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INTRODUCTION

The Federal Water Pollution Control Act Amendments of 1972,
Public Law 92-500, established a national goal of eliminating the
discharge of pollutants into the nation's waterways by 1985. As a
step toward that geoal an interim water quality standard of "fishable,
swimmable waters nationwide" by July 1, 1983 was set. Under
section 208 of this law, each state was required to establish a "con-
tinuing planning process' to define controls for agricultural non-
point sources of water poliution.

Section 208 calls for the development of state and area-wide
water quality management plans. The plans are to include "a process
to (i) identify if appropriate, agriculturally and silviculturally
related non-point sources of pollution, including runoff from manure
disposal areas, and from land used for livestock and crop production,
and (ii) set forth procedures and methods (including land use require-
ments) to contrel to the extent feasible such sources."

In an earlier group of technical reports (TR 87, 88, 90, 93) in
this series a model was developed to measure the net social benefits
from controlling agricultural sediment given various policy options.
This was done by contrasting benefits to be gained from reducing the
sediment load in a watershed against costs involved in achieving that
reduction using wvarious voluntary or mandatory policies to accom-
plish the reduction. It was a major conclusion of these studies

that no policy that restricted soil loss to less than that which was



economically desirable from the farmers own viewpoint would generate
benefits greater than the costs involved. This finding, in the water-
sheds of major sediment control concern lead to a decision to change
the base area for this report to a county instead of a watershed and
to only deal with the on-farm consequences of varicus management prac-
tices. These on-farm consequences would include the changes in top-
soil loss and the yield losses that result from losing topsoil. Also
included are profit levels that could be expected from different man-

agement practices and how the present value of a stream of these

profits would vary over different planning horizons.



DESCRIPTION OF THE COUNTY

Mitchell County is located in the Rolling Plains Land Resource
Area in the west-central part of Texas (figure 1), Agriculture is the
major occupation in the county. Approximately one—third of the 590,000
acres in the county is cropland with most of the remainder used
for cattle raising. Cotton, grain sorghum, and small grains are the
principle crops. Most of the cropland is under dryland cultivation,
with only a couple of thousand irrigated acres in the county.

Near the southwestern edge of the Relling Plains, Mitchell County
is nearly level to undulating with areas of short, rough breaks along
the Colorado River and its major tributaries. Elevation ranges
from 1900 to 2400 feet above sea level.

The entire county is drained by the Colorado River, which crosses
in a southeasterly direction. Major tributary streams in the eastern
part of the county are Lone Wolf Creek, Champion Creek, and Big Silver
Creek. In the western part the main tributaries are Morgan Creek and
Beals Creek.

The western part of the county is broad, low-lying and nearly
level, locally called flats. It consists of alluvial bottomlands,
which occur a few feet above the beds of Morgan and Beals Creeks,
and nearly level uplands that are slightly higher than the bottomlands.
These flats .-are gelatively well drained. The soils are clayey and take
water slowly, but relief is such that ponding, if any, is not prolonged.

Dotting the flats are low, gently sloping to steep, hills rising 50
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Figure 1. Mitchell County .



te 150 feet above the plain.

Extending intc the northeastern corner of the county is a nearly
level undissected, well drained upland plain. This area, which lies
at the highest elevation in the county, includes a few playas suitable
for crops though they may be ponded for a few weeks after heavy rains.

Another nearly level, well drained, upland plain occurs in the
southwestern corner of the county. Dissecting this plain are several
small, intermittant streams.

The rest of the county consists of nearly level to gently undul-
ating well-drained upland that is cut by many small streams.

Along these streams are narrow terraces and flood plains consisting

of level, well drained, loamy solils. In some places along the streams
and along the escarpment between the erosional uplands and

lowlying flats are short, steep slopes forming rough, broken land that

is nearly barren.

Soils in the county are in general level to moderately slop-

ing, clay loam or fine sandy leam. Dominant soil associations in
the county are Cobb-Miles, Rowena, Uvalde, Stamford-Vernon, Tivoli-
Brownsfield, Potter-Mansker and Spade-Latom. The soil mapping units
that make up these associations and the approximate acreage of each
are listed in table 1. Also listed in table 1 is the four character
alpha-numeric code by which each mapping unit is identified in the
remainder of the report.

Mitchell County lies in an area that is transitional between the

humid climate of east Texas and the semi-arid climate to the west.



Table 1. Acreages of Cropland,and Rangeland in Mitchell County by
. - . al
Soil Mapping Unit., —

' . ‘ Identification Total

Soil Mapping Units Code Acreage

Acuff leoam, 0-1% slopes ACO1 9,137
Acuff loam, 1-37% slopes AC13 7,963
Altus fine sandy loam AFSL 7,021
Brownfield fine sand BFFS 8,402
Clayey alluvial land CYAL 24,484
Cobb and Miles fine sandy loams, 1-3% slopes CM13 85,545
Cobb and Miles fine sandy loams, 3-53% slopes CM35 11,453
Cottonwood loam CWLM 163
Latom-Roch outcrop complex LROC 14,261
Loamy alluvial land LYAL 10,092
Mangum clay MGCY 545
Mansker loam, 0-1%7 slopes MKO1 752
Mansker lcam, 1-3% slopes MK13 18,722
Mansker loam, 3-5% slopes MK35 3,154
Merta clay loam, 0-1% slopes MMO1 3,059
Merta clay loam, 1-3% slopes MM13 9,350
Miles fine sandy loam, 0-1% slopes MNOL 7,460
Miles loamy fine sand, 0-3% slopes M003 10,717
Miles loamy fine sand, 3-5% slopes MO035 1,095
Olton clay loam, 0-1% slopes 0ocol 6,577
Olton clay loam, 1-3% slopes 0C13 9,712
Potter soils PTSS 39,989
Roscoe clay RCCY 1,363
Rough broken land RHBL 9,566
Rowena clay loam, 0-1%Z slopes RWO1 20,123
Rowena clay loam, 1-3% slopes RW13 10,999
Spade fine sandy loam, 1-3% slopes SA13 20,292
Spade fine sandy loam, 3-5% slopes SA35 7,726
Spade-Latom sandy loams, 3-57% slopes SL35 4,796
Spur clay loam SCYL 8,214
Stamford and Dalby clays, 0-1Z slopes SYO1 37,930
Stamford and Dalby clays, 1-3% slopes SY13 39,519
Tivoli fine sand TFSD 12,193
Uvalde silty clay loam, 0-17 slopes Usol 34,728
Uvalde silty clay loam, 1-3% slopes Usl3 27,188
Vernon soils, 1-3%Z slopes Vs13 20,427
Vernon-Badland complex VBCX 30,902
Weymouth clay loam, 1-3% slopes WC13 9,665
Artificial lakes 4,796
Total 590,080

2/ source: U.S. Department of Agriculture Scil Conservation Serv-
ice. BSoil Survey Mitchell County, Texas. U.S. Govern-—
ment Printing Office, Washington, D.C., April 1969.




The average annual precipitation is 19.79 inches. However, because
this rain falls mainly during thunderstorms the amount varies widely
from year to year and from place to place. About 78 percent of the
rainfall occurs during the warmer months of the year, April through
October.

In the winter the temperature can fall rapidly when cold polar
air surges down from the north. Cold spells are short, however, and
periods of relatively mild weather are frequent. In the summer there
are long periods when daytime temperatures are high. The average
daily maximum temperature reaches 97°F. in both July and August. The
average freeze-free season is 219 days.

In the period from 1970 to 1976 approximately 55,000 acres have
been planted to cotton each year, 27,000 acres to grain sorghum and
12,000 acres to wheat and other small grains. Table 2 lists the

complete breakdown of agricultural land use by acreage and percent.

In a 1976 survey of conservation problems in Texas as viewed by
the Soil and Water Conservation District Directors, agricultural non-
point source pollutants in the Rolling Plains Land Resource Area were
rated as a problem of slight to moderate severity, as were floods.
They were ranked fourteenth and tenth, respectively, among the area's
problems. However, water erosion, as an on-farm soil management
problem, and the economics of conservation were ranked second and
third, being considered problems of moderate to severe proportions.
Thus, the on-farm erosion problem is viewed as more critical than the
off-farm dowvn-stream flooding and pollution problem. Complete

survey results for the Rolling Plains Resource Area are given in table 3.



Table 2. Average Agricultur7l Land Use in Mitchell County for the
Years 1970-1976, &

Land Use Acreage Percent
Cropland
Cotton 55,229 9.4%
Grain Sorghum 26,871 4.6%
Wheat, small grains 11,770 2.0%
Hay and Pasture 10,400 1.7%
Range 397,299 67.3%
" b/ o
Miscellaneous — 88,512 15.0%
Total 590,080 100.0%

2/ Source: Texas Department of Agriculture and USDA Statistical
Reporting Service. Texas County Statistics. Compiled
by Texas Crop and Livestock Reporting Service. Austin,
Texas, 1970-1976,




Table 3. Soil and Water Conservation District Directors' Rating of Con-
Servation Problems in the Rolling Plains Land Rescurce Area. &/

1/ CcChange in

Present .
Problemns Rank Condition in
Severity Past 10 Yearsg/
Water-Related Problems
1 Ron-Point Source Pollution
i Agricultural Non-Foint
Source Pollutants 14 1.36 +.41
il 8ilvicultural Non-Point
Source Pollutants 23 .73 .00
iii  Mining Operations Non-Point
Source Pollutants 1% 1.05 -.02
iv Construction Site Nen--Point
Source Pollutants 17 1.20 -.14
v Waste Dizposal Non-Polnt
Source Pollutants 12 1.45 ~.05
vi Salt Water Intrusion 12 1.45 ~-.16
vii  Hydrologic Modifications 21 .91 +.05
2  Floods 10 1.66 +. 36
3 Inadequate Drainage 20 1.00 -.02
4 Inefficient Irrigation Systcms 16 1.27 +.07
5 Improper Use of Groundwater 18 1.18 +.05
Soil Management Problems
6 Water Erosion 2 2,27 +.59
7 Wind Erosion 8 1.80 +.54
& Soll Compaction 13 1.41 +.50
9 Inefficient Tillage Systems 8 1.80 +.43
10 Salinity 15 1,32 ~.07
11 Less of Soil Moisture 6 1.89 +.36
Plant Management Problems
12  Undesirable Brush & Weeds 1 2.66 -, 09
13 Weeds on Cropland 5 1.95 +.02
14 Difffculty of Grass Establish-—
ment 4 2,06 +.57
15  Overgrazing 3 2,11 +.50
Other Problems, Issues, and Policies
16 Economics of Conservation 3 2,11 -.75

1/

Scale of Present Severity -~

5light to None
Moderate
Severe

Very Bevere

W N

IERT RV
1

W Nk

Wi

Scale cf Change in Condition
in Past 10 Years 2

5 - -2.5 W¥uch Worse
+5 -~ 1.5 Vorse
5~ 0 Slight Decline

0.5 Slight Improvement
.5 = 1.5 Better
5 2.5 Much Better

‘EISource: Association of Texas Soil and Water

Conservation Districts.

Conservation Problems in

Texas, Temple, Texas, October 1976.
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THE APPROPRIATE PLANNING HORIZON
AND DISCOUNTING FUTURE BENEFITS AND COSTS

The effect of soil conservation and erosion control on the agri-
cultural economy is felt only over a period of years as the mix of
inputs change for a given output. FErosion carries away topsoil
reducing soil fertility and reducing crop vields. If erosion
is slowed, future crop yields will be higher than they would other-
wise have been given the same level of management.

Farmers make many short-run decisions because they are concerned
with next vear's income. On the surface this suggests that farmers
would use a short time horizon for planning conservation practices.
However, most farmers and landowners are concerned about the future val-
ue of their land in addition to income flow. Inasmuch as the agricultural com-
ponent of land wvalues is the capitalized value (present value) of a
highest and best use profit stream into perpetuity, and given the
limited alternative uses for agriaultural land in this part of Texas,
the value of the land is tied closely to its future agricultural
productivity. Thus, it was important that this study consider not
only present productivity but also the effect on future productivity,
and hence land values, of cropping and conservation practices. There-
fore, a long planning horizon is essential when determining
appropriate combinations of crop rotations and conservation practices
a landowner should employ. In order to emphasize this point and to
demonstrate the importance of the length of the planning horizon,

calculations were made for time horizons of 10, 100 and 200 years.
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Discounting Future Benefits and Costs

As a point of reference from which to calculate the present
value of future benefits and costs, 1977 was designated the base
year.

A1l future benefits and costs were discounted to 1977 dollars
using standard discounting techniques and a real interest rate of
approximately 1.5 percent. The 1.5 percent rate was calculated by
assuming that the long-run real interest rate was approximated by the
difference of inflation and bank interest rates for the last 10
years. The average inflation rare of the last 10 years, which is
5.8 percent, was thus subtracted from the 7.3 percent average private
interest rate charged by banks over the same 10 year period to arrive

at the 1.5 percent real interest rate.

The present values of net returns associated with particular
crop production activities are given in this study. Present value

of net returns was computed as:

t
T (B -CcH((1+ 1)

pvy= 3 [ ——F o
t=0 (1 + 1)

where
¥ = summation of discounted benefits and costs over time
t = time, in vears
B, = gross benefits in year t
C. = gross costs in yvear t
i = inflation rate (i.e., 5.8 percent)
r = nominal interest rate (i.e., 7.3 percent)

T = length of planning horizon
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ON-FARM ECONOMICS OF SOIL CONSERVATION

In order to study on-farm income consequences of soil conser-
vation, a great deal of data both technical and economic is necessary.
Data required for this type of analysis include: (a) expected
yields of all relevant crops for each soil in the watershed; (b) ex-
pected prices for each crop and associated production costs; (c)
additional costs for the applicable conservation practices; (d) ex-
pected soil loss associated with each cropping practice--soil type
combination; and (e) effects of crop rotations on vield of
individual crops. These sets of data were combined to estimate the
net present value return for each crop rotation--conservation practice—-
soil mapping unit combination over time periods of 10, 100 and 200

years.

Crop Yields

Table 4 gives the expected yield of four major crops in
Mitchell County for each soil mapping unit plus the yield of range
grasses that could be expected if the land is not cropped.

Yields for irrigated crops are given for those few soils that
are presently irrigated. Though irrigation would increase yields
on several of the soils, the amount of irrigated land is not increas-—
ing nor is it expected to in the foreseeable future due to the lack
of additional water for irrigation. All yields are for a high level

of management.
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Table 4. Crop Yields for Each Soil Mapping Unit in Mitchell County.

Cotton Grain Wheat Hay or Range Iéii%:tEd

Soil (1bs.) S?E§?¥m (bu.) E:z;:;e (AU) Cotton Sorghum Wheat
ACO1 200 23.33 18 2.5 .6 900 112.0 50
ACl13 175 18.67 16 2,5 .6 750 93,3 45
AFSL 350 42,00 22 2.9 .7

BFFS 175 1B.67 2.9 .9

CYAL 150 18.67 15 2.1 .5

CML3 200 18.67 18 2.9 .9 500 65.3 40
CM35 150 14.00 15 2.9 .9 56.0 a5
CWLM .3

LROC .3

LYAL 225 23.33 20 2.5 .9

MGCY 150 18.67 15 2.3 .5

MRO) 150 156,67 12 2.1 .6 350 46.70 25
MK13 125 13.07 10 2.1 .6 37.30 20
MK35 2.1 .6

¥MO1 200 23.33 20 2.1 .9

MM13 150 18.467 15 2,1 .9

MNO1 300 28.00 20 2.9 .8 700 79.30 50
MO03 250 23,33 15 2.9 .6 650 70.00 3s
M35 .6

0co1 200 18.67 16 2.5 .6

GCl3 175 14.00 14 2,5 .6

PTSS .2

RCCY 225 28.00 20 1.7 .3

RHBL .2

RWO1 250 32,67 25 2.5 .7

RW13 225 28.00 25 2.5 7

SAl3 175 18.67 15 2.9 .7

SA35 14.00 12 2.9 )

SL35 A

SCYL 225 23.33 26 2.9 .9 900 102.70 60
SY01 200 23,33 15 2.5 .3

SY13 150 18.67 15 2.5 .5

TESD : .5

Usol 300 51.33 20 2.5 1.3

Usl3 250 46.67 20 2.5 1.3

V513 .5

VBCX .5

WCl3 150 14.00 10 © 2.5 6
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A high level of management and input quality was assumed for this
study to make the comparison between conventional straight row
cultivation practice and conservation till or terracing practices as
realistic as possible. A higher level of management is necessary to
successfully use conservation tillage or terracing and thus it would not
be a fair comparison if they were compared to a conventional system
with a lower level, more typical management.

The higher level of management would include a greater use of
fertilizer, insecticides and pesticides, and better seed varieties
for row crops. On pasture or range land cross fencing and rotational
grazing would be utilized along with improved grass species, brush
control on rangeland and careful adjustment of livestock numbers
as necessary to make the best use of the available grass. The yield
data were furnished by USDA Soil Conservation Service and Texas Ag-—

ricultural Extension Service personnel familiar with the area.

Crop Prices and Production Costs

Expected prices were defined as the average price received by
Texas farmers for the specified crop between 1958-1976 adjusted to
1977 dollars by the index of prices paid for production items. A
twenty year price series was used in order to arrive at as stable a
set of long run price relationships as possible while at the same
time tying prices to production costs.

Table 5 lists the production cost data. This production cost

information was developed from a set of 1977 crop budgets for the
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Rolling Plains Land Resource Area prepared by the Texas Agricultural
Extension Service. Basic cost data was modified to fit each soil
mapping unit as part of the computer simulation. The modification
included: (a) changing harvest costs proportional to yield for that
crop for each rotation; and (b) adding appropriate costs of speci-
fied conservation practice. As yield is reduced due to effects of
soll erosion, harvest cost per acre is proportionally reduced but
preharvest costs and equipment costs remain constant.

Four cultural practices were considered in this study. The
first is conventional straight row cultivation (denoted "SR" in the
tables). This practice was used as the standard method on which pro-
duction cost and yield data was based.

A second cultural practice, which is gaining increased popular-
ity in this area, called limited or conservation tillage (denoted "C"
in the tables), was selected to demonstrate possible savings over time
due to reduced machinery and labor usage. For purposes of this study,
s0il loss due to this cultural practice were assumed to be equal to the
s0il loss under straight row cultivation. Differences were restricted
to production cost savings pertaining principally to use of laber and
machinery in field preparation and cultivation. Based on some prelim-—
inary studies done at the Texas Agricultural Experiment Station, Bush-
land, Texas by Allen, Musick and Wiese and by the Perry Foundation in
the Rio Grande Valley a ten percent reduction in preharvest machinery

and labor costs were assumed for this cultural practice,
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Two cultural practices that include contouring and terraces were
also considered. Standard terraces {(denoted in the tables as 'ST"),
were defined as terraces that are built from both the front and the
back sides and follow the contour of the land without involving substan-
tial cutting and filling. It was assumed that standard terraces could be built
for seven cents per linear foot and would have a life expectancy of
10 years. After 10 years, the terrace would have to be rebuilt at
a cost of five cents per linear foot.

Parallel terraces (denoted "PT" in the tables) are defined as
terraces built from the back side with at least one-third of the
terrace interval smoothed and floated in. This not only reduces the
slope length but also, partially reduces the steepness of the slope
by leveling the interval to some extent. Thus parallel terracing
results in a lower Universal Soil Loss Equation "LS" wvalue than
standard terraces. Cutting and filling is involved so the contour of the
land is not necessarily adhered to exactly. Parallel terraces were assumed
to cost twenty-five cents per linear foot to build. Their life ex-
pectancy was set at 15 years after which they would have to be rebuilt
at a cost of ten cents per linear foot.

The steepness of the slope as well as the type of crop grown
affects the number of linear feet of terrace needed per acre. The
steeper the slope the narrower the terrace interval must be to be
effective. Alsc the terrace spacing must be closer for row crops
than for close grown crops. These cost considerations were combined

to arrive at the terrace construction costs listed by soil mapping
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unit in table 6.

To calculate the production cost of crop rotations grown on
terraced soils for each year the base cost for that year was increased
by the discounted sum of the initial construction cost plus the cost
of rebuilding the terrace as necessary plus an increase in pre-harvest
machinery and labor costs of 15 percent for standard terraces or 10
percent for parallel terraces. Machinery and labor costs were
increased to cover the cost of the added field time necessary to farm
with the contour of the terraces and to deal with point rows and

corners created with standard terraces.

Crop Rotations

Crop rotations rather than continuous single crops were considered in
this study for two reasons. One reason is that the previous crop
influences the amocunt of erosion from the current crop, and the aver-
age erosion rate for a rotation is not a simple average of the erosion
rates of the same crops grown continuocusly. The second reason that
rotations were considered is that the yield of some crops will be
higher (or lower)} when grown in rotation with another crop, or crops.

Table 7 lists the crop rotations that were considered and the
yield changes assumed for the cropping combinations. The yield re-
duction of crops grown in continuous cultivation rather than as part
of a crop rotation was based on research conducted at the Texas
Research Foundation, Renner, Texas in the 1950's and early 1960's and

on the opinion of experienced agronomists familiar with the area. The



Table 6. Terracing Costs, Average Topsoil Thickness and Yield Loss
Equation by Soil Mapping Unit.

Terrace Construction Cost For

%Zg:i?i Yield Standard Terraces Parallel Terraces
Soil Loss
Thickness i Clese Close
. Equation Row Row
(in.) Grown Grown
Crops Crops Crops Crops
($/ac.) ($/aﬂ-) (slac-) ($/aCc)
ACO1 8 B 10.16 12,19 34.85 41,81
AC13 8 B 17.42 20.33 59.74 69.70
AFSL 8 B 10.16 12.1% 34,85 41,81
BFFS 26 B 10.16 12.19 34.85 41.81
CYAL 8 C 10.16 12.19 34.85 41.81
CM13 10 B 17.42 20.33 59.74 69.70
CM35 8 B 26.98 30.49 G2.52 104.54
CWLM 6 A 10.16 12.19 34.85 41.81
LROC 4 A 10.16 12.19 34,85 41.81
LYAL 12 c 10.16 12.19 34,85 41,81
MGCY 16 C 10.16 12.19 34.85 41,81
MEOL 8 B 10.16 12.19 34,85 41.81
MK13 8 B 17.42 20.33 59.74 69.70
MK35 8 B 26.98 30.49 92.52 104.54
MMOL 6 A 10.16 12.19 34.85 41.81
MM13 6 A 17.42 20.33 59.74 69.70
MNOL 8 B 10.16 12.19 34,85 41.81
MO03 16 B 17.42 20.33 59.74 69.70
M035 12 B 26.98 30.49 92.52  104&.54
OC0L 10 B 10.16 12.19 34.85 41.81
0Ccl3 8 B 17.42 20.33 59.74 69.70
PTSS 6 A 33.14 36.74 113.64 125.95
RCCY 40 C 16.16 12.19 34.85 £1.81
RHBL 4 A 33.14 36.74 113.64  125.95
RWO1 8 B 10.16 12.19 34,85 41.81
RW13 6 B 17.42 20,33 59.74 69.70
SA13 8 B 17.42 20.33 59.74 69.70
SA35 6 B 26.98 30.49 92.52 104.54
SL35 6 A 26.98 30.49 92.52 104.54
SCYL 12 G 10.16 12,19 34,85 41,81
5Y01 10 c 10.16 12,19 34.85 41.81
8Yi3 8 C 17.42 20.33 59.74 69.70
TFSD 9 c 30.49 33.88 104.54 116.16
Usol 12 B 10.16 12.19 34.85 41.81
Usi3 10 A 17.42 20.33 59.74 69.70
vs13 6 c 17.42 20,33 59.74 69.70
VBCX 4 C 10.16 12.19 34.85 41,81
WC13 8 B 17.42 20.33 59.74 69.70




Table 7. Crop Rotations Considered in the Analysis, Associated USLE
"C" Factors and Percent Reduction in Yield Under Continu-
ous Cultivation Rather than in Rotation.

Crg?giggCE§§;:T§?nd Table Abbreviation Fa:S:r
Cotteon (-23) C .65
Grain Sorghum (-12) S .50
Wheat (~9) W .15
Hay or Pasture P .02
Range R .03
Cotton (-5)/Sorghum (-2) c/s .55
Cotton (~5)/Wheat c/w A
Sorghum (-2)/Wheat S/W .25
Cotton/Sorghum/Wheat c/s/w .35
a/

—' Yield change is equal to the percent change in yield for each

crop in the cropping system compared to the yield listed for that crop
in table 4.
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vield of cotton growm continuously was reduced twenty-three percent as
the crop budget and yield information on cotton was given for cottom
in rotation with grain sorghum and small grains. Continuous cotton
would not benefit from the plant nutrient carryover or organic residue
left by the small grain crop in a rotation or from the cotton pest and
disease control provided with sorghum in the rotation. Thus over time
expected cotton yield would be less. Cotton grown in rotation with
sorghum was penalized five percent due to the fact that while sorghum
would provide some opportunity for pest management and some fertility
carryover, it would not be as great as the carryover with small grains
in the rotation. The yield of cotton in a three year rotation was not
decreased. Sorghum yvields were decreased two percent in two year
rotations and twelve percent in continuous cultivation. This yield
decrease is attributable to the lack of Johnsongrass contrel and

fertility carryover in continuous cultivation.

Soil Loss Factors

The Universal Soil Loss Equation was used to calculate average
s0il loss per acre for each soil series——crop rotation--comnservation

practice combination in the watershed. This equation is:

A = RK(LS)CP

where A is gross erogion in tons per acre, R is a rainfall erosivity
index, K is a soil-erodibility factor, LS is a topographic factor

that represents the combined effects of slope length and steepness,
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C is a cover and management factor, and P is a conservation practice
factor. Values for all of these factors were furnished by the Seoil
Conservation Service and are reported in tables 7 and 8. It should
be noted that the LS value does not represent an average value for
the soil. Rather it is a value assigned to a specific slope length
and slope percent. These specific slope characteristics can commonly
be found for that soil mapping unit. Also shown in table 8 are the
erosion tolerance limits, or "T" wvalues, that have been established
for each soil. Theoretically, if ercsion is less than this T walue,
little or no yield reduction results from the soil loss.

Table 9 shows estimated per acre erosion rates for each soil
series---conservation practice--crop votation combination considered
in the study.

An overview of data in table 9 leads to several general
conclusions about the soil loss problems in Mitchell County. It
is apparent that most soils have only a low to moderate po-
tential for soil loss, with the major crop of concern being cotton.
A few soil mapping units, for example Rough Broken Land or Potter
scils seem to have a fairly high potential for soil erosion especially
if planted to row crops but these mapping units are never used for
cropland and hence these potential soil losses are never realized.
Another general conclusion one can derive from table 9 is that soil
logs for any particular soil mapping unit can be reduced by either

changing to a close grown crop or by terracing and contouring.

The better way, if soil losses must be reduced, depends on



Table 8. USLE Factors by Soil Mapping Unit for Mitchell County.

USLE Factors

Soil X LS LS [ P
Without With With Contouring- T
Terraces Standard Parallel Terracing (Ton/
Terraces Terraces Ac/Yr)

ACO1 0.32 0.12 0.12 0.12 0.6 5
AC13 0.32 0.27 0.22 0.20 0.6 5
AFSL 0.24 0.12 0.12 0.12 0.6 5
BF¥S 0.24 0.22 0.22 0.22 0.6 5
CYAL 0.32 0.09 0.09 0.09 0.6 5
CML3 0.32 0.27 0.22 0.20 0.6 2
CM35 0.32 0.52 0. 40 0.36 0.5 2
CWLM 0.32 0.11 0.11 0.11 1.0 1
LRCC 0.24 0.14 0.14 0.14 1.0 1
LYAL 0.28 0.12 0.12 0.12 0.6 5
MGCY 0.32 0.11 0.11 0.11 0.6 5
MRO1 0.28 0.12 0.12 0.12 0.6 3
MK13 0.28 0.24 0.22 0.21 0.6 3
MK35 0.28 0.37 0.37 0.37 1.0 3
MMO1 0.32 0.12 0.12 0.12 0.6 1
MM13 0.32 0.25 0.22 0.21 0.6 1
MNO1 0.32 0.12 0.12 0.12 6.6 5
MOO3 0.20 0.24 0.22 0.21 0.6 5
MO35 0.20 0.57 0.57 0.57 0.5 5
0Co1 0.32 0.12 0.12 0.12 0.6 5
0C13 0.32 0.27 0.22 0.20 0.6 5
PTSS 0.28 1.93 1.93 1.93 1.0 1
RCCY 0.32 0.12 0.12 0.12 0.6 5
RHBL 0. 32 2.10 2.10 2,10 1.0 3
RWO1 0.32 0.12 0.12 0.12 0.6 5
RW13 0.32 0.27 0.22 0.20 0.6 5
S5A13 0.24 0.25 0.22 0.21 0.6 2
SA35 0.24 0.39 .29 0.26 0.5 2
SL35 0.24 0.52 0.52 0.52 1.0 2
SCYL 0.28 0.16 0.16 0.16 0.6 5
SYO1 0.32 0.14 0.14 0.14 0.6 4
5Y13 0.32 0.15 0.15 0.15 0.6 4
TFSD 0.17 0.65 0.65 0.65 1.0 5
Usoi 0.28 0.12 0.12 0.12 0.6 4
Usis3 0.28 0.24 0.22 0.21 0.6 4
VSs13 0.32 0.20 0.20 0.20 1.0 2
VBCX 0.32 0.20 0.20 0.20 1,0 2
WC13 0.32 0.20 0.20 0.20 0.6 3
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relative net returns to the two methods. The soil less any one year
does not directly affect that year's net returns to a particular
crop rotation at the low levels of soil loss normally to be expected
in Mitchell County. However, over time the loss of topsoil does

become important because the yield of the crops grown is effected.

Yield Loss Attributal teo Erosion

In a long-run analysis of soil conservation the relationship
between erosion and future crop yield is critical. This is because
the on-farm benefits from conservation practices arise mainly from
the relatively higher future crop vield resulting from that conserva-
tion practice. Unfortunately, very little experimental or field data
on this important relationship are available. Consequently, for pur-
poses of this study it was necessary to develop estimates of this re-
lationship for each soil mapping unit.

Yield loss attributal to topsoil loss depends to a certain extent
on the suitability of the subsoil for crop production. Soils in the
watershed were classified into one of three groups. Group A consists
of soils that have subsoil that is unsuitable for field crop produc-
tion. For this group, crop yield was assumed to be zero after all
topsoil was eroded. Group B consists of soils with subsoils that are
slightly suitable for field crop production, It was assumed that
crop yield on Group B soils would be 25 percent of the currently
attainable yield after all the topsoil was eroded away. Group C

consists of those soils with subsoils that are somewhat more suitable
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for crop production. After the loss of all topsoil, yield in this
group was assumed to be 50 percent of present yield. The group to
which each soil belongs and initial average topsoil depth for each
soil is shown in table 6.

Due to paucity of experimental or field data on the relation-
ship between topsoil thickness and yield, it was necessary to sub-
jectively specify this relationship for each seoil group. After con-
siderable discussion with Soil Conservation Service and Texas A&M
University scientists, the three relationships shown in figure 2 were
specified. The functions in figure 2 have two important characteris-
tics. One is that each function is expressed in terms of percent of
topsoil lost and percent of initial yield attainable after erosion.
This reflects the fact that the loss of one inch on an initially
shallow soil will decrease yield more than the loss of one inch of an
initially deep soil. For example, the loss of one inch of a soil in
Group A with an initial depth of 20 inches will reduce yield by about
2 percent, while the loss of one inch on a soil with an initial depth
of 5 inches will decrease vield by about 8 percent.

The second important characteristic of the functions in figure 2
is that the loss of the last remaining topsoil will reduce yield by
more than the loss of the upper portions of initial topsoil. For in-
stance, the loss of the first 20 percent of topsoil in Group A will
reduce yield by about 8 percent, while the loss of the last 20 percent
of topsoil will reduce yield by about 46 percent. Because of the crit-

ical nature of the relationships shown in figure 2, additional experi-
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mental and field research appears warranted.

In determining effects of erosion on yield, bulk density
of soil is important. Since erosion typicallvy occurs when the soil
is saturated with water, the bulk densitv of wet soil was used.
Based on unpublished field data, a bulk density of 200 tons per acre
inch was used for all soils in Mitchell Countv except the clav soils.
A bulk densitv of 180 tons per acre inch was used for the clay soils

which include; Mangum clay, Roscoe clay and Stamford and Dalby clays.

Profitability of Conservation Practices

Profitability information for the various crop rotation-conserva-
tion practice combinations for each soil in the Mitchell County is
given in Appendix A, tables 12 through 49. All figures are based on
assumptions previously stated. All on-farm costs associated with
the conservation practice of terracing are included when their prof-
itability is calculated, but there is no Federal cost sharing for terrace
construction added in nor is there any cost charged for sediment
leaving fields.

As an illustration of Iinformation given in these tables,
consider table 37 which gives the data for Rowena clay loam on 1-3
percent slopes.

The first column of this table gives the crop rotations consid-
ered for this soil, while the second column lists the conservation
practice. Column 3 gives the estimated percent of topsoill lost

annually for each respective crop rotation——conservation practice com—
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bination. In column 4 expected per acre return to land and manage-
ment in year 1 is given. The next block of columms gives annual yield
as a percent of Initial yield, and expected profit for years 10, 100,
and 200. The final block of columns gives the present value of a
profit stream to year 10, 100, and 200.

As a specific example consider continuous cotton on Rowena clay
loam with 1-3 percent slope (table 37). Given the assumed initial topsoil
thickness of 6 inches (table 6), with straight row or limited till
cultivation, .656 percent of the topsoil would be lost annually.

If terraces are constructed the yearly percentage loss in topsoil
thickness is reduced to .321 percent with standard terraces or .297
percent if parallel terraces are constructed.

The profit from continuous cotton would be ¥15.25 the first
vear with straight row tillage. This profit would get progressively
less as the topsoil was lost and yield decreased so that by the
200th year,profit with straight row tillage would have dropped to
-$49.39, Yield losses due to topsoll erosion remains the same with
limited tillage methods but the reduced use of machinery and labor
results in higher profits for any one year. The use of terraces
cut yearly topsoil losses by more than one-half resulting in higher
yvields for any particular year. In the long run, one-hundred years
or more, these higher yields result in higher returns to land and
management. On the other hand, higher costs associated with
terrace construction and maintenance causes short-run returns to

be less than without terraces despite the yield differences. Thus
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growing continuous cotton on Rowena clay loam

{(table 37) causes sufficient topsoil erosion to reduce yields in the
100th year to 73 percent of initial yield if straight row or conservation
tillage cultivation is employed. A vield reduction of this magnitude
causes the yearly return to land and management to be -$7.69 for
straight row cultivation and -$4.52 for conservation tillage, but the
present value of the profit stream to year 100 for these methods of
cultivation would be 5440 and $603, respectively. If parallel terraces
were constructed the yvield would only be reduced to 91.3 percent in
the 100th year and a return of $1.99 per acre would be expected. How-
ever, the present value of the profit stream to year 100 with parallel
terraces would be only $325 —- less than that under either straight
row or conservation tillage cultivation. The present value of topseil
saving terracing systems does not become larger than that of the
non-terracing methods until well past 100 years.

Many of the soils in Mitchell County are too flat for contouring

and terracing to have any effect on the rate of soil loss. For these

soils only the straight row and conservation tillage cultivation practices

are listed. Also, only appropriate crops for a given soil
are listed. Thus, a few séil mapping units such as
Rough Broken Land have no field crop options and are listed only for
completeness.
Nine soil mapping units have potential for irrigation.
Expected yields for crops under irrigation are listed as part of

table 4. On these soils profit and yvield information is alsc given
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for the irrigated rotations as it is for example in tabhle 12.
Information in tables 12 through 49 can also be used to com-
pare the profitability of the four cultural practices for a particu-
lar crop or the profitability of the various crop rotation—cultural
practices for each soil mapping unit, given a planning horizon of
10, 100 or 200 yvears. Table 10 lists the cultural practice with the
highest present value of profit for a 200 vear planning horizon for
every crop rotation on each soil mapping unit in the county. Only
the 200 year planning horizon is shown because there was very little
difference over the various time horizons and the information is avail-
able within tables 12 through 49. The contents of table 10
indicate that very little if any terracing is profitable in Mitchell
county unless government cost-sharing programs are involved. Typ-
ical fields from which the soil mapping unit data in this study was
taken were simply too flat to pay for expensive terrace construction
if only the profit lost due to yield reduction is considered,
Naturally this does not mean that there are no fields in the
county that can be profitably terraced. There may be many areas that
are steeper or have longer slopes than the typical just as there may
be many farmers who have different costs of production and expected
yields, Table 11 lists the most profitable crop rotation-- cultural
practice combination for each soil mapping unit for each of the three
planning horizons considered. A cotteon-wheat rotation is the pre-
ferred dryland crop rotation on most of the soils that will support
crop production. This is apparently due to the high profitability

associated with cotton combined with the yield conserving properties
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Table 10. Most Profitable Comservation Practice by Soil Mapping Unit
and Crop Rotation with 200 Year Planning Horizon. &

Crop Rotation

Soil
C S W P/H c/S c/w S/W C/S/W
ACO1 C o C SR C C C C
AC13 C C C SR C C o C
AFSL c C C SR C C o C
BFFS C C - SR C - - -
CYAL C C C SR o C C C
CM13 C C c SR c C C C
M35 PT C o SR C C C o
CWLM - - - - - - - -
LROC - - - - - - - -
LYAL o o C SR c C C C
MGCY C C C SR C C o C
MKO1 C C o SR C C ¢ C
MK13 C C C SR C C C C
MK 35 - - - SR - - - -
MMO1 C C o SR C C C C
MM13 TZ C C SR TZ C C C
MNO1 C C C SR C c C C
MOO3 C C C SR C C C c
MO35 - - - - - - - -
0co1 C C C SR C C c C
0C13 c C C SR o C C C
PTSS - - - - - - - -
RCCY C C C SR c C C C
RHBL - - - - - - - -
RWOL C c C SR C C C c
RW13 PT C c SR C C C C
SA13 C C C SR C c C c
SA35 - C C SR - - C -
SL35 - - - - - - - -
SCYL C C o SR C C C C
SYO1 C C C SR o C C C
SY13 ©C C C SR C C C C
TFSD - - - - - - - -
Usol o C C SR C C C C
Us13 C C C SR C C C C
vs13 - - - - - - - -
VBCX - - - - - - - -
WCl3 C C SR C
a/

C denotes Conservation tillage,
PT denotes parallel terracing, TZ means yield is zero in year 200 for
all practices except terracing.



Table 11. Crop Rotation--Cultural Practice Combinations with Highest
Present Value for Planning Horizons of 10, 100, and 200 Years for
Fach So0il Mapping Unit.

Planning Horizom

Soil 10 100 200
Cultural Cultural . Cultural
Rotation Practice Rotation Praétice Rotation Practice
ACOL c/w c c/w C C/W c
Irrigated H C Cc C c C
AC13 Cc/wW c c/u. c clvu c
Irrigated c C c c c/s C
AFSL c C C c c/u c
BFFS P/H SR P/H SR P/H SR
CYAL - cfw c c/iv c c/w c
CM13 c/u c c/u c c/vW c
Irrigated c/siw c c/siw C c/siw c
CM35 P/H SR P/H SR P/H SR
CWLM - - - - - -
LROC - - - - - -
LYAL c/w c c/W C c/w c
MGCY c/w c c/v C c/v ¢
MKO1 R Sk R SR R SR
MK13 R Sk R Sk R SR
MK 35 R SR R SR R SR
MMO1 c/w c c/w c c/vW C
MM13 R SR R SR R SR
MNO1 c/w c c/u C c/v C
Irrigated c C C c c C
MO03 c/u C c/w c c/u c
Irrigated C c Cc C C c
MO35 R SR R SR R SR
0col c/vw c c/w C c/vw c
0C13 c/v c c/W C P/H SR
PTSS - - - - - -
RCCY c/ C c/u c C/W c
RHEL - - - - - -
RWO1 c/w c c/u c c/wW C
RW13 c/v c c/w C c/u C
SA13 P/H SR P/H Sk P/u SR
SA35 - - - - - -
SCYL c/w c c/w C c/w C
Irrigated C C C C C C
SY01. c/w c c/w c c/v C
8Y13 P/H SR P/H SR P/H SR
TFSD R SR R SR R SR
usol c/s c c/s c c/s C
Usl3 c/s c c/s C c/s c
vs13 R SR R SR R SR
VBCX R SR R SR R SR
Wel3 P/H SR P/H SR P/H SR
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of wheat. Many of the soil mapping units, particularly those which
are highly susceptible to soil erosion are confined to native range-
land or permanent pasture.

All the soil mapping units which can be profitably irrigated
show their highest present value with continuous cotton or a rotation
which includes cotton. The large yield increases that are possible with
irrigated cotton are the major cause for this shift to continuous cotton

in spite of the so0il loss and other associated problems.

Cost-Sharing for Terrace Construction Cost

Profitability estimates for conservation practices shown in
appendix A, tables 12 through 49, were based on the assumption that
farmers would pay the full cost of adopting a conservation practice.
The Agricultural Stabilization and Conservation Service presently
makes a limited number of payments to farmers for 50 percent of the
initial cost of constructing terraces. This type of payment would
obviously make terracing a more attractive alternative. To determine
if this would make terracing more profitable than contouring or
straight row farming, one can determine the amount of such a payment
by taking 50 percent of the appropriate terrace cost figure in table
6 and add it to the present value figures (tables 12 through 49).

There are only a few instances where 50 percent cost-sharing
payments would make terracing preofitable where it would not other-
wise be profitable. However, the payments may induce farmers to

terrace where it is already profitable because such payments greatly
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ease the initial finmancial burden associated with constructing terraces.
Also since this model must of necessity deal in average conditions, it
may be that certain fields could be profitably terraced with the con-
struction assistance even though the average soil mapping unit could
not, Therefore, cost sharing for conservation practices may have a
greater impact than would be indicated by the profitability calcula-

tions shown in tables 12 through 49.



38

SUMMARY AND CONCIUSIONS

When an attempt is made to model an activity as complex as agri-
cultural production the decisions made at two points in the modeling
process are of crucial importance. One is the type and level of in-
puts to assume and the second is the appropriate mathematical analogues
for the major forces shaping those inputs.

The inputs assumed in this model were average long run cost and
price relationships, average yield with high level of management and
average environmental and climatic conditions for this area. These
averages were based on historical data and hence imply an assumption
of relative stability, with the future being a continuation of the past.
Another assumption of the model is that the decision maker is a profit
maximizer and hence always attempts to minimize costs for a given level of
output or maximize cutput given a cost ceiling.

Given the inputs assumed and the overall drive of profit maximiza-
tion the accuracy of the model's predictions are mainly dependent on
three relationships built into the model.

The first is the relationship between climatic conditions and the
environment specified by the Universal Soil Loss Equation. Though this
equation has been criticized, it is the best available estimator
at this time. Nonetheless, the poorer its accuracy the greater is the
deviation of predicted soil loss from the actual soil loss that would
occur under the given conditioas.

The second crucial relationship in the model is that between soil
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loss and yield change. Since there is no cost associated with soil

loss in the model other than the yield reduction it causes, the topsoil
loss—yield reduction functions are the essential link that places a
monetary value on soil erosion. The higher the yield reduction assumed
for each unit of soil lost, the greater the value of.that soil and hence
the more soil conservation is warranted.

The third relationship with major impact on the model results is
the discount rate assumed for future profits. The present value of
activities such as terracing which have high present costs but whose
benefits cccur many years later are greatly affected by the discount
rate. As the discount rate is increased the importance of future re-
turns decrease. Therefore, the lower the discount rate chosen the
greater the importance of future returns and hence of profit conserving
soil loss reductions.

Given the difficulty ef input data accuracy and the variation in
output possible by manipulating the key relationships it is clear that
the specific numbers reported herein should not be taken literally. Rather they
should be viewed as the best estimates possible given the Ilimitations
of the model. Nonetheless, it is the opinion of the authors that the
results are sufficlently accurate to specify the relative merits of
the crop rotation——cultural practice combinations for controlling

soil erosion and enhancing long-run profits.
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