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Land Types in Eastenn Colonado

Their Influence on Crop Yields and Land Use in the
Various Climatic Zones of the Area (Dry Land)

L. A. Brown, D. S. Roming, R. T. Burpick, anp ALviN KEZER'

N PLANNING LAND USE many criteria and indices of values
have been used. The physical features of the land too often have
been relegated to a place of secondary importance.

Whether a farmer is planning next year’s crops, or a county is
planning for the coming generation, or a nation is planning its possi-
bilities of production under the burdens of war, plans can be no more
sound than the analysis of the basic data. Basic physical factors
include soils, slope or lay of land, and climate.

The primary object of an analysis of physical factors affecting
crop production is to determine their effect on yields of adapted
crops. It is the purpose of this bulletin to contribute to the knowl-
edge of the land resources of eastern Colorado by showing the dis-
tribution of the various land types in the area and how these land
types, in conjunction with the prevailing climatic conditions, influ-
ence crops grown, yields obtained, cultural practices, and land use
on non-irrigated lands in the various climatic zones.

A land type map, graphs, and tables are included to show some of
the relationships of land types and crop yields in eastern Colorado.

AREA COVERED IN THE ANALYSIS

Eastern Colorado is regarded as that portion of the State that is
in the High Plains region. It is east of the Rocky Mountain Range
front (fig. 1) and occupies about 45,000 square miles. Figure 2, a
relief map of Colorado, shows the eastern part of the State as a rela-
tively smooth eastward sloping plain crossed by the rather shallow
valleys of the South Platte, Republican, and Arkansas Rivers and
their major and minor tributaries.

Eastern Colorado is about 3,350 feet above sea level at its lowest
point where the Arkansas River flows into Kansas. The highest
portions of the area are the Platte-Arkansas Divide, known as the
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years when crops do not make sufficient vegetative growth to pro-
tect the soil. The danger is, therefore, much greater in the lower
precipitation zones. A very unstable condition occurs on many
tracts in these less favorable rainfall areas. As a result of wind
action, entire fields may be made unfit for cultivation, either be-
cause of soil movement within or from the fields, or because of
deposition from an adjacent unprotected area. These severely erod-
ed fields are a menace to adjoining lands. Crops and grass are often
cut off by moving soil or covered over and destroyed. Wind is re-
sponsible for the greater part of the erosion damage on lands of
less than 3-percent slope, while on the more sloping areas both
wind and water erosion may be active.

Water erosion in eastern Colorado occurs most frequently on
the sloping hard lands (fig. 6). Sloping areas of loose shallow sur-
face soils overlying dense subsoils with slow permeability are espe-
cially susceptible to water erosion.. The soils which are highly erod-
ible generally have thin surface layers and the removal of only a
few inches of soil may expose raw parerit material. This loss of
surface soil is of more significance on the shallow soils of the hilly
lands than on the deeper soils. Water erosion on slopes of less
than 3 percent may be difficult to detect by examination of the soil
profile, but does occur as is evidenced by the presence of sheet and
rill washing and consequent alluvial deposits on the lower areas in
cultivated fields (fig. 7) and in adjacent roadside ditches. Gully
erosion is in evidence and occurs both on the sloping hard lands and
on sandy lands where definite drainage systems exist.

Under nearly all conditions sandy soils are less susceptible to
water erosion than are silty soils. The sandy surface is generally
more open and porous, thus permitting more rapid infiltration and
allowing a greater proportion of the water to enter the soil. Con-
sequently, surface runoff is reduced and soil removal is less than
on the silty soils. Evidence that the surface runoff is less on sandy
soils is the fact that in many of the sandy areas in eastern Colo-
rado the drainage patterns are weak and indefinite, while on the
adjacent hard-land areas the drainage systems are distinct and
well developed.

Some sandy soils, when low in organic matter, have a tendency
to seal over after a beating rain, causing runoff and erosion. This
condition is especially pronounced in the Black Forest area where
the soils are developed from arkosic materials. Soils with a sandy
surface overlying silty subsoils will erode freely when the surface
is saturated, particularly when the intensity of the rainfall is of tor-
rential proportions. Gully erosion on sandy soils may be severe
where a definite drainage system does occur and causes concentra-
tion of a head of water sufficient in size to move the saturated soil.
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The change in the fertility of soil which accompanies erosion
is difficult to evaluate in eastern Colorado because no quantitative
field tests have been made. Many of the cultivated areas that are
highly susceptible to erosion have suffered severe damage. Low
or unsatisfactory yields are the result, particulerly in places where
unproductive subsoils, zones of high concentration of carbonates,
or areas with low organic matter content have been exposed by
removal of the surface soil. Where proper soil and moisture con-
servation practices are not in use, these severely eroded areas will
continue to increase in number, grow in size, and become an ever-
increasing menace.

Observation over a period of several years indicates that most
of the non-irrigated soils in eastern Colorado, except the extremely
sandy areas, have sufficient available plant nutrients to produce
as large a yield as is possible with the limited precipitation, thus
emphasizing the need for making best use of the precipitation
through water conservation practices.

The effects of erosion, however, are not confined to its influence
on the supply of available plant nutrients. Native plant food in
the soil is a valuable resource. It becomes immediately useful to
mankind only when transformed into agricultural products. The
environmental conditions and hazards which accompany active wind
erosion prevent full utilization of this potential capacity to produce.
Some of the most important reasons why uncontrolled wind ero-
sion greatly reduces the stability of the soil and lessens the oppor-
tunity to take full advantage of the production capacity of the land
in eastern Colorado are: (1) Erosion tends to accelerate erosion
because drifting soil gradually becomes more sandy in texture and
consequently more subject to wind action. (2) Stable soil aggre-
gates are destroyed and conditions become less and less favorable
for the natural formation of erosion-resistant aggregates. (3) Soil
lower in organic matter and consequently more susceptible to wind
erosion is exposed. (4) Crop stands become more and more diffi-
cult to establish, and replanting is necessary where the young seed-
lings are covered and killed by shifting soil during early spring.
(5) The unstabilized fields require extra control operations and
may not be in readiness for the operator to take full advantage of
the production capacity of the land when precipitation is favorable.
(6) The use of heavier machinery becomes necessary for the more
complex and intensive operations required to control wind erosion.
(7) The cost of producticn is increased.

LAND TYPE MAP

A generalized map showing the distribution of land types in
eastern Colorado is enclosed in the back of this bulletin. A small



June 1944 Lanp Tyres IN EasTERN COLORADO 11

sketch at the upper right hand corner of the land type map shows,
by shading, areas where semi-detailed and reconnaissance soil sur-
vey data were available for preparation of the map. Generalized
land class and soil maps were used as a basis for showing land
types where there is no shading. The map may be used as a basis
for general land planning over rather large areas (not less than
four townships), but will not serve as a detailed land resource in-
ventory for any portion of the State included in the area.

LAND TYPES

Soil types of eastern Colorado have been grouped into ten
land types. Each land type within itself represents a product of
soil characteristics, slope, and effective precipitation that have given
rise to areas similar in productivity and in general land use.

A few primary principles concerning precipitation-soil-crop re-
lationships must be kept in mind if one is to understand the reasons
for crop yield variations and the grouping of soils within this region.
First, the amount of yearly precipitation in various parts of eastern
Colorado varies from considerably less to slightly more than that nec-
essary to produce satisfactory crop yields. Second, most of the non-
irrigated soils contain enough available plant nutrients to produce
a higher yield of any adapted crop than is possible under the lim-
ited precipitation. The crop-producing power of nearly any arable
soil in the high plains is dependent on the amount of water it can
absorb and retain for the use of plants. It is, therefore, important to
catch and hold the rainfall on the land where it falls. All soils in
eastern Colorado, except sands and a few gravelly or stony areas,
are capable of holding all moisture they absorb close enough to the
surface to be reached by plant roots. Soils having silty surface
layers absorb water fairly rapidly, but they hold large amounts in
the upper few inches of soil where it can be lost by evaporation.
Sandy soils absorb water more rapidly, hold smaller amounts near
the ground surface, and thus lose less by evaporation than do silty
surface soils. Sandy soils, therefore, deliver more water to plants
than silty soils and, in general, produce higher crop yields where
precipitation is the limiting factor. The hard lands, however, serve
as a larger reservoir for holding stored rainfall during high precipi-
tation years.

A short description of the soil and slope characteristics and
soil-crop relationships of each land type follows.

Dark Silty Soils (Hard Lands) of the Nearly
Level Uplands and Terraces

This land type occupies most of the so-called “hard land” or
“wheat land” portion of the northeastern part of Colorado. (See
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four named have mellow, dark grayish-brown surface soils 10 to
20 inches thick underlaid by brown silty subsoils 8 to 12 inches
thick that commonly become lighter colored with depth. They
contain an abundance of lime carbonate below depths of 20 to 30
inches. Goshen soils occupy swale positions and receive some
local runoff from adjoining soils. They are somewhat deeper than
the other soils of this group. The substrata of Keith, Sherman, and
Dunlap soils are limy, light-colored, silty materials. The Dawes
soils have thin (4 to 7 inches) grayish-brown surface soils under-
laid by dark grayish-brown columnar clay subsoils 8 to 12 inches
thick. The Rosebud and Dawes soils rest at shallower depths on
limy, light-colored, silty materials and soft sandstone.

Lanp Use anp Crop Yierps.—About 85 percent of this land
type is under cultivation. Wheat is the main crop with forage
sorghums and corn of less importance.

Crop yields vary widely from year to year and are remarkably
well correlated with the total precipitation for the 12-month period
ending when the crop is ready to harvest.

TrLace PracticEs aND Erosion ConTrOL.—Farming practices
on these soils are much the same as on the wheat farming areas
throughout the High Plains. Wheat is planted in September, makes
a small growth in the fall, remains dormant through the winter,
resumes growth in the spring, and matures in July. Large type
machinery is used for most of the tillage, planting, and harvesting
operations. Alternating clean fallow with wheat is a common
practice. Continuous wheat cropping is often practiced on this
land type during cycles of favorable precipitation when the soil
is moist to a depth of 30 inches or more at seeding time. Forage
sorghums and corn are planted late in the spring, row-tilled until
midsummer, and harvested in the fall. Water erosion on these soils
is slight, except on the included sloping areas. However, there
may be considerable runoff and consequent loss of moisture from
fallow land even on slopes as low as 1 percent. Wind erosion may
become a hazard in years of relatively low precipitation.

To check wind erosion, farmers attempt to reduce wind veloci-
ties at the surface of the ground. This is accomplished by one or
more of the following practices: growing a crop, leaving a high
stubble, strip cropping, blank listing, and maintaining a cloddy con-
dition of the surface soil. The soils in this group retain a cloddy
surface much longer than the more sandy soils.

sFigures 21, 22, 23, and 24, pages 29, 30, 31, and 32, show the expected av-
erage yields and most probable yield distribution over an average 10-year
period of the main crops grown on this land type in comparison to those
obtained on other land types in eastern Colorado and in comparison to the
average ‘‘cost of production” yields. More detailed data on crop yield distribu-
tion are given under the discussion on “Crop Yields” on page 27.
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included. Likewise, many small areas of dark sandy soils are
included in the “sandhill” land type on the map.

So1r CuaracTERISTICS.—Haxtun sandy loams and loamy sands
are the major soil types in this group. They have dark grayish-
brown sandy surface soils 10 to 30 inches thick, and loamy to
sandy clay loam subsoils of lighter colors 8 to 16 inches thick. The
underlying material is limy and consists of any sandy or silty
mantle rock common to the region. In general, the physical char-
acteristics of these soils are nearly ideal for the maximum year
after year yields of dry-land crops, particularly corn. The sur-
face soils are high in plant nutrients and possess a rapid absorbing
rate for moisture but a rather low moisture holding capacity. Thus,
the surface soils pass a relatively large percentage of the precipita-
tion into the subsoil. The subsoils contain a higher percentage of
clay than the surface soils, so they are capable of holding large
amounts of water for plant use.

Lanp Use anp Crop YieLbps.—Most of this land type is under
cultivation. Corn is the dominant crop, with sorghums and small
grains of minor importance.

Crop yields do not vary as widely from year to year as on
the dark silty soils, but vary with the total precipitation for the
12-month period ending when the crop ceases growing.

TiLLaGe Pracrices anp Erosion ConNTroL.—Times of planting
and harvesting crops on this land type are about the same as on
the “dark silty soils,” page 11. Tillage methods are, however, more
specifically designed to prevent wind erosion. Corn is planted in
deep furrows, the corn stubble is left standing through winter and
spring, and winter wheat, where grown, is seeded between corn
rows (fig. 10), harvested the following summer, and the stubble
listed in the fall crosswise to the prevailing wind. This procedure
provides a source of organic matter and helps to reduce wind ve-
locities at the surface of the ground so that shifting of the sandy -
surface is held to a minimum.

Wind erosion, if not controlled on these soils, is a hazard to
young crops, but water erosion is seldom extensive enough for its
effects to be observed. Approved wind-erosion control practices
on this land type are drilling fall grain between rows of intertilled
crops, blank listing, and proper stubble management, which in-
cludes trashy tillage and leaving a high stubble. Such measures
as emergency tillage and emergency plantings become necessary
in some instances to control active wind erosion. A crop or crop
residue cover should be maintained as much of the time as pos-
sible. Keeping the topsoil well supplied with organic matter helps
to prevent wind erosion on this land type.
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soils, being only slightly lighter colored and commonly slightly
more clayey in texture.

Laxp Usg anp Crop YieLps.—Only a few fields are used to
produce cultivated crops on this land type, except where the soils
are irrigated. Dry-land crops have only a small chance of pro-
ducing a profitable crop yield.’

TiLrace PracTices anp Erosion Contror.—The soils in this
land type are highly erodible but generally are protected by native
grass. This grass cover should be maintained and protected by
controlled grazing and proper range management. Contour fur-
rowing, pasture corrugation, and water spreading are practiced for
moisture conservation on range land.

Clay Soils (Gumbo or Heavy Lands) of the Nearly Level
to Gently Rolling Uplands and Terraces

This land type is most extensive in the south central part of
eastern Colorado. On the map it includes numerous level to rolling
areas of silty or sandy soils that are too small to segregate on a
map of the scale used. In general, the land type is nearly level.
However, part of the land has slopes of 3 to 7 percent.

So1r. CHARACTERISTICS.—Pierre, Ordway, Orman, and Billings
clays are the most extensive soils in this group. They have light
to heavy clay, commonly limy, light brown to dark brown topsoils
3 to 10 inches thick. Under the surface soil is massive clay or clay
shales extending to depths of more than 3 feet. Layers of gypsum
or other alkali salts are common throughout these soils.

In general, the texture profiles of these soils are the least
adapted for crop production of any land type in eastern Colorado.
The surface soils are so high in clay that they are only slowly per-
meable to water; therefore, a large proportion of all torrential rain
is lost by surface runoff. They also hold large amounts of water
near the surface, where it is lost by evaporation. The amount of
available water remaining for plants is obviously quite small.

Lanp Use anp Crop YieLps.—Most of this land type is utilized
as native pasture. Some areas are under irrigation, and a few at-
tempts have been made to “dry farm” some of these soils with un-
satisfactory results. Crop yields are considerably lower than for
adjacent areas of silty soils on nearly level land.

Trirace PracticEs aNp ErosioNn CoNTRoL.—The soils in this
type, even when protected by native grass cover, are subject to
serious damage by gullying (fig. 17). Contour furrowing, pasture
corrugation, and water spreading, to reduce the velocity of runoff

SFigures 21, 22, 23, and 24, pages 29, 30, 31, and 32, compare expected av-
erage yields from these soils with those of other land types.
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SoiL CHARACTERISTICS.—Dune sand (stabilized) and Valentine
and Dwyer sands and loamy sands occupy most of the sandhill area
in eastern Colorado. They are light brown sands or loamy sands
commonly darkened in the upper 4 to 8 inches by organic matter
staining, and containing some free lime at varying depths. They
are completely dominated by sands to depths of more than 4 feet.

Lawnp Use anp Crop YiELDps.—Nearly all this land type is util-
ized as native pasture. Grazing control and careful range manage-
ment serve to keep the carrying capacity at a maximum level and
prevent wind action from destroying the grasses.

Irrigated and Alluvial Land

In eastern Colorado the addition of irrigation water to many of
the soils greatly increases their productive capacities and reduces
the importance of effective precipitation. The increased produc-
tion intensifies problems of soil fertility maintenance.

Since soil problems on irrigated land in eastern Colorado differ
markedly from those on dry-land areas, irrigated land is segre-
gated as a specific land type on the map, but its highly complex
productivity and problems cannot be logically discussed on the
basis of a general land type map.

Most alluvial lands or soils occurring on stream flood plains
in eastern Colorado in areas large enough to show on the land type
map are partially or fully under irrigation or receive supplemental
water as runoff from higher levels. It appears logical, therefore,

to include these soils with the irrigated land on a map of the scale
used.

CROP YIELDS

Productivity ratings have been made for most of the soil types
of our more extensive agricultural regions during the past several
years. The methods used to express these ratings have varied
considerably, but the objective of “evaluating the soil in terms of
expected crop yields under the climate that generally prevails” has
at all times been kept in mind. In eastern Colorado, crop yields
are primarily limited by the amount of water available to the plants.
Since there is a wide range in precipitation from year to year, and
some seasons are too dry to produce certain crops, the distribution
of high, moderate, and low or failure crop yields becomes fully as
important as the average yield. Yields discussed are on a planted
acreage basis and may be considered as the best estimates possible
with the data available. They are based on good farming practices
and in general are somewhat higher than “county average” yields on
harvested acreages as given in Colorado Agricultural Statistics. In

some instances they are lower than those obtained by the most
successful farmers.
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Figure 22.—Wheat—average yield and most probable yield distribution over an average 10-year period on five land types in
eastern Colorado. Below “cost of production” yields must be paid for by the higher yields.

Wheat yields on fallowed land: Summer fallow of land in preparation for the growing of wheat has been tested at the U. S. Dry
Land Field Station at Akron, Colo., for many years. The following conclusions can be drawn from these tests:

(1) Winter wheat yields on fallow are about twice those obtained by continuous cropping where the land is clean fallowed and
operations are timely.

(2) Total wheat from a given area can be expected to be greater from continuous cropping during a series of years of favorable
precipitation and less during unfaverable years.

(3) 'Wheat failures are from two to three times as frequent on continuously cropped land as on fallow.
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Yigure 24.—Forage sorghum—average yield and most probable yield distribution over an average 10-year period on six land types
in eastern Colorado.
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on each figure by the horizontal dotted line. Figures 25, 26, 27,
and 28 illustrate the relationship between these “cost of produc-
tion” yields and the average yields which may be expected (based
upon past records) on the various land types in the different pre-
cipitation zones. The reader should bear in mind that this “cost of
production” yield will vary from farm to farm and from year to
year. It will not remain in the fixed position shown on these graphs,
but will rise or fall with changing conditions.

Basis for Crop Yields and Yield Distribution

Yield estimates for eastern Colorado are based on the crop
yield-precipitation relationship, shown by crop yield and precipita-
tion records over a 30-year period at four dry-land stations located
in and near eastern Colorado. These were then extended over
eastern Colorado by studies of soil moisture relationships, by pre-
cipitation records of the U. S. Weather Bureau, and by relative
yield estimates of farmers and agricultural technicians of the area.

Frequency of crop failure or marked reduction in yields caused
by natural hazards other than limited or ill distributed precipitation
is quite variable over eastern Colorado. Hail, which generally is
associated with wet years, insect pests, and diseases are the most
common of these natural hazards. Although no quantitative data
are available concerning these hazards, it is reasonable to assume
they will reduce the yields of some crops more than of others. Wheat
yields may be cut by hail from a bumper crop prospect to crop
failure. Comparable damage to corn or grain sorghum by hail storms
is much less frequent. Loss of a forage sorghum crop by hail is rela-
tively infrequent, and heavy hail storms may reduce these yields
only slightly.

The 1943 State hail insurance rate for wheat was 10 percent
(8 percent in Range 67 and 7 percent in Range 68) for the following
counties within the area covered by the land type map: Baca, Bent,
Elbert, El Paso, Kit Carson, Las Animas; Lincoln, Logan, Morgan,
Otero, Phillips, Prowers, Pueblo, Sedgwick, Washington, Weld, and
Yuma Counties; 9 percent (8 percent in Range 67 and 7 percent in
Range 68) for Adams, Arapahoe, Cheyenne, Crowley, Douglas, and
Kiowa Counties; 7 percent for Huerfano County; and 5 percent for
Boulder, Larimer, and Jefferson Counties.

Interpretation of Yield Graphs

In the interpretation of the graphs showing distribution and av-
erage yields (figs. 21, 22, 23, and 24), it is necessary to point out
that crop adaptation differs from the northern to the southern part
of eastern Colorado. In general, the northern half of the area,
which has a mean annual temperature below 50°, has a markedly
lower “growing season” evaporation rate than the southern half of
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Average whenat yields are well above ‘“cost of production” yield in Precipitation Zones I and II.
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‘cos;'i‘gdl;r‘t):::tf::ll f:r short of paying cost of production are rare. Thus, sorghums furnish the most dependable grain crop for this

region.
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Year in and year out the dry lands of eastern Colorado will come nearer payving cost of production for this crop than for any other.
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the area, which has a mean annual temperature abovwe 50°. Corn is
not well adapted to the southern portion of the area, so is not a
major crop in southeastern Colorado. Grain sorghums produce
good yields in the southern portion of the area, so replace corn as
a livestock feed. All soils in the northern part of the area tend to
produce slightly higher crop yields than are shown in figures 21, 22,
23, and 24, and those in the southern part slightly lower yields.

With these facts in mind, information contained in the produc-
tivity graphs may be interpreted as follows:

1. Silty soils of nearly level areas in Precipitation Zones I,
II, and III will produce high yields or bumper crops about 3 years
out of every 10.

2. In years of high precipitation sandy soils tend to produce
lower yields of all crops than do silty soils. In years of low pre-
cipitation crop yields are not so low on the sandy soils as on the
silty soils. Bumper crop years are not as likely on sandy soils as
on silty soils, and unsound expansion of farming operations is not
as much of an inducement. Crop failures, however, are less fre-
quent on the sandy soils. All these conditions encourage more
stable farming on sandy soils.

3. A comparison shows that sorghum yield variations are not
so great as those for wheat and corn and that the average yields
of these crops are not so high as those of grain sorghums. This
may lead to a still greater replacement of corn acreage by sorghums
and perhaps a replacement of some wheat acreage by this more
dependable crop.

Grouping Average Crop Yields

Average crop yields for corn, wheat, grain sorghum, and for-
age sorghum in eastern Colorado may be divided into four groups
as a simplified basis for assigning a productivity index to soil and
land types.

These groups or productivity ratings may be compared as
follows:

(1) Highest dry-land yield in eastern Colorado. Lands and soils
rated at this level should be utilized for these crops insofar
as it is possible to do so.

(2) Good for eastern Colorado. The range in average crop yields
expected is above the range in “cost of production” yields.

(3) Average yields expected are within the same range as “cost
of production” yields. It is questionable whether this land
should be used for the crop that yields in this range. Need
for livestock feed and ability of the farmer to reduce cost of
production may determine its utilization.
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(4) Yields are so low that the crop cannot be expected to produce
an average yield that will pay the cost of production.
The range in expected average yields of corn, wheat, grain

sorghum, and forage sorghum in eastern Colorado within each
productivity index is shown in table 1.

TaBLE 1.—Range in expected average yields represented by pro-
ductivity indices in eastern Colorado.

Productivity Crops
index Corn Wheat Grain sorghum Forage sorghum
Bushels Bushels Bushels Tons
1 15 to 19 11 to 14 15 to 20 134 to 2¥
2 11 to 15 8 to 11 11 to 15 1% to 134
3 8 to 11 6to 8 8 to 11 % to 1%
4 5to 8 4to 6

Table 2 gives productivity indices and estimated portion of
area used for the main crops for six land types in the various pre-
cipitation zones.

Table 3 gives expected average acre yields and percentage of
years when yields of corn, wheat, grain sorghum, and forage sor-
ghum in eastern Colorado may be expected to be above ‘“cost of
production” yield.

Cost of Production in Terms of Crop Yields

The final result of variations in productivity may be measured
by crop yields. Farmers need some basis for comparing probable
yield with possible costs and sale prices if they are to operate on
a sound basis.

Corn, wheat, grain sorghum, and forage sorghum are the crops
most extensively grown in eastern Colorado. Therefore, estimates
have been made of the customary expenses involved in producing
these crops.’

Corn was analyzed under two methods of production: (a)
One duckfoot or subsurface tillage in the fall, another in the spring,
planting with two-row lister, and three cultivations with two-row
cultivator, (b) one spring disking followed by listing and cultiva-
tion as in the preceding method. In each case 5 pounds of seed
per acre were used.

‘Wheat was analyzed under conditions of continuous cropping
and under summer fallow. For the summer fallow wheat a total
of three and one-half surface tillages were assumed, while either

°The calculations as to labor and other expenses were based on an unpub-
lished method of analyzing labor requirements recently developed as part of
the doctorial dissertation of R. T. Burdick of the Economics and Sociology
Section, Colorado Agricultural Experiment Station.



TasLE 2.—Productivity ratings and estimated percentage of each of six land types used for corn, wheat, grain
sorghum, and forage sorghum in the dry-land areas of eastern Colorado in four precipitation zones.

Effective Corn Wheat Grain sorghum Forage sorghum
precipitation  Pct. of Prod. Pct. of Prod. Pct. of Prod. Pct. of Prod.
Land type zZone area index area index area index area index
Dark silty soils of the nearly level
upland and terraces I 20-30 2 50-60 1 0-5 2 5-10 2
Dark sandy soils of the nearly level
uplands and terraces I 75-80 1 10-15 1 0-5 1 5-10 1
Brown silty soils of the rolling uplands 1 30-40 2 5-15 2 0-5 2 5-10 2
Brown silty soils of the nearly level
uplands and terraces II 5-15 3 20-40 2 5-20 2 5-30 2
Brown sandy soils of the nearly level
to gently rolling uplands and terraces I 20-50 2 5-10 * 10-30 1 10-30 1
Brown silty soils of the rolling uplands -1 0-10 3 0-5 2 5-15 2 5-15 2
Brown silty soils of the nearly level ‘
uplands and terraces 111 0-5 4 20-40 3 5-20 2 5-30 2
Brown sandy soils of the nearly level
to gently rolling uplands and terraces  III 5-15 3 0-5 * 10-30 2 10-30 1
Brown silty soils of the rolling uplands III ** *k ** ** 5-10 2 5-10 2
Light brown silty soils of the nearly level
to gently rolling uplands and terraces IV 0-5- 4 0-15 4 0-10 3 5-10 3
Brown sandy soils of the nearly level
to gently rolling uplands and terraces IV 5-10 4 0-5 * 5-20 2 5-20 2

*Wheat is seldom grown on the sandy soils in Zones II, III, and IV, because their level of productivity for corn and sorghum is
much higher than any other non-irrigated land in the vicinities in which they occur. N
*sCorn and wheat are not generally grown on the sloping hard lands in Zone IIL



TABLE 3.—Expected average acre yields and percentage of years when yields of the four major dry-land crops in
Eastern Colorado may be expected to be above “cost of production” yield. (Crop yield and precipitation
records from four dry-land field stations in and near eastern Colorado served as a basis for estimating
probable yields and percentage of years above “cost of production” yield.)

Corn Wheat Grain sorghum Forage sorghum
Effective Years Years Years Years
precipi- Expected above Expected above Expected above Expected above
tation ave.yield “C-P” ave.yield “C-P” ave. yield “C-P” ave.yield “C-P”
Land type zone yield* yield* yield* yield*

Bushels Percent Bushels Percent Bushels Percent Tons Percent

Dark silty soils of the nearly level ,

uplands and terraces 1 12 55 12 80 15 80 1.6 80
Dark sandy soils of the nearly level

uplands and terraces 1 16 80 12 80 19 80 2.2 100
Brown silty soils of the rolling uplands 1 13 55 10 80 15 80 1.7 80
Brown silty soils of the nearly level

uplands and terraces I 9 35 10 65 13 65 14 65
Brown sandy soils of the nearly level

to gently rolling uplands and terraces II 13 65 . 17 65 2.0 100
Brown silty soils of the rolling uplands I 11 35 9 65 13 65 1.6 65
Brown silty soils of the nearly level

uplands and terraces I 7 25 7 50 11 S50 1.3 50
Brown sandy soils of the nearly level

to gently rolling uplands and terraces 111 11 S50 ** 15 50 18 100
Brown silty soils of the rolling uplands III *rk b 11 50 14 50
Light brown silty soils of the nearly level

to gently rolling uplands and terraces v 4 10 4 30 9 30 1.0 30
Brown sandy soils of the nearly level

to gently rolling uplands and terraces v 7 30 ** 12 30 15 100

*“Cost of production” yield.

**Wheat is seldom grown on the sandy soils in Zones II, III, and IV, because their level of productivity for corn and sorghum is
much higher than any other non-irrigated land in the vicinities in which they occur.

***Corn and wheat are not generally grown on the sloping hard lands in Zone III.
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one duckfoot or one disking was assumed for the continuous wheat.
In each case 30 pounds of seed per acre were used.

Grain and forage sorghums were analyzed under identical
methods as those used for corn (up to harvest), except that 42-inch
rows were assumed for sorghums in place of 44-inch rows for corn,
and 2% pounds oi grain sorghum seed or 5 pounds of forage sor-
ghum seed were used.

For all crops, taxes at 29 cents per acre and interest at 39
cents per acre were uniformly charged (6 percent on $6.50, 1938
dry-land assessed valuation). Labor and power costs for seedbed
preparation and planting were charged at $1.05 per tractor hour
(to cover men at 30 cents per hour, equipment at 25 cents per hour,
and tractor at 50 cents per hour). Harvesting costs were esti-
mated at 9.5 cents per bushel for corn (to include shelling), at
$1.00 or $1.50 per acre for combining wheat, at $3.10 per acre for
grain sorghum, and at $1.35 for forage sorghum.

To all costs 20 percent was added to cover overhead expenses.

With the values at 55 cents per bushel for corn, 45 cents per
bushel for grain sorghum, 70 cents per bushel for wheat, and $4.00
per ton for forage sorghum, the necessary yield was calculated to
cover estimated costs. It should be pointed out that the rates and
values used in the cost calculations are based upon typical condi-
tions for the 3-year period, 1937 to 1939, prior to World War II,
and that no allowance was made for variations either in_the pro-
ductive capacity of the land or in operators’ practices. Table 4
gives an analysis of production costs on a per-acre basis of corn,
grain sorghum, forage sorghum, and wheat (continuous and fallow).
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SUMMARY AND CONCLUSIONS

In the analysis presented, eastern Colorado is divided into four
climatic zones. The zones are determined by the effective precipi-
tation, which in turn is dependent upon total precipitation, seasonal
distribution, temperature, evaporation, and altitude. Mature soil
characteristics and crop yields were used in certain parts of the
area as a guide in locating effective precipitation zone boundaries.

The soil types of eastern Colorado have been grouped into ten
land types. Each type within itself represents a product of soil,
slope, and effective precipitation. The important physical char-
acteristics of the soils within each land type are given. Tillage

practices and applicable erosion control measures are briefly dis-
cussed.

Wind and water erosion are hazards in eastern Colorado. Wind
erosion affects a larger percentage of the area than water erosion,
and the damage from soil blowing is of greater scope.

The change in the fertility of soil which accompanies erosion
is difficult to evaluate in eastern Colorado because no quantitative
field tests have been inade. Observation over a period of several
years, however, indicates that most of the non-irrigated soils have
sufficient available plant nutrients to produce as large a yield as
is possible under the limited precipitation. This condition empha-
sizes the importance of catching and holding the precipitation on
the land where it falls.

Limited and erratic rainfall, high winds, and high evaporation
characterize the prevailing climate in eastern Colorado. Such cli-
matic conditions make the stability of the land and the physical
condition of the soil as important in dry-land crop production as
is the fertility level of the soil.

Expected average acre yields and the most probable yield dis-
tribution over an average 10-year period are given for corn, wheat,
grain sorghum, and forage sorghum in each precipitation zone on
the various land types where these crops are grown.

Yield estimates are based on the crop yield-precipitation rela-
tionships shown by crop yrelds and precipitation records over a
30-year period at four dry land field stations situated in and near
eastern Colorado. These estimates were then extended over eastern
Colorado by studies of soil-moisture relationships, precipitation
records of the U. S. Weather Bureau, and relative yield estimates
of farmers and agricultural technicians of the area.

Estimated cost of production in terms of crop yields are given
for corn, wheat, grain sorghum, and forage sorghum. Rates and
values used in the cost calculations are based upon typical con-
ditions for the 3-year period, 1937 to 1939, prior to World War II.
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Analysis of crop yields, yield distribution, cost of production,
and the proportion of each land type used for corn, wheat, grain
sorghum, and forage sorghum indicates the following conclusions:

1.

10.

Sandy soils have a much more favorable distribution of corn
yields than do silty soils in the same precipitation zone.

. The sandy soils in Precipitation Zones I and II are the most

satisfactory soils for corn production on the dry lands of
eastern Colorado.

. Grain sorghums under dry farming produce more grain on

all land types than does corn in eastern Colorado.

Forage sorghums will yield some feed on nearly any tillable
area in eastern Colorado. However, yields are rather low
on the silty soils of Precipitation Zones III and IV.

In Precipitation Zone I, corn and wheat are grown most
extensively on the soils to which they are best adapted.
Corn and sorghums produce consistently higher yields on
sandy than on silty soils.

Yields of corn and sorghums are as high on silty soils of
the gently rolling areas as on the nearly level areas, but
yields of wheat are lower.

Wheat, where grown on sandy soils, produces about the
same average yield as on adjacent silty soils.

. All land types that produce average wheat yields well above

“cost of production” yields are in Zones I and II.

Cost of production estimates show that it is cheaper to
produce wheat on fallow than on land continuously cropped.
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