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How To Use This Soil Survey
This publication consists of text, tables, and maps. The text includes descriptions of detailed
soil map units and provides an explanation of the information presented in the tables. It also
includes a glossary of terms used in the text and tables and a list of references.
The detailed soil map can be useful in planning the use and management of small areas. To
find information about your area of interest, locate that area on the map sheet. Note the map
unit symbols that are in that area. Go to the Contents, which lists the map units by symbol and
name and shows where each map unit is described.
The Contents shows which table has data on a specific land use for each detailed soil map
unit. Also see the Contents for sections of this publication that may address your specific needs.

World Soil Resources
This soil survey is a publication of the World Soil Resources with technical assistance from
the National Soil Survey Center in Lincoln, Nebraska, the South East Regional Soil Survey
Office in Raleigh, North Carolina, the MLRA Soil Survey Office in Pierre, South Dakota and the
Pacific Islands Area Office 2 in Hawaii with the support of the United States International
Development Agency (USAID), United States Department of Agriculture (USDA), Haiti Ministry
of Agriculture (MARNDR), and local agencies. The soil map in this survey may be copied
without permission. Enlargement of the map, however, could cause misunderstanding of the
detail of mapping. If enlarged, the map does not show the small areas of contrasting soils that
could have been shown at a larger scale.

Literature Citation
The recommended citation for this survey is: United States International Development
Agency, United States Department of Agriculture, Natural Resources Conservation Service, and
Haiti Ministry of Agriculture. 2014. Soil survey of Cul de Sac, Haiti.
http://soils.usda.gov/survey/printed_surveys.

Cover Caption
The Cul de Sac is a valley-filled area that resulted mainly from erosion deposits originating
from the slopes of the uplifting mountain ranges located north and south. The Cul de Sac area is
located east of Port au Prince, the capital of Haiti. The Cul de Sac is experiencing a rapid
expansion of urban dwellings as a result of population pressure. The expansion is occurring at
the expense of arable land.
The cover photo is taken from the foot hills located in the north central part of the survey
area. The view is looking northwest over the northern part of the survey area showing a mixed
area of agriculture and residential.

Disclaimer
This is an interim document. The final soil survey report will be published upon the
completion of the soil chemical and physical analyses and the correlation process. Rasterized
soil maps and properties will also become freely available to the public.
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Nondiscrimination Statement
Nondiscrimination Policy
The U.S. Department of Agriculture (USDA) prohibits discrimination against its customers,
employees, and applicants for employment on the basis of race, color, national origin, age,
disability, sex, gender identity, religion, reprisal, and where applicable, political beliefs, marital
status, familial or parental status, sexual orientation, whether all or part of an individual’s income
is derived from any public assistance program, or protected genetic information. The
Department prohibits discrimination in employment or in any program or activity conducted or
funded by the Department. (Not all prohibited bases apply to all programs and/or employment
activities.)

To File an Employment Complaint
If you wish to file an employment complaint, you must contact your agency’s EEO Counselor
(http://directives.sc.egov.usda.gov/33081.wba) within 45 days of the date of the alleged
discriminatory act, event, or personnel action. Additional information can be found online at
http://www.ascr.usda.gov/complaint_filing_file.html.

To File a Program Complaint
If you wish to file a Civil Rights program complaint of discrimination, complete the USDA
Program Discrimination Complaint Form, found online at
http://www.ascr.usda.gov/complaint_filing_cust.html or at any USDA office, or call (866) 6329992 to request the form. You may also write a letter containing all of the information requested
in the form. Send your completed complaint form or letter by mail to U.S. Department of
Agriculture; Director, Office of Adjudication; 1400 Independence Avenue, S.W.; Washington,
D.C. 20250-9419; by fax to (202) 690-7442; or by email to program.intake@usda.gov.

Persons with Disabilities
If you are deaf, are hard of hearing, or have speech disabilities and you wish to file either an
EEO or program complaint, please contact USDA through the Federal Relay Service at (800)
877-8339 or (800) 845-6136 (in Spanish). If you have other disabilities and wish to file a
program complaint, please see the contact information above. If you require alternative means
of communication for program information (e.g., Braille, large print, audiotape, etc.), please
contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD).

Supplemental Nutrition Assistance Program
For additional information dealing with Supplemental Nutrition Assistance Program (SNAP)
issues, call either the USDA SNAP Hotline Number at (800) 221-5689, which is also in Spanish,
or the State Information/Hotline Numbers (http://directives.sc.egov.usda.gov/33085.wba).

All Other Inquiries
For information not pertaining to civil rights, please refer to the listing of the USDA Agencies
and Offices (http://directives.sc.egov.usda.gov/33086.wba).
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Accessibility Statement
The Natural Resources Conservation Service (NRCS) is committed to making its information
accessible to all of its customers and employees. If you are experiencing accessibility issues
and need assistance, please contact our Helpdesk by phone at 1-800-457-3642 or by e-mail at
ServiceDesk-TC@ftc.usda.gov. For assistance with publications that include maps, graphs, or
similar forms of information, you may also wish to contact our State or local office. You can
locate the correct office and phone number at http://offices.sc.egov.usda.gov/locator/app.
The USDA Target Center can convert USDA information and documents into alternative
formats, including Braille, large print, video description, diskette, and audiotape. For more
information, visit the TARGET Center’s Web site (http://www.dm.usda.gov/oo/target/index.html)
or call 1-202-720-2600 (Voice/TTY).
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Preface
This soil survey was developed cooperatively by United States International Development
Agency (USAID) and United States Department of Agriculture (USDA) in conjunction with the
Haiti Ministry of Agriculture as part of the Haiti Agricultural Productivity Improvement and
Natural Resources Conservation Initiative (HAPNRC). The successful implementation of this
initiative required a detailed soil survey to support natural resource management and field
conservation practices. The data is intended to serve as the official source document for soils
within the designated borders of pilot study area in Cul de Sac.
This soil survey contains information that affects current and future land-use planning in Cul
de Sac. It contains predictions of soil behavior for selected land uses. The survey highlights soil
limitations, actions needed to overcome the limitations, and the impact of selected land uses on
the environment. It is designed to meet the needs of the Haiti Ministry of Agriculture and its
partners to better understand the properties of the soils and the effects of these properties on
various natural ecological characteristics. This knowledge can help the Haiti Ministry of
Agriculture and its partners to understand, protect, and enhance the environment.
The information in this report is intended to identify soil properties that are used in making
various land use or land treatment decisions. Statements made in this report are intended to
help the land users identify and reduce the effects of soil limitations on various land uses.
Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are shallow to bedrock. Some are too unstable to
be used as a foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.
These and many other soil properties that affect land use are described in this soil survey.
The location of each map unit is shown on the detailed soil map. Each soil in the survey area is
described, and information on specific uses is given. Help in using this publication and
additional information are available at the local office of the Haiti Ministry of Agriculture and the
Port au Prince Departments.
This project lays the foundation for the President Obama’s “Feed the Future” Initiative. This
initiative supports the Government of Haiti’s priorities and works to ensure sustainable growth in
the agricultural sector, with the goal of increasing crop yields and farmer incomes. Drawing
upon innovations and lessons learned from the historical development of conservation in the
U.S., NRCS has been able to provide technical assistance and training and collaborate in many
ways with our Haitian partners in the planning, design, and implementation of the project.
Institutional partners include the Haiti Ministry of Agriculture, the faculty of Agriculture at the
University of Haiti, the Soils Laboratory at the USAID-funded Bas-Boën Centre for Agricultural
Excellence and Sustainable Rural Development, the Haiti Ministry of Public Works, and the Haiti
National Geospatial Center (CNIGS). Other assistance was granted by farmers who gave
permissions to sample soils on their land. The Cochran Fellowship Program, which is funded by
the Foreign Agricultural Service (FAS), provided a unique opportunity for the Haitian Ministry of
Agriculture, the University of Haiti, and Foundation FONHDAD Leaders to visit the U.S. to learn
how Natural Resources Conservation Service (NRCS) is structured and how it implements
natural resources conservation programs based on soils and other natural resources
inventories.
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Soil Survey of Cul de Sac, Haiti
By Tony Rolfes, Zamir Libohova, Nathan Jones, and Charles Kome.
Special contributions by Steve Monteith, Manuel Matos, Debbie Anderson, Kenel
Kadet, Elda Déronnette Cajuste and Djhony Jean Baptiste.
This survey was made in conjunction with United States Department of State, United States
International Development Agency (USAID), United States Department of Agriculture (USDA),
Natural Resources Conservation Service (NRCS), Direction Rurale Forestière et du Sol (DRFS)
of Ministry of Agriculture (MARNDR), and other partners to provide information about the soils
and miscellaneous areas within Cul de Sac located east of Port au Prince.

How This Survey Was Made
The survey was initiated by Haiti Ministry of Agriculture in cooperation with USAID as part of
the Haiti Agricultural Productivity Improvement and Natural Resources Conservation Initiative
(HAPNRC). The successful implementation of this initiative required a detailed soil survey in
order to support natural resource management and field conservation practices.
Soil scientists from USDA–NRCS Soil Science Division, in cooperation with Haiti Ministry of
Agriculture and the Agriculture University, identified a 3,000 ha pilot area in Cul de Sac for
conducting a soil survey at a scale 1:24,000. The soil survey was conducted based on a
combination of traditional and digital soil mapping approaches accompanied by field
observation, data collection, soil sampling, and laboratory analysis of physical and chemical
properties. A preliminary digital soil map was developed from slope, curvature, and a
topographic wetness index using clustering algorithms and an inference rule-based approach
with fuzzy logic (Zhu et al., 1996). Field observation sites were selected based on conditioned
Latin Hypercube (cLHC) sampling methodology to assure sampling representativeness of
preliminary soil map units. Soil scientists observed the slope characteristics, such as gradient,
length, and shape; the general drainage pattern; bedrock and parent material depositions; and
native and cultivated plants. Approximately 100 holes were hand dug and augured to study the
soil profile, which is the sequence of natural layers, or horizons. Soil scientists recorded the
characteristics of the soil profiles, such as soil color, texture, kind and amount of rock fragments.
The profile extends from the surface down into the unconsolidated material in which the soil
formed. The unconsolidated material is devoid of roots and other living organisms and has not
been changed by other biological activity. The preliminary digital soil map was revised based on
the field observations that indicated that elevation had a major influence on the distribution of
soils, especially in the alluvial plain of the pilot area.
The soil survey data includes 11 map units and 16 map unit components within the
boundary of the pilot area. The information in this survey includes a description of the soils and
miscellaneous areas and their location and a discussion of their suitability, limitations, and
management for specified uses. The soils and miscellaneous areas in the survey area occur in
regular patterns that are related to the geology, landforms, relief, climate, and vegetation of the
area. Each kind of soil and miscellaneous area is associated with a particular kind of landform
or with a segment of the landform. Soil scientists developed conceptual models for describing
how soils were formed and related them to landforms in the survey area. These models enabled
the soil scientists to predict with a considerable degree of accuracy the kind of soil or
miscellaneous area at a specific location on the landscape.
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Commonly, individual soils on the landscape merge into one another as their characteristics
gradually change. However, for practical purposes related to management, soil scientists
determined the boundaries between soils. Soil map unit boundaries were based on soil
properties at observation points and established soil-landform relationships and landscape
models. Based on the revised soil map units, 13 sites were selected for a full pedon
characterization and laboratory analysis. Soil scientists recorded characteristics of the soil
profiles, such as soil color, texture, kind and amount of rock fragments, reaction with diluted (10
percent) HCl, size and shape of soil aggregates, distribution of plant roots, and other features
that enabled them to identify soils and assign taxonomic classes (units). Taxonomic classes are
concepts. Each taxonomic class has a set of soil characteristics with defined limits. The classes
are used as a basis for comparison to classify soils systematically. Soil taxonomy, the system of
taxonomic classification used in the United States, is based mostly on the kind and character of
soil properties and the arrangement of horizons within the soil profile. After the soil scientists
classified and named the soils in the survey area using local names, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that they could
confirm data and assemble additional data based on experience and research.
Soil scientists interpret the data from these analyses and tests as well as the field-observed
characteristics and the soil properties to determine the expected behavior of the soils under
different uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are modified to
fit local conditions, and some new interpretations are developed to meet local needs. Data are
assembled from other sources, such as research information, production records, and field
experience of specialists. Predictions about soil behavior are based not only on soil properties
but also on such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example, soil scientists
can predict with a fairly high degree of accuracy that a given soil will have a high water table
within certain depths in most years, but they cannot predict that a high water table will always be
at a specific level in the soil on a specific date.
After soil scientists located and identified the significant natural bodies of soil in the pilot
area, they delineated the boundaries of these bodies on digital imagery and digitized them
within each map unit.
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General Characteristics of Cul de Sac, Haiti
In this section, the climate, land use, land cover, and physiographic characteristics of Cul de
Sac are briefly described.

Climate
The general climate of Haiti is tropical; however, it varies with elevation. The national mean
annual temperature is 24.5°C and mean annual precipitation is 1,220 mm. For the period 1960–
1990, the temperatures recorded were 10.0 and 30.0 °C while precipitation values recorded are
1 and 5,330 mm. The Cul de Sac area is relatively warmer and dryer compared to the national
average. For the same period, the annual mean temperature in the Cul de Sac area was 26.2°C
and the mean annual precipitation was 740 mm. The annual rainfall distribution shows two
distinct rainy seasons April–June and October–November (figure 1).
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Figure 1.—Mean annual distribution of temperature and precipitation by month for Haiti and Cul de Sac
(where the pilot survey area is located).

The spatial distribution of temperature and rainfall shows the mountainous areas as cooler
and wetter (figure 2) than other areas.
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Figure 2.—Spatial distribution of mean annual temperature and precipitation in Haiti based on climate station
weather data for 1960–1990.
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Land Use Land Cover and Physiographic Characteristics
Cul de Sac is situated between tectonically uplifted mountain ranges. It is a valley area that
has been filled with marine and erosional deposits. The valley is dissected by rivers and
streams descending from mountains on both sides of the valley and heading generally west
toward the sea.

Figure 3.—Land use, land cover, and geomorphology of the Cul de Sac area.
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Approximately 70 percent of the pilot survey area is flat and dominated by moderate- to
high-density agriculture. The remaining 30 percent is mostly composed of a mixture of limestone
sedimentary rocks that crop out on the surface and are commonly overlaid by dissected
calcareous alluvial deposits. These units are located in the southern and north-central portions
of the pilot survey area and are dominated by savanna type vegetation. The pilot survey area is
characterized by high relief areas, mostly in the southern and central parts, with elevations
ranging from 130 to 330 meters above sea level. There is less relief in the valley, as the
elevation varies from 60 to 130 meters over several kilometers with a downward gradient from
southwest to northeast. Two major rivers border the pilot survey area: Grey River to the west
and White River to the east, both flowing from south east to northwest (figure 4).

Figure 4.— White River cuts through mixed calcareous alluvium and colluvium at the foothills and deposits
them down the stream in the Cul de Sac area.

Agriculture in the Cul De Sac Area
This section is based on information from the USAID/FOUNDATION FONHDAD report
“Etude des Systèmes de production Agricole de les Basin Versants de la Rivière Grise,”
October 2009.
In the 1950s, agriculture provided employment for 80 percent of Haiti’s labor force,
contributed 50 percent of GDP, and 90 percent of exports. Increased soil erosion, poor land-use
practices, drought, deforestation, hurricanes, urban migration, and the 2010 earthquake
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decreased agricultural sector contributions to less than 38 percent of employment and 26
percent of GDP. Haiti has faced significant food-security issues for several decades. Soil and
ecological degradation create food insecurity and social instability. The foundation of a
sustainable agricultural system for any nation depends on knowledge of the potential and
limitations of its soils.
The Plaine du Cul de Sac is a natural depression that harbors the country’s saline lakes,
such as Trou Caïman and Haiti’s largest lake, Lac Azuei. Of the three main rivers in Plaine de
Cul de Sac, the Grise River and the White River are the more important and supply most of the
water used for irrigation. The canals, however, have deteriorated over the years and are being
rehabilitated.
The Plaine de Cul de Sac is the second most important agricultural plain in Haiti after the
Antibonite Valley. The proximity of Plaine de Cul de Sac to Porte au Prince is significant. There
are two main growing season per year. In irrigated areas, however, some farmers are able to
grow three crops per year. Flood irrigation is widely practiced. Water sources are gravitational
flow from constructed dams and pumping from wells, which are 45–90 meters deep.
The Cul de sac has diverse agro-ecological zones based on microclimate, altitude, and
aspect. The zones include the dry and semi-arid plains, which are about 200 meters above sea
level; the irrigated plains, which are in semi-urban areas; the dry mountains, which are 200–500
meters above sea level and receive about 1,000–1,200 mm of rainfall; the humid mountains,
which are 500–900 meters above sea level and receive about 1,500–1,800 mm of rainfall; and
the very wet mountains, which are at elevations above 900 meters and receive an average
rainfall of 2,000 mm or more. The native vegetation in the alluvial plains is a mix of pine forests
and other drought-tolerant plants (prosipis joliflora, cacti etc.) that are native or introduced and
today cover less than 3.5 percent of the area. Urbanization is a major competitor for fertile
agricultural plains. The lack of adequate irrigation infrastructure severely limits the agricultural
productivity in the plain.
Current crops and cropping systems in Cul De Sac area include cereals, such as corn,
sorghum, and riz; legumes, such as black beans, red beans, Congo beans, peas, pigeon pea,
and peanuts; tubers, such as sweet potatoes, manioc (cassava), yams, and Irish potatoes;
sugar crops, such as sugar cane and beets; and vegetable crops, such as cabbage, carrots,
peppers, okra, black pepper, lettuce, amaranth species (spinach), and tomatoes. In addition,
Haitians grow a wide variety of spices for food, medicine, and other purposes. Spices include
thyme, anise, marjoram, absinthe, oregano, onions, cinnamon, cloves, nutmeg, garlic, and
horseradish. Fruit crops include banana, mangoes, avocado, citrus, melons, and bread fruit.
The crops grown in a given area depend on the agro-climatic conditions and drought tolerance,
except where irrigated.
Options for crop rotations are many and varied. The dominant rotations involve intercropping
to meet household nutritional needs and to sell to neighbors, roadside vendors, local markets,
or other avenues. For example, corn is grown during the first rainy season in rotation with
sorghum in the short rainy season. Intercropping, or other forms of mixed cropping, with mostly
legumes is common to meet basic household needs and to increase yields.
Cultural practices include land clearing and seedbed preparation, mostly by manual labor.
Seedbed preparation begins in January and February for planting in March, April, or May and
harvesting in June, July, or August. A second crop is planted in June, July, or August for
harvesting in October, November, or December. Fertilizer is applied in April, May, or June
following crop emergence and thereafter as needed, mostly under irrigation. The tools used
include hoes, machetes, serpetre (a modified machete), axes, pick axes, water cans, and hand
held sprays. Some organizations provide tractors or other machinery for tilling, planting,
weeding, and harvesting of some crops.
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Common pesticides include Malathion, oils, Dithane, Diazonon, Tricel, Agomat, Merol
Curacon, sold in bags, bottles, and sachets or by weight, depending on the formulation and
customer preference. Rates and timing are difficult to determine.
Fertilizers are widely used for high-value vegetable crops, such as cabbage, Irish potatoes,
sweet potatoes, bell peppers, onions, carrots, and garlic. They are mostly used in irrigated
areas. The application rates are difficult to determine. Because of the highly calcareous nature
of most of these soils, phosphorus fixation is a limiting factor for optimum crop yields. Localized
application rather than broadcasting and higher rates than recommended are some of the viable
options. Although most of the soils test medium to very high for potassium, the prevalent
fertilizer formulations are: 10-10-20, 15-15-15, 16-10-20 and 12-12-20 for complete fertilizers.
Other sources include manure compost and urea. Fertilizer application is timed for during crop
emergence and after weeding the seedbed.
Major constrains to crop production in the Plaine de Cul de Sac are the high erodibility of the
soils on the mountains and foothill, drought, flooding in some zones, vey rocky soils, high pH,
and saline conditions. The insecurities of land tenure system, gender inequity, lack of access to
credit and markets, lack of soil information, and insufficient mechanization are also important
considerations. Recreational tillage is also concern from the perspective of natural resources
conservation, carbon sequestration, and soil quality improvement.
The major cereal crops are rice, corn, and sorghum. Many farmers concentrate on
subsistence crops, including cassava (manioc), plantains, bananas, sweet corn (maize), yams,
sweet potatoes, eggplants, hot pepper, watermelon, beans, okra, and sorghum. Other crops
include sugarcane, beets, eggplants, tomatoes, and carrots.
Fruit crops included mangoes, papaya, bananas, citrus, and avocado. Reported yields
under the traditional agricultural systems are three to five times lower than improved methods
recorded at the Bas-Boën research demonstrations plots.
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General Soil Map Units
The general soil map (figure 5) shows broad areas that have a distinctive pattern of soils,
relief, and drainage. Each map unit on the general soil map represents a unique natural
landscape. A map unit consists of one or more major soils and some minor soils. It is named
after the major soils. The soils making up one unit can occur in other units but in a
different pattern.
The general soil map can be used to compare the suitability of large areas for general
land uses. Areas of suitable and not suitable soils can be identified on the map.
Because of its small scale, the map is not suitable for planning the management of a
farm or field or for selecting a site for a road or building or other structure. The soils in any
one map unit differ from place to place in slope, depth, drainage, and other characteristics
that affect management.
The soils in the survey area vary widely in their potential for major land uses. Soil
potential ratings are based on the practices commonly used in the survey area to
overcome soil limitations. These ratings reflect the ease of overcoming the limitations.
They also reflect the problems that will persist even if such practices are used.
Each map unit is rated for irrigated and nonirrigated capabilities, water and wind
erodibility dwelling and small commercial buildings (urban development), and sanitary
facilities (trench, area and daily cover landfills). Other ratings, which are not included, are
cultivated crops, pasture and hayland, woodland, urban uses, and recreation areas.
Cultivated crops are those grown extensively in the survey area. Pasture and hayland
refers to land used as pasture for livestock or used for the production of hay. Woodland
refers to areas of native or introduced trees. Intensive recreation areas are campsites,
picnic areas, ballfields, and other areas that are subject to heavy foot traffic.
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Map Unit Name

Figure 5.—General soil map units of the pilot survey area.

1.—Bel Fond-Dleudon, nearly level, dark surface color soils on alluvial
plains
These soils are very deep and well drained. They formed in fine textured alluvium
derived from mixed calcareous sedimentary materials. Slopes are 0 to 2 percent. This
general soil map unit makes up about 40 percent of the survey area.
These soils occupy the main core of the survey area, where the elevation ranges from
approximately 55 meters to 130 meters. The average annual rainfall is about 740 mm, and the
mean annual soil temperature is about 26 °C. These soils are intensively cropped but are
interspersed with homesites (figure 6).
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Figure 6.—Landscape setting of Bel Fond-Dleudon general soil map unit.

Bel Fond clay, rarely flooded, makes up about 50 percent of this map unit and Dleudon
silty clay about 40 percent. Bas Boen silt loam, Delman silty clay, Gaman clay, and Haut
Boen very gravelly clay make up the remaining 10 percent as minor areas of included soils.
Bel Fond soils have a surface layer of light yellowish brown clay. The subsoil is light
olive brown clay, and the substratum is a light yellowish brown silt loam. The Dleudon soils
have a surface layer of very dark greyish brown silty clay. The subsoil is dark greyish brown
clay, and the substratum is light yellowish brown silty clay. The included areas of minor
extent are soils that have a surface layer of light gray silt loam surface, soils that have a
very gravelly surface, and soils that have a surface layer of clay and a very gravelly subsoil
or substratum below a depth of 25 cm.
The soils in this unit are well suited to crops. The major crops are sorghum, maize,
sweet potatoes, plantain, beans, and sugarcane. Because the greatest amount of organic
matter occurs in the surface layer of these soils, the surface layer should be maintained
and protected by conservation practices.
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2.—Bas Boen-Delman-Jacquet, nearly level light colored surface soils
on alluvial plains
These soils are very deep and well drained. They formed in medium and fine textured
alluvium derived from mixed calcareous sedimentary materials. Slopes are 0 to 2 percent. This
general soil map unit makes up about 20 percent of the survey area.
These soils occupy the eastern part of the survey area, where the elevation ranges from
approximately 50 to 175 meters. The average annual rainfall is about 740 mm, and the mean
annual soil temperature is about 26 °C. These soils are intensively cropped but are
interspersed with homesites.
Bas Boen silty clay loam, rarely flooded, makes up about 40 percent of this map unit;
Jacquet silt loam, rarely flooded, makes up 20 percent; Delman silty clay, rarely flooded, makes
up 20 percent, and Bas Boen silt loam, saline, occasionally flooded, makes up about 10
percent. Bel Fond clay, Gaman clay, Haut Boen cobbly clay, and small areas of frequently
flooded soils near drainageways make up the remaining 10 percent of this map unit as minor
areas of included soils.
Bas Boen soils have a surface layer of light gray silty clay loam. The subsoil is light gray silty
clay loam, and the substratum is very pale brown silt loam. The Delman soils have a surface
layer of pale brown silty clay. The subsoil is brown clay, and the substratum is a very pale brown
silt loam. Jacquet soils have a surface layer of light gray silty clay loam. The subsoil is a light
gray silty clay loam, and the substratum is a very pale brown extremely gravelly sandy loam.
The included areas of minor extent are soils with dark grayish brown surface layers and soils
that are very gravelly throughout.
The soils in this unit are well suited to crops. The major crops are sorghum, maize, sweet
potatoes, plantain, beans, and sugarcane. Because the greatest amount of organic matter
occurs in the surface layer of these soils, the surface layer should be maintained and
protected by conservation practices.
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3.—Haut Boen, nearly level soils with rock fragments on alluvial
plains
These soils are very deep and well drained. They formed in gravelly alluvium derived from
calcareous sedimentary materials. Slopes are 0 to 4 percent. This general soil map unit makes
up about 10 percent of the survey area.
These soils are in the central part of the survey area, where elevations range from 85 to 130
meters. The average annual rainfall is about 740 mm, and the mean annual soil temperature
is about 26 °C. These soils are mainly used for homesites. Some areas are fallow or pasture
land, and minor areas are used for cropping (figure 7).

Figure 7.—Landscape setting of Haut Boen general soil map unit.

Haut Boen gravelly clay is the dominate soil in this map unit. However, Gaman clay makes
up a considerable portion of the map unit, and there are minor included areas of Delman silty
clay. Haut Boen soils have a surface layer of dark brown gravelly clay. The subsoil is brown
very gravelly clay, and the substratum is a very pale yellow very gravelly fine sandy loam over
very gravelly loamy coarse sand. Gaman soils have a surface layer of very dark grayish brown
clay. The subsoil is dark grayish brown clay, and the substratum is brown extremely gravelly
clay over a very pale brown extremely gravelly sandy loam. The included areas of minor extent
are soils with pale brown silty clay surfaces with no or very few rock fragments in the soil profile.
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The soils in this map unit are not suited for crop production due to the high amount of rock
fragments, which limits plant-available water holding capacity. Home sites are well suited to
these soils.

4.—Sha Sha-Haut Boen-Dumay, gently sloping to steep soils on
foothills and alluvial fans
These soils range from very deep to shallow over very hard cemented calcium carbonate
layers. They are well drained and formed in medium to fine, gravely to non-gravelly alluvium
derived from mixed calcareous sedimentary materials (figure 8). This general soil map unit
makes up about 25 percent of the survey area.
These soils are mostly in the southern portion of the survey area but also occur as
prominent hills in the northern portion of the survey area. Elevation ranges from 65 to 280
meters. The average annual rainfall is 740 mm, and the mean annual soil temperature is 26 °C.
These soils mainly support native shrub lands, but small areas are used for cropping.
Homesites are common.

Figure 8.—Landscape setting of Sha Sha-Haut Boen-Dumay general soil map unit.

This map unit is about 50 percent Sha Sha gravelly clay, 25 percent Haut Boen gravelly
clay, and 15 percent Dumay cobbly clay. Other soils of significance in the map unit are Delman
14
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silty clay and Jong clay. Bel Fond clay, Gauthier silty clay loam, and rock outcrop occur as
minor areas of included soils and miscellaneous land types.
Sha Sha soils have a surface layer of dark brown gravelly clay. The subsoil is a dark brown
extremely gravelly clay over a very hard cemented calcium layer. Haut Boen soils have a
surface layer of dark brown gravelly clay. The subsoil is brown very gravelly clay, and the
substratum is a very gravelly fine sandy loam over very gravelly loamy coarse sand. Dumay
soils have a surface layer of dark brown cobbly clay. The subsoil is a brown clay, and the
substratum is a very pale brown very gravelly clay over very pale brown partially calcium
cemented very gravelly coarse sandy loam. The included areas of minor extent are soils that
are moderately deep over semi-consolidated sandstone; soils that are very deep, have
moderate and fine textures, and contain very few rock fragments; and soils that are less than 10
inches deep over hard bedrock.
The soils in this map unit are not suited to crop production due to steep slopes, very hard
cemented layers, and the high amount of rock fragments within the soil. Small, included areas of
very deep soils that have slopes of less than 15 percent, fine textures, and few rock fragments
are suited to crop production.
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Detailed Map Unit Descriptions
The map units delineated on the detailed soil map in this survey represent the soils or
miscellaneous areas in the Cul de Sac (figure 9). The map unit descriptions in this section,
along with the map, can be used to determine the suitability and potential of a unit for specific
uses. They also can be used to plan the management needed for those uses.
A map unit delineation on the soil map represents an area dominated by one or more major
kinds of soil or miscellaneous areas. A map unit is identified and named according to the
taxonomic classification of the dominant soils. Within a taxonomic class there are precisely
defined limits for the properties of the soils. On the landscape, however, the soils are natural
phenomena, and they have the characteristic variability of all natural phenomena. Thus, the
range of some observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without including areas
of other taxonomic classes. Consequently, every map unit is made up of the soils or
miscellaneous areas for which it is named and some minor components that belong to
taxonomic classes other than those of the major soils.
Most minor soils have properties similar to those of the dominant soil or soils in the map unit,
and thus they do not affect use and management. These are called non-contrasting, or similar,
components. They may or may not be mentioned in a particular map unit description. Other
minor components, however, have properties and behavioral characteristics divergent enough
to affect use or to require different management. These are called contrasting, or dissimilar,
components. They generally are in small areas and could not be mapped separately because of
the scale used. Some small areas of strongly contrasting soils or miscellaneous areas are
identified by a special symbol on the map. The contrasting components are mentioned in the
map unit descriptions. A few areas of minor components may not have been observed, and
consequently they are not mentioned in the descriptions, especially where the pattern was so
complex that it was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.
The presence of minor components in a map unit in no way diminishes the usefulness or
accuracy of the data. The objective of mapping is not to delineate pure taxonomic classes but
rather to separate the landscape into landforms or landform segments that have similar use and
management requirements. The delineation of such segments on the map provides sufficient
information for the development of resource plans. If intensive use of small areas is planned,
however, onsite investigation is needed to define and locate the soils and miscellaneous areas.
An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit.
Soils that have profiles that are almost alike make up a soil series. All the soils of a series
have major horizons that are similar in composition, thickness, and arrangement. The soils of a
given series can differ in texture of the surface layer, slope, stoniness, salinity, degree of
erosion, and other characteristics that affect their use. On the basis of such differences, a soil
series is divided into soil phases. Most of the areas shown on the detailed soil map are phases
of soil series. The name of a soil phase commonly indicates a feature that affects use or
management.
For example, Haut Boen is very similar to Gaman series. They occur in the same landscape
and are only distinguished by the depth to the very gravelly soil materials. Haut Boen has rock
fragments throughout the profile. Gaman has rock fragments starting at 50 cm. Both soils occur
in the same soil map unit as a complex.
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A complex consists of two or more soils or miscellaneous areas in such an intricate pattern
or in such small areas that they cannot be shown separately on the maps. The pattern and
proportion of the soils or miscellaneous areas are somewhat similar in all areas.
This survey includes miscellaneous areas. Such areas have little or no soil material and
support little or no vegetation. Bedrock exposure is an example.

.
Figure 9.—Detailed soil map units of the pilot survey area.

1A.—Bas Boen silt loam, saline, 0 to 2 percent slopes, occasionally
flooded
This soil is very deep, well drained, and moderately permeable. It formed in calcareous
alluvium derived from stratified calcareous sedimentary rocks and occurs on an alluvial flat
(figure 10). The soils in this area are subject to occasional flooding. The Bas Boen soil is in the
northeast part of the survey area. Elevations range from 53 to 64 meters.
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Figure 10.—Landscape of Bas Boen map unit.

The surface layer is a light brownish gray silt loam. The subsoil and substratum are very
pale brown silt loam. The soil is moderately alkaline to very strongly alkaline. It is slightly saline
to moderately saline in the upper 100 cm and moderately saline to strongly saline below 100 cm
(figure 11a). It has a strongly sodic horizon within 30 cm of the surface. The soil contains very
high amounts of calcium carbonate throughout. Available water holding capacity to a depth of
150 cm is high. Organic carbon content in the upper 30 cm ranges from 1.3–2.1 percent but
decreases to less than 0.2 percent below 30 cm (figure 11d). Nonirrigated capability class is 3s.
Irrigated capability class is 3s. Included in this map unit are minor areas of Bas Boen silty clay
loam, nonsaline soils throughout the unit, and minor areas of frequently flooded soils near
drainageways.
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Figure 11.—Distribution by soil depth for (a) extractable sodium (Na) and cation exchange capacity (CEC); (b)
sodium absorption ratio (SAR) and chlorine (Cl); (c) organic carbon; and (d) total clay and carbonate clay
(CaCO3 clay).
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Typical Profile of Bas Boen Soil
A1—0 to 10 centimeters; brown (10YR 5/3)
silt loam, light brownish gray (10YR
6/2) dry; moderate fine granular
structure; strong effervescence, by 1N
HCl, moderately alkaline;
A2—10 to 30 centimeters; grayish brown
(10YR 5/2) silt loam, brown (10YR 5/3)
dry; moderate coarse subangular
blocky structure; violent effervescence
by 1N HCl, moderately alkaline;
Bw1—30 to 70 centimeters (12 to 28
inches); very pale brown (10YR 7/3) silt
loam, very pale brown (10YR 8/3) dry;
weak coarse prismatic structure; violent
effervescence by 1N HCl;
Bw2—70 to 110 centimeters; pale brown
(10YR 6/3) silt loam, light gray (10YR
7/2) dry; v moderate coarse subangular
blocky structure; violent effervescence
by 1N HCl;
C1—110 to 155 centimeters; very pale
brown (10YR 7/3) silt loam, very pale
brown (10YR 8/3) dry; massive; violent
effervescence by 1N HCl;
Ck—155 to 200 centimeters; pale brown
(10YR 6/3) silt loam; massive; violent
effervescence by 1N HCl.

Figure 12.—Soil profile of Bas Boen series.
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2A.—Dleudon silty clay, 0 to 2 percent slopes
This soil is very deep, well drained, and very slowly permeable. It formed in fine textured
alluvium derived from stratified calcareous sedimentary rocks. It occurs on an alluvial flat (figure
13).

Figure 13.—Landscape of Dleudon map unit.

The Dleudon soil is in the western part of the survey area. Elevations range from 85 to 125
meters.
The surface layer is very dark grayish brown silty clay. The subsoil is dark grayish brown
clay, and the substratum is light yellowish brown clay. The soil is slightly alkaline to moderately
alkaline. It contains high amounts of calcium carbonate throughout (figure 14b).
Available water holding capacity to a depth of 150 cm is high due to the high content of silt
and clay (figure 14a). Organic carbon content is about 2.5 percent in the surface layer and
decreases to less than 1 percent below 50 cm (figure 14c). Nonirrigated capability class is 2e.
Irrigated capability class is 2e. Included throughout this map unit are minor areas of Gaman clay
and Haut Boen gravelly clay.
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Figure 14.—Distribution by soil depth for (a) total clay, CaCO3 clay, silt and sand; (b) cation exchange
capacity (CEC) and CaCaO3 (<2mm); and (c) organic carbon.

Typical Profile of Dleudon Soil
Ap—0 to 26 centimeters; very dark grayish
brown (2.5Y 3/2) clay; weak fine
granular; friable; moderately sticky,
moderately plastic; common fine roots
throughout; strongly effervescent;
moderately alkaline; clear smooth
boundary;
Bt—26 to 40 centimeters; dark grayish
brown (2.5Y4/2) clay; moderate coarse
prismatic structure parting to strong
coarse and medium subangular blocky;
firm; very sticky, very plastic; common
fine roots between peds; common
distinct clay films on vertical faces of
peds (2.5Y4/1); strongly effervescent;
moderately alkaline; clear smooth
boundary;
Btk1—40 to 63 centimeters; olive brown
(2.5Y 4/3) clay; moderate coarse
prismatic structure parting to moderate
medium subangular blocky; firm; very
sticky, very plastic; common fine roots
between peds; common distinct clay
films on vertical faces of peds
(2.5Y4/2); 1 percent fine and medium
threadlike carbonate masses (10YR

Figure 15.—Soil profile of Dleudon series.
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fine threadlike carbonate masses
(10YR 7/2); 1 percent fine prominent
yellowish red (5YR 4/6) iron masses on
surfaces along root channels; violently
effervescent by HCl, 1 normal;
moderately alkaline; gradual smooth
boundary;
Bk2—138 to 163 centimeters; light olive
brown (2.5Y 5/3) silty clay; weak coarse
prismatic structure parting to moderate
medium subangular blocky; friable;
moderately sticky, moderately plastic;
few fine roots between peds; 1 percent
fine threadlike carbonate masses
(10YR 7/2); 1 percent fine prominent
yellowish red (5YR 5/8) iron masses on
surfaces along root channels; violently
effervescent by HCl, 1 normal;
moderately alkaline; gradual smooth
boundary;
BC—163 to 200 centimeters; light olive
brown (2.5Y 5/4) silt loam; moderate
medium subangular blocky structure;
friable; slightly sticky, slightly plastic; 1
percent fine threadlike carbonate
masses (10YR 8/1); 1 percent fine
prominent yellowish red (5YR 5/8) iron
masses on surfaces along root
channels; violently effervescent by HCl,
1 normal; moderately alkaline.

8/1); violently effervescent by HCl, 1
normal; moderately alkaline; gradual
smooth;
Btk2—63 to 95 centimeters; light olive
brown (2.5Y 5/3) clay; moderate coarse
prismatic structure parting to moderate
medium subangular blocky; firm; very
sticky, very plastic; common fine roots
between peds; common distinct clay
films on vertical faces of peds
(2.5Y4/3); 5 percent fine threadlike
carbonate masses (10YR 8/1); violently
effervescent by HCl, 1 normal;
moderately alkaline; gradual smooth;
Btk3—95 to 114 centimeters; olive brown
(2.5Y 4/3) clay; moderate coarse
prismatic structure parting to moderate
medium subangular blocky; firm; very
sticky, very plastic; common fine roots
between peds; few distinct clay films on
vertical faces of peds (2.5Y4/3); 5
percent fine threadlike carbonate
masses (10YR 8/1); violently
effervescent by HCl, 1 normal; gradual
smooth;
Bk1—114 to 138 centimeters; light olive
brown (2.5Y 5/3) silty clay; weak coarse
prismatic structure parting to moderate
medium subangular blocky; friable;
moderately sticky, moderately plastic;
few fine roots between peds; 1 percent

3A.—Bel Fond clay, 0 to 2 percent slopes, rarely flooded
This soil is very deep, well drained, and very slowly permeable. It formed in fine textured
alluvium over calcareous silty alluvium derived from stratified calcareous sedimentary rocks. It
occurs on an alluvial flat (figure 16). The soils in this area are subject to rare flooding. The Bel
Fond soil is in the central part of the survey area. Elevations range from 55 to 110 meters.
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Figure 16.—Landscape of Bel Fond map unit.

The surface layer is dark grayish brown clay. The subsoil is light olive brown clay, and the
substratum is a light yellowish brown silt loam. Clay content increases slightly with depth up to
40 cm, followed by a rapid decrease below 80 cm (figure 17a). Silt content increases with depth.
Content of sand and rock fragments stays relatively constant to 80 cm and rapidly increases
between 80 and 120 cm. The trend of sand and rock fragment content with depth is opposite of
the trend of clay content, indicating stratification of the soil is mostly due to deposition from past
flooding events. The soil is moderately to strongly alkaline. It contains high amounts of calcium
carbonate throughout (figure 17b). Available water holding capacity to a depth of 200 cm is high.
Organic matter content is about 2.2 percent in the surface layer and decreases rapidly with
depth to less than 1 percent below 50 cm (figure 17c). Nonirrigated capability class is 2e.
Irrigated capability class is 2e. Included throughout this map unit are minor areas of Bas Boen
silty clay loam, Delman silty clay, and Gaman clay.
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Figure 17.—Distribution by soil depth for (a) total clay, CaCO3 clay, silt, sand and rock fragments; (b) cation
exchange capacity (CEC) and CaCaO3 (<2mm); and (c) organic carbon.

Typical Profile of Bel Fond Soil
Ap—0 to 20 centimeters; very dark grayish
brown (10YR 3/2) clay; moderate
medium granular; friable; moderately
sticky, moderately plastic; many fine
roots through; violently effervescent by
HCl, 1 normal; moderately alkaline;
clear smooth boundary;
Bt—20 to 53 centimeters; clay; moderate
coarse prismatic structure parting to
strong coarse subangular blocky; firm;
moderately sticky, moderately plastic;
many fine roots between peds; few
distinct clay films on vertical faces of
peds; violently effervescent by HCl, 1
normal; moderately alkaline; clear
smooth boundary;
Btk1—53 to 72 centimeters; clay; moderate
coarse prismatic structure parting to
strong coarse subangular blocky; firm;
very sticky, very plastic; common fine
roots between peds; few distinct clay
films on vertical faces of peds; 1
percent fine threadlike carbonate
masses (10YR 8/1); violently
effervescent by HCl, 1 normal;

Figure 18.—Soil profile of Bel Fond series.
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2Bk2—140 to 167 centimeters; light olive
brown (2.5Y 5/4) silt loam, yellow (2.5Y
7/4) dry; 20 percent clay; moderate
medium subangular blocky structure;
friable; slightly sticky, slightly plastic;
few fine roots between peds; 5 percent
fine threadlike carbonate masses
(10YR 8/1); violently effervescent by
HCl, 1 normal; moderately alkaline;
gradual smooth boundary;
2Bk3—167 to 200 centimeters; light olive
brown (2.5Y 5/4) silty clay loam;
moderate medium subangular blocky
structure; friable; slightly sticky, slightly
plastic; few fine roots between peds; 2
percent fine threadlike carbonate
masses (10YR 8/1); violently
effervescent by HCl, 1 normal;
moderately alkaline; gradual smooth
boundary.

moderately alkaline; gradual smooth
boundary;
Btk2—72 to 94 centimeters; olive brown
(2.5Y 4/4) clay; moderate coarse
prismatic structure parting to strong
coarse subangular blocky; firm; very
sticky, very plastic; common fine roots
between peds; few distinct clay films on
vertical faces of peds; 5 percent fine
threadlike carbonate masses (10YR
8/1); violently effervescent by HCl, 1
normal; moderately alkaline; gradual
smooth boundary;
2Bk1—94 to 140 centimeters; loam;
moderate medium subangular blocky
structure; friable; slightly sticky, slightly
plastic; few fine roots between peds; 2
percent fine threadlike carbonate
masses (10YR 8/1); violently
effervescent by HCl, 1 normal; gradual
smooth boundary;

4A.—Bas Boen silt loam, 0 to 2 percent slopes, rarely flooded
This soil is very deep, well drained, and moderately permeable. It formed in calcareous
alluvium derived from stratified calcareous sedimentary rocks. It occurs on an alluvial flat (figure
19). The soils in this area are subject to rare flooding. The Bas Boen soil is in the northeast part
of the survey area. Elevations range from 50 to 75 meters.

Figure 19.—Landscape of Bas Boen map unit.
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The surface layer is a light brownish gray silt clay loam. The subsoil and substratum are very
pale brown silt loam. The silt content ranges from 50 to 70 percent and is high compared to clay
content, which ranges from 25 to 40 percent throughout the profile (figure 20a). The soil is
moderately alkaline. It contains very high amounts of calcium carbonate throughout (figure 19b).
Available water holding capacity to a depth of 200 cm is high. Organic carbon content is about
1.5 percent in the surface layer and decreases to less than 1 percent below 50 cm (figure 20c).
Nonirrigated capability class is 2e. Irrigated capability class is 2e. Included throughout this map
unit are minor areas of Bas Boen silty clay loam, saline; Bel Fond clay; and Bel Fond clay. Also
occurring, near drainageways, are minor areas of frequently flooded soils.

Figure 20.—Distribution by soil depth for (a) total clay, CaCO3 clay, silt and sand; (b) Exchangeable Na,
cation exchange capacity (CEC) and CaCaO3 (<2mm); and (c) organic carbon.
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Bw2—47 to 67 centimeters; pale brown
(10YR 6/3) silty clay loam, light gray
(10YR 7/2) dry; moderate medium
subangular blocky structure; friable;
slightly sticky, slightly plastic; violent
effervescence by HCl, 1 normal;
moderately alkaline; gradual smooth
boundary;
Bk1—67 to 92 centimeters; olive yellow
(2.5Y 6/4) silt loam, pale brown (2.5Y
7/3) dry; 16 percent clay; moderate
medium subangular blocky structure;
friable; slightly sticky, slightly plastic; 1
percent fine threadlike carbonate
masses; violent effervescence; gradual
smooth boundary;
Bk2—92 to 165 centimeters; light yellowish
brown (2.5Y 6/4) silt loam, yellow (2.5Y
7/4) dry; 20 percent clay; moderate
medium prismatic structure parting to
moderate medium subangular blocky;
friable; slightly sticky, slightly plastic; 1
percent fine threadlike carbonate
masses; violent effervescence by HCl,
1 normal; moderately alkaline; gradual
smooth boundary;
BC1—165 to 180 centimeters; light reddish
brown (2.5Y 7/4) silt loam, pink (2.5Y
8/3) dry; moderate medium prismatic
structure parting to weak medium
subangular blocky; friable; slightly
sticky, slightly plastic; 3 percent fine red
(2.5YR 4/8), moist, iron-manganese
masses on surfaces along root
channels; violent effervescence by HCl,
1 normal; moderately alkaline; gradual
smooth boundary;
BC2—180 to 200 centimeters; light reddish
brown (2.5Y 7/4) silt loam, pink (2.5Y
8/3) dry; weak medium prismatic
structure; 4 percent fine ironmanganese masses; violent
effervescence by HCl, 1 normal.
moderately alkaline.

Figure 21.—Soil profile of Bas Boen series.

Typical Profile of Bas Boen Soil
Ap—0 to 24 centimeters; dark grayish
brown (10YR 4/2) silty clay loam, light
gray (10YR 7/2) dry; moderate coarse
granular and strong fine subangular
blocky structure; friable; slightly sticky,
slightly plastic; violent effervescence by
HCl, 1 normal; moderately alkaline;
clear smooth boundary;
Bw1—24 to 47 centimeters; pale brown
(10YR 6/3) silty clay loam, light gray
(10YR 7/2) dry; moderate coarse
subangular blocky structure; friable;
slightly sticky, slightly plastic; violent
effervescence by HCl, 1 normal;
moderately alkaline; clear smooth
boundary;
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5A.—Delman silty clay, 0 to 2 percent slopes, rarely flooded
This soil is very deep, well drained, and slowly permeable. It formed in fine textured alluvium
over calcareous silty alluvium derived from stratified calcareous sedimentary rocks. It occurs on
an alluvial flat. The soils in this area are subject to rare flooding. The Delman soil is in the southcentral part of the survey area. Elevations range from 75 to 176 meters (figure 22).

Figure 22.—Landscape of Delman map unit.

The surface layer is pale brown silty clay. The subsoil is brown clay, and the substratum is a
very pale brown silt loam. The clay content slightly increases with depth up to 50 cm and then
decreases rapidly below 70 cm (figure 23a). The content of sand and silt tend to increase with
depth. The rock fragments increase between 50 and 80 cm. This increase may be associated
with the cemented CaCO3 fragments (<20mm) (figure 23b). Rock fragments, however, are not
typical in the Delman soil. The soil is slightly alkaline to moderately alkaline. It contains high
amounts of calcium carbonate throughout. Available water holding capacity to a depth of 200
cm is high. Organic carbon content is about 2 percent in the surface layer but decreases to 0.1
percent below 75 cm (figure 23c). Nonirrigated capability class is 2e. Irrigated capability class is
2e. Included throughout this map unit are minor areas of Jacquet silty clay loam and Gaman
clay soils.
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Figure 23.—Distribution by soil depth for (a) total clay, CaCO3 clay, silt, sand and rock fragments; (b) cation
exchange capacity (CEC) and CaCaO3 (<2mm and < 20mm); and (c) organic carbon.

Typical Profile of Delman Soil
Ap—0 to 25 centimeters; dark grayish
brown (10YR 4/3) silty clay; moderate
medium granular structure; friable;
moderately sticky, moderately plastic;
common fine roots; about 1 percent, by
volume, pebbles; strongly effervescent;
moderately alkaline; clear smooth
boundary;
Bt—25 to 56 centimeters; very dark grayish
brown (2.5Y 3/2) clay; moderate
medium subangular blocky structure;
firm; very sticky, very plastic; few fine
roots; common fine prominent clay films
on faces of peds; about 5 percent, by
volume, pebbles; 1 percent
discontinuous prominent dark yellowish
brown (10YR 4/6) carbonate coats on
rock fragments; 1 percent white (10YR
8/1) carbonate concretions around rock
fragments; strongly effervescent;
moderately alkaline; clear smooth
boundary;
2Bk1—56 to 80 centimeters; dark olive
brown (2.5Y 3/3) very gravelly clay
loam; moderate coarse granular
structure; friable; slightly sticky, slightly

Figure 24.—Soil profile of Delman series.
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concretions around rock fragments;
violently effervescent; moderately
alkaline; clear wavy boundary;
2C1—123 to 168 centimeters; light
yellowish brown (2.5Y 6/4) loam;
massive; slightly sticky, slightly plastic;
15 percent discontinuous prominent
dark yellowish brown (10YR 4/6)
carbonate coats on rock fragments; 15
percent white (10YR 8/1) carbonate
concretions around rock fragments;
violently effervescent; moderately
alkaline; clear wavy boundary;
2C2—168 to 200 centimeters; light olive
brown (2.5Y 5/3) silt loam; massive;
slightly sticky and plastic; 25 percent
white (10YR 8/1) carbonate concretions
around rock fragments; violently
effervescent; 25 percent discontinuous
prominent dark yellowish brown (10YR
4/6) carbonate coats on rock
fragments; moderately alkaline; clear
wavy boundary.

plastic; few fine roots; pedogenic
carbonate development stage I of the
coarse fragment matrix; about 60
percent, by volume, subrounded and
angular volcanic and limestone
pebbles; 1 percent discontinuous
prominent dark yellowish brown (10YR
4/6) carbonate coats on rock
fragments; 1 percent white (10YR 8/1)
carbonate concretions around rock
fragments; violently effervescent;
moderately alkaline; clear wavy
boundary;
2Bk2—80 to 123 centimeters; light yellowish
brown (2.5Y 6/4) loam; weak coarse
subangular blocky structure; friable;
slightly sticky, slightly plastic;
pedogenic carbonate development
stage I of the coarse fragment matrix;
15 percent discontinuous prominent
dark yellowish brown (10YR 4/6)
carbonate coats on rock fragments; 15
percent white (10YR 8/1) carbonate

6A.—Jacquet silt loam, 0 to 2 percent slopes, rarely flooded
This soil is very deep, well drained, and moderately rapidly permeable over rapidly
permeable at a depth of 79 cm. It formed in calcareous silty alluvium over gravelly alluvial
deposits derived from stratified calcareous sedimentary rocks. It occurs on an alluvial flat. The
soils in this area are subject to rare flooding. The Jacquet soil is in the southeast part of the
survey area. Elevations range from 80 to 115 meters (figure 25).
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Figure 25.—Landscape of Jacquet map unit.

The surface layer is a light brownish gray silty clay loam. The subsoil is very pale brown silty
clay loam, and the substratum is very pale brown extremely gravel sandy loam (figure 26a).

Figure 26.—Distribution by soil depth for (a) total clay, CaCO3 clay, silt, sand and rock fragments; (b) cation
exchange capacity (CEC) and CaCaO3 (<2mm and < 20mm); (c) and organic carbon.

The soil is moderately alkaline. It contains very high amounts of calcium carbonate
throughout (figure 26b). Available water holding capacity to a depth of 150 cm is low to
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moderate. Organic carbon content is about 2 percent in the surface layer and decreases to less
than 0.5 percent at a depth of 50 cm and then increases between depths of 75 and 100 cm
(figure 26c). Nonirrigated capability class is 2e. Irrigated capability class is 2e. Included
throughout this map unit are minor areas of Bas Boen silty clay loam and Haut Boen gravelly
clay. Also included are minor areas of frequently flooded soils near drainageways.
Bw2—47 to 67 centimeters; pale brown
(10YR 6/3) silty clay loam; weak
medium subangular blocky structure;
friable; slightly sticky, slightly plastic,
violent effervescence by HCl, 1 normal;
moderately alkaline; gradual smooth
boundary;
2Bk—61 to 79 centimeters; extremely
gravelly clay; friable; moderately sticky,
moderately plastic; pedogenic
carbonate development stage I of the
coarse fragment matrix; 15 percent
medium white (10YR 8/1) carbonate
coatings on bottom of rock fragments;
about 75 percent, by volume,
subrounded and angular volcanic and
limestone pebbles; violently
effervescent; moderately alkaline; clear
wavy boundary;
2Bkkm1—79 to 163 centimeters; light gray
(10YR 7/2) extremely gravelly sandy
loam; massive; slightly sticky and
plastic; partially indurated calcic horizon
of pedogenic carbonate development
stage III of the coarse fragment matrix;
about 75 percent, by volume,
subrounded and angular volcanic and
limestone pebbles; 25 percent white
(10YR 8/1) carbonate concretions
around rock fragments; violently
effervescent; moderately alkaline; clear
wavy boundary;
3C—163 to 200 centimeters; pale brown
(10YR 6/3) extremely gravely sandy
loam; massive; slightly sticky and
slightly plastic; about 70 percent, by
volume, subrounded and angular
volcanic and limestone pebbles; 15
percent medium white (10YR 8/1)
carbonate masses on bottom of rock
fragments; strongly effervescent;
moderately alkaline.

Figure 27.—Soil profile of Jacquet series.

Typical Profile of Jacquet Soil
Ap—0 to 24 centimeters; dark grayish
brown (10YR 4/2) silty clay loam;
moderate coarse granular structure;
friable; slightly sticky, slightly plastic;
violent effervescence by HCl, 1 normal;
moderately alkaline; clear smooth
boundary
Bw1—24 to 47 centimeters; pale brown
(10YR 6/3) silty clay loam; weak coarse
subangular blocky structure; friable;
slightly sticky, slightly plastic; violent
effervescence by HCl, 1 normal;
moderately alkaline; clear smooth
boundary;
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7B.—Haut Boen, cobbly-Gaman, clays, 0 to 4 percent slopes
The Haut Boen soil is very deep, well drained, and slowly permeable over rapidly permeable
at a depth of 106 cm. It formed in gravelly alluvial deposits. The Gaman soil is very deep, well
drained, and very slowly permeable over moderately rapidly permeable at a depth of 79 cm. It
formed in fine textured alluvium over gravelly alluvial deposits. The alluvial materials in both of
these soils are derived from stratified calcareous sedimentary rocks. The soils occur on an
alluvial flat. This map unit is in the central part of the survey area. Elevations range from 85 to
130 meters (figure 28).

Figure 28.—Landscape of Haut Boen, cobbly-Gaman, clays map unit.

The surface layer of the Haut Boen soil is dark brown gravelly clay. The subsoil is brown
very gravely clay loam, and the substratum is a pale yellow very gravelly fine sandy loam over
very gravelly loamy coarse sand (figure 29a). The surface layer of the Gaman soil is very dark
grayish brown clay. The subsoil is a dark grayish brown clay, and the substratum is a brown
extremely gravelly clay over very pale brown extremely gravelly sandy loam. The Haut Boen
and Gaman soils have weakly cemented layers of calcium carbonate in the substratum. These
soils are slightly alkaline to moderately alkaline. They contain moderately high amounts of
calcium carbonate throughout (figure 29b). Available water holding capacity in the Haut Boen
soil is very low to a depth of 150 cm. Available water holding capacity in the Gaman soil is low
to moderate. Organic carbon content is about 1.5 to 2 percent in the surface layer and
decreases to less than 1 percent below 50 cm (figure 29b). Nonirrigated capability class is 3e
for the Haut Boen soil and 3e for the Gaman soil. Irrigated capability class is 2e for the Haut
Boen soil and 2e for the Gaman soil. Included throughout this map unit are minor areas of
Dleudon silty clay.

34

Soil Survey of Cul de Sac, Haiti

Figure 29.—Distribution by soil depth for (a) total clay, CaCO3 clay, silt, sand and rock fragments; (b) cation
exchange capacity (CEC) and CaCaO3 (<2mm and < 20mm); and (c) organic carbon.

Typical Profile of Haut Boen Soil
Ap—0 to 17 centimeters; very dark grayish
dark brown (10YR 3/2) gravelly clay;
strong coarse granular structure;
friable; moderately sticky, moderately
plastic; many fine roots; about 15
percent, by volume, pebbles; and 5
percent, by volume, cobbles; violently
effervescent; moderately alkaline; clear
smooth boundary;
Bw—17 to 47 centimeters; very dark grayish
brown (10YR 3/2) very gravelly clay;
weak medium subangular blocky
structure; firm; very sticky, very plastic;
few fine roots between peds; about 50
percent, by volume, pebbles; violently
effervescent; moderately alkaline; clear
smooth boundary;
Bkk—47 to 106 centimeters; light yellowish
brown (2.5Y 6/3) very gravelly fine
sandy loam; massive; slightly sticky
and plastic; partially indurated calcic
horizon of pedogenic carbonate
development stage III of the coarse
fragment matrix; about 55 percent, by
volume, subrounded and angular
volcanic and limestone pebbles; 25

Figure 30.—Soil profile of Haut Boen series.
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percent white (10YR 8/1) carbonate
concretions around rock fragments;
violently effervescent; moderately
alkaline; clear wavy boundary;
3C—192 to 200 centimeters; olive brown
(2.5Y 4/3) fine sandy loam; massive;
slightly sticky and slightly plastic;
strongly effervescent; moderately
alkaline.

percent white (10YR 8/1) carbonate
concretions around rock fragments;
violently effervescent; moderately
alkaline; clear wavy boundary;
2BCk—106 to 192 centimeters; grayish
brown (2.5Y 5/2) very gravelly loamy
coarse sand; massive; slightly sticky
and plastic; about 40 percent, by
volume, subrounded and angular
volcanic and limestone pebbles; 10

8C.—Dumay-Jong clays, 2 to 8 percent slopes
Dumay and Jong soils are very deep, well drained, and very slow permeable. They formed
in fine textured alluvium over calcareous gravelly alluvial deposits derived from stratified
calcareous sedimentary rocks. They occur on alluvial fans below the foothills. This map unit is in
the southern and north-central parts of the survey area. Elevations range from 55 to 205 meters
(figure 31).

Figure 31.—Landscape of Dumay-Jong map unit.

The surface layer of the Dumay soil is dark brown cobbly clay. The subsoil is brown clay,
and the substratum is very pale brown very gravelly clay over very pale brown very gravelly
coarse sandy loam (figure 32a). The surface layer of the Jong soil is dark brown clay. The
subsoil is a dark brown clay, and the substratum is a very pale brown extremely gravelly clay
loam. The Dumay and Jong soils have weakly cemented layers of calcium carbonate in the
substratum. These soils are slightly alkaline to moderately alkaline. They contain moderately
high amounts of calcium carbonate in the surface layer and subsoil and very high amounts
calcium carbonate in the substratum (figure 32b).
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Figure 32.—Distribution by soil depth for (a) total clay, CaCO3 clay, silt, sand and rock fragments; (b) cation
exchange capacity (CEC) and CaCaO3 (<2mm and < 20mm); and (c) organic carbon.

Available water holding capacity in the Dumay soil is low to a depth of 150 cm. Available
water holding capacity in the Jong soil is moderate to low. Organic carbon content is about 3.5
to 4 percent in the surface layer and decreases to less than 1 percent below 75 cm (figure 32c).
Nonirrigated capability class is 3e for the Dumay soil and 3e for the Jong soil. Irrigated capability
class is 3s for the Dumay soil and 3s for the Jong soil. Included throughout this map unit are
minor areas of Delman silty clay, rarely flooded, and Sha Sha gravelly clay.
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fine soft masses and filaments of
calcium carbonate; violently
effervescent; moderately alkaline; clear
wavy boundary;
2Bk—56 to 79 centimeters; dark yellowish
brown (10YR 4/4) very gravelly clay;
friable; slightly sticky, slightly plastic;
pedogenic carbonate development
stage I of the coarse fragment matrix;
about 60 percent, by volume,
subrounded and angular volcanic and
limestone pebbles; 20 percent medium
white (10YR 8/1) carbonate masses on
bottom of rock fragments; violently
effervescent; moderately alkaline; clear
wavy boundary;
2Bkk1—79 to 147 centimeters; pale yellow
(2.5Y 7/3) gravelly loam; massive;
slightly sticky and plastic; partially
indurated calcic horizon of pedogenic
carbonate development stage III of the
coarse fragment matrix; about 15
percent, by volume, subrounded and
angular volcanic and limestone
pebbles; 25 percent white (10YR 8/1)
carbonate concretions around rock
fragments; violently effervescent;
moderately alkaline; clear wavy
boundary;
2Bkk2—147 to 189 centimeters; pale yellow
(2.5Y 7/3) very gravelly coarse sandy
loam; massive; slightly sticky and
plastic; partially indurated calcic horizon
of pedogenic carbonate development
stage III of the coarse fragment matrix;
about 35 percent, by volume,
subrounded and angular volcanic and
limestone pebbles; 25 percent white
(10YR 8/1) carbonate concretions
around rock fragments; violently
effervescent; moderately alkaline; clear
wavy boundary;
3C—189 to 203 centimeters; dark grayish
brown (10YR 4/2) very gravelly loamy
coarse sand; single grain; nonsticky
and nonplastic; about 60 percent, by
volume, subrounded and angular
volcanic and limestone pebbles;
strongly effervescent; moderately
alkaline.

Figure 33.—Soil profile of Dumay series.

Typical Profile of Dumay Soil
A—0 to 13 centimeters; very dark grayish
brown (10YR 3/2) cobbly clay; weak
fine granular structure; friable;
moderately sticky, moderately plastic;
many fine roots; about 20 percent, by
volume, cobbles at the surface; about 5
percent, by volume, pebbles; strongly
effervescent; moderately alkaline; clear
smooth boundary;
Bt1—13 to 30 centimeters; dark yellowish
brown (10YR 3/3) clay; moderate
coarse prismatic structure parting to
strong medium subangular blocky; firm;
very sticky, very plastic; few fine roots;
few fine prominent clay films on face of
peds; violently effervescent; moderately
alkaline; clear smooth boundary;
Bt2—30 to 56 centimeters; dark brown
(10YR 3/4) clay; moderate coarse
prismatic structure parting to strong
coarse subangular blocky; firm; very
sticky, very plastic; few fine roots; many
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9E.—Sha Sha-Delman complex, 15 to 45 percent slopes
The Sha Sha soil is shallow over a very hard cemented calcium layer, and the Delman soil is
very deep. Both soils are well drained. The Sha Sha soil formed in calcareous gravelly alluvial
deposits, and the Delman soil formed in fine textured alluvium. Both soils formed in alluvial
materials derived from stratified calcareous sedimentary rocks. They occur on foothills. The Sha
Sha soil is very slowly permeable, and the Delman soil is slowly permeable. This map unit is
mostly in the southern part of the survey area but occurs as prominent hills in the northern part
as well. Elevations range from 65 to 310 meters (figure 34).

Figure 34.—Landscape of Sha Sha-Delman complex map unit.

The surface layer of the Sha Sha soil is very dark grayish brown gravelly clay. The subsoil is
very dark grayish brown extremely gravelly clay over a very hard cemented calcium layer at 42
cm (figure 35a). The surface layer of the Delman soil is pale brown silty clay. The subsoil is
brown clay, and the substratum is a very pale brown silt loam.
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Figure 35.—Distribution by soil depth for (a) total clay, CaCO3 clay, silt, sand and rock fragments; (b) cation
exchange capacity (CEC) and CaCaO3 (<2mm and < 20mm); and (c) organic carbon.

The Sha Sha and Delman soils are slightly alkaline to moderately alkaline. The Sha Sha soil
contains low to moderate amounts of calcium carbonate in the surface layer and very high
amounts in the subsoil and substratum (figure 35b). The Delman soil contain high amounts of
calcium carbonate throughout. Available water holding capacity for the Sha Sha soil is low to a
depth of 150 cm. Available water holding capacity for the Delman soil is high. Organic carbon
content in the surface layer is about 7 to 8 percent in the Sha Sha soil (figure 35c) and about 2
percent in the Delman soil. Nonirrigated capability class is 7e for both soils. Included in this map
unit are minor areas of Bel Fond clay soils on 2 to 15 percent slopes. These inclusions are in
narrow valleys within the foothills on alluvial plains and alluvial fans. Also included are areas of
Ganthier silty clay loam, which is moderately deep over semi consolidated siltstone. Small areas
of Rock outcrop are included.
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Typical Profile of Sha Sha Soil
A—0 to 13 centimeters; friable; moderate
medium granular structure; slightly
sticky, slightly plastic; about 25 percent,
by volume, limestone pebbles;
moderately alkaline; slight
effervescence; clear wavy boundary;
AB—13 to 25 centimeters; dark brown
(7.5YR 3/2) very gravelly silty clay
loam; 33 percent clay; moderate
medium granular structure; strong
effervescence;
Bk—25 to 42 centimeters; dark brown
(7.5YR 3/2) very gravelly clay; friable;
moderate medium granular structure;
slightly sticky, slightly plastic; about 50
percent, by volume, limestone pebbles;
moderately alkaline; strong
effervescence; clear wavy boundary;
Bkkm—42 to 65 centimeters; very pale
brown (10YR 8/3) indurated petrocalcic
material with brownish yellow (10YR
6/4) stratified layers; massive;
extremely hard, extremely firm, brittle;
moderately alkaline; violently
effervescent; gradual wavy boundary.
(10 to 25 centimeters thick).

Figure 36.—Soil profile of Sha Sha series.

10D.—Haut Boen-Sha Sha very cobbly complex, 8 to 15 percent
slopes
The Haut Boen soil is very deep, and the Sha Sha soil is shallow over a very hard cemented
calcium layer. Both soils are well drained and formed in gravelly calcareous alluvial deposits
derived from stratified calcareous sedimentary rocks. They occur on alluvial fans. The Haut
Boen soil is slowly permeable, and the Sha Sha soil is very slowly permeable. This map unit
occurs in the southern part of the survey area. Elevations range from 140 to 280 meters (figure
37).
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Figure 37.—Landscape of Haut Boen-Sha Sha very cobbly complex map unit.

The surface layer of the Haut Boen soil is a dark brown gravelly clay. The subsoil is brown
very gravely clay loam, and the substratum is a pale yellow very gravelly fine sandy loam over
very gravelly loamy coarse sand. The Haut Boen soil has a layer of weakly cemented calcium
carbonate in the substratum. The surface layer of the Sha Sha soil is very dark grayish brown
gravelly clay. The subsoil is very dark grayish brown extremely gravelly clay over a layer of very
hard cemented calcium at a depth of 42 cm. The Haut Boen and Sha Sha soils are slightly
alkaline to moderately alkaline. The Haut Boen soil contains moderately high amounts of
calcium carbonate throughout. The Sha Sha soil contains low to moderate amounts of calcium
carbonate in the surface layer and very high amounts in the subsoil and substratum. Available
water holding capacity to a depth of 150 cm is low for both soils. Organic matter content in the
surface layer is about 1.5 to 2 percent in the Haut Boen soil and 7 to 8 percent in the Sha Sha
soil. Nonirrigated capability class is 6e for the Haut Boen soil and 6e for the Sha Sha soil.
Irrigated capability class is 6e for Haut Boen soil and 6e for the Sha Sha soil. Included in this
map unit are minor areas of aridic ustorthents, which are very deep, excessively drained soils
that have a surface layer of very gravely coarse sandy loam surface and a subsoil and
substratum of extremely gravelly loamy coarse sand. The aridic ustorthents occur near
drainageways. Also included are small areas of Rubble Land and Rock outcrop.
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10E.—Sha Sha-Haut Boen very cobbly complex, 15 to 35 percent
slopes
The Sha Sha soil is shallow over a very hard cemented calcium layer, and the Haut Boen
soil is very deep. Both soils are well drained and formed in gravelly calcareous alluvial deposits
derived from stratified calcareous sedimentary rocks. They occur on alluvial fans. The Sha Sha
soil is very slowly permeable, and the Haut Boen soil is slowly permeable. This map unit occurs
in the southern part of the survey area. Elevations range 150 to 340 meters (figure 38).

Figure 38.—Landscape of Sha Sha-Haut Boen very cobbly complex map unit.

The surface layer of the Sha Sha soil is very dark grayish brown gravelly clay. The subsoil is
very dark grayish brown extremely gravelly clay over a very hard cemented calcium layer at 42
cm. The surface layer of the Haut Boen soil is a dark brown gravelly clay. The subsoil is brown
very gravely clay loam, and the substratum is a pale yellow very gravelly fine sandy loam over a
very gravelly loamy coarse sand. The Haut Boen soil has a layer of weakly cemented calcium
carbonate in the substratum. The Haut Boen and Sha Sha soils are slightly alkaline to
moderately alkaline. The Sha Sha soil contains low to moderate amounts of calcium carbonate
in the surface layer and very high amounts in the subsoil and substratum. The Haut Boen soil
contains moderately high amounts of calcium carbonate throughout. Available water holding
capacity to a depth of 150 cm is low in both soils. Organic matter content in the surface layer is
about 7 to 8 percent in the Sha Sha soil and about 1.5 to 2 percent the Haut Boen soil.
Nonirrigated capability class is 7e for both soils. Included in this map unit are minor areas of
aridic ustorthents, which are very deep, excessively drained soils that have a surface layer of
very gravely coarse sandy loam surface and a subsoil and substratum of extremely gravelly
loamy coarse sand. The aridic ustorthents occur near drainageways. Also included are small
areas of Rubble Land and Rock outcrop.
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Use and Management of the Soils
This soil survey is an inventory and evaluation of the soils in Cul de Sac, Haiti. It can be
used to adjust land uses to the limitations and potentials of natural resources and the
environment. Also, it can help to prevent soil-related failures in land uses. In preparing a soil
survey, soil scientists, conservationists, engineers, and others collect extensive field data about
the nature and behavioral characteristics of the soils. They collect data on erosion,
droughtiness, flooding, and other factors that affect various soil uses and management. Field
experience and collected data on soil properties and performance are used as a basis in
predicting soil behavior. Information in this section can be used to plan the use and
management of soils as rangeland and as sites for buildings, sanitary facilities, highways and
other transportation systems, and recreational facilities. It can be used to identify the potentials
and limitations of each soil for specific land uses and to help prevent construction failures
caused by unfavorable soil properties. Planners and others using soil survey information can
evaluate the effect of specific land uses on productivity and on the environment in all or part of
the surveyed area. The survey can help planners to maintain or create a land use pattern in
harmony with the natural soil. Contractors can use this survey to locate sources of sand and
gravel, road fill, and topsoil. They can use it to identify areas where bedrock, wetness, or very
firm soil layers can cause difficulty in excavation. Health officials, highway officials, engineers,
and others may also find this survey useful. The survey can help them plan the safe disposal of
wastes and locate sites for pavements, sidewalks, campgrounds, playgrounds, and trees and
shrubs.

Interpretative Ratings
The interpretive tables in this survey rate the soils in Cul de Sac for various uses. Many of
the tables identify the limitations that affect specified uses and indicate the severity of those
limitations. The ratings in these tables are both verbal and numerical.

Rating Class Terms
Rating classes are expressed in the tables in terms that indicate the extent to which the soils
are limited by all of the soil features that affect a specified use or in terms that indicate the
suitability of the soils for the use. Thus, the tables may show limitation classes or suitability
classes. Terms for the limitation classes are not limited, somewhat limited, and very limited. The
suitability ratings are expressed as well suited, moderately suited, poorly suited, and unsuited or
as good, fair, and poor.

Numerical Ratings
Numerical ratings in the tables indicate the relative severity of individual limitations. The
ratings are shown as decimal fractions ranging from 0.00 to 1.00. They indicate gradations
between the point at which a soil feature has the greatest negative impact on the use and the
point at which the soil feature is not a limitation. The limitations appear in order from the most
limiting to the least limiting. Thus, if more than one limitation is identified, the most severe
limitation is listed first and the least severe one is listed last.

Land Capability Classification
Land capability classification shows, in a general way, the suitability of soils for most kinds of
field crops. Crops that require special management are excluded. The soils are grouped
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according to their limitations for field crops, the risk of damage if they are used for crops, and
the way they respond to management. For example, figure 38 shows land capability
classification for irrigated and nonirrigated soils. The criteria used in grouping the soils do not
include major and generally expensive land forming that would change slope, depth, or other
characteristics of the soils, nor do they include possible but unlikely major reclamation projects.
Capability classification is not a substitute for interpretations designed to show suitability and
limitations of groups of soils for rangeland, for forestland, or for engineering purposes.
In the capability system, soils are generally grouped at three levels—capability class,
subclass, and unit (USDA-SCS, 1961). Only class and subclass are used in this survey.
Capability classes, the broadest groups, are designated by the numbers 1 through 8. The
numbers indicate progressively greater limitations and narrower choices for practical use. The
classes for irrigation are defined as follows:
Class 1 soils have slight limitations that restrict their use.
Class 2 soils have moderate limitations that restrict the choice of plants or that
require moderate conservation practices.
Class 3 soils have severe limitations that restrict the choice of plants or that require special
conservation practices, or both.
Class 4 soils have very severe limitations that restrict the choice of plants or that require
very careful management, or both.
Class 5 soils are subject to little or no erosion but have other limitations, impractical to
remove, that restrict their use mainly to pasture, rangeland, forestland, or wildlife habitat.
Class 6 soils have severe limitations that make them generally unsuitable for cultivation and
that restrict their use mainly to pasture, rangeland, forestland, or wildlife habitat.
Class 7 soils have very severe limitations that make them unsuitable for cultivation and that
restrict their use mainly to grazing, forestland, or wildlife habitat.
Class 8 soils and miscellaneous areas have limitations that preclude commercial plant
production and that restrict their use to recreational purposes, wildlife habitat, watershed, or
esthetic purposes.
Capability subclasses are soil groups within one class. They are designated by adding a
small letter, e, w, s, or c, to the class numeral, for example, 2e. The letter e shows that the main
hazard is the risk of erosion unless close-growing plant cover is maintained; w shows that water
in or on the soil interferes with plant growth or cultivation (in some soils the wetness can be
partly corrected by artificial drainage); s shows that the soil is limited mainly because it is
shallow, droughty, or stony; and c, which used in only some parts of the United States and
shows that the chief limitation is climate that is very cold or very dry.
In class 1 there are no subclasses because the soils of this class have few limitations. Class
5 contains only the subclasses indicated by w, s, or c because the soils in class 5 are subject to
little or no erosion. They have other limitations that restrict their use to pasture, rangeland,
forestland, wildlife habitat, or recreation. The capability classification of map units in Cul de Sac
is given in the section “Detailed Soil Map Units”.
Capability units are soil groups within a subclass. The soils in a capability unit are enough
alike to be suited to the same crops and pasture plants, to require similar management, and to
have similar productivity. Capability units are generally designated by adding an Arabic numeral
to the subclass symbol, for example, 2e-4 and 3e-6. These units are not given in all soil
surveys.
Soil map units and soils in general are classified in capability classes based on their
properties and are rated for specific uses. An example of the criteria for a specific rating
(general irrigation) is provided in the Appendix.
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a

b

Figure 39.—(a) Irrigated and nonirrigated capability classes and (b) subclasses

Dwelling and Small Commercial Buildings
Soil properties influence the development of building sites, including the selection of the site,
the design of the structure, construction, performance after construction, and maintenance.
Table 1 shows the degree and kind of soil limitations that affect dwellings and small commercial
buildings.
The ratings in the table are both verbal and numerical. Rating class terms indicate the extent
to which the soils are limited by all of the soil features that affect building site development. Not
limited indicates that the soil has features that are very favorable for the specified use. Good
performance and very low maintenance can be expected. Somewhat limited indicates that the
soil has features that are moderately favorable for the specified use. The limitations can be
overcome or minimized by special planning, design, or installation. Fair performance and
moderate maintenance can be expected. Very limited indicates that the soil has one or more
features that are unfavorable for the specified use. The limitations generally cannot be
overcome without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.
Numerical ratings in the table indicate the severity of individual limitations. The ratings are
shown as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and the point at
which the soil feature is not a limitation (0.00).
Dwellings are single-family houses of three stories or less. For dwellings without basements,
the foundation is assumed to consist of spread footings of reinforced concrete built on
undisturbed soil at a depth of 60 cm or at the depth of maximum frost penetration, whichever is
deeper. For dwellings with basements, the foundation is assumed to consist of spread footings
of reinforced concrete built on undisturbed soil at a depth of about 210 cm. The ratings for
dwellings are based on the soil properties that affect the capacity of the soil to support a load
without movement and on the properties that affect excavation and construction costs. The
properties that affect the load-supporting capacity include depth to a water table, ponding,
flooding, subsidence, linear extensibility (shrink-swell potential), and compressibility.
Compressibility is inferred from the Unified classification. The properties that affect the ease and
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amount of excavation include depth to a water table, ponding, flooding, slope, depth to bedrock
or a cemented pan, hardness of bedrock or a cemented pan, and the amount and size of rock
fragments.
Small commercial buildings are structures that are less than three stories high and do not
have basements. The foundation is assumed to consist of spread footings of reinforced
concrete built on undisturbed soil at a depth of 60 cm or at the depth of maximum frost
penetration, whichever is deeper. The ratings are based on the soil properties that affect the
capacity of the soil to support a load without movement and on the properties that affect
excavation and construction costs. The properties that affect the load-supporting capacity
include depth to a water table, ponding, flooding, subsidence, linear extensibility (shrink-swell
potential), and compressibility (which is inferred from the Unified classification). The properties
that affect the ease and amount of excavation include flooding, depth to a water table, ponding,
slope, depth to bedrock or a cemented pan, hardness of bedrock or a cemented pan, and the
amount and size of rock fragments.
Table 1.—Summary Ratings for Dwelling Without Basements and Small Commercial Buildings by Map Unit
and Component
Map unit
symbol

Component name

Percent

1A

Bas Boen, saline

90

2A

Dleudon

90

Dwellings without
basements
Very limited
Flooding

4A

Bel Fond

Bas Boen

90

90

6A

Delman

Jacquet

90

90

1.00

Very limited

1.00

Very limited
1.00

Flooding

1.00

0.34

Shrink-swell

0.34

Very limited

Very limited
1.00

Flooding

1.00

Not limited
Very limited
1.00

Somewhat limited

Shrink-swell

1.00

Somewhat limited
0.74

Very limited

Shrink-swell

0.74

Very limited
1.00

Very limited
Slope

20

Flooding

Shrink-swell

Shrink-swell

Delman

1.00

Flooding

Very limited

65

Very limited

Very limited

40

Sha Sha

Very limited
1.00

Shrink-swell

9E

1.00

Shrink-swell

Gaman

40

Shrink-swell

Flooding

Not limited

Jong

1.00

1.00

50

50

1.00

Somewhat limited

1.00

Haut Boen, cobbly

Dumay

Flooding

Shrink-swell

Shrink-swell
8C

Value

Flooding

Flooding
7B

1.00

Very limited

Flooding
5A

Small commercial
buildings
Very limited

Somewhat limited
Shrink-swell

3A

Value

Shrink-swell

1.00

Very limited
1.00

Very limited

Slope

1.00

Very limited

Slope

1.00

Slope

1.00

Shrink-swell

0.34

Shrink-swell

0.34
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Map unit
symbol
10D

Component name
Haut Boen

Percent
45

Dwellings without
basements
Somewhat limited
Slope

Sha Sha

35

Sha Sha

45

Somewhat limited

Haut Boen

35

Very limited

Slope

1.00

Slope

1.00

Very limited
1.00

Very limited
Slope

Value

Very limited
0.37

Slope

Small commercial
buildings
Very limited

0.37

Slope
10E

Value

Slope

1.00

Very limited
1.00

Slope

1.00

Note: The information in this table indicates the dominant soil condition but does not eliminate the need for onsite investigation. The
numbers in the value columns range from 0.01 to 1.00. The larger the value, the greater the potential limitation. The columns that
identify the rating class and limiting features show no more than five limitations for any given soil. The soil may have additional
limitations. This report shows only the major soils in each map unit.

Figure 40.—Ratings of map units for construction of dwellings (houses) without basements.
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Sanitary Facilities
Table 2 shows the degree and kind of soil limitations that affect Trench and Area Sanitary
landfills as well as Daily Cover Landfill. The ratings are both verbal and numerical.
Rating class terms indicate the extent to which the soils are limited by all of the soil features
that affect these uses. Not limited indicates that the soil has features that are very favorable for
the specified use. Good performance and very low maintenance can be expected. Slightly
limited indicates that the soil has features that are favorable for the specified use. The
limitations are minor and can be easily overcome. Good performance and low maintenance can
be expected. Somewhat limited indicates that the soil has features that are moderately
favorable for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be expected.
Very limited indicates that the soil has one or more features that are unfavorable for the
specified use. The limitations generally cannot be overcome without major soil reclamation,
special design, or expensive installation procedures. Poor performance and high maintenance
can be expected. Numerical ratings in the table indicate the severity of individual limitations. The
ratings are shown as decimal fractions ranging from 0.00 to 1.00. They indicate gradations
between the point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).
A "trench sanitary landfill" is an area where solid waste is placed in successive layers in an
excavated trench. The waste is spread, compacted, and covered daily with a thin layer of soil
excavated at the site. When the trench is full, a final cover of soil material at least 2 feet thick is
placed over the landfill. A landfill must be able to bear heavy vehicular traffic. It can result in the
pollution of ground water. Ease of excavation and revegetation should be considered.
The ratings are based on the soil properties that affect the risk of pollution, the ease of
excavation, trafficability, and revegetation. These properties include saturated hydraulic
conductivity (Ksat), depth to bedrock or a cemented pan, depth to a water table, ponding, slope,
flooding, texture, stones and boulders, highly organic layers, soil reaction, and content of salts
and sodium. Unless otherwise stated, the ratings apply only to that part of the soil within a depth
of about 210 cm. For deeper trenches, onsite investigation may be needed.
Hard, nonrippable bedrock, creviced bedrock, or highly permeable strata at or directly below
the proposed trench bottom can affect the ease of excavation and the hazard of ground-water
pollution. Slope affects construction of the trenches and the movement of surface water around
the landfill. It also affects the construction and performance of roads in areas of the landfill.
Soil texture and consistence affect the ease with which the trench is dug and the ease with
which the soil can be used as daily or final cover. They determine the workability of the soil
when dry and when wet. Soils that are plastic and sticky when wet are difficult to excavate,
grade, or compact and are difficult to place as a uniformly thick cover over a layer of refuse.
The soil material used as the final cover for a trench landfill should be suitable for plants. It
should not have excess sodium or salts and should not be too acid. The surface layer generally
has the best workability, the highest content of organic matter, and the best potential for plants.
Material from the surface layer should be stockpiled for use as the final cover.
In an "area sanitary landfill," solid waste is placed in successive layers on the surface of the
soil. The waste is spread, compacted, and covered daily with a thin layer of soil from a source
away from the site. A final cover of soil material at least 60 centimeters thick is placed over the
completed landfill. A landfill must be able to bear heavy vehicular traffic. It can result in the
pollution of ground water. Ease of excavation and revegetation should be considered.
The ratings are based on the soil properties that affect trafficability and the risk of pollution.
These properties include flooding, saturated hydraulic conductivity (Ksat), depth to a water table,
ponding, slope, and depth to bedrock or a cemented pan. Flooding is a serious problem
because it can result in pollution in areas downstream from the landfill. If Ksat is too rapid or if
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fractured bedrock, a fractured cemented pan, or the water table is close to the surface, the
leachate can contaminate the water supply. Slope is a consideration because of the extra
grading required to maintain roads in the steeper areas of the landfill. Also, leachate may flow
along the surface of the soils in the steeper areas and cause difficult seepage problems.
“Daily cover for landfill” is the soil material that is used to cover compacted solid waste in a
sanitary landfill. The soil material is obtained offsite, transported to the landfill, and spread over
the waste. The ratings also apply to the final cover for a landfill. They are based on the soil
properties that affect workability, the ease of digging, and the ease of moving and spreading the
material over the refuse daily during wet and dry periods. These properties include soil texture,
depth to a water table, ponding, rock fragments, slope, depth to bedrock or a cemented pan,
reaction, and content of salts, sodium, or lime.
Loamy or silty soils that are free of large stones and excess gravel are the best cover for a
landfill. Clayey soils may be sticky and difficult to spread; sandy soils are subject to wind
erosion.
Slope affects the ease of excavation and of moving the cover material. Also, it can influence
runoff, erosion, and reclamation of the borrow area.
The soil material used as the final cover for a landfill should be suitable for plants. It should
not have excess sodium, salts, or lime and should not be too acid. After soil material has been
removed, the soil material remaining in the borrow area must be thick enough over bedrock, a
cemented pan, or the water table to permit revegetation. Some damage to the borrow area is
expected, however, and plant growth may not be optimum.
This information is intended for land use planning, for evaluating land use alternatives, and
for planning site investigations prior to design and construction. The information, however, has
limitations. For example, estimates and other data generally apply only to that part of the soil
between the surface and a depth of 150 cm to 210 cm. Because of the map scale, small areas
of different soils may be included within the mapped areas of a specific soil.
The information is not site specific and does not eliminate the need for onsite investigation
of the soils or for testing and analysis by personnel experienced in the design and construction
of engineering works.
Table 2.—Summary Ratings for Trench and Area Sanitary Landfill and for Daily Cover for Landfill by Map Unit
and Component.
Map unit
symbol
1A

2A

3A

Component name

Per
cent

Bas Boen, saline

90

Dleudon

Bel Fond

90

90

Trench sanitary
landfill

Value

Very limited

Area sanitary landfill

Value

Very limited

Daily cover for landfill

Value

Very limited

Flooding

1.00

Flooding

1.00

Sodium content

1.00

Excess sodium

1.00

Dusty

0.48

Dusty

0.48

Excess salt

1.00

Dusty

0.48

Very limited

Somewhat limited

Too clayey

1.00

Dusty

0.50

Somewhat limited

Dusty

Very limited
0.50

Somewhat limited

1.00

Hard to compact

1.00

Dusty

0.50

Somewhat limited

Dusty

0.50

Dusty

0.50

Flooding

0.40

Flooding

0.40

50

Too clayey

Dusty

0.50
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Map unit
symbol
4A

Component name
Bas Boen

Per
cent
90

Trench sanitary
landfill
Somewhat limited
Flooding

5A

6A

7B

Delman

Jacquet

Haut Boen, cobbly

Gaman

8C

Dumay

90

90

50

40

50

9E

Sha Sha

Delman

10D

Haut Boen

40

65

20

45

Area sanitary landfill

Value

Somewhat limited
0.40

Somewhat limited

Flooding

Value

0.40

Somewhat limited

Somewhat limited

0.50

Dusty

0.50

Flooding

0.40

Flooding

0.40

Very limited

Daily cover for landfill
Somewhat limited

Dusty

Very limited

Dusty

0.50

Somewhat limited

Dusty

0.50

Seepage

1.00

Gravel content

0.99

Flooding

0.40

Dusty

0.50

Seepage

0.50

Seepage, bottom layer

1.00

Flooding

0.40

Dusty

0.50

Somewhat limited

Somewhat limited

Too sandy

0.50

Dusty

0.41

Very limited

Dusty

Very limited

0.41

Very limited

Seepage

1.00

Gravel content

0.79

Too sandy

0.50

Dusty

0.41

Somewhat limited

Seepage, bottom layer

1.00

Seepage

1.00

Gravel content

1.00

Dusty

0.50

Dusty

0.50

Seepage

0.50

Somewhat limited
Dusty

Jong

Value

Somewhat limited
0.50

Very limited

Dusty

Somewhat limited
0.50

Somewhat limited

Excess sodium

1.00

Dusty

0.50

Very limited

Dusty

Dusty

0.50

Very limited
0.50

Very limited

Sodium content

1.00

Dusty

0.50

Very limited

Slope

1.00

Slope

1.00

Slope

1.00

Depth to thick
cemented pan

1.00

Depth to cemented pan

1.00

Depth to cemented pan

1.00

Dusty

0.50

Dusty

0.50

Gravel content

0.98

Very limited

Very limited

Very limited

Slope

1.00

Slope

1.00

Slope

1.00

Dusty

0.50

Dusty

0.50

Dusty

0.50

Somewhat limited

Somewhat limited

Very limited

Too sandy

0.50

Dusty

0.41

Seepage

1.00

Dusty

0.41

Slope

0.37

Gravel content

0.79

Slope

0.37

Too sandy

0.50

Dusty

0.41

Slope

0.37
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Map unit
symbol

Component name
Sha Sha

10E

Sha Sha

Haut Boen

Per
cent
35

45

35

Trench sanitary
landfill

Value

Very limited

Area sanitary landfill

Value

Very limited

Daily cover for landfill

Value

Very limited

Depth to thick
cemented pan

1.00

Depth to cemented pan

1.00

Depth to cemented pan

1.00

Dusty

0.50

Dusty

0.50

Gravel content

0.98

Slope

0.37

Slope

0.37

Dusty

0.50

Slope

0.37

Very limited

Very limited

Very limited

Slope

1.00

Slope

1.00

Slope

1.00

Depth to thick
cemented pan

1.00

Depth to cemented pan

1.00

Depth to cemented pan

1.00

Dusty

0.50

Dusty

0.50

Gravel content

0.98

Dusty

0.50

Very limited

Very limited

Very limited

Slope

1.00

Slope

1.00

Slope

1.00

Too sandy

0.50

Dusty

0.41

Seepage

1.00

Dusty

0.41

Gravel content

0.79

Too sandy

0.50

Dusty

0.41

Note: The information in this table indicates the dominant soil condition but does not eliminate the need for onsite investigation. The
numbers in the value columns range from 0.01 to 1.00. The larger the value, the greater the potential limitation. The columns that
identify the rating class and limiting features show no more than five limitations for any given soil. The soil may have additional
limitations. This report shows only the major soils in each map unit.
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Figure 41.—Ratings of map units for trench sanitary landfill facilities.
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Soil Properties
Data relating to soil properties are collected during the course of the soil survey.
Soil properties are ascertained by field examination of the soils and by laboratory index
testing of some benchmark soils. Established standard procedures are followed. During the
survey, many shallow borings are made and examined to identify and classify the soils and to
delineate them on the soil maps. Samples are taken from some typical profiles and tested in the
laboratory to determine particle-size distribution, plasticity, and compaction characteristics.
Estimates of soil properties are based on field examinations, on laboratory tests of samples
from the survey area, and on laboratory tests of samples of similar soils in nearby areas. Tests
verify field observations, verify properties that cannot be estimated accurately by field
observation, and help to characterize key soils.
The estimates of soil properties are shown in tables. They include engineering properties,
physical and chemical properties, and pertinent soil and water features.

Engineering Properties
Table 3 gives the engineering classifications and the range of engineering properties for the
layers of each soil in Cul de Sac.
Depth to the upper and lower boundaries of each layer is indicated.
Texture is given in the standard terms used by the U.S. Department of Agriculture. These
terms are defined according to percentages of sand, silt, and clay in the fraction of the soil that
is less than 2 millimeters in diameter. “Loam,” for example, is soil that is 7 to 27 percent clay, 28
to 50 percent silt, and less than 52 percent sand. If the content of particles coarser than sand is
15 percent or more, an appropriate modifier is added, for example, “gravelly.”
Classification of the soils is determined according to the Unified soil classification system
(ASTM, 2005) and the system adopted by the American Association of State Highway and
Transportation Officials (AASHTO, 2004).
The Unified system classifies soils according to properties that affect their use as
construction material. Soils are classified according to particle-size distribution of the fraction
less than 3 inches in diameter and according to plasticity index, liquid limit, and organic matter
content. Sandy and gravelly soils are identified as GW, GP, GM, GC, SW, SP, SM, and SC; silty
and clayey soils as ML, CL, OL, MH, CH, and OH; and highly organic soils as PT. Soils
exhibiting engineering properties of two groups can
have a dual classification, for example, CL-ML.
The AASHTO system classifies soils according to those properties that affect roadway
construction and maintenance. In this system, the fraction of a mineral soil that is less than 3
inches in diameter is classified in one of seven groups from A-1 through A-7 on the basis of
particle-size distribution, liquid limit, and plasticity index. Soils in group A-1 are coarse grained
and low in content of fines (silt and clay). At the other extreme, soils in group A-7 are fine
grained. Highly organic soils are classified in group A-8 on the basis of visual inspection.
If laboratory data are available, the A-1, A-2, and A-7 groups are further classified as the
suitability of a soil as subgrade material can be indicated by a group index number. Group index
numbers range from 0 for the best subgrade material to 20 or higher for the poorest.
Percentage (of soil particles) passing designated sieves is the percentage of the soil fraction
less than 7.6 cm in diameter based on an ovendry weight. The sieves, numbers 4, 10, 40, and
200 (USA Standard Series), have openings of 4.76, 2.00, 0.420, and 0.074 millimeters,
respectively. Estimates are based on laboratory tests of soils sampled in the survey area and in
nearby areas and on estimates made in the field.
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Table 3.—Summary of Textural Classes by Map Unit and Component
Map
units
symbol
1A

2A

3A

4A

Map units name

Horizon
depth
range

Textural classification
USDA

Unified

AASHTO

Percent
passing 200
sieve

Bas Boen, saline, occasionally
flooded
0-10

Silty clay loam

CL

A-6

81-91

10-30

Silty clay loam

CL

A-6

83-93

30-70

Silt loam

CL

A-4

78-88

70-110

Silt loam

CL

A-4

85-95

110-155

Silt loam

CL-ML

A-4

85-95

155-200

Silt loam

CL

A-4

83-93

200-350

Silt loam

CL

A-4

86-96

350-360

Silty clay loam

CL

A-6

91-100

360-400

Silt loam

CL

A-4

88-98

0-26

Silty clay

MH

A-7-5

90-100

26-40

Clay

CH

A-7-5

91-100

40-63

Clay

CH

A-7-5

92-100

63-95

Clay

CH

A-7-6

91-100

95-114

Clay

CH

A-7-6

91-100

114-138

Silty clay

CL

A-7-6

90-100

138-163

Silty clay

CL

A-7-6

91-100

163-200

Silt loam

CL

A-6

87-97

0-20

Clay

MH, MH

A-7-5

88-98

20-53

Clay

CH, CH

A-7-5

88-98

53-72

Clay

CH, CH

A-7-5

88-98

72-94

Clay

CH, CH

A-7-5

87-97

94-140

Loam

CL, CL

A-6

66-76

140-167

Silty clay loam

CL, CL

A-6

86-96

167-200

Silty clay loam

CL, CL

A-7-6

89-99

0-24

Silty clay

ML

A-7-5

90-100

24-41

Silty clay loam

ML

A-7-6

93-100

41-61

Silty clay loam

CL

A-6

92-100

61-92

Silt loam

CL

A-4

91-100

92-145

Silty clay

ML

A-7-6

94-100

145-180

Silty clay loam

ML

A-6

94-100

180-200

Silt loam

CL

A-4

94-100

Dleudon

Bel Fond

Bas Boen
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Map
units
symbol
5A

6A

7B

Map units name

Textural classification
USDA

Unified

AASHTO

Percent
passing 200
sieve

Delman
0-25

Silty clay

MH

A-7-5

89-99

25-56

Clay

CH

A-7-5

79-89

56-79

Very gravelly clay loam

GC

A-2-7

22-32

79-122

Loam

CL-ML

A-4

73-83

122-168

Loam

ML

A-4

68-78

168-200

Silt loam

ML

A-4

70-80

0-23

Silty clay

ML

A-7-5

90-100

23-41

Silty clay loam

ML

A-7-6

93-100

41-61

Silty clay loam

CL

A-6

92-100

61-79

Very gravelly clay

GC

A-2-7

14-24

79-142

Extremely gravelly coarse sandy loam

GW-GM

A-1-a

3-13

142-200

Extremely gravelly coarse sandy loam

GW-GC

A-1-a

4-14

0-17

Clay

CH

A-7-6

70-80

17-47

Very gravelly clay

GC

A-7-6

32-42

Jacquet

Haut Boen, cobbly

Gaman

8C

Horizon
depth
range

47-106

Very gravelly fine sandy loam

GC-GM

A-2-4

21-31

106-192

Gravelly loamy coarse sand

SM

A-1-b

8-18

192-200

Fine sandy loam

SM

A-4

42-52

0-24

Clay

CH

A-7-5

82-92

24-42

Clay

CH

A-7-5

81-91

42-61

Clay

CH

A-7-5

84-94

61-79

Very gravelly clay

GC

A-2-7

14-24

79-143

Extremely gravelly coarse sandy loam

GW-GM

A-1-a

3-13

143-200

Extremely gravelly coarse sandy loam

GW-GC

A-1-a

4-14

0-13

Clay

MH

A-7-5

82-92

13-30

Clay

MH

A-7-5

85-95

30-56

Clay

MH

A-7-5

88-98

56-79

Very gravelly clay

GC

A-2-7

22-32

79-147

Loam

CL-ML

A-4

48-58

147-189

Gravelly coarse sandy loam

SM

A-2-4

21-31

189-200

Very gravelly loamy coarse sand

SP-SM

A-1-a

1-11

Dumay
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Map
units
symbol
8C

9E

Map units name

USDA

Unified

AASHTO

Percent
passing 200
sieve

0-12

Clay

MH

A-7-5

84-94

12-27

Clay

MH

A-7-5

91-100

27-66

Clay

CH

A-7-5

75-85

66-97

Clay

CH

A-7-5

93-100

97-110

Clay

CH

A-7-5

93-100

110-140

Very gravelly clay loam

SC

A-2-6

17-27

140-200

Very gravelly clay loam

SC

A-2-6

25-35

Sha Sha
0-13

Clay

OH

A-7-5

72-82

13-25

Very gravelly clay

GM

A-7-5

44-54

25-42

Very gravelly clay

GM

A-2-7

21-31

42-110

Extremely gravelly clay loam

GP-GM

A-2-4

0-10

0-25

Silty clay

MH

A-7-5

89-99

25-56

Clay

CH

A-7-5

79-89

56-79

Very gravelly clay loam

GC

A-2-7

22-32

79-122

Loam

CL-ML

A-4

73-83

122-168

Loam

ML

A-4

68-78

168-200

Silt loam

ML

A-4

70-80

Haut Boen

Sha Sha

10E

Textural classification

Jong

Delman

10D

Horizon
depth
range

0-17

Clay

CH

A-7-6

70-80

17-47

Very gravelly clay

GC

A-7-6

32-42

47-106

Very gravelly fine sandy loam

GC-GM

A-2-4

21-31

106-192

Gravelly loamy coarse sand

SM

A-1-b

8-18

192-200

Fine sandy loam

SM

A-4

42-52

0-13

Clay

OH

A-7-5

72-82

13-25

Very gravelly clay

GM

A-7-5

44-54

25-42

Very gravelly clay

GM

A-2-7

21-31

42-110

Extremely gravelly clay loam

GP-GM

A-2-4

0-10

0-13

Clay

OH

A-7-5

72-82

13-25

Very gravelly clay

GM

A-7-5

44-54

25-42

Very gravelly clay

GM

A-2-7

21-31

42-110

Extremely gravelly clay loam

GP-GM

A-2-4

0-10

Sha Sha
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Map
units
symbol

Map units name
Haut Boen

Horizon
depth
range

Textural classification
USDA

Unified

AASHTO

Percent
passing 200
sieve

0.0-17.0

Clay

CH

A-7-6

70-80

17.0-47.0

Very gravelly clay

GC

A-7-6

32-42

47.0-106.0

Very gravelly fine sandy loam

GC-GM

A-2-4

21-31

106.0-192.0

Gravelly loamy coarse sand

SM

A-1-b

8-18

192.0-200.0

Fine sandy loam

SM

A-4

42-52

Figure 42.—Unified soil texture classification for the surface horizons of the map units.
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Physical Properties
Table 4 shows estimates of some physical characteristics and features that affect soil
behavior. These estimates are given for the layers of each soil in the survey area. The
estimates are based on field observations and on test data for these and similar soils. Depth to
the upper and lower boundaries of each layer is indicated.
Permeability (Ksat) refers to the ability of a soil to transmit water or air. The term
“permeability,” as used in soil surveys, indicates saturated hydraulic conductivity (Ksat). The
estimates in the table indicate the rate of water movement, in inches per hour, when the soil is
saturated. They are based on soil characteristics observed in the field, particularly structure,
porosity, and texture. Permeability is considered in the design of soil drainage systems and
septic tank absorption fields.
Available water capacity refers to the quantity of water that the soil is capable of storing for
use by plants. The capacity for water storage is given in cm of water per cm of soil for each soil
layer. The capacity varies, depending on soil properties that affect retention of water. The most
important properties are the content of organic matter, soil texture, bulk density, and soil
structure. Available water capacity is an important factor in the choice of plants or crops to be
grown and in the design and management of irrigation systems. Available water capacity is not
an estimate of the quantity of water actually available to plants at any given time.
Erosion factors are shown in the table as the K factor (Kw and Kf) and the T factor. Erosion
factor K indicates the susceptibility of a soil to sheet and rill erosion by water. Factor K is one of
six factors used in the Universal Soil Loss Equation (USLE) and the Revised Universal Soil Loss
Equation (RUSLE) to predict the average annual rate of soil loss by sheet and rill erosion in tons
per acre per year. The estimates are based primarily on percentage of silt, sand, and organic
matter and on soil structure and permeability. Values of K range from 0.02 to 0.69. Other factors
being equal, the higher the value, the more susceptible the soil is to sheet and rill erosion by
water.
Erosion factor Kw indicates the erodibility of the whole soil. The estimates are modified by
the presence of rock fragments.
Erosion factor Kf indicates the erodibility of the fine-earth fraction, or the material less than 2
millimeters in size.
Erosion factor T is an estimate of the maximum average annual rate of soil erosion by wind
or water that can occur without affecting crop productivity over a sustained period. The rate is in
tons per acre per year.
Wind erodibility groups are made up of soils that have similar properties affecting their
susceptibility to wind erosion in cultivated areas. The soils assigned to group 1 are the most
susceptible to wind erosion, and those assigned to group 8 are the least susceptible.
The groups are as follows:
1. Coarse sands, sands, fine sands, and very fine sands.
2. Loamy coarse sands, loamy sands, loamy fine sands, loamy very fine sands, ash
material, and sapric soil material.
3. Coarse sandy loams, sandy loams, fine sandy loams, and very fine sandy loams.
4L. Calcareous loams, silt loams, clay loams, and silty clay loams.
4. Clays, silty clays, noncalcareous clay loams, and silty clay loams that are more than 35
percent clay.
5. Noncalcareous loams and silt loams that are less than 20 percent clay and sandy clay
loams, sandy clays, and hemic soil material.
6. Noncalcareous loams and silt loams that are more than 20 percent clay and
noncalcareous clay loams that are less than 35 percent clay.
7. Silts, noncalcareous silty clay loams that are less than 35 percent clay, and fibric soil
material.
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8. Soils that are not subject to wind erosion because of coarse fragments on the surface or
because of surface wetness.
Wind erodibility index is a numerical value indicating the susceptibility of soil to wind erosion,
or the tons per acre per year that can be expected to be lost to wind erosion. There is a close
correlation between wind erosion and the texture of the surface layer, the size and durability of
surface clods, rock fragments, organic matter, and a calcareous reaction. Soil moisture and
frozen soil layers also influence wind erosion.
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Table 4.—Summary of Erosion Ratings for Map Units and Components
Map
Unit
Symbol

1A

2A

3A

4A

Map unit name

Bas Boen, saline, occasionally flooded

Dleudon

Bel Fond

Bas Boen

Horizon
depth range

Ksat Range
-1

AWC
Range

Erosion Factors

Wind erodibility

Kw

Kf

T

Group

Index

5

4L

86

5

4

86

5

4

86

5

4

86

-1

cm

micro-m sec

cm cm

0-10

4.23-14.11

0.21-0.23

.28

.28

10-30

4.23-14.11

0.09-0.11

.37

.37

30-70

4.23-14.11

0.21-0.23

.49

.49

70-110

4.23-14.11

0.17-0.19

.49

.49

110-155

4.23-14.11

0.13-0.15

.55

.55

155-200

4.23-14.11

0.05-0.07

.49

.49

200-350

4.23-14.11

0.19-0.21

.49

.49

350-360

4.23-14.11

0.19-0.21

.43

.43

360-400

4.23-14.11

0.16-0.18

.49

.49

0-26

0.10-0.42

0.13-0.15

.20

.20

26-40

0.10-0.42

0.10-0.12

.24

.24

40-63

0.10-0.42

0.10-0.12

.24

.24

63-95

0.10-0.42

0.10-0.12

.24

.24

95-114

0.10-0.42

0.10-0.12

.24

.24

114-138

0.42-1.41

0.15-0.17

.32

.32

138-163

0.42-1.41

0.15-0.17

.37

.37

163-200

4.23-14.11

0.21-0.23

.49

.49

0-20

0.01-0.42

0.10-0.12

.20

.20

20-53

0.01-0.42

0.10-0.12

.10

.10

53-72

0.01-0.42

0.09-0.11

.24

.24

72-94

0.01-0.42

0.12-0.14

.28

.28

94-140

4.23-14.11

0.14-0.16

.43

.43

140-167

4.23-14.11

0.21-0.23

.49

.49

167-200

1.41-4.23

0.10-0.12

.37

.37

0-24

0.42-1.41

0.15-0.17

.28

.28

24-41

1.41-4.23

0.18-0.20

.37

.37

41-61

4.23-14.11

0.20-0.22

.43

.43

61-92

4.23-14.11

0.21-0.23

.55

.55

92-145

0.42-1.41

0.13-0.15

.32

.32

145-180

1.41-4.23

0.18-0.20

.37

.37

180-200

4.23-14.11

0.21-0.23

.49

.49
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Map
Unit
Symbol

5A

6A

7B

7B

8C

Map unit name

Delman

Jacquet

Haut Boen, cobbly

Gaman

Dumay

Horizon
depth range

Ksat Range
-1

AWC
Range

Erosion Factors

Wind erodibility

Kw

Kf

T

Group

Index

5

4

86

3

4

86

5

4

86

3

4

86

3

4

86

-1

cm

micro-m sec

cm cm

0-25

0.42-1.41

0.13-0.15

.24

.24

25-56

0.42-1.41

0.12-0.14

.24

.24

56-79

1.41-4.23

0.08-0.10

.05

.20

79-122

4.23-14.11

0.14-0.16

.49

.49

122-168

4.23-14.11

0.14-0.16

.55

.55

168-200

4.23-14.11

0.19-0.21

.64

.64

0-23

0.42-1.41

0.15-0.17

.28

.28

23-41

1.41-4.23

0.18-0.20

.37

.37

41-61

4.23-14.11

0.20-0.22

.43

.43

61-79

0.42-1.41

0.02-0.04

.05

.15

79-142

14.11-42.34

0.02-0.04

.02

.15

142-200

42.34-141.14

0.03-0.05

.02

.17

0-17

0.42-1.41

0.12-0.14

.17

.17

17-47

0.42-1.41

0.08-0.10

.05

.15

47-106

14.11-42.34

0.06-0.08

.10

.32

106-192

42.34-141.14

0.03-0.05

.05

.15

192-200

14.11-42.34

0.13-0.15

.43

.43

0-24

0.42-1.41

0.12-0.14

.24

.24

24-42

0.01-0.42

0.10-0.12

.24

.24

42-61

0.01-0.42

0.09-0.11

.20

.20

61-79

0.42-1.41

0.02-0.04

.05

.15

79-143

14.11-42.34

0.02-0.04

.02

.15

143-200

42.34-141.14

0.03-0.05

.02

.17

0-13

0.01-0.42

0.10-0.12

.17

.17

13-30

0.01-0.42

0.10-0.12

.24

.24

30-56

0.01-0.42

0.09-0.11

.20

.20

56-79

0.42-1.41

0.03-0.05

.05

.20

79-147

4.23-14.11

0.14-0.16

.32

.32

147-189

14.11-42.34

0.06-0.08

.15

.24

189-200

141.14-705.00

0.02-0.04

.02

.10
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Map
Unit
Symbol

8C

9E

9E

10D

Map unit name

Jong

Sha Sha

Delman

Haut Boen

Sha Sha

10E

Sha Sha

Horizon
depth range

Ksat Range
-1

AWC
Range

Erosion Factors

Wind erodibility

Kw

Kf

T

Group

Index

4

4

86

2

4

86

5

4

86

5

4

86

2

4

86

2

4

86

-1

cm

micro-m sec

cm cm

0-12

0.01-0.42

0.10-0.12

.20

.20

12-27

0.01-0.42

0.09-0.11

.24

.24

27-66

0.01-0.42

0.08-0.10

.24

.24

66-97

0.01-0.42

0.01-0.03

.20

.20

97-110

0.01-0.42

0.09-0.11

.20

.20

110-140

4.23-14.11

0.06-0.08

.05

.17

140-200

4.23-14.11

0.09-0.11

.10

.20

0-13

0.01-0.42

0.09-0.11

.15

.15

13-25

0.01-0.42

0.09-0.11

.05

.15

25-42

0.42-1.41

0.08-0.10

.02

.10

42-110

4.23-14.11

0.07-0.09

.02

.20

0-25

0.42-1.41

0.13-0.15

.24

.24

25-56

0.42-1.41

0.12-0.14

.24

.24

56-79

1.41-4.23

0.08-0.10

.05

.20

79-122

4.23-14.11

0.14-0.16

.49

.49

122-168

4.23-14.11

0.14-0.16

.55

.55

168-200

4.23-14.11

0.19-0.21

.64

.64

0-17

0.42-1.41

0.12-0.14

.17

.17

17-47

0.42-1.41

0.08-0.10

.05

.15

47-106

14.11-42.34

0.06-0.08

.10

.32

106-192

42.34-141.14

0.03-0.05

.05

.15

192-200

14.11-42.34

0.13-0.15

.43

.43

0-13

0.01-0.42

0.09-0.11

.15

.15

13-25

0.01-0.42

0.09-0.11

.05

.15

25-42

0.42-1.41

0.08-0.10

.02

.10

42-110

4.23-14.11

0.07-0.09

.02

.20

0-13

0.01-0.42

0.09-0.11

.15

.15

13-25

0.01-0.42

0.09-0.11

.05

.15

25-42

0.42-1.41

0.08-0.10

.02

.10

42-110

4.23-14.11

0.07-0.09

.02

.20
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Map
Unit
Symbol

10E

Map unit name

Haut Boen

Horizon
depth range

Ksat Range
-1

AWC
Range

Erosion Factors

Wind erodibility

Kw

Kf

T

Group

Index

2

4

86

-1

cm

micro-m sec

cm cm

0.0-17.0

0.42-1.41

0.12-0.14

.17

.17

17.0-47.0

0.42-1.41

0.08-0.10

.05

.15

47.0-106.0

14.11-42.34

0.06-0.08

.10

.32

106.0-192.0

42.34-141.14

0.03-0.05

.05

.15

192.0-200.0

14.11-42.34

0.13-0.15

.43

.43

a

b

Figure 43.—(a) Available water capacity and (b) surface organic matter for the map units in the survey area.

a

b

Figure 44.—Erodibility factors (a) K and (b) T for the map units in the survey area.
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Chemical Soil Properties
The estimates of some chemical characteristics and features that affect soil behavior are
given for the layers of each soil in the survey area. The estimates are based on field
observations and on test data for these and similar soils. Depth to the upper and lower
boundaries of each layer is indicated.
Cation-exchange capacity is the total amount of exchangeable cations that can be held by
the soil, expressed in terms of milliequivalents per 100 grams of soil at neutrality (pH 7.0) or at
some other stated pH value. Soils having a low cation exchange capacity hold fewer cations
and may require more frequent applications of fertilizer than soils having a high cation-exchange
capacity. The ability to retain cations reduces the hazard of ground-water pollution.
Soil reaction is a measure of acidity or alkalinity. The pH of each soil horizon is based on
many field tests. For many soils, values have been verified by laboratory analyses. Soil reaction
is important in selecting crops and other plants, in evaluating soil amendments for fertility and
stabilization, and in determining the risk of corrosion.
Calcium carbonate equivalent is the percent of carbonates, by weight, in the fraction of the
soil less than 2 millimeters in size. The availability of plant nutrients is influenced by the amount
of carbonates in the soil.
Salinity is a measure of soluble salts in the soil at saturation. It is expressed as the electrical
conductivity of the saturation extract, in millimhos per centimeter at 25 °C . Estimates are based
on field and laboratory measurements at representative sites of nonirrigated soils. The salinity of
irrigated soils is affected by the quality of the irrigation water and by the frequency of water
application. Hence, the salinity of soils in individual fields can differ greatly from the value given
in the table. Salinity affects the suitability of a soil for crop production, the stability of soil if used
as construction material, and the potential of the soil to corrode metal and concrete.
Sodium adsorption ratio (SAR) is a measure of the amount of sodium (Na) relative to
calcium (Ca) and magnesium (Mg) in the water extract from saturated soil paste. It is the ratio of
the Na concentration divided by the square root of one-half of the Ca + Mg concentration. Soils
that have SAR values of 13 or more may be characterized by an increased dispersion of organic
matter and clay particles, reduced permeability and aeration, and a general degradation of soil
structure.
a

b

Figure 45.—Calcium carbonate (CaCO3) for depths of (a) 0 to 50 cm and (b) 50 to 100 cm by map unit.
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Formation and Classification of the Soils
Factors of Soil Formation
Soil covers the surface of the earth as a three-dimensional body of varying depth and is
made up of different proportions of organic and mineral material, pore space with gases, and
water. Soils differ in their appearance, productivity, and management requirements due to their
chemical and physical properties. The characteristics and properties of soils are determined by
physical and chemical processes that result from the interaction of five soil-forming factors.
These factors of soil formation are interdependent, and few generalizations can be made
regarding any one factor unless the effects of the other factors are known. The term
“pedogenesis” is often used to connote the process of soil formation.
The soil-forming factors are parent material, climate, organisms, time, and relief or
topography. Parent material is the source material in which soils formed. Soils are influenced by
the texture and structure of the parent material and its mineralogical and chemical composition.
Climate is predominantly the temperature and kind and amount of precipitation. Organisms are
the plants and other organisms living in and on the soil, including humans. Time refers to how
long the soil-forming factors have been operating. Relief or topography is the shape and
elevation of the landscape. It affects internal and external soil properties, such as soil drainage,
aeration, susceptibility to erosion, and the soil’s exposure to the sun and wind (Jenny, 1941).
The process of soil formation is a sequence of events involving biogeochemical reactions
that are energized by climate and spatially related to relief or topography (Buol and others,
2003). The physical and chemical properties of soils are altered by these reactions over time.
The influence of any one of these factors varies within the Cul de Sac survey area. Soils may
differ significantly from place to place in the survey area and within very short distances. In
some instances the survey area may have vast stretches of the same type of soil because of
uniform soil-forming factors.

Parent Material
The material in which soils form is called parent material. Few soils weather directly from the
underlying rocks. More commonly, soils form in materials that have moved from elsewhere.
Soils generally have a dominant kind of parent material but are influenced by other types of
parent material. Material has been moved only a few meters by gravity (colluvial parent
material). Such material is found extensively on the gently sloping to moderately steep foothills
and alluvial fans in map units 8C, 9E, 10D, and 10E. Other material has been moved long
distances by wind (eolian parent material). Such material is found in some of map units that
have nearly level, light colored surface layers (non-mollic) on alluvial plains (1A, 4A, 5A and 6A).
Other material has been moved by water (alluvial parent material). Some soils have “residual”
parent material; for example, the Sha Sha soils. Soils that formed in residual parent material
have the same general chemistry as the original rocks.
The Cul de Sac is a broad area that was once under sea but has been slowly uplifting and
filling. The regional uplift is due to the tectonic activities. New source materials for soil formation
were created as rivers meandered across the landscape, cutting into and eroding various
geologic formations of the Cul de Sac. The rivers then deposited the new unconsolidated
sediments. The new sediments vary in chemistry and size, depending on their source. The size
of the sediments is also dependent on the amount of energy in the water that carried them. The
source of most of the river-deposited geologic formations is the uplifting mountain ranges in the
south and west. Several episodes of uplifting and subsequent erosion have resulted in various
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depositions of fine and coarse calcareous sediments as well as gravel, which have led to a
sequence of channel abandonments (figure 46).

Figure 46.—Channel abandonment sequence resulting from various episodes of alternating uplifting,
deposits, and soil development.

The processes of uplifting, subsequent erosion, and deposition have resulted in some soils
in the area forming in two or more parent materials. For example, the Jacquet soil formed in two
different parent materials: fine calcareous deposits in the surface layer and calcareous and
noncalcareous gravel in the bottom layers. Other soils, such as the Sha Sha soil, formed in
limestone residuum that eroded and deposited on foothills overlaying colluvium materials.

Climate
Differences in climate can result in differences in soils. Temperature and moisture influence
soil formation. Weathering is most active when soils are moist and warm, which are conditions
conducive to rapid chemical reactions. Cooler temperatures result in slower chemical reactions.
During periods of rainfall, water carrying dissolved or suspended solids moves through the soil
in a process called leaching. Variations in temperature and moisture cause varying patterns of
weathering and leaching in the soil. Seasonal and daily changes in temperature affect moisture
effectiveness, biological activity, rates of chemical reactions, and kinds of vegetation.
The climate of Cul de Sac is near the border line between ustic and aridic. The average
precipitation is 740 mm. Leaching in soils is restricted in aridic environments; however, due to
seasonal variations in precipitation distribution and especially due to big episodic events
(hurricanes), leaching can occur more often in the survey area than is typical for aridic
environments. Because the soils in the Cul de Sac have somewhat restricted leaching and are
dominated by calcareous material, soil carbonates are distributed throughout the soil profile. As
a result, most of the soils have typical pH values of 8.0 and higher. The uplifting and the
deposits of materials that are of marine origin have also resulted in soils with higher amounts of
salts, especially in soils centrally located between the mountain ranges in the west and south.
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As a result, some of the soils, such as the Bas Boen soil, have pH values of 9 and higher and
have a cation exchange capacity dominated by salts.
Fluctuations in temperature and moisture affect the rates of decomposition and
accumulation of organic matter and the rates of mineral weathering. Cycling of bases, therefore,
is pronounced in areas of warm climate and large amounts of vegetation. In Cul de Sac, the
combination of rainfall patterns and relatively high temperatures throughout the year, the
vigorous plant growth, and the accelerated, chemical and biological processes of soil formation
lead to accumulation of organic matter and soil development. However, due to a combination of
large rainfall events and high erosion rates on exposed surfaces of the surrounding mountains,
deposits often interrupt the soil development. During the dry season, wind redistributes sand,
salts, carbonates, and other particles in Cul de Sac.

Organisms
Plants, animals, microorganisms, and humans affect the formation and shape of soils. Flora,
such as fungi and bacteria, can help to decompose organic matter and add nutrients to the soil.
Animals and microorganisms mix soils and form burrows and pores. Plant roots open channels
in the soils. Abandoned tunnels commonly are filled with loose material from the overlying
horizons and transmit water more readily than the surrounding undisturbed soil material.
Different types of roots have different effects on soils. Grass roots are fibrous near the
surface and easily decompose, adding organic matter to the soil. Fine grass roots can extend
below the surface for many feet. Plant roots also help to develop soil structure and aggregate
stability. Vegetation increases soil stability by protecting the surface against erosion. Taproots
open pathways through dense layers. Microorganisms affect chemical exchanges between
roots and soil. Humans also can mix the soil extensively.
The native vegetation depends on climate, topography, and biological factors plus many soil
factors, such as soil density, depth, chemistry, temperature, and moisture. Leaves from plants
fall to the surface and decompose on the soil. Organisms decompose these leaves and mix
them with the upper part of the soil, thereby cycling nutrients and energy back to vegetation.
Trees and shrubs have large roots that may grow to considerable depths and aid in the
fracturing of underlying rocks.
Root growth and humification of organic matter deep within soils can darken soils to a
considerable depth. Humification occurs when leaves, wood, roots, and animals are
decomposed by microorganisms and converted to humic substances. Humic substances are
broadly defined as products of organic matter decomposition that are relatively resistant to
further microbial decomposition. Humic substances that contain high amounts of carbon can
persist in the soil for a long time—on the order of hundreds to thousands of years. Some
examples of humic substances are humic and fulvic acids and humins. Humification is common
on prairies where there is prolific root growth of native grasses.

Time
Soil formation processes are continuous. Over time, soils exhibit features that reflect the
other soil-forming factors. Recently deposited material, such as material deposited by a flood,
exhibits no features from soil development activities. The previous soil surface and underlying
horizons become buried.
The different horizons in a soil profile and the degree of development can be directly related
to time. Terraces above the active flood plain, while similar to the flood plain, are older land
surfaces and thus the soils on the terraces exhibit more horizon development.
Bel Fond, Delmant, Dleudon, and Dumay soils have darker surfaces because they are on
more stable landscapes and therefore have had more time to accumulate more organic matter.
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On the other hand, Bas Boen soils are on flood plains and have few distinctive characteristics
and no diagnostic subsurface horizons.

Topography and Relief
Topography refers to the shape of the landscape, and relief refers to differences in
elevation. The overall landscapes in Cul de Sac, including ravines, alluvial fans, colluvium,
erosional surfaces, and deposits, are the result of erosion and depositional processes. These
processes may have occurred in response to changes in climate and tectonic activities. Cyclic
periods of landscape stability and instability influence the types of soils that form. Slope and
aspect of the overall landscape can affect the moisture and temperature of the soil. Slopes that
face the sun are warmer. The surface horizon of steep soils, such as the Sha Sha and Haut
Boen soils, may be erode as they form. Such soils are thinner than more nearly level soils, such
as the Dumay soil, which receives deposits from areas upslope. Also more bedrock or
underlying geologic formations are exposed on the steep, dry slopes. Deeper, darker soils, such
as the Bel Fond, Delmant, and Dleudon soils, may occur in the lower landscape positions. Soilforming factors continue to affect soils even on stable landscapes. Materials can be depositedon or blown- or washed-away from the surface. Additions, removals, and alterations are slow or
rapid, depending on climate, landscape position, and biological activity. In Cul de Sac,
alterations by climate and biological activity are rapid. The youngest geomorphic surfaces
generally are alluvial fans, flood plains, and basin floors associated with the major rivers and
streams where alluvium has been deposited.

Classification of the Soils
Soils are named and classified on the basis of physical and chemical properties in their
horizons (layers). Color, texture, structure, and other properties of the soil to a depth of 2 meters
are used to key the soil into a classification system. This system helps people to use soil
information and also provides a common language for scientists.
Soils and their horizons differ from one another, depending on how and when they formed.
Soil scientists use the five soil-forming factors to help predict where different soils may occur.
The degree and expression of the soil horizons reflect the extent of interaction of the soilforming factors with one or more of the soil-forming processes (Simonson, 1959). When
mapping soils, a soil scientist looks for areas with similar soil-forming factors to find similar soils.
The properties of the soils are described. Soils with the same kind of properties are given
taxonomic names. Soils are classified, mapped, and interpreted on the basis of various kinds of
soil horizons and their arrangement. The distribution of soil orders corresponds with the general
patterns of the soil-forming factors within the park.
The system of soil classification used by the National Cooperative Soil Survey has six
categories (Soil Survey Staff, 1999 and 2010). Beginning with the broadest, these categories
are the order, suborder, great group, subgroup, family, and series. Classification is based on
soil properties observed in the field or inferred from those observations or from laboratory
measurements. The categories are defined in the following paragraphs.
ORDER. Soil taxonomy at the highest hierarchical level identifies 12 soil orders. The names
for the orders and taxonomic soil properties relate to Greek, Latin, or other root words that
reveal something about the soil. The differences among orders reflect the dominant soil-forming
processes and the degree of soil formation. Each order is identified by a word ending in sol. An
example is Mollisol.
SUBORDER. Each order is divided into suborders primarily on the basis of properties that
influence soil genesis and are important to plant growth or properties that reflect the most
important variables within the orders. Sixty-four suborders are recognized at the next level of
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classification. The last syllable in the name of a suborder indicates the order. An example is
Ustoll (Ust, meaning dry climate, plus oll, from Mollisol).
GREAT GROUP. Each suborder is divided into great groups on the basis of close
similarities in kind, arrangement, and degree of development of pedogenic horizons; soil
moisture and temperature regimes; type of saturation; and base status. There are about 300
great groups. Each great group is identified by the name of a suborder and by a prefix that
indicates a property of the soil. An example is Haplustolls (Hapl, meaning minimal horizonation,
plus ustoll, the suborder of the Mollisols that has a ustic moisture regime).
SUBGROUP. There are more than 2,400 subgroups. Each great group has a typic
subgroup. The typic subgroup is the central concept of the great group; it is not necessarily the
most extensive. Other subgroups are intergrades or extragrades. Intergrades are transitions to
other orders, suborders, or great groups. Extragrades have some properties that are not
representative of the great group but do not indicate transitions to any other taxonomic class.
Each subgroup is identified by one or more adjectives preceding the name of the great group.
The adjective Aridic identifies the subgroup that is drier that is typical of the great group. An
example is Aridic Haplustolls.
FAMILY. Families are established within a subgroup on the basis of physical and chemical
properties and other characteristics that affect management. Generally, the properties for family
placement are those of horizons below a traditional agronomic plow depth. Among the
properties and characteristics considered are particle-size class, mineralogy class, cationexchange activity class, soil temperature regime, soil depth, and reaction class. A family name
consists of the name of a subgroup preceded by terms that indicate soil properties. An example
is coarse-loamy, mixed, mesic Aridic Haplustolls.
SERIES. The soil series is the lowest category in the soil classification system.
The series consists of soils within a family that have horizons similar in color, texture,
structure, reaction, consistence, mineral and chemical composition, and arrangement in the
profile. An example is the Bas Boen series. The names of soil series are selected by the soil
scientists during the course of mapping. The series names are commonly geographic place
names or are coined.
Table 5.—Taxonomic Classification of soils in the survey area
Soil Name

Taxonomic Classification

Bas Boen

Coarse-silty, carbonatic, isohyperthermic Fluventic Haplustepts

Bel Fond

Fine, smectitic, superactive, isohyperthermic Torrertic Calciustolls

Delman

Fine, smectitic, isohyperthermic Calcidic Haplustalfs

Dleudon

Fine, carbonatic, isohyperthermic Torrertic Calciustolls

Dumay

Clayey over loamy-skeletal, smectitic over mixed, superactive, isohyperthermic Aridic Argiustolls

Gaman

Clayey over loamy-skeletal, smectitic over mixed, superactive, isohyperthermic Calcidic Argiustolls

Haut Boen

Loamy-skeletal, mixed, superactive, isohyperthermic Aridic Argiustolls

Jacquet

Coarse-silty, carbonatic, isohyperthermic Fluventic Haplustepts

Jong

Fine, smectitic, isohyperthermic Torrertic Argiustolls

Sha Sha

Loamy-skeletal, carbonatic, isohyperthermic, shallow Petrocalcic Calciustolls
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Figure 47.—Taxonomic classification of the soils.
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Glossary
Aeration, soil. The exchange of air in soil with air from the atmosphere. The air in a well
aerated soil is similar to that in the atmosphere; the air in a poorly aerated soils
considerably higher in carbon dioxide and lower in oxygen.
Aggregate, soil. Many fine particles held in a single mass or cluster. Natural soil aggregates,
such as granules, blocks, or prisms, are called peds. Clods are aggregates produced by
tillage or logging.
Alkali (sodic) soil. A soil having so high a degree of alkalinity (pH 8.5 or higher) or so high a
percentage of exchangeable sodium (15 percent or more of the total exchangeable bases),
or both, that plant growth is restricted.
Alluvial fan. The fanlike deposit of a stream where it issues from a gorge upon a plain or of a
tributary stream near or at its junction with its main stream.
Alluvium. Material, such as sand, silt, or clay, deposited on land by streams.
Alpha,alpha-dipyridyl. A dye that when dissolved in 1N ammonium acetate is used to detect
the presence of reduced iron (Fe II) in the soil. A positive reaction indicates a type of
redoximorphic feature.
Aquic conditions. Current soil wetness characterized by saturation, reduction, and
redoximorphic features.
Argillic horizon. A subsoil horizon characterized by an accumulation of illuvial clay.
Aspect. The direction in which a slope faces.
Available water capacity (available moisture capacity). The capacity of soils to hold water
available for use by most plants. It is commonly defined as the difference between the
amount of soil water at field moisture capacity and the amount at wilting point. It is
commonly expressed as inches of water per inch of soil. The capacity, in cm, in a 150-cm
profile or to a limiting layer is expressed as:
Very low........................................................................ 0 to 7.6
Low............................................................................ 7.6 to 15
Moderate.................................................................... 15 to 23
High............................................................................ 23 to 30
Very high.............................................................more than 30
Base saturation. The degree to which material having cation-exchange properties is saturated
with exchangeable bases (sum of Ca, Mg, Na, and K), expressed as a percentage of the
total cation-exchange capacity.
Bedrock. The solid rock that underlies the soil and other unconsolidated material or that is
exposed at the surface.
Canopy. The leafy crown of trees or shrubs. (See Crown.)
Cation. An ion carrying a positive charge of electricity. The common soil cations are calcium,
potassium, magnesium, sodium, and hydrogen.
Cation-exchange capacity. The total amount of exchangeable cations that can be held by the
soil, expressed in terms of milliequivalents per 100 grams of soil at neutrality (pH 7.0) or at
some other stated pH value. The term, as applied to soils, is synonymous with baseexchange capacity but is more precise in meaning.
Clay. As a soil separate, the mineral soil particles less than 0.002 millimeter in diameter. As a
soil textural class, soil material that is 40 percent or more clay, less than 45 percent sand,
and less than 40 percent silt.
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Claypan. A slowly permeable soil horizon that contains much more clay than the horizons
above it. A claypan is commonly hard when dry and plastic or stiff when wet.
Climax plant community. The stabilized plant community on a particular site. The plant cover
reproduces itself and does not change so long as the environment remains the same.
Coarse textured soil. Sand or loamy sand.
Colluvium. Soil material or rock fragments, or both, moved by creep, slide, or local wash and
deposited at the base of steep slopes.
Complex, soil. A map unit of two or more kinds of soil or miscellaneous areas in such an
intricate pattern or so small in area that it is not practical to map them separately at the
selected scale of mapping. The pattern and proportion of the soils or miscellaneous areas
are somewhat similar in all areas.
Control section. The part of the soil on which classification is based. The thickness varies
among different kinds of soil, but for many it is that part of the soil profile between depths of
10 inches and 40 or 80 inches.
Corrosion. Soil-induced electrochemical or chemical action that dissolves or weakens concrete
or uncoated steel.
Crown. The upper part of a tree or shrub, including the living branches and their foliage.
Culmination of the mean annual increment (CMAI). The average annual increase per acre in
the volume of a stand. Computed by dividing the total volume of the stand by its age. As the
stand increases in age, the mean annual increment continues to increase until mortality
begins to reduce the rate of increase. The point where the stand reaches its maximum
annual rate of growth is called the culmination of the mean annual increment.
Depth, soil. Generally, the thickness of the soil over bedrock. Very deep soils are more than 60
inches deep over bedrock; deep soils, 100 to 150 centimeters; moderately deep, 50 to 100
centimeters; shallow, 25 to 50 centimeters; and very shallow, less than 25 centimeters.
Drainage class (natural). Refers to the frequency and duration of wet periods under conditions
similar to those under which the soil formed. Alterations of the water regime by human
activities, either through drainage or irrigation, are not a consideration unless they have
significantly changed the morphology of the soil. Seven classes of natural soil drainage are
recognized—excessively drained, somewhat excessively drained, well drained, moderately
well drained, somewhat poorly drained, poorly drained, and very poorly drained. These
classes are defined in the “Soil Survey Manual.”
Drainage, surface. Runoff, or surface flow of water, from an area.
Ecological site. An area where climate, soil, and relief are sufficiently uniform to produce a
distinct natural plant community. An ecological site is the product of all the environmental
factors responsible for its development. It is typified by an association of species that differ
from those on other ecological sites in kind and/or proportion of species or in total
production.
Eluviation. The movement of material in true solution or colloidal suspension from one place to
another within the soil. Soil horizons that have lost material through eluviation are eluvial;
those that have received material are illuvial.
Eolian soil material. Earthy parent material accumulated through wind action; commonly refers
to sandy material in dunes or to loess in blankets on the surface.
Erosion. The wearing away of the land surface by water, wind, ice, or other geologic agents
and by such processes as gravitational creep. Erosion (geologic). Erosion caused by
geologic processes acting over long geologic periods and resulting in the wearing away of
mountains and the building up of such landscape features as flood plains and coastal
plains. Synonym: natural erosion. Erosion (accelerated). Erosion much more rapid than
geologic erosion, mainly as a result of human or animal activities or of a catastrophe in
nature, such as a fire, that exposes the surface.
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Escarpment. A relatively continuous and steep slope or cliff breaking the general continuity of
more gently sloping land surfaces and resulting from erosion or faulting. Synonym: scarp.
Fertility, soil. The quality that enables a soil to provide plant nutrients, in adequate amounts
and in proper balance, for the growth of specified plants when light, moisture, temperature,
tilth, and other growth factors are favorable.
Fill slope. A sloping surface consisting of excavated soil material from a road cut. It commonly
is on the downhill side of the road.
Fine textured soil. Sandy clay, silty clay, or clay.
Flood plain. A nearly level alluvial plain that borders a stream and is subject to flooding unless
protected artificially.
Fluvial. Of or pertaining to rivers; produced by river action, as a fluvial plain.
Forb. Any herbaceous plant not a grass or a sedge.
Forest cover. All trees and other woody plants (underbrush) covering the ground in a forest.
Forest type. A stand of trees similar in composition and development because of given physical
and biological factors by which it may be differentiated from other stands.
Gravel. Rounded or angular fragments of rock as much as 7.6 centimeters (2 millimeters to 7.6
centimeters) in diameter. An individual piece is a pebble.
Gravelly soil material. Material that has 15 to 35 percent, by volume, rounded or angular rock
fragments, not prominently flattened, as much as 7.6 centimeters in diameter.
Ground water. Water filling all the unblocked pores of the material below the water table.
Hard bedrock. Bedrock that cannot be excavated except by blasting or by the use of special
equipment that is not commonly used in construction.
Hill. A natural elevation of the land surface, rising as much as 330 meters above surrounding
lowlands, commonly of limited summit area and having a well-defined outline; hillsides
generally have slopes of more than 15 percent. The distinction between a hill and a
mountain is arbitrary and is dependent on local usage.
Horizon, soil. A layer of soil, approximately parallel to the surface, having distinct
characteristics produced by soil-forming processes. In the identification of soil horizons, an
uppercase letter represents the major horizons. Numbers or lowercase letters that follow
represent subdivisions of the major horizons. An explanation of the subdivisions is given in
the “Soil Survey Manual.” The major horizons of mineral soil are as follows:
O horizon.—An organic layer of fresh and decaying plant residue.
A horizon.—The mineral horizon at or near the surface in which an accumulation of
humified organic matter is mixed with the mineral material. Also, a plowed surface
horizon, most of which was originally part of a B horizon.
E horizon.—The mineral horizon in which the main feature is loss of silicate clay, iron,
aluminum, or some combination of these.
B horizon.—The mineral horizon below an A horizon. The B horizon is in part a layer of
transition from the overlying A to the underlying C horizon. The B horizon also has
distinctive characteristics, such as (1) accumulation of clay, sesquioxides, humus, or a
combination of these; (2) prismatic or blocky structure; (3) redder or browner colors than
those in the A horizon; or (4) a combination of these.
C horizon.—The mineral horizon or layer, excluding indurated bedrock, that is little
affected by soil-forming processes and does not have the properties typical of the
overlying soil material. The material of a C horizon may be either like or unlike that in
which the solum formed. If the material is known to differ from that in the solum, an
Arabic numeral, commonly a 2, precedes the letter C.
Cr horizon.—Soft, consolidated bedrock beneath the soil.
R layer.—Consolidated bedrock beneath the soil. The bedrock commonly underlies a C
horizon, but it can be directly below an A or a B horizon.
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Hydrologic soil groups. Refers to soils grouped according to their runoff potential. The soil
properties that influence this potential are those that affect the minimum rate of water
infiltration on a bare soil during periods after prolonged wetting when the soil is not frozen.
These properties are depth to a seasonal high water table, the infiltration rate and
permeability after prolonged wetting, and depth to a very slowly permeable layer. The slope
and the kind of plant cover are not considered but are separate factors in predicting runoff.
Illuviation. The movement of soil material from one horizon to another in the soil profile.
Generally, material is removed from an upper horizon and deposited in a lower horizon.
Infiltration. The downward entry of water into the immediate surface of soil or other material, as
contrasted with percolation, which is movement of water through soil layers or material.
Infiltration capacity. The maximum rate at which water can infiltrate into a soil under a given
set of conditions.
Infiltration rate. The rate at which water penetrates the surface of the soil at any given instant,
usually expressed in inches per hour. The rate can be limited by the infiltration capacity of
the soil or the rate at which water is applied at the surface.
Intake rate. The average rate of water entering the soil under irrigation. Most soils have a fast
initial rate; the rate decreases with application time. Therefore, intake rate for design
purposes is not a constant but is a variable depending on the net irrigation application. The
rate of water intake, in cm per hour, is expressed as follows:
Less than 0.6.........................................................very low
0.6 to 1.1.................................................................... .. low
1.0 to 1.9.....................................................moderately low
1.9 to 3.2............................................................. moderate
3.2 to 4.4...................................................moderately high
4.4 to 6.4..................................................................... high
More than 6.4...................................................... very high
Ksat. Saturated hydraulic conductivity. (See Permeability.)
Leaching. The removal of soluble material from soil or other material by percolating water.
LEP. See Linear extensibility percent.
Linear extensibility (LE). Refers to the change in length of an unconfined clod as moisture
content is decreased from a moist to a dry state. Linear extensibility is used to determine
the shrink-swell potential of soils. It is an expression of the volume change between the
water content of the clod at 1/3- or 1/10-bar tension (33kPa or 10kPa tension) and oven
dryness. Volume change is influenced by the amount and type of clay minerals in the soil.
The volume change is the percent change for the whole soil. If it is expressed as a fraction,
the resulting value is COLE, coefficient of linear extensibility.
Linear extensibility percent. Refers to the percent change in linear extensibility.
Liquid limit. The moisture content at which the soil passes from a plastic to a liquid state.
Loam. Soil material that is 7 to 27 percent clay particles, 28 to 50 percent silt particles, and less
than 52 percent sand particles.
Loess. Fine grained material, dominantly of silt-sized particles, deposited by wind.
Low strength. The soil is not strong enough to support loads.
Medium textured soil. Very fine sandy loam, loam, silt loam, or silt.
Mineral soil. Soil that is mainly mineral material and low in organic material. Its bulk density is
more than that of organic soil.
Miscellaneous area. An area that has little or no natural soil and supports little or no
vegetation.
Moderately coarse textured soil. Coarse sandy loam, sandy loam, or fine sandy loam.
Moderately fine textured soil. Clay loam, sandy clay loam, or silty clay loam.
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Neutral soil. A soil having a pH value of 6.6 to 7.3. (See Reaction, soil.)
Nutrient, plant. Any element taken in by a plant essential to its growth. Plant nutrients are
mainly nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, iron, manganese,
copper, boron, and zinc obtained from the soil and carbon, hydrogen, and oxygen obtained
from the air and water.
Organic matter. Plant and animal residue in the soil in various stages of decomposition. The
content of organic matter in the surface layer is described as follows:
Very low.............................................less than 0.5 percent
Low......................................................... 0.5 to 1.0 percent
Moderately low........................................ 1.0 to 2.0 percent
Moderate................................................. 2.0 to 4.0 percent
High........................................................ 4.0 to 8.0 percent
Very high..........................................more than 8.0 percent
Pan. A compact, dense layer in a soil that impedes the movement of water and the growth of
roots. For example, hardpan, fragipan, claypan, plowpan, and traffic pan.
Parent material. The unconsolidated organic and mineral material in which soil forms.
Ped. An individual natural soil aggregate, such as a granule, a prism, or a block.
Pedon. The smallest volume that can be called “a soil.” A pedon is three dimensional and large
enough to permit study of all horizons. Its area ranges from about 1 square meter to 10
square meters, depending on the variability of the soil.
Percolation. The movement of water through the soil.
Permeability. The quality of the soil that enables water or air to move downward through the
profile. The rate at which a saturated soil transmits water is accepted as a measure of this
quality. In soil physics, the rate is referred to as “saturated hydraulic conductivity,” which is
defined in the “Soil Survey Manual.” In line with conventional usage in the engineering
profession and with traditional usage in published soil surveys, this rate of flow continues to
be expressed as “permeability.” Terms describing permeability, measured in inches per
hour, are as follows:
Extremely slow.............................................. 0.0 to 0.025 cm
Very slow..................................................... 0.025 to 0.15 cm
Slow................................................................. 0.15 to 0.6 cm
Moderately slow................................................. 0.6 to 1.5 cm
Moderate............................................................ 1.5 to 5.1 cm
Moderately rapid.............................................. 5.1 to 15.0 cm
Rapid.............................................................. 15.0 to 51.0 cm
Very rapid.................................................. more than 51.0 cm
Phase, soil. A subdivision of a soil series based on features that affect its use and
management, such as slope, stoniness, and flooding.
pH value. A numerical designation of acidity and alkalinity in soil. (See Reaction, soil.)
Plasticity index. The numerical difference between the liquid limit and the plastic limit; the
range of moisture content within which the soil remains plastic.
Plastic limit. The moisture content at which a soil changes from semisolid to plastic.
Plowpan. A compacted layer formed in the soil directly below the plowed layer.
Ponding. Standing water on soils in closed depressions. Unless the soils are artificially drained,
the water can be removed only by percolation or evapotranspiration.
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Poorly graded. Refers to a coarse grained soil or soil material consisting mainly of particles of
nearly the same size. Because there is little difference in size of the particles, density can
be increased only slightly by compaction.
Potential native plant community. See Climax plant community.
Potential rooting depth (effective rooting depth). Depth to which roots could penetrate if the
content of moisture in the soil were adequate. The soil has no properties restricting the
penetration of roots to this depth.
Productivity, soil. The capability of a soil for producing a specified plant or sequence of plants
under specific management.
Profile, soil. A vertical section of the soil extending through all its horizons and into the parent
material.
Rangeland. Land on which the potential natural vegetation is predominantly grasses, grasslike
plants, forbs, or shrubs suitable for grazing or browsing. It includes natural grasslands,
savannas, many wetlands, some deserts, tundras, and areas that support certain forb and
shrub communities.
Reaction, soil. A measure of acidity or alkalinity of a soil, expressed in pH values. A soil that
tests to pH 7.0 is described as precisely neutral in reaction because it is neither acid nor
alkaline. The degrees of acidity or alkalinity, expressed as pH values, are:
Ultra acid.........................................................less than 3.5
Extremely acid..................................................... 3.5 to 4.4
Very strongly acid................................................ 4.5 to 5.0
Strongly acid........................................................ 5.1 to 5.5
Moderately acid................................................... 5.6 to 6.0
Slightly acid.......................................................... 6.1 to 6.5
Neutral................................................................. 6.6 to 7.3
Slightly alkaline.................................................... 7.4 to 7.8
Moderately alkaline.............................................. 7.9 to 8.4
Strongly alkaline.................................................. 8.5 to 9.0
Very strongly alkaline................................... 9.1 and higher
Redoximorphic concentrations. Nodules, concretions, soft masses, pore linings, and other
features resulting from the accumulation of iron or manganese oxide. An indication of
chemical reduction and oxidation resulting from saturation.
Redoximorphic depletions. Low-chroma zones from which iron and manganese oxide or a
combination of iron and manganese oxide and clay has been removed. These zones are
indications of the chemical reduction of iron resulting from saturation.
Redoximorphic features. Redoximorphic concentrations, redoximorphic depletions, reduced
matrices, a positive reaction to alpha,alpha-dipyridyl, and other features indicating the
chemical reduction and oxidation of iron and manganese compounds resulting from
saturation.
Relief. The elevations or inequalities of a land surface, considered collectively.
Residuum (residual soil material). Unconsolidated, weathered or partly weathered mineral
material that accumulated as consolidated rock disintegrated in place.
Rock fragments. Rock or mineral fragments having a diameter of 2 millimeters or more; for
example, pebbles, cobbles, stones, and boulders.
Root zone. The part of the soil that can be penetrated by plant roots.
Runoff. The precipitation discharged into stream channels from an area. The water that flows
off the surface of the land without sinking into the soil is called surface runoff. Water that
enters the soil before reaching surface streams is called groundwater runoff or seepage
flow from ground water.
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Saline soil. A soil containing soluble salts in an amount that impairs growth of plants. A saline
soil does not contain excess exchangeable sodium.
Sand. As a soil separate, individual rock or mineral fragments from 0.05 millimeter to 2.0
millimeters in diameter. Most sand grains consist of quartz. As a soil textural class, a soil
that is 85 percent or more sand and not more than 10 percent clay.
Sandstone. Sedimentary rock containing dominantly sand-sized particles.
Saprolite. Unconsolidated residual material underlying the soil and grading to hard bedrock
below.
Saturation. Wetness characterized by zero or positive pressure of the soil water. Under
conditions of saturation, the water will flow from the soil matrix into an unlined auger hole.
Sedimentary rock. Rock made up of particles deposited from suspension in water. The chief
kinds of sedimentary rock are conglomerate, formed from gravel; sandstone, formed from
sand; shale, formed from clay; and limestone, formed from soft masses of calcium
carbonate. There are many intermediate types. Some wind-deposited sand is consolidated
into sandstone.
Series, soil. A group of soils that have profiles that are almost alike. All the soils of a series
have horizons that are similar in composition, thickness, and arrangement.
Shale. Sedimentary rock formed by the hardening of a clay deposit.
Silt. As a soil separate, individual mineral particles that range in diameter from the upper limit of
clay (0.002 millimeter) to the lower limit of very fine sand (0.05 millimeter). As a soil textural
class, soil that is 80 percent or more silt and less than 12 percent clay.
Siltstone. Sedimentary rock made up of dominantly silt-sized particles.
Similar soils. Soils that share limits of diagnostic criteria, behave and perform in a similar
manner, and have similar conservation needs or management requirements for the major
land uses in the survey area.
Site index. A designation of the quality of a forest site based on the height of the dominant
stand at an arbitrarily chosen age. For example, if the average height attained by dominant
and codominant trees in a fully stocked stand at the age of 50 years is 25 meters, the site
index is 25.
Slope. The inclination of the land surface from the horizontal. Percentage of slope is the vertical
distance divided by horizontal distance, then multiplied by 100. Thus, a slope of 20 percent
is a drop of 6.6 meters in 33 meters of horizontal distance.
Sodic (alkali) soil. A soil having so high a degree of alkalinity (pH 8.5 or higher) or so high a
percentage of exchangeable sodium (15 percent or more of the total exchangeable bases),
or both, that plant growth is restricted.
Sodicity. The degree to which a soil is affected by exchangeable sodium. Sodicity is expressed
as a sodium adsorption ratio (SAR) of a saturation extract, or the ratio of Na+ to Ca++ +
Mg++. The degrees of sodicity and their respective ratios are:
Slight..............................................................less than 13:1
Moderate...................................................................13-30:1
Strong..........................................................more than 30:1
Sodium adsorption ratio (SAR). A measure of the amount of sodium (Na) relative to calcium
(Ca) and magnesium (Mg) in the water extract from saturated soil paste. It is the ratio of the
Na concentration divided by the square root of one-half of the Ca + Mg concentration.
Soft bedrock. Bedrock that can be excavated with trenching machines, backhoes, small
rippers, and other equipment commonly used in construction.
Soil. A natural, three-dimensional body at the earth’s surface. It is capable of supporting plants
and has properties resulting from the integrated effect of climate and living matter acting on
earthy parent material, as conditioned by relief over periods of time.
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Soil separates. Mineral particles less than 2 millimeters in equivalent diameter and ranging
between specified size limits. The names and sizes, in millimeters, of separates recognized
in the United States are as follows:
Very coarse sand................................................. 2.0 to 1.0
Coarse sand........................................................ 1.0 to 0.5
Medium sand..................................................... 0.5 to 0.25
Fine sand......................................................... 0.25 to 0.10
Very fine sand.................................................. 0.10 to 0.05
Silt ................................................................. 0.05 to 0.002
Clay.............................................................less than 0.002
Solum. The upper part of a soil profile, above the C horizon, in which the processes of soil
formation are active. The solum consists of the A, E, and B horizons. Generally, the
characteristics of the material in these horizons are unlike those of the material below the
solum. The living roots and plant and animal activities are largely confined to the solum.
Stones. Rock fragments 25 to 60 centimeters in diameter if rounded or 38 to 60 centimeters in
length if flat.
Stony. Refers to a soil containing stones in numbers that interfere/prevent tillage.
Structure, soil. The arrangement of primary soil particles into compound particles or
aggregates. The principal forms of soil structure are—platy (laminated), prismatic (vertical
axis of aggregates longer than horizontal), columnar (prisms with rounded tops), blocky
(angular or subangular), and granular. Structureless soils are either single grained (each
grain by itself, as in dune sand) or massive (the particles adhering without any regular
cleavage, as in many hardpans).
Subsoil. Technically, the B horizon; roughly, the part of the solum below plow depth.
Substratum. The part of the soil below the solum.
Subsurface layer. Any surface soil horizon (A, E, AB, or EB) below the surface layer.
Surface layer. The soil ordinarily moved in tillage, or its equivalent in uncultivated soil, ranging
in depth from 10 to 25 centimeters. Frequently designated as the “plow layer,” or the “Ap
horizon.”
Surface soil. The A, E, AB, and EB horizons, considered collectively. It includes all subdivisions
of these horizons.
Terrace. An embankment, or ridge, constructed across sloping soils on the contour or at a slight
angle to the contour. The terrace intercepts surface runoff so that water soaks into the soil
or flows slowly to a prepared outlet. A terrace in a field generally is built so that the field can
be farmed. A terrace intended mainly for drainage has a deep channel that is maintained in
permanent sod.
Terrace (geologic). An old alluvial plain, ordinarily flat or undulating, bordering a river, a lake, or
the sea.
Texture, soil. The relative proportions of sand, silt, and clay particles in a mass of soil. The
basic textural classes, in order of increasing proportion of fine particles, are sand, loamy
sand, sandy loam, loam, silt loam, silt, sandy clay loam, clay loam, silty clay loam, sandy
clay, silty clay, and clay. The sand, loamy sand, and sandy loam classes may be further
divided by specifying “coarse,” “fine,” or “very fine.”
Tilth, soil. The physical condition of the soil as related to tillage, seedbed preparation, seedling
emergence, and root penetration.
Topsoil. The upper part of the soil, which is the most favorable material for plant growth. It is
ordinarily rich in organic matter and is used to topdress roadbanks, lawns, and land affected
by mining.
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Upland. Land at a higher elevation, in general, than the alluvial plain or stream terrace; land
above the lowlands along streams.
Weathering. All physical and chemical changes produced in rocks or other deposits at or near
the earth’s surface by atmospheric agents. These changes result in disintegration and
decomposition of the material.
Well graded. Refers to soil material consisting of coarse grained particles that are well
distributed over a wide range in size or diameter. Such soil normally can be easily
increased in density and bearing properties by compaction. Contrasts with poorly graded
soil.
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Appendix
General Irrigation
Summary: Soil interpretations for “Irrigation -General" evaluate a soil's limitation(s) for
installation and use of irrigation systems. The ratings are for soils in their natural condition and
do not consider present land use. This interpretation is for non-specific irrigation methods and is
intended to provide initial planning information. If the type of irrigation system has been
determined additional interpretations provide more specific information. This interpretation does
not apply if the crop planned for irrigation is rice or other crops (such as cranberries) with unique
plant physiological characteristics. The degree of limitation is expressed as a numeric index
between 0 (non-limiting condition) and 1.0 (limiting condition). If a soil's property within 150 cm
(60 inches) of the soil surface has a degree of limitation greater than zero, then that soil
property is limiting and the soil restrictive feature is identified. The overall interpretive rating
assigned is the maximum degree of limitation of each soil interpretive property that comprises
the interpretive rule. Lesser restrictive soil features are those that have a degree of limitation
less than the maximum and are identified to provide the user with additional information about
the soil's capability to support the interpretation. These lesser restrictive features could be
important factors where the major restrictive features are overcome through practice design and
application modifications.
Soils are placed into interpretive rating classes per their degree of limitation. These are not
limited (degree of limitation = 0), somewhat limited (degree of limitation > 0 and < 1.0), or very
limited (degree of limitation = 1.0). NOTE: Several soil criteria that result in very limited
responses, do not apply when irrigating rice. This report is not applicable to basin irrigation of
rice. The General Irrigation interpretation was developed by the Temple, Texas interpretation
and irrigation engineering staff. The original interpretation rules and criteria developed by
Temple, Texas interpretation staff for General irrigation has been modified to meet the need for
this application in other regions of the United States.
This application is NOT DESIGNED NOR INTENDED TO BE USED IN A REGULATORY
MANNER.
Scope: Irrigation systems are used to provide supplemental water to crops, orchards,
vineyards, and vegetables in area where natural precipitation will not support desired production
of crops being grown.
Description: The soil properties and qualities important in design and management are
sodium adsorption ratio, depth to high water table, available water holding capacity,
permeability, erosion factor, slope, calcium carbonate content, ponding, and flooding. Soil
properties and qualities that influence installation and tillage are stones, depth to bedrock or
cemented pan, and depth to a high water table. The properties and qualities that affect
performance of the irrigation system are depth to bedrock or to a cemented pan, the sodium
adsorption ratio, salinity, and soil reaction. Permanently frozen soils are not suited to irrigation.
CRITERIA: The interpretive rating is the most limiting of the following restrictive features.
1. Depth to hard bedrock: Shallow depth to hard bedrock limits site preparation such as shaping
and leveling, reduces rooting depth and available water capacity, and restricts installation of
underground irrigation practice components. Soil feature considered is the top depth of the first
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restrictive layer where restrictive type is "bedrock (lithic)". Depth to restrictive feature must be
synchronized with the depth to the restrictive feature horizon shown in the horizon table.
Property used: DEPTH TO BEDROCK (PAN) (Modality - representative value)
Restrictive limits:
Very limiting
< 50 cm
Somewhat limiting
=> 50 cm and < 150 cm
Not limiting
=> 150 cm
Null depth is assigned to the Not limiting class.
AND
Property used: KIND OF BEDROCK RESTRICTION (PAN) (Modality - representative
value)
Restrictive limits:
Very limiting = "bedrock (lithic)"
Not limiting
not = "bedrock (lithic)"
Null restrictive feature kind is assigned to the Not limiting class.
2. Depth to soft bedrock: Shallow depth to soft bedrock limits site preparation such as shaping
and leveling, reduces rooting depth and available water capacity, and restricts installation of
underground
irrigation practice components. Soil feature considered is the top depth of the first restrictive
layer where restrictive type is "bedrock (paralithic)" or "bedrock (densic)". Depth to restrictive
feature must be synchronized with the depth to the restrictive feature horizon shown in the
horizon table.
Property used: DEPTH TO BEDROCK (PAN) (Modality - representative value)
Restrictive limits:
Very limiting
< 50 cm
Somewhat limiting
=> 50 cm and < 150 cm
Not limiting
=> 150 cm
Null depth is assigned to the Not limiting class.
AND
Property used: KIND OF BEDROCK RESTRICTION (PAN) (Modality - representative
value)
Restrictive limits:
Very limiting = "bedrock (paralithic)" or "bedrock (densic)"
Not limiting
not = "bedrock (paralithic)" or "bedrock (densic)"
Null restrictive feature kind is assigned to the Not limiting class.
3. Depth to cemented pan: Shallow depth to cemented limits site preparation such as shaping
and leveling, reduces rooting depth and available water capacity, and restricts installation of
underground irrigation practice components. Soil features considered are the top depth of the
first restrictive layer where restriction kind = "fragipan", "duripan", "petrocalcic", "ortstein", or
"petrogypsic". Depth to restrictive feature shown in the component restrictions table must be
synchronized with the depth to the restrictive feature horizon shown in the horizon table in the
database.
Property used: DEPTH TO FIRST RESTRICTIVE FEATURE (PAN) (Modality representative value)
Restrictive limits:
Very limiting
< 50 cm
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Somewhat limiting
=> 50 and < 150 cm
Not limiting
=> 150 cm
Null depth is assigned to the Not limiting class.
AND
Property used: KIND OF RESTRICTION (PAN) (Modality - representative value)
Restrictive limits:
Very limiting = "fragipan" or "duripan" or "petrocalcic" or "ortstein" or
"petrogypsic"
Not limiting not = "fragipan" or "duripan" or "petrocalcic" or "ortstein" or
"petrogypsic"
Null restrictive feature kind is assigned to the Not limiting class.
AND
Property used: FIRST RESTRICTIVE FEATURE HARDNESS (PAN) (Modality representative value)
Restrictive limits:
Very limiting not = "Noncemented"
Not limiting
= "Noncemented"
Null hardness is assigned to the limiting class.
4. Depth to saturated zone: A shallow depth to water table will hamper installation of irrigation
pipelines, appurtenances, water control structures, and earth forming that might be needed
install and maintain an irrigation system. A shallow depth to water table will also complicate the
irrigation water management requirements for the site, and often increases probability of salinity
problems developing. A shallow water table will also make the soil difficult to work, restrict
rooting zone, and increase risk of ground water contamination through leaching of nitrates,
pesticides or other contaminants. These areas are slow to drain and can become waterlogged
and boggy during periods of heavy precipitation. Soil feature considered is the top depth of the
first layer where soil moisture layer status is wet or saturated during any month in the growing
season. Soil feature used is 60 cm depth as limiting. This limitation can sometimes be overcome
with installation of a properly designed drainage system. Greater than or equal to 90 cm is not
limiting.
Property used: DEPTH TO HIGH WATER TABLE MINIMUM IN GROWING SEASON
(PAN) (Modality - representative value)
Restrictive limits:
Very limiting
< 60 cm
Somewhat limiting
=> 60 cm and <90 cm
Not limiting
=> 90 cm
Null depth is assigned to the Not limiting class.
5. Low Available Water Capacity: Soils with low available water capacities have limited potential
to hold irrigation water. Irrigation system design and management is critical on soil with low
AWC to insure adequate soil water for maximum plant growth and production. Soil feature
considered is the (available water capacity x layer thickness) summed through a depth of 150
cm or to a restrictive layer. The 0.05 cm/cm is considered limiting.
Property used: WMS - AVAILABLE WATER CAPACITY IN DEPTH 0-150 cm (PAN)
(Modality - high, low, representative value)
Restrictive limits:
Very limiting
=< 7.5 cm
Somewhat limiting
> 7.5 to < 18cm
84

Soil Survey of Cul de Sac, Haiti

Not limiting
=> 18cm
Null AWC is assigned to the Not rated class.
6. Sodium content: Soils with high sodium adsorption ratio are prone to develop irrigation water
and rainfall infiltration restriction/reductions due to soil dispersion caused by sodium in the soil
and/or soil water. Soils with elevated SARs will require monitoring of SAR in soil and irrigation
water being applied, very careful irrigation water management, possible chemical treatment. An
elevated SAR may impact expected crop response to irrigation by suppressing plant growth and
will require a high degree of management. Soil feature considered is the highest sodium
adsorption ratio for horizons that have any portion in the depth range 0 to 150 cm.
Property used: SODIUM ADSORPTION RATIO MAXIMUM IN DEPTH 0-150 cm (PAN)
(Modality - low, high, representative value)
Restriction limits:
Very limiting
> 20
Somewhat limiting
> 6 and < 20
Not limiting
<6
Null SAR is assigned not rated.
7. Flooding: Flooding frequency greater then rare has the potential to damage irrigation
infrastructure, and impact expected crop response to irrigation by causing frequent crop
damage. Most irrigation systems involve a relatively high investment in money or labor or both.
Most producers will need to be fairly certain the investment necessary to install an irrigation
system will pay. A frequently flooded area would not likely provide a very stable investment.
Frequently flooded areas are more likely to transport nutrients and agricultural chemicals, which
are typically applied at a higher rate on irrigated land, off site to receiving surface waters. Soil
feature considered is maximum flooding frequency classes over 12 months.
Property used: FLOODING FREQUENCY CLASS, Greatest ANY MONTH (PAN)
(Maximum Duration) (Modality - representative value)
Restrictive limits:
Very limiting
= Very frequent"
Somewhat limiting
= frequent or "occasional"
Not limiting
= "none" or "very rare" or "rare"
Null frequency is assigned to the Not limiting class.
8. Percs slowly: Soils with low hydraulic conductivity (Ksat) have slow percolation causing excess
runoff and erosion during high precipitation or irrigation events. Agri-chemical and fertilizers
applied to soils with this limitation may be removed from the site by runoff and can impacting
adjacent surface waters. Timing, application rates, and application methods are management
tools that can be used when applying these products to soil susceptible to slow percolation. Soil
feature considered is the horizon with the lowest Ksat that has any portion in the depth range 0 to
150 cm or to a restrictive layer if less than 150 cm.
Property used: WMS - KSAT MINIMUM, 0-150CM OR FIRST RESTRICTION (PAN)
(Modality - low, high, representative value)
Restriction limits:
Very limiting
=< 0.14 micrometers/second
Somewhat limiting
> 0.14 and < 1.40 micrometers/second
Not limiting
=> 1.40 micrometers/second
Null Ksat is assigned not rated.
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9. Ponding: Ponding may damage irrigation infrastructure, and will likely impact expected crop
response to irrigation by causing frequent crop damage. Most irrigation systems involve a
relatively high investment in money or labor or both. Most producers will need to be fairly certain
the investment necessary to install an irrigation system will pay. A ponding area would not likely
provide a very stable investment. Soil feature considered is ponding duration any month during
the growing season. Soil feature considered is ponding duration. This limitation can sometimes
be overcome with installation of a properly designed drainage system.
Property used: PONDING DURATION DURING GROWING SEASON (PAN) (Modality representative value)
Restrictive limits:
Very limiting
= "long" or "very long"
Somewhat limiting
= brief or "very brief"
Not limiting
= "none"
Null ponding duration is assigned to the Not limiting class.
10. Excess salt: Soils with elevated salinity levels will require EC monitoring of soil and irrigation
water being applied. Matching irrigated crop selection to expected salinity levels, proper
leaching, and careful irrigation water management, will be required on soils with elevated
salinity. A properly designed drainage system may be required to properly irrigate some soils
with elevated salinity levels. Irrigation runoff and associated subsurface drainage from these
soils has potential to increase salinity levels in groundwater, downstream surface waters, and
wetlands. Soil feature considered is the horizon with the highest electrical conductivity 0-150
cm.
Property used: - SALINITY MAXIMUM (PAN) (Modality - low, high, representative value)
Restriction limits:
Somewhat limiting
=> 4
Not limiting
<4
Null EC is assigned not rated.
11. Slope: Limitation due to slope is highly dependent on type of irrigation system. Moderate
slopes may increase runoff and erosion, when used with surface irrigation methods and specific
types of mobile sprinkler irrigation systems (LEPA, LESA, LPIC, and MESA). LEPA, LESA,
LPIC, and MESA are sprinklers equipped with low pressure spray nozzles that operate on
drops. The closer the nozzle spacing and lower the drop the greater potential for runoff and
irrigation induced erosion on a given soil. Actual limiting slopes for sprinkler irrigation systems
using spray nozzles on drops would be average slope >1percent for LEPA, average slope >
3.0percent for LESA; and for LIPC and MESA systems average slope > 3percent and surface
texture finer than loam, or > 5percent and surface texture loam or coarser. All other sprinkler
systems would have limitations at >= 15percent. Surface irrigation systems would have a
limitation at or above 3 percent slope.
Soil feature considered is the component slope.
Property used: SLOPE (PAN) (Modality - low, high, representative value)
Restriction limits:
Very limiting
=> 15
Somewhat limiting
>1 and < 15
Not limiting
=< 1percent
Null Slope is assigned Not rated.
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12. Soil Reaction: (too acid or too alkaline) Low or High soil pH can result in corrosion of
irrigation infrastructure, significantly increase in irrigation system operation and maintenance
requirements, and impact expected crop response to irrigation by restricting plant growth. Soil
feature considered is the (pH) from 0 to 100 cm.
Property used: SOIL REACTION 1-1 WATER; MINIMUM, 0 TO 100CM (PAN) AND
SOIL REACTION 1-1 WATER; MAXIMUM, 0 TO 100CM (PAN) (Modality - high, low,
representative value)
Restriction limits: Too acid
Very limiting
=< 3.5
Somewhat limiting
> 3.5 and <5.0
Not limiting
=> 5.0
Null pH values are assigned to the Not rated class.
Restriction limits: Too alkaline
Somewhat limiting
> 9.0
Not limiting
=< 9.0
Null pH values are assigned to the Not rated class.
13. Calcium Carbonate: Soils with free carbonates below the surface layer may reduce irrigation
efficiency and effectiveness by increasing irrigation intake rate from what would have been
estimated based on texture alone. Calcium carbonate may restrict intake if compacted or
equipment blockages from precipitation of calcium. Free carbonates can also restrict available
root zone of irrigated crops. Soil feature considered is the maximum CaCO3 equivalent (percent
in thickest layer) between 25 and 100 cm or a restrictive layer.
Property used: CaCO3 MAXIMUM 25-100CM OR FIRST RESTRICTION (PAN)
(Modality - high, low, and representative value)
Restrictive limits:
Somewhat limiting
=> 50percent
Not limiting
< 50 percent
Null CaCO3 is assigned to the Not limiting class.
14. Seepage: Rapid permeability that allows irrigation water to percolate out of the root zone is
undesirable and increase irrigation management expenses. Permeability that maintains
irrigation water within the root zone during the consumptive use period is desirable to maintain
the growth and vigor of the irrigated crop. Soil feature considered is the horizon with the highest
Ksat that has any portion in the depth range 0 to 150 cm or to a restrictive layer if less than 150
cm.
Property used: KSAT MAXIMUM, 0-150CM OR FIRST RESTRICTION (PAN) (Modality low, high, representative value)
Restriction limits:
Very limiting
> 44.0 um/sec
Somewhat limiting
> 14.0 to < 44.0 um/sec
Not limiting
<= 14.0 um/sec
Null Ksat is assigned to the Not limiting class.
15. Content of large stones (a): Large stones may impede installation of pipelines and water
control structures, irrigation land leveling and/or shaping, and construction of earthen canals,
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ditches, or ridges. Large stones may also impact operation and maintenance requirements of
the selected irrigation system and will impact expected crop response to irrigation by effecting
tillage, planting, and harvesting and plant growth through reduced soil AWC. Soil feature
considered is the weighted average percentage of rock fragments of size greater than 75mm in
horizons above a restrictive feature or from 0 to 100 cm deep.
Property used: FRAGMENTS > 75MM WEIGHTED AVE. IN DEPTH 0-100CM (PAN)
(Modality - high, low, representative value)
Restrictive limits:
Very limiting
> 35 percent
Somewhat limiting
> 25 percent to 35 percent
Not limiting
=<25 percent
Null fragment data are assigned Not rated.
16. Content of large stones (b): Excessive stones (rock fragments, > 25 cm in diameter) on the
soil surface layer may impede installation of pipelines and water control structures, irrigation
land leveling and/or shaping, and construction of earthen canals, ditches, or ridges. Large
stones may also impact operation and management requirements of the selected irrigation
system and will impact expected crop response to irrigation by effecting tillage, planting,
harvesting, and plant growth through reduced soil AWC. Soil feature considered is percent rock
fragments > 25 cm in size on the surface soil layer.
Property used: FRAGMENTS >=250MM ON THE SURFACE (PAN) (Modality - high,
low, and representative value)
Restrictive limits:
Very limiting
=> 5percent
Somewhat limiting
> 0.1 to < 5percent
Not limiting
<= 0.1percent
Null > 25 cm rock fragment data are assigned to the Not limiting class
17. Subsidence - The presence of gypsum or soluble salts in the soil, parent material, or
bedrock may lead to the formation of subsidence features if the amount of irrigation water
applied grossly exceeds evapotranspiration. In humid climates, excessive irrigation on soils
occurring over limestone bedrock can also experience sinkhole formation. Soil features
considered are the gypsum content of the soil and bedrock as well as the presence of limestone
bedrock.
Property used: "LIMESTONE RESIDUUM TEST" (Modality – and representative value)
Restrictive Limits:
Limiting:
If the bedrock is limestone, the site is limited by the bedrock type.
Not limiting: If the bedrock is not limestone, the site is not limited by the
bedrock type.
NOTE!!! As the property is now written, if bedrock is not populated, a N0 is
returned.
NOTE!!! This base rule can be expanded to evaluate more types of bedrock.
Property used: "PARENT MATERIAL ORIGIN IS SOLUBLE SALT" (Modality - and
representative value)
Limiting: If the bedrock is soluble salt, the site is limited by the bedrock type.
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Not limiting: If the bedrock is not soluble salt, the site is not limited by the bedrock
type.
Property used: "SUBSIDENCE DUE TO GYPSUM, REV" (Modality - and representative
value)
Restrictive limits:
Very limiting
Somewhat limiting
Not limiting

=> 30 cm
10-30 cm
<= 10 cm

Figure 48.—Rating of map units in the survey area for general irrigation based on the criteria described in the
Appendix.
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