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In many regions, the agricultural industry in North America has experienced intensification in the recent past; Québec is 
no exception to this trend.  According to Statistics Canada, Québec has experienced a 23.9% increase in swine 
production from 1996 to 2001, and has the largest number of dairy cows in production compared to any other province in 
Canada.  These trends have continued into 2007.  This intensification of the livestock sector has put a high demand on 
grains, therefore grain corn production greatly increased.  From 1996 to 2001 Québec increased its grain corn production 
31.3% according to Statistics Canada.  To grow all of this corn, a lot of pasture and hay production was sacrificed, 
therefore resulting in the intensification of the typical cropping system in Québec.   
 
Within Québec, The greatest increase in livestock and crop intensification has been experienced in the southern region.  
Figure 1 displays the amount of manure production and the abundance of manure in the Southern Québec region. 
 
 
 

 Manure Production (Sub-watershed) 

 
Figure 1: Manure Production calculated by sub-watershed and displayed in kg/hectare 

Source: Statistics Canada, Environment Accounts and Statistics Division and Agriculture Division, 1996 
 
 
 
Located in Southern Québec is the Pike River Watershed.  This watershed is part of the Lake Champlain Basin and its 
principal land use is agriculture.  Most areas of the Lake Champlain are affected by elevated phosphorus concentrations.  
The Missisquoi Bay has among the highest concentrations within the lake and it borders the Pike River Watershed.  It is 
estimated that over 90% of the phosphorus loading into the lake is from non-point sources, with agriculture accounting 
for 56% of this (LCBP, 2005).  Figure 2 displays the phosphorus loading by sub-watersheds in the Lake Champlain 
Basin.  Also evident in Figure 2 is the high contribution of phosphorus that the Pike River Watershed contributes to the 
Missisquoi Bay. 
 
 
 
 

Pike River Watershed 



 

Missisquoi Bay 

Figure 2: Non-point phosphorus assessments for the Lake Champlain Basin 
Source: Lake Champlain Basin Program 
 
Problem 
 
High phosphorus concentration in water bodies can lead to a number of problems.  Phosphorus is usually the limiting 
factor in algae growth in surface water bodies, therefore when a large concentration is present, algae growth is 
accelerated.  Excessive algae growth can lead to a reduction in the clarity of the water, various water treatment problems 
(odour and bad taste, increased filtration costs, interference with the disinfection process), alter the balance between the 
“natural” aquatic species, and make water appear green. (Lory, 1999).  Once the algae dies off it continues to cause 
problems by reducing the dissolved oxygen in the water, which in extreme cases may cause fish kills.  Elevated 
phosphorus levels can also lead to cyanobacteria outbreaks.  Cyanobacteria, commonly referred to as blue-green algae 
produces toxins which are harmful and may be fatal to humans and animals when consumed. 
 
Research Question 
 
Traditionally, it was though that surface runoff was the main pathway by which phosphorus was lost from agricultural 
fields.  Recent studies in Quebec have shown that phosphorus concentrations in tile drains may exceed water quality 
guidelines (0.03 mg/l) by 10-20 times, and most agricultural fields in Québec have tile drains (Rivest and Leduc, 1998, 
Beauchemin et al, 1998).  There is little data available to evaluate the relative contribution of phosphorus loads in 
subsurface drainage waters versus those in surface runoff.  A better understanding of the relative importance of tile 
drainage systems in annual phosphorus loads from agricultural fields will lead to more effective best management 
practices for reducing phosphorus non-point source pollution. 
 
Project 
 
Better water quality in the Missisquoi Bay starts with reduced phosphorus loads in the Pike River. A project was initiated 
with funding from FCAR (Le Fonds pour la formation de chercheurs et l'aide à la recherche  - Action concertée Fonds 
FCAR - IRDA) titled “Development and validation of agro-environmental indicators to assist watershed based 
management for the reduction of phosphorus and nutrient loads”.  This project links university researchers (McGill, 
Sherbrooke, Vermont) and government officials from IRDA (Québec Government Research Institute for Agro-
Environmental Development), MAPAQ (Québec Minister of Agricultural, Fisheries and Food), MENV (Québec Minister 
of Environment), Vermont Dept. of Environmental Conservation, and has a core objective to develop phosphorus loss 
risk indicators for the field, small and large watershed scales.  To measure water quality at the field scale, four 



agricultural field sites have been instrumented in the Bedford region. 
 
Field Sites 
 
With the assistance of cooperating agricultural producers, four field sites have been installed in the Pike River watershed 
to measured phosphorus movement in surface runoff and tile drainage waters.  The four sites operate year round and 
produce continuous data.    
 
The first two sites were installed in 2000, and both have tile drainage.  The second two sites were installed in 2004, and 
do not have tile drainage.  The locations of each site are displayed in figure 3. 
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Figure 3: Map of the four research field sites 
Instrumentation 
 
The primary sensor used to measure the depth of surface runoff in the H-flume (figure 4a) is a Campbell Scientific SR50 
ultrasonic sensor (figure 4a), with a Keller 173 submersible pressure transducer (0-5 PSI) (figure 4a) serving as a backup. 
A Campbell Scientific datalogger (figure 4b) reads the sensors every 5 seconds, and calculates discharge using a known 
rating curve.   A counter is used to track the cumulative volume of surface runoff.  Once the counter exceeds a user 
defined threshold, an American Sigma 800SL (figure 4c) discrete water sampler is pulsed to take a sample, and the 
counter is reset to zero.   
 
 
 
 
SR50  
 
Sampling Tube 
 
Pressure Transducer Well Figure 4b 
 
H Flume 
 
 
 
 
 
           Figure 4a         Figure 4c 
A manhole is installed over the collector for the tile drainage system. The primary sensor for subsurface drain flow is an 
Endress & Hauser Prosonic Flow DMU93 which is mounted on the surface of the drain pipe.  Figure 5 illustrates the 
DMU93.  An insertion type flow meter (Global Water IF-200) is mounted in a 6"x6"x2" “T”, which is installed on the 



collector.  Both meters totalize flow, but neither has logging capabilities.  A pulse output from the DMU93 is logged by 
the datalogger, and a separate counter is used to totalize drain flow.  Once a volume of water equivalent to 1 mm of 
subsurface drainage has been measured, a Global Water WS300 sampler is activated.  At the end of the drainage event, a 
single composite water sample is obtained. 
 
 

 
Figure 5: Picture of a DMU93 installed to measure subsurface flow 

 

Air temperature, rainfall and solar radiation are also measured on the sites.  The data logging system can be accessed via 
modem for real-time control and data collection.  
 
Results 
 
Although data has been collected from Gagnon and Marchand since the year of 2000, results are presented in this report 
are from spring 2004 (when Messier and Vermeulen were installed) until summer 2006.  This allows for the comparison 
of hydrology and nutrient transport between the tile drained and non-tile drained fields.  In addition, a comparison 
between soil types is also made.  Gagnon and Vermeulen are both heavy clay fields, and Marchand and Messier are both 
loamy fields.    
 
Loam Soil Fields (Marchand and Messier) 
 
Marchand and Messier both have loamy textured soils.  Marchand is tile drained and Messier is not.  Figure 6 illustrates 
how the field hydrology differs when tile drainage is installed.  Tile drainage reduced surface runoff at Marchand by 63% 
in the spring and summer of the 2004/2005 hydrologic year and by 73% in the 2005/2006 hydrologic year.  However, 
discharge from the tile drainage at Marchand was quite substantial.  In spring and summer of 2004/2005 tile drainage 
contributed 110 mm of drainage and in 2005/2006 528 mm of drainage.  Therefore, although Marchand produced less 
surface runoff then Messier it did however have a greater (45%) total water yield for the study period. 
 



Marchand and Messier Total Yield
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Figure 6: Total water yield produced at Marchand and Messier 

 

Sediment concentrations in the drainage waters at both sites are considered low, with annual loads being less than 0.08 
t/ha.  The crop grown on both fields for the 2004/2005 and 2005/2006 growing seasons was both hay (alfalfa and 
grasses).  Hay has the ability to trap sediments at the soil surface and promote soil aggregation therefore not allowing soil 
to be transported off of the field.   Figure 7 illustrates the sediment loss by season for both sites.  Although sediment loss 
was marginal on both fields, tile drainage reduces the amount of sediment leaving the field through surface runoff, 
because there is less water exiting the field through surface runoff. 
 

Marchand and Messier Sediment Loss
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Figure 7: Sediment loss at Marchand and Messier 



 

As seen in Figure 8, total phosphorus loads for spring and summer in the 2004/2005 hydrologic year were 0.81 kg/ha and 
0.31 kg/ha for Marchand and Messier respectively.  The high value of 0.81 kg/ha for Marchand is driven by one large 
storm in spring 2005 which occurred shortly after a manure application.  If that manure application had occurred after the 
rainstorm, we would expect to see much less phosphorus loss for this season.  For the 2005/2006 hydrologic year, tile 
drainage showed to reduce the amount of phosphorus loss through surface runoff.  However there was an additional loss 
of 0.42 kg/ha through the subsurface drains. 
 
 
 

Marchand and Messier P-Total Loss
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Figure 8: Total phosphorus loss at Marchand and Messier 

 

In addition to the amount of phosphorus loss from the farm field is the form in which it is lost.  Phosphorus may be lost as 
particulate phosphorus or as dissolved phosphorus.  At Marchand, on average, 33% and 18% of the phosphorus loss 
occured as particulate phosphorus through tile drainage and surface runoff respectively.  At Messier 17% of the 
phosphorus loss occurred as particulate phosphorus.  These low percentages further illustrate the sediment trapping ability 
of hay fields, as discussed earlier. 
 
Clay Soil Fields (Gagnon and Vermeulen) 
 
Gagnon and Vermeulen both have clay textured soils.  Gagnon is tile drained and Vermeulen is not.  Figure 9 illustrates 
the total water yield produced at both sites.  There exists very little difference in the amount of surface runoff generated 
between the two different sites.  This suggests that tile drainage has less of an ability to reduce surface runoff on clay soils 
when compared to loamy soils.  However, discharge from the tile drainage at Gagnon was quite substantial.  In spring and 
summer of the 2004/2005 hydrologic year tile drainage contributed 245 mm of drainage and in 2005/2006 hydrologic 
season 737 mm of drainage.  Therefore, although Gagnon and Vermeulen produced roughly the same amount of surface 
runoff, Gagnon had a greater (72%) total water yield for the study period. 
 



Gagnon and Vermeulen Total Yield
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Figure 9: Total water yield produced at Gagnon and Vermeulen 

Sediment loads produced from Vermeulen are considered low, with annual loads being less than 0.08 t/ha.  There is a fair 
amount of sediment loss from Gagnon (greater than 2.0 t/ha) with greater than 50% of the loss occurring through the tile 
drainage system.  The crops grown on both fields for the 2004/2005 hydrologic year was corn and during the 2005/2006 
growing season soybeans were grown at Gagnon and mixed cereals were grown at Vermeulen.  It is suspected that the 
crop planted on the field has had little influence on sediment loss between treatments; soil texture appears to be more of 
an issue.  The large amount of loading occurring through the subsurface drains indicates that preferential flow is occurring 
especially during late spring, summer and early fall when the soil tends to be driest.  Preferential flow allows the rapid 
movement of sediment from the soil surface to the subsurface drains and then out of the field.  Figure 10 illustrates the 
sediment loss by season for both sites.   
 

Gagnon and Vermeulen Sediment Loss
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Figure 10: Sediment loss at Marchand and Messier 



As seen in Figure 11, total phosphorus loads for spring and summer of 2005 were similar for both sites at approximately 
0.5 kg/ha.  For the 2005/2006 hydrologic year Gagnon had 4.0 kg/ha and Vermeulen had 1.2 kg/ha of phosphorus loss.  
The high value of 4.0 kg/ha for Gagnon is driven by the greater than 50% contribution by the tile drainage.   

 

Gagnon and Vermeulen P-Total Loss
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Figure 11: Total phosphorus loss at Marchand and Messier 

 

Particulate phosphorus loss at these two sites was rather significant.  At Gagnon, on average, 70% and 84% of the 
phosphorus loss occured as particulate phosphorus in tile drainage waters and surface runoff respectively.  At Vermeulen 
79% of the phosphorus loss occurred as particulate phosphorus.   
 
Modeling 
 
The Soil and Water Assessment Tool (SWAT) has been calibrated and validated for two years of data from the Gagnon 
and Marchand field sites.  The SWAT model is a watershed based model but it was successfully calibrated at the field 
scale.  SWAT has the capacity to predict drainage rates and nutrient loss from agricultural fields.  From this information it 
is then able to determine Best Management Practices (BMP’s) which are effective at reducing the nutrient loss from that 
specific field.   
 
SWAT performed successfully for the most part at the Gagnon and Marchand sites.  However, it was unable to correctly 
partition the total water yield between surface and subsurface drainage.  Also, it underestimated the loss of phosphorus 
through the tile drainage.  The minor difficulties that SWAT had, are believed to have been caused by the variability 
between the calibration and the validation year.  The calibration year, was somewhat typical, having its large runoff event 
at the time of snowmelt.  During the validation year, there was a mild winter, and there was not a lot of runoff at the time 
of snowmelt.  However there was a large rainstorm event during the late spring.  SWAT also lacked in its ability to 
partition streamflow because of the variability between the two sites.  Gagnon, having much higher clay content, and 
therefore more susceptible to cracking, produced much more drainage discharge then Marchand.   
 
Conclusions 
 

• Tile drainage is essential for Quebec.  Without tile drainage farmers in the Pike River Watershed would not be 
able to achieve the yields required by their intensive livestock operations. 

• Field data suggests that phosphorus loss increases on clay soils and that soil texture, structure and management 



practices (fertilizer application and timing and crops grown) are more important factors when determining the 
risk of phosphorus loss then soil phosphorus test level and percent phosphorus saturation. 

• Tile drainage is a significant contributor to phosphorus loss from agricultural landscapes.  This is especially true 
on heavy clay soils where the formation of cracks in the soil are present, which lead to preferential flow 
situations.   

• The SWAT 2000 model has been successfully calibrated for the tile drained fields, however there is room for 
improvement and the SWAT 2005 version hopefully will perform even better. 

• Preliminary SWAT 2000 results suggest that implementation of crop rotations which involve hay or cereals 
drastically reduce phosphorus exports when compared to corn monoculture.   

 
Future Direction   
 
The four sites will continue to be monitored on a year round basis in order to gather valuable field scale, continuous data. 
 This data will be analyzed and SWAT 2005 will be applied to a much larger data set then originally performed.  This is 
expected to increase SWAT’s performance.  Also, by using SWAT 2005, the crack flow component of SWAT will be 
utilized.  This is expected to further improve SWAT’s ability to predict nutrient losses from the agricultural fields which 
have tile drainage, and for the sites which do not.  The end result will be predicted BMP’s that will reduce the amount of 
nutrients lost from agricultural land with and without tile drainage. 
 
Once a solid understanding of the nutrient transport systems at the field scale is gained this research can be scaled up to 
the small watershed and watershed level.   This will allow the problem of elevated phosphorus levels in the Pike River 
Watershed to be tackled at a watershed scale.       
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