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!♦ Average potential eyapotransptration and 

precipitation through tbe year at , Grossvllle for 

, the period,, >, ♦; . . . . ,10
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miEomcfsion 

Ped&logy^ the,st\K^ of soil as a natural bodjTj is relatively a 

young soieiioei .In recent years reoQghltion of the soil as a foasis of 

national wealth has' given it and the science of Pedology a high degre©' 

of ic^ortance. The background of obsecrations upon which the generali>-

aations of this young science rests is as yet coc^aratively limited, and 

a final universal statement of raauy basic and fundamental principles has 

not been agreed upon scientists. Therefore, each addition to the 

existing bo^ of knowledge or a restat^ient of observations frcHn a 

different point of view is considered to be of some value at this par 

ticular time in the develofsaenb of the science. Again, in this era of 

fast growlBg human population and industrial opansion, the science of 

Pedology must ̂ eld information of agricultural and economic valuei 

This purpose particularly appears to be true in case of the 

Ouraberland Plateau, where soils differ widely both in their piysxoal suita 

bility for use and in their management requirments. Sueh differences 

are caused by a niacber of characteristics, wiiich ultinately.affect the 

productivity of the soil and tl^reby its use and manag^nt. 

These statements of prevailis^ conditioas easplain the need for 

type of study presented h®e. The purpose of this.,study on the formation 

and morpholosT of Crossville loam then, was to gain more information on 

suCh a soil. 

The Grossville soils are on the uplands and usually are in 

association with Hartsells series. This association is principally en the 
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bwader less^dissected divides. Both series have in places been olassii-

fled nnder the Eed<*Xelloar Podzolic great soil group. However> in spite 

of the fact that many gradatiofial characters are apparent in this great 

soil groupi, Crossville loam does not seem to fit into the general 

descriptions. An atteE^t was made in the investigation as presented in 

this paper to reevaanate the cbaraote^stics of Crossville loam and to 

place it under a suitable great soil group, fhis soil, Crossville loam, 

differs from the Hartsells in being browns tlaroughottt the profile and, 

in places, In being shallower to bedrock. In addition to classifying 

the soil, atteir^ts were made in this paper to find the reasons for the 

charaoteristics it has attained. 
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REfflEl? CF LITERfi-TDEE 

Gmberland Plateau 

Location and exfc^t of area 

the Cumberland Plateau is located in the western part of the 

eottthem J^palaohian Pighlands# an area extending from northern firginia 

and eastern Kentud^ souttwest through eastern tennessee into Alabama 

and aeorgia. the width of the Plateau is ?1 tniies at the KeatuclQr-

tennessee line and about $Q miles a^ong the southern boundasy of tennessee. 

the elevation rariges from 10€)p to 3000 feet abotre sea Iwel with an average 

of 1800 feet-H.'Leburn^, Seferring to the Piateau, Newcome and Ssith (1^38) 

Saids 

It lies wilMn the eastern half of tennessee^ Is bounded t>xi 
the west ty the Highland film Plateau and on the east by the ¥all^ 
and Mdge province. Within the Plateau lies the Se<iustchie Valley, 
a de^i narrow valley formed ty the erosion cf rocks previously 
folded and faulted. 

the Gumberland Plateau, including the Sequatchie Valley, ccB^rises 
an area of 3lOO square miies in tennessee and contains all or part 
of Pickebt, Pent3?ess, Scott, Campbell, Claibornej Overton, Morgan, 
Andersen, Miham, Gnaberlsnd, Eoane,^Mte, Van Buren, filedsoe, 
fihea, Grundy, Sequatchie, Hamiibon, franklin and Marion counties. 

Climate 

According to Mewcome and Smith (1958), the climate of the Plateau 

is iterate. It is cooler than that of the adjacent lowlands and this, 

l/Leburn. E. d# The Cumberland Plateau, its ̂ riCultural situation 
^Tppssibilities. Bnpub. M.S. Thesis. University of tennessee, 
iDioxville, t©an. i9li,2. 
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along xiiitli the lai^e wooded aa-eas, is resj^onsible for the mny resorts^ 

smamer homesj assaBlly grounds for church organizationsj and private 

schools in the province* 

Bubba?^ et al. (19^0) r^orted moderate winters With short cold 

periods;^- and mild summers iidth cool pleasant evenings in the area* ... 

Summer ten^eratures higher than 90® F« are rare, and the difference 

between the mean summer and winter tei?5)eratures is about 33®* i^he mean 

seasonal temperatures,on the Plateau in winter are 38.'?® F.j in spring 

5?i>7®i in su^er 72.1®} in fall 37.0°j and the mean annual tia?5)erature 

is 35«6® P, in average frost-'free period of 179 days extends from 

April 18 to October iB. 

fhey explained that the annual precipitation of inches is 

well'^iBtribated. About 83^ of the rain is equally distidbuted in winter, 

spring and asmraer seasons.. The lightest rainfall in the fall coincides 

with the ripening and harvesting of many agricifLtural crops. 

The average monthly and annual precipitation at Grossville, over 

a 27-year period prior to l^hO is shown in table 1 and the monthly and 

annual precipitation for each year since 19iiO is shown in table 2. 

Diokson® estimated the mean degree,dsys,- below 6^ for the 

Plateau S^erimen'fc Station, Di<acson (1909) also pointed out that 

pOt^tial evapotransplration estimated by the Thornthwaite method is a 

function of teiip^ature, latitude and time of year,' Baring computations 

Of actual evapOtranspiratioB, he assumed that evapotranspiration is 

2/j31dkapn* B, R. Mean d^ree days, Tennessee weather bureaus 
L,W 3801, 1939^ 
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iisdtea Ipy soil tj^ater aont^nfc and that avaidBble ̂ nat^ at flaid capacity 

eqaaXs h laohas* &b data foy raean degree days (helow 65® F)together uith 

average daily and manlhly @vapotranspiratio% for the period 1931 to 1955 

are given is table 3, On the data famished by l)i<&son, B* H.,the soil 

sioistTire etatns of soils is calculated and presented in figure 1. 

Luther (1959) reported that the Plateau is underlaid ly a cosl^!' 

bearing foxwtion raalcing it a part of the greatest coal'-bearlng foitaation 

in the Bnited States* It is mad© u^t>f= rocks of the Carboniferous age 

vhich are divided into three series^ naiaely^j the Ussissippian,, Pennsyl-

vanian, and Pezmian* The rocks of the area are principally of the 

Penn^lVanian series •with those of the iralley in the Mississippi^ s^ies» 

Those of the Mississippian s®cies are coB^rised nminly of ItineBtone and 

underlie the. P^mgyivanian series in thick beds. The upper strata of the 

region being of the Pennsylvanian series sffe formed of saadStone, shale, 

and conglomerates. 

/ Crossville Loam 

^bard et al, (1950) described Crossville loam in Cumberland 

county. They reported that this soil has been formed frtmi weathered 

material of a rock formation consisting of sandstone and some shale. 

Sternal drainage ranges from Very slow to mediumj.and internal drainage 

is medium. Mthough the soil is weHnhpaiaed, here and there are some 

Small, seepy places. The relief is level to undulating, the gradient 

beir^ not more than 5jS. They saidi 
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fhe soil ©CGurs in nearly all.pants of the county in relatiTely 
small to medium sized ̂ eas. The total of acres occupies 
positions on smoother parts of interstreasi divides in association 
•Kith the Eartsells series. 

Ecder virgin conditions a profile of this type has the following 
characteristics: 

G to S inches^ dark grayishnbrom or dark-hrown friable loam. 
A fairly large quantity of oi^anic matter is mixed telth the min^al 
material of this l^eri> 

2 to T incheS| gr^isht^brotm or brownj, mellow loam. 

7 to 22 inches, yellowish-browH, friable^ fine sandy clay, 

22 to 30 Inches, grsyish-brown or brownish«-grsy, friable, fine 
Sandy idam mixed with many angular sandstone fragments up to 6 
inches in diameter. 

30 inches saaodstone bedrock in horizontal strataj in places 
some shale is interstratSfled with the sandstone. 

Throughout the extent of this soil the layers of the profile 
vary considerably in thickt^ss. In cultivated fields the color 
of the plowed layer is generally lighter than that of the surface 
soil in forested areas. 

This soil has excellent workability, good conservability^ and 
fair productivity, ft is strongly acid and has a loif contmt of. 
mineral plant jfaitrients and a fair to low supply of organic matter. 
The soil is easily pervious to moisture, aiTj and roots, and its 
water'-holding capacity is moderate* Hoisture conditions sre 
favorable for plant growth, and the Control of eroision presents 
little or no problem. This soil is fair to good crop-land and 
good pasture land. 

In the soil survey of Harion County, Tennessee, Series 1900, Ho. 2 

(1908), the rolling phase of GrossviHe loam (0-12^ slopes) was desoribed 

as a well»drained, friable soil that developed from the residuum of 

nearly level-bedded acid sandstones. The soil is normally on rather lon^ 

and mild east-faciii^ slopes in association with the Hartsells, linker and 

Huskingum soils. It differs from the Hartsells in being much browner in 

the upper Ih inches and generally somewhat shallower over sandstone bedrock, 



It iias developed aiider a preddmiiiantly deciduous for-est* flie pstiflle 

description is as followsf 

0 to 1 inch, very dark«gray friable loataj high in organic 
matter? soft, fine crumb structure. 

1 to 6 inches, darfe~brotjh, Vety friable loam to silt loam? 
weak medium crumb structure?, gradual transition to layer below. 

6 to 13 inches, dark-brown, very friable 01^ loam to silly 
clay loam? weakly-developed fine blocky structure. 

13 to 20 Inehes# yellosdsh-brown friable silty clay loam to 
clay loam? weakly-developed fine blody structure. 

20 to 26 inches, yellowish-brown friable cl^ loam to silty 
cley loiam, faintly splotched or mottled with strong brom? weakly-
developed fine blocky stiucture? contains maiy small pebbles 
■weathered from fine-grained conglomeratei layer rests upon Sai^a-
stone bedrock., 

The soil is stroi^ly acid and apparently low in natursQ. fertility. 
It allows ea^ penetration of roots. It is eaiy to work and 
moderately easy to conserve., Water is readily absorbed and fairly-
well retained. The water-Supplyiag capacity is about medium. 
The soil is practicaHy free of stones. 

Actually, this Soil is -well-Saited to aH crops and pasture plan-fcs 

commonly grown. Its shallowness to bedrock restricts the feeding sone for 

the deep-rooted crops, but generally it is deep enough for suecessfui 

growth. 

Hartseils Fine Sandy Loam 

EEubbard et al. (1950) classified this series under the great soil 

group of aed-Iellow Podgoliee, and associated with GrossviHe and Huskingura 

series. The relief is level to gmtly undulating? exbemaal drainage is 

very slow to medium and internal drainage medium. According to th®a, the 

profile characteristics under virgin conditiohs are as follows: 

0 to 2 inches, gr^ mellow fine sai^ loam mixed with a small 
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, : : dees^redi '.•■vegietabie :in:atter*' ■ ■ ■ ■ ■ ■ ■. 

; ■§ ,to'' 9 Inches,' gr^i^rlsh, jeiietr yeiioiisdsh-gr^ .friable fine 
0an<^ loam. 

9 to 30 inches, yellow or browiiish'^yellow friable fine san^ 
el^ containing a few fed and bfom mottles, ^parently caased 
by decoE^oaed fragraeats of sandstone father than ly is^erfeot 
■drainage. ■■ ■ . 

30 to' 3U iriehes, yellowish^gfay fine shM mixed with raahy
s^all parbly weathered sandstone fragments.; 

3h inches +, sandstone bedrbek containiiig thin layers of shale 
in plabesi the strata of the bedrock are horisontsl. 

The vegetation nndef virgin conditions consist of post, southern 
red, scarlet and blackjack oaks, hlckoiy and pine. 

The soil surv^ (1958) for the Harion Ooisityi TenneBSeej, described 

Hartsells fine sandy loam# undulating phase# as a veiy stro:i^3y acid soil 

of the uplands# on level-bedded acid sandstone under a predominantJy 

deciduous forest. According to this report a typical profile shows its 

charaetwistic feattires as follows? 

0 to 9 inches# yellowish-bmm tO light yellowish'-brOwn Very
friable fine san<y loam to loam# weak medium Oiumb strdcturej upper
1 to 2 inches stained dark with organic matter. 

9 to 15 ihches, yeiiowish-bfoWB# veiy ffiabie light clay loam 
to^S0ndy' 'oi^'lOam| weakly developed coars© eramb to- very fine, 
blocly structure. 

15 to 32 inches# yellowish-^brown to brOwnish-yellbw# Very
friable light clay loam or fine sandy deyj weak fine to medium 
bioG^ structure. 

32 inches ># stroi^ brown to reddish-yellow friable sandy clay 
: ■■ Of "■ sandy' -clsy''loams weak ■medium.;'blo-dy' stfuotufes s-andetone, bed 

rock is generally at depths of 3 to 5 feefc. 

This Soil is low in Organic mattef# plant imtrients and natural 
fertility, HowSyef# it is very permeable to airy foots and water. 
Its water-suppiying Capacity is medium# surface fun-off is slot;# 
and ihtefnal dfaihage is medium. The soil varies mainly in depth 
to bedrock# the normal range beii^ 2 to 7 feet. 



u 

Accord^ to the soil ^anklin County^ fennessee, 

Hartseils fiae sandy loani,rolling phase soils ^ are st5?ongly acid,.low in 

organic sjatter and plant imtrients. lan-^ff ia medior!! and intesnal 

drainage is ffletMnin.. These soils are permeable to air, fijoistnre and plant 

roots. The raoistur© supplying oapacity is fair. 

Sol Brun Acid© 

TSyemier and Qaith (lp57)r^rted that the name "Sol Brun Aeide" 

is now used In Bel^um# France and possibly other B!oroi)®n*i countries for 

a class of soils at the great soil group le«rel, Baur and lyford (1957) 

found similar soils dereloped undep forest vegetation in the northeastern 

Bnited States, These authors further stated^ that in the past these 

soils have been included with Brorai PodapiiC| weak Podzolj weak Gray-

Srowa Podzoiic or Hed-jellow Podzolic soil groups, 

Eecognition of Sol Brun Acide as a distinct great soil group has 

been reomt^ in the United States, OUne (1955) found maBy soil types, 

in hew lorkj as belonging to this great soil grou|). He named these soils 

as '^Acid Brown Earth". Baur and lyford (155?) preferred to use the 

ikp?c^ean nemie "Sol Brun Aeide", Krebs and Tedrow {1957) used the term 

"Acid Bro^ Forest Soil". 

Taveimier arai Smith (1957) reported that an acid kind of profile 

represents the origihal "Braunerde"' of Bamana, and that they tfere common 

in southern hew Engird, hew York, the Appalachian Plateau ©Ktending 

south to the highlands offenmssee and west to include some of the soil,© 

from the acid drifts of Ohio and Mnnesotaj and on the west coast in 

Washington and Oregon, 
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Thoj^^Sraitli (19l}9) pz^posed a definition of Eed-feliotf 

Podzolic a&« 

% group of Tffoll dereldpod# well drained acid edils having 
thin organic (Ao) and organic idherai (Ai) horisoM over a light-
colored bieached (Ag) horiaon, over a redj yellowiah-redj or yellow 
and more el^ey (B) horizon. Parent matemaln are aH more or 
lees siliceous. Boarse reticulate streams or mottles Of red* 
yellow# brown# and light gr^ are eharacteristiO of deep horizons 
or Red-Iellow Podzolic soils whep© parent materials are thlGk.® 

Robinson (19ij9) reported some differences betwe^ Brown Forest Soils 

(Sols Brun Acide) and the Gr^-Brown Podzolic soils, chiefiy in terms of 

base status and in their structure* 

Aceording to the essential difference betwem a Brown 

Barth and a podzollzed soil would appear to be the coi^osition of the 

cl^ fraction, fhls is usually constant throughout the Brow Earth 

profile,: whereas.- in- .a podsolized soil -a relativ©3^ slliceQus A horizm 

overlies a B horizon enziohed in sesquioxides from above. 

Baur and Ijyford (1957) pointed out t!U"ee major differences betwew 

Podzois and Sols Brun Acide. According to them, Sols Bran Acid® morpho 

logically exhibit (a)unifom colors In the B horizon rather than a more 

intense color in the upper part of the B horizon such as chsBcacterizes 

Podzola and Brow Podzolic 80ilB|(b)weak sabangular blocksr structure 

throzighout the B horizon rathisr than granular structure like that 

characteristic of the upper B horizon of most podaols and Brow Podzolic 

soilsj and (e)uniform texture throughout the solum ooitbrastlng in this 

respect with Gray-Brow Podzolic and Red-lellow Podzolic soils which have 

silicate ©lay accumulation in the B horizon. 

3/Qaoted from Tavernier and smith (1957). 
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Hxi m distinguish Aeid ga?otjn Earths from the Grayr-Brossi 

Podaoiiesii Gliae ir^ported the former as more strongly leaehed> 

gmeral^ ittpr'e,aeid^ Vaad la.hhihg the'dtstifect',elay,aeetmulation'in the3 

heriaen. Baur and l^ord (19157) repoHed a leached horiaon(A0 in Sol 

Bran ^cide soiie* Bowever^ Blrieh et ai, (1959) repojftcd no leached 

horison iii the Sols Bitia Aoide ̂ Gaiifornia* it ther^ore appears that 

a gradatioml character of the horiaons is required. 

in this connectiohj^ it is interesting to not© that Siaujnspn (19U9) 

remarked, in his paper on the gimaesis and elassification of Eed-Xellow 

PodSQlic eoils> that ©luviation and iHuviation in their genesee ©re not 

adequate as eaplanations for horizon differentiation in the profiless the 

dominant processes are the formation of siiicate 01^ minerals in the 

deeper herizona and the destriiotion of those minerals in the upper 

horiSonsv 

iccording to Simonson (I9h9) EM-Xellow Podzolic soils hare "been 

developed from, all sorts of materials rangisig from granites, gneisses, 

Schists, sandstones, shales, limestones, and various unconsolidated 

sedimmts. Si contrast to this Sole Sm Mid©!^e been developed firom 

sMdstoneS or parent materials rich in^artS'--Soil ®irvey, Hsrion county 

(1958)| Buhhard et al. (195o)i and Birich et ai. (X959). 

PferphologicaHy Bed-Xcllow PodzOlics are oharaeterised hy a olean 

acne of elxtviation, Ag, and a zone of iUuviation, Bj the color of the 

texbural B horizon is g^erally darker at the ui^er portion of the horisiE® 

(Cline, 1955). Mcordii^ to fav©mi<^ and Smith (1957), Sols Brun Aclde 

do not have a zone of iUuviation and are characterised fey a (B) horizon, 

B in parentheses, usually referr^ to as a color B horizon. In most cases 



there is BO zoae of ̂ uviatioa (destruetioa or reaov^ of silicate 

min^als in the A horizon is not evident)» 



 

 

^ CHAPT.Ea'IIi ' 

l^BmODS MSD 

• . Field Hethpdis 

The eoia^ cai^led for aaaljses >xere located at five sites and 

represented profiles of the GrossviHe series of the Ooraberl^d Fiateaa» 

Site 1 is cultivated and the rest are virgin. The first three sites are 

located in Gusiberland Gountyj and the fourth and fifth sites in the 

Bledsoe State Foreatjj Bledsoe County. the sites were seen and sites 

1, and 3 w^e carefully observed iDy soil scientists of the Soil 

Conservation.Si^ice. ULl the sites were on gentle slopes, fheywere 

widely spaced and were located well inside forest areasj, with the 

exertion of site 1 which was in a cultivated area^ to avoid contaainatlon 

and huHian inti^fer^e. They were apparently free of erosion^ and with 

the possible exception of site 1 had no accumulation of eroded sateriais 

from other areas. The soil profiles were described In situ from "the 

faces of excavations according to the procedure outlined by the Soil 

Survey Staff (1951). Balk eaz^les of each torisoa were collected in 

clean cloth bags, after descriptions of the profiles had been utade. Ml 

ilunseii color notations were tak^ on moist soil. Extreme care was 

.exercised while'taking bEik. ©amplee from each horizon to avoM contami 

nation from other horisons. 

laboratory Procedures 

The soil samples were dried in ah air mm at 6$^ G., crashed to 
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pag^ throTjgh,a,. g rnai, eiev&j^ axid stored in l^^quarb carbons in,the . 

lafe'orator^.-' 

• -431 deterfidnations# otherwise.stated|. were made in. 

duplicate^ i - , • 
/ • • ' • • • • .• • • .■ 

iMeehanical anaaarsee veve made hy the pipette method as described 

hy Kiiaer and Aleaisndsr Cl9h^) and Kilmer ^ feliins il9Sh)» Soil.' ta 

was determined on, pastes with the, Bechman pE, meter. Organic matter 

content was determined by the ohromate oxidation, method (wet combnStion) 

as descrShed by ¥a31cl^ arid Black (1^31}) with mod fey Peeeh ^ 
al.: .(l9h7)e.- ■ dation exohaaqige capaclly'waS■ 'deterEtihed' ty distillation'of 
adsorbed ammonis after extraction with aodiam chloridey as described Isy 

Peech et aii (19h7). Exchangeable; bases were estimated in 0.2 II aTignonlym 

chloi'ide eolntion with a ieckman 133 flame spectrophotc®ieter> with Ho. 9200 
flame attachment and Ho. h300 photc^itipiier ass^bly^ as ontlined by 

Shaw and fe^ (19^6), Exchangeable aluminnm: Was estimated in standard 

potassiiim chloride leachateS' of soils' after treatment With excess 

potassium flonrid© to form a n^tral, .hexaflohride complex^ as described 
by Ooleman et ai.; (1959). Free iron pxide Was extracted from soil with 

soditam hydS^S^fl^ite and deterjidned with standard potassium pemanganate 

as .Outlined ly'Seb ■,(3950)... . 4>waiiable phosphoiirs was detepiined according, 

to the method of ^ay and Kurtz (i9h5). 



GHAFTEa I¥ 

EBSOECS 

profile descriptions were igad© la the field* fbe object 

was to get a clear tii^erstanding of the morphology of splis la the 

CrossvllJ.© Scries* Bescriptlons of the soil profiles follow. 

Soil Profile Pesoriptioas 

SJlB-1 

Soil profllej Grossville loan^'-cultivated 

Ap O-p inchesjj Park brown (10X13/3 to 1011b/3) loam| moderate fin© 

graftolLar structtqcej friable? mediom to slightly 

aoidj clear and wavy bonndaryi 7 to lo inches thici?* 

9-13 inches, Dark yellowish bro®l(IGXRU/h) loami moderate medinm 

aM fine srubangalar blo<^ stractnrej friable? 

atrca^ly acid? gradual wa^ boundary? both medium 

and fine roots Bomiacni 3 to 7 inehes thick* 

(B)gg 13-28 inchee. Dark yellowish brojm (Ififldf/li) or yellowish bs^awn 
(1GX13/Ii) loam? moderate medium^fine subangular 

blocky etructure? friable? strongly acid? clear and 

wavy boundary? With aim fragments of sandstonei 

old medium roots comaoEay distribated with few new 

fine roots sometimes entering the same channels 

decoflposed old roots. 6 to 9 inches thick. 

(B), 2g-ah inches, leHowish brown (10XE3/li) loam> moderate medium 
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mibangulsr blocigr strncturei friable^ strongly aeidj 

grada^ and boundayyi a fe» sandatono fragmentsj 

a fine roots distributed mostly at the upper 

regienj to 6 inches thieki, 

27-36 inohes> i'ellowiah browa (ICSB^/b) Idaia with a few distinct 

brown (7.5XB5/b) ciottlesi weafe raediua subangul^r 

bloc!^ strueturei very friablej strongly acidj 

gradual and wavy boundaiyj with, coiamon sandstone 

fragments 6-11 inches thick, 

% 16 inches Slightly weathered brown to dark brown level bedded 

sandstone. 

fopograohyt Gently sloping at the edge of a benehj gradient 

rang^ fr^ to 0* 

Srainage and pafmeabilitys 

Well drained* Surface runoff is medium and internal 

drainage is medim to rapid. 

yegetatjoat feltiyatedf alfalfa* Hoots numerous to 15 inches 

b^ow the surface. 

ioeationi About 280 yards south and slightly west of the point 

at which the railroad leaves the north edge of the 

Plateau Ej^erimsnt Station. 
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SITE-S 

Soil pyo^ilet 0rossville sandy loam»'"forested« 

Aqo^Aq iiiches TMn of 3.oos0 ond partly decomposed leaves 

and twigSj typically from dociduous treesj coramop 

foEgal moldsi e^r^ly aeid. 

% inches hsrfe hroEfh (101113/3) to Dark yellowish brown 

(iQl^/ii.) saiMfy loami weak medium {praiiiO.ar structures 

very friables very strongly acidj clear and smooth 

boundaryj maaerous roots well distributed, 

A3 3-7 inches Dark yellca-Tish brown (lOXBU/U) or yellowish Irrown 

(103E]a3A) #wdy clay loamj weak coarse granular 

structures friables very strongly acids gradual 

and wavy boundaiys numerous roots well distributed* 

(B)a 7-12 inches Dark broim (7.52BV^) loaffli weak medium subangular 
bloeky structures very friables very strongly acids 

gradual and wavy boundarys numerous roots. 

(0)22 12-17 inches Dark brown (7 or Dark yellowish brown 

(lOSBliA) loams weak medium subangular blocky 

structures friable; very strongly acids gradual 

and wavy boundarys common fine roots, 

(B)| 17,-21 inches Dark yellowish brown (lOIBliA) sandy loasaj single-

grained and medium subangular blocky structT^es 

very friable; vei^ strongly acid; gradual and wavy 

boundary} common sandstone fragments and a few stones; 

a few fine roots mainly at the top of the horiaon. 



 C 

a3 

^''36 Sjaehes tellowish brom (lOXR^/h) loajay sand idth common 

sandstone stones and iragmeabas singlie^grained 

and stractupelessj ̂ riablei very strongly eclcij 

gradual and wavy bpwdaiy, 

36 inciies'^- P^ially decoiraposed level^bedded sandstone# 

TopCgrap%8 Sloping, gradient|to 7^ near the lower end of 

the slope* 

Drainage and permeabilityt 

Surface runoff slow to medium and internal drainage 

iS'medium to rspid. . 

y^etationt Chiefly deciduous with caks dominating, planted 

white pines of 12 to 13 years growth ranging from 

13 to l3 feet in height and S to inches in 

girth. Sparse grass und^p'owth. 

itocations About 100 feet west of the east arm of the lake 

near the picnic ground on the Plateau Experiment 

Station. 
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'S3grE,3. ... . 

Soil profilet Qyoesville loa3!;if*-forest6<a. 

1«i<) laches TMa layer of loose and part3y deconposed leayes 

and twigsj mostly fiom the oak treeS| few ftmgal 

moidsj estreraely acid. 

% 0"^ inches Dark hroan (i01E3/3) loasai inodapate mediim granular 

structures very friablej very strongly acids clear 

and saooth houadarys aumeiwiS medium and fine 

roots well distributed, 

li-8 inches Dark brown (t.SHiii/S) loamS weak coarse granular 

and weak fine aubangular felocky structures vei^ 

friahles veiy strongly acids clear and smooth 

boimdaxys numerous medium and fine roots. 

(®)2i, ®~i3 inches DaTk brown loaaj weak medium and fiue 

subangular blocky structures very friables very 

strdngly acids diffuse and wayy boundatys common 

medium and numerousfine roots, 

(B)gg 13-18 inches Dark brown sandy clay loams weak 

medium subangular blocky structure} veiy friables 

very strongly aeids clear and wayy boundarys 

sandstone rotsk appears at inches depth, 

Oommon fine roots, 

(B)^ 18-Sb inches Dark yellowish brown (ICffRh/b) to yollowish brown 

(IGiE^/h) sandy clay loams weak medium and fine 

subangular blocky stracturei friables very 
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etronglj aci(3| gra^gl md vary btnwidaryj a few 

,f±ne roots. 

2h*36 ambes fellotfish teoMn |iOSS^/it)0and5r 01^ loasa; loos© 

and weak aiedim subangular blocky structeirej reiy 

friable} very strongly acid} abrupt and smootb 

boundaiy} horison fre© of rock fragments/but a 

few <partaite pebbles presenfcj,-no roots. 

Dr 36 inches + Partl^ly weathered sandstone rock, 

Topographyt Sloping with elope rangir^ from 7 to 9^$ eomax 

;positioa on the.senter'Of the slopor 

Brainag© asd p^meahSiityi 

Surface runoff is medium to rapid^ internal 

.drainage is mcd.lum.tp rapid and the soil is below 

field capacity during most of the year. 

Vegetations JJominantly oak forest Consiituted of white oaks, 

pOSfe and black oak} hickory Common, and a 

; few sour wo©d|; ■httckieberries and hlackgUfflS. . 

hocationt About 0,8 mile north of Campbell function on a 

deadp-ead road which turns off to the left at a 

-small -Church. 

https://mcd.lum.tp
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SETE^-

Soil profiles Cyosgyille loamj firie^teaetttred subsoil variant->"£orested» 

AqqjAq inehea A tMn film of Aqq overlying 1/2 ijich thicfe layer 

of mall type of huraasi exbreraely acid. 

Ai 0-3 teshee DsrSc brown (7«^3/2;to ie®a3/3) loam, weak to 

moderate medium granolar structure; friable; 

very stroaagly aeidj clear and irregular boundaryi 

numerous jroots* 

3-8 inches park brown (f,^SM3/2) clay, weak subangular 

blocdcy strttcture breaking into medium granular 

MraCturej fimaj stidsy wh<mi wet| very strongly 

acid; gradual smooth boundarys numerous coarse 

roots. 

$2 8-llj. inches Bark brown (lOKHk/3) clay; moderate medium 

sub^:^lar blocky structurej very firmj very 

strongly acid; gradual and wavy boundary; common 

medium roots; few sandstone fragments. 

ait-20 inches Dark brown (T.SfSBUA to lOXRb/3) clay; moderate 

medium suban^lar block structure; firm to very 

fim; very strongly acid; diffuse boundary; 

oonmon sandstone fragments; medium and fine 

roots common and on top of the parent rock. 

Pjp 20 inches + Ferruginous Quarta sandstone, partially decGii5)osed 

with iron oaddes as bindii^ agent. 

Tonograpteys Gently sloping with k to slc^e gradient sloping 
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from noiAhi^st to south«fest and sitnated ob a 

slightly convaxVpo^tioa about 70 yards away 

from a small stream*' 

Brainagg and permeabilityg 

Surface runoff is slow and internal drainage 

very slows lateral aouigment of water on top of 

the sandstone parent rock. 

f^etatims Forest dominated by postoaks and white oaks, 

seme pines and dogwood and occasionsOiy hickoiy. 

Foor stunted griewth of the open groyej average 

measurements of postoaks being 20 to 30 feet in 

height and 9 to 6 inches in girth. Fairly 

abimdant undei^rowth of grasses, chiefly 

Bsuathonia spicata. 

Location: One mile south of the function of highw^s 1|.25^3 

and lOl, in the Bledsoe state forest, about 00 

yards on the west (right) side of road. 



 

arofiifes 6foss\d^l0 loam'>»foreste<^t 

1-0 IsiQhes ^tted lay^ of partly ̂ iecoKppsed leaves and twlgS| 

veiy strong3y acid. 

Aj P-2 insdieg Sark gr^sh Ijrown (iQWh/t)loamj moderate 

coarse ̂ aniilar structure! very frial»le5 ve^y 

strongly acidj clear and smooth feoundaay'; 

mnaerous rootsi a fs» earthworsns tevident. 

inches Dark brown (lOMii/3) loamj mediate coarse 

grahhlar struetnre} veay friablej very strongly 

acidj clear and smooth bonndaryj laimerous medium 

and fine roots* 

3-13 inches Dark brown loaaj moderate fine sub-

angalar bloclJy and coarse granular structurei 

friable; very Strong3y acid; gradual and srapoth 

boundary; roots common. 

CB)22 13-22 Inches Daj^ brown (lGSRU/3)loam; moderate medium and 

fine sub^igular blocky eiructurei friable; very 

strongiy acid; clear and smooth boundary. 

G 22^30 inches ItelloMish brown (1C31R3A) lo^; weak Subangular 

blocky structure fading to massivenes© at bottc®; 

v^friabie; very stroi^ly acid; clear and 

smooth boundary. 

Dj, 3Q inches + Partially decomposed level-bedded saadston© 

rock. 



�

iently ploping; gradient it to %%. situated about 

ZOO yards upslope from site U on the southsrestein 

on a siigldjly ooavase surface, 

Drainage and permeabiZity; 

^irface ran<^f is ̂ ow to medium and internal 

dr^jaage slow to medium, Water movement more 

lateral than doTsnward, 

fegatationi Ooimnon blaeh oaks followed ty poet oakS| Mdsory 

and blackjack oaks, fhe grove is rioher in 

growth than that on site h, I'he undergrowth 

contains less grass and more shrubs, 

location: About 100 yards away and on the northeastern side 

of site on the other side (east) of the road. 

The solip are formed from rocks of the Pennsylvanian series and 

overJfe;such resistant rocks as the Crossyilie sandstone and Rockcastle 

coi^lOmerate, The parent material is formed either in situ from these 

reeks or is a colluviimi of weathered rocks sd.ch in quaurts. 

The different horisons in,each of the soil profiles were free of 

clay-coatings or clay-films over soil particles. The Sola in all the 

profiles exhibited similar colors in each of the horizons. 
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Laboratory Bet^eininatione 

Parfcicle siae distribution of the different horizons of all the 

five soil profiles is presented in table ij.* There was a small amount of 

very codrse sand in each horizon in these soils* The coarse sand coateat 

ranged from O.i^ in kp and (B) horiaons of site 5 to 7.2^ in the 0 

horizon of site 2. Very coarse sand and ooarse sand together constituted 

e small portion of the sand content in all soils. Medium sand and fine 

sand contents made up most of the sand fraction in the first three sites^ 

while fine sand and Tery fine sand formed a major part of the sand 

fraction in sites h and 

The silt content decreased sli^tly from the A horizon downward in 

sites 3 and li, in Sites 1 and g the amount of silt tended to be greater 

in the (fi) horizons than in the A and 0 horizons. There was more silt in 

all the horizons of site 5 than in the other soils. 

The clay contmt progressively decreased with depth, with the single 

exception of site U idiich was characterized ly a textural B horizon. The 

clay content of Ap and (3)23^ hoidzons in site 1 and the Ai horizon in sit© 

h was slightly more than 26^, These horizons were identified in the 

textural class of loam but were close to the bord^ separating loam and 

cl^ loam. 

The soil reaction, oz^anlc matter content, cation exchange 

capacity, amounts of exchangeable calcium,, magnesitim, potassium and 

aluminum, readily soluble iron oxides, and available phosphorus are 

presented in table 5. PH values were determined on fresh soU saii5)les 

as well as on air-i<3ry satt^les. Sine© there was practically no difference 
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between the two detettninations ctnily the data on the air-diy sangjles are 

presented in table , 

There waa little change In pi values In the mineral soil horiaons 

with depth* They were very strongiy acid in reaction. The organic 

i^ers were extremely acid in reaction^ with the single exception of that 

in site 5 which was very strongly acid. The^ borisffla of the cultivated 

Soil;^ which had be^,limedj, was only slightly acid. 

The organic matter content in each of the soils decreased rapidly 

with depth. Organic matter in the horizons ranged from 2,6% at site S 

to i,$% at site 3. The organic matter in the i horizons of all the soils 

was considerably lower than that in the A horizons. The C horizons were 

charactejpized by even smaller amounts of organic matter at all the five 

sites. 

There was a decrease in the cation exchange capacity with depth 

in four sites. Site h was an exception because cation exchange capaciiy 

changed little i^rith incr^siug depth. The exchange capacity was highest 

in the horizon and lowest in the 0 horizon in these soils. 

Exchangeable basic cations were consistently lowj and content of 

each basic cation was less than one millicquivalmt per IGOg. of air-dry 

soil. The only exertion to this was c^qium in the Ap horizon of site 1, 

tdiich had been limed, There was a general decrease in the exchangeable 

calcium content with depth, with the exjeption of site 2 in which the 

(B) horizon had more exchangeable calcium thi^ the A and 0 horizons* The 

exchangeable magnesium content tended to increase with dqpth. The aTOvuot 

of exchangeable potassium was lower than that of exihangcable calcium. 



and decreased 'id.t-h ds^th in all the soil profiles* 

The amount of exchsngeable aluminum higher in the (B) horiatHi 

than in 1 or C» Within the A horizon of sites 2^ 3 and5 there irae more 

eschmigeahie aluralnusa in the Aj, horizon than A^ while in site It the 

reverse was found. 

The A horiam in each profile contained the maadmsna amount of free 

iron oaddes, and the cantent decreased with d^th. The range in the free 

iron oxide conti^ v^ied from 3.2^ in the horiaon of site 1* to 0»$% 

in the C horizen of site 2, 

.; laeh horizon of each site showed an acute deficiency of readily 

available phosphorus. However^ the Ap horizon o£ the cultivated soil 

contained 5? ppm as a result of fertilization. 



�  CHAK-ER ?■ . 

DISCITSSIQH 

F3?ofile descriptions in Ghapter IV esplain the soil characteristics 

in detail. The soils are fairly shallow to bedrock and are about 30 to 

36 inches in depth. The A horisons of the profiles have granular structures 

and the B horisons e^bit subai^uiar blocijy structures. All the soils 

are weH drained and are pesrraeabie to air^ water and plant roots. They 
have raoderate to high available aoisture storage capacity and their 

physical properties are quite suitable for oi^op production. However# the 

soil in site h is shallow to bedrock and thus lower in available moisture 

storage capacity. 

The 8tu<^ of particle sise distribution, indicated no aj^arent 

jnigration of silicate ol^ minerals into lower horizons. It was therefore 

ooBcluded that a migration of laineral soil particles into lower horizons 

was not necessary in the formation of the C&?ossville series. This finding 

is in agreement with those of scmie European t-jorkers reviewed by Tavesmier 

and Smith (1957)# for Sols Brun Acide, la additionj the lack of el^ 

coatings on soil paxdiicles in the lower horizons indicated the absence of 

the process of iilmriation of mineral particles in these profiles. 

Since sandstone is low in clay and rich in quartz the amount of 

silt and sand together formed a major pprtion of the soil particles. Such 

a texture favorably influences aeration^ permeability and available water 

holding capacity* The horizons in site k had much laore clay than could 

be expected of a stsatum such as sandstone. The variation in the subsoil 

of site h possibly be due to the influence of Bhale. 



It is now seen that the proportions of silt to clay, and the clay 

contents in each horizon are more or less the same throughout the depth 

in all the soils. The slight t^ural deviations between horizons may, 

therefore,; he eoiisidsred due to the differences in weathering and other 

factors of clay synthesis and not to the processes of ̂ uviation and 

illuvlation of mineral soil particles. 

The Haftsells series which is in asisociation with the Orossville 

series is ciiaracteriaed hy-a textural B horizon and results of the 

}3r©cesses of eluviation arid iUuviation are evident. There is iw>re clay 

in the A horizons of soils of the Grossville series than in soils of the 

Hai'tsells sei'ies. 

The soil color varied hut little with depth throughout all the 

profiles* The Colors of A^. horizons in All the proflies were more or less 

similar, being dark hrown in the first foui' sites and dark grayish-brorsn 

in site 5, The color of the B horizons was also dark broteu, but the 

chroma in'the (B) horizon in the cultivated soil was one uirii more than 

others* There is a chai-acteristic appearance to Grosstrille soil that 

helps to distinguish these soils from'Baftsells which are characterized 

by light colors in the lovifer horizons. Again the color within the (B) 

horizon was the same both in the upper and lower regions of the horizon. 

On this ground, any possibility of classifying CrosSviHe soils under 

the great soil group of Red-Iellow Podzolics is ruled out, as the Color 

telthin the B horizon of the latter as reported by Simonson (l^ii^) varies 

with depth, being darker in the upper region and lighter in the lower 

region of the horizon. The uniformity of soil color in all the horizons 
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of GrossviHe soils is similar to that of Sols Bran Acide> adeorditsg 

observations made by Robinson (19li9')j who added that the free iron oxides 

present ̂ ive a brownish or reddish brown color which may be masked by haans. 

The organic layers lying over the mineral soils are more acid than 

the mineral soil horizons. Because of liming, the cultivated Ap horizon 

was only slightly acid. The acidity in the virgin soils may be e:!q5l«:ine<3 

as due to a very low base saturation of the clay fractions in addition to 

organic matter in the horizons. Since the humus is of mild type and 

there is lack of intimate mixing of humus with mineral soil particles in 

the horizons no breakdown of silicate clcy coa^jlex was noticed. 

The organic matter content of soils decreased invariably with depth. 

The partly decomposed leaves and twigs overlying the profile, in virgin 

soils, were loose and moist. There was no tendency towards the develop 

ment of a raw humus layer, m the predominantly oak forest, under which 

the Crossville soils are found, the leaf-fall covering the soils decays 

rapidly and produce a mild humus. Similar conditions were noticed by De 

Sigmond (1938) and Robinson il9h$) for the formation of Sols Brun Acxdei. 

The organic cover on site ̂  was a little matted, but this condition is 

not of much significance in the formation of humus. The lighter color 

of the A borizcui in this site was correlated with the nature of its 

organic layer. 

Since both the organic matter content and free iron oxides 

decrease with depth it is not clear how these soils are able to maintain 

a unifona color throughout the profiles. Ifcwever, it may be considered 

that there is sufficient organic matter to mask the color due to iron 
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oxidesj and that additional amounte o£ both organic matter and free iron 

oxides do not i^e the soils appear darker# it is true that the v^ue 

increases one or two units from the A horison down to t? horiaonj but 

this increase in value is too insufficient": to be dependent upon the 

considerable decrease in the amounts of organic matter and free iix>n 

oxides# 

in contrast to soils of the OrossviHe series^ those of Hartsells 

have increasing amoimts of free iron oxides with depth. Since the 

organic matter contsit decreases with depths it is suggested that the 

amount of organic matter is not sufficient to darken the color due to 

iron oxides, iron oxides, therefore# are chiefly responsible for 

brighter colors in the lower horizons In the Hartsells series. 

ihe data obtained on cation exchange capacity are int^esting in 

that there exists a correlation between the ©lay content and the exchange 

capacity. However, the exchange Capacity of horiaons was found to be 

more than that of other horiaons. This was due to the contribution of 

colloidal organic matter. All the soils were low in bases. The percent 

base sntwation, with the exception of site 2, was nearly constant in 

each profile though there was a tendency for lower values with depth# Ha 

site 2 there was a little increase in base saturation in the lower 

horiaons. The exchangeable ealeium was higher in the upper horizons and 

decreased t-7ith depth, whereas exchangeable magnesium increased tdth d(^th 

resultli^ In lower calcium to magnesium ratios with depth. 

The exchangeable aluminum content was greatest in the B horizons, 

indicating the buffering capacity of the clay minerals against breakdown 

due to ejccess of hydwgen ions. The increasing amounts of exchangeable 
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aluminum in the B horizons may be essplained as due to the organic matter 

contributing a major portion to the exchange capacity in the A horizonsj, 

whereas the mineral colloidal ol^ coisfilex was the only source of exchange 

reaction in the lower horiaons, Henccj more aluminum was given out by the 

clay particles to counter the effects of hydrogen ions on the clay 

surface, fhe amount of exehangeable aluminum in the G horiaon was pro*' 

portional to its cl^ content. 



: CHAPTER VI —■ ■ ■ 

SOMHSay AHD GONCIXrSIOMS 

Field study of Grossville loams tsas followed "by the selection of 

$ sites, it in wirgin forest and the other in a cultivated field. Profiles 

were des©i:d.bed and sarroles talen at eadh site. Certain lafcorato3?3r 

deteiminations were made on these samples. 

The CroSsvilie soil is usually formed on gently sloping to sloping 

topographyj where the open grove is dominated by oahs. The thin organic 

cover is generally loose and gives rise to a mild type of humus* A 

parent material low in bases and rich in quarts appears to be a prerequi^^ 

site for the formation of this soil. iL teicperate climate with an abondant 

said well distributed rainfall is ideal for the founation of Crossville 

loam. These factors of soil formation are very similar to those for the 

formation of other Sols Bran Acide. 

The distinction between horisons is' not clear or distinct said the 

soils are characterized ty uniformity in color throughout the profile* 

They are medium textured soils with neither a zone of eluviation nor a 

zone of illuviation, Th^ are very strong3y acid in reaction, and free 

iron oxides contribute to the dark brown color of the soils. These soils 

are very low in bases and available phosphorus, the latter possibly 

limiting the growth of vegetation. The soils are permeable to air, water 

and roots and have a moderate to high available Water holding capacity. 

Since the soils are shallo^j to bedrock and are on gently sloping gradients 

all water received in excess of their moisture holding capacity is drained 
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rapidly. 

There is apparently no migration of finer soil particles into the 

loi?©r horiaons. The i soils lack leached horizons and textnTal p 

horizons. The single exception is site h which has a textural B horizon. 

The color is uniform in aH the hoid-zons possibly due to distributions of 

free:iron oxides and organic matter. Sites 2,and $ are considered to have 

profiles typical in characteristics for Crossville loams. Site h is 

considered to be Orossville loam fine-textured,subsoil variant. Sites 1 

and 5 are lighter in,color than the others. Crossville loam is classi 

fied under the great soil group of ifel Binin Acide. Taking into 

consideration the profiles at sites 2 and $ a general description of the 

Crossville loam is suggested as' follows: 

AqqjAq 1-0 inches' Thin layer of loos# and partly deoo%osed leaves 

and twigs, typically from deeiducnis treesj few 

to coEKaon fungal moldsj extremely acid, 1/2 to 

1 inch thick'. > 

A<j_ 0«3 inches Dark brown (1G2B3/3) loamj moderate to x^eak 

medium granular structure^ veiy friablei veiy 

strongly acid^ clear and smooth boundaiy. 3 to 

h inches thick, 

3-7 inches Dark brown (10SE3/3) to dark yellovdsh brown 

(10|Rlt/U) loam to eacnfy clay loamj weak coarse 

granular struoturej very friablej vesy stros^ly 

acid| clear to gradual wavy boundary^ 3 to h 

inches thick. 



 

(B)^ 7-12 ii^hes Dark browi (7»5IR5A to 7.53naii/3) loamj moderate 
1, 

fi?ie subaijgalar blocky to weak mediem subanguiar 

blo{^ etrtictea?©^ friablej very strongly acid; 

gradnal and saooth boundary to diffuse and wary 

bouadarys 5 to 8 indites thick. 

(B)22 12-17 inches brown f7.$1®hA to 7.0^/3)loam; weak to 

moderate mediup subpagolar bloe^ structure; 

frlablei very strongly acid; clear and smooth 

boundaryI B to 9 inches thick* 

{B)j 17-21 inches Dark yellowish brown (lOllEltA) to yellowish brown 

(lOSH^A) sandy loam to sandy clay loamj weak 

meditna said fine suhangular blocky structure; very 

friablei Very strost^ly acid; ̂ adual and way 

boundaryi h to 6 inches thick. 

C 21-38 inches Tellotd.sh brown (lOXR^A)loamy sand to san<^ 

clay loam; weak medium subangular blocky structure 

to six^le grained,structure; very friable; very 

stroi^ly acid; aWupt smooth boundary to clear 

and smooth "teundary; 8 to 13 inches thick.. 

Topography 

Gently sloping to slopij^; h to and slopes sli#tly convex in 

shape. 

surface runoff slow to medium asml intexnal drainage medium to 

rapid* 
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Vegetation i 

Chiefly deciduous with oaks ddsiiBatingjj such as post oaks (Qaercus 

atellatajg white oaks (QuerCttg alb3)j hlaek'Jack'o^s C^uercus' starilandica) 

and black oaks (Quercus velatina)! -a f iiickory (Caiya iiucklsberiy 

(vacoinium sppj. sour wood (O^^-clendrum arboreuiu) and SM-lax sp; and a few 

grasses like Danthonia ̂ icata,i- . 

tJse 

Still largely in forest. Cleared areas are used for cultivation 

and pasture. Common crops include com^ small grains and potatoes. 

Range in characteristics 

Depth to bedrock ranges f3?om about SO to 36 inchesj thiclmess of 

soluia from about Uij. to 2ij. inches. Texture of the A horiaon ranges from 

loam to sandy loanij that of (B)from loam to sandy clay loamji and G may 

be loamy sand to saia^ clay loam. 

Great soil group 

Sol Biun Apid© 
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