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About the Alberta Soil Science Workshop

Background

The Alberta Soil Science Workshop is held to facilitate regional interaction among professionals in soil
science. Typically 100 to 150 participants gather for a 1% to 2 day program that comprises 40 to 60 oral
and poster presentations. These include: keynote papers focussed on the workshop theme, technical
papers within four distinct fields, and volunteer papers. Currently the four technical groups are: Land
Use, Soil Fertility, Land Reclamation, and Forest, Riparian and Wetland Soils.

Workshop participants include a diversity of professionals from private industry (e.g. consultants in
agronomy, pedology, reclamation, remediation, and environmental services; chemists from commercial
analytical laboratories), government (federal, provincial, municipal) and academia (universities and
colleges). The Workshop is graduate student-friendly, providing an excellent opportunity to enhance
presentation skills in a supportive setting (travel bursaries are available for out-of-town students;
awards are made for the best student presentations).
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Sponsors of the 2014 Alberta Soil Science Workshop

We are grateful to the sponsors who have contributed to the 2014
Alberta Soil Science Workshop. Please consider sponsorship of future
Workshops to support professional soil science in Alberta, and to
enhance the visibility of your organization. For the 2014 Workshop we
acknowledge the generosity of the following sponsors:

Agriculture and Agri-Food Canada

Agrium Inc.

Alberta Agriculture and Rural Development

Alberta Biochar Initiative

Alberta Innovates — Technology Futures
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Program - 2014 Alberta Soil Science Workshop

3:00-5:00 PM
Sapphire 1

7:00-10:00 PM
Sapphire 1

7:00 AM -5:30 PM
Emerald Ballroom

7:00 - 8:15 AM
Emerald Ballroom

8:15 —11:55 AM
Emerald Ballroom

9:45-10:00 AM

11:55-1:15PM
Emerald Ballroom

1:15-4:10 PM
Emerald Ballroom
Sapphire 1

Emerald Ballroom

4:15-6:00 PM
Emerald Ballroom

4:30-9:00 PM
Emerald Ballroom

6:50-9:00 PM
Emerald Ballroom

Overview
Wednesday, February 12, 2014

Alberta Soil Information Viewer Training Session

Reception and Registration

Thursday, February 13, 2014

Registration

Breakfast

Plenary Session
The Role of Soils in a Changing Climate

Coffee and Refreshments

Lunch

Concurrent Sessions (Oral Presentations):
Volunteer Session 1
Volunteer Session 2

Coffee and Refreshments: 2:40 — 3:10 PM

Poster Session

Cash Bar

Banquet and Entertainment by Shadowstalk

Program



7:00 - 8:00 AM
Emerald Ballroom

8:00 —9:45 AM
Emerald Ballroom
Sapphire 1

9:45 -10:00 AM
Emerald Ballroom

10:00 - 11:45 AM
Sapphire 1
Emerald Ballroom

11:45-1:30 PM
Emerald Ballroom

Friday, February 14, 2014

Breakfast / Day Registration

Technical Sessions:
Reclamation Technical Session
Land Use Technical Session

Coffee and Refreshments
Technical Sessions:

Soil Fertility Technical Session
Wetland and Riparian Soils Technical Session

Lunch and ASSW Business Meeting

Program



8:15-8:30 AM

8:30-9:15 AM

9:15-10:00 AM

10:00 - 10:25 AM

10:25-11:10 AM

11:10-11:55 AM

Program

Detailed Program

Thursday, February 13, 2014
Plenary Session

Welcome and Introduction
Chair: Jay Woosaree, Alberta Innovates - Technology Futures

Carbon Accumulation and the return of microbial function in

soils during reforestation after bauxite mining
Dr. Mark Tibbett, Professor of Soil Ecology, Cranfield University, UK

Can we predict soil nitrogen supply in sub-humid

ecosystems?
David Burton, Professor, Department of Environmental Science,
Dalhousie University

Coffee and refreshments

Modeling the impacts of current warming trends on

ecosystem productivity across North America
Robert Grant, Professor of Ecosystem Modeling, University of Alberta

Managing and understanding soil carbon sequestration
Denis Angers, Scientist, Soils and Crops Research and Development
Centre, AAFC, Quebec



Program

Thursday, February 13, 2014 — Afternoon
Concurrent Sessions

*Graduate Student Presentations

PM Volunteer Session 1 Volunteer Session 2
Emerald Ballroom Sapphire 1
1:15-1:20 | Introduction Introduction
Chair: Konstantin Dlusskiy Chair: Newton Lupwayi
Paragon Soil and Environmental Agriculture and Agri-Food Canada, Lethbridge
Consulting Inc., Edmonton, AB AB
1:20-1:40 | Chernozems of Alberta: International and | Soluble salts, copper and zinc in simulated
Russian perspective rain runoff from beef cattle manure compost
Konstantin Dlusskiy windrows.
Paragon Soil and Environmental Consulting Inc., Frank Larney, Andrew Olson, Jim Miller
Edmonton, AB and Bonnie Tovell
Agriculture and Agri-Food Canada, Lethbridge, AB
1:40 - 2:00 | The Soil and Terrain Classification and Co-composting of beef cattle feedlot manure
Mapping Practice Area — Why Should We | with construction and demolition waste
Care? Xiying Hao, Brett Hill, Pam Caffyn, Greg
Larry Nikiforuk Travis, Andrew Olson, Frank Larney, Tim
Soil-Info Ltd., Edmonton, AB McAllister and Trevor Alexander
Agriculture and Agri-Food Canada, Lethbridge, AB
2:00 - 2:20 | Biogas Potential from Miscanthus and Transport of Chemicals through Intact Soil
Pennisetum Grass Species: Effect of Cores Amended with Composted or
Alkaline Pretreatment Stockpiled Feedlot Manure with Wood-Chip or
Valentine N. Nkemka and Xiying Hao Straw Bedding
Agriculture and Agri-Food Canada, Lethbridge, AB | Jim Miller, T. Curtis, T. Entz and W. D.
Yonggiang Li Willms
Shandong Agricultural University, Shandong, China | Agriculture and Agri-Food Canada, Lethbridge, AB
David Chanasyk
University of Alberta, Edmonton, AB
2:20 - 2:40 | * Characterization of Surficial Deposits for | Stratification of Direct Seeded Soils - Does
Important Trace Elements: Assessing Concentration Lead to Cultivation?
Trace Metals Distribution and Potential to | Elston Solberg, Doug Penney and James
Contaminate Groundwater in the Cold Beaton
Lake Region of Alberta, Canada Agri-Trend Agrology Ltd., Red Deer, AB
Muhammad Javed and Tariq Siddique
University of Alberta, Edmonton, AB
2:40-3:10
Coffee break




Program

3:10-3:30 | * Carbon Dioxide Flux and Plant Biomass * Effect of nitrogen fertilization on the
at a Boreal Alberta Peatland Affected by dynamics of water-extractable organic matter
Warming and Water Table Drawdown during growing season in a Black Chernozem
T. Munir, E. Kaing and M. Strack and a Gray Luvisol
University of Calgary, Calgary, AB Lei Sun, Miles Dyck, Scott Chang,
Yongsheng Feng and Dick Puurveen
University of Alberta, Edmonton, AB
3:30-3:50 | Alberta’s Land Use Knowledge Network * Quality and quantity of soil dissolved
Neil MacAlpine and Terri McHugh organic carbon in different agroforestry
Foothills Research Institute, AB systems across central Alberta, Canada
Kirby R. Wright Qiting Chen, Scott Chang, Edward Bork,
KRW Knowledge Resources Cameron Carlyle, Farrah Fatemi, Mark
Baah-Acheamfour and Huiying Cai
University of Alberta, Edmonton, AB
3:50 - 4:10 | The Draft South Saskatchewan Regional
Plan — a plan for more than 45% of
Alberta’s population
Jason Cathcart
Alberta Agriculture and Rural Development,
Edmonton, AB
4:15-6:00 | Poster Session (cash bar after 4:30 PM —Emerald Ballroom)




Program

Poster Session
Thursday, February 13, 2014, 4:15 - 6:00 PM
Emerald Ballroom

*Graduate Student Posters

1

* Immediate and Short-term Effects of Tillage of Long-term No-till on Nitrous Oxide
Greenhouse Gas Emissions from Two Contrasting Canadian Prairie Soils

Manjila Shahidi, Miles Dyck and Sukhdev Malhi
University of Alberta, Edmonton, AB

Shifts in soil microbial community structure after 12 yr of conservation management on
irrigated crop rotations

Francis Larney, N. Lupwayi, D. Pearson, D. Kanashiro, R. Blackshaw
Agriculture and Agri-Food Canada, Lethbridge, AB

* The impact of peatland afforestation on carbon exchange in western Canada

Tania Bravo, Maria Strack
University of Calgary, Calgary, AB
Line Rochefort

University of Laval, QC

* Can Biochar Improve Soil Function in an Agroforestry System: Effects of Nutrient Supply,
Microbial Activity and Greenhouse Gases

Jamal Taghavimehr, M. Derek MacKenzie
University of Alberta, Edmonton, AB

Monitoring of nutrient enrichment impacts in wetlands with PRS probes

Hongyuan Deng and Eric Bremer
Western Ag Innovations, Saskatoon, SK

Tim Moore and Meng Wang

McGill University, Montreal, QC

Kira Hoffman and Brian Starzomski
University of Victoria, Victoria, BC

Lucy Sheppard

Atmospheric Sciences, CEH, Edinburgh, Scotland

* Dissolved organic carbon dynamics at natural and constructed fens in the oil sands
region near Fort McMurray, Alberta

B. Khadka and M. Strack
University of Calgary, AB

* Pyrogenic Carbon is a Legacy Substrate in Wildfire Ecosystems such as the Boreal Plains:
Should it be Used in Land Reclamation?

M Derek MacKenzie, Nicole Filipow* and Arezoo Amini
University of Alberta, Edmonton, AB

10




Program

8 Using DRIFT to Analyze Soil Biogeochemical Recovery after Natural and Anthropogenic
Disturbance
Nduka Ikpo and M. Derek MacKenzie
University of Alberta, Edmonton, AB
9 * Reclamation of coarse textured soils following oil sand mining - implications of topsoil
placement depths to microbial community structure and function and plant available
nutrients
Mark Howell and M. Derek MacKenzie
University of Alberta, Edmonton, AB
10 Use of native grasses as cover crops for tailings sand stabilization
Jay Woosaree
Alberta Innovates — Technology Futures, Vegreville, AB
Bruce Anderson
Suncor Energy
11 Multi-dimensional Water Flow and Solute Transport in Heterogeneous Layered Soils
Yanyan Song
AMEC Environment &Infrastructure, Calgary, AB
Miles Dyck
University of Alberta, Edmonton, AB
Gary Kachanoski
Memorial University of Newfoundland, NL
12 2013 Alberta Soils Tour in the southern region

Wally Sawchuk, Deb Werk, Rachel Spiess and Rob Dunn
Alberta Agriculture and Rural Development, Lethbridge, AB

Banquet and Entertainment by Shadowstalk, 6:50 — 9:00 PM
Emerald Ballroom

11




Program

Friday, February 14, 2014 — Morning
Concurrent Technical Sessions

*Graduate Student Presentations

AM Land Reclamation Land Use and Conservation
Technical Session Technical Session
Emerald Ballroom Sapphire 1
8:00 - 8:05 Introduction Introduction
Chair: Deo A. Heeraman /Jay Chair: Rob Dunn
Woosaree Alberta Agriculture and Rural Development,
AMEC Environment and Infrastructure, Lethbridge, AB
Calgary AB
Alberta Innovates — Technology Futures,
Vegreville, AB
8:05 — 8:25 Evaluating Potential Climate Change Development of an agricultural phosphorus
impact of a proposed land reclamation risk assessment tool
effort from lifecycle perspective Janna Casson, Barry Olson, Jennifer
Israel S Dunmade Kerr and Trevor Wallace
Mount Royal University, Calgary, AB Alberta Agriculture and Rural Development,
Lethbridge and Edmonton, AB
Ron Axelson
Intensive Livestock Working Group, Camrose, AB
8:25 - 8:45 Further Adventures in Edmonton Green Science Policy Interface in the
Roofing: Overview and Updates on the Development of Soil Carbon Offsets
Use of Biochar with City Compost Sheilah Nolan
Lynette Esak, Leonie Nadeau, Carla Alberta Agriculture and Rural Development,
Meyer and Stephanie Hannem Edmonton, AB
Esak Consulting Ltd., Edmonton, AB
8:45 —9:05 Update on Directive for Monitoring the The Current State of Alberta’s Carbon
Impact of Sulphur Dust on Soils Offset System
Chi Chen Paul Jungnitsch
Alberta Environment and Sustainable Resource Alberta Agriculture and Rural Development,
Development, Edmonton, AB Edmonton, AB
9:05 -9:25 Methane flux from Canadian restored Life Cycle Assessment as a Tool for
cutover peatlands Agriculture Commodities - Lessons
M. Strack, G. Hassanpour, Y. Zuback, Learned
Md. S. Mahmood, A. M. Keith and T. Roger Bryan, K. Koehler-Munro, A. Moe,
M. Munir T. Goddard and L. KryzanowskKi
University of Calgary, AB Alberta Agriculture and Rural Development,
Edmonton, AB
9:25 - 9:45 Revegetation of Foothills Fescue Soil Carbon Sequestration Accounting in

grassland in south west Alberta
Marshall McKenzie

Alberta Innovates — Technology Futures,
Vegreville, AB

Life Cycle Assessment — Opportunities and
Challenges

Aung Moe, K. Koehler-Munro, R. Bryan,
T. Goddard, and L. Kryzanowski

Alberta Agriculture and Rural Development,
Edmonton, AB

9:45 -10:00 AM

12
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Program

Forest, Riparian and Wetland Soils
Technical Session
Emerald Ballroom

Soil Fertility
Technical Session
Sapphire 1

10:00 - 10:05 | Introduction Introduction
Chair: Bin Xu Chair: Len Kryzanowski
NAIT Boreal Research Institute Alberta Agriculture and Rural Development,
Edmonton, AB
10:05 - 10:25 | Using an Ecosystem Services Approach | Pre-Plant Broadcast Urea in Direct Seeding,
to understand the functions and benefits | A Logistical Return to the Past or the
of wetlands Future?
Gillian Kerr Thomas L Jensen
Alberta Environment and Sustainable Resource International Plant Nutrition Institute, Calgary AB
Development, Edmonton, AB
10:25 —10:45 | Monitoring soil nutrients in wetland In-crop nitrogen application efficiencies with
systems with PRS probes — case wheat and canola
studies Doon Pauly
Eric Bremer Alberta Agriculture and Rural Development,
Western Ag Innovations, Saskatoon, SK Lethbridge, AB
Megan Wood, Felix Nwaishi and Eric Bremer
Richard Petrone Western Ag Innovations, Saskatoon, SK
University of Waterloo, ON Ben Ellert
Merrin MacRae Agriculture and Agri-Food Canada, Lethbridge, AB
Wilfred Laurier University, Waterloo, ON
Kevin Devito
University of Alberta, Edmonton, AB
Meng Wang and Tim Moore
McGill University, QC
Julie Talbot
University of Montreal, QC
Lucy Sheppard, Julie Drewer and Ute
Skiba
Center for Ecology and Hydrology, Scotland
Tariq Munir and Maria Strack
University of Calgary, AB
Kira Hoffman and Brian Starzomski
University of Victoria
Jeff Schoenau
University of Saskatchewan, SK
10:45 - 11:05 | * Modelling Effects of Water Table Looking beyond the first subsequent crop

Depth Variations on Net Ecosystem
CO2 Exchange of Western Canadian
Peatlands

Mohammad Mezbahuddin and Robert
Grant

University of Alberta, Edmonton, AB
Lawrence Flanagan

University of Lethbridge, AB

for N contribution by pulse crop residues
Newton Z. Lupwayi
Agriculture and Agri-Food Canada, Lethbridge, AB

13




Program

11:05 - 11:25 | * Assessing Hydric Soil's Dewatering Nitrogen Fertilizer Management to Mitigate
Potentials Using Soil Moisture and N20 Emissions in Alberta
Texture Functions. Len Kryzanowski, Adil Akbar, Tom
Abimbola Ojekanmi and Scott Chang | Goddard, Ross McKenzie and Rob Dunn
University of Alberta, Edmonton, AB Alberta Agriculture and Rural Development,
Edmonton and Lethbridge, AB
John O’Donovan
Agriculture and Agri-Food Canada, Lacombe, AB
Elwin Smith
Agriculture and Agri-Food Canada, Lethbridge, AB
11:25 -11:45 | * Aboveground and Belowground * Long-term S-fertilization increases carbon

Patterns in Pyrogenic Boreal Aspen
Ecosystems: What Governs Nutrient
Availability?

S. Das Gupta, M.D. MacKenzie and
S.A. Quideau

University of Alberta, Edmonton, AB

sequestration in a sulfur-deficient soil
Mekonnen Giweta, Miles Dyck and Dick
Puurveen

University of Alberta, Edmonton, AB

Sukhdev Malhi

Agriculture and Agri-Food Canada, Melfort, SK

11:45-1:30 PM Lunch and ASSW Business Meeting
Emerald Ballroom

14




Plenary Session Abstracts

Plenary Session

Thursday, February 14, 2014 — Morning

15



Plenary Session Abstracts

Carbon Accumulation and the return of microbial function in soils during
reforestation after bauxite mining

Dr. Mark Tibbett
Professor of Soil Ecology, Cranfield University, UK

Abstract
Interest in soil carbon is increasing as concern mounts about the steadily rising concentrations

of CO, in the atmosphere. The component of terrestrial carbon that is most difficult to assess in
a manner that limits risk for markets (likely to trade in carbon) is the carbon held belowground.
In this paper | will give a brief overview of soil carbon, its types and measurement and report on
the current data on soil carbon after bauxite mining in Australia. | will also track the trajectory
of soil microbial community development at the same sites, primarily based on the utilisation of
carbon substrates.

The capacity of reforestation to accumulate carbon in soil, and sequester it there for the long-
term, may be more limited than superficial measurements of carbon reveal. In studies outside
the mining industry this has been shown to be the case but the time frames and mechanisms
needed to sequester recalcitrant carbon in the soil remain elusive. On this basis, there is clearly
a need for more detailed studies on the soil carbon dynamics and microbial functioning of post-
mining reforestation schemes, both in terms of measurements of stocks, fractions and fluxes as
well as predictive modeling in relation to the biotic cycling of carbon in restored soil systems.

16



Plenary Session Abstracts

Can we predict soil nitrogen supply in sub-humid ecosystems?

David Burton
Professor, Department of Environmental Science, Dalhousie University, Truro, NS

Bernie Zebarth
Agriculture and Agri-Food Canada, Fredericton, NB

Jacynthe Dessault-Rompre and Alex Georgallas
Department of Environmental Sciences, Dalhousie University, Truro, NS

Abstract

Despite being the largest input, with the greatest potential for environmental impact, we still
have few practical measurement-based tools to guide nitrogen management in sub-humid
ecosystems. Three new tools to measure soil N supply, predict the rate of mineralization and to
assess the potential for environmental impact of nitrate will be presented and discussed.

e The Soil N Supply test uses an aerobic incubation to measure soil inorganic N present at
the time of sampling as well as N mineralized during a two week period.

e The Biophysical Water Function uses temperature and precipitation data to estimate
the extent potential N mineralization (No) is realized during the growing season.

e Nitrate Exposure is a time-integrated representation of NO3™ concentration over the
growing season.

Data will be presented examining the suitability of these functions in informing nitrogen
management decisions in cropping systems in sub-humid ecosystems.

17



Plenary Session Abstracts

Modeling the impacts of current warming trends on ecosystem productivity
across North America

Robert Grant and Zelalem Mekonnen
Department of Renewable Resources, University of Alberta

Corresponding author: rgrant@ualberta.ca

Abstract

There is widespread evidence of amplified warming in recent decades. How does this warming
affect ecosystem productivity? In this study, we examined the spatial and temporal variability
and long term trends of warming over the last three decades in North America. Long-term
changes in surface air temperature were analyzed using three hourly surface air temperature
data from North American Regional Reanalysis (NARR) for the years 1979 — 2010.

We then investigated how these long-term changes affect ecosystem productivity from site to
continental scales. A comprehensive mathematical process model, ecosys was used to simulate
impacts of recent temperature change (1979 — 2010) on land-atmosphere carbon exchange in
North America using gridded climate data (NARR), soil (SSURGO (US) + SLC v3.2 (Canada) +
HWSD v1.1 (Mexico)), land use/ land cover dynamics (Hurtt’s + RCP4.5), CO2
concentration(Enhanced GLOBALVIEW), nitrogen deposition(Enhanced Dentener) and
disturbance. Spatial and temporal variations of model outputs for gross primary productivity
(GPP), net primary productivity (NPP) and leaf area index (LAl) were evaluated using remote
sensing gridded Normalized Difference Vegetation Index (NDVI) at 0.250 spatial resolution
across North America. Key model findings were:

Regions with higher latitude and cooler temperatures have experienced greater warming to
which they have responded with increases in productivity. NDVI and artificial warming studies
support these results.

Some areas in the western US have responded negatively to higher temperatures and lower
precipitation which have increased water stress. These findings are supported by comparisons
of modeled LAl vs. NDVI from AVHRR which have shown good agreement in detecting drought
events (e.g. 2002 — 2003).

In order to accurately predict the impact of further warming, we are modeling the underlying
mechanisms of how weather affects productivity of different ecosystems by testing modeled
CO2 exchange against eddy covariance measurements under contrasting weather across the
continent.

18


mailto:rgrant@ualberta.ca

Plenary Session Abstracts

Managing and understanding soil carbon sequestration

Denis Angers
Scientist, Soils and Crops Research and Development Centre, AAFC, Quebec

Corresponding author: Denis.Angers@AGR.GC.CA

Abstract

Carbon sequestration can be defined as the net removal of atmospheric CO2 through its
transfer into long-lived pools such as soil organic matter. As highly managed systems,
agricultural soils offer potential to sequester atmospheric C either by returning more C to the
soil or by reducing soil organic matter mineralization. However, the potential of some of the
proposed management practices to actually sequester C has been found to be quite variable
and even questioned. Site-specific field studies, global meta-analyses, and national greenhouse
gas inventory information will be used to illustrate and address some of these concerns and
questions.
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Volunteer Session 1 Abstracts

Volunteer Session 1
Thursday, February 13, 2014 - Afternoon
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Volunteer Session 1 Abstracts

Chernozems of Alberta: International and Russian perspective

Konstantin Dlusskiy
Paragon Soil and Environmental Consulting Inc.

Corresponding author: kdlusskiy@paragonsoil.com

Abstract

Chernozem is a key order in the Canadian System of Soil Classification (CSSC, 1998) since its
beginning in 1950’s. It's known to be a broader category then Chernozems of other
classifications around the world. CSSC indicates that Brown and Dark Brown Chernozems would
be classified as Kastanozems in the World Reference Base for Soil Resources (WRB, 1998); Dark
Gray Chernozems would correspond to Greyzems. However all three Reference Soil Groups of
WRB require an Ah>20 cm. US Soil Taxonomy requires Mollisols to have Ah>18 cm (USDA,
1998). Much thicker Ah horizon (>30 cm) is Chernozem’s diagnostic criterion in the Russian Soil
Classification (RSC, 1997).

Analysis of the AGRASID data base and a summary provided by Pedocan Land Evaluation (1993)
confirms that majority of Chernozems in Alberta would not meet criteria of WRB and RSC; some
would not even meet CSSC criteria. Examples include soils with base saturation <80%,
structureless or thin (<10 cm) Ah, and Ah not darker than IC. Most of those soils should be
classified as O.MB or O.HR.

Broadening definition of one particular soil order may mislead international community in
regards to soil inventory of Alberta and Canada. Appropriate correlation with WRB should be
suggested for CSSC.
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Volunteer Session 1 Abstracts

The Soil and Terrain Classification and Mapping Practice Area — Why Should We
Care?

W.L. Nikiforuk
Soil-Info Ltd., Edmonton, AB

Abstract

Since the downsizing of provincial and federal soil survey units across Canada in the mid 1990’s
the formalized training ground that existed for pedologists was significantly reduced.
Consequently the responsibility for soil survey training fell to the private sector. Currently, the
demand for pedologists, of all ages and skills sets, exists and continues to grow. In an effort to
maintain and enforce practice standards, the Alberta Institute of Agrologists (AIA) published a
report in June 2013 providing recommendations that provide support to the knowledge and
skills component of The Soil and Terrain Classification and Mapping Practice Area. This
presentation will focus on the recommendations of the AIA Expert Committee and provide
insight into the challenges that face pedology professionals in Alberta.
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Volunteer Session 1 Abstracts

Biogas potential from Miscanthus and Pennisetum grass species: Effect of
alkaline pretreatment

Valentine Nkemka and Xiying Hao
Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, AB

Yonggiang Li
Department of Grassland Science, College of Resource and Environment, Shandong Agricultural

University. Taian, Shandong, China

Corresponding author: valentine.nkemka@agr.gc.ca

Abstract

Miscanthus and Pennisetum grass species are grown for landscaping and soil conservation along
roadsides in Taian, Shandong Province of China. The harvested biomass is a potential biofuel feedstock
due to their high growth rates, low nutrient demand, tolerance to stress and high biomass yield. Biogas
is a potential gaseous biofuel that can be produced by anaerobic digestion from these Miscanthus and
Pennisetum grass species. Anaerobic digestion also leads to the production of a residue (digestate),
which is rich in ammonium-nitrogen and other nutrients that plant readily absorb thus, reducing the
reliance on mineral fertilizers. The amount of biogas harnessed from these perennial grasses can be
however, limited by the high lignocellulose content. Low methane potential of 0.1-0.19 I/kg volatile
solids (VS) has been reported from Miscanthus species hence, some form of pretreatment is needed to
solubilize the fibers into easily digestible sugars.

The present investigation shall evaluate the effect of alkaline pretreatment, which solubilizes lignin from
the complex lignocellulose structure thus exposing the cellulose and hemicellulose for enzymatic
degradation. The investigation shall evaluate the effect of alkaline pretreatment from four species of
Micanthus and two species of Pennisetum. Laboratory-scale methane potential batch tests shall be
performed to evaluate the effect of NaOH pretreatment (2%, 4% and 6% of VS and with a water content
of about 80%). A water content of 80% shall limit the generation of waste chemicals after soaking, since
the biomass is expected to retain the liquid. Furthermore, alternative cheap bases such as Ca(OH)2 shall
be investigated in place or in combination with NaOH.

The results of the present study show that the perennial grasses have high acid detergent fiber content
(47-50% of total solids or TS) and may indicate a long digestion time to obtain the maximum biogas
potential. The crude fat content was low (0.95-1.37% of TS) and the crude protein content ranged from
5.06 t06.53% of TS for these feedstocks. The carbon to nitrogen ratio is also high (37.5-51.0) when
compared to the ratio of about 16 recommended for efficient biogas production. Co-digestion of these
feedstocks with other substrates with high C/N ratio such as manure is recommended. The grasses also
have a high energy content ranging from 19.2 to 21.3 MJ/g TS. Methane potential batch tests shall be
performed and the results shall be presented during the workshop in order to gain knowledge of the
biogas production rate, yields, digestion time and the effect of pretreatment on these parameters.

23


mailto:valentine.nkemka@agr.gc.ca

Volunteer Session 1 Abstracts

Characterization of surficial deposits for important trace elements: Assessing
trace metals distribution and potential to contaminate groundwater in the Cold
Lake Region of Alberta, Canada

Muhammad Javed and Tariq Siddique
Department of Renewable Resources, University of Alberta, Edmonton, AB

Corresponding author: mjaved@ualberta.ca

Abstract

Trace elements contamination to soil, sediment and groundwater is a worldwide problem
deserving much attention, because of its long term toxicity, the risk of bioaccumulation and the
obstruction of ecological processes. Arsenic (As) groundwater contamination is an issue in the
Cold Lake area of Alberta. To determine the source of groundwater As and predict the
distribution of As and other trace elements in the sediments, this study was designed to
characterize surficial deposits (sediment) in the Cold Lake region. Sediment samples (n = 135)
were collected from five different cores to a depth of ~200 m from Alberta Geological Survey. In
general, total trace elements concentrations were in the range of 3-35 ug g-1 for As, 3.88-53.66
ug g-1 for Ni, 0.15-2.70 ug g-1 for Se, 0.02-1.87 ug g-1 for Cd, 2.98-17.74 pg g-1 for Pb, 1.77-
280.66 g g-1 for Cr, 0.64-59.28 ug g-1 for Cu and 17.67-1938.73 pg g-1 for Zn in the sediments,
and a significant (P < 0.05) positive correlation of As were found with all the elements except
Zn. Relatively high elemental concentrations were found in the shale and in two glacial till units
(Bonnyville and Grand Centre) particularly in the unoxidized zones dominated by the coarse
textured sediment constituents. To further evaluate the metals association with different solid
constituents of sediment, sequential chemical extraction of selected (n = 21) sediment samples
showed that a significant proportion (~26-46%) of As, Ni, Se, Cd, Cr and Cu were found in the
soluble and exchangeable forms on different solid constituents that can contaminate the
groundwater. These results may have implications in predicting and managing As and other
trace elements contamination in the Cold Lake region of Alberta.
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Carbon Dioxide Flux and Plant Biomass at a Boreal Alberta Peatland Affected by
Warming and Water Table Drawdown

T. M. Munir, E. Kaing and M. Strack
Department of Geography, University of Calgary, AB

Corresponding author: tmmunir@ucalgary.ca

Abstract

The large carbon (C) stock of boreal peatlands is susceptible to accelerated mineralization due
to atmospheric and peat warming and subsequent water table lowering predicted to occur
under a climate change scenario. However, changes in vegetation growth along the temporal
scale could lead to increased biomass that may counteract soil C losses. We monitored
vegetation communities along a microtopographic gradient (hollow-hummock) in an
undisturbed (Control), an experimentally drained (Experimental) and a 10 year old drained
(Drained) site for three growing seasons (May to October 2011, 2012, 2013) near the town of
Wandering River, AB. Half of the hollows and half of the hummocks at each of the sites were
subjected to experimental warming using open-top chambers. The forest floor carbon dioxide
(CO2) fluxes, including net exchange (NEff), gross primary photosynthesis (GPPff) and
respiration (Rff), were measured using the closed chamber method. The aboveground and
belowground biomass of the forest floor was estimated by clipping and root coring respectively.
The coverage of Sphagnum at the experimental site remained similar to that at the control site
but decreased significantly at the drained site. The coverage of shrubs at the experimental site
also remained similar to control site but increased significantly at the drained site as a result of
10 years of drainage. The drained hummocks also had significantly higher coverage of shrubs
than at the drained hollows while microform types at the control and experimental sites were
not different from each other for moss coverage. Higher Sphagnum coverage at control hollows
resulted in significantly higher GPPff than that of dry drained hollows, whereas the GPPff
between the microforms at the experimental site remained similar to control but different from
the drained site. There was a significant interaction between microform type and 10 years of
drainage for NEff. Drained hollows became much larger source of CO2 than control microforms
while NEff from drained hummocks was similar to that of the control and experimental
hummocks. The warming at the drained microforms increased aboveground biomass
significantly but did not change aboveground biomass at microforms at the control and
experimental sites significantly. These results suggest that spatial variability (microtopography)
in boreal peatlands will affect how these ecosystems respond to climatic warming and lowered
water table and subsequent changes in vegetation community induced by predicted change in
climate.
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Alberta’s Land Use Knowledge Network

Neil D MacAlpine and Terri McHugh
Foothills Research Institute

Kirby R Wright
KRW Knowledge Resources Inc.

Corresponding author: nmacalpine@foothillsri.ca

Abstract

Alberta's continuing industrial and resource development has brought land-use issues to the
fore. Alberta's regional plan discussions are part of the response to make measured decisions
about development and land-use. The Alberta Land-use Knowledge Network, a program of the
Foothills Research Institute, has the job of providing good information on land-use issues and
practices to land-use practitioners. Working with professional associations involved in different
aspects of land-use, ALUKN has attended over 40 conferences, seminars and workshops in
2013. Here is what we heard. Urban agriculture is not a fad. LiDAR will change resource
management as much as GIS did. The City of Calgary and irrigation districts have significant
influence on development in the South Saskatchewan River region; unused water allocations
are the reason. "Right to Farm" and property rights are at cross purposes. Natural disturbance
(fire and flood) are part of the development of the prairies. Alberta is no longer "big and wide
open"; it is small and busy. Albertans instinctively know this but we have a tough time behaving
as if that is our new reality.

Presentation is ready for review. It has been uploaded to DropBox and can be viewed there.
https://www.dropbox.com/sh/IfcOk9rrcdyjvzy/XmTtECKm6e
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The Draft South Saskatchewan Regional Plan — a plan for more than 45% of
Alberta’s population

Jason Cathcart
Manager, Land-use Policy, Alberta Agriculture and Rural Development, Edmonton, AB

Corresponding Author: jason.cathcart@gov.ab.ca

Abstract

After several years of development, on October 10, 2013, the Government of Alberta released
the Draft South Saskatchewan Regional Plan (SSRP) for public consultation and input. The SSRP
is the second of seven region plans to be developed under the provincial Land-use Framework,
and initiative of the Government of Alberta that was launched in December of 2008. Although
it is a comprehensive document owing to the complexities of balancing social, environmental
and economic goals for such a large, populous and diverse region of the province, the aim of
this presentation is to provide a high level overview of the key strategic directions and
government initiatives that are addressed in the draft plan so as to inform the listener and to
encourage their participation in providing input to the on-going public consultation process,
scheduled to continue on the draft SSRP until the end of February, 2014. Topics to be discussed
include how the draft plan addresses the region’s economic growth, biodiversity and
conservation, environmental management of air and water, community development,
recreational opportunities, and the inclusion of Aboriginal Peoples in land-use planning. For
additional detail and clarity on specific government initiatives in each of these areas, the
listener will be directed to the provincial Land Use Secretariat to obtain copies of the draft plan.
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Soluble salts, copper and zinc in simulated rain runoff from beef cattle manure
compost windrows

Francis Larney, Andrew Olson, Jim Miller and Bonnie Tovell
Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge AB

Corresponding author: francis.larney@agr.gc.ca

Abstract

Compost windrows subjected to heavy rainfall can lead to runoff whose properties may vary
with compost maturity. A rainfall simulator generated runoff on Days 18, 26, 40, 54, 81, 109
and 224 of manure composting. Runoff was collected in timed 5 L increments to 30 L, creating
the variable “time during runoff event” (TDRE). Calcium, K and S showed significant maturity x
TDRE interactions especially earlier in the composting process, e.g. on Day 18, Ca values
increased from 34 mg L-1 for the initial 0-5 L runoff increment to 43 mg L-1 for the final 25-30 L
increment. Most significant changes in runoff concentrations occurred between Days 26 and
40, e.g. Cu levels fell by 67% and Zn by 78%. Even though compost Cu and Zn contents were
higher during the latter stages of composting, their transport potential in runoff was curtailed
due to binding with stable organic matter (OM). The study showed that runoff quality was
influenced by compost maturity which has implications for the timing of rainfall events relative
to the maturity spectrum and the potential risk to surface water quality if runoff is not
contained.
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Co-composting of beef cattle feedlot manure with construction and demolition
waste

Xiying Hao, Brett Hill, Pam Caffyn, Greg Travis, Andrew Olson, Francis Larney, Tim McAllister
and Trevor Alexander

Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, AB

Corresponding author: xiying.hao@agr.gc.ca

Abstract

With the increased availability of dried distillers’ grains with solubles (DDGS) as cattle feed, and
the need to recycle organic wastes such as construction and demolition (C&D) waste, this
research investigates the feasibility and final product quality of co-composting DDGS cattle
feedlot manure with C&D waste. Two types of manure, CK and DG, were co-composted with
(CK_CD and DG_CD) and without (CK and DG) C&D waste in 13 m3 compost bins over 99 days.
CK manure was collected from cattle fed with a typical western Canadian finishing diet of 860 g
rolled barley grain, 100 g barley silage, and 40 g supplement/kg dry matter (DM), while DG
manure came from cattle on a diet similar to CK, but with 300 g /kg DM barley grain being
replaced by DDGS. The C&D waste was mainly chopped wood and drywall (gypsum). For the
CK_CD and DG_CD treatments, the ratio of manure to C&D waste was 4 to 1. All treatments
were replicated three times and the total amount of materials in each compost bin averaged
7.1 tonne (wet weight). Compost materials in each bin were turned on day 14, 37 and 64 and
solid samples were collected and analyzed on Days 1, 14, 37, 64 and 99. Adding C&D waste led
to a higher compost temperature than manure alone. Over the 99 days, the maximum hourly
temperatures monitored at three depths (40, 70 and 100 cm) were in the order of CK_CD
(71.4°C) > DG_CD (69.4°C) = CK (66.7°C) > DG (59.8°C) and values with C&D waste were 0.4 to
10.5°C (average 4.7°C) higher for CK_CD and 4.6 to 16.3°C (average 9.6°C) higher for DG_CD
than composting without C&D waste (CK and DG treatment). The final compost had similar
total C, total N, water soluble C and N content among all treatments. However, adding C&D
waste increased water-extractable SO42- content and decreased total P, water-extractable
NH4+, PO43-, and most volatile fatty acids (total, acetic, propionic, butyric, isobutyric, valaric,
isovalaric and caproic). The higher compost temperatures generated by C&D waste addition is
beneficial in terms of destroying pathogens. The reduced VFA content also means less odor
than normally associated with composting activity. When using the final compost product, the
increased SO42- and reduced TP and available N and P content in C&D waste compost should
be taken into consideration. Increased S content of manure + C&D waste co-compost may be
beneficial for crops grown on S deficient soils (e.g. canola).
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Transport of Chemicals through Intact Soil Cores Amended with Composted or
Stockpiled Feedlot Manure with Wood-Chip or Straw Bedding

Jim Miller, Bruce Beasley, Xiying Hao, and Francis Larney
Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge

C. F. Drury
Agriculture and Agri-Food Canada, Greenhouse and Processing Crops Research Centre, Harrow,

ON

Corresponding author: jim.miller@agr.gc.ca

ABSTRACT

Our first objective was to determine if the transport of soluble salts, trace elements, and metals
was greater for composted (CM) compared to stockpiled (SM) feedlot manure when annually
applied at for nine years to a clay loam soil. Our second objective was to determine if transport
of total N, total organic N, and non-purgeable organic C (NPOC) were greater for stockpiled
manure with the straw (SM-ST) compared to wood-chip bedding (SM-WD) after 13 yr. The peak
concentrations of K and total S; flow-weighted mean concentration (FWMC) and mass loss for
Na, K, and total S; and recovery of Mg, Na, K, and total S were significantly (P < 0.05) greater for
CM compared to FM. However, peak concentrations, FWMCs, and mass loss of Ca and Mg were
similar for both manure types. Flow-weighted mean concentrations (FWMC) and mass loss of
Al, Fe, Ni, Mo, and Cu, recovery of total applied Al, and maximum concentrations of Fe and Mo
were significantly greater for CM compared to FM. Peak concentrations, FWMCs, and mass loss
of total N, total organic N, NO3—-N, and NPOC were significantly lower by 35 to 86% for SM-WD
compared with SM-ST.
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Stratification of Direct Seeded Soils - Does Concentration Lead to Cultivation?

Elston D. Solberg, Douglas Penney and James Beaton
Agri-Trend Agrology, Red Deer, AB

Corresponding author: sunmountaininc@gmail.com

Abstract

The combination of reduced tillage, residue retention and ever increasing yields has been
accelerating the stratification of immobile nutrients and fundamental soil characteristics
toward the soil surface while possibly moving immobile nutrients, especially potassium, from
lower soil profiles to the immediate soil surface. This paper will examine soil profile analysis
from past central Alberta direct seeding research sites as well as from a number of farm fields
that have a long history of 'direct seeding' practices. The focus will principally be on the
stratification of organic matter, pH, P, K, Mg and micronutrients. If we could 'think' like plants
what does stratification mean to a seedling during germination? What does stratification look
like to a crop during a prolonged mid-summer dry spell? If immobile 'nutrients' are
concentrated in the top 2-5 cm of the soil profile are there environmental issues to consider? If
stratification is accelerating does this mean that concentration will inevitably lead to occasional
cultivation? Is there information in the literature that supports or debunks these observations?
Is there other evidence that may show us another way forward as we attempt to grow ever
more food per acre to feed an ever growing world population?
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Effect of nitrogen fertilization on the dynamics of water-extractable organic
matter during growing season in a Black Chernozem and a Gray Luvisol

Lei Sun, Miles Dyck, Scott Chang and Yongsheng Feng
Department of Renewable Resources, University of Alberta, Edmonton, AB T6G2H1

Corresponding author: slei@ualberta.ca

Abstract

Data on the dynamic of water-extractable matter (WEOM) in soils are often contradicting,
which is especially true for agricultural soils. Since a complex set of soil properties and
environmental conditions influence these dynamics, there is still a great need to get additional
information. WEOM dynamic of agricultural soils under long-term trail is extremely scarce.
Monthly soil samples were taken from two different soil types (Black Chernozem and Gray
Luvisol) under two fertilization treatments during the whole growing season in 2013: (1) no
fertilization (control), (2) N fertilization (100 kg N ha-1 yr-1, urea). Soil samples of 0-10cm (Ap
horizon) were used in this study to investigate WEOM quantity (WEOC and WEON
concentrations) and evaluated the quality of WEOM with UV (absorptivity) and fluorescence
(humidification index, HI). The total soil organic carbon (TOC) and nitrogen (TN) were qualified
as well. The overall results indicated that N fertilization did not affect TOC or TN in both soils,
but did increase WEOC. WEON was significantly increased by N fertilization only in Gray
Luvisolic soil, presumably because of the lower fertility of this soil type. The more aromatic and
condense compounds of WEOM were especially increased by N fertilization. A clear dynamic
(marked as time effect) of average WEOC concentration during the growing season was found
in this study. Correlation coefficient analyses showed soil moisture content rather than soil
temperature contributed to the WEOC dynamic during the growing season.
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Quality and quantity of soil dissolved organic carbon in different agroforestry
systems across central Alberta, Canada

Qiting Chen, Scott Chang, Farrah Fatemi, Mark Baah-Acheamfour and Huiying Cai
Department of Renewable Resources, University of Alberta, Edmonton, AB

Edward Bork and Cameron Carlyle
Department of Agricultural, Food & Nutritional Sciences, University of Alberta, Edmonton, AB

Corresponding author: giting@ualberta.ca

Abstract

Dissolved organic carbon (DOC) is an important fraction of soil organic carbon (SOC) and is
involved in many soil processes, even though it is a small portion of the total SOC. The objective
of this study was to investigate the effects of different agroforestry systems on the quality and
guantity of soil DOC across ten counties in central Alberta, Canada. Thirty-six sites were
selected with twelve sites for each of the three agroforestry systems: planted shelterbelt,
natural hedgerow, and grazed woodland. Those agroforestry systems were compared with
adjacent agricultural production systems as part of a larger project that evaluates the potential
for carbon sequestration by agroforestry systems. Water-extractable organic C (5:1 v/w of
water/soil ratio) that was filtered through a 0.2-um SFCA Corning syringe filter (Fisher Science)
is operationally defined as DOC. The DOC concentration was measured by a Shimadzu TOC-V
CSH/CSN analyzer (Shimadzu Corporation, Kyoto, Japan). Biodegradability of DOC was
determined by a seven-day incubation experiment at room temperature and would be used as
a quality indicator of DOC.
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Poster #1

Immediate and Short-term Effects of Tillage of Long-term No-till on Nitrous
Oxide Greenhouse Gas Emissions from Two Contrasting Canadian Prairie Soils

Manjila Shahidi, Miles Dyck and Sukhdev Malhi
Department of Renewable Resources, University of Alberta, Edmonton, AB

Corresponding author: manjila@ualberta.ca

Abstract

Agricultural soils under long-term no-till (NT) management are known to reduce CO2 emissions.
However, this reduction in CO2 emissions can potentially be offset by a concomitant increase in
N20 emissions with much higher greenhouse warming potential (~300 times of CO2).
Reduction in N20 emissions after tillage reversal on a long-term no-tilled soil would, therefore,
indicate an increase in N20 emissions due to long-term no-till management. This effect of
tillage reversal on N20 emissions may, however, be affected by soil physical properties and
fertilizer application. Our study aimed at quantifying N20 emissions after tillage reversal on
Western Canadian Prairie soils managed under long-term (~ 30 years) no-till. We measured
non-steady state chamber N20 fluxes on tilled vs. non-tilled and fertilized (N fertilizer @100 kg
ha-1yr-1) vs no fertilized (no N fertilizer) plots across two contrasting soil types (Organic matter
rich well drained Black Chernozem over organic matter poor compact Gray Luvisol). We found
that tillage reversal on long term NT Black Chernozem and Gray Luvisol stimulates soil N20
emissions regardless of N fertilization application. Our results also showed that nitrogen
fertilizer application enhanced soil N20 emissions from both the soils by facilitating
denitrification of readily available substrates. N20 emissions from the Luvisol had a greater
response to nitrogen application than the Chernozem. Since this study indicates that not only
CO2 but also N20 were reduced due to adoption of no-till these results have implications in
selecting appropriate tillage management to reduce greenhouse gas emissions.
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Shifts in soil microbial community structure after 12 years of conservation
management on irrigated crop rotations

Francis J. Larney, N.Z. Lupwayi, D.C. Pearson, D.A. Kanashiro and R.E. Blackshaw
Agriculture & Agri-Food Canada, Lethbridge Research Centre, Lethbridge, AB

Corresponding author: francis.larney@agr.gc.ca

Abstract

An irrigated rotation study was initiated in 2000 to examine conventional and conservation
management practices for 3 to 6 yr rotations including dry beans, potatoes, sugar beet, soft
wheat and timothy. Conservation management comprised a package of direct seeding where
possible, fall-seeded cover crops, composted manure, and narrow-row beans. During the 12th
and final growing season (2011), soil samples [rhizosphere, non-rhizosphere] were taken on all
rotation wheat phases for soil microbiological properties. For non-rhizosphere soil,
conservation rotations significantly increased microbial biomass carbon, Shannon index of
bacterial diversity, B-glucosidase enzyme activity, Gram positive (Gr+) and Gram negative (Gr-)
bacteria, total fungi, total bacteria (Gr+ plus Gr-), fungi:bacteria ratio and total phospholipid
fatty acid (PLFA) biomass (total bacteria + Actinomycetes + total fungi) over conventional
rotations. Actinomycete biomass was the only non-significant parameter for soil management.
For rhizosphere soil, findings were similar except that fungi:bacteria ratio was also non-
significant. Conservation management almost doubled total PLFA biomass compared to
conventional management: from 24 to 42 nmol g-1 soil in non-rhizosphere and from 27 to 53
nmol g-1 soil in rhizosphere soil. Overall, the study demonstrated substantial positive shifts in
microbial community structure after 12 yr of conservation management.
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The impact of peatland afforestation on carbon exchange in western Canada

Tania G. Bravo and Maria Strack
Department of Geography, University of Calgary, Calgary, AB

Line Rochefort
University of Lavel, QC

Corresponding author: tgarciab@ucalgary.ca

Abstract

Peatland ecosystems play an important role in the global carbon © cycle, storing 30% of the
total global soil C stock. The C storage function in this type of wetlands is damaged by peat
extraction, such that cutover peatlands release CO2 to the atmosphere. Carbon storage
capacity on cutover peatlands could be restored by forest plantation. Due to a drier climate,
undisturbed peatlands in western Canada often have a high black spruce density as a dominant
tree species. Thus, afforestation may be an appropriate after-use on cutover peatlands in
western Canada. The objective of this study was to determine the effect of afforestation on
cutover peatland on the site’s carbon balance.

The impact of peatland afforestation on carbon exchange during the first seven years following
black spruce plantation on a restored cutover peatland in Alberta, Carbon balance was
estimated considering CO2 and CH4 fluxes from bare peat oxidation and primary production
through black spruce biomass. Given that the water table position at the site remains deep
below the surface, it is expected that the site is a source of C to the atmosphere, but that this
source is partially offset by C accumulation in the forest plantation. This study will provide
information required on C exchange for forest plantation on cutover peatlands and will be
useful for making management decisions on peatland restoration techniques when carbon
stock and greenhouse gas exchange are considered.
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Can Biochar Improve Soil Function in an Agroforestry System: Effects of Nutrient
Supply, Microbial Activity and Greenhouse Gases?

J. Taghavimehr and M.D. MacKenzie
Department of Renewable Resources, University of Alberta, Edmonton, AB

Corresponding author: jamal2@ualberta.ca

Abstract

Short rotation coppice (SRC) systems using willow (Salix spp.) grown on marginal soil, amended
with biochar may represent a promising source of renewable green energy for rural areas in
Alberta. The Ohaton Wood Energy project, located in Camrose County, is one of several
ongoing SRC projects in Alberta. This project will examine microbial activity stimulation and
possible reduction of GHG emissions on Solonetzic soils after biochar application. Direct
wastewater disposal in streams and surface waters must satisfy stringent water quality
regulations in Alberta and failure to do so carries heavy fines. One alternative to lagoon
treatment and disposal is wastewater irrigation of SRC systems. This study will also examine the
effect of wastewater on soil quality and nutrient availability. Plant Root Simulation probes were
applied in soil to measure nutrient bioavailability regarding treatment effects. Treatments were
established based on soil EC, irrigation and biochar application. CFE and Alkali Trap methods
have been used in lab to assess soil microbial biomass and activity. Biochar increased microbial
respiration but the results for biomass varied according to soil EC. CLPP and PLFA methods are
underway to get more informative results on soil microbial community.
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Monitoring of nutrient enrichment impacts in wetlands with PRS probes
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Abstract

Wetland systems are sensitive to nutrient enrichment due to naturally low nutrient levels,
limitations to plant uptake and high mobility. In a long-term NPK fertilization experiment at the
Mer Bleue bog near Ottawa (started in 2000), nutrient supply rates measured using PRS probes
increased dramatically when plots were fertilized. Similarly, preliminary PRS results also
showed dramatic increases due to a one-time nutrient addition in an open blanket bog in BC. In
particular, P was much higher in these studies than in upland soils, which was attributed to the
high mobility of P in these systems. A long-term study (started in 2002) in an ombrotrophic bog
in Scotland compared the nutrient enrichment effect of wet deposition of N (both in oxidized
and reduced forms) and dry deposition of ammonia gas. During this time, ammonia has
completely transformed the vegetation whereas wet deposited N has only caused dramatic
vegetation changes as oxidised N in the presence of additional PK. Supply rates of NO3-N and
NH4-N were both increased by deposition, regardless of source, though with the greatest
increase in the dry deposition treatment. Monitoring of nutrients with PRS probes indicated
that wetland systems were more sensitive to nutrient enrichment than typical mineral soils.
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Dissolved organic carbon dynamics at natural and constructed fens in the oil
sands region near Fort McMurray, Alberta

B. Khadka and M. Strack
Department of Geography, University of Calgary, Calgary, AB

Corresponding author: bkhadka@ucalgary.ca

Abstract

Northern peatlands play an important role in the global carbon cycle by sequestering carbon in
organic matter, releasing significant amounts of greenhouse gases and supplying dissolved
organic carbon (DOC) to downstream ecosystems. Oil sands extraction in boreal Alberta
disturbs large areas of peatland, particularly fens, and reclamation strategies are under
investigation. Construction of peatlands in the reclaimed landscape will result in DOC
production and export.

The objective of this study is to evaluate functioning of a constructed fen comparing with
natural fens based on concentration, quality and export of DOC. Three diverse natural fens
(poor, rich and saline) and one constructed fen near Fort McMurray, AB were studied. Water
samples collected from these sites were analysed for DOC concentration and quality by
measuring absorbance at 250 nm, 254 nm, 365 nm, 400nm, 465 nm and 665 nm wavelengths.
Absorbance ratios were determined as an index of the relative size and aromatic nature of DOC.
Saline fen had the highest DOC concentration followed by poor fen, whereas the rich and
constructed fens had lower concentrations.

This research will help to improve our understanding on DOC dynamics at reclaimed fen helping
to develop effective management strategies to maximize carbon sequestration.
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Pyrogenic Carbon is a Legacy Substrate in Wildfire Ecosystems such as the
Boreal Plains: Should it be used in Land Reclamation?

Derek MacKenzie, Nicole Filipow and Arezoo Amini
Department of Renewable Resources, University of Alberta, Edmonton, AB

Corresponding author: mdm7@ualberta.ca

Abstract

Pyrogenic Carbon is a Legacy Substrate in Wildfire Ecosystems such as the Boreal Plains: Should
it be used in Land Reclamation?

Pyrogenic carbon (PyC) is a substrate legacy that is ubiquitous in pyrogenic ecosystems. It has
the ability to absorb both cations and anions, thus altering the chemical environment of soil
and changing what is available to plants and microorganisms. PyC has the potential to be used
as a soil amendment in the land reclamation of surface mined sites in the Athabasca oil sands
region. Determining the effect of different types of PyC on reclamation soil processes, namely C
and nitrogen (N) mineralization, will determine if it is beneficial to timelier certification. PyC
from three different sources (wildfire, pyrolysis, and coke) was applied to 3 different soil types
(forest soil after fire, peat-mineral mix, and forest floor mineral mix) at a rate of 5% by weight in
triplicate. All three soils had the highest rate of C mineralization when in the presence of
wildfire-PyC suggesting that it aided in creating a more suitable environment to the
microorganisms in these soils, or possibly by inoculating the soils better, than did coke-PyC, or
pyrolysis-PyC. Coke-PyC produced the lowest C mineralization, but did improve microbial
activity in the peat-mineral mix suggesting that it might improve the quality of this substrate. N
availability followed a similar trend as C. Field trials are needed to determine if PyC can improve
soil-plant-microbe interactions in a multi-species environment and decrease the time to
certification.
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Using DRIFT to Analyze Soil Biogeochemical Recovery after Natural and
Anthropogenic Disturbance

Nduka Ikpo and Derek MacKenzie
Department of Renewable Resources, University of Alberta, Edmonton, AB

Corresponding author: ikpo@ualberta.ca

Abstract

Ecosystems seem to recover from natural disturbance with a set pattern that organisms have
evolved to over time. However, it is difficult to pinpoint the importance or magnitude of
different soil biogeochemical properties during this recovery. In order to facilitate ecosystem
recovery from anthropogenic disturbance, we need to know how to interpret soil
biogeochemical data. We would argue that this can’t be done with agronomic techniques and
therefore we cannot determine the right trajectory or decide on reclamation success.
Measuring spatial patterns in ecosystem ecology is one way of trying to tease apart the many
interacting components of soil biogeochemistry. Unfortunately, the statistics require many
spatially explicit samples to be collected, depending on the resolution desired and this can
become prohibitive with multiple different soil analyses. We will present Diffuse Reflectance
Infrared Fourier transformed (DFRIT) data to show how a sub-set of values can be determined
empirically and the rest estimated to be used with spatial statistics in order to determine the
pattern of recovery.
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Reclamation of coarse textured soils following oil sand mining - implications of
topsoil placement depths to microbial community structure and function and
plant available nutrients

Mark Howell and Derek MacKenzie
Department of Renewable Resources, University of Alberta, Edmonton, AB

Corresponding author: dmhowell@ualberta.ca

Abstract

Open pit mining in the Athabasca Oil Sands Region of Alberta, Canada is one of the largest
localized industrial disturbances requiring reclamation - exceeding 750 km?. Expensive handling
costs and scarcity of topsoil resources necessitates judicious management and application of
capping materials. Soil microbial ecology plays an integral role in soil reclamation by mediating
nutrient availability and organic matter decomposition. This study compares soil reclamation
materials by evaluating placement depths within the context of microbial community structure
and function, as determined by phospholipid fatty acid (PLFA) analysis and community level
physiological profiles (CLPP), respectively. Seven treatments encompassing two topsoil depths
of forest floor mix (FFM) and peat mineral mix (PMM), and two subsoils were measured on the
Aurora Capping Study. Preliminary analysis suggests greater soil respiration rates in FFM and
natural analogues (NAT) than in PMM treatments with no difference attributable to subsoil or
placement depth. Nutrient profiles in the top 10 cm indicate greater availability of total N in
PMM than FFM or NAT, while FFM and NAT have comparable availability of NP K S. We
hypothesize that under these conditions, shallow FFM applications create an adolescent
environment capable of supporting endogenous microbial communities.
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Use of native grasses as cover crops for tailings sand stabilization
Jay Woosaree

Alberta Innovates Technology Futures, Vegreville, AB

Bruce Anderson

Suncor Energy

Corresponding author: Jay.Woosaree@albertainnovates.ca

Abstract

This study aims to assess the feasibility of native species to provide stabilisation against wind erosion in
the temporary reclamation of Suncor’s Pond 5 while capping and de-watering was occurring on the site.
The tailing sands are not optimal for plant growth because of low mineral nutrient content, low organic
C, high pH, and residual hydrocarbon. The study was initiated in 2010. Year 2011 and 2012 provided an
opportunity to study how well these native species continued to adapt and grow on direct tailings sands
and if the underlying coke layer from the tailings ponds presented any limitations to plant growth and
survival.

Results indicated higher aboveground biomass and percent cover for the native grass seed mix than
June grass or fringed brome grass alone. At a pellet rate of 5 t/ha, June grass biomass was 434 kg/ha
compared to 1485 kg/ha for native grasses. Higher pellets showed a 34- 67% increase in aboveground
biomass for June grass compared only to 4-25 % increased for the Native mix. The higher biomass is
most likely due to the nature of the species, with June grass being a low stature species compared to the
Native mix. Fringed brome plants were sparse (couple of plants per plot in 2011) within the plots and did
not survive by the third year.

The greatest benefit of an organic amendment such as alfalfa pellet application appeared to be
retaining moisture during establishment, giving the seeded species a head start to germinate. Root
depths measured ranged from 11 to 26 cm by the second year, allowing the plants to tap deeper into
below ground moisture. Permit restriction in 2012 did not allow for digging at Pond 5. As a result, root
biomass could not be harvested and nitrogen efficiency could not be calculated. Based on aboveground
plant growth in 2012, there does not seem to be any constraint to plant development and growth.

Soil available nitrogen measured in the fall of 2011 was below detectable levels (< 2 mg/kg), however
increased to approximately 5 mg/kg in 2012. This implies that the alfalfa pellets have started to
mineralize, releasing nitrogen to the plants. No sign of chlorosis or necrosis were observed in
aboveground plant tissue. Microbial populations in 2012 revealed a 338 times increase for June grass
and 284 for Native mix compared to no increase for fringed brome grass. Microbial population counts
seem to be consistent with the adjacent treed area north of Pond 5.

This study confirmed the assumption that native species can in fact grow on direct tailings sand without
a soil cover during temporary reclamation of Pond 5 and alfalfa pellet amendment can serve as a slow
release nitrogen source to the plants. In 2012, a few other species, including a willow seedling began to
ingress into the plots and are doing well.
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Multi-dimensional Water Flow and Solute Transport in Heterogeneous Layered Soils
YANYAN SONG, AMEC Environment &Infrastructure, Calgary, AB
MILES DYCK, Department of Renewable Resources, University of Alberta, Edmonton, AB

GARY KACHANOSKI, Memorial University of Newfoundland, St. John's, NL

Corresponding author: sunny.song@amec.com

Abstract

Onsite, at-grade wastewater treatment systems have the task of the remediation of wastewater for
people living in remote areas. The design of efficient onsite wastewater treatment systems is very
important to environmental safety and human health. The efficiency of the wastewater treatment
depends on the travel time and the contact length of the wastewater through the vadose zone.
Therefore, understanding and accurately modeling the hydraulic process of the system is very important
for designing the system and quantifying the environmental risks of the system. The hydraulic processes
occurring in an onsite at-grade wastewater treatment system are similar to those of a layered field soil
under a surface line source boundary condition. Water flow and solute transport under these conditions
has been investigated in simplified, homogeneous soils, but field soils are more complex with spatially
variable hydraulic properties and soil horizons/layers. The overall objective of the research is to increase
our understanding of, and develop methods to predict, the infiltration of water and solutes into field
soils for boundary conditions typical of surface at-grade (on-site) wastewater treatment systems with
the use of a numerical hydrological model (HYDRUS). Specially, the influence on the spatial variability,
horizonation (layering) and spatial correlation of soil hydraulic properties on flow and transport
behavior under surface line sources was quantified. The influence of the spatial correlation of the
hydraulic variability in each horizon and the cross-correlation across the horizon interface was
introduced into soil hydrological models and investigated in two ways: 1) assuming Miller-similar media
and simulating scaling factors continuously across the domain using a spatially correlated random field
generator; different average values of the scaling factors were assigned to each horizon simulate the
differences of the hydraulic properties in two horizons; and 2) using the spatial pattern of the
laboratory-measured hydraulic properties of a non-Miller-similar layered field soil to generate a more
realistic three-dimensional soil domain. Results indicate that in a Miller-similar media, the hydraulic
response was sensitive to the variability of the hydraulic properties, and more sensitive to the variability
close to the surface line source than at greater depths. The magnitude of the variance and spatial
correlation of the soil hydraulic properties significantly influenced the vertical solute travel time directly
underneath the surface line source. The difference between the maximum and minimum solute travel
time (10 days) was expected to have significant influence on the remediation of the pathogenic bacteria
and potentially, viruses. The simulated hydraulic outputs (average and variance of the water storage)
were also found to be sensitive to the variation of the input hydraulic properties for the non-Miller-
similar field soil. These results indicate that soil type and soil heterogeneity should be considered for
risk-based designs of on-site at-grade wastewater disposal systems.
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2013 Alberta Soils Tour in the southern region

Wally Sawchuk, Deb Werk, Rachel Spiess and Rob Dunn
Alberta Agriculture and Rural Development, Lethbridge, AB

Corresponding author: wally.sawchuk@gov.ab.ca

Abstract

The 2013 Alberta Soils Tour was held on July 16 and 17, attracting over 90 participants with a
strong emphasis on soil pedology and soil landscape formation related to key southern region
soil landscapes. Day one focused on the unique soil and reclamation challenges within the dark
brown and brown soils of the mixed grasslands southeast of Lethbridge, including cropping
system research, petroleum development, rangeland reclamation and saline soil management.
The day was highlighted by lunch at Writing on Stone Provincial Park and capped with an
evening BBQ at Lethbridge. Day two focused on the black soils of southwest Alberta’s fescue
grasslands and some of the unique eastern slope soil landscape features. Tour stops related to
a variety of topics ranging from wind energy to range health to water quality BMP research.
Tour survey results were very positive and will help guide future Alberta soils tour organizers.
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Evaluating Potential Climate Change impact of a proposed land reclamation
effort from lifecycle perspective

Israel S Dunmade
Environmental Science Department, Mount Royal University, Calgary, AB

Corresponding author: idunmade@mtroyal.ca

Abstract

All human activities have an impact on our environment. Although land reclamation is aimed at
restoration of land impacted by our economic activities, however land reclamation methods
have different degree of impacts on the environment. Some reclamation methods may actually
inflict more damage or net negative impact on the environment under some prevailing
circumstance. This study provides a framework for the assessment of potential sustainability
impacts of commonly used land reclamation techniques from life cycle perspective. The
framework is illustrated with a set of reclamation methods under specific scenarios. The model
would be helpful in making appropriate decision in the selection of suitable reclamation
method(s) for a given situation.
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Further Adventures in Edmonton Green Roofing: Overview and Updates on the
Use of Biochar with City Compost

Lynette Esak, Leonie Nadeau, Carla Meyer and Stephanie Hannem
Esak Consulting Ltd., 10714-124 St, Edmonton AB

Corresponding author: lynette.esak@esakconsulting.com

Abstract

Three varieties of tomato plants (Better Bush, Early Girl. and Sunny Boy) and three varieties of
pepper plants (Giant Marconi, Revolution, and Serrano) were grown in earthboxes (boxes) on
the Esak Consulting Ltd roof top in two growth media: one containing biochar (10% v/v) and
one without, in 2013. In addition, strawberries, beans and cucumber plants were planted in
boxes in the same two growth mixes and sporadically monitored. All boxes were irrigated twice
each day, with the expectation that biochar would be able to enhance marginal soil productivity
and water retention during and between irrigation periods as measured by plant growth and
productivity. At the end of the 2013 growing season, it was apparent that the growth and
productivity of the three varieties of tomatoes had not been affected by the presence of
biochar in the growth media, and preliminary observations on the effects of biochar on beans,
strawberries and cucumbers were not conclusive. However, the size of pepper plants as well as
the number and size of peppers tended to be greater when biochar was present. The size and
density of plants are factors in determining the amount of stress the plant is under, and large,
densely spaced plants can cause stress beyond the marginal benefits that biochar can provide.
The smaller size of pepper plants compared to tomato plants may have allowed stress levels to
be such that biochar benefits became apparent.
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Update on “Directive for Monitoring the Impact of Sulphur Dust on Soils

Chi Chen
Alberta Environment and Sustainable Resource Development, Edmonton, AB

Corresponding author: chi.chen@gov.ab.ca

Abstract

Elemental sulphur is a by-product of hydrocarbon processing in Alberta’s energy industry. There
is a risk of soil acidification from deposition of sulphur dust at and near plant sites that handle
solid elemental sulphur. Programs to monitor soil acidification have become important
regulatory tools to screen and mitigate this impact. Facilities operating under an industrial
approval, pursuant to the Environmental Protection and Enhancement Act, may have
requirements to conduct these programs on a prescribed basis.

Alberta Environment and Sustainable Resource Development released its “Directive for
Monitoring the Impact of Sulphur Dust on Soils” in early 2012. The Directive specifies the
Department’s regulatory requirements and provides professional guidance on above-noted
monitoring and mitigation activities. The Directive is comprised of four major sections: 1)
common types of sulphur manufacturing, processing and storage operations in Alberta, 2)
baseline site characterization program, 3) routine monitoring program, and 4) mitigation
program. It supersedes the Soil Monitoring Guidelines in the Ministry’s 1989 Air Monitoring
Directive. This presentation will provide an introduction to the Directive and an update on its
implementation.
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Methane flux from Canadian restored cutover peatlands

M. Strack, G. Hassanpour, Y. Zuback, Md. S. Mahmood, A.M. Keith, T.M. Munir
Department of Geography, University of Calgary, Calgary, AB T2N 1N4

Corresponding author: mstrack@ucalgary.ca

Abstract

Peatlands are globally significant stores of soil carbon and sources of methane (CH4).
Horticultural peat extraction has disturbed approximately 25 000 ha of peatland across Canada
and results in the release of stored soil carbon. However, extraction requires peatland drainage
and thus extracted sites have very low emissions of CH4. Peatland restoration has been applied
at several sites across Canada with goals of establishing hydrology and plant cover typical of
undisturbed peatlands and eventually returning these sites to peat accumulating system.
Rewetting during restoration also has the potential to increase CH4 emissions. We investigated
growing season CH4 flux at four restored peatlands (two in Quebec and two in Alberta) and
compared this flux to neighbouring undisturbed peatlands. Restored sites had CH4 flux lower,
but not statistically different from undisturbed sites. Across all sites, mean growing season
water table was a strong predictor of mean growing season CH4 flux with both restored and
unrestored plots falling along the same regression line. At the plot scale, CH4 flux also varied
between vegetation types. Results will be discussed in the context of greenhouse gas
accounting on managed peatlands.
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Revegetation of Foothills Fescue grassland in south west Alberta

Marshall McKenzie
Alberta Innovates — Technology Futures, Vegreville, AB

Corresponding author: Marshall. McKenzie@Albertalnnovates.ca

Abstract

Foothills fescue grasslands contribute ecological goods and services important to the economy and
public interests of Alberta. Foothills fescue prairie (rough fescue — Idaho fescue — Parry oat grass plant
community) is an ecosystem type with a high biodiversity of plants (Provincial Museum of Alberta 1996).
Seeding fescue grassland is often associated with low emergence and poor establishment. Alternate
methods for re-vegetating fescue grassland include plugs and the use of wild harvested native hay. Each
method has been partially effective, depending on site access, climate, operational cost, and whether it
was a seed producing year to harvest the hay. The primary objective of this project was to demonstrate
the ability to re-establish foothills fescue grassland once it is disturbed. We also addressed the following
questions:

e (Can a seeded community resist invasion of forage species?

e Can management practices be augmented to favour a native community?

e Are there survival/establishment benefits to seeding in the fall compared to the spring?

e Can plugs of native species be successfully planted while dormant?

e Will the use of late seral species accelerate native prairie recovery and expedite a
reclamation certificate?

o  Will the use of different vegetation layers provide multiple land use, such as summer range
for livestock or prime habitat for multiple species of wildlife, taking into account that these
wildlife are mobile, respond behaviorally to disturbance and movement, and can return if
these habitats are restored.

Preliminary results at the Del Bonita site show newly seeded grasses and the native plug planting
(foothills fescue grasses, forbs and legumes) to be thriving when compared to fall planting. The fall
seeding technique is postulated to increase germination by providing natural winterization and
conditioning to break seed dormancy. This technique may benefit seed mixes with shrubs the most.
Despite the results observed in this trial, it is believed there may still be significant benefits to fall
seeding.

Year 2013 was not a seed producing year and no wild harvesting from native prairies was possible,
hence there were no wild harvest native seeds to apply to some of the plots as was originally planned.
Thus, these plots remain bare and were dominated by weeds and a few early native colonizers. Itis
often expected that seed rain will provide the necessary vegetation cover, but depending on disturbance
size, climatic conditions, range health and anthropogenic edge on the landscape, natural regeneration
on the site may prove difficult.
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The study site has only a few patches of Smooth bromegrass and Canada thistle, which were not a
barrier in establishing the plants. Ample moisture in 2013 led to reoccurrence of smooth bromegrass,
Canada thistle and downy brome grass. Glyphosate herbicides and mowing were repeatedly conducted
to keep these noxious and invasive species in check. We know from the literature that fescue grassland
once disturbed is difficult to establish and does not compete well with non-native forages. Thus,
continuing maintenance is necessary to ensure desired trajectories or we will be asking the question
“whether or not reclaimed fescue prairie is more like native prairie or more like tame pasture?”

Plant community diversity supports a higher level of ecological function. Thus using various forbs and
legumes in the seed mix enriches the diversity of the plant community and adds functional values such
as those necessary for wildlife; ground nesting birds or grazing livestock. The use of reclaimed grasslands
by ground nesting birds compared to native prairie could be a way to measure the ecological function of
reclaimed fescue prairie. It is argued that tame pasture would have a much lower diversity of native bird
species than native prairie. This study could be a testing ground for this hypothesis in 2014 and beyond.
Finally, fescue grassland restoration is a long term process; trials, monitoring, evaluation of practices
and management of invasive forages is essential if progress is to be made in restoring fescue grassland.
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Development of an agricultural phosphorus risk assessment tool

Janna Casson, Jennifer Kerr, Trevor Wallace and Barry Olson
Alberta Agriculture and Rural Development, Lethbridge, AB

Ron Axelson
Alberta Intensive Livestock Working Group, Camrose, AB

Corresponding author: janna.casson@gov.ab.ca

Abstract

Phosphorus (P) from manure or inorganic fertilizers is essential for crop production; however,
excess P can be transported to water bodies via surface runoff if not managed effectively.
Beneficial management practices (BMPs) have been developed to manage nutrient losses from
crop and livestock production; however, there is no provincial assessment tool to evaluate the
risk of phosphorus loss from agricultural operations. Alberta Agriculture and Rural Development
and the Intensive Livestock Working Group initiated a 3-yr study to develop and evaluate the
Alberta Phosphorus Management Tool (APMT). The APMT will assess the risk of phosphorus
loss based on environmental, landscape, and management factors and it will identify potential
BMPs to address those risks. Water quality will be monitored to determine if the risk
assessment and the BMPs are impacting water quality. Four watersheds will be studied: two
treatment watersheds (Tindastoll Creek, 14,113 ha; Acme Creek, 13,735 ha) and two control
watersheds (Threehills Creek; 19,919 ha; Lonepine Creek, 17,342 ha). In 2013, surface water
samples were collected during snowmelt and rainfall runoff and were analyzed for nutrient
concentrations. Water quality analysis indicated high levels of nutrients particularly during
snowmelt in Tindastoll Creek and during snowmelt and rainfall events in Acme Creek.
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Science Policy Interface in the Development of Soil Carbon Offsets

Sheilah Nolan, Tom Goddard and Len Kryzanowski
Alberta Agriculture and Rural Development, Edmonton, AB

Dennis Haak
Agriculture and Agri-Food Canada, Regina, SK

Karen Haugen-Kozyra
Prasino Group, Edmonton, AB

Corresponding author: sheilah.nolan@gov.ab.ca

Abstract

Soil management can play an important role in a changing climate by enhancing biological
carbon capture and storage and by reducing emissions of nitrous oxides.  Management
improvements can be supported with policies such as the Alberta’s Specified Gas Emitters
Regulation (SGER, 2007) that created a market between regulated companies and others who
can voluntarily lower greenhouse gas (GHG) emissions. Government of Alberta approved offset
guantification protocols provide the basis for this carbon trade. Protocols link science-based
emission reductions to management improvements that must be verified by independent third
parties. The Tillage System Management Quantification Protocol identified change coefficients
for increased soil carbon storage and reduced nitrous oxide emissions from conservation tillage
within the Dry Prairie and Parkland areas of Alberta. Modeling at the polygon level of the
national ecostratification framework developed for Canada’s National Inventory Report was
used to scale plot research and account for soil spatial variability and a range of cropping
sequences. Change coefficients were then modified to account for carbon offset policy
requirements including: i) an additionality adjustment based on Census of Canada reports of
adoption levels of conservation tillage and ii) permanence of soil carbon storage based on
probability of tillage reversal. Final soil carbon coefficients were less than 30% of high quality
plot-scale measurements. Since 2007, close to 11 million tonnes of carbon dioxide equivalent
(Mt CO2e) offsets were documented using the Tillage Protocol, although the science basis
suggests that rates of removal and reduction by conservation tillage management was closer to
36 Mt CO2e.
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The Current State of Alberta’s Carbon Offset System

Paul Jungnitsch

Environmental Stewardship Division, Alberta Agriculture and Rural Development, Edmonton, AB

Corresponding author: paul.jungnitsch@gov.ab.ca

Abstract

Alberta’s Carbon Offset System has been in operation since 2007, rewarding emission
reductions from smaller emitters in Alberta. This system created a market for carbon that was
not there before, but comes with restrictions such as additionality and permanence. These
affect both the type of carbon that is marketable and how easily it can be measured. So far
Conservation Cropping is the carbon technique of use to agriculture in Alberta, but there are
many others to keep an eye on, including Nitrogen Emissions Reduction (NERP) for fertilizer
application and Afforestation for tree planting. In the future, policy changes revolving around
international trade and climate change may have a big impact on this system and its impact in
Alberta.
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Life Cycle Assessment as a Tool for Agriculture Commodities - Lessons Learned

Roger Bryan, K. Koehler-Munro, A. Moe, T. Goddard and L. Kryzanowski

Environmental Stewardship Division, Alberta Agriculture and Rural Development, Edmonton, AB

Corresponding author: roger.byran@gov.ab.ca

Abstract

Alberta Agriculture and Rural Development (AARD) is currently completing a project on
environmental footprints of four agriculture commodities (canola, potato, chicken, egg) in
Alberta using a life cycle assessment (LCA) approach. LCA (ISO 14040 and 14044) is an
internationally recognized environmental assessment tool that identifies impacts for making
more effective operational and environmental management decisions. Although standard
methodologies have been developed for environmental impact categories, the most well-
known being global warming potential, there are still many decisions and considerations to
account for, especially in the agri-food industry. Agriculture is a biological system that poses a
new set of challenges for LCA analysis due to the complexity and dynamics of the system. Data
quality and availability are corner stones to a robust assessment therefore needed careful
consideration and evaluation. This presentation will provide an overview of the lessons learned
while developing agri-food environmental footprints using LCA as the quantitative tool.
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Soil Carbon Sequestration Accounting in Life Cycle Assessment — Opportunities
and Challenges

Aung Moe, K. Koehler-Munro, R. Bryan, T. Goddard, and L. Kryzanowski
Environmental Stewardship Division, Alberta Agriculture and Rural Development, Edmonton, AB

Corresponding author: aung.moe@gov.ab.ca

Abstract

The increasing concern of global warming has led to the accounting and calculation of carbon
footprints of products using a holistic and systematic tool — life cycle assessment (LCA) that
considers a product's entire life cycle. Agricultural crop production is responsible for a
significant source of greenhouse gas (GHG) emissions due to the use of fertilizers and its
emissions in its production and application. At the same time, soil carbon (C) sequestration is
biological storage of carbon in the soil and holds great potential for mitigation to reduce
agricultural GHG emissions. Soil C can be sequestered through reduced respiration losses
associated with changes in tillage practices and through changes in land use. Crop management
practices, such as conversion from conventional to no-till system, crop residue management
and crop rotation have a high potential for soil C sequestration. However, the importance of
soil C sequestration is not widely accepted in current LCA’s studies. Most studies have not
accounted for soil C sequestration in the calculation of overall GHG emissions, mainly due to
methodological limitations. This presentation will identify potentials and challenges of inclusion
of soil C sequestration in agricultural life cycle assessment.
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Using an Ecosystem Services Approach to understand the functions and benefits
of wetlands

Gillian Kerr
Ecosystems Services Program, Alberta Environment and Sustainable Resource Development,

Edmonton, AB

Corresponding Author: gillian.kerr@gov.ab.ca

Abstract

Ecosystem services (‘ES’) are the benefits that nature provides to people. Ecosystem services
provide innumerable services that are underestimated in most economic development
decisions; however, these services contribute to development objectives (e.g., scenic quality of
the land) and to realizing quality of life goals. For example, the flood control service of
wetlands can help to protect homes, infrastructure and communities during extreme weather
events.

Alberta Environment and Sustainable Resource Development and other departments have
proposed that adopting an ecosystem services approach will support and enable the provinces
work on integrated resource management, cumulative effects management, policy and
planning decisions in Alberta.

Over the past 3 years, the Government of Alberta in collaboration with a number of expert
groups, undertook an Ecosystem Services Approach Pilot on Wetlands and then followed up
specifically in building WESPAB (Wetland Ecosystem Services Protocol for southern Alberta) as a
tool to understand wetland functions and benefits. The ES wetland work focused on assessing
the benefits that people acquire from wetlands in a qualitative, quantifiable and comparable
way.

This presentation will provide insights into ES as a concept and approach to support wetland
management decisions with wider land-use applications.
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Monitoring soil nutrients in wetland systems with PRS probes — case
studies
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Environmental Management, University of Waterloo, Waterloo, ON
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Kevin Devito, Department of Biological Sciences, University of Alberta, Edmonton, AB

Meng Wang and Tim Moore, Department of Geography, McGill University

Julie Talbot, Department of Geography, Université de Montréal, Montréal, QC

Lucy Sheppard, Julia Drewer and Ute Skiba, Centre for Ecology and Hydrology, Bush Estate,
Scotland

Tariq Munir and Maria Strack, Department of Geography, University of Calgary, Calgary, AB
Kira Hoffman and Brian Starzomski, School of Environmental Studies, University of Victoria, BC
Jeff Schoenau, Department of Soil Science, University of Saskatchewan

Corresponding Author: ericbremer@westernag.ca

Abstract

Plant Root Simulator (PRSTM; Western Ag Innovations) probes consists of ion exchange
membranes in a plastic support that can be buried in situ to monitor soil nutrient dynamics.
This is of considerable benefit in wetland systems as it allows monitoring under ambient
moisture, temperature and redox conditions. PRS probes have been used in wetland system
experiments in Canada (AB, BC, ON), Scandinavia (Finland and Sweden) and Scotland. Under
non-disturbed conditions, iron varied by three orders of magnitude among sites, while most
other nutrients varied by one to two orders of magnitude. Only NO3-N and Cu were
consistently low under non-disturbed conditions. Disturbances evaluated in these studies
include drainage, nutrient deposition, and reclamation practice. The range in impact of these
disturbances on PRS measurements was greater than observed in typical experiments in upland
ecosystems.
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Modelling Effects of Water Table Depth Variations on Net Ecosystem CO2
Exchange of Western Canadian Peatlands

Mohammad Mezbahuddin and Robert Grant
Department of Renewable Resources, University of Alberta, Edmonton, AB

Lawrence Flanagan
Department of Biological Sciences, University of Lethbridge, Lethbridge, AB

Corresponding author: mezbahud@ualberta.ca

Abstract

Water table depth (WTD) is one of the key drivers affecting aggradation and degradation of
peatlands. Variations in WTD can alter the balance between gross primary productivity (GPP)
and ecosystem respiration (Re) and so cause a peatland to change between a sink and a source
of carbon. Process based mathematical modelling can provide insights on WTD-net ecosystem
productivity (NEP) interactions over peatlands. We deployed a process-based ecosystem model
ecosys to examine the WTD effects on variations in NEP of a fen peatland in Alberta, Canada.
Our model hypotheses showed that WTD drawdown caused more rapid decomposition in
deeper peat layers so that Re increased. However, increase in GPP under deeper WTD condition
due to more rapid microbial and root growth, and hence more rapid mineralization and
nutrient uptake, were greater than that in Re leaving the ecosystem a large sink of C.
Diminishing rate of increasing GPP with progressively deeper WTD from 2004 to 2009 also
indicated that further drawdown of WTD could alter the source sink status of these peatlands.
Our findings indicated the needs for coupling of soil-plant-atmosphere schemes for gases,
water, energy, carbon and nutrients in models to adequately simulate WTD effects on peatland
C stocks.
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Assessing Hydric Soil’s Dewatering Potentials Using Soil Moisture and Texture
Functions

Abimbola Ojekanmi and Scott Chang
Department of Renewable Resources, University of Alberta, Edmonton, AB

Corresponding author: ojekanmi@ualberta.ca

Abstract

The saturated condition of hydric soils with or without surface organic layers poses a challenge
in engineering, mining and soil conservation operations. This implies the need to effectively
drain hydric soils using a network of connected drainage channel and sometimes sumps. The
objective of this research is to develop soil dewatering functions (SDF) based on the soil texture
and moisture relation and demonstrates its use in reclamation planning. Landscape and soil
data were collected and soil samples were analyzed for a percentage sand, silt, clay and
gravimetric moisture content. The regression functions of the texture fractions and moisture
were normalized and inversed to produce normalized SDF. Hydraulic head, flow direction and
gradient were analyzed using the elevation data. Spatial assessment of soil dewatering
potentials using soil texture identifies area with high and low rates of water release under
gravitational force. Integration of the site SDP, hydraulic head, gradient and direction of flow
using spatial overlay techniques provide valuable spatial dataset that will influence the design
of gravitational dewatering channels in the site.
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Aboveground and Belowground Patterns in Pyrogenic Boreal Aspen Ecosystems:
What Governs Nutrient Availability?

S. Das Gupta, M. D. MacKenzie and S. A. Quideau
Department of Renewable Resources, University of Alberta, Edmonton AB

Corresponding author: sanatan@ualberta.ca

Abstract

Aboveground and Belowground Patterns in Pyrogenic Boreal Aspen Ecosystems: What Governs
Nutrient Availability?

Wildfire in forest ecosystems has a major influence on soil nutrient availability and the
associated biogeochemical processes. Spatial patterns in post-fire biogeochemical processes
can generate meaningful fingerprints of mechanisms affecting nutrients availability in pyrogenic
ecosystems. The objectives of this study were to 1) measure changes in the spatial structure of
nutrient availability in upland boreal forests with time since last fire, and 2) quantify the
spatially structured aboveground and belowground contributions to nutrient availability. To do
this, we measured plant available nutrients, and key biogeochemical properties, along a fire
chronosequence (1, 9 and 72 year) of boreal aspen stands in northern Alberta. Results showed
that nutrient availability became patchy 9 years after stand replacing fire. No spatial structure
was detected for N, P, Fe and Mn availability in the young aspen stand which confirmed our
hypothesis that wildfire creates uniformity in spatial pattern. Significant belowground and
understory vegetation control was found on macronutrient availability in the young stand,
whereas, a weaker belowground control was found in the 9 year old stand, followed by a
stronger joint belowground and aboveground control in the mature stand. The current findings
suggest that post-fire nutrient availability in boreal aspen stands of northern Alberta might
cycle through a belowground (heterotrophic) dominance to a synergistic aboveground and
belowground control.
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Pre-Plant Broadcast Urea in Direct Seeding, A Logistical Return to the Past or the
Future?

Thomas L Jensen
International Plant Nutrition Institute (IPNI), Calgary, AB

Corresponding author: tjensen@ipni.net

Abstract

Even though side-banding N at planting is the norm for direct seeding of small grains and
oilseeds in the more arid portions of the Prairie Provinces, there is considerable interest and a
movement towards a former practice of pre-plant broadcast applications of urea. Research
conducted over the past four years comparing one pass side-banding to pre-plant broadcast N
will be presented. There will be discussion about how different combinations of 4R Nutrient
Management, are being used. Do we need to consider flexibility when choosing the Right Form
at the Right Rate, Time and Placement?
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In-crop nitrogen application efficiencies with wheat and canola

Doon Pauly
Alberta Agriculture and Rural Development

Eric Bremer
Western Ag Innovations, Saskatoon, SK
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Agriculture and AgriFood Canada, Lethbridge Research Centre, Lethbridge, AB

Corresponding author: doon.pauly@gov.ab.ca

Abstract

Western Canadian research into in-crop nitrogen applications has not developed a clear
understanding of the efficacy of the practice. A preliminary experiment was performed in 2013
to determine if nitrogen applied in-crop to the surface of zero-till land prior to flag leaf stage in
wheat or prior to bolting in canola, is effective in meeting crop N requirements. In-crop UAN
(enriched with 15N urea, ammonium, or nitrate) at 40 kg N/ha was applied to plots that had
received 40 kg N/ha mid-row banded at seeding. In-crop N treatments were compared to
treatments receiving all N (0, 40, 80, 120 kg N/ha) mid-row banded at seeding as urea, ESN, or
Agrotain treated urea. Isotope analysis indicated that surface-applied N was taken up by wheat
and canola, and that the nitrate form of N was more effective than either urea or ammonium.
In this single year experiment, in-crop N was not more effective than comparable rates of N
mid-row banded at seeding.
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Looking beyond the first subsequent crop for N contribution by pulse
crop residues

Newton Lupwayi
Agriculture & Agri-Food Canada, Lethbridge Research Centre, Lethbridge, AB

Corresponding author: newton.lupwayi@agr.gc.ca

Abstract

The N contribution of crop residues to subsequent crops is rarely quantified beyond the first
subsequent crop. Such one-season accounting may be insufficient for many organic N sources,
including pulse crop residues, which release N gradually. We quantified N released from
residues of green pea, forage pea, faba bean grown for seed, faba bean green manure (GM),
and chickling vetch GM, in three subsequent crops: wheat, canola and barley. Even before the
first subsequent crop was seeded, GM residues had released 76-102 kg N ha-1 (76N-102N)
(about 80% of their N), compared with 61N from faba bean grown for seed (40% of its N) and
16-28N from pea residues (about 25% of their N). During growth of wheat and canola, faba
bean residues released 33N and 33N, respectively, forage pea residues 30N and 29N and green
pea residues 30N and 22N, compared with 12N and 5N from vetch GM residues and 11N and
8N from faba bean GM residues. All the residues released less than 10N to the third subsequent
crop, barley. Therefore, although pulse crop residues released little N in early stages of
decomposition, they released more N during growth of subsequent crops.
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Nitrogen Fertilizer Management to Mitigate N20 Emissions in Alberta

Len Kryzanowski, Ross McKenzie (retired), Adil Akbar, Rob Dunn and Tom Goddard
Alberta Agriculture and Rural Development, Edmonton and Lethbridge, AB

John O'Donovan
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Corresponding author: len.kryzanowski@gov.ab.ca

Abstract

Fertilizer nitrogen has been identified as a significant source of N20 emissions in agriculture.
The use of enhanced efficiency fertilizers (EEF) with a gradual release of ammonium from
controlled release N fertilizers has been identified as a means to provide a slow stream of
nitrogen for plant uptake, and minimizes N losses. The objective of this research is to evaluate
N fertilizer management according to the 4R Nutrient Stewardship to mitigate N20O emissions.

This field research compared urea and coated-urea, 2 rates of application and fall vs spring
application on N20 emissions over 5 years at three sites indicate. Results indicate that spring
application of nitrogen fertilizer was the most effective means of reducing total emissions.
Producers switching from fall applied nitrogen fertilizer to spring application could expect a
17% to 25% N20 emission reduction. Switching from fall applied urea to fall applied coated-
urea resulted in 6% reduction. Changing from spring applied urea to spring applied coated urea
would result in a 5% reduction. Regional influence of N fertilizer management changes on the
N20 emissions corresponds to moisture conditions. In general, the coated-urea product
resulted in lower emissions than uncoated urea.
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Long-term S-fertilization increases carbon sequestration in a sulfur-deficient soil

Mekonnen Giweta, Miles Dyck and Dick Purveen
Department of Renewable Resources, University of Alberta, Edmonton, AB
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Agriculture and Agri-Food Canada, Melfort, Saskatchewan

Corresponding Author: giweta@ualberta.ca

Abstract

We analyzed the change in total soil organic carbon (TOC) in a long-term fertilization
experiment (1980-2008) in a wheat-oat-barley-hay-hay rotation system in the University of
Alberta Breton Classic plots. Soil samples were taken in 1980, 1990, 1998, 2003 and 2008 from
plots that were fertilized with NPKS and NPK. The objective was to compare the relative effect
of S fertilization on the TOC stocks in a S-deficient soil. Long-term S fertilization resulted in an
increasing trend in soil organic carbon concentrations over 28 years when N, P and K supply is
adequate. The change in TOC with time was significantly different (P < 0.05) between the two
treatments. Annual application of NPK in combination with S resulted in an increased
accumulation of TOC at a rate of 0.11 Mg C ha-1 year-1 in the 0-15 cm depth over NPK alone.
Our results suggest that long-term S fertilization in an S-deficient soil helped to sequester Cin
the soil.
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