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This is a publication of the National Cooperative Soil Survey, a joint effort of
the United States Department of Agriculture and agencies of the States, usually
the Agricultural Experiment Stations. In some surveys, other Federal and local
agencies also contribute. The Soil Conservation Service has leadership for the
Federal part of the National Cooperative Soil Survey. In line with Department of
Agriculture policies, benefits of this program are available to all, regardless of
race, color, national origin, sex, religion, marital status, or age.

Maijor fieldwork for this soil survey was completed in 1974. Soil names and
descriptions were approved in 1976. Unless otherwise indicated, statements in
the publication refer to conditions in the survey area in 1974. This survey was
made cooperatively by the Soil Conservation Service and the Texas Agricultural
Experiment Station. It is part of the technical assistance furnished to the
Nueces-Jim Wells-Kleberg Soil and Water Conservation District.

Soil maps in this survey may be copied without permission, but any enlarge-
ment of these maps could cause misunderstanding of the detail of mapping
and result in erroneous interpretations. Enlarged maps do not show small areas
of contrasting soils that could have been shown at a larger mapping scale.

Cover: Clareville loam, 0 to 1 percent slopes, is well suited to grain
sorghum.
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Foreword

This soil survey contains much information useful in land-planning pro-
grams in Jim Wells County. Of prime importance are the predictions of soil be-
havior for selected land uses. Also highlighted are limitations or hazards to land
uses that are inherent in the soil, improvements needed to overcome these
limitations, and the impact that selected land uses will have on the environ-
ment.

This soil survey has been prepared for many different users. Farmers,
ranchers, foresters, and agronomists can use it to determine the potential of
the soil and the management practices required for food and fiber production.
Planners, community officials, engineers, developers, builders, and home
buyers can use it to plan land use, select sites for construction, develop soil
resources, or identify any special practices that may be needed to insure
proper performance. Conservationists, teachers, students, and specialists in
recreation, wildlife management, waste disposal, and pollution control can use
the soil survey to help them understand, protect, and enhance the environment.

Great differences in soil properties can occur even within short distances.
Soils may be seasonally wet or subject to flooding. They may be shallow to
bedrock. They may be too unstable to be used as a foundation for buildings or
roads. Very clayey or wet soils are poorly suited to use as septic tank absorp-
tion fields. A high water table makes a soil poorly suited to basements or un-
derground installations.

These and many other soil properties that affect land use are described in
this soil survey. Broad areas of soils are shown on the general soil map; the
location of each kind of soil is shown on detailed soil maps. Each kind of soil in
the survey area is described, and much information is given about each soil for
specific uses. Additional information or assistance in using this publication can
be obtained from the local office of the Soil Conservation Service or the Coop-
erative Extension Service.

M&WM’M—'

George C. Marks
State Conservationist
Soil Conservation Service
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SOIL SURVEY OF JIM WELLS COUNTY, TEXAS

By Fred E. Minzenmayer, Soil Conservation Service

Soils surveyed by Larry F. Ratliff, Guido Franki, Dan Arriaga, Ramon Garcia, Ben Hajek, Russell Sanders,
and Charles M. Thompson, Soil Conservation Service

United States Department of Agriculture, Soil Conservation Service,
in cooperation with Texas Agricultural Experiment Station

JIM WELLS COUNTY is in the southern part of Texas.
It covers an area of 542,080 acres, or 847 square miles,
of which 1,216 acres is water. Elevation ranges from 100
to 400 feet above sea level. The average annual rainfall
is 26.6 inches, mean annual temperature is 72.4 degrees
F, and the growing season is 289 days.

Ranching and farming and oil and gas production are
important enterprises in the county. About 75 percent of
the county, mostly the western and southwestern parts,
is nearly level to sloping rangeland and pastureland.
About 22 percent, the northern and northeastern parts, is
nearly level to gently sloping cropland and pastureland.
The rest is urban land and water areas. The main ranch-
ing enterprise is raising beef cattle. The main cultivated
crops are cotton, grain sorghum, and flax.

The soils of this county formed under grass vegetation
and are dominantly dark colored, loamy, and dry. Areas
that are not protected are subject to water erosion.

General nature of the county

This section briefly discusses settlement and popula-
tion, climate, agriculture, natural resources, and geology.

Settlement and population

Jim Wells County was established in 1911. It was
named after Judge James B. Wells, a lawyer and politi-
cal figure of the Fifteenth Congressional District (5).

The area was settled in 1748. The settlers were cattle-
men from the hills of Andalucia and the semiarid regions
of northern Mexico. Many of the cattlemen received their
land from grants directly from the King of Spain.

One grant of about 886,000 acres to Enrique Villareal
in June 1785 included the territory that later was divided
into Nueces and Jim Wells Counties. In 1832, Captain
H.L. Kinney bought part of this grant and brought settlers
from Europe.

In 1970, the population of the county was 33,032.
Alice, the county seat, is in the center of the county and
has a population of 20,121 (3).

Climate

Jim Wells County has hot summers and fairly warm
winters. Cold spells or snowfalls are rare. Rains are
usually heaviest late in spring and early in fall. Rain in
the fall is often associated with a dissipating tropical
storm. Total annual precipitation is usually adequate for
range vegetation. But, because of the high rate of eva-
potranspiration, it often is not adequate for cotton, small
grain, and sorghum without supplemental irrigation.

Table 1 gives data on temperature and precipitation
for the survey area, as recorded at Alice, Texas, for the
period 1951 to 1976. Table 2 shows probable dates of
the first freeze in fall and the last freeze in spring. Table
3 provides data on length of the growing season.

In winter the average temperature is 58 degrees F,
and the average daily minimum temperature is 45 de-
grees. The lowest temperature on record, which oc-
curred at Alice on January 12, 1962, is 12 degrees. In
summer the average temperature is 84 degrees, and the
average daily maximum temperature is 96 degrees. The
highest recordéd temperature, which occurred on August
8, 1956, is 110 degrees. Freeze dates in spring and fall
are given in table 2.

Growing degree days, shown in table 1, are equivalent
to “heat units.” During the month, growing degree days
accumulate by the amount that the average temperature
each day exceeds a base temperature (50 degrees F).
The normal monthly accumulation is used to schedule
single or successive plantings of a crop between the last
freeze in spring and the first freeze in fall.

Of the total annual precipitation, 19 inches, or 70 per-
cent, usually falls in April through September, which in-
cludes the growing season for most crops. In 2 years out
of 10, the rainfall in April through September is less than
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13 inches. The heaviest 1-day rainfall during the period
of record was 13.21 inches at Alice on September 13,
1951. Thunderstorms occur on about 30 days each year,
and most occur in summer.

Snowfall is rare; in 95 percent of the winters there is
no measureable snowfall. In 5 percent, the snowfall is
usually of short duration and totals more than 4 inches.
The heaviest 1-day snowfall on record was more than 4
inches.

The average relative humidity in midafternoon is about
65 percent. Humidity is higher at night, and the average
at dawn is about 90 percent. The percentage of possible
sunshine is 80 in summer and 50 in winter. The prevail-
ing wind is from the south-southeast. Average windspeed
is highest, 15 miles per hour, in April.

This information on the climate of Jim Wells County
was prepared for the Soil Conservation Service by the
National Climatic Center, Asheville, North Carolina.

Agriculture

The first settlers in Jim Wells County were mainly
cattle ranchers. After the Civil War, when cattle prices
were high, the range was overstocked and stands of
desirable grasses were destroyed. When prices fell,
many of the ranches were divided into smaller units or
were sold to cotton farmers (4).

After cotton was established as a major crop, shallow,
rolling soils began to erode, and rich, level soils were
depieted. Because of continuous row cropping, the con-
tent of organic matter decreased, lowering the available
water holding capacity of the soil. In addition, plant dis-
eases and insect pests increased.

The enactment of the Soil Conservation District legis-
lation in 1937 gave the landowners of Jim Wells County
the legal authority to vote themselves into a locally orga-
nized conservation district. In December 1941, the San
Diego-Aqua Dulce Soil and Water Conservation District
was organized, and in March 1967, the District was ren-
amed the Nueces-Jim Wells-Kleberg Soil and Water
Conservation District.

Cotton, grain sorghum, flax, and beef cattle are the
main agricultural products. These products and dairy
cattle, hogs, poultry, and vegetables represent an annual
farm income of about 16 million dollars.

Natural resources

Soil is the most important natural resource in the
county. Oil and gas are also important resources. The
first major oil field was brought into production in 1936
(5). As a result, the population of the county and of Alice
increased. The county was regarded as the center of the
South Texas oil field servicing business. At one time 55
companies or producers were operating in the county.

SOIL SURVEY

Geology

The soils in Jim Wells County developed from parent
material of four geologic formations: the Lagarto Clay,
Goliad, Lissie, and Beaumont Formations. (6). The La-
garto Clay Formation is a member of the Fleming Group
of Miocene Age, the Goliad Formation is a member of
the Citronelle Group of Pliocene Age, and the Lissie and
Beaumont Formations make up the Houston Group of
Pleistocene Age. These formations cross the county in a
general northeast to southwest direction. Floodwaters
from rivers may have deposited the sediments that make
up each formation mostly in the form of natural levees
and deltas. The shifting of river mouths and channels
combined these levees and deltas. These deltaic depos-
its are interbedded in places with marine and lagoonal
beds, which were covered by the shifting river mouths.
Because of differences in time, source of material, and
variation in velocity of floodwaters, the type and size of
sediments varies among the different geologic forma-
tions.

The surface of the Lagarto Clay Formation is charac-
terized locally as level to gently rolling, maturely dissect-
ed uplands that are crossed by broad valleys. This for-
mation outcrops along the Lagarto Creek. Typically, the
Lagarto Clay Formation is made up of 75 percent marl,
15 percent sand, and 10 percent silt. The clay is mas-
sive, yellow or gray, and calcareous; in places it has
many concretions of calcium carbonate. The sand is
variable in color and is mainly composed of quartz. The
sediments of the Lagarto Clay Formation may have been
deposited when rivers were near base level and carrying
fine sediments of Cretaceous Age.

The surface of the Goliad Formation is characterized
by maturely dissected rolling uplands that have been
eroded into resistant ridges and valleys. The outcrop of
the formation covers a belt about 15 miles wide and has
an average thickness of about 250 feet. The stratigraphy
and lithology of the Goliad Formation is described as
variable because of the difficulty in distinguishing this
formation from the overlying and underlying formations.
In an outcrop in Live Oak County, Texas, the Goliad
Formation is a clay zone consisting of pinkish brown and
reddish mottled limy clays. In other places in South
Texas, layers of the Goliad Formation have calcium car-
bonate in the form of concretions, nodules, and hard
nodular limestone. Typically, the Goliad Formation con-
sists of about 80 percent sand, 5 percent gravel, 10
percent clay, and 5 percent calcium carbonate. In South
Texas, the sand and gravel are impregnated with much
calcium carbonate. The sand is made up mostly of
quartz, but there are large amounts of feldspar. The
sediments were probably laid down during alternating
cycles of floods and drought. The Goliad Formation lies
unconformably to the northwest over the Lagarto Clay
formation.
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The surface of the Lissie Formation is characterized
by a flat, nearly level to gently undulating plain. Streams
meander across the plain in shallow valleys and have
fringes of trees along their courses. The formation is
about 200 feet thick and outcrops in a belt about 30
miles wide parallel to the coastal plain at a distance of
about 50 miles from the coast. Typically, the Lissie For-
mation consists of about 60 percent sand, 20 percent
sandy clay, 10 percent clay, and 10 percent gravel. The
sand is made up mostly of quartz and chert grains. The
deposits probably began during the Glacial Epoch and
were laid down by violént flooding. The Lissie Formation
lies unconformably to the northwest over the Goliad For-
mation.

The surface of the Beaumont Formation is character-
ized by a flat, treeless plain that is not cut by broad
valleys. The formation is 450 to 900 feet thick but aver-
ages about 700 feet. Typically, the Beaumont Formation
consists of 80 to 90 percent clay, 10 percent sand, and
10 percent silt. The clay is colloidal, calcareous, and
variable in color. The sand is made up mostly of quartz
and chert grains. Some feldspars are in this formation in
the South Texas area. The Beaumont Formation lies
unconformably to the northwest over the Lissie Forma-
tion.

How this survey was made

Soil scientists made this survey to learn what kinds of
soil are in the survey area, where they are, and how they
can be used. The soil scientists went into the area know-
ing they likely would locate many soils they already knew
something about and perhaps identify some they had
never seen before. They observed the steepness, length,
and shape of slopes; the size of streams and the general
pattern of drainage; the kinds of native plants or crops;
the kinds of rock; and many facts about the soils. They
dug many holes to expose soil profiles. A profile is the
sequence of natural layers, or horizons, in a soil; it ex-
tends from the surface down into the parent material,
which has been changed very little by leaching or by the
action of plant roots.

The soil scientists recorded the characteristics of the
profiles they studied, and they compared those profiles
with others in counties nearby and in places more dis-
tant. Thus, through correlation, they classified and
named the soils according to nationwide, uniform proce-
dures.

After classifying and naming the soils, the soil scien-
tists drew the boundaries of the individual soils on aerial
photographs. These photographs show buildings, field
borders, roads, and other details that help in drawing
boundaries accurately. The soil map at the back of this
publication was prepared from aerial photographs.

The areas shown on a soil map are called map units.
Some map units are made up of one kind of soil, others

are made up of two or more kinds of soil, and a few
have little or no soil. Map units are described under
“General soil map for broad land use planning” and
“Soil maps for detailed planning.”

While a soil survey is in progress, samples of soils are
taken as needed for laboratory measurements and for
engineering tests. The soils are field tested, and interpre-
tations of their behavior are modified as necessary
during the course of the survey. New interpretations are
added to meet local needs, mainly through field observa-
tions of different kinds of soil in different uses under
different levels of management. Also, data are assem-
bled from other sources, such as test results, records,
field experience, and information available from state
and local specialists. For example, data on crop yields
under defined practices are assembled from farm rec-
ords and from field or plot experiments on the same
kinds of soil.

But only part of a soil survey is done when the soils
have been named, described, interpreted, and delineated
on aerial photographs and when the laboratory data and
other data have been assembled. The mass of detailed
information then needs to be organized so that it is
readily available to different groups of users, among
them farmers, managers of rangeland, engineers, plan-
ners, developers and builders, home buyers, and others.

General soil map for broad land use
planning '

The general soil map at the back of this publication
shows map units that have a distinct pattern of soils,
relief, and drainage. Each map unit is a unique natural
landscape. Typically, a map unit consists of one or more
major soils and some minor soils. It is named for the
major soils. The soils making up one unit can occur in
other units but in a different pattern.

The general soil map provides a broad perspective of
the soils and landscape in the survey area. It provides a
basis for comparing the potential of large areas for gen-
eral kinds of land use. Areas that are, for the most part,
suited to certain kinds of farming or to other land uses
can be identified on the map. Likewise, areas of soils
having properties that are distinctly unfavorable for cer-
tain land uses can be located.

Because of its small scale, the map does not show the
kind of soil at a specific site. Thus, it is not suitable for
planning the management of a farm or field or for select-
ing a site for a road or building or other structure. The
kinds of soil in any one map unit differ from place to
place in slope, depth, stoniness, drainage, or other char-
acteristics that affect their management.

The soils in the survey area vary widely in their poten-
tial for major land uses. Table 4 shows the extent of the
map units shown on the general soil map and gives
general ratings of the potential of each, in relation to the



other map units, for major land uses. Soil properties that
pose limitations to the use are indicated. The ratings of
soil potential are based on the assumption that practices
in common use in the survey area are being used to
overcome soil limitations. These ratings reflect the ease
of overcoming the soil limitations and the probability of
soil problems persisting after such practices are used.

Each map unit is rated for cultivated farm crops, ran-
geland, urban uses, and recreation uses. Cultivated farm
crops are those grown extensively by farmers in the
survey area, for example, cotton, grain sorghum, and
flax. Rangeland refers to land on which the native vege-
tation is used for grazing. Urban uses include residential,
commercial, and industrial developments. Recreation
areas include campsites, picnic areas, ballfields, and
those areas used for nature study and as wilderness.

In general, the kinds of soils, low rainfall, and lack of
irrigation water are the most important factors that influ-
ence land use in Jim Wells County.

About 56 percent of the county is used as rangeland,
and about 40 percent is used for cultivated farm crops
and improved pastures. The rest is urban land, federal
land, and small water areas. Table 4 shows that about
34 percent of the county has high potential for rangeland
and 66 percent has medium potential. About 17 percent
of the county has high potential for cultivated farm crops,
82 percent has medium potential, and 1 percent has low
potential.

The Runge-Delfina-Papalote map unit generally has
high potential for cultivated farm crops. The soils in this
map unit are deep and loamy and are well suited to
cultivation, but they need good management practices to
prevent water erosion. The Runge-Delfina-Papalote,
Opelika-Delfina-Czar, and Aransas-Sinton map units
have high potential for rangeland. The soils in these map
units are deep and loamy and sandy. They need careful
management to prevent water erosion. None of the map
units has high potential for urban uses, but the deep,
loamy soils in many of the map units are highly favora-
ble. Careful management is needed to prevent water
erosion especially during and immediately following con-
struction. The main problems are shrinking and swelling,
corrosivity to uncoated steel, seepage, slow percolation,
and low strength. The Goliad-Parrita-Lacoste and Papa-
lote-Czar map units have high potential for recreation
uses.

Deep, nearly level to gently sloping,
clayey and loamy soils on uplands

The soils in this group make up about 26 percent of
the county. The major soils are Lattas, Opelika, and
Clareville soils. The surface layer and underlying layers
of these soils are loamy or clayey. These soils are well
drained or somewhat poorly drained and are very slowly
permeable or moderately slowly permeable.
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Most areas of these soils are used for cultivated
crops. Cotton, grain sorghum, and flax are the main
cultivated crops. A few areas are in improved pasture of
coastal bermudagrass.

The soils in this group have low potential for urban
and recreation uses.

1. Lattas-Opelika-Clareville

Somewhat poorly drained and well drained, very slowly
permeable and moderately slowly permeable, clayey and
loamy soils

This map unit consists of nearly level to gently sloping
soils that have slopes of 0 to 3 percent. it makes up
about 23 percent of the county. It is about 40 percent
Lattas soils, 20 percent Opelika soils, 18 percent Clare-
ville soils, and 22 percent minor soils (fig. 1).

Lattas soils have a surface layer that is firm, moder-
ately alkaline, dark gray clay about 5 inches thick. Below
that, to a depth of 21 inches, the soil is very firm, moder-
ately alkaline, very dark gray clay. To a depth of 29
inches, it is very firm, moderately alkaline, dark gray clay
that has a few slickensides. Below that, to a depth of 53
inches, the soil is very firm, moderately alkaline, gray
clay that has a few slickensides and a few old cracks
that are filled with dark gray material. The underlying
material, to a depth of 70 inches, is very firm, moderately
alkaline, light brownish gray clay that has a few old
cracks filled with dark gray material.

Opelika soils have a surface layer that is about 4
inches thick. The layer is friable, neutral, gray fine sandy
loam. Below that, to a depth of 10 inches, the soil is
firm, mildly alkaline, dark gray sandy clay. To a depth of
19 inches, it is firm, moderately alkaline, dark gray sandy
clay loam. Below that, to a depth of 30 inches, the soil is
friable, moderately alkaline, gray sandy clay loam that
has streaks of light brownish gray material. And to a
depth of 60 inches, the soil is friable, moderately alka-
line, light gray sandy clay loam that has yellowish mot-
tles.

Clareville soils have a surface layer that is about 11
inches thick. The layer is friable, neutral, dark gray loam
in the upper 5 inches and friable, neutral, very dark gray
clay loam in the lower 6 inches. Below that, to a depth of
18 inches, the soil is firm, mildly alkaline, very dark gray
clay loam. To a depth of 25 inches, it is firm, mildly
alkaline, dark grayish brown clay loam. Below that, to a
depth of 33 inches, the soil is very firm, moderately
alkaline, brown clay loam. To a depth of 38 inches, it is
very firm, moderately alkaline, grayish brown clay loam.
Below that, to a depth of 46 inches, the soil is firm,
moderately alkaline, grayish brown clay loam that is
about 20 percent, by volume, soft masses and concre-
tions of calcium carbonate. And to a depth of 64 inches,
the soil is friable, moderately alkaline, very pale brown
loam.
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Figure 1.—Typical pattern of soils in Lattas-Opelika-Clareville map unit.

The minor soils included in the map unit are the Aran-
sas, Czar, Edroy, and Pharr soils. The deep, clayey,
nearly level Aransas soils are on bottom lands. The
deep, loamy, nearly level to gently sloping Czar soils are
on uplands. The deep, clayey, nearly level Edroy soils
are on uplands or terraces and depressions. The deep,
loamy, nearly level to gently sloping Pharr soils are on
deltas or coastal terraces.

Most areas of this map unit are used as cropland, but
some areas are used for improved pasture and as range-
land.

The potential for cultivated crops is high. Low rainfall
is the main limitation. Cotton, grain sorghum, and flax are
the main crops.

The potential for rangeland is high. Native range
plants are mainly mid and tall grasses.

Because of shrinking and swelling with changes in
moisture content, corrosivity to uncoated steel, low

strength, and moderately slow permeability, the potential
for most urban uses is low.

2. Lattas

Somewhat poorly drained, very slowly permeable, clayey
soils

This map unit consists of nearly level to gently sloping
soils that have slopes of 0 to 3 percent. It makes up
about 3 percent of the county. It is about 75 percent
Lattas soils and 25 percent minor soils.

Lattas soils have a surface layer that is firm, moder-
ately alkaline, dark gray clay about 5 inches thick. The
layer below that, to a depth of 21 inches, is very firm,
moderately alkaline, very dark gray clay. Below that, to a
depth of 29 inches, the soil is very firm, moderately
alkaline, dark gray clay that has a few slickensides. To a



depth of 53 inches, the soil is very firm, moderately
alkaline, gray clay that has a few slickensides and a few
old cracks filled with dark gray material. The underlying
material, to a depth of 70 inches, is very firm, moderately
alkaline, light brownish gray clay that has a few old
cracks filled with dark gray material.

The minor soils included in this map unit are the Clare-
ville and Opelika soils. The deep, loamy, nearly level
Clareville soils are on uplands. The deep, loamy, nearly
level Opelika soils are in slightly concave, weakly ex-
pressed drainageways and on low terraces on uplands
adjacent to the drainageways.

Most areas of this map unit are used as cropland.

The potential for cultivated crops is high. Low rainfall
is the main limitation. Cotton, grain sorghum, and flax are
the main crops.

The potential for rangeland use is medium. Native
range plants are mainly mid and tall grasses.

Because of shrinking and swelling with changes in
moisture content, corrosivity to uncoated steel, low
strength, and very slow permeability, the potential for
most urban uses is low.

Lacoste-Olmos

Caliche
<
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Deep to shallow, nearly level to gently
sloping, loamy soils on uplands

The soils in this group make up about 28 percent of
the county. The major soils are Pernitas, Olmos, Pettus,
Goliad, Parrita, and Lacoste soils. The surface layer of
these soils is loamy, and the underlying layers are loamy
or clayey. These soils are well drained or moderately
well drained and are moderately permeable or moderate-
ly siowly permeable.

Most areas of these soils are used as rangeland. The
native plants are trichloris, bluestem, grama, bristlegrass,
windmillgrass, witchgrass, cottontop, and switchgrass
and mesquite trees and other woody species.

The soils in this group have medium potential for
urban uses and medium or high potential for recreation
uses.

3. Pernitas-Olmos-Pettus
Well drained, moderately permeable, loamy soils

This map unit consists of nearly level to gently sloping
soils that have slopes of 0 to 5 percent. It makes up
about 20 percent of the county. It is about 38 percent
Pernitas soils, 13 percent Olmos soils, 7 percent Pettus
soils, and 42 percent minor soils (fig. 2).

Figure 2.—Typical pattern of soils in Pernitas-Olmos-Pettus map unit.
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Pernitas soils have a surface layer that is about 11
inches thick. The layer is friable, moderately alkaline,
dark gray sandy clay loam. Below that, to a depth of 30
inches, the soil is friable, moderately alkaline clay loam
that is grayish brown in the upper 6 inches and brown in
the lower 13 inches. To a depth of 72 inches, the soil is
friable, moderately alkaline clay loam. It is light brown
and 20 to 25 percent, by volume, soft masses and con-
cretions of calcium carbonate in the upper 6 inches and
pinkish gray and 15 to 20 percent, by volume, soft
masses of calcium carbonate in the lower 36 inches.

OImos soils have a surface layer that is about 9 inches
thick. The layer is friable, moderately alkaline, grayish
brown gravelly loam. In the upper 3 inches, it is about 3
to 5 percent concretions and fragments of calcium car-
bonate, mostly less than 5 millimeters wide, and about
20 percent caliche fragments. In the lower 6 inches, it is
about 5 to 10 percent concretions and fragments of
calcium carbonate, mostly less than 1 centimeter wide,
and about 30 percent caliche fragments. The underlying
material, in the upper 4 inches, is white and pink, strong-
ly cemented, laminar caliche that has solution channels
filled with gray and dark gray material; below that, it is
white, weakly cemented, nodular caliche that has inter-
stices filled with light brownish gray loamy material.

Pettus soils have a surface layer that is about 10
inches thick. The layer is very friable, moderately alka-
line, grayish brown sandy clay loam. The layer below
that, to a depth of 17 inches, is friable, moderately alka-
line, light brownish gray sandy clay loam. Next, to a
depth of 21 inches, the soil is white, weakly cemented,
platy and fractured caliche that has interstices, root
channels, and solution channels filled with light brownish
gray sandy clay loam material. Below that, to a depth of
65 inches, the soil is white, gravelly sandy clay loam that
is about 60 percent soft masses and nodular concretions
of calcium carbonate up to 2 centimeters wide.

The minor soils are the Danjer, Goliad, Lacoste,
Lattas, Opelika, Parrita, Pettus, Pharr, Racombes, and
Runge soils. The deep, clayey, nearly level to gently
sloping Danjer soils are on uplands. The moderately
deep, loamy, nearly level to gently sloping Goliad soils
are on uplands. The shallow, loamy, nearly level to
gently sloping Lacoste and Pettus soils are on uplands.
The deep, clayey, nearly level to gently sloping Lattas
soils are on uplands. The deep, loamy, nearly level Ope-
lika soils are in slightly concave, weakly expressed drain-
ageways and on low terraces on uplands adjacent to the
drainageways. The shallow, loamy, nearly level to gently
sloping Parrita soils are on upland ridgetops and upper
side slopes. The deep, loamy, nearly level to gently slop-
ing Pharr soils are on deltas or coastal terraces. The
deep, loamy, nearly level Racombes soils are on deltaic
or coastal terraces. The deep, loamy, nearly level to
gently sloping Runge soils are on uplands and stream
terraces.

Most areas of this map unit are used as rangeland, but
some areas are cultivated.

The potential for cultivated crops is medium. Low rain-
fall and the hazard of water erosion are the main limita-
tions. Grain sorghum is the main crop.

The potential for rangeland is medium. Native range
plants are mainly short and mid grasses.

Because of shrinking and swelling with changes in
moisture content, corrosivity to uncoated steel, low
strength, cemented pan, and seepage, the potential for
most urban uses is medium.

4. Goliad-Parrita-Lacoste

Moderately well drained and well drained, moderately
slowly permeable and moderately permeable, loamy soils

This map unit consists of nearly level to gently sloping
soils that have slopes of 0 to 5 percent. It makes up
about 8 percent of the county. It is about 35 percent
Goliad soils, 33 percent Parrita soils, 12 percent Lacoste
soils, and 20 percent minor soils.

Goliad soils have a surface layer that is about 11
inches thick. The layer is friable, mildly alkaline, very
dark grayish brown sandy clay loam. Below that, to a
depth of 15 inches, the soil is friable, moderately alka-
line, brown sandy clay. To a depth of 28 inches, it is firm,
moderately alkaline, reddish brown clay. The underlying
material consists of white and pinkish white indurated
caliche.

Parrita soils have a surface layer that is about 5 inches
thick. The layer is friable, mildly alkaline, dark brown
sandy clay loam. The layer below that extends to a
depth of 17 inches. It is firm, moderately alkaline, dark
reddish brown sandy clay loam in the upper 4 inches
and very firm, moderately alkaline, reddish brown clay in
the lower 8 inches. The underlying material consists of
white and pinkish white, strongly cemented and laminar
caliche that has a few fine fractures.

Lacoste soils have a surface layer about 7 inches
thick. The layer is very friable, mildly alkaline, brown fine
sandy loam in the upper 2 inches and friable, moderately
alkaline, brown fine sandy loam in the lower 5 inches.
Below that, to a depth of 12 inches, the soil is friable,
moderately alkaline, reddish brown sandy clay loam. The
underlying material is white, strongly cemented caliche
that is fractured in the upper part.

The minor soils in this map unit are the Delfina,
Oimos, Papagua, Papalote, and Runge soils. The deep,
loamy, nearly level to gently sloping Delfina soils are on
uplands and old stream terraces. The shallow, loamy,
undulating Olmos soils are on uplands. The deep, sandy,
nearly level Papagua soils are on slightly concave and
weakly depressional drainage terraces. The deep, loamy,
nearly level to gently sloping Papalote soils are on
stream terraces and upland plains. The deep, loamy,
nearly level to gently sloping Runge soils are on uplands
and stream terraces.



Most areas of this map unit are used as rangeland and
improved pastures, but some areas are cultivated.

The potential for cultivated crops is medium. Low rain-
fall, the hazard of water erosion, and a cemented pan
are the main limitations. Grain sorghum is the main crop.

The potential for rangeland use is medium. Native
range plants are short, mid, and tall grasses.

Because of shrinking and swelling with changes in
moisture content, corrosivity to uncoated steel, low
strength, cemented pan, and moderate and moderately
slow permeability, the potential for most urban uses is
medium.

Deep, nearly level to gently sloping,
loamy and sandy soils on uplands

The soils in this group make up about 45 percent of
the county. The main soils are Runge, Delfina, Papalote,
Opelika, Czar, and Papagua soils.

The surface layer of these soils is sandy or loamy, and
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the underlying layers are loamy or clayey. The soils are
well drained to somewhat poorly drained and are moder-
ately permeable to very slowly permeable.

Most areas of these soils are used for cultivated crops
and |mproved pasture. Cotton, grain sorghum, and flax
are the main cultivated crops. Improved pastures consist
of coastal bermudagrass and buffelgrass.

The soils in this group have medium potential for
urban uses and medium or high potential for recreation
uses.

5. Runge-Delfina-Papalote

Well drained and moderately well drained, moderately
permeable to slowly permeable, loamy soils

This map unit consists of nearly level to gently sloping
soils that have slopes of 0 to 5 percent. It makes up
about 17 percent of the county. it is about 37 percent
Runge soils, 28 percent Delfina soils, 8 percent Papalote
soils, and 27 percent minor soils (fig. 3).

Runge soils have a surface layer that is about 14

inches thick. The layer is very friable, neutral, brown fine
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Figure 3.—Typical pattern of soils in Runge-Delfina-Papalote map unit.
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sandy loam. Below that, to a depth of 18 inches, the soil
is friable, neutral, reddish brown sandy clay loam. To a
depth of 34 inches, it is friable, mildly alkaline, yellowish
red sandy clay loam. Below that, to a depth of 55 inches,
it is friable, moderately alkaline, reddish yellow sandy
clay loam. And to a depth of 72 inches, the soil is friable,
moderately alkaline, reddish yellow sandy clay loam that
is about 5 percent, by volume, soft masses and concre-
tions of calcium carbonate.

Delfina soils have a surface layer that is about 12
inches thick. The layer is very friable, slightly acid, brown
fine sandy loam. Below that, to a depth of 16 inches, the
soil is firm, neutral, brown sandy clay loam. To a depth
of 28 inches, it is very firm, mildly alkaline, brown sandy
clay loam that is mottled in shades of red, yellow, and
gray. Below that, to a depth of 36 inches, it is firm,
moderately alkaline, light brown sandy clay loam. And to
a depth of 80 inches, the soil is firm, moderately alkaline,
reddish yellow sandy clay loam that is about 4 percent,
by volume, soft masses and concretions of calcium car-
bonate.

Papalote soils have a surface' layer that is about 16
inches thick. The layer is very friable, neutral, brown fine
sandy loam. Below that, to a depth of 20 inches, the soil
is very firm, mildly alkaline, brown sandy clay that is
mottled in shades of red and gray. To a depth of 31
inches, it is very firm, moderately alkaline, brown sandy
clay that has mottles in shades of red and brown. Below
that, to a depth of 38 inches, the soil is very firm, moder-
ately alkaline, light brown sandy clay. To a depth of 49
inches, it is firm, moderately alkaline, light brown sandy
clay loam. And to a depth of 65 inches, the soil is firm,
moderately alkaline, pink sandy clay loam that is about 2
to 4 percent, by volume, soft masses of calcium carbon-
ate.

The minor soils in the map unit are the Czar, Delmita,
Edroy, Goliad, Lacoste, Opelika, Papagua, Pharr, and
Racombes soils. The deep, loamy, nearly level to gently
sloping Czar soils are on uplands. The moderately deep,
‘loamy, gently sloping Delmita soils are on upland plains.
The deep, clayey, nearly level Edroy soils are on uplands
or terraces and in depressions. The moderately deep,
loamy, nearly level to gently sloping Goliad soils are on
uplands. The shallow, loamy, nearly level to gently slop-
ing Lacoste soils are on uplands. The deep, loamy,
nearly level Opelika soils are in slightly concave, weakly
expressed drainageways and on low terraces on uplands
adjacent to the drainageways. The deep, sandy, nearly
level Papagua soils are on slightly concave and weakly
depressional drainage terraces. The deep, loamy, nearly
level to gently sloping Pharr soils are on deltas or coast-
al terraces. The deep, loamy, nearly level Racombes
soils are on deltaic or coastal terraces.

Most areas of this map unit are used as cropland and
improved pasture.

The potential for cultivated crops is high. Grain sor-
ghum, cotton, and flax are the main crops.

The potential for rangeland is high. Native range
plants are mid and tall grasses.

Because of shrinking and swelling with changes in
moisture content, corrosivity to uncoated steel, low
strength, and moderate to slow permeability, the poten-
tial for most urban uses is medium.

6. Opelika-Delfina-Czar

Somewhat poorly drained to well drained, very slowly
permeable to moderately permeable, loamy soils

This map unit consists of nearly level to gently sloping
soils that have slopes of 0 to 3 percent. it makes up
about 16 percent of the county. It is about 50 percent
Opelika soils, 17 percent Delfina soils, 16 percent Czar
soils, and 17 percent minor soils.

Opelika soils have a surface layer that is about 4
inches thick. The layer is friable, neutral, gray fine sandy
foam. Below that, to a depth of 10 inches, the soil is
firm, mildly alkaline, dark gray sandy clay. To a depth of
19 inches, it is friable, moderately alkaline, gray sandy
clay loam that has streaks of light brownish gray materi-
al. Below that, to a depth of 60 inches, the soil is friable,
moderately alkaline, light gray sandy clay loam that has
yellowish mottles.

Delfina soils have a surface layer that is about 12
inches thick. The layer is very friable, slightly acid, brown
fine sandy loam. Below that, to a depth of 16 inches, the
soil is firm, neutral, brown sandy clay loam. To a depth
of 28 inches, it is very firm, mildly alkaline, brown sandy
clay loam that is mottled in shades of red, yellow, and
gray. Below that, to a depth of 36 inches, the soil is firm,
moderately alkaline, light brown sandy clay loam. And to
a depth of 80 inches, the soil is firm, moderately alkaline,
reddish yellow sandy clay loam that is about 4 percent,
by volume, soft masses and concretions of calcium car-
bonate.

Czar soils have a surface layer that'is about 13 inches
thick. The layer is friable, neutral, dark grayish brown fine
sandy loam. The layer below that, to a depth of 34
inches, is friable, moderately alkaline, dark brown sandy
clay loam in the upper 9 inches and firm, moderately
alkaline, brown sandy clay loam in the lower 12 inches.
Below that, to a depth of 47 inches, the soil is friable,
moderately alkaline, pale brown sandy clay loam. And to
a depth of 68 inches, the soil is friable, moderately alka-
line, very pale brown sandy clay loam.

The minor soils in the map unit are the Clareville,
Edroy, Papagua, Papalote, Racombes, and Runge soils.
The deep, loamy, nearly level Clareville soils are on level
uplands. The deep, clayey, nearly level Edroy soils are
on uplands or terraces and in depressions. The deep,
sandy, nearly level Papagua soils are on slightly concave
and weakly depressional drainage terraces. The deep,
loamy, nearly level to gently sloping Papalote soils are
on stream terraces and upland plains. The deep, loamy,
nearly level Racombes soils are on deltaic or coastal
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terraces. The deep, loamy, nearly level to gently sloping
Runge soils are on uplands and stream terraces.

Most areas of this map unit are used as cropland and
improved pasture.

The potential for cultivated crops is medium. Low rain-
fall and the hazard of water erosion are the main limita-
tions. Grain sorghum, cotton, and flax are the main
crops.

The potential for rangeland is high. Native range
plants are mid and tall grasses.

Because of shrinking and swelling with changes in
moisture content, corrosivity to uncoated steel, wetness,
and very slow to moderate permeability, the potential for
most urban uses is medium.

7. Delfina-Papagua-Papalote

Moderately well drained and somewhat poorly drained,
moderately slowly permeable to slowly permeable, sandy
and loamy soils

This map unit consists of nearly level to gently sloping
soils that have slopes of 0 to 3 percent. It makes up
about 9 percent of the county. It is about 33 percent
Delfina soils, 31 percent Papagua soils, 18 percent Pa-
palote soils, and 18 percent minor soils.

Delfina soils have a surface layer that is about 12
inches thick. The layer is very friable, slightly acid, brown
fine sandy loam. Below that layer, to a depth of 16
inches, the soil is firm, neutral, brown sandy clay loam.
Below that, to a depth of 28 inches, it is very firm, mildly
alkaline, brown sandy clay loam that is mottled in shades
of red, yellow, and gray. To a depth of 36 inches, it is
firm, moderately alkaline, light brown sandy clay loam.
And to a depth of 80 inches, the soil is firm, moderately
alkaline, reddish yellow sandy clay loam that is about 4
percent, by volume, soft masses and concretions of cal-
cium carbonate.

Papagua soils have a surface layer that is about 16
inches thick. The layer is very friable, neutral, light
brownish gray loamy fine sand. Below that layer, to a
depth of 30 inches, the soil is firm, neutral, light brownish
gray sandy clay that is mottled in shades of yellow and
brown. To a depth of 46 inches, it is firm, neutral, light
brownish gray sandy clay loam that has brown and gray
mottles. Below that, to a depth of 57 inches, it is firm,
moderately alkaline, light brownish gray sandy clay foam.
And to a depth of 65 inches, the soil is firm, moderately
alkaline, very pale brown sandy clay loam.

Papalote soils have a surface layer that is about 16
inches thick. The layer is very friable, neutral, brown fine
sandy loam. Below that, to a depth of 20 inches, the soil
is very firm, mildly alkaline, brown sandy clay that is
mottled in shades of red and gray. The layer below that,
to a depth of 31 inches, is very firm, moderately alkaline,
brown sandy clay that has mottles in shades of red and
brown. To a depth of 38 inches, the soil is very firm,
moderately alkaline, light brown sandy clay. To a depth
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of 49 inches, it is firm, moderately alkaline, light brown
sandy clay loam. And to a depth of 65 inches, the sail is
firm, moderately alkaline, pink sandy clay loam that is
about 2 to 4 percent, by volume, soft masses of calcium
carbonate.

The minor soils included in this map unit are the Comi-
tas, Czar, Edroy, Leming, and Opelika soils. The deep,
sandy, nearly level to gently sloping Comitas soils are on
uplands and terraces. The deep, loamy, nearly level to
gently sloping Czar soils are on uplands. The deep,
clayey, nearly level Edroy soils are on uplands or ter-
races and in depressions. The deep, sandy, nearly level
to gently sloping Leming soils are on uplands. The deep,
loamy, nearly level Opelika soils are in slightly concave,
weakly expressed drainageways and on nearly level low
terraces on uplands adjacent to the drainageways.

Most areas of this map unit are used as cropland and
improved pasture.

The potential for cultivated crops is medium. Low rain-
fall and the hazard of water erosion are the main limita-
tions. Grain sorghum, cotton, and flax are the main
crops.

The potential for rangeland is medium. Native range
plants are mid and tall grasses.

Because of shrinking and swelling with changes in
moisture content, corrosivity to uncoated steel, low
strength, and moderately slow to slow permeability, the
potential for most urban uses is medium.

8. Papalote-Czar

Moderately well drained and well drained, slowly perme-
able and moderately permeable, sandy and loamy soils

This map unit consists of nearly level to gently sloping
soils that have slopes of 0 to 3 percent. It makes up
about 3 percent of the county. It is about 42 percent
Papalote soils, 35 percent Czar soils, and 23 percent
minor soils.

Papalote soils have a surface layer that is about 16
inches thick. The layer is very friable, neutral, brown fine
sandy loam. Below that, to a depth of 20 inches, the soil
is very firm, mildly alkaline, brown sandy clay that is
mottled in shades of red and gray. The layer below that,
to a depth of 31 inches, is very firm, moderately alkaline,
brown sandy clay that has mottles in shades of red and
brown. To a depth of 38 inches, the soil is very firm,
moderately alkaline, light brown sandy clay. Below that,
to a depth of 49 inches, it is firm, moderately alkaline,
light brown sandy clay loam. And to a depth of 65
inches, the scil is firm, moderately alkaline, pink sandy
clay loam that is about 2 to 4 percent, by volume, soft
masses of calcium carbonate.

Czar soils have a surface layer about 13 inches thick.
The layer is friable, neutral, dark grayish brown fine
sandy loam. The layer below that, to a depth of 34
inches, is friable, moderately alkaline, dark brown sandy
clay loam in the upper 9 inches and firm, moderately
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alkaline, brown sandy clay loam in the lower 12 inches.
Below that, to a depth of 47 inches, the soil is friable,
moderately alkaline, pale brown sandy clay loam. And to
a depth of 68 inches, the soil is friable, moderately alka-
line, very pale brown sandy clay loam.

The minor soils included in the map unit are the Clare-
ville, Comitas, Lattas, Leming, Opelika, and Pharr soils.
The deep, loamy, nearly level Clareville soils are on
uplands. The deep, sandy, nearly level to gently sloping
Comitas soils are on uplands and terraces. The deep,
clayey, nearly level to gently sloping Lattas soils are on
marine terraces. The deep, sandy, nearly level to gently
sloping Leming soils are on uplands. The deep, loamy,
nearly level Opelika soils are in slightly concave, weakly
expressed drainageways and on low terraces on uplands
adjacent to the drainageways. The deep, loamy, nearly
level to gently sloping Pharr soils are on deltas or coast-
al terraces.

Most areas of this map unit are used as cropland and
improved pasture.

The potential for cultivated crops is medium. Low rain-
fall and the hazard of water erosion are the main limita-
tions. Grain sorghum, cotton, and flax are the main
crops.

The potential for rangeland is medium. Native plants
are mid and tall grasses.

Because of shrinking and swelling with changes in
moisture content, corrosivity to uncoated steel, low
strength, and slow and moderate permeability, the poten-
tial for most urban uses is medium.

Deep, nearly level, clayey and loamy soils
on bottom lands

The soils in this group make up about 1 percent of the
county. The major soils are Aransas and Sinton soils.
The surface layer of these soils is loamy or clayey, and
the underlying layers also are loamy or clayey. These
soils are well drained or poorly drained and are moder-
ately permeable or very slowly permeable.

Most areas of these soils are used for improved pas-
ture of coastal bermudagrass or as rangeland. Flooding
limits the use of the soils for cultivated crops. The native
plants are wildrye, bluestem, switchgrass, trichloris, vine-
mesquite, buffalograss, and grama and hackberry, elm,
willow, and pecan.

The soils in this group have low potential for urban
and recreation uses.

9. Aransas-Sinton

Poorly drained and well drained, very slowly permeable
and moderately permeable, clayey and loamy soils

This map unit consists of nearly level soils that have
slopes of 0 to 1 percent. It makes up about 1 percent of
the county. It is about 57 percent Aransas soils, 35
percent Sinton soils, and 8 percent minor soils.
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Aransas soils have a surface layer that is about 40
inches thick. The layer is very firm, moderately alkaline,
dark gray clay. Below that, to a depth of 65 inches, the
soil is very firm, moderately alkaline, gray clay that has a
few old cracks filled with dark gray material in the upper
part.

Sinton soils have a surface layer that is about 34
inches thick. The layer is friable, moderately alkaline
sandy clay loam that is very dark gray in the upper 10
inches and dark gray in the lower 24 inches. Below that,
to a depth of 65 inches, the soil is friable, moderately
alkaline, stratified sandy clay loam that is light brownish
gray in the upper 16 inches and light gray in the lower 15
inches.

The minor soils in the map unit are the Odem soils.
These are deep, loamy soils. They are nearly level to
gently sloping soils on natural levees on bottom lands
between the main stream channels and backwater areas
that are adjacent to the uplands.

Most areas of this map unit are used as rangeland and
improved pasture because flooding is a hazard to crops.

The potential for rangeland is high. Native plants are
mid and tall grasses.

Because of shrinking and swelling with changes in
moisture content, corrosivity to uncoated steel, low
strength, and a flooding hazard, the potential for most
urban uses is low.

Soil maps for detailed planning

The map units shown on the detailed soil maps at the
back of this publication represent the kinds of soil in the
survey area. They are described in this section. The
descriptions together with the soil maps can be useful in
determining the potential of a soil and in managing it for
food and fiber production; in planning land use and de-
veloping soil resources; and in enhancing, protecting,
and preserving the environment. More information for
each map unit, or soil, is given in the section “Use and
management of the soils.”

Preceding the name of each map unit is the symbol
that identifies the soil on the detailed soil maps. Each
soil description includes general facts about the soil and
a brief description of the soil profile. In each description,
the principal hazards and limitations are indicated, and
the management concerns and practices needed are
discussed.

The map units on the detailed soil maps represent an
area on the landscape made up mostly of the soil or
soils for which the unit is named. Most of the delinea-
tions shown on the detailed soil map are phases of soil
series.

Soils that have profiles that are almost alike make up
a soil series. Except for differences in texture of the
surface layer or of the underlying substratum, all the
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soils of a series have major horizons that are similar in
composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface
layer or in the underlying substratum and in slope, ero-
sion, stoniness, salinity, wetness, or other characteristics
that affect their use. On the basis of such differences, a
soil series is divided into phases. The name of a soif
phase commonly indicates a feature that affects use or
management. For example, Runge fine sandy loam, 1 to
3 percent slopes, is one of 5 phases within the Runge
series. _

Some map units are made up of two or more dominant
kinds of soil. Such map units are called soil associations.

A soil association is made up of soils that are geo-
graphically associated and are shown as one unit on the
map because it is not practical to separate them. A soil
association has considerable regularity in geographic
pattern and in the kinds of soil that are a part of it. The
extent of the soils can differ appreciably from one delin-
eation to another; nevertheless, interpretations can be
made for use and management of the soils. Olmos asso-
ciation, undulating, is an example.

Most map units include small, scattered areas of soils
other than those that appear in the name of the map
unit. Some of these soils have properties that differ sub-
stantially from those of the dominant soil or soils and
thus could significantly affect use and management of
the map unit. These soils are described in the descrip-
tion of each map unit. Some of the more unusual or
strongly contrasting soils that are included are identified
by a special symbol on the soil map.

Most mapped areas include places that have little or
no soil material and support little or no vegetation. Such
places are called miscellaneous areas; they are delineat-
ed on the soil map and given descriptive names. Pits is
an example. Some of these areas are too small to be
delineated and are identified by a special symbol on the
soil map.

The acreage and proportionate extent of each map
unit are given in table 5. Information on properties, limita-
tions, capabilities, and potentials for many soil uses is
given for each kind of soil in other tables. (See “Sum-
mary of tables.”) Many of the terms used in describing
soils are defined in the Glossary.

Soil descriptions

i—Aransas clay. This is a deep, nearly level soil on
flood plains. The surface is plane to slightly concave.
Slope ranges from 0 to 1 percent. Areas are irregular to
oblong in shape and are interconnected into a few large
areas that are several hundred acres in size.

This soil has a surface layer that is about 42 inches
thick. The layer is very firm, moderately alkaline, dark
gray clay that has a few short slickensides in the lower
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part. Below that, to a depth of 65 inches, the soil is very
firm, moderately alkaline, gray clay.

This soil is poorly drained. Runoff is very slow. Flood
prevention measures and water storage structures help
protect the soil from frequent flooding, but the soil is
occasionally flooded following unusually heavy rainfall.
When this soil is dry, cracks up to 1 inch wide form on
the surface. Water enters the soil rapidly when the sur-
face is cracked and very slowly when the surface is wet
and the cracks are sealed. Permeability is very slow, and
the available water capacity is medium. The root zone is
deep, but clay can impede the movement of air, water,
and roots. The hazard of water erosion is slight.

Included in mapping are small areas of Sinton and
Lattas soils. Also included are areas of Aransas soils
that have a loamy or sandy overwash from adjacent
upland soils. These inclusions make up less than 15
percent of any one mapped area.

This soil is used mostly as rangeland. A few acres are
in improved pasture of coastal bermudagrass.

The potential for grain sorghum and cotton is high.
Cropping systems should be adapted for water manage-
ment 