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Il\TRODL:CTlOl\ 

III the COlIl'S(' of an erosion SUI'Vt'y of the upper Gill1 watershed of 
Arizolla and New :Mexieo, it was nott'd thl1t soils from granite and 
recent sedimentnry materials were dallll1,g<:>d much more by accelernted 
erosion tbm) th{, soils d('vclopcd from qunxtzitc. It WitS noted fmUler 
that in the higher parts of the wil.tersbed soils originating from both 
basalt and linwstmw wel'{' L'('Sisttlut to erosion wherCtls in the lower 
parts of tl)(, :vlltpl'slwd soilg from basalt wert' moderately dnmag('d and 
t110se from ImwstOIH' Wl'I'(' sl'v('l'dy damaged, 

B('Calls(' this nrNI is and hns been under th(' llllUHtg('lnent of a numbN 
of diffel't'ut mndH's and public n.genci('s and bt'caus(' til(' soils occur on 
n variety of slopes llnd in scattel'('(1 and int,('rspel'sNI bodies, it is 
assumed that tll!' l'ungl' Y('gdation has bN'1l ut,jlized similarly, and thnt 
the major variations nre due to either soil pl'OIll'rtics 01' topography. 
Becaus(' of tIl(' simill1r ll'('n.tmeTl t lWei oeCUI'I'enc(' of these soils it was 
eonduded thn.t tlw difi'('I'('Tlcl'S in (,I'osion wer(' due t.o inherent soil 
properties 01' those very closely associ:lted \,,,..it11 the soiL This study

t. ,::e,•..(vttS lIJld('rtltkell in ltll rfl'ort to determine' wha,t soil fnetol's w('re
C ~hi('fly responsible foJ' these difference'S in ('I'osion and to formula.te n 
F ~i1bmitted for [lublit'tltion JUII(' 10, lWI. 
"-: 'TllC authors wisb to e.<press their deep IIppreciation to W. 'I', McGeorge, T. F, BUt·hrl'r, li. V. Smith, 

~• '::::rand W. P. Martin, 01 the l"nh'crsity of Arizonll, and H, E. :Mi<1dletoll, prilleiplIl soil conSt'rvl\tionist, and 
,..A. E. Brandt, Chit'f. Conscr"ation EX[lt'rimen' StnUons Dh'isi"n, Soil COIIscrmtioll Sen'ice, for lllany 

ll'·lielplul SIII!I!CStiPIIS. Data on the slln'oys 01 thl) uilfJt'r tlila watershed werc made available b)' ('. E. Busby,
l.r. ~merlY chief of COllSt'r,ntion Surveys in the Clila District. 1'his pllhliclltion is the firslllnder the cooper· 
,.. '::at.ivCO n'seareh agreement bt'l\n'l'n till' Arizona AgriculLUral Experiment Station Bnd the Soil ('ollsen'ation 
~ "~rvl('tl. 

) - 40iU01" ·U-l 1 . 
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standard by which the erodibility a of the soils of this area might be 
compared. 

PREVIOUS WORK 

In 1911, 11('Gee (28) 4 concluded after a study of erosion that it 
might vary as some power of the slope (about tlll' eighth is suggested) 
but that no 011(' equation would fit all soils. 

Duley, Ackerman, Hays, and ~liller (17, 18, 19, 20) working with 
soils from tll(' ~liddle 'West found: That in intense rains it barren soil 
spaded to a depth of 4 inches gave less run-off and more soil loss than 
the unspaded soil, but that hoth run-off and soi110ss decreased when 
tlw soil was spaded to a depth of 8 inciws; that on slopes under 10 
perr:ent a sandy loam is less erodible than (1, silty clay loam but more 
erodible on steeper slopes; that if soil loss in tons per acre is plotted 
against slope the resulting curv!' is of exponential form; that ill rains 
of high intensity on th('se soils run-off was greater Jrom thp short plots 
and erosion was greater from thc long plots. when'aR in rains of low 
intensity both the run-of!' and p)'osion WNP g-rcl1ter from thc short 
plots. 'They stated that CL"OS:"l' of thps(' :,loils cn.used a relntiv(' 
increase in the concentration of silica, iron, mangancse, and phos
phorus, nnd it loss of calcium, sulfur, potassium, and sodium. 

::\liddl<-tOIl, Byl'l's, and SlatpJ' (30, 31, 3;2. 33') found in studyin~ 
soils from all Oyer thl' enitl'd Statt's that th!' soil clHLL"llet('ristics ~iyjllg 
tlw bpst COITPltLtioll with erodihility wpre: DiHI)(>l'siol1. rutio of conoid 
to moistu!"(' pqui,'alpnt. Pl"osion mtio, and tIl<' si.licll sp~quioxid(' ratio. 
Thpy deeitl('(1 that nOI1(' of tlws(' cbaL"ll.et{-risties wus infnJlibh- us 11 

eriU:r](,n of !,l'odihiJity nut tha.t till' (~t"()si()11 rntio WitS probably the 
best deriy('d I'dation and the mOHt potPl1t Hil1~l(' f:lclor was pl'Obnhly 
tIl(> dispprsion ratio. TlIpy studipd tIl(> rplatioll:'" of t.lwsp ftwtors to 
tllp soils from tlw t'l"osion ('xT}('rinwnt stalim,,.; tog-ether with otht'r 
propprtips sueh ItS killd a.nd nmount of colloid, spttling- yolunw, (lnd 
saturation capacity. Saturation enpltcit.'" tlip,\' dphl1NI as tIlt' Wfttpr 
contl'nt of tl](, soil H.t settling 'follinH'. 

~till('r and Kl'uspkopf (.:q, 3.j\ confirlllPd till' results 01' Dul('y und 
::\fillel' (;20) lllld showpd that tlw1'l' is n ~J"('nu'r loss of snnd from 
llTlc]"oPfWd plots th:ln from thos!' in \"pgl'tnlioll. 

Bn'nzpalp (1{)) in I-is study of tl1t' Colol'ndo l{iw1' silt showpd that 
tlw silt wns in II <lisp<'1',,(,d condition. cOl1lHinill~ a fnirLy In1'~!(' amollnt 
of rl'plueca.nL!' sodi II flI. 1:1 (' obsprved thn t the silt was probahly in 
tlii" dispeI's(,d l'ondition ill tll(' soil PHil bl'foI'(, it got into til(' riyPI". 
nnt! thut till' qunlity of th(· wHtpI' I.IS wt'll as thl' yel()cit~· should n(' 
tnkpn into ('onsidt'rat.ion in ('stinlatin~ its Jond-en1T.vin~ cltpncit.',. 

('Orllwr. Dicksoll, und S('oat('s U;1)' llnd B(,lIlwtt (;)\. shO\n'd that 
(,lIltinltion. OJ' flnythin~ that t('nds to l'<,elU('(' th!' ("ompaction of th!' 
soil. <I('('1"('I1"(,S the' sll1'fu('(' run-ofr, but in rains of high intpllsity 
f"ultinttion iTlCI"PllS[,S the' nmeJlll1t of pI'osioIl. III addition ('(Jnnei·. 
Dickson. lind S(,Oll tps (1 S) Mn t('(1 thn t pJ'()sioll ploupd agltinst slop{' 
!.!;iv('s n curv(' that is SOIllPwhut liIlPnr bplo\\' ,,[ol)(>s of ;.) pprc{'nt but 
thut run-ofr is not lin('nI' 0\('1" tIl(' SHill(' slop(' mnf!P. B('sidps. Dist'k{'I' 
lind Yod('J" (15) [ounel tliat ('ontinllou;, storms of n. ginn ini('nsity 
cnllse mo}"(' P1'osion tlum inll'rlllitt('lil "tOI'lIlS. nnd thll! n~l-.)T('gnt('s mon' 

I In.thls pap!'r !'ro(lihiHl), (I'rosiblllty; I' Ih,' r~lllti\"(' I'!L••, with which Oil" soil !'rodt'S tllld!'r sp,'citled 
"oJlllilions of slop,' liS compon'<l wit It other soils IIndt'r 1111' ,alll!' "ondilions, '[,his appii~s to hoth sh<"1 
lind guny ~rosi()n. 

t Italic numbers in Jlnrl!uth('5('~ r('h'r lH J... ll('fUUJr(1 Cjh'd~ P.. 29 
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SURVEY ON SOILS OF UPPER GILA WATERSHED 

often than single grains are removed from Cecil clay by erosion. 
Bennett (4) states that ill the tropics, a low silica sesquioxide ratio 
goes with u' stable physical structure whereas a high ratio is associated 
with structural instability. 

Bouyoucos (8) suggested the use of the "clay ratio," sand plus silt 
divided by the clay, as a possible cl'iterion of erodibility of soils and 
calculates these ratios for the erosion c.xperiment station soils from t,he 
results of :Middleton, Slater, and Byers (28, 80, 81) to substantiate his 
contention. 

Lutz (25, 26) concluded that the 110nerodiblp cbaractel' of Davidson 
clay is due to the high degree of aggregation of the B horizon, and 
that the eroclible character of Iredell clay is due to its ease of dis
persion and to the impervious nature of the B horizon; that all David
son colloids are flocculated regardless of what cation is in the complex; 
that hydmtion alld not charge is responsible for the difference in 
properties of Davidson and Iredell colloids; and that an:r physical 
property tlll1t influences permeability or dispersion is a paramount 
factor in erodibility. 

Lowdermilk (23, 24) showed that, debris or erosion pavement de
creases erosion damage on any soil flnd in addition he gave a criterion 
for judging erosion damage. 

Murphy and Daniel (36) showed that SOlOlwtz soils in Oklahoma, 
give a dispersion coeffieient 5 averaging <1.29 as compared to the value 
0.96 for normal soils. They attributed the erodible nature of the 
Solonetz soils to the impervious natUl'e of the B horizon, which results 
in the rapid supersaturation of the loose A horizon, its becoming 
comparatively fluid and its moving off as a mud flow. 

Musgra\-c and Fre(' (37, 88, 3.9, -W) stat('d that infiltration is an 
inherent property of the soil but that it may be altered by treatments 
such as cultivation. They give the factors that may influence tlw 
infiltration rate as follows: Porosity pel' unit of soil in anyone soil, 
and the ease with which the soil is dispersed in water. They stated 
that for low-intensity rains, short slopes give a greater percentage of 
run-off and less erosion than long slopes. In highly intense rains the 
run-off and erosion are both grenteJ' on the long slopes. 

After a smvey of the Boise River watershed Renner (44) concludNi 
that. cOal'se-text,ured soils ('rode most easily. 

Slater and Byers (46, 47) found that the suspensionpcrcentage,6 
the percentage of silt, and the percolation ratio 7 follow the inversl' 
order of the permeability. They found that the base exchange 
capacity of the colloids from the erosion experiment stntion soils 
increases as the amount of leaching in nature decreases, the capncity 
varying from 9.7 milliequivulents per 100 g. of colloid in the Cecil (' 
horizon to 88.1 milliequivalents pel' 100 g. in the Houston clay subsoil. 
The base capacity of the orgnnic matter ext1'llcted from these soils by 
dilute ammonia was ve:ry high, but it did not vary with tlw climnte 
under which the soil Wi' htweloped. 

In studying the soils of the Cecil series, Yoder (50) fonnd that tllC 
size distribution on aggregate analysis follows seri('s lines but tbut the 

• The dispersion coefficient is defined lIS the number cC centigrams oC soil per 100 ee. left in suspension In 
"he top 5 em. aCter settling 24 hours, if 4 gm. oC soil had originally been sbaken in 400 ce. Cor 24110urs with 
distilled water . 

• The suspension percentage i~ the perl:entage of silt plus clay in sUspension in distilled water after being 
shaken end over end 20 times where th~ soil-water ratio is I of soil to 100 of water. 

I The Percolation ratio is the suspension percentage divided by the ratio of the colloid to tile moistnre 
eqUivalent. 
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coarser members of the series are mort' highly dispersed. From 
Yoder's data the dispersion ratios of the soil wnslwd from the different 
slopes ean be cnlculntcd. Their vnlut's are: 

Slope 01- nisl'""ioll ratio of ,..il from 
opert'Cnt ." ________ . ___ . __________________________ •________________ .-.-..--- 65. -1-75. 4 

5 perccltt .. ____ . _. ___ ........ _.. __ . _______ .. ____ ........______.... __ .... --.---- 38. fHl. 8 

10 pcrcent.. .. _________ . __ .. ____..._.... _.. __.... __ ..... __ ..... __............ 2.';.0-27.2 

15 percent. ..... ________ . _______... , __ .. __ .............. --- --.--... . .----.-- 31. :1-32.0 

20 perccnt.. __ ... ___ . __ . _____..____ ............____ ... .. -----'" 32.1-32.5 


It might b(' note'd thnt tiw dispC'rsioll ratio on the' flatt·er slopes is 
high and thnL thc'I'(' is no great change for slopes grenLer than 10 
p('l"ce'nt. This slop(' probnbiy npproximntes what Nichols nnd Sexton 
(4.1) tcrm til(' critical slopp for tIl(' Cecil soil studip<l by Yoder. 

Nichols and Sext011 (.i1) confirmed the findings of carliPJ' worker,:; 
thn t decrensing tlw compaction of n given soil increnses tll(' !'rosioll 
and dl'cTNtses the' run-ofl in intenst' rnins. TIH'~- suggt'st that all soils 
hnn' a criticnl slope' above which th{' rnLe of soil lost per unit of slopt' 
incrcnst's gren tly. This suggestion is borne' out, b~- Yoder's datn 
nbove. 

Hpnclrickson (21) found thnt if silty wah'r is nppli('d to it soil, tlH' 
infi1trn{ion mte is lowl'l"t'd in proportion to the filW1H'SS oJ the silL 
'I'll(' silt,y water nlso enuses nn inrl'l'ns(' in ('rosion. 

This illv('~tigntion is divickd into two pnl'ts: (1) An exnmination of 
Nosioll-Slll'VPY dtltn in all n.ttcmpt to correia tl' tIlt' erodibility of soils 
with tileir fidel chn rucleristies and to spt lip a stnndarcl for ('valuating 
tit(' erodibility, and (2) laboratory in,TPstigntiolls of the physical and 
chemical chnrncteristies of till' soil types thnt WN(' sl'lectN\ for special 
sludy. 

EXAM I i\ATIOj\ OF EHOSIOi\-SL'HVEY DATA 

1<'1 ELI) OBSEIl\ATIO~S 

A RUn'('y of thl' UPP('1' Gila wntNsIH'd r('vC'nll'd that, nRide from thc' 
pxtrpllIC'ly mountnillOlls parts, most of till' soils nrl' mcmbl'l.'s of Oil(' of 
t.wo grtlit groups by )'larbut's dassifientioll (2,9), Soils of tit!' lower 
ekvn tiolls nrC' /l1emb('l's of till' SOIlUW1'11 Gray lh'sert group and those 
lying ahovl' a,500 to 4,000 Jp('\ Ill'(' of the southl'rn Brown soil group.H 
BP{.'llllS(' the soils mn;.v bl' e\nssp(\ in mol'(' tilan on(' soil group, it, is 
d('sirnhh' to hn,vl' SOIll(' means of comparing thl' soil;- of the arl'a as u 
wIlo\(> without undu(' pmphasis 011 01(' soils of pithl'r group. With 
this in v:i('w, tl nUllIIH'1' of Ilwtilods W('l'(' tried with liltl.. Sll('Cl'SS uutil 
thl' nwnll pN"Cl'1l t ('rosio)) 9 for cHeil soil Lypl' wns plottt-d against the 
slopl' on whieh till' soil oec'lIlTed. 11pnsuring th(' nl'l'US of :Mungus 
stony loam showl1 ill figurl' 1. witll u plal1inH'tpl' sllOwl'd that on slopes 
Ironi °to 3 ))('\'('('l1t, 1.18 squiH'(' mill,s hud littll' ()I' 110 ('['OSiOIl, 0.56 
squilL'l' miles i1nd up to [) !Wl'('l'lIt Pl'nsiol1, nnd 1.95 ;;qllf/L'l' miles hud 5 
Lo 15 pel'(,pnt l'roHio)). Oil slop(';; 1'1'0111 :~ to 10 ]H'I'l"('l1t, 0.12 squtu·(, 
milt,s hnd 0 to [) IW)'('(,lll C'l'osioll nlld 4.24 squill'<' mill'S hnd 5 lo L5 
percell t el'osiol1, 

! :lolltlll'rn Orn~' Oeser!. solis haw Iwen ""UI""',I It,'1! j)1',,'rl ~olls; SQuth,'rI\ Brown solis hllYII oc'Cl1 

rcnlllll('d It,'ddlsh Brown soils {/, jl)1. \lSI! aIHI IIO:n. 
, l'rrc,'nt rrnsion Is "'Iunl 1.0 th(, p"r<"'''ta~l'(lr soil n'III()\'I'd rrollllll!' solulIl (A, n. nnd (' hori7.f)ns) whether 

in n mature or an incipient stng(\, (,)r not \\'t'll-dcnlwd. 
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FIGURE I.-Hypothetical map of a pasture- or range-land area on Mangus stony 
loam: The capital letters represent slope: A, 0-3 percent; B, 3-10; 0, 10-20j
D, 20-35; and E, 35 percent and over. The numbers represent percent erosion: 
1, no erosion; 2, 0-5 percent; 3, 5-15 percent; 4, 15-60 percentj and 5, 60-100 
percent. 

The midpoint o[ both til(' slope and l'l'Osion classes WltS chosen to 
represent the class. The mean percent erosion was cnlculated as 
follows: 

For tIl<' slop(' range of 0 to ;1 percent-

For the slopt' ril ngt' of ;1 to 10 P<'l"C ('11 t--

The mean pel'Ce'lt erosion for the other slopps was cfllculatcd in 
identical manner. These meuns were plotted against the mean slope 
as in figure 2. The curves obtained for Whitetail gravelly loam, 
Karro gravelly loam, Chualar gravelly sandy loam, ancl Catron grav
elly loam and clay loam arc shown in figure 3. These curves take the 
same general form as thos<' obtained by Duley and Hn.ys (19), Conner, 
Dickson, and Scoat('s (13), and Yoder (51) in plotting tons pel' acre 
of soil loss against slope. 
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EnODIBILlTY INTEGRALS 

The term erodibility (erosibility) has been widely used to mean 
susceptibility to erosion, but no units or means of expressing this 
quantitatively hav(' b('('n used. Loose usage of the terms erodible and 
nOll('rodibl(' makes diffieult a quantitative correlation of various factors 
with erodibility. For this inv('stigation the definition of erodibility (E) 
shall be: The perc('nt erosion per unit of slope over a, specified range 
of slopes. Although this valu(' E can be determined from curves 
(figs. 2 and 3), it is not so l'eadily nor so accurately det('rmined as the 
an'a und('r the curve. Since the area und('l' a curv(' is the integral, 
tlll' area under tlu' ('rosioll-against-slope curve will be called the 
erodibility integral throughout this piLper, The erodibility int('gral 
(EI) may be found by measuring tIl(' area under a eurvt' with a plani
llwter. In this study the integral is express('d in units: lO-percent 
slope X IO-pereent erosion=l unit. It is readily seen that whenever 
the slop(' is held constant, E is equal to a constant times EI. In 
other ,,,ords, tll(' erodibility integral is just as much an index to the 
behayior of the soil as thp Pl'odibility uncl('r these conditions. 

PROPERTIES INFLUENCING ERODIBILITY 

Study of a largt' number of curves similar to figures 2 and 3 and 
tlH'ir intt'gruls brought out st'veral interesting relationships bt'tween 
soil properties as observed in the field and eroclibility as expressed by 
til<' integrals. It emphasized tht' influence of part'nt material on 
('rodibility. By plotting tht' average percent t'rosion on all soils from 
til{' sanw part'nt matl'rial against the slope, tht's(' rt'iations al'p clearly 
:;hOW1~. Thf' CUlT(,S art' shown in figurE' 4 and tlH'ir pmdibility inte
f!rals III tabip 1. 

TABLE I.-Erodibility integrals of 80il8 from different parent materials 

Erodibility integrals 
Parent material 

, Dcs(!rt soils Brown soils 

Quartzitl' 
Basalt . . ....... . 

6.S . 
12.S 

3. i 
3.4 

RhyoliH' ."... . 
Lim('stone .•.... 
Granit~ ....•••. 
l\!iX('{j 

10.0 4.8 
H.ll 3.2 

I~:~ 1...........:. 
9 

Tht' drop in erodibility as soils dt'velop under mOE' humid condi
tions will at oncE' bt' st'('n. In soils developed from limt'stone, all the 
differpnct' cannot be attributed to climate since the particular lime
stones studied differ in composition. The limt'stone in the Brown
soil area is very high in sesquioxides and low in lime, whereas the 
reverst' is true for th(' limestone from the Desert-soil area. In line 
with past work on erodibility and the l'esults of tIlls investigation, 
this difference in composition alont' would account for much of the 
difference in the t'rodibility of the limestone soils from the two soil 
groups. The parent materials from which the other soils were 
derived are very similar in both areas. 

This variance of soil erodibility with parent material is in agreement 
with Musgrave's findings (37), which reveal that infiltration is an 
inherent pmperty of the soil and has marked influence on the amount 
of ('rosion. 
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The curves :ror the individual SQils indicated that coal'se-textmed 
were more erodible than finer-text.ured soils. To investigate this 
relationship, the soils were divided into two classes based on (1) the size 
of the rock particles contained ill them, and (2) on difference in textme. 

Of the 24 pairs of class 1, in which one member of the pair was 
rocky and the other wp.s gravelly/ 22 showed less erosion in the 
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gravelly member than in the rocky member, Imd ~ pairs showed 

equal or more erosion in the gravelly member. TIl(' averages of the 

erodibility integrals of this group classed according to the soil texture 

are shown in table 2. These differences in the cwdibility integrals 

with rock and gravel arc high1y significant 10 and they are in accord 

with the indications cited in the past by Lowdermilk (23) and others . 


• Soil ha\'!ng rock particles larger than 4 em. in diameter WIIS classed liS rock): "lid soil hn\'ing particles 
between 4em. and2mm. was clllSsed as gravelly. 


10 SlltIlificancc WIIS tested by Brandt's method (9). 
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The type of erosion pavement formed by gravel and rod\: might offer 
un. e:ll:planation for the difference in erodibility for soils covered by 
them. The effect of this jJavement 11as been outlined by Lowdermilk. 

TABLE 2.-~El"odibilily of soils of different teltural classes 

i 
Erodibility integrals 

1'exturn1 clas~ 
Ora \·cll~· soils Rocky soils 
--~~~I ---~-

Sandy loams~ • ~"'" _. ~ ~ • ~ ~"" ~ ... ~ , 7.2 9.3 
Loams~ .... ~ •••..•. "_ ~ ... ~~~ ...... ~ 5.8 7.5 
Clayloams ~ ~~ ~ .... ~ ... ~.~ .. . 1. i 3.1 
AYcra!!c. all textur~., •• :~ : : • :: :: •::::::: ':::::::: : -I 6.0 7.9 

--- -- --~--. 

Of the 11 pairs of class 2 in which one member of the pair was sundy 
loam and the other loam, tIll' sandy loam member of 9 pairs showed 
more erosion than the corresponding loam, and the loam member of 
only 2 pairs showed equal or more erosion than the sandy loam. In 
all 6 pairs of class 2 in which one member was clay loam and the other 
loam, the clay loam member showed less erosion than the loam. 
The erodibility integmls ayemged for each class are shown in the 
following tabulation: 

Erodibility in/egrals /or-
Sandy loams '~""""~""'" ~ ... ~ .. _ ..... ' ....••.•....•••••.•, •. 10.6 
Loams ~~ .................... ~ .. ~ ................. 7.4 

Clay loams . ,,'" ., __.•.• ~ ...• ___ ••.....•.••••• _•• _._ 5.8 

Apparently these sons increase in erodihility as tll(' texture becomes 
coarser. This observation is suhstantially in agreement with the 
findings of other investigators (19, 30, 32, 33, 4.3, 44). The use of 
the "clay mtio" ns a criterion for judging erodihility from laboratory 
analyses by Bouyoucos (8) agrees with these findings. 

Further examination showed that the curves for the individual soils 
fell into two definite groups, those with erodibility integrals much 
above 8.0 and those with integrals much below 8.0. Because such a 
marked sepnration was apparent nnd because the terms erodible and 
nonerodible have been much used, it was decided arbitrarily to cnll 
all soils with erodibility integrals above 8.0 erodible and those with 
integrnls below 8.0 nonerodible. It is recognized that under other 
slope ranges fi.nd other soil nnd climatic. conditions this iimit would 
prohahly ehnnge. 

LABORATORY INVESTIGATIONS 

The soil types chosen for investigtltion in the laboratory and their 
erodibility integrals are as follows; "Vhitdail gravelly loam, 2.6; 
Karro gravellv loam, 24.2; Ohualar gravelly sanely loam, 19.8; Oatron 
gravelly loam and clay loam, 3.2. rrhes(l soils were chosen because 
they represented (1) the two great soil groups of the area, (2) those 
soils high in lime and those low in lime, (3) those soils high in iron and 
those low in iron, and above all, (4) those soils erodible find those 
nonerodible (figs. 5 and 6). 

The samples were obtained on locations that were as representative 
of the respective soils as possible. The locations are shown in figure 
7sand snmpJes were taken on the following dates: Whitetail gravelly 

407UUl"........,l1--2 
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1011111, August 24, 1936; Kano grl1\'elly 1011m, September 5, 1936; 
Chualar gru,ycll), sundy loam, Fchruary 25, 1937, and en,tron gL'fI.Yl'lly 
loam and ('In)- loam, F('h,:utll')- 2;"), 1\l:~7, 

FI!: ("IU; ii, ..1, Area ('ol1tailling body of "-hitetail grayelly loam ill upper une! 
(,Plliral part of picture. ~lll()oth relief and lack of finger gulli('R are to be 
IIOIl'c!. B, Arpn" of Catron gra\'plly loam and. clay loam. Htceply rolling 
topography with fOlllle!('d hills inciieat(' littlp pr[)~i(]ll. Aerial photogmph~ by 
Fair('hilcl. 

Fl.IWIl.E G.··· rI, Karro gmvplly loam is showII ill lil!;ht-('olorpcl areas along all II"ia I 
flats of ciraillagp\\'ILYS_ l\oje tllp ~pyerp fingpr gullit':; of rccellt origin through· 
out thp Roil hocly. n, An'a of C'hnnlnr gra\'elly sanrly IOlllll. ;;\011' til(' angular 
relief de\'eloped as a re/mlt of rapili erosion. Aerial photographs by Fairchild. 
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FIGURE 7.~Watershed of the Upper Gila and San Pedro Rivers showing location of samples (1) Whitetail gravelly loam; (2) Karro gravelly loam; (3) Chualar gravelly sandy loam; and 
(4) 	Catron gravelly loam and clay loam. 

4a7661°-41 (Face p. 10) 
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On JUlle 6 and 7, 1937, two or more samples were taken of each soil 
in the undisturbed state. These samples were obtained by use of 
brass cylinders of different lengths, machined on the outside to a 
long bevel to prevent compaction or disturbance of the soH as the ~ 
cylinder was being forced by use of a hydraulic jack into the profile ! 
to the desired depth. The cylinders were dug out with a shovel and 
lids fitted snugly on each end to illsmc sa.fe transport to the lahoratory. 

DESCRIPTION OF SA)IPLES 

WHiTETAIL GRAVELLY LOA)[ 

The Whitet,ail gravelly loam soils were formed on old alluvial fans 
from valley-filling materials derived mainly from quartzite. mck and 
under semidesert conditions and mixed sIu'ub and desert grassland type 
of vegetation (fig. 8, A). In occurrence and general character of profile 
they resemble the Whitc House series, from which they arc differen
tiated by geologic origin and by the deeper surface soil and brown 
subsoil and by the less massive and calcareous character of the deeper 
red materials. The sample consists of: . 

1. Pale reddish brown gravelly loam, l1oncalcareous, friable, and 
low in organic matter. This layer in the sample was 4 inches in 
depth, which is slightly lcss than typical for this soil (fig. 8, B). 

2. Oompact, brown, noncalca.reous loam with prismatic structure. 
This layer extends to a depth of 1.8 inches. 

3. Dark dull-red clay loam, calcareous and gritty in texturp, inter
mixed with quantities of small angular fragments of parent rock. lts 
structure is compact but breaks dO\nl readily into small nutlike clods. 
At 24 inches this layer grades into: 

4. Red-brown gra.velly material of looser character tlHtt is generally 
calcareous. 

The l'Plief at the locality wheI'(' the sample was taken is smooth, 
but incised stream channels give the appearance of gently rolling hills. 
The native vegetation consists of desert grasses, mainly black grama 
and 1'Othrocks grama with annuals and a few shrubs. The soil is 
used only for grazing for which it is quite well adapted. 

KAHRO GRA VEI,LY LOAM 

The Kano gl'Uvelly loam has developed from old valley filling 
deposits that were laid down ill a playalike area. and have been 
greatly modified by weathering and accumulation of lime. This soil 
type is confined to the lower terraces and comparatively flat parts of 
the valley troughs. The surface is smooth and gently rolling to flat 
and is badly cut in places by sheet and gully erosion. Under natu
ral conditions surface drainage is poor, and internal drainage is re
tarded by the impervious naturp of t1l(' SII bsoil (fig. 9). The sample 
consists of: 

1. Light, brownish-gray grayelly loam, low in organic matter, !lnd 
highly calcareous, with here and there small nodules of lime; the 
surface has a mulchy structure overlain with a thin crust commonly 
s.aline. The loam extends in two similar layers to a. depth of 12 inches. 

2. Light-gray, granular clay loam, very highly calcareous with 
lime nodules disseminated tln'ougbout, and slightly more compacted 
than the surface. This layer extends to a depth of 24 inches. 
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ARIZ-R-'~l; ARIZ R-l"! 

IfIGUlm 8. A, EJ'osioli on Wltit,ctail ~mvclly loanl. XOLC thc prot-ee.l ivc crosion 
pavcmcnt forlllcd OIl thhl soil. B, Profile dc\'cloplllcnt on Whitctail ~ravelly 
loam. 
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3. Very light-gray almost whit(' gmnulal' clay loum that is more 
than half lime, 'flus !ilyer is of low ('ompaetioll ('ven though it is 
very impervious to Wal,A'I'. It L'xtl'llCls to n d('pth of 0\"('1' :30 il1chl'S. 
The native vegetation of this soil cOllsists of YUriolls snIt bush('s. 
l11<'squite, Cl'UCifLXion thoI'll. th I'N'-aWI! gI'l1SSPS. nnd iUlIlllal wppds 
and grasses of val'iolls kiuds. Tht' land i" utilized fo,-' grnzing. for 
which it is poorly suited, 

CUUALAH GHAVELLY SANDY LOA;\( 

Th(' soils of tlH' Chualn.r set'ies d('n'loped on the upper fans fr0111 
piltkish-colol'NI grnnitl' and under a COvel' of mixNI grass('s aud shrubs 

ARIZ-3.t77: ARJZ-R-'.t~ 

FJ(IL'l(j.~ D. .1, Ero,sioll (iJl J~tu'J'() gl'U\'pJl,\' loalll. :\01(' tll(' ,;e\'e/'(' gllilying. 11, 
Profile c[p\'plo]JIll('llt <>11 Knrro gm\"pll.\" loalll. 

(fig. 10, A). TIll' soils tll'(' g('w'mll.\' slwHo\\' nlld ol'tt'!l stOlt,,"- TIH' 
sample is us follows: 

1. Dull t'pddish-browtl. lloll(':de111'('oIlS SHlldy loum thllt hilS :l SIlll11l 
orga,uic-matt('l' content :l11d ('onlains n qunlltit~· of (ill(, gt':lv('1. 'I'll<' 
surface soil grad('s l'ntliet' fJ,bt'uptly into till' sub"oil nl it d('pth of ;{
inches Wg. 10, B). 

2. Dull hrownish-l'cd, vet'Y C'olllpact, 1I01lcn.lCtll'POltR grn,vell~' elay 
loam, extending to n depth of 7 illeh('s. 

a, Dull brownisit-l'C'd, vl'ry ('om pact, enknt'POltR, gnt n'lIy day 101l1H, 
extending to n depth of 21 ine\l('s. 

4. Pinkish-brown decomposed granitic Illat('rinl thnt is mildly 
calcareous and similut, in t('xtllt'P (0 til{' slIt'fncl' soil. 

The topography is I'olling to hilly and rnountuillolts IIlId is Illlu'ked 
by sheet erosion and IllO<i('I'lttt' gullying, TIlt' 11:1 (i V(' \'pg'rtatioll (,OJl

sists of blue', hairy, and "id('-oilts gl,'anw g't'USS('S, l)('argl'Uss, jUllirwl', 
and severn'! speci('s of onk Tlu' land iH UtiliZl'd for grazillg 1'01' which 
it is only fairly well suited. 



1.1 TECH:\LCAL Bl·LLETL\, 7\'·J. 1:. f'.. J)hl'T. 0(' .\(;H('l'LTl'HE 

NM R J. NM'R-4 

FWI'IU; 10. ,I, hro~i()\1 (iii ('hlilliar gl'Il\('II.\ ';:llld~ ImLIIl. Xotc thc bcginning 
of SllIall :;ilallow glillies in the foregrollnd.. n, Profiil' dcvelopment on Chualar 
gnLYclly sanely loam showing vcry eOlllpact B hori;;on. 
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CATRON GR..\.VELLY LOAJ\[ AND CLAY LO.U[ 

The soils of the Catron scdes developed on a bedrock substratum 
of limestone in elevated desert grassland and juniper arcas (fig. 11, 
A). The soils generally arc shallow and fl'l'quently stony and the 
soil profile in many places is imperfectly developed .. 'I'he sample is 
as follows: 

1. Dark purplish-brown loam with some organic matter incor
porated in it. Its gravel is made up to some degree of ferromanganite 
concretions residual from the par~nt rock. It is mildly calcareous 
and very friable. It extends to a depth of 2 inches (fig. 11, B). 

2. Dark reddish-brown gravelly clay loam. Compact, calcareous, 
and containing concretions and allgular fragmcnts of the underlying 
be(h'ock, it breaks into a cloddy structure. At a depth of abollt 16 
inchl's it grades into the parent bedrock of purplish ferroman~aniferous 
lim('stoll(,. . 

Tht' topography is rolling to hilly and mountainous with gentle to 
steep slopes broken occasiollally by rock outcrops or lpdges. The 
native vegetation is beargrass, curly mesquit(' grass, juniper, acacia, 
aster, and grama grasses. It is utilized for grazing, to which it is 
very well suited. 

PREPARATION OF SAMPLES 

Th(' samples for cht'mical analyses wcre prt'pared in the manner 
sugg('sted by the Association of Official Agricultural Chemists. The 
samples for physical analyses were divided into two groups, those 
which of necessity must maintain their original structure for allalyses, 
such as aggregate anfllysis, and those prepared similarly to thosc for 
chemical analyses. Samples in the first group were treated sufficiently 
to remove rocks larger than 4 mm. in diameter; otherwise they were 
in their original state of division. All samples when taken wel"(' very 
neal" tlH' air-dry state, making th(' usual period of drying almost 
unnecpssary. 

METHODS OF ANALYSES 

Aggregate and nH'chanical compositions W('1"(' dt'termin('d by both 
tli(' (·lutriator 11 and hydrometer methods. Itwas found that if special 
ea!"!' was taken to get'tllP soil properly wettpd the pipette· and hydrom
etpr gave \'crv similar aggrt'gate and nil'chanical compositions for the 
soils. Because of this similarit,y and til(' greater speed of the hydrom
eter mf'thod, it was used to detel'mine aggregate composition of size 
ranges below thos(' which the elutriator could bandl(· convenipntly. 
Tilt' samI' procedure' was used for determining tht' mechanical com
position of tIl(' samples. Thp method adopted was briefly as follows: 
30 g. of air-dry soil wen' plac('d in the small('st of tIl(' (~lutriator bulbs 
evacuatf'd, ali'd allowed to slain' completciy, tIl(' tim(' usually required 
ranging from about 8 to 24 hours. After complet(' slaking tIl(' s,tInple 
was elutriated until the elutriate from the largest of tilt' bulbs was 
fret' of suspendt'd material. TIl(' water was shut off, and the soil 
separate in each bulb was remo\red, dried, and weighed. The sanl(' 
pro('(>dm'(' was llsed for mechanical analysis of thf' coarser sepnmtes 
except that the soil was compl(·tely dispersed with sodium hydroxide 

II I.UI.7. (r.) has shown thaI IhI' sic\'~ nlld eJutriutor methods IU"C In suh~talltiul ngr<~lIIeDt. 
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NM 7400. NM R·' 

FHll'nJ; 11.- ,I, Cn.tron I{nlvplly \olLln n.nd (·Iay \OIUlt, rpl<j';IIUJI to !'J'O"joll. n, 
Profile dcv!']oplIl('nt Oil ('lLt rOil j{nl\'('l\y \otun aml e1:Ly io/ull. :\01,(, dark ('olor 
llnd white Iinw Illotllillj{. 
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as a peptizing agent before it was placed in the elutriator tube. The 
Bouyoucos stirrer was used to aid in dispersing the sample. 

For particles smaller than 0.02 mm. in diameter the method sug
gested by Bouyoucos (5) was used for aggregate-size determinations, 
and the hydrometer method suggested earlier by the same author (5) 
was used fCor small mechanical separates. 

Dispersion was determined by the methods of Midclleton (30), 
Lutz (25), and Volk (48). Middleton's method: A 10-g. sample of 
soil is placed in {l. tall cylinder of approximately 1,200-cc. capacity, 
and enough distilled water is added to make the volume a liter. The 
mi,:ture is shaken end over end 20 times. The suspension is then 
allowed to settle until a 25-cc. sample pipetted at a depth of 30 cm. 
contains particles of a maximum diameter of 0.05 mm. From the 
dry weight of tlus fraction the total percentage of particles in suspen
sion is calculated. This value is called the suspension percentage. 
The suspension percentage divided by the total percentage of silt 
plus clay, obtained by mechanical analYf:lis and multiplied by 100, is 
the dispersion ratio. Lutz's method: A lO-g. sample of soil in the 
state in which it left the field is placed in the smaller of the elutriator 
tubes and is allowed to elutriate until the largest tube no longer loses 
soil in suspension. The water is shut off, and the soil is washed out 
of the tubes and dried and weighed, and the percentage of silt plus 
clay calculated. Tills percentage is divided by the percentage of silt 
plus clay from mechanical analysis which gives the percent dispersion. 12 

Volk's method: A 50-g. sample of the air-dry soil is wetted in a 
vaccum with 200 cc. of distilled water and allowed to slake for at least 
1 hour. The suspension is washed into a tall cylinder and 800 cc. 
more water is added. The cylinder is shaken end over end 30 times 
and allowed to settle until only particles smaller than 0.005 mm. 
remain in suspension above a depth of 10 cm. Then 100 ce. is care
fully pipetted out and dried and weighed. The pereentage of par
ticles smaller than 0.005 mm. in diameter suspendrd by this treatment 
is divided by the percentage in suspension by mechanical analysis 
and th(' result is called the d('gree of dispersion. 

Air-dry moisture was {oU!id by drying in til(' ovrn ltt 1050 C. water
vapor absorption over 3.3 ..~)ercent sulfuric acid wus found by Robin
son's (45) method. Moistu."c equivalent wus det('rmin('d by both 
Bouyoucos' (6) suction method and Briggs and McLul1r's (11) centri
fuge method. Because uo sigklificant differ('nce was notrd only one 
set of results was l'('corded. ''Vater-saturation capacity was [oulld by 
the m('thod of Middleton and Byers (S1). Structural stabilit.y was 
found by Bouyoucos' (7) settling voluIllc method. Volume' 'voight, 
porf' spacp, water-holding cupncity. sp('cific grll.vity, and volul1H' 
('xpansion on wetting of tb(' lubol'H.tory samplr we1'(, determin('(l nftel' 
the procedure of Keen und Raczkowski (122). Thes(' samr pl'operti('s 
wcn' determined on tlw undisturbed sampl('s by following til(' smne 
procedure as suggested by Keen and Raczkowski except that th(\ 
original cylinder in which it was taken was lIs('d to hold the soil, 
employing a pcrforutt'd lid with filtc'L'-papel'on thr lower (,IHI to prevent 
thr loss of soil as saturation was taking place. Th(' large volume of 
soil was somewhat awkward to work with, but the additional accuracy 
warranted its use. 

" Sec footnote 11. 
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Colloid was cll'tl'rmined by threl' different methods. (1) Sedimenta
tion of all particles larger thrill 0.01)2 nun. in diaml'ter, considering 
thosr still in suspension as thr colloidal fraction. (2) vVater-vapor 
absorption over 3.3 percent sulfmic acid, which consists of: 

Prrcent colloid 	 water absorbed pel' grnm of soil Xl 00 
-water absorbed pCI' grnm of colloid .. . 

(3) Copper adsorption, as follows: A 25-g. samplf' of a loam soil is placed 
in a Biichnl~r funnel and washed with normal copper ammonium 
sulfatr, which h~s previously had the l'xcrss ammonia removed by 
precipitation with l'thanol, until it is satllTatrd. The excess is removed 
by washing with dilutr ammonia. The adsorbed copper is then 
measmed by replacing with normal ammonium acetate. The same 
procedure is followed on a smaller amount of colloid. 

Perct'nt colloid = 	copp('r adsorbl'd pel' gram of soil. X 100. 
copper adsorbed pel' gram of collOld 

Total silica, alumina, manganesl', calcium, magnesium, Ilnd loss on 
ignition wer(' determined by Association of Official Agricultural 
Cht'lnists' methods. Iron was separatl'd from tlw sesquioxides iodo
metrically. Frel' iron oxide was estimntrd. by the method of Drosdoff 
and Truog (16). PotnssiuIl1 was estimntl'd by the cobaltinitrite
permanganate method and sodium by thr nHtgnesium-ul'nnyl-acctate 
mC'tho(L Available P04 and N03 wrre estimated colorimetrically in 
CO2 ('xtracts. Total soluble salts were determined conduct.ometri
cally with the bridgc, nnd pH vulul' was found with the glnss electrode 
and Rrckman pH meter. 

Bns(·-exchangr capncity and replueeubk boses were estimated by 
leaching an alcGhol-washed soil with normal nmmonium acetnte and 
removing ti>!:' excess by again leaching with alcohol. The base
rxchnngc' capacity was found by distilling the ammonia from the soil 
and the' rpplaeeable cations by amilysis of the lrachn,tC'. 

Rl'sults of th(' aggregatr and mechanical analyses are given in tabh, 
3. Til(' percentage dispersion at ('ach of the particle-separate sizes is 
rrcordl'd, but no definit(' correlntion with erodibility is noted. Atten
tion is called to the increased percentagl' of fine' materinl in the lower 
horizons of each of the soils. 

Thl' results of a number of physical tests al'(' given in tublc 4. It 
w.ill b(' noted that nOIH' of these factor" other than till: moisture rquiva
lent and the watpr-holding eapacity shows any obvious relation to 
the erodibility of these soils. . Comparison of the water-holding capac
ity of til<' undisturbed samples with the moisture equivalent of thr 
laborn.tOl'Y sanlples reveals that both erodible soils gi:ve abnormal 
relationships if the nonerodible soils arc taken as a standard. This 
is better shown in figure 12. The water-holding capacity of the' 
undisturbed No.2 layer of the Chualar is definitely lower than thr 
moisture equivalent for the same layer. This would indicate that 
the No.2 layer in situ is so compact that pore space available to 
infiltration water is very low, preventing the possibility of n, rapid 
infiltration rn.te for the whole of the Chualar soiL ':1"'his observation 
is borne out by a scrutiny of the volume weight and pore spacl' as 
given in table 4. Such nn impervious subsoil would causl' the coars('
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te.~ured topsoil to hecome supersaturated even in light rains, render
ing ~he soil incapable for holding rainfall and thus permitting excessive 
erOSIOn. 
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WHITETAIL KARRO CHUALAR CATRON 

FIGURE 12.-·Water relations of the soil: a, water-saturation capacity; b, water
holding capacity; c, water-holding capacity, undisturbed; d, moisture equiva
lent; e, moisture over 3.3 percent H2S04;!, air-dry moisture. 
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<::>Wh¥i;rl~rnal\:ol1Y loam: !;i.C~71~Cf,7i97. OOI]{{C~11~C~3169. 301'ic~o {{ChIn. 20/' ~C~7il~:C~Oj:2. 30 ~c~oj fC~31!4~' 68/, 

1 iC~3i iC~3:]3. 5S fC~o! {C~OI 0.89kc~o ~c~o' -:~o lrc~O }~,c~OI}
ITor!zon 2, . 2.5. i2'~~' ·!0185. ~2J2. 20!33. GO 5;!. n I. 27 . 6~I~t. i~ ~. 33/12. ~7 40. 13 ~. Z3, ? £>fi 30. i2 10. .Ii §. 5QI]~' flO 0.00 0.00 I. '512~. 30 ..50 0 12. ~O 0 2.6 ~ 

lIJonzCJn3. 1!!8·1'1_~.G719fl.3019.8312!1.330'.'_' 1.3410.0, 0_.60],.6°1].1.1039.90 1.,Oj,l.,OI38.JG 3.30,' 1.9,,1,.18 4.00.5.500 111.00 0 0 12.000 
Horizon 4. .. , li.li'130.83,8:1..50,li.83j·2!I.67tlO.801· .84 2.0658.3515..50116.2145.66 i.8~ 8.00,3.1.8217.8:118.21!18.18, ·1.00, 6.00 a 15.00 0 0 14.00 a ~ KaITo gra\'clly loam: 'i' ! ". I'" , 
Horizon L 45.00;53.40;84.80,119. 00/15.5786. lOi .1. 03: . ·13 9S. ·10 .231 S. 17 72.6510.2314.0°1180.301.11: 8.00;16.:10 4. OOi 6.00:21.2°' 0.50 2.5010.00/10.00 I. DOl} !JlHor!zou2.. 52·QQIG3·50,iS.13 9.0011~.0005.2~1 7.501 2. Iii 72.55 .1Z 5.~5-1.80 ~.33 ~.00r.I.S2 5.~01·1.r.715~'~218.0015.50,40.00 1.003.0011.11 9.00 1.00 ~4.2 
HOrIZon 3.. 30. "IC.1. OOi 61• 40].1. 23 16. 00 ·15. nol I. 60j .83145.40 .111 .00144.45 IdO; 1.9331.04 R. ~3 O. i.ll] ,.2"1 0.00 .1. 00' 5.0012.00 1.00 0 S.OO 0 I

1 t::lITorizon4" 18.0°1',';4.67'156.0°111.10,22.8332.131 .73 .2iI32.10 0 .3331.r.0 3.871 i.4722.n821.40, 7.3:117.0"19.00, G,001·1.~>(l121.00 1 • .10 0 11.00 0 t;lChualar growlly sandy I' iii! ,.!,:.:, I I . 
;;IOn~~!zon L. ~5.2i7~.OQI'~~·lO!,5.2~18.g05~.25: '~I!j 4.i(Jli~o.05i 0.) l .so/'as.33i 6 .. 1:11 ~'121':1I1·Oll'.1;1.23' 0.011 : 0 ill i 1.001' 0 Ii 0 I} '1i 

. 4.50:. n 10 4.00
IJorlzon2.. 00.937_.·1"".63, .01114.533.. 50...6 .3,1,11.85,6._0.1.1334.38.1.0010.3118.02,.1 .• ,,1: 6.61 1 () 3.00,0 : 0 ,11.000 10 14.000 198 
IJor!zon 3. - ~~. 73170. 23 74.001 S. Z7:J0. "180. SO! .40 1. 20 5i. 221 0 0_' 2. 4i 49.30'1' .831 ii. 4(1,~~. !2i • ii' 9.931_0 : S. 50' ~ ! 0 : D. QO 0 j 0 12.00 0 . 
Horlzon4.. , . ".80,80.41,80.90 .101 .39,81.56,1.23 .41 8.1.36, ~.-Ij 9.9046.81 3.r.O~ .80,)_.00,9.9014.10110.90 3.00. ,1.0° 0 I .000 10 2.000 ~ 

11Catron gravelly loam and : 'I . i ' ,':!'." ,,, I i I I! I ;..
clay loam' I I I'" I ! I ' '. .'" : . I j

Horizon' L. ,17. 60i48. li7i9S. 00 7.40'14.53180.80 ' 2.83'11.74183. 20i 7.53: 9. 10 ii5. 00: 8.33: 8.07168.00. . 31 i 7.00141. 55 15. Ull 11.40:44.001 7.001 4.40 0 'I. 00 0 } 3 2 o 
HHorizon 2 ____ ....... ' . 52..0~0_158_._4~.s6.521 0 ;17. lY6. OOj1 .17 1.0314~~O:~1.~: .. 60162.0~1.~:~~~~e_IO:1.i3--,_.1_0_11_3.~57l.~OO:,4~~~\.~__I_fl._O_O_i~J~_-,-1_4_.0_0.:.....0_.:......_· 
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TABLE 4.-PhY$ical measurements of soils studied 

2 I·~ ig I~ 	 ~o ~ '~I.' : 
o ~.~ l~gl·.E>.I'~ E~' § ~. ~ 

Sample Z ~ ~ g ~§ 1~~ : t ~ ~~ ~~ s;::· ''0 g -
C .... 0 a c.oJ-oI':::~J~- t;e: t:.eQ:~~ ••~._·{7. ~ 

l~ E == U)l=~j~ 1U; .,..;>-.E ::~. ~ 
I'~ ~ ~I~ ~-I~ j'S ~~~,~ ~ ;: 


,_____.. _' l=1 I-=- §; ~:: .1;:: _: ~_:."__ !:. .:~ __ .,... ;Z 


! I iPd. , 1Pd.; Pct. : 1'c/., Cc. ! I'e/. 
~11,50012.~04I.JOi 6.963?~Op~.9S ~.8~!3~.~, ~0.~,1.32 12.~J]2,,'~3.0:l 
_11.498., 2. ,041.55, 9.64 33. nO 26.88 n. 9b!46. ,01 06. n' I. 0, '. 10. n/IO. 5,38. 0\ ? 6Whitetail gra"elly loam .;{ 31.41812.7247.80\' 7.1035.3030.75 tl.3049.U; liJ.211.02:. 17.0/17.051.011-'
4].400 2.6947.00 IU5 38. IS 30.70 Ii. 05 43.2 I 49.3,1. IIi, W. 5/16.5140.0, 

Whitetail gravelly loalll, ,{ 11.594"... 42.00 1.7225.77.-........ ,'. --i --, .. r· ·1· 
undisturbed.__ .. .. ._.\ 	 2 1.1i62 ..... 39.6J. 3.5128.75 .... __ .. . .! ' . .\. 

11.307 2.6147.7°15.0636.7028.50 5.34142.5 44.711.18: I4.0/13.029.0}
2 1.404 2.6547.05 Ii. 2137.17 29.25 6.00 4:1. 0 ' 48.211. 1tl, 13. •i/13. 529.0 24 ?Karro gravelly 10am ..._.I{ 3 1.300 2.6347.15 4.0336.4031.10 6.66146.5 54. 9J 1. 06! 14.0/14.025. ° . 
4 1.302 2.7252.08 1.00 38.78 30. 12 6.60,54.5 72.2'. 98j' IIi. 5/16. 0 21. 0 

Karro gravelly loam, !{ 11.217 ... __ 53.40.1943.15 ___ ••.•.. \. . .. , ..... I .. 
undisturbed __ ......... \ 	 21.162 .... 56.15 1.0247.00 ..... ". ..i.. ... 

I 1.540 2.7243.40 4. 19 20. 50 13. CJ4 2.75 3S.0 30. 4i I. 32! 11. 5/ll. 0125. 0 } 
21.300 2.6751.35 9.0239.2023.41 4.204tl.0 54.7!1.09' I4.0/ll.0115.0 198 
31.35() 2.7450.75 1i.6736.(1026.4215.1i347.2 I 58.01.(16: 14.0/1:1.020.5 .Cf~a':!:'~_:~~~:!~:.~~~):'I{ 
41.391 2.0547.50 1. 10 !1?'OO 17.25 2.92!44.0 5f1.~'1. H! 13.0/12.510.5 

Chualar gravelly sandy { 11.658 "'" 39.00 4.4023.03 ..... 'i .. ' .' I'" 
1loam, undisturbed.... _ 21.798 ..... 32.liIl .9718.93,.. ' , ~; ' .. 

Catron gravelly loam { 11.493 2.00148.50 6.18 34.8022.1813.5342. .1 50.511.181 15.0/14.0 33.0} 3 2 
8Ild clay loam. _ 2.9357.60 1	 17.0/Hi.0 17.0 ....... 21.242 7. 1344.t10 2!i.26' ti.7543.7' 53.3!1.14 • 

Catron gravelly loam } Ill. ~32 •. "113. 70 ~ _1 28•58,1 ... .. '1" .. -I........-.......-- ----
tu;{,~~~y.~~~~:_~~.~~:. 	 2/.600 ... 35.37, ".'93~~_L~•._.~ '.~.~j~~=-"" .,,- ----l1 

The other erodible soil, KurI'O gravelly loam, typifies the other 
extreme. It is so loosely compacted that the waler-holding capacity 
of the No.1 and 2 undisturbed layers is almost as high us the satura
tion capacity, in which state this soil is fluid. Such high fluidity at 
the water-holding capacity results ill very great soil losses whenever 
even slight run-off occurs. 

The high degree of correlation between the various moisture per
centages has already been mentiont'd by other investigators (31, 33) 
and therefore will not bl' discussed here. 

The results of the chemical analyses of the soils 1\1'(' given in table 5. 
Apparently tlw degree of base saturation and the bns!' cnpacity bear 
no relation to erodibility in these soils. Therl' is no noticeabl£' relation 
between the apparent fertility of thl' soils and thl'iT erodibility. It is 
recognized, however, that good fl'rtiiity is need('(i to support a good 
l,,'Towth of vegC'tution, and tll(' vegetation has an influence on tIll" 
erodibility of range soils. It appears that th(' mineral constituents 
(OuO, K 20, Fe203J and Ka20) aI'£' in some wn.y related to erodibility, 
the calcium and iron oxide contents being particularly importunt. 

In relation to erodibility tIl(> kind of colloid s£'ems to overshadow 
the qUllntity of colloid, ('ven though there seerm; to be fl. relationship 
between quantity of colloid und erodibility. 
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TAIH,E 5-Chernical analysis of hon:zons oj the jour soil types s/udic(l I).:) 
I).:)1--'""\--'1---:-:-- "C' -~l AvnilnbJe lIutrients ---'~;':-~-rl-m-n::~~iJ~:qUi\-m-Ie~~-~c:·:OO-g-m-.) 
~ ! II 0 g !~--rf-I-~l'~-I-& ---.g--~~-. (') 

"1 1 ~ ~n ... -e ~: ~~ ;~ i E ~ ~ S ::s"a" ~ ~ ~= I' ....Soil type I 0 .s: ." 0 Ii c; 'pH" d ~ -"':;, .0.= .c '" -"'.= 8.9 ~ 0 

§ , ~ ...... ! §.E &I $? ~ f ~~ ~'E; r Bg ~ :; 8~ 'C e :;'R &:-c g Ia ,0 ~ 0 <:> 0 l <2 3 "5 ~ ; ... ~ ~ j. 5)-! ~ -a -a -3.+-';g ~ ;g g t:' 
..:: .. 0 p i ~ t .:: ,~r::. :: ., J ~ §. rO J:. ~ ? 9 c : ! c.. ~ ::.t ~ 0 ~ 

1 
[1-W-h-i-te-tl-lil-~-!rS-VeJ-I-lo-a-!{~ J;'/40 ~t201 ~t:'~~I'~i~l;;J {~~ ;~6 ~ri:l~t70 . l;I:li~ ;,:~~: ;:~¥:: ~'~;·i~~!7' 35;~~: -:'5~ :.~ :,00 :.00' ~~~7: ~~t05 ~ 

(erodibllitv 'Yt n1 21 01. SO 0.69 13,76 • os .05 3.02 5.65 1.95 6.30 16.92 4.00 .35 5.0 3.7 :no 7. 38 20.72 13. 10 7.10 0 .46 18.3 20.00 
26) • In ,egrn 3 62.75 6.69 13.81 _os 1.05, 2.06 13.93 1.05 6.20 16.97 3,97 •a5 3.0 17.4 320i7.50 23.00 \6,00 i. In 0 .68 21.6 21. 35 

. . ~ 63.60, 6.50 13.82 .OS 2.8911.2213.64 1.\9 6.80 17.i5 3.50' .31 ·1.0 12.4 375,7.90 22.76 16.64 5.38 0 .74 23.0 21.00 ~ 
1 48.041 3.10 9. OS •os IS. 101 2.94 3. Oil 2.63 13.30 14. 03 1. 19 .65 9.0 13.6 ,170'18. ·10 17.80 13.82 2.00 (') 1.98 0.0 18.51 --tKllrrogrn\'elly loam (erod- 2 46.72' 2.72 7.43 . OS 1Il.80 3. JO 2.43 2.42 15.80 15.00 1.31 . iO 9.0 8.0 5i5,8.46 16.04 11.22 3.58 ('J 2. 14 15.5 20. ;8 <0ibUitl' integral 24.2). { 3, 34.78' 2.91 i.25 •Oi 2.1.451 3. $! 2.20 3.00 2l.50 13.56 2.01 .50 15.0 0.5 1,39018.45 1·1. 00 i.58 2.8.5 l.5i 2.00 15. -I 23. 14 
4' 30.65 2.34 7.70 .Oi2O.&1 1.Ii 1.37 3.00 22.11 .12.27 1.25 .42 15.0 i.3 2,25018.40 !t1.03 0.51 2.43 2.m 1.48 15.S 22.80 .!" 

Cblllllnr graveBy snndy { 1 70.00 4.00 12.20 .05 2. OJ 1. 66 1.03 5.52 3.45 i. 90 ~. 80 .87 5.0 3.. 6 3307.00 9.94 5.96 3. ,13 0 .55 4.0 8.05 
loam (erodibility ill- 2 65.00 4.19 16.42 .05 1.09 2.05 1.92 5.00 4.13 14.46 4.00 .84 0.0 3.5 510 i.OO 13.57 8.95 4.07 ('l .55 11. 5 14.55 ~ 
tegrnI19.8). 3 64.60 4.68 16.17 .04 1.95 2.26 2.03 4.67 2.04 14.00 4.23 .52 6.0 3.4 6808.05 22.85 15.81 6.43 (') .61 12.0 10.55 

4 67.00 3 43 12.75 .05 2.70 1. 52 5.15, 4.95 2.94 10.25 3.40.14 4.0 a.o 500 8. r,o 9.14 5.80 2.86 0 .48 0.0 10,15 
1C:~~ncl~al~~:i; (~~~~ { ~ 40.6S 16. 7~ li'll!l ~. 42 2.07 2. 10 4. 4~! 4. 1~ 9.39 12. 00 1~. 35 .87 ,5.0 0.4 520 8.30 !O.55 15. 14 3.43 0 .08 10.3 12.25 

!J2 
1ibility integral 3.2}. - 42.10 13.9_ 2O.1_j _.00 3. 6012.48 3.8-1 3. 8-; 6. iOi 14. SSt 1.85 .66 3.0 3. 0 'H01~' 16 _1.81 16. 96 ~,.OO 0 . 8~i__1~. 8 23.40 t::1 

1 1 1 ~ 
"d 

1 Alnmillll includes ,111 01 the ~esql1io'itlcs except iron. 3 1 pllrt soil to 5 pllrLs wULer. ;3 
2 Roughly equal to the CO, from CIlrhonntes. 4 'l'rnce. o 
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DISCUSSION AND CALCULATED DATA 

The work of Duley and Miller (20), .Musgrave and Free (40), Oon
ner, Dickson, andScoates (13), Dickson (14), Diseker and Yoder (15), 
Miller and Krusekopf (35), Weaver and Noll (50), Nichols and Sexton 
(4::-'), Bennett (3), and others have shown that in anyone soil, the 
looser the soil the less the run-off and the greater the erosion caused 
by any run-off producing precipitation. The observations for soils 
in situ in this area are in agreement with these findings. For example: 
The impervious subsoil of the Ohualar gravelly sandy loam prevents 
infiltration to any marked extent, the loose surface soil is too thin to 
absorb much water, resulting in large erosion losses from this loose 
topsoil, losses that in many places leave only the resistant subsoil. 

Duley and Hays (19) state that no laboratory criterion can correlate 
very well with erodibility, as they used the term, because erodibility 
varies with the slope. The fault appears to lie with the ordinary 
c}..-pression of erodibility in the field, since these findings are nearly 
always from only one slope. The variation with slope need not 
always be a limiting factor if it is recognized that erodibility is a 
function of slope, and that the range of slopes on which the soils are 
to be compared is specified. It is logical, however, that no set of 
criteria derived for a set of slopes should be applied to another slope 
range without due consideration of the variability of such an extra
polation.

In the statistical study of these soils, the correlations were divided 
into two groups. Those correlating erodibility with criteria mentioned 
by other workers, and those suggested by the data obtained in this 
study. The values of the calculated criteria to be correlated are 
given in table 6. Several of the ratios are calculated by using different 
methods of determining the properties from which they are calculated. 
For example, the erosion ratio is calculated using two different methods 
of determining colloid, making four values of the erosion ratio in all. 
Some of the ratios, such as the erosion ratio using colloid at O.002-mm. 
diameter, which are obviously very far from correlating with erodibil
ity, are not shown in the ta.ble but have in every instance been 
calculated. 

It is evident from an examination of tabll' 6 that some ratios sug
gested in the past as criteria of erodibility are no morl' than roughly 
qualitative on these soils. It is recognized that the soils of this area 
were formed under radically different conditions from any on which 
previous studies ha.v(' been made, and divergent results are not sur
prising. Few of the properties suggested as criteria seem to be reliable 
as such on these soils. The relation of these properties to erodibility 
of soil is shown statistically by the correlation coefficients in the follow
ing tabulation (49). 
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TABLE 6.-Calculatecl tatios fol' the four soil types studied 	 ~ 
~ 

~'ro<ioll-r-n-ti-o--;-l-)i-Sl-,crsion ,._;- ,.- ----------------------..,-Ratio of

I Perco Bllso 	 8rolloid to lation (laclty Moleculal' ratio 	 t;l"'" rntro 11loistlll'C mtio colloid 	 01 	 ('Qui\'alcnt 

·-1 	 ;~---,."'--I-'-~I-'--~ 	 ~ ....1 1:a-2 E I; i I I 0 
I :E 0 ~ f 

6~ -;.:. 	 ~ 
~g Sb§Soil typo 	 to

"'CJ ~'O~ ..5-;:;..." "0 	 "'CJ ~ 
....,=sQ Qo.!: 0 	 0,g e SiO, SiO, SIO, BiO, 

IIFe,0, 1F,',O, I Fc,O,
!V $ ______.- __________ 	 F("O'l K,O

_~£ 88'; ~~~ ~ ..... 	 ~ e " "'CJ ~;'-3 8,'g-§ ~ "'CJ 'C 1;; =:I 

~ 

e 0 d 

0 

0 	 --Cno--"Nfi20 I i t;l 
o ,0 ,g I!: 0 g "'.£ ....£ R,O, F,·,O, ,1.1,03 nIlSC~, AI,O, B,.,l's NIl,O 8'0'" :S §'og' c8g' ..~ ..... ~I:l~;::: o ~ ~o. 0 ~o;;.o'C, I 	 .. .... 

o ,OJ .;;;:a e ~-e s ~ § .0.£ .0.2 o 0.0,.. .~ .o~,.cJ-o 	 ca 
"'C~"C~o ~ e e 	 Z 

VJ ._ Co._ c..§ :g !l 18.~~ 8.]~ ~ I!l 1: 01-0 0 t-. :E ~:E~ ~ :E ~ :E~ \" 6 -..t 
~ '0 ~~;a~ ~ :g ~ ~ ~ ~~ ~ ~ § <0 
~ ~ ~ ~~~ ~8~ ~ ~ :> oog oog o :;;; 100 0 o I!: ODI _____• __ ,_._._______ ~ .!"1__' __' __' __1__1______1_·_1~____ 1_·~ 

89.0 100.27 9l. 5 97.7 65.0 73.2 0.9 0.73 0.71 0.61 45.2 47.5 3.44 0.98 1. 01 8.25 29.38 11.54 0.89 0.39 0.23 1.17 2.42 1. 31 0.56 ~ 
Whitetail 	grnVCllYI{ ~ 82.7 73.9 90.0 80.5 61.2 54.8 1.5 .74 .68 .45 51.3 55.9 2.10 1. 04 1.13 5.81 24.64 7.63 5.63 .31 .23 1.35 2.46 1. 91 .58 

loam. 3 121.2 98.1 119.4 96.2 83.6 67.7 0 .69 .70 .39 73.9 72.9 2.57 1.12 1.11 .1.87 24.95 7.70 6.32 .31 .25 I. 35 2.24 1.35 .81 ~ 
4 111.0 89.4 100.7 81.4 75.5 60.8 0 .68 .75 .46 72.0 65.3 2.45 1.08 .99 5.98 26.04 7.79 7.55 .30 .29 2.14 .78 2.05 1.07 

123.8 132.5 230.0 248.2 80.5 86.1 21.2 .65 .35 .35 44.6 82.9 5.06 .96 1. 80 7.35 41. 24 8. 98 1. 70 .22 .04 .46 .06 .76 7.50 ~ 
104.8 91.8 140.4 123.6 74.4 65.2 40.0 .71 .53 .31 40.8 54.7 9.00 .82 1.00 8.61 45.76 10.69 1. 57 .25 .03 .44 .05 .67 8.04 t;lKarro gnWelll'loam ...I{ ~ 73.5 61.6 111.0 92.2 54.4 45.6 5.0 .74 .49 .26 33.8 51.0 4.00 .60 .91 6.45 31.81 8.14 .97 .26 .03 .36 .04 .46 4.50 "tI 
46.4 42.4 67.9 80.5 35.3 32.2 4.3 .76 .52 .87 27.6 40.4 1.86 .70 1. 01 5.59 33.00 6.69 .80 .10 .02 .23 .0.3 .23 3.00 ;3
53.5 83.6 121. 7 188.4 35.3 55.2 0 .66 .20 .20 37.9 86.2 ID.O 1.11 2.48 8.04 46.60 9.7-1 6.26 .21 .13 .28 .70 .22 5.36 

Chuall1r gravelly sandy 81.5 52.4 103.0 66.3 00.5 32.5 0 .62 .49 .60 24.2 30.6 3.00 1.17 1.18 5.77 41.30 6.72 5.69 .16 .14 .32 .7-1 .26 2.60 
loam. S7.S 109.2 132.7 123.7 65.0 SO.8 0 .74 .49 .45 36.0 41.8 2.72 .93 1. 77 5.73 36. S5 6.79 5.72 .15 .39 .84 .29 2.29{~ 	 ~ 

118.8 138.4 122.S 135.6 70.0 S1. 6 0 .59 .57 .12 28.0 28.9 39.00 .90 .92 7.61 52.10 8.93 4.85 .09 .27 .44 .62 2.86:l~1 	 >Catron gravell}' loam { 133.1 146.9 155.7 175.8 73.2 80.8 40.0 .55 .47 .18 60.0 70.2 S.90 1. 59 1. 90 2.32 6.49 3.93 3.09 .62 .48 1. 65 1. 97 .72 ].00 
and clay loam. ~ 40.0 52.7 59.3 84.4 35.6 46.9 0 .89 .60 .53 19.1 28.3 3.55 .93 1. 38 2.36 8.05 3.55 3.06 .44 .38 1.41 ].35 .66 0.62 0 
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Correlation coefficient" of erodibility and-
Erosion ratio: 1\Iiddleton's method __________________________________________________________ •________ _ 

0.062Lutz' method______________________•____________ . _. _____ •___________________ .. _" •______ _ .101 
·Suspension percentage. (Middleton): colloid (Cu adsorption): moisture cql1'Jalent. _____ _ '.605 
Suspension percentage (Lutz): colloid (Cu adsorption): moisture equiv~: nt.. _. _______ _ '.571 

Dispersion ratio: Middleton's method __ •______________•__ . _•. ____ ___ ______ ____ ___ _______ __ ______ •______ _ .055 
-.079~~t~:sn:ri'!~~~~======:::::::::==:::::::::::::::::::::=::::::::::::::::::::::::::::::::::: -.472 

Ratio of colloid to moisture equivalent: C9110ld by water absorptlon _______________________-.___________________________________ -.161Colloid by Cu adsorption______________________ •__ •_____ •__ •___________________________ _ "-.735Colloid 0.002_. ______________________________________ •_____ •____________________ •______ ._ -.278 
Percolation ratio: Middleton's method _. _______________________________________________ •_____ •___ •_______ _ 

- •.254Colloid by Cu adsorption.__________________________ •_____ •____ •• ____________ •______ ••__ .319Clay ratio ___•___• _____________ ••• ___•_____• ______ ._._. ____•____ •______________ •____________ .210 
Ratio of base capacity to colloid: Colloid by water· vapor absorption __•____•_____ •_. __________•______ •___________________ _ -.376Colloid by Cu adsorption. ___ •_______________________________ •______________ •______ ••. __ .262 
.\{I)lccular ratio: SiO, : R,O,__,._____•.____•______________•___________________ • __ •____________________ •__ '.573SiO, : Fe,O, ___________________________________________________________________________ _ ··,658

SiO, : AhO, ...______ ••_. ___.•._________••••••.•••.•__ . _. ____ •_____ •___ •• _________._••••• .475SiO, : K,O __ •. __ • ___ ._••_.•.•.••••••______ •________. _______________•___•_____._.• _____ • _301SiO, : Bases ___ .•._'" _••• _._. ___•__ •___. ___• ________ . ____________ •______________ •______ _ '-.545Fe,O, : CaO _. __ •__ . __ .._____ ..__ •_. _______ • ______ •_________ ... _____ ...._•__ . __..__ •___ _ ··-.756Fe,O, : AhO,. ______ . ___ ._•. ___.. ___ ._...._______________...___________ •___ •__ •••••_. __ • *-.503Fe,O,: Na,O _______•______ . _______________• __ . ____ .,._.____ •___ .. ___ ••_. __ •___ ._ ..____. "-.033FelO, : Bases ___ ••••• __...____..•••••••_. ____• ___ .•_••.. ____. ____._. _....._. ___________ _ ··-.728K,O : Na'O___________________________________________________. _______. ________________ _ 
-.455 

'-.581FeIO._______________ ••__________________________________ . __________________________. ___ . ____. __ _ 
CaO ____ . ____________••_. _________ . __ •________ . ________________ •______________________ .. ________ 

'.604NalO ___________ • ___ ._._. _____ •__ . ___ • __________ . ______________________________________________ _ .133K,O ________________ ••_..........."'_" ...___________• ______• ______________• ________________• __ 
 "-.512Organic carbon _______. ___________ ._._••• ________________.•____.••__ . ______. ___________._. ___ ••_ .287 

"Highly significant; 'signifiant. 

The correlation coefficients for the erosion ratios and erodibility 
indicate that erosio,Il ratios by the methods of Middleton and Lutz 
are not reliable criteria for quantitatively judging erodibility of these 
soils. Even Middleton (30), who suggested the use of the erosion 
ratio, expected it to be far from perfect in judging erodibility of soils 
and stated it to be only the best calculated criterion discovered at that 
time. The lack of a more significant correlation with the erosion ratios 
is attributed to the high degree of 'dispersion found in these soils (2). 

No significant correlation is shown with any of the dispersion 
ratios, but it is rather surprising to note that these ratios give a 
negative correlation coefficient. Since these statistics are not signifi
cant these results may be due to other properties completely over
shadowing the action of dispersion. 

The higher correlation between the ratio of colloid to moisture 
equivalent when the colloid by copper adsorption is used in its calcu
lation than when colloid by water-vapor absorption is used, might 
be expected when the calcareous nature of these soils is considered. 
The difference is greatest in the instance of the Karro gravelly loam, 
which is the most calcareous of the group. 

In the other highly significant correlations the elements, iron, 
sodium, or potassium, are in some way associated. All significant 
correlations involve one or more of the four elements, potassium, 
sodium, calcium, or iron in .the value or in the calculation of the ratio 
to be correlated with erodibility. 

Peele (.42) has shown that calcium salts inercase the erodibility of 
soils in the Piedmont by decreasing the size and permeability of the 
aggregates in inorganic soils. These findings .are borne out on soils 
of the upper Gila watershed. From the work of Lutz (27) one would 
assume that the role of fl'ee iron oxides in the soil was to aid in forming 
large, porous, water-stable aggregates. In this area percent of free 
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iron does not correlate with dispersion nor does disl)('rsioll correlat(' 
with erodibility. The explanation of the t'£rect of the aggr('gn.tes 011 

erodibility then, must lil' in the structUl"l' of the aggn'gate rather than 
its size. Study of figures 13 ancl14 seems to support such Il theory. It 
will be noted on figures 13, Band 14, .fl that the aggregatl's consist 01' 
a central particle surl'oundl'cl by very fine single-grained particll's in a 
densely packed lump, whereas in figul"l's 13, .il and 14, B thE' aggl'E'gat.pf; 
an' pa,cked in porous gmups in which HI(' size rfingt' is not sorted to 
caust' imp('I'meability, Tht'f;l' photomicrographs W('I'(, taken of th(' 

~ .'I 
FIGUnE 13.- A, Whitetail grayelly loam sample No.2. Xote the angular struc

ture of the timaller aggregates a;.; structural units of the larger aggregates. B, 
Karro gravelly loam sample ~o. 2. :-; ote the coating of fine particles which 
make lip the contact slIrface of the aggregates, acting as a lubricant for the 
aggregates one on another. Photomicrographs by H. R. Reynolds, Utah 
State Agricultural College. 

soils under water and the aggn'gates showlI are those thn,t are water 
stable, thc dispersed pal'tides being single grains w}wnevcr they are 
large enough to be seen. 

'I'll(' mlc of potassi nm and sodium in el'odibili ty can bp only su rmised, 
but it is SllggcstNJ that they arc perhaps intimatply associated with 
the weathering and colloid content of the soil. It is well known that 
grinding a soil inerea.ses th(' amount of replaceable potassium. Cobb 
(12) has shown that wpathl'I'l'd soils are richer in iron and poorer in 
sodium than un\\'('I1.thered soils and apparently this process is insep
arably tied to l'l'oclibili ty. 

http:aggl'E'gat.pf
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It has been impossible to date, in laboratory studies of erodibility, 
to avoid the problem of diff('rences in soil prop('rti('s chI(' to rainfall. 
TIlt' merit of a separation of soil propcrti('s and prodibility from rain
fall differences is questionable. In til(' fi('ld, l'uinfnll difi'('l"('llces affect 
the erodibility only as tbe.y affect soil properti('s sinc(' profil(' depth is 
dependent on rainfall. Il1 tb(' light of this fact it is suggest('d that 
ev('n th(' most resistant soil in the D('sert gl"OUp if pla('('d in the Red 
and Yellow soil belt would bl' rapidly Nodl'd 01' chnnged to a,n entiJ'el~y 
different soil wit.hin a comparatively short timl'. This would ('xpluin 

! ~.,,
....,'"' 

FrGURE 1-1,-A, Chualar gravelly sandy loam sample Xo. 2. Xote the structural 
,;imilarity to figure 13, H. H, Catroll grln-clly loam ancl clay loam sample 
::\0. 2. Xote the similar :;;trllctllre to figure 13, A with the assorted angular 
grouping of the granules being even more pronounced. Photomicrographs by 
H. R. Reynolds, ("tah State Agricultural Collr)ge. 

some' of tIl(' appnrent disngrpements recpived in thp past from lab
oratory nllalys('s. 

SOlll(' of till' ratios of iron oxicit> to calcium oxide' given in table 7 
bear out this snggl'stion. If the' soils nn' considered in groups accord
ing to theil' dt'gr('(' of leaching, a variance with erodibility is immedi
ately noted, showing tl1C' highest valu('s for th(' most nonerodiblc soils. 
From this t.able' one might infer thn.t tlw Karro gmvdly lonm is among 
the most I'I'oclihk soils in the' Fnit("d States. Us(' of tIll' silica ses
quioxid(' l'iltio as a eritprion of erodihility by some investigators (4, 
30,32,33) substantiatps such nn infc'rencc. 
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SUMMARY AND CONCLUSION 


From the data collected in the erosion surveys of the upper Gila 
waterslled, curves have been made by plotting mean percent erosion 
against slope. From these curves erodibility has been defined and a 
numerical value, erodibility integral, has been employed to express it. 

T."BLE 7.-Fe20a: CaO ratios (molecular ratios) for variolls soils in United Stalest 

Horizon ~o. 
::loil tYlJ<l Soil group 

2 
, 

3 
j---- -----:'--------;.--~~'-. 

56. 65 Laterit~.f~nc~ift;;clliyfolirn··~·:···:·· ~:~' !ill:~~1··:··i·:·j::·::: 1 31. 35 Red·Y~l\ow. 
Nacogdoches fine sandy loam S.1O 14.87 21.46: 9.26 49.38 I ~'O.61 Do. 
Kirvin fine sandy loam .. , 't, 7.31 21.77 KSI' 21.79 1!.83 14.30 Do. 
Oecil clay loam••...• "' ' .1. 55 12. 20: 1!?-~ I 10.61 Do. 
Omnlleburg fine sandy loam 2. 0-3, 3.21 •• ,6 'i ...... 4.34 Do. 
Da\"idsoncln~·loam, .......... ! 4.93 8.80' 19.27, 17.33 " 12.58 Do. 
Memphissiltylonm ! 2.09 4•• ~~ "LOO'+--.'_,. 3.24 Do. 
Iredell fme sandy loam I.9S v 1.09 Do.U'J 

:\[us!dngum silt loam 2.1;7 5.40 10. 77 ~ 10.40: !;. 00 7. f>4 ' Gray·Brown Podzol. 

Clinton silt loam, 2. 04 I. II 1.35 I. 3S .89 1.:15 Do, 

Shelby silt loam .• I. 69 2. 74 1. 99 1.36 .02 ' L fi6 Pnliril~. 

M hall 'It I I 61 I. t»' I. 40 1.24 , ! 1.48 Do,
Pn:~usesi~~IC:~~:::::l 1:07: 1.23 L2L 1.10' 1.00, I.L3 (,11l'rnozem. 
VernonfinesandvloamNo.1 .67,11-, .0-3 .. j ...... ) .45 Do, 
Vernon fine sandy loam No.2, 5 . .88 1..1 a.SL 3.25, I 3.tiO Do. 
(,olb}-siltycla~·loam •. , .... j .29 .10 : .09 .08 ' .11 .13 Do. 
('atron loam and cla~'loom, ... ' 1. 9. 1.35 ... , ,1 .... "." ...... I L. f>6 "ollth"rn Rrown. 
Chualar sand~-Ioam ......... " i' .70 .74 .s.!: •H, .. . • r>8 Do. 

Whitetail loam ............... i '. 242' 2.46 2.24' ••S t 1. 98 "onthern G ray Des


~.. t . 
:\[OM"r loam, •HI .74 .os • 59 .58 Do. 
Karro \00111, .06 . 05 .04 .03 .04 Do . 

"rbe abo"e fi~nres a", taken {rom Ib,- work or till' autbors Ilnd tit,. rollowing' litl·ratun.-; :\[iddleton ~t al. 
{3Q, 31, "fl, Cobb (I! •• and :'[nrhul (!lSL $inl~' lheSt' ratios an.' frOIll such n number or SOUl'l...'S, "sriatioas 
an.~ to 00 expectt.'d. 

An anlltysis of erodibility-int(>grnt vatu(>s obtuin('(\ from C'l'osion-sur
vcy dl1,ta for th(> upper Gila wllh'I'Siwd of Arizollll llnd X('W ).Iexico 
indicate tiw foHo\ving relations: 

1. Soil l'rodibility varies with the parent rock. In the southern 
Gray Desert soils, th(' order from erodible to nonerodible soil-produc
ing parent rock is: (1) Limestone, (2) mixed origin, (3) granite, 
(4) rhyolite and basalt, and (5) quartzit(>; in th!' southern Brown 
soils, (1) granite, (2) rhyolite, (3) quartzit(', lim(>stone, amI basalt. 

2. Erodibility varies with the siz(' of thl' rock partici('s contained in 
the soil. Rocky soils hnv(' been found to b(> mor(' erodibl(> than 
gravelly soils within anyone soil typ('. 

3. Erodibility varies with the textUl'e of th(' soil. Erodibility in
cr(>ases as til(> textlll'(> within a serit's becomes coarser. 

Fairly {'omplet!' analys(>s of foul' soils from tIl(' lIPP(,1' Gila water
shed indicate that: 

1. The moisture relations of 11 soil ar(> intimat(>lv ilssociat(>d with 
erodibility. One moisture L'elation of an erodible soil cannot b(> cal
culated from anoth('r. 

2. Oompactness is a factor in erodibility. Loos(> topsoils erode 
easily. Oompact or impervious subsoils cause It supersaturation of 
thin topsoils e.ven in rains of low intensity, resuaing in proportion
ately high surfac(> run-off and accelerated erosion. 
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3. The disp('rsion ra.tio of soutlwl"Il Grit.\' D('sPl"t soils and southern 
Brown soils is very high. 

4. Of all th(' criteria suggested in th(' pust fOI" judging emdibility in 
the laboratory, only th(' ratio of colloid to moistur(' equivalent showed 
It highly significant correlation with emdihility in this art'a. 

5. A high content of calcium or sodium or a low ('ontl'nt of imll or 
potassium is associated with high erodibility in tl)(1s(\ soils. 

6. Erodibility incr('ases as the ratio of iron to caleium dl\("I·(\USI~8. 
7. Every chemical ratio tllltt cOITPluted sig-nificuntly with (,rodibil

ity involved at least on£.' or mOl"(' of th£.' C'1<.':.(llPllts, iron, calcium, sodium, 
and potassium, in its calculation. 
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