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Presentation Overview

A Agriculture and water from a global perspectiv

A Nature of agricultural impacts on water
resources

A Surface water and groundwater consideration:s
A Field evidence through a case study (Ontario)
A Future challenges and opportunities




Global Agriculture
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Global Agriculture

A Agriculture considered to bine largestsource of
water pollutionglobally™

I Nutrients, pesticides and pathogens

Nitrogen Management .
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A Global Grand Challenge, 2012 g |
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The European
Nitrogen Assessment

Sources, Effects
and Policy Perspectives

Edited by

Mark A, Sution
Clare M. Howard
Jan Willem Erisman
Gilles Bilion

Albert Bloeker
Peringe Grennielt
Hans van Grinsven

ueadoin3yayyl

<
s
-
0
«Q
o
3
>
)
n
0
)
0
3
0
-
—

Sutton et al., (2011)
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WATER AND AGRICULTURE IN CANADA: TOWARDS
SustainABLE MANAGEMENT OF WATER RESOURCES

1@ Expert Panel on Sustainable Management of

the Agricuitural Landscapes of Canada

Sclonce Advice In the Public Interest

Wheateret al., (2013)
Canada



Nutrients in Surface Waters
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Lake Winnipeg Shoreline

Contributes to eutrophication in surface waters
Aecosystem health




Nitrate in Groundwater
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With a Focus on Tulare Lake Basin and Salinas Valley Groundwater

Report for the State Water Resources Coatrol Soard Raport to the Legisiatare

p Virde (e 27
A 7 AR
D e
£, J; “ .
® <
N Y
1 4
3 N

Community Public and State Small
Water Systems Raw Water Nitrate Levels \
(WQM 2006-2010) -
Nitrate [mg/L as Nitrate]

® upto1.0

® 11-150

15.1-225

226 450
® 451-900
® over90.0

2\
N
)

Elevated nitrate concentrations
In drinking water wells
Harter et. al (2012) Ahuman health




LOCATION OF SURVEYED WATER WELLS
SOUTHERN ONTARIO

HZ B ~1500 Farm Drinking Water Wells

General Results of Well Survey

37% of all wells tested contained one or more target contaminants at
concentrations above Provincial drinking water standards.

31% of all wells tested exceed the maximum concentration for coliform
bacteria.

20% hadfaecalcoliform bacteria.
13% exceeded the maximum acceptable concentration for nitrate.

Goss, M. J., Barry, D. A. J. and Rudolph, D. L., 1998.
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Agricultural Nitrate in Public Supply Wells

Anatomy of a Non-Point Source
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Complicating Factors
ANutrient application rate, timing & type
ASurface and subsurface characteristics
ASeasonal and extreme hydrology
AlLong time lags in the subsurface
ATile Drainage
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A simple method to assess unsaturated zone time lag in the travel time from
ground surface to receptor

Marcelo R. Sousa ™, Jon P. Jones, Emil O. Frind, David L. Rudolph JCH (2013)

University of Waterloo, Department of Earth and Environmental Sciences, 200 University Avenue West, Waterloo, Ontario, Canada N2L 3G1
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Impermeable stratum

1. Residence time in the unsaturated zone
2. Long travel times in the groundwater flow system
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Tile Drainage

Benefits
APlant earlier and harvest later
AReduced soil compaction
Almproved root zone aeration
ARoot zone warms earlier in spring

Potential Concerns
ARapid drainage of shallow groundwater
AL oss of nutrients
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Ontario Tile Drainage
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1.626 million hectares tile drained
(~ 66% of total productive agricultural land)
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Denitnfication
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Regional Nutrient Management

Strategies

Beneficial Management Practices (BMFs)3)
Appropriate type, timing and amount of fertilizer
Crop rotation, types and cover cropping faxation

Being implemented worldwide, but with few
documented performance studie§.2:3
Performance metrics
Long time lags in the subsurface
Commonly based on predictive simulations
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uantifying BMP Performance
Are we making progress?




Case Study: Woodstock, Ontario

' . APrimary water
supply for City of
Woodstock

AS production wells

f‘ ¢ Insand and gravel
@ aquifers.
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A s i AAverage well depth

$ 0 ﬁ%\{” 30 m

1 AAdjacent to active
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fertilizers applied fo
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Nitrate concentration [mg NO,-N/I]
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Koch (2009)
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Public Well Nitrate
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Well Field
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Groundwater Nitrate Concentrations

Nitrate
concentration
[mg NO;-N/L]




Groundwater Management Strategy

Municipality of Oxford County, Ontario

1. Purchase agricultural land within the
2-year time of travel (2002/2008

2. Reduced fertilizer rates and modified croppin
practices (Beneficial Management Practice

'BMP) in 2003,
A Maintain land in production.

3. Rely on BMP performance as alternative to
above ground treatment.
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Historical Practice

Modified Practice
(2003)

Cattle/Hog production; Soy-wheat-corn rotation,
Crops primarily corn cropping, some fields in permanent
some wheat and soy grass
Applied Synthetic Fertilizer some | Synthetic fertilizer, legume
Nutrients manure cover crop (red clover)
Average N 100 Ib/ac 54 Ib/ac
application
N - Balance (+) 23 Ib/ac (-) 25 Ib/ac

King and Wall (2004
rm
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Nitrate Monitoring Stations

o
f

); Bekeris(2007) Koch,(




Stored Nitrate Mass in Vadose Zone

| Replicate Vadose
Zone Soil Coring

Soil Sample Analysis
NO, & Moisture Content

A) Soil Conc. B) Gravimetric Water §fC) Porewater Conc. Cumulative
(mg NO,-N/kg soil) Content (g/g) (mg NO3-N/L) g NO3-N/m?
0 10 20 30 40 50 0 01 02 03 100 200 0 510152025

0O 49— 04— 44—

0

0.5 1 0.5 1

Coring 1]
L ocations

1 1 4

1.5 A 1.5 A

Depth (m)
=
o

2 2

2.5 1 2.5 1

3 3 4

Haslauer(2007);Bekeris(2007) 35 35 A 35




Change in Stored Nitrate Mass
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Change in Stored Nitrate Mass
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Post BMP Nitrate Mass Flux

Recharge Nitrate concentration Mass flux
[mg NO;-N/L] [ NO5;-N/m?/yr]
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- ~20 mg/L to ~ 8 mg/L

Jﬁ Total nitrate.;mass loading decreased from
/-, 5.6 to 2.Xonnedyear (from 2604 to 2009)
.. —* 60% reduction *

Historic corn yields: 1B&/ac
Current corn yields: ~180/ac!
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