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Abstract:

Knowledge of the productivity potential of each soil in a field can assist land managers in making
management decisions. Producers can realize greater returns on their investments if they use soil
performance data to set realistic yield goals, recognize yield limiting soil properties, and learn to farm
soils instead of fields.

We collected and compared soil performance data for twenty-one important agricultural soils in
Montana. Within a given field, five plots were located for each of two or three different soil series.
Each plot was evaluated for grain yield and selected chemical, physical, and morphological,
characteristics.

Yield differences between soil series in the same field ranged from 0.07 to 1.88 Mg/ha (1 to 28 Bu/A).
Following harvest, soils were analyzed ¢ to a depth of 120 cm for nitrogen, phosphorus, potassium,
organic matter, electrical conductivity, and pH. Morphological properties measured included depth to
calcium carbonate, available water holding capacity,. water use, and clay content. Depth to calcium
carbonate, organic matter content (0-15 cm), and soil pH (0-15 cm) proved to be the most
yield-limiting soil properties according to stepwise regression analysis (12 .= .83). It appears that these
properties in turn are related to available soil phosphorus (0-15 cm) and available water holding
capacity of soil profiles.

Fertilizer recommendations based on soil test values were made for individual soil series compared to
the entire field, This analysis provides evidence of the benefit of managing individual soil series
according to their potential. Soil performance data can be applied to soil survey maps, aerial
photographs, and other types of yield maps to assist the producer in managing soils according to their
potentials.
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ABSTRACT

Knowledge of the productivity potential of each soil in a field can
assist land managers 1in making management decisions. Producers can
realize greater treturns on .their investments if they wuse .soil
performance data to set realistic yield goals, recognize yield limiting
goil properties, and learn to farm soils instead of fields.

We collected and compared soil performance data for twenty-one
important agricultural soils in Montana. Within a given field, five
plots were located for each of two or three different soil series. Each
plot was evaluated for grain yield and selected chemical, physical, and
morphological. characteristics.

Yield differences between soil series in the same field ranged from
0.07 to 1.88 Mg/ha (1 to 28 Bu/A). Following. harvest, soils were
analyzed . to a depth of 120 cm for mnitrogen, phosphorus, potassium,

organic matter, electrical conductivity, and pH. Morphological
properties measured included depth to calcium carbonate, available water
holding capacity,. water use, and clay content. Depth to calcium

carbonate, organic matter content (0-15 cm), and soil pH (0-15 cm)
proved to be the most yield—liﬁiting soil properties according to
‘stepwise regression amalysis (r~ .= .83). It appears that these
properties in turn are related to available soil phosphorus (0-15 cm)
and available water holding.capacity of soil profiles.

Fertilizer recommendations based on soil test values were made for
individual soil series compared to the entire field, This analysis
provides evidence of the benefit of managing individual soil series
according to their potential. Soil performance data can be applied to
soil survey maps, aerial photographs, and other types of yield maps to
assist the producer in managing soils according to their potentials.




INTRODUCTTION

To realize optimum crop production for a crop-soil system, if is
necessary to characterize soil and plant growth relationships.
The influence of soil nu?rients, water and other soil characteristics on
crop production have been studied for decades. Recently, the impbrtance
of the interrelationships among plant characteristics and popul#tion,
soil moisture and fertility, soil morphological properties, temperature,
topography and many other variables which can influence cr;p yield and
quality has been recognized.

Only a limited number of quantitative investigations of cereal
grain yield in relation to soil series have been undertaken. This kind
of information can help farmers make decisions about cropping systems,
tillage, and fertilizer application bésed on each soil's vyield
capabilities and pfoperties.

Collecting soil performance data makes it possible to set realistic
crop yield goals for important agricultural soils. 'The data can become
an integral part of soil survey rerorts, providing farm managers a means
for improving their management decisions.. Overall usefulness of a soil
survey will be increased from an agroncmic sﬁandpoint.

The objectives of this study were to: 1) obtain soil performarce
data for 21 agricultural soils in Montana, 2) identify soil properties

related to yield performance of soil series occurring in sequence in a
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single field, and 3) evaluate opportunities for managing soil series

differently.




LITERATURE REVIEW

This section reviews research findings of four areas: 1) soil
performance studies, 2) topographical influence on crop yield, 3)

calcium carbonate influence on crop yield and, 4) soil variability.

SOIL PERFORMANCE STUDIES

.S0il performance studies are directed toward two objectives
simultaneously: 1) - to provide crop yield data for representative soils
and 2) to determine soil properties rel;ted to yield. Althoﬁgh some:
soil performance séudies have been completed, most fail to provide
adequate information on the yield of the same crop on different soils
and few attempt to identify yield-limiting soil properties.

Difficulties that arise in quantifying soil productivity are
partially due to crbp &ields being a product of various managemen£,
genetic, and climatic .factors as well as soil properties. 1In Montana
and other dryland production areas, yearly moisture differences have the

. greatest influence on year-to-year diffe?ences in soil productivity.

Odell (1958) suggests that most soil performance studies are based
on -one of thregﬂ methods which dinclude: 1) producer surveys, 2)'
experiment station or farm record data and, 3) small plot experiments.
The third method 1s the most precise method of gathering soil

performance data.
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Sampling crop yields on various soil series within the same field
eliminates the variability associated with management and cliﬁatic
factors so that yiéld differences can be attributed to soil properties
associated with specific soil series. This type of experiment reduces
the number of experimental variables. Management and climatic
- dnteractions and differences can be removed, so that the important
chemical and morphological soil properties can be examined.

Many studies have - been conducted to relate soil and Ccrop
'prpductivity to soil type (Rennie and Clayton, 1960; Bennett, et ai.,
Munn, et al., 1982; and Webb, et al., 1983).

Rennie and Clayton (1960) studied the significance of four local
soil types to soil fertility in Saskatcheﬁan. The criteria used to
assess soil productivity dincluded grain yield with and without
fertilization, uptake of applied phosphorus fertilizer, and extractable
phosphorus. Their. data showed variability in yield and response to
phosphorus even within small distances in a single field due to the soil
variability. They suggested that differences in productivity were
closely. associated with pedogenic differences used to classify soils.

Bennett et al. (1980) found that soils distinguished by differing
depths of fine téxtured material over gravels produced significantly
different yields of spring barley under dryland conditioms.

Munn et al. (1982) studied the effectiveness of the paired design
compared to nénpaired sampling to establish yield differences between
two soils developed on glacial till in northern Montana. Their findings

showed that percent calcium carbonate was highly negatively correlated
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with spring wheat yields on the Scobey-Kevin complex, but more so on the
Kevin soil than the Scobey soil.

Webb et al. (1983) concluded through regression analysis that
available water holding capacity increased with depth of fine textured
material over gfgvels (r2 = .92). Consequently; a strong linear
relationship (r2 = ,90) exists between yield and depth to gravels. They
suggest- the practice of mapping and. defining soils according to their

depth to underlying gravels.

TOPOGRAPHICAL INFLUENCE ON CROP YIELDS

Many of the agricultural soils in northern Montana were formed from
‘calcareous glacial till parent material. An undulating to strongly
rolling topography with slopes of 2Z to 15% is characteristic of soils
formed in glacial till. A catena or toposequence contains a continuum
‘of soil profiles which have developed under a range of micro-
environments caused by localized changes in relief (Bushmell, 1942). To
a great extent, soll properties are influenced by landscape position.
Lower slope positions are usually associated with better moisture,
greater - plant growth, increased water infiltration and percolation,
greatér organic matter content, énd increaséd degree of horizon
differentiation. On the other extreme, soils located at knoll positiohs
are usually shallow, droughthy, and much more prone to severe erosion.
In this study, the effect of soil properties and associated
micro—-climate was examined by sampling toposequences in each of several

fields.
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According to Larson (1981) erosion reduces productivity through the
loss of plant-available water capacity. This subjects the crops to more
frequent and severe water stress. He also states that erosion reduced
root zone depth.and is partially responsible for plant'nutrient losses,
degradation of soil structure, and ineffectiveness of pesticides.

Malo. and Worcester (1975) noted the relationships of crop growth to
landscape position in North Dakota. Sunflower response was studied at
various landscape positions under uniform management. The shoulder and
footslope positions showed decreases in plant heights, later blossoming
dates, lower yields and smaller seed sizes when compared to the
responses of the toeslope. Barley responses showed similar
relatiohships to landscape position in 1973. They suggested the
responses observed on the shoulder slope reflect the erosional and
moisture stress conditions at this landscape position. They concluded
that differences in plant responses to landscape position exist
primarily because of changes in soils and their associated properties.

Webb (1983) used regression analysis to show that for every 1 cm
increase in depth of fine material there was, on the average, a 36'kg/ha
increase in the yield of oats and a 31 kg/ha increase in the yield of
wheat.

In a study on the growth of winter wheat on a toposequence, in
Washington, Ciha (1984), found differences in mean grain yield ranging
from 0.45 to 1.90 Mg/ha when compared across .slope positions. He
concluded thét in the Palouse, slope steepness can influeﬁce soil
témpefature, levels of soil erosion Wifhin a single year, quantity of

snow present on the surface for protection against winter injury, and
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availablg soil moisture. He noted that it may become important in the
future to identify specific.cultivars for a slope position.

Ferguson and Gorby (1967) report that 15 kg of fertilizer P was
needed for optimum production on well-drained soils but twice as much
was needed for poorly drained soils. They thought this was due to the
changes in microclimatic factors as affected by 'the slope shape, size
and aspect.

Spratt and McIver (1972) initiated a study in Saskatchéwan to
determine whether fertilizer recommendatiohs, based on soil  tests,
should be modified for wvarious soils due to their topographical
characteristics. They reported that, with or without fertilizer, the
grain yields were lower at the crown of the hill and increased
progressively .down slope. Fertilizers did mnot dincrease the yield
potential .of thé crown and midslope positions to the level of the lower
sloﬁes. Théy reported tha£ basic soil factors of the soil catena affect
vields of wheat more thaﬁ’the soil fertility and that fertilizers would

not eliminate the large yield variation.

CALCIUM CARBONATE INFLUENCE ON CROP YIELD
The mineral c;lcite (CaCO3) is present in soils that have developed
in arid to humid. climates. It may occur either in the original soil
parent material or as a result of pedogenic processes. With increasing
rainfall, soil parent material is‘the important factor. in determining
ggographic distribution. Harper (1957) reports that with increasing
rainfall, the presence of calcic horizons are more confined to areas

with strongly calcareous parent materials.
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Many of Montana's soils have strongly calcaréous parent material
and limited moisture. Soil series are commonly diétingﬂished by soil
scientists .on the basis.of depth to calcium cérbonate. Where soil
moisture deficits occur in most seasons, soils with greater depth to
calcium carbénate,(higﬁef.water holding capacities) will usually support
higher yielding crops.

Theulonger a parent:material has been exposed to” processes of soil
formation, the éreater the soil profile development. The estimated time
for development of a calcium carbohate enriched Ck horizon 1is
apﬁroximately 10,000 years (Buol, et al., 1973). '

Calcium..carbonate horizons .are. thought to roughly indicate the
average annual depth of water.penetration, that is, the depth to which
salts are leached. Although- water sometimes  passes through
CaCOB—enriched horizons, these are the layers that tend to dry out last
and therefore become the place where relatively 1insoluble calcium
carbonate precipitateé from the soil solution.

Soils witﬁ‘ShallOW'carbOnate depth are common in semiarid regions

especially where they have been subject to severe erosion due to

cultivation. FErosive sites are. prone to a number of envirommental and

soil factors that reduce productivity. They include high soil
temperature,.lower available soil moisture, low organic mattgr content,
and shallow depth of mineral horizons (A and B horizoms).

Plant nutrient availability is often suppressed by an abundance of
free calcium carbonate in the éoil (Larsen, 1967; Spratt and McIver,
1972; Mortvedt, 1976; Karathanasis et al., 1980; Webb, 1983; Munn et

al., 1982).
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Larsen (1967) suggests the P labile pool is constantly transferred

to non-labile pools in the presence of CaCO He postulates that as P

3¢
fertilizer is added to the soil in the monocalcium phosphate form, it
moves as a concentrated solution of dicalcium phosphate. As it moves,

soluble P may react with CaCO, to form a precipitate of phosphate

3

minerals.

Spfatt and McIver (1972) studied crop response to P fertilizer omn
eroded sites in Manitoba. fThe§ suggested that soils high in Ca content
may either limit plant nutrient wuptake or rooting tendency. Their
findings also indicate that basic pedological.and microclimatological
factors of the so0il catena affect yields of wheat more than soil
fertility and fertilizers.

Mortvedt (1976) postulates thap shallow depth to CaCO.3 may cause
stunted plant growth as a result of P and micronutrient immobilization.
Karathanasis et al. (1980) studigd grain yields at international sites.
Their results showed low yields on highly calcareous soils.

‘In evaluating selected soil and climatic variables in Montana
Burke (1982) reported depth to calcium carbonate as positively
correlated with cereal grain yield. Dry consistence of the Ck horizon

was " also positively correlated with yield, due to 1its positive

correlation with greater depth to Ck and fine texture.
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SOIL VARTIABTILITY

Commonly, in fields one observes plant vresponses to soil
differences. Such "spots'" in fields are a problem for farmers, because
these areas need different management than other parts of the field.

Soil surveyors attempt to group similar soil areas together as
mapping units, in which the soil is expected to be homogenous or is at
least easily recognized from slope position or other features. Howeve?,
many inclusions of other.soils cannot be shown in standard soil survey
reports because areas smaller than about 5 acres are too small to show
on standard aerial photographs and maps.

An important . consideration for any soil-site study is the physical
and chemical'variability, either within a soil series (Wilding et 'al.,
1965; Cipra et al., 1972; Lee et al., 1975), or within a soil
cartographic unit émapping unit) (Adams and Wilde, 1976; Beckett and
Webster, 1971; Bascomb and Jarvis, 1976).

Wilding et al., (1965) and Adams and Wilde, (1976) ‘discussed that
with the increasing variety of uses which.soil surveys now serve in both
urban and rural areas, a greater emphasis must be placed on more
accurate and quantitative definitions of the basic dinterpretative
elements of surveys.

In a study of the Richfield silt loam, Cipra et al., (1972),
determined soil fertility variation among pedons separated by 3 m, 90 m,
and from 8 to 145 km. They reporF that variation émong pedons 3 m apart
contributed only slightly to total variation while pedons 9Q m apart

contributed substantially to total variation within the soil series.
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They contend that to estimate the soil series mean by *10%7, some
fertility tests would .require as many as 175 fields; others only two
fields.

Assessment‘of the soil factor can be complicated by variations in
climate, fertility levels, and rotation effects acéording to Lee et al.,
(1975) when studying wheat yields from four soil series. They concluded
that for more accurate. predictions of soil cropping potential, a
subdivision into soil types and phases would be desirable.

Beckett and Webster (1971) studied the wvariability of soil
properties within mapping units. They separated soil properties into
three groups: 1) Those which are only slightly affected by management,
such as sand, silt, and clay, plastic and 1liquid limits, thickness of
horizon, and total P, 2) properties such as organic matter, catibn

exchange capacity, and nitrogen and 3) properties most affected by

ﬁanagement such as available P, Mg, Ca, and K. Those properties most .

affected by management were consistently more variable than the others.
Bascomb and Jarvis (1976) examined the variability in threé areas
of the Denchworth soil_map unit in England. They also reported that the
properties influenced by management were the most variable. They
suggested that Denchworth soils can be managed uniformly for land useés
dependent upon physical properties of soil. But, the variability of
soluble phosphorus precluded the use of a soil map as a guide to
fertilizer application and little was achieved for that aspect of
management . They. suggested mapping soluble phosphorus distribution

within fields.
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MATERTIALS AND METHODS

LOCATION

The study sites are located in Chouteau County, in north central
Montana (Fig.l). It 1is presently being mapped under the National
Cooperative Soil Survey program and is scheduled for complétion in about
1990.. Most of the economy is based on cereal grain agriculture. This
county was sélecte& for study because 1) there were many fields with- at
least two conttrasting soil series within its boundaries 2) the area
ranks within the top two counties in the state for wheat and barley
production, and 3) the soil survey crew was particuiarly interested in
assisting with the initial mapping and interpretation of the respective

solil series.

SOIL FORMING FACTORS
The factors affécting soil formation in this area include: 1)
‘geologic parent material, 2) climate, 3) topography, 4) plants and
animals, and 5) time. |
Parent materials of the study sites in Chouteau County were
deﬁosited by the Laurentide continental ice sheet. The resultant
glacial till is derived from the soft black shale unit of the Colorado

Shale. The till is predominately calcareous loam and clay loam.




€1

Figure 1. Location of Study Sites.
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The climate of Chouteau County is continental characterized by
long, cold winters and warm summers althouéh warm chinook-like winds are
common during the winter monghSu The average annual precipitation
ranges from 30 to 40 cm.(12-18 inches). The mean annual temperature
ranges from 6° ¢ to 7° ¢ (420—4Sd F). The length of growing season
averages 125 days during which time 60% of the total annual rainfall
falls (Caprio et al., 1980).

The topography of Chouteau County results from the glacial advance
of the Laurentide Continental ice sheet. The dice rounded the
topography, smoothing hills, leaving depressions, and burying former
valleys. During the past century, intensive agriculture and resultant
‘'soil erosion, have further influenced the natural topography.

Native climax vegetation was domipéted by green needlegrass,
western wheatgrass, needieandthread, blue gramma, and little blqestem
(Soil Conservation ‘Service, 1976). Vegetation influences soil
properties in several ways. Organic acids reduce soil pH and increase
chemical weathering. Organic métter increases with amount of vegetation
undergoing microbial decomposition.

Parent materials of the study soils were deposited about 15,000
years ago as glacial till, outwash, and lake sediments (Klages and
Montagne, 1985). The minerology of glacial deposits is 'determined by
the kinds of rock formations from which they have been derived. Many of
the northern Montana deposits are calcareous, which indicates that

limestone has been one of the important source rocks.
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DESCRIPTION OF SOIL SERIES STUDIED

Soil series are soils that are grouped together because they have
‘similar profiie characteristics with the exception of Ap texture. The
primary use of soil seriés in ﬁhé classification system is to relate the
polypedons' represented on detailed soil maps to soil taxa and to the
interpretations that méy follow (Soil Taxonomy, 1975). This and the
following sections describe the soil series used in Fhis study.
Appendix A contains the complete Soil Conservation Service Soil
Interpretation Record for each soil series. Table 1 shows the soil
series studied and their classification according to Soil Taxonomy,
1975.

Soils at sites 1-4 were studied in detail whereas sites 5-8 were
examined less dintensively to provide a larger data base for yield
comparisons between soil series. Sites 5-8 ©provide excellent
opportunities fotr future related research.

The following groups of associated soils were studied in détail and
will be discussed by site. Infofmation about each soil association is
based on field observation and personal communication with SCS Soil
Survey party lgader, Neal~3véndsen.

Site number . Soil Association

Ethridge - Lonna

Bearpaw - Vida -~ Zahill
Scobey - Kevin - Hillon
Telstad - Joplin - Hillon

SN




. *
Table 1. Classification of Soil Series Studied.
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Site Soil Series Subgroup Family

1 Ethridge Aridic Argiborolls fine, montmorillonitic
Lonna Borollic Camborthids . fine-silty, mixed

.2 Bearpaw . Typic Argiborolls fine, montmorillonitic
Vida Typic Argiborolls fine-loamy, mixed
Zahill Typic Ustorthents fine-loamy, mixed

, _ (calcareous)

3 Scobey Typic Argiborolils fine, montmorillonitic
Kevin Aridic Argiborolls fine-loamy, mixed
Hillon Ustic Torriorthents fine-loamy, mixed -

. . (calcareous)

4 Telstad . Aridic Argiborolls fine-loamy, mixed
Joplin Aridic Argiborolls fine-loamy, mixed
Hillon (see site 3)

5 Kobar Borollic Camborthids fine, montmorillonitic
Marvan Ustertic Torriorthents fine, montmorillonitic

' (calcareous)

6 Chinook Aridic Haploborolls coarse-loamy, mixed
Yetull Ustic Torripsamments - mixed, frigid

7 Ethridge (see site 1)

Marias Udorthentic Chromusterts  fine, montmorillonitic
_ (calcareous) frigid

8 Attewan Aridic Argiborolls fine-loamy, mixed

Telstad (see site 4)
Sk

9 Attewan (see site 8) ‘

Telstad:

(see site 4)

* Classification

**TIrrigated site

according to Soil Taxonomy (Soil

Survey staff, 1975).
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"Site 1 soils are not as extensive in North-Central Montana ag the

glacial till soils of sites 2-4. Ethridge and Lonna were chosen to
compare soils with differences that are primarily related to morphology
instead of topﬁgraphy.

Sites 2-4 include glacial till soils that are very extensive in
cereal grain producing areés of Montana. Figure 2 illustrates a block
diagram of a typical glacial till landscape. Topography and landscape
position play a major role in the development of these soils. Soil
morphological expressions of development include differences in water

holding capacity, depth to calcium carbonate, and clay content.

Ethridge-Lonna (Site 1)

The Ethridge—}onna soils are primarily in the southwest part of the
county. The average annual precipitation is abéut 30 em (12 inches),'the
frost free period averages 120 days, and the mean annua} air temperature
(MAAT) is 44° F. The Ethridge samples were from an area of Ethridge
silty clay loam, on 0-27 slopes. The Lonna was éampled in an adjacent
area of Lonna silty clay loam with similar slope. Both soils formed in
glaciofluvial or glaciolacustrine deposits quite possibly associated with
glacial lake Great Fails.

Ethridge soils are deep, well-drained, fine, montmorillonitic Aridic
Argiborolls. They are generally silty clay loam throughout with a
well-developed argillic horizon. Calcium carbonate accumulations are
typically at depths of 25 to 35 cm (10 to 14 inches).

Lonna soils are' deep, well-drained, fine-silty, mixed Borollic

Camborthids. They are also silty clay loams throughout but have a




18

Figure 2. Typical Glacial Till Landscape.

Bearpaw
Scobey
Telstad

Zahiil glaciofluvial and
Hillon lacustrine sediments

Vida
Kevin

! Ethridge
Joplin Lonna




19

calcareous cambic horizon rather than an argillic horizon.

The morphological differences in these soils are‘ difficult to
explain. They are both on smooth, nearly level and stable landscapes,
about the same age and formed in the same parent material, yet the
Ethridge soil has a mollic epipedon and argillic horizon while the Lonna
soil is ochric with a cambic horizon. Erosion processes combined with
mixing of the Bk horizon may have changed the Lonna from a Mollisol to
the present calcareous Camborthid. The Lonna soils are significantly
lower in organic matter and do not have the desirable soil structure of

the Ethridge soils.

Beafbaw—Vida—Zahiil (Site 2)

These soils were saméled in "the south-central part of the county
near Ge?aldine, Montana where the average annual precipitation is about
40 em (16 inches), the frost free season is about 125 days, and MAAT is
about 45° F. The parent material is undulatiﬁg and gently rolling élay
loam continental glacial till. The samplgs were taken from areas of
Bearpaw and Vida clay loams, 0-47 slopes and 4-8% slopes respectively.
The Zahill. soil is an dimportant inclusidn in these mapping wunits,
particularly where slopes range from 4-8%.

Bearpaw soils are deep, well-drained, fine, montmorillonitic Typic
Argiborolls. They occur in loﬁ—lying smooth, depositional areas.
Calcium carbonate accumulations are at depths of 25-40 cm (10-16 inches).

Vida soils are deep, well-drained, fine—loaﬁy, mixed, Typic
Argiborolls. They occur on intermediate to wupper slope positions.

Calcium carbonate accumulations are at depths of 15-25 cm (6~10 inches).
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Zahill soils are deep, well-drained, fine~loamy, mixed (calcareous),
frigid, Typic Ustorthents. They occupy the knoll and ridge positions of
the landscape. Calcium carbonate is present at the soil surface and’
throughout.
The Bearpaw-Vida-Zahill association is very 'similar to the
Scobey-Kevin-Hillon association except the latter occurs in higher

rainfall areas (Ustic moisture regime vs. Aridic).

Scobey-Kevin-Hillon (Site 3)
These soils were sampled in the southwestern part of the county.
Climatic conditions are similar to the Ethridge-Lonna site. These soils
developed in clay loam continental glacial till. The plots were selected
from an area of Scobey-Kevin clay loams, with 0-4% slopes. Hillon is an
inclusion in this mapping unit.

Scobey soils are deep, well-drained, fine, montmorillonitic, Aridic
Argiborolls. They are on the lower, depositional slopes. Depth to
calcium carbonate ranges from 25-40 cm (10-16 inches).

Kevin soils are deep, well-drained, fine-loamy, mixed, Aridic
Argiborolls. TIts landscape position ranges from lower to intermediate
slopes. Calcium carbonate accumulates below the 15-25 em (6-10 inches)
depth.

Hillon soils are deep, well-drained, fine-loamy, mixed (calcareous),
ffigid, Ustic Torriorthents. They occur on the knoll positions and

eroded upper sideslopes. Hillon soils are calcareous at the surface.
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Telstad-Joplin—-Hillon (Site 4)

These soils were sampled in the west central part of Chouteau
county. The average precipitation is about 33 cm (13 inches),.the frost
free period about 120 days, and the MAAT is about 44° F. The parent
material is loam or clgy loam continental glacialitill on an undulating
to gently rolling landscape. Sample plots were 1in areas mapped Ias
Telstad-Joplin loams with 0-47 and 4-87 slopes. Much like Site 3, Hillon
soils are major inclusions in this mapping unit.

Telstad soils are deep, well-drained, fine-loamy, mixed, Aridic
Argiborolls. They are on lower slopes and smooth areas. Calcium
carbonate accumulations are at depths of 25-40 cm (10-16 inches).

Joplin soils are dgep, well-drained, fine-loamy, mixed, Aridic
Argiborolls. They occur on upper side slopes of knolls and occasionally
on knoll tops. Calcium carbonate accumulations are at depths of 15-25 cm
(6-10 inches).

Hillon soils are similar to those described for site 3 except they are

mainly loams rather than clay loams throughout the soil profile.

FIELD METHODS

Field Selection

Four key soil performance sites (sites 1-4), plus four additional
sites (sites 5-8) were selected in April of 1984 with the assistance of
SCS soil survey party léader for Chouteau County, Neal Svendsen and
regired soil scientist, June Haigh.

A single field-single producer approaéh was used to ensure uniform

management of each soil performance site. At the time of field
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selection, management data questionnairgs were filled out for each
cooperator. A sample questionnaire appears in Appendix B. Management
questionnaires are summarized in Appendix C. All sites were commercial
cereal grain production fields thgt received recommended fertilizer
rates, crop varieties, plant population, and pesticides. Crop rotation
- was generally winter wheat-fallow-spring wheat or barley with an
occasional crop of sunflower or safflower. Management‘and climate were
assumed to be c¢onstant throughout the respective fields so that soil
effects on crop yields could be examined.

A goal of this study was to discover an efficieﬁt and effective method
of collecting soil performance data. The method must accurately assess
soil series' yield performance under Montana conditions. The method must
also allow for collection of chemical and morphological data so that the
yield-limiting properties of a particular soil series can eventually be
understood.

Plot Selection

Following verification of the soil series by field investigation,
small plots were staked out along transects. Plots were chosen by
selecting an area of the designated soil series that was apparently
within the range of characteristics defined by SCS. Morphological
properties such as depth to calcium carbonate, presence of an argillic
horizon, and cléy percentage of the Ap and B horizons were.important
meaﬁs of identification.

For each soil series, five plots (replications) were marked with
dimensions dependent on row width. Plot size was 100 cm wide x 240 cm

long, for,2§ cm row width, 120 cm wide x 240 cm long for 30 cm rows, and
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140 em wide x 240 cm long for 35 cm rows. Plot size was measured with a

steel tape. Figure 3 illustrates plot locations for sites 1-4.

Field Measurements

At the beginning of the growing season, depth of spring soil
water was determined for all plots using the Brown soil moisture probe.
Measurements of slope percent, aspect, and landscape position (concave or

convex) were made for each plot.

Crop Sampling

Crop samples were collected to study the influence of soil series on
crop yield. 1In most cases, differences in crop density and overall vigor
were observable in the field and reflected influences of the contrasting
soil series.

Wheat samples were collected in late July of 1984 to dete;mine yield
differences betweeﬁ éoils. Percent protein, test weight, and number of
plants per plot were also measured. Test weight for individual samples
was used to calculate yield{ These data are presented in Appendix E for
general information and future reference.

The entire plot area was hand-harvested with an electric clipper.
Samples were bagged for each respective plot, tagged, and returned to
Montana State University storage. After allowing the grain to dry, it
was threshed, cleaned, and weighed to determine grain &ield for each

plot.




Figure 3. Plot Locations® for Sites 1-4.
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Soil Sampling

Following crop harvest of all plots, the sites were revisited and
soil samples were taken with a Giddings soil hydraulic probe to a depth
of 120 cm, using a 7.5 cm diameter probe. The probe was inserted at
several locations within each plot to obtain a composite sample.

For chemical analysis, composite samples (1 quart) were taken from
each of four depth increments of 0-15 cm, 15-30 cm, 30-60 cm, and 60-120
cm. Thus, there were samﬁles from five plots, with four depth increments
per plot totaling 20 samples for each soil series (Figure 4). Samples
were bagged, and returned to Montana State University soil testing lab
for chemical analysis dncluding pH (2:1), organic matter, Olsen-
phosphorus, extracfable potassium, nitrate-nitrogen, and electri;al
condgctivity,

Soil morphological properties were measured for each plot at. the
time of soil sampling. Measurements included depth to calcium carbonate
as determined by effervescence with a ten percent solution of
hydrocholoric acid (HCl), depth of respective soil horizons, and
estimated clay percentage of the Ap and B horizons. Additional analysis
of clay percentage and gravimetric water content was carried out at the

Montana State soil classificatior laboratory.
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Figure 4. Soil Sampling Design.

site
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LABORATORY METHODS

Soil Chemical Analysis

All soil samples were air dried in a forced-air oven at 55°-60° C
for 48 hours. Samﬁles were'crushed with‘a mechanical mortar and passed
through a ten mesh sieve. étaﬁdard Montana soil tesﬁing laboratory
procedures for field soils were used in determining soil pH; exéracfable
phosphorus, extractable potassium, nitrate, organic matter, and

electrical conductivity. Brief descriptions of each analysis follow:

Soil pH. Soil reaction was -measured in a 1:2 soil to water paste after
a 30 minute equilibration. The determination was made by glass

electrode.

Electrical Conductivity. Filtrate from the soil reaction test was used
for electrical conductivity measurement by conductivity bridée. .Resulté
were converted to saturated paste values by the equation: Y = 3X + .07
for X above 7 mmhos/cm and Y = 4X for X belpw 7 mmhos/cm; Y = estimated

saturated paste value and X = EC values.

Soil Phosphorus. Extractable phosphorus was determined by the Olsen

method as desctribed by Olsen et al. (1954). This method consists of

extracting soil samples with 0.5 N NalCO, buffered at pH 8.5. The

3

extract was treated according to the phosphomolybdate blue method of

Murphy and Riley (1962).
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Soil Potassium. The determination of extractable pgtassium-was made by
extracting soil samples with 1 N acetate solution bﬁffered at pH 7.0.
The sample was shaken for SQ minutes an& the filfered extract is
analyzed by flame emission on an atomic absorption spéctrophotometer

(Bower et al., 1952).

Soil Nitrogen. Nitrate-nitrogen was determined by cadmium reduction and

colorimetric analysis as detailed by Sims and iackson (1971).

Soil Organic Matter. Soil organic matter was determined by the modified

Walkley-Black method as described by Sims and Haby (1970).

Soil Physical Analysis

At the time of oven drying, soil samples from the 30-60 cm and
60-120 cm depths were analyzed for grévimetric wafer 1content. This
measurement provides' some indication of 'any plan£ avéilable water
remaining in each soil profile after harvest. The 0-15 cm samples were
not weighed because all were clearly too dry to contain available water.
In addition, clay contents for each deptﬁ increment were determined by
hand texturing and hydrometer methqd as described by Bouyoucos, (1936).
This information was necessary to estimate available. water holding

capacity (AWHC) and water use for each prdfile.

Available Water Holding Capacity. The Decker equation as described by
Decker (1972) was used td estimate AWHC. The equation is as follows:

AWHC (weight) = 2 + 0.33 (clay %) + 0.5 (oréaﬁic matter %)
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Total AWHC for the 120'cm profile was then adjusted by adding
growing season precipitation and subtracting 10 cm for plant- emergence.
AWHC by weight was converfed to a volume basis using estimated bulk

densities reported by Evans (1982).

Water Use. Water use was defined as profile AWHC minus water in the
same profile at harvest according to gravimetric water measurements,
plus growing season precipitation. The profile depth was assumed to be

120 em at all sites.

Plant Analysis

Percent Protein. Grain samples taken at harvest were used to determine

percent protein din grain by Technicon Near Infrafed Analyzer (Infra

Analyzer 400) method.

MANAGEMENT RECOMMENDATION PROCEDURE

To determine possible advantages of fertilizing by soil rather than
on a field basié, fertilizer recoﬁmendations for wintér wheat were taken
from the Montana Small Grain Guide (Extenéion Bulletin 364).
Recommendations of phoépﬁorus-(PZOS?, potassium (KZO?’ and nitrogen (N)
are given in Tables 12-14 (page 55). Thése data make it poésible to
determine if soil series require different fertility'levels to achieve
their respective yield goals.

Soil series yield goals.from SCS Soil interpretatiqn Records (10

year estimates) are reported in Appendix A. The author also
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communicated with SCS State Soil Scientist Staff concerning their yield
value determinations. For comparison, actual average crop vyields
obtained during this project: for the 1983-84 'growing season were

included.

STATISTICAL METHODS
Analyses of data were accomplished using Montana State University
Statistical Analysis Program (MSUSTAT) (Lund, 1985) and Statistical

Analysis System (SAS) (Helwig, 1978).

Soil Analysis

The experimental design for the. soil properties measured was a
nested design. There were four fields, two or fhree soil sefies per
field, five sampling plots (réplications) representing eacﬂ soil series,
and four depth observations at each sampling plot. Soil ﬁH, extfactable
phosphorus, extractable potassium, nitrate-nitrogen, organic matter, and
electrical conductivity were analyzed at 0-15, 15-30, 30-60, and 60-120
cm depths giving rise to 20 observations per soil series. Morphological
properties described by depth increment include: estimated clay
percentage available'water hoiding capacity, and water use. Depth to
calcium carbonate wés determined for each soil' during field plot
selection.

Means, standard deviation, range, mean difference, standard error
difference, and t-statistics were obtéined from the MSUSTAT T-Grouped

program. A one way analysis of variance was used to determine if there
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were significant differences in the means of solil properties between
soil series within a singie field.

To determine which of the soil variables contribute most to the
dependent wvariable, yield, SAS stepwise multiple reg;ession procedures
were used for all ele&en soil series combined and for individual soil
series. Apart from this procedure, SAS maximum correlation coefficient
(Max R) and Pearson's correlation matrix (Proc Corr) were conducted for
all soil series to  measure strength of relationship and
multicollinearity effects between the means of all 29~ soil variables
studied. Significance levelé were based ubn tables 1in . Statistical

Methods (Snedecor and Cochran, 1980).

Plant Analysis

To identify significant differences in the means of the crop yields
among soil series pairs, a one way analysis of'varianee was used. The
experimental design for crop yields was based on the assumption that the
mean yield from five plots represents the soil series.

A T test (MSUSTAT T GROUPED) was used to determine if significant

differences occurred between soils for crop yield.

Sample Number

In order to establish the number of experimental plots needed, one
would need a preliminary study to determine the amount of variability
within individual soil properties .

Sample number (n) is then calculated from the standard statistical

. 2 2 . .
equation: n==t s where n is the number of samples required; t

d2
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is the tabulated t value for the desired confidence 1level; s is the
standard deviation; and d is thé‘allowable erfor.

For purpose of this study, it was decided that five plot areas per
soil series would provide statistical Significancé for major wvariables
and would be a workable sample size for the 'numbef df ‘soil series

examined.

Standard Statistics

To measure the variability of sdil properties within a soil series,
the mean, standard deviation, range and coefficient of variation of the
propertiés ﬁeasured was calculated. The mean is a measurement of
central tendency, an average of all ploﬁs analyzed. The range includes
the minimum and maximum value for each determination; Standard

deviation (Snedecor and Cochran, 1980), is defined as:

=~J/ 1 1 - 2
sd m ‘&I_ (xi - X)
The coefficient of variation is the sample standard deviation

expressed as a percentage of the sample mean.

sd
cv =
X

While the’ standard deviation d1is in the same units as the
observations, coefficient of variation 1is a Trelative measure . of

variation (%).
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RESULTS AND DISCUSSTION

Results and discussion of the influence of soil series on cereal
grain yield are presented in three séctions; 1) soil performance data,
2) soil proéerties related to yield and 3) management gpportuﬁities.
Cereal grain ?ield differences for all soil series aré presented. A
statistical evaluation of so0il chemical and morphological dafau to
determine the most important 'yield-limiting properties is givén for
Sites 1-4. The third section describes management opportunities for
farming soils instead of fields' based on soil fest and fertilizer

recommendations for Sites 1-4.

SOIL PERFORMANCE DATA

Crop Yield Comparisons Between Soil Series

One of the greatest benefitg of a soil peformance study is that it
provides a summary of actual cereal grain-yields on various soil series.
Yield differences between soil series for whegt (Tri&icuﬁ aestivum L.)
and barley (Hordeum vulgare L.) are .preéented in Table 2. Yield
differences ranged from oniy 0.04 Mg/ha (0.6 Bu/a) between the Bearpaw
and Vida soil series, to a high of 1.86 Mé/ha (27.6 Bu/a) betweep Kobaf
and Marvan. .

Of a total of 15 soil series comparisons, eight had significant
differences at the 0.01 level with one additional soil series comparison

being significantly different at the 0.05 level. Six of the total nine
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Table 2. Grain Yield Differences Between Soil Series for "All Sites.

Yield
Site Soil Series Mg/ha Bu/a Significance
1 Ethridge ~ 2.85 42.3 "%
Lonna ' 2.49 36.9
2 Bearpaw 4.05 60.2 *%Z
Vida 4.01 59.6 L/
Zahill - C2.34 34.8
3 Scobey 2.65 39.3 *K, *%H
Kevin 2.26 33.5 kY
Hillon 1.92 28.5
4 ) Telstdd 2.49 37.0
Joplin 2.40 35.7
Hillon 2.17 32.2
5 Kobar 2.66 39.5 . Kk
Marvan . 0.80 11.9
6 Chinook 2.29 34.1
Yetull , 1.99 29.6
7 Marias - 2.45 36.2
Ethridge . 2.36 35.1
8 Telstad 1.67 24.9 K%
Attewan 0.69 10.2
91 Telstad 6.54 97.2 ®%
Attewan 6.08 90.4

%, #% Significant differences between means at the 0.05 and 0.01
levels, respectively; letter indicates soil series comparison
were significantly different.

1 = irrigated site ’
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soil performance sites had significantly different yields at the 0.05
level between soil series in the same field.

Compared to average growing season (May-July) rainfall data for
these sites (20 to 30 cm), rainfall was approximately 12 cm below
normal, Visual observations indicated greater water stress for soils
occupying the shoulder and knoll positions of the landscape where the
soil water regime is influemced by slobe, runoff, and wind.

Figures 5 and 6 show the ©plot locations and soil profile
characteristics in relation to crop yield for site 1 and sites 2-4

AN

respectively.

Crop Yield Variability Within Soil Series

The variation in yield for a particular soil series may have been
affected by microclimatological factors. Some of the wvariability may be
due to variations in slope, aspect, and shape of plot area (concave or
convex)., Table 3 presents the mean yields with their standard deviation,
range, and coefficient of wvariation for soil series at sites 1-4.

The Bearpaw, Scobey and Telstad glacial till soils occupying the
toeslope léndscape positions showed little plantlwater stress. On the
other hand, plants on the Zahill and Hillon soils expressed plant
water stress even ‘though post-harvest soil water content determinations
indicated they had greater subsoil water content (30-120 cm depth) than
the depositional and midslope soil series. This suggests that plants
grown on knoll positions may be incapable of taking up subsoil water,

even though it exists.
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Table 3. Means, Standard Déviations, Range, and Coefficient of
Variation for Crop Yields at Sites 1-4.

Site Soil Series X SD Range CV
Mg /ha YA
1 Ethridge .85 0.19 2.64-3.07 6.66
Lonna .49 0.23 2.21-2.65 9.24
2 'Bearpaw .05 0.30 3.62-4.43 7.41
Vida .01 - 0.61 3.37-4.71 15.21

 Zahill .34 0.56 1.88-2.96 23.93 . i
3 Scobey .65 0.39 2.17-3.02 14.72
Kevin .26 0.16 2.02-2.46 7.07
Hillon .92 0.13 1.80-2.13 6.77
4 Telstad .49 0.31 2.10-2.83 12.45
Joplin .40 0.23 2.15-2.73 9.58

Hillon .17 0.37 1.66-2.51 17.05 . |

X = mean

SD = standard deviation °

Range = minimum and maximum values
CV = coefficient of variation (%)




Figure 5. Wheat Yield at Site 1 in Relation to Soil Depth and

Characteristics of Toposequence.

site yield (Mg/hal yield [Mg/haj
1 Ethridge 2.85a " Lonna 2.49b

Soil depth [cm]

LG

* Yield values followed by the same letter are not significantly different at p = 0.01.




Figure 6. Wheat Yield at Sites 2,3, and 4 in Relation to Soil

Depth and Characteristics of Toposequence®.

site yield [Mg/ha) : yield [Mg/ha) vield (Mg /hal
2 Bearpaw 4.04a* Vida 4.01a Zahill 2.34b
3 Scobey 2.6 5a Kevin 2.26a'1 Hillon 1.92b
4 Telstad 2.49 Joplin 2.40 Hillon 2.1%

Soil depth [cm]

| Bk2

* Soil series found at sites 2,3, and 4 have similar soil depths and landscape positions;

see Appendix A for more detailed descriptions.

*% Yield values followed by the same letter are not significantly different at P

0.
t Yield values followed by the same letter ' are significantly different at p

=005,

Qi

8¢
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Percentage yield différences’were surprisingly similar between the
Ethridge and Lonna (16%), Kevin and Hillor (19%), and Joplin and Hillon
(13%). This may suggest. that given similar landscape position and
iparent material, soils with calcium carbonate accumulation at or near
the surface will yield about 167 less than soils with noncalcareous plow
layers. This shows the importance of keeping the top 15-25 cm of a
noncalcareous soil in place.

An evsluation of yield differences within individual soil series is
beyond the scope of this study. However, more accurate assessment of
soil series yield = potentials may require closer examination of
microclimatological factors. For example, soil series plots .could be
selected according - to similar hydrological characteristics (slope,
aspect, plot shape). Analysis of these characteristics might help

explain yield differences within the same soil series.

Soil Performance Data Collection Methodology

The collection of soil ©performance data in this study
systematically .provided 1) realistic yield goals for soils, 2)
information on the effects.of soil properties oﬁ crop yield, and 3) a
basis for management accbrding to soil c¢onditionms.

Data collection plots were iocated across landscapes
(toposequential testing) - for which grain yield was measured and soil
properties evaluated at each plot. Plots can be set up along a transect
: de;iberately traversing soil boundaries.

To effectively measure soil performance data, uniform procedures

are essential. The methodology used for this study proved to be an
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accurate and effective means of assessing crop yields across varying
soil conditions. Although it was designed specifically for Montana
conditions (Appendix B), the data"can be implemented into the USDA
Soil-Crop Yield Data Base (National Bulletin 430-3-12).
It may become important in the future to identify other important
soil and crop variables that wiil improve the overall usefulness of this

data.

_ SOIL PROPERTIES RELATED TO GRAIN YIELD

The second objective of this study was to determine the most
important soil properties related to grain yield. This section uses two
statisticaL methods of identifying so0il properties related to yield
differences between soil éeries.at sites 1-4.

The means, standard deviations, ranges, coefficients of variation,
and significance levels for séil chemical and morphological properties
are presented in Appendix F. Soil factors that probably limited yield
were selected on the basis of logic and common kﬁowledge gained from the
literature and personal communication. Although factors other than
those discussed were aléo significantly different they are not diécussed
here because their roles as yield-limiting factors are not understéod.

T

Selected Yield-Limiting Soil Properties

Ethridge - Lonna

Table 4 shows five soil properties related to yield differences

between the Ethridge and Lonna soil series. Solum thickness 1s a soil
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feature which indicates a degree of profile development and/or
weathering. Ethridge has a greater solum thickness and has undergone
more development of profile and soil structure than Lonna. Lonna is
subject to high wind erosion hazard whereas the hazard is moderate for
Ethridge (Lonna is in wind erodibility group 4L, Ethridge in group 7).
Ethridge soils have deeper depth to CaCO3 and an argillic horizon (Bt)
development which provides greater AWHC and Waﬁer retention din the
profile.

Ethridge has more favorable nutrient conditions for wheat growth.
As shown in Table 4, Ethridge has three times more available pho;fhorus
and double the extractable potassium in the Ap horizon. As previously
mentioned, calcium carbonate is known to limit the availability of soil
phosphorus in calcareous soils. Although the depth to CaCO3 for Lonna
was about 14 cm, field evidence of some CaCO3 mixing within the Ap
horizon by cultivation, may Thave further influenced nutrient
availability. Differences in extractable potassium might be attributed
to clay fixation or available water characteristics.

The significant differences in pH at the 0-15 cm depth reflect the

addition of some CaCO, to this layer.

3
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%
Table 4. Selected Factors (5 of 14 ) Related to Yield Differences
Between Ethridge and Lonna Soil Series at Site 1.

Soil Properties Depth(cm) Ethridge Lonna
AWHC (cm) 0-120 " 23 18
CaCO3 Depth (cm) 23 14
Olsen-P (mg/kg) 0-15 18 6
Extr-K (mg/kg) 0-15 . 596 287
PH 2:1 0-15 7.9 8.5
Yield (Mg/ha) 2.85 2.49

(Bu/a) 42.3 36.9

*minimum significance level = 0.05
N =35
AWHC = available water holding capacity

Bearpaw — Zahill

Table 5 shows four soil propérties related to yield differences
between the Bearpaw and Zahill. Site 2 is a good example of rolling
glacial till topography with approximately a 15 m variation in relief
and with steepness of slope exceeding 15% in some areas.

Bearpaw occupies depositional areas and has a deep mollic epipedon.
It is among the top yielding cereal grain producing soils in Montana.
Bearpaw's high productivity potential is influenced by high Ap clay
content, high phosphorus and potassium availability in the Ap, and depth

to CaCO3. In high rainfall years, runoff of soil and nutrients from the
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upper slope positions is 1likely to have a positive influence on
Bearpaw's productivity.

%
Table 5. Selected Factors (4 of 12 ) Related to Yield Differences
Between Bearpaw and Zahill Soil Series at Site 2.

Soil Properties Depth(cm) Bearpaw Zahill
Clay (%) ] 0-15 26 21
CaCOB Depth (cm) 41 ) 0
Olsen-P (mg/kg) 0-15 - 21 11
Extr-K (mg/kg) 0-15 278 174
Yield (Mg/ha) 4.1 2.3
(Bu/a) 60.2 34.8
* .
minimum significance level = .05
N=25

Zahill soils are calcareous and occupy knoll landscape positions.
Fertilizer phosphorus in calcareous soils can precipitate to form

relatively .insoluble compounds that deposit on surfaces of CaCO or

3’

phosphate can be retained by clays saturated with CaCO, (Tisdale and

3

Nelson, 1975). TUnder native conditions, the Zahill soils have shallow

depth to CaCO

3 and low organic matter content in the Ap horizon. With

cultivation of these erosion-prone areas, calcareous C horizon is mixed
into the Ap horizon. This is probably detrimental to plant nutrient
relationships. Whether yields are reduced by gains in CaCO, or the

3

associated losses in so0il organic matter is still wunknown. Larson
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(1981) and Gillespie (1984) conclude that erosion reduces productivity
through loss of plant-available water capacity, reduced root zone depth,

plant nutrient losses, and degradation of soil structure.

Vida-Zahill

Vida and Zahill were also compared at Site 2 as shown in Table 6.

. .
Table 6. Selected Factors (4 of 11 ) Related to Yield Differences
Between Vida and Zahill Soil Series at Site 2.

Soil Properties Depth(cm) Vida Zahill
CaCO3 Depth (cm) 21 0
Olsen-P (mg/kg) 0-15 _ 18 11

. Extr—K (mg/kg) - 0-15 - - 339 174
oM (%) 15-30 1.8 1.2
Yield (Mg/h) 4.0 2.3

(Bu/a) ' ‘ ) 59.6 34.8

*minimum.significance level = .05
N=5 .

Surprisingly, the Vida series yielded nearly as much as the Bearpaw even
though it was expected to &ield intermediately between the Bearpaw and
Zahill due to its landscapé position. The high fertility program and

favorable precipitation at this site may have "masked" differences in

- yield potential in 1984,

?ﬁlécted factors related to yield differences between the Vida and

Zahill are very .similar to the Bearpaw and Zakill comparison. One
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exception was significantly different organic matter content at the
15-30 cm depth.

Scobey-Hillon and Kevin-Hillon

Scobey, Kevin and Hillon soil series were studied at Site .3. It
became evident that these glacial till soils wvary considerably over
short distances as a result of.topographic position. Scobey and Kevin
soils occupy the depositional and  midslope landscape positions that
receive additional materials while Hillon soils lose materials because
of erosion by wind and water.

Significant yield differences occurred between Scobey and Hillon,
Kevin and Hillon, and Scobey and Kevin soil pairs. Five soil factors
related to yield differences were identical and are presented in Tables
7 and 8.

Scobey and Kevin may yield' greater amounts of winter wheat due to
more favorable water and nutrient conditions. Scobey has the greatest
depth to calcium carbonate, Kevin, the intermediate depth to caléium
carbonate, and Hillon is calcareous at the soil surface. Based on the
average values obtained in this study, the Scobey and Kevin soils had
more available phosphorus and potassium thén the Hillor soil in the 0-15
and 15-30 cm depths. This demonstrates the depressing effect that
calcium carbonate seems to have on phosphorus and potassium
availability. |

Significant differences in surface horizon pH and organié matter

occur between Hillon and the other two soils. The low organic matter
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: *
Table 7. Selected Factors (5 of 18 ) Related to Yield Differences
Between Scobey and Hillon Soil Series at -Site 3.

Soil Properties >Depth (cm) Scobey Hillon
AWHC (cm) 0-120 21 11
CaCO3 Depth (cm) 36 0
Exch-K (mg/kg) 15-30 " 395 165
pH 2:1 0-15 6.9 8.3
oM (%) 0-15 2.1 1.8
Yield (Mg/h) - 2.7 1.9

(Bu/a) . 39.3 : 28.5
%
minimum significance level = .05
N=5
) ) %
Table 8. Selected Factors (5 of 18 ) Related to Yield Differences

Between Kevin and Hillon Soil Series at Site 3.

Soil Properties Depth (cm) Kevin Hillon

AWHC (cm) 0-120 , 16 11
CaCO3 depth (cm) 22 0
Exch-K (mg/kg) 15-30 341 165
pH 2:1 0-15 6.9 8.3
oM (%) ‘ 0-15 2.1 1.8
Yield (Mg/h) ' _ 2.3 1.9

(Bu/a) 33.5 28.5

%

minimum significance level = .05
" N=5 '
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content and high pH level of the Hillon suggest that topsoil losses by

wind and water are rapid compared with soil development processes.

Scobey — Kevin

Significant yield differences at the .05 level occurred between the

Scobey and Kevin soils (Table 9) evéen though the respective plots were

located less than 50'm‘apart (Figure 3, pg. 24). It is interesting to

note that these two soils differ chemically from the Hillon soil in a

nearly identical manner.

However, the selected soil factors related to

yield differences between Scobey and Kevin are quite different.

: *
Table 9. Selected Factors (3 of 8 ). Related to Yield.Differences
Between Scobey and Kevin Soil Series at Site 3.

Soil Properties Depth (cm) Scobey Kevin
Water Use (cm) 0-120 28 16
CaCO3 Depth (cm) 36 22
EC (d/Sm). 60-120 2.6 7.1
Yield (Mg/h) 2.7 2.3
(Bu/a) 39.3 33.5

% '

minimum significance level = .05

N=35

Scobey had more clay in the 15 to 30 cm depth and sighificantly

greater depth to calcium carbonate -accumulation.

These two factors
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facilitate greater water retention in the Scobey profile. 1In years with
low rainfali, such as was the case dur;ng 1984, Scobey may yield more
than Kevin solely &ﬁe to more favorable soil moisture supplies.

Another possible éxplanation for yield differences might be the
significant difference in ‘elecfrical conductivity in the 60-120 ‘cm
depth. Several saline seeps at various stages of development were
present on this fafm. Perhaps' the Kevin soils had subsoil and moisture
characteristics coﬁducive to saline conditions that limited crop
response.

Telstad-Joplin—-Hillon

Although there were yield differences between the Telsfad, Joplin,
and Hillon soil series, they were not statistically significant (Table
2, pg. 34). Soil identification was more difficult at this site than at
any other.

Factors that most influenced the yield differences between these
goiis are associated with landscape position. The knoll positions of
the Hillon and to a lesser degree the Joplin are exposed to wind
erosion. Snow blows off these pOSitioﬁs in the winter and accumulates
in the lower areas occupied by Telstad, provided enough crop residues
‘are present.

Depth to calcium carbonate and available soil water are perhaps the
most important factors related to yield differences at this site. ihis
site illustrates how high fer;ility ‘management can ‘'mask" ' soil
performance differences. As seen in Appendix C, this farm manager
applied fertilizer to meet a- 50+ bushel per acre yield goal for all

soils. This provided excessive nutrient levels for the Telstad and
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Joplin. On the other hand, this level was wasteful for the Hillon
because of its shallow depth to CaCO3 and usual lack of enough water to

support a 50+ bushel per acre yield.

Regression Analysis

To determine whiéh of the soil variables contribute the most to the
dependent variable, yield, SAS stepwise regression procedures (Helwig,
1978) were used to obtain the best regression model.

The stepwise regression technique used for this analysis begins
with no variables in the model. The variables are then added one by one
according to their calculated F statistic. The higher the F~statistic,
the greater the variable's contribution to the model.

A stepwise model was generated for soil series means of dependent

variable, yield, and ;hé,following independent variables: pH, organic
e ..

H

matter content, Oié%ﬁ*«u;phosphorus, extractable potassium,
nitrate-nitrogen, electrical conductivity, available water holding
capacity, water use, and erth to calcium carbonate. All variables (29)
were taker. at four depth increments (0-15, 15-30, 30-60, and 60-120 cm)
except depth to calcium carbonate.

Based on stepwise regression, the' three most important soil
variables influencing cereal grain yield at sites 1-4 were depth to
calcium carbonate, pH (0-15 cm), and organic matter content (0-15 cm).
These three soil variables contributed r-square values of 0.297, 0.232,

and 0.305 respectively, toward a coefficient of determination of 0.834
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for the prediction equation (Table 10). The stepwise regression model

equation for all soils at sites 1-4 is:

Yield = CaCO3 depth (0.04) + pH 0-15 cm (0.88) +

Organic matter 0-15 em (1.64) - 8.37

R? = .83

Where depth to CaCO, is reported in cm and organic matter in %.

3

Table 10. Summary of Stepwise Regression Model for All Soils.

Variable . R Square R Square Increase

CaCO3 depth (cm) .296
pH, 0-15 cm .529 .232
Organic matter 7, 0-15 cm .834 ©.305

Significance probability F-value = 0.004

Stepwise models were also developed for each soil series using the
same soil independent variables against the depencent variable, yield.
A summary of the results for the best fit regression model by soil
series appears in Table 11. The sample size (N=5) may be insufficient
to conclude which soil property affects grain yield for a particular
soil series. However, this approach needs further research to determine

how reliable it would be if an adequate sample size was used.
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Summary of Stepwise Regression Model by Individual Soils.

Soil Series 1st Best/R2

2nd Best/R2 3rd Best/R2

Ethridge K2
0.738
Lonna P2
0.914
%
Bearpaw OM3
0.808
%*
Vida OM1
0.809
Zahill oM3
: 0.700
) %
Scobey H203
0.853
. * .
Kevin K1 ,
0.859
*
Hillon EC1
0.811
%*
Telstad H204
0.860
Joplin H204
0.718
%
Hillon K4
0.955

Kl + pH1™" K1 + pHl + pH3
0.998 0.999
*%
P2 + K& P2 + P3 + K4
0:996 0.999
%k
OM3 + pH3 OM3 + pH3 + ECL
0.981 0.999
oML + P1” OML + OM2 + P1
0.978 0.999
k%
OM3 + P1 OM3 + pH3 + P1
. 0.99 . 0.999
*%
H202 + pHI K1 + K2 + H204
0.998 0.999
%%
Xl + K2 K1 + K2 + H204
0.995 0.999
* k%
ECl + EC3 EC3 + N4 + OMIL
0.993 1.0
. %%
H204 + OM4 H204 + OM4 + EC4
0.999 0.999
H204 + pHI P1 + OM4 + pHL"
0.967 0.999
Kk
K4 + H204 K4 + H204 + P2
1.0

0.999

N .
= gignificant level .05

&
" s significant level .01
N = 5 (sample size) )
K = extractable potassium (mg/kg)

P = NaHCO. phosphorus (mg/kg)

" OM = orgahic matter (%)

HZO = available water holding capacity (cm)
- EC = electrical conductivity (d/Sm)

1, 2,

3, 4 = depth increments 0-15, 15-30, 30-60, 60,120 cm respectively
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A correlation analysis using the SAS PROC CORR procedure (Helwig,
1978) was used to measure how strongly cc;rrelated the means of any two
independent variables might be ‘fqr all soils. The resulting correlation
coefficients appear in Appendix G with the highest coefficients being
0.9¢ between nitrogen at all four depth dincrements. Several other
variables have high correlation coefficients that are ‘difficult to
explain., They dinclude organic matter (0-15 cm) and P. (15-30 cm) at
0.98; organic matter (0-15 cm) and P (60-120 cm) at -0.98; and organic
matter '(15;30 cm) and K (0-15 cm) at -0.98.

Helwig, (1978) suggests that two variables may appear to be highly
correlated'when, in fact, they are not directly associated with each
other but are both highly cor.related.withia third variable. This is the
case with the high correlation coefficients stated in the preceding
paragraph. The strong correlations between independent variables are
without logic. These firidin\gs‘vsuggest that multicollinearity has little
effect on ’Which independent soil variables were related to yield.

df the variables appeéring in the regression model for .;all soils,
greater depth to calcium carbonate and increased organic matter content
influenced yield as expected whereas yield increased ;s pH increased.
This is contradictory to wh‘at is expected for Montana soils where pH
Vvalues of 6.5 to 8.5 are common. Accordiﬁg to Helwig, (1978) a drawback
of regression analysis is the literal interpretation of the values
within the model.

As shown in the individual soil series' regression models (Table
11), the most it;xportant soil variables affecting grain yield véry from

soil to soil. Some of the variation is due to natural soil factors;
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parent material, climate and topography. Other variation may be induced
by erosioﬁ severity and management.

As mentioned in the literature review section, Beckett and Webster
(1971) separated soil properfies into three groups from least to most
affected by ménagement. The.third and most variable group includes soil
properties like available phospﬁorﬁs and potassium which are most likely
affected by management. - Based :on. the results of this stﬁdy,
significant differences of phospﬂorus and potassium between soil series
‘suggests that managément 'opportunities exist. Finding: the Dbest

combination and amount of fertilizer to apply to a particular soil could

be prompted by soil test recommendations for individual soils within the-

same field.
The next section examines managemert opportunities by comparing
fertility recommendations of individual soils with -uniform field

applications.
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MANAGEMENT OPPORTUNITIES

Agricultural production is entering an age of ‘'fine-tuned
fertility." TFertility technology developed by Soil Teq Inc., allows
blending and spreading at prescribed - rates, on~the-go, using
computerized soil maps and radar guidance. The greatest benefit of this
.sysfem is the ability to apply ecoﬁomic levels of fertilizer according
to a soil's yield-potential.

The following section discusses possible advantages and
implications for fertiiity management by soil series compared to-uniform
field application. This -approach lends itself well to modern
developments in fertilizer technology. It can also be a useful tool in
showing producers and others involved in agriculturél production how to
get the higﬂest return for their fertilizer dollar.

Soil test values and recommended fertilizer rates of phosphorus,
potassium, and nitrogen are presénted in‘Tables 13-15. Phosphorus and
potassium recommendations were based on the 0-15 cm depth increment soil
test wvalues and for nitrogen, the 0-60 cm sample depth was used.
Recoﬁmended nitrogen fertilizer rates vary for each soil depending upon
the expected vyield. With greater expected yield, more nitrogen
fertilizer is required. Phosphorus and ﬁotassium fertilizer amounts are
dependent upon the respective soil test levels rather than the expected
yield. |

‘' Soil test values and recommendations for individual soils are
reported separately and for comparison are also averaged to determine
fertility'recommendations on a field basis (Tables 16-20). The values

given by field are probably close to what the farmer would receive,
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%
Table 12. Phosphorus Soil Fertility Recommendations.7

Olsen phosphorus level " Recommended P205
mg/kg 1b/a-
0 - 4 i 45 - 60
4 - 8 35 - 45
8 - 12 25 -'35
12 - 16 10 - 25
16 - 20 0 - 10

*Based on The Montana Small Grain Guide, Ext. Bull. 364.

: %
Table 13. Potassium Soil Fertility Recommendations.

Potassium level Recommended K20
ng/kg 1b/a
0- 75 50 - 60
75 - 125 35 =50
125 - 250 . 25 - 35
250+ 0 - 25

*Based on The Montana Small Grain Guide, Ext. Bull. 364.

‘ %
Table 14. Nitrogen Fertility Recommendation Equation.

(2.5 1b N) (GYG) - Spring soil NO,-N = Recommended N (1b/a)

3

*Based on The Montana Small Grain Guide, Ext. Bull. 364.
N = Nitrogen
GYG = Grain Yield Goal (bu/a)




56

because samples were taken to represent the entire field, not individual
soils. Standard English units (1b/a) were used rather than metfic units
(kg/ha) because grower fertility recommeﬁdations are still reported this
way.

Limitations of the "fertilizer by soil" approach might include:
1) soil identification, 2) soil variability, and 3) ability to vary
management practices. Many lgndscapes are composed of soil complexes,
phases, and inclusions that are difficult to effectively delineate and
.map. These conditions might warrant the use of aerial infared
photographs to identify soil differences. Preliminary  aerial
photography research at Montana State has shown that remotely sensed
data can be useful in evaluating soil conditioms.

In addition, the variability of phosphorus, potassium, and nitrogen
levels for some soil series may be too large for accurate fertilizer
recommendations. In this case, there is no benefit from sampling and
fertilizing by soil series. |

Finally; soil fertility and fertilizer trecommendations depend in
part on past and present soil management préctices. Heavy past

applications for example, can hide some natural differences in soil

fertility.

Fertilizer Recommendations
Site 1. Table 15 ©presents soil test 1levels and fertilizer
recommendations for the Ethridge and Lonna soil series. ° Ethridge

requires 10 1b/a of additional phosphorus fertilizer (P Lonna

205)
requires 40 1b/a.
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Potassium levels are high (greater than 300 mg/kg) for the
Ethridge. No fertilizer is required for this soil but the Lonna soils
need 25 lb/a (KZO)'

More nitrogen fertilizer (N) is fequired for the Ethridge soil due
to a 10 bushel difference ‘in éxpécted yield. |

‘For comparison, the fertilizer recoﬁmendations by field show that
adequate amounts of phosﬁhorus'and poéassiﬁm fertilizer &ould be applied
to the Ethridge soil. On the other hand, insufficient amounts would be
;vailable for the Lonna. Nitrogen reéomméndations' on a field basis
would 1limit the Ethridge yigld potential.‘ The Lénna soiis would héve
sufficient nitrogen levels for its expecte& yield.

Based on the results ofAfertilizing by soil and by field, it may be
presumed that fertilizer management by soil could effectively reduce the
cost ofvproduction at site 1. Soil survey maps and aerial photographs
could be used to develop a fertilizer maﬁagement mép, baséd on the
respective soil series boundaries. fhié map of average phosphorus,
potassium, and nitrogen distribution would show that the Ethridge soils

require different amounts than the Lonna.

Sites 2-4. Fertilizer recommendations according to soil test levels for
sites 2-4 were very similar (Tables 16-18) and will be discussed
together. The landscape relationships of these glacial till soils have

a major influence on both fertility requirements andicrop response.
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Table 15. Mean Soil Test Values (mg/Kg) and Corresponding Fertility
Recomimendations (1b/a) for the Ethridge and Lonna Soils.

Management Yield goal - Actual yield Soil test Recommendations
. ' values
P K NO3-N P205 K20 N

bu/A : mg/ kg 1b/a
By Soil ‘ ‘ ‘ ‘ ;
Ethridge 45 42.3 18 596' 6 - 10 0 100
. Lonna 35 36.9 6 287 3 40 25 80
By Field 40 ———— 12 442' 4 25 0 90

%
Values based on average of Ethridge and Lonna soils.

Typically, the depositional soils (Bea;paw, Scobey, and Telstad),
did not require pﬁosphorUs and potassium fertilizer, but required the
higﬁést amounts of nitrogen to obtain expected yields.

Soils on the mid-slope landscape positions (Vida, Kevin, and

Joplin) required O or 5 1b/a of P 0. Nitrogen

205 and 0 or 25 1b/a of K

2
requirements reflect an intermediate yield goal between.those of soils
on depositional and knoll positidns.'

For soils on knoll _pqsitions (Zahill and Hillon), P205
recommendations were 20 or 25 lbs/a.

Potassium requirements for Zahill and Hillon (site 4) were 25 and

30- 1b/a K,0 per acre respectively. Hillon (sité 3) contained sufficient

2
levels of potassium for the expected yield.

Nitrogen requirements of 55-65 1b of N per acre for the knoll

position soils are indicative of 25 and 26 bu/a yield goals.
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Based on field observations and soil mapping, sites 2 and 3 have
soil differences for which differential fertilizer management would be
practical. A fertility map would show increasing phosphorus and
potassium requirements from the depositional and mid—slope landscape
positions to the knoll areas. The need for nitrogen fertilizer would
increase from the knoll and mid-slope positions to the dgpositional,
high producing soils.

If differential fertility management were desirable at site 4,
(Table‘18) Telstad and Joplin might warrant similar managemént due to

their morphological similarities. According to SCS Soil Scientist, Neal

Table 16. Mean Soil Test Values (mg/Kg) and Corresponding Fertility
Recommendations (1b/a) for the Bearpaw, Vida, and Zahill

Soils.
Management  Yield goal - Actual yield Soil test Recommendations
values
P K NO3-N P205 K20 N
: bu/A -—-mg/kg 1b/a

By Soil

Bearpaw 45 60.2 21 365 - 3 0 0 105
Vida 40 59.6 18 339 2 5 0 95
Zahill 26 34.8 . 11 270 - 3 25 25 60

%
By Field 37 - 17 325 3 0 0 85

“Values based on.average of Bearpaw, Vida, and Zahill soils.
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Svendsen, these two soils could ‘be mapped as a complex (personal

communication). Hillon, occupying the knoll landscape positions, might

possibly be managed differently.

Table 17. Mean Soil Test Values (mg/Kg) and Corresponding Fertility
Recommendations (1b/a) for the Scobey, Kevin, and Hillon

Soils.

Management Yield goal - Actual yield Soil test Recommendations
, values
P K NO3-N P205 K20 N
bu/A ~—-mg/kg ' 1b/a
By Soil :
Scobey 40 39.3 © 20 482 10 0 0 80
Kevin 35 33.5 19 591 13 5 0 65
Hillon 25 28.5 14 342 3 20 0 60
* < .
By Field 33 — 18 472 9 5 0 70
%
Values based on average of Scobey, Kevin, and Hillon soils.

Table 18. Mean Soil Test Values (mg/Kg) and Corresponding Fertility

Recommendations (Ib/a) for the Telstad, Joplin and Hillon

Soils.
Management Yield goal - Actual yield Soil test . Recommendations

values
P K NO3-N P205 K20 N
bu/A- “mg/kg E—
By Soil ’
Telstad 35 37.0 29 358 - 1 0 0 85
Joplin 33 ' 35.7 23 295 2 0 - 25 80
Hillon 25 ‘ 32.2 137 211, 4 25 30 55
*

By Field 31 - 22 288 2 0 25 75

* .
Values based on average of Telstad, Joplin, and Hillon soils.
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The question of whether the benefits of fertilizing by soil
outweigh the cost of doing it is still unanswered. Luellen (1985) noted
that matching the right fertilizer prescription to the soii condition
will allow a grower to realize a net gain of from $5.00 to $15.00 per
acre in additional yield and in savings of fertilizer not oversupplied.
Depending on equipment, soil mapping, and field conditions, the
increased cost amortized across four years, is between $1.50 and $2.50
per acre more than present custom applicator costs. The computerized
fertilizer applicators are .obviously more expensive than present-day
conventional spreaders. In addition, soil mapping and/or aerial
photography will be required to assess soil conditions across every
field.

Differences in grain yield within a single field such as the above
mentioned was partially due to variation in soil fertilit§ between
soils. These findings suggest that to more fully maximize grain yields
across soil conditions, it may be beneficial to manage differentially.
At present, fesearcheré'are working to further develop the technical,

economical, and practical components of the "manage by soil'" technology.
: ge by g
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SUMMARY

A soil performance study was carried out during the 1983-84 cereal
grain'growing season in Chouteau County, Montana. ﬁctgal crop yields
were collected for twenty-one soil serieé to determine the actual
differences between either two or three soil series within the same
field. Soil chemical and morphological properties were evaluated to
identify possible yield-limiting factors. Average wvalues for soil
phosphorus, potassium, = and nitrogen were wused as a basis for
investigating the possible benefits of fertility management by soil
rather than by field.

All sites chosen for study were farmer-operated fields. Soils were
compared within a single field so that manageﬁent and climatic effecté
were minimized. Yield, percent protein, and test weights were

I

determined on five' plots for each soil series to study the differences

s
I
'

in crop response.’

Following harvest, soils were sampled at four depth increment;
(0-15, 15-30, 30-60, and 60-120 cm) directly below each plot harvested.
The samples were ‘analyzed for nitrogen, phosphorus, potaséium, organic
matter, electrical conducFiVity, and pH. Soil morphological properties
measured included depth to éalcium carEdnéte, available water holding
capacity, water u;e, and clay content. 'Data were analyzed by paired-t
test and multiple stepwise regression to determine likely yield-limiting
factérs for each soil.

Finally, fertilizer regommendations based on soil test values were

made for individual soil series and were compared with recommendations

for entire fields.
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CONCLUSTONS
Sampling two or- more soils in a field provides soil performance
data that essentially eliminates climate and management as
variables.
Cereal érain vields between soil series within a single field were
significantly different at six of nine sites. |
stepwise linear regression and paired-t statistical methods were
employed to identify soil properties related to grain yield.
According to stepwise linear regression, based on eleven soil
series (sites 1-4), depth to calciqm carbonate, organic matter
(0-15 em), and pH (0-15 cm) were the ﬁhree most important soil
properties related to yield.
In several soils, it appeared that these properties were in turn
related to phosphorus and potassium availability and available
water holding capacity.
Further research is needed to show the relative importance of
calcium carbonate depth versus organic matter content on yield.
Soil test variations and corresponding fertilizer recommendations
suggest that management opportunities exist for fertilizing by soil
rather than by field.

Hopefully, this thesis has conveyed some new messages concerning

effects of soil series on crop vyield and ' possible management

opportunities for cereal crop production in Montana.
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Appendix A. Soil Series Interpretation Records

HTe580 SOIL INTERPRETATIONS RECORD

HLRA(S): 43, 44 ATTEHAN SERIES
WLB, 3-83 STONY
ARIDIC ARGIBOROLLS, FINE~LOAMY OVER SANDY OR SANDY-SKELETAL, MIXED

THE ATTEWAN SERIES CONSISTS OF DEEP, WELL DRAINED SOILS FORMED IN ALLUVIUM. TYPICALLY THESE SOILS HAVE A COBBLY LOAM
SURFACE LAYER 6 INCHES THICK. THE SUBSOIL IS CLAY LOAM. THE UPPER PART OF THE SUBSTRATUM IS LOAM AND THE LOWER PART IS
VERY GRAVELLY LOAMY SAND TO A DEPTH OF 6@ INCHES. THIS SOIL IS ON FANS AND TERRACES IN A 10 TO 14 INCH PRECIPITATION
IONE. THE NATIVE VEGETATION IS MAINLY MID AND SHORT GRASSES. THE FROST FREE SEASON IS 90 TO 105 DAYS. SLOPES RANGE FROM

T0'8 PERCENT.
ESTIMATED SOIL PROPERTIES :
DEPTH| ; i {FRACT {PERCENT OF MATERIAL LESS  {LIQUID 'PLAS- |
(IN.)|  USDA TEXTURE UNIFIED AASHTO >3 IN! THAN 3" PASSING SIEVE No. | LIMIT |TICITY
! ! t Heeriliia s 3 10 itaeiiirzee ! | TNpEX |
0-6 lcB-L [CL-HL, GH-GC, SH-SC [A-4 115-25170-95 '65-90 's5-85 '40-70 | 20-30 | 5-10 |
-6 |STV-L [CL-HL, GH-GC, SM-SC |a-4 |25-50i70-85 65-80 55-75 40-60 | 20-30 | 5-10 |
6-15cL, ScL, GR-L |CL-KU!CL, SH=8C.GH-GC [A~4, A=6, A-2 0-1070-90 65-85 50-85 25-70 | 25-a0 | 5-15 |
15-251CL, GR-L, SIL ICL-HL,CL1GH-GC, SH-SC {A=4. A6 | 0-10l¢5-98 6o-85 Se-a5 35-75 | 20-35 | 5-15 |
25-60 GRV-LS, GRX-LS, GRV-S|GP, GP~GM, GM A-1 | 0-25/20-55 15-50 lo-s0 0-15 | - | W |
DEPTHICLAY |MOIST BULK| PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- |EROSION|HIND |ORGANIC!  CORROSIVITY |
e ez - ) TR (6673 - TR T 1 Y I L = T -
o6 l10-200 - | | 66-73 1 - I on' [15stia) g i aes !
¢-15/20-35) - | | s6-7:8 | - lwoperate |l32] ° | ! !
15-25 ls-ni - i i 7.4-8.4 <2 | Lo I.Jzi
25-¢0) 0-10] - | | eloz-ele3 |7l4-8l4 | < | Low |les)
| FLOODING | WIGH WATER TABLE | CEMENTED PaN |' BEDROCK !SUBSIDENCE HYD!POTENT'L!
: | DEPTH | 'KIND [MONTHS |DEPTH!HARDNESS |DEPTH |HARDNESS |INIT. |TOTAL IGRP| FROST |
| TFREQUENCY | DURATION [WOWTHS | (FT) | : faw | o) bawg'lawi i L actron |
| NONE H i {1 %.0 | H = 60 i : Y TH
: 1 0 y '
CAPABILITY AND YIELDS PER ACRE OF CROPS AND PASTURE (HIGH LEVEL MANAGEMENT)
' CLASS- CAPA= WHEAT, | WHEAT, | BARLEY | PASTURE | ALFALFA | GRASS- OATS
: DETERMINING BILITY | WINTER | SPRING | : | HAY © ILEGUME WAY
1 PHASE (Buy | CBu) L (aw) | A | (Tows) | (ToKs) (BU)
: NIRR{IRR. [NIRR {IRR. [NIRR [IRR. [NIRR [IRR. |NIRR (IRR. [NIRR [IRR. INIRR {IRR. INIRR |IRR.
lca AE|ag’[30 [70" '2s 170" a0 'ee” {18 [ 7.0 1 sl [T Ve | 100
{55 i N R N L R R T B i |
i i I i | | | | i i i | i I
i i I I i I | ] I i i | | i
I I ] i i | | i | | | | | |
I I i i | I | | | i | | | i i
I I | i I I | | | i i | | I
I i i i i I | | | | | | | |
| I | I | I i i | I | i i I
| I | ] i | | i I | | I | |
I i 1 I i I I i i i i i i i
Te170 SOIL INTERPRETATIONS RECORD
MLRA(S): 52, 5BA, 43, 44, 46, 560 ATTEWAN SERIES

~-83
ARIDIC ARGIBOROLLS, FINE-LOAMY OVER SANDY OR SANDY~SKELETAL, MIXED

THE ATTEWAN SERIES CONSISTS OF DEEP, WELL DRAINED SOILS FORMED IN ALLUVIUM. TYPICALLY THEY HAVE A LOAM SURFACE LAYER, A
CLAY LOAM SUBSOIL AND UPPER SUBSTRATUM, AND A VERY GRAVELLY LOAMY SAND LOWER SUBSTRATUM. VERY GRAVELLY MATERIAL IS AT A
DEPTH OF 20 TO 40 INCHES. THEY ARE ON TERRACES AND FANS IN A 10 TO 14 INCH PRECIPITATION ZONE. THE NATIVE VEGETATION IS
MAINLY MID AND SHORT GRASSES. THE FROST FREE SEASON IS 90 TO 130 DAYS. SLOPES RANGE FROM © TO 8 PERCENT.

ESTIMATED SOIL PROPERTIES :
DEPTH| i : {FRACTIPERCENT OF MATERIAL LESS  {LIQUID [PLAS- |
(IN.) USOA TEXTURE UNIFIED AASHTO >3 IN| THAN 3" PASSING SIEVE No. | LIMIT !TICITY
: : : S S Uil i L | THDEX |
0-6 L he, cLn [a-4 |05 |a5-100's0- 55-75 | 20-30 NP-10 |
-6 sL IsH la-s, a-2 | o5 la5-100 & 30-50 | 15-25 [NP-5 |
-6 _|GA-L [sH-sC, sH, GH-GC, GA-4 | o-10]s 35-50 | 20-30 |wp-10 |
6-15/CL, SCL, GR-L jeL. s¢ A= | 8-5 175-100 76-100 55-85 35-70 | 30-40 |10-20 |
15-25]CL. GR-L, SCL jeL. sc, oc [A-6 | 0-5 170-100 ¢5-100 50-85 3565 | 30-40 |10-20 |
25-60|GRY-LS, GRX-LS. GRV-S!GP, GB-GH, GM, SH  [A-1 | o-15125-55 15-50 5-20 @-15 | - | WP |
DEPTH|CLAY |MOIST BULK| PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- jEROSION:WIND |ORGANIC|  CORROSIVITY |
9% 10-28] < T9.6-2.0 | 0.16-0.20  [6.6-7.3 = ™ LOW 1.37] 3] 5 | 1-3 | WieA | oW |
| o-6 i10-15] - | 200-600 | 0.13-0.16 {s.‘-v,s bENE ! Low {.zb{ 3 { anilligey :
o6 |10-200 - | ole-2i8 | eli3-016 lele-7.3 | - L G b 2 i R S
e-15120-35! - | ole-2le | el1e-0i17 lele-7.8 | - {MoDERATE | 32]
15-25/15-30| - 0.6-2.0 | 0.13-0.15 !7.4-84 <  |mooerate !.32!
25-60! o-10! - I 76,0 | o0.02-0.03 !7.4-8.4! <@ ! Low !les!
| FLOODING |~ HIGH WATER TABLE | CEMENTED PAN i'' “BEDROCK  1SUBSIDENCE !HYD:POTENT'L!
! | DEPTH | KIND |MONTHS |DEPTHIHARDNESS!DEPTH (HARDNESS|INIT. TOTAL |GRP| FROST |
| —FREQUENCY | DURATION [MOWTHS | (FT) | ! Feano o | (NI ACTION !
! NONE I ! | 6.0 | i Rt !0 | Jaagd to! tow |
: ! 1 b ;
. CAPABILITY AND YIELDS PER ACRE OF CROPS AND PASTURE, (HIGH LEVEL MAMAGEMENT) e
CLASS= CAPA- . | WMEA ARLEY |  OA ALFALFA A
! DETERMINING } BILITY l WINTER | SPRING HAY SILAGE BEETS
| PHASE | TR 1 1) (8U) (8U) (TONS ) (TONS ) (TONS)
: [NIRR{IRR. [NIRR {IRR. INIRR |IRR. |NIRR 'IRR. [NIRR |IRR. |NIRR |IRR. INIRR IRR. [NIRR |IRR.
{o-4% WARM, L, GR-L | 3 agiliae” | 25 1’50 |'s0 |80 |'s6 100 |'1.3] 4.0 25 22
14-8% WARM,L\GR-L | el 3l 2 22 38 52 1.1
0-8% COOL.L,GR~L 3k /3 !3 !70 |25 |70 | %0 |20 100 5.0
10-8% WARM.SL %€ !

|
i
I
i
|
|
|
|
le-8% cooL, st I 4 I
I
I
I
I
F

| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
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MTO139 SOIL INTERPRETATIONS RECORD

MLRA(S): 52, 538 BEARPAW SERIES

REY. HWLB. 3-83
TYPIC ARGIBOROLLS, FINE, MONTMORILLONITIC

THE BEARPAW SERIES CONSISTS OF DEEP, WELL-DRAINED SOILS FORMED IN GLACIAL TILL. TYPICALLY, THESE SOILS HAVE A CLAY LOAM
SURFACE, AND CLAY LOAM SUBSOIL AND UNDERLYING MATERIALS. THEY OCCUPY GLACIAL TILL UPLANDS IN A 13 TO 19 INCH
PRECIPITATION ZONE. THE NATIVE VEGETATIO IS MAINLY MID AND SHORTGRASSES. THE FROST FREE SEASON IS 100 TO 130 DAYS. THE
SLOPES ARE © TO 15 PERCENT.

H ESTINATED SOIL PROPERTIES

DEPTH! : {FRACT {PERCENT OF MATERIAL LESS  |LIQUID [PLAS- |
(IN.)|  UsDA TEXTURE ! UNIFIED AASHTO {23 IN| THAN 3" PASSING SIEVE No. | LINIT |TICITY|
i (PeT)! 4 1 10 | 48 | 200 NDEX
iy e e | 5 (Sl it Teise atee | ug g
05 L L-ML, CL A4, A=6 5 =
Sl e o fr i 8 11300 0itee TEcits ore | 03 e
s5-23lcL, ¢ L A= - - - -
23-39cL, SIcL, ¢ leLs o A=6, A-7 | o-5 !g5-100 8o-100 70-100 55-85 | 35-60 |15-35 |
39-0icL, SICL, C leL, o A=6; A°7 | o-5 |a5-100 80-100 70-100 55-85 | 35-60 !15-35 |
DEPTHICLAY |MOIST BULK! PERMEA- | AVAILABLE SOIL | SALINITY | SHRINK- |EROSION{WIND |ORGANIC|  CORROSIVITY
o5 773 - T R T THODERATE |-37) 5 | & | 1-3 | FIGH [WODERATE!
o-5 120-27 - | ele-e.20 lel1-7a | - ImooeRaTE 133l 5 | ¢ | 1-3 |
o-5 l20-271 - | o16-0i20 lel1-7l8 | - iwooeraTe |1a3i 5| 6 | 13 |
5-23/35-50| - | ol1s-ei18 lele-ais | - | Hieh  |lar|
23-39135-45] - | o15-el18 l70e-814 | 2-¢ | WIGH |37
39-60,30~45 | - i 0.15-0.18 7.4-9.0 ;| 2-8 HIGH 1]
FLOODING i" 'HIGH WATER TABLE | CEMENTED PAN |''~ BEOROCK  ISUBSIDENCE |HYDIPOTENT'L
| DEPTH | 'KIND {MONTHS |DEPTHIHARONESS|DEPTH (HARDNESS|INIT.!TOTAL|GRP| FROST |
FREGUENCY | DURATION [WONTHS | (FT) | : fn i loaw " Hany T acton |
! NONE ! ! 1.0 | ! et I ! e i C |MODERATE]
; CAPABILITY AND YIELDS PER ACRE OF CROPS AND PASTURE (HIGH LEVEL MANAGEMENT) (A) t
: CLASS- I CAPA= WHEAT, | WHEAT, BARLEY | OATS | | ALFALFA | GRASS HAY
: DETERMINING BILITY | WINTER | SPRING ! : HAY
! PHASE Uy | Cay) (" L) S (TONS) (TONS)
NIRR!IRR. !NIRR |IRR. INIRR !IRR. !MIRR 'IRR. !NIRR jIRR. !NIRR 'IRR. !NIRR !IRR. !NIRR 'IRR.
lo-4% PEC3s 3t | 26|48 70" '35 |65 ['se |90’ |'se |9 | : 2.0 155 101
14-8% PECI4 3 | 3! 40 s 50 50 2.0 1.0
e Preai 3 | af I | | | | | | | | I
15o15% POR pedll | I I | | | | | | I
{0-3% P34 ge' e : Haeay o | | 58 | ! ! | 2i0 | !
13-6% PE>34 2 | : tar | % | | 5 | | | ] 20e | |
§-9% PE>34 3 30 3 40 1.5
| | | I | | | | I | | | |
| I I | | | | | I I | i
I | I I | i i | I i | |
| I | I | | | | | | | |
! i M et t pREETRY [ ANE i i
HT0065 SOIL INTERPRETATIONS RECORD
MLRA(S): 48, 52, 54, 584, 608 CHINOOK SERIES

-83
ARIDIC HAPLOBOROLLS, COARSE-LOAMY, MIXED

THE CHINOOK SERIES CONSISTS OF DEEP, WELL DRAINED SOILS FORMED IN MATERIAL WEATHERED FROM SANDY ALLUVIUM OR AEOLIAN
MATERIAL. TYPICALLY THESE SOILS MAVE A FINE SANDY LOAM SURFACE AND SUBSOIL AND THE UNDERLYING MATERIAL IS FINE SANDY
LOAM OR LOAMY FINE SAND. THEY OCCUPY FANS, TERRACES AND UPLANDS IN A 1@ TO 14 INCH PRECIPITATION ZONE. THE NATIVE
VEGETATION IS MAINLY MID AND SHORT GRASSES. THE FROST FREE SEASON IS 110 TO 135 DAYS. SLOPES ARE @ TO 35 PERCENT.

ESTIMATED SOIL PROPERTIES '
DEPTH| : {FRACT {PERCENT OF MATERIAL LESS  |LIQUID [PLAS- |
(IN.)]  USDA TEXTURE | UNIFIED AASHTO {23 IN| THAN 3" PASSING SIEVE No. | LIMIT [TICITY|
i i I(PCT)i 6 118 Voae | 208 i Ixuosx |
0-6 [FsL su A4, A-2 | 9 |80-100 75-100 65-85 '30-50 | 15-25 [NP-5
9-6 ISt |sM A4, A-2 | 9 [80-100 75-100 55-75 30-50 | 15-25 [WP-5 |
6-52/FsL, |sM A=4, A-2 | o [80-100 75-100 55-85 30-50 | 15-25 [NP-5 |
52-66 FSL, LFs, SL M A4, A=2 | o |80-100 75-100 60-80 25-45 | 15-25 [NP-5 |
| i I i I I i
! : : ‘ :
DEPTH{CLAY !MOIST BULK| PERMEA= | AVAILABLE SOIL | SALINITY | SHRINK- |EROSION{WIND |ORGANIC|  CORROSIVITY |
|To=% ] 518 - T O.13-8.06 e.6-8.% 1 <@ | LW 2015 3 | 12 | WIGH | LOW |
0-6 | 5-18! - | 0.12-0.15 [6.6-B4 | 2 ] LoW 2051 3 1-2
-2/ 5-18] - | 0.12-0.18 le.e=ti0 | | Uow |2l " | ! !
52-66| 5-15| - | o1i-0i2 2lesie]| @ | Low |l2ef
i ! g ! |
i FLOODING | HIGH WATER TABLE | CEMENTED PAN |  BEDROCK  ISUBSIDENCE {HYD!POTENT'L|
! | DEPTH | 'KIND {MONTHS |DEPTHIMARDNESS |DEPTH |HARDNESS|INIT. TOTAL!GRP] FROST |
| TFREQUENCY | OURATION [WONTRS | (FT) | i I | an ! BUIRTT] ! acTION
£ wokes) ! 1 6.0 | . b= 60 | MES OR8]
CAPABILITY AND YIELDS PER ACRE OF CROPS AND PASTURE (HIGH LEVEL MANAGEMENT) X
: CLASS- | CAPA= " ' URHEAT, T HHEAT BARLE SUGAR | POTATOES, | ALFALFA | GRASS HAY
! DETERMINING | BILITY | WINTER SPRING BEETS IRISH Wy |
| PHASE | I (8u) (8U) (TONS | (CHT) (TONS ) (TONS )
i [NIRR{IRR. |NIRR [IRR. [NIRR |IRR. [NIRR [IRR. [NIRR {IRR. [NIRR |IRR. |NIRR {IRR. |NIRR :IRR.
Jo-sx |48 | 4 | 32 25 |55 136 |se 17 {408 1710 145012 | 30
[4-8% . | 46 | 4€ | 28 22 |50 | 3 15 35 | e8| 35| 100! 300
{8-15% “E | 2 18 24 0.6 0.8
|15-35% 6E
|ouLLTED 6E

'
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
| |
| |
| |
| |
| |

:72
|
I
|
{
I
I
|
|

|
|
i
|
|
|
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HT0093 SOIL INTERPRETATIONS RECORD

MLRA(S): 44, 46, 52, 53A, 54, 58A, 608 ETHRIDGE SERIES
REV. WLB, 4-83

ARIDIC ARGIBOROLLS, FINE, MONTMORILLONITIC

THE ETHRIDGE SERIES CONSISTS OF DEEP, WELL-DRAINED SOILS FORMED IN ALLUVIUM. TYPICALLY, THESE SOILS HAVE A SILTY CLAY
LOAM SURFACE LAYER, SILTY CLAY AND SILTY CLAY LOAM SUBSOIL, AND THE UNDERLYING MATERIAL IS SILTY CLAY LOAM. THEY OCCUPY
TERRACES. FANS, AND FOOT SLOPES IN A 10 TO 14 INCH PRECIPITATION ZONE. NATIVE VEGETATION IS MID GRASSES. THE FROST FREE
SEASON IS 115 TO 135 DAYS. SLOPES RANGE FROM @ TO 25 PERCENT.

i ESTIMATED SOIL PROPERTIES
DEPTH

i i {FRACT {PERCENT OF MATERIAL LESS  [LIQUID |PLAS- }
(N USDA TEXTURE i UNIFIED AASHTO {23 IN| THAN 3" PASSING SIEVE NO. | LIMIT |TICITY
| i ((PET) & 1 10 | 48 | 200 | | INDEX |
0-6 |CL jeL A-6 | 9 | 100 95-100 85-100 70-80 | 25-40 10-20 |
0-6 SICL jeL A=6, A-7 | © | 100 95-100 90-100 85-95 | 25-45 10-20 |
0-6 L, SIL jCL-HL A=b | @ | 100 95-100 70-90 60-80 | 20-30 | 5-10
6-28;SIC, SICL, C jcL A-7 | @ | 1060 95-100 95-100 90-95 | 40-50 ;20-30
28-63)SICL, CL, SIL L A6, A-T | © | 100 95-100 95-100 85-95 | 3e-50 ;10-25 |
} H | i |
DEPTH]CLAY |MOIST BULK! PERMEA- | AVAILABLE SOIL | SALINITY | SHRINK- |EROSION]WIND jORGANIC,  CORROSIVITY |
-6 |27-35, - [ 9.2-0.6 | e.1a-0.18 i = [MODERATE [.37) 5 | & | 1-3 | HIGH | LOW |
0-6 ,27-35 - | 9:2-8.6 | 0.16-0.20 i - |MODERATE .37/ 5 | 7 | 1-3 |
0-6 120-27, - IC.G-Z.O I 9.18-0.22 | e | LONW |"3x & 6 §{ 33§
6-28)35-45, - [0.06-0.2 | 0.12-0.15 M | HIGH .32
28-63(25-40| - [0.06-0.2 | ©.16-0.20 - 24 [HODERATE |.37
i i | | el
i FLOODING | _HI ABLE | CEMENTED PAN |  BEDROCK _  |SUBSIDENCE |HYDIPOTENT'L|
| | DEPTH | NTHS |DEPTHHARDNESS |DEPTH (HARDNESS | INIT. [TOTAL (GRP| FROST |
| FREQUENCY | DURATION [HOWTHS | (FT) | LT [N [N (TN 1 ACTION |
i NONE | | { %0 | o ot | 60 | R 100 1L LR
CAPABILITY AND YIELDS PER ACRE OF CROPS AND PASTURE (MIGH LEVEL MANAGEMENT)
CLASS- PA- EAT, WHEAT, BARLEY ALFALFA | GRASS HAY |  OATS
DETERMINING BILITY | HINTER SPRING HAY © i
PHASE [ (BU) (BU) (BU) (TONS) | (TONS) | (BU)
umn;mn.lum‘ {IRR. |NIRR [TRR. |NIRR [TRR. |NIRR {IRR. |NIRR TRR. |NIRR |IRR. |NIRR |IRR.
0-4% 3 | 3 4 | 2 |50 |42 |65 1.5 5.5 1.2 3.0 58 7 H
4-8% 3E | 3E 40 i 25 s 1.5 | 1.0 136 ) i
8-15% 4E | | 35 2 5 | 1.2 | | 0.8 I i
35=28% O P T | I ¥ TP B I |
I | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | I
| | | | | | | | | | |
| | | | | | | | | | |
| | | I | | | | | | |
e R T e ! R !
HTO103 SOIL INTERPRETATIONS RECORD
MLRA(S): 52, 53A, 58A HILLON SERIES
REV. RER, 4-83

ER, 4
USTIC TORRIORTHENTS, FINE~LOAMY, MIXED (CALCAREOUS), FRIGID
THE HILLON SERIES CONSISTS OF DEEP, WELL-DRAINED SOILS FORMED IN GLACIAL TILL. TYPICALLY THESE SOILS HAVE A LOAM SURFACE

LAYER AND LOAM UNDERLYING MATERIAL. THEY OCCUPY UPLANDS IN A 1@ TO 14 INCH PERCIPITATION ZONE. THE NATIVE VEGETATION IS
MAINLY MID AND SHORT GRASSES. THE GROWING SEASON IS 105 TO 135 DAYS. SLOPES ARE @ TO 7@ PERCENT.

ESYXHATED SOIL PROPERTIES

DEPTH| {FRACT (PERCENT OF MATERIAL LESS  ILIQUID |PLAS-
(IN.)|  USDA TEXTURE UNIFIED AASHTO [>3 IN| THAN 3" PASSING SIEVE No. | LIMIT |TICITY
{trenil el ! | 200 INDEX
o-5 lcL L 0-5 |85-100'85-100 85-95 '70-80
b
L | o-5 |85-100 80-100 80-90 65-80 | 25-35 |10-20

gl I
il 5 I
!

i
|

I

25-35 |10-20 |

I

I

I i
I

' '
| | |
| | |
}c }A-i | | : |
g (L INL. CL, CL-ML ll-b. A=6 0-5 85-100 80-100 80-90 65-75 | 20-35 iNP-15
C A6
| | |
| | |
| |
| |

SOIL | SALINITY | SHRINK- {EROSTONKIND jORGANIC) CORROSTVITY

DEPTH|CLAY |MOIST BULK| PERMEA- | AVAILABLE
{705 127-357 = [ 9.6-2.0 | ©0.15-0.18 |7.4-8.4 %] [HODERATE .37/ 5 = 4L | .5-2 | HIGA | LOW |
| 05 ;20-27) - [ 0.6-2.0 | ©.18-0.20 |7.4-8.4 , <2 [ LOW 1,430 5 1 &L .5-2 |
| 5-60,20-35, - [0.06-€.2 | ©0.15-0.18 7.9-9.0 <2 [MODERATE |.43; | : i
| | i I | | | | il
! ! ! ! ! | ! [
: FLOODING ! HIGH WATER TABLE | CEMENTED PAN ! BEDROCK __ |SUBSIDENCE |HYD!POTENT 'L
: { DEPTH | KIND |MONTHS |DEPTH!HARDNESS DEPTH {HARDNESS INIT.!TOTAL:GRP| FROST |
{TFREQUENCY | DURATION  [HONTHS | (FT) | | [N S L {(IN1((IND |} ACTION
| NONE / i 1.06.0 } PSS 1260 | A ! C |MODERATE|
CAPABILITY AND YIELDS PER ACRE OF CROPS AND PASTURE (HIGH LEVEL MANAGEMENT)
CLASS- | CAPA= = | WHEAT, | WHEAT, BARLEY ALFALFA | i
DETERMINING BILITY WINTER SPRING HAY
PHASE (BU) [ (8U) (BU) (TONS) |
NIRR|IRR. NIRR [IRR. |NIRR [IRR. |NIRR [IRR. |NIRR [IRR. NIRR |IRR. |NIRR {IRR. |NIRR |IRR.
0-8% AE | 4E | 25 27 40 1.5 i
8-15% AE | 4E | 2l 22 a8 1.3
15-35% 6
35+% 7€

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
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MTe289 SOIL INTERPRETATIONS RECORD
MLRA(S): 52 JOPLIN SERIES
REV. RER, 4-8

ARIDIC ARGIBOROLLS FINE-LOAMY, MIXED
THE JOPLIN SERIES CONSISTS OF DEEP, WELL DRAINED SOILS FORMED IN GLACIAL TILL. TYPICALLY THEY HAVE A LOAM SURFACE LAYER

4 INCHES THICK, A LOAM SUBSOIL AND A LOAM SUBSTRATUM. THEY OCCUPY UPLANDS IN A 10 TO 14 INCH PRECIPITATION ZONE. THE
NATIVE VEGETATION IS MAINLY MID AND SHORT GRASSES. THE FROST FREE SEASON IS 105 TO 130 DAYS. SLOPES ARE @ TO 15 PERCENT.

ESTIMATED SOIL PROPERTIES 1

{ EPTH! i i IFRACT PERCENT OF MATERIAL LESS iLleD 1PLAS- {
i (IN.) USDA TEXTURE | UNIFIED | AASHTO l)3 lll THAN 3" FASS"‘G SIEVE lo | LIMIT ITIC"’Y[
l l | | (PCT); & . | lIN(JEX |
l L | L'“L ML A=b | -5 |95~ 1.' 95—1“ 65-9. 5.‘75 | 25-35 | 5-10 1
| cL | A-6 | -5 '95 100 95-100 90-100 70-80 i 30-40 '1.-15 |
| 5-31 L, GR-L ICL’"L. CL, GM-GC, GCA-4, A=6, A-2 | -5 ‘55-95 5095 45-90 30-75 | 25-40 | 5-15 |
131-6. L, GR-L CL—HL. CL, GM-GC, GC A-4, A-6, A-2 | -5 I55'95 50-95 45-90 30-75 | 25-40 | 5-15 |
i | g i [ |
!DEPTN CLAY |MOIST BULK! PERMEA- | AVAILABLE SOIL | SALINITY | SNRINK- {EROSION!WIND }ORGANIC) CORRUSIVITV !
i -4 19'27i - i 0.6-2.0 | 0.16-0.20 6.6-7.8 i - l | .43, 5 ; 5 i 1-3 i HIGH | LOW 1
1 =4 |2 -JSI - 1 0.6-2.0 | 0.14-0.18 6.6-7.8 | - INUDERATE I.J7f $x 3 | 1-3 1
1 4=3118~. 17[ - | 0.6-2.0 | 0.14-0.18 6.6-8.4 | <2 INOQERATS I.2ﬂi H H H
IJX-‘. 18- 27| - I..“"C.Z | 0.13-0.16 T.4-8.4 | 2-8 MENATE !.231
' ! ! ! ! ' Jstd
! FLOODING | HIGH WATER TABLE | CEMENTED PAN |' BEDROCK _ (SUBSIDENCE {HYDIPOTENT'L!
l ; DEPTH | KIND |MONTHS DEPTH HARDNESS |DEPTH |HARDNESS | INIT. [TOTAL,GRP' FROST !
|‘ FREQUENCY | DURATION iNONYHS 1 (FY ' % 1 | { UIN) 1 i!]N' i{“‘l l i ACTION |
H NONE : H 1 26.0 | H oy y 260 | P | C |MODERATE,
CAPABILITY AND YIELDS PER ACRE OoF CROPS AND PASTUIE (NIGN LEVEL MANAGEMENT)
CLASS- CAPA- WHEAT, | WHEAT, i i i ALFALFA i i i
DETERMINING BILITY WINTER ' SPRING | | | HAY | | |
PHASE (BU) (BU) | (BU) | (BU) | (TONS ) | | |
Nlﬂﬂilnﬁ. NIRR i"m ’N[ﬂﬁ iIRR IN RR ixRR lNlRR HIRR. 'lﬂﬁﬂ iIRﬂ IHIRR ilﬂ“. lNIRR iIRR. |
0-4% EAE N I Rl sl e B s kil B
ik o Fe B RS S el i i e I i [45e]
i R BTl e LA R URT el TR T e B i i
i A0S Il e R S s
| it IO v I S T A i R R (el PR
S i L NGy 1 S SHEN AT o R e, - Tt
k) Rl TN o VR L e S SR T U B R g
i I T i S SRR B R R 2 VL R e e
i e R e T R S T T
i R i o 808 e TR Tl 7 0 s 1T P S e i B e
i Ot e e R RN e e L L R Ay
HTo105 SOIL INTERPRETATIONS RECORD
HLRA(S): 52 KEVIN SERIES

REV. HWLB, 3-8
ARIDIC ARGI!OROLLS FINE-LOAMY, MIXED

THE KEVIN SERIES CONSISTS OF DEEP, WELL-DRAINED SOILS FORMED IN GLACIAL TILL. TYPICALLY THESE SOILS HAVE A CLAY LOAM

SURFACE LAYER, SUBSOIL AND UNDERLYING MATERIAL. THEY OCCUPY UPLANDS IN A 10 TO 14 INCH PRECIPITATION ZONE. THE NATIVE
VEGETATION IS MAINLY MID AND SHORT GRASSES. THE FROST FREE SEASON IS 1@5 TO 135 DAYS. THE SLOPES ARE © TO 35 PERCENT.

ESTIMATED SOIL PROPERTIES

y
loepTH| ' {FRACT |PERCENT OF MATERIAL LESS  |LIQUID
[(IN.)|  USDA TEXTURE : UNIFIED } AASHTO P3N TN 3" nssn«o;rsvs No. [ LIMIT |
R !
Loz IL I, cL-w Ia-s { o-5 |90-100 85-100 80-95 5 | 20-30 | ;
! o-7 lcu lec Ia-6 | -5 [90-100 85-100 80-95 80 | 25-40 [10-20 |
| 7-30;CL 'CL ]A-‘ | -5 l’@-l“ 85-100 80-95 70-80 | 25-40 {] |
=30—60iCL :CL Ia-6, a7 | 0-5 |90-100 85-100 80-95 70-80 | 30-45 :
I I | | i | | . |
IDEPTHICLAY {MOIST BULK) PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- |EROSIONHIND JORGANIC| 'CORROSIVITY |
17077 [20-2711.20-1.40 | 0.6-2.0 | 0.16-0.20 [6.6-7.8 | - T OR |oA3] 81 8 | A-3C | WIGH | oW
| 0-7 127-32{1.20-1.40 | 0.6-2.0 | j6.6-7.8 | - |MODERATE [.37! 5 | & | 1-3 |
| 7-30127-35!1.30-1.60 | 0.2-0.6 } 8 |7.4-8.4 | <2 [MODERATE |.37| = | ! !
{30—60’27 -35/1050-1.80 [0.06-0.2 | 0.14-0.18 [7.9-9.0 | <2 |MODERATE |.37|
I | | | | I | I e
! ; ' FLOODING' ' | HIGH WATER TABLE | CEMENTED PAN |' BEDROCK _ ISUBSIDENCE {HYDIPOTENT'L|
! | DEPTH | 'KIND [MONTHS |DEPTH|HARDNESS [DEPTH |HARDNESS | INIT. |TOTAL [GRP | FROST |
FREQUENCY DURATION 1 MONTHS (FT) (IN (IN) |
| FRENONE ! ! ! 6.0 ! ! e | 1368 | e I ¢ |mooeraTe!
; "CAPABILITY AND YIELDS PER ACRE OF CROPS "AND PASTURE (HIGH LEVEL MANAGEMENT) & ;
CLASS- | CAPA- " IRMEAT, [ WHEAT, BARLEY ALFALFA | '
DETERMINING BILITY | WINTER | SPRING ay | f
PHASE (8u) | (BU) (BU) (ToNs) | !
NIRR{ 'IRR. |NIRR (IRR. NIRR 'IRR. INIRR [IRR. !NIRR !IRR. |NIRR !IRR. INIRR 'IRR. |NIRR !IRR.
0-2% "3 1738 | I as?) 40 iod | o] ! { I
2-8% %3138 | 25 15 1.0 | 38 !
8-15% s | s | 20 | 20 3 :
6E
25+% 7€ ! {
|
|
|
|
|

:
{
I |
| |
| |
| l
| |
| |
‘ {
|
| |
| |
| |

|
|
|
|
|
|
|
|
|
|
|

| |
| | |
| | |
| | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
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MTo106 SOIL INTERPRETATIONS RECORD

MLRA(S): 52 58A, 48A KOBAR SERIES
REY. HLB
BOROLLIC CAMBDRYHIDS. FINE, MONTHMORILLONITIC

THE KOBAR SERIES CONSISTS OF DEEP, WELL-DRAINED SOILS FORMED IN ALLUVIUM ANO GLACIOLACUSTRINE MATERIALS. TYPICALLY THESE
SOILS HAVE A SILTY CLAY LOAM SURFACE LAYER ABOUT 6 INCHES THICK, SILTY CLAY LOAM SUBSOIL AND THE SUBSTRATUM IS SILTY
CLAY LOAM AND SILTY CLAY. THEY OCCUPY TERRACES AND FANS IN A 10 TO 14 INCH PRECIPITATION ZONE. THE NATIVE VEGETATION IS
MAINLY MID AND SHORT GRASSES. THE FROST FREE SEASON IS 115 TO 135 DAYS. SLOPES ARE © TO 4@ PERCENT.

i ESTIMATED SOIL PROPERTIES
DEPTH '

:
i {FRACT {PERCENT OF MATERTAL LESS  |LIQUID PLAS- |
(IN.)|  USDA TEXTURE : UNIFIED AASHTO 13 In| THAK 3" PASSING STEVE Mo. | LIMIT fTicrTY]
! ltpery! 4 10 | 4o | 200 | {Twoex |
o-6 lsic, ¢ e AT, A=b 1o l”"" 90-100 90-100 85-100! 35-50 |15-25 |
-6 |sIcl e AT, A6 | © |95-100 90-100 85-100 80-95 | 30-45 |10-20 |
0-6 IcL e A6, A-T | o l95-100 90-100 60-100 55-80 | 30-45 |10-20 |
6-22/SICL, SIC, C je A-T, A6 | o l95-100 y0-100 85-100 75-95 | 35-50 |15-25 !
22-60!S1CL, SIC, C let AT A | o |95-100 90-100 85-100 75-95 | 35-50 |15-25 |
DEPTHICLAY |MOIST | AVAILABLE | SOIL ! SALINITY | SHRINK- |EROSION!WIND |ORGANIC! connos:mv !
96 Thes - i Tese A A 5 VAL G0 SO (0 [ . i
2-6 27-60! - | 6.6-8.4 | < MODERATE |.37: 5 | 6 | 1-2 |
06 127-40l - | 66-8.6 | @ lwooerate 7} 5] 5 | 12 |
6-22135-45| - : 1484l WIGH  |.37]
22-60 35-451 - | . 14-0. ll 7.9-9.0 | <4 HIGH I.J7|
! i : et
] FLOODING | MIGH WATER TABLE | CEMENTED PAN |'  BEDROCK _!SUBSIDENCE {HYD!POTENT'L|
| DEPTH | KIND [MONTHS |DEPTH|HARONESS!DEPTH (HARDNESS INIT.iTOTAL|GRP! FROST |
| FREQUENCY i DURATION | MONTHS | (FT) | | |( ! I (IND I(INI I(]Nl > i ACTION i
! NONE ! ! IF56s0 ! ] [ 60 ! S ic! ton !
' : CAPABILITY AND YIELDS PER ACRE OF CROPS'AND PASTURE  (HIGH LEVEL NANAGENENT)
CLASS- CAPA- WHEAT, | KHEAT, | BARLEY LFA | OATS GRASS HAY |  CORN
OETERMINING BILITY | WINTER SPRING | WY | SILAGE
ASE ! (8U) (tons) | (sw) (TONS) (TONS )
NIRR!IRR. INIRR' (TRR. ‘nm ViR INIRR [TAR. [NIRR {IRR. |NIRR {IRR. |NIRR |IRR. [NIRR |IRR.
0-2% SICL,CL 3 | 3 | 35 | I'sa" a0 5™ | 1.0 | 5. o 56 176 ['1.213.0 |25
2-4% SICL,CL 36}t | : b l4 |40 |65 |100]50 5 |7 |1.2]3.0 !
4-8% SICL,CL 3 | 3 | 30 | lias | has | 0.8 | I 52 | 18! ,
0-8% SIC,C 4 |4 ! 28 2 lao 132 leo | 1l0las|50 |70 |122]3.0 | 20
8-15% 4E | 4E | ! ! ! ! 0.6 | ! I 0.8
s A | I | | | i | | i i i
s 7 | 7% o R o R e l 1
RURELED il I i | | i i b i i
BRENG © o SANBIR
! ! ! ] i i 1 1 I I I
HTO156 SOIL INTERPRETATIONS RECORD
MLRA(S): 584, 52 LONNA SERIES

REV. KWLB,
BOROLLIC CAH!ORTH!DS FINE-SILTY, MIXED

THE LONNA SERIES CONSISTS OF DEEP, WELL DRAINED SOILS FORMED IN ALLUYIUM. TYPICALLY THESE SOILS MAVE A SILT LOAM SURFACE
LAYER, A SILT LOAM SUBSOIL AND UPPER PART OF THE SUBSTRATUM. AND A STRATIFIED SILT LOAM AND LOAM LOWER SUBSTRATUM. THEY

ARE ON TERRACES, FANS, AND UPLANDS IN A 10 TO 14 INCH PRECIPITATION ZONE. THE NATIVE VEGETATION IS MAINLY MID AND SHORT

GRASSES. THE FROST FREE SEASON IS 9@ TO 120 DAYS. SLOPES RANGE FROM @ TO 25 PERCENT.

ESTIMATED SOIL PROPERTIES

|
i

DEPTH ! | FRACT | PERCENT OF MATERIA ' 1pLAS- |
11n.) USDA TEXTURE ! UNIFIED AASHTO 53 Thl THak 3% PASSING STEVE no. |"LiMIY ITeiryl
} | eet)! 4 1 10 | 40 | 200 | I 1noEx |
| o8 ls1L, L e A4 I8 260 itees ok ton 78 g0 lasoye | pi |
| o-8 lsicL e A-6 I o ! 100 100 95-100 85-95 | 30-35 !10-15 |
| 8-12]sIC, sicL e-m, c A-6, A=4 | o | 100 100 95-100 75-95 | 25-a0 | 5-15 |
{12-3zls1L, stct CL-ML, CL A=6. A=4 ! o ! 100 100 95-100 75-95 | 25-40 | 5-15 |
132-0/sR-L-s1CL :cn.-m.. cL A6, A-b | o | 100 100 95-100 75-98 | 25-35 | 5-15 |
IDEPTHICLAY !MOIST BULK| PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- |EROSION|WIND |ORGANIC| ' CORROSIVITY |
| 0~B 118-27! - 0.6-2.0 | <2 L o308 BLE6  SeEe3l i HEGH ) OW H
| 0-g l27-3s1 - | ole-2.0 | s MODERATE |.32! 5 | 7 | 13 | I8 !
| 8-12118-351 - | 0l6-2.0 | bidiiee MoDERATE |.37! ! ! !
{12-32]18-35| - | 06-200 | 20 : | < [woDERATE |.37)
|32-¢0]18-35| - | 0:6-200 | 29 [709-9l0 | <& |MoDERATE |.37|
I ' FLooBING' : | HIGH WATER TABLE | CEMENTED PaN ' BEDROCK {SUBSIDENCE !HYD!POTENT L1
! [ DEPTH | KIND [NONTHS |DEPTHIHARDNESS |DEPTH [HARDNESS | INTT. | TOTAL iGRP' #ROST |
| TFREQUENCY | DURATION inoums 'FT' { ! Fan o (IN) FOIND action |
bR e | ! RS 56 | e is ! ton |
: cus; i cnugu;; AND YIELOS PER ACRE OF gnops'mo PASTURE mmu LEVEL MANAGEMENT)

. AT, | ALFALFA ! - '
: OETERNINING | sty | HINTER { SPRING | i v }Lsgﬁazsmv DALY }
BU) (BU) (BU) (BU) (TONS) (TONS) (TONS)
: }umn 18R, 'umu {IRR. [NIRR IRR. [NIRR 'IRR. INIRR 'IRR. INIRR |IRR. |NIRR 'IRR. |NIRR |IRR. |
lo-2x 3 35 2 | "sa !'¢0” I'ss 175" 1”15 | 113 1's.0 1'1.1 135 |
f2-4% : 3* ! i : 32 25 | las ls5 |52 170 |15!550! 1314501171 135!
Faed j3g a1 e e Tl | 50 ! jiss s Ol e
g AE 26 2

I15-25x s Ll fui | T R8sy sl G R {FR ) g R
lo0-25% GuLLeo Pee | | I | | I I I | I I | | I
| L I | | | I i | i | i i i
] o L2 I | | I I | | | | i I |
I Lyttt i I i | | | | | | | | |
| i ! I | | | | | | | | | | | |
| ! I | | | | I | | I | | |
| Jass st | ! ! ! ! ! ! ! ! ! | ! !
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MTO013 SOIL INTERPRETATIONS RECORD

MLRA(S): 32, 43, 46, 52, 53A, 58A MARIAS SERIES
REV. HWLB,RER, 4-83
UDORTHENTIC CHROMUSTERTS, FINE, MONTMORILLONITIC, FRIGID

THE MARIAS SERIES CONSISTS OF DEEP, WELL-DRAINED SOILS FORMED IN CLAYEY ALLUVIUM. TYPICALLY THESE SOILS HAVE A CLAY

TEXTURE THROUGHOUT THE PROFILE. THEY OCCUPY TERRACES AND UPLANDS IN A 10 TO 14 INCH PRECIPITATION ZONE. THE NATIVE
VEGETATION IS MAINLY MID AND SHORT GRASSES. THE FROST FREE SEASON IS 115 TO 135 DAYS. SLOPES RANGE FROM @ TO 15 PERCENT.

ESTIMATED SOIL PROPERTIES

\
In DEPTH] ' |FRACT IPERCENT OF MATERIAL LESS  |LIQUID |PLAS-
(1N ‘ USDA TEXTURE | UNIFIED AASHTO 123 IN} THAN 3" PASSING SIEVE NO. | LIMIT |TICITY|
[PeTi} 471 107 ue i 200 | | InoEX |
0-6 lew, o A-7 : | 100 ' 100 '90-100 75-95 | se-70 |25-50 |
0-6 Istc lec, o A-7 : H | 100 100 95-100 90-95 | 40-60 |20-40 |
06 !SICL let A6, A7 | @ | 100 100 95-100 85-95 | 30-45 |10-20 |
6-271C, SIC leL, on A-7 | o |00 100 90-100 75-95 | 40-70 |25-50 |
27-74{C. SIC oLl o A-7 | O 100 1 se-iee 75-95 | 40-70 |25-50 |
! { ] |
IDEPTHICLAY {MOIST BULK| PERMEA- | AVAILASLE SOIL | SALINITY | SHRINK- |EROSION}HIND jORGANIC!  CORROSIVITY |
o¢ (5068, - e W] 2% ] WGH 3787 & .87 | Wiy | LW |
0-6 14060, - b 2 1., HIGH '.37; e
6-6 |27-40 - : | 2-s (wooemate |43l 5| 4 | 52 |
&-27‘»—«} - ! 2.9-000 | 2-4 .| Tmiow  |arf
27-74 40-60] - | 012036 |Ti-ee | 24 | WG ¥
; ; !
: FLOODING | HIGH WATER TABLE | CEMENTED PAN |' BEDROCK _ !SUBSIDENCE [HYD!POTENT'L!
T ——SoreT T CECTH | KINO {MONTHS |DEPTMIHARONESS DEPTH jHARDNESS INIT. TOTAL GRP | FROST |
FREQUENCY | DURATION  [MOWTHS | (FT) | ! jem] i | ! (1w 1" acriow |
NONE ! ! | 6.0 ! ! ! I >0 | ! ! ‘ol tow |
c:muurv | AND YIELDS PER ACRE OF CROPS ‘AND PASTURE (HIGH LEVEL MANAGEMENT)
LASS- WHEAT, WHEAT OATS BARLEY |  CORN ALFALFA SUGAR
nnsmuunac SiLITY uunsu SPRING SILAGE HAY BEETS
HASE (BU (BU) (8U) (TONS) (TONS ) (TONS )
NIRR| TRR. |NIRR ixnn. NIRR imn. NIRR {IRR. |NIRR [IRR. |NIRR {IRR. |NIRR 'IRR. [NIRR |IRR.
0-2% HARM 4| 4Bl | 2 | 56 175" |'aa’ Lee’ (T3 |2 i |16
2-8% WARM 4E | 2z i 2 | 50 | s | | : i
8-15% 4€ | 2 | 2 | s 3 | : | | |
0-8% COOL 4E|4e |35 |70 |30 |75 | 100 | 50 |80 | : | 5.0 |
| | I I | I i I I
I I I | | I i i I
I I I i | I | i |
| | I | | | | I
I | | | | | | |
i | | | I | | I
| | i i | i | I
NTe114 SOIL INTERPRETATIONS RECORD
MLRA(S): 52, 5BA, 608 MARVAN SERIES

REYV. WLB, 3-84
UDORTHENTIC CHROMUSTERTS, FINE, MONTMORILLONITIC, FRIGID

THE MARVAN SERIES CONSISTS OF DEEP, WELL-DRAINED SOILS FORMED IN ALLUVIUM. TYPICALLY THESE SOILS HAVE A CLAY SURFACE
LAYER, AND THE UNDERLYING MATERIAL IS CLAY. THEY OCCUPY TERRACES, FANS AND FOOTSLOPES IN A 10 TO 14 INCH PRECIPITATION
IgNE. THE NATIVE VEGETATION IS MAINLY MID AND SHORT GRASSES. THE GROWING SEASON IS 115 TO 135 DAYS. SLOPES ARE @ TO 15
PERCENT,

i ESTIMATED SOIL PROPERTIES i
i i irncripcn\.:uv OF MATERIAL LESS }Lloum i
i USDA TEXTURE i UNIFIED AASHTO 123 THAN 3" PAssmG sx:ve | LINIT i
i i |(PcnI 4 ¥ zoo i i
i jCL. CcH A-7 | 0 100 10 0 n-uo 75-95 | 4e-70 i
i |CL. CH A-7 | 0 | 100 100 95-100 85-100; 40-65 i
i jcL A=6, A=T | © | 100 100 95-100 85-95 , 35-45 1
|4-35:C, SIC jCL, cH A-7 | @ 106 100 90-100 75-100; 45-70 i
,35 ulc sIC jCL, CH A-7 [ © | 160 100 90-100 75-100; 45-70 H
| ' | i :
IDEPTHICLAY MOIST BULK] PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- |EROSION/WIND |ORGANIC!  CORROSIVITY !
| 0= [40-60; - {0.06-0.2 1 ©.14-0.18 7.4-8.4 <h | HIGH a5 4 ] -5-1 | HIGH |MODERATE |
| o4 Iu-n‘ - {0:06-0.2 | 0.14-0.18 7.4-8.4 <h o HIGH i.:n. Tl R o
| 04 [35-4011.25-1.45 | 0,2-0.6 | 0.16-0.20 |7.4-8.4 | <4 [MODERATE .43} 5 | 4 | .5-1 |
|,4-35145-6011.30-1.50 | <0.06 | 0.11-0.13 7.9-9.8 | 2-8 | HIGH .37y
IJ5'“I‘5'“11 -30-1.50 | <0.06 | 0.09-0.11 7.9-9.0 | 8-16 | HIGH .37
H H i , | I
! FLOODING i HIGH WATER TABLE i CEMENTED PAN | BEDROCK ;suusmsucz {HYD|POTENT 'L |
i DEPTH | KIND |HONTHS nzpmlmnnusss nenn {HARDNESS | INIT. | TOTAL |GRP: FROST |
| FREQUENCY |~ DURATION [MONTHS | (FTI | i | S LT jUIND (IN) 0 ACTION |
i NONE ' H | %60 | H .-: .m. {2 g (Dl oLoW |
CAPABILITY AND YIELDS PER ACRE OF CROPS AND nswas (HIGH LEVEL MANAGEMENT
CLASS= CAPA= | HHEAT. | WHEAT, BARLEY ALFALFA | GRASS HAY OATS
DETERMINING BILITY qursn SPRING HAY
PHASE i u) BU) (TONS) (TONS) (BU)
umulmn [u(an i]RR NI IRR. ulan {IRR. [NIRR [IRR. |NIRR [IRR. |NIRR {IRR. |NIRR |IRR.

0-2% 45 | 18 15 135 | 2 45 1 0.5 2.0 0.6 118340 |55 !
2-8% 55 4E | 15 13 23 [ 35 | 0.5 0.5 35
8-15% 4

i
|
|
|
|
|
|
|
|
|
|
|
|
|

| |
Iy |
i H
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
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HTe124 SOIL INTERPRETATIONS RECORD

MLRA(S): 52, 46 SCOBEY SERIES
REV. SGV,RER, 1-8
ARIDIC ARGIBOROLLS, FINE, MONTHORILLONITIC

THE SCOBEY SERIES CONSISTS OF DEEP, WELL-DRAINED SOILS FORMED IN GLACIAL TILL. TYPICALLY THESE SOILS HAVE A CLAY LOAM
SURFACE LAYER, CLAY AND CLAY LOAM SUBSOIL, AND THE UNDERLYING MATERIAL IS CLAY LOAM. THEY OCCUPY UPLANDS IN A 10 TO 14
I;C:EFREC[FXTATKDN ZONE. NATIVE VEGETATION IS MAINLY MID GRASSES. FROST FREE SEASON IS 105 TO 135 DAYS. SLOPES ARE @ TO
1 RCENT.

ESTIMATED SOIL PROPERTIES

DEPTH/ i : {FRACT IPERCENT OF WATERIAL LESS  LIQUID {PLAS- |
(IN.)]  USDA TEXTURE | UNIFIED : AASHTO >3 IN| THAK 3" PASSING SIEVE No. | LIWIT |TICITY!
| : l jcecTil Je i iiaee | 1n0Ex |
o L LML, ML, SH, SH-SC|A-4 | 05 l85-100'75-95 '¢5-85 '45-75 | 25-35 | 5-10 |
o= o e A= | 05 [85-100 75-95 70-90 65-80 | 25-40 |10-20 |
o-6 ISt Isw 14, a-2 | -5 185-100 75-95 50-70 25-45 | 20-25 |NP-5 |
e-19/c, cL feu 1A=7 A-6 | 0-5 |25-100 85-95 80-95 e5-90 | 35-50 |15-30 |
19-¢0cl fec {a-60 A7 | 05 [85-100 75-95 70-30 65-80 | 35-45 |15-25 |
; ! ! | ;
DEPTH|CLAY [MOIST BULK| PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- !EROSION{WIND [ORGANIC! ' CORROSIVITY |
| 0=6 i20'17f - l 0.6-2.0 i 0.16-0.18 iS.l-T.I | - i LOW i.b]i 5 | 5 i 1=3 | HIGH | LOW H
o |27-351 - | ol6-20 | elle-el1s lel1-7la | - {wovERATE 137! 5 | 6 | 1-3 |
o-6 lio-zel - |ele-2l0 | eln3-el1s lel-ra| - |t Falislis |l
‘—1’;35-#5T - 1 0.2-0.6 i 0.12-0.15 [6.6-I44 | <2 | HIGH '.Jzi
19-60|30-40] - [o.06-0.2 | el12-0.15 [704-900 | @  |movemaTe |.37]
FLOODING | WIGH WATER TABLE | CEMENTED PAN | BEDROCK _ [SUBSIDENCE MYD/POTENT'L!
! DEPTH | KIND {MONTHS |DEPTHIHARDNESS|DEPTH IHARDNESS!INIT.!TOTAL |GRP! FROST |
| FREQUENCY | DURATION iNONTNS ; (FT) | i i(“” | | (IN) | i([“l i(“” i | ACTION |
! NONE ! ! 360 | ! Piseiy | | >0 | el vel on ]
CAPABILITY AND YIELDS PER ACRE OF CROPS'AND PASTURE (HIGH LEVEL MANAGEMENT) .
' CLASS- CAPA= EAT, | WHEAT, | BARLEY | ALFALFA |
DETERMINING BILITY | WINTER | sPRING | HAY
PHASE wu) |y ) { (TONS) |
NIRR/IRR. [NIRR (IRR. INIRR {IRR. [NIRR |IRR. [NIRR 'IRR. |NIRR 'IRR. INIRR |IRR. INIRR /1R
0-2% 3 | 26| 40 | |33 oo | 1.5 | ! ! !
2-4% 3 | 2 | 35 | 2 | |46 | Jinis ! ! ! !
8% 3t |3t m s | 42 1.3 ! ! ! !
8-15% 4 | 4E | 30 28 374 vl ! ! ! !
| i i i I i | I i I | I
| I i i | I | | I i i | |
1534} | i i i i I i | | i I |
I | i i i i i i | i i |
| i i i | | | i I i I |
| i i I | | i I | | ] i
| I | | | | i I | | I |
I | i | | i I | I i | ] i
WT0233 SOIL INTERPRETATIONS RECORD

MLRA(S): 52, 53A, 58A TELSTAD SERIES

REY. HLB,SGY, 6
ARIDIC ARGIBOROLLS, FINE-LOAMY, MIXED

THE TELSTAD SERIES CONSISTS OF DEEP, WELL DRAINED SOILS FORMED IN GLACIAL TILL. TYPICALLY THESE SOILS HAVE A LOAM
SURFACE LAYER, A CLAY LOAM SUBSOIL, AND A CLAY LOAM AND LOAM SUBSTRATUM. THEY ARE ON GLACIATED UPLANDS IN A 10 TO 14
INCH PRECIPITATION ZONE. THE NATIVE VEGETATION IS MAINLY MID AND SHORT GRASSES. THE FROST FREE SEASON IS 105 TO 130
DAYS. SLOPES RANGE FROM @ TO 15 PERCENT.

ESTIMATED SOIL PROPERTIES !

DEPTH| ' ' {FRACT{PERCENT OF MATERIAL LESS  {LIQUID {PLAS- |
(IN.)|  usDA TEXTURE ! UNIFIED AASHTO 13 TN! THAN 3" PASSING SIEVE Ko. | LIMIT |TICITY|
! ! ltrery] & i 40 | 200 | 1noex |

0-7 IL leL-ne A-4 |05 |85-100 80-100'65-90 '50-70 | 25-30 | 5-1¢ |
0-7 |GR-L ICL-ML, GM-GC, SM-SC |A-4 | o-10/70-85 ¢5-75 55-70 40-60 | 25-30 | 5-10 |
e-7 lci leu A-6 | 8-5 |50-100 85-100 70-95 55-80 | 30-35 |10-15 |

7-14lcL, L cL A6 | -5 [95-100 90-100 80-95 60-80 | 30-s0 |10-20 |
14-32iCL, L Ict-n, cL A-6, A-4 | 05 |95-100 90-100 80-95 60-80 | 25-35 | 5-15 |
32-60!L, lcL-uL, cL A-6, A-4 | o-5 !95-100 90-100 75-90 55-75 | 25-35 | 5-15 |
DEPTH!CLAY IMOIST BULK! PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- |EROSION{WIND {ORGANIC!  CORROSIVITY |
1 o= 1827 - T8.6:2.0 | 0.16-0.30 [6.6-1.8 | - T .83 8] & | i3 | WIGH | oW i
| o7 l18-27} - 0.6-2.0 | 0.13-0.16 le6-7.8 | - toton v Lot 80 ¢ a3 |

0-7 |27-32! - l'els-2:0 | e.15-0.18 l6i6-7.8 | - {MoDERATE |.371 5 | & | 1-3 |

7-14{25-35! - | e:2-a6 | 014-0.17 lei6-a.4 | - MODERATE |37 |
u-z:!zo-zzi - ! ©.2-0.6 | 0.14-0.17 |7.9-8.4 | 3-4  [OOERATE |.37)

60! - 0.06-0.2 | ©.14-0.17 !7.9-9.0 kol aTE |37 !
AR Seotka! ' "1 HIGH WATER TABLE ' CEMENTED PAN | ' BEDROCK  !SUBSIDENCE |HYD!POTENT'L]
! | DEPTH | 'KIND {MONTHS |DEPTHIHARDNESS [DEPTH {HARDNESS |INIT.{TOTALIGRP| FROST
| FREQUENCY | DURATION |WONTHS | (FT) | | fn | i aw {CIN T HeIN) T acTIoN |
! NONE ! i | 5.0 ! s } 260 ; } el i
' ' [N ] '

CAPABILITY AND YIELDS PER ACRE OF CROPS AND PASTURE (HIGH LEVEL MANAGEMENT)

) CLASS- [ CAPA- " | WHEAT. | WHEAT. | BARLEY OATS ALFALFA | GRASS HAY | GRASS-

, DETERMINING | sILITy | WINTER | sPRING | HAY |LEGUME Hav
! PHASE 1 fotan 1 aus ey (8u) (TONS ) (ToNs) | " (ToNS)

: WIRR{IRR. [NIRR 'IRR. [NIRR {IRR. |NIRR {IRR. [NIRR {IRR. |NIRR {IRR. |NIRR |IRR. |NIRR |IRR.
{o-4x 3 3| 3 {20} 42 58 1:5 |'sie |"11 1acs 1aaa Las
[ 4=8% 3E , 3 | 3 | 28 40 56 1.3 1 4.8 1 1.1 230 1 1.2 | 40
8-15% 4E 28 22 s 50 1.1 1.0 1.1

|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
|

|
|
|
|
|
|
|
|
|
|

i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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HIoe2s $OIL TWITERPRETATLIONS RECORD
MLRA(S): 52, 53A, 538, 54, 58A VIDA SERIES
REV. WLB, 1

-84
TYPIC ARGIBOROLLS, FINE-LOAMY, MIXED

THE VIDA SERIES CONSISTS OF DEEP MELL DRAINED SOILS FORMED IN CALCAREOUS GLACIAL TILL OF MIXED ORIGIN. TYPICALLY THESE
SOILS HAVE A CLAY LOAM TEXTURE THROUGHOUT THE PROFILE. THEY OCCUPY GLACIATED PLAINS IN A 12 TO 17 INCH PRECIPITATION
IONEE“;‘ATIVE VEGETATION IS MAINLY MID AND SHORT GRASSES. THE FROST FREE SEASON IS 105 TO 130 DAYS. SLOPES ARE @ TO 35
PER .

i ESTIMATED SOIL PROPERTIES :
IDEPTH] ] {FRACT [PERCENT OF WATERIAL LESS  |LIQUID {PLAS- |
{(IN.)]  usDA TEXTURE | UNIFIED AASHTO [>3 IN| THAN 3" PASSING SIEVE No. | LIMIT |TrcITY|
(peT)! 4 1 10 | 40 | 200 INDEX

I o-5 lct lev A-6 | 0-10!90-100 '85-100'75-95 'co-ge | 25-35 !10-15
| -5 IL leL-nL A4 | o-10!90-100 85-95 70-90 55-75 | 20-30 | 5-10 !
| 5-22cL, L e A-6 | o-10190-100 85-100 70-95 50-85 | 3o-40 |10-20 |
j22-e8jcL. L lec A6 | 0-10]90-100 85-100 70-95 5e-30 | 25-40 |10-20 |
! ! ! : ! ! ! ! !
IDEPTHICLAY |MOIST BULK! PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- |EROSION!WIND jORGANIC| CORROSIVITY |
|55 e - T8.62.0 | 0.1% C6-B.& | <2 |WODERATE |.37| 5| & | 1-3 | RIGA | oW |
| o5 l1s-27} - | ole-2i0 | el16-0. L U I S M 1 A T
| 5-2225-35 - [0.2-06 | els-0.18 lele-8l4 | @ |wooemAte |l37} ~ | ! !
l22-60}25-35] - {0.96-0.2 | 0.14-0.18 [7.3-9.0 | <2  |MODERATE |.37
! ! ! ! ! | ! !
! FLOODING | WIGH WATER TABLE | CEMENTED PAN | BEDROCK _ ISUBSIDENCE {HYDPOTENT'L!
! | DEPTH | 'KIND [MONTHS |DEPTH!HARONESS [DEPTH {HARDNESS|INIT. TOTAL|GRP| FROST |
| TFREQUENCY | DURATION [WONTHS | (FT) | ! T o | fow "L ! action
: NONE H ! 1%.0 ! ! foae P re0 ! Form ) | C |MODERATE|
: ; CAPABILITY AND YIELDS PER ACRE OF CROPS AND PASTURE (HIGH LEVEL MANAGEMENT) (A) !
] CLASS- CAPA- WHEAT, OATS | BARLEY | ! ALFALFA | GRASS HAY
! DETERMINING BILITY | SPRING | ! I < diay Ht
: PHASE (8U) ov) | sy | | (rows) | (Tows)

NIRR{IRR. INIRR (IRR. |NIRR 'IRR. NIRR 'IRR. !NIRR !IRR. INIRR |IRR. !NIRR 'IRR. !NIRR !1RR.
lo-4% PEcas 3 | 26| 40 ! 62 | Tee | ! I 1"2.0 ! e !
|4-8% PEc3s ae | 36 | 3¢ | s |l ! ! fiasst. ol gienl !
8-15% PEC34 4E 32 53 s | ! ! 1 | l'als | !
I35 30% PR che P I | | | | I | | | | I i
[2-6% PE>34 3| 2 | 39 | ! ! ! ! g ! ! ! I
le-9% pe>34 3 | 16 | s | ! | ! l1is ! ! ! ! !
{9-15% PE>34 a | 12 3 | ! I ! ! 13! ! ! ! !
15-35% PE>24 se'l I | I I I | i i | I i
I i | | | I | | i I | I |
I | | | | | I | | I | I |
| | I | I | I I i i | I i
i ] I I ] I | I i I I | I
HT0068 SOIL INTERPRETATIONS RECORD
MLRA(S): 52, 58A, 44, 53A YETULL SERIES

REY. WLB, 1-84
USTIC TORRIPSAMMENTS, MIXED, FRIGID

THE YETULL SERIES CONSISTS OF DEEP, SOMEWMAT EXCESSIVELY DRAINED SOILS FORMED IN ALLUVIUM OR EOLIAN MATERIAL. TYPICALLY
THESE SOILS HAVE A LOAMY SAND SURFACE LAYER ABOUT 5 INCHES THICK, AND THE UNDERLYING MATERIAL IS LOAMY COARSE SAND AND
SAND. THEY ARE ON FANS, TERRACES, AND UPLANDS IN A 10 TO 15 INCH PRECIPITATION ZONE. THE NATIVE VEGETATION IS MAINLY MID
GRASSES. THE FROST FREE SEASON IS 105 TO 135 DAYS. SLOPES RANGE FROM @ TO 30 PERCENT.

ESTIMATED SOIL PROPERTIES !
DEPTH! ' ' {FRACT {PERCENT OF MATERIAL LESS  ILIQUID |PLAS- |
(IN.)]  USDA TEXTURE ! UNIFIED AASHTO {23 IN| THAN' 3% PASSING STEVE NO. | LINIT |TICITY]
(PCT)) &4 1 10 | 40 | N
o-5 |Ls, Lcos lsm A=1, A=2, A=% |'0-5 |95-100'95-100"40~65 '15-40 | - owe |
o-5 |Fs. LFS s A-2 | &5 [95-100 35-100 50-75 1e-30 | - | W |
o-5 lpsl, sL SM, ML A-b 0-5 195-100 95- - -
5-60!LC05. $5L8 |sH, sP-sm A-1, A-3, A-2 : 0-5 }95-1» 95-100 45-70 5-30 | - | we :
I I I | i I | |
IDEPTH!CLAY [MOIST BULK! PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- |EROSION{WIND {ORGANIC|  CORROSIVITY |
= =T T T T 0.07-0.10 [6.6-7.8 | - T 0 0 T L
e-5 | o-10 - ! | o.05-0.08 l6.6-7.8 | - I ton lazis! 1 1-2
o5 | o-10 - ! | ei11-el1s lele-7i8 | - It laelsl3 ] 3e2 |
5-¢0| o-10/ - : | eles-e.o7 [704-8i4 | o« | Lo 7]
! ! ! ! ! ! ! P
! y ' FLOODING " | WIGH WATER TABLE | CEMENTED PAN | ' BEDROCK  |SUBSIDENCE |HYDIPOTENT'L!
! | DEPTH | 'KIND IMONTHS |DEPTHIHARDNESS|DEPTH {HARDNESS|INIT. |TOTAL!GRP! FROST "I
! FREQUENCY H DURATION | MONTHS ! tFTY 1 2 (IN) \ i LIN) ‘ ilXN) Il“‘l ‘ | ACTION i
! NONE ! ! 5.0 | ! e 60 ! | Al tow !
' CAPABILITY AND YIELDS PER ACRE OF CROPS AND PASTURE (MIGH LEVEL MANAGEMENT) !
CLASS- CAPA- I ALFALFA | GRASS- ASTURE :
DETERMINING BILITY HAY  |LEGUME HAY :
PHASE | (TONS) (TONS ) (AUM) |
NIRR{IRR. [NIRR |IRR. [NIRR 'IRR. [NIRR 'IRR. [NIRR [IRR. [NIRR [IRR. [NIRR [IRR. [NIRR |IRR.
0-8% 6E
0-8% COOL 6F | 4€ 4.5 | 3.2 A !
B+% 113

' ' '
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |

|
|
|
|
|
|
|
|
|
|
|
|

|
} 6
|
|
|
|
|
|
|
|
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HTeQ25 SOIL INTERPRETATIONS RECORD

MLRA(S): 52, 53A, 538, 58A ZAHILL SERIES
REY. WLB, 3-83
TYPIC USTORTHENTS, FINE-LOAMY, MIXED (CALCAREOUS), FRIGID

THE ZAHILL SERIES CONSISTS OF DEEP, WELL-DRAINED SOILS FORMED IN CALCAREOUS CLAY LOAM GLACIAL TILL. TYPICALLY THESE
SOILS HAVE A CLAY LOAM TEXTURE THROUGHOUT THE PROFILE. THEY OCCUPY HILLS, RIDGES AND KNOLLS ON GLACIATED TILL PLAINS IN
A 12 TO 17 INCH PRECIPITATION ZONE. THE NATIVE VEGETATION IS MAINLY MID AND SHORT GRASSES. THE FROST-FREE SEASON IS 100
TO 130 DAYS. SLOPES ARE 2 TO 65 PERCENT.

ESTIMATED SOIL PROPERTIES

¢ '
IpepTH; 1 FRACT |PERCENT OF MATERIAL LESS {LIQUID PLAS-

[(IN.)]  usDA TEXTURE ! UNIFIED | AASHTO [>3 IN| THAN 3" PASSING SIEVE No. | "LinrT {Ticry|

: | { jemi! 41 10 1 40 | 200 | | ThoEx |

| o-6 ot e, cLw A6, A4 | 9-10!%0-10085-100'85-95 '70-80 | 25-40 | 5-15 |

| o6 IU jeLmc, M A4 | o-10i90-100 85-35 80-90 60-75 | 20-30 NP-10 |

| 6-30lcL, L jeL, cl-n A=, A6 | 0-10]90-100 85-100 80-95 60-80 | 25-40 | 5-15 |

{3e-sejcL; L e cL-u A-4, A-6 | 8-10/90-100 85-100 80-95 60-80 | 25-40 | 5-15 |

| I I | I | I I

|DEPTHICLAY {MOIST BULK| PERMEA- | AVAILABLE | SOIL | SALINITY | SHRINK- |EROSION!WIND |ORGANIC|  CORROSIVITY |

1o T - [ 0.62.0 | ©.14-0.18 (7.4 | <2  [WODERATE |.37] 5| 4| .52 | AIGH | [on |

| 0-6 |20-27 - [ 9620 | 0.16-0.20 7.4-8.4 | <2 | Low [kl 5| 4| 52 |

| 6-30i25-35] - [ 0.2-0.6 | e.14-0.18 17.4-8.4 | <2 |wooEmATe |l37] ~ | ! !

|30-60/20-35] - [0.06-0.2 | 0.14-0.18 [7.4-9.0 | <2 |MODERATE |.37

! ! ! ! ! : | ! !

! FLOODING | . HIGH WATER TABLE | CEMENTED PAN |' BEDROCK  ISUBSIDENCE (HYD!POTENT'L|

} | DEPTH | KIND {MONTHS |DEPTH!HARDNESS |DEPTH {HARDNESS|INIT. |TOTAL [GRP| FROST |

| TFREQUENCY | DURATION [HONTHS | (FT) | 1 Haw| i {(an " T|  acTion |

! NONE ! ! ! 6.0 ! ! {5k 60 | e ! 8 !MODERATE!

' N
; CAPABILITY AND YIELDS PER ACRE OF CROPS AMD PASTURE (WIGH LEVEL MANAGEMENT)

i CLASS- CAPA- WHEAT, | OATS BARLEY ALFALFA | GRASS- ! GRASS HAY |

! DETERMINING BILITY SPRING | HAY © |LEGUME HaY |

: PHASE (BU) (8U) (8U) (TONS) | (ToNS) (TONS )

: NIRR|IRR. |NIRR {IRR. |NIRR 'IRR. |NIRR |IRR. [NIRR 'IRR. |NIRR |IRR. |NIRR |IRR. !NIRR jIRR.

2-8% 4€ | 2% | 46 38 1.4 EER 0.9 !

8-15% o | 24 42 22 1.2 1.1 0.7 !

15-35% Py

i
[
|
I
|
I
[
i
i
[
[
[
|
I

|
|
|
| |
| |
| | | |
| | | | |
| | | | |
| | | | |
| | | |
| | | |
| | | | |
| | | | |
| | | | |
| | | |
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Appendix B. Soil Performance Data Questionnaire.

Date J—u‘j 23'. ‘qgl'&

PART I. Site Manager Interview

Site location and manger
] o = MONTANA

COUNLY. v o o o o o o o o o o o o o o & C_hoqfe.q,u,

Legal Description . . . . . . RZ| T {Z Sec. 5 otr. Sec. NE

Nearest TOWIL « o o « o o o o o o o o o o GEV‘a‘dia; MT

Site MANAGET « « « o o o o« « o o o o o o Roger Vaw Voast
Phone . . . . . e e e s 4 e e s e e e s 4%‘737’445(9
Date of Interview . « o ¢ o. 6 o o o o o Iu_lj 23’ lng

Climate for yield reported here
(1= above av., 2 = av.,é

= below av;)

”
Growing season precipitation . . . . . 33 rainfall temp.
(from first spring growth to 10 days :
after heading)

Growing degree days. (if available) . . . IZO
Last spring frost . « « « ¢ ¢ ¢« ¢« 4 o M&\\! 6 \ﬂ%"&‘
l PJ
Culture

44y Y

Tillage « o « o o o o & o o &« o o
(1=fall plow, 2=spring plow, 3=no-till
4=chisel till, 5=disk till, 6=chisel &

disk)
Residue cover . « v o .o o o o o = o« « o < i15 %
Previous Crop. « « « « « o o o « o o o o ‘Q’O«utwd 1 year previous

' : bwr\@ 2 years previous
(1=alfalfa, 2=alfalfa-grass, !
4=small grain, 5=fallow, -Fal\ow 3 years previous
6= other) .




80

Planting date . « « « « o « « v v v oo « . 20day 9 month B3 year
Harvest date . « « « « o « o o o« « o« « u . 25day 7 month %E{ year
Seed variety . . « ¢ v ¢ 4 4 e e e e e e . s \ABQ&A

Fertility (information from soil test reports)

Soil sarﬁpling date « . v . ... . . .22 day @ month B\ year

Area sampled .. e . Gd.L&CQﬂT '{:ielés
(l=entire field, 2—wheat fleld N

sampling site)

Name of soil test 1lab . . . . . .

Fertilizer recom/acre for .. . . . . . . @SC} bu. wheat

Amount of N, P2 5, o
KZO(lbs). e e .... BON 3%P0. O KO

Soil test results

PH . « « « v ¢ o 00 e . . ; l .- Tij

- Interpretive Rating .

Method Results (l1=low, 2=med., 3=high)

N .. 1% ppm '

P, .. 4t ppm

S . v . . o ppn

K. . ... g?ﬁule.

Organic Matter . . . . . . 5 - (o= d@pﬂ\)

Fertilization
Date ,
Applied Formulation (%) Amount/acre

Basic application:
Bagged or bulk .. 94-83% | 82 0 60 1
Nitrogen . . . . _4-83 50-0-0-20 (brvadeasd) 50O b

Anhydrous, aqueous or@y. . . e e 7 1b

Planter (row) e e e e e e e 1b

Fertilizer placement . . . . . “"5‘2'0 bM\C\e&} 50-0-0-20 bq’e@dc@?

Other amendments added
(e.g. sludge)

Leaf analysis (if available)




Weed control data
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pate: 5B-3- 8Y Field T0: S\Te. % 2 ~ Plot ID: Q\pﬁ\o’rs

Scout: Qo%e\r \]0»3\ VMS‘?

Crop: Wistey vdheck

Growth stage of weeds \QQQ 5*&32 — small amount of T&“Sﬂ mustard

Herbicide application date(s)

S'f -84

Herbicide(s) applied . . . . .

Boz. 24D ; |oz. Bawvel with

Amount applied . . . . . . . .

G \b Estec

" Unusual weather, site, or management

(factors that may have caused

dry  arowing Secsont slihoush
T J NE

yield data to be far above or
below long-term averages,

Ahis povt of Cheskean Cs,

e.g. hail)

yeceived more precipifotion

'%\r\&v{ most ofker awas

Contributor(s) or Correspondent
Data Source
Individual(s)

Institution(s)
Documentary source . . .

Rog‘@x Vanveost (lardowner) 5 S¢S
sh-@?i author yisited site 3 fimes

Plot location diagram attached

Qee, Figwe 3
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Part IT. Soil Scientist's Field Observations

Field no. _Site 2 Plot no. BQQVPM!
These observations and soil samples apply to small plots, usually §

feet long and 4 wheat rows in width, and not to entire fields of mapping
units.

Soil identified at sampling site .. gSexg;;MAuJ

( or phase) '

Soil identified by soil scientist . | B‘QOWDQN
- ¥

Most recent soil map (title the map) feney MGPDQ&.
¥

Elevation .
Bf B2 B3 B4 BS
Slope (%) . « « « v « v « ¢ o o . ] 1235
T Y- LU i b3 |
(l=convex, 2=plane, 3=concave) ~
Length of slope (ft.) to nearest .
micro-topog. divide 200 200 IS0 [30 100
Aspect (0-360°; 90° = East) . . . . __._ q s S S -
Drainage class . « « « « « ¢« ¢ o . UJQ‘ |

(Soil Survey Manual)

Surface drainage . . . ) "% L& ‘ Z. 3
(l=run-on exceeds run—off 2—neutral

3=run-off exceeds run-on, 4=cannot be

evaluated) .
Depth to CaCOy4; effervescence w/Hecl (cm) 28 31 %2 2 43
Depth to root restricting layer (cm) . . deep

t

(est. depth at which roots are

restricted to % or “normal' abundance)

Depth to water restricting layer (cm) . d@gp
(est. depth at which hydraulic N
conductivity is less than 0.5 cm/hr)

‘Erosion Estimate

(l=none to slight, 2=moderate,

3=severe)
Erosion class . . . e e e e e e i
(Soil Survey Manual)

Projected erosion due to . . . . . S‘\qy\{' (“S*QNS/QCW/\!QQV}
current practices Vv ¢
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Brief soil profile description: Date

Report observations to a depth of 150 cm if possible using soil
survey manual terminology.

Rock'

Texture frag. ~ Reaction Soil water
Horizon Depth class clay vol. eff. pH state¥®
(cm) (est.%) (est.%)
Ap 0- 15 clay {oam
Y <59 O 2.9

Bt {5-4o ﬁ\“‘f{_@‘}’m 0 O 2
cta.\!
Bk\ % - QO g;?;
) no. . " 9 3
Bk 90-135 +

By 135-150  clayloam v 4

+Size and type of rock fragments.
*Report water content as 1, 2, 3, or 4 as follows:

wilting
point
(15 bar)

Weed count

Weed species

TANSH‘ wustard,

capacity
(1/3 bar)

Growth stage

|-lesk O-&“

Density

;Fw prier fo kerb;‘g‘ﬁédmz, m2)
i b

Signature of sampler

Date

2 2
, M)

(dm
(dn’, u’) .
(dn?, m’)

(dn®, m?)
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Part IIT. Wheat Yield Measurement

Average distance between rows ....... “’%‘ inches
(measure distance between 6 wheat .

rows and divide by 5. The measurement

extends one row on éach side of 4 rows

harvested)

Harvest four, 8 foot rows and record

results below: ‘
Row 1 Row 2 Row 3 Row 4  Total Average

Plant height NeT RecorDED
: Plet 1 Plt2  Plt3 Pltt Plet B ‘
Plantg/8 ft. row _ 0% 686 T00 _Gbe IR 616
ANE) ~ 4 rows

Grain yield (net weight) . Ta.bt;e 2

Grain moisture . ESfweted 0 49 %

Protein . AOPENDW E 7

Test weight . . APPENDW E 1b/bu
Signature(s) of person(s): WM ﬂcfmm

measuring yield . . . . . . Date

measuring test weight &
moisture . Date




Appendix C.

Table 19. Management Questionnaire Summary. -
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Site Name/ Crops & Fertilizer Herbicide Cropping Tillége
# Legal Descr. Variety Amnt. & Grade ) System
. . (1b./A) -
1 Don Gray winter wheat 41 11-52-0 12 oz. MCP ‘fallow chisel (2)
SW% Sec 3 (Rocky) 55 anhy. NH4 2 oz. Banvel w. wheat double shot
T24N RSE : fallow chisel
2 Roger VanVoast winter wheat 60 11-52-0 8 oz. 2,4D "fallow chisel till
NEY% Sec 5 (Vond) 50 50-0-0-20 1 oz..Banvel barley )
T21NR12E _ fallow
wheat
3 ~ Gary Weldele winter wheat SO o 11-52-0. 2/3 pt. 2;4D' fallow duckfootr &
NEY% Sec 28 . (Rocky) w. wheat harrow (4)
T24N RS5E ] fallow
4 Mike O'Hara wiﬁter wheat 70 11-52-0 6 lbs. LV fallow tandem disk
SW% Sec 24 (Rocky) . 46 anhy. NH4 8 oz. 2,4D w. wheat  duckfoot (3)
T26NR7E : 115 urea 2 oz. Banvel fallow
Site Growing Season  Fertilizer Row Planting Harvest Growing Season
# Precipitation Placement Spacing Date Date Conditiors
(inches) (inches) 7 ]
1 2.5 banded 12 9/18/83 7/29/84 extremely dry
2 3.3 w/seed 14 9/20/83 7/27/84 . dry
broadcast dry -
3 2.3 banded : 10 9/19/83 7/25/84 extremely dry
topdressed N 2 showers (hard)
4 2.5 w/seed 10 9/18/83 7/27/84 extremely dry

topdressed N
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Appendix D.

Table 20. Slope Characteristics of Reséarch Plots.
Soil Series Plot Gradient Aspect Shape
%

Ethridge 1 1 neutral neutral
2 1 neutral neutral

3 1 neutral neutral

4 1 neutral neutral

5 1 neutral neutral

Lonna 1 1 neutral neutral
2 1 neutral ‘neutral

3 1 neutral neutral

4 1 neutral neutral

5 1 neutral neutral

Bearpaw 1 1 S convex
2 2 S convex

3 <2 S concave

4 3 S convex

5 5 neutral convex

Vida 1 2 S concave
2 2 S concave

3 7 S convex

4 3 S concave

5 2 S . concave

Zahill 1 3 S corvex
' 2 3 S convex

3 8 S convex

4 3 SW convex

5 2 N convex

Scobey 1 1 neutral neutral
2 1 neutral neutral

3 1 neutral neutral

4 1 neutral neutral

5 1 - neutral neutral

Kevin 1 1 neutral neutral
2 1. neutral neutral
3 1 - neutral neutral
4 1 neutral neutral
-5 1 neutral neutral
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Soil Series Plot Gradient Aspect Shape
A
Hillon 1 3 N convex
2 3 N convex
3 3 N convex
4 3 N convex
5 3 N convex
Telstad. 1 1 N . concave
2 2 SW concave
3 1 NE neutral
4 2 N concave
5 1 N neutral
Joplin 1 2. SE concave
2 1 N concave
3 3 NE convex
4 2 NE neutral
5 2 NE neutral
Hillon 1 3 S convex
2 2 N convex
3 2 SW convex
3 2 SW . convex
4 2 NW convex
5 2 SW convex
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APPENDIX E.
Table 21. Yield, Test Weight, Percent Protein and Plant Density.
Soil series Plot Yield Test Weight Protein Plant Density
Mg/ha 1b/bu % ‘1000 plants/ha
Ethridge 1 2.84 64.0 8.6 1336
' 2 3.07 65.1 12.2 1390
3 2.93 64.2 10.4 1215
4 2.64 64.5 9.1 1396
5 2.76 65.4 10.7 1302
Lonna 1 2.35 64.0 11.1 1322
2 2,21 66.8 9.8 1318
3 2.58 62.9 11.2 1128
4 - 2.64 62.1 10.0 1336
5 2.65 62.2 12.3 1181
Bearpaw 1 4.43 64.9 11.0 608
2 3.95 64.7 10.4 686
3 4.16 65.0 10.0 © 700
4 4.10 65.7 10.7 666
5 3.62 65.2 12.3 718
Vida 1 3.81 66.4 9.3 648
2 4.60 64.1 9.1 640
3 64.1 65.4 10.7 677
4 3.37 64.4 11.3 562
5 4.71 65.0 9.4 677
Zahill 1 1.88 66.4 13.4 550
2 2.95 65.7 10.6 588
3 2.96 64.0 13.3 746
4 1.98 64.0 13.3 568
5 1.94 65.2 14.0 602 -
Scobey 1 2.17 64.8 13.2 1363
2 3.02 64.8 14.2 1419
3 2.97 66.0 12.9 1548
4 2.27 64.4 13.5 1145
5 2.80 64.6 13.8 1298
Kevin 1 2.33 65.6 10.7 © 1222
2 2.27 65.2 13.2 1290
3 2.02 64.8 13.0 1133
4 2.46 64.8 13.1 1004
5 2.24 65.2 12.9 1250
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Soil series Plot  Yield Test Weight  Protein Plant Density
Mg/ha 1b/bu % 1000 plants/ha
Hillon 1 1.86 64.6 12.4 1161
2 1.80 65.4 11.2 1000
3 1.93 63.8 ©12.9 1468
4 1.88 65.4 12.9 1306
5 2.13 65.7 10.8 1000
Telstad 1 2.83 64.8 10.5 1282
2 2.71 63.6 14.3 - 1500
3 2.58 64.0 12.9 952
4 2.10 62.4 12.3 911
5 2.23 63.2 13.0 1177
Joplin 1 2.48 64.8 10.5 1339
2 2.41 64.4 11.5 © 940
3 2.15 64.0 9.5 1153
4 2.23 64.4 11.6 1177
5 2.73 64.8 11.3 1065
Hillon 1 2.39 62.8 12.9 948
2 2.37 65.2 14.0 1036
3 2.51 63.6 14.7 1089
4 -1.66 64.8 13.9 1226
5 1.90 65.2 12.0 1065




Table 22.
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Appendix F.

Means, Standard Deviations, Ranges, Coefficients of
Variation, and Significant Differences of Soil Chemical
and Morphological Properties for Ethridge and Lonna.

Property, depth Mean SD - Range Ccv Sig.
( Z2) Level
pH, 0-15 cm (2:1)
E 7.88 0.08 7.8 — 8.0 1.0 %
L 6.46 0.05 8.4 - 8.5 0.6
pH, 15-30 cm
E 8.30 0.10 8.2 - 8.4 1.2 *
L 8.54 0.21 8.2 - 8.7 2.5
pH, 30-60 cm
E 8.54 0.15 8.4 - 8.7 1.8
L 8.40 0.32 8.1 - 8.8 3.8
pH, 60-120 cm
E 8.12 0.15 8.4 - 8.7 1.9
L 8.06 0.32 8.1 - 8.8 4.0 .
OM, 0-15 cm (%) .
E 1.98 0.35 1.74 - 2.60 17.7
L 1.70 0.80 1.60 - 1.81 47.1
OM, 15-30 em
E 1.46 0.25 1.14 - 1.74 17.1
L 1.35 0.22 +1.08 - 1.60 16.3
OM, 30-60 cm
E 1.27 0.12 1.14 = 1.47 9.5 %
L 0.88 0.13 0.67 - 1.02 14.6
OM, 60-120 cm
E 0.70 0.19 0.40 - 0.90 27.1
L 0.73 0.10 0.67 - 0.90 13.7
P, 0-15 cm (mg/kg)
E 17.9 1.5 16.7 - 20.5 8.4 %k
L 6.0 1.7 3.4 - 7.4 28.8
P, 15-30 cm ‘
E 9.5 13.5 2.2 - 33,5 14.3 %%
L 1.2 0.8 0.3 - 1.8 68.4
P, 30-60 cm
E 2.9 2.2 0.7 - 5.8 75.9
L 3.1 2.4 0.3 - 6.6 77.7
P, 60-120 cm
E 5.7 1.2 3.7 - 6.8 21.1
L 4.3 2.6 1.8 - 8.1 60.5
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K, 0-15 cm (mg/kg)

E 597. 43.4 541.8- 655.8 7.3

L 287. 50.1 235.6- 360.2 17.5
K, 15-30cm

" E 245. 73.3 165.2- 325.8 30.0

L 145. 16.2 124.6- 168.4 11.2
K, -30-60 cm

E 189. 24,2 - 154.0- 215.0 12.9

L 182 - 15.2 159.0- 201.0 8.4
K, 60-120 cm )

E 175.. 14.1 161.0- 198.0 8.1

L 183. - 16.9 162.0- 208.0 9.2
N, 0-15 cm (mg/kg)

E 1.6 2.8 0.1 - 6.5 177.6

L 0.7 0.9 0.1 - 2.2 127.1
N, 15-30 cm )

E 3.5 4.4 0.8 - 11.3 126.0

L 1.7 2.4 0.4 - 6.0 144.0
N, 30-60 cm

E ' - 0.7 0.9 0.1 - 2.2 124.3

L 0.2 0.3 0.0 - 0.8 133.3
N, 60-120 cm

E 0.5 1.0 0.0 - 2.3 204.0

L 0.1 0.1 0.0 - 0.3 216.6
EC, 0-15 cm (dSM/cm)

E o 0.3 0.1 0.28 - 0.40 14.7

L 0.5 0.7 0.45 - 0.62 137.7

" EC, 15-30 cm | .

E 0.4 0.1 0.29 - 0.50 19.5

L 0.9 1.0 0.42 - 2.62 103.3
EC, 30-60 cm

E 0.6 0.0 0.54 - 0.63 6.8

L 2.9 2.0 0.72 - 5.41 70.6
EC, 60-120 cm

E 6.8 0.8 5.70 - 7.90 12.1

L 8.0 0.4 7.48 — 8.53 4

Kk

%%

%




Depth to CaC03 (cm)

E 30.
L 23.
AWHC, 0-120 cm (cm)
E 23.
L 18.
Water Use, 0-120 cm
E 30.
L 24,
Clay, 0-15 cm (%)
E 31.
L 35,
Clay, 15-30 cm (%)
E 38.
L 45,

o W

(cm)
8

NGO

—

N L

S~

NN
wu =

&~
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25.
20.

22.
17.

28.
22.

30.
33.

35.
42.

[N )

[N

32.
25,

24,
18.

32.
25.

32.
36.

41.
48.

wo

o O o O

[N o)

S, e

=

«
N U

*%

*k

K%

*%

xk

%, *% = 0.05 and 0.01 significance

N
E
"L
X

o

sample size of 5

mean

SD = standard deviation
Range = minimum and maximum values

CV = coefficient of wvariation

OM = organic matter content

P
K
N

EC = electrical conductivity

fn

NaHC03 phosphorus

exchangeable potassium

nitrate-nitrogen

difference levels, respectively

AWHC = available water holding capacity
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Table 23. Means, Standard Deviations, Ranges, Coefficients of
Variations, and Significant Differences of Soil Chemical
and Morphological Properties for Bearpaw and Vida.

‘ Property, depth Mean SD Range cv Sig.
! (%) Level

pH, 0-15 em (2:1)
B 8.14 0.59 7.5 - 8.7 7.3
v 8.40 0.12 8.3 - 8.6 1.4

pH, 15-30 cm
B 8.16 0.52 7.6 - 8.8 6.9 %
v ' 8.66 0.19 8.4 - 8.8 2.3

pH, 30-60 cm
B 8.44 0.11 8.3 - 8.6 1.3

N v 8.58 0.04 8.5 - 8.6 0.5

pH, 60-120 cm
B 8.72 0.20 8.5 - 8.9 2.3 *
\) 8.40 0.32 8.0 - 8.8 3.8

oM, 0-15 cm (%)
B 2.17 0.13 2.08 - 2.35 6.0
v 2.27 0.20 2.0 - 2.5 8.9

oM, 15-30 cm
B ' : 1.24 0.25 0.96 - 1.60 20.6 *dk
v 1.84 0.10 1.74 - 1.96 5.4

OM, 30-60 cm :
B 1.36 0.10 1.21 - 1.47 7.4 *dk |
v : 1.24 0.05 1.14 - 1.27 4.0 |

OM, 60-120 cm
B 0.61 0.16 0.35 - 0.73 26.2
Vv : 0.66 0.37 0.20 - 1.14 56.1

P, 0-15 cm (mg/kg)
B 20.8 3.7 16.0 - 24.4 17.6
v 18.4 3.2 16.0 - 23.2 17.3

P, 15-30 cm
B 4.9 2.1 1.8 - 7.0 43.0
Vv 3.7 2.5 1.8 - 7.6 68.3

P, 30-6CG cm
B 7.1 10.8 1.2 - 26.4 152.8
v 2.6 1.6 1.2 - 5.0 61.3 ;

P, 60-120 cm .
B 9.7 9.6 3.0 - 26.4 99.0
\) 5.8 4.2 2.0 - 12.8 72.1




0-15 cm (mg/kg)

B
v

15-30cm

B
\

30-60 cm

B
v
60-120 cm

B
v

_0-15 cm ,(mg/kg)

B
Vv

15-30 cm

B
i

30-60 cm

N,

B
v
60-120 cm

B
v

0-15 cm (dSM/cm)

EC,

EC,

B
v
15-30 cm

EC,

B
Vv
30-60 cm

EC,

B
v
60-120 cm

B
v

365.
339.

278.
91.

273.
160.

175.
209.

= o
L] .
~ W

=
W N

o o
[SS OS]

. o
(6,1,

wu

N
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[@Ne]
o

[eNe]
N =

QO =
o=

[ ]
[y

[N [eNe)
. . . .
o~ =

N =
« o
~d

288.-
289.-

216.-
27 .-

233.-
108.-

140.-
115.-

441,

391.

378.
146.

337.
213.

207.
337.

~d

N B

U1

9]

.30
.33

.35
C41

.64
.53

.20
<24

17.
13.

22,
49.

15.
24,

13.
44,

91.
48.

40.
69.

203.
22,
18.

55.
17.

90.
94.

(Lo

%k

Kk

%%




Depth to CaC03 (cm)

B 40.5

v 20.5
AWHC, 0-120 cm (cm)

B ‘ 24.4

v 20.2
Water Use, 0-120 cm (cm)

B 28.7

Vv 23.0
Clay, 0-15 em (%)

B 25.6

v 22.4
Clay, 15-30 cm (%)

B 35.4

Y 27.6

95

2.8 85.0 - 92.5 6.8
2.1 17.5 - 22.5 10.2
1.7 23.0 - 26.5 7.0
1.5 18.5 - 21.8 7.4
2.1 26.0 - 31.3 7.2
3.4 18.8 - 26.8 14.6
2.0 23.0 - 27.0 7.6
3.3 20.0 - 28.0 14.7
1.5 34.0 - 37.0 4.3
1.5 26.0 - 29.0 5.5

*%

R&

%

*%

%, %% = 0.05 and 0.0l significantly
N = sample size of 5 '

B = Bearpaw

V = Vida ‘

SD = standard deviation

Range = minimum and maximum values
' CV = coefficient of variation

OM = organic matter content

P = NaHCO3 phosphorus
K = exchangeable potassium
N = nitrate-nitrogen

EC = electrical conductivity

differént levels, respectively

AWHC = available water holding capacity




Table 24.

96

Means, Standard Deviations, Ranges, Coefficients of

Variations, and Significant Differences of Soil Chemical
and Morphological Properties for Bearpaw and Zahill.

Property, depth Mean SD Range cv Sig.
(%Z) Level
pH, 0-15 em (2:1)
B 8.14 0.59 7.5 - 8.7 7.3
Z 8.38 0.04 8.3 - 8.4 0.5
pH, 15-30 cm
B 8.16 0.52 7.6 - 8.8 6.9
. Z 8.56 0.09 . 8.5 - 8.7 1.1
pH, 30-60 cm :
B 8.44 0.11 8.3 - 8.6 1.3
z . 8.44 0.26 8.0 - 8.6 3.1
pH, 60-120 cm
B 8.72 0.20 8.5 - 8.9 2.3 *%
Z 7.98 0.11 7.9 - 8.1 1.4
OM, 0-15 cm (%)
B 2.17 0.13 2.08 - 2.35 6.0
Z . 2.03 0.33- 1.44. - 2.27 16.3
OM, 15-30 cm
B 1.24 0.25 0.96 - 1.60 20.6
Z 1.18 0.30 0.79 - 1.60 25.4
0M, 30-6C cm . . '
B 1.36 0.10 1.21 - 1.47 7.4
Z 0.80 0.18 0.62 - 1.08 22.5
OM, 60-120 cm
B 0.61 0.16 0.35 - 0.73 26.2 #%
Z 0.51 0.37 0.20 -~ 1.14 72.6
P, 0-15 cm (mg/kg)
B 20.8 3.7 6.0 - 24.4 17.6 *%
Z . 11.2 2.4 8.6 - 14.4 21.0 '
.P, 15-30 cm
B 4.9 2.1 1.8 - 7.0 43.0
Z 3.2 0.1 2.2 - 4.4 3.1
P, 30-60 cm .
B 7.1 .10.8 1.2 - 26.4 152.8
Z 2.3 0.6 1.4 - 2.9 27.9
P, 60-120 cm
B 9.7 9.6 3.0 - 26.4 99.0
N/ 2.9 1.1 1.2 - 4.1 39.0
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Depth to CaC03 (cm)

B 40.5

Z 0.0
AWHC, 0-120 cm (cm)

B 24.4

Z 23.2
Water Use, 0-=120 cm (cm)

B 28.7

Z 26.4
Clay, 0-15 cm (%)

B ~ 25.6

Z ' 20.8
Clay, 15-30 cm (%)

B 35.4
Z 33.8
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2.8 85
0.0 0
1.7 23.
0.5 23.
2.1 26.
1.9 23.
2.0 23.
1.6 19.
1.5 34.
1.1~ 33.

o© O
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26.
24.

31.
28.

27.
23.

37.
35.

o Wn
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~

[esRe o}

Eix
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*%* = 0.05 and 0.01-significantly
= gample size of 5
= Bearpaw
= Zahill
8D = standard deviation
' Range = minimum and maximum values
CV = coefficient of variation
OM = organic matter content
= NaHCO3 phosphorus
exchangeable potassium
nitrate-nitrogen
EC = electrical conductivity

I

=z RN
I

different levels, respectively

AWHC = available water holding capacity
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Table 25. Means, Standard Deviations, Ranges, Coefficients of
Variations, and Significant Differences of Soil Chemical
and Morphological Properties for Vida and Zahill.

Property, depth Mean ~ 8D Range cv Sig.
(%) Level

pH, 0-15 em (2:1)

v 8.40 0.12 8.3 - 8.6 1.4
Z 8.38 0.04 8.3 - 8.4 0.5
pH, 15-30 cm
v 8.66 0.19 8.4 — 8.8 2.2
Z 8.56 0.09 8.5 - 8.7 1.1
pH, 30-60 cm '
v 8.58 0.04 8.5 - 8.6 0.0 *
Z 8.44 0.26 8.0 - 8.6 3.1
pH, 60-120 cm
Vv 8.40 0.32 8.0 - 8.8 3.8 %
Z 7.98 0.11 - 7.9 - 8.1 1.4
OM, 0-15 cm (%)
v 2.27 0.20 2,00 - 2.5 8.8
Z 2.03 0.33 1.44 - 2,27 16.3
OM, 15-30 cm
Vv 1.84 0.10 1.74 - 1.96 5.4 %
Z 1.18 0.30 0.79 - 1.60 25.4
OM, 30-60 cm
v 1.24 0.05 1.14 - 1.27 4.0 *
Z 0.80 0.18 0.62 - 1.08 22.5
oM, 60-~120 cm
A 0.66 0.37 .0.20 - 1.14 56.1
Z 0.51 0.37 0.20 - 1.14 72.6
P, 0-15 cm (mg/kg)
v 18.4 3.2 16.0 - 23.2 17.3 *%
Z : 11.2 2.4 8.6 - 14.4 21.0
P, 15-30 cm
A 3.7 2.5 1.8 - 7.6 68.3
Z 3.2 0.1 2,2 - 4.4 3.1
P, 30-60 cm
A 2.6 1.6 1.2 - 5.0 61.3
Z 2.3 0.6 1.4 - 2.9 27
P, 60-120 cm '
v 5.8 4.2 2.0 -12.8 72.1
yA 2.9 1.1 1.2 - 4 39.0
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Depth to CaC03 (cm)
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2.1 17.5 - 22.5 10.2
0.0 0.0 - 0.0 0.0
1.5 18.5 - 21.8 7.5
0.5 23.0 - 24.0 1.9
3.4 18.8 - 26.8 14.6
1.9 23.8 - 28.8 7.0
3.3 20.0 - 28.0 "14.7
1.6 19.0 - 23.0 7.9
1.5 26.0 - 29.0 5.5
1.1 33.0 - 35.0 3.2

%

*%

*

x%

v 20.5
Z 0.0
AWHC, 0-120 cm (cm)
’ v 20.0
Z 23.2
Water Use, 0-120 cm (cm)
v 23.0
Z 26.4
Clay, 0-15 cm ()
v 22.4
Z 20.8
Clay, 15-30. cm (%) _
v 27.6
Z 33.8
%, %% = 0.05 and 0.01 significantly
N = sample size of 5
V = Vida
Z = Zahill

SD = standard deviation

Range = minimum and maximum values
CV = coefficient of variation

OM = organic matter content

P = NaHCO3 phosphorus

K exchangeable potassium

N =.nitrate-nitrogen

"EC = electrical conductivity

different levels, respectively

AWHC = available water holding capacity
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Table 26. Means, Standard Deviations, Ranges, Coefficients of
Variations, and Significant Differences of Soil Chemical
and Morphological Properties for Scobey and Kevin.

Property, depth - Mean SD "~ Range CV Sig.
(%) Level

pH, 0-15 em (2:1)

S 6.92 0.30 6.6 — 7.4 . 4.3
K 6.88 0.27 6.6 - 7.3 3.9
pH, 15-30 cm
S 8.48 0.13 8.4 - 8.7 1.5
K 8.44 0.23 8.1 - 8.7 2.8
pH, 30-60 cm
S 8.36 0.09 8.2 - 8.4 1.1
K 8.46 0.31 8.0 - 8.7 3.7
«pH, 60-120 cm
S 8.60 0.29 8.3 - 9.0 3.4 *%
K 8.00 0.07 7.4 - 8.1 0.9
OM, 0-15 em (%) .
S 2.06 0.14 1.88 - 2,27 6.8
K 2.13 0.10 1.96 - 2.19 4.7
OM, 15-30 cm
S o 1.74 0.41 1.33 - 2.43 23.6
K 1.75 0.06 1.67 - 1.81 3.4
OM, 30-60 cm
S 1.69 0.28 1.47 - 2.03 0.2 °
. K 1.32 0.60 0.45 - 2.02 45.5
OM, 60-120 cm
" S ‘ 0.04 0.13 0.20 - 0.51 25.0
K 0.53 0.12 - 0.40 - 0.67 22.6
P, 0-15 cm (mg/kg)
' S 20.0 1.3 19.0 - 22, 6.3
K 19.0 7.5 6.3 - 25.9 39.3
P, 15-30 cm :
S 2.2 2.2 0.7 - 6.6 100.5
K 4.3 4.8 1.4 - 12.8 110.4
P, 30-60 cm
S 6.4 2.9 3.7 - 9.8 44.7
K 5.5 4.0 1.4 - 12.1 72.3
P, 60-120 cm
S : 4.4 1.7 2.9 - 6.6 39.5
K 5.0 1.9 2.2 - 7.3 38.0
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482. 27.6
591. 48.9
395. 65.9
341. 113.6
288. 39.2
300. 65.6
190. 20.2-
189. 28.3
4.4 6.6
7.8 10.3
3.4 1.5
4.7 2.1
1.6 0.4
2.2 1.2
0.8 0.5
3.5 3.0
Q.3 0.1
0.4 0.2
0.4 0.1
0.5 0.1
0.6 0.1
1.9 2.8
2.6 1.2
7.1 1.4

460.-
520.-

322.-
232.-

242.-
255.-

173.~
152.-

*%
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Depth to CaCO3 (cm)

S ‘ 36.0 2

K 21.5 1
AWHC, 0-120 cm (cm)

S ‘ 21.0 0.7

K ‘ 15.8 1.0
Water Use, 0-120 cm (cm) .

S 28.3 1.5

K 19.6 4.3
Clay, 0-15 cm (%)

S 26.0 1.4

K 25.8 1.6
Clay, 15-30 cm (%)

S 38.0 0.0

K 29.4 1.5

32.
20.

20.
14,

26.
13,

24,
24,

38.
28.

(o)W o)}
=~

o W

N O

%%

k3

%

%% = 0.05 and 0.0l significantly different levels, respectively

%
b
N = sample size of 5
S = Scobey
K = Kevin
SD = standard deviation
Range = minimum and maximum values
CV = coefficient of variation
OM = organic matter content
P = NaHCO3 phosphorus
K = exchangeable potassium
N = nitrate-nitrogen
EC = electrical conductivity
AWHC = available water holding capacity
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Table 27. Means, Standard Deviations, Ranges, Coefficients of
Variations, and Significant Differences of Soil Chemical
and Morphological Properties for Scobey and Hillon.

Property, depth Mean SD . Range ’ CV  Sig.
(%) Level

pH, 0-15 cm (2:1)

S 6.92 0.30 6.6 - 7.4 4.3 *%
H - 8.34 0.89 8.7 - 8.4 10.7
pH, 15-30 cm
S . 8.48 0.13 8.4 - 8.7 1.5
H 8.56 0.89 8.5 - 8.7 10.4
pH, 30-60 cm
S 8.36 0.09 8.2 - 8.4 1.1
H 8.54 0.22 8.2 - 8.8 2.6
pH, 60-120 cm
S 8.60 0.29 8.3 - 9.0 3.4
H 8.18 0.48 7.8 - 8.8 5.9
oM, 0-15 cm (%)
S, 2.06 0.14 1.88 - 2.27 6.8 *
H 1.79° - 0.11 1.67 - 1.96 6.1
OM, 15-30 cm
S 1.74 0.41 1.33 - 2.43 "23.6 *
H 1.22 0.27 0.90 - 1.53 22.1
OM, 30-60 cm
8 : . 1.69 0.28 1.47 - 2.03 16.6 Hedk
H 0.57 0.22 0.25 - 0.79 38.6 ‘
OM, 60-120Q cm ,
S 0.04 0.13 0.20 - 0.51 325.0 *
H ) 0.19 .0.10 0.10 - 0.35 52.6
P, 0-15 cm (mg/ﬁé) _
S 20.0 1.3 19.0 - 22.0 6.3 *
H 14.0 3.7 10.1 - 18.0 26.3
P, 15-30 cm
S 2.2 2.2 0.7 - - 6.6 100.5 *
H . 5.3 2.5 2.9 - 9.3 47.5
P, 30-60 cm :
S ' 6.4 2.9 3.7 - 9.8 44,7 %
H 3.9 0.4 3.3 - 4.4 11.0
P, 60-120 cm . :
S 4.4 1.7 2.9 - 6.6 39.5
H . 3.8 . 1.8 2.2 - 6.6 47.9
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Depth to CaC03 (cm)

S 36.0

H 0.0
AWHC, 0-120 cm (cm)

s 21.0

H 11.3
Water Use, 0-120 cm (cm)

s 28.3

H . 15.4
Clay, 0-15 cm (%)

S 26.0

B . 21.6
Clay, 15-30 cm (%)

S 38.0

H 25.4
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2.2 32.5 - 37.5 6.2
0.0 0.0 - 0.0 0.0
0.7 20.0 - 21.8 3.5
1.5 9.0 - 13.0 13.8
1.5 26.3 - 29.8 5.3
1.1 13.5 - 16.5 7.3
1.4 24.0 - 27.0 5.4
1.3 20.0 - 23.0 6.2
0.0 38.0 - 38.0 0.0
2.7 22.0 - 29.0 10.6

K%

*%

*%

&%

%%

*, %% = Q.05 and 0.01 significantly
N = sample size of 5 : )
S
K

Scobey
= Kevin
SD = standard deviation
Range = minimum and maximum values
V = coefficient of variation
OM = organic matter content
= NaHCO3 phosphorus
exchangeable potassium
= nitrate-nitrogen
EC = electrical conductivity
AWHC = available water Holding capa

Q

=z N
I

different levels, respectively

city
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Table 28. Means, Standard Deviations, Ranges, Coefficients of
Variations, and Significant Differences of Soil Chemical
and Morphological Properties for Kevin and Hillon.

Property, depth Mean SD Range cV  Sig.
' (%) Level

pH, 0-15 cm (2:1) ,
) .88 0.27

K 6 6.6.— 7.3 14.5 %
H 8.34 0.89 8.2 - 8.4 10.7

pH, 15-30 cm ’
K ' 8.44 0.23 8.1 - 8.7 2.7

. H 8.56- 0.89 8.5 - 8.7 10.4

pH, 30-60 cm
K 8.46 0.31 8.0 - 8.7 3.7
H 8.54 0.22 8.2 - 8.8 2.6

pH, 60-120 cm '
id ‘ 8.00 0.07 7.9 - 8.1 0.9
H 8.18 0.48 7.8 - 8.8 5.9

OM, 0-15 cm (%)
K 2.13 0.10 1.96 - 2.19 4.7 %
H 1.79 0.11 -1.67 - 1.96 6.1

OM, 15-30 cm
K 1.75 0.06 1.67 - 1.81 3.4 *k
H ' 1.22 0.27 0.90 - 1.53 22.1

OM, 30-60 cm
K 1.32 0.60 0.45 - 2.02 45,5 *
H 0.57 0.22 0.25 - 0.79 38.6

oM, 60-120 cm :
K 0.53 0.12 0.40 - 0.67 22.6 *%
H 0.19 0.10 0.10 - 0.35 52.6

P, 0-15 cm (mg/kg) S
K ’ 19.0 7.5 6.3 - 25.9 39.3
H 14.0 3.7 10.1 - 18.0: 26.3

P, 15-30 cm : :
K 4.3 4.8 1.4 - 12.8 110.4
H 5.3 2.5 2.9 - 9.3 47.5

P, 30-60 cm
K 5.5 4.0 1.4 - 12.1 72.3
H 3.9 0.4 3.3 - 4.4 11.0

P, 60-120 cm
K 5.0 -1.9 2.2 - 7.3 38.0
H 3.8 1.8 2.2 - 6.6 47.9
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Depth to CaC03 (cm)

K 73.5

H 0.0
AWHC, 0-120 cm (cm)

K 15.8

H 11.3
Water Use, 0-120 cm (cm)

K 19.6

H 15.4
Clay, 0-15 cm (%)

K '25.8

H . 21.6
Clay, 15-30 cm (%)

K 29.4

H ’ 25.4
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3.8 ©  70.0 - 80.0 5.2
0.0 0.0 - 0.0 0.0
1.0 14.0 - 16.3 6.2
1.5 9.0 - 13.0 13.7
4.3 13.8 - 25.0 21.7
1.1 13.5 - 16.5 7.3
1.6 24.0 -.28.0 6.4
1.3 20.0 - 23.0 6.2
1.5 28.0 - 32.0 5.2
2.7 22.0 - 29.0 10.6

EX S

%

*%

%, %% = 0.05 and 0.0 significantly

N = sample size of 5

K = Kevin
H = Hillon
SD = standard deviation

Range = minimum and maximum values

different levels, respectively

CV = coefficient of variation

OM = organic matter content

P = NaHCO3 phosphorus

K = exchangeable potassium

N = nitrate-nitrogen

EC = electrical conductivity

AWHC = available water holding capacity
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Table 29. Means, Standard Deviations, Ranges, Coefficients of
Variations, and Significant Differences of Soil Chemical
and Morphological Properties for Telstad and Joplin.

Property, depth Mean  SD Range CV Sig.
) . (%) Level

pH, 0-15 em (2:1) .
' T 7.84 0.36

7.5 - 8.4 4.6 %
J 8.28 0.16 8.0 - 8.4 1.9
pH, 15-30 cm
T , 7.94 0.25 7.7 - 8.3 3.2 Fok
J 8.50 "0.00 8.5 - 8.5 0.0
pH, 30-60 cm
T 8.18 0.16 7.9 - 8.3 2.0 *%
J . 8.64 = 0.05 8.6 - 8.7 0.6
pH, 60-120 cm
T 8.9 0.00 8.9 - 8.9 0.0 %
J 8.4 0.45 7.9 - 9.0 5.4
OM, 0-15 cm (%)
T 1.47 0.20 1.27 - 1.74 13.7
J 1.61 0.11 1.53 - 1.81 6.8
O0M, 15-30 cm '
T 0.86 0.24 0.62 - 1.21 27.9 k%
J 1.49 0.16 1.27 - 1.67 10.7
oM, 30-60 cm :
T ' ‘ 0.86 0.37 0.56 - 1.40 43.0
J 0.95 0.08 0.84 - 1.02 8.4
OM, 60-120 cm - _
T 0.60 0.16 0.40 - 0.79 26.7
J 0.43 0.12 0.30 - 0.56 27.9
P, 0-15 cm (mg/kg)
T 29.0 3.3 24,8 - 33.6 11.4 *%
J 22.9 2.5 19.7 - 25.5 11.1
P, 15-30 cm
' T 12.8 3.7 8.0 - 16.8 29.2 %
J 6.6 3.8 2.9 - 11.0 57.1 i
P, 30-60 cm
T 7.3 2.6 3.4 - 10.2 35.3 *
J ' 3.2 2.0 1.5 - 6.6 61.2
P, 60-120 cm
T 6.7 2.0 3.4 - 8.1 29.2
J 3.8 3.5 1.0 - 9.4 90.5
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Depth to CaC03 (cm)

m .
N O

k%

T 40.5 3.3
J 20.5 12.1
AWHC, 0-120 cm (cm)
T 12.5. 0.7
J 12.0 1.6
Water Use, 0-120 cm (cm)
T 15.5 1.3
J 13.3 1.5
Clay, 0-15 cm (%)
- T , 15.8 1.1
J ‘ 15.2 2.1
‘ Clay, 15-30 cm (%)
T 18.6 1.8
J 18.2 1.6
%
N = sample size of 5
T = Telstad
J = Joplin

SD = standard deviation

Range = minimum and.maximum values
CV = coefficient of variation

OM = organic.matter content

P = NaHCO3 phosphorus
K = exchangeable potassium
N = nitrate-nitrogen

EC = electrical conductivity
AWHC = available water holding capacity

,» %% = 0,05 and 0.01 significantly different levels, respectively
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Table 30. Means, Standard Deviations, Ranges, Coefficients of
Variations, and Significant Differences of Soil Chemical
- and Morphological Properties for Telstad and Hillon.

Property, depth Mean Sh Range CV  Sig.
(%) Level

pH, 0-15.cm (2:1)

T 7.84 0.36 7.5 - 8.4 4.6 *%
H 8.46 0.05 8.4 - 8.5 0.6

pH, 15-30 cm ,
T 7.94 0.25 7.7 - 8.3 3.2 *%k
H 8.60 0.07 8.5 - 8.7 0.8

pH, 30-60 cm
T 8.18 0.16 7.9 - 8.3 2.0 &%
H 8.84 0.09 8.8 - 9.0 1.0

pH, 60-120 cm
T : 8.9 0.00 8.9 - 8.9 0.0 &%
H 8.3 0.46 8.0 - 9.1 5.5

OM, 0-15 cm (2)
T ' 1.47 0.20 1.27 - 1.74 13.7 %
H 1.81 0.14 1.67 - 2.03 7.7

oM, 15-30 cm
T 0.86 0.24 0.62 - 1.21 27.9 *
H 1.32 0.31 0.96 - 1.74 23.5

OM, 30-60 cm
T - 0.86 0.37 0.56 — 1.40 43.0
H 0.81 0.28 0.51 - 1.21 34.6

OM, 60-120 cm
T 0.60 - 0.16 0.40 - 0.79 26.7
H 0.47 0.24 0.35 - 0.90 51.1

P, 0-15 cm (mg/kg) '
T 29.0 3.30 24.8 -~ 33.6 11.4 *%

- H 13.2 5.59 8.0 - 22.6 42.4

P, 15-30 cm
T 12.8 3.7 8.0 - 16.8 29.2 H%
H 3.4 2.7 1.0 - 6.6 63.2

P, 30-60 cm - .
T 7.3 2.6 3.4 - 10.2 35.3 *%
H 2.1 1.0 0.3 - 2.9 49.5

P, 60-120 cm
T 6.7 2.0 3.4 - 8.1 29.2 %
H 2.0 1.7 0.3 - 4.2 86.4
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Property, depth Mean SD | Range CvV Sig.
‘ (%) Level
K, 0-15 cm (mg/kg)
T 358. 76.0 279.- 449, 21.2 *%
H 211. 42.2 170.- 279. 20.0
K, 15-30cm '
T 232. 41.7 - 184.- 277. 18.0 #%
H 90. 37. 65.- 150. 41.1
K, 30-60 cm
T 234, 70.2 114.- 285. 30.0 %%
H 113. 19.3 98.- 140, 17.1
K, 60-120 cm
T 224, 113.0 101.- 394, 50.4
H 144, 18.2 119.- 161. 12.6
N, 0-15 cm (mg/kg) .
T ' 0.4 0.2 0.1 - 0.7 54.5
H 1.6 1.5 0.6 - 4.2 95.5
N, 15-30 cm
T 0.5 0.3 0.2 -~ 0.9 56.3 *
H 1.2 0.6 0.4 - 1.9 47 .4
N, 30-60 cm
T 0.2 0.3 0.0 - 0.6 120.8
H 0.7 0.6 0.2 - 1.6 89.7
N, 60-120 cm
T 0.4 0.3 0.0 - 0.7 65.8
H 1.5 1.7 0.0 - 3.4 113.0
EC, 0-15 cm (dSM/cm)
T 0.2 0.1 0.18 - 0.32 20.8 %%
H 0.4 0.0 0.38 - 0.45 9.8
EC, 15-30 cm
T 0.2 0.1 0.14 - 0.30 31.6 %%
H 0.4 0. 0.36 - 0.40 5.3
EC, 30-60 cm
T 0.4 0.1 0.21 - 0.48 28.2
H 0.5 0.1 0.41 -10.55 13.0
EC, 60-120 cm
T 0.5 0.1 0.44 - 0.61 11.5 %%
H 4.2 1.8 1.42 - 5.71 43.5




Depth to CaCO3 (cm)

T 40.5

H 0.0
AWHC, 0-120 cm (cm)

T 12.5

H 10.3
Water Use, 0-120 cm (cm)

T 15.5

H 12.8
Clay, 0-15 cm (%)

T 15.8

H 19.4
Clay, 15-30 cm (%)

T 18.6

H 23.4
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3.3 37.5 - 45.0 8.0
0.0 0.0 ~ 0.0 0.0
0.7 11.8 - 13.5 5.8
0.5 9.8 - 11.0 4.6
1.3 14.3 - 17.3 8.2
2.0 10.5 - 15.8 15.7
1.1 15.0 - 17.0 7.0
1.5 18.0 ~ 21.0 7.9
1.8 16.0 - 21.0 9.8
2.0 21.0 - 26.0 8.3

*k

x%

%

ek

*, %% = 0,05 and Q.01 significantly

N = sample size of 5
T = Telstad
H = Hillon

SD = standard deviation

Range = minimum and maximum values
CV = coefficient of variation

oM organic matter content

P = NaHCO3 phosphorus

K = exchangeable potassium

N = nitrate-nitrogen

EC = electrical conductivity

L.}

different levels, respectively

AWHC = available water holding capacity
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Table 31. Means, Standard Deviations, Ranges, Coefficients of
Variations, and Significant Differences of Soil Chemical
and Morphological Properties for Joplin and Hillon.

Property, depth - Mean SD " Range CV - Sig.
(%) Level

pH, 0-15 em (2:1)

J 8.28 0.16 8.0 - 8.4 1.9 *
H ) 8.34 0.89 8.2 - 8.4 10.7
pH, 15-30 cm
J 8.50 .0.00 8.5 - 8.5 0.0 *¥&
H 8.56 . 0.89 . 8.5 - 8.7 10.4
pH, 30-60 cm
J 8.64 0.05 8.6 — 8.7 0.6 %k
H 8.54 0.22 8.2 - 8.8 2.6
pH, 60-120 cm
J 8.40 0.45 7.9 - 9.0 5.4
H 8.18 0.48 7.8 - 8.8 5.9
OM, 0-15 cm (%)
J 1.61 0.11 1.53 - 1.81 6.8 *
H 1.79 0.11 1.67 - 1.96 6.1
OM, 15-30 cm
J 1.49 0.16 1.27 - 1.67 10.7
H : 1.22 0.27 0.90 - 1.53 22.1
O0M, 30-60 cm
J ‘ 0.95 0.08 0.84 - 1.02 8.4
H 0.57 -0.22 0.25 - 0.79 38.6
OM, 60-120 cm
J 0.43 0.12 0.30 - 0.56 27.9
H 0.19 0.10 0.10 - 0.35 52.6
P, 0-15 cm (mg/kg)
J 22.9 2.54 19.7 - 25.5 11.1 ke
H 14.0 3.7 10.1 - 18.0 26.3
P, 15-30 cm
J 6.6 3.8 2.9 - 11.0 57.1
H 5.3 2.5 2.9 - 9.3 47.5
P, 30-60 cm
J 3.2 1.0 1.5 - 6.6 61.2
H 3.9 0.4 3.3 - 4.4 11.0
P, 60-120 cm
J : 3.8 3.4 1.0 - 9.4 90.5
H 3.8 1.8 2.2 - 6.6 47.9
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Depth to CaC03 (cm)
J 20.5
H 0.0

AWHC, 0-120 cm (cm)

J 12.0

H 11.3
Water Use, 0-120 cm (cm)

J 13.3

H 15.4
Clay, 0-15 cm (%)

J 15.2

H 21.6
Clay, 15-30 cm (%)

“J - 18.2

H ©25.4
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2.1 17.5 - 22.5 10.2
0.0 0.0 - 0.0 0.0
1.6 10.3 - 14.5 12.9
1.5 9.0 - 13.0 13

1.5 11.5 - 15.0 11.1
1.1 13.5 - 16.5 7.3
2.0 13.0 - 17.0 13.5
1.3 20.0 - 23.0 6.2
1.6 17.0 - 20.0 9.0
2.7 22.0 - 29.0 10.6

bt

*%

%

%, %% = 0.05 and 0.01 significantly

N = sample size of 5
J = Joplin
H = Hillon

SD = stancdard deviation

Range = minimum and maximum values
CV = coefficient of variation

OM = organic matter content

P = NaHCO3 phosphorus

K = exchangeable potassium

N = nitrate-nitrogen ’

E electrical concuctivity

different levels, respectively

AWHC = available water holding capacity
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Appendix G.

Figure 7. Correlation Coefficients (x 100) for Soil Chemical and
Morphological Properties. Matrix Only Includes
Correlations Significant at the 57 Level.
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