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Tillage is a familiar topic of discussion among Minnesota 
farme,·s. Basically, it is the mechanical process of preparing the 
seedbed before planting. However, there are many other rea
sons why a farm operator selects a specific tillage. Tillage is 
also used to incorporate crop residues and fertilizer and to 
control weeds. Tillage, as a land management operation, is 
used to reduce and minimize soil erosion by water and wind, 
to increase rainfall intake and storage, to encourage both 
warming and drying of surface soil, to minimize the yield
reducing effects of plant pests, and to increase crop yields. In 
south central Minnesota (figure 1) a number of tillage practices 
are being used to successfully grow crops and minimize losses 
of soil, water, and energy. 

Several tillage studies have been conducted at the 
University of Minnesota Southern Experiment Station, Waseca 
County, on LeSueur and Webster clay loam soils. These 
somewhat poorly and poorly drained soils are typical of south 
central Minnesota. Clarion, Nicollet, Webster, Storden, Lester, 
Le Sueur, and Gler,coe are commonly occurring soils in this 
nearly level to gently rolling area. The soils are mostly clay 
loams, loams, and silty clay loams developed from calcareous 
glacial till, ranging from well to poorly drained. The most 
typical land management problems related 'to tillage are timely 
tillage and planting, poor soil drainage, cloddiness, reduced 
early plant growth, and wind erosion. 

Figure 1. Region of south central Minnesota dominated by Clarion
Nicollet-Webster soil association: medium- to fine-textured 
Prairie Border and Prairie Soils. 
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In addition, farmers are concerned about the use of 
reduced tiliage systems or conservation tillage to minimize 
soil disturbance and to reduce energy requirements and 
production costs on these soils. Corn-soybean rotations 
occupy about 76 percent of the tillage acreage; other main 
crops include small grains, alfalfa, and pasture. 

Conventional tillage for corn-soybean in south central 
Minnesota generally consists of fall moldboard plowing, one or 
two spring diskings and/or field cultivation, light harrowing, 
and planting. Often planting has been followed by one or 
two cultivations to control weeds. Recent tillage studies 
have focused attention on the use of reduced tillage systems, 
including chisel plows, tandem disks, till-planters, and no 
till planters. 

TILLAGE AFFECTS CROP YIELDS 

Figure 2 shows results of a comparison of five tillage 
systems used in continuous corn on a nearly level Webster clay 
loam soil. In this 1975 through 1978 study, tillage systems 
included no till (fluted coulter), fall chise l, ridge till-plant, 
flat till-plant, and fall moldboard plow. A John Deere "Max
Emerge" planter was used, except for the till-plant systems, 
which were planted with a Buffalo till-planter. Broadcast 
fertilizer rates of 175+40+80 (pounds of N+P205+K20) and 
starter rates of 10+30+40 were applied annually. Stalks were 
chopped on all plots each fall. Moldboard plow plots were 
field cultivated and chisel plots disked and field cultivated 
once in the spring. Preemergence chemical weed control was . 
used. All plots except no till were cultivated once for im
proved weed control. 

Tillage practice significantly affected grain yield during 
the 4-year study. Highest 4-year averages were obtained with 
the moldboard plow and till -plant treatments. Average yields 
with chisel plowing were significantly lower. No till con
sistently resulted in lowest average yields. 

Figure 2. Continuous corn yield as affected by tillage practice on 
Webster clay loam 1975-78 average, Waseca, Minnesota. 
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Lower yields on no till and fall chisel plots were partially 
due to problems with germination, early plant growth, and 
severe weeds in 1977 and 1978. Additional spring secondary 
tillage in 1977 and 1978 on the chisel plots improved stands 
and yields compared to 1975 and 1976 results. Additional 
secondary tillage was needed to produce a satisfactory seed-
bed after chisel plowing ·on this fine textured clay loam soil. 
Measurements indicated that soil temperatures were depressed 
by large amounts of crop residue on the soil surface with no 
till treatments. At Waseca on a somewhat poorly drained 
LeSueur clay loam, 4-year average continuous corn yields 
from fall and spring chisel plowing with one or two secon
dary spring tillage operations were within 4 bushels per acre 
of a comparable moldboard plowing treatment. 

In other studies various tillage practices were looked at 
in a corn-soybean sequence since 1974. Six primary tillage 
practices were conducted every year, regardless of crop, 
while six other treatments were a "systems" approach to 
tillage. This meant the primary tillage method varied with 
the crop in the sequence. The "systems" approach incor
porated the various continuous tillage systems into reduced 
tillage systems. All plots were planted with a John Deere 
plateless planter, with fluted coulters attached for the no 
till plots. Figure 3 shows the twelve primary tillage systems 
and 4-year average yields . 

Continuous no till consistently produced corn and 
soybean yields significantly lower than all other treatments. 
Continuous spring plow, spring chisel, fall chisel, and no till 
soybean residue-fall chisel corn residue all produced lower 
yields than conventional tillage. Combinations of reduced or 
conventional fall tillage of corn residue in combination with 
reduced tillage of soybean residue resulted in yields equal to 
or slightly greater than conventional tillage . The difference 
between continuous no till and a combination of fall plow
ing corn residue and 'fall chiseling soybean residue (during 
the study) was an average of 25 bushels of corn per acre 
per year. 

Other studies have shown that relatively high crop 
yields can be attained consistently in this region with reduced 
tillage practices. Due to the small amount of crop residue 
following soybeans, reduced tillage of soybean ground is as 
effective as conventional tillage on many of the soils of south 
central Minnesota. 

TILLAGE AFFECTS FERTILIZER DISTRIBUTION 

Tillage practices strongly affect the distribution of 
fertilizer in the plow layer. Fertilizer distribution may affect 
availability of fertilizer to the crop, plant nutrition, and 
subsequent yield. Research has shown that both phosphorus 
(P) and potassium ( Kl distribution in the soil is affected by 
tillage practices. Figure 4 illustrates the distribution of P and 
Kin Webster clay loam at Waseca following 3 years of tillage 
in the corn-soybean rotation just discussed. With continuous 
no till, P and K accumulated in the top 2 inches of soil. This 
resulted from both minimal mixing of the applied fertilizer 

Figure 3. Average crop yields at Waseca, Minnesota as affected by tillage 
practices in a corn-soybean sequence, 1974-77, Webster clay 
loam. Secondary tillage included one of the following: no till, 
disk , and/or field cultivation. 
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p39) Continuous no till (113)1 {.. 

(44) Fall chisel corn (125) 
No till soybean 

(45) Continuous spring plow (124) .1 
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(45) Fall plow corn (137) 
No till soybean 

(46) Fall plow corn (138) 
Fall chisel soybean 

*5% BLSD-yield difference between two practices must be 10 bu/A or 
greater for tillage practices to be significantly different at 5% level. 

and little incorporation of P and K which was being brought to 
the surface by plant roots. Consequently, much of the ferti
lizer P and K was unavailable to the growing crop when the 
surface soil dried below the moisture content at which roots 
could take up nutrients. Other tillage practices which pro
vided little incorporation of P and K were continuous fall 
chiseling, continuous spring disking and various combinations 
of these two practices in rotation with no till. P and K were 
incorporated and mixed to a depth of 10 and 12 inches when 
moldboard plowing was practiced in rotation with a reduced 
tillage system. Practices such as fall plowing corn residue in 
rotation with no till or chisel plowing soybean residue pro
vided good nutrient distribution. 
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Figure 4. Soil P and K distribution (0-12"), as affected by tillage treat
ment in a corn-soybean sequence on Webster clay loam at 
Waseca, Minnesota. 

-1401b/A--

K 

- - - - - - - - - - - - - - - Continuous - - - - - - - - - - - - - - -

Notill 

p 

Fall 
chisel 

Although P and K were concentrated at or near the soil 
surface by no till, chisel and disk treatments, no decrease in 
P content was measured in leaf tissue samples for any treat
ment. All treatments had moderate to high soil test P levels in 
the plow layer. K content of leaves was significantly lower in 
1978 for continuous no till. Intermediate K levels were ob
tained with continuous chisel plowing and disking treatments 
and with the chisel-no till system. Where decreased K uptake 
and yields were measured or observed, the plow layer below 
the surface 2 inches had a low K test. Thus periodic plowing to 
maintain the entire plow layer in the '1igh P and K range 
should prevent positional unavailability of P and K. Other 
methods of deep incorporation may also be used periodically. 

CONCLUSIONS AND RECOMMENDATIONS 

Moldboard plowing soybean ground is not necessary in 
south central Minnesota, especially where corn-soybean 
rotations dominate. The Clarion-Nicollet-Webster soils and 
associated soils can be successfully managed with reduced 
tillage systems, if tillage practices are altered and rotated 
with the crop being grown. In corn-soybean rotations, the 
highest yields of both were produced with these methods: 
continuous spring disk; combinations of fall plowing or fall 
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chiseling corn residue in preparation for soybeans; and no 
till or fall chiseling soybean residue in preparation for corn. 
Disking or field cultivating is adequate secondary tillage. 
Tillage sequences which include periodic, but not annual 
moldboard plowing, adequately incorporate fertilizer P and 
K into the plow layer. Where corn is grown in"continuous 
rotation, till planted corn has been equal to that on con
tinuous fall plowed land. 

J .W.Bauder and J.B. Swan are extension soils specialists ; G.W. Randall is 
soil scientist, Southern Experiment Station, Waseca; J.A. True is exten
sion agricultural engineer; and C.F. Halsey is extension conservationist. 

The information in th is 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 Agricultural Extension Service is implied. 

Issued in furtherance of cooperative extension work in agriculture and 
home economics, acts of May 8 and June 30, 1914, in cooperation with 
the U.S. Department of Agriculture. Roland H. Abraham, Director of 
Agricultural Extension Service, University of Minnesota, St. Paul, 
Minnesota 55108. The University of Minnesota, including the Agricul
tural Extension Service, is committed to the policy that all persons 
shall have equal access to its programs, facilities, and employment 
without regard to race, creed, color, sex, national origin, or handicap. 10~ 




