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Abstract:

Three Natrargid soils (Tealette, Elloam and Thoeny) and one Pale-argid soil (Phillips) in northern
Blaine County, Montana were characterized and their vegetative productivity was measured with and
without mechanical treatment (plowing or chiseling). Four treatments were studied: native vegetation,
unplowed (control); native vegetation, plowed (c1930); crested wheatgrass vegetation, plowed (c!940);
and native vegetation, chiseled (1972).

Plowing was found to be the most effective mechanical treatment. Grass, forb and total productivity
increased significantly (p =.01), especially on Elloam and Thoeny, the most extensive soils in the
landscape. Favorable response was attributed to increased infiltration of precipitation and spring snow
melt due to clubmoss removal and fracturing of the impermeable B horizon, particularly on Elloam and
shallow Thoeny soils.

The chiseled site showed an increase in total productivity, but the vegetative community was still in a
serai stage of secondary succession as indicated by a large proportion of forbs, notably fringed
sagewort. Measurements were made only 8 years after treatment with continuous grazing in the
interim, so that little successionary progress would be expected.

The beneficial effects of plowing were still evident at least 50 years a ter treatment. A long residual
effect is expected for these soils in which natric horizon development has ceased due to the dominance
of a semiarid climate. The elimination of the prerequisite perched water table prevents the net upward
movement of water and the reformation of columnar structure in the B horizon.
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ABSTRACT

Three Natrargid soils (Tealette, Elloam and Thoeny) and one Pale-
argid soil (Phillips) in northern Blaine County, Montana were charac-
terized and their vegetative productivity was measured with and without
mechanical treatment (plowing or chiseling). Four treatments were
studied: native vegetation, unplowed (control); native vegetation,
plowed (cl1930); crested wheatgrass vegetation, plowed (c1940); and
native vegetation, chiseled (1972).

Plowing was found to be the most effective mechanical treatment.
Grass, forb and total productivity increased significantly (p = .01),
_ especially. on Elloam and Thoeny, the most extensive soils in the land-
scape. Favorable response was attributed to increased infiltration of
precipitation and spring snow melt due’to clubmoss removal and frac-
. turing of the impérmeable B horizon, particularly on Elloam and shallow
Thoeny soils.

The chiseled site showed an increase in total productivity, but
the vegetative community was still in a seral stage of secondary
succession. as indicated by a large proporticn of férbs, notably fringed
sagewort. - Measurements were made only 8 years after treatment with
continuous grazing in the interim, so that little successionary progress
. would be expected., .

The benefiéial effects of plowing were still evident at least 50
years a ter treatment. A long residual effect 1s expected for.these
- soils in which natric horizon development has ceased due to the dominance
of a semiarid climate. The elimination of the prerequisite perched
water table prevents the net upward movement of water and the reforma-
tion of colummar structure in the B horizon.




INTRODUCTION

Natrargid soils with slow permeability induced by soil texture and
columnar structure occur intermittently ip,dryland areas of‘the conti—
nental till plain in northern Montana. Dense clubmoss (Selaginella
densa) éover is freﬁueﬁtly associated with-these soils on heavily
grazed rangelands. It reduces éffecﬁive infiltfation of precipitation
and competes.with pfeferred species for the limited moisture supply. |

Historicaily, management'inténsity on these soils has been iow.
Economic factors on private land and public interest in beféer_manage—
ment of‘publicly owned fangeland ﬁas promoted an assessme;t of theif'
potentialiproductivity énd the. feasibility of renovation practices to
increase their production. - | |

A.study of ‘these s&ils in northern Bléine County was undertaken
in 1979 as part of Interagency Agreement No. MT950-IA9-1442 between
the Bureau qf Land Management and Montana Agricultufal Experiment
Station. The objectlves of the study were to:

1. Characterize four major range soils»— Phillips (Paleargid);

and Thoeny, Ellbam and Tealette (Natrargids). |
2. Evaluate their poténtiél for forage broductivity.
3. Efaluate the effects of two mechanical tréatmenés, plqwing

and chiseling; on vegetative composition and productivity.




LITERATURE REVIEW

Mechanical land renova;ion has been pfacticed on western range-
lands for more than 40 years in efforts to.iﬁcfease saii water storage,
reduce runoff, énd increase production of desirable fsragé (ﬁeff, 1973;
Branson et al., 1966). Climate, soil, gra;ing management, vegetatién
.types, implements, and their use. interact to'détermine.treatmeht suc;ess
(Branson et ai., 1966). |

Reporté indicate that fhe most favorable response to mechanical
treatments occur in arid and semiafid rangélands (Wight et al., 1978)
with medium— to fine-textured soils (ﬁranson et al., 1966). Sites in
which soils are sgling or sodium dominated tend éo respond eséeciélly
favorably to treatments which reducg run-off, pro?iding a longer time
for infiltration (Neffland Wight, 19775.

implements most cbmmqnly used to freat fangelands'afe the.mold-
board plow, disc plow, ripper, pittér,'chiéel aﬁd contourlfurrower.
There is consensus in the ;iterature that contour furrowing is the
most effective géneral method of treatment and that plowing tends to
have the least long-term effect.(Bransoﬁ et al., 1966; Allmaras et al.,
1977; Neff, 1973). Chiseling was only beneficial for treatments thch
required the fracturing of a "hardpan" layer in the soil to increase

water infiltration and storage (Branson et al., 1966).




Effect of Mechanical Treatment on Soil HydrauliclProperties_

Studies on the influences of chiselinévand moldboard plowing on
hydraulic properties of soils with an imperméable subsurface layer havé_
shown that shallow chiseling impfoves water intake, soil water storage,
and.redﬁces soil water erosion more effectively than moldboard plowing
(Lindstrom et ai., 1974; Burwell and Laréon; 1969; Allmaras et él.,
1977; Sommerfeldf and Chang, 1980; Johnson énd Moldenhauer, 1979).
Burwell and Larson (1969) found that before runoff occurred, up'to
50 percent more water infiltrated on chiseled plots than on counter-
parts moldboard plowed to the same depth. :During the runoff phase,
intake was not affected by tillage treatment when there were no fesidues
on the surface., Water storage increases associated with chiseling have
beén attributed to improved intake from snéwmelt and prevention of run-
off due t; the rough, trash& éurfacé and fractured impermeable'layer
(AlJmaraé et al., 1977; ﬁurwell et al., 1968).

Improved infilt?atiog due to chiseling reported by Burwell et al.
(1968) was inferred eithér frém an increased proportion of large pores
and increased permeability of saturated soil cores takeﬁ from problem
subsurface layers, or when rupture of the problem subsurface layer was
verified, even if changes in surface roughﬁéss were not great enough to

affect surface detention and water intake. According to Allmaras et al.

(1977) and Lindstrom et al. (1974) those observations would be insuffi-
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cieﬁt‘to indicate any iﬁpfovément due to chiseling, They proﬁose tﬁat
increased water holding cépaéity and gfeatér down&ard distribufién of
water due to chiseling cannot be expected if the surface.layer remains
unchanged dr if changes in profile water relations are unaffected by
changes in water relafions of the treated layer.

Allmaras et al. (1977) suggested thét'the benefiéial effects of e
chiseling are‘related to in;reased water intake and redistribution
down through the profile due to chaﬁged soil hydraulic'éroperties.
Reduction in water COntent'of the upper layer of chiseled fregtments

due to more rapid drainage and redistribution would decrease surface

evaporation, which decreases with soil water content (water diffusity),’

thus enhancing effective soil water storage. Increased hydraulic con-
ductivity at constant water content due to chiseling and increased

turbulent drying_as‘the soill porosity is increased are both'nullifying

influences that must be considered in any net soil water storage projec—‘

tions.

| Few researchers have studied the effects of chiseling or piowing
on the watér relations 6f sodium dominated soils. Branson et al. (1962)
éomﬁared contour furrowing, trenghing, pitting, plowing and rippiﬁg
(chiseling) on 20 sites, one of which was a clayey saline-upland range
 site. They4fognd that storage capacities of mechanically treatéd soils
decreaééd_rapidly ddring’the first 5 yeérs after-treatment. Contour

furrowing was the only treatment that caused a decrease in salts in
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the.upper.pqrtion of the treated soil within'that'time. They postulated
that although chiseiiﬁg fractured thé subsoil, it did not modify the |
soil surface sufficiently to allow maximum detention and étorage of
precipi;ation and snowmelt., Despite its relative inefficiency, chisel-
ing produced to some degreé.all of the benefits of contour furrowing.
For soils with a "hardﬁan" layer, they .concluded that it may be the
most mechanically efficient method of improving infiltration and sub-
surface drainage. Plowing did not significantly affect soil hy&faulic
properties at any of the sites for more than 3 years.

Several studies have examined the influence of contour furrowing
on water relatioﬁs of Natrargid soils qf ﬁixe& prairie rangelands.
Incfeased soil water w%s the major Beneficial effect of gll contour
furréwing treatménts (Branson et al., 19663 Soiseth et al., 1974;

Wight étlal.; 1978; Neff and Wight, 1977). Overwinter recharge

'increased 157 and 162 percent, respectively (Neff and Wight, 1977), and

available soll water, measured as cm—days,:inéreased 36 and 107 percent,
respectivelf (Wight et al., 1978) on treated saliné—upland.and panspot
sites. Enhahced overwinter recharge increased spr;ng available mois-
ture which acéouqted (r = 0.89) for abput 65 percent of increased
herbaée production in both studies. Branson et al. (1966) reported

that even after treatment, panspot soils had lower infiltration rates

and soil moisture percentages than saline—upland solls, although some

-soils that would have been classed as panspot soils before treatment
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"were .improved to saliﬁe—upland by contour furrowing. However, the faét'
that many furrowed panspots remained almost barren indicates that they
cannot be coﬁpletely reclaimed by mechaﬁicgl treatment alone .(Branson

et al., 1966).

Influence of Mechanical Treatment on Herbage Production

Branson et al. (1966), in review.of the influence of mechanical
treatments on herﬂaée produqfiong rebqrted that for panspdt and saline-
upland'sites, beneficialhbidlogical effects persisf for many years after o
enhanced mois;ure storaée capacifies 6f ;hé‘soil have decreased. Wight .
et al. (1978) interpréted Soiseth's et al, (1974) data to indicate that
any beneficial effects of contour‘fufrowing should be autocyclic;i As
more water enféré-thg soil, salinity décreases'and‘herbage ﬁroduction
increases, resulting in ;ncreased‘infiltration and'nufrient‘availf
ability, whigﬁ, in tufn, favors increas;d herbage production. .In
refqrence to panspot (Solonetzic) rénge éites, White (1969) oﬁserved
increased herbage production 11 years after tréafment ané Soisgth et al.
(1974) showéd tﬁat imp;oved-infiltration, rgducéd sodium hazard and
increased herbage production lasted for at least 10 years;-

Yield respohséé of panspot range éiteglto mechanical treatment ‘

’ havé varied from 0 to 100 peréent or m;re (Wighfg 1976) . .Wighf et al.

(1978) reported increased.avéfage herbage production of 165 percent

(527 kg/ha) with thickspikefwestern‘wheatgra§s (Agropyrpn smithii)
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accounting for_64‘pefcent:of the.incréase. Basal cover of éil other
.species_was decreased, Rasmussen et al. (1972) and Branson et al.
(1966} suggest that yield inc;eases were generaily 2.5 times greater on
treated than check sites. Siénifiqant increases in litter; associated
witﬁ increased forage production, wéré reported for all mecﬁanical

freatménts.(Bransoﬁ'ef al., 1966).
It ié.genefally'agreed tha;-re-establishment'of ﬁajor fbrage

species requires about 4 years. Thickspike-western wheatgrass, Nuttall

alkaligrass (Distichlis stricfa) and, initially, foxtail barley

(Hordeum jubatum) responded favorably to treatment. Crested wheatgrass

(Agropyron cristatum) was generally not affected. Blue grama grass

(Bouteloua gracilis), needle-and-thread grass (Stipa comata), and

buffalo grass (Buchloe dactyloides) dgcreaéed on all treatment sites.

Clubmoss response varied, tgnding to decrease with increased intensity

of mechanical treatment. Ffinggd sagewort (Artemesia ffigida) and
other annual and biennial forbs increased with treatment intensity, but
did not exceed 2.5 percent of total vegetation on any of the ungrazed

study sites (Dolan and Taylor, 1972; Wight et al.,'1978).

Influence of Grazing on Treatment Success
Restocking mechanically treated areas before forage species have
become re-established has been shown .to ‘significantly reduce the beneQ

ficial effects of treatment. Branson et al. (1966) reported that
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infiltration rafes on contour furrowed "slick and sgmi¥slick soils"
_‘decreaséd with an ;ncgease in grazing infeﬁsity. They speculated that
this was due tb decreéseé ﬁhlch and iﬂcrease in éoil compaction due to
tramplingf

Branson et al. (19665 and Dormaar et al. (1977) found that blue
grama grass dominated héavily grézeq treatment sites whereas needle-and-
thread grass eventualiy dbminate& ungraéed sités. Clubﬁéss increased
with grazing intensity, Vegetation changes were éééoﬁpanied by'a.chanée.
in dry matter of.thé root mass in the top 15 cm of the éoil ih'each
- study sité,.which éveraged 15 and 24 tons of dfy matter on the ungrazed
and heaﬁily grazed sites, respgctively“(DormAar et al., 1977). fhese

findings concur with those of Smoliak et al. (1976) who also noted an

increase in moss phlox (Phlox hoodii), prickly pear cactus (Opuntia spp.).

and fringed sagewort on heavily grazed Stipa-Bouteloua mixed prairie

'rangelandse

Influence of Mechanical Treatment on Clubmoss

Dolan: (1966) compiled a compreheﬁsive literature revie&von the
ecological réle of clubmoss and its control Ey mechanical treatment.,
-He concluded fhat-degﬁite its role as a stabilizer against ﬁater'and L
wind erosion, "high clubﬁoss density ig iﬁimical to maximum range pro- -

duction." Beﬁause of its abilify to intercept ﬁoisture which.is*fhen_
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subject.to rapid evaporation, it competeg with desirable forage spécies
for moisture. Removal of clubmoss competition for water and an
increase in available nitrogen resulting froﬁ the decoﬁpositibﬁ of
uprooted and,buried clubméss are partially responsible for increased
productivity of preferred forage specieg on mechanically reno&ated.
range sites,

Dolan and Taylor (1972) observed that although‘clubmoss was still
evidént 40 years after mechanical treatment, its basal cover was reduced
in proportion to intensity of treatment. Yield and ground cévgr contrib-
uted by forage species increased, as clubmoss decreased."Since no detri-

mental effects to the sites were observed in 40 years, renovation would

appear to be effective in controiling clubmoss in areas where it is a

problem.




LANDSCAPE ECOLQGY

Glacial History and Paleoecology

IDuring the Wisconsin age, several major.cliﬁatic éhanges assoéiated
with six distinct glacial advances and recessions occur?ed over the
Northefn Great Plains, In Monténa,-only the first tw§ a&vances extended
as'far south as the Missouri River, each retreat mafked by a deposition
of glacial till ﬁa;erial (Alden, 1932; Leﬁke et al., 1965). Meltwaters
associated with tﬁe fecession of ﬁheAfinal fou; glaciations, fléwed
south to'the Milk.aﬁd Miésoupi Rivers, presumably cafrying'away much of
the till. In some areas only a venéér‘of drift remains to cover the
underlying, poorly consolidated Cretacgous shales,'siltstones, and
sandstones (Alden, 1932; Lemke et al., 1965).

Ice—ége climate ended afound 10,800 years BP (Bryéon, 1975). The
subsequent temberature trend was one of extensive warming in the ﬁid—
latitudes which culmiﬁated iﬁ a plateau of maximum Qarmth around the
seventh millenium BP, fhe thermal maximum was maintained.until the
fourth millenium BP, after which cooling trends dominated with ﬁinor
glacial advaﬁceé around 3000 and 200 years BP (Bra&, 1971). |

Morrison and Frye (1965) have correlated climatic flﬁctuatipné
during the Quaternary with soil-forming intervals in mid-latitude
regions. They indicate that the rate of soil development varied
ekponentially,‘prob;bly thrOugﬁ séVeral orders of mggnitude,-attainihg

. greatest intensity during sfronger soil-forming intervals of relative
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erosional stabilitv and accelerated chemical weathering.‘ Their research
showed that. intense soil—formation occurred during warm interglaciai
periods, witn iittle.pedogenesis during wetter and colder glacial
intervals. " |

On the basis of climatic and soil data collected around 50°N lati-
tudes, Bray (1971) concurs,With tneir findings, but he contends that
interglacial periods tended to be wetter, though drier in the summer,
than during the glacial intervals. The researchers do agree that in.the
Northern Great'Piains, a period favoring soil development was initiated

by the humid environment associated with glacial melt and was intensi-

- fied during the thermal maximum. It has been hypothesized (Morrison and

Frye, 1965) that the rate of pedogenic development has been negligible

over most of the Northern Great Plains during the past 4,000 years.
‘This would infer that well—developed Natrargid/Ealeargid soils in
Wisconsin-age glacial till parent materiai.can only be explained with

reference to former paleoclimatic conditions.

Soils

Northern Blaine County is in a soil transition zone of Aridisols
and Mbllisols developed in glacial till under mixed prairie vegetation
IThe surface mantle is thin and the underlying Cretaceons Bearpaw.Shale
is often near the surface (Alden, 1932). Bearpaw Shale, of the Montana
Group of soft grey-black shales, was deposited by marine_reéression

over the Judith River Formation sandstones of the Claggett Sea regres-
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sion. It is characteristically a steel orflead grey. to black, fissile, '

clayey shale with numerous 11@estone:and ferruginous concretions and

- bentonite‘seams; Afféw thip fineigréined sandétones hay,be found in the
‘upper part. . Bearpaw Shale is nonresistant'forming a subdued topography
on the 1andscapé (Véséth and Montégne,‘l9805. Both the glacial till
parént ﬁateriél and the'sﬁale'are somewhat saline (Lemke e£ al;; 1965).

Localized areas of naturally occurring salt-affected soils are

common throughout ﬁhe region. They have distinctivé argillic or natric '

horizons which.are low in soluble salts but ébntain signifiéant
exchanééable sodium. The lower horizons usually contain both éppreci—’
 able soluble saits'and:exchangeablé sodium and magnesium.

Within.a typical éélt;affected landscape, the degree of saliniza—
tion.and/or élkalinizatioﬁ 6f_individual pedons varieé significantly.
‘The‘most ;everely affected séils ére panspots, or soils from which the
A hqpizon ha; béep efoded, exposing the columns of‘the B‘horizon. They

‘arelvefy spa?sely vegetatéd by halbphytéé due to ﬁnfavorable,physical
_cqn&itions and extremely 1o§ water infiltration raﬁes caused by the
high exchangeable sodium levels, |
Panspot soils occur in complex pétterns on the 1andscaﬁe_with less
sevefelf sodium affeéted and ﬁartially 1e§ched soils. The presence of

" an A horizon on these associated soils sufficiently ameliorates unfavor-

able conditions so that mesophytic species can survive, Thelpropprtion '

of mesophytic plants and total vegetative ﬁroductivity tend td-increase
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as depth tbzthe imbermeable B horizon incféases. The partially leached
soils, in which the columnar,structure'has to some exteﬂt degraded, do
not as sevefely restrict infiltration or root andlwater penetration.
" They are the most productive soils onhthé-landscape. |

" Present views on the genesis of salt-affected or "solonetzic"
soils (ﬁatric great groups of Alfisols, Mollisols or Aridisols in Soil
Taxonomy, 1975) are'mainly based on the concepts of "colloidal-chemical
exchangeﬁ originally outlined by two early-Rﬁssian workers, Ge&roiﬁs
ana Vil'yéms (Tyurin, 1960), Briefly, they postulated that the evolu-
tion of a solonetzic soii involves catioﬁ egchange in which sqdium'
eventually dominatéé the colloidal system. Thé soil colloids become
highly dispersed‘and mobile under such conditions, and are carried
dovnward with percolating watér of upward from moist subsoilldu¥ing
a dry season. Upon drying,.they form a dense, compact and intractéble‘
illuvial horizon, in‘which, after many wetting and drying cycles,
columnar structures develop (Tyurin, 1960;'Arshad and Pawluk, 1966;
Birkeland, 1974). I

Conditions necessary for the development of solonetzic soil
include: 1) periods of temporary excessive moisture (Westin, 1953), or
2) "an arid or semiarid climate, 3) an impervious subsoil or hardpan
layer, and 4) a temporary abundance of humidi;y interspersed with dry

periodsﬁ (de Sigmond, 1938). 1In the Nérthern Great Plains, solonetzic

t
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compléxes ére assdciafed with thin glacial till parent material which is
somewhat less calcargoﬁs than parent material of associated'"ﬁnaffécted"
‘ §oilé; and which is underigin by Cretaceous marine shales which are
devoid of lime and which freqﬁently goptain appreciable amounts of-salts ‘
"(Kellogg, 1934; MacGregof and Wyatt, 1945;~Bentley.an§ Rost, 1947;
- Weséin, i953;«Bowser et al., 1962; Arshad and'Pawluk, 1966).'.The
presence of relatively impefmeable strata fairly close to the surface
would likely have caused thg formation.of a perched water table, partic-
ularly in immediate bostéglacial timeé, wﬁich provided appropriate cbg—
ditions for-the.téﬁpdfary infusion of salts by capillary moisturé
towards the surface during periods 6f loﬁ precipitation. The process
" would ﬂave been intensified By'the éignif;cantly warmef climate that-
. characterized the period of éhermal maximum‘(Arskad and Pawluk, 1966).
| There is geﬁeral'agreément in the iitefature tﬁat solongtz_ﬁill
only devélop in.situafiong where sqdium ions moved upward in gfeater
contentfatioﬁ than either magnesium.dr éalcium ions. Thé_sodium iéns'
then ¢ompetéd favorably for positiqné on the‘exchange sites. Since> |
salps of c#léium and magqesium‘afe generélly of 1owe¥ solubiliéy,.they
tended to precipitate in the lower solum when the soil Aries. Thus,
the selective femoval of salts resulting:froﬁ water tablé influénce ‘
maintéined‘the exchangeable sodium gta;ﬁs in thé upper solum. 'Varia- :
. tion in tﬁe occurrence and fluctuation of temporafy and permanent water

tables, and variability in the differential fémoval of sodium ions, - . -
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produced soils with B horizons varying both chemically and morphologi-
call& (Kellégg, 1934, thGfggor and Wyatt, 1945} Bentley and Rost, 1947;
Westin, 1953; Bowser et al., 1962; Arshad and Pawluk, 1966; Rasmussen .
et al., 1972). Canadianiresearcheré have reported studies on morpho-
logical solqnetz in which magnesium is the domin;nt'cation on the B
horigon exchange complex (Ellis anﬂ Cél&well, 1935; Bentley and Rost;.

1947; Bowser gt_al.; 1962).

Vegetation and Land Use

Vegétation in northérn Blaine County ié.ﬁypical of the Stipa-
" Bouteloua faciation of the mixed prairie association (Coupland, 1961).

Dominant species of potential climax communities would include needle- -
e

and-thread grass, blue grama grass, green needlegrass (Stipa viridula),

western wheatgrass, blackroot sedge (Carex'éleocharis), sandberg

»

bluegrass (Poa  secunda), clubmoss, and prickly pear cactus. Introduced

species, notably crestgd wheatgrass (Agropyron cristatum), have bgcome
common members of fhe association. | |

Needle—-and-thread grass and western wheatgrass tend to_doﬁinate
ungrazed sites, Aé gfazing intensity increases, Blué‘gramé grass,
fringed'sﬁggwort, and clubmoss increase considefably (Dormaar et al.,
1977). | |

Land use is pfimarily livestock grazing., Some of the rangeland has

been improved bf reseeding, fertilizer or mechanical treatments, Where
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séil coﬂditionsiare compafiblé, cereal érains are produced in a dryland
crop~fallow rotation. | ‘ .

Attempts to hoﬁestead.in no?theyn Montana were often unsuccessful
" 'as many of the early settlers failed iﬂ their'aﬁtempt to dryland fé?m .
wheat. Frequéntly their farmland was abéndéned and allowed to revege-
‘tate naturally. The restbrafion of_maﬁy such disturbed sites was
monitored by ecélogistslwho obsé;ved‘thaf sécondary succession préceeded
in distinct stages,.reculminating in native grasslandA(Costello, 1944{
Hironaka and Tiédalé, 1963; Looman, 1963); ‘Their studieé indicatéd that
three successiqnal plant.épmmgqifieg preceded the fe—estabiishmen; of
a climax communit}é

The‘ihitial stage was_characterized.by annuél'for$S3 most notably

Russian thistle (Salsola kali). Within 3 to 5 years, perennial forbs

“began to replace.Russign thistle and ﬁestefn wheatgrass and blue grama
grass were occééionaliy ébserved. ,éradually, perennial "weeds" were |
replaced by a short-lived community of perénnial-grass, as foxtail
barley, westefn wheatg;ass and. blue graﬁa grass became‘dominant} Prickly
pear cactus énd élubmoss~were‘usua11y establisﬁed by the end of.this
sfage. The subséqﬁen£ trénsipion to native mixed prairie wés usually
-complete'within 25 years, cﬁaracteriéed by an iqcreasing domiﬁaﬁce of
blue gramé, buffalo9 needlé—and-thread, and western wheatgréss. Forb
population was extremely variable by this'étaée:(Costéllo, 1944;‘

Hironaka and Tisdale, 1963; Looman, 1963).
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Transition Bgtween‘stageé'was generally progressive, unlesé
retarded by severe climatic_stfess or overgrazing. The freqﬁency of
mid~grasses varied with precipitation, being ihconspicuous in dry years
(Hironaka and Tisdale, 1963); Coé;ello (1944) noted that excessive
gfazing‘may maiﬁtain.the forb stage indefinitely and, further, that
overgrazing of the climax community may re-éspablish the forb'communit&.

Ovérgrazing has been a serious problem on rangelands throughout the
Northern Great Plains;. Excessive grazing pressure upon natural-plant
c&mmunitieé is marked by a significant loss of forage species, however,
it is the degree of ovgfall environmental deteriorétion which must. be
used to measure grazing iﬁpact (Daubenmife'and Colwell, 1942), 1In
northern Montana, mgny‘plan; communitieé are associated with morpho-
logically and/or chemically unpropitious soilé and are,frequéntl& sub-
~ jected to climatic stress. Their survival is ensured only by the
maintenance of a fragilg balance. Edaphic changes and reduéed vegeta-
tive cover due to ovefgrazing at such sites may result in serious ero-
sion and compaction problems that complicate maintenancé or restoration
of mixed prairie Gegetation, thus perpetuating the retrogradational
" trend (Daubenmire and Colweli, 1942; Smoliak et al., 1972; USDA, 1975;

Dormaar.et ai., 1980).




MATERIALS ‘AND METHODS
Sites were located 57 km north of Chinook in-Blaine County, Montana

on land administered by the Bureau of Land Management and on the Russell

" Unruh .ranch (Figure 1). The area is located on gently undulating

glacial topography with typical northern miked.prairie(vegétation
(Coupland, 1961). Parent material is glacial till‘which varies in
thickness from a veneer fo greater than 1 m over a Cretaceous saline,
marine shale. Elevation fanges from 807 éo 825 m. Mean annuai prgciéi—
tation is about 30 cm with half falling during'Méy, June,vaﬁd July.

. Four'majof soils, representing exténsive acreages of rangelands im -
the state were selected for study. They were identified with the help
of D;n Tippy, BLM soil scientist in the Havre Resource Area. Thréé of
the soiis were Borollic Natrargids: Tealette, Elloam aﬁd Thoeny. The
fourth soil was Phiilips, a Borollic Paleargid. Alleour soils are in
finejtextured families. They were identifiea in the field on the basis
of depth to theltops-of thé columnar.structufe characteristic of
Natra;gids with caps of Tealette being 0-3 cm, Elloam being 3—13 cm,
and Thoeny being 13-23 cm below the su;face. Phiilip§ doés not exhibit
columnar structure. The photbgrgph (Figure 2) of the Thoeny and
Phillips soils shows the variation in depth to caps énd the abrupt
breakdoﬁn of colummar strudture between Thoeny and Phillips;

Field work was undertaken in J;ly 1979 and June 1980. During

July 10-13, 1979, three pedons were sampled for each soil representing
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Figure 1. State map showing study site locationms.
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Figure 2. Typical sampling pit showing Thoeny series (left of meter
tape) and Phillips series (right of meter tape).
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three treatments: unplowed, native vegefation (NU79); plowed, native
‘vegetation (NP79), and‘plowed, crested wheétgrass vegetation (CP79);
From June'25-29,.1950, ﬁhree pédons for each soil ‘were sampled on
: -‘three he& treatment sites: unplowed, native vegetation (NU8O), plowéd,
native vegetation (NP80), and chiséled, native vegetation (CH80). This
resulted in 24 sites totél, including 8 qative; unplowed (control) and
8 native, plowed sites.if the 1979 and 1980 sites are combined. Figure 3'
schematically illustrates the locations of the study sites.,

Although exact site history is not documented, Russel Unruh
(personal communication, 1979 and 1980), a local rancher who grazes
.cattle on the study area on BLM land in addition to his own ranch,

_ provided some historical data. The plowed sites were farmed until the
.1930'5 at which time the land reverted';o federal ownership under the
Bankstead-Joﬁes Act. Some of the abandoned farmland was seéded to
crested wheatgrass while the balance gradually revegetated to native
species. Boundaries between the plowed and unblowed areés are vigually
apparent (Figure 4); érass species being both more abundant and vigorous

"on the plowed sites,‘probably‘due to a reduction‘in ground cover of
clubmoss mats. Unruh notéd'that the plowed sites were ﬁeedy for about
10 to 15 fears following abandonment. The chiseled tréatments were

. located on the Uﬂruh.Ranch, immediétely adjacent to the plowed native

and unplowed native sites sampled in 1980. The chiseled sités were
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R19E, MPM in Blaine County, Montana, USA. Treatments: NU
unplowed; NP = native vegetation, plowed; C = crested wheatgrass, plowed; CH =
native vegetation, chiseled. Land ownership: LU = public land, administered by

Bureau of Land Management; P = private land.
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Figure 4. Photograph showing vegetation contrast between native
vegetation, unplowed (left side) and native vegetation,
plowed (right side) at the 1979 sampling location.
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mechanically t;eated in 1972 by Unruh using a.sheepéfoot chisel, Thesé
sites were not seeded éfter chiseling, | |

Séil sampling pits were selected to represent a pedon tyéical of
each soil by digging éxplo;agory pits in gfeas representative of the
majof tdpographical features. Grave-sized pits were dug to-at'least
.100 cm orto relatively unaltered parent material. Because of the.
contiguous associationiof the four sbils, éome pits expdsed pedons of
two soils. Im thaf case eagh'ﬁedon was.sampled, one pit representing
both soils.

Site and soil profile descriptions were recorded using standard

field forms developed following Soil Survey Manual (Soil Survey Staff,

1951) guidelines, and processed using.the Montana Automated Data

- Processing System (Decker et al., 19755. Coarse fragﬁents, root and
pore volumes were estimated visually. Bulk density Waé measured for
each horizon using the saran-coated clod method (Soil Consérvation
_Servicé, USDA, 1972)., Before sampling, each soil profile, soil pit and’
assoclated vegetation, and landscape was éhotogréphed; A

Four-liter soil samples were collected from all sides‘of the pit
for each horizon. In the laboratory, samplgs_wefé air Aried, crushed
in a flail—type mill and sieved to remove the greater than 2 mm fraéﬁion,_
The fine earth fractions were submitted to thé éoil Testiné Laboratory
at Montana State Univefsity where they werg'subsampled and analyzed fér

soluble cation content, EC and pH of saturated paste.(U. S. Salinity
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Laboratory Staff,:1954), texture (Bouyoucos, 1939), extractable Ca; Mg,
Na and K (éhapman, 1965a, 1965b), modified Bray P (Smith et al., 1957),
organic matter'(Sims and Haﬁy, 1971), and Zn, Mn, Cu and Fe cbntent
of Al horizons (Chapman, 1965a, 1965b). Water retention charééteriéfics
were established from 1/3 bar-and 15 bar extractions (Soil Conservation
Service, USDA, 1972). |

Soil water content at the beginning of the growing season was
determined on 1979 location treatments by Sampling each soil wifh a
Giddings probe, increméntally to parent material. Samples were taken
fto.the laboratory, weighed, oven dried and reweighed. Results arel
‘presented as percent moisture of a dry weight basis.

Vegetation was saﬁpled using the BLM‘s'pdint transeét éVIM metﬁod
(BLM Sfaff, 1978). Two 100—hit-transect§ were randomly located on each
treatment site. - Plant'species at each point was identified concurréntly
with soil series so that plant data for eaéh soil were recorded sepa-
rately. At every tenth hit along a transect, species within a 0.18 m2
(1092 ft2) hoop were separated into the following categories: western
wheatgrass, blackroot sedge, blug graﬁa grass, fringed sagewort,
'crested wheatgrass, clubmoss, prickly pear cactus, 1i¢hen ana'miséeilan—
. eous grasses, forbs and shrubs. An estimated wet weight for each
category was recorded. At 10 of the blots on each transect, Qegetation

was clipped at ground level, separated by category and weighed. .These

samples were 1afer air dried and reweighed in the laboratory.
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In addition to the SVIM transect, ten 0.18 m2 (1.92 ftz) hoops
ﬁere fandomly sampléd around the pit by tossing the hoop and clipping
where it landed untilliO.hoops had been clipped on each soil. For
these hoops, vegetation was separated into grésses, forbs arnd shrubs.
Samples were air dried apd weighed:in'the laboratory.

Défa related to the effects 6f mechanical treatment and soil type
on hérbage production, vegetative composition, the effeét of mechanical
treatment on soil properties, and to differences between sites were
analyzed statisticallf.' The F-test was used to indicate significance
of maig effécts, treatment and soil, a£ ;he p= .01 and p = .05
levels. Data were analyzed using the statistical package "Analysis of
Variance and Coﬁériance including Rgpeatgd Measures" (Jennrich and
Sampson, 1979)..‘

Vegetation measurements from-both the SVIM transect and random clip
plot samples were grouped by treatment and by soil. Two~way analysis
of variance (ANOV) was used to determine the effect of both groups on
productivity. This fest was also used to show significance for pro-
ductivity from data for which control sité measurements were excluded.

Stepwise regression (Jennrich and Sampson, 1979) was used to model

productivity. Independent variables tried in the regression are listed
in Appendix 8. Results of the fegression analysis are presented in

. :
Appendices 6 and 7 and Tables 13 and 14. Three regression analyses
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were run. Initially, data from all sites were included. For the final
two analyses, data from the control sites and from Tealette soils were

excluded.

Cluster analysis (Jemnrich and Sampson, 1979) was run to show
groupings based on vegetatiﬁe totél p;oductivity by soil and treatment.

The distance matrix isigiven.in Figure 7.




RESULTS

Soil Characteristics

Soil profile descriptions are given in Appendix 1, physical and
" chemical data for each soil by horizon are presented in Appendix 2 and
3, respectiﬁgly. Figure 5 illustrates the relatife horizonation an&
contiéuous occurrence of the four soils iq the landécape. |

Several of the soilg at the 1980 1océtioq'cou1d'only be classified
a; Natrargids because.of the Na + Mg > Ca'rulg. They would not other-
wise have met ;he required criteria. At site 53, Phillips, chiseled,
the clay increase between the A2 horizon and the B21t horizon was
insufficient to meet the criteria for féleérgi&s. It wés classified
as a Haplargid. As well, chiseled sites 53 (Phillips) and 54 (Thoeny)
are in the fine-loamy rather than fine family, ' '

Predictable soil patferns were observed within the landscape, with
.Phiilips found on small micro-knolls and Tealette in micro-depressions
or panspots. Elloam aﬁd &hoeny occupied successively>highgr‘positions
’ betweenhiealette and Phillips. Soils within the complex were distin-
guished on tﬁe basis of morphological featureé. Tealette, Elloam and
Thoeny soils are differentiated on A2 horiéén thiékneésoner the
columnar stfucturéd natric horizon. Phillips soilg are identified by
-thg presencelof a prisﬁatic structured argilliﬁ horizon‘overlainrby a
thick A horizon (15 to 30 cm). Trgnsitioh between the soils occurs

within a few centimeters (3-5) of horizontal distance.
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PHILLIPS - THOENY - ELLOAM - TEALETTE COMPLEX
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Figure 5. Schematic showing occurrence of Phillips, Thoeny, Elloam
and Tealette soils on the landscape.
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Subtle surface topography Qas paralleled by guﬁdued-undulation of
the upper surface of thé B horizon which rose abstrusely frdm Tealette
through Thoeny. Between Thoeny and Phillips the columnar structure of
the natric horiéon changed very abruptly to thg prismatic strﬁcture and
argillic horizon'of Phillips. This dégradation lowered the B hérizdn
surface to approximately .the level of Elloam.

Surface micro-relief is exaggerated by vafiation in.A horizon thick-
ness. Tealette soils characteristically had either véry thin (less than
3 cm) or no A horizon. A2 horizons of Elloam and Thoeny ranged in thick-
ness from 3-13 and 13-23 cm, respectively. Phillips had both a darkened,
organic enriched Al hbriéqn and an underlying eluviated A2 ﬁorizon,
thch were greatef than 23 cm in thicknegs;

Solum thickness, depth to salts, and depth to calcium carbonates

are given in Table 1. Depth to salts and carbonates tended to parallel .

so;um thickness which generélly increased from Tealette tp.Ihoeny and
Phillips.

Depth to unaltered saline.till aﬁd the Bearpaw éhale'ffom which it
Was'deri§ed did'not vary as sharply ;s soluﬁ thickness. Contact depth
changed considerably, however, over the 1.5 km separating 1979 and 1980
locations, .Bearpaw Shalé was, generally obéérved at greater than 1.5 m’
and‘betwgen 0.5 to 1.0.m fof11979 and 1980 locations, réSpectively.
Shallowest solum development was observed for soils associated with fhe

thinnest ‘till deposits.




Table 1. General soil physical characteristics associated with treatment at 1979 and
1980 locations. '

Solum | Textural class Depth - © Depth Available

e ' thickness at 80 cm _to salts to CaC03 . water
Treatment Soil 1979 1980 1979 1980 ' 1979 1980 1979 . 1980 1979 1980
- ~—Ccm: . : _‘ -cm/80 cm- -
. Native, ' Tealette 55 49 CL c 13 .24 13 24 47 41
" unplowed Elloam 53 32 CL C 42 32 27 27 49 39
Thoeny . 62" 44 SCL C 26 - 41 26 32 32 35
Phillips 62 53 SCL C 55 45 28 - 21 . 38 29
Native, Tealette 35 12 - CL . C 35 44 19 12 - 54 39
plowed Elloam ' 60 25 CL C 60 40 .19 16 59 32 -
. ' Thoeny - 92 60 L . CL 90" 44 33. 53 39 40
Phillips 74 54 SCL ‘CL 74 44 27 44 37 35
Crested,. Tealette 62 ' L 62 2 62
plowed . Elloam 62 CL : 62 : - 23 60
Thoeny 67 . CL T 67 18 56
Phillips 72 CL 72 28 48
Chiseled Tealette | 20 c 30 10 51
' Elloam 27 C 41 - 15 - 59
Thoeny 63 .. - CL 60 44 38

_Phillips - = 64 CL 64 30 44

1€
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Figure 6 shows the x—ra& diffraction pattern for the clay size
fraction of each hofizoﬁ of site 46~Elloam and site 47-Phillips, both
nati§e, unplowed, 1980 treatments. The dominant mineral is sméctite,
with much smaller peaks for illite, kaolinite and quartz. The 188 smec-
tite peak increases markedly at the IIC coptact for Elloém,'but is
almost ﬁénexisten£'in the A horizdns,-espeéially iﬁ Phillips. The
uniformity‘of &iffraétion patterns fhroughqut the profile indicates
that the.;ill is largely shale derived.

Table 2 summarizes the fesults of ANOV of soil‘physical énd chemi-
cal variables grouped'aécording'to 1979 and 1980 locations. Soils of.
the two sites varied significantly for both textural parameters and
cation (soluble and extractable) céntent,'despite the fact that they
were mapped as the same soils. Sites éaﬁpled in 1979 contaiped more
sand and less clay in C horizons than did 1980 location soils; sodium
contents were significantly highef throughout the solum, génerally by
an order of magnitude; and magnesium content was significantly greatér.

ANOV, with variables grouped by soil (Table 3) showed that sodium,
magnesium, EC, and clgy content in both B and C horizons tended to
decrease from Tealette to Phillips. Bulk density of the B horizon was
also significantly different (p = .055. |

Extent.of each soil by'treatment site is éiQen in Table 4. Elloam,
and to a lesser degree Thoeny, were doﬁinant soils on both landscapes.

Tealette and Phillips comprised aﬁproximately one-third of the soil
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Table 2. Summary of analysis of variance showing significantly differ=-
ent variables between 1979 and 1980 locationms. - '

‘ ) Mean
Variable - , ' 1979 1980

- A horizon: 3 ) -—-p = o) p—
Bulk density (g/cm”) o . 1.68 0.92
Soluble K (me/100 g) g ‘ 1.80 0.70

B horizon:
Organic matter (%)
Extractable Mg (me/100 g)
Soluble K (me/100 g)
Soluble Mg (me/100 g)
Soluble Ca (me/100 g)
silt (%)
Soluble Na (me/100 g)
15 bar water (%)
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C horizon: . ‘
Cation Exchange Capacity (me/100 g) 4
Soluble K (me/100 g) )

Soluble Ca (me/100 g) 3
Sand (%) 4
Clay (%) _ "3
Soluble Na (me/100 g) - 11
Sodium Adsorption Ratio : 2

A horizon: : - ——p = L —
Organic matter (%) _ 1.8 2.9
Sodium Adsorption Ratio o ' 8.7 2.7

B horizon: .
Electrical Conductivity (mmhos) o1
Cation Exchange Capacity (me/100 g) 31
Sodium Adsorption Ratio : 14

C horizon: .
Organic matter (%) . .0
Extractable P (me/100 g) ) 3
Soluble Mg (me/100 g) . } , 26
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Table 3. Summary of analysis of variance showing significantly differ-
- ent variables between soils.

Mean- by soil type °

Variable L - T TFf . Ef - Tht Pt p=
‘A horizon: 4 ’ . S _
. Extractable Na (me/lOO g) 11,0a 0.2b. 0.2b - 0.1b . .01
B horizon-' . . ’ h . ) ‘. )
Bulk density (g/cm ) B 1.62a 1.70b° 1.72b 1,50c .01
Extractable Mg (me/100 g) 10.1a 12.5b 9.1a 6.9¢c - .05
Extractable Na (me/lOO g)j : . 3.3a  2.5b - 3.4a 0.7c .01

Clay. (%) © 42,0a 43.0a 36.,0b 34.0c  .01°

C horizon: : : :
Electrical conductivity (mmhos) 5.5a 5.5a° 3.6b 1l.4c .01
‘Extractable Mg (me/100 g) 12,38 12.2a 8.2b 8.6b . .05°

TT = Tealette, E = Elloam, Th = Thoeny, P = Phillipéo

: *Numbers across rows not followed by the same letter are significantly
different by the probability 1evel given in the last column,
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Table 4. Relative frequency of each soil by treatment.

Treatment
. 1979 980
Soil NOT NPT CT NUT NPT CHT
%

-t 23 © 15 13 ' 15 12 23

ol 28. 58 41 43 39 27

Tht 14 18 25 26 33 41

pf 35 9 22 17 16 . 10

+

NU = Native vegetatién, unplowed; NP = Native vegetation, plowed;

C = Crested wheatgrass, plowed, CH = Native vegetation, chiseled.

*T = Tealette, E = Elloam, Th = Thoeny, P = Phillips.
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gompositioﬁ. The'195§ native, unplowed site contained significantly
mofé Phillipé fhan the‘ploWed site, suggesting that it is a better
.:drained landscape. It is located near an oid drainage channel where
more leaching could cérry soluble salfs through,fhé profile, reéulting
in amelioration of the natric horizon. Thére was a reduction in the
_number of ﬁits on Tealette on the ploﬁeq sites. On the chiseled site,

the frequency of Phillips decféased, while‘Thoeny increased.

Effects of Mechanical Treatmént on Soils

Results for ANOV of chemical properties,'showipg variables  which
differgd significantly:(p = .05) by.treatment, arevpresented.in Tables
5 and 6; Statistics presented in Table 5 represent analysis in which
control and native, plowed treatments from'1979vand 1980 locations
were combined; sites were considered individually for the analysis
summarized in Table 6. Analysis combining duplicate freatmenfs'were
run to show the effeét of treatment on soil chemistry. Table 6 shows
that most variables which differed significantly by treatﬁent,also
varied by site location (1979, 1980) (Table 2). It appéaré that.thé
differences are ﬁot entirely.due-to treatment, but are‘also a function
of differences betweeﬁ'locations. The only variéble‘shown in Table 6
which is not attributable to differences-between locations is A hori-
;on.total N. | |

Beginning of growing season moisture for sites at the 1979 loca-

tion is giﬁén in Table 7. Tealette, Elloam and Thoeny all show greater
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Table 5. Summary‘of analysis of variance showing significantly differ-
ent variables between treatments. -

Mean by treatment
Variable o NUT NPT cT_ CHT

m—imme———ep = ,05

A horizon:

Total N (%) o 0.6al - 0.9b  0.3ab 1.6c
Sodium Adsorption Ratio 4.3a . 3.2b 14.9¢ 4,0a
" B horizon: ,
Cation Exchange Capacity 26,0a 27.2b 39.7b 20.8¢c
' (me/100 g) ‘
15 bar water (%) 17.7a 17.1b - 17.0b 9.0b

c hofizoﬁ: ,
Sodium Adsorption Ratio ; 16.3a 12,4b 24.6c¢ 6.0d

Native. veéetation, plowed;

+NU = Native vegetation, unplowed; NP =
= Native vegetation, chiseled.

C = Crested wheatgrass, plowed; CH

*Numbers across rows not foilowed by the same letter are significantly
different at the p = .05 level. o
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Table. 6. Summary of analysis of variance showing significantly
different variables between treatments and locations.

Mean by site and location

Variable NU79T ___NUBOT__ NP79T _ NP8OT___C79T___ CHBOT
A horizon: = ,05
Cation Exchange Capacity (me/100 g) 6.8&* 18.1b 13.Eb 7.3a 9.5ab 13.2b
Organic matter (%) 2,2a 2.9 1l.7¢ 2,0a 1l.7¢c 3.84
Extractable Ca (me/100 g) 4,0a 10.6b 7.8¢ 2.9d 7.0c 4.9
Total N (X) 1.2a 0.6b 1.0a 0.9ab 0.8ab 1l.6¢
B horizon:
Organic matter (%) 1.3ac 2.0b 0.9 1.6¢c 1.3ac l.4ac
Extractable Ca (me/100 g) 13.6a ' 20.9b. 1 22.5b 8.5¢c 24,.8d 6.8¢c
Soluble K (me/100 g) l.1a 0.1b 0.5b 0.2b 0.6ab 0.2a
Soluble Mg (me/100 g) 3.9 1.2b 2.6¢c 1.0b 2.5¢ 1.0b
Soluble Ca (me/100 g) 6.5a 2.1b 4.2¢ 1.0d 4,9 0.9d
15 bar water (%) 21.5a 14.0b 17.6c 16.6c 17.0c 9.0d
C horizon:
Organic matter (%) 0.5a 1.0b 0.8b l.4c 0.7ab 0.7ab
Extractable P (me/100 g) 3.9 2.4b 4,la 3.0c 2.4b 2.0b
Soluble K (me/100 g) 2.8a 0.8b 2.1c 0.3d 2.7a 0.3d
Sand (%) 46.0a 24.0b 46.0a 35.0c 38.0c 37.0c
Clay (%) 29.0a 50.0b 27.0a 42.0c 33.0d 34.0d
Soluble Na (me/100 g) 117.8a 29.,3b 97.4c 17.1d 133.8¢ 20.4d
Sodium Adsorption Ratio 24,0a 8.7b 15.8ab 9.0b 24,7a 7.0b

+NU79 = Native vegetation, unplowed, 1979 location; NP79 = Native vegetation, plowed, 1979

location; C79 = Crested wheatgrass, plowed, 1979 location; NU80 = Native vegetation,
unplowed, 1980 location; NP80 = Native vegetation, plowed, 1980 location; CH80 = Native
vegetation, chiseled, 1980 location,
¥Numbers across rows not followed by the same letter are significantly different at the
p = .05 level.
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Table 7. Beginning of growing season soil moisture (April 20, 1980)
for treatments at the 1979 location.

Native, unplowed Nativélmplowed Crested, plowed

Soil _ _Depth Water - Depth Water Depth ~ .Water
cm Z cm 2 em 2
Tealette 2-13 22 0-10 - 22 0-10 20
: 13-26 . 12 10-19 22 " 11-24 19
. 19-35 . 12 24-43 10
36-55 7 35-68 10 43-62 8
Elloam 0-11 18 0-10 - 15 © 0-10 .18
. 11-27 17 10-19 15 10-23 20
27-42 8 19-36 . . 12 23-43 14
42-53 10 36-68 9 43-62 9
53-79 11 68-99 10
79-88 11 :
Thoeny 0-11 16 0-13 16 0-10 18
- 11-26 . 13 13-33 13 10-23 20
26-36 9 . ' 33-61 9 . 23-43 14
36-62 . 5 . 61-72 .. 10 43-62 9
Phillips - 0-11 22 . 0~-11 .18 0-10 17
. 11-28 15 11-27 17 10-28 17
©28-55 10 . 27-53 10 - 28-53 11

 55-78 12 53-74 8 53-74 8
- : 74-115 . 10 74-92 9
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moisture contents beneath the first measured increment on treated sites
than on nontreated sites. Moisture contents for Phillips remained con~ -

stant,

Compositidn of the Plant Community

Hits on each SVIM'transect were recorded by soil type, providiné
composition data for each treatment by soil.. Raw data from each tran~-
sect is given in Appendix 4. |

Frequency of majér species‘is summarized in Table 8. Western wheat-
grass was the dominant spedies'on Tealette éoils (except on the chiseled -
site where fringe'sageﬁort was dominant) and tended to decrease in
frequency on otﬁer SOiis. :Treatment reduced western Qheafgrass on
Tealette, but had little effect on its frequegcy for cher'soils.

Blue grama grass tended to decrease with mechanicai treatmen;.lilf
was hit more often than any other species for all soils and.tfeatmen;s,
except crested wheatgrass;'plowed, 1979 location. Althoﬁgh frequency
decreased at 1980 locations, it was still a dominant species on Elloam,
Thoeny and Phillips. . '

Clubmoss was a major plant cbmponent on the control sites. It -
represented only 1% of hits on Tealette, but averaged 28% of hits oﬁ
dther soils., Frequency of hits on clubmoss was reduced to 5% on plowed

sites,'and 0% on crested wheatgrass and chiseled sites.
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Table. 8. bare ground, gravel, and
litter as measured by the SVIM transect and recorded by
soil and treatment.

Treat- g Bare

ment¥ Soil® ground Litter Gravel AGSM BOGR CAEL ARFR SEDE Lichen STCO AGCR OPPO KOCR Other

%
NU79 T 35 19 s TR ¢ RN S i ke o O 6 ORi0L S 0 1
E 1 18 1 CE - HRI) s R T 3 OO 1 0 1
Th [ 2 0 0. $10-.. 67 50736 4 0 S0« 0 0
P 0 21 0 L B TR s (O T 3 SEdr0# 11 0 3
NP79 T 49 26 3 AT T T I R 0 T Lok 23 0 2
E 9 33 1 By A S0 08 MY 2 e e L TR 1 0
Th 4 28 0 Sy, A1) 0% p S T 0 4 MU0 Sl 0 6
P 2 33 0 o' 40'6 N0 28NN 0 4R YORSTR ATD 0
c79 T 23 48 0 CISLIE VOl 8 L UM O 0 05 LD 25 0 0
E 9 41 2 L1901 i o g N0 0 27 o8RO 12 3
Th 9 38 0 44800 0t D0 0 0322 aT0! - 1 5
P 12 30 1 0.51320 = 50 % 20, 0 0 815,22 <o “- 3 2
NUSO T 38 24 S 1200 BP0 60 S5 IE O 1 el i T 5
E 9 23 Vi s 100G s s GRS 3 10 o] 2
Th 0 14 011~ 1207426004 % 17529 1 30, O/ 8 0] 3
P 2 13 1 e L S ek 3 A% i 0 2
NP8O T 58 29 0 g0 H0 S0 165750 0 08 4 0.010,% ¥0 0
E 16 31 1 511016l S e 2 A7 fobT e a3 4
Th 5 36 OF 810 b 02 nike Y 9 2 95 R0 Bl SRy 2
P 1 41 30010 58 0R Y S S T T 5 (L ek | 4
CH80 T 10 38 R 1 T SR T Ul 0 At 0l 5 700053 3
E 20 34 (T 57 TR Ll R T (R 0 PUES O 0
Th 9 44 0 CHRE DB e 0 10k 0 s 3
P 37 37 2 £ BT TR SOl 0 QU004 .0 4

+Vegetation codes given are after USDA and Soil Conservation Service (1976).

*NU79 = Native vegetation, unplowed, 1979 location; NP79 = Native vegetation, plowed, 1979
location; C79 = Crested wheatgrass, plowed, 1979 location; NU80 = Native vegetation,
unplowed, 1980 location; NP80 = Native vegetation, plowed, 1980 location; CHB80 = Native

vegetation, chiseled, 1980 location.

sT = Tealette, E = Elloam, Th = Thoeny, P = Phillips.
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For all treatments except chiseled, fringe sagewort averaged 4, 6,
2 and 3% of hits on veget;tion for Tealette, Elloam, Thoeny, and
Phillips, respectively. It averaged 16, 14, 16, and 5% for the respec;
tive soils on the chiseléd-site. Excluding the chiseled site, it
represented 3% of the hits at theAl979'10cation cpmpared to 8% for
the 1980 location., |

Blackroot sé&ge tended to dgcreése,'while needle-and—thfead grass
tended to increase with mechanical treatment. Blackroot sedge distri-
~ bution was not affectéd by soil type; needle-and-thread grass-was
associated with only Eiloam, Thoeny and Phillips. -

Bare groﬁnd agcoﬁnéed for 35% of hits oﬁ Tealette, compared to
only 67 on other.soils. (Tealette averaged 40% vegetative cover
relative to 807 of'the otﬁer soils,) - Frequéncy of bare ground

increased with all treatments, especialiy chisgling; This waé due to

" reduction in clubmoss, and to a lesser extent, blue grama grass cover.

Nonpersisfent litter increased with treatment. This undoubtedly
'reflects the increase in total productivity of the treated sites and

. the corresponding reduction in blue grama grass and clubmoss cover.

Effects of Mechanical Treatment on Vegetative Productivity

Raw productivity data from the SVIM moist estimate and clip plots

and the 10 random clip plots are given in Appendix‘S.' Since SVIM moist

and dry weight‘data represented only two clip piots per treatment site,"
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moist estimate'and fandom elip plot data (6 and 10 samples, reépec-
tively) were used in statisticél analysis to'attaiﬁ fhé lafgest degrees
of freedom. There was some concern fhat the moist estimate-dat; would-
contain greater variabilit& than dry Weigﬁt data. However;.ANbv
sho&ed'that coeffiéienté of ‘variability fo? both productivity measure-—
mentslwére similar (Table.9), Productivity analysis by species was
based on estimated data; analysié of total, grass, forb and shrub pro-
' Auctivity was based on random clip plot data.

Table 10 presents the meén values fbr'productivity of seven major
planf species by.soii and treatment. Only needle-and-thread grass,
blue gfama grass and clubmoss productionlﬁere significantl& differént
by sqil.' Western whea;g?ass and blue gramé grass were the most pro-
ductiﬁe gfasses in the‘pléﬁt.qommunity. Western wheatgrass production
was greatest on the Tealette pati&e, unplowed treatment. On Tealette
"and Elloam, its production'decreased with treatment, whereas on Thoeny
and Philiips,_i;s productivity ipcreésed on the nativé, plowed and
chiseled treatments.

;Relative to.Tealette; blue grama grass produption Was:gréater
on the other three soils.' Blue grama graés'prbduction generally
increased on nativé, plowed sitgs, but tended to &écrease on other
treatﬁents (except for the Phiilips, cﬁiseled site).

Needle—énd—thread gréss.was most productive on Phiilips and

decreased with treatment. On other soils, it tended to increase with
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Table 9. Average coefficients of variabillty by - vegetation type

. and sampling method.

Vegetation L . Weight .

Estimate

‘class .~ Random’ Dry Moist moist _Average .
n 10 . 2 2 6

vz :
Grass T29 52 54 35 43
Forb 83 - 7107 102 88 95 -
Shrub 143. - 413 453 185 299
 Total- 34 59 66 42 50




Table 10. Summary of analysis of variance showing significant difference in productivity

of major vegetative species by soil and treatment.

Tealette Elloam Thoeny Phillips
speciest "NUT NPT cT it NUT NPT (vl it NUT NPT CT CHT NUT NPT & cat
kg/h
STCO 0al 12a Oa Oa Oa 105b 4lc 20d Oa 135b Oa 2lc 110a 82b 93b 5lc
AGSM 196a 79b 56b Oc 151a 112a 22b 157¢ 90a - 157b 22c 73ac  112a  246b 1lle 4144
BOGR 28 28 73 95 152 269 90 73 118 168 67 84 241 174 151 67
CAEL 57a 6b Ob 17c 73a 17b Oc 39d 76a 17b Oc 28b 50a 11b 11b 11b
ARFR 78a 923 :157a 95a 140a 230b 213ab 347c 34a  392b 34a 728c 179a 157a 39 S571e
OPPO 2766 0 0 0 790 6 0 0 ; 0 22 0 0 358 157 0 0
SEDE Oa Oa Oa Oa 955a 20b Oc 5¢ 3973 286b Oc Oc 620a 206b Oc Oc

TNU = Native vegetation, unplowed; NP = Native vegetation, plowed; C = Crested wheatgrass, plowed; Ci = Native vegetation,
chiseled.

*Vege:ation codes given are after USDA and Soil Conservation Service (1976).

§

Numbers across rows not followed by the same letter are significantly different at the p = .01 level.

9%
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with treatment. Blackroot sedge production was similar on control
sites for all soils, but decreased on ali treatment sites. TFringed
sagewort productioﬁ increased with treatment, . especially on chiseled
sites. Its productivity was somewhat greatér on Thoeny‘and Philliﬁg
than on the other soiis.

No clubmoss was measured on Tealette. .It was ubiquitous on the

native, hnplowed treatment ﬁfnthe othgr séils, but waé'reduced signi—
ficantly by all treatments.
‘ ANOV by treatment and soil was run with'clubmoss,as a covariate to
determiné the extent to which treatment éffect was related to clubmoss
removai. The p values for variables significéntly differénf by treat-—
ment tended to increase in this analysis. |

Tabié 11 presents an ANOV suﬁmary based on ;andoﬁ clip plot data
for grass, forb, shrub and total production by soil treatmen;. Grass
production increased on plowed sites for all soils_except.Tealette.
Chiseling increased grass.pro&uction on Elloam, buﬁ decrea%ed‘produc—
tion or had little effect on other soilsf Production incfeased from
Tealette to Phillips for all treatments. Its production was lowest on
crested wheatgrass treatments and control sites. Cqmpared to control
sites, it increased, ﬁsually by an order of magniﬁude on.the chiseled
treatment site. Shrub production was not significantly different by

either soil or treatment.
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Table 11l. Summary of‘ahalysis of variance for grass, forb, shrub and
total production and level of significance for soil and

treatment,
. Treatment mean
Variable . Soil NUT NPT CT  CHT Soil Treatment
kg/ha —————epm————
Grass Tealette 207a 169b 38lc 207a .01 - .05
: Elloam - 226a 338p 276c 419d
Thoeny 307a 370b 220c¢ 250c¢
"Phillips 376a - 394a 441b 276¢
Forbs Tealette 22a  84b 1llc = 90d © .05 .01
Elloam 67a 90b 17¢ 291d
Thoeny 90a '95a 28b 241d
Phillips 78a 101b Oc 157d
Shrubs  Tealette 2 22 711 ‘ns . ms
Elloam 7 7 17 34
Thoeny 0 11 22 "0
Phillips 0 50 7 0
Total Tealette 231la 275a 399b 308c .01 .01
Elloam 300a 435b 310a 744c
Thoeny 397a 467b. 270c 4914

Phillips:  454a 545b 448c 433a

Native vegetation, plowed;

™NU = Native vegetation, unplowed; NP =
= Native vegetation, chiseled,

C = Crested wheatgrass; plowed; CH
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Total production éenerally increaSed;with tfeatmeﬁt., Tealette,

Elloam and Thoeny total production was gréatest on chiseied treatmenf;

for Phillips i£ was greatest on the nafive? plowed treatment.- A
'significant préportion of the increase on éhiseied sites.was due to

forb an& shrub'produc;ion. Sixty-seven percent of production on

chiseled soils was dug to grass comparéd to 747 on'native, plowed;

817 on-néﬁive; unpiowed; ana 927 on crested wheaggrass sités (Table.

12}, quever, 33% of the graés production on crested wheatgrass sites

was crested whéatgraés,'which has limited forage value except during

early spring. Elloam and Thoeny responded most favorably to treatment.

Seﬁenty—nine percent of production on nativg, plowed sites on those
soils was due to grass pfoduction.

Appendices 6 and 7 contain éorrelatiop matrices and stepwise
regression équations for chemical and physical data, respectively,
from steﬁwise regression aﬁalysis. Table 13 présents‘é summary of
site characteristics correlafed with grass, forb, éhrqb and total pro-
duction.. Removal of the control sites, to eliminate the effects of
clubmoss on productivity, iqcreased simple'correlgtion values, but
did not change the variables which wére we;l correlated with produc-
tivity. Solum thickness, A and B horizon thickénss, qrganic matter
content of the sslum and organic matter content of the A horizon were

significantly related to productivity. Excludiﬁg Tealette soils from
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Table .12, Proportion of graés produétion relative to total production

for .all treatments and soils.

Treatment
Soil . NUT NPT Cf cat
2
Tealette 90 61 95. 67
Elloaf 74 79 89 56
Thoeny 76 79 81 51
Phillips ‘ 83 72 98 64

TNU = Native vegetation, unplowed; NP = Né;ive vegetation, plowed;
C = Crested wheatgrass, plowed; CH = Native vegetation, chiseled.
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Clubmoss cover (cm?) ‘ A -.28

Regression analysis summary for productivity on site &ata,
.comparing significant relationships and r values for
analysis based on all sites, treated sites and with
' Tealette excluded..
Dependent - - o All Treated Tealette
- _variable Independent variable sites sites . excluded
Random C11p Plot Data 25
Grass ' Organic matter. (/) - A Horizon .',57 .60 .00
- ~ A horizon thickness (cm) L . W57 .59 .05
Soil type ' ' .52
Forbs Aspect (%) _ : -.63 . ;.73 -.82
Elevation (m) =60 '-.73 -.80
. Coarse fragments (zZ)y - ¢C Horlzon -.57 ~ -.69 -.69
Total N (%) . .55 .70 =67
| Shrubs ~  Extractable phosphorus (ppm) - . .6l .28 .21
Solum ' :
Total ' Organlc matter (%) - ‘A Horlzon : .57 .60 42
' A horizon thickness (em) - . ’ .57 «59 .40
Aspect (9) - -.15 -.21 .53
Clubmoss cover (cm2) ' o -.29 .31 -.70
SVIM Moist Estimate Data
‘Grass Organic.matter (%) - Solum ; .66 .69 .49
: ' Available water (cm) - Solum . .61 .58 .54
. Solum thickness (cm) ' i .55 .57 .26
. o | : b .39 .52
- Forbs Totai N (%) - Solum o .62 .65 .61
Organlc matter (%Z) - A Horizom 60 .60 .55
Clubmoss cover (cmz) ' L -.35 —-.05 ~.54
+Total . Solum thickness (cno ' ' : ' .55 .76 * .36
B horizon thickness (cm) - . . b4 .68 .30
Soluble K (me/100 g) - Solum ©. .48 .62 .31
~ A horizon thickness (‘cm) <43 .53 .17
.13

- =.65
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"fegression analysis tended\to change the variables which were well

correlated and increased élubmoss, Mg and Ca correlations with produc—f
tion.

Significant ¢orrelation of soil éhemical properties-to produc;'

- tivity are summarized in Table 14. ‘Regressions were run’ with all

sites. and with control sites excluded, ggain to remove the effect'bf

clubmoss on production. . Simple correlations based on treated site -

. data increased in value.

Results.of a cluster analysis are shoﬁn in Figure 7. Tealette

soils showed a strong tendency to group, as did native, unplowed and-

crested wheatgrass treatments.
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Table 14. Régression analysis for laboratory data by ali'sites and

" by treated sites, comparing significant relationships
‘and r values. .

Dependent . L , All Treated

variable- Independent variable . : sites . . sites
Random Clip Plot Data e L —em——— L
Grass % Sand - C horizon ' = ‘ ' . 49 .81.
: % Clay - C horizon ~. 48 -.75
Extractable .Ca (me/100 g) - B horizon .= .39 - .64
Extractable Mg (me/100 g) - C horizon —.60 ~-.55"
Electrical Conductivity (mmhos) - -.51 -.37
C horizon , . ' :
Forbs pH - A horizon : -.43 -.73
: Soluble Ca (me/100 g) - B horizon -.51 -.72
Extractable Ca (me/100 g) - B horizon- = -.34 -.68
% Water at saturation — B .horizon -.48. ° -.67
. Cation Exchange Capacity (me/lOO g - ~ -.48 = -.65
B horizon = . S :
Organic matter (%) - A horizpn s .53 .65
Total N (%) - B horizon .56 .64
Soluble K (me/100 g) - B horizon -.43 . ~.64
Soluble Mg (me/100 g) - B hor1zon =45 1 =60
Total N (%) - A horizon : .23 =57
Sodium Adsorption Ratio = C horlzon ' -.58 =.59
Shrubs Soluble Mg (me/100 g) - C horizon .59 .72
Cation Exchange Capac1ty (me /100 g) - 55 - .68
. C horizon ‘ . .
Soluble Ca (me/100 g) - C horizon .60 .53
% Silt - A horizom ’ -.01 - - =.59
Extractable Na (me/100 g) - C horizon W48 .57
Soluble Na (me/100 g) -~ C horizon .46 .54
Total - % Clay -~ B horizon .- o -.25 - -.62 .
% Sand - A horizon ] .13 .54

7% Water at saturation o -.139 =.54

"(table continued)
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Table 1l4. continued

b,

Dependent . - : All Treated
variable - Independent variable sites sites
SVIM Moist Estimate Data - =—=—-- T
Grass Extractable P (ppm) - C horlzon -.48 . —.66
% Silt - A horizon -.48 -.53
Bulk density (g/cm3) - A horizon © .46 .53
Forbs % Water at saturation - C horizon -.71 -.73
Extractable Na (me/100 g) - C horizon -.57 ~-.69
Extractable Mg (me/100 g) - C horizon -.57 -.68
Sodium Adsorption Ratio - C horizon -.64 - -.67
B  horizon thickness (cm) .43 ~.66 .
"+ Extractable Mg (me/100 g) - B horizon -.46 - -.66
" Cation Exchange Capacity (me/100 g) - -.57 ~.64
- C horizon
% Clay -~ B horizon =.42 -.62
Soluble Na (me/100 g) - C horizon -.53 -.60
Extractable K (me/100 g) - C horizom’ .52 .60
Soluble Mg (me/100 g) - C horizon -. 44 -.59 .
Extractable Mg (me/100 g) — A horizon -.34 - =.58
Cation Exchange Capac1ty (me/lOO g) - -.42 -.56
B horizon
Shrubs % Sand - C horizon -39 .76
%Z Sand-~- B horizon .35 . .63
% S8ilt - A horizon -.47 -.61
A horizon thickness (cm) - - - .32 .53
‘pH - C horizon -.41 -.52
Organic matter (%) - B horlzon -.38 -.52.
Total % Clay - B horizon ~.54 -.76
% Sand - B horizon .43 .75
% Sand - C horizon <40 - .71
.B horizon thickness (cm) C W49 .66
Organic matter (%) - B horizon ~. 44 -.63
% Silt - A horizon -.49 - -.62°
Extractable Na (me/100 g) - A horizon , -.50 -.60
% Clay - C horizon -.41 -.56
“ A horizon thickness (cm) .56

047
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DISCUSSION

Effect of Mechanical Treatment on Herbage Production
Herbage production.generally increaseﬂAon mechaninally treated
sites; This is attributed to the removal of clubmoss cover and ensuing
increase in 1nf11tration into the mineral soil (A2 horizon) and to
the disruption of the columnar structure on Elloam and on ‘Thoeny soils
with thin A horizons. The influence of mechanical treafment was

quantifiable 50 years latef, indicating that it is a pragmatic means

of increasing forage productivity on these semiarid rangelands. These -

findings concur with those of White (1969) , Dolan and Tayior (1972),
Soiseth et al. (1974) and Wight et al. (1978).

Plowing was the most béneficial,treatment, improving both Quantity
and quality of forage production. Fifty years of secondary succession
on plowed sites has resulted in‘a more stable, mature plant community
reiativé to the chiseled sites wninh were sampled only '8 ygafslafter :
treatment.

Chisgling may have produced better resnlts if graning had been
deferred until a sustainable, diverse plant community had developed.
Coétello (1944) reporfed that overgrazing disturbed ranges maintains
the forb stage of sécondary succession indefinitely. Results in
Table 11 show a 307 increase in forb production on the chiseled site,
which accounts for a considefable portion of the innrease in total
production over contrnl sites.. Except on Elloam, grass production

decreased on chiseled sites.

*
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VReseeding to cfested.wheatgrass after plowing increaéed both
tqtal and grass production more than any other treafment, but the
palatability of the forgge (33% of the grass was crested wheatgrass)
detracts from overall success.

Plowing increased grass éroduction on all soills except Tealette.
Similar findings were reppgted by Branson et al., (1966), Résmuséen et
al. (1972) and Wight et al. (1978). It is suspected that reduction on
Tealette is a measurement rather than a treatment effect. Horse-drawn
plows would likely have pulled out of the ground and over panspots
rather than through them, dragging su;face material collected from the
other three éoils»over.the panspots, and depositing an "A horizon"
near their periphery. These peripheral areas; which ﬁeré the moét
productive portions of Tealette (relative to the center of the pan--
spot) , would, with the benefit of added A horizén maferial, increase-
in productivity. Vegétative méasurements on'ﬁhese areas would iikely
have been recorded és Elloaﬁ, reducing theAproportion of productive
Tealette relative to the unpropitious center so that the data would
indicate a décreaée in grass produétion on Tealette after treatment.

Response of grass productivity to-plowing on the other three soils
was vari;ble. Relative to 'control sites, Elloam showed that greatest
increase.(50%)'comparéd to Thoeny (21%) or Phillipé (5%) . V(Tealgtte
decréased 18%.) That the dominant soils in'the_landscape——Elloam and

Thoeny-—showed the most favorable response lends further justification
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to the ﬁse}of mechanical treatment for improvement'of range pro-
ducfivity. | |

Plowing also reduced the disparity in productivity betwegn the.A
- Natrargids and'the-Paléargid soil. On the control sites, grass pro-
duction increased 9% from Tealette to Elloam, 36% from Elloam to
Thoeﬁy and 22% frdﬁ Thgeny to Phillipé. On plowed sitéé,'grass pro-
duction increased 100% from Tealette to Elloam, 9% from Elloam to'
Thoeny, and 6% from Thoeny to Phillips;

This suggests thé£ Ellogm and Thoeny have ne;rly the samé pro-
ductive potentiallafter treatment as Phillips., Plant produ¢tion'on
Phillips is probabl& optimum for current climatic conditioné given
the‘limitations imposéd by inhéreﬁt chemical and physical froperties
~ of the soil. Clubmoss rémoval waé beneficial on the Paleargid; but

. . - . (
the effect of disturbance had a larger impact than on the Natrargid
soils where the beneficial effect of increased infiltration outweighed
the detrimental effects of diéturbancé; |

‘Response to plowing varied between the phree Natrargidsf Frac-
tdring and mixing of the co1umnar‘struéture occurred only on Ellqgm,_
énd Thoeny soilé with thin Aé hogizons. However, fracfuring is not as
necessary.on Thoeny, giveﬁ the thicker A horizon already present. The
';emoval of clubmoss and increased infiltration into'thg A horizon

alone caused a considerable increase in produétivity;
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Data from boéh SViM and ?andom clip plot‘measurements were used
to mbdel productivity. .SVIM moist estimate data represents 20 sambles _
for each treatménﬁ in.which no attempt was made to équitabiy'saﬁple
each soil. Since.Elloam and Théeny'are the'most éxtenéive soiis oﬁ'

. the 1aﬁdscapé, they Were_saﬁpled.mbre‘often-than Tealeﬁte'or Phillips.
Results from SVIM data best represent prdductiGit& characteriétic of
each lan&scape. Randog clip plot déta are based on 10 sampleé forjeach
solil on each tféatment, so it sﬁows prodﬁctivity relative to soil tyﬁé.

Since the measﬁred extent of Tealgtte deéreaséd froﬁycontrbl fo'
plowed sitesf éxclusipnhéf control sites froﬁ analysis reduced the
" relative representation of Teélette soils for the SVIM data. If it
‘éaﬁ be assumed'tbét the §ecréase is due to'an actual reduqtioh in fhe
expent of Tealette‘as_indicated by transect Qeasuremept, results will
reflect actual'post;treatmenf conditions. It is possible, however,
that the'propoftion of.Téalefte varied between sites independent of
treatment, in which case results of analySié would underestimate the
negative-fglationship’be£ween soil chemistry and productivity.

Eorb, and especially shrub,.ﬁata aré baséd on a smalier samplé
size_fhan grass prodﬁctidn,'since they wereiﬁot rgpresented in each
“clip plqt'due‘to'their ciustered'distribution and relative scarcity.
’Results of regression analysis for fhese groups may therefore be some-

. what biased.




60

Results of regressioﬁ analysié'ﬁith site data (Table 13) show
that if all sites are included, production is.related to variables
which change significéntly (p = .05) betwéen locations or solls rather
than between treatments. For example, grass and total produqtion were
relétgd_to thickness and'quanic matter content of the A horizon
(raﬁdom clip plot data) and of the solum (SVIM data)——&ariables which
‘vary as a function oé soil and location.

Excluding the control sites fr&m énalysis to eliminate the effect
of clubmoss incréaged partial correlation valﬁes, especially for
variables significantly (p = .05) different by soil. It appears that
after treatment ﬁas removed élubmoss-pover aﬁd improved infiltration,
production is a function of soil type.

Tealette data were excluded from analysis because its productivity
is ﬁot limited by clubmoss cover but by chemical and physical soil
propgrties. This resulted in a highly negative correlation of club-
mosé to production, indicating that clubmo;s is‘a major limiting factor
"to production on Ellqam, Thoeny and Phillipé. Again, this.suggests
that any treatment which removes clubmogs covér wili enhahce‘produc- '
tivity Qeépite-only slight changes in soil chemical or ph&sical prop-
erties, and tﬁat changes in soil propertieé are confounded with club~-
moss removal.

Regression analysis of laboratory ddta (Table 14) reinforces

findings of regression on site data (Table 13). As above,- correlations °
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are strongest -for variab;es which were significgntly different between
goils or loca;ions. Exciusioﬁ'of control sité data incréased correla;'
tion values of éroductiyity to most signific;nt>(b ;*.05) &ariébles.'
Random clip plot grasé production was highiy corfelated to sand and
clay content of the C horizon for treated sites from which clubmoss
had been removed. Siﬁcé both sand éontent.and productiVity.wéfé
greatest at-tﬁe 1979 lodation,_resulté show tﬁat productivity is
correlating to variables associéted with the 1979 site. éince corre- .
lation yalues for Mg gnd'electrical conduéti&ity in the C horizon were
higheét wheﬁfcontrolTsiteé were included in analysis there may be a
‘relationship betﬁeeﬁ ciubﬁoss_removal and leach;ng of soluble salts.
.?oésiblf, removal of clubmoss and fracturing of the célqmns.in the ﬁ
ﬁorizon increased infiltration sufficiently to.légch.soluble Salts'
through thé éplum. Table i shows that depth to soluble salts is
.déeper on treated sites which is suﬁpbrtéd by chemical data,iﬁ_
_ Appendix 1. | |
To summarize, herbagé'pfodﬁctioﬁ is adver;ely affected by chemical

and physical properties inherent in sodiﬁm and ﬁagnesium dominated
systems ffom whi;h ﬁatric horizon devglopmeﬁt (as exeﬁplified by
Tealette):énsues. Sécoﬁdly, producﬁién:is limited by-bldbmﬁss cover
'whiéﬂ reduces infiltration and éqmpetgs sdécessfully for thg 1imited‘

moisture supply in the semiarid environment. Treatment did not
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completely ameliorate inherent limitations of the soil syétem to plant
growth. However effects of treatmeﬁt (e.g., clubmoss removal) whichn

secondarily improve infiltration at least into the A horizon, will

increase productivity, and hence stabilize the landscape. Wight et al.

'(1978) indicated that:these effects tend to be autocyclic. Note that
~grass and total productivity are correlated to organic matter content

of the A horizon.

Effects of Mechanical Treatment on Plant Composition

Removai of clubﬁoss-is the most pronounced change in species
composition on treated sites. Blue grama érass and blackroot sedge
were also reduced; western wheatgrass was redﬁced on Tealegte; but
relatively unaffgcted on other soilé. _Fringed sagewort frequency
increased significantiy (p = .01) after treatment on most sites,'.
especially on the chiseled site. On the chiseled site, it never
exceeded 27 of total SVIM transect hits, but represented 40% of hits
6n vegetation. Dolan and Taylor (1972) and Wight e.t al. (1978)
reported similar increases. in frinéed sagewort'on ungrazed treatmeﬁt
sites, Since the chiseled site was grazed after treatment, some
increase in forbélwould be expected. -With'cafeful grazing management,
it cquld probabiy be fepla#ed by more favorable forage spgcies. Over-

all, treatment had beneficial effects on species composition.
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-Effect of Mechanical Tréatmént on Soils:

Changeé in soil chémistry'due to trea£ment were difficult to
assess. Chemistry at thé two locations was different, masking changes
due to trea£ment§' . |

| The éodium Adsorption Ratio (SAR) in the.A and C horizon deéréased
significantly (p = .05) on treated sites.(Table 5) as did soiuBle
ICalcium in the ﬁ.hbrizon and solublé sodium in the C hofizon‘(Table 6).:
This indi;dtes that salts are being 1eéched out of the solﬁﬁ. Whether
this is related.to éiubmosé removél or a fractufing of the impermeable
B horizon is soﬁéwhat unclear, but it is prébably a combination of bo;h
facfors and depends lérgely sn soil type. Percent organic matter'
incpeased in the A horiions of treated sites. It éﬁpeérs that treat—.
ment did not dfématically affect soil chemical'pfoperties, Sut
increaséd orgapié matter indicates ‘that treatment effect was sub-

stantial enough.fo influence herbage production.

"Clay Mineralogy

X-ray aiffraction patterns  (Figure 6) show smectité as thé
dominant miﬁéfal in all horiéons of the Elloam and Phillips_pédons_
studied. .It appeaf$ to become less prevalent with soil formation,
as evidenced by the smaller, diffuse peaks for the A énd B horizoms.
This conéups with findingsfof Klages and Southard (1968) for'Thoeny

and Phillips soils developed in Bearpaw Shale-derived till. Ihéy
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proposed that changes occur in clay mineraloéy during the forﬁation of
a natric horizon. ﬁhittig‘(l§59)'and St.'Arnaud and Mortland (1963)
suggest that highly alkaline conditions during solonizétion would be
conduci§e.£p solubilization éf silica and alumina. These éoluble con-
stituents leaching down into zones of higher.electrolyte content may '
have combined with soluble Sases to form mixe&_layer minerals'containing
smectite and illite. |

Whittig (1959) and Klages and Southard (1968) found that the 188
peak was viftually abseqt'in thé A horizon. Klages and Squthérd (1968)
suggest that it was répl;ced by a mineral so disordered in the C-axis
that no basal reflectioﬁs resulted. .As Figure 6 illustrates, there is’
a'sub&ued 188 pegk for the A horizon of the Elloam selected for study.
Thé ISX.peai for the Phillips Al was obscire. The.nature'of the 188
.peaks in the A horizons cér?esponds to the relative degree of weéthering
associlated with each 'soil. In Philiips, the diffuse A horizon 182 peak
is in agreement with the'presehce of skeletans coating B horiéon priéms,

and the total lack of columnar structure

Genesis of Natrargids

Intensé pedogenesis was probably initiated 8,000 to 9,000 years
ago following the end of Ice Age climate during a subééqﬁen; period of

higher temperature and humidity than dominate today (Morrison and
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Frye, 1965). Because sevéral.minbf erosional phases have since
occurred, it is oni& possible to.speculage about surface conditions
during immediate post;glacial times. Mel;wafefs from the final four
glacial advances, flowing soutﬁ to the Missouri Rivef:likély carried
away much of earlier till depoéits so depth to Bearpaw Shale was
probably not markedly different than at present.“

" The 5uthor hypothesizes that the shallow impermeable shale and
humid environmgnt resulted in a perche& water table. Because of high
salt content in the shale and shale—derived.till, the ground water
contained appreciable soluble salts.. Foliowing the influx of melt-
water, the environment became increasingly arid, and capillary rise of
water toward the soll surface resulted in the precipitation of soluble
salts at the upper boundary éf the capillafy fringe. This accumula-
tion of salts initiated the development of a natric horizon as the
cation excﬁange complex was dominated.by'so&ium and magnesium.
Natrargid deveiopment foliowed'a pathway similar to that described
by.Gedroits and Villyams in Tyurin et al. (1960) under similar envi- .
ronmental conditions.

Morrison and Frye (1965) postulate that posf-glacial climate
ended 4,000 years ago as semiarid coﬁditions became prevalent. As
precipitation decreased and evapotranspiration increased; the perched
water table was no longer present, prevénting'further "solonization."

‘Net downward movement of water would affect the‘equilibrium between
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solution aﬁd adsqrbed cations. Ca and'Mg (divalent cations) would
graduélly replace Na on the B horizon exchange complex‘and the natric
horizon would begin to degrade. it is suspeétedlthat the effects of
mechénical treatment mnsudhrelic£ Natrargids are essentially irreversi;
ble and accelerate degradational p?ocesseé which would otherwise require
considerable time, |
. Why ﬁredictable.patterns of fdﬁf contiguoﬁs, but diétintt, soils

_have‘deQeloped on a reléfi&ely homogeneous iandspape;(in terms of
parent métefial) is'difficult to understand. Although the number of
profiles examined wasjfoo émall to:make a definitive statement about
this phenomenon, it was observed that solﬁm thickness (which:is
gener;lly Proportionai to depth to Bearpaw Shale) is deepest under
Phillips and shallowest'under Tealette {Téble 1). PFurther, texture at
an arﬁitrarily sélected'depth of 80 cm tends to be heavier under
Teélette and Elloam than Thoeny or Phillips (Table . I épeculate

that Phillips .and Thoeny are developed on ;lightly'highef and Better
drained micro—posifioné than Elloam and Tealette.

Again, although téb few soils were examined to map the topography
of the shale contact deéth,.the boundary is not-level, but is irregular
(undulating) énd I suspect that Tealet;e and Elloam developed 6n‘slight

. rises and Thoeny apd Phillips developed over slight ﬁroughé; Thus,

shale surface topography would be the opposi;é of surface topography.
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If'Tealette and Elldam developed in shallower-tiil deposits,
devélopment of the natric hoéizon may have been more intense.since
the water fab}e wouid have béen nearef to the surface.  Development
of the natric horizon of.Thoeny and the argillic horizon of Pbillips
prpvided'a slowly permeable subsgrfage layer éo that infiltrating water
would flow laterally onto the B horizon surface of Ellbém and Tealette
where:itlwould égcﬁmulate and evaporate, léaving'precipitate& soluble
salts behind. Net‘sait:transport would be out of Thoeny—?ﬁillipé '
and into the Elloam—Teaietté.system. Removal of salts would improve
conditions for plant growth on fhillips‘and Thoeny. As a thickef
plant community became estabiished, a stabie, organicélly en?iched
A horizoﬁ WOuld}develdp. Conversely, continual infusidn of salts iﬁto
Elloam, and particularly Tealette, would perpetuate poor conditions for
plant grdwthf These soils unla be sﬁﬁject to erdsion (wind and watef)
which furtﬁér exaggerates'the surface topography, culminating in pan-
spot soils (Ieaiette)L Addition of wind~blown material to the entire
landscape should alsé be conside;ed; Vegetétion established on Phillips
and Tﬁoeny Qould tena to hold these soils in plaée whereas Elloam and
Tealette would not receive major additioﬁs of surfaceAmaterial,

Mechanical éreatments-which improve dfainage on £he other soils
and reduce the amouﬁt of 1atefal f;ow onto the panspots may accelerate
the dégtadation'bf.thg Iéaletfg ngtric:horigon, but ﬁndér.préégnt
climatic conditidns, I postuléte that Teaiette will require extensive

¢
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periods of time or mechanical treatment which causes thé addition of
A‘horizoﬁ,material from the surrounding'landscape and fractures the
impermeablé'B horizoq'to éignifiéantly alter éxiéting'prdpitious con-
ditions. | -

Although.soils of the 1979'study'locat19n are deeper to sha;e
contact théy céntain significantly more $odium énd mégneéium than soils
at the.1980 locgtion° This is 1ikely'dﬁe'to an inherentAdifféfence
in thg initial contenf of the shale at respeétive sites. However, high
-soluble salt.contgnt_of the solum could also be related to the thick-
ness'of.reépéctive till.deposits. Till, beiﬁg unconsolidated, would
expose more surface area to soil wafér.ﬁhan shgle and hence release
more solub;é'salts; Given'the same moistuyé regime (i.e., Watef table
. perched at the shale ébntact) and rate of upward capillar§ flow at the
two locatiéns, féwer'soluble salts in shal}ow till deposits would be
concentrated at the capilléfy fringe than in deepgr tiil depoéits,
simply &ue to absolute differences in salt content. 'Capillary infﬁsién‘
of salts on‘shallow'ti;l deposits would éventﬁally,decréase Ghile
" remaining at the initial rate on the deeper till soils. 1In the amouﬁt
of time expired since the deveiopmént of the Natrargids has ceased and
their degradatidn begun, aséuming ﬁhat fhe volume of peréolating water
haé'been similar on Both si;es, mo#ergalts would remain in soils on the

1979 than.1980 sites. Eurthef, the 1980 sites occupy a siightly lower
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landscape position (807 m compared to 825 m) so that the volume of
spring meltwater may be greater resulting in-a greateflleaching
potential.

Discussion of the genesis of these soils so far has been in line
with the classical theory of Gedroits and Vil'yams as described by
Tyurin et al. (1960) for the formation of solonetz and solodized
solonetz. The deta suggest an alternatiue hypothesis~-that soil forma-
tion is ongoing undet present clinatic conditions in the absence of a
 water table ot capillary fringe. | -

The apparently tsndpm occurrence of the "panspots" (Tealette) on
the landscape and the difference in clay and sodium contents of the
Tealette and Elloam soils es compared to Thoeny and Phillips soils
(Table 3) suggest that these soils are not in fact "relict" soils; but
are actively differentistiné under the'present climatel -l h&pothesize
that the B horizon clay and sodium contents of the Tealette and Elloam_.
soils are increasing as a result of lateral.movement of water into the
panspot soils from the surrounding soils. This water movement occurs
due to a matric potential gradient resulting from.teduced infiltration
into the pans and the fect that the mofe'clay rich and silty panspot
soils are "drier" at the same waterlpercentaée,

The hypothetibal-genesis'process is outlined as follows:~

Initial condition: An undulating till plainj the till is
saline and of relatively uniform texture. . .

1
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Stage I: Under evapotranspirative demand the soils dry, and
. salty spots appear because of topography or slight differ-
ences in clay or salt contents. In the salty spots, vege-
tative productivity is limited and clay formation is -~ '
accelerated in the higher pH, sodium-rich environment.

Stage II: The salty spots.suffer wind erosion as a result of
their lesser vegetative cover, some of this windblown
material is caught by the thicker vegetation on the less
salty soils. This, plus leaching, initiates the forma-
tion of A horizons on the less salty spots.

Stage III: The processes begun in earlier stages become auto-
cyclic. Increased organic matter and A horizon thick-
ness increases infiltration on the less salty spots.

The B horizons of these soils are wetter than those of
the salty soils and water, carrying silica and sodium,
moves from these soils into the developing panspot soils.
In the B horizons of the panspots, clay formation in
place is enhanced due to the relatively high pH and
sodium contents. With reduced infiltration due to
puddling of the surface of the panspots, the panspots
receive more water from lateral movement as a result

of matric and osmotic potential gradients than from .
downward infiltration.

Stage IV: As we view the landscape today, the Phillips soils
are developing in the direction of thicker A horizons,
increased organic matter and lower salt contents. The
panspot (Tealette) soils are developing in the direction
of increased sodium, increased clay content (inter-
stratified smectites), high bulk.density, and higher

electrical conductivity.

_The x—ray diffraction patterns (Figure 6) support the concept of
increased clay formation in place in the Tealette B2t horizons (Klages
and SOuthérd, 1968). The Phillips soils were at one point saline but
were probaBly never solqnetz. The Thoeny'may.ultimately become

solodized-solonetz while the Elloam and Tealette soils are developing

greater solonetz properties under present conditions.




CONCLUSIONS
A Natrargid—Paleangd soil cémplex was characterized in northern
' Blaine Céunty, Montana. Three Nétrargid kTealette; Elloam and Thoeny)
soils and one Paleargid (Phillips) soil were examined. Hérbage pro-
duction was measured for each soil with and without mechanical treat-
ment} piowing or chiseling. Findingé of the study showed that:
1. Mechanical tregtﬁent ~increased grass, forb and total
productivity; partiqﬁlarly on Elloam and Thoeﬁy_
soils.
2.: Mechanical t?eatment had a long residual effect.
. Increases in productivity were still significant
( - .01) at least 50 years after treatment.
3, The significant reduction (p = .01) in,clubmoss
cover Ey mecharical treatment was hiéhly'correlated
-£o herbage prbduction on treated sites.
4. The produc;ivity of undesi?able'forﬁs, particularly
fringed sagewort, increased on treated sites,
espécially thelchiséled sité. This is an effect

associated with disturbance due to mechaﬁical treat-

ment which can become a problem unless careful

grazing management is practicéd.




LITERATURE CITED




T pa— Ll Lieadl

73

Alden, W. C. 1932. The physiography and glacial geology of eastern
Montana and adjacent areas. U. S. Department .of the Interior,
Geol. Survey Prof. Paper no. 174, U. S. Government Printing
Office, Washington, "‘DC. :

Allmaras, R. R., R. W. Rickman, L. G. Ekin, and B. A.:Kimbail. 1977.
Chiseling influence -on soil hydraulic propertles. Soil Sci. Sco. .
- Ami. J. 41:796-803. ’

Arshad, M. A., and S. Pawluk. 1966. Characteristics of some. solonetzic
‘soils in the glacial Lake Edmonton Basin of Alberta. 1I. Physical
and chemical. J. Soil Sci. 17:36-47. ‘ .

Bently, C. F., and C. 0. Rost. 1947. A study of some solonetzic
complexes’ in Saskatchewan. Sci. Agric. 27:293-313.

Birkeland, P. W. 1974. Pedology, weathering and geomorphological
research. Oxford Univ. Press, Inc.

Bouyoucos, G. J. 1939, Dirgctiéns for making mechanical analysis of
soils by the hydrometer method. Soil Seci. 42:225-229,

Bowser, W. E., Milne, R. A., and R. R. Cairns. 1962. Characteristics
of the major soil groups in an area dominated by solonetzic soils.
Canadian J. Soil Sci. 42:165-179..

Branson, F. A., R. F. Miller, and I. S. McQueen. 1962, Effects of
contour furrowing, grazing intensities and soils on infiltration
rates, soil moisture and vegetation, Fort Peck Montana. J.
Range Mgmt..15 151-158. '

, : , and . 1966, Contour
furrowing, pitting and ripping on rangelands of the westein United
States. .J. Range Mgmt. 19:182-190.

" Bray, J.  R. 1971; Vegetational distributioh, tree growth, and crop
success in relation to recent climatic change. Advances in
" Ecological Research 7:177-233.

Bryson, R. A. 1975, The lessons of climatic history. Environmental
Conservation 2:163-170.

Bureau of Land Managément Staff. 1978. '8011¥vegeta§ion inventory
methods. Working draft, March 1, 1978. USDI-BLM Technical
Center, Denver, Colo. .




L . ¢ I

74

Burwell, R. E., and W. E. Larson. 1969. Infiltration as influenced by
tillage~induced random roughness and ‘pore space. Soil Se¢i. Soc.
Am. Proc. 33: 449-452 : '

s L. L. Sloneker, and W. W. Nelson. 1968. Tillage -
influences water intake. J. Soil Water Conservation 23 185- 187.

Chapman, H. D. 1965a. Total exchangeable bases. In C. A. Black (ed )
Methods of soil analysis. Part 2. Agronomy 9:902-904. Am. Soc.
of Agron., Madison, Wis.

. '1965b. Cation exchange capacity. In C. A. Black (ed )

Methods of soil analysis. Part 2. Agronomy 9:891- 901 Am. Soc.
~of Agron., Madison, Wis. '

Costello, D. F. 1944, 'Natural revegetation of abandoned plowed land
in the mixed prairie association of northeastern Colorado.
Ecology 25:312-326.

Coupland, R. T. 1961. A'reconsideration of grassland classification
in the Northern Great Plains of North America. J:. Ecology 53:
475-507. . . :

Daubenmire, R.:F., and W. E. Colwell. 1942. Some edaphic .changes due
to overgrazing in the Agropyron-Poa prairie of southeastern
Washington. Ecology 23:32-40. -

Decker, G. L., G. A. Nielsen, and J. W. Rogers. 1975. The Montana
automating data processing system for soil inventories. Montana
Agric. Exp. Stn. Res. Rep. no. 89, Bozeman. ' :

" Dolan, J. J. 1966. Long-term responses of dense clubmoss (Selaginella
densa Rydb.) to range renovation practices in northern Montana.
M. S. thesis, Montana State Univ., Bozeman.

,cand J. E, Taylor. 1972, Residual effects of range reno- :
vation on dense clubmoss and associated vegetation. -J. Range
Mgmt. 25:32-37.

Dormaar, J. F., A. Johnston,'and s. Smoliak. 1977. Seasonal variation
. in . chemical characteristics of soil organic matter of grazed and
ungrazed mixed prairie and fescue grasslands. J. Range Mgmt.
30:195-198.




75

, and . 1980, Organic solvent-
soluble organic matter from soils underlying native range and
crested wheatgrass in southeastern Alberta, Canada. J. Range
Mgmt. 33:99- 101 ‘

Ellis,.J.'H., and 0. G. Caldwell. 1935. 'Magneéium clay solonetz.
Trans. 3rd Int. Congress Soil Sci. 1:348-350.

Hironaka, M., and E. W. Tisdale. 1963. Secondary succession in annual
vegetation in southern Idaho. Ecology 44:810-813.

Jennrich, R., and P, Sampson. 1979a. Analysis of variance. and co-
variance including repeated measures. p. 540-580. InW. J.
Dixon and M. B. Brown (ed.) Biometical computer programs P-
series. Univ. of California Press, Los Angeles.

, and . 1979b. Stépwise regression, p. 399-417.
In W. J. Dixon and M. B. Brown (ed.) Biomedical computer programs,
P-series, Univ. of California Press, Los Angeles.

, and . 1979c. Cluster analysis of cases. p.
633-642. In W. J. Dixon and M. B. Brown (ed.) Biomedical
computer programs, P-series. Univ. of California Press, Los
Angeles.

Johnson, C. B., and W. C. Moldenhauer. 1979. Effect of chisel versus
moldboard plowing on soil erosion by water. SoilSci. Soc. Am.
J. 43:177-179.

Kellogg, C. E. 1934, Morphology and genesis of the solonetz soils of
western North Dakota. Soil Sci. 38:483-500.

Klages, M. G., and A. R. Southard. 1968. Weathering of montmorillonite
during formation of a solodic soil and associated soils. Soil
Sci. 106:363-368. . :

Lemke, R. W., W, M. Laird, M. J. Tipton, and R. M. Lindall. 1965.
Quaternary geology of Northern Great Plains. In H. E. Wright, Jr.

and D. G. Fray (ed.) The Quaternary of the United States. A review '

“volume for the VII Congress of the Int. Assoc. for Quaternary
Res.- Princeton Univ. Press, Princeton, NJ..




76

Lindstrom, M. J., F. E. Koehler, and R. I. Papendick. 1974, Tillage
effects.on fallow water storage on eastern Washington dryland
~ regionm. Agron. J. 66:312-316.

Looman, J. 1963. Preliminary classification of grasslands in
Saskatchewan. Ecology 44:15-29.

MacGregor, J. M., and F. A. Wyatt. 1945, Studies on solonetz soils
of Alberta. Soil Sci. 59:419~435.

Morrison, R. B., and J. C. Frye. 1965. Correlation of the middle
and late Quaternary succession of the Lake Lahontan, Lake Bonne-
"ville, Rocky Mountain (Wasatch Range), Southern Great Plains,
and Eastern Midwest areas. Nevada Bureau of Mines Rep. 9.

Neff, E. L. 1973, Water storage capacity of contour furrows'in
Montana. J. Range Mgmt. 26:298-301.

, and J. R. Wight. 1977. Overwinter soil water recharge and
herbage production as influenced by contour farming on eastern
Montana rangelands. J. Range Mgmt. 30:193-194.

Rasmussen, W. W., D. P. Moore, and L. A. Alban. 1972. Improvement
- of solonetzic (slick spot) soil by deep plowing, subsoiling and
amendments. Soil Sci. Soc. Am. Proc. 36:137-142.

Sigmond, A. A. de. 1938. The principles of soil science. Thomas .
Murby and Co., London.

Sims, J. R., and V. A. Haby. 1971, Simplified colorimetric determina-
tion of soil organic matter. Soil Sci. 112:137-141.

Smith, F. W., B. G. Ellis, and J. Grava. 1957. Use of acidflouride
solutions for the extraction of available phosphorus in calcareous
soils and in soils to which rock phosphate has been added. Soil
Sci. Sco. Am., Proc. 21:400-404. '

Smoliak, S., J. F. Dormaar, and A. Johmnston. 1972. Long-term grazing
effects on Stipa-Bouteloua prairie soils. J. Range Mgmt. 25:
246-250. '

» A. Johnston, M. R. Kilcher, and R. W. Lodge. 1976.
Management of prairie rangeland Ag. Canada Pub. 1589. Res. Stn,,
Lethbridge, Alta. . .




77

Soil Survey Staff. - 1951. Soil survey manual. Agric. Handb. no. 18,
USDA. U. 8. Government Printing Office, Washington, DC.

. 1975. Soil taxonomy. Agric. Handb. no. 436, USDA.
U. S. Government Printing Office, Washington, DC.

Soiseth, R. J., J. R. Wight, and J. K. Aase. 1974. Improvement of
panspot (solonetzic) range sites by contour furrowing. J. Range
. Mgmt. 27:107-110.

Sommerfeldt, T. G., and C. Chang. 1980. Water and salt movement in
‘a saline-sodic soil in southern Alberta. Canadian J. Soil Sci.
60:53-60. -

St. Arnaud, R. J., and M. M. Mortland. 1963. Characteristics of the
clay fractions in a chernozemic to podzolic sequence of soil
profiles in Saskatchewan. Canadian J. Soil Sci. 43:336-349.

Tyurin, I. V., I. N. Antipov-Karataev, and M. G. Chizherskii (ed.).
1960. Reclamation of solonetz soils in the USSR. Akadomiya Nauk
SSSR Moskva. (English translation pub. by U. S. Dept. of Agric.
and National Sci. Foundation, Washington, DC, 1967.)

United States Department of Agriculture. Agricultural Research Service.
1975. Ecological responses of native plants and guidelines for
management of shortgrass range. USDA Tech. Bull no. 1503. U. S.
Government Printing Office, Washington, DC. :

Soil Conservation Service.
1972. Fabric-related analysis, bulk density, saran-coated clods,
soll survey laboratory methods and procedures for collecting soil
samples. Soil Survey Investigation Rep. mo. 1. U. S. Government
Printing Office, Washington, DC.

United States Salinity Laboratory Staff. 1954, Diagnosis and improve-
ment of saline and alkali soils. Agric. Handb. no. 60, USDA.
U. S. Government Printing Office, Washington, DC.

Veseth, R., and C. Montagne. 1980. Geologic parent materials of
Montana soils. Montana Agric. Exp. Stn.-USDA, SCS Bull. 721.
Bozeman. ' :

Westin, F. C. 1953. Solonetz soils in eastern South Dakota: Their
properties and genesis. Soil Sci. Soc. Am. Proc. 17:287-293.




- 78

White, E. M. 1969. Nature of panspots and their improvement in range.
Ext. Serv., South Dakota State Univ. Fact Sheet 456, Brookings.

Whittig, L. D. 1959. Characteristics and genesis of a solodized-
solonetz of California. Soil Sci. Soc. Am. Proc. 23:469-473.

Wight, J. R. 1976. Land surface modifications of their effects on
" range and forest watersheds. In Proc. of 5th Workshop of the
. U. S./Australia Rangelands Panel: Watershed management on range
and forest lands, Utah State Univ., Logan.

", E. L, Neff, and R. J. Soiseth. 1978. Vegetation
response to contour furrowing. J. Range Mgmt. 31:97-101.




e,

LIt

APPENDICES

-




80

APPENDIX 1: SOIL PROFILE DESCRIPTIONS

SURVEY SAVPLE ND.: STINT 21

LCCATIONS $34=T35N=R19E

CLASSIFICATION?  gopoi11c PALEARGID, PINE MONTMONTLLONITIC

SITE NO.2 79 21 COUNTY: BLAINE ELEVATION: 0807 METERS MONTH SAFMPLEDT JULY
SLOPE 013  CLASST  NEAKLY LEVEL KIND2 PLANE ASPECT: SOUTH

AIR TUMPERATURE ANNUALE DEGREES F SUMMER® DEGREES F WINTER: DEGREES F
SOIL TEMPERATURE  ANNUAL: DEGREES F SUMMER: DEGREES F WINTER?Z DEGREES F
WATER TARLE: CEPTH: CH. PONTHE KINOTt NG WATER TAELE
PRECIPITATIINE 032 cn, CONTROL SECTION LINITS -- UPPER? 000 CM LONERT 00¢ C»
PERMCARTLITY S DRAINAGE CLASSS

PHYSIDGRAPHY LEVEL OR UNDULATING UPLANDS STONINESS: CLASS
VEGETATICNS GRASSES ANC FORBS AND SHRUBS

PAREMT MATERTALS HIGHLY WEATHERED UNCONSGLIDATED MINERAL SEDIMENTS
CALCAREQUS SHALE

PARENT MAT_RTAL: HIGHLY WEATHERED GLACIAL TILL
FIXED LITHOLOGY

HCRTZON PROFILE DESCRIPTION

a 1 9= ®CHe, C .0 = 2 INe)
BROWN C1OYR 5/3) EXTERIGR § SANDY CLAY LOAN 3§ DARK BROWN (10YR 373)
EXTERIOR MOIST i MEAK VERY FINE GRANULAR STRUCTURE 3 LOGSE ’
LOOSE s NONSTICKY » NONPLASTIC 3 MANY FINE ROOTS
THROUGHOUT HORIZON i MANY FINE IRREGULAR PORES 3 NONCALCAREOUS
(HCL) 3 ABRUPT SWODTH BOUNDARY .

a 2 &= 235 Ch. . K &= 4 Ih)
JR0WN CICYR 5/3) EXTERIOR i SANDY CLAY LOAM § DARK BROWN (10YR 373)
EXTERIOR MIIST i MODERATE FINE PLATY STRUCTURE 3 SOFT ’
VERY FRIABLE » SLIGHTLY STICKY , SLIGHTLY PLASTIC 3 PANY FINE

KJ9TS THROUGHOUT HORIZON i COFMON TO WANY FINE € PEDIUN

IRREGULAR AND TUBULAR PORES s MANY FINE VESICULAR PORES i Cowron
CISTINCT DARK BROWN C10YR 373) MOISY CLAY SKINS Ch PED FACES 3
WOYCALCAREQUS (HCL) 3 ABRUPT SMOOTH BOUNDARY .

Bttt 11 = 20Che C 4 = 13 ING)
HeNWN CLYYP 4/73) EXTERIOR 3 CLAY LOAM i DARK BROWN (19YR 3/1)
EXTERIOR MOIST i MOCERATE TC STRONG MECIUF PRISWATIC STRUCTURE 1
VcRY HARD » FRIGBLE , STICKY s PLASTIC ;i MANY FINE ROOTS

SETHEEN PEDS i COWMON FINE & MEDIUM VCID INTERSTITIAL PORES » RMANY
FINE IRREGULAR AND TUBULAR PORES i MANY PROPINENTY DARK BROWN (10YR 3/3)
MOIST CLAY SKINS Ok PED FACES i MNONCALCAREOUS (HCL) 3 ABRUPT SMOCTH
20UNDRRY .

Bl el G 28+ 55 Che € 1)~ .22 ING)
LIGHT BKOWNISH GRAY (2.5Y 6/2) EXTERICR 3 CLAY LOAr i DOARK CRAYISH BRCWN
(2.5Y 4/2) EXTERICR MOIST i MODERATE MEDIUM PRISMATIC STRUCTURE H
SOFT » VERY FRIABLE » VERY STICKY , VERY PLASTIC . FANY FINE
ROOTS RETWECN PEDS i MANY FINE IRREGULAR AND TUBULAR PCRES ’
COMMON TO MANY FINE VESICULAR PORES 3§ COPPON  FAINT DARK CRAYISH BRCWW
(2.5Y 4/72) MOIST CLAY SKINS CN PED FACES i CCPPON NIXED SECIMENTARY

FRAGMENTS >2 MM i FEW TO COmMON SOFTY FINE SALT CRYSTALS H
MODERATELY EFFERVESCENT C(HCL) CONTINUOUS 3 CLEMR SMOCTH  BOUNCARY .

8 3CACS 99 =il \RENCHe L (22T 36 1Ne)
GRAYISH 9ROWN (2.5Y 5/2) EXTERICR s CLAY LO#™ i DARK GRAYISH BROWN
(2.5Y 4/2) EXTERIOR MOIST i FEW FINE PROMINENT YELLOWISKH BROWN (10YR 5/6)
EXTERIOR MOTTLES & POCERATE MEDIUM SUBANGULAR BLOCKY STRUCTURE i
VERY HARD » FRIABLE , STICKY » PLASTIC i COMPON FINE RCOTS

THROUGHOUT HORIZON i CONMON  FINE JRREGULAR. AAD TUBULAR PORES s MNANY
FINE VESICULAR PORES 3+ FEW FAINT DARK GRAYISH BROWN (2.5Y 4/2) WOIST
CLAY SKINS ON PED FACES 3 COFmON  NMIXED SEDIMENTARY FRAGMENTS L]

COMMON TO MANY SOFT FINE € MEQIUM SALY CRYSTALS i MODERATELY EFFERVESCENY
L) CONTINUOUS 3 CLEAR SMCGTH  BOUNDARY .

C 1€ 1. = 138 €Y% € 36 = 53 INs)
LIGHT dKROWMNISH GRAY (Z.5Y 6/2) EXTERICR 3 SANCY LCAM 3 DOARK CRAYISH BRCwN
(2.5Y 472) EXTzRICR MOIST $ FEW TO COMMON FINE DISTINCY
YELLOWISH PRONN (QCYR  5/6) EXTERIOK POTTLES ; MEAK MNEDJUM
SUSANGULAR JLOCKY STRUCTUPF $ - SOFY » FRIABLE 4 STICKY » PLASTIC 3

FEd FINE ROOTS THERIUGHOUT HORIZUN i RANY FINE IRREGULAR PORES H

FEW FAINT OARK GRAYISH BROWN (2.5Y 4/2) MOIST CLAY SXINS THROUGHOUT THE SOIL 3
FEW MIXED ScODIMENTARY FRAGMENTS 22 nv i FEW SOFTY FINE GYPSUP CRYSTALS ;
MODERATELY cFFERVESCENT (HCL) CONTINUOUS i ABRUPT SMOOTH BOUNDARY .

C 2CACS 91 = 334 CN, (36 & 53 INa)
GRAYISH SROWN (2.5Y 5/2) EXTERIOR 3 CLAY LOMm i DARK GRAYISH BROWN
(2457 472) EXTERICR aCIST 3 MASSIVE ; HARD s VERY FRIABLE '

STICKY » PLASTIC ; COMMON FIME RUOTS THROUGHOUT HORIZON 3 MANY
FINE IRREGULAR PORES 3 FEW SOFTY VERY FIME GYPSUM CRYSTALS 3
NONCALCAREOUS i NOT KEACHED BOUNDARY .

REwEAKS? UNPLOWED,NATIVE YEGETATION
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LCCATION:
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SITE NGe? 79 22
sLcecs: 13
PIR TEMPERATURE
SCIL TEMPERATURE
WATER TAOL::
PPECIPITATION:
PERMEASILITYS
PHYSIOGRAPHY:
VEGETATICN:
PARENT MATEXTALZ

PARENT MATERTAL?

rORTZIN
A 3
D 21T
B 227 Ca
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THOENY

STONT 22
S34-T35N=R19E

BOROLLIC NATRARGID, FINE, MONTMORILLONITIC

COUNTY: SLAINE ELEVATION: 0807 METERS
CLASS: KINDS

ANNUALZ ODEGREES F SUFRER: DEGREES F
ANNUALE JEGREES F SUFMERE: 65 DEGREES F
CEPTHE Cw, MONTHE

¢3¢ Cr. CONTROL SECTION LIMITS ==

ORAINAGE CLASS:
LEVEL OR UNDJULATING UPLANDS
GRASSES AND FORBS AND SHRUBS
HILHLY WEATHERED GLACIAL TILL
FIXED LIVHOLOGY

HIGHLY WEATHERED
CALCAREOUS SHALE

UNCONSOLIDATED MINERAL SEDIMENTS

PRCFILE DESCRIPTION

MONTH SARPLED: JULY
ASPECTE NORTHREST
WINTERS 70 DEGREES F
WINTERS DEGREES F
KIND2 AO WATER TABLE
UPPERS CVr  LOWERS

STONINESS?® CLASS

(4]

= 336C% & & 4 INJ)
YELLOWISH BROWN C10YR 5/4) EXTERICR I LOAY § DX, YELLCWISH BROWN C10YR 3/4)
LXTERIOR MOIST 4+ FEW TO COmMMON FINE PROMINENT BROMNISH YELLOW C10YR 6/8)
EXTERIOR MOTTLES § POCERATE TC STRONG FINE PLATY STRUCTURE 3 SOFY ’
VERY FRPIABLE » SLIGHTLY STICKY , SLIGHTLY PLASTIC 3 COMMCKN  FINE
ROOTS T HROUGHOUT HORIZOM 3 PANY FINE VESICULAR PORES 1 COrpON
PIXED LITHOLOGY FRAGMENTS 22 m» i NONCALCAREOUS [LI48) § ABRUPT SHOCTH
BOUNDARY B

11 = 26 Cne (4 = 17 INg)
BROWN C10YR  4/3) EXTERICR 3 SANDY CLAY LOA® ; DARK BROMN (I10YR 3/73)
EXTERIOR notIsSY i RODERATE TC STRONG MEDIUM COLUMNAR STRUCTURE ]
VERY HARD s VERY Frgp » VERY STICKY , VERY PLASTIC i CCHMON FINE
RJITS THROUGHOUT HORIZON i FANY FINE VESICULAR PORES 3 RANY
PROMINENT DARK BROWA C10YR 3/3) mMOIST CLAY SKINS ON PED FACES H
NONCALCAREOUS (HCL) 3 ABRUPT SMOOTH BCUNDARY .

26 = 36 Che . C 30'= 14 o)
BROWN C19YR  4/3) EXTERIOR ¢ SANDY CLAY LOAN § DARK BROWN (10YR 1373)
EXTERIOR OISt i PUCERATE MECIUM SUBANGULAR BLOCKY STRUCTURE H
VERY HARD s FIRM » VERY SYICKY , VERY PLASTIC 8 FEW FINE ROOTS
THRCUGHOUT HORIZON i COMMON  FIANE IRREGULAR AMND TUBULAR PORES s MANY
FINE VESTICULAR PORES 3 MANY PROMINENT DARK BROWN C10YR 3/3) WOIST
CLAY SKINS ON PED FACES i FEw SOFTY FINE SALT CRYSTALS 1)
MODERATELY EFFERVESCENT (HCL) CONTINUOUS 3 CLEMR SMOCTH BOUNDARY .

36 = 62 CMe 14 = 24 ING)
GRAYISH 2RO4N (2.5Y 5/2) EXTERICR i SANDY CLAY LOAR 3 DARK GRAYISH BRCuN
(2.5Y 4/72) FXTERICR vOIST 3 WEAK CCARSE SUBAMGULAR PLOCKY STRUCTURE ]
SLIGHTLY MWARD » LCGOSE s MNOMNSTICKY » NONPLASTIC 3 COWMCA  FINE
ROJTS THROUGHIUT HORIICN i FANY FINE TRREGULAR AND TUBULAR PORES »
MANY FINE Ve SICULAR PORES i FEW TO COmMNCN SOFY FINE
SALT CRYSTALS i MODERATELY EFFERVESCENT (MCL) CONTINUGUS 3 CLEAR WAVY

BOUND AR Y .

62 = 92 CHe ( 24 = 36 ING)

LRAYLSH BROWN (2.5Y 572) EXVERICR 3 SANDY CLAY LOAM 3 DARK GRAYISH BRCWN
(2.5Y 472) EXTERICR *OIST 3 MEAK MEOIUF SUBANGULAR BLOCKY STRUCTURE i
VERY HARD » VERY FRIABLE » SLIGHTLY STICKY , SLIGHTLY PLASTIC i

COMMON  FINE ROCTS THROUGHOUT HORIZONM I WANY FINE

IRREGULAR AND TUBULAR PORES »  MANY FINE VESICULAR PORES 3 Common

FINE & MEUIUM SALY CRYSTALS 4 MODERATELY EFFERVESCENT (MCL) CONTINUOUS i
CLEAR SMOOTH BOUNDARY .

92 = 155 C¥. € 36 - 61 INJ)

GRAYISH BROWN (2.5Y 572) EXTERIOR 3 CLAY $ VY DK GRAVISH BROWN (2.%5Y 3/42)
EXTERIOR *QISY i CONMON FIME PROMINENT YELLOWISH BROWN (10YR 5/8)
EXTERIOR MOTTLES 3 MODERATE FINE SUBANGULAR BLOCKY STRUCTURE 3

VERY KARD s VERY FRIABLE » STICKY » PLESTIC 3 FEW ROOTS

THROUGHOUT HORIZON 3 COMMON TC RANY FINE IRREGULAR PORES t FEM

PIXED LITHOLOGY FRAGPENTS >2 C» 3 FEW TC COMMCN SCF1 FINE

SALY CRYSTALS » FEW TO COMMON SOFY FINE WASSES OF LIME L}

MODERATELY EFFERVESCENT (HCL) CONTINUOUS i

UNPLUWED  NATIVE VEGETATION

NOT REACHED BOUNDARY .




1SCIL Se3less

SURVEY 58%aL: NOL3

LCCaTION:
CLASSIFICATIONS

SITE NCo.2 79 23
SLoPE: 1%
AIR THwPEVATURE
SCIL TiMPTRATURE
WETEN TAPLES
PR_CIPITATIIN:
PERMIAZILITY?
PHYSICGRAPHY
VECLTATICN:
PARCHT MATERYTALS

HOPLZ2CN
A 2
b 217
y 22

¥
[ 1
C e

RE“E2KS T

TEALETTE
STINT 23
S5364-T 35N-R19E
BOROLLIC NATRARGID, FINE MONTMORILLONITIC
COUNTYZ JLAINE ELEVATION: 0BOT PETERS MONTE SAPPLEC: JULY
CLASS: KIND: ASPECT: AORTHWEST
ANNUAL? DEGREES F SUMMERS DEGREES F WINTER: DEGREES F
ANNUALS DEGREES F SUMMERT 73 DEGREES F WINTER: DEGREES F
NEPTHSE CH. MONTHZ KINODZ AC WATER TABLE
23) Ch, CONTROL SECTION LIMITS == UPPER? CHh  LOWER:

ORAINAGE CLASS:

STONINESS?® CLASS
GRASSES AND FURRS AND SHRURS
HIGHLY WEATHERED GLaCcIaL TILL
AIXED LITHOLOGY AND CALCARENUS SHALE

PROFILE DESCRIPTION

[ s 269 €10~ 1 INe)
LIGHT GRAY (5Y7/2) EXTERICR i LOAM 3 GRAYISH BROWN 2.5y 5/2)
EXTER LOR MOIST 3 PASSIVE § SOFY » VERY FRIABLE s STICKY .
SLIGHTLY PLASTIC i FEw FINE ROOTS THROUGHOUT KORIZON 3 COWMON TO MANY
FIuE IRREGULAR ANC TUBULAR PORES s MANY FINE VESICULAR PORES H
Fcd MIXED LITHOLCOGY FRAGMEANTS 22 Cn 3 NCNCALCAREOQUS (HCL) CONTINUOUS .

B3 0N v 1= 5 ING)
LIGHT AROWNISY GRAY (2,5Y 6/2) EXTERJOR i CLay i OARK GRAYISH BROWN
(2.5Y 4/72) EXTeRIOR MOIST 4 MODERATE TO STRONG FINE SUBANGULAR BLOCKY
STRUC TURE i HARD » VERY FRIABLE s VERY STICKY , VERY PLASTIC b
COMMON  FINE ROCTS THROUGHOUT HORIZON i MANY FINE
IRREGULAR AND TURBULAR PORES s PANY FIMNE VESICULAR PORES ¢ COmrPON
FALNT DARK GRAYISH BPOMN (2.5Y 4/2) MOISY CLAY SKINS ON PED FACES H
NINCALCAREQUS (HCL) i ,ABRUPT SMOOTH BOUNDARY .

30 = rdb GRe & i S TRe Y
LIGHT PROMNIS:H GRAY (2.5Y &/2) EXVEPIOR i CLay i DARK GRAYISH BROWA

(2.5Y 4/2) TXTIRIOR NOIST i COMMON FINE OISTINCY BROWMISH YELLCW
C11v2  #76) FXTZRICP POTTLES § MODERATE FINE PRISMATIC STRUCTURE ANC

LORERETY £3 Fltc SUEANGULAK BLOCKY i HARD s FRIABLE , STICKY N
PLASTIC 3§ CUMMON FIME RQCTS THROUGHOUT HORIZON i COWMNON FINE

IRREGULAR AND TUYULAR PORFS » MANY FINE VESICULAR PORES i FEN
FAINT DARK GRAYISH BRUWN (2.5Y 472) MOISTY CLAY SKINS ON PED FACES 1)
COMMOYN  SUFT FINE GYPSUM CRYSTALS § PODERATELY EFFERVESCENT (kCL)
CONTINUONS 3 CLEAK SMCCTH BOUNDARY .

Jo = 95.0% (¢ 38 = 22 INe)
CRAYISH BROWMN (2.5Y 5/72) SXTERICR 3 CLAY LOAM i DARK GRAYISH BROWAN
(2e5Y &/72) eXTERICR *OIST i FEW TO COMMON FINE DISTINCY

LTe YELLOWISH PRCWA (1CYR 674) EXTERIQR MOTTLES ; WEAK MEDIUM

SU3AMGULAR BLOCKY STRUCTURE 3 VERY HAROD » FIRK s STICKY » PLASTIC
FEN TO COMMIN FIMNE ROCTS THROUGHOUT HORIZON 3 CCNMON YO mANY FINE
IRRFGULAP ANC TUSULAR PORES »  MANY FINE VESICULAR PORES 3§ Comeon
FAINT DARK GRAYISH BROMN (2.5Y 4/2) mOIST CLAY SKINS ON PED FACES H

COMMIN  SOFT FINE GYPSUM CRYSTALS ; PODERATELY EFFERVESCENT (HCL)
CONTINUOUS i CLE#K SMOOTH POUNDARY .

55 = B84 CMe ( 22 - 33 1N.)

GRAYISH BROWN  (2.5Y 5/2) EXTERIOR 3 CLAY LOAM 3 DARK GRAYISH BROWA
(2.5Y 4/¢) EXTERICR nOIST i FEW YO COPMON  FINE DISTINCT

BROWNISH YELLUW CLOYR 6/6) EXTERICR POTTLES § WEAK MEDIUY

SUSANGULAR BLOCKY STRUCTURE i VERY HARD » FRIABLE , STICKY 4 PLASTIC
FEW FINE ROOTS THROUGHOUT HCRIZON 3 COMMON TO MANY FINE

IRREGULAR AND TUBULAK  PORES s MANY FINE VESICULAR  PORES 3
MODEKATELY EFFERVCSCENT C(HCL)  CONTINUOUS i CLEAR  SPOCYH BOUNCRY

28 = 315 Cile " 25 = S5 INS)

LIGHT BROMNISH GRAY (2.5Y 6/2) EXVERIOR 3 CLAY LOMM 3 V DK GRAYISH BRCWN
(Ze5Y 3/2) EXTERICR mOIST i FEW TO COMMON  FINE DISTINCY

PROWNISH YELLUW CL1UY® 6/8) EXTERIOR POTTLES ; MCDERATE FINE

SUBANGULAR BLOCKY  STRUCTURE i VERY HARD » VERY FIRM » VERY STICKY
VERY PLASTIC i CUMMON TO PANY FINE ROOTS THRGUGHOUT HORIZCA 1}
COMMON TO MANY FIME VOID INTERSTITIAL PORES s MANY FINE VESICULAR
PORES ¢ COMMCN  SOFT FINE & MECIUM GYPSUP CRYSTALS

MODERATELY EFFERVESCENT (HCL) CONTINUOUS ¢ NOY REACHED BOUNDARY .

USPLOWEDyNATIVE VEGETATION

(4]
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1S0IL SERIES: ELLOAR

SUFVEY SAYPLE NO.3 STINT 24

LCCATIONS $34=T I5N=R1 IE

CLASSIFICATION? BOROLLIC NATRARGID, FINE, MONTMORILLONITIC

SITE NU.t 79 24 COUNTY: BLAINE ELEVATION: 0BUT WETERS MONTH SARPLED: JULY
SLOPE: vly CLASS: KIND: ASPECY: AORTHWEST
AIP TEMPtATURE ANNUALS DEGREES F SUPMER: DEGREES F WINTERE DEGREES F
SCIL TEWPERATURE ANNUALZ DEGREES F SUFMER: 68 DEGREES F WINTERS DEGREES F
WATER TAULE: DEPTH: Cn, RONTHS KIND:2 MO MATER TABLE
PRECIPITATIONS S3g Cr. COMTROL SECTION LINITS == UPPER? CM  LOMER:
PER®EARILITY? ORAINAGE CLASS:

PEYSILGRAOHY S LEVEL OR UNDULATING UPLANDS STONINESS: CLASS
VEGETATICA: GRASSES AND FORBS AND SHRURS

PARENT mATERTAL: HIGHLY WEATHERED GLACIAL TILL
MIXED LITHOLOGY AND CALCAREDUS ShALE

HORIZON PRCFILE DESCRIPTION

& ¢ I~ 41C% C¢C 0~ 4 INJ)
LIGHT SRONWNISH GRAY (2,5Y 6/2) EXTERIOR i LGAar 3 DARK GRAYISH BROWN
(245Y 4/2) EXTERIOR MOIST 3 MODERATE FINE PLATY STRUCTURE i
LOOSE » LOOSE s SLIGHTLY STICKY , SLIGHTLY PLASTIC 3 PANY FINE
K0TS THROUGHOUT HORIZON i PANY FINE VESICULAR PORES H
NINCALCAKEOUS (HCL) i ABRUPT SMOOTH BOUNDARY .

B B 83 = 2% Co5l €. 4 » 1Y 1IN
CARK GRAYISH BROWN (2.5Y 4/2) EXTERIOR 3 CLAY i YV DK GRAYISH BROWN
(2.5Y 3/7¢) EXTERICR *0IST i MODERATE TO STRONG MEDIUM COLUMAAR
STRUCTURE 3 VERY hARC v VERY FIRRM » VERY STICKY , VERY PLASTIC i
COMMIN  EINE ROOTS BETWEEN PEDS i MANY FINE VESICULAR PORES ;
NANY VERY PROPINENT V CK GRAYISH BROWN (2.5Y 2/2) pOIST CLAY SKINS
UN PED FACES § NONCALCAREQUS (HCL) i ABRUPT SHOCTH BOUNDARY .

8 2 CA or = 4T CNe. K Lk = RT INeD
LIGHT PROWNISH GRAY (2,5Y 6/2) EXTERIOR 3 CLAY LOAP i DOARK GRAYISH BRCWN
(Le5Y 472) EXTERICR *OISY 3 MODERATE TO STRCNG PEDIUM PRISPATIC
STRUC TURE AND PUDERATE TO STRING MEDTUM SUBANGULAR BLOCKY 3 VERY HARD ’
VERY FIRN s VERY STICXY , VERY PLASTIC i COWNPCh FINE RGOTS
BETWEEN Pe0S $ MANY FINE VESICULAR PORES i MANY PROMINENT

UARK GRAYISH BROWN (2.5Y 4/2) mOISY CLAY SKINS OMN PED FACES
POUCRATELY EFFERVESCENT (HCL) CONTINUOUS i CLEMR SMOOTH BOUNCARY .

[ 3CACS h2i= 93 CNs € L7 = 21 ING)
GRAYISH EROIN (2.5Y 5/2) EXTERIOR 3 CLAY LOav i V DK GRAYISH BROWN
(2457  3/72) EXTERIOR ®OIST 3 MODERATE MEDIUF PRISMATIC STRUCTURE AND
PODERATE MEDIUM SUBANGULAR 3LOCKY 3 VERY HARD » VERY FIRP »
VERY STICKY 4 VELRY PLASTIC 3 CO®PON FINE ROOTS BETWEEN PEDS H
MANY FINE VESICULAR PORES 3 MANY PROMINENT V DK GRAYISH BROWN
(2.5 3/72) volst CLAY SKINS CN PED FACES ¢ MODERATELY EFFERVESCENT (HCL)
CINTINUDUS i CLEaR SHOOTH BOUNDARY .

C 1005 53 %0 19, C% 10 ¢d = 31 INE)
GRAYISH BRUWN (2.5Y 5/2) EXTERIOR i CLAY LCan 3 DOARK GRAYISH BROWN
(2.5Y 4/2) EXTERIOK MOIST + MODERATE FINE € MEDIUM SUBAAMEULAR BLOCKY
STRUC TUKE i HARC s VERY FRIABLE s VYERY STICKY , VERY PLASTIC H

COMMIN  FINE ROGTS THROUGHOUT HORLIZOMN i MANY FINE VESICULAR PORES
VAN Y SOFT FINE € PECIUM CYPSUM CRYSTALS § MODERATELY EFFERVESCENT (HCL)

CINTINUDUS  ;  GRADUAL WAVY S0UNDARY

c 209 79 = 135 Che € 31 = 53 IN)
GRAYTSH AROWN  (2.5Y 5/2) EXTEAIOR i CLAY LO#M i DARK GRAYISH BROWN
(2.5Y 472) EXTERICR HOISTY i WEAK FINE € MEDIUM SUBANGULAR BLOCKY
STRUCTURE i VERY HARD » VERY FRIABLE s VERY STICKY o VERY pLASTIC
FEA FINE XUOTS  THROUGHOUT HORIZON 3 MANY FINE VESICULAR  PORES ]

FEW T0 CINMON SOFT FINE GYPSUM CRYSTALS ; MODERATELY EFFERVESCENT (HCL)
CONTINUOUS i NUT REACHEC TUUNCARY .

RLVARKS UNPLOWKEDyNATIVE VEGETATICA




-ASCIL SeR1%353 ELLOAN
SURVCY SAMPLE NOD,t STSHY 25
LCCATION: $34-T I5N=R19E
CLASSIFICAT(IN?

SITE NU.2 79 25
SLoPL: vy
AIR TEMPERATURE
SCIL TEMPERATU®E
MATEF TAELE:
PRECIPITATION?
PERMEAGILTTY:
PHYSICGRAPHY $
VEGETATION:
PARENT wATERTAL?

HORTZON

A > {

C 1CACS

C 2CaCS

RCVERKSE

BOROLLIC NATRARGID, FINE, MONTMORILLONITIC

COUNTY? BLAINE ELEVATION: 08u7 METERS MONTH SAMPLEDT JULY
CLASS: KIND: ASPECT: ANORTHKEST
ANNUALS DEGREES F SUMMER: DEGREES F WINTERS DEGREES F
ANNUAL: DEGREES F SUMRER: DEGREES F WINTERS DEGREES F
DEPTH: Ce, MONTH: KIND2Z AC MWATER TABLF
<30 Cr. COANTROL SECTION LIRITS == UPPERS C*  LOMERE:

ORAINAGE CLASS:
STONINESS: CLASS
GRASSES AND FORBS AND SHRUBS
RIGHLY WEATHERED GLACIAL TILL
PIXED LJTHOLOGY AND CALCAREQUS SHALE

PROFILE DESCRIPTION

Oo= . 101.CHe 4E 0 - 4 IN.)
RARO WN C10YR 4/3) EXTERICR $# CLAY LoAm i DARK BROWN (10YR 3/3)
EXTER IOR “OLSY i+ PMOCERATE FINE PLATY STRUCTURE § SOFTY ’
L39S+ s STICKY » PLASTIC i COMMON TN MANY FINE ROOTS
THYXOUGHOUT HORIZON i COPMON  FINE IRREGULAR AND TUBLLAR PORES » COMPON

FINE VESICULAR PORES ¢ MNOMNCALCAREOUS (HCL) 3 ABRUPT SPOOTH
EOUND AP Y .

i0 = 29 Ce ( 4 - T IN)

BROWN C1IYR  4/3) EXTERIOR i CLay 7 DARK GRAYISH BROWN (10YR 4/2)
EXTERIOR MOIST i MODERATE FINE SUBANGULAR BLOCKY STRUCTURE 1]
VERY HARL » VERY FRIABLE » VYERY STICKY , VERY PLASTIC 3 COommON
FINE ROOTS THRPOUGHOUT HORIZON 3 COMMON TO MANY FINE

IRREGULAR AND TUBUL Ak PORES » COMMON FINE VESICULAR PORES 3 NANY

CISTINCY DARK GRAYISH BROWN (10YR 4/2) “0IST CLAY SKINS THROUGHOUT THE SOIL
NINCALCAREOUS (HCL) i ABRUPT SWMOOTH BOUNDARY .

17 = 36 CMe C 7 = 14 IN,)

SRINN CLOYR  4/3) EXTERICK ¢ CLay i DARK GRAYISH BROWN (10YR 4/2)
CXTERIOR MOIST i PODERATE FINE PRISMATIC STRUCTURE AND MODERATE
FINE SUBANGULAR ELOCKY 3 FARD » VERY FRIABLE s VERY STICKY
VERY PLASTIC i COMMON  FINE ROCTS THROUGHCUT KCRIZON 3 FEW TO COMMCN
FINE IRREGULAP 2ND TUSBULAR FORES s CCPNOM TO MANY FINE VESICULAR
POKES ¢ FEW FAINT NAPK GRAYISH PROWN (10YR 4/2) wOIST CLAY SKINS

THROUGHOUT THE SCIL ; MODERATELY EFFERVESCENT C(HCL) CONTINUOUS 3 CLEAR
SMOOTH BOUNDARY .

3= Gy -C ik = IND)
UARK GRAYISH BROWN (2.5Y 4/2) EXTERIOR i CLAY LOANM $ V DK GRAYISH BROWN
(2.5 3/72) EXTERICR POIST i MODERATE FINE € PEDIUN SUBANCULAR BLOCKY
STRUCTURE 3 HARD » FRIAPLE » VERY SYICKY , VERY PLASTIC i ComNON
FINE RCCTS THRUUGHOUT HOKIZCN 3 COMMOMN TC PANY FINE

IRKEGULAR AND TUBULAR PORES » CONMON TO MANY FINE VESICULAR PORES i
COMMUL  SOFT VERY FINE MASSES OF LIME i VODERATELY EFFERVESCENT (HCL)
CONTINUOUS 3 CLEAR SMOOTH EBOUNDARY .

) - Chs. ¢ € =~ INe)
DARK GRAYISH BRUWN (2.5Y 4/2) EXTERICR s CLay Loaw 3 V DK GRAYISH BRCWN
(2.5Y 3/2) EXTERICR POIST i MODERATE PECIUR  SUSANGULAR BLOCKY
STRUC TURE i HARD » VERY FRIABLE » SLIGHTLY STICKY
SLIGHTLY PLASTIC i CUPPGN  FINE ROQTS THRCUGHOUT HORIZON § Cowrvon
FINE [KREGULAR ANC TUSULAR PORE S s CCMMOMN TO WANY FINE VESICULAR
POKES i COMMGCN  MIXED LITHCLCGY FRAGPENTS 22 (n i COMMON SCFY FINE

GYPSUM CRYSTALS » COMMOA  SOFY FINE NASSES OF LINE
MOUDFRATELY EFFERVESCFAT (MCL) CONTINUOUS 3 CLEMR SMOCTH BOUNCERY .

9= Che C 4. = ING)
V OK GRAYISH DROwN (2.5Y 3/2) EXTERIOR 3 CLAY LOaAw AND SANDY LOAM ]
V DK GRAYISH HROWN (2.5Y 3/2) EXTERIOR MoIsT i COMMON FINE PROMINENT

YELLOWISH JROMN CLTYR  5/6) EXTERICR MOTTLES § CCMPChN FINE CISTINCY
YELLOWISH BROWN C.uYR 5/8) EXTERIOR MOTTLES ; MODERATE MEDIUN

ANGUL AR BLOCKY STRUCTURE 3 VERY HARD » VERY FRIABLE s STICKY ’
PLASTIC ; FEM FINE ROOTS THROUGHOUT HORIZON i FEW TO COPrOM FINE
IRKEGULAR AND TUBULAR PORES » COMNON TO MANY FINE VESICULAR PORES H
CINMOUN T MANY SOFTY FIMNE GYPSUM CRYSTALS , COMMCN SOFT FINE

MASSES OF LIME 3 MODERATELY EFFFRVESCENT (HCL) CONTINUCUS 3 NCT REACHED
EOUND ARY .

PLOVWEDe. NATIVE VEGETATION

i




|
|

1S0IL Se?1£53

SURVLY SA¥PLE NO, 8
LOCATION:
CLASSIFICATION?

SITE NU.t 73 26
sLoPE: 1Y
AIR TEAPERATU<E
SCIL TevPt2aTUlE
WATER TATLE:
PRECIPITATION:
PERMEAZTLITY?
PHYSIGULPAPHY D
VEGETATIONS
PARENT wATERT2ALZ

HORTZON

A v

8 211

b 221 €4

C 1CH

C 2CNES

C ICACS
RCMARKS S

85

TEALETTE

STINT 26
S34=T3S5N-R19E
BOROLLIC NATRARGID, FINE, MONTMORILLONITIC

ELEVATION? 08BUT METERS MONTH SAMPLED: JULY
ge::;:: PELE KINDS ls'szlt hU;;::::: :
aL? DEGREES F SUPNER: DEGREES F WINTER?
:::3At1 OE:ﬂFES F SUMMER: 71 DEGREES F WINTER: DEGREES F
LEPTHE cre MONTH: KINDS NC WATER TABLE
(3v C¥, CONTROL SECTION LIPITS == UPPER? Cr  LOWER: cr

DRAINAGE CLASS?
STONINESS? CLASS
GRASSES AND FORSS AND SHRUBS
HIGHLY WEATHERED GLACIAL TILL
KIXEN LITHILOGY AND CALCAREOUS SHALE

PROFILE DESCRIPTION

9= 17CMe C 0= & IND
ETINN (IOYR 4/3) EXTERIGR i CLAY LOAM s DARK BROWN C19YR 373)
EXTEKIOR MOIST 3 MODERATE MEDIUM SUBANGULAR BLOCKY  STRUCTURE  AND
WEAK FINE PLATY I VERY HARD » FIRR »  VERY STICKY ,
VERY PLASTIC i COMMON FINE ROOTS  THROUGHOUY FORIZON 3 FPANY FINE

IKRESGULAR AND TUBULAR PORES s COMMON FINE VESICULAR PORES '
NONCALCAREQUS CHCL) 4 ABRUPT SMOOTH BOUNDARY -

43 = W19 CNy ~C . 455 T INJ)

BROWN C1Y'YR  4/3) EXTERICR i CLay 3 DARK GRAYISH BROWN (10YR 4/2)
EXTERIOR N0IST i MODERATE TC STROMNG FINE €& MEOIUR SUBANGULAR BLOCKY
STRUCTURE i VERY HARD s FRIABLE , VERY STICKY , VERY PLASTIC 3

CIMFIN  FINE ROOTS THROUGHOUT FORIZON ¢ COPPON TO WANY FINE
IRREGULAR AND TUBULAR PORES » COMNON TC PANY FINE VESICULAR PORES 1)
vanNY DISTINCY OARK GRAYISH BROWN (10YR 4/2) MOIST CLAY SKIMNS

THROUGHOUT THE SOIL 3 NONCALCAREQUS (HCL) T ABRUPT SNOOTH EBOUNDARY

19 = 35 C% € .= 14 1N

3RIWN C10YR  4/3) EXTERIOR i CLay i DARK GRAYISH BROWN C(10YR 4/2)
EXTERIOR MOIST i MODERATE RECIUM SUBANGULAR BLOCKY STRUCTURE H
VIRY HARD v FIRM » VERY STICKY , VERY PLASTIC 3 COMMON  FINE

ROOTS THROUGHOUT HORIZON i COMMON TO MALY FINE IRREGULAR ANC TUBULAR
PORES » COWNON TO MANY FINE VESTCULAR PORES 3 COMNON CISTINCY
NOIST CLAY SKINS THROUGHOUT THE SOIL 3 NGNCALCAREOLS C(HCL) § CLEMR
SMOOTH HBOUNDARY .

35 = 68 CHs € 14 = 27 ING)
UAXK GRAYISH BROWN C(10YR 4/2) EXTEKIOR i CLay 3 V DK GRAYISH BROWN
Cluy2  372) TXTERICR ROIST 3 MODERATE MECIUR ANGULAR BLOCKY STRUCTURE H
HARD » FAIABLE o VERY STICKY , VERY PLASTIC 3 FEVW FIMNE ROCTS

THRUOUCHOUT HORTIZOR i COPMON TC PANY FINE IRREGULAR AND TUBULAR PORES
CUMMON TO MANY FINE VESICULAR PORES i FEW TO COmMON SOFY VEPY FINE
GYPSU™ CRYSTALS § NONCALCAR:ECUS (HCL) 3 ABRUPT SPOCYH BOUNCARY .

68 = 109 .CN: € &) .. &3 INe)

CA<K GRAYISH ARJWN (2.5Y 4/2) EXTERIOR s CLAY LOMP 4 V DK GRAVISH BRCHWN
(2.5Y 372) EXTERICR MOIST i FEW TO COMMON DISTINCT YELLCHISH BROWN
CloyR  5/8) EXTEIRICR MOTTLES 3 MODERATE VERY FINE & FINE ANGULAR BLOCKY
STRUCTURE 3 SLIGHTLY HARD » VERY FRIABLE s STICKY s PLASTIC § FEWM

EINE RUCTS  THROUGHOUT HORIZCN 3 COMMOM TO MENY FINE
IRREGULAR AND TUBULAR PORES s COMWNON TO MANY FINE VESICULAR PORES ]
COMMON  MIXED LITHCLUGY FRAGMENTS  >2 CH i COMNMON TO MANY SOFY FIME

GYPSUM CRYSTALS ; NUNCALCAREOUS  (HCL) 3 CLESR  SWOCTH BOUNCARY

109 = 140 Che € 43 = 535 1INe)

V DK GRAYISH BROWN (2.5Y 3/72) EXTERIOR i CLAY LOAN $ V DK GRAYISH BRCWN
(2.5Y 3/2) EXTERICR MOIST i FEW FINE DISTINCY YELLOWISH BROWN C10YR 5/6)
EXTERIOR MOTTLES 3 MODERATE FINE & MEDIUM ANGULAR BLOCKY STRUCTURE H

SLIGHTLY Haap » FPRIABLE , STICKY s PLASTIC 3 FEM FINE RCOTS
THROUGHOUT HORIZON 3 COPNON TO MANY FINE IRREGULAR AND TUBULAR PORES
COMMON TO MANY FIME VESICULAR PORES i CCMFON TO MANY SOFT VERY FINE
GYPSUM CRYSTALS § NONCALCARECUS (HCL) $  NOT REACHED BOUNDARY

PLIMED. NATIVE VEGETATION




SCIL SERJESS

SURVEY SAWPLE NO,t
LGCATIONS
CLASSIFICETIONE

SITE NJ.t 73 27
SLopE: 0112
AIR TEMPERATURE
SOIL TEMPERATURE
WATEK TAELE:
PRECIPITATION:
PERMLABILITY?:
PHYSIOGRAPHY T
VEGETATICN:

PERENT “ATERIAL!L

HORTZOMN

] 1P

.23

b 22C*

L Cs

C 1€205

C 2CACS5

RCMARKS:

$34~T 35N=-R19E
BOROLLIC PALEARGID, FINE, MONTMORILLONITIC

COUNTY! ALAINE ELEVATION: 0BO7 METVERS PONTH SAMPLED: JULY
CLASS: KIND? ASPECT: MORTHWEST
ANNUAL? JEGREES F SUPMER? DEGREES F WINTER? DEGREES F
ANNUAL: DEGREES F SUPMER? DEGREES F WINTER? ODEGREES F
DEPTH: Che MCNTHE KIND:  NC WATER TABLE
030 Ch. CONTROL SECTION LINITS == UPPER? CH  LOWER:
DRAINAGE CLASS:
STONINESST CLASS
GRASSES AND FORHS AND SHRURS
HIGHLY WEATHERED  GLACIAL TILL
FIXED LITHOLOGY
PRCFILE DESCRIPTION

S= 11CNe ¢ 0= 4 IN)
BROWN  (19YR  5/3) EXTERICR i SANDY LOAN ;v GRAYISH BROMA (10YR 3/2)
EXTER10R “0LST 3 MEAK FINE GRANULAR STRUCTURE  AND MEAK FINE
PLATY i SLIGHTLY HARD » LOOSE »  NONSTICKY NONPLASTIC 3 MWANY
FINE ROOTS  THROUGHOUT HORIZON § COMMON TO MANY
IRREGULAR AND TUBULAR  PORES » COWMON TO MANY FINE VESICULAR  PORES i
NONCALCAREOUS  (HCL) i ABRUPT SMOOTH BOUNDARY

18 = 27 C% C 4 =~ 11 INe)
BROWN  CLIYR  4/3) EXTERICR i SANDY CLAY LOAM ; DARK BROWN (10YR 3/3)
EXTER [OR »OIST i STKONG FIME PRISMATIC  STRUCTURE i VERY HARD ’
VERY FIRM s VERY STICKY , VERY PLASTIC i COMFON FINE ROOTS
BETWEEN PEDS 3 COMMON TO PAMNY FINE TRREGULAR AND TUBULAR  PCRES ’
COMMON TO MANY FINE VESICULAR  PORES i WANY PROFINENT  CARK BROWA
(L)YR  37/3) HOIST  CLAY SKINS, ON PED FACES + FEM WIXED LITHOLCGY FRAGNENTS
> Cn § NUNCALCAREOUS  (HCL) i ABRUPT SMCCTH BOUNDARY

2V = 53 CYe € 13 = 21 ING)
LLAY LOAM § POCERATE PECIUM PRISKATIC  STRUCTURE i HARD s+ FIRY
VERY STICKY , VERY PLASTIC i CONMON FINE ROOTS BETWEEN PEDS ]
HANY FINE IRREGULAR ANC TUBULAR  PORES » COMFNCN TO MANY FINE
VESICULAR  PORES i COYWON PRCMINENY ¥ OK GRAYISH BROWN (10YR 3/2) MOISY
CLAY SKINS ON PED FACES i PANY SOFt FINE ¢ PEODIUW PASSES OF LINE H
MODERATELY SFFEAVESCENT (HCL)  CONTINUOUS 3 CLEAR BOUNCARY -

53 = 74 CMe C 212 = 29 ING)
CRAYISH 8ROWN  C(1UYR 5/2) EXTERIOK 3 CLAY LO#NM ¥V DK GRAYISH BROWA
CLIYR  3/72) EXTERICR POLST i WODERATE MECIUF SUBANGULAR BLCCKY
STRUC TURE i VERY HARD » FRIABLE , STICKY , PLASTIC 3§ CONMON FINE
KOOTS  THROUGHUUT MORIZON 3 COPMON TO MANY FINE IRREGUL AR ANC TUBULAR
PORES s MANY FINE VESICULAR  PORES 3 FEW FAINT  DARK BROMN (10YR
MOIST  CLAY SKINS ON PED FACES i COMMON  SOFY PASSES OF LINE
MODERATELY ZFFERVESCENT (HCL)  CONTINUOUS 3 CLEAR  SWOOTH BOUNCARY

T4 = 115 C% € 25 = 45 IN,)
DARK GRAYISH BROWN (2.5Y 4/2) EXTERIOR 3 SANDY CLAY LOAM 3
V DK GRAYISY 4RUWN (2,5Y 3/2) EXTERIOR MOIST 3 STRONG MEOILP
AYMGULAR HLOCKY STRUCTURE i HARD » VERY FRIABLE » VERY STICKY
VERY PLASTIC 3 FEW FINE ROCTS  THROUGHOUT RORIZCN  ; COMMCA TO PANY
FINE TRREGULAK AND TUHBULAR  PORES s COMMON 70 MANY FINE VESICULAR
PORES 3 COMMON TD MANY SOFT VERY FINE GYPSUM CRYSTALS , CONMON SOFY
FINE MASSES OF LIME T VIOLENTLY EFFERVESCENT (HCL) CONTINUOUS 3 CLEAR
SMOOTH 9QUNDARY .
115 = 150 CMe € 45 = 59 IN.)
V DK GRAYISH BROWN (2.5Y 3/2) EXTERIOR 3 SAANCY LCAP 3 V DK GRAYISH BRCWN
(2.5Y 3/2) EXTERIGR MOIST i COMMON MEDIUM PROMIMENT  YELLONISH BROWN
C19YR 5/8) [XTERICR ¥0IST  POTTLES ; MODERATE FINE & PMEDIUP
ANGULAR BLOCKY STRUCTURE i HARD » LGOSE » STICKY , PLASTIC 3
COMMIN  FINE IRREGULAR AND TUEULAR  PORES s COMPON FINE VESICULAR
PIRES i COMMOM  SOFTY FINE GYPSUM CRYSTALS , FEW SOFT VERY FINE
CXIDES 5 MODERATELY EFFERVESCENT (HCL)  CONTIANUCUS NOT REACHED BOUNDARY
PLOWED NATIVE VEGETATION

86

PHILLIPS
ST9nNT 27

cr

ETED ]




SOIL Scevitss

SURVLY SAMPLE NU.?

LOCATIuUNS
CLASSIr ICATIONS

SITE MY 79 N
SLCPES S 1%
AIR TEMPLRATUAE
SCIL TL“FPERATUQRF
WATER TafLES
PRECIPITATION:
PERMEAUILITYS:
PEYSIOULYAPHY ¢
VECETATILAN:

PARENT #aTvzIralL:

HCRIZON

e ip

R |

8 &I1 Ca

3 C:

(9 10105

C 2Cacs
KLvp®r, e

87

THOENY

STSHT
$34=T35N-R19E

BOROLLIC NATRARGID, FINE, MONTMORILLONITIC

COUNTYS ELAINE

CLASS: KIAD:

ANNUAL?® DEGREES F SUMMKER:

ANNUAL: JrGREES F SUPNMER:

DEPTHE Ccr. MONTH?

13 Cr, COMNTROL
DRAIMNAGE

GRASSES AND FORBS END SHRUES
HIGHLY WEATHERED GLACIAL TILL
FIXED LITHOLOGY ANC CALCAREOUS SHALE

28

ELEVATION: (BO7 METERS

DEGREES F
61 DEGREES F

SECTION LIMITS -~
CLASS:

PRCFILE DESCRIPTION

MONTH SAMPLED: JULY

ASPECT:
WINTER:
WINTERS

KIND:

UPPERS

KORTHWEST
DEGREES F
DEGREES F

AO WATER TABLE
Cr  LOWER:

STONINESS: CLASS

= T3 68 L G- ING)

Ex0¥N CICYR  5/35) EXTERICP i SANDY LOANM i DARK BROWN C10YR 373)
EXTIXIOR MOIST i MEAK FINE GRANULAR STRUCTURE AND WEAK FINE
PLATY i LUOSE s LOOSE s NONSTICKY » NONPLASTIC i FEW TO COMMCN
FINE ROOTS  THKOUGHOUT HCRIZCN 3 PANY FINE IRREGUL AR ANC TUBULMR
PIRES »  MANY FINE VESICULAR PORE* i NONCALCAREOUS rCL) H
A39UPT  SMOOTH BOLNDARY

33.= 33 CNe v 5 =13 INSD

EROWNY  C10YR  4/3) EXTERICR 3 CLAY LDAM i DARK BROWN (10YF 3/3)
EXTERINR MOIST i STRONG PECIUM  COLUMAAR STRUCTURE 3 VERY HARD N
VERY FIRv s VERY STICKY , VERY PLASTIC i COPrCN FINE ROOTS
THKDIGHTUT HORIZON i COMMON TO MANY FINE TRREGULAR AND TUBULAF  PORES ’
COMMON T MANY  FINE VESICULAR  PORES P OMANY VERY PROPINEMT DARK BRCMN
C1YYs  373) MOIST CLAY SKINS THROUGHGUT THE SAIL ; NONCALCAREQUS (KCL) H
“MAUPT  SMGUTH  BOULNDARY

35 » SUY CPey € 13 = 526 205D

IRIwWN CldYR  4/3) EXTERICR 3 CLAY LOANM i DARK BRCWN (10YR 37/3)
EXTERINR MOIST i STRONG PMECIUM PRISMATIC STRUCTURE i VERY HARD .
Fraw s VERY STICKY , VYERY PLASTIC i COwWpON ROCTS

THROUGHOUT HUPIZON i MANY FINE € MEDIUN TRREGULAR AND TUBULAR PORES 0
COMPON TO MANY FINE VESICULAR PORES + COMPON DISTINCY DARK BROWA
Cl0YR  373) mOIST CLAY SKINS CN PED FACES P OMANY SOFT FEOIUN

MASSES OF LIME s+ VIOLENTLY EFFERVESCENT (HCL) CONTINUQUS i CLEAR SROOTH

FOUNDARY .

61 = 92 Cs & 24 = 36 IND
GRAYISH PROWN (2.5Y 5/2) EXTERICR + CLAY LOAM DARK GRAYISH BROWN
(2.5Y 4/2) EXTERIOR *OIST § MODERATE PECIUR PRISNATIC STRUCTURE 3
VERY HARD » FRIABLE , STICKY o PLASTIC 3 FEM TO CONNOAM FINE ROOTS
THROUGHUUT HORIZGN ¢ COPNGN  FINMNE TRREGULAR AAD TUBULAR PORES » MNANY
FINFE VESICULAR POPES i COMMON SUFT FINE MASSES OF LIVE H
VIULENTLY EFFERVESCENT  (HCL) CONTINUOUS i CLEMR SPOCTH BOUNCARY .

92 = 125 CRe .C 36 = 49 1hs)

V DX GRAYISH BROWH (2.5Y 3/2) EXTERIOR i LOAy ¥V DK GRAYISH BROWN
(2.5Y 372) EXTERICR MOIST i MODERATE PECIUF ANGULAR BLOCKY STRUCTURE
SLIGHTLY HARD s VERY FRIABLE » VERY STICKY 4 VERY PLASVIC H

Fiw TO COMMON FINE ROOTS THROUGHOUT HORIZON H FINE

IRREGULAR AND TURULAR PORES s COMMON TO ®ANY FINE VESICULAR PORES H
FEW MIXED LITHOLOGY FRAGMENTS 22 (w i COmMON SOFT FINE GYPSU® CRYSTALS

CImYON  SOFT
CONTINVOUS H

FINE MASSES OF LINE
GRADUAL SMOOTH

125 = 169 (%™ € 43 = 63 1IN

GRAYLSH BROWN (2.5Y 5/2) EXTERICR 3 (LAY LOMN
(2e 5Y  3/2) EXTERICR *OIST i MCOCERATE FINE &
STRUCTURF L A » LOOSE s VERY STICKY
FINE RUCTS THROUGHUUT HORIZON 3 COMMON TO MmANY
IRREGULAR AND TUBULAR PORES » COMMON TD MANY FINE
FANY MIXED LITHCLOGY FRAGMENTS 22 mw 3 Covvon

GYPSUM CRYSTALS
POUND ARY .

MODL RATELY EFFERVE

PLUM=D NATIVE VEGETATION

7 MODERATELY EFFERVESCENT (hCL)

BOUNDARY .

SCENT (HCL)

FEOIUM
VERY PLASTIC

CONTINUQUS

VESICULAR

V DK GRAYISH BROWM
ANGULAR BLOCKY

3 COrrON

PORES i

VERY FINE

ACT REACHED

cr




SCIL Serlgs:

SURVEY SAMPLF NO,t
LCCATION:
CLASSYFICATIONS

SI1Te NN.: 713 23
SLCPes <A ¥
ALR TEWMPERATURE
SCIL TYcuPFRATURE
WATECL TacLc:
PRECIPITATION:
PERYcALTLITYS
PHYSIOCRADAY
VEGETATIUN:
PARENT 4ATIRTELS

HORIZNN
A ¥
LI 8 |
B @27 LA
B Ca

C 1C4CS
C 2005

KESSXS 3

THOENY

ST9mY 29
$34~T J5N-R19€E
BOROLLIC NATRARGID, FINE, MUNTMORILLOWITIC
CIUNTY: BLALNZ ELEVATIONT CBUT METERS
CLass: KIND:
ANNUALZ DEGREES F SUFNER?: DEGREES F
ANGUALS DEGREES F SUPNERT 64 DEGREES F
DEPTHE (41 MONTHE
<3 Che COMTROL SECTION LIMITS ==

ORAINAGE CLASS:
GRASSES AND HORSS AND SHRU3S

HIGHLY WEATHERED GLACTIAL TILL
KIXED LITHILOGY

PRCFILE DESCRIPTION

2= T O TV U0 . 4 IND)
GLRAYLSH RROW!H (2.5Y 5/2) EXTERIOR i CLay 3 D2RK
LXTERINP MOIST MEAK YEDIUM SUBANGULAR BLOCKY

VEKY FINE PLATY VERY HARD s FIRN » VERY STI
Mgy FINE PUCTS THROUGHOLT HORTIZCN § CCPPON YO NMA

JI2AF5ULAR AND TUKULAR PORES » COMMON TD MaNY FINE VESICULAR PORES ]
A)MCALCARCICUS (HeL) CONT INVOUS i ABRUPT SMOCTH BOUNDARY .

1) = 13 €% € § = T IN,)

GRAYLSH HRIWH (&=5Y 5/72) EXTERICR i CLAY LOam 3 OLIVE GRAY (5Y472)
EXTERLUR NarsT i STRONG PECIUM COLUMANAR STRUCTURE i VERY HARD ’
FIRY » VERY STICKY , VERY PLASTIC 3 RANY FINE ROOTYS
RETMEEN PEDS 3 COMMON TO 'PANY FINE IRREGULAR ANC TUBULAR PORES »
COMYON T MANY  FINE VESICULAR PORES i NAMY PROMINENTY OLIVE GRAY
(5Y472) meIsy CLAY SKINS ON PED FACES i NONCALCAREOUS (HCL) ABRUPT
SHNOTH  LOUNDARY .

186 = 45 Che C 2 = 186 INS)
GRAYISH SROWN (245Y 5/2) EXTERICR ¢ CLAY LOAN i OLIVE GRAY (5v472)
EXTER[OR MUIsST i STRONG MEDIUM PRISMATIC STRUCTURE H AR ]
Flkw ¢+ VERY STICKY , VERY PLASTIC $ COrrFoM FINE ROOTS
AET4ctN PEDS i Cuwwnu  FINE IRREGULAR AND TUBULAR PORES »
COMYUN TU MANY  FINE VESICULAR PORES i CCWPOM CISTINCT CLIVE GRAY
L5Y4/c) MOIST CLAY SKINS ON PED FACES i COFPON  SILTYSTONE FRAGMENTS
22 » 3 MODERATELY EFFERVESCENT (HCL) CONTINUCUS 3 CLEAR SPOOTH
LIUN)ARY .

45 = A7 C% ( 1€ = 26 1IN)
CLAY LOAM i MODERATE MECIUM PRISPATIC STRLCTURE $ HARD s FIRPY
STICKY s PLASTIC ; COMPFON FINE ROOTS BETWEEN PEDS i CGMMON FINE
IRREGULAR AND TUBULAR PORES » COMMON FINE VESICULAR PORES 1

MONTH SAMPLED:
ASPECT: AMORTHWEST
WINTER? DEGREES F
WINTER? DEGREES F

K INDZ hC WATER TARLS

UPPER? CP  LOWER:
STONINESSS CLASS

GRAYISH BROWN (2.5Y
STRUCTURE AND WEAK
CKY o VERY PLASTIC
NY FINE

VIOLEANTLY EFFERYESCENT  (HCL) COKTINUOUS s CLERMR SMOOTH BNUNCARY .

47 = 195:CHe. € 26 = AL 1IN,
cLay + MODERATE MECIUM ANGULAR BLOCKY STRUCTURE

i HERD s FRIABLE

sTICKY s PLASTIC § FEw FINE ROCTS THROUGHCUT WGRIZON s CCOWNMON TO maNY

FINE IARREGULAR AND TUSBULAR PORES » ~GWMMON FINE VESICULAR PORES

COMMON  SCFT VERY FINE GYPSL¥ CRYSTALS i VIOLEANTLY EFFERVESCENT (HCL)

CINTINIODUS i CLEAR SMOOTH  BOUNDARY .

305 = 135 C4e ( 41 = 51 INJ)

LIGHT BROWNISH GRAY (2.5Y &/2) EXTERICR 3 CLAY LOAN I GRAYISH BROWN

(2.5Y 57/2) EXTERICR »O1STY 3 MODERATE FINE € PEDIUN ANGULAR BLOCKY
5TRUC TURE i HAKD s FRIABLE , STICKY s PLASTIC ; COMMOA TO MANY
FIJE IRREGULAR AND TUBULAR PORES + COMMON FINE VESICULAR PORES

CINPON  MIXED LITHCLOGY FRAGMENTS 22 rn i CCrpON  SOFY YERY FINE

CYPSUM CRYSTALS 3 MODERATELY EFFERVESCENT (hCL) CONTINUC!
QUNIARY .

PLIMED. CRESTED WHEATGRASS

us i AMCT REACHED

H

cr

42
L




15CIL

SURY
Loca
CLAS

SITE
SLoe
AIR

SCIL
WATE
PREC
PERM
PHYS
VEGE

SeRIeSe

LY S£wPLZ nNOL
Ti0N:
SIFICATION:
NOo2 79 3°

€3 is
TLMP e RATYRE

TEvVP-QATURY
R TAELcS
IPITATIING
EAQILITY:
I0GRAPHY 3
TATTON:

PART Y »2TcTLLZ

HCRTZON

1P

221 Q1

10ACS

89

PhILLIPS

MA LA 3n
S34=T 344=R19F
BOROLLIC PALEARGID, FINE, MONTMORILLONITIC

COUNTY: BLAIME ELEVATION: 0807 PETERS MONTH SAFPLED: JULY

cLass: KIND: ASPECT: NORTHBEST

ANWUALS DEGREES F SUPNMER: DEGREES F WINTER: DEGREES F

AtnuaLs: DEGREES F SUFMERS 55 DFGREES F WINTER: DEGREES F

DiPTHE cr. PONTHE KIND:  AO WATER TABLE

232 Che CONTROL SECTION LINITS == UPPER: CM  LOWERZ (4.}

CRAINAGE CLASS:
STONINESSt CLASS
LR4SSES AND FURRS AND SHRURS
HIGHLY WEATHERED SLACIAL TILL
FIXED LITHOLIGY

PRCFILE DESCRIPTION

9 s RUlNy. (L 4 INJ)
GRAYLSH HBROWN (La8Y  5/2) EXTERICR 3 SANDY LCAY i DARK GRAYISH BRCWM
(2e5Y &/2) EXTLRICK "OIST i NOUDERATE FINE GRANULAR STRUCTURE ANC
FIDERATE VERY FINE PLATY i SOFY » VERY FRIABLE s SLIGHTLY STICKY
SLIGHTLY PLASTIC i MANY FINE RONTS THRCUGHOUT HORIZON H
COMMON TO MANY FINE IRKEGULAR AND TUBULAR  PORES s MANY FINE
VESTCULAR PORES i NONCALCARECUS (HeL) ¢ ABRUPT SMOOTH EBOUNDARY .

19 = 16 CN ( 4 = € INJ)
LIGHT AROWNISH GPAY (2.5Y 6/2) EXTERIOR 3 SANCY CLAY LOAR 3
JARK GRAYISH BRIWN  (Z.5Y 472) EXTERIOR PCIST 3 MODERATE PEDIUP
PRISHAT[C STRUCTUR® AND MOCERATE FINE PLATY i LOOSE s LOCSE .
STICKY ¢ PLASTIC §  MANY FIMNE RUOTS THRCUGHGLT HORIZON H
CINMOM TO MunY FINE IRREGULAR AND TUBULAR PORES » COMMON YC MANY FINE
VISICULAR PORES 3 COMMON PIXED LITHOLOCY FRACMENTS 2 r» H
AGNCALCAR{OUS (HCL) s ABRUPT SWOOTH DCUNDARY .

16 = 28 C% ¢ ¢ = 1311 1IN.)
UARK GRAYISH RROWN (2.5Y 472) EXTERIOR i CLAY LOAM i V DK GRAYISH BRCWN
(2.5Y 3/72) CXTERIGK MOIST i STRONG FINE & MEDIUM PRISMATIC STRUCTURE H
VERY HARD » FRIARLE , VERY STICKY , VERY PLASTIC i MANY FINE
ROOTS AETWFEN PECS i COMMCN TO MANY FINE IRREGULAR ANO TUBULAR PORES ’
COMMON TD FANY FINE VESICULAR PORES $  MANY VERY PROFPINENT
vV DK GRAYISH RRUWN (I45Y 372) MOIST CLAY SKINS THROUGHOUT THE SCIL § COMPON
MIXED LITHULOGY FRAGMENTS 22 wp # NONCALCAREOUS (HCL) 3 CLEAR SHOCTH
ENUNDARY .

40 = N53 Chy € L) =21 IN:)
COAYISH HROWN (2.5Y 5/2) EXTERIOR i CLAY LOAN i DARK GRAYISH BROWN
(2.5Y 472) EXTERICR 3 STRGMG FINE & MECIUF PRISPATIC STRUCTURE H
HARD » FRIABLE , VERY STICKY , VERY STICKY ; COMMON TO PANY FIANE
ROOTS  PETWEEN PEDS i COMMGN TO MANY FINE IRREGULAR ANC TUBULAR  PORES '
COMMIN TO maNY FINE VESICULAR PORES s CORPON CISTINCT
DARK GRAYISH BR0WN  (2.5Y 472) mOIST CLAY SKINS ON PED FACES 1
COMPIN TD MANY SOF1T FINE & PECIUM PASSES OF LINE 3 VIOLENTLY EFFERVE SCENT
(HCL) CUNTINUOUS i CLEAR SMCOTH BOUNDARY .

53 = T2 CMe ( 21 = 280 ING)
LIGHT RRONNISH GRAY (2,5Y 672) SXTERIOR i SANCY CLAY LOAM ; GRAYISH BROWN
(2e5Y 5/2) EXVERICR MUIST i MODERATE MEDIUM PRISMATIC STRUCTURE B
haR 0D o FPIABLE 4 VERY STICKY , VERY PLASTIC i COMNON FINE ROOTS
THRUUGHOUT HURIZON + COMMON FINE IRREGULAR AND TUBULAR PORES
CimuN TO MANY FINE VESICULAR PORES 3 FEW MIXED LITHOLOGY FRAGPENTS
32 My 3 FEW TO COMNMNOM SOFT FINE MASSES CF LIME H
VIOLENTLY EFFERVESCENT (HCL) CONTINUOUS 3 CLE#R SPOOTH BOUNCARY .

12 = Y23 Che € ¢8 = 48 1IN,)
GRAYLSIH JROWN (2.5Y 572) EXTERICR i CLAY LOM i OLIVE GRAY (Sva/2)
EXTERIOR MOIST i FEW FINE OISTINCY OLIVE YELLOW (2.5Y &/8)
EXTERIOR ®OIST MOTTLES § PODERATE MECIUK SUBANGULAR BLOCKY STRUCTURE H
SOFT s+ VERY FRIABLE » VERY STICKY , VERY PLASTIC 3 FEW FINE

ROUTS THROUGHOUT KORIZON i COFMON FINE TRREGULAR AND TUBULAR PORES .
COMMIN TO WANY FINE VESICULAR PORES i FEW MIXED LITHOLOGY FRAGNENTS




SOIL SERIES:

SURVEY SAMPLE NC.:3
LOCATION:
CLASSIFICATION?

SITE NO.: 79 31
SLOPE: o1
AIP TEMPERATURE
SOIL TEMPERATURF
WATER TABLE:D
PRECIPITAYION:
PERVEABILITY:
PHYSLOGRAPHY:
VEGETATIONS
PARENT MATERIAL?

HORIZON
A P
e 210
B 22T CA
e 3CcA
C 1CACS
c 2CACS
REMARKS?

90

TEALETIE
ST9r7 31
$34-T356-R19E
BOROLLIC WATRARGID; PINE

COUNTY: BLAINE ELEVATION: 0807 WETERS

MONTH SAMFLEDS JULY

CLASS: KINCE ASPECTS ACRTYHMEST
ANNUAL: DEGREES F SUMMER? DEGREES F WINTER: DEGREFS F
ANNUAL 2 DEGREES F SUMNERS 64 DEGREES F WINTERS DEGREES F
DEPTH: CH. MONTHE ¥INDT  NC WATER TAALE
13) C*., COMTRCL SECTION LIWNITS -~ UPPER: CM  LOWER? cr
ORAINAGE CLASSS
STONINESS: CLASS
GRASSES AND FURBS AND SHRUBS
HIGHLY WEATHERPED  GLACIAL TILL
NIXED LITHOLOGY
PROFLLE DESCRIPTION

9 - 30Cne C 0 -~ 4 IN)
GRAYISH BROWN  (2.5Y 572) EXTERICR i CLAY LOBm 5 DASK GRAYISH BRCWN
C2.5Y 472) EXTERIOR HOTST i PRODERATE HEDIUM SUBANGULAR BLOCKY
STRUCTUKE AND MEAK VERY FINE  PLATY 3 HARD s VERY FRIAPLE N
STICKY » PLASTIC ; COMMON FINE ROOTS  THROUGHOUT HCRIZON
COMMON TO WANY FINE IRREGULAR AND TUPULAR  PORES » COMMON TO PANY FINE
VESICULAR  PORES 3 FEW MIXED LITHOLOGY FRAGRENTS 32 C» 3 NCKCALCAREQUS
CHCLY i ABRUPT SMOOTh BOUNDARY

10 - 24 Che € & = 9 INJ)
SRAYTSH BROWN  (2.5Y 5/2) EXTERIOR i CLay i CARK GRAYISH BROWN (2.5Y 472)
EATES[OR MOIST i MODERATE FINE PRISMATIC STRUCTURE  AAC MODSPATE
FINE SUBANGULAR BLOCKY 3 VERY HARD » FRIABLE , VERY STICKY ,
VERY PLASTIC s FINE ROOTS BEYWEEN PEDS 3 COWMMON TO WANY FINE
IRREGULAR AND TUBULAR  PORES v COMMON FINE VESICULAR  PORES i MANY
PROMINENT DARK GRAYISH BROMN (2.5Y 4/2) wnIsY CLAY SKINS THROUGHOUT THE SCIL
MODERATFLY EFFERVESCENT C(HCL)  CONTINUOUS ; CLEAR  SMOOTH BOUNDARY

24 - 43 CHe € 9 = 17 INJ)
OLIVE GRAY (5Y5/2) EXTERIOR + CLAY i DARK GRAYISH BROMN (2.5Y 4/2)
SXTERIOR NOIST i FEW FINE FAINT  YELLOWISH BROWN (19YR 5/€) EXTERIOR
MOTTLES 3§ MODERATE MEDIUM PRISMATIC STRUCTURE i VERY HARD s FRIABLE
VERY STICKY 4 VERY PLASTIC 3 FEW FINE ROOTS  THROUGHOUT HORIZON 3
COMMON  FINE IRREGULAR AND TUBULAR  PORFS v CORMCA TC MANY EINE
VESICULAR  PURES i COMMON DISTINCT DARK GRAYISH BROWN (2.5Y 4/2) MOIST
CLAY SKINS ON PED FACES 3 MIXED LITHOLDGY FRAGFENTS  >2 WM H
FEM TO COMNON SOFT FINE WASSES OJF LIME 3 VIOLENTLY EFFERVESCENT (HCL)
CONT INVOUS i CLEAR  SNOOYH BOUNDARY

43 = 62 CMe (1T - 24 INJ)
GRAY ISK HROWN  (2.5Y 5/2) EXTERIOR i Cuay CARK GRAVISH BROMN (2.5Y 4/7%)
EXTER[OR HOT ST i MODERATVE MEDIUM PRISYATIC  STRUCTURE H
EXTREMELY HARD , VERY FIRM s VERY SYICKY , VERY PLASTIC i COowwoN
FINE ROOTS  BETWEEN PEDS i COMMON TP MANY FINE TRIEGULAR AND TURULAR
PORE $ s COMAON TO MANY FINE VESICULAS PORES i FEw DISTIACT
DARK GRAYTSH BROWN (2.5Y 472) NOIST  CLAY SKINS CN PED FACES i FEW
MIXED LITHOLOGY FRAGMENTS  >2 wy § COMMIY  SNFY FINE MES3ES OF LIWE ’
FEW SUFT VE2Y FINE  OXIDES 3 VIOLENTLY EFFFOVESCEAT  (hCL)  COATIAUCUS i
CLEA®  wAvY 2 0UNDARY .

62 = 95 Che C 24 -~ 37 INe)
LIGAT BROWNISH GRAY (2.5Y 6/2) EXTERIOK 3 Luar i V DK GREYISH BROWN
C245Y 3/2) EXTERIOR nOLSY i MODIPATE MECTUM  ANGULA® BLNCKY  STRUCTURE i
HaRD »  VERY FRIAGL: v SLIGHTLY STICKY o SLYGHTLY PLASTIC t FEW
FINE RUOTS  THROUGHOUT WORIZOK  § COMMON  FIAS IRPEGULAR AND TUEULAR
PORES s COMAON TO ¥aANY FINC VESICULAR  PCRES i VIOLENTLY EFFERVESCAAT
(HCL)  CUNTINUOUS , CLEAK SKOOTH POUNDARY

9% - 125 Che ( 37 = 49 INe)
LIGAT BROWNTSH GRAY C2.5Y 6/2) EXTERINX 3 SANDY CLAY LOAM
DA GRAYISH ARUWN  (2.5Y 4/2) EXTERIOR ISy s MODERATE MECIUM
ANGULAR BLOCKY STRUCTU%E i MARD » FRIABLL 4 STICKY » PLASTIC 3 FEd
FINE “00TS  ThROUGHIUT RIRIZON 3 COM“ON  FIAG IKPEGULAR AND TUBLLAR
PORE S » COMMON TO MANY FINE VESICULAR  PORES i MANY SOFT FINE
GYPSUM CRYSTALS 4 FEiw SOFTY FINE MASSES OF LIYE i PODERATELY EFFERVESCENT

CHCL) CONTIHUOUS i NOT REACHEN ROUNDARY .

PLOWFD. CRESTED WHEATULRASS




SOIL SERJES:

SURVEY SAMPLE KO.?
LOCATION?
CLASSIFICATION:

SITE NO.t 79 32
SLOPES 01y
AIR TEWPERATURE
SOIL TEMPERATURS
MATER TABLE?
PRECIPITATIONS
PERVEABILITY:
PHYSIOGRAPHY 2
VEGETATION:
PARENT WATFRIAL:

HORIZON

A 1p

B ar

8 221 Ca

8 3CA

c 1cecs

¢ 2cacs
REMARK S

9
S$34-TISN-R19E
BOROLLIC MATRARGID; FINE
COUNTY: RLALNE
CLASS:
ANNUAL 2 DEGREES F
ANNUAL DEGREES F
DEPTH: cn,
030 Cu.

HIGHLY WEATHERED GLACTAL TI
CALCARLUUS SHALF AND CALCAR

d = MO CRe ¢ 0 - 4 IN.)
LIGHT BRROYNISH GRAY (2.5Y ¢g/72
{245Y 4/¢) EXTERIOR NO1ST
STRUCTURS i LOOSE s VE
SLIGHTLY 2LA&STIC i MANY
il TRIEGULAR ANC TURULAR
Puk:S i MONCALCARLOUS (M

I e D 23TCNS KRS Y TRl
GRAYTSH FROWY (2,5Y S72) EX
(243Y 4/2) TXTERIOR MOIST
A0DcRATL MEDIUM  SUPANGUL AR
VERY PLASTIC i CuMMOn FI
IRPFGULAP AND TUPULAR  PORES
ANY PROYINENT  DARK GRAYI
THROUGHOUT THE 5070 3 NONCAL

e3. = QA Luy 4§ s 3T TNs)

LIGHT PRUWNISH GPAY (2,5Y 672
(2.5Y 5/2) =XTERIOR NOIST
STRUCTURE 3 HARL s FR
FINE ROJTS BETMEEN PEDS
PORES s CUMMON TO PANY F]

GKAY ISH BROWN (2.5Y 572) w0
“INE MASSES OF LIME 3 RO
SKOOTH ABNUNDARY .

43 - 62 Cr, (17 - 24 1IN,)
LIGHT BROWNISH GRAY (2.5Y 472
(2.5Y 5/2) cXTERIOR LIS 814
MODERATF MEDIURM  SURANGULAR
PLASTIC §  COMMON  FINE PO
IRREGULAR AND TUBUL AR PORTS
COMAON  *IXED LITHULOGY FRAGNE
NASSFES OF LINE » COMNIN SO
C(HCL) CANT INUWOUS i CLper

62 = 112 CAs ( 24 = 44 INJ)
LIGHT CTOMNISH GRAY (2.5Y 6&/2
(243Y 572) EXTERIOR MOIST
EXTERIOR MOTTLES § “UDERA
VERY 4yaurp » FRIABLE 4 VE
F INE ROOTYS THKCUGHDUT HOR
TKREGULAP A0 TUBULAR PORES
COMNON  SOFT VERY FINE GY
YASSES UF LIWF i VIOLENTLY
AOUNDARY .

112 = 135 C¥. ( 44 - 53 INJ)
LIGHT FRUANISH GRAY (2.5 672
(Ca3Y 5/2) FXTIERINR MOINT

IROWNLSH YELLOY C1UYR  578) EX
ANGULAPR ALOCKY  STRUCTUKE H
FINE ROOTS THRGUGHOUT HOR
PLRES s CUNMON TO wA%Y F1
FRAGUENTS 22 Mn » COwpENYy
2 JFT FIMe & MEDJUF MASSES

IXTOES 3 MODIRATELY (FFERVE

PLONED, CRESTED MHEATGKASS

ELLOAN
STINY 32
ELEYATION: 0807 METEPS MONTH SAMPLED: JuLY
KINDE ASPECT: AORTHWEST
SURRERS DEGREES F WINTER? DEGREES F
SUMMER? 63 DEGRTES F WINTERS DEGREFS ¥
MONTH: KINDZ NC WATER TASLE
CONTROL SECTION LIRIVS == UPPER: C* LOWER: ce

NRAINAGE CLASS:
STONINESS: CLASS

L
EOUS SANDSTONE

PROFILE DESCRIPTION

) EXTERIOR P LOAN 3 DARK GPAY]ISH BRCWN
i MODCPRATE MCUIUM  SUBAMGUL AW BLCCKY
RY FRIABLE » SLIGHTLY STICKY
FINE A007S THROUGHOUTY HORTYZON 3 CONmCN
PORES s COPEON TC MANY  FINE VESICULAR
cL) i ADRUPY SMCCTH BCUNDARY .
TEKIOK i CLay Luav 3 DNARK GPAYISH BOCaN
i MERK fFINE PRISFATIC STRUCTURE AND
BLOCKY i VLAY He’r o ERTAPLE /o' VERY STICRY . o
NE ROOTS Yec TWEEN PECS 3 COMMON  FINE
» COMMCN TN MANY FINE vESICULAR PORES H
SH PECNN  C(Lo5%Y  4/2) vaTIST CLAY SKINS
CAPtOUS (HCL) +» FRRUPT  SMOOTH RCUNNDLOY .
) cXTERIOR ¢ CLAY LOAF i CGRAYISK PROWN
i MOPERATE MELTUM  SUPAMGULAR BLLCKY
1ABLF o VERY STICKY , VERPY PLASTIC 3 COmmCN
i COMMON TO PAYY  FINE IRREGULAR AND TUPULAR
NE VESICULAR POKES i COMNON DISTINCT
18T CLAY SKINS ON PED FACES i CCrwON  SOFT

DERATELY EFFERVESCENT (HCL) CINYINUOUS 3 CLEAR

) EXTERIOR 3 CLAY LCAwm i GRAYISH NROWN
i MERX FIN: PRIS¥ATIC STPUCTLRF AND
8LOCKY i VLRY HaRrD » FRIAMLE , STICKY N
cis RETWEEN PEDS i (CWMON TO vany  FINE
» COMNON TO vaxy FINE VESICULR® A bt ¢ i
NTS 32 Mn i COrwON  SOFY FINE
A VERY FINE cX10LS i VITLENTLY EFFERVESCEMY

SYOCTH ROUNDARY .

) EXTERIOR § CLrY LOAY 3 GRAYISF RROWA
¢ COMMOMN +INE FAINT CLIVE YELLOwW 2.5y ¢&7¢)
TE FINE & MFCIUM ANGULAR BLOCKY STRUCTURE :
RY STICKY , VERY PLASTIC i FEw TC COmMMCN
120N 3 COMMDN TO mBKY FINE
» CONMON TO MANY FINE Ve SICULAR PORES B
PSUM CRYSTALS 4 CUVFMCN  SOFY EINE & wEDIUM

CTFFERVESCENT  (HMCL) CONTTAULOUS i CLEAP SMCOTH

) XTERICR i CLAY LCAN i DORAYISH BRIWN
i COMMON TG waNY  FTAE € PEDIUM PRUMTINENT
TERIOR POTTLLS 3 VPODERATL FINE & WwECTUM
HARD g FRIABLE 5  STTYCKY » PLASTIC §  FEw
120M i CLMMON  FINE TPREGULAR AND TURULAR
NE VESICULAR PORES i COMMON  MIXED LYTHOLCGY
RIXED LITHOLOGY FRAGPUNTS 32 Cn i CurrOn
OF LI%E v FEW TO CONMODN SOFY VERY FINF

SCENT (HCL) CONTINLOUS i NOT REACHEC POUNDARY .




SOIL SERIES?

SURVEY SAPPLE NO.1?
LOCATION?
CLASSIFICATION?

SITE NO.: 80 45
SLOPES o1g
AIR TEMPERATURE
SOIL TEWPERATURE
WATER TABLE:?
PRECIPITATION?
PERMEABILITY:
PHYSIOGRAPHY?
MICRORELIEF:
VEGETATION:?
PARENT MATERIAL!

PARENT MATERIAL?

HORIZON
A 2
8 a1
L} ca
C 1Ca
C 2Ca
REMARKS?

92
YEALETVE

S8onY 45
SW=$33-T3I6N-R19E
BOROLL IC NATRARGIDS?S FINE
COUNTY? BLAINE ELEVATION: 807 METERS MONTH SAMPLED® JUNE
CLASS: NEARLY LEVEL KIND3 PLANE ASPECT: SOUTH
ANNUAL 3 DEGREES F SUMMERS DEGREES F WINTER: DEGREES F
ANNUAL 3 DEGREES F SUNMER: 18 DEGREES © WINTERS DEGREES F
DEPT H: CHe HONTHE KIND NO WATER TABLE

CH. CONTROL SECTION LIWNITS == UPPERS CH  LOWER:

ORAINAGE CLASS:

LEVEL OR UNDULATING UPLANDS STONINESS: CLASS

ON SLOPE

GRASSES AND FORBS AND SHRUBS

PARTLY WEATHERED GLACIAL TILL
IGNEOUS, METAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED RARINE
CALCAREOUS SHALE

PROFILE DESCRIPTION

0 - 4Cng C 0~ 2 IN.)
PALE BROWN (10YR 6/3) CRUSHED ; CLAY LOANM i LIGHT GPAY (2.5 T7/2) CRUSHED
ORY § WEAK FINE PLATY MOISY STRUCTURE PARTING TO STYRONG VERY FINE
GRANUL AR MOIST i SOFY o VERY FRIABLE s  SLIGHTLY STICKY
SLIGHTLY PLASTIC I COMMON TO MANY FINE ROOTS THROUGHOUT HORIZON )
CONMON TO MANY FINE VESICULAR PORES i NONCALCAREOQUS C(HCL) CONTINUOUS
NEUTRAL PH= 6,9 (PH METER) 3 ABRUPT SMOOTH BOUNDARY .

4~ 2800y ¢ 2~ 9 IN.)
OK. YELLOWISH BROWN C10VR 4/4) CRUSHED & CLAY LOAM ¢ DARKX GRAYISH BROWN
(2.5Y 4/2) CRUSHED DRY ; MODERATE MEDIUM PRISMATIC noIsY STRUCTURE
PARTING TO MODERATE VO STRONG MEDIUM ANGULAR BLUCKY MOISY 3 HARD '
FIRM » VERY STICRY , VERY PLASTIC i COMMON YO MANY FINE ROOTS
THROUGHOUT HORIZON 3 ‘CORMON FINE VOID INTERSTITIAL PORES s COMMUN
FINE TUBULAR PORES 3 NONCALCAREOUS (HCL) CONT INUDUS 3 NEUTRAL PH- T,.1
(PH METER) 3 ABRUPT SMOOTH BOUNDARY .

26 = 49 Ch. C 9 - 19 IND)

YELLOWISH BROWN CL1OVR 574) CRUSHED 3 CLAY 3 DARK GRAYISH BROWN (2.5Y 4/2)
CRUSHED DRY § HODERATE MEDIUM ANGULAR BLOCKY MOIST STRUCTURE PARTING TO
MODERATE FINE AMGULAR BLOCKY RNOIST 3 SULIGHTLY HARD » FRIABLE
STICKY » PLASTIC 3 MANY FINE ROOTS THROUGHOUT HORIZON §  COmmON

FINE VOID INTERSVITIAL PORES » COMMON FINE VESICULAR PORES 1)
NODERATELY EFFERVESCENT (HCL) CONTINUDUS i MODERATELY ALKALINE PH- 8.4

(PH METER) i CLEAR SMOOTH BOUNDARY .

49 - 76 Che C 19 - 30 INJ)

BROWN C10YR  5/3) CRUSHED § CLAY § DARK GRAYISH BROWN (2.5Y &/2) CRUSHED
ORY § VERY WEAK MEDIUN SUBANGULAR BLOCKY KOISTY STRUCTURE PARTING YO
NASSIVE § MARD » VERY FRIABLE » STICKY s PLASTIC 3 FEW FINE

ROOTS THROUGHOUT HORIZON 8 COMMON FINE VESICULAR PORES ]
MODERATELY EFFERVESCENT (MCL) CONTINUOUS i MODERATVELY ALKALINE PH=- 8.3
CPH METER) 3 CLEAR SMOOTH BOUNDARY .

T6 = 104 Chy C 30 - 41 IN.)

VELLOWISH BROWN C10YR 5/6) CRUSHED 3 CLAY 3 LIGHT BROWNISH GRAY (2,5Y 6/2)
CRUSHED DRY 3 MASSIVE MOIST i HARD » VERY FRIABLE » STICKY ’
PLASTIC 3§ FEW FINE ROOYS THROUGHOUT HORIZON i COMMON  FINE VESICULAR
PORES $ NILDLY EFFERVESCENT (HCL) CONTINVOUS 3 STRONGLY ALKALINE PH=- 8.6
(PH WETER) i NOT REACHED BOUNDARY .

NATIVE UNPLOWED 1980

Columnar caps were evident near the surface beneath a very shallow A) horizon. Small pieces of
coal and iron nodules and stains were observed in the C horizons. The C, horizon was a mixture
of glactal till and the underlying shale.

cw




SOIL SERIES:

SURVEY SAMPLE NO.:?
LOCATION?
CLASSIFICATIONS

SITE NO.t 80 46
SLOPE? o1g
AIR TEMPERATURE
SOIL TEMPERATURE
WATER TABLE:
PRECIPITATION?
PERNEABILITY:
PHYSIOGRAPHY S
MWICRORELIEF?
VEGETATION:
PARENT MATERIALS

PARENT MAYERIAL?!

HORIZON

A 1

& R

L] 27

L] 3Ca

c P )
11C P )

REMARK S

93

ELLOAN

S80nT 4“6
SW=533-T36N~R19E
BOROLLIC MATRARGIDSS FINE
COUNTY? BLAINE ELEVATION: 807 METERS
CLASSs NEARLY LEVEL KIND: PLANE 2222272‘.:::3' s
ANNUAL DEGREES F SUNMER: DEGREES F WINTER: DEGRFES F
ANNUAL 3 DEGREES F SUMRER: 18 DEGREES C WINTERS DEGREES F
DEPTHE CHe RONTH? KIND2 NO WATER TABLE

Cn, CONTROL SECTION LINITS == UPPER: CA  LOWER: cn

DRAINAGE CLASSE

LEVEL OR UNDULATING UPLANDS STONINESS: CLASS

ON SLOPE

GRASSES AND FORBS AND SHRUBS

PARTLY WEATHERED GLACIAL TILL
IGNEOUS, WETAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED MARINE
CALCAREOUS SHALE

PROFILE DESCRIPTION

”0.- :lc:i ¢ His 3 ING)

OWN v 5/3) CRUSHED § CLAY § DARK GRAYISH BROWN C10YR 4/2) CRUSHED
DRY § WEAK FINE GRANULAR MOISY STRUCTURE § SOF » g
VERY FRIABLE s SLIGHTLY STICKY , SLIGHTLY PLASTIC $  COMRON TO mANY

FINE ROOTS THROUGHOUT WORIZON i CONMON TO MANY FINE VESICULAR PORES
COMNON TO mANY FINE TUBULAR PORES § NONCALCAREOUS (HCL) CONT INUOUS i
RILDLY ALKALINE PH= 75 (PH METER) § ABRUPT SMODTH BOUNDARY

z » ':l Cl; [ T A 4 IN.)

LIGHY OWNISH GRAY (10YR 6/2) CRUSHED 3 § DARK GRAYISH BROMN C10YR 4,2

CRUSHED ORY § WEAK ' FINE PLATY ROIST STRUCTURE 3 SOFY ’ =

VERY FRIABLE o SLIGHTLY STICKY , SLIGHTLY PLASTIC i COWNMON TO MANY

::::on ';02:'5" ;;ugucnouv HORIZON § COMMON TO MANY FINE VESICULAR PORES
N TUBULAR PORES i NONCALCAREOUS HCL N

ABRUPT  SHOOTH BOUNDARY . i i :

11 = 27 Che C 4 = 11 INs)

OK. YELLOWISH BROMN C1OYR 4/4) CRUSHED 3 CLAY i GRAYISH BROWN (2.5Y $S/2)
CRUSHED ORY 3 MODERATE MEDIUP PRISHATIC ROISTY STRUCTURE PARTING TO
NODERATE HEDIUM ANGULAR BLOCKY RMOISY § HARD » FIRRM s STICKY .

PLASTIC 3 MANY FINE ROOTS THROUGHOUT HORIZON i COWMON FINE
VESICULAR PORES » COMMON YO MANY FINE VOID INTERSYITIAL PORES i
NONCALCAREOUS (HCL) CONTINUOUS §  STRONGLY ALKALINE PH~ 8.5 (PH NETER) i
CLEAR SHOOTH BOUNDARY .

27 = 32 Crhe (11 = 13 IN)

BROWN C10YR 4/3) CRUSHED § CLAY § GRAYISH BROWN (2.5Y 5/2) CRUSHED DRY
STRONG MEDIUM ANGULAR BLOCKY NWOISY STRUCTURE PARTING TO STRONG FINE
ANGULAR BLOCKY MOISY §  HARD s VERY FRIABLE »  STICKY s PLASTIC

FEW FINE ROOTS THROUGHOUT HORIZON I FEw TO COMMON  FINE VESICULAR
PORES » COWMON YO MANY FINE TUBULAR PORES 3 AILOLY EFFERVESCENT (MCL)
CONT INUOUS i STRONGLY ALKALINE PH= 8.6 (PH METER) §}  CLEAR SMOOTH
BOUNDARY .

32 - 65 Chy C 13 - 26 IN.)

VELLOWISH BROWN C1UYR 5/4) CRUSHED  CLAY ¢ GRAYISH BROWN (2.5Y 5/2)
CRUSHED DRY § MASSIVE MOISY § HARD s FIRN s STICKY o PLASTIC

FEW FINE ROOYS THROUGHOUT HORIZOM 3 COMMON YO MANY FINE VESICULAR

PORES § PMODERATELY EFFERVESCENT (HCL) CONTINUOUS § MODERATELY ALKALINE PH~- 8.4
(PH RETER) i CLEAR SHOOTH BOUNDARY .

65 = 112 CA. € 26 = 44 INJ)

OLIVE (5Y473) CRUSHED 3 CLAY 3 DARK GRAYISH BROWN (2.5Y 4/2) CRUSHED DRY 3
WASSIVE MOIST 4 VERY HARD » VERY FIRN v STICKY » PLASTIC 1§ FEW

FINE ROOTS THROUGHOUT HORIZON + COMMON FINE VESTICULAR PORES ]

RILOLY EFFERVESCENT (HCL) CONTINUOUS ?  STRONGLY ALKALINE PH= B.5 (PH METER) 1
NOT REACHED BOUNDARY .

NATIVE UNPLOWED 198C

Very strong profile development with very abrupt boundary between the AI and B¢ horizon.
Threadlike nodules of CaC03 and CaSO, were observed in the P.M., as well iron staining,
especially in voids associated with small CF. The II C; horizon {s a mixture of glacial till
and shale material.




SOIL SERIES:

SURVEY SANPLE NO. 3

LOCATION:

CLASSIFICATION?

SITE NO.: 80
SLOPE:

AIR TEMPERATURE
SOIL TEWPERATURE

WATER TABLE:

PRECIPITATION:
PERMEABILITY?
PHYSIOGRAPHY:

MICRORELIEF:
VEGETATION?

PARENT MATERIALS

PARENT MATERIAL?Z

HORIZON

1

v

22CA

REMARKS?

94
PHILLIPS
seony a7
Su=-SEC33-T36N-R19E
BOROLLIC HAPLARGIDS; FINE
COUNTY: BLAINE ELEVATION? 807 METERS MONTH SAMPLED: JUNE
CLASS? NEARLY LEVEL KINDZ PLANE ASPECT: EAST
ANNUAL 2 DEGREES F SUMMER? DEGREES F WINTERS DEGREES F
ANNUAL & DEGREES F SUMMERZ 19 DEGRFES C WINTER? DEGREES F
DEPTH? Che NONTH? KIND: NO WATER TABLE
CcH. CONTROL SECTINN LINITS == UPPER? CH  LOWER:
DRATNAGE CLASS:
LEVEL OR UNDULATING UPLANDS STONINESS: CLASS

ON SLOPE

GRASSES AND FORBS AND SHRUBS

PARTLY WEATHERED GLACIAL TILL
IGNEOUS, WETAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED MARINE
CALCAREOUS SHALE

PROFILE DESCRIPTION

0- 11Ch C 0~ 4 ING)
YELLOWISH BROWN C10YR 5/4) CRUSHED 3§ CLAY LOANM 5 GRAYISH BROWN C10YR 5/2)
CRUSHED DRY § MEAK COARSE PLATY ROISTY STRUCTURE PARTING TO STRONG
F INE GRANULAR NOIST 1 SOFTY s VERY FRIABLE s SLIGHTLY STICKY
SLIGHTLY PLASYTIC I MANY FINE € MEDYUM ROOTS THROUGHOUT HORIZON H
COMMON TO MANY FINE VESICULAR PORES v COMRON TO MANY FINE TUBULAR
PORES i NONCALCAREOUS (HCL) CONTINUDUS §  NEUTRAL PH= 7.0 CPH METFR) 3
ABRUPT SMOOTH BOUNDARY .

i1 = 21 Che C 4 - 8 INJ)
OK. YELLOWISH BROWN C10YR 4/4) CRUSHED i CLAY LOAM i DARK GRAYISH RROWN
C10YR 472) CRUSHED ORY § WEAK MEDIUM PRISHMATIC MOIST STRUCTURE
PARTING TO STRONG MEDIUM ANGULAR BLOCKY KOIST i SLIGHTLY HARD s FRIABLE
STICKY » PLASTIC 3 NMANY FINE & WEDIUM ROOTS THROUGHOUT HORIZON i
COMRON TO MANY FINE VESICULAR PORES » COMMON FINE TUBULAR PORES i
NONC ALCAREOQUS CHCL) CONTINUOUS 3 NEUTRAL PH= 7.0 (PH METER) t  ABRUPT
SNOOTH BOUNDARY .

21 - 45 Ch. C 8 - 18 IND)

BROWN C10YR 4/3) CRUSHED 3 CLAY 3 DARK GRAYISH BROWN (2.5Y 4/2) CRUSHED
ORY § STRONG MEDIUM ANGULAR BLOCKY MWOIST STRUCTURE §  SLIGHTLY HARD ’
FRIABLE , STVICKY o PLASTIC 3 FEW FINE YO COARSE ROOTS THROUGHOUT HORIZON
CORMON TO MANY FINE VESICULAR PORES 3 MODERATELY EFFERVESCENT (HCL)
CONTINUOUS § MODERAYELY ALKALINE PH- 7.9 (PH METER) 3 ABRUPT SHOOTH
BOUNDARY .

45 - 53 CHe C 18 = 21 IN)

OLIVE GRAY (5Y4/2) CRUSHED ; CLAY i GRAYISH BROWN (2.5Y 5/2) CRUSHED DRY
STRONG MEDYUWM ANGULAR BLOCKY MOISY STRUCTURE §  HARD » FRIABLE ,
STICKY » PLASTIC 3 FEW FINE TO COARSE ROOTS THROUGHOUT HORIZON i
COMMON TO WANY FINE VESICULAR PORES 3 VVIOLENTLY EFFERVESCENT (HCL)
CONT INUOUS i MWODERATELY ALKALINE PH~- 8.1 (PH METER) ¥ CLEAR SMOOTH
BOUNDARY .

53 - 97T CNe C 21 - 38 INJ)
DARK OLIVE GRAY (5Y3/2) CRUSHED 3 CLAY i DARK GRAYISH BROWN (2,5Y 4/2)
CRUSHED DRY § WEAK MEDIUN SUBANGULAR RLOCKY MOIST STRUCTURE PARTING TO
MASSIVE mOIST 3 VERY HARD » FRIABLE , SYICKY » PLASTIC § FEW FINE
ROOTS THROUGHOUT HORIZON 3 COMMON TO MANY FINE VESICULAR PORES i
VIOLENTLY EFFERVESCENT (HWCL) CONTINUOUS ? MODERATELY ALKALINE PH=- 8.2
CPH METER) 3 NOT REACHED BOUNDARY e

NATIVE UNPLOMED 1980

Best structural development and argillans were observed between 21 and 45 cm in the B22tca

It was difficult to discern the contact between the glacial til] material and the underlying
shale, but it appeared that the Cl horizon, and possibly the B3lca horizon, contained some shale.
Remanents of columns were observed on the B2It horizon. Salt nodules and iron mottles

were evident in the Cjca horizon. Soft coal fragments werc ohserved in the Blca and Clca horizons.

Ccn




solL
SURY

SERTES?:
EY SANPLE

LOCATIONS

CLAS

SITE
sLop
AIR

soIL
MATE
PREC
PERN
PHYS
WICR
VEGE
PARE

PARE

SIFICATION:

NO.: B0 48
Es o1
TENPERATURE

TEMPERATURE
R TABLE:
IPITATION?
EABILITY:
IOGRAPHY:
ORELIEF?
TATIONS
NT MATERIAL:

NT MATERIAL:?

HORIZON

A 1

A 2

8 av

8 3CAY

C ica
REMARKS?

95
THOENY
SBONT 48
Su=SEC3I3-TI6N-R19E
BOROLLIC NATRARGIDS: FINE
COUNTY? BLATNE ELEVATION® 807 METERS MONTH SAMPLED: JUNE
CLASS: NEARLY LEVEL KIND: PLANE ASPECY: EAST
ANNUAL DEGREES F SUNMER: DEGREES F WINTERS DEGREES F
ANNUAL 3 DEGREES F SUMNERS 19 DEGREES C WINTER: DEGREES F
DEPTH: Ch, NONTH: KIND: MO WATER TABLE
cn, CONTROL SECTION LINITS == UPPER? CA  LOWER: (1]
ORAINAGE CLASS?
LEVEL OR UNDULATING UPLANDS STOMINESS: CLASS

ON SLOPE

GRASSES AND FORBS AND SHRUBS

PARTLY WEATHERED GLACIAL TILL
IGNEOUS, METAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED MARINE
CALCAREOUS SHALE

PROFILE DESCRIPTION

Q- 6 Che C 0 - 2 INJ)
DARK BROWN (10YR 3/3) CRUSHED ; CLAY 3 DARK GRAYISH BROWN (10YR 4/s2)
CRUSHED DRY 3§ WODERATE REDIUN PLATY nO1SY STRUCTURE PARTING TO STRONG
FINE GRANULAR HOISY $  SOFY » VERY FRIABLE s SLIGHTLY STICKY
SLIGHTLY PLASTIC 3 COMMON FINE ROOTS THROUGHOUT HORIZOM L}

CONMON TO MANY FINE VESICULAR PORES §  NONCALCAREOUS (HCL) CONTINUOUS L
NEUTRAL PH= 6.6 (PH METER) 3 ABRUPT SWOOTH BOUNDARY .

6= 18CRy C 2 = T INa)
BROWN C10YR 5/3) CRUSHED § CLAY LOAN i PALE "ROWN (10YR 6/3) CRUSHED DRY 3
MODERATE TO STRONG HEDIUM PLATY nOISTY STRUCTURE PARTING TO
WEAKX TO MODERATE FINE’ GRANULAR MOIST § SOFTY » VERY FRIABLE ’
SLIGHTLY STICKY , SLIGHTLY PLASYIC § FEW TO COMMON  FINE ROOTS
THROUGHOUT HORIZON I MANY FINE VESICULAR PORES o FEW TO COPMON
FINE TUBULAR PORES 3 NONMCALCAREOUS (HCL) CONTINUOUS i ABRUPT SmOOTH
BOUNDARY .

18 = 32Che ¢ 7 - 13 IN,)
BROWN C10YR 4/3) CRUSHED 3 CLAY 3 DARK GRAYISH BROWN (C10YR 4/2) CRUSHED
ORY § STRONG MEDIUR ANGULAR BLOCKY WOIST STRUCTURE §  HARD v FIRM ’
STICKY o PLASTIC 3 COMMON TO MANY FINE VOID INTERSTITIAL PORES ’

RANY FINE TUBULAR PORES §  NONCALCAREOUS (HCL) CONT INUOUS i
MILOLY ALKALINE PH- 7.4 (PH WETER) § ABRUPY SHMOOTH BOUNDARY .

32 - 44 Chs (13 - 17 1IN

BROWN C10YR 4/3) CRUSHED § CLAY 3 GRAYISH BROWN (2.5Y 5/2) CRUSHED DRY
STRONG MEDIUR ANGULAR BLOCKY RWOISTY STRUCTURE i VERY HARD s FIRM .
VERY STICKY , VERY PLASTIC 3 COMMON TO MANY FINE VESICULAR PORES 3

MODERATELY EFFERVESCENT (HCL) CONTINUOUS i MODERATELY ALKALINE PH- 8.1
(PH WETER) §  ABRUPT SWOOTH BOUNDARY .

4 = 97 ChR. (C 17 ~ 38 IN,)

V DK GRAYISH BROMN C(10YR 3/2) CRUSHED § CLAY 3 DARK GRAYISH BROWN (2.5Y 4/2)
CRUSHED DRY § MASSIVE MOIST I  VERY HARD s VERY FIRM » STICKY ’

PLASTIC § COMRON YO MANY FINE VESICULAR PORES 3 MODERATELY EFFERVE SCENY
(HCL) CONTINUOUS 3 MODERATELY ALKALINE PH= 8.0 (PH METER) 3 NOT REACHED
BOUNDARY .

NATIVE PLOWED 1980

Columnar structure is very strongly expressed. Very thin (0.5cm) but distinct natric horizon
above caps. Root penetration below 32 cm was prohibited by extremely hard consistance. Salt
nodules, coal and shale fragments were observed in the Clca horizon.




SOIL SERIES!

SURVEY SANPLE NOD.1?
LOCATIONZ
CLASSIFICATION:

SITE NO.t 80 49
SLOPE? o1s
AIR TEWMPERATURE
SOIL TEMPERATURE
WATER TABLE:
PRECIPITATION:
PERMEABILITY?
PHYSIOGRAPHY?
VEGETATION:
PARENT MATERIAL?

PARENT MATERIAL:

HORIZON
A 1
A 2
8 ar
8 227
8 3Ca
4 ica
REMARKS?

THOENY
ssony 49
SW=SEC33~T 36N-R19E
BOROLLIC NATRARGIDS: FINE
COUNTY: BLAINE ELEVATION: 807 METERS
CLASS: NEARLY LEVEL KIND: PLANE
ANNUAL ® DEGREES F SUNMER: DEGREES F
ANNUAL ¢ DEGREES F SUMMER: 18 DEGREES C
DEPTH: Ch. NONTH?
Cn. CONTROL SECTION LINITS ~--

DRAINA
LEVEL OR UNDULATING UPLANDS o
GRASSES AND FORRS AND SHRUBS
PARTLY WEATHERED GLACIAL TILL
IGNEOUS, METAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED
CALCAREOUS SHALE

MARINE

PROFILE DESCRIPTION

Qe TER. € 8 '3I8)

OK. YELLOWISH BROUN (10YR 4/4) CRUSHED ; SANDY CLAY LOAM

C10YR 5/2) CRUSHED DRY 3 WEAK COARSE PLATY O
WODERATE FINE GRANULAR nOISY T SOFT 'lszsn'sgzgfzfzt PARTING TO
SLIGHTLY STICKY , SLIGHTLY PLASTIC i COMMON TO MANY FINE € IEDIU; ROOTS
THROUGHOUT HORIZON § CONWON TO MANY FINE VESICULAR  PORES s  COmmMON
FINE TUBULAR PORES i NONCALCAREOUS  (HCL)  CONTINUOUS § SLIGHTLY ACID
PH= 6.3 (PH METER) 3 ABRUPT SWOOTH BOUNDARY .
PllE-II:’Nc.. C 3~ 9 IN)
WN  (10YR  6/3) CRUSHED i § VERY PALE BROW Y

WEAK COARSE PLATY  MWOIST  STRUCTURE  PARTING vu“ :;2ll'o7aaasﬁ:$:”io F;l!
PLATY 1 SOFY »  VERY FRIABLE s SLIGHTLY STICKY 4 SLIGHTLY PLASTIC
COWMON TO WANY FINE G, MEOIUM ROOTS  THROUGHOUT MORIZON § CONNON FINE
VESICULAR  PORES o COMMON FINE TUBULAR PORES i NONCALCAREOUS  (WCL)
CONTINUOUS  ; SLIGHTLY ACID  PH- 6.5 CPH METER) ; ABRUPT SMOOTH BOUNDARY
23 - A6 CW. (9 - 17 INJ)
OK. YELLOWISH BROWN C10YR 4/4) CRUSHED 3§ CLAY LOAR § BROWN  (10YR 5/3)
CRUSHED DRY § MODERATE MEDIUR COLUMNAR MOIST  STRUCTURE  PARTING TO
STRONG MEDIUN ANGULAR BLOCKY ROIST $  SLIGHTLY HARD » FRIABLE , STICKY
PLASTIC 4 COMMON TO WANY FINE & MEDIUM ROOTS  THROUGHOUT HORIZON 3 COMMON
FINE VE SICULAR  PORES » COMMON TO WANY FINE VOID INTERSTITIAL  PORES
NONCALCAREOUS  (MCL)  CONTINUOUS 3 MWILOLY ALKALINE PH- 7.6 (PH NETER) 3
ABRUPT SMOOTH BOUNDARY o

4 - 53 Ch, C 1T - 21 INJ)
DK. VYELLOWISH BROWN C(10YR 3/4) CRUSHED & CLAY 3 DARK BROWN C10YR 3/3)
CRUSHED DRY § MODERATE WEDIUM PRISMATIC  WOIST  STRUCTURE  PARTING TO
STRONG MWEDIUN ANGULAR BLOCKY | HARD s FIRN s VERY STICKY

VERY PLASTIC 3 FEW COARSE ROOTS  THROUGHOUT HORIZON & COMMON TO WANY
F1NE VESICULAR  PORES s COMMON TO MANY FINE VvOID INTERSTITIAL  PORES
NONCALCAREOUS  (HMCL) CONTINUOUS § MODERATELY ALKALINE PH~- 8.3 (PH METER)
CLEAR  SWOOTH BOUNDARY

53 = 60 CNe (21 -~ 24 INJ)

vV OK GRAYISH BROWN C1OYR 3/2) CRUSHED i CLAY LDAR i DARK GRAYISH BROWN
(2.5Y 472) CRUSHED DRY § HMODERATE MEDIUA ANGULAR BLOCKY MNOIST  STRUCTURE
SLIGHTLY HARD s FRIABLE , STICKY , PLASTIC § FEW COARSE ROOTS
THROUGHOUT WORIZON ; COMMON TO WANY FINE VESICULAR  PORES s COMPON

F INE VOID INTERSYIVIAL  PORES § WILOLY EFFERVESCENT (HCL)  CONTINUOUS 3
STRONGLY ALKALINE  PH- 8.5 (PH METER) 3 CLEAR  SMOOTH BOUNDARY .

60 - 98 CMe € 24 -~ 39 IN,)

DARK GRAYISH BROWN (10VYR 4/2) CRUSHED 3§ CLAY LOAN 3 GRAYISH BROWN  (2.5Y
CRUSHED DRY 3 MASSIVE 3 SLIGHTLY MARD » FRIABLE , STICKY 4 PLASTIC
FEV FINE ROOTS  THROUGHOUT HORIZON  §  NANY FINE TUBULAR PORES i
WODERATELY EFFERVESCENT (HCL)  CONTINUOUS ; STRONGLY ALKALINE  PH- 8.6

(PH RMETER) 3 NOT REACHED BOUNDARY .

PLOWED NATIVE 1980

MONTH SANPLEDT JUNE

ASPECT: EAST

WINTER: DEGREES F
WINTERZ DEGREES F
KIND2 NO WATER TABLE
UPPER: CH  LOVER:

STONINESS:® CLASS

3 GRAYISH BROWN

Very strongly expressed columnar and prismatic structures developed under a prominent, thick A2

horizon in which fine vesicular structure was observed

the B22t horizon, increasing to common and medium/fine in the B3ca and Clca horizons.
Soft coal fragments were

distributed throughout the soil, but most common between peds.
common in the Clca horizon.

A few fine salt nodules were present in

Roots are

(4]

3

5/72)




SOIL SERIES:

SURVEY SANPLE NO.S
LOCATIONS
CLASSIFICATIONS

SITE NO.: 80 SO
SLOPE: o1g
AIR TEWPERATURE
SOIL TEWPERATURE
WATER TABLE:
PRECIPITATIONS
PERMEABILITYZ
PHYSIOGRAPHYS
VEGETATION:
PARENT MATERIAL?

PARENT MATERIAL?®

HORIZON
A 1
A 2
8 F
L] 3Ca
c 1CA
REMARKS?

97

PHILLIPS

SO0NY $0
SU=S$33-TI6N-R19E
BOROLLIC HAPLARGIOS; FINE
COUNTY: BLAINE ELEVATIONZ 807 METERS MONTH SAWPLEDT JUNE
CLASS: NEARLY LEVEL KIND: PLANE ASPECT: EAST
ANNUAL DEGREES F SURNERS DEGREES F WINTER? DEGREES F
ANNUAL 3 DEGREES F SUMRERS 19 DEGREES C WINTER: DEGREES F
DEPTHS (1.0 NONTHS KIND: NO WATER TABLE

CH. CONTROL SECTION LINITS -- UPPER? Ch  LOWER: (4]

DRATNAGE CLASS:

LEVEL OR UNDULATING UPLANDS STONINESS? CLASS

GRASSES AND FORBS AND SHRUBS
PARTLY WEATHERED GLACIAL TILL
IGNEOUS, METAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED RARINE
CALCAREOUS SHALE

PROFILE DESCRIPYION

0 - 1S Che C 0 - 6 INJ)
YELLOWISH BROWN C10YR 5/4) CRUSHED 3 SANDY LOAM 1 BROWN CI10YR  5/3) CRUSHED
ORY § WEAK TO MODERATE FINE GRANULAR ROISY STRUCTURE 3 SOFY .
VERY FRIABLE v SLIGHTLY STICKY , SLIGHTLY PLASTIC § COWNMON TO MANY
FINE € MEDIUM ROOTS THROUGHOUYT HORIZON i CORMON TO MANY FINE VESICULAR
PORES + COMRON FINE TUBULAR PORES i NONCALCAREOUS (HCL) CONTINUDUS i
SLIGHTLY ACID PH- 6.4 (PH WNETER) §  ABRUPT SWOOTM BOUNDARY .

15 = 25 Che € 6 = 10 INJ)

BROWN C10YR  5/3) CRUSHED § SANDY CLAY LOAM § PALE BROWN (10YR 6/3) CRUSHED
ORY § WEAK COARSE PLATY ROISTY STRUCTURE PARTING TN MODERATE TO STRONG
FINE PLATY §  SOFY » VERY FRIABLE v SLIGHTLY STICRY

SLIGHTLY PLASTIC ¢ CORMON YO WANY FINE ¢ MEDIUM ROOTS THROUGHOUT HOR IZON 1}
CONNON TO MANY FINE VESICULAR PORES §  NONCALCAREOUS (HCL) CONTINUOUS '
NEUTRAL PH= Tol (PH WETER) §} ABRUPT WAVY BOUNDARY .

25 = 44 CA, C 10 - 17 INJ)

DARK BROWN C10YR 3/3) CRUSHED § CLAY LOAR § BROWN (10YR 4/3) CRUSHED DRY 3§
STRONG FINE & MEDIUM PRISMATIC ROISY STRUCTURE PARYING TO MODERATE

FINE ANGULAR BLOCKY §  SLIGHTLY HARD o FRIABLE , STICKY » PLASTIC 3
CORRON TD MANY FINE & MNEDIUM RDOTS THROUGHOUY WORIZON § COWRON TO MANY

FINE VESICULAR PORES s COARON TO WANY FINE VOID INTERSTITIAL PORES 1)
NONCALCAREOUS CHCL)  CONTINUOUS 3 MILDOLY ALKALINE PH= 7.7 (PH METER) i

ABRUPY SHOOTH BOUNDARY .

44 - 54 Ch, C 17 - 21 IN,)

V DK GRAYISH BROWN (10YR 3/2) CRUSHED $ CLAY LOAM § GRAYISH BROWN C10YR 5/72)
CRUSHED DRY § MODERATE MEDIUM ANGULAR BLOCKY MOIST STRUCTURE i HARD .
FRIABLE , STICKY » PLASTIC & FEW COARSE ROOTS THROUGHOUT MORIZON i

COMMON TO MANY FINE YESICULAR PORES s MANY FINE VOID INTERSTIVIAL

PORE S 3 AMILOLY EFFERVESCENT (HCL) CONT INUOUS 1 STRONGLY ALKALINE PH= 8.5
CPH METER) 3 CLEAR SMOOTH BOUNDARY .

54 - 104 CHe C 21 - 41 IN,)

BROWN C10YR 4/3) CRUSHED § CLAY LOAM i DARK GRAYISH BROWN C10YR 4/2)
CRUSHED DRY § MASSIVE ROIST §  SLIGHTYLY HARD s FRIABLE , STICKY .
PLASTIC § FEW MEDIUM & COARSE ROOTS THROUGHOUT HORJIZON i COMMON YO MANY
FINE VESICULAR PORES § MODERATELY EFFERVESCENT (HCL) CONTINUOUS '
MODERATELY ALKALIMNE PH- 8.3 (PH METER) i NOT REACHED BOUNDARY .

PLOWED NAVIVE 1980

A2 1s thick and shows platy structure. There was very little evidence of even degraded columnar
structure, but prismatic development was strong. Salt nodules were common in the B3 horizon,
and present in the Cl horizon. Coal fragments were also obvious in the Clca.




SOIL SERIES?

SURVEY SAWMPLE NO. 2
LOCATIONS
CLASSIFICATIONT

SITE NO.t 80 51
SLOPE? o1s
AIR TEWPERATURE
SOIL TEMPERATURE
WATER TABLE?:
PRECIPITATIONS
PERMEABILITY:
PHYSIOGRAPHY?
MICRORELIEF?
VEGETATION:
PARENT WATERIAL:?

PARENT MATERIAL?

HORIZON

A 1

8 3CA

LI (4]

98

ELLOAN

S8QRT 51
Su=-SEC3I3~TI6N-R19E
BOROLLIC NATRARGIDSS FINE
COUNTY: BLAINE ELEVATION® 807 METERS
CLASS: NEARLY LEVEL KINDE PLANE
ANNUALS DEGREES F SUNNER: DEGREES F
ANNUAL t DEGREES F SUMRER: 18 DEGREES C
DEPTH?E cn. NONTHE

cn. CONTROL SECTION LINITS =~

DRAINAGE CLASSE
LEVEL OR UNDULATING UPLANDS

ON SLOPE
GRASSES AND FORBS AND SHRUBS
PARTLY WEATHERED GLACIAL TILL

IGNEOUS, METAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED
CALCAREOUS SHALE

PROFILE DESCRIPYION

9 - sche C O - 2 IN)
VELLOWISH BROWN C(10YR 5/4) CRUSHED 3
CRUSHED DRY  WEAK FINE GRANULAR
VERY FRIASLE v  SLIGHTLY STICKY
FINE & REDIUM ROOTS
PORE S » CORMMON FINE
SLIGHTLY ACID

SANDY LOAM 1]
MOISY

THROUGHOUYT HORIZOM 3
TUBULAR PORES i
PH= 6.3 (PH RETER) 3 ABRUPT

5 - TCHae € 2= 3 IN)

CONNON TO MANY
NONCALCAREOUS
SPOOTH  BOUNDARY .

RONTH SAWNPLED? JUNE

ASPECT: EAST

WINTERZ DEGREES F
WINTER: DEGREES F

KIND: NO WATER TABLE
UPPERS CH  LOWER: cn

STOMINESS: CLASS

LIGHT BROWNISH GRAY (2.5Y 6/2)
STRUCTURE 3 SOFY ’
SLIGHTLY PLASTIC

§ COMMON TO MANY
FINE VESICULAR
(HCL) CONTINUOUS $

LIGHT GRAY (CIOYR 7/2) CRUSHED § SANOY LOAW §  LIGHT GRAY (2.5Y 7/2) CRUSHED
DRY 3 MWEAK FINE € MEDIUM PLATY nOISY STRUCTURE i SOFY ’
VERY FRIAGLE o  SLIGHTLY STICRY , SLIGHTLY PLASTIC $  COMMON TO WANY
FINE € NWEOIUM ROOTS THROUGNOUT MORIZON § CONMON TO MANY FINE VESICULAR
PORE § o COWMMON FINE. TUBULAR PORES § NONCALCAREOUS C(HCL)  CONTINUOUS L)
SLIGHTLY ACID  PH~ 6.4 (PH RNETER) i ABRUPY SWODTH BOUNDARY .
T« 16CH, C 3= 6 IN)
BROWN C1O0YR 4/3) CRUSHED 3§ CLAY § DOARK GRAYISH BROWN (10YR 4/2) CRUSHED

ORY § STROMG HMEDIUN COLURNAR NOXSY STRUCTURE SLIGHTLY MARD 0
FRIABLE , STICKY o PLASTIC 3 COMAOM TO MANY FINE €& NEDIUR ROOTS

BETWEEN PEDS i COWNNON YO MANY FINE YOID INTERSTITIAL PORES .

CONMON TO NANY FINE VESICULAR PORES 3 NONCALCAREOUS (HCL) CONTINUOUS :
RILDLY ALKALINE PH- 7.8 (PH RETER) §  ABRUPT SMOOTH BOUNDARY .

16 = 25 CA. C 6 - 10 IND)

YELLOWISH BROWN C(L1O0YR S74) CLAY 3 BROWN  (10YR 4/3) CRUSHED ORY 1 STRONG
MEDIUM ANGULAR BLOCKY MOIST STRUCTURE 3 SLIGHTLY HARD » FRIABLE

STICKRY » PLASTIC & COMMON TO WMANY FINE & MEDIURM ROOTS THROUGHOUT HORIZOM i
COMMON YO MANY FINE VOID INTERSTIVIAL PORES v COMMON TO MANY FINE
VESICULAR PORES § MWODERATELY EFFERVESCENT (HCL)  CONTINUOUS 1]

MODERATELY ALKALINE PH= B.4 (PH METER) t  CLEAR SMO00TH BOUNDARY .

25 - ST CK, C 10 - 22 INo)

BROWN C1O0YR 4/3) CRUSHED 3} CLaAY § GRAYISH BROWN (2.5Y 5/2) CRUSHED DRY 3
MASSIVE MOIST 3 HARD » FIRNM s STICKY ¢+ PLASTIC § FEW REDIUM

ROOTS THROUGHOUYT HORIZON § COMMON TO WANY FINE VESICULAR PORES L}

VIOLENTLY EFFERVESCENT (MCL) CONTINUOUS i

MODERATELY ALKALINE PH~ 8.3

CPH NETER) ¢ ABRUPT SHOOTH BOUNDARY .

ST = 102 Che (22 = 40 IN.)

DARK BROWN (10YR 3/3) CRUSHED § CLAY 5 DARK GRAVISH BROWN (2.5Y 4/s2)
CRUSHED ORY 3 MWASSIVE ROISY 3 VERY HARD s+ VERY FIRNW e STICKY .
PLASTIC 1§ FEW FINE & WEDIUW ROOTS THROUGHOUT MORIZON 3 COMPON TO MANY
FINE VESICULAR PORES s MANY FINE VOID INTERSTIVIAL PORES )

MODERATELY EFFERVESCENT (HCL)
NOT REACHED BOUNDARY .

CONTINUOUS B

PLOWED NATIVE 1980

MILOLY ALKALINE PH= 7.8 (PH RETER) '

Caps on culumnar structure are not as hard in dry consistance as the unplowed site; they are distinct,

however.

A distinct band of accumulated salts at 57 cm may indicate the top of the capillary fringe.




SQIL SERIES:

SURVEY SAMPLE NO.?
LOCAT LONS
CLASSIFICATION?

SITE NO.t 80 52
SLOPE? 1%
AIR TEWPERATURE
SOIL TEWPERATURE
WATER TABLE?
PRECIPITATIONS
PERMEABILITY:
PHYSIOGRAPHY S
MICRORELIEF:
VEGETATION?
PARENT MATERIALS

PARENT MATERIALS

HORIZON
A 2
L] 2v
4 1CA
c 2CA
REMARKSS

TEALETVE
S80mT 52
SM=-SEC33-T36N-R19E
BOROLLIC NATRARGIDS S FINE
COUNTYZ BLAINE ELEVATIONS 807 METERS MONTH SAMPLED? JUNE
CLASS: NEARLY LEVEL KIND3 PLANE ASPECT: EAST
ANNUAL 3 DEGREES F SUMNER: DEGREES F WINTERS DEGREES F
ANNUAL 2 DEGREES F SUMMER: 18 DEGREES C WINTER? DEGREES F
DEPTHI CHe NONTHS KINDS NO WATER TABLE
CR, CONTROL SECYION LINITS -- UPPER? CH  LOWER?:
DRAINAGE CLASSE
LEVEL OR UNDULATING UPLANDS STONINESS? CLASS

ON SLOPE

GRASSES AND FORBS AND SHRUBS

PARTLY WEATHERED GLACIAL TILL
IGNEOUS, METAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED MARINE
CALCAREOUS SHALE

PROFILE DESCRIPYION

0 - 4ch. C 0 - 2 IN.)
LIGHT GRAY (10YR 7/2) CRUSHED ; LOAM § LIGHY GRAY (2.5Y T/2) CRUSHED ORY
WEAK COARSE PLATY noISY STRUCTURE PARTING TO WEAK FINE PLATY
ROISY 3 SOFY » VERY FRIABLE s SLIGHTLY STICKY , SLIGHTLY PLASTIC

CONRON TO MANY FINE & MEDJUN ROOTS THROUGHOUT WOR JZON 3 COWMON TO MANY
FINE VESICULAR PORES 9 COWMMON TO MANY FINE TUBULAR PORES ]
NONCALCAREOQUS CHCL)  CONTINUOUS 3 SLIGHTLY ACID PH= 6.5 (PH WETER) $
ABRUPT SHOOTH BOUNDARY .

4= 12Ch. C 2~ 5 IN.)
DARK BROWN (10YR 3/3) CRUSHED 1§ CLAY 3 DARK GRAYISH BROWN (10YR 4/2)
CRUSHED DRY § SYRONG * MEDIUN COLURNAR HOIST STRUCTURE 3 HARD 0
FIRN s STICRY s PLASTIC 3 CORMON TO MANY FINE & MEDIUM ROOTS
BEYWEEN PEDS 3 COWNROWN YD WANY FINE VOID INTERSTIVIAL PORES »

CONNON TO WANY FINE TUBULAR PORES 3 NONCALCAREOUS C(HCL) CONTINUOUS tH
MILOLY ALKALINE PH~ 7.5 (PH WETER) 3 ABRUPT SWOOTH BOUNDARY .

12 - 57T Che (5 = 22 INJ)

BROWN C10YR 5/3) CRUSHED § CLAY 3 GRAYISH BROMN (2.5Y $/2) CRUSHED DRY
MASSIVE mOISY 3 VERY HARD s VERY FIRM » STICKY o PLASTIC § COMMON
FINE ROOTS  THROUGHOUY HORIZON § COMMON YO RANY FINE TUBULAR PORES L}
MODERATELY EFFERVESCENT (MCL) CONTINUOUS I PMODERATELY ALKALINE PH~ 8.2

(PH RETER) $§ ABRUPY SMOOTH BOUNDARY .

ST = 97 CA. ( 22 - 38 IN.)

DARK BROWN C(10YR 3/3) CRUSHED § CLAY 3 DARK GRAYISH BROWN (2.5Y 4/2)
CRUSHED DRY § MASSIVE MOIST 3 VERY HARD s VERY FIRm s  STICKY »
PLASTIC 3 COMRON FINE ROOTS THROUGHOUT HOR IZON § COMMON TO MANY FINE
TUBULAR PORES 4 MODERATELY EFFERVESCENT (MCL) CONTINUOUS $ NMILOLY ALKALINE
PH= T.7 (PH NETER) 3 NOT REACHED BOUNDARY .

Plowing has damaged, but not destroyed the caps and upper portion of the columns in the B2t.
Many, very fine threadlike nodules characterize the C2ca horizon. No coal fragments or iron
staining was observed.

cn




SOIL SERIES:

SURVEY SAMPLE NO.1?

LOCAY ION?
CLASSIFICATION:

SITE NO.: 80 53
SLOPE? 01g
AIR TEWMPERATURE
SOIL TEMPERATURE
MATER TABLE:
PRECIPITATION:
PERMEABILITY?Z
PHYSIOGRAPHY:
WICRORELIEF:
VEGETATION:
PARENT MATER[AL:

PARENT MATERTAL:

HORIZON

A 1

A 2

8 21

L] 3ca

c 1CA
REMARKS?

100

PHILLIPS

seony 53
SW=SEC32-T36N-R19E
BOROLL IC HAPLARGIDSS FINE-LOARY

COUNTY: SEE REMARKS ELEVATION: 807 MRMERS MONY

CLASS: NEARLY LEVEL KIND: PLANE Ag'ESV?.'::sgt e

ANNUAL 3 DEGREES F SURRER: DEGREES F WINTERZ DEGREES F

ANNUAL @ DEGREES F SUMMER: 17 DEGREES C WINTER: DEGREES F

DEPTH: Cn. NONTH: KIND: NO WATER TABLE
cn. CONTROL SECTION LIMITS == UPPER?: CA  LOWER:

LEVEL OR UNDULATING UPLANDS sy

bt b STONINESS: CLASS

GRASSES AND FORBS AND SHRUBS
PARTLY WEATHERED GLACIAL TILL
IGNEOUS, METAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED NARINE
CALCAREOUS SHALE

PROFILE DESCRIPYION

[ B 8 Che C 0~ 3 IND)
OK. YELLOWISH BROWN C10YR 4/4) CRUSHED § LOAM § GRAYISH BROWN C10YR 572)
CRUSHED DRY ; WEAK COARSE PLATY nOIST STRUCTURE PARTING TO WEAX
FINE GRANULAR MOIST 3 SOFY » VERY FRIABLE » SLIGHTLY STICKY
SLIGHTLY PLASTIC } COMMON TO MANY FINE & MEDIUR ROOTS THROUGHOUY HORIZON

COMMON TO MANY FINE VESICULAR PORES s COMMON TO MANY FINE TUBULAR
PORES § NONCALCAREOUS (HCL) CONTINUOUS 3 SLIGHTLY ACID PH= 6.3
(PH RETER) i ABRUPY SWOOTH BOUNDARY .

8- 15Che ¢ 3 - 6 INJ)
OK. YELLOWISH BROWN (10YR 4/4) CRUSHED 3 LOAM 3 BROWN C10YR 5/3) CRUSHED
DRY § WEAK COARSE PLAYY NOIST STRUCTURE PARTING TO WEAK FINE
PLATY 3 SOFY » VERY FRIABLE s SLIGHTLY STICKY , SLIGHTLY PLASTIC
COMNON TO WANY FINE € WEDIUN ROOTS THROUGHOUT HORIZON 3 COMMON YO WANY
FINE VE SICULAR PORES » COMMON TO MANY FINE TUBULAR PORES

i
NONCAL CAREOUS (HCL) CONTINUOUS § SULIGHTLY ACID PH= 6.3 (PH WMETER) 3
ABRUPT  WAVY BOUNDARY .

15 = 30 Cha € 6 =~ 12 INJD)
OKe YELLOWISH BROWN C10YR 3/4) CRUSHED 3§ CLAY LOAN i BROWN C10YR 4/73)
CRUSHED DRY ; MODERATE REDIUR PRISMATIC noIsTY STRUCTURE PARTING TO
STRONG MEDIUR ANGULAR BLOCKY MOIST 1 HARD ¢ FIRN s STICKY .
PLASTIC § COMMON FINE ROOYS BETWEEN PEDS 4 COMMON FINE
YOID INTERSTITIAL PORES » COMMON TO WANY FINE VESICULAR PORES H
NONCALCAREOUS (HCL) CONTINUOUS 3 NEUTRAL PH~- 6.9 (PH METER) § CLEAR
SMROOTH BOUNDARY .

30 = 64 CH. (12 = 25 INJ)
BROWN C10YR 473) CRUSHED § CLAY LOAM i GRAYISH BROWN C10YR 5/2) CRUSHED
ORY § WMEAK FINE € MEOIUM PRISMATIC MOIST STRUCTURE PARTING TO
MODERATE MEDIUM ANGULAR BLOCKY $ HARD s FIRM »  STICKY » PLASTIC
FEW MEDIUM & COARSE ROOTS THROUGHOUT HORIZON § FEW TO COMMON FINE
VOID INTERSTIVIAL PORES s FEW TO COMMON FINE VESICULAR PORES 3
MILOLY EFFERVESCENT (HCL) CONTINUDUS i MODERATELY ALKALINE PH- 8.3 (PH METER)
CLEAR SMO00TH BOUNDARY .

64 = 96 CHa ( 25 - 38 IN.)

BROWN C10YR 4/3) CRUSHED 3 CLAY LOAw 3 LIGHT BROWNISH GRAY (2.5Y 672)
CRUSHED DRY ; WEAK VERY FINE & FINE ANGULAR 8LOCKY MOIST STRUCTURE
PARTING TO MASSIVE 3§ VYERY HARD » VERY FIRM s STICKY » PLASTIC 3 FEW
FINE ROOTS THROUGHOUT HORLZON 3 COMMON FINE VESICULAR PORFS 3
RODERATELY EFFERVESCENT (HCL) CONTINUOUS $ STRONGLY ALKALINE PH- B.1

(PH METER) 3 NOT REACHED BOUNDARY .

CHISLED 1980

Chiseling created a micratopography with 10 cm of relief between ridges and furrows.

This caused variation in the thickness of the Al horizon((ie) ridge 0-8cm, furrow 0-6 cm).
There were very few, very fine salt nodules in the Clca In contrast to the accumulation at
other sites.

cr




SOIL SERIES:

SURVEY SAWPLE NO.1

LOCATIONS
CLASSIFICATION:

SITE NO.3 80 54
o1

SLOPE:

AIR TEMPERATURE
SOIL TEWMPERATURE
WATER TABLE:
PRECIPITATION:
PERMEABILITY:
PHYSIOGRAPHY S
MICRORELIEF:
VEGETATION:
PARENT WATERIAL:Z

PARENT MATERIALZ?

HORLZON
A 1
A 2
8 21y
B 227
C 1CA
REMARKS?

101

THOENY

S8onT 54
SE~SEC3I2-T36M-R1%
BOROLLIC NAYRARGIDS; FINE-LOANY

COUNTY : BLAINE ELEVATIONS 807 METERS
CLASS? NEARLY LEVEL KIND: PLANE :g:zg‘f‘nzxggi i
ANNUAL 2 DEGREES F SURRER: DEGREES F WINTERZ DEGREES F
ANNUAL 3 OEGREES F SUMPERZ 17 DEGREES C WINTERS DEGREES F
DEPTHI Che MONTH S KINDS NO WATER TABLE
Ccn, CONTROL SECTION LIWNITS == UPPER? Cm  LOWER: cr
LEVEL OR UNDULATING UPLANDS T
P STONINESSS CLASS

GRASSES AND FORBS AND SHRUBS
PARTLY WEATHERED GLACIAL TILL
IGNEOUS, METAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED MARINE
CALCAREOUS SHALE

PROFILE DESCRIPYION

‘. ; 7T Che ¢ 0~ 3 IN)

DKe YELLOWISH BROWN C(10YR 3/4) CRUSHED ; LODAM i BROWN C10YR 5/3) CRUSHE
DRY § WMEAK COARSE PLATY MOIST STRUCTURE PARTING TO MODERATE IEDIUHD
GRANUL AR 3 SOFY » VERY FRIABLE » SLIGHTLY STICKRY

SLIGHTLY PLASTIC i COMMON YO WMANY FINE & MEDIUM ROOTS THROUGHOUT HORIZON

:::zgtczoinllv :INE VESTICULAR PORES » FEW FINE TUBULAR PORES 3
REOUS HCL) CONTINUOUS 3 NEUTRAL PH- 6.6 (PH MET
SROOYH BOUNDARY . 1 e s 24

‘Z(- 20 CAe (3 - 8 IN.)

P BROMN C(10YR 6/3) CRUSHED 3 LOAM i LIGHT BROWNISH GRAY C10YR 6/2)
CRUSHED DRY ; WEAK COARSE  PLATY MOIST STRUCTURE PARTING YO MEAK
FINE PLATY ROIST 3 SOFY » FRIABLE ., STICKY » PLASTIC 3

CORMON TO MANY FINE ¢ NEDIUM RDOTS THROUGHDUT HORIZON 3 MANY FINE
VESTCULAR PORES » COAMON TO MANY FINE TUBULAR PORES 3 NONCALCAREQUS
C(HCL) CONYT INUOUS § NEUTRAL PH- 7.3 (PH METER) i ABRUPT SMOOTH BOUNDARY .

20 - 44 CA. (8 = 17 INe)

OKe. YELLOWISH BROWN C(10YR J/4) CRUSHED 1§ CLAY LOANM 3 BROWN C10YR  4/3)
CRUSMED DRY 3 STRONG MEDIUM COLURNAR nOISTY STRUCTURE PARTING TO STRONG
MEDIUR ANGULAR BLOCKY HMOIST i HARD sy FIRNM » STICKY s PLASTIC 3
COMAON FINE & MEDIUM ROOTS BEVWEEN PEDS i FEM YO COMMONM FINE

VOID INTERSTITIAL PORES » COMMON YO MANY FINE VESICULAR PORES H
MONCALCAREQUS (HCL) CONTINUOUS 3 MODERATELY ALKALINE PH= T.9 (PH METER) i
ABRUPT SWOOTH BOUNDARY .

44 - 63 CHM. C 17 = 25 INJ)

YELLOWISH BROWN C10YR 5/5) CRUSHED § CLAY LOAM i BROWN C10YR 5/3) CRUSHED
ORY ; MODERATE MEDIUR PRISMATIC nOIST STRUCTURE PARTING TO MWODERATE
MEDIUM ANGULAR BLOCKY MOISY 3 VERY HARD » FIRM s STICKY s PLASTIC 3
COMMON FINE ¢ MEDIUM ROOTS THROUGHOUT HOURIZON i COMMON FINE

VOID INVERSTITIAL PORES » COMMON TO MANY FINE VESICULAR PORES i

MILOLY EFFERVESCENT (HCL) DISCONTINUOUS 3 STRONGLY ALKALINE PH= Be17

(PH METER) 3 CLEAR SMOOTH BOUNDARY .

63 - 103 CAe C 25 - 41 INJ)

BROWN C10YR 5/3) CRUSHED 3 CLAY LOANW 3 GRAYISH BROWN (2.5Y 5/2) CRUSHED

DRY ; MASSIVE WOIST 3 VERY HARD » VERY FIRNM v STICKY » PLASTIC 3

FEW FINE ROOTS THROUGHOUT HORIZON 3 COMMON TO MANY FINE VESICULAR

PORE S i MODERATELY EFFERVESCENT (HCL) CONTINUNUS 3 MODERATELY ALKALINE PH- B.4
(PH METER) 3 NOT REACHED BOUNDARY .

CHISLED

Chiseling has created micro relief which varies the thickness of the Al and A2 horizons.
Ridge: Al is 0-10cm, A2 is 10-32 cm. Furrow: Al is 0-7 ¢m, A2 is 7-20 cm. The expression of
strong columnar structure has not been affected by chiseling. 7lhere is a change along the pit
as the Thoeny soll meets Phillips and the columns abruptlvy degrade to prismatic structure.
Salt nodules are common below 60 ¢m, although they arc not evident in the adjacent Phillips
profile. At 85 cm, many fine platy shale fragments were ohserved, although the contact with

underlying shale was not reached.




SOIL SERTES?:

SURVEY SAMNPLE NO.:3

LOCATIONS:

CLASSIFICATIONS
SITE NO,2 80 55

SLOPES

o1y
AIR TEWMPERATURE
SOIL TEMPERATURE

WATER TABLE:

PRECIPITVATION?

PERMEABILITY:
PHYSIOGRAPHY ¢
WICRORELIEF:
VEGETATIONS

PARENT MATVERIAL:

PARENT MATERIAL:

HORIZON
A
A 2
s 2v
B 3CA
C 1ca
c 2CA
REMARKS?

102

ELLOAN
seony
SE=SECI2-T36N-R19E -
BOROLLIC NATRARGIDS; FINE
COUNTY: BLAINE ELEVATINNE 807 MwYERS
E::a::: NE;:;:E:§V£L KIND? PLANE :2:;273‘.:::?’ 55
SUMMER 3 ODEGREES F WINTERS
D
::rg::l ::kaES F :g:::ll 17 DEGREES ¢ WINTERS: D:::E:: :
o 3 KIND: NO WATER TAsLE
e CONTROL SECTION LINITS == UPPER? CH  LOWER:
LEVEL O ONOWATISS Weinee DRAINAGE CLASS? =
SRsione STONINESS? CLASS
GRASSES AND FORBS AND SHRUBS
PARTLY NEATHERED GLACIAL TILL
IGNEOUS, METAMORPHIC AND SEDIMENTARY
PARTLY WEATHERED MARINE
CALCAREOUS SHALE
PROFILE DESCRIPTION
”g; 6Ch, C 0~ 2 IN)
N CLOYR 4/3) CRUSHED 3 SANDY LOAM § PALE BROWN
:E:: . FINE GRANULAR MOIST  STRUCTURE i SOFY (:°'3zn3'::x§:f:"‘° pidl
HTLY STICKY , SLIGHTLY PLASTIC i COWMON YO MANY FINE & NEDTUM IOOYS'

THROUGHOUT HORIZON i CORMON FINE VESICULAR PORES » COWNMON TO WANY

FINE TUBULAR PORES §  NONCALCAREOUS (HCL
PH= 5.1 (PH METER) i ABRUPT SWMOOTH eounonfv) .CONVX"UOUS el

6~ 10CHh. ( 2~ 4 IN)

DARK BROWN C(10YR 3/3) CRUSHED 3 LDAR i PA

LE BROWN (10v
H:Al FINE PLATY HOIST STRUCTURE i SOFY » VF:V“FR:::I’.ECRUS‘D o 11
SLIGHTLY STICKY , SULIGHTLY PLASTIC i CONMON TO WANY FINE €& MEDIUN I;OYS

THROUGHOUT HORIZON i CONMON YO MANY FINE VE

SICULAR PORE
FEW TO COMRON FINE TUBULAR PORES 3 NONCALCAREOUS (N:L§ CaNVlNUOUS
WEDIUN ACID PH- 5.6 (PH METER) i ABRUPY wavy BOUNDARY \

10 - 15Che C 4 ~ 6 IN,)

DARK BROWN C10YR 3/3) CRUSHED 3 CLAY LOAM i BROWN C1GYR 573) CRUSHED DRY 3
MODERATE REDIUM  COLUMNAR WOIST STRUCTURE 3 SLIGHTLY HARD » FRIABLE
STICKY o PLASTIC 3 COMMON TO MANY FINE € MEDIUR ROOTS THROUGHOUT HORIZON
COMMON TO MANY FINE VOID INTERSTITIAL PORES s COMMON  FINE VESICULAR
PORE S 3 NONCALCAREOUS C(HCL) CONTINUOUS i NEUTRAL PH=- T.0 (PH MNETER) H
ABRUPT SMOOTH BOUNDARY .

15 = 27 Chs € 6 = 11 INJ)

YELLOWISH BROWN CL10YR 574) CRUSHED 3 CLAY LDAR t DARK GRAYISH BROMN (10YR 4/2)
CRUSHED DRY  MODERATE MEDYUR PRISMATIC MOIST STRUCTURE PART ING TO

STRONG MEDIUM ANGULAR BLOCKY WOISY i HARD s FIRN s STICKY .

PLASTIC 3 CORWON TO MANY FINE & RMEODIUM ROOTS THROUGHOUT HORIZON 3 COmmON

FINE VOID INTERSTITIAL PORES s COMMON TO MANY FINE VESTCULAR PORES i
NILDLY EFFERVESCENT (HCL) CONTINUOUS i MODERATFLY ALKALINE PH- 8.4 (PH METER) H
ABRUPT SWOOTH BOUNDARY .

21 = S4 Che C 11 - 21 IN,)

BROWN C1O0YR  4/3) CRUSHED 1 CLAY LOAR I GRAYISH BROWN C10YR 572) CRUSHED
ORY § WEAK FINE ANGULAR BLOCKY MOIST STRUCTURE AND MASSIVE

VERY HARD » VERY FIRM s STICKY » PLASTIC 3§ FEW FINE & MWEDIUM ROOTS
THROUGHOUT WORIZOM 3 COMMON TO WANY FINE VESICULAR PORES i

VIOLENTLY EFFERVESCENT (WCL) CONTINUOUS ? MOOERATELY ALKALINE PH- 8.4

(PH METER) 3 ABRUPT SWOOTH BOUNDARY .

55 - 88 (M. ( 22 - 35 IN.)
BROWN C10YR 5/3) CRUSHED 3 CLAY § GRAYISH BROWNM CLOYR 5/2) CRUSHED ORY 3

MASSIVE MOISY § VERY HARD ¢+ FIRM » STICKY o PLASTIC 3 FEN

FINE € MEDIUM ROOTS THROUGHOUT HORIZON 8 COMMON TO MANY FINE VESICULAR

PORES 3 MODERATELY EFFERVESCENT (HCL) COANTINUOUS $  STRONGLY ALKALINE PH- 8.9
(PH METER) 3 NOT REACHED BOUNDARY .

CHISLED .

The microrelief created by chiseling caused the thickness of the Al horizon to vary, being thickest
under the ridges. Columnar structure is intact, not affected by the treatment although the
underlying prisms were not as strongly expressed as at the other treatment sites.




SOIL SERIES:

SURVEY SAMPLE NOD.:?

LOCATIONS

CLASSIFICATIONS
SITE NO.: 80 56
13

SLOPE:

AIR TEMPERATURE
SOIL TEMPERATURE

WATER TABLE:

PRECIPITATION?

PERMEABILITY:
PHYSIOGRAPHY
MICRORELIE":
VEGETATION:

PARENT MATERIAL:

PARENT MATERIAL:

HORIZON

2

27

ica

2CA

REMARKS?

TEALETTE
S8oaT 5
SE-SEC32-T36N-R19E g
BOROLLIC NATRARGIDS FINE
COUNTY: BLAINE ELEVATION: 807 METERS MONT
CLASS: NEARLY LEVEL KINDZ PLANE AS'E:T'?‘“:::'IH i
ANNUAL 3 DEGREES F SUMMER S DEGREES F WINTERS DEGREES F
l:!ﬂl‘.l ODEGREES F SUMMER: 17 DEGREES C WINTERZ DEGREES F
DEPTH: Cn. MONTHZ KIND 3 NO WATER TABLE
Ch. CONTROL SECTION LINITS == UPPER? CH LOMERS (]
DRAINAGE CLASS:
LEVEL OR UNDULATING UPLANDS STONINESS: CLASS

ON SLOPE

GRASSES AND FORBS AND SHRUBS

PARTLY WEATHERED GLACIAL TILL
IGNEOUS, METAMORPHIC AND SEDIMENTARY

PARTLY WEATHERED MARINE
CALCAREOUS SHALE

PROFILE DESCRIPTION

= °U- 4Che C 0 - 2 IN.)

ROWN C10YR 5/3) CRUSHED 3 LOAM i LIGHT BROWNISH GRAY C(10YR 6/2) CRUSH

ORY § WEAK FINE PLATY NOISTY STRUCTURE $ SOFT s VERY FRIABL: i .
SLIGHTLY STICKY , SLIGHTLY PLASTIC i COMMON TO MANY FINE € MEDIU® ROQTS

THROUGHOUT HORIZON 3 COMWON TO MANY FINE VE STCULAR PORES o COMMON

FINE TUBULAR PORES i NONCALCAREOUS (HCL) CONT INUO
g U T I us 3 SLIGHTLY acro

4~ 10Ch, ¢ 2~ 4 IN)
DARK BROWN (10YR 3/3) CRUSHED 3 CLAY LOAX i BROWN C1OYR 473 RU R
STRONG MEDIUM COLUMNAR KOIST STRUCTURE PARTING TO MODERATE . :ED?U.‘ID =
PRISMATIC 3 SLIGHTLY HARD » FRIABLE , STICKY o PLASTIC
COMMON TO MANY FINE ¢ MEDIUN ROOTS BETWEEN PEDS § FEW YO COMMON FINE
:xg‘:a::;;;VllL PORES » COMWON YO MANY FINE VESICULAR PORES ]

(HCL) CONTINUOUS 3 NEUTRAL PH- T, P

et ig-bons ; 1 (PH RETER) i ABRUPY

10 - 20 Che € 4 ~ 8 IN.)

YELLOWISH BROWN C10YR 5/4) CRUSHED 3 CLAY 3 PAL® BROWN (10YR 6/3) CRUSHED
DRY 3 MODERATE MEDIUR PRISHATIC moIST STRUCTURE PARTING TO STRONG
MEDIUM ANGULAR BLOCKY WOIST 3 HARD sy FIRM s STICKY o PLASTIC 3

HANY FINE ¢ WEDIUWM ROOTS THROUGHOUT HORIZON i COMMON YO MANY FINE

VOID INTERSTITIAL PORES » COMMON TO MANY FINE VESICULAR PORES ]

NILOLY EFFERVESCENT (HCL) CONTINUOUS i STRONGLY ALKALINE PH= 845 (PH METER) H
ABRUPT SMOOTH BOUNDARY -

20 - 57 Ch. C 8 - 22 INJ)

BROWN Cl10YR 4/3) CRUSHED § CLAY LOAN 3 GRAYISH BROWN €2.,5Y 5/2) CRUSHFD
DRY § WEAK FINE ANGULAR BLOCKY MOIST STRUCTURE PARTING TO MASSIVE
MOIST 3 VERY HARD » VERY FIRmM » STICKY » PLASTIC 3 FEW NEDIUN
ROOTS THROUGHOUT HORIZOM i CORMON TO MANY FINE VESICULAR PORES H
VIOLENTLY EFFERVE SCENT (HCL) CONTINUOUS i MWODERATELY ALKALINE PH- 8.3

(PH METER) 3 ABRUPT SMOOTH BOUNDARY .

57T = 90 CM. ( 22 - 35 INJ)

DARK BROWN C10YR 3/3) CRUSHED ; CLAY LOAw i GRAYISH BROWN 2.5y 5/72)
CRUSHED DRY 3 MWASSIVE mOISTY i VERY HARD s VERY FIRM s STICKY .
PLASTIC § FEW WEDIU® ROOTS THROUGHOUT HORIZON § COM®ON YO MANY FINE
VESICULAR PORES 3 MODERATELY EFFERVESCENT (HCL) CONTINUOUS J

STRONGLY ALKALINE PH- 8.5 (PH METER) $ NOT REACHED BOUNDARY .

CHILSED

Columns and underlylng prismatic structure appear to be partially destroyed by the treatment.
(hiseling mixed sufficient OM into the A2 and upper B2t that the B horizon is Jdarker than any
of the other Tealettes have been. The zone of salt accumulation begins at 30 cm, and anodules

are common below that depth.




SOIL

pt

44.3

56.1

32.7
44.4
34.4
43.7
44.2
45.9

32.7

FIELD+

18.8
25.6
18.6
23.7
22.8
16.9
25.7

12.2
19.9
18.7
20.6
27.3

17.6

25.4

1979 DATA

SAND

50

36

e el el e
(== Nl NoloNe]

(o N=NeoleNele]

N0 ¥ ke
(=N=NeRele o]

el el
ST sl Whe v
oOoo0oocoo

(=

o

oo

NN
CTE
(=N =Nl

BULK
DENSITY
(g/cm3)

1.29
1.54
1,57
1.61
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1.68
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1.56
1.78
1.75
1.88

1.67

1.64
1.75
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SOIL TREAT-  HOR- WATER AT TEXTURE COARSE BULK THICKNESS

MENT IZON SAT WILT FIELD SAND SILT CLAY FRAGMENTS DENSITY
T e SRR ) (i s Byt ) (%) (g/cm”) (em)
7 NP Al 44,2 19.5 27.4 38 28 34 .0 1.68 10
B21 45.5 17.6 34.9 33 24 43 .0 1.63 9
B22 55:3 16.0 32.6 28 28 44 .0 1:57 16
cl 5542 8.3 28.4 32 26 42 .0 1.68 33
c2 54.5 17.0 25.6 43 21 36 .0 1.68 41
c3 45.0 18.1 26.6 37 27 36 .0 1.62 31
P NP Al 43.4 9.9 19.8 50 13 37 .0 1.39 11
B21 54.4 17.9 26.6 48 20 32 1.0 1.55 16
B22 54.7 18.7 27.9 38 22 40 2.0 1.69 26
B3 45.4 19.8 - 40 26 34 2.0 1.68 21
cl 45.0 17.3 - 57 19 24 2.0 1.70 41
c2 55.3 19.4 - 61 23 16 2.0 1.67 35
TH NP Al 32:7 5.6 - 54 32 14 2.0 1.64 13
B21 44.3 19.3 - 42 26 32 .0 1.15 20
B22 55.0 17.6 - 44 22 34 1.0 1.66 28
B3 56.0 21.8 - 37 29 34 1.0 .77 31
cl 46.9 21.4 273 34 32 34 1.0 1.60 33
c2 55.3 1L.4 24.1 36 26 38 1.0 1.58 35
TH cs Al 44.9 13.2 30.9 38 26 36 .0 3272 10
B21 55.6 17.1 33.4 36 22 42 .0 1.71 8
B22 45.6 15.4 28.1 38 22 40 .0 1.83 27
B3 56.8 15.3 31.2 36 24 40 1.0 1.82 22
cl 67.1 16.4 30.9 32 26 42 1.0 1.79 38
c2 55.7 14.2 27.0 43 22 35 1.0 1.74 25
P C Al 33.5 7.0 20.0 52 30 18 .0 1.45 10
A2 3N 1.1 24.6 46 26 28 .0 1.48 6
B21 45.0 16.5 30.6 40 22 38 .0 1.62 12
B22 54.6 13.2 25.9 40 26 34 3.0 1.64 25
B3 44.0 10.2 24.6 48 26 26 4.0 1.60 19
c1 44.3 3.5 23.5 42 24 34 4.0 2.58 51
c2 55.2 11.6 28.5 40 28 32 5.0 1.58 37

SOT




SOIL TREAT- HOR- WATER AT TEXTURE COARSE BULK THICKNESS

MENT IZON SAT WILT FIELD SAND SILT CLAY FRAGMENTS DENSITY
b DRt X ot P A AT e ) 2 (g/cm3) (cm)
s ¢ Cc Al 44.9 14.5 31.4 40 30 30 .0 1.56 10
B21 46.2 21.4 35.8 32 22 46 3.0 1.63 14
B22 56.4 18.1 32.7 38 22 40 3.0 L7 19
B3 54.9 18.6 37.3 37 22 41 4.0 1.84 19
Cl 44,2 6.3 22.1 43 36 21 5.0 1.50 33
c2 55.2 8.1 24.2 45 26 29 5.0 1.70 30
E c Al 32.8 3.7 10.7 b4 | 34 15 1.0 1.50 10
B21 45.6 13.7 34.4 35 26 39 3.0 1.69 13
B22 45.6 13.6 32.0 33 30 37 3.0 1.63 20
B3 54.4 12.1 24.7 33 34 33 3.0 1.68 19
c1 54.9 12.4 26.4 36 31 33 3.0 1.67 50
c2 55.8 13.7 27.3 35 32 33 3.0 1.68 23
1980 DATA
T NU A2 40.0 6.7 18.9 37 37 26 .0 1.46 4
B21 40.7 11.5 24.3 33 30 37 .0 1.60 20
B3 53.8 15.6 29.5 29 25 46 .0 1.52 25
c1 53.8 16.3 28.4 23 25 52 .0 1.73 27
c2 52.6 24.6 29.4 25 29 46 .0 1.69 32
E NU Al 52.3 14.2 26.5 25 33 42 .0 1.29 7
B2 54.0 17.1 31.2 25 27 46 .0 1.69 16
B3 50.9 15.1 28.3 23 33 44 .0 1.58 5
cl 49.4 12.6 24.3 25 31 44 .0 1.60 33
c2 51.1 13.1 24.9 29 24 47 .0 1.46 50
P NU Al 33.9 8.9 18.6 37 35 28 .0 1.40 11
B21 41.8 1.1 21.3 33 31 36 e 1.44 10
B22 48.9 15.9 27.7 27 25 48 .0 1.54 24
B3 52.4 28.2 25.9 25 25 50 .0 1.56 8
c1 56.0 19.7 26.8 21 25 54 .0 1.52 57
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TREAT-
MENT

NU

NP

NP

cHS

HOR-
IZON

OWNWwWooM

FIELD

N~
&~
S oW e

~N
—
W~ = OO 0o

20.8

25.8

24.2
16.9
20.2
19.9
20.7

BULK

DENSITY
(gm/cm3)

1.42
1.69
1.67
1.64

1.43
1 ) |
1.71
1.66
1.68
1.65

.99
1.59
1.71
1.69
1.71

1.71
1.55
1.72
1.72

1.46
1.70
1.69
1.73

1.41
1.41
1.61
1.60
1.53

LOT




SOIL

TREAT-  HOR- WATER AT TEXTURE COARSE BULK THICKNESS

MENT IZON SAT WILT FIELD SAND SILT CLAY FRAGMENTS DENSITY
e . R | Y e P Y+ o, i Wt ) (%) (gm/cm3) (cm)

CH Al 28.4 5.8 15.6 49 30 21 .0 1.51 10
A2 21:3 &S 1225 47 34 19 .0 1.59 22
B21 37.6 11.6 23.8 43 26 31 .0 {Ey ] 24
B22 46.5 13.9 28.8 42 23 35 .0 1.62 19
Cl 34.8 9.8 19.3 41 26 33 .0 1.57 27

CH Al 35.9 7.8 20.5 51 30 19 0 1.41 6
A2 28.3 6.5 18.6 43 36 21 0 1.46 4
B2 41.0 14.1 27.6 35 26 39 .0 1.2S5 5
B3 50.8 16.9 27.3 37 24 39 0 1.65 12
Cl 47.1 13.4 23.3 31 30 39 0 1.83 28
Cc2 54.3 - - 29 28 43 0 1.80 63

1.
SAT = Saturation, WILT = Wilting point, FIELD = Field capacity

:;

§

P = Phillips, TH = Thoeny, T = Tealette, E = Elloam

NU = Native vegetation, unplowed; NP = Native vegetation, plowed; C = Cresred wheatgrass vegetation,
plowed, CH = Native vegetation, chiseled
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1979 DATA

TOTAL ORGANIC

BRAY

SOLUBLE

EXTRACTABLE

HOR- SAR CEC

IZON

SOIL TREAT-

APPENDIX 3:

EC
mmhos/cm

MATTER  pH

(%)

N
ppm

MG NA

CA

MG
s mef1008. <o i vt

NA

CA

MENT

ppm

o
[Ta)

.2 7

2

120

43

o2

1.0 10.4 11

Al

NP

Ual
0

~wn
~ 9o

10
48
51

o o
-~ o

B21
B22
B3

nwoc
0 N o~

N NO
0

1.2

35.8- 11.8

4.0

N DO T

CHEMICAL

8

oo
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7 2

3
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24
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oONWNnOO
e 3N

Ra i Mg Bag I - )

r~ 00 00 00 r~
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o~

O 00

Al
B21
B22
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14.0
11

51
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31

7

10.5

80.0

13.0

109

DATA FOR EACH SOIL BY HORIZON
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TOTAL ORGANIC

BRAY
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EXTRACTABLE
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1980 DATA

TOTAL ORGANIC

BRAY

SOLUBLE

EXTRACTABLE

HOR- SAR CEC

IZON

SOIL TREAT-

EC
mmhos/cm

MATTER  pH

N
ppm

NA

MG

MG K
.me/100g.....

NA

CA

MENT

(%)

Ppm

OO m~mw
NN

[ B I
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1

900
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3.1

5
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11

7.2

1.0 11.3
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NU
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™ O
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EC
mmhos/cm

pH

)

MATTER

ppm

TOTAL ORGANIC
N

ppm

BRAY

SOLUBLE
MG NA

MG CA
IRV 1) R e S R S S

EXTRACTABLE
NA

CA

HOR- SAR CEC
IZON
Co wiaioio
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SOIL TREAT-
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SOIL TREAT- HOR- SAR CEC EXTRACTABLE SOLUBLE

MENT IZON CA NA MG K CA MG
(ot tavece o am Bovian e Be/EO00R. . viasvnensannins
E CH Al 1.6 17.8 3.2 2.6 3 .4 i 8 4
A2 3.7 10.4 3.0 3.0 4 =3 .0 o1
B2 o745 2370 6.8 9.8 3.0 o N
B3 6.8 28.7 30.0 11.8 3.7 o TRlEsad
Cl 8.6 21.7 36.0 13.8 3.7 .4 .4 O
C2 10.8 24.4 30.0 15.1 4.3 4 ol 2
T CH A2 Z;7 153.0 6.8 3.9 r .6 o o2
B2 . 753 23.9 132 10.2 2.1 A ¢ [ |
B3. £13.5 27.8 30.0 15.4 3.5 B i |
€l 759 20.0 52,0 11.5 3+3 T e O
£2 17.4 21.3 34.0 13.1 4.0 A 4 .8

2 E = Elloam, T = Tealette, P = Phillips, TH = Thoeny
£

NP = Native vegetation, plowed, NU = Native vegetation,
CH = Native vegetation, chiseled

BRAY TOTAL ORGANIC pH EC
NA K P N MATTER mmhos/cm
...... ) ppm ppm (%)

1 .0 99 1900 4.2 S.1 «9
5 | .0 62 1100 2:3 5.6 ol
1 | .0 18 800 1.4 7.0 .6

7 .0 25 900 1.6 8.4 2.8

) 0 19 400 9 8.4 4.6

2 .0 30 400 -3 8.9 3.4
ol .0 86 1400 3.0 6.5 312
= .0 42 1100 1.8 7.1 1.2
o7 0 36 1100 j B ) 8.5 2.2
.7 .0 30 500 .6 8.3 6.4

0 .0 29 500 .6 8.5 3.7

unplowed, C = Crested wheatgrass vegetation, plowed
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a Z
= g g &
E e
O v 2 =
Hmmm§x+++—4—+ B o+ o+ o+ = o o = e =
=T g 2E 26 S B & § Rl > (g Sl § g & 8 & g =
€ # 3 B8z ¥ B 3 8 3 %8 ¥ E3% PR 2 3 3 3
T s o R L e S RS A el ; WAl GRS LR o g o T ) )
8 wurot 33 3 15 1 PES, G WSt 97, Ty g 4 1
E e TSR S 11 i € S RS ) G 1 1
THS 1 24 3 17 2
pS 1: s SR R T LT el 1 3 - gt
T w79t 38 - ) (O T 3 1o 2
E 29 Tg- 083"y 13 88 12 6511 §5 2
TH : el e T A T e 4 3
P 1 16 20 1 1 2 8
¥
o O o e 27 6 3V 6 1
E T e T T s B i L 3 35 4
TH 13 52 7 g 25 2 31 2
P 13 L s 23 2 8 25 3
T wsof 28 3 15 4 4 9 AT e 1 2 1
E 20/ 12 68 . 8. S AR of R G- igat ™ g uln 3 il
TH .- 50 Ot TR al g 1. CemEART S LS8 2
P 12 S0 .. 22 "NYENIE 28 10 3 g
r wesof 29 1 14 4 3
E e e 5 7 P e e 26
TH & Aoy e ST S AR G T e R 12975
P 26 3R AN IR 2R 6 LTk IS Gl g A 6 s 380 S o8
T cusot 16 B b 2k E. o2
E N Lk . IS 42 0 AT 330 | 2y e
TH 15 2 69 5 1516 =6 264 2 1052 3
P 13 50 REiER 17, - A= o 5 3 2

+Four letter plant symbols are given in U.S. Department of Agriculture, Soil Conservation Service (1976) .
*NU79 = Native vegetation, unplowed, 1979 location; NP79 = Native vegetation, plowed. 1979 location;
C79 = Crested wheatgrass vegetation, 1979 location; NU80O = Native vegetation, unplowed, 1980 location;
NP80 = Native vegetation, plowed, 1980 location; CH80 = Native vegetation, chiseled, 1980 location

°T = Tealette, E = Elloam, TH = Thoeny, P = Phillips
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APPENDIX 5: PRODUCTIVITY DATA FROM SVIM ESTIMATE AND CLIP'

PLOTS AND FROM RANDOM CLIP PLOTS

Key .to Appendix 5

+Four letter plant symbols given in U. S Department of Agriculture,
Soil Conservation Service (1976). )

fr = Teal'ette, E = Elloam, TH = Thoney, P = Phillips

Sxu79
NP79

non

C79 =

NU80

NP80
CH80

Native
Native

Crested

Native
Native
Native

vegetation, unplowed, 1979 location
vegetation, plowed, 1979 location
wheatgrass vegetation, 1979 location
vegetation, unplowed, 1980 location
vegetation, plowed, 1980 location
vegetation, chiseled, 1980 location
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MOIST ESTIMATE DATA (SVIM)

SOIL TREAT- GRASS' FORB' SHRUB" AGsM AGSP' BoGR' cAEL" ARFR sEDE LI:}}{— OPPO’ MISC. MISC. MISC. AGCK
sz oo

MENT E GRASS FORB SHRUB
(ecosoonsanvnssos RIME L o) e i abisaiense e I (SEST ) DN TP g/ s oo )
¥ Nuzes 7 3 5 1 1 3 1
5 3 2 5 41 1
22 2 ST [ 1 2 350 =12 2
" 9. 12 5 1 1 2 9 2
ET NU79 6 3 i 260 4 2
9 8 1 200 10 80
160 4 3 §'° 8 T T 4 5
+ 7 2 S TRl RoioN 2 1
TH NU79 11 7 Tt 230 5 2
6 1 2 3 260
8 3 2' " 230 4 2
$ 4 2 3 1 260 5 2
PT NU79 21 D e | 140 1 18
10 3 5 1 100 2 1
11 & 16 2 1 1 3 20 5 70- 77 1 16
11 6" 2 140 6 3
6 5 1 160 5
9 1 5 2 11400 1 2
T NP79 4 4
6 2 1 1 3
2 2 vk 2 2 4 4
B T 3 1 1 1
6 4 1 1
E NP79 8211556 1 4 6 2 1
75 e 5 1 6 1
12 1 10 3 1
16 1 14 38 2 1 2
12 5 3 9 5 2 1
6 5 3 1
53 111 1 10 4 1
TH NP79 11 30 9 20 3 2 30
2. 40702 2 40 2
6 6
12 1 1 5 6 1 1 1 1
P NP79 12 - 6180 8 2 6 2 50
201, 7 » 2 10 5 2 2 5 2
8 4 2 4
g2 8 2
T c19} e Bl 1 1 11
8 6 2 1 6 2 3
9 2 7
11 4 1 2 4 2 6
E C79 12 1 1 2 10
24 3 3 18
12 15 1 15 11
260 1 15 1 3 7
2 2
TH C79 21 1 5 15
18 2 1 15
130 702 2 1 12
14 1 4 1 3 7
13 9 1 3 9.9
P C79 24 1 1 4 20
7 1 3 1 4
10 4 1 4 2
11 L )3 9 2913
16 ] 1 1 1 3 1912
2 1 1
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SOIL TREAT- GRASS FORB SHRUB AGSM AGSP BOGR CAEL ARFR SEDE LICH- OPPO MISC. MISC. MISC. AGCR

MENT EN GRASS FORB SHRUB
Covnsovanis A g/m2 ................. Y T oM aet) Careisaie o gt L eains
T NU8o® 3% i A= 2
8 1 1o TR 1 5
9 Loy 7
8 9 4 2 4 4 5
E NUSO 1R 1 adEoAs < 3
12 "5 9 oL SISk i
UM T 1 6 20 50 4 3]
15 6 8 RERE ) 4 1 3
% 4 5 1 210 4 2
ety 30 T AN o8 ~ Y
g 1S 3 18 ORI 2
P  NUBO STRND 4 1 12 40
12,8 4 5 7 Sy
15 7 2 13 6 1
11 4 6 12 L AN 00, 2 AR
7 2 Y (T A
TH NUSO g 2 3. sl yesiogn” 85 2
3oiey 2 1 140 1 1
2riay 1 0 gl
p o 4 WA s LTy 3
TH NP8O 6 11 2 11 20 5 2 4
G 2 5 1 3 2
9 9 ; 1 6 140 5 3
T 8 a2 6 2 3 2 8 2
g5 N2 5 1 2R
P NP8O gy g0 i 1 2 30 22 L
127440 4 1L ) 25520 ; T
6 5 3 2 8 5 70 3 6
9.5 4 3 TS
7 11 1 4 CR
E NP8O 11 5 2 1 oA 3 By
161 3 9ig Ay 5
10 10 1 3 9 P!
101 =51 4 6 1 2
11 5 4 5 5 oy 2
T NP8O 4 4 1 4 3
10 10
2 el 1 1 20y
32 ) il | 9 70
P  CH8OP 6. 22 4 21 i
W BT 8 1 4 g ]
25 6 16 6 9
10 12 8 1 9 T
g1 1 A ! 2
TH CH80 4 8 1 5 3
5 14 1 2 14 3 1
16 12 1 2 T ] 2 12
6 21 3 1 21 2
E CH80 8 4 2 1 4 5
B g ST P 3
2R 8 e 4
9 15 2 R 5 2 3
8 i1l 4 2 11 2
13, 2 1 2 2 2 10
T  CHS0 A ¥ e 6
7 5 2
T 3 1
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DRY WEIGHED DATA (SVIM)

SOIL TREAT- GRASS FORB SHRUB AGSM AGSP BOGR CAEL ARFR SEDE LICH- OPPO MISC. MISC. MISC. AGCR

MENT 2 EN GRASS FORB SHRUB
Cidbhmisned kbt QIBT  ws sevie ain Bom o wBek ) I G AUTAN Tt AN (Y IR
T NU79 8 6 1 1
2 2 2 2
E NU79 3 4 4
3 3
4 3 1
TH NU79 3 3
3 3
P NU79 5 1 4
6 1 3 1 3
T NP79 3 3
E NP79 5 3 4 3 1
5 3 1 3 4
TH NP79 TN, LT T 1 15 13
7 3 4
P NP79 6 3., 28 3 28 2
8 8
T C19 5 1 4
4 3 1 3 1 2
E C79 9 1 8
7 7
TH C79 12 3 9
12 12
P C79 11 1 10
14 11 3
T NU8O 3 2 2 3
3 2 1 3
E NUSO 6 2 3 2 1 2
3 4 1 2 4
P NUSO 6 3 3 2 3 1
5 1 4 1 1
TH NU8SO 2 2 1 2 1
6 1 2 2 1 1 1
TH NP80 6 1 5
7 1 3 1 4
P NP80O 10 3 7
7 2 4 1 3 1
E NP8O 7 1 1 6 1
5 2 2 3 2
T NP80 5 5
5 5
P  CH80 8 3 3 3 5
5 5 4 5 1
TH CH80 4 4 3 3 4 1
6 7 1 7 5
E CH80 4 1 1 1 3
3 2 2 3
T CH80 3 2 1

w
w
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MOIST WEIGHED DATA (SVIM)

SOIL TREAT- GRASS FORB SHRUB AGSM AGSP BOGR CAEL ARFR SEDE LICH- OPPO MISC. MISC. MISC. AGCR

MENT EN GRASS FORB .SHRUB
Caiee s 4 S IS e s L SRR Sy dlh W T e R ¥ g/:gn.......)
T NU79 6 4 6 4
14 2 12 i 2 1
E NU79 5 4 1
7 6 1
2 2
TH NU79 8 6 2
3 3
5 1 4 1 1
P NU79 9 9
3 3
8 8
7 7
9 1 6 2 T 1
T NP79 6 6
2 2
E NP79 6 5 4 5 2
8 7 8 7
TH NP79 2 28 2 28
13 6 7
P NP79 14 8 68 9 5 8 68
11 6 5
2079 12 12
7 6 2 1 6 4
11 2 9
11 2 9
E C79 12 12
19 i 17
16 16
TH C79 22 6 16
23 23
P C79 521 5 21
14 4 6 6
20 10 10
T NU8O 12 7 6 7 6
4 3 3 4
6 1 5
E NU8O 12 4 5 4 2 4 1
9 4 3 3 1 4 2
P NUSO 12 7 4 5 7 3
7 2 5 1 2 1
TH NUSO RS 3 5 2
11 2 4 3 2 2 2
TH NP8O 11 3 8
12 7 5 2 7
8 8
P NP8O 14 5 9
14 9 5
15 6 9 3 6 3
E NP80 13 1 3 10 1
8 4 3 5 4
T NP8O 10 10
11 11
P  CH80 4. 10 5 8 1 3
5 9 4 8 1
TH CH80 3 H 2 10 1
5 19 19
E CH80 §+22 3 18 1 3
5: 17 2 2 15 1 2
T CH80 2 312 2 12
Ak 3 1 8 3
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RANDOM CLIP PLOT DATA

SHRUB

FORB

GRASS

TREATMENT

SOIL

O OITITNANNITN ITONNITINNT T MO T I T TN TOODTONSTNIS

NU79

NU79

NU79

TH

NU79

~

NP79

NN N - — o~ N -~

NANOAITNOONONOAANNOONITO0

NP79
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SHRUB

FORB

GRASS

TREATMENT

SOIL

NNVOARDNNNADONN—INONANTOITNDANATNOOVORN A A et Nt DN MO D e NN~ O

an -

~ ~ o n o
] [ ~ ~ ~
= = o (&) (&)
= =
= (" — = 2]

NOOOOAMMMN VWY

c79
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FORB SHRUB

TREATMENT GRASS

SOIL

g/m

NU8O

- - —NNM M NN~ ™M

NONOONT NN TO OO N

NU80

VCNINOVNORNOIN VNNV NONNIINODODRAITNITND

NU8BO

~

N NNNNNT NN~

NU80

TH

— N N

NP80

) ) - NN D

MW~ MO

NP80

O N - ~ -~

NVwTMmITNnNA N

NP80
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OO N ~ ~ TN~ ™M —— 0 - o™ NN S FTONOOMOANNTOATINN OO0 ND T N™ T - -

w

7

M.56643455251231262 NOITOAT A~ OO ~T O N FONITOITNONNOTITNIITOM ™ =T -
o

CH80
CH80
CH80

TREATMENT
NP80O
NP80
CH80

SOIL
E
T
B
TH
E
T




Dependent Variable
Productivity (P)

g/m2

Totall

Grass+

Total*

=
Grass'

Totalt

Grasst

Equation

Data with All Sites Included

14.34 - .18(C horizon available water (%)) - .67(C horizon
extractable P (me/100g)) + .18(C horizon 15 bar water)

5.15 - .94(A horizon extractable Na (me/100g)) + .19(A
horizon extractable P (me/100g)) + .05(B horizon cation
exchange capacity (me/100g)) - .45(C horizon extractable
Mg (me/100g))

59.32 - 3.49(B horizon electrical conductivity (mmhos/cm))
- 6.69(B horizon organic matter (%)) + .35(B horizon
extractable Ca (me/100g)) - 4.48(B horizon soluble K
(me/100g)) - .90(B horizon clay (%))

19.34 - 3.26(B horizon organic matter (%)) - 1.06(B horizon
extractable Na (me/100g)) - 1.90(C horizon extractable P
(me/100g)) + 1.28(C horizon soluble K (me/100g)) + .10

(A horizon Sodium Adsorption Ratio)

Data with Control Sites Excluded

6.10 + .31(A horizon cation exchange capacity (me/100g))
- .70(A horizon extractable Na (me/100g)) + .10(A horizon
sand (%)) - .22(B horizon clay (%)) + .10( B horizon

15 bar water)

-1.07 + .14(C horizon sand (%))

Multigie
R
.76
.92
.90
.92

.98

.81

8.45

18.90

15.36

17.58

36.56

24.10

ALIAILDNCAO¥d NO VIVA

TVOINEHD '1I0S ¥0d SNOILVADI NOISSAYOTH ISIMAALS

9 XIANAddV

LT




Dependent Variable

Multiple
Productivity (P) Equation RZ F

Totali P = 124.65 - .79(A horizon extactable Ca (me/100g)) - 7.36

(B horizon pH) + .45(B horizon cation exchange capacity

(me/100g)) - 17.84(B horizon organic matter (%)) - .98

(B horizon clay (%)) .99 77.67
Grass* P = 20.07 - 1.03(B horizon extractable Na (me/100g)) - 6.76

(B horizon total N (ppm)) - 2.95(C horizon extractable

P (me/100g)) + .60(C horizon total N (ppm) + .08(C hor-

izon clay (%)) .99 89.61

-

¥

Random clip plot data

SVIM moist estimate data




Dependent Variable
Productivity (P)

g/m2
Totalt

Grass’

Total*

Grass*

Totalt

Grasst
Total*

Grass

Total+
GrassT
Total*

Grass#

Equation

Data with All Sites Included

P =4.70 + .00(A horizon organic matter (%))
P=2.4+ .04 (solum thickness (cm))

P = 248.46 - .03(clubmoss cover (cmz)) - .03(elevation (m))
+ .26(solum thickness (cm))

P = 2.25 + .00(organic matter (%) in solum) + .09(C/N in
solum)

Data with Tealette Soils Excluded

P = 8.80 - .0l(aspect) - .0l(clubmoss cover (cmz))

P = 2.45 + .90(soil type) + 1.74(A horizon coarse fragment
content (%)) + .00(solum extractable Na (me/100g))

P = 12.82 - .06(clubmoss cover (cmz)) + .15(solum thickness
(em)) - 1.71(C horizon coarse fragment content (Z))

P = 6.53 + .00(solum extractable Na me/100g)) + .49(avail-
able water (%Z) in solum)

Data with Control Sites Excluded

P = 5.02 + .00(A horizon organic matter (%))
P = 2.44 + .04(solum thickness (cm))

P=5,78 .03(aspect) + .30(solum thickness (cm))

P = 2.60 - .00(organic matter (%) in solum) + .08(C/N in
solum)

+Random clip plot data

#SVIH moist estimate data

Multiple

.57

.63

.74

79

.70

.82

.80

.66

.60

.69

.84

.79

10.78

14.39

8.47

17.43

7.26

9.88

8.52

5.92

8.07

12.86

15.65

10.63

ALIAILONAO¥d NO VIVQ

TVOISAHd '1I0S JOd SNOILVNDE NOISSAYOTY dSIMdILS

‘L XIaN3ddy
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APPENDIX 8: INDEPENDENT VARIABLES TRIED IN STEPWISE
REGRESSION ANALYSIS

PHYSICAL VARIABLES

Aspect

Slope (%)

Elevation (m)

A horizon thickness (cm)

B horizon thickness (cm)

Solum thickness (cm)

Coarse fragments in A horizon (%)
Coarse fragments in B horizon (%)
Coarse fragments in C horizon (%)
Calcium in the solum (me/100g)
Magnesium in the solum (me.100g)

Sodium in the solum (me/100g)

Potassium in the solum (me/100g)
Nitrogen in the solum (me/100g)
Phosphorus in the solum (me/100g)
Organic matter content of A horizon (%)
Organic matter content of the solum (%)
Available water in the solum (cm)

CHEMICAL VARIABLES

For one A,B and C horizon for each soil:

Electical conductivity (mmhos/cm)
pH

Cation Exchange Cagacity (me/100g)
Bulk density (g/cm?)

Organic matter (%)

Water at saturation (%)
Extractable calcium (me/100g)
Extractable magnesium (me/100g)
Extractable potassium (me/100g)
Extractable sodium (me/100g)
Bray phosphorus (ppm)

Soluble potassium (me/100g)
Soluble magnesium (me/100g)
Soluble calcium (me/100g)

Total nitrogen (ppm)

Sand (%)

Silt (%)

Clay (%)

Water content at 15 bars

Water content at 1/3 bar
Horizon thickness (cm)

Sodium Adsorption Ratio
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APPENDIX 9: LINNEAN AND COMMON PLANT NAMES

Agropyfon cristatum

Agropyron smithii

Artemesia frigida

Bouteloua gracilis

Buchloe dactyloides .

Carex eleocharis

Distichlis stricta

Hordeum jubotum

bppuntia sSpp.

Phlox hoodii
Poa secunda

Salsola kali

Selaginella densa

Stipa comata

Stipa viridula

Crested wheatgrass

Thickspike western wheatgrass

- Fringed sagewort

Blue grama grass
Bﬁffalo grass
Blackroot_sgdge
Nuttai.alkgiigrass
Foxtail barley .
Prickly pear éactus

Moss phlox

Sandberg bluegrass
" Russian thistle .

" Clubmoss

Needlé-and—thfead grass

Green needlegrass
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