with model results 

utilized to develop spatial continuum maps for specific soil properties. 

7. By mapping important soil properties such as depth, bulk density (Db), texture (% 

sand, silt, and clay), coarse fragment content (% CF), and soil organic matter 

content (% SOM), model results can be expanded with pedotransfer functions to 

predict additional soil properties spatially across landscape of New Brunswick at 

10m resolution.  

1.4. SUBJECT MATTER 

This dissertation iǎ ŎƻƳǇƭŜǘŜŘ ƛƴ άŀǊǘƛŎƭŜέ ŦƻǊƳŀǘ ǿƛǘƘ ǘƘŜ ōƻŘȅ ŎƻƴǎƛǎǘƛƴƎ ƻŦ four 

distinct chapters (i.e., Chapters 2 through 5), as outlined below. The final chapter (Chapter 

6) provides a summary of the material, overall conclusions from this research, and 

recommendations for future research. 
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Chapter 2 introduces and describes the development of an aspatial database from 

the amalgamation and harmonization of historical county-based soil surveys. 

Chapter 3 presents the development of soil physical and chemical PTFs, derived 

from the aspatial database from Chapter 2. Soil physical PTFs were compared to other 

published PTFs to test the overall performance.  

Chapter 4 describes the development of a method to systematically and 

comprehensively reduce DEM errors across New Brunswick based on fusing province-

wide DEM layers from various sources, and calibrating the result using select LiDAR-

generated DEMs for final elevation calibration. 

Chapter 5 introduces the development of a spatial database from field-collected 

samples and resulting DSM spatial models by comparing this database to underlying 

topographic, geological, and climatic data sets. This chapter also describes how these data 

sets were adjusted prior to spatial modeling. With this, soil properties of drainage, horizon 

depths, sand, silt, clay, CF, Db, and SOM were modeled in continuum format at 10m 

resolution.  

Chapter 6: provides an overall summary of this dissertation, a statement of 

original contributions, and recommendations for further development and research. 
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CHAPTER 2  ς AMALGAMATION AND HARMONIZATION OF SOIL SURVEY 

REPORTS INTO A MULTI-PURPOSE DATABASE: AN EXAMPLE 

Shane Furze, Paul Arp 

Faculty of Forestry and Environmental Management 

University of New Brunswick, Fredericton, NB, Canada, E3B 6C2 

Foreword: 

The following chapter is an article submitted to the Open Journal of Soil Science. It was 

submitted on May 31st, 2018.  

Citation: 

Furze, S. and Arp, P.A. 2018. Amalgamation and Harmonization of Soil Survey Reports 
into a Multi-Purpose Database: An Example. Open Journal of Soil Science (submitted).  

2.1. ABSTRACT 

This article describes procedures used to generate an aspatial, terminologically-

consistent, province-wide database for forest soils from soil survey reports, with New 

Brunswick, Canada, serving as an example. The procedures involved summarizing existing 

soil information into soil associations via similarities in landform and parent material. 

Consistent soil associations were developed, and pedologically-correct horizon sequences 

were assigned to each soil associate within each soil association, all done with reference 

to soil-forming factors. These factors refer to: (i) soil parent materials as classified by 

mode of deposition and lithology, (ii) topographic surface expressions, (iii) soil drainage, 

and (iv) dominant vegetation type. Additionally, each associate was characterized with 

horizonςspecific physical and chemical soil properties distinguished by depths. An 
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amalgamated database containing 106 soil associations, 243 soil associates (differing 

within the soil associations by drainage only), and 522 soil profiles was developed.  

Key Words: Soil surveys, amalgamation, associations, associates, parent materials, 

landforms, lithology, drainage, profiles, horizons, properties. 

2.2. INTRODUCTION 

Soils are part of the natural environment consisting of complex interactions 

between living organisms and soil forming factors pertaining to geology, climate, 

topography, organisms, and time (Jenny, 1941; Birkeland, 1999; Adhikari et al., 2012). As 

such, soils vary spatially in type (soil profile) and spatial extent. This is generally reflected 

by most soil survey reports which group surveyed soil units into landform- and lithology-

defined soil associations (McKeague and Stobbe, 1978). Cross-referencing these reports 

to one another, however, revealed numerous inconsistencies in terms of naming and 

labelling similar soils types and horizons. This is in part due to changing soil classification 

and mapping protocols over a period of roughly 70 years. In detail, some of the 

inconsistencies refers to: 

1. Changes in soil survey methods, including sampling strategies, laboratory 

analyses, and quantitative units for reporting results (McKeague, 1978; Group, 

1981; Working Group on Soil Survey Data, 1982; Guertin et al., 1984); 

2. Incompleteness in terms of reporting small to large scale variations in soil 

associates, varying in scale and resolution, with main focus on agricultural lands 
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(Pitty, 1979; Zhu and Mackay, 2001; Adhikari et al., 2012; Odgers et al., 2014). Past 

survey practices generally addressed soil variations at the 1:10,000 scale (and 

often coarser), and were therefore generally mute about small scale variations. As 

a result, spatial pedological variations which influence crop, forest productivity 

and root growth via nutrient and water retention, remained unrecognized (Parr et 

al., 1992; Southorn, 2003; Keys, 2007; Taylor et al., 2013).  

3. Implied differences in soil association conditions and extent across arbitrary 

survey boundaries. 

Typically, each soil survey report included 3 sections (e.g., Poitras map unit, 2615 

ha; Langmaid et al. 1980): 

Section 1: an overview of soil associates including information regarding association, 

landform, lithology, vegetation, drainage, and topography,  

 

Section 2: a profile description for sampled soil associates which included field-based 

measurements for horizons, depths, texture, CF content, structure, root presence, 

mottling (if applicable), and pH, (Fig. 2.1): 
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Figure 2.1. Example of information obtained from soil surveys and utilized in developing the database, 
including general information (section 1) (top paragraph) and field-based measurements for each horizon 
(Section 2) (bottom descriptions) separated by dotted line. The example provided represents the Poitras 
soil associate retrieved from Langmaid et al. (1980). 

 

Section 3: an overview of lab-measured physical and chemical properties by soil associate 

(e.g., % carbon, % sand, silt and clay, Db, field capacity (FC), permanent wilting point 

(PWP)), (Fig. 2.2): 

 

Figure 2.2. Example of information obtained from soil surveys and utilized in developing the database, 
including lab-measured, horizon-specific soil physical and chemical properties. The example provided 
represents the Poitras soil associate retrieved from Langmaid et al. (1980). 
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The rationale for a province-wide compilation of soil survey reports arose from 

the need for understanding where and how soils respond, locally and regionally, to 

intensifying land uses and overall climate-change expectations. As such, unified soil 

databases per province would assist in, e.g., (i) estimating survey-based soil carbon 

storage, and (ii) determining how soil carbon storage would change within existing and 

proposed changes to land management and related climate-change adaptation scenarios 

(Carré et al., 2007; Aksoy et al., 2009; Grimm and Behrens, 2010; Poggio et al., 2013). 

These changes would vary from abandoning farm fields, converting natural stands into 

agricultural land, expanding build-up areas through urban sprawl to land reclamation 

operations including wetland restoration and afforestation.  

The objective of this article was to develop a seamless database by amalgamating 

and harmonizing existing soil survey reports for NB as a case study. This objective was 

accomplished by:  

1. Compiling all the existing soil survey information into one consistent and seamless 

database, 

2. Unifying the classifications and descriptions assigned to the surveyed soil 

associations, soil associates, and soil-forming factors, namely, parent material (by 

mode of deposition and lithology), topography, vegetation cover type, and 

drainage, and 
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3. Standardizing the soil associate names by profile and property descriptions, with 

emphasis on horizon labels and properties, notably horizon depth, soil texture, 

SOM content, CF content, Db, and soil moisture retention at FC and PWP.  

All of this was completed in reference to: 

1. the standardized soil surveying terminology of the Mapping System Working 

Group (1981) and the Expert Committee on Soil Survey (1982), 

2. sampling and analytical techniques described by McKeague (1978) and Guertin et 

al. (1984), 

3. the bŀǘƛƻƴŀƭ {ƻƛƭǎ 5ŀǘŀōŀǎŜ όάb{5.έΣ retrieved from the CANSIS website at 

http://sis.agr.gc.ca/cansis/nsdb/index.html), and 

4. the spatial soil distribution and representation as established by the province-

wide soil mapping approximations also retrieved from the CANSIS website, i.e.,  

a. "Soils of New Brunswick: the Second Approximation" ("SNB", Fahmy et 

al., 2010),  

b. "Forest Soils of New Brunswick" ("FSNB", Colpitts et al., 1995) 

2.3. COMPILATION OF SOIL SURVEY REPPORTS 

The New Brunswick soil survey reports were retrieved from the publications 

section of the Canadian Soil Information System (CANSIS) as available from Agriculture 

http://sis.agr.gc.ca/cansis/nsdb/index.html
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and Agri-Food Canada website at 

http://sis.agr.gc.ca/cansis/publications/surveys/nb/index.html. Each survey was 

downloaded and assessed to determine the extent of data availability. Table 2.1 

summarizes these findings and identifies which reports were utilized in developing the 

amalgamated soil database and which provide spatial coverage. Some of the reports 

needed to be excluded either due to the omission of horizon-specific data, or insufficient 

information about the horizon-specific soil forming process, i.e., "A1" instead of "Ae" or 

ά!ƘέΦ !ƭǎƻ ƻƳƛǘǘŜŘ ǿŜǊŜ ǎǳǊǾŜȅǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜŀƭƛƴƎ ǿƛǘƘ ǎƳŀƭƭ ǎŜŎǘƛƻƴǎ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ 

lands. Of the available soil surveys (both included and excluded from the database), only 

53.9% of NB has survey coverage with the spatial coverage of the surveys utilized in this 

study only representing 35.5% of NB (Fig. 2.3). 

An overview of the soil associates and soil associations is provided in Appendix I. 

From this, an aspatial database was developed, with specific attention given to soil 

associations, soil associates, soil classification (subgroup, great group, and order), 

dominant vegetation type, topography (landform, slope position, slope steepness, 

aspect), soil parent materials (lithology and mode of deposition), drainage, stoniness 

(amount of exposed coarse fragments at the surface), and rockiness (amount of exposed 

bedrock at the surface). Next, all soil horizon data pertaining to horizon depth, density, 

texture, organic matter content, coarse fragment content and other physical and 

chemical properties were entered into the database in an associate-by-associate manner. 

When inconsistencies arose, either varying analytical procedure or units of measurement, 

all values were retained but placed in separate fields to decide which of these entries best 

http://sis.agr.gc.ca/cansis/publications/surveys/nb/index.html
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reflect theoretical expectations. The procedures to do so including estimating omitted 

values and standardizing across different analytical techniques are described in Chapter 

3. 

 

Figure 2.3. Spatial coverage of soil surveys utilized for developing database. Also included is elevation and 
physiographic regions to represent how coverage varies in each region. Physiographic regions retrieved 
from Colpitts et al. (1995). 
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Table 2.1. Overview of available soil surveys for New Brunswick, Canada, with publication year, scale, 
whether it includes data on a horizon-by-horizon basis, whether it was utilized in this study, and if spatial 
coverage is available. Some reports did not provide a spatial data layer but do provide images. These have 
been georeferenced (GR) but not digitized. 

Soil Survey 
Year 

Published 
Scale 

Horizon - 
Specific (Y 

/ N) 
Utilized 

Digitized 
(Y / N) 

Spatial 
Coverage (% 

of NB) 

Fredericton - Gagetown 1940 95,040 N  Y 4.28 

Sussex Area 1986 20,000 Y X N (GR) 0.25 

Chipman - Minto - Harcourt 1992 50,000 Y X Y 9.98 

Woodstock - Florenceville (Vol. 1) 1989 20,000 Y X Y 0.12 

Woodstock - Florenceville (Vol.2) 1992 20,000 Y X Y 0.11 

Woodstock - Florenceville (Vol. 3) 1996 20,000 Y X Y 0.39 

Woodstock - Florenceville (Vol. 4) 2001 20,000 Y X Y 0.98 

Moncton Parish 1993 20,000 Y X N (GR) 1.10 

Shediac and Botsford Parishes 1996 20,000 Y X Y 1.03 

Dorchester Parish 1998 20,000 Y X Y 0.10 

Acadian Peninsula 2000 20,000 Y X Y 1.50 

Woodstock Area 1944 63,360 Y X N  

Andover - Plaster Rock 1963 63,360 Y X Y 4.60 

Southern Northumberland 
County 

1964 31,680 N  N - 

Northern Victoria County 1976 63,360 Y X Y 4.60 

Madawaska County 1980 50,000 Y X Y 4.78 

Rogersville - Richibucto Region 1983 50,000 Y X Y 5.81 

Blackbrook Watershed 1993 10,000 Y X N - 

St. Quentin - Kedgwick 1982 50,000 Y X Y 0.62 

Southeastern New Brunswick 1950 126,720 N  N - 

Havelock Parish 1980 10,000 Y X Y 0.36 

Central and Northern New 
Brunswick 

2005 250,000 N  N - 

Southwestern New Brunswick 1953 156,720 N  Y 12.90 

Agriculture Canada Benton Ridge 
Potato Breeding Substation 

1992 5,000 N  N - 

Agriculture Canada Research 
Station, Fredericton 

1984 4,800 N  N - 

Senator Herve J. Michaud 
Experimental Farm Agriculture 

Canada, Buctouche 
1983 3,000 N  N - 

Mount Carleton Provincial Park 1972 - N  N - 

Lepreau Provincial Park 1973 - Y  N - 

 

2.4. DATA HARMONIZATION AND AMALGAMATION PROCEDURES 

The compilation of the surveyed soil data was guided by the comprehensive soil 

association overviews for New Brunswick SNB and FSNB reports, and by the cross-

referenced aspatial listing of soil association names, profile descriptions and soil horizon 
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properties within the Canada-wide NSDB database. This compilation resulted in a 

database consisting of 2,490 rows of data with coverage for individual properties outlined 

in Table 2.2. Of the 522 soil profiles, 500 contain soil classifications and 507 contain 

drainage classifications. 

Table 2.2. Overview of measured soil properties within amalgamated database with overall completeness. 

Soil Property # of Horizons % Complete 

Horizon Depth (cm) 2490 100.00 

Coarse Fragment Content (%) 885 35.54 

Texture (% sand, silt, and clay) 1306 52.45 

pH (H2O) 1535 61.64 

pH (CaCl2) 647 25.98 

Bulk Density (g/cm3) 938 37.67 

Organic Matter Content (%) 121 4.90 

Base Saturation (%) 466 18.71 

Cation Exchange Capacity 659 26.47 

Field Capacity (-33kPa) 846 33.98 

Permanent Wilting Point (-1500kPa) 738 29.64 

Ca (meq/100g) 976 39.20 

Mg (meq/100g) 960 38.55 

K (meq/100g) 973 39.08 

 

Soil Names and Inconsistencies. The amalgamated database was organized by soil 

association name, each with its own soil associates and horizon sequences. In this, the 

well-drained soil associate members of each soil association carry the name of the soil 

association. Naming inconsistencies occurred and were resolved using the SFNB and SNB 

reports as guiding authority, as follows: 

1. Some of the soil associations were referred to as a complex between two 

associations, i.e., "Baie du Vin - Galloway", "Barrieau - Buctouche", and 

άtŀǊƭŜŜǾƛƭƭŜ - ¢ƻōƛǉǳŜέ ōŜŎŀǳǎŜ ƻŦ ǎƛƳƛƭŀǊ ǎƻƛƭ ŦƻǊƳƛƴƎ ŦŀŎǘƻǊǎ ŀƴŘ ǎƻƛƭ ǇǊƻǇŜǊǘƛŜǎΦ 
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For these instances, only one name was retained based on descriptions of parent 

material lithology and mode of deposition.  

2. In some cases, only the names of the soil associations were provided although 

profiles were provided for different drainage classes. For these, new drainage-

related soil associate names were assigned based ƻƴ ¢ŀōƭŜ с όά/ƻǊǊŜƭŀǘƛƻƴ ƻŦ bŜǿ 

.ǊǳƴǎǿƛŎƪ {ƻƛƭ {ŜǊƛŜǎκ!ǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ CƻǊŜǎǘ {ƻƛƭ ¦ƴƛǘǎέύ ƻŦ ǘƘŜ {b. ǊŜǇƻǊǘǎΦ  

3. Within some reports, horizon and depth specifications by soil associate (section 2, 

Fig. 2.1) were inconsistent with their listing at the end of the reports (section3, 

Fig. 2.2). This was most prevalent in the Northern Victoria and St. Quentin soil 

surveys. To correct this, the measured properties were kept separate from the 

general data and were entered at the end of the database.  

4. Also inconsistent were the amounts of data provided for each soil type. For 

example, only general information was provided for some soil types (sections 1 

and 2) while measured soil properties (section 3) were omitted. This resulted in 

some soil associates lacking horizon-specific property measurements.  

Drainage. Soil drainage was classified from very poor (wetlands and organic soils) 

to rapidly- and excessively-drained (coarse-textured, upper slope positions), as outlined 

by the Expert Committee on Soil Survey (1982). The procedure in Fig. 2.4 was used to 

determine if soil drainage was correctly classified for each soil associate in terms of soil 

horizon sequence. This procedure ensured that: 
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1. the soil associate names within each association were consistent with the 

dǊŀƛƴŀƎŜ ŜȄǇŜŎǘŀǘƛƻƴǎ ōŀǎŜŘ ƻƴ ¢ŀōƭŜ п ƛƴ ǘƘŜ {b. ǊŜǇƻǊǘΣ ŜƴǘƛǘƭŜŘ άbŜǿ 

.ǊǳƴǎǿƛŎƪ ƳƛƴŜǊŀƭ ǎƻƛƭ ŎŀǘŜƴŀǎέΤ 

2.  well- to rapidly-drained members occur on upper slope and hill-crest positions, 

imperfect- to moderately well-drained members occur on the lower slopes, and 

very poor- to poorly-drained members along toe slopes and in depressions.  

The drainage classifications derived were generally consistent with the original 

survey drainage assignments. In cases where the original drainage classifications provided 

broad ranges, i.e., "VP-I", the middle drainage class (P) was retained. The drainage 

assignment procedure in Fig. 2.4 was used to ensure proper drainage classification for all 

ǎŀƳǇƭŜǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŦƻǊ ǘƘƻǎŜ ƻŦ ǿƘƛŎƘ ǿŜǊŜ ŀǎǎƛƎƴŜŘ ōǊƻŀŘ ŎƭŀǎǎŜǎΣ ŜΦƎΦΣ ά±P-wέΣ or 

specified neighboǊƛƴƎ ŘǊŀƛƴŀƎŜ ŎƭŀǎǎŜǎΣ ŜΦƎΦΣ ά±t-tέΦ 
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Figure 2.4. Visual representation of model developed to assign drainage regime to aspatial database. 
Resulting drainage classes are bolded. 

 

Soil Classification. Each soil profile was placed within the Canadian Soil 

Classification (Soil Classification Working Group, 1998) context by specifying its belonging 

to Soil Order, Great Group, and Subgroup. Once completed, abbreviations and rankings 

for soil classifications, stoniness, rockiness, and drainage were assigned to every soil 

associate (where applicable). Table 2.3 provides an overview of the % distribution of 

database entries by soil classification. 
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Table 2.3. Overview of soil orders separated by great group and subgroup within database with overall 
representation of great groups provided. 

Order Great Group Subgroup Number of Profiles % Total 

Podzol 

Ferro-Humic 

Gleyed 1 

4.79 Gleyed Fragic 1 

Orthic 23 

Humic Orstein 1 0.19 

Humo-Ferric 

Fragic 4 

41.95 

Gleyed 29 

Gleyed Luvic 1 

Gleyed Mini 1 

Gleyed Orthic 18 

Gleyed Sombric 1 

Mini 1 

Orstein 7 

Orthic 155 

Sombric 2 

Brunisol 

Dystric 

Eluviated 11 

6.51 
Gleyed 7 

Gleyed Eluviated 7 

Orthic 9 

Eutric 
Gleyed Eluviated 3 

0.77 
Orthic 1 

Melanic 

Gleyed Eluviated 1 

1.53 Gleyed 4 

Orthic 3 

Sombric 

Gleyed Eluviated 1 

4.02 Gleyed 7 

Orthic 13 

Luvisol 

Gray 

Brunisolic 7 

18.39 

Dark 5 

Gleyed Brunisolic 10 

Gleyed 8 

Gleyed Podzolic 20 

Orthic 3 

Podzolic 43 

Gray Brown 
Brunisolic 1 

0.38 
Gleyed 1 

Regosol 

Humic Gleyed 3 0.57 

Regosol 

Cumulic 1 

1.72 
Gleyed Cumulic 2 

Gleyed 4 

Orthic 2 

Gleysol 

Gleysol 

Fera 3 

4.02 Orthic 16 

Rego 2 

Humic 
Orthic 20 

4.21 
Rego 2 

Luvic 

Fera 5 

4.60 
Fragic 2 

Humic 1 

Orthic 16 

Organic Fibrisol 
Typic 5 

2.49 
Terric Mesic 3 
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Terric Humic 2 

Mesic 1 

Terric 2 

Mesisol 

Typic 6 

2.11 
Terric 3 

Terric Fibric 1 

Terric Humic 1 

Humisol 

Typic 3 

1.72 
Terric 2 

Terric Fibric 2 

Terric Mesic 2 

 

According to this compilation, Podzols (46.9% of database) have a much higher 

representation than any other order (representing almost half of the database), followed 

by Luvisols (18.8%), Brunisols and Gleysols (12.8%), and Regosols (2.3%). Organic soils 

(6.4%) were both surveyed and included in the database but were omitted from the 

analyses by focusing on mineral soils only.  

Soil Forming Factors. Soil parent materials were classified by:  

1. landforms which vary by mode of deposition (how the material was deposited 

geologically) and  

2. lithology (referring to the chemical and physical makeup of the deposited 

material).  

Differences in surficial geology descriptions, both in mode of deposition and lithology, 

occurred within the same soil association names when cross-referencing the SNB (Table 

6), FSNB (Tables 2 and 5), and NSDB reports. This was corrected as follows: if three or 

more sources (including soil surveys, SNB, FSNB, and NSDB) provided the same mode of 

deposition for an individual soil association, then that mode of deposition was assigned 
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to that association. Any remaining inconsistencies were addressed by determining the 

expected mode of deposition by surface expressions (topography), coarse fragment 

content, and horizon sequences. Together, this cross-referencing resulted in 21 unique 

modes of deposition (Table 2.4), with some associations having two distinct modes of 

deposition overlaying one another (i.e. glaciomarine/basal). In such instances, the top 

parent material will have the dominant influence on soil formation and development.  

Table 2.4. Summary of updated parent material modes of deposition within aspatial database including the 
quantity of associations within each mode of deposition. 

Mode of Deposition Number of Associations % of Total 

Residual 4 3.60 

Residual and Colluvium 1 0.90 

Colluvium and Water Re-worked Till 4 3.60 

Ablation/ Residual 9 8.11 

Ablation 14 12.61 

Ablation/ Basal 2 1.80 

Basal 29 26.13 

Basal/ Residual 1 0.90 

Glaciomarine/ Basal 5 4.50 

Glaciomarine 5 4.50 

Glaciomarine/ Marine 1 0.90 

Marine 3 2.70 

Marine/ Basal 1 0.90 

Glaciofluvial and Marine 6 5.41 

Glaciofluvial 10 9.01 

Alluvium and Glaciofluvial 2 1.80 

Ancient Alluvium 1 0.90 

Alluvium 3 2.70 

Lacustrine 1 0.90 

Glaciolacustrine 1 0.90 

Organic 8 7.21 

 

Not yet included in the Table 2.3 description are landforms that specifically refer to, e.g., 

valley trains, glaciofluvial outwash plains, drumlins, moraines, and eskers. Additionally, 

glacial tills (ablation and basal) lack information on depth of deposits. Additional 
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information pertaining to these deposits and depths can be obtained from Rampton 

(1984).  

With respect to soil lithology specifications, there were inconsistencies as well. For 

example, the parent material of the Baie du Vin association was labelled as: "acidic GLFL 

or MA sand, petrologically similar to underlying sandstone bedrock, and rich in biotite". 

The Galloway soil units, stated to have the same lithology, was labelled: "acidic, 

petrologically similar to the underlying sandstone bedrock and rich in biotite". These 

inconsistencies were addressed through re-labelling and by updating lithology by 

dominant rock types, grain sizes, and mineral hardness (based on Mohs hardness scale, 

retrieved from http://rocks.comparenature.com/). This was followed by (i) providing 

binary descriptors for sedimentary, igneous, and metamorphic parent materials per soil 

association, and (ii) by the ranking of (a) rock type weatherability (ease of physical and 

chemical breakdown of parent material) and (b) fertility (mainly Ca, and Mg richness of 

the weathering parent material) (Table 2.5). Weatherability and fertility were based on 

Table 4 in the FSNB report.  

Some soil associations (Bellefleur, Bottomland, Bransfield, Chockpish, Gulquac, 

Lower Ridge, St. Charles, and Wakefield) could not be identified as forest soil associations 

in the FSNB and SNB reports. For these associations, weatherability and fertility 

assignments could therefore not be determined. This conforms with the previous 

statements in which inconsistencies occur with soil mapping initiatives.  

http://rocks.comparenature.com/
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Table 2.5. Overview of weatherability and fertility rankings assigned to common rock types, retrieved from 
Figure 4 (The relative weatherability and fertility of the common rock types found in New Brunswick) from 
FSNB. 

Rock Type 
Relative Weatherability 

0-1 (slow-fast) 
Relative Fertility 
0-1 (poor-rich) 

Quartz-Pebble Conglomerate 0.04 0.2 

Felsic Volcanic (Rhyolite) 0.07 0.19 

Felsic Pebble Conglomerate 0.14 0.17 

Schists 0.15 0.43 

Metaquartzites 0.18 0.44 

Gneiss 0.20 0.42 

Granodiorites 0.20 0.54 

Quartz Diorites 0.23 0.61 

Granites 0.28 0.31 

Diorites 0.28 0.55 

Alkali Granites 0.34 0.25 

Gabbros 0.33 0.65 

Polymictic Metaconglomerates 0.39 0.37 

Mafic Volcanic (Basalt) 0.38 0.72 

Quartzose Sandstone 0.42 0.40 

Metasandstone 0.47 0.55 

Polymictic Conglomerates 0.54 0.31 

Slates 0.53 0.61 

Metasiltstones 0.58 0.66 

Lithic Sandstones 0.62 0.39 

Metawackes 0.64 0.71 

Feldspathic Sandstones 0.66 0.47 

Mudstones 0.73 0.53 

Calcareous Sandstones 0.77 0.78 

Calcareous Slates 0.80 0.80 

Calcareous Siltstones 0.84 0.84 

Calcareous Mudstones 0.87 0.87 

Limestones 0.90 0.94 

Argillaceous Limestones 0.95 0.79 

 

Topography. Topographic surface expression descriptors by soil association also 

varied by survey report, being absent in some of the reports. When present, topographic 

surface expressions ranged from flat (or domed) for organic soils to strongly rolling and 

hilly on dense igneous parent materials in the New Brunswick Highlands. Although 

included in the database, little emphasis was placed on topographic expressions because 
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the expressions vary by resolution, intensity and frequency of changing topographic 

positions, slopes, and geographic regions, resulting in inconsistent descriptions between 

reports. A consistent measure for each association referred to average slope position and 

slope percent, but this information was only provided for 40% of the reports. To remedy, 

soil association boundaries can be re-defined spatially via unified landform and lithology 

classifications and topographic expressions can be classified via digital terrain modeling 

as described in Chapter 4.  

Vegetation. Some surveys listed the presence of dominant overstory species, 

generally within the vicinity of the soil sampling points. These specifications were entered 

into the database in the form of binary fields referring to dominance of shade tolerant 

hardwoods, softwoods, and mixedwoods within the overstory canopy. Also, where forest 

floor data were provided, forest floor thickness was assigned to each horizon sequence. 

If spatial coordinates were available for the soil associates then, to some extent, 

vegetation types could be re-assigned to the associates via forest inventory data providing 

information on pre-harvest conditions.  

Horizon Descriptions and Depths: Considerable effort was placed on ensuring 

that the horizon classification within the surveys was consistent with those outlined in 

the ά/ŀƴŀŘƛŀƴ {ȅǎǘŜƳ ƻŦ {ƻƛƭ /ƭŀǎǎƛŦƛŎŀǘƛƻƴέΦ IƻǊƛȊƻƴǎ ǿŜǊŜ ŀƭǎƻ ƎŜƴŜǊŀƭƛȊŜŘ ōȅ ƳŀǎǘŜǊ 

horizon (forest floor, A, B, and C) and by the first subscript for each master horizon, i.e., 

Ae, Ah, Bf (represents the dominant process influencing the soil). Table 2.6 outlines the 

range of master horizon descriptors encountered. The additional horizon specifications 



 

28 

such as g, c, x, j, t, etc., were entered into the database as binary fields (0 when absent, 1 

when present). tǊƻŦƛƭŜǎ ǿƘŜǊŜ ǎƻƛƭ ƘƻǊƛȊƻƴ ŘŜǎŎǊƛǇǘƻǊǎ ǿƘŜǊŜ ƳŀǊƪŜŘ ōȅ άΚέ ƻǊ άƻǊέ ǿŜǊŜ 

re-labeled through cross-referencing with other similar soil profiles. Horizon depths 

(many were originally specified in inches) were re-assigned in cm. 

Table 2.6. Variability in soil horizon classification encountered within aspatial database, separated by 
master horizons, followed by primary subscripts, resulting in 180 unique soil horizons. 

Master Horizon Primary Subscript Variations 

O (Organic) 

Of hŦΣ άhŦΣ hƳέΣ hŦ1, Of2 

Om Om, Om1, Om2, Om3, Om4, Om5 

Oh Oh, Oh1, Oh2, Oh3, Oh4 

Ol  

Oco  

LFH (Forest Floor) 

L L, LF, LF2, LFH 

F F, F1, F2, FH 

H H, H2, HC 

A 

Ae, Aeg Ae, Ae1, Ae2, Aeh, Aej, Aeg, Aeg1, Aeg2, Aegj, 2Aeg, Aexjg, Aejg 

Ah, Ahg Ah, Ah1, Ah2, Ahb, Ahg, Ahgj 

Ahe, Aheg Ahe, Aheg, Ahejg, Ahegj 

Ap, Apg Ap, Apg, Apgj 

B 

Bf, Bfg 
.ŦΣ .ŦǘΣ .ŦǘƎΣ .ŦŎΣ ά.ŦΣ .ŦƧέΣ ά.ŦΣ .ƳέΣ .Ŧ1, Bf2, Bf3, Bf4, Bfj, Bfg, 
Bfg1, Bfg2, Bfgj, Bfjg, Bfjg2, Bfjg3, Bfjgj, Bfjg, Bfcg, Bfcjg, Bfgcj, 
Bfjgc, Bfjgjc 

Bfh, Bfhg Bfh, Bfht, Bfhc, Bfh2, Bfhg, Bfhgj, Bfhgj2 

Bh Bh, Bhcg 

Bg Bg, Bg1, B2, Bgj, 2Bg, Bgc, Bgx, Bgf, Bgfcc 

Bhf, Bhfg Bhf, Bhfg, Bhfgj, Bhfg2, Bhfjg 

Bm, Bmg Bm, Bm1, Bm2, 2Bm, Bmg, Bmx 

Bt, Btg 
.ǘΣ ά.ǘΣ /έΣ .ǘ1, Bt2, Bt3, Bt4, Btj, 2Bt, 2Bt2, 2Btj, Btg, Btg1, Btg2, 
.ǘƎƧΣ ά.ǘƎƧ ƻǊ /ƎƧέΣ ά.ǘƎƧΣ /ƎƧέΣ .ǘƎƧ1, Btgj2, Btgj3, Btgk, Btjg, Btjg1, 
Btgj2, 2Btg, 2Btg2, 2Btgj, 2Btjgj, Btxg, Btxjgj 

BC  BC, BCgj, BCx 

C 

C, Cg 
C, C1, C2, C3, C4, C5, 2C, 2C1, 2C2, 2C3, 3C, Cg, Cg1, Cg2, Cg3, Cg4, 
Cg5, Cgj, Cgj1, Cgj2, Cgj3, 2Cg, 2Cg1, 2Cg2, 2Cg3, 2Cgj, 3Cg, 3Cgj, 
4Cg, 4Cgj, 5Cg, 6Cg, 

Ck, Ckg Ck, Ckg, Ckg1, Ckg2, Ckg3, Ckgj, 2Ckgj 

Cx, Cxg Cx, 2Cxj, Cxgj 

R R  

 

Soil Properties. For each horizon, surveyed values for soil properties referring to 

soil texture, structure, Db, SOM content, CF content, and water retention (at both FC and 

PWP) were entered into the database, using the following procedures. 
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Texture: Soil texture information, where available, was entered into the database 

in two forms: 

1. Texture classes as assigned from texture triangle, as outlined in the Canadian Soil 

Classification System (Fig. 2.5), and 

2. Proportions of sand, silt, and clay within the fine-earth fraction as percentages 

with the summation equaling 100% (although not always the case within the 

database).  

Some texture descriptions provided ōǊƻŀŘ ǊŀƴƎŜǎΣ ƛΦŜΦΣ ά{ƛ[-[{έΦ CƻǊ ǘƘŜǎŜ ŎŀǎŜǎΣ ǘŜȄǘǳǊŜ 

class and percentage of sand, silt, and clay were assigned by choosing the center point 

within these classes on the texture triangle. Additionally, some texture classifications 

provided did not fall wƛǘƘƛƴ ǘƘŜ ǊŜŀƭƳ ƻŦ ǘƘŜ ǘŜȄǘǳǊŜ ǘǊƛŀƴƎƭŜΣ ƛΦŜΦ άDέ όƎǊŀǾŜƭύ ŀƴŘ ά{Dέ 

(sandy gravel). This occurred for 37 samples, of which, could not be provided sand, silt, 

and clay contents. Although not in the texture triangle, these classifications were 

retained. AlsoΣ Ƴƻǎǘ ǘŜȄǘǳǊŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎ ǿŜǊŜ ŀǎǎƛƎƴŜŘ ƛƴŎƭǳŘƛƴƎ ŀ ƳƻŘƛŦƛŜǊΣ ƛΦŜΦΣ άǾŦ{[έ 

(very fine sandy loam). These modifiers were retained, but texture classes without 

modifiers were placed in a separate column.  

For some horizons, only a texture class was provided, this was typically the case 

when general descriptions (section 2) did not coincide with specific horizon properties 

(section 3) within the survey. With these horizons, the percentage of sand, silt, and clay 

were left absent. For the cases where only the percentage of sand, silt, and clay were 
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present (without assigned texture class), an automated model (outlined in Table 2.7) was 

derived to determine the texture class based on these percentages. This was used to fill 

in the voids where the texture class was absent, resulting in 86.6% of the database with 

texture measurements.  

Table 2.7. Logical Rule statements applied in ascending order to determine proper soil texture class based 
on texture triangle as outlined in Soil Classification Working Group (1998). 

Rule Output Class Output Abbreviation 

/ƭŀȅ җ сл Heavy Clay HC 

(60 ς {ŀƴŘύ ғ /ƭŀȅ Җ пл ϧ {ŀƴŘ Җ пр Silty Clay SiC 

/ƭŀȅ җ пл ϧ {ŀƴŘ ғ пр ϧ /ƭŀȅ җ όсл ς Sand) Clay C 

/ƭŀȅ җ ор ϧ {ŀƴŘ җ пр Sandy Clay SC 

/ƭŀȅ җ ну ϧ {ŀƴŘ Җ нл Silty Clay Loam SiCL 

27.5 < Clay < 40 & 20 < Sand < 45 Clay Loam CL 

/ƭŀȅ Җ мн ϧ /ƭŀȅ ғ όнл ς Sand) Silt Si 

Clay < (50 ς Sand) Silt Loam SiL 

/ƭŀȅ Җ όн ϊ ό{ŀƴŘ ς 70)) Sand S 

/ƭŀȅ Җ ό{ŀƴŘ ς 70) Loamy Sand LS 

/ƭŀȅ Җ нл ϧ {ŀƴŘ җ ро hw /ƭŀȅ Җ т Sandy Loam SL 

/ƭŀȅ җ όто ς Sand) Sandy Clay Loam SCL 

Else Loam L 
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Figure 2.5. Texture composition of soil samples for each soil survey utilized in developing the aspatial 
database overlain on texture triangle. 

 

Coarse Fragments: CF content was provided for 36% of the mineral horizons. 

Some of these included ranges, i.e., "40-60%, while others provided qualitative 

descriptions, i.e., "few" or "some". With the ranges, the middle values were assigned. 

Additionally, coarse fragment content was also included as part of the horizon texture 

description, e.g., άgravelly sandy loamέ. For these cases, the suggestions of the Expert 

Committee on Soil Survey (1982) were adopted as follows: <15% CF by volume was 

assigned to άbƻƴέΣ мр-35% not assigned an adjective, 30-60% assigned to ά±ŜǊȅέΣ ŀƴŘ 

>60% assigned to ά9ȄǘǊŜƳŜƭȅέΦ Where the texture modifiers were not consistent with the 
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CF% values όƛΦŜΦΣ άǾŜǊȅ ƎǊŀǾŜƭƭȅ ǎŀƴŘέ ǿƛǘƘ ŀ /C҈ ƻŦ мл҈ύ, and were also not consistent 

with landform expectations, Table 2.8 was assessed to aid in providing CF estimates. 

Table 2.8. Overview of CF content for each parent material mode of deposition found within aspatial 
database. Note that some modes of deposition lack CF content data while others have large variations in 
values. 

Mode of Deposition 
Coarse Fragment Content 

Min. Max. Mean SD Sample Size 

Residual 10 40 24.2 12.8 6 

Residual + Colluvium - - - - 0 

Ablation 5 80 24.7 16.6 76 

Ablation/ Basal 0 30 11.9 7.5 94 

Ablation/ Residual 10 70 47.1 16.0 24 

Alluvium 0 0 0 0 14 

Alluvium + Glaciofluvial - - - - 0 

Ancient Alluvium 0 0 0 0 6 

Basal 1 60 15.5 9.8 371 

Basal/ Residual - - - - 0 

Colluvium + Water-
reworked Till 

- - - - 0 

Glaciofluvial 1 80 35 22.9 45 

Glaciofluvial + Marine 0 35 4.6 7.4 106 

Glaciolacustrine - - - - 0 

Glaciomarine 0 12.5 3.6 3.4 55 

Glaciomarine/ Basal 0 45 4.7 8.6 54 

Glaciomarine/ Marine 0 0 0 0 8 

Lacustrine 0 1 0.3 0.3 14 

Marine 0 0 0 0 11 

 

Due to the omission of samples with measured CF values for some modes of deposition, 

values could not be generalized. Alternatively, values could also be inferred from general 

parent material descriptions provided for each soil association. In principle, these values 

could be assigned to the soil horizons. However, the specified ranges were, in most cases, 

too broad to be consistent with actual CF% survey values.  

Soil Structure: Soil structure was provided as a description with three 

components, shape, size, and distinctness. Therefore, each of these three components 



 

33 

were assigned to the database. An overview of soil structures can be found in άManual 

for Describing Soils in the FieldΥ мфун wŜǾƛǎŜŘέ ōȅ Expert Committee on Soil Survey (1982). 

It was noticed that terminology for structureless soils were used interchangeably, namely 

"single grain", "loose", "amorphous", and "massive"; therefore, these were grouped into 

ǘǿƻ ŎƭŀǎǎŜǎ όάƳŀǎǎƛǾŜέ ŦƻǊ ŀƳƻǊǇƘƻǳǎ ŀƴŘ ƳŀǎǎƛǾŜ ŘŜǎŎǊƛǇǘƛƻƴǎ ŀƴŘ άǎƛƴƎƭŜ ƎǊŀƛƴέ ŦƻǊ ǘƘŜ 

remaining two). Soil structure information was provided for 73.6% of the database. 

Organic Matter Content: SOM content was provided in four formats, % organic 

matter, % carbon, and loss on ignition (LOI) at 450°C and 850°C. Soil surveys for Plaster 

Rock and Northern Victoria Counties provided both % carbon and LOI at 450°C (328 

samples, 13% of database). Kent County was the only report to record LOI at 850°C (11 

samples, 0.4% of database) and did not record % carbon for comparison. Due to the lack 

of samples and omission of carbon values for comparison, readings for LOI at 850°C were 

omitted. The % carbon readings were converted to % organic matter via Eq. 1. 

ϷὛὕὓ Ϸὅ ρȢχς                                                     (1) 

where %SOM is % soil organic matter, %C is % carbon and 1.72 is the conversion factor 

since SOM is composed of 58% carbon (Romano and Palladino, 2002; Pollacco, 2008; 

Chaudhari et al., 2013; Poggio et al., 2013). Standardizing these measurements into % 

SOM resulted in 1,202 samples with measurement (48.3% of database). 

Soil Density: For particle density (Dp) and Db, box plots were used per horizon 

label to quickly determine the extent to which density outliers were present (Fig. 2.6). For 
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each outlier, the original report was reviewed to determine if a data entry mistake had 

occurred. It was ensured that the ranges of the density values were generally consistent 

with soil texture, SOM, and soil depth expectations, with additional considerations to 

distinguish density in compacted versus non-compacted soils. Data entry with obvious 

data errors (e.g., soil Dbs greater than densities for silicate rocks) were deleted. Db 

determinations were generally sparse, with 937 of the horizon- based data entries (38% 

of database). 

 

Figure 2.6. Visual comparison of range in Dbs associated with each master horizon to assess presence (or 
absence) of outliers.  

Water Retention: In terms of water retention (the ability to access moisture under 

different pressure gradients), depending on the report, values were provided in bars 

(bar), atmospheres (atm), and kilopascals (kPa) with values measured in both volumetric 

and gravimetric form. Together, ten reports provided water retention measures in 



 

35 

gravimetric form while five reports provided measures in. Two reports did not specify 

whether the measures were gravimetric or volumetric. Gravimetric water retention 

values were recorded and converted to volumetric form via multiplication with Db. The 

different units of measurement were then amalgamated and adjusted to represent water 

retentions in kPa: -33kPa for water retention at FC, and -1,500kPa for water retention at 

PWP. Also, with water retention at FC, moistures were provided under the title "Moisture 

Equivalent" which is FC values measured via a specific test.  

Additional moisture measurements included water % at 0cm, water holding 

capacity, maximum water holding capacity, and water retention at saturation, 10cm, 

50cm, 100cm, -100kPa, -400kPa, hygroscopic moisture, available water, and moisture 

percentage. Emphasis was placed on moisture retention at FC and PWP due to the 

influence of these pressures on rooting. Once combined, water retention at FC had 836 

samples measured (34.0% of database) whereas PWP had 743 samples measured 

(29.8%).  

Aspatial Overview. The soil database, amalgamated from 17 soil surveys for NB, 

Canada, is intended to provide a comprehensive overview of forest soil conditions across 

NB. As such, this database contains information for 106 soil associations, 243 soil 

associates, and 522 soil profiles, each with their own soil horizon specifications as outlined 

above. Through careful cross-referencing, all data entries were examined to ensure they 

coincided with soil association and horizon-specific expectations as outlined in the 

ά/ŀƴŀŘƛŀƴ {ȅǎǘŜƳ ƻŦ {ƻƛƭ /ƭŀǎǎƛŦƛŎŀǘƛƻƴέ ό{ƻƛƭ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ ²ƻǊƪƛƴƎ DǊƻǳǇΣ мффуύΦ 
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Most soil associates had more than one profile described, depending on frequency 

of occurrence, i.e., some reports listed the same soil association even though reports 

occurred in different geographic locations. For example, the Holmesville soil association 

occurred in eight soil surveys. As a result, the well-drained soil associate (also called 

Holmesville) had 18 profiles within the database. Its moderately-well drained associate, 

Johnville, had 12 profiles within the database, followed by the poorly-drained associate, 

Poitras, also with 12 profiles. It was common for the broadest soil associations to occur 

within different surveys, and therefore, had multiple profiles within the database. In 

contrast, some of the less-common soil associations lacked a single soil profile altogether 

(i.e., Aulac, Babineau, Becaguimec, Belledune, Big Bald Mountain, Blackland, Caissie, 

Bottomland, Catamaran, Clearwater, Escuminac, Jacquet River, Kingston, Research 

Station, and Tetagouche).  

The outcome of all considerations and actions is presented in Appendix II, 

completed in reference to the spatial context of the SNB soil coverage for New Brunswick. 

This representation reveals (i) that not all SNB-mapped soil associations occur within the 

original soil survey reports (i.e., Becaguimec, Big Bald Mountain, Catamaran, Jacquet 

River, Kingston, Popple Depot, and Tetagouche), and (ii) that some of the surveyed soil 

associations are not spatially represented in the existing SNB delineation, as outlined in 

Table 2.9. In total, the soil association coverage in Appendix II corresponds to the 

71,450 km2 land base of New Brunswick. The total provincial area amounts to 72,907 km2 

of which 1,458 km2 is water. The organic soil coverage at 11.38% amounts to 8,131 km2. 
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Table 2.9. Surveyed soil associations not currently spatially covered in province-wide SNB soil association 
map. 

Soil Associations 

Aldouane Flemming Kouchibouguac Riley Brook 

Anagance Fundy Lord and Foy Salem 

Baie du Vin Galloway Lower Ridge Shemogue 

Bellefleur Green River Maliseet St. Charles 

Benedict Green Road Monquart Sussex 

Big Hole Gulquac Mount Hope Tobique 

Boston Brook Harquail Parsons Brook Tormentine 

Bransfield Island Lake Guimond River Upper Caraquet 

Bretagneville Jardine Petitcodiac Violette 

Caraquet Jeffries Corner Queenville Wakefield 

Chockpish Kingsclear Quisbis  

Dorchester Knightville Richibucto  

 

Although amalgamated and harmonized, the aspatial database remains 

incomplete in terms of measurement gaps for horizon-specific physical and chemical 

properties, as outlined in Table 2.2. Chapter 3 addresses and, where feasible, fills some 

of these gaps via the development of PTFs by way of linear multivariate regression 

analyses. Decision trees can be used to fill in remaining data gaps.  

2.5. CONCLUDING REMARKS 

Creation of the aspatial database expedites PTF development for gap-filling and 

summarizing and quantifying both soil association and associates via similarities and 

differences. Once complete, this will enable spatially re-digitizing the updated database 

using already-existing soil association delineations, followed by revising these to ensure 

topographic mapping consistencies. For example, all digitized floodplain-derived soil 

associations must conform with the extent of topographically delineated floodplains, all 

residual soil units need to coincide with topographically delineated ridge tops and steep 

slopes. Additionally, all organic soil units need to fall within topographically delineated 
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depressions and wet areas next to streams, rivers, lakes and coastal shores (Murphy et 

al., 2008, 2009). Finally, all soil map units need to reflect landscape features as defined 

by digitally-delineated landforms such as eskers, kames, till plains, drumlins, and 

moraines, and need to further reflect the lithology origin of these formations (e.g., 

calcareous versus siliceous). 

The topographically-corrected soil delineations, with the amalgamated and 

harmonized database, provide many possible applications. For example: 

1. The correct placement of each soil association and associated soil properties will 

assist in refining the moisture regime classification within these associations 

based on topographic location. For example, clay-textured soil associations reduce 

water infiltration into the soil, thus having ephemeral flow channel networks that 

reach further upslope to ridges than what would be the case for coarse textured 

associations. The latter would require larger upslope flow accumulations for 

stream flow initiation.  

2. Improved soil mapping will allow for better soil erosion estimation, because the 

soil descriptors needed to calculate soil erosion potentials correspond with local 

variations in topography.  

3. The revised mapping will improve the quantification of soil organic matter, 

because soil organic matter accumulations correlate positively with soil rooting 

depth as affected by soil lithology, drainage, and compaction. 
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4. Since vegetation growth and health is closely related to soil fertility (availability of 

soil nutrients) and water availability, the revised soil map will allow for better 

decision making in site selection for crop production whether in forestry or 

agriculture.  

5. Since soil and vegetation type (and vegetation structure) vary across landscapes, 

the improved soil mapping will find much use in conservation and reclamation 

practices. 

6. Given that there is a high network of paved and unpaved roads and trails 

permeating New Brunswick, the revised map will provide much needed 

information about their locations across drainage-challenged soils.  
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Shane Furze, Paul Arp 

Faculty of Forestry and Environmental Management 

University of New Brunswick, Fredericton, NB, Canada, E3B 6C2 

 

Foreword: 

The following chapter is an article submitted to the Open Journal of Soil Science. It was 

submitted on May 31st, 2018.  

Citation: 

Furze, S. and Arp, P.A. 2018. From Soil Surveys to Pedotransfer Function Development 
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3.1. ABSTRACT 

This article presents the development of pedotransfer functions (PTFs) for soil 

physical and chemical properties such as bulk density, texture (sand, silt, and clay), coarse 

fragment content, pH, soil organic matter content, cation exchange capacity, field 

capacity, and permanent wilting point for varying soil types and drainage conditions. 

Pertinent data for PTF development resulted from the amalgamation of county-based soil 

surveys for the province of New Brunswick, Canada into a harmonized aspatial database 

for both soil associations and soil types. It was ensured that PTF outputs coincided with 

realistic thresholds, namely, bulk density does not exceed 2.4g/cm3, soil organic matter 

does not exceed 100%, combination of sand, silt and clay does not exceed 100% for fine 

earth mineral fraction, permanent wilting point does not exceed field capacity, and all 



 

41 

values are positive. PTF development for sand, silt, clay, organic matter content, bulk 

density, cation exchange capacity, field capacity, and permanent wilting point resulted in 

capturing between 60 to 75% of the total soil property variation with PTF models 

validated by via comparison with published PTF equations.  

Key Words: Province-wide database, physical and chemical soil properties, pedotransfer 

functions.  

 

3.2. INTRODUCTION 

Due to the high cost associated with intensive soil sampling and subsequent 

laboratory analyses required to develop high-resolution soil maps, there is a need for 

algorithms to model and predict soil properties that are difficult, or too costly, to measure 

(Moore et al., 1993; McBratney et al., 2002). These algorithms, known as pedotransfer 

functions (PTFs) are a feasible alternative allowing for the prediction of soil properties 

based on a few easy-to-measure variables. PTFs, a term introduced by Bouma (1989) are 

not a new science and have been used vastly in the past for predicting soil properties, for 

example, a review of hydraulic PTFs is provided by Wösten et al. (2001), and two general 

PTF reviews provided by McBratney et al. (2002) and Nanko et al. (2014). Many PTFs have 

been developed for soil physical and chemical attributes with soil organic matter (SOM), 

soil texture, structure, and bulk density (Db) as the most commonly used predictors 

(Moore et al., 1993).  
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PTF development requires a data set that is heterogenous in terms of soil types 

and site conditions, particularly varying parent materials, topographies, flora, and 

physiographic regions (varying mesoclimates), since these variables have been proven as 

dominant soil forming factors (Jenny, 1941; McBratney et al., 2003; Florinsky, 2012; 

Heung et al., 2014). Therefore, soil property variation will be dependent upon these 

factors. Developing PTFs over a wide range of soil conditions is more likely to result in 

higher predicting accuracy (Pollacco, 2008) with a readily-available source of information 

in the form of conventional soil surveys (McBratney et al., 2000, 2002; Balland et al., 

2008). In New Brunswick, Canada, there is a wealth of information available in 

conventional county-based soil surveys.  

The objectives of this article are: 

1. to determine how the survey-compiled data for individual soil physical chemical 

variables relate to one another through PTF analysis; 

2. to use the resulting best-fitted functions for filling the data gaps among the 

compiled data;  

3. to evaluate the general validity of the resulting functions based on theoretical 

limits and their predictive correspondences with respect to literature equivalents. 
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3.3. METHODS 

Prior to statistical analyses, the NB soil database (Chapter 2) had undergone 

rigorous amalgamation and harmonization procedures regarding detailed soil horizon and 

property assessments by soil associations and soil associates (Chapter 2). This included 

determining that general soil property range expectations were not exceeded. For 

example, the summation of specified sand, silt and clay % values (soil texture) cannot 

exceed 100%, soil Db should not exceed 2.4g/cm3, all percentages (CF, SOM, carbon (C), 

and base saturation) must remain between 0 and 100%, soil pH values should vary at most 

from 2.5 to 8. For some soils, only qualitative descriptions were provided for CF content 

while others were provided with CF ranges (e.g., CF = "30 - 50").  

Table 3.1 provides data frequencies, means and ranges for each database-listed 

soil variable prior to methodology and unit standardization. This standardization followed 

the variable-by-variable soil survey guidelines and specifications by McKeague (1978), the 

Mapping System Working Group (1981), the Expert Committee on Soil Survey (1982), 

Guertin et al. (1984), and GlobalSoilMap (http://www.isric.org/documents/document-

type/globalsoilmap-specifications-v24-07122015).  

 

 

 

 

 

http://www.isric.org/documents/document-type/globalsoilmap-specifications-v24-07122015
http://www.isric.org/documents/document-type/globalsoilmap-specifications-v24-07122015
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Table 3.1. Overview of soil physical and chemical attributes within the amalgamated database prior to 
attribute standardization and data filling. Bolded variables represent those of which are modeled in this 
study whilst non-bolded represent those requiring additional standardization. 

Attribute 
Sample 

Size 
% of 
total 

Mean Min Max Standardized 

Sand (%) 1306 52.5 47.4 1.2 100  

Silt (%) 1306 52.5 34.3 0 76.1  

Clay (%) 1306 52.5 18.3 0 72.1  

CF (%) 885 35.5 14.18 0 80.0  

Db (g/cm3) 938 37.7 1.4 0.11 2.8  

C (%) 1082 44.0 1.4 0 20.1 OM (%) 

OM (%) 121 4.9 1.7 0 12.4 OM (%) 

pH (H2O) 1757 68.6 5.2 2.9 8.1 pH (H2O and CaCl2) 

pH(CaCl2) 689 26.9 4.6 2.9 7.5 pH (H2O and CaCl2) 

CEC (meq/100g) 659 26.5 15.0 1.0 73.9  

FC (%, gravimetric) 678 27.2 27.0 2 94 
FC (volumetric and 

gravimetric) 

FC (%, volumetric) 168 6.5 26.5 6 43 
FC (volumetric and 

gravimetric) 

PWP (%, gravimetric) 455 18.3 9.9 1 58 
PWP (volumetric and 

gravimetric) 

PWP (%, volumetric) 283 11.4 8.7 1 28 
PWP (volumetric and 

gravimetric) 

Base Saturation (%) 466 18.7 23.0 0 100  

Ca (meq/100g) (NH4OAc) 990 38.7 2.5 0 65 Ca (meq/100g) (NH4OAc) 

Ca (kg/ha) (NH4OAc) 67 2.6 458.3 44.8 2847 Ca (meq/100g) (NH4OAc) 

Ca (meq/100g) (NaCL) 92 3.6 2.4 0.1 12.2 Ca (meq/100g) (NH4OAc) 

Mg (meq/100g) (NH4OAc) 974 38.0 0.5 0 8.2 Mg (meq/100g) (NH4OAc) 

Mg (kg/ha) (NH4OAc) 67 2.6 76.6 0 336.3 Mg (meq/100g) (NH4OAc) 

Mg (meq/100g) (NaCL) 92 3.6 0.7 0 6.3 Mg (meq/100g) (NH4OAc) 

K (meq/ 100g) (NH4OAc) 987 38.6 0.3 0 6.6 K (meq/ 100g) (NH4OAc) 

K2O (kg/ha) (NH4OAc) 67 2.6 97.1 22.4 336.3 K (meq/ 100g) (NH4OAc) 

K (meq/100g) (NaCL) 92 3.6 0.2 0 2.5 K (meq/ 100g) (NH4OAc) 

 

Once standardized, both simple and multiple linear regression analyses were 

conducted on each attribute to test the feasibility of modeling soil physical and chemical 

properties. Only the Table 3.1 variables in bold were subject to this analysis due to the 

lack of a consistent procedures for standardizing base cation measurements. The 

resulting PTF equations were evaluated in terms of their best-fitted intercept, regression 

coefficients, t- and p-values. The overall goodness-of-fit was expressed by the adjusted 
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coefficient of variation (R2), the root mean square error (RMSE), and mean absolute error 

(MAE), and was visualized by plotting actual versus best-fitted data values. The PTF 

equations were subsequently used to predict the values of bolded variables across the 

database for general confirmation, and this was also done for the same data using 

published PTF equations as a method of validation. 

3.4. RESULTS AND DISCUSSION 

Soil Texture: Soil texture refers to the proportion of sand, silt, and clay in the fine 

earth fraction (<2mm) of soil (Weil and Brady, 2017), as classified by way of the texture 

triangle (Fig. 3.1; (Working Group on Soil Survey Data, 1982). In general, soil texture 

influences many soil physical and chemical processes and resulting attributes pertaining, 

e.g., to the extent of organic matter accumulation, which, in turn, contributes to soil 

structure by increasing soil porosities while lowering soil Db (Birkeland, 1999; Gessler et 

al., 2000; McBratney et al., 2000; Azlan et al., 2013; Chaudhari et al., 2013). Clay in 

combination with fully decomposed SOM (humus) contributes to the soil colloidal fraction 

(Pitty, 1979; Fullen et al., 2007), and, hence, improves moisture and nutrient retention 

(Anderson, 1988; Pitty, 1979).  

The frequency of each texture class within the database was determined with 

results listed in Table 3.2. As seen above, pure silts, sandy clays, and the heaviest clays 

(clay percentage exceeding 80%) are absent from the soil surveys. This may be a result of 

surveying emphasis placed on agricultural soils, which would avoid surveying heavy 

textured wetlands, lacustrine and estuary deposits. Also missing from the data entries are 
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nearly pure sand- and silt-textured soils, as these are typically uncommon in forested 

landscapes. Some of the absent textural variations are likely due to:  

1. translocation of fine-textured minerals (silts and clays) from steep slopes to low-

lying positions and depressions (Simonson, 1959), and  

2. non-linear trends with respect to soil depth due to secondary clay enrichments 

(i.e., Luvisols) and differences in soil parent materials (i.e., ablation over basal till), 

and vertical variations in alluvial fine to coarse deposits. 

 

Figure 3.1. Representation of frequencies of each soil texture class with intermediates between classes 
overlain on soil texture triangle. Classes with no occurrence include silt (Si), sandy clay (SC), and heavy clay 
(uppermost portion of clay class, >80% clay). 
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Table 3.2. Frequency distribution of texture classes and ranges found within aspatial database.  

Texture Class Count Texture Class Count 

Clay (C) 37 Loam (L) 573 

Clay ς Sandy Clay (C-SC) 0 Silt Loam ς Loam (SiL-L) 16 

Sandy Clay (SC) 0 
Sandy Clay Loam ς Sandy Loam (SCL ς 

SL) 
0 

Clay ς Silty Clay (C-SiC) 2 Clay ς Clay Loam (C-CL) 0 

Silty Clay (SiC) 0 Loamy Sand ς Sandy Loam (LS-SL) 14 

Silty Clay Loam (SiCL) 75 Loamy Sand (LS) 157 

Clay Loam ς Silty Clay Loam (CL-SiCL) 2 Sand ς Loamy Sand (S-LS) 3 

Silty Clay ς Silty Clay Loam 1 Sand (S) 85 

Sandy Clay Loam ς Clay Loam (SCL-
CL) 

1 Clay Loam ς Silt Loam (CL-SiL) 0 

Clay Loam ς Loam (CL-L) 1 Silt Loam (SiL) 329 

Clay Loam (CL) 190 Silt Loam ς Silt (SiL-Si) 1 

Sandy Clay ς Sandy Clay Loam (SC-
SCL) 

0 Silt (Si) 0 

Sandy Clay ς Clay Loam (SC-CL) 0 Sandy Loam ς Silt Loam (SL-SiL) 10 

Sandy Clay Loam (SCL) 53 Sandy Loam (SL) 519 

Sandy Clay Loam ς Loam (SCL-L) 0 Sandy Loam ς Loam (SL-L) 14 

Silty Clay Loam ς Silt Loam (SiCL-SiL) 7   

 

Since the sand, silt and clay percentages within the mineral fraction of fine earth 

(i.e., gently crushed air-dried soil passing through a 2mm sieve) must add up to 100%, 

only two of these variables need to be modelled in order to fill the textural data gaps 

within the amalgamated and harmonized database. Since the texture-influencing 

variables within this database refer to soil depth, mode of surface deposition, and 

lithology (Anderson, 1988; Bui et al., 2006), the missing database entries for the sand and 

silt fractions were obtained by evaluating the following generalized regression 

formulation: 

ὛὥὲὨ έὶ ὛὭὰὸ Ϸ  ὪὓὈὉὖÌÏÇὈὩὴὸὬ ὓὭὲὩὶὥὰ ὌὥὶὨὲὩίίὙέὧὯ ὝώὴὩȟὲ ρȟρσψ   (1) 
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Where Depth is the depth (cm) measured at the middle of the horizon from the bottom 

of the forest floor, Mineral Hardness is a numerical value determined by the Moh's 

hardness scale and assigned to the dominant mineral types of each parent material. If 

two rock types were present within the same parent material, then the hardness was 

averaged. MDEP (Mode of Deposition) and Rock Type are categorical variables 

describing the parent materialΩǎ mode of deposition and dominant lithology, respectively. 

The formulated least-squares fitting results are listed, variable-by-variable, in Tables 3.3 

and 3.4, represented with significant intercept, regression coefficients, t- and p-values, 

and with model performances (measured vs. fitted) presented in Fig. 3.2.  

Table 3.3. Least squares modeling results for sand by soil depth, and parent material mode of deposition 
and lithology (rock type and mineral hardness), including best-fitted PTF intercept, regression coefficients, 
and associated t- and p-values. 

Mode of 
Deposition 

Estimate t- value p- value Rock Type(s) Estimate t-value p-value 

Ablation/ Basal -19.0730 2.863 0.0043 
Conglomerate, 

sandstone 
40.4028 8.166 <0.0001 

Alluvium + 
Glaciofluvial 

29.9414 10.913 <0.0001 
Conglomerate, 

sandstone, 
mudstone 

21.5430 3.018 0.0026 

Colluvium + 
Water re-worked 

Till 
10.9177 3.540 0.0004 Sandstone 16.9196 3.069 0.0022 

Glaciofluvial 22.4670 10.486 <0.0001 Sandstone, shale 26.9470 5.928 <0.0001 

Glaciofluvial + 
Marine 

12.8926 3.900 0.0001 Shale 33.2131 4.436 <0.0001 

Glaciomarine -26.2909 6.399 <0.0001 Shale, mudstone 25.6190 2.792 0.0053 

Glaciomarine/ 
Basal 

37.7626 -7.024 <0.0001 
Shale, sandstone, 

conglomerate 
28.2841 4.931 <0.0001 

Glaciomarine/ 
Marine 

44.1617 5.542 <0.0001 
Shale, slate, 

quartzite 
27.4443 4.822 <0.0001 

Lacustrine 31.2234 2.666 0.0078 
Slate, argillite, 

quartzite 
27.1734 5.058 <0.0001 

Marine 34.9532 2.984 0.0029 Other Variables Estimate t-value p-value 

Residual + 
Colluvium 

-15.2584 -2.865 0.0042 Intercept -59.0462 -3.417 0.0007 

    Log10 Depth 6.4952 7.631 <0.0001 

    Mineral Hardness 15.3375 4.811 <0.0001 
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Table 3.4. Best-fitted model results for % silt, following the framework of the sand model with best-fitted 
PTF intercept, regression coefficients, and associated t- and p-values. 

Mode of 
Deposition 

Estimate t- value p- value Rock Type(s) Estimate t-value p-value 

Ablation/ Basal -17.5526 -3.520 0.0045 
Conglomerate, 

sandstone 
-30.8564 -8.331 <0.0001 

Alluvium + 
Glaciofluvial 

-12.2780 -5.978 <0.0001 
Conglomerate, 

sandstone, 
mudstone 

-19.7362 -3.694 0.0002 

Colluvium + 
Water Re-
worked Till 

-6.0150 -2.605 0.0093 Sandstone -13.6167 -3.299 0.0009 

Glaciofluvial -16.1226 -10.502 <0.0001 Sandstone, shale -22.2808 -6.547 <0.0001 

Glaciofluvial + 
Marine 

-12.1065 -4.893 <0.0001 Shale -30.9917 -5.529 <0.0001 

Glaciomarine -13.1527 -7.411 <0.0001 Shale, mudstone -32.8401 -4.781 <0.0001 

Glaciomarine/ 
Basal 

11.2622 4.019 <0.0001 
Shale, sandstone, 

mudstone 
-12.6824 -1.966 0.0496 

Glaciomarine/ 
Marine 

-29.5591 -5.794 <0.0001 
Shale, sandstone, 

conglomerate 
-26.7660 -6.234 <0.0001 

Lacustrine -30.9938 -4.267 0.0028 
Shale, slate, 

quartzite 
-20.4679 -4.803 <0.0001 

Residual -17.1535 -1.956 0.0397 
Slate, argillite, 

quartzite 
-25.0773 -6.235 <0.0001 

Residual + 
Colluvium 

8.2288 2.060 <0.0001 Other Variables Estimate t-value p-value 

    Intercept 114.9107 8.882 <0.0001 

    Log10 Depth -6.4266 -10.086 <0.0001 

    
Mineral 

Hardness 
-10.4199 -4.366 <0.0001 

 

Of the variables outlined in Tables 3.3 and 3.4, some modes of deposition and rock 

types were not significant and removed from the analysis. For the sand model, these 

included (with p-value) Ablation/ Residual (0.7887), Basal (0.4804), and Residual 

(0.6086) for mode of deposition, and Shale, Sandstone, Mudstone (0.3059), Rhyolite, 

andesite, granite (0.8152), Quartzite, sandstone (0.1958), Granite, gneiss, quartzite 

(0.7728), and Granite, gneiss, basalt, felsite (0.8725) for rock types. The sand versus silt 

intercept and regression coefficients, as to be expected, carry opposite signs except for 

the Ablation/Basal (both negative) and Glaciomarine/ Basal (both positive) entries. The 

former is due to elevated clay content, and the latter due to sandy beach deposits with 
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low clay. Generally, sand % increases as silt content decreases, this is also reflected by the 

increasing regression coefficients that signal increasing sand and decreasing silt with 

increasing soil depth and mineral hardness, as to be expected. The results in Tables 3.3 

and 3.4 are due to the extent of glacial activity in NB, with 90% of the province influenced 

by glaciation (Pronk and Ruitenberg, 1991).  

 
Figure 3.2. Performance plots (measured vs. fitted) for the sand model (left) and silt model (right) including 
RMSE, MAE, and R2(adj.) as numerical performance indicators. 

Repeating the analysis for clay, by switching clay percentage for sand or silt in Eq. 

1 captured 51% of the variation in clay content. Hence, the combination of the silt and 

sand models are more effective at 59 and 68% (respectively) than using the combined 51 

to 68% sand ς clay or silt - clay regression results for estimating the missing database 

entries for textural composition.  

In terms of literature comparison, there is no information about texture-informing 

PTFs. This is because soil texture specifications are generally used to quantify other 

sparsely sampled soil variables. Where geo-referenced texture data are not available, 






































































































































































































































































































