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The impacts and magnitude of N loss from
Midwest cropping systems:
What can we do about it?

Dan Jaynes
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Presenter
Presentation Notes
Hypoxic Zones are Spreading
This is an international issue - hypoxic zones are spreading across the world and have consequences for marine ecosystems.
A recent study in Science (Diaz, R. & Rosenberg, R. Spreading Dead Zones and the Consequences for Marine Ecosystems. Science. Aug. 2008, v.321, 926-929) finds that hypoxic zones have now been reported from more than 400 systems, affecting a total area of more than 245,000 square kilometers.*

* Note: 168 of the 405 are reported in the US, but:    
The data table lists a number of smaller watersheds contained in larger waterbodies, e.g., Chester River, Choptank River, Patuxent River, St. Leonard Creek, as well as the Chesapeake main stem.  Albemarle-Pamlico Sounds and Puget Sound also contain a number of sub-embayments.  
While the headline reads "Dead Zones", the biota may be stressed, but still present.  The data table refers to hypoxic areas with the following definitions:
Episodic: events occurring at irregular intervals >1 year
Periodic: several to many events per year lasting from hours to weeks, also includes daily hypoxia
Seasonal: yearly events related mostly to summer or autumn seasons
Persistent: year-round or near year-round hypoxia.
We have a long history of estuarine research in the US, so we are likely to see US waters as over-reported compared to other areas of the world outside Europe.




Gulf Hypoxic Zone
or “dead zone”

Bottom-water dissolved oxygen across

the Louisiana shelf from
July 24 - 30, 2017

Source: N. N. Rabalais (Louisiana Universities Marine Consortium) and R. E. Turner (Louisiana State University)4
Funded by: NOAA, Center for Sponsored Coastal Ocean Research
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Presentation Notes
 Low dissolved oxygen in the Gulf is a serious environmental concern. Less mobile animals that typically constitute critical food sources for fish populations are often killed during hypoxic events.
 
 Mobile animals can typically survive by moving to areas of higher oxygen, but exposure to hypoxia cause severe health effects, such as reduced growth and reproduction.

 These effects of hypoxia on the aquatic organisms may impact valuable fisheries and disrupt sensitive ecosystems, which consequently hurts the economies and cultures that depend on these vital resources.




Coastal Goals of the HTF to reduce
5-year average by 209% by 2025 and by

45% by 2035

=====
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Presentation Notes
 The yearly measurements of the size of Gulf hypoxic zone undertaken by NOAA and its researchers are used to track progress against the  Coastal goal.

  The 2013 area of hypoxia  measured at about 15,000 square kilometers, which was smaller than predicted possibly due to winds that may have contributed to more mixing of the waters.

 This year’s hypoxic zone is about double the measured size of the zone in 2012, when summer drought conditions in the Mississippi River Basin contributed to greatly reduced nutrient outputs into the Gulf of Mexico.

 As size of the zone varies considerably each year, depending on natural and anthropogenic factors, the HTF’s goal is focused on reducing the five-year average rather than individual year measurements.  






& USGS

science for a changing world

Sources of nutrients delivered to the Gulf of Mexico
PHOSPHORUS NITROGEN

Sources
B Corn and soybean crops
] Other crops

2] Pasture and range

M Urban and population-related sources
TR O S M Atmospheric deposition

U.S. Geolopical Survey [ Natural |and
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Sources 
USGS found that agriculture is the predominant source of the nitrogen and phosphorus that cause the hypoxic zone in the Gulf. Moreover, the scientists reported that 9 states - Illinois, Iowa, Indiana, Missouri, Arkansas, Kentucky, Tennessee, Ohio, and Mississippi - account for 75 percent of the nitrogen and phosphorus delivery to the Gulf.
This graph depicts the composition of sources - corn and soybean crops being the major contributor to nitrogen delivery and pasture and range contributing to the phosphorous delivery.
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Sub-basin Nitrogen Contribution 
Looking further, the data indicates that the top two nitrogen contributors in the MARB are the Ohio/Tennessee and the Upper Mississippi basin. 
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What Have We Accomplished?

Reductions from

Current Practices

Contaminant Reduction

Sediment 69%
Pesticides 51%
P 49%

N

Assessment of the Effects

=== of Conservation Practices on

Cultivated Cropland in the
Upper Mississippi River
Basin




Moving forward

*No silver bullet

*Need to attack problem from all
directions simultaneously



Practices that:
*Avold
«Control
eTrap

NRCS - MRBI




Avoid

* |Increase use of perennials
 Improve N fertilizer management
e Plant cover crops
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Sources 
USGS found that agriculture is the predominant source of the nitrogen and phosphorus that cause the hypoxic zone in the Gulf. Moreover, the scientists reported that 9 states - Illinois, Iowa, Indiana, Missouri, Arkansas, Kentucky, Tennessee, Ohio, and Mississippi - account for 75 percent of the nitrogen and phosphorus delivery to the Gulf.
This graph depicts the composition of sources - corn and soybean crops being the major contributor to nitrogen delivery and pasture and range contributing to the phosphorous delivery.



Improve N Use Efficiency
The 4 Rs

e Right Time — N 1s used most efficiently when its

availability is synchraonized with crop demand

 Right Rate — match the amount of N fertilizer
applied to the crop need

 Right Place —place N'where avallable to crops but
shielded from environmental loss

 Right Source — optimize N availability and risk of
loss

Avoid




Yield (bu ac™)

N management

Yield response curve
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2% loss in SON 1996 - 2005 Field N Balance

and SOC in 10 yr,  Corn - Soybean Rotation
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This is a partial mass balance for N for a producer’s field with 3 N rates (L=60, M=120, and H=180 #/ac).  Only at the H N rate do the inputs of N and outputs balance.  At lower N rates, outputs exceed N inputs suggesting that some N is being mined from SOC.  For the M rate this loss is equivalent to a 2% loss in SOC in 10 yr.
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Truth  is no field exhibits these idealize curves, but instead  the curves vary yearly as shown  in these  results from a producer’s field.  The vertical dashed lines are the economic optimum in any year.
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We know that yield varies with location and year within a field.  Here are  yield  maps for a 40ac farmer’s field for 8 consecutive years of a corn/soybean rotation.  Notice the great  variability with time and space.


Fine-tune N-fertilizer rates

Improve N fertilizer rate
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Sources 
USGS found that agriculture is the predominant source of the nitrogen and phosphorus that cause the hypoxic zone in the Gulf. Moreover, the scientists reported that 9 states - Illinois, Iowa, Indiana, Missouri, Arkansas, Kentucky, Tennessee, Ohio, and Mississippi - account for 75 percent of the nitrogen and phosphorus delivery to the Gulf.
This graph depicts the composition of sources - corn and soybean crops being the major contributor to nitrogen delivery and pasture and range contributing to the phosphorous delivery.



Improve N fertilizer rate

= Fertilize by zones within field

Avoid
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Sources 
USGS found that agriculture is the predominant source of the nitrogen and phosphorus that cause the hypoxic zone in the Gulf. Moreover, the scientists reported that 9 states - Illinois, Iowa, Indiana, Missouri, Arkansas, Kentucky, Tennessee, Ohio, and Mississippi - account for 75 percent of the nitrogen and phosphorus delivery to the Gulf.
This graph depicts the composition of sources - corn and soybean crops being the major contributor to nitrogen delivery and pasture and range contributing to the phosphorous delivery.



Improve N fertilizer rate

= Fertilize by zones within field
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Opportunities for Improving N Use
Efficiency in U.S. Agriculture
The 4 Rs

e Right Time — N 1s used most efficiently when its
availability is synchronized with crop demand

 Right Rate — match the amount of N fertilizer
applied to the crop need

* Right Place — place N where available to crops but

shielde
. R|ght Source — optimize N availability an@

Avoid




N management

Improve N synchronization
— Polymer coated sources
— Chemically stabilized
— Urease inhibitors
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Sources 
USGS found that agriculture is the predominant source of the nitrogen and phosphorus that cause the hypoxic zone in the Gulf. Moreover, the scientists reported that 9 states - Illinois, Iowa, Indiana, Missouri, Arkansas, Kentucky, Tennessee, Ohio, and Mississippi - account for 75 percent of the nitrogen and phosphorus delivery to the Gulf.
This graph depicts the composition of sources - corn and soybean crops being the major contributor to nitrogen delivery and pasture and range contributing to the phosphorous delivery.


http://www.gp.com/plantnutrition/product.aspx?pid=6482

Opportunities for Improving N Use

Efficiency in U.S. Agriculture
The 4 Rs

@t Time — N is used most efficiently W@
allability i1s synchronized with crop dema

» Right Rate — match the amount of N fertilizer
applied to the crop need

* Right Place — place N where available to crops but
shielded from environmental loss

 Right Source — optimize N availability and risk of
loss

Avoid
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Improve N synchronization — sidedressing
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Opportunities for Improving N Use
Efficiency in U.S. Agriculture

TNMe 4 RS

* Right Time — N 1s used most efficiently when its
availability is synchronized with crop demand

 Right Rate — match the amount of N fertilizer

lied to the crop need
* Right
shielded from environmental 10ss

crops but

 Right Source — optimize N availability and risk of

loss

Avoid



Soll test guided sidedress rate

Sidedress Watershed study
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N-fertilizer Applied
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Any N management scheme  must also maintain farm profitability.  For the 4-yr LSNT study no yield loss was  observed except in 1998.  The increased risk of tapering N rates to optimum must be borne by the  farmer or society.


Change in [NO,] for LSNT vs. fall anhydrous
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And these can have profound water quality impacts.  In a subbasin of Walnut Creek watershed in IA, we applied the Late Spring Nitrate Test, as soil test to determine the correct amount of N to sidedress in early June.  We treated the entire 1000 ac subbasin starting in 1997.  By mid 1998 a noticeable reduction in NO3 in the surface water leaving the subbasin was measured, with about a 30% reduction in NO3 concentration by the fourth year of manageing N with the LSNT.


N Application Timing and Rate

Adjusted N rate, sidedress vs. spring pre-plant
* N loss reduction: -50 to 70% reduction
e EXxpected long-term reduction: 15%

Adjusted N rate, sidedress vs. fall

e N loss reduction: -25 to 70%
e EXxpected long-term reduction: 30%

Avoid
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Research has shown a range of results for sidedressing N vs. fall or spring N application  but overall we can  expect a 30% reduction compared to fall application and a 15% reduction from spring.
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Reduction in [NO,] for LSNT vs. fall anhydrous

NO, concentration (mg N L™1)
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After ending the  experiment after 2000,  and the  farmers  returning to a fixed application of N either in the fall or spring, but not sidedressed, the NO3 concentration in the stream rebounded to pre-experiment levels.


On board sensors

Remote sensing Computer simulation
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Many methods are being explored for quantifying N rate during a season.


Problems with canopy sensing for determining rate

Relative chlorophyll meter reading
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Opportunities for Improving N Use
Efficiency in U.S. Agriculture
The 4 Rs +

e Right Time — N 1s used most efficiently when its
availability is synchronized with crop demand

 Right Rate — match the amount of N fertilizer
applied to the crop need

* Right Place — place N where available to crops but
shielded from environmental loss

 Right Source — optimize N availability and risk of
loss

Avoid




Precipitation, Tile drainage, and ET (cm d'1)

Fall Cover “Catch” Crop

Row crop
20 200
Precipitation
1 Tile drainage
Eil;

151 —— N uptake - 150
10 - - 100
55 - 50
0 0

Jan Feb Mar Apr May Jun Jul

Month

Avoid

Aug Sep Oct Nov Dec Jan

N uptake (kg N ha ! d’T)


Presenter
Presentation Notes
Fall cover  crops act as  catch crops that  can tie up soil N and prevent leaching losses.  In effect improving the synchrony between soil  N  availability and N uptake by crops.


NO; concentration (mg/L)

Fall Rye Cover Crop - Results

30
—e— N0 cover
o5 —#- cover
20 -
15 | cover crop
established

10 l ————————————————————————————————————————————————————————

5 ad

soybean corn

O I I I I I I I
Feb-01 May-01 Aug-01 Dec-01 Mar-02 Jun-02 Oct-02 Jan-03

Date

Avoid
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Presentation Notes
ARS results  show a dramatic result on NO3 losses in tile drains by adding fall cover crops to the rotation.  


Cover Crops and Perennials
Fall planted rye vs. no cover crop
e N loss reduction: -20 to 90%
« Expected long term reduction: 50%

30

N
9]
|

N
o

15 -

Nitrate concentration (mg N L%)
=
o

\

o

2001 2003 2005 2007 2009 2011 2013 2015 2017

Year Avoid


Presenter
Presentation Notes
Overall we would expect a 50% reduction in NO3 losses by including cover crops.  Switching from annual to perennial crops would have as  much or greater effect on NO3 losses.


z Nitrate Load Reduction from Rye Cover Crop

kg nitrate-N

[ Jo-7200

[ ]7201-36000

[ ] 38001 - 65000
[ 55001 - 108000
% I 106001 - 168000
D I (001 - 767000

L
i EEEmEEE
 SEEEERE=N

<

Model simulations of the nitrate load reduction possible if a rye cover
crop is implemented on all suitable corn acres within the 5 major cornbelt
states. Total annual nitrate reductions to surface waters would be 49.2

million kg-N at a cost of $3.87-$5.65/kg-N removed. Avoid
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Presentation Notes
Overall we would expect a 50% reduction in NO3 losses by including cover crops.  Switching from annual to perennial crops would have as  much or greater effect on NO3 losses.


Control

 Drainage water management



Controlled Drainage or
Drainage Water Management (DWM)

_— Outlet

-

LR L]

CLLLELLLL L

The outlet is raised after The outlet is lowered a few The outlet is raised after
harvest to reduce nitrate weeks before planting and planting to potentially store
delivery during winter. harvest to allow the field to water for crops.

drain more fully.

Control


Presenter
Presentation Notes
We manage all farm inputs except for drainage.  Why not put a control structure on the drain so it can be managed?  A typical DWM scenario.  Raise gate during winter.  Lower gate before planting to drain soil before working.  Raise again (but not as high) during growing season to capture additional water for crop.
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Nitrate Loading Comparison
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Presentation Notes
And reduce NO3 losses even more.


Nitrate Load Reduction
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Model simulations of the nitrate load reduction possible if Drainage \Water
Management is implemented on all suitable corn acres within the

Midwest. Total annual nitrate reductions to surface waters would be 82.1
million kg-N at a cost of $2.68/kg-N removed.

Control



Average crop yield for DWM vs. free drainage
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Trap

e\\etlands
eDenitrification bioreactors
eSaturate riparian buffers



e ki

Trap

lowa CREP wetlands

IOWA CREP STATUS
December 2016)

je-‘immel Winnebago Worth

» 83 wetlands completed

»Removing 10° Ibs of

>»=0.2% of annual IA loss

Legend
Y7 Completed (83)

@ Under Development (12)
] CREP Counties

Trap



Potential NO; Removal by Wetlands in the
Upper Mississippi and Ohio River Basins

Upper Mississippi & Ohio River Basins

Requires
. 200,000 - 400,000 ha

) :x::::mnmm : of wetlands

o for 30% reduction

(] 200-300

o

S 500 - 600 3

B 600 - 700

(7] 700 - 800

B 800 - 500

. > %00 _ - — > L —

Trap Crumpton et al., 2006



Trap — Denitrification Bioreactors




»

Tile drainage water under a conventional and bioreactor system
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Trap
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Presentation Notes
Results of our field bioreactor experiment.  The bioreactor reduced NO3 losses by 67% with no loss of effectiveness over 5 yr.  And there was no increase in N2O release from the bioreactors.


Trap — Riparian buffers

Riparian buffer

Fast-growing trees

Slow-growing trees
Native grasses/Forbs

Shrubs

Streambank
Bioengineering

Midwest dominated by artificial
subsurface drainage (tile) network

Trap



Saturated riparian buffers

Conventional Outlet Outlet i Satr td uffer

W LT - Faft.g
A SR

Trap
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During installation
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Presentation Notes
2 yr after installation, only control box is left above ground


% of total N load from tile outlet
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NO3 removed in buffers for multi years and 2 locations


Putting It all together



o Reduction Strategy

JOWA NUTRIENT REDUCTION STRATEGY
A science and techno!agy—based
framework to assess and reduce nutrients
to lowa waters and the Gulf of Mexico

Prepared by:
iculture and Land stewardship

t of Natural Resources
Jture and Life Sciences

jowa Department of Agr
lowa Departmen

lowa State University College of Agricu
November 2012




Nitrogen Reduction Practices

[Average (Std. Dev.)]
Timing (Fall to spring) 6 (25)

; Source (Liquid swine
Nitrogen 4 (11)

compared to commercial)

Management : o : :
Nitrogen Application Rate Depends on starting point
Nitrification Inhibitor 9 (19)
Cover Crops (Rye) 31 (29)
Perennial — Land retirement 85 (9)
Living Mulches 41 (16)
Extended Rotations 42 (12)
Drainage Water Mgmt. 33 (32)*
Shallow Drainage 32 (15)*
Edge-of-Field Wetlands 52
Bioreactors 43 (21)

Buffers 91 (20)**


Presenter
Presentation Notes
In-field practices are annual management practices.  Rate, source and time of application have small average reduction and wide variability of effectiveness.  N inhibitor is compared to applying N when soils are 50 degrees and cooling.  Rye cover crop was used because of availability of research data.
Edge-of-field technologies have large upfront costs and relatively low annual costs. Higher and more predictable effectiveness.  Large buffer number applies to the water that intersects the root zone of the buffer. 
*Load reduction not concentration reduction
**Concentration reduction of that water interacts with active zone below the buffer
Land-use changes reduce N loss because N is not added and is taken up by plants.  Capturing income on these areas is difficult.
In general:
Practice reductions not necessarily additive.  For example, cover crop reduces N 31% before water gets to wetland which reduces the remaining N another 52%.
Other than cover crops, the average N reduction is relatively small and variability is wide.  Biological systems are complex with lots of variables.
Taking land out of crops does not prevent N loss.  Iowa soils are highly organic and release N with water movement.
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Assessment Case Study
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Cost effective adoption of NO; BMPs

Cost ($ per kg N removed)

25

20

15

10

Drainage water management

20% N rate reduction
on cont. corn

Constructed wetlands

20% N rate reduction
on corn-soybean

No fall N application

Rye cover crops

2000000 4000000

6000000 8000000

Nitrogen Reduction (kg N yr™')

10000000



FINAL WORDS

N management Is not easy. We have practices for
reducing N losses to surface waters, but need more
Avoid Control Trap

Will take years (decades) for widespread implementation
of these practices given current voluntary adoption and
funding levels

Voluntary adoption of conservation practices may get
replaced by mandatory requirements

A voluntary but not optional mindset may work best to
delay future legislation.

Thank You
dan.jaynes@ars.usda.gov
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