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Water table management systems can be de-
signed to alleviate soil water excesses and defi-
cits, as well as reduce nitrate leaching losses in
tile discharge. With this in mind, a standard
tile drainage (DR) system was compared over
8 years (1991 to 1999) to a controlled tile
drainage/subirrigation (CDS) system on a low-
slope (0.05 to 0.1%) Brookston clay loam soil
(Typic Argiaquoll) in southwestern Ontario,
Canada. In the CDS system, tile discharge
was controlled to prevent excessive drainage,
and water was pumped back up the tile lines
(subirrigation) to replenish the crop root zone
during water deficit periods. In the first phase of
the study (1991 to 1994), continuous corn (Zea
mays, L.) was grown with annual nitrogen (N) fer-
tilizer inputs as per local soil test recommenda-
tions. In the second phase (1995 to 1999), a soy-
bean (Glycine max L., Merr.)-corn rotation was
used with N fertilizer added only during the two
corn years. In Phase 1 when continuous corn was
grown, CDS reduced total tile discharge by 26%
and total nitrate loss in tile discharge by 55%,
compared to DR. In addition, the 4-year flow
weighted mean (FWM) nitrate concentration in tile
discharge exceeded the Canadian drinking water
guideline (10 mg N l–1) under DR (11.4 mg N l–1),
but not under CDS (7.0 mg N l–1). In Phase 2 dur-
ing the soybean-corn rotation, CDS reduced total
tile discharge by 38% and total nitrate loss in tile

discharge by 66%, relative to DR. The 4-year FWM
nitrate concentration during Phase 2 in tile dis-
charge was below the drinking water guideline for
both DR (7.3 mg N l–1) and CDS (4.0 mg N l–1).
During both phases of the experiment, the CDS
treatment caused only minor increases in nitrate
loss in surface runoff relative to DR. Hence CDS
decreased FWM nitrate concentrations, total
drainage water loss, and total nitrate loss in tile
discharge relative to DR. In addition, soybean-
corn rotation reduced FWM nitrate concentrations
and total nitrate loss in tile discharge relative
to continuous corn. CDS and crop rotations
with reduced N fertilizer inputs can thus
improve the quality of tile discharge water sub-
stantially.
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EXPERIMENTAL METHOD/PROCEDURES
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Surface and Tile Flow Measurements
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TABLE 1
Precipitation, Subsurface Irrigation Volumes for the CDS Treatment, Tile Discharge, FWM
Nitrate Concentrations, and Cumulative Nitrate Loss in Tile Discharge for the DR and CDS

Treatments during Phase 1 (Continuous Corn) and Phase 2 (Soybean-Corn Rotation)

FWM Nitrate Cumulative
Subsurface Concentration in Nitrate Loss in

Precipitation  Irrigation Tile Discharge Tile Discharge Tile Discharge
Year  (mm)  (mm)  (mm)    (mg N l–1)    (kg N ha–1)

DR CDS DR CDS DR CDS

Phase 1

1991-1992* 763 89 (20)** 257 (26) 212 (1) 22.8 (1.8) 12.7 (0.5) 58.2 (1.3) 26.8 (1.3)

1992-1993 954 7 (2) 285 (2) 166 (42) 4.0 (0.1) 2.3 (0.5) 11.3 (0.2) 3.6 (0.2)

1993-1994 728 121 (13) 120 (10) 113 (2) 5.3 (0.3) 3.1 (0.3) 6.3 (0.1) 3.5 (0.3)

1994 356 63 (4) 15 (2) 12 (0) 9.3 (1.3) 7.8 (0.4) 1.4 (0.1) 1.0 (0.1)

Total: 1991-
1994 2801 280 677 (35) 503 (46) 11.4 (0.4) 7.0 (0.4) 77.2 (1.5) 34.9 (1.2)

Phase 2

1995-1996 633 103 (16) 119 (9) 70 (1) 7.7 (0.6) 3.3 (0.2) 9.1 (0.1) 2.3 (0.1)

1996-1997 744 104 (11) 315 (18) 178 (14) 9.3 (0.4) 5.6 (0.2) 29.2 (0.4) 10.0 (1.0)

1997-1998 800 48 (9) 249 (26) 142 (37) 4.8 (0.5) 2.3 (0.2) 11.7 (0.2) 3.3 (1.1)

1998-1999 625 88 (23) 113 (16) 107 (7) 6.9 (0.6) 3.8 (0.3) 7.6 (0.5) 4.0 (0.4)

Total: 1995-
1999 2802 343 796 (64) 496 (55) 7.3 (0.5) 4.0 (0.1) 57.6 (0.9) 19.7 (2.4)

* The measurement periods were based on cropping season (i.e., from May 1 until April 30) except for 1994 where the measure-
ment period was from May 1, 1994 until October 31, 1994. The totals for 1991 to 1994 were for a 3.5-year period (i.e., from May
1, 1991 until October 31, 1994) whereas the totals for 1995 to 1999 were for a 4-year period (from May 1, 1995 until April 30,
1999).

** Numbers in parenthesis are standard error (n = 2 for 1991 to 1994, n = 3 for 1995 to 1999).
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Water Sampling and NO3
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TABLE 2
Surface Runoff, FWM Nitrate Concentrations and Cumulative Nitrate

Loss in Surface Runoff for the DR and CDS Treatments during
Phase 1 (Continuous Corn) and Phase 2 (Soybean-Corn Rotation)

FWM Nitrate Cumulative
Subsurface Concentration in Nitrate Loss in

Runoff Surface Runoff Surface Runoff
Year  (mm)  (mg N l–1)    (kg N ha–1)

DR CDS DR CDS DR CDS

Phase 1

1991-1992 7 (4)* 40 (9) 6.9 (0.1) 2.3 (0.4) 0.5 (0.3) 1.0 (0.4)

1992-1993 135 (19) 269(22) 1.4 (0.1) 1.5(<0.1) 2.0 (0.4) 4.0 (0.3)

1993-1994 65 (1) 73 (3) 2.3(<0.1) 2.2(<0.1) 1.5(<0.1) 1.6 (0.1)

1994 1 (1) 2 (2) 3.8 (0.3) 22.9 (6.8) <0.1(<0.1) 0.5 (0.2)

Total: 1991- 208 (12) 384(35) 1.9 (0.1) 1.8 (0.1) 4.0(<0.1) 7.1 (0.9)

1994

Phase 2

1995-1996 67 (9) 95 (3) 3.1 (0.6) 1.9 (0.2) 2.2 (0.7) 1.8 (0.1)

1996-1997 152 (28) 242(13) 2.6 (0.6) 2.8 (0.5) 4.3 (1.7) 6.8 (1.3)

1997-1998 167 (29) 211(29) 2.3 (0.5) 1.4 (0.1) 4.1 (1.6) 3.0 (0.4)

1998-1999 57 (23) 66(12) 2.4 (0.5) 3.9 (0.8) 1.4 (0.7) 2.7 (0.9)

Total: 1995- 443 (89) 614(56) 2.5 (0.5) 2.3 (0.3) 12.0 (4.7) 14.3 (2.2)

1999

* The measurement periods were based on cropping season (i.e., from May 1 until April 30) except for
1994 where the measurement period was from May 1, 1994 until October 31, 1994. The totals for 1991
to 1994 were for a 3.5-year period (i.e., from May 1, 1991 until October 31, 1994) whereas the totals for
1995 to 1999 were for a 4-year period (from May 1, 1995 until April 30, 1999).

** Numbers in parenthesis are standard error (n = 2 for 1991 to 1994, n = 3 for 1995 to 1999).
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