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Abstract:

Soil survey and inventory activities involve collecting a variety of soil and environmental data and
information which are subsequently available for numerous uses and applications. Some soil
parameters have been identified to strongly influence quality of the soil, a term which has gained
numerous definitions. Knowledge of using soil performance data in relation to crop yield may be a
good learning process in approaching the study of soil quality. Understanding soil quality and its
relation to dependent factors is, perhaps, helpful in making soil information more useful, especially in
developing countries. The intent of the present investigation was not to develop yield estimate models
based on soil parameters but rather to undertake a desktop exercise that would provide experience with
the process of investigating soil quality and soil data.

The main purpose of this study was to investigate important soil parameters which influence crop yield
in Gallatin Valley. Variability in environmental conditions affecting crop yield was limited by taking a
relatively small geographic area, Gallatin Valley, Montana for this study. Data and information about
soils were primarily obtained from Natural Resources Conservation Service’s URL Websites. Twenty
nine soil pedons (with 162 horizons) representing eleven soil series were involved in this study. Soil
data and information were obtained only for A and B horizons ; these data were used to calculate
weighted-average values, which were used in subsequent analysis. Lack of available crop yield data
was addressed by applying five different approaches to obtain crop yield estimates for winter and
spring wheats (Triticum aestivum L.), and alfalfa (Medicago sativa L.). Eight soil variables from the
entire soil survey database were used in conjunction with estimates of crop yield to assess the role of
soil properties in soil quality characterization. Statistical Analysis System (SAS) programming was
used for variable selection and regression analysis.

Six ‘best’ regression equations were developed from this study. Two regressions predicting yield on the
basis of soil properties were fit for each crop. Soil water holding capacity (WHC) proved to be the
‘best’ predictor of crop yield. Models involving WHC were defined as the first ‘best’ regressions for
each crop. This independent variable was able to explain 91 percent of the variability in winter and
spring wheat yields (models 1.1 and 6.1), and 87 percent of the yield variability in alfalfa (model 11).
A combination of WHC and soil clay content (clay) comprised the second ‘best’ regression equations
for each crop. This combination accounted for 64 percent variation in winter wheat yield (model 5.3),
56 percent yield variation in spring wheat (model 10.2), and 53 percent ofyield variation in alfalfa
(model 15.2). Soil survey inventory results have been shown to be very useful for assessing yield
potential of winter and spring wheats, and alfalfa on a limited basis. Of the five sources of dependent
variables, yield estimates from NRCS-USDA were the most significantly correlated with soil
parameters. Best guess yield estimates by experienced producers were very closely correlated with the
estimated yields by the NRCS-USDA. By applying further manipulations, MAPS Atlas database
proved useful for characterizing soil quality.

The reader should be cautioned that the models developed here are clearly limited in their application



to yield estimation, due to the fact that the approach used was somewhat circuitous, i.e., using NRCS
yield estimates based on soil water holding capacity, as the foundation for model development.
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ABSTRACT

Soil survey and inventory activities involve collecting a variety of soil and
environmental data and information which are subsequently available for numerous uses and
applications. Some soil parameters have been identified to strongly influence quality of the
soil, a term which has gained numerous definitions. Knowledge of using soil performance
data in relation to crop yield may be a good learning process in approaching the study of soil
quality. Understanding soil quality and its relation to dependent factors is, perhaps, helpful
in making soil information more useful, especially in developing countries. The intent of the
present investigation was not to develop yield estimate models based on soil parameters but
rather to undertake a desktop exercise that would provide experience with the process of
investigating soil quality and soil data.

The main purpose of this study was to investigate important soil parameters which
influence crop yield in Gallatin Valley. Variability in environmental conditions affecting crop
yield was limited by taking a relatively small geographic area, Gallatin Valley, Montana for
this study. Data and information about soils were primarily obtained from Natural Resources
Conservation Service’s URL Websites. Twenty nine soil pedons (with 162 horizons)
representing eleven soil series were involved in this study. Soil data and information were
obtained only for A and B horizons ; these data were used to calculate weighted-average
values, which were used in subsequent analysis. Lack of available crop yield data was
addressed by applying five different approaches to obtain crop yield estimates for winter and
spring wheats (Triticum aestivum L.), and alfalfa (Medzcago sativa L.). Eight soil variables
from the entire soil survey database were used in conjunction with estimates of crop yield to
assess the role of soil properties in soil quality characterization. Statistical Analysis System
(SAS) programming was used for variable selection and regression analysis.

Six ‘best’ regression equations were developed from this study. Two regressions
predicting yield on the basis of soil properties were fit for each crop. Soil water holding
capacity (WHC) proved to be the ‘best’ predictor of crop yield. Models involving WHC were
_defined as the first ‘best’ regressions for each crop. This independent variable was able to
explain 91 percent of the variability in winter and spring wheat yields (models 1.1 and 6.1),
and 87 percent of the yield variability in alfalfa (model 1 1) A combination of WHC and soil
clay content (clay) comprised the second ‘best’ regression equations for each crop. This
combination accounted for 64 percent variation in winter wheat yield (model 5.3), 56 percent
yield vanatlon in spring wheat (model 10.2), and 53 percent of yield variation in alfalfa (model
15.2).

Soil survey inventory results have been shown to be very useﬁﬂ for assessing yield
potential of winter and spring wheats, and alfalfa on a limited basis. Of the five sources of
dependent variables, yield estimates from NRCS-USDA were the most significantly correlated
with soil parameters. Best guess yield estimates by experienced producers were very closely
correlated with the estimated yields by the NRCS-USDA. By applying further manipulations,
MAPS Atlas database proved useful for characterizing soil quality.

The reader should be cautioned that the models developed here are clearly limited in
their apphcatlon to yield estimation, due to the fact that the approach used was somewhat
circuitous, i.e., using NRCS yield estimates based on soil water holding capacity, as the
foundation for model development.




1. INTRODUCTION

Soil survey and mapping is a process of inventorying information about soil and the
related environrn_ental factors. The results are soil survey reports containing information on.
soils, relief/topography, vegetation, geology, and climate. An integral part of soil survey is
a detailed list of soil characteristics and nomenclatures.

In developed countries, soil survey inventory is an integral part of land resource
management. Soil maps and taxonomic information resulting from soil surveys have been put
to a number of agricultural interpretive uses (Buol et al., 1989). Besides agricultural
purposes, soil survey data can also be extensively used for non-farm activities such as land
use planning, environmental qﬁality protection, highway. location, real éstate development,
tax assessment purposes, and siting of recreation facilities and septic tank filter fields.

Following the developed countries, éome developing countries have also been -
adopting the practice of characterizing and mapping their soils. Indonesia is one example of
a country actively engaged in soil survey. Its researchers and surveyors hav.e been reporting
and documenting numerous soil inventory repdrts to be used publicly. However, most of the
results are still “under utilized”. Simultaneous to the soil survey pfocess, many other efforts
have been undertaken to imp1"c’>\‘1e the usefulness and to better explain soil inventory reports
to users. One of these efforts is that in 1988 researchers declared the US soil classification
system, Soil Taxonomy (Soil Survey Staff, 1975) to be used for classifying and reclassifying

Indonesian soils.
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Assessment of soil po;cgntial or quality based on soil characteristics obtained from soﬁ.
survey and mapping activities in Indqnesia is one way to iﬁcrease the usefulness of soil survey
information. The importance of relationships among soil properties, plant characteristics and
populations, and enﬁonmental variables has been recently recognized (Larson, 1986).

In order to build and develop models defining soil-crop relationships, it is first
necessary to collect information on soil characteristics along with crop variables. Because
adequate data or crop yield records which can be used to study soil-crop relationships are
not always available for most farm fields, numerous. research efforts have articulated
mathematical 'models to correlat§ soil characteristics with yield potential.

The current study used several approaches to gaiq data and information about soil and
crop variables. Iﬁdependent variables (in the present study those being soil parameters) were
obtained from the soil survey inventory'of Gallatin County, Montana conducted by the.
Natural Resources Conservation Service - US Dept. of Agriculture (NRCS—USDA).‘ The
soils information was made available publicly through a URL Website. Dependent Vvariables
.(cr‘op yield estimates) were estimated using the Brown and Carlson (1990) equations for
winter and spring wheats, and an equation by Bauder et al. (1978) for estimating alfalfa yield
potentials.

This study was conducted in a relatively small geographic area with a diversity of
soils. This was (ione to partition soil parafnetérs from other external enviropmental factors
which influence crop performance. Assuming “hor.nogenous” external factors, variability in
crop performance occurring in the Gallatin Valley area was expected to repfesent the effect

of differences in soil characteristics. Winter wheat, spring wheat, and alfalfa were used for
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conducting the analysis of soil-plant relationships. These crops are well suited to the
environment of the Gallatin Valley.

The objectives of this study were to undertake an exercise which would investigate
approaches of studying soil quality by looking at relétionships betyveeh soil data and
information from soil survey inventory and.crop yield potentials. The ultimate goal was to
gain an appreciation for methods of utilizing soil inventory data to assess soﬁ quality. In this
thesis, this was done by determining if there were identifiable soil factors which consistently
or signiﬁéantly influence crop performance and‘ yield potential. Hypotheses to be tested in
this study were : (1) can we use soil survey and inventory data for assessing yield potential
and approaching the study,of soil quality; (2) can we define soil quality using soil survey data;
and (3) can a model to assess soil quality be developed using soil survey data ?

In this regard, the reader is advised to utilize and make application of tﬂe resulfant
models for the estimation of crop yield potential with significant apprehension. The models
which have been developed here were not intended to. be “stand alone’; estimators and have,
in fact, been developed and validated totally on the ba_,sis of similarly derived estimates. The
primary focus of this investigation was to un_dertéke an exercise which would illustrate-one
approach to assessing soil quality and familiarize the investigator with the potential uses of

soil inventory data.




2. LITERATURE REVIEW

Soil Quality and Soil Health

Soil qualﬁy and soil health are terms of similar meaning. Soil scientists freque:ntly
refer to ‘soil quality’ when assessing or characterizing soil functions in the environment. On
the other hand, farmers and land managers commonly consider soil health for expressing
similar purposes 6f their soils. Rhoton and Lindbo (1997) evaluated soil quality as a means.
of defining the suitability of a soil for crop production purposes and environmental control.'

Some soil scientists believe that soil quality is an abstract characteristic and one that
can not be defined. From their perspective, soil quality is strongly dependent on external
factors such as land use and soil management practices, ecosystem and enviroﬁmental
interactions, and socio-economic and political priorities (NRCS-USDA, 1996).

NRCS-USDA (1.996‘) determined that the soil can md does serve many purposes, both
to humans and the environment. These roles are best defined as soil function. Soil
ﬁJﬁctionaHy provides a physical matri.x, a chemical environment, and a biological setting for
living organisms. Hydrologically, soil may regulate and partition water flow and storage.

Moreover, it can control crop nutrient retention and cycles.

Definition of Soil Quality
A definition of soil quality may involve soil productivity, which can include an

accounting of major chemical, physical, and biological characteristics of the soil. Soil .




.

productivity may be utilized to quantify éoil 'quzility in relation to soil characteriétics. One way
to define soil quality is by characterization of a selection’ of specific soil components. F or‘
example, soil quality can be assessed by an evaluation i)f soil morphology, soil physical
characteristics, soil ,chemical prciperties, and soiimicrdbiological conditions (Turco et al.;
1994). To define soil quality, the Soil Science Society cif America (1987) takes into accourit
attributes of soils that are inferred from soil characteristics or indirecit observations (e.g.
compatibility, erodibility, and fertiliiy).

A broader definition of soil quality considers the capacity of a soil to function
pioductively in a sustainable rilanner. Larson and Pierce (1991) cieﬁne soil quality as the

| capacity of a soil to function within the ecosystem boundaries and interact positively with the
environment external to that ecosystem. In addition to the 1991 definition, Pierce and Larson »
(1993) simply state that soil quality is fitness of soil for use, while Gregorich et al. (1994)
state that soil quality is degree of fitness of é soil for a specific use. More §peciﬁca11y, NRCS-
USDA. (1996) clainis soil quality as the fitness of a specific kind of soil to function within its
suﬂoﬁndingé,'suppért pleint and animal productivity, maintain or enhance water and air
quality, and support human health and habitation.

Parr et al. (1992) propose the definition of soil‘ quality as the capability of soil to
produce safe and nutritious crops in a sustained manner over the long-term, and to enhance
human and animal health, without impairing the natural resource base or harming the
environment. In addition, Harris et al. ( 1996) propose that Quality of a soil is determined by
the ﬁtnes; of the soil body to protect iyaiter and air qdaiity, sustain plant and animai

productivity and-quality and to. promote human health.
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Some other scientists define soil quality by looking at its function and behavior.

Doran and Parkin (1994) consider soil quality as the capacity of a soil to function within

ecosystem boundaries to sustain biological productivity, maintain environmental quality, and

promote plant and animal health. The National Soil Survey Handbook (Soil Survey Staff,

1992) obse;ves that soil quality is the performance of soil attributes which serve as criteria

to make predictions of soil response and behayior. The attx_'ibutesl are inferred from
observation and soil properties.

In general, researchers consider the relationship between soil and intended uses in

order to évaluate soil quality. 'One common tﬁeme persists throughout this varied selection

of definitions of soil quality. It (soil quality) is reflected in the ability of a specific soil to

sustain or support a prescribed or defined use for an extended period of time.

Why is it Difficult to Define Soil Quality ?

The difficulty in defining soil quality arises from the complexity of pertinent soil
properties which one attempts to assimilate into a single term or numeric value tﬁat will
-account for soil characteristics appropriate to a variety of uses (Rhoton and Lindbo, 1997).
The complexity in the nature of soils makes this integfation difficult. Do‘ran and Parkin
(1994) stated that soil quality is an abstract characteristic of the soil which is impossible to
define, because it is dependent upon numerous external factors. An interpretation or

perception of good soil also varies from person to person and with intended use of the soil.
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Why do we Need to Define Soil Quality ?

The value of defining soil quality is that it proﬁdes a standard for whether or not a soil
is managed and maintained in an acceptable states for future generations. Consequently, any
-deﬁnition of soil quality must be broad enough to be able to cover a number of facets of soil
function (Doran and Parkin, 1994). In addiﬁon, an objeétivé a.ssessment or characterization
of soil quality éan serve as a valuablevtool for soil management decision-making.

The criteria commonly used as indicators for soil quality/health are also used for
assessing soil productivity. Since soil quality is still difficult to define, many people approach.
assessment of sc;il quality by trying to find some closely related factors. Rhoton and Linbo
(1997) reported that effective soil depth has been highly correlated with ad\;erse changés
accompanying the modification in soil properties. Variation in effective soil depth and/or soil
thicknesses due to either erosion or continual production processes may determine variability
in the quality of soil. Therefore, soil dépth ?an be used to explain differences in soil
properties and accurately estimate soii productivity and erosion. At locations where soils are
limited in thicknesées, effective soil depth'may be a reasonable way of éssigm'ng'an index of
soil quality.

~ Sail productivi;cy and soil erosion can be considered critical indicators in the study of
soil quality because of their significant relationship to soil quality. Concepts of both soil
productivity and soil erosion reflect the impacts of most soil and environmental
characteristics. Soil productivity and soil erosion reflect many major soil properties and the

soil’s environmental condition; hence.these two measurements may be adequate enough to

be primary indicators of soil quality for many purposes.




Indicators for Assessment of Soii Quality

In order to assess thé quality of soil, all properties that directly or indirectly determiﬁe
soil function should be considered as part of the process (Visser and Parkinsons, 1992).
These two scientists identified that carbon and nitrogen cycles are essential indicators of soil
quality. In addition, Doran aﬁd Parkin (1994) i_dentiﬁed‘pH, P20:s, and K20 as other soil
factors to be considered for defining quality of a soil. They also considered soil physical
properties (such as texture, rooting depth, permeability, and soil moisture), soil temperature,
and microbial activity when assessing soil quality. A study by Entry et al. (1996) determined
that the ratio between organic caern and nitrogen is a p.oor predictor of annual crop yield
but it may be an accurate indi;:ator of soil health and a good predictor of long-term crop yielci.
Crop yield can be an important indicator of soil quality (Granatstein and Bezdicek, 1992),

however, productivity individually is not enough to be a complete measure.

To improve Soil Quality |

| Quality of a soil can bel improved in many different ways. Cropping diversity is a way
of enhancing it. Research by Franco-Vizcaino (1996) revealed that increasing diversity of
crop residues incorporated into the soil throuéh‘ rotations has been associated with better
condition of agricultural land. This is because the soil gains improvements in sqil tilth,
nutritional 'status{ and biological activity, which are indicators of soil quality. - Any

improvement in soil physical, chemical and biological conditions can be used to indicate

changes in soil quality.




Soil Function and Soil Productivity

Soil is an integral part of the environment. It can play an important role influencing
many different processes within the soil and/or in adjacent .areas. NRCS-USDA (1996)
identifies four roles of soil in the environment : a) to facilitate living organisms, b) to control
water flows, ¢) to regulate changes among phases ‘in the sloil‘, and d) to filter, buﬁ'gr, degrade,

immobilize, and detoxify organic and inorganic materials.

Soil-Crop Relationships and Soil Productivitv--

Soil is a dynamic and living natural body.that plays many important functions in
terrestrial ecosystems (Doran and Parkin, 1994). Specific characteristics of the soil should
be given consideration when use of the soil is intended for farm purposes (producing foods).
Soil thickness, texture, and structure are among the important soil phsfsical' parameters
relatiné to crop production through their influences on soil hydraulic properties, aeration, and
nutrient holding capacity.

Soil and plant systems are very complicated. There are many variables influencing the
soil propertiés that affect crop I;erformance. ‘Advances in computer technology have helped
create means of considering soil variables to be combined in various interactions (Hanks and
Ritchie, 1991). The combination of variables may be used to predict soil-crop relationships.
A number of models with varyiné complexity have been proposed. The more complicated
of these relationships may be less practical to farmers but may be useful to better understand

the complexity of nature.
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Many researchers have tried to simplify the relationships between soil aﬁd crop yield
by developing models. The purpose of this model development is to organize what is known
about a subject. Crop yield estimate models should be focused on growth rafe, ‘gi'owtlll
duration, and tﬁe extent of stresses (Ritchie, 1991). Such mode]s should consider variables
that determine root distribution in the soil (Jones et al., 1991). Hanks and Ritchie (1991) look
at models as a simplification or imitation of the real thing or as a system of postulates.

Bauder (1998, personal communication) proposed evaluating soi}s originating from
similar environments (but not necessarily the same parent material) in relation to crop yield
potential - to identify numerous coxﬂbinations of soil variables which inﬁuence soil
productivity. The signiﬁcanée of such an approach to the study of soil quality is the potential
. it lends to identifying influencing factors which frequently appear in the analysis of soil
quality. He further suggested that one approach to identifying specific soil properties which
can be considered synonymous with soil quality is to count the frequency with which various
soil factors significantly correlate with crop yield within a reasonably confined geographic
area. This would provide one approach or initial stage of evaluating soil productivity on a
regionﬂ basis, based on the premise that soil qualify is reflected iﬁ site yield potential.

Another methpd for assessing soil quality is to at;count for many different kinds of soil
and environmental data or information (Halvorson et al., 1996). This‘ would also allow.
evaluation of soil qqality based on alternative uses of soil and provide a mechanism to
estimate soil'quality for un-sampled locations.

Brown and Carlson (1990) pointed out that water has been the most limiting factor

in agricultural production in Montana. They successfully developed models for estimating
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yield potentials of five different crops and the models have been expected to be applicable at
a number of locations in north central 'Montaﬁa. Their equations consist of three main
estimated values : plant available water (PAW), initial yield level (IYP), and a slope value
(available water - yield relationship) for each crop. The PAW was based on stored soil water
and rainfall during the growing season (May 1 through July 31). Amount of water provided -
by the soil was estimated by converting depth of soil wet to field capacity on the basis of soil
textural classes. The other component of PAW is the amount of precipitation during the
growing period. Seventy five percent of precipitation during the gfowing period was
considered td contribute to stored soil water. Both estimation and qalculation produced total
amount (inches) of water available to the plant (total plant available water, PAW). IYP
parameter was required to make the model more complete and rational.

Two of Brown and Carlson’s equations are :
Ys=5.1 (ET -3.8) bu‘shels/acre‘ [Eq. 2-1]
This equation is proposed to be useful for assessing yield potential of spring wheat (Ys) and
the equation prepared fc;r winter wheat (Yw) is as follows : . |
Yw =58 (ET-3.9) bushels/acr'e " [Eq.2-2]
Brown and Carlson (1990) initially proposed a relationship between a variable ET
(which they defined as evapotranspiration) and estimated plant yield. Inspection of the detail .
| and approach of the Brown and Ca_rlson models reveals that the ET term expressed in their
modelsis, in fact, rﬁorge accurately, an estimates of “plant available water” during the growing
season. In as much as no attempt was actually made to either measure or estimate ET, the

author has taken liberty to modify the Brown and Carlson equations in this investigation,
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substituting the term PAW where ET was initially used. This has been done for the purposes

of clarity and correctness of expression.

The Importance of Soil Organic Matter
Organic matter is a significant and controlling substance in the soil. It can influence
significant properties of the soil. Doran and Parkin (1994) stated that, in géneral, spil organic
matter can control biological;.physibal, and chemical characteristics of the soil. Moreover,
organic matter plays a major fole in deternﬁniﬁg the soil’s ability to store and transmit soil
water, regulate the availability of water to plants, and transport environmental pollutants up

tothe soil surface and into groundwater. -

Calcic Horizon

Calcic horizons are subsurface horizons in which secondary carbonates have been
precipitated to a significant extent (Soil Survey Staff, 1994). The high content of lime in the
horizon may be derived from soil parent materials or as a result of pedogenic processes. To
fulfil the criteria of calcic ﬁoﬁzon, the accumulated carbonates should indicate an illuviation
process. In more detail, Soil Survey Staff (1994) states that the layer should be at least 15
cm thick and contain not less than 15 percent CaCO,; equivalent. High concentration of
carbonates with no indications of cementation and/or induration distinguishes this horizon

from a petrocalcic horizon.

Position of the lime from the soil surface has also been related to the topographic

condition. The depth to the lime from the soil surface is generally shallower in soils located




-13-
on rolling to undulating areas than those of valley floor or flat areas. This phenomeﬁon is
strongly relat;ed to the erosion condition in the area. Montagne (1998, personal
communication) drew a relationship between topographic condition and depth to calcareous
layer in soil profile. The steeper the slopes and the more eroded the land is the shallower the
depth to the calcic horizon from the soil surface.

The presence of and depth to the calcic horizon may be related to the amount of
precipitation. Calcic horizons are considered to roughly indicate the average depth of water
penetration into soil profile annually (Larson, 1986). Harper (1957) identified a strong
relationship between the presence of calcic horizon and the amount of rainfall. Higher
amounts of rainfall generally result in deeper depth to calcic horizon from the soil surface.
In dry climates, the calcic horizon indiqates the depth of rainfall penetration in the soil.

In terms of soil‘- crop relationships, the presence of calcium carbonate (CaCO,) in
footing zones of calcareous soils can influence plant growth. Depth to calcium carbonate was
found to be significantly correlated with crop productiorll, especially cereal grain yieldé, in
Montana (Burke, 1982). ‘MediUm level of calcium carbonate (less than 15 % CaCO,
equivalent) in the s.oil column can have a positive effect on crop production, while medium
to high levels of lime content can cause an imbalance of soil nutrients hence reducing the
amount of crop production. Dry consistence of the calcic horizon was also positively
correlated with yield.

In the ﬁeld, t'he presence and depth of calcic horizon can be directly determined. Soil
surveyors usually test this characteristic by looking at whether or not the horizon effervesces

upon addition of HCI. If this characteristic is present when characterizing soil profiles, the
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_ surveyors usually indicate it by affixing “k” or “ca” following primary horizon désignatioﬁs

(eg. Bk, Cca, etc.). _

~
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3. MATERIAL AND METHODS

Soil and environmental variables of Gallatin Valley area were compared uﬁth respect
to their relationships to crop yield estimates. The significance of the relationships was
expected to show the level of irnportance among soil variables which influence predicted crop
yields. Moreover, this project was an attempt by myselfto gain a better understanding of soil .
quality.

Values for independent variables were | obtained from the Natural Resouroes
Conservation Service - US Department of Agriculture (NRCS-USDA).soil‘ databases by -
accessing URL addresses of NRCS housed in Iowa and Nebraska. Data for dependent (crop -

yield potential) variables were obtained from appiication of three algorithms and from -

interviewing experienced producers from the Gallatin Valley area. .

Study Site and General Characteristics

The study sites were lloc,.ated- in Gallatin Valley, Gallatin County, south western
Montane (Figure 1). The study area is covered by seven sheets of topographie maps with a
scale of 1:62,500 (USGS, 1947 through 1952). Geographically, the whole area is located
between longitude 110°48' to 1‘11°48' West and latitu,de of 45°31' to 46°04' North. Legal |
positions of the area were between Township T4S to T4N and Range R2W to R7E
(DeYoung and Smifh, 1931). A |

}  The soils of the study area were surveyedy by NRCS-USDA personnel of Bozeman

office and a final soil survey report is presently in the process of being completed. This
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location was chosen for study because it represented a relatively small geographic area with
a diversity of soils having developed under a condition of “homogeneous or less variable” soil

forming factors. Other reasons were that this area is well suited for cereal grains, and within

" the area there were many farm fields in which a number of soil series exist.

The Gallatin Valley area is characterized as receiving annual precipitation ranging

from 38.1 to 55.9 cm (15 - 22 inches) and mean annual air temperature varying from 3.8 to

~ 8.3°C (39 to 47°F) (NRCS-USDA, 1993). Physiographicaﬂy, landforms of this area are

commonly relict stream terraces and alluvial fans. Relief and topograp.hy of the area vary
from flat to rolling plains with slope gradien"cs up to 45 percent. Elevations vary from 1330
to 1930 m (4000 to 5800 ft) al;ove sea lgvel (DeYoung and. Smith 1931; USGS 1947-52).
Geologic parent mgten'als of the soils in the Valley are logss, alluvial, and a]luvio-colluvial
(NRCS-USDA,1998).

Soils of the Gallatin Valley area are commonly deep (greater than 100 cm thick), well

" drained, and moderate to moderately-slowly permeable. Top soils are somewhat thick (10

to 25 c¢m) and dark in color. Thicknesses of subsoils are greater than 75 cm. Some of the
soils contain coarse fragments in the upper horizons and calcic horizons within the soil

profiles (NRCS-USDA, 1998). Cﬁrrently, land utilization of the soils included in this study .‘

is farm fields.

Selection of Soil Series

The solil series of the study, described ina semi-detailed (scale of 1:24,000) soil survey

inventory in the Gallatin County (in the pfocess of finalization), were selected based on
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specific criteria. The selection process was initiated wii:h astudy of locations, geologic parent
materials, climatic conditions, and slope éradients. In addition, the selection also considered
capabilities of the soils for agricultural purposes, especially cereal grains. The third criterion _
was the availability, access to, and completeness of the data for selected soils.

Initially the data for es.sentially.all the soils of Gallatin Valley area were listed. A
check was then made of the geologic parent materials. Parent materials included loess,
alluvial, and alluvio-colluvial. Soils derivéd from these three parent maten'alé were selected
for this study. Liﬁﬁted climatic information was obtained from narrative soil series
descriptions. Information on slope gradients was obtained from the soil ma;;ping units or soil
morphological descriptions. Furthermore, evajuations by NRCS-USDA on the soil series
capabilities for general agriculture were also taken into account. The emphasis of this project
was on the mappiné units having slope classes of A, B, and C. The objective of this approach
(taking “similar” soil geologic parent materia}s, relatively small area., and certain raﬁges of
slope gradients) was to fbcus as rﬁuch as possible solely on ‘soil’ factors in further analyses.

| Eleven séil series in total originating from Gallatin Valley area were selected for this
study. The selected soil series were : Amsterdam, Beanlake, Beavgrton,"Blackdog, Bozeman,
Kelstrup, Martinsdale, Meagher, Sawicki, Turner, and Windham (Table 3-1, and Appen'dice's
A and B). Each soil series wés represented by the data from at least one ‘representative’
pedon (Appendix D). In‘total, twenty nine soil pedons, having 162 horizons.along with soil

laboratory data, were included in the analysis (Table 3-2).




_‘1 9.

Table 3-1. Soil series, parent material, and family level classification of representative pedon

used as source of independent variable data.

No Soil Name

Parent material

Classification (Family Level)

1. Amsterdam
2. Beanlake

3. Beaverton

Blackdog
Bozeman
Kelstrup
Martinsdale
Meagher

Lo N o

Sawicki
10. Turner.

11. Windham

Loess

Alluvium
Alluvium

Lbess
Loess
Loess
Alluvio-colluvial
Alluvio-colluvial

Alluvio-colluvial

" Alluvium

Alluvio-colluvial

Typic Haploborolls, fine-silty, mixed, sup.
Typic Calciustolls, fine-loamy, mixed, sup.,
frigid

Typic Argiustolls, loamy-skeletal over sandy
or sandy skeletal, mixed, sup., frigid

Typic Argiborolls, fine-silty, mixed, sup.
Argic-Pachic Cryoborolls, fine-silty, mixed
Aridic Haploborolls, coarse-silty, mixed, sup.
Typic Argiustolls, fine-loamy, mixed, sup.
Typic Argiborolls, fine-loamy, mixed, sup.
Typic Argiustolls, loamy-skeletal, mixed, sup.,
frigid o

Typic Argiustolls, fine-loamy over sandy or
sandy skeletal, mixed, sup., frigid

Typic Calciustolls, loamy-skeletal, carbonatic,
frigid '

Note : Si=silt, L = loam, Cob = cobbly, C = clay, Gra = gravelly, sup. = superactive.
Soil names include the texture class of the Ap horizon.

The majority of the selected soil series were defined/described as loamy families of

Typic Argiustolls. Others were Argiborolls, Calciborolls, Cryoborolls, and Haploborolls; All

of the soils were classified as Mollisols (Soil Survey Staff, 1994). The selected soil series

were assumed to have developed under “relatively homogenous” geological and climatic

conditions based on inspection of the soil parent ‘materials, and temperature and moisture
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Table 3-2. Statistics of soils data and information obtained from URL Website.

No.  Soil Series

Independent Variables

pdn horiz thick clay BD WRD OC pH DCH
.............................. Number of representative data points ..............
2. Amsterdam T 42 42 42 29 18 42 42 7
34 Beanlake 2 8 8 8 8 8 8 8 2
4. Beaverton 2 9 9 - N/A 9 9 74
D Blackdog 3 11 11 11 - N/A 11 11 3
6. Bozeman 1 9 9 9 9 5 9 9 1
% Kelstrup 2 10 10 10 - N/A 10 10 7.
8. Martinsdale 4 32 32 32 17 13 32 25 4
9. Meagher 1 4 4 4 4 4 4 4 1
10.  Sawicki 2 11 11 1 11 11 11 11 1
¥l Turner 3 13 13 6 19 19 13 19 3
12; Windham 2 7 7 7 7/ i 7 7 2
Total "29.. 162 168 “150 5104 .::93 157 155:. 28

Note : pdn = pedon; horiz = horizon, thick = thickness; BD = bulk density; WRD = water
retention depth; OC = organic carbon; DCH = depth to calcic horizon; N/A = not

available.

regimes. Based on evaluations by NRCS-USDA, the capabilities of the soils were classified

into class 3E for general irrigated and non-irrigated farm uses. Agricultural potentials of the

soils were rated as low, medium, and high.
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Selection of Independent Varigbles
Independent variable data were obtained from profile descriﬁtions and laboratory data
of the-selected soil series. Each soil horizor in the initial database was defined by 61 types
of soil information. This information can be grouped into two general categories :

morphological data (10 parameters or descriptors) and laboratory data (51 parameters). The

- laboratory data can be further divided into 3 groups : physical, chemical, and mineralogical

data éonsisting of 28, 19, and 4 parameters, respectively.

Some of the. soil morphological information was difficult to analyze quantitatively
because of the data cha;racteristics. For instance, soil consistence, rooting condition, level of
effervescent, and soil structure are describ;ed qualitatively. Soil colors, coded as a
combination of alpha numeric and characters, were also difficult to analyze with respect to
their linear relationship with other 'parameters. This is because hue values of soil color charts
are designed to follow cylindrical coordinates geometrically (Zelenak, 1995). In addition, :
although useful from interpretive perspective, soil profile descriptions were found to be in-
effectual for quanfitative analysis. Discussions of soil profilé characteristics are included in

Appendix C.

Type of soil clay mineral was disregarded in this study.' Although this information was
available for use, clay type was reported qualitatively in the database and the data 'were not
available for all soil horizons. This information might be useful to help explain some
properties of the soil and to mz;.ke further interpretation about the soil in future studies.

| Inspection of the entire- database revealed that the database was incomplete with

respect to some variables. Variables with incomplete data sets were eliminated from the
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database. After reducing the list of above soil parameters and considering completeness of
the laboratory data, 19 soil physical and 8 chemical variables were then analyzed with respect
to their correlation to each other. The 27 soil variables were subjected to a correlation
analysis using the Pearson coefficients with a significance level of 0.05 as the selection criteria
for further inclusion in the study.

Based on Pearson coefficients, six soil variables obtained from the soils laboratory
data were then selected for further study. A seventh and eight variable, depth to calcic
horizon (calcic) and soil erodibility (Kf), were subsequently added to the list. Values for
depth to calcic horizon were determined from soil morphological information and horizon
designations, and from soil pH laboratory data. Information on soil erodibility was provided
by the NRCS field office at Bozeman. In total, eight independent soil variables were involved

in the analysis (Table 3-3).

Table 3-3. Independent variable, code, and dimension of unit included in subsequent analyses.

No Parameter Code Unit

1. Soil thickness thick cm

2 Soil clay content clay g/100 g
3. Soil bulk density BD g/cm?
4. Soil water holding capacity WHC cm/cm
. Soil organic carbon content OC g/100 g
6. Erodibility Kf

7. Soil pH pH pH unit
8. Depth to calcic horizon calcic cm
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Weighted and Averaged Value of Independent Variables

Laboratory data for each soﬁ proﬁi’e were simplified té obtgin singié Ivaluéé where
appropriaj:e. The laboratory data values for clay content (clay), bulk densit.y (BD), soil water
holding capacity (WHC), ‘orgmﬁ;: carbon contept (OC), and pH from each horizon v;rere
weighted using a method by Rhoton énd‘ Lindbo (1996) to prodpce‘ single values representing
. soil profiles. The weighting method took into consideration thickness and variable value of
. the corrgsﬁonding horilzon. By summiﬁg the ‘product of horizon thickness and .the
corresponding variable y_élue for all horizons of the profile, and then dividing thé sum by the
total profile thickness, a single value for the independent variable was derived for subsequent
analysis. The arithméti‘q weighted val‘ue.s fo% replicate soil pedohs were then éveraged to
obtain single values for each soil series. The average weigflted values of the s;:>ils data aré
present in Table 3-4. The formula used for weighting the variable x‘/'alues is as fOllOV&-IS :

I=(Z(t * 1))/T (Rhoton and Lindbo, 1996) | [Eq 3;1)
where I=weighted avérage yalue, t = thickness of the horizon (cm), i = value of indepeﬁdent

variable, and T = total thickness of the soil profile (cm).
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Table 3-4. Average weighted value of the soil characteristic defined as independent variable
for subsequent analyses.

Independent Variable

No.  Soil Series
thick | iclay JeBD# WHCHOC /K1 ol calcig

cm g/100g g/cm’ cm/cm g/100g cm
¥ Amsterdam 103 205, 133 018 .. .000. 042 19 41.7
P Beanlake 152, ce2 1500 4 8¢ 0 1408 #1125 "6 0.3/ " 812 1512,
3 Beaverton 66 ~13:8 T{1:58" 0.060 1053 58 01F . 7.7 52.0
4, Blackdog 104% L .22 2.-#1 28 ¥ 0.1 8131420535, 7:8 61.0
-2 Bozeman 145 228 1,50%:0.15 4 108,035 84 51.0
6. Kelstrup 52502105 1 1149, T H0E1 ] 5. 0.3 V20,36, %.-8.3 39.0
7 Martinsdale 678528, 29 ] S3 G801 3 0. 820317757 7 35.8
8. Meagher 1524 250 147,001, 91.00 %036, 7.8 483
9. Sawicki 116 6 1880 #1665 "0:0 78 ' I36:-10.2/ .°'6:9 >152.4
10. Turner 61 174 3.40 Q12083 "02T T 47.0
e Windham o1 2895147 7009 069".042 81 53.3

Note : Soil thickness was calculated as the weighted average thickness of the A and B
horizons using the method described in equation 3-1.

Obtaining Yield Estimates

Development of crop potential data (or dependent variables) was approached through
calculations and estimations. Three algorithms were employed to calculate yield estimates
for the study sites. Equations by Brown and Carlson (1990) for estimating winter and spring
wheat yield potentials, and an equation by Bauder et al. (1978) for predicting alfalfa crop

yield were used. The algorithms used were based on PAW and/or ET (inches) values as

follows :
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for winter wheat : Yw =5.8 * (PAW - 3.9) bushels/acre  [Eq.3-2],
for spring wheat : Ys=5.1* (PAW -3.8) bushels/acre {Eq. 3-3],
and for alfalfahay: Y, =0.2 * (ET) tons/acre _ [Eq. 3-4].

For purpose of this study and for development of these three models, PAW is defined
as stored soil water and additional water (inc.hes) during the growing season. PAW estimates
were equated with ET for use in equation 3-4. The PAW values which were substituted into
equations 3-2, 3-3, and 3-4 were generated from two sources of data, NRCS-USDA and
MAPS Atlas.

. Five different databasés of yield estimates were developed for subsequent analysis
with the independent soil variables. These databases were identified as 1) NRCS, 2) MAPS-

1, 3) MAPS-2, 4) MAPS-3, and 5) Producers’ survey.

NRCS

The lack of reliable long-term actual crop yield records for each soil series of the study .
n_ecessitated use of previously documented yield estimation models to obtain dependént data.
One source of yield estimates was that the NRCS-USDA. The NRCS-USDA utilizes soil -

survey results to predict crop-yields based on estimates of plant available water.

MAPS
Data from the MAPS Atlas database (Caprio et al., 1994) were used in conjunction
with equations 3-2, 3-3, and 3-4. Information about soil water holding capacity (WHC), -

mean monthly precipitation (Ppt), and potential evapotranspiration (PET calculated using
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Penman method) were generated from this database. The extracted information was then

used to produce three different PAW or potential water use values.

- MAPS-1

MAPS-1 utilized the information on soil water holding capacity - WHC
(variable number 104 of the MAPS -Atlas database) and precipitation - Ppt during the
éoMng season to calculate PAW values as follows :

PAW = V;IHC + Ppt . [Eq. 3-5]
where Ppt (precipitation ) for alfalfa was taken from March through September
(variables 89 through 95); for spring wheat from May through August (variables

number 91 to 94), and for winter wheat from April through July (variables number 90

to 93).

- MAPS-2
The method referred to as MAPS-2 considered PAW values wére similar to
| PET values calculated by the Penman method from Apﬁl through September
(variables number 37 through 42). PET (potential evapotranspiration) for winter
wheat = PET values from May through July."+ 1/3 PET in August, for spring wheat,
PET = 1/2 PET in May + PETs of June and July, and 1/3 PET in August (Schaff,
personal c.ornmunicatiOI.l) ; and PET for alfalfa=PET from April to August +1/2PET

in September (Bauder, personal communication).
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- MAPS-3

Considering the MAPS-2 method, Bauder (personal communication)‘
suggestéd makipg an adjustment to deﬁvé an additional PAW estimate. The
adjustments combined the MAPS-1 and MAPS-2 methods to include PE’i‘, WHC and
Ppt data for calculation. Thé adjuster - X value was calculated as follows :

X = (WHC + Ppt)/PET [Eq. 3-6]
and the PAW was approached using the following equation :

PAW=PETx X u [Eq. 3-7].

Ideally, if PAWSs were equal to PET, then this X values would equate to 1.0.
Otherwise, the X value would be a proportionality less than 1.0, thereby reducing the
Ppt contribﬁtion to PAW. The climatic data used in equations 3-6 and 3-7 were
similar to those in equations 3-5. Based on PAW values obtained from application
of equations 3-5 and 3-7, and the data from MAPS Atlas (Caprio et al., 1994), crop
yield estimates were calculated using equations 3-2, 3-3, and 3-4 for estimating yieid
potentials of spring and winter wheats, and alfalfa, respectively. A summary of the
PAW values calculated using the procedures defined as MAPS-1, MAPS-2, and

MAPS-3 is presented in Table 3-5.
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Table 3-5. Summary of the estimated PAW or potential water use value from the three
MAPS methods.

Estimated PAW value

No. Soil Series MAPS-1 method MAPS-2 method MAPS-3 method

1.~ Amsterdam  14.3 . 14.1<:17.8 205" 182 3027 19.8 ' 19.7£¢20.9
2.  Beanlake 9N 175 w208 5200 . 19.77296¢ <19.1 A0 194

% Beaverton 17351700 2185209 “18.49 3025 20.0. 1995200
4. Blackdog VA6 1724 21.4 1209 184, 4305 "20.2 1984202
9 Bozeman 163" 71525 230.5:.5 21.170518.6 310 30.2 " 20,000 2004
6. Kelstrup 18.2" 1787 22,1 D2 Ed 86k 3103020 23 20350204
7.3 Martinsdale . 17,6 ."17.2 - "21.500.:d49.9 . 176 °. 292 519.1 190 193
8. Meagher 12.7.512.5% "162 - U4 < 1507 298 1T 19 R
9. Sawicki 18.6:4.17.5 24:4. 5190 168" 274 °18.0 179 4182
10. Turner 7.0 167 203 21 18,750 310020, 3 20 s 20

11. Windham 15,69 °35.5 7:20.2 182 16.1%% 26 8. 173~ V.2 W&lS

Note : W = winter wheat, S = spring wheat, A = alfalfa.

Producers’ Survey

Another method used to obtain yield potentials was by direct estimation. Seven
experienced crop producers (Morgan et al., personal communication) from the Gallatin

Valley were asked to provide estimated yield potentials at seven of the eleven sites. The
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predictions were based on their experiences, a data set of soil and climatic conditions at each

site, and an actual field site inspection where the producers discussed limitations and

potentials before providing yield estimates.

Dependent Variables

T

Dependent varia‘blg's in this study were yield prediction estimates of three indicator
crops corresponding to the eleven selected soil series. The indicqtor crops were spring and
winter wheat (7 rz:ticum aestivum L.), and alfalfa (Medz’cagé sativaL.,). Yield estimates from |
NRCS, application of MAPS-1, MAP'S.-'Z, and MAPS-3 data ;co equations 3-2, 3-3, and 3-3,
.and from producer es1‘:imates were the pnma.ry sources of data used in the dependent variable
analysis. A summary of the various yield estimate abbreviations, by method of den'vatiqn, is
presented in Table 3-6.

All of the yield data were treated as dependent variables. For purposes of statistical
analysis, crop names (dependent variables) were abbreviated W (winter wheat), S (spring
wheat), and A (alfalfa). Numbers following these three letters in Table 3-6 inciicate sources
of data or information. For example, A-1 means the yield estimation for alfalfa (A) was based.

on NRCS estimates (1).
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Table 3-6. Dependent variable, code, and dimension of unit included in subsequent
analysis.

Dependent Variable by method Code Unit

Alfalfa Hay NRCS A-1 Mg/ha
Alfalfa Hay MAPS-1 A-2 Mg/ha
Alfalfa Hay MAPS-2 A-3 Mg/ha
Alfalfa Hay MAPS-3 A-4 Mg/ha
Alfalfa Hay Producers A-5 Mg/ha
Spring Wheat NRCS S-1 Mg/ha
Spring Wheat MAPS-1 S-2 Mg/ha
Spring Wheat MAPS-2 S-3 Mg/ha
Spring Wheat MAPS-3 S-4 Mg/ha
Spring Wheat Producers S-5 Mg/ha
Winter Wheat NRCS W-1 Mg/ha
Winter Wheat MAPS-1 W-2 Mg/ha
Winter Wheat MAPS-2 W-3 Mg/ha
Winter Wheat MAPS-3 W-4 Mg/ha
Winter Wheat Producers W-5 Mg/ha

Note : 1 = NRCS, 2 = MAPS-1, 3 = MAPS-2, 4 = MAPS-3, 5 = Producers.

Statistical Methods

Independent and dependent variables used in the statistical analysis were all coded and
are listed in Tables 3-2 and 3-6, respectively. Values for the independent variables used in
the analysis were those listed in Table 3-4. Values for the dependent variables determined by

the five estimation procedures are presented in the Results and Discussion (Tables 4-2
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through 4-6). Analyses were conducted using Statistical Analysis System (SAS Inc., 1994)

procedures.

Correlation Apalvsis

Correlation analysis was conducted using SAS Process Correlation (SAS Proc Corr)
procedure, with the strength of relationships indicated by Pearson’s correlation coefficient,
commonly known as r (small r). The p-values (probability of significance due to treatment
effect) at the 0.05 and 0.01 prdbability levels were determined using a t-test.

Initial analysis was completed to determine relationships among the independent
\.zariables. The eight independent variables from 1.1 soil series were assessed to determine
correlation with each other. Any strong relationship among indebendent variables was
inspected and éubsequently assessed for possible collinearity. SAS procedures were alsQ
used to diagnose collinearity rélationships among the selecfed independent variables. The
'independ'ent variables were subsequently-correlated with the dependent variables to identify

variables having strong associations with independent variables.

Regression Analysis

| SAS stepwise linear regressipn analysis (SAS inc., 1994) was conducted to identify
soil parameters (independent variables) which were associated with estimated yields.
(dependent variables). This procedure worked in forward selection and assessed the
significance of each independent variable sequentially.. The process added variables one by

one, depending on calculated F-statistic values. Variable having the highest F-statistic value




-32-
was included first. Variables with successively lower F-statistic values were sequentially
considered. The NRCS soils data/information was the source of the ind‘ependené variables.

This procedure helped produce regression rnpdels. Besides that, this procedure was
aléé expected to help idéntify the “best” fit independent variables for “regression model

development; The best variables were then used to develop predictive models for estimating

yields.
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4. RESULTS AND DISCUSSION

The prima& intent of this investigation was to design, conduct and assessa study that
would provide an experience of utilizing soil survey and inventory data in an assessment of
soil quality. -Admittedly many approaches to soil quality have been proposed in the scientific
literature and no single method has received universal acceptance. The approach used here
was designed to investigate assessment of soil quality and soil pofential based on a very
ﬁnﬁted set of data. Soil quality was not, in fact, defined specifically at any point in the design
ot: this investigation. This was a concerted decision of the desigﬁ, in as rﬁuch as it was

recognized that soil quality is dictated by the intended use of the soil resource.

| S.peciﬁc.ally for this _study, the notion of soil quality was trahsposed with site potential
for growth and agricultural production of three crops, i.e., spring and wintér. wheat ahd
alfalfa. Hence, the underlying premise of this investigation was as follows : the experience
of defining soil quality or potential, ass;essing available soil inventory data, and utilizing soil
inventory data and other available resource information would expose the researcher to the

diversity of approaches available for utilizing soil inventory data in the process of assessing

soil quality or site capability. -

Slope Impacts oﬁ Soils and Estimated crop vields

Soil mapping units (SMU) with which the soil series were associated are shown in

. Appendix E.  The SMUs were coded with a combination of numbers and characters.
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Numbers indicate the order of the soil mapping l}nits, and characters affixed to the numbers
represent slope classes of the mapping uni;cs. For instance, SMU 53B equates to .mapping unit
53, slope class B. The mapping unit descriptions are part of Soil 'Survey Inventory Report
of Gallatin County, Montana being processed by the NRCS-USDA of Bozeman. The sloi)es
of the study sites were grouped into A, B, and C classes, which represented slopé gradients
of 0-4, 4-8, and 8-15 m/100 m, respectively. |

NRCS yield estimates of a single soil series located on slope classes of A, B, and C
were similar (Appendix E) (NRCS-USDA, 1997). In fact, yield estimates for soils of a single
series with multiple slope classes did not differ significantly. The lack of significant
differences in yield due to variation in slope might be the consequence of the narrow range
of slope gradients of the selected soils used in this analysis. All of the selected soil series were
located on sloi)e classes of less than 15 m/100 m. One would expect some degree of
signiﬁcé.nce in variation in yield among similar soils with extreme variations in slope gradient.
These variations would be due to differences in solar radiation, £amf.‘aﬂ.mtércéption, runoff,

erosion, and drainage.

Crop Yield Estimates

NRCS

Table 4-1 shows crop yield estimates rcport‘ed by NRCS-USDA for the eleven soil
series of this sfudy. The yield estimates for winter wheat ranged from é:’OS_ Mg/ha (31 bu/ac)
to 4.43 Mg/ha (66 bu/ac), for spring wheat from 1.81 Mg/ha (26.9. bu/ac) to 3.94 Mg/ha

(58.5 bu/ac), and for alfalfa from 1.68 Mg/ha (0.8 t/ac) to 4.49 Mg/ha (2.0 t/ac). Beaverton
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series had the lowest estimated winter wheat and alfalfa yields, and essentially the same

estimated spring wheat as Windham series, which had the lowest spring wheat yield. The

greatest yields occurred with the Bozeman series for the three crops. Estimated alfalfa yield

was relatively high in the Amsterdam and Blackdog series. Based on evaluations by NRCS-

USDA, the capabilities of the soils were classified into class 3E for general irrigated and non-

irrigated farm uses (NRCS-USDA, 1998). Agricultural potentials of the soils were rated as

low, medium, and high (Rolfes, personal communication).

Table 4-1. Agricultural potential rating and yield estimate of winter wheat, spring wheat, and
alfalfa on selected soil series, based on NRCS-USDA evaluation.

Estimated Yield
No. Soil Series APR
Winter Wheat Spring Wheat Alfalfa
Mg/ha bu/ac Mg/ha bu/ac Mg/ha t/ac
1. Amsterdam high 430 64.0 382508 449 20
2. Beanlake med 343 51.0 3.05 454 3. 3TNS
3. Beaverton low 2.08 31.0 1.87 2718 1.68 0.8
4. Blackdog high 4.17 620 3.70 .85.0 449 20
5. Bozeman high 4.43 66.0 394 585 449 20
6. Kelstrup med 3.63 54.0 3.22 48.0 3.37%41.5
7. Martinsdale med 343 51.0 305 454 404 1.8
8. Meagher med 3.16 470 2.81 4138 337% 1.8
9. Sawicki low 228 340 2.04 304 228410
10. Turner med 2.89 43.0 2.58 7383 335505
11. Windham low 2.02 300 1.81 269 204510

Note : Conversion from Mg/ha to ton/acre, multiply the value by 0.4457, and from Mg/ha to
bushel/acre, multiply the table value by 14.881.
APR = agricultural potential rating; bu/ac = bushel/acre; t/ac = ton/acre; med = medium.
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MAPS-1
The MAPS-1 procedure [Eq. 3-5 applied to Eq. 3-2, 3-3, and 3-4] estimated yield on
the basis of precipitation (Ppt) during the growing season and soil water holding capacity
(WHC) data, which were obtained from MAPS Atlas (Caprio et al., 1994) database. Table
4-2 provides yield estimates calculated using equations 3-2, 3-3, and 3-4 where PAW values

were obtained from summing WHC and Ppt during the growing season. The yield estimates

Table 4-2. Yield estimate of winter wheat, spring wheat, and alfalfa on selected soil series
based on MAPS-1 approach.

Estimated Yield
No.  Soil Series
Winter Wheat Spring Wheat Alfalfa
Mg/ha bu/ac Mg/ha bu/ac Mg/ha t/ac
8 Amsterdam 405 603 3.53%x 52.3 9.60 3.6
2. Beanlake 546 81.2 470 69.9 978 44
3. Beaverton 0y 452 673 947 42
4. Blackdog 534 795 459 684 9.60 43
5. - Bozeman 546 81.2 435 649 10.59 4.7
6. Kelstrup 5.73..829 480 714 991 44
7. Martinsdale 534 795 459 683 990 43
8. Meagher 343 SEO 298 444 1417 9.2
9. Sawicki 3.73 853 4.69 699 1095 4.9
10. " Turner 5.11 476.0 442 658 911 4.1
11. Windham 456 679 401 59.7 9.06 4.0

Note : bu/ac = bushel/acre; t/ac = ton/acre; see note, Table 4-1, for conversion.
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| for winter wheat ranged from 3.43 Mg/ha (51.0 bu/ac) to 5.73 Mg/ha (85.3 bu/ac), while the
estimates for spring wheat ranged ﬁbm 2.98 Mg/ha (44.4 bu/ac) to 4.80 Mg/ha (71.4 bu/ac),
.and for alfalfa they ranged from 7.27 Mg/ha (3.2 t/ac) to 10.95 Mg/ha 4.9 t/z;c). The lowest
estimated values for the three crops oécurred onthe Meagher series. Sawicki estimated yield
values appeared to be the highest for alfalfa, and Kelstrup was the highest in spring wheat

yield estimates, while both series were the highest in winter wheat yield estimated values.

MAPS-2

- The MAPS-2 procedure estimated crop yields based on Penman potential
evapotranspiration (PET-Penman) during the growing season from MAPS Atlas database
(Caprio et al., 1994). PET values for winter wheat were generated using climatic data for
May to July and one-third of August. For spring wheat, the PET data were from June to July,
and half of May and one third of August. PET values for alfalfa included climatic data from
April through August aﬁd one half of September. Equ\ations 3-2, 3-3, and 3-4 were utilized
by inserting PET values as substitutes into PAW and ET. Soil input data included soil water

-holding capacity (WHC) derived from the MAPS Atlas database.

Table 4-3 presents yield estimates calculz;ted usi.ng the MAPS-2 method. The yield
estimates for winter wheat ranged from 5.57 Mg/ha (82.9 bu/ac) to 6.69 Mg/ha (99.6 bu/ac), |
for spring wheat from 4.20 Mg/ha (62.5 bu/ac) to 5.10 Mg/ha (75.8 bu/ac), and for alfalfa,
the yield estimates ranged from 11.96 Mg/ha (5.3 t/ac) to 13.91 Mg/ha (6.2 t/ac). The
lowest estimated yields for the three crops were associated with the Windham series, ;7vhi1e
the highest estimated yields for those crops were associated with the Turner series. Besides

Turner, Kelstrup series was also the highest in winter wheat yield estimates.
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Table 4-3. Yield estimate of winter wheat, spring wheat, and alfalfa on selected soil series
based on MAPS-2 approach.

Estimated Yield

No. Soil Series

Winter Wheat Spring Wheat Alfalfa

Mg/ha bu/ac Mg/ha bu/ac Mg/ha t/ac
Amsterdam 6.47 963 4917 “132 13.53 =60
2 Beanlake 6.42 95.6 478 71.1 1326/ 59
3. Beaverton 6.61 984 501 746 13.78 ~+361
4. Blackdog 6.61 98.4 501 746 13:78 "'6.1
5. Bozeman 6.47 963 492 . :732 135360
6. Kelstrup 6.69 99.6 508 "756 13.89« 6.2
7 Martinsdale 5.25" 9340 474 70.6 13.10° =58
8. Meagher 6.42 955 486 723 1339 6.0
9. Sawicki 587 874 446 66.4 12132 5548
10.  Turner 6.69 99.6 g T8 13.917 46.2
11.  Windham BB 420 625 1196 53

Note : bu/ac = bushel/acre; t/ac = ton/acre; see note, Table 4-1, for conversions.

MAPS-3

The MAPS-3 procedure estimated crop yields based on adjustments of the PET values
using the MAPS-2 method (Eq. 3-7). MAPS-3 procedure included what the investigators
intended to be an adjustment or modification of the approach used to estimate PET, corrected
or adjusted for the deficit between PET and PAW. The X values were calculated using

equation 3-6, and the PAWSs were estimated using equation 3-7. This procedure was used
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to provide an accounting for both stored soil water at the beginning of the growing season
and growing season rainfall. Subsequent inspection of this approach revealed that the
adjustment resulted in calculating PAW to a value nearly identical to that used for MAPS-1,
hence the lack of improvement in prediction.

Table 4-4 shows estimated yields calculated using the MAPS-3 method. The
calculated values for winter wheat ranged from 5.49 Mg/ha (81.7 bu/ac) to 6.38 Mg/ha (94.9
bu/ac), for spring wheat from 3.87 Mg/ha (57.6 bu/ac) to 4.79 Mg/ha (71.3 bu/ac), and for

Table 4-4. Yield estimate of winter and spring wheats, and alfalfa on selected soil series
based on MAPS-3 approach.

Estimated Yield

No.  Soil Series

Winter Wheat Spring Wheat Alfalfa

Mg/ha bu/ac Mg/ha bu/ac Mg/ha t/ac
| Amsterdam 620 922 465 69.2 13.28 358
2. Beanlake 594 884 444 66.0 12974 538
3 Beaverton 6.29 93.6 469 69.8 1348 6.0
4 Blackdog 6.28 93.5 4.69 6938 1348 6.0
3 Bozeman 6.20 922 465 69.2 13.28°.°8.9
6. Kelstrup 6.35 946 475 70.7 13.60 6.1
s Martinsdale 590 879 441 65.6 12.81 #.3.7
8. Meagher 6.18 91.9 462 68.7 13.EL NS
9. Sawicki 549 817 410 61.1 11.96 '~ 49
10. Turner 6.38 949 479 713 13.64 6.1
11.  Windham 557 78.0 387 5756 1164 - 5.2

Note : bu/ac = bushel/acre; t/ac = ton/acre; see note, Table 4-1, for conversions.
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alfalfa the yields ranged from 11.64 Mg/ha (5.2 t/ac) to 13.64 Mg/ha (6.1 t/ac). Windham ‘
. series appeared to have the lowest estimated yield for spring wheat and alfalfa, while

Sawicki series had the lowest estimated winter wheat yield. Turner series yield estimates

appeared to be the highest for the three crops.

Producers’ Estimates

Table 4-5 is a list of “estimates” of yield. potentials as reported by experienced
producers from Gallatin Valley. Estimates of winterrwheat yield provided by the producer;
,ranged from 2.37 Mg/ha (35.3 bﬁ/ac) to 4.84 Mg/ha (72.0 bu/ac), for spring wheat from 2.12 |
Mg/ha (31.5 bu/ac) to 4.57 Mg/ha (68.0 bu/ac), and for alfalfa yield estimates ranged from
4.94 Mg/ha (2.2 t/ac) to 8.53 Mg/ha (3.8 t/ac). As with the MAPS-3 procedure, the
Windham series appeared to have the lowest predicted yields for the three crops. Yield
estimates for the Turner series appeared té be the highest for the three .crops;. Aithough the
relative ranking of the series were similar between the producers’ estimates and those from.
MAPS-3, the yiélds estimated by the producers were quite low compared to the other

- estimates. This was also consistent with the MAPS-2 procedure.
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Table 4-5. Yield estimate of winter wheat, spring wheat, and alfalfa on selected soil series

based on Producers’ input.

Estimated Yield

No. Soil Series

Winter Wheat Spring Wheat Alfalfa

Mg/ha bu/ac Mg/ha bu/ac Mg/ha t/ac
{4 Amsterdam 423 63.0 430 64.0 RS3 38
2. Beanlake 3.83 57.0 3.83 57.0 6.73...°3,0
3 Beaverton 390 58.0 430 640 1.58. #3.4
4, Blackdog 466 693 461 686 7.58 134
% Bozeman *) 437 659 3.88 576 6, 78430
6. Kelstrup *) 3.62. 33.8 321 4738 59226
g, Martinsdale 3.23 48.0 3.40 50.6 6:73..73:0
8. Meagher *) 297 442 265 394 5.6} 25
9. Sawicki 2.69 400 3.02 450 3.90. . 26
10.  Turner 484 720 4.57 68.0 853138
11. Windham *) 2IRs 85,3 212 "31.3 494 22

Note : *) Estimated values for these soils were not derived from producers’ field site reviews.
These estimated yields were obtained through comparing the soil series characteristics
reported in NRCS surveys and the visited soil series.

Correlation Analysis

A correlation analysis using SAS Process Correlation (SAS Proc Corr) procedure was

conducted to determine correlation strengths between the independent and dependent

variables. Tables 4-6, and 4-8 through 4-10 list the Pearson’s correlation coefficients among

independent variables and between independent and dependent variables, respectively.
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Correlation among Independent Variables

Some independent .x/adébles were significantly corrélated with each other at the 0.01
level and others were significantly correlated at the 0.05 level of probability. Soil clay content |
was signiﬁcgntly positively correlated with soil erodibility (r = 0.91). Bulk density was
negatively correlated x;vith soil water holding capacity (r = -0.855. Depth to calcic h;)rizon
was significantly negatively correlated v(zith soil pH at 0.01 levél (r=-0.83). All of ;chese
correlations have been previously documented.

| At the 5 percent probability level, oréanic carbon content was significantly positively
correlated with soil clay content (r = 0.54) and soil water holding capacity (r = 0.59), and
negatively correlated with bulk density (r =-0.53). Soil erodibility was positively correlated
with soil water holding capacity (r = 0.55) and soil pH (r = 0.53).

The correlation between soil pH and soil erodibility was unexpected. AspH increases,
erodibility also increases. Likely pH is ciependent on erosion due to a collinearity with slope
effect on erosion. It may be hypothesized that erddibility is in some way affected by soil
chemical properties. Helwig (1978) suggested that two vériables might be highly correlaied
when, in fact, they are not directly associated with each other. He further suggests that fhe
relationship of two variables could be explained by correlating them with a thir(i variable.
However, ‘these two van';rbles have multicollinearity values of 0.02 versus 0.98 (Table 4-7)

indicating that both are potential contributors to a predictive model.
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" Table 4-6. Pearson’s correlation coefficients among independent variables.

: Independent Variable
Var. - ‘
thick clay BD WHC OC Kf pH calcic
thick 1.00
clay -0.04 1.00
BD 036 -0.37 1.00
WHC 042 052 -0.85%*1.00
oC -0.07 0.54* -0.53* 0.59* 1.00
Kf -0.21 0.91**-0.50 0.55* 037 1.00
pH -0.08 030 -0.29 0.27 -026 0.53* 1.00
calcic -0.43 -0.13 -0.02 0.04 047 -0.27 -0.83**1.00

Note : ** = significant at 0.01 level (r value = 0.661);
* = significant at 0.05 level (r value = 0.532).

Multicollinearity

Multicollinearity is a means of identifying reiationships among independent variables.
Analysis of multicollinearity is used to select and minimize the §ariab1es that can be used in
regression analysis. Precise regression modeis contain variables having low cbl'linearity.

| Results of multicollinearity anélysis among independent variables are listed in Table

4-7. Soil water holding capacity (WHC) exhibited the least collinearity. Soil erodibility (Kf)

-and bulk density (BD)-ten'ded to be less collinearly related to other independent variables.
Very strong collinear relationships were showﬁ by soil thickness (thick), soil organic carbon

content (OC), pH, and depth to calcic horizon (calcic). Clay exhibited a medium collinear

relationship (value = 0.59) with those having strong collinearities.
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Table 4-7. Multicollinearity diagnostics among independent variables.

Index thick clay' -BD WHC OC Kf pH calcic

9745.00 . 0.99d 059 0.10 - 0.95d 0.02 0.98d 0.99d

Note : Parameters in the same row followed by the same letter are identified as highly
collinear. Collinearly related parameters should not be used conjunctively in
regression analysis. - ‘ * '

Following the rules of collinearity in association with regressionanalysis, the variables
having high collinearity values should be avoided in association in model development.
Considering the strengths of correlations among soil thickness (thick), soil organic carbon

content (OC), pH, and depth to calcic horizon (calcic) in Table 4-6, combination of pH and

calcic (r = -0.83) should firstly be disregarded in a model. Looking at Table 4-7 where OC

had the weakest collinear. relationship (value = 0.95) among the four variables, it may be
advisable that OC was given highest preference in model development. The other collinearly
related independent variables could be in the following sequencé : pH, calcic, and thick. Each |
of the four strongly collinear variables could be combined with BD, WHC, or Kf, and any

combination of each of the four with clay should be scrutinized closely.

Correlation between Independent and Dependent Variables

Statistical Analysis System (SAS) was used to complete a correlation analysis of the

independent and dependent variables. . Significance of correlation criteria was assessed using

~ Pearson’s coefficients. In general, there was no consistent relationship between independent
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and dependent variables. Soil water holding capacity (WHC), organic carbon content (OC),
and depth to calcic horizon (calcic) were positively correlated with the three dependent
variables : estimated yield of winter and spring wheats, and alfalfa (Tables 4-8, 4-9, and 4-10).
Soil water holding capacity (WHC) accounted for the most variability in yield estimates, this
being indicated by the highest regression coefficient. The other independent variables tested
were negatively correlated to crop production. In general, the independent variables

correlated most significantly with the crop yields provided by the NRCS.

- Winter Wheat
Table 4-8 presents simple correlation coefficients between independent variables and

winter wheat yield estimates. Soil water holding capacity (WHC) was significantly correlated

Table 4-8. Pearson’s correlation coefficients between independent variables and estimated
winter wheat yields.

Independent Variable
Dependent
Variable thick clay BD WHC - OCr ekt pH calcic
W-1 NRCS -0.45 0.43 -0.74** 0.95** 0.63* 0.40 0.09 0.21
W-2 MAPS-1 025 -031 0.16 -0.01 0.11 -0.44 -0.36 0.15
W-3 MAPS-2 -0.17 -0.52 -0.16 0.26 0.04 -0.55* -0.21 0.25
W-4 MAPS-3 -0.19 -0.50 -0.18 0.27 003 -0.53* -0.18 0.24

W-5  Producers -0.28 -0.31 -0.19 047 0.00 -0.21 0.27 -0.08

** significance at 0.01 level (r = 0.661); * significance at 0.05 level (r = 0.532).
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with W-1 (r=0.95). Soil bulk density (BD) was negatively correlated with W-1 (r = -0.74).
Soil organic carbon (OC) content was positively correlated with W-1 (r = 0.63). Soil

erodibility (Kf) was negatively correlated with W-3 (r = -0.55) and W-4 (r = -0.53).

- Spring Wheat

Table 4-9 presents simple correlation coefficients between independent variables and
spring wheat yield estimates. As in winter wheat, soil water holding capacity (WHC) was
also very significantly positively correlated with S-1 (r = 0.95). Soil bulk density (BD) was
very significantly negatively correlated with S-1 (r = -0.76). Soil organic carbon content
(OC) was significantly positively correlated with S-1 (r = 0.64). In addition, S-3 correlated
significantly negatively with clay (r =-0.55) and erodibility (Kf) (r = - 0.57).

Table 4-9. Pearson’s correlation coefficient between independent variables and estimated
spring wheat yields.

Independent Variable
Dependent
Variable thick clay BD WHC v/ DO K. . pH2'« ealdic
S-1 NRCS -0.46 042 -0.76** 0.95** 0.64* 040 0.10 0.22
S-2  MAPS-1 0.26 -0.33 0.14 -0.01 0.04 -0.43 -0.27 0.06
S-3  MAPS-2 -0.17 -0.55* -0.17 0.25 D025 =0.57% 1 0189 #0.23
S-4  MAPS-3 -0.21 -0.52 -0.20 0.27 0.03 -0.52 -0.18 0.25

S-5  Producers -0.38 -042 -041 031 " -0.13 -030 033 -0.09

** significance at 0.01 level (r value = 0.661); * significance at 0.05 level (r value = 0.532).
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- Alfalfa
Table 4-10 presents simple correlation coefficients between independent variables and
alfalfa yield estimates. Soil water holding capacity was significantly positively correlated with
A-1 (r = 0.93) but soil bulk density was negatively correlated with A-1 (r = -0.76). Soil
organic carbon content was positively correlated with A-1 (r=0.56). The other independent

variables did not show significant relationships with alfalfa yield estimates.

Table 4-10. Pearson’s correlation coefficient between independent variables and estimated
alfalfa yields.

Independent Variable

Dependent

Variable thick clay BD WHC OC Kf pH calcic
A-1 NRCS -0.42 0.40 -0.76** 0.93** 0.56* 0.42 0.11 0.16
A-2 MAPS-1 0.12 -038 0.14 -0.12 0.15 -0.46 -0.41 031
A-3 MAPS-2 -0.19 -0.51 -0.13 0.12 004 -0.49 -0.17 0.25
A-4 MAPS-3 -0.20 -0.51 -0.14 0.12 004 -048 -0.16 0.24

A-5  Producers -032 -029 -040 043 -001 -0.17 0.18 -0.01

** significance at 0.01 level (r value = 0.661); * significance at 0.05 level (r value = 0.532)

Regression Models

The independent variables for estimating yield potentials which significantly
contributed to an acceptable estimate of yield, as defined by SAS Stepwise procedures, will

be discussed for each crop.
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- Winter Wheat

“Best” variables and regression equations for estimating winter wheat yield are
presented in .Table‘4-1 1. The equations were significant at 0.15 level of probability. The
eight response equations in Table 4-11 were selected from a total of thirteen possibilities
resulting from SAS stepwise procedures (Appendix G).

Five independent variables contributed to regqusion equations for estimating winter
wheat yield poten;cial. They were WHC, clay, Kf, BD, and calcic variables. Three
independent variables, WHC, Kf, and BD, acted individually to influence yield potentié.ls.

Surprisingly, erodibility was the only indepepdent variable that significantly regressed
against yield estimates derived from MAPS Atlas‘- (ﬁodels 2,3.1,'and 4.1). Yield estimates
derived from NRCS significantly responded to WHC and calcic variables in models 1.1 and
1.2. Inmodels 5.1, 5.2, and 5.3, three variables, BD, WHC, and clay, contributed to the
regression equations. Besides influencing yield potential singly, BD was also significant when
combined with clay.

CoefTicients of variation (Rz) of the eight regression equations varied significantly.
Model l.wlhich employed WHC and calcic had the highest values (R? 0.909 and 0.540)'.
Models 2, 3.1, and 4.1, Which relied on. the Kf variable singly and whose dependent' data
derived from MAPS Atlas, produced lower coefficients of variation, 0.194, 0.300, and 0.277,
respectively. In model 5.1, BD singly produced :'m R20f0.243. A combination of BD and
clay in model 5.2 increased the R? value as much as 0.275, and the combination of WHC and
clay in model 5.3 produced an R? of 0.644.

Considering the single most influencing factor to affect wiﬁter wﬁeat yield potentials,

soil water holding capacity (WHC) is proposed to be the “best” variable to build a regression -
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model. This “best” equation regression is represented by model 1.1. There were also some
two variable Models produced. Inmodel 1.2, the combination of WHC and calcic accounted
for 94 percent of the winter wheat yield variation, and the combination of WHC and clay in
model 5.3 accounted for 63.5 percent of the yield variation. A combination of BD and clay

in model 5.2 produced a lower coefficient of variation, which was 51.8 percent.

Table 4-11. Regression models for estimating winter wheat yields.

Source of
Model # Dependent Intercept Slope*Variable R?

Variable Data

(Crop Yield)
111 W-1 (NRCS) 12.28 273.46 x WHC 0.909
12 W-1 (NRCS) 9.88 271.42xWHC + 0.14xcalcic  0.940
2. W-2 (MAPS-1) 93.16 -67.36 xKf 0.194
3.1 W-3 (MAPS-2) 109.47 -96.87 x Kf i 0.300
4.1 W-4 (MAPS-3) 104.09 -51.39 xKf 0.277
3 W-5 (Producer input) 147.77 - 50.00 x BD 0.243
32 W-5 (Producer input) 205.90 -71.02xBD-138xclay 0.518
5.3 W-5 (Producer input) 88.36 199.38 x WHC - 1.85 x clay 0.635

Note : WHC input as soil water holding capacity; Kf input as erodibility; clay input as soil
clay content, BD input as bulk density, and calcic input as depth to calcic horizon.
See Table 3-3 for dimensions used.

Partial contribution of each independent variable to yield estimation can be used in
variable selection for a model. For example, in model 1.2, WHC contributed 90.9 and calcic

contributed 3.11 percent to winter wheat yield variation. The role of WHC decreased
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drastically in model 5.3 (90.9 versus 36.0 percent). Howevef, the contribﬁtion of clay in the
model accounted for 27.5 percent to yield variation. Similar contribution of clay also
happened in anothell combination equation of model 5.2.
Considering partial contribution of the indépendent variables and their relationship to
each other, a combination of WHC and clay (model 5.3) is proposed to be second “best”
regression equations of combined variables. Therefore, best regression equations for winter

wheat are models 1.1, and 5.3..

- Spring Wheat
“Bes‘t”‘ fit regression equations for spring wheat are presentéd in Table 4-12. The
| equations were significant at the 15 percent probability level. The seven response equa;tions
in Table 4-12 were selected from a total of seventeen possibilities resulting from SAS

stepwise procedures tAppendix H) based on partial R?values.

| The selected equations involved four independent variables : soil water holding
| capacity (WHC), erodibility (Kf), soil clay content (clay), and depth to calcic horizon (calcic).
Dependent variables (yield estimates) obtained from MAPS Atlas were signiﬁcar.ltly correlated
‘with erodibility (K£f) (models 7, 8.1, and 9.1). NRCS dependent data signiﬁ;antly responded
to WHC and calcic (model 6.2). In model 10.2, WHC and clay contributed to another

_ signjﬁcant model.
Coefficients of variation (R?) of the seven equations were qu1te vanable Model 6. 1
and 6.2, which employed WHC singly and a combmatlon of WHC and calcic, had the highest

values (R*> = 0.912 to 0.944). By entering the clay variable singly, model 10.1 produced a
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very low coefficient of variation (R*= 0.175). Addition of WHC to the model increased the
R? value by 219 percent from 0.175 to 0.560 (model 10.2). Models 7, 8.1, and 9.1 involved
erodibility individually in the regressions. These three models produced very low R? values
ranging from 0.186 to 0.321.

Individually, only three independent variables resulted in significant models. WHC
appeared the best with a strong R? value of 0.912 (model 6.1). Influences of Kf in models
7, 8.1, and 9.1, and clay in model 10.1 to the spring wheat yield variation were very weak,

as indicated by R? values.

Table 4-12. Regression Models for estimating spring wheat yields.

Source of
Model # Dependent Intercept Slope*Variable R?

Variable Data

(Crop Yield)
6.1 S-1 (NRCS) 11.52 237.70 x WHC 0912
6.2 S-1 (NRCS) 9.40 235.88xWHC + 0.13xcalcic 0.944
7. S-2 (MAPS-1) 78.52 -52.43 x Kf 0.186
8.1 S-3 (MAPS-2) 83.48 - 41.81 xKf 0.321
9.1 S-4 (MAPS-3) 77.66 -37.98 x Kf 0.275
10.1 S-5 (Producer input) 101.45 - 1.12 x clay 0.175
10.2 S-5 (Producer input) 100.23 - 2.13xclay + 183.14xWHC 0.560

Note : WHC input as soil water holding capacity; Kf input as erodibility; clay input as soil
clay content, and calcic input as depth to calcic horizon. See Table 3-3 for
dimensions used.
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Coefficient of variation of models solely dependent on Kf ranged from 0.186 to 0.321, while
models solely dependent on clay had R? of 0.175. Looking at R? values .of the three models
with individual independent vé.riables, s;)il water holding caI.)acity (WHC) is proposed to be
the “best” variable to build a regression model to predict spring wheat yield. This “best”
equation regression is represented by the model 6.1.

‘Combinations of soil water holding capacity and depth to calcic horizbnin model 6.2,
and with soil clay content in model 10.2 appeared significantly different. In model 6.2, the
combination of WHC and calcic accounted for 94.4 percent of yield vaﬁation, while in model
10.2, the combination of WHC and clay accounted for 56 percent .of spring wheat yield
variation. l

Looking at the coefficients of variation associated with the combinations of WHC
with. either calcic or clay (Table 4-12), model 6.2,-including a combination of WHC and
calcic, seems reasonable to be another “best” equation for predicting spring wheat production.
In this model, WHC was the dominant variable, while calcic céntributed less to yield
estimation.” Compared with clay, however,
the influence of depth to calcic horizon to spring wheat yield variation was just about 19
percent of the contribution of clay (partial R? 0.033 versus 0.175).

Based on the above facts, a combinatioﬁ of WHC and clay was seen better than a

" combination of WHC and calcic. Therefore model 10.2, employing WHC and clay, is

proposed to be second “best” regression equation for estimating spring wheat yield potential.
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" - Alfalfa |

The “best fit” variables and regressions resultiﬂg from SAS stepwise procedure are
presented in Table 4-13. The equations were significant at 15 percent pfobability level.l
Independent variables which contributed to yield estimation included soil water holding
capacity, erodibility, and clay con’;ent. ‘These three variables involved in the eight regressions
produced by SAS.' Table 4-13 includes a listing of eight simple linear models for predicting
- alfalfa yield. The yield estimates from NRCS and MAPS-1 (A-1 and A-2, respectively)
significantly responded to single soil variables, while the other three )}ield estimates included
two “best” dependent variables regressions. |

The range in the coefficient of variation (R*) of the eight regressions for alfalfa shown
in Table 4-13 was quite wide. Soil water holding capacity (WHC) in model 11, which was
based on NRCS yield estimates, singly accounted for 86.6 percent of yield variation. In
 model 13.1 and 14.1, soil clay content (clay) contributed approximately 26 percent of the
yield variability, and in model 12, erodibilii:y (Kf) accounted for 21.2 percént of the variation
of alfalfa yield. Soil water holding capacity (WHC) appeared to be the most influential
independent variable to affect alfalfa.crop yields. This is consistent with the fact that yield
estimates identified as MAPS-1, MAPS-2, and MAPS-3 all reliéd én inputs of available water
to calculate the yield values for the dependent variables. Model 11, which‘accounted for
nearly 87 pefcent of the yield variability based on only soil water holdiné capacity (WHC),

- could be proposed to be the “best” for estimating yield potential for alfalfa.
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Table 4-13. Regression models for estimating alfalfa yields.

Source of :
Model #  Dependent Intercept Slope*Variable - : R?

Variable Data

(Crop Yield)
11, A-1 (NRCS) : 0.30 9.08 x WHC 0.866
12. A-2 (MAPS-1) 5.08 -3.76 xKf 0.212
13.1 - A-3 (MAPS-2) 7.30 -0.09 X clay - 0.261
13.2 A-3 MAPS-2) 7.24 -0.13 x clay + 8.55x WHC 0.461
14.1 A-4 (MAPS-3) 7.15 -0.09 x clay 0.260
14.2 A-4 (MAPS-3) . 7.09 <013 xclay+8.55x WHC 0.467
15.1 A-5 (Producer input) 3.64 7.44 x WHC 0.182
15.2 . A (Producer input) 5.46 13.76 x WHC - 0.13 x clay 0.534

Note : WHC input as soil water holding capacity; Kf input as erodibility; and clay input as

soil clay content. See Table 3-3 for dimensions used.

Combinations of soil water holding capécity and soil clay content in models 13.2,
14.2, and 15.2 appeared to affect alfalfa yield similarly. In model 15.2, these two variables
accounted for 53.4 % ofthe yield variation. The other ‘two-combination’ effects in models
13.2 and 14.2 contributed 46.1 and 46.7‘ percent to the yield variation, respectively.
Inclusion of soil'cl‘ay content in the models tendgci to reduce the individualn effect of soil water
holding capacity on the variation in estimated alfalfa yield é.s much as 33.2 to 40.5 percent.

Disregarding the correlation between WHC and clay, soil water holding capacity and
clay content were combined into a single regression model. Considering tﬁe coefficients of
variation of the three possible combinations of WHC and clay in models 13.2, 14.2, and 15.2

of Table 4-13, model 15.2 seems reasonable to be second “best” equation.
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~ Water was the Most Important Iﬁdépendent Variable

" Results of the correlation analysis between independent and dependent vériables
(Tables 4-8, 4-9, and 4-10) suggest that three soil parameters consistently appeared to be
significantly correlated with the dependent variables. They were sQiI' water holding capacity
(WHO), soil bulk density (BD), and soil organic carbon content (OC). In addition, soil
erodibiliﬁr (K1) ana soil clay content (clay) were frequently significantly correlated with some
dependent variables. A list of the “best” regression equations proposed for predicting crop
yields is presented in Table 4:14. In all models, WHC appeﬁed either singly or in association
with the other soil parameters. | |

* Table 4-14. Summary of ‘best’ regression equatlons for predicting yields of alfalfa, spnng
wheat, and winter wheat in Gallatin Valley. _

Crop ‘ Best 1 (Rz) . Best2(R?)

1. Winter Wheat Yyy=12.28 +273.46xWHC . Yy,=8.36 + 199.30xWHC - 1.85xclay

(0.909) (0.635)
2. Spring Wheat . Yg=11.52+237.70¢WHC Y= 100.23 + 183.14xWHC -
: 2.13xclay
(0.912) (0.560)
3 Alfalfa Y,=030+9.08xWHC  Y,=5.46 + 13.76xWHC - 0.13xclay
(0.866) | " (0.534)

Note : Dimension units are tons/ha.

The above results and facts suggested that, in the Gallatin Valley environment, water 4

is the most impbrtant factor to be considered for managing the lanids for farm uses. This
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output strongly supports Brown and Carlson’s (1990) statement, attesting to the value of

checking soil moisture conditions prior to managing farm fields.
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5. SUMMARY AND CONCLUSION

Soil survey and inventory is an attempt to gather soil and environmental data from the
field and organize these data such that they are usable for interpretative uses. The information
gained from»the field can be documeﬁted many different ways. In developed gountries, soil
survey data are routinely stored electronically, éllowing access by many parties. On the other
hand, in many developing countries (for instance Indonesia), the data may remain under-
utilized for decades. |

Some soil parameters have long been known to strongly influence plant growth and
production. The strength of influence of eabh soil parameter is very much dependent on type
and variety of plant. ﬁiﬁ'erént plants and crdps.may respond to soil characteristics differently.

The major focus of this research was to invéstigate important soil parameters in
conjunction with crop production on soils of the Gallatin Valley, Montana.. Lﬁnitations due
to environmental heterogeneity, resolution of soil da@a and lack 6f évailability of crop
production records were addr"essed by the applfcation of sevérgl modeling approaches. To
limit envirc;nmental variability, a relatively small geographic area was considered for this
study. Soil data rgéolution was cont'rolled by taking weighted-average values of si‘gniﬁcant‘
soil parameters of the A and B horizons. Lack of crop yield data was overcome by utilization
of five different approaches to estimate yield. By employing these approaches, the data
available for analysis were quite sufficient to provide general knowledge of soil-crop

relationships as an integral part of the study of soil quality.
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Six ‘best” regression equations were developed from this study for estimating crop
yields of alfalfa, spring wheat, and winter wheat. Two regressions were fit for each crop.
The first ‘best’ of the two regressions for each crob consists of a single independent variable
which was WHC. The second ‘best’ regression equation was composed of two independent
variables, whiéh were a combination of WHC and clay content.

Simple regression analysis ‘.shov&;ed that soil water holding capacity (WHC) better
predicted crop yield tﬁan any other single independent variable. The regression equations
developed were able to explain as much as 87 percent of the variability in predicted alfalfa
yield, and 91 percent of the variability in spring and wini:er wheat yields. Percent clay singly
contributed little predictive power to yield estimation. The combination of clay content and
~ soil water holding capacity accounted for 53 percent of the variation in-alfalfa yield, 56
percent of the variation in spring wheat yield, and 64 percent of the variation in winter wheat
yield, respectively.

i‘ests of'the five sz)ur_ces of dependent (estimatéd yield) variables with an ind'ependen'g
data set (sqil properties) revealed that yield estimates from NRCS-USDA. were the most
significantly correlated with the independent variables for the three crops examined.
Producers with long time experience farming Gallatin Valley soils were able to make
reasonably reliable estimateé. Their estimates Wefe surprisingly close to the estimated yields
proposed by NRCS-USDA. |

Admittedly, it is possible that the approaches used in working with the data generated
from MAPS Atlas database for estimating yield were inappropriate. ~ With additional

manipulation, it may be possible to develop other approaches to utilize MAPS Atlas database

for intended uses in assessing soil quality.
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Appendix A. Official soil series descriptions and their URL addresses

Data pertaining to soil series used in this study were obtained from the following

internet website :

No. Soil Series  Internet Website

| Amsterdam  http://www statlab.iastate.edu/soils/ods/dat/ A/AMSTERDAM. html
2. Beanlake http://www.statlab.iastate.edu/soils/ods/dat/B/BEANLAKE . html

2 Beaverton http://www statlab.iastate.edu/soils/ods/dat/B/BEAVERTON html
4. Blackdog http://www statlab.iastate.edu/soils/ods/dat/B/BLACKDOG.html

S Bozeman http://www _statlab.iastate.edu/soils/ods/dat/B/BOZEMAN.html

6. Kelstrup http://www.statlab.iastate.edu/soils/ods/dat/K/KELSTRUP.html

7. Martinsdale  http://www.statlab.iastate.edu/soils/ods/dat/ M/MARTINSDALE html
8. Meagher http://www.statlab.iastate.edu/soils/ods/dat/ M/MEAGHER . html

9. Sawicki http://www.statlab.iastate.edu/soils/ods/dat/S/SAWICKI. html

10.  Turner http://www statlab.iastate.edu/soils/ods/dat/T/TURNER html

11.  Windham http://www .statlab.iastate.edu/soils/ods/dat/W/WINDHAM . html

Below is a brief description of each soil series, as described at this website.

1. AMSTERDAM SERIES (Rev. JB-JAL 10/97)

The Amsterdam series consists of very deep, well drained soils that formed in

alluvium, lacustrine, or loess deposited materials mixed with volcanic ash. These soils are on
alluvial fans, stream terraces and lake terraces. Slopes are 0 to 25 %. Mean annual
precipitation is about 15 in., and mean annual temperature is about 42 °F.

Taxonomic Class : Fine-silty, mixed, superactive Typic Haploborolls

Type Location : Gallatin County, Montana; 500 ft north and 2,440 ft east of the SW corner
ofsec. 7, T.2S,,R.5E.
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Range in Characteristics : Soil temperature - 40 to 45 °F. Moisture control section - between
4 and 12 in. Mollic epipedon thickness - 7 to 15 in. Depth to Bk horizon - 10 to 22 in.

Geographic Setting : Landform - alluvial fans, stream terraces and lake terraces. Elevation
- 4,000 to 6,000 fi. Slope - 0 to 25 %. Parent material - alluvium, lacustrine, or loess
deposited materials mixed with volcanic ash. Climate - long, cold winters; moist springs;
warm summers. Mean annual precipitation - 15 to 19 in. Mean annual temperature - 38 to
43 °F. Frost-free period - 90 to 110 days.

Drainage and Permeability : Well drained; moderately slow permeability.

Use and Vegetation . Amsterdam soils are used mainly for irrigated cropland and non
irrigated cropland; some in grass. Potential native vegetation is mainly

Distribution and Extent : Amsterdam soils are of moderate extent in 1ntermountam valleys of
southwestern Montana.

MLRA Office Responsible : Bozéman, Montana

Series Established : Gallatin Valley Area, Montana, 1931.

2. BEANLAKE SERIES (Rev. JAL 5/97)

The Beanlake series consists of very deep, well drained soils that formed in till or
alluvium. These soils are on moraines, till plains, alluvial fans, stream terraces and
escarpments. Slopes are 0 to 45 %. Mean annual precipitation is about 16 in,, and mean
annual temperature is about 43 °F.

Taxonomic Class : Fine-loamy, mixed, superactive, frigid Typic Calciustolls

Type Location : Lewis and Clark County, Montana; 2, 500 ft north and 2,200 ft east of the
SW corner of sec. 19, T 20N,R. 7W.

Range in Characteristics : Soil temperature - 42 to 47 °F. Moisture control section is
between 4 and 12 in. Mollic epipedon thickness is 7 to 8 in. The surface layer is calcareous

- when mixed to 7 in.

Geographic Setting : Landforms - moraines, till plains, alluvial fans, stream terraces and
escarpments. Elevation - 3,800 to 6,000 ft. Slope - 0 to 45 %. Parent material - till or
alluvium. Climate - long, cold winters; moist springs; warm summers. Mean annual
precipitation - 12 to 19 in., most of which falls as snow in winter or as snow or rain early in.
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spring and in summer. Mean annual air temperature - 40 to 45 °F. Frost-free period™ 70 to
120 days.

Drainage and Permeability : Well drained; moderate perineability.

Use and Vegetation : Beanlake soils are used mainly for rangeland. Potential native
vegetation is mainly rough fescue, bluebunch wheatgrass, Idaho fescue, Columbia
needlegrass, prairie june grass, forbs, and shrubs; some areas support thin stands of limber
pine, Rocky Mountain juniper, and Douglas fir.

Distribution and Extent : Beanlake soils are mextenswe in west-central Montana along the
eastern front of the Rocky Mountains.

MLRA Office Responsible : Bozeman, Montana

Series Established : Choteau-Conrad Area parts of Teton and Pondera Counties, Montana,
1991.

3. BEAVERTON SERIES (Rev. NRS-CNG-CJH 10/98)

The Beaverton series consists of very deep, well drained soils that formed in gravelly
allu-vium or glacial outwash materials. These soils have extremely gravelly sand at a depth
of 10 to 20 in. These soils are on alluvial fans, stream terraces, hills, and outwash plains.
Slopes are 0 to 25 %. Mean annual precipitation is about 16 in., and mean annual air

temperature is about 42 °F.

Taxonomic Class : Loamy-skeletal over sandy or sandy—skeletal mixed, superactive, frigid
Typic Argiustolls

Type Location : Glacier County, Montaria; 1,000 ft north and 200 £t east of the SW corner
of sec. 31, T.33 N, R. 10 W.

Range in Characteristics : Soil temperature - 41 to 47 . Mollic epipedon thickness~ 7 to 14
in. (may include all or only part of the Bt horizons). Control section - 25 to 35 % clay.
Depth to k horizon - 10 to 20 in. Bk and 2C horizon - horizons are allowed.

Geographic Setting : Landform - alluvial fans; stream terraces; hills; outwash plains.
Elevation - 2,400 to 5,800 ft. Slope - 0 to 25 %. Parent material - gravelly alluvium or
glacial outwash materials derived from a mixture of rock sources. Climate - cool, with long,
cold winters; moist springs; and warm summers. Mean annual precipitation - 13 to 19 in.
Mean air annual temperature - 39 to 45 °F. Frost-free season - 90 to 130 days.

Drainage and Permeability : Well drained; moderate permeablhty in the solum and rapid
permeability in the 2C horizon.




-66-
Use and Vegetatlon Used mainly as rangeland, grain, and hay crops. The potent1a1 native
vegetation is mainly bluebunch wheatgrass, western wheatgrass, prairie sandreed,
needleandthread, little bluestem, plains muhly, sand dropseed, shrubs, and forbs.

Distribution and Extent : Throughout the northern Great Plains and Rock Mountam regions.
The series is of moderate extent.

MLRA Office Responsible : Bismarck, North Dakota

Series Established : Milk River Area, Montana, 1928. (Benchmark soil).

4. BLACKDOG SERIES (Rev. EWC-GAR-JAL 6/97)

The Blackdog series consists of very deep, well drained soils that formed in loess.
These soils are on relict stream terraces. Slopes are 0 to 15 %. Mean annual precipitation
is about 17 in., and the mean annual temperature is about 41 °F.

Taxonomic Class : Fine-silty, mixed, superactive Typic Argiborolls

Type Location - Gallatin County, Montana; 850 ft south and 1500 ft east of the northwest
corner of sec. 26, T.IN,, R.5E.

Range in Characteristics : Mean annual soil temperature - 41 to 45 °F. Moisture control
section - between 4 and 12 in. Mollic epipedon thickness - 7 to 15 in. and may include part
of the Bt horizon. Depth to the Bk horizon - 18 to 30 in.

Geographic Setting : Landform - relict stream terraces. Elevation - 4,700 to 5,700 ft. Slope
- 0 to 15 %. Parent material - loess. Climate - long, cold winters; moist springs; warm
summers. Mean annual precipitation - 15 to 19 in. Mean annual air temperature - 39 to 43
°F. Frost-free period - 90 to 110 days.

Drainage and Permeability : Well drained; moderately slow pexmeabflity.

-Use and Vegetation : Blackdog soils are used mainly for cropland, hayland and pasture.
Potential native vegetation may include bluebunch wheatgrass, Idaho fescue, Richardson
needle grass, mountain brome, sedges, lupine, western yarrow, sticky geranium, common
snowberry and wild rose as well as other grasses, forbs and other woody shrubs.
Distribution and Extent : Blacf(dog soils are of small extent in southwestern Montana.

MLRA Office Responsible : Bozeman, Montana

Series Established : Gallatin County, Montana, 1997.
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5. BOZEMAN SERIES (Rev. TTH/JEB 9/73)

Typically, Bozeman soils have very dark gray, silt loam A1 horizons, dark grayish brown
and brown prismatic blocky, silty clay loam B2t horizons, and pale brown silt loam Clca
horizons.

Taxonomic Class : Fine-silty, mixed Argic Pachic Cryoborolls

Type Locatlon Gallatin County, Montana; on Ft. Ellis Livestock Expenment Station; 1,670
ft east, 960 ft south of NW comner sec. 15, T.2S., R.6E.

Range in Characteristics : The noncalcareous part is 15 to 40 in. thick.- The mollic epipedon
is 15 to 30 in. thick and includes part or all of the B2t horizon in some pedons. The solum
is neutral or mildly alkaline. Mean annual soil temperature ranges from 41 to 47 °F.

Geographic Setting : Bozeman soils are on nearly level to moderately sloping plains and
dissected sideslopes of mountain valleys. Slope gradients range from 0 to 20 %. Elevation
ranges from 4,000 to 6,000 ft. The soils formed in loess derived from mixed alluvial sources.
The climate is cool sub humid. Annual precipitation ranges from 16 to 24 in. Mean annual
temperature ranges from about 38 to 45 °F. The average frost-free perlod is less than 110

days.

Principal Associated Soils : These are the competing Amsterdam, Bridger, Fluffine, and
Robana soils.

. Drainage and Permeability : Well-drained; slow or medium runoff; moderate permeability.

Use and Vegetation : Used as dryland and irrigated cropland, and as rangeland Principal

native .
vegetation is rough fescue, Idaho fescue mountain bromegrass, bluegrass, rosebush,

snowberry, and sagebrush.

Distribution and Extent : Mountain valleys in Montana, Wyoming, and Idaho. The series is
of moderate extent.

MLRA Office Responsible : Bozeman, Montana

Series Established : Gallatin County, Montana, 1905.
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6. KELSTRUP SERIES (Rev. ZRS-JB-JAL 7/97)

The Kelstrup series consists of vety deep, well drained soils that formed in loess.
These soils are on relict stream terraces. Slopes are 0 to 15 %. The mean annual
precipitation is about 14 in. and the mean annual temperature is about 43 °F.

Taxonomic Class : Coarse-silty, mixed, superactive Aridic Haploborolls

Range in Characteristics : Mean annual soil temperature - 43 to 47 °F. Moisture control
section - between 4 and 12 in.; dry in some part for six tenths or more of the cumulative days
per year when the soil temperature at a depth of 20 in. is higher than 41 °F. Mollic epipedon
thickness - 7 to 10 in. Depth to calcic horizon - 11 to 20 in.,

Geographic Setting : Landform - relict stream terraces. Elevation - 4,200 to 5,000 ft. Slope

-0 to 15 %. Parent material - loess. Climate - long, cold winters; moist springs; warm

summers. Mean annual precipitation - 12 to 16 in. Mean annual air temperature - 41 to 45
'°F. Frost-free period - 95 to 115 days.

Drainage and Permeability : Well drained; moderate permeability.

Use and Vegetation : Kelstrup soils are used as nonirrigated cropland, rangeland and wildlife
habitat. The principal crops are barley and winter wheat. Potential native vegetation includes
bluebunch wheatgrass, green needlegrass, needleandthread, western wheatgrass, and Idaho
fescue. '

Distribution and Extent : Kelstrup soils are.of small extent in the intermountain valleys of
southwestern Montana. : '

MLRA Office Responsible : Bozeman, Montana

Series Established : Gallatin County, Montana, 1997.

7. MARTINSDALE SERIES (Rev. DES-JAL 7/98)

The Martinsdale series consists of very deep, well drained soils that formed in
alluvium or colluvium. These soils are on alluvial fans, stream terraces, escarpments and hills.
Slopes are 0 to 35 %. Mean annual precipitation is about 16 in.,.and mean annual

temperature is about 41 °F.

Taxonomic Class : Fine-loamy, mixed, -superactive, frigid Typic Argiustolls
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Type Location : Wheatland County, Montana; 225 fi south of the NE corner of sec. 2, T. 6
N,R. 14E.

Range in Characteristics : Soil temperature - 38 to 47 °F. Moisture control section -
between 4 and 12 in. and moist in all or some parts from April through mid July, and
September through mid November. Mollic epipedon thickness - 7 to 16 in. and includes all |
or part of the Bt1 horizon. Depth to Bk horizon - 11 to 30 in. Soil phases ~ gravelly, cobbly
substratum, cool, stony :

Geographic Setting : Landform - alluvial fans; stream terraces; escarpments; foot slopes of
hills and mountains; uplands mantled with old alluvium. Elevation - 3,000 to 6,200 ft. (In
Colorado the elevation is 6,800 to 8,200 ft). Slope - 0 to 35 %. Parent material - alluvium;
colluvium. Climate - long, cold winters; moist springs; and warm, dry summers. Mean annual
precipitation - 14 to 19 in. Mean annual air temperature - 36 to 45 °F. Frost-free period -
70 to 130 days.

Drainage and Permeability : Well drained; moderately slow permeability.
Use and Vegetation : Used mainly for production ofirrigated and nonirrigated small grain and

alfalfa crops. Potential native vegetation is mainly needle and thread, western wheatgrass,
bluebunch wheatgrass, prairie junegrass, blue grama, forbs, and some shrubs. :

Distribution and Extent : Widely distributed over state of Montana and in Colorado Series
is of moderate extent.
MLRA Office Responsible : Bozeman, Montana

Series Established : Upper Musselshell Valley Area, Montana, 1941.

8. MEAGHER SERIES (Rev. JB-JAL 2/98)

The Meagher series consists of very deep, well drained soils that formed in alluvium
or colluvium. These soils are on stream terraces, alluvial fans and escarpments. Slopes are 0
to 35 %. Mean annual prec1p1tatlon is about 16 in. and mean annual temperature is about 41

°F.
Taxonomic Class : Fine-loamy, mixed, superactive Typic Argiborolls

Type Location : Meagher County, Montana; 1,900 ft north and 50 ft west of the SE corner
of sec. 35, T.8N,,R. 6 E.
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Range in Characteristics : Soil temperature - 40 to 45 °F. Moisture control section -
between 4 and 12 in. Mollic epipedon thickness - 7 to 10 in. Depth to Bk horizons - 11 to
20 in. Depth to loamy-skeletal material - 20 to 35 in.

Geographic Setting : Landform - alluvial fans; stream terraces; escarpments. Elevation -
4,000 to 6,000 ft. Parent material - alluvium or colluvium. Slope - 0 to 35 %. Climate -
long, cold winters; moist springs; short suminers. Mean annual precipitation - 14 to 19 in.,”
most of which falls during spring and early summer. Mean annual air temperature - 38 to 43

- °F. Frost-free period - 70 to 120 days.

Drainage and Permeability : Well drained; moderate permeability.

Use and Vegetation : Meagher soils are used for rangeland and irrigated and nonirrigated
cropland. The potential native vegetation is mainly rough fescue, bluebunch Wheatgrass
Idaho fescue, green needle grass, western wheatgrass, Sandberg bluegrass, prairie junegrass,
forbs, and shrubs.

Distribution and Extent : Meagher soils are of small extent mainly in west-central Montana.
MLRA Office Responsible : Bozeman, Montana

Series Established : Gallatin County, Montana 1997; proposed Meagher County, Montana,
1991.

9. SAWICKI SERIES (Rev. DES-JB-JAL 7/98)

The Sawicki series consists of very deep, well drained soils that formed in alluvium and
colluvium from hard fine grained igneous rock, gneiss, schist and sandstone. These soils are
on alluvial fans, stream terraces, drainageways, escarpments and sideslopes of hills and
mountains. Slopes are 0 to 70 %. Mean annual precipitation is about 17 in., and mean annual
air temperature is about 40 °F. :

- Taxonomic Class : Loamy-skeletal, mixed, superactive, frigid Typic Argiustolls

Type Location : Jefferson County, Montana; 200 ﬁ south and 2,650 ft west of the NE corner
ofsec. 9, T.3N,R.3W.

Range in Characteristics : Mean annual soil Temperature - 38 to 45 °F. Moisture control
section - between 4 and 12 in. Mollic epipedon thickness - 7 to 16 in. Surface stones or
boulders - 0 to 3 percent. '




-71-

Geographic Setting : Landform - alluvial fans, stream terraces, drainage ways, escarpments
and sideslopes of hills and mountains. Elevation - 4,400 to 7,000 fi. Slope - 0 to 70 %.
Parent material - alluvium and colluvium from hard fine grained igneous rock, gneiss, schist
and sandstone. Climate - long, cold winters; moist springs; warm summers. Mean annual
precipita-tion - 15 to 19 in. Mean annual air temperature - 38 to 43 °F. Frost-free period -
70 to 110 days.

Drainage and Permeability : Well drained, moderate permeability.

Use and Vegetation : Sawicki soils are primarily used for rangeland, wildlife habitat and

-watershed. The potential native vegetation is mainly Rocky Mountain juniper, big sagebrush,
Idaho fescue, rough fescue, bluebunch wheatgrass, prairie junegrass, western yarrow, lupine,
and arrowleaf baslomroot. Areas with a forest canopy have an overstory of Douglas-fir and -
limber pine or ponderosa pine and an understory of rough fescue, Idaho fescue, Rocky
Mountain juniper and big sagebrush.

Distribution and Extent : Sawicki soils are of moderate extent in southwestern Montana.
MLRA Office Responsible : Bozeman, Montana

Series Established : Gallatin County, Montana, 1997; proposed in Jefferson County, Montana,
1994,

10. TURNER SERIES (NRS-CJH 10/98) \

The Turner series consists of very deep, well drained soils that formed in alluvium and
have very gravelly loamy coarse sand at a depth of 20 to 40 in. These soils are on alluvial
fans, stream terraces, and relict stream terraces. Slopes are 0 to 15 %. Mean-annual
precipitation is about 16 in., and mean annual air temperature is about 44 °F.

Taxonomic Class : Fine-loamy over sandy or sandy-skeletal mixed, superactive, fngld Typlc .
Argiustolls :

Type Location : Blaine County, Montana; 1,540 ft west and 2,470 ft north of the SE corner
of sec. 21, T. 27N, R. 19 E.

Range in Characteristics : Soil temperature - 41 to 47 °F. Mollic epipedon thickness - 7 to
15 in. and includes part of the Bt horizon. Moisture control section is between 4 and 12 in.
Depth to Bk horizon - 11 to 20 in. Depth to 2Bk horizon -'20 to 40 in. Phases - flooded,

gravelly, stony, wet.
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Geographic Setting : Landform - alluvial fans, stream terraces, relict stream terraces.
Elevation - 1,900 to 5,200 fi. Slope - 0 to 15 %. Parent material - alluvium that is 20 to 40
in. thick over very gravelly coarse sand. Climate - cool, with long, cold winters; moist
springs; warm summers. Mean annual precipitation - 13 to 19 in. " Mean annual air
temperature - 39 to 45 °F. Frost-free season - 90 to 135 days.

| Drainage and Permeability : Well drained. Permeability is moderate in the A and B Horizons

and rapid in the sandy-skeletal horizons.

Use and Vegetation :-Turner soils are used for dryland and irrigated crops and as rangeland.
Major crops are small grain and hay. Potential native vegetation is mainly bluebunch
wheatgrass, little bluestem, western wheatgrass, green needlegrass needleandthread, prairie
sandreed, forbs, and shrubs.

Distribution and Extent : Turner soils are mainly on the plains of central and eastern Montana
They are of moderate extent.

MLRA Office Responsible : Bismarck, North Dakota

Series Established : Reconnaissance of northern plains of Montana, 1929.

11. WINDHAM SERIES (Rev. DES-JAL 7/98)

The Windham series consists of very deep, well drained soils that formed in very gravelly
alluvium and colluvium derived mainly from limestone. These soils are on alluvial fans,
stream terraces, escarpments, ridges, divides, hills and mountains. Slopes are 0 -85 %. Mean
annual precipitation is about 16 in., and mean annual temperature is about 41 °F.

" Taxonomic Class : Loamy-skeletal, carbonatic, frigid Typic Calciustolls

Type Location : Fergus County, Montana; 33 ft north and 595 ft west of'the SE comer of sec.
12, T. 15N, R. 17 E. :

Range in Characteristics : Soil temperature - 38 to 46 ° F. Moisture control section -
between 4 and 12 in. Mollic epipedon thickness - 7 to 16 in. Depth to calcic horizon - 5to
10 in. Surface stones or boulders - 0 to 3 %.

Geographic Setting : Landform - alluvial fans, stream terraces, escarpments, ridges, divides,
hills, mountains. Elevation - 3,000 to 6,800 ft. Slope - 0 to 85 %. Parent material - alluvium
and colluvium derived mainly from hmestone but also from marly. siltstone.and other limy
sedimentary rock. Climate - long, cold winters; moist springs; warm summers. Mean annual
precipitation - 14 to 22 in. Mean annual temperature - 36 to 45 °F. Frost-free season - 70

- to 130 days.
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Drainage and Permeability : Well drained; moderate permeability.
Use.and Vegetation : Windham soils are used mainly as.rangeland. A few small areas are
used as cropland when in complex with other soils. Potential native vegetation is bluebunch
wheat grass, western wheatgrass, needle and thread, blue grama, prairie junegrass, shrubs,

and forbs.

Distribution and Extent : Mainly in central Montana and near the mountain front. It is of
moderate extent. -

MLRA Office Responsible : Bozeman, Montana

Series Established : Big Horn County Area, Montana, 1970.
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Appendix B. URL addresses of narrative description of representative pedons
Information pertaining to the representative pedons of each soil series was obtained

from the following internet website :

No. Soil Series Internet Website (http://vmhost. .....)

1. Amsterdam  cdp.state.ne.us/~nslsoil/HTBIN/DBFND3?series=amsterdam
2. Beaverton cdp.state.ne.us/~ns1soi1/HTB]I\I/DBFND3 ?series=beaverton
3.*) Blackdog cdp.state.ne.us/~nslsoil/HTBIN/DBFND3?series=farland

4, Bozeman cdp.state.ne.us/~nslsoil/HTBIN/DBFND3?series=bozeman

5. Kelstrup cdp.state.ne.us/~nslsoil/ HTBIN/DBFND3 ?series=k¢15trup

6. Martinsdale  cdp.state.ne.us/~nslsoil/HTBIN/DBFND3?series=martinsdale

7. Turner cdp.state.ne.us/~nslsoi/HTBIN/DBFND3?series=turner

Note : *) described as Farland Series in the above URL address.

Narrative descriptions for Beanlake, Meagher, Sawicki, and Windham series were
obtained from NRCS field office of Bozeman in April 1998. This info can be found in Soil
Survey and Inventory report of the Gallatin County Montana.

Below is the narrative descriptions of typical pedons of the four soil series.
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- Beaniake Series

Depth class : very deep
Drainage class : well drained
Permeability : moderate
Landform : alluvial fans, relict stream terraces, stream terraces escarpments
Parent material -+ alluvium
- Slope range : 0 - 45 percent
Elevation range * 4400 - 6000 feet

Annual precipitation : 12 - 19 inches
Ann. air temperature :41-47°F

Frost free period : 90 - 110 days
Taxonomic Class : Fine-loamy, mixed Typic Calc_ibdrolls
Typical Pedon

Beanlake gravelly loam, 8 to 15 percent slopes, in rangeland, Gallatin Valley, Montana; 1400
feet east and 1500 feet south of the northwest corner of section 10, R.3E, T.28S.

A =0 1o 6 inches; grayish brown (10 YR 5/2), gravelly loam; very dark grayish brown (10YR
3/2) moist; weak fine granular structure; slightly hard, very friable, slightly sticky and slightly
* plastic; 5 percent pebbles; many very fine and fine roots; strongly effervescent, moderately
alkaline (pH 8.0); clear smooth boundary.

Bk1 = 6 to 13 inches; light gray (10 YR 7/2), loam; pale brown (10 YR 6/3) moist; weak,
medium, subangular blocky structure; slightly hard, very friable, sticky and slightly plastic; 5
percent pebbles; common very fine and fine roots; violently effervescent, moderately alkaline
(pH 8.2); clear wavy boundary.

Bk2 = 13 to 26 inches; light gray (10 YR 7/2), loam; pale brown (10 YR 6/3) moist; weak,
medium, subangular blocky structure; slightly hard, very friable, slightly sticky and slightly
plastic; 10 percent pebbles; few very fine and fine roots; violently eﬁ'ervescent ‘moderately
alkaline (pH 8.2); clear wavy boundary.

Bk3 =26 to 60 inches; light gray (10 YR 7/2), gravelly loam; light brownish gray (10 YR 6/2)
moist; massive structure; slightly hard, very friable, slightly sticky and slightly plastic; 20
percent pebbles, 5 percent cobbles; few very fine and fine roots; violently effervescent,
moderately alkaline (pH 8. 4)




Taxonomic Class

-76-

- Meagher Series

Depth class : very deep

Drainage class : well drained
Permeability : moderate

Landform : alluvial fans, escarpments, stream terraces
Parent material : alluvium or colluvium
Slope range : 4 - 35 percent
Elevation range : 4500 - 5700 feet
" Annual precipitation : 12 - 19 inches

Ann. air temperature :39-43°F

Frost free period : 90 - 110 days

: Fine-loamy, mixed Typic Argiborolls

Typical Pedon

Meagher loam, in an area of Anceney-Trimad-Meagher complex, 15 to 60 percent slopes, in
rangeland, Gallatin County, Montana; 2200 feet south and 1900 feet west of the northeast
corner of section 11, T.2S, R.1E.

A=0to 6 inches; dark grayish brown (10 YR 4/2) loam, very dark grayish brown (10YR 3/2)
moist; moderate, fine subangular blocky structure parting to moderte fine granular structure;
slightly hard, soft, slightly sticky and slightly plastic; few medium, common fine, and many
very fine roots; 5 percent cobbles; 10 percent pebbles; neutral (pH 7.2); clear wavy boundary.

Bt = 6 to 19 inches; brown (10 YR 5/3) clay loam, dark brown (10 YR 4/3) moist; moderate
medium subangular blocky structure; slightly hard, friable, sticky and plastic; few medium,
fine and very fine roots; common thin clay films coating ped faces and pores; 5 percent
cobbles, 5 percent pebbles; neutral (pH 7.2); clear wavy boundary.

Bk =19 to 31 inches; very pale brown (10 YR 7/3) loam, light yellowish brown (10 YR 6/4)
moist; weak medium subangular blocky structure; soft, friable, slightly sticky and slightly
plastic; few medium, fine and very fine roots; 5 percent cobbles, 5 percent pebbles; violently
effervescent, moderately alkaline (pH 8.4); clear smooth boundary. |

2Bk=31t0 60 inchés; light gray (10 YR 7/2) very cobbly loam; brown (10 YR 5/3); massive
structure; soft, friable, sticky and plastic; few fine and very fine roots; 30 percent cobbles, 30
percent pebbles; violently effervescent, moderately alkaline (pH 8.2).
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- Sawicki Series

Depth class : very deep

Drainage/Permeability : well drained/moderately slow

Landform : alluvial fans, stream terraces, hills, dramageways

Parent material - alluvium and colluvium derived from gneiss, schist, and arkosic
sandstone

Slope range : 0 - 60 percent

Elevation range : 4700 - 7000 feet

Annual precipitation : 15 - 19 inches
Ann, air temperature :39-43°F

Frost free period : 90 - 110 days
Taxonomic Class : loamy-skeletal, mixed Typic Argiborolls
Typicél Pedon

Sawicki very stony loam, 2 to 8 percent slopes, in rangeland, Gallatin County, Montana; 700
feet south and 2800 feet west of the northeast corner of section 12, T.1NS, R.5E.

A =0 to 5 inches; dark grayish brown (10 YR 4/2) very stony loam, very dark grayish brown
(10YR 3/2) moist; moderate medium granular structure; soft, friable, slightly sticky and
slightly plastic; many very fine, common fine and few medium pores; many very fine roots,
few medium roots; 10 percent pebbles; 25 percent cobbles, 5 percent stones; neutral (pH 7.2);
gradual wavy boundary.

Btl =5 to 12 inches; dark grayish brown (10 YR 4/2) cobbly sandy clay loam, dark brown
(10 YR 3/3) moist; moderate medium subangular blocky structure; slightly hard, very friable,
slightly sticky and slightly plastic; few faint clay films on ped faces and pebbles surfaces;
common very fine and fine, and few medium and coarse roots; many very fine, common fine
and few medium pores; few faint clay films on faces of peds and on pebbles; 10 percent
pebbles, 10 percent cobbles, 5 percent stones; neutral (pH 7.2); gradual wavy boundary.

Bt2 =12 to 23 inches; dark yellowish brown (10 YR 4/4) very cobbly sandy clay loam, brown
(10 YR 4/3) moist; moderate medium subangular blocky structure; slightly hard, friable,
sticky and slightly plastic; common fine and very fine roots; common very fine, fine and few
medium pores; common distinct clay films on faces of peds and on pebbles; 25 percent
pebbles, 25 percent cobbles, 5 percent stones; slightly alkaline (pH 7.8); gradual wavy
boundary.

BC =23 to 31 inches; dark yellowish brown (10 YR 4/4) very cobbly sandy clay loam, brown
(10 YR 4/3) moist; weak fine subangular blocky structure; slightly hard, friable, slightly sticky
and slightly plastic; few fine and very fine roots; common very fine and fine, and few medium
pores ; 25 percent pebbles, 25 percent cobbles, 5 percent stones; slightly alkaline (pH 7.8);
gradual wavy boundary.

C =31 to 60 inches; dark yellowish brown (10 YR 4/4) very cobbly coarse sandy loam,
brown (10 YR 4/3) moist; massive; loose, nonsticky and nonplastic; few very fine and fine
roots; 30 percent pebbles, 25 percent cobbles, 5 percent stones; neutral (pH 7.2).
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- Windham Series

Depth class : very deep

Drainage class : well drained

Permeability . :moderate

Landform : alluvial fans, stream terraces, hills

Parent material : limestone alluvium or limestone colluvium
Slope range : 0 - 60 percent

Elevation.range : 4600 - 6800 feet

Annual precipitation : 15 - 22 inches
Ann, air temperature :39-43°F

Frost free period : 90 - 110 days
Taxonomic Class : Loamy-skeletal, carbonatic Typic Calciborolls
Typical Pedon

Windham gravelly loam, 8 to 15 percent slopes, in rangeland, Gallatin County, Montana; 100
feet south and 300 feet west of the northeast comer of section 17, T.3N, R.5E.

A =0 to 6 inches; dark grayish brown (10 YR 4/2) gravelly loam, very dark grayish brown
(10YR 3/2) moist; moderate medium granular structure; slightly hard, friablr, slightly sticky
and slightly plastic; common fine and fine roots; 15 percent pebbles and 10 percent cobbles;
strongly effervescent; slightly alkaline (pH 7.6); clear wavy boundary.

Bk1 = 6 to 14 inches; light brownish gray (10 YR 6/2) gravelly loam, brown (10. YR 5/3) -
moist; weak medium subangular blocky structure; slightly hard, friable, slightly sticky and
slightly plastic; few very fine and fine roots; 15 percent pebbles and 5 percent cobbles; lime
disseminated and as crusts and pendants on rock fragments; violently effervescent; moderately
alkaline (pH 8.0); gradual wavy boundary.

Bk2 = 14 to 60 inches; white (10 YR 8/2) extremely cobbly loam, very pale brown (10 YR

7/3) moist; massive; slightly hard, friable, sticky and slightly plastic; few very fine roots; 30

percent cobbles, 40 percent pebbles; lime disseminated and as crusts and pendants on rock
- fragments; violently effervescent; moderately alkaline (pH 8.2).
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| Appendix C. General characteristics of the soils in the Gallatin Valley.

Top. soils

The upper horizons of soils (usually called as top soils) are pedologically designated
as A horizons (Buol et al., 1989). NRCS-USDA reported that the upper-most horizons of
the selected soil series were composed of Ap (p = plowed) horizons for agricultural lands and
A horizons for other land uses. Thicknesses of the Ap horizons were generally 15 cm or more’
while the thicknesses of the A horizons were 10 to 15 cm thick.

Soil matrix colors in the upper layers of the selected soils series were relatively less
variable. Measured in moist conditions using Munsell Soil Chart (Soil Survey Staff, 1975),
soil matrix colors of the Ap and A horizons ranged from 10 YR 3/2 (very dark grayish brown)
to 10 YR 5/2 (grayish brown). Closely related to soil colors, soil organic carbon contents
in the upper layer were generally high, greater than 1.0 g/100g soil. Soil textures were
commonly loam with some variations in coarse fragment contents. Some soils are also
composed of stones and cobbles in the uppér layers. Soil reaction (pH) ranged from slightly
acid to alkaline (pH 6.5 to 8.9).

Most of the soil structures in the upper layers were weak to moderate in grades, fine -
to medium in sizes, and granular in shapes. These structural performances indicated that soil
aggregates in the upper layers of the whole soil series were generally still in the process
towards stability. This process has been delayed by frequent obstructions from farming
activities. Lynch and Bragg (1985) suggest that soil structure is important tb many soil
physical properties, because it can control the distribution of soil pores which in turn
indirectly affects some soil physical characteristics. A natural agent which primarily breaks

soil aggregates down is water through either rainfall .or run-off, while soil organic matter

supports the soil aggregation process.
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Sub Soils

The sub surface horizons of the soil series were grouped into three different horizons.
They were designated as Bw (cambic), Bt (argilic), and Bk (calcic) horizons. Beanlake and
Windham series were determined having only .Bk as sub surface horizons. The combination
of Bw and Bk in the sub surface horizons occurred in Amsterdam, Bridger, and Kelstrup
series, while the Bt and Bk combination was found in Beaverton, Blackdog, Bozeman,
Martinsdale, Meagher, and Turner series. Thicknesses of sub-surface horizons of'the selected
soils ranged from 51 to 139 cm. Turner series has the thinnest B horizon while Martinsdale
is characterized by having the thickest one among the selected soil series.’

Soil matrix colors of the three types of B horizons were slightly different. In Bt
. (argilic) horizons, soil matrix colors were very dark grayish brown to brown (10 YR 3/2
through 5/3), and were dark brown (10YR 3/3 to 4/3) in Bw (cambic) horizons. The Bk -
(calcic) horizons were characterized by having a wide range of soil matrix colors. The colors
varied from dark brown through very pale brown (10 YR 4/3 through 10YR 7/3) and dark
grayish brown to grayish brown (2.5 Y 4/2t0 2.5 Y 5/2). |

The sizes of soil particles composing the B horizons were very variable. In the Bt
horizons, soils were silty loam, clay loam, loam, and clay textured. Slight variations were due
to the content of coarse fragments. The Bw horizons had only silt loam textural classes, while
Bk layers were the most variable among the B hoﬁzons because of the presence of gravel and

very coarse sand particles widened the textural variations of the Bk horizon and determined

soil texture modifiers.
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Appendix D. URL addresses of primary characterization data of the soil series
Data pertaining to soil series used in this study were obtained from the following

internet website :

No. Soil Series Internet Website

1§ Amsterdam http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND3 ?series=Amsterdam
2 Beanlake http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND?3?series=Beanlake
L Beaverton http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND3 ?series=Beaverton

4, Blackdog http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND?3?series=Farland
5 Bozeman http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND3 ?series=Bozeman
6. Kelstrup http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND?3 ?series=Kelstrup

i Martinsdale  http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND3?series=Martinsdale

8. Meagher http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND3 ?series=Meaghre
9. Sawicki http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND 3 ?series=Sawicki
10. Tumner http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND 3 ?series=Turner

113 Windham http://vmhost.cdp.state.ne.us/nslsoil/HTBIN/DBFND3 ?series=Windham
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Appendix E. Soil mapping unit (SMU), slope classes, and yield estimates for alfalfa and
winter wheat provided by NRCS-USDA for the selected soil series.

----- Estimated Yield -----

No Soil Series SMU Slope Class Alfalfa¥ WinterWheat ¥
Mg/ha Mg/ha
1. Amsterdam 53B, 453B B 4.49 4.30
53C, 453C,558C £ 4.49 430
2 Beanlake 63B,452B B 3.37 3.43
163C,452C > 3l 3.36
3 Beaverton 149B B 1.68 2.08
4, Blackdog 50B B 4.49 4.17
50C c 4.49 4.17
5. Bozeman 50B B 4.49 4.17
Kelstrup 431B B 3.37 3.63
31C C 3.37 3.63
71, Martinsdale 52B B 4.04 3.43
b 7L 8 C 4.04 3.43
8. Meagher 257B B 3.37 3.16
57C,257C % 337 3.16
9. Sawicki 261B B 2.24 2.28
261C C 2.24 2.28
10.. Turner 457A A 3.37 3.16
57B B 337 2.89
11.  Windham 266B, B 2.24 2.02
166C, C 2.24 2.02

Source : NRCS-USDA office at Bozeman. Y To convert estimated yield to tons/acre,
multiply the table value by 0.4457. % To convert estimated yield to bushels/acre, multiply the

table value by 14.881.




Appendix F. SAS program

sk 3k o e ok o o ok ok o 3 ok ok 3k 3k ke ok ok ok ok 3k ok ok o e ok ok sk ok o sk ok ok s ok sk sk ok ok ok e ok o o ok o e ok 3K ok ok oK ok 3 o o ok o ok ke ok ok o ok ok ok ok ok ok ok K ok

OPTION NOCENTER LS = 80; DATA TEMP,

INPUT depth clay BD WHC OC Kf pH calcic W-1 S-1 A-1 W-2 S-2 A-2 W-3 S-3 A-3 W-4 S-4 A4 W-5 S-5
A-5;

CARDS;

104 22.23 1.28 0.18 1.31 0.35 7.81 19 62 55.03 2 79.5 68.3 4.28 98.4 75 6.14 93.5 69.8 6.01 86.1 90.7 5.14
104 22.23 1.28 0.18 1.31 0.35 7.81 19 59 52.34 1.8 75.6 65 3.8593.6 71 5.53 89 66.4 5.41 82 86.3 4.63
6723.181.53 0.130.820.377.7513 5144.351.879.568.34.2893 715.8487.96565.7170 70 4.86
145 23.18 1.53 0.130.820.377.7513 4841 1.3 74.863.23.09 87.5654.22 82.760.6 4.12 65.9 64.7 3.51
103 20.49 1.33 0.18 1.0 0.39 7.87 42 64 56.79 2 60.3 52.53.56 96.3 73 6.03 92.2 69.2 5.9285 94 5.38
61127 1.4 0.120.6250.269 7.76 1243 38.321.576 65.84.0699.6 766.2 94.971.36.0885 84 548
15221.931.470.111.00367.8 194741.84 1551 44.43.24955725.9791.968.75.8782.381 5.29
9621.931470.111.00.367.8 194339 1.246.741.42.5987.4674.7884.164 4.7 75.375.54.24
15221.5 1.48 0.141.230.378.15 65145351.581.269.94.3693.6715.9188466 57877 82 4.7
66 13.81 1.58 0.06 0.53 0.195 7.66 21 31 27.77 0.8 77.7 67.3 4.22 98.4 75 6.14 93.6 69.8 6.01 80 91 4.7
8622.7 1.47 0.090.690.428.13 03026.891 67.959.74.04 8296253378 57.65.1966.675 4.06
9122.7 1.47 0.090.690.428.13 02624 0.858.853.33.0371.9564 67.651.43.9 57.866.93.04
120 10.73 1.6 0.050.45 0.16 7.74 14 27 24.250.8 77.7 67.3 4.22 98.4 75 6.14 93.6 69.8 6.01 80 91 4.7
116 18.75 1.56 0.07 1.36 0.27 6.94 60 34 30.41 1 85.3 69.9 4.88 87.4 66 5.49 81.7 61.1 5.33 53.8 57.5 3.25

PROC REG DATA = TEMP;

Model W-1 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model W-1 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1,
Model W-1 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model S-1 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN,;

Model S-1 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1,
Model S-1 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE,;

Model A-1 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model A-1= depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1,
Model A-1 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model W-2 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model W-2 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1;
Model W-2 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model S-2 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model S-2 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1;
Model S-2 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model A-2 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model A-2 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1,
Model A-2 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model W-3 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model W-3 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1;
Model W-3 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model S-3 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model S-3 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1,
Model S-3 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model A-3 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model A-3 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1,
Model A-3 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;




-84-
Appendix F (continued)

Model W-4 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model W-4 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1;
Model W-4 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model S-4 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model S-4 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1;
Model S-4 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model A-4 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model A-4 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1;
Model A-4 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model W-5 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model W-5 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1,
Model W-5 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model S-5 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;

Model S-5 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1,
Model S-5 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;

Model A-5 = depth clay BD WHC OC Kf pH calcic/VIF TOL COLLIN;
Model A-5 = depth clay BD WHC OC Kf pH calcic/SELECTION = RSQUARE BEST =1,

Model A-5 = depth clay BD WHC OC Kf pH calcic/SELECTION = STEPWISE;
RUN;

3k ok e ke ke ke ok ok ok ke ok 3 ok ok ok ok ok ok ok ok ok 3k % ok ok 3k ok 3k ok ok ok ok ok ok dk sk ok ke ok ok ok ke ok ok ok ok ok e ok ok ok ok ok ok skok ok ok sk ok k ok sk sk sk ke k k ok

Note : W = winter wheat; S = spring wheat; A = alfalfa
1 =NRCS; 2 = MAPS-1; 3 = MAPS-2; 4 = MAPS-3; 5 = Producers’ input
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Appendix G. SAS results of complete regression models for estimating winter wheat yields.

Source of
Model # Dependent Intercept Slope*Variable R?
Variable Data
(Crop Yield)
1.1 W-1 (NRCS) 12.28 273.46 x WHC 0.909
12 W-1 (NRCS) 0.88 271.42xWHC + 0.14xcalcic  0.940
1.3 W-1 (NRCS) -41.98 331.04xWHC + 30.81xBD
+ 0.14xcalcic 0.957
v & W-2 (MAPS-1) 93.16 -67.36 xKf 0.194
38 W-3 (MAPS-2) 109.47 - 96.87 x Kf 0.300
3.2 W-3 (MAPS-2) 107.87 137 x WHC - 96.87xKf 0.748
4.1 W-4 (MAPS-3) 104.09 - 51.39 xKf 0277
42 W-4 (MAPS-3) 102.50 137.56xWHC - 94.44xKf 0.723
5.1 W-5 (Producer input) 147.77 - 50.00 x BD 0.243
52 W-5 (Producer input) 205.90 -71.02xBD-138xclay 0.518
5.3 W-5 (Producer input) 88.36 199.38 x WHC - 1.85 x clay 0.635
5.4 W-5 (Producer input) 113.22 168.45xWHC - 15.07xBD
- 1.81xclay 0.641
S W-5 (Producer input) 12.11 188.45xWHC + 10.34xpH
- 2.0xclay 0.710

Note : WHC input as soil water holding capacity; Kf input as erodibility; clay input as soil clay
content, BD input as bulk density, and calcic input as depth to calcic horizon. See
Table 3-3 for dimensions used.
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Appendix H. SAS results of complete regression models for estimating spring wheat yields.

Source of
Model # Dependent Intercept Slope*Variable R?
Variable Data
(Crop Yield)
6.1 S-1 (NRCS) 11.52 237.70 x WHC 0912
6.2 S-1 (NRCS) 9.40 235.88xWHC + 0.13xcalcic 0.944
r. S-2 (MAPS-1) 78.52 -52.43 x Kf 0.186
8.1 S-3 (MAPS-2) 83.48 - 41.81 xKf 0.321
8.2 S-3 (MAPS-2) 82.28 103.28xWHC - 74.33xKf 0.766
9.1 S-4 (MAPS-3) 77.66 -37.98 x Kf 0.275
9.2 S-4 (MAPS-3) 76.49 100.61xWHC - 69.70xKf  0.716
10.1 S-5 (Producer input) 101.45 - 1.12 x clay 0.175
10.2 S-5 (Producer input) 100.23 - 2.13xclay + 183.14xWHC 0.560
10.3 S-5 (Producer input) -16.99 166.34xWHC + 15.90xpH
- 2.36xclay 0.711
10.4 S-5 (Producer input) -134.90 311.36xWHC + 16.99xpH
+ 1.24xclay 0.787
10.5 S-5 (Producer input) -96.84 267.27xWHC + 16.8xpH 0.779
10.6 S-S5 (Producer input) -229.44 230.77xWHC + 33.57xpH
+ 0.34xcalcic 0.832
10.7 S-5 (Producer input) -282.86 173.17xWHC - 105.03xKf

+ 46.58xpH + 0.46xcalcic  0.856
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Appendix H. (continued)

Source of
Model # Dependent Intercept Slope*Variable R?
Variable Data
(Crop Yield)
10.8 S-5 (Producer input) -304.23 128.96xWHC - 158.24xKf
+ 52.28xpH + 0.52xcalcic ~ 0.869
10.9 S-5 (Producer input) -206.19 -158.32xKf + 50.81xWHC
+ 49.66xpH - 43.68xBD
+ 0.48xcalcic 0.911
10.10 S-5 (Producer input) -185.48 -153.11xKf - 59.48xBD

+ 50.5xpH + 0.5xcalcic 0.901

Note : WHC input as soil water holding capacity; Kf input as erodibility; clay input as soil clay
content, and calcic input as depth to calcic horizon. See Table 3-3 for dimensions used.
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Appendix I. Estimated yield potentials at the visited sites by experienced producers

of Gallatin Valle
Non-Irr W |Irrig. WW  |Non-Irr SW|Irrig SW  |Non-Irr Alf | Irrig Alf
Site #|Respondent  [LTA|BGYP|LTA [BGYP|LTA[BGY |LTA[BGYP|LTA|[BGYPLTA [BGYP
................................. bushel/Acre iiL..... 55t e IONJACTE it

1 |MattFlikkema| 55 | 65 | 70 | 78 [ 48 | 55 | 80 | 95 | 35| 45 [ 55| 6.0
RobBrownell | 55 | 85 | 80 | 110 | 45| 85 | 90 | 125 [ 25 ] 40 |35 | 5.0
DickMorgan | 40 | 60 | 70 | 80 |40 | 70 | 70 | 90 |15 2.0 | 3.5 | 4.0
Le Roy 60 70 80 90 55 65 75 30-. 530255190 1550
George 60" 75 F1 75 90" 70%] 75| 80N 200 14071 #4.0 ] iSIOTE 8T8
Ron Carlstrom| 70 70 80 80 80 80 90 90! 1630 | 3:0245:0:1.5.0
Jim Bauder 58416074160 575 U 9801250141 16071 65 16310 M 2355 kST 1S5S
2 |Matt Flikkema| 48 55 69 73 42 50 75 1100 1:3.5: 1 5.4 |:4.0 11160
RobBrownell | 40 | 70 | 70 | 100 [ 35 | 80 | 85 | 110 | 2.0 | 3.5 | 3.0 | 4.5
Dick Morgan [ 40 | 50 | 65 | 75 | 40 | 60 | 50 | 80 |14 | 20 | 2.0 | 4.0
Le Roy 55:.1. 60" 1475 | 8041545 .1:65821.65.] .85 11:2.0 1=3.0 -55:0:1"5.0
George 850 1" 55165 1170, || 609165 |75 1:80.18.0-1 3.0.1"40 ] 4.0
3 iMatt Flikkema |20 1025 1. 250 130 1215 41254 |- 200135 ] 1.5 13.0 1" 204} 3.0
RobBrownell | 35| 50 | 60 | 80 | 30| 70 | 70 | 90 |20 ]| 3.5 |25 | 4.0
Dick Morgan 20 172.0:01 200 20
Le Roy 40180710 60 165 |40 N1l S0 N 665 11:2.01]. 2.0 [4.0:1:4.Q

George 25 aS55ar 305140 304035 NI 5 15 408 (425 3.0
4 |Matt Flikkema| 50 | 60 | 60 | 70 | 50 | 65 | 65 | 8 |50 | 50 [ 6.0 | 6.4
Rob Brownell | 55 85 80 | 110 | 45 85 00 [ 128 1725  124.0" | 3:5" |:55:0
Dick Morgan | 50 65 70 80 45 60 | 60 0. 1.2.0 825 13108 1° 40
Le Roy 1S 85 75 90 70 80 70 85.:13.09.53:0 {:5:071%6.0
George 50 65 65 75 45 50 50 60: |'4.0 | . 4.51:50 1:i6.0
5 |MattFlikkema| 50 | 75 | 75 | 8 |40 | 70 [ 85 | 100 [ 25| 3.5 | 3.8 | 45
Rob Brownell | 35 | 70 | 65 | 100 | 30 | 60 | 75 | 100 | 1.5 | 3.0 | 25 | 45
Dick Morgan' | 40 [. 45 ] 55 | 65 ] 50 | :85: ] 604 .70 5L1.5 | 2.0ul:3.0°1 4.0
Le Roy 3041 48 5145 160 30 4SS0 65814 2.05.2:0 .1/ 5.0 150
George 45 50 60 0 40 55 60 @5 k400 4.5 150519555
l 6 |Matt Flikkema| 40 | 50 | 48 | 65 [ 35| 50 [ 40| 60 | 3.0 45 [45 | 6.0
RobBrownell [ 40 | 70 | 70 | 90 | 35| 60 |70 | 90 |12 ] 25 |28 | 3.8
! DickMorgan |40 | 45 | 55 | 65 | 50 ] 55 |60 | 70 |2.0] 25 |35 | 45
| Le Roy 357 E40E 1750 g0 40 .45 1785 L TSRE2.00153.0 1) 5:107]45:0
| George 30 35 45 60 30 43 45 S5 2.00102.5> | 4.01.50
J 7 |Matt Flikkema| 60 | 65 | 80 | 85 [ 60 | 70 [100| 110 | 3.5 | 5.5 | 6.0 | 6.4
} Rob Brownell | 45 | 60 | 8 | 100 | 40 | 60 | 95 | 120 | 2.0 | 3.0 | 3.5 | 4.5
| Dick Morgan | 50 | 60 | 70 | 80 [ 45| 60 [ 70 | 75 [2.0 | 30 |3.0 | 45
| Le Roy 50 127073 705 085:] 6011 17021780 | .85%] 310 | -3:0':1:6.0: 610
George 50 |60 1:65 |5751°5015:60. | 65 | 80 [ 404 4.5 1:55v1V5>

LTA = Long Term Average

WW = Winter Wheat SW = Spring Wheat

BGYP = Best Guess Yield Potential

Date : July 2, 1998

Alf = Alfalfa
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