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Class 2

• Water quality in Agricultural Landscapes: challenges
• Climate change, water quality, and agriculture
• Mississippi River and Gulf of Mexico

Mississippi River near 
Lansing, Iowa
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In Iowa, we farm

• 88,000 Farm Operations
• 30,500,000 Farmed Acres (12,700,000 Ha), 84% of the state’s area.
• 13,050,000 acres of corn (2.5 billion bushels, value $8.8 billion) U.S. rank: 1st

• 9,800,000 acres of soybean (554 million bushels, value $4.8 billion) U.S.A. 
ranking: 1st

• 21 million hogs; U.S.A. ranking: 1st

• 8.4 million turkeys; U.S.A. ranking: 9th

• 52-80 million laying chickens; U.S.A. ranking: 1st (15 billion eggs)
• 4 million cattle (including calves) U.S.A. ranking: 6th

• 210,000 milk cows (4.8 billion pounds of milk)

• Sheep and Goat production: 6th

• Oats: 7th

• Hay: 11th

• Corn for silage: 7th
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LEAKY SYSTEM
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Economics

Value of Commodities: $30-40 Billion/year
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Farm income in 2020: $132,000/ household
Iowan income in 2020: $60,000/household
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Kossuth County: $757M since 
1995 ($29M/year)

Population: 15,165
$49,900/person
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Transportation Industry
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Corporate Food Giants
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Consequences: Local
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Consequences: Continental
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What is Hypoxia?

Depleted oxygen creates zones 

incapable of supporting most life

53% of U.S. estuaries experience 

hypoxia for at least part of the year
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Drivers of Hypoxia

Nitrogen
Phosphorus
Silica
Weather
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Graphic credit: Louisiana Universities Marine 
Consortium

Gulf Hypoxia Task Force
Formed in 1997

Federal Members:
EPA
USDA
NOAA
USACE
Interior (USGS)
Dept of Justice
Office of Science and 
Technology

https://lumcon.edu/
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Hypoxia Task Force

State and Tribes:

Arkansas Soil and Water Conservation Commission

Illinois Dept of Agriculture

Iowa Dept of Agriculture and Land Stewardship

Louisiana Dept of Env Quality 

Minnesota Pollution Control Agency

Mississippi Dept of Env Quality

Missouri DNR

Tennessee Dept of Agriculture

Wisconsin DNR

Mississippi Band of Choctaw

Prairie Island Indian Community
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ASSESSMENT

Characterization of hypoxia: distribution, dynamics, and causes. Lead: Dr. Nancy Rabalais, Louisiana 
Universities Marine Consortium. 

Ecological and economic consequences of hypoxia. Ecological co-lead: Dr. Robert Diaz, Virginia Institute 
of Marine Science. Economics co-lead: Dr. Andrew Solow, Woods Hole Oceanographic Institution, Center 
for Marine Policy. 

Sources and loads of nutrients transported by the Mississippi River to the Gulf of Mexico. Lead: Mr. 
Donald Goolsby, U.S. Geological Survey. 

Effects of reducing nutrient loads to surface waters within the basin and Gulf of Mexico. Upper 
watershed co-lead: Dr. Patrick Brezonik, University of Minnesota. Gulf of Mexico co-lead: Dr. Victor 
Bierman, Limno-Tech, Inc. 

Evaluation of methods to reduce nutrient loads to surface water, ground water, and the Gulf of Mexico. 
Lead: Dr. William Mitsch, Ohio State University. 

Evaluation of social and economic costs and benefits of methods (identified in topic #5) for reducing 
nutrient loads. Lead: Dr. Otto Doering, Purdue University. 



IIHR―Hydroscience & Engineering
Research, Education, and Service

21

2001 ACTION PLAN



IIHR―Hydroscience & Engineering
Research, Education, and Service

22

2008 ACTION PLAN

Two Main Points:

Emphasize State Nutrient 
Reduction Plans

Dual Nutrient Reduction Effort

11 ”Key Action Items”
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Formed committee to reassess 2015 
objective
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Sources of Nitrogen in Mississippi Basin
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Missouri

3.3% of the land
12% of the water
55% of the nitrate
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Upper Mississippi

21% of the land
21% of the water
45% of the nitrate
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4.5% of the land
5.9% of the water
29% of the nitrate

Mississippi-Atchafalaya-Gulf of Mexico
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Consequences of Nutrient Pollution Upstream

Nitrate-nitrogen is regulated drinking water 
contaminant
Nitrate toxic to larval forms of aquatic life
Both N and P promote algae and 
cyanobacteria blooms
Cyanobacteria produce toxins
Over abundance of primary producers 
reduces biodiversity
Water turbidity
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Methemoglobinemia

Baby’s stomach

Nitrate (NO3
-)

water

formula

NO3
-
→NO2

-
bacteria

Baby’s circulatory system

2NO2
- + O2→ 2NO3

-

Adult’s stomach

NO3
-
→NO2

-
→NO-

bacteria
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Cancer?

We estimate that annually, 111-298 combined cases of colorectal, ovarian, 
thyroid, bladder, and kidney cancer in Wisconsin may be due to nitrate 
contamination of drinking water. Each year, up to 137-149 cases of very low birth 
weight, 72-79 cases of very preterm birth, and two cases of neural tube defects 
could be due to nitrate exposure from drinking water. The direct medical cost 
estimates for all nitrate-attributable adverse health outcomes range between $23 
and $80 million annually.
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Different Hydrologic Pathways

Surface runoff- relevant to 
phosphorus and sediment 
transport

Subsurface pathway – relevant to 
nitrate and dissolved P transport
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Crop Management
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Terraces and Contour Farming
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Fertilizer Management: Nitrogen

Fertilizer management (timing, source, rates)
Nitrification inhibitor 9% reduction
Sidedress

Spring application 6% reduction
Sidedress 4-7% reduction
Manure compared to fertilizer -3 to 4%
Fertilizer rate reduction 10% 
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Commerical N + N 
generated by manure

N inputs exceed grain N by 1.4 billion pounds statewide
On average, about 1/3 makes it into our water
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About 32% of 
“surplus” 
makes it to 
streams
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Since 2002, 14 million hogs → 24 million hogs

Extra 189 million pounds of N 

339 million pounds 
more



Water Quality Practice Selection

Need to select 
solutions which are 

most effective in 
May, June & July
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Fertilizer Management: Phosphorus

P application rates - reduce 
based on soil test P 17% 
reduction
Use manure instead of 
commercial P 46% reduction
Improved incorporation of 
fertilizer 24-36%
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Tillage Avoidance
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Edge of Field Practices
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Riparian Buffers

Important caveat: Only works for water that interacts with active soil zone below 
the buffer.  Tile drainage bypasses the process. 
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Saturated Buffers

50% reduction
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Ponds and WACOBs
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Wetland Construction
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Woodchip 
Bioreactors



IIHR―Hydroscience & Engineering
Research, Education, and Service

56

Drainage Water Management
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Two Stage Ditch
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In-Ditch Weir
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Ecologically-Based Practices
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Grassed waterways – letting wet spots 
be wet

Schilling et al., 2007
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Restore N processing in floodplains
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Re-meander streams / stream restoration
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Re-meander streams / stream restoration
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Economics of N loss

Cost of Nitrogen: $0.33-$0.50/pound (today about 
$0.55/lb)

Cost to remove nitrogen using BMPs: $2-$10/pound

Average statewide load: 600 
million lbs

45% reduction = 270 million 
lbs/year

$540M to $2.7B/year
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Economics of Nitrogen Loss

• 2016 production costs (labor, land, seed, machinery, chemicals, insurance, 
fertilizer) for corn following soybean, assuming a yield of 180 bushels per 
acre: $719/acre 

• Value of N lost to streams ($17.74) was 2.5% of production cost during a wet 
year (2016)

• Cover Crops cost $30/acre, which increases production costs 4.2% for corn, 
5.6% for soybean

• Cover Crops sequester 31% of lost nitrogen ($5.50).
• All Iowa C/SB acres in cover crops: $563M/year, $175/Iowan.
• Yield benefit would have to be 8 bushels of corn, 3 bushels of soybean



IIHR―Hydroscience & Engineering
Research, Education, and Service

67

Mississippi River
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Upper Mississippi

Middle Mississippi

Lower Mississippi

Rock pinnacles
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Longest Rivers

Nile: 4130 miles

Amazon: 3976 miles

Yangtze: 3917 miles

Missouri-Mississippi: 3902 miles

Missouri: 2341 miles

Mississippi: 2340 miles

Mississippi and Missouri have 
both been shortened by 100s of 
miles
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Oxbow Lakes
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Upper Mississippi River

Bellevue, Iowa
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History of Lock and Dam System on Upper Mississippi

Government has been trying to 
enhance navigation since the 
early 1800s

Rapids at Keokuk and Rock Island

Shallow depth (1-3’) for 200 
miles below St. Paul, very crooked

Enders, D.L., 1973. The Des Moines Rapids: A 

History of Its Adverse Effects on Mississippi River 

Traffic and Its Use as a Source of Water Power to 

1860.
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1866

Congress 
appropriates 
$400,000 
for 4 foot 
channel 
from St. Paul 
to St. Louis

Wing dams
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History of Lock and Dam System: “9 foot project”

1920’s: farmers single biggest economic group 
in U.S.

Agriculture clamored for inland waterway to 
compete with railroads

1924:
Ad hoc commission led by Herbert 

Hoover proposed St. Lawrence Seaway, 
connection of Lake Michigan to Illinois R and 
Mississippi River, and 9-ft Upper Mississippi 
River Channel
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Newton Bill

Cleveland Newton

Called for USACE to complete by 1929:

(1) a 9-foot channel in the Ohio River from 

Pittsburgh to Cairo as authorized in 1910; 

(2) a 6-foot channel in the Missouri River between 

Kansas City and the Upper Mississippi River as 

also authorized in 1910;

(3) a 9-foot channel in the Upper Mississippi from 

Cairo to the Illinois River6-foot project both 

authorized in 1910

(4) 6-foot channel in the Upper Mississippi River 

from Minneapolis to the mouth of the Missouri 

River, located just above St. Louis, as authorized 

in 1907. 

Congress had originally mandated a 1922 deadline for 

the completion of the 6-foot channel. By the end of 

that year, however, the 15-year-old project remained 

less than half complete.
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6’ or 9’ ??

Charles Hall

Concluded if there was a channel, it should be 9’

Also said channel should not be built
• Need was not sufficient
• Environmental Disaster

knew that the only feasible way to provide a 

9’foot depth was through a series of locks and 

dams that would transform the river from a free-

flowing stream into interconnected lakes.

Hall feared that these slack-water pools would 

create vast swamps of stagnant and polluted water. 

He was also concerned about the effect of slack-

water navigation on indigenous wildlife.
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House Bill 137 (1932)

Appropriated $124,000,000 for 26 Locks and Dams

Construction generally proceeded upstream → downstream

System completed around 1940

L-D 26 replaced in 1990

L-27 added in 1964
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Upper Mississippi is now far bigger than a century ago

Environmental 
Consequences?
• Birds
• Fish
• Recreational 

boating
• Farms
• Erosion

River is undersized for its valley
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Mississippi 
Outlet 
wanders
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Source: USGS, 
https://www.nap.edu/read/13019/c
hapter/4#37

https://www.nap.edu/read/13019/chapter/4#37
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Water Budget

https://pubs.usgs.gov/fs/2005/3020/pdf/F
S2005_3020.pdf
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Meander Cutoffs
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1927 Mississippi River Flood
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Old River Control Structure

10’ lower and 100 miles 
shorter to the gulf
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Coastal 
wetlands 
disappearing

Sediment cutoff

Subsidence

Climate Change

Lose 50 acres per day
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Iowa Temperature since 1893
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Iowa vs Minnesota
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+5.0”+4.1”
+5.6”

+6.1”

+4.4” +7.3”

+6.0” +6.8”

+7.5”
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Credit: USDA

Credit: Shea, M.E., Schulte, L.A. and Palik, B.J., 2014. 
Reconstructing vegetation past: pre-Euro-American 
vegetation for the midwest driftless area, USA. Ecological 
Restoration, 32(4), pp.417-433.

More Erosion/More P loss
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More tile
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More N loss: Middle Cedar Example

1200 miles new tile per year

1 acre of pattern tile = 1452’ (0.275 mi)

1200 miles = 4364 acres

2018 N loss = 31.5 lbs/ac

New tile multiply N loss by 1.5 (15.9 lbs)

Increase watershed N load by 69,000 lbs

• 136 woodchip bioreactors (we 
currently have about 50 statewide), 
or,

• 3 constructed wetlands (currently we 
have about 100 statewide), or

• Around 7000 new acres of cover 
crops (currently we have million ac 
statewide).



Perry, Iowa

• 24-32% increase in annual precipitation

• Increase tile drainage flows

• Change distribution of flows within the calendar year
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Next Week

• Advancing solutions to water quality problems

• Costs to improving water quality

• What can the average person do to improve water quality
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