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ABSTRACT

Reduced tillage technologies may be the most cost effective practices
for reducing pollutant loadings from agricultural lands. A model has been
developéd to predict the changes in net farm income in the Lake Erie
Basin based on soil types and their associated yield 9haracteristics along
with commodity prices and crop production costs. Output of the model
includes (a) net return per acre by crop, by tillage system, by county,
and by soil series; (b) acres in each county by soil management group;

(c) net return for each county by "management scenario"; and (d) net

return for the Lake Erie Basin by "management scenario".

Soil types determine the economic success of reduced tillage farming.
Well drained soils may exhibit greater crop yields under reduced tillage 1

practices than under conventional farming techniques. Conversely, crop

yields from poorly drained soils under reduced tillage are less than those

under conventional tillage practices. Therefore, the quantity of well and

poorly drained soils within an area determines the economic success of

reduced tillage methods.
For the Lake Erie Basin reduced tillage farming of well drained soils

with concurrent conventional farming of poorly drained soils may result

in a one to six percent increase in the Basin net income compared to 1

conventional farming of the entire watershed. On the other hand,
utilization of reduced tillage practices on poorly drained soils with
concurrent conventional farming of well drained soils may produce a

decrease in Lake Erie Basin net income of one to four percent.

vi |
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ABSTRACT (continued)

The application of reduced tillage farming to extremely poorly drained

solls such as certain organic, alluvial, and fine textured soils is not

1
3
|
g
3

recommended as very large decreases in Basin net income are expected.
The above findings may change if farmer expertise is greater or less

than the expertise applied to the experimental plots used for input

data to the model.
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INTRODUCTION

The Lake Erie Wastewater Management Study of the U.S. Army Corps of
Engineers is to develop a récommended management program for agricultural
sources of pollution. The procedure is to identify land management prac-
tices which reduce pollutant loadings in the Lake Erie Basin, to quantify
the effects of these practices on pollutant loadings, and to determine the
economic cost of implementing management practices which reduce pollutant
loadings.

A host of management practices to reduce pollutant loadings are avail-
able 1nc1uding terracing, contouring, crop rotations; winter cover crops,
diversion, grass waterways, outlet protection, stream bank protection,
windbreaks, sediment basins, and reduced tillage technologies. While all of
these management practices may have an impact of improving water quality,
reduced tillage technologies seem to be the most cost effective praétices
to improve water quality. These technologies allow intensive row crop
production while maintaining winter cover of the soil during erosion sensitive
winter and spring months. Results of an earlier study in small watershed
in the basin indicate that initial reductions in soil loss are inexpensive
if reduced tillage technologies are adopted on selected soils (Forster and
Becker) .

The general purpose of this study is to determine the economic effects

of using minimum and no tillage technologies in the Lake Erie Basin.l

100nventiona1 tillage is moldboard plowing in the fall, winter, or spring
followed by a disc, harrow, or field cultivator. Minimum tillage replaces the
moldboard plowing with chisel plowing, discing, or field cultivating. With no
tillage, weed control is accomplished with chemcials and the soil is not tilled.
Reduced tillage refers to either minimum tillage or no tillage.

e A el et o i - bl s i el e i e e e R . i
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Specific objectives are:

(1) to determine the soil series in Lake Erie basin and the character-
Istics of these soils,

] (2) to estimate gross returns and costs of production for major crops
on each soil series in the Basin,

(3) to determine the effect of reduced tillage technologies on gross
returns and cost of production for corn and soybeans,

(4) to develop a simulation model which represents the economic impacts

of alternative crop management practices in the Lake Erie Basin,
and i

(5) to estimate the economic impacts for the Basin of adopting
minimum tillage and no tillage technologies on selected soils.

MODEL PARAMETER EVALUATION
Soil Series Data

Soils vary widely over the Lake Erie Basin. Some glaciated soils are ;

KA

highly productive with high organic matter and level to gently sloping
topography. These soils cover much of the western part of the Basin and
are important sources of corn, soybeans, tomatoes, sugar beets and other
row crops. At the other ext?eme are soils formed over sandstone and shale

parent material, having low organic matter content, and are relatively

unproductive with gently to steeply sloping topography. These soils are

found in the eastern portion of the Basin.

A
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The Buffalo District of the Corps of Engineers and Resource Management
Associates (RMA) provided soil series data for the Basin. Briefly, for

each county in the Basin, soil series were identified and the number 6f

2 s s

hectares of each soil series was listed. The RMA soils data for Monroe County,

Michigan is shown in Table 1 as an example.
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All soil series with a series referzace number of less than 600 were
to represent the cropland acreage in the counties.

The characteristics identified for each soil series were:

(1) corn yield under conventional tillage,

(2) soybean yield under conventional tillage,

(3) wheat yield,

(4) oats yield,

(5) hay yield,

(6) tomato yield,

(7) sugar beets yield, and
(8) soil management group

Yield Data
Yields represented thehaverage yields that could be obtained from each
soil. The sources of this date were primarily county soil maps from Ohio,
Michigan, Pennsylvania, and New York counties.2 In addition, a preliminary
draft of "Soil Productivity Guide" from the Department of Agronomy at The Ohio

State University was reviewed. This publication contained yield estimates

for major Ohio soils. Dr. Shaw Reid, Associate Professor of Soil Science at

Cornell University, provided unpublished data on yeilds by soil series in

New York state. This data was thought to be the best available since most of
the New York county soil map yield data is obsolete. Dr. Lynn Robertson,
Professor of Soil Science at Michigan State University, provided published
data on yields by soils series for Michigan counties. In short, an attempt
was made to obtain the best yield data available since the economic impacts

of alternative tillage systems depend largely on these yield estimates.

Soil Management Groups

Each soil series was placed in one of five soil management groups. These

soil management groups were those identified by Triplett, et al. for Ohio soils.

2County s0oil maps used to estimate yields were Wood, Henry, Putnam, Allen,
Van Wert, Paulding, Erie, Huron, Richland, Summit, and Ashtabula counties in
Ohio; Monroe county, Michigan; and Erie county Pennsylvania.
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Informat fon supplicd by the Depavtment of Agronomy at Michigan State University,
Robertson, Shaw, and Urban was used to classify soils not found in Triplett,

ot al.

The following brief description of each of the five soil management groups

is provided by Triplett, et al.:

Tillage group 1 - Soils included in this group should have yield response
to no tillage equal to or greater than conventional tillage. Soils are
moderately well, well, and excessively well drained. They have silt

loam, loam, sandy loam, or loamy fine sand surface texture. They are
low in organic matter.

Tillage group 2 - These soils should have yield responses to no tillage
nearly equal to conventional tillage if soil dr:‘nage has been improved.
These soils are somewhat poorly drained in their natural state. They
have a silt loam, loam, sandy loam, or loamy fine sand surface texture.
They are low in organic matter.

Tillage group 3 - These soils yield less with no tillage than conventional
tillage. They are somewhat poorly to very poorly drained. Tile does not
provide adequate drainage. Surface texture is loam, silt loam, or silty
clay loam. Most of these soils are low in organic matter.

Tillage group 4 - Soils in this group may yield less with no tillage
than conventional tillage. They are very poorly drained. They have
surface textures of silty clay lpoam, clay loam, silty clay, or clay.
They contain relatively high amounts of organic matter in the surface.

Tillage group 5 - These are organic soils, alluvial soils, and certain
fine textured soils. These soils do not respond well to no tillage corn.

Yield Indices

Yield indices were developed for reduced tillage systems for corn and
soybeans. Each of the five soil management groups was assigned yield indices
for corn and soybeans as shown in Tables 2, 3, and 4. These indices were
based on the best available information. Ohio data was the most complete of
any of the states in assessing yields with reduced tillage. A number of
experimental trials conducted by the Ohio Agricultural Research and Devel-
opment. Center In soll management groups 1, 2 and 4 were the basls tor the Ohlo

indices. Soils found in Indiana were assigned the same indices as Ohio soils.
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fi Michigan soils (Table 4) were adaptations of Ohio data. In Michigan, no
published data could be found to support the contention that yield indices
f; : were above 100 for reduced tillage systems on soil management groups 1 and

2. Hence, the reduced tillage yields on Michigan soils in management

groups 1 and 2 were assumed to be the same as conventional tillage yields.
New York yield indices were based on little experimental evidence. Reid
f] felt that well drained soils might result in the same yields for reduced
tillage and conventional tillage systems. However, somewhat poorly drained
soils would yield less than conventional tillage, and reduced tillage on
poorly to very poorly drained soils would not be feasible (Table 4). On soil

management groups 3, 4, and 5 in New York and Pennsylvania, yields on minimum

tillage and no tillage were assumed to be zero. This assumption was expected
] to significantly affect results since minimum and no tillage systems were

used on soil management groups 3 and 4 in part of the analysis.

Commodity Prices

After establishing each soil series' yields for corn (under three tillage
systems), sdybeans (under three tillage systems), wheat, oats, hay, tomatoes, 7
and sugar beets, product prices and costs of production were estimated. For é
each commodity, a standard product price was estimated for the 1978-81
period. The basis for these estimates was price projections by Davidson and
[ 3 Ericksen of the U.S. Department of Agricultural (Table 5).
1 If implementation of soil loss control occurs on a national basis, price

impacts need to be considered as done by Taylor and Frohberg. That is, as

soil loss affects the quantity of crops produced, crop prices would change.

For this analysis, incorporating price impacts was thought to be needlessly

;;
L
;

complex since the proportion of the nation'’s crop production represented by

the Lake Erie Basin is small.
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Conts ot Product fon
Production costs were estimated by crop, by tillage system and by

31 county. Estimates for costs of production are found in Tables 6 through

30. Briefly, the procedure for establishing the costs were:

(1) Data from Lines, et al. were used as a basis for cost of production
estimates for Ohio and Indiana crops. Data from Nott, et al. were g
used as a basis for Michigan crops, and New York and Pennsylvania 3
costs were based on Knoblaugh, et al.

(2) Equipment costs and labor requirements for minimum and no tillage
technologies were adjusted to reflect cost estimates from Rask and
Forster. These estimates resulted in minimum tillage equipment
costs being about 8 percent less than conventional tillage equip- ;
ment costs. No tillage equipment costs were about 10 percent less 1
than those for conventional tillage. Similarly, labor requirements ]
(hours/acre) were about 8 percent less with minimum tillage and

10 percent less with no tillage than requirements of conventional
tillage.

(3) Fertilizer inputs depended on yield levels and soil characteristics
found in each county. For Ohio and Indiana soils, the 1978-79
Agronomy guide was used to estimate the following relationship for

each crop.
4 Nitrogen (lbs/acre) = a +a; (yield)
P,0¢ (1lbs/acre) = b, + b, (yield) + b, (phosphorus test)

K20 (1bs/acre) = o + ¢ (yield) + cy (cation exchange capacity) +

4 Cq (potassium test)

County data for cation exchange capacity, phosphorus test, and pot-
assium test were county soil test results from the Ohio cooperative
Ixtension Service (Follett and Trierweiler).3 Thus, each soil
series In cach county had a unlquely determined tertilizatlon rate.
For example, the following values were obtained for Seneca county,
Ohio.

CEC = 17.1
Phosphorus test = 37.

Potassium test = 224.

One of the soil series found in Seneca county is Blount. Conventional
tillage corn yield was estimated at 102 bu./acre. Thus, the

3Valuea for cation exchange capacity phosphorus test, and potassium test
for solls in Indiana counties were assumed to be equal to those on soils in
adjacent Ohlo count les,

|
i
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(4)

“Fe

fertilizer application rate for conventional tilled corn on Blount
soil in Seneca county was assumed to be

Nitrvogen = =110 + 1.876 (10) - 81.4 lbs./acre

PZOS ='18.838 + .333 (102) -.355 (37) = 39.4 1lbs./acre

K,0 = 84.844 + 1.616 (17.1) + .25 (102) - .33 (244) = 64.1 1bs./acre

Equations developed for fertilization rates on Ohio and Indiana field .
crops are shown in footnotes of Tables 6 through 14.

Ohio and Michigan specialty crop costs of production were from "Ohio
Crop Enterprise Budgets, 1978, Specialty Crops." Detailed budgets
are found in Tables 15 and 16.

Michigan field crop costs of production were developed in a similar
method as the Ohio field crop costs. Information from Warnke, et al.
was used to develop equations such as

Nitrogen = a, + a; (yield)
PZOS = bo + b1 (phosphorus test) + b, (yield)
KZO =cy, t g (yield) + b3 (potassium test)
These equations are found in the footnotes of Tables 17-25.
Less precision was used to estimate Pennsylvania and New York ferti-

lization rates than was done for Ohio, Indiana, and Michigan.
Nutrient application rate was only a function of yield. These func-

tions are shown in the footnotes of Tables 26-30.

Land costs were excluded from costs of production. Although these
costs are an important cost of production, they remain the same for
all crop management practices. Thus, their exclusion does not
affect the relative profitability of tillage systems or cropping
patterns.
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MODEL DESCRIPTION

The computerized simulation model developed for this study enables the
economic impacts of alternative crop management practices to be traced. While
the model was designed to compare the impacts of alternative tillage practices,
it also could be used to trace the impacts of other crop management practices
such as crop rotations, winter cover crops, contouring, and so forth.

Several data bases .mentioned previously were used to develop the return
and cost data (see Figure 1). The gross return data contained return estimates
for each crop and tillage technology in each county and on each soil series

(designated by "A" in Figure 1). Similarly the cost estimates were unique

for each crop and tillage technology in each county and on each soil series
(designated by "B" in Figure 1).

County crop acreage data (U.S.D.A.) was used to develop the proportions of
cach county's cropland in corn, soybeans, oats, hay, wheat, tomatoes, and sugar
beets (designated by "C" in Figure 1). Every crop acre in the county was

assumed to grow these proportions of crops. For example, Crawford county,

Ohio had the following crop proportions:

% of cropland

corn 31.7
soybeans 35.3
wheat 19.7
oats 5.3
hay 8.0
tomatoes 0.0
sugar bects 0.0

o e 2 A S B AT T o s AL IBAD B G SR

Gstiin

This proportion of crop acreage was assumed to be grown on each of the 38

|
|

distinct soil series found in Crawford county. This assumption overlooked
some important differences between soil series. For example, sloping, unpro-

ductive soils were assigned the same crops as level, productive soils in each

county. While hardly accurate, this assumption was necessary since data was

not available to estimate the crops actually grown on each county's soil series.
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T. Output from the model includes (a) net return per acre by crop, by tillage
£l
system, by county, and by soil series; (b) acres in each county by soil manage-
i ment group; (¢) net return for each county by "management scenario"; and (d)
.- net return for the Lake Erie Basin by "management scenario."
Y The "management scenarios" depict returns under the adoption of minimum

tillage or no tillage on selected soil management groups. The following chart

illustrates the scenarios.

Soil Management Groups Using

Management Conventional Minimum No
Scenario Tillage Tillage Tillage
1 A 1,2,3,4, and 5
B 2,3,4, and 5 1
i c 1,3,4, and 5 2
% & D 1,2,4, and 5 3
? L E 1,2,3, and 5 4
. i F 2,3,4, and 5 1
é 4 G 1,3,4, and 5 2

In scenario A, conventional tillage is used on all soils. In B, minimum tillage

is used just on soils in soil management group 1, and all other soils are

i
3
1
2
|
3
|
!

. conventional tilled. In C, minimum tillage is used exclusively on soils in !
1B : :
| & soil management group 2 and so forth. :
g i
% j’ The primary purpose of the model is to analyze the economic impacts of each '

of these management scenarios. However, the model is structured to accomodate

;{ many other types of analyses. Basic assumptions might be modified to test the

sensitivity of results to changes in these assumptions. For example, critical i

—

parameters in the model are the response of crop yields to minimum tillage

and no tillage. The yield indices shown in Tables 2, 3, and 4 easily can be
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changed and the Basin simulation made with these modified indices. Other man-

agement scenarios might be analyzed. For example, the economic impact of
substituting small grain crops for row crops could be quickly analyzed. In
short, the advantage of a computerized simulation model is that it is able to

analyze quickly any number of hypothetical situations.

MODEL RESULTS

First, the number of hectares by soil management group are shown for each
county. These results aid in explaining the impacts of each management scenario
on county incomes. Over 3.76 million hectares (9.30 million acres) in the Basin
are modeled (Table 31). Fifty three counties are included in thé analysis.
While there are over sixty counties in the Basin, those counties are excluded
where only a small number of acres are in the Basin.

Note the distribution of soil management groups within the Basin. Soil in
management groups 1 and 2 are distributed in each county over the Basin and ac-
j ' count for over 52 percent of the total cropland. Soils in management group 3

are found primarily in the eastern half of the Basin. Soils in management

group 4 are negligible in the eastern part of the Basin but are predominant soils
in many counties in the western portion of the Basin. Thus, it is expected

that changing tillage systems on management group 3 soils will affect the eastern
portion of the Basin, while changing tillage systems on group 4 soils will

affect the western portion of the Basin.

s SR b e N L 50 N A s

Net Income by Scenario

Net Income (excluding land costs) in the Basin totals $338.2 million under

o R 5

conventional tillage (Table 32). Again, the distribution of this income is
[ noteworthy. While the western counties enjoy large net incomes, eastern counties

have relatively small net incomes and, in some cases, negative net incomes.
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With the implementation of minimum and no tillage technologies on soil

management groups, net income in the Basin changes as follows:

Scenario Change in Basin Net Income (%)

Minimum Tillage on
Group 1 soils
Group 2 soils
Group 3 soils
Group 4 soils

No Tillage on

- Group 1 soils
= Group 2 soils

The economic impacts of reduced tillage systems on soil management groups 1, 2,
3, and 4 are relatively minor. In the case of soils in management groups 1 and
2, net income actually improves with the adoption of minimum and no tillage.
With soils in management groups 3 and 4, net income declines when minimum til-
lage is implemented.

To project the impact of adopting reduced tillage systems on all four
soil management groups, the following formula would be used:

Precent change 4 2

i.n Basin Net b pya, + b a8,

ncome i=1 j=1

where Py the percent of soils in management group i using minimum tillage,

the percent change in Basin net income by using minimum tillage on
soils in management group 1,

the percent of soils in management group j using no tillage,

the percent change in Basin net income by using no tillage on
soils in management group j.

Also, Pl + ql ‘ 1’

Ppta, ¥,
Py & 1, and
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Thus, if minimum tillage would be adopted on 100 percent of the soils in
the four management groups, the Basin net income Qould change by:'

Percent change

in Basin = 1l.3+4+4,9 -3,7-1,2=1,3%

Net Income

If minimum tillage would be adopted on 50 percent of management groups 1
and 2 soils, no tillage adopted on the other 50 percent of management groups
1 and 2 soils, and minimum tillage adopted on 100 percent of management group
3 and 4 soils, the net income change would be:

Percent change
in Basin = (.5) (1.3) + (.5) (4.9) - 3.7 - 1.2 + (.5) (2.2) +

Net Income (.5) (5.9) = 2.3%

While Basin net income actually improves with reduced tillage, the dis-
tribution of the income change is crucial. First, the adoption of minimum
tillage or no tillage on management group 1 soils is beneficial to all counties
as illustrated in Figure 2. Adoption of minimum tillage on group 2 soils does
have adverse {mpacts on eastern counties (Figure 3). Similarly, adoption of .
no tillage on group 2 soils has adverse impacts on eastern counties (Figure 4).
Even though the Basin's net income is improved dramatically with adoption of
reduced tillage technologies on group 2 soils, some counties incomes are lowered.

Most counties would experience income loss when minimum tillage is used on
group 3 soils (Figure 5). Western counties not facing an income loss are
those without group 3 soils.

Finally, using minimum tillage on group 4 soils would affect counties in
the western part of the Basin (Figure 6). Eastern counties would be relatively
unaffected due to the absence of group 4 soils.

A detailed analysis of the net income impacts for each county is given in

Table 32. Note the relatively large percentage changes occurring in Ashtabula

L v " e o
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Co., Ohio; Erie Co., Pennsylvania; Crawford Co., Pennsylvania; and New York
Counties. These counties have relatively low net incomes. Any yield changes
produce large percentage changes in net incomes. Contrast this situation to
western counties where net incomes are higher. There yield changes alter

percent changes in net income much less dramatically.

Sensitivity Analysis

A critical assumption made in the model is the response of corn and soybean
yields to minimum and no tillage. Yield indices are used which are based
on research plots. These indices could be criticized as being biased in favor
of reduced tillage systems. Reduced tillage may take a high level of management
which exists on university experimental plots but which does not exist on the
average farm,

To test the sensitivity of model results, yield indices are constrained
to a maximum of 100. That is, no yield advantage is allowed for reduced tillage
systems even though research results clearly show yield advantages for reduced
tillage systems on some soils. Results are as follows:

Scenario Change in Easin Net Income

Minimum Tillage on
Group 1 soils
Group 2 soils
Group 3 soils
Group 4 soils
No tillage on
- Group 1 soils +2.3
- Group 2 soils +.4
If minimum tillage would be adopted on all soils in groups 1, 2, 3, and 4,

net income under these assumptions would decrease by =-1.l1 percent. This contrasts

with an increase in net income of 1.3 percent under expected yield responses.
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Another test of the sensitivity of results to yield assumptions is con-
ducted by varying reduced tillage ylelds for all soil management groups. First,
each expected reduced tillage yield index is reduced by 5 percent. That is,
the corn yield index for minimum tillage on group 1 soils in Ohio is assumed
to be 95 rather than 100, the corn yield index for no tillage on group 1 soils
in Ohio is assumed to be 98 rather than 103, and so forth.

With this assumption, the changes in basin net income under the alter-

native management strategies are as follows

Scenario Change in Basin Net Income

Minimum Tillage on

- Group 1 soils -0.5
~ Group 2 soils +0.8
~ Group 3 soils =4.5
~ Group 4 soils =5.5

No Tillagé on

- Group 1 soils +0.3
- Group 2 soils +1.8

If minimum tillage would be adopted on all soils in groups 1, 2, 3, and 4,
net income would decline by 9.7 percent in the Basin under these pessimistic A
assumptions.

Next, each expected reduced tillage index is increased by 5 percent. For
example, the soybean yield index for minimum tillage on group 2 soils in Ohio

is assumed to be 108 rather than 103. With this assumption, the changes in

basin net income with alternative strategies are as follows:

gais:

e
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Scenario Change in Basin Net Income (%)

Mininum Tillage on

- Group 1 soils +3.2

- Group 2 soils +9.1

- Group 3 soils =2.9

- Group 4 soils +3.1

No Tiilage on

- Group 1 soils +4.1

- Group 2 soils +10.0

Under these optimistic assumptions, net income would increase by 12.5
percent with the adoption of minimum tillage on all soils in groups 1, 2y 3

and 4.

CONCLUSIONS

These results indicate that reduced tillage systems have an impact on
yields, costs of production, and net income. However, net incomes for the
Lake Erie Basin change only slightly with the advent of these systems. It is
estimated that net incomes actually would increase 0 to 3 percent if min-
imum tillage and no tillage technologies were used on soil management groups
1, 2, 3, and 4.

Not every soil series is suitable economically for reduced tillage.
If minimum tillage is used only‘on group 3 soils, Basin net income declines
by about 4 percent. If minimum tillage is used only on group 4 soils, Basin
net income declines by about 1 percent. Reduced tillage on group 5 soils is
excluded from the analysis since it is thought to have severe negative income
effects.

Group 1 soils are suitable for minimum and no tillage technologies
over all the Basin. Yields remain the same or improve and costs are reduced

when reduced tillage is used on group 1 soils. Almost all group 2 soils

produced improved profits with reduced tillage. The exception is in the
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Figure 1. Simulation Model of Economic Impacts of Alternative Crop Management
as Practices in the Lake Erie Basin
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Table 1. Total Area of Soil Series,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>