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Scope of the Problem and Description of the Watershed 

The Problem 

Non-point source monitoring studies conducted by 
Metropolitan Waste Services (MWS, formerly 

Metropolitan Waste Control Commission) (1990, 
1991,1994) have documented that during 1976-1992 
the water quality of the Minnesota River was worse 
than that of the Mississippi and St. Croix Rivers. The 
load of total suspended solids in the lower Minnesota 
River was 22 times greater than that in the St. Croix 
River and 3.6 times greater than that in the Mississippi 
River (MWCC, 1994). According to MWS, these 
numbers translate to approximately 62S,000 tons per 
year of total suspended solids (86 20-ton truck loads 
per day) transported by the Minnesota River at Fort 
Snelling in the Twin Cities. Suspended solids, largely 
sediment, make the water turbid and contribute to the 
biochemical oxygen demand (depletion of dissolved 
oxygen by chemical reactions and microbial transfor
mations). 

Extent of P Load 
The load of total P (phosphorus) from the Minnesota 
River was S.S times greater than from the St. Croix 
River and 1.S times greater than from the Mississippi 
River (MWCC, 1994). This nutrient is important 
because lack of it limits the growth of algae. When P 
enters surface water, algal blooms occur that then 
deplete dissolved oxygen as the algae decompose. 

1 Dr. Evans is now an Emeritus Professor at Morris, MN. 

Differences among Watersheds 
The differences in sediment load of the three rivers has 
to do with the material that the last glacier left and with 
human activity. Figure 1 (map on the next page) shows 
the boundaries of the three watersheds that are being 
monitored by the MWS overlaid on a generalized soils 
map. Minnesota is a unique state in that within its 
boundaries are parts of five major watersheds draining in 
all compass directions: the St. Lawrence, the Hudson 
Bay, the Mississippi, the Minnesota, and the Missouri 
watersheds. On this synoptic state soils map, the type of 
parent material in which soil has formed is represented 
by different colors. 

Importance of Soil Texture and 
Native Levels of P 
Soil texture is determined by the relative amounts of 
sand (2-.0Smm), silt (.OS-.002mrn), and clay «.002mrn) 
sized particles. The predominence of a particular 
particle size is largely dependent on the mode of deposi
tion by either wind or water. Soil scientists and geolo
gists call this particle size sorting. 
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Fig 1. Soil map boundaries. 
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Soil Material of Major River Basins in Minnesota 

Blue 

Yellow 

Orange 

Pink 

Green 

Yellow-green 

Soil Associations and 
Description of Material 

Glacial Lake Sediments 
fine textured, flat, poorly drained 

Glacial till-rolling, fine textured 

Glacial Outwash-coarse textured 
flat, excessively well drained 

Sandy loam mantle overlying 
glacial till, rolling, poorly drained 

Loess mantle overlying glacial till 
rolling, somewhat poorly drained 

Loess overlying fractured limestone, 
steep, well drained 



On the soils map, the blue represents fine-textured (silty 
clay loam or finer) lake sediments from great glacial 
lakes. These soil landscapes are very fine-textured and 
have very little slope because the water was still and 
allowed even settling of small particles (-1-2% slope). 
In some areas, islands of glacial till rise above the lake 
sediments to result in greater slopes. These soils are also 
very poorly drained. The yellow-colored soil parent 
material represents poorly sorted clay to boulder-size 
particles that were dropped in place when the ice melted. 
Textures are clay loam with more slope (1-6% slope 
generally, although end moraines on parts of the periph
ery of the Minnesota River Basin can have slopes of 6-
45%). The orange and pink represent soil materials that 
are very coarse-textured, sandy deposits formed at the 
melting edge of the ice where meltwater had enough 
energy to carry sandy material but dropped it out of 
suspension as the water slowed beyond the edge of the 
ice. The green represents soil material that is silt-sized 
and was blown (sorted by wind) from the ice sheet (Des 
Moines lobe of the Wisconsin glacier, generally outlined 
by the yellow) and deposited on its east and west edges. 
This wind-blown material is termed loess. Slopes 
generally range from 2 to 18%. 

The Mississippi and St. Croix watersheds are predomi
nately covered with coarse, sandy glacial deposits. This 
is in contrast to the Minnesota and Red River watersheds 
that are covered with predominately fine glacial till and 
lake bed deposits . In about three minutes, sand-sized 
particles (2-.05mm) will settle about a foot in perfectly 
still water. It takes about twenty-four hours for silt-sized 
particles (.05-.002mm) to settle one foot in perfectly still 
water. It takes days for the larger clay-sized soil par
ticles to settle one foot in perfectly still water. In a 
flowing river, si lt and smaller-sized particles will usually 
not settle until a lake is encountered and the flow rate is 
very low. A portion of the clay particles will be bound 
together or become aggregated and act like larger 
particles in flowing water. How much clay is aggregated 
depends on the amount of calcium and magnesium 
present and the amount of cementing agents such as 
organic matter. They are present in fairly high quantities 
in the Minnesota and Red River basins, which tends to 
reduce the amount of clay in suspension. 

Due to differences in mineralogy, the Mississippi and St. 
Croix watersheds also have higher native levels of soil P 
than the Minnesota watershed. This influence is seen 
with the ratio of P loads of the Minnesota River relative 
to the other two watersheds compared with sediment that 
is mentioned in the introduction . Although the Minne
sota River carries higher loads of P than the other two 
rivers, the spread is much smaller than sediment load 
differences. This is in part due to native mineralogy of 
the watersheds. 

3 

Natural Vegetation 

Most of the soils in the Minnesota River watershed have 
developed under prairie vegetation. The transition 
between forest and prairie is roughly along interstate 
highway 1-94. Prairie soils are much darker than the 
soils developed under forests in the Mississippi and St. 
Croix watersheds. A given amount of prairie soil in 
suspension will make the water appear more turbid than 
the same amount of a forest soil. 

It 's a complex issue, but most scientists agree that the 
Minnesota River will carry a higher load of suspended 
soi l particles and appear more turbid than the Mississippi 
and St. Croix Rivers just because of the type of material 
that the glacier left behind and the type of vegetation 
present. 

Agricultural Activity 

Agricultural activity is different among the watersheds. 
In the Mississippi and St. Croix watersheds, there is less 
agriculture (mostly dairy), and forested acreage predomi
nates. In the Minnesota watershed, row crop farming 
with corn and soybeans predominates. When considered 
over the total crop rotation, historically corn and soy
beans have required more intensive tillage than a rota
tion of corn and alfalfa for dairy enterprises. Agricul
tural activity makes erosive losses of soil particles more 
likely in the Minnesota Watershed. 

Even though generally native levels of soil P were 
medium to low in the Minnesota River basin, most fields 
have been raised with manure and fertilizer additions to 
medium to high levels of soil P to support crop produc
tion. Since most P that is lost from fields is associated 
with soil loss, this has increased the impact of sediment 
losses on P levels in the river. 

In summary, turbidity and sediment loading of the 
Minnesota River are greater than the Mississippi and St. 
Croix due to differences in soil parent material, natural 
vegetation, and agricultural activity. Differences in P 
loads are much smaller due to differences in the mineral
ogy of the watersheds. It 's hard to evaluate the relative 
influences of these two factors on river water quality. 



Physical Description of the 
Watershed 

Precipitation and Runoff 

The next three figures have been taken from Payne 
(1994) to characterize the climate and landscape of the 
Minnesota River watershed. Figure 2 shows the average 
annual precipitation for the basin. The 28-inch average 
annual rainfall line is a logical place to first divide the 
basin into wetter and drier regions. This break also 
corresponds to the 4-inch average annual runoff contour 
in figure 3. The eastern third of the basin has about 
twice the average annual runoff intensity as the western 
two-thirds. This has obvious implications as to where 
the highest risk of runoff and sediment losses are in the 
basin. 

High Slope Areas 

Figure 4 shows the physiographic regions in the basin. 
This figure is important in that it shows the location of 
morainal areas. The landscape of this area has steeper 
soil slopes, and the likelihood of runoff and erosion is 
higher. The Coteau des Prairies, Owatonna Moraine 
area, and Alexandria Moraine area are areas of greater 
soil slope. 

Further Subdivision by Soil Type and 
Parent Material 

Soil type and parent material shown in figure 1 assist in 
logically dividing the basin. There are three basic types 
of soil parent material/landforms in the basin: moraines, 
till plains, and glacial lake beds (lacustrine soils). There 
are some soils in the basin that have developed in a 
fourth parent material-glacial outwash (very coarse, 
excessively well-drained soils) but they don ' t contribute 
high priority pollutants such as P, BOD, and sediment 
(same argument as the Mississippi and St. Croix water
sheds). 

A moraine is a deposit of glacial till in a linear fashion at 
the periphery of the ice sheet. In this case the ice was 
advancing at the same rate at which it was melting. You 
can think of it acting like a conveyor belt dropping the 
rock and soil material in the ice at its edge. Moraines are 
usually associated with a steeply sloping landscape. The 
morainal soils have the highest risk of erosive losses due 
to the slope, but the amount of sediment reaching the 
Minnesota River is unknown. 

Till plains are deposits left when the ice retreated and 
dropped its load of soil parent material in place. They 
are sometimes rolling but not as steep as the moraines . 
The soils developed in till plains have intermediate risk 
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of erosive losses but are poorly drained and need to be 
tiled to be cropped effectively. 

The soils developed in glacial lake bed sediments are 
very flat and don't have much potential for water 
erosion. They are the most poorly drained, however, and 
must be extensively tiled. Surface tile inlets pose a 
special hazard in that they act as conduits that allow 
water to enter the drainage system without the benefit of 
soil filtering. This is particularly true when raindrop 
impact dislodges the fine soil particles, which remain 
suspended in the drainage waters. 
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Fig 2. Average annual rainfall for the Minnesota River Basin 
1961-1990 (Payne, 1994; adapted from the MN Dept. of Nat. 
Res.). 

Evaluation of Residue Management 
Systems 

Background for Recommendations 

The soils in the Minnesota River basin are quite variable 
from very fine-textured, poorly drained to coarse-tex
tured, excessively well drained. The database for evalua
tion of the crop response to residue management systems 
is very extensive for the glacial till soils, both on Univer
sity Experiment Stations and on farmer cooperator fields. 
The data are rather sparse for evaluation of these systems 
on crop response on the soils developed in glacial lake 
sediments (lacustrine). There are no data addressing the 
relative contribution of sediment of these landscapes 
compared to glacial till soils or the effectiveness of crop 
residue. 

There is also a considerable range in rainfall across the 
basin. Generally more tillage is required for ideal grow
ing conditions during wet years. The tillage recommenda
tions need to be tailored for climate and soil. The best 
tillage approach will likely not be the same every year. 



Effect of Tillage Systems 

With the limitations of the database in mind, some 
generalizations can be made, however. Fall chisel 
plowing that results in 30% crop residue cover after 
planting can reduce the gross field erosion from 50% to 
65% compared with a system without soil cover. Only a 
portion of the soil that moves on any given field from 
erosion will be delivered to the river system, however. 
The ratio of the watershed erosion to the amount of 
sediment that ends up in the river system is called the 
sediment delivery ratio. Estimates in the research litera
ture range from 2% to about 19%. The smaller the 
watershed the greater the sediment delivery ratio. 

Chisel plowing is probably the best alternative to mold
board plowing on poorly drained soils. Light spring 
tillage only, such as disking, has performed well, but may 
delay entry into the field on poorly drained soils in wet 
springs. 

Ridge- and no-till systems provide the maximum amount 
of surface residue cover and thus sediment control. 
Ridge-till systems have performed well over a wide range 
of soil and climatic conditions. Thi s system does require 
a banded P and K application for com, controlled traffic 
(combine, cultivator, and planter), a special planter and 
cultivator, and sometimes herbicide applications for 
perennial weed control. 

No-till approaches also require special fertilizer applica
tion techniques for com, complete chemical weed control, 
and specially equipped planters-and controlled traffic is 
even more important. There has been some success with 
no-till drilled soybeans in the Minnesota River Basin. 
No-till success with com depends on fertilizer manage
ment, stand establishment, and enhanced early growth 
with row-clearing, planter-mounted tillage tools. This is 
probably not going to be a viable option on the lacustrine 
soils (glacial lake beds) and on very poorly drained 
glacial till soils. Internal drainage is a necessary compo
nent to the success of no-till systems. 

EXPLANATION 
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Fig 3. Average annual runoff in the Mi~,;;,~gsota River Basin 
1951-1980 (Payne, 1994). 5 
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Fig 4. Physiographic provinces in the Minnesota River Basin 
(Payne, 1994). 

Recommendations 
Details of recommendations are presented in companion 
publications. 

Evaluation of Tillage and Manure on 
Sediment and P Losses 

There are very little actual runoff data available designed 
to evaluate the effectiveness of residue management 
systems on pollutant losses in Minnesota. An experi
ment was initiated at Morris, Minnesota, in the spring of 
1992 with this objective in mind. It was designed to 
evaluate the interaction between tillage and manure on P 
losses. 

The slope was a uniform 12% and the soil a Forman
Buse loam. The initial soil test P was in the medium 
range, -1 Oppm. A one-time application of 330 pounds 
per acre of P20 S as solid beef manure (25 tons per acre) 
was applied in the spring of 1992. Manure was incorpo
rated with moldboard plowing to a depth of 8 inches, or 
with planting and cultivation in the ridge-till plots. 
Runoff plots were established that allowed collection of 
runoff and determination of sediment and P. The 1993 
and 1994 runoff and yield data (second and third year of 
com since manure application) are shown in table 1. 

The soil test P in the spring of 1994 (0-6") was increased 
by the manure application more with the ridge-till 
system than the moldboard system. This is due to less 
mixing and greater fixation in this calcareous soil. In 
1993 there was no statistically significant increase in 
yield due to manure with either system. Yields were 
decreased with the ridge-till system compared to the 
moldboard plowing system in this year, however. 



In 1994 there was no grain yield benefit to the higher soil 
test P levels with moldboard plowing. It does appear that 
the higher soil test did, however, increase grain yield 21 
bushels per acre with the ridge-till system. 

The effect of the higher soil test levels on P losses is also 
shown in table 1. As would be expected, the sediment 
losses were much lower with the ridge-till system. 
Sediment losses were reduced by about one-half by 
manure application with both systems. The erosion 
reduction associated with manure was consistent in 1992 
and 1993. This is likely due to more stable soil aggre
gates because of the "cementing agent" properties of 
manure that bind clay-sized particles that act like larger 
particles. In 1992, the year of manure application, 
sediment loss was also reduced with manure application 
but total P was increased with the moldboard system 
(data not shown). 

Total P is usually associated with sediment. This type of 
chemical analysis digests the organic matter associated 
with the soil and determines all of the P. Total P losses 
were higher with moldboard plowing compared with 
ridge tillage and without manure addition for both tillage 
systems. The trend follows the sediment results. 

In summary, tillage has a large effect on sediment and P 
loss. In the study presented, solid beef manure reduced 
sediment and total P loss. Residue management systems, 
often with manure applied, will be an important part of 
sediment reduction in the Minnesota River. It appears 
that shallow incorporation of solid manure sources with 
these systems may still result in lower P losses due to 
increased sediment control. 

Table 1. The effect of tillage and manure on corn yield and annual sediment and total Ploss, 
Morris, MN (Ginting et al.) 

Soil Yield Sediment loss Total Ploss 
Tillage test P '93 '94 avg. '93 '94 total '93 '94 total 

Ridge ppm -bushels/acre- -tons/acre- -pounds/acre-
Manure 32 119 193 156 .1 <.1 .2 .6 .4 1.0 

No Manure 14 115 172 144 .4 .1 .5 2.3 .4 2.7 

Average 117 183 150 .3 <.1 .4 1.5 .4 1.9 

Moldboard 

Manure 20 146 175 161 6.4 .6 7.0 1.7 .6 2.3 

No Manure 12 134 179 157 10.5 1.2 11.7 2.6 .8 3.4 

Average 140 177 159 8.5 .9 8.9 2.2 .7 2.9 
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This set of publications was the result of a joint effort between 
Minnesota Extension Service, Minnesota Agricultural Experiment 
Station, and Minnesota Pollution Control Agency. This 
information was first presented February of 1995 at the Sediment 
Control Solutions Conferences in Mankato and Montevideo, MN. 

To order other publications in this series, contact your Minnesota 
County Extension Office or, outside of Minnesota, contact the 
Distribution Center at (612) 625-8173. Titles in this series include: 

• Sediment Problems and Solutions for the Minnesota River 
(FO-667 I). 

• Tillage Best Management Practices for Continuous Corn in the 
Minnesota River Basin (FO-6672). 

• Tillage Best Management Practices for Small Grain Production 
in the Upper Minnesota River Basin (FO-6674). 

• Economic Comparison of Incremental Changes in Tillage Systems 
in the Minnesota River Basin (FO-6675). 

• Tillage Best Management Practices for Corn-Soybean Rotations 
in the Minnesota River Basin (FO-6676). 

The six publications are also available as a package: 

• Tillage Best Management Practices for the Minnesota River 
Basin Based on Soils, Landscape, Climate, Crops, and 
Economics (8U-6644) 

Printed on recycled paper with minimum of 10% postconsumer 
waste, using agribased inks. 

Produced by the Educational Development System, Minnesota 
Extension Service. 

The information given in this publication is for educational 
purposes only. Reference to commercial products or trade names is 
made with the understanding that no discrimination is intended and 
no endorsement by the Minnesota Extension Service is implied. 

This material is available in alternative formats upon request. 
Please contact your Minnesota County Extension Office, or, 
outside of Minnesota, contact the Distribution Center at 
(612) 625-8173. 

Copyright © 1997 Minnesota Extension Service, University of 
Minnesota. All rights reserved. Do not copy any portion for any 
purpose without the express written permission of the Minnesota 
Extension Service. Send copyright permission inquiries to: 
Copyright Coordinator, EDS, University of Minnesota, 405 Coffey 
Hall, St. Paul, MN 55108-6068, or e-mail to 
copyright@mes.urnn.edu or fax to (612) 625-2207. 

The University, including the Minnesota Extension Service, is 
committed to the policy that all persons shall have equal access to 
its programs, facilities, and employment without regard to race, 
color, creed, religion, national origin, sex, age, marital status, 
disability, public assistance status, veteran status, or sexual 
orientation. 




	6673 000
	6673 001
	6673 002
	6673 003
	6673 004
	6673 005
	6673 006

