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TEN WAYS

TO REDUCE NITROGEN LOADS FROM
DRAINED CROPLAND IN THE MIDWEST
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ARTIFICIAL DRAINAGE IS INTEGRAL
TO CROP PRODUCTIVITY.

The US Midwest has a
long history of drainage
because it improves crop
growth and trafficability.

e S b :
http:/ /www.nejohnston.org /wei /120%20Years%200f%20Johnston%20Farming /120%20years%200f%20 Johnston%20Farming.html; http:/ /mrbdec.mnsu.edu /sites /mrbde.mnsu.edu /files /public/maior /midminn /subshed /sevenmi /vtour /images /trench_crew_Lipg; The Wetland Initiative
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ARTIFICIAL DRAINAGE IS INTEGRAL
TO NEW CHALLENGES.

The US Midwest has a
long history of drainage
because it improves crop
growth and trafficability.

Tile drainage changes the
natural hydrology and Is a
pathway for nutrients to
move from our fields.
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IN-FIELD MANAGEMENT PRACTICE:

IMPROVED N MANAGEMENT (4RS)

What is it? Applying “the right source of
nutrient, at the right rate, at the right time,
and in the right place”

4R Principles of Nutrient Stewardship
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IMPROVED N I\/IANAGEI\/IENT(4RS)

What is 1t? Applying “the right source of
nutrient, at the right rate, at the right time,
and in the right place”

Reduces the source of N (rate) or mcreasmg
plant uptake (timing, nitrification inhibitor)
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IN-FIELD MANAGEMENT PRACTICE:

IMPROVED N MANAGEMENT (4RS)

What is it? Applying “the right source of
nutrient, at the right rate, at the right time,
and in the right place”

How does it reduce N loss in drainage?
Reduces the source of N (rate) or increasing
plant uptake (timing, nitrification inhibitor)

How effective Is 1t? Generally 6-20% annual
N loss reduction

Where does it work? Everywhere N is -
applied

https:/Aww.youtube.com/watch?v=3Qja938T5e0



IN-FIELD MANAGEMENT PRACTICE:

WINTER COVER CROPS

B \What Is it? A crop planted in late fall to cover §¥
4 the soil over the winter :

Winter wheat diilled into soybeans following harnvest,

. i . = Tl

Photo: http://www.covercrops.msu.edu/general/general.html



IN-FIELD MANAGEMENT PRACTICE:

WINTER COVER CROPS

_’ the soll over the winter

& How does it reduce N loss in drainage? It
8 takes up water and nitrate from the soil after
P the main crop is harvested and before the

( next crop starts growing




IN-FIELD MANAGEMENT PRACTICE:

WINTER COVER CROPS

_’ the soll over the winter

8 How does it reduce N loss in drainage?
Takes up water and nitrate from the soil over
? winter

How effective Is it? Approximately 30% N
i l0ss reduction in the IA and IL Strategies

, Where does it work? Robust establishment
{ Is the most important for water quality
Qeneits

P e AT =



IN-FIELD MANAGEMENT PRACTICE:

WINTER COVER CROPS

What is it? A crop planted in late fall to cover Bk
¢ the soil over the winter :

& How does it reduce N loss in drainage?
N Takes up water and nitrate from the Sg
¥ winter

\ Is the most important for water quality
' benefits




IN-FIELD MANAGEMENT PRACTICE:

PERENNIALS IN THE ROTATION

What is 1t? Inclusion of perennials within an extended
rotation or at critical locations within a field




IN-FIELD MANAGEMENT PRACTICE:

PERENNIALS IN THE ROTATION

What is it? Inclusion of perennials within an extended
rotation or at critical locations within a field

How does it reduce N loss in drainage? Takes up water
and nitrate from the soil during periods when annual crops
are notgrowing .,

'8 100 S .
reBc?eSr:idmoert]j = 01 Annual Rotations: Perennials:
| 3= 528 1b N <7lbN
analysisof 32 40- lost lost per ac
drainage g 20 - ostperac
studies: 2- ' ' ' ' '

n \C} S
contin- Cg:)m -S0Y ?\0;0\1 goype®’ N Gras
cof

Source:; Christianson and Harmel, 2015 (Ag. Water Management)



IN-FIELD MANAGEMENT PRACTICE:

PERENNIALS IN THE ROTATION

What is it? Inclusion of perennials within an extended
rotation or at critical locations within a field

How does it reduce N loss in drainage? Takes up water
and nitrate from the soil during periods when annual crops
are not growing

How effective Is it? 72-95% annual N loss reduction in the
IA, MN, and IL Nutrient Strategies

Where does it work? Most perennial crops can be widely
grown, but their adoption is limited by availability of on-farm
utilization, markets, and infrastructure
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IN-FIELD DRAINAGE SYSTEM PRACTICE:

DRAINAGE WATER MANAGEMENT

Conventional Drainage Controlled Drainage

_Control Structure

lower the outlet

elevation by |

addingor——————~»

subtracting gates
(o m

e

Tile Ilne

‘\




IN-FIELD DRAINAGE SYSTEM PRACTICE:

DRAINAGE WATER MANAGEMENT

\What is it? Adjustable structures [ | controlled Drainage
to manage the level of the
drainage outlet

Control Structure

" lower the outletﬁ —

elevation by

addingor ——————»

subtracting gates
(S 7




IN-FIELD DRAINAGE SYSTEM PRACTICE:

DRAINAGE WATER MANAGEMENT

What is it? Adjustable structures | | €ontrolled Drainage
How does it reduce N loss In
drainage? Holds back water and
nitrate in the soil during periods
when drainage isn't critical

_Control Structure

i

elevation by

GG @ el L~

subtracting gates
8

Figure 1.7  Figure 2. The ¢ Figure 3. The outlet is raised after
il lanting to potentially store water for
harvestto ~ weeks beforep P

allow the field 1 °P% ) I

Source: Frankenberger et al. (Purdue Extension publication WQ-44)



IN-FIELD DRAINAGE SYSTEM PRACTICE:

DRAINAGE WATER MANAGEMENT

What is it? Adjustable structures | | €ontrolled Drainage

How does it reduce N loss in . Control Structure
drainage? Holds back water and | | )
nitrate in the water

How effective Is it? Generally a
30% N loss reduction (15-75%) 7
Where does it work? Most lower the oulet

_ elevation by |
practical on slopes of <0.5% adding or —————->
subtracting gates
because more structures are w4

needed with steeper slopes




IN-FIELD DRAINAGE SYSTEM PRACTICE:

REDUCED DRAINAGE INTENSITY

Shallow Drainage = Shallow Drainage
(early growing season) (| [ (late growing season)

B Conventional
[ 1 Shallow

4
20— E

N
X

N
N
==

17%

What is 1t? Installation of
subsurface drains either closer
to the surface or with wider
spacing than conventionally
done :

26% 26%

30%
10 =

Annual Nitrate Load (Ib N/ac)

9 79 98
Drain Spacing (ft)

—
—_—
o]




IN-FIELD DRAINAGE SYSTEM PRACTICE:

REDUCED DRAINAGE INTENSITY

Conventional Drainage

Shallow Drainage S Shallow Drainage
(early growing season) ||| _ _ y (late growing season)

What is 1t? Installation of either wider or shallower subsurface drains

How does it reduce N loss in drainage? Less water leaves the field
as drainage, thus less N leaves the field

How effective is it? Approximately a 20-30% annual N loss reduction
Where does it work? Anywhere subsurface drainage is installed




IN-FIELD DRAINAGE SYSTEM PRACTICE:

RECYCLING DRAINAGE WATER

o‘r‘ace drainage
S

What is 1t? Drainage
water Is stored in a
pond or reservoir and
then returned it to the |
soil through irrigation
during dry periods

How does It reduce
N loss in drainage?

Recycling the drainage water can reduce or even potentially

eliminate nitrate loss by reducing or eliminating the water that leaves
the site

Cropland Resvoir

SUbirriga’f‘o\f\



IN-FIELD DRAINAGE SYSTEM PRACTICE:

What Is 1t? Store
drainage water for
later crop application

How does It reduce
N loss in drainage?
Reduces drain flow
leaving the site

How effective is it?
Shows good potential, but is very new

Where does it work? Wide applicability, but the available space for
the pond and the cost are usually limiting factors
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EDGE-OF-FIELD OR OFF-SITE PRACTICE:

WOODCHIP BIOREACTORS

G ) o> What Is it?

N Woodchip-filled
trench where
good microbes
“eat” the carbon

_ In the woodchips

<4 to fuel their work
WL removing nitrate
from the
drainage water



EDGE-OF-FIELD OR OFF-SITE PRACTICE:

WOODCHIP BIOREACTORS

Detail drawings not to scale. W h at i S i t?
Dimensions vary with drainage area. WO O d C h i p i fi I | e d
trench

How does it
reduce N loss
; In drainage?
;g;gam Additional

444 carbon “super-
powers” the
natural process
of denitrification

Bioreactor

From Christianson and Helmers (2011)



EDGE-OF-FIELD OR OFF-SITE PRACTICE:

WOODCHIP BIOREACTORS

— . What s it? Woodchip-filled trench

1H1

=== How does it reduce N loss in
== drainage? Enhances the natural
===~ process of denitrification
= How effective is it? 25-45%
oo annual N loss reduction
g8 \\'here does it work? Anywhere
B subsurface drainage is installed

&% and room is available for this
& narrow construction




EDGE-OF-FIELD OR OFF-SITE PRACTICE:

WETLANDS

What is 1t? Constructed wetlands are
dynamic ecosystems of plants, soll,
bacteria, and water

- How does it reduce N loss In

drainage? Wetlands primarily enhance

J,/ the natural process of denitrification, but
also provide some plant uptake of N and
reduced downstream flow




EDGE-OF-FIELD OR OFF-SITE PRACTICE:

WETLANDS

erns aout
out ot production
Implementation

the4.
limits wide

Photo: https://iowalearningfarms.wordpress.com/2014/06/26/incredible-wetlands/



EDGE-OF-FIELD OR OFF-SITE PRACTICE:

ALTERNATIVE DITCH DESIGN
TWO-STAGE DITCH

What Is it?
Retrofit an
existing ditc
to contain a
small “main”
channel and
low, grassed

_Original water table

Two-stage Ditch Design

floodplains

How does it reduce N loss in drainage?

Denitrification, p
to the mini-flood

nlains

ant uptake, and reduced flow via infiltration




EDGE-OF-FIELD OR OFF-SITE PRACTICE:

ALTERNATIVE DITCH DESIGN
(TWO-STAGE DITCH)

What is it? Ditch retrofit into 2-stages

How does it reduce N loss In
drainage? Denitrification, plant
uptake, and reduced flow

How effective is it? Nitrate
removal data is forthcoming

Where does it work? Where
there are existing ditches; ditch
may need to be widened, but
may reduce cleanout costs

http:/ /www.nature.org/ourinitiatives/regions /northamerica /uni




EDGE-OF-FIELD OR OFF-SITE PRACTICE:

SATURATED BUFFERS

Conventional Outlet

What is it? A modification of
the edge-of-field drainage
system that allows drainage
water to flow as shallow
groundwater through the
buffer’s soll



EDGE-OF-FIELD OR OFF-SITE PRACTICE:

SATURATED BUFFERS

Outlet with Saturated Buffer

What is it? A modification of
the edge-of-field drainage
system that allows drainage
water to flow as shallow
groundwater through the
buffer’s soll

How does it reduce N loss In
drainage? As water moves
through the buffer’s soll, nitrate
Is denitrified, plants uptake
water and N, and flow is
reduced



EDGE-OF-FIELD OR OFF-SITE PRACTICE:

SATURATED BUFFERS

What is it? Drainage treatment
under a vegetated buffer

How does it reduce N loss In g
drainage? Denitrification, plant
uptake, and flow reduction

How effective Is 1t? 20-50%
annual N loss reduction, but
more research is needed

Where does it work? Where
there Is a buffer or room for
one; Organic rich soll

Photo: courtesy Dr. Dan Jaynes, USDA ARS




SUMMARY

Practices to reduce N loads in drainage vary in:

Effectiveness

Cost

Suitability

Additional environmental and agronomic benefits

No one practice will be suitable on every acre, but
every acre needs at least one practice.
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TO REDUCE NITROGEN LOADS FROM DRAINED
CROPLAND IN THE MIDWEST
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WHERE CAN | GET THESE

MATERIALS?

http://go.aces.illinois.edu/TenWays

Or Google:
‘ten ways
drainage”

72446173 Emai

Phon

LEChns@illinois_edu

lllinois Drainage Research and Qutreach Program (I-DROP)

Impraving agricultural water quality in lllinois and beyond

Home I-DROP Impact |-DROP Research I-DROP: About us

Ten Ways to Reduce Nitrogen Loads from
Drained Cropland in the Midwest

Click to download an electronic copy of the Ten Ways booklet (pdf file):
Ten Ways to Reduce Nitrogen Loads from Drained Cropland in the Midwest
To order printed copies of the booklet, visit https://pubsplus.illinois.edu/C1400.htm|

Across the Mississippi River Basin, 45% reductions in nitrogen and phosphorus loads are necessary to meet national goals
established to reduce the size ofthe Gulfof Mexico hypoxic zone. There are a number of practices now being promoted as a
part of state nutrient strategies, all of which have different N-reduction effectiveness, spatial suitability, additional benefits and
impacts, and cost. No one practice will be suitable for every acre, but every acre needs atleast one new practice. A newly
funded North Central Region Water Network Seed Grant project, led by the University of lllinois, is underway to develop a
comprehensive package of information about these drainage water quality-improvement practices. This effort is leading off with
the release of a booklet entitled *Ten Ways to Reduce Nitrogen Loads from Drained Cropland in the Midwest” and will include
presentations for educators, online modules for additional audiences, and a Ten Ways summary factsheet. Click the link above
to download an electronic copy of the booklet

Survey Results: lllinois Nutrient Loss Reduction Strategy

@IL_DLrainDrop

! Laura Christianson
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