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SITE SUMMARY

The research is conducted on a private farm located near the town of
Fairmount, ND (Figure 1). The site consists of Antler silty clay loam, Antler- CHARACTERISTICS
Mustinka association silty clay loam, Doran clay loam ,and Clearwater-Reis - Drainage system installed in 2002, retrofitted in 2011

association silty clay soils. These soil types range from very poorly to - Soil: Antler and Antler-Mustinka silty clay loam, Doran
somewhat poorly drained and have an impermeable layer at about 6.5 feet. clay loam, Clearwater-Reis silty clay

From 2008 to 2011 there were three research plots within the field: - Rotation: Corn-Soybean, occasionally Sugar Beet

-No drainage (50 acres) WATER MANAGEMENT PRACTICES

- Controlled drainage (25 acres) .
- Controlled drainage with subirrigation (25 acres) ) Non-Dra!ned (2098'201 D)
- Conventional Drainage (2008-2011)

Subsurface drainage lines were installed at a depth of 3 to 4 feet with - Controlled Drainage with Subirrigation (depth 3-4
lateral spacing of 60 feet. Following the 2011 crop season, additional tiles feet; spacing 60 feet before 2011, 30 feet after 2011)

were installed across all plots resulting in a spacing af 30 feet. Starting with
the 2012 crop season the entire field was managed with controlled MEASUREMENTS IN DATABASE

drainage and subirrigation. The site is irrigated by pumping groundwater DRAINAGE SYSTEM
from irrigation wells located northwest of the field to two lift stations that - Tile Flow (2013-2018)
then deliver water to the field through the tile drains. - Tile Water Quality: Nitrate-N, Reactive P, Electrical
Conductivity (2013-2018)
- Water Table Depth (2014-2018)
- Irrigation Flow (2014-2018)
CROP
- Crop Yield: Corn (2013-2016), Soybean (2015, 2017),
Sugarbeet (2012)
WEATHER
- Precipitation (2015-2018)
SOIL
- Soil Texture (2007)
- Percent Sand, Silt, Clay (2007)
- Soil Bulk Density (2007)
- Soil Moisture and Temperature (2015-2018)
- Soil Electrical Conductivity (2015-2018)
- Soil Fertility: pH, Salinity (2017)
- Soil Nitrate (2016-2018)

Non-drained (2008-2011) @) Lift station @& weather Station
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B Controlled drainage, subirrigation <> IrrigationWell O Soil Moisture Sensor
— DrainTile
Figure 1. Map depicting controlled drainage site characteristics in North
Dakota.
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SUMMARY OF RESULTS

Crop Yield Corn Soybean
250 60

Controlled drainage with subirrigation (CD/SI) has been providing _

steady and consistently high crop yields since 2008. However, in = 200 - E 50 1

2016, due to a sump pump failure, a high-water table, and excess g ] ] _\,3 20

moisture, corn yields were not as high as expected. In 2017, the L 150 A S

soybean yield in the CD/SI field was even lower than that in an = 2 30

adajcent non-drained field. After further investigation, it was found i 100 + S 50 |

that short-term waterlogging conditions had further consequences, 5 3

such as increased salinity, a compacted clay layer, and reduced © 30 1 § 10 -

infiltration. After the problem was fixed, the crop yields were back o4 o4

up in 2018 (Figure 2). This again demonstrated that proper drainage 5016 ' 5018 5015 5017

water management is very critical to crop production, especially

areas with high soil salinity. m Controlled drainage,  [Jcounty avg (bu/ac)

Water Quality subirrigation

Results show a decreasing trend in drainage outflow and nutrient Figure 2. Crop yield results (2016-2018) for controlled drainage with

loss (Figure 3). Much of the nutrient loads occur in the spring subirrigation compared to the county average.

(May-July), indicating the need for drainage water management 12

practices such as controlled drainage that target spring load

reductions. 10 1 2014 load

The water source for subirrigation is different from tile drainage
water. Soil salinity and sodicity issues connected to the

Nitrate-Nitrite Nitrogen
(Ibs/ac)

subirrigation water requires much attention. Figure 4 shows the 2013 load
average percent sodium and sodium adsorption ratio (SAR) from

the outlet between 2012-2018 for different periods of management 2015 load
throughout the year. These levels tend to increase during periods of ggig 'Iggg
subirrigation when water tables are being managed closer to the 2~ 5018 load

soil surface and decrease when the system is allowed to drain. This
requires a balance between retaining water within the soil profile to
reduce nutrient loss and draining excess soil water to avoid soil

’.”.2012 load
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salinity and sodicity issues. Figure 3. Cumulative annual nitrogen loads from the east sump
during 2012-2018.
70 4 . Percent sodium (%) ~—@= Sodium adsorption ratio - 6
kel
g 60 1 L5 B
~ o
€ 50 S ;
5 L4 2 Figure 4. Mean values for percent
° = . . . .
g 40 A L5 2 sodium and sodium adsorption ratio
§ 30 - ¢  fromwater samples at the east sump
$ 20 A T2 2 from2012-2018 during various periods
o
10 . l L1 @ of water management.
0 T T T T 0
Early Spring Mid-Late Spring Summer Early Fall Mid-Late Fall
(Free drainage)  (Controlled drainage) (Subirrigation)  (Controlled drainge)  (Free drainage)

PUBLISHED WORKS FROM THE SITE

Almen, K., T. Scherer, T. DeSutter, M. Lin, and X. Jia. 2021. Impact of controlled drainage and subirrigation on water quality in the Red River Valley. Water 13(1): 308-324.
https://doi.org/10.3390/w13030308

Jia, X, T.F. Scherer, D. D. Steele, and T. M. DeSutter. 2017. Subirrigation system performance and evaluation in the Red River Valley of the North. Applied Engineering in Agriculture
33(6):811-818.

Jia, X., and T. Scherer. 2013. Reducing cost of water quality monitoring in tile drainage outflow using electrical conductivity as a surrogate. In Using 21st Century Technology to
Better Manage Irrigation Water Supplies, Seventh International Conference on Irrigation and Drainage Proceedings. Edited by Wallin, B. T.,, and S. S. Anderson. U.S.
Committee on Irrigation and Drainage, Denver, CO. 213-225.

Khand, K., C. Hay, J. Kjaersgaard, and X. Jia. 2017. Estimating impacts of agricultural subsurface drainage on evapotranspiration using Landsat imagery-based METRIC model.
Hydrology 4(4):49. https://doi.org/10.3390/hydrology4040049.

Rahman, M. M., Z. Lin, X. Jia, D. D. Steele, and T. M. DeSutter. 2014. Impact of subsurface drainage on streamflows in the Red River of the North basin. Journal of Hydrology 511:
474-483.

Rijal, S., X. Zhang, and X. Jia. 2013. Estimating surface soil moisture in the Red River Valley of the North Basin using Landsat 5 TM data. Soil Science Society of American Journal
77:1133-1143.

Scherer, T. F, and X. Jia. 2010. A simple method to measure the flow rate and volume from tile drainage pump stations. Applied Engineering in Agriculture. 26(1):79-83.

Data Access
Data from this site are available through the USDA National Ag Library Ag Data Commons repository (https://doi.org/10.15482/USDA.ADC/1521092) or the interactive website
at lowa State University with visualization and querying capabilities (https://drainagedata.org).
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