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Alberta Soil Science Workshop 2020
Detailed Program
Tuesday February 18th, 2020

Southern Room
1:30pm

Bus arrives with delegates
From Edmonton, Red Deer, Calgary
Check-in to hotel rooms
Bus Contact: Konstantin Dlusskiy

2:00-5:00pm

Registration

2:00-5:00pm

AFFIRM v3.0
(New Release)
Len Kryzanowski and Symon Mezbahuddin
(Government of Alberta: Alberta Agriculture and Forestry)
Hands-on workshop in optimizing fertilizer application rates

5:00pm

Bar opens
Cash bar

6:00-9:00pm

Reception
Light snacks and nibbles, dinner not provided.

7:00-8:00pm

2021 Alberta Soil Tour Kick-off meeting
Konstantin Dlusskiy
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Alberta Soil Science Workshop 2020
Detailed Program
Wednesday February 19th, 2020
Morning

Southern Room

Grand Ballroom

Plenary Session
7:00-8:00am

Breakfast

7:00am-4:00pm

Registration

8:15-8:30am

Monika Gorzelak
Welcome and Introduction to Plenary
session

8:30-9:15am

Ylva Lekberg
Why farmers and ranchers should care
about mycorrhizal fungi

9:15-10:00am

Melissa Arcand
miyo mâmawi atoskewin: “Working
together in a good way” to evaluate soil
quality on First Nations reserve lands

10:00-10:25am

Break
Snacks and coffee

10:25-11:10am

Mike Bruised Head
Where the Cross Roads meet between
Bringing Back the Bison and Industry "Fighting for Grassland"

11:10-11:55am

Paul Sanborn
The imprint of time on Canadian soil
landscapes

12:00-1:00pm

Lunch
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Wednesday February 19th, 2020
Early Afternoon

Southern Room

Grand Ballroom

Concurrent session
Soil Fertility

Concurrent session
Life in Soil

1:00-1:05pm

Len Kryzanowski
Technical session chair

Monika Gorzelak
Technical session chair

1:05-1:25pm

Eric Bremer, Ken Greer, Doon Pauly and
Ben Ellert
Intercropping of Pulse and Oilseed Crops in
Southern Alberta: Impacts on Crop Yield,
Nitrogen Dynamics and Soil Organic Matter
Inputs

Xiaona Li,Xin Jiang and Scott X. Chang
Biochar increases soil microbial biomass
but has variable effects on microbial
diversity: a global meta-analysis

1:25-1:45pm

Doon Pauly, Sheri Strydhorst, Eric Bremer
and Murray MacKinnon
Evaluation of a novel elemental Sulphur
fertilizer

Roland Kröbel, A. Alemu, A. McPherson
and S. Pogue
The new Holos model Vs. 4 – what it aims
to achieve and how you could help

1:45-2:05pm

Kris Guenette, Guillermo HernandezRamirez, Sheri Strydhorst and Doon Pauly
Crop productivity and nitrogen use
efficiency of Canadian Prairie wheat classes
across different nitrogen-based fertilizer
formulations

Jim Miller, Mallory Owen, Craig Drury and
David Chanasyk
Short-Term Legacy Effects of Feedlot
Manure Application on Earthworms

2:05-2:25pm

Rigas Karamanos
Fall and Spring Placement of Nitrogen
Fertilizers. Where do Enhanced Efficiency
Fertilizers Fit?

Patrick Neuberger, Keunbae Kim, Rodrigo
Ortego Polo, Chunli Li, Long Jin, Xiying Hao
and Monika Gorzelak
Mycorrhizal interactions with biochar

2:25-2:45pm

Symon Mezbahuddin, Len Kryzanowski,
Dani Degenhardt, Karen Haugen-Kozyra
and Candace Vinke
Evaluation of Enhanced Efficiency Nitrogen
Fertilizer Products for Use in Western
Canada

Malinda S. Thilakarathna, Sophie Watts,
Michelle Thompson, Godfrey Chu, Hugh
Earl, Manish N. Raizada, Krzysztof
Szczyglowski and Malcolm Morrison
Effective Rhizobia Relieve Negative Effect
of Early-Onset Drought Stress on Soybean
under Field Conditions
Break
Snacks and coffee

2:45-3:30pm
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Wednesday February 19th, 2020
Late Afternoon and Evening

Southern Room

Grand Ballroom

Concurrent session
Soil Fertility

Concurrent Session
Forest, Wetland and Riparian Soil

3:30-3:35pm

Len Kryzanowski
Technical session chair

Tariq Munir
Technical session chair

3:35-3:55pm

Junye Wang
Modelling N2O Emissions from Grazing
Lands and Nitrogen Fertilizer Management

Ivan R. Whitson
Soil development – vertical hydraulic
gradient relationships in mineral soil
wetlands and their margins

3:55-4:15pm

Erin Daly and Guillermo HernandezRamirez
Source-process partitioning of soil N2O and
CO2 production: nitrogen and simulated
exudate additions

Scott Ketcheson, Vitaly Golubev, David
Illing, Bruce Chambers and Sheldon Foisy
Leveraging ‘Low Power Wide Area Sensor
Network’ Infrastructure for Near Real-Time
Distributed Soil Moisture Measurements in
Small Remote Catchments

4:15-4:35pm

Xiying Hao, Carlos M. Romero, Jessica
Stoeckli, Hongjie Zhang and Jim Miller
Influence of Legacy Applications of Feedlot
Manure Amendments on Soil Carbon and
Nitrogen Fractions

Zhengfeng An, Scott Chang, Zilong Ma,
Mark Baah-Acheamfour, Edward W. Bork,
Cameron N. Carlyle, Vladimir Michaelis,
Guy Bernard and Alain Plante
Forests reduced the structural and thermal
stability while increased the quality of soil
organic carbon in hedgerow agroforestry
systems

4:35-4:55pm

Sugatha Kamaleswaran, Paul Hazendonk,
Carlos M. Romero and Xiying Hao
Distribution and occurrence of light- and
particulate-organic matter in a long-term
manured soil of southern Alberta, Canada

4:55-5:15pm

Charles M. Geddes, H. Henry Janzen,
Francis J. Larney and Paul R. DeMaere
Celebrating 30 years of the Lethbridge
trucking experiment: unforeseen value
from humble beginnings

5:15-6:00pm

Poster presentations

6:00pm
7:00-10:00pm

Bar opens
Banquet
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Thursday February 20th, 2020
Early Morning

Southern Room

Grand Ballroom

Concurrent session

Concurrent session

6:30-7:30am

Breakfast

Land Use and Rangelands

Land Reclamation

7:45-7:50am

Janna Casson
Technical session chair

Deo Heeraman
Technical session chair

7:50-8:10am

Jinbiao Li, Jin-Hyeob Kwak, Zhengfeng An,
Xiaoqiang Gong and Scott X. Chang
Interactive Effects of Biochar and
Nitrapyrin on Nitrous Oxide Emissions from
Cropland and Forest Soils

Ivan R. Whitson
Measurement of Aggregate Size
Distribution in Soil

8:10-8:30am

Shanwei Xu, Mark Kadijk, Gyan Mankee,
Evan Hillman, Shaun Cook and Xiying Hao
Assessment of Agricultural Carbon
Feedstocks for Nutrient Removal in a
Laboratory Bioreactor
Ravinder Pannu
Overview of the Land Classification for
Irrigation Development in Alberta

Lackesiha Gurdon, Larbi Esmahi, Nana Y.
Amponsah and Junye Wang
Life cycle cost analysis of oil and gas well
sites cleanup for decision making using
Information technology tools
Francis J. Larney, H. Henry Janzen, Anthony
W. Curtis, Kyle M. Shade and Barry M.
Olson
Thirty Years Young: The Lethbridge
Simulated Erosion Study, 1990–2020

8:50-9:10am

Laio Sobrinho, Scott Chang, Mark Boyce,
Edward Bork, Cameron Carlyle and Timm
Doebert
Does the Adaptive Multi-Paddock grazing
system increase carbon sequestration in
Canadian grassland soils?

Christopher Nzediegwu, Scott Chang and
M. Anne Naeth
Hydrochar As A Potential Adsorbent For
Reclaiming Contaminated Soils: An Insight
From pH And Electrical Conductivity

9:10-9:30am

Aklilu W. Alemu1, Roland Kröbel, Brian G.
McConkey (retired) and Alan D. Iwaasa
Effect of Species diversity and grazing
management on animal performance and
soil carbon sequestration

8:30-8:50am

9:30-9:45am
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Break
Snacks and coffee

Thursday February 20th, 2020
Late Morning

Southern Room

Grand Ballroom

Concurrent session
Volunteer
9:45-9:50
9:50-10:10

Konstantin Dlusskiy
Technical session chair
Pouya Khalili, M. Badrul Masud and
Monireh Faramarzi
Non-stationarity of spring-wheat yield
responses to future climate change and
management factors

10:10-10:30

Newton Lupwayi, Henry Janzen, Derrick
Kanashiro, Andrea Eastman, Eric Bremer
and Renee Petri
The Soil Microbiome in Century-Old Crop
Rotations

10:30-10:50

Benjamin Ellert and Katelyn Lutes
Nitrogen management and soil fluids:
Groundwater and soil atmosphere in an
irrigated cropping study

10:50-11:10

Konstantin Dlusskiy, Ed Karpuk and Ron
McNeil
Alberta Soils Tour 2019

11:15-12:00

Business Meeting

12:00-1:00

Lunch
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Plenary Session

February 19th 8:30-9:15am

Southern Room

Why farmers and ranchers should care about mycorrhizal fungi
Ylva Lekberg

Description
More than eighty percent of plants are colonized by soil-dwelling mycorrhizal fungi. In this plantfungal symbiosis, the fungi provide nutrients, increased drought tolerance and pathogen protection
in exchange for plant carbon. This seminar will outline the potential role of mycorrhizal fungi in
farming and ranching systems and discuss how common practices, such as fallow, tillage and
herbicide applications can influence fungal abundance and function.

Dr. Lekberg is a soil ecologist at MPG Ranch and
an adjunct professor at University of Montana.
Her current research focuses on structural and
functional shifts in soil ecosystems associated with
plant invasions, and how these changes may affect
restoration success. Prior to her work in invasion
biology, Ylva explored the role of mycorrhizal
fungi in subsistence farmers’ fields in Sub-Saharan
Africa, coastal grasslands in Denmark and
geothermal areas in Yellowstone.
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Plenary Session

February 19th 9:15-10:00am

Southern Room

miyo mâmawi atoskewin: “Working together in a good way” to evaluate soil
quality on First Nations reserve lands
Melissa Arcand

Description
First Nations in Saskatchewan hold as much as 4 million acres of reserve land under conventional
agricultural production. A decade-old estimate suggests that 80% of this land is farmed by nonIndigenous farmers through lease agreements. First Nations have expressed concerns about
degraded soil quality on land leased to non-Indigenous farmers that could reduce land productivity
and undermine cultural ties to the land. Although the soils on First Nations reserve lands in the
agricultural region of Saskatchewan were surveyed and classified in the 1960s, there is no current
data to support or refute claims of soil degradation, or other adverse environmental effects, due to
long-term agricultural leasing. Together with Indigenous oral historians, language keepers, and land
managers, we are working with two First Nations in Saskatchewan to assess agricultural land use and
current soil quality based on conventional soil survey methods—but interpreted through Nêhiyawin
(Cree world view) on land. By taking a participatory action research approach, the goals of this
transdisciplinary research are to begin filling the gap in knowledge of the impacts of agriculture on
reserve lands, to provide updated soil information to communities for future land use planning, and
to increase within-community capacity in soil management.

Melissa Arcand is an Assistant Professor in the
Department of Soil Science at the University of
Saskatchewan. She is a member of the Muskeg Lake
Cree Nation where she grew up on a grain farm. Her
research focuses on plant-soil relationships that
maximize nutrient use efficiency and soil health in
agricultural systems. Dr. Arcand teaches and is the
academic advisor for students in the
Kanawayihetaytan Askiy program, designed to train
students to work in resource management and land
governance in Indigenous communities across
Canada.
14

57th ASSW Abstracts

February 19th 10:25-11:10am

Plenary Session

Southern Room

Where the Cross Roads meet between Bringing Back the Bison and Industry "Fighting for Grassland"
Mike Bruised Head
PhD Candidate in Cultural, Social and Political Thought, University of Lethbridge

Mike Bruised Head, Ninnaa Piiksii (Chief Bird) is a Doctoral Candidate in Philosophy, majoring in Social,
Cultural and Political Thought and sessional lecturer at the University of Lethbridge. He was elected
Blood Tribe Chief and Council from 2011 to 2016. He is founder and former chair of the Kainai
Ecosystems Protection Agency (KEPA), chairman of the KEPA summit, and elder and academic advisor on
the KEPA committee. He speaks fluent Blackfoot, and is involved in Kainai ceremonies and cultural
events. Presently he is serving as president of the University of Lethbridge Iniskim Indigenous Alumni
Chapter and Chairman of the Kainai Board of Education. He has a Bachelor of Arts (BA) and a Bachelor of
Education (B.Ed.) from University of Lethbridge and a Master’s Degree (MA) from Gonzaga University,
Spokane Washington (2003) in Administration and Supervision. He worked as a high school teacher, vice
principal and principle with the Kainai of Board of Education from 1996 to 2011. Mike Bruised Head is
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Plenary Session

also a rancher raising horses and black angus cattle. He is working on the assessment team to bring the
Iinnii (Bison) back to the Blood Reserve.
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Plenary Session

February 19th 11:10-11:55am

Southern Room

The imprint of time on Canadian soil landscapes
Paul Sanborn
Description
If we relied solely on the iconic paintings by the Group of Seven, our dominant impression of
Canadian landscapes would be that the Quaternary glaciations scraped large portions of the country
down to bare bedrock – with any surviving soils being both shallow and geologically youthful. In
fact, careful examination finds that our landscapes preserve a much more complex mosaic of
pedogenic legacies.
In trying to understand the imprint of time on Canadian soil landscapes, and quantify rates of soil
formation, we can find a much longer and more interesting story than that which is told by the array
of documented chronosequences. These seldom span the full Holocene, and occur principally in
areas of coastal isostatic uplift and shoreline evolution, as well as on recessional moraine sequences
in the Cordillera.
Longer (and much messier) sequences, involving soils and relict paleosols on Pleistocene morainal
and glaciofluvial surfaces in the central Yukon Territory, record more complex legacies of
pedogenesis and landscape evolution, but with much coarser time control and many potentially
confounding influences of climatic change and disturbance processes.
Elsewhere, older weathered bedrock and regolith can make significant contributions to soil parent
materials in several settings: (1) in favoured locations where local conditions protected these
materials from glacial erosion in southern Canada, (2) beyond the maximum limits of glaciation,
principally in northwestern Canada, and (3) in the Arctic, where cold-based, non-erosive ice allowed
preservation of these materials.
As we consider the future soil landscapes of our new geological epoch, the Anthropocene, our
speculations can be guided by soil-environment relationships across a much wider expanse of the
continent. Depending on when our current global fossil fuel
experiment ends, we can expect that at least one and perhaps more
of the next orbitally-controlled ~100,000-year glacial-interglacial
cycles will be cancelled. One consequence is that much of the
Canadian landscape will, within 100 millennia, display a pattern of
soil cover not seen since the end of the Pliocene, 2.6 million years
ago.
Paul Sanborn worked in the research program of the BC Ministry
of Forests for 11 years, and studied forest soil management and
conservation in the central interior of the province. With his move
to UNBC in 2002, his research interests shifted to include a greater
emphasis on soils as a recorder of long-term environmental
change. This newer work has involved field work in northern and
coastal BC, Yukon, NWT, and southern Patagonia.
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Oral Presentations

57th ASSW Abstracts
Life in Soil

Oral Presentations
February 19, 1:05-1:25pm

Grand Ballroom

Biochar increases soil microbial biomass but has variable effects on microbial
diversity: a global meta-analysis
Xiaona Li1,2，Xin Jiang1 and Scott X. Chang2
1
Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China
2
Department of Renewable Resources, University of Alberta, Edmonton, Alberta, T6G, 2E3,
Canada
Corresponding author: sxchang@ualberta.ca
Abstract
Biochar has been extensively studied as a soil amendment for carbon sequestration and for
improving soil quality; however, a systematic understanding of the direction and magnitude of the
responses of soil microbial biomass and diversity to biochar addition is lacking. Here, through a
global meta-analysis of 999 pairs of data from 194 studies, we show that the addition of biochar,
particularly those produced at low-temperature and from nutrient-rich feedstocks, generally
increases soil microbial biomass. The effect of biochar on increasing microbial biomass was greater
in the laboratory than in field studies, in fine- than in course-textured soils, and when measured with
a fumigation-extraction method than with phospholipid fatty acid analysis. The effect of biochar
addition on soil microbial diversity depends on the type of biochar applied, soil type, and
experimental condition. Specifically, total soil microbial diversity was decreased by biochar produced
under high-temperature and from straw, but was significantly increased in soils with a clay texture or
with a low soil organic carbon content. The fungal community diversity showed a more complicated
response to biochar than bacterial community diversity. We conclude that biochar application has
broad implications in enhancing the growth of microbial populations across different soils and in
increasing microbial diversity in soils with a heavy-texture or low soil organic matter content.
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Life in Soil

Oral Presentations

February 19, 1:25-1:45pm

Grand Ballroom

The new Holos model Vs. 4 – what it aims to achieve and how you could help
Roland Kröbel, A. Alemu, A. McPherson and S. Pogue
Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge,
AB
Corresponding author: roland.kroebel@canada.ca
Abstract
In 2012, the Holos team promised to re-build the model with a carbon budget model in the
background and to adopt agri-environmental indicators to increase the scope and capabilities of the
model. Development of the new carbon submodel began in earnest in 2015 (after version 3 was
released in 2013 and subsequently updated), and the overall structure was laid out in Kroebel et al.
(2016). Over the past 2 years, the team has rebuilt the Holos model in a new language (C#), and
designed a new and user-friendly interface. The talk will guide the audience through the updates that
are being applied to the model and introduce the available modelling approached by showcasing the
3 stages of the new interface (e.g., current, past and future, and detail). The team is looking for
feedback from the audience on the design and functionality of the model, and is hoping to find
partners who can assist in the testing of the model before final release.
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Oral Presentations
February 19, 1:45-2:05pm

Grand Ballroom

Short-Term Legacy Effects of Feedlot Manure Application on Earthworms
Jim Miller1, Mallory Owen1, Craig Drury2 and David Chanasyk3
1

Agriculture and Agri-Food Canada (AAFC), Lethbridge Lethbridge, AB
2
Agriculture and Agri-Food Canada (AAFC), Harrow, ON
3
University of Alberta, Edmonton, AB

Corresponding author: jim.miller@canada.ca
Abstract
Long-term application of feedlot beef cattle manure amendments to cropland may enhance
earthworm abundance by increasing soil organic carbon. The objective of this study was to
determine the legacy effects of feedlot manure type [stockpiled (SM) vs. composted (CM)], bedding
material [straw (ST) vs. woodchips (WD)], manure rate (13, 39, or 77 Mg ha-1), unamended control,
and inorganic fertilizer treatments on earthworm abundance in a clay loam soil after 3-4 yr of
discontinued applications following 17 annual applications. Earthworms were sampled (20 cm
depth) in 2 yr (2017-2018), and ancillary soil properties also determined. The Aporrectodea genus was
the dominant earthworm identified. Earthworm abundance was similar (P > 0.05) for amended and
unamended or inorganic fertilizer treatments. Abundance at the 39 Mg ha-1 rate in 2018 was
significantly (P ≤ 0.05) greater by four times for SM than CM with ST, but it was two times greater
for CM than SM with WD.
Abundance at the 13 Mg ha-1 rate in 2017 was significantly greater by 91% for ST than WD, but at
the 39 Mg ha-1 rate, it was 10 times greater for WD than ST. In 2018, abundance was five times
greater for WD than ST with CM, but it was similar with SM. Overall, short-term legacy effects
occurred on earthworm abundance, but these effects varied with manure rate. Earthworm
abundance was not increased by manure application, which suggested a carrying capacity not directly
related to food resource.

21

57th ASSW Abstracts

Life in Soil

Oral Presentations

February 19, 2:05-2:25pm

Grand Ballroom

Mycorrhizal interactions with biochar
Patrick Neuberger1, Keunbae Kim2, Rodrigo Ortego Polo1, Li Chunli1, Long Jin1, Xiying Hao1 and
Monika Gorzelak1
1
Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge,
Alberta, Canada
2
Department of Renewable Resources, University of Alberta, Edmonton, Alberta, Canada
Corresponding author: monika.gorzelak@canada.ca
Abstract
Arbuscular mycorrhizal fungi (AMF) colonization and biochar amendment improve soil quality,
increase crop yield and alleviate environmental stress on crops. While previous research has
suggested biochar application increases mycorrhizal colonization in soils, researchers have not
assessed whether AMF will preferentially colonize the biochar itself. To fill this research gap, we
asked: do naturally occurring mycorrhizal fungi on barley roots colonize nutrient amended biochar.
We conducted a greenhouse experiment in which barley plants were grown in soils of varying
physicochemical makeup from across Alberta which were either not amended with nutrients,
amended with fertilizer, or amended with manure. All soils had packets of biochar added to the soil
inside a root-exclusion bag. AMF communities in the biochar packs were found to be a subset of the
total community from the surrounding soil. We suggest that particular AMF taxa seek out the
nutrients found in biochar and preferentially colonize these materials. These taxa may be uniquely
adapted to utilize the resources found in biochar, thereby enabling crops to access nutrients that
would otherwise be unavailable. These interactions between biochar, AMF, and crops may be
further developed to improve both soil health and crop yield.
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Effective Rhizobia Relieve Negative Effect of Early-Onset Drought Stress on
Soybean under Field Conditions
Malinda S. Thilakarathna1, Sophie Watts2, Michelle Thompson2, Godfrey Chu2, Hugh Earl2,
Manish N. Raizada2, Krzysztof Szczyglowski3 and Malcolm Morrison4
1

Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB
2
Department of Plant Agriculture, University of Guelph, 50 Stone Road, Guelph, ON
3
Agriculture and Agri-Food Canada, Southern Crop Protection and Food Research Centre,
London, ON
4
Agriculture and Agri-Food Canada, Ottawa Research and Development Centre, Ottawa, ON

Corresponding author: thilakar@ualberta.ca
Abstract
Soybean (Glycine max L.) forms a symbiotic relationship with compatible soil rhizobia, which allows
for symbiotic nitrogen fixation (SNF). Drought stress limits plant growth, yield, and symbiotic
nitrogen fixation in soybean. The objective of this study was to evaluate the effectiveness of rhizobia
to mitigate the negative effect associated with drought stress in soybean under field conditions.
A two-year field trial was conducted in Wellington County, Ontario, examining five different
N/rhizobia treatments [uninoculated-0N control, Urea 150 kg N ha-1, low-nodulating rhizobia
(Bradyrhizobium elkanii USDA 76), high-nodulating rhizobia (B. japonicum USDA 110), commercial
inoculant] under irrigated and non-irrigated conditions. Early-onset drought severely affected nodule
number and nodule dry weight, but the negative effect diminished at the latter part of the growing
season following rainfall. The results showed a trend of higher shoot N%, grain N%, and grain total
N content under drought conditions compared to the irrigated plants, indicating that N was
accumulated in the shoots and grain under drought conditions. A higher Glutamine concentration in
leaves under drought conditions suggest that Glutamine accumulation may take place in shoot
tissues under drought conditions. Higher levels of shoot and grain δ15N under drought conditions
indicate that low SNF under drought conditions. Even under drought conditions, the commercial
rhizobia inoculant and USDA 110 strain showed 60% and 41% yield increase in 2016 over the
uninoculated-0N control, whereas 75% yield increase with USDA 110 strain in 2017. Furthermore,
the effective rhizobia treatments, including commercial inoculants and USDA 110 had a similar or
even higher yield compared to the urea treatment under drought conditions, indicating that rhizobia
inoculants could replace N fertilizer under these conditions.
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Intercropping of Pulse and Oilseed Crops in Southern Alberta: Impacts on Crop
Yield, Nitrogen Dynamics and Soil Organic Matter Inputs
Eric Bremer1, Ken Greer1, Doon Pauly2 and Ben Ellert3
1
Western Ag Innovations, Lethbridge, AB and Saskatoon, SK
2
Alberta Agriculture and Forestry, Lethbridge, AB
3
Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge,
AB
Corresponding author: ericbremer@westernag.ca
Abstract
Intercropping of pulse and oilseed crops may improve overall crop productivity, N efficiency and
soil organic matter inputs. We conducted field experiments with pea and lentil intercropped with
canola in 2018 and mustard in 2019 (2 locations each year). Relative to standard practice (Nfertilized oilseed, non-N-fertilized pulse crops), intercropping increased overall seed yield by an
average of 9% in the control treatment (no N fertilizer applied, seeding rate of oilseed reduced to
30% of monocrop rates). Yield benefits varied among site-years and treatments from -16% to
+22%. Intercropping consistently increased the proportion of pulse N derived from N2 fixation,
but reduced the quantity of N2 fixed. Canola induced greater dependence on N2 fixation than
mustard because it was more competitive for N. Intercrops increased or maintained crop residue
inputs of carbon and nitrogen. Intercropping has the potential to provide a range of benefits for
crop production systems, but impacts vary depending on environmental conditions and
management options.

25

57th ASSW Abstracts

Soil Fertility

Oral Presentations

February 19, 1:25-1:45pm

Southern Room

Evaluation of a novel elemental Sulphur fertilizer
Doon Pauly1, Sheri Strydhorst1, Eric Bremer2 and Murray MacKinnon3
1
Alberta Agriculture and Forestry, Lethbridge and Barrhead, AB
2
Western Ag Innovations, Lethbridge, AB
3
Sultech Global Innovation Corp, Calgary, AB
Corresponding author: doon.pauly@gov.ab.ca
Abstract
During the 2018 and 2019 growing seasons, Alberta Agriculture and Forestry evaluated the
agronomic performance of a novel elemental sulphur (S) fertilizer through field trials at a total of
eight locations in southern and north-central Alberta. This S fertilizer is not currently
commercialized, but is novel because it has a mean particle size of less than 20 microns and is
intended to be applied as a suspension through spraying equipment, ensuring abundant S-soil
contact. The purpose of the project was to compare this novel S product to ammonium sulphate, a
traditional S fertilizer that is immediately crop available, and to see if elemental S oxidized in the year
of application, meeting current-crop S requirements. At all sites, canola was seeded into cereal
stubble with the following treatments: sprayed elemental S, sprayed ammonium sulphate, and
banded ammonium sulphate, all applied at 0, 20, and 40 kg S/ha. Fertilizer efficacy was evaluated by
soil sulphate changes over time measured with plant root simulator (PRS®) probes, S uptake by
canola, and canola yield. Environmental conditions ranged from much drier than normal, to wetter
than normal, and under these diverse conditions PRS probes were able to detect early season
treatment effects at all sites. Based on the work completed to date, there is growing evidence that
20-micron elemental S, surface-applied without incorporation, is oxidizing within weeks of
application and becoming crop available. Although all sites had relatively low soil test S (about 10
ppm SO4-S or less), canola yield was not affected by fertilizer treatments at any site, in either year.
Continued evaluation of this novel elemental S fertilizer is planned for 2020.
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Crop productivity and nitrogen use efficiency of Canadian Prairie wheat classes
across different nitrogen-based fertilizer formulations
Kris Guenette1, Guillermo Hernandez-Ramirez1, Sheri Strydhorst2 and Doon Pauly3
1
University of Alberta, Department of Renewable Resources, Edmonton, Alberta
2
Alberta Agriculture and Forestry, Cropping Systems Section, Barrhead, Alberta
3
Alberta Agriculture and Forestry, Cropping Systems Section, Lethbridge, Alberta
Corresponding author: kguenett@ualberta.ca
Abstract
To improve nitrogen uptake and temporal availability, fertilizers can be paired with nitrification
(DMPSA) or urease (NBPT) inhibitors. Furthermore, when combined with inhibitors, alternative
nitrogen-based fertilizer formulations may provide produces another tool to improve crop
productivity and nitrogen use efficiency. In 2017 and 2018, field trial comparisons of alternative
nitrogen-based fertilizers calcium ammonium nitrate (CAN) and ammonium sulfate nitrate (ASN)
with nitrification and urease inhibitors in Barrhead and Lethbridge were compared against urea
fertilizer in multiple wheat classes. The efficacy of the inhibitors were heavily influenced by wheat
class and location, where the crop productivity response of either DMPSA or NBPT with urea was
not significantly different compared to untreated urea. Overall, when DMPSA was paired with ASN
it had a net negative effect on crop productivity. When DMPSA added to CAN, there was a
consistent positive effect was observed at both sites. Comparatively, untreated ASN marginally
outperformed untreated urea at Lethbridge, while CAN with DMPSA was consistently 1-2% higher
yielding than untreated urea and constituted the highest yielding treatment at both sites. Significant
differences in crop yield and nitrogen use-efficiency were also observed between wheat classes in
Barrhead and amongst nitrogen fertilizer rates in Lethbridge.
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Fall and Spring Placement of Nitrogen Fertilizers. Where do Enhanced Efficiency
Fertilizers Fit?
Rigas Karamanos
Koch Agronomic Services, LLC/Koch Fertilizer Canada, ULC
Corresponding author: rigas.karamanos@kochind.com
Abstract
There are three major losses of nitrogen from the soil-plant system, namely, volatilization,
denitrification and leaching. Several practices are recommended for reducing volatilization of ureabased fertilizers, e.g., use of urease inhibitors, slow-release forms and irrigation shortly after
application. However, the most common practice in western Canada has been incorporation of the
fertilizer into the soil, especially in bands. This practice now is under scrutiny as shallow (<2.5
inches) banding is proving to be less efficient in affording protection of urea-based fertilizers than
deep banding. Further, denitrification losses have been shown to occur both during spring
snowmelt and under wet conditions. This study summarizes the data from a three-year research
conducted in the three prairie provinces that included deep and shallow-banded as well as broadcast
urea with or without the addition of stabilizers. Agrotain® stabilized urea (NBPT) and SuperU®
(NBPT and DCD) fertilizer were used (NBPT is a urease and DCD a nitrification inhibitor). There
were no differences in yield when fertilizers were deep banded (6-8 cm); however, broadcasting or
shallow banding (1-4 cm) non-stabilized urea resulted in significant yield reductions that were for the
most part averted by using stabilizers.
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Evaluation of Enhanced Efficiency Nitrogen Fertilizer Products for Use in
Western Canada
Symon Mezbahuddin1, Len Kryzanowski1, Dani Degenhardt2, Karen Haugen-Kozyra3 and
Candace Vinke3
1

Alberta Agriculture and Forestry, Edmonton, AB
2
Canadian Forest Service, Edmonton, AB
3
Viresco Solutions, Edmonton and Calgary, AB

Corresponding author: symon.mezbahuddin@gov.ab.ca
Abstract
There is a growing interest in using enhanced efficiency nitrogen fertilizer (EENF) products in
western Canada. EENF products are marketed to reduce N losses and/or to better synchronize N
supply with crop demand. This can potentially reduce N fertilizer application rate, increase crop
yield and/or protein, or reduce seedling damage under specific growing conditions and 4R Nutrient
Stewardship (Right Product @ Right Rate, Right Place, Right Time) management practices in
Alberta. A comprehensive study was conducted to critically evaluate the agronomic effectiveness
and economic costs and benefits of these products under Alberta soil and climatic conditions,
nutrient management and cropping systems. Research data was acquired from various researchers
and research projects to evaluate the effectiveness of EENF.
Agro-economic performances of each fertilizer product was assessed by optimizing marginal return
vs. marginal cost of fertilizer. Field data on crop yield responses to the application of different rates
and products of fertilizers across various weather and soil conditions in Alberta were used to
calculate investment ratio (=marginal return/marginal cost) of each fertilizer product for different
fertilizer and crop prices. Continuous crop yield response curves were also constructed by using a
Harmsen-Mitscherlich equation that was based on nitrogen and water use efficiencies calculated
from the compiled research database. These yield curves provided an enhanced agro-economic
analysis to further estimate optimized fertilizer rates for Alberta farms.
Our analyses on compiled and modelled yield response datasets showed that the effectiveness of the
EENF varied with economics, soils and weather. Not surprisingly, our analyses showed that
products with lower prices generally performed the best if there was an optimum moisture supply
throughout the growing seasons. These analyses fed two enhanced web-based versions of Alberta
Farm Fertilizer Information and Recommendation Manager (AFFIRM) i.e., AFFIRM v3 1 (full
enhanced version) and AFFIRM-R2 (companion version) decision support tools. These tools are
designed for the producers, agrologists, consultants, researchers and students to play with different
“what-if” scenarios to understand the importance of 4R fertilizer management and the economics in
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the nutrient management planning of Alberta producers. This understanding would in turn aid
producers’ decision making on optimized fertilizer rates, products, timing and placement to ensure
economic profitability and environmental sustainability in farming practices of Alberta.
1
2

Can be accessed through My Alberta Digital Identity website at https://account.alberta.ca/
Can be accessed at https://mezbahu.shinyapps.io/AFFIRM_R_version_yield_response_nitrogen/
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Modelling N2O Emissions from Grazing Lands and Nitrogen Fertilizer
Management
Junye Wang
Faculty of Science and Technology, Athabasca University, 1 University Drive, Athabasca, Alberta
T9S 3A3, Canada
Corresponding author: junyew@athabascau.ca
Abstract
The sustainability of grazing lands lies in the nexus of human consumption behavior, livestock
productivity, and environmental footprint. Due to fast growing global food demands, many grazing
lands have suffered from overgrazing, leading to soil degradation, air and water pollution, and
biodiversity losses. In this talk, we present modelling effects of grazing management on N 2O
emissions using DeNitrification DeComposition (DNDC). We will discuss main issues and
limitations in modeling relative to grazing lands and point out research trend for improving the
knowledge base.
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Source-process partitioning of soil N2O and CO2 production: nitrogen and
simulated exudate additions
Erin Daly and Guillermo Hernandez-Ramirez
Department of Renewable Resources, 454 Earth Sciences Building, University of Alberta,
Edmonton, Alberta, Canada
Corresponding Author: edaly@ualberta.ca
Abstract
Understanding and the source partitioning of carbon dioxide (CO2) and nitrous oxide (N2O) fluxes
from soil is integral for the characterization of total fluxes and the quantification of potential soil
organic matter priming effects. Additionally, we utilized 15N-N2O site preference data to analyze the
process priming of microbial nitrification and denitrification on subsequent N2O fluxes. A 32-day
laboratory incubation was designed to examine the effects of artificial exudate, nitrogen fertilizer and
their potential interactive effects on CO2 and N2O fluxes, soil organic matter source-priming and
N2O process-priming. Artificial root exudate (ARE) consisting of a mixture of 99 atom% 13C
labelled compounds at three addition rates (0, 6.2, 12.5 mg C kg-1 soil day-1) was applied daily for 21
days to microcosms with or without urea fertilizer, a subset of which was labelled with 5 atom %
15
N. Measurements of CO2 and N2O fluxes, isotopic composition and N2O site preference were
frequent throughout the duration of the experiment. Source partitioning of CO2 fluxes showed that
soil organic carbon (SOM-C) positive priming was significantly altered by additions of artificial
exudate and urea (p < 0.001 and 0.001 respectively). When applied concurrently, urea addition had
an antagonistic interactive effect on SOM-C sourced CO2 fluxes (p < 0.001). Source partitioning of
N2O flux data revealed that soil organic matter nitrogen (SOM-N) was positively primed for N2O
flux by the addition of urea fertilizer (p < 0.001), but positive SOM-N priming was reduced by an
antagonistic interaction with artificial exudate application (p < 0.001). Further, examination of 15NN2O site preference found that the main processes by which N2O is formed (nitrification and
denitrification) were differentially process-primed by the addition or absence of ARE. Cumulative
denitrification and nitrification contributions to total N2O flux were both positively primed in the
soils receiving both ARE and urea inputs relative to a control (50.0 ± 10.1 and 28.2± 8.0 μg N2O-N
kg-1, respectively). In soils receiving only ARE application, denitrification-derived N2O was
negatively primed relative to a control and thus contributed less to overall N2O flux (-9.5 ± 12.4 μg
N2O-N kg-1) but nitrification-derived N2O was positively primed (17.2 ± 9.0 μg N2O-N kg-1).
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Influence of Legacy Applications of Feedlot Manure Amendments on Soil Carbon
and Nitrogen Fractions
Xiying Hao1, Carlos M. Romero1,2, Jessica Stoeckli1, Hongjie Zhang1 and Jim Miller1
1
Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge,
AB
2
Department of Biological Sciences, University of Lethbridge, Lethbridge, AB.
Corresponding author: Xiying.hao@canada.ca
Abstract
Utilizing a field site that received 17 annual applications of cattle feedlot manure and compost in
southern Alberta, followed by 3 years with no application, we investigated the manure/compost
legacy effect on selected soil carbon (C), nitrogen (N), and phosphorus (P) fractions in surface- and
sub-soil layers. Amendment treatments were two feedlot manure management systems [stockpiled
(SM) or composted (CM)] and two bedding materials [straw (ST) or wood-chip (WD)], with a field
application rate of 77 Mg ha-1 (dry basis). An unamended control (CK) was also included for total of
5 treatments (CK, SM-ST, SM-WD, CM-ST and CM-WD). Soil samples (n= 60) were collected in
spring 2018 at 0-15, 15-30 and 30-60 cm depths and analyzed for soil organic C (SOC), total N
(TN), δ15N, permanganate oxidizable carbon (POXC), water-extractable organic carbon (WEOC),
available N (KCl extractable NO3-N and NH4-N), and available P (Olsen-P). Additionally, the 0-15
cm layer soil was physically fractionated into light, clay, silt and sand using a densimetric-based
method and analyzed for SOC, TN and δ15N levels.
Our preliminary results indicate that, regardless of whether feedlot pens are bedded with straw or
wood chips, or whether the manure is applied to soil as SM or CM, there is a strong
manure/compost legacy effect on soil nutrients and organic matter fractions; SOC, TN, and P
concentrations were still elevated in manure-amended soil three years after discontinuing SM or CM
inputs. The proportion of light fraction in soil was also affected by the type of amendment with SMWD = CM-WD > SM-ST = CM-ST > CK. On-going research progress and future work on
physically fractionated soil samples will be presented and discussed at the 57th annual ASSW.
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Distribution and occurrence of light- and particulate-organic matter in a longterm manured soil of southern Alberta, Canada
Sugatha Kamaleswaran1,3, Paul Hazendonk2, Carlos M. Romero3 and Xiying Hao3
1
Department of Chemistry and Biochemistry, University of Lethbridge, Lethbridge AB, Canada.
2
Department of Biological Sciences, University of Lethbridge, Lethbridge AB, Canada.
3
Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge,
AB, Canada.
Corresponding author: kamaleswarans@uleth.ca
Abstract
Increased rates of manure application to croplands are known to augment the concentration of
organic matter (OM) in surface soil layers. Yet, there is limited knowledge on the effects of longterm manure application (>40 yr) over the accumulation of C and N within physically uncomplexed
OM pools. The general objective of this study was to analyze the size and distribution of light- and
particulate-OM fractions within a semi-arid Chernozem subjected to gradients of manure
application. We collected soil samples (0-15 cm) from a Long Term Manure (LTM) trial started in
1973 near Lethbridge, AB. Solid beef cattle manure (CM) was annually incorporated (top 10-20 cm)
each fall (M) to rainfed plots at 0, 60, and 90 Mg ha-1 and to irrigated plots at 0, 60, and 180 Mg ha-1.
CM application was discontinued in some plots in 1987, i.e., after 14 annual applications (D) and in
2003, i.e., after 30 annual applications (DD). A total of 12 treatments were selected for this study,
including fertilized (F) and unamended (CK) controls. The concentration of soil organic carbon
(SOC) was significantly different (P<0.05) among treatments and its response to CM
discontinuation differed among watering regimes. In rainfed plots, SOC (2.35-6.28%) and total N
(TN) (0.25-0.75%) decreased in the order M>DD>D=CK/F, reflecting gradients of cumulative CM
application. In irrigated plots, CM legacy effects were not observed, with SOC (3.11-9.27%) and TN
(0.32-0.99%) M>DD=D=CK/F. Overall, physical fractionation of whole-soil samples indicated
that our Chernozem was comprised of 18.3, 42.7, 28.0, and 1.1% of recovered clay-, silt-, sand-, and
light fractions, respectively. The application of CM favored the incorporation of SOC into fine-sized
(i.e., clay and silt) particulate-OM rather than into the light fraction of OM. Similar to whole-soil
SOC and TN, manure legacy effects were more evident in rainfed than irrigated plots with claySOC/TN M>DD>D=CK/F and M>DD=D=CK/F, respectively; and silt-SOC/TN
M=DD>D>CK/F and M>DD=D=CK/F, respectively. Long-term application of CM favored the
accumulation of soil OM within silt and clay particles, suggesting that CM-derived SOC is relatively
stable in our environment. This response was only observed under rainfed conditions, scenarios
where soil OM decompose more slowly.
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Celebrating 30 years of the Lethbridge trucking experiment: unforeseen value
from humble beginnings
Charles M. Geddes, H. Henry Janzen, Francis J. Larney and Paul R. DeMaere
Agriculture & Agri-Food Canada, Lethbridge Research & Development Centre, Lethbridge, AB
Corresponding author: charles.geddes@canada.ca
Abstract
Thirty years ago, a common garden field experiment was established to determine indicators of soil
quality based on wheat productivity in the semi-arid environment of the Canadian prairies. Topsoil
was removed from two sites (one dryland, one irrigated) at the Agriculture and Agri-Food Canada
Research and Development Center near Lethbridge, AB, and 36 diverse soils with varying
management histories were deposited in plots arranged in three experimental replications. Each plot
was divided into two subplots, one with annual application of N fertilizer (56 to 62 kg N ha -1), and
the other without. The dryland site was planted to wheat annually, while the irrigated site was
planted back to native grasses in 2002/2003. This year (2020) will mark 30 years since these two sites
were established. Over the past three decades, the experiment has addressed several hypotheses
related to soil quality, management legacy, and temporal change. Initial work showed that soil
organic carbon was associated positively with wheat biomass yield up to a critical value of about 2%
carbon (or 3.4% organic matter) for soils not receiving N fertilizer; beyond which increasing organic
carbon did not manifest as further yield gain. Estimates after 21 years suggested that organic carbon
in these diverse soils was converging toward a steady state, which could be reach in about two
centuries. These sites continue to serve as a valuable platform to address novel hypotheses, spanning
both short- and long-term. While these sites may have received humble, yet fruitful, beginnings,
their true value will be realized in the questions of future generations.
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Soil development – vertical hydraulic gradient relationships in mineral soil
wetlands and their margins
Ivan R. Whitson
I Whitson Innovations Inc., Edmonton AB
Corresponding author: iwhitson@telus.net
Abstract
Groundwater depth and vertical hydraulic gradient patterns were investigated in relation to soil
development at a forested site in the Boreal Mixedwood natural region near Barrhead, AB.
Depressional and toe slope positions in each of four small catchments (up to 2 ha) oriented along a
soil unit boundary were instrumented with wells and piezometers. Depth of groundwater was
measured from 2012 to 2017. Groundwater at both slope positions fluctuated commonly 1.5 to 2 m
annually and usually resulted seasonal inundation in depressions. Direction of vertical hydraulic
gradient reversed regularly, but was more commonly downward at toe slopes, indicating recharge
dominance. Depressions displayed an equal balance of upward and downward flow gradients. Soil
classes in depressions included subgroups of the Gleysolic and Organic orders, though organic
horizons were usually less than 50 cm. Soil classes at toe slopes included subgroups of the
Chernozemic, Luvisolic, Gleysolic, and Solonetzic orders. Whereas toe slope soils typically displayed
evidence of eluviation/illuviation consistent with recharge hydrology, depressional soils rarely
showed eluviation, consistent with their flow-through hydrology. Soil carbonates were however
unexpectedly shallower at toe slope positions than depressions, but were more abundant within the
weakly saline soil unit at both slope positions. The soil development equilibrium displayed under
native forest is likely to be disrupted when agricultural conversion changes the water balance e.g.,
land drainage.
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Leveraging ‘Low Power Wide Area Sensor Network’ Infrastructure for Near RealTime Distributed Soil Moisture Measurements in Small Remote Catchments
Scott Ketcheson1, Vitaly Golubev1, David Illing2, Bruce Chambers2 and Sheldon Foisy3
1
Athabasca University, Athabasca, AB
2
Riot Technology Corp., North Saanich, BC
3
Campbell Scientific Canada, Edmonton, AB
Corresponding author: sketcheson@athabascau.ca
Abstract
Wireless sensor networks (WSN) developed over the proceeding decade have demonstrated
capabilities to provide a cost-effective and reliable means to collect spatially representative
(distributed) hydrological data in near real time. However, communication distances are greatly
limited in settings where vegetation coverage is moderate or dense, and power consumption of some
systems can be an issue for deployment in remote environmental settings where portable power
supplies are required. This research evaluates the design and performance of a newer, innovative
technology called ‘Low Power Wide Area Sensor Networks’ (LPWAN) that is capable of much
greater communication distances while consuming less power than traditional WSNs. A LPWAN
was field-deployed in the Stony Mountain Headwater Catchment Observatory in northern Alberta
Canada, as a part of a research project aimed at studying the hydrology and importance of small
(<10 km2) headwater catchments for water availability in the Lower Athabasca River Basin. Included
in the deployment were 54 SDI-12 soil moisture sensors for measurement of shallow soil water
content. The performance of the Beta LPWAN deployment was evaluated for the impact of
vegetation, weather and topography on communication capabilities and power consumption. Results
indicate reduced signal strength in topographic valleys, but better actual than modelled data
transmission performance. Field and modelling work also indicate that the configuration of antennae
combinations at data transmitters and receivers, in combination with data transmitter height above
ground, provides the greatest improvement in signal strength and system performance. Optimization
of radio parameters, transmission power settings and firmware updates from this research are helped
to improve system capabilities and performance.
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Forests reduced the structural and thermal stability while increased the quality
of soil organic carbon in hedgerow agroforestry systems
Zhengfeng An1, Scott Chang1, Zilong Ma1, Mark Baah-Acheamfour1, Edward W. Bork1,
Cameron N. Carlyle1, Vladimir Michaelis2, Guy Bernard2 and Alain Plante3
1
Renewable Resources, University of Alberta, Edmonton, AB
2
Department of Chemistry, University of Alberta, Edmonton, AB
3
Department of Earth and Environmental Science, University of Pennsylvania, Philadelphia, PA
Corresponding author: sxchang@ualberta.ca
Abstract
Carbon sequestration using agroforestry is regarded as one of the crucial methods of reducing
carbon dioxide emissions from agricultural lands. However, limited studies in agroforestry constrain
the further understanding of soil organic carbon stability, especially in structural and energetic
properties. This study tested the SOC structural and energetic properties of typical natural hedgerow
agroforestry systems by utilizing 13C nuclear magnetic resonance spectroscopy with crosspolarization and magic-angle spinning (CPMAS NMR) together with thermal analysis methods in
central Alberta, Canada. The results showed that the relative proportion of H- and C- substituted
aromatic C, Hydrophobicity index (HB/HI), Alkyl ratio, and Aromaticity indices were significantly
higher in cropland soil than the adjacent forest, while carbohydrates (O-alkyl C and Di-O-alkyl C)
were higher in forest soil (p<0.05). Depth had a significant influence on all C structural indices and
C functional groups except for Carbonyl C and Alkyl+ alpha-amino C. The SOC energy density
under forest cover was 1.63 J g-1 soil, which was 1.8 times higher than the cropland. Energy density
was also 1.67 times greater in the surface soil (0-10 cm) than the subsoil (10-30 cm). In summary,
SOC with high stability does not mean SOC is high quality. Cropland SOC was more structurally
and thermally stable (i.e., more significant carbon structural indices, lower energy density) than the
adjacent forest, but with lower quality (i.e., lower carbohydrates proportions). Retaining and
encouraging hedgerows within the agricultural landscape of this region is an essential means to
improve SOC stability and quality.
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Measurement of Aggregate Size Distribution in Soil
Ivan R. Whitson
I Whitson Innovations Inc., Edmonton AB
Corresponding author: iwhitson@telus.net
Abstract
Aggregate size distribution (ASD) is a regularly used indicator of topsoil quality. Fundamental
weakness of qualitative (visual) measurement of ASD involves 1) the error introduced when
breaking bulk soil into constituent aggregates, and 2) the inverse relationship between abundance
and volume of individual aggregates. I reviewed ASD data measured qualitatively at reclaimed
wellsites near Breton (Gray Luvisolic) and Morinville (Black Chernozemic). The dominant aggregate
size for Breton ranked in order < 2 cm (299 plots), 2 to 5 cm (68 plots), and > 5 cm (0 plots). For
Morinville, ASD ranked in order < 2 cm (361 plots), 2 to 5 cm (172 plots) and > 5 cm (6 plots).
Furthermore, 18 of 22 wellsites at these two locations were described by a single ASD class.
To overcome the limitations of these qualitative approaches, I designed and constructed a sieve
system to allow quantitative measurement of ASD at a field scale and under more standardized
conditions. Four sieve classes are used (>2, 1 to 2, 0.5 to1, and <0.5 inches). Sample volumes are
about 4 liters each and are run in duplicate. Force is applied when the sieve rotates through an arc of
about 20 degrees and shaking continues for a standard length of time. Size fractions are weighed at
field moisture and normalized for comparison. The instrument was tested at research plots located
at Breton, AB (Gray Luvisolic) and at Indian Head, SK (Rego Black Chernozemic). Dominant
aggregate sizes for both were > 2 inches. ASD was measured on a pipeline ROW near Mayerthorpe
(1 year old) and at another near Morinville (20 years old). Dominant ASD on both ROW and
reference at both sites was > 2 inches. The rotating sieves employ standard conditions and use
quantitative measures to ensure that comparisons of ASD have greater scientific validity.
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Life cycle cost analysis of oil and gas well sites cleanup for decision making using
Information technology tools
Lackesiha Gurdon1, Larbi Esmahi1, Nana Y. Amponsah2 and Junye Wang2
1
School of Computing and Information Systems, Athabasca University, 1 University Drive,
Athabasca, Alberta T9S 3A3, Canada
2
Faculty of Science and Technology, Athabasca University, 1 University Drive, Athabasca,
Alberta T9S 3A3, Canada
Corresponding author: junyew@athabascau.ca
Abstract
Global warming, contaminated oil and gas well sites, disposal of chemical substances, polluted
landfills result in environmentally hazardous conditions that plague our society today. Contaminated
site remediation and reclamation in the oil and gas industry is critical for sustainable resource
development and management of cumulative environmental effects. However, it is challenging to
improve remediation efficiency and reduce costs of remediation due to complex site environmental
conditions. The objective of this paper is to develop an integrated approach of remediation
assessment and cost analysis on a single platform. The tool aggregates data of contaminants and
remediation alternatives at remediation sites and stores the information in a SQL database. The tool
then compares alternative treatment options and their associated costs through cost breakdown of
materials, labour, equipment and energy. The results show that the decision support tool is capable
of cost analysis for the ex-situ remediation technology, including biological, thermal and chemical
treatment. The built-in cost analysis fosters real-time availability of different treatment options
which is geared towards providing an effective and efficient way to conduct cost analysis for
decision makers with scalable, reliable and robust analytical capabilities in a single system.
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Thirty Years Young: The Lethbridge Simulated Erosion Study, 1990–2020
Francis J. Larney1, H. Henry Janzen1, Anthony W. Curtis1, Kyle M. Shade1 and Barry M. Olson2
1
Agriculture & Agri-Food Canada, Lethbridge Research & Development Centre, Lethbridge, AB
2
Alberta Agriculture & Forestry, Lethbridge, AB
Corresponding author: francis.larney@canada.ca
Abstract
In 1990, simulated erosion treatments were established at two sites (one dryland, one irrigated) at the
Agriculture and Agri-Food Canada Research Centre at Lethbridge, AB. Topsoil was removed to 5,
10, 15 and 20 cm depths using an excavator with a grading bucket, or left undisturbed (0 cm). Four
sub-treatments were superimposed on each of the main treatments in 1990 only: check, N + P
fertilizer, feedlot manure (75 Mg ha-1 fresh wt.), and 5 cm topsoil addition. Both sites have been
continuously cropped to spring wheat under no-till (apart from the occasional fallow year for weed
control purposes). The two sites have been maintained in their original design, and 2020 will mark
30 yr since they were established. In 2019, there was still a significant effect (+9%) on wheat yield
from the one-time manure application in 1990, on the dryland site. Trends in crop yield and legacy
effects on soil properties over the 30 yr will be discussed, as well as the unforeseen and often
serendipitous value of long-term plot experiments.
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Hydrochar As A Potential Adsorbent For Reclaiming Contaminated Soils: An
Insight From pH And Electrical Conductivity
Christopher Nzediegwu, Scott Chang and M. Anne Naeth
University of Alberta, Department of Renewable Resources, Edmonton, AB
Corresponding author: nzediegw@ualberta.ca
Abstract
Hydrochar is gaining agronomic and environmental attention as a soil amendment and an adsorbent.
Chemical properties such as pH and electrical conductivity could provide an insight into hydrochar
performance as an adsorbent. Whether feedstock type and/or carbonization temperature would
affect these properties is not clear. Therefore, we studied the effect of four feedstocks (canola straw,
wheat straw, sawdust, manure pellets) and three carbonization temperatures (180, 240, 300 °C) on
the pH, electrical conductivity, and yield of hydrochar.
The hydrochar pH was 3.5 to 6.5 and mainly influenced by feedstock type, and slightly affected by
carbonization temperature. The pH suggests that hydrochars from canola straw and manure pellet
may perform better than those from wheat straw and sawdust as an adsorbent for heavy metals. The
electrical conductivity of the hydrochars was 0.06 to 0.9 dS m-1 and was clearly influenced by the
feedstock type, with variations in dissolved inorganic ions in the feedstocks. The hydrochar yield was
40 to 72 % and was influenced by feedstock type and carbonization temperature, with variations in
lignocellulose content of the feedstocks. The pH, electrical conductivity, and recoverable percentage
of the liquid phase suggested the liquid phase may be used as a nutrient solution or reused as an
alternative water for hydrothermal carbonization. In general, canola straw hydrochar with a relatively
high pH and electrical conductivity may perform better as an adsorbent for heavy metals, which
could be verified through adsorption and kinetic studies.
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Assessment of Agricultural Carbon Feedstocks for Nutrient Removal in a
Laboratory Bioreactor
Shanwei Xu1, Mark Kadijk1, Gyan Mankee1, Evan Hillman1, Shaun Cook1 and Xiying Hao2
1
Alberta Agriculture and Forestry, Lethbridge, AB
2
Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge,
AB
Corresponding author: shanwei.xu@gov.ab.ca
Abstract
Tile drainage is gaining popular to use in Alberta for removing excess water from the soil fields and
increasing the cropland use. However, tile drainage systems can transport nutrients from agricultural
fields to surrounding surface waters, resulting in water quality impairments. Bioreactors are a
passive treatment approach where agricultural drainage water is routed through solid carbon
substrates to remove dissolved nutrients. The objective of this study is to evaluate the suitability of
locally available agricultural carbon feedstocks for removing dissolved nitrogen and phosphorus in a
laboratory bioreactor.
Three carbon feedstocks of woodchips, hemp (Cannabis sativa L.) straw and barley (Hordeum vulgare
L.) straw were filled in an up-flow laboratory bioreactor with three replicates per treatment. Influent
water with NO3-N concentration of 30 mg L-1 and PO4-P concentration of 1 mg L-1 flowed
continuously through the bioreactors over 106 days with a 4-h hydraulic residence time (HRT) at
20°C. Water samples were collected at inlet and outlet, as well as the bottom, middle, and top
locations of the bioreactors to evaluate the nitrate and phosphate removal and dissolved N 2O.
Results showed that both nitrate and phosphate removal increased (P < 0.05) with the increased
distance from the bioreactor inlet. Nitrate removal efficiency ranged from 2.0 to 35.3%, and
removal rate ranged from 3.9 to 48.1 g N m-3 d-1, with barley straw > hemp straw > woodchips (P <
0.05). The majority of phosphate removal occurred within the first week with an average of removal
efficiency of 37.4 to 51.3%, and then rapidly declined (P < 0.05) to below 20% with the same
treatment rankings as for nitrate. The cumulative N2O production over 106 days was not affected by
the type of feedstock, and ranged from 1.8 to 24.1 g N2O-N m-3. Production of N2O relative to
nitrate removal for all three feedstocks remained at a low percentage of 0.16 to 0.76%. Our findings
suggest that agricultural straw feedstocks such as hemp and barley could perform better than wood
by products for nutrient removal with no increase of N2O production. However, further validation
of these results under field conditions is needed.
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Interactive Effects of Biochar and Nitrapyrin on Nitrous Oxide Emissions from
Cropland and Forest Soils
Jinbiao Li1,2, Jin-Hyeob Kwak1, Zhengfeng An1, Xiaoqiang Gong1 and Scott X. Chang1
1
Department of Renewable Resources, University of Alberta, Edmonton, AB, Canada
2
Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University,
Nanjing 210037, China
Corresponding author: sxchang@ualberta.ca
Abstract
Biochar and nitrapyrin are frequently used as soil amendments to reduce nitrous oxide (N2O)
emissions. However, biochar produced under different pyrolysis temperatures may have different
effects on N2O emissions, and the interactive effect of biochar and nitrapyrin on N2O emissions in
different land-use types remain unclear. The objective of this research is to evaluate biochar and
nitrapyrin addition and their interactive effect on N2O emissions from cropland and forest soils in
western Canada.
A 35-day incubation experiment was conducted using a split-split-plot design with land-use type
(cropland and forestland) as the whole-plot factor, biochar (3 levels: no biochar addition (CK),
addition of biochar produced at 300 (BC300), and biochar produced at 700 ℃ using canola straw
(BC700)) as the split-plot factor, and nitrapyrin (2 levels: with and without nitrapyrin addition) as the
split-split-plot factor. Results indicated that throughout the incubation, higher N2O emissions was
observed from both cropland and forest soils with BC300 addition compared with the CK or BC700
addition, especially in the first 7 days. The interaction effect of biochar and nitrapyrin on cumulative
N2O emissions and dissolved organic nitrogen was significant (p<0.05). Under the BC300
application, nitrapyrin has a greater impact on reducing N2O emissions, which resulted in a 50.0%
and 70.9% reduction in cropland and forest soils, respectively. BC700 applied in combination with
nitrapyrin significantly (p<0.05) decreased net nitrification rates (compared with no biochar in
combination with no nitrapyrin addition, from 1.78 to -0.62 mg kg-1 day-1 and from 0.96 to -0.03 mg
kg-1 day-1 in cropland and forest soils, respectively). Overall, our results suggest that the application
of biochar produced under a low- pyrolysis temperature (e.g., 300 ℃) likely increases N2O emissions
in the studies soils, especially in the cropland soil. Nitrapyrin is recommended for application to
mitigate N2O emissions if biochars produced at a low pyrolysis temperature is added to a soil.
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Overview of the Land Classification for Irrigation Development in Alberta
Ravinder Pannu
Irrigation and Farm Water Branch, Alberta Agriculture and Forestry, Lethbridge, AB.
Corresponding author: ravinder.pannu@gov.ab.ca
Abstract
Land classification for irrigation is the systematic examination, description & grouping of land on
the basis of its physical and chemical properties affecting its suitability for sustained production
under irrigated agriculture. Land units are grouped into one of seven interpretive classes, based upon
relative capability for sustained production under irrigation. This classification also provides an
inventory of land characteristics, identifies potential problems that may occur with irrigation, and
makes recommendations for appropriate management under irrigation. The evolution of land
classification for irrigation in Alberta began in 1915 when the Government of Alberta enacted the
Irrigation Districts Act. Land classification for irrigation became necessary to allow land to be placed
on the assessment rolls of the Irrigation Districts.
Land classification maps required for the issuing of water rights are prepared on a quarter section
basis with the information formally presented in a land irrigability classification report. This
classification is required for determining the acres to be irrigated and forms the basis for the
operation and maintenance charges by an irrigation district. Evaluation of the irrigation suitability of
land is also conducted as part of the agricultural feasibility report required under the Water Act
(1999) for water licensing of private irrigation projects, and prior to land being developed for
wastewater irrigation under the Environmental Protection and Enhancement Act (1992).
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Does the Adaptive Multi-Paddock grazing system increase carbon sequestration
in Canadian grassland soils?
Laio Sobrinho, Scott Chang, Mark Boyce, Edward Bork, Cameron Carlyle and Timm Doebert
University of Alberta, Edmonton, AB
Corresponding author: silvasob@ualberta.ca
Abstract
The adoption of poor grazing practices in Grasslands pastures have been found to cause the loss of
soil carbon (C) to the atmosphere, which ends up giving a positive feedback to climate change.
However, the adoption of certain management practices may potentially reverse historical losses of
soil C and store substantial amounts of C in grassland soils. An example of potentially beneficial
grazing practice is the Adaptive Multi-Paddock (AMP) grazing system, under which livestock is
frequently moved from one paddock to another to prevent overgrazing and allow adequate resting
time for regeneration of pastures. The objective of this research is to evaluate the effect of the AMP
system on C sequestration in Canadian grasslands soils.
This field research compared soil organic carbon (SOC) stocks in 29 pairs of neighboring AMP and
conventionally managed ranches through the provinces of Alberta, Saskatchewan and Manitoba. In
each ranch, fifteen cylindric soil cores (5 cm diameter) were collected to a maximum depth of 1 m
into the mineral soil. Soil cores were then sectioned using a hybrid approach that comprised the
taxonomic stratification of the A horizon (e.g., Ah1, Ah2) and the use of depth increments (i.e., 1530 cm, 30-60 cm, 60-100 cm) to the rest of the soil core. SOC stocks were determined for each core
section. Data analysis of SOC stocks is being conducted at the moment and the results are being
discussed within our research team. Preliminary results will be orally presented at the ASSW 2020,
for which this abstract is being submitted.

49

57th ASSW Abstracts

Land Use and Rangelands

Oral Presentations

February 20, 9:10 – 9:30am

Southern Room

Effect of Species diversity and grazing management on animal performance and
soil carbon sequestration
Aklilu W. Alemu1*, Roland Kröbel1, Brian G. McConkey (retired)2 and Alan D. Iwaasa2
1

Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge,
AB
2
Agriculture and Agri-Food Canada, Swift Current Research and Development Centre, Swift
Current, SK

*Corresponding author: Aklilu.alemu@canada.ca
Abstract
Canadian grasslands are recognized for providing high quality forage for grazing livestock and
wildlife. The objectives of this field study was to determine the effects of native species
mixtures and grazing management on pasture productivity, animal performance and soil carbon
of a re-established native Canadian grassland. The native mixtures were seeded in 2001 on 16
paddocks of 2.1 ha that had a cropland history of wheat and fallow, first cultivated in the 1920s.
The study (2005 – 2014) was a completely randomized design (rep = 2) with simple (7 species)
and more diverse (12 species) and under either a continuous (CG) or deferred-rotational grazing
(DRG) system. There were three groups in the DRG system that started grazing at a different
grazing season period (spring, summer or fall) at the start of the study. Pasture productivity and
animal response were independent of pasture mixture but affected by grazing management.
Although quality was lower, total dry matter yield was 26.4% higher for pasture under DRG
relative to CG (1301 kg ha-1). Soil carbon sequestration varied with pasture seed mixture and
grazing management interaction where significantly higher soil organic carbon were found for
both the simple native mix under DRG (48.42 Mg C ha-1) and the diverse native mix under CG
(49.07 Mg C ha-1). Regardless of seed mixture and grazing system, soil organic carbon was
increased annually by 0.23 Mg ha-1 and 0.34 Mg ha-1 for the 15 cm and 30 cm soil depth,
respectively, over the 14 years period. Overall, for pasture under CG, increasing pasture species
diversity may increase soil carbon sequestration while improving animal responses.
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Non-stationarity of spring-wheat yield responses to future climate change and
management factors
Pouya Khalili, M. Badrul Masud and Monireh Faramarzi
Watershed Science & Modelling Laboratory, Department of Earth and Atmospheric Sciences,
Faculty of Science, University of Alberta, Edmonton, AB T6G 2R3, Canada
Corresponding author: khalili@ualberta.ca
Abstract
Achieving food security goals in the face of unprecedented global warming depends on adaptation
measures implemented at local fields by farmers and at regional scale by policymakers. The nonstationary response of agricultural and hydrological systems to climate change, however, makes the
design and implementation of adoptation strategies inevitably challenging. Assessing non-stationary
behavior of agricultural crop yields under changing climate and understanding natural and
anthropogenic factors driving such non-stationary response of soil-plant-water systems are key for
sustainable management and planning of adaptation measures in the future. In this study, we
quantified impacts of management operations and climate model projections on spring-wheat yield
in the Red Deer watershed in southern Alberta based on various nitrogen (N) application rates using
the physically process-based Soil and Water Assessment Tool (SWAT). The SWAT was calibrated
and validated using the best available yearly spring-wheat yield data at the agricultural region level for
the baseline period of 1983 to 2007. Results were projected and analyzed for the 2040 to 2065
period. Overall, the outcome of this study uncovers important information on the understanding of
non-stationary behavior of management operations and agro-hydrologic systems on agricultural
production and will provide a basis for a more robust regional planning and policy development.
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The Soil Microbiome in Century-Old Crop Rotations
Newton Lupwayi1, Henry Janzen1, Derrick Kanashiro1, Andrea Eastman2, Eric Bremer3 and
Renee Petri4
1
Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge,
AB
2
Agriculture and Agri-Food Canada, Beaverlodge Research Farm, Beaverlodge, AB
3
Western Ag Innovations, Saskatoon, SK
4
University of Veterinary Medicine, Veterinärplatz 1, Vienna, Austria
Corresponding author: newton.lupwayi@canada.ca
Abstract
Many crop rotation cycles are usually required to establish long-lasting crop rotation effects on soil
properties. We evaluated (a) the composition and functioning of soil microbial communities in crop
rotations that had been established in 1911 in semi-arid southern Alberta, and (b) how they are
affected by soil moisture deficits. The rotations were: continuous wheat (W), fallow-wheat (FW)
and fallow-wheat-wheat (FWW), all with or without N and P fertilizer. We simulated drought in
potted soils sampled in 2013 by discontinuing watering for 30 days, then quantified soil microbial
biomass C (MBC), the diversity and composition of bacterial communities, and the activities of βglucosidase (C cycling), N-acetyl-β-glucosaminidase (C and N cycling) and acid
phosphomonoesterase (P cycling). Crop rotation effects on MBC were in the order: W > FWW =
FW, and fertilizer increased MBC, but soil moisture had no effects. The predominant soil bacterial
phyla were Actinobacteria (34% relative abundance), Proteobacteria (25%), Acidobacteria (13%),
Bacteroidetes (4%) and Gemmatimonadetes (2%). The relative abundances of Actinobacteria were in the
order: W = FWW > FW, and Gemmatimonadetes were: W ≥ FW ≥ FWW; there were no fertilizer
effects. Actinobacteria were more abundant in moisture-deficit soils than in normal-moisture soils,
but the reverse was observed for Gemmatimonadetes. Bacterial α-diversity was in the order: W >
FWW = FW, with no fertilizer or soil moisture effects, but β-diversity showed soil moisture effects.
Crop rotation and fertilizer effects on enzyme activities were similar to those on MBC. Field results
on N and P bioavailability (sorbed on ion exchange membranes) were in agreement with MBC and
enzyme responses although P availability was only affected by fertilizer application. These results
show that continuous cropping (W) with fertilizer application is more beneficial to soil
microorganisms than fallow-based cropping, presumably because of the continuous supply of C to
the soil. They also show that Actinobacteria are more tolerant to soil moisture deficit than other
bacterial phyla.
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Nitrogen management and soil fluids: Groundwater and soil atmosphere in an
irrigated cropping study
Benjamin Ellert and Katelyn Lutes
Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre,
Lethbridge, AB
Corresponding author: Benjamin.Ellert@Canada.ca
Abstract
Soil is a three-phase system, including solids, liquids and gases. Most researchers focus on the solid
components to discern ecosystem function and status. In this presentation we emphasize the fluid
components, that is the shallow groundwater (GW) and accompanying soil atmosphere (soil air)
under contrasting irrigated cropping systems. Slowly permeable substrata under many irrigated soils
of southern Alberta culminate in perched GW tables that fluctuate according to the water balance
and related hydrologic processes. While shallow water tables may be accessed by deep-rooted crops,
they may also move salts into the root zone. GW quality and dynamics are often viewed at relatively
large spatial (several km or more) and temporal (years to decades) scales. In this study we will
explore variations at much smaller scales (0.001 to 0.1 km and 0.04 to 10 years). In addition to GW
levels, we will show how these are related to electrical conductivity and total dissolved solids.
In addition to salinization and imprudent irrigation scheduling, we will also show the extent to which
shallow GW nitrate and ammonium (inorganic N) are related to cropping system and nitrogen
fertility management. In turn, we will explore linkages among soil and GW inorganic N and nitrous
oxide concentrations in the soil air. Since soil air is the most mobile component, we will present
seasonal variations in carbon dioxide and methane are related to cropping history and N inputs.
Information of soil fluids will be synthesized to improve understanding about N mobility and
greenhouse gas emissions from irrigated cropping systems.
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Alberta Soils Tour 2019
Konstantin Dlusskiy1, Ed Karpuk2 and Ron McNeil3
1
Paragon Soil and Environmental Consulting Inc., Edmonton, AB
2
Alberta Environment and Parks, Red Deer, AB
3
LandWise Inc., Lethbridge, AB
Corresponding author: kdlusskiy@paragonsoil.com
Abstract
The 2019 Alberta Soils Tour was held on May 30 to May 31, 2019, traversing Alberta prairies with
focus on soils across the Central Alberta Region. With over 100 participants onboard, the Tour
started from Red Deer, went to Drumheller and returned to Red Deer on the next day. Stops along
the Tour covered a wide variety of sites. Local and regional pedology was discussed in a multidisciplinary sense, including hydrology, botany, geology, sedimentology, geomorphology etc.
Key locations along the Tour included:
 Deep Black Chernozems at a tree farm near Red Deer, AB
 Sequence of Dark Brown Chernozems and Gleysols in hummocky moraine landscape near
Rumsey Ecological Reserve
 Sequence of Solonetzic and Chernozemic soils in a lake basin near Gough Lake
 Cemented petrocalcic preglacial gravels and soil features at an aggregate pit in Hand Hills
 Gilgai landscape and Vertisolic, Solonetzic and Chernozemic soils north of Dorothy, AB
 Surface evidence of soil movement in Vertisolic soils at Munson Cemetery
 Saline wetland soils at Mudspring Lake.
 Lithic and paralithic variants of Chernozems at Hunting Hills
A comprehensive tour guidebook was prepared for the Tour and is now available at
http://soilsworkshop.ab.ca/history.html
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Environmental fate of melengestrol acetate, trenbolone acetate, and
ractopamine in beef cattle feedlots
Challis, J.K.1, Cantin, J.L.1, Giesy, J.P.1, Jones, P.D.1, Curtis, A.W.2, Shade, K.2, McAllister, T.A.2,
Larney, F.J.2 and Sura, S.3
Toxicology Centre, University of Saskatchewan, Saskatoon, SK
Agriculture and Agri-Food Canada (AAFC), Lethbridge Research and Development Centre,
Lethbridge, AB
Agriculture and Agri-Food Canada (AAFC), Morden, MB
Corresponding author: j.challis@usask.ca
Abstract
Occurrence of the growth-promoting synthetic hormones trenbolone acetate (TBA) and
melengestrol acetate (MGA), TBA metabolites 17α-trenbolone (TB), 17β-TB and trendione, and the
leanness-promoting beta-adrenergic agonist ractopamine (RAC) were assessed during a 258-day beef
cattle feeding trial. Pen floor material (feces/urine mixed with straw bedding) was subsequently used
in a simulated rainfall experiment to assess the potential transport of these compounds in pen
surface runoff. In cattle, TBA is metabolized and excreted primarily as 17α-TB (major) and 17β-TB
(minor). Concentrations of the two metabolites measured up to 140 and 15 ng/g in fresh manure
and up to 50 and 5 ng/g in pen floor material, respectively. MGA concentrations ranged from ≈1040 ng/g in fresh manure and floor material. TBA and trendione were not detected. RAC,
administered at high concentrations as a feed additive during the final 40 d of finishing before
slaughter, was found at levels ranging from 1000-5000 ng/g in pen floor material, and >50,000 ng/g
maximally in fresh manure. A portable rainfall simulator was used to apply water to a 1m2 area
within each pen over 20-min rainfall periods. Runoff concentrations of MGA, 17α-TB, 17β-TB, and
RAC ranged from 0.8-2.5, 2.0-7.5, 0.1-1.1, and 22-80 ng/L, corresponding to cumulative mass
transport of 25, 66, 20, and 700 ng. Groundwater was collected from wells in feedlot alleyways
during the 258-day feeding trial to assess potential for leaching of these compounds. Apart from
sporadic detections of 17α-TB and RAC (<30 ng/L) in select wells, concentrations were below
limits of quantification for all compounds assessed. Pen floor samples were taken from four
commercial feedlots every 2-6 months. Concentrations and detections of MGA, 17α-TB, 17β-TB,
and RAC were comparable to our experimental trials, validating our realistic feeding conditions.
Additionally, catch basin water and sediment samples were taken opportunistically at commercial
lots when water was present. Only RAC was detected, ranging from 4-30 μg/L in water and 2001500 ng/g in sediment at three different commercial catch basins. This study suggests that while
these compounds can be transported via runoff, concentrations reaching receiving waters are likely
to be low and often below limits of detection with the exception of ractopamine. Our data suggests
that ractopamine is measured at sufficient concentrations in fresh manure, pen floor material,
surface runoff, and catch basins to warrant further research regarding its presence, mobility and fate
in feedlot-associated environments.
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Diversified Crop Rotations across Western Canadian Eco-zones: Examining
System Resilience and Soil Physical Properties
Ekene M. A. Iheshiulo 1,2, Guillermo Hernandez Ramirez1, Francis J. Larney2, Anthony W. Curtis2,
Kyle M. Shade2, and K. Liu3
1

2

Department of Renewable Resources, University of Alberta, Edmonton, AB
Agriculture and Agri-Food Canada, Lethbridge Research & Development Centre, Lethbridge, AB
3
Agriculture and Agri-Food Canada, Swift Current Research & Development Centre, Swift
Current, SK

Corresponding author: Ekene.Iheshiulo@canada.ca or iheshiul@ualberta.ca
Abstract
As the global population reaches 9.6 billion in 2050, Canada, as one of the leading grain producers,
will need to increase production to meet global demand, without degrading soil and environmental
quality. Therefore, a substantial modification is required to the current cropping systems. Beginning
in 2018, field experiments were established across multiple eco-sites on the Canadian prairies, to
explore the potential benefits of diversifying cropping systems, as a means of increasing crop
productivity and soil quality, while simultaneously improving other desirable agroecosystem
processes. The study includes production economics, resource use efficiency, system resilience,
economics, and environmental footprint components. The soil quality component of this study aims
at i) comparing alternative cereal-based, and diversified rotation systems to traditional rotations in
terms of soil physical and hydraulic properties, soil organic carbon dynamics, and crop yield; and ii)
determining site-specific soil physical quality properties that are sensitive to agronomic practices and
are key to soil health and crop production. The cropping systems evaluated include six contrasting
4-yr cropping systems, namely i) conventional wheat-based rotation (Control); ii) a pulse- or oilseedintensified system (POS); iii) multiple-commodity diversified system (MDS); iv) market-driven,
profit-maximization system (MPS); v) a high-risk, potentially high reward system (HRS); and vi)
green-manure-incorporated soil health enhancement system (GrMS). Based on the 2019 growing
season at Lethbridge site, durum wheat yield was significantly higher after fallow than after barley,
but, was not significant after a pulse or oilseed crops, except fababean. However, there was a high
yield variation among treatment due to drought. This result suggested that a more diversified
rotation system could improve durum yield under drought conditions. Therefore, POS could be an
alternative to cereal-based system, however, more data is needed to conclude.
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Intercropping of Oats, Peas, and Canola and The Role of Mycorrhizae in these
Systems
Alan Lee1, Guillermo Hernandez-Ramirez1, Akim Omokanye2, Monika Gorzelak3
1
Department of Renewable Resources, University of Alberta, Edmonton, AB
2
Peace Country Beef and Forage Association, Fairview AB
3
Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge,
AB
Corresponding author: ghernand@ualberta.ca
Abstract
Intercropping systems involve planting more than one species simultaneously in the same space to
harness and achieve the effects of plant interactions that lead to overyielding. Mycorrhizae can be a
major contributor to the success in intercropping as it is known that the fungal network operates as
a channel for nutrient and moisture transport that facilitate growth. The objective of this study is to
evaluate intercropping systems in the Peace region in Alberta and the hypothetical role of
mycorrhizae on increasing yield (grain and forage biomass) quantity and quality in intercropping
systems. Seven cropping treatments (encompassing pea, oat, and/or canola) in combination with 4
nitrogen fertilization rates were established with 4 replicates in Fairview, Alberta. Preliminary results
from the first experimental year demonstrates that in terms of forage, intercropping performs better
than monocropped peas and canola, and that the nutrients present in forage from the intercropped
system was enough to support healthy cattle growth. It is also noted that plant growth in the
intercropping systems did not respond to nitrogen fertilization.

59

57th ASSW Abstracts

Poster Presentations

Performance of nitrification inhibitors under various soils, moisture contents
and application rates
Sisi Lin, Guillermo Hernandez Ramirez
Department of Renewable Resources, University of Alberta, AB
Corresponding author: ghernand@ualberta.ca
Abstract
Soils receiving nitrogen fertilizer or manure additions are a major source of global anthropogenic
nitrous oxide (N2O) emissions. Nitrification inhibitors (NIs) have been identified as a means to
effectively mitigate N2O emissions. However, the efficacy of NIs varied among different soils and
environmental conditions. The objective of this incubation study is to investigate the performance
of NIs [2-chloro-6-(trichloromethyl) pyridine (nitrapyrin) and 3, 4-dimethylpyrazole succinic acid
isomeric mixture (DMPSA)] under various moisture contents [(40, 60 and 80% water-filled pore
space (WFPS)] in two contrasting soils [Black Chernozem (BC) and Grey Luvisol (GL)] and to
identify the optimum NI application rate to successfully inhibit nitrification and reduce N2O
emissions. Our results showed that the reduction of N2O emission by NIs were not obvious at 40%
WFPS, whilst such reduction effect of NIs became evident at higher water contents. The soil with
higher clay and organic matter content (BC) tended to require a greater amount of NIs, likely due to
increased surface adsorption and microbial degradation. Regarding the effectiveness of the NIs to
slow down nitrification, as soil moisture content rose from 60 to 80% WFPS, the most effective NI
application rate also increased for both NIs in both soils.
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Variation of Soil Chemistry from Long-term Manure Application in Alberta
Barry M. Olson and Janelle F. Villeneuve
Alberta Agriculture and Forestry, Lethbridge, Alberta
Corresponding author: barry.olson@gov.ab.ca
Abstract
The most convenient method of utilizing livestock manure is application onto cropland. When
applied for extended periods, manure can substantially alter nutrient and physical properties of soil.
Of particular concern is environmental degradation caused by loading of nutrients and salts in soils.
The objective of this study was to evaluate the variation in selected soil chemistry properties of
cropland subjected to manure application.
Two-hundred and six fields (1.2 to 90 ha in size) were soil sampled within a 97.5-km2 area in
Alberta. The area was in the Dark Brown Soil Zone with predominantly loam-textured soils. Nearly
all fields were under irrigation, and most fields had received manure in varying amounts. Depending
on the size and shape of the field, one to four sampling points were used. At each sampling point,
three soil cores were collected and composite samples for 0 to 15 cm, 15 to 30 cm, and 30 to 60 cm
layers were prepared for each field. In addition, five, nearby native grassland sites were sampled.
Samples were air-dried, ground (<2 mm), and analyzed for electrical conductivity (EC), organic
matter (OM) extractable nitrate nitrogen (NO3-N), phosphate phosphorus (PO4-P), and potassium
(K).
On average, all soil parameter values were much higher among the 206 fields compared to the
native grassland soil in the 0- to 15-cm layer:
Native grassland
Fields (min.–max.)
–1
EC (dS m )
0.59
1.57 (0.27–6.53)
OM (%)
3.6
4.9 (2.9–8.3)
–1
NO3-N (mg kg )
3.0
23.2 (1.0–85)
–1
PO4-P (mg kg )
2.6
196 (3.5–638)
–1
K (mg kg )
244
713 (172–1853)
Increases were also observed in the 15- to 30-cm and 30- to 60-cm soil layers. Using the grassland
soil as background conditions, about 30% of the field area had surface soil with EC that was 1 dS m–
1
, or more, higher than the grassland soil. About 8% of the field area had EC greater than 4 dS m –1.
More than 84% of the field area had PO4-P concentrations greater than 60 mg kg–1, which often is
used as the general agronomic threshold for PO4-P in Alberta. It was estimated that about 40% of
the total field area had adequate to very high NO3-N levels in the 0- to 60-cm layer for cereal and
oilseed crops. There was a high positive correlation between PO4-P and K in 0 to 60 cm layer (r =
0.83). Nitrate-N had lower correlations with PO4-P (r = 0.49) and K (r = 0.54), likely reflecting the
greater mobility of nitrate through leaching and losses through denitrification. This survey of an area
of extensive manure application has shown widespread accumulation of salts and nutrients in soil.
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Fertilizer priming effects on soil nitrous oxide production under different soil
moisture levels
Carmen Cecilia Roman Perez and Guillermo Hernandez Ramirez
Department of Renewable Resources, Faculty of ALES, University of Alberta, AB
Corresponding author: romanper@ualberta.ca
Abstract
Nitrous oxide (N2O) is an important greenhouse gas (GHG) because of its high global warming
potential (GWP) of about 300 times carbon dioxide GWP and depleting effect on the stratospheric
ozone layer. Agricultural soils are responsible for more than 60 % of anthropogenic global N 2O
emissions primary due to the application of synthetic nitrogen-based fertilizers. Addition of N
fertilizer can cause “priming effects” leading to higher-than-expected soil-derived N2O emissions
when comparing to soils receiving no labile N addition (no fertilizer application). Such
disproportional response can be attributed to the promotion of microbial decomposition of the
recalcitrant portion of the SOM.
A 35-day incubation experiment was conducted with soils receiving 15N labelled urea at four waterfilled pore space (WFPS: 28, 40, 52, and 64 %) to assess the N dynamics and the priming effect of
the added N on both the N2O production and its sources (soil versus N fertilizer). As anticipated,
N2O production increased with soil moisture, suggesting an increasing denitrification contribution
with likely increasing anaerobic conditions. Soil inorganic N dynamics indicated the occurrence of
mineralization, nitrification and denitrification at various stages during the incubation. Addition of
urea triggered substantial primed N2O production as derived from the pre-existing soil N, being this
N2O derived from soil N up to two times greater than the N2O derived from the newly-added
fertilizer. This priming effect on cumulative N2O production rose with increasing water content by
more than one order of magnitude from 3.8 up to 48.5 µg N2O-N kg-1 soil.
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Biochar application increased methane emission, soil carbon storage and net
ecosystem carbon budget in a 2-year vegetable–rice rotation
Le Qi1, Prem Pokharel1, Scott X. Chang1, Peng Zhou2, Haidong Niu2, Xinhua He2, Zifang Wang2
and Ming Gao2
Department of Renewable Resources, 442 Earth Sciences Building, University of Alberta,
Edmonton, Canada T6G 2E3
College of Resources and Environment, Southwest University, Chongqing, China 400716
Corresponding author: scott.chang@ualberta.ca
Abstract
The effect of biochar application on the net ecosystem carbon budget (NECB) and the mechanism
controlling methane (CH4) emission in paddy soils under vegetable–rice rotations are poorly
understood. A 2-year field experiment was conducted with three treatments: control (no fertilizer or
biochar application), chemical fertilizer (BC0) and biochar plus chemical fertilizer application (BC1)
to analyze greenhouse gas (GHG) fluxes, soil organic carbon (SOC) content, as well as the
abundance and community structure of methanogens and methanotrophs in a vegetable–rice
rotation. Biochar addition (BC1) did not affect the yield, total CH4 or nitrous oxide (N2O) emissions
but significantly increased carbon dioxide (CO2) emission as compared to BC0 in the vegetable
season. Rice yield in BC1 was 14.1% higher than in the control but was lower than in BC0 because
of lower available nutrients in BC1 than in BC0. In the rice season, cumulative CH 4 emission under
BC1 was increased by 2.65 times as compared with BC0 (P <0.01), in association with increased
methanogenic and decreased methanotrophic gene abundances. The cumulative CO2 emission was
not different between BC0 and BC1 while cumulative and yield-scaled N2O emission were
significantly higher in BC1 than in BC0 in the rice season. However, BC1 increased SOC and
NECB, but decreased the ratio of carbon (C) emission to C sequestration, net global warming
potential (NGWP) and greenhouse gas emission intensity (NGHGI) as compared to the BC0 and
control treatments (P < 0.01). The increase in GHG emissions in the biochar-amended soil was
compensated by the increase in soil C storage and C uptake by rice, based on NGWP and NGHGI.
The increase in NECB and SOC by the BC1 treatment indicates the benefit in restoring SOC in the
rice season. This study provides insights into the effect of biochar addition on changes in bacterial
abundance and community structure that increase CH4 emission in the rice season of a vegetable–
rice rotation.

64

57th ASSW Abstracts

Poster Presentations

Enhancement of Manure Composting by Biochar: An Emerging Benefit to the
Use of Engineered Carbon in Animal Feeding
Carlos M. Romero1, Erasmus Okine1, Abby-Ann Redman1, Xiying Hao2, Tim A. McAllister2, Jen
Owens2, Hongjie Zhang2, and Paul Hazendonk3
1Department of Biological Sciences, University of Lethbridge, Lethbridge, AB.
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3Department of Chemistry and Biochemistry, University of Lethbridge, Lethbridge, AB.
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Abstract
Animal-derived organic matter (AOM) is a component of densely populated livestock regions and its
occurrence within surface soil is now recognized as a key driver of global carbon-climate feedbacks.
Feeding cattle biochar (BC) has recently been explored as an approach to mitigating the
environmental footprint of beef production by reducing the intensity of enteric CH4 emissions.
However, large-scale studies considering potential soil carbon (C) benefits of biochar-manure
amendments have not been investigated.
A feedlot trial was conducted at the Lethbridge Research and Development Centre (Lethbridge, AB,
Canada) within the context of the 2018-2021 project “Assessment of the potential for adding biochar to beef
cattle diets to reduce greenhouse gas emissions in agriculture”. Heifers were offered a basal diet of 60% barley
silage, 35% barley grain and 5% mineral supplement with BC added at 0%, 0.5%, 1.0% or 2.0% of
dietary dry matter. Manure was collected from all pens (n=16) monthly (from January to July).
Average (n=112) manure total %C increased linearly with the dietary addition of BC, whereas
manure total %N displayed a quadratic trend. The pH and electrical conductivity of manure was
similar among treatments. Characterization of manure with 0.0% and 2.0% BC by liquid- (UV-Vis
absorbance) and solid-phase (DP MAS 13C NMR) analyses revealed differences in the aromaticity
and functional group distribution of AOM. Manure from heifers supplemented with 0.0% or 2.0%
BC was removed from pens in early-August and either composted (CM, turned three times) or
stockpiled (SP, not turned) until mid-November. Windrows were monitored hourly for temperature
and weekly for greenhouse gas surface flux and concentration at 30, 60, and 90 cm below the
windrow surface. Sub-samples of CM or SP were collected 14, 35, 62, and 91 d after the trial began.
Preliminary results suggested that 2.0% BC manure decomposed slower than 0.0% manure as
temperatures were frequently lower within windrows that contained biochar. Such differences
translated to apparent higher cumulative CO2-C and CH4-C emissions from CM at 0.0% vs. 2.0%
BC. From this initial report, we infer that the use of BC in animal feeding has the potential to
improve the environmental performance of composting, increase the C quantity and quality of
AOM, and augment the agronomic value of manure. On-going research efforts and future work
regarding the application of biochar-manure to local soils will be discussed at the 57th annual ASSW.
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Conservation Farming across the Soil Zones in Alberta
Wallace Sawchuk1, Deb Werk1, Janna Casson1 and Rob Dunn2
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Corresponding author: wally.sawchuk@gov.ab.ca
Abstract
Conservation farming has significantly improved the agricultural landscapes in Alberta. This project
looks at representative Soil Landscape of Canada (SLC) areas that were predominantly managed for
dryland grain production in Alberta’s Brown, Dark Brown and Black Soil Zones. Long-term (20year) changes in conservation cropping system adoption, diversification and production were
evaluated in this study.
Land use data was based on the 1991 and 2011 Statistics Canada Agriculture Census information
interpolated to the representative SLC areas used in the study. Precipitation was based on the
nearest available Alberta Climate Information Services (ACIS) data1 and crop yield estimates for the
two time periods were derived from Alberta Financial Services Corporation (AFSC) crop insurance
records specific to the representative areas2.
Precipitation was similar for the two-time periods in the Brown, Dark Brown and Black Soil Zones
in the areas selected for analysis. Comparing 1990 - 1992 with 2010 - 2012 resulted in significant
aggregated grain yield increases in the areas studied. This was a result of two factors: increased crop
area due to decreased summerfallow and increased yield per unit area. Crop diversification increased
over time from a rotation of predominantly cereal crops and summerfallow to a rotation that
includes cereal, oilseeds and pulse crops.
These results demonstrate that Alberta dryland farmers have increased their productivity on the
same land base over the past 20-30 years, while minimizing the environmental impact of seeding,
tillage and cropping management.
1

Interpolated Weather Data Since 1961 for Alberta Townships. Alberta Climate Information Service.
http://agriculture.alberta.ca/acis/township-data-viewer.jsp
2
Alberta Financial Services Corporation (AFSC) special request aggregated to an appropriate regional
scale for analysis.
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Vegetation response of the Dry Mixed Prairie to spring or fall burning
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Abstract
Semi-arid grasslands are increasingly prone to wildfires and there is increasing need to understand its
effects on these plant communities in this region. Moreover, these effects may depend on fire
seasonality
(i.e.,
Spring
and
Autumn)
and
growing
season
conditions.
This study examined some effects of a single spring or fall burn on the species composition, as well
as on standing crop and on forage quality of a semi-arid grassland in Alberta’s Dry Mixedgrass
natural subregion. The experiment was replicated in 3 consecutive growing seasons, and trials were
monitored for another 3 years afterwards. Drought conditions occurred during 2 of the 5 growing
seasons during the study. Plant community composition was more sensitive to fall than spring
burning. Early-spring burned communities recovered to pre-burn conditions within 3 growing
seasons, but fall burned communities were slower to recover. The primary effect of burning (Spring
burning and Autumn burning) was reduced cover of Hesperostipa comata (Trin. & Rupr.) Barkworth)
and Selaginella densa (Rydb.). Burning increased species richness and Shannon’s diversity in some trial
years. Burning markedly reduced consisting of litter (dead herbage) and current production (ANPP).
ANPP was reduced in the first and second year after burning but recovered to preborn levels by the
third year. Fall burning initially increased nitrogen content in the ANPP, but only in two out three
burning years. Results suggest that, regardless of growing season conditions, this semi-arid Dry
Mixedgrass community is largely resilient to fire, especially when fire occurs early in the growing
season.

67

