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Soil and Plant Analysis Laboratory
285 WIDB
Prove, UT 84802
8301-422-2147
Plant and Animal Sciencs
' Department SOIL TEST REPORT |
AND
Name Plateats Minlng cw__ RECOMMENDATIONS Dats: 13-Feb-04
Strest P.O. Box 30 Time: 12:06 PM
Helper UT 84526 Telephone:  472-4741
City Stata Zn
Cation
Sample Crop to Sand Soll % Organic
Identification |be grown pH | % % 8iit | % Clay Toxture m';‘"" Mattor
0-6" Sta 18+00 Turf T.20 75.84 1644 8.72 Sandy Loam
Very Very
Gail Test Results Low Low | Medium High High Recomendations
iw .
aSim 3.75 X na salinity problem
SAR-Sodlum
Absorption Ratio 1.35 X no sadium hazard
Caaum-SAR 517.40
ppm Ca
e BAR | 35n.80
b F
Sodium SAR 16450
|__Ppm Na
Roron 1023 X no fertiizer needed
ppm B
Notes:
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Soll and Plant Analysls Laboratory
255 WIDR
Provo, UT 84802
8019-422-2147
Plant and Animal Science
Department SOIL TEST REPORT
AND
Name Plateau Mining Corporation RECOMMENDATIONS Date: 13-Feb-04
Strast P.Q. Box 30 Time: 12:06 PM
Halper UT 848526 Tolephone:  472-4741
City State 2)p
Catlon
Sample Crop to Soll % Organie
identification |be pH | % Sand | % Slit | % Clay Texture Ex:hange Matt
0-6" 15+00 Turf 7.20 85.84 1744 18.72 Sandy Loam
Soi) Tost rosults | V'V | Low | medium | wigh | VY Recomendations
_Low High
Salinity-ECs 5.03 X salinity a probiem for sensitive
dS/m ’ crops
[SAR-Sodium
’ Absorption Ratla 7.13 X no sodium hazard
Caicium-SAR
ppm Ca B 480.00
Magnesium SAR 284.50
ppm Mg
Sodum 801.30
ppm Na
Boran
ppm B 8.28 X . no fertillzer needed
Notes:
RECEIVED
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288 WIDB
Prave, UT 84602
. 801-422-2147
Plant and Animal Science
Department SOIL TEST REPORT
AND
Street P.O. Box 30 Time: 12:06 PM
Helper UT 84528 Telephone:  472-4741
Chty State Zp
' Cation
Samplo Crop to Soll % Organic
Identification |be pH | % Sand | % Siit | % Clay Texture Exchange Matter
raw. meq/100g .
0-8° Sta 14+00 Turf 7.32 67.84 1744 14.72 Sandy Loam
Soil Test | Results "| o | Low | Medlum | High :_:"'_: Recomendations
Balinity-ECe 520 X salinity a problem for sansitive
dS/m Grops
SAR-Sodium .
A tion Ratio 6.89 X no eodium hazard
CalGium-SAR
om Ca 511.00
Magnesium SAR 316.20
ppm Mg
Sodium SAR 689,60
ppm Na
Boron
oom B 7.87 X no fertilizer needed
Notes!
W
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Soil and Plant Analysis Laboratory
255 WIDB
Prove, UT 84602
801-422-2147
Plant and Animal Science
Department SOIL TEST REPORT
AND
Name Plateau Mining Corporation RECOMMENDATIONS Date: 13-Feb-04
Street P.O. Box 30 Time: 12:06 PM
Helper uT 84526 Telephone: 4724741
City State Zlp
~Catlon
Sample Crop to - Soll % Qrganic
pH | % 8and | % Silt | % Clay Exchange
ldentification |be grown Texture 100 Matter
0-6" Station 14+00 Turf 717 85.84 17.44 18.72 Sandy Loam
Very Very -
Soll Test Results " Low | Meodium High High Recomendations
Salinity-ECe 5.20 X salinity a problem for sensitive
dS/m ) crops
SAR-Sodlum
Absorption Ratio 5.97 X no sodium hazard
Calclum-SAR 521.50
ppm Ca
Magnesium SAR 283.80
ppm Mg
Sodium SAR - 884.20
ppm Na
Boron
20 j
ppm 8 7.2 X no fertilizer needed
Notes:
n=CEWVED.
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Viewpoint: Soil Boron Guidelines for Reclaimed Western

Soils

JAMES N. BECIC

Introduction/Regulatory Requirements

Reclamation activities remain a high priority for all western
surface mining operations. Annually, thousands of hectares arc
re-graded, topsailed and seeded in order to cstablish productive
wildlife/rangeland habitat. The dilemma occurs when regulated
reclamation standards, guidelines, or prctices do not consider
localized field conditions, yet arc retained simply becausc there has
been insufficient research done to technically support & modifica-
tion. Both Wyoming (DEQ 1983) and Montana (1983) have estab-
lished regulatory parameters (pH, conductivity, most heavy metals,
ctc.) and analytical procedures (numerous sampling and extraction
techniques) for topsoil snd overburden analyses. Of particulaar
concern, for the efficient reclamation of western encrgy areas, are
the maximum allowable boron (B) concentrations and the require-
ment to utilize the hot water extraction procedure for determin-
ing these concentrations.

Wyoming (DBQ 1983) considers soils “toxic™ if hot water
extractable B levels are present in excess of 5.0 and 8.0 mg/liter in
topaoil and overburden, respectively. If these concentrations are
found, Wyoming (DEQ 1982) requires the toxic material be treated
or buried under 1.2 m of nontoxic material. Montana (1983) limits
hot water extractable Bin both soil and overburden to 5.0 mgy/liser.
Greater levels must be treated or buried under 2.4 m of nontoxic
material (Montana 1980).

Regardiess of the regulatory requirements, the questions remain:
Age these B concentration lcvels cause for concern when effective
native plant establishment is desired? Are currently required ana-
Iytical procedures for toxic soils apprapriate? Are there sufficient
!':du available to develop B standards for the mining/reclamation
| umy?

To thoroughly ansywer these questioms would necessitate several
years of greenhouse, laboratory, and/or field rescarch. However,
several considerations are presented in the following review.

o W”L%W. Kiewit Mining and Exgineering Co., 233 Kicwit Plaza,
Manuscrips received Augast 19, 1983
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Discussion
Essentiality or Toxicity

Boron is both an essential element for higher plants as wellasa
potential plant toxin, Although it is required for all higher plans
growth, its exact biochemical function within the plant is sull
speculative (Clarkson and Hanson 1980).

Plant available Bis considerably less than “total” B and occurs in
the s0il as boric acid at neutral pH. In this form B is used as an
essential micronutrient (Weast 1974, Clarkson and Hanson 1980).
However, only upon reaching a species specific threshold concen-
tration of plant available B do toxicity symptoms occur.

Boron Concentrations and Soll Interactions

Most soils, depending on their origing, contain & total B content
ranging from 20 to 200 mg/liter (Berger 1965). Higher or lower
levels are generally rare. Differences in B concentrations are doe
partially to varying parent materials on which the soils were
formed but primasily to the soil types which reflect the differing
climatic zones and geographic regions, i.c., podzols of Biclorussia,
eutrophic peaty soils of Israsl, c1c, (Aubert and Pinta 1977).

Soils containing relatively high total B levels can be regarded a3
normal for many westen regions when 2 situations are recognized.
First, vast areas of the West have sails that were derived from
marine sediments, i.c., the Wyoming Basin (Hunt 1967), and
naturally contain large amounts of B (sca water contains from
4.0 to 5.0 mg/liter towal B). Secondly, arid and semiarid regions,
regardless of their soil derivarion, generally have -higher B con-
centrations because little has occurred via precipitation
(Bradford 1966, Aubert and Pinta 1977, Jenkins 1981).

Several other parameters to consider when evaluating a soil's B
toxicity {evel are the interactions of soil pH, organic matter, and
aleum (Ca) with B,

Soil pH and its effects upon plan available B led Aubert and
Pinta (1977) to make this observation: “In a basic medinm, B is in
the form of compounds Icss casily soluble. . . (henee lcss avails-
ble to the plant). . , than those compounds formed in an acid
medium.” This finding was also discerned by Richardson (1979)
and Bradshaw and Chadwick (1980), who concluded that in soils
where the pH is between 8.0 and8,5 (similar to many Westen soils),
B becomes difficult for plants to absorb,

1t was also noted that soils having a low organic matter content,
compounded by low rainfall, trended toward having lesv plant-
available B. This trend was due to decreased biologic action
(Berger 1965).

A final, potentially significant interaction is that hetwoen B and
Ca. Soils in question may contain significant amounts of soluble
Ca. It has been determined that “in higher plants, Ca ameliorates
toxicities of other metal ions™ (Bollard and Butler 1966). The
prescnce of Ca in the soil appears ta decrease both total and selublc
B in plants, thereby reducing iss toxicity (Stiles 1958, Berger 1965,
Bradford 1966).
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Boron u: not m! varisbly a phytotoxin unless s substantial
amount (more than is far norma) growth) is both in the
soil and in & form available to the plant. f aboratory analysis
indicates 8 B concentration greater then 5.0 mg/liter, the soil is
considered toxic (DEQ 1983, Montana 1983). However, the

hot water cxtraction t¢ soveral times

Lab., USDA-M Ret. Service, Riversiis, Calif,, psrsonal com-

-umm;on) mmm.mmem(lm),empwymmu

different elemonts and procedures concluded that hot water extrac-

tion of B did not provide sufficien npmdun'hlitytomudmu

reliable method to svaluate availability of B.
Three vecent i

yiekled 12.00, 8,53, and 5.43 mg/liter B, reapectively, while the
saturated paste B yielded 4,10, 4.55, and 4.45 mg/liter). Bingham
(F. Bingham, Dep. of Soils and Env. Sci, Univ. Calif., Riverside,
pmcaﬂoomuum)m&hum(a.nsamw

Flains Grastland Rescarch Seation, USDA-Agr. Research Service,
Chsyenne, Wyo., personal communication)both indicated that the
use of 3 saturation extract methodology is “swch better™ than the
hot water soluble technique, when determining plant-availsble B.

Blologic Responses

It is important 1o realize that even if the substantial problems
related to soil testing methodology are disregarded, as well as all of
the potential soil interactions that must have an influence on B
toxicity, it remains that species’ autrient requirements as well as B
toxicity Jevels are not the same. Plants display.s wide ranps of
solerance to B (Gerloff 1963, Bradford (966).
, the B-related rescacch has

agencicy’ maxim!

tions for Btoxicity levels, However, Scltuman (personal
cation) has suggested that for native plants, mto.omwflm
the saturation extract may not become 8 probicm unless the elec-
trical conductivity of the saturation pasts exiract excoeds 5
mmhos/cm. Greenhouse studies by Schuman (1969), using several
varictics of tall wheatgrass (Agropyron elongatum) detarmined
mstwumsoluhknkwbuhuhnsomo”om/ﬁmum
cause t toxicity symptoms or rsduced production. Oertli
etal, (l%l).wliuummsolumumm“m 10.0ppm
available B did not bring about a noticesblc reduction of growth™
whan 5 turfgrass species were cxamined, Additionally, both Schu-
man (1969) and Oertll et a). (I%l)oburvedtutmnm
were never detrimental to and often enhanced soed germination.

thuwhmhududmﬁmhumwmnm
water-extracted B concentrations on pulverized fuel ash (PFA) are
mmwmmaam» 30.0 mg/liter are

ported (Bradshaw and Chadwick 1980). Similarly, Hodgsonand

Townuud(ms) expect reclamation species to establish on PFA
even if B concentrations arc as high as 30.0 mg/liter. Specics
natwrally sdapted 1o saline conditions (i.e., Ariplex spp.) “estad-
lish very satisfactorily.”

Waorking with reclamation species on retorted oil shale in Colo-
rado, Smith and Lindsay(1982) found that soil B concentrations of
7.2mg/liter for alkali sacaton (Sporobolus airoides) and fovswing
saltbush (A‘lrngkx conescens) and 1?2 and 8.3 mg/l:g. for tall
wheatgrass western whesigrass (Agropyron amitiil), respac-
tiw&w::&:eh c:vltleuﬁcl;‘;:y 'pp tlmmt plants
ingthea t appears many native range
Mwmmmmmmmmmuhuwm
Spories sy of which st Cartealy Adepued o and grOVing
species, many ars corrently to
cxtremely harsh environments, should do well if used in reclama.
tion,
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Conclmions snd Recoramendstions of
1) A need exists for pertinent B research. Currently, portions
this work arc being conducted by industry to determine answers to
some of the questions presented in this report. However, sufficient
data 10 justify regulatory modifications may roquire several years,
In the interim, regulatory agencies need 10 & more flaxjhle
approach to allow mine reclamation activities to procesd (possibly

on 8 site specific experimenta) basis) without undue delay.

2) Soil testing requirements need to be modified. The use of
required hot water soluble methodology does not provide data that
accurately reflect plant available B, nor is it a method that is
reliably reproducible, A more appropriate testing procedure would
be the use of a saturation extract.

S)Sonnlmmhouumhemduadmmumhm
complex soil regime. Ameliorating interactions of various soil

, Le., pH, 1exture, calcinm, ete., with B must be exam-
Hmdnhmmtumlmmxhldmd!pmt.

4) Application of toxicity standards cstablished for crop plants

emothmde‘umtheboud"tormwm
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