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Use of Water Control Structures Within a Tile
Drainage System
Hans Kandel, Extension Agronomist
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Farmland Drainage Needs
Spring or Summer in Minnesota and
NDSU YoRTH RAKOTA North Dakota

Impact of water
logged conditions
on yield of corn

* Yield reductions are
significant even
after 2 days Days  Percent Date Percent
Water Yield of Yield
« Crop may look like Logged Reduction [Planting | Reduction

it recovered and still 0 0% By 5/1 0%

have a yield reduction 2 -25% 5/2-5/10  -7%
5 -45% 5/11-5/25 -13%
8 -80% 5/26-6/1 -24%

Figures 1 (left) and 2. Corn growing in
flooded or saturated soil is more likely to
develop disease problems now and later in
the season. (Left photo courtesy of Jae
Behn, UNL).

(auses of
crop loss

Draught & heat 39% £

Exvess moisture 34%

Hail 8%
Cald, frost & freeze 8%




Drainage pipes

or “tile” \

Flow to main
or ditch

Source: G. Sands

Why do water logged
conditions after planting cause
crop damage?
* When roots are
subjected to low oxygen
conditions, changes
occur in the plant that
generally decreases
yield
* Root growth is restricted

NDS

Tile Grade

Tile Grade is usually expressed in percent grade
For Example, 0.1 percent grade would be a 1 foot rise or drop in 1000 feet
and a 0.5 percent grade would be a 5 foot rise or drop in 1000 feet

NDSU {55 Ry
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Why do water logged
conditions after planting cause
crop damage?

» Under water-logged

conditions, the
availability of oxygen is
decreased

NDSU 45

Partitioning of Soil and Surface
Water

Runoff
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Hygroscopic Water

NDSU §55E Source: BTSAC

What's an Adequate Outlet for a

Tile Drainage System?

Carrying capacity (flow rate) must match

system design

Are there downstream impediments?

Will the outflow drain by gravity?

Can you live with some risk?

Is a pumped outlet needed?

™ T flood stage y
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NDSU E05E RV rv normal peak stage
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: PRETEE  SET
. Gravity Flow Outlets

‘ ' v » No Gravity Outlet

— Shallow ditch, No permission to make ditch
deeper

Need For Lift Pump

Tile Mainline
NDSU 55BN

Need For Lift Pump

Two pump lift station:
reduces pump size and
 Outlet (ditch) fills up after a large rain and takes energy requnre\nlint_s_

several days to subside )
» You want to have control of water leaving the field

Generalized Spacing

Recommendations
(From the Minnesota Drainage Guide)

Tile Spacing in feet for
Excellent
\ Type of Soil Subsoil Drainage | Drainage | Drainage
ooty el b Permeabili 1/2” d.c.
Clay loam Very low
Crops severely Silty clay loam = Low
Moderately
[
Loam Moderate
Moderately
high

Tile Spacing is Important

Silt loam

Drains spaced too far apart Sandy Loam

groundwater level 24 hours after rain saturates soil
5 G - groundwater level 48 hours after rain saturates soil Q AKOTA
NDSU & +1+++001-- groundwater level in dry weather NDSU SRRy




Crop Yield IncreaseTiled vs Untiled in %

TINQT T NORTH DAKOTA
NDSU SEFERVERE Pro Drainage Farm Drainage Contractors, Ontario
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www.drainage.org/factsheets/fs11.htm

2011 NDSU Fargo Soybean Saturated-soil Roundup Ready
Experiment, Author, T. Helms.

Seed Yield

Variety Maturity  Dry? Wet2  Average
(date) (bu/a)

2051RR2Y  9/23 31.1
AG 0732 9/24 29.3
K2-0601 9/27 36.2
20800 9/24 28.7
9/17 27.5

27.8

20 Percent difference in yield

Salts in ND

Salts found in North Dakota soils are of
three types: sulfates (SO,); carbonates
(CO,); and chlorides (ClI).

Most saline soils in North Dakota are
composed of sulfate salts

However, the northern Red River Valley
has extensive areas of saline soils that
have high amounts of chloride salts.

NDSU ERFERV iy

2012 NDSU Fargo Saturated-soil, neutral pH, Roundup
Read: Test

(L I I [Saturated  Dry-wet

average
Yield
Bu/A

Company

Seeds 2000 37.4
REA Hybrids ~ 656221 IEESESERMIMSOIONT [ 200 344
Legend Seed! 41.0
REA Hybrids ] 38.4
Proseed 39.0 38.1
Average 3 29.8
LSD(0.05) | 107 11.2

loss due to

excess water

“Saline” vs “Sodic” Soils

Saline soils

— The major ions and cations are Cl, SO,%, NOg’,
HCO4, Na*, Ca?*, Mg?*, and K*

— Salinity is the “total concentration of dissolved
mineral solutes that are found in waters and soils”
(NRCS)

— pH<8.5, EC>4, ESP<15, SAR<12

Sodic soils

— Soils affected by the sodium ion (Na*)

— pH>8.5, EC<4, ESP>15, SAR>12

— Sodicity is the “accumulation of sodium”
¢ How do they differ?

NDSU S5E RNy




Saline soil (photo by Jay Goos)

Sodic soil (photo by NRCS)

NDSU ¢

Iron Deficiency Chlorosis

Management Options

1)Crop Selection (short-term)
2)Breeding (long-term)

3)Tillage and seed placement (short-
term)

4)Sub-surface drainage

NDSU ERFERV iy

Patential Suline Areas in the
North Dakota Partion of the Red River Valley |

NDSU SEFERVER

Factors “Known” to Increase Potential for
Iron Deficiency Chlorosis

*Soluble Salts
*EXxcessive water
*Cool Temperatures

eCarbonates
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% Soil Samples with Salts greater than 1.0
millimhos/cm

Fall 2012 Samples
(0-6" samples)

LABORATORIES

SD
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North Dakota & NW Minnesota
% Samples Testing with
. Salts greater than 1.0

LABORATORIES

40%

582 Grand Forks

35%
30%
25%

567 TRF
20%
15%
10% 587 Minot

The Salt Problem may be
Worse than this?

» Composite samples

— Avoid areas that don’t represent most of the
field

 Saline areas
* Sandy ridges

» Many salty fields don’t get tested

5% —~ \/f » Zone sampling
0% L A R — The salty zones often do not get tested or
00 & O = oN o g un O ~ 0 o O — o~ .
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1:1 salt method — expressed as mmhos/cm |

Tile Drainage — Topsoil Soluble Salts

Demonstration Project
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(2002, 2010, 2011)
4
:‘i 3.5 4 (Tileinstalled summer 2002)
» “ .. Topsoil salt Level
2 AR NN
e 25 . 7 O s0%yi — - 2002
yield many crops
£ 24«4 ~ —2010
5 ] N
? 15 /\ N0 100%yield 2011 e :
=4 17— R—= - Soybean 2007
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Soil samples collected from 10 GPS sites

Managing Saline Soils

» The only way to remove salts is to leach
them out.

« Tile drainage permanently lowers the
water table and provides an outlet for

excess water.

« Time required to reduce salt levels
depends on:
— Soil characteristics
— Amount of water removed through tile

NDSU S65E RSy

Soybean 2003
NDSU &

mISE
LABORATORIES

Tile Drainage Results

Topsoil salt levels have decreased a lot.
Several crops now produce good yields

— Corn, soybeans, sunflowers

Subsoil salt levels take longer to be decreased
High subsoil salt levels do not affect yield as
much as high topsoil salt levels

— Seedling salt sensitivity vs. general salt sensitivity

NDSU ERFERV R v




Grygla 2005

Non Tiled

Average Wheat, Soybean, and Sugar Yield In %
of non-tiled 2001-04

‘l Wheat (7) B Soybean (6) B Sugar (2) ‘

0 . 0.25
Drainage Coefficient

Research Location
NW 22

Text here

Crop Crowth Rate
{gm2d?)

==

/-u
e
I

L

FES

15 20 25
DAYS AFTER EMERGENCE

NDSU 555ELR

30 35

40

Linkemer et al., 1998

Location of research site
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North

Controlled |Controlled|Controlled | Controlled
tile tile tile system |tile system
System system (closed) |[(open)
(closed) (open)

Controlled |Controlled|Controlled | Controlled
tile system |tile tile system |tile system
(open) system (open) (closed)

:losed)

CONTROLLED DRANAGE MODS

miy




Tile Drainage Reseach Site
NW 22

* Plant Date: June 7,
2011
]
« June 27, 2011
Previous one week
rainfall recorded:
2.54inch

Drained

Not Drained

 Plant Height (Inch) near PM September
16
Grouping ean

A 29 inch Drained
B 25 inch Not Drained

NDSU ERFERV iy

Soybean Intensive Management Study, Fargo, 2011

SEE THE DIFFERENCE

Block 3

INIDIDU STATE UNIVERSITY

h ”

This illustration shows how using a water control structure in a
pipe regulates water flow. Here, the outlet has been raised to
store water for crop in midsummer. lllustration: Purdue
University Extension
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Control Structure Designing by “Zones”

Side view of how Inline Water Level Control
Structure and Waler Gates "Stair-Step”
water up through the soil profile.

Five-State CIG Results
Managed v. Conventional Drainage
2007-2009

Drainage Nitrate Crop
Qutflow Reduction Load Reduction Yield Increase
State (%) (%) %)

Ohio 60.9 534 49
Indiana 7.0 0.1 14
Ningis 583 68.0 13
lowa 394 388 03
Minnesota 223 381 0.5

344 13
ADMC. ..op..
NDSU ERFE RV ERE

Soybean Yield Selected Varieties on
Tile vs. No Tile at NW 22 2010

Average yield increase 18%

27% 11% 28% 7%

Yield In bu/A

AGOO501 PBO356 AGO604 TS2906
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