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2 Objectives 
 

Solutions to manage phosphorus and nitrogen from cropping system runoff and drainage are needed to 

protect surface water quality in agricultural watersheds in Ontario. Pond-wetland systems at farm outlets 

and controlled tile drainage structures have been suggested as potential solutions. There is a need to 

verify and demonstrate the effectiveness of these systems on Ontario Farms. 

The project objectives include: 

 

 Characterize nutrient attenuation of agricultural runoff and drainage in a pond - wetland system 

and controlled drainage systems. 

 

 Calculate water flows and nutrient mass loads across the pond-wetland system and controlled 

drainage systems. 

 

 Evaluate impacts on crop yield based on the performance of Controlled Tile Drainage. 

 

3 Methodology 
 

3.1 Site Description 
 

Pond-Wetland System –  
Ferme Agriber is an 850-ha cash crop operation in St. Isidore, ON (South Nation River Basin) producing: 
soybean, corn and wheat in addition to sorghum and hemp. The soil on the farm is tile- drained and 
predominantly clay loam. The topography consists of relatively flat fields with the exception of fields to 
the east of Caledonia Road, which includes a 700 m long x 3.5 m deep (approx.) natural ravine. A 240m 
long (0.36 ha) pond-wetland system was constructed along the length of the natural ravine and collects 
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drainage waters from 75ha of farmland, occupying 0.5% of the total drainage area. An aerial photograph 
of the pond-wetland system is presented in Figure 1. 
 

 

 

 

 

 

 

 

 

Figure 1 Aerial Photo of Pond-Wetland System 

The system was constructed in the summer of 2015. Ducks Unlimited Canada designed the system and 

secured the necessary approvals. The ponds were designed with varying depths to support a wide variety 

of aquatic plant growth and to attract wildlife. The deep zones facilitate sediment removal through 

settling while the shallow zones increase treatment through wetland plant uptake and other wetland 

processes. The ravine slopes were planted with native trees and shrubs for slope stability and erosion 

control while wildflower seed mixtures were planted to attract pollinators.  The construction photos can 

be found under the Appendix A section of this report. 

 

The outlet of the pond-wetland consists of a riprap spillway with a 6 m horizontal base and a 0.9 m height, 

with 3:1 side slope. The demonstration study was conducted over three growing seasons with corn 

planted in 2016, soybean in 2017 and corn again in 2018. 

 

3.1.1 Controlled Tile Drainage systems  

The fields have parallel tile drainage systems installed at an approximate depth of 3 feet with tiles of 4-

inch diameter spaced approximately 50 ft apart. The farm drainage system is presented in Figure 2. Six 

controlled tile drainage structures (CDS 1-6) were installed at the Ferme Agriber creating 6 drainage plots 

and is described in Figure 3. The structures were donated by South Nation Conservation and construction 

photos can be found in Appendix B section of this report. 

 

Two of the plots were operated as controlled drainage systems (CDS1 and CDS2) with the remaining plots 

operated as uncontrolled drainage system (CDS3, CDS4, CDS5 and CDS6). The areas of plot for CDS1, CDS2, 

CDS3, CDS4, CDS5 and CDS6 are 7.45 ha, 4 ha, 4.75 ha, 6.5 ha, 3.35 ha and 3.7 ha, respectively. Drain 
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outflow rates were measured using an in-pipe V-notch weir an angle of 23° equipped with a water level 

sensor. The tile outflow from CDS 2-6 flow into the pond-wetland system, while CDS 1 discharges to a 

ditch (figure 3). 

Figure 2 Drainage system around and outside the farm 

Figure 3 Location of CDS at the farm 
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3.2 Sampling Methods and Monitoring  
 

3.2.1 Pond-Wetland System 
The pond-wetland system was monitored throughout the non-frozen period of 2017 and 2018 (March to 

December). The performance of the system was evaluated for its ability to treat tile drainage water and 

field surface runoff prior to discharge to a drainage stream at the wetland outlet. The outflow rates at 

inlet and outlet to the wetland system were measured using in-stream v-notch and rectangular weirs 

equipped with water level loggers (HOBO U20-001-04) (Weirs 1, 3 and 4 shown in Figure 4). A weather 

station was used to record precipitation and ambient air temperature.  

 

Water quality sampling and analysis - Samples were collected from the weirs (W) using ISCO composite 

samplers.  Each sampler was powered by a battery, which is trickle- charged using a solar panel (see Figure 

5). Daily composite samples were collected from the four sample locations (50 mL every 6 hours in 250mL 

sample bottles). Grab samples were collected from weirs and five other locations across the ponds (shown 

in figure 3) on a weekly basis. The grab and composite samples collected were analysed for Total 

Phosphorus (TP), Soluble Reactive Phosphorus (SRP), Total suspended solids (TSS), Total Nitrogen (TN), 

Nitrate (NO3-N), Ammonia (NH4-N) and soluble COD (sCOD), in addition to in situ measurements of DO, 

pH and temperature. 

 

 

 

 
 
 
 
 
 
 
 
 

 

Figure 4 Location of weirs and ponds at the farm 

Figure 5 ISCO sampler system at Weir 1 
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3.2.2 Controlled Tile Drainage System 
The controlled and uncontrolled tile drainage systems were monitored throughout the non-frozen, 

periods of 2017 and 2018.  CDS 1 and CDS 2 were used to control the water table while, CDS 3, CDS 4, CDS 

5 and CDS 6 were used to monitor regular tile drainage from the fields. The final structures were used to 

monitor flow into the wetland system. Figure 6 shows the fields (plots) in which the entire field was 

divided. Here, field 1 and field 2 = plot 1 and 2 (controlled plots) and field 3 and field 4 = plot 3 and plot 4 

(uncontrolled plots). The V-notch weirs of CDS1 and CDS2 were placed over adjustable stoplogs at 0.63m 

and 0.74m respectively on May 4th, 2018, which provided flexibility for restricting and draining water with 

seasonal requirements.  One 17.8 cm high stoplog was placed under the V-notch weir at CDS 4 to prevent 

backflow from the stream due to the elevation of the tile drain outlet in the drainage ditch. Remaining 

CDSs have only V-notch weirs without the stoplogs. The stoplogs of CDS1 and CDS2 were removed on 

September 27th, 2017 and October 19th, 2018 after which point, they acted similar to the uncontrolled tile 

drainage system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Water quality sampling and analysis - The ISCO automatic samplers were used to collect 250mL daily 

composite samples from the drains (50 mL every 6 hours). The heights of the water flowing over the weirs, 

inside the structures, were recorded using water level loggers (HOBO U20-001-04). These water heights 

were used to calculate water flow rate and mass load across the controlled tile drainage structure. These 

samples were filtered and analysed for Nitrate (NO3-N) and Soluble Reactive Phosphorus (SRP). 

 

Soil sampling - Soil composite samples were collected from four adjacent fields (two controlled tile 

drained and two uncontrolled) twice per year: prior to fertilizer application and after crop harvest for year 

2017 and 2018. A weather station was installed at the site to measure precipitation, ambient air 

temperature and soil temperature.  

 

Agronomic Practises - Soybean was grown in 2017 with minimum tillage and no fertilizer application. It 

was harvested on 29 and 30th September. After harvesting, fertilizer was applied at the following rates: 

Figure 6 Plots location 
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11.9 kg Nha−1, 94.8 kg P2O5 ha−1, and 48.0 kg K2O ha−1. A cover crop (Princeton) was planted on 30th 

September. Corn was grown in 2018. A starter and fertilizers were applied at following rates: 116.6 kg N 

ha−1, 121.1 g N ha−1 and 27.4 kg P2O5 ha−1. 

 

Cover Crops - In the 2017 growing season wheat was seeded with a red clover cover crop in two adjacent 

fields, with and without controlled tile drainage. However, all cover crops did not become established. 

We were also unable to establish cover crops in 2018 and hence there is no data on cover crops available. 

 

Precipitation Pattern - The annual total precipitation for Bercier farm was 1195 mm in 2017- and 986 mm 

in 2018. Year 2017 - The cumulative rainfall for the cropping season (April-October) was 920 mm whereas 

the average rainfall for Ottawa Macdonald Cartier Airport during the same period for years 1981-2010 

was 601 mm which indicates that 2017 was wetter than average. The precipitation for Bercier farm in 

2017 is shown in figure 6. 

 
Figure 7 Precipitation for 2017 at the farm 

Year 2018 – A cumulative rainfall of 584mm was recorded in the cropping season (May – October). The 

average rainfall for Ottawa Macdonald Cartier Airport during the same period for years 1981-2010 was 
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527mm which indicates 2018 was a little higher than average; however, most of the precipitation occurred 

in the fall. The precipitation for Bercier farm in 2017 is shown in figure 7. 

4 Results and Discussion  
 

4.1 Controlled Tile Drainage System  
 

4.1.1 Plant Uptake  

In 2017, to measure the nutrient uptake by soybean, aboveground plant biomass samples were collected 

immediately before harvest for analysis. Densities of soybean plants were measured. For controlled and 

uncontrolled drainage plots, the densities were 248,235 plants ha-1 and 221,888 plants ha-1 respectively. 

Using nutrient (N and P) concentrations, plant densities and plant weight (including beans, straw and 

empty pods), the total plant nutrients (only above the soil) were calculated and are shown in table 1. 

 

Table 1 Plant uptake of nutrients in 2017 

Plot TN (kgN/ha) TP (kgP/ha) 

Controlled 173.2 16.4 

Uncontrolled 163.5 16.9 

Mean uptake of nitrogen for controlled tile drainage was 173.2 kgN/ha which was 5.9% greater than 

uncontrolled tile drainage fields with 163.5 kgN/ha. However, no significant difference was observed in 

phosphorus uptake by soybean between controlled and uncontrolled drainage with 16.4and 16.9 kg P/ha 

in controlled and uncontrolled fields, respectively.  

In 2018, corn kernel and corn stalks were collected in October, before harvesting for analysis. Using the 

weights of corn (kernels + stalks) and nutrient concentrations (% dry weight), the total plant nutrients 

(only above soil) were calculated and are shown in table 2. 
 

Table 2 Plant uptake of nutrients in 2018 

Plots TN (kg N/ha) TP (kg P/ha) 

Controlled  189.0 41.3 

Uncontrolled 175.8 38.3 

 
Mean uptake of nitrogen for controlled drainage plots was 7% greater than uncontrolled tile drainage 

plots. With respect to phosphorus, mean uptake of TP for controlled drainage plots was 7.3% greater than 

uncontrolled tile drainage plots. 
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4.1.2 Soil Nutrient 
 
The soil nitrogen (ammonium and nitrate) and soil phosphorus values before planning and after harvesting 
are summarised in table 2 for year 2017. 
 

Table 3 Soil Nutrient before planting and after harvesting for year 2017 

Date Plot 
NH4

+ 
(kgN/ha) 

NO3
- 

(kgN/ha) 

Phosphorus, 
extractable 

(kg/ha) 

 Total 
Inorganic N-

Ratio 
(Controlled/ 

Uncontrolled) 

 P-Ratio 
(Controlled/ 

Uncontrolled) 

2017-05-17 
Controlled 7.7±0.8 24.7±1.0 43.0±6.9 - - 

Uncontrolled  8.1±0.8 18.2±1.6 58.4±0.9 1.2 0.7 

2017-10-17 

Controlled 9.7±0.5 32.8±2.2 42.5±8.9 - - 

Uncontrolled  13.4±1.8 21.3±0.4 52.5±3.1 1.2 0.8 

      

The result of soil analyses showed higher concentrations of nitrate in the controlled drainage plots in both 

spring and fall but lower concentrations of ammonium. The ratio of soil inorganic nitrogen in controlled 

to uncontrolled plots remained constant at 1.2 from pre-planting to post-harvest, indicating more 

available nitrogen in the controlled plots both for plant uptake as well as for leaching. Antecedent soil 

conditions could potentially account for the differences observed. 

Nitrate and ammonium concentrations increased from pre-planting to post-harvest for both controlled 

and uncontrolled plots. While it is expected that soil inorganic nitrogen would decline due to plant uptake 

and nitrogen leaching through tile outflow, the observed increases can be explained through the fall 

application of fertilizer (11.9 kg Nha−1 was applied on 29th September) in addition to any seasonal 

decomposition of plant organic matter (abscised soybean leaves, roots).  

Soil P on the other hand, was lower in the controlled plots as compared with the uncontrolled plots, with 

a ratio of 0.7 to 0.8 from pre-planting to post harvest, which suggests the potential of less leaching or 

plant uptake from the controlled plots.  Even after the fall application of fertilizer (94. 8 kg P2O5 ha−1), the 

soil phosphorus measured in October was less compared to soil phosphorus measured in May indicating 

phosphorus losses due to plant uptake and soil leaching. 

Table 3 summarizes the soil nitrogen (nitrate and ammonia) and phosphorus quantities in the spring of 

2018. The controlled drainage plots had more nitrate than uncontrolled drainage plots, however, less 

ammonium leading to an equal ratio of inorganic nitrogen in both plots. Phosphorus (extractable), on the 

other hand, was 54% higher in the uncontrolled plots, suggesting a greater potential for leaching and plant 

uptake. Soil analysis for fall 2018 were not available to make comparisons.  
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Table 4 Soil nutrient before planting for year 2018 

 
Soil Health Assessment – This assessment was conducted on samples collected on May 30,2016 indicating 

good soil health for both the controlled and uncontrolled plots. The detailed results can be found in 

Appendix C. 

 

4.1.3 Crop Yield 
 

Year 2016 – Corn was planted during the 2016 growing season along with rye grass as a cover crop; 

however, the rye grass did not survive.  Yield measurements are presented in Table 4 comparing 2 plots 

in water table-controlled areas of the field to 2 plots in free-draining areas of the field.  Average yield was 

almost identical with slightly higher yields recorded in the free-drained fields. No effect of controlled 

drainage was observed for the 2016 growing season.  
 

Table 5 2016 Corn Yield (Control-Drained vs Free-Drained Fields) 

 Yield 

Bu/ac Metric tonnes/ha 

Water Table 
Controlled 

Plot 1 
 

211.6 13.3 

Plot 2 
 

205.6 12.9 

Average 208.6 13.1 

Water Table 
Free-Draining 

Plot 1 
 

226.2 14.2 

Plot 2 
 

206.2 12.9 

Average 216.2 13.6 

Year 2017 – Soybean was harvested in the four plots as shown in figure 7. Average soybean grain yields 

for controlled and uncontrolled drainage were 5.0 tons/ha and 4.75 tons/ha respectively. Even though 

the year was wetter than average, the crop yield was 4.6% higher on average for control drainage plots 

compared to uncontrolled drainage plots. Yield measurements are tabulated in Table 5. 

Date Plot 
Ammonium-N 

(kg/ha) 
Nitrate-N 
(kg/ha) 

Phosphorus, 
extractable 

(kg/ha) 

Total Inorganic 
N ratio 

(Controlled/ 
Uncontrolled) 

P ratio 
(Controlled/ 

Uncontrolled) 

Spring 
2018 Controlled 19.23.5 64.64.8 45.54.2 - - 

Spring 
2018 Uncontrolled 32.69.4 52.35.7 70.112 0.99 0.65 
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Table 6 Soybean Yield (Control-Drained vs Free-Drained Fields) 

 Yield 
 

Bu/ac Metric tonnes/ha 

Water Table 
Controlled 

Plot 1 
 

72 4.9 

Plot 2 
 

76 5.1 

Average 74 5.0 

Water Table 
Free-Draining 

Plot 1 
 

72 4.8 

Plot 2 
 

70 4.7 

Average 71 4.75 

 

Year 2018 - Average corn yields for controlled drainage plots and uncontrolled drainage plots were 14.6 

metric tons/ha and 12.1 metric tons/ha, respectively, representing an increase in yield of 17% in the 

controlled plots. These results suggest a positive effect due to controlled drainage under conditions of a 

drier-than-average year. Table 6 summarizes the yields obtained. 
 

Table 7 2018 Corn Yield (Control-Drained vs Free-Drained Fields) 

 Yield 

Bu/ac Metric tonnes/ha 

Water Table 
Controlled 

Plot 1 
 216 13.5 

Plot 2 
 250 15.7 

Average 233 14.6 

Water Table 
Free-Draining 

Plot 1 
 191 12.0 

Plot 2 
 194 12.2 

Average 193 12.1 
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4.1.4 Water Quality 
 

Year 2017 – Water quality in terms of soluble reactive phosphorus (SRP) and nitrate are presented below 

in Figures 9 and 10 before and after the stoplogs were removed from the control drains on September 

27th, 2017. Average SRP concentrations varied between 0.03 and 0.13 mg/L, which is quite low from an 

agricultural drainage context. The SRP concentration at CDS4 was greatest among all CDSs. The lower 

concentrations of CDS 1 and CDS 2 may relate to lower P in soil. When the results were statically 

compared, no significant difference were observed between mean soluble reactive phosphorus (SRP) 

concentrations at CDS1 and CDS2, CDS1 and CDS3, CDS1 and CDS5, CDS2 and CDS3, CDS2 and CDS5 

throughout the study period (P>0.05). However, SRP concentration at CDS4 was significantly higher all 

over the study period compared to CDS1 and CDS2 (p<0.05). This might be due to greater phosphorus 

content in soil of uncontrolled plots than controlled plots. Also, there was increase in SRP concentration 

at CDS4 after late October. This can be partly explained by the application of fertilizer in fall, although the 

same increase was not observed in other fields.  

Average nitrate concentrations were quite high and ranged from 8-11 mg/L. CDS 1 concentrations 

increased after the stoplogs were removed, while the remaining CDSs decreased. During the controlled 

drainage period, CDS 1 had higher concentrations than CDS 4 and 5 (P<0.05), but no significant difference 

between CDS1 and CDS3 nitrate concentration (P>0.05). CDS 2 had higher concentrations than all other 

CDSs before the logs were opened. The mean nitrate concentration for CDS1 compared with CDS2 was 

significantly higher over the study period at 11.2±0.9 and 9.8±1.4 mg/L, respectively (P<0.05). The higher 

nitrate concentrations observed in the control drained fields could be due to the higher nitrate levels 

observed in the soil.  
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Figure 9 Average SRP concentrations across CDS in 2017 
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Year 2018 - Water quality in terms of soluble reactive phosphorus (SRP) and nitrate are presented below 

in Figures 11 and 12 before and after the stoplogs were removed from the control drains on October 19, 

2018. Average SRP concentrations were very low and varied between 0.02 to 0.06 mg/L. No differences 

in concentration were observed before and after the stoplogs were removed for CDSs 1, 2 and 5, while 

CDSs 3 and 4 had lower average concentrations after October 19th. Before the stoplogs were removed 

CDS1 had lower concentrations than CDS 3 and 4, while no significant differences were observed between 

CDS2 and all other CDSs. The higher concentrations observed in CDS 3 and 4 could relate to the higher soil 

P concentrations observed in the uncontrolled plots.  
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Figure 10 Average Nitrate concentrations across CDS in 2017 

Figure 11 Average SRP concentrations across CDS in 2018 
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Average nitrate concentrations ranged significantly from 5.7 to 10.1 mg N/L before Oct 19th and from 3.4 

to 6.7 mg N/L after Oct 19th 3.4 mg/L. No changes in concentration before and after the stoplogs were 

removed were observed from CDS 1 and 3, while decreases in concentration were observed at CDS 2, 4 

and 5. Nitrate concentrations in the control drained fields were generally higher than the free-draining 

fields before the stoplogs were removed possibly due to the higher soil nitrate concentrations observed 

in the control drained plots.  

 

CDS 6 has not been included in the above discussions since it is located in plot with different crop growth. 

The average nitrate concentrations were 11.7 mg N/L in 2017 and 9.90 mg N/L in 2018 and average SRP 

concentrations are 0.06 mg P/L in 2017 and 2018. The nitrate concentrations were significantly higher 

than the other uncontrolled drainage structures in both the years.  

 

Total suspended solids (TSS), soluble chemical oxygen demand (sCOD) and Ammonium (NH4
+-N) were 

insignificant in the drainage waters for both years and have not been presented.  

 

4.1.5 Water Flow Rates 
 
For the year 2018, the total water flow rates were calculated based on the water heights recorded by the 

water level loggers in the drainage structures and the weekly manual heights measured using a depth 

meter and confirmed with wetted doweling rods. Water flows for four periods corresponding to changes 

in the stoplogs are described in figure 13. During the first period (April 30th to July 19th) CDS 1 was partially 

drainage controlled and CDS 2 was fully controlled. During the second period (July 20th to October 18th) 

additional stoplogs were added to CDS1 hence both CDS 1 and 2 were full drainage controlled. The third 

period (October 18th to October 21st) captures the flush of water from CDS 1 and 2 when the stoplogs 
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Figure 12 Average Nitrate concentrations across CDS in 2018 
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were removed. The final period (October 21st to November 30th) represents free drainage in all of the 

fields.  

 

Period 1 (April 30th to July 19th) – During this period, CDS 2 had 86% reduced flow when compared with 

CDS3, CDS4 and CDS 5, indicating CDS 2 acted as a controlled tile drainage system. However, CDS 1 acted 

as an uncontrolled drainage system in spite of stoplogs placed in the structures. The total flow at CDS 1 

exceeds total precipitation during this time period, suggesting possible higher water table or presence of 

a water spring, leading to upwelling of water above the weir. Based on these observations, an additional 

stop log was added on July 20th, 2018. 

 

Period 2 (July 20th to October 18th) – During this period both CDS 1 and CDS 2 had greatly reduced flows 

as compared to the uncontrolled drains and represents the dry period of the growing season, where the 

controlled drains may have a positive effect on maintaining soil moisture and crop growth. Overall, the 

flows across uncontrolled systems were lower when compared to previous time period.   

 

Period 3 (October 19th to October 21st) – On October 19th, the stop logs at CDS 1 and CDS 2 were removed. 

A rectangular stop log was left at the bottom of both the structures. Due to drop in height, peaks in water 

flows (indicated by grey region in the graph) were observed. This suggests all the water stored in the 

previous time periods flushed out. It took three days for the flows to normal levels. The water flow rate 

in CDS 1 was greater than CDS 2. This could be due to presence of an additional stop log at CDS 1 leading 

to larger volume of stored water in the soil.  
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Period 4 (October 21st to November 30th) – During this period, all the structures act as free-flowing 

drainage systems. However, CDS 2 has higher flow than rest of the CDS’s. In spite of higher total flows, all 

the CDS’s do not exceed the total precipitation during this time period. On November 30th, sampling was 

concluded for 2018. 

 

In summary, controlled drainage was effective at reducing outflow as observed for Periods 1 and 2 for 

CDS 2 and Period 2 for CDS 1, however, a large flush of water in the three days after the gates were opened 

substantially increased total drainage from the control drained fields. It was also observed that the 

drainage from both CDS 1 and 2 during Period 4 with free flow conditions was the drainage from CDS 3,4 

and 5, which suggests that there is generally more water draining from these two plots, possibly from an 

underground spring. CDS6, which is on the other side of the ravine exhibited significantly more drainage 

than CDS 3,4, and 5 in all periods. 

 

 

4.1.6 Total Mass Loads  
 

The total mass loads were calculated using the daily concentrations and daily water flows obtained from 

the previous sections for 2018. Figure 14 and 15, show the total mass loads of P and N in time periods 

similar to flows.  

Period 1 (April 30th to July 19th) –During this period CDS 2 acted as a controlled drain with the total mass 

of P reduced by 92% and the total mass of N reduced by 84% when compared to uncontrolled CDS 3, CDS 

4 and CDS 5. Increased flow rate and nitrate concentrations in CDS 1 resulted higher mass loads when 

compared to CDS 2, indicating it was acting as an uncontrolled system.  
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Period 2 (July 20th to October 18th) – During this period both CDS 1 and 2 acted as controlled drains with 

reduced flows and very low mass fluxes observed as compared to CDS 3, 4 and 5. CDS 1 and 2 retained 

the water and nutrients during this time when compared to uncontrolled structures.  

 

Period 3 (October 19th to October 21st) – As the stop logs were removed from CDS 1 and 2 large flows of 

water were released resulting in large mass fluxes of both N and P. 

 

Period 4 (October 21st to November 30th) – Higher water flows from both CDS 1 and 2 compared with CDS 

3, 4 and 5 increased relative mass fluxes of N and P observed.  CDS 6 had the largest total mass loads 

during this period as flow and concentrations increased in late fall.  

Figure 15 Total Mass N load across CDS in 2018 

 

In summary, the controlled drainage structures were effective at reducing nutrient mass fluxes when the 

logs were in place, however, a large flux of nutrients were released when the stop logs were removed in 

the fall. It is difficult to directly compare the mass fluxes between the 6 CDS structures due to large 

differences in observed flows between the different fields even when all fields were operating under free-

flowing conditions.  

 

4.2 Pond Wetland System 

 

The system was extensively over the non-frozen period from March to December for the 2017 and 2018 

growing seasons. The results compare reduction in solids and nutrient concentrations as well as mass over 

a relatively wet year (2017) with corn planted and a relatively dry year (2018) with soybeans planted. 
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4.2.1 Water Quality and Mass loads 
Solids: The system was very effective at removing suspended solids (soil particles from erosion), reducing 

TSS concentrations by 63 and 74% in 2017 and 2018, respectively. The soil particles will accumulate in the 

sediment in the ponds and can eventually be dredged and returned to the fields. In 2018, the mass of 

suspended solids removed was calculated to be 93 kg/ha of captured eroded soil.   

Figure 16 TSS Removal in Pond-Wetland System on a Concentration and Mass Basis 

 

 

Phosphorus: One of the main objectives of the project was to reduce phosphorus loading to receiving 

streams and rivers. The pond-wetland system was effective at reducing total phosphorus by 14 and 48% 

and dissolved phosphorus by 19 and 49% in 2017 and 2018, respectively. The increase in removal 

efficiency between 2017 and 2018 could be due to the increased pond retention times observed in 2018, 

which was a much drier year than 2017. It is also possible that the increased aquatic vegetation in 2018 

could be playing a positive role in phosphorus uptake. In 2018, the mass of TP and SRP removed was 

calculated to be 0.14 and 0.03 kg/ha, respectively.   
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Figure 17 TP and SRP Removal in Pond-Wetland System on a Concentration and Mass Basis 

 

Nitrogen: The pond-wetland system was also effective at reducing nitrate concentrations by 32 and 20% 

in 2017 and 2018, respectively. Ammonia concentrations were insignificant and are not presented. The 

removal mechanisms for nitrate are due to a combination of microbial transformation into N2 gas in the 

anoxic sediments of the ponds and wetlands as well as through aquatic plant uptake. In 2018, the mass 

of nitrogen removed was calculated to be 4.3 kg/ha.  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

5 Cost-Benefit Analysis  
 
Pond – Wetland system  
 

The costs to design and construct the pond-wetland system were: 

$7,000 – Design engineering and permits  

$3,000 – Purchase of tree saplings and seed for buffer strip around ponds (optional) 

Figure 18 NO3-N removal in Pond-Wetland System on a concentration and mass basis 
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$27,000 - Construction – Excavator/bull dozer/rock chute 

$37,000 – total Cost ($493/ha) 

 

The benefits of the pond-wetland system relate to capturing soil and nutrients. The solids and phosphorus 

captured can likely be returned to the farm soil following dredging every 10-20 years, while nitrate losses 

are returned to the atmosphere at N2 gas. The primary benefits from this BMP would be considered as 

ecosystem services, with reductions in stream sediment (93 kg/ha/year), phosphorus loading (0.14 

kg/ha/year) and nitrate loading (4.3 kg/ha/year). The impact from one farm would not be considered as 

significant; however, if these BMPs became widespread throughout agricultural watersheds, they could 

have a profound impact on reducing phosphorus and nitrogen loading to surface and groundwater 

resources leading to a reduction in eutrophication as well as to nitrate levels in groundwater, both of 

which carry significant societal and environmental costs.     

 

Controlled Drainage Structures 

 

The costs to purchase and install the 6 CDSs which control 45 ha of field: 

$2,000/structure x 6 structures = $12,000 ($267/ha) 

 

The primary economic benefit from CDS structures is in increased crop yields during dry years. During the 

2018 a 17% increase in corn yield was observed in the CDS controlled fields. This relates to an increased 

revenue of $468/ha. Based on these numbers, the initial cost of installment is returned within a year.  

 

A secondary benefit from the implementation of CDSs could be a reduction in nutrient loading to surface 

water bodies proportionate to the reduction in flow due to the control structure. While this was not 

observed in the present study, past studies have shown large reductions in both N, P migration to drainage 

ditches when CDSs were applied which would result in an ecosystem service benefit due to reduced 

nutrient migration to surface water bodies.  

6 Conclusions 
 

Overall, the results demonstrate the effectiveness of the pond-wetland system in phosphorous and total 

suspended solids removal in terms of concentration and mass loading in both 2017 and 2018 operating 

years. The outcomes support the use of pond-wetland system as a promising nutrient reduction practice 

and can be employed to minimize deleterious environmental impacts of agricultural runoff and drainage.  

 

With respect to the controlled tile drainage systems, the 2018 results indicate the efficiency of controlled 

drainage in reducing flows and mass loading when the logs are in place, however, a flush of nutrient water 

was discharged when the logs were removed before harvest. An increase of 17% in corn yield was 

observed in 2018, which was a relatively dry year. This suggests that the drainage controls were effective 

at regulating the water table, conserving water and retaining nutrients for crop growth during dry periods 

of the year. These observations suggest that controlled tile drainage is an effective beneficial management 

practice (BMP). 
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APPENDIX 
 

A. Construction of Pond-Wetland System -  
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B. Construction of Controlled Tile Drainage System - 
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C. Soil Health Report 
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