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Schedule at a Glance

Oral Sessions
Wednesday: Morning Sessions I
Health Sciences E1150
Time

Special Anniversary Session

08:15–09:00

CSSS Welcome

09:00–09:30

A look back at a century of soil science at
the University of Saskatchewan.
Darwin Anderson

09:30–10:00

“Have a look around”: 90 years of
landscape-scale soil research at the
University of Saskatchewan.
Dan Pennock

Wednesday: Morning Sessions II
Time

10:30–10:45

10:45–11:00

Health Sciences E1130

Health Sciences 1150

Pedology
Chairs: Dan Saurette & Angela BedardHaughn

General Soil Science
Chair: Derek Peak

The piezometric surface as a soil forming
factor.

From soil pits to synchrotrons ... a dirt view from
down under.

Les Henry

Cassandra Shefe

A possible role for aeolian activity in slope
processes and soil genesis in hypermaritime
coastal British Columbia.

Towards a better understanding of efficacy and
fate of copper and zinc fertilizers in prairie soils.

Paul Sanborn
11:00–11:15

Available water and the concept of soil
drainage in the Canadian System of Soil
Classification.
Jim Warren et al.

11:15–11:30

11:30–11:45

Historical perspective of soil colour and a
new technique for soil colour
measurement.

Jeff Schoenau et al.
Minimally disturbed soil microcosm cores to
estimate soil heterotrophic respiration. LouisPierre Comeau et al.

Ken van Rees & Landon Sealey

Stratification ratio of soil organic carbon and
nitrogen as affected by alternative management
practices under maize-cotton rotation system in
weathered soils of West Africa.

Towards Version 4 of the Canadian System
of Soil Classification.

Phosphorus sorption attributes of managed and
unmanaged Newfoundland podzol soil.

Daniel Saurette et al.

Amana Kedir et al.

Eeusha Nafi et al.

11:45–12:00

Biologically-based characterization of
phosphorus in Brunisols and Podzols on
Vancouver Island suggest benefits of citric acid
secretion as a P-acquisition strategy in mineral
horizons.
I. Zigg et al.
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Wednesday: Afternoon Sessions I
Time
14:15–15:15

TCU – Gallery D
Root-Soil Interactions (CSSS / Rhizosphere5 Joint Session)
Chairs: Steven Mamet & Bobbi Helgason
An indigenous response to a biosecurity threat: The case of kauri dieback (Agathis australis)
(Keynote Presentation).
Amanda Black

15:45–16:00

Does P cycling change over the growing season in wheat rhizosphere and bulk soils in longterm plots with different N and P fertilization?
Barbara J. Cade-Menun & Luke D. Bainard

16:00–16:15

Long-term crop rotation diversity affects function and structure of the soil and rhizosphere
microbial communities
Helgason et al.

16:15–16:30

16:30–16:45

Does crop frequency and diversification in canola-pulse-cereal rotations change the arbuscular
mycorrhizal fungal microbiome in crop roots and rhizosphere and crop yield?
Jacynthe Masse et al.
Discovery of the untapped potential of H2-oxidizing bacteria in soil through the use of multiomics, microbiological and modelling approaches.
Philippe Constant et al.

16:45–17:00

Evaluation of soil bacteria as biocontrol agents for field pea root rot caused by Aphanomyces
euteiches.
Ashebir Godebo et al.

17:00–17:15

Potential of cherry rhizosphere actinomycetes as biocontrol agents against plant-parasitic
nematodes.
Marieta Marin-Bruzos et al.

17:15–17:30

Diversity of parasitic fungi from soybean cyst nematode associated with long-term continuous
cropping of soybean in black soil.
Yanli Xu et al.
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Thursday: Morning Sessions I
Time

08:30–08:45

08:45–09:00

Agriculture 2E25
4R Nutrient
Stewardship P
Chair: Jeff Schoenau

Agriculture 2E17
Remediation and
Restoration I
Chairs: Katherine
Stewart & Steven
Siciliano

Agriculture 2C71
Forest Soils
Chairs: Paul Hazlett,
Ken van Rees, & Nicole
Belanger

Agriculture 1E85
NSERC CREATE:
Scaling Science to
Solutions Workshop
Chairs: Steven Siciliano
& Steven Mamet

4R Management of
fertilizer P in the
Northern Great Plains
(Keynote Presentation).

Restoring the South
Saskatchewan River
Valley in Saskatoon – 40
Years of the Meewasin
Valley Authority
(Keynote Presentation).

Fungal biodiversity
within coarse woody
debris in northern
Ontario boreal forests.

TBA

Cynthia Grant & Don
Flaten

Renny Grilz

Saskia Hart et al.
The effect of wildfire,
whole tree harvesting,
and salvage logging on
soil carbon storage and
stability in a
mixedwood boreal
forest soil.
Amanda Diochon et al.

09:00–09:15

09:15–09:30

Contribution of cover
crop and soil test
phosphorus levels to
rainfall runoff following
snowmelt after winter.

Invasive earthworm
effects on soil
mesofauna and soil
aggregation in a prairie
ravine valley forest.

Francis Opoku et al.

Mathew Swallow &
Sylvie Quideau

National trends in risk
of phosphorus loss
from agricultural land,
1981-2011.

Responses of spruce
and soil properties to
wood ash application in
the sub-boreal climate
zone of B.C.

Keith Reid & Kimberley
Schneider
09:30–09:45

Subsoil fertility in the
inland Pacific
Northwestern U.S.
Isaac Madsen et al.

09:45–10:00

Influence of N-(n-butyl)
thiophosphoric
triamide with and
without 3,4dimethylpyrazole
phosphate on urea
hydrolysis.
Ahmed Lasisi et al.

P. Michael Rutherford et
al.
Changes in the soil
biological communities
of topsoil stockpiled for
mine reclamation.
Katie McMahen &
Suzanne Simard
Use of a biostimulatory
solution to enhance
petroleum
hydrocarbon
degradation rates in
cold-region soils: a
bench-scale microcosm
study.
Amy Jimmo et al.
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Wood ash application
in sugar maple stands
of southern Quebec
improves soil nutrient
availability and foliar
nutrition of seedlings.
Jolaine Arseneau et al.
Assessing the impact of
wood ash addition on
soil organic matter
attributes in Canadian
forest soils.
Ruth Joseph et al.

Thursday: Morning Sessions II
Time

Agriculture 2E25

Agriculture 2E17

Agriculture 2C71

4R Nutrient Stewardship N

Remediation and
Restoration II

CSAFM – Land Atmosphere

Chair: Mario Tenuta

Chairs: Katherine Stewart &
Steven Siciliano

10:30–10:45

10:45–11:00

Nitrogen management:
achieving nitrous oxide (N2O)
emissions reductions
through 4R nutrient
stewardship (Keynote
Presentation).

Phytoextraction of 14Clabeled sulfamethoxazole
and ciprofloxacin by cattail
and switchgrass.

A Meteorologist Walks into a
Classroom: A Tribute to Dr.
Terry Gillespie (Keynote
Presentation).

Theresa Adesanya et al.

Richard Farrell

Brian Amiro & Claudia
Wagner-Riddle

Relating trace element
uptake by vegetables to soil
contamination near an
industrial park.

Linking Thermal Stability and
Organic Chemistry with Soil
Organic Matter Stability.

Inoka Amarakoon et al.
11:00–11:15

Effects of nitrogen source
and placement on nitrous
oxide emissions from canola
production in Manitoba.
Xiaopeng Gao et al.

11:15–11:30

The use of residual soil
nitrogen as an indicator of
nitrogen use efficiency in
potato production systems in
Atlantic Canada.
David Burton

11:30–11:45

Nitrogen fertilizer
management practices to
improve nitrogen availability
under corn production.
Ikechukwu Agomoh et al.

11:45–12:00

Chairs: Shannon Brown & Elyn
Humphreys

Results of a multi-year field
scale study of canola yield,
management zones and
variable rate N fertilizer
response, in Alberta,
Saskatchewan and Manitoba.

Biochar surface
complexation and heavy
metal adsorption in aqueous
solution depend on their
feedstock type.

Adam Gillespie et al.
Improving canola
evapotranspiration estimates
in Manitoba.
Tony Britton et al.

Siyuan Wang et al.
Demystifying the molecular
fate and microbial
degradation of adsorbed
benzene.
Kathlyne Hyde et al.
Increasing landscape carbon
storage by restoring smelterimpacted landscapes.
Robyn Rumney et al.
Soil acidification of cultivated
fields in semiarid Montana:
Remediation and Challenges.
Richard Engel et al.

Alan Moulin & Mohammad
Khakbazan
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The impact of landuse
change on regional climate
in western Canada simulated
by a convection-permitting
regional climate model.
Zhenhua Li et al.
Modeling the interactions
among crop, irrigation and
regional climate in central
North America.
Zhe Zhang et al.

Thursday: Afternoon Sessions I
Time

13:30–13:45

Agriculture 2E25

Agriculture 2E17

Agriculture 2C71

Nitrogen Cycling
Chair: Kate Congreves

Soil Hydrology/Physics
Chairs: Bing Si, Asim Biswas,
& Miles Dyck

CSAFM – Past, Present,
Future Climate

Resolution in X-ray CT
Imagery of soil - beyond
voxel size.

Estimating drought severity
in agricultural environments
using long term climate data
sets and earth observation: A
data mining approach.

Fertilizer nitrogen
management in low-acreage,
speciality crops (Keynote
Presentation)
Laura L. Van Eerd

13:45–14:00

Differential responses of
target soil microbial
communities to nitrification
and urease inhibitors in a
corn production system.
Lori Phillips et al.

14:00–14:15

Soil enzymatic nitrogen
transformation in response
to varying N treatments
across four diverse Brassica
napus (canola) lines.
Shanay Williams et al.

14:15–14:30

Quantification of the
nitrogen legacy effect
associated with repeated
application of livestock
effluents in a wheat-cornsoybean rotation.

Richard J. Heck

Chair: Sara Knox & Manasah
Mkhabela

Catherine Champagne et al.
Relationship between soil
thermal conductivity and
electrical conductivity at
room temperature.
Weiliu Li et al.
Measuring soil thermal
properties and water content
using a 10-cm long heat
pulse dual probe.

Investigating the relationship
between growing-season
weather and spring wheat
gluten strength on the
Canadian Prairies.
Manasah Mkhabela et al.

Min Li et al.

Multiple crop models
projection of wheat
production under future
climate change scenarios in
the Guanzhong Plain, China.

A new thermal conductivity
model for sandy and peat
soils.

Are prospects of diminishing
solar activity posing a threat
to agriculture?

Ying Zhao et al.

Ray Garnett & Madhav
Khandekar

Time stability of soil water
storage to support soil water
balance closure at field scale.

The unsheltered distance
length modeling for the
raster-based wind erosion
development: A case study of
the South Tobacco Creek
Watershed in Manitoba,
Canada.

Qaisar Saddique et al.

Cindy Denoncourt et al.
14:30–14:45

Does the legacy of long-term
crop rotation influence crop
residue decomposition
dynamics and potential soil
N2O and CO2 emissions?
C. Taveira et al.

Duminda N. Vidana Gamage
et al.

Nasem Badreldin & David A.
Lobb
14:45–15:00

Spring re-growth of winter
legume controls the amount
of nitrogen available to the
subsequent corn.

Effect of loading time on soil
structural failure.
Xuewen Chen et al.

Xueming Yang et al.
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Friday: Morning Sessions I
Time

08:30–08:45

Agriculture 2E25

Agriculture 2E17

Agriculture 5C61

Tollefson Memorial Session
on Soil Education I
Chairs: Tom Yates, Melissa
Arcand, & Chukwudi Amadi

Soil Organic Matter
Chairs: Louis-Pierre Comeau,
Hida Manns, & Judith
Nyiraneza

Agricultural Greenhouse
Gas Program
Chairs: Diane Knight & Colin
Laroque

“It’s called earth, not dirt.”
Terry Tollefson/ ᓂᐢᑲ niska.

Evaluating the potential of
biofumigation for improving
soil health and controlling
potato early dying.

Reducing greenhouse gas
emissions on changing lands
(Keynote Presentation).

Marilyn Poitras

Mohammad Monirul Islam et
al.
08:45–09:00

Henry Janzen

Changes in the molecular
speciation of soil organic
matter and its implications on
ecosystem functioning in a
smooth brome invaded
rough fescue grassland.
Gurbir Singh Dhillon et al.

09:00–09:15

The return of buffalo:
Restoring land relationships
at Wanuskewin.
Brady Highway

09:15–09:30

The response of contents of
soil organic matter and
nutrients to straw
incorporated into different
soil depths.

Effects of irrigated
production of woody
perennial crops on soil
carbon stocks in the
Okanagan Valley.

Wenxiu Zou et al.

Andrew Midwood et al.

Effect of swath grazing an
annual polycrop mixture of
Brassica, legume, and grass
species versus barley
monocrop on soil organic
matter, soil physical
parameters, and soil nutrients
in east-central Saskatchewan.

Greenhouse gas emission
dynamics and grain yield of
corn agroecosystems
receiving organic
amendments.
Chun Chung Yeung et al.

Jacqueline Toews et al.
09:30–09:45

09:45–10:00

Reclaiming Indigenous
peoples' place in prairie
agriculture.

Holos version 4 – interface
development and carbon
model test

Melissa Arcand

Pogue & Kröbel et al.

Indigenous youth education
as community engagement
for risk assessment and
restoration.

Impacts of corn stover
removal under conventional
and no-tillage on corn
growth and soil C dynamics

Katherine J. Stewart

Craig Drury et al.
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Carbon and nitrogen
dynamics in rejuvenated
pasture systems using nonbloat legumes.
Gazali Issah et al.
Microbial community
composition in pasture soils
is altered by introducing
forage legumes, influencing
nitrous oxide emissions.
Jesse Reimer et al.

Friday: Morning Sessions II
Agriculture 2E25

Agriculture 2E17

Agriculture 2C71

Agriculture 1E85

Time

Tollefson Memorial
Session on Soil
Education II
Chairs: Tom Yates, Melissa
Arcand, & Chukwudi
Amadi

Developments in Digital
Soil Mapping I
Chairs: Brandon Heung,
Asim Biswas, & Angela
Bedard-Haughn

Soil Amendments I
Chair: Ryan Hangs

Greenhouse Gases
Chairs: Rich Farrell

10:30–10:45

Soils and literature–what
can we learn from fiction,
poetry and the past?.

Evaluating below-ground
carbon storage potential
of hedgerows and riparian
buffers in agricultural
landscapes using remote
sensing.

Biochar 101: its
characterization and
application in temperate
agriculture (Keynote
Presentation).

Effects of 2- and 3-year
grassland set-asides on plant
available nitrogen and
greenhouse gas emissions in
the Fraser River delta, British
Columbia.

Fran Walley

Lyndsey Dowell et al.
10:45–11:00

11:00–11:15

11:15–11:30

Using adult education
techniques for engaged
learning of soil
management in Central
Oregon.
Clare Sullivan

Spatial assessment of land
use land cover and soil
organic carbon in the
Lower Fraser Valley, BC
using digital soil mapping
and remote sensing.

Sequencing the undiesphere: A brief survey of
soil microbial
communities in Ontario
agricultural landscapes.

Tracking changes in soil
organic carbon in highly
heterogenous smallholder
landscapes: A case study in
Western Kenya.

Lori Phillips et al.

Sean Smukler et al.

Renewing a curriculum:
Some recent experiences
at the University of
Manitoba.

Using digital soil mapping
tools to estimate bulk
density and soil organic
carbon stocks in the
Thompson-Okanagan
region, BC.

Brian Amiro

M. Oelbermann et al.

Lewis Fausak et al.
Can improved crop
production strategies reduce
the greenhouse gas intensity
of canola-based crop
sequences?.
Reynald Lemke et al.

Siddhartho Paul

Source partitioning
approach: Understanding of
greater than expected N2O
emissions from soil receiving
canola (Brassica napus L.)
residue addition.
A.T. Shorunke et al.

Jin Zhang et al.

Potential biochar use in
arid soil: Benefits to crop
growth and carbon and
nitrogen turnover as a
function of feedstock
type and pyrolysis
temperature.

Greenhouse gas emission
under declining
groundwater table depths
and salinity in PPR wetland
soils.
Shayeb Shahariar & Angela
Bedard-Haughn

Khaled Alotaibi et al.
11:30–11:45

Gaps between soil
education and the needs
of the current job market
in Canada.
Jacynthe Masse et al.

Using predictive soil
mapping to assess the
effects of sulphur dioxide
emissions on soil
acidification in Kitimat,
British Columbia.
Emily Olmstead & Julian
Aherne

11:45–12:00

A synthesis of three
survey studies on the
state of soil science
education in Canada.

Distribution mapping of
soil profile carbon and
nitrogen with laboratory
imaging spectroscopy.

Maja Krzic et al.

Preston Sorenson et al.

Effect of high frequency,
long-term land applied
alkaline treated biosolids
on accumulation of
Emerging Substances of
Concern in an
agricultural soil in Nova
Scotia.

Leanne Ejack & Joann Whalen

G.W. Price et al.
Fate and transport of
Non-Steroidal AntiInflammatory Drugs
(NSAIDs) in soils and
soils receiving land
applied alkaline treated
biosolids in Nova Scotia.
W. Shu et al.
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Nitrous oxide production
from freeze-thaw cycling in
cover-cropped and manureamended soils.

Opportunities for climate
change mitigation in boreal
environments.
Narasinha J. Shurpali

Friday: Afternoon Sessions I
Time

13:30–13:45

Agriculture 2E25

Agriculture 2E17

Agriculture 2C71

Soil Microbiology & SoilPlant-Rhizosphere
Interactions
Chairs: Bobbi Helgason &
Steven Mamet

Developments in Digital
Soil Mapping II
Chairs: Brandon Heung,
Asim Biswas, & Angela
Bedard-Haughn

Soil Amendments II
Chair: Ryan Hangs

Sustaining boreal forest
tree growth via nitrogenfixing bacteria.

Generating detailed spatial
soil information in the
Saskatchewan prairies
through predictive soil
mapping: top-down and
bottom-up approaches.

Evaluation of three types of
municipal biosolids on soil
fertility and corn
production.

Akshit Puri et al.

Z. Lin et al.

Jeremy Kiss & Angela BedardHaughn
13:45–14:00

14:00–14:15

Effects of soil warming on
the abundance and
composition of microbial
communities.

Digital soil mapping for
enhanced forestry
management in Ontario,
Canada.

Jemaneh Habtewold et al.

Christopher Blackford et al.

The wheat rhizobiome in
response to glyphosate in
the Canadian prairies.

Comparing multiple
radiometric sensing
platforms for predicting soil
texture and other
properties.

Effect of seed-row placed
fertilizer on emergence and
biomass by six pulse crops
grown under controlled
environment conditions.

Adam Gillespie et al.

W.H. Galpottage Dona et al.

Field-scale optimization of
sampling design for
predictive digital soil
mapping of soil carbon.

Nitrogen dynamics, potato
yield and quality as affected
by supplemental irrigation
and rotation systems in
Prince Edward Island.

Newton Lupwayi et al.

14:15–14:30

14:30–14:45

The influence of ecological
cropping practices on
aggregate stability: Results
from two long-term studies.
April Stainsby & Martin Entz
Rotation effects in corn:
Early growth of corn is
delayed following canola in
Manitoba.
Navneet Brar & Yvonne
Lawley

14:45–15:00

Daniel Saurette et al.
Use of remotely sensed
data and machine learning
to map soil moisture and
nutrient regime in Nova
Scotia.
William Bethel et al.

Peatland microbial
community composition is
driven by a natural climate
gradient.

The effect of bio-based
residues on soil health and
greenhouse gas emissions.
Emmanuel Badewa et al.

Judith Nyiraneza et al.
Alum and gypsum for
reducing soil P release
under simulated spring
flooded conditions.
Chamara Weerasekara et al.
Response of phosphorus
fractions to long-term
application of chemical
fertilizer, organic manure,
and straw incorporation in
a Mollisol.

James Seward

Xinchun Lu et al.
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Poster Sessions
**Posters are to be put up Thursday morning and remain up for the duration of
the conference**
Sorted alphabetically by presenting author – the alphanumeric code indicates the
session when you stand by your poster and which poster board you will hang it
[Fri32] Evaluating the impact of red clover under-seeded to winter wheat on soil health
indicators ........................................................................................................................ 22
Ikechukwu Agomoh, Craig Drury, Lori Phillips, Dan Reynolds, and Xueming Yang .. 22
[Thu45] Mapping the native and tame grassland using optical and synthetic aperture
radar remote sensing data: A case study of south of the divide in Saskatchewan,
Canada ........................................................................................................................... 27
Nasem Badreldin, Beatriz Prieto, and Ryan Fisher .................................................... 27
[Fri08] Landscape Carbon Accumulation through Reductions in Emissions (L-CARE):
developing land reclamation and brownfield management protocols for carbon
sequestration and habitat use ........................................................................................ 28
Michael Preston and The L-CARE team .................................................................... 28
[Fri66] Excavating the history of soil science in Canada ................................................ 28
Peter Anderson, William Knight, Kirsten Greer, and Nathan Basiliko ........................ 28
[Thu51] Smooth brome invasion effects soil structure and ecosystem services ............ 29
Jennifer Bell, Eric Lamb, and Steve Siciliano ............................................................. 29
[Fri68] Soil Science Education at Tribal Land Grant Colleges in the USA ..................... 31
Eric C. Brevik .............................................................................................................. 31
[Thu47] Impacts of diverse cropping rotations on net ecosystem exchange of an annual
crop ................................................................................................................................ 32
Shannon Brown, Yuanpei Gao, and Claudia Wagner-Riddle ..................................... 32
[Fri34] The influence of long-term N and P fertilization on soil P forms and enzyme
activities in wheat/fallow cropping system ...................................................................... 34
Shuo Chen, Barbara J. Cade-Menun, Luke D. Bainard, and Mervin St. Luce ........... 34
[Thu01] The effects of nitrogen fertilizer rate on greenhouse gas emissions and potato
production in Delta, BC .................................................................................................. 35
Chantel Chizen, Maja Krzic, Sean Smukler, and Andrew Black ................................. 35
[Thu53] Atlantic Soil Carbon & Biodiversity Project ....................................................... 36
Louis-Pierre Comeau, Claudia Goyer, Brandon Heung, Cameron Wagg, Tandra
Fraser, Kristen Hannam, Xiying Hao, Xioayuan Geng, Linda Jewell, Judith Nyiraneza,
Adian Unc, and Jess Vickruck .................................................................................... 36
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[Thu15] Spatial and temporal trends in soil OC, N, and P based on landform, tillage, and
input management ......................................................................................................... 37
Stephen Crittenden and Henry Wilson ....................................................................... 37
[Fri36] Is biological nitrogen fixation affected by the previous crop? .............................. 38
Lara de Moissac and J. Diane Knight ......................................................................... 38
[Thu09] A novel method of tracking greenhouse gases produced by soil bacteria ........ 38
Aidan F. De Sena, Chandra A. Madramootoo, and Joann K. Whalen ....................... 38
[Thu23] Toward sustainable nitrogen management in vegetable production: Balancing
yield and nitrogen use efficiency .................................................................................... 42
Soudeh Farzadfar, Jamie. M. Taylor, J. Diane Knight, and Kate Congreves ............. 42
[Thu67] Prediction of static soil properties using digital soil mapping in Balikhlu-Chay
watershed in Iran ............................................................................................................ 43
S. Fathololoumi, A.R. Vaezi, S.K. Alavipanah, D. Saurette, and A. Biswas ............... 43
[Thu03] The effect of nitrification inhibition on nitrous oxide emissions from fields applied
with hog manure at various fall timings .......................................................................... 44
Jillian Filmer and John Lauzon ................................................................................... 44
[Fri38] Efficient use of drip irrigation water and nitrogen fertilizer by Walnut trees in arid
oasis of Xinjiang, China .................................................................................................. 45
Qiuping Fu, Asim Biswas, Yingjie Ma, and Jinghua Zhao .......................................... 45
[Fri02] Development and testing of glacial sediment as a suitable growth medium for
vegetable production ...................................................................................................... 45
Zachary Harvey, Raymond Thomas, Mumtaz Cheema, and Lakshman Galagedara 45
[Fri14] Physical and chemical characterization of biochars from four biomass waste
feedstocks ...................................................................................................................... 46
Tao Yuan, Chameera Illawathure, Jamie Warren, and Lakshman Galagedara ......... 46
[Fri16] Solidified drilling waste effects on tomato growth, production and biomass, under
an altered drought irrigation schedule ............................................................................ 47
Ashley F. Garland and Asim Biswas .......................................................................... 47
[Thu55] Linking litter quality and decomposition with structure of the soil microbial
community ...................................................................................................................... 50
Jemaneh Habtewold, Bobbi Helgason, Sandra Yanni, and Ed Gregorich ................. 50
[Thu17] Updating soil phosphorus routines of process-based models for a cold-climate
region ............................................................................................................................. 51
Reza Habibiandehkordi, D. Keith Reid, Pradeep K. Goel, Mari Valiz, Ross Wilson,
and Asim Biswas ........................................................................................................ 51
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[Thu39] Soil carbon pools before and after 22 years of no-till management in prairie
soils ................................................................................................................................ 52
Ryan D. Hangs and Jeff. J. Schoenau ....................................................................... 52
[Fri30] Do bioenergy wood ash applications emulate the effects of wildfire on leaching
and soil properties in boreal forests? ............................................................................. 53
Paul Hazlett, Dave Morris, Lisa Venier, Tom Weldon, Laura Hawdon, and Joseph
Schadenberg .............................................................................................................. 53
[Thu19] Impact of nitrification inhibitors on corn yield and soil nitrogen levels from liquid
hog manure applied at various fall timings ..................................................................... 55
Kate Hobson, Kathryn Jackson and John Lauzon ...................................................... 55
[Fri40] Surrendered soils: Historical changes in land tenure affect distribution of
agricultural capability classes on a First Nations reserve in Saskatchewan .................. 56
Megan Horachek and Melissa Arcand ........................................................................ 56
[Fri18] Lime-stabilized biosolid reduced the nitrogen loss in a temperate corn
agroecosystem ............................................................................................................... 56
Naseer Hussain, Joann K. Whalen, Michael Y. Boh, Osborne G. Clark, and Pierre
Dutilleul ....................................................................................................................... 56
[Fri10] Use of organic and inorganic amendments to immobilize toxic elements in
contaminated mine soils ................................................................................................. 57
S. P. Indraratne, D. Kumaragamage, and D. Goultz .................................................. 57
[Fri42] A new method for determination of easily decomposable soil organic matter .... 58
Mohammad Monirul Islam, Louis-Pierre Comeau, and Kyle MacKinley ..................... 58
[Fri44] Effect of no-tillage on maize yield, soil CO2 flux and the soil microbial community
under drought stress ...................................................................................................... 60
Shuxia Jia, Aizhen Liang, and Neil B McLaughlin ...................................................... 60
[Fri20] Biochar as a soil amendment to enhance climate change resilience: impact on
soil health and crops ...................................................................................................... 60
R. W. Jiang and M. Oelbermann ................................................................................ 60
[Thu57] Soil extracellular enzyme activity under adaptive multi-paddock grazing and
conventional grazing systems in Alberta rangelands ..................................................... 63
Dauren Kaliaskar, Bharat Shrestha, Cameron N. Carlyle, Edward W. Bork, Mark
Boyce, and Scott Chang ............................................................................................. 63
[Thu49] Developing a wireless monitoring network for soil thermal properties using
Arduino technology ........................................................................................................ 63
Olivia Kaminski ........................................................................................................... 63
[Thu69] Modeling depth to bedrock at a high resolution for a forest site near Kamloops,
BC using airborne LiDAR acquired digital elevation data .............................................. 64
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Babak Kasraei, Chuck Bulmer, Margaret Schmidt, and Brandon Heung ................... 64
[Fri04] A self-calibrating heat pulse probe (SCHEPP): Signal processing and in-situ
detection of changes in heat pulse probe spacing radius .............................................. 65
N. J. Kinar, J. W. Pomeroy, and B.-C. Si .................................................................... 65
[Fri22] Response of black bean, lentil and chick pea to starter nitrogen and phosphorus
fertilizers ......................................................................................................................... 66
W.H. Galpottage Dona, T. King, and J. Schoenau ..................................................... 66
[Thu71] Incorporating expert knowledge into predictive soil mapping: two Saskatchewan
case studies ................................................................................................................... 67
Jeremy Kiss and Angela Bedard-Haughn .................................................................. 67
[Fri46] Carbon stock and plant communities across an elevation gradient of a semiarid
grassland: A 58-year follow up ....................................................................................... 67
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Wednesday: 09:00 – 09:30
A look back at a century of soil science at the University of Saskatchewan
Darwin Anderson
Professor Emeritus, Department of Soil Science, University of Saskatchewan
Special Anniversary Session
The Department of Soils began in 1919 with the appointment of Roy Hansen as a Professor of Soils. Dr.
Hansen, a PhD graduate from the University of Illinois taught the first course in 1920; he also wrote
Extension Bulletin 1, began a program of supplying Rhizobacter cultures to farmers, and initiated the soil
survey program. Arthur Joel, an MSc graduate from Michigan Agricultural College, was hired in 1922 to
focus on soil survey, and became Head in 1924 when Hansen returned to the USA. Upon Joel’s departure in
1934, Dr. Mitchell became Head and made huge contributions to soil education and knowledge, particularly
combining soil survey experience with graduate studies to prepare scientists for careers provincially,
nationally, and internationally. Soil Survey Reports 12 (1944) and 13 (1948) were completed and became
the base for land management decisions and taxation assessment of farmland for many decades. Beginning
in the ‘40s and continuing through to the ‘70s, the department grew and was home to many breakthroughs in
Soil Science, including the use of 32P to study plant nutrition, 137Cs to study soil erosion, and the risks of
summer-fallow. By the ‘80s and ‘90s, gender composition had changed, from almost completely male for the
first five decades to gender balance in undergraduate and graduate programs, coincident with an
increasingly more female faculty. Frances Walley was appointed as the first female professor in 1997 and
became Head in 2005. Over the years, the department broadened its research scope and contributions
beyond agriculture, to incorporate more work on environmental issues, including remediation and
reclamation, greenhouse gas emissions, and carbon sequestration. Today, the Department offers
undergraduate programs in Soil Science, Environmental Science, and Renewable Resource Management,
and graduate study in a wide range of research areas, many of them benefitting substantially from new
technologies such as the synchrotron located at the Canadian Light Source on our campus. At its centennial,
the Department of Soil Science has both a distinguished past and a promising future.

Wednesday: 09:30 – 10:00
“Have a look around”: 90 years of landscape-scale soil research at the University of
Saskatchewan
Dan Pennock
Professor Emeritus, Department of Soil Science, University of Saskatchewan
Special Anniversary Session
Landscape-scale pedology focuses on soil properties and processes that cannot be understood in isolation
from their position in the landscape – where lateral transfers of water, solutes, and sediments at present or in
the past are central to explaining the soil properties we see at a given point. It differs substantially from
classical soil taxonomy, which concentrated almost exclusively on stable soil properties of an artificial block
of soil, the pedon. Soil mapping in the Prairie Provinces inevitably involved the creation of soil-landscape
models with explicit linkages between soil distribution and landscape attributes. These linkages were central
to the development of landscape-scale research designs in the last 30 years. For example, research on soil
erosion using Cesium-137 and groundwater-soil interactions in hummocky terrain provided process-level
explanations for the pattern of soil distribution observed in the soil surveys. Landscape-scale research
designs also allow us to study dynamic processes such as nitrogen transformations in complex landscapes
using scientifically credible designs and hence link pedological research to the other disciplines of soil
science. This use of field pedology to enrich our understanding of other soil processes, both basic and
applied, is a distinctive contribution of the soil science community in Saskatchewan.
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Thursday: 10:30 – 10:45
Phytoextraction of 14C-labeled sulfamethoxazole and ciprofloxacin by cattail and
switchgrass
Theresa Adesanya, Francis Zvomuya, and Annemieke Farenhorst
Remediation and Restoration II
Cattail and switchgrass can effectively remove inorganic contaminants from soils and
biosolids, but their role in the attenuation of organic contaminants, such as antibiotics, is
currently poorly understood. Uptake by plants is one of the several mechanisms by which
plant-assisted attenuation of antibiotics can be achieved. The objectives of this growth room
study were to (1) evaluate the extent and kinetics of uptake of 14C labeled sulfamethoxazole
and ciprofloxacin by switchgrass and cattail from a hydroponic system and (2) examine the
partitioning of antibiotics between plant roots and aboveground biomass. Plant uptake of the
two antibiotics was studied at two environmentally relevant concentrations (5 and 10 µg L-1).
Plants were destructively sampled every 3-4 days during the 21-day growth period. Harvested
plants were separated into roots and aboveground biomass and oxidized using a PerkinElmer
Model 307 Sample Oxidizer. Both plant species accumulated sulfamethoxazole and
ciprofloxacin in tissues over time, and accumulation was greater in roots than in aboveground
biomass. Antibiotics accumulation in tissues increased as the initial antibiotic concentration
doubled. We conclude that switchgrass and cattail could contribute to the removal of
sulfamethoxazole and ciprofloxacin in systems designed for in situ phytoremediation of
contaminated wastewater.
[Fri32] Evaluating the impact of red clover under-seeded to winter wheat on soil health
indicators
Ikechukwu Agomoh, Craig Drury, Lori Phillips, Dan Reynolds, and Xueming Yang
Poster Session
The ability of any particular soil to support sustainable food production is dependent upon a
variety of soil biochemical, chemical and physical soil parameters. We investigated the effects
of crop rotation on soil biochemical properties from soils under monoculture, 2-yr and 3-yr
crop rotations with/without a cover crop. In particular, we compared soil heath indicators
under continuous winter wheat [Triticum aestivum L.] (WW), continuous winter wheat underseeded to red clover [Trifolium pratense] (WW+RC), soybean-winter wheat (S-WW), soybeanwinter wheat + RC (S-WW+RC), corn-soybean-winter wheat (C-S-WW), corn-soybean-winter
wheat + RC (C-S-WW+RC), winter wheat-soybean-soybean [Glycine max L.] (WW-S-S), and
winter wheat + RC-soybean-soybean (WW+RC-S-S). We measured 10 soil health indicators
on the surface soils (0-20 cm) collected from the wheat phase of the rotation. After 17 yrs.,
rotation affected mineralizable carbon (Resp), potentially mineralizable nitrogen (PMN), total
carbon (TC), total nitrogen (TN), soil organic carbon of the particulate organic matter (POMC),
water-extractable carbon (WEOC) and nitrogen (WEON). Resp was found to be greatest for
the WW+RC rotation at 2572 mg C kg-1, decreasing with increasing years of soybean in the
rotation (C-S-WW+RC, 1457 mg C kg-1 > WW+RC-S-S, 1241 mg C kg-1 > WW-S-S, 1090 mg
C kg-1). A similar pattern was detected for PMN, WEOC, TC, and TN. Although red clover
improved soil health, winter wheat in the rotation was the key as long-term continuous wheat
had similar soil health parameters to those found under S-WW+RC, C-S-WW, and C-SWW+RC rotations.
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Thursday: 11:30 – 11:45
Nitrogen fertilizer management practices to improve nitrogen availability under corn
production
Ikechukwu Agomoh, Craig Drury, Dan Reynolds, Lori Phillips, and Xueming Yang
4R Nutrient Stewardship N
The 4R nutrient management (i.e., right rate, right source, right placement and right time)
strategy has been the focus of many initiatives as a way of improving fertilizer use efficiency
while maintaining crop yields. This study evaluated the impact of the right source, right rate
and right placement on corn (Zea mays L.) on a Brookston clay loam (Orthic Humic Gleysol)
in Woodslee, ON. Stalk nitrate test (CSNT) was used as a site-specific and diagnostic tool for
N management of corn. The experimental design was a randomized complete block design
with four replications. The treatments consisted of three N fertilizer placement methods (i.e.,
broadcast granular urea, single slot shallow (5 cm) UAN injection, double slot deep (10 cm)
injection with/without urease and nitrification inhibitors with all N fertilizers applied at four N
rates at the corn six-to eight-leaf stage (70, 105, 140 and 210 kg N ha-1) plus a control (no N
applied at sidedress). The impacts of the 4R treatments on the CSNT and the SPAD reading
at silking and their relationship with corn grain yields will be presented. Information from this
study will improve our understanding of 4 R nutrient strategy as a tool to improve N use while
reducing nutrient losses into the environment.
Friday: 11:15 – 11:30
Potential biochar use in arid soil: Benefits to crop growth and carbon and nitrogen
turnover as a function of feedstock type and pyrolysis temperature
Khaled D. Alotaibi, Melissa Arcand, and Noura Ziadi
Soil Amendments I
Pyrolysis of organic materials and conversion to biochar (BC) is perceived as a possible
means to improve agricultural productivity and environmental sustainability. Therefore,
potential agricultural and environmental benefits from biochar application to tropical and more
recently temperate soils have widely been investigated. However, less attention has been
given to arid soils where many productivity constraints exist. Biochar may have a better
potential in those soils and may help alleviate the impact of these constraints on soil
productivity. A series of short-term studies using sandy arid soils have been executed to
investigate the effects of biochar addition on wheat growth, N and C mineralization and
microbial activity. The preliminary results showed that the effects of BC on the studied
parameters varied according to feedstock type and pyrolysis temperature. The BC produced
at low temperature (<400°C) provided the best wheat growth response when applied with N
fertilizer. The C and N release was the greatest in BC produced at lower temperatures as
well, presumably related to presence of readily decomposable C in these BCs. Pyrolysis
temperature along with feedstock type appear to be key factors in determining the potential
benefits of BC added to sandy arid soils.
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Thursday: 10:45 – 11:00
Relating trace element uptake by vegetables to soil contamination near an industrial
park
Inoka Amarakoon, Francis Zvomuya, and Gabrielle Lint
Remediation and Restoration II
Atmospheric aerosols from industries can carry heavy metal contaminants which can
accumulate over time in neighboring soils impacting health and wellbeing of the people and
the environment. The main purpose of the study was to provide an initial, broader assessment
of the levels of metals in the soils and the vegetables grown in a Winnipeg neighborhood near
an industrial park. We sampled 111 properties in the neighborhood with multiple samples per
site; the area sampled represented > 15% of the properties in the neighborhood. Soil and
vegetable samples were analyzed for trace element contaminants. Results on the extent of
soil contamination and the correlation between trace element concentrations in the
vegetables and the soil samples will be presented.
Friday: 11:15 – 11:30
Renewing a curriculum: Some recent experiences at the University of Manitoba
Brian Amiro
Tollefson Memorial Session on Soil Education II
The Faculty of Agricultural and Food Sciences at the University of Manitoba is currently
renewing its undergraduate degree curriculum. We offer five B.Sc. degrees: Agribusiness,
Agriculture, Agroecology, Food Science, and Human Nutritional Sciences. This provides an
education framework that encompasses the full food system, from primary agriculture to
human health needs. Our approach has been to develop general learning outcomes and
indicators that develop students: as Scholars (think critically, solve problems, lifelong
learning); as Technical Experts (comprehend and apply knowledge and skills, understand
Indigenous knowledge); to be Socially Accountable (demonstrate respect, ethics and equity;
understand impact); to be skilled Communicators (communicate effectively; build consensus;
demonstrate awareness, responsibility, and social and emotional intelligence); and to be
Professionals (management skills, professionalism, self-respect, resiliency, advocate, team
work). In addition, each degree has technical requirements associated with the competencies
needed to be successful practitioners in their area of expertise. We will discuss our
experience over the past 18 months with this renewal and share some insights into ongoing
challenges that are likely experienced by many institutions.
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Thursday: 10:30 – 10:45
A Meteorologist Walks into a Classroom: A Tribute to Dr. Terry Gillespie (Keynote
Presentation)
Brian Amiro and Claudia Wagner-Riddle
CSAFM – Land Atmosphere
Dr. Terry Gillespie has left a legacy of excellence in the areas of teaching, research, and
service in the field of Agricultural Meteorology. His teaching of undergraduate and graduate
students is legendary: he provided life-long concepts with strong technical content and he
was a great person and role model, inspiring students to pursue careers in this field. He
worked broadly with many disciplines but is especially known for his research on
meteorological aspects of plant disease development, air quality, the dynamics of gas
exchange between ecosystems and the atmosphere, landscape architecture, and human
comfort. He also made many international contributions in Africa, Asia, and South America.
Here we give a brief overview of his many contributions and discuss the lasting impact of one
of our great Canadian Agrometeorologists.
Friday: 09:30 – 09:45
Reclaiming Indigenous peoples' place in prairie agriculture
Melissa Arcand
Tollefson Memorial Session on Soil Education I
The spirit and intent of the agricultural provisions in Treaties 4 and 6 were to enable
Indigenous adaptation to new realities on the Prairies. First Nations' early success in
agriculture was stymied through a series of draconian policies initiated in the late 19th
century. Structural barriers persist and restrict growth of the First Nations farming population,
yet the contemporary agricultural land base on Saskatchewan reserves has expanded from
1.75 million acres to an estimated 3-4 million acres through Treaty Land Entitlement and
Specific Land Claims, with the majority leased to non-Indigenous farmers. A Forum on
Indigenous Agriculture in Saskatchewan: Sowing a Way Towards Revitalizing Indigenous
Agriculture in Treaty 4 and 6 Territories was held in December, 2018 to share perspectives
about Indigenous Agriculture that engaged First Nations, researchers, and policy makers. The
agricultural activities that were discussed spanned multiple scales, from community gardens
designed to meet food security goals to strategies that improve economic and sustainability
outcomes from agricultural leasing on reserve lands. Themes and priorities important to
Indigenous participants emerged through presentations, informal conversations, and during
knowledge sharing activities. Capacity building was central to all themes with land-based
education identified as integral to reclaiming Indigenous peoples' place in agriculture.
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Thursday: 09:30 – 09:45
Wood ash application in sugar maple stands of southern Quebec improves soil
nutrient availability and foliar nutrition of seedlings
Jolaine Arseneau, Nicolas Bèlanger, Rock Ouimet, and David Rivest
Forest Soils
Since the 1980s, the decline of sugar maple (Acer saccharum) disrupted the regeneration and
growth of sugar maple stands in eastern North America, especially in acidic sites with low
content in exchangeable bases. Research in Scandinavia indicates that the application of
wood ash in temperate forest can efficiently buffer soil acidity and augment base nutrient
availability. This study examines the short-term effects of ash application on soil nutrient
availability, foliar nutrition and growth of both seedlings and mature sugar maple in
commercially managed stands in Quebec. The experimental design included 15 stands
located in the eastern Townships and Beauce region, in Quebec, on which two ash
treatments (unfertilized control vs. 20 t ha-1) were applied in the summer of 2015. Soil pH,
exchangeable bases, extractable P, total C and N, foliar macronutrient (N, P, K, Ca, Mg)
concentrations in seedlings and mature trees leaves as well as their growth (height, collar
diameter and tree rings) were measured 4 years after ash application. Ash treatment
increased extractable Ca and Mg concentrations in the organic horizon as well as Ca levels in
foliage of seedlings and mature trees. Seedling growth of the year did not differ between the
treatments. Our results indicate that ash application can have a short-term positive effect on
soil fertility and nutrition of sugar maple seedlings and mature trees.
Friday: 13:45 – 14:00
The effect of bio-based residues on soil health and greenhouse gas emissions
Emmanuel A. Badewa, Joann K. Whalen, and Maren Oelbermann
Soil Amendments II
Bio-based residues (BBR) serve as an organic matter and nutrient-rich soil amendment that
enhance soil health and crop productivity. Using a field study, the effect of three different BBR
on soil health and greenhouse gas (GHG) emission was quantified. The three different BBR
treatments; [12 t/ha composted food waste (CFW); 28000 L/ha biosolids (BS); 42000 L/ha
anaerobic digestate (AD)] were compared to a non-bio-based amended soil [(170 kg N/ha
mineral fertilizer as a farm practice (FP)] for soil characterization, crop metrics determination
and temporal variation analysis of soil ammonium (NH4+-N), soil nitrate (NO3-N) and GHG.
The CO2 emissions were significant (p < 0.05) among seasons (summer, autumn) within
treatments but not between treatments. The N2O and CH4 emissions were not significant (p <
0.05) among seasons and among treatments. Positive (p < 0.05) correlation of CO2
emissions to soil moisture, EC, temperature and NO3-N, but negative correlation (p<0.05) to
soil moisture (SMC), soil ammonium (NH4+-N) were observed. Crop yield is not significant
among the treatments at p<0.05. The results demonstrated that BBR caused no negative
effects on soil and crop relative to FP. In conclusion, BBR can caused the season changes in
GHG emissions.
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Thursday: 14:30 – 14:45
The unsheltered distance length modeling for the raster-based wind erosion
development: A case study of the South Tobacco Creek Watershed in Manitoba,
Canada
Nasem Badreldin and David A. Lobb
CSAFM – Past, Present, Future Climate
Wind erosion is considered as one of the main sources of land degradation. The wind erosion
equation (WEQ) was commonly used for many years to predict soil loss, and recently
modified under the National Agri-Environmental Health Analysis and Reporting Program,
referred as (WEQ-NAHARP) to suit the Canadian environment. The unsheltered distance
length, or the fetch length (L factor) is one of WEQ-NAHARP’s factors and has never been
seriously enhanced. Two new approaches were developed to capture precisely farm field’s
border and calculate L factor for each farm, these methods were based on remote sensing
and Geographic Information System (GIS) datasets. Field Form-Based Delineation (FFBD) is
a straightforward technique based on Land Use Land Cover (LULC) dataset, and Land FormBased Delineation (LFBD) is another technique that depend on both LULC and Digital Terrain
Model (DTM) datasets, which were combined to produce a fragmented unit that represent
both LULC classes in 10 meters intervals of elevation. Both, FFBD and LFBD have shown
accurate results at two LULC classes, r2= 0.84 and 0.98, respectively, for Cropland classes;
and 0.84 and 0.99, respectively, for Non-Cultivated Fields classes. Remote sensing and GIS
datasets were the major data source of this research endeavor, which proven to be a
promising approach that will lead to improve the WEQ-NAHARP at different spatial scales.
[Thu45] Mapping the native and tame grassland using optical and synthetic aperture
radar remote sensing data: A case study of south of the divide in Saskatchewan,
Canada
Nasem Badreldin, Beatriz Prieto, and Ryan Fisher
Poster Session
Grassland mapping to distinguish between the native and tame (planted) grassland has
become an urgent necessity for better environmental conservation planning. The original
native species are the most dominant vegetation cover but have been invaded by some exotic
species and the tame (planted) grasslands. Optical and synthetic aperture radar (SAR)
remote sensing data were the most suitable data source that can represent more accurate
spatiotemporal information. A machine learning approach was used in this study to integrate
75 raster-based layers. Also, the linear discriminant analysis (LDA) and principal component
analysis (PCA) were used to decrease the bigdata load during the classification and the
accuracy assessment. This study was successful to establish an analytical framework for
reliable maps and data, justify the optimum temporal window for remote sensing data
acquisition and management, and select the most effective variables for mapping grassland
with higher accuracy.
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[Fri08] Landscape Carbon Accumulation through Reductions in Emissions (L-CARE):
developing land reclamation and brownfield management protocols for carbon
sequestration and habitat use
Michael Preston and The L-CARE team
Poster Session
Brownfield and smelter-impacted landscape management represents an important
opportunity for carbon (C) sequestration and storage to help meet industrial climate change
mitigation targets. The objective of our research program is to quantify how massive sulfur
and metal emissions reductions in Canada’s largest hard rock mining and smelting centre,
coupled with novel ecosystem reclamation practices on both smelter-impacted barren lands
and mine tailings, lead to C sequestration and influence the underlying processes of primary
production, mineralization, and C and energy transfer through ecosystems. We focus on
managed tailings and upland, wetland, and lake systems and their linkages, and the data feed
to a scaling and integration team, who will use remote sensing and integrative accounting
approaches to scale up trial plots to landscape scales to project future C sequestration
potentials. This poster presents an overview of our large, integrated project as well as soil and
stand C sequestration following afforestation in 3 forest chronosequences (i.e. tracking
reclaimed sites of increasing ages up to 40y) around smelting centres in Sudbury. Ontario.
[Fri66] Excavating the history of soil science in Canada
Peter Anderson, William Knight, Kirsten Greer, and Nathan Basiliko
Poster Session
The history of soil science in Canada has not attracted much attention from scholars. Things
are changing, however, as historians and historical geographers of science, the environment,
and agriculture are beginning to notice this overlooked subject. This poster documents an
ongoing collaborative historical-research project conducted in the storage rooms of
Agriculture and Agri-Food Canada (AAFC) in Ottawa. An initial survey revealed that AAFC
was home to a rich collection of physical items and data related to the history of soil science
in Canada. Recognizing this material was at risk, a team was assembled that included
historical researcher Dr. Peter Anderson, AAFC soil scientist Xiaoyuan Geng (who funded the
project), AAFC soil-data analyst Dave Howlett, and soil scientist Dr. Nathan Basiliko,
Laurentian University. With support from Dr. Kirsten Greer, Nipissing University, and Dr.
William Knight, Canada Agriculture and Food Museum, the team produced a detailed
inventory of items, including soil monoliths, pedology field notes, photographs, instruments,
and other documents. The poster outlines this work and how a SSHRC-funded project will
draw on it to create a critical historical view of soil science in relation to colonialism, settler
agriculture, and Indigenous dispossession.
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[Thu51] Smooth brome invasion effects soil structure and ecosystem services
Jennifer Bell, Eric Lamb, and Steve Siciliano
Poster Session
Invasive species have severe impacts on ecosystems, including drastically altering the plant
community which in turn impacts soil microbial communities. These changes can then have
cascading effects on ecosystem services. Despite increasing knowledge of how invasive
plants can change plant community structure and soil properties, little is known about how
multiple invasive plants influence ecosystem services. To investigate this, 20-26 soil cores
were collected weekly for 26 weeks in a grassland, near Saskatoon, Canada, undergoing
invasion by smooth brome (Bromus inermis) and five other invasive species. Greenhouse gas
emissions, nutrient cycling and forage biomass production were measured, as well as
glyphosate degradation rates. Additionally, plant surveys were conducted weekly in each in
each plot. Smooth brome increases aggregate size and decreases soil moisture. Forage
biomass, GHG emissions, nutrient cycling and glyphosate degradation varied seasonally and
was primarily driven by changes in aggregate size and moisture. Smooth brome invasion has
impacts on soil structure which in turn, drive changes ecosystem services. Changes in soil
structure will have lasting impacts on this ecosystem and make restoration of native grassland
difficult, leading to long-term changes in ecosystem functioning.
Friday: 14:30 – 14:45
Use of remotely sensed data and machine learning to map soil moisture and nutrient
regime in Nova Scotia
William Bethel, Margaret Schmidt, Brandon Heung, Chuck Bulmer, Babak Kasraei,
Christopher Blackford, and Kevin Keys
Developments in Digital Soil Mapping II
Field-determined soil moisture and nutrient regimes can be used to determine ecosystem
types and to assess site productivity. In recent years advances in remote sensing and
computer science have enabled the prediction of site properties such as soil moisture and
nutrient regime at higher resolution than ever before. In particular, light detection and
ranging(LIDAR) coverage has been expanded to cover many forests, providing data at
resolutions as small as 1m. Improving the collection and accuracy of data related to site
productivity is one of the goals outlined in Canada’s Forest Strategy (2007). This study
explored the use of LIDAR, Radar, and Spectral imagery, and machine learning algorithms
such as Random Forest, artificial neural networks, and k-nearest neighbors to predict soil
moisture regime, soil nutrient regime, and soil classification in eastern Nova Scotia. Ground
truth data will be used to both train and validate the models generated. The methodology
shows promise to benefit forest management and aid enhanced forest inventory activities.
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Thursday:14:30 – 14:45
Time stability of soil water storage to support soil water balance closure at field scale
Duminda N. Vidana Gamage, Asim Biswas, and Ian B. Strachan
Soil Hydrology/Physics
No studies have related the outcome of scale and location dependent time stability analysis of
soil water storage (SWS) to field water balance closure. In this study, first, we examined the
scale and location dependent time stability of SWS over different seasons and second, we
compared the performance of a point-based soil water sensor and a distributed sensor on
closing the field water balance. Results showed that spatial patterns of SWS were similar
across most of the scales and the locations during the dry period of the summer, but there
was a loss of similarity of spatial patterns at small to medium scales and certain locations
during the wet period of Fall. Small to medium scale variability of SWS was dominant in the
wet period of the Fall. A significant difference between the water balance error of point-based
sensors and that of the distributed sensor for the wet period of Fall indicated that the
distributed sensor outperformed the point-based sensor, by capturing the small to medium
scale variability of SWS. Overall, results demonstrated that the outcome of the time stability
analysis could be used to adjust the sampling size in future water balance studies to reduce
sampling efforts.
Wednesday: 14:15 – 15:15
An indigenous response to a biosecurity threat: The case of kauri dieback (Agathis
australis) (Keynote Presentation)
Amanda Black
Root-Soil Interactions (CSSS / Rhizosphere5 Joint Session)
In Aotearoa New Zealand the number of biosecurity invasions threatening our culturally
important species is increasing. Yet often in the response, the wants and needs of Maori,
New Zealand's Indigenous people, are ignored, lost or forgotten in what is a rapidly changing,
crowded and confusing biosecurity system. The authority of Maori to respond to biosecurity
incursions has been compromised by state-led approaches to governance and management
of nature, and is indicative of a lack of integration and respect for Maori cultural practice that
has been commonplace throughout the colonial history of New Zealand.
In early 2018 it was announced that Kauri Dieback, caused by the recently named and
introduced root pathogen Phytophthora agathidicida, had spread rapidly through a significant
secondary growth forest, the Waitakere Ranges, close to the urban centre of New Zealand's
largest city Auckland. In an attempt to stop the spread of kauri dieback causing disease in
their forests, the local tribe Te Kawarau a Makiplaced a rahui (restriction) on the Waitakere
Forest (known to them as Te Wao Nui a Tiriwa). The rahui while supported by Maori around
the world and numerous NGO's, did not receive support from the Auckland Council and
therefore no legal support for the rahui. Dr. Black will discuss the research to date and
significant findings and the role indigenous solutions play in the protection of forests. She will
also expand on the role that Te Tira Whakamataki (the Maori Biosecurity Network) has played
in bringing Indigenous Maori communities together to raise awareness of the ongoing cultural
impacts that have resulted from biological invasions on top of institutional marginalisation.
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Friday: 13:45 – 14:00
Digital soil mapping for enhanced forestry management in Ontario, Canada
Christopher Blackford, Brandon Heung, and Kara Webster
Developments in Digital Soil Mapping II
Soil is essential to forested ecosystems as it provides a medium for plant growth and is a
critical component for the cycling of water, nutrients, and carbon. High-resolution soil attribute
maps have the potential to inform forestry management and support future land-use
decisions. However, there lacks a cohesive framework in Ontario to perform soil mapping
analyses and synthesize these maps together at the appropriate management scale.
In this study, we present a general framework to conduct DSM across Ontario and perform
DSM at three managed forests in Ontario: the Hearst forest, the Petawawa Research Forest,
and the Romeo-Malette forest. We assess the ability of airborne-LiDAR data and field
observations to inform soil maps and show how our framework can be expanded into
unmapped regions of the province and incorporate future datasets.
Our case studies incorporated a suite of environmental covariates related to soil development
to predict soil moisture regime, textural class, and mottle class. Soil data was taken from a
combination of forest resource inventory plots as well as regional and provincial surveys. We
used 10-fold cross validation to train the Random Forest, k-Nearest Neighbor, and Support
Vector Machine algorithms to generate associations between environmental and soil data.
[Fri68] Soil Science Education at Tribal Land Grant Colleges in the USA
Eric C. Brevik
Poster Session
Land grant colleges (LGC) in the USA were created in 1862 by the Morrill Act. Over the years
the LGC model was expanded, and in 1994 a group of Native American colleges received
LGC status. These are known as the tribal land grant colleges. LGC were originally developed
to teach the practical skills of agriculture and the mechanical arts (engineering). Soil science
in the USA has been strongly associated with agriculture throughout its academic history, and
much of the teaching of soil science in the USA has occurred at LGC. Therefore, this study
was conducted to investigate the teaching of soil science at tribal LGC. Nineteen of the 34
tribal LGC offered at least one soil science class, but only three offered more than one and
only two offered more than two. None of the tribal LGC offered enough soil science
coursework (15 credit hours) to produce graduates qualified to work as soil scientists (0470
series) for the federal government. Rather than supporting agricultural programs, most of the
soil science coursework taught at the tribal LGC supported environmental science or natural
resource degree programs. This is in alignment with common Native American values
regarding the environment.
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Thursday: 11:00 – 11:15
Improving canola evapotranspiration estimates in Manitoba
Tony Britton, Aaron Glenn, Sanjayan Satchithanantham, Clayton Jackson, Brian Amiro, and
Henry Wilson
CSAFM – Land Atmosphere
The FAO-56 Penman-Monteith equation with crop coefficients can be used in estimating
cropland evapotranspiration (ET) with weather data as model inputs. Adjusting the FAO-56
Penman-Monteith equation and crop coefficients to better represent modern canola (Brassica
napus) grown in Manitoba could improve the accuracy of ET estimation in the province. It was
hypothesized that incorporating direct measurements of available energy, developing crop
coefficients using leaf area index values, or incorporating a water stress coefficient could
improve the equation’s accuracy in comparison to direct eddy covariance ET measurements.
Measured and estimated ET were compared at three canola sites (Carberry, Glenlea and
Miami, Manitoba) in the 2018 growing season. Measured average daily ET ranged from 3.35
± 1.70 (S.D.) mm day-1 (Miami) to 3.38 ± 1.78 mm day-1 (Glenlea). The majority of model
adjustment combinations allowed cumulative ET to be within 10% of measured cumulative
ET. Full and mid growing season root mean square error and mean relative error values were
the lowest when all model improvements (excluding the water stress coefficient) were
included, while initial and end growing season values had varying results. Improvements
allow greater confidence in the FAO-56 Penman-Monteith equation’s representation of canola
ET in Manitoba.
[Thu47] Impacts of diverse cropping rotations on net ecosystem exchange of an
annual crop
Shannon Brown, Yuanpei Gao, and Claudia Wagner-Riddle
Poster Session
Diversifying annual crop rotations is a strategy that mimics natural ecosystems and is
postulated to increase agricultural resilience to climate change, soil quality and provision of
soil ecosystem services. Diverse rotations (inter-seeding annual crops with grasses and
legumes, cover crops) have the potential to increase soil carbon uptake to agricultural lands
during the post-harvest and pre-planting periods since these practices increase the amount of
time that plants are covering an otherwise bare surface. A long-term study of the impact of
diverse cropping rotations on agricultural net greenhouse gas budgets was initiated in May
2018. A multi-plot flux-gradient system continuously measured CO2 and N2O exchanges for
four field scale (4 ha) plots. Each plot was subject to a different practice: non-diverse, postharvest no till; diverse, post-harvest no till; non-diverse, fall incorporation; diverse, fall
incorporation. Two eddy covariance towers measured CO2 and H2O fluxes to compare the net
ecosystem exchange (NEE) of the non-diverse no-till and diverse no-till plots. This paper
presents preliminary results from the first year of this study examining the dynamics of the
NEE of the corn crop inter-seeded in spring with annual rye and red clover.
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Thursday: 11:15 – 11:30
The use of residual soil nitrogen as an indicator of nitrogen use efficiency in potato
production systems in Atlantic Canada
David Burton
4R Nutrient Stewardship N
Increasing the efficiency of nitrogen use is critical to sustaining agricultural productivity while
minimizing environmental impact. This is particularly true in Atlantic Canada where there is
high potential for N loss during the non-growing period.
Seldom is nitrogen use efficiency explicitly considered in nutrient management planning as
there are few measurable parameters that can assess NUE at a farm scale. Residual Soil
Nitrogen (RSN), the amount of nitrate remaining in the soil following harvest is used as an
agri-environmental indicator. We evaluated the measurement of RSN as a practical means of
on-farm assessment of the effectiveness of nitrogen management in potato production and
the potential for environmental impact.
We quantified N fertilizer input, soil N supply, crop yield, and RSN for 26 potato fields in
Prince Edward Island. There was wide variation in RSN, it was positively correlated to soil N
supply and negatively correlated with crop yield. There was little correlation between RSN
and N fertilizer application rate. This underscores the value of RSN as an on-farm tool to
assess NUE and the importance of evaluating soil N supply in making N fertilizer
recommendations.
Wednesday: 15:45 – 16:00
Does P cycling change over the growing season in wheat rhizosphere and bulk soils in
long-term plots with different N and P fertilization?
Barbara J. Cade-Menun and Luke D. Bainard
Root-Soil Interactions (CSSS / Rhizosphere5 Joint Session)
Biological phosphorus (P) cycling processes, such as enzyme activities, should differ between
rhizosphere and bulk soil. For agricultural crops these differences may vary depending on the
plant growth stage. In 2017, rhizosphere and bulk soils were collected bi-weekly from May to
September from long-term plots in Swift Current, SK. The six treatments were: continuous
wheat established in 1967 with N and P fertilization (CW+N+P) or with P fertilization alone
(CW-N+P); a lentil-wheat rotation established in 1982 with N and P fertilization in the wheat
phase only (WL+N+P); and sub-plots for these plots, where P fertilization stopped in 1995
(CW+N-P, CW-N-P) or 2008 (WL+N-P). Samples were analyzed for total P, total organic P,
anion-exchange resin P (resin-P), bicarbonate- and CaCl2-extractable P, P enzyme activity
(acid and alkaline phosphomonoesterase, phosphodiesterase) and pH (CaCl2). There were
no significant treatment*date*soil position (rhizosphere v. bulk) interactions. Treatment
significantly influenced many aspects of P cycling, with significantly lower pH in soils with
long-term N fertilization, and lower P concentrations where P fertilization was stopped.
Rhizosphere soils were significantly different from bulk soils for bicarbonate-P, acid
phosphomonoesterase and phosphodiesterase, with some date*soil position interactions,
indicating that plant growth stage will influence rhizosphere studies of crop plants.
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Thursday: 13:30 – 13:45
Estimating Drought Severity in Agricultural Environments Using Long Term Climate
Data Sets and Earth Observation: A Data Mining Approach
Catherine Champagne, Trevor Hadwen, Tyler Black, and Maginda Magendrathajan
CSAFM – Past, Present, Future Climate
Drought is a complex natural disaster, which often emerges slowly, but can occur at various
time scales, result from different meteorological conditions and have impacts that are not well
understood. Long term observations of drought intensity and frequency are often quantified
from precipitation and temperature based indices or modelled estimates of soil water storage.
More recently, the maturity of satellite based observations has created the potential to
enhance the understanding of drought and drought impacts, particularly in regions where
traditional data sets are limited by remoteness or inaccessibility, and where drought
processes are not well-quantified by models. Drought estimation for the Canadian Drought
Monitor follows a convergence of evidence approach combined with an expert assessment of
a wide range of climate based data indicators. Thresholds for determining drought severity
are used as guidelines in this assessment but are not specific to Canada and its varied
geography. This study examined trends in different climate and earth observation based data
sets against drought intensity in Canada in agricultural regions to establish thresholds that are
ecoregion specific. Variables examined included the Palmer Drought Severity Index,
Precipitation Percentiles, satellite soil moisture, Evaporative Stress Index and vegetation
condition anomalies.
[Fri34] The influence of long-term N and P fertilization on soil P forms and enzyme
activities in wheat/fallow cropping system
Shuo Chen, Barbara J. Cade-Menun, Luke D. Bainard, and Mervin St. Luce
Poster Session
Efficient use of phosphorus (P) is important to crop production and environmental
sustainability of cropping systems. Soil P forms and phosphatase activities were determined
in long-term plots in Swift Current, SK. There were three rotations [fallow (F), wheat on fallow
(WF), and wheat on wheat (WW)] and four fertilizer treatments (+N+P and -N+P established
in 1967, and +N-P, and -N-P subplots established in 1995). Soil samples (0-7.5 cm) were
collected in autumn 2017 and analyzed for a range of chemical properties, including Mehlichextractable P and cations, soil P forms (sequential fractionation and 31P-NMR) and
phosphatase activities (acid, ACP, and alkaline phosphomonoesterase, ALP;
phosphodiesterase, DP). There were significant differences among the fertilizer treatments
and cropping phases. Results showed that +N+P treatment altered Mehlich P and cations in
the WW phase only. +N-P and -N-P treatments decreased soil labile Pi only in WF, while
increased soil labile Po in F and WW phases, and altered Pi associated with Al in WF and
WW phases. Meanwhile, +N+P and +N-P altered Po associated with Fe in WW phase only.
Additionally, +N+P only increased soil ACP activity in F phase. The long-term N and P
fertilization altered soil P forms through changing the chemical properties.
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Thursday: 14:45 – 15:00
Effect of loading time on soil structural failure
Xuewen Chen, Richard M. Cruse, Shuang Niu, and Xingyi Zhang
Soil Hydrology/Physics
Identifying compaction potential for varying loads and soil conditions is vital for making
management decisions related to crop seed germination, plant growth and crop production.
However, the interacting effects of loading and loading duration on compaction related
structural integrity were still unclear. Changes in soil water potential have proven to be a
useful indicator for evaluating compaction induced changes in soil structure during stress
application. The objective for this study was to determine the effect of load and loading time
on soil structural degradation of four different soil materials with four different initial
gravimetric soil water contents(11, 15, 19 and 24%). Soil structural failure was based on
changes in soil water potential relative to the water potential observed for critical stress loads
which are the stress associated with soil structural failure. With a fixed load of 4.0 kg/cm2,
which approximates the load applied with normal field tractors used in Northeast China, soil
water potential decreased with increasing loading time from 0 to 100 s for all soil material and
water content combinations. For short term loading, water potential decreases were
consistently found for loading times of 1 s or less across all soil materials. For all soil
materials, loads applied for 0.1 s accounted for more than 50% of the water potential change
that occurred during 1 s load application. Increasing soil water content not only reduced the
critical stress value, but also reduced the loading time required to reach critical stress water
potential. This finding demonstrates that loading time (0–1 s), approximating that of
implement wheels or planter press wheels, reduces soil water potential sufficiently to affect
water movement, potentially important for seed germination associated with planter press
wheel operation. Additionally, loads that at least marginally exceeding the critical stress static
load can be applied for a short time (0–1 s) without causing structural degradation.
[Thu01] The effects of nitrogen fertilizer rate on greenhouse gas emissions and potato
production in Delta, BC
Chantel Chizen, Maja Krzic, Sean Smukler, and Andrew Black
Poster Session
Agricultural GHG emissions, primarily CO2, N2O, and CH4, account for 10% of Canada’s total
GHG emissions as of 2015. An increasing portion of these emissions are N2O due to
intensifying nitrogen fertilizer application rates in cropping systems. The Fraser River delta is
one of the most fertile agricultural regions of British Columbia (BC). However, there is limited
data quantifying GHG emissions from the region’s most economically important crops, such
as potatoes. This study investigates the effects of three nitrogen fertilizer rates (0, 90, and
120 kg ha-1) applied to well- and poorly-drained treatments on GHG emissions, plant available
nitrogen (NH4-N and NO3-N), and yield at a potato field in Delta, BC. Manual chamber
measurements for CO2, N2O, and CH4, fluxes were taken biweekly using the Gasmet
DX4040, while plant available nitrogen was determined monthly. Over the course of the
growing season, fluxes of CO2 and N2O peaked following tillage, while CH4 fluxes remained
near zero. The nitrogen fertilizer application rate of 120 kg ha-1 resulted in a greater N2O flux
in comparison with the other treatments. This study will contribute towards climate change
mitigation by supporting the development of best management practices in nitrogen fertilizer
use-efficiency for local production.
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Wednesday: 11:00 – 11:15
Minimally disturbed soil microcosm cores to estimate soil heterotrophic respiration
Louis-Pierre Comeau, Derrick Y.F. Lai, Jane Jinglan Cui, and Jodie Hartill
General Soil Science
Minimally disturbed soil microcosm cores to estimate soil heterotrophic respiration
Ex-situ measurement of soil respiration is usually done with highly disturbed samples that
may confound the interpretation and extrapolation of results. We have developed a lab
respiration assessment method that better simulates field conditions and allows efflux
estimations based on soil surface area. This new method consist of seven steps: collect intact
soil cores from the field, pool samples, remove root webs, adjust bulk density, adjust
moisture, incubate and measure and calculate CO2 efflux. First, intact soil cores are extracted
in the field and transferred to the lab. Next, soil moisture content and bulk density are
assessed in each soil core. Immediately following this the soil cores are gently broken, pooled
per treatment (or plot) and the root systems removed. One of the advantages of this method
is that results can be presented per unit of mass (e.g. mg CO2-C g soil-1 day-1) or area (e.g. g
CO2-C m2 day-1). These soil microcosms can also be used to simultaneously assess
emissions of CH4 and N2O during incubations. https://doi.org/10.1016/j.mex.2018.07.014
[Thu53] Atlantic Soil Carbon & Biodiversity Project
Louis-Pierre Comeau, Claudia Goyer, Brandon Heung, Cameron Wagg, Tandra Fraser,
Kristen Hannam, Xiying Hao, Xioayuan Geng, Linda Jewell, Judith Nyiraneza, Adian Unc, and
Jess Vickruck
Poster Session
Atlantic Soil Carbon & Biodiversity Project.
Agriculture and Agri-Food Canada (AAFC) is about to take its deepest look yet into the
chemistry, structure and life of soils across Atlantic Canada. During the summers 2019-2021,
researchers will take one-square metre samples of soil from farmland, wetlands and forested
areas in Newfoundland and Labrador, Prince Edward Island, New Brunswick and Nova
Scotia. The ~600 samples collected will then be subjected to microfauna (nematodes,
collembola and others), bacteria, fungi, mycorrhiza, extra-cellular enzyme, soil organic matter
fractions and SOM 13C turnover rate determination over the next three years using the latest
technologies and involving AAFC soil researchers and university PhD students from across
the country.
The goal is to pull all of the results together to understand the dynamic between the different
organisms in different ecosystems throughout the growing season and to develop biodiversity
maps.
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Wednesday: 16:30 – 16:45
Discovery of the untapped potential of H2-oxidizing bacteria in soil through the use of
multi-omics, microbiological and modelling approaches
Philippe Constant, Mondher Khdiri, Sarah Piché-Choquette, Julien Saavedra-Lavoie, and
Anne de la Porte
Root-Soil Interactions (CSSS / Rhizosphere5 Joint Session)
Local accumulations of molecular hydrogen (H2) can be found in soil, especially in the
rhizosphere of legume plants, where H2 is an obligate by-product of nitrogen fixation. The
enrichment of H2-oxidizing bacteria (HOB) in these microenvironments has been shown to
have a fertilization effect on several different crops. The benefit of HOB is attributed to their
production of plant growth-promoting factors, yet their interactions with other members of soil
microbial communities have received little attention. Here we report that the energy potential
of H2, when supplied to soil, alters ecological niche partitioning of bacteria and fungi, with
multifaceted consequences for both generalist and specialist microbial functions. Dynamic
microcosms were used to expose soil to environmentally-relevant H2 mixing ratios ranging
from typical atmospheric level (0.5 ppmv) to soil-nodule interface (10,000 ppmv). In addition
to stimulate HOB, H2 enhanced community level carbon substrate utilization potential and
lowered both CO and CH4 uptake activities in soil. A theoretical framework modelling H2
decay as a function of distance from H2-emitting point sources suggest that H2 impact on soil
on biogeochemical processes extends the boundaries of the rhizosphere. We postulate that
metabolic flexibility and biological interactions of HOB are drivers of H2 fertilization effect.
[Thu15] Spatial and temporal trends in soil OC, N, and P based on landform, tillage, and
input management
Stephen Crittenden and Henry Wilson
Poster Session
Agricultural management including soil amendments and cropping systems affect dynamics of
soil properties. Soil properties are also dynamic across landforms due to water, wind, and
tillage erosion. This study was conducted on 26 watersheds from 2013 to 2018. Upper,
middle, lower, and depressional landform positions were soil sampled for phosphate, nitrate,
and organic carbon. A subset of data that included fertilization and tillage information was
also analyzed for water extractable total dissolved P, dissolved reactive P, total organic
nitrogen, nitrate, ammonium, total dissolved nitrogen, and dissolved organic carbon. The
research aimed to investigate whether nutrients are accumulating in lower areas, does
stratification exist and is it exacerbated by reduced tillage systems, and what are the interrelations of nutrients and accumulation. Phosphorus and organic carbon accumulated in low
landform positions and depressions whereas nitrate only stratified by depth. This may be due
to erosion processes not in the time-scale of the present work and due to the dynamic nature
of nitrogen in soil, i.e., a greater number of pathways of loss than phosphorus. There were no
temporal trends evident.
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[Fri36] Is biological nitrogen fixation affected by the previous crop?
Lara de Moissac and J. Diane Knight
Poster Session
Nitrogen is often the most limiting nutrient in prairie crop production and is applied in the
greatest quantity. Including a pulse crop in rotation has become a popular option due to their
ability to form symbiotic relationships with dinitrogen-fixing bacteria. This relationship means
pulse crops can acquire a large proportion of their N needs from biological N fixation (BNF).
Mixed results of rotation effects on a pulse crop’s ability to fix N were reported from studies at
Scott, SK and Indian head, SK. These results lead to questioning if BNF is affected by a
previous crop in a rotation. To address this question, research was conducted in multiple
locations across Saskatchewan. The 15N dilution method was used to estimate BNF in pulse
crops grown on oilseed and cereal stubble in the Brown, Dark Brown, and Black soil zones in
Saskatchewan. Soil samples were collected from each rotation to identify soil properties
affecting BNF in pulse crops. Additionally, a controlled environment experiment was
performed to determine if stubble quality (i.e., wheat and canola) affects N-mineralization
potential before and after a pulse crop is grown.
[Thu09] A novel method of tracking greenhouse gases produced by soil bacteria
Aidan F. De Sena, Chandra A. Madramootoo, and Joann K. Whalen
Poster Session
Production of CO2 and N2O by soil bacteria depends upon the availability of substrates (e.g.
soluble carbon and reactive nitrogen). A rapid pulse of CO2 and N2O production is expected
when soil bacteria have access to simple molecules, such as urea and rhizodeposits. This is
due to higher metabolic activity of dominant taxa that can outcompete other bacteria in the
soil microbiome. The objective of this study was to determine the microbial taxa that are
adapted to rapidly metabolize urea and rhizodeposits via RNA stable isotope probing (SIP)
and quantify the CO2 and N2O produced in the rhizosphere of annual ryegrass (Lolium
multiflorum). A pot-scale greenhouse experiment was designed to provide soil bacteria with
two substrates: 13C15N-labelled ryegrass rhizodeposits and 13C15N-labelled urea. During a
seven-day period, the concentration and isotopic signature of CO2 and N2O emitted from the
pot were determined. The putative microbial taxa responsible for producing CO2 and N2O
were identified by 13C15N-RNA SIP and metatranscriptomics. By identifying the bacteria that
are responsible for producing CO2 and N2O from simple molecules, it may be possible to
introduce management practices that curtail their activities and greenhouse gas production.
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Thursday: 14:15 – 14:30
Quantification of the nitrogen legacy effect associated with repeated application of
livestock effluents in a wheat-corn-soybean rotation
Cindy Denoncourt, Martin Chantigny, Denis Angers, Marie-Noëlle Thivierge, and Anne
Vanasse
Nitrogen Cycling
Livestock effluents are used repeatedly to fertilize crops on mixed farms that combine animal
and plant productions. While some of the nitrogen from livestock effluents is directly used by
the crop in the year of application, another portion is integrated in the soil reserve and will be
mineralized later. After several years of applications, the capacity of the soil reserve to supply
nitrogen increases gradually (legacy effect). The objective of this study was to quantify the
nitrogen legacy effect of repeated applications of chicken manure, dairy cattle slurry, pig
slurry or mineral fertilizer in interaction with soil type (sandy loam, silty clay) and tillage
intensity (moldboard ploughing, reduced tillage). Using nitrogen-15 isotopic tracing, a
nitrogen-15 budget in the soil-plant system was calculated for each fertilizer type, and the
respective contribution of nitrogen from current-year fertilization and past inputs to wheat and
corn nitrogen uptake was determined. Our results indicate that after five to six years of
application, a legacy effect tended to develop, but only under certain conditions. Our results
also indicate that while the soil nitrogen reserve is gradually enriched with livestock effluents,
it becomes gradually depleted with mineral fertilizers.
Friday: 08:45 – 09:00
Changes in the molecular speciation of soil organic matter and its implications on
ecosystem functioning in a smooth brome invaded rough fescue grassland
Gurbir Singh Dhillon, Eric Lamb, Steven Siciliano, and Derek Peak
Soil Organic Matter
Invasive plants may cause significant alterations to many aspects of soil ecosystem
functioning, including nutrient cycling and microbial community structure. The molecular
speciation and dynamics of soil organic matter (SOM) may also be influenced by the invasion
of exotic species, due to the changes in plant diversity and biomass affecting litter amount
and decomposition. In this study, we examined the effect of plant invasive species on the
molecular speciation and ecosystem functioning of SOM in a rough fescue (Festuca altaica
Trin.) grassland invaded by smooth brome grass (Bromus inermis Leyss) in Central
Saskatchewan, Canada. A total of 550 soil samples were collected over the 26-week period.
Attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectroscopic analysis of
the soil samples revealed higher abundance of processed C functional groups such as
aliphatic-C, aromatic-C and ketones for the smooth-brome invaded soils compared to the
native vegetation. Redundancy analysis indicated that the differences in SOM molecular
speciation were significantly linked to the ecosystems functions such as enzyme activities,
water-extractable C and N, potential nitrification rate, and carbon dioxide and methane gas
emissions, etc. The specific SOM quality parameters linked to each of these ecosystem
functions will be further examined in this study.
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Thursday: 08:45 – 09:00
The effect of wildfire, whole tree harvesting, and salvage logging on soil carbon
storage and stability in a mixedwood boreal forest soil
Amanda Diochon, Carina Leale, and Ruth Orloci-Goodison
Forest Soils
Wildfire and forest harvesting are common disturbances in the boreal forest but compound
disturbances, such as salvage logging, are not as widespread. In this investigation we
examine the effects of three disturbances on soil carbon storage and its distribution in the
profile. We also examined d13C depth profiles to identify the dominant mechanisms driving the
observed trends following disturbance. Our findings suggests that full-tree harvesting and
wildfire impact carbon and nitrogen stores in fundamentally different ways, with stores being
reduced after wildfire and increased after harvest. However, the differences we observed
were confined primarily to the organic and upper mineral soil, and the changes diminished
with time. Results from this study suggest that impacts of post-fire salvage logging on carbon
and nitrogen stores resembles that of fire, but that recovery is much slower making the
practice potentially more harmful than harvesting and wildfire alone. The driving mechanism
of d13C enrichment with depth was inconclusive, with both mixing and kinetic fractionation
during humification appearing to be equally dominant at these sites. Rayleigh distillation
analysis indicated no differences in overall depth enrichment among the sites.
Friday: 10:30 – 10:45
Evaluating below-ground carbon storage potential of hedgerows and riparian buffers in
agricultural landscapes using remote sensing
Lyndsey M. Dowell, Sidd S. Paul, and Sean M. Smukler
Developments in Digital Soil Mapping I
Integrating hedgerows and riparian buffers into agricultural fields has shown to increase soil
organic carbon (SOC); however, the dynamics of SOC storage capacity in these structures is
not well understood at the landscape scale. Mapping hedgerows and riparian buffers would
broaden our understanding and support monitoring initiatives, but such fine features are
challenging to detect remotely. In a study conducted across the agricultural land of the Lower
Fraser Valley region of British Columbia, we sought to identify key characteristics of
hedgerows and riparian buffers affecting SOC storage capacity and improve methods for
mapping them in agricultural landscapes. Our approach combined field measurements,
RapidEye imagery with image analysis and computer modelling to estimate SOC for
hedgerows and riparian buffers. Sampled features varied in soil texture, age, width, species
composition, and vegetation structure. Alongside these characteristics, a strong correlation
between above-ground and below-ground carbon improved landscape level modelling of
SOC. Averages of 3.35 and 10.24 %SOC were found in hedgerow and riparian buffer soils,
respectively, compared to an average of 2.39 %SOC found in annual-crop fields. These
methods will be implemented to monitor SOC changes to better understand the long-term soil
quality and carbon sequestration potential of these practices.
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Friday: 11:30 – 11:45
Nitrous oxide production from freeze-thaw cycling in cover-cropped and manureamended soils
Leanne Ejack and Joann Whalen
Greenhouse Gases
Nitrogen (N) in fall-applied manure is susceptible to over-winter losses, especially during
freeze-thaw events that occur frequently in cold humid temperate regions. Over-winter N
losses are attributed to nitrous oxide (N2O) emissions from denitrification. A fall-sown cover
crop may accumulate N from fall-applied manure, thereby reducing the amount of reactive N
(NH4+ plus NO3-) in soil that may undergo denitrification during soil thawing and release N2O.
The objective of this study was to quantify the N2O-N loss in relation to the reactive N
concentration in soil during three freeze-thaw cycles (FTCs). The soil incubation study was a
full factorial with four N fertilizer treatments (none, liquid manure, solid manure, urea)
combined with two cover crop treatments (annual ryegrass, no cover crop). Annual ryegrass
was seeded in experimental pots and grown for three weeks in the greenhouse before being
transferred to a freezer at -4°C. The FTCs involved a temperature increase from -4°C to 4°C.
During each FTC, the N2O production was measured at 0, 3, 6 and 9 h, then pots were
destructively sampled to determine the reactive N concentration. The effectiveness of cover
crops in mitigating the N2O loss from manure-amended soils that undergo multiple FTCs will
be discussed.
Thursday: 11:45 – 12:00
Soil acidification of cultivated fields in semiarid Montana: Remediation and Challenges
Richard Engel, Clain Jones, Scott Powell, and Pat Carr
Remediation and Restoration II
In semiarid Montana, greater fertilizer N use has led to a downward trend in soil pH such that
examples of Al toxicity have begun to appear in crops. The objective of this presentation will
be to discuss results from recently initiated on-farm surveys, research trials with sugar beet
lime and seed-placed P, and to discuss some of the challenges to soil acidity remediation.
On-farm strip-trials have demonstrated that sugar beet lime is effective at raising soil pH
within seven months if incorporated with tillage after application. At one farm, lentil (Lens
culinaris) were observed to exhibit greater early-season biomass and greener tissue in
response to beet lime applications that increase soil pH (0 -10 cm) from 4.7 (-lime areas) to
5.9 (+lime areas). Small-plot replicated fertilizer trials have shown that seed-placed P can
mitigate Al toxicity and increase the durum wheat (Triticum durum) yield. Challenges to costeffective acidity remediation include proximity to liming materials and large spatial variances
in soil pH across field landscapes. Production issues created by soil acidification will likely
grow in scale and intensity in the coming years and decades. On-farm research conducted
over a long-time horizon and coupled with education programs will be necessary to
understand better how to remediate soils and adapt to this changing condition.
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[Thu23] Toward sustainable nitrogen management in vegetable production: Balancing
yield and nitrogen use efficiency
Soudeh Farzadfar, Jamie. M. Taylor, J. Diane Knight, and Kate Congreves
Poster Session
This study aims to determine agronomic responses of three common prairie vegetables when
produced with and without rye cover crop (CC). In 2017 and 2018, trials were initiated on a
Dark Brown Chernozem in Saskatoon with five N rates (ranging from 0 to 300 kg N ha-1) in a
randomized complete block design. After harvest, sub-plots were established with vs without
the CC, and the effect followed into the subsequent growing season. Compared with zero N
control, N rate did not affect vegetable yields in either year, demonstrating the N-rich nature of
the soil. In overall, moderate to high rates of N reduced crop NUE; N rates above zero
reduced NUE for sweet corn, rates above 75 kg N ha-1 reduced NUE for broccoli, rates above
55 kg N ha-1 reduced NUE for the root crop. Subsequent to the CC in 2018, we found no N
fertilizer by CC interaction for crop yields or NUE. The rye CC had no effect on yield or NUE
for sweet corn or carrot, but reduced broccoli yield and NUE. Our results suggest that N
fertilizer management may be more important for improving crop NUE than cover cropping.
Tracing N over a number of years is necessary to interpret N cycling as influenced by CC,
especially given the N-rich nature of this site.
Thursday: 10:30 – 11:00
Nitrogen management: Achieving nitrous oxide (N2O) emissions reductions through 4R
nutrient stewardship (Keynote Presentation)
Richard Farrell
4R Nutrient Stewardship N
Carbon footprinting is an important component of any sustainability initiative, and crops
produced with a low carbon footprint have a competitive advantage in the global marketplace.
For field crops—and agri-food products in general—nitrous oxide (N2O) emissions constitute
a key sustainability indicator, and N2O is an important component of the overall carbon
footprint. However, the amount of N2O being generated as a result of agricultural activities
has increased dramatically—with agricultural soils comprising the largest source of these
emissions. Indeed, the increase in cropping systems emissions parallels an increase in the
use of N fertilizer. Clearly, reducing N inputs will reduce N2O emissions; however, this fails to
take into account the effects of such a reduction on crop yields. A better strategy is to employ
management practices that improve nitrogen use efficiency by better matching N inputs with
crop uptake. One such strategy involves utilizing best management practices (BMP) that
address issues of fertilizer source, rate, timing, and placement; i.e., 4R Nutrient Stewardship.
This presentation will use examples from research conducted in Saskatchewan to illustrate
that significant N2O emissions reductions can be achieved—without sacrificing crop yields—
through the use of 4R nitrogen management.
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[Thu67] Prediction of static soil properties using digital soil mapping in Balikhlu-Chay
watershed in Iran
S. Fathololoumi, A.R. Vaezi, S.K. Alavipanah, D. Saurette, and A. Biswas
Poster Session
Modeling soil properties is important in many environmental, climatic, ecological and
hydrological applications. Predictive digital soil mapping (PDSM) techniques are now
commonly applied to predict soil properties with limited data. Most studies derive covariates
from a digital elevation model, which can be considered static, and many have included
single-day satellite imagery. The objective of this study was to assess the performance of
PDSM when using terrain derivatives, single-date satellite indices, multi-date satellite indices,
and combinations of terrain derivatives and satellite indices as covariates in the PDSM
process. To this end, covariates were generated from a collection Landsat 8 satellite imagery
captured on four different dates and terrain derivatives generated from 30-m DEM. Soil
properties determined at 174 sampling locations in the Balkhloo-Chay watershed in north
west of Iran were used to validate the models. The Cubist model was implemented using
repeated cross validation and accuracy assessed using R2, RMSE, concordance and bias.
Three soil properties are highlighted: organic carbon, silt content, and calcium carbonate
equivalent (CCE). Significant improvements were apparent in the Cubist models with R2
increasing by 19% for organic carbon, 14% for silt and 10% for CCE and reductions in RMSE
by 20%, 14% and 19%.
Key words: Cubist, Digital soil mapping, Landsat, Soil properties
Friday: 10:30 – 10:45 — MOVED TO POSTER SESSION
[Fri74] Effects of 2- and 3-year grassland set-asides on plant available nitrogen and
greenhouse gas emissions in the Fraser River delta, British Columbia
Lewis K. Fausak, Sean Smukler, Maja Krzic, Drew Bondar, Art Bomke, and Will Valley
Greenhouse Gases
Soils in the Fraser River delta, British Columbia are subject to degradation due to a
combination of humid climate, low lying topography, and poor drainage. Since 1994, the Delta
Farmland and Wildlife Trust has provided the Grassland Set-aside (GLSA) Stewardship
Program to incentivise farmers to plant a grass-legume mixture and leave it fallow for 1-4
years to improve soil quality. Objectives of this study are to evaluate the effects of 2- and 3year GLSAs on crop yield, plant available nitrogen, and greenhouse gas emissions. A
controlled field experiment was carried out from 2017-2018 with beans and potatoes as test
crops. Fertilizer treatments [0 and the recommended rates] were compared across GLSA
treatments [no GLSA, 2-year GLSA, 3-year GLSA]. 2-year GLSA increased bean production
in the productive field only. 3-year GLSA decreased potato yield in the productive field but
increased it in the unproductive field. In the productive field, 2-year GLSA decreased
ammonium in 2017, while 3-year GLSA increased ammonium in 2018. In the unproductive
field, 2-year GLSA increased ammonium in 2017 only. Nitrous oxide emissions in in 2017 and
2018 for the 2-year GLSA, and 3-year GLSA reduced emissions in 2018.
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[Thu03] The effect of nitrification inhibition on nitrous oxide emissions from fields
applied with hog manure at various fall timings
Jillian Filmer and John Lauzon
Poster Session
Manure application timing and associated environmental conditions can greatly influence
nitrification and denitrification processes and associated nitrogen losses. Spring application is
typically recommended for liquid manures due to their high ammonium contents. But storage
constraints can make fall manure applications necessary and this poses the risk for high
environmental losses of nitrogen before the growing season starts. The addition of a
nitrification inhibitor to manure during fall application can delay nitrification and denitrification
processes, reduce associated nitrous oxide emissions, and maintain sufficient nitrogen levels
for the following growing season. For this study, field experiments were conducted at the
Elora Research Station in Elora, Ontario, Canada from 2016 to 2018. Liquid hog manure was
applied at four different fall timings, with and without a nitrification inhibitor (nitrapyrin). Corn
was planted in the following spring. Nitrous oxide emissions were measured using non-steady
state chambers following application and periodically until harvest to compare nitrous oxide
flux rates to evaluate the influence of fall application timing and the effectiveness of using a
nitrification inhibitor to mitigate nitrogen losses.
Thursday: 08:30 – 09:00
4R Management of fertilizer P in the Northern Great Plains (Keynote Presentation)
Cynthia Grant and Don Flaten
4R Nutrient Stewardship P
Phosphorus (P) fertilizer has played a vital role in increasing crop productivity in the Northern
Great Plains for approximately 100 years. Recent changes in farming practices include widespread adoption of reduced tillage systems, introduction of new crops and high-yielding
cultivars, intensification and extension of crop rotations, development of new fertilizer
products, increased appreciation of the role of microbial interactions in phosphorus dynamics,
and growing concern for the effects of P on water quality. As cropping systems, technology
and societal demands evolve over time, nutrient management practices must also evolve to
address concerns and take advantage of emerging opportunities. Classic principles and new
P fertilizer technologies and management practices must be integrated into packages of 4R
practices that optimize crop yield and agronomic efficiency while minimizing negative
environmental impact and conserving P resources. Although a wide range of products and
practices can be combined for this approach, placing ammonium phosphate fertilizer in a
band, in or near the seed-row at the time of seeding and at a rate that matches P removal by
the crop generally provides the greatest P efficiency, long term sustainability and
environmental protection for small grain, oilseed and pulse crop production in the Northern
Great Plains.
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[Fri38] Efficient use of drip irrigation water and nitrogen fertilizer by Walnut trees in
arid oasis of Xinjiang, China
Qiuping Fu, Asim Biswas, Yingjie Ma, and Jinghua Zhao
Poster Session
The objective of this study was to examine the efficiency of water and the nitrogenous
fertilizer applied through drip irrigation in walnut in arid oasis regions of Xinjiang, China. A
field experiment was conducted with three nitrogen dose (low-0.37 kg/plant, medium-0.74
kg/plant, high- 1.47 kg/plant) and three irrigation levels (22.5 mm, 30 mm, 37.5 mm) under
completely randomized design. The results indicated that; (1) Under the same irrigation
treatment, the level of nitrogen affected the walnut fruit volume in the order of medium
nitrogen> high nitrogen> low nitrogen. (2) With increasing nitrogen inputs, soil water content
firstly decreased and then increased, but without any consistent trend. An accumulation of soil
nitrate nitrogen was observed when the input quantity of nitrogen fertilizer exceeded 1.47
kg/plant. (3) Root distribution of walnut tree under drip irrigation was <120cm horizontally and
<90cm vertically. The optimum amount of irrigation was 30mm, the amount simulated using
HYDRUS model. (4) Finally, the irrigation exceeding 30mm, and nitrogen exceeding 0.74
kg/plant supported the walnut tree growth the best. This provides guidance for the
management of water and fertilizer of walnut industry in arid oasis regions of Xinjiang
province and elsewhere with similar climate.
[Fri02] Development and testing of glacial sediment as a suitable growth medium for
vegetable production
Zachary Harvey, Raymond Thomas, Mumtaz Cheema, and Lakshman Galagedara
Poster Session
Glacial outwash delta sediment (sand) from Springdale, Newfoundland, was evaluated as a
local resource for growth media formulation and vegetable production. Experimental
treatments were; four media combinations (biochar and promix as amendments) and two
irrigation techniques (surface and capillary irrigation) in pot experiments. Newham lettuce and
cherry belle radish were grown as test crops under controlled conditions. Bulk density,
porosity, and field capacity were measured and compared across all treatments. Equal
amounts of water and nutrients were added to each treatment in order to assess treatment
effects. Biochar, promix, and the combination of the two improved soil properties. Higher
yields were produced with promix and promix + biochar treatments compared to the control
(sand). Biochar amended sand did not significantly increase the lettuce yield compared to the
control, but more efficiently used the applied water and nutrients. Surface irrigation
significantly increase the vegetable yield compared to water supply through the capillarity,
however, capillary method increased the root production. This study demonstrates that the
glacial sand amended with either promix or biochar is a suitable medium for vegetable
production, and the incorporation of biochar in the medium resulted in more efficient use of
applied nutrients and water during irrigation.
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[Fri14] Physical and chemical characterization of biochars from four biomass waste
feedstocks
Tao Yuan, Chameera Illawathure, Jamie Warren, and Lakshman Galagedara
Poster Session
Physiochemical properties of biochar strongly correlated with feedstock and production
conditions. In this preliminary work, we used nutshells, liquid and dewatered biological sludge
from a paper mill and fishmeal to produce biochar at 350 °C for 3-5 hours. The EC and pH
values were measured using all four biochar types. Bulk density (g cm-3), pH and electrical
conductivity (mS cm-1) values changed between 0.15~0.44,6.1~7.5 and 0.3~10.2,
respectively. The diffuse reflectance FTIR spectra of the samples were collected to
characterize the chemical composition and structure of the biochars. The aliphatic C-H
stretching band between 2850-2950 cm-1 was revealed in all the spectra of the biochars while
no obvious aromatic band between 3050-3000 cm-1 was found, probably due to the low
pyrolysis temperature used in this experiment. The carbonyl functional group (C=O), hydroxyl
group (O-H), carboxylate group (COO-) and amine group (N-H) were presented in all the
samples while the biochar from fishmeal had a unique nitrile band (C≡N) at 2210 cm-1.
Preliminary results demonstrated that FTIR can be used to characterize biochar based on
feedstock types, but the full characterization, including hydraulic parameters, under different
pyrolysis conditions including hydraulic parameters should be done before using in agriculture
soils.
Thursday: 11:00 – 11:15
Effects of nitrogen source and placement on nitrous oxide emissions from canola
production in Manitoba
Xiaopeng Gao, Mario Tenuta, Kevin Baron, and Brad Sparling
4R Nutrient Stewardship N
Information about the impact of placement of urea and enhanced efficiency nitrogen fertilizer
(EENF) sources on N2O emissions from agricultural soils are limited. This study compared
N2O emissions from urea and SuperU using broadcast-incorporation, shallow (2.0-2.5 cm)
and deep (4.0-10.0 cm) banding placement. Replicated field trials were conducted for six siteyears planted to canola using recommended N rates based on soil residual N and target yield.
Nitrogen source showed more consistent impact on N2O emissions compared to placement
methods. Reduction of emissions with SuperU was observed at 4 site-years and coincided
with the slow N release to the soils. Compared to broadcast-incorporation, shallow and/or
deep banding placement reduced N2O emissions at site-years with less rainfall whereas
increased emissions at site-years with more rainfall at timing of application, highlighting the
importance of soil moisture in determining the efficacy of placement. Applied N-scaled N2O
emission factors were lower with SuperU than conventional urea and varied between 0.093.13% across six site-years, suggesting the need for considering site- and season-specific
conditions at estimating N2O emissions from fertilizer application. Yield-scaled N2O emission
intensity was lower for SuperU than urea. These results demonstrate that N source
determines more than placement for reducing N2O emissions.
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[Fri16] Solidified drilling waste effects on tomato growth, production and biomass,
under an altered drought irrigation schedule
Ashley F. Garland and Asim Biswas
Poster Session
Increasing human population is exerting enormous pressure on our natural resources
including agricultural lands, for food production, from the expansion of infrastructure and
industrial development. Infrastructure and industrial development involves horizontal
directional drilling (HDD) which produces a liquid clay drilling waste. The bulky nature of these
materials often create issues in transferring, while use of chemicals (super absorbent
polymers) to solidify the waste, show potential in reducing transport cost and impact on
environment. However, transferring these materials mostly to landfills create another issue,
while the clean materials show promise to be re-used as a greenhouse soil amendment due
to the nature of the clay particles sizes and other physical properties. The study aimed to
characterize these excess soils and examine potential re-use for other purposes including soil
amendments for greenhouse potting mix. Potting mix mixed at different proportions with clean
industrial waste were used in a greenhouse potting experiment to examine growth,
development, production and quality of tomato. Statistical analysis was performed to examine
the potential impacts of different mixtures and help identify workable solutions. The study and
data can provide additional information on the potential re-use of solidified industrial drilling
waste in greenhouse agriculture particularly as greenhouse potting mix.
Thursday: 14:15 – 14:30
Are prospects of diminishing solar activity posing a threat to agriculture?
Ray Garnett and Madhav Khandekar
CSAFM – Past, Present, Future Climate
The summer of 2009 over the Canadian Prairies was the coldest in over 60 years with
evidence suggesting it was driven by drivers such as the atmospheric Pacific North American
(PNA), Pacific Decadal (PDO) patterns the Madden-Julian Oscillation (MJO) and the sun.
When the Pinatubo Volcano influenced years of 1992 and 1993 were treated as outliers,
Garnett and Khandekar (2017) found a 1.5°C. cooling during the growing season months of
May-July for the period 1985-2015 This cooling was also consistent with the declining
amplitude of solar cycles 22, 23 and 24.These findings are described in the Natural Hazards
and Environment and Ecology Research published by Garnett and Khandekar in 2015 and
2017.

47

Thursday: 10:45 – 11:00
Linking thermal stability and organic chemistry with soil organic matter stability
Adam W. Gillespie, H. Henry Janzen, Amanda Diochon, Omid Haeri-Ardakani, Michael H.
Beare, Denis Curtin, and Edward G. Gregorich
CSAFM – Land Atmosphere
Global temperatures have been cooling almost in lock step with declining solar or sunspot
activity since 2016. We have found a linkage between the solar driver and cooler and wetter
growing seasons and have identified temperature requirements of spring wheat and canola
whereby grain yields and quality can be impacted. This investigation is seen as doubly
important in light of factors suggesting that we are in the early stages of a grand solar
minimum.
Friday: 14:00 – 14:15
Comparing multiple radiometric sensing platforms for predicting soil texture and other
properties
Adam Gillespie, Daniel Saurette, Asim Biswas, Jim Warren, Stephanie Vickers, and Richard
Fortin
Developments in Digital Soil Mapping II
Remotely sensed products are essential for modern digital soil mapping, as they deliver total coverage
covariates for a mapping area. Elevation maps are often used to infer moisture and mass movement in
a landscape and can also describe surficial formations. Satellite remote sensing products can be used
to infer other soil properties based on tone or species distribution; this is not particularly effective in
cultivated landscapes. Texture is difficult to sense remotely because textural changes may not be
related to elevation, and land use may remove any vegetative indicators. Radiometric surveys may
offer strong remotely sensed predictors of soil texture. Gamma rays released by decaying potassium,
thorium and uranium will pass through vegetation and can be sensed using ground, drone and airbased crystals. Areas of higher clay are predicted to have higher radiological signals because naturallyoccurring radionuclides may weather and sorb preferentially to clay particles. Where this relationship
might weaken is in areas of contrasting lithologies and mineralogies. The purpose of this study was to
compare radiometric signals obtained using a ground based, a novel custom made drone-based, and
publicly available fixed-wing-based surveys. We show the relationships and discuss the advantages
and disadvantages of these platforms for different mapping applications.
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Wednesday: 16:45 – 17:00
Evaluation of soil bacteria as biocontrol agents for field pea root rot caused by
Aphanomyces euteiches
Ashebir T. Godebo, Frances L. Walley, and James J. Germida
Root-Soil Interactions (CSSS / Rhizosphere5 Joint Session)
The soilborne disease aphanomyces root rot, for which management is a challenge because of
insufficient and ineffective control options, continue to impose significant threats to western
Canadian farmers both in productivity and quality of the field pea crop. Therefore, the aim of this
study was to isolate biocontrol bacteria from pea field soils across Saskatchewan and investigate
the potential to suppress aphanomyces root rot in field pea in growth chamber conditions. The
study comprised in vitro laboratory assays and in vivo growth chamber experiments. The zone of
mycelia growth inhibition and percent of zoospore germination inhibition were considered as a
measure of antagonistic potential. Initial in vitro screening of soil bacteria identified 184 isolates
(22 from an existing culture collection) that inhibited mycelia and zoospore developmental stages
of A. euteiches. The mean mycelial growth inhibition potential ranged from 1 mm to 12 mm
whereas the mean zoospore germination inhibition ranged from 0 to 100 percent. Based on 16S
rDNA gene sequencing, the antagonistic bacterial isolates were placed into 18 different genera. In
vivo growth chamber-based screening of 47 potential biocontrol bacteria identified isolates such
as K-Hf-L9 (Pseudomonas fluorescens), PSV1-7 (Pantoea agglomerans) and K-Hf-H2
(Lysobacter capsici) as having the highest (a = 0.05) biocontrol efficacy against aphanomyces root
rot in field pea. Based on the findings, this study has now transitioned to evaluate biocontrol
efficacy under field conditions across a range of Saskatchewan soil types. Moreover, investigation
of the mechanism by which antagonism/biocontrol was achieved and biocontrol efficacy towards
other root rot complex pathogens of field pea and other susceptible crops are part of the future
study considerations.

Thursday: 08:30 – 09:30
Restoring the South Saskatchewan River Valley in Saskatoon – 40 Years of the
Meewasin Valley Authority (Keynote Presentation)
Renny Grilz
Remediation and Restoration I
Meewasin Valley Authority was established in 1979 through a partnership between the Province of
Saskatchewan, City of Saskatoon and the University of Saskatchewan to conserve the natural and
cultural resources of the South Saskatchewan River valley within Saskatoon and region. As part of its
conservation mandate, Meewasin has conducted numerous restoration and remediation projects within
the river valley and natural areas to enhance the conservation values but also to provide opportunities
for the public to enjoy these spaces. The presentation will discuss some of these restoration and
remediation projects including the creation of Gabriel Dumont Park, the restoration of native prairie at
various sites, stream-bank restoration projects along the river and Beaver Creek, Meewasin’s native
plant greenhouse and nursery, and the reintroduction of natural ecosystem processes including fire and
grazing.
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[Thu55] Linking litter quality and decomposition with structure of the soil microbial
community
Jemaneh Habtewold, Bobbi Helgason, Sandra Yanni, and Ed Gregorich
Poster Session
Understanding microbial responses and decay rates in soils that receive fresh liter inputs improves our
prediction of soil carbon dynamics. We investigated changes in the structure of microbial communities
and litter decay in soils amended with 13C-labelled oat stems or leaves for 170 days. Compared to the
control (no litter added), leaf- and stem-amended soils had greater amounts of C mineralized (~7- and
~5-fold higher, respectively) which could have originated from the added litter and/or native soil organic
matter (SOM) (i.e., priming). Differences in the recovery of 13C between leaf- and stem-amended soils
were not significant, although recovery measurements may also include litter-derived 13C. Carbon
mineralization in the amended soils were the highest in the first 48 hours of incubation, which coincided
with an increased total abundance of bacteria and fungi. We detected significant increases in the
relative abundance of Bacilli, Nectriaceae, Didymellaceae, and Chaetomiaceae in the first 48 hours of
incubation, thus might be responsible for the higher amount of carbon released from the amended
soils. After 22 and 170 days of incubation, the abundance and diversity of bacteria were low, which
could be related to the depletion of easily available soil- and litter-derived substrates and/or enrichment
of specific microbial communities. Differences in relative abundance of bacteria between leaf- and
stem-amended soils were generally minor, but remarkable enrichment of specific fungal guilds
including Chaetomiaceae (a family that includes strongly cellulolytic members) were detected in stemamended soils after 22 and 170 days of incubation. Leaf-amended soils also enriched specific fungal
guilds such as Fusarium and Nectriaceae. Our results indicate that litter quality affects the amount of
carbon released from soil and has stronger influence on the structure of the fungal than bacterial
community.

Friday: 13:45 – 14:00
Effects of soil warming on the abundance and composition of microbial communities
Jemaneh Habtewold, Bobbi Helgason, Sandra Yanni, and Ed Gregorich
Soil Microbiology and Soil-Plant-Rhizosphere Interactions
A warmer climate is predicted to raise soil temperature which is known to control the decomposition of soil
organic matter and thus affect the global carbon cycle. Both the activity and composition of the soil microbiome,
the key driver of soil organic matter decomposition, will likely shift as the soil temperature changes. In this
study, we used quantitative real-time PCR and high throughput sequencing of 16S rRNA and 18S rRNA/ITS
genes to characterize the abundance and composition of bacteria, archaea, and fungi in ambient and artificially
warmed soils (~5°C above ambient for 3 years) from six different locations across Canada (3 from west and 3
from east). We found minor shifts in both the abundance and composition of prokaryotic and fungal
communities due to warming, with varied responses among the different soils. Bacterial abundance was up to
5% greater in the warmer soils from the east and up to 25% less in soils from the west. The microbial biomass
carbon pool, determined by chloroform fumigation, was reduced (up to 55%) in all heated soils except one from
the west. Regardless of soil type and warming, Proteobacteria and Ascomycota were the most abundant (2630% and 50-70%, respectively) bacterial and fungal phyla, respectively. The composition of bacteria slightly
varied in the warmer soils, in which increases for some members of the Actinobacteria (e.g. Gaiella) and
decreases for members of Proteobacteria (e.g. Beta- and Gammaproteobacteria) were detected. The
composition of fungal communities significantly varied among soil types and in response to soil warming, where
fungi such as Preussia, Solicoccozyma, Rhizopus, and Sordariales were relatively abundant under warmer
conditions in five of the six soils. By contrast, the relative proportion of taxa such as Mortierella and
Lasiosphaeriaceae was reduced in warmer soils, indicating temperature selection of fungal communities.
Increased abundance of members of Actinobacteria and fungi, which degrade complex and recalcitrant
compounds, might be responsible for the loss of soil organic carbon in warmed soils. Our findings suggest that
increased soil temperature may select microbial communities capable of degrading complex substrates
including soil organic matter, thereby affecting the largest terrestrial store of carbon.
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[Thu17] Updating soil phosphorus routines of process-based models for a cold-climate
region
Reza Habibiandehkordi, D. Keith Reid, Pradeep K. Goel, Mari Valiz, Ross Wilson, and Asim
Biswas
Poster Session
Identifying critical source areas (CSAs) in a watershed that generate disproportionally higher
runoff and phosphorus (P) losses is essential for optimal placement of beneficial management
practices to address diffuse P pollution. The process-based models are considered as costeffective tools for delineating CSAs of agricultural watersheds. These models use the conceptual
P model of Jones et al. (1984) to simulate soil P dynamics and P transfer to runoff. However, such
soil P routines and their underlying assumptions may not be applicable to a wide range of soils,
climates, and nutrient management practices particularly in cold climates where the soils often
experience substantial abiotic stresses such as freezing-thawing and drying-rewetting. This
research aimed to investigate the ability of current P routines of process-based models to
accurately simulate soil P pools and P loss in runoff in a cold-climate region. The results are
expected to provide valuable information for updating the equations used to estimate phosphorus
sorption capacity parameter from soil properties and improving the ability of process-based
models to accurately initialize the quantity of soil P pools in cold-climate regions.

Friday: 14:45 – 15:00
Response of phosphorus fractions to long-term application of chemical fertilizer,
organic manure, and straw incorporation in a Mollisol
Xinchun Lu, Xiaozeng Han, Xu Chen, and Wenxiu Zou
Soil Amendments II
The application of phosphorus (P) fertilization is necessary for most of cultivated soils to maintain
P level for crop yield. However, limited studies are available to examine the long-term effects of
fertilization practices on soil P fractions in soil profile. A sequential fractionation procedure was
used to determine the effect different fertilizer treatments including no fertilizer (CK), chemical
fertilizer (NPK), chemical fertilizer plus straw incorporation (NPK+S) and pig manure (OM) on P
forms and distribution within 0-100 cm soil profiles. A long-term field experiment was conducted at
the State Key Experimental Station of Agroecology of the Chinese Academy of Sciences located
in Hailun county, Heilongjiang Province (47°26′ N, 126°38′ E). Compared to CK treatment, the
long-term application of fertilizers increased the concentration and accumulation of total and
available P and resulted in much greater variations in 0-20 and 0-40 cm soil depths than deeper
soil depths, respectively. The phosphorus activity coefficient (PAC) of Mollisol ranged from 1.5%
to 13.8% within 0-100 cm soil depth, and reached the greatest value under OM treatment at 0-40
cm soil depth and under NPK+S treatment at 40-100 cm soil depth. The Ca2-P and Ca8-P
concentrations increased significantly by 0.5-7.5 times and 0.5-10.4 times in OM treatment with
the largest value in 0-40 cm soil depth, respectively, compared to CK treatment. The Al-P
concentration under NPK+S and OM treatments increased through the 0-100 cm soil profile. The
OM treatment increased all Po forms concentrations in the 0-40 cm soil depth, while NPK and
NPK+S treatments increased labile organic P, moderately labile organic P, and highly stable
organic P in the 0-20 cm soil depth. The study concluded that the application of fertilizer and
straw, or organic manure may enhance inorganic and organic P pools in a Mollisol in Northeast
China, especially, organic manure application in the subsoil as a potential P source.
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[Thu39] Soil carbon pools before and after 22 years of no-till management in prairie
soils
Ryan D. Hangs and Jeff. J. Schoenau
Poster Session
Soils are the largest terrestrial carbon sink on Earth and increasing soil organic carbon (SOC)
content is a means of sequestering atmospheric CO2. Adoption of no-till management can
contribute to long-term soil carbon storage by increasing the level of stable recalcitrant SOC,
which is resistant to loss as CO2 via heterotrophic respiration. However, limited work has
been done to examine the effect of long-term reduced tillage practices on the permanence of
SOC in surface soil. The objective of this study is to assess the nature and permanence of
sequestered SOC in contrasting Saskatchewan soils after 22 years of conservation
agriculture practices. Ninety fields under continuous direct-seeded annual crop production
were sampled in 1996 and again at the same locations in 2018. The fields represent a diverse
collection of soil types from within the five Soil Zones of Saskatchewan. Comparisons are
made between the 1996 and 2018 soils (0-10 cm) in the respirable, light fraction, water
extractable, and microbial biomass carbon fractions of soil organic matter to better
understand the nature and permanence of SOC that has accumulated after 22 years of
conservation management.
Thursday: 08:30 – 08:45
Fungal biodiversity within coarse woody debris in northern Ontario boreal forests
Saskia Hart, Nathan Basiliko, Lisa Venier, and Dave Morris
Forest Soils
In Canadian silvicultural systems, intensified harvesting for bioenergy feedstocks has resulted
in increased biomass removal. This results in less slash and subsequently developing coarse
woody debris (CWD) pools of different decay stages over time. The impacts on saproxylic
fungal biodiversity and ecosystem functioning are not well understood. Fungi are the primary
agents of CWD decay in forest soils, playing essential roles in nutrient cycling and carbon
storage. We aim to compare fungal biodiversity and CWD mineralization across 3 CWD
species (Pinus banksiana, Populus tremuloides, and Picea mariana), 5 decay classes, and 2
ecoregions (representing northwest and northeast Ontario), and determine the impact of the
moisture regime of each study site on fungal communities using supporting climate data. 180
CWD pieces were sampled from 6 sites across northern Ontario. DNA was extracted from
each sample and ITS regions were sequenced on the Illumina MiSeq platform to determine
fungal diversity metrics and community structure. CWD pieces were incubated in a
temperature-controlled lab setting and C mineralization rates measured. We will explore
linkages between fungal community structure and carbon turnover. Data from this study will
be used in developing forest management strategies to preserve biodiversity and monitor
carbon flux in northern boreal forests.
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[Fri30] Do bioenergy wood ash applications emulate the effects of wildfire on leaching
and soil properties in boreal forests?
Paul Hazlett, Dave Morris, Lisa Venier, Tom Weldon, Laura Hawdon, and Joseph
Schadenberg
Poster Session
Wood ash from bioenergy production is commonly treated as a waste product in Canada.
Disposal of ash in landfills presents a significant cost to forest companies, energy producers
and the public at large. In most Canadian forests, emulation of natural disturbance (END) is
the emerging paradigm for ecosystem-based forest management. In the case of the boreal
forest, wildfire is the predominant disturbance agent. The effects of bioenergy wood ash
applied to a full-tree harvested site were contrasted with a natural wildfire in boreal jack pine
forest in northeastern Ontario. Soils were coarse textured Dystric Brunisols, developed in
deep glaciofluvial deposits with a 10 cm thick forest floor. At the Island Lake Biomass Harvest
Experiment bottom ash was applied in the fall of 2011 to plots at four different rates (0, 1.4,
2.8 and 5.6 Mg dry ash ha-1). At the Ripple Lake Wildfire Site approximately 55 km northwest
of Island Lake a wildfire burned 2300 ha in the summer of 2010. Our objective was to
examine the impact of wood ash and wildfire on organic and mineral soil chemical properties,
and nutrient and trace metal leaching for five years after ash application or wildfire.
Thursday: 13:30 – 13:45
Resolution in X-ray CT Imagery of soil - beyond voxel size
Richard J. Heck
Soil Hydrology/Physics
The application of x-ray computed tomography is now a widely-applied method for
characterizing the nature and spatial configuration of soil components. It is being used to
further our understanding of diverse soil processes, and the impact of management practices.
Currently available cabinet CT scanners can, dependent on sample size, generate 3D
imagery of micron or sub-micron voxel size. On-going advances in computation capacity will
continue to alleviate the analytical challenges presented by the consequent large data
volumes. The resolution of soil components is also influenced by spectral and radiometric
aspects of the imaging system. The x-ray beam of CT scanners is typically polychromatic,
which impacts the apparent attenuation of soil constituents. Differences in the sensitivity of
detector arrays, and subsequent re-scaling of the greyscale imagery must also be taken into
consideration. This presentation will consider the impact of spatial, spectral and radiometric
resolution on quantitative indicators of CT imagery of soil.

53

Wednesday: 16:00 – 16:15
Long-term crop rotation diversity affects function and structure of the soil and
rhizosphere microbial communities
Bobbi Helgason, Jennifer Town, & Edward Gregorich
Root-Soil Interactions (CSSS / Rhizosphere5 Joint Session)
Crop rotation diversity is important for agroecosystem health. In addition to diversifying
economic risk and breaking disease cycles, they provide variety in plant resource demands
and quality of residue returns. We surveyed two long-term field experiments comparing
continuous cereals with diverse crop rotations in a humid corn-based system and a semi-arid
wheat-based system. Edaphic factors including soil organic matter (SOM) composition,
extracellular enzyme activities (EEA), and nutrient availability differed in continuous vs.
rotation cereal production. Amplicon-based 16S rRNA and ITS gene profiling of root,
rhizosphere, and bulk soils likewise showed significant differences in microbial community
structure. Although no differences were detected in simple alpha diversity, certain taxa in the
bulk and rhizosphere soils increased in abundance (e.g. Actinobacteria; Sodariomycetes)
particularly under continuous cereals. Differences were greater in the corn vs. wheat system
and were correlated with edaphic factors such as microbial EEA (phosphatase and βglucosidase) and available nutrient concentrations. Mineralizable C was lower, and lignin
accumulated in continuous wheat and corn indicating that there was greater turnover of
recent plant C inputs in diverse rotations. After 20 years, crop rotation selected for distinct
bulk and rhizosphere communities, and affected key soil properties, including microbial
nutrient turnover.
Wednesday: 10:30 – 10:45
The piezometric surface as a soil forming factor
J.L. ( Les) Henry
Pedology
The soil profile results from the combined and interacting forces of Climate, Vegetation,
Parent Material, Topography and Time. The Topography factor describes the surface
curvature of the earth and the impact it has on water infiltration and redistribution within the
landscape. In traditional soil science, the control section has been considered to be from the
soil surface down to the original parent material. The emerging science of Hydropedology
considers the control section to be from the top of the vegetation down to the depth of
aquifers that influence the formation. It has been known for decades that artesian pressure
from aquifers shallow or deep is a major factor in development of saline soils. To date, there
has been little or no consideration of the fact that aquifers, shallow or deep with low
piezometric surface, can be the enabling factor to result in very deep leaching of salts in
potholes (sloughs). This paper will use case studies from Saskatchewan to demonstrate the
role of deep drainage over geologic time in producing highly leached soils.
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Friday: 09:00 – 09:30
The return of buffalo: Restoring land relationships at Wanuskewin
Brady Highway
Tollefson Memorial Session on Soil Education I
Brady Highway is from the Peter Ballantyne Cree Nation and currently lives in Saskatoon where
he works as the Resource Management Coordinator of Wanuskewin Heritage Park. He is a Cree
translator and a respected wilderness guide throughout the North. Having grown up on the
Churchill River, Brady learned how to respectfully interact with the environment and has been
working in the field of environmental protection for over 24 years. Starting as a wildland firefighter,
he moved on to Yoho National Park to become a Park Warden, and transitioned to specialized
work within wildfire management. Brady is responsible for implementing the park resource
management plan which includes ecological monitoring, grasslands restoration and coordinating
the repatriating plains bison to their ancestral home.
For millennia, Wanuskewin has been a gathering place. Peoples from all nations came here to
hunt, gather food and medicinal plants from Opimihaw Valley. The Medicine Wheel demonstrates
the spiritual connection to the Land, and the natural contours made it possible for groups to utilize
the valley as a buffalo jump. Plains bison, a threatened species, were a central part of
Wanuskewin’s story. They offered food, shelter and clothing, but also a social and spiritual
structure. In our effort to become a UNESCO World Heritage site, we work to harmonize western
science and traditional knowledge to assess the ecological health of the valley and restore land
relationships using Albert Marshall’s concept of ‘Two Eyed Seeing’. This approach to biocultural
conservation addresses the one of the great conservation travesties of the last 150 years. We
embrace new policy tools put forth by the Indigenous Circle of Experts, and are working hard to
become Saskatchewan’s first Indigenous Protected and Conserved Area. This helps provide the
environmental protection that our site requires to conserve the area for future generations, and we
are proud to be working with multiple stakeholders and partners including the Department of Soil
Science as we implement an environmental monitoring program that follows the values and ethics
that are important to Indigenous communities.

[Thu19] Impact of nitrification inhibitors on corn yield and soil nitrogen levels from
liquid hog manure applied at various fall timings
Kate Hobson, Kathryn Jackson and John Lauzon
Poster Session
Animal manure is often applied as a fertilizer to agricultural areas in the fall but warmer
temperatures in early fall can increase nitrification rates whereas waiting until late fall to apply
manure has the risk of waterlogged or frozen soils. Nitrate is susceptible to leaching and
denitrification, which can contaminate groundwater and release nitrous oxide. This nitrogen loss
can also impact crop yields. To minimize these N losses, a nitrification inhibitor (NI) can be
incorporated into manure prior to application. More Canadian research is needed to understand
the optimal application time for fall applied manure mixed with a NI, as crop yield response and
soil N retention is heavily dependent on regional factors including climate and soil types. In this
study, one application rate of nitrapyrin was incorporated into liquid hog manure and applied at
various fall timings and replicated for a total of three growing seasons and planted with corn. Soil
nitrogen content, plant N content, early plant growth, yield, and stover were measured at various
points. Preliminary results are indicating that the seasonal timing of the manure application had a
greater impact on results than the impact of the inhibitor.

55

[Fri40] Surrendered soils: Historical changes in land tenure affect distribution of
agricultural capability classes on a First Nations reserve in Saskatchewan
Megan Horachek and Melissa Arcand
Poster Session
First Nations reserve land areas in Saskatchewan have undergone significant change since
they were first allocated following Treaty signing in the 1870s. Land expropriations and
surrenders dominated historical changes as governments sought to expand settlement across
the Prairies. Widespread anecdotes suggest that land surrenders, especially those associated
with Soldier Settlements following World War I, resulted in losses of land with the greatest
agricultural production potential. A century later, Saskatchewan First Nations have expanding
their lands by over 2 million acres through purchases arising from the Treaty Land Entitlement
(TLE) Framework Agreement and Specific Land Claims (SLC). We used historical soil survey
data collected during the 1960s to 1990s from rural municipalities and reserves to estimate
changes in dominant agricultural capability classes from surrendered and current reserve land
bases. We focus this analysis on Muskeg Lake Cree Nation as a proof of concept for future
research. Based on the soil survey, losses of high quality land from original reserve
boundaries occurred in the early 20th century, but there were increases in the proportion of
class 1-3 land from TLE purchases. Contemporary acquisitions include lands for agricultural
and non-agricultural commercial development, reflecting a move towards economic
diversification.
[Fri18] Lime-stabilized biosolid reduced the nitrogen loss in a temperate corn
agroecosystem
Naseer Hussain, Joann K. Whalen, Michael Y. Boh, Osborne G. Clark, and Pierre Dutilleul
Poster Session
Wastewater treatment produces billions of tonnes of biosolids across the world. Application of
biosolids to agricultural land is considered a good practice to improve soil fertility and increase
organic matter content, but it may also contribute to soil microbial activities that produce
greenhouse gases, such as nitrous oxide (N2O). The objective of this study was to estimate
nitrogen loss in the form of N2O following the application of biosolid in a corn agroecosystem.
Three biosolid types, namely liquid mesophilic anaerobic digest, lime-treated and composted
biosolid were applied alone or in 50:50 mixture with urea fertilizer to supply 120 kg N ha-1 for
corn. Biosolids and urea were applied to the soil surface and either incorporated with a disk
harrow or left on the soil surface. A urea fertilizer control and an unfertilized control were
included. Fluxes of N2O were determined by regular sampling of non-steady state static
chambers during the growing season (May to October). Cumulative N2O emissions were
estimated by linear interpolation. Results indicated that mesophilic anaerobic digested
biosolid contributed higher N loss (up to 5.8 % of total N application), followed by urea (2.8%),
composted (1.8%) and lime-stabilized (1.1%) biosolids. Other results will also be presented.
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Thursday: 11:15 – 11:30
Demystifying the molecular fate and microbial degradation of adsorbed benzene
Kathlyne Hyde, Kris Bradshaw, Steven D. Siciliano, and Derek Peak
Remediation and Restoration II
As part of the Sustainable In Situ Remediation Cooperative Alliance (SIRCA), contaminated
sites are amended with solutions composed of critical nutrients and alternate electron
acceptors for anaerobic petroleum hydrocarbon degradation in the cold, calcareous, and
clayey soils of Western Canada. Understanding mineral surface and pollutant interactions on
a molecular scale is important to gain an understanding of in-situ system dynamics between
minerals, pollutants, injected remediation mixtures, and microorganisms. We are investigating
the molecular fate and microbial degradation of benzene, a highly toxic petroleum
hydrocarbon, in soils and groundwater. Laboratory experiments were carried out using
hematite (a-Fe2O3), which has a reactive mineral surface with pH dependent surface charge.
Infrared spectroscopy (ATR-FTIR) was used to determine benzene’s orientation in liquid,
aqueous, and adsorbed form. Additionally, microbial incubation experiments will be performed
to determine bioavailability of adsorbed benzene to microorganisms. We hypothesized that
the bonding orientation is likely that of a vertical geometry with hydrogen bonding, thus
increasing the accessibility of benzene for microorganisms. Initial spectroscopy results show
a difference in benzene orientation in liquid, aqueous, and adsorbed states. This research can
be used to provide insight to the complex interactions occurring in amended contaminated
soils to assist in bettering the remediation process.
[Fri10] Use of organic and inorganic amendments to immobilize toxic elements in
contaminated mine soils
S. P. Indraratne, D. Kumaragamage, and D. Goultz
Poster Session
In-situ stabilization aims to immobilize metals in contaminated soils by adding amendments.
This study evaluated the effectiveness of four amendments, namely, biochar, compost,
diammonium phosphate (DAP) and nano iron-oxides (Fe-O), in immobilizing metal(loid)s from
a soil contaminated with arsenic (As), cadmium (Cd), copper (Cu), lead (Pb) and zinc (Zn)
collected from Flin Flon, Manitoba. A laboratory incubation study was conducted with soil that
was either unamended or amended with one of the following: biochar (5% w w-1), compost
(5% w w-1), DAP (0.2% w w-1) or Fe-O (0.2% w w-1). Moisture content at field-capacity was
maintained for six months. Metal(loid) concentrations and pH were determined in pore water
collected at 0, 2, 4 and 6 months after incubation. Soil was extracted by ammonium acetate
for available elements after the incubation period. Element concentrations were significantly
reduced by different amendments as follows: As by biochar and Fe-O, Cd by biochar,
compost and DAP, Cu by biochar, Pb by compost and DAP and Zn by biochar and compost.
Available element concentration in incubated amended soils revealed biochar and/or compost
immobilized Cd, Cu, Pb and Zn confirming as effective amendments for in-situ stabilization.
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Friday: 08:30 – 08:45
Evaluating the potential of biofumigation for improving soil health and controlling
potato early dying
Mohammad Monirul Islam, Louis-Pierre Comeau, Dahu Chen, Bernie Zebarth, Claudia Goyer,
Tom Dixon, Kyle MacKinley, and Chandra Moffat
Soil Organic Matter
This study aims to evaluate the potential of a high glucosinolate mustard crop used as a biofumigant for improving soil health and controlling Potato early dying (PED). This two year
(2017-2018) trial, conducted in a commercial potato field in New Brunswick, included three
treatments: 1) conventional control; 2) mustard biofumigation; and 3) chemical fumigation.
Samples were collected from 48 plots at four dates: prior to planting; Mid-July (active crop
growth period); prior to topkill; and after tuber harvest. The soil CN ratio was the lowest (9.4)
for the biofumigation treatment (hills) while POX-C, a measure of active carbon, was clearly
the greatest (431 mg POX-C kg-1 soil) for the biofumigation treatment. Control and
biofumigation treatments had their largest amount of soil active carbon at the beginning of the
season and then decreased in mid-July, as opposed to the trend found in case of chemical
fumigation. It is possible that the chemical fumigation had slowdown the initial decomposition
rate of crop residues. Fresh organic residues from mustard significantly increased soil
microbial activity. Biofumigation reduced root lesion nematode population, improved potato
yield and increased soil microbial activity. This suggests that mustard biofumigation is
promising for potato soil health improvement and PED management.
[Fri42] A new method for determination of easily decomposable soil organic matter
Mohammad Monirul Islam, Louis-Pierre Comeau, and Kyle MacKinley
Poster Session
This methodology proposes the treatment of soil with hydrogen peroxide as the basis for
estimating the approximate amount of easily decomposable soil organic matter, a proxy for
active soil carbon. As the soil is treated with hydrogen peroxide, oxidation of the organic
matter takes place and is usually evidenced by frothing of the soil-peroxide solution. When
the reaction is allowed to occur for a short period of time, the resultant carbon dioxide can be
measured using a gas analyzer. We collected soils containing 1.58 per cent to 4.56 per cent
total organic carbon from two provinces in Atlantic Canada. We then treated 2.5 g of
carbonate-free soil with 15 ml of 30 per cent hydrogen peroxide solution. Next, we directly
measured the carbon dioxide emission every 2 minutes for a 30 minute period using an EGM5 Portable CO2 Gas Analyzer. Real time measurement of CO2 emitted from hydrogen
peroxide treated soil is promising to approximate the readily decomposable soil organic
matter. The residual soil-peroxide solution contains rather stable or resistant organic matter.
The content of carbon and nitrogen can then be determined with a CN analyzer (Elementar
Vario Macro).
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Friday: 09:30 – 09:45
Carbon and nitrogen dynamics in rejuvenated pasture systems using non-bloat
legumes
Gazali Issah, Jeff Schoenau, and J. Diane Knight
Agricultural Greenhouse Gas Program
Intensively grazed pastures can lose stored SOC because of lowered primary production and
increased soil erosion. Because of the risk of frothy bloat from alfalfa, novel non-bloat
legumes like Sainfoin and Cicer milkvetch are of interest for pasture rejuvenation. It is
unknown how these legumes affect soil carbon and nitrogen storage and cycling. It is
hypothesized that different N2 fixation and photosynthetic capabilities of the legumes will
affect labile and total C and N pools differently. Measured percent N from the atmosphere
using the 15N isotope dilution was highest in alfalfa (92%) followed by Cicer milkvetch (87%)
and Sainfoin (81%) (p <.0001); estimated N contributions are 200, 128 and 65 kg N ha-1,
respectively. SOC storage (1 m depth) was not different (p>0.10) among the legumes after
two years and ranged between 24.3 to 76.1 Mg C ha-1; 70% was in the top 0-30 cm. Labile
OC fractions (light and water-soluble) followed the same pattern as SOC. The lack of
differences between alfalfa and the non-bloat legumes suggests that the non-bloat legumes
do not negatively affect SOC stores while enabling cattle to utilize a legume that supplies
much of its N in the grazing system.
Friday: 08:30 – 09:00
Reducing greenhouse gas emissions on changing lands (Keynote Presentation)
Henry Janzen
Agricultural Greenhouse Gas Program
Suppressing greenhouse gas emissions from land is an aim both new and old. It is new,
having sprung into prominence only recently, with the advent of abruptly changing
atmosphere affecting climate. But the goal also is old, rooted in wisely managing flows of
carbon and nitrogen through land, a timeless motive at the heart of far-sighted farming and
forestry. In this contemplative review, I ponder how the burgeoning insights from soil research
might steer us through the vexing, captivating questions our science faces at the edge of
understanding – at the interface between what we have learned and what we yet need to
know to navigate through tumultuous changes ahead. In a way, ironically, the problem of
greenhouse gas emissions is a gift to us, affording us the incentive and a metric for probing
crucial questions about the sustained vitality of our lands, both for ourselves and for those
who will follow. If framed across relevant scales of time, space, and ecological complexity,
these questions may lead us to discoveries critical not only for buffering climate, but also for
weathering other mounting troubles facing humanity in the roiling biosphere.
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[Fri44] Effect of no-tillage on maize yield, soil CO2 flux and the soil microbial
community under drought stress
Shuxia Jia, Aizhen Liang, and Neil B McLaughlin
Poster Session
The aims of this study were to evaluate the effect of long-term conservation tillage (no-tillage,
NT) on crop production, soil CO2 emission, and the change of soil microbial community under
extreme drought events in the Northeast of China. In the dry year, soil moisture at 22 cm
under MP was significantly lower by 40% than NT from July to August. MP significantly
decreased maize yield by 47.4%. There were no significant different in soil annual CO2
emission between NT and MP from 2010 to 2016. Compared with MP, NT significant
increased soil PLFAs in April and September of the normal year, but NT significant increased
soil PLFAs during the growing season in dry year. The differences of soil microbial PLFA
contents between dry year and normal year under NT were higher than those under MP at the
0-5 cm soil depth. NT significantly enhanced maize yield by improving the soil water content
and soil microbial community function in a dry year, indicating that conservation tillage is a
positive adaptation strategy to cope with drought under monoculture maize in northeast of
China.
[Fri20] Biochar as a soil amendment to enhance climate change resilience: impact on
soil health and crops
R. W. Jiang and M. Oelbermann
Poster Session
The impact of biochar on soil health under a changing climate remains elusive. We evaluated
the effect of biochar on soil health under ambient [(AMB) 400 ppm, 25°C daytime and 15°C
nighttime]; elevated temperature [(TEMP) 400 ppm, 29°C daytime and 19°C nighttime]; CO2
fertilization [(fCO2) 650 ppm, 25°C daytime and 15°C nighttime] and the combined effect
[(TEMPxfCO2) 650 ppm, 29°C daytime and 19°C nighttime] during the growing season.
Results from this study showed that single and multifactor climate effects had variable
impacts on crop and soil characteristics in soil amended with and without biochar. Climate
effect significantly decreased (p<0.05) shoot and pod biomass in the MNB treatment, whereas
MN and MB treatments showed similar resilience to climate change for all evaluated crop
metrics. An analysis of soil health characteristics showed that the MNB treatment had a lower
resilience to climate change than MN and MB treatments. Only microbial diversity was
significantly greater (p<0.05) in the biochar amended treatments. Although it was
hypothesized that biochar amended treatments would provide a greater resilience to climate
change, it is likely that nutrient and carbon substrate availability, regardless of climate
treatment, were available due to the presence of manure in the MN treatment.
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Thursday: 09:45 – 10:00
Use of a biostimulatory solution to enhance petroleum hydrocarbon degradation rates
in cold-region soils: a bench-scale microcosm study
Amy Jimmo, Paul Inglic, Janelle Langlaic, Liz van Warmerdam, Tom Palaia, and Steven
Siciliano
Remediation and Restoration I
In northern climates, long periods of temperature below zero result in lower populations of
hydrocarbon degrading microbes in cold-region soils. Therefore, modifications to typical
bioremediation strategies are required to increase the effectiveness of biodegradation. In
2017, a bench-scale microcosm study was conducted to support the development of a
potential in situ bioremediation plan within a remote community in the Yukon. Three different
bench tests were carried out to evaluate the efficacy of different biostimulatory solutions. The
biostimulatory solutions included additions of varying amounts of nitrogen and phosphorus,
depending on key characteristics of the soil, preventing nutrient limited conditions. Sulphate
and iron-based components were also added to act as terminal electron acceptors for use by
the microorganisms. Key soil characteristics that drove formulation of the various
biostimulatory solutions included buffering capacity, calcite content, and iron content. All three
bench test studies showed that the biostimulatory solutions stimulated F2 degradation over a
28-day period. Nitrate and sulphate acted as electron acceptors, with phosphate
concentrations decreasing over time, indicating nutrients were bioavailable and degradation
was occurring. Results from the microcosm study indicated that a treatability study using a
biostimulatory solution may be a viable remedial option for the cold-region soils.
Friday: 09:00 – 09:15
Effects of irrigated production of woody perennial crops on soil carbon stocks in the
Okanagan Valley
Andrew J Midwood, Kirsten D. Hannam, Thomas Forge, Denise Neilsen, Lori A. Phillips,
David Emde, and Melanie D Jones
Agricultural Greenhouse Gas Program
In arid and semi-arid regions irrigation is essential for crop production, but the impact of
irrigation on soil properties is not well understood. The Okanagan Valley in British Columbia is
semi-arid and supports a range of woody perennial crops all of which are dependent on
irrigation. This 200 km-long valley has a range of soil types with different development
histories, and a moderate north-south climatic gradient. A regional soil survey was conducted
along the valley, with samples being collected from 99 sites: 34 apple orchards irrigated using
either drip or micro-spray systems; 22 cherry sites irrigated with micro-spray; 24 vineyards
irrigated by drip and 19 uncultivated, unirrigated sites. Soils ranged from silty clays to gravelly
loamy sands and were sampled to a depth of 60 cm. Samples were taken in both the tree and
drive rows. Here we show how soil organic and inorganic carbon, and indicators of stability of
soil carbon including d13C of soil carbon fractionated by density and particle size, change with
irrigation type, crop, climate and soil texture. Our data will inform orchard management
strategies aimed at conserving water, while promoting carbon sequestration to mitigate rising
levels of atmospheric carbon dioxide.
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Thursday: 09:45 – 10:00
Assessing the impact of wood ash addition on soil organic matter attributes in
Canadian forest soils
Ruth Joseph, Amanda Diochon, Paul Hazlett, Lisa Venier, Nathan Basiliko, Dave Morris,
Nicolas Belanger, John Markham, Mike Rutherford, Ken Van Rees, and Caroline Emilson
Forest Soils
Wood ash, the by-product of bioenergy production from biomass, is typically discarded into
landfills as waste. Adding the ash back to the soil may supply nutrients back to the soil that
are lost through biomass harvesting, increase soil pH, and improve site productivity, but the
effects on the soil organic carbon are not well known. In Canada, there are seven wood ash
trials across the country investigating the effects of ash addition on site productivity. In this
study we measured soil carbon concentrations and estimated stores of total soil organic
carbon, sand fraction carbon, microbial biomass carbon, carbohydrates and mineralizable
carbon in soils collected from these trials. Results indicate that none of the measured
attributes showed consistent change across the sites with ash addition. Carbon attributes that
showed significance (p<0.05) varied across the sites and between the forest floor and mineral
soil layers. Wood ash addition had the greatest effect on carbohydrate carbon, microbial
biomass carbon and mineralizable carbon concentrations. The effect of ash addition was also
dependent on the application rate. Fractions of soil organic carbon were typically more
responsive to ash addition than total carbon and may be included as indicators of soil quality.
Thursday: 14:30 – 14:45
Does the legacy of long-term crop rotation influence crop residue decomposition
dynamics and potential soil N2O and CO2 emissions?
C. Taveira, R.E. Farrell, and K.A. Congreves
Nitrogen Cycling
Research has demonstrated that including wheat and under-sown red clover into cornsoybean rotations has the potential to improve soil health indices and N use efficiency. Yet,
the mechanisms that explain these benefits are poorly understood. One explanation is that
with wheat/red clover in rotations, soil N supply improves or that the soil N cycle "tightens";
thereby lowering potential N losses. To test this, we collected soil cores from the second-year
corn phase of a long-term trial where the following rotations had been maintained for 39
years: corn-corn-soy-soy (CCSS) or corn-corn-soy-wheat/red clover (CCSWrc), under
conventional tillage or no-till. The soil cores were sieved and air-dried prior to establishing soil
microcosms that were amended with 15N-enriched corn stover or roots; and incubated for 14
days at 70% water filled pore space. Soil and gas samples were periodically collected to
measure crop residue decomposition dynamics and 15N2O fluxes. Soil inorganic N results
demonstrated increased mineral N availability and residue-derived N mineralization in
CCSWrc vs CCSS legacies. Correspondingly, cumulative N2O and CO2 emissions were
higher from CCSWrc compared to CCSS. Overall, our findings indicate that crop residues are
processed differently depending on the long-term crop rotation and tillage legacies.
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[Thu57] Soil extracellular enzyme activity under adaptive multi-paddock grazing and
conventional grazing systems in Alberta rangelands
Dauren Kaliaskar, Bharat Shrestha, Cameron N. Carlyle, Edward W. Bork, Mark Boyce, and
Scott Chang
Poster Session
Grazing management practices that promote soil quality and health may produce livestock
more efficiently while maintaining ecosystem goods and services such as soil carbon (C)
storage. The study compared how conventional grazing (non-AMP) and adaptive multipaddock (AMP) grazing systems affect key extracellular enzyme activity (EEA) responsible for
soil nitrogen (N) and C cycling. AMP grazing is a rotational system employing high densities
of cattle placed in small paddocks for short periods, followed by lengthy post-grazing recovery
periods. Twenty-two ranch pairs were studied across Alberta, Canada. Each pair had one
AMP ranch and one conventional grazing (N-AMP) ranch. A soil incubation experiment was
subsequently conducted on soils using three moisture contents (permanent wilting point, 40%
of field capacity, and field capacity) and two temperature regimes (+5 °C and +25 °C). The
activity of four enzymes involved in soil C and N cycling (β-1,4-glucosidase, β-1,4-xylosidase,
β-d-cellobiosidase, and N-acetyl-β-glucosaminidase) were measured. The study results
demonstrate that moisture and temperature affected EEA. All enzymes increased their activity
by increasing temperature or moisture. While soil EEA varied markedly among pairs of
ranches situated across the study area, ranches grazed with the AMP system did not differ in
EEA relative to ranches subject to Non-AMP grazing.
[Thu49] Developing a wireless monitoring network for soil thermal properties using
Arduino technology
Olivia Kaminski
Poster Session
Soil thermal properties are important when characterizing energy and water exchanges below
the surface and between the surface and the atmosphere. Understanding these exchange
processes is essential for various climate modelling applications, and meteorological and
hydrologic prediction. A commercial network of soil heat pulse probes (HPPs) has been used
to measure soil thermal properties in the field, but the HPPs are prone to high measurement
variability and low spatial resolution. A low-cost distributed wireless HPP network consisting
of a coordinator unit and independently operated data acquisition HPP units is presented.
Communication between the coordinator unit and the independent HPP units is conducted
through Arduino microcontrollers and Digi XBEE Radios for real-time data retrieval. Using
wireless radio communication will improve the spatial resolution of HPP measurements in
field applications. The proposed independent HPP units were validated against the existing
commercial network of HPPs through lab tests in dry and saturated sands. Noise tests were
conducted to assess the natural variation of the HPP measurement. The Arduino resolution
reduced the natural variation measured in volumetric heat capacity compared to the
commercially operated HPPs. Overall, good agreement was found between the proposed and
existing HPP networks.
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[Thu69] Modeling depth to bedrock at a high resolution for a forest site near Kamloops,
BC using airborne LiDAR acquired digital elevation data
Babak Kasraei, Chuck Bulmer, Margaret Schmidt, and Brandon Heung
Poster Session
Digital soil mapping is a subdiscipline of soil science that can be used to produce maps of soil
depth. Soil depth is a very important factor for plant growth as any discontinuities in the soil
profile can physically limit root penetration. The objectives of this project were: 1) to determine
an effective method of selecting covariates for modeling; 2) to model soil depth to bedrock
using three machine learning models; and 3) to test the effect of different grid resolutions on
model validation. Soil depth to bedrock was recorded in the field at more than 200 points
within the Eagle Hill Forest study area (150 km2), west of Kamloops, BC. Three machine
learning models (Multiple Linear Regression, Random Forest, and Cubist) were used to
model soil depth. Results showed that the best covariates for making models are those
covariates that are more highly correlated with the property being modeled. The results also
showed that the validation results depend on different randomly selected training data.
Therefore, a range of validation results and their distribution were considered. According to
these results, a set of grids were produced in this project, and the effects of grid resolution
have been discussed.
Wednesday: 11:30 – 11:45
Phosphorus sorption attributes of managed and unmanaged Newfoundland podzol soil
Amana Kedir, Adrian Unc, David McKenzie, Mumtaz Cheema, Kelly Anne Hawboldt, and
Lakshman Galagedara
General Soil Science
In acidic soils, common in Newfoundland and Labrador (NL), much of the phosphorus (P)
may be retained as iron/aluminum phosphates and as humic organic complexes, deeper in
the soil. Thus, plants usually have access to a small proportion of the total P in soil, including
newly added P. Long-term farming might lead to an accumulation of large amounts of total P
which might not be immediately available to crops but, on the other hand, might be a potential
pollutant source by erosion into surface water bodies resulting eutrophication. Batch
adsorption was used to assess the P sorption capacity of Cochrane series soil, St. John’s,
and Wooddale soil in central Newfoundland. Soils were collected by horizon, depth, and
management. Langmuir, and Freundlich fitted models had correlation coefficients of 0.70 0.95, regardless of the soil horizon, depth, management, and location. The maximum P
adsorption capacity of each soil determined using Langmuir model. Higher P adsorption was
observed for the B horizons. Combining this with other soil properties, including the fluxes and
pools of soil phosphorus, will allow the development of environmentally friendly and
economically viable P management strategies for acidic soils in NL.
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[Fri04] A self-calibrating heat pulse probe (SCHEPP): Signal processing and in-situ
detection of changes in heat pulse probe spacing radius
N. J. Kinar, J. W. Pomeroy, and B.-C. Si
Poster Session
Heat Pulse Probes (HPP) are widely used for hydrological and agricultural monitoring
applications to determine thermal conductivity, thermal diffusivity and heat capacity of soils.
From these observations, mathematical models can determine volumetric water content,
density, and measurement of soil water flux. In lieu of using a datalogger and commercial offthe-shelf components, an electronic circuit and hybrid single-dual heat pulse probe was
constructed and tested. Heat inputs into the soil were precisely determined using a
proportional–integral–derivative (PID) controller. The circuit implemented USB, RS-232 and
SDI-12 interfaces for setting the heat pulse strength and time of experiment. Since heat pulse
probes are sensitive to changes in probe spacing radius over the time of experiment, signal
processing and homomorphic filtering was used along with established heat pulse probe
theory to measure in-situ changes in the radius over the time of experiment. For sand and
peat soils, the signal processing improved the estimates of soil water content and bulk density
compared to methods of curve-fitting that are normally used for heat pulse probe
experiments. Applications of the technology may be useful for soil conditions where detection
of changes in probe spacing radius need to be compensated to obtain measurements of soil
properties.
Friday: 14:00 – 14:15
Effect of seed-row placed fertilizer on emergence and biomass by six pulse crops
grown under controlled environment conditions
W.H. Galpottage Dona, T. King, and J. Schoenau
Soil Amendments II
Legumes have a unique ability to obtain a significant portion of their nitrogen (N) requirements
from atmospheric N2 through a symbiotic relationship with Rhizobia spp. of bacteria in the root
nodules. However, cooler dry soil conditions at the time of planting can delay the biological
activity, and therefore could have negative effect on growth and development of crop. Low
rates of starter N supplied as mineral fertilizer in a seed-row may increase nodulation, but too
much fertilizer in close proximity to seed can damage the seedling. Therefore, an experiment
was conducted to evaluate safe rates of starter N (0, 10, 20 and 30 kg N ha-1) placed in the
seed-row for six different pulse crops. Lentil, pea and chickpea could only tolerate 10 kg N ha1
rates while soybean and black bean could tolerate 10 – 20 kg N ha-1. Faba bean emergence
appeared relatively unaffected by all three rates of N and showed least sensitivity to seed-row
placed fertilizer. For 30 day biomass, soybean and black bean were most responsive to
fertilization while pea, faba bean, lentil and chickpea did not respond greatly to the starter
fertilizer applications, with no benefit going above 10 kg N ha-1 rate in the seed-row.
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[Fri22] Response of black bean, lentil and chick pea to starter nitrogen and phosphorus
fertilizers
W.H. Galpottage Dona, T. King, and J. Schoenau
Poster Session
Pulse crops are largely able to supply their nitrogen requirement through fixation in symbiosis
with rhizobia bacteria, but a small amount of starter nitrogen may be desirable to carry the
crop until the symbiosis establishes. The application of high N analysis fertilizer such as urea
(46-0-0) or ammonium sulfate (21-0-0-24) along with monoammonium phosphate (11-52-0) in
the seed-row with pulse crops may provide benefit as a starter but also poses concern about
reduction in germination and emergence due to salt effect or ammonia produced. The
tolerance of black bean, lentil and chickpea to urea and ammonium sulfate blends with MAP,
and to combination granular products such as MES-15 and ammonium phosphate sulfate, as
assessed in controlled environment tray studies, is covered in this poster.
Friday: 13:30 – 13:45
Generating detailed spatial soil information in the Saskatchewan prairies through
predictive soil mapping: top-down and bottom-up approaches
Jeremy Kiss and Angela Bedard-Haughn
Developments in Digital Soil Mapping II
A goal of the Saskatchewan Soil Information System (SKSIS) is to provide users with highresolution spatial soil information as it has the potential to serve many uses including
informing precision agricultural applications and environmental risk assessments. Although
the legacy soil surveys provide a wealth of useful soil information, they are too coarse in
spatial resolution to inform field-scale decision-making. Two predictive soil mapping (PSM)
approaches to generate more detailed soil information are being explored including (1)
disaggregating existing soil surveys as a top-down approach and (2) utilizing site-specific
user-provided soil data as a bottom-up approach. *The use and limitations of these
approaches and their application in Saskatchewan will be discussed. Challenges for PSM in
the Saskatchewan prairies include the small-scale topographic variability within the
landscape, the lack of high-resolution elevation data to reflect that topographic variability, as
well as the lack of available soil point data. This study compares the quality of soil maps that
can be generated given available soil, topographic, and environmental data and that which
can be generated given ideal data.
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[Thu71] Incorporating expert knowledge into predictive soil mapping: two
Saskatchewan case studies
Jeremy Kiss and Angela Bedard-Haughn
Poster Session
After years in the field, pedologists can intuit distributions of soils by reading the landscape.
Given the array quantitative topographic attributes that can be calculated from elevation
models, these understandings may be translated into rulesets for mapping soils. However, it
can be difficult and potentially misguided to relate specific soil types to exact numeric values
of topographic attributes as many other environmental variables have significant influence on
soil formation. Two Saskatchewan case studies demonstrate how soil modelling can be
informed by expert knowledge without specifying exact rules in the final predictive models.
The first study mapped wetland soil types in the Prairie Pothole Region. The modelling
success was greatly improved by incorporating topographic predictor variables that were
generated specifically to reflect morphological characteristics found to be related to wetland
soil type distributions in the region. The second study examined the effect of informing the
placement of virtual samples within the Disaggregation and Harmonisation of Soil Map Units
Through Resampled Classification Trees (DSMART) (Odgers et al., 2014. Geoderma,
214:91-100) framework based on soil-landscape relationships described in the Saskatchewan
legacy soil surveys.
[Fri46] Carbon stock and plant communities across an elevation gradient of a semiarid
grassland: A 58-year follow up
Alex Kramer, Maja Krzic, and Brian Wallace
Poster Session
In 1961, soil and plant communities were examined at twenty-eight sites across an elevation
gradient of a grassland steppe ecosystem in British Columbia. Three distinct zones were
classified according to vegetation and soil type due to an increase in elevation from 350 to
950 m and a corresponding 6-fold increase in SOC (1.3 to 8.1 %C). The effect of time and
seasonally deferred cattle grazing has not been assessed on this elevation transect.
This study has three main goals: 1) Re-sample the grassland and assess the effect of time
and grazing management on soil and plant properties; 2) to increase understanding of the
carbon stock in the grassland and its ability to be a carbon sink; and 3) to apply modern GIS
techniques with LiDAR to improve our understanding of the topographic control on soil and
plant properties.
Detailed soil physical and chemical properties will be measured with a record of plant species
cover and frequency. Soil total, organic, inorganic and active carbon pools will be measured.
Measurements will be done at specific topographic positions every 25-m in elevation. The 58year period between data collection will provide valuable insight into the carbon storage
potential of these unique ecosystems.
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[Fri12] Lead phyto-extraction potential of Brassica rapa and Brassica juncea
Gnanakaran Maheswaran, Kamaleswaran Sadatcharam, and Mano Krishnapillai
Poster Session
Lead (Pb) contamination of soil causes many problems to the surrounding environment,
including Pb toxicity in plants, animals, and humans. This study aims to assess the phytoextraction potential of Brassica rapa (Turnip) and Brassica juncea (Mustard) for Pb uptake. A
completely randomized experimental design was used with five levels of lead nitrate
contamination (0, 200, 400, 600, and 800 ppm of Pb) and three replicates. After 120 days, all
plants were harvested and analyzed for the Pb content by using Inductively Coupled PlasmaMass Spectrometry (ICP-MS) method after acid digestion. An increasing trend of Pb uptake
was observed in both plant species when Pb content increases in the potting mixture from 0
to 800ppm. However, the percentage of the Pb uptake was inversely proportional to the
increasing contamination levels. The Pb uptake percentage for Mustard varied from 9.5% to
7.7%, and for the Turnip from 18.0% to 11.3% accordingly from 200 ppm to 800 ppm of Pb.
The highest accumulation of Pb (90.3ppm) was found in Mustard plant which was grown with
800 ppm of Pb contaminated soil. Mustard plant has a higher capability to extract Pb from
contaminated soil compared to Turnip. Keywords: Lead nitrate, Mustard, Phyto-extraction,
Turnip
Friday: 09:30 – 09:45
Holos version 4 – interface development and carbon model test
S. Pogue, R. Kröbel, A. McPherson, & H. Janzen
Soil Organic Matter
The update of AAFC’s whole-farm model Holos has been underway since 2017, after Kröbel
et al. (2016) detailed how the new carbon modelling approach based on the ICBM –
Introductory Carbon Balance Model - (Andren and Kaetterer, 1997) would be incorporated.
Development began in earnest in 2018, but development of the interface is still ongoing
(progress stages will be shown). This is due to the fact that the Holos model development
team has started incorporating stakeholder involvement and review in the development
process (interface review groups), which is to ensure that the different model interface parts
are suitable for a variety of users and their different farming practices. Furthermore,
preliminary tests of the carbon model approach using long-term datasets from Lethbridge
(AB) and Swift Current (SK) were initiated. From these tests, it was clear that in comparison
to measurements, model errors would increase the more simplified the data input becomes.
However, it was hypothesized that modelling with average yields would still allow the
comparison of cropping systems with each other, and that using measured annual yields and
an estimated starting equilibrium point would still allow estimation of the carbon stock change
within a crop rotation. To model the actual carbon stock, however, it was anticipated that a
measured starting point in conjunction with measured annual yields would be required.
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[Fri72] Soil TopARgraphy app illustrates role of topography in soil formation
Daphne Liu, Maja Krzic, Tiger Oakes, Saeed Dyanatkar, and Daanyaal Sobani
Poster Session
Since topics of soil formation and classification are of direct importance for land use and
management it is essential that our future land managers have a solid understanding of soil
formation factors. To enhance students’ learning on this important topic in the introductory soil
science course at the University of British Columbia (UBC), Vancouver we are developing the
Soil TopARgraphy app. Augmented Reality (AR) is technology that overlays digital
enhancements on top of existing reality, in this case through your mobile phone. This app
brings interactivity to the lectures and laboratory sessions focused on soil formation and
classification, and in turn, promotes student engagement and deeper comprehension of the
material. The app (available for free in Apple iOS Store and Google Play Store) will allow
students to view the terrain model with a color-coded height map or a photorealistic satellite
image and read about different soil orders, view images, watch a video, and take a self-study
quiz to review their understanding. The app, developed by UBC's Computer Science
undergraduate students, will tested in the introductory soil science course at UBC during
2020.
[Fri70] Open textbook for Canadian introductory soil science courses
Maja Krzic, Fran Walley, Will Engle, Amanda Diochon, Maxime Paré, Rich Farrell, and Lucas
Wright
Poster Session
Several introductory soil science textbook are available; however, none of these textbooks
are Canadian, which poses a problem for Canadian instructors and learners. Although there
are many universal soil science concepts, Canadians use a different system of soil
classification from that used in the United States (where the majority of the soil science
textbooks originate). Since soil genesis and classification underpin subsequent discussions of
soil functions including nutrient cycling and soil’s roles in climate change, the non-Canadian
perspective is particularly frustrating and problematic for both teachers and learners.
Introductory soil science textbooks typically cost between $100 - $250 and this can be a
barrier for students limiting access, and potentially hindering their learning.
With a support of the Canadian Society of Soil Science, we are currently developing a
Canadian open textbook for the introductory soil science courses, with membership
contributing expertise, knowledge, and multimedia materials. The open textbook will cover the
main areas of study within the discipline of soil science, highlighting soils of Canada.
Presenting this information in an open textbook format, will allow individual instructors to tailor
the textbook to their specific region and/or perspective. Our goal is to complete the project by
December 2020.
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Friday: 11:45 – 12:00
A synthesis of three survey studies on the state of soil science education in Canada
Maja Krzic, Thomas T. Yates, Amanda Diochon, Jacynthe Masse, and Nathan Basiliko
Tollefson Memorial Session on Soil Education II
Globally soil science education has shifted towards non-soil science majors, which may have
changed how soil science courses are delivered and the type of training that new graduates
received. Since 2015, three survey studies were conducted to inventory soil science courses
at Canadian postsecondary institutions and to determined stakeholders’ perceptions of soil
science education. Stakeholders included representatives of academia, private industry, and
government. A total of 45 postsecondary institutions were identified that offer soil science
courses; with the majority of them (39%) focused on geosciences and environmental sciences
(20%), and agricultural science representing 7% of all units. This reflects a changing trend
from the late 19th to early 20th century, when soil science units were within Faculties of
Agronomy. This is also indicative of a shift in overall teaching of soil science from the deeper
disciplinary focus to a more general approach to address the needs of related disciplines.
Accompanying challenges to this shift include striking a balance between teaching in-depth
soil science concepts with creating a sense of wonder about roles of soils in various global
issues, as well as providing adequate training to satisfy needs within the current job market.
Thursday: 09:45 – 10:00
Influence of N-(n-butyl) thiophosphoric triamide with and without 3,4-dimethylpyrazole
phosphate on urea hydrolysis
Ahmed A. Lasisi, Olalekan O. Akinremi, and Darshani Kumaragamage
4R Nutrient Stewardship P
N-(n-butyl) thiophosphoric triamide (NBPT) and 3,4-dimethylpyrozole phosphate (DMPP) are
important urease and nitrification inhibitors, respectively that are used to optimize nitrogen
use efficiency of urea fertilizers. However, there is a dearth of information on the combine
effect of both inhibitors on the hydrolysis of urea in Prairies soils. An incubation study (21°C)
was conducted to determine the influence of NBPT with and without DMPP on the rate of
urea hydrolysis. Five Manitoba soils were selected to provide a range of texture, pH and
organic matter. Urea treated with and without NBPT or NBPT+DMPP (DI) was surfaceapplied to soil at a rate of ~250 kg N ha-1. Soils were sampled at nine times over 22 d. The
hydrolysis rate (k; d-1) was in order of urea (0.3208) > urea+DI (0.1833) > urea+NBPT
(0.1514) across the five soils. Principal component analysis showed that k did not depend on
any of the soil properties, rather, it depends on the treatment applied to urea. However, soil
with the lowest pH (5.4) had the highest k across the treatments. Addition of DMPP to
urea+NBPT significantly reduced the half-life of urea by 0.8 d across the five soils.
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[Thu25] Do multi-species cover crop mixtures enhance soil nitrogen supply in
Quebec?
Stephanie Lavergne, Anne Vanasse, Marie-Noëlle Thivierge, and Caroline Halde
Poster Session
Public demand for organic products is increasing, and there is a great economic benefit to
grow organic corn for farmers. However, many agronomic challenges remain with growing
corn organically. Among them, nitrogen fertilization and management are particularly
challenging for organic producers. In Quebec, organic growers have a great interest in mixed
species fall-seeded cover crops. However, there is a lack of information about the efficiency
and the profitability regarding nitrogen supply of these cover crop mixtures (over six species).
Productivity, nitrogen content, and carbon-nitrogen ratio of aboveground were measured in a
two-year field study of five cover crop treatments (no cover crop and 1-2-6-12 cover crop
species) preceding organic corn in Quebec. Nitrogen supply was also assessed using Plant
Root Simulator (PRS) probes. Mixing cover crop species did not result in higher aboveground
biomass nor provided a better nitrogen aboveground than a pure stand of field pea. Moreover,
using multi-species cover crops had no effect on soil mineral nitrogen supply rate, when
compared to a pure stand of field pea. The peak of N supply rate was not synchronized with
corn nitrogen needs. Further research should consider tillage management for predicting
nitrogen availability for subsequent crops from cover crop mixtures.
[Fri48] Managing wheat residue before soybeans in Manitoba
Greg Bartley and Yvonne Lawley
Poster Session
As soybean production expands into shorter growing season areas of the Canadian Prairies,
strategies are needed to manage residue of preceding crops to facilitates soil warming and
quick emergence of soybean in the spring without the use of tillage. In this study, a soybean
test crop was established at three site years into fall wheat residue management treatments
that include fall conventional tillage (disc), strip till, no-till tall stubble (40 cm), no-till short
stubble (15 cm), and a no-till fall rye cover crop. The effect of wheat residue management
treatments on cumulative soil temperature (growing degree hours) was consistent between
site years before planting, with the strip till residue management treatment accumulating the
most growing degree hours followed by the disc and tall stubble treatments. There was no
significant difference in soybean yield between residue management treatments at one out of
two site years. This research indicates that conventional tillage is not necessary before
growing soybean in Manitoba to achieve soil warming and quick emergence of soybean in the
spring.
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Friday: 14:30 – 14:45
Rotation effects in corn: Early growth of corn is delayed following canola in Manitoba
Navneet Brar and Yvonne Lawley
Soil Microbiology and Soil-Plant-Rhizosphere Interactions
Recent expansion of corn acreage in Manitoba provides an opportunity to improve crop
diversity in existing rotations currently dominated by canola and wheat. Corn grain yield is
influenced by crop rotation due to its association with arbuscular mycorrhizal fungi (AMF). To
understand the effects of preceding crop on corn grain yield and growth, two-year rotation
studies were initiated at University of Manitoba Research Farm, near Carman, Manitoba in
2014-15, 2015-16, and 2016-17. Corn, canola, soybean and wheat were grown in year 1 in a
randomised complete block design as preceding treatment crops. Corn was grown as a test
crop in year 2. In spite of similar spring soil test Olsen P levels in all preceding crop
treatments, early vegetative growth (V6) of the corn test crop was affected. Higher corn
biomass and P uptake by corn was observed after soybean and was lowest following canola
at V6 stage. These differences disappeared as the corn reached the silking stage except in
one cropping sequence. Preceding crop influence AMF colonization, which was highest
following soybean and lowest following canola. Despite these differences, there was no
significant differences in grain yield among the treatments.
Friday: 10:45 – 11:00
Can improved crop production strategies reduce the greenhouse gas intensity of
canola-based crop sequences?
Reynald L. Lemke, Yantai Gan, and Richard E. Farrell
Greenhouse Gases
The dramatic increase in the global human population could double world food demand from
present levels by 2050. Concurrently, crop production activities account for a substantive
portion of global anthropogenic greenhouse gas emissions. Farmers need crop production
strategies that can improve yields while simultaneously minimizing greenhouse gas
emissions. Previous research has identified a number of crop production strategies that can
individually improve yields, but limited information is available regarding the possible
synergistic effect of "bundling" these strategies together, and no information is available
regarding potential improvement to the greenhouse gas intensity of the cropping sequence.
We report a three-year project conducted at two locations in Saskatchewan that compared
the greenhouse gas intensity of canola-based crop sequences managed under "mitigation"
versus "standard practice" managements. The mitigation managements consisted of a
bundled package of production strategies selected to improve the greenhouse intensity of the
crop sequence. Yield, nitrous oxide loss, and yield-scaled nitrous oxide loss results will be
presented and discussed
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[Thu27] Crop nitrogen recovery and field nitrogen losses determined on semi-virtual
dairy farm in the Lower Fraser Valley, British Columbia
Carson Y. Li, Shabtai Bittman, Sean Smukler, and Derek Hunt
Poster Session
Intense dairy production in the Lower Fraser Valley region of BC occupies a relatively small
agricultural land base. Large quantities of farm-generated manure are applied to forage crops
at very high rate. Local farmers also purchase additional mineral fertilizer and feed
supplement to maximize production and profitability, which together with manure has create
surplus of nitrogen in the farm system. Surplus N will lead to NO3-N leaching and N2O-N
emission. Integrated system approach is needed to account for potential confounding effects
between BMPs and also to conduct whole-farm scale nutrient budget.
Objectives of this study are to quantify and compare (1) the yield of silage corn and tall
fescue; (2) the crop N removal and the total N recovery; and (3) N2O-N emission and NO3-N
leaching of four integrated dairy farm management scenarios that incrementally introduce
beneficial management practices (BMPs) and advanced production techniques.
Intercropping Italian ryegrass as relay crop with corn and reducing grass harvest frequency
increased annual feed production and crop N removal, and also abated more than 50 % of
NO3-N leaching. Combination of nitrification inhibitor and irrigation further improved N
recovery of silage corn and tall fescue and also reduced N2O-N emission by 40%.
Thursday: 14:00 – 14:15
Measuring soil thermal properties and water content using a 10-cm long heat pulse
dual probe
Min Li, Hengye Ren, and Bingcheng Si
Soil Hydrology/Physics
The dual probe heat pulse method has been used to measure soil thermal properties and
water content simultaneously; however, the probe lengths were usually limited in 3-cm due to
large errors caused by the needle deflections. Since the deflections can be corrected by a
self-correcting design recently, to increase the representativeness of measurement, this study
evaluated the feasibility of a 10-cm long dual probe for deriving both soil thermal properties
and water content accurately. The results showed that the accuracies of soil volumetric heat
capacity and water content measurement were improved using the nonlinear correcting
model, especially at the low water content range (when < 20 m3 m-3). This study showed the
potential of the dual probe heat pulse method for in-situ monitoring soil thermal and water
dynamic in the field.

73

Thursday: 11:15 – 11:30
The impact of landuse change on regional climate in western Canada simulated by a
convection-permitting regional climate model
Zhenhua Li, Yanping Li, Zhe Zhang, and Alan Barr
CSAFM – Land Atmosphere
Climate change in the Northern Hemisphere high latitudes are more prominent compared to
other regions. Accompanying the significant warming and the increase of the length of
growing season is the expansion of agriculture activity to the northern Canadian Prairies and
northward shift of the boreal forest biome by the end of century. To understand the projected
land use changes’ impact on the regional climate over the Canadian Prairies provinces, we
conduct several scenario experiments with projected changes in land-use with high-resolution
convection-permitting WRF. The changes due to the global warming and those due to
landuse change are investigated through cross comparison with simulations with current
landuse distribution and projected landuse distribution in a high-end emission scenario
RCP8.5 by the end of 21st century.
[Fri56] A new row detection algorithm for paddy rice seedling based on convolutional
neural network
Shaomin Lin, Long Qi, Xu Ma, Asim Biswas
Poster Session
With advancements of agricultural mechanization, the rice seedling row distribution status in
paddy fields is critical for further management and field operations. However, the laborious
and inaccurate manual operations make the transplanter difficult to keep the rice seedling in a
straight line. The objective of this study was to develop a row central line detection algorithm
to improve the accuracy for transplanter navigation based on computer vision. The proposed
algorithm developed to detect and locate the rice seedlings with a trained convolutional neural
network, extract the target row with hierarchical agglomerative clustering and fit the crops in
the target row with linear least squares. The reference black poles attached to stem-based
crop location method was used to assess the performance of the algorithm. The proposed
algorithm showed excellent performance in various rated setting grades hill space of
transplanter with strong illumination robustness. the result showed that the average RMSE of
the angle was 0.59° and he RMSE of the initial point was 4.75 pixels equivalent to 10.39mm.
Thus, the proposed algorithm provided a new way of controlling the transplanter and
transplant paddy seedlings in straight line improving further management and operations.
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Friday: 13:30 – 13:45
Evaluation of three types of municipal biosolids on soil fertility and corn production
Z. Lin, G. W. Price, D. Burton, and G. Clark
Soil Amendments II
Land application of biosolids as a source of crop fertility and soil organic matter can be
viewed as a sustainable approach to maintain soil productivity. Plant growth can be partially
supported through use of these amendments, thereby minimizing reliance on chemical
fertilizers. Field-based experiments are being conducted to examine the effect three municipal
biosolids (composted, liquid mesophilic anaerobically digested, and alkaline stabilized) on soil
nutrient dynamics, specifically N and P, applied over three years in Nova Scotia. A total of
fifteen treatments are being evaluated in this study based on management associated with
surface vs. incorporation of biosolids and application of biosolids with urea supplementation.
Additional agronomic parameters, including crop yield and plant nutrient uptake, are being
examined relative to the amendment rates to develop nutrient use efficiency indices. Initial
results indicate that crop yields are performing best under 21,322 kg/ha of incorporation of
liquid mesophilic anaerobically digested biosolids with urea supplementation. Plant
phosphorus uptake has been greatest with 2700.4 mg/kg plant in surface applying of
composted biosolids.
[Thu05] Greenhouse gas emissions from summer-grazed pastures sod-seed with nonbloat legumes
Jiancan Liu, Joel Ens, J. Diane Knight, and Richard Farrell
Poster Session
A field study was carried out on the established paddock (Western Beef Development Centre;
Lanigan, SK) to quantify the greenhouse gas (GHG) emissions from the summer-grazed
pasture sod-seed with the non-bloat legume (sainfoin [Onobrychis vicifolia] and cicer
milkvetch [Astragalus cicer]). In 2015, existing alfalfa-bromegrass pastures were sod-seed
with sainfoin and cicer milkvetch to examine dietary effects on beef cattle grazing the
pastures. In 2017, GHG monitoring of the pastures was initiated to determine the effects of
plant species composition, grazing activity, and topography on soil-derived emissions of N2O,
CO2, and CH4. In this study, nine paddocks (3 plant composition treatments with 3 replicates)
were selected and each paddock equipped with nine standard, non-steady state gas sampling
chambers located in upper, mid and lower slope positions. In addition, environmental
variables (precipitation, soil and air temperature, soil moisture) and plant available nitrogen
(PRSTM probes; Western Ag Innovation Inc., Saskatoon, SK) are being monitored at the site.
Preliminary results from the first two sampling seasons suggest that species composition had
little effect on GHG emissions, but that emissions were strongly influenced by animal activity
and topography.
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[Thu29] Types of pulse crops affect crop productivity, soil quality and system stability
in pulse-wheat rotations
Kui Liu, Manjula Bandara, and Yantai Gan
Poster Session
Pulse crops are commonly rotated with high-N demanding crops such as cereals to reduce
synthetic N fertilizer use and increase plant-based protein production; however, little is known
about if different types of pulses in rotations affect soil quality, system productivity and yield
stability in the long term. Chickpea-wheat (CW), lentil-wheat (LW), pea-wheat (PW) and
continuous wheat (WW) were compared for four -rotation cycles at Swift Current (SK) and
Brooks (AB), and their effects on system productivity, soil quality, and yield stability were
determined. Across the 4-rotation cycles, PW increased protein-based system yields by 2282%, 9-26% and 26-66% compared with CW, LW and WW, respectively. At the end of the 8year-period, soil carbon at the 0-15 cm soil depth was statistically comparable among four
rotations; spring soil mineral N at the 0-60 cm soil depth was 17, 4 and 14 kg N ha-1 higher in
CW, LW and PW than in WW, respectively. Stability analysis indicated that PW had the
lowest variation in system yield and showed the highest responsiveness to growing
environments. In conclusion, pulse–wheat rotation provides an option of sustainable crop
intensification to increase protein-based crop yield and enhance soil N.
[Thu11] Responses of greenhouse gas emissions to the type and frequency of pulse
crops in rotations
Kui Liu, Craig F. Drury, and Yantai Gan
Poster Session
Pulse crops in rotations can reduce synthetic nitrogen fertiliser use due to biological N
fixation. However, pulse crops supply N-rich crop residues which may enhance greenhouse
gas (GHG) emissions. There is lack of scientific information on how types and frequency of
pulses in rotations affect GHG emissions. A pulse–wheat crop rotation study was established
in 2010 at Swift Current, SK. Six crop rotations, including chickpea-wheat-chickpea-wheat
(CWCW), lentil-wheat-lentil-wheat (LWLW), pea-wheat-pea-wheat (PWPW), pea-wheatwheat-wheat (PWWW), pea-pea-pea-wheat (PPPW), and monoculture wheat (WWWW),
were tested to determine how pulse crop type and frequency in rotations affect GHG
emissions. The preliminary results from 2018 growing season revealed that the type of pulse
crop affect CO2 emission with significantly lower CO2 emissions in PWPW than in CWCW
and LWLW. A similar amount of N2O emissions was obtained under CWCW, LWLW and
PWPW. The frequency of pulse crops in rotations impacted N2O emissions significantly with
34, 37, and 55% higher emissions in monoculture wheat (WWWW) than 4-yr rotations with
chickpea (CWCW), lentil (LWLW) and pea (PWPW), respectively. The CO2 emission was
significantly higher in PWWW than in PWPW and PPPW. In conclusion, inclusion of pulses in
rotations can reduce N2O emissions significantly compared to monoculture wheat.
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Friday: 14:00 – 14:15
The wheat rhizobiome in response to glyphosate in the Canadian prairies
Newton Z. Lupwayi, Robert E. Blackshaw, Derrick A. Kanashiro, Andrea H. Eastman, Charles
M. Geddes, and Renee M. Petri
Soil Microbiology and Soil-Plant-Rhizosphere Interactions
The increasing use of glyphosate in the Canadian prairies is raising concerns about possible
unintended consequences on soil microorganisms. A field experiment was conducted at five
sites in the Canadian prairies to test the impact of glyphosate applied at 0 (control), 1x, 2x, 4x
and 8x the typical application rate (1 kg ha-1) on the wheat rhizobiome. At the end of the fouryear experiment, soil microbial biomass C (MBC), the diversities and relative abundances of
bacterial and fungal communities, and the activities of enzymes involved in C, N, P and S
cycling in the rhizosphere of wheat were assessed. Large site differences were observed in
most of the soil microbial properties, but there were no glyphosate effects on most of the
properties. The few significant responses had cubic (wavy) patterns, i.e., a decrease up to a
certain rate followed by an increase and then another decrease. Such responses to
glyphosate are probably due to the opposite effects of glyphosate as a toxic pesticide and as
a C substrate for microbial metabolism. The weeds killed by glyphosate also add C to the soil.
[Fri50] Climate change, agricultural inputs, cropping diversity, and environment affect
soil nitrogen and phosphorus: A Case Study in Saskatchewan, Canada
Taras E. Lychuk, Alan P. Moulin, Reynald L. Lemke, Roberto C. Izaurralde, Eric N. Johnson,
Owen O. Olfert, and Stewart A. Brandt
Poster Session
Agriculture in Canada will be influenced by the effects of climate change in the coming
decades. The relative impact of climate change, agricultural inputs, crop diversity, and
environment on soil nitrate-N (NO3-N) and labile soil phosphorus (P) has seldom been
assessed in the scientific literature. This modeling study assessed soil NO3-N leaching and
labile P simulated with the Environmental Policy Integrated Climate (EPIC) model for
historical weather (1971-2000) and future climate scenarios (2041-2070) for the Alternative
Cropping Systems (ACS) study research site in Saskatchewan, Canada. Nineteen years of
field and crop management information from the 1994-2013 ACS study were input to the
EPIC model. The ACS study consisted of three levels of agricultural inputs [organic (ORG),
reduced (RED), and high (HI)] and three levels of cropping diversity [low (LOW), diversified
annual grains (DAG), and diversified annual & perennial (DAP)]. Changes in NO3-N and P
under climate change were explored with recursive partitioning in multivariate analyses of
inputs, diversity, growing season precipitation (GSP), and growing degree days (GDD) and
terrain attributes (TA). Under climate change, NO3-N losses increased by 28% (from 27.1 to
34.7 kg ha-1 y-1), while labile soil P decreased by 12% (from 24.7 to 21.6 kg ha-1 y-1). Summer
precipitation explained 12% of total variation in future NO3-N losses. The combination of input
and diversity was correlated with 23 and 20 percent of variation in NO3-N losses and labile P,
respectively. Cropping diversity was most significant, with reduced NO3-N leaching and labile
P under climate change, accounting for 22 and 13% of total variation, respectively. The
combination of RED inputs and DAG diversity reduced the impact of climate change on NO3N losses and soil P and may provide a sustainable, adaptive solution for farming with regards
to upcoming seasonal variations in temperature and precipitation.
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Thursday: 09:30 – 09:45
Subsoil fertility in the inland Pacific Northwestern U.S.
Isaac Madsen, Mayra Nunez, Tanya Valle, Ryan Higginbotham, and William Pan
4R Nutrient Stewardship P
The inland Pacific Northwest is blessed with deep soils that are capable of storing water and
nutrients that the crops can access over their life cycle in producing abundant grain. But 125
years of producing annual crops has extracted subsoil nutrients, resulting in deficiencies.
Many nutrients are not soluble enough to be carried in high concentrations back into the
subsoil, and mainly remain in the surface soils that receive these nutrients. These deficiencies
are also exacerbated by alkaline subsoil conditions. Typically, routine soil tests are only
conducted on surface soil samples. We decided to run soil tests on all root zone depths
across the region. Subsoil immobile nutrient deficiencies include P, Zn, Mn, Fe, B. Do our
subsoils provide wheat and canola roots with ample nutrients during grain filling? With our
unique patterns of winter precipitation and dry summers, improving subsoil fertility subsoils
may be crucial to achieving full soil productivity potential.
Wednesday: 17:00 – 17:15
Potential of cherry rhizosphere actinomycetes as biocontrol agents against plantparasitic nematodes
Marieta Marin-Bruzos, Tanja Voegel, Susan Grayston, Mark Edgley, Don Moerman, Tom
Forge, and Louise Nelson
Root-Soil Interactions (CSSS / Rhizosphere5 Joint Session)
Replant Disease is a major problem affecting the establishment of new cherry orchards in the
Okanagan valley, B.C., Canada. The term is used to describe the commonly observed poor
growth and delayed cropping of young cherry trees planted in old apple orchard soils. Replant
disease is caused by a mixture of pathogenic organisms (nematodes and fungi) and other soil
factors, such as pH and texture. In this research, the potential of microorganisms isolated
from cherry rhizospheres as plant growth promoters or biocontrol agents was evaluated.
Seventy-six bacterial isolates were purified from cherry rhizospheres. The primary screening
for nematode biocontrol activity performed on Caenorhabditis elegans, showed 13 strains of
actinomycetes that paralyzed or repelled the nematodes. These isolates were screened for
plant-parasitic nematode (Pratylenchus penetrans) control activity on onion seedlings. The
results revealed eight strains that reduced nematode infection on onion roots by more than a
50% compared to the non-inoculated control plants. Plant-growth-promoting traits of the
isolates, for example, the production of lytic enzymes, biofilm formation and antifungal activity
were studied. This research demonstrates that rhizobacteria from the cherry rhizosphere have
potential to be employed as microbial inoculants for biocontrol of replant disease.
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[Thu07] How soil health parameters vary by cropping system in Atlantic Canada
Carolyn B. Marshall, David L. Burton, and Derek H. Lynch
Poster Session
Soil health attempts to assess the biological, chemical, physical state of the soil. The more
comprehensive nature of this assessment makes its interpretation more challenging. It is
unlikely that common soil health expectations be applied across soil type, land management
and cropping system. The Atlantic Soil Health Lab has undertaken a survey of soil heath
across the diversity of soils and cropping systems in the region.
Here we evaluate measures of soil health as influenced by cropping system both as a
diagnostic tool and as a potential context for interpretation. The cropping systems surveyed
included pasture, forage, field crops, vegetable production, small fruit, vineyards, lowbush
blueberries, and orchards. Soil health measures included soil organic carbon (total,
particulate, and permanganate oxidizable), ACE protein, aggregate stability, compaction,
water holding capacity, nitrogen flush, and respiration.
Ranges in measured soil health parameters differed between cropping system with those
involving reduced disturbance and higher residue inputs (pasture and forage) resulting in
improved soil health relative to higher disturbance, low residue input systems (vegetables and
field crops). The interpretation of soil in the context of cropping system and the need to
develop thresholds for soil health indicators will be discussed.
Wednesday: 16:15 – 16:30
Does crop frequency and diversification in canola-pulse-cereal rotations change the
arbuscular mycorrhizal fungal microbiome in crop roots and rhizosphere and crop
yield?
Jacynthe Masse, Chantal Hamel, Luke Bainard, Yantai Gan, Etienne Yergeau, Charles Greer,
Mohamed Hijri, and Marc St-Arnaud
Root-Soil Interactions (CSSS / Rhizosphere5 Joint Session)
With $26.7 billion injected into the economy each year, canola is the most profitable crop in
Canada. In western Canada, canola is grown in rotation with other crops, being most often
cereals and pulses. However, the widespread use of canola, a non-mycotrophic plant, in
rotations raises concerns on the loss of soil microbial diversity and increased susceptibility of
crops to pathogens. The effect of the frequency of each rotation-species on the microbiome
and productivity of each crop are still poorly understood. The main objective of this research
is to characterize the AMF community of wheat, pea and canola under different rotation
systems in order to understand the effects of crop frequencies on the root and rhizospheric
microbiome of each crop and on plant productivity. To do this, three rotation systems
(intensifying canola, cereals or pulses over four years) were tested in a complete random
blocks design. The root and rhizosphere microbiomes were sampled for each of the rotation
phases at two growing stages. The rotation system and the growth stages had an impact on
the biodiversity and structure of AMF communities in all crops. On the other hand, only wheat
has seen its productivity increased in the pulse-intensified rotation.
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Friday: 11:30 – 11:45
Gaps between soil education and the needs of the current job market in Canada
Jacynthe Masse, Thomas Yates, Maja Krzic, Adrian Unc, Z. Chi Chen, Sylvie Quideau, Kyle
Hodgson, and Jim Warren
Tollefson Memorial Session on Soil Education II
Several factors have led to the slow erosion of pedological expertise within Canada over the
last decades. These include the closure and re-structuring of soil science departments, shift in
soil science course offerings into a myriad of geoscience and environmental science
programs, and the retirements of numerous experienced pedologists. All of this begs the
question: do new graduates possess the field skills and soil science knowledge that
employers need? In order to answer this question, an online survey was sent to Canadian soil
professionals within private industry and governmental organizations. According to the survey
results, the quality of new graduates' soil knowledge was perceived to be weak. Certain soil
skills were thought to be either completely absent from the current Canadian, or not well
mastered. The survey results clearly indicated that there is a gap between current soil
education in Canada and the needs within the current job market. Survey participants
identified the need for a pedology field school in Canada that could help address the
deficiencies in undergraduate training. They also responded positively to both the creation of
a national web-based resource for soil science education, and a national certification program
for soil professionals.
Thursday: 09:30 – 09:45
Changes in the soil biological communities of topsoil stockpiled for mine reclamation
Katie McMahen and Suzanne Simard
Remediation and Restoration I
In the mining industry, soil is stripped from development areas and stored in stockpiles for
reclamation use at mine closure. During storage, soil can undergo chemical and physical
changes that degrade soil quality. Despite the critical role that soil organisms play in soil and
rhizosphere processes, effects of stockpiling on the diversity and abundance of many soil
organism functional groups are not well characterized. To address this gap, we sampled
macrofauna, mesofauna and microbial communities and supporting chemical and physical
soil properties at surface and depth (1m) in a chronosequence of soil stockpiles (1 to 23 years
old) and reference forest sites at the Mount Polley Mine, BC.
Following immediate declines, soil meso- and macrofauna abundance and diversity of
stockpile surficial soils recovered to reference site levels in 3 and 8 years, respectively. At
depth, soil fauna communities remained very low, while over time pH increased and organic
matter decreased. This indicates that stockpiles with a lower surface-area-to-volume ratio will
better retain soil quality. Further, fauna abundance had a significant positive relationship with
root biomass, suggesting that growing vegetation with deep, dense root systems could reduce
soil fauna losses in stored soil. Forthcoming PFLA data will further inform these findings.
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[Fri26] Municipal biosolids as a source of nutrition and stress tolerance for soybean
Morgan McMillan, Cynthia Kallenbach, and Joann Whalen
Poster Session
By 2020, municipal biosolids will no longer be accepted at incinerators or landfills in Québec,
Canada. Biosolids, both carbon and nutrient rich, can be used as agricultural organic
amendments and can improve soil health and crop yield. Simultaneously, climate change is
causing more frequent heat and drought stress events in many parts of the work, negatively
affecting crop yield and quality. Plants experiencing stress often respond by producing
ethylene, which when at elevated levels leads to premature cell death. We evaluate how
biosolids application affects soybean growth and response to heat and drought stress.
Greenhouse grown soybeans were subjected to one of four stress treatments (no stress, heat
stress, drought stress, or heat and drought) and received either biosolids, anaerobic
digestate, or control fertilizer. Heat stress was induced at R2 by increasing diurnal air
temperature from 25 °C to 35°C. Soil water holding capacity was reduced from 50% to 8% to
evoke drought stress. After 7 days of stress, plant-soil headspace ethylene was measured by
GC-FID. Shoot and root biomass, root length and nodulation, along with tissue nutrient
concentration (N,P, K) were evaluated. Impacts of organic fertilizers on plant stress response
to heat and drought will be presented.
[Fri24] Combined application of mineral fertilizer and organic amendments improved
aggregate stability in rhizosphere and bulk soil
Wenhai Mi, Haitao Zhao, Qiang Gao, and Joann Whalen
Poster Session
Root growth in flooded rice paddies requires a porous soil environment, to facilitate root
elongation and oxygen diffusion to the root system. Soil porosity is improved with stable
macroaggregate formation, which is expected to be greater when inorganic fertilizers are
applied together with organic amendments in rice paddies. This study evaluated the influence
of fertilizer sources on soil aggregate stability in the rhizosphere and bulk soil. Fertilizers
sources were mineral fertilizer alone (NPK), mineral fertilizer plus rice straw, and controlledrelease NPK fertilizer plus cattle manure. More macroaggregates (>0.25 mm) with a greater
mean weight diameter, along with higher soil organic carbon and total nitrogen
concentrations, were found when NPK fertilizer was applied with organic amendments than
NPK fertilizer alone. In the rhizosphere, macroaggregate mass was positively correlated (p <
0.01) with root biomass but there was no difference in the aggregate-associated carbon
concentrations between fertilizer sources. In contrast, macroaggregate mass was positively
related (p < 0.01) to the aggregate-associated carbon concentrations in 0.25-2 mm and <0.25
mm fractions. We conclude that organic amendments improve soil aggregate stability, either
by stimulating root biomass production in the rhizosphere or by contributing to a microbiallymediated aggregate formation process in bulk soil.
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Thursday: 13:45 – 14:00
Investigating the relationship between growing-season weather and spring wheat
gluten strength on the Canadian Prairies
Manasah Mkhabela, Paul Bullock, and Harry Sapirstein
CSAFM – Past, Present, Future Climate
Wheat gluten strength is an essential feature in bread baking. Gluten is formed when glutenin
and gliadin proteins combine with water. Fluctuations in gluten strength pose a big challenge
to both the milling and baking industries making it hard to keep consistent quality. Gluten
strength varies with genotype, management practices and growing-season weather
conditions. On the Canadian Prairies growing-season weather fluctuates within and between
growing seasons. The objective of this study is to identify weather parameters that affect
spring wheat gluten strength and the growth period when the effect is significant on the
Canadian Prairies. Crop and weather data from wheat trials grown across the Prairies from
2015-2017 were utilised. Sixteen wheat quality characteristics were analysed and used as
response variables; while 98 weather parameters were used as predictors. No single specific
agro-meteorological parameter is related to all the gluten strength variables; and there is no
single specific growth stage when the relationship is significant. Generally, >80% of the
variability in the 16 different gluten strength variables is explained by different 3-component
PLS models. Several different agro-meteorological parameters were selected by the variable
importance of projection (VIP) test as critical factors affecting the different gluten strength
variables.
Thursday: 11:45 – 12:00
Results of a multi-year field scale study of canola yield, management zones and
variable rate N fertilizer response, in Alberta, Saskatchewan and Manitoba
Alan Moulin and Mohammad Khakbazan
4R Nutrient Stewardship N
Canola production in the Canadian Prairies varies considerably within and between
producer's fields. This study describes the variability of crop yield in producer's fields in the
context of landform, and in relation to fertilizer rates in management zones determined from
historical yield. Canola yield data were collected for 27 fields in Alberta, Saskatchewan and
Manitoba Canada in 2014, 2015, 2016 and 2017. Variability or canola yield was assessed as
affected by fertilizer management, historical yield, soil properties, and landform. Several
landforms accounted for a considerable proportion of canola yield, in combined analyses of all
fields. Landforms, such as elevation, accounted for more variability in canola yield, relative to
management zones and fertilizer treatments. Management zones based on crop yield, and
fertilizer rates were significant when fields were a factor in statistical analyses. In analyses
with fields included as a factor, significant differences were observed for canola production
between historically low and high yielding zones, and in contrasts between the control with no
N fertilizer and treatments with 50, 100 and 150 % of fertilizer recommendations. The
combination of statistical landform analysis provided valuable information regarding the
effects of management and environmental factors which influence canola yield.
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Wednesday: 11:15 – 11:30
Stratification ratio of soil organic carbon and nitrogen as affected by alternative
management practices under maize-cotton rotation system in weathered soils of West
Africa
Eeusha Nafi, Heidi Webber, Isaac Danso, Jesse B. Naab, Michael Frei, and Thomas Gaiser
General Soil Science
Topsoil erosion is one of the major impediments to sustainable crop production in West
Africa. On-farm trials were set up as a strip-split plot layout, with tillage [contour ridge (Ct),
and reduced tillage (Rt)] as main-plot factor, and crop residue management [with(+R) and
without(-R)], and N fertilizer [control(N0) and recommended(Nr)] as sub-plot factors to
investigate the impact of alternative management practices on stratification ratios(SR) of
organic carbon(OC) and total nitrogen(TN), which is the ratio of nutrient concentration in the
top layer to that in the deeper layer, on different soils of West Africa. After 5 cycles of maizecotton rotation, SR-OC and SR-TN were greatest on Haplic Lixisol (HL), followed by Eutric
Plinthosol (EP), Plinthic Lixisol (PL), and Ferric Lixisol (FL). Compared to Rt, Ct system
improved SR-OC and SR-TN by 13.3% and 4.5%, respectively. Ct+R improved SR-OC on PL
and EP, while Rt+R were dominant on HL. Nr under Ct significantly increased SR-TN on EP
and PL; whereas, Rt resulted in higher SR-TN on HL. Thus, Ct+R+Nr could restore soil
fertility of EP and Pl, while Rt+R+Nr could be more effective on HL. These results could
provide better recommendations for restoring soil fertility on specific soils types of West
Africa.
[Fri52] Soil properties changes along transects at an ecotone in Saskatchewan
Trang T. Nguyen, J. Diane Knight, and Fran L. Walley
Poster Session
Ecotones are transition areas between biomes. It is predicted that climate change will shift
current farming practices in the Canadian prairies northernly and that ecotones will be the first
areas to exhibit change. Our study investigates soil quality between two land uses (annual
cropping and perennial grassland) in the St. Denis National Wildlife Area (SDNWA) in
Saskatchewan. SDNWA is located in the ecotone between Moist Mixed Grassland and Aspen
Parkland. Our objective is to explore soil quality associated with vegetation type to determine
which is more likely to be resilient to changes associated with climate change. A suite of soil
properties was measured along three transects spanning grassland and cropland. Preliminary
results show significant differences in soil properties along transects. Cropland soils had
higher bulk density than grassland soils and soils at the boundary edge (p<0.005). Grassland
soils had higher pH and EC than cropland and edges (p<0.0001). Distribution of large
aggregates (> 2000 µm) followed the order cropland>edge>grassland (p<0.0001). Moderately
sized aggregates (2000–150 µm), small aggregates (< 150 µm), total carbon and nitrogen
followed the order edges>grassland>cropland (p<0.0001). Controlled environment
experiments are underway to determine which soil is most resilient to changes in water and
temperature regime.
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[Fri54] Trade-offs of nutrient management strategies on organic, mixed vegetable
farms in three regions of Southwest British Columbia
Amy Norgaard and Sean Smukler
Poster Session
Primary nutrients, namely nitrogen and phosphorus, are essential for crop growth but degrade
the environment when lost from farming systems. Therefore, proper management of soil
nutrients in crop production is critical for optimizing farm productivity while minimizing risk to
local ecosystems. While conventional farming systems work with flexible nutrient budgets
based on synthetic fertilizers, organic agriculture relies on carbon-based nutrient sources that
present a number of challenges, including inconsistent and difficult to predict nutrient supply.
The primary objective of this study is to evaluate trade-offs of different organic nutrient
management strategies for southwest British Columbia. In 2018 and 2019 three nutrient
management strategies are being trialled across 18 organic, mixed vegetable farms. These
strategies are being evaluated in terms of four key trade-offs: 1. productivity 2. economics, 3.
environment, and 4. soil health. Indicators analyzed within these criteria include yields, Fall
soil residual available nitrogen and phosphorus, CO2 evolution upon re-wetting, and active
carbon. Data will be presented for yields and available nitrogen. In practice, the results of this
study will enable farms in cool, temperate climates to use compost and organic-based
fertilizers more effectively for improved production, economic, and environmental outcomes.
Friday: 14:15 – 14:30
Nitrogen dynamics, potato yield and quality as affected by supplemental irrigation and
rotation systems in Prince Edward Island
Judith Nyiraneza, Jiang Yefang, Christine Noronha, Vernon Rodd, and Aaron Mills
Soil Amendments II
Potato yield have been stagnant in Prince Edward Island partially due to soil quality decline
and/or to drought spell. This study initiated in 2015 and 2016 through 2018 in two adjacent
fields explored the impacts of novel crop rotations with and without supplemental irrigation on
potato performance, selected soil quality parameters and nitrogen dynamics. Soil moisture
was maintained at 90-95% of field capacity via an onsite drip irrigation system during JulyAugust. Three rotations were compared; (ROT1) barley under seeded with red clover (year
1)-red clover (year 2) - potato (year 3); (ROT2) soybean (year 1)- brown mustard (year 2)potato (year 3); (ROT3) grain corn (year 1)-sorghum sudan grass (year 2)-potato (year 3) with
and without drip irrigation. During potato phase, the main plot was split in two sections; one
with no N application and the other half receiving 150-190 N, P2O5, and K2O kg ha-1. Potato
yield and quality, tuber internal defects and nitrogen dynamics during all phases of rotation
were assessed. Results from 2 cycles of rotations will be presented.
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Friday: 10:30 – 11:15
Biochar 101: its characterization and application in temperate agriculture (Keynote
Presentation)
M. Oelbermann, W.R. Jiang, M. Mechler, T. Silverthorn, L. McFarlane, S. Chlumsky, and E.
Leung
Soil Amendments I
Biochar is deliberately manufactured with a specific set of properties for its use as soil
amendment. Biochars can have a wide range of characteristics including carbon (C) and
nutrient content and particle size due to variation in feedstock type and pyrolysis processes.
Questions remain on application rates to temperate agricultural soil and economic feasibility.
We evaluated the impact of biochar [3 t/ha poultry manure+3 t/ha biochar; 3 t/ha poultry
manure, 3 t/ha biochar+135 kg N/ha] compared to a non-biochar amended soil [6 t/ha poultry
manure+135 kg N/ha] on soil health and GHG emissions over 3 years under field conditions
in southern Ontario. Various soil health characteristics (infiltration, aggregate stability,
extractable C) were significantly (p<0.05) influenced in the presence of biochar. NO3- and
PO43- were significantly lower (p<0.05), indicating they were adsorbed, in treatments with
biochar. Although crop yield and biomass were not significantly different among treatments,
soil with biochar had a lower shoot/root ratio suggesting plants were under lower
environmental stress. GHG emissions were not significantly different (p<0.05) among
treatments. Biochar amended soil had a more dynamic impact on N2O emissions during
pulsed events, suggesting that biochar amended soil was able to better mitigate the release
nutrients after rainfall events than non-biochar amended soil.
Friday: 11:30 – 11:45
Using predictive soil mapping to assess the effects of sulphur dioxide emissions on
soil acidification in Kitimat, British Columbia
Emily Olmstead and Julian Aherne
Developments in Digital Soil Mapping I
It is well established that acidic deposition can lead to decreases in soil pH and depletion of
exchangeable base cation pools. Once soil buffering capacity has been exhausted, soil
acidification will mobilize toxic trace metals that can impact plant growth. In the Kitimat Valley,
British Columbia, the recent modernization of the Rio Tinto aluminium smelter has resulted in
elevated emissions of sulphur dioxide, the main precursor of acidic deposition. A suite of
regional soil maps were created using predictive digital mapping, i.e., regression kriging, in
combination with soil observations from approximately 70 locations in the Kitimat Valley.
Regression kriging is a widely used technique; it combines the regression of a dependent
variable, such as soil exchangeable cations, on auxiliary variables such as terrain, with kriging
of the regression residuals. Maps of soil bulk density and exchangeable cations were then
used to calculate base cation pools; acidic (sulphur) deposition data was overlaid onto these
maps, and time to pool depletion was estimated. The objective of this study was to create
time to depletion maps for base cation pools, which were used to evaluate the potential
impacts of smelter emissions on long-term soil buffering capacity.
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Thursday: 09:00 – 09:15
Contribution of cover crop and soil test phosphorus levels to rainfall runoff following
snowmelt after winter
Francis Opoku, Ivan O'Halloran, Paul Voroney, Laura Van Eerd, and Bill Deen
4R Nutrient Stewardship P
Cover crops often diminish soil erosion and total P losses from agricultural lands but may
serve as an enriched source of biologically available dissolved reactive phosphorus (DRP) to
runoff after winter freeze-thaw cycles. While soil test P significantly impacts DRP losses from
soils, it is not clear how STP would impact P losses from soil supporting cover crops. This
study evaluated the influence of cover crop species and soil test P (STP) levels on the
amount of DRP in snowmelt leachate and rainfall runoff after winter conditions in
Southwestern Ontario. Simulated rainfall runoff following spring snowmelt leaching was
collected from fall planted cover crop treatments (bare soil control, annual ryegrass, oat, and
red clover) on soils with varying STP's (10, 20, and 30 ppm Olsen P) in modified runoff boxes.
The amount and concentration of DRP in snowmelt leachate through the top 5 cm of soil
increased with STP and only the annual ryegrass cover crop lost more than any other
treatment. The amount of DRP lost in rainfall runoff increased with STP but was not impacted
by cover crop, suggesting no significant risk of DRP loss from winter-killed cover crops if
snowmelt runoff was absorbed by soil.
[Thu59] Nitrogen-fixing bacteria: are they sustaining lodgepole pine tree growth at
unreclaimed gravel mining pits?
Kiran Preet Padda, Akshit Puri, and Chris P Chanway
Poster Session
Unreclaimed gravel mining pits located in the central interior of British Columbia have limited
soil nitrogen (N) levels due to gravelly-textured soils with weak profile development, no
organic forest floor and low atmospheric N-inputs through precipitation. However, lodgepole
pine trees have been growing well at these pits with tissue N-content and growth-rate
unaffected by extremely low soil N-levels, indicating that pine trees can meet their Nrequirements from an unknown source. We hypothesized that biological N-fixation by bacteria
living in pine tree tissues could be a potential N-source. To test this hypothesis, we isolated
77 potential N-fixing bacteria from pine tree tissues. Of these, 14 bacteria that showed
consistently positive results for in vitro N-fixing ability were selected for a yearlong
greenhouse study to quantify the amount of N-fixed and plant-growth-promoted by each
bacterium in planta. After one year, bacteria-inoculated seedlings had significantly higher
biomass (100-311%) and length (31-64%) than non-inoculated control seedlings and fulfilled
23-51% of their N-requirements through biological N-fixation. Thus, N-fixing bacteria naturally
harboured by pine trees at these unreclaimed gravel pits are capable of promoting growth as
well as providing fixed N to their host and could potentially be used to sustainably reclaim
such gravel pits.
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[Fri28] Inorganic but not organic N fertilization enhances lowbush blueberry’s fruit
yields and growth in competition with two common weed species
Charles Marty, Josée-Anne Lévesque, Robert L. Bradley, Jean Lafond, and Maxime C. Paré
Poster Session
Chipped ramial wood (CRW) compost may be an efficient alternative to inorganic N fertilizers
in lowbush blueberry commercial fields as ericaceous species can efficiently use organic N.
The equivalent of 45 kg N ha-1 was added as CRW or NH4+ in plots with one of two common
weed species, namely poverty oat grass and sweet fern. CRW did not enhance blueberry fruit
yield and growth. In contrast, inorganic N fertilization doubled fruit yields in low weed density
plots but was no longer efficient in plots with high poverty oat grass density. Fruit yields were
more than twice as high in plots with poverty oat grass than in those with sweet fern, even
where weeds were nearly absent, revealing a site effect on blueberry fruit yields. In contrast,
blueberry’s aboveground biomass and foliar N concentrations were higher in plots having
sweet fern than in those having poverty oat grass in all fertilization plots. The N fertilization
treatments had no effect on foliar N concentrations. Our results show that inorganic N
fertilization is an efficient way to enhance lowbush blueberry’s fruit yields as long as poverty
oat grass density is constrained under 25 plants m-2.
[Thu73] Spatial assessment of land use land cover and soil organic carbon in the
Lower Fraser Valley, BC using digital soil mapping and remote sensing
S.S. Paul, L. Dowell, and S.M Smukler
Poster Session
Assessment of land use land cover (LULC) in an agricultural landscape is a key to
understanding the dynamics of soil organic carbon (SOC) which is critical for the resilience of
agricultural systems against climatic perturbation. In this study, we mapped LULC and SOC
dynamics in the Lower Fraser Valley (LFV), the most agriculture intensive region of BC. We
utilized object-based classification of Landsat satellite images to produce a LULC map of
2018. For SOC mapping, we used the random forest model which included the 2018 LULC
map, topographic indices, and climate data as covariates. We collected field data from 310
sites across the region representing different LULC types for training (70%) and testing (30%)
the model. We obtained an overall accuracy of 76% for LULC predictions and for a subset of
the area an R2 of 55% for SOC predictions. The mean of SOC% in the annual and perennial
croplands were 2.43% and 8.83% respectively. However, SOC in the annual croplands
ranged between 1.7% to 9.9% while the fields containing hedgerows, riparian buffers, and
grassland rotations generally comprised higher SOC. The outcomes of the study will inform
decision making for sustainable LULC management in the agricultural landscape of LFV.
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Thursday: 13:45 – 14:00
Differential responses of target soil microbial communities to nitrification and urease
inhibitors in a corn production system
Lori A. Phillips, Alex L. Woodley, Brent Seuradge, Yash Bhatt, and Craig F. Drury
Nitrogen Cycling
Urease and nitrification inhibitors are increasingly being used in agricultural systems as part
of a 4R fertilizer strategy to minimize nitrogen (N) loss. Inhibitors generally work by
suppressing or blocking microbial enzymatic pathways, but we know very little about how long
target communities are affected under field conditions, or whether non-target communities are
also impacted. To address these issues, we evaluated the impact of different combinations of
inhibitors (urease or urease and nitrification inhibitors) and different application methods
(broadcast with/without incorporation; B vs BI) on target and non-target microbial N-cycling
processes, relative to urea-only treatments. Soils were sampled 1, 3, 7, 10, 14, 21, and 30
days after application, DNA and RNA was extracted, and q/RT-PCR analyses of Ntransformation genes associated with N mineralization, ureolysis, and nitrification were used
to understand how soil microbial communities both react and adapt to the inhibitors. Inhibitors
were effective at suppressing nitrification activity in bacterial, but not archaeal, targets for up
to 2 weeks in BI treatments only. Mineralization and ureolysis gene expression was
unaffected by the inhibitors, regardless of application method. This research furthers our
fundamental understanding of microbe-inhibitor interactions and provides insight into the
management window-of-opportunity for their effective use.
Friday: 11:00 – 11:15
Sequencing the undie-sphere: A brief survey of soil microbial communities in Ontario
agricultural landscapes
Lori A. Phillips, Brent Seuradge, and Anne Verhallen
Tollefson Memorial Session on Soil Education II
Soil environments are home to diverse biological communities that provide critical ecosystem
services, including carbon cycling. Interactions between these communities and their
environment underpin long-term soil health and productivity. Management strategies to
optimize soil biological health are therefore of interest to researchers and growers alike, with
researchers increasingly employing high throughput sequencing to explore the soil
microbiome. Sequencing recovers vast amounts of data that can be difficult to parse in a way
that is meaningful to growers. In recent years, growers have been encouraged to take part in
the “Soil Your Undies” initiative to evaluate their soil health by burying and assessing
decomposition of 100% cotton underwear. We leveraged these activities in order to link
sequencing initiatives to on-farm soil health initiatives, as well as gain insight into microbiome
diversity in Ontario agricultural soils. Underwear was processed similar to a root and the
bacterial and fungal communities of bulk soil, soil directly adjacent to the underwear (“undiesphere”), and the underwear itself were sequenced. Strong soil, “niche”, and management
impacts were found. These results provide a platform to discuss with growers how
management and environment alters the soil microbiome, and how that in turn affects
processes such as decomposition.
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[Thu41] Examining soil quality in the Fraser River delta following four-year grassland
set-asides
Teresa Porter, Maja Krzic, Sean M. Smukler, Gary Bradfield, and Drew Bondar
Poster Session
The Fraser River delta region of British Columbia comprises some of the province’s prime
agricultural land. However, intensive tillage, combined with poor natural soil drainage and
heavy winter precipitation, has created soil degradation issues.
The Delta Farmland & Wildlife Trust (DFWT), a regional non-profit organization, provides
cost-share options for the establishment of grassland set-asides (GLSA) for up to four years.
A GLSA is a field that is removed from agricultural production, seeded with grasses and
clover, and left to rest. Because GLSAs are typically implemented for over ten years, the
effects of shorter-term GLSAs are not well-understood.
The objective of this study is to evaluate the effects of four-year GLSAs on soil quality. In
2018 and 2019, we collected samples from five sites comprised of a GLSA and an adjacent
field continuously managed for crop production. Physical and chemical indicators of soil
quality being analyzed include: aggregate stability, bulk density, aeration porosity, pH,
exchangeable sodium, total carbon and nitrogen, and active carbon. Data for aggregate
stability, aeration porosity and bulk density will be presented. Results will help improve field
selection criteria for the DFWT GLSA program and support local farmers in preserving soil
quality.
Friday: 11:30 – 11:45
Effect of high frequency, long-term land applied alkaline treated biosolids on
accumulation of Emerging Substances of Concern in an agricultural soil in Nova Scotia
G.W. Price, K. Khosravi, and C. Metcalfe
Soil Amendments I
Emerging substances of concern (ESOC) are groups of organic chemical compounds
associated with discharged or unmetabolized pharmaceutical products, ingredients from
personal care products, and veterinary pharmaceuticals. These substances are becoming
ever present in soils and water as a result of ineffective wastewater treatment, reclamation of
wastewater for irrigation, and land application of biosolids and animal manures. A long-term
study, beginning in 2008, is being conducted in Nova Scotia examining changes in soil
chemistry associated with five rates of annually applied alkaline treated biosolid (ATB). Soils
were analyzed for seven ESOCs, including gemfibrozil, diclofenac, warfarin, dimethylxantine,
carbamazepine, caffeine, and norfloxacin, over a six year period (2009 to 2014). Positive
linear responses to ATB rates were observed for all ESOCs measured and concentrations
decreased by post-harvest. Year over year increases were also measured in soils receiving
annual rates of ATB.
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[Thu61] Shifts in the soil microbiome in relation to high frequency, long-term land
applied alkaline treated biosolids in an agricultural soil in Nova Scotia
G.W. Price, S. Yurgel, and M. Langille
Poster Session
A long-term study, beginning in 2008, is being conducted in Nova Scotia examining changes
in soil chemical, biological, and physical properties associated with five rates of annually
applied alkaline treated biosolid (ATB). After nine years of annual applications, soils were
collected from treatment plots that included two management systems, annual vs. single
applications of ATB, and five rates of application. Fresh soils were collected from a soil depth
of 0 to 15cm, immediately processed for DNA extraction, and processed by CGEB-IMR
(http://cgeb-imr.ca/) for V6-V8 16S rRNA gene (16S) and V4 18S rRNA gene (18S) library
preparation and sequencing. Samples were sequenced using an Illumina MiSeq with paired
end 300+300 bp reads.
Friday: 08:30 – 09:00
“It’s called earth, not dirt.” Terry Tollefson/ ᓂᐢᑲ niska
Marilyn Poitras
Tollefson Memorial Session on Soil Education I
This honouring for Terry Tollefson is my tribute to Terry's core teacher spirit, his upbringing,
his cultural, his humility and his deep, rich connection to land. Long before indigenization and
reconciliation were the buzz words, Terry took on a mission to participate in a new University
program for First Nation Land Managers. His mission was education on a topic through which
his passion, expertise and his wonder could flourish, soil science. In the midst of his
excitement he would trip over his paternal treatment of Indigenous leadership, his lack of
education on Indigenous history and a blind eye to the details of the current Indigenous
reality. He would stumble through an initiation on a rabbit hunt and land, intact, on his feet to
be honoured and gifted a ceremonial name in the midst of an outdoor adventure with 33
Indigenous land managers. The Cree elder witnessed Terry. He was the one who was
teaching us. Teaching humility, kindness, and courage and she named him niska.
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Friday: 13:30 – 13:45
Sustaining boreal forest tree growth via nitrogen-fixing bacteria
Akshit Puri, Kiran Preet Padda, and Chris P Chanway
Soil Microbiology and Soil-Plant-Rhizosphere Interactions
West Chilcotin region in British Columbia is located in the Sub-Boreal zone where cold
climate and low annual precipitation have resulted in dry and weakly-developed soils lacking
essential nutrients, particularly nitrogen (N). Hybrid white spruce is one of the most common
tree species growing in this region. The ability of spruce to thrive on such soils raises a crucial
question regarding its N-sources. We hypothesized that N-fixation by bacteria living inside
tree tissues is an important N-source for these spruce trees. Testing this hypothesis, we
isolated 55 potential N-fixing bacteria from spruce tree tissues. Six bacteria that showed
highest in vitro N-fixing ability were tested in a yearlong greenhouse study with their original
host (hybrid white spruce) and another host native to this region (lodgepole pine). Each
bacterium fixed significant amounts of N from the atmosphere and increased spruce and pine
seedling growth considerably. Notably, Caballeronia sordidicola LS-S2r, fulfilled >50% of Nrequirements of pine and spruce, and enhanced seedling length and biomass by 1.5-fold and
5-fold, respectively. Therefore, such bacteria could be sustaining spruce tree growth on
nutrient-poor soils of this region and they could potentially be used as biofertilizers for spruce
and pine (a low-cost, environment-friendly alternative to chemical fertilizers).
Thursday: 09:15 – 09:30
National trends in risk of phosphorus loss from agricultural land, 1981-2011
Keith Reid and Kimberley Schneider
4R Nutrient Stewardship P
The Indicator of Risk of Water Contamination by Phosphorus (IROWC-P) is a national
indicator of the spatial and temporal trends in risk of P losses from agricultural land in
Canada. It has recently been updated to align the allocation of manure (with associated P)
with the Residual Soil Nitrogen indicator; improve the allocation of fertilizer P; improve the
partitioning of water between tile and surface flow; and add the incidental losses of dissolved
P from application of manure or fertilizer. These changes have improved the prediction of risk
to surface water by P loading from agricultural land. Initial results of this updated model will be
discussed.
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Friday: 09:45 – 10:00
Microbial community composition in pasture soils is altered by introducing forage
legumes, influencing nitrous oxide emissions
Jesse Reimer, Joel Ens, J. Diane Knight, Melissa Arcand, and Bobbi Helgason
Agricultural Greenhouse Gas Program
Beef cattle production contributes 40% of Canada’s annual agricultural greenhouse gas
(GHG) emissions. Pasture soils contribute to these emissions by producing nitrous oxide
(N2O), a potent, ozone-depleting GHG emitted by soil microbes. Producers may introduce
non-bloat legumes to grass pastures to increase protein uptake, reduce pasture bloat, and
decrease enteric methane GHG emissions. Non-bloat legume effects on soil microbial
activity, community structure, and N2O emissions are not fully understood. Soil GHG fluxes,
microbial phospholipid fatty acids (PLFAs), and nutrient-cycling enzyme activities were
measured in grass pastures containing two non-bloat legumes throughout the 2017 and 2018
grazing seasons. Low soil moisture likely limited differences in microbial activity and
community composition between legume and grass-alfalfa control pastures. Distance-based
redundancy analysis (dbRDA) revealed that cicer milkvetch soil microbiomes associated with
increasing soil nitrate content, which correlated with higher N2O emissions. Structural
equation modelling revealed that lower arbuscular mycorrhizal fungi (AMF) abundance in
cicer milkvetch pastures reduced nitrate uptake and increased N2O emissions. Understanding
how forage legumes influence the microbial communities responsible for soil N2O emissions
will increase the effectiveness of pasture management strategies aimed at limiting
environmental impacts.
Thursday: 13:45 – 14:00
Relationship between soil thermal conductivity and electrical conductivity at room
temperature
Weiliu Li, Yili Lu, and Tusheng Ren
Soil Hydrology/Physics
Soil thermal conductivity (l) and electrical conductivity (EC) are affected by soil texture, water
content, porosity, and pore-size distribution. However, there is a lack of understanding about
the quantitative relationship between l and EC. In this study, we measured l and EC
simultaneously on three soils at various bulk densities (rb) and water contents (q) with the
Thermo-TDR sensor, and examined the relationship between l and EC. The results showed
that l and EC increased with q but with dissimilar trends: the rate of l change was high at
lower water contents, while substantial EC response to q change appeared at relatively higher
water contents. Both l and EC increased with rb, but varied significantly among the three soil
textures. When l and EC were normalized and plotted against the degree of saturation, a
“mirror image” was observed between the l curve and EC curve. Finally, we developed a
general relationship between l and EC following the Lu et al. (2007) l model, which allowed
mutual transformation of l and EC when one of them was known. The model has important
implications in studying coupled processes of heat, water and nutrients in the field.
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[Thu63] Soil microbial responses to land use and landscape position at two locations
in Saskatchewan
Lauren Reynolds, Angela Bedard-Haughn, and Melissa Arcand
Poster Session
Soil microorganisms underpin agroecosystem functions such as organic matter formation and
nutrient cycling and are central to soil health. However, biological indicators in soil health tests
have received less attention than chemical and physical indicators. The objective of this study
is to determine how soil microbial communities and enzyme activities are affected by annual
and perennial cropping systems across variable landscapes. Soil samples at different
landscape positions were taken at two sites with hummocky terrain within the Dark Brown (St.
Denis National Wildlife Area, SDNWA) and Black (Conservation Learning Centre, CLC) soil
zones, respectively, in Saskatchewan. Activities of carbon (ﬂ-glucosidase; BG), nitrogen (NAcetyl glucosaminidase; NAG), and phosphorus (phosphatase; Phos) cycling enzymes were
assayed using fluorometric methods. In the spring, BG and NAG were elevated under annual
cropping, while activities in the perennial system were stable from spring to midsummer.
Conversely at CLC, activity increased from spring to midsummer for both cropping systems.
Enzyme activities were elevated in upper slopes under annual cropping, and in depressions
under perennial cropping at CLC, with no topographic differences at SDNWA. Ongoing work
investigates soil resource distribution and microbial communities to improve interpretation of
enzyme activities as a soil health indicator in topographically variable agricultural landscapes.
[Fri58] Comparing the decomposition rates of Betula glandulosa and Carex aquatilis
under the framework of climate-induced shifts in vegetation (“shrubification”) in tundra
ecosystems
Chantae Robinson, Pascale Roy-Léveillée, Paul Hazlett, Emma Horrigan, & Nathan Basiliko
Poster Session
In the wake of climatic warming, widespread shrub encroachment has been reported in tundra
ecosystems of the circumpolar north. This project examines the impacts of increased
shrubiness on decomposition rates, soil microbial community, and nutrient cycling the
continuous permafrost zone of the Hudson Bay Lowlands. Specifically, this investigation will
(1) assess patterns of shrub encroachment near Churchill, Manitoba, using sequential
analysis of Landsat imagery; and (2) compare long-term decomposition and nutrient release
rates (over 10 years) for Betula glandulosa (shrubs) and Carex aqualitis (sedges) in a fen
affected by shrub encroachment using litter bags, elemental analysis, and soil microbial
community characterization. Preliminary results indicate significantly slower rates of
decomposition for shrub litter, with k values of 0.137 (R2 = 0.86) and 0.265 (R2 = 0.92), for B.
glandulosa and C. aqualitis respectively. These results suggest that climate-induced shifts in
vegetation structure may be associated with a negative feedback to climatic warming as more
carbon is stored in plant litter in areas with shrubby vegetation.
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Thursday: 11:30 – 11:45
Increasing landscape carbon storage by restoring smelter-impacted landscapes
Robyn Rumney, John Gunn, and Nathan Basiliko
Remediation and Restoration II
A restoration site near an abandoned smelter in Sudbury, ON was used to assess carbon
accumulation and impacts on biodiversity over a 25 year period. Treatments varied from
liming alone, tree-planting alone, tree-planting + liming, and untreated controls. At each 45 0.1
ha plot carbon pools were determined for mineral soil (0-20 cm), organic soil, herbs, shrubs,
trees, fine woody debris, and coarse woody debris. Tree-planting increased the carbon
storage by 44.48% relative to control. However, liming appeared to negatively affect carbon
storage. When combined with tree-planting, the carbon storage on tree-planted + limed sites
was 1.06 Mg C ha-1 less than with tree-planting alone. Similarly, liming without tree-planting
resulted in carbon storage 6.19% smaller than untreated plots, suggesting augmented soil
microbial activity increased soil decomposition and greenhouse gas emissions. Therefore,
restoring smelter-impacted uplands can increase carbon storage, assisting in climate change
mitigation through tree-planting. There may be an initial cost in using lime to detoxify the soil
in metal contaminated environments. Liming however, proved necessary to enhance the
biodiversity of the plot.
Thursday: 09:15 – 09:30
Responses of spruce and soil properties to wood ash application in the sub-boreal
climate zone of B.C.
P. Michael Rutherford, Hugues B. Massicotte, William B. McGill, Che Elkin, Colin Chisholm,
and Michael Jull
Forest Soils
Bioenergy systems that utilize woody biomass are becoming more prevalent in Canada to
provide heat for industries, municipalities and various institutions. Such systems produce
significant quantities of ash residuals, which are usually landfilled. This practice is not
sustainable as the nutrients contained within ash (most originate from soil used to grow
biomass) are removed from the biosphere. Utilization of wood ash as a forest soil amendment
in B.C. could have numerous benefits including potentially increasing tree growth. In 2015,
two wood derived bottom ashes (low-carbon gasifier ash and high-carbon boiler ash) were
applied at 5000 kg ha-1 (dry basis) with urea (100 kg N ha-1) in a factorial randomized block
design across two (18- and 14-yr-old, at the time) hybrid spruce (Picea glauca x engelmannii)
plantations in interior B.C. Earlier, we reported on one-year responses of spruce and soil
properties. This presentation will provide an update to this work by reporting on selected
responses of spruce (foliar and growth) and soil properties (forest floor and upper mineral)
three- and four-years following ash and urea treatments to the plantations.
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Thursday: 14:00 – 14:15
Multiple crop models projection of wheat production under future climate change
scenarios in the Guanzhong Plain, China
Qaisar Saddique, Jianmei Ji, Ali Ajaz, Xu Jiatun Henry, and Wai Chau Huanjie Cai
CSAFM – Past, Present, Future Climate
Climate change can have negative implications on the food security of a region. The current study
assesses the impact of climate change on winter wheat crop in Guanzhong Plain, China. The
downscaled ensemble projections of 17 general circulation models (GCMs), under two
representative concentration pathways (RCP 6.0 and RCP 8.5), were used as input into the
calibrated APSIM (Agricultural Production Systems sIMulator) and CERES (Crop Estimation
through Resource and Environment Synthesis)-Wheat models. Three types of future simulation
were carried out representing no adaptation, elevated CO2, and irrigation adaptation for decades
between 2020-2080. No adaptation showed a 4.6-30% decrease in winter wheat yield compared
to baseline yield. Under elevated CO2 (380 ppm-886 ppm), yield was increased by 0.95-10%, and
under irrigation adaptation (180 mm-380 mm irrigation over the growing season), yield increased
by 5.6-25.5%. On an average water use efficiency (WUE) with irrigation adaptation strategies and
elevated CO2 concentration was improved by 26.5% relative to baseline WUE during 2020-2080.
When CO2 concentration reached about 530 ppm, the WUE improved by 50% with third irrigation
strategy relative to the baseline conditions. It is thus, concluded that based on predicted average
yield with the combination of crop modeling, GCM, and RCP data, wheat production in the
Guanzhong Plain can be improved in future climate change if irrigation adaptation strategies are
adopted in this region.

Wednesday: 10:45 – 11:00
A possible role for aeolian activity in slope processes and soil genesis in
hypermaritime coastal British Columbia
Paul T. Sanborn
Pedology
Field data collection for a ~ 7000 hectare digital soil mapping project on Calvert and Hecate
Islands in coastal British Columbia revealed evidence for active soil redistribution on exposed,
sparsely-vegetated slopes, apparently by aeolian processes. This landscape has generally thin (<
1 m) mineral soils formed in sandy colluvium and limited, patchy deposits of till. Most of the study
area lies below ~ 300 m elevation, and estimated mean annual precipitation exceeds 3000 mm.
We observed numerous irregularly-shaped features resembling deflation patches, ranging from 1
to 5 m in diameter and up to ~ 30 cm deep, involving stripping of surface soil and sod layers,
leaving a lag deposit ranging from coarse sand to 2-4 cm gravel. Lateral particle size sorting in this
deposit across the features was common. This lag surface was occasionally partially covered by a
biological soil crust.
Though not observed directly, wind erosion was presumed to be the major agent involved in
forming these features, likely during the stormy conditions prevailing during winter. Additional
sediment transport across these patches may occur when intense precipitation events bring
temporary perched water tables to the surface, created shallow, localized overland flows.
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[Fri64] Assessing the frequency and extent of sulfur fertilizer response in corn,
soybean, and winter wheat in Ontario, Canada
Alex Sanders and John Lauzon
Poster Session
Sulfur is a mineral nutrient essential to proper growth and functioning in plants. Despite this,
sulfur nutrition in field crops has traditionally been of little concern in Ontario due to large
inputs from acid rain. With the implementation of increasingly stringent limits on sulfur dioxide
emissions, though, sulfur additions from this source have declined markedly. Concurrently,
crop sulfur uptake has risen with increasing yields. Sulfur deficiency is thus becoming more
prevalent in Ontario field crops. While yield gains from supplemental sulfur have been
demonstrated in canola (Brassica spp.) and alfalfa (Medicago sativa L.), few replicated trials
have been performed to assess sulfur response in Ontario’s largest grain and oilseed crops
by area: corn (Zea mays L.), soybean (Glycine max (L.) Merr.), and winter wheat (Triticum
aestivum L.). Grain yield response to sulfur fertilizer rate field trials were conducted at two
corn, six soybean, and three winter wheat sites located across southern Ontario to fill this
research gap. Yield effects from supplementing sulfur were largely insignificant in 2018, the
first year of this three-year project. Understanding how response is influenced by crop
species, annual weather conditions, and soil characteristics is key to developing general
sulfur fertilization recommendations in the Province.
Wednesday: 11:30 – 11:45
Towards Version 4 of the Canadian System of Soil Classification
Daniel Saurette, Angela Bedard-Haughn, Brandon Heung, David Kroetsch, David Paré, Kevin
Keys, Konstantin Dlusskiy, Scott Smith, Xiaoyuan Geng, and Paul Sanborn
Pedology
The Canadian System of Soil Classification (CSSC) was last updated in 1998, managed
largely by AAFC. Federal expertise in soil classification has declined significantly, coinciding
with increased activity in the private sector. With this shift, the process for updating the CSSC
has become unclear. The Pedology Committee was asked to take responsibility for the CSSC
and in 2011 produced a Special Edition of the Canadian Journal of Soil Science dedicated to
soil taxonomy. This was followed in 2012 with a proposal to recognize the Anthroposolic
Order. These developments were to be a launching point for a new framework for proposing
changes to the CSSC, yet this effort never materialized. In 2018, the Pedology Committee
established a Steering Committee, with representation from all sectors, to guide the
development of a framework that would lead to a 4th edition of the CSSC. A draft framework
is presented here for consideration. The framework would introduce mechanisms for
practitioners to submit suggested changes to the CSSC. These mechanisms include
publications, short communications, and submissions via the CSSS Pedology Committee
website. An Expert Committee would evaluate proposed changes and make a
recommendation for adoption into the CSSC. Finally, accepted revisions would be
incorporated into the CSSC.
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Friday: 14:15 – 14:30
Field-scale optimization of sampling design for predictive digital soil mapping of soil
carbon
Daniel Saurette, Asim Biswas, Aaron Berg, Ahmed Laamrani, Paul Voroney, and Ralph
Martin
Developments in Digital Soil Mapping II
Predictive digital soil mapping seeks to leverage spatial datasets, proxies for soil forming
factors, and develop statistical models to predict soil properties and classes. Despite the
development of algorithms to determine the optimal location of sampling sites based on
ancillary data, few techniques have been developed to determine the optimal number of sites
required to maximize performance of the predictive models. The objective of this study is to
determine the optimal number of sampling sites to predict soil organic carbon using four
different sampling strategies at the field-scale in southwestern Ontario. Soil carbon is a key
soil property as a primary constituent of organic matter, which regulates many soil processes
and is central to soil health. The research site is a 26-ha field under annual crop production
that was sampled using a grid topsoil sampling program (0-15cm). Terrain derivatives from a
LiDAR DTM were used as predictors of soil organic carbon. The study compares four
sampling strategies and 20 sample sizes, for a total of 80 sampling configurations, to evaluate
model performance and determine optimal sample size for each design. These results will
provide insight for sampling design for precision agriculture, soil mapping, field budgeting and
for future regional projects.
Wednesday: 10:45 – 11:00
Towards a better understanding of efficacy and fate of copper and zinc fertilizers in
prairie soils
Jeff Schoenau, Noabur Rahman, Ryan Hangs, Sarah Anderson, and Derek Peak
General Soil Science
Developing an understanding of the 4Rs of micronutrient management is important to obtain
best results from application of micronutrient fertilizers to prairie soils. The source of
micronutrient (salt vs chelate), rate (sufficiency vs maintenance), placement (broadcast vs
banded vs foliar), and timing of copper and zinc application influence efficacy and fate.
Copper (Cu) and zinc (Zn) sulphates applied at rates of 2 to 5 kg per ha show benefit in year
of application and can carry over and provide benefit to crops in subsequent years. However,
residual benefits may be muted by reaction of the metals with carbonate minerals to form less
available reaction products, as identified through chemical speciation and XANES, especially
when broadcast. Lower rates of chelated products may be applied to foliage and soil but
provide limited residual value to subsequent crops. Interaction of the micronutrient metals with
other nutrients like phosphorus (P) in the soil is also important to consider, as imbalances
between Cu, Zn and P can negatively influence crop growth.
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Friday: 14:45 – 15:00
Peatland microbial community composition is driven by a natural climate gradient
James Seward
Soil Microbiology and Soil-Plant-Rhizosphere Interactions
Peatlands are important players in climate change-biosphere feedbacks, with long-term net C
accumulation in soil organic matter, and as contemporary potential net carbon sources
including of the potent greenhouse gas methane (CH4). Interactions of climate, site-hydrology,
plant community, and groundwater chemical factors influence peatland development and
functioning, including CO2 and CH4 fluxes, however the role of microbial community
composition is not well understood. To assess microbial functional and taxonomic
dissimilarities, we examined bacteria and archaeal community composition in soils from
twenty North American peatlands that ranged from permafrost regions of Ontario, Canada to
North Carolina, USA and spanned gradients from bog to rich fen. Community fingerprinting
showed that although Proteobacteria, Acidobacteria, and Actinobacteria were the dominant
phyla on average, intermediate and rich fens hosted greater diversity and taxonomic richness.
Moreover, pH was revealed to be the primary influence on microbial community structure
across sites. Predictive metagenome content (PICRUSt) showed increases in specific genes,
such as purine/pyrimidine and amino-acid metabolism in mid-latitude peatlands from 38 to 45°
N, suggesting a shift towards utilization of microbial biomass that plays roles in peat
humification over utilization of initial plant biomass in these microbial communities.
Friday: 11:15 – 11:30
Greenhouse gas emission under declining groundwater table depths and salinity in
PPR wetland soils
Shayeb Shahariar and Angela Bedard-Haughn
Greenhouse Gases
Land-use have a profound influence on greenhouse gases (GHGs) emissions; however, an
adaptation of different land-use practice can significantly alter shallow groundwater table and
soil salinity, which can further impact GHGs emission, particularly in the hydrologically
dynamic wetland riparian zones. Hence, the emissions of GHGs (CO2, CH4 and N2O) were
estimated in soils collected from two Prairie Pothole Region (PPR) sites, three adjacent landuse practices (i.e., annual crop = AC, short rotation willow = SRW, and pasture = P), and
treated with declining groundwater table depths (week 1 at 2 cm, and week 9 at 26 cm depth),
and groundwater salinity levels (S0 = control, S1 = 6 mS cm-1, and S2 = 12 mS cm-1) in a
microcosm experiment. Cumulative GHGs emissions were significantly different (p < 0.05)
among the land-use practices, salinity, and groundwater table depths. Overall, significantly
higher (p < 0.05) GHGs emission were found in soils from P, followed by AC and SRW landuse practices. Compared to control, emissions were significantly lower (p < 0.05) in higher
salinity treatments (S1 and S2). Emissions under declining groundwater table depths were
highly variable and specific to each gas, suggested the effects of shifted soil moisture regime.
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Friday: 11:00 – 11:15
Source partitioning approach: Understanding of greater than expected N2O emissions
from soil receiving canola (Brassica napus L.) residue addition
A.T. Shorunke, B.L. Helgason, and R.E Farrell
Greenhouse Gases
Canola (Brassica napus L.) residue instigates higher nitrous oxide (N2O) emissions compared
to pulse and wheat crop residues. An incubation experiment (84 d) was conducted using
15
N/13C labelled residues of canola, flax, pea and wheat applied at rates equivalent to those
reported for crop grown in the field to assess soil biological indicators related to N2O
emissions. We investigated N-cycling gene abundance and microbial abundance and
community structure with each of the added residues. N2O emissions from residue-amended
soils were significantly higher (p<0.05) than the control treatment (without residue addition)
and differed with residue type. Residue addition significantly (p<0.05) increased denitrification
gene abundances (nirS, nirK, nosZ I and nosZ II). Soil total microbial and fungal abundance
increased following residue addition and were highest with canola residue addition. Residue
type affected available soil C and N resulting in differences in N2O emissions. Emissions
were dominated by residue-induced losses from soil N pools (14N2O) rather than 15N2O
derived directly from residue N. Preliminary analysis of 15N2O and 13CO2 data suggests that
the stimulatory effect of canola residues on N2O emissions is due to differences in residue C
and a microbial preference for canola residue.
Friday: 11:45 – 12:00
Fate and transport of Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) in soils and
soils receiving land applied alkaline treated biosolids in Nova Scotia
W. Shu, G.W. Price, R. Jamieson, and C. Lake
Soil Amendments I
Land application of biosolids is one potential source of non-steroidal anti-inflammatory drugs
(NSAIDs) into agricultural soils. The introduction of these Emerging Substances of Concern
(ESOC) raises concern about the risks to the broader ecosystem. In this study, the
degradation kinetics of three commonly used NSAIDs, including naproxen (NPX), ibuprofen
(IBU), and ketoprofen (KTF), were examined in a sandy loam soil amended with alkaline
treated biosolids (ATB), introduced as individual compounds or as a multi-compound mixture.
The degradation of NPX, IBU, and KTF, except KTF in ATB-amended soil, followed a first
order exponential decay response, with 53%, 73%, and 42%, respectively, degraded over a
14 day incubation study. The introduction of ATB in soil reduced the degradation rate of NPX
and IBU, while a more rapid degradation was observed for KTF. Moreover, the presence of
NSAIDs in the multi-compound spiked soil displayed a retardation effect on degradation.
However, the mechanisms of degradation or disappearance were not fully determined in the
current study. The results from the present study serve as a supporting dataset for use with
the Root Zone Water Quality Model (RZWQM) to simulate and predict the fate and transport
of NSAIDs in agricultural soils.
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Friday: 11:45 – 12:00
Opportunities for climate change mitigation in boreal environments
Narasinha J. Shurpali
Greenhouse Gases
According to a school of thought, soil organic carbon (SOC) sequestration is an elusive
management tool. Our year-round surface GHG flux data measured from a legume grass
mixture hint at potential opportunities for SOC sequestration and climate change mitigation in
boreal agriculture with the adopted crop management practices. The 2018 spring and
summer saw exceptionally hot weather with record-breaking temperatures and wildfires in
many parts of Europe. The 2017 season was cooler, while the 2018 spring was nearly 10 °C
warmer than the 30-year average. This paper will shed light on the high-latitude carbon fluxes
and climate driving the response of northern ecosystems to warming.
Friday: 10:45 – 11:00
Spatial assessment of land use land cover and soil organic carbon in the Lower Fraser
Valley, BC using digital soil mapping and remote sensing
Siddhartho Paul
Developments in Digital Soil Mapping I
Assessment of land use land cover (LULC) in an agricultural landscape is a key to
understanding the dynamics of soil organic carbon (SOC) which is critical for the resilience of
agricultural systems against climatic perturbation. In this study, we mapped LULC and SOC
dynamics in the Lower Fraser Valley (LFV), the most agriculture intensive region of BC. We
utilized object-based classification of Landsat satellite images to produce a LULC map of
2018. For SOC mapping, we used the random forest model which included the 2018 LULC
map, topographic indices, and climate data as covariates. We collected field data from 310
sites across the region representing different LULC types for training (70%) and testing (30%)
the model. We obtained an overall accuracy of 76% for LULC predictions and for a subset of
the area an R2 of 55% for SOC predictions. The mean of SOC% in the annual and perennial
croplands were 2.43% and 8.83% respectively. However, SOC in the annual croplands
ranged between 1.7% to 9.9% while the fields containing hedgerows, riparian buffers, and
grassland rotations generally comprised higher SOC. The outcomes of the study will inform
decision making for sustainable LULC management in the agricultural landscape of LFV.
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Wednesday: 10:30 – 10:45
From soil pits to synchrotrons ... a dirt view from down under
Cassandra Shefe
General Soil Science
The soils of south-east Australia are not only old and weathered, they are also highly diverse,
ranging from deep cracking clays to sand dunes, to strongly duplex profiles of loams over
clay. When these soils are used for agricultural production, a wide range of soil constraints
become evident. While compaction and sodicity have been recognised for some time, soil
acidity is becoming more prevalent. With a lack of data on subsoil acidity, I suggest that it is
going to become a bigger issue as more sampling is done, due to the prevalence of A2
horizons that have low cation exchange capacity and light texture in the highly productive
zones.
This presentation will provide an overview of current methods being trialled and adopted for
management of these issues that I have been involved in. Through synchrotron research
(including the CLS) on nutrient issues, field research trials and a lot of time in soil pits with
farmers, I have contributed to, or observed a number of practical, innovative strategies that
have been developed by research teams, farmers and industry, in dealing with issues such as
compaction, sodicity, acidity and efficient nutrient supply.
[Thu13] Forest management impacts on greenhouse gas fluxes from riparian forest
soils of headwater streams
Teresa K. Silverthorn and John S. Richardson
Poster Session
Riparian forests are important for carbon sequestration, biodiversity, and nutrient cycling.
However, there has been little research about greenhouse gas (GHG; CH4, CO2, and N2O)
fluxes from riparian soils, and how these fluxes are influenced by human activities like
forestry. The objective of my research is to examine how forestry practices impact GHG
emissions from riparian forest soils of headwater streams in the Pacific Northwest. I
hypothesize that forest harvest, regardless to what degree, will alter GHG fluxes by creating
conditions that promote methanogenesis and denitrification. That is, the reduced transpiration
from the cut trees will cause a rise in the groundwater table, resulting in anaerobic soil
conditions. Alternatively, clear-cutting without a buffer may reduce GHG emissions by
disrupting soil microbes or GHG emissions may increase in clear-cut sites due to higher soil
temperatures stimulating microbial activity. To test these hypotheses, I will take regular gas
measurements from sites (n = 9) that were a) harvested, b) harvested with a buffer, and c)
undisturbed in Malcolm Knapp Research Forest, British Columbia. Given the global warming
potentials of CH4, CO2, and N2O, this research could help inform global GHG budgets and
forestry management of riparian zones for climate change mitigation.
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Friday: 11:00 – 11:15
Tracking changes in soil organic carbon in highly heterogenous smallholder
landscapes: A case study in Western Kenya
Sean M. Smukler, Cheryl A. Palm, Clare C. Sullivan, and Garry Watmough
Developments in Digital Soil Mapping I
Payments for biological carbon sequestration could be meaningful, particularly to poor
smallholder farmers, in terms of the economic benefits but also the co-benefits of improved
soil health. One of the major challenges to developing these programs, however, is the
monitoring and verification of changes in soil organic carbon (SOC) in highly heterogenous
landscapes. In this case study, we investigate an approach to track changes in SOC at a
village scale (<100-km2) in a landscape dominated by maize production on farms <2ha. In
2004 and 2015, in Sauri, Kenya, we sampled soils from 0-20cm and 20-50cm at 78 plots and
analyzed them for SOC. For each sampling time, a high-resolution satellite image was
acquired, and digital soil maps were developed using indices derived from spectral and digital
elevation model data. Across the landscape we observed a 10% decrease in SOC for the 020cm depth but only a 5% decrease at 20-50cm. The largest losses were observed in
cropland soils, while soils that were converted to agroforestry were stable or accumulated
SOC. This analysis confirms observed SOC trends for agricultural management practices in
the region and illustrates an approach that helps address the challenges of accurately
assessing SOC changes in complex landscapes.
[Thu65] Biosolids increases the phosphorus uptake and arbuscular mycorrhizal
association with corn
Emal Sobat and Joann K. Whalen
Poster Session
Biosolids from municipal residues are often rich in phosphorus and may be substituted for
mineral phosphate fertilizers. Organic phosphorus compounds in biosolids must be
mineralized to release plant-available phosphate, a process that may be facilitated by
arbuscular mycorrhizal (AM) fungi associated with plant roots. The objective of this study was
to determine whether biosolids increased the AM fungi colonization and growth of extra-radial
mycelium in corn roots, contributing to greater phosphorus uptake in corn. This was evaluated
in a greenhouse pot experiment with four fertilizer treatments (unfertilized control, 50kg P2O5
ha-1 of composted biosolids, liquid mesophilic anaerobic digestated biosolids, and
diammonium phosphate, each mixed with 1 kg of clay-loam soil) and two levels of AM fungi
(none and 110 spores of Rhizophagus irregularis kg-1 soil, added to the top 5 cm of soil). Corn
(Zea mays L.) was harvested at the 13-leaf stage for determination of biomass (dry weight
basis) and phosphorus content. Roots were stored at 4°C until analyzed for AM fungi
colonization and biomass of extra-radial mycelium by staining and microscopy. The
phosphorus uptake and corn growth that can be attributed to AM fungi, based on root surface
colonization and mycelial biomass, will be presented.
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Friday: 11:45 – 12:00
Distribution mapping of soil profile carbon and nitrogen with laboratory imaging
spectroscopy
Preston Sorenson, Sylvie Quideau, Benoit Rivard, and Miles Dyck
Developments in Digital Soil Mapping I
Conversion of arable cropland to forage crops has been proposed as a potential method to
increase soil organic carbon (SOC) stocks to sequester carbon and improve soil quality. In
this study, intact soil cores were collected from long-term boreal forest soil research plots
established in 1980 consisting of: a mixed arable crop and forage agroecological rotation
(AE), continuous forage (CF), and continuous grain (CG) rotations. Cores were analyzed
using laboratory shortwave infrared imaging spectroscopy. Samples were then analyzed for
SOC and total nitrogen (TN) to prepare a training dataset. Predictive models were built for
SOC and TN using wavelet analysis and Bayesian Regularized Neural Nets. The CF rotation
was found to have the highest SOC and TN contents compared to AE rotation for only the top
3 and 4 cm. These two rotations had greater concentrations of SOC and TN compared to the
CG rotation to depths of approximately 12 cm. Increases in both SOC and TN were
associated with increased spatial aggregation at fine spatial scales. These results indicate
that adding forages to rotations in boreal forest soils increases SOC and TN, however these
changes were concentrated in the surface depths.
[Thu31] Nitrogen dynamics and use efficiency in semi-arid long-term crop rotations
Mervin St. Luce, Reynald Lemke, Yantai Gan, Brian McConkey, William May, Con Campbell,
Robert Zentner, Hong Wang, Roland Kroebel, Myriam Fernandez, and Kelsey Brandt
Poster Session
Nitrogen (N) management is critical for the long-term sustainability of cropping systems.
Using 12 yrs. (2004–2015) of data, we compared grain and protein yield, N dynamics, N
fertilizer use efficiency (FUE), and available N use efficiency (NUE) from five cropping
systems on a long-term field experiment (> 30 yrs.) under semi-arid conditions in
Saskatchewan, Canada. Annualized grain and protein yields were 14-38% and 33-66%
higher for wheat (Triticum aestivum L.)-canola (Brassica napus L.)-wheat-field pea (Pisum
sativum L.) (W-C-W-P) respectively than continuous wheat (ContW), summer fallow-wheatwheat-wheat (F-W-W-W), F-W-W, and lentil (Lens culinaris Medik) green manure-wheatwheat (GM-W-W). Nitrogen fertilizer applied was highest for ContW and lowest for GM-W-W,
while spring and fall soil NO3-N content was the reverse. Apparent in-season net N
mineralization was higher under GM-W-W and W-C-W-P, and lowest under ContW, which
had greater instances of possible N immobilization. The FUE was highest for GM-W-W and
lowest for ContW. Conversely, NUE was highest for ContW and W-C-W-P, and lowest for
GM-W-W. This long-term study showed that diversified cropping systems that include pulses
have lower N fertilizer requirements, can produce higher grain and protein yields, and may be
more efficient in utilizing available N sources than most other systems.
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Friday: 14:15 – 14:30
The influence of ecological cropping practices on aggregate stability: Results from two
long-term studies
April Stainsby and Martin Entz
Soil Microbiology and Soil-Plant-Rhizosphere Interactions
Agricultural cropping practices have a large influence on soil processes. Aggregate stability is
a soil property that influences many different physical and biological functions of the soil, and
as such is a useful indicator of soil health. We hypothesized that aggregate stability would be
improved through the following cropping system interventions: 1) including perennials in
rotation with annual grains; 2) adding composted manure to long-term organic systems; and
3) including cover crops in no-till crop rotations. Wet aggregate stability (AS) was measured in
2017 at long-term experiments at Glenlea, Manitoba and Indian Head (IH), Saskatchewan.
Glenlea included forage grain (alfalfa-alfalfa-wheat-flax) and grain only (soybean-wheat-flaxoat) rotations under conventional and organic management as well as restored grassland
plots. IH included a no-till grain rotation (wheat-flax-canary seed) with and without selfregenerating medics grown under two nitrogen fertilizer levels. Wet AS was measured using
the Yoder method, with a wet sieve shaker with stacked sieves to determine mean weight
diameter (MWD) of stable aggregates. At Glenlea, AS in wheat was similar among treatments
down to 20cm depth and flax at 0-10cm. AS was highest in the grassland plots, though the
flax plots (10–20 cm) which contained perennial phases were similar to the grassland. At IH in
the low N treatments the medic cover crop increased AS in the wheat phase of the rotation.
With high N and in the flax phase the medic cover crop did not increase AS.
Friday: 09:45 – 10:00
Indigenous youth education as community engagement for risk assessment and
restoration
Katherine J. Stewart
Tollefson Memorial Session on Soil Education I
Effectively engaging northern indigenous communities in environmental decision making, risk
assessment and restoration efforts requires varied and adaptable approaches. Youth
education provides one means to directly integrate research and education, while building the
foundation for improved local community involvement in industrial activities occurring on
traditional territory. While working in partnership with Lac La Ronge Indian Band and
SaskPower to determine and communicate risk associated with herbicide application for
powerline vegetation management; we delivered youth education programs at local four
schools. Students examined plant communities on boreal rights-of-way, using both Traditional
Ecological Knowledge (TEK) and scientific strategies, and explored a suite of vegetation
management techniques. In partnerships with local indigenous communities and an
exploration and a mining company (Tr’ondëk Hwëch’in and Kaminak Gold Corporation;
Kivalliq Inuit and Agnico Eagle Mines respectively) youth education was integrated with ongoing restoration research projects. The education programs occurred on-site with an
emphasis on soil science, plant ecology, environmental monitoring, restoration, art and TEK.
By involving northern communities in the restoration process through training, education and
knowledge co-creation, local values can be more effectively integrated into risk assessment,
and restoration planning and practice.
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Friday: 10:45 – 11:00
Using adult education techniques for engaged learning of soil management in Central
Oregon
Clare Sullivan
Tollefson Memorial Session on Soil Education II
In the United Stated there is currently a surging interest in soil science, as the general public hears
more from popular media about “ways to improve soil health”.
Central Oregon is a region with a fast growing population of new landowners and beginning small
farmers, and the Extension program receives numerous inquiries from community members who
are eager to learn about soil management and practices that improve soil quality.
In response to these inquiries, the Deschutes County Extension Agronomist has been developing
a participatory, adult education curriculum centered around soil test interpretation and nutrient
management. Since 2018, she has taught five workshops with the goal of engaging different
sectors of the community: local gardeners; new landowners; farmer interns; and experienced
small farmers. Hands-on demonstrations are used to explore the functionality of soil texture, how
to take a soil test; and group activities are used to work through soil amendment application rates;
and discussions center around the concept of soil builders vs fertilizers.
This presentation will share which education techniques were proven most successful in
conveying the principles of soil management and will include feedback from workshop participants
received from surveys, in order to help improve the adult education experience.

Thursday: 09:00 – 09:15
Invasive earthworm effects on soil mesofauna and soil aggregation in a prairie ravine
valley forest
Mathew J.B Swallow and Sylvie A. Quideau
Forest Soils
The Foothills Parkland is transitional subregion of rolling topography occupied by grasslands
and forests. Invasive earthworms were widely introduced to many Foothills Parkland forests
following European colonization. However, the impacts of earthworms on soil properties and
soil mesofauna are poorly understood having only recently been recognized. Using a
reciprocal transfer methodology, minimally earthworm-impacted mineral soil and litter was
translocated to an adjacent heavily earthworm-impacted site and left over one growing
season. Translocated soil and litter was placed into mesocosms which either allowed or
prevented earthworms from entering. Samples were compared to similarly prepared
mesocosms in the minimally impacted and heavily impacted site. Sample analysis is still ongoing but preliminary results suggest that earthworms increase the total carrying capacity of
general soil mesofauna and strongly affect soil wet-stable aggregate distributions and organic
matter content. Interestingly, these changes appear to be rapid as, after only one growing
season, the translocated soil mesocosms exposed to earthworms show similar patterns as
heavily impacted soil mesocosms. Future work will investigate differences in the soil microbial
community and other soil chemical and physical properties. Overall, it appears that invasive
earthworms rapidly alter the long term functioning of soils in Foothills Parkland forests.
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[Thu21] Response of organically managed crops to addition of struvite fertilizer in a
Manitoba soil
Joanne Thiessen Martens, Kimberley Schneider, Francis Zvomuya, and Martin Entz
Poster Session
Struvite is a sparingly soluble phosphorus (P) fertilizer recovered from wastewater and is of
particular interest for Canadian organic crop production, where low soil test P is common.
Field trials were conducted in 2017-2018 at Libau, MB, on a low-P soil (2-3 mg Olsen P kg-1)
with a pH of 8, to assess the response of organically managed alfalfa (Medicago sativa L.)grass forage, spring wheat (Triticum aestivum L.), and flax (Linum usitatissimum L.) to
differential rates of a struvite fertilizer, Crystal Green®. Alfalfa-grass biomass production
following addition of 60 or 90 kg P ha-1 as struvite was approximately double that of the
control. Forage tissue P concentration was also greater following struvite addition. Wheat
exhibited a grain yield response in one of two years, while flax showed no grain yield
response to added struvite. Analysis of soil P fractions and root colonization by arbuscular
mycorrhizal fungi (AMF) in alfalfa, wheat and flax trials and an alfalfa pot study will provide
additional insight into relationships among struvite dissolution dynamics, proliferation of AMF,
and crop P uptake. Further avenues of research include potential interactions between crop P
acquisition mechanisms and different P sources, and implications for optimal struvite use in
crop rotations.
Friday: 09:15 – 09:30
Effect of swath grazing an annual polycrop mixture of Brassica, legume, and grass
species versus barley monocrop on soil organic matter, soil physical parameters, and
soil nutrients in east-central Saskatchewan
Jacqueline M. Toews, B. Biligetu, G.B. Penner, J.J. Schoenau, and H.A. Lardner
Soil Organic Matter
Feed cost for beef cattle in Saskatchewan account for approximately 60% of the total cattle
production costs, and efficiencies can be realized through annual crop grazing. Traditionally,
annual crop grazing utilized cereal monocultures, but there is growing interest in the use of
annual polycrop mixtures to extend the grazing period and contribute to improved soil quality
through diversity of species. A two-year field study was conducted comparing two extensive
swath grazing systems: (1) barley monoculture and (2) annual polycrop mixture of grass,
legume, and Brassica species, in east-central Saskatchewan. The effects of the cropping
strategy coupled with grazing on soil bulk density, moisture, pH, total and soluble organic
carbon and nitrogen, nutrient supply, and soil aggregation were determined. In addition,
grazing system effects on forage quality and yield, beef cow performance, and system
production costs were evaluated. Weed infestation in the second year of the polycrop was an
issue. Compared to barley grazing, in the polycrop system a gain was observed in total
organic carbon and nitrogen mass (0-20 cm depth increment) in upslope landscape positions
over the two seasons of the study, despite higher above ground biomass yield of the barley.
Most other soil properties were not significantly affected.
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Thursday: 13:30 – 13:45
Fertilizer nitrogen management in low-acreage, speciality crops (Keynote Presentation)
Laura L. Van Eerd
Nitrogen Cycling
A complex of abiotic and biotic factors govern N cycling, which are impacted by agricultural
management practices. Fertilizer N management in low-acreage, specialty crops (e.g.,
vegetables, sugarbeets, seed corn) is arguably more challenging than grain/oilseed crops due
to 1) the various plant life cycles (e.g. biennial, perennial, vs. annual), growth habits
(indeterminant vs. determinant) and parts harvested (roots, fruits, leaves vs. seeds); 2) the
impact of N fertility on resource allocation (vegetative vs. reproductive growth); 3) many of
these crops are grown for direct human consumption where visual quality and nutritional
content are critical and impacted by N fertility; 4) the very high crop value to fertilizer cost ratio
favors high N application rates; and 5) many crops are grown on course soils prone to
leaching losses. Despite potential opportunities to improve N use efficiency in-season (e.g.,
controlled-release N, split fertilizer applications), for many specialty crops there is a greater
opportunity to mitigate N losses in the non-growing season by applying high carbon organic
amendments or planting a cover crop. These challenges and opportunities will be discussed
using various crops to better understand these complex systems.
Wednesday: 11:15 – 11:30
Historical perspective of soil colour and a new technique for soil colour measurement
Ken van Rees and Landon Sealey
Pedology
Soil colour is a continuous variable across the landscape both horizontally and vertically. Soil
colour was first introduced into the USDA soil survey in 1911 and then into field surveys in
1914 as a means to identify soils for their classification. The terminology for soil colour names
was not finally settled until Rice’s USDA report in 1941. Historically, soil colour has been used
to quantify soil fertility with darker values being more fertile or in the case of drainage the
colour of iron in the soil. The introduction of the soil Munsell colour charts, which has become
the industry standard for manually quantifying soil colour, has greatly improved our use of
colour in soil classification. Recently, a new device – the NIX Color Pro has been developed
to measure colour rapidly through a mobile app. However, this device lacks a soil Munsell
colour chart library to identify different soil colours. The objective of our project was to develop
a soil Munsell colour chart library using the NIX Color Pro and compare its accuracy and
consistency using a variety of soil samples.
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Friday: 10:30 – 10:45
Soils and literature–what can we learn from fiction, poetry and the past?
Fran Walley
Tollefson Memorial Session on Soil Education II
It turns out that thinking about soil is not just the domain of farmers, environmentalists or soil
scientists. People-many people from many walks of life-like to think about it, to describe it, to
refer to it, to write about it, to use it metaphorically, or to simply reflect on their own personal
connections to soil. What gives? Why are there so many references to soil in the literature,
and why do we respond so strongly to writing and reading about soil? This presentation will
explore literary references to soil from the perspective of cultural ecosystem services, and will
describe opportunities to use historic and non-scientific literature to enhance classroom
discussions in an introductory soil science course with the goal of answering the question,
"What is soil?"
Wednesday: 11:00 – 11:15
Available water and the concept of soil drainage in the Canadian System of Soil
Classification
Jim Warren, Daniel Saurette, and Richard Heck
Pedology
Drainage refers to the frequency and duration of wet periods and how quickly excess water is
removed from the soil profile. This is one of the central concepts used to differentiate soil
series within the Canadian System of Soil Classification. Currently seven drainage classes
are recognized: very rapid, rapid, well, moderately well, imperfect, poor and very poor. In finetextured hydromorphic soils, drainage is typically differentiated based on morphological
characteristics (i.e., gleying and mottles). For coarse-textured non-hydromorphic soils,
differentiation is based on available soil moisture which is inferred from soil texture data. In
effect, drainage in sand-textured materials is estimated from the texture class which should
include sand sub-fraction. Available soil moisture values were calculated using a published
pedo-transfer function using combinations of sand, silt and clay-sized particles including very
fine to very coarse sand sub-fractions as input. Calculated values were compared with
assigned drainage classes and several inconsistencies were identified. Revisions to textural
assessment of soil drainage are proposed.
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[Fri06] The calibration method affects the measured delta2H and delta18O in soil water
by direct H2Oliquid-H2Ovapour equilibrium with laser spectroscopy
Hongxiu Wang, Bingcheng Si, Dyan Pratt, Han Li, and Xiaojun Ma
Poster Session
The direct H2Oliquid-H2Ovapour equilibrium with laser spectroscopy (DLVE-LS) is a new method
to estimate soil water stable isotopes. Yet, little is known about the effects of different
equilibrium times and calibration methods on the accuracy of DLVE-LS. The objective was to
evaluate how equilibrium times and calibration methods affect the accuracy. We applied
DLVE-LS to four soils of different textures, each of which was subject to five water contents
and six equilibrium times. Further, three calibration methods were applied to two field soil
profiles and the results were compared with cryogenic vacuum distillation (CVD)-LS. Results
showed 12 to 24 h can be used as optimal equilibrium time. Using liquid waters to do
calibration, DLVE-LS led to significantly higher delta2H and delta18O than CVD-LS, with root
mean squared error (RMSE) of 8.06‰ for delta2H and 0.98‰ for delta18O. Calibration with
soil texture reduced RMSE to 3.53‰ and 0.72‰ for delta2H and delta18O, respectively.
Calibration with both soil texture and water content decreased RMSE further to 3.10‰ for
delta2H and 0.73‰ for delta18O. In conclusion, the calibration method affects the measured
soil water isotope values from DLVE-LS, which may further the application of DLVE-LS to insitu, long-term measurements of soil water isotopes.
Thursday: 11:00 – 11:15
Biochar surface complexation and heavy metal adsorption in aqueous solution depend
on their feedstock type
Siyuan Wang, Jin-Hyeob Kwak, Md Shahinoor Islam, M. Anne Naeth, Mohamed Gamal ElDin, and Scott X. Chang
Remediation and Restoration II
Heavy metals contained in oil sands process-affected water needs to be removed according
to the standards. The adsorption capacity for heavy metals (Ni(II), Cu(II) and Cd(II)) by willow
wood (WW) and manure pellet (MP) and their biochars (WWB and MPB, respectively) were
tested in aqueous solution. The Pseudo second order model describes well the adsorption of
heavy metals by WB and MB (R2>0.74), indicates chemisorptive interaction was the rate
limiting step. While the Elovich model indicates WW and MP adsorption were controlled by
heterogeneous diffusion (R2>0.78). The WWB had higher Ni(II), Cu(II) and Cd(II) adsorption
capacities than WW by 39, 37 and 26%, respectively, while MPB had a lower metal
adsorption capacity than MP by 86, 77 and 80%, respectively. Greater metal adsorption
capacity in WWB and MP is mainly due to the higher surface area and abundance of C=O
and -OH functional groups than those in WW and MPB. The main mechanism for biochar on
heavy metals removal in water solution is the complexation between oxygen-functional
groups on the biochar surface. While biochars are promising adsorbents, the varied
adsorption potential highlights that suitable feedstocks need to be screened to prepare
suitable biochars for heavy metal removal from water.

109

Friday: 14:30 – 14:45
Alum and gypsum for reducing soil P release under simulated spring flooded
conditions
Chamara Weerasekara, Wole Akinremi, and Darshani Kumaragamage
Soil Amendments II
Phosphorous enriched agricultural soils pose a threat of eutrophication of downstream
waterbodies. The Lake Winnipeg is undergoing this threat due to increased P loadings driven
by recent increases in frequency and the intensity of spring floods in the Red River valley.
Chemical amendments can reduce the release of environmental contaminants including P
from the soils. However, knowledge on the effectiveness of such amendments in reducing soil
P release under spring flooded conditions is limited. The objective of this study was to
quantify and compare the effectiveness of alum and gypsum in reducing P release from soil
under simulated spring flooded conditions. Undisturbed soil columns were flooded and
incubated at 4 °C for eight weeks after amending with alum and gypsum at the rate of 5000
kg/ha. Pore- and flood water samples were collected on weekly basis and analyzed for
dissolved reactive P (DRP) concentrations. Flood and pore- water DRP concentrations varied
among the soils. Maximum floodwater DRP concentration during the flooding period was
reduced by 74-99 % and 65-99% with the application of alum and gypsum, respectively.
These results suggest that alum and gypsum are effective in minimizing movement of P from
soils to floodwater under spring flooded conditions.
[Fri60] Earthworm distribution in tile drained agroecosystems of southern Quebec,
Canada
Habib Diop, Joann K. Whalen, and Abdirashid A. Elmi
Poster Session
Subsurface drainage removes excess water from agricultural fields, resulting in greater crop
yields and other economic benefits on farms. However, a subsurface drainage system can
expedite nutrient losses through leaching, particularly when the tile lines are connected to the
soil surface through macropores such as earthworm burrows. The objective of this study was
to determine how earthworm populations were distributed in 12 agroecosystems with
subsurface drainage. The study was done on two working farms near Bedford, southwestern
Quebec, Canada. Agroecosystems had regularly spaced tile lines (9 to 14 m between lines)
installed at approximately 1 m below the soil surface and were planted with annual and
perennial crops on sandy loam and clayey soils. Earthworms were collected at two locations,
above the tile line or at the midpoint between tile lines. Total earthworm and anecic
earthworm populations tended to be uniformly distributed above the tile line and between tile
lines in these agroecosystems. Soil moisture at sampling was significantly correlated with
total earthworm and anecic earthworm populations. The ubiquitous distribution of L. terrestris
in tile-drained agroecosystems warrants further investigation, since vertical macropores
produced by this species may connect with the subsurface drainage system.
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[Thu33] Nitrogen cycling in root associated soils at bolting, flowering and seed pod
filling across eight diverse Brassica napus (canola) lines, Saskatoon, SK
Shanay Williams, Sally Vail, Bobbi Helgason, Steven D. Siciliano, and Melissa Arcand
Poster Session
Nitrogen (N) mineralization and nitrification can be used to predict the supply of N that is
available for plant N uptake. Brassica napus L. (canola) production is N-intensive – a better
understanding of N cycling patterns is needed to improve N use-efficiency. The objective of
this study was to examine N cycling at three major canola growth stages: bolting, flowering
and seed pod filling; and how N cycling and root morphology may differ between canola lines.
Eight diverse canola lines were grown on a Dark Brown Chernozem in Saskatchewan,
Canada. Canola roots and root-associated soils were collected from each line at bolting,
flowering and seed pod filling, and analyzed for potential mineralization, nitrification, soil
nitrate-N (NO3-N), ammonium-N (NH4-N), and root morphology. Soil NO3-N was highest
under NAM-17, and lowest under YN04-C1213, versus the other lines; while potential
mineralization was highest under NAM-32, and lowest under NAM-43 and YN04-C1213,
versus the other lines. Potential mineralization, potential nitrification and NO3-N were highest
at flowering. Root length was highest under NAM-37 and lowest under NAM-32; while root
diameter was highest under NAM-32 and lowest under NAM-37. By understanding soil N
cycling over the canola lifecycle, this research will advance improved N management in
canola.
Thursday: 14:00 – 14:15
Soil enzymatic nitrogen transformation in response to varying N treatments across
four diverse Brassica napus (canola) lines
Shanay Williams, Sally Vail, and Melissa Arcand
Nitrogen Cycling
Nitrogen (N) is an important plant nutrient, but it can be limiting in the soil. Improving N use
efficiency (NUE) in crops is an important goal in sustainable agriculture. The study objective
was to determine rhizosphere N transformation rates between diverse canola (Brassica napus
L.) varieties grown under varying urea fertilizer application rates. Two diverse canola parent
varieties and two hybrid varieties were grown on a Dark Brown Chernozem in Saskatchewan,
Canada. Root-associated soils from the 5-6 leaf stage and flowering, were analyzed for
urease, ammonium oxidase, nitrate-N (NO3-N), ammonium-N (NH4-N); aboveground plant
and seed N was determined. Urease activity and NH4-N were higher at flowering versus the
5-6 leaf stage, while canola growth stage had an opposite effect on ammonium oxidase
activity and NO3-N. Ammonium oxidase and urease activities decreased with increasing urea
rates; while NH4-N and NO3-N increased with urea rates. At flowering, NH4-N and NO3-N was
lowest under the hybrid H151857, and highest under the parent variety NAM-17, compared to
other genotypes. Aboveground percent N was higher at the 5-6 leaf stage, and plant and
seed N increased with urea rates. By characterizing soil N transformations, this research will
advance our knowledge in improving canola NUE.
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[Fri62] Developing a Soil Health Assessment Protocol for Saskatchewan Producers
Q. Wu, J.M. Taylor, J.D. Knight, R.E. Farrell, and K.A. Congreves
Poster Session
Maintaining and building soil health is an essential component of long-term sustainable
agriculture. Soil health can be defined as the capacity of a soil to function, which reflects
sustained biological productivity, environmental quality, and plant health. Farmers need
appropriate tools or methods for assessing and interpreting the soil health status of their soils,
however, there is no standardized and prairie-based soil health test available. Thus, research
is needed to address this gap. We currently have a project underway to assess soil health
across Saskatchewan, which will contribute to developing a Saskatchewan Soil Health
Assessment Protocol (SSHAP). Soil samples from the 0-15, 15-30, and 30-60 cm depth were
collected from 55 fields across 26 sites in Sept and Oct 2018. The selected sites represented
various Agri-Arm sites, producer fields, and AAFC long-term sites (Figure 1). The selected
sites were representative of Saskatchewan agriculture as most sites were previously cropped
with wheat or canola; other sites had barley, chickpea, lentil, field pea, soybean, potato, and
green manure. Native prairie samples were also collected. Soil samples were air-dried and
sieved (2mm) prior to analyses. Lab-work in currently underway to characterize soil health
attributes, such as wet aggregate stability, active carbon, texture, pH, EC, organic matter,
nutrient composition, mineralizable nitrogen, etc. The dataset will enable descriptive statistics
for each soil health attribute, form which soil health scoring functions will be explored (similar
to the Cornell Soil Health Assessment but based on Saskatchewan soils). Maintaining soil
health is an essential constituent of sustainable agriculture and having an appropriate and
standardized method for quantifying and interpreting soil health status a logical first step.
[Thu43] Dynamics of soil organic carbon pools in Chinese fir plantation
Qicong Wu, Joann K. Whalen, Xianghe Jiang, Qianwen Lu, Jinbiao Li, and Jinlin Chen
Poster Session
Chinese fir (Cunninghamia lanceolata (Lamb.) Hook) is a commercially important conifer that
has been cultivated for more than 1,000 years in China. Plantations of Chinese fir are
harvested after about 35 years, so it important to quantify the changes in soil organic carbon
pools and determine the carbon sequestration benefits associated with these short-term
rotational forests. The objective was to determine how soil organic pools, namely the
dissolved organic carbon, microbial biomass carbon, readily-oxidizable organic carbon,
particulate organic carbon and chemically stable organic carbon, varied with forest age and
soil depth. Chronosequences of Chinese fir aged 7, 12 and 33 years were sampled at depths
of 0-20cm, 20-40cm and 40-60cm. The soil organic stock (0-60 cm) was unchanged in the
first decade but increased significantly (P<0.05) by 35.69 Mg ha-1 after 33 years. An increase
in soil organic carbon pools, especially the readily-oxidizable organic carbon, were observed
in the 0-20cm layer, and declined at deeper soil depths. Chemically stable organic carbon
accumulates preferentially in deeper layer of the soil profile (40-60 cm). We will discuss how
the dynamics of soil organic carbon pools are related to environmental gradients and clay
content in Chinese fir chronosequences.
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Wednesday: 17:15 – 17:30
Diversity of parasitic fungi from soybean cyst nematode associated with long-term
continuous cropping of soybean in black soil
Yanli Xu, Jie Song, Shuxian Li, Wei Wei, Qin Yao, and Fengjuan Pan

Root-Soil Interactions (CSSS / Rhizosphere5 Joint Session)
The soybean cyst nematode (SCN) is a major yield-limiting pest of soybean. In this study,
experiments were conducted to examine the diversity of parasitic fungi from SCN associated
with disease-suppressive soil fields in Northeast China. Soil samples were collected from
three fields under different rotation systems that were established in 1991: (1) a continuous
long-term cropping field with soybean (SSSS) that had been shown to be SCN-suppressive,
(2) cycles of three-year rotation with corn, soybean, and wheat (WCS), and (3) continuous
cropping field with three-year cycles of two years soybean and one-year corn (SSC). In the
traditional method result, cyst densities of SCN declined as increase of parasitic fungi, and
the percentage of parasitic fungi associated with cyst of SCN was higher in SSSS field than
other two fields. PCR-DGGE also showed that parasitic fungi of SCN were also increased in
SSSS field, compared with the other two fields. Principal component analysis based on PCRDGGE data revealed that fungal communities on cysts could be divided into three groups:
one group occurred in SSSS, and the other two groups were in WCS and SSC fields,
respectively. Long-term cropping with soybean monoculture in the black soil field might
increase parasitic fungi of SCN. These fungal communities may play an important role in the
ecological suppression of SCN in disease-suppressive soil.
Thursday: 14:45 – 15:00
Spring re-growth of winter legume controls the amount of nitrogen available to the
subsequent corn
Xueming Yang, Craig Drury, Dan Reynolds, Jingyi Yang, and Mary-Anne Reeb
Nitrogen Cycling
Legume cover crop seeding-date has significant influence on fall nitrogen (N) recovery in
leguminous biomass; however, this fall N recovery may contribute less than the N recovered
in spring growth to subsequent corn crop. To examine this hypothesis, we evaluated the corn
yield results from an organic cropping trial which used summer-seeded legume cover crops
as the primary nitrogen (N) source for the corn in soybean-winter wheat-corn rotation in
southern Ontario. The cover crops seeded after winter wheat harvest included crimson clover
(CC, Trifolium incarnatum L.), hairy vetch (HV, Vicia villosa L. Roth) and red clover (RC,
Trifolium pratense L.), and a conventional control (CK, with synthetic fertilizers) without cover
crops. The accumulation of N in cover crops aboveground biomass was examined twice each
crop season for 4 consecutive years (2015-2018), one at early winter (late November) in the
same year of cover crop seeding and the other one at the following spring before cover crop
termination for corn planting (early to mid-May). This study highlights the significance of
spring termination rather than fall termination of legume cover crops as an effective N source
for grain corn in S. Ontario.
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[Thu35] Organic and mineral nitrogen release patterns of leguminous plant shoot and
root materials under controlled incubation
Xueming Yang, Craig Drury, Dan Reynolds, and Lori Phillips
Poster Session
An incubation study with fresh legume shoots and roots gathered in late fall was performed in
the laboratory (70 days). The aim was to study inorganic and organic nitrogen (N) release
from plant material during decomposition. Fresh plant shoot and root materials from Crimson
clover, hairy vetch and red clover were cut into 3-5 mm pieces, and mixed thoroughly with a
mixture of build-sand and sandy-loam soil (50% to 50%) at a rate of 300 mg N/kg soil. The
mixture was packed in a cylindrical vessel and then leached with 100 mL of 0.005 M of
CaCl2.2H2O under a soil-water suction of 0.33 bar. The mixtures were incubated under
controlled environment conditions (temperature = 22±1°C and humidity = 85±5%). The
leaching process was repeated weekly for a total of 10 weeks and the leachate was analyzed
for water soluble total N and mineral N. Organic N was evaluated as the difference of total N
and mineral N. During incubation, both mineral and organic N was released following first
order kinetics; however, N release patterns varied substantially with legume types and parts
of plants.
Friday: 09:15 – 09:30
Greenhouse gas emission dynamics and grain yield of corn agroecosystems receiving
organic amendments
Chun Chung Yeung, Joann Whalen, Emmanuel Badewa, and Maren Oelbermann
Agricultural Greenhouse Gas Program
Organic amendments derived from municipal waste can be returned to farmlands to improve
soil fertility. Microbial decomposition of organic matter releases plant-available nutrients and
greenhouse gases. The objective of this study is to evaluate corn grain yield, CO2 and N2O
emissions from two fields receiving organic amendments with variable physicochemical
properties in Quebec and Ontario. The amendments used were composted food waste,
hydrolyzed biosolid (LysteGro) and liquid anaerobic digestate, plus a chemical fertilizer
control. Yield was not different among treatments at both sites (p > 0.05). Control plots had
the highest agronomic efficiency at both sites, but anaerobic digestate plots had comparable
efficiency in Ontario (62.9±8.8 vs 68.5±3.4 kg grain/kg N-input in control). In Quebec, plots
receiving anaerobic digestate had 26.0% and 109% less CO2 and N2O emissions respectively
than control plots during the growing season. Anaerobic digestate plots also had the lowest
N2O emission factor (0.39±0.17 vs 1.58±0.77 %N emitted as N2O-N in control). In Ontario,
biosolid plots had 6.8 times higher overall N2O emission than the fertilized control during the
sampling period. Characteristics of the organic amendments and sites that may contribute to
the observed pattern of grain yield or greenhouse gas production in corn agroecosystems will
be discussed.
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[Thu37] Functional genes abundances linked with nitrous oxide emissions from
manure in a drip-irrigated cotton field in arid Xinjiang of China
Mingyuan Yin, Xiaopeng Gao, and Mario Tenuta
Poster Session
A field experiment was conducted in a drip-irrigated cotton field in northwestern China in 2016
to investigate how fertilizer and manure additions affect the abundance of the amoA gene for
nitrification, and narG, nirS, nirK and nosZ genes for denitrification. Treatments included plots
not amended (Control), and plots amended with urea (Urea), animal manure (Manure) and a
50/50 mix of urea and manure (U+M). Manure were broadcast-incorporated into soil before
seeding while urea was split-applied with drip irrigation over the growing season. Nitrifying
enzyme activities (NEA) were unaffected by the addition treatments, whereas denitrifying
enzyme activities (DEA) were 39-59 times greater in manure than non-manure treatments.
Real-time quantitative PCR revealed that increased DEA with manure application was highly
correlated with increased abundance of nitrate reducer (narG) and denitrifies of nirK and
nosZ. Increase in abundance of these functional genes were further correlated with soil NO3-,
dissolved organic carbon, total C, total N and C:N ratio. Manure application also increased
cumulative N2O emissions and applied-N scaled emission factors. These results
demonstrated that enhanced N2O emissions by manure application under drip-irrigated
condition was due to increased denitrification involving functional genes of narG, nirK and
nosZ.
Friday: 11:15 – 11:30
Using digital soil mapping tools to estimate bulk density and soil organic carbon
stocks in the Thompson-Okanagan region, BC
Jin Zhang, Chuck Bulmer, Brandon Heung, Margaret Schmidt, and Anders Knudby
Developments in Digital Soil Mapping I
The soil holds a considerable amount of carbon. Proper estimation of soil organic carbon
(SOC, kg m3) stocks within 0 - 0.3m of soil plays a key role in studying carbon cycle
dynamics, but the distribution has not been investigated in the Thompson-Okanagan region.
In this study, we applied machine learning techniques to optimize the prediction of SOC
stocks for the region. We used soil data from the British Columbia Soil Information System to
develop a machine learning model to calculate bulk density (Db) data at 287 locations in the
Thompson-Okanagan region. Random Forest and linear regression model were tested.
Random Forest showed better performance in predicting Db with higher internal validation
(R2=0.85) and external validation (R2=0.55). Accuracies of the ensemble and non-ensemble
learning models were compared, and the better model was used to determine the spatial
distribution of the SOC stocks at 250 m resolution. We used 10-fold cross-validation to
estimate R2 values, root mean square errors, mean square errors and concordance to assess
the model fit and accuracy of the predictions. The results showed that although the ensemble
learning model already improved prediction accuracy, additional environmental variables such
as vegetation cover can further improve the model accuracy.
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Thursday: 11:30 – 11:45
Modeling the interactions among crop, irrigation and regional climate in central North
America
Zhe Zhang, Yanping Li, Fei Chen, and Mike Barlage
CSAFM – Land Atmosphere
Crops are in the center of the water-energy-food (WEF) nexus and human management has
complicated the interaction between croplands and regional climate. Vegetation growth alters the
cropland albedo and, hence, surface energy partitioning. Irrigation practice provides additional
water input to supply soil moisture for crop use and evapotranspiration to atmosphere. The aim of
this study is to quantify the impacts of irrigation and climate change on crop yield, and analysis the
feedback of croplands to regional climate. The study uses the Noah-MP land surface model (LSM)
coupled with a dynamic crop model and an irrigation model. Two species, corn and soybean are
simulated, as major field crop in the central U.S. Two offline LSM simulations are conducted, one
with default crop model, the other with irrigation practice turned on. Model results are evaluated
against the county annual survey from the U.S. Department of Agriculture (USDA). The results
show that irrigation plays a critical role and nearly doubles the yield for corn in Nebraska and
Arkansas, where irrigation practices are most common, by relieving the soil moisture stress. On
the other hand, irrigation also introduces a cooling effect of 1 K, a sensible heat flux reduction and
increase of latent heat flux. Furthermore, coupled simulation of crop and regional climate is
performed to study the feedback of cropland and irrigation on regional climate in the NoahMP/Weather Research and Forecast model system (Noah-MP/WRF). The cooling and moistening
effects of irrigation feedback from land surface to the atmosphere, further inducing precipitation in
the downwind-side in the growing season. These findings show great implication in both
agricultural and regional climate studies.

Thursday: 14:15 – 14:30
A new thermal conductivity model for sandy and peat soils
Ying Zhao, Bing Cheng Si, and Zhenhua Zhang
Soil Hydrology/Physics
Soil thermal conductivity (λ) is frequently required when studying coupled heat and water
transfer in soils. While λ models are widely available for mineral soil, they are not as readily
available for organic soil, which plays an increasingly significant role in climate change and
carbon sequestration. This study used a heat-pulse method to measure the thermal
properties of six soil peat:mineral mixes spanning wide ranges of water contents and bulk
densities. Based on this, a new generalized λ model was proposed, which was tested by
fitting the model to heat-pulse measurements, and then comparing with several other widelyused empirical or physically-based models of λ. The new model accounts for the effects of
porosity, degree of saturation, organic matter content and soil texture on the thermal
conductivity. It is capable of describing the measured data more effectively than other models
due to its simplicity and applicability, as indicated by the lowest values of root mean square
error (0.028 W m−1 K−1) and the highest value of Nash-Sutcliffe efficiency (0.995). The new
model has shown potential for use in studying numerical algorithms for describing coupled
heat and mass transfer processes in a variety of multiphase soils. It can also be incorporated
into global land surface models, particularly in terms of identifying the significance of peat
soils on climate change and carbon sequestration.
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Wednesday: 11:45 – 12:00
Biologically-based characterization of phosphorus in Brunisols and Podzols on
Vancouver Island suggest benefits of citric acid secretion as a P-acquisition strategy in
mineral horizons
I. Zigg, J. Meeds, F. Miros, P.R. Shipley, J.M. Kranabetter, and M.D. Jones
General Soil Science
Phosphorus (P) can limit plant growth in weathered soils of tropical and temperate forest ecosystems.
Plants and mycorrhizal fungi in these environments use strategies such as release of low molecular
weight organic acids or phosphatases to access adsorbed or organic P. Soil P concentrations are
usually determined by chemical extractions that do not necessarily measure phosphorus available to
plant roots, and do not reveal P released by specific acquisition strategies. We modified a biologicallybased P extraction method (DeLuca et al. 2015. SBB 88:110-119) to quantify water-extractable, citric
acid-extractable, and phosphomonoesterase-hydrolysable phosphorus in three soil types along a P
gradient on Vancouver Island. Chemical composition was studied using 31P NMR spectroscopy. Eastcoast Brunisols had more extractable phosphorus and higher inorganic/organic P ratios than westcoast Podzols. In all mineral soils, citric acid and phosphatase in citrate buffer extracted more P than
water alone. In forest floor samples, there were no differences among extractions, suggesting that
release of citric acid would be an effective phosphorus acquisition strategy in mineral soils but not
advantageous in forest floor. Podzols had higher concentrations of phosphodiesters relative to
orthophosphate compared to Brunisols, which may explain why ectomycorrhizal roots in these soils
had high extracellular phosphodiesterase activities.

Friday: 09:00 – 09:15
The response of contents of soil organic matter and nutrients to straw incorporated
into different soil depths
Wenxiu Zou, Xinchun Lu, Xu Chen, and Xiaozeng Han
Soil Organic Matter
Straw return to soil is one of important practices of increasing soil fertility, which was impacted by the
depth of straw return. The effect of straw incorporated into different black soil depths on soil organic
matter (SOM) and nutrients contents in this study based on a three-year field experiment. Four
treatments were considered in this study, they are that straw of 10000 kg/m2 was incorporated into 0-15
cm soil layer (D15S), 0-20 cm (D20S), 0-35 cm (D35S) and 0-50 cm (D50S). The content of straw in
soil ranged from 1.68 g/kg to 6.06 g/kg, with the increasing trend of D15S>D20S>D35S>D50S after
straw was incorporated in soil. Straw incorporated into soil increased SOM in a given soil layer,
compared with D15S treatment, SOM contents in D20S, D35S and D50S treatments were decreased
by 27.34%, 48.44% and 67.78%, however, the ratio of straw converted to SOM reached a greatest
value in D35S treatment, and increased by 28.55%, 32.58% and 17.48%, compared with D15S, D20S
and D50S treatments; Storage of SOM in different treatments showed in an increasing trend of
D35S>D50S>D15S>D20S; soil light fraction organic carbon (LFOC) showed the similar trend as SOM.
Soil total nutrients contents were not impacted by straw incorporated into soil (p<0.05), but soil
available nutrients contents were impacted significantly (p>0.05). Compared with initial values, the
contents of soil available nitrogen, available phosphorous and available potassium were increased by
7.17%-20.63%, 9.16%-38.18% and 12.63%-43.71% with the greatest increased ratio in D35S,
indicating that more soil nutrients were cumulated in deep soil by straw incorporated into deep soil, and
increased the supply of soil nutrients. Therefore, we suggest that the optimum depth of straw
incorporated in soil is 0-35 cm soil depth, which will increase the contribution of straw incorporation to
soil fertility and realize black soil protection.
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