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CIL'\PTER I 

ITRODUCTION 

Liebie said, "Agriculture is, of all industrial pursuits, the richest 

in fo.cts and the poorest in comprehension." To a large degree this state-

ent is still true in spite of our o.dvo.noes in �icultural science. 1a.rzy-

unsolved problems in agriculture, old and neu ., still await the answer. In 

most of the o.gricul tural pro bl s t e study of the soil is of prinary 

importance. 

The soils that support us ore the products of different co::1binations 

of rocks, cl:il'late, slope, vegetation, and time. Nature has had to make 

mal\Y types of combinations of the soil forming factors to produce all the 

different types of soils i.n the world. Even the good soils are signifi-

cantly different. 

Besides these forces of nature, soils are also influenced by the 

action of an when he cultivates the lo.nd o.nd grazes his herds upon it. On 

good soils production can be maintained or impt:'oved by proper use, or it 

ey be decreased through careless use ar abuse of t 1e land. fuen the soils 

beco e less pr-oductive uhether as a. rosult of natural or arti.ficia.l ca.uses, 

it is a matter of deep concern to us because upon this depends the pros-

peri ty of' a nation and the welf m-e of society. S0oeo11e has rightly said, 

nThe base of t ... e social pyrD.rl.:.d rests tod� where it has alweys rested-

upon the land. Upon the land o.n makes his first application of productive 

effort-to extract from it food to sustain his life and give h , energy, 

1 
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fiber for clothes to protect his body and conserve its vitru. warmth, vood 

to build shelter against the elements and o from which to furnish tools. u 

Therefore, to naintain a high productive capacity in soils, both those 

hich are normally productive and i.n t _or,e wich have been · paired for one 

reason or another, is clearly -· attar of the highest order of national.., 

im por·i;a.nce. It is possible to t the largest returns from lands by using 

the best oult'ln"o.1 othods and most improved breeds of plants animals 

only en it is un.i.fornly product·ve. The occurrence of "slic spots1 in 

some of the norraal pro uctive soil oreas reported from Il inois, Idaho, 

Kansas, Colorado, California, and OkJ.ah a. creates a h za rd in the treat-

ment and maintenance of' s ch n .,a]. soils. 

0Slick SEots" 

The term "slick spot" has been ca only used to designate certain 

small barren spots, w oh aro found in maey places in sub-humid olinates. 

They give the appearance on a. field similar to tho face of a nan uf'fected 

with SI:!.a.114:)0x. This name has been given to them beca.u .,rhen they are. 

wet, they appear slick and shiey, whereas the ooil adjacent to then has 

the dull lustre, . characteristic of most soils. In certain parts of the 

cotmtry th are also kno\m as ttgumbo spots."

These spots vary greatly in sizo and number and conseq ntly in the 

percent age of the land ,hich they cover. They v in size fr a wagon 

wheel to an aero. They are usually of extremely iITecuJ.ar outli and are 

pro scuously scattered in a field. They v also in the intensity of the 

characteristics dlich render the soil unproductive. The location of these 

spots has no particular reference to the topocraphy of the land (21). The 

presence of 11slic ... pots11 was recognized _n Illinois in more htu:iid pnrts of 

, 
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the prairie belt (20).. T e nslicll:: spots11 have been found in l�ebraska on 

the first-bottom. lands, particularly in association with 'Iinatare, Lro.u�el, 

and La.rao e soils, but occasionally they oc.cu:i:' on low bench land mapped as 

Tripp (13),. In Kansas (1) these s;ots ho.ve been reported to develop 

3 

chiefly on elopes, in depressions, Ol
"' at the sides or heads of dra.i-15. In 

Idaho (31) the-.( have been reported to occur on the lower bench lands.. Such 

spots have fi�qoontly ooen obse:t'Ved in ce11trul and eastern Oklahona (16) on 

.freshly ploughed lend follO'Wing o. pariod of heavy rainfall. They oceur more 

frequently on upJ.nnc1 tho.1.1 on bottom.land ( 17). These spots can. be racognized 

easily on a field try ha:v" ng spa:rce vegetation. 

Object of Research 

The "slick spots" are an neye-sorett on the field and they not only 

reduce the economic value of the land but.also affect production an:1 

increase erosion hazard. .Althouah to begin with they mey not seem very 

important 1£ the peroentuge of the land occupied is small, but with their 

increase in number not only does it becomo a se1"ious problem from a production 

point of view but it also entBils a 1 t1!Jy expenditure in reclaiming them. 

This problem. has attracted the attention cf a few 1or_;ers from different 

states; but the wca:-k . done is not of an elaborate nature no.r have a1l the 

workers agreed to their cha:racteristics rui.d nature of development probab)¥ 

because of their Vro."ied nature. It was therefore des ·red to take up the 

study of a 11 slick spot 11 soil, an intrazona.1 soil caused by local i'actors; 

and compere it with neighboring normal soil, a Reddish airie, in order 

to compare the important differences. in some of t eir physical and c emica1 

o.haracteritrtics and .from which, if possible, to tlJrow some light on its

develop nent and cure. 
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CHAPTER II 

ru:vn;w OF LI TURE 

To understand t e nature of 11 slick s ot,tt it is necessary to know tho 

mor ology, genesis, o.nd some of the sical and chemical pro rties of 

the profile and its comparison Yith neighboring normal soil. The findings 

of other workers in the field have been briefly su.rm:iarized. As this 

probl is more or less closely allied to alkali soils, applicable references 

have also been included concerning s· · 1ar rork done on alkali soils. 

Marp ology 

Studies a.de through soil surveys o.nrl other field ror • have disclosed 

a ,ber of soils in California having the morphology of Solonetz. Storie 

(41) found the presence of II slie:!... spots" on flat poor ail plains

associated rl.th the Solano series. The 'A' horizon, 0-1211 , m.o bro sh

ag struct eless fine sav.dy loa , 

was highly siliceous a.'rld t. e lo r 

stinctly a.cid in reaction. The leyer 

t of tho horizon i1ad asl • r.:;rey color. 

T_ e B horizon, 12n -2611 , ua dull bro mish trey cley. T is horizon uru,

C01i pact, l'esiota.nt to penetration of uter and 3.S istinctly basic. T e 

n2 horizon, 26" - 81 , l_ght ¢"" · oim cloy, contained imc carbonate in

seams and nodular £ore and hi h1y colloidal cley, and as nore bo.oic. The 

c
1 

horizon, 3811 -7211 : iras of light brownish , ooder tely cora ct assive 

material texture which cor-tro.ned considerable lime carbonate and 

sul nte and ras 1i y alkaline. 
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In lforth Dakota. large areas in the Greo.t Plains are c aructerized by 

a spotted appearance of the surface. Kello, ez7) described normal Scobey­

lo soil and several soil profileo f'ro::n Solonchol".: to Solodi Stages 

e:xi�ting ln the ,estern pm-t of 1''!'ort Dakota. T e profile description of 

eolodised-solo:netz 1B£ �s follotrn! 

Al 0 111 

� 
111 - 3" 

Bl 
311 - 5 11 

B2 5" - S4' 

811 -12" 

B 1211 -2211 

31 

c1 2211 --2611 

C 2611
-

Brownish ey loare �rith a soft crcrib otructuro. 

Greyisl brevrn loom ·r.i.:th a platy stri•.cture 

Dul.l eyish brown silt loam 

Dark brmm cley with a well developed, 1ar columnar 

structure. 

Olive brcn, c .ey with irregular pr_SF.,atic struct · e. 

Olive bro\m .Ulf s · , · 1ar to above except that carbonates 

are esent. 

Oli e sandy clay, high� ott e with white. 

Olive e-;rag sandy clay till, mottled wit white. 

The no·· al soil hod the sane horizons as above. The soils in all 

horizons were f'riab e W"J.d mostly on the acidic side. 

The soil of ooo such 11 slick spot11 loco.ted about 70 ·1es east of the 

established b _ ary between the prairie so_ls and t e chernozems had been 

studied at Manhattan by Ahi and Metzer (1). The narnal soil be onged to 

the Derby series. 

The 'A I horizon of nornal soil; 0 - 911 , wns a dar bro\ ail t lotll!l

uith no pronounced st. ctural developra t although there was a tendency 

touards anul tion. The B1 orizon, .. 011 
- 21't, ,as light brol-m to reddish

brown, silty clay loam uith a soft crumb struct e. The B2 hcu-izon,

2211 - 3611 , was reddish brown and less compact than B1• It was silty loam

and contained st1all concretions of lime. The porent matoria.l, occtnTing 
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below 36 11
, ,. as fairly uniform calcareous wind bloun deposit of silt loam 

text e. The horizon uo.s friable run contained all cone etions of lime. 

The t A' horizon of the II slick spot" soil sembled the 'B' horizon of 

the nornal soil. It was only 611 in depth, ,.,a.nay clay loom rith irregular 

structure and effervescence vi th IICl. T e 'B' horizon, 711 
- 2/1,

11 
, 

was an exceedingly, heavy, sticky and nearly impervious lcyer. The texture 

was clay loam and t e color >/as steel r:;ray. It was evoid of structural 

development rm effervesced strongly with HCl. The •c' horizon 1a.s 

relatively loose, ery friable, light grey clay loan with a sharp line of 

demarcation from the 'B' horizon. It gave strong effervescence with IICl. 

Ge sis 

It ,as established by Joffe and McLean (23) that base exchange is the 

corner stone of the research on the origin of alkali soils, and for under­

standing t eir behavior and reclamation. 

According to Hilgard (19) the alkali soils are characterized by the 

presence of sodium carbonate which is formed in t e soil as o. result of 

the ca plex of the sodiur.1 compounds and calcium carbonate existing in soil 

solution. 

It has been claimed by Gedroiz (15) that whenever there is a.n abtindmlce 

of chlorides and sulp ates there is no sodium carbonate. His t. eory 

demanded that t e soda formation was t e second stage in t. e process of 

alkali foroation while t ·1e first process was the salinizing process 

(solontzhak in Russian), then cane the third de""6allnizing stage fol.loved 

by the appearance of the zeolite sodium and formation of scxla (solomtz in 

Russian). Ile also postulated that t e zeoli tic portion in order to react 

with cations of the ooluble salts doe"' no·l; go into the solution stage but 

d 
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the reaction is a surface preno· enon. Since the reactions in the zeolitic 

portion are of surface character it is understood that the degree of dis­

persion of the particles has an important bearinc, especially in the alkali 

soil where the colloidal content is high. And from this viewpoint the 

study of the behavior of the alkali soil extract is of extreme interest. 

The theOI of Domnicis (10) is in agreement with that of Gedroiz 

e�cept as to the necessity of calcium c rbona.te forte accu:oulation of 

sodium carbonate. He states that the hy rolysis of the so iw conplex 

results in th formation of socium hycro:dde P ich r c..cts wit carbon­

dioxide to forr;1 sodium carbonate. 

The genesis of solonohak and solo •. etz ::;oils of western forth Dakota 

was studied by Kellog.:. (27). He found that nornal soil, soloncnak, · 

solonetz, and soloth do not represent exclusive categories, e ther of 

morphology or sencsis. S· c a soil as the solonchak-complex moy show some 

cha.rnctoristics of both solonetz and soloth; and nea.rl very solonetz 

shows some properties of soloncha.k or ooloth. The general cycle of the 

genesis of these soils from the normal soil, and back again to the normal 

soil, both for complex types and the flood types has been shol-m. 

DeSig,mon' (9) believes ·t at 1hen sodi occupies not less than 10-15 

per c nt of the exchance complex a..'ld the total soluble salts are own to 

0.1-0.15 per cent, the exchangeable sodium isperses the soil colloids and 

reduces percolation. Hydrolysis of sodium fror.i the exchange coL1plex gives 

the soil an alkaline reaction with removal of soluble solts. T is leads .to 

the fornation of solonetz. Solodiz tion then starts, which results in the 

eluvintion of 1A 1 orizon and deposition of clay and colloidal matter in 

the 'B. 1 Under the peptisinc influence of sodi , organic matter froz:1 'A 1 

horizon moves into the 'B' horizot1. Such a soil is called a solodized­

solonetz. With further hydrolysis of sodium from the exchange c plex 
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sesquio::ddes are n so eluvia e into tho 'D ' from ' •• ' The pr cess of 

b"' drolysis and leaching con .... inues until t e p.�ofile loseo its ,.,olonetz 

character·s-tics ald beco ea f. "able to a co sidcr,_b_e epth with more of 

'A' horizon t 1an '3. ' Such a soil is cal.le u soi oth. 

Harper and Sto t (17) fro Oklahoma conclude ·t t a t <J.lic spot" is 

the a.lkrJ.ino phase of soil evelo ent (solonotz soil) w · ch develops after 

soluble salts, principnJ.1 c.1loridos m s•il.plmtes, ave been re: oved lJ!J 

leaching. The unfavorable ph siccl structure wrich evelcpe under t e 

.:.nfluence of soditun still re· a.ins after the sodi and other bases e.re 

re oved by leaching a:"ld replaced by hydrogen. 

T e fo ation o.nd occurrence of white and black o.l.·a.li soils h e 

been reported by Burgess (5) from Arizona. He .o.s concluded that t e 

11 slick spots11 are forned in fields ere ino textured soils predominate. 

:t one time the areas carried sufficient white alkali to transform a 

considerab c portion of their cley zeoli tos into t e sodium cley. Subse­

quently the white al �ali salts ,ere leo.c ed out of t 1e surface soils, 

eit er by no.tura.l re.inf 1 or a.rtificio.1 r.1ean.s, th11s reducine the s t 

content sufficiently to permit the fo ation of small quantities of black 

alkali. This alkalinity has so deflocc llate a.rrl cemented t soil part.:.cles 

as to render pmetrntion nearly impossible. 

Norte,, and Brey ( :30) 1ave discussed t o "slick spot" soils of Illinois 

have ttributed their presence to the interruption or leaching of a 

shallow loess by on tmderl .:.ng impervious till. This slightly pervious 

buried soil has interferred with the drainage lea.cl • ng of the overlying 

calcareous mate, ial, resulting in accumulation of the products of weat ering 

as secondary minerals. The secondary a.ccumulation includes m1usually high 

a.lJlou.nts of replaceahle sodium and calcium, and calcium carbonate is founi 

precipitated in sane of the horizons in the pper or super-· pose profile. 
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Jhile arking with "slick spots" in Idaho, Peterson (.31) found that 

colciur.i carbonate uas the cause of these ''slick spots" and 1 t was probably 

due, in large ea.stll"e, to the cementing action which took place w en the 

calcium ras deposited from solutions in the soil. 

9 

ccording to Murp and Daniel (29) the presence oi' those so colled 

nalka.li spots" is probably due to the accumulation of sodi salts in the 

sedi cnts laid down by the recedine sea, as the water in the deeper surface 

reservoirs evaporated as a reoult of arid conditions. The lateral extent 

of an individual alkali spot is usually quite distinct, indicating defi te 

abrupt stll"fo.ce conditions at the time of deposition, accumulation and forma­

tion of solonchak soil. As the soluble sodium salts reacted with the base 

exchange complex, sodiw clay -1as formed. As the sodium sa1ts were leached 

out of the surface soil by rain water, hydrolysis of t e sodium clcy- occurred 

and sodium hydroxide, its soluble product, caused the soil to become alkaline 

and highly deflocoulo.ted. This retarded further leo.ching, and with t 1is 

retardation and tm er the existing clinatic conditions, · orphological 

features characteristic of solonetz developod. 

Ahi and 1etzer (1) from Kanso.s u le disc sine the genesis of "slick 

spot' soils attribute the presence of such ooils to gro1n1d water seepage. 

"Slick spoto'' have never been found in soils with good internal 

drainage at Illinois, and Smith (38) consequentfy proposed that the salts 

carrying t e sodium which were pri arify responsible for the fortiation of 

the II olic spotsn 1 re nov ed latcra.1.J.y by ground water, or that in sooe 

instancea 11 slick spots" mey have de eloped as a result of cnpillro:-y action 

duo to a high water table. 

During the discusoion of a
l

kali soil formation, Kelley (26) has 

pointed out that �n if soluble salts and exchangeable sodi ore r oved 
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by leaching i·t does not neoeosarily follow that the normal physical 

characteristics of the soil 'Will be restored. PJ.�obably the profound 

physical alterations pointed out gradually develop over a long period of 

time and these physical changes may not be completely overcome by the mere 

replace ent of sodium by calcium. This appears to be the case in ma,rw 

small spots in Western United States knoim loca� as "slick spots." 

C-artain so called tfsJ.ick-spotsn are fouu to contain l.'Ut little exchange­

able sodium-or else they lose it by moderate leach g-and yet water pene­

trates these soils with extreme slowness. 

Thorne and Peterson (42) described 11 slick spots fl as small areas of 

alkali soils. Such spots are often tlllderlain 1w dense plastic clay horizons 

that seriously i.I:lpede leaching operations. 

Stat.tff'er and Snith (39) at Illinois found only 1.8 inches of percolate 

fro.::i a 38 inch Putnam soil colU!!lll, out of' the total precipitation over an 

eighteen month period. If weathering libernted a. high proportion of sodium 

as compared to the other bases, the interruption in percolation could 

result 1 n n slick :Jpot u formation. 

It has been shown that the majority of' the "slick spot" soils in 

Colorado ere high in adsorbed sodiun. at normoJ.. moisture, but nearly become 

saturated with calcium and magnesium uhen uashed. Gardner, Whitney and 

Kezer (14) have shmm that sodium saturated clay mey swell to· occllP:f a 

much larger volume than oaloimll saturated olcy 1 even when the sodium clay 

.ra,n coagulated with large excess of stlts. It as con.eluded that many 

of the "slick spotstt in western Colorado owe ·!;heir impervious condition to 

adsorbed sodium, even in t _e presence of an excess of' calcium sulphate and 

sodium salts, and that reclamation depends upon removal of the excess of 

sodium salts. 

a 

in 

l. a w 



ll 

Plice and Enei"s.on {32) 1X:itiove ·hha:t ttslick }1.pot 11 soils a.re no<t co..vJJed 

b>J the nprosenttt ooditm io11s cox1tcj_ned thore:i.n, lro:t ,. inste.::td, bzr tho po.st 

11 presence11 of i·t.. In othor wordn coditM i,W.f.:l the a.ct.ua.l oe:use of irslicl: 

spotn aoi..1 £cr:mo.:hio:n, uhothor � of it rrMll remci:ns :1.n the soil or net • 

In fac'h, their dnta indicate 1tery otron.ely that no�t 0£ the soluble sodium 

r:.ust leave the soil 'before the 01.'trei1tely bad plzy-c:lcnl c011c.1it:lo11 CDll result. 

In view of the varied n.o.ture of llsliok spoim11 reported :from difi'e:i.:-cnt 

places, their physiccJ. f'J1tl chesiicol proporties cl.so shot-1 wide dii'f'ere:nces. 

Strikine diffo:�:.:.nceo in gr·owth between the plants of e.lfalf'a grown 

on no1"L1e1. soil mm ttsl:tck spotd' in the sat1e field have been reported by

Pet0rson (31) fron Ic1cl10. no fou.t'l.d tha:t the YJorJt consiste:::1t differt,r..ce in 

the ·�wo 1-,,.inds of soils ic in the content of lime. The norme.1 .soil is 

reme.rkably low in i"'t:,s co:o:bertt of c tlci:1.m1 co.rbonate ,, considering the lai"ge 

· v.2uo1:u1t in the s1.1t,-;:,oil. The percelerhage of clti;7 in 11sliok spot0 soils and

l".torri1u.l coils wa.o t:i::.e saBe. noweve:c ., there is a difference in the ratio or

ve:r·y f'inE; scmrl to silt which ue.s nuch illru:-1 .. ouer il1 the :non-click soils

V$T,fing betwee:n 2:3 and 3:�Z. jrhe pOl"e spao:e doeo not differ uidel.y in 'the

two classes ot soils.

Kelley (25) at Ca .. liforniu has shoi;,rn that 'lihe on.cunt oi: om or 11101.""e of 

the aolt!.ble sclts in soil sauplcs tclten f1�om a VeJ."'Y smell area varied 

enorr:iou.aly. The cistrit:111;tion of' ch.loricles and sulphtrtes Has m01;.c var:la1:,le 

than that of tho t-<;..lkali c-:,rbo11t:."ve. 

the pH of the 0s1ick Gpot11 pj."c:fi1e has been s:town by Norton and i3:rey 

(30) at Illinois to l1ave a good ocr:relo:l;i.on with the i.;extvro, strl1ct·�cZ·e, and



u:J. 

fJOc1iun cont0::d; of �J1ches of.' ti 1mture loe:.:m-c1erivec1 Illinoi0 

The l'CplncerdJ1e �3od:lun content of a 

f'ou.11d n close :re1crtions1:iip between ' 

Isac.Ir. (21) 

soilfj. 

uater 

for the 

tb.e colloic1.'.:iJ. portion of & tto:J..ick soiJ.11 ires e'hout ·three 

of' wc.ter rec;,ltl:rcd to 

the normal cJOils. Lm;r cTop pi:·od:nc:ing power o:Z tte 11 slick 

spotH soil i:i<3J) D:litribtrted 'to 'tho ph�;r�ic.�l cor,<li tion of "this soil, tibich i:n 

Sone 

of t;he 

woll oevelop0d llsJ.ick spotH u·o.s soJiJon ove1> 0.1 per cent fm:, 'the sane depth. 

sodiun .. 

pH 

of nm··t:.c.1 soils and II slick spo't They were low in 
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The pl:t;/sii:;cl. 011d chenica.1 p;.:opex··hiae of the SV.l""f'nce loy:er of :no1�al 

soils end tl:e 1 :(J t hc:dzono of solonotz soils in 01"'.lahona had been co111pc;."ed 

by 1-Tr.irpey· exd D-0..niel (29). Th�r fot111a no!'e ,Jater soluble sod:i:um in tlie fB • 

hori�;on of the soJ..o.:::otz -thc.11 1.n '!
i
he 1A' ho:r:l zon of tl1e n.ormtl soils. 'l'hey

f'ou.nd -i:;hc a,verqgo ::•.:;rUo of 0:xchant,;'Otthle cn.ldur1 to �odi'Ull was 11.0 ·to 1.0 

in 'tl1e normal s<xUs end o.5e to 1.0 in tl:o solo:netz. Only 01'.!.e 01;:.t of 

11iru:r!iee�1. po.ired oamples ho.cl c, pH louer thM ? .o .r:.nc. eight uel'G;! e.bo"!o f!.O. 

The i:;:11u.ence of e�c'.ha.nr�eDble nodium 1.1.po:r:i. certain pl?cy·sieu.l pl�or,erties 

of soils evon when thi,1l"0 'l.{Ol'e reli::i:t.i'itoly s:Ja'.U DHounts of exchrrieeabJ.e sodimil 

in the soil he.s 'been established b"J Ratner (:34,).. The inflnc2nco of exchange­

able sodit'i.i'.1 in che:r·rozein f;C,il on p1P:.nt fft"o1r.rth hegins to be deleterious 

under the conc1i·Uons imposed by pot tcr1ts only uhen it �,1oui1ted to about 50 

per cent of the totnJ. e.x.chu:nr;::::able hafies. The ·u.rd'nvorRble :u.1i'lu.enoe ·of 

e:xchangea.ble ood.ium upon the physicoJ. pl"'ope:t .. 1,ios of soil, ao well ct� its 

harmf·ulness to plant gl"otith, ,111.en tli.e1·0 HltS t1, conside.:ro.ble 2!:1ount of o:re;ar:r'. c 

thru.1 in poorer ooils. 

A.1:ii and Hetz/'.l'l:," (1.) ci Kru'!so.s have obs01-ved tho:t in g-e:c:ercl the t1 s:ticl;:

spot0 p!'ofile eontnined sor.ieuhrrt :Less tot�l st:milt; a1c1d clie};rUy 1101·0 fine 

pj'.)J;>tieles than the normal. soils. The only ri'1f'.:rked di:f:E'er(.:)nce, however, tias 

in the content of the total SaJ.7,ds and s-t1 t in the 'B' horizo::1 o;f the two 

oo.ils. The llsll.ck opo'tu soils contained co11sidero:bly less colloidal material 

th!ln the nonu.al soil. 

Though the solu.hle salts we:t."e higher in "slick spot" profileo tkm 

110rnru.. 011.ea, ·they were not eJrc.essive.. Am.one the cxchDngea.bl,s baoes in the 

two prof11 ess the narked diffe:rence war.1 :h1. the relut:t ve a.rnountt:1 o
f 
e:.irohange­

ab1e sodium-..1.bo;::rt eig.ht times m.ore in slick spot profile. The CtH ratio of 
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n slick opotsn was low a.a conpm:ea to the ::1ormal p:�ofile. Silica rnesquio::dde 

ratio and base exchm1e;e capacities of the colloidal f'ractim:l i':con the 11.slick 

spotn profile uru:: bighe:i: than in norr,uil soils. Jo.rusov (22) olJse:eved that 

the mobility of 6]Wh�I1.ge2.iJlc cw,tions depemo not only on tho ldnd of soil, 

kind of e:irch&ngeablo cations in tho soil. 

Tha:h the surface horizons of the 11olick spotn soils have a lower 
,..k-z. 

colloidal oonten"'G than the udjac-e:nt soils han been shot-r.a by Smith (38) at 

Illinoic. The horizon oi' uccurJulo:hio-..a wa."3 found at a mnch shallower depth 

in the 1•s1.1.0:k-spot11 soils. Tho mofJG inportcz1t difference between the

Fltts, Rhondes en.d Lyono (13) f'ou.nd at Hebracku ·tlla:t the "slick spoirnfl 

uith soditUil fu"1d potassiu:1 m1c1 pooi" physical propc1"ties vras at·t1--il.'lrted to 

this. A olooe relationship has also been shotm between the pE of' the tt slick 

spot 11 coils o.r'..d :no:t"tk.'11 soils and thoir reapective pe1�cantages of exchmigeable 

nouovo1ent ions oxi.d c�J.ciur1 c�.rbono.te. 

Fitts, Lyons v.nd Rhoades (12) a:"c .H0bro,ska oJ.so studied the influence 

·of su .. lphur, rorPS'illit end calcivn chloride o:n some pbysicru. and ehertlc�J.

reduced the percentage of clcds lu:cger than 1/ 4 inch vnd increased the rate 

of wt.ter intake by ther,1. 

Pllce and Emerso11 (32) at Oklahonm obse:rved little dii'fe:rence between 

beh1een them in permeability- and plasticity. The reazon few the poO".e 

plzysioe-J. col'Klition of Uslick spot 11 coils was z:1ostly ascribed to -'i;heir hieh 

II.slick soiln 
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degree of dispeI·sion u'.hich was due to ·the presence of oe:ctain seJ.ts, pm .. �Gi<..'11-

lerly those co11tn:i.J'..tl;n,e oodiv .. m. nsliclc spots" we:r·e reported to be quite 

variable having tre.ces to conside1..,c_ble uu'l:;er no1u1JJ.e ::,cl.ts present tn1d 

nlso :1n the propm•tion of e:whnxi.geab1e soi:iu.lil. Mo[it of' the soils httd ·their 

pH value higher than 7.0, ranging between 6.0 to 8.9.. When soils were 

leached with solutions of' basic aolts or vtl:.en tho ba.:3:tc soils e.re leached 

with water, orgru>J.c natte1· ar-..c1 1:tltrogen 1,mre lost.. The orw,mic rm.tte:i." ond 

. .nitrogen com·e:nt of not•r:m.1 :\;oils were d.ottble those o:f.' 11 nliol: spotn coils. 

It va.s believed tho:t r::ruch of the pom� physical condition ond ger::e1�ei 

sterility of the "slick spot" noils uo.s due to los�1 of orgurdc mattei� from 

those soils ouuoed by "Ghe action of e:\tcesnive SD.lt concenJGration. 

It was observed b�;- Ht-1.rpor and Stout (17) that 11 sliok spotn soil� were 

U.'3uall.y high in clsy ccnrtent and ·r.he aegregutos were usuru.ly ;110:�e cU.r"1J""....!"'3ed 

in wator. They f ou.nd "Gl1o.t these soils were u.mwJJ.y more a.lke.line tht::U:1 

n01. .... mru. soils due 'to a phyaica1. trtri1crt.11r•e which retarded leachinr; m1d ti'.iat 

mos·l; of ·the "slic1;: spotsn did ·not. corrh:;iin sv.f:Z'icient ooluhle saJ.ts to 

retard i.lO"i'lnal plaiTt e.To\lth. ili"ecmc ncr-ctor in the "slick spots11 was usucl.ly 

lou. These soils were low i11 tot cl. o.nd wc:hor soluble phosphorus b1th all 

Here adeque.tely supplied_ vlth exchm1geuble calcium e.nd potae..s:lm. E::itch�J1.ge­

eJ:ue eodiu.111 was hifjbe-.i:' in raost of the nalicI: spot tt proi'iles than tlw 110.r-uru. 

011.es. 

Certain recommend.ationc for re:1eleim.i.ng slick spot soils with c::.-:-::oum., 

ol ... gan:l e ma.tte-.c and sulphur have been mo.de ·t,,J Harper ru.'ld. Plice (18). They 

also .reported thc:!:i si11ce 0sliok spot 11 soils were very i::uct v.::Tiod with 

regard 'ho their f.r�ru:cture arld chemical composition it 11as difi'icuJ:t to r:.i8l{e 

accurate reco.i-nruendo.tio.rm for i:mprove1:1ent that would apply· ·l;o all areas. 

The nslick spotsto from central �u1tl ca.stern Oklahoma havo lleen reported 
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by He:i.-per {16) stGo b0 dei'icicn:h c henicclly in a 11t111ber oi' uey·s. Sodium has 

been repor'uec1 to l:Jo one oi' the impol"tc.nt fn.ctors in developil1g ru:1. unfavor-

able s"tructrira. The 'hlick spots' were :r'Cported to bo low in orgun.i.c natter 

and avail.able phaopho:i:'U.13 1r,.i-t mey- or 'frlfJY not 'be �J.kaline thot'!.gh often ·they 

were • 

.Loughridge· (28:) at Califor:.ua observed that the sclts found iri1pregna...: 

.. oi11e alke.li £:Joils consisted of vz.J:•ying portiono of soditi.n s1il..phc.te, sodium 

chloride ar...d sodit'!iil cei1"bona.te and that they wer0 concoi:rt1 .. a·ted in the surface 

fot!l."-foot l.-zy-er of soil. Joffe end Zinme:t."lno.n (24) have slwun that 

ma.gnesium was prosont in hi.eh cm1coJ�:l:irrrt;:ton, its effec.ts we1"e harr1ful. and 

that in the smno tilm:1:ner as sodit'll:1. Cru.ciur:1 011 -t!::e othe1" hc:rv:1 c.;:;.:rhagonized 

uagnesitm1 a."'id. sodium. 

Ou:hsta:nd::tng differences be·tuocn ru.kflli and produC"l;ive soil in exchange­

able sodiun, exchru-:,geablo sod:i.Wil pe1• c.e.nt, p'H oi' sut:0..1,.0.tio:n paste anc 

soluble salts have been repo1-.ted Ly Chang (7) Zron Hew Hex:t.co. A:iclysis 

of water soluble ions revea.le<l th.o:i..: (1) highe:::" c;.1.1.:uxtities of soclina in 

saline-d!rn.li soils than 1101•r11cl soils; (2) lo,r concentro;t.ion of o.v11ilable 

caloium in spite of colco.:reous :n.atttre of soil; (3) variations of po·tassiu.1n 

imd :magnesiu.'l'fl ions uere sHr.J.l; (L:,) l1igh ratio of sulph&:tes to cblarides 

we1"e :found 1,1 nearly all ooils; (5) higher si:J.t content and g:reater pro� 

po1�tions of sodiw:1 ions imre present in loner horizons than in surface soils; 

(6) ·the soluble co1--ho111.:rhes were low in e.lkcli soils and were en:tirely ::.bsent

:tn pr·oductive soils. Ra'.G:1.os of exchnngeable calcitl!il to sodiur1 for non­

alkaline soils lJere noticeoJJly lower than. 'those f'Ol" productive soils. 

E::rclu,•:11gec.ble poJGassium uus high :£'01.• vJ.l soilo. �wept for s&u.i:nc-a.lbtl.i 

soils, tho qtumtity of e:xcl1ti1.11geabl0 magn.ec:i:um na.s l"ough.ly simllr.r to 

potassiu:n. l'he aeturu end relative ar.rrounto of cxchongec.1Jle magucsit1m in 
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Ji close 

low salinity, low 

rate.s of :lnf:Utrat:i.on cuia permeabi1i ty. anc1 grottnd 

which m�,r be to the developnent of high sodium soi.la. ii clofJe

TI.nsDel (37) 1:;o'tween noisture eq,}.ivele:nt ancl 

equivn1ent of 

Horgen, and Balter (11) o.t Idaho have shou:n -'chat ·bl:e probleu soils of the 

bc.se Cctitts. ( •:•) LY concl u.ded the noisture 



CHAP'i'ER III 

l:fil'l'HODS AND NATERIALS 

The geog1"aphic.LD. loucd,ion of· the soils Ams: - on J..m1d a..dj oi:nirtg the £:b.:·st 

bottom land of Co.t1p Cree],: si:K rn:i1 es nonthe.as·h of the city of Pmmee in 

ae follows:

.A (0 - 911 ) 

clo�· or hetl'J';r ,silty cloy, compound 1-teo}: mediurn 

bioc.ky n.nd $Ub-cmgi.ftar, c:rnshes rc:ther easily to 

D
:3 

(2or1 - 36'l) .... Rei.:!di�,h hrown. 5Y 5/1+ (r1riJ), :� l/1,.. (acist) clcy,

wea'!r .mcdiu.Tll blocky; crushes to noderate suh-ru1r:;vl8ll" 

of. co.leiv.m carbonate ond :.1 i'cu fil:.e black polleta, 

slouly perm.eoJJle, pH-7 .$5. 

18 

) 3/3 (nois'b) 7 

i:n rnoist st~'s9, fi.r:m, 



(0 -- )

- 181 '1)

C 

o:c 

cloif 

) 9 "\Jery :fine 

cdcrGe 11:locl;;r, conpact, plnei;:J.c whe11 m,rt, slight 

·•,e"'1 (''J 1·.1h -"'7 '* �, _Jf, .n .c ..

Eec3dith brom1., silty 

19 

1 !~ . 
.. J''M 

/ 

nilcH:? c.llrnline, 

on the la;yer be1011. 

Dvx·1: brown, 7 .5Yll 3/2 (dry); 2/2 (mo:trrh) silty cley, 

n- f'_.,.,,..l.~ .. , ··,.-.-Jl'O-'·ct_-_• .. , rt· • • I:'., . ..-__ "_rn_.'1. (t,."'" ___ c_.,) ••. 3/3 (no.;"'''·) ".,: '1 .,~.,. ,,.,1,-,~-.-c • .;. ,·- ,. ,!: ' • , 'L 1.\ •· , .W -..,.;;tr ' 0.<..t. l:i:} "·-<\':/' 

II / r· - • T) 
~ 1+ \XIO:t.S"t 

one p:J:C't o.J? fJOil to two and a_ hnH' of w.::,:1;e:r. 



plttoed in a beaker and covered ui.,Gh we;ter. Five c.c. of nt)rr.mJ. sodiu'll 

·hydro:dc1e v.nd five o.c,. of r-m.turated solution oi' sodhu:i o::rralato uas added

(6). 

20 

dr:;, Doil was placed in cupo, 

Briggs ru:1.d UoLane (3). 

Sodium aud·potcsoiu.n v1e::,e detor:n.i.ned :h1 the same extrit<rh h�" the 

described 1Jy W·.l"ight (1:4) • 

was she.ken for th5.rty :minutes with si::itty c.c •. of' neutrtl normo.1 tui11;1onium 

acetate �nd 'the sodiur.a .ru:l.d. po-lw.ssi1'!.t1 iii the fiJ:trate :-rn.s defarmineil. by the 

Per1dns-Elmer :E'l&ilO photoraoter. The oocJit1111 and potas::iiu.m obta.ined in the 

ooluble stlts wc;1,s c1ed11ct0d .fror1 the figu:t·es obtatnad u.neer this section 

to give the true vuloos of excha.n.geable potassium arid sodiw .. 

f ort:r ne conds and one hon:c ui th 

pm:.·-l_;s of u;:.rter, as outlined 1Jy Wright U+3). 

Cl kUJ. 
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of on.e 

c. c. oi: O.l;. :nornoJ.

fe:r:rous 

(l;,8). 

htu:1clrcd c.c. 

of' 

T..Yi .. t11 



CHAPl'l'i!R IV 

:CXPERIHfZNTAL RESULTS 

The d�.ta f.ll'EH:Je�,:tea hare oro :for one II slick spot 11 proi'ile of the 

Dru.nr,1ond scrieo and one neigbboring prof'ilo of the normal Brewer aeries. 

The d ,rha iudico.t0: mf'..ny clw.:e�ctoristico in which the 11 s1ick spot 11 pl'ofile 

differs from the normal c:.'le. Of c.om."se in 1.ihe 11 slick spot" 111,oi'ilc especially 

in the B2 �..nd B
:3 

horizons JGhere wad u 1.liah amount a:nd percentnge of' e:.mh&"'l.ge­

uble sodiun, lou Co/No. ratio a11d high 1:e:rce11tage of fine f'i"actio.ns which has 

been co:mr1on.1:-y found in all snoh soils. 

ml Valuoo: The A and B9 horizon of' the normal soil tu•e aci<lio in 
"" 

nattu"'e while B
:3 

and C horizons are baoie. The p.U values of C horizons of

bo'bh ·the proi'iles were more or less the sa1:1e a.11 shown :tn Ta1)1e I. All the 

ho1�:izon,s of ·i;he "slick spo·1;11 soil were ho.sic :i.n o.btTv .. oter. The pH voJ:ue 

fl.TL'<.du.ally increased fror,1 7 .6 to 8.2. 

'l'ABLE I 

pH AND CALCIUM CPJ:,.HOtSAT'.lil COHT.mNT Oli' THE V.AB.IOUS HORIZONS 
OF THE NORMAL SOIL AND TH!1: 11SLICK SPOTu SOIL (ll.IR l)RY) 

, . ..... . ..................... . . ... II 1111 Ii •6-ill' ..... ...,. 

Constituents 

Culciv.m 
Cm"bono.te p.c. 

!fornciJ.. Soil ,.........,��...___ _ __...._ 

B B 2 l.IR' .• ,._- ... if'iP "ii ' 

G.3 6.7 ?.$ 

1.3 1.s 2.0 

22 

• n 

C 

8.2 

2.0 

. . ·----

�§;,L};c]L.§p..Q..�11 Soi.,;t,

A B2 133 C 
- ·-�

7.6 7.8 8.1 e.2

o.s 1.8 3.0 2.0 

p.c;.-----~ --.. --~~-·--....,...._~..,.,.--· . .,,. •-= ,,.._.-w·r1 - · ~ ·• •·i;-.1t1 a._,,,. ___ _..,,.._,__.,...._,,,,_, 

_____________ , __ -----'"' 

pH 
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percentage uar:-i in the B
3 

horizon of the 11 slick spot!! JS.co:file ..

no close relatio1:1 between 

llslick spot11 

Table II. 

three 

'J:'hiG 

(St111d ' ��' and 
Silt Cl�· 

d_E;.e-1�c;a,1ed l.ritl:1 (1eirG11. i�c.ti<.;, 

The A horizon of' the 

th. the A horif,Oll of' tho 

soil also f'olloued 

Ai'-tor 'tl:,0 oilieeous A horizon, n") exld B"A: horizor,s 
-�d ,,) 

had 

to eighty-two per cent of ·1:;he soil f:rr:.ction o.s zn t and clay, uhile the C

seventy-five per. cent of thei::;e :frr:c'tions .. 

SiH except for rn-tio wh:i.ch 'followetl 
Cl� 

the A horizon, it con.ld he observed tho.1. 

:for the :norrn2J. soil, othe�c ·r,hree ratios of the ii olick 

spot n ooil .. toru1ed inc.:rease .froni 

:-c:xtios of 

norrna.1.. soil • 

Fioistu.re eqrdvn..1tn1't in 'Ghe no:rmal followed 

'l'hm.'e uas 

;:-1orrwJ. soil which uas seventy-five 

hor:lzo?.l 

ho:dzor1 of ·the 11sl::Lck sp,YLn profile, i·t omi. be generr·J.ly said tha:li the three 

nu111'J:dca1ly lowe:c when comprired to t1m r.:i:tio for tho s:crne horizo:D.s of the 



MBCHAWIClll. COMPOSITION, Trn�w. RATIOS .Af11) HOIS'fUBl'.: JZQUIV.ALE:.::ir 
OF THE NORJ:-UL SOIL AND 11SLICK SPal: 11 SOIL (AIR DRY BASIS) 

.---...---�'""-·�·�----· 
tr er 

t!9£h.� Q0!:111,9£!.ti-.9!1. 
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� .... 11·. 

Constitiicnts Normru. s ., "Slick Spottt Soil OJ..._ 

A C 
Sand% 

Silt% 

Cl�/% 

Sand 

Sand 
Cley 
Sand 

Silt + Cley 
Silt 
c1ay 

25.5 

J:h.O 

28.5 

0.55 

o.S9

0.3l .. 

1.61 

13,., 
,:;. 

D.3 C 
21:-.5 22.5 17.5 

39.0 39.0 ,(.0.0 

36.5 3e.5 �2.5 

Ra� 

o.63 0.57 0.43 

o.67 0.5s 0.41 

0.32 0.29 0.21 

1.07 1.01 0.911-

Noisture �u.i valont 

B2 D.3 
48.5 17.5 19.5 25.5 

33.5 45.5 3s.5 36.5 

18.0 37.0 L:2.0 3$.0 

1.45 0 y)• 0 0.50 0.'70 

2.70 O.Ji,$ 0./4-6 o.67

0.94 0.21 0.24 0.311-

1.f� 1.23 0.90 0.96 

Moisture 
Equivalent 16.9 29.2 29.9 27.1 

the sei.me trend as the a.ri.ioruxt of fine fractions, cspacit:lly cla;r. The 

moi{1ture equivalent in the C horizons tfas about the same. The highest 

f':lguro £or the 1101.�al ooil was ob"!�ninsd for the C horizon uhile the hit:1:est 

for the 11sl:i.ck spot" soil i-lRS olitained for the n
3 

horizon. 'These valuet1 are 

of f;-Teat itlpo1�ru1ce in soil-noishu.10 1"'0ls.tlonship. 

s11t 

23.0 

--~~~~ .... -~~·-----~.">Qi'~~~-------
---~~-~.-., ~-~----~- •• .,;.,,.:,;;l,li-



nslicJ:. s1;ot0 prcd::tlc

TABIB III 

SOLUBLE Cll.'l'!OtfS, IUi.'l'ICD JU"[) S0Ltll3J.E; JJIIONS OF 'l'DE V.ilEim.JS H011IZOHS 
OF J'.JQllHAL SOIL AHD THit 11SLICK SPO'.r'u SOIL (AIR DRY ·uASIS) 

1111\1-"!!i,l,,-- -WI ii --·-��- ill'"• -�----��-�le---�--..;.,..,.

��.._,.,,.__�.--........ ;-,-....-��--'--��,,..,..,....,;----�-��-·��--�.,..--_�..,------_;��.,---;,.-.�

Constituents 

Calcirt111 (C�1) 

{Mg) 

Sodiun (Ha) 

(Hco3)

Sulphates (S04) 

Chloridcw ( 01) 

C:e� 
� .,._�v� 

c .. 
Ii. �.:, -4- i,f;v�

Ha 

Ce. i M,;,· 
�".�.- ·""'-l""J;J; 

i'!a, f I, 

US pe:t-.C0Jl-'Gt1g0 
of totcJ. cetiono 

PPM 
, ( I' L},\) *) 

52.Lr. 

13.2 

90.0 

Abs. 

12� .. o 

233.0 

123.0 

?"'/0 

n. 51

1.10 

0.96 

r:Jo1Yaal 

B2 ') r;3 C 

Pf% PPM PPM 

60.1:. 55.8 37.2 

50.2 t�l.5 Ji.3.6 

13.2 19.8 19.f3 

150.0 190.0 ;110.0 

li'bs •. Abs .. Abs. 

1e3.o 366.0 �;4,9.0 

.321.0 123.0 J_i:10.0 

16L�.o d:32 •. 0 369.0 

930.0 990.0 11;40�0 

Er&r?..J� 

0.40 ri ·){'\ l...J .• ""'-;; 0.]2 

o .• '73 0.51 0 .2.(J 

o.68 0 .. 4,6 0.25 

A C 

PPl,1 PH1 PIM 

18'.6 37.;! ,:;...p, � 

�1 ( •"� 3�1.2 

32.7 39.3 39.3 51: .• 6 

6.6 6.6 6.6 6.6 

.310.0 620.0 BiX).0 
3''''' OIJ• 

Abs. Abo.. Abs .• AiJS. 

2Tj.C 1 n-r� A 
lt!')it).'J 83Cl.O 610.0 

190.0 ,4.60.0 650.0 100 .. 0 

31:--0.0 500.0 657.0 3t.�J.O 

1160.0 2;z50.o 2950.0 1530.0

.06 .06 .o,� .09 

0.16 0 .. 12 o.os 0 .. 24 

O.lG 0.12 C).O'iJ o.;�4� 

THE 

(cl ' O..,J 
} 

To,t;i~:l So,1-r~1J:Le 
Salts 

A 

.o 

11Slick Spotn Soil 
n 
n2 

PPN 

51; .• '70 



spot" profile uhe:r.•e ·the highest concentration ,ms :ln the 133 horizon.

Caloiu.w., maenesh1.m, &"'ld po-tash wero low uhilc sodium uas high i'or en.ch 

horizon of the 11slick spot" when compared to the nor.r.1al soil. Bi-

26 

carbonates, sulphates, and chlo:ddes uerc iuso high in all ho1"izcins of the 

nslick opot" soil when compii.red to the no?'Ill.a..l. Of co·urse in hoth the C 

arrl.011.s. 

� ratic uns ve:..-·y high in the normal r.;oil ll<S compared to the nslick 
Wa 

spot n so�::t, especicl.1y in tLe A, n
2

, ru1d n3 horizonz. The ratio decreaued

with depth of so:tl in both cases. Qa + Mz and Co. + 1-1.f� ratios in both the
Na l�a + K 

soils also followed the sane tr1.md as .QE. ro:i.iio except that the 11ur1:ericru.
:No. 

figures t-1e1 .. e hiahe1; thun ·the gg. ra:tio. S0div.n1 as a pe:rcerrtage of ·total 
l'ltl. 

c,ttions was eighty-five to :nine·l;y per cent in the case of A, n
2

, ru1d B
:3

horizons of the nslick spotn profile whilC/ it wao onl�r fort;7-five to surty 

per cont in the eac.e of equivclent ho1"izons of the. normal soil. 0 horizons 

o:f both profiles had sodium percontaces of about sevcnty-D:tx. 
. !, 

Data as to the natrire of solu'i:llo selts prcuf?r5; h-1 the different hor:t-

zons or tho two p:l'ofiles ere precented �r Table IV. It must however be 

mentioned that these v.i�e hypo-hhet.:.,:m1 calcu.lo.tiono end that the ox_:1011.nts 

of stltl::l are appro:.dmat8 b\;,1.; it does give a fairly good id.ea of t11e corn-

pel.�ative an1ounts of the vv.rious types of oru:ts present. 'l'he most striking 

feat we was the· high percentage of sodittn bi-o:::i.·rllonate present in the B2
and B:, horizons of nslick spcrt 0 and to a SEWJ.ler e:irt;ent in the cuse of C 

horizons of both the p:tofiles. The A, n2, 1x;:1d n3 ho:dzons of the normal

soil did not contoi11 any sodiw1 bi-cnrbone:te. Calcii.un bi-ci:.rhone.te in the 

ca.se of' ns1ick 



2? 

COl'.lDilW:TIONS OF SOLUDLID SAL'fS Ii.J p .P .M. IW TIIB V.AlUOUS nonrzons OF 
NOHJ::LAL SOIL AND 11 SLICK SPOT" SOIL 

__....,,...,,..,�-��_....,.........___.__ __ __,�------ ·-·· -�"" .,,,.,,,,.;__..-...--.:-_______ _ 
"'"'¥...:.""'�-,=-:.,,.,.._.,-�-�:'oll><"'"'-·'.._."_-'""""''t>f"1,i;;:.--.......,-..a, .. �•---.�,.,,_s,tb.,-,.,.-�;.c...,_ __ .,,.;,,_-,.�.,.,,�--'��-'""'-.--x, _ _.._,....-.�-'..,..;�-�.��"" 

Norm3J. Soil nsl:tck Spotn Soil 

l\Ytrttire of Salt A B,>. 
Calcium 

,} 

A B') B3 '"

Bi-c,e.rbona:te 1::39. '?1,2. 223� 149, '7 t.. 151 151 151 

R'J.e{�11.e s:ttrm 
16 ')t.:1 

,., .J·'- 262 197 239 239 32? 

PottitJfjiurn-
Bi-cnrbo:nute 1..,,9 15 ., f'/ 

_1. r 17 l? 

S0d:h1n 
B:.t ... •ca�rbont1te 240 2.30 (l;)i� 3011, 

S-uJ.phate 252 251 

Pi::i-hasr:dum 
S ttl phnto 30 1,5 - .-.... 

Sodi.tu::1 

Sulpha.te 36 15'.3 150 270 ;!t55 695 960 270 

SodiUJ:l Chloride 200 260 360 537 540 816 976 511 

horizons .. 

richer in 

The 

soil. 

The C ho1�i.zons oi' both 

C C 

..----~~~-__,,..,....,.- .. -~------=-~--,-----~ ... ----------~-,11t.---~-,...--_____.-.,,;,,il1'..,illo>'~< .... ->;l.i,;/o,;,c ..... _,~.,;i,;;.,,~-----~' ...... =jl,C..,,,., ... _____ " __ ~~......-.-.-..:,..,,,..-,-_~~~-__,_--~--------..~'-"" 

the 1t sliel~ spot n 
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TABLE V 

AHOUNT OF EXCHANGE.ADLE BASES, THEIR RATIOS AlID PEHCENTAGE OF SODIUH TI!
THE VARIOD'S HORIZONS OF THE NORMAL SOIL AND THE ttsLICK SPOT" SOIL 

(AIR DR.Y BASIS) 

I • 7\ii 111., 9illi: .__ -� I\! liiUil-Zif!IIJ.*lii I ill ·• --

!foture of Ca.'Gions
i11 i•1.E ./100
grams of Soil

Nm"'moJ. Soil 

A C A 

11S1ick Spotn Soil 

B 2 B
:;

C 

Calcium (Ca) l;i..O 16.1 6.6 10.5 10.}i, 14.3 

Magnesium (Mg) 

Potassium (K)

Sodium (Nn) 

Ca 
Na 

Sodium .�s f� 0£ 
. Excb::mgec,hle Bases 

0.5 

0.3 

56 .. 0 

/,,.1 

o.l,. o.6

33.0 

ik, of Sodium 

2.6 

6.1 

7.0 

2.0 

10.2 

13.0 

17.0 

:3.0 

1.2 

higher _in A, n
2

, m'ltl :s3 ho:dzons o:f 1;he no:r':1al soil. Thez•e wa;; t;, close

rese:nblanee botwe(')l1 the C ho1"izons of the t wn :profiles f<:Z.' exc.hmte;eable

~,p,: • ._ll T ,_., .. -c·~,ti:,,;1Q-.,-o:::.i<---.ili<..._.., ___ iu,;..j0<:;.ci P ~>!e'a 
------------------------~-~ . ...,,,....,......,,,.,,..;e;.,_._, __ "-""" _ _,__.,,..,....,~.-----..-:._-,,,.,;;c,.......,..,.__~.-;.·,o..a.~~ 

B 2 113 

1~:.o 13.7 

'.'..6 /1,.0 1, .• 3 2.6 1 ... 1 

0.4 0.3 0 .. 3 0.3 0.4, O.Ll- 0.4 

0.5 8.9 9.6 3.3 

21.:, 

46.0 1.1 

:,4 .• 0 

,39.0 "~l.O 

..,_,...,......~--~---:.<w-~.-~..,.~--~'"'..,._ ___ ,. ___ "'*-~~....,,.,,.-~-·'-"--.-"...-.-~~---...... ~-~..__--~-~..._..,. __ • __ ;-______ ,.;;;"'*'-_.,,. _______ -<-'_s> __ ----=,_,.:..=,_ ... ~ 

prof:tles The of 

• 
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"1Slick spotn soils hoD been 1rrdve:rsa11;f found--·uhe ration, however, vro-.y 

from place to floil. followed the 

trend a"' Ca ratio for ttl.1 hori�Jo,1s 
,., Na 

oxeopt in tbis case 

W3r>e nu.me:r:1.ce.lly highe:i:•. 

and n .. , ho:cizor1s o:f;, 

t1.1Jout fa-,ro to ·bhreEi per cent in thc1 cc,Ge of A, D.., , 
,,:;.. 

The C 1,or:tzono of both fawe about the 

n:t-brogon wtw in ·bhe A horizon of the normal soil /111('.I i'G clecr0r:.sed 

depth. 

thc.'b :n.o account ho.s been to.ken of the effe.ct of 

m:lght infJ:ue:nco 

with 

soil uI1i1e in 'bhe B.) 
;:...,,, 

to thirty f 01."" IL 
& 

This 

In the case of the II slick opot 11 p:0 0:file tho hi;ihes-t ti:nom1t of 

roduced c:ot1poru1d1:i in the louer horimons o:F: tbcJ soil, if p:rescmt, uhich 



J{) 

.Pl:lO'ffirl1 011' S0}[::1 CPLlHCAL COJ\lSTITrITmTS 01" VAHI01JS RORIZOHS OF 
¥rJIF, !\fOR�IAL SOIL MID THU\ "SLICK SPOT11 SOIL (AIR DRY BASIS)

-�w-.-.-------... ,,_..-�...,.,__._..!'I'> • v-• ¥.-,-� . ..,.......,-��-�- ---� 
·�-..i,;,_�·- . ' . .... �,- .iio_io,,(jli)) -�-·---"'----....... -'-�...,,,._,_....,__��-""""-'"--" 

lforrml Soil n�nick t3pot11 ;:;, .• "j 
..;,()J.il. 

r1 
p 

d 
jfl 

Const:ttue:rrbs A D,., B3 C A t"I l\3
C D'} 

,:.. (:.,i 

Silica (G:.c ... ) ?l: .• 5 "ll1 ... 0 ?1.0 '7'3.0 [�5-.J;�. 
NfC [:. ?2.9 '72.4 

G 
I)·•) 

o�dc'le (Fe2o"'., )
;., 

') (l 
tu .,ci /,.5 Ji,.O l,,.5 2.L} .., t'.} 

;)• (.'j 
J tj, 

" t:{-•0 3.5 

Alt�::iiniu.1:1 met de 
(Al".'10,,, ) 9.0 10.0 11.1 11.5 

,.� :) 
7.2 11.3 11.:3 1" 7 .._,;.It.-

'l'i ·t rrn:tum O:!tide 
('riO,.,) 

,t;, 
o.1;.. 0.5 o.; o.6 0.3 () .. {. 0 1 ..,,. 0.:3 

Phosphoric Acid.. 
(P20tJ 0.16 

, :) 
0.09 0.05 0.01;.6 0.015 0.07 0.01,.. O.OL;,

Ct1lcim11 oxide
(Cao) 1.08 1 •. 45 1.66 1.'70 o. 5J;, 1.56 1.n6 1.65 

MtLgt1�; sitn11 oxide 
(MgO) 0.8�� 1.39 1. 51;. 1.5,{ 0.92 1.35 :t.4Jj 1.70 

or�e;m1ic }fott .. er· 2.3'7 1.10 0.70 0.60 0.50 1.03 o •. 5£3 0.65 

Total :ltltrogen 0.104 0.052 0.033 0.0.32 0.02!:, �05 0.031 0.032 

--------lllp,a'<'Pot=•.:,:,_-.,-�---......-._,.._---:'·- I •. .,... ___ :ct __ ,,."'""' J -�;- ... �·-,,�--�-;;!, 

·""""'-'-������---1'!0' •:-""'·.-.�,·----�:�-.....--��- .. ii . ..,._.��-��--;'.!> 

E:n:cept :'tor the A hor·izon of 11slick spot" p:."ofile which co;1·to,i:ned 

dec:reash1g Hi'ilotu:r'l.is of silica w:i:l;h depth; viz., sevon:ty-five, seventy-three, 

'l'AOLTI: VI 

cent of silicc,, the 



t:he silicc percenta0a in tht, A, 13,.),.,.., 
uas 

p ronour1ced in the .11 hor:lzon. 

In b·ot}1 

depth .. f'rorJ ,A to J31') tl2n11 i..11 "bl1e ot1'1er 
,:..,,, 

Imrizons. Tho1.,1t:h the <1ifferei1.ceo betueen the 15;;�, BJ, Hnd C horizons of t11e 

{;wo prof'i:V.lB reg;;.\J:'.'d:lnc; the ·l;otn1 t)J,1om1t of .i:ro11 r:u1cl olu:rniniv .. m W&�, w,t very 

ccnpr .. red to the r1oraal. 

cozttent, espeo1a1ly ·�he la:M�er, uas quite me.rked in the A horizo3:1s of the 

lower ho:dzons. 

trhe 'tcrtcI1l phosphorus uas '.high in cJ.1 the horh;o:ns of the normal soil 

compa:c0d to c.imilar ho1 .. lz011s of the� nslic:k spot 11 soil. The most raarked 

difference was in the A e-1:1d 130 hori�wn of' tb,::, ttslick spot11 and ·the :nol"i .. :na1,., 
soil. The 

·1.;wo profiles. 



GHAP'l"ER V 

DISCUSSION 

nslick spot" soils have boat1 cla.ssii'iod us belo:ngin;;: to the white 

alkali group of soils or to scline soils ,. mostly tho former.. Hor.;ever, since 

so:me of them are iiot alkaline Md co:ntcl.n very little er :no soluble oe.lts, 

they could be considered, more properly, to he degraded alkcli or deei"o.ded 

saline soils. There :ls such a heterogeneity in the nature of theoe soils, 

that cor1�ide:r8.blo difficulty o.:dses in defining even ·ui.de distinctions 

onong them. For o�:c.nple, sorr.e of ·them contain considerable we.ter soluble. 

Gaits whilrJ 1.1 f'ew ccnted.n only tro.ce;.s of si::.lts. Great, vo..ri!J,tions e::dst il'.1. 

the propol""h:'tcns of the ,rarim::.s ions in ·thcs.e scJ.tt:�. Of co1rt•e0 sodium--

p:J.rtim,.lor.ly exchane;eablo sodium-is gener·c...lly considered to be the sine qua 

non of' nslick spot" soils. 

The rJorphological features of the Hsliok spo·t 11 profile and the normal 

p:t·ofile reseribla very clor:.ely those doscr.cibcd by Ahi snd Metzer (1) om.

Storie (41). The "slick spot 11 profile vel:"J :much resembles a solodised­

solonetz i'rom Hs morphology which is also corroborated by its phyoico�l and 

c11emieal cho.r .. 1cotoristic s. 

Several 'l;hao:eles have been propounded rego.r<li11g the genesis of nslick 

· spctsn hut all tb:l 1mrke1:'s htwe af::reed that 11 slick spotn develops due to en 

ini;e:r1"uption in 1Ew.cltl11g. Paterson (31) ascribes the interrr1.ption in 

leaching to the i'ormaiiion of a hard layer on e.acount of the cer11enting aotio11 

of lime (calciw::1 c&rbonate) resulting in n�;l:luk spo·u n fo:rnmtion. Since both 

32 



qu.m-r�it:Les of 1J.no, this doeo not seem to hf; -the likely cause oi:' nslick 

exc}1angoable sotUnra in -the 11slick spoi..;H profile o.s compu.:red to 'the normal

c:no, coupled 

These 

The soil 

as a. source of soltiolo sni-ts :"w ruled out. Sinee the no;i.:E:e:1 soil f:l:•am 

co:rn.po.red to nslick 8pot 11 ones, it wa.f.'l presu..1.:1oa that -::he sou.rco of' coluble 

salts 

likel;, source of solu.l:lle sa.Us in "the scii1 seems to be tl:u.e to so�ie 

uprJ and dm1ns tmd 'iJb.crever 1;he soils w,?.r0 touched at 

a:m.ou.1rt of sc1uhle soJ:ts 5.11 

u,t high places :also touched this place at lower levels rJuch th�;� ·the soluble 

sr.1.lt.s could accwmltc,te s:t that c1ep'th o:nly and were not enotigh to rise u:p. 

The second poso:lo:Uity why sod:trn:l percE:mtac;e and ioluhlo sr,lts ere high in 

"the :nor:rn:w. its ucll ai,\ the 11 slick nr;ot 11 profilo do ti.ot; co:ntmn large 

question. 

rmt bcon 1muer i:rz,igation nnd so this polls:i.bili ty 

n:ffected 



1Jc dt1:-:1 to 'the lute�'a.,1 pex·colation of soil 

11 slick spotn 

and Stout (17) found high 0 xchange2J11e soditw1 in some of 

'):hey e:xplai.ned ·th:.ts ,·•oncH tion 

11sJ.ick spoi;H Goils out of tho rrcn:•:face soil into the s ub-soil. 

u slick 

t11e •3 aJ:1d r; ho:dzons, cottplcd- .,. 2 
·., ·-- ·-· .;1 

G•"""·"o'i"' (lr.� \ P �'.'P"'""' "''�).,, '-1to"4· (-;J.7)'. , ·.,'./1�··�·"'·'·· T.' 1·J� ..... r r_ •. ·,1rJ. ·1·.1 "'·"" ... .-.·, .• "'.·,·1 .• ,,-;n .. ,,. �;.; · • _,,,) ' ,.;.�.,,,- #, vJ. o.,;_.L: 0 uu .. v� ;,'• _, .. ;, .I _. -"·'- ,, (;�9), de Signona. 

(9), Kellogc; (27). 

shci.llo·,.y r.; :Ll.:tce :-us, 

• 

:1.t eroded us o'i:ne:r·7ecl b;t Murphy eJ1d Dari:i cl (. ?O)l .-. ,,_J • 

11 horizon c:on:!;a::Lns 1:i:ttle solnbJ.(J 

with 1ow 

f
l

O 

profile. 

the dense clt;y rn1b-so:Us of nm:-mcl soils. 

dev0lopod. 

by 

n11Cl nolod.izuticl1) 

1'"'1 nt.·i 
~\..\,~J.,~l 

lstics. 'rl1e A horizon of the ttol:tck spot II soil j_5 

not noce 



'l'ADLE VII 

COMP.ftJ1ISOn 01? 'J:Wt DWFBRSWT HORIZOUS O:F THE I:!OP-J.vIAL SOIL 
WITH 1tQUIV.._llJ:.£HT HORIZONS OJ? 'l'HE nsLICK SPO'l�u SOIL FOR ORGANIC HAT'IER, 

SILICA AND '.r'O'l'AL PHOSPHORIC ACID 

35 

..... .,,--.. t'___...,....--.....-.----------""°"-"--�·-,-��-,_;.------�--...-,,,,._���..---""""----""''"'""'-----....--.:--.,..,..., _______ ,, ... ,",�'"�--"-�·--
�rtcl _ ___,___,,,__...,,�..., .. 

lformal Soil 

nslick Spo·tn 
Soil 

O:r{}':1.nic Natter- % Sil:lca 5� Phcspho!'ic Acid % 

0.16 0.09 0.03 0.05 

0 .. 01 0.07 0.01;. O.OI+ 

takes a long time to 

phosphorus, limo and 1i1G.gnesh1m. This r:n1ot h�Jre been dt1e ·to the d:i.Gpersion 

and B3 horhmx:i.s of' "slick spot II coils 

thE1 values for theoe ltere vez·y h:tgh in eqYlivv.lettG horizons of :nor,"I1<1l soil. 

o.lso boon ohoe:cved

A B') n~ C A Br, B. C A B? B.., C 
-=····,-·-'-=--- ~-~--~~~-.,_---~--~-... i----· 
2.~. 1.1 O.? 0.6 71;,.5 74.0 71.1 73.0 

viation, these ho:i.•izons c.re :rich in organic :,1attor, 11:iJ;:eogen, 

Of ::ourse 

to nslick spo-;:;n pro.file co1..u.d. not 
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horizons compared to tho $-:IOunt of c:i:rchc.ugeable sod:1.u.tu precont tma 

p-.cobably due to the absence of s0t1:Lum. corbonate. Sodiur,1 hi-earbono:ce was 

present in the C bo:t"'izo.ns of both the profiles ru1d in B2 �n1d n� ho!'izons
- � 

of the n sllok spotn profile an.cl pi•obably this is one of the factoro responsible 

for p.?J: valuee. on the alkol:Lw side. The lowor layers of the "slick cpotn

profiles h�.;e been found to he rich in the fine f'".ee,ctions, m1 shovn in 

l'able VIII. Ahl. anr1 Metzer (1), Hm•p1c;1.. (16), and Isaak (21) reported 

similar resttJ:\'ts while Psterson (:31) did not find c,:cy such diffe:::•ence. 

Hoistui"e equivalerff'G uhich closely follows the finer f'ro.(..>tions of' the soil, 

especially cli,y, has been found to be higher in B2 and n3 ho:r:i.zons of the

11 .slick spot" horizon when cornpz:q, .. ed to noi�moJ.. ooil• There was sone para}.,. 

lelisn between moist.uro equivalent and exchc'.llgeable sodiut1. Storie {i;l), 

Russell (37), and Coutts (i3) s.lso uade such obseI"VQtions� 

C0MPARIS0I1 OF THE DD":l!EHEWT HORIZ01� OP Tllli. NC)HMAL SOIL HITH EQUIV Al.ENT 
HORIZONS OF THE "SLICK SPOTH SOIL FOR SILT, CLAY AND. MOISTURE EC{U!V ALENT 

iW l -·----.. 

Silt% 

HS1iaJc Spot11

a 4 l f  .. -.foMoij.TI�. 

Moisture Equivalent 

Soil 33.5 t.5.5 313.,5 36.5 13.0 3?.0 1.,2.0 38.0 16.9 29.0 29.9 27.1 

4il!)I' ... f ll• __ ....,,.._a,.& .... !111 • •  _ .. IIYil;a, -��-..... l oi�-��-4:.s.+li;ll:iiw .... k� 

lilil M --���� .......... . , t ·-Toi& . ��.-,;-Si 11171 ---- I'. I --�-��--

The soluble sruts uere hiGher in 11 slick spotn soils than norr:w1 soils, 

. espE�eiru.ly in the B..., and n ... horizons, t>cs si1om1 in Table IX. Thov.gh this 
,::, ;) 

Plice ond 

N Ol"'mal So'i l 

-- .. ~-,-­_,__,,,__ .... ,,_ -· 

hee:n noticed 

( 1'?) ;:>,'Jrl ,.,.,, ..,A,:.,,.._'\,.., 

n 2 

( ')) if...., .. 

C D9 ll~ C A D2 B~ 
0 ~ ~ 

C 
~-.,.~--.. --.,C-·e"'--~~--·,-~--'!<..,,_,,-....,.~,"""'--~"'--::o.¥,.,.~""",,___,_.=_".:<'"4''.-~""'-fle-·~~.----
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.amount i-1as not enough to stop plnnt IJl'"ctrth :it does c.dvorsoly affect ple.n.t 

"'11" 1,,.; r.v1n, .,.. 0-•·.;o"" (9.!- Ce_ f Mg .,. " ·""'w - .i. o.\i... ,., ?T ' . fr.., ,. 
.\.'ift �C'. 

normal soil when cor1:!Jt;.roa to 11 sl1ck spcrt n soil has also been r·zcorded by 

J:,1urpby and naniel (29) and Cha11g ( 7) • 

TABLE IX 

COMPARISON OF 'l'IIE DIJ:":f.f!;H.E;:fT HORIZOI:$ OF THE NORMAL SOIL 
WI'l'H EQU!VAli{tJT HORIZONS OP 'l'Hf; "SLICK sporn SOIL FOH 'l'OTJ\L S0LU.31J5 swrs,

� RATIO AND SODIUM AS A PER CftNT OF rl'OTAL CATIONS 
NR 

:::::::::::::::=::::=::::::::,=,=-=•:::1J=�=-==••r=-=u:::::::=: ____ ,,..._�--�---� ....... _,.,._ ....... _____ �_,.,_..._________. 

NoI"JJ.s.1 Soil 

uslick Spot0

Soil 

c Sodiu.m as Total Soli:tble Salts f! Ratio Por Cent of 
I;) p M 

l\U 
• •l'l• Total Cations 

�A _____ n_2 ___ B_3 ___ c� __ _,,,:___�-��B�3 _____ c_.,.��A--f,_32_�,---�-�� .. -�--

'"/70 930 990 11:40 0.50 0.40 0.29 0.12 �,, 55 61 76 

11,,.o ·2,.,r:.o "'·9r..o "'r.'lo 0 �L� � � LJJ 0 .. 06 0.06 0.0'.,. 0.09 BL� f!/7 90 78 

'.l1he high e1rchv.ngeahle sodiun1, especially 1n 132 e,.nd B3 horizons of "slick

spot 11 profile, as sJwim in Ta:ble X, was ·ve17 cheactoristic as this seena to 

be the eause of 1,ost of tho t·roublo. • Ca Ca t· Mr� C"' +· M'r:1The h.1.f.i"1 � .. -, -." ;.;.= .• ""M �,..;:.._� ..,.1 - , , """' T( f H
:P. , 1,:a r�u .. .1.�""'-

ratios and low sodim as a pe�centage of i.;otnJ. cctions as obtained for 

by Isaak (21), JJrey (2), Rat11e1� (34), J\hi f'.nd Metze:t .. (1), Fitts (13), 

Harper (17), ond Chc.r1g ( '7).. Thero is U1e lro:·eest agree:r.1ent e.;rao11s different 

workero on this property of 11slick spot 0 soils. 

tJJ a i:otal 



TAl:lIE X 

COMPll'R.ISON OF THE DIFFEREHT HORIZONS OJ:i' 'J.'JJE }TOHMAL SOIL 
WITH EQUI

V

ALENT HORIZONS OF THE ltSLICK SPCJrll :30IL FOR JIXCHA11GreAf1LE SODITJM, 
9.§ RATIO AND EXCRAI�GEABlli SODIUM AS PER CElfl' OF TOTAL EXOlIAtiSGEABLE '.�·!tSES 
Na 

Normal Soil 

"Slick Spot•t 
Soil 

0.3 0.4 o.6 2 .. 6 1,,6.0 JH.o 27.o 5.0 

13.0 1.2 1.1 4.3 

1.7 2.0 

!3ases 
A C 

-~~....__,_,o,i-~.,,.-.,,-,..._."'_~"'*'~.-.·......-.;;;,,,,c-"""".,.,r'--------~=~~--·-.-___....,,,..~-·""""""..-.,.;.-~,...,....,,__~_..::, 
..,..'iier_o. J 1' ,,.....11;!,,_il'_ &;all _f -~-.. ~- ;,------------------~~--·~...,,...,...,,.-



GHAP'fE:H VI 

SUM.MARY AHD CONCLUSIONS 

Colorado, Me:xico, Kcu:1so,s, NerJra{ika, e.nd Oklal-wna ro:o of varied TJ .. a:ture. 

is-tics. 

c.hle sodiw,1 :Ln ·hhe C horizon of the normnJ p:>::ofile is a:ttr::Lbu.ted to under-

The nsl:tck spot" profile was 11..lke.li.:ne in n.1.itrcre m1d in the rion:m.l soil 

A and 

cis1lciv1r1 cn:.i:'bow:he "lor both profiles ua.i:; low and largest mc1ou .. nt uas found :i.n 

39 

:profile 

s. due to orn,;e 1.mdex·-

nslick spot11 profile. 

B3 e.nd G horizons. 



The A hor:i.zon of "slick spot H p1�ofD.e was ricih in so.nd, which the other 

The 

The 

bcxdzons of' n slick spot 11

profile and C hor·izons of bot.b :p:r•ofi1e:s. 

in 11 slick spot" p:cofile 

o specially in fl)
.. _:; .. 

D hor:i.zons o.nd
3 

nlso :followed ·!,ho fJtJ,le pat t0:c:n as: those solt:i:!Jle e.utions. 

in the 11•,1:r·rwl ;:;oil th1:,n 

richer in these thu:n A horizon. 

The abovEi resu .. 1ts ec-::pJc:loJ.1y obtD5.nod for C horizon of the normal soil 

t}101J.g11 t .• t of tho effc�ct of 

horizons espc::;cially 

f:t"ci:ctions ve:2:y closely. 

so..U, 

1.:u1d H.., con:'Gained al:01.r:,; eo-851t of silt. and cla;y·. 
;;; 

:i.ron nnd cll'!l:1iniuri1 rn,WU.."lt of the tuo profiles e:rcept :1.n the A htY.dzon. 

above theme. 
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