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SI (METRIC) CONVERSION FACTORS

Approximate Conversions to SI Units

Approximate Conversions to SI Units

Symbol When You Multiply By To Find Symbol Symbol When You Multiply By To Find Symbol
Know Know
Len,
in. inches 24.40 millimeters mm mm millimeters 0.0394  inches in.
ft feet 0.3048  meters m m meters 3.281 feet ft
yd yards 0.9144  meters m m meters 1.094 yards yd
mi miles 1.609 kilometers km km kilometers 0.6214  miles mi
Area Area
in? square 645.2 square mm’ mm’ square 0.00155  square in?
inches millimeters millimeters inches
ft? square feet 0.0929  square m’ m’ square 10.764 square feet ft?
meters meters
yd’ square 0.8361  square m’ m’ square 1.196 square yd?
yards meters meters yards
ac acres 0.4047  hectares ha ha hectares 2471 acres ac
mi’ square 2.590 square km’ km? square 0.3861  square mi’
miles kilometers kilometers miles
Volume Volume
fl oz. fluid 29.57 milliliters mL mL milliliters 0.0338  fluid fl oz.
ounces ounces
gal gallons 3.785 liters L L liters 0.2642 gallons gal
i cubic feet 0.0283  cubic m’ m’ cubic 35.315 cubic feet ~ ft’
meters meters
yd® cubic 0.7645  cubic m’ m’ cubic 1.308 cubic yd®
yards meters meters yards
Mass Mass
oz ounces 28.35 grams g g grams 0.0353 ounces oz
b pounds 04536  kilograms kg kg kilograms 2.205 pounds Ib
T short tons 0.907 megagrams Mg Mg megagrams 1.1023 shorttons T
(20001b) (20001b)
Temperature Temperature
exact exact
°F degrees (°F-32)/18 degrees °C o degrees 9/5+32  degrees °F
Fahrenheit Celsius Celsius Fahrenheit
Force and Force and
Pressure or Pressure or
Stress Stress
Ibf poundforce 4.448 newtons N N Newtons 0.2248  poundforce Ibf
Ibf/in®  poundforce 6.895 kilopascals kPa kPa kilopascals 0.1450  poundforce Ibf/in’
per square per square
inch inch
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Executive Summary |

Sodic soils occur in many Oklahoma counties. But additional counties especially in
southeastern Oklahoma need field investigation to further identify areas and classify sodic soils.
The use of the natric diagnosti subsurface horizon classification (Soil Survey Staf, 1999) o
identify sodic soils does not include all sodic-dispersive soils. The natric definition should be
wcpandedtomchdedmpamvesoﬂswﬁhsodmadsmpﬂmnho(SAR)wheaofbetwem4w
12 with electrical conductivity (EC) values less than l;dmmnenspermew'andtoyxdemfy
dispaﬁve soil materials in the lower subsoil which are especially important for coghiceting
interpretations. The use of SAR and EC soil values adequately predicted soil dispersion as
musuredbythedoublehydrometermethodunderspemﬁcoondmom This relationship was
Mmamdmmmommwmchl)mmmmmmmv
alkaline, 2) were moderately clayey (32.0 to 44.2%; mean 'low mdlnghvuhles for B horizons,
respectively), 3)weremtersu'atxﬁedilhte-smecuteclaytype,4)mntmedubmmasﬂxe
domammOnmﬂwwﬂmmhangemmplmS)wmdommtedbyehhndemdwlﬁums
 in the soil-water extract (saturated paste), and 6) contsined gypsum in some horizons. SAR and
| EC-cmnldnotbeﬁsedto-predictsoildiépersionusingtherelatieﬂshipde&dopédforthéspedﬁc,
mwM1)~soi1pHis»mdor'mmglyukaune,‘z) clayeoMandtypemchdes -

vmaﬂﬁemdkmlmﬁe,B)magnenumandmtcdcmdomﬂedthemﬂmmgewmplex,

4)Mmmmmmmmmmdedommuoﬂmwmsmypm'
is present in the soil. Thcpmhole_test;sreoomended forthe;prqd:cuon of dispersion. Pinhole
' test value of slightly dispersive (ND3) and greater should be used to indicate dispersion. The
pinhole test should be used in conjunction with the double hydrometer test and soil SAR and EC
vahx&tqpredictdispasivesoﬂs. Thecrumbtestshouldnothemedasaqﬁckﬁddmfor. |

v



identifying dispersive soils. Laboratory results indicate successful remediation of sodic soils
using several amending material (especially gypsum and calcium chloride) and that remediation
becomes more difficult as the amount of salts and sodium increase in the soil solution. Leaching
(successive additions and removal of water) in conjuction with addition of amending materials
(especially gypsum) resulted in improved remediation. Laboratory results need validation by
field studies before‘being implemented. |
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~ INTRODUCTION
Overview
Sodic soils occur in Oklahoma and adversely affect roadway construction, maintenance,
and plant growth, Sodic soils are also called dispersive soils indicating the dispersion of small
s¢i1 particles (especially clays) within soil horizons. Sodic soils are unique because they contain
sigrificant amounts of sodium (Na") compared to calcium (Ca ) and magnesium (Mg™?) on
canonexchanges:tesofsoﬂsandmporewater Th:sgreaterNa contmttnsodaccomparedto
nonml(non-sodxc)milspmducesdwﬂnctphymcbmmlsoﬁm Distinct
'phy&ochem:cal soil chamctensucs produced by sodic soils include increased in-situ bulk
v-mmmmdmmmhymmmm |
mcraudsoﬂdnspemoncomparedtomsod:csoﬂs Emanelypoorphntgrowthoondmons
owwhmmdxcsoﬂsmdxﬂuﬁedhynlhgeopmon& Emmwlypoorrondwnyconmuwon '
matmalxmpmducedwhmsod:csoﬂsmnsedasroadwaymbgndeorﬁll. .Sodwmls, .
whenever possible, should not be disturbed unless intensive remediation is given to correct their
' unique physnochemlcalmﬂ characteristics. o |

o engmeermgpwposes(mchasroadmdbndgewmﬂuctmn) Thzmofﬁhnemdwdw

j soﬂsmOkhhomampoordrmmge,sﬂtymgﬁmw&er odﬁddwaste,mdﬂxesahne—wdlc
soﬂparentmatmal(Stxegler 1986 and Johnson, 1990) Whensodlcsoillsusedasaﬁllor :

' ‘bonowmmipmpuandunmdsformmroadmysandmmbadmgwwﬂapnofmﬁs
andhndges(Knodel,l991) Sod&csoﬂsmOklahomaommspotsofmeguhrmmdshape
. atvanoustopogmph:cloeanons(kmdetal 1993). Sodxcwilsthatommouahomafmmm



alhuvium and residuum derived from shales of the Permian snd Pennsylvanian periods (Ryker,
1977). ; |

Rwhmationofsodicsoﬂsisachiwedbyapplyingcbuﬁcdumendmﬂsmiowerthe
exchangeablesodmmpereeutage(BSP)ofthesoﬂstobelowlS Chenualamendmentsare
mawmsthatwpplyadwalancanonmdus&”tomphoem ontheexehmgemsofthe
soil. TheCa”canongnﬂeﬂomthedwwluﬁonofeﬂmmoommmngamendmmmmmganm
water. Therateatwhchsodwwﬂsmberedmeddependsuponmmyfactmmdudmgthe
rate of water flow through the soil profile, theoomamnonofcé* mofmemﬂ,ﬁsrm
thedepthandthlcknessofthesodlchmzon(erkmdSchoﬁeld,IQSS)

SoopeandPurposeofWork

- Soils that disperse will l)a'odeewlymdformpapesandtmelsmembankmam,m
wtslopesorbehmdbndgebackwalls Z)uuwmmonmdwdmtpmblmto
roadwaym:cmres,and 3)someumudavdophmrdousmadwayoondlnom Theuseof
dnspmvewﬂsasﬁﬂdmngbndgeandroadwayconmucmncreatuwsﬂymmmame
becwseofswhngofnpproachshbsmdroudwaymbadmee. 'I'hel:ckofsoﬂcharacteunuon
datahnutsdlspemvesodldentzﬁwnonmdmedmuon |

Tlnsrcpmtcontmmaprdﬁanpmmonmﬂmeduuoncompm Fututeuseof
dmwmhmmdmywnmmwbeeﬁmﬂedormm Prwennnguseof
mmwmﬂsﬁmngmdwaymmmonwmmmouyandmmmadwayafay
mtpmveplantgrowth,andredmsoﬂerosmnandpo%on Alargepartofthasreportconeans
prwanmgmadmypmblambyxdmfymg,chumnngmddaamngmdmﬁhmun
ofd:sperswesoils Amaﬂerhnmmﬁrepmtmdmmmtbemdw&onofdmve
soﬂswrrenﬂymngroadwayproblm Therepmmnsreoomendmomonthephysml



and chemical treatments needed to remediate dispersive soils. Future engineering techniques

-will include these treatments and obtain benefits by improving plant growth, reducing soil

erosion, and limiting roadway failure caused by dispersive soil materials.
_ Results can be applied immediately to proposed roadway construction and to current

problem areas. Potential problem soils can be identified through computer generated maps and
supporting soils database. Dispersive soil areas can be avoided as unsuitable construction
‘materials or treated to correct poor soil conditions. Proposed remediation methods and materials

produced from this project can be tested in current problem areas. Research findings and
proposed remediation will need further field testing and engineering design before application.
Objectives of the study include 1) identify and characterize soil series that have natric
(sodio-dispersive) horizons in Oklshoma, 2) develop county soil maps showing locations of
dxspemvesmls, B)devdopsoﬂsdatabasetosupponmapmﬁtsoonuhﬁngdispusivesoﬂa,and

4)detaxnineueatmmtsformedisﬁonofdispetdvesoﬂs.



Genesis of Sodic Soils
Sodic soils include Natric Great groups of Mollisols, Alfisols and Aridisols. Previously

Asodxcsmlswereclmﬁedassolmchaks solonetzes,onolods Sod:csoulshavesohxblesaltsm
the lower depths in the soil profile. Sodtcsoﬂsarechamcl;mzedbythedevelopmwtof |

relatively impervious, strong columnar B horizon structure (McGregor and Wyatt, 1945) which
iscwwmed.bymghmublem(ls%m m)‘mmemﬂmnoidaleompmm
high sodium adsorption ratio (SAR more than 13) in the soil water extract (McBride, 1994).
The:mﬂalﬂxeoryofthedevelopmmtofso&umaﬂ‘eﬂedsoﬂswaspmpo@bythe
Ruman.K Gedrmtz(1927) Gedroitz’ stheorquun‘utheprmo&muble,
atherpamnmtmephawd,dmmghtothesoﬂmﬁeetobewby

/Wmm;wwmmwmw 1927

Kellog, 1934; Kelley, 1934; MchregorandWyau, 1945; Bentley and Rost, 1947 Wem, 1953;
‘Whittig and Janitzky, 1967;  Arshad and Pawhik, 1966; Rnssmnuenetal 1972; Lcwxland e

- Drew, 1973; FullatonandPawhxk, 1987, Millerand Pmduk, 1994) Otheroondmonsmemary

forthedwdopmﬁofmﬂswﬁhnﬂnchonmmmdmmmdcbm&esmdpmodsof

temporaryexoeswemmsunemterspmedvmhdrypmods,:mpededdmnage lowslope |
gmdteﬁgandtmturﬂdtmnﬁmnﬁesaeﬂeddmmgdepomﬂmofudm«ﬂsambaswm

’glmalonlhmalmatmNs(Lwy 2000). Dnspers:vesonlsdeveloponsod:c—salmeparent -

B Thechmctheoryvnwssolonetzsmh(Mcwﬂs)uomnagemthcmmnofﬂ:ef
sod:csoﬂs(soxomhak,mmsolod)thammmudufonows(emlm) |



Normal soils. In these soils the base exchange is saturated with the divalent cations
(mainly Ca®"), the colloids are flocculated.
‘Saline soil (solonchak). Salt accumulates in the soil and on the surface (given a shallow
water table). The process is called salinization. Usually a portion of divalent cations on
theeu:chmgexsreplacedbymonovalentcauons,especuﬂysodnm The presence of
excess salts (CI, SO4”) prevents the hydrolysis of the sodium from the exchange and this
keeps the colloids flocculated.
Sodic soil (solonetz). These soils have a relatively high amount of exchangeable sodium
 and a low amount of soluble salts. Sodium displaces only a part of the exchangeable
" calcium and magnesium. This happens only in the case of a high concentration of
there is a slow rate of lowering of the water table, the ground water ill add more sodium
 salts — by capillary rise through the soil stratum, followed by evaporation, during the hot
season. During the rainy season, soluble salts are leached. The amount of exchangeable
' sodium gradually increases. Givenahighconmtof»sodiumonﬂnme,mvalof
»saltscausesmcreasedmobahtyofooﬂmdsandthesoﬂbeoomeshlghlyalkahmasaresult
‘ofthehydrolynsofthesodmm
- ‘Sodic:soil (solod orsometnmes soloth). Uponﬁxrtherleachmg of salts dxspased colloids
;mwedownwnd,wwmﬂatemthembwﬂ,mdfomacompactclay-nchmbwﬂ(nmm
‘horizon) that is slowly permeable to water. Excha.ngeable hydrogen increases and soil
pI-Idecreuses. Thcprooessxscglledsolodmuon. Presence of CaCOs prevents
 solodization. In this case, during leaching, calcium displaces the absorbed sodium on the
soil exchange complex, preventing the soil from degrading (containing a compact clay-



rich subsoil). Rode (1955) suggests that vegetation contributes to the shifting

(biocycling) of calcium from the lower parts of the profile into upper horizons.

Later studies support and evolved the classical theory (Kellog, 1934; Kelley, 1934;
MacGregor and Wyatt,1945; Bentley and Rost, 1947; Westin, 1953; Whittig and Janitzky,1967;
Arshad and Pawluk,1966; Rassmussen et aLv, 1972; Lewis and Drew,1973; Fullerton and Pawluk,

1987; Miller and Pawluk, 1994). Kellog (1934) found that normal soi, solonchak, solonetz, and
solod occur in complexes. H also desctibed two types of solonetz depeading on source of salts:
uniform and complex. Uniform solonetz develop in old ponded areas usually from parent
materials of heavy clay, either of lacustrine or aliuvial origin. Complex solonetz, the most
common, develop because of capillary rise of salts from the water table and occur as “solonetz-

Kelley (1934) emphasized the role of soluble salt composition in the prooess of

solonization. The presence of soluble calcium salts tends to prevent the saturation of the soil
exchange complex with sodium. As was shown by Russian investigators, solonetzformsﬁ'om
 solonchak only if the Na'/ (Ca*+Mg™) is greater than 4 or if calcium ssit content is less than

 20% (Kmnchevetal 1989). Somcesofsodmmsaltsvuydependmgonlocalcondﬁ:ons
Naurdsodmmsahs(chlondesandm)mdenved&omsedmenuwpuuurock, carried
into the soil by atmospheric dust, plwpmnon, or by saline ground water (Rode, 1955). A
 principal way in which alkaline sodium salts (sods) form in soils is & reaction between soluble

* sodium salts and calcium carbonates (CeCOs) (Kelley, 1951). Later studies proposed the
 importance of biological formation of soda (Whittig and Janitzky, 1967) in water-logged soils

* with high water tables and high organic matter. Rode (1955) reported positive relationships
 between sulfate-bearing waters and strongly alkaline, sodium-saturated soils, having substantial



'soda accumulations. Soil miaoorg;mmrememlfmm sulfide. Sulfides of calcium,
magnesium and sodium upon hydrolysis give corresponding hydroides, which upon reacting
with HyCOs give calcium, magnesium and sodium bicarbonates. Sodium bicarbonate remains
” solubhandmoveswﬁhcapﬂlawwatermdacmmmhtesaswaterevapomes&omthesod
surface. Inuofwbonmomde(coz)reudtsmformmon of soda. |
 Other reswchmggests that several processes influence the formation of natric (sodic)
‘horizons in soils (Lewis et i, 1959, Wildmg, 1963 Mnnnmd Boehm, 1983; Johnson :'et al;
1985 Reid et al, 1993). Lewis et aL., (1959), Munn and Boehm (1983), and Johnson et al,
(1985)~shidieﬁsyﬁunk*inwﬁchmuﬂudidnqt-phyarok‘msolomﬂfmmnﬁonum |
and Boetnn"(l‘m)--w that in the Northern Great Plsins (Montans), solosization is driven by
re&mdmmmmsauywnumMmmmmcmdm
5 ,potemmm Theprocesshappensatandevamdpomtmtheﬁﬂ-shalebmmduywmme |
anmdwetnngﬁ'om:eadtedmothesahyulcnreousshale Wilding (1963), in studying |
solonetzic soils in Illinois, found that differential redistribution of soluble sodium from
 weathering of sodium-rich feldspars in non-saline loess s responsible for sodium sccumalation
in the soils. mmmbuumofmmmwuwmwmmmuunm
~-~wnhmmemauvaymmomundalymgmmanmlpueoso1 Other studies concluded that

S nmchormomformthroughdeposhonofukdustﬁommarbyplayas(ndmyne 1978

‘Peterson, 1980; Reid at al, 1993) Aﬁerdepounonthesaltsandthechyﬁmnthedustm

: mcveddownwardmdacamhtemthembsoﬂtoformanatnchomn
| Ihesethemeshaveonethmgmcommomtowulvetheumquesﬂuchmandmpunu |
nfkod:c-soﬂs,alugemopomonofsodlummnqededgnthea;changeoompm Cation
e:clnngeruchonshadtomdmmwmﬂmﬂyoowpymgamgmﬁmntputofﬂwemhmge



complex (15% and more). Thesouroesofsodiumandprocesséthatrewhinmnnulnﬁonof
sodium in upper soil horizons are different for various locations. (Theories of genesis for sodic
soﬂmustmﬂectloedcﬁmate,landfonn,mdmateﬁalinwbbhzthesoﬂfomed.) For most sodic
- soils, sodicity is a natural phenomenon related to the nature of the parent material and subsequent
pedogenic processes affected by the interplay of moisture and tanperature These processes are
responsible for differentiating the soil profile into layers (horizons). There are also sodic soils
wheresodmtyamesﬁomamhropogemcpmcessesmdmuﬂedseeondaqsobmnhmm
salinization. Trrigation without proper drainage, foresiclwing,andothermdmmgman
, -mtcncesthacmleadmwwioggngyxddmpldmdmoaduymbmuuonorsdmnum

© Qew,2000. |
" Murphy and Daniel (1935) proposed a model for the genesis of sodic soils in central
- Oklahoma. The presenoe of alkali spots is bekoved to be due to accumﬂmon of sodium salts in
meudhnemﬂdddownbymddhgmuthewnminthedeepu-mmm
evaporated as a result of arid conditions (Murphy and Daniel, 1935) Lataworkat()klﬁhoma
SmeUmvemtyonsodncam!sofmnhoenhﬂOHahomamggeswdﬂwfoﬂowmgmmof
sodium: l)omcroppmggrmmdwaterwmmlsmghmsommesalu&omlowmedevapomtes
(Stewart, 1969),and Z)mszmweathmngofsodnnn-mhfeldspm(l;akhw 1973) Reed -
- (1962)and Chotwamch (1972) reported that the salme—nnuln soﬂsofOldabomamlly
oeamedmrespometooneormoreofthefoﬂowmgproms (l)dmdultsmsoﬁsformed
vﬁomalluwmnorthedeposﬁsofsaltsontheﬂoodplmnsoftbekkmas&vu; 2) by
Wﬁmmﬁmamhed\mubkabmmmmmbm (3)sodi¢
, mm,m.mm-momnmmmuofw'm.mw
shales, (4) by contamination of salt water separated from  mixture of oil and salt water; and (5)
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by use of saline irrigation water. AccordingtoReed(l%Z),theSaltForkoftheArkmsasRiver,
the Cimarron River east of Enid, and the Elm Fork of the Red River are salty and the salt is
derived from rocks in the drainage basins of these rivers.
MechamsmforClayDnsperswn

Hydntedmnovaleuuoauonsmchassodnnn,tbatmnothglﬂyhddbytheday
‘enhance clay dispersion (Knodel, 1991). Dispersion is the repulsion of negatively charged soil
particles. Dispersed soils erode quickly because individual clay particles are easily transported
by wind and water. The classic approach presents clay dispersion as a combination of sodicity
(relative amount of sodium ions versus calcium and magnesium ions (sodium adsorption ratio))
and electrolyte conceatration (amount of soluble salts in soi in soil-pore water. Soil sodicity is
expressed as the sodium adsorption ratio (SAR): R |

(Na*) '

milliequivalents/liter (meq./l) for a soil-water extract. The electrolyte conceatration is a measure

SAR = ‘where Na', Ca?" and Mg?" are concentrations of respectxve ions in

ofmﬁsﬂiﬁwﬁomawﬂ-wit«emmandmmsedasmwcbndwﬁvitymc;
decisiemens per meter (ds/m)) (Richards, 1954). Salt prevents soil particles from dispersing,
Anmh«meamreofd;qumhﬂxtyofwdsmawbangeaNem&ump«oemage(ESP),aﬁmcnm
ofrdaﬁwconcwhﬁmofmdmmonthemﬂcxchmgeoomplmmpucdtothetmdamwm
ofchatgeontheexchmgecompla:(McBnde 1994), Ifgruterthanﬁ%ofthecxchmge
oomplexlsoowptedbysodm‘tonschypmudesstantod:wﬁse. »JfESngreaterthmlS%, |
almost all clay particles dxsperse Obtsining relisble exchangesble ion data is difficult, and SAR
ofﬁm'mmmmpkpm’formfm&chawﬁnwﬂa The
relationship between SAR and ESP is linear (Richards, 1954).
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SAR and EC values for soils provide a basis for evaluation of the structural stability of

sodium affected soils: a threshold concentration curve partitions chemical conditions that

destabilize soil structure from those under which structure is stable (Curtin et al, 1995). Each
soil has a unique relationship producing values of sensitivity to sodicity. In the US, soils with
SAR values of more than 13 and EC less than 4 decisiemens/meter (ds/m) are considered

- .dispersive. InAnstnha, much lower values for SAR compared to the US were adopted (Naidu
etal., 1993). Factors that might account for different sensitivities are soil texture, bulk density,

| mnmmlogy iron oxides, organic matter content, and types and amounts of exchangeable cations
.orwbomtes Smshvﬁyofsoﬂstolargeammnﬁsofsodumandlowdecﬁolyteeone«ﬁnﬂons
»mcrusedwuhmangbiﬂkdmtyanddaycom@renkeletal 1978). Cluymmenls
ufqmdcummﬂyamedmthdnpammﬂsmmcmemdﬂlae@mkdmdmv

 1985). The typeof clay mineral also influences the response of soils to sod:ccondﬂ:ona Soils

E '»ﬁihhrgemxusofapmmgz:l hwﬁmwmmwe(ww)wmm

high in kaolinite and sesquioxides are stable (non-dispersive) (McNeal and Coleman, 1966;
Yaron and Tomas, 1968). Acidic kaolinitic are insensitive to chmgesmsmlwdmty ‘However,
with addition 6fmectiticimpuritiestothesesoils, susceptibility to sodic oondmonsmcreased
markedly(Frenkel, etal '1978). Among the 2:1 layer silicates, smectitic soils have greater

' sens:tmtyto sodtcxtythanvmmﬂ:ﬁccomttupurts(llhoadmandlngvason, 1969)

Sodmsmhcon&nmngmerﬂstbatrudﬂyrdeuesohbledec&olywshkegypﬂm

(CllSO«‘2 H,0) for example, are less dispersible when leached bwausethey will maintain

rehhvelyh:ghultooncmtmhonsmsoﬂsohshom(ﬁp«owchetal 1981). Dupemanns
Wmmmmmmmemamghmm
coaeennmon(FrenkelandMem,lQSS) kmomdeshaveamungeﬂ'eamthemﬂ(ﬁenkel

10
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et al., 1978) which prevents dispersion in some sodic soils. High-charge cations such as
aluminum also promote flocculation (McBride, 1994). The presence of Mg®*, compared to Ca*,
enhances claydispem'oninsoilswithmixed (Ali et al.,, 1987, Yousaf et al., 1987),kaoﬁniﬁc

- (Emerson and Snnth, 1970) and illitic mma‘alogy (Rengasamy et al., 1986). In some kaolinitic

soils, meadverseeﬁectofMg”hasnotbemmted(Levyem 1989). Elevated exchangeable
Mg*" levels can cause deterioration of soil structure resulting in development of magnesium-
solonetz (Ellis and Caldwell, 1935). Furthermore, aggregates saturated with Na* and Mg*
disperse st lower ESP than those saturated with Na” and Ca** (Emerson and Bakker, 1973; Aliet
al., 1987). In calcareous soils, memofMg”mhmesmedimmﬁon of calcium |
carbonate, thereby producing electrolyteslthgt prevent clay dispersion. Soil organic matter |
(SOM) acts as a bonding agent in soils. SOMmhibutswdaggregatebreakdown Increased

,amountsofSOMseunto promoteres:stancetosodnc-d:spemvecondmons

AmmandColemm(lWQ)obmedthatmmmngmhedmmmgdmpauon
insoilsandSuarezetal. (1984) suggested that soils wnth.hrgeamountsof:vmablechnge ‘
(varible charge minerals, mﬁanicmatter)atemostmoepﬂﬂewdiwmionmsedbypﬂ
effects.

Thewseepﬁbxhtyofsodwsoﬂstodmpemondependsonsoﬂm Smlsththto

| '.30%clayarethemost mscepﬁbletodlspemon Withmusmgclayoontmt,soﬂstu@rexs

‘more stableandmsmlswﬁhlessthan 10% clay, theamountofclayavaxhbletodlsp«seand
clog soil pores was lumted | _ ,.
Agronomic Properties of Sodic Soils | ‘ |
Undernumvemluvauon,soﬂs lose a large proportion of organic matter content
responsible for water-stable aggregation. With progressively increasing time under cultivation,

11
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many soils have been shown to become more sensitive to the adverse effect of sodium whether
introduced in irrigation water or originally present in the soil. This increased sodium sensitivity
results in soils with poor physical conditions which are prone to seal formation and erosion

(Sumner, 1998). Deep fertile soils are transformed into eroded and less productive soils. Sodic

soils usually have poor physical and chemical properties, particularly when the electrolyte or

dissolved salt concentration of the soil solution is inadequate to compensate for the effects of
a&changeablesodtum on the swelling and dispersion of clay (Oster et al., 1995).

A commonly encountered physical problem associated with sodicity on croplands is slow
watermﬁltranon, which results mpoorsotl water storage and the need to irrigate more

frequently (McKenzie et al., 1993). When sodic soils are wet, problems of slow water entry into

mmmmmmmrmmmmmmmmym

- becauaeoflowsoilhydmuhccondwnvnty(Fordetal 1993) Soilslnghmsodmmmdxﬁaﬂt

totﬂlmdgexmatlonofmdhngsareremmed (Tisdall and Adem, 1988). Exoess.sodnunon

the exchange complex imparts structural instability to the soil giving poor physical properties.

mmmmemwmmbfmmwmhm For this reason the
surfacelayersrmmnaﬂysmmtedforprolongedpmodsfoﬂomgmgshonormnreﬂﬂnng
mtanporaryanaemb:ccondmons

~ Tnoreased amounts of sodium in soil causes deficiencies of calcium in plants (Sumaer,
2000). Sodicmﬂoondiﬁonsmplmgowmmmpyu&ymmmmmtymd
availability of nutrients such as zinc, phosphorus, andirOn‘due to high pH, calcium carbonate,
and soluble biocarbonate (HCOy'), and carbonate (CO»>) (Chhabra, 1996). Sodic soils are
genenllydeﬁcwntmavmlablemsen(RaomdBma,l%S) Plantpopulahondecruses

becwseofah:ghmofmomktydmmgeadystmofgmwthmsodwwﬂs Forschessﬁ:l

12



7o
;

“p

crop production, exchangeable sodium percentage (ESP) of the soil, must be below 15 often

 requiring application of amendments (Sumner, 2000).

me-mmmmmmﬂy-mymmcmmfmme
replacmxtofexchmgeablesodmm Sodlcsoﬂsarereclmmedbydmmcalamendments
dramaga,croppmg,andt:llageopeunom Chamcalamnd:mntsmhasgypam,ulmm
chioride, hydmtedhmehavebeenusedformanyyearsforthetrm ofcroplmdseﬂ'ectedby
soduun(Abrol,etal 1988).

Pmsenceofsodmmwbomtemsodwmikmhsmﬂwfmmﬁonofsohb&emdm
phosph&eundconehtesmthdectwﬂwnduohvﬁy(ﬂC)andmhbbphmpth
(ChhuhumdAbrol,l%l) Ifuoxlcontmngmﬁcunamomnsofsodannmtbm(mddw
soh:bueplmphom) moﬂofthesoﬂcdm:smtheedmcubonﬂefommdmtavmhbk |
mmmmmmm Amhcmonofmmmhbgypmmmmmve
sodlcsoils,remﬂtsmoonversnonofthesohxblewdnnnphmphatestoleummblecalaum
phosphates. ChhnbtamdAbrol(l%l)obwvedthatcropsgruwnmrenmlyreelumedsodw
wdsdﬂn&mspondtoapphedphmpbomfaﬂmfor#Symbmseofthemused
avulahﬁtyofphosphoms

Properchotceofaopsdtmgnclamamnofsod:csoﬂsasmpm Cropstolenntto
a&cessemhmgmblesodannueavulable Theeﬂ‘cctsofvarymglevelsofawhmgeablesodmm
mﬂumtheperformweofmpsmdmuehvmaﬁm%mthetdmofmtomdm:
cond:hons(Abml,etal 1988 Chhabraetal 1979). Rneeanddhamcha(sesbmaawleau)
appeartobetolmnt “Wheat, barley, oats, cotton,wgmneandhm(pmmsehxmtyphmdam),
uemomywbmmmdlegmeaupsﬁkemsh(pmm:mmkaﬂ(hmmﬂmml
cowpeas, groundnut, maize,"and peas are relatively sensitive to excess exchangeable sodium |
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-(Kumar and Abrol, 1986;). Grassesmingm'al more tolerant of sodic conditions than most

ﬁeldcwps Grasses that are reported to be tolerant to sodicity are Karnal grass (Diplachne |
fusca) Rhodesgmas(Chlons gayana), and Bermuda (Cynodon dactylon) (Kumar and Abrol,

-~ '1986). KamalgmssmmccessﬁﬂlygrownmsoﬂsofveryhghESP(so-%) ‘Cultivation of
‘Mmammsmmmwmmandmmwmmwﬂphww

propemabecauseofﬂ:ebxologwnlmofgxusroots
Unfwanblewdoondxﬁms(hghpﬂmdhrghlevehofESP)mwbwdhyusmwﬁcor

o puﬁdlyredannedsodmsoilsmsﬁwtroﬂpmeﬂahonofmpsmlowerwdhm Roots only
yaxetr&ethcupp«fewoenﬁmﬁqsdependingupmthedegruofwﬂhnpmvmﬁ. The

conﬁnunentoferopmotstomfaeehy«sofﬂ\esoﬂ_
Theavulablewaw:tomgeapwtyofsodwsoﬂsmdmsedbewmoﬁowawﬂ

mo:stureretennonutlow suction values and higher retention at higher suction values (Abrol et

sl 1988 and Sumner, 2000). The effective capacity of soils to supply water is further reduced
' because of the poor soil hydraulic conductivity of sodic soils which seriously limits water
_movement from -lOwér soil layers to meet evapotranspirahon “As a result, the supply of available

mmmmmmmmamw Sodic soils
wﬂhhmﬁedmotpmeﬂahon,lowaedcapwtytostmwatummavaﬂaﬂefom,mdpom
: Engmemng?romescfSodlcSoils |
Dupetsxvesoﬂsarembjecttomrfacesealmgandausung(Shmberglm) Increased
nmbﬁ‘ﬁ?omsodiumghmilremﬂtsinmﬁnmdnm'mmondopesmdslumpmgof
mmwmmﬁmmmﬂmmm

14
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areas. Sodic soils with low wet bearing strength deform easily under pressure when wet, making

,siteaccessditﬁwltandmchsoilsunmﬁtableforfoundaﬁons. Soil strength, settlement, and

mdﬁngmpmp«ﬁestﬁﬂaﬁearoadsmdmbwwsemeyinﬂummofacavaﬁm

_grading, and traffic supporting capacity (Sherard et al., 1977).

The colloidal dispersibility of soil can be directly measured by the pinhole test in which
distilled water flows through the soil under a specific head (Sherard, 1976). Pinhole tests

 simulate a leak in a clay dam, imitate soil behavior in the field, and provide reliable and
 reproducible results (Statton and Mitchell, 1991). However, pnor to testing, samples should be

- maintained at their natural moisture content because air-drying can cause some normally non-

" dispersive clays to disperse during the pinhole test (Shafer, 1978). Nickel (1977) indicated that

| miymeﬂmmonmmbmmmmtmmmmmﬁmmmy dispersion

where shear stress applied by hydraulic flow must exceed the shear strength of the zone of
-expansion. |

One of the simplest tests is the crumb test (Emerson 1967),wmchmbeusedime
field. This test depends on the pH value of the pore water and may be influenced by the clay

- minerals present. Although the crumb test gives a good indication of the potential erodibility of

-soils, a dispersive soil sometimes may give anon-dispersiverreacﬁon (Bell and Maud,1',994).

' Craft & Acciardi (1984) found that the crumb test and the pinhole test at times yield conflicting
 results for the same soil. Subsequently, Gerber & Harmse (1987) showed that the crumb test, the

double hydrometer test, and the pinhole test were unable to ideatify dispersive soils when free
salts were present in the soil-water solution, which is frequently the case with sodium saturated

~ soils. Craft & Acciardi (1984) concluded that pore water cation data (SAR, alone) does not
 provide adequate identifiation of dispersive and non-dispersive soil. Similarty, activity

15
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(plasticity index/clay content) does not necessarily provide a parameter for distinguishing

‘between dispersive and non-dispersive soils. There is no direct correlation between dispersivity

as measured by the crumb test and the liquid limit, plasuatymdex, or amount of clay in the soil.
Richie(l963)_ and Imodel.(i991) set an arbitrary limit equivalent to 30% dnpemon (double

~hydromteht)ofparticleumalleroOOS.mm,above—whichthesOilwouldbemdaedtobe
| mseepﬁbletotlmnehngﬁﬂm AooordmgtoCtouchetal (I991),wbsequwtexpenenoemth

severdsoﬂsoonﬁrmed%%d:spemmbytbsdwbkhydmmetamﬁhodwbeamuﬂehm
Bmmmud.(lW)wwmuwmvemﬂsmpmMmmmad 7
consuucﬁononboththeﬁllmdcutslopes Useofdispeuivesoilsinembmkmentsispossibleif ‘

dnspemvematmahscoveredthhbettadassmatmal Properp]wementmdmmactwnof

ﬁﬂhymshoddbcdmethbmmwaﬁshrmhngandandmthtmm&rm
ofdaspemvesoils Inareaswhae'seepageandsprmgsmlowedﬂongtheahgmwutofamad

WMM&M&M&&WMWMWM

necessary; oﬂwrmsetheembmhnmﬁcmﬂdbe;eopudmdbythedmdomofmnmel
andgullyuommthedupermmﬁsﬂutmldludtotheeoﬂapnofmﬂs Shemdetal
(1977)mdBdlandMaud(l994)mtedthntﬁmueofdmwuh&spemvemhcanbe

*WﬁmMMmmmmmmmﬂmdmmﬂm
-Tandm&hgles(lQ&S)pmpowdthﬁsmhuudmwthdamsshwldhwelesstbmm
~',vmmwmmdmzmmmmmmmmmm

Hydratedhe,gypmmmddmmmmlfatehavebmusedtomdupmdays
usedmearthdams McDamelandDecker(l979)foundthnttbeadd:henof4%bymasof

v hydmdlumoonmteddxspemvesoﬂtomdmpmwﬂ Howwer,hekofhomogenmn

mmngofhmethhtlwsoﬂsmycrwebmﬂenasmduwksonthedam. AcoordmgtoMeMll



~ and Mackellar (1980) the use of hydrated lime for soil stabilization in dam construction have
been avoided in South Africa (Cape Province) Elandsjagt dam. Gypsum because of its relatively
low cost and reasonable solubility in water in a powder form has been used as another stabilizing
material (Grant et al. 1977).

17



SODIC SOIL CLASSIFICATION
Introduction

Twenty-three soil profiles (2m depth) were sampled as representative of the key sodic

soils of Oklahoma as identified byNRCS-USDA county so0il maps (Table 1 and F:gum 1).

Resource Soil Scientists NRCS-USDA (R. Clay Wilson, Dwaine Gelnar, John Haberer, and Rick
McCright) assisted in selection and sampling of these sodic soils.

In currently published county soil surveys (USDA-NRCS) sixteen soil seties are
identified as natric (sodic) (containing dispersive subsoils when exposed at the ground surface)
These soils ocour naturally in 40 of the 77 Oklahoma counties. Soil materials that are also -
identified as dispersive include “slickspots”. Initially the following natric (sodic) soils were
idenﬁﬁedinthestudyasoowfringinOldahoma: |

Soil Seri T ic I .
Bonn Fine-silty, mixed, thermic Glossic Natragualf
Doolin Fine, smectitic, thermic Typic Natrustoll :
Drummond - Clayey/loamy, mixed, thermic Mollic Natrustalf
Dwight ' Fine, smectitic, mesic Typic Natrustoll
Foard Fine, smectitic, thermic Vertic Natrustoll
Healdton ' Fine, mixed, thermic Vertic Natraqualf
Hinkle ~ ~ Fine, smectitic, thermic Mollic Natrustalf
Huska Fine, mixed, thermic Mollic Natrustalf
Lafe ' Fine-silty, mixed, thermic Glossic Natrudalf
Pawhuska : - Fine, mixed, thermic Mollic Natrustalf

- ‘Seminole , Fine, mixed, thermic Typic Natrustoll
Wakita " Fine-silty, mixed, thermic Leptic Natrustoll
Wing - Fine, mixed, thermic Aquic Natrustalf

Wister Fine, mixed, thermic Vertic Natrudalf.

18
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silt loams, rarely
flooded
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Table 1. Site descriptions ofsml: mled for ODOT Item #2140-d13pmve soils. | _

Site No. Sml»mappmslmﬂ:‘ Umt Comty ~ Legaldumptwn SotlSnrvey Adjacent soil Unit Symbol
"1 | Bosvillesandyloam, | 9 | Choctaw SEVANWIA S50 | 34 | Muskogee sik 36
- 4-8% slopes - oy ~ T6SRISE loam, 1-3% slopes ‘

2 Parm Dwight | PdB2 | Pittsburg | NW1/4 SE1/4 Sec.22 15 Parsons silt loam, PaA

‘ omplex, 1-3% slopes, L TSNRI14E 0-1% slopes
3 Wing sikkmn, 82 Le Flore | SW1/4 SW1/4 Sec.16 10 Wister silt loam, 84
0-2% slopes S | TON R24E | 1-3% slopes L

4 Wister silt loam, 83 LeFlore | SW1/4 NE1/4 Sec.34 27 Wing silt loam, 82

' __0-1%slopes e . TSNR26E 0-2% slopes L

5 Bethany-Pawhuska S | McClain NE1/4 SE1/4 Sec.1 14 Bethany silt loam, 3
' | complex, 0-3% slope 0} TINRIWW ) _.0-1% slopes }

6 Lafeooﬂs La | Sequoyah | NE1/ANE1/4Sec.] | 44 Stigler silt loam, StB
- ‘ o} 1 " TIINRME ‘. __1-3% slopes ,
7 Parscns-Carytown sit]| 55 | Muskogee | SW1/4 NW1/4 Sec.4 38 Taloka silt loam, 70

loam, 0-1% slopes __TI3NRISE | 0-1% slopes
8 | Dwight-Parsons silt | DwA | Okmulgeo | SW1/4 NW1/4Sec20 | 51 | Okemah sikt loam, OkB
_ loams, 0-1% slope 1 - TI2NRI2E o 0-1% slopes _
9 Doolin-Pawhuska 51 | Cleveland | NE1/4 NE1/4 Sec.33 10 Doolin silt loam, 50
| complex . | TIONR3W 0-1% slopes ‘
10 Brewer-Drummond | Bu | Canadian | NW1/4 SW1/4 Sec.19 10 Dale silt loam Da
. complex R _T14NRSW 1

11 | Apperson-Dwight | 2 | Osage |NWIi/4 NW1/4 Sec.28 8 Foraker-Shidler 73

complex, 0-3% slopes | R T29NR7E ‘ complex, 12-25% | ‘

12 | McClain-Drummond | - 35 Grant | NE1/4 NW1/4 Sec.18 50 McClain siit loam 34

b
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Table 1. Sltedescnpnonsofsoxh sampled for ODOT Itam#ZMO-dxsperswasoils (con’t.).
Site No.| Soil mppmg umt Unit County Legal deucnpuon Soil Survey Adjwmt soil Unit Symbol
13 Zancistimska | 81 | Payne | NEIANWI/A Sec.10 14 | Renfrow-Urban 80
complex, 1-5%slopes | _ TI9NR2E land complex, 1-
‘ S S ' ; . : 5% slopes R
14 Doolin silt loam 96 Payne N1/2 NE1/4 Sec.2 17 Zaneis-Huska 72
R n TIONR4E eomplex, 1-5%
15 'Okemah-Parsons- 44 | Tulsa E1/2 SEV/4 Sec.3 25 Dennis silt loam, « 13
- Carytown complex, S T TI9NRI4E 3-5% slopes L
. ~ 0-1% slopes: i S o , ‘ ‘
16 Semninole loam, 78 ~Payne | S1/2 SE1/4 Sec.4 54 Clnehdm 77
0-2% slopes s o Tl TNRGE Seminole complex, :
R e 2-5% slopes L
17 Healdton silt loam 15 | Carter NEIM SWI/4 Sec.35 31 Watonga silty clay 43
. ' ; . T3SR2E :
18  |Zaneis-Wing complex,| ZwB | Jefferson | NW1/4 SW1/4 Sec.8 12 Zanies-Lucien- ZvD
0-3% slopes T4SR6W Vernon
N ‘ R a’m 'm‘ 'm‘
19 | Port-Oscar complex | Po Jefferson | SE1/4 SW1/4 Sec.26 19 Zanies-Wing ZwB
' , . ‘ I T4SRTW - complex, 0-3% ;
20 Foard silt loam, FaA | Comanche | NE1/4 SE1/4 Sec.22 78 Foard and Tillman FtB
. 0-1% slopes _ ___TINRI2W ' soils, 1-3% slopes
21 Asa-Oscarcomplex | Ax | Tillman | SW1/4 SW1/4 Sec.3 18 Indishoma silty InC
' o | TISRISW clay loam, 3-5%
22 St-Paul-Hinkle SbA Kiowa NE1/4 SE1/4 Sec.23 19 Carey-Hinkle CbD
complex, 0-1% slopes , T2NRI7TW complex, 1-5%
23 Rmﬁow—l-ﬁnkle 47 Grady | NE1/4 NW1/4 Sec.19 28 Renfrow silt loam, 44
complox, 1-3% slopes | 1-3% slopes

TSNRTW
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Soil series and county:

1 - Bosville, Choctaw Co.
2 - Dwight, Pittsburg Co.
3 - Wing, Le Flore Co.
4 - Wister, Le Flore Co.
5 - Pawhuska, McClain Co.
6 - Lafe, Sequoyah Co.
7 - Carytown, Muskogee Co.
8 - Dwight, Okmulgee Co.
9 - Doolin, Cleveland Co.
10 - Drummond, Canadian Co.
11 - Dwight, Osage Co.
12 - Drummond, Grant Co.
13 - Huska, Payne Co.
14 - Doolin, Payne Co.
15 - Carytown, Tulsa Co.
16 - Seminole, Payne Co.
17 - Healdton, Carter Co.
18 - Wing, Jefferson Co.
19 - Oscar, Jefferson Co.
20 - Foard, Comanche Co.
21 - Oscar, Tillman Co.
22 - Hinkle, Kiowa Co.
23 - Hinkle, Grady Co.
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Figure 1. Sampling locations for sodic-dispersive (natric) soils in Oklahoma.




The counties contain a range in aerial extent of sodic soils from 0.1 to 36% (Table 2 and
Figure 2). The counties containing dispersive soils are divided into the southeast: Pottawatomie,
northeast: Payne, Osage, Washington, Tulsa,Rogers, Craig, Wagoner, Oknmlgee,Muskogee,
northwest: Kly Noble, Grant, Alfalfa, Garfield, Blaine, Kingfisher, Canadian, Oklahoma;
‘southwest: Kiowa, Caddo, Grady, McClain, Cleveland, Comanche, Tillman, Cotton, Jefferson,
, Carter,Love. Thedispasivesoﬂsmfoundinsevuﬂdiﬁ‘amthndsmpepo&honsmdfmmm
several differeat parent materials (sediments) (Table 3). Subsoil (B horizons) soil textures are
usually clayey (11 of 15) or silty (4 of 15). Surface soil textures are typically a sitt loam (13 of
1s)v:imtwosoﬂsoo@ningalomsoﬁm&oem ‘Mot soils contain 4 distinct layers
(horizons). Sodxcwﬂsmmaﬂydeepandcomunamtablewnhnthesoﬂﬂableo Six
oftheﬁﬁemdwpemvesoﬂsareonlyfmmdmonequadmntmOkhhoma TheBonnSmesxs
found in Wagoner County only (northeast), the Wakita series is found in Grant County only
(northwest), the Lafo and Wing series in the southeast, and the Foard and Healdton Series in the
southwest. | |

SoxlTamnomyafSampledSmls
Thednsnﬁcanonofsamplodwﬂswasdmdbasedondmﬁomthesmdynmg
themostmmmtSmlemmy(SmlSuweyStaﬂ',lM) &nonBmﬂssmnpbd,Smwt

| phcedmanmm(sodtc)GreatGroupcatcgoxy(TableS) Four of these soils are from eastern
Oklahoma: Bosville (Choctaw Co.), Dwight MCO-),DW@(W Co)),
Carytown (Muskogee Co.). mmmsm'mmaqwtblsbutmwwm
wemﬁed&xommdepth,mhdSARlessththbrwghthemmeﬂth&M(m&mfor
| clasnfymghonzonasnma)
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Table 2. Soil mapping units c& sodic soils in Oklahoma Counties.*

SERIES COUNTY MAP UNIT NAME & CODE ACRES %

Bonn Wagoner Bonn silt loam, clayey subsoil variant (Bv) 561 0.2

. Carytown Coal Carytown silt loam, thin surface (Ca) 5105 1.5

Carytown Coal Lightening - Carytown cmpx (Lg) - 4125 1.2

Carytown Craig Carytown silt loam, thin surface (Ca) 904 0.2

Carytown Craig Lightening - Carytown cmpx (Lg) 5915 1.2

- Carytown Muskogee Parsons - Carytown silt loam, 0-1% slopes (55) - 1960 0.4

Carytown Mclntosh Carytown silt loam, 0-1% slopes (4) - 7905 1.7

Carytown Mclntosh Carytown silt loam, 1-3% slopes, eroded 5) 6270 1.4

Carytown Mcintosh Carytown - Burwell cmpx, 0-3% slopes (6) 2025 04
Carytown ~ Osage Dennis - Carytown cmpx, 1-5% slopes (17) 43981 30

~ Carytown Osage Parsons - Carytown cmpx, 0-3% slopes (49) 122009 1.5

Carytown Pottawatomie Carytown silt loam, 0-1% slopes (5) 1290 0.3
Carytown Seminole Okemah - Carytown cmpx, 0-2% slopes (32) 1720 04

Carytown ~ Tulsa Dennis - Carytown cmpx, 1-3% slopes (15) 20485 54

Carytown Tulsa Okemax - Parsons - Carytown cmpx, 0-1% slope (44) 28310 1.5

Doolin Cleveland Doolin - urban land - Pawhuska cmpx (49) 5575 1.6

Doolin Cleveland Doolin silt loam (50) 6129 17

- Doolin Cleveland Doolin - Pawhuska cmpx (51) . 3857 1.1

Doolin ~ Payne Doolin silt loam, 0-2% slopes (96) 4025 0.9

~ Drummond Alfalfa Brewer - Drummond cmpx (Bu) 7630 1.4

- Drummond - Alfalfa - Drummond soils ~ ; 2685 0.5

Drummond Alfalfa Drummond - Prattcmpx . 1470 0.3

- Drummond Canadian Brewer - Drummond cmpx (Bu) 3500 0.6

Drummond " Garfield Drummond soils (Dr) 3803 0.6

Drummond  Grant Drummond loam, saline, rarely flooded (8) 2026 03

~ Drummond’ Grant _McLain - Drummond silt loams, rarely flooded (35) 2398 3.7

- Drummond Kingfisher Drummond soils (Dr) 400 0.1

Drummond Osage Mason - Drummond cmpx; 0-1% slopes (33) 4643 0.3

e 2724 05

Calumet Drunimond. snlt loams 0-1% slopes (Ca)
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Table 2. Soil mapping umts contmmng sodic soils m Oklahoma Counties. (con=t.)"

SERIES COUNTY MAP UNIT NAME & CODE ___ ACRES %
Dwight Okmuigee ~ Dwight - Parsons silt loams, 0-1% slopes (DwA) 3690 0.8
Dwight Osage ‘ Apperson - Dwight cmpx, 0-3% slopes (2) 27424 1.9
Dwight Osage ‘ Wolco - Dwight cmpx, 0-3% slopes 20844 14
Dwight Pittsburg Dennis - Dwight cmpx, 2-5% slopes, severely eroded (Dn3) 24765 28
Dwight Pittsburg Parsons - Dwiglit cmpx, 1-3% slopes, eroded (PdB2) 6725 0.8
Dwight Pontotoc 'Dwight silt loam, 0-1% slopes (DwA) 3153 0.7
Dwight Rogers Dwight silt loam, 0-1% slopes (DwA) 460 0.1
Dwight Washington Dwight - Parsons silt loams, 0-1% slope (DwA) 1360 0.5
Foard Caddo Foard silt loam, 0-1% slopes (FoA) - 7010 0.9
Foard Comanche Foard silt loam, 0-1% slopes (FoA) 14305 2.1
Foard Comanche Foard and Tillman sails, 1-3% slopes (FtB) 81926 11.9
Foard Comanche ‘ Foard slickspots cmpx, 0-1% slopes (FsA) | 3955 0.6
Foard Comanche - Foard slickspots cmpx, 1-3% slopes (FsB) 23836 34
Foard ~ Comanche Lawton - Foard cmpx, 3-5% slope (LfC) 1676 0.2
Foard Cotton Foard silt loam, 0-1% slopes (FoA) 50277 12.5
Foard Cotton Foard - slickspots cmpx, 0-1% slopes (FsA) 6221 1.5
Foard Cotton Foard - slickspots cmpx, 1-3% slopes (FsB) 12933 32
Foard ~ Cotton " Foard & Tillman silt loams, 1-3% slopes (FtB) 58844 146
Foard Kiowa Foard silt loam, 0-1% slopes (FdA) 25500 38
Foard Tillman Foard silt loam, 0-1 slopes (FdA) | 21000 38
Foard Tillman Foard - Hinkle cmpx, 0-1% slopes (FhA) ‘ 28200 5.1
Foard Tillman Tillman & Foard soils, 1-3% slopes (TfB) 42300 1.7
Foard Woods Foard clay loam - 9935 NA
Healdton Carter Healdton silt loam (15) 3286 0.6
Hinkle Canadian Grant - Hinkle cmpx, 1:3% slopes (GhB) 6400 12
~ Hinkle Canadian Kirkland - Hinkle cmpx, 0-3% slopes (KsB) 2900 0.5
Hinkle Kiowa Carey - Hinkle cmpx, 1-5% slopes (CbD) 3320 0.5
Hinkle Kiowa | St-Paul - Hinkle cmpx, 0-1% slopes (SbA) 2850 0.4

Hinkle Kiowa , Tillman - Hinkle cmpx, 1-3% slopes (TdB) 24250 3.7
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| Seminole
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~ Table2. SonlmnppmgumtsoommmngsodlcsoﬂsinOklahomaCounues (con=t.)* | :

SERIES ~ COUNTY  MAP UNIT NAME & CODE - ACRES %"
Hinkle  Tillman Foard - Hinkle cmpx, 0-1% slopes (FhA) 28200 51
~ Hinkle ~ Tillman St. Paul - Hinkle cmpx, 0-1% slopes (StA) 1400 0.3
- Hinkle Tilliman St. Paul - Hinkle cmpx, 1-3% slopes (StB) 5400 1.0
Hinkle Tillman Tillman - Hinkle cmpx, 1-3% slopes (ThB) 31400 57
Hinkle Grady Renfrow - Hinkle cmipx, 1-3% slopes 2580 0.4
Huska Cleveland Renfrow - Huska cmpx, 1-5% slopes, eroded (65) 10038 28
Huska Cleveland Renfrow - Huska cmpx, 1-5% slopes (66) - 5003 1.4
Huska Cleveland Renfrow - Urban land-Huska cmpx, 1-5% slopes (69) 1972 0.6
Huska Cleveland Grant - Huska cmpx, 1-5% slopes (84) 6083 1.7
Huska Cleveland Grant - Urban land-Huska cmpx, 1-5% slopes (88) 27M 0.1
. Huska Payne * Zaneis - Huska cmpx; 1:5% slopes (71) 10215 23
Huska Payne Huska silt loam, 1-3% slopes (81) 4385 1.0
Lafe Sequoyah Lafe soils (La) , 1895 0.4

Oscar Grant Oscar - Gmncmpx,frequentlyﬂooded 0-12% slope (38) - 5188 08
Oscar Jefferson Port - Oscar cmpx (Po) 33543 7.0

- Oscar Payne Port - Oscar cmpx, oocasstonally ﬂooded (39) 460 0.1
Oscar Tillman Ashport - Oscar cmpx 700 0.1
Pawhuska Cleveland Doolin - Urban land-Pawhuska cmpx, 0-3% slopes (149) 5575 1.6
Pawhuska Cleveland Doolin - Pawhuska cmpx, 0-3% slopes (51) 3857 1.1
Pawhuska Cleveland Bethany - Pawhuska cmpx, 0-3% slopes (52) 807 0.2
Pawhuska Cleveland Doolin - Pawhuska cmpx, 0-3% slopes eroded (53) 5308 15
Pawhuska Grant Kirkland - Pawhuska silt loams, 0-2% slopes (31) 13346 2.1
‘Pawhuska Grant ~ Renfrow - Pawhuska ciipx, 2-5% slopes, eroded (50) 3713 0.6
Pawhuska McClain - Bethany - Pawhuska cmpx, 0-2% slopes 1485 04
- Pawhuska Osage Corbin - Pawhuska cmpx, 1-5% slopes (12) 24256 1.6
Pawhuska Osage Norge - Pawhuska empx, 1-5% slopes (43) 17120 1.2
~ Seminole Payne ‘Seminole loam, 0-2% slopes (78) 2365 0.5
Seminole Payne Seminole loam, 2-5% slopes, eroded (79) 870 0.2
1760 0.3

Seminole loam, 0-2% }slopes (39)
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Table 2. Soﬂmumtsconmmngsodic soils in Oklahoma Countlcs (con=t. )" - _
SERIES COUNTY MAP UNIT NAME & CODE____ ACRES %'
Seminole Pottawatomie Seminole loam, 2-5% slopes (40) 6420 1.2
Seminole Seminole Seminole loam, 1-3% slopes (37) 3605 0.9
Seminole Seminole Seminole loam, 2-5% slopes, eroded (38) 19855 49
Seminole Seminole - Seminole, Chiskasha, and Prue soils, 2-8% slopes, R
severely eroded (39) 27700 6.1
Semmole Seminole Seminole-Gowton cmpx, 0-12% slopes (40) 11880 29
Wakita Grant ~ Kingfisher-Wakita silt loams, 1-3% slopes (27) 4914 0.8
‘Wakita Grant ngﬁsher—Waktta silt loams, 2-5% slopes eroded (28) 2234 0.3
Wing Caddo Grant-Wing cmpx, 1-5% slopes (GWC) 2810 03
Wing ' Haskell Counts-Wing cmpx, 1-3% slopes (CwB) 8612 23
Wing Jefferson - Zaneis-Wing cmpx, 0-3% slopes (ZwB) 138355 28.6
Wing Latimer ~ Counts-Wing cmpx, 1-3% slopes (18) 1905 0.4
Wing LeFlore Wing silt loam, 0-2% slopes (82) 8559 0.9
Wing Haskell Counts-Wing cmpx, 1-3% slopes (CwB) 8612 23
Wister - Latimer . Wister silt loam, 1- 3% slope (46) 3710 0.8
Wister LeFlore Wister silt loam, 0-1% slopes (83) 1172 0.1
Wister LeFlore ‘Wister silt loam, 1-3% slopes (84) 23362 23
Wister LeFlore - Wister silt loam, 3-5% slopes (85) 1974 0.2
Stickspots Comanche . Foard - slickspots cmpx, 0-1% slopes (FsA) 3955 0.6
Slickspots Comariche " Foard - slickspots cmpx, 1-3% slopes (FsB) 23836 34
- Slickspots - Comanche - Port - slickspots cmpx (Ps) 9361 13
 Slickspots Comanche - Zaneis - slickspots cmpx, 1-3% slopes (ZsB) 33403 49
Slickspots Comanche Slickspots 4938 0.7
Slickspots Garfield Kirkland - slickspots cmpx, 0-1% slopes (KsA) 5056 0.7
Slickspots Garfield Miller-slickspots cmpx (Ms) 2358 0.3
Stickspots Garfield Reinach - slickspots cmpx (Re) 1653 0.2
Slickspots Hughes Okemah - slickspots cmpx, 1-3% slopes (OkB) 8650 1.7
Stickspots Hughes Okemah - slickspots cmpx, 1-3% slopes, eroded (OkB2) 1680 0.3
Slickspots Cotton ~ Foard - slickspots cmpx, 0-1% slopes (FsA) 6221 1.5
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Table 2. Soil m nits containing sodic soils in Oklahoma Counties. (con=t )"
SERIES COUNTY ~ MAP UNIT NAME & CODE ACRES %!
Slickspots Cotton Foard - slickspots cmpx, 1-3% slopes (F sB) 12933 32
Slickspots Cotton Port - slickspots cmpx, (1Ps) ‘ 12947 32
Stickspots Cotton Zaneis - slickspots cmpx, 1-3% sl (ZsB) 27213 6.8
Slickspots Kingfisher Kingfisher - slickspots cmpx, 1-3% slopes (KhB) - 2700 0.5
Slickspots Kingfisher Kingfisher - slickspots cmpx, 3-5% slopes (KhC) 1200 0.2
Slickspots Kingfisher Norge - slickspots cmpx, 1-3% slopes (NsB) 5900 1.0
Stickspots Kingfisher * Norge - slickspots cmpx, 3-5% slopes, eroded (NsC3) 600 0.1
Slickspots Kingfisher Tabler - slickspots cmpx, (T's) 2300 0.4
Slickspots Kay Lafette - slickspots cmpx, 3-5% slopes, eroded (L6C2) 1560 0.3
Slickspots Kay Lela - slickspots cmpx (Le) ~ 2670 0.4
Slickspots Blaine Kingfisher - slickspots cmpx, 1-3% slopes (KIB) 1850 03
Slickspots Blaine Lela, - wet slickspots cmpx \ - 1300 0.2
- Slickspots Blaine Leshara - slickspots cmpx 2250 04
Slickspots Love Slickspots & saline land (Se) 1617 0.5
Slickspots Oklahoma ~ Norge - slickspots cmpx, 0-3% slopes (NsB) ‘ 600 0.1
Slickspots Oklahoma ~ Renfrow - slickspots cmpx, 1-3% slopes, eroded (RsB2) 800 0.2
Natrustalf Kiowa Natrustalf 1000 0.1
Oil-Waste lands Noble Oil waste land (OA) 1394 0.3
Oil-Waste lands  Carter Oil-Waste lands (33) 4647 0.1
Oil-Waste lands Creek Oil-Waste lands (Oa) 4500 0.7
Oil-Waste lands Garvin Oil-Waste lands (55) 324 0.1
Oil-Waste lands Muskogee Oil-Waste lands (43) 525 0.1
Oil-Waste lands Okmulgee Oil-Waste lands (Od) 1712 0.4
Oil-Waste lands Nowata Oil-Waste lands (Ow) 300 0.1
Oil-Waste lands Payne Oil-Waste lands (99) 240 0.1
Oil-Waste lands Osage QOil-Waste lands (44) 1927 0.1
 Oil-Waste lands Stephens Oil-Waste lands (Ow) 1138 0.2
Oil-Waste lands Seminole Oil-Waste lands (29) 660 02
Oil-Waste lands Tulsa Oil-Waste lands (38) 395 0.1




o ‘Table 2. Soﬂmappmg____tmiodlcsodsmomahoma(toutmes (conr-t)"‘
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ACRES

SERIES COUNTY MAP UNIT NAME & CODE %!
" Oil-Wastelands ~ Washington =~ | Onl-Waste lands (Od) 2180 0.8
Oil-Waste lands ~ Hughes ~ Oil-Waste lands (Od) - 675 0.1
Oil-Waste lands ~  Kay E O:l-Wastelands(Od) 1970 0.3
Badland Beckham ~ Badland 4796 0.8

“Logan, Jackson and Okfuskee counties contain sodic soils. Revnsed soil surveys yet to be pubhshed
'NA - not available
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Percent of county area: /\/
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Figure & The approximate area of sodic-dispersive (natric) soils in Oklahoma
counties taken from USDA/NRCS county soil surveys.




Table 3. Parent materials and landscape positions of natric (sodic) soils in Oklahoma

Soil Series Landscape Position Parent Material
Bonn stream terrace/floodplains loess and/or alluvium
Carytown upland alluvium/residuum (shale)/colluvium/loess
Doolin stream terrace alluvium/sandstone
Drummond stream terrace/floodplain alluvium
Dwight upland loess/alluvium/shale
Foard upland/stream terrace alluvium/shale
Healdton floodplain alluvium
Hinkle upland/stream terrace alluvium
Huska upland shale/sandstone
Lafe stream terrace loess/alluvium
Oscar floodplain alluvium
Pawhuska upland shale/sandstone/loamy or clayey alluvium
Seminole upland shale/loamy or clayey alluvium
Wakita sideslope shale/sandstone
Wing upland/stream terrace residuum/colluvium/alluvium
Wister upland shale
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Table 4. Drainage and depth of sodic soils in Oklahoma.

Soil Series Drainage” Depth to rock

Bonn poorly — drained deep (greater than 150 cm)
Carytown poorly — drained deep (greater than 150 cm)
Doolin well — drained deep (greater than 150 cm)
Drummond somewhat poorly - drained | deep (greater than 150 cm)
Dwight mod. well - drained deep (greater than 150 cm)
Foard mod. well - drained deep (greater than 150 cm)
Healdton somewhat poorly - drained | deep (greater than 150 cm)
Hinkle mod. well - drained deep (greater than 150 cm)
Huska mod. well - drained deep (greater than 150 cm)
Lafe somewhat poorly - drained | deep (greater than 150 cm)
Oscar mod. well - drained deep (greater than 150 cm)
Pawhuska mod. well - drained deep (greater than 150 cm)
Seminole mod. well - drained deep (greater than 150 cm)
Wakita mod. well - drained mod. deep (100 - 150 cm)
Wing mod. well - drained deep (greater than 150 cm)
Wister mod. well - drained deep (greater than 150 cm)

Hmod. is moderately
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Table 5. Taxonomic classification of sampled soils based on data from the study.

Sampled as
Site Taxonomic classification based on data from Soil Series Previous
# Soil Series the study (County) Taxonomic classification
Bosville

1 Cadeville Fine, mixed, thermic Albaquic Hapludalf (Choctaw) Fine, mixed, thermic Albaquic Paleudalfs
No known Dwight

2 series Fine-silty, mixed, thermic Aquollic Hapludalf (Pittsburg) Fine, smectitic, mesic Typic Natrustolls
No known Wing

3 series Fine, kaolinitic, thermic Typic Natrudalf (Le Flore) Fine, mixed, thermic Aquic Natrustalfs
No known Wister

4 series Very fine, vermiculitic, thermic Typic Hapludalf (Le Flore) Fine, mixed, thermic Vertic Natrudalfs
No known Pawhuska

5 series Fine, mixed, thermic Typic Natrustalf (McClain) Fine, mixed, thermic Mollic Natrustalfs
No known Lafe

6 series Fine, mixed, thermic Glossaquic NatrudalfO (Sequovyah) Fine-silty, mixed, thermic Glossic Natrudalfs

Carytown
7 Counts Fine, mixed, thermic Albaquic Paleudalf (Muskogee) Fine, mixed, thermic Albic Natraqualfs
Dwight

8 Mason Fine-silty, mixed, thermic Pachic Argiudoll (Okmulgee) Fine, smectitic, mesic Typic Natrustolls
No known Doolin

9 series Fine, mixed*, thermic Typic NatrustalfCl (Cleveland ) Fine, smectitic, thermic Typic Natrustolls
No known Drummond

10 series Fine, mixed*, thermic Vertic Natrustoll (Canadian) Fine, mixed, thermic Mollic Natrustalfs
No known Dwight

11 series Fine, mixed, thermic Typic Natrustoll(] (Osage) Fine, smectitic, mesic Typic Natrustolls
No known Drummond

12 series Fine-silty, mixed, thermic Typic Natrustoll (Grant) Fine, mixed, thermic Mollic Natrustalfs

Huska
13 Zaneis Fine-loamy, siliceous*, thermic Udic Argiustoll(] (Payne) Fine, mixed, thermic Mollic Natrustalfs
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Table 5. Taxonomic classification of sampled soils based on data from the study. (con’t.)

Sampled as
Site Taxonomic classification based on data from Soil Series
# | Soil Series the study (County) Taxonomic classification
Doolin
14 Doolin Fine, smectitic*, thermic Typic Natrustolls(] (Payne) Fine, smectitic, thermic Typic Natrustolls
No known Carytown
15 series Fine, vermiculitic, thermic Typic Natrudoll (Tulsa) Fine, mixed, thermic Albic Natraqualfs
Seminole
16 Seminole” Fine, mixed*, thermic Typic Natrustoll (Payne) Fine, mixed, thermic Typic Natrustoll
No known Healdton
17 series Fine, mixed*, thermic Typic Natrustalf (Carter) Fine, mixed, thermic Vertic Natraqualfs
No known Wing
18 series Fine-loamy, mixed, thermic Typic Natrustalf (Jefferson) Fine, mixed, thermic Aquic Natrustalfs
No known Oscar
19 series Fine-loamy, mixed, thermic Typic Natrustalf (Jefferson) Fine-silty, mixed, thermic Typic Natrustalfs
No known Foard
20 series Fine, mixed*, thermic Leptic Natrustalf (Comanche) Fine, smectitic, thermic Vertic Natrustolls
Oscar
21 Oscar Fine-silty, mixed*, thermic Typic Natrustalf (Tillman) Fine-silty, mixed, thermic Typic Natrustalfs
No known Hinkle
22 series Fine, smectitic, thermic Typic Natrustoll (Kiowa) Fine, smectitic, thermic Vertic Natrustalfs
Hinkle
23 Oscar™ Fine-silty, mixed*, thermic Typic Natrustalf (Grady) Fine, smectitic, thermic Vertic Natrustalfs

# _ The soil is Seminole if lower B had 35-50% clay
# _ The soil is Oscar if C had 24-35% clay
* - Mineralogy class is assumed




However, these soils had dispersive horizons (greater than 30% dispersion based on double-
hydrometer test). Natric (sodic) soils (as classified by Soil Survey Staff, 1999) also had one or
‘more horizons that were not diqursive. Thus, current soil taxonomy cannot be used to infer
engineering capabilities of theso soils., | |

The soil sampled in Zanqs-Hnska complex as Huska (Site 13, Payne Co.) was Zaneis
(Fine-loamy, siliceous, thermic Udic Argiustoll) (Table 5), which is not natric (sodic). The
distribution of sodic soils in complexes with other non-sodic soils has not been determined (see
Geographic Distribution of Sodic Soils section, p. 25). Site specific soil information must be
Mwmmof-mcmmmwmmmmcmns. |
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SALIENT FIELD MORPHOLOGIC CRITERIA FOR IDENTIFICATION OF SODIC SOILS
Lack of Columnar Structure |
A salient field eriteria used by soil scientists o identify sodic soils is cohumar soil
,.stmcmreatthetopoftheBhonzcn(uppersubsoil) 0n1y20f23md10wﬂssamplede)dn'bsted
ﬂnscoknnnarmucmre Thesoalsthhcolumnarshmtm‘emmmhwpmuwlnchhamt
been disturbed by tillage. All other soils contained recent (within several years) evidence of
plowing for agricultural production. kaofcohmu structure in most sodic soils suggest 1)
that columnar structure is destroyed by surface tillage, 2) that columnar structure in sodic soils
mwmmmmﬂw&cehouwmmmms)whmnummndmbe |
used to identify all sodic soils.
e SﬂunsldennfyMostSodchondmom ,
Adiuuﬁeldcﬁtemwhwhwaspresent»mthemajomyofsodlcsoihmnpledwasgray
 acoumulations (often referred to as cutans, “tans”) of silt particles (silt; “sil” plus “tans” equals
siltans) as a “skin” along the walls of prismatic soil structure of the upper subsoil (B horizon).
mﬁummmmmemmﬂowismmwmmﬂ,mmwanmdm
aooentuated by the dispersion of soil articles in sodic sois. Sltans are a better ield
 morphologic indicator of sodic soil conditions compared to identification of columnar structure.
' Natric Horizon Identification |
Aﬂsmlsooﬁmnedmmenﬂuwatedclaymthembsodmhonm)compamdtothe
surfwehonzon(Ahonm)(Table6) Whmtherensachyethonmnma:lsoeontm
sodium and is dispersive these soils are termed natric. Natric horizons are slowly permeable to
water. The soils sampled in this study contained redoximorphic features including mottles and
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Table 6. Range for clay content and bulk density for soils in the study.

Site  Soil Series

#  (county sampled) B horizon A horizon B horizon
1  Bosville (Choctaw) 30.1-43.6 6.4 1.71-1.83
2 Dwight (Pittsburg) 32.6 -46.7 21.5 1.64—1.88
3 Wing (Leflore) 43.6-479 13.3 1.77-1.95
4  Wister (Leflore) 51.0-729 16.0 1.54 —1.88
5  Pawhuska (McClain) 37.3-46.0 18.2 151-1.72
6  Lafe (Sequoyah) 38.5-426 18.3 1.75-1.93
7 Carytown (Muskogee) 36.9-43.9 11.9 1.52-1.89
8  Dwight (Okmulgee) 26.8-33.6 113 1.15-1.51
9  Doolin (Cleveland) 37.8-42.1 12.9 1.71-2.00
10 © Drummond (Canadian) 23.3-558 ‘315 1.79-1.82
11  Dwight (Osage) 442-555 33.7 1.79-1.82
12  Drummond (Grant) 29.3-402 30.0 141-1.76
13 Huska (Payne) 26.7-30.6 154 © 1.62-1.388
14  Doolin (Payne) 27.2-42.6 11.3 1.52-191
15 Carytown (Tulsa) 273-480 16.3 1.79-1.94
16  Seminole (Payne) 203 -41.8 17.5 1.61 - 1.87
17 Healdton (Carter) 42.1-495 11.3 1.83 -2.06
18  Wing (Jefferson) 20.8 -34.0 9.4 1.86-1.99
19  Oscar (Jefferson) 22.1-244 16.5 1.60 - 1.99
20 Foard (Comanche) 406-451 196 1.74-1.78
21  Oscar (Tillman) 256-411 . 192 1.73 - 1.86
22 Hinkle (Kiowa) 23.8-529 193 1.62-1.84
23 Hinkle (Grady) 282353 159 1.90-2.08

32.0-44.2 -
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iron-manganese concretions. These redoximorphic features indicate soil horizons with slow
permeabilities which are produced from soil sodicity.
Parent Material and Landscape Position
' Parentmstenals of the sodic soils sampled are listed in Table 7. Most of the soils (17 out of 23)
- were formed in alluvium (unconsolidated material), mainly in stream deposits. Beneath the
alluvium Pennsylvanian or Permian rock occurred in eastern and western Oklahoma,
respectively. Several sodic soils (Wister in LeFlore Co., Dwight in Okmuigee Co., Dwight in
Osage Co., Huska in Payne Co., Wing in Jefferson Co., Hinkle in Grady Co.) were fonned in
residuum (sedimentary rock, consolidated material) — shale, sandstone, or limestone (Table 7).
Soils were on nw'lylevel or gently sloping uplands, terraces, or floodplains. ‘Sodic soils are
dispersive and easily eroded. Sodic soils persist on relatively level landscapes that are less
éusoeptible to erosion compared to st‘eeper:slopes where theym probably naturally excluded
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Table 7. Parent Materials of Soils Sampled for ODOT Item #2140-Dispersive Soils.

Geologic
formation of
Soil mapping Parent Geologic underlying rock
Site No. unit County material formation Equivalents Group Epoch* | Period* | Era* unit Equivalents Group Epoch* Period* | Era*
Bosville sandy Unnamed-
loam, 1-4% high terrace Dakota
1 slopes Choctaw alluvium deposits Pl Q C | Grayson shale |  Sandstone Washita | Comanche Cr M
Parsons-Dwight Unnamed-
complex, 1-3% high terrace Thurman
2 slopes, eroded | Pittsburg alluvium deposits P1 Q Q sandstone Cabaniss Pn P
Wing silt loam, terrace McAlester
3 0-2% slope Le Flore alluvium deposits H Q & formation Krebs Pn P
Wister silt loam, McAlester
4 0-1% slopes Le Flore residuum formation Krebs Pn P
Bethany-
Pawhuska Unnamed-
complex, 0-3% high terrace Hennessey Clear Fork
5 slopes McClain alluvium deposits Pl Q C shale Group (TX) Pe P
Unnamed-low
terrace McAlester
6 Lafe soils Sequoyah alluvium deposits H Q £ formation Krebs Pe P
Parsons-
Carytown silt Unnamed-low
loam, 0-1% terrace Boggy
7 slopes Muskogee | alluvium deposits H Q L formation Krebs Pe 4
Dwight-Parsons
silt loams, 0-1% Wewoka
8 slopes Okmulgee | residuum formation Nowata shale Marmaton Pn i
Doolin- Unnamed-
Pawhuska : high terrace Hennessey .Clear Fork
9 complex Cleveland | alluvium deposits P1 Q 2 shale Group (TX) Pe P
Brewer- Unnamed-low
Drummond terrace Dog Creek
10 complex Canadian alluvium deposits H Q 4 shale El Reno Pe P
Apperson-
Dwight
complex, 0-3% Red Eagle Council
11 slopes Osage residuum | Limestone Grove Pn P
McClain-
Drummond silt Unnamed-low
loams, rarely terrace Garber
12 flooded Grant alluvium deposits H Q © sandstone Pe i
Huska silt loam, Wellington
13 1-3% slopes Payne residuum Formation Pe P
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Table 7. Parent Materials of Soils Sampled for ODOT Item #2140-Dispersive Soils (cont.).

Geologic
formation of
Soil mapping Parent Geologic underlying rock
Site No. unit County material formation Equivalents Group Epoch* | Period* | Era* unit Equivalents Group Epoch* Period* | Era
Unnamed-
high terrace Council
14 Doolin silt loam}  Payne alluvium deposits Pl Q C | Neva limestone Grove Pe P
Okemah-
Parsons-
Carytown Unnamed-
complex, 0-1% high terrace
15 slopes Tulsa alluvium deposits Pl Q C | Labette shale Marmaton Pn P
Wabaunsee
Unnamed-low Vanoss and  |group and upper
Seminole loam, terrace Ada part of Shawnee
16 0-2% slope Payne alluvium deposits H Q C formations group (KS) Pontotoc Pn P
Unnamed-low
Healdton silt terrace Vanoss
17 loam Carter alluvium deposits H Q c formation same Pontotoc Pn P
Zaneis-Wing
complex, 0-3% Wichita
18 slopes Jefferson residuum formation | Garber sandstone Pe
Unnamed-low
Port-Oscar terrace Wichita Garber
19 complex Jefferson alluvium deposits H Q € formation sandstone Pe P
Unnamed-low|
Foard silt loam, terrace Wichita Garber
20 0-1% slopes | Comanche | alluvium deposits H Q c formation sandstone Pe P
Unnamed-low
Asa-Oscar terrace Wichita Garber
21 complex Tillman alluvium deposits H Q 3 formation sandstone Pe P
St-Paul-Hinkle Unnamed-
complex, 0-1% high terrace Wichita Garber
22 slopes Kiowa alluvium deposits Pl Q 3 formation sandstone Pe P
‘Renfrow-Hinkle
complex, 1-3% Dog Creek
23 slopes Grady residuum shale El Reno Pe P

*. C-Cenozoic, Cr-Cretaceous, H-Holocene, M-Mesozoic, P-Paleozoic, Pe-Permian, Pn - Pennsylvanian, Pl-Pleistocene, Q-Quaternary




GEOGRAPHIC DISTRIBUTION OF SODIC SOILS IN OKLAHOMA
USDA-NRCS County Soil Surveys
UtﬁtedStates‘Depuhnentongﬁaﬂnne~NatmalRumanomﬁonSavioe
wuutysoﬂwweysmuwdtodetmnethegwgnplncd&nbuﬂonofwd&csoﬂsm
Oklahoma. Thesepubhdwdhard—copymeysmdsoavaﬂableﬂroughthebepamnemOf
Plant and Soil Sciences, Oklahoma State University as digitized computer. generatedmaps
Theoedxg:hudmpscmovuhympmMgwgraphcfeﬂms(D@tdAﬁuofOkhhm)m
produce maps showing the distribution of sodic soils in specific oounnes (Figures 3-21). Maps
showmgd:shMenofwdwdmp«sveh;wdsmOkhhomawepmdmdeianSoﬁ
ArcV:ewGeoguphchnformsﬂonSystan(GIS)soﬁwmprogtm(monS l)umgthgtmd
soﬂmapsbasedonmformﬁwnﬁkmﬁvmemnﬁywﬂmeys(USDA,NRCS)mdtheDmd
Atlas of Oklahoma (software, compiled by United States Geological Survey, 1997). |
~ County 1:24,000-scale maps of s0il mapping units (USDA/NRCS county soil surveys)
werevdigiﬁzed(ZOOmXZOOmpbcds).andwmated,MO-ﬁlu'wmpqibbwhhﬁeDigitdAﬂas
of Oklahoma by Mark Gregory, Oklahoma State University GIS specialist. Minimum size
ddmaﬁon"fm 1:24,000-scale map is 2.3 hectares (Soil Survey} Staﬂ', 1993). The county soil
mapwumpérhnpowdmthe&ueepmﬂingemﬂympﬁomthebigitﬂAﬂuofOﬁnhom
mludmgdwgnatwnsofnvasandroads Scale,northmow andbgendwerelddeduang | v
prooedumformakmghyoutsmArchw 'Iheprogmmallowstheremovalorad@bn

of river, roadways, orsoﬂmappmgumts Thxsopuonngesanopportumtyto studythe

dmnbunonmdlocwmofouwnamlmmwﬂmappmgumtsmmnmmamsormad o

network. TheDlgttal Atlas of Oklahoma also contains the township and range system, which
' aidsinlocaﬁngwminsoilmormppinguﬁton;mp. The sodic-dispersive hazard maps
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Legend:

[ Brewer-Drummond complex
Grant-Hinkle complex, 1-3% slope
Kirkland-Hinkle complex, 0-3% slope
Roads

/\/ Streams

(Drummond and Hinkle -
sodic-dispersive soils).

pe=—— s e 4

10 0 10 20 Kilometers

Figure 3. Sodic soils of Canadian County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).



Legend:
Roads

Streams
Healdton silt loam

(Healdton - sodic-dispersive soil)
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Figure 4. Sodic soils of Carter County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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B Bosville fine sandy loam, 1-4% slope
| Bosville fine sandy loam, 4-8% slope
[ Bosville fine sandy loam, 3-8% slope, eroded

I Bosville fine sandy loam, 8-15% slope
Roads

/\/ Streams

(Bosville - dispersive soil)

10 0 10 20 Kilometers

Figure 5. Dispersive soils of Choctaw County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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Legend:

Doolin silt loam, 0-1 % slope
Doolin-Pawhuska complex, 0-3% slope
Doolin-Pawhuska complex, 0-3 % slope, eroded
[ | Doolin-Urban land-Pawhuska complex, 0-3% slope
[ |Bethany-Pawhuska complex, 0-3% slope
Renfrow-Huska complex, 1-5% slope
. Renfrow-Huska complex, 1-5% slope, eroded
Renfrow-Urban land-Huska complex, 1-5% slope
Grant-Huska complex, 1-5% slope
| Grant-Urban land-Huska complex, 1-5% slope
\./ Streams
Roads

(Doolin, Pawhuska, Huska - sodic-dispersive soils)

N

5 10 Kilometers

s ™ ———1

Figure 6. Sodic soils of Cleveland County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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B Foard silt loam, 0-1% slopes
Al <3 7 [ ] Foard and Tillman soils
K ‘. . Foard-slickspot complex, 1-3% slope

Foard-slickspot complex, 0-1% slope
i r!,i /\/ Streams

Roads
(Foard - sodic-dispersive soil)

10 0 10 20 Kilometers

Figure 7. Sodic soils of Comanche County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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Legend:

B Renfrow-Hinkle complex, 1-3% slope
Roads

/\/ Streams

(Hinkle - sodic-dispersive soil)

I P— 7

5 0 5 10 Kilometers
™ s ™|

Figure 8. Sodic soils of Grady County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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B Renfrow-Pawhuska complex 2-5% slope, eroded
Roads

Lgr b ot ~ Legend:
B Kirkland-Pawhuska silt loams, rarely flooded
O [

‘) [ McClain-Drummond silt loams, rarely flooded
[2 / N~y Oscar-Grant complex, frequently flooded, 0-12% slope
3 Kingfisher-Wakita silt loams, 2-5% slope, eroded
Kingfisher-Wakita silt loams, 1-3% slope
. [ Drummond loam, saline, rarely flooded
] - I
: Cy ) 3 \K (Drummond, Oscar, Pawhuska, and Wakita -
21 R L

. ), . B sodic-dispersive soils)
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Figure 9. Sodic soils of Grant County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).



Legend:

B Zaneis-Wing complex , 0-3% slope

[ Port-Oscar complex

Roads

/\/ Streams

(Wing and Oscar - sodic-dispersive soils)

2 =y

48

10 Kilometers

5

Figure 10. Sodic soils of Jefferson County, Oklahoma, as identified by county soil

survey map (USDA/NRCS).
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Carey-Hinkle complex, 1-5% slope
St.Paul-Hinkle complex, 0-1% slope
| Tillman-Hinkle complex, 1-3% slope
B Foard silt loam. 0-1% slope

Roads

/\/ Streams

(Hinkle and Foard - sodic-dispersive soils)

10 0 10 20 Kilometers
— T e—

Figure 11. Sodic soils of Kiowa County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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Legend:

|| Wing silt loam, 0-2% slope
Wister silt loam, 0-1% slope
[ ] Wister silt loam, 1-3% slope
Bl Wister silt loam, 3-5% slope
Roads

/\/ Streams

(Wing and Wister - sodic-dispersive soils)

Z

V& n% ;/ 5 0 5 10 Kilometers
A o ——

Figure 12. Sodic soils of LeFlore County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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Legend:

=

[ ] Bethany-Pawhuska complex, 0-2% slope
Roads

/\/ Streams

(Pawhuska - sodic-dispersive soil)
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Figure 13. Sodic soils of McClain County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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Legend:

[ ] Parsons-Carytown silt loam
Roads

/\/ Streams

(Carytown - sodic-dispersive soil)

%

0 10 20 Kilometers
e ——

Figure 14. Sodic soils of Muskogee County, Oklahoma, as identified by digitized soil
survey map (USDA/NRCS).
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Legend:

I Dwight-Parsons silt loams, 0-1% slopes
Roads

/\/ Streams

(Dwight - sodic-dispersive soil)
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Figure 15. Sodic soils of Okmulgee County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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10 0 10 20 Kilometers
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Legend:

B Apperson-Dwight complex, 0-3% slopes

I Wolco-Dwight complex, 0-3% slope

I Parsons-Carytown complex, 0-3% slope

B Dennis-Carytown complex, 1-5% slope
Mason-Drummond complex, 0-1% slope
Corbin-Pawhuska complex, 1-5% slope
Norge-Pawhuska complex, 1-5% slope
Roads

/\/ Streams

(Dwight, Carytown, Drummond, and Pawhuska -

sodic-dispersive soils)

=

Figure 16. Sodic soils of Osage County, Oklahoma, as identified by digitized county soil

survey map (USDA/NRCS).



99

Z

Legend:

Huska silt loam, 1-3% slopes
B Zaneis-Huska complex, 1-5% slope
[] Seminole loam, 0-2% slopes
[ | Seminole loam, 2-5% slope, eroded 10 0 10

= Doolin silt loam, 0-2% slopes

20 Kilometers

Chickasha-Seminole complex, 2-5% slope, gullied
B Port-Oscar complex
Roads

/\/ Streams

(Doolin, Huska, Seminole, Oscar - sodic-dispersive soils)

Figure 17. Sodic soils of Payne County, Oklahoma, as identified by county soil
survey map (USDA/NRCS).
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Legend:

B Parson-Dwight complex, 1-3% slope
B Dennis-Dwight complex, 2-5% slopes
Roads

/\/ Streams

(Dwight - sodic-dispersive soil)

10 0 10 20 Kilometers
e ]

Figure 18. Sodic soils of Pittsburg County, Oklahoma, as identified by county soil
survey map (USDA/NRCNS).
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B Lafe soils
Roads

/\/ Streams

(Lafe - sodic-dispersive soil)
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Figure 19. Sodic soils of Sequoyah County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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| St. Paul-Hinkle complex, 0-1% slope
[ | St.Paul-Hinkle complex, 1-3% slope
B Foard-Hinkle complex, 0-1% slope
I Tillman and Foard soils, 1-3% slope
B Foard silt loam, 0-1% slope
B Asa-Oscar complex

Roads

/\/ Streams

(Hinkle, Foard and Oscar - sodic dispersive soils)

Z

5 0 5 10 Kilometers
ommen ™ s P

Figure 20. Sodic soils of Tillman County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).
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Legend:

Dennis-Carytown complex, 1-3% slope
|| Okemah-Parsons-Carytown complex, 0-1% slope
Roads

/\/ Streams

(Carytown - sodic-dispersive soil)

z

5 0 5 10 Kilometers
" —

Figure 21. Sodic soils of Tulsa County, Oklahoma, as identified by digitized county soil
survey map (USDA/NRCS).



within this report are formatted for 21.5 x 28 cm pages, but can be viewed at larger scales or by
particular regions or districts.
Soil Mapping Units Containing Sodic Soils

Soil Associations and Complexes

Soil mapping units are designed for land use and management. Soil mapping units are not
pure areas of one soil series (type). Soil mapping units are aggregates of soil series, which occur
together on the same landform. Soil mapping units contain several if not many different soil
series (Soil Survey Staff, 1993). Some sodic soil areas shown on Figures 3 through 21 contain
non-sodic soils. If one soil series predominates a mapping unit (more than 75%) the unit is
called a consociation (Soil Survey Staff, 1993), i.e. Wing silt loam, 0-2% slope (Le Flore Co.).
Soil mapping units containing more than one soil series are referred to as soil complexes (or
associations for scales smaller than 1:50,000), i.e. Zaneis-Wing complex 0-3% slope in Jefferson
Co. The name of the complex is represented by the two most abundant soil series within that
complex. The name of the dominant (by area) soil is presented first in the name of the complex.
Some mapping units consist of two sodic soils, i.e. Doolin-Pawhuska complex 0-3% slope
(Cleveland Co.). In this case one of the sodic soils may occupy more than 55% of the unit. The
distribution of sodic soils in soil mapping units has not been determined. In complexes, soils are
often so intermingled that they can not be separated at the scale selected for mapping (individual
areas of each soil are 2 to 8 hectares). However, the majority of sodic soils occupy swales and
depressions of round or oval shape and comprise from 10 to 40% of the mapping unit area,

which ranges in size from 3 to 81 hectares or larger.
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Use of Slickspot or Gumbo Spot Symbol

Sodic soils occurring in soil mapping units are often of small size (0.1 to 0.8 hectares). In
several USDA-NRCS county soil surveys a symbol “o*“(designated as slickspot or gumbo spot)
identifies the approximate location of small sodic soil areas within the soil mapping units. The
word slickspot replaces the name of a sodic soil in the name of the soil mapping unit in several
counties where slickspot and gumbo spot symbols are used, i.e. Zaneis-slickspot complex, 0-1 %
slope (Table 2). The specific type of sodic soil series is also not specified within a slickspot.
Slickspots symbols are not included in originally digitized database, therefore they are not
presented in Figures 3 through 21. Maps with identified slickspots locations are only found in
published county soil surveys (USDA/NRCS). Areas containing slickspots are valuable in

determining sodic soils distribution and should be included in digitized database.
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DISPERSION OF SODIC SOILS
Introduction

Measurements of sodium adsorption ratio (SAR) and exchangeable sodium percentage
(ESP) separated soils affected by sodium from other soils. The classification system in use at
present and based on research done around 1954 defines a sodic soil as having a measured ESP
and SAR value of 15 and 12, respectively. Results from this study, regarding measured amounts
of dispersion, indicate a need for an improved classification system for soils of Oklahoma.

Measurement of SAR is less expensive and time-consuming than measurement of ESP
and a direct correlation exists between ESP and SAR for soils used in this study (Figure 22).
Measurement of SAR is a useable laboratory test for identifying soils in Oklahoma affected by
sodium. Although the correlation of SAR and dispersion for soils in this study is not strong
(Figure 23), and an increase in the amount of sodium as measured by the SAR value results in an
increase in dispersion (determined from a double hydrometer test). Defining more appropriate
diagnostic SAR values for identification of sodium-affected (sodic) soils in Oklahoma requires
assessment of other soil properties including dispersion, electrical conductivity (EC), pH, special
features of the soil (presence of gypsum, carbonates), and ionic composition of the soil pore
water (amounts of sodium, chloride, sulfate, calcium, and magnesium in a saturated paste
extract).

Diagnostic SAR Value for Oklahoma Soils

The EC is an indirect measure of the amount of salt in a solution. Repulsion between soil
particles associated with abundant sodium in pore water and on soil exchange sites decreases
when an abundant supply of chloride and sulfate ions are also present. The initial step toward

identifying better diagnostic SAR values for soils of Oklahoma is separation of soils based on
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40 + USSL
y = 1.316x+8.189

P =0.72

ESP, (%)

0 10 20 30 40 50 60
SAR

Figure 22. Linear relationship of ESP and SAR for: 1) soils of this study (OSU) and 2) established
by the U. S. Salinity Laboratory (USSL) for predicting ESP values from SAR values.
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Figure 23. Distribution of SAR versus double hydrometer test values for soil horizons sampled for the study.
Note: Sample no. 23 excluded because of unequal cation to anion balance.



EC values. Results of this study indicate 3 critical EC ranges for soils in Oklahoma in regards to
soil dispersion. These ranges are EC less than 1 (low salinity), EC equal to 1.0 to 8.6 (moderate
salinity), and EC greater than 8.6 decisiemen per meter (ds/m) (high salinity). Soils in the low
salinity range do not have enough chloride and sulfate ions in the soil solution to negate any of
the sodium ion effect, soils in the moderate salinity have sufficient chloride and sulfate ions in
pore water to inhibit the sodium ion effect, and in soils of the high salinity range sodium and
salts contribute to create a level of dispersion that is essentially untreatable. Division of soils
used in this study on the basis of EC results in linear relationships of SAR and dispersion for
soils in the low (EC less than 1 ds/m) and moderate salinity (EC equal to 1-8.6 ds/m) groups
(Figures 24 and 25).

Derivations of critical SAR values for soils in the low and moderate salinity groups are
from regression equations for SAR versus dispersion (double hydrometer) relationships (Figures
24 and 25). A value of 30 % dispersion represents the threshold between dispersive and non-
dispersive soils based on previous research. Critical SAR values for soils in Oklahoma based on
the results of this study were determined by setting the dispersion equal to 30 in the regression
equations in Figures 24 and 25 and calculating the SAR values; 4.5 for soils of low salinity and
7.9 for soils with moderate salinity.

Soil Factors Affecting SAR/Dispersion Relationships

The strength of the linear relationships from the regression analyses of the SAR versus
dispersion for the soils of low and moderate salinity improved by omitting data for some of soils
sampled for the study. Measurements of dispersion (double hydrometer) are available only for
soil horizons with master horizon designations of B. Sampling of soils for this study did not

include taking samples of A (usually surface), C (parent material or weathered rock), or R

65



99

100 —+ ¥ 6.343x + 1.726

18

K=080

80 + :
S 60 $
g
2
% 40 +

20 +

0 i { !

0 2 4 6 8 10 12 14 16
SAR

Figure 24. Linear relationship of SAR and double hydrometer test values for sample soils of low salinity (EC<1.0 ds/m).
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{(bedrock) for tests of dispersion so there is no data regarding dispersion for A, C, or R horizons
toindudehtheregressiom. Regression analyses did not group the soils of high salinity in this

study. Aoommoneﬁ'ectof-highsaﬁnity:ocwrsinthcmkl horizon of the Drummond (Canadian
Co)proﬁle(S:telO Partllpage 123). The EC value of the horizon is 10, SAR is 85, and the
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dispersion in the soil at the Oscar (Tillman Co.) sampling location. The Btnky1 and Btnky?
horizons (Oscar; Site 21, Part I, page 229) in the profile contain gypsam, have SAR values of
around 50 and dispersion is only 52 and 19 %, respectively. The horizons directly underneath
the Btnky1 and Btnky2, the Btkn3 and Btkn4 horizons do not contain gypsum, have SAR values
" of around 70 and the dispersion is greater than 90% in these soils. “The presence of gypsum also
limited dispersion in soils from the Lafe (Sequoyah Co.) (Site 6), Carytown (Muskogee Co.)
(Site 7), Doolin (Cleveland Co.) (Site 9), Drummond (Grant Co.) (Site 12), Doolin (Payne Co.)
(Site 14), Seminole (Payne Co.) (Site 16), and Foard (Comanche Co.) (Site 20) sampling
locations. Presence of gypsum does not always indicate suppressed dispersion as indicated by
 results from soils at the Carytown (Tulsa Co.) (Site 15) and Oscar (Jeffesson Co.) (Site 19)
: mmqummﬂumthMWusﬁnw
},Aoomhnmmofgypnnnandaﬂxermwealumﬂwsa?mommonum
 in soils from the Carytown (Muskogee Co.) (Site 7) and Foard (Comanche Co.) (Site 20)
~ sampling locations where gypsum is present, SAR values range from 10 to 20, EC values range
from 4 to 8, and the amount of dispersion is small. A large amount of bicarbonate in the pore |
 water of soils from the Dwight (Okmulgee Co.) (Site 8) is responsible for reducing the amount of
 dispersion. "mBCkmmaftheDwigln(omﬂgeeCo)(Sites Part 1, page 106) profil
hasmECvnkmcfos an SAR value of 19, b\nthenmmtof&spammsnm;rn%
| | Dupunmmcmmdogy
Therdmslnpsofd:spunmmddsymnaﬂoyfouoﬂsufﬁnsmdymmmpkx
mdmof&apamonandoth«@mlmddumdmmﬁa,ﬁewof
* gypnm,theammmtufsodmmmtheporem mwmmmmmmm‘
 dispersion in the soils. Amlymofdaymmgfommmedmmm
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indicate much variation in the types and relative amounts of clay minerals in the soils (Table 8).
There are 3 levels ofdiﬁm-sioninthe 30 soils analyzed for clay mineralogy; 9 of the soils have
no dispersion (less than 30% dispersion as measured by the double hydrometer method), 6 soils
have moderate amounts of dispersion (spproximately 50% measured dispersion), and 21 soils
have strong dispersion (greater than 65% measured dispersion) (Table 8).

Distinguishing characteristics regarding clay mineralogy for the group of soils having no
dispersion include 1) mixtures composed primarily of interstratified illite-smectite minerals with
vermiculite or smectite (2-27% dispersion), 2) mixtures composed primarily of kaolinite and

| vemnwhtewnheutherofthememlsuo4umesmmeﬂnntheotber(0t020%d:spanon) 3)

mw@mﬂyofmmsofmmuﬂucmdm(umdm%
dlsp'a'mn) and 4)-1@33 thau"lo%‘m:temdlthonmples. Duunguulmgdmwtenmcsofsmis

V-MMWWMI)MWWMMWM

mueorsmecmewuhxﬂxte mdkanlmte(46—53% d:spemon)de)mn:turesofewal
amounts of kaolinite and venmcuhte with 10% or more illite (53 and 58% dispersion).
Characteristios of the clay mineralogy of the group of soils affected by strong dispersion inchude

l)thehrgmmmbefofsamples@)mtheg!wp xmxunesefmtemrmﬁedllhte-snecmeor

'mmmhwmvmm(mmsmmm) z)ummdmedbyvumhte
(60 to 77%)mth16%orlesskmhmte(78t086%d:spmm), 3)m:resofkaohnncmd

'mmmummemsmumwhuhwmmmm&ms%m

ormmﬁedﬂhw-mm(so% dxspm),4)mmuuofmuemdmmﬁedﬁhto-
WMMWW%W&M“MMI%W (10%
dispersion), and 5) mixtures of nearly equal amousts of interstratified ilite-smectite and
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Table 8. Rehﬁonships of themon and Clay Mineralogy for Soils of this Study (cont.)
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‘kaolinite with the remainder as illite (67% dispersion). Results indicate the mineralogy of the

clay fraction influences the amount of dispersion affecting a soil.
Comparison of Dispersion Tests
The double hydrometer, pinhole, and crumb tests measure dispersion in soils.

Measurements of dispersion by cach method are available and reported in Part II of the Final
Report. The pinhole and crumb tests identify more of the soils tested as being dispersive

compared to the double hydrometer test (Figures 26, 27, 28, and 29). The crumb and pinhole

tests are visual qualitative determinations that depend on the experience of the observer.

Qualitative tests can be less reliable than similar quantitative tests. The crumb and pinhole tests
mmumﬁrmmmmmmmmm
hydrometer test. Pinhole test resuls ooincided more with the double hydrometer data than the
crumb tests with fewer of the samples with large smounts of dispersion measured as non-

: dispersive. Themmbtestfaﬂedtoidani&somedispersionsoﬂsnsnon-dimﬁve. The crumb

test failed to identify dispersion when soil EC values were high. The pinhole test did
mw;idaaﬁfydiquﬁvesouawmpmdmmemmbm The crumb test is not

ff;reomunendedasamnckﬁddtut Togetherﬂ:epmholemddwbhhydmmewteusmbe

usedtondamfydxwwﬂs
R Wmmsmmmmmmmm
| F:g\m30uthestmdxdd:aﬁuuomofﬂwsoﬁsofthutudy Mouofﬁeaoﬂsmﬁ

~ the saline-sodic, sodic, andmsdmelnonusodw groups. Figure 31 pmsents themmed

classifications of the soils of this study based on the newly defined diagnostic vaiues for EC and
SAR. Most of the soils of the study are in the sodic-moderate salinity category. The primary
weakness of the standard classification system is the non-recogaition of sodic probleans for soils
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Figure 26. Distribution of SAR versus pinhole test values for soil horizons sampled.

(Note: Sample No. 23 excluded because of unequal cation to anion balance;

Pinhole (relative values): D1 & D2 = dispersive soils, ND3 & ND4 = slightly dispersive soils,
ND1 & ND2 = non-dispersive soils)
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Figure 28. Distribution of SAR versus crumb test values for soil horizons sampled.
(Note: Sample no. 23 excluded because of unequal cation to anion balance;
Crumb Test (relative values): 1-no dispersion, 2-slight dispersion, 3-moderate dispersion, 4-strong dispersion)
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(Note: Sample No. 23 excluded because of unequal cation to anion balance.
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Figure 30. Standard classification of sampled soil horizons (Richards, 1954).
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Figure 31. Proposed classification of sampled soil horizons based on newly defined diagnostic SAR values.



with low EC vahues. Resalts of this study indicate soils with EC values less than 1 are dispersive
when the SAR value of the 5ol is greater than 4.5.  Soils with EC values from 1.0 to 8.6 are
'dwpemvewhentheSARvah:eofthesoilxsgrecterthan79 Tlnsnewm:snnpomntto
propersoduseandmanaganentofsoﬂsinOklahoma |



RECLAMATION OF SODIC SOILS IN OKLAHOMA USING
CHEMICAL AMENDMENTS
Introduction

Apaﬂofth:ssmdyofdmpemvesoﬂsmOkhhomamvohestemngthcabihtycfsome
chmealmnendmentstoreduoetheSARofselectedsoﬂs ReductlonoftheSARvahwbelow
, thuod:clevglforasoxl:s:mterpretedasareducnonmthemumofdupemonmuoﬂmdthe
soilisthmconsidquuseableforhighwnyconsuuction. The newly defined diagnostic SAR
- values from this research project provide a criterion for evaluation of the effectiveness of
* chemical treatments for reducing the sodicity of soils. ODOT requested testing of cement kiln
M(CKDLﬂynh(FL)mby&mmam)bmwmofmm
 are available 10 the departme and engineers in the departiment use these materialsin the
building of roads. ODOT provided a supply of CKD, Flﬁ}ﬁ;'fortesting'-ﬁvahaﬁdnofgypmm
G, edcnnnchlonde(CA),hnnne(HLDandaﬁﬁmcwd(SA)remltedﬁ'omarmewof
»mrmmdrmehwofmmatmmmmm
reducnonofsodmtymsmls Inﬂnssechouofthempoﬂ,sdemﬁmcfamendnmusmbytbe
»wmymmpummm&emcofﬂ&Wmtheﬁmmdtmm

S mmmnmmmmmwmmmm Thsphnt

E "‘pm&mmpmmdymwoquufunpm&m '!‘hemoeofugnwlmnlgude
gypm(ﬁmm«)aaummgummmemsmm mmmswm |
| _‘IameyaOﬁahomSmeUmv«aty(OSU)umphedCAmdSA HU (40% husic acid and
E eov/.muw)m;pmdmomumlysmhmmm Revive, Norman Oklshoma.
'T&Mwmmiafmemﬂwmuummmfm,mm
horizons is gim‘in;rablea.v'mm pfihemmqu:twdyistowaluuthetbiﬁtyof
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*pwchued at Lowe's of Stleatet bmidmg and oonstruction material store

**from Soil Genesis Laboratory
*#+ CKD, Flyash,Humatedeydrmdhmemppﬁedby

ODOT.

tt Humate = Supplied by Dr. B.J. cm« Oklahoma State University, Stillwater.

| R S ' I S T Yoo 1 } I }
Table 9. Chemical compouﬁon of amendments used in the
treatment of selected sodic soils. o

| Element/Compcund cxm Ry ash ]Gypm‘m' Hydrated lime | Humatef? | Calcium chloride**
Sihca(SiOz),, 1514 | 399 - - - .
Ahxmnmmonde(AhO;) 391 16.7; - - 13.35 -

 [fron oxide (Fe205) 197 | 58 | - - . 0.001
{Calcium oxide (CaO) | 484 | 243 - - 5.94 -
|Ce (OH), - - - 98 - -
|CaCl, - - - - - 74.88
{Calcium sulfate - . 88.0 , - _
Magnesium oxide (MgO) | 138 | 46 - 008 | 149 0.004
Sulfuur oxide (SOs) 453 | 33 | - | 30 -
Sodmmoxxde(NazO) 019 1 254 - - 0.08 160.0 -
Humic acid | - - p 3.98 -
:CKD Cementkilndust '




the chemical amendments to decrease the SAR of saturated paste extracts of sodic soils and to
 provide ODOT guidelines for reclamation of sodic horizons by chemical amendment during road
and bridge construction. The selected amendments contain differeat amounts of divaleat cations
| -suchasiCa’*md"Mg’*forrephdngNa*ﬁ"omtheexbhmgesitesoﬁodicsoils. -

RE Description of Amending Materials
Hydmedhme(Cl(OH)z)maWhﬁe dry powder obtained by hydrating quicklime (CaO)
| wnhmmsz%) Hymmuahyaommnmmmma”mmrm
‘msohmm:yofhywedhmexso1ssylmwaoﬁcmmumw
:mctuaes. InoorponhonofHLmtoaufwehyersafsewuldmhuﬂtonSmemekm :

,.umommwymmnmemmyw 1977). Gygmm{C;S& ‘

" "'_"Z&O)uawmyuudmmdmfoﬂhemdmﬁwdicm Ggpuumuawm

'»'\;-v,s,gmmwmmmmuMmm mduadnwmof

-uhmm mewmammmmmmw |
= '.mhng Calmnnchlondc(CaClg ZHﬁ)wzsdubbsahthuuddsCa’*npﬂytowd ‘Reaction
o ofCAmmm:smmmm Flyuhmdmmdmtmlbmvduasoﬁen

wﬁneauwmeprm ‘Fly ash and CKD are not commonly used for reclamation of sodic

. :"-«soﬂx,hmamwundbyODOmememdmm«
hucmmﬂﬁormads mmuamwmmmmmd '
pmmmm Sﬂ!ﬁmcmd(l'-lzsoouannilymmhmnd ApphcuuonafSAmsoﬂs

- mmmwme,mfomdwaummmmma’*mmm

water of 8 soil. UndSAuquMamMmOﬂm The

| _',vmymhm%ammmmﬁﬁwwmwﬂutomam

“ :{wdnunmtbefmmofwdmmmlﬁte



ﬁeﬁmeneededformchmnﬁonofmdicsoﬂdepmdsmthemmofmuppﬁed
(amount of leaching), the concentration of Ca?* in the amending material and in the soil solution,
soil texture and ESP of the soil. Rates of application used in this study are based on results of
previous studies and a calculation of the amount ofca?*m in theammdmam('hble 10).
Rates of application used in this study are 11.2 Mg/ha, 22.4 Mg/ha, 224 Mg/ha and site specific
(based on the amount of Ca® in the amendments and the amount of smendment required to
replace all of the sodium on the cation exchange sites in the soil). |

~ Effects of Treatments on Soils Selected for Amendment

_' mmwmm&emmmmmm(m)
s (Site 1),WWBMWC°)(%3),1’%*&%009(3“5%9*@(%00)
| :.(Sueu),nmcp;ym(:o)(s:m14)mmmu3(mzz)mm

L (I‘ablen) Cmmforseleeuonofsmhtobemmdedmﬂesthan4ddm),pﬂ

'(mghﬂym:mo.nmmxmsmwmv) mmmmma
N mpmwatermdlnghsm aqismedemmnmmmemloommofm
sozlpromes AW&&M&MM&MW&M&&MH
"(dmaeoftheﬂnaimmformmdy) | St , |
pm Cmmmdmwmmmofummmﬂum/wof
f V»VV‘WMmdeMWWﬁWcSMVMWmeM
| fsemonofﬂnsreponconoumgdx@mofsoﬂsmm Sucoessful trestments roduce
| f.memvmﬁxmoﬂowm:y(scmmxwm)wwmumsmmfor
"flamlsofmodmuMy(ECemulml0m86ds/m)tohu’thn79
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Table 10. Amounts of amendments used in site specific applications

~Sample = Gypsum Flyash  CKD Hydrated lime
6 192 436 16l 140
7 358 812 3.0 | 2.60
oon 362 821 3.3 2.63
15 640 1450 536 | 4,65
288 486 11.00 407 352
37 11.80 26.75 9.89 | 8.57
41 5.17 1172 433 | 3.75
48 810 183 679 5388
- 64 100 226 083 |
m. 1046 2369 < 876 159
8 139 1675 619 5.37
9% 1269 2875 1063 921
122 846 19.18 709 6.14
146 113 1754 641 5.60

Cementkindust



| Table 11. Physictl and chemical clmracteristlcs of soils selected for immdment

,Slm ~Soll
R Senes
No.

6 Bosviﬂe Bty4
R

15 Wing  Bil

28 Pawhusks  Bnl

65  Dwight  B®

8  Doolin Binygd
146 ,ﬂ,«w‘mHihlde ' BCk

Honwn Depth
(cm)
168
.
s
95
136

2’_00'

pnv

6.7

10

6.1

84

84

7.6

18

“ECY
~ (ds/m)

0.6

24

1.1
1.0
3.9

40

6.8

11
1s
234
122

325

21.3

299

" 76.4

50.2

52.8

2‘7.2

80.7

66.7

773
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Successful reclamation of sodic soil requires leaching before and after application of
chemical amendments to remove dissolved sodium salts (NaHSO, and Na;SO4). Results from
this study indicate leaching alone can reduce the SAR of a soil by as much as 10% depending on
the soil texture. The quantity and quality of water applied mﬂum theeﬁmencyoﬂcacbmg
Irrigation water from rivers that no kmgerhave sources of calcium salts causes dispersion and
crust formation in some soils. Tn areas where water is not limited, sodic soils are reclaimed with
successive applications of water containing divalent cations. Results of this study also indicate

the importance of leaching to successfully reclaim sodic soils.

“The Bosville (Chootaw Co.) sampling location is in southeast Okishoma. A bridge
Wmmmmmmmmmdwdmm TheBC
‘horizon is sodic-moderately saline and successful treatments must reduce the SAR value of the
soil 10 below 7.9. Ameadments tested on this sol include G, HL, FL, CKD, HU, CA, SA. Table
12 summarizes the treatment results for the Bosvile soil. mem
reducing the SARof‘the soil include G, HL,, CA, and SA. Figures_. 3%38 provxds.mwmle of
th dta found i P I conorin et forthe other s contiin sl et for

Theng(lgFlmCo)meulomedmtheummﬁﬁkhhm TheBtlhomn :
am&o-modumdynhne TMMWCAMSAmWMGm.,

. 87



Table 12. Site 1. 'Amm&mepi Study- Bosville (Choctaw) BC Horizon (Sample No. 7, ODOT No. 15) Treatment Data®

i s Final Leaching | Change in | Effectiveness”™ | Effectiveness”
' |(pre-treahnenimo:t-trutment}. i 1 «

Gypsum, nzugur' lnblchn! 1.0 .13 118 10.2 13,6 no yes
* [Gypsum, 11.2 Mg ha; leaching 70 _ 67 11.8 6.4 45.8 yes yes
{Gyprum, 22.4 Mg ha’, mluchmg 1.0 12 11.8 10.1 144 no yes
 [Oypsum, 22.4 Mg ha"!, leaching 1.0 12 | o us 69 41.5 yes yes
|Gypsum, 224 Mghn" mwnm! 10 18 11.8 9.9 16.1 no yes
|Gypsum, 224 Mg ba'! leaching 70 8.4 118 3.2 729 yes yes
mydrmdm llZMghn mhm 10 10.5 118 21.6_ _-83.1 no 1o
Hydrated lime, 11.2 Mg ha!, loaching 7.0 113 118 6.6 44.1 yes yes
Hydrsted lime, 22.4 Mghn“, mhaehin! 7.0 117 118 182 -54.2 no no
Hydrated hne,224M§hl leaching 7.0 7.5 11.8 34 71.2 yes yes
{Hydrated lime, 224 Mg ha™!, 1st leaching 7.0 12.3 1 12.9 =93 no o
Hydrated fime, 224M§lh“ leathing 7.0 2.8 118 5.0 57.6 yes yes
Fly ash, 11.2 Mg ha’, htbachhg 70 78 118 12,0 _-17 no no
ash, 11.2 Mg ha, leaching 70 84 11.8 94 20.3 10 yes
 |Flyash, 224 Mg b, mmmq! 1.0 1.9 11.8 15.7 -33.1 no Do
_ "g}z ash, 22.4 Mg ha”, leaching 7.0 7.4 118 6.6 44.1 yos yes
| myun.zuM;m" Ist Ioaching 7.0 102 ] 118 19.3 -63.6 no_ 1o
, .mub.wugh. loaching 70 104 11.8 96 188 no yes
»mmmmuzm;u“ lnkuhhg 210 6.9 118 132 119 1o 1o
{Cement kiln dust, 11.2 Mg ha”, leaching 1.0 1.5 118 9.6 186 fio yes
|cement kitn dust, 224M§h|" 1Istleaching | 7.0 126 11.8_ 9.8 16.9 1o yes
|Cement kitn dust, zznqy luchh‘ 1.0 12.0 11.8 6.1 48.3 yes yes
xﬂmw.HZM;hn‘ lstbachmg 10 6.5 118 17.0 _-44.1 1o o
Humate, 11.2 Mg ha”, leaching 10 16 11.8 15.3 -29.7 no no
Humate, 22.4 Mg ha™, 1st leaching 7.0 1.5 118 167 -41.5 no_ no
Humate, 22.4 Mg ha, leaching 1.0 7.6 118 100 15.3 1o yes
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Table 12. Site 1. Amendment Study- Bosville (Choctaw) BC Horizon (Sample No. 7, ODOT No. 15) Treatment Data (cont))®

Final Leaching| Changein | Effectiveness™ | Effectiveness’
Treatments® Initial pH* | Final pH* | Initial SAR" |  SAR" SAR".% | (Proposed) | (Standard) |
Calcium chioride, 11.2 Mg ha™, 1st leaching 7.0 6.8 11.8 7.3 38.1 yes yes
Calcium chloride, 11.2 M&lm'], leaching 7.0 6.6 11.8 3.2 73.0 yes yes
Sulfuric acid, Gypsum 11.2 Mg ha™, 1st leaching 7.0 6.5 11.8 1 34.7 yes yes
Sulfuric acid, Gypsum 11.2 Mg ha”, leaching 7.0 7.4 11.8 4.9 58.5 yes yes
Sulfuric acid, Hydrated lime 11.2 Mg ha™ 1st leaching 7.0 10.4 11.1 11.1 0.0 no yes
Sulfuric acid, Hydrated lime 11.2 Mg ha™ leaching 7.0 7.7 11.8 9.6 19.1 1o yes
Sulfuric acid, Cement kiln dust 11.2 Mg ha™, 1st leaching 7.0 8.0 11.8 8.9 24.6 no yes
Sulfuric acid, Cement kiln dust 11.2 Mg ha™, leaching 7.0 11 11.8 5.3 55.1 yes yes
Sulfuric acid, Cement kiln dust 22.4 M&ha", leaching 7.0 12 11.8 5.8 50.8 yes yes
Sulfuric acid, Fly ash 11.2 Mg ha”", 1st leaching 7.0 6.4 11.8 6.3 46.6 yes yes
Sulfuric acid, Fly ash 11.2 Mg ha’, leaching 7.0 7.4 11.8 did 55.9 yes yes
Sulfuric acid, Fly ash 22.4 Mg ha’, leaching 7.0 8.1 11.8 6.7 43.2 yes yes
Sulfuric acid, Humate 11.2 Mgha'l,lst leachigg 7.0 7.7 11.8 12.2 -3.4 no no
Sulfuric acid, Humate 11.2 Mg ha, leaching 7.0 7.1 11.8 7.9 33.1 yes yes
Sulfuric acid, Humate 22.4 Mg ha’, leaching 7.0 7.0 11.8 1.3 38.1 yes yes
Sulfuric acid (36 meq/100 g soil)™, 1st leaching 7.0 7.0 11.8 15.9 -34.7 1o 1o
Sulfuric acid (36 meq/100 g soil)", leaching 7.0 6.8 11.8 25.7 -117.8 no no

“Threshold values for % change in SAR: Proposed system 33.1, Standard system- -27.1; Proposed system threshold SAR=((Initial SAR-the

proposed SAR (7.9))/ (Initial SAR)*100;Standard threshold SAR=((Initial SAR-15.0)/(nitial SAR))*100
*Leaching included 5 successive saturations/extractions of treated soil
*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH=pH reading after chemical treatment;
“Initial SAR - Sodium Adsorption Ratio without chemical treatment ;' Final SAR - Sodium Adsorption Ratio with chemical treatment; * Change

in SAR=((Initial SAR - Final SAR)/Initial SAR)*100,

** Evaluation based on decrease in SAR in relation to diagnostic value for sodic classification;

* All other treatments including sulfuric acid were at a rate of 7 meq/100 g soil sulfuric acid.
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Figure 32. Initial Results of Application of Amendments on Sample No. 7, Site 1, Bosville (Choctaw) (ODOT No. 15)*
(Nat=Unamended, G=Gypsum, FA=Fly ash, CKD=Cement kiln dust, Hu=Humate, CA= Calcium chloride,
Acid+G=Acid and Gypsum, Acid+FA= Acid and Fly ash, Acid+HL=Acid and Hydrated lime, Acid+CKD=Acid and Cement kiln dust, Acid+Hu=Acid and Humate
Checks=No treatment, VR=Variable Rates, A+11.2 Mg/ha=Acid and 11.2 Mg/ha amendments, A+22.4 Mg/ha=Acid and 22.4 Mg/ha amendments
"SAR values of the first saturated paste extract taken after addition of amendments)
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Nat 11.2 Mg/ha 22.4 Mg/ha 224 Mg/ha 11.2 Mg/ha + acid

B Leach 1 1.7 10.2 10.1 9.9 F 4% ¢
B Leach 2 9.2 9.6 8.6 5.6
Bleach3 47 4 11.8 8.0 4.2
Eleach 4 6.4 6.9 7.2 4.2
B Leach 5 6.4 6.3 3.2 4.9

Figure 33. Site 1- Bosville (Choctaw Co.)- Effects of Leaching and Gypsum Application on Sample No. 7 (ODOT NO. 15)

Nat= Natural (no amendment applied)
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Nat NAMgha | 24Mgha | 12MEHR
Acid
B Leach 1 117 21.6 18.2 129 11.1
B Leach 2 92 6.3 11.2 11.1
B Leach 3 18.2 54 10.9 10.6
B Leach4 19.6 5.1 5.0 10.1
B Leach 5 16.6 34 5.5 9.6

Figure 34. Site 1- Bosville(Choctaw Co.)- Effects of Leaching and Hydrated Lime Application on Sample No. 7 (ODOT No. 15)

Nat= Natural (no amendment applied)
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B Leach 1 11.7 12.0 15.7 19.3 6.3 8.8
B Leach 2 114 18.2 9.6 5.9 7.9
B Leach 3 9.4 14.1 14.5 5.8 7.6
B Leach 4 133 14.7 13.6 3.3 .5
B Leach 5 13.1 6.6 12.1 54 6.7

Figure 35. Site 1- Bosville(Choctaw Co.)- Effects of Leaching and Fly Ash Application on Sample No. 7 (ODOT No. 15)

Nat= Natural (no amendment applied)
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: Nat 11.2 Mg/ha 224 Mg/ha 11.2 Mg/ha + Acid | 22.4 Mg/ha + Acid
Leach 1 11.7 13.2 9.8 8.9 8.6
B Leach 2 12.0 8.9 6.8 8.2
B Leach 3 13.2 8.6 6.4 6.2
B Leach 4 129 7.7 6.2 6.9
EiLeach 5 9.6 6.1 5.3 5.8

Figure 36. Site 1- Bosville(Choctaw Co.)- Effects of Leaching and Cement Kiln Dust Application on Sample No. 7 (ODOT No. 15)
Nat= Natural (no amendment applied)
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Table 13, Site 3. Amendment Study- Wing (LeFlore) Btl Horizon (Sample No. 15, ODOT No. 4) Treatment Data.

Final Leaching | Change in |Effectiveness’| Effectiveness™
Treatments” Initial pH* FinalpH* | Initial SAR" SAR' SAR'. % | (Proposed) Standard
(pre-treatment) | (post-treatment)
Calcium chloride, 11.2 Mg ha”, leaching 6.1 7.1 234 9.1 61.1 no yes
Sulfuric acid, Gypsum, 11.2 Mg ha™,1st leaching 6.1 7.4 23.4 11.8 49.6 no yes
Sulfuric acid, Gypsum, 11.2 Mg ha™, leaching 6.1 6.5 234 5.9 748 yes yes
Sulfuric acid, Hydrated lime, 11.2 Mg ha™, 1st leaching 6.1 14 234 18.4 21.4 no no
Sulfuric acid, Hydrated lime, 11.2 Mg ha™, leaching 6.1 72 234 10.6 54.7 no yes
Sulfuric acid, Cement kiln dust, 11.2 Mg ha™, leaching 6.1 8.0 234 111 526 1o yes
Sulfuric acid, Cement kiln dust, 11.2 Mg ha™, 1st leaching 6.1 74 23.4 74 68.4 yes yes
Sulfuric acid, Fly ash, 11.2 Mg ha™,1st leaching 6.1 8.0 23.4 15.7 32.9 1o no
Sulfuric acid, Fly ash, 11.2 Mg ha™, leaching 6.1 7.1 234 113 51.7 no yes

Threshold values for % change in SAR: Proposed system- 66.2, Standard system- 35.9; Proposed system threshold SAR=((Initial SAR-the
proposed SAR (7.9))/ (Initial SAR)*100; Standard threshold SAR=((Initial SAR-15.0)/(Initial SAR))*100

*Leaching included 5 successive saturations/extractions of treated soil

*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH=pH reading after chemical treatment;
“Initial SAR - Sodium Adsorption Ratio without chemical treatment ;" Final SAR - Sodium Adsorption Ratio with chemical treatment; * Change

in SAR=((Initial SAR - Final SAR)/Initial SAR)*100

" Evaluation based on decrease in SAR in relation to diagnostic value for sodic classification
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CKD, FL, and HU. Table 13 summarizes results of amending the Wing soil. Combinations of G

or CKD and SA successfully reduced the SAR of the soil.

The Pawhuska (McClain Co.) sampling location is in the central part of Oklahoma. The
Bn1 horizon is sodic-moderately saline (EC equal to 1.0, SAR equal to 12.2) 'Amendments
tested on the Pawhuska soil include G, HL, FL, CKD, HU, CA, SA. Table i4 summarizes the

results of amending the Pawhuska soil. The most successful amendments fortreatmmt of the
soil include G, HL, and CA.

TheDw:ght(OsageCo)samphngMonumﬂledepmafOkhm The
Btn2mdBt3honzonsaresod1c—moderatelysalme(ECequalto38and39 SARequalto284
and 32.5, respectively). Amendments tested onﬂ;enwnghmﬂsmm G, HL, FL, CKD, HU,
CA, and SA. None of the treatments reduced SAR values of the soils below 7.9. Table 15

summarizes the results of al the amendments for the Dwight (Osage Co.) soils.

The Doolin (Payne Co.) sampling location s in the central part of Okishoma. The Btkn3
and.Binq4 honzons are sodw-modentely saline (ECequal to 7.2 .and 4.0, SARequal to 14.8 and
21.3, respectively). Trestments inchuded G, HL, FL, CKD, HU, CA and SA (Tsble 16).



Table 14. Site . Amendatent Study- Pawhuska (McClain) Bai Horizon (Sample No. 28, ODOT No. 16) Treatment Data

e | , | _ Final Leaching | Change in | Effectivencss™ | Effectivencss™

E . g ‘ . ‘. I ﬁ: : E o I xn  Tndi M §gg+ Zi m !J [§| ! n
: _ - (pre-trestment) Qg-t-mm:a) . .

Gypsum, site w&, 4.86 Mg ba' 8.4 7.8 12.2 10.6 13.1 no yes
Gypsum, uzmg- ‘leaching 8.4 1.9 12.2 10.5 13.9 20 yes
Gypsum, 11.2 Mg ba™ leaching 8.4 1.5 12.2 _12 41.0 yes yes
gzmzuughr‘ 1st leaching 84 1.1 12.2 9.8 19.7 10 yes
Gym224& luohng 84 72 | 122 6.2 49.2 yes yes
Gnmm.m% - 84 8.1 _122 6.8 4.3 yes yes
Hydmedim,mapeoiﬁs, 3.52Mghs'! 8.4 8.4 12.2 8.7 28.7 1o yes
Hydrated lime, 11.2 Mg ha', 15t loscking 8.4 1.9 122 25.3 -107.4 no 1o
Hydrated lime, 11.2 Mg ha'!, leaching 84 1.2 122 6.1 50.0 yes yes
|Hiydrsted lime, 22.4 Mg ba”, 15t loacking 8.4 11.3 12.2 15.2 -24.6 no 0
Hydrated lime, 22.4 Mg ba”, loaching 8.4 9.2 12.2 6.0 50.8 yes yes
Hydrated lime, 224 Mgha' 84 12.7_ 12.2 10.5 139 no yes
Fly ash, site specific, 11.0 Mg ha” 8.4 12 12.2 9.3 238 1o yes
{Fly ash, 11.2 Mg ha", It loacking 84 8.2 122 . 230 -88.5. 80 no
Flyuh.llzm‘ leaching 84 1.6 12.2 133 90 1o yes
Fly ash, 22.4 Mg b, mb.cth 84 7.1 12.2 6 -19.7 o yes
{Fly ash, 224 My ba” o 8.4 109 122 202 -65.6 no 80
Comont kil dust, sio specifio, 407 Mg ha'! _84 1.5 12.2 7.0 42.6 yes yes
Cement kil dust, 11.2 Mg ha”, 1st leaching 8.4 8.8 122 12.1 08 5o yes
Cement kiln dust, 11.2 Mg ha, leaching 8.4 8.3 12.2 10.3 15.6 1o yes
Cement kiln dust, 224 Mg ha 8.4 11.7 12.2 162 -32.8 o no
Humate, 11.2 Mg ha”, 1st leaching _ 8.4 1.9 12.2 8.4 31.1 10 yes
Humate, 11.2 Mg ba', leaching 8.4 1.9 12.2 10.1 17.2 1o yes
Hiumate, 22.4 Mg ha”, 18t leaching 8.4 7.8 122 15.8 -29.5 no no
Humate, 22.4 Mg ha!, leaching 8.4 82 12.2 9.9 18.9 1o yes
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Table 14. Site 5. Amendment Study- Pawhuska (McClain) Ba1 Horizon (Sample No. 28, ODOT No. 16)
Treatment Data (cont.)
_ ; , L e | Final Change in | Effectiveness™ | Effectiveness™
; - | (pre-treatment) | (post-treatment) :

|Caicium chioride, 11.2}4;1»", mhdiq, 8.4 78 122 11.9 2.5 1o yes
Calcium chloride, 11.2 Mgln leaching - 84 7.2 12.2 6.4 47.5 yes yes
Sulfutic Acid, 36 meg/100 g soil, lltbxﬁgg ‘ 8.4 7.7 12.2 29.5 - -141.8 no o
,Sm:icAmd,% meg/100 poil ‘ 8.4 74 12.2 142 -16.4 ) yes

’rmumfor%cmmsm Pmposedsyslsem-BSZ smmymm--zso ProposedsystemthteshoHSAR=

((Ilithl SAR-the pmposed SAR (7.9)/(Initial SAR))* 100 Standard threshold SAR=((Initial SAR-15.0)/(Initial SAR))*100
"Lenchhgknhdeds successive ssturations/extractions of treated soil

*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH==pH reading after chemical treatment;

*Initisl SAR - SodnunMsorpﬂonRaMwithoutchmicdmm +Fxmlﬁ'ulkll SodhmAdsotptlonRaﬁownhcbmalmatmm, Change
i SAR=((Initial SAR - FimlSAR)/lnithl SAR)*100. ‘

*+ Evaluationbased on decrease in SAR in relation to diagnostic vahe for sodic chniﬁcation,

”ﬂowmmmmmmﬁwmuamoﬂwmo g soil sulfuric acid.
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, Table 15. Site 11, Amendment Study- W(mge)mzmdmnoﬁm.(smpum.amdss ODOT Nos. 43 and 44, respectively)

35

 Trestment Data.

NN S T e Y RO Fim.lb,mhing Change in | Effectivencss™ | Effeotivencss™

Gypous 64 | 84 89 284 264 10 1o 1o

B < 64 84 19 284 248 127 10 o

B 64 84 1.5 384 16.5 49 1o no

' pouim, 22.4 M 64 84 1.7 284 28.1 11 o 0

poun, 22.4 64 84 13 284 124 563 o yes

. |Gypwm 64 _84 84 284 239 158 ™o 1o

| Hydrated time, site specific 1.61Mg ha’ 65 | 84 7.9 328 242 25.8 o 1o

@,_'ﬁmeuzugh" 19t loaching - 65 84 99 325 321 12 no 1m0

 |Hydratod lime, 11.2 Mg ba", loaching 65 84 _15 325 127 60.9 o yes

Hydrated ', Agba’ Istloaching | 65 __ 84 108 325 359 -10.5 no 0

. [Hydrated lime, 224 Mghe! leaching | 65 | 84 8.4 32 23.0 292 1o o

Wmmuﬂr‘ 64 | 84 129 284 240 15.5 mo m

y mmmugw 65 84 15 | 3s 200 38.5 1o 10

osh, 11.2 Mg ha") 1st loaching 65 _ 84 81 3258 214 157 w0 1o

e, leaching 65 8.4 83 _325 244 249 no_ 0

mn4wﬁ" 18t Jonching .65 _ 84 19 325 29 295 10 no

nsh, 22.4 Mg ha’, loaching 65 | 84 13 325 156 520 10 10

, Fg_lz -am_a,w ' 64 | 84 10.7 284 26.0 8.5 no o

[cmmmmwlmqw | s 84 16 325 284 126 1o o

' |Coment kitn dust, 11.2 Mg ha™, leaching 64 84 16 325 284 126 0 w0

|Coment kiln dust, 11.2 Mg ha”, leaching 64 84 16 32.5 284 126 no o

{Coment kiln dust, 224 Mg ba 64 8.4 121 2.5 284 126 o no._

 [Humate, 11.2 Mg ha! 19t leaching 6. | 84 83 _R3s 332 -22 _to )

{Humats, 11.2 Mg ha™, loaching 65 | 84 8.0 328 20.7 363 no o

{Humste, 22.4 Mg ha™, 1t loaching 65 84 18 32.5 19.8 39.1 1o 10

{Efumate, 22.4 Mg ha™, louching 6 8.4 7.5 15.5 523 20 10
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Table 15. Site 11. Amendment Study- Dwight (Osage) Btn2 and Bt3 Horizons (Sample Nos. 64 and 65, ODOT Nos. 43 and 44, respectively)

Treatment Data (Cont.)
Final Leaching | Change in | Effectiveness™ Effectiveness™
Treatments” Sample No.* | Initial pH* Final pH* Initial SAR |  SAR' SAR', % (Proposed) (Standard)
(pre-treatment) | (post-treatment)
Calcium chloride, 11.2 Mg ha™, 1st leaching 65 8.4 7.8 32.5 28.6 12.0 no 1o
Calcium chloride, 11.2 Mg ha, leaching 65 8.4 7.6 32.3 18.9 41.8 no 1o
Sulfuric acid (36 meg/100 g soil)*, 1st leachi 65 8.4 8.8 32.5 714 -119.7 1o 10
Sulfuric acid (36 meg/100 g soil)**, leaching 65 8.4 8.3 32.5 66.3 -104.0 no no

&Threshold values for % change in SAR: Proposed system- 60.9, Standard system- 47.2; Proposed system threshold SAR=((Initial SAR-the proposed SAR (7.9))/ (Initial SAR)*100;
Standard threshold SAR=((Initial SAR-15.0)/(Initial SAR))*100

*Leaching included 5 successive saturations/extractions of treated soil

*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH=pH reading after chemical treatment;

*Initial SAR - Sodium Adsorption Ratio without chemical treatment ;* Final SAR - Sodium Adsorption Ratio with chemical treatment, * Change

in SAR=((Initial SAR - Final SAR)/Initial SAR)*100.

** Evaluation based on decrease in SAR in relation to diagnostic value for sodic classification;
*All other treatments including sulfuric acid were at a rate of 7 meq/100 g soil sulfuric acid.
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Table 16. Site 14. Amendment Study- Doolin (Payne) Btkn3 and Btnyq4 Horizons (Sample Nos. 85 and 86, ODOT Nos. 55 and 56, respectively)

Treatment Data
Final Leaching | Change in Effectiveness’ Effectiveness
Treatments® Sample No.* | Initial pH* Final pH* | Initial SAR" SAR SAR'.% | (Proposed) |  (Standard) |
(pre-treatment) | (post-treatment)
Gypsum, site specific 7.39 Mg ha™, 85 76 79 213 14.4 324 no yes
Gypsum, 11.2 Mg ha’, 1st leaching 85 7.6 11 213 14.8 30.5 no yes
Gypsum, 11.2 Mg ha”, leaching 85 76 72 213 74 65.3 yes yes
Gypsum, 22.4 Mg ha™ 1st leaching 85 7.6 7.8 213 139 34.7 no yes
Gypsum, 22.4 Mg ha™ leaching _ 85 7.6 7.3 213 8.0 62.4 yes yes
Gypsum, 224 Mg ha 85 76 79 213 12.6 40.8 no yes
Hydrated lime, site specific 5.37 Mg ha 86 7.6 1.3 21.3 15.7 26.3 no no
Hydrated lime, 11.2 Mg ha, 1st leaching 86 7.6 10.0 213 51.6 -142.3 no no
Hydrated lime, 11.2 Mg ha”, leaching 86 7.6 7.2 213 11.7 45.1 no yes
Hydrated lime, 22.4 Mgh—a", 1st leaching 86 7.6 11.1 21.3 53.2 -149.8 no no
Hydrated lime, 22.4 Mg ha, leaching 86 7.6 8.6 213 11.5 46.0 no yes
Hydrated lime, 224 Mg ha 85 7.6 12.8 213 17.8 16.4 no no
Fly ash, 11.2 Mg ha, 1st leaching 86 7.6 T3 213 33.3 -56.3 no no
Fly ash, 11.2 Mg ha', leaching 86 7.6 7.4 213 10 83.1 yes yes
Fly ash, site specific, 16. 8 Mg ha’ 86 7.6 7.8 213 14.4 324 no yes
Fly ash, 22.4 Mg ha’, Ist leaching 86 7.6 7.5 213 11.8 44.6 no yes
Fly ash, 22.4 Mg ha”!, leaching 86 76 7.4 213 10.5 50.7 yes yes
Fly ash, 224 Mgha" 85 7.6 10.8 213 14.0 343 no yes
Cement kiln dust, site specific, 6.2 Mgha'l 85 7.6 73 213 11.8 44.6 no yes
Cement kiln dust, 11.2 Mg ha’, 1st leaching 85 7.6 7 213 13.9 34.7 no yes
Cement kiln dust, 11.2 Miha'l, leaching 85 7.6 7.1 213 9.2 56.8 no yes
Cement kiln dust, 224M§ ha 85 7.6 12.7 213 229 -1.5 no no
Humate, 11.2 Mg ha™, 1st leaching 86 1.6 7.8 213 20.7 238 no no
Humate, 11.2 Mg ha’, leaching 86 7.6 15 213 16.7 21.6 no no
Humate, 22.4 Mg ha”, 1st leaching 86 7.6 8 213 13.7 35.7 no yes
Humate, 22.4 M&ha'l, leaching 86 7.6 7.6 21.3 10.9 48.8 no yes
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Table 16. Site 14. Amendment Study- Doolin (Payne) Btkn3 and Btnyq4 Horizons (Sample Nos. 85 and 86, ODOT Nos. 55 and 56, respectively)

Treatment Data (cont.)
Final Leaching | Change in Effectiveness” | Effectiveness’
Treatments’ Sample No.* | Initial pH* Final pH* | Initial SAR"™ SAR SAR", % (Proposed) (Standard)
(pre-treatment) | (post-treatment)
Calcium chloride, 11.2 Mg ha?, 1st leaching 86 7.6 7.2 213 14.7 31.0 no yes
Calcium chloride, 11.2 Mg ha’, leaching 86 7.6 7.0 21.3 9.8 54.0 no yes
Sulfuric acid (36 meq/100 g soil)*, leaching 86 7.6 74 21:3 339 -59.2 no no
Sulfuric acid (36 meq/100 Esoil)”, leaching 86 7.6 1.5 21.3 211 0.9 no no

“Threshold values for % change in SAR: Proposed system- 62.9, Standard system- 29.6; Proposed system threshold SAR=((Initial SAR-the proposed SAR (7.9))/ (Initial SAR)*100;

Standard threshold SAR=((Initial SAR-15.0)/(Initial SAR))*100
¥Leaching included 5 successive saturations/extractions of treated soil

*Pre-treatment pH=pH reading before chemical treatment; *Post-treatment pH=pH reading after chemical treatment;

*Initial SAR - Sodium Adsorption Ratio without chemical treatment :* Final SAR - Sodium Adsorption Ratio with chemical treatment; * Change
in SAR=((Initial SAR - Final SAR)/Initial SAR)*100.
** Evaluation based on decrease in SAR in relation to diagnostic value for sodic classification;

# All other treatments including sulfuric acid were at a rate of 7 meq/100 g soil sulfuric acid.
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Effective treatments for the soil include G and FA applications.

The Hinkle (Kiowa Co.) sampling location is in the southwestern part of Okiahoma. The

BCk horizon is sodic-moderately saline (EC equal to 6.8, SAR equal to 29.9). Treatments
included G, HL, FL, CKD, HU, CA, and SA. |
Evaluation of Treatments
Selection of appropriate treatmenis for reclamation depends on the effectiveness of the
amendments in improving soil properties and plant growth. The ability of amendments to

| ﬁvomblyinﬂuencetheEC pH, SAR and amount of dispersion in a soil is important in the

evaluation and selection of an amendment. anfammﬁ‘ecawmformto ' _
wmmmmmmwdwmmmmwMMm |
_mesofmmmemmmofmpﬁﬁmmwmdmﬁoﬁoé |
thepr@aum. None of the mannemsreducedtheSARvihle of the Dwight (Osage Co.)
horizons below the desired value and nearly all of the treatments sucoessfly lowered SAR
vah:esfortheng,Bomﬂe,andPawmskasods mmmmmm :
abﬂnyofnmmdmm:md’em&ymdmwdwmﬂsumwmmof b
tremmsnotworhngmﬁxewaght,mohn,mdmnﬂenih Ifzméml&ngnomcvabm
for sodic soils (USSL, 1m)mmmmmmmammm -
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Table 17. Site 22. Amendment Study- Hinkle (Kiowa) BCk Horizon (Sample No. 146, ODOT No. 97) Treatment Data

Final Leaching | Change in Effectiveness’* | Effectiveness’™
Treatments” Initial pH* FinalpH* | Initial SAR| ~ SAR" SAR'. % | (Proposed) | (Standard)
(pre-treatment) | (post-treatment)
Gypsum, site specific 7.73 Mg/ha 7.8 1.9 29.9 21:1 29.4 no no
Gypsum, 11.2 Mg ha-1, 1st leaching 7.8 7.8 29.9 25.1 16.1 no no
Gypsum, 11.2 Mg ha”, leaching 7.8 1.2 299 7.4 75.3 yes yes
Gypsum, 22.4 M_tha'l, 1st leaching 7.8 7.7 29.9 24.5 18.1 no no
Gypsum, 22.4 Mg ha, leaching 78 7.4 29.9 8.4 71.9 no yes
Gypsum, 224 Mg ha 7.8 7.8 29.9 17.9 40.1 no no
Hydrated lime, site specific 5.60 Mg/ha 7.8 7.8 29.9 277 7.4 1o no
Hydrated lime, 11.2 Mg ha, 1st leaching 7.8 10.7 29,9 60.3 -101.7 no no
Hydrated lime, 11.2 Mg ha'l, leaching 7.8 7.6 29.9 9.2 69.2 no yes
Hydrated lime, 22.4 Mg ha™, 1st leaching 7.8 10.7 29.9 80.4 -168.9 no no
Hydrated lime, 22.4 Mg ha”, leaching 7.8 9.8 29.9 11.5 61.5 no yes
Hydrated lime, 224 Mg ha! 7.8 12.8 29.9 37.7 -26.1 no no
Fly ash, 11.2 Mg ha™, 1st leaching 7.8 8.0 29.9 29.6 1.0 1o 1o
Fly ash, 11.2 Mg ha, leaching 7.8 8.0 29.9 25.4 15.1 no no
Fly ash, site specific 17.54 Mg/ha 7.8 1.9 29.9 21.8 271 no no
Fly ash, 22.4 Mg ha'l, 1st leaching 7.8 7.4 29.9 22.6 244 no no
Fly ash, 22.4 Mg ha”, leaching 7.8 1.2 29.9 20.1 32.8 no no
Fly ash, 224 Mg ha 7.8 11:5 299 34.0 -13.7 no no
Cement kiln dust, site specific 6.47 Mg/ha 7.8 7.1 29.9 15.5 48.2 no no
Cement kiln dust, 11.2 Mg ha’l, 1st leaching 7.8 7.9 29.9 18.7 375 no no
Cement kiln dust, 11.2 Mg ha™, leaching 7.8 1.1 29.9 12.9 56.9 no yes
Cement kiln dust, 224 Mg ha 7.8 12.5 29.9 33.1 -10.7 no no
Humate, 11.2 Mg ha”, Ist leaching 7.8 8.1 2599 30.1 -0.7 no no
Humate, 11.2 Mg ha™, leaching 7.8 8.0 29.9 27.2 9.0 1o 1o
Humate, 22.4 Mg ha”, 1st leaching 7.8 8.2 29.9 34.9 -16.7 no no
Humate, 22.4 Mg ha”, leaching 7.8 7.6 29.9 12.1 59.5 no yes
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' 'l‘able 17. Site 22. Amtndﬁem Stmly- Hinkde (Kluwa) BCk Horizon (Sample No. 146, ODOT No. 97)
'l‘mtment Data (cut.) ' -. , :

S o R : quwm Jch Effectiveness” | Effectiveness”™
ihm' e 1 Iait ilﬂ" FigaloH* |lnitislSAR" SAR® SAR', % | (Proposed) (Stapdard)

» o | (pro-trestment) | (post-treatment)} ; | |

- |Calsium chloride, 11.2 Mg ha™!, 1st leaching 78 74 29.9 20.7 308 |  mo 20
|Calcium chloride, 11.2 Mg ha™, leaching 7.8 7.2 299 14.7 50.8 1o yes

* [Bulftic scid (36 moq/100 g said™, mmhing' mg | 78 | 86 | 209 680 74 | ne 0
~8ulﬁttie¢eid(36medlmioﬂ5“lduﬁn!‘- : 1.8 1 - 15 | 299 51.4 719 | me 00

 “Threshol valuos for % change in a SAR: Pmpoled systeta- 73.6, Standerd system- 49.8; Proposed systemn threshold SAR=((Imtul SAR-the
~ proposed SAR (7.9))/ (lnitial SAR)*100; Standard threshold SAR=((lnitial SAR-15.0)/(Initial SAR))*100
| 'Lmtmg inchided 5 successive saturstions/extractions of treated soil
‘Pre-mnment pH=pH rudmg before chemml treatment; #Post-treatment pH=pH reading after chemical treatment; _
*Iniml SAR - Sodiuth Adsorption Ratio without chemical ireatment ;* Final SAR - Sodium Adsorption Ratio with chemical treatment; * Change

in SAR-((Imull SAR - Final SAR)/Initial SAR)‘ 100.
v _Evnhution‘bmd on decrease in SAR in relation to diagnostio value for sodic classification;

“ All othr troatments isohding sulfuric soid were at & rate of 7 meq/100 g soil sulfurio acid.
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Oklahoma are overestimated. Reclamation of sodic soils in Oklahoma will improve if diagnostic
criterion proposed in this report become the standard. |
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 SUMMARY
‘Twenty-three soils were sampled and characterized from locations within sodic soil
mapping units across Oklahoma. Twenty-two soils represent the range in sodic soils for
Oklahoma. One soil sampled as the Huska series (sodic) did not contain any sodic, saline, or

"dispefsivepropelﬁesmdisconsidered a “normal” soil (classified as the Zanies series). All other
‘soils did contain sodic, saline, and dispersive properties as predicted from county soil survey
~maps (NRCS, USDA).

The twenty-three soils sampled were classified following the current U.S. soil

classification system (Soil Survey Staff, 1999). Several sodic-dispersive soils did not classify as
‘natric (sodic~dispersive) according to (Soil Survey Staff, 1999). Sodic properties for these “non-

natric” soils were either deeper than or contained lower SAR values compared to current natric
soil classification. 'Thisrepoﬂrecommendsarwisionotlexpmsionthemtﬁcdeﬁ:ﬁﬁon(Soil |
Survey Staff, 1999)to~inc1udeﬂnes§‘*non-mic”soi1sasnmic. The current classification
synanmybebiasedrwwudagrmwmichtﬁpmﬁﬁonofmeamsoﬂforMmeotgmwm
comparedtothesamembsoﬁusedasengmeemgsoﬂmatm
Annnpmvedcmdaﬂonofsod:csoﬂmesnaneswﬂhmﬁddchnmmcsw

, neededtobetterduufyMesoﬂs(SoilvaeyStaﬁ',l%) The NRCS, USDA has donec a

goodjobndemfymgsod:csoﬂmssOklahom However sampledsoilschsuﬁodmordmto ,

: isoﬂuxommy(SoilSuweyStaﬂ‘, IM)M-MM‘MMMMMW

names used in Okiahoma. Thisfeporteanme"asaniniﬁalstepforhnproved,sodicsoﬂ :

County soil survey maps (NRCS, USDA) can be used to locate sodic soils to within 200
m of a specific location. However, if site specific information is needed on exact location of
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sodic soils to less than 200 m a detailed field investigation is required. These county soil survey
-mapsaredigiﬁzedandcanquicldyandeasilybeusec‘ltoidenﬁfyso&csoils.astheyintersect
roadways or other features. Several counties in southeastern Oklahoma contain sodic soils that
are not identified by county soil surveys (i.e. Choctaw County). This report recommends a field
wauaﬁmofmmmmoummwwfyﬁeﬁmmofm&cm.
Also, amodeltopmd:ctthespaﬂddmhihxﬁonofsodwmﬂsmmmﬂmﬂmthmZOOmx :
200m)uneeded Currently, nomfomauomsmhbletopmdwtﬁddvmab:htyofwdwsoﬂ
-mappmgmm(mcmmgbothmmnymdmhdepm). |
m@ofmmm'mmmomaﬁomgmdmmf
Sodmmsdtsoeunnnngretmm,Punum,mdPemsylmmrocksmdtmlvedby
ground water. Thegtmmdwmrmoveswmymda&‘wtsmdepom(s&wnm)mdwﬂs
 adjacent to salty rocks. Sodic soils form from sediments contsining elevated amounts of sat.
Sodic soils in eastern Okishoma contain sodic properties at & greater depth compared to sodic
mﬂshwenmombeemseof'lmevapmpimﬁmaﬂdmmwpmdpiuﬁmm
eastanOklahomaeompuedtowestunOkhhom& »
’ Sodxcsmkuenotewlyxdenhﬁeddmmgﬁddmpecnonumgmndm'dproeedwes
sm&mmmmmmmmmmﬁmdmm However, not all

mdwsodmscomarm:dwuﬁedbyahchpm ' i aoﬂsmmaﬁedbya

'vmmwm(M)WWMMMMMMM~ :
identify non-saline, sodic-dispersive soils. Emuvatmgthewd&ndrev:ewmgthesoilptoﬁlewn R

.mmwammmmmwhmm Theprmofcohmmnr
mewasmtammmdwuorofmm Sﬂtmsmpresentmomso%ofthe
. Mm&emﬂymdmﬁm'ymmwﬂsmgamm Siltansand
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columnar structure identify the upper part of the sodic subsoil but do not adequately identify the
total thickness and depth of sodic conditions. Naturally occurring sodic soil always contains a
high clay content in the subsoil compared to surface horizons. However this clay distribution is
not unique to sodic soils. Often field identification of sodic soils is enhanced by the accelerated
erosion associated with dispersion that is observed along natural and human induced exposures
such as gullies, road sides, and local borrow pits.
ThedoﬁblehydromaerMW-ﬁsedtodaame,dispadmpamgeformdicwﬂs
in this study. The double hydrometer tost was selected s a standard because it is a quantitative

test that is cited as relisble in predicting actual field problems. The pinhole and crumb tests were

also included in the study to predict dispersion and were compared to the double hydrometer test.
The double ydrometer, pinhole, and crumb tests were compared to laboratory determined soil
properties which are often used by soil scientist and cnvnlengmeeutopredtctdwpmon |
including SAR, ESP, EC, saturated paste extractable cations and anions, pH, clay mineralogy,
and gypsum content (estimated from field soil morphology). The amount of sodium in the soil
solution as measured by SAR and ESP is needed to predict dispersive conditions in sodic soils.

- However, SAR and ESP alone do not explain dispersive potential. If soil EC is included along

mﬁnSARorESPthmdmpuuonxudquatelypmdwted PmblemumgSARdeCto
predzctwdmspamncmmbmseofthepmmofmﬂ-formdgymmable

nug:mmm«u,mxemnenlogy mpHdeCvahm,mdwnbleaﬂﬁte,

thu&oreshw!dmtbensedasarapndﬁddm mmnnbtutfmkdtopredictdupmﬁor

g soﬂsmthahrgedauolveduheonmﬁnﬁm(hghm) Thepmholetestdldmm~
 Pinhole test values ofahghtly mmdemdydupum mmmwasm
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dispersion. However, the levels of dispersion above slight dispersive (ND3) as used in the
pinhole test did not correlate to the actual percentage as determined by the double hydrometer

Gypsum and leaching with water are effective amendments to lower SAR in sodic-
dispersive soils. The remediation of sodic soil is;depende@t on'theamo\'m.t‘of saltsand sodmm in
the soil. Amendments tested in this study proved more effective on soils with lower EC (less
than 1.0-2.5 ds/m) and SAR (less than 12.0) values than on soils with higher EC (greater than
3.5-7.0 ds/m) and SAR (greater than 30) values. Increasing the amount of salts and sodium
hindered the ability of amendments to reduce soil SAR values below sodic levels (successive
addition and removal of wates). Leaching after application of amendments resulted in lowering
of SAR values. Comparison of laboratory results with field results:are neessary for proper
evaluation of amending matemls and treatments. - |
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