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Part 500 Authorities, Policies, and
Responsibilities

500.01 Purpose of the Agronomy Manual
Subpart 500A Authority

The National Agronomy Manual (NAM) contains policy for
agronomy activities and provides technical proceduresfor

500.00 Soil Conservation and Domestic uniform implementation of agronomy tools and applica-
Allotment Act of 1935 tions.

Thebasic legidlation for soil and water conservation pro-
grams by the Natural Resources Conservation Service
(NRCYS) isthe Soil Conservation and Domestic Allotment
Act, Public Law 74-46 of 1935 (16 U.S.C. 590a-590f).
Thisoriginal act recognized that agronomy, the science of
field crop production, is essential in fulfilling the agency’s
responsibilities. The Buchanan Amendment to the Agricul-
tural Appropriations Bill for FY 1930 (Public Law 70-769)
led to the enactment of Public Law 74-46. In 1933, the Soil
Erosion Service was established as atemporary agency of
the Department of the Interior. The agency was transferred
to USDA in 1935 and named the Soil Conservation Service
(SCS). In 1994, the Natural Resources Conservation Service
was established by Public Law 103-354, the Department of
Agriculture Reorganization Act (7 U.S.C. 6962).

The NRCS combines the authorities of the former Soil Con-
servation Service aswell asfive natural resource conserva-
tion cost-share programs previously administered by other
USDA agencies. The mission of the NRCSisto provide
leadership in a partnership effort to help people conserve,
maintain and improve our natural resources and environ-
ment. NRCS provides technical assistance through local
conservation districts on avoluntary basisto land users,
communities, watershed groups, Federal and State agencies,
and other cooperators. The agency’ s work focuses on ero-
sion reduction, water quality improvement, wetland restora-
tion and protection, fish and wildlife habitat improvement,
range management, stream restoration, water management,
and other natural resource problems.
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Subpart500B Agronomic policies

500.10 Location of policy

Agronomic policies are contained in specific parts and sub-
partsof thisNationa Agronomy Manua asappropriate.

500.11 AmendmentstoNAM

The NAM will be amended as needed, as additional re-
search is completed, existing methods or procedures are up-
dated, or as new technology is developed and approved for
useinthe NRCS. The national agronomist isresponsiblefor
updatingthismanual.

Subpart500C Responsibilitiesof
agronomists

500.20 Responsibilitiesof national, State,
area, and field agronomists

The national agronomist, nutrient management, and pest
management specialists at the national level, cooperating
scientistsfor agronomy, and agronomists on theinstitutes
and center staffs provide staff assistancein all NRCS pro-
grams and provide national leadership on NRCS agronomy
related activities. They areresponsiblefor:

* assisting upper management informulating and
recommending national policies, procedures, and
standards;

 technical leadership and guidance; quality
control;

 national coordination of agronomy with other NRCS
technical fields, and

 promoting and maintai ning relationswith groupsand
agenciesthat have common interest in agronomy.

State agronomists provide staff assistance to the State Con
servationist for all agronomy and related functions. They
areresponsiblefor:
e Assistingin developing State policies, procedures,
and instructions, and coordinating them with other
Stateswithintheregion.

» Providing technical |eadership and guidance to other
agronomists and appropriate personnel withinthe
State.

 Collaborating with other State staff membersto ensure
interdisciplinary actionindl NRCSprograms.

e Trainingfield personnel.

* Participating in agronomy components of appraisals
andreviews.

» Maintaining working relationswith research centers
and other cooperating agencies.

» Developing and revising of all aspectsof Field Office
Technical Guidesrelated to agronomy.

» Providing assistanceininterdisciplinary technical
reviewsof project plans, environmental impact
statements, and other technical materials.

 Coordinating agronomy functionswith other Statesin
the region and across regional boundaries as appro-
priate.
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Areaor zone agronomists provide staff assistancein all
NRCS programs. They areresponsiblefor carrying out the
requirements of conservation agronomy consistent with
technical proficiency, training, interdisciplinary action, and
quality control within their administrative area. In some
cases, these agronomists may carry out some of the respon-
sibilities of the state agronomistsif so del egated.

Field office agronomistsare usually intraining positions.
Training is provided by agronomists at the area or State
level.

Agronomistsin the above positions may provide specific
functionsthrough team or ad hoc assignments at anational,
regional, or Statelevel.

Each agronomist hasthe responsibility to develop their
training needsinventory and to work with their supervisor
to obtain technical training to improve their overall agro-
nomicexpertise.

Standards of performance for agronomists are contained in
the NRCS Personnel Manual.

500.30 Technical information—preparing,
transferring, and training

Agronomists use technical information that has been devel-
oped at centers, institutes, national, or State level and main-
tain technical materialsfor the administrative areathey
serve. State staff agronomists develop and review field of-
fice technical guide materials and ensure materials are tech-
nically correct, comprehensive, and useful to the end user.
NRCS policy on preparing and maintaining technical guides
isin Title 450-GM, Part 401. In addition, state agronomists
areresponsiblefor technical notesand other agronomy
technical materialsthat are applicableto the State.

Agronomistsissuetechnical information at the area, state,
or national level. Thismay include original information, re-
search notes, papers, or excerpts of such material. Agrono-
mists are encouraged to submit articlesfor publication or
presentation at professional meetings. Technical informa-
tion presented or prepared for publication shall have an ap-
propriate technical and or administrative review and include
crediting of appropriate references.

(190-V-NAM, 3rd Ed

Agronomistsreceive and provide training necessary to
maintain technical competency at all administrativelevels.
Training includes but isnot limited to National Employee
Development Courses, workshops, conferences, and univer-
sity courses.

500.40 Certification

Agronomistsat al levels of the agency are encouraged to
obtain professional certification(s). Examples of certifica-
tion programsinclude the Certified Crop Adviser (CCA)
and Certified Professional Agronomists (CPAQ) under
ARCPACS of the American Society of Agronomy, Certi-
fied Professional in Erosion and Sediment Control
(CPESC) of the Soil and Water Conservation Society, and
state pesticide applicator licenses. Continuing educational
requirements of most certification programs provide excel-
lent opportunitiesto stay abreast of advancesin technology.

500.50 Affiliation with professional organi-
zations

Agronomists at al levels are encouraged to be active mem-
bers of professional scientific societies, such asthe Ameri-
can Society of Agronomy, Soil Science Society of America,
Crop Science Society of America, the Soil and Water Con-
servation [JSociety. These organi zations provide opportuni-
tiesto interact with researchers at the national and State
level and to stay current on the latest technology.
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Part 501

Water Erosion

Subpart501A  Introduction

501.00 Overview of Content in Part 501 Wa-
ter Erosion

Part 501 presents Natural Resources Conservation Service
(NRCYS) policy and proceduresfor estimating soil erosion
by water. It explainsthe types, the method used to estimate,
and the control of soil erosion by water. NRCS technical
guidance rel ated to water erosion shall conform to policy
and procedures set forth in this part.

The Agricultural Research Service (ARS) has primary re-
sponsihility for erosion prediction research withinthe U.S.
Department of Agriculture (USDA). ARSisthelead agency
for devel oping erosion prediction technology, including the
Revised Universal Soil Loss Equation (RUSLE). The tech-
nology in RUSLE is documented to the publication Predict-
ing Soil Erosion by Water: A Guide to Conservation Plan-
ning With Revised Universal Soil Loss Equation, U.S. De-
partment of Agriculture Handbook 703, hereafter referred
to as Agriculture Handbook 703.

Subpart501B  Water erodon

501.10 Formsof water erosion

Forms of soil erosion by water include sheet and rill,
ephemeral gully, classical gully, and streambank. Each suc-
ceeding typeis associated with the progressive concentra-
tion of runoff water into channelsasit moves downsl ope.
Sheet erosion, sometimesreferred to asinterrill erosion, is
the detachment of soil particles by raindrop impact and the
removal of thinlayers of soil from the land surface by the
action of rainfall and runoff. Rill erosion isthe formation of
small, generally parallel channelsformed by runoff water.
Rillsusually do not re-occur in the same place. Ephemeral
gulliesare concentrated flow channelsformed whenrills
convergeto form shallow channels. They are aternately
filled with soil by tillage operations and re-formed in the
same general location by subsequent runoff events. Classi-
cal gulliesare also concentrated flow channelsformed when
rillsconverge. These are well defined, permanent incised
drainagewaysthat cannot be crossed by ordinary farming
operations.

Other forms of erosion that are related to soil erosion by
water include stream channel and geologic. Stream channel
erosion refersto the degradation of channels and water-
ways. Geologic erosion refersto long-term erosion effects,
as opposed to accel erated erosion events discussed in the
Subpart.

No reliable methods exist for predicting the rate of ephem-
era gully, classical gully, stream channel, or geologic ero-
sion. The remainder of this part deals only with prediction
and control of sheet and rill erosion.

501.11 Thewater erosion process

The processes of sheet and rill erosion are detachment,
transport, and deposition of soil particles caused by rain-
drop impact and surface runoff.

Detachment isthe removal of particlesfrom the soil mass
and is expressed in units, such astons per acre. When soil
particles are removed from the mass, they arereferred to as
sediment.
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The movement of sediment downslope is sediment trans-
port. A measure of sediment transport is sediment load.
Sediment |oad on aslope increases with distance downslope
aslong as detachment isoccurring. That is, detachment
addsto the sediment load.

Where runoff is slowed at the base of aslope or by dense
vegetation, deposition occurs, which isthe transfer of sedi-
ment from the sediment load to the soil mass. That is, depo-
sition removes sediment from the sediment load, and accu-
mulateson the soil surface.

Two types of deposition, remote and local, occur. Remote
deposition occurs some distance away from the origin of the
sediment. Deposition at the toe of aconcave slope, onthe
uphill side of vegetative strips, and in terrace channelsare
exampl es of remote deposition. Local depositioniswhere
sediment isdeposited near, within several inches, of where
it is detached. Deposition in microdepressionsand in low
gradient furrows are examples of local deposition.

Subpart501C Estimating
sheet andrill erosion

501.20 How, why, and by whom water ero-
sionisestimated

NRCS estimates soil erosion by water as part of its techni-
cal assistance to land users. In conservation planning, ero-
sion estimates are made for an existing management system
and compared with alternative systems and with soil loss
tolerance, T, values.

In addition, soil loss estimates are used to inventory natural
resources, eval uate the effectiveness of conservation pro-
gramsand land treatment, and estimate sediment production
fromfieldsthat might become sediment yield in watersheds.

In March 1995, NRCS adopted RUSL E asthe official tool
for predicting soil erosion by water. NRCS continuesto use
USLE for certain provisions of Farm Bill programsand for
the NRCS National Resources Inventory (NRI).

501.21 Methodsof estimating sheet and rill

eroson

Effortsto predict soil erosion by water started in the
1930's. Cook (1936) identified the major variables that af-
fect erosion by water. Zingg (1940) published the first
equation for calculating field soil loss. Smith and Whitt
(1947) presented an erosion-estimating equation that in-
cluded most of the factors present in modern soil loss equa-
tions. The Musgrave eguation (Musgrave 1947) was asoil
loss equation developed for farm planning. Finally, an ef-
fort wasinitiated to devel op anational equation from the
various state and regional equationsthat existed in the
1950's. In 1954, the Agricultural Research Service estab-
lished the National Runoff and Soil Loss Data Center at
Purdue University in West Lafayette, Indiana, to consoli-
date all available erosion data. Using the data assembled at
the Data Center, Wischmeier and Smith (1965) developed
the Universal Soil LossEquation (USLE).

The USLE was aconsolidation of several regional soil loss
equations, and was based on summarizing and statistical
analyses of more than 10,000 plot-years of basic runoff and
soil loss datafrom 49 U.S. locations (Agriculture Hand-
book 703, 1997; Wischmeier and Smith 1965, 1978).
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The USLE was designed to provide aconvenient working
tool for conservationists. It quantifies soil erosion as a prod-
uct of six factors representing rainfall and runoff erosive-
ness, soil erodibility, slopelength, slope steepness, cover-
management practi ces, and supporting practices.

501.22 TheRevised Universal Soil Loss
Equation

Since March 1995, the Revised Universal Soil Loss Equa
tion (RUSLE) has been used by NRCSto estimate soil loss
by water (Agriculture Handbook 703.).

RUSLE predictslong-term average annual soil lossfrom
sheet and rill erosion. RUSLE is an update of the Universal
Soil Loss Equation (USLE) asdescribed in Agriculture
Handbook 537 (Wischmeier and Smith 1978). RUSLE uti-
lizesacomputer program to facilitate the calculations.
RUSLE technology reflectsthe analysis of research data
that were unavailable when Agricultural Handbook 282
(Wischmeier and Smith 1965) and Agriculture Handbook
537 were compl eted.

501.23 Limitationsof theequation

Theterm Universal distinguishesthe USLE and RUSLE
from State and regionally based model s that preceded them.
However, the use of the USLE and RUSLE islimited to
situations where factors can be accurately evaluated and to
conditions for which they can bereliably applied
(Wischmeier 1978; Agriculture Handbook 703, 1997).

RUSLE predictslong-term average annual soil loss carried
by runoff from specific field slopes under specified cover
and management systems. Itissubstantially lessaccurate
for the prediction of specific erosion events associated with
single stormsand short-term random fluctuations.

RUSLE a so estimates sediment yield for the amount of
eroded soil leaving the end of a slope with certain support
practices (see 501.35). It does not predict sediment yield
for the amount of sediment that isdeliveredtoapointina
watershed, such asthe edge of afield, that isremote from
the origin of the detached soil particles. Nor does RUSLE
predict erosion that occursin concentrated flow channels.

501.24  Alternative methodsof applying
RUSLE

ARSreleased RUSLE in 1992 as acomputer program in the
DOS environment. The model calculates soil lossfrom a
field slope using values for each factor and using data ele-
ments from climate, plant, and field operation data bases.

Since 1993, RUSLE has been implemented in many NRCS
field officesin hardcopy form inthe Field Office Technical
Guide (FOTG). State and areaagronomists have developed
tables and charts containing values for each of the RUSLE
factors. Since the RUSLE module in Field Office Comput-
ing System (FOCS) is no longer supported by the Informa-
tion Technology Center, NRCSwill continueto implement
RUSLE technology using chartsand tablesin the FOTG.

501.25 Dataneeded tosupport RUSLE

RUSLE uses soil erodibility, K, valuesfromthe NASIS
Soils Database. Climatic datais obtained from National
Weather Service weather stationswith reliable long-term
data. State and area agronomists have devel oped cover and
management factor, C, values for common cropping sys-
tems.

The crop database in the DOS RUSLE program contains
plant growth and residue production parameters. These
variablesfor key cropsarelisted in chapter 7 of Agriculture
Handbook 703. Valuesfor many of these parameters are
availablein adatabasefor awide variety of plants. A user
interface, the Crop Parameter Intelligent Data System
(CPIDS) (Deer-Ascough et al. 1995), allowsthe user to
search the database. The USDA, ARS, Nationa Soil Ero-
sion Research Laboratory, West Lafayette, Indiana, main-
tainsCPIDS.

Development and maintenance of data bases used by NRCS
in erosion prediction models are the responsibility of NRCS
agronomists at the State and national levels. Refer to Part
509 inthis Manual for more detailed information on data
base management and instructions. The national agronomist
maintains a data base management plan that identifiesthe
process of developing and maintaining data bases needed to
support RUSLE. Data basesfor some Statesare availablein
electronic format on the Fort Worth server.
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501.26 Toolsfor usingRUSLE

Maps of rainfall and runoff factors, R and Reg (see part
501.31) for the continental United States plusHawaii are
availablein Agriculture Handbook 703, figures 2-1 to 2-5
and figures 2-15 and 2-16. Additional climate-related data
and inputs are available in this chapter. Most states and Ba-
sin Areas have devel oped county-based climatic mapsfor
their areas. These contain the greater detail that isdesired
when applying RUSLE to specific field situations, and are
availablein NRCS State offices.

Soil erodibility factor, K, valuesfor RUSLE areavailablein
the NASIS Soils Database and in other soils data bases and
tables. In areas of the United States where K values are ad-
justed to account for seasonal variability, (Agriculture
Handbook 703) tables are availablein State offices that
show how the values are rounded to the nearest class and
subclass.

Four slope length and steepness, L and S, table options are
avallablein RUSLE. L Svalues can be obtained from tables
4-1to 4-4 in Agriculture Handbook 703. The RUSLE com-
puter program also calculates L S factor values for both uni-
formand complex slopes.

Cover and management factor, C, valuesare availablein
electronic table format in tablesin most State officesand in
the Field Office Technical Guide. Hardcopy tablesare
availablein most State offices.

Support practice factor, P, values are cal culated using tables
availablein the FOTG in many states. Copies, where avail-
able, can be obtained from the State office. Table valuesfor
common stripcropping and buffer strip systems are avail-
ableinthe FOTG of some states.

Subpart501D RUSLE
factors

501.30 Theaverageannual soil lossestimate,
A

Thelong time average annual soil loss, A, isthe computed
spatial average soil |oss and temporal average soil loss per
unit of area, expressed in the unitsfor K and for the period
selected for R.

Asapplied by NRCS, the unitsfor K and the period for R
are selected so that A isexpressed in tons per acre per year.
RUSLE predicts the soil loss carried by runoff from spe-
cific field slopesin specified cover and management sys-
tems.

501.31 Therainfall and runoff
erosivity factor, R

Therainfall and runoff erosivity factor, R, isthe product of
total storm energy timesthe maximum 30-minuteintensity.
Stated another way, the average annual total of the storm
energy and intensity valuesin agiven location istherainfall
erosion index, R, for thelocality. The R factor represents
thelong-term average annual summation of the Erosivity
Index (El) for extended period of record.

In dryland cropping areas of the Northwest Wheat and
Range Region, the effect of melting snow, rain on snow,
and/or rain on thawing soil poses unique problems. An
equivalent R value, R_, iscalculated for these areas to ac-
count for thisadded runoff.

501.32 Thesoil erodibility factor, K

The soil erodibility factor, K, isameasure of erodibility for
astandard condition. This standard condition isthe unit

plot, which isan erosion plot 72.6 feet (22.1) longon a9
percent slope, maintained in continuousfallow, tilled up

and down hill periodically to control weeds and break

crusts that form on the soil surface. The erodibility factor K
represents the combined effect of susceptibility of soil to
detachment, transport of sediment and the amount and rate
of runoff caused by a particular rainfall event. Soil proper-
tiesthat affect soil erodibility include texture, structure, per-
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meability and organic matter content. VValuesfor K should
be selected from those given in the NRCS soil survey data-
basein NASIS or in published reports the RUSLE soil
erodibility nomograph can a so be used to estimate K val-
ues for most soils. Soil erodibility K varies by season. It
tendsto be high in early spring during and immediately fol-
lowing thawing, and other periods when the soil iswet.
NRCS further modifies the seasonally adjusted K by round-
ing the value to the nearest K factor class or half-class (ex-
hibit501-1).

Rock fragmentsin the soil profile affect the soil erodibility
factor V. The K valueis adjusted upwards to account for
rock fragmentsin the soil profile of sandy soilsthat reduce
infiltration. No adjustment to the K valueisrecommended
by NRCS for rocksin the profile of medium and heavy tex-
tured soils.

501.33 Thesdopelength and steepness fac-
tors,Land S

The slope length factor, L, isthe ratio of soil lossfrom the
field slope length to soil loss from a 72.6-foot length under
identical conditions.

The slope steepness factor, S, istheratio of soil lossfrom
the field slope gradient to soil lossfrom a 9 percent slope
under otherwiseidentical conditions.

In erosion prediction as used by NRCS, thefactorsL and S
are evaluated together, and L S values for uniform slopes
can be selected from tables 4-1, 4-2, 4-3, and 4—4 in Agri-
cultureHandbook 703.

The slope length is defined as the horizontal distance from
the origin of overland flow to the location of either concen-
trated flow or deposition. Slope lengths normally do not ex-
ceed 400 feet because sheet and rill flowswill almost a-
ways coalesce into concentrated flow paths within that dis-
tance. Lengthslonger than 1,000 feet should not be used in
RUSLE.

Slope length and steepness determinations are best made in
the field. In conservation planning, the hillslope profile rep-
resenting asignificant portion of thefield having the most
severe erosion is often chosen. Slope lengths are best deter-
mined by pacing out flow paths and making measurements

1/ Rock fragments on the soil surface are accounted for in the C factor.

directly on the ground. Steep slopes should be converted to
horizontal distances. Slope stegpness determinationsare
best madein thefield using a clinometer, Abney level or
similar device. Chapter 4, Agriculture Handbook 703 con-
tainsadditional guidesfor choosing and measuring slopes.

Most naturally occurring hillslope profilesareirregular in
shape. When the slope profile is significantly curved (con-
Vex or concave, or sigmoid.convex at the shoulder and con-
cave at the toe), the conservationist should represent it asa
series of slope segments, using the irregular slope proce-
dureinthe RUSL E computer program.

501.34 Thecover-management factor, C

The cover-management factor, C, istheratio of soil loss
from an areawith specified cover and management to soil
lossfrom anidentical areaintilled continuousfallow.

The C factor is used most often to compare the relative im-
pacts of management options on conservation plans.

Theimpacts of cover and management on soil losses are di-
vided into a series of subfactorsin RUSLE. These include
theimpacts of previous vegetative cover and management,
canopy cover, surface roughness, and in some casestheim-
pact of soil moisture.

In RUSLE, these subfactors are assigned val ues, and when
multiplied together yield asoil lossratio (SLR). Individual
SLR values are calcul ated for each period over which the
important parameters are assumed to remain constant. Each
SLR valueisthen weighted by the fraction of rainfall and
runoff erosivity, El, associated with the corresponding pe-
riod, and these weighted val ues are combined (summed)
into an overall Cfactor value.

501.35 Thesupport practicefactor, P

The support practice factor, P, istheratio of soil losswith a
support practice like contouring, stripcropping, or terracing
to soil loss with straight-row farming up and down the

dope.

The contour P subfactor accounts for the beneficial effects
of redirected runoff that modifiesthe flow pattern because
of ridges or oriented roughness that are partially or com-
pletely oriented along the contour.
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The contour P subfactor includes the effects of storm sever-
ity, ridge height, off-grade contouring, slope length and
steepness, infiltration, and soil cover and roughness.

The stripcropping P subfactor isasupport practice where
strips of clean-tilled or nearly clean-tilled crops are alter-
nated with strips of close growing vegetation, or stripswith
relatively smooth tilled soil surfacesare alternated with
stripswith roughtilled surfaces.

The stripcropping P subfactor evaluates what are variously
described as contour stripcropping, cross-slope
stripcropping, field stripcropping, buffer strips and veg-
etatedfilter strips.

Terracesin RUSLE are support practiceswhere high and
large ridges of soil are constructed across the slope at inter-
vals. These ridges and their accompanying channelsinter-
cept runoff and divert it around the slope or into a closed
outlet. Terraces can affect sheet and rill erosion by reducing
slopelength and cause deposition in the terrace channel.

Tile drainage, under optimum conditions, can reduce ero-
sion by reducing runoff. Because of alack of support data,
NRCS does not use the tile drainage subfactor in RUSLE,
except in the Willamette Valley in the Oregon and Puget
Sound basinin Washington.

In addition to the support practice factor, P, used in conser-
vation planning, RUSLE estimates sediment yield for con-
tour strips and terraces. The sediment yield, or delivery ra-
tio, used in RUSLE istheratio to the amount of sediment
leaving the end of the slope length to the amount of sedi-
ment produced on the slope length.

Subpart501E  Principlesof water
erosion control

50140 Overview of principles

The principlefactorsthat influence soil erosion by water

are climate, soil properties, topography, vegetative cover,
and conservation practices. Climate and soil propertiesare
conditions of the site and are not modified by ordinary man-
agement measures. Conservation treatment primarily in-
volves manipulation of vegetative cover, modification of to-
pography, and manipulation of soil conditionsinthetillage
zone.

The greatest deterrent to soil erosion by water is vegetative
cover, living or dead, on the soil surface. Cover and cultural
practicesinfluence both the detachment of soil particlesand
their transport. Growing plants and plant residue absorb the
energy of raindrops, decrease the vel ocity of runoff water,
and help create soil conditionsthat resist erosion. Cultural
practicesthat affect vegetative cover include crop rotations,
cover crops, management of crop residue, and tillage prac-
tices.
50141 Relation of control to RUSLE factors
In conservation planning, the cover and management factor,
C, and the support practices factor, P, can be manipulated
in RUSLE to develop alternativesfor erosion reduction. In
addition, where slope length is reduced with someterrace
and diversion systems, the slope length and steepness fac-
tor, LS, will bereduced.

Using RUSL E technol ogy, estimates of erosion reduction
areillustrated in the subfactors of factor C.

Benefitsto erosion control are achieved in the:

 prior land use subfactor by increasing the mass of
roots and buried residue and increasing periods since
soil disturbance,

 canopy cover subfactor by increasing the canopy
cover of thefield areaand low raindrop fall height
fromthecanopy,

« surface cover subfactor by increasing the ground
cover of plant residue, and by permanent cover such
asrock fragments,

 surface roughness subfactor by increasing the random
surface roughnessthat pondswater, and thereby
reduces the erosive effect of raindrops and traps
sediment, and
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* soil moisture subfactor by growing moisture-deplet-
ing crops. Thisbenefitisonly appliedin RUSLE in
the Northwest Wheat and Range Region of the west-
ern United States.

When support practices are applied, they becomeintegral
parts of aresource management system for controlling soil
erosion by water. Contour farming, contour stripcropping,
and conservation buffers form ridges on or near the contour
that slow runoff and trap sediment. Terraces and diversions
intercept concentrated runoff flowsand, in many cases,
shorten the length of slope.

Some erosion control practices, such as grassed waterways
and water control structures, do not substantially reduce
sheet and rill erosion. While these can be effective erosion
control practicesin aresource management system, they are
not apart of the soil loss reduction that is estimated by
RUSLE.
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Exhibit 501-1 Acceptable class and haf-class factor K valuesfor usein RUSLE where K values are adjusted for seasonal

o\r/?liun:LK I\/\Iliglitrjr;u? M\?;ere\u@m Acceptable class and half-class K factor values ¥

0.02 0.016 0.024 0.02
0.05 0.04 0.06 0.05
0.10 0.08 0.12 0.08 0.10 0.12
0.15 0.12 0.18 0.12 0.15 0.17
0.17 0.136 0.204 0.15 0.17 0.20
0.20 0.16 0.24 0.17 0.20 0.22 0.24
0.24 0.192 0.288 0.20 0.22 0.24 0.26 0.28
0.28 0.224 0.336 0.24 0.26 0.28 0.30 0.32
0.32 0.256 0.384 0.26 0.28 0.30 0.32 0.35 0.37
0.37 0.296 0.444 0.30 0.32 0.35 0.37 0.40 0.43
0.43 0.344 0.516 0.35 0.37 0.40 0.43 0.46 0.49
049 | 0392 | 0588 | 040 | 043 | o046 | 049 | o052 | O
0.55 0.44 0.66 0.46 0.49 0.52 0.55 0.60 0.64
0.64 0.512 0.768 0.52 0.55 0.60 0.64 0.70 0.76

1/ Original K value from the soils data base for a specific map unit or soil component.

2/ Minimum value is 80% of the original K value, and is the cap for acceptable minimum class and half-class vdues

3 Maximum valueis 120% of the original K value, and is the cap for the acceptable maximum class and half-class values.

4/ Acceptable class and half-class K factor values, were approved 4/15/94 by ajoint committee of NRCS soil scientists and agrono-

mists, under the leadership of H.R. Sinclair, lead soil scientist.
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Part 502

Subpart502A  Introduction

502.00 Overview

Part 502 presents Natural Resources Conservation Service
(NRCYS) policy and proceduresfor estimating wind erosion.
It explains the Wind Erosion Equation (WEQ) and provides
guidance and reference on wind erosion processes, predic-
tion, and control. NRCS technical guidance related to wind
erosion conformsto policy and proceduresin this part.

Thispart will be amended as additional research on wind
erosion and its control is completed and published. The na-
tional agronomist isresponsible for updating this chapter
and coordinating wind erosion guidance with Agricultural
Research Service (ARS).

NRCS cooperating scientists may supplement thismanual.
However, appropriate supplements prepared by cooperating
scientists are to be submitted to the national agronomist for
review and concurrence before issuance. State supplements
areto be reviewed and approved by the national agronomist
before being issued to field offices.

Understanding the erosive forces of wind is essential to the
correct use of the Wind Erosion Equation and interpretation
of wind erosion data. NRCS predicts erosion rates, assesses
potential damage, and plans control systemsfor wind
erosion.

The Agricultural Research Service has primary responsibil-
ity for erosion prediction research within the U.S. Depart-
ment of Agriculture (USDA). Wind erosion researchis
conducted by the Wind Erosion Research Unit at Manhat-
tan, Kansas, and the Cropping Systems Research Unit at Big
Spring, Texas.

Wind Erosion

Subpart502B  Winderoson

502.10 Thewind eroson problem

Wind isan erosive agent. It detaches and transports soil
particles, sortsthe finer from the coarser particles, and
depositsthem unevenly. Loss of thefertile topsoil in eroded
areas reduces the rooting depth and, in many places, re-
duces crop yield. Abrasion by airborne soil particles dam-
ages plantsand constructed structures. Drifting soil causes
extensive damage also. Sand and dust in the air can harm
animal's, humans, and equi pment.

Somewind erosion has always occurred as anatural land-
forming process, but it has become detrimental asaresult of
human activities. Thisaccelerated erosion isprimarily
caused by improper use and management of theland
(Stallings1951).

Few regionsare entirely safe from wind erosion. Wherever
the soil surfaceisloose and dry, vegetation is sparse or
absent, and the wind sufficiently strong, erosion will occur
unless control measures are applied (1957 Y earbook of
Agriculture). Soil erosion by wind in North Americais
generally most severein the Great Plains. The NRCS
annual report of wind erosion conditionsin the Great Plains
showsthat wind erosion damagesfrom 1 million to more
than 15 million acres annually, averaging more than 4
million acres per year in the 10-state area. USDA estimated
that nearly 95 percent of the 6.5 million acres put out of
production during the 1930’ s suffered serious wind erosion
damage (Woodruff 1975). Other major regions subject to
damaging wind erosion are the ColumbiaRiver plains;
some parts of the Southwest and the Colorado Basin, the
muck and sandy areas of the Great L akes region, and the
sandsof the Gulf, Pacific, and Atlantic seaboards.

In some aresas, the primary problem caused by wind erosion
is crop damage. Some crops are tolerant enough to with-
stand or recover from erosion damage. Other crops, includ-
ing many vegetables and specialty crops, are especially
vulnerable to wind erosion damage. Wind erosion may
cause significant short-term economic lossin areaswhere
erosion rates are bel ow the soil losstolerance (T) when the
crops grown in that areaare easily damaged by blowing soil
(table502-4).
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502.11 Thewind erosion process

Thewind erosion processis complex. It involves detaching,
transporting, sorting, abrading, avalanching, and depositing
of soil particles. Turbulent winds blowing over erodible
soils cause wind erosion. Field conditions conducive to ero-
sioninclude

 loose, dry, and finely granulated soil;

» smooth soil surfacethat haslittle or no vegetation

present;
 sufficiently large area susceptibleto erosion; and
 sufficient wind velocity to move soil.

Winds are considered erosive when they reach 13 miles per
hour at 1 foot above the ground or about 18 miles per hour
at a30foot height. Thisis commonly referred to asthe
threshold wind velocity (Lylesand Krauss 1971).

The wind transports primary soil particles or stable aggre-
gates, or both, inthree ways (fig. 502-1):

Saltation—Individual particles/aggregatesranging from 0.1
to 0.5 millimeter in diameter lift off the surface at a 50- to
90-degree angle and follow distinct trgjectories under the
influence of air resistance and gravity. The particles/aggre-
gates return to the surface at impact angles of 6to 14
degrees from the horizontal. Whether they rebound or
embed themselves, they initiate movement of other par-
ticles/aggregatesto create the avalanching effect. Saltating
particles are the abrading bullets that remove the protective
soil crustsand clods. Most saltation occurs within 12 inches
above the soil surface and typically, the length of asaltating
particletrgjectory isabout 10 timesthe height. From 50 to
80 percent of total transport is by saltation.

Figure502-1
I

Thewind erosion process
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Suspension—Thefiner particles, lessthan 0.1 millimeter in
diameter, are dislodged from an eroding area by saltation
and remain inthe air mass for an extended period. Some
suspension-sized particles or aggregates are present in the
soil, but many are created by abrasion of larger aggregates
during erosion. From 20 percent to more than 60 percent of
an eroding soil may be carried in suspension, depending on
soil texture. Asageneral rule, suspension increases down-
wind, and on long fields can easily exceed the amount of
soil moved in saltation and creep.

Surface creep—Sand-sized particles/aggregatesare set in
motion by theimpact of saltating particles. Under high
winds, the whol e soil surface appearsto be creeping slowly
forward as particles are pushed and rolled by the saltation
flow. Surface creep may account for 7 to 25 percent of total
transport (Chepil 1945 and Lyles 1980).

Saltation and creep particles are deposited in vegetated
strips, ditches, or other areas sheltered from the wind, as
long as these areas have the capacity to hold the sediment.
Particlesin suspension, however, may be carried agreat
distance.

Therate of increasein soil flow aong the wind direction
varies directly with erodibility of field surfaces. Thein-
creasein erosion downwind (avalanching) is associated
withthefollowing processes:

« theincreased concentration of saltating particles
downwind increases the frequency of impacts and the
degree of breakdown of clodsand crusts, and

» accumulation of erodible particles and breakdown of
clods tends to produce a smoother (and more erod-
ible) surface.

Thedistancerequired for soil flow to reach a maximum for
agiven soil isthe samefor any erosive wind. The more
erodiblethe surface, the shorter the distancein which
maximum flow isreached. Any factor that influencesthe
erodibility of the surface influencestheincreasein soil
flow.

502-2 (190-V-NAM, 3rd Ed., October 2002)



Part 502 Wind Erosion

National
Agronomy
Manual

Subpart502C Estimatingwind
erosion

502.20 How, why, and by whom wind ero-
sionisestimated

Using the Wind Erosion Equation (WEQ), NRCS estimates
erosionratesto
» providetechnical assistanceto land users,
 inventory natural resources, and
» evaluatethe effectiveness of conservation programs
and conservation treatment applied to the land.

Wind erosion is difficult to measure. Wind moves across
theland in aturbulent, erratic fashion. Soil may blow into,
within, and out of afield in several directionsinasingle
storm. Thedirection, velocity, duration, and variability of
thewind all affect the erosion that occursfrom awind
storm. Much of the soil eroding from afield bounces or
creeps near the surface; however, some of the soil blown
from afield may be high above the ground in adust cloud
by thetimeit reaches the edge of afield (Chepil 1963).

502.21 Methodsof estimating wind erosion

No precise method of measuring wind erosion has been
developed. However, various dust collectors, remote and
in-place sensors, wind tunnel's, sediment samplers, and
microtopographic surveys before and after erosion have
been used. Each method hasitslimitations. Researchis
continuing on new techniques and new devices, on modifi-
cations to older ones, and on means to measure wind ero-
son.

Estimates of wind erosion can be developed by assigning
numerical valuesto the site conditionsthat govern wind
erosion and expressing their relationships mathematically.
Thisisthe basis of the current Wind Erosion Equation
(WEQ) that considers soil erodibility, ridge and random
roughness, climate, unsheltered distance, and vegetative
cover.

502.22 Thewind erosion equation

TheWind Erosion Equation (WEQ) erosion model is
designed to predict long-term average annual soil losses
from afield having specific characteristics. With appropri-
ate selection of factor values, the equation will estimate
average annual erosion or erosion for specific time periods.

Development of thewind erosion equation

Drought and wind erosion during the 19th century caused
wind erosion to be recognized as an important geologic
phenomenon. By thelate 1930’s, systematic and scientific
research into wind erosion was being pioneered in Califor-
nia, South Dakota, Texas, and in Canadaand England. This
research produced information on the mechanics of soil
transport by wind, theinfluence of cultural treatment on
rates of movement, and the influence of windbreakson
windflow patterns. The publication, The Physics of Blown
Sand and Desert Dunes, (Bagnold 1941), isconsidered a
classic by wind erosion researchers.

In 1947, USDA began the Wind Erosion Research Program
at Manhattan, Kansas, in cooperation with Kansas State
University. That program was started under the leadership
of Austin W. Zingg, who was soon joined by W.S. Cheyil, a
pioneer in wind erosion research in Canada. The research
project’s primary purposes were to study the mechanics of
wind erosion, delineate major influences on that erosion,
and devise and develop methodsto control it.

By 1954, Chepil and his coworkers began to publish results
of their research in the form of wind erosion prediction
equations (Chepil 1954; Chepil 1957; Chepil et al. 1955;
Woodruff and Chepil 1956).

In 1959, Chepil released an equation
E=IRKFBWD

where:

E =quantity of erosion

| =soil cloddiness

R =residue

K =roughness

F =soil abradability

B =windbarrier

W =widthof field

D =winddirection

Wind vel ocity at geographic locations was not addressed in
thisequation (Chepil 1959).
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In 1962, Chepil’ sgroup rel eased the equation
E= J’ (ACKLV)

where:
A = percentage of soil fractions greater than 0.84 milli-
meter.

FactorsC, K, L, and V were the same asin the present
equation although they were not handled the same (Chepil
1962). A C-factor map for the western half of the United
States was al so published in 1962 (Chepil et al. 1962).

In 1963, the current form of the equation, E= f(ICKLV)
wasfirst released (Chepil 1963).

In 1965, the concept of preponderancein ng wind
erosion forceswas introduced. See 502.34 for detailson
preponderance (Skidmore 1965 and Skidmore and Woo-
druff 1968).

In 1968, monthly climatic factors were published (Woo-
druff and Armbrust 1968). These are no longer used by
NRCS. Instead, NRCS adopted a proposal for computing
soil erosion by periods using wind energy distribution
which was published in 1980 (Bondy et al. 1980). (See
502.24.) In 1981, the Wind Erosion Research Unit provided
NRCS with data on the distribution of erosive wind energy
for the United States and in 1982 provided updated annual
Cfactors. (See exhibit 502-8.)

Although the present equation has significant limitations
(see502.23), it isthe best tool currently availablefor
making reasonabl e estimates of wind erosion. Currently,
research and development of improved proceduresfor
estimating wind erosion are underway.

The present Wind Erosion Equation is expressed as:

E= J’ (IKCLV)
where:
E = estimated average annual soil lossintons per acre
peryear
f = indicatesrelationshipsthat are not straight-line

mathemati cal cal culations
| = soil erodibility index
K = soil surfaceroughnessfactor
C = climaticfactor
L = theunsheltered distance
V = thevegetative cover factor

Thel factor, expressed as the average annual soil lossin
tons per acre per year from afield area, accountsfor the
inherent soil properties affecting erodibility. These proper-
tiesinclude texture, organic matter, and calcium carbonate
percentage. | isthe potential annual wind erosion for a
given soil under agiven set of field conditions. The given
set of field conditionsfor which | isreferenced isthat of an
isolated, unsheltered, wide, bare, smooth, level, loose, and
non-crusted soil surface, and at alocation where the cli-
matic factor (C) isequal to 100. (For details on the | factor
see502.31).

TheK factor isameasure of the effect of ridgesand
cloddiness made by tillage and planting implements. It is
expressed as adecimal from 0.1 to 1.0. (For details on the
K factor see502.32.)

The C factor for any given locality characterizes climatic
erosivity, specifically windspeed and surface soil moisture.
Thisfactor is expressed as a percentage of the C factor for
Garden City, Kansas, which hasavalue of 100. (For details
on the C factor see 502.33.)

TheL factor considers the unprotected distance along the
prevailing erosive wind direction acrossthe areato be
evaluated and the preponderance of the prevailing erosive
winds. (For detailson the L factor see 502.34.)

TheV factor considersthe kind, amount, and orientation of
vegetation on the surface. The vegetative cover is expressed
in pounds per acre of aflat small-grain resdue equivalen.
(For detailsontheV factor see502.35.)

Solving the equation involvesfive successive steps. Steps 1,
2 and 3 can be solved by multiplying the factor values.
Determining the effects of L and V (steps 4 and 5) involves
more complex functional relationships.

Stepl: E, =1
Factor | isestablished for the specific soil. | may be
increased for knollslessthan 500 feet long facing into
the prevailing wind, or decreased to account for
surfacesoil crusting, andirrigation.

Step2: E,=IK
Factor K adjusts E; for tillage-induced oriented
roughness, K4 (ridges) and random roughness, K,
(cloddiness). Thevalue of K is calculated by multi-
plying KigtimesK; (K =K gX Kp).
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Step3: E, = IKC » Erosion estimates devel oped using the critical period
. 3

Factor C adjusts E, for thelocal climatic factor.

Step4: E, =IKCL
Factor L adjusts E; for unsheltered distance.

Step5: E; = IKCLV
Factor V adjusts E, for vegetative cover.

50223  Limitationsof theequation

When the unsheltered distance, L, issufficiently long, the
transport capacity of the wind for saltation and creepis
reached. If thewind ismoving all the soil it can carry
across agiven surface, the inflow into adownwind area of
thefield isequal to the outflow from that same area of the
field, for saltation and creep. The net soil lossfrom this
specific area of the field isthen only the suspension compo-
nent. This does not imply areduced soil erosion problem
because, theoreticaly, thereisstill the estimated amount of
soil lossin creep, saltation, and suspension leaving the
downwind edge of thefield.

Surface armoring by nonerodible gravel isnot usually
addressed inthel factor.

The equation does not account for snow cover or seasonal
changesin soil erodibility. The equation does not estimate
erosion fromsingle storm events.

502.24  Alternativeproceduresfor usingthe
WEQ

The WEQ Critical Period Procedureis based on use of the
Wind Erosion Equation as described by Woodruff and
Siddoway in 1965 (Woodruff and Siddoway 1965). The
conditions during the critical wind erosion period are used
to derive the estimate of annual wind erosion.

» TheCritical Wind Erosion Period is described asthe
period of the year when the greatest amount of wind
erosion can be expected to occur from afield under
an identified management system. It isthe period
when vegetative cover, soil surface conditions, and
expected erosive windsresult in the greatest potential
forwind erosion.

procedure are made using asingle set of factor values
(IKCL & V) inthe equation to describe the critical
wind erosion period conditions.

e Thecritical period procedureis currently used for
resourceinventories. NRCS usually provides specific
instructions on devel oping wind erosion estimatesfor
resourceinventories.

The WEQ Management Period Procedure was published by
Bondy, Lyles, and Hayesin 1980. It solves the equation for
situationswhere site conditions have significant variation
during the year or planning period where the soil is exposed
to soil erosion for short periods, and where crop damageis
the foremost conservation conern, rather than the extent of
soil loss. The management period procedureis described as
being more responsiveto changing conditions throughout
the cropping year but is not considered more accurate than
thecritical period procedure.

Comparisons should not be made between the soil erosion
predictions made by the management period procedure and
the critical period procedure. In other words, where a
conservation system has been determined to be acceptable
by the management period procedure and placed in a
conservation plan or the FOTG, then only the management
period procedure will be used to determine if other conser-
vation systems, planned or applied, provide equivalent
treatment.

Factor values are sel ected to describe management periods
when cover and management effects are approximately
uniform. The cropping system isdivided into as many
management periods asis necessary to describe the year or
planning period accurately. Erosive wind energy (EWE)
distribution is used to derive aweighted estimate of soil
loss for the period. The general procedureisasfollows:

» Solvefor Einthebasic equation (E = f(IKCLV))
using management period valuesfor |, K, L, and V,
and thelocal annual valuefor C.

e Multiply theannual soil lossrate E obtained from
management period val ues by the percentage of
annual erosivewind energy that occurs during the
management period to estimate average erosion for
that management period.

e Add the management period amountsfor the crop
year, or add the period amountsfor atotal crop
seguence and divide by the number of yearsinthe
seguenceto estimate average annual wind erosion.
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Exhibit 502—7ais an example of tables showing the ex-
pected monthly distribution of erosivewind energy at
specific locations. The completetableisavailablefor
downloading at

http:/iwww.wer u.ksu.edu/nr cswindpar m.doc

Exhibit 502—7b shows how these values are used in the
management period method computations. Erosivewind
energy values are entered on the form in the column identi-
fied% EWE.

Estimates for management periodslessthan 1year in
duration are often useful in conservation planning. Ex-
amplesinclude
»  When crop damage (crop tolerance) during sensitive
growth stagesisthe major concern.
*  When asystem or practiceisevauated for short-term
effects.

Stateswill usecritical period or the management period
procedure, within published guidelines, for conservation
planning. The management period procedurewill not be
used for resourceinventories unless specifically stated in
instructions. Refer to individual program manualsfor more
specific instructions pertaining to the use of the Wind Ero-
sionEquation.

Adjustmentsto the WEQ soil erodibility factor, I, can be
made for temporary conditionsthat includeirrigation or
crusts, but such adjustments are to be used only with the
management period procedure. The use of monthly prepon-
derance data to determine equivalent field width is also ap-
plicable only to the management period procedure.

502.25 DatatosupporttheWEQ

ARS has devel oped benchmark values for each of the fac-
torsin the WEQ. However, the NRCS is responsible for de-
veloping procedures and additional factor valuesfor use of
the equation. Field Office Technical Guideswill includethe
local data needed to make wind erosion estimates.

ARS has computed benchmark C factorsfor locations
where adequate weather dataare available (Lyles 1983). C
factorsused in the field office are to reflect local conditions
asthey relate to benchmark C factors. Knowledge of local
terrain features and local climate is needed to determine
how point data can be extended and how interpolation be-
tween points should be done. See 502.33 for guidance.

ARS has developed soil erodibility | valuesbased on size
distribution of soil aggregates. Soils have been grouped by
texture classesinto wind erodibility groups. Wind erodibil-
ity group numbers are included in the soil survey data base
inNASIS.

For further discussion of benchmark data supporting factor
values, refer to subpart 502D, WEQ factors.

502.26 Using WEQ estimateswith USLE or
RUSLE calculations

The WEQ provides an estimate of average annual wind ero-
sion from thefield width along the prevailing wind erosion
direction (L) entered in the calculation; USLE or RUSLE
provide an estimate of average annual sheet and rill erosion
fromthe slopelength (L) entered into the model. Although
both wind and water erosion estimates are in tons per acre
per year, they are not additive unless the two equations rep-
resent identical flow paths acrossidentical areas.

502.27 Toolsfor usingthe WEQ

Graphs and tablesfor determining factor valuesarein
Subpart 502G Exhibits.

Etables

The ARSWEROS (Wind Erosion) computer program has
produced tablesthat give estimated erosion (E values) for
most of the possible combinationsof I, K, C, L, and V. Ex-
hibit 5021 is an example. See 502.30 for procedures to
download E tables.

Use of the management period procedure can be simplified
through the use of worksheets on which information for
each management period is documented. Subpart 502F isto
include sample wind erosion computations using the Man-
agement Period Procedure.

An acceptable WEQ cal cul ator has been developed in
Microsoft Excel, and is being adapted for use in many
states. A copy of this spreadsheet can be obtained from the
NRCS state agronomist in Albugquerque, New Mexico. Ex-
hibit 502.7B shows an exampl e of this spread sheet.

Trade names mentioned are for specific information and do not
constitute a guarantee or warranty of the product by the Depart-
ment of Agriculture or an endorsement by the Department over
other products not mentioned.
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Subpart502D WEQ Factors

502.30 Thewind erosion estimate, E

Thewind erosion estimate, E, isthe estimate of average an-
nual tons of soil per acre that the wind will erode from an
arearepresented by an unsheltered distance L and for the
soil, climate, and site conditions represented by I, K, C, and
V. The equation isan empirical formula. It wasinitially de-
veloped by relating wind tunnel datato observed field ero-
sionfor 3yearsin the mid 1950's (Woodruff et al. 1976).
Thefield datawas normalized to reflect long-term average
annual erosion assuming given conditions during the critical
period without reference to change in those conditions
through the year. The estimate arrived at by using the criti-
cal period procedure for estimating wind erosion does not
track specific changes brought about by management and
crop development; nor doesit assume that critical period
conditions exist al year. The calibration procedure ac-
counted for minor changes expected to occur during a nor-
mal crop year at that timein history. The WEQ annual Eis
based on an annual C and field conditions during the critical
wind erosion period of theyear. This procedure does not
account for al the effects of management.

The management period procedure for estimating wind ero-
sion involves assigning factor valuesto represent field con-
ditions expected to occur during specified time periods. Us-
ing annual wind energy distribution data, erosion can be es-
timated for each period of time being evaluated. The period
estimates are summed to arrive at an annual estimate. Crop-
ping sequencesinvolving morethan 1 year can be evaluated
using this procedure. It also allowsfor amore thorough
analysis of amanagement system and how management
techniques affect the erosion estimate.

The new E tables can be downloaded from the WERU
server, Manhattan, Kansas. These tables can be accessed in
twoways:
» Through your WWW browser. To view, direct your
web browser to: http://www.wer u.ksu.edu/nrcs

Download the Adobe Acrobat Reader (if not already
installed on your computer) by clicking on theicon
andinstalling per theinstallation instructions. (Trade
names mentioned are for specific information and do
not constitute a guarantee or warranty of the product
by the Department of Agriculture or an endorsement

by the Department over other products not men-
tioned.) When the Adobe Acrobat Reader isrunning
on your browser you can click the PDF iconto view
and print the table. When on the WERU Web page,
copiesof thefiles can be downloaded by clicking onthe
hypertext for thefollowing:

etab.pdf for PDF or

etab.wpd (for WordPerfect) or

etab.psfor Postscript

e Through FTP—For those without aweb browser but
have FTP access, FTPto: ftp.weru.ksu.edu
go to the appropriate directory, for example
cd pub/nrcg/etables
Be surethat you are in binary mode.

To download the table format of your choice, type:
get etab.pdf for PDF or
get etab.wpd for WordPerfect or
get etab.psfor Postscript

The appropriate E tablewill download to your computer.
Exhibit 502-1 shows an example of an E table.

502.31 Soil erodibility index, |
| isthe erodibility factor for the soil onthesite. Itis
expressed as the average annual soil lossin tons per acre
that would occur from wind erosion, when the siteis:
— Isolated —incoming saltation is absent
— Level —knollsare absent
— Smooth —ridge roughness effects are absent and
cloddinessisminimal
— Unsheltered —barriersare absent.
— Atalocation wherethe C factor is100
— Bare—vegetative cover isabsent
— Wide—thedistance at which the flow of eroding soil
reachesits maximum and does not increase with field
sze
— L oose—and non-crusted, aggregates not bound
together, and surface not sealed.

Thel factor isrelated to the percentage of nonerodible
surface soil aggregateslarger than 0.84 millimetersin
diameter. For most NRCS uses, the | valueisassigned for
named soils based on wind erodibility groups (WEG). The
WEG isincluded in the soil survey databasein NASIS. If
the soil nameis not known, exhibit 502—2 can be used to
determine the WEG from the surface soil texture.
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To determine erodibility for field conditions during various
management periods throughout the year, follow the sieving
instructionsin exhibit 502—3. (Do not use this procedure to

determineaverageannual | values.)

A soil erodibility index based solely on the percentage of
aggregateslarger than 0.84 millimeters has several potential
sources of error. Some of these follow:

» Relativeerodibility of widely different soilsmay
change with achangein wind velocity over the
surface of the soil.

» Calibration of the equation is based on the volume of
soil removed, but the erodibility index is based on
weight.

» Differencesin size of aggregates have considerable
influence on erodibility but no distinction for this
influenceismadein table 1, exhibit 502-3.

 Stahility of surface aggregatesinfluenceserodibility;
large durable aggregates can become a surface
armor; less stable aggregates can be abraded into
smaller, moreerodibleparticles.

 Surface crusting may greatly reduce erodibility;
erodibility may increase again as the crust deterio-
rates (Chepil 1958).

Knoll erodibility—Knolls are topographic features charac-
terized by short, abrupt windward slopes. Wind erosion
potential is greater on knoll slopesthan on level or gently
rolling terrain because wind flowlines are compressed and
wind velocity increases near the crest of the knolls. Erosion
that begins on knolls often affectsfield areas downwind.

Adjustments of the Soil Erodibility Index (1) are used where
windward-facing slopes are less than 500 feet long and the
increase in slope gradient from the adjacent landscapeis 3

Table502-1  Knoll erodibility adjustment factor for |
—
Percent slope changein A B
prevailingwind Knall Increaseat
erosion adjustment crestarea
direction of | whereerosionis
most severe

3 13 15

4 16 19

5 19 25

6 23 32

8 30 48

10and greater 36 6.8

percent or greater. Both slope length and slope gradient
change are determined a ong the direction of the prevailing
erosivewind (fig. 502-2).

Table 502-1 contains knoll erodibility adjustment factors
for the Soil Erodibility Index |. Thel valuefor the Wind
Erodibility Group ismultiplied by the factor shownin
column A. Thisadjustment expressesthe average increase
in erodibility along the knoll slope. For comparison, column
B showstheincreased erodibility near the crest (about the
upper 1/3 of the dlope), where the effect is most severe.

No adjustment of | for knoll erodibility is made on level
fields, or on rolling terrain where slopes are longer and
slope changes are less abrupt. Where these situations occur,
thewind flow pattern tendsto conform to the surface and
does not exhibit the flow constriction typical of knolls.

Surface crusting—Erodibility of surface soil varieswith
changing tillage practices and environmental conditions
(Chepil 1958). A surface crust formswhen abare soil is
wetted and dried. Although the crust may be so weak that it
hasvirtually no influence on the size distribution of dry
aggregates determined by sieving, it can make the soil less
erodible. Theresistance of the crust to erosion depends on
the nature of the soil, intensity of rainfall, and the kind and
amount of cover on the soil surface. A fully crusted soil
may erode only one-sixth as much as non-crusted soil.
However, asmooth crusted soil with loose sand grainson
the surfaceis more erodible than the samefield with a
cloddy or ridged surface.

Table502-2
—

| adjustment guidelinesfor crusts

WEG | Max. adj. Calculated
mgt prd. |

factor 1/

Rounded
|

310
250

217 220
175 180
154
126
112
67
A
A
A
17
14
1

3

180
1
1

NOUARWNRRERR
BEIRRRRB
WWWPdAPMNPMNINNNNN
BRRELBRRY

1/ The management period adjustment to | has not been
validated by research and is based on NRCS judgment.

502-8 (190-V-NAM, 3rd Ed., October 2002)



Part 502 Wind Erosion

National
Agronomy
Manual

Under erosive conditions, the surface crust and surface
clods on fine sands and loamy fine sands tend to break
down readily. On silt loams and silty clay loamsthe surface
crust and surface clods may be preserved, and therelative
erosion may be aslittle as one-sixth of 1. Other soilsreact
somewhere between these two extremes (Chepil 1959).

Because of thetemporary nature of crusts, no adjustment
for crusting is made for annual estimates based on the
critical wind erosion period method (Woodruff and
Siddoway 1973). However, crust characteristics may be
estimated and adjustment to | may be made for management
period estimates when no traffic, tillage, or other breaking
of crustsisanticipated. Such adjustments may be up to, but
may not exceed the percentages shown in table 502-2.

Irrigation adjustments—Thel valuesfor irrigated soils, as
shown in exhibit 502-2, are applicable throughout the year.
| adjustmentsfor irrigation are applicable only where
assigned | valuesare 180 or less.

Adjustments based on dry sieving—Temporal changesin
the surface fraction > 0.84 millimeter may be measured by
dry sieving. These measurements may be used to establish a
basisfor adjusting | for conservation planning when sieving
has been performed for each management period and for 3
years or more. The adjustment to | appliesonly to the
respective time periods when the soil surfaceisinfluenced
by changesin the nonerodible fraction. Therefore, the
adjustment is used only with the management period proce-
dure of estimating wind erosion. The procedure does
expand the applicability of the equation to amanagement
effect not previously addressed. When the | factor is ad-
justed based on the results of sieving, no additional adjust-
ment to | will be madefor irrigated fields. Adjustmentstol,

Figure502-2
I

Graphic of knoll erodibility

Deposition
occurs here

Prevailing wind
erosion direction

Knoll erodibility

adjustment applies here Compressed air flow
ét‘%
—

|

—_ >
—
——
>

Greatest erodibility

<4—Slope change occurs here

_— =
‘ 3 percent

| Windward slope 500 feet
il Ll

based on sieving, should not be used without adequate
supporting data. These adjustments reflect specific soil and
management conditions and are only applicableinthe
area(s) from which samples were obtained and in areas that
have similar soil and management conditions.

Use of adjusted soil erodibility | factor, arrived at by using
standard rotary sieving procedures, iswarranted provided it
represents soil surface conditions during the appropriate
management period. Adjustments may be made up to, but
should not exceed, limitsassigned for crusting in table
502-2.

Thel factor adjustment may be used where applicablein
determining whether an adequate conservation systemis
being followed. However, | factor adjustments are not to be
used inthe erodibility index (CI/T) when determining
highly erodibleland because thisindex isthe potential
erodibility and not an estimate of actual erosion.

Current instructionsfor the National Resources | nventory

(NRI) areto be followed. Theseinstructions do not allow

for any adjustment of the | factor. Thisensuresuniformity
between Statesand allowsfor trend analysis.

Studiesto adjust | should be made systematically and
includeall related soil in agiven area. Multiple-year soil
sieving datais required before adjustments are to be consid-
ered.

The National Soil Survey Center must review and concur in
any proposal to adjust | and arrange for laboratory assis-
tance. Adjustmentsto | must also be approved by the
National Soil Survey Center and correlated across state and
regional boundaries beforeimplementation. Any adjustment
to | must be within the framework of the existing E tables.

Surface stability—A significant limitation of the| factor is
that it does not account for changesin the soil surface over
timethat are caused by the dynamics of wind erosion. The
erodibility of abare soil surfaceisbased on the interaction
of thefollowing:

e Soilsthat have both erodible and nonerodible par-
ticles on the surface tend to stabilizeif thereisno
incoming saltation. Asthe wind direction changes, the
surfaceisdisturbed, or the wind vel ocity increases,
erosion may beginagain.

 Saltation destroys crusts, clods, and ridges by abra-
sion.
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» Fieldstend to become more erodible asfiner soil 502.32 Soil roughnessfactor K, ridgeand
particles, which provide bonding for aggregation, are random roughness
carried off in suspension.
« If the surface soil contains ahigh percentage of gravel K\qisameasure of the effect of ridges made by tillage and
or other nonerodible particlesthat are resistant to planting implements. Ridges absorb and deflect wind
abrasion, the surface will becomeincreasingly ar- energy and trap moving soil particles (fig. 502-3).

mored asthe erodible particles are carried away .

Desert pavement isthe classic example of surface
armoring. A surfacewith only nonerodible aggregates

exposed

the aggregates are abraded.
e A surface may bevirtually nonerodible and yet allow
saltation and creep to cross unabated. A paved high-

TheK, valueisbased on astandard ridge height to ridge
spacing ratio of 1:4. Because of the difficulty of determin-
ing surface roughness by measuring surface obstructions, a
standard roughness calibration using nonerodible gravel
ridgesin awind tunnel was developed. Thiscalibration led
to the development of curves (fig. 502—4 and exhibit 502—

to thewind will not erode further except as

way isan example. Other surfaces may berelatively

stable and trap some, or all, of ztheincoming soil

flow. Examples of thistype of stability usually relate Figure502-3  Detachment, transport, and deposition on ridges
to some roughness, sheltering, or vegetative cover. A e andfurrows
ridged field may trap asignificant portion of the

incoming soil flow until the furrowsarefilled and the

Zone of removal

surfacelosesitstrapping capability. A vegetated -
barrier will provide asheltered areadownwind until \)’ S Zomeof
L . . accumulation
the barrier isfilled with sediment. / Aren of f X
ea Ol Iorwart
K_, movement
e Area of backward =
| and downward
movement
Figure502—4 Chart to determine soil ridge roughness factor, Kyq from ridge roughness, Ky, (inches). Only this chart, representing an
e angle of deviation of 0°, will be used for the WEQ critical period procedure. When using the management period
procedur e, see exhibit 502—4 for graphs representing additional angles of deviation. Note: Thisgraph represents erosive
wind energy 60% parallel and 40% perpendicular to the prevailing erosive wind. —Hagen 1996
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Kr=4(hxh)/s h=ridge height in inches s=ridge spacing in inches
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4) that relate ridge roughness, K, to asoil ridge roughness
factor, K,q, (Skidmore 1965; Skidmore and Woodruff 1968;
Woodruff and Siddoway 1965; and Hagen 1996).

The K, curves are the basis for charts and tables used to

determine K q factor valuesin the field (exhibits 5024 and
502-5). The effect of ridges varies asthewind direction

and erodibility of the soil change. To take into account the
changeinwind directions across afield, we consider the
angle of deviation. Theangle of deviationistheangle
between the prevailing wind erosion direction and aline
perpendicular to therow direction. The angle of deviationis
0 (zero) degreeswhen the wind is perpendicular to the row
and is 90 degrees when thewind is parallel to the row.
Following is an example of how the angle of deviation
affects K,q values: when evaluating a soil with an assigned |
value of <134, and the prevailing erosivewind direction is
perpendicular to ridges 4 inches high and 30 inches apart,
then Kyq s 0.5. But when the prevailing erosive wind
directionisparallel to thoseridges, the K qvalueis0.7.
Random roughness, particularly in thefurrows, significantly
reduceswind erosion occurring from erosive winds blowing
parallel totheridges.

In 1996, ARS scientists provided a method for adjusting the
WEQ K4 factor with consideration for preponderance
(erosive wind energy 60% parallel and 40% perpendicular
to prevailing erosive wind direction) when using the Man-
agement Period Procedure. The use of preponderence
recognizesthat during the periods when the prevailing
erosivewinds are parallel to ridges, there are other erosive
winds during the same period which are not parallel, thus
making ridges effective during part of each period. Prepon-
derance keepstheK factor value lessthan 1.0, when the |
factor values are 134 or less. When estimating wind erosion
rates by management periods, without the aid of acomputer
model, the prevailing wind erosion direction and adefault
preponderance are used for each period. This procedure
more adequately addresses the effects of theridgesinwind
erosion control since erosive wind directions may vary
within each management period.

Note: When using the WEQ Excel spreadsheet

model, the actual preponderance, up to and including

avalue of 4, for the period will be used, rather than a

defaultvalue.

The WEQ K factor accounts for random roughness.
Random roughnessisthe nonoriented surface roughness

that is sometimes referred to as cloddiness. Random rough-
nessisusually created by the action of tillage implements.

It isdescribed as the standard deviation (in inches) of the
soil surface el evations, measured at regular intervalsfrom a
fixed, arbitrary plane above atilled soil surface, after
oriented (ridge) roughness has been accounted for. Random
roughness can reduce erosion significantly. Note: The
random roughness factor will only be used with the WEQ
management period procedure.

Random roughness val ues have been devel oped for various
levels of WEQ | factor values and surface random rough-
ness (exhibit 502—6). Random roughness curves only adjust
the K factors of asoil that hasan | factor value of 134 and
less.

The random roughness values used in the WEQ are the
same random roughness values used in RUSL E. Random
roughness (inches) from the machine operations databasein
RUSL E can be used to determine WEQ random roughness
values (table 502—-7). However, keep in mind that these
RUSL E random roughness values were determined for
medium textured soilstilled at optimum moisture conditions
for creating random roughness. Under most circumstances
random roughnessis determined by comparing afield surface
to the random roughness (standard deviation) photosin the
RUSL E handbook (Agriculture Handbook 703, appendix C).

The photosin Agriculture Handbook 703, appendix C,
may be downloaded from:

http://www.nr cs.usda.gov/technical/ECS/agr onomy/
roughness.html

State agronomists should downl oad, reproduce, and
distribute the photographsto field offices.

When both random roughness and ridge roughness are
present in thefield, they are complimentary. When both are
present, the K4 factor for ridges and K, factor for random
roughness will be multiplied together to obtain the total
roughnessK -factor.

Example problem: Take into consideration just one WEQ
management period. The soil inthefield being evaluated
hasan | value of 86. Thefield hasjust been fertilized with
anhydrous ammoniausing aknife applicator. Considering
the height and spacing of the oriented roughness, theridge
roughness Kq factor was determined to be 0.8. Using
table 502—7, under random roughness (inches), the anhy-
drous applicator has a core value of 0.6. Going into the ran-
dom roughness (inches) graph (exhibit 502—6), on the hori-
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zontal axisto 0.6, and then vertically to the line represent-
ing an | factor of 86, the K,, factor isrounded to 0.8. The
total roughnessvalue (K factor) is0.8 x 0.8 = 0.64, then
roundedto 0.6.

The major effects of random roughness on wind erosion are
to raise the threshold wind speed at which erosion begins
and to provide some sheltered area among the clods where
moving soil can be trapped. Hence, when the effectiveness
of random roughnessincreasesthetotal K-value decreases.

Random roughness, particularly in thefurrows, significantly
reduceswind erosion occurring from erosive winds blowing
parallel totheridges.

Random roughnessis subject to much faster degradation by
rain or wind erosion than largetillage ridges. Therefore the
WEQ management period, where random roughnessis ef-
fective, may be of short duration.

For fields being broken out of sod, such as CRP, random
roughnesswill be credited for erosion control. Thefield
surfaceisusually covered with the crowns of plants, their
associated roots, and adhering soil. The total random rough-
ness of the field should be compared to the photosin the
RUSL E handbook and credited appropriately.

Surface roughening (emergency tillage)—In some situa-
tions, thereisaneed to control erosion on bare fieldswhere
the surface crust has been destroyed or whereloose grains
are on the surface and can abrade an existing crust. One
method to reduce the erosion hazard on such fields is emer-
gency or planned tillage to roughen the surface or increase
nonerodible clods on the surface (random roughness). This
may be accomplished by one or more of the following:

e Soil that characteristically formsacrust with loose
sand grains on the surface may be worked to create
clods. Theloose grainsfall into the crevices between
clods. Thisisthe principle of sand fighting used in
someemergency tillage.

e Thesoil may be deeptilled to bring up finer textured
soil material that will form more persistent clods.

* Irrigation increases the nonerodibl e fraction of a soil
(exhibit502-2).

e Thesurface may beworked into aridge-furrow
configuration that will trap loose, moving soil.

e Thesoil may betilled in strips or in widely spaced
rowsto provide some degree of ridge and random
roughness to break the flow of saltation and creep.

502.33 Climaticfactor,C

The C factor isan index of climatic erosivity, specifically
windspeed and surface soil moisture. The factor for any
given location is based on long-term climatic dataand is ex-
pressed as a percentage of the C factor for Garden City,
Kansas, which has been assigned avalue of 100 (Lyles
1983). In an areawith a C factor of 50, for example, the
IKC valuewould be only half of the IKC for Garden City,
Kansss.

The climatic factor equation is expressed as.

V3
C=34.48x——
(PE)®
where:
C = annual climaticfactor
V = averageannual windvelocity
PE = precipitation-effectivenessindex of Thornthwaite
34.48 = constant used to adjust local valuesto acommon
base (Garden City, Kansas)

The basis for the windspeed term of the climatic factor is
that the rate of soil movement is proportional to windspeed
cubed. Several researchers have reported that when
windspeed exceeds threshold vel ocity, the soil movement is
directly proportional to friction velocity cubed which, in
turn, isrelated to mean windspeed cubed (Skidmore 1976).

The basisfor the soil moisture term of the climatic factor is
that the rate of soil movement variesinversely with the
equivalent surface soil moisture. Effective surface soil
moistureisassumed to be proportional to the Thornthwaite
preci pitation-effective- nessindex (PE) (Thornthwaite
1931). The annual PE index isthe sum of the 12 monthly
precipitation effectivenessindices. The formulais ex-
pressed asfollows:

10

PE = 12115><D P2
2 JT-10)F
where;

PE = theannual precipitation effectivenessindex
P = averagemonthly precipitation
T = averagemonthly temperature

The C factor isoline map developed by NRCSin 1987 can
accessed at:
http://datad.ftw.nr cs.usda.gov/website/c-values
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Complete instructions for viewing the map are given in ex-
hibit 502-8. The map displays C factorsfor all areas of the
conterminous United Statesand Alaska. Theisolineswere
drafted to conform with local C factors calculated from
1951-80 weather data and were correl ated across state and
regional boundaries. Procedures for developing local C fac-
torsare explained in exhibit 502-9.

1. Interpolation of WEQ climatic factors (C)— States
may interpolate between county assigned C valuesto
the nearest 5 units based on the National C Factor
Isoline Map or the state C Factor Isoline Map in the
Field Office Technical Guide (FOTG). When interpo-
lating between values, knowledge of thelocal climatic
and topographic conditionsisextremely useful since
climatic conditions can vary disproportionately
between C factor valueisolines.

2. Where WEQ soil loss (E) tables have been devel oped
with C factor increments greater than 5 units, a
straight line interpolation to the nearest C factor value
of 5 may be made from existing E tables. Straight line
interpol ations can al so be made from the soil losses
(E) calculated with approved WEQ computer soft-
ware, when C factors programmed into the model are
inincrementsgreater than 5 units.

3. Cfactor interpolations are for the purpose of conser-
vation planning only and are NOT tobe used in
determining or adjusting previous highly erodible
land (HEL) designations. However, they may be used
during statusreviewsto determineif anindividual is
actively applying aconservation system. Previous
national policy, regarding the changing of prior HEL
designations, remainsin effect.

Effects of irrigation water on the C factor—When irriga-
tion water isapplied to adry soil surface, areductionin
wind erosion can be expected. A specific procedureto
directly adjust the climatic factor C for irrigation is not
available. However, aprocedure has been developed by
researchersto adjust the Erosive Wind Energy (EWE) by
the fraction of time during which the soil is considered wet
and nonerodible because of irrigation. See 502.31 and
exhibit 502-2.

The procedures that follow adjust the Erosive Wind Energy
(EWE) value which planners are to use when estimating
wind erosion on irrigated fields. Thisadjustment isfor the
WEQ Management Period Procedure. States wherewind

erosion isaconcern should replace previous methods used
to adjust for the effects of irrigation and utilize this proce-
dure and the procedure for adjusting the | factor, for all
plan revisions or new planning activities. This new proce-
dure, however, does not impact designated highly erodible
lands (HEL ) or new determinations since management
practices are not considered in the HEL formula.

Note: Irrigation adjustmentsto EWE and to the | factor,
apply to fully irrigated fields and to fields that receive
supplemental irrigationwater.

» Research scientistshave developed an Irrigation
Factor (1F) that adjusts the EWE or period erosion
lossto account for the effect of irrigation wetting the
soil surface and making it less erodible. The | F takes
into account the number of daysin amanagement
period, number of irrigation events during a manage-
ment period, and a Texture Wetness Factor (TWF).

» To account for the nonerodible wet condition of
various soil textures after irrigation, aTWF of 1, 2, or
3isassigned to coarse, medium, and fine textured
soil, respectively. See exhibit 502.2 for values as-
signed to the various soil groups.

e ThelFiscalculated with thefollowing equation:

IF = number of daysin period minus () nonerodible
wet daysin period (NEWD), divided by the
number of daysin period.

Nonerodible Wet Days (NEWD) are equal to
the Texture Wetness Factor (TWF) timesthe
number of irrigation eventsin the period.

»  When using the WEQ to account for the effects of
irrigation, multiply the EWE for the period by the IF.

e Example: A finetextured soil wasirrigated three
times during 45 days. Twelve percent of the annual
EWE occursduring thisperiod. Therefore:

TWEF = 3for finetextured soil

Number of irrigations during the period = 3
NEWD =(3)(3) =9

IF = (45 days—9)/45=0.80

The adjusted EWE for 45 daysisthen determined by

multiplying | F timesthe percentage of annual erosion

wind energy during the period being evaluated.
Adjusted EWE = (.80)(12%) = 9.6 %

Note: The EWE shall not be adjusted for any manage-
ment period whereirrigation doesnot occur.

e The WEQ factors (C & 1) used to determine the
Erodibility Index (EI), will not be adjusted when
determining highly erodibleland (HEL) on cropland
thatisirrigated.
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502.34 Unsheltered distance, L

TheL factor represents the unsheltered distance along the
prevailing wind erosion direction for thefield or areato be
evaluated. Itsplacein the equation isto relate the isolated,
unsheltered, and wide field condition of | to the sizeand
shape of thefield for which the erosion estimate is being
prepared. Because V is considered after L in the 5-step so-
[ution of the equation (502.22), the unsheltered distanceis
always considered as if the field were bare except for veg-
etativebarriers.

1. L beginsat apoint upwind where no saltation or
surface creep occurs and ends at the downwind edge
of the area being evaluated (figure 502-5). The point
may be at afield border or stable area where vegeta-
tionissufficient to eliminate the erosion process. An
area should be considered stable only if itisableto
trap or hold virtually all expected saltation and
surface creep from upwind. If vegetative barriers,
grassed waterways, or other stable areasdivide an
agricultural field being evaluated, each subdivision
will be isolated and shall be evaluated as a separate

Figure502-5 Unsheltered distancelL

\ Stable area

Isolated field

v ' !Stable area

\
\ v \ \
Incoming saltation
¥ ¥ ¥ ¥

L

L begins at
stable boundary

Field not isolated

field. Refer to the appropriate NRCS Conservation
Practice Standards to determine when practices are of
adequate width, height, spacing, and density to create
astablearea.

2. When erosion estimates are being cal cul ated for
cropland or other relatively unstable conditions,
upwind pasture or rangeland should be considered a
stable border. However, if the estimate isbeing made
for apasture or range area, L should be determined
by measuring from the nearest stable point upwind of
theareaor field in question (figure 502-6). The only
casewherelL isequal to zeroiswherethe areaisfully
sheltered by abarrier.

3. When abarrier is present on the upwind side of a
field, measure L acrossthefield along the prevailing
wind erosion direction and subtract the distance
sheltered by the barrier. Use 10 timesthe barrier
height for the sheltered distance (figure 502—7).

Figure502-6 Unsheltered distance L, perennial vegetation
s (Dasture or range)

Adjacent area stable

Unsheltered distance “L” perennial
vegetation (pasture or range)

Figure502-7  Unsheltered distagnce L —windbreak or barrier

502-14 (190-V-NAM, 3rd Ed., October 2002)



Part 502 Wind Erosion

National
Agronomy
Manual

4. When aproperly designed wind stripcropping system
isapplied, alternate strips are protected during critical
wind erosion periods by agrowing crop or by crop
residue. These stripsare considered stable. L is
measured across each erosion-susceptible strip, along
the prevailing wind erosion direction (figure 502-8).

The prevailing wind erosion direction isthe direction from
which the greatest amount of erosion occurs during the
critical wind erosion period. The direction is usually ex-
pressed as one of the 16 compass points. When predicting
erosion by management periods, the prevailing wind ero-
sion direction may be different for each period (exhibit
502-7a).

Preponderanceisaratio between wind erosion forces
parallel and perpendicular to the prevailing wind erosion
direction. Wind forces parallel to the prevailing wind
erosion direction include those coming from the exact
opposite direction (180°). A preponderance of 1.0 indicates
that as much wind erosion force is exerted perpendicular to
the prevailing direction as along that direction. A higher
preponderance indicates that more of the forceisalong the
prevailing wind erosion direction. Wind patterns are com-
plex; low preponderanceindicates high complexity and asa
result, lesswind will be from the prevailing erosive wind
direction than locations that have a high preponderance.

L can be measured directly on amap or calculated using a
wind erosion direction factor:

 For uses of the Wind Erosion Equation involving a
singleannual calculation, L should bethe measured
distance acrossthe areain the prevailing wind erosion
direction from the stable upwind edge of thefield to
the downwind edge of thefield. When the prevailing

Figure502-8 Unsheltered distance L, stripcropping system

Stable area

\ Protected strip (stable)

Planning area (field)

wind erosion direction is at an angle that is not per-
pendicular to thelong side of thefield, L can be
determined by multiplying thewidth of thefield by the
appropriate conversion factor obtained from table 502-3.

» For management period cal culations, wind erosion
direction factors based on preponderance are to be
used instead of ameasured distance to determine L
except
— Whereirregular fields cannot be adequately

represented by acircle, square, or rectangle.
— Where preponderance dataare not available.

Stepsto determine L for management period estimates:

1. Obtainlocal valuesfor prevailing thewind erosion
direction and preponderance (exhibit 502—7a).

2. Measure actual length and width of thefield and
determinetheratio of length to width.

3. Determineangleof deviation between prevailing
wind erosion direction and animaginary line
perpendicular to thelong side of thefield.

Using datafrom steps 1 through 3, determine the wind
erosion direction factor from wind erosion direction factor
tables, tables 502—81a-e. These are adjustment factors that
account for prevailing wind erosion direction, preponder-
ance of wind erosion forces, and size and shape of thefield.

Multiply the width of thefield by thewind erosion direction
factor. ThisistheL for thefield.

If abarrier ison the upwind side of thefield, reduce L by a
distance equal to 10 timesthe height of the barrier.

For circular fields, L = 0.915 times the diameter, regardless
of the prevailing wind erosion direction or preponderance.

Table502-3 Wind erosion direction factorsy

Angleof deviationgl Adjustment factor

0 1.00
225° 1.08
45° 141
67.5° 261
0° L = Length of field

1/ These adjustment factors are applicable when preponderance is not
considered. L cannot exceed the longest possible measured distance
acrossthefield.

2/ Angle of deviation of the prevailing erosive wind from adirection
perpendicular to the long side of the field.

(190-V-NAM, 3rd Ed., October 2002) 502-15



Part 502 Wind Erosion

National
Agronomy
Manual

502.35 Vegetativecover factor,V

The effect of vegetative cover in the Wind Erosion Equa-
tion is expressed by relating the kind, amount, and orienta-
tion of vegetative material to its equivalent in pounds per
acre of small grain residuein reference condition Small
Grain Equivalent (SGe). This condition is defined as 10
inch long stalks of small grain, parallel tothewind, lying
flat in rows spaced 10 inches apart, perpendicular to the
wind. Several crops have been tested in the wind tunnel to
determine their SGe. For other crops, small grain equiva-
lency has been computed using various regression tech-
niques (Armbrust and Lyles 1985; Lyles and Allison 1980;
Lyles 1981; Woodruff et al. 1974; Woodruff and Siddoway
1965). NRCS personnel have estimated SGe curvesfor
other crops. SGe curvesarein exhibit 502-10.

Position and anchoring of residueisimportant. In general,
the finer and more upright the residue, the more effectiveit
isfor reducing wind erosion. Knowledge of these and other
relationships can be used with benchmark valuesto estimate
additional SGevalues.

Research isunderway to devel op amethod of estimating the
relative erosion control value of short woody plantsand
other growing crops.

Several methods are used to estimate the kind, amount, and
orientation of vegetation in thefield. Often thetask isto
predict what will beinthefield in some future season or
seasons. Amounts of vegetation may be predicted from pro-

duction records or estimates and these amounts are then re-
duced by the expected or planned tillage. It may be desir-
able to sample and measure existing residue to determine
guantity of residue. Local data should be developed to esti-
mate surface residue per unit of crop yield and crop residue
losses caused by tillage.

The crown of aplant, its associated roots, and adhering soil
should also be credited when doing transects to determine
residue cover. Employeeswill need to use their best judg-
ment when deciding which crop curve to use when convert-
ing from percent ground cover to mass and then selecting a
curveto convert the residue massto SGe.

If you encounter acrop, residue, or atype of vegetation for
which an SGe curve has not been devel oped. exhibits 502—
11 and 502-12 give procedures to develop an interim SGe
curve. Any SGe curve developed in thisway must be sub-
mitted to the National Agronomists or the Cooperating Sci-
entist for wind erosion for approval.
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Subpart502E  Principlesof wind
eroson control

50240 General

Five principles of wind erosion control have been identified
(Lylesand Swanson 1976; Woodruff et al. 1972; and
Woodruff and Siddoway 1965). These are asfollows:
 Establish and maintain adequate vegetation or other
land cover.
» Reduceunsheltered distance along wind erosion
direction.
» Produce and maintain stable clods or aggregates on
theland surface.
* Roughen the land with ridge and/or random rough-
ness.
* Reshapetheland to reduce erosion on knollswhere
converging windflow causesincreased vel ocity and
shear stress.

The cardinal rule of wind erosion control isto striveto
keep the land covered with vegetation or crop residue at all
times (Chepil 1956). Thisleadsto several principlesthat
should be paramount as alternative controls are considered:
» Returnall land unsuited to cultivation to permanent
cover.
» Maintain maximum possible cover on the surface
during wind erosion periods.
* Maintain stablefield borders or boundaries at all
times.

502.41 Relation of control to WEQ factors

TheWind Erosion Equation (WEQ) was developed to
relate specific field conditionsto estimated annual soil loss.
Of thefive factors, two (I and C) are often considered to be
fixed while the other three (K, L, and V) are generally
considered variable or management factors. Thisisnot
precisely true.

Thel factor isrelated to the percentage of dry surface soil
fractions greater than 0.84 millimeters. Itsderivationis
usually based on the Wind Erodibility Group.

However, if aspecial management condition isgoing to be
maintained, such as crustsor irrigation, amadification of |
isappropriate. Also, | isincreased by aknoll erodibility
factor where appropriate. See 502.31. Thisadjustment is
not appropriateif the knoll condition is modified through
landforming or use of barriersto protect the knoll.

Knoll erodibility adjustmentsto | relateto wind direction;
low preponderance indicatesthat knoll erodibility will vary
widely aswind direction changes.

Total K reflectsthetilled ridge roughness and random
roughnessin afield. Thisisamanagement factor. Stability
of tilled roughnessisrelated, however, to soil erodibility,
climate, and the other erosion factors.

Ridge roughnessrelates to ridge spacing in the wind erosion
direction. Even with optimum orientation of rows, some of
the windswill be blowing parallel to the rows when prepon-
deranceislow.

Random roughnessrel ates to the nonoriented surface
roughnessthat is often referred to as cloddiness. Random
roughnessis described as the standard deviation of eleva-
tion from aplane across atilled area after taking into
account oriented (ridge) roughness.

The C factor is based on long-term weather records. Con-
servation treatment should be planned to address the critical
climatic conditions when high seasonal erosivewind energy
iscoupled with highly erodiblefield conditions.

The unsheltered distance L isamanagement factor that can
be changed by altering field arrangement, stripcropping, or
establishing windbreaks or other barriers. L isafunction of
field layout asit relatesto prevailing wind direction and

preponderance of erosive windsin the prevailing direction.

When preponderance values are high (more than 2.5 and
approaching 4.0), conservation treatment should be concen-
trated on addressing potential erosion from the prevailing
wind erosion direction.

When preponderance values are low (approaching 1.0),
knowledge of local seasonal wind patterns becomes more
important in planning treatment. Conservation treatment
should be planned to alow for the effect of seasonal
changesin the prevailing wind erosion direction.
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A stable strip across an agricultural field dividesthe area
into separate fields. Examples of stable areasinclude grass
waterways, hedges and their sheltered area, brushy draws or
ravines, roadwayswith grass borders, grass strips, and
drainageor irrigation ditches.

To be considered stable, an area must be able to stop and
hold virtually all of the expected saltation and surface
creep. Be aware that an areamay be stable during one crop
stage, but not stable in other seasons.

V isthe equivalent vegetative cover maintained on the soil
surface. Itisdirectly related to the management functions of
crop establishment, tillage, harvesting, grazing, mowing, or
burning.

50242 Tolerancesin wind erosion control

In both planning and inventory activities, NRCS compares
estimated erosion to soil losstolerance (T). T isexpressed
asthe average annual soil erosion rate (tons/acrelyear) that
can occur in afield with little or no long-term degradation
of the soil resource, thus permitting crop productivity to be
sustained for anindefinite period.

Soil loss tolerances for anamed soil are recorded in the soil
survey databasein NASIS.

The normal planning objectiveisto reduce soil loss by
wind or water to T or lower. In situations where treatment
for both wind and water erosion is needed, soil loss esti-
mates using the WEQ and USLE or RUSLE are not added
together to compareto T.

Additional impacts of wind erosion that should be consid-
ered are potential offsite damages, such asair and water
pollution and the deposition of soil particles.

Crop tolerance to soil blowing may also be an important
consideration in wind erosion control. Wind or blowing
sail, or both, can have an adverse effect on growing crops.
Most crops are more susceptible to abrasion or other wind
damage at certain growth stages than at others. Damage can
result from desiccation and twisting of plants by thewind.

Crop tolerance can be defined as the maximum wind ero-
sion that agrowing crop can tolerate, from crop emergence
to field stabilization, without an economic lossto crop
stand, crop yield, or crop quality.

(@ Blowing soil effectson crops
Some of the adverse effects of soil erosion and blowing soil
on cropsinclude:
e Excessivewind erosion that removes planted seeds,
tubers, or seedlings.
e Exposureof plant root systems.
e Sand blasting and plant abrasion resulting in
— cropinjury
— cropmortality
— lower cropyields
— lower cropquality
— wind damageto seedlings, vegetables, and
orchardcrops.
* Burial of plants by drifting soil.

(b) Croptoleranceto blowing soil or wind

Many common crops have been categorized based on their
tolerance to blowing soil. These categories of sometypical
cropsarelisted in table 502-4. Crops may tol erate greater
amounts of blowing soil than shown in table 502—4, but
yield and quality will be adversely affected.

(c) Theeffects of wind erosion on water quality
Someof the adverse effects of wind erosion on water
quialityinclude:

» Deposition of phosphorus (P) into surface water
* Increased Biochemical Oxygen Demand
(BOD) in surfacewater
» Reduced stream conveyance capacity because of
deposited sediment in streams and drainage canals

L ocal water quality guidelinesunder Total Maximum Daily
Loads (TDML) for nutrients may require that wind erosion
losses be less than the soil loss tolerance (T) in order to
achievelocal phosphorus (P) or other pollutant reduction
goals.

For aphosphorus (P) intrapment estimation procedure, see
the Core 4 manual, chapter 3C, Cross Wind Trap Strips.
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Subpart502F Exampleproblems

(Each state should devel op exampl e problems, common to
their state, and insert in this section.) See exhibit 502—7b.

Table502-4  Crop toleranceto blowing soil
I
Tolerant Moderatetolerance Lowtolerance Very low tolerance
T 2ton/ac lton/ac 0to 0.5ton/ac
Barley Alfafa(mature) Broccoli Alfafaseedlings
Buckwhesat Corn Cabbage Asparagus
Hax Onions(>30days) Cotton Cantaloupe
GrainSorghum Orchardcrops Cucumbers Carrots
Millet Soybeans Garlic Ceery
Ods Sunflowers Green/snapbeans Eggplant
Rye Sweet corn Limabeans Flowers
Whesat Peanuts Kiwi fruit
Peas Lettuce
Potatoes Muskmelons
Sweset potatoes Onion seedlings (<30 days)
Tobacco Peppers
Spinach
Squash
Strawberries
Sugar beets
Tablebeets
Tomatoes
Watermelons
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Exhibit 502-1

ExampleE table

“E” tablesfor each combination of C & | factors are on the www browser: http://www.wer u.ksu.edu/nrcs.
Click on the hypertext for: etable.doc (for MS Word) and etable.wpd (for Word Perfect).

B
C= 100
L
UNSHELTERED
DISTANCE 0
IN FEET
10000 86.0
8000 86.0
6000 86.0
4000 86.0
3000 85.6
2000 82.7
1000 76.4
800 74.2
600 69.3
400 62.2
300 57.6
200 51.4
150 45.6
100 39.8
80 36.6
60 314
50 279
40 244
30 210
20 15.9
10 94
(G
C= 100
L
UNSHELTERED
DISTANCE 0
INFEET
10000 7.4
8000 7.4
6000 7.4
4000 76.8
3000 75.8
2000 734
1000 67.2
800 64.7
600 59.7
400 55.0
300 51.0
200 4.7
150 39.1
100 34.5
80 312
60 259
50 231
40 20.7
0 17.2
20 12.7
10 6.2

SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR

SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR

SURFACE - K=1.00
(V)**

750 1000 1250
46.4 284 16.8
46.4 284 16.8
46.4 284 16.8
46.4 284 16.8
46.1 282 16.6
44.2 26.9 157
40.0 24.0 13.7
38.6 230 130
354 209 116
310 17.9 9.6
281 16.0 8.4
244 136 6.9
210 114 5.6
177 9.4 4.5
16.0 8.4 3.9
132 6.7 3.0
114 5.7 24

9.7 4.7 19

8.0 3.8 15

5.6 25 0.9

29 12 0.3

- FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE

(V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE

500

SURFACE - K=0.90
750 1000 1250
40.7 244 14.0
40.7 244 14.0
40.7 244 140
403 242 138
39.6 23.7 135
381 226 12.8
341 19.9 110
325 189 10.3
294 16.8 8.9
265 14.9 7.8
242 134 6.8
205 111 54
174 9.2 4.3
14.8 7.7 35
131 6.7 29
104 51 21
9.0 4.3 18
7.8 3.7 15
6.2 2.8 11
4.3 1.9 0.4
17 0.6

1500

1750
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2250

0.7
0.7
0.7
0.7
0.7
0.6
0.5

JANUARY, 1998

86

2750 3000

JANUARY, 1998

2500

86

2750 3000
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Exhibit 5022 Wind erodibility groups and wind erodibil-

ity index

Sail 1 EWE Predominant soil texture Wind Sail Sail
texture texture classof surfacelayer Erodibility Erodibility Erodibility
wetness Group 3 Index (I )4 5 Index (1)
factor (WEG) (ton/aclyr) ™ forirrigated
oils 4
(ton/aclyr)
C 1 Very fine sand, fine sand, 1 310* 310
sand, or coarse sand 250 250
220 220
180 160
160 134
C 1 Loamy very fine sand, loamy fine sand, 2 134 104

loamy sand, loamy coarse sand, sapric
organic soil materials, and all horizons
that meet andiic © soil properties as per
Criteria2 in Soil Taxonomy, regardless
of thefine earth texture

C 1 Very fine sandy loam, fine sandy loam, 3 86 56
sandy |oam, coarse sandy loam, and
noncal careous silt loam with 35 to 50%
very fine sand and <10% clay

F 3 Clay, silty clay, non-calcareous clay loam, 4 86 56
or silty clay loam with more than 35% clay

M 2 Calcareous ' loam and silt loam or a4 86 56
calcareous clay loam and silty clay loam

M 2 Non-cal careous loam and silt loam with 5 56 3
more than 20% clay (but does not meet
WEG 3 criteria), or sandy clay loam, sandy
clay, and hemic organic soil materials

M 2 Non-cal careous loam and silt loam with 6 48 21
more than 20% clay, or non-cal careous clay
loam with less than 35% clay or silty clay
loam with less than 35% clay

M 2 Silt and fibric organic soil material 7 3B 21
— — Soils not susceptible to wind erosion 8 — —
because of surface rock and pararock
fragments or wetness
1 Soil texture, C = Coarse; M = Medium; F = Fine
2/ Texture wetness factor for adjustment of Erosive Wind Energy (EWE) for the period (Irrigated fields only).
3 For al WEGs except sand and loamy sand textures, if percent rock and pararock fragments (>2mm) by volumeis 15-35, reduce | value by one group

7l

with more favorable rating. If percent rock and pararock fragments by volume is 35-60, reduce | value by two favorable groups except for sands and
loamy sand textures which are reduced by one group with more favorable rating. If percent rock and pararock fragments by volume is more than 60, use
| value of zero for all textures except sands and loamy sand textures which are reduced by three groups with more favorable rating.

The wind erodibility index is based on the relationship of dry soil aggregates greater than 0.84 millimeters to potential soil erosion. Value for irrigated
soils is applicable throughout the year. Values for irrigated soils determined by Dr. E.L. Skidmore, USDA, ARS, Wind Erosion Research Unit, Manhat-
tan, Kansas.

The | factor for WEG 1 vary from 160 for coarse sands to 310 for very fine sands. Use an | value of 220 as an average figure.

Vitrandic, Vitritorrandic, and Vitrxerandic Subgroups with ashy textural modifiers move one group with less favorable rating.

Calcareousisastrongly or violently effervescent reaction of the fine-earth fraction to cold dilute (IN) HCL.
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Exhibit 502-3 Sievinginstructions

Soil sieving has become increasingly important because of USDA’ s emphasis on advancing erosion prediction technol ogy.
Soil samples can be sieved using either aflat or arotary sieve. The flat sieve method is useful in making onsite field determi-
nations. However, the results are not as consistent as those achieved by the electric motor-driven rotary sieve. If the objective
isto gather scientific data, consistency isimportant, and rotary sieving should be the chosen method.

(@ Equipmentneeds

A standard number 20 flat sieve or accessto a properly designed rotary sieve.
A devicefor weighing samples.

A square-nosed scoop or shovel.

Worksheet for sieving of dry aggregates (examplefollows).

(b)  Procedure

1

Take samples only when the soil is reasonably dry. If the soil sticks to the scoop, postpone the sampling until the soil
dries sufficiently. If sieving is being done to verify the | factor assigned to a soil, samples should be taken during the
normal wind erosion period in an areathat is smooth, bare, not crusted, not sheltered by windbreaks or barriers, and
at alocation in the field far enough downwind for avalanching to occur. If the objectiveisto estimate erodibility for
aspecific field condition, select asmooth, bare, unsheltered areawith the desired conditions. In all cases, avoid
compacted or vegetated areas.

Use the square-nosed scoop to collect a sample from the soil surface. Try to avoid sampling more deeply than ap-
proximately 1 inch. Several small scoops may be more representatives than one larger scoop of soil.

Gently place the sample (about 2 |b) into a padded container for transporting to asieving location. Fill in the appro-
priate blanks on the form to specify field conditions and other data. If the soil samplewill be doneinthe field with a
flat sieve, proceed.

Weigh the sieve (including receiver) and record for later use. Place about 2 pounds of the sample on the No. 20
sieve. Remove | oose vegetation without fracturing soil aggregates.

Determine gross weight of the sample and sieve. Subtract the weight of the sieve to determine net weight of the
sample.

Remove the receiver and shake the sieve 50 times using moderate force. Do not bounce the sample or shake so hard
that you break down the clods. Place the sieve over the receiver and shake again 50 times. If more than 0.5 ounce
collectsin the receiver, empty the receiver and repeat the process. If more than 0.5 ounceisagainin the receiver,
repeat the process again. Do not exceed atotal of 200 shakes. Discard material in the receiver and weigh the sieve,
receiver, and remaining aggregatesin the sieve. Determine the weight of soil aggregates greater than 0.84 millimeter
in diameter. Divide the weight of the sieved sample by the total weight of the soil sample to determine percentage of
aggregatesthat exceed 0.84 millimeter.

Refer to table that followsto arrive at soil erodibility when using the percentage of nonerodible aggregates.
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Exhibit 502—3 Sievinginstructions—continued
I

Soil erodibility Index | intons/acre determined by percentage of nonerodible fractions

%units—> 0 1 2 3 4 5 6 7 8 9
Tens ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac ton/ac
0 — 310 250 220 195 180 170 160 150 140
10 134 131 128 125 121 117 113 109 106 102
20 B 3} @2 D 83 86 83 81 79 76
30 74 72 71 69 67 65 63 62 60 58
40 56 4 52 51 50 48 47 45 43 4
50 3B 36 33 31 2 27 25 24 23 2
60 21 2 19 18 17 16 16 15 14 13
70 12 11 10 8 7 6 4 3 3 2
80 2 — — — — — — — — —
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ARSand NRCS Data Worksheet for Sieving of Dry Aggregates

1. Field Office:

Cooperative Soil Sieving Project

2. Date:

3. County:

4. Sampled by:

5. Sample site number:

7. Site location:

6. Soil Survey Sheet number:

8. Symbol and map unit name:

9. Erosion: (yes/no)

11. Ridge height (inches):

12. Ridge spacing:

10. Tillage:

13. Crust thickness:

14. Date(s) and amount(s) of precipitation:
15. Total precipitation:
16. Kind of ground cover:
17. Status of ground cover:

19. Amount (Ib):

20. Percent ground cover:

21. Percent canopy:
22. Row pattern:

Row direction (Azimuth):

23. Isfield irrigated: (yes/no)

25. Annual irrigation applied (inches):

26. Samplerscomments:

24. Typeof irrigation:

Tobecompleted by ARS
Sieving date: Sieved by:
Soil weight, wet: ; Soil weight, dry; ; Percent moisture
Sieve size (mm) | <0.42 42-.84 .84-2.83 | 2.83-6.4 6.4-12.7 |>12.7 %>0.84

1st seiving
(weight

Percent of total

2nd seiving
(weight)

Percent of total

Resulting | value:

Siever’ scomments
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Exhibit 5024 Ridge roughness factor, K, 4, graphs

Angle of deviation=0 degrees
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Soil ridge roughness, K. (inches)

Note: Erosivewind energy is assumed to be 60% parallel and 40% perpendicular to prevailing erosive wind.

K, =4(h><h)
s

where:
h = ridge height in inches
S = ridge spacing ininches
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Exhibit 502—4 Ridge roughness factor, Kq, graph—Continued
|
Angle of deviation=22.5 degrees
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Soil ridge roughness, K,. (inches)

Note: Erosivewind energy is assumed to be 60% parallel and 40% perpendicular to prevailing erosive wind.

_4(hxh)
s

K

where:
h = ridge height in inches
S = ridge spacing ininches
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Exhibit 502—4 Ridge roughness factor, K,q, graph—Continued
|
Angle of deviation=45 degrees
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Soil ridge roughness, K,. (inches)

Note: Erosivewind energy is assumed to be 60% parallel and 40% perpendicular to prevailing erosive wind.

_4(hxh)
s

K

where:
h = ridge height in inches
S = ridge spacing ininches
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Exhibit 502—4 Ridge roughness factor, Kq, graph—Continued
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Note: Erosivewind energy is assumed to be 60% parallel and 40% perpendicular to prevailing erosive wind.

_4(hxh)
s

K

where:
h = ridge height in inches
S = ridge spacing ininches
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Exhibit 502—4 Ridge roughness factor, K,q, graph—Continued
|
Angle of deviation=90 degrees
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Note: Erosivewind energy is assumed to be 60% parallel and 40% perpendicular to prevailing erosive wind.

_4(hxh)
s

K

where:
h = ridge height in inches
S = ridge spacing ininches
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Exhibit 502-5 Tables
Table502-5A Angle of deviation = 0 degrees; | = <134
Table502-5B Angle of deviation = 22.5 degrees; | =<134
Table502-5C Angle of deviation = 45 degrees; | = <134
Table502-5D Angle of deviation = 67.5 degrees; | =<134
Table502-5E Angle of deviation = 90 degrees; | = <134
Table502-5F Angle of deviation = 0 degrees; | =134
Table502-5G Angle of deviation = 22.5 degrees; | =134
Table502-5H Angle of deviation = 45 degrees; | =134
Table502-5I Angle of deviation = 67.5 degrees; | =134
Table502-5J Angle of deviation = 90 degrees; | =134
Table502-5K Angle of deviation = 0 degrees; | = 160 and 180
Table502-5L Angle of deviation = 22.5 degrees; | = 160 and 180
Table502-5M Angle of deviation = 45 degrees; | = 160 and 180
Table502-5N Angle of deviation = 67.5 degrees; | = 160 and 180
Table502-50 Angle of deviation = 90 degrees; | =160 and 180
Table502-5P Angle of deviation = 0 degrees; | =220
Table502-5Q Angle of deviation = 22.5 degrees; | =220
Table502-5R Angle of deviation =45 degrees; | =220
Table502-5S Angle of deviation = 67.5 degrees; | =220
Table502-5T Angle of deviation = 90 degrees; | =220
Table502-5U Angle of deviation = 0 degrees; | =250
Table502-5V Angle of deviation = 22.5 degrees; | = 250
Table502-5W Angle of deviation = 45 degrees; | = 250
Table502-5X Angle of deviation = 67.5 degrees; | =250
Table502-5Y Angle of deviation = 90 degrees; | = 250
Table502-5Z Angle of deviation = 0 degrees; | = 310
Table502-5AA Angle of deviation =22.5 degrees; | =310
Table502-5BB Angle of deviation = 45 degrees; | =310
Table502-5CC Angle of deviation = 67.5 degrees; | =310
Table502-5DD Angle of deviation =90 degrees; | =310
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Table502-5A Angleof deviation = 0 degrees; | =<134
—
Ridge @ ---mmm e Ridge height (inches) - - - - - - - - - - - - o e e e
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 0.7 05 04 04 04 04 04 04 04 04 04 04
10 08 0.6 05 04 04 04 04 04 04 04 04 04
14 08 0.6 05 04 04 04 04 04 04 04 04 04
18 09 0.7 05 05 04 04 04 04 04 04 04 04
20 09 0.7 06 05 04 04 04 04 04 04 04 04
24 09 0.7 06 05 04 04 04 04 04 04 04 04
30 09 08 06 05 05 04 04 04 04 04 04 04
36 09 08 0.7 06 05 04 04 04 04 04 04 04
3 09 08 0.7 06 05 04 04 04 04 04 04 04
40 09 08 0.7 06 05 05 04 04 04 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5B Angle of deviation = 22.5 degrees; | = <134

—
Ridge = ------------mime - Ridge height (inches) - - - - == - - - - - e m oo
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)

7 038 05 04 04 04 04 04 04 04 04 04 04
10 038 0.6 05 04 04 04 04 04 04 04 04 04
14 038 0.6 05 04 04 04 04 04 04 04 04 04
18 09 0.7 05 05 04 04 04 04 04 04 04 04
2 09 0.7 0.6 05 04 04 04 04 04 04 04 04
24 09 0.7 0.6 05 04 04 04 04 04 04 04 04
30 09 038 0.6 05 05 04 04 04 04 04 04 04
36 09 038 0.7 0.6 05 05 04 04 04 04 04 04
3B 09 038 0.7 0.6 05 05 04 04 04 04 04 04
40 09 038 0.7 0.6 05 05 04 04 04 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5C Angleof deviation = 45 degrees; | = <134

—
Ridge  --------m e Ridge height (inches) - - - = === === -
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 08 05 05 04 04 04 04 04 04 04 04 04
10 08 0.6 05 05 04 04 04 04 04 04 04 04
14 08 0.7 05 05 05 04 04 04 04 04 04 04
18 09 0.7 0.6 05 05 04 04 04 04 04 04 04
20 09 0.7 0.6 05 05 05 04 04 04 04 04 04
24 09 0.7 0.6 05 05 05 04 04 04 04 04 04
30 09 08 0.6 0.6 05 05 05 04 04 04 04 04
36 09 08 0.7 0.6 05 05 05 05 04 04 04 04
3 09 08 0.7 0.6 05 05 05 05 04 04 04 04
40 09 08 0.7 0.6 05 05 05 05 04 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5D Angle of deviation = 67.5 degrees; | = <134

—
Ridge -----------m oo Ridge height (inches) - - = = = == === = s
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 08 0.6 05 05 05 05 05 05 05 05 05 05
10 08 0.6 05 05 05 05 05 05 05 05 05 05
14 09 0.7 0.6 05 05 05 05 05 05 05 05 05
18 09 0.7 0.6 05 05 05 05 05 05 05 05 05
20 09 0.7 0.6 0.6 05 05 05 05 05 05 05 05
24 09 08 0.7 0.6 05 05 05 05 05 05 05 05
30 09 08 0.7 0.6 0.6 05 05 05 05 05 05 05
36 09 08 0.7 0.6 0.6 05 05 05 05 05 05 05
3 09 08 0.7 0.6 0.6 05 05 05 05 05 05 05
40 09 08 0.7 0.6 0.6 05 05 05 05 05 05 05

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5E Angle of deviation = 90 degrees; | =<134
—
RidgE----- s Ridge height (inches) - - - - - - = - == - c e o
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 08 0.7 0.6 06 06 0.6 0.6 0.6 0.6 0.6 0.6 0.6

10 09 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
14 09 0.8 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
18 09 0.8 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
20 09 0.8 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
24 09 0.8 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
30 09 0.8 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
36 09 09 0.8 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6
3B 09 09 0.8 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6
40 09 09 0.8 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5F Angle of deviation = 0 degrees; | =134

—
RidgE----- s Ridge height (inches) - - - - - - == == -
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)

7 08 0.6 04 04 04 04 04 04 04 04 04 04

10 09 0.7 05 04 04 04 04 04 04 04 04 04
14 09 0.7 06 05 04 04 04 04 04 04 04 04
18 09 08 06 05 04 04 04 04 04 04 04 04
20 09 08 06 05 04 04 04 04 04 04 04 04
24 09 08 0.7 06 05 04 04 04 04 04 04 04
30 10 09 0.7 06 05 05 04 04 04 04 04 04
36 10 09 08 06 05 05 04 04 04 04 04 04
3 10 09 08 06 06 05 04 04 04 04 04 04
40 10 09 08 0.7 06 05 04 04 04 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5G Angleof deviation = 22.5 degrees; | = 134
—
Ridge -------- - m e Ridge height (inches) - - - - - == === m -
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 08 0.6 05 04 04 04 04 04 04 04 04 04
10 09 0.7 05 04 04 04 04 04 04 04 04 04
14 09 0.7 0.6 05 04 04 04 04 04 04 04 04
18 09 038 0.6 05 04 04 04 04 04 04 04 04
20 09 08 0.6 05 05 04 04 04 04 04 04 04
24 09 08 0.7 0.6 05 04 04 04 04 04 04 04
30 10 09 0.7 0.6 05 05 04 04 04 04 04 04
36 10 09 08 0.6 0.6 05 04 04 04 04 04 04
3 10 09 08 0.7 0.6 05 05 04 04 04 04 04
40 10 09 08 0.7 0.6 05 05 04 04 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5H Angle of deviation = 45 degrees; | =134

—
Ridge --------mm e Ridge height (inches) - - - = - == === -
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)

7 09 0.6 05 04 04 04 04 04 04 04 04 04
10 09 0.7 05 05 04 04 04 04 04 04 04 04
14 09 0.7 0.6 05 05 04 04 04 04 04 04 04
18 09 08 0.6 05 05 05 04 04 04 04 04 04
20 09 08 0.7 0.6 05 05 04 04 04 04 04 04
24 10 08 0.7 0.6 05 05 05 04 04 04 04 04
30 10 09 0.7 0.6 05 05 05 05 04 04 04 04
36 10 09 08 0.7 0.6 05 05 05 04 04 04 04
3 10 09 08 0.7 0.6 05 05 05 05 04 04 04
40 10 09 038 0.7 0.6 05 05 05 05 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5I Angle of deviation = 67.5 degrees; | = 134
—
Ridge = - Ridge height (inches) - - - - - - == == - - m o
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 09 0.7 05 05 05 05 05 05 05 05 05 05
10 09 0.7 0.6 05 05 05 05 05 05 05 05 05
14 09 08 06 06 05 05 05 05 05 05 05 05
18 09 08 0.7 06 05 05 05 05 05 05 05 05
20 09 08 0.7 06 05 05 05 05 05 05 05 05
24 10 09 0.7 06 06 05 05 05 05 05 05 05
30 10 09 08 0.7 06 05 05 05 05 05 05 05
36 10 09 08 0.7 06 06 05 05 05 05 05 05
3 10 09 08 0.7 06 06 05 05 05 05 05 05
40 10 09 08 0.7 06 06 05 05 05 05 05 05

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5J Angle of deviation = 90 degrees, | =134

I
Ridge = ------------miie - Ridge height (inches) - - - - == - - - - e m oo
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)

7 09 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 06
10 09 038 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 06
14 09 038 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 06
18 10 038 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 06
2 10 09 038 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 06
24 10 09 038 0.7 0.6 0.6 0.6 0.6 0.6 0.6 06 06
30 10 09 038 0.7 0.7 0.6 0.6 0.6 0.6 0.6 06 06
36 10 09 038 038 0.7 0.7 0.6 0.6 0.6 0.6 06 06
3B 10 09 038 038 0.7 0.7 0.6 0.6 0.6 0.6 0.6 06
40 10 09 038 038 0.7 0.7 0.6 0.6 0.6 0.6 0.6 06

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5K Angle of deviation = 0 degrees; | = 160 and 180

—
Ridge =~ --------mmmmm oo Ridge height (inches) - - - - - === == - m e
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 09 0.7 05 04 04 04 04 04 04 04 04 04
10 10 08 0.6 04 04 04 04 04 04 04 04 04
14 10 08 0.7 05 04 04 04 04 04 04 04 04
18 10 09 0.7 0.6 05 04 04 04 04 04 04 04
20 10 09 0.7 0.6 05 04 04 04 04 04 04 04
24 10 09 08 0.6 05 05 04 04 04 04 04 04
30 10 09 08 0.7 0.6 05 04 04 04 04 04 04
36 10 09 09 08 0.6 05 05 04 04 04 04 04
3 10 09 09 08 0.7 0.6 05 04 04 04 04 04
40 10 10 09 08 0.7 0.6 05 04 04 04 04 04
These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
Table502-5L Angle of deviation = 22.5 degrees; | = 160 and 180

—
Ridge = --------mmmmm e Ridge height (inches) - - - - - == - == - m e
spacing 1 2 3 4 6 7 9 10 11 12
(inches)
7 09 07 05 04 04 04 04 04 04 04 04 04
10 10 08 06 05 04 04 04 04 04 04 04 04
14 10 08 07 05 04 04 04 04 04 04 04 04
18 10 09 07 06 05 04 04 04 04 04 04 04
20 10 09 08 06 05 04 04 04 04 04 04 04
24 10 09 08 07 05 05 04 04 04 04 04 04
0 10 09 08 07 06 05 05 04 04 04 04 04
%6 10 09 09 08 06 05 05 04 04 04 04 04
3 10 09 09 08 07 06 05 04 04 04 04 04
40 10 10 09 08 07 06 05 05 04 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

(190-V-NAM, 3rd Ed., October 2002)

502-37



Part 502 WindErosion National

Agronomy
Manual
Table502-5M Angle of deviation = 45 degrees; | = 160 and 180
—
Ridge = --------mmmmm - Ridge height (inches) - - = = = = == == = oo
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 09 0.7 05 05 04 04 04 04 04 04 04 04
10 10 08 0.6 05 04 04 04 04 04 04 04 04
14 10 09 0.7 05 05 04 04 04 04 04 04 04
18 10 09 0.7 06 05 05 04 04 04 04 04 04
20 10 09 08 06 05 05 04 04 04 04 04 04
24 10 09 08 0.7 06 05 05 04 04 04 04 04
30 10 09 08 0.7 06 05 05 05 04 04 04 04
36 10 09 09 08 0.7 06 05 05 05 04 04 04
3 10 10 09 08 0.7 06 05 05 05 04 04 04
40 10 10 09 08 0.7 06 05 05 05 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5N Angle of deviation = 67.5 degrees; | = 160 and 180

—
Ridge = --------mmmmm - Ridge height (inches) - = - = = = = === = s o
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)

7 09 0.7 0.6 05 05 05 05 05 05 05 05 05
10 10 08 0.6 05 05 05 05 05 05 05 05 05
14 10 09 0.7 0.6 05 05 05 05 05 05 05 05
18 10 09 08 0.6 0.6 05 05 05 05 05 05 05
20 10 09 08 0.7 0.6 05 05 05 05 05 05 05
24 10 09 08 0.7 0.6 05 05 05 05 05 05 05
0 10 09 09 08 0.7 0.6 05 05 05 05 05 05
36 10 10 09 08 0.7 0.6 0.6 05 05 05 05 05
3 10 10 09 08 0.7 0.6 0.6 05 05 05 05 05
40 10 10 09 08 0.7 0.6 0.6 05 05 05 05 05

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-50 Angle of deviation = 90 degrees; | = 160 and 180

—
Ridge =~ --------mmmmm oo Ridge height (inches) - - - - - === == - m e
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 10 08 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
10 10 09 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
14 10 09 08 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
18 10 09 08 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
20 10 09 08 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6
24 10 09 09 08 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6
30 10 10 09 08 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6
36 10 10 09 08 08 0.7 0.6 0.6 0.6 0.6 0.6 0.6
3 10 10 09 08 08 0.7 0.7 0.6 0.6 0.6 0.6 0.6
40 10 10 09 09 08 0.7 0.7 0.6 0.6 0.6 0.6 0.6

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5P Angle of deviation = 0 degrees; | =220

—
Ridge = -----------mmmeie o Ridge height (inches) - - - - - - - - === - - - m oo
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 10 0.8 0.6 04 04 04 04 04 04 04 04 04
10 10 09 0.7 05 04 04 04 04 04 04 04 04
14 10 09 08 0.6 05 04 04 04 04 04 04 04
18 10 10 09 0.7 05 04 04 04 04 04 04 04
20 10 10 09 0.7 0.6 05 04 04 04 04 04 04
24 10 10 09 0.8 0.6 05 04 04 04 04 04 04
30 10 10 09 0.8 0.7 0.6 05 04 04 04 04 04
36 10 10 09 09 0.8 0.7 05 05 04 04 04 04
3 10 10 10 09 0.8 0.7 0.6 05 04 04 04 04
40 10 10 10 0.9 0.8 0.7 0.6 05 04 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5Q Angle of deviation = 22.5 degrees; | = 220
—
Ridge = --------mmmmm - Ridge height (inches) - - = = = = == == = oo
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 10 08 0.6 04 04 04 04 04 04 04 04 04
10 10 09 0.7 05 04 04 04 04 04 04 04 04
14 10 09 08 06 05 04 04 04 04 04 04 04
18 10 10 09 0.7 05 05 04 04 04 04 04 04
20 10 10 09 0.7 06 05 04 04 04 04 04 04
24 10 10 09 08 06 05 05 04 04 04 04 04
30 10 10 09 08 0.7 06 05 04 04 04 04 04
36 10 10 09 09 08 0.7 0.6 05 04 04 04 04
3 10 10 10 09 08 0.7 0.6 05 04 04 04 04
40 10 10 10 09 08 0.7 0.6 05 05 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5R Angle of deviation = 45 degrees; | = 220

—
Ridge = --------mmmmm - Ridge height (inches) - = - = = = = === = s o
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)

7 10 08 0.6 05 04 04 04 04 04 04 04 04
10 10 09 0.7 05 05 04 04 04 04 04 04 04
14 10 09 08 0.6 05 05 04 04 04 04 04 04
18 10 10 09 0.7 0.6 05 05 04 04 04 04 04
20 10 10 09 0.7 0.6 05 05 04 04 04 04 04
24 10 10 09 08 0.7 0.6 05 05 04 04 04 04
0 10 10 09 08 0.7 0.6 05 05 05 04 04 04
36 10 10 10 09 08 0.7 0.6 05 05 05 04 04
3 10 10 10 09 08 0.7 0.6 05 05 05 04 04
40 10 10 10 09 08 0.7 0.6 05 05 05 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5S Angle of deviation = 67.5 degrees; | =220

—
Ridge =~ --------mmmmm oo Ridge height (inches) - - - - - === == - m e
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 10 0.9 0.6 05 05 05 05 05 05 05 05 05
10 10 0.9 0.7 0.6 05 05 05 05 05 05 05 05
14 10 0.9 0.8 0.7 0.6 05 05 05 05 05 05 05
18 10 10 0.9 0.7 0.6 05 05 05 05 05 05 05
20 10 10 0.9 0.8 0.6 0.6 05 05 05 05 05 05
24 10 10 0.9 0.8 0.7 0.6 05 05 05 05 05 05
0 10 10 0.9 0.9 0.8 0.7 0.6 05 05 05 05 05
36 10 10 10 0.9 0.8 0.7 0.6 0.6 05 05 05 05
3 10 10 10 0.9 0.8 0.7 0.6 0.6 05 05 05 05
40 10 10 10 0.9 0.8 0.7 0.7 0.6 05 05 05 05

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5T Angle of deviation = 90 degrees; | = 220

—
Ridge = --------mmmmmm o Ridge height (inches) - - - - - == - == - cm o
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 10 0.9 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
10 10 0.9 0.8 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
14 10 10 0.9 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
18 10 10 0.9 0.8 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6
20 10 10 0.9 0.8 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6
24 10 10 0.9 0.9 0.8 0.7 0.6 0.6 0.6 0.6 0.6 0.6
0 10 10 10 0.9 0.8 0.7 0.7 0.6 0.6 0.6 0.6 0.6
36 10 10 10 0.9 0.8 0.8 0.7 0.6 0.6 0.6 0.6 0.6
3 10 10 10 0.9 0.9 0.8 0.7 0.7 0.6 0.6 0.6 0.6
40 10 10 10 0.9 0.9 0.8 0.7 0.7 0.6 0.6 0.6 0.6

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5U Angle of deviation = 90 degrees; | = 250
—
Ridge = --------mmmmm - Ridge height (inches) - - = = = = == == = oo
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 10 09 0.7 05 04 04 04 04 04 04 04 04
10 10 10 08 06 04 04 04 04 04 04 04 04
14 10 10 09 0.7 05 04 04 04 04 04 04 04
18 10 10 09 08 06 05 04 04 04 04 04 04
20 10 10 09 08 0.7 05 04 04 04 04 04 04
24 10 10 10 09 08 06 05 04 04 04 04 04
30 10 10 10 09 08 0.7 0.6 05 04 04 04 04
36 10 10 10 09 09 08 0.7 05 05 04 04 04
3 10 10 10 10 09 08 0.7 0.6 05 04 04 04
40 10 10 10 10 09 08 0.7 0.6 05 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5V Angle of deviation = 22.5 degrees; | = 250

—
Ridge = --------mmmmm - Ridge height (inches) - = - = = = = === = s o
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)

7 10 09 0.7 05 04 04 04 04 04 04 04 04
10 10 10 08 0.6 04 04 04 04 04 04 04 04
14 10 10 09 0.7 05 04 04 04 04 04 04 04
18 10 10 09 08 0.7 05 04 04 04 04 04 04
20 10 10 09 08 0.7 05 04 04 04 04 04 04
24 10 10 10 09 08 0.6 05 04 04 04 04 04
0 10 10 10 09 08 0.7 0.6 05 04 04 04 04
36 10 10 10 09 09 08 0.7 05 05 04 04 04
3 10 10 10 10 09 08 0.7 0.6 05 04 04 04
40 10 10 10 10 09 08 0.7 0.6 05 04 04 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5W Angle of deviation = 45 degrees; | = 250

—
Ridge =~ --------mmmmm oo Ridge height (inches) - - - - - === == - m e
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 10 09 0.7 05 04 04 04 04 04 04 04 04
10 10 10 038 0.6 05 04 04 04 04 04 04 04
14 10 10 09 0.7 0.6 05 04 04 04 04 04 04
18 10 10 09 08 0.7 05 05 04 04 04 04 04
20 10 10 09 09 0.7 0.6 05 04 04 04 04 04
24 10 10 10 09 08 0.6 05 05 04 04 04 04
30 10 10 10 09 08 0.7 0.6 05 05 04 04 04
36 10 10 10 09 09 08 0.7 0.6 05 05 04 04
3 10 10 10 10 09 08 0.7 0.6 05 05 04 04
40 10 10 10 10 09 08 0.7 0.6 05 05 05 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5X Angle of deviation = 67.5 degrees; | = 250

—
Ridge = -----------mmmeie o Ridge height (inches) - - - - - - - - === - - - m oo
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 10 09 0.7 05 05 05 05 05 05 05 05 05
10 10 10 0.8 0.7 05 05 05 05 05 05 05 05
14 10 10 09 0.8 0.6 05 05 05 05 05 05 05
18 10 10 09 0.8 0.7 0.6 05 05 05 05 05 05
20 10 10 10 09 0.7 0.6 05 05 05 05 05 05
24 10 10 10 09 0.8 0.7 0.6 05 05 05 05 05
30 10 10 10 09 09 0.8 0.6 0.6 05 05 05 05
36 10 10 10 10 09 0.8 0.7 0.6 0.6 05 05 05
3 10 10 10 10 09 0.8 0.7 0.6 0.6 05 05 05
40 10 10 10 10 09 0.8 0.8 0.7 0.6 05 05 05

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5Y Angle of deviation = 90 degrees; | = 250
—
Ridge = --------mmmmm - Ridge height (inches) - - = = = = == == = oo
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 10 09 08 06 06 0.6 0.6 0.6 0.6 0.6 0.6 0.6
10 10 10 09 0.7 06 06 0.6 0.6 0.6 0.6 0.6 0.6
14 10 10 09 08 0.7 06 0.6 06 0.6 0.6 0.6 0.6
18 10 10 10 09 08 0.7 0.6 06 0.6 0.6 0.6 0.6
20 10 10 10 09 08 0.7 0.6 0.6 0.6 0.6 0.6 0.6
24 10 10 10 09 08 0.7 0.7 0.6 0.6 0.6 0.6 0.6
30 10 10 10 09 09 08 0.7 0.7 0.6 06 0.6 0.6
36 10 10 10 10 09 09 08 0.7 0.6 0.6 0.6 0.6
3 10 10 10 10 09 09 08 0.7 0.7 0.6 0.6 0.6
40 10 10 10 10 09 09 08 0.7 0.7 0.6 0.6 0.6

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5Z Angle of deviation = 0 degrees; | =310

—
Ridge = --------mmmmm - Ridge height (inches) - = - = = = = === = s o
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)

7 10 10 09 0.7 04 04 04 04 04 04 04 04
10 10 10 10 09 0.6 04 04 04 04 04 04 04
14 10 10 10 09 08 0.6 04 04 04 04 04 04
18 10 10 10 10 09 08 0.6 04 04 04 04 04
20 10 10 10 10 09 08 0.6 05 04 04 04 04
24 10 10 10 10 10 09 08 0.6 05 04 04 04
0 10 10 10 10 10 09 09 0.7 0.6 05 04 04
36 10 10 10 10 10 10 09 08 0.7 0.6 05 04
3 10 10 10 10 10 10 09 08 0.7 0.6 05 04
40 10 10 10 10 10 10 09 09 08 0.6 05 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5AA  Angle of deviation = 22.5 degrees; | = 310

—
Ridge =~ --------mmmmm oo Ridge height (inches) - - - - - === == - m e
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 10 10 09 0.7 04 04 04 04 04 04 04 04
10 10 10 10 09 0.6 04 04 04 04 04 04 04
14 10 10 10 09 08 0.6 05 04 04 04 04 04
18 10 10 10 10 09 08 0.6 04 04 04 04 04
20 10 10 10 10 09 08 0.6 05 04 04 04 04
24 10 10 10 10 10 09 038 0.6 05 04 04 04
30 10 10 10 10 10 09 09 0.7 0.6 05 04 04
36 10 10 10 10 10 10 09 08 0.7 0.6 05 04
3 10 10 10 10 10 10 09 09 0.7 0.6 05 04
40 10 10 10 10 10 10 09 09 08 0.6 05 04

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5BB  Angle of deviation = 45 degrees; | = 310

—
Ridge = -----------mmmeie o Ridge height (inches) - - - - - - - - === - - - m oo
spacing 1 2 3 4 6 7 8 9 10 11 12
(inches)
7 10 10 09 0.7 05 04 04 04 04 04 04 04
10 10 10 10 0.9 0.7 05 04 04 04 04 04 04
14 10 10 10 10 0.8 0.6 05 04 04 04 04 04
18 10 10 10 10 09 0.8 0.6 05 04 04 04 04
20 10 10 10 10 09 0.8 0.7 05 05 04 04 04
24 10 10 10 10 10 09 0.8 0.6 05 04 04 04
30 10 10 10 10 10 09 09 0.8 0.6 05 05 04
36 10 10 10 10 10 10 09 0.8 0.7 0.6 05 05
3 10 10 10 10 10 10 0.9 09 0.8 0.6 05 05
40 10 10 10 10 10 10 09 09 0.8 0.7 05 05

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Table502-5CC  Angle of deviation = 67.5 degrees; | = 310
I
Ridge = -----------mmim e Ridge height (inches) - - - - == - - - - - e m oo
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 10 10 09 0.7 05 05 05 05 05 05 05 05
10 10 10 10 09 0.7 05 05 05 05 05 05 05
14 10 10 10 10 09 0.7 05 05 05 05 05 05
18 10 10 10 10 09 08 06 05 05 05 05 05
20 10 10 10 10 09 09 0.7 06 05 05 05 05
24 10 10 10 10 10 09 08 0.7 05 05 05 05
30 10 10 10 10 10 10 09 08 0.7 0.6 05 05
36 10 10 10 10 10 10 09 09 08 06 0.6 05
3 10 10 10 10 10 10 09 09 08 0.7 06 05
40 10 10 10 10 10 10 09 09 08 0.7 0.6 05

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.

Table502-5DD  Angle of deviation = 90 degrees; | = 310

I
Ridge = ------------miie - Ridge height (inches) - - - - == - - - - - e m oo
spacing 1 2 3 4 5 6 7 8 9 10 11 12
(inches)
7 10 10 10 08 06 06 06 06 06 06 0.6 0.6
10 10 10 10 09 08 06 06 06 06 06 0.6 0.6
14 10 10 10 10 09 0.7 06 06 06 06 06 0.6
18 10 10 10 10 09 08 0.7 06 06 06 0.6 0.6
20 10 10 10 10 10 09 08 0.7 06 06 0.6 0.6
24 10 10 10 10 10 09 08 0.7 06 0.6 0.6 0.6
30 10 10 10 10 10 10 09 08 0.7 0.6 0.6 0.6
36 10 10 10 10 10 10 09 09 08 0.7 0.6 0.6
3 10 10 10 10 10 10 10 09 08 0.7 0.7 0.6
40 10 10 10 10 10 10 10 09 08 08 0.7 0.6

These values are based on conditions in which erosive wind energy is 60% parallel and 40% perpendicular to prevailing erosive wind.
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Random roughnessfactor, K., graph
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Random roughness, std. deviation (inches)

Graph to convert random roughness heights (standard deviation in inches) to WEQ K-subfactors for random roughness. K
subfactorsvary by | factors assigned to soil groups.

Random roughnessis defined as the standard deviation (in inches) of the soil surface elevations, measured at regular intervals

from afixed arbitary plane above atilled soil surface, after oriented roughness has been considered.

Random roughness photos and associated random roughness (standard deviation) values arein Predicting Soil Erosion by
Water: A Guideto Conservation Planning With Revised Universal Soil Loss Equation (RUSLE), 1997, Agriculture Hand-
book 703, appendix C, or can be downloaded at

http:/www.nr cs.usda.gov/technical/ECS/agr onomy/r oughness.html

Table502—6  Table converts random roughness heights (standard deviation in inches) to WEQ K subfactors (K,,) for random rough-

s NesS. K, Valuesvary by | factors assigned to soil Wind Erodibility Groups.

Random roughness (standard deviation, inches)

0.2 0.4 0.6 0.8 1.0 12 14 16 18 2.0
| Factors Krr values
>134 1.00 1.00 1.00 1.00 1.00 100 100 100 100 100
134 100 099 098 09% 093 091 098 09% 08 084
104 100 094 08 082 078 074 071 069 067 0.66
86 1.00 0.87 0.76 0.67 0.61 0.57 0.54 0.52 0.50 0.48
56 0rless 1.00 0.71 0.50 0.38 0.31 0.27 0.25 0.23 0.23 0.22
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Table 502-7 Randomroughness(standard deviation) corevalues
I

Thisinformation on core valuesis from Predicting Soil Erosion by Water: A Guide to Conservation Planning With the Re-
vised Universal Soil Loss Equation (RUSLE), 1997, Agriculture Handbook 703.

Parameter values of core cropland field operations may be used in the Wind Erosion Equation for random roughness. How-
ever the use of the random roughness photos in Agriculture Handbook 703, in appendix C, may be preferable, especially
where roughnessis caused by residual sod material such asthe crowns of plants that has attached roots and soil.

Thefollowing core values are typical and representative for field operationsin medium textured soils tilled at optimum
moisture conditions. Many of the machines may differ by cropping region, farming practice, soil texture, or other conditions.
Refer to the random roughness photos in the handbook and adjust to values that seem most appropriate. The photos and asso-
ciated random roughness (standard deviation) values in the Agriculture Handbook 703 can be downloaded at:

http:// www.nr cs.usda.gov/technical/ECS/agr onomy/r oughness.html

State agronomists can reproduce and distribute copies of the photographs to Field Offices.

Field operations Random roughness
(standard deviation in inches)

Chisel, sweeps 1.20
Chisdl, straight point 1.50
Chisel, twisted shovels 1.90
Cultivator, field 0.70
Cultivator, row 0.70
Cultivator, ridgetill 0.70
Disk, 1-way 1.20
Disk, heavy plowing 1.90
Disk, tandem 0.80
Drill, double disk 0.40
Drill, deep furrow 0.50
Drill, no-till 0.40
Drill, no-till into sod 0.30
Fertilizer applicator, anhyd knife 0.60
Harrow, spike 0.40
Harrow, tine 0.40
Lister 0.80
Manureinjector 1.50
Moldboard plow 1.90
Mulch treader 0.40
Planter, no-till 0.40
Planter, row 0.40
Rodweeder 0.40
Rotary hoe 0.40
Veeripper 1.20
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Exhibit 502-7a  Exampleof erosivewind dataavailablefor specificlocations
|
Thisinformation isfound at: http://www.wer u.ksu.edu/nr cs’'windpar m/
KSCHANUTE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOoVv DEC
PREV WIND EROSDIR 180 0 180 180 180 180 180 180 180 180 180 180
PREPONDERANCE 4.0 2.3 25 3.5 4.6 4.2 3.6 3.7 45 4.8 52 3.4
EROSIVITY (EWE) 7.9 7.3 175 302 179 25 . 15 1.6 2.0 5.6 51
CUMULATIVEEWE 7.9 15.3 328 630 810 834 841 856 872 89.3 94.9 100.0
KSCONCORDIA JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOoV DEC
PREV WIND EROSDIR 0 0 338 158 180 180 180 180 180 180 338 338
PREPONDERANCE 34 2.7 2.7 2.0 2.8 3.4 3.8 4.1 5.8 53 3.0 2.5
EROSIVITY (EWE) 8.9 9.5 198 184 7.4 54 3.7 33 3.8 6.2 59 7.6
CUMULATIVEEWE 8.9 184 382 566 640 695 731 765 803 86.5 92.4 100.0
KSDODGE_CITY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NoVv DEC
PREV WIND EROSDIR 0 0 0O 180 180 180 180 180 180 180 0 0
PREPONDERANCE 6.6 3.4 2.7 3.1 3.6 5.8 4.1 4.7 57 55 3.4 3.8
EROSIVITY (EWE) 7.3 8.5 17.3 165 9.1 7.7 45 3.2 5.6 6.5 6.5 7.4
CUMULATIVEEWE 7.3 15.8 331 496 587 664 709 741 79.6 86.2 92.6 100.0
KSFT.RILEY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NoVv DEC
PREV WIND EROSDIR 180 180 180 180 180 180 180 180 202 180 180 202
PREPONDERANCE 52 3.6 39 3.0 6.0 7.9 54 41 4.8 49 3.6 1.9
EROSIVITY (EWE) 53 6.3 206 185 10.1 4.9 2.2 3.1 54 10.0 57 7.8
CUMULATIVEEWE 5.3 11.7 323 508 609 658 680 711 764 86.4 92.2 100.0
KSGOODLAND JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NoVv DEC
PREV WIND EROSDIR 338 338 338 338 158 180 158 158 180 338 337 337
PREPONDERANCE 3.3 3.8 34 3.6 2.3 2.4 2.1 2.9 3.2 3.6 3.6 4.4
EROSIVITY (EWE) 51 7.4 19.2 169 9.7 8.8 4.4 4.1 6.0 52 7.3 6.0
CUMULATIVEEWE 51 12.5 317 485 582 670 714 755 815 86.7 94.0 100.0
KSHUTCHINSON JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NoVv DEC
PREV WIND EROSDIR 0 0 0O 180 180 180 180 180 180 180 0 0
PREPONDERANCE 45 3.4 3.2 2.9 3.8 51 49 35 45 51 4.1 4.3
EROSIVITY (EWE) 7.9 10.2 123 155 95 10.1 39 35 6.2 7.6 6.8 6.6
CUMULATIVEEWE 7.9 18.1 304 459 553 654 693 728 79.0 86.6 93.4 100.0
KSOLATHE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NoVv DEC
PREV WIND EROSDIR 180 338 180 202 180 180 202 202 202 180 180 180
PREPONDERANCE 2.4 1.8 1.8 2.2 2.7 3.6 3.7 4.4 55 2.6 1.9 2.0
EROSIVITY (EWE) 8.3 74 279 267 7.7 1.9 . .6 1.0 49 49 7.9
CUMULATIVEEWE 8.3 157 436 704 781 800 807 813 823 87.2 92.1 100.0
KSRUSSELL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOoV DEC
PREV WIND EROSDIR 0 0 0 0 202 202 202 202 202 180 0 0
PREPONDERANCE 3.3 29 2.6 1.9 2.7 3.0 3.1 3.4 4.2 3.1 2.8 2.4
EROSIVITY (EWE) 6.9 8.9 148 145 8.4 59 4.8 6.2 7.3 7.2 8.2 6.9
CUMULATIVEEWE 6.9 15.8 30.7 451 535 594 642 704 776 84.8 93.1 100.0
KSSALINA JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NoVv DEC
PREV WIND EROSDIR 0 0 0O 180 180 180 180 180 180 180 180 0
PREPONDERANCE 5.8 2.4 3.0 29 4.6 54 3.7 4.6 6.4 4.6 4.0 3.0
EROSIVITY (EWE) 7.4 8.8 196 198 115 4.2 2.2 52 6.5 49 5.8 4.2
CUMULATIVEEWE 7.4 16.2 358 556 671 713 734 786 851 90.0 95.8 100.0
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(2002 #qo100 “p3 PIE ‘INVN-A-06T)

NRCS - WEQ CALCULATIONS, Version 5

Producer: lam Windy Planner: mas Location: Mose Lake Tract: 123 Field: 1
Crop Rotation: Corn Climate Data Station: WA, MOSES LAKE, old Site "C" Value: 50
Tillage Direction (NS/EW): ns Length/width ratio: 1 Field Direction (NS/EW): ew Field Width (Ft.): 2640
Irrigation (Y or N): y Soil "I"; 134 Wind Erodibility Group: 2 (1-7) TWF: 1 (see instr.)
Sum Period Erosion (t/ac): 6.9 No. Yrs in Rotation: 1.0 Av. Annual Wind Erosion: 6.9 (t/aclyr)
Mgt Periods Irr. Soil Ridge Roughness R Roug Unsheltered Distance SGe Erosion
Dates No.of| "I" Dev. Ht. | Sp. | "Krd" "Krr" Dev. Prep. WED "Lt A "E" EWE "IF" Loss
Begin End #) | (t/ac) (deg) (in.) | (in.) | (factor) | (factor) | (deg) | (factor) | (factor) (ft) (Ibs/ac) | (t/ac) (%) (%) (t/ac)
1/1/99 1/2/99 0 104 90.0 0 0 1.0 0.99 0.0 2.5 1.02 2693 3422 0.0 0.3 1.00 0.00
1/2/99 3/15/99 0 104 90.0 0 0 1.00 1.00 0.0 2.5 1.02 2693 2703 0.0 24.9 1.00 0.00
3/15/99 | 3/15/99 0 104 45.0 0 0 1.00 0.98 45.0 1.3 1.03 2719 1437 4.0 0.0 1.00 0.00
3/15/99 | 4/1/99 0 104 45.0 0 0 1.0 1.00 45.0 1.3 1.03 2719 1361 5.3 8.5 1.00 0.45
4/1/99 4/1/99 0 104 45.0 0 0 1.0 0.88 45.0 1.1 1.03 2719 57 43.8 0.0 1.00 0.00
4/1/99 4/10/99 0 104 45.0 0 0 1.0 0.99 45.0 1.1 1.03 2719 54 49.8 4.3 1.00 2.12
4/10/99 | 4/15/99 0 104 45.0 3 30 0.7 0.98 45.0 1.1 1.03 2719 34 33.8 2.4 1.00 0.80
4/15/99 | 4/30/99 2 104 45.0 3 30 0.7 0.99 45.0 1.1 1.03 2719 33 34.5 7.1 0.87 2.12
4/30/99 | 5/15/99 6 104 45.0 3 30 0.7 1.00 45.0 1.1 1.03 2719 37 34.6 4.4 0.60 0.92
5/15/99 | 5/15/99 0 104 0.0 3 30 0.7 0.97 90.0 1.1 1.03 2719 26 33.2 0.0 1.00 0.00
5/15/99 | 5/30/99 12 104 0.0 3 30 0.7 1.00 90.0 1.1 1.03 2719 114 32.5 4.3 0.20 0.28
5/30/99 | 6/14/99 12 104 0.0 3 30 0.7 1.00 90.0 1.1 1.03 2719 448 23.7 4.5 0.20 0.21
6/14/99 | 6/29/99 12 104 45.0 3 30 0.7 1.00 45.0 1.2 1.03 2719 5291 0.0 4.6 0.20 0.00
6/29/99 | 10/15/99 38 104 45.0 3 30 0.7 1.00 45.0 1.2 1.03 2719 6999 0.0 17.2 0.65 0.00
10/15/99| 11/1/99 0 104 90.0 0 1.0 1.00 0.0 1.6 1.03 2719 6999 0.0 3.7 1.00 0.00
11/1/99 11/1/99 0 104 90.0 0 1.0 0.98 0.0 1.6 1.03 2719 3613 0.0 0.0 1.00 0.00
11/1/99 | 12/31/99 0 104 90.0 0 1.0 1.00 0.0 1.6 1.03 2719 3422 0.0 13.7 1.00 0.00
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Exhibit 502-8 C factor map, United States
I

An interactive version of the C factor map islocated at http://datad.ftw.nrcs.usda.gov/website/ On this page, click on the
link for “C-Values’, and the map will load. Theicons below will be displayed in the upper left hand corner of the screen. Fol-
lowing each oneis a short description of what that icon allows you to do.

- Toggles between Layer list and the Map Legend (in upper right hand corner of screen).

- Togglesthe overview map (in the upper right hand corner) on and off.
- After clicking thisicon, you can zoom in on a specific area of the map.
After clicking thisicon, you can zoom out from a specific area of the map.

- Zoomsthe U.S. map so that it fillsthe entire viewing area.

- Zoomsto the active layer

- Returnszoom level to the last one viewed.

- Cursor becomes cross-arrows. Asyou zoom in on the map, click and hold the left mouse button and move the map
in the desired direction.

F AREEEN M

Cursor becomes crosshairs. Click on an attribute to find its value. For example, when the “WEQ” layer is active,
click onaC factor isolineto find itsvalue. When the “County Boundaries” layer is active, click on a county to find
its name and areain acres.

Brings up aquery box at the bottom of the screen. Allows you to query the data for the active layer for specific at-
tribute values. Uses SQL (Structured Query Language)

- Brings up aquery box that allows you to search for a specific valuein the active data layer.

2R

Allows you to measure the distance between two points. The cursor becomes crosshairs; click on two different loca-
tions on the map, and the distance between them will be displayed.

- Bringsup abox at the bottom of the screen that allows you to change the units of distance used on the map.

After selecting aline or polygon, click on thisicon to set a buffer of agiven width around it.

71 & 0

- Cursor becomes crosshairs. Hold down the left mouse button and select arectangular area. Displays values of attributes
in and immediately adjacent to the area selected. Attributes displayed will vary with the active layer.

Cursor becomes crosshairs. Allows you to describe aline or a polygon. Displays values of attributes touched by the
line or polygon. Attributes displayed will vary with the active layer

Clearsthe current selection

Prints the current selection

0 &
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Exhibit 502-9 Proceduresfor developinglocal Cfactors

|

The Wind Erosion Research Unit, ARS, Manhattan, Kansas, published new wind erosion C factorsin 1983. Thisinformation,
based on 1941-80 recorded weather data, updated previously published maps.

Agriculture Research Service provided calculated values of C at benchmark |ocations—sites where available weather datain-
cluded average monthly precipitation and temperature and average annual wind velocity. Data was obtained from the National
Climatic Center at Asheville, North Carolina, from the Wind Energy Resource Atlas, and from other sources.

To supplement the benchmark C values provided by ARS, NRCS extended the estimation of C to many more local weather
stations. Where recorded precipitation and temperature data were available, including 1951-80 NOAA weather data. An esti-
mate of average annual wind velocity was used to calculate C. Wind vel ocity isoline maps were prepared from available data,
and used as supporting information to estimate local wind velocities. The influence of topography on local climate was also
considered.

Precipitation and temperature data was used to cal cul ate the precipitation-effectiveness (PE) index at various locations, using
the equation:

10
g p [
= 12 X

where:

PE = precipitation-effectivenessindex

P = average monthly precipitation! (inches)

T = average monthly temperature 2 (°F)
1/ When the average monthly precipitation is less than 0.5 inches, use 0.5
2/ When average monthly temperature is less than 28.4 °F, use 28.4

The PE index was used to represent surface soil moisture, together with estimated local wind velocities, in the general equa-
tion to calculate C:

VS
(PE)’

C=34.48x

where:
C = annual climatic factor
V = average annual wind velocity

Estimated local C values, calculated as described above, were recorded on state and regional maps and used as abasisto lo-
cate C valueisolines. The benchmark values provided by ARS were not changed unless there was reason to believe that sta-
tion datawas not reliable.

The mathematical formulas can be solved manually or by use of computer software available for wind erosion from the NRCS
cooperating scientist and most State Offices. The following page shows an example of the calculations.
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Exhibit 502-9 Proceduresfor developinglocal Cfactors—continued
I
Constraints: Monthly P => 0.5 inches

Monthly T => 28.4 degrees F

LOCATION: Norton, Kansas COUNTY:: Norton
DATE: 09/26/97
Month P adj P T adj T T-10 PE
January 0.41 0.5 26.7 284 184 21
February 0.6 0.6 32.6 32.6 22,6 20
March 1.33 1.33 39.7 39.7 29.7 37
April 1.83 1.83 52.4 52.4 42.4 35
May 3.42 3.42 62.3 62.3 52.3 5.6
June 3.68 3.68 72.2 72.2 62.2 5.0
July 3.35 3.35 77.8 77.8 67.8 4.1
August 261 261 76.3 76.3 66.3 32
September 2.16 2.16 66.8 66.8 56.8 31
October 141 141 55.7 55.7 457 24
November 0.73 0.73 40.3 40.3 30.3 1.8
December 0.46 0.5 311 311 211 1.8
Average 21.99 52.8 38.3
annual

Estimated V = 13

Estimated C = 51.

8
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Table 502-8A Wind erosion direction factor; angle of deviation ¥/ = 0 degrees

|
Prepon- Fieldlength/widthratio
dence 11 21 41 81 101 121 16:1
1.0 1.03 1.46 1.70 1.85 1.88 1.90 1.95
12 1.03 1.30 145 153 1.56 1.58 1.62
14 1.03 1.20 1.28 1.32 135 1.37 1.40
16 1.03 114 1.18 1.20 1.22 1.23 1.25
18 1.03 1.10 111 112 1.13 114 1.15
2.0 1.02 1.07 1.07 1.07 1.08 1.08 1.08
2.2 1.02 1.05 1.05 1.05 1.05 1.05 1.05
24 1.02 1.04 1.04 1.04 1.04 1.04 1.04
2.6 101 1.03 1.03 1.03 1.03 1.03 1.03
2.8 101 1.02 1.02 1.02 1.02 1.02 1.02
3.0 101 1.02 1.02 1.02 1.02 1.02 1.02
3.2 101 101 101 101 101 101 1.01
34 101 101 101 101 101 101 1.01
3.6 1.00 101 101 101 101 101 1.01
3.8 1.00 101 101 101 101 101 1.01
4.0 1.00 101 101 101 101 101 1.01

See footnote at end of table.

Table 502-8B Wind erosiondirectionfactor; angleof deviation/ = 22.5 degrees

I
Prepon- Field length/width ratio
dence 11 2:1 4:1 8:1 10:1 12:1 16:1
1.0 1.03 1.46 1.70 1.85 1.88 1.90 1.95
12 1.03 1.37 1.50 161 1.64 1.66 1.70
14 1.03 1.27 1.36 144 1.46 1.47 1.50
1.6 1.03 1.22 1.26 1.30 1.32 1.33 1.35
1.8 1.03 1.18 1.20 121 1.22 1.23 124
20 1.04 1.16 1.16 1.16 1.16 1.16 117
22 1.05 114 114 114 114 114 1.14
24 1.06 1.13 1.13 1.13 1.13 1.13 1.13
2.6 1.06 1.13 1.13 1.13 1.13 1.13 1.13
2.8 1.07 1.12 112 112 112 112 112
3.0 1.07 1.12 112 112 112 112 112
32 1.07 1.12 112 112 112 112 112
34 1.08 1.12 112 112 112 112 112
3.6 1.08 111 111 111 111 111 111
38 1.08 111 111 111 111 111 111
4.0 1.08 111 111 111 111 111 111

See footnote at end of table
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Table 502-8C Wind erosiondirection factor; angleof deviation Y = 45 degrees

|
Prepon- Field length/width ratio
dence 11 2:1 4:1 8:1 10:1 12:1 16:1
1.0 1.03 1.46 1.70 1.85 1.88 1.90 1.95
12 1.03 144 1.63 1.72 1.75 177 181
14 1.03 142 157 1.62 1.65 1.67 1.70
16 1.03 142 152 155 157 1.58 161
18 1.03 1.42 1.49 151 152 153 155
20 1.03 1.42 1.48 1.49 1.49 1.49 1.50
2.2 1.02 142 1.48 1.48 1.48 1.48 1.48
24 1.02 142 1.48 1.48 1.48 1.48 1.48
2.6 101 142 1.48 1.48 1.48 1.48 1.48
2.8 101 142 1.48 1.48 1.48 1.48 1.48
3.0 101 142 1.48 1.48 1.48 1.48 1.48
3.2 101 142 1.48 1.48 1.48 1.48 1.48
34 101 142 1.48 1.48 1.48 1.48 1.48
3.6 101 142 1.48 1.48 1.48 1.48 1.48
3.8 101 142 1.48 1.48 1.48 1.48 1.48
4.0 101 142 1.48 1.48 1.48 1.48 1.48

See footnote at end of table.

Table 502-8D Winderosiondirectionfactor; angleof deviationl = 67.5 degrees

|
Prepon- Field length/width ratio
dence 11 2:1 4:1 8:1 10:1 12:1 16:1
1.0 1.03 1.46 1.70 1.85 1.88 1.90 1.95
1.2 1.03 1.49 1.80 1.94 1.98 2.00 2.04
14 1.03 152 1.90 2.03 2.07 2.08 2.12
1.6 1.03 155 1.98 2.13 2.15 2.16 2.20
18 1.03 1.58 2.08 2.23 2.25 2.26 2.30
2.0 1.04 1.62 2.17 2.35 2.36 2.37 2.40
2.2 1.05 1.65 2.27 2.48 2.49 2.49 2.50
2.4 1.06 1.68 2.37 2.61 2.61 2.61 2.61
2.6 1.06 1.71 242 271 271 271 271
2.8 1.07 1.72 2.44 2.77 2.77 2.77 2.77
3.0 1.07 1.73 2.45 2.82 2.82 2.82 2.82
3.2 1.07 1.74 2.46 2.85 2.85 2.85 2.85
3.4 1.08 1.75 247 2.87 2.87 2.87 2.87
3.6 1.08 1.75 2.48 2.89 2.89 2.89 2.89
3.8 1.08 1.76 2.48 2.90 2.90 2.90 2.90
4.0 1.08 1.76 2.49 291 291 291 291
See footnote at end of table.
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Table 502-8E Wind erosion directionfactor; angle of deviation ¥ = 90 degrees
|

Prepon- Field length/width ratio

dence 11 21 4:1 81 10:1 12:1 16:1

1.0 1.03 1.46 1.70 1.85 1.88 1.90 1.95

12 1.03 150 1.90 2.10 2.16 2.23 2.32

14 1.03 155 2.10 2.40 2.50 2.60 2.75

16 1.03 1.66 2.30 2.70 2.87 3.00 3.25

18 1.03 1.80 2.55 3.10 3.32 3.50 3.85

2.0 1.02 1.96 2.78 3.50 3.84 4.08 4.56

2.2 1.02 2.00 3.06 4.05 4.47 4.80 5.40

24 1.02 2.00 3.35 4.63 5.12 5.60 6.40

2.6 101 2.00 3.56 5.30 5.93 6.50 7.60

2.8 101 2.00 3.74 5.85 6.64 7.50 8.90

3.0 101 2.00 3.92 6.51 7.60 8.80 10.6

3.2 101 2.00 4.00 6.89 8.20 9.30 115

34 101 2.00 4.00 7.08 8.40 9.60 11.8

3.6 1.00 2.00 4.00 7.26 8.60 9.90 12.3

3.8 1.00 2.00 4.00 7.45 8.91 10.3 12.8

4.0 1.00 2.00 4.00 7.64 9.20 10.6 13.3

1/ Angle of deviation is the difference between prevailing wind erosion direction and a line perpendicular to the
long side of the field or strip (0 degreesis perpendicular to the long side). Multiply the Wind Erosion Direc-
tion Factor times the width of the field to determine L distance. For circular fields L = .915 times the diameter
regardless of direction or preponderance.

502-56
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Index to flat small grain equivalent charts

Flat small grain equivalent charts

Vegetation Figure Vegetation Figure
Alfdfa b Needleandthread d-1,4,8
Barley al,2 Ods al,2
Beans, dry b-2 Peanuts b-12, 13,14
Beets, sugar b-15 Potato b-15
Bigbluestem d-1,3,4,5 Rangegrassesand d-1-8
Bluegrama d-1,3,4,6,7,8 mixtures
Buckwhesat b-5 Rape b-16
Buffalograss d-1,2,4,57,8 Rye al,2
Corn a3,4,5,6 Safflower b-17
Cotton b-6,7,8, c-l Sesame b-12
Dry beans b-2 Sideoatsgrama d-1,4
Hax b9 Sorghum a4,5,6,8
Guar b-12 Soybeans b-2,3,4
Lentils b-2 Sudan a9
Littlebluestem d-1,3,4,6 Sugar beets b-15
Manure c2 Sunflower b-18
Millet a7 Switchgrass d-3,6
Mint b-10 Turnip b-10
Mustard b-ll Westernwheatgrass d-1,2,4,5,8
Wheat al,2
Winter peas b-2
Figure Chart Figure Chart
al Small grain residue (usefor b-11 Mustardresidue
whest, barley, rye, and oats) b-12 Peanut, guar, and sesame residue
a2 Growingsmall grain b-13 Growing peanuts
a3 Cornresidue b-14  Growing peanuts; daysafter emergence
a4 Corn and grain sorghum silage stubble b-15 Potato or sugar beet residue
ab Growing cornand grain sorghum b-16 Raperesidue
ab Growing cornand grain b-17  Safflowerresidue
so.rghum, daysafter er.nergence b-18 Sunflower residue
a7 Millet stubble and residue
) . c1 Cottonburs
a8 Grain sorghum and residue
9 sud stubbleand resid 2 Manue
z_—l A|fj?grai ubbleandresidue d-1 Overgrazed range mixtures
ares ue_ ) d-2 Overgrazed big bluestem, western
b-2 Dry bean, lentil, soybean, and winter pea wheatgrass, and buffalograss
residue 43  Overgrazedlittiebluestem,
b-3 Growing soybgans switchgrass, and bluegrama
b-5 Buckwhegt residue d-4 Properly grazed range grass mixtures
b-6 Cottonresidue a5 Properly grazed big bluestem, etc
b-7 Growingcotton d-6 Properly grazed little bluestem, etc
b-8 Growing cotton; days after emergence o7 Ungrazed blue gramaand buffalograss
b-9 Flaxresidue d-8 Undergrazedwesternwhestgrass,
b-10 Reserved for turnip and mint residue) needleandthread, blue grama, and

190-V-NAM, 3rd Ed., October 2002)
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Figurea—1 Flat small grain equivalents of small grain residue (use for wheat, barley, rye, oats)
I
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Equivalent flat small grain residue (Ib/ac)

300
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20 30 40 50 60 80 100 200 300 400 500 700 1,000 2,000 3,000 6,000 10,000
Small grain residue (Ib/ac)

Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind direction,
stalks oriented to wind direction. Residue is washed, air dried, and placed as described for the wind tunnel tests.

Source: Lyles and Allison— Trans. ASAE 1981, 24 (2): 405-408.
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Figurea—2
I

Spring Wheat 1

Flat small grain equivalents of growing small grain

Days after emergence £
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Winter Wheat 1

15
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Equivalent flat small grain residue (Ib/ac)
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80 100 200 300 400 500

Growing small grain (Ib/ac) 3/

700 1,000

3,000 4,000

Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind direction,

stalks oriented to wind direction.

1/ Siddway, FH., W.S. Chepil, and D.V. Armburst 1965.

2/ Estimates by best judgment of SCS personnel.

3/ Air-dry weights of growing winter wheat from emergence to winter dormancy.
4/ Crop growth, in days after emergence, from Central SD, 1996.
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Figurea—3 Flat small grain equivalents of corn residue
I
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Corn residue (Ib/ac)

Source: Lyles and Allison, Transcript ASAE 1981, 24 (2): 405-408.

1/ Flat to 2,000 Ibs, standing to 3,500 Ibs. Extended by NRCS.
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Figurea—4 Flat small grain equivalents of corn and grain sorghum silage stubble
I
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perpendicular to wind.

200

100

100 200 300 400 500 700 1,000 2,000 3,000 5,000 7,000 10,000

Corn and grain sorghum silage stubble (Ib/ac)

Source: Lyles and Allison— Trans. ASAE 1981, 24 (2): 405-408. Residue weights are washed, air dried, and placed as described
for the wind tunnel tests.

1/ Field experience in the Northern Plains indicates the ratio of residue to grain is higher when crops, such as forage sorghum, are
grown in narrow row seedings. Research is not available at this time to confirm this observation. Until research is available, the
residue production values may be increased 30 percent when crops are planted in rows less than 20 inches apart. The line for
standing forage sorghum 6.25 inches high with 10 inch rows includes an increase of 30 percent over the values for 30 inch rows.
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Figurea—5 Flat small grain equivalents of growing corn and grain sorghum
|
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Source: Armburst and Lyles, 1984—unpublished.

1/ Natural Resources Conservation Service data from Central South Dakota, 1996.
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Figurea—6 Flat small grain equivalents of growing corn and grain sorghum; days after emergence
|
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Source: Armburst and Lyles, 1984—unpublished.

(190-V-NAM, 3rd Ed., October 2002) 502-63



Part 502 Wind Erosion National
Agronomy
Manual

Figurea—7 Flat small grain equivalents of millet stubble and residue
|
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind
direction, stalks oriented to wind direction.

Source: Leon Lyles— ARS memorandum, January 25, 1985.
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Figurea—8 Flat small grain equivalents of grain sorghum and residue
I
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Source: Lyles and Allison— Trans. ASAE 1981, 24 (2): 405-408.

1/ Leafy residue estimates by NRCS North Central agronomists. (Flat to 2,500 1bs. standing stalks to 3,500 Ibs.) November 1984.
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Figurea—9 Flat small grain equivalents of sudangrass stubble and residue
|
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind
direction, stalks oriented to wind direction.

Source: Leon Lyles, ARS, Memorandum, January 25, 1985.
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Figureb-1 Flat small grain equivalents of afafaresidue
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Source: Unpublished coefficients provided by Leon Lyles; ARS. Wind Erosion Research Unit, Manhattan, Kansas.

1/ Data from central South Dakota, 1996
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Figure b—-2 Flat small grain equivalents of dry bean, lentil, soybean,V and winter pearesidue
|
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind
direction, stalks oriented to wind direction.

Source: Best Judgment Estimates by NRCS, North Central Agronomists, November 1984.

1/ Soybeans—Lyles and Allison, Trans. ASAE. 1981, 24(2) 405-408.
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Figureb-3 Flat small grain equivalents of growing soybeans
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Source: Armburst and Lyles, 1984—unpublished.
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Figureb-5 Flat small grain equivalents of buckwheat residue
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Source: Best judgment estimates by NRCS, North Central agronomists, November 1984.
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Figureb—6 Flat small grain equivalents of cotton residue
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Source: Lyles and Allison; Trans ASAE, 1981, 24(2): 405-408.

Residue weights are washed and dried, placed as described for wind tunnel test.
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind direction,
stalks oriented to wind direction.

Source: Armburst and Lyles, 1984 — unpublished.
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Figureb-8 Flat small grain equivalents of growing cotton; days after emergence
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Figureb—9 Flat small grain equivalents of flax residue
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind direction,
stalks oriented to wind direction.

Source: Best judgment estimates by NRCS, North Central agronomists. November 1984.
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Figureb-10 Turnip and mint residue
I
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Figureb-11  Flat small grain equivalents of mustard residue
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Figureb-12 Flat small grain equivalents of peanuts, guar, and sesame residue
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Figureb-13  Flat small grain equivalents of growing peanuts
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stalks oriented to wind direction.

Source: Armburst and Lyles, 1984 — unpublished.
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Figureb-14  Flat small grain equivalents of growing peanuts; days after emergence
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Source: Armburst and Lyles; 1984 — unpublished.
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Figureb-15  Flat small grain equivalents of potato or sugar beet residue
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind
direction, stalks oriented to wind direction.

Source: Best judgment estimates by NRCS, North Central agronomists, November 1984.
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Figureb-16  Flat small grain equivalents of rape residue
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Source: Lyles and Allison— Trans. ASAE 1981, 24 (2): 405-408.

Residue weights are washed, air dried, and placed as described.
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Figureb-17  Flat small grain equivalents of safflower residue
I

10,000

8,000
7,000

6,000
5,000

4,000

3,000

2,000

1,000

800
700

600
500

400

Equivalent flat small grain residue (Ib/ac)

300

200

100 200 300 400 500 700 1,000 2,000 3,000 5,000 7,000 10,000

Safflower residue in field (Ib/ac)

Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to
wind direction, stalks oriented to wind direction.

Source: Best judgment estimates by NRCS, North Central agronomists, November 1984.
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Figureb-18
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Source: Lyles and Allison, Trans. ASAE 1981, 24(2): 405-408.
Residue wts. are washed, air dried, and placed as described for wind tunnel test.
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Figurec-1
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Figurec-2 Flat small grain equivalents of manure
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Source: Woodruff, N.P,, L. Lyles, J.D. Dickerson, and D.V. Armbrust. 1974 Journal Soil and Water Conservation 19(3),
pages 127-129.
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Figured-1 Flat small grain equivalents of overgrazed range mixtures—big bluestem, little bluestem, sideoats grama, western
— wheatgrass, needleandthread, blue grama, and buffal ograss
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind direction,
stalks oriented to wind direction.

Source: Lyles and Allison— 1980 Journal Range Management, 33(2), pages 143—146.
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Figured-2 Flat small grain equivaents of overgrazed big bluestem, western wheatgrass, and buffalograss
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpendicular to wind direction,
stalks oriented to wind direction.

Source: Lyles and Allison— 1980 Journal Range Management, 33(2), pages 143-146.
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Figured-3 Flat small grain equivalents of overgrazed little bluestem, switchgrass, and blue grama
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soils surface in 10 inch rows perpendicular to wind
direction, stalks oriented to wind direction.

Source: Lyles and Allison — 1980 Journal Range Management, 33(2), pages 143-146.
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Figured—4 Flat small grain equivalents of properly grazed range grass mixture
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soils surface in 10-inch
rows perpendicular to wind direction, stalks oriented to wind direction.

Source: Lyles and Allison — 1980 Journal Range Management, 33(2), pages 143-146.
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Figured-5 Flat small grain equivalents of properly grazed big bluestem, western wheatgrass, and buffalograss
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soils surface in 10 inch rows perpendicular to wind direction,
stalks oriented to wind direction.

Source: Lyles and Allison, 1980, Journal Range Management, 33(2), pages 143—146.
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Figured-6 Flat small grain equivalents of properly grazed little bluestem, blue grama, and switchgrass
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Reference condition: Dry small grain stalks 10 inches long, lying flat on the soils surface in 10 inch rows perpendicular to wind direction,
stalks oriented to wind direction.

Source: Lyles and Allison, 1980, Journal Range Management, 33(2), pages 143—146.
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Figured-7 Flat small grain equivalents of ungrazed blue gramaand buffalograss
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direction, stalks oriented to wind direction.

Source: Lyles and Allison, 1980, Journal Range Management, 33(2), pages 143—146.
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Figured-8 Flat small grain equivalents of ungrazed western wheatgrass, needleandthread, blue grama, and buffal ograss mixtures
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stalks oriented to wind direction.

Source: Lyles and Allison, 1980, Journal Range Management, 33(2), pages 143-146.
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Exhibit 502-11 Estimating small grain equivalentsfor
untested vegetation

Background

Small grain equivalents (SGe) expresses the effectiveness of residue or growing cropsin resisting wind erosion, as compared
with areference condition. Agricultural Research Service has established benchmark SGe valuesfor several common crops by
wind tunnel testing. The research indicates that effectiveness of vegetative material istheresult of vegetative roughnessand is
afunction of residue weight, average stalk diameter, specific weight of stalk, orientation relative to the ground surface (stand-
ing or flat), and spatial distribution. Spatial distribution relatesto plant population, row spacing, and row direction relative to
windflow.

Conservation planners frequently need to estimate the effectiveness of vegetation or residue for which small grain equivalence
has not been determined. In the absence of wind tunnel tests or predictive equations, it may be desirable for NRCSto develop
interim best judgment SGe curves based on judgment and field experience as abasisfor consistent estimates. This can be
done with confidence when the rel ationships are understood. The general principlesare:

» Standing residue is more effective than an equal weight of flat residue.

» Fineresidueis more effective, pound for pound, than coarse residue.

» Given equal diameter and equal pounds per acre, residue that has low specific weight (density) is more effective than

residuewith high density.
* Rows perpendicular to wind are more effective than rows parallel to wind.
* Dense stands are more effective than thin stands.

Several of the SGe curve chartsin exhibit 502—10 were devel oped using the procedure described below. The footnotes with
each figure identify which curves are best judgments by NRCS and which are from published sources resulting from wind tun-
nel research by ARS. Interim curves developed using similar procedures are to be submitted to the national agronomist or to
an NRCS Cooperating Scientist located at an ARS Research Unit, for technical review and approval for trial use.

Procedure

1. Useonly the SGe curves developed and published by ARS in exhibits 502-10, figures a-1 through d-8 as bench-
mark val ues.

2. Select one or more benchmark crops having physical characteristics similar to the crop in question. For purposes of
comparison, give preference to SGe curves from published sources and minimize use of curves based on best judg-
ment estimates.

3. Array the selected crop and the benchmark cropsin order of apparent effectiveness on a pound-for-pound basis. Use
comparative physical characteristics such as stalk diameter and
density for guidance. If possible, bracket the crop in question between two benchmark crops.

4. By interpolation from benchmark curves, estimate and plot acurve for the crop in question. Estimate at |east two
SGe values, representing low and high levels of residue, to establish the slope of the curve.

Example (This procedure was used to devel op the SGe curve for standing flax, figure b-9.):
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Crop

Flax, standing stubble
Benchmark crops with similar characteristics—winter wheat; other similar cropsthat have curves available for com-
parisorn—millet.

Comparative characteristics and effectiveness: flax stubble (6-inch height) is assumed to be finer and denser than
small grainsand millet. Standing flax is assumed less effective than standing millet (4-inch height) because of stubble
height that relates to thinner stands (pound for pound).

Estimated small grain equivalents SGe value (by inter polation):

Poundsresidue SGe, Winter wheat SGe, Flax (estimated) SGe, Millet
(figurea-1) (figurea-7)
200 750 480 360
500 1,800 1,200 850
2,000 7,000 4,400 3,200

Additional note

Some predictive equations have been devel oped to estimate the SGe of vegetative material. To use these equations,
diameter and specific weight must be known, aswell asthe amount and orientation of the material. Contact the state
or national agronomist for assistance in using these procedures.
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Exhibit 502-12 Estimating small grain equivalents of
mixed vegetative cover that hastwo or
mor ecomponents

Background

When the wind tunnel is used to determine small grain equivalents of vegetative cover, the material tested isusually uniform
in size, density, and orientation. V egetative cover found in the field, however, frequently includes two or more components
that are not alike. Common combinations are (1) part standing and part flat, (2) part course and part fine, or (3) part growing
and part dead.

SGe values for mixed cover can be determined in the wind tunnel. However, there are too many possible combinations for de-
velopment of practical field guides. When SGe conversion curves represent uniform components, the reference values can be
combined to estimate SGe for any mixture of vegetative cover.

Thefollowing procedureisrecommended for estimating SGe of mixed vegetative cover.

Procedure

1. Describe each major type of vegetative cover and estimate the percentage of total air-dry weight made up of each
component.

2. Using the appropriate conversion curve, and total air-dry weight of all the vegetative cover, determine the SGe value
of each component cover type.

3. Multiply the SGe value of each component by that component’ s percentage of total air-dry weight.

4. Add the products. The sum of the productsis the weighted SGe for the mixed cover.

Examplecrop:
Winter wheat, 2,500 Ib residue (air-dry weight) after harvest. 1,500 Ib (60 percent) is standing stubble and 1,000 Ib (40 per-
cent) isflat randomly distributed straw.

Calculation:
Standingwinter wheat:
2,5001b = 8,5001b SGex 0.60 = 5,1001b

Flat winter wheat:
2,500lb = 3,3001bSGex 0.40 = 1,3201b

Weighted average:
SGe = 6,4201b
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Exhibit 502-13  Crop yield — residue conversions

(This section reserved, to be devel oped)

Exhibit 502-14  Residuereduction by tillage

(Thissection reserved, to be devel oped)

Exhibit 502-15 E Tables: Soil lossfrom wind erosion
— N tONSper acreper year

(Insert appropriate E tablesfor local values of the climatic factor, C)

Exhibit502-16  Wind physics

(This section reserved, to be devel oped)

Exhibit 502-17 Wind erosion control exhibits

(This section reserved, to be devel oped)
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Part 503

Crop Production

Subpart 503A Croprotation

503.00 Definition

A crop rotation is asequence of different cropsgrownina
recurrent sequence over agiven number of years. In some
rotations a crop may occupy the land two yearsin succes-
sion. Crop rotations can vary in one or more of the follow-
ing ways (Beck 1990):

» Plant family —grassvs. broadleaf

» Lifecycle—annual vs. biennial vs. perennial

* Season of growth—winter annual vs. spring/summer

annual

* Rooting depth —shallow vs. moderate vs. deep

» Residue production—light vs. heavy

* Residuetype—fragilevs. non-fragile

» Water useefficiency —highvs. low

To realize the greatest benefits, a crop rotation should not
have the same annual crop grown 2 yearsin succession and
should alternate plant families. This minimizesthe potential
for build-up and carryover of insect and disease popula-
tions, and maintains some degree of diversity in the crop-
pingsystem.

503.01 Benefitsof crop rotations

Properly designed crop rotations provide many benefits,

and give producers more management optionsfor their
cropping systems. Conservation planners, when working
with producers to devel op a conservation management sys-
tem, should emphasi ze the importance of maintaining the
planned sequence of cropsin therotation. The benefits that
accrue from the rotation, such as erosion reduction and pest
management, depend on the crops being grown in the desig-
nated order. Crop rotations can help address the following
resourceconcerns:

Pest management — Rotations can reduce the incidence
and severity of weeds, insects, and diseasesin acropping
system. When adifferent crop is grown each year, a differ-
ent host crop is present that is usually not compatible with
pest problemsthat may have carried over from the previous
year. Because of this, the levels of any given pest are kept
at levelsthat make them easier to manage. A crop rotation
allowsthe use of different management strategiesfor pest
problems. Herbi cides and insecticides with differing modes
of action can be used, reducing the possibility that some

specieswill becomeresistant to chemical control. Different
crops each year may allow tillage to be used to control
pests, further reducing the need for chemical controls
(Sprague and Triplett 1986).

Erosion control — Cropping systems that consist of con-
tinuous row crops and excessive tillage have a higher poten-
tial for wind or water erosion than rotationsthat include
closely-spaced row cropsor perennial crops. Different
crops have different growth and devel opment periods so
that one crop may provide protection from erosive forces
during a period of the year that another may not. Closely-
spaced row crops, such as small grains or narrow-row soy-
beans, or perennial crops provide more canopy and surface
cover than wide-row crops and reduce the potential for ero-
sion.

Surface residue — Surface residueis one of the most effec-
tive erosion reduction measures available. High residue-
producing cropsfollowing low residue-producing crops
help maintain higher levels of crop residue on the soil sur-
face. Residue management practices, such asmulchtillage
or no-till, can help maximize the amount of crop residue on
the soil surface during critical erosion periods.

Soil quality — Cropping seguences that include hay or pas-
ture crops in rotation produce greater soil aggregate stabil-
ity than systemsthat have continuous grain crops. In sys-
temsthat have all grain crops, greater aggregate stability
occurswith cropsthat produce higher amounts of residue.
For example, rotationsthat alternate sorghum with soybeans
result in greater organic carbon levelsin the soil than with
continuous soybeans (Unger 1994).

Nutrient management — Crop rotations that have forage
legumes or legume cover crops preceding grain crops can
reduce the need for nitrogen (N) fertilizer for the grain crop.
Average corn yields of 160 bushels per acre have been ob-
tained with corn following afalfa (Triplett et al. 1979). Le-
guminous cover crops can provide an estimated 60 to 70
pounds of N per acre (Hargrove 1986). Small grain crops
following legumes can scavenge the nitrogen fixed by the
legume, reducing the potential for N losses by |eaching.

Water management — Dryland cropping systems can take
advantage of stored soil moisture by alternating shallow and
deep-rooted crops. For example, many areasin the Great
Plains alternate winter wheat, a shallow-rooted crop, with
safflower, adeep-rooted crop.
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Livestock feed production — For livestock operations, crop
rotationsthat include hay and pasture can provide amajor
portion, and in some cases, all of the livestock forage and
feed. Additional information on planning crop rotations for
livestock operationsisin the National Range and Pasture
Handbook, chapter 5, section 2.

Subpart503B Tillagesystems

503.10 Introduction

Thetillage systemisanintegral part of the cropping man-
agement system for afarm. Thetype, number, and timing of
tillage operations have a profound effect on soil, water and
air quality. Tillage systemsvary widely depending onthe
crops, climate, and soils. Theimpacts of tillage on crop
residue vary greatly depending on inplements used, imple-
ment adjustments and the number of tillage trips. NRCS
planners should be familiar with thetillage systemsin their
area, and how the application of these systems affectsthe
resources.

50311 Conservationtillage

Conservation tillage as defined by the Conservation Tech-
nology Information Center isany tillage and planting sys-
tem with 30 percent or more residure cover remaining on
the soil surface after planting to reduce soil erosion by wa-
ter. Where soil erosion by wind isthe primary concern, at
least 1,000 pounds per acre of flat small-grain residue
equivalent areleft on the soil surface during the critical
wind erosion period.

(a) Residue management practices
Residue management practicesthat typically meet the con-
servationtillagedefinitioninclude:

No-till and strip-till — No-till and strip-till systems manage
the amount, orientation, and distribution of crop and other
plant residues on the soil surface year-round, while growing
cropsin narrow slots, or tilled or residue-free stripsin soil
previously untilled by full-width inversionimplements. The
soil isleft undisturbed from harvest to planting except for
nutrient injection. Seeds are placed in anarrow seedbed or
dlot made by coulter(s), row cleaners, disk openers, in-row
chisels, or rototillers, where no more than one third of the
row width isdisturbed. Weeds are controlled primarily with
herbicides. Row cultivation for emergency weed control
should utilize undercutting implements that minimize resi-
dueburial.

Ridge-till — Managing the amount, orientation, and distri-
bution of crop and other plant residues on the soil surface
year-round, while growing crops on preformed ridges alter-
nated with furrows protected by crop residue. The soil is
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left undisturbed from harvest to planting except for nutrient
injection. Planting is donein a seedbed prepared on ridges
with sweeps, disk openers, coulters, or row cleaners. Resi-
dueisleft on the surface between ridges. Weed control is
done with herbicides or cultivation or both. Ridges are re-
built during row cultivation.

Mulch-till — Managing the amount, orientation, and distri-
bution of crop and other plant residue on the soil surface
year-round, while growing crops where the entire field sur-
faceistilled prior to planting. Tillage tools such as chisels,
field cultivators, disks, sweeps, or blades are used. Weed
control isdone with herbicides or cultivation, or both.

(b) Crop residue management

Despite considerable acceptance of these definitionsthere

isstill some confusion asto the meaning of conservation

tillage. Crop residue management is defined as:
Any tillage and planting system that uses no-till,
ridge-till, mulch-till, or other systems designed to
retain all or aportion of the previous crop’sresidue
on the soil surface. The amount required depends on
other conservation practices applied to thefield and
thefarmer’ sobjectives.

Tillage systems, whether a conservation tillage system or
some other system that retainslittle if any residue, isanim-
portant part of a crop production system. Crop response to
varioustillage systemsis variable and the variability if of-
ten difficult to explain because so many aspects of crop pro-
duction are influenced by tillage. In addition, weather vari-
ability isan additional factor which influences crop produc-
tion from one year to the next. Itemsto consider in design-
ing aconservation tillage system include the following:

Soil temperature— Crop residue insul ates the soil surface
from the sun’senergy. Thismay beaplusat planting time
or may delay planting and/or lead to poorer germination. If
thisisaconcern, the use of planter attachmentsto remove
residue from the row areawill improve the situation. Later
in the growing season crop residue on the soil surface may
lower the soil temperature, resulting in increased crop
growthandyield.

Allelopathy — This refers to toxic effects on a crop be-
cause of decaying residue from the same crop or closely re-
lated crop. Crop rotation can eliminate this problem. The
use of planter attachmentsto remove the residue from the
row areamay reducethe problem.

Allelopathic effects can a so be beneficial by reducing com-
petition from someweeds.

Moisture— When crop residue is on the soil surface,
evaporation isreduced and water infiltration isincreased.
Although thismay be adisadvantage at planting timein
some areas, the extra soil moisture may increaseyieldsif a
dry period isencountered later in the growing season. No-
till systems often have more water than conventional sys-
temsavailablefor transpiration later in the growing season,
resultinginincreasedyields.

Organic matter — Soil organic matter tendsto stabilize at
acertain level for aspecific tillage and cropping system.
Each tillage pass aerates the soil, resulting in the oxidation
of decaying residues and organic matter. Crop residue left
on the soil surface, in no-till or ridge-till systems, decom-
poses slower, resulting in increased organic matter levelsin
the upper few inches.

Soil density — All tillage systems have some effect on soil
density. Systemsthat disturb the plow layer by inversion
tillage or mixing and stirring temporarily decrease soil den-
sity. However, after the soil isloosened by tillage, the den-
sity gradually increases due to wetting and drying, wheel
traffic, and secondary tillage operations. By harvest the soil
density hasreturned to almost the same density as before
tillage operations started. Cropping management systems
that use several tillage operations can create acompacted
layer at the bottom of the plow layer. If the compactionis
excessive, then drainage isimpeded, plant root growth isre-
stricted, thereisreduced soil aeration, herbicide injury may
increase, and nutrient uptake may berestricted.

No-till systems have ahigher soil density at planting time
than other systems because the plow layer is not disturbed
to form a seedbed. This higher density seldom has any ef-
fect on germination, emergence and subsequent crop
growth. Many timesthe crop will benefit from this because
these soil sretain more available moisture.

Stand establishment — Regardless of tillage system uni-
form planting depth, good seed to soil contact, and proper
seed coverageis needed to obtain agood stand. Coulter
and/or row cleaners may be needed to ensure agood stand
inano-till system. In addition, extraweight and heavy-duty
down-pressure springs may be needed for the planter or
drill to penetrate undisturbed soil, especially under lessthan
ideal moistureconditions.
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Fertilizer placement — Starter fertilizer (nitrogen and
phosphorus) isgenerally recommended to help overcome
the affects of lower soil temperatures at planting time. If
fertility levels (P, K, and pH) are at maintenance levels be-
fore switching to aconservation tillage system, fertility
should not be a problem. In ano-till system surface applica-
tion of phosphorus and limewill result in stratification of
these nutrients, but this has not shown to affect crop yield.
Itisgenerally recommended that nitrogen be knifed into the
soil in ano-till system, or a nitrogen stabilizer be used. Sur-
face-applied nitrogen may volatilizeand belost if arain
does not move the nitrogen into the soil profile shortly after
application.

Weed control — Controlling weeds is essential for profit-
able production systems. With lesstillage, herbicidesand
crop rotations become more important in obtaining ad-
equate weed control. Weed identification, herbicide selec-
tion, application rate, and timing are important. A burn-
down may be needed in no-till and ridge-till systems. A
change in weed species can be expected in no-till and ridge-
till systems. Perennials may become more evident but usu-
ally can be controlled with good management. The combi-
nation of post-applied herbicides and bioengineered crops
has made weed control much easier, evenin ano-till sys-
tem.

I nsect management — Regardless of tillage system, effec-
tiveinsect-management guidelines and tacticsare available.
Different tillage systems may affect potential insect pres-
sure, but management addressesthis.

Disease control — Residue on the soil surface offersthe
potential for increased disease problems. However, there
are numerous strategies to overcome this problem. Crop ro-
tation or the selection of disease-resistant hybrids may nul-
lify thispotential problem.

Crop yields— Weather has more affect on crop yields than
thetillage system. Crop yields generally are better when a
crop rotationisutilized, especially in no-till system.

Production costs— All of the related costs associated with
varioustillage systems must be analyzed to evaluate the
profitability.

Machinery and labor costs— Total cost for machinery and
labor per acre usually decrease asthe amount of tillageis
reduced. If the size of the power units can be decreased (no-
till system) then the savings can be even more dramatic.

5034 (190-V-NAM, 3rd Ed

No-till equipment (planters, drills, nutrient injection equip-
ment) may be more expensive than that needed for conven-
tional equipment. No-till producers have been ableto farm
more acres than conventional tillage producers without ad-
ditional labor because of the increased efficiency.
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Subpart503C Nutrient
management

(Under development)

Subpart503D Pest management

(Under development)

(190-V-NAM, 3rd Ed., October 2002)

503-5



Part 503 Crop Production

National
Agronomy
Manual

Subpart503E Cropresidue

50340 Benefitsof managingcrop residue

Crop residue management is paramount to improving soil
health. Without residue |eft on or only partially incorpo-
rated in the soil surface, there will be continued degrada-
tion of soil organic matter levels and soil health will not be
maximized. Lower soil organic matter leadsto lower cat-
ion exchange capacity, lower pH, lower water holding ca-
pacity, greater susceptibility to soil erosion, and poorer
soil structure. Poor soil structure resultsin less pore space,
decreased infiltration, and increased surface runoff.

Soil organic matter isan extremely important component
of aproductive soil. Because organic matter has many ex-
change sitesit is capable of buffering many soil reactions.
For example, by holding hydrogen ions, their content isre-
duced in soil solution that resultsin less soil acidity. Ata
pH near neutral (pH 7.0), plant nutrients are most avail-
able. In addition, organic matter increases soil aggregate
stability and thereby reduces detachment by falling rain-
drops and surface runoff. Declining levels of soil organic
matter over timeisastrong indicator of declining soil
hedth.

Researchin Morris, Minnesota, (Riecosky 1995) reported
that as much carbon (C) waslost to the atmosphere as CO,
injust 19 days after moldboard plowing wheat residue as
was produced by the crop. Carbon isthe key component of
soil organic matter and serves as an energy source for mi-
crobial activity.

Tillage stirsthe soil similar to poking a firethat resultsin
more rapid loss of carbon. Therefore, the primary reason
organic matter levels of continuous cultivated soilshave
declined to lessthan half of their original level isdirectly
related to tillage and the resulting loss of carbon to the at-
mosphere. To increase organic matter levels of the sail,
cropsthat produce large amounts of residue should be
grown with asignificant reductionintillage. Undisturbed
root systems are the main contributor to increased soil car-
bonlevels.

50341 Cropresidueproduction

(Under development)

503.42 Cropresidueretention

(Under development)

503.43 Estimating crop residuecover

Thelinetransect method — Theline transect method has
been proven effectivein estimating the percent of the
ground surface covered by plant residue at any time during
theyear.

Estimates of percent cover are used for determining the im-
pact of residue on sheet and rill erosion. They cannot be
used directly for determining theimpact of residue on wind
erosion.

Estimates of percent cover obtained using the line transect
method to evaluate the impact of residue on sheet and rill
erosion are most accurate when theresidueislying flat on
the soil surface and isevenly distributed acrossthe field.

Thefollowing isthe recommended procedure for using the
linetransect method:

1. Useacommercially available 50- or 100-foot long
cable, tape measure, or any other linethat has 100
equally spaced beads, knots, or other gradations
(marks) at whichto sight.

2. Select an areathat isrepresentative of thefield asa
whole and stretch the line out acrossthe crop rows.
Theline may be oriented perpendicular to the rows,
orinadirection that isat least 45 degrees off the row
direction (fig. 503-1).

Figure503-1  Acceptable orientations for residue measure-
I mentlines
Row
Direction
-
|
|
e
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Thelocationsin the field where the lineis stretched
out to make measurements should be selected ran-
domly from among the areas of thefield that are
typical of theentirefield. End rows, field borders,
and parts of the field that appear different are prob-
ably not typical of the entire field and should be
avoided.

3. Walk along theline, stopping at each mark. Position
the eye directly over the mark, and look down at it.
When sighting, do not look at the entire mark. Rather
look at asingle point on each mark.

A point has an area about like the end of aneedle. On
commonly used equipment, the knots, beads, or
gradations have much larger areas than the end of a
needle. A measurement is not based on whether or not
some portion of amark isover theresidue. Itisbased
on whether or not a specific point associated with the
mark isover residue.

If using acommercially available beaded line, one
way to accomplish the aboveisto select asthe point
of reference the place along the line where a bead

begins.

4. Determinethe percent residue cover by counting the
number of pointsat each mark along the line under
which residue is seen. Count only from one side of
thelinefor the single, selected point count at each
mark. Do not movethelinewhile counting.

Count only that residue that is large enough to inter-
cept raindrops. A rule of thumb isto count only
residue that is 3/32 inch in diameter or larger (fig.
503-2). When using aline with 100 points, the
percent residue cover is equal to the number of points
under which residueisseen.

Figure503-2
|

Counting residue pieces along aline transect

Does not count as
a point of residue

Counts as a point
of residue

5. Threeto fivetransects should be donein each field,
using the procedure described in steps 1 through 4.
Fivetransectsarerecommended.

With five measurements, estimates of percent residue
cover are accurate to within £15 percent of the mean.
Three measurementswill give estimates accurate to
within £ 32 percent of the mean.

For example, if the mean of five measurementswas
50 percent cover, you could be confident (at the 95%
confidencelevel) that the true mean was between 42
percent and 57 percent cover. For a 30 percent cover
average based on five measurements, you could be
confident that the true value was between 25 percent
and 34 percent cover.

6. The documentation of individual transects and com-
putations made to determine average percent residue
amounts should be done in aprofessional manner.

Documentation should be donein away that permits easy
tracking from the field measurementsto the final answer.

The development and use of adocumentation worksheet is
recommended. Exampleworksheet formatsareillustrated at
theend of this section.

Converting pounds of residue to percent cover—For some
applications, the weight of the crop residue needsto be
known rather than the percent cover. Figure 503-3 illus-
trates the rel ationship between residue weight and percent
residue cover for various crops. It aso illustrates the proce-
durefor estimating the amount of surface cover provided by
aknownweight of residue.

50344 Determining theweight of standing
vegetativecover

In many instances, the amount of above-ground biomass
needs to be known. The procedures for estimating and mea-
suring theweight of standing vegetation aregiveninthe
National Range and Pasture Handbook, Part 600.0401(c).
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Figure503-3 Relationship of residue weight to percent residue cover for various crops. Dashed lines with arrows illustrate the
s  procedure to convert residue weight to percent residue cover.
COTTON, SUMNFLOWERS
---— CORH, SORGHUM, TOBACCO, PEANUTS
————— ALFALFA, BROMEGRASS, RYE, SOYBEANS, WHEAT
100 eI ]
90 | - L
80 i
70 — ,
80 - - - — - . :
50 ! k
f I
40 i i
30 * !
I
20 4 | |
10 i i
i i
0 T T T | T T

0 1000 2000 3000 4000 5000 6000 7000

80

RESIDUE WEIGHT (lb ac’ )

503-8 (190-V-NAM, 3rd Ed., October 2002)



Exhibit 503-1 Examplewor ksheet for recording crop
residuemeasurement

Crop residue measurement worksheet
(for use with the line transect method)

State County
Land user Opid Tract
Field no. Planned residue level percent Residue type
Transect Total number Number of points Percent residue
number of points V/ with residue 2/ this transect
1
2
3
4
5

Average percent residue for field

Field no. Planned residue level percent Residue type
Transect Total number Number of points Percent residue
number of points V/ with residue 2 this transect
1
2
3
4
5

Average percent residue for field

1/ To achieve the degree of accuracy quoted in the NAM-recommended procedure for using the line transect method, each
transect must be based on looking at a total of at least 100 points.

2/ Attach a map or sketch showing the location of each line transect within the field. All measurements shall be made using the
line transect procedure contained in the National Agronomy Manual.

Data collector Title Date
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Exhibit 503-2 Examplewor ksheet for recording crop

residuemeasur ement

Crop residue measurement worksheet
(for use with the line transect method)
State County
Land user Opid Tract
Field no. Planned residue level percent Residue type
Field no. crop Residue kind | Planned amount | Planned tillage system
Residue field measurements & 2/
Field no. Transect number Average
(record number of counts with residue) residue for
1 2 3 4 5 field

transect must be based on looking at a total of at least 100 points.

line transect procedure contained in the National Agronomy Manual.

Data collector Title

1/ To achieve the degree of accuracy quoted in the NAM-recommended procedure for using the line transect method, each

2/ Attach a map or sketch showing the location of each line transect within the field. All measurements shall be made using the

Date
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Subpart504A  Managing soil mois-
tureon nonirrigated lands

504.00 Soil moisture management overview

Soil moisture management in dryland agricultureis an inte-
gral factor in producing aviable crop production system.
Climatic factors, crop selection, rotational influences, till-
age system aswell asinherent soil characteristicsall inter-
relate in assessing the availability of adequate water neces-
sary for aselected crop rotation.

504.01 Soil characteristics

Physical soil characteristics have amajor impact on the in-
filtration, movement, and storage of water within the soil
profile. These characteristics include soil texture, bulk den-
sity, structure, pore space, organic matter content, salinity,
and sodicity aswell asother inherent soil characteristics.

(a) Water infiltration

Water infiltration isthe process of water entering the soil
from the soil surface. Infiltration rates are affected by till-
age practices, amounts of surface residue, soil water con-
tent, surface sealing, soil organic matter, soil macropore de-
velopment, salinity, and sodicity. Infiltration rates change
during arainfall event and typically become slower over
time. They typically also decrease over the growing season
because of cultivation and harvest equipment. Thisis espe-
cialy trueif operations are done at higher soil-water levels.
Macropores, or preferential flow paths, such as cracks or
wormholes, substantially influence infiltration, and thein-
ternal soil drainage. Infiltration rates are also affected by
water quality; for example, suspended sediment, temperature,
salinity, and sodicity all affect water surfacetension.

(b) Soil texture

Soil texture refers to the weight proportion of the soil sepa-
rates (sand, silt, and clay) for analysis. It defines the fine-
ness or coarseness of asoil. Particle sizeslarger than 2 mm
are considered rock fragments, and those that are less than 2
mm are the fine earth fraction. The fine earth fraction is de-
termined from alaboratory particle-size distribution. The
fraction classed asrock or coarse fragmentsis determined
by the proportion of the soil volume they occupy. Rock
fragment classes are used to modify soil textures. Medium-
textured soilswith ahigh clay and silt content hold the most

water, while fine-textured soils generally hold more water
than coarse-textured soils. Water in clay soils can be held at
agreater tension that reducesits availability to plants.

Figure 504-1 displayswhat is commonly referred to asthe
USDA textural triangle. It describes the proportions of
sand, silt, and clay in the basic textural classes. Texture de-
termines the amount of surface areaon the soil particles
within the soil mass. Clay and humus both exist in colloidal
state and have an extremely large surface area per unit
weight. They carry surface electrical chargestowhichions
and water are attracted.

(c) Sail structure

Soil structure isthe arrangement and organi zation of soil
particlesinto natural units of aggregation. Weakness planes
that persist through cycles of wetting and drying and cycles
of freezing and thawing separate these units. Structure influ-
ences air and water movement, root development, and nutri-
entsupply.

Figure504-1 The USDA textural triangle describesthe
s proportions of sand, silt, and clay inthe basic
textural classes
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Structure type refersto the particular kind of grouping that
predominatesin asoil horizon. Single-grained and massive
soilsare structureless. In single-grained soil, such asloose
sand, water percolatesrapidly. Water moves slowly through
most clay soil. A more favorable water relationship occurs
in soil that has prismatic, blocky, and granular structure.
Platy structure in fine and medium soilsimpedes the down-
ward movement of water.

Structure can beimproved with cultural practices, such as
reducing tillage, improving internal drainage, liming or add-
ing sulfur to soil, using grasses or deep rooted cropsin rota-
tion, incorporating crop residue, and adding organic mate-
rial or soil amendments. Structure can be destroyed by
heavy tillage equipment or excess operations.

Texture, root activity, clay mineralogy, percent organic
matter, microbial activity, and the freeze-thaw cycleall play
apart in aggregate formation and stability. Some aggregates
are quite stable upon wetting, and others disperse readily.
Soil aggregation hel ps maintain stability when wet, resist
dispersion caused by the impact from rain, maintain soil in-
takerate, and resist surface water and wind erosion.

(d) Soil bulk density

Bulk density istheweight per unit volume of dry soil,
which includes the volume of solids and pore space. Units
are expressed as the weight at oven-dry and volume at field
capacity water content, expressed as grams per cubic centi-
meter (g/cc) or pounds per cubic foot (Ib/ft3). Bulk density
is used to convert water measurementsfrom aweight basis
toavolume basis. Other factors affecting soil bulk density
include freeze/thaw process, plant root growth and decay,
wormholes, and organic matter.

(e) Organicmatter

Soil organic matter isthe organic fraction of the sail. Itin-
cludes plant and animal residue at various stages of decom-
position, and cells and tissues of soil organisms. Organic
matter directly influences soil structure, soil condition, soil
bulk density, water infiltration, plant growth and root devel-
opment, permeability, total water holding capacity, biologi-
cal activity, oxygen availability, nutrient availability, and
tilth, aswell as many other factorsthat make the soil a
healthy natural resourcefor plant growth. Organic matter
has a high cation adsorption capacity, and its decomposition
releases plant nutrientsincluding nitrogen, phosphorous,
and sulfur. Site specific organic matter values should al-
ways be used for planning and managing cropping systems.
Published val ues often are from sites that were managed
quitedifferently.

(f) Soil water holding capacity

The potential for asoil to hold water is an important factor
in designing a crop production system. Total water held by
asoil iscalled water-holding capacity. However, not all soil
water isavailable for extraction by plant roots. The volume
of water availableto plantsthat asoil can storeisreferred
to asavailable water capacity (AWC). Figure504-2isa
general illustration of soil water content and availability for
aloamsoil.

Available water capacity isthetraditional term used to ex-
press the amount of water held in the soil available for use
by most plants. It is dependent on crop rooting depth and
several soil characteristics. Units of measure are expressed
invariousterms:

» Volumeunit asinches of water per inch or per foot of

soil depth
e Gravimetric percent by weight
» Percentonavolumebasis

In finetextured soils and soils affected by salinity, sodicity,
or other chemicals, aconsiderable volume of soil water may
not be availablefor plant use.

Soil-water potential, more correctly, defines water avail-
ableto plants. It isthe amount of work required per unit
guantity of water to transport water in soil. The concept of
soil-water potential replaces arbitrary terms such as gravita-
tional, capillary, and hygroscopic water.

In the soil, water moves continuously in the direction of de-
creasing potentia energy or from higher water content to
lower water content. Asaplant takes up water from the soil,
the concentration of water in the soil immediately adjacent
toitsrootsisreduced. Water from the surrounding soil then
movesinto the soil around theroots.

For practical reasons, the terms and concepts of field capac-
ity and permanent wilting point are normally used. Units of
megapascals [MPA (metric units)] or bars or atmospheres
(English units) are generally used to express soil water po-
tential. One megapascal isequal to ten bars or atmospheres.

Field capacity—Thefield capacity of awell-drained soil is
the amount of water aheld by that soil after free water has
drained because of gravity. For coarse textured soil, drain-
age occurs soon after arain event because of relatively

large pores and low soil particle surface tension. In fine tex-
tured soil, drainage takes much longer because of smaller
pores and their horizontal shape. Major soil properties that
affect field capacity aretexture, organic matter content,
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structure, bulk density, and strata within the profile that re-
strict water movement. Generally, finetextured soil holds
more water than coarse textured soil. Some soils, such as
some volcanic and organic soils, are uniquein that they can
retain significant volumes of water at tensions|essthan one-
tenth bar, thereby giving them alarger available water ca-

pecity.

An approximation of field capacity soil-water content level
can beidentified inthe laboratory. It isthe water retained in
a soil when subjected to atension of -0.01 mPa[-0.1 atmo-
sphere (bar)] for sandy soils and -0.03 mPafor other finer
textured soils.

Field capacity water content level can be estimated in the
fieldimmediately following arain, after free water has
drained through the soil profile. Some judgment is neces-
sary to determine when free water has drained and field ca-
pacity has been reached. Free water in coarse textured soil
(sandy) can drainin afew hours. Medium textured (loamy)
soil takes about 24 hours, and fine textured (clayey) sail
may take several days.

Permanent wilting point—Thisisthe soil-water content at
which most plants cannot obtain sufficient water to prevent
permanent tissue damage. Thelower limit to the available
water capacity has been reached for agiven plant when it
has so exhausted the soil moisture around itsroots asto
have irrecoverabletissue damage, thusyield and biomass
are severely and permanently affected. The water content in
the soil isthen said to be the permanent wilting percentage
for the plant concerned.

Experimental evidence showsthat thiswater content point
does not correspond to a unique tension of 1.5 megapascals
(MPa) for all plants and soils. The quantity of water a plant
can extract at tensions greater than this figure appearsto
vary considerably with plant species, root distribution, and
soil characteristics. Some plants show temporary plant

moi sture stress during hot daytime periods and yet have ad-
equate soil moisture. Inthelaboratory, permanent wilting
point is determined at 1.5 MPatension. Unless plant spe-
cific dataare known, any water remaining in asoil at
greater than 1.5 MPatension is considered unavailable for
plant use.

Figure504-2
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Major soil characteristics affecting the available water ca-
pacity aretexture, structure, bulk density, salinity, sodicity,
mineralogy, soil chemistry, and organic matter content. Of
these, texture is the predominant factor in mineral soil. Be-
cause of the particle configuration in certain volcanic ash
soil, the soil can contain very high water content at field ca-
pacity levels. Thisprovidesahigh available water capacity
value. Table 504-1 displays average available water capac-
ity based on soil texture.

The available water capacity value shown in soil survey re-
ports, the Field Office Technical Guide, or the National Soil
Survey Information System account for the estimated vol-
ume of coarse fragments for the specific soil series. How-
ever, in an onsite investigation any additional coarse frag-
ments found in the sail profile must be accounted for.
Coarse fragments of volcanic material, such as pumice and
cinders, can contain water within the fragmentsthemsel ves,

but thiswater may not be available for plant use because of
therestricted root penetration and limited capillary water
movement. Adjustment to the available water capacity
based upon this additional field information should be
made.

Different soils hold and rel ease water differently. When
soil-water content ishigh, very little effort isrequired by
plant rootsto extract moisture. As each unit of moistureis
extracted, the next unit requires more energy. Thisrelation-
shipisreferred to asasoil moisture release characteristic.
Thetension in the plant root must be greater than that in the
soil at any water content to extract the soil water. Typically
with most field crops, soil moistureisnot the limiting factor
for crop yield when water isavailable at lessthan -0.5 MPa
(-5 atmospheres) in medium or fine textured soils. At soil-
water tensions of more than about 0.5 MPa, plant yield or
biomassisreduced in medium to fine textured soils.

Table504-1  Available Water Capacity (AWC) by soil texture

I
Texture Texture AWCrange AWCrange Estimated typical
symbol (in/in) (ir/ft) AWC (in/ft)
COs Coarsesand 0.01-0.03 0.1-04 0.25
S Sand 0.01-0.03 0.1-04 0.25
FS Finesand 0.05-0.07 0.6-0.8 0.75
VFS Veryfinesand 0.05-0.07 0.6-0.8 0.75
LCOS L oamy coarsesand 0.06-0.08 0.7-1.0 0.85
LS Loamy sand 0.06-0.08 0.7-1.0 0.85
LFS Loamy finesand 0.09-0.11 1.1-13 125
LVFS Loamy very finesand 0.10-0.12 1.0-14 125
COsL Coarsesandy loam 0.10-0.12 12-14 13
SH Sandy loam 0.11-0.13 1.3-16 145
FSL Finesandy loam 0.13-0.15 16-18 17
VFSL Very finesandy loam 0.15-0.17 1.8-20 19
L Loam 0.16-0.18 19-22 20
SL Siltloam 0.19-0.22 2.3-26 245
S Silt 0.16-0.18 19-22 20
L Sandy clay loam 0.14-0.16 1.7-19 18
CL Clayloam 0.15-0.17 1.8-20 19
SICL Silty clay loam 0.17-0.19 20-23 215
56 Sandy clay 0.15-0.17 1.8-20 19
SC Silty clay 0.15-0.17 1.8-20 19
C Clay 0.14-0.16 1.7-19 18
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(g) Soil porespace

Soil iscomposed of soil particles, organic matter, water,
and air. Pore space allows the movement of water, air, and
roots. Dense soil has alow AWC because of decreased pore
space. Density can make AWC differences of -50 percent to
+30 percent compared to average densities. Sandy soils
generally have bulk densities greater than soilswith high clay
content. Sandy soils have lesstotal pore space than silt and
clay soils. Gravitational water flowsthrough sandy soils
much faster because the pores are much larger. Clayey soils
hold more water than sandy soils because clay soilshavea
larger volume of small, flat-shaped pore spaces that hold
more capillary water. Clay soil particles areflattened or
plate-likein shape, thus, soil-water tension isalso higher for
agiven volume of water. When the percent clay in asail in-
creases over about 40 percent, AWC isreduced even
though total soil-water content may be greater. Permeability
and drainability of soil aredirectly related to the volume,
size and shape of pore space.

Uniform plant root devel opment and water movement in
soil occurs when the soil profile bulk density isuniform, a
condition that seldom existsin thefield. Generally, soil
compaction occursin al soilswheretillage implements and
wheel traffic are used. Compaction decreases pore space,
decreasing root devel opment, oxygen content, water move-
ment and availahility.

(h) Soil depth

Soil depth isthe dimension from the soil surface to bed-
rock, hardpan, or water table; to a specified soil depth; or to
aroot growth restrictive layer. The deeper the soil and plant
roots, the more soil-water storageisavailable for plant use.
Crop rooting depth and the resulting total AWC control the
length of time plants can go between rainfall events before
reaching moisture stress. Equi pment compaction layersor
naturally-occurring imperviouslayersrestrict the downward
movement of water and root penetration.

An abrupt changein soil texture with depth can restrict
downward water movement. For example, coarse sand un-
derlying medium or fine textured soil requires saturation at
thetextural interface before substantial amounts of water
will move into the coarser soil below. When a coarse tex-
tured soil abruptly changesto amedium or fine textured
soil, atemporary perched water table devel ops above the
less permeable soil. Stratified soils or shallow soils over
hardpans or bedrock can also hold excess gravitational wa-

ter at the interface. The excess water can move upward be-
cause of theincreased soil particle surface tension asthe
soil water in the upper profileis used by plants or capillary
action resulting from surface evaporation. Thus, an other-
wise shallow soil with low total AWC can have characteris-
tics of adeeper soil.

(i) Water tables

Water tables can be abarrier for root development because
of restricted oxygen availability. Providing artificial drain-
age of poorly drained soilsincreases soil depth for potential
root development. Adequate soil drainage must be present
for sustained growth of most plants.

In other situations, where water tables are not abarrier to
root development, planned water table control and manage-
ment of shallow ground water can supply all or part of the
seasonal crop water needs. The water must be high quality,
salt free, and held at or near aconstant elevation. The water
tablelevel should be controlled to provide water according
to crop needs.

()) Chemical properties

The physical and chemical weathering of materialsonthe
Earth’ s surface form soil. These materials may have been
rock, or they may have been other materials that were trans-
ported from somewhere else and deposited over rock. Ex-
posure of the surface to water, oxygen, organic matter, and
carbon dioxide brings about chemical alterationsto the ma-
terial. Oxidation, reduction, hydration, hydrolysis, and car-
bonation contribute to chemical and physical changesin the
surface material. If itisrock, the materia gradually breaks
down into smaller particles, forming amineral soil. If itisa
transported material, such asglacial till or loess, weathering
can affect soil chemistry and mineralogy. The chemical and
mineralogical composition of the soil varieswith respect to
depth or horizon. Weathering intensity decreases with depth
from the surface. The longer the weathering has proceeded,
the thicker the weathered layer and the greater the dissimi-
larity from the original material. In mineral soils, organic
matter content generally decreaseswith depth.

The colloidal fraction (diameter lessthan 0.001 mm) of the
soil plays an important part in the chemistry of the soil. Mi-
crobiological activity isgreatest near the surface where oxy-
gen, organic matter content, and temperature are the high-
es.
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Cation exchange capacity (CEC) isthe total amount of cat-
ionsheld in asoil in such away that they can be removed
by exchanging with another cation in the natural soil solu-
tion, expressed in milliequival ents per 100 grams of oven-
dry soil (meg/100 gm). The cation exchange capacity isa
measure of the ability of asoil to retain cations, some of
which are plant nutrients. It isaffected primarily by the kind
and amount of clay and organic matter. Soilsthat have low
CEC hold fewer cations and may require more frequent ap-
plications of fertilizersthan soilswith high CEC. See Sail
survey reports, the Field Office Technical Guide, or the Na-
tional Soil Survey Information System for CEC estimates
for specific soil series.

(k) Saline soil effects

Salt-affected soilsare generally classified asfollows, using
electrical conductivity of the soil-water extract, EC, asthe
basis.

Saltsin the soil-water solution decrease the amount of water
available for plant uptake. Table 5042 displays AWC val-
ues adjusting for effect of salinity versustexture. ECeisde-
fined asthe electrical conductivity of the soil-water extract
corrected to 77 °F (25 °C). Units are expressed in millim-
hos per centimeter (mmho/cm) or decisiemens per meter
(dS/m); 1 mmho/cm = 1 dSYm. Aswater is evaporated from
the soil surface or used by plants, salt within the soil-water
solution are left behind either on the ground surface or
within the soil profile. Leaching with excess water through
the soil profile can reduce accumulated saline salts.

504.02 Cropcharacteristics

(a) Responseto water, crop yield, and quality

Crop response to available water is dependent not only on
the genetic characteristics and requirements of the plant but
also on the environmental constraintsto whichitissub-

Salinity EC jected. Soil moistureisonly one component needed to
; ; achieve desired crop yield and quality. Soil water withina
\N/(e)py%“irg];t 2—24ddSS//rrr:] desirable depletion range (preferably lessthan 5 bars ten-
Sight 4-8dSm sion) generally providesthe expected yield and quality. The
Moderate 8-16dS/m
Strong >16dS/m
Table504-2 Available water capacity adjustments because of salinity ¥
.|
------------------------------ Electrical conductivity (ECeX108) - === === --mmmmmmi oo
0 2 4 6 8 10 12 14
Soil texture
-------------------- Available water capacity (in/in)2/ - ---------------------
Clay J4-16 .13-.15  12-.14 11-.13  10-.12  .09-.11  .07-.08 .04-.05
Silty clay JA15-.17  14-16 .13-.15 .12-.14 11-.12  .09-.11 .07-.08 .04-.05
Sandy clay JA5-.17 14-16 .13-.15 .12-.14 11-.12  .09-.11 .07-.08 .04-.05
Silty clay loam J19-.21  .18-.20 .17-.18 .15-.17  .14-.15  12-.13  .09-.10 .06-.07
Clayloam A19-21  .18-20 .17-.18 .15-.17 .14-15 12-.13 .09-.10 .06-.07
Sandy clay loam Jd4-16 13-15  12-14 11-.13  10-.12  .09-.11 .07-.08 .04-.05
Siltloam 19-21  .18-20 .17-.18 .15-.17 .14-15 12-.13 .09-.10 .06-.07
Loam J16-.18  .15-.17 14-.16 .13-.15  12-.13  10-.11  .08-.09 .05-.06
Very finesandy loam JA15-.17 14-16 .13-15 12-14  11-12  .09-.11  .07-.08 .04-.05
Finesandy loam A3-15  12-14 11-.13  11-.12  .09-.11  .08-.09 .06-.07 .04-.05
Sandy loam J11-.13  .10-.12  .10-.11  .09-.11 .08-.09 .07-.08 .05-.06 .03-.04
Loamy very finesand J210-.12 10-.211 .09-.11 .08-.09 .07-.08 .06-.07 .04-.05 .02-.03
Loamy finesand .09-11 .09-.10 .08-.10 .07-.09 .06-.08 .06-.07 .04-.05 .03-.04
Loamy sand .06-.08 .06-.08 .06-.07 .05-.06 .04-.06 .04-.05 .03-.04 .02-.03
Finesand .05-.07 .05-.07 .05-.06 .04-.06 .04-.05 .03-.04 .02-.03 02

1/ Compiled by NRCS, National Soil Survey Laboratory, Lincoln, NE
2/ 15 mmhos conductivity resultsin a 75-95% reduction in available water capacity
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effect on yield and quality depends on how severe and dur-
ing which period of crop growth water deficit occurs. In ad-
dition, some cropsrequirelesswater to initially produce a
minimum yield, are more efficient at utilizing available wa-
ter, or go through their growth cycle during periods of re-
duced environmental stress. Brown and Carlson (1990) re-
late that barley was more productive, under the same envi-
ronmental conditions aswinter wheat, spring wheat, oats,
and safflower. Barley was more efficient than other crops at
converting plant available water to grain because of itswa-
ter to grain conversion efficiency, itslower water require-
mentsto initially produce thefirst unit of yield, and itsearly
season maturity, avoiding environmental stressesthat re-
duceyield potential.

Other management factorsthat limit maximum productivity
are crop selection, previous crop, weed problems, soil fer-
tility, and planting date also limit the crops ability to use
availablewater.

(b) Crop water requirements

Crop evapotranspiration (ET), sometimes called crop con-
sumptive use, isthe amount of water that plants usein tran-
spiration and building cell tissue plus water evaporated
from an adjacent soil surface. Crop evapotranspirationisin-
fluenced by several major factors: plant temperature, ambi-
ent air temperature, solar radiation (sunshine duration/inten-
sity), wind speed/movement, relative humidity/vapor pres-
sure, and soil-water availability. Seasonal local crop water
use requirements are essential for planning crop production
systems.

504.03 Methodsfor deter mining
Crop evapotranspiration

(a) Direct measurement of crop evapotranspiration
Direct measurement methodsfor ET include
 aerodynamicmethod,
* detailed soil moisturemonitoring,
e lysimetry,
 plant porometers, and
« regional inflow-outflow measurements.

All these methods require localized and detailed measure-
ments of plant water use. Detailed soil moisture monitoring
in controlled and self-contained devices (lysimeters) is
probably the most commonly used. Little long-term histori-
cal dataoutside of afew ARS and university research sta-
tionsareavailable.

(b) Estimated crop evapotranspiration (ET)
M ore than 20 methods have been devel oped to estimate the
rate of crop ET based on local climate factors. The simplest
methods are equations that generally use only mean air tem-
perature. The more complex methods are described as en-
ergy equations. They require real time measurements of so-
lar radiation, ambient air temperature, wind speed/move-
ment, and relative humidity/vapor pressure. These equa-
tions have been adjusted for reference crop ET with lysim-
eter data. Selection of the method used for determining lo-
cal crop ET dependson
 location, type, reliability, timeliness, and duration of
climaticdata;
» natural pattern of evapotranspiration during theyear;
and
* intended useintensity of crop evapotranspiration
estimates.

Although any crop can be used asthe reference crop,
clipped grassisthe reference crop of choice. Some earlier
reference crop research, mainly inthe West, used 2-year-
old afalfa(ET,). With grassreference crop (ET ) known,
ET estimates for any crop at any stage of growth can be cal-
culated by multiplying ET by the appropriate crop growth
stage coefficient (k.), usualy displayed asacurveor table.
Theresulting valueis called crop evapotranspiration (ET,).
The following methods and equations used to estimate ref-
erence crop evapotranspiration (ET ). ET, methods and
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equations are described in detail in the Engineering Field
Handbook, Part 623, Chapter 2, Irrigation Water Require-
ments (1990). The reference crop used is clipped grass.
Crop coefficients are based on local or regional growth
characteristics. The Natural Resources Conservation Ser-
vice (NRCS) recommendsthe following methods:

Temperaturemethod
» FAO Modified Blaney-Criddle (FAO Paper 24)
» Modified Blaney-Criddle (SCS Technica Release
No.21)

Energy method
¢ Penman-Monteithmethod

Radiationmethod
» FAO Radiation method (FAO Paper 24)

Evaporation pan method

The FAO Modified Blaney-Criddle, Penman-Monteith, and
FAO Radiation equations represent the most accurate equa-
tionsfor these specific methods. They are most accurately
transferable over awide range of climate conditions.

Theintended use, reliability, and availability of local cli-
matic datamay be the deciding factor asto which equation
or method isused.

For estimation of monthly and seasonal crop water needs, a
temperature-based method generally provesto be quite sat-
isfactory. The FAO Modified Blaney-Criddle equation uses
long-term mean temperature datawith input of estimates of
relative humidity, wind movement, and sunlight duration.
Thismethod also includes an adjustment for elevation. The
FAO Radiation method uses |ocally measured solar radia-
tionand air temperature.

Crop ET and related tables and maps can be included to re-
place or ssimplify crop ET calculations. These mapsand
tableswould be locally developed, as needed.

(©) Critical growth periods

Plants must have ample moisture throughout the growing
season for optimum production and the most efficient use of
water. Thisismost important during critical periods of
growth and development. M ost crops are sensitive to water
stress during one or more critical growth periodsin their
growing season. Moisture stress during acritical period can
cause an irreversible loss of yield or product quality. Criti-
cal periods must be considered with caution because they
depend on plant species aswell as variety. Some crops can
be moderately stressed during noncritical periodswith no
adverse effect onyields. Other plantsrequire mild stressto
set and develop fruit for optimum harvest time (weather or
market). Critical water periods for most crops are displayed
intable504-3.
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Table504-3 Critical periodsfor plant moisture stress

I

Crop Critical period Comments

Alfafa At seedling stage for new seedlings, just after Any moisture stress during growth period

cutting for hay, and at start of flowering stage reducesyield. Soil moistureisgenerally
for seed production. reduced immediately beforeand during
cutting, drying, and hay collecting.

Beans, dry Flowering through pod formation.

Broccoli During head formation and enlargement.

Cabbage During head formation and enlargement.

Cauliflower During entiregrowing season.

Caneberries Blossomthrough harvest.

Citrus During entiregrowing season. Blossom and next season fruit set occurs
during harvest of the previous crop.

Corn, grain Fromtasseling through silk stage and Needs adequate moisture from germination until ker-

nelsbecomefirm. to dent stage for maximum production. Depl etion of
80% or more of AWC can occur during final ripening
period without impacting yield.

Corn, silage Fromtasseling through silk stage and Needs adequate moisture from germination until ker-

nelsbecomefirm. to dent stage for maximum production.

Corn, sweet Fromtasseling through silk stage and

until kernelsbecomefirm.

Cotton First blossom through boll maturing stage. Any moisture stress, even temporary, ceases blossom
formation and boll set for at least 15 daysafter mois-
tureagainbecomesavailable.

Cranberries Blossomthrough fruit sizing.

Fruittrees During theinitiation and early devel opment Stonefruitsare especially sensitiveto mois-

period of flower buds, the flowering and fruit ture stressduring last two weeksbefore harvest.
setting period (may bethe previousyear),

thefruit growing and enlarging period, and

thepre-harvest period.

Grain,small During boot, bloom, milk stage, early head Critical period for malting barley is at soft

development and early ripening stages. dough stageto maintain aquality kernel.

Grapes All growth periods, especially during Seevinecrops.

fruitfilling.
Peanuts Full season.
Lettuce Head enlargement to harvest. Water shortage resultsin asour and

stronglettuce.
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Table504-3  Critical periodsfor plant moisture stress—Continued
|
Crop Critical period Comments
Melons Blossomthrough harvest.
Milo Secondary rooting and tillering to boot
stage, heading, flowering, and grain formation
throughfilling.
Onions, dry During bulb formation, near harvest.
Onions, green Blossomthrough harvest Strong and hot onions can result from moisture.
stress.
Nuttrees During flower initiation period, fruit set, Pre-harvest period isnot critical because nuts
and mid-seasongrowth. form during mid-season period.
Pasture During establishment and boot stage
to head formation.
Peas, dry At start of flowering and when pods
areswelling.
Peas, green Blossomthrough harvest.
Peppers At flowering stage and when peppers
areswelling.
Potato Flowering and tuber formation to harvest. Low-quality tubersresult if moisture stress
during tuber devel opment and growth.
Radish During period of root enlargement. Hot radishes can be the result of moisture stress.
Sunflower Flowering to seed devel opment.

Sorghum, grain

Secondary rooting and tillering to boot
stage, heading, flowering, and grain
formationthroughfilling.

Soybeans Flowering and fruiting stage.

Strawberries Fruit development through harvest.

Sugar beets At timeof plant emergence, following Temporary leaf wilt on hot daysiscommon
thinning, and 1 month after emergence. even with adequate soil water content.

Sugarcane During period of maximum vegetative
growth.

Tobacco Kneehighto blossoming.

Tomatoes When flowersareforming, fruit is setting,
and fruitsarerapidly enlarging.

Turnips When size of edible root increases Strong tasting turnips can be theresult of
rapidly up to harvest. moisturestress.

Vinecrops Blossomthrough harvest.

Watermelon Blossomthrough harvest.
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(d) Rootingdepth

The soil isastorehouse for plant nutrients, an environment
for biological activity, an anchorage for plants, and a reser-
voir for water to sustain plant growth. The amount of water
asoil can hold available for plant use is determined by its
physical and chemical properties.

Table504-4  Depth to which roots of mature crops will extract
mmmm——— available water from adeep, uniform, well-
drained soil under average unrestricted condi-
tions (depths shown are for 80% of the roots)
Crop Depth Crop Depth
(f) (f)
Alfdfa 5 Milo 2-4
Asparagus 5 Mustard 2
Bananas 5 Onions 1-2
Beans, dry 2-3 Parsnips 2-3
Beans, green 2-3 Peanuts 2-3
Beets, table 2-3 Peas 2-3
Broccoli 2 Peppers 1-2
Berries, blue 4-5 Potatoes, Irish 2-3
Berries, cane 4-5 Potatoes, sweet 2-3
Brusselssprouts 2 Pumpkins 3-4
Cabbage 2 Radishes 1
Cantaloupes 3 Safflower 4
Carrots 2 Sorghum 4
Cauliflower 2 Spinach 1-2
Cdery 1-2 Squash 3-4
Chard 1-2 Strawberries 1-2
Clover, Ladino 2-3 Sudangrass 3-4
Cranberries 1 Sugar beets 4-5
Corn, sweet 2-3 Sugarcane 4-5
Corn,grain 3-4 Sunflower 4-5
Corn, seed 3-4 Tobacco 3-4
Corn,silage 3-4 Tomato 3
Cotton 4-5 Turnips 2-3
Cucumber 1-2 Watermelon 3-4
Eggplant 2 Whesat 4
Garlic 1-2
Grains& flax 3-4
Grapes 5 Trees
Grasspasturelhay 2-4 Fruit 4-5
Grassseed 3-4 Citrus 3-4
Lettuce 1-2 Nut 4-5
Melons 2-3

Thetype of root system aplant hasis fixed by genetic fac-
tors. Some plants have taproots that penetrate deeply into
the soil, while others develop many shallow lateral roots.
The depth of the soil reservoir that holds water availableto
aplant isdetermined by that plant’ s rooting characteristics
and soil characteristicsincluding compaction layers and wa-
ter management. The distribution of the plant roots deter-
minesits moisture extraction pattern. Typical rooting
depthsfor various crops grown on adeep, well drained soil
with good water and soil management arelisted intable
504-4. With good soil management and growing conditions,
crops can root much deeper (table 504-5).

For annual crops, rooting depthsvary by stage of growth
and should be considered in determining the amount of soil
water available.

For most plants, the concentration of moisture absorbing
rootsis greatest in the upper part of the root zone (usually
inthe top quarter). Extraction is most rapid in the zone of
greatest root concentration and where the most favorable
conditions of aeration, biological activity, temperature, and
nutrient availability occur. Water also evaporates from the
upper few inches of the soil; therefore, water is diminished
most rapidly from the upper part of the soil. Thiscreatesa
high soil-water potential gradient.

Table504-5
—

M aximum rooting depth of mature crops seeded
on fallow from 1976 to 1979 at Fort Benton,
MT

Crop Root depth (Feet)

Alfalfa,vernal
Argentinerape
Barley

Flax

Mustard, yellow
Safflower
Sunflower
Wheat, winter
Whesatgrass

@OCD\I#U‘IU‘I#B
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Inuniform soilsthat are at field capacity, plants use water
rapidly from the upper part of the root zone and more
dlowly from the lower parts. About 70 percent of available
soil water comes from the upper half of auniform soil pro-
file. Any layer or areawithin the root zone that hasalow
AWC or increased bulk density affects root development
and may be the controlling factor for soil moisture avail-
ability.

Variations and inclusions arein most soil map units, thus
uniformity should not be assumed. Field investigationisre-
quired to confirm or determine onsite soil characteristicsin-
cluding surface texture, depth, slope, and potential and ac-
tual plant root zone depths.

Soil texture, structure, and condition help determinethe
available supply of water inthe soil for plant use and root
development. Unlike texture, structure and condition of the
surface soil can be changed with management.

Very thintillage pans can restrict root development in an
otherwise homogenous soil. Never assume aplant root
zone. Observe root devel opment of present or former crops.

Numerous soil factors may limit the plant’ s genetic capa-
bilitiesfor root development. The most important factors
are

 soil density and pore size or configuration,

» depthtorestrictiveor confining layers,

* soil-water status,

* soil aeration,

e nutrientavailability,

» watertable,

 saltconcentrations, and

* soil-borne organismsthat damage or destroy plant

root system.

Root penetration can be extremely limited into dry soil, a
water table, bedrock, high salt concentration zones, equip-
ment and tillage compaction layers, dense fine texture sails,
and hardpans. When root development isrestricted, it re-
duces plant available soil-water use and consequent storage,
whichinturnlimits crop production.

High soil densitiesthat can result from tillage and farm
equipment seriously affect root penetration. Severe com-
pacted layers can result from heavy farm equipment, tillage
during higher soil moisture level periods, and from the total
number of operations during the crop growing season. In
many medium to fine textured soils, acompacted layer at a
uniform tillage depth causes roots to be confined above the

compacted layer at depths usually lessthan 6 to 10 inches
from the surface. Roots seek the path of |east resistance,
thus do not penetrate acompacted dense layer except
through cracks. Every tillage operation causes some com-
paction. Even very thin tillage pansrestrict root develop-
ment and can confine roots to a shallow depth, thereby lim-
iting the depth for water extraction. Thisis probably most
common with row cropswhere many field operations occur
and with hayland when soils are at high moisture levels dur-
ing harvest.

Subsoiling when the soil is dry can fracture compacted lay-
ers. However, unless the cause of compaction (typicaly till-
age equipment itself), the number of operations, and the
method and timing of the equipment’ s use are changed,
compaction layers will again develop. Only thosefield op-
erations essential to successfully growing acrop should be
used. Extrafield operations require extraenergy (tractor
fuel), labor, and cost because of the additional wear and
tear on equipment. Necessary tillage operations should only
be performed when the soil surface from 0 to 2 inchesor 0
to 3inchesin depth is dry enough not to cause soil smear-
ing or compaction. The lightest equipment with the fewest
operations necessary to do the job should be used.

For site specific planning and design, never assume aplant
root zone depth. Use ashovel or auger to observe actual
root development pattern and depth with cultural practices
and management used. The previous crops or even weeds
will generally show root devel opment pattern restrictions.

504-12 (190-V-NAM, 3rd Ed., October 2002)
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504.04 Tillagesystemseffect on
water conservation

(@ Comparisonsof water conservation under
different residue management systems
Tillage practicesinfluence soil moisture throughout the
growing season. Reduced-tillage or no-till systems decrease
evaporation losses, if the residue remains on the soil sur-
face. Both surface roughness and residue slow water runoff,
allowing more timefor infiltration. In addition, surface resi-
due prevents soil surface sealing, thusincreasing infiltration
and soil water stored. The net effect of tillage systemsthat
leave surfaceresidueislessvariation in soil water during
the summer months and more plant available water.

Evaporation—aprimary source of water |oss during the
first half of the growing season before the crop canopy
closes. Crop residue on the soil surface shades the soil sur-
face and reduces the amount of solar energy absorbed,
thereby reducing soil temperatures and evaporation. Resi-
due also reduce air velocity at the soil surface, slowing the
rate at which evaporation occurs. Residue cover offersthe
greatest reduction in evaporation when the soil is moist and
not yet shaded by the crop. Unger and Parker (1968) re-
ported that the cumul ative evaporation after 16 weekswas
57 percent less when wheat residue remained on the surface
rather than mixed into the soil.

Thedifferencein cumulative evaporation between bare soil
and soil with aresidue cover isrelated to the frequency and
amount of rainfall. For small, infrequent rainfall events, the
two soil surfaces show little difference in cumulative evapo-
ration. However, with larger morefrequent rains, less
evaporation occurs from soil protected by surface residue
than from bare soil. In stubble covered wheat field, evapo-
ration ranges from 60-75 percent of that occurring from
bare soil. Evaporation from the soil depends on water rising
to the surface by capillary action asthe soil dries. Shallow
incorporation of residue reduces this capillary action how-
ever; leaving residue on the soil surface generally reduces
evaporation morethan shallow incorporation.

(190-V-NAM, 3rd Ed., October 2002)

Water infiltration—the process of water entering the soil at
the soil/air interface. Crop residue affects soil infiltration by
intercepting raindrop energy and the associated soil sealing
or ponding that occursthereby increasing infiltration and
reducing the amount of runoff. Simulated rainfall studiesin
Ohio show that infiltration increaseswith surfaceresidue
(table 504-6). Although theinfiltration rate wasinitially
greater on the plowed field than the bare no-till field, the
residueintheno-till field enabled faster water infiltration.

Runoff—tillage systemsthat |eave crop residue on the soil
surface generally reduce runoff. The factorsthat influence
thedifferencesin runoff are soil characteristics, weather
patterns, the presence of macropores, management, and the
amount and kind of residue. The residue characteristics that
affect water infiltration also affect runoff by increasing the
timeto initiation of runoff and lowering runoff rates. Resi-
due on the soil surfaceincreases the surface roughness of
the soil, reduces runoff velocities, and causes ponding that
further delays runoff. In addition, surface residue obstructs
and diverts runoff, increasing the length of timein the
downslopeflow path allowing moretimefor infiltration.

Another important point isthe effect of having both stand-
ing and flat residues present. The presence of standing and
flat residuesreducesthe likelihood that small localized flow
areaswill combineinto larger networks, and decreasesthe
velocity and overall transport of runoff from thefield. If the
climate and soil conditions exclude macropore devel opment
and traffic causes unrelieved reductionsin infiltration, run-
off rates can increase even with high residue crop produc-
tion systems such as no-till, particularly in the early years of
the systems before surface organic matter has time to accu-
mulate.

Table504-6

Effect of tillage and corn residue on infiltration
using simulated rainfall
(Triplett et a. 1968)

----------- Total infiltration after 1 hour (inches) - - - - - - - - - - -

Treatment Initial run Wet runV/
Plowed, bare 0.71 041
No-tillage, bare? 0.48 0.25
No-tillage, 40% cover 0.92 0.53
No-tillage, 80% cover 173 137

1 Wet run took place 24 hr after initial run.
2 Residue cover was removed for research purposes.
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Gilley (1986, 1987) and co-workers conducted a series of
studies evaluating the effect of different typesand amounts
of residue on runoff rates. Five rates of corn residue were
spread on the soil surface at 0, 10, 31, 51, and 83 percent
ground cover (0, 1, 1.12, 3.36, 6.73, and 13.45 mg/ha).
Rainfall was applied at arate of 28 millimeters per hour on
days 1, 2, and 3 of the study. Average runoff rates were
15.6, 10.7, 6.0, 1.8, and O millimeters per hour for the 0, 10,
31, 51, and 83 percent residue covers, respectively. Runoff
rates were al so studied for sorghum and soybean residues at
arainfall rate of 48 millimeters per hour. The runoff rate for
soybean decreased by 68 percent as residue cover increased
from 0 to 56 percent; the runoff rate for sorghum decreased
by 73 percent as residue cover increased from 0 to 44 per-
cent.

Snow catch—Maximizing snow catch isavital conserva-
tion measure in the northern Great Plains, since snow con-
stitutes 20 to 25 percent of the annual precipitation. Stubble
height management isatool used to maximize snow catch.
Taller stubble retains more snow, increasing soil water con-
tent. Bauer and Black (1990) in a 12 year study reported
that increasing small grain stubble height from 2 to 15
inchesincreased soil water content to adepth of 5 feet by
1.6 inches. Increasing the snow catch on afield can also in-
crease spring melt runoff depending on the early spring soil
infiltration characteristics. However, in soils on which an-
nual crops are grown, infiltration of snowmelt occurs 80 to
90 percent of the time because the soil isusually frozen
while dry or not frozen as deeply due to the snow coverage
to permit infiltration. Greb (1979) reported that the effi-
ciency of storing meltwater is often doubl e that of storing
water received asrain.

Water storage—Soil moisture savingsis of great impor-
tance in regions of low rain fall and high evapotranspira-
tion, on soil low in water holding capacity, and in years
with below normal rainfall. Inthe Corn Belt, excessive soil
moisture in the spring months often has a negative effect on
crop growth since it slows soil warming and delays plant-
ing. However, on soilswhere drought stress often occurs
during the summer months, having more available water
during crop pollination and seed filling usually offsetsthese
early season negative effects. Seed zone soil moisture also
aidsin plant establishment and growth in dry areas of the
United States. For a high percentage of the farmland, mois-
ture savings should be a primary reason for producersto con-
sider reducedtillagesystems.

Research on the effects of reducing tillage and increasing
surface residue haveindicated that high amounts of surface
residue resultsin increased soil water stored. Unger (1978)
reported that high wheat residue levelsresulted in increased
water storage during the fallow period and the increased
subsequent grain sorghum the following year. Similar re-
sults of water storage under high residue conditions, shown
in table 504-7, summarized by Greb (1983) for 20 crop-
yearsfromfour locations.

Management changesin the Great Plains since 1916 have
improved soil water storage, fallow efficiency (percentage
of the precipitation received during the fallow period and
stored as soil water), and small grain yields. However, fal-
low efficiencies up to 40 percent were reported in the

1970’ s and have not improved beyond this value. Further-
more, subsequent research in the Great Plainswith modern
no-till wheat-fallow systemsindicatesthat most of the
moisture received is stored early in the year, after crop har-
vest, and very little soil water is stored beyond the first of
July. Thisinformation indicatesthat reducing or eliminating
fallow from therotation, intensifying the cropping pattern,
and utilizing the soil moisture stored through therotationis
ameans of taking advantage of our increased capability to
storewater earlier in the cropping cycle with high residue
crop production systems.

Excessive soil water—Soil properties that affect water infil-
tration, permeability, and drainage must always be properly
assessed when making residue management decisions. Re-
search inthe Corn Belt has shown that no-till management
systems on some poorly drained soils has resulted in lower
yields compared to the yields of conventionally tilled sys-
tems. Continued research has shown, however after 18
years of continued no-till that yields are now equal or

Table504-7 Net soil-water gain at the end of fallow as
— influenced by straw mulch rates at four Great
Plainslocations
Location Years - - - - Mulch rate (mg/ha) - - - -
reported 0 22 44 6.6
Bushland, TX 3 7.1 9.9 99 107
Akron,CO 6 134 150 165 185
North Platte, NE 7 165 193 216 234
Sidney, MT 4 53 6.9 94 102
Mean 107 127 145 157
Gainwithmulch 20 38 50

Note: Soil water gain units = centimeter.
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greater than conventionally tilled systems. Theinitial yield
reductions on these poorly drained soils may have been at-
tributed to anumber of factors. The positive yield response
after continuous no-till on these soils may be attributed to
the devel opment of internal drainage characteristics such
Macropores, increasesin organic matter, better surface soil
structure, and the use of diseaseresistant cultivars.

When dealing with heavier residue amounts from the pre-
ceding crop it may be necessary in no-till situationsto use
residue managers that move the residue to the side of the
seed trench. Poorly drained soils are not easily adapted to
high residue systems and may need to be managed with lim-
ited till systemssuch asridge-till or fall and spring strip-till
methods. Some warm-season species such as corn or sun-
flower respond to warm, clean seedbed conditions. This
may also be accomplished including cropsin the rotation
that produce lower amounts of dark colored residue or the
inclusion of cover crop. (Refer to Subpart 506B, Suitability
for crop production systems.)

(b) Cropping system intensity

Improving the relative efficiency of water usein crop pro-
duction systems has been amajor goal in achieving more
productive modern crop production systems. Reducing wa-
ter losses in cropping systems by changes intillage sys-
tems, residue management, crop selection and sequence has
achieved more intense rotations and greater water use effi-
ciency (WUE).

Water use efficiency can be defined as the dry matter pro-
duced divided by the growing season evapotranspiration
(ET) and expressed in units of dry matter per unit of water
for agiven crop in that system. Since water lossesin asys-
tem such asrunoff and drainage are often unknowns, ET is
replaced by avalue comprised of soil water used during the
growing season plus growing season precipitation. Thisre-
lationship can be shown in the equation below.

Theresult of the calculation is not exactly identical to situa-
tionswhere true ET is known because not all the precipita-
tion received during the growing season does enter or stay
inthe soil. This overestimate of water availableto the plant,
however isval uableto quantify the efficiency of crops
grown on asystemsbasisfor agiven climate.

WUE =

Changesin cropping systems by decreasing tillage, increas-
ing surface residues, making conscious decisions on residue
orientation, aswell as, strategically placing cropsin rota-
tions have produced these changesin water use efficiency.
Cropping system intensification hasimproved the WUE,
and has increased the productivity of crop production sys-
temsin the Great Plains. Three-year systemsincreased
WUE in every climate regime in Texas, Kansas, and Colo-
rado (table 504-8). The WUE for the 3-year rotation winter
wheat-corn-fallow averaged 196 pounds per acre per inch,
compared with an average WUE of 140 pounds per acre per
inchfor winter wheat-fallow.

Continuous cropping may be aviable option for producers
in areas where fallow has traditionally been a part of a crop-
ping sequence. With high residue management theinclusion
of annual forages, such as sorghums, millet, field peas, or
small grains, would increase the producersflexibility to
maximize WUE. Crop choice affects WUE of the crop pro-
duction system because each species has a different poten-
tia for production. Optimizing WUE in aparticular crop
production system requires choosing cropswith the highest
potential WUE for your particular environment.

Several predictivetools (water-use-production functions)
have been developed to assist producersin crop selectionin
several environments acrossthe Great Plains. Black et a.
(1981) suggested that aflexible cropping strategy would
provide efficient water useto control saline seepsin the
northern Great Plains. Flexible cropping is defined as seed-
ing acrop when stored soil water and rainfall probabilities
arefavorablefor satisfactory yield, or fallowing when pros-
pectsare unfavorable. Available soil water can be estimated
by measuring moist soil depth with asoil moisture probe or
other soil sampling equipment. Brown et al. (1981) have
developed soil water guidelines and precipitation probabili-
tiesfor barley and spring wheat for flexible cropping systems
in Montanaand North Dakota.

When considering aflexible cropping system a producer
should evaluate the amount of plant-available soil water at
seeding time, the precipitation probabilities for the seasonal
needs of agiven crop, and management factors such as vari-
ety, crop rotation, weed and insect problems, soil fertility,
and planting date. Current information in the Great Plains at

Dry matter yield

((Soil water at planting - Soil water at harvest) +growing season precipitation)
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various locationsincludesyield water-use-production func-
tionsfor winter wheat, spring wheat, barley, oats, millet,
corn, sunflower, dry beans, canola, crambe, soybean, and
safflower given soil moisture and rainfall-probability infor-
mation (Brown and Carlson 1990; Vigil et a. 1995; Nielson
1995). Thisinformation can assist a producer in crop selec-
tioninagiven year, however users of these water uselyield
relationships need to understand that thefinal cropyieldis
influenced by the timing of precipitation aswell asthe

amount of water used.

Table504-8

Water use efficiency of 3-year no-till cropping systems and continuous spring wheat as compared with no-till spring

—— wheat and winter wheat-fallow systems at various locations across the Great Plains (Peterson et al. 1996)

System WUE, Location
Ib/acreperin

Springwheat/Fallow 130 Minot, ND

Cont. spring wheat 119 Do.

Springwheat/Fallow 78 Williston,ND

Cont. spring wheat 125 Do.

Winter wheat/ Fallow 155 Sterling and Stratton, CO

Winter wheat/ Corn/ Fallow 202 Do.

Winter wheat/ Fallow 156 Akron,CO

Winter wheat/ Corn/ Fallow 250 Do.

Winter wheat/Fallow 144 Tribune, KS

Winter wheat/Sorghum/ Fallow 201 Do.

Winter wheat/ Fallow 128 Walsh,CO

Winter wheat/ Sorghum/ Fallow 148 Do.

Winter wheat/Fallow 87 Bushland, TX

Winter wheat/Sorghum/Fallow 156 Do.

Springwheat/Fallow 104 Average

Winter wheat/Fallow 140 Average

Cont. spring wheat 122 Average

Winter wheat/Corn/Fallow 196 Average

Wheat/Sorghum/Fallow 181 Average

504-16
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504.05 Salineseeps

(a) Development of saline seeps

Saline seep describes a salinization process accel erated by
dryland farming practices. Saline seep isan intermittent or
continuous saline water discharge at or near the soil surface
downslope from arecharge area under dryland farming con-
ditions that reduces or eliminates crop growth in the af -
fected area because of increased soluble salt concentration
intheroot zone. Saline seeps are differentiated from other
saline soil conditions by their recent and local origin, satu-
rated root zone in the soil profile, shallow perched water
table, and sensitivity to precipitation and cropping systems.
In the recharge area, water percolates to zones of low hy-
drologic conductivity at depths of 2 to 60 feet below the
soil surface and flowsinternally downslope to emerge at the
point where the transport layer approaches the soil surface
or soil permeability isreduced.

The saline-seep problem stemsfrom surface geology,
above-normal precipitation periods, and farming practices
that allow water to move beyond theroot zone.

Under native vegetation, grasses and forbs used most of the
water before it had a chance to percolate below the root
zoneto the water table. With sod plow-up, subsoils became
wetter and fallow kept the land rel atively free of vegetation
for months at atime. Beginning in the forties, soil water
storage efficiency during fallow improved with the advent
of large tractors, good tillage equipment, effective herbi-
cides, and timely tillage operations. This extrawater filled
theroot zoneto field capacity and allowed some water to
move to the water table and downslope to emerge asa sa

lineseep.

Several factorsthat may individually or in combination con-
tribute water to shallow water tablesinclude: fallow, high
precipitation periods, poor surface drainage, gravelly and
sandy soils, drainageways, constructed ponds and dugoults,
snow accumulation, roadways across natural drainageway's,
artesian water, and crop failuresresulting in low use of
stored soil water. Saline-seep formation beginswith aroot
zonefilled to its water-holding capacity. Some of thiswater
runs off the surface, some evaporates, and the rest moves
into the soil. Once the soil isfilled to field capacity, any ad-
ditional water that moves through the root zone may con-
tributeto saline seepage.

Water percolating through salt-laden strata dissolves salts
and eventually forms a saline water table above an imper-
meable or slowly permeable layer. The underground saline
water migrates downslope and dissolves more salts, adding
to the perched water table at the site of the seep. Whenever,
the water table risesto within 3 feet of the surface the water
plus dissolved salts then move to the soil surface by capil-
lary action were the discharge water evaporates, concentrat-
ing salt on or near the soil surface. Asaresult, crop growth
inthe affected areais reduced or eliminated and the soil is
too wet to be farmed.

(b) Identification of saline seeps
Early detection and diagnosis of asaline-seep problem are
important in designing and implementing control and recla-
mation practices to prevent further damage. By early detec-
tion, aproducer may be able to change his or her cropping
system to minimize the damage. Detection of discharge ar-
eas may be accomplished by visual or by electrical conduc-
tivity detection. Visual symptomsof animpending saline
seep may include
 vigorous growth of kochiaor foxtail barley in small
areas where the soil would normally betoo dry to
support weed growth,
 scattered salt crystals on the soil surface,
 prolonged periods of soil surface wetnessin small
aress,
 poor seed germination or rank wheat or barley growth
accompanied by lodging inlocalized areas,
 stunted treesin ashelterbelt accompanied by |eaf
chlorosis, or
e adoughed hillsidein native vegetation adjacent to a
cultivatedfield.

Soil electrical conductivity (EC), whichisproportional to
soil salinity, can be determined in thefield using resistivity.
Thistechnique can be used to identify and confirm an en-
croaching or developing saline seep. Soil salinity inthedis-
charge areamay be low near the soil surface, but increases
considerably with depth. Once the discharge areaisidenti-
fied, the next step isto locate the recharge area. Most reme-
dia treatmentsfor controlling the seep must be applied to
therecharge area, which isalways at a higher elevation than
the discharge area. The approximate size of the recharge
areamust be determined to be successful. Most recharge ar-
eas are within 2,000 feet and many are within 100 to 600
feet of the discharge area, depending on the geology in-
volved.
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Several procedures for identifying the recharge areain-
clude: visual, soil probing, soil surveys, drilling, soil resis-
tivity, and electromagnetic techniques. Even if the previ-
ously mentioned equipment is not available, avisual ap-
proximation of the recharge area can be made, and strate-
giesimplemented to correct the saline-seep problem.
Some factsto remember are that the recharge areas are
higher in elevation than the seep or discharge area, the re-
charge areas are generally within 2,000 feet of the dis-
charge areas, and that seepsin glacid till areas expand
downslope, laterally, and upslope toward the recharge
area. Saline seepsin non-glaciated areas tend to expand
downslope, away from the discharge area. After the re-
charge area has been located, amanagement plan should
be designed to control the saline-seep problem.

(c) Effectsof salinity on yields

Saline soil isaterm used to characterize soil containing
sufficient saltsto adversely affect the growth of most crop
plants. One or more of the following may cause these ad-
verseeffects:

» Direct physical effectsof saltsin preventing soil
water uptake by the plant roots because of increased
osmotictension.

 Direct chemical effectsof salt in disrupting the
nutritional and metabolic processes of the plant.

 Indirect effect of saltin altering soil structure,
permeability, and aeration.

Agricultural cropsdiffer significantly intheir responseto
excessive concentrations of soluble saltsin theroot zone.
This ability of the plant to produce economic yieldsin asa-
line environment istermed salt tolerance. Crop selectionis
one of the primary options available to growers to maxi-
mize productivity under saline conditions. Table 504-9 lists
the salinity threshold and yield decrease of several selected
agricultural crops. Thethreshold salinity level isthe maxi-
mum allowabl e salinity that does not reduce yield below
that of non-saline conditions. Theyield decreaseisreported
asapercent yield reduction for every whole unit increasein
salinity measured aselectrical conductivity (EC) mmho/cm.
For example, alfalfayields decrease about 7.3 percent per
unit of salinity increase above 2.0 mmho/cm. Therefore, at
asoil salinity of 5.4 mmho/cm, alfalfayield would be 25
percent lower than at soil salinity levelslessthan 2.0 mmho/
cm.

Crop production has been reduced on approximately

2 million dryland acresin the northern Great Plains of the
United States and Canada. Brown (1982) reported that this
production loss on 2 million acresin the northern Great
Plains could be translated into $120 million in lost annual
farmincome.

(d) Management practicesfor control of saline seeps
Saline-seeps are caused by water moving below the root
zonein the recharge area. Because of this movement of wa-
ter though the recharge area, there will be no permanent so-
[ution to the saline-seep problem unless control measures

Table504-9  Sdttolerance of selected crops
|
Common Botanical Salttolerance Yielddecline
name name threshold (Yo per
(mmhos/cm) mmhos/cm)
Alfadfa Medicagosativa 20 73
Barley Hordeumvulgare 80 5.0
Sorghum Sorghumbicolor 6.8 16.0
Soybean Glycinemax 5.0 20.0
Whest Triticumaestivum 6.0 71
Wheatgrass, tall Agropyron elongatum 75 42
Wildrye, beardless  Leymustriticoides 27 6.0

1/ Maas and Hoffman (1977) and Maas (1990)
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are applied to the recharge area. These measures vary ac-
cording to the sail texture and underlying geologic material,
water table fluctuations, depth to the low hydraulic conduc-
tivity zone, occurrences of potholes and poorly drained ar-
eas, and annual precipitation and frequency of high precipi-
tation periods.

Two general procedures are available for managing saline-
seeps: either make agronomic use of the water for crop pro-
duction before it percolates below the root zone; or me-
chanically drain either surface or subsurface water beforeit
reaches the discharge area. Mechanical drainage is gener-
ally not performed either because of current farm bill legis-
lation or because of constraint that subsurface water is ex-
cessively contaminated with salts and downstream disposal
isdifficult because of physical or legal limitations. How-
ever, before any control measures areimplemented an
evaluation of the land capability class should be deter-
mined. All control measures should be compatible with the
land capability classinvolved.

The most effective solution to the saline-seep problemisto
use as much of the current precipitation as possible for crop
or forage production before it percolates beyond the root
zone. Forage crops, such as alfalfa, use more water than ce-
real grains and oil crops because they have deep root sys-
tems, are perennial, and have longer growing seasons.
Planting afalfain the recharge area of a saline seep is often
the most effective way to draw down stored subsoil mois-
ture and stop water flow to asaline-seep. Alfalfacan useall
current precipitation plus a substantial amount of water
from the deep subsoil. Halvorson and Reule (1976), (1980)
found that alfalfagrowing on approximately 80 percent of
therecharge area effectively controlled several saline seeps.
They aso found that a narrow buffer strip of alfalfa (occu-
pying less than 20 percent of the recharge area) on theim-
mediate upslope side of aseep did not effectively control
thewater in the discharge area. Grasses may also effectively
draw down subsurface water if the depth to the low hydrau-
lic conductivity zoneislessthan 15 feet. After terminating
alfalfaor grass production, the recharge area should be
farmed using aflexible cropping system.

Flexible cropping is defined as seeding a crop when stored
soil water and rainfall probabilities are favorable for satis-
factory yield or fallowing when prospects are unfavorable.
Available soil water can be estimated by measuring moist
soil depth with a soil moisture probe or other soil sampling
equipment. Black et al. (1981) suggested that this cropping
strategy would provide efficient water useto control saline
seepsin the northern Great Plains. Brown et a. (1981) have
developed soil water guidelines and precipitation probabili-
tiesfor barley and spring wheat for flexible cropping sys-
temsin Montanaand North Dakota.

When considering aflexible cropping system a producer
should evaluate the amount of plant-available soil water at
seeding time, the precipitation probabilities for the seasonal
need of a given crop, and management factors such as vari-
ety, crop rotation, weed and insect problems, soil fertility,
and planting date. Current information in the northern Great
Plains at various|ocations includes yield water-use-produc-
tion functionsfor winter wheat, spring wheat, barley, oats,
millet, corn, sunflower, dry beans, canola, crambe, soybean,
and safflower, given soil moisture and precipitation infor-
mation. Oilseeds such as safflower or sunflower included in
therotation utilize residual subsoil moisture below the nor-
mal rooting depth of small grainswhile disrupting disease
and pest cycles associated with cereal grain production. Af-
ter successful application of control measuresto the re-
charge area, the seep area and surrounding area can then be
seeded to agrass or grass/legume mixture tolerant to the sa-
line conditions present in the discharge area. A returnto a
cropping system that does not adequately utilize stored soil
water in the recharge areamay reactivate the seep.

Once the water flow from the recharge area to the seep has
been stopped or controlled and the water table in the seep
has dropped enough to permit cultivation, cropping in the
seep area can begin. Crop selection isimportant when initi-
ating crop production on the discharge area. In the northern
Great Plains, six-row barley isthe most salinity-tolerant ce-
real available, and itisnormally thefirst crop seeded. As
the reclamation processes continues, comparing yieldsin
and outside the seep area can be used to monitor progress.
The water table depth should be closely monitored during
thereclamation period.
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Another approach that can be used on discharge areasisto
manage salt-tolerant grasses seeded on the area. If the water
tableis above 4 feet the grasses should be mowed and com-
pletely removed to prevent excess snow accumulation and
the subsequent risein the water table. If thewater tableis
below 4 feet, the grass can be left to catch snow. The result-
ing snowmelt will leach the salt downward into the soil and
improve subsequent grass growth. Snow trapping using
grassstrips or crop stubble will enhance water movement
through the profile in the discharge area and hasten the rec-
lamation process. These practiceswill not be effective until
hydrologic control isachieved in the recharge areaand the
water tableissignificantly lowered in the discharge area.
Research and farmer experience have shown that yieldswill
generaly returnto normal in 3to 5 years.

In saline-seep areas, observation wells are useful for moni-
toring water table levels during the control, reclamation,
and post-reclamation periods. Water tables fluctuate sea-
sonally and annually. Reclaimed saline seeps may be reac-
tivated by asignificant risein the water table, which persists
for several weeksor months. If asaline water tableisless
than 3 feet below the soil surface, saline water can moveto
the surface by capillary rise and create asalt problem. To
alleviate this problem, monitoring wellsat least 10 feet in
depth should beinstalled in discharge areas, along drain-
age-ways, and in recharge areas. | deally, the water table
should be at |east 6 feet in depth. Water table levels should
be monitored monthly, especially during and after snow-
melt, and rainy seasons. A rising water table that persists
into the summer monthsindicatesthat cropping practices
should beintensified to increase soil water use.
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Part 506

Plant Attributes

Subpart 506A  Vegetative stabiliza-
tion

506.00 Sructures

Structures are engineered earthen water retention, convey-
ance, or other conservation practice components. This sec-
tion deal swith establishing vegetation on typical erosion
control structures such as Public Law 566 dams, diversions,
waterway's, emergency watershed program structures, and
others. These structures are designed and constructed for
soil and slope stability with vegetative treatment to protect
and maintain theintegrity of the structure.

506.01 General considerations

Plants—Protecting structuresistypically accomplished
with grasses enhanced by alegume component for some ni-
trogen generation. Landscaping with shrubs and treesblend
structuresinto surrounding landforms. Speciesand cultivar
selection and effective planting techniques are key to suc-
cessful establishment. Select plantsto meet the existing site
conditionsincluding internal soil drainage, soil texture and
percent fine particles present, organic matter, density, pH
and nutrients available from the soil, exposure and aspect,
temperature zone, and plant hardiness factors. Recom-
mended plant listsare availablein each state.

Proper plant selection to meet the existing and future site
usewill minimizefuture maintenance. Cultivarsthat have
been rel eased through the NRCS Plant Materials program
should receivefirst consideration. Consider using native
plantsif they are known to be effective. Avoid using plants
known to beinvasive, such as kudzu, multiflorarose, or

phragmites.

Soil—Soil isthe medium in which seeds germinate and
roots grow. The condition of the soil may well determine
the success or failure of seedings or plantings. Soil texture,
structure, tilth, organic matter, drainage, and chemica com-
position need to be reviewed to be certain that compatible
plants have been selected. Soil amendments should be
specified to meet site and plant needs.

If topsoil is salvaged onsite, useit on the most sensitive
area(s) of the structure, such as emergency spillways or
faces of dams. Blend the topsoil into the surface of the
structure to avoid a sharp contrast between compacted fill
material and thetopsoil.

Water and wind management—Potential erosion problems
need to be considered when sel ecting appropriate species
and establishment techniques. Water asrainfall or snow-
melt, spring iceflowsin streams, surface runoff, or seepage
areas may require special attention. Diversions and water-
ways may need to be established to manage excess surface
water, or subsurface drains may need to beinstalled to dry
out seeps. Exposed areas subject to wind should be treated
with adequate protection to insure establishment of the
planting. Thismay include mulch anchoring, temporary
windbreaksor using wind barrier plants.

Combinations of geotextiles, soil bioengineering (live
fascines, brush mattresses) and biotechnical stabilization
may be desirable to handle special conditions of erosive
water velocities or areas of temporary high flows.

Land use—L and use surrounding the structure(s) should be
evaluated to blend the disturbed areainto as natural setting
as possible. Plantings should be planned based on antici-
pated growth and appearance of the species. Blending struc-
tures with the environment will enhance the visual appear-
ance and present a positive effect to the public.

Geology—Geol ogic investigationsinclude the overburden
material and the underlying parent material. Bedrock,
changes of soil texture at various depths, and saline areas
can be addressed early in the planning process when identi-
fied fromthe geologicreview.

Existing vegetati on—EXi sting vegetation can be asource
of potential speciesthat should beincluded in the seeding
of constructed structures. It may be desirable to select spe-
ciesfrom several successional stagestoincludeinthe
revegetation plan. Using speciesthat grow on surrounding
areas will help blend the structure into the landscape. Cau-
tion is needed when doing this, because local species may
not tolerate tranplanting or may not perform well on dis-
turbed sites. Local ecotypes, where available commercialy,
would be preferred sources of plant material.
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Present and proposed use—Consideration of the proposed
future use of the structureisimportant in species selection.
If people and vehicleswill be using the area, traffic patterns
should be planned. Paths should be designed to minimize
erosion potential. Plantsthat impede recreational activities,
such asvines or dense, tangled growth, should be avoided.
Select vegetation that will enhance the long-term use of the
areaaswell as provide erosion control cover needed. For
example, if fishing will be allowed after alarge dam is con-
structed, |eave some grass areas without shrubs at the

water’ s edge. Where recreational abuse of the site causes
soil erosion, select plant speciesthat will discourage the use
of thesearesas.

Climate—Select speciesfor the local climate— Rainfall
and temperature vary greatly within astate. Exposure to
wind may create a sandbl asting problem on the plants or
may result in desiccation of the plants. Site aspect (north
facing slopes) may result in several degreesdifferencein
temperature. The USDA Plant Hardiness Zone Map, Misc.
Pub. No. 1475, 1990, can serve as a general guide for se-
lecting plants. The Plant Zone map may be veiwed on-line
a

http://www.usna.usda.gov/Har dzone/

However, local conditions may offer protection or may cre-
ate exposurethat will influencethe plant performance.

Shade tolerance—Where structures will be shaded for part
or al day, be sure the species are tol erant for the anticipated
condition. If canopy cover closureis anticipated in the fu-
ture, then include appropriate ground cover speciesto meet
thefuturesitecondition.

Site preparation—The area before construction should be
reviewed to select and preserve any highly desirable plants
or section of plants near the perimeter or edge of the con-
struction zone. Endangered, threatened, or declining species
considerations must be met before construction. Install any
temporary wind or water control measures. |f topsoil or
other organic matter isavailable onsite, salvage as much as
iseconomically feasible. Do not wasteit by burial or other
loss

506.02 Seeding and planting process

Seeding should be done as construction is completed or at
intervalsduring construction. Daily or regular timeinterval
seedings may be mandatory where site location or local
lawsrequirethis. Frequently, daily seedings are planned for
temporary erosion control until thework for the entire
project is completed. Then the areaswill be reseeded to
permanent vegetation at an appropriate planting date.

Seedbed preparation—The objective in seedbed prepara-
tion isto create a condition where seed can be planted,
emerging seedlingswill have afavorable microenviron-
ment, and the surface areawill be such asto allow the type
of maintenance required to support protective vegetative
cover.

During this operation, soil amendments such aslime, gyp-
sum, or fertilizer should be applied. Also, removelarge
stones (generally greater than 1 to 2 inchesin diameter for
areasthat will belawns or parks, and greater than 4to 6
inchesin diameter for other areas) and debristhat will
hinder seeding or planting and future operationsand mainte-
nance

Seedbed scarification may be required unless seeding is ac-
complished within 24 hours of final grading. Sand and
gravel (siteswith lessthan 20% fines passing a200 mesh)
do not require scarification aslong as moisture is adequate.
When the surface soil is powdery, the soil istoo dry for
seeding. If clumps of mud stick to the planting equipment,
the soil istoo wet unless a hydroseeder or other suitable
equipmentisused.

Areas of compaction should be identified and ripped or
scarified to adepth of at least 9 to 12 inchesto create a
more favorablerooting zone. Topsoil (if available) should
be applied and blended with the surface of the structure. All
tillage operations should be performed on or as close to the
contour as possible. The balance of the area should be
scarified or loosened to aminimum of 3inchesto allow
good soil to seed contact. Scarification may bewaived if
the seeding isaccomplished immediately after thefinal
grading isfinished and site conditions warrant this ap-
proach.
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506.03  Seed, plant, and amendment applica-
tionrates

Seed and plant rates—General seeding rates and planting
guantities of adapted speciesor mixturesare availablein
the NRCS Field Office Technical Guide (FOTG), Section
IV, Critical AreaPlanting Standard 342.

Seed or plant specifications, or both—To insure the qual-
ity all planting material, specify genus, species, cultivar (if
applicable), specific inoculant, and percent pure live seed
or minimum seed germination. All seeds should meet Fed-
eral and state seed lawsfor proper labeling and noxious
weed content. Criteriafor shrub and tree quality, size and
type of plant material should be based on standardsin the
publication American Standards for Nursery Sock, devel-
oped by the American Association of Nurserymen.

Time of seeding or planting—Specify appropriate planting
dates. Spring seedings may be adequate where normal rain-
fal isavailable. However, the effect of annual weedsand
midsummer droughts should be considered. Fall seedingsin
many parts of the country have the advantage of more reli-
able precipitation and favorable temperatures. In addition,
inthe northern states, the annual weeds are generally winter
killed.

Cool-season grasses generally do best when seeded in the
fall. However, construction will often be completed during
periods of the year when seedings should not be made. In
these cases, temporary seeding or mulching should be done
and the permanent seeding made at the optimum time of
year for the species used.

Warm-season grasses are normally seeded in the spring.
Some fall seedings are successful providing weather condi-
tionsremain cold and the seed remains dormant. In general,
warm-season grasses should have about 100 days of grow-
ing season remaining after planting.

Where soil or site conditionslimit available moisture, such
assandy or rocky soils, atemporary irrigation systems can
help insure adequate establishment of vegetative cover. Irri-
gation can be used on earth-fill structuresif careistaken to
apply only amounts necessary. If the system is not operated
properly, irrigation water induced erosion can occur. Steep
slopes (3:1 or steeper) are generally too hazardous on

which to set irrigation pipe, plusthe erosion potential istoo
gredt.

Soil amendments—The desired soil pH will depend on the
plant species selected and long-term goal of species compo-
sition. Acid soil should generally have the pH adjusted to
5.5 or higher for grassesand 6.0 if legumes are to be used.
Thiswill alow the rhizobium bacteria associated with le-
gume rootsto function. Ground agricultural limestone, ei-
ther calcitic (high Ca) or dolomitic (high Mg) isused. The
most desirableratioisaCa:Mg ratio of 10:1; however
wider ratios are acceptable. High pH or saline soil may re-
quire gypsum (CaS0,4.2H-,0) application. A detailed soil
analysis should be used to determine the type and amount of
nutrients needed. Usually high levels of some elements may
betoxic, and special steps may be needed to amend these
areas. Add only the amount of nutrients required to produce
adequatevegetativecover.

Method of seeding or planting—Many techniques are
availablethat have proven successful. Site conditionswill
dictateoptions.

Steep slopes on which regular seeding equipment cannot be
safely operated must be seeded by broadcasting the seed,
blowing it on, or by hydroseeding (applying seed, and
sometimes soil amendments and mulch, in awater slurry or
suspension). For hydroseeders, coverageislimited by the
size of equipment, wind conditions, and stream load. Cen-
trifugal seeding equipment requires dry weather conditions
and limited wind interference. High-velocity blowersare
normally used for siteswhereit isdifficult to hold seed in
place, or sitesthat are inaccessible by large equipment.
These blowerswill force some of the seed into the soil and
crevicesfor germination. For this method to work properly,
the soil must be moist. Some delicate seeded species may
experience seed damage.

Calibration of hydroseeders or blowersis difficult. Experi-
enced operators usually will be ableto uniformly apply seed
by estimating the land area and applying tank loads at ac-
ceptable rates. Hydroseeders frequently add colored mulch
to mark the area covered.

Another technique for steep slopesisto use atrack type
bulldozer to incorporate seed and amendments. Operate the
bulldozer up and down the slope. The cleat tracks create ar-
easinwhich seed may betrapped. Soil migrating down the
slope will cover the seed and the indentations in the bank
hold additional moisture. Thisworkswell on sandsand
gravel.
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Onflatter areas, additional equipment isavailableto better
place the seed into the soil and in arid regions, to better take
advantage of soil moisture.

Imprinting workswell to allow for deep placement of seed,
Thisallowsfor access to moisture and affords the germinat-
ing seedling somewind protection.

Special grassdrillswith packing wheelsand other special
features are available. Warm season grass boxes are avail-
ableto handlethe fluffy prairie grass seed. These units have
devices within the boxes to prevent the bridging of seed, re-
sulting in even seed flow.

Broadcast seeding with an airflow spreader is an acceptable
seeding method for some species and purposes.

Herbaceous planting material, such as bermudagrass sprigs,
American beachgrass cuttings or treesrequires special
knowledge and handling. Internal heating of thismaterial
frequently occurs during shipping and storage. The damage
to the growing points may go undetected by an untrained

person until the plants do not grow. During delivery and
planting, every effort should be made to keep the plants
cool and moaist to insure good survival and growth.

Mulching — Mulching is an important processin establish-
ing vegetation (especially cool-season grasses) on structures
or other critical areas. Mulch cover will help maintain fa-
vorable moisture conditions, prevent soil erosion by water
or wind, hold seed in place, and maintain cooler, more con-
stant soil temperatures. Mulch should be applied immedi-
ately after seeding (within afew hoursor less). It should be
uniformly applied at the specified rate.

Mulch material (table 506-1) isnot all equal in providing
the optimum conditionsfor germinating seeds. Small grain
straw isthe preferred material for most sites. This material
generally hasfew weed seeds and provides the best results
of any tested material. Grass or mixed legume and grass hay
isgood but frequently has weed and hay seedsthat may also
grow and compete with the desired seeded species for mois-
ture, nutrients, and light. Thisis a problem with warm-sea-
son grass plantings. It does not make much sense to use cer-

Table506-1  Commonmulchmaterial
—
Mulch material Quality standard Applicationrate Remarks

Air-dried; freeof mold;
free of noxiousweeds.

Hay, small grain straw

Greenor air-dried
burred wood fiber.

Wood excelsior

Wood fiber cellulose Partially digested wood
fiber; usually with green
dye and adispersing agent.
Jutemat - twisted yarn Undyed, unbleached plain
weave; warp 78 ends/yd;
weft 41 ends/yd; 60-901b
rolls.

Excelsior wood fiber Interlocking web of
mets excelsior fiberswith
photodegradable
plastic netting.
Straw or coconut Photodegradableplastic

or combined mats net on one or two sides.

2tonsper acre.

2tonsper acre.

2,000 1b per acre.

Subject to wind blowing unless
anchored; cover about 90% of soil
surface.

Decomposesslowly; subject to
blowing unlessanchored; pack

aged in 80-90 |b bales.

Apply with hydroseeder; used asan
anchoring material for mulches subject
toblowing.

48inx 50ydor
48inx 75yd.

48-x 100-inch
2-sided plasticor
48-x 180-inch
1-sidedplastic.
6.5 x 83.5ft,
81rollsper acre.

Usewithout additional mulch; secure
asper manufacturers' specification.

Usewithout additional mulch; secure
asper manufacturers' specification.

Designed to withstand fiber individually
specificwater velocities.

5064
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tified seed and then throw weedy mulch over the seeding.
Other fibrous material such as coconut fiber, excelsior fiber
and wood fiber al may be used. Economicswill sometimes
dictate which mulch material isused. Many latex com-
pounds and commercial productswill control erosion and
hold seed in place under some moisture and temperature re-
gimes.

Competition isaproblem with warm-season grass
plantings. Consider alternativesto mulching when warm-
season grasses are seeded in northern regions. An oat cover
crop, seeded in thefall, will grow enough to protect the soil.
Becauseit will winter kill, theresiduewill be present in the
spring to prevent erosion, but not compete with the warm-
season grass seedlings.

Mulch material can be selected from the list below. Use ap-
propriate materialsfor thelocation. The optimum mulch
material for cool season grasses and legumesissmall grain
straw at 4,000 pounds per acre, anchored with 500 to 750
poundswood fiber hydromulch. Thiswill provide optimum
conditionsfor rapid germination and establishment.

Mulch anchoring—Once mulchisapplied, it must remain
in place. Few if any of the seeded specieswill establishin
bare areas from which the mulch has moved. On critical
sitesthat are droughty and wind swept, mulch anchoring
must be performed to obtain uniform establishment. The
cost of establishing erosion control cover isfrequently justi-
fied, and reducing the area needing reseeding offsetsthis
cost. Mulch anchoring material selection and application
rateisimportant to establish some species.

Material for anchoring fibrous material ranges from wood
fiber hydromulch to latex compounds to asphalt emulsion,
to mesh netting, to mulch blankets. All are excellent for
specific situations. Follow manufacturesrecommendations
for use. Selection is dependent on theintended use, cost, and
availablelabor or equipment.

A wide assortment of implementsis available to anchor
mulch by incorporating some of the mulch into the soil sur-
face.

Ultimately, thelocal growing conditionswill dictatethe
outcome of the seeding. If ashort-term drought occurs as
the seed is germinating, allowing the mulch to be blown
around or removed from the site during thistime may result
inaseeding failure. Thisisespecialy critical on droughty
soilsand for spring seedings.

506.04 Disturbedland

(@ Planningprinciples

V egetative treatment of disturbed land areas requires some
planning to overcome many potentia problems. These in-
clude water and wind management concerns, sedimentation,
potential limiting or excess elements on site, intended land
use, length of timethe areaor partial areamust be exposed
for continued construction, existing slope and planned slope
and slope length, and presence or absence of vegetation.
Thekind of soil and drainage classwill influence the type
of plant desired.

Water and wind erosion concerns must be dealt with before
establishing vegetation. Plantstolerant to wind may be used
to protect areas before establishing more permanent and de-
sirable species, or temporary wind breaks (wind fence) may
be used. Plants tolerant of inundation or wetness may be re-
quired along with regrading or shaping portions of the siteto
divert or retain water. If the site requiers grading and level-
ing, salvage as much topsoil and existing as possible.
Shape and grade for intended future use. Areas planned for
sportsor other types of recreation require considerably
more attention and detail than an areabeing reclaimed for
wildlifehabitat.

If asiteisbarren of vegetation, or nearly so, the cause
needs to be determined before trying to establish vegeta-
tion. Past use or history of industry may provide cluesto the
lack of vegetation. Old garage areas or motor pool areas
may have petroleum contamination or battery acid spills.
Mining operations or industrial sites may have dumps asso-
ciated with them, in which chemical s associated with the in-
dustry were disposed. By asking questions about the past
use, the planner can then begin piecing the puzzle together.
Testing for residual material or chemicalsisthe only way to
confirmwhat ispresent.

Soil physical barriers such as restrictive or compacted lay-
ersin the rooting zone need to be identified and corrected.
Soil sample analysisfor particle size distribution may be re-
quired. Several plants may be available for use on soil that
has 40 percent fines but fewer are suitableif thefinesare
lessthan 15 percent. Select plantsfor the long term, not
onesthat will grow well for 1 or 2 years. For example, use
of ryegrass and cool season grasses on sand and gravel ar-
easwill grow and provide temporary cover. However, when
thefertilizer is depleted and moisture becomes deficient,
the cool-season plantswill die off. If switchgrass and other
warm-season grasses are used, they will persist for more
than 20 yearswhile natural succession occurs.
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Fertility levels need to be assessed before selecting the ap-
propriate plants. Percent organic matter, potentially toxic
levels of elements, and pH areinterrelated, and they need to
be quantified beforetreatment.

The natural plant succession for the area should be consid-
ered, especially when selecting speciesto use. It may be
desirableto select speciesfrom several successional stages
toincludein the revegetation plan. Use plantsthat blend to
the surrounding areas. Avoid selecting invasive species.
Biotechnical or soil bioengineering options should be
evaluated for unstable slopes. The use of live fascines or
brush layering techniques should be considered in lieu of
more expensive stone gabion baskets and riprap. Chapters
16 and 18 of the Engineering Field Handbook detail these
techniques.

(b) Uniquecritical areas

Strip-mined areas—Strip mining isthe removal of overbur-
den to gain accessto some mineral or fuel. The spreading

or dumping of this overburden material frequently exposes
contaminants. Coal mining inthe Appal achian Mountains
frequently exposes sulfur and iron, the oxidation of which
resultsin the formation of acid materials. The best solution
isto cover this acid-forming material during the mining pro-
cess. If left exposed, the soil pH can become extremely low,
causing any aluminum in the soil to become availablefor
plant uptake. When this occurs, the plants sel ected must be
tolerant to potential aluminum toxicity. Because of expo-
sure, slope, and rock, these sites are frequently very
droughty.

The sequence of mining operations can be the best manage-
ment practice and provide for minimizing future toxic areas
through proper closing of mined areas. Thisrequires saving
the overburden and replacing it on the surface in proper se-
guence before vegetating the area.

Minetailings—Areas covered with waste material from
mining operations may be highin heavy metals, or have
other chemical or physical conditionsthat make vegetative
establishment difficult or impossible. Covering thismaterial
with aminimum of six inches of borrow material from sur-
rounding areas may be necessary to establish vegetation,
stabilize the site and help insure the long-term survival of
desirablevegetation.

Coastal and inland sands and sand dunes—Areas of
blowing sand need wind erosion control measures. This
may be accomplished using plants such as American
beachgrass or with windbreaks or other physical structures.
Oninland sands, planting single or double rows of Ameri-
can beachgrass or other appropriate plants, perpendicular to
the prevailing wind erosion direction, will provide protec-
tion for establishing more permanent vegetation. Spacing
between rows should be ten times the anticipated height of
the plants after one growing season. Wait one year before
seeding the permanent vegetation.
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Subpart506B  Suitability for crop
production systems

506.20  Suitability for crop production

Crop selection in aproperly designed rotation iscritical to
maximize rotational benefits. A properly designed crop ro-
tation provides an excellent tool in breaking insect, weed
and disease cycles (Refer to Part 503, Subpart A, Crop rota-
tion).

In the past 10 years there has been amajor shift in agricul-
turetoward crop production systems using higher amounts
of surfaceresidue. In the United States between 1989 and
1997, there has been a 13.5 percent increase in cropland
acresinvolved in some form of residue management. Dur-
ing this same time period the acresin no-till crop produc-
tion systems have increased 10.1 percent. One of the conse-
guences of this changein crop production systemsisthat
less seedbed modification though tillageis occurring while
placing greater reliance on crop selection and variety or hy-
brid characteristics. Conservation tillage or no-till methods
require changes in machinery, fertility programs, and pesti-
cide use. In addition, crop and seed selection must also be
reevaluated. Selecting amore desirable variety or hybrid
should not be a substitution for properly designed crop rota-
tion.

After aproper rotation has been designed, two primary ar-
eas of crop selection need to be evaluated in depth: variety
or hybrid performance and after-harvest seedbed character-
isticsfor the next crop in the rotation.

(@ Variety or hybrid performance

characteristics
In crop production systems using higher amounts of surface
residue, the importance of desirable variety or hybrid char-
acteristics variesamong crops. Someimportant common
characteristicsto consider are high-quality seed, theright
maturity for the geographic area, good early season emer-
gence, good early season seedling vigor, consistent perfor-
mance across soil types, vigorous root devel opment and
disease and insect resistance.

Of these characteristics, choosing high-quality seed, those
with the right maturity for the geographic area, and that
consistent performance are not just characteristicsfor high
residue situations but are universal among tillage systems.

However, because of the cooler and wetter seedbeds nor-
mally encountered in high residue situations, these charac-
teristics are not only important but may also need to be
modified. An examplewould be awarm-season grass such
as corn. Selecting hybrids 5to 10 daysearlier in maturity
may be necessary when planting into heavy residues. In ad-
dition, consistent performance across various soil typesis
important, becauseit isasign that the hybrid can withstand
stressunder varied environmental conditions.

Early season emergence and seedling vigor become of
greater importance specifically with warm-season crop spe-
cieswhen cooler, wetter soil conditions are the rule. Select-
ing varieties or hybrids with good early emergence and
early seedling vigor is necessary where soil conditions that
have more stored soil moisture and will be cooler and wet-
ter. Crops under these conditions must germinate quickly
and have good early season growth potential to providethe
necessary competitive edge required against early weed
competition. Treating crop seedswith fungicides can help
offset these potenial negative effects of planting in high
residueconditions.

The selection of varieties or hybrids that can develop vigor-
ous root systems without the help from conventional culti-
vationisalso avery important characteristic for reducetill
or no-till system. Some hybrids or varieties also produce a
stronger stem or stalk that translates into consistent perfor-
mance and may contribute to a more durabl e residue cover
following harvest. When selecting varieties and hybrids for
superior root and stem characteristics, inquire whether these
characteristics have been evaluated under reduced tillage or
no-till conditions.

Tolerance to common insect and disease can be important
depending on the area and crop rotation. This can be espe-
cially true when the crop to be planted is closely related to
the preceding crop in the rotation, such a cool-season grass
planted into a cool-season grass. Another example might be
planting soybeansin field with heavy surface residues and
poorly drained soils. Selecting soybean varietiesfor
phytophthoraroot rot resistance may be amajor advantage
inthesefields. Animportant point to mention again isthat
the selection of varietieswith insect or diseasetoleranceis
not asubstitution for rotation.
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(b) After harvest seedbed characteristicsfor the
next crop in therotation

Previously, modifying the seedbed in preparation for the
next crop was done with tillage, either conventional (plow,
disk, arrow), or in recent years, by building ridges (ridge
till), or fall and spring strip till methods. In high-residue
cropping systems, residue characteristics such asthe
amount, color, resistance to decay, and stubble height of
residue left after harvest can affect the seedbed characteris-
tics for the next crop. These characteristics can be an ad-
vantageif properly managed, or they can be an obstacleto
good production advantage or can be an obstacle if not
properly incorporated into acropping system.

Residue levels and residue color affect soil temperatures.
High levels of residue keep the soil cool longer because the
residue absorbs or reflects the sun's energy. After crops
such as corn or grain sorghum, which can produce high lev-
elsof surface sover, the soil will warm up slower. When
dealin with heavier amounts of residue from the preceding
crop, it may e necessary in no-till situationsto use residue
managers that move the residue off to the side of the seed
dot. Dark-colored residue, such asthat produced by oilseed
and legume crops, absorbs the sun's energy and transfersit
to the soil, causing it to warm up faster then if the residue
waslighter colored.

Warm- season species such as corn or sunflower respond to
warm, clean seedbed conditions. These conditions can be
obtained by managing the type and amount of residue from
the preceding crop. For example, soybeans produce rela
tively low amounts of residue that isdark colored. After
soybeans, the seedbed for subsequent cropswill be mellow,
warm, and very conduciveto fast, uniform emergence.

Other crop species may benefit from the micro-environmen-
tal conditions produced by high amounts of surface residue.
Cooal soil conditions are not a concern when seeding winter
wheat. However surface moisture and sufficient standing
stubble to catch snow are important factorsto consider. Sur-
faceresidue helps prevent the soil from drying out or cool-
ing down too rapidly, extending thefall growing period for
winter wheat. For another example, soybeansare sensitive
to heat, drought, and high soil temperatures. Heavier sur-
faceresiduelevelsimprove soybean performance under
theseconditions.

When higher amounts of surface residues are desirablefor
crop production, the inclusion of acrop with more durable
residue characteristics may be necessary. As surfaceresi-
duesincrease, microbial populationsin the upper one or

two inches of soil also increase, which increasesthe rate of
decay of these residues. Including acrop residue is more re-
sistant to decay, such as corn, sorghum, or sunflowers, will
help increase surfaceresiduelevels.

Stubble height of previous crop residues can be very benefi-
cial inincreasing soil moisture and can increase the survival
of fall-planted crops. In the northern Great Plains, increas-
ing stubble height traps more snow on thefield, increasing
the available water for crop production. Stubble height can
be increased by setting the combine header higher, or by us-
ing stripper headersto harvest grain.

Taller stubble heights can also moderate air and soil tem-
peratures, improving the survival of winter wheat and in-
creasing the effective range of the crop further north. The
maximum winter wheat hardinessis obtained with winter
wheat planted into standing small grain stubble. However,
when winter wheat is planted following another small grain,
varietieswith toleranceto leaf spotting diseases should be
considered in some environments. Managing stubble height
coupled with sel ecting disease-tolerant varietiesallows
higher yielding varietieswith lesswinter hardinessto be
planted further north than was previously possible.
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Subpart507A  Major cropland
practices

507.00 Cropland conservation management
systems

The development of sustainable cropland conservation
management systemsinvolves effective conservation plan-
ning. This conservation planning processviewsthe agro-
ecosystem as an integration of complex natural physical,
chemical, and biological functions. Our ook back at history
should convince us that undertakings to manage agro-eco-
systems as anatural resource must consider the entire sys-
tem rather than just the parts. Nothing less than managing
for the whole or health of the agro-ecosystem is acceptable.
Managing for the health of the agro-ecosystem requires ac-
ceptance of aholistic approach to conservation planning to
achieve somedegree of sustainability.

The same general principlesthat Hugh Hammond Bennett
set forth in 1947 are still applicablein the devel opment of
effective conservation management systems on cropland.
The principlesare summarized asfollows:

e Consideration and focus on the producer’ sgoals. Asa
part of thisgoal setting process, an evaluation is made
of the producer’s farm and livestock facilities, ma-
chinery, and economic situation. The product of this
principleresultsin the establishment of three action
statementsthat further definethe goal. The statements
are
— thequality of lifethat the producer wants derived

fromtheagro-ecosystem;

— theforms of production and management tools
required to deliver the quality of life; and,

— adescription asto what the farm'’ slandscape or
the desired future condition isto look like (Savory
1988).

Also, the description includes the producer’ s expecta-

tion of thefarm’ s production ability to be sustained.

» Evauation of the needs and capability of each crop-
land acre.

 Incorporatethe producer’ swillingnessto implement
and adapt new technology and practices.

» Consideration of the landscapesrel ationship and
function to the entire farm and watershed.

 Continued presence of the conservationistswith the
producer. In any holistic approach to management of
the agro-ecosystem thereisarequisite for monitoring
and assessment of the function of the system.

In addition, therewill be assessment indicators and events
that will demand re-planning. In many casesthe specific
management toolswill need to be altered, or in some cases
acurrent tool is abandoned and a different one imple-
mented.

507.10 Cropland conservation management
systems—humid east

507.11 Typical cropland resourceconcerns

One or more of the resource problemslisted are aconcern
on cropland in the humid east of the United States.
» Erosionfromwater or wind, or both
* Soil condition
» Soil compaction
e Availablewater (too much, too little)
o Pests(weeds, insects, diseases)
 Soil/plant nutrient management
e Quadlity of runoff or ground water, or both
* Pesticide management, selection, drift, leaching,
runoff, andresistance
» Economics
e Compliancewith USDA programsand other Federal,
State, and localslaws

507.12 Purposes, effects, and impactsof the
major cropland conservation man-

agement systems

Practices/treatments used to address the resource concerns
about cropland situations often have complimentary effects
on the resource concerns. For example, by selecting arota-
tion of different crops (conservation crop rotation practice)
to meet soil erosion, soil condition, and producer needs; the
practice al so has complimentary effects on reducing weed,
disease, and insect pressures (pest management practice).
Likewise, apractice/treatment selected to treat one concern
may have an adverse effect on another resource concern.
For example, the use of the no-till practice may be effective
to reduce erosion, improve soil condition, and reduce nutri-
ent and pesticide runoff; but no-till may have an adverse ef-
fect on the production system if a proper crop rotation and
nutrient and pest management are not implemented at the
sametime. Therefore, asacropland management systemis
planned, it iscritical to understand all the effects of the
practices/treatments being considered on the total produc-
tionsystem.
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Table 507-1 has examples of some of the major purposes
and expected effects of the most commonly used practices/
treatments on cropland. The purposesidentified are ex-
pressed in the National Practice Standards as well as addi-
tional purposes/effectsfor local consideration.

Conservation management systemsfor cropland includea
combination of practices/treatments necessary to address
existing and anticipated soil, water, air, plant, animal, and
human resource concerns, and treat all the concernsto a
minimum acceptablelevel. Cropland involvesthe growing
of annual or amixture of annual and perennial crops. To
produce crops requires the continued management of soil,
water, air, plants, and their associated components to meet
the objectives of the producer and to maintain a sustainable
production base.

A large number of potential practices/treatments can be
used on cropland. However, there are few major practices/
treatments that form the foundation (or core) of most crop-
land conservation management systems. The major prac-
tices/treatments that form the core of cropland management
systemsinvolvethosethat relate to the

 selection and rotation of crops,

« tillageor planting system (crop establishment),

e residuemanagement,

« fertility management, and

* pestmanagement.

Other major practices/treatmentsinclude irrigation manage-
ment, surface and subsurface water management, contour-
ing, buffer strips, and filter strips.

To successfully produce cropsin an economical and sus-
tainable manner requires an accurate assessment of the re-
sources' (soil, water, air, plants, animals, human) capabili-
tiesand limitations. The core practices of crop rotation, tim-
ing and type of tillage, how the residue is managed, nutrient
management, and pest management are almost alwaysin-
volved to address the capabilities and limitations (resource
concerns) of any cropland management system.

Other common practices/treatments used in cropland man-
agement systemsinclude

e covercrops,

e crosswindstrips,

* wasteutilization,
. subsoiling,

o terraces,

 subsurfacedrainage,

» surfacedrainage,

e grassedwaterways, and
» water and sediment control basins (control concen-
trated flow/gully erosion).

Cropland management systems must addressthe following:
e Crop(s) to be grown within the resource capabilities
andlimitations.
* Producer’ sneedsand concerns.
e Crop(s) establishment.
* Residuemanagement.
 Nutrient management.
e Pest management.
 Soil water management.
 Sustainability of the management system.

Thefirst step in devel oping a cropland management system
isto fully assessthe resource capabilitiesand limitations (a
resource assessment) and determine the producer’ s capa-
bilities, limitations, and objectives. Thiswill establish the
baseline to begin to build an effective conservation manage-
ment system for cropland. One must also keep in mind that
although different cropland systems may have the same
practices planned, the treatment within those practices may
be different to meet different purposes. In addition, crop-
land systems with the same combination of practices but
planned for different purposes may have different effectson
theresourcesand concerns.

507.13 Economicsof themajor agronomic
practicestreatments

To assess the economics of the agronomic practicesis often
difficult. The traditional method used to assess the econom-
ics of various agronomic practicesisto compare different
methods to achieve a given treatment or purpose. For ex-
ample, a seedbed must be prepared for planting. One
method would be to use mulch-till and compare that cost to
using no-till. Itiscritical that the costsinvolved in agro-
nomic practi ces/treatments be carefully analyzed. For ex-
ample, in the mulch-till vs. no-till scenario mentioned previ-
oudly, if the producer owns both mulch-till tools and no-till
tools, one can only eval uate operation and maintenance
costs of the equipment because the costs of the equipment
areaready incurred regardless of the system used.

M ost agronomic type practi ces/treatments do not require a
direct outlay of cash. Many of the practices and treatments
are often more of achangein management techniques
rather than aformal installation.
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Table507-1 Example of major purposes and expected effects of commonly used conservation practices/treatments on cropland
|

Practice/treatments
and National Practice
Standard code

Purposes and effects

Conservation crop rotation

Code328

Residuemanagement
Code 329 series

No-till and strip-till (A)

Mulchtill (B)
Ridge-till (C)

Residuemanagement,
Code344
Seasonal

Contourfarming
Code330

Contour buffer strips
Code332

Contour stripcropping
Code585
Fieldstripcropping
Code586

Reduce sheet, rill, and wind erosion
Produceneeded feed for livestock

Produce needed residue for soil organic matter
Managesoil nutrient levels

Improve soil condition, tilth, health

Manage or break pest cycles, or both
Improvewildlifefood and cover

Reduce sheet, rill, and wind erosion

Improveair quality (reduced dust and soil particlatein theair)
Improvesoil condition, tilth, health

Improve soil availablewater content

Reduce nutrient and pesticide runoff

Reducesedimentation

Reducetrips acrossthefield (compaction potential)

Reduce time demands for seedbed preparation

Reduce cost of equipment and field operations
Improvewildlifecover

Reduce sheet, rill, and wind erosion
Provideresiduefor livestock grazing
Providefood and cover for wildlife
Manageavailable soil water

Reduce runoff during sel ected times of the year

Reduce sheet andrill erosion
Reduce power requirements
Improve soil availablewater content
Reducesurfacerunoff

Reduce nutrient and pesti cide runoff
Safety during field operations

Reduce sheet, rill, and wind erosion
Improve soil condition, tilth, health
Improve soil availablewater content
Reducesurfacerunoff

Reduce nutrient and pesticide runoff
Reducesedimentation

Reduce power requirements
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To select the most cost-effective cropland management sys-
tem, first develop two or more alternative management sys-
temsthat adequately treat the resources and meet the
producer’s objectives. Then evaluate each system, compar-
ing thetotal coststo implement each system to the expected
impactsand returns of that system.

507.20 Resource concerns and effects-dry-
land regionsof the Great Plainsand
wester n United States

In discussing major cropland management practiceswithin
the Great Plains and western regions of the United States, a
distinction must be made between theterm’ sdryland and
rain fed. Rain-fed agricultural systems can be used to de-
scribe agricultural systemsthat excludeirrigation asawater
source and generally fall into two categories. Thefirst cat-
egory of rain-fed agricultural systems are those that empha-
size maximum crop yields, significant production inputs,
and disposal of excesswater, whilethe second category of
rain-fed agricultural systems characterize the dryland sys-
tems (Stewart 1988; Stewart and Burnett 1987).

Several investigators have proposed various definitions of
dryland or dry farming (Duley and Coyle 1955; Hargreaves
1957; Higbee 1958). Common to al definitions, these “dry-
land” systems are those which describe production tech-
niques under limited precipitation and usually severere-
source concern constraints. The resource constraintsinclude
soil erosion by both wind and water; periods of water stress
of significant duration; and limited production inputs. An-
other distinction isthat the dryland systems focus on crop
yield sustainability and water conservation/water harvesting
techniques. To further define dryland Oram (1980) has sug-
gested six criteriato be used in describing dryland regions
andsystems:

1. Occurrenceof very highintensity rainstorms.

2. Potential evapotranspiration exceedsthe precipitation
for aminimum of 7 months during the year.

3. Decreased reliability and increased precipitation
variability asannual precipitation decreases.

4. Low total annual precipitation accompanied with at
|east one pronounced dry season.

5. Largeannual precipitation variationsfrom year-to-
year.

6. Largemonthly variationsin precipitation.

Table507-1

— Continued

Example of major purposes and expected effects of commonly used conservation practices/treatments on cropland—

Practice/treatments
and National Practice
Standard code

Purposesand effects

Nutrient management

Provide the necessary nutriendsfor plan growth

Manage weeds, insects, and diseases within established threshold levels

Reduce pest tolerance and resistance to cultural, biological, and chemical treatments

Code590 Manage soil fertility at desitable and economic levels
Reduce nutrient leaching and runoff

Pest management

Code595 Reduce Pesticide runoff and leaching

Filter strips Reduce offsite sedimentation

Code393 Reduce nutrient and pesticide runoff

Biologically treat runoff

Improveinfiltration and treatment of runoff

Provide food and cover for wildlife
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507.21 Defining and describing dryland re-
gions

A number of attempts have been made to quantitatively de-
scribe and categorize dryland regions. The older accepted
approaches generally included someform of the
Thornthwaite precipitation effectivenessindex (P-E) are
presented and reviewed elsewhere (Brengle 1982).

Stewart (1988) reviews two methods hereby referred to as
the FAO method and the UNESCO (United Nations Educa
tional, Scientific and Cultural Organization) method. Based
on thelength of growing season the FAO method delineates
dryland climatic regionsasdry, arid, and semiarid. The
UNESCO method delineatesfour dryland zones (hyperarid,
arid, semiarid, subhumid) based on an index, called the cli-
matic aridity index. Both methods use daily values of pre-
cipitation (P) and potential evapotranspiration (ETp). Since
daily values are evaluated, an appropriate energy balance
method for estimating ETp for short time steps should be
used. Thiswould include the Penman method or one of its
several variationsbased on local conditionsand available
data.

FAO Method. Thelength of the growing period in the
FAO method isthe number of daysthat have amean daily
temperature greater than 44 degrees Fahrenheit (6.5 °C)
during the year when P is greater than 50 percent of ETp
(0.5 ETp), plusthe number of days required to use about 4
inches (10 cm) of stored soil profile water. Regions classi-
fied asdry are those where P never exceeds 0.5 ETp; arid
where the length of the growing period is between 1 and 74
days; and, semiarid where the growing period is between 75
and 119 days.

UNESCO Method. The UNESCO method uses the cli-
matic aridity index. The climatic aridity index (CAl) isthe
ratio of the precipitation (P) to the potential evapotranspira-
tion (ETp) (CAI=P/ETp). The four climatic zones are delin-
eated intable 507-2.

507.22 Regional resourcesettingsof dryland
cropping areasof the United States

In the United States and Canada, six distinct dryland-farm-
ing regions can beidentified. The six regions are the South-
ern Great Plains, Central Great Plains, Northern Great
Plains, Canadian Prairies, Pacific Northwest, and the Pa-
cific Southwest (fig. 507-1). Also shown are the five spe-
cificareasof dryland production.

Common to all of theregionsisthe non-beneficial use of
soil water through evaporation and the practice of summer
fallow. There are, however, anumber of general distinc-
tions other than crop adaptability that can be made between
the regions. The distribution and types (snow versusrain-
fall) of precipitation differ greatly. Snow management can
be used effectively to increase soil water storagein the
northern regions. Detailed descriptions of theseregionsare
in Cannell and Dregne (1983).

507.23 Principlesand guidelinesof dryland
conservation M anagement systems

(a) Basicprinciples

In natural ecosystems the successional process advances un-
til something limitsit. Moreover, as succession continues,
the complexity, diversity, and stability increases (Savory
1988). The result of acomplex, diverse, and stable ecosys-
temisincreased productivity. Secondly, everything that oc-
curs within an ecosystem can be described in terms of the
effectiveness, or lack of effectivenessin the water cycle, nu-
trient cycle, succession itself, and the flow of carbon (en-
ergy) through the ecosystem.

The same concepts can certainly be applied to dryland
agroecosystems. The successional processin anatural sys-
tem is analogous to the sequence of cropsin rotation. Like
natural systems, the successional process of dryland sys-
tems can advance until something limitsit. In most cases,
thislimiting factor isclimate. The holistic approach,
though, teaches usthat there may be additional limitations.
The most common of these include economics and market
forces.

Table507-2 Climatic zonedelineation

|

Zone CAl

Hyperarid CA1<0.03

Arid 0.03<CAI<0.20
Semiarid 0.20<CAI <0.50
Subhumid 0.50<CAI<0.75
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The underlying principlesdirected at the development of a
sustainable dryland cropping system include three elements.
Theseelementsare:

* rotationintensity,

 rotationdiversity, and

* management.

First, any given crop rotation must have a crop succession
of sufficient intensity to assure maximum use of effective
precipitation.

Secondly, the crop rotation must have sufficient diversity,
which is central to the whole-system management phil oso-
phy. Agroecosystem diversity ismorethan theinteraction
and manifestation of physical and biochemical processes. It
includes all of the concepts related to not only the promo-
tion of effective nutrient cycling and expansion of disease
and weed control strategies. Diversity also considers human
and economic factors, in that the crop rotation must have
sufficient diversity for distributing workloads and economic
risks. Gleissman (1998) outlines six specific benefitsand
characteristicsof diverse agroeco-systems. Thefollowing
can beidentified and applied to the dryland areas:

e Greater stability and diminished external input re-
quirements. Stability not only includesthe lack of
fluctuating crop yields; but also includesthe ability to
spread out workload and fixed costs; and the reduc-
tioninweather and pricerisks.

 Greater harvestable biomass production potential.

 Larger soil carbon pool resulting from increased total
biomass.

» Diminished need for external nutrient inputsresulting
fromefficient nutrient cycling.

» Reduced risk of economic crop lossresulting from
greater speciesdiversity.

* Increased opportunity to break insect and disease
cycles; and potential for effective application biologi-
cal control strategies.

Thirdly, the crop rotation that has sufficient intensity and
diversity must be managed properly. The proper manage-
ment levelsinclude using tillage and planting methods that
reduce soil disturbance and renewing dependence on cul-
tural practicesthat will reduce reliance on costly technol-

ogy.
(b) Intensity

Theintensity of crop rotationsin the dryland areas of the
United States can be based on the water use patterns of the

5076

various crops (Beck and Doerr 1992; Beck 1997). The
higher the water use the greater the intensity. Crops can be
divided into high water use crops and low water use crops.
High water use crops are those full-season summer-grown
crops such as corn, sunflower, soybean, and cotton. Low
water use crops are those classified as short-season and
cool-season crops. Examplesinclude small grains, flax, mil-
let, and lentils.

The application of the method gives arbitrary increasing
valueswith increasing crop water use; respectively. That is,
« fallow (no crop water use) hasazero (0) value;
» low water use crops has avalue of one (1); and
» high water use crops has avalue of two (2).

Theintensity isequal to the sum of all of the crop water-use
values, divided by the number of crops and fallow in the ro-
tation. For example, awinter wheat-fallow rotation hasan
intensity of only 0.50 (0+1=1 divided by 2); and aspring
wheat-winter wheat-corn-sunflower rotation hasanintensity
of 1.50 (1+1+2+2=6 divided by 4).

(c) Diversity
Ecol ogists have devel oped several measures of diversity.
The most widely used procedures are the Shannon,
Simpson, and Margalef diversity indices (Gleissman, 1998).
The Natural Resources Conservation Service, formerly Soil
Conservation Service, has made several attempts at describ-
ing the influence of crops and tillage on productivity and
sustainability (Soil Conservation Service 1976; King 1977).
A much simplified and holistic approach to describing di-
versity has been proposed by Beck (1996). The diversity in-
dex accountsfor the different crop typesand their intervals
within the rotation. The crop types considered are as fol-
lows:

 Cool-season grasses (winter wheat, spring barley)

»  Warm-season grasses (corn, millet, sorghum)

» Cool-season broadleaf (flax, lentils, canola)

»  Warm-season broadleaf (soybean, cotton, dry bean,

sunflower)

In addition, the index accounts for ecological consider-
ations such asthose relating to weed and disease pressures,
aswell asworkload distribution and the conflicts between
operational interferences. Theseinclude planting interfer-
ence of one crop with the harvest of another crop in thero-
tation. Diversity values generally range from —0.50 (winter
wheat-fallow) to nearly 4.0 for highly diverse rotations such
asspring wheat-winter wheat-soybean-corn.
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Figure507-1 Major dryland regions and production areas of the United States and Canada. (Cannel and Dregne 1988)
I
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Both theintensity and diversity indices, as defined, offer
toolsthat can be used to evaluate rotations. The utility of
thesetoolsisparticularly useful during theinitial planning
phases.

507.24  Factorsin planning dryland crop-
pingsystems

Thefollowing factors need to be considered in planning
dryland-cropping systems:
» Historic precipitation patterns and rainfall probabili-
ties.
e Crop marketability and potential profitability.
 Insect cyclesand potential disease organisms.
o Crop water use patterns.
*  Snow management.
»  Weed control options and evaluation of ability to
rotate herbicidetypes.
e Optimumrow widths.
 Potential phytotoxicity.
e Equipment needs.

507-8

507.25 Major cropping systems and tech-
nologiesfor thedryland regions of

theUnited States

As previously mentioned, the resource constraints of the
dryland regions of the United States are three-fold:
 soil erosion by both wind and water;
 periods of water stress of significant duration; and,
 limited productioninputs.

Probably the most important factor affecting the constraint
associated with limited production inputsis soil fertility.
Theinability to make precisefertilizer recommendations
under diverse and variable precipitation patterns comprises
effortsin obtai ning maximum economic returns.

Thefocus of dryland systemsison crop yield sustainability
and water conservation/water harvesting techniques. Thus,
the sequence of crops and the characteristics of each crop
control every other aspect of the cropping system.

Briefly, table 507-3 identifies the major crops, crop rota-
tions, and management technologies.
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Table507-3  Magjor cropping systems and water and soil conservation management technologies for U.S. dryland agricultural regions
|
usS.dryland ~  ------------ Cropping systems- - - - - - - - - - - - Water and soil conservation management technologies
agricultural Crops Croprotations
regions
Southern Winter Wheat (WW) con'tOC e No-tillage * Benchterraces
GreatPlains  Grain Sorghum (SO) con'tWwW ¢ WeedControl e Mulch-tillage
Cotton (OC) WW-falow e Summerfallow e Alternateirrigation/dryland
Sunflower (SF) WW-SO/SD-fallow e Vertical mulching ¢ Variablerateplanting
Forage Sorghum (SD) WW-OC-falow e Terace « Delayed planting dates
Alfafa(AL) con't SO/SD e Contouring ¢ Nutrient management
Guar (GU) WW(3)-OC(3)-fallow e Furrowdiking * Pestmanagement
OC-SF e Furrowblocking
Central Winter Wheat (WW) WW-falow e No-tillage e Snow management
Great Plains Grain Sorghum (SO) WW-SO/SD-fallow e Mulch-tillage —tall wheatgrassbarriers
Sunflower (SF) WW-CG-fallow e Terace —annual crop barriers
Forage Sorghum (SD) WW-SF-fallow e Contouring  Nutrient management
GrainCorn (CG) con’'t SO/SD e Weedcontrol  Stripcropping
Millet(MO) WW-MO-falow e Summer fallow ¢ Pestmanagement
Dry bean (BD) SF/SG-BD
con'tBD
Northern Barley (BA) WW/WS-fallow ¢ No-tillage e Snow management
Great Plains Winter Wheat (WW) BA-falow e Mulch-tillage —tall wheatgrasshbarriers
Spring Wheat (WS) WW/WS-BA-falow e Summerfallow —annual crop barriers
Oats(OT) WS-WW-fdlow e Weedcontrol —fieldshelterbeltsy
treewindbreaks
Flax (FL) WW-BA-SB —benchterracesw/
grasseddikes
Safflower (SA) WS-SF/SA/SB * Nutrient management
Sunflower (SF) WS-OT-SF/SA/FL-BA e Stripcropping
GrainCorn (CG) WSWW-CG-SB/SF e Pestmanagement
Soybean (SB) BA-WW-CG-SB/SF
Alfafa(AL) WW-CG-MO-fallow
Millet(MO) WW-SF-falow
CG-SB
WS-FL/SF/SA-fallow
BA-CG
Pacific Spring Lentil (LDs) WW-LDg/PF e Slotmulching ¢ Nutrient management
Northwest Winter Lentil (LDw) WW-LDw ¢ Notillage  Stripcropping
Spring Barley (BAs) BAsfalow e Mulchtillage ¢ Pestmanagement
Rapeseed (RB) BAs-PF e Summerfallow
Green Pea(PG) RB-fallow e Weedcontrol
Austrian Winter Pea(AW) PG-RB e Terace
Winter Wheat (WW) AW-WW-BAs e Contouring
Spring Wheat (WS) WW-AW-BASWS
Spring Pea (PF) WSHfalow
WW-fallow
Pacific Winter Wheat (WW) WW-fallow e Water harvesting e Terrace
Southwest Pasture (PT) WW-PT-falow e Summerfallow *  Snow melt control w/ flyash
Spring Barley (BAS) BAsfalow e Notillage e Weedcontrol
BAs-BAs-fallow e Mulchtillage e Pestmanagement

Nutrient management

(190-V-NAM, 3rd Ed., October 2002)
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Subpart 508A  Agronomic respon- Subpart508B  Agronomicsoil
sibilitiesin soil surveys inter pretations
(Reserved) (Reserved)

Technical guidance for developing Ecological Site Descrip-
tions and Forage Suitability Groupsarein the National
Range and Pasture Handbook.
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Subpart508C  Soil management

508.30 Soil conditioningindex for cropland
management systems—background

(@ Regional versionsof the Soil Conditioning

Index
In 1964, Wayne Austin published Conservation Agronomy
Technical Note No. 27, Soil Conditioning Rating Indices
for Major Irrigated and Non-Irrigated Crops Grown in the
Western United States, through the then SCS West National
Technical Center (WNTC), Portland, Oregon. This Techni-
cal Notewasrevised by JW. Turellein 1967, and again re-
printed by F.L. Brooksin 1974.

A.D. King and others prepared a shorter version in 1986
through the South National Technical Center (SNTC), Fort
Worth, Texas.

(b) ANational Version

Thisversion of the rating procedure adapts the concept for

use nationwide, by introducing the effects of climate on or-

ganic matter decomposition at various geographic locations.

Thelatest version of the Soil Conditioning Index isavail-

able asan Excel spreadsheet at
ftp://ftp.nssc.nrcs.usda.gov/pub/agronomySCl files/

The important components of the Index (SCI) include
 theamount of organic material returned to the soil,
 theeffectsof thetillage and planting system on

organic matter decomposition, and
 theeffect of predicted erosion associated with the
management system.

Rating values for these variables were determined subjec-
tively, and are described bel ow.

(©0 Theconcept

For much of itshistory, NRCSworked primarily on the
problem of soil erosion on agricultural and other lands. Pre-
dictive/evaluation tools such asthe Universal Soil Loss
Equation (USLE) and the Wind Erosion Equation (WEQ)
enhanced conservation planning for erosion control.

New concepts of planning developed in the 1990's broad-
ened the planning approach to consider five resources—
soil, water, air, plant, and animal—and multipleresource
concernsassociated with each resource.

One area of concern isdegradation of soil quality through
processesthat are influenced by management. One such
concern isorganic matter decline under cultivation. The
Soil Conditioning Index isatool to predict the conse-
guences of management actions on the state of soil organic
matter.

Precedentsfor this predictive tool arein WNTC Technical
Note No. 27 (1964) and the SNTC version developed in
1986, discussed in 508.30 (a).

Thisversion of the Index predicts organic matter change
qualitatively, not quantitatively. It predicts one of three out-
comes— organic matter decline, organic matter increase,

or organic matter equilibrium.

The procedure depends on the assumption that the amount
of biomassthat must be returned, to maintain equilibrium,
isdirectly proportional to rate of decay. In moist climates,
decomposition ismorerapid than in dry climates, thus more
biomassis needed. The sameistrue comparing warm to
cool climates. Maintenance amounts of crop residue at |o-
cations throughout the United Stateswere cal culated based on
thisassumption.

The Index considers organic material (biomass) produced
and returned to the soil, the influence of climate on organic
matter decay, the influence of tillage, and the influence of
erosion.

Decomposition functions of Revised Universal Soil Loss
Equation (RUSLE) were used to estimate rel ative rates of
plant residue decomposition at different locations. Climate
at each location is expressed as average monthly precipita-
tion and average monthly temperature.

(d) Componentsof the Soil Conditioning Index

A combination of effects causes degradation of soil condi-
tion. Wind and water erosion remove fine soil particles, or-
ganic matter, and plant nutrients, thus reducing productivity
and the ability of the soil to hold water. Excessivetillage
accelerates erosion and organic matter decay, and causes
compaction. Crop rotationswhich produce low amounts of
residue, and/or which involve extensiveresidueremoval,
result in inadegquate amounts of organic material returned to
thesoil.
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Theformulafor the Soil Conditioning Index is:
SCI=OM +FO +ER
where:

Cl isthe Soil Conditioning Index: Soil Conditioning
Index estimates the combined effect of three variables
on trendsin soil organic matter. Soil organic matter
trends are assumed to be an indicator of improvement or
degradation of soil condition.

OM isorganic material: Thiscomponent accountsfor
the effect of organic material returned to the soil.
Organic material from plant or animal sources may be
either grown and retained on the site or imported to
thesite.

FO isfield operations: This component accountsfor the
effect of field operationsthat stimulate organic matter
breakdown. Tillage, planting, fertilizer application,
spraying and harvesting crush and shatter plant
residues and aerate or compact the soil. These effects
increase the rate of residue decomposition and affect
the placement of organic material inthe soil profile.

ERiserosion: Thiscomponent accountsfor the effect of
removal or sorting, or both, of surface soil material by
the sheet, rill, or wind erosion processesthat are
predicted by water and wind erosion models. It does
NOT account for the effect of concentrated flow
erosion such as ephemeral or classic gullies. Erosion
contributesto loss of organic matter and declinein
long-term productivity.

(& Usingthe Soil Conditioning Index to evaluate
conservation practicesand systems
The Soil Conditioning Index tool predicts the effect of man-
agement systems on soil organic matter. Soil organic matter
level isaprimary indictor of soil condition. It affects such
soil characteristics and processes as cation exchange, aggre-
gate stahility, water holding capacity, and soil biological ac-
tivity. Soil condition isthe degree to which a soil maintains
the ability to accept, store and release water, nutrients, and
energy, to promote and sustain root growth, to sustain soil
biological and chemical processes, and to resist erosion,
compaction, and other management impacts.

(i) The Index evaluatesthe effect of farming practiceson
soil organic matter. The Index expresses whether the
cropping sequence, soil disturbing operations, and other
management inputs tend to increase or decrease soil
organic matter under agiven climatic regime.

(i) Similar to the way in which water and wind erosion
models are used to assess the effects of management
systems on water and wind erosion, the Soil Condition-
ing Index isatool to estimate the effect of the same
management systems on the physical condition of the
soil resource. Like erosion models, it has broader appli-
cation than any single practice, but can be used to evalu-
ate how changesin single practicesinfluence the effect
of the management system on the soil resource.

(iii) Because erosion (the present or aplanned system) is
one of the variables considered, erosion estimates using
RUSLE or WEQ), or both, are part of the Soil Condition-
ing Index procedure.

When the crop rotation is managed as part of asystem to
maintain or improve soil condition, criteriafor design of the
rotation should include the use of high-residue cropsin
cropping sequences. The rotation should be supplemented
as needed by additional sources of organic matter such as
Ccover Crops, green manure crops, or animal manure.

Management of plant residue to maintain or improve soil
condition includeslimitations on residue removal by any
meansincludinggrazing.

Management of field operationsto maintain or improve soil
conditioninvolveslimiting the number of tillage operations
and the degree of soil disturbance by each operation.

Any combination of practicesthat help stabilize the site by
controlling erosion within specified limits conserves soil or-
ganic matter. These systems may include any of the prac-
tices discussed above, aswell as supporting practices such
asterraces, stripcropping, or windbreaks.

508.31 Thebenchmark condition

Thiskind of predictivetool requires apoint of reference or
benchmark. A situation was selected where theimpact on
organic matter of various management systems and produc-
tion levels could be determined from the research. The se-
lected | ocation was the experiment station at Renner, Texas,
from 1948 to 1959.

The benchmark condition is a specific combination of or-
ganic material produced by the crop rotation, tillage and
planting operations, and associated erosion that resulted in
maintaining soil organic matter at asteady state during 12
years of research (Laws, 1961). The samethree variables
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arethe basisfor determining maintenance amounts of crop
residues and cal culating the Soil Conditioning Index at any
location when compared to the benchmark condition asa
point of reference.

Thetime and location define the climate during the period
of the research. Published paperstell us about the crops
grown, production levels, tillage and residue management,
and associated organic matter trends. Reasonable assump-
tions can also be made about amounts of erosion under the
research conditions. Research results at Renner are de-

scribed throughout this section, and are summarized in table

508.5.

508.32 Basisfor theorganic matter (OM)

component

(@ Background
This subfactor is based on the amount of organic material
returned to the soil (residue, roots, cover crops, green ma-

nure crops, animal waste) for organic matter maintenance or

restoration. The maintenance amount isthe assumed
amount, expressed as Residue Equivalent VValue (see
508.32(c)), that must be returned to the soil annually to
maintain soil organic matter at aconstant level (neither in-
creasing nor decreasing).

Table508.1 shows the maintenance amounts, for locations
throughout the United States, that apply whentillage and
erosion are similar to conditions during the Blacklands
Farming Systems Studies at Renner, Texas, 1948-59. The
Organic Material Subfactor (OM) = 0 when these condi-
tionsapply [see 508.35(a)(1)(i)]. The maintenance amount
varies by climate, based on precipitation and temperature
that govern biomass production and rates of decay. These

are the maintenance amounts used to cal cul ate the Soil Con-

ditioning Index.

(b) Theorganicmaterial budget

() Amount returned to the soil
(i) Amount produced on the site—Crop sequence and
management affect organic matter maintenance. The
kind of crops grown, their yields, removal of products
from thefield, and management of remaining residues,
all affect the amount of organic material returned to the
system, and soil organic matter levels.

(it) Amount added or lost—A ccounting for additions of
organic material such asmanure or mulch.

5084

)
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Residue removed at harvest or during the non-crop
season include harvest for silage, grazing of crop after-
math, removal for bedding, burning, and similar prac-
tices. Theselosses are accounted for when estimating
residuereturned.

Physical losses not accounted for are those caused by
shattering, materials blown from the field by wind or
carried off thefield by runoff water.

(iif) Root mass—Cal culations of residue produced
include estimated root massto a depth of 4 inches. These
estimates are based on the ratio of maximum root mass
inthe top 4 inches to above ground residue produced at
harvest, taken from the RUSL E data base (seetable
508.6 — RUSLE crop parameter data).

Climatic effects on decomposition of organic
material
(i) Climate, particularly temperature and precipitation,
affects plant growth, biological activity, and organic
matter decomposition.

(i) Aninverserel ationship exist between mean annual
temperature and the level of organic matter in regions of
comparativerainfal. Higher temperatures stimulate micro-
bial decomposition morethan they stimulate plant growth.
The decay processesthat break down organic matter are
morerapid in warmer climatesand go on for alonger
period during theyear.

(iii) Organic matter levelsalso vary with precipitation.
Both plant growth and rates of organic matter decay are
higher whererainfall ishigh. Relatively little organic
matter isfound in arid soilswhere vegetation is sparse,
because the raw materialsarelacking.

Deter mining the maintenanceamount at

Renner, Texas

Maintenance amounts of crop residues are based

on results of the Blacklands Farming Systems

studies at the Renner research station, 1948-59.
(i) Residue production and trendsin soil organic
matter—Table 508.5 summarizesthe crop rotations used
inthe Renner experiments, the amount of above ground
crop residues produced, and the effect on soil organic
matter content. System 8 (wheat-cotton-sorghum, not
fertilized) and System 9 (wheat-cotton-sorghum, fertil-
ized, manure added) are the basisfor the conclusionsin
thispaper.
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System 8 produced an average of 3,865 pounds of
aboveground crop residue per year, and percent organic
matter declined 0.14 percent during the 12-year experi-
ment (1948 to 1959).

Wheat 5,114 Ib/aclyr x 4 yr = 20,456 |b/ac

Cotton 3,015 Ib/ac/yr x 4 yr = 12,060 Ib/ac

Grain sorghum 3,466 |b/aclyr x 4 yr = 13,864 Ib/ac

Total crop residue = 46,380 Ib/ac

Average crop residue = (46,380 Ib/ac)/12 yr

= 3,8651b/aclyr

System 9 produced an average of 4,189 pounds of
aboveground crop residue per year. |n addition, each
plot received four applications of manure, totaling 20
tons per acre. Assuming open lot manure at 50 percent
moisture content, dry matter applied = 10 tons per acre.
Percent organic matter increased 0.64 percent during the
12 year experiment.
Wheat 5,318 Ib/aclyr x 4 yr = 21,272 |blac
Cotton 3,237 Ib/aclyr x 4 yr = 12,948 |b/ac
Grain sorghum 4,013 Ib/ac/yr x 4 yr = 16,052 Ib/ac
Manure 5,000 Ib dry matter/aclyr x 4 yr
=20,0001b/ac
Total crop residue + manure = 70,272 Ib/ac
Average crop residue + manure
= (70,272 1bl/ac)/12 yr = 5,856 Ib/aclyr

(2) Estimating the maintenance amount

(i) The maintenance amount at Renner was estimated by
analysis of System 8 and System 9. (Seetable 508.5.)

(i) Percent organic matter (OM) increased 0.78 percent
with 1991 pounds additional aboveground residue.
Interpolating, OM loss/gain = O (steady state) when
aboveground biomass = 4,222 |b.

[(.14/.78) x 1991] + 3,865 =4,222 1b

(iii) Factoring the amount of residue supplied by each
crop and manure equally givesthefollowing:
Wheat [(.14/.78) x 204] + 5,114 = 5,151 Ib/aclyr x 4
yr =20,604 |b/ac
Cotton [(.14/.78) x 222] + 3,015 = 3,055 Ib/aclyr x 4
yr=12,220Ib/ac
Grain Sorghum [(.14/.78) x 547] + 3,466
= 3,564 Ib/aclyr x 4 yr = 14,256 Ib/ac
Manure[(.14/.78) x 5,000] + 0 = 897 Ib/ac/yr x 4 yr
=3,5881b/ac
Total crop residue + manure = 50,668 |b/ac
Average crop residue + manure = (50,668 Ib/ac)/12
yr =4,222 |b/aclyr

(iv) Adjustment for root mass. The values cal cul ated
above are increased to account for root massin the upper
4 inches, using root mass adjustments from table 508.6.
Wheat 5,151 Ib/ac x 1.259 = 6,485 Ib/ac
Cotton 3,055 Ib/ac x 1.118 = 3,415 |b/ac
Grain sorghum 3,564 x 1.291 = 4,601 Ib/ac
Manure 897 x 1.0 = 897 Ib/ac
Total above and bel ow ground residue + manure =
15,3981b/ac
Average all residue + manure = (15,398 Ib/ac)/
3yr=5,133Ib/aclyr

(V) 5,133 pounds per acre per year isthe calculated
amount of above and below ground residue, including
manure, at which organic matter content of the Renner
plots stabilized. See 508.32(d)(3) for conversion to
Residue Equivalent Value (REV).

(d) Residueequivalent values

To deal with variability in the rate of decomposition be-
tween various classes of crop residues, Residue Equivalent
Values (REV) were devel oped to convert al crop residues
to acommon standard. Crop Group C, which includes corn,
grain sorghum, and sunflower is used as the standard be-
cause these crops are commonly grown throughout much of
the United States, and because the RUSL E decomposition
coefficient (0.016) isintermediate in value among eight ma-
jor crop groups. The Residue Equivalent Value of any plant
material isits mass expressed as the equival ent mass of
Crop Group C residue, based on relative annual decomposi-
tion rates. The following conversion factorsfor eight crop
groups at Renner, Texas are calculated from their relative
decomposition ratesat Renner.
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Crop groupsand crops Conversion Crop groupsand crops Conversion
toREV toREV
A Small grains, except NW wheat 127 E Legumes 0.96
andrangeregion: Alfafa
Oats Broccoli
Barley Cabbage
Flax Redclover
Manure, surfaceapplication,
straw or newspaper bedding F  Soybeans; sugar beets: 094
Millet Beans, field
Rye Cauliflower
Wheat, spring Soybean
Wheat, winter Strawberry
Sugarbeets
B  Cotton; burley tobacco; peanuts: 101
Cotton G Vegetablesand specialty crops: 0.93
Peanuts Asparagus
Sugarcane Beans, green-snap
Tobacco Beans,lima
Carrot
C Corn; grainsorghum; sunflower: 1.00 Cucumber
Canola Lentils
Corn Manure, swine, beef and dairy,
Safflower settling basin
Sorghum Muskmelon
Sudan Nativecover, PR
Sunflower Pees
Tomatoplantain Peppers
Potato, sweet
Potato, white
D Small grains, except NW wheat 0.97 Pumpkin
and range region; canola; grasses: Radish
CRPgrassiand Squash, summer
PNW barley Tomato, fresh mgrket
PNW winter wheat Tomato, processing
Bromegrass Watermelon
Manure, swine, beef and dairy, o
H Manure, surfaceapplication, 0.93

open lots and buildings, no bedding
Orchardgrass
Ryegrasscover
Tall fescue
Winter cover

poultry litter:
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Examplesof finding Residue Equivalent Values:
3,200 Ib soybean residue x 0.94
= 3,008 Ib Residue Equivalent Value (REV)

4,000 Ib wheat residue x 1.27 = 5,080 |b REV

Applying these conversion factorsto the maintenance
amounts of aboveground residue at Renner (cal culated
above) givesthefollowing:
Wheat 6,485 Ib x 1.27 = 8,236 |b REV
Cotton 3,4151bx 1.01 = 3,449 |b REV
G Sorg 4,601 Ib x 1.00 = 4,601 Ib REV
Manure 897 b x 0.97 = 870 Ib REV
Total residue + manure expressed as REV
=17,1561b/ac
Average residue + manure expressed asREV (17,156
Ib/ac)/3yr =5,719 Iblaclyr

The maintenance amount of above and below ground resi-
due at Renner has a cal culated Residue Equivalent Value of
5,719 Ib/ac/yr when tillage and erosion are similar to condi-
tions during the research. Maintenance amounts and REV
conversion factorsat other locationsin the United States are
shownintable508.1.

Continuously updated versions of the tables of
datafor the worksheets arelocated at:
ftp://ftp.nssc.nrcs.usda.gov/pub/agr onomy/SCl files/

(& Determiningthe maintenanceamount at other
locations
The maintenance amount of crop residues determined
aboveisapplicable at Renner under the field conditions that
existed at the research plots during the years of the re-
search. At other locations, thisamount is adjusted to ac-
count for differencesin climate (monthly average precipita-
tion and temperature). The adjusted amount is applicable
when soil disturbance by tillage and the amount of erosion
are similar to those conditions during the research at
Renner.

When the effects of tillage and other field operations are
more severe than the system used on the Renner plots, the
amount of crop residue needed for maintenance of organic
matter is correspondingly greater. When these effectsare
less severe, the maintenance amount is correspondingly
less. In the same way, the amount needed for maintenance
isgreater when predicted erosion exceeds the estimated
erosion on the Renner plots (4 tong/ac/yr), and islesswhen
predicted erosion islessthan 4 tons per acre per year.

Thefollowing procedure was used to establish maintenance
amountsand subfactor values:

 Asdiscussed, the maintenance amount at Renner,
Texas, was determined to be 5,719 Ibs of above and
belowground residue (Residue Equivalent VValue).

e Using the C factor routines of RUSLE, the annual
decay rate of Crop Group C (corn, grain sorghum,
sunflower) residue at Renner, Texas (30.95 inches
average annual precipitation and 65.1 degrees mean
annual temperature) was cal cul ated.

e Annual decay rates of Crop Group C residue at other
locations were then cal culated in the same manner.
Assuming that the average annual amount of residue
needing to bereturned is directly proportional to
annual ratesof decay:

— The maintenance amount at any location =
[(decay at the location)/(decay at Renner,
TX)] x5719, and

— The subfactor value (OM) at the location =
[residuereturned (REV) - maintenance
amount (REV)] x [1.0/maintenance amount
(REV)].

508.33 Basisfor thefield operations (FO)
component

(@ Background

Tillage increases therate of decay aswell asthe hazard of
organic matter loss caused by erosion. Thefrequency,
depth, and aggressiveness of each tillage operation deter-
mine the magnitude of the effects on aeration, lifting, shat-
tering or compaction. Clean tillage systems consisting of
one deep primary and two or more secondary operations re-
sult in the most soil disturbance. Noninversion tillage (mix-
ing or undercutting), involving fewer tillage trips and retain-
ing more residues on the surface, resultsin slower decay
ratesaswell aslesslossto erosion. No-till systemsresultin
theleast soil disturbance.

(b) TheSoail Disturbance Rating (SDR)

Each soil disturbing field operation was evaluated for its
impact on Inversion, Mixing, Lifting, Shattering, Aera-
tion, and Compaction. Each of these six impacts was sub-
jectively assigned avalue of 0 through 5, with 0 being no
impact and 5 being severe impact. Seetable 508.2. The Soil
Disturbance Rating (SDR) for each field operationisthe
sum of thesix impact val ues.
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(©0 TheSail Disturbance Rating at Renner

The Sail Disturbance Rating (SDR), cumulative and aver-
age annual, at the Renner, Texas research plotsis calculated
asfollows:

Soil disturbance oper ations Rating (SDR)*
Yearl: Grainsorghum
Chop cotton stalks 3
Tandemdisk (finishing) 18
Tandemdisk (finishing) 18
Planter, runner shoe 1
Row crop cultivate (multiplesweeps) 19
Row crop cultivate (single sweep) 16
Harvest 5

Year2: Winter wheat

Shred sorghumresidue 3
Buzzard wing sweeps 21
Tandemdisk (finishing) 18
Tandemdisk (finishing) 18
Drill wheat, hoe opener 17
Harvest 5
Year3: Cotton
Tandemdisk (primary tillage) 26
Tandemdisk (finishing) 18
Tandemdisk (finishing) 18
Planter, runner shoe 1
Row crop cultivate (multiplesweeps) 19
Row crop cultivate (multiplesweeps) 19
Row crop cultivate (multiplesweeps) 19
Row crop cultivate (single sweeps) 16

Harvest 5
Cumulative Soil Disturbance Rating (SDR) 303

Average Annual SDR =303/3=101
*Soil Disturbance Rating (SDR) values arein table 508.2

508.34 Basisfor theerosion (ER) component

(@ Estimated erosion at Renner
Actua erosion, 1948 to 1959, on the Renner research plots
isunknown. Erosion levels at about 4 tons per acre per year
are assumed to have occurred, based on the following
RUSLE calculation:
Rainfall factor R = 290.
Soil: Houston black clay, soil erodibility factor K
= 0.32 adjusted to 0.29; soil losstolerance T
=5tong/aclyr
Estimated slope: 1% x 300 ft, slope factor LS=0.17.
Crop rotations and field operations as described above,
estimated cropping-management factor C = 0.286.
Straight-row farming, support practicefactor P
=1.0.
Estimated erosion = 290 x 0.29 x 0.17 x 0.286 x 1.0
=4.0tons/aclyr

508.35 Subfactor valuesand their relation-
ship
(@ Subfactor values
Each subfactor has avalue of 0 (zero) for conditions at as-
sumed equilibrium (soil organic matter maintained, neither
increasing nor decreasing). A subfactor will have anegative
value when its effects tend to decrease soil organic matter,
compared to the benchmark condition at Renner; it will
have a positive value when its effects tend to increase soil
organic matter compared to the benchmark condition. The
range of valuesisdescribed below.

(b) Organic Material (OM) subfactor

This subfactor value equals O (equilibrium) at Renner when
above and below ground biomass (grown on the site or ap-
plied) = approximately 5,719 pounds of Residue Equivalent
Vaue (REV). At other locations this maintenance amount is
adjusted for climate (precipitation and temperature).

At any given location, the subfactor value = 0 when the
amount of residue produced or applied to the siteisequal to
the adjusted maintenance amount for that location. The
subfactor value = -1.0 when no biomass is grown on or ap-
plied to the site. All other positive and negative values are
proportionateto thisrelationship.
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Organic Material (OM) subfactor values are calculated as
follows:

[Residuereturned (REV)

—maintenance amount (REV)]

X (1.0/maintenance amount)

Field Operations (FO) subfactor :

Field operations (tillage and planting systems) are assigned
positive or negative values based on the number, type, and
severity of tillage operations compared with the system
used at Renner.

The subfactor value = 0 for the system used on the Renner
research plots (SDR =101).

The subfactor value = +1.0 (plus 100%) when no soil dis-
turbance occurs (SDR = 0). All other positive and negative
values are proportionate to thisrelationship.

Field Operations (FO) subfactor values are in table 508.3.

Erosion (ER) subfactor :

The subfactor value = 0 when predicted erosionis 4 tons
per acre per year, and = +1.0 (plus 100%) when predicted
soil loss = 0. Estimated erosion in excess of 4 tons per acre
per year, isassigned negative values.

The organic matter enrichment of eroded sediment de-
creases as erosion increases and rills become more domi-
nant, because organic matter is greatest at the surface.
Therefore the appropriate erosion subfactor relationshipis
curvilinear.

Erosion (ER) subfactor values are in table 508.4.

Relativeweighting of subfactor values

The Soil Conditioning Index isthe sum of thethree
subfactor values, weighted for their relativeimportance.
Theweighting factorsare:

Organicmaterial 40%
Field Operations 40%
Erosion 20%

508.36 Calculating the Soil Conditioning In-
dex

(@ Todeterminethe maintenance amount of crop
residueat your location

Table 508.1 gives the maintenance amount of crop residue

at selected locationsin pounds per acre per year, expressed

as Residue Equivalent Value (REV), when the subfactor

valuesfor Field Operations (FO) and Erosion (ER) =0

(ReferenceCondition).

(b) Toevaluatethe present cropping-management
system

Determinethe Organic Material subfactor:

Determine the total amount of residue produced on the site

by the crop rotation (crop yield x pounds per unit of yield x

residue to yield ratio). Adjust for root mass. Residue pro-

duction parametersfor various crops as used in RUSLE are

intable 508.6. Adjust for any residue removed from or

added to the site.

Convert residue amounts for each crop to Residue Equiva-
lent Value (REV). REV conversion factorsfor seven crop
groups are given for selected locationsin table 508.1.

Dividetotal REV for the crop rotation by number of years
intherotation to determine average annual REV.

Calculate the Organic Material (OM) subfactor value.
[Residue Returned (REV) —Maintenance Amount
(REV)]x[1.0/Maintenance Amount (REV)]

Determinethe Field Operations subfactor:

List al field operations (tillage, planting, fertilizing, culti-
vating, etc.). Find the Soil Disturbance Rating (SDR) for
each operation in table 508.2. Total the Soil Disturbance
Rating values and divide the cumulative total by the number
of yearsin therotation to determine average annual Soil
DisturbanceRating.

Find the corresponding field operations (FO) subfactor
valueintable508.3.

Deter mine the Erosion subfactor:
Determine predicted average annual erosion using RUSLE
or WEQ, or both, if applicable.

Find the corresponding Erosion (ER) subfactor valuein
table508.4.
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Calculate the Soil Conditioning Index (SCI):
SCl = (OM x 0.4) + (FOx 0.4) + (ER x 0.2)

If the SCI valueis negative, soil organic matter is predicted
to be decreasing, and corrective measures should be
planned. If the SCI valueis zero or positive, soil organic
matter is predicted to be stable or increasing.

(© Toevaluateoneor morealter nativesystems:
Toformulate alternatives, plan changesin the cropping-
management system that will address negative subfactor
values. For example:
 If the Organic Material (OM) subfactor isnegative,
plan for additional high residue cropsin therotation,
and/or limit residueremoval.
 If the Field Operations (FO) subfactor is negative,
plan changesin thetillage/planting system to reduce
the number and/or severity of field operations.
 If the Erosion (ER) subfactor is negative, consider
supporting practices such asterracing, strip cropping,
etc., aswell as changesin the crop rotation or field
operations.

Describe the alternative system (rotation and field opera-
tions) and follow the same procedure as (b) To evaluate the
present croppi ng-management system above.

(d) Exampleproblem
Siteinformation
Location: Lincoln, NE
Soil: Sharpsburg silty clay loam
Soil losstolerance T = 5 tong/ac/yr
Slope: 6% x 200 ft
Supporting conservation practices: None
Maintenance amount (table 508.1):
5455 |bl/ac/ yr, REV
Croprotation:
Year 1- Corn, 125 bu/ac
Y ear 2 - Drilled soybeans, 35 bu/ac
Residuemanagement:
All residuesreturned, 5399 Ib/ac/yr, REV Or-
ganic Material subfactor OM
[(RP-MA)/MA] =-0.01

Present management system
Fall mulchtillage
Yearl
Chisel plow, straight points
Tandemfinishingdisk
Field cultivator, w/sweeps
Plant corn, double disk opener
Harvest

Year2
Chisel plow, straight points
Tandemfinishingdisk
Field cultivator, w/ sweeps
Drill soybeans, double disk opener
Harvest

Cumulative Soil Disturbance Rating SDR (table
508.2) =138
Average annual SDR =138/2=69
Field Operations subfactor FO (table 508.3) = +0.31
Predicted erosion = 10.5 tong/ac/yr
Erosion subfactor ER (table 508.4) =-1.28

Soil Conditioning Index SCI
=OM x0.4+FOx0.4+ERXx0.2
=(-0.01x 0.4) + (0.31x 0.4) + (-1.28 x 0.2)
=-0.004 + 0.124 —0.256 = (-)0.136

The SCI valueisnegative. Soil organic matter is predicted
to be decreasing, and corrective measures should be
planned. Erosion isthe major factor affecting organic mat-
ter loss. Some alternativesare:
» changeto ano-till system, which will reduce erosion
and minimize soil disturbance, or
 apply measures such asterracing and contour farming
toreduceerosion.

Alternative management system
Notill
Yearl
Broadcast fertilizer
Plant corn, >2-inch fluted coulters
Harvest
Year2
Drill soybeans, singledisk opener
Harvest
Cumulative Soil Disturbance Rating SDR (table 508.2) =
2
Average Annual SDR =26/2=13
Field Operations Subfactor FO (table 508.3) = +0.87
Predicted erosion = 3.2 t/ac/yr. Erosion Subfactor ER
(table508.4) =+0.25
Soil Conditioning Index SCI
=OM x0.4+FOx0.4+ERXx0.2
=(-0.01x 0.4) + (0.87 x 0.4) + (0.25x 0.2)
=-0.004 + 0.348 + 0.05 = +0.39
The SCI value is positive. Soil organic matter is pre-
dicted to beincreasing, and this alternativeis suitable.
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508.37 Calibration of the Soil Conditioning

Index to other research sites
Research datafrom locationsin the Corn Belt (Clarinda,

lowa) and the Northern Great Plains (Culbertson, Montana)
was used to test the Soil Conditioning Index procedure un-
der varying conditions of crops, tillage, and climate. Thein-
dex agreed, within reasonable limits, with results of the re-
search.

At Clarinda, lowa, under a continuous corn rotation that ran
for 12 years, cornstalk residue grown on the plots were re-
moved each fall after grain harvest. Chopped residue were
then artificially applied in amounts of O, 1,785, 3,569,
7,139, and 14,278 pounds per acre per year. A system of
moldboard plowing and clean tillage was used. Erosion was
estimated to average 5.6 tons/acrelyear. Under these condi-
tions, organic carbon decreased when 3,569 pounds per
acre per year of residue was applied, and increased when
7,139 pounds per acre per year was applied. By interpola-
tion, organic carbon stabilized when about 5,156 pounds
per acre per year was applied under the research conditions.
When 5,156 pounds of above ground residueisreturned
(OM subfactor = +0.08), tillage includes fall moldboard
plowing followed by two spring tillage operations (FO
subfactor = +0.11), and erosion is 5.6 tong/acre/year (ER
subfactor =-0.30), the Soil Conditioning Index = +0.01.)

Research at Culbertson on a spring wheat—summer fallow
system maintained organic matter at aconstant level when
only 316 pounds per acre per year of wheat residue was re-
turned in alternate years. Slow decomposition because of
therelatively cool dry climate, subsurfacetillage, and low
erosion rates hel ped offset the effect of low residue
amounts. In this experiment, four residue levels were estab-
lished in the spring following harvest by removing or add-
ing wheat straw —0, 1,500, 3,000, and 6,000 pounds per
acre. Tillageto control weeds during the summer fallow
year usually consisted of five operationswith aV-blade. A
tandem disk operation was performed in the following
spring just before planting. With 316 pounds of residue re-
turned in alternate years (OM subfactor = -0.82), stubble
mulch fallow (FO subfactor = +0.41), and erosion of 1 ton/
acrel year (ER subfactor = +0.75), the Soil Conditioning In-
dex =-0.02.
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Table508-1  Maintenanace amounts (residue equivalent pounds) and Residue Equivalent Va ue factors

—

City Loceation State Mainten-

Code anceamt. Smdll Cotton,  Corn, Forage Legumes, Soybeans, Vege Poultry
including Grains sugarcane, grain grasses, cabbage, fied tables, litter
roots except tobacco,  sorghum, winter & Broc-  beans, speciaty

Pecific and canola, cover, cali sugar crops&

NW & Peanuts  Safflower manure- beets, manure-

manure & Sun-  openlots cauli- settling

with flower & Pacific flower, basin

bedding NW Small & straw-

materias Grains berries
Reference  Crop Crop Crop Crop Crop Crop Crop Crop
Condition GroupA  GroupB GroupC GroupD  GroupE  GroupF GroupG GroupH

1001 BIRMINGHAM AL 5943 119 101 1.00 0.98 0.98 0.97 0.97 0.96

1002 MOBILE AL 6053 114 101 1.00 0.99 0.99 0.98 0.98 0.98

1003 MONTGOMERY AL 5960 118 101 1.00 0.98 0.98 0.97 0.97 0.97

2150 BIGDELTA AK 3652 164 104 1.00 0.90 0.73 0.79 094 0.64

2151 BIGDELTAIRR  AK 4024 159 104 1.00 091 0.80 0.81 0.73 0.68

2340 FAIRBANKSWSO AK 3047 171 105 1.00 0.89 0.62 0.75 0.76 0.57

2341 FAIRBANKSIRR AK 4194 157 104 1.00 0.92 0.83 0.82 0.68 0.70

2430 HOMERWSO AK 3605 1.65 104 1.00 0.90 0.72 0.78 0.77 0.63

2490 KENAI AK 3501 1.66 1.04 1.00 0.90 0.70 0.78 0.72 0.62

ftp://ftp.nssc.usda.gov/pub/agr onomy/SCl files/

Thisdatais excerpted from thistablein sciverl1.xls. Thelatest version of the Soil Conditioning Index islocated at:

50720
51001
80000

80100
80120
80130
80140

80180
81000

RAWLINS
ROCK SPRINGS
WASHINGTON
GUAM

KOROR

MAJURO
PAGOPAGO
POHNPEI
KOSRAE
CHUUK

YAP
GUAMIRR.

38 BB83B IBRSS

3056

5774
6132
6145

6143
6142
6143
6144
6144

6143
6136

171
172
125
1.08
1.06

1.06
1.06
1.06
1.06
1.06

1.06
107

105
105
101
1.00
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00

1.00 0.89
1.00 0.89
1.00 097
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00

(190-V-NAM, 3rd Ed., October 2002)

0.86
0.86
0.97
1.00
1.00

108
1.00
108
108
108

108
108

0.78
0.75
0.75
0.95
0.99

1.00
1.00
1.00
1.00
1.00

1.00
1.00

0.72
0.69
0.68
094
0.99

1.00
1.00
1.00
1.00
1.00

1.00
1.00

0.57
0.56
094
0.99
1.00

1.00
1.00
1.00
1.00
1.00

1.00
0.99
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Table508-2  Soil Disturbance Ratings
I

------- Soil disturbing actions - - - - - - - - Sail
Operation Field Operations Disturbance
number Inver- Mixing  Lifting Shat-  Aerar Compac Rating

S0n tering tion tion
1 Addmulch 0 0 0 0 0 5 5
2 Aerator, field surface, ground driven 1 1 2 3 4 1 »
3 Aerial seeding 0 0 0 0 0 0 0
4 Balestraw or residue 0 0 0 0 0 3 3
5 Bed shaper 1 1 1 1 1 2 7
6 Bed shaper, 12in 1 1 1 1 1 2 7
7 Bedder, hipper, disk hiller 5 5 5 5 5 4 2
8 Bedder, hipper, hiller 12in high 5 5 5 5 5 4 2
9 Bedder, hipper, hiller 15in high 5 5 5 5 5 4 2
10  Bedder, hipper, hiller 18 in high 5 5 5 5 5 4 2
11 Begingrowth 0 0 0 0 0 0 0
12 Beginnew growth 0 0 0 0 0 0 0
13  Beginweed growth 0 0 0 0 0 0 0
14 Bulldozer, clearing 5 5 5 5 5 5 30
15 Burnresidue 0 0 0 0 0 0 0

Thisdatais excerpted from thistablein sciver11.xls. The latest version of the Soil Conditioning Index islocated at:
ftp://ftp.nssc.usda.gov/pub/agr onomy/SCl files/

178 Subsoiler bedder (ripper/hipper)
179 Subsoiler ripper, 24 to 40 in. deep
180 Sweepplow 20-40inwide

169 Seedbedfinisher 2 3 2 5 3 4 19
170 Shredder, flail or rotary 0 0 0 0 0 3 3
171 Shredder, rotary, regrow veg 0 0 0 0 0 3 3
172 Shredder, rotary, removeresidue 0 0 0 0 0 3 3
173 Sprayer, kill crop 0 0 0 0 0 3 3
174  Sprayer, post emergence 0 0 0 0 0 3 3
175 Stakpuller 2 1 0 1 1 1 6
176  Striptiller w/middlebuster on beds 4 4 3 4 4 4 23
177 Subsoiler 1 2 2 4 5 1 15
5 5 5 5 5 4 2
1 2 2 5 5 1 16
0 0 5 5 4 3 17
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Table508-3  Field operations subfactor
——
Average Fied Average Field Average Fied Average Field Average Fied
annual operations annual operations annual operations annual operations annual operations
soil subfactor soil subfactor soil subfactor soil subfactor soil subfactor
distri- vaue distri- vaue distri- vaue distri- vaue distri- vaue
bution bution bution bution bution
rating rating rating rating rating
0 1.00 46 0.55 R 0.09 138 -0.37 184 -0.82
1 0.99 47 0.4 3 0.08 139 -0.38 185 -0.83
2 0.98 48 0.53 A 0.07 140 -0.39 186 -0.84
3 0.97 49 0.52 B 0.06 141 -0.40 187 -0.85
4 0.96 50 0.51 9] 0.05 142 -0.41 188 -0.86
5 0.95 51 0.50 97 0.04 143 -0.42 189 -0.87
6 0.94 52 0.49 98 0.03 144 -0.43 190 -0.88
7 0.93 53 0.48 N9 0.02 145 -0.44 191 -0.89
8 0.92 4 0.47 100 0.01 146 -0.45 192 -0.90
9 0.91 55 0.46 101 0.00 147 -0.46 193 -0.91
10 0.90 56 0.45 102 -0.01 148 -0.47 194 -0.92
11 0.89 57 0.44 103 -0.02 149 -0.48 195 -0.93
12 0.88 58 043 104 -0.03 150 -0.49 196 -094
13 0.87 59 0.42 105 -0.04 151 -0.50 197 -0.95
14 0.86 60 041 106 -0.05 152 -0.51 198 -0.96
15 0.85 61 0.40 107 -0.06 153 -0.52 199 -0.97
16 0.84 62 0.39 108 -0.07 14 -0.53 200 -0.98
17 0.83 63 0.38 109 -0.08 155 -0.54 201 -0.99
18 0.82 64 0.37 110 -0.09 156 -0.55 202 -1.00
19 0.81 65 0.36 111 -0.10 157 -0.55 203 -1.01
20 0.80 66 0.35 112 -0.11 158 -0.56 204 -1.02
21 0.79 67 0.34 113 -0.12 159 -0.57 205 -1.03
2 0.78 68 0.33 114 -0.13 160 -0.58 206 -1.04
23 0.77 69 0.32 115 -0.14 161 -0.59 207 -1.05
24 0.76 70 0.31 116 -0.15 162 -0.60 208 -1.06
25 0.75 71 0.30 117 -0.16 163 -0.61 209 -1.07
26 0.74 2 0.29 118 -0.17 164 -0.62 210 -1.08
27 0.73 73 0.28 119 -0.18 165 -0.63 211 -1.09
28 0.72 74 0.27 120 -0.19 166 -0.64 212 -1.10
29 0.71 5 0.26 121 -0.20 167 -0.65 213 -1.11
0 0.70 76 0.25 122 -0.21 168 -0.66 214 -1.12
31 0.69 Vs 0.24 123 -0.22 169 -0.67 215 -1.13
32 0.68 78 0.23 124 -0.23 170 -0.68 216 -1.14
3 0.67 79 0.22 125 -0.24 171 -0.69 217 -1.15
A 0.66 80 0.21 126 -0.25 172 -0.70 218 -1.16
35 0.65 81 0.20 127 -0.26 173 -0.71 219 -1.17
36 0.64 82 0.19 128 -0.27 174 -0.72 220 -1.18
37 0.63 83 0.18 129 -0.28 175 -0.73 221 -1.19
3 0.62 &4 0.17 130 -0.29 176 -0.74 222 -1.20
39 0.61 85 0.16 131 -0.30 177 -0.75 223 -1.21
40 0.60 86 0.15 132 -0.31 178 -0.76 224 -1.22
141 0.59 87 0.14 133 -0.32 179 -0.77 225 -1.23
42 0.58 0.13 134 -0.33 180 -0.78 226 -1.24
43 0.57 0.12 135 -0.34 181 -0.79 227 -1.25
4 0.56 0 011 136 -0.35 182 -0.80 228 -1.26
45 0.55 a1 0.10 137 -0.36 183 -0.81 229 -1.27
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Table508-3  Field operations subfactor—continued
—
Average Field Average  Field Average Field Average Fied
annual operations annual operations annual operations annual operations
oil subfactor soil subfactor soil subfactor oil subfactor
distri- vaue distri- vaue distri- vaue distri- vaue
bution bution bution bution
rating rating rating rating
230 -1.28 276 -1.73 322 -2.19 368 -2.64
231 -1.29 277 -1.74 323 -2.20 369 -2.65
232 -1.30 278 -1.75 324 -221 370 -2.66
233 -1.31 279 -1.76 325 -2.22 371 -2.67
234 -1.32 280 -1.77 326 -2.23 372 -2.68
235 -1.33 281 -1.78 327 -2.24 373 -2.69
236 -1.34 282 -1.79 328 -2.25 374 -2.70
237 -1.35 283 -1.80 329 -2.26 375 -2.71
238 -1.36 284 -1.81 330 -2.27 376 -2.72
239 -1.37 285 -1.82 331 -2.28 377 -2.73
240 -1.38 286 -1.83 332 -2.29 378 -2.74
241 -1.39 287 -1.84 333 -2.30 379 -2.75
242 -1.40 288 -1.85 34 -2.31 380 -2.76
243 -141 289 -1.86 335 -2.32 382 -2.78
244 -1.42 290 -1.87 336 -2.33 383 -2.79
245 -1.43 291 -1.88 337 -2.34 384 -2.80
246 -1.44 292 -1.89 338 -2.35 385 -2.81
247 -1.45 293 -1.90 339 -2.36 386 -2.82
248 -1.46 294 -1.91 340 -2.37 387 -2.83
249 -1.47 295 -1.92 341 -2.38 388 -2.84
250 -1.48 296 -1.93 342 -2.39 389 -2.85
251 -1.49 297 -1.94 343 -2.40 390 -2.86
252 -1.50 298 -1.95 344 -241 391 -2.87
253 -151 299 -1.96 345 -242 392 -2.88
254 -1.52 300 -1.97 346 -243 393 -2.89
255 -1.53 301 -1.98 347 -2.44 394 -2.90
256 -1.54 302 -1.99 348 -2.45 395 -2.91
257 -1.55 303 -2.00 349 -2.46 396 -2.92
258 -1.55 304 -2.01 350 -2.47 397 -2.93
259 -1.56 305 -2.02 351 -2.48 398 -2.94
260 -1.57 306 -2.03 352 -2.49 399 -2.95
261 -1.58 307 -2.04 353 -2.50 400 -2.96
262 -1.59 308 -2.05 34 -2.51 401 -2.97
263 -1.60 309 -2.06 355 -2.52 402 -2.98
264 -1.61 310 -2.07 356 -2.53 403 -2.99
265 -1.62 311 -2.08 357 -2.54 404 -3.00
266 -1.63 312 -2.09 358 -2.55
267 -1.64 313 -2.10 359 -2.55
268 -1.65 314 -211 360 -2.56
269 -1.66 315 -2.12 361 -2.57
270 -1.67 316 -2.13 362 -2.58
271 -1.68 317 -2.14 363 -2.59
272 -1.69 318 -2.15 364 -2.60
273 -1.70 319 -2.16 365 -2.61
274 -1.71 320 -2.17 366 -2.62
275 -1.72 321 -2.18 367 -2.63
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Table508-4  Erosionsubfactors
—
Rateof Erosion Rateof Erosion Rateof Erosion Rateof Erosion
erosion vaue erosion vaue erosion vaue erosion vaue
0.00 1.00 11.75 -1.48 2350 -2.95 34.50 -3.77
0.25 0.94 12.00 -1.52 23.75 -2.98 34.75 -3.79
0.50 0.88 12.25 -1.56 24.00 -3.00 35.00 -3.80
0.75 0.81 12.50 -1.60 24.25 -3.03 35.25 -3.81
1.00 0.75 12.75 -1.64 24.50 -3.05 35.50 -3.82
125 0.69 13.00 -1.68 24.75 -3.08 35.75 -3.83
150 0.63 13.25 -1.72 25.00 -3.10 36.00 -3.84
175 0.56 13.50 -1.76 25.25 -3.12 36.25 -3.85
2.00 0.50 13.75 -1.80 25.50 -3.14 36.50 -3.86
2.25 0.44 14.00 -1.84 25.75 -3.16 36.75 -3.87
250 0.38 14.25 -1.88 26.00 -3.18 37.00 -3.88
2.75 0.31 14.50 -1.92 26.25 -3.20 37.25 -3.89
3.00 0.25 14.75 -1.96 26.50 -3.22 37.50 -3.90
325 0.19 15.00 -2.00 26.75 -3.24 37.75 -3.91
3.50 0.13 15.25 -2.03 27.00 -3.26 38.00 -3.92
3.75 0.06 15.50 -2.06 27.25 -3.28 38.25 -3.93
4.00 0.00 15.75 -2.09 27.50 -3.30 38.50 -3.94
4.25 -0.05 16.00 -2.12 27.75 -3.32 38.75 -3.95
4.50 -0.10 16.25 -2.15 28.00 -3.34 39.00 -3.96
475 -0.15 16.50 -2.18 28.25 -3.36 39.25 -3.97
5.00 -0.20 16.75 -2.21 28.50 -3.38 39.50 -3.98
5.25 -0.25 17.00 -2.24 28.75 -3.40 39.75 -3.99
5.50 -0.30 17.25 -2.27 29.00 -3.42 40.00 -4.00
5.75 -0.35 17.50 -2.30 29.25 -3.44
6.00 -0.40 17.75 -2.33 29.50 -3.46
6.25 -0.45 18.00 -2.36 29.75 -3.48
6.50 -0.50 18.25 -2.39 30.00 -3.50
6.75 -0.55 18.50 -2.42 30.25 -3.52
7.00 -0.60 18.75 -2.45 30.50 -3.53
7.25 -0.65 19.00 -2.48 30.75 -3.55
7.50 -0.70 19.25 -2.51 31.00 -3.56
7.75 -0.75 19.50 -2.54 31.25 -3.58
8.00 -0.80 19.75 -2.57 3150 -3.59
8.25 -0.85 20.00 -2.60 3175 -3.61
8.50 -0.90 20.25 -2.63 32.00 -3.62
8.75 -0.95 20.50 -2.65 32.25 -3.64
9.00 -1.00 20.75 -2.68 32.50 -3.65
9.25 -1.05 21.00 -2.70 32.75 -3.67
9.50 -1.10 21.25 -2.73 33.00 -3.68
9.75 -1.15 21.50 -2.75 33.25 -3.70
10.00 -1.20 21.75 -2.78 33.50 -3.71
10.25 -1.24 22.00 -2.80 33.75 -3.73
10.50 -1.28 22.25 -2.83 34.00 -3.74
10.75 -1.32 22.50 -2.85 34.25 -3.76
11.00 -1.36 22.75 -2.88
11.25 -1.40 23.00 -2.90
11.50 -1.44 23.25 -2.93
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Table508-5  Theeffects of the farming systems on crop yields, residue production and maintenance of the soil organic matter (Texas
s A& M, Renner Research Station published research

System Crop Crop
number grown grown
(Ib/acre) (Ib/acre) (Ib/acre)

8 Whesat 984
Cotton 762
Sorghum 2,410

9 Whesat 1,128
Cotton 870
Sorghum 2,945

- - -- Residuereturned - - - - - - - - - - Organic matter - - - Totd
By crop By system Atstart Atl2years residue
(percent) (percent) (ton/acre)

5114

3,015

3,466 3,865 334 32 232
5318

3,237

4,013 4,189 353 4.17* 44 9**

*|ncrease or decrease is statistically significant at a probability of 5%.
**|ncludes 5 tons of manure applied to row crops after 1954.
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Table508-6  RUSLE crop parameter data
|
Crop Cropname Harvest Yield Pounds Residues Above Surface  Sub-surface Roots Root- Crop
code Units perunit  Yield Ground decomp. decomp. intop mass group
number ratio resdue coeff. COeff. 4inches adjust-

(Ib) (Ib) ment

2 alf. brome/oat, harv tons 1 2000 1 2000 0.019 0.019 4300 315 E
3 alf. brome, fall seed tons 1 2000 1 2000 0.019 0.019 2500 225 E
4 alf. brome, spring seed tons 1 2000 1 2000 0.019 0.019 4300 315 E
5 alf. brome, spring seed tons 1 2000 1 2000 0.019 0.019 4300 315 E
6 af.brome tons 18 2000 10286 3703 0019 0.019 4900 2.3232 E
7 alf. brome, winter graze tons 18 2000 10286 3703 0019 0.019 4900 2.3232 E
8 alf. brome, senes tons 18 2000 10286 3703 0.019 0.019 4900 2.3232 E
9 alf. brome, seneswinter graze tons 18 2000 1.0286 3703 0.019 0.019 4900 2.3232 E
10  alf.fall seed senes tons 1 2000 1 2000 0.02 0.02 2500 225 E
11 af. spring seed senes tons 16 2000 1 3200 0.02 0.02 2500 1.7812 E
12 af. spring seed y2 regrowth tons 16 2000 1 3200 0.02 0.02 2500 1.7812 E
13 df.yr2senestoyr3 tons 1 2000 1 2000 0.02 0.02 3000 25 E
14  af.yr2seneswinter graze tons 1 2000 1 2000 0.02 0.02 3000 25 E
15  af.yr3senestoyrdregrowth tons 1 2000 1 2000 0.02 0.02 3500 275 E

Thisdatais excerpted from thistablein sciver11.xls. The latest version of the Soil Conditioning Index islocated at:

ftp://ftp.nssc.usda.gov/pub/agronomy/SCl files/

262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287

Wheat, spring 14in rows
Wheat, spring 7 in, NWRR
Wheat, spring 7inrows

Wheat, spring, 10in, NWRR
Wheat, winter 14in rows
Wheat, winter 7inrows

Wheat, winter cover

Wheat, winter graze out South
Wheat, winter graze, grain
Wheat, winter grazed forage
Wheat, winter low yield NWRR
Wheat, winter late seed NWRR
Wheat, winter S.E.

Wheat, winter silage

Wheat, winter, early seed, 10in
Wheat, winter, early seeding
Wheat, winter, hay or silage
Wheat, winter, late seeding
Barley, spring, AK

Broccoli, AK

Bromegrass, seedng yr, AK

Bromegrass, y2 senescto yr3 AK
Bromegrass, yr3 senesctoyr4 AK

Cabbage, AK
Canola, spring, AK
Cauliflower, AK

SEEgEggEEEEEy

gee g

sgE

tons
tons
tons

lbs

3H 60
60 60
30 60
40 60
45 60
40 60
4000 1
800 1

30 60
2000 1

30 60
0 60
40 60

2 2000
50 60
60 60

2 2000
70 60
30 48
9500 1

15 2000
1 2000
1 2000
230 100
25 50
10300 1

13
1.353
13
1.353
17
17

1

1

17
02
175
175
17
0.056
1434
1434
0.056
143
15
0.30526
1

1

1
011
24
0.25

2730
4870.8
2340
3247.2

5162.4
2160
2900
2000
2000
2530

2575
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0.008
0.017
0.008
0.017
0.008
0.008
0.017
0.008
0.008
0.017
0.017
0.017
0.008
0.017
0.017
0.017
0.017
0.017
0.008
0.02

0.017
0.017
0.017
0.02

0.016
0.02

0.008
0.017
0.008
0.017
0.008
0.008
0.017
0.008
0.008
0.017
0.017
0.017
0.008
0.017
0.017
0.017
0.017
0.017
0.008
0.02

0.017
0.017
0.017
0.02

0.016
0.02

950
720
970
520
1200
1080
400
1000
850
660
250
150
1070
1000
690
970
940
1080
830
250
1700
2500
2500
240
800
290

1.3479
1.1478
1.4145
1.1601
1.2614
1.2647
11

225
12777
265
1.079365
1.047619
1.2622
5.4642
1.160391
1.187897
5.196429
1.17982
1.3842
1.0862
1.5666
225

225
1.0948
1.2666
11126

mOmMoOOoOmM>»00C0C00>»000>»>»0>»>»0>»0>
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Soil Conditioning Index Worksheet

Version 10 September 15, 1999

Producer:| ] Location: | Staff:|

Tract: | [ Field:

|A. Site Information |

~

| Location code:] | city:] | Rainfall Factor R:[_____ J(RUSLE)
(From City Tab)
| Soil:| Soil Erodibility Factor K (adjusted Kf) : (RUSLE)
Slope, Length & Percent (LS factor) : (RUSLE)

| Maintenance Amount:|

"Residue Equivalent Values™ (REV) :|:]Ibs./ac

|[B. Management Information |

Number of Yrs in Rotation: :

Crop Rotation: | b

Tillage System:|

Crop Mgt Factor C:[____ (RUSLE)

Support Conservation Practices: |

b Support Practice Factor P: :(RUSLE)
|C. Organic Material (OM) |
(From Crop Tab)
Res: Root . Biomass
. Harv Wt Harv 2 Biomass Total Crop

Crop # Crop Yield UnitiAc | Unit (bs) EI:LIL: Res Prod Ma.ss Prod Rergm o | Biomass Group REV Conv| REV Ibs/ac
TOTAL REV:
NO. YEARS IN ROT.:
AVE. ANNUAL (RP):
MAINT. AMNT. (MA):
[ SUBFACTOR (OM):
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| D. Field Operations (FO) |
(From Operation Tab)

Soil Disturbance Rating (SDR)

Op # Operation Name SDR | Op # Operation Name SDR
Total SDR for Rotation: Average Annual SDR:] l
| Field Operations Subfactor (FO), Table 3: |
|[E. Erosion (ER) |
Sheet & Rill: RUSLE Calc.: Wind: Irrigation:
Predicted Erosion: : | | [ h|

Total Avg Annual Erosion:[____|ton/ac

Erosion Subfactor (ER) Table 4: |

|F. Soil Conditioning Index | |

SCIl = OM*0.4 + FO*0.40 + ER*0.20

G. Notes: |

Soil Conditioning Index =|:|

)

H. Recommendations:

(190-V-NAM, 3rd Ed., October 2002)
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Conversons

Soil weight

Soil organic matter (humus)
Soil organic carbon

Weight of residue x 0.30

OM content of eroded sediment

2,000,000 pounds per acre furrow slice
(one acreto adepth of 6 2/3in.)

Soil organic carbon x 1.72

Soil organic matter x 0.58

Soil organic matter

Soil OM x 1.5

Annual rate of soil organic matter (humus) decay:
Loamor clay loam. ... 2.5% of total soil reserve
Sandy loam.......... 3.5% of total soil reserve
Loamysand.......... 4.5% of total soil reserve

508-22
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Part 509

Data M anagement

Subpart 509A Introduction and re-
sponsibilities

509.00Background

NRCS' sagronomic dataexistsin both electronic and hard
copy formats, and ismaintained at many different locations
by alarge number of people. Thereisno organized network
among those who maintain the data to facilitate data sharing
and to ensure against duplication of effort in data collec-
tion. Coordination is needed among all thosein NRCSwho
collect, use, and manage datato share similar data sets that
may apply in more than one state or region. Thiswill reduce
workloads and ensure data accuracy and integrity.

A large portion of the agronomic dataused by NRCSis
contained in datafiles developed for the implementation of
varioustools at the State and field office level, such as ero-
sion prediction, nutrient management and pest management
tools.

509.01 Responsibilities

The national agronomist isresponsible for preparation of
national policy and instructions pertaining to data manage-
ment.

The cooperating scientists for water and wind erosion are
responsiblefor devel oping and maintaining datafor the
implementation and application of erosion prediction mod-
els. They work directly with the National database coordi-
nator for RUSLE2 and WEPS in devel oping and maintain-
ing the databases used in these models. They provide na-
tional coordination for the development of Climate Zones,
Crop Management Zones, Crop Management Templ ates,
and assist in assigning dates of operations used in devel op-
ing Crop Management Templatesfor erosion prediction
tools.

Thenational nutrient management specialist isresponsible
for devel oping and maintai ning databasesfor assisting
States with implementation and application of nutrient man-
agementtools.

The national pest management specialist isresponsiblefor
devel oping and maintaining databases for assisting States
with implementation and application of pest management
tools.

The national database coordinator for RUSLE2 and WEPS
isresponsible for maintaining the national V egetation and
Operation databases used in these erosion prediction mod-
els. He/she assistsin the coordination of Climate Zones,
Crop Management Zones, dates of operations used in devel-
oping Management Templates, Crop Management Tem-
plates, and associated guidelines used in the Templates, and
worksclosely with other national specialiststo minimize
duplication of effort in the Agency’ sdata collection efforts.
RUSL E/WEPS regional contacts serves astheliaisonswith
other agronomists and erosion specialistsin the regions and
with the cooperating scientists for wind and water erosion.
They areresponsible for maintaining consistency, both
within regions and between regions, in data used erosion
predictiontooals.

At the State level, the appropriate State specialist (agrono-
mist, nutrient/pest management specialist or water quality
specidlist) isresponsiblefor proper use of NRCS databases
infield office applications. They are also responsiblefor
identifying if different or additional typesof dataare
needed at thefield level.
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Subpart 509B Database management

509.10 Databasesfor erosion prediction
tools

(a) Crop and field oper ations databases

(1) Aninitial set of plant and operation data records has
been devel oped under the leadership of ARS. These data
records serve as guides for devel oping additional plant data
records. Additional datarecordswill be added to include
all plant types and field implements and operations needed
by NRCS. A national set of databases for each model,
known as the NRCS Crop Database and the NRCS Opera-
tion Database, will be maintained by the agency. These of-
ficial NRCS databases are to be used in RUSLE2 and
WEPS 1.0 by NRCSfield offices. The datarecords needed
for the operations used and crops grown in thelocal area
will be downloaded from the official databases onto field
officecomputers.

(2) The national database coordinator will manage the offi-
cial NRCS databases. The coordinator isresponsible for
adding, modifying, and revising all parameter valuesin the
Crop and Operation Databases. Agronomists or designated
erosion specialists, in coordination with the RUSL E/WEPS
regional contacts, can submit additions or revisionsto the
NRCS Crop or Operation databases. If additional crop or
operation records or revisions of existing records are
needed, Stateswill furnish any available datainputsto the
database coordinator through their regional contact. The da-
tabase coordinator will coordinate the devel opment of the
record and issueit for peer review and eventual posting to
the official NRCS database. All agronomists or designated
erosion specialistswill be notified when new records have
been posted.

(b) Climatedatabases

(1) For RUSLE2, the average monthly temperature and pre-
cipitation from one designated climate station will be used
to represent each Climatic Zone. Local climate data
records will be developed using these temperature and pre-
cipitation values, but location-specific R factor and 10-year
storm El valueswill be used in that local climate record.
The national database coordinator will provide national co-
ordination and assist the Statesin developing local climate
records. Only official NRCS RUSL E2 Climate Databases

areto be used by NRCSfield offices. The datarecords
needed for the local areawill be downloaded from the offi-
cial NRCS Climate Database onto field office computers.

(2) Either simulated climate data (using WINDGEN and
CLIGEN weather generators imbedded in the model) or ac-
tual climate data (stored in the model) will be used in
WEPS1.0.

(c) Soil databases

A soil datadownload from the National Soils Information
System (NASIS) will be created and placed on the field of-
fice computer in a Microsoft Access database in conjunc-
tion with the Customer Service Toolkit. Thisdatabase will
contain soil datato be used in that field office asinputsfor
RUSLE2 and WEPS 1.0. The soil database downloaded to
each field office will be the official NRCS Soil Database
and will be updated only as supported by agency policy.

509.11 Pesticidepropertiesdatabase

The pesticide properties database is used by the National
Agricultural Pesticiderisk Analysis (NAPRA) model and
the Windows-Pesticide Screening Tool (WIN_PST). These
environmental risk screening tools are used to predict the
potential for pesticidesto move with water and eroded soil/
organic matter and affect non-target organisms.

Thenational pest management specialist will work with the
Agricultural Research Service and representatives of com-
paniesthat produce pesticidesto keep this database current.

509.12 Plant nutrient content database

The Plant Nutrient Content Database contains estimates of
the nitrogen, phosphorus, and potassium content in plant
biomass for many agricultural crops. Thisinformationis
useful to nutrient management plannerswho need estimates
of plant nutrient content to devel op nutrient management
plans. It becomes particularly valuable when nutrient are
applied in quantities that are afunction of the nutrient con-
tent of plant biomass.

The national nutrient management specialist will work with
the Agricultural Research Service and Land Grant Universi-
tiesto update and expand this database.
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Afactor

Abrasion

Accelerated erosion

Adsorption

Aggregatestability

Aggregation, soil

Agronomicrate

Air-dryweight

Amendment

Allelopathy

Angleof deviation

Availablewater

holding capacity

Avalanching

Biomass

Biochemical oxygen
demand (BOD)

The computed longtime average annual soil loss carried by runoff from specific
field slopesin specified cropping and management systems. It is expressed in the
RUSLE model intons/acre/year.

Breakdown of clods, crusts, and plant material by the impact of particles moved
by wind in saltation. Theimpacting particles may also abrade. Abrasion causes
soil aggregatesto break down progressively aswind erosion continues.

Erosion of soil resulting from disturbance of the natural landscape. It results
largely from the consequences of human activity, such astillage, grazing and re-
moval of vegetative cover.

The process by which atoms, molecules, or ions are taken up from the soil solu-
tion or soil atmosphere and retained on the surfaces of solids by chemical or
physical binding.

The ability of asoil aggregate to resist various destructive forces, such astillage,
abrasion by wind or flowing water, or raindrop force.

The cementing or binding together of primary soil particles (sand, silt, and clay)
into asecondary unit, which unit contributes to the soil structure.

Therate at which fertilizers, organic wastes or other amendments can be added
to soilsfor optimum plant growth.

Weight of a substance after it has been allowed to dry to equilibrium with the at-
mosphere.

A substance added to the soil to improve plant growth, such aslime.

Production of a substance by one organism that inhibits one or more other organ-
isms.

The angle between prevailing wind erosion direction and aline perpendicular to:
(2) thelong side of the field or strip, when determining unsheltered distance us-
ing awind erosion direction factor, or (2) row direction when determining effect
of wind direction on the ridge roughness factor.

The capacity of asoil to hold water in aform available to plants, usualy ex-
pressed in inches of water per inch of soil depth. Commonly defined asthe
amount of water held in the soil between field capacity and wilting point.

Theincreasein rate of soil flow with distance downwind across an area being
eroded by wind.

Thetotal mass of living organismsin a given volume or mass of soil, or in apar-
ticular environment. Compare Phytomass.

The amount of oxygen required by aerobic organismsto carry out oxidative me-
tabolism in water containing organic matter, such as sewage. BOD isused asan
indirect measure of the concentration of biologically degradable material present
in organic wastes. Also known as Biological oxygen demand.
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Bioremediation

Buffer strip

Bulk density, sail

C factor - Water erosion

C Factor —Wind erosion

Calcareoussoil

Calcium carbonateequivalent

Canopy

Carboncycle

Carbon-nitrogenratio

Cation exchange capacity (CEC)

Classical gully erosion

Climaticerosivity

Glossary—2

The use of biological agentsto reclaim soil and water polluted by substances
hazardousto the environment or human health.

A narrow strip of grass or other close-growing vegetation that, when placed
along the contour on a slope, traps sediment that was produced on the hillslope
above,

The mass of dry soil per unit bulk volume, including both solids and pore space.
Thevalueis expressed as grams per cubic centimeter (g/cm3) or megagrams per
cubic meter, (Mg/m3).

Cover and management factor in RUSLE. It combines the effects of prior land
use, crop canopy, surface cover, surface roughness, and soil moistureto predict a
soil lossratio for acrop or other vegetation, cropping period, or season.

Climatic factor in WEQ. Itisanindex of climatic erosivity, specifically wind
speed and surface soil moisture. The factor for any given location is based on
long-term climatic data and is expressed as a percentage of the C factor for Gar-
den City, KS, which has been assigned avalue of 100.

Soil containing sufficient free calcium carbonate or magnesium carbonate to ef-
fervesce visibly when treated with cold 0.1 N hydrochloric acid. High content of
lime (up to about 5 percent), particularly in the clay fraction, appreciably in-
creaseserodibility by wind.

The content of carbonate in aliming material or calcareous soil calculated asif
all of the carbonateisin the form of CaCOs3. Seeaso Lime, agricultural.

The vertical projection downward of the aerial portion of plants, usually ex-
pressed as percent of ground so occupied.

The sequence of transformations whereby carbon dioxide is converted to organic
forms by photosynthesis or chemosynthesis, recycled through the biosphere (with
partial incorporation into sediments), and ultimately returned to its original state
through respiration or combustion.

Theratio of the mass of organic carbon to the mass of organic nitrogen in soil,
organic material, plants, or microbial cells.

The sum of exchangeable bases plustotal soil acidity at aspecific pH values,
usualy 7.0 or 8.0. It isusually expressed in milliequivalents per 100 grams
(meg/100 g) or centimoles per kilogram (cmol/kg).

Erosion caused by the action of runoff water in concentrated flow channels.
These flow channels are well-defined, permanent drainagewaysthat cannot be
crossed by ordinary farming operations.

Therelativeinfluence of climate on field erodibility by wind in different regions,
specifically the effects of average wind speed and effective soil surface moisture.
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Clod

Coar sefragments

Compost

Contour farming

Cover crop

Critical wind erosion period

Crop residuemanagement

Croprotation

Croptolerancetowind erosion

Crust

Deposition

Desert pavement

A compact, coherent mass of soil greater than 2 millimetersin equivalent diam-
eter, often created by tillage or other mechanical disturbance of the soil.

Rock or mineral particles greater than 2 millimetersin diameter.

Organic residues, or amixture of organic residues and soil, that have been
mixed, piled, and moistened, with or without addition of fertilizer and lime, and
generally allowed to undergo thermophilic decomposition until the original or-
ganic materials have been substantially altered or decomposed.

The practice of using ridges and furrows left by tillage to redirect runoff froma
path directly downslope to a path around the hillslope.

Close-growing crop that provides soil protection, seeding protection and soil im-
provement between periods of normal crop production, or between treesin or-
chards and vinesin vineyards. When incorporated into the soil, cover crops may
be referred to as Green manurecrops.

Period of the year when the greatest amount of wind erosion can be expected to
occur from afield under an identified management system. It isthe period when
the combination of vegetative cover, soil surface conditions, and expected ero-

sivewindsresult in the greatest potential for wind erosion.

Maintaining stubble, stalks, and other crop residue on the soil surface or partially
incorporated into the surface layer to reduce erosion, conserve soil moisture, and
improvesoil tilth.

A planned sequence of several different crops grown on the same land in succes-
sive years or seasons, done to replenish the soil, reduce insect, weed and disease
populations, or to provide adequate feedstocks for livestock operations.

Ability of crop plantsto tolerate wind blown soil particleswhen in the seedling
stage or exposure of plant roots where soil is eroded away, or burial of plants by
drifting soil, or desiccation and twisting of plants by the wind.

A thin surface layer, where aggregates are bound together and the surfaceis
sealed. It is more compact and mechanically stable than the soil material imme-
diately beneath it. Crust is characterized by its dense, platy structure that be-
comes less distinct with depth until it merges with the soil below. Crust isatran-
sitory condition.

The accumulation of eroded soil material on the land surface when the velocity
or transport capacity of the transporting agent (wind or water) is reduced.

A non-erodible soil surface devoid of erodible materials or consisting of gravel
or stones left on the land surface. It occursin desert regions as aresult of the re-
moval of fine materials by wind or water erosion. Desert pavement isvirtually
non-erodible.

190-V-NAM, 3rd Ed., October 2002) Glossary—3



National
Agronomy
Manual

Glossary

Detachment

Drought year

Dryaggregate

Drylandfarming
Duststorm

Etables

Effectiveprecipitation

Electrical conductivity (ECy)

Ephemeral gully erosion

Erodibility

Erosivewind ener gy

Erosivewind energy distribution

Erosivity

Glossary—4

Theremoval of transportabl e fragments of soil material from the soil mass by an
eroding agent, usually falling raindrops, running water, wind, or windblown soil
particles. Detachment is the process that makes soil particles or aggregates avail-
ablefor transport.

Any year when precipitation isless than 80 percent of the long-term normal.

A compound or secondary air-dry soil particle that is not destroyed by dry siev-
ing.

Crop production without irrigation (rain-fed agriculture).
A strong turbulent wind carrying large amounts of soil particlesin suspension.

Tables derived from computer solutions (WEROS) of the Wind Erosion Equa-
tion that display values of average annual wind erosion per acre (E) for various
combinations of soil erodibility (1), ridge roughness (K), climate (C), unsheltered
distance (L), and vegetative cover (V).

That portion of the total rainfall precipitation which becomes available for plant
growth.

The electrical conductance of an extract from a soil saturated with distilled wa-
ter. The preferred units are decisiemens per meter (dS/m) at 25° C, but it may
also be expressed as siemens per meter (S/m) or millimhos per centimeter
(mmhos/cm). See Salinesoil.

Erosion that occurs from the action of runoff water which concentratesin shal-
low flow channelswhenrills converge. These flow channels are alternately filled
with soil by tillage operations and re-formed in the same general location by sub-
sequent runoff events.

The susceptibility of soil to erosion. For water erosion, soilswith low erodibility
include fine textured soils highin clay that are resistant to detachment, and
coarse textured soils high in sand that have low runoff. Soils having ahigh silt
content are highly susceptible to erosion. For wind erosion, soil erodibility isre-
lated to the percentage of nonerodible surface soil aggregates larger than 0.84
millimetersin size. Soil erodibility isexpressed by the K factor in RUSLE, and
by the | factor inthe WEQ.

The capacity of winds above the threshold vel ocity to cause erosion. Erosive
wind energy isafunction of the cube of wind speed and the duration of erosive
winds.

Thedistribution of erosive wind energy over time at any geographic location.
The energy (amount) and intensity of rainstorms that cause soil to erode. Erosiv-

ity includes the effects of raindrop impact on the soil and the amount and rate of
runoff likely to be associated with therainfall event.
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Evapotranspiration

Eutrophication

Fallow

Fertility, soil

Fertilizer

Fertilizer analysis

Fibricorganicsoil materials

Field capacity (Field water capacity)

Friable

Geologicerosion

Greenmanurecrop

Greenhouseeffect

Groundwater

The combined loss of water from agiven area, and during a specified period of
time, by evaporation from the soil surface and by transpiration from plants.

A process that increases the amount of nutrients, especially nitrogen and phos-
phorus, in an aguatic ecosystem. Eutrophication occurs naturally over geological
time but may be accelerated by human activities, such as poor nutrient manage-
ment, waste disposal or land drainage, leading to an increase in aquatic vegeta-
tion and adecreasein plant diversity.

The practice of leaving land uncropped, either weed-free or with volunteer veg-
etation, during at least one period when a crop would normally be grown; done
to control weeds or accumulate water or available plant nutrients.

The quality of asoil that enablesit to provide nutrients in adequate amounts and
in proper balance for the growth of specified plants or crops.

Any organic or inorganic material of natural or synthetic origin (other than lim-
ing materials) that is added to a soil to supply one or more plant nutrients essen-
tial to the growth of plants.

The percent composition of afertilizer as determined in alaboratory and ex-
pressed astotal N, available phosphoric acid (P,Os) equivalent, and water-
soluble potash (K20) equivalent.

Theleast decomposed of al the organic soil materials, containing very high
amounts of fiber that are well preserved and readily identifiable asto botanical
origin. Compare Hemic organic soil and Sapric or ganic soil.

The content of water, on amass or volume basis, remaining in asoil two to three
days after being saturated with water, and from which free drainageis negligible.

A term describing soils that when either wet or dry can be easily crumbled be-
tweenthefingers.

The wearing away of the earth’ s surface by the forces of water and wind. Some-
timesreferred to as natural erosion, it isresponsible for the natural topographic
cycles, asit wears away higher points of elevation and constructs valleys and al-
luvid plains.

Any crop grown for soil improvement by being incorporated into the soil while
green or soon after maturity. See Cover crop.

The absorption of solar radiant energy by the earth’ s surface and its rel ease as
heat into the atmosphere; longer infrared heat waves are absorbed by the air,
principally by carbon dioxide and water vapor, thus, the atmosphere traps heat
much as doesthe glassin agreenhouse.

That portion of the water below the surface of the ground at a pressure equal to
or greater than atmospheric. See also Water table.
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Hard seed

Hemicorganic soil materials

Hydrologiccycle

Hydr oseeding

Inoculate

Isolatedfield

Isoline

K factor - Water Erosion

K Factor —Wind Erosion

Knoll

Knoll erodibility

L and capability

Glossary—6

Seed that is dormant due to a seed coat imperviousto either water or oxygen.

An organic soil that isintermediate in degree of decomposition between the less
decomposed fibric and the more decomposed sapric materials.

Thefate of water from the time of precipitation until the water has been returned
to the atmosphere by evaporation and is again ready to be precipitated.

Planting seed in awater mixture by pumping through anozzle that spraysthe
mixture onto a seedbed. The water mixture may also contain fertilizer and
mulches.

Totreat, usually seeds, with microorganismsto create afavorable response.
Most often refersto the treatment of legume seeds with Rhizobium or
Bradyrhizobium bacteriato stimul ate dinitrogen fixation.

A field where therate of soil flow is zero at the windward edge of thefield due
to the presence of a stable border. Anisolated field is not protected by barriers
and is exposed to open wind velocities. The Wind Erosion Equation appliesto
conditionson anisolated field.

A line on amap or chart along which there is a constant value of avariable such
aswind velocity or climatic erosivity.

Soil erodibility factor in RUSLE that quantifiesthe susceptibility of soil particles
to detachment and movement by water. The K value isthe soil-loss rate per ero-
sion index unit for a specified soil as measured on a standard plot, which is de-
fined as a 72.6-ft length of uniform 9 percent slope in continuous clean-tilled fal-
low.

The soil roughness factor K, for WEQ. It isameasure of the effect of oriented
roughness (ridges) and random roughness (cloddiness) on erosion. See Random
Roughnessand Ridge Roughness.

An abrupt change in topography characterized by windward slope change greater
than 3 percent and windward slope less than 500 feet long.

Theincreasein wind erosion potential resulting from the compression of wind
flowlines and accompanying increased vel ocity over the crest of knolls. A knoll
erodibility factor is used to adjust estimated erosion where these conditions oc-
cur.

The suitability of land for use without permanent damage. Land capability, as or-
dinarily used inthe USA, is an expression of the effect of physical land condi-
tions, including climate, on the total suitability for use, without damage, for
cropsthat require regular tillage, for grazing, for woodland, and for wildlife.
Land capahility involves consideration of therisks of land damage from erosion
and other causes and the difficultiesin land use owing to physical land character-
istics, including climate.
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L and capability class

L eaching

Liebig’'slaw of theminimum

Lime,agricultural

L oess

L Sfactor

Management period

Mineral soil

One of the eight classes of land in the land capability classification of NRCS;
distinguished according to therisk of land damage or the difficulty of land use;
they include:

Land suitablefor cultivation and other uses.
Class| - Soilsthat have few limitations restricting their use.
Class|I - Soilsthat have some limitations, reducing the choice of plantsor re-
quiring moderate conservation practices.
Class|lI - Soilsthat have severe limitations that reduce the choice of plants or
require special conservation practices, or both.
Class|V - Soilsthat have very severe limitations that restrict the choice of
plants, require very careful management or both.

Land generally not suitable for cultivation (without major treatment).
ClassV - Sailsthat have little or no erosion hazard, but that have other limita-
tions, impractical to remove, that limit their use largely to pasture, range,
woodland, or wildlifefood and cover.
Class VI - Soilsthat have severe limitations that make them generally un
suited for cultivation and limit their uselargely to pasture or range, woodland,
or wildlifefood and cover.
Class VIl - Soilsthat have very severe limitations that make them unsuited to
cultivation and that restrictstheir uselargely to grazing, woodland, or wild
life.
Class VIl - Soilsand landforms that preclude their use for commercial plant
production and restrict their useto recreation, wildlife, water supply, or aes-
thetic purposes.

The removal of soluble materials from one zone in soil to another viawater
movementintheprofile.

A logical principle of crop production, summarized as. The level of crop produc-
tion is constrained by the essential element that is most limiting.

A soil amendment containing cal cium carbonate, magnesium carbonate and other
materials, used to neutralize soil acidity and furnish calcium and magnesium for
plant growth. Classification, including cal cium carbonate equivalent and limitsin
lime particlesize, isusualy prescribed by law or regulation.

Soil material transported and deposited by wind, consisting predominantly of
silt-sizedparticles.

The RUSL E factor that accounts for the combined effects of length and steep-
ness of slope on soil loss. The factor value represents the ratio of soil lossona
given slope length and steepness to soil loss from a slope that has alength of
72.6-ft and a steepness of 9 percent, where all other conditions are the same.

A period of time during a cropping sequence when cover and management ef-
fects are approximately uniform or otherwise result in uniform rates of erosion
during the period.

A soil composed mainly of, and having its properties determined by, mineral
matter, with less than 20% organic matter. Compare Or ganic soil.
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Mineralization

Mulch

Mulchtillage

Nitrogencycle

No-till/Striptill

Northwestern Wheat and
RangeRegion (NWRR)

Organicfarming

Organicsoil

Oven-dryweight

Pfactor

Per manent wilting point
(Wilting coefficient)

Glossary—8

The conversion of an element from an organic form to an inorganic state asare-
sult of microbial activity.

Any material such as straw, sawdust, leaves, plastic film, loose soil, or similar
material that is spread or formed upon the surface of the soil to protect the soil
and/or plant roots from the effects of raindrops, soil crusting, freezing, evapora-
tion, etc.

Managing the amount, orientation, and distribution of crop and other plant resi-
due on the soil surface year-round, while growing crops where the entirefield
surfaceistilled prior to planting.

The continuous process by which nitrogen circulates among the air, soil, water,
plants, and animals of the earth. Nitrogen in the atmosphereis converted by bac-
teriainto formsthat green plants can absorb from the soil; animals eat these
plants (or eat other animals that feed on the plants); the animals and plants die
and decay; the nitrogenous substances in the decomposed organic matter return
to the atmosphere and the soil.

Managing the amount, orientation and distribution of crop and other plant resi-
dues on the soil surface year-round, while growing cropsin narrow slots, or tilled
or residue free stripsin soil previously untilled by full-width inversion imple-
ment

Areas of non-irrigated cropland in the Pacific Northwest and mountai nous re-
gions of the west. It includes portions of eastern Washington, north central Or-
egon, northern and southeastern Idaho, western Montana, western Wyoming,
northern Utah and northern California. Rainfall and erosion processesin thisre-
gion aredominated by winter events.

A crop production system that reduces, avoids or largely excludes the use of syn-
thetically-produced fertilizers, pesticides, growth regulatorsand livestock feed
additives.

A soil that contains ahigh percentage (greater than 20 percent) of organic matter
throughout the solum. Compare Miner al soil

The weight of a substance after it has been dried in an oven at 105 degrees C to
equilibrium.

The support practice factor in RUSLE. It is ameasure of the soil losswith a spe-
cific support practice to the corresponding loss with upslope and downslopet till-
age. On cultivated land, support practices considered in RUSLE include contour-
ing, stripcropping, buffer strips, and terraces. These practices principally effect
erosion by modifying the flow pattern, grade or direction of surface runoff and
by reducing the amount and rate of runoff.

Thelargest water content of asoil at which indicator plants, growing in that soil,

wilt and fail to recover when placed in ahumid chamber. Often estimated by the
soil water content at —1.5 MPa (-15 bars) soil matric potential.
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Per meability

Phytomass

Precipitation-effectiveness
(PE)index

Preponderance

Prevailingwind dir ection

Pureliveseed

Prevailingwind erosion direction

R equivalent (Req) factor

Rfactor

Randomroughness

Refer encecondition

The ease with which water, air, or plant roots penetrate or pass through a soil ho-
rizon.

The total mass of plant material in agiven system or environment. Compare Bio-
mass.

Anindex of the effectiveness of precipitation, cal culated from mean monthly
preci pitation and mean monthly temperature at a specific geographical location.
A modified P-E index is used to represent effective surface soil moisturein cal-
culation of the WEQ climatic factor C.

A ratio which expresses how much of the erosive wind energy occurs parallel to
the prevailing wind erosion direction, as compared to the amount of erosive wind
energy occurring perpendicular to the prevailing direction. A preponderance of
1.0 indicates that as much wind erosion force occurs perpendicular to the pre-
vailing direction as occurs parallel to that direction. A higher preponderance in-
dicates more of the forceis parallel to the prevailing wind erosion direction.

The direction from which winds most commonly occur. Thismay not bethe
same asthe prevailing wind erosion direction.

Percentage of pure germinating seed: (pure seed percentage X germination per-
centage)/100.

Thedirection of erosive windswhere thereis potential for the greatest amount of
s0il to be moved, relative to the erosive force of winds from other directions.

Thefactor used in place of the RUSLE R factor in the Northwestern Wheat and
Range Region of the U.S. to measure the unique effects of melting snow, rain on
snow, and/or rain on thawing soil. Much of this soil loss occurs by rilling when
the surface part of the soil profile thaws and snowmelt or rain occurs on the still
partially frozen soil.

Therainfall and runoff factor in RUSLE that accounts for the energy and inten-
sity of rainstorms. It isameasure of total storm energy times the maximum 30-
minuteintensity.

The standard deviation of the soil surface elevations when changes because land
slope or nonrandom (oriented) tillage marks are removed from consideration.
Random roughness decreases water erosion by ponding water and sediment in
small localized depressions, decreasing transport capacity and runoff detachment
of overland flow. Random roughness decreases wind erosion by increasing the
threshold wind speed at which erosion begins and by trapping soil being moved
by thewind.

A standard wind tunnel condition for small grain equivalent determination where
small grain stalks 10 incheslong are lying flat on the soil surfacein 10-inch rows
which are perpendicular to the wind direction, with stalks oriented parallel to the
winddirection.
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Relativefield erodibility

Ridgeroughness

Rill

Rhizobia

Runoff

RUSL E (Revised Univer sal Soil
L ossEquation)

Salineseep

Salinesoil

Saltation

Salt-affected soil

Salttolerance

Glossary—10

Anindex of relative erodibility under field conditions. Wind tunnel erodibility is
adjusted for the effect of unsheltered distance and of the resistance of soil tex-
tural classes to breakdown of surface crusts by abrasion and avalanching. Com-
pared to the wind tunnel, erodibility of afield surfaceis greater because the
longer unsheltered distance allows abrasion and aval anching to occur.

The degree of oriented roughness determined by the height and width of ridges
formed by tillage and planting implements. Ridges provide sheltered zones that
trap moving soil particles.

A small, intermittent water course with steep sides; usually only several centime-
tersdeep.

Bacteriaableto live symbiotically in roots of leguminous plants, from which
they receive energy and often utilize molecular nitrogen. Collective common
name for the genus Rhizobium. Seelnoculate.

That portion of precipitation or irrigation on an areawhich does not infiltrate,
but instead isdischarged from the area.

Anempirical model that predictslong-term average annual soil loss from rainfall
and runoff for a given set of climatic conditions, on adefined land slope, and un-
der aspecified cropping and tillage management system. Expressed as
A=RKLSCP, where E isthe average annual soil lossin tons/acrelyear, R isthe
rainfall-runoff factor, K isthe soil erodibility factor, L isslopelength, Sisslope
steepness, C isthe cover-management factor and P isthe support practice factor.
RUSLE is an update of the USLE, and is made avail able as a computer program
tofacilitatecalculations.

Intermittent or continuous saline water discharge at or near the soil surface under
dryland conditionsthat reduces or eliminates crop growth. It isdifferentiated
from other saline soil conditions by recent and local origin, shallow water table,
saturated root zone, and sensitivity to cropping systems and precipitation.

A nonsodic soil containing sufficient soluble salt to adversely affect the growth
of most crop plants. Thelower limit of saturation extract electrical conductivity
of such soilsis conventionally set at 4 dSm-1 (at 25° C). Actually, sensitive
plants are affected at half this salinity and highly tolerant ones at about twice this
sdlinity

Soil movement in wind where particles skip or bounce along the soil surfacein
response to wind forces. Particlesin the size range from 0.1 to 0.5 mm (0.004 to
0.02in) usually movein thismanner.

Soil that has been adversely modified for the growth of most crop plants by the
presence of soluble salts, with or without high amounts of exchangeable sodium.

The ability of plantsto resist the adverse, nonspecific effects of excessive
soluble saltsin the rooting medium.
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Sapricorganicsoil materials

Seasonally variableK factor

Sheeterosion

Small grain equivalent (SGe)

Soil erodibility index (1)

Soil losstolerance(T)

Soil surfacemoisture

Sorting

Sprigging

Stableborder

Stripcropping

Surfacear mor

The most highly decomposed of the organic materials, having the highest bulk
density, least amount of plant fiber, and lowest water content at saturation. Com-
pare Hemic organic soil and Fibric or ganic soil.

The average annual soil erodibility K factor value that has been adjusted to re-
flect the temporal variability associated with freezing and thawing or wetting and
drying cyclesduring theyear.

A form of water erosion in which avery thin layer is removed from the soil sur-
face by detachment and overland flow.

Thewind erosion control equivalent of vegetative cover, compared to asmall
grain standard. The standard (reference condition) is defined as small grain
stalks 10 inches long lying flat on the soil surface in 10-inch rows which are per-
pendicular to the wind direction, with stalks oriented parallel to the wind direc-
tion. The small grain equivalent value is afunction of kind, amount, and orienta-
tion of growing plants or plant residues on the soil surface.

The potential soil loss, in tons per acre per year, from awide, level, unsheltered,
isolated field with abare, smooth, loose, and non-crusted surface, under climatic
conditionslikethosein thevicinity of Garden City, Kansas.

T isexpressed as the average annual soil erosion rate (tons/acre/year) that can
occur in afield with little or no long-term degradation of the soil resource thus
permitting crop productivity to be sustained for an indefinite period of time.

Adsorbed water films surrounding surface soil particlesthat increase the soil re-
sistance to erosion. In developing the climatic factor, soil surface moistureisas-
sumed to be proportional to the Thornthwaite Preci pitation-Effectiveness (P-E)
Index.

Separation of various size classes of soil particles or aggregates during wind ero-
sion. Soilstend to become coarser in response to continued sorting by erosion.

V egetative establishment of herbaceous species using stolons, rhizomes, or tillers
with soil. Vegetative material may be broadcast and then lightly covered with
soil, or planted using asprigging implement.

A stable border defines the upwind boundary of anisolated field. It isan area
with sufficient protection to prevent saltation from starting, and capable of trap-
ping and holding incoming saltation from eroding areas upwind, thus preventing
saltating soil particlesfrom entering areas downwind.

The practice of growing two or more cropsin alternating strips along contours to
control erosion.

A layer of coarse fragments or other non-erodible particles resistant to abrasion
that remain on the soil surface after the removal of fine particles by erosion.
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Surfacecreep

Suspension

Threshold velocity

Tillage

Tilth

Total Maximum Daily L oad
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(TMDL)

Transport

Transport capacity

Trapstrip

Unit plot

Soil movement by wind in which the coarser fractions are transported by rolling

and sliding along the ground surface, primarily by the impact of particlesin sal-

tation rather than by direct force of the wind. Particles greater than 0.5 mm (0.02
in) insize are usually moved in this manner.

Soil movement in wind whereby the finer fractions are transported over long dis-
tancesfloating in the windstream. Suspension isusually initiated by the impact of
saltating particles. Particlesmoving in thismanner are usually lessthan 0.1 mm
(0.004 in) in size. Many suspension-size particles are created by abrasion during
erosion.

The minimum velocity at which wind will begin moving soil particlesfroma
smooth, bare, non-crusted surface. The threshold velocity isusually considered
to be 13 mph at 1 foot above the soil surface, or 18 mph at 30 feet height.

Conventional Primary and secondary tillage operations normally performed in
preparing a seedbed and/or cultivating for agiven crop grown in a given geo-
graphical area, usually resulting in little or no crop residues remaining on the sur-
face after completion of thetillage sequence.

Inversion Reversal of vertical order of occurrence of layers of sail, or of the
soil withinalayer.

Non-inversive Tillage that does not mix (or minimizes the mixing of) soil hori-
zonsor does not vertically mix soil within ahorizon.

Subsoiling Any treatment to non-inversively loosen soil below the Ay horizon
with aminimum of vertical mixing of the soil. Any treatment to fracture and/or
shatter soil with narrow tools below the depth of normal tillage without inversion
and with aminimum mixing of the soil. Thisloosening isusually performed by
lifting action or other displacement of soil dry enough so that shattering occurs.

The physical condition of soil as related to its ease of tillage, fithess as a seed-
bed, and itsimpedance to seedling emergence and root penetration.

The maximum quantity of aparticular water pollutant that can be discharged into
abody of water without violating awater quality standard.

The movement of detached soil material acrossthe land surface or through the
air by wind or running water. Transport of soil particlesinwind ishby three
modes: (1) saltation, (2) suspension, and (3) surface creep.

The maximum amount of soil material that can be carried by wind or running
water under given conditions.

A strip of grassor other erosion-resisting vegetation, planted between cultivated
strips or fields and having sufficient width, height, and density to trap and store
incoming saltation. Trap stripsare usually not tall enough to create significant
barrier effects.

A standard plot used to experimentally determine factor valuesin USLE and

RUSLE. Itisarhitrarily defined as being 72.6-feet long, with auniform slope of
9 percent, in continuous fallow, tilled up and down the slope.
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Unsheltered distance

Unshelteredfield

USLE (Universal Soil
LossEquation)

Vegetative cover factor

Vegetativewind barrier

Water erosion

Water table

Widefield

Windbreak

Wind erodibility group

Winderosion

Wind erosion direction factor

The distance across an erodible field, measured along the prevailing wind ero-
sion direction, beginning at a stable border on the upwind side and continuing
downwind to anon-erodible or stable area, or to the downwind edge of the area
being evaluated.

A field or portion of afield characterized by the absence of windbreaks or barri-
ersand fully exposed to open wind velocity.

An empirical model that predictslong-term average annual soil lossfor agiven
set of climatic conditions, on adefined land slope, and under a specified crop-
ping and tillage management system. It has been replaced by RUSLE.

The effect of vegetative cover inthe Wind Erosion Equation. It is expressed by
relating the kind, amount and orientation of vegetative material present on the
field to itsequivalent in pounds per acre of small grain residue in reference con-
dition Small Grain Equivalent (SGe).

Narrow strips of annual or perennial vegetation planted at intervals acrossfields
for wind erosion control, snow management, or protection of sensitive crops.
Barriers have sufficient height and density to create a sheltered zone downwind.
In the protected zone, wind velocities are reduced enough to prevent saltation
from beginning. V egetative barriers may also trap incoming saltation, but thisis
asecondary function.

The detachment, transport, and deposition of soil particles by rainfall and runoff.

The upper surface of ground water or that level in the ground where the water is
at atmospheric pressure.

Any field with sufficient width to alow the rate of soil flow to reach the maxi-
mum that an erosive wind can sustain. Thisdistanceisthe samefor any erosive
wind. It varies only and inversely with erodibility of thefield surface. That is, the
more erodible the surface, the shorter the distance in which maximum flow is
reached.

A planting of trees, shrubs, or other vegetation, usually perpendicular or nearly
so to the principal wind direction, to protect soil, crops, homesteads, roads, etc.,
against the effects of winds, such aswind erosion and the drifting of soil and
Sow.

A grouping of soilsthat have similar properties affecting their resistance to wind
erosion.

The detachment, transport, and deposition of soil by wind.
A numerical factor used to calcul ate the equivalent unsheltered distance. The
factor accountsfor field shape (length/width ratio), field width, preponderance,

and angle of deviation of the prevailing wind erosion direction from aline per-
pendicular to thelong side of thefield or strip.
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WEQ (Wind Erosion Equation)
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Wind stripcropping

Windtunnel

Windbreak

Yield

An equation used to estimate wind erosion and design wind erosion control sys-
tems. Expressed as E=}(IKCLV) where E isthe average annual soil loss ex-
pressed in tons per acre per year; | isthe soil erodibility; K isthe soil ridge
roughness factor; Cisthe climatic factor; L isthe equivalent unsheltered distance
across the field along the prevailing wind erosion direction; and V isthe equiva
lent vegetativecover.

A method of farming whereby erosion-resistant crop strips are alternated with
strips of erosion-susceptible crops or fallow. Erosion-resistant strips reduce or
eliminate saltation and act as soil traps designed to reduce soil avalanching.
Strips are perpendicular or nearly so to the direction of erosive winds.

A duct in which experimental situations are created and tested by exposureto air
streams under controlled conditions. Both laboratory and portable field wind tun-
nelsare used in wind erosion research.

A living barrier of trees or combination of trees and shrubs designed to reduce
wind erosion, conserve energy or moisture, control snow deposition, or provide
shelter for livestock or wildlife. When used to control wind erosion, windbreaks
deflect wind forces and reduce wind velocity in the downwind sheltered zone be-
low thethreshold required for initiation of soil movement.

The amount of a specified substance produced (e.g., grain, straw, total dry mat-
ter) per unit area.
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