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A SOIL PRODUCTIVITY RATING FOR THE

IRRIGATED SOILS OF WALLOWA COUNTY

I. INTRODUCTION

Soils have often been used in land use planning as a

basis for deciding the best use of the land. Land use

planning in Oregon is regulated by the Statewide Planning

Goals and Guidelines of the Oregon Land Conservation and

Development Commission (LCDC, 1980). In LCDC Goal 3,

agricultural land is identified using the U.S. Soil

Conservation Service (SCS) Land Capability Classification

System (Klingebiel and Montgomery, 1961). The capability

designation was not designed for such a use, but it was the

only statewide soil rating system available at the time the

LCDC Goals and Guidelines were adopted in 1974. In Oregon,

decisions about whether a parcel of land should remain in

agricultural use are subjectively made on the basis of

compatibility with surrounding agricultural use and impacts

on overall land use patterns. The Agricultural Land

Evaluation and Site Assessment (LESA) model (SCS, 1983a) was

developed by the SCS to be used by local governments in land

use planning as an objective, quantitative method for making

such decisions. It is with the aim of developing a LESA model

for use in Wallowa County that the need for this project

arose.
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The term "model" often may have a variety of

definitions or interpretations. There are three types of

models, or ratings, which will be frequently referenced in

this thesis: 1) LESA model, 2) soil productivity model, and

3) soil potential model. These are defined as follows.

1) The LESA model is a two part system designed to

provide an objective way to evaluate the relative

values of agricultural land and to assess whether

a specific site should remain in agricultural

use. Since local input is essential to the

process, both parts of LESA must be developed for

use in each different locality, usually a county.

Land evaluation (LE) is the first part of the LESA

model. This part rates the relative productive

capacity of the soil for a stated use, for example

cropland. If available, soil potential ratings

are the preferred basis for this part of the

model, although soil productivity ratings may

also be used.

The second part of the LESA model is site

assessment (SA). Factors other than soils that

affect the agricultural value of land are

considered in this part. Examples of such factors

are compatibility of a proposed use with existing

land uses in an area and distance to an urban

area. Adding the value for this site assessment

part to the value obtained from the land
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evaluation part gives a score which rates the

relative, overall agricultural value of a site.

This score can then be used to compare sites.

2) A soil productivity rating (or model) is a

relative measure of a soil's ability to support

plant growth and crop yields under a defined level

of management. Such a rating is based on the

relatively unchangeable properties of soil and

climate, and thus has the advantage of remaining

stable over time. Other terms used in the

literature for soil productivity ratings are soil

productivity index, actual productivity, and

present productivity.

3) A soil potential rating (or model), sometimes

called potential productivity, takes

productivity ratings one step further by

incorporating the costs of the management

practices needed to achieve a specified level of

productivity. The economic basis of soil

potential ratings makes them more practical, but

they are more time consuming to develop than

productivity ratings.

Although Wallowa County has a total population of less

than 7000, development pressures occurring in the Wallowa

Valley led to conflicts between proposed residential use and

existing agricultural use, particularly in the area between

Enterprise and Joseph. An objective method was needed to
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resolve these conflicts and implement the Wallowa County

Land Use Planning goal of preserving and maintaining

agricultural lands (Land Use Plan, 1977). In the fall of

1983, Wallowa County personnel from the Soil Conservation

Service, OSU Extension Service, and the County Planning

Department requested assistance to develop a LESA model for

use in their county.

The first step in the Wallowa County LESA process was

to develop soil potential ratings. Because this is a

lengthy process, we saw the need to streamline the

derivations of potential ratings for use in the land

evaluation part of the LESA model. If a productivity rating

based on field properties of soils could be devised that had

the validity of a potential rating, it would speed

implementation of the LESA model in other counties. Once

the Wallowa County soil productivity model has been

designed, calibrated, and tested, it can be adjusted for use

in similar counties with only minimum calibration.

The objective of this study was to develop a soil

productivity rating such that the score for a particular

soil would match the potential rating for that same soil.

This would indirectly incorporate economics into the

productivity rating, giving it the advantage of a potential

rating without the disadvantage of lengthy development.

It was decided that the soil productivity model should

focus on the soil and site conditions in the Wallowa Valley

and adjacent uplands, where the most pressing land use
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planning conflicts were occurring. Initially, both the

irrigated and the dryland soils were to be modeled. Due to

delays in the derivation of the dryland soil potential

ratings, however, the scope of the study was later narrowed

to include only the irrigated soils. Where possible, the

productivity model for the irrigated soils has been designed

to facilitate future expansion and modification to

accomodate the dryland soils.

The first step in the development of soil productivity

ratings for Wallowa County involved compiling a list of soil

series found in the study area. Subsequent steps involved

choosing factors to be used in rating the soils, combining

these factors into a soil productivity model, and testing

and evaluating the completed soil productivity model. This

soil productivity model will hereafter be referred to as

"the model" as these steps are explained and elaborated in

the following chapters of this thesis.
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II. DESCRIPTION OF THE STUDY AREA

A. Location, Geology, and Climate

Wallowa County, the northeasternmost county in Oregon,

is in the Blue Mountains physiographic region (Figure 1).

The Wallowa Valley, in which over half of the County's

population lives, is a broad structural intermontane basin

trending northwest to southeast in the southern part of the

County. The towns of Wallowa, Lostine, Enterprise, and

Joseph are located in the Valley (Figure 2). Enterprise is

both the largest town and the county seat.

Recent alluvium and glacial outwash fill the valley.

The alluvium has been deposited by the Wallowa River and its

tributaries. The outwash is derived from the alpine

glaciers that extended down the valleys of the Wallowa

Mountains during the Pleistocene (Vance et al., 1969). The

moraine bounding Wallowa Lake at the southeast end of the

valley marks the most recent extent of glaciation during the

Pleistocene. Earlier advances may have extended beyond that

point, but evidence of them has been obliterated (Simonson,

personal communication). A glacial outwash fan slopes to

the northwest into the Wallowa Valley from where the Lake is

now.

In general, the climate can be characterized as cold

and dry. Precipitation data collected by the SCS for the

years 1931-1952 indicate that the average annual
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Figure 1. Physiographic regions of Oregon
source: (Dicken, 1973)
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precipitation within the study area is lowest at Enterprise,

with thirteen inches, and increases in all directions from

there to a maximum of about nineteen inches. Annual

precipitation is approximately 17 1/2 inches at Wallowa and

16 inches at Joseph. Most of the moisture falls from

November through June, with about half in the form of snow.

Within the study area, the mean annual air temperature

ranges from 43.5 to 45.4°F. The mean January temperature is

22 to 24°F, and the mean July temperature is 63 to 66°F. The

elevation of Wallowa is 2941 feet. Joseph is at 4190 feet,

and the adjacent irrigated uplands extend up to about 4200

feet.

B. Soils

The ten soil series found in the study area are listed

in Table 1. Compiling this list was complicated by the lack

of a soil survey for Wallowa County. The soil mapping in

"Oregon' s Long-Range Requirements For Water" for the Grande

Ronde Drainage Basin (Vance et al., 1969) is order four, but

it provided a starting point. Additional series were

identified from some preliminary soil mapping for Wallowa

County generated by the SCS in the early 1960's. The list

was finalized with the help of Dr. Herb Huddleston, OSU

Extension Soils Specialist, Don Baldwin, SCS District

Conservationist in Wallowa County, Dave Dickens, OSU

Extension Agent in Wallowa County, and Ken Hale, SCS Soil
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Conservationist in Wallowa County. These three Wallowa

County people served as a panel of local experts, whose

knowledge of Wallowa County soils and agriculture was used

as a reference source throughout this study.

The complete taxonomic classifications of all ten

series are listed in Table 1. One series (Chesnimnus) is an

Argixeroll. Two series (Sturgill and Catherine) are

Haplaquolls, and the other seven are Haploxerolls. All

these soils, as they occur in this part of Wallowa County,

have a frigid temperature regime (Simonson, personal

communication). The Catherine series is classified as mesic

because it was set up in another county. An equivalent

series having a frigid temperature regime will need to be

setup in Wallowa County unless insufficient acreage exists,

in which case it would be handled as a Catherine variant.

The soils of the study area occur on five different

landforms: floodplains, terraces, alluvial fans, glacial

outwash fans and uplands. Those found on floodplains, low

terraces, and alluvial fans were formed in mixed alluvium.

These include the Cheval, Josset, and Sturgill soils on

floodplains, the Lostine, Catherine, and Redmount soils on

low terraces, and the Minam soil on an alluvial fan. Except

for the Catherine, Cheval, and Sturgill, all these soils

have loess and ash parent material in addition to the mixed

alluvium. The Chesnimnus and Reavis soils are formed in

glacial sediments on outwash fans. Some loess and ash also



Table 1. Soil series in the study area

SERIES TAXONOMIC CLASSIFICATION

Catherine fine-silty, mixed, mesic Cumulic Haplaquoll

Chesnimnus fine-loamy, mixed, frigid Calcic Argixeroll

Cheval Coarse-loamy over sandy or sandy-skeletal, mixed frigid Cumulic Haploxeroll

Josset coarse -loamy over sandy or sandy-skeletal, mixed frigid Cumulic Haploxeroll

Lostine coarse-silty, mixed, frigid Pachic Haploxeroll

Minam fine-loamy, mixed, frigid Pachic Haploxeroll

Reavis fine-loamy, mixed, frigid Calcic Haploxeroll

Redmount coarse-loamy, mixed, frigid Pachic Haploxeroll

Sturgill fine-silty, mixed, frigid Typic Haplaquoll

Topper fine-silty, mixed, frigid Calcic Haploxeroll
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occur in the A horizon. Topper is an upland soil formed in

loess and reworked loess with ash in the surface.

The loess in these soils is locally derived from

glaciated areas and outwash fans in the Wallowa Valley. The

ash is predominantly from Mount Mazama, which erupted almost

seven thousand years ago. Prevailing winds carried the ash

in a northeasterly direction, with deposition occurring

over a period of a few weeks. The larger size fractions were

deposited closer to the source, with only the silt sized

fraction being carried as far as Northeastern Oregon.

Recent St. Helen's eruptions (1000-2000 years ago) are an

extremely minor source of the ash found in these Wallowa

County soils (Simonson, personal communication).

SCS information sheets, including SCS-S's, OR-1's, and

series descriptions, were used as a source of soils data.

Soil and site characteristics for each series are given in

these publications as a range of values which apply to all

localities in which the series occurs. These value ranges

were modified to describe the series as they occur in the

study area. The profile of most of the soils in the study

area can be generally described as moderately deep to deep,

dark, silt loams and loams.

C. Agriculture

Today, the cold temperate crops of winter wheat, spring

barley, improved pasture, alfalfa hay, potatoes and peas are
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most commonly grown in the Wallowa Valley. Most of the farm

land is conventionally managed using a moldboard plow (or

chisel plow, on soils with surface coarse fragments), disk,

and harrow to prepare the seedbed. But, in the last six

years, some of both the irrigated and dryland soils have

been managed using a no-till system. This has been used

mostly on grain, but also on pasture and range lands. In no-

till, the crop is harvested leaving the stubble. The next

crop is planted directly into the stubble-covered ground

using a specially designed drill which penetrates the

stubble to place the seed in the soil.

There are approximately 303,872 acres of agricultural

land in Wallowa Valley, including about 45,000 acres

presently under irrigation. The irrigated lands extend from

just south of Joseph to north of Wallowa, in a band between

five and six miles wide. This area includes the floodplains

and terraces of the Wallowa and Lostine Rivers, and of

Hurricane, Prairie, and Bear Creeks (Land Use Plan, 1977).

Surface water for irrigation is cheap and plentiful in

the Wallowa Valley. Streams flowing off the north flank of

the Wallowa Mountains provide most of the water, and some is

taken out of Wallowa Lake. About half of the irrigation

water flows by gravity through a system of ditches to the

farmed fields; the other half must be pumped. The first

irrigation ditch was built in 1873, and most of the

extensive ditch network which currently exists was

completed by 1915 (Dicken, 1973). As with initial
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construction costs, the costs of maintaining the ditches are

borne by private landowners. Most of the irrigation water

is applied through center pivot or wheel line sprinkler

systems. Overland flow methods are used on less than 15% of

the irrigated acreage.
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Ill. MODEL DEVELOPMENT

The first step in the development of the soil

productivity model was to study some existing productivity

models to learn how the ratings were used, what factors were

included, and how the factors were combined to compute the

final rating. Strong points of other models were noted so

that they could be incorporated into this model to

strengthen it. Similarly, other models' shortcomings were

identified so that they could be avoided.

The next step was to formulate model objectives based

on both the information gleaned from other models and the

needs of prospective users. The third step was to establish

a means of calibrating the productivity ratings using the

soil potential ratings developed for Wallowa County. The

fourth step was to identify six general components required

for a soil to be agriculturally productive. Factors which

could be used to assess these general components were

evaluated for inclusion in the model according to how well

they satisfied the model objectives. In the final step,

factors were grouped into three categories.

A. Types of Models

Attempts to classify land have been many and varied.

Several comprehensive discussions on the subject have been

published. Approaches used throughout the world are



16

discussed in the Food and Agriculture Organization Soils

Bulletin 22 (FAO, 1974). Huddleston (1984) presents an

exhaustive review of soil productivity ratings developed

for use in the U.S. from a historical perspective. Simonson

and Englehorn (1938) survey some of the earlier U.S. work on

soil productivities. Olson and Olson (1981) describe

several methods used in the U.S. for tax assessment of

agricultural lands.

This discussion is limited to numerical soil

productivity rating models developed for use in North

America, with emphasis on soil property models. Bases for

these models, methods of computation, and typical

applications are of primary concern.

Many different types of soil productivity models have

been developed for a variety of applications including tax

assessment, farm management, land use planning, and

agricultural land value appraisal. Tax assessment probably

has been the most common use. Huddleston (1982), however,

designed a model for use in the Willamette Valley of Oregon

that could be used in all four of these applications. Other

such multi-use models were deveoped for the North Central

Region of the United States (NCRTC, 1965), Iowa (Fenton et

al., 1971), and California (Storie, 1933 and 1976).

Productivity ratings for Iowa (Fenton, 1975) and for

Saskatchewan (Moss, 1972) were developed specifically to be

used in tax assessment. Farm management and farm planning

were the focus of earlier models (Powers et al., 1939 and
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1948). More recently, land use planning has been a primary

focus (Rogers, 1980; Tillamook County Planning Dept.,

1979). Harris (1949) designed a rating to establish

agricultural value for a given piece of land. Manrique and

Uehara (1984a and 1984b) developed a system for matching

crop requirements of potatoes to land characteristics.

Some models use yield data directly to rate

productivity. Yield-based models are sometimes preferred to

soil property models because the rating is a direct measure

of the productive capacity of the soil in terms of the amount

of the specified crop which can be grown. Models based on

yield are most useful in areas for which many data are

available for different combinations of crop, soil,

landscape, and climate.

The basic approach in this type of model is to first

establish benchmark soils which occur over wide geographic

areas and for which extensive crop yield records are

available. Yields for soil and climate combinations for

which no records are available are estimated by adjusting

for soil and climate factors according to the extent of

their differences from those of the benchmark soils. The

result is a complete set of yield estimates for all map

units.

For example, assume soil A is very similar to a

benchmark soil except for the amount of rainfall received.

The estimated yield of soil A will be adjusted upward or

downward from the yield of the benchmark soil according to
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how much more or less rainfall is received by soil A than by

the benchmark soil.

The yields may be given for a single crop such as corn

(Walker, 1976), several crops (Bell et al., 1981; NCRTC,

1965; Powers et al., 1948), or as an index of several crops

(Rogers, 1980). Fenton et al. (1971), developed yield

estimates first for corn, then for soybeans, oats, and hay

as an equivalent percentage of the estimated corn yields.

If yield data were available for all soil, landscape,

and climate combinations, there would be no need for other

types of productivity models. Because many areas lack

extensive yield data, this is not the case. Models based on

soil properties, from which productivity is inferred, are

often more helpful than yield models.

In soil property models, factors that affect plant

growth are first identified and evaluated. Numerical values

for each factor are assigned according to its effect on

plant growth. Full value for a given factor is assigned to

the soil and climate conditions that are determined most

ideal for producing plant growth in the area being

considered. Values are set for less than ideal conditions

depending on the magnitude of their effect on soil

productivity. In areas where a soil survey has been

completed, soil and site data from it are often used,

because soil surveys are readily available and familiar to

many users.
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The values for individual factors are then combined in

a formula to compute the final productivity rating, usually

on a scale from 0 to 100. Some measure, such as yield

estimates, are used as a reference to calibrate computed

ratings so they will be valid indexes of each soil's

relative ability to produce plant growth.

In some models, a final rating is computed by adding

scores from individual components. In other models, scores

from individual factors or categories of factors are

multiplied together to compute the final rating. Still

others use a combination of additive and multiplicative

methods. Additive, multiplicative, and combination type

formulas will be explained, then some soil property models

will be discussed to illustrate how the factors in each are

combined.

Models in which individual factors are added together

to compute the final productivity rating have the advantage

of being able to include several soil and site

characteristics. The disadvantage of an additive system is

that a soil can have a severe limitation such as wetness but

still end up with a relatively high rating. A

multiplicative model overcomes this disadvantage, because a

low score for an individual factor dominates the final

rating. But a model in which the individual factors are

multiplied together to compute the final rating must have

only a few factors or the final rating will be significantly

lower than the rating for each single factor. For example, a
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multiplicative model with three factors rated at 90% each

will have a final productivity score of 73 ( .90 x .90 x .90 =

73).

A combination model incorporates the advantages of

both the additive and multiplicative models, and minimizes

their disadvantages. In this type of model, factors are

grouped into categories. Usually, the values of factors

within each category are added, then the totals for each

category are multiplied together to compute the final

productivity rating. In this way, several factors can be

included in the model, yet a low value for any one category

can dominate the final rating.

Moss (1972) developed an additive system of rating

Saskatchewan soils in which positive values for climate,

texture, and profile characteristics were added to form a

basic soil rating. The rating for the climate factor was

assigned according to the soil zone (corresponding to a

particular geographic area) in which the site was located.

The profile factor was defined by the subgroup of the

Canadian system of soil classification for the soil being

rated. The basic soil rating was reduced for any landscape

factors which adversely impact soil productivity, such as

poor drainage, stoniness, and susceptibility to erosion.

Except for stoniness and landscape factors so severe as to

render the land nonarable, the amount to be deducted for a

particular landscape feature was subjectively determined.
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Another additive model, designed for use in the

Willamette Valley of Oregon (Huddleston, 1982), was based on

the U.S. soil taxonomic classification system. In

calculating these productivity ratings, point values

(positive or negative, according to the inferred effect on

soil productivity) were assigned to each word or syllable in

the taxonomic soil name. These points were then summed to

figure the final rating. Ratings were derived for both the

native productivity and the maximum productivity, after

corrections for amendments, drainage, and irrigation were

made. Adjustments for each of these corrections were given

individually, so that the user may perceive the effect of a

given correction, or combination of corrections, on the

productivity rating.

The Southern Regional Technical Work-Planning

Conference Committee (SRTC, 1974), hereafter abbreviated as

SRTC, developed a soil potential rating for corn production.

The SRTC rating system consists of three subsystems - one

for soil characteristics, one for development difficulty,

and one for maintenance. The soil characteristic subsystem

is basically a soil productivity rating if considered

exclusive of the other two subsystems. Fourteen factors

were evaluated for each soil. Depending on the importance of

a particular factor and its effect on soil productivity,

penalty points ranging from 0 to 12 were assigned. Each

factor was then multiplied by a weighting factor ranging

from 0 to 10. The product of the penalty points times the
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weighting factor for each of the fourteen characteristics

was summed, then subtracted from 100 to determine the final

rating.

The soil characteristic subsystem of the SRTC model

incorporates physical soil characteristics (available water

holding capacity, coarse fragments, depth, and

permeability), chemical soil characteristics (exchange

capacity, weatherable minerals, organic matter, pH, and

soluble salts), and landscape factors (slope, flooding,

soil loss, and wetness). Soil moisture was rated according

to the taxonomic moisture regime. A sliding scale was used

to weight the penalty points for the soil reaction factor to

try to model the interactions with other factors that occur

as a result of high pH.

Manrique and Uehara (1984a and 1984b) also utilized

information contained in the taxonomic classification of a

soil, along with additional soil survey and climatic data,

in developing their land suitability classification for

potatoes. They used a computer program to match land

qualities to the growth requirements for potatoes and to

calculate a land unit index at three levels of management

input. Nine factors were incorporated in their

multiplicative model: water availability, oxygen

availability, soil tilth, thermal regime, root development,

soil acidity, soil salinity and sodicity, nutrient

availability, and land erodibility. Because it was based on
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Soil Taxonomy, Manrique and Uehara felt that this rating for

potatoes could be used internationally.

The Storie Index (Storie, 1933) developed for use in

California is probably the most well-known of all the soil

property models. In its most recent revision (Storie, 1976),

the Storie Index Rating is derived by multiplying together

separate ratings on a scale of 0 to 100 for each of four

factors: one for soil profile, one for texture of the

surface soil, one for slope, and one for conditions such as

drainage, alkali content, nutrient level, erosion, and

microrelief. If two or more of these conditions exist, their

ratings are multiplied together to compute the rating for

factor four.

The Storie Index has been revised several times for

continuous use in California, as well as being adapted as a

basis for models in other states (Huddleston, 1984). Two

combination models developed for use in Arizona (Harris,

1949) and New Mexico (LeVee and Dregne, 1951) are among

those using a revised Storie approach. Like the Storie

Index Rating, factors are multiplied together to compute the

final rating.

Unlike the Storie Index, the Arizona and New Mexico

models use different factors and different methods for

computing the ratings for each factor. Harris uses three

factors - soil, water, and climate; LeVee and Dregne use

four - soil profile, slope, erosion, and other permanent

limitations. Harris' use of water as one of the factors in
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his Arizona model reflects its value to agriculture in the

arid Southwest. The New Mexico model emphasizes the

importance of erosion by considering it as a separate

factor, rather than as a subfactor as in Storie's model.

In both the Arizona and New Mexico models, some of the

"factors" are really a composite of several subfactors. To

calculate the soil factor rating, for example, Harris first

averaged together the values for the surface soil and

subsoil. He also averaged the slope in direction of water

run and across the slope (at right angles to water run). He

then multiplied these two averages times the value for soil

depth to obtain the rating for the soil factor. The water

factor rating was calculated by first averaging separate

values for water quantity and water quality, then

multiplying by the value for a factor expressing the time

during which water was available.

LeVee and Dregne (1951) computed the rating for the

soil profile factor by adding together separate values for

texture, subsoil permeability, and substratum permeability.

This sum was then multiplied by a value for "associated soil

factors" to achieve what they label the "adjusted soil

profile rating". Their factor for other permanent

limitations rates only the most severe limitation if two or

more are present, unlike Storie's factor 4.

Neill et al. (1979) developed a combination model to

evaluate productivity in terms of the suitability of the

soil environment for root growth. Five soil parameters
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(potential available water storage capacity, aeration, bulk

density, pH, and electrical conductivity) were rated for

each 10 cm soil layer in terms of sufficiency for root

growth. For each layer, these five sufficiencies were

multiplied together and weighted according to the

proportion of total roots estimated to occur in each layer.

The weighted sufficiencies for each layer were then summed

to calculate the productivity index for that soil

environment.

Allgood and Gray (1978) analyzed both yield and soil

property data to develop two prediction equations (models)

for wheat, grain sorghum, and cotton lint yield indices in

Oklahoma. The Soil-Properties Model was developed for areas

where extensive lab, field, and crop yield were available.

Because only data from the soils on which the crop is most

commonly grown were used, the equation may have limited

application to other soils.

Their other model, the Soil-Classification Model,

utilized only a limited amount of crop yield data and

inferred soil properties from diagnostic soil

characteristics in the taxonomic soil name. The limitation

of Manrique and Uehara's (1984a and 1984b) potato

suitability model applies to this model as well: broad

definitions for some of the taxonomic classification

categories limited the specificity of predictions made

using this model. Because only one value is calculated for

each category of classification, soils having properties
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near the lower end of the scale for the category will have

the same rating as soils having properties near the higher

end of the scale for a given taxonomic category.

B. Model Objectives

The objectives listed in Table 2 established a

framework for the model. One objective was to design the

model simply and clearly so that nontechnical people, such

as land use planners and growers, who may lack specialized

soil training, would still find the model easy to use.

Another objective was to rate the overall agricultural

productivity for cold temperate crops, because this would

be more useful for general land use planning than a rating

system specific to only one crop. Both of these design

objectives would maximize the potential number of users and

broaden the scope of situations to which the model could be

applied.

A third objective was to maximize the amount of

information obtained from local people in Wallowa County.

Incorporating local input further ensures usefulness of the

model, because it reflects agricultural conditions and

practices in Wallowa County. This builds credibility and

thus encourages local acceptance of the model. Futhermore,

local input is an integral part of the LESA concept (SCS,

1983a).
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Table 2. Model objectives

1. Design for nontechnical users.

2. Rate soils for general agriculture.

3. Incorporate local input.

4. Use field measurable soil properties as factors.

5. Combine the factors using a combination of additive
and multiplicative methods to compute the final
soil productivity rating.

6. Specifically define each factor and how points are
to be assigned.

7. Design the model to duplicate Wallowa County Soil
Potential Ratings.
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The fourth objective was to base the model on field

measurable soil properties. This objective was dictated by

the lack of field-specific site data, yield data, and

detailed soil mapping in Wallowa County. Utilization of lab

data in the model would have been a deterrent to use because

of the extra time and dollar investment required before a

productivity rating for a given site could be figured.

The fifth objective was to structure the model so that

the ratings were computed using a combination type formula.

This was a result of reviewing the literature, particularly

the Arizona (Harris, 1949) and New Mexico (LeVee and Dregne,

1951) models. A combination model was chosen because it

minimizes the downfalls' but includes the strong points of

additive and multiplicative models discussed in section A.

of this chapter.

Many productivity models (Moss, 1972; Storie, 1933 and

1976) give a range of values that could be assigned to a

given soil or site factor, leaving it up to the user to

decide exactly which value to assign. Specifying the

assignment of points in such an arbitrary manner may result

in a rating for a given soil that varies from user to user.

To avoid such variance, the sixth objective was to be exact

and quantitative in specifying values to be given for each

factor. Further ambiguity, such as in rating the landscape

factor in the Saskatchewan model (Moss, 1972), could be

avoided by precisely defining each factor to be rated.

Building such specificity into the model, as LeVee and
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Dregnee (1951) did in their New Mexico model, and the SRTC

(1974) used to rate soils for corn production, would help

ensure repeatable results, no matter who the user might be.

The seventh objective, a basic premise upon which this

model was designed, was to validate the productivity ratings

generated with this model by comparing them to a set of

independently derived soil potential ratings for Wallowa

County. Using the potential ratings to calibrate the model

gives the advantage of indirectly incorporating yields and

production costs into the productivity model. Meeting this

last model objective would also fulfill the study objective

of developing a soil productivity model that could be used

in lieu of soil potential ratings in a LESA model. The

process used to derive the soil potential ratings will be

explained in the next section of this chapter.

Two additional assumptions had to be made to develop

the model. One was that the soil potential ratings used for

calibration were themselves sufficiently accurate. The

second arises from the fact that a model is merely an attempt

to approximate the conditions in a natural system. But due

to complexity in nature and to limitations in the type and

amount of data, even the most detailed model cannot fully

accomodate all of the many interactions that occur in

nature. It was necessary to assume, therefore, that it

would not be possible to account for all the interactions

between soil and site factors in the design of this

productivity model.
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C. Wallowa County Soil Potential Ratings

Soil potential ratings (SCS, 1983b) were developed for

the irrigated soils of the Wallowa Valley using winter

1

wheat, alfalfa hay, and 'mproved pasture as index crops.

The panel of local expert provided much of the necessary

information. The following procedure was used for each of

these crops:

1. Determine an estimate of the average annual yield

under a high level of management for each soil

phase being considered. These estimates were

based on yield records from fields for which the

soil series was known and on the experience of the

panel.

2. Adjust the gross yield figures downward, if

necessary, to reflect annual losses in yield due

to frost and flood damage.

3. Convert adjusted yields to gross profit by

multiplying by the selling price per unit of

yield.

4. List all of the management practices necessary to

obtain the specified yield. These include

plowing, cobble management (rock rolling and

picking), land leveling, fertilization, seeding,

weed control, irrigation (pumping, ditch and

system maintenance), land drainage, and

harvesting.
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5. Determine the cost for each management practice

used on a given map unit.

6. Subtract the total of all management costs from

the gross return to determine the net return to

soil management on each crop/soil combination.

7. Array from high to low the net profit figures for

all the soil phases. If any of these are

negative, add the absolute value of the most

negative number to each figure so that the most

negative then becomes zero and all other numbers

are positive. Compute a relative ranking from

zero to one hundred by dividing each net profit by

the highest net profit and then multiplying by one

hundred. This results in a whole number rating

which expresses the net return as a percentage of

the maximum net return under above average

management for the crop.

The next step was to combine the individual rankings

for the three index crops into one overall soil potential

rating for agriculture. There are several methods for doing

this. In the land evaluation part of the LESA model

developed for Latah County, Idaho (Steiner et al., 1984),

winter wheat yields were used as an indicator crop because

winter wheat is widely grown, it is the major cash crop, and

many reliable wheat yield data are available. For soils on

which winter wheat is not grown, hay yields were adjusted to

reflect equivalent winter wheat yield figures. In the Linn
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County, Oregon LESA model (Steiner et al., 1984), four

single-crop soil potential ratings were derived for each

soil. The net return for the most profitable crop on each

soil was then used to derive the final overall agricultural

soil potential rating.

Both Huddleston (1982) and Rogers (1980) developed

productivity ratings for soils in the Willamette Valley.

Huddleston used a weighted average yield of several index

crops for calibration. Rogers assigned points depending on

the percentage of maximum yield attained by the index crops

on a given soil, then incorporated this factor along with

other factors into a final productivity score. In this way,

a soil suitable for growing only one or a very few crops is

penalized for lack of diversity, while a soil that can be

used to grow several crops is awarded a higher rating.

After evaluating the methods used to develop other

overall ratings, it was the opinion of the local panel of

experts that the Wallowa County soil potential ratings

generated for irrigated alfalfa were most representative of

the general overall agricultural potential of the soils

being considered in this study. Thus, only the soil

potential ratings for alfalfa were used to calibrate the

soil productivity model. The alfalfa potential ratings were

used as a target to gauge the accuracy of the soil

productivity ratings and to provide direction for

adjustment of the model.
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D. General Components and Factors

An agriculturally productive soil is one that has soil

and site conditions which promote plant growth and are

conducive to agricultural management. Six general

components that express the qualities a soil must have for

agricultural use were identified. These components, and the

factors selected to measure them in the model, are listed in

Table 3. Precise methods of quantifying the effects of each

factor are possible, but because they require extensive

measurements and specialized equipment, they are not

appropriate for the objectives of this model.

Because texture is included as a factor to assess five

of the six general components (water availability, oxygen

availability, nutrients, erosion hazard, and ease of

tillage), texture emerges as a property of major

significance in the model. The importance of texture as a

soil property is not directly due to the significance of the

percentages of sand, silt, and clay, but rather to the value

of texture as an indicator to express the general effect of

other soil properties related to it. The use of texture as a

major component of soil productivity models is well

documented (Harris, 1949; Moss, 1972; Storie, 1976).

(1) Water Availability. Both those factors that influence a

soil's ability to hold water and those factors that affect

the water supply to the soil must be considered in

evaluating moisture available in the soil for plant growth.



Table 3. General components and factors selected to measure them in the model

COMPONENTS FACTORS

(1) Water Availability texture
depth
coarse fragments
precipitation
slope
aspect
irrigation water supply method

(2) Oxygen Availability texture
drainage class

(3) Nutrient Supply texture
depth

(4) Temperature elevation
slope
aspect
cold air drainage or frost damage

(5) Erosion Hazard texture
slope

(6) Ease of Tillage texture
rock fragments on the surface
drainage
flooding
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A measure of plant available water in the soil profile is

available water holding capacity (AWHC). Both Neill (1979)

and the SRTC (1974) included AWHC in their models. However,

since AWHC is a function of texture, depth, and volume of

coarse fragments, inclusion of both AWHC and texture would

have been duplicative. Given that texture was to be a

factor, it made more sense to include soil depth and coarse

fragments along with texture as indicators of moisture

availability, rather than to have AWHC as a separate factor.

Use of texture, depth, and coarse fragments is also more

consistent with the model objectives of providing a simple

model based on easily determined field properties.

One way to evaluate water supplied to the soil is to use

taxonomic classes of soil moisture regimes (Huddleston,

1982; Manrique and Uehara, 1984a; SRTC, 1974). This

requires, however, that the series for each site be known;

such is not the case in Wallowa County. In addition, the

taxonomic moisture regime would not be precise enough to

differentiate between soils in the Wallowa Valley because

all the soils, except two, are classified as xeric. The

Catherine and the Sturgill series are aquic.

"Water is the major factor that gives agricultural

value to land.", Harris (1949) states in support of using

water as a factor in his Arizona model. Water, or the lack of

it, has the greatest impact in arid or semiarid climates, or

where dryland farming is practiced, as in Wallowa County.

In areas where every inch of rain is essential for maximum
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yield, incorporating water as a factor in the model can

highlight rainfall differences within the study area and

their resultant effect on productivity. Although it's not

important for the irrigated soils, the Wallowa County people

felt it essential to include a factor to express water

supply for modeling the dryland soils. However, they

considered "effective precipitation" a better measure of

water supply than simply rainfall amounts. This term is

used to mean not only precipitation amount, but also the

effects of slope and aspect, which modify precipitation due

to their influence on infiltration and evapotranspiration.

Whether irrigation water is supplied by pumping or by

gravity feed is primarily due to landscape position and the

location of the water supply in relation to the field.

Although soil productivity is not strictly a function of the

method used to supply irrigation water, irrigation method is

incorporated as a factor in this model because it is

important in explaining the rating differences in the

Wallowa Valley irrigated soils.

In all, seven individual factors were included in the

model to assess moisture availability. Texture, depth, and

coarse fragments express the soil's ability to store plant-

available water. Precipitation, slope, aspect, and the

method of supplying irrigation water express the effect of

water supply to the soil.

(2) Oxygen Availability. The oxygen content of the soil air

in contact with the root surface has a direct influence on
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plant growth. Aeration, and therefore oxygen availability,

can be assessed directly by determining aeration porosity

(Neill et al., 1979), by using gas chromotography to find

the oxygen content of soil air, by measuring the oxygen

diffusion rate, or with redox potentials. But none of these

methods are consistent with the objective of keeping the

model simple and easy to use for nontechnical users.

Because texture is a major determinant of pore size

distribution and structure, it can be used to indirectly

assess oxygen availability. Since texture is relatively

easy to evaluate in the field, it was included as a factor in

the model.

Very little oxygen is available to plant roots in

saturated soils, so drainage conditions are also important

in assessing oxygen availability in a soil (LeVee and

Dregne, 1951; Moss, 1972; SRTC, 1974; Storie, 1976). In

Wallowa County, drainage was included as a factor in the

model because it met the objectives (simple and easy to use;

field measurable) and because it was found to be useful in

separating the soils in the study area by productivity

differences.

(3) Nutrient Supply. The essentiality of nutrients for

plant growth is fundamental. The nutrient status of a soil

is determined both by the total amount of nutrients present

and by whether the nutrients are in a plant-usable form.

Exchangeable K (Manrique and Uehara, 1984a), organic matter

content (Manrique and Uehara, 1984a; SRTC, 1974) and
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exchange capacity (SRTC, 1974) have been used to measure

nutrients held in the soil. Soil acidity has been the most

frequently used indicator of nutrient availability to the

plant (Algood and Gray, 1978; Manrique and Uehara, 1984a;

Neill et al., 1979; SRTC, 1974). But since these must be

measured in a lab, they did not fulfill the model objective

that field measurable data be used.

Other authors have used indirect methods of assessing

the nutrient status of a soil. Storie (1933) suggested

studying the past cropping history to determine the general

fertility of a soil. But this information is not always

available and requires a trained user to evaluate it for

this purpose. Surface soil thickness was found to be

significant in predicting wheat yield in Allgood and Gray's

(1978) Soil-Properties Model, but was not definitive for

rating the Wallowa Valley soils. Texture was selected as an

indicator of a soil's nutrient supplying capacity in the

Wallowa Valley model because of its direct effect on the

cation exchange capacity. Soil depth limits the amount of

soil that the roots can explore for nutrients. Both texture

and depth can be evaluated in the field.

(4) Temperature. Many plant functions (including

photosynthesis, respiration, transpiration, and water and

nutrient uptake) are directly affected by temperature.

Actual data on soil or air temperature, which roughly

correlates with soil temperature, are the most direct

measure of temperature. But long-term, site-specific
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temperature data are not widely available for Wallowa Valley

soils.

Other temperature-based factors have been used in

previous models. The categories of the taxonomic soil

temperature regime (Manrique and Uehara, 1984a; Huddleston,

1982) are too broad to separate the Wallowa Valley soils by

temperature differences - all are frigid. Frost-free days

(Harris, 1949) as an indicator of growing season was ruled

out as a factor for this model because the data available

were not reflective of actual conditions - it can frost in

any month in the Wallowa Valley.

Elevation generally correlates with temperature and it

is relatively easy to determine using a topographic map.

Therefore, elevation was chosen as the main factor to assess

soil temperature. Because the elevation/temperature

relationship does not hold for certain landscape positions

subject to cold air drainage or frost damage, these two

phenomena were considered as additional components in the

model.

Both the steepness of the slope and the direction which

it faces directly affect the amount of insolation and thus

influence soil temperature. Because of this, slope and

aspect were included as factors in the model. Interactions

between slope, aspect, temperature, and water availability

complicated development of the model.

For example, soils on north-facing slopes receive less

sunlight than those on south-facing slopes. For plant
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growth, this is unfavorable for soil temperature (soils on

north slopes are cooler) but favorable for soil water

(because they are cooler, north slopes are subject to less

evapotranspiration). This effect becomes more pronounced

as slope increases. Such conflicts were resolved when

devising the rating scales for each factor. In this

example, the Wallowa County reference people felt the

favorable effects of a north aspect on effective

precipitation were more important and should be weighted

more heavily than the unfavorable effects of north aspect on

temperature.

(5) Erosion Hazard. The cumulative effects of erosion

lower a soil's productive capacity through an overall

decrease in soil depth and through loss of the more highly

productive surface soil. Although wind erosion is not a

problem in the Wallowa Valley, water erosion is perceived to

be a problem of significant proportions by SCS workers

there. The erosion hazard component, which refers to a

soil's susceptibility to water erosion, penalizes an

erodible soil for the long-term productivity decrease that

is likely to occur if such a soil is farmed. Building

sensitivity to erosion hazard into the model makes it useful

as a tool to illustrate the costs of erosion in terms of

productivity.

Other models evaluated erosion that had already

occurred using mapped erosion classes (LeVee and Dregne,

1951) and qualitative visual assessment by the user (Storie,
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1933 and 1976). The use of either of these methods in the

Wallowa County model was precluded by lack of a soil survey

and the need to meet the model objective specifying precise

factor definitions.

Susceptibility to water erosion has been considered in

other models using soil loss tolerance in tons per acre/year

(SRTC, 1974) and slope (Harris, 1949; Levee and Dregne,

1951). Only slope was used in the Wallowa County model to

evaluate erosion hazard because of its role in accelerating

soil loss. Higher water velocities on steeper slopes cause

a decrease in infiltration, plus the faster moving water has

more power to move soil particles.

Runoff, and subsequently erosion, occurs when the

amount of rain in a given time period exceeds the soil's

infiltrative capacity. Duration and intensity of rainfall

play a part in erosion, but they can be expected to be

relatively uniform over the study area. Structure and

texture of the soil have a direct effect on the infiltrative

capacity. Consistent field evaluation of structure

requires a trained specialist, so it was not chosen as a

model factor. Texture, however, was included in the model

to help assess erosion hazard.

Complications arise from using texture to evaluate

several components because a given texture is valued

differently depending on the components being assessed. The

"best" texture from an erosion standpoint is one that has a

high infiltrative capacity, such as a sandy loam. In
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opposition to this, however, a sandy loam is not the "best"

texture for supplying water to a plant. Such conflicts do

not preclude the use of texture to assess several

components, but they must be resolved when it is decided

which values to assign to each texture.

(6) Ease of Tillage. Soil and site conditions which

increase management difficulty affect soil productivity by

causing either a decrease in yield or an increase in cost.

Slope has been used to assess management difficulty (LeVee

and Dregne, 1951; Storie, 1933 and 1976). But other than

concerns already discussed when addressing the erosion

hazard and water availabilty components, slopes less than

20% were not thought by the Wallowa County reference people

to detract significantly from ease of tillage.

Other factors used to evaluate ease of tillage include

texture (Harris, 1949), surface stoniness (Moss, 1972),

drainage (LeVee and Dregne, 1951; Moss, 1972; SRTC, 1974;

Storie, 1933 and 1976), and flooding (SRTC, 1974). Heavier

textures are more subject to damage if worked when wet and

require more operator skill to manage properly. Surface

stoniness necessitates additional management practices to

pick, roll in, or work around the stones. Poor drainage or

surface flooding can delay planting in the spring or can

damage already planted crops. Texture, surface coarse

fragments, drainage, and flooding were the factors included

in this model to assess ease of tillage.
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In all, twelve specific soil and site factors were

selected to assess the six general components in the model:

surface coarse fragments, texture, depth, slope, aspect,

irrigation water supply, drainage, flooding, cold air

drainage, frost, precipitation, and elevation.

E. Categories

A common format for soil productivity models is to

group the factors into three or four main categories

(Harris, 1949; LeVee and Dregne, 1951; Moss, 1972; Storie,

1933 and 1976). Besides comprising a logical grouping of

factors, the categories needed to be structured so that the

mechanics of computation produce the desired rating.

Because the totals for each category are multiplied together

to achieve the final rating, a soil with a productivity

rating of zero must have a zero total for at least one of the

categories. Conversely, soils with a productivity rating of

100 must also score 100 in each of the categories.

Other models vary in how factors are arranged in

categories. Several models (Harris, 1949; LeVee and Dregne,

1951; Moss, 1972) had one category dealing with the soil

that usually included surface texture and soil depth.

Storie had two separate categories for soil factors - one

for texture of the surface soil and another for all other

soil profile characteristics. In the Wallowa County model,

the soil profile category included those factors that
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related to soil morphology -surface coarse fragments,

surface texture, and depth.

Climate was included as a category in models designed

for a geographic area large enou h or variable enough to

make climatic difference importan in determining relative

soil productivities (Harris, 1949 Moss, 1972). Climatic

differences within the Wallowa Valley irrigated soils are

slight, but climatic differences

dryland soils are more marked.

category in this model primarily

which would facilitate future mode

Precipitation and elevation were

climate category.

Although the specific factors

generally the remaining factors of

the soil and climate were grouped

category was variously labeled as:

Dregne, 1951), factor X (Stori

landscape (Moss, 1972). In the W

slope, aspect, irrigation water s

ithin the Wallowa County

limate was included as a

to provide a structure

ing of the dryland soils.

the two factors in the

vary from model to model,

er than those describing

into one category. This

special factor (LeVee and

1933 and 1976), and

llowa County model, the

pply, drainage, flooding,

cold air drainage, and frost factors were placed in the

landscape category. These landsc pe factors interact with

and modify the effects of both the soil profile and climate

factors.

Soil profile, landscape, and climate were the

categories selected for the Wallowa County soil

productivity model. Grouping of the twelve factors into
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these three categories had a basis in previous models, made

sense intuitively, and would be easy to use. The completed

model will be discussed in Chapter IV.
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IV. THE COMPETED MODEL

The completed soil productivity model consists of

twelve soil and site factors grouped into three categories

in a worksheet format that is designed to be quick and easy

to use (Figure 3). The values for the factors are added

within categories, then the sums of each category are

multiplied together to calculate the final rating. Each

category is worth equal weight, a maximum of 100 points (or

100%). The final productivity rating can range from 0 to 100

and is a relative ranking of the soils in the study area.

Where possible, factors are defined and value classes

are specified in accordance with the Soil Survey Manual

(SCS, 1981) and the National Soils Handbook (SCS, 1983b).

These will be abbreviated as SSM and NSH. This

standardization was adopted because the terminology was

familiar to many users and because it would facilitate both

current and future use of soil survey data in the model. Due

to the low variability in soil and climatic factors within

the study area, values are not always given for all possible

variations of a particular factor. For instance, only five

of the eleven possible surface soil textures are listed in

the model, because these are the only ones that occur in the

soils being studied. Suggestions for modifications which

could be made in the model to rate the Wallowa County dryland

soils comprise Chapter VI.
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Map Unit
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PAW I. SOIL PROFILE

a.

Surface Soil Texture
<15% coarse fragments

Rock Fragments on the Surface a.

Class 1 Class 2 Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL

Figure 3. The soil productivity model worksheet, Part I.
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PART II. LANDSCAPE

48

a. Irrigation Water a.

Supply Method Gtavity Feed Pump

Aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class b.

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vcd 0

c. Flooding Frequency and Duration c.

none 20

occasional, brief 10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

d.

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL

Figure 3. The soil productivity model worksheet, Part II.
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PART III. CLIMATE
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a. Precipitation a.

all irrigated soils 65

b. Elevation

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.) TOTAL

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

100 100 100
X 100

b.

(Soil Productivity Rating)

Figure 3. The soil productivity model worksheet, Part III.
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The maximum values for all the factors in the model are

listed in Figure 4. For any one factor, this maximum value

was assigned to the most productive condition in the study

area. Although the relative values for the factors were

decided according to the magnitude of their effect on soil

productivity, the absolute values were initially assigned

arbitrarily. Fine-tuning the

ratings for each factor was

given soil, tentative factor

model to determine the final

an iterative process. For a

values were entered into the

model. The resultant productivity rating was judged by

comparing it to the potential rating for the same soil.

Adjustments were made to factor values until the

productivity ratings empirically generated by the model for

all of the soil phases in the study area were matched as

closely as possible to

ratings.

The highest possible rating for each category is 100

points; the lowest possible rating is zero. The rating

scales for each factor needed to be structured so the sum of

any possible combination of factor values within a category

equalled no more than 100 points, nor less than zero. In

addition, the factor values and rating scales needed to be

adjusted until the product of the three category totals

matched the target potential rating for all the soils being

rated.

Where suitable data existed, between-soil comparisons

were made to decide how much to penalize a soil when a factor

their respective soil potential
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PART I. SOIL PROFILE

a. Surface Soil Texture/Rock Fragments on the Surface 60

b. Rooting Depth/Rock Fragments on the Surface 40

Total Part I., the Soil Profile Rating 100

PART II. LANDSCAPE

a. Slope/Aspect/Irrigation Water Supply Method 20

b. Drainage Class 40

c. Flooding Frequency and Duration 20

d. Cold Air Drainage or Frost Damage 20

Total Part II., the Landscape Rating 100

PART III. CLIMATE

a. Precipitation 65

b. Elevation 35

Total Part III., the Climate Rating 100

Figure 4. Weighting of factors in the model
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varied from the most productive, using a method described by

Moss (1972) for his Saskatchewan model. Two soils similar

in all factors except one were compared to quantitatively

assess the effect that one difference had on the potential

rating.

An example of using between-soil comparisons to assess

the effects of drainage differences in the Catherine and

Sturgill soil series is shown in Figure 5. Both soils are

deep silt loams, occur on floodplains, and have similar

taxonomic classifications. But the Catherine is somewhat

poorly drained and the Sturgill is poorly drained. Because

these two series are otherwise similar, it is inferred that

the difference of sixteen points in their soil potential

ratings (Catherine is rated 42, Sturgill is rated 26) is due

to their drainage differences. In this way, the difference

between a somewhat poorly drained soil and a poorly drained

soil was quantified.

Another example of using between-soil comparisons is

illustrated in Figure 6, with the Minam and Topper soil

series. Although these soils differ slightly in surface

texture and in landform, they are similar except for aspect.

The Minam is a loam and occurs on an alluvial fan; the Topper

is a silt loam located on a high terrace. The Minam is found

on north-facing slopes, but the Topper is on south-facing

slopes. By comparing these two soils it is inferred that the

difference of nine points in their potential ratings



SURFACE DRAINAGE SOIL POTENTIAL
SERIES SLOPE DEPTH TEXTURE LANDFORM CLASS RATING

Catherine 0-3% 50" heavy SiL floodplain swpd 42

Sturgill 0-2% 40" SiL floodplain pd 26

TAXONOMIC CLASSIFICATION

Catherine fine-silty, mixed, mesic* CUmulic Haplaquoll

Sturgill fine-silty, mixed, frigid Typic Haplaquoll

Figure 5. Comparing drainage differences between similar soils

* Catherine-like soils in Wallowa County are frigid



SOIL
SURFACE DRAINAGE POTENTIAL

SERIES SLOPE DEPTH TEXTURE LANDFORM CLASS ASPECT RATING

Minam 7-12% 40" L alluvial fan wd N 100

Topper 1-15% 40" SiL high terrace wd S 91

TAXONOMIC CLASSIFICATICN

Minam fine-loamy, mixed, frigid Pachic Haploxeroll

Topper fine-silty, mixed, frigid Calcic Haploxeroll

Figure 6. Comparing aspect differences between similar soils
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(Minam is rated 100, Topper is rated 91) is mainly

attributable to aspect.

Given the limited number of soils within the study

area, similar pairings did not exist for evaluating all the

factors in the model using between-soil comparisons. The

remainder of the factor rating scales were calibrated by

trial and error.

The following discussion of factors in the model is

presented in the same order and format as they appear in the

Soil Productivity Model Worksheet (Figure 3), hereafter

referred to as the worksheet.

A. Part I. Soil Profile

This category consists of three factors - surface

texture, rooting depth, and rock fragments on the surface.

The maximum value for texture is 60 points, and the maximum

value for rooting depth is 40 points. In a two-way matrix,

values assigned for both texture and depth are decreased

according to the amount of rock fragments on the surface.

Texture was given greater weight because of the effect

it has on so many plant growth and soil management

components. Depth was included primarily for its effect on

available water holding capacity. Surface coarse fragments

were included because they influence ease of tillage.
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a. Surface Soil Texture

This factor is defined as the USDA textural class of

the top 10 inches, determined using a standard textural

triangle (SCS, 1983b). Abbreviations used are: Si (silt); S

(sand); C (clay); and L (loam). Heavy SiL is defined as a

silt loam with greater than 23% clay.

Surface texture was chosen instead of subsurface

texture, or a combination of the two, because it relates to

five of the six general components. Subsurface texture

relates to only three. Secondly, the magnitude of influence

of surface texture exceeds that of subsurface texture

because roots are concentrated near the soil surface and

decrease with depth. A third justification for use of

surface soil texture is that abrupt textural changes lower

in the profile, which would negatively affect water

availability, oxygen availability, or nutrients, would also

inhibit root distribution. Thus, subsurface textures

significantly different from surface textures would be

accounted for by the rooting depth factor.

The medium-textured soils (loams and silt loams) are

most favorable from a soil management standpoint. Loams and

silt loams possess an optimum blend of properties because

they are coarse enough to have good aeration and tilth, and

they are fine enough to have good water and nutrient holding

capacity. These soil textures were assigned the full value

of 60 points. In general, the value assigned for surface

soil texture decreases as clay content increases because the



57

favorable properties of ease of tillage, high infiltration

and permeability rates, available water holding capacity,

and aeration generally decrease with an increase in clay

content.

Heavy silt loams and silty clay loams received only 50

points because they have a higher clay content than optimum.

Silty clay was assigned only half the maximum possible

points for surface texture - 30 points. Because of its high

clay content, a silty clay is less suitable for plant growth

and agricultural management than loams, silt loams, or silty

clay loams. Silty clay is more difficult to work without

puddling and tends to be cloddy when dry. A silty clay also

has a greater percentage of small pores which decrease

aeration, infiltration, and permeability.

Rock Fragments on the Surface

The term rock fragments on the surface includes "...

both those that lie on the surface and those that are partly

within the soil but protrude above ground..." (SCS, 1981).

The definitions of surface rock fragment classes that follow

are excerpted from the SSM (SCS, 1981), with parentheses

added.

class 1: (not stony) Any stones or boulders cover less than

0.01 percent of the surface. Stones of the smallest sizes

are at least 25 m apart; boulders of the smallest sizes are

at least 60 m apart.

class 2: (stony) Stones or boulders cover about 0.01 to 0.1

percent of the surface. Stones of the smallest sizes are no
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less than 8 m apart; boulders of the smallest sizes are no

less than 20 m apart.

class 3: (very stony) Stones or boulders cover about 0.1 to 3

percent of the surface. Stones of the smallest sizes are no

less than 1 m apart; boulders of the smallest size are no

less than 3 m apart.

The terms stone and boulder are used as defined in the

SSM (SCS, 1981). They are size designations describing

rounded coarse fragments. Stones are between 10 and 24

inches in size; boulders are larger than 24 inches.

The matrix in the soil profile category of the

worksheet was constructed so no penalty is imposed for a

soil with class 1 rock fragments on the surface. A soil

having class 2 rock fragments on the surface was penalized

two points, no matter what the surface texture. Soils in the

Wallowa Valley having rock fragments on the surface of class

3, or higher, are unsuitable for farming. Such soils were

assigned zero points for both the surface soil texture and

rooting depth factors. This was necessary so the total for

the soil profile category would equal zero, thereby forcing

the final soil productivity rating to zero. Thus, a soil

that is unsuitable for farming due to the amount of coarse

fragments on the surface, regardless of what the other soil

and site properties may be, was assigned a productivity

rating of zero.
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b. Rooting Depth

The rooting depth is measured in inches from the soil

surface to the point where there is a significant decrease

in root penetration. A dense, very cobbly, or very gravelly

layer will limit rooting depth. Depth classes used included

deep, moderately deep, shallow, and very shallow. The

definitions of these depth classes are the same as those

used in making soil survey interpretations (SCS, 1981), with

the exception of the moderately deep and very shallow

classes. In the model, these two classes were each further

divided into two subclasses receiving different values.

Because depth differences over 40 inches have

relatively little impact on a soil's productivity, all soils

at least 40 inches deep were assigned the full value of 40

points. Shallower soils can supply less water and nutrients

to the plant and were assigned fewer points accordingly.

Soils less than 20 inches deep are penalized more heavily

than those between 20 and 40 inches deep.

The effect of surface rock fragments on the value

assigned for rooting depth was explained in the subsection

titled Rock Fragments on the Surface.

B. Part II. Landscape

The landscape category was composed of seven factors

predominately determined by landscape position: slope,

aspect, irrigation water supply method, drainage class,
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flooding, cold air drainage, and frost damage. Slope and

aspect were included primarily because of their influence on

effective precipitation. In addition, slope affects

erodibility. The method of supplying irrigation water was

necessary because some slopes are suitable for gravity feed

to irrigation systems, whereas others require pumping, and

there is a difference in the management costs involved.

Drainage class indirectly assesses oxygen available for

plant growth. Restricted drainage, along with surface

flooding, can detrimentally affect management by delaying

the time when the soil can be worked. Both cold air drainage

and frost damage influence crop growth and yield.

The Wallowa County reference people felt that, of all

the factors in the landscape category, soil drainage

conditions have the greatest impact on irrigated soil

productivity. Drainage class, therefore, was given the most

weight - 40 points. Flooding and cold air drainage/frost

damage both have lesser impacts and were assigned maximum

values of 20 points each. Interactions between slope,

aspect, and irrigation water supply were modeled in a three-

way matrix.

a. Slope/Aspect/Irrigation Water Supply Method

The slope classes were patterned after the

agricultural slope phases used in soil surveys. North

aspect is defined as all slopes facing NW, N, NE, E, and SE,

and all gradations in between. On some parts of the Alder

slope in Wallowa County, the main irrigation ditch is high
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enough on the slope that fields downslope can be irrigated

with a gravity fed system. In other areas, water must be

pumped from the main ditch to distribute it over the fields.

The full 20 points were given to north slopes of 12% or

less that are supplied with irrigation water by gravity

feed. Fewer points were assigned to other aspects, steeper

slopes, or slopes that require pumping to supply irrigation

water. Slopes facing directions other than north were

assigned from 3 to 5 points less than equivalent north-

facing slopes (same percentage slope and water supply)

because south aspect decreases effective precipitation.

South-facing slopes receive more sunlight than north-facing

slopes, so they are warmer, and water loss through

evaporation and transpiration is greater. This effect

becomes more pronounced on steeper slopes where the sun

shines at a more direct angle, so steeper slopes were

assigned lower values. In addition, steeper slopes are

penalized for increased erosion hazard because faster

moving water infiltrates less and is more erosive. Soils on

landscapes that require pumping to distribute irrigation

water were penalized 5 points, no matter on which slope and

aspect they occur, because of the extra cost to soil

management.

For example, soils on 12-20% slopes with north aspects

were assigned 15 points. Because they have less effective

precipitation, soils with south aspects were assigned 15

points for slopes of only 7-12%. In other words, on north



62

4.

aspect, the favorable conditios for effective precipitation

compensate for the detrimental effects of steeper gradient.

b. Drainage Class

The drainage classes are defined by depth to mottles.

They are the same classes used in soil survey

interpretations (SCS, 1981), with the exception of the

moderately well drained class, which has been further

divided into two subclasses for use in this model. The

definitions for the drainage classes follow. Their

abbreviations are in parentheses.

well drained (wd) - > 40" to mottles

moderately well drained (mwd) - 32 - 40" to mottles
- 24 - 32" to mottles

somewhat poorly drained (swpd) - 10 - 24" to mottles

poorly drained (pd) - mottled to the surface, or dark surface
but gray and mottled below

very poorly drained (vpd) - gray throughout but lacks mottles

A well drained soil condition imposes no plant growth

or soil management limitations. Well drained soils were

assigned the full 40 points for the drainage factor. Soils

that are not well drained are saturated in some part of the

root zone for varying periods of time. During these times

they are poorly aerated, and plant roots may suffer from

lack of oxygen. These soils may also be wetter when it is

time to work the soil or plant a crop. Delays in these

operations may reduce crop yields. For these reasons, less

than full value was assigned to soils that are not well

drained. Only slight penalties (5 or 10 points) were
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imposed for moderately well drained soils. Somewhat poorly,

poorly, and very poorly drained soils were penalized more

severely because of the greater magnitude of their effect on

soil productivity. They were assigned 20, 5, or 0 points,

respectively.

Most soils having restricted drainage in Wallowa

County can be improved with either surface ditches or

subsurface tile lines, or both. Such corrections improve the

productivity, but add to the management cost. Although the

drainage class factor describes only conditions before

correction, the correction costs are indirectly accounted

for in the soil productivity ratings because the management

costs of providing drainage are incorporated into the soil

potential ratings used to calibrate the model.

c. Flooding Frequency and Duration

Flooding is defined in the NSH (SCS, 1983b) as "... the

temporary covering of soil surface by flowing water from any

source, such as streams overflowing their banks...

Shallow water standing or flowing during or shortly after

rain or snowmelt is excluded from the definition of

flooding." Permanent standing water is also excluded.

The flooding classes describe frequency and duration

of flooding. The terms are the same as those used to make

soil survey interpretations (SCS, 1983b). Occasional

floods are expected to occur 5 to 50 times in 100 years (a 5

to 50% chance of flooding in any one year). A flood of brief

duration lasts from 2 to 7 days. Occasional, brief flooding
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is the only frequency and duration of flooding that affects

soils within the study area.

Full value for the flooding factor (20 points) was

assigned to those soils where no flooding occurs. Soils

subject to occasional, brief flooding were assigned only 10

points because of the detrimental effects of flooding, such

as delayed planting time, damage to already planted crops,

or erosion.

d. Cold Air Drainage or Frost Damage

Cold night air sinks and collects in low-lying areas -

floodplains, low terraces, and topographic lows

(topographic configurations that prevent cool night air

from draining to lower areas). Soils in these

microenvironments are subject to lower night temperatures

and greater frost damage than would otherwise be expected

given their elevation. The effects of cold air drainage can

be noncontinuous over a landform (frost pockets) or can

occur over the whole landform (overall frost damage or cold

air drainage).

Cool night temperatures and frost can limit crop choice

or slow the growth of certain crops. Soils in landscape

positions not subject to cold air drainage were given the

full 20 points for the cold air drainage factor. Soils

occurring where frost pockets cause spotty damage to crops

were assigned 15 points. Soils subject to overall frost

damage or cold air drainage received zero points for this

factor.
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C. Part Ill. Climate

The climate category contains two factors - one to

evaluate water supplied to the soil (precipitation), and one

to evaluate temperature (elevation). Precipitation was

given the greater weight (65 points) because the Wallowa

County reference people felt that it was by far the more

important of the two climate factors for the irrigated soils

of the Wallowa Valley. Elevation was assigned a weight .of 35

points.

a. Precipitation

Precipitation is measured in inches/year and includes

all forms of moisture (rain, snow, hail). All the irrigated

soils were assigned full value of 65 points for

precipitation because providing water to the crop by

irrigation effectively eliminates differences in soil

productivities due to variance in the amount of natural

precipitation.

b. Elevation

Elevation is measured in feet above mean sea level.

Full value of 35 points was assigned to soils below 4200'

because they are warmer and have a slightly longer growing

season than soils at higher elevations. Soils above 4200'

were given 20 points for this factor.
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D. Using the Worksheet - An Example

The Appendix contains completed worksheets for all the

soils in the study area. The Catherine soil will be rated

and discussed as an example of how to use the worksheet

(Figure 7).

Part I. Soil Profile

a. Surface Soil Texture/Rock Fragments on the Surface

To use this matrix, first find the texture of the

surface soil in the left column and then read across to the

appropriate column for class of rock fragments on the

surface. The Catherine soil, for example, has a heavy silt

loam surface texture and no rock fragments on the surface

(class 1), so it receives 50 points for this factor. Enter

50 in the appropriate space on the far right side of the

worksheet, opposite the heading for factor a.

b. Rooting Depth

Read this matrix the same way as the one for factor a.

Find the correct rooting depth in the left column and read

across to the appropriate column for class of rock fragments

on the surface. The Catherine soil is 50" deep, with class 1

rock fragments on the surface. It receives 40 points for

rooting depth. This number is entered in the appropriate

space on the far right side of the worksheet, opposite the

heading for factor b.
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SOIL PRODUCTIVITY WORKSHEET

Map Unit Catherine, 0-3%

PART I. SOIL PROFILE

a.

Surface Soil Texture
<15% coarse fragments

Rock Fragments on the Surface a. 50

Class 1 Class 2 Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

b. Rooting Depth b. 40

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 90

Figure 7. Worksheet for the Catherine series, Part I.
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Map Unit Catherine, 0-3%

PART II. LANDSCAPE

a. Irrigation Water a. 12
Supply Method Gravity Feed Pump

N\Aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 20

c. 10

d. 0

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 42

Figure 7. Worksheet for the Catherine series, Part II.
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Map Unit Catherine, 0-3%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

90 X X42 100

100 100 100
X 100

(Soil Productivity Rating)

38

Figure 7. Worksheet for the Catherine series, Part III.
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Total Part I., the Soil Profile Rating

The soil profile rating is obtained by adding the

values assigned for each factor in the soil profile

category. The soil profile rating for Catherine is 90 (50

points for surface texture/rock fragments plus 40 points for

rooting depth). Enter 90 in the appropriate space on the far

right of the worksheet, opposite the heading Total Part I.

Part II. Landscape

a. Slope/Aspect/Irrigation Water Supply Method

Use the three-way matrix to determine the one value to

assign for these three factors. Find the slope of the soil

being rated in the left column and read across to the

appropriate aspect column. Use the second and third columns

in this matrix for soils supplied irrigation water by

gravity feed; use the final two columns for soils supplied

irrigation water by pumping. In the example, the Catherine

receives 12 points for these factors because it is on slopes

of 0-3%, not on a north aspect, and is supplied irrigation

water by pumping. Enter 12 in the appropriate space on the

right side of the worksheet.

b. Drainage Class

The Catherine is a somewhat poorly drained soil, and is

assigned 20 points for this factor. Enter 20 in the

appropriate space on the right side of the worksheet.
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c. Flooding Frequency and Duration

The Catherine is subject to occasional, brief

flooding. Enter 10 points for this factor in the

appropriate space.

d. Cold Air Drainage or Frost Damage

Because the Catherine is located on a low terrace, it

is subject to cold air drainage and is assigned zero points

for this factor. Enter 0 in the appropriate space on the

right side of the worksheet.

Total Part II., the Landscape Rating

Determine the landscape rating by summing the values

assigned for all the factors in the landscape category. The

landscape rating for the Catherine series is 42 (12 + 20 + 10

+ 0).

Part III. Climate

a. Precipitation

Full value for the precipitation factor is assigned to

all irrigated soils. Enter 65 in the appropriate space on

the right side of the worksheet for the Catherine soil.

b. Elevation

The Catherine soil occurs below 4200', so it receives

the full value for this factor. Enter 35 in the appropriate

space on the worksheet.
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Total Part III., the Climate Rating

Add the values assigned for the precipitation and

elevation factors to obtain the climate rating. For the

Catherine, the climate rating is 100 (65+35). Enter this

value in the appropriate space on the right side of the

worksheet.

The Soil Productivity Rating

To calculate the final soil productivity rating, enter

the totals for Parts I, II, and III of the worksheet in the

following formula and multiply. Round to the nearest whole

number.

Total Total Total Soil
Part I X Part II X Part Ill X 100 = Productivity

100 100 100 Rating

For the Catherine, the soil productivity rating is 38:

100 X 90 X 42 X 100 = 38
100 100 100

Another way to compute the final rating is to multiply the

three totals together and divide by 10,000, i.e. (90 X 42 X

100)/10,000 = 38.

This example illustrates how a low score in one of the

three categories can dominate the final productivity

rating. This rating procedure was repeated for the 15

different phases of the 10 soil series in the irrigated

area. The results are listed in Table 4.
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Table 4. Land capability classes, soil potential ratings, and soil
productivity ratings for Wallowa County irrigated soils

SOIL PHASE
LAND

CAPABILITY
CLASS

SOIL
PGI'ENTIAL

RATING

SOIL
PRODUCTIVITY

RATING

Catherine, 0-3% IIw 42 38

Chesnimnus, 1-3% He 92 92

Cheval, 0-2% IIw 39 40

Josset, 0-2% IVs 49 51

Lostine, 4-7% IIIe 92 92

Minam, 4-7% IIIe 100 100

Minam, 7-12% IVe 100 100

Minam stony, 4-7% IVs 98 98

Minam stony, 7-12% VIs 98 98

Reavis, 1-3% IIe 92 92

Reavis, 3-7% IIIe 92 92

Reavis, 7-12% IVe 91 90

Redmount, 1-3% He 92 92

Sturgill, 0-2% IIIw 26 27

Topper, 1-15% IVe 91 85
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V. EVALUATING THE MODEL

A. Calibration of the Soil Productivity Ratings

Soil productivity ratings must be validated by

calibrating them against an independently derived value of

accepted accuracy. A model objective was to use the soil

potential ratings derived for Wallowa County to calibrate

the soil productivity model. Both the soil productivity

ratings and the target soil potential ratings are listed in

Table 4. Ideally, the soil productivity ratings generated by

the model would match exactly the soil potential ratings

used for calibration. Of the fifteen soil phases in the

study area, productivity ratings for nine of the phases do

match the soil potential ratings exactly. The productivity

ratings for the other six soil phases are within 6 points of

their respective potential ratings.

Figure 8 illustrates the relationship between the soil

productivity ratings and the soil potential ratings. Aline

representing the goal of a perfect match between the soil

productivity ratings and the soil potential ratings would

have a slope of exactly 1.00 and a y intercept of exactly O.

Thus, if the two sets of ratings matched exactly, the

regression equation would be y = x and the coefficient of

determination (r2) would be 1.00.

The line drawn in Figure 8 is a best fit line through

the data. The regression equation for the best fit line is
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Figure 8. Correlation between soil productivity ratings and soil potential
ratings for Wallowa County irrigated soils. Numbers beside data
points indicate multiple data points.
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y= .25 + .99x, and the r2 = .99. The slope of the regression

line is very close to 1.00, the y intercept is very close to

0, and the coefficient of determination is very nearly 1.00.

These results indicate that the study objective of matching

productivity ratings developed from soil properties to soil

potential ratings generated by an independent method has

been achieved.

The validity of the match can be further tested

statistically using a test of the joint hypothesis that the

slope is 1.00 and the intercept is 0.00 (Ostle, 1964). The

results of the Analysis of Variance for this test are given

in Table 5. Tabulated F values are given for two confidence

levels (.99 and .50). In both cases, the calculated F ratio

(.4738) does not exceed the critical level, and the

hypothesis is not rejected. A large confidence level (.99)

minimizes the probability of rejecting the hypothesis when

it is true. Accepting a lower confidence level (.50)

increases the power of the test and minimizes the

probability of failure to reject a false hypothesis, a

potentially more serious error in this study than rejecting

the hypothesis when it is true.

The large coefficient of determination is partially

attributable to the small sample size (15) and to the

relative uniformity within the Wallowa Valley irrigated

soils. Taxonomically, all but three of the soils are within

the same Great Group. Geographically, the irrigated soils

occur in a band 5 to 6 miles wide and less than 30 miles long,



Table 5. Analysis of variance of the relationship between calculated soil productivity
ratings and the soil potential ratings used for calibration

Regression equation y = .25 + .99 x

r2 = .99

Source d.f. Sum of Squares Mean Square

Total 15 103,227

Regression 2 103,171.63 51,585.82

due to b
0

1 93,931.27 93,931.27

due to b
1
/b

0
1 9,240.76 9,240.76

Residual 13 55.37 4.26

Calculated F [ H0: 50 = 0 and 51 = 1 ] = .4738

Tabulated F.99,(2,13) 6.70

Tabulated F. 50,(2,13)
'732
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with a relief of 1300'. In terms of landscape, all the soils

except one occur on floodplains, terraces, or fans with

slopes of less than 15%. Half the soil profiles are deep,

the other half are moderately deep or very deep. All the

soils have loam or silt loam surface textures. As the model

is expanded to include the dryland soils, more taxonomic,

geographic, landscape, and edaphic diversity will be

introduced, and a decrease in the coefficient of

determination may occur.

The model was calibrated using series data from SCS

information sheets. If a range of values was given for a

particular factor, the midpoint of the range was chosen to

describe that series. For example, a soil series described

as "40 to 60 inches deep" was evaluated as 50 inches deep

when calibrating the model. Sensitivity to variation within

a series has not been built into the model. This will need

to be done by field testing and adjusting factor values to

reflect variation that may affect soil productivity.

The soil productivity ratings for Wallowa Valley

irrigated soils are unevenly distributed in two clusters

along a scale of 0 to 100. One group of four ratings is

clustered between 27 and 51. Another group of eleven

ratings is clustered between 85 and 100. This clustered

distribution did not allow complete testing of the accuracy

of the model throughout the full 0 to 100 soil productivity

rating scale.
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In the process of compiling the list of soil series

within the study area, there was a tendency to list only

soils known to be used agriculturally. This occurred

partially because the study area was, by definition,

agricultural (the irrigated soils of the Wallowa Valley).

Another reason for almost exclusive consideration of

agricultural soils was that they were familiar to the

reference people. Conversely, lack of familiarity with

nonagricultural soils (other than why they were not used for

agriculture) was also a reason.

Considering all soils within the study area in

developing the model allows the model to be calibrated so

that soils viewed as nonagricultural by the local people are

rated at or near zero by the model. This would ensure that

the local standards regarding nonagricultural soils will be

reflected in the model, and provides a basis for adjusting

the lower end of the productivity rating scale. For

example, because of its stoniness, Rondowa very stony loam

is not considered an agricultural soil. This was the basis

for assigning a zero rating to soil profiles with class 3 or

above rock fragments on the surface.

Adjusting the model to incorporate the dryland soils,

field testing, and considering nonagricultural as well as

agricultural soils should eliminate most calibration

shortcomings.
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B. Comparison with Land Capability Classes

The SCS land: capability classification system

(Klingebiel and Montgomery, 1961) was designed to aid in

soil survey interpretations. Soils are placed in broad

capability classes (I through VIII) according to the risks

of soil damage or limitations to use. Soils are further

grouped into subclasses depending on the kind of limitation

or hazard (e - erosion hazard, w - wetness, s - root zone

limitations, and c - climate). The third and most specific

category of the system is the capability unit, which groups

soils that have similar responses to management.

"The grouping of soils into capability units,

subclasses, and classes is done primarily on the basis of

their capability to produce common cultivated crops and

pasture plants without deterioration over a long period of

time" (Klingebiel and Montgomery, 1961). Although input-

output ratios are considered when classifying soils by the

capability system, the land capability classification

system is not a productivity rating. Groupings are not made

according to the most profitable use of the land.

The capability classes and subclasses of the Wallowa

County irrigated soils are listed in Table 4. The data

source was SCS information sheets (OR-1's and SCS-5's).

The relationship between capability class and soil

productivity rating for the Wallowa County irrigated soils

is graphed in Figure 9. There is no apparent linear
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relationship between land capability class and soil

productivity as measured by the model. The productivity

ratings are, however, stratified according to capability

subclass (type of limitation). The nine soils with an

erosion limitation (e) have soil productivity ratings of 85

or above. The three soils with a wetness limitation (w) have

soil productivity ratings between 27 and 40. There is no

apparent distribution pattern for the three soils with a

root zone limitation (s).

An explanation for the stratified distribution pattern

is that the soil productivity model, and the soil potential

rating against which it is calibrated, does not put as much

penalty on erosion hazard as the land capability

classification system does. A stated aim of the capability

classification system is to rate soils considering long term

deterioration. The current yields used to derive the soil

potential ratings would not reflect a trend of falling

productivity due to erosion.

The LESA handbook (SCS, 1983a) suggests integrating

several land evaluation methods (for example, land

capability classification, soil productivity index, and

important farmland class), to ensure adequate consideration

of erosion hazard. Adjusting the soil potential ratings to

account for costs of overcoming the erosion limitation would

be another way to incorporate erosion hazard into the soil

productivity model.
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Other soil scientists have compared productivity

ratings with SCS land capability classes. LeVee and Dregne

(1951), for example, were able to develop a scale relating

their New Mexico land rating to each capability class, with

the stipulation that soils within three percentage points of

the next class be checked before classifying. For instance,

soils rated 90 to 100% by LeVee and Dregne's rating system

correspond to land capabilty class I.

In California, prime agricultural land is defined as

land that has either a capability class of I or II, or a

Storie Index Rating of 80 - 100 (Singer, 1978). Singer

(1978), however, found that the two systems are not

interchangeable. He concluded that both systems needed more

testing, including quantification of crop yield, energy and

water use efficiencies, and economic return relationships

for soils that have different capability classes.

A later California study (Reganold and Singer, 1981),

applied an economic component to two land capability rating

systems. SCS land capability classes between I and III were

found to have significantly lower input-output ratios than

classes IV to VI. The results comparing the Storie Index

Rating with input-output ratios were not conclusive.

Reganold and Singer concluded there is an economic rationale

for protection of prime agricultural land in California.

Agricultural land in Oregon is defined in part on the

basis of SCS land capability classes (LCDC, 1980).

Agricultural land is defined as predominantly Class I-IV in
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western Oregon, and as predominantly Class I-VI in eastern

Oregon.

C. Uses of the Model

The soil productivity model for the Wallowa County

irrigated soils was developed primarily for use in the land

evaluation part of the Wallowa County LESA model. The soil

productivity ratings can be used directly in the LESA model

because they match the soil potential ratings. The LESA

model could provide an objective, supportable, quantitative

method of defining agricultural land or for evaluating

whether agricultural land should be converted to other uses

(SCS, 1983b; Steiner et al., 1984; Wright et al., 1983).

Two limitations on the accuracy of the model arise due

to the objectives and assumptions adopted during model

development. The first is that the accuracy of the soil

productivity ratings depends on the accuracy of the soil

potential ratings. If an error was made in the derivation of

the potential ratings, it will also be reflected in the soil

productivity model.

The second limitation is that changes in the management

costs (for example, due to improved technology or changing

market conditions) used to derive the soil potential ratings

may change the soil productivity ratings. Both of these

limitations can be overcome by adjusting the model to

correct errors that are found and to incorporate updated
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cost estimates. Keeping the model current will enhance its

usefulness.

A second use of the soil productivity model is as a

basis for modeling the Wallowa County dryland soils.

Suggestions for modifying the model to include the dryland

soils are given in Chapter VI. The soil productivity model

for the dryland soils can be calibrated in the same way as

the model for the irrigated soils, using the soil potential

ratings currently being developed. Field testing will be

necessary.

A third use of the soil productivity model is in other

areas which are similar to Wallowa County soils, landscape,

climate, and agriculture, such as adjacent counties. The

following steps would be necessary to implement the model:

(1) Adjust, calibrate, and field test the Wallowa County

model to include the dryland soil. (2) Select a group of

soils in the area to be modeled that represent a cross

section of soil, landscape, and climate condition. (3)

Adjust and calibrate the model for the area selected.

Either soil potential ratings or yield data could be used.

In areas for which extensive yield data are available,

they could be used for calibration (Huddleston, 1982).

Yield data, however, do not provide the advantage of

incorporating economics into the productivity rating that

using soil potential ratings for calibration does. Where

soil potential ratings have already been developed, they
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would be the preferred means of calibration because

management costs are incorporated.

Although derivation of soil potential ratings is

usually very time consuming, Pease (1984) describes a Delphi

expert opinion method of gathering data which was found to

be more economical in terms of time and cost than the

generally used face-to-face discussion or mail survey

methods. Through use of an interactive computer program,

data (for example, yield estimates or management costs)

could be gathered from a panel of experts and analyzed, in

just a few days. This information could then be used to

develop the necessary yield estimates or soil potential

ratings, either of which could be used to calibrate a soil

productivity model.
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VI. MODIFYING THE MODEL FOR DRYLAND SOILS

In the process of developing the model for the

irrigated soils, some modifications which could be made to

model the dryland soils were sketched out. These are

briefly explained in this Chapter. These suggestions are

made with the intention that the model would be expanded so

both the irrigated and dryland soils could be rated using

the same model, rather than having two separate models. All

modifications shown for rating the dryland soils are

tentative and need further work. These modifications will

be discussed in the same format as the worksheet. A rough

draft of the modified worksheet including the dryland soils

is illustrated in Figure 10.

A. Part I. Soil Profile

Some of the dryland soils have greater than 15% coarse

fragments in their profile. The surface texture/rock

fragments on the surface/rooting depth matrix can be

expanded for soils with varying degrees of coarse fragments

both in the surface and within the rooting depth but below

the surface. The expanded matrix has been partially filled

with the tested values for the irrigated soils. Increments

by which surface texture and rooting depth values should be

decreased for increasing amounts of coarse fragments will

need to be worked out using data from the dryland soils.
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Map Unit

PART I. SOIL PROFILE
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Rock Fragments on the Surface

Class 1 Class 2 3+

%coarse frag 0-15 15-35 35-60 >60 0-15 15-35 35-60 >60 any

a. Surface
Soil
Texture

SiL, L 60 58

SiCL,

heavy W.,
50 48

SiC 30 28

b. Rooting
Depth

>40" 40 40 0

30-39" 35 35 0

20-29" 30 30 0

10-19" 20 20 0

5-9" 10 10 0

<5" 0 0 0

Total Part I., the Soil Profile Rating (a.+ b.)

a.

b.

'MEAL

Figure 10. Rough draft of the modified worksheet including the
dryland soils, Part I.
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PART II. LANDSCAPE
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a. Slope/Aspect a.

Irrigated Dryland
Gravity Feed Pump

Slope N others N others N others

0-7% 20 17 15 12 50 40

7-12% 20 15 15 10 40 30

12-20% 15 12 10 7 30 20

>20% 10 5 5 0 20 10

b. Drainage Class
Irrigated

b.

Dryland

wd 40 20

mwd, mottles 32-40" 35 17

mottles 24-32" 30 15

swpd 20 10

pd 5 3

vpd 0 0

c. Flooding Frequency and Duration

Irrigated

none 20

occasional, brief 10

Dry land

0

0

c.

d. Cold Air Drainage or Frost Damage d.

Irrigated Dryland

none 20 30

frost pockets 15 22

overall frost damage
or cold air drainage 0 0

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL

Figure 10. Rough draft of the modified worksheet including the
dryland soils, Part II.



Map Unit

PART III. CLIMATE
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a. Precipitation

>24" or irrigated 65

20-24" 55

17-19" 40

<17" 30

b. Elevation

<4200'

>4200'

35

20

c. Special Conditions

none

hail

early snow

a.

b.

c.

Total Part III., the Climate Rating (a.+ b.+ c.) TOTAL

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

X 100
100 100 100

(Soil Productivity Rating)

Figure 10. Rough draft of the modified worksheet including the
dryland soils, Part III.
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The Wallowa County reference people felt that a given

percentage of gravel (2mm - 3") or cobbles (3" - 10") should

be given the same penalty, regardless of their size

difference.

B. Part II. Landscape

Every factor in the landscape category must be adjusted

to evaluate the dryland soils. This makes sense

intuitively, because the dryland soils occur over a wider

variety of landscapes than do the irrigated soils. Other

changes are dictated by the heightened importance of water

to soils where irrigation does not provide an almost

unlimited supply.

Differences in effective precipitation are extremely

important in evaluating dryland soil productivity because

water is limited. The cold air drainage and frost factors

also have relatively greater impacts on dryland soils than

they do on the irrigated soils. Flooding need not be

considered, and drainage differences within the dryland

soils are minor. In addition, the adjustment for the method

of supplying irrigation water is unnecessary.

By increasing the maximum value assigned for slope and

aspect to 50 points for the dryland soils, differences in

effective precipitation can be accentuated. Slopes steeper

than 20% may need to be divided into more classes, such as

20-30%, 30-40%, and > 40%. Rating the flooding factor as
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zero for the dryland soils and decreasing the weight for the

drainage factor to 20 points allows 40 points to be

reallocated: 30 additional points to slope/aspect, and 10

additional points to cold air drainage/frost damage.

C. Part Ill. Climate

Climatic differences within the dryland soils are

greater than within the irrigated soils because the dryland

soils occur over a wider geographic area with greater

relief. To model this variability, classes to assign value

for precipitation and elevation classes above 4200' need to

be established. Tentative precipitation classes are

included in the modified worksheet. Classes for the higher

elevations have not yet been sketched out.

In some of the dryland areas, for instance near Zumwalt

in the northern part of the County, hail and early snow can

damage crops. These special conditions can have a

significant impact on soil productivity. If these special

conditions are not adequately addressed by precipitation,

elevation, or the landscape factors, it may be necessary to

add another factor to the model.

A third factor in the climate category called special

conditions could be added. There are two alternatives for

assigning points to this factor. Negative values could be

determined for hail and early snow, depending on the

severity and magnitude of damage to crops, and on the
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frequency of occurrence. The net effect would be a

subtraction from the total for the precipitation and

elevation factors.

Alternatively, a special condition factor could be

structured like the flooding and cold air drainage/frost

damage factors, so positive values are assigned. Full point

value for the factor would be assigned if there are no

special conditions. Smaller values would be assigned as the

magnitude, severity, and frequency of the damage increased.

The first alternative - assigning a negative value,

would require adjusting the magnitude of the negative value

so the category total would not be less than zero, even if

the lowest possible values for precipitation and elevation

were received by a given soil. The second alternative -

assigning a positive value, would necessitate reallocating

points within the category so the total of any possible

combination of conditions would not exceed 100.
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VII. SUMMARY

The study objective was to develop a soil productivity

model for the Wallow County irrigated soils based on soil

and site properties. The model was designed so that soil

productivity ratings would correlate with soil potential

ratings derived by an independent method for the same soils.

The main reason for developing the model was for use in the

land evaluation part of the Wallowa County LESA model as a

speedier alternative to the generally preferred soil

potential ratings. Need for the LESA model arose primarily

due to development pressures in the Wallowa Valley which led

to conflicts between proposed residential use and existing

agricultural use.

Most of the population in Wallowa County is in the

Wallowa Valley, an intermontane basin filled with Recent

alluvium and glacial outwash. Some loess and ash is also

incorporated in the parent materials of most of the soils of

the Wallowa Valley. There are ten soil series in the study

area; most are moderately deep to deep, dark, silt loams and

loams. Most are classified as Haploxerolls. The climate is

generally cold and dry.

Development of the model involved reviewing the

literature, formulating model objectives, establishing a

means to calibrate the productivity ratings, identifying

general model components, selecting specific factors to

measure the components, grouping the factors into
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categories, and assigning numerical values to each factor in

each category.

Existing models utilize data from a number of sources,

including physical and chemical soil data from the soil

survey, data collected in field observations, properties

inferred from soil taxonomy, or a combination of some or all

of these sources. Some models are strictly additive, others

are multiplicative, and a few combine both techniques.

Ev.aluation of the strengths and weaknesses of both data

sources and computational methods provided valuable

information for the development of the productivity model

for Wallowa County soils.

Guidelines for model development were set forth in

seven model objectives based on both the information gleaned

from other models and the needs of prospective users. The

objectives were to: design the model simply and clearly for

nontechnical users, rate soils for overall agricultural

productivity, incorporate local input, use field measurable

soil properties, use a combination formula, be specific and

quantitative, and calibrate using soil potential ratings.

In addition, it was necessary to adopt two assumptions: one,

the soil potential ratings used for calibration were

accurate; and, two, the model would not be able to reflect

all the complexity of nature.

Soil potential ratings were developed by a panel of

local experts for use in calibration of the productivity

ratings model. For a given soil-crop combination, an
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optimum yield was established, and all of the management

practices necessary to achieve that yield were listed. Unit

prices for the yield and for management costs were

determined, and the data used to calculate a net return to

soil management. This process was repeated for all 15 map

units in the study area for each of three key crops:

irrigated wheat, irrigated alfalfa, and irrigated pasture.

In the end, only the data for alfalfa hay were used to

express the agricultural potential of a soil. The highest

net return for alfalfa was set equal to 100, and all other

net returns were expressed as a percentage of the highest

one. These relative numbers, on a scale from 0 to 100, were

the final soil potential ratings used to calibrate the

productivity model.

Evaluation of the general relationships between soil

conditions and plant growth led to the identification of six

general components that the model had to account for: water

availability, oxygen availability, nutrient supply,

temperature, erosion hazard, and ease of tillage. Twelve

specific soil and site factors were then selected to assess

the six general components in the model: surface coarse

fragments, texture, depth, slope, aspect, irrigation water

supply, drainage, flooding, cold air drainage, frost,

precipitation, and elevation.

These twelve factors were then grouped into three

categories -soil profile, landscape, and climate. This

grouping had a basis in previous models, made sense
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intuitively, and would be easy to use. The soil profile

category consisted of three factors - surface soil texture,

rooting depth, and rock fragments on the surface. The

landscape category was composed of seven factors

predominately determined by landscape position: slope,

aspect, irrigation water supply method, drainage class,

flooding, cold air drainage, and frost damage. The climate

category contained two factors - precipitation and

elevation.

In each category, the greatest numerical value was

assigned to the factor having the most impact on soil

productivity. Other factors in the category were assigned

smaller values, according to their impact on soil

productivity, so the total of all the factor weightings for

each category would equal 100. These weightings were based

on the importance of the factor and the advice of the local

reference panel.

The maximum value for each factor was assigned to the

most productive condition in the study area. Lesser values

were assigned to less productive soil and site conditions.

These lesser values were determined by comparing similar

soils, and by trial and error. Fine-tuning the model to

determine the final values and weighting for each factor was

an iterative process. Adjustments were made to factor

values until the productivity ratings empirically generated

by the model for all of the soil phases in the study area
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were matched as closely as possible to their respective soil

potential ratings.

The completed soil productivity model consists of

twelve soil and site factors grouped into three categories

in a worksheet format that is designed to be quick and easy

to use. The values for the factors are added within

categories, then the sums of each category are multiplied

together to calculate the final rating. Each category is

worth equal weight and has a maximum value of 100 points (or

100%). The final productivity rating can range from 0 to 100

and is a relative ranking of the soils in the study area.

Regression analysis of the relationship between the

soil productivity ratings and the soil potential ratings

showed that the best-fit straight line had an equation of y =

.25 + .99x, with an r2 of .99. Analysis of variance of the

joint hypothesis that the slope was 1.00 and the y intercept

was 0.00 could not be rejected even at the 50% probability

level. The conclusion was that the study objective of

matching productivity ratings developed from soil

properties to soil potential ratings generated by an

independent method had been achieved.

Comparison of the soil productivity ratings generated

by the model with the SCS land capability classes for

Wallowa County irrigated soils indicated no apparent

correlation. There is, however, a relationship between the

type of limitation, as indicated by capability subclass, and

the soil productivity rating. Soils with an erosion
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limitation are rated highly by the productivity model.

Soils with a wetness limitation are rated fairly low by the

productivity model. This stratified distribution pattern

was explained by the difference in how the two rating

systems weight erosion hazard. The soil productivity model,

and the soil potential rating against which it is

calibrated, and penalizes erosion hazard less than the land

capability system does.

While the model was designed primarily for use in a

LESA model, it can also be modified to rate Wallowa County

dryland soils, or similar soils in adjacent counties.

Suggestions for adjusting the model to rate the Wallowa

County dryland soils were listed.
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103

SOIL PRODUCTIVITY WORKSHEET

Map Unit Catherine, 0-3%

PART I. SOIL PROFILE

50a.

Surface Soil Texture
<15% coarse fragments

Rork Fragments on the Surface a.

Class 1 Class 2 Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

40b. Rooting Depth b.
deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 90



104

Map Unit Catherine, 0-3%

PART II. LANDSCAPE

a. Irrigation Water a. 12
Supply Method Gravity Feed

.\Aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mad, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vPd 0

c. Flooding Frequency and Duration

none 20

occasional, brief 10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 20

c. 10

d. 0

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 42



105

Map Unit Catherine, 0-3%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III. (Soil Productivity Rating)

90 42 100 38X X X 100
100 100 100



106

SOIL PRODUCTIVITY WORKSHEET

Map Unit Chesnimnus, 1-3%

PART I. SOIL PRCFTLE

a. Rock Fragments on the Surface a. 60

Surface Soil Texture Class 1 Class 2 Class 3
<15% coarse fragments or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

b. Rooting Depth

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

b. 40

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 100



107

Map Unit Chesnimnus, 1-3%

PART II. LANDSCAPE

a. Irrigation Water a. 12
Supply Method Gravity Feed Pump

Aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none 20

occasional, brief 10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 40

c. 20

d. 20

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 92



108

Map Unit Chesnimnus, 1-3%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation

<4200'

>4200'

35

20

b. 35

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III. (Soil Productivity Rating)

100 92 100 92
X X X 100

100 100 100



109

SOIL PRODUCTIVITY WORKSHEET

Map Unit Cheval, 0-2%

PART I. SOIL PROFILE

60a.

Surface Soil Texture
<15% coarse fragments

Rock Fragments on the Surface a.

Class 1 Class 2 Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

35b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 95



110

Map Unit Cheval, 0-2%

PART II. LANDSCAPE

a. Irrigation Water a. 12
Supply Method Gravity Feed Pump

Aspect
Slope others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 20

c. 10

d. 0

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 42



111

Map Unit Cheval, 0-2%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.) TDTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

95
X X

42 100

100 100 100
X 100

(Soil Productivity Rating)

40



112

SOIL PRODUCTIVITY WORKSHEET

Map Unit Josset, 0-2%

PART I. SOIL PROFILE

60a.

Surface Soil Texture
<15% coarse fragments

Rock Fragments on the Surface a.

Class 1 Class 2 Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

30b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 90



113

Map Unit Josset, 0-2%
PART II. LANDSCAPE

a. Irrigation Water a. 12
Supply Method Gravity Feed Pump

\\Aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 35

c. 10

d. 0

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 57



114

Map Unit Josset, 0-2%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Tbtal Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III. (Soil Productivity Rating)

90 57 100 51
X X X 100

100 100 100



115

SOIL PRODUCTIVITY WORKSHEET

Map Unit Lostine, 4-7%

PART I. SOIL PROFILE

60a. Rock Fragments on the Surface a.

Surface Soil Texture Class 1 Class 2
<15% coarse fragments

Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

40b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

100Total Part I., the Soil Profile Rating (a.+ b.) TOTAL



PART II. LANDSCAPE

Map Unit Iistine, 4-7%

116

a. Irrigation Water
Supply Method Gravity Feed Pump

a. 12

\\?aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5. 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 40

c. 20

d. 20

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 92



117

Map Unit Lostine, 4-7%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation

<4200'

>4200'

35

20

b. 35

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

100 92 100
X X

100 100 100
X 100

(Soil Productivity Rating)

92



118

SOIL PRODUCTIVITY WORKSHEET

Map Unit Minam, 4-7%

PART I. SOIL PROFILE

a. Rock Fragments on the Surface a. 60

Surface Soil Texture Class 1 Class 2 Class 3
<15% coarse fragments or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

b. Rooting Depth

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

b. 40

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 100



119

Map Unit Minam, 4-7%

PART II. LANDSCAPE

a. Irrigation Water a. 20
Supply Method Gravity Feed Pump

\\N:pect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 40

c. 20

d. 20

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 100



120

Map Unit Mdnam, 4-7%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III. (Soil Productivity Rating)

100 100 100X X X 100 = 100
100 100 100



121

SOIL PRODUCTIVITY WORKSHEET

Map Unit Minam, 7-12%

PART I. SOIL PROFILE

a. Rock Fragments on the Surface a. 60

Surface Soil Texture Class 1 Class 2 Class 3
<15% coarse fragments or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

b. Rooting Depth

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

b. 40

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 100



122

Map Unit Minam, 7-12%

PART II. LANDSCAPE

a. Irrigation Water a. 20
Supply Method Gravity Feed Pump

\\Aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 40

c. 20

d. 20

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 100



Map Unit Mineral, 7-12%

PART III. CLIMATE

123

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.)

COMPUTING THE SOIL PRODUCT= RATING

Total Total Total
Part I. Part II. Part III.

100 100 100
X X

100 100 100
X 100

'TOTAL 100

(Soil Productivity Rating)

100



124

SOIL PRODUCTIVITY WORKSHEET

Map Unit Minam stony, 4-7%

PART I. SOIL PROFILE

58
a.

Surface Soil Texture
<15% coarse fragments

Rock Fragments on the Surface a.

Class 1 Class 2 Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

40b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 98



125

Map Unit Minam stony, 4-7%

PART II. LANDSCAPE

a. Irrigation Water
Supply Method Gravity Feed Pump

Aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none 20

occasional, brief 10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

a. 20

b. 40

c. 20

d. 20

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 100



126

Map Unit Minam stony, 4-7%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

98
X X

100 100

100 100 100
X 100

(Soil Productivity Rating)

98



127

SOIL PRODUCTIVITY WORKSHEET

Map Unit Minam stony, 7-12%

PART I. SOIL PROFILE

58
a.

Surface Soil Texture
<15% coarse fragments

Rock Fragments on the Surface a.

Class 1 Class 2 Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

40
b. Rooting Depth

b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 98



128

Map Unit Minam stony, 7-12%
PART II. LANDSCAPE

a. Irrigation Water a. 20
Supply Method Gravity Feed Pump

\NA7Dect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vPd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 40

c. 20

d. 20

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 100



129

Map Unit Minam stony, 7-12%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

MEWING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

98 100 100
X X

100 100 100
X 100

(Soil Productivity Rating)

98



130

SOIL PRODUCTIVITY WORKSHEET

Map Unit Reavis, 1-3%

PARE I. SOIL PRCFTTP.

60a. Rock Fragments on the Surface a.

Surface Soil Texture Class 1 Class 2
<15% coarse fragments

Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

40b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

100Total Part I., the Soil Profile Rating (a.+ b.) TOTAL



131

Map Unit Reavis, 1-3%

PART II. LANDSCAPE

a. Irrigation Water a. 12
Supply Method Gravity Feed Pump

Aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 40

c. 20

d. 20

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 92



132

Map Unit Reavis, 1-3%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation

<4200'

>4200'

35

20

b. 35

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

100 92 100
X X

100 100 100
X 100

(Soil Productivity Rating)

92



133

SOIL PRODUCTIVITY WORKSHEET

Map Unit Reavis, 3-7%

PART I. SOIL PROFILE

60a. Rock Fragments on the Surface a.

Surface Soil Texture Class 1 Class 2
<15% coarse fragments

Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

40b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

100Total Part I., the Soil Profile Rating (a.i- b.) TOTAL



134

Map Unit Reavis, 3-7%

PART II. LANDSCAPE

a. Irrigation Water a. 12
Supply Method Gravity Feed Pump

\NAspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vPd 0

c. Flooding Frequency and Duration

none 20

occasional, brief 10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.)

b. 40

c. 20

d. 20

TOTAL 92



135

Map Unit Reavis, 3-7%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation

<4200'

>4200'

35

20

b. 35

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III. (Soil Productivity Rating)

100 92 100X X X 100 = 92
100 100 100



136

SOIL PRODUCTIVITY WORKSHEET

Map Unit Reavis, 7-12%

PART I. SOIL PROFILE

60a. Rock Fragments on the Surface a.

Surface Soil Texture Class 1 Class 2
<15% coarse fragments

Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

40b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

100Total Part I., the Soil Profile Rating (a.+ b.) TOTAL



Map Unit

PART II. LANDSCAPE

137

Reavis, 7-12%

a. Irrigation Water
Supply Method Gravity Feed Pump

N\Aspect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

viDd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

a. 10

b. 40

20

d. 20

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 90



138

Map Unit Reavis, 7-12%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation

<4200'

>4200'

35

20

b. 35

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

100
X X

90 100

100 100 100
X 100

(Soil Productivity Rating)

90



139

SOIL PRODUCTIVITY WORKSHEET

Map Unit Redmount, 1-3%

PART I. SOIL PROFILE

60a.
Surface Soil Texture
<15% coarse fragments

Rock Fragments on the Surface a.

Class 1 Class 2 Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

35b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

Total Part I., the Soil Profile Rating (a.+ b.) TOTAL 95



140

Map Unit Redmount, 1-3%

PART II. LANDSCAPE

a. Irrigation Water a. 17
Supply Method Gravity Feed Pump

\\NA7ect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none 20

occasional, brief 10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 40

c. 20

d. 20

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 97



141

Map Unit Red mount, 1-3%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

95 97 100
X X

100 100 100
X 100

(Soil Productivity Rating)

92



142

SOIL PRODUCTIVITY WORKSHEET

Map Unit Sturgill, 0-2%

PART I. SOIL PROFILE

60a. Rock Fragments on the Surface a.

Surface Soil Texture Class 1 Class 2
<15% coarse fragments

Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

40b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

100Total Part I., the Soil Profile Rating (a.+ b.) TOTAL



143

Map Unit Stun:Till, 0-2%

PART II. LANDSCAPE

a. Irrigation Water a. 12
Supply Method Gravity Feed Pump

.\\7ect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

b. 5

c. 10

d. 0

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL 27
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Map Unit Sturqill, 0-2%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200' 35

>4200' 20

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Total Total
Part I. Part II. Part III.

100 27 100
X X

100 100 100
X 100

(Soil Productivity Rating)

27
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SOIL PRODUCTIVITY WORKSHEET

Map Unit Topper, 1-15%

PART I. SOIL PROFILE

60a. Rock Fragments on the Surface a.

Surface Soil Texture Class 1 Class 2
<15% coarse fragments

Class 3
or above

SiL, L 60 58 0

SiCL, heavy SiL 50 48 0

SiC 30 28 0

40b. Rooting Depth b.

deep, >40" 40 40 0

m. deep, 30-39" 35 35 0

20-29" 30 30 0

shallow, 10-19" 20 20 0

v. shallow, 5-9" 10 10 0

<5" 0 0 0

100Total Part I., the Soil Profile Rating (a.+ b.) TOTAL
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Map Unit Topper, 1-15%

PART II. LANDSCAPE

a. Irrigation Water
Supply Method Gravity Feed Pump

\\A7pect
Slope N others N others

0-7% 20 17 15 12

7-12% 20 15 15 10

12-20% 15 12 10 7

>20% 10 5 5 0

b. Drainage Class

wd 40

mwd, mottles 32-40" 35

mottles 24-32" 30

swpd 20

pd 5

vpd 0

c. Flooding Frequency and Duration

none

occasional, brief

20

10

d. Cold Air Drainage / Frost Damage

none 20

frost pockets 15

overall frost damage or cold air drainage 0

Total Part II., the Landscape Rating (a.+ b.+ c.+ d.) TOTAL

a. 10

b. 40

d. 15

85
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Map Unit Topper, 1-15%

PART III. CLIMATE

a. Precipitation a. 65

all irrigated soils 65

b. Elevation b. 35

<4200'

>4200'

35

20

Total Part III., the Climate Rating (a.+ b.) TOTAL 100

COMPUTING THE SOIL PRODUCTIVITY RATING

Total Tbtal Total
Part I. Part II. Part III.

100 85 100
X X

100 100 100
X 100

(Soil Productivity Rating)

85


