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• Soil Conditions That Influence 
Wind Erosion 1 

By W. S. CHErn., soil sciel!li.~l, Soil and Waler ('ollurl'alion Research DiLli.~ion 
Ayri('/I/luf(1[ Research Sert-ice 

SUM~IARY 

Degree of ciocldiness, meclw.nical stability of clods, presence or 
absence and stnbilitv of the surface crust, and bulk densit,- and size 
of erodible soil fra(·tions are somP of the important primary soil 
fadors that influence erodibility of soil b~- wind. Cluwges in thp 
structurn.l fadors, and consequently in proclibility, are brought about 
by "arious field pruetiC'es and euvironmental conditions. 

The most erodible discrete soil pi1rticles are nbout 0.1 nUll. in 
equ.ivnlent diiLmeter. Dust tends to hinclt'r the mO\'t'mf'nt of the 
larger grains. The dividing poin t between erodible :uld nonerodible 
fractions is not distinct, for it varies \\;th wind velocity, the equivalent 
size range, aud the proportion of erodible and nOlleroclible fmctions in 
the boiL Relatiyel~- few particles greater than 0.5 mm. in equivalent 
diameter are moywl by common erosi \·e \\'incls. 

Clods just huge enollgh not to be mond by wind are most effective 
in preventing the movrment of erodible fractions. Large clods are 
less efrf'ctive, beeltllSe in proportion to their weight they h::1Ye a SmillieI' 
snrfal'e with ",hieh to protect erodible particles. 

The amount of erosion on a cultivated soil is limited by the height 
and number of dods thn.t become exposed on the surfaceo At a stage 
when erosion CNtSeS, the' distance beLwe'en the (·lods di\'ided by the 
height of the' dods remains constn.nt for any proportion iLnd size of 
nOIH'roC\ible fnH'tions present in the soiL This eonstant is known as 
the' criticn.l surJace roughness constant. It has it ndue rangillg from 
about 4 to 20, depending on the drag \'!.'locity of the wind and the 
ll.nrage equi\'alent size of tile erodible partieies. 

As erosion progresses, the more erodible particles are continuall}~ 
sorted out from the less erodible fractions. Particles moved in salta­
tion arc piled in drifts over much of the eroded areao The abrasive 
i1etion of piLrticles mond in sitltation causes disintegration of tlw 
dods. The longer erosion continues, the gn'ILter is the alllount of 
drifted Il1nteriltl ac('ulllullLted in the genert'Ll \'icinity of the eroded 
fU'('IL and the k)\\'('l' i:; thl' subst'quellt yeloeity of the \\'ind required to 
initiate'l'L'osioll. 'I'hpJ'(' is, tliprdorL', i1 rtwgr' of llirl'sliold drag \-e\ocity 
and erodibility for t1n~' soil, dr']wnding on lhe previous erosional 
hi::tory of tilt' nfT('etNI n.rpa. fnlervt'niilg rains seldom influence 1I1l' 
threshold drng \'('Io('i l \' ILl1d l'rodibili t ,- of wind-('rodec\ fields. As soon 
ns the soil pit.~tieles Qll lhl' surflLce ILrc dry, erosion is resumed. Only 
dry soil partieies are mo\'ed by \\;nd. 

I Cooperathoe imoestigationl': of the United Stah's D('partment of Agriculture 
and the Kall:;:I..'" Ap;ricultuml Expcrirll('nt Station; thi,; publication is Kansas 

• 
Agricultural Experiment Station contribution Xo. 592. Acknowledgn1l'nt is 
Illade to X. P. Woodruff; agricultural engineer, Kan;:a,; Af!.ricultural LXp(·riment 
Station, for as:;:istancc in estimating erodibility of the farm fic1cls. 
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Eroclil~ilityof the soil is in(\lI(:need to some degree b~' the size, shn,pc, 
and dt'IISlty of tht' struelurn.l U1utS and to some drgrr(' b,v til(' colH'rrl1ec 
within and bctwc('n these unit.s, The former ,is rderrrd t.o us lhe 
state of sll'udure; t.he In l Il'r, as the stability of struclul'l', TIl(' I'd a­
ti,-c importnn('e of the slatc and the stability of structll1'C' varies 
primurily with tht' siilt' of tiIr ('l'oding firld, • 

'l'hcresistnnee of di(\~pl'l'llt soil strueillrul units to n,brnsion 1w 
impaets from windbOl'ne soil Il1n.Lcl'in.l vnl'iC's dirt'etiy with thcir n~~­
dwnical stabilit.y, Stn.bilily, a,nd henec rcsista,nC'e' (-0 abmsion, for 
the difrel'l'nt struC'tul':1,1 units in n (II'y state is as follows: (1) 'Yater­
stablp nggn'gntrs, (2) sP('olHIRry aggrpgnl('s 01' dods, (:3) surfite(, erust, 
and (4-) mntl'rials nmong tiJr clods een1Pntcd togpthl'r nnt! to thr dods 
nH('r the soil has bN'n \\'t'll.(·d and dried, The last of tll(' struetUl'nl 
units n,t sonw dl'plh bclow thc surfaet' mno" posscss meehnnienl sta­
bility nppI'ollC'hing thn,t of elods, 

Sin('r water-stable nggn'gntt's nrc thc most Sblble slrueluml units 
of the soil, thry n,rr lhe units to whieh Ul(' soil large'I,'- disinll'gmtrs, 
bot.h b\r fOl'cPs of thl' \\-l'ntlH'r nnd I)\T nbrtlsin HeLion of wind crosion, 
'I'hpir high stH,bilit.\' is ('ausNI by C'('mcnting subst,an('('s that Ul'(' in­
solub\(, 01' only slightly solublt' in watrl', Thl' individllnL \\"ntC'r-stnblr 
:lggl'('gnlt's, or n 1'('\\' of tlll'm clinging logrther, nrr I'('n<lil,'- sepn.rutC'd 
from the Inl'gl'I' s('('ondnry nggrl'gili.c's by lhp \\Tind nn<l nrC' llsllnLly nl'­
('umtdnll'd in drifts within 01' neal'lhl' l'l'odpd :1!'l'n.. Thc' linr pill'lie10s 
nrp mninly eHl'rit'd H\\'n"y in til(' form of dust clouds, whilr frnctions 
lurgel' than till' discl'c'lr watl'I'-stnhll' nggl'C'gatC's remaill Iwhind as 
1'C'sidllnl soil mn,trrial. Dl'dnlld soils norl1lnlhT eontnin no wnll'I'­
stable' n(WI'(''''ntC's tal'n'r rnolJlrh to rcsist mo\'('rric'nt bv i'rosiyt' wind, 
Tlwil' I'l~ist!~l('e' to '~ind C'l'l~ioll const'quenti,\' must 'c\qwnd on lhe 
fOl'll1otion of sl'C'ondHry nggl'l'gn.tt'S or dods. 

Thp i<lclltil,\" of till' ('Iods is prl's('I'Ycd 10 l::OIlW drgl'ce e'~en n.ftl'r 
l'e'JwaLl't\ wpUing n,lId drying, "Tetting {,ILlISl'S SOI11(' wn./PI'-soluble 
IUl<l wil.lc'I'-disp(·I'sibll' CC'llwnts to bC'('OIlH' 1'l'1('llSl'd f[,om till' ol'iginn.lL,\r 
disel'C'tC' stnlctuntl unils lwd tlIl'sl' I'l'lr:ls('d «(,IIIC'lItS, 011 drying, ('ause 
n, ('rrltlin dl'grC(' of C'PIl1('ntnlion I)('lw('('n thp ullils, Thl' gn'll.tpr thc 
proportion in thl' soil of pill'ti(,\l's sll1illl('I' Lhnn 0,02 mm., in dinmetC'I' 
dispC'l'siblr b,\T wuh'I', till' gn'n.t<'[' is lhC' dl'gl'l'C' of (,C'l1ll'ntntion beLween 
lhl' slrllctuml units alld I:hC' grC'nlc'r is til(' 1'l'sistnrl('C' of the soil to 
brC'I)kdown by nl('e1Hl.ni('nL fol'(,('s and nbl'nsion from wind c['osion, 
Also thC' grC'lltC'1' til(' depth of soil, thr gl'eal!'I' is thl' pl'cssurl' l'xL'l'tec\ 
on lhC' soil and tlw grrn,fel' is the' d!'gn't' of ('C'Il1('nlntion n,Il1ong till' 
sll'ul'lunll units, At eOllsidC'nlbll' dl'pth the' ",holl' Roil body mny be­
COllI(' strongly ('ell1l'nt.t'd togl'lIH'I', This ('ondition is refrrl'ed to ns 
mHssive structure, Ti llug(· Im'll ks tllC' mnssi \'(1 sll'uct Ul'(' to Yil,riolls 
sizes of blocks, l'efelTt'd to as dods, Thl' dods IU(I highly rcsistnllL 
to wind ('rosion, IlllplC'IlH'lIls I hn.t bring til(' l'lods to tilt' surfnce 
without bUl'ying crop I'esidlll\~ an' most elrl't'tin~ n.g:linst erosion by 
"rind, 

The structuml conditions und erodibility fllI('t.lIH,te in il('C'ordn.ncc 
wiLh the vn.ITing inflUf'n('l's of t.he seH.sons, In sumrnCI', iner,eases in 
the proportion of thl' eon.rsest ,nt.ter-stable nggrl'ga tps nnd III elod­
dincRS n.rc ilssoein.ted with inercltsC's in til(' proportion of the fin('st 
wn.tpt'-stn,ble pnrLielPs n,ne! drC'I'cltspS in crodibilit,\T b,v wind, Evidently 
ineren.ses in tilt' ('onrSl'st fl'l1C'Lions and consequent deC'l'eases in erodi­ • 
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bility are caused by increases in cementing substances contained in 


• 
the finest water-dispersible fraction. In wint-er, the above-mentioned 
trends are reversed. 

Approximate estimations of soil erodibility have been made from 
the proportion and mechanical stability of clods greater than 0.84 nun. 
in diameter and from the presence or absence and stability of the sur­
face crust. Such estimations may be useful in det('rmining tlll.' po­
tentiuJ erodibility of different soils and soil treatnwnts. 

INTRODUCTION 
Two busic methods are used to control wind erosion. The first is 

to cre./t.lCiL soil condition resistant to ('rosion; ttl(' second is to sheltl'r 
the soil fO'om wind. Soils differ grent.I.V ill tlwir resistn,nce to erosion 
by wincl. Diffel'ences in erodibilit,· arc due to difl'erellces in Lhei~' 
stnlctunll conditions that were eith'er inherited or- brought about by 
tillage, (Topping, or nccelern,ted erosion. His importilnt to know what 
soil struetme would Iw created by difl'eren t prnet ices if wind erosion 
is to be redut'ed to til(' minimum. 

The object of this bulll,tin is to bring together, analyze, and evaluate 
the results of resen,r('h on soil conditions that influence wind erosion. 
Reft'rellces to preyious publications on this fwd reIn led subjects arc 
made for readers who mny be interested in till' melhods and procedures 
lIsed in the studies and in more detn,iled inform:) tion on specific 
phnses of the su bjeet. 

SCOPE OF THE SUBJE{:T 

,Yinc! erosion is i1 ph.vsLcnl pllC'nOIlH'l1oll and is litc'refol'e influeneecl 
din'elly by the physicnl condilions of tht' soil. On!? dry soils are 
moved b.y wind (19).2 ~trueLul'l' of the soil in It dry ("ondition there­
fore is logically It more rrliable indicn,tor of wind erodibility tlliHl 
structure in i1 wet state. 

0ne phase of soil structure in a dry coudition is the size distribution 
of dry aggl'egi1tes, or dods-a condition genernIly referred to us 
clod structure, or docldiness (4, D, 3[J). Cloddiness is usually deter­
mined by sieving dry soil on a nest of sieves. This technique, known 
as dry sieving, was used by Puchner in 1911 (34) and then by others 
(28,29,32) to chamcterize the soil conditions produeed by tillage and 
cropping practices. The early methods employed sieving by hnn(i. 
Later, improvements were nutcle by substituting sic\ring by hand with 
meclu1I1icai methods (25) and by rotnry instead of flat sieves (14,20). 

Resistance of the soil aggregates to breakdown by mechanical 
ngents, such as tillage, to force of wind, and to erosiollal i1brnsion is 
another pll!l,se of soil structure that influenees erodibility of soil by 
wind. The presell('l' or absence and the condition of the surface 
crust also influence prodibility. Still another factor is bulk: densiLy 
or the erodible soil fractions. All these physical factol's affect ct'odi­
bility directly. 'rhey are known as the primm'Y faclors. Until the 
influence of the primary faetors on erodibility is thoroughly under­
stood and expressed, it will be difficult or impossible to evaluate the 

• 2 Italic numbers in parentheses refer to Litemture Cited, p. 38 . 
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importance of the basic soil factors that affect the primary factors 
and erodibility. 

Evallln.tion· of the basic soil factors in relation to erodibility by 
wind falls outside of the scope of this bulletin. For wanL of a better • 
name, these may 1)(' callcd the seeondnr.\' fadOl's. The I1HLjOl'ity of 
them aee b.y no lUpa,ns spcondal'Y in importn,nce. Some arc basic to 
the wind cl'osion pl'oblpm. The,\' affect prodibility b,Y influencing 
the primary physical fnctors, The most importnnt of tllc' sccoIHhl',Y 
soil fad,ors IU'P soil tcxtUI'P, organic. mattpr, soil ll1iC'I'o-organisms and 
variolls produei:s of ol'gnnie matter decomposition, moisture, r:nlcium 
earbollfl.te, water-soluble salts, Itnd naturc of til(' soil colloids. Some 
of ~hesc factors, such ns soil moisture, afreC't crodibility dil'p('tly by 
nfl'c'cting resistlUl('c' to thc for('cs of crosion and indirel'tl.\r b.\' illfluencing 
doddiness and tilP eonditioll of the surface ('rust. \foisturp, thercfore, 
may be eonsidc'I'l'C1 ns a, primary 01' a sccond:1r,V faetor, depending on 
how it is assoei:tted with thc \"arious constituents of the soil. 

Changes in stl'lleturnl ('onditions and conscquentl,v in Nodibility 
of the soil nrp brought about by yarious fidel prn('!i('c's and. l'n\'il'On­
mcntnl('ondilions. 80n1(' of the more important of thesc are climatic 
and s('asonal conditions (17, 27, 37), kind of tillngl' and se('din~ 
equipmpnt uSl'd (26,80,36,38), soil moisture ('onditions Ht the tim~' 
of tillagc (81), kind of ('rops g"own (24, 88), nne! si7.l' nnd layout of 
the fi(·Ids (.9, 2!). H is }wyond t hc' seopc of this bulletin to show 
how ('fr('din' thl'se prneli('es Hl'e in influc'ncing soil stl'lldlll'fli eondi­
tions and ('rodibility, but it is important to point out tll;1,[ soilstnldul'e 
nnd (,l'odibilit,\' ean bp modified grpntly by \'nrious field pmeticcs. 
'fhE' major objedive of this bulktin is to show what soil conditions 
mn,y 1)(' CI'l':l[NI [0 l'edllee erodibility of soil by wind. 

PRIMARY FACTORS THAT INI"LUENCE 

ERODIBILITY OF SOIL BY WIND 


The conditions under which wind crosion ocelll'S arc f<,\\' nnd obvious. 
""Vhcl'evel' the slJrfac(' soil is finc'I.\' eliv-ided, Ioos<', and dl''''; the surface 
is smooth alld bare; and th!' wind is strollg, el'osion ma,\" be !'x()('cted. 
By thl' same tOkl'l1, wl)('r('\"cl' till' surfaec' soil is made up of stable 
aggregates 01' dods lnl'ge and dcnse cnough to l'C'sist the force of wind; 
is compacted, roughened, 01' kept moist; 01' is con-red b.\, \regdation 
or \'egetatiYe residue; 01' if till' wind nt'al' the ground is ill an.\T wily 
reducNI, (rosion may be cUl'tnilPd 01' l'liminaled. or tilE' six fadors 
listC'C1 abovc that enhnnct' wind (,l'osion, foUl' IU'C eonn(~etecl direl'tly 
with the eondition of the surfn('(' soil. These foul' constitutl' (/1(' 

suujee/; mnJtel' of this bulletin. It is important thltt titt'Y be thor­
oughly lIndel'stood if they nre to bl' properly evaluated. 

Size, Shape, and Density of Erodible Fractions 

Si7.c, shape, and bulk dl'nsily of diserete soil partieles considerably 
infill('nec PI'odibility. Bulk dmsity is definNI ns the weight ill grams 
pel' eu bie ccn timclel' volullle of u discret (' soil grain or aggrcgate, 
including any ail' spaces \\'it/lin tht' grain 01' aggregate. It is COll­

• 
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\Ccnient when considct'ing erodibilit), h.\' "'inc! to c'xp["rss si7.r, shapr, 


• 
and bulk density togcthrt' by whut is known us eq11i1:alr'lli dimneip/,. 
Equivulrnl di:ullrtet' is the diam('tet' of a standard pUt'liclr that hns 
nn erodibilit.\, equnl to tllllt of it soil pnt'lielc of nn.\- pUJ·ticulnr dinmetN, 
shape, and bulk cknsity. 1'hc stanclut'd pm·ticks arc sphet'cs with 
a bulk drnsity of 2.6,5. Gmclrd Ottllwn suncl, rccogni7.t'd b.\T the 
Am('['iC'nn SoC'ic·ty of Tt'sting ~rit('t'inls ns OIl(' of its slandaJ'(1 mat('rinls, 
wns found to Jliln' t(,t'lninul \-rlo('it\' of fnll une! rt'odibilit\- much lib> 
spiw["t's nnd has \)(,pn lIscd us n. slnn(lnnl in dc·tN'mining the. ('t'odibility 
of soil gt'uins (If). Difl'l't't'n('('s in til(' shnpc' of soil pnrtiC'ies hity(' 
Illu('h It'ss inrIuc'nc'p on prodibilil\T thun thc·it' sizr nnd bulk densih'. 
Tn pt';1('ticnJ IIS(" t hC'l'dol'(', th(' ('(I ui vni01l t dinnl('[t'1' is npPt'oximntpiy 
pqunl to (Jd/2.():i, in whic'h (J is L1w hulk c\pnsity of the' soil pnrtie\t's 
nnd dis tlwit' dinnwt('t' ilS dt'L(,t'milwd by dt'y si('\'ing. 

:'Io,-pment of soil pnt'tid('s is inrIUf'Il('p(1 by wind fOt'ct's l'xt'l't('cl 
ngninst the slll'fn('(' of the ground. 'l'h('s(' [ot'(,(,s nr(' not dcp('ndpnt 011 

\-c'locit.\T nt somt' h('ight hut on th(' I'nu" of inC't'euse of n'lo('ity with 
ht'ighl. known as tlw dra!! I'docity. .Fot' n. gin'n nntut'nl wind, til(' drng 
n'locit)T l'('lllnins tht' samc [Ot' an)' slll'fa('c rough 11 ('SS, but the velocit)­
ilt nil lwighls IlC'HI' til{' gl'oulld is influl'Il('('(1 grl'tltl)- by thc sllrfn('(' 
rough 11 (,S8 , whic,h ill [11 I'll is dC'lwndcll ( on (IH' oycml1 size of the soil 
fl'lwtions n nd t Iwir IIITn ngl'IlH'1l t on til(' slll'f:1cc. 'l'ht' drag v('loci t)­
(1 T*), which ddprlllin('s thc slope of thl' wlocit), distribution ('111'\'(' 

wlwl1 thp n'locity is plottpd against thc logill'ithm of Iwight, is equal to 

t'z ~ whcre 1', is the \'docity nt height z n.nel I.: is the hcight at 
0.75 log i 
whieit the proj('('lpll vclocity eliI've intcl'spcts thc OI'dinate nnd at 
wh icit titc' nYC'l'Hge wloci t.'T is ZCI'O (fig. 1). Zel'O yploci ty exists 
somewhcl'P nlllong lhc ilTPglllnl'itics of tite SUl'ftl('c. Titc gl'Ctl.tPl' til(' 
magnitud.l' of slII'fnc'C' rougitncss, thl' itigitPI' is HIt' vnhl(' of I.: nnd tlH' 

highpl' titt' I ('\'p1 ttl witieh thl' nvcl'ng(' v('lo('il.\~ is Z(,I'O. Houghness, 
and hel1('c (itt' "nllle of Ie, vUl'ips with sizl'. sitnp(', nne! gencrnl llITnngt'­
men! of the soil fl'l1etions composing till' surface. 'I'he avernge forec 
of will(l ugninst tIll' ground, known as 8wf(l('(' drag, ('.11l1 bl' computedT
fl'om titl' drng \'cloeit.',. silH'P T=P 1, *2 in \\Thic'it T is the sUl'fnce drug 
and p is tllC «cnsity of tltc nil' (nppl'oximll.tt'I)T 0.0012 in c. g. s. (centi­
Ilwt('I'-gl'llnt-SPl'OIHl) lIll its). 

If titt' willd is incrcnscd grndunl1y from n. low wlocity to a higher 
OM, (hN'{' ('omes n time when the mosl erodiblc pnrticlcs nl'e set in 
motion. 'l'hl'sP pn.rtie1cs 111'(' lllOyed nlong thc smfn('e of the ground in 
n. !:;t'l'ips of jumps known as saltation. The highcr the)T jump, the more' 
cl1crg)' th(·y dC'ri\'c from the wind, Ench time they strikc thc ground 
thcy lrilnsmit mucit of titl'ir cnerg)' to pn.rticles 011 the ground Iwd 
en,usP thpm cith('1' to slide nlong thl' surfn.('e, move ofJ' in snltlltiol1, 01' 1)(' 
cn.JTied high in tite ail' in true sllspension. '1'he impaets f'I'om thc most 
erodible' pnl'tieirs ('nusc tltc monment of' tIl(' 111l'gel', dcnscl', nnd smalkl' 
pnl'tidc·s. :'lnn)' of the collitling' particlcs bl'Ntk aport 01' chip nwny 
into smnll(·J' piN'PS. rl'his (lisin!cgl'ntillg' PI'O('('SS is known ns abrasion. 
'I'll(' fl'agm('nts, in tUI'Il, ill'l' moyc·1I by til(' wind. 'rile eroded pltrticl('s 
becomp finc'!' ns erosion PJ'ogl'csscs. 

• 
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FI<H"Rg L-Wind n'locity di~lriblltion~ o\'el' wet sund and gran'l surfaces of 

diffl'rent degret';; of 1'0UghllI'Sl': (I, Drag n~lol'ily of 41 ('111. PCI' sC'cond o\'('r a 

l'lIrface composrd of wrt sand mound;: O.lG em. high, 1 ern. apart; b, drag 

velocity of 99 el11. pt'r second on'r the surfal'P as ill (l.j c, dmg \'eloeity of 76 ern. 

pCI' second oyer a surf[l.l'P composed of fine gmvcl mOllnd;; 5 CI11. high and ao 

CIll. apart; el, drag \'clocity of 1·16 em. ppr second ovcr tht' surft\ce as in c. 


The most rl'odible dis('rrtc· soil partielrsal'e about 0.1 mm. in 
rquivnlcnt clinmPle]' (fig. 2). Thcsr rcquil'(' fl. minimnl drag veloeity, 
known ns the threshold drag l'elocitll (dcsignated ns 1 r *t.), of about 15 
em. pc]' srconclto initiatc movrJ)lcnt. This thrcshold drag veloeity is 
applicable undcr conditions most fn.vomble to soil movement by wind; 
namdy, a soil nUltrJ'inJ c:ol11posed only of particles 0.1 mm. in equi\Ta­
lent din.metcr, a sUl'i'nec that.is loose, smooth, and dry, alld the exposed 
bed is at least :30 fccL long.. 'GndeL' thosc conditions thl' velocity 
req uired to ini tilll c Il pC'I'('pptiblp soil mOYCmell t is b(~tweCll 9 and 10 
miles pel' hoUl' n.t ll. 12-illeb height. That is the low('st ycloeiLy thut 
call procluC'c erosion of t.he soil. Gsuall.\r erosion does not. bC(,Ol11(' 
pCl'C'eptible lll1clcl' field ('onditions lIntill1. w·locity of at least 18 miles 
pCI' hoUl' n.t H, height of 12 inch('s is l'cn('.hecl. The I'cnSOll for this 
should bccomc morc n.ppnrcnl ns the relationship bctwcen the thl'esh- • 
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Frm:RE 2.-R('lation of tile thr('shold drag Yl'locity of the wind to the maximum 
eqlth'alent dian1C'ter of the transported soil particlcs: a, Sieved fractions in 
which the ratio of minimum to maximum diameter varies as 1:,'2; b, sievcd 
fmctions in which th(' "i;w of particlp" range" from fin(' dust to the indicated 
maximum siz('; (', "oil containing J5 p('rcent of nOllerodible clods ranging up to 
25 mm. in diau1l'trr. 

old drug ,,"eloci ty o,nd the equjyulen t siz(> of lhe soil particips is 
explnilH'cl more fully. 

The thn'shold drag yclocity illcrensps for pnrtides o,bo\-p and 
1)(')0\\' 0.1 mm. in equiyalpnt dinrnl'lel' (fig. 2). The thrpshold drug 
n'locily for pal·ticks grent('L' than 0.1 mm. ynri('s as the square rool 
of lite pl'Odud of eqlli\'ldent diametpr of t1H' pn,(·tit'le and the density 
relntionsltip of lh(' fluid nlld the partiele. This squart' rool}a\\' may 
bc ('XjH'(,ssl'd hy 

(1) 

in ",hic-h d is til(' c1iamdrr of the particle, {j thc grtLYity constant, (]" 
is the bulk c1Pl1sity of the par-tide, p is the density of the fluid, ant! 
A, is n. eoeflicirl1 t whos(' nt.iur drpends on the range of equivalent size 
of pnrtie1es present on tlH' eroding surface, 

The reln.tiollship betweell the threshold velocity Vt at any hpigh t 
Z, equ i valrll t d iametl'r of the soil partic1rs, and the roughness of the 
surface n.s exrmplified hy the yalue of I.: can be e~l)I'pssed hy 

--~-- -- ----.-.- ­
_ __ 	 (]"-p Z~ 

v,=a.{() A-J-p- gd log Ie 	 (2) 

As shown from equfLtion 2, tlH' greatrl" the va,lue of !..~, and the rougher 
tbe surfa,ce, the 10We I' is the velocity (at some fixed height) required 

• 	 to moye the particles. This reln.tiollship applies only to a condition 
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where the roughness elements are the soil fl"lLctiollS monel by the 
,dnd. It means that the large I' the. erodible partielt's or the highel' 
they are perched on IL rough surface', the' higher tlw,Y w.ill protrude' in to 
tbe ail'stre'alll and tbe greater t1H' foret' of wind that would eontriiJutt' • 
to tlH'ir movt'lllrnt, otber factors bping equal. \V11('rC' the roughness 
p1<'men ts 01' the surface pI'ojretions or halTiC'rs art' nOI1l'rod iblt', th(' 
thl"t'sholcl law exprpssed by rCLurLtions 1 and 2 still applit's hut tIlt' 
valur of cot'ffieit'n t A is inereast'd eOllsid('J"abl.y. Fndt'l' such a eond i­
tion much of the surface drag is dissipatt'd ilgainst tht' 1l011('l"odiblt' 
fl'actions and only the rcsidlJiLI drag eOll tribu tes to the movt'men t 
of t'l"Odihie fl·actions. 

If tht' soil mait'I'in,1 is composC'd olll,Y of t'rodihlC' fmC'lions of a 
limitN\ rangr of si7.t', such as all ill('J"l'/llC'llt of "\'2 ('ollunollly ohtaillPd 
hy e1r,Y sit'villg, fht' viI,hlt' of eodfi('if'n t.tl of ('qun,tiolls 1 fLnd 2 hasl'd 011 

('. g. s. units is C'qual to about 0.1 fOJ" pn,I"fides gl"l'n.tC'r than 0.11111n. ill 
pquivitkllt ditunl't<'J" (fig. 2, eUITP a). H()\\"("'('I', nn.(lJml soil Illalprials 
hn.vc· 11. mu('h wid PI' range in si7.(' of fl'Hf'tions and I h(,J"dol'l' fLl'l' asso­
eia,t('d with \'tLlurs of eo f'fl i('i ('II t .d IH.I'gl'J" n.n<l smn.IjpJ" than 0.1. Jf n. 
soil, such ii,S n. ('oJlunordy Of'Clll"l'ing dllnl' mn,tpJ"ial, is ('oll1posC'd olll.\' 
of C'l'Odibk fJ"fL('tions mllging fJ"om thl' In.J"gC'st do\\"n to thc' Sl11iLll('st 
('ro(\ihlC' pfLrtielps, the vnIue of ('ol'fllcien t .·1 of eqllatiolls 1 n.nd 2 is 
only about 0.085 (fig. 2, ('lll'Ye b). FOI' slIdl mat('rin,ls the thrC'shold 
drng yelority ,'n,ril'S as Oll' sqllal'!' root of til(' n.n'I'agp C'quivakll t 
(\iamrtC'r of ILll till' C01111101lC'nt pn,rli('!ps (12). TIlliS, thp Ihrpshold 
drn.g Ydocity for 11. mixturc' of difl'pr('nf <'qllivlLlC'nt sizl's of (,l"OdihlP 
pn.rti('lC's is lo\n'r thn.n thn,t I'pqllirt'd to ('rod(' oilly tht' IlLrgt'st of thl' 
pn.rtidC's. ~rOYC'nl('llt of thl' IfLrg('r pn.rtie[{>s is fn.('ilitn,t<'d h.' hornbard­
mC'n t r(,(,pi n'd from the' smn.ll<,I' part ieil's 1110 "ing in snitntion. Thp 
eOiLrsC'r fra('tiolls arl' trn,llspOl"t('d prirnlLrily by rolling and slidillg 
along the' sllrflLCP, n. IHO \'C'IllC'nt known as sllI/ae(' CI'{,P1'. 

J~ffl'ct oj Dust Partie/p,,· 01/ Soil Jr()l'(mellt.~Dllst pfLrli(,\ps hilld('1" 
thl' mo"PIHPnl of tht' ('on.rS('r gmins rnix('d with tIH'Ill. Th(, mOl'p fill!' 
dllSllH'('s('nt in th<' wind-pt"Odpd soil, the gr('ILtpr is thC' minimn,l for('l' 
of "'ind rl'qll ir<'d to initifLtl' soil mo "C'Illl'n t. ThC' t1l rpshold ,'plo('i ty 
for till'se finC' particl('s in('n'n.sC's "'itlt thC' dC'("l'l'asp in till' siz(, of par­
tic'Il's. LoosC' particl('s slllnlll'r than 0,01 nun., if not mix('<i "'ith 
('oal"sC'I' pal"liei<,s and if pln.('('d in n· hC'd that is thol"OlIgldy smoothC'd, 
arC' not mon'd C','(,ll by n.n PX('l'('dingl," Slrong ,,'ind. 1<'01' t1H's(' pn,r­
tidrs tllP thrC'sbold drag n'locity ris('s with thC' (/l'('rC'fLSl' in UH'ir 
dinJll('trl" (fig. 2). Xo simpl(' rl,iationship hn.s hpen found hetw('('n 
till' t'qllinLIC'nt difLl11d('r of thpse finl' partieiC's and the thl'eshold 
YC'io('i ty r('q II i["('<I to 1110'"C' thplH. 

ThC' high l"('sistan('C' of the' (iJlC' dust pnrtieiPs to Illo\'('mpnt by wind 
is to soml' (iPgrC'C' dliP to ('ohC'sion nrnong thl' partil'l('s. )'fol'e par­
ticularly, thC'ir ["C'sistnnc(' is dll(' to the fact thn'! whC'n lhe bed is 
thoroughly smoothl'd, til(' pnl'ticlrs an' too small to pl'otl'ude nboVl' the' 
,riseolls, 110ntul'bul('l1t In.wI' of ail', kllown ns til(' /a.m ill (U' lcL!/fl', dose 
to the slIrfnC'l'. It is known (i26) that thC' soil pIll'tieiC's of height II 
would be sllblllNgP(/ ill thr Inrninnl' In",!'1' ns 10llg as the HpYllolds 
number of thr form r*r!v is Ipss thaI! 3.fi (fig, :~). The killemn.ti(' 
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(0 ) 


FH1t'RE 3.-Diagram showing ta) fine "pill'rical partiel('s submerged in tht' fluid'" 
h\minnr layer (Htmight MrowH) nnd (II) larger sphericnl gmins protruding into 
Ul(' turbulent Inyer (clllTed arrows). :'lo\·ement of soil particles is pos"iblc 
only in b. 

viseosity, ", for fLir is npproxinml!'l:, 0.15. If, on the other hand, tbe 
ReYllolds number is greatt'r thim :~.5, the pill·tides behav!' llS obstruc­
tions in the path of the wind, throw off eddies to their lee sides, llnd 
disrupt the lalllinfLr byeI'. encler a forc(' of wind equlll to or greater 
t1UUl tilfLt required barely to 1ll0\~e the soil partieles, the pfLrtieles will 
disrupt the IfLIninar la.F'1' if tltey fLl'e g!'('llter than 0.05 mill. ill diameter 
(6). If the surfate composed of fine dust pfLrtieles is roughened to Il 
dt'grt'e where the surface projections are n,t least 0.05 mm. in height, 
mo,emen t of the part ides takes plnce under 11 rdatively low veloci ty 
of wind. In such cnses the projt'ctiollS composed of lllitny dust pnrti­
cles clinging together art' broken 011' nnd moved bodily by the wind. 
~{ovelllen t c('nses as soon as thl' projeelionf' are le\'eled down to less 
than 0,05 nun. in h(light. L"nd('l' field conditions the surface rough­
ness elements iU'e llSlltlll.\' much greatrl' than 0.05 nun. The dust 
partid('s cling to the lnrgt'r gntins nnd nl'l' thcrdorc mo\-ed rendily 
with th('m . 

• 
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Rate oj 80il movemeU.-If the wind is greater than that required 
harely to mOVl' tlw soil partielcs, tlw I"l1tc of soil movemen t q is cqul1! to 

n=O 'dE. 17 3 
:L "V{~ g * (3) • 
q=O{d-P( Vz )3 (4) 

!J 5.75 100' ~ 
"'k 

Equations 3 and 4 show thl1t, all other conditions remaining the 
same, the rate of soil movement varies dirc('tly I1S thc ('ube of the drag 
Yelo('ity, I1S the square root of the l1\remge diameter of the soil pat·tides 
moved by wind, and in,cerscly as the roughness of the acrodynl1111ie 
smface indicated by till' value of k. CoefT-icient (I "ll,ries widely for 
difl"erent soils. It vl1ries with the size distribution of lite erodible 
particles (1, 4), the proportion of fine dust pnrtides pl'('Sent in thL' 
mixture (4, 6), the proportion and size of nonerodi ble fractions (4,10), 
and the amount, of moisture in the soil (1.9). All these fl1c1:0 rs, and 
pcrhaps many more, uJl'ecL thc rn.te of soil movement and hence the 
value of coefficien t O. 

Size and Total 17olume of Nonerodible F,.actions 

On cultivl1.tecl soils the nOI1l'rociible soil fractions ofl'el' 11 certain 
degree of protection to the ('l'odible ones. Fol' (.hl1t r011S011 til(' thl'esh­
old drag veloeity requil'ed to move' the erociibk particll's is gl'el1.tel' if 
the erodible pal'tides I1re mixed with noncrodihle fI'l1ctions than if 
they alone comprise til(' sUl'face soil (fig. 2, GUl'YC c). The threshold 
velocity In,w expresspd by equatiolts 1 Iwd 2 holds just us well for 
mixtUl'es of erodiblP I1nd nonerodible fructions as for erodible frac­
tions alone, but the value of coefficient A is increasecJ eOltsidl'rably 
for the mixtures. ,Yh"J'(' tll(' 1t0lwI'odi ble fractiolts comprise 15 
percent of the weight of the soil, codlkient A has n, value of I1bout 
0.2 (Jig. 2, curve c). Th(' grcn.tPl' t.he proportion of Itoncrodible 
fraetions present in the so.il, tltl' grpatC'I' is the threshold drng nlocity 
required to move a given eq ui ,'nil' It t dil1meter of el'Odible pat'tieles, 
and the greater is tlte vahw of eol'ffieien \. A. 

:Maximum equi\ralent size of soil pnrLieies that cl1n be moved by 
wind of a gi,ren clrl1g v('loeity enn be determined for each of the threp 
distinetl,Y different soil mnteril11s shown .in figul'P 2. The di\Tiding 
point between erodibll' nncl nOIl('l'oclible fractions varies not only 
with the drag velocity of the wind but also with the avcrnge equiva, 
lent size, size range, and Pl'opol,tion of erodible and nonel'odible frac­
tions present in the soil (fig. 2). The di\'iding point for any wind 
\Telocity and soil condition is by no menns distinct. 

In ail soils containing erodible and nonel'odible fractions the quan­
tity of soil removed by \l'ind is limited b~T the height. and number of 
Ilonerodible fmctions that become exposed on the surfaec. If these 
soils arc uuafYccted by enGmachmen t of erodible material from the 
outside and if the length of the eroded al'ell, 11,10ng the direction of the 
wind is limited, the removal of erodible fmetiOlls continues until the 
height of the nonerodible projl'ci ions and their number per unit 111'ca • 
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are increased to a degree that completely shelter the erodible fractions 
from the wind. .Movement then ceases (fig. 4). The time required 

• for moY(~ment to cease varies greatly with the soil struct.ural conditions 
and the length of the field parallel to wind direction (fig. 5). The 
smaller the size of nonerodible fractions, the higher is the initial rate 
of soil movement q and the shorter the time required for movement to 
cease. The higher the proportion of erodible to non erodible fractions, 
the higher is the initial rate of soil removol and the longer the time 
required for movement to cease. Also, the larger the field t;}te greater 
the time required for rcmoval of erodible fractions (6,8). 

If the soil contaius a large pl'Oportion of erodible fractions, few non­
erodible clods per unit areo, of ground becomc exposed by the wind. 
The nonerodible clods under such 0, condition have to reach a con­
siderable height before soil removo,l will ceo,se. If, on the other hand, 
the soil contains a sman proportion of erodible fractions, many non­
erodible clods will be exposed on the surface by the wind o,nct their 
height when soil movement ceases will be relatively low. The greater 
the number of clods exposed on the surface, the lower is their height 
when soil movement ceases. At a stage when soil removol ceases, the 
distance between the projections divided by the beight of the projec­
tions remai11s constant for any pl'Oportion and size of nonerodible 
fractions present in the soil.3 This constant is known as the critical 
s1u:face 'rouyhness car/stunt. It is a ratio of distallce between the 11011­

erodible surface projections to the hei~ht of the projections that will 
barely prevent the movement of erodible fro,ct,iOl1s by the wind. On 
cultivated soils this mtio has a value of 4 to 20, depending on the 
dmg velocit:y o,nd on the mnge o,nd o,verage equivalenti size of the Cl'odi­
ble fmotions (9). The critical surfo,ce roughness consto,nt of 4 means 
that the surface projections of height H will prevent the movement 
of soil within a distance of 4H downwind of the projections. This 
dominant principle governing the erodibility of cultivated soils can 
be e:.-.-pressed by 

X=KRul (V2 - VI) (5) 

in which X is the weight of soil removable from 0, given areo, by n, 
given wind, VI and V 2 o,re the volumes of the surface projections before 
and after exposure to erosive wind, respectively', R is the ratio of 
erodible to nonerodible soil fmctions, UI is the bulk density of the non­
erodible projections, a.nd K is 0, cocffieient that ytl.ries with the shape, 
porosity, a.nd possibly other characteristics of the projections. VI 
vo,ries diredly with the proportion and size of nonerodible fractions, 
o.nd V 2 vo,ries with the dmg velocity and the size and bulk density of 
erodible {motions. 

E.ffect vj Size oj F1:elcl on Wind Erosion.-The principle of surfo,ce 
roughness that governs the erodibility of cultivo,ted soils is clearly 
manifested where the eroding area is smo,ll. The larger tbe area the 
greater the time required for erosion to cease. In fact, in Io,rgefields 
removal seldom ceo,ses for 0, given wind. On the avel'!1ge, about 120 
hours of continuous expOSUl'e to erosive wind blowing from 0, single 
direction would be required to sto,bilize a ol1e-11o,1£ mile length. Erosive 

• 
3 Distance between projections is equal to ~, where N is the number of projec­

tions per unit area. 
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FrnuR!;J 4 ..-Appearancc of (L ~ilt loam eompos('cl ui 92 pl'l'!:cni; ,·pl"odiblp and S 
P('l"cC'llt nonl'rodible fractioll;; (11) b('furl' CXPO;;lII"P to \rilld, alld (m aft('r l'X­
pO~lIr(' for thp )ll'rior\ rpc)llin'd for Koil r(,1ll0I'V' t·o Cl'H);l'. Willri I'plo['ity II'll' 
18 Il\ill'~ IH'I" hOlll' ut It (j-inl'" lwig'ht· alld \rind dirl'C'1'ilJn \I'm' ldt t(l ril!:hl. 

• 
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FIGURE 5.-Quantity of soil removal with duration of ('XPOSUfC in a wind tUIlIH'l. 
Soil fractions A, C, and D arc less than 0.;12 mm., 0.8-1 to 6.-1 mm., and gr'eater 
than 6.4 mm. in diameter, respectively. Length of soil area was 5 feet. 

winds, however, seldom blow continuously f!'Om one direetion for 
such pm·jocls. 1.... change in wind direction also would prolong the 
period required to stabilize a field. Then too, great qun.ntities of 1I0n­
erodible fractions in large fields are con verted to el'Ociible pnTtieies by 
abrasion from the moving soil paL'tieies. The surface projections 
under such conditions tend to be destrO\Ted and the rate of soil move­
ment tends to accelerat.e rather tlHHl (le('rease, as is usual in small 
isolated fields. The decL'ease and ultimntc ('essntion of soil movement 
are possi ble only if the surffLce projections or bn,rriet's arc indestL'lt('liblc 
by wind crosion. The desert p:wetncIIt composed of 11, mn.ntle of 
I1onel'odible gmvd is one example of virtual indestructibility of a 
stn.bilized suri'n.ce. 

QU(Lntity of erodible soil.-The foregoing description of soil movement 
by wind has inelicn,ted thn.t the rate of mOV(lm('nt on cultivated soils 
is seldom constant but changes with the surfnce conditions of the 
soil, which, in turn, chn:ngc with the duration of exposure to the wind 
n.nd with the erosiollal history of tbe fidel, 11'01' tllfi,t rcason the weight 
of soil matel'inl rcmovable from the smf:lce b\T the wind is a more 
accumte measure of erodibility of dry cultivated soils tlHtn the rate 
of soill'emoval. The weight of soil material (.'\j that is l'eHI07able 
ft'om It given area by the wind may be expressed in terms of drng veloc­
ity of the wind by 

(6) 

where the coefficient 0 val'ies with mn,n)' factors. 
The qun.ntity of erodible soil for n. given drng velocity vl1ries in 

great measul'C with the degree of soil n.bmsion ns influenced by the 

• chn.ractel.'istic length of the eroded area. For thilt reason it is better 
4515G1°--58----3 
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to express the erodibility in dimensionless fOl'1l1 applicable to any size 
of field, dircction of wind, or units of mcnsure by 

(7) 

in which X is the wcight of soil materi:l11'('llloYnble from a given arclt •under It drng vc1ocit.,; of 60 cm, per sccond, for instancc; und Xl is thc 
weight removable undC'I' the snme set of soil conditions undel' an,)' drng 

veloci ty 17*, 


Soil M ois ture and Rainfall b1Jects 

Erodibilit,~ is about the same for soil that is oven-dried or air-dried. 

Above this 'range of soil 1l10istmc contmts, a distinct dt'CI'('nse in 

crodibility is mnnifestc'cl (19). Erodibility d('('t'c:1sCS rathel' slowly nt 

first, then more l'apidl,Y with increnses in moisturc contents, reaching 

zero at nbout th(' 15-atmospherc jWI'c('ntngc for n, drag vdoci.ty of 

nbout 60 em, pCI' second (fig. 6), '['he 15-atmosphcl'l' p(,I'Centllgc is 
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FW"RE G,-ThC' 11.\'C'm!-(e infiU<'Ilt,(, of ('(juival('Jlt lIloisttlr(' of diff('I'(,lIt 80ils on tIl(' 
ratc of soil mo\'crnent by \\'ind of 11. dmg \'cloeity of (bottom to top) -17, (j:3, am! 
SS CIll, per second, 

• 
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the upper limit of hygroscopic water and corresponds approximately 
to percentage of watCl' at the permanent wiltinO' percentage, In­

• 
creasing tbe moistUl'e content even slightly above t'i\is limit requires a 
relatively great increase in the. drag velocity to produce movement of 
the soil. 

Erodibility is a function of the cohesive force of the adsodJed water 
films sULTounding the discrete soil particles, The cohesive force 
among the soil particles together with the force of gravity on the 
particles must be overcome by the wind before erosion can occur, 
Thercfom by utilizing equation I, the thrrshold dl'ag vrlocity V*, for 
moistened soil particles nuty be exprcssed by 

(8) 

in which c is tilr rrsistancc dur to colirsion of the ilcIsorbrd watcr films 
rxertcd against lift and drag of tllr wind. Tilr vidues of resistance c 
\\'rrc found to be rquill to 611'2 wherc 1\- is the equitalent mO?:slwre 
(fig. 7). Thr rquivillcn t moisturr is a ratio of wu,tel' con ten t to water 
content at a 15-iLtmosp!trrt' prrct'ntnge. It is cquill to 'l.v/w', in which 
w is the tullOunt of \\":l,kr hrld in tiJr soil and 10' is the amount ofwatct' 
held by the sn.me soil n,t a I5-atmosphere percentage. 

Since 17* is equal to ~I the rate of movemrnt of moistrned erodible 

pnrticles, utilizing rqnation 3, mn..'" be expressed b.v 


) .- p (r-c)I.5
q=(", d- ...... . (9)
!I p 

and tbr l'rlntivr quantity of moistrnr(\ soil materinll'emovable f!'Om a 
given nrra, utilizing equnJion 7, may be cXPI'('ss('d by 

(10) 

Equations S, n, and 10 apply only to conditions where moist me hilS 
becnacIcled to originn.ll,Y loose, dt,,Y soils, They do not apply to soils 
that have be('n moistened and then dri('d to Vl1l'iotis d(~grees, thcreby 
(,11.Using a substftntin.l degret' of cementation of the originally diseretc 
soil frn.d.ion-a C(,Ill('n tn,Lion due to shrinkn.ge of the wn.ler films on 
fine pm'tides by drying, 

"Yetting Ilncl drying ('ause little ('ementn,tion of drifted soil materials, 
sueh as those accumulated in drifts by wind, but they cause COII­
sidcmble ('ementn.tion of most othet' soil materials, The drifted 
materinls that ('ovcr mu('h of the surfa('e of ero(lPd fields am composed 
essentially of wnter-slnble gmins de\Toid of fine dust pnrtides required 
to bind them togeth('l', The impacts from iI. few gn'1ins moving in 
saltation is n.1l that is neeesSl1ry to sepal'll,tc the wnlet'-sll'1ble gmins 
and to start them agn,in in molion by the wind, 

Ce1l1entMion of ('ultivILl('d soils by wetting and (h'ying greatly in­
fluences erodibility, When 11, loose soil oth(,I' LImn drifted material 

• is wetted and driccl, the fine pnrtides tend to bind Lhe wholc soil body 
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FIG UR}] 	7,-Relation betwC'en resistance (c), dlle to coh..;:;ioll of the adsorbed 


water films, and cCjIli\'alcnt moisture (W) in various soil classes. 


to form a somewhat compact mass mOl'e resistant to wind than the 
originally loose soil. Then, too, a surface crust is almost invariably 
formed, owing to impacts of raindrops on the ground. Except at the 
immediate s\lrfac'e, the primal'y (water-stable) agO'regates and the 
secondal'Y aggregates, 01' clods, usually uudel'go little transfol'J1uttion 
by individwtl wetting from rain and drying. A greater change OCCUl'S 
in the degt'ee of eompactness and cemcntttli.on among the various 
recognizable aggregates. This typt' of t'ementn.tion has an important 
influence on erodibility by wind, but lhe degree of cementation is 
genemlly too weak to be detectable by wet or dry sieving. Thus, wet 
01' dr,Y sieving, or elutl'iation in waLet' 01' air, docs not measure some 
important phases of slill structuml stability that influence the Cl'odi­
bility by wind. In addition to the abuye-mentioued conventional 
methods of structural aualysis, other methods must be used if erodi­
bility is to be determined fully. One of these methods is a direct 
measure of sbtbilitv or L'esistanee of the various structural units to 
breakdown by abni:sion from windbol'llc soil particles, • 
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• 
~/echani('al Stability and Abradability oJ Soil Struc­

tural Units 
Resistance of i1 dry soil to breakclo\nl by mechanical agents, such 

as tillage, force of wind, 01' abmsion from windborne mltlNials, is 
known as mechallical 8{abilily. It is clue to eoherenC"c of tht' soil 
partieies. 1:1eehaniC'ftl stability has bN'n cletennined ('Oll\rcniently by 
dry sieyillg on a rotar.\' sieyc (13). 11('ehn,nicnl stnbilil.\r of soil frac­
tions is equal to 100 WI/W, in whkh 11' is lht, weight of partides OJ' 

n.ggr('gfLtes gren.teI" Ihn,n 0.84 mm. n.ftl'r tilt' firsl sie':ing n,nd H'I is the 
weight nJter the second sinring. 11('('hn.niC'ftl stnbiJil.\' of materinl 
among the soil fnLdiolls after they Iln,\'(' b('('n ('ollsolidn,(NI or C'el1ll'nted 
together by w(,ttillg nllt! dryillg is equal to 100 1\'3, W~,in whieh llr~ is 
tile wl'ight of the' ('ollsolid:Lt('d \)od.\·IH'fol'l' sil'yillg :111<1 11'3 is the weight 
afler sit'ying through n, sie\'(' with OIWllillg's eqUid 10 til(' I:Lrgp;;l of til(' 
origillally c\is('rete dr.\· pn.rtieil's or nggrl'gates. 1[('clmlliml stn,hilit.\· 
of thl' structural ullits nwnsu('('s lh(' rt'ln,lin' strl'llgtit of (,(,lllPlllutioll 
or coiler('nC'e ~cilld Ii Iitt'S(' 1111 its; 1l1('('hn.llienJ stn,hil i t~r of ('ollsol iditll'd 
bodil's or lhe struelmal units i3 n, lIIeasurc of the rt'l:tiin' Sll'<"llgtlt of 
CeI)ll'llttllioll 01' ('oitl'n'Il('(' (/,/(I,01I[! LiJesl' ullits. 

Rl'sistn.n('e of the nl,rious phase'S of liC'ld stru('tul'C to disill tC'gl'n.liol1 
by l1wl'itallic:l,1 fol'(,(,s, Sll('\t as dry si(,\ring, is a rC'ln.ti,'C' IlwasurC' of the 
l'(·sistn.Il('(' to disill li'gr:tlion hy abrasioll to whieh lhl' soil is subj!'eil'el 
w\tC'n il is l'l'odl'd hy willd. Abl'lLSioll is lLn important pitn,s!' of tite 
willd ('I'osioll PI'O('('ss (lll nJI soils (7,13). 'I'herC'lu'(' two main itSPC'('!S 
of ahrasion: (1) '['1](' disillU'gl'Mioll of llolll'l'odiblC' or ('ollsoliciatpd soil 
ullits illlo pnrtie\C's smn,1l (,Ilough to be mowd b.\T willd, iLlld (:2) the 
wl'H,ring-a\\'n.y of ('rodihh' soil uilits to (illst C'tl,p1l,blp or bl'ing ('an·iNI 
from lhl' \"icillitr of lhl' ('ro(\('(\ ('('gion. Tn tht' first :1.:"1)['('l, n.hnLsion 
is din,(,tl.\- asso('in.IC'c\ with soil pl'ot!ihilil.v; in lit!' s('('olld :),SP('ct, 
:1.hrnsion c\('tpl'mill(,s titP mohilit \7 or I'll(' mtp of J'('mo,'n.1 of lh(' Iillt' 
ll1C'chanil'nl soil ('(Jllslit11('lltS [rolli. thl' willd-<,wcil'd rpgiolls (13). 

The 1'l'ln,liq' SlISel'fJfihi]j!~· of till' soil 10 ahrnsioll hy Willdhol'll(' soil 
pn,rti('les hn,s 1)('l'll l'XPI'('SSI'd as till' ('(}(jlici(I/{ (~f abl'(l8io/l (18). 'I'hp 
('oeflil'i(,llt of n,ill'H.sioll is (h!' qUHntify of soil mtl,lprinl nhl'lldpci ofl' a 
soil n,cr(YI'(,<rf\,(p 1)('1' llilif Wl'i<r\lt of abrndpl' blowll n<rn,illst tbl' :WO'I'('<rtL((' 
in a :25-=-m~ p. h. Will(\Stl'('tl,I~. Sine(' titt' iUn01IIlI;f n.hrn.sioll ~~I'il; as 

tIl(' squn.l'e of \"l'locily, lhe coC'fIieil'llt is equal to (l (')-I:)-)"-, ill which (L is 

thl' wt'ighl n.hrn.cIPd 1)(\1' ullil \\'f'ight of ahrad('I' hlown n.t all:r wind 
yeloeily (I') <'xPI'('sspr\ ill mill'S pl'r IHl1IL'. 'I'll(' eopfli('iPllt of n.brn.sioll 
(n.hmdn.bilily) of thl' dirrpl'PlIl Sll'll('\lll'nl ullits of the soil ntl'i('s 
in\r('J'sply wilit lhpil' 1lt('('h:Llli('nl s(ahility, as (\p(ennilleci by repcated 
<lI',V Sil'\'ill~ (fig. R).FlII·thl'l'lIlol'l', modI/tug qf rupture, n, lllC'n.sUl'e of 
('01 I('si Y<' str<'llglh of soil lJl'iqu('ts as dPlpl'millC'c\ hy tiH' melhod or 
Richards (35), \'ltri('s ill\'(,l'sl'ly wilh (itt' ('odliei('IlL of ab.rnsioll and 
in\r('rsl'ly wilh C\in.m('ll'l· of lll('cil:tlli('n.l soil particlcs (rom which n. 
briqu('[ is fOI'Ill('c\ ((i~. n). 

Owing to ll,\)rn.sioll, soil sll'uctlll'(' bl'('H,ks(lo\\rll progl'essl\Tdy n,s wind 
t'I'Qsion eon timlt's. 'I'h(' iLlllount of hl'l'n.k<lO\nl dl'1)(,llds on lllP('iJall icn.l 

• 
stn,hility of 01(' sll'uct1ll'n.1 Lllli!s. The' OI'ip:illtLI iniUn,lioll of pl'J'Ceptihll' 
soil 11l0\'l'JJlt'llt fol' titP first. timC' ill lh(' fil'ld gl'IH'I'nlly I'('quil'('s n. lUuch 
higitt'r dl'llg ,"('Ioci!y tltn.1l 1'01' SlJ('(,N'tiillg windslol'l11sj tbe soil is lISlIH,\Jy 
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FIGt:HE S.-Hebtion bctll'cl'1I the cO('fIieit'llt of abrasion and mechanical stabilitl" 

of eliffert'llt phaSl'$ of fil'lel ;;trllctlll'e of ~oil. • 

CO\'('I'('d with a thin surfiW(' Cl'ust tiln,t is sOl11('whn.t I'('sistant to wind 
(,l'osion, As soon as some soil pn,!'!ie\('s i),I't' 100Sl'll<.'d and 111O\'('d by 
wind, th('ir abl'fisin~ action ngainst the sul'fn.ce causes thc Cl'Ust to 
disint('gmte and ('xpos(' n Illore highl,y eL'odihlt, soil bell('i),th. Then, 
too, th(' nonerodibk clods gmdually bl'comc broken down by impacts 
of saltating grains. TIl(' ('I'odiblc fmctions are being con tinually 
sorled from tbe kss erodible frnctions and usually nrc piled in hum­
mocks in tbc vicinity of thc croded nrea. 'rhe longer erosioll 
continu('s, thc gn'at(,L: is tbe quantity of highly erodible mntednl 
accumulated on til<.' l('e\\~ard sidc of an isolated firld nnd the 10wrl' is 
thc yrlocity of wind recplired to initiate erosion of the field. Soil 
movem('ll t usually begins and is of gl'eatest, in tensity on the leeward 
sidc of the field wherc thc concentl'ntion of thc eroding particlcs is thc • 
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Fl(]t'RE 9.-RpJation of modulus of rupture and eoeffieient of abrasion to 
diameter of mechanical soil particlt's in dry briquets. 

gl't'tlte'stn.nd n.hmsion of tile' ('l'lIst n.nd of the Jlol1e'rodibk soil fmetions 
is most ill te'IISe' (8). 

Thl'rdol'(', n. range' of thrC'shold drn.g nloeity for any soil cle'pl'ncls 
on the pI'e\yiolls erosional history of tlIP fiC'ld. This I'iLngl' yt).ries fl'om 
the ol'iginal tlll'C'shold \'C'loeity of the JH'C'\'ioliSly 1I0IH'rocled fiC'ld to the 
th n'shold \'C'loci ty of d IT dUIIP mn.tC'I'in,ls, This mngl' is h('l\\'('t'n 1:3 
and 30 m. p. h. n,t I-foot lll'ight (6). OneC' a fiC'lcl has bC'PII C'xposC'cl to 
a spries of erosiw' winds, it g('lIl'riLlly st:Lrts to erode \\'1Il'n the wind 
rNL('iles 11 vt'locity of' n.hout 1:3 m. p. h. n.t 1-foot Ill'ight-n \'clo('ity 
sllfTi('icn t to 1110\'(> d I'Y dUIIC' mH,t('I'in.ls. This thl'C'shold yC'loeily is 
l'C'11lnl'knbly uniform for nIl dUlle l1u1,terials, 

SUl'faec soil, su('ll as ('xists ill til(' fiC'ld ai'tpr w('tting H,nd drying, is 
!lot homogC'IH'OllS, ulthollgh oftt'll it. :1.PJ)(>n.I'S to 1)(' so, It is eompos('c1 
of various typC's (If stl'u('t1I1'n.1 units ('('I'llt'nt('d togC'th01' in v:1.l'ying 
dC'gl'C'es (16), The stl'l\ngth of ('('nwntn,tioll n.nd, ('ons('qul'ntly, the 
u.lm1.<in.bility when the soil is dl'Y v:tIT gI'('n,t1y 1'01' difl'l'I'l'IlL soils n.nd 
different structul'iLl unitsof the soil. Two t~l)eS of soil ('('Inents Sl'l~m 
to be l'l'sponsihlC' 1'01' eOl1solidn.tion of the' soil in d if\'e'I'('11 t sll'uctUl'nl 
units: (1) WatC'l'-insolubh'; 1111<1 (2) wah'I'-soluble' 01' \\'n.tl'l'-dispel'sibk. 
These eeIilen ts n.pJ)(lal' to be l'('sponsible 1'01' the following typl'S of 
structuml units with distinet; (kgl'C'(,s of mC'ehaui('n.l stn,bility nnd 
nhmdnbility by wind: (1) Wn.tel'-stu,blc nggl'cgates; (2) seeondal'Y 
nggregn,tes, 01' dods; (:3) fine mn tC'l'in.ls among the s('eond al',Y aggn'gn,t('S; 

• 
nnd (4) thC' surfnce crust, Those pIIlLSC'S of field stl'UctUI'(, in cultivated 
soils arc shown ill figure 10, Each secondal'Y nggl'egllte in figure 10 
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the secondary 
aggregates 

FIGt:Im lO.-DiagmIllnmUc rl~pn'~elltntiull of "trllctlll'e uf cultinl.tcci soil after 
wctlin~ by rain [tnel clrying. 

is designn.t,ed b.Y it lint' surrounding it number of primary aggregates, of 
which the seconditry n.ggrC'gate is composed. 

Watel'-8iable ([{lyrer/ales .-TIU'se pl·imn.r)T aggregn.tes, which seldom 
ex('('('(ll nun. in din.l11C'tN in ('ullivn.ted (lJ·yln.nd soils, n.I'C' held tOg'C'thC'r 
by \\'j1trl'-insolublC' ('rll1!'nts composl'C1 of c1n,y particl('s f1.nd il'l'r\'('rsiblc 
or slowly 1'C'\'C'I'siblr inol'gn.llie fi.nd orgn.nie colloids (2), TIl(' \\'atl'l'­
stn.blr grn,nuirs possess high strl'ngLh of coh(,I'pncr (13,16) and stn.­
bility n,gn,inst lhe <iisinlpgrn.ting fm'('(ls of litl' \\'('n.t!tl'I' (17), Sincl' 
they n,r(' til(' most stn.blr struc[ul'n.l units of thl' soil, t1H'Y rrpn'sent 
thr units t.o \rhi('11 til(' st'condn.ry n.ggn'gn.t<'s ultimn.trly disinll'gl'n.tr, 
both by fo]"('('s of \\·('n.lh('I' n.nd by n.brn.siyr n.etion of willd-c'rodrd soil 
pn.rticll,s, ']'11(' wn.t(,I'-stnbll' ng~I'('gn.t('S n·re r('n,d i Iy s('par:1.tNI from 
Ihl' 0111('1' soil fr:wtions by th(' wind n,nd n.1'e UStJl1.l1y n.('('lll11trlnLNI in 
drifts 01' mounds within and outsiclp Ih(' rl'o<l('d. fklds, .Pn.rti(']t's filH'r 
lhn,1\ \n1.tpr-stn.bll' ilggl't'gn.!t's :1.1'(1 I'rmo\-rd in lht' form of <lust, whil(' 
tit(' ('Of1.l'St'I' fl'twi ions (clods, grn.n'l, and rocks) l'ell1n,in bt'hincl ns 
I,t'si<luir.l :.;oil Il1n,\t'I'in.ls, 

Tht' dl'if'tNl pn.l'tiC'it's n.I'(' pl'ineipn.lly indi\Tidunl wn.tl'l'-stnble aggl'C'­
gMt'S 01.' diseJ'('t<' sand gl'n,ills (tn.bll' I), TIll' dl'ift(lcl sand gm,ins an(1 
eJfI,y nggI'Pg:1.lt'S ('xhibiL lht' gl'PIl.lt'sl nweili1.ni('nl stn.bility, \\-hilt' t;hosr 
of intt'l'm(l(li:1.t(1 t('xtuJ'P t'xhibit n. somrwhn.t 10\\'t'.I' llw('itn.nicn.l stn.bility 
(tn.bll' ~), Without n,ppl'p('in.bk' qun.ntitirs of filH' dust, the wind­
blown grnins tl'nc! to J't'llmin ns dis(,I't'L(1 units, giving tilt' soil matel'in,ls 
fL chn.I'n.eLl'l'isti(':1,lIy nH'lIow stmcLul't' commonly J't'ft'I'l'NI to n.s "good 
t.ilth." DI',Ylll.nd soils n.l'(' Vil'tUll.lIy drvoid of wn.tt'.I'-stn.ble pn:l'ticks 
1n.I'ge rnough to l'('sist monl1lt'nt by wind, 'l'hei.I' I,t'sistn.nce to wind 
erosion cons('qul'ntly must dt'pend on Lhe formation of st'condn.I'Y 
n,ggl't'glLtcs or dods, • 
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TABLE I.-Size distribution of dry and water-sla.ble a'[J[J7'e[Jates in wind-eroded (drifted) and resuhlal soil materials 
--------------_.- 8-- ~~----:----

2: 
Dry fractions 'Vater-stable fmctions ~ 

Roil textuml class Soil material o 
>0.8·' 0.84-0.05 <0.05 >0.84 I0.84.-0.02 <0.02 z 
mill. mill. 11111l. Illm. 111111. llllll. 

rp 

~ :...Percent Pc'refllt Percent Percellt Percent PercentI{ Dl'ift:pcL ___________ _ >-3
:;an(L______________________________ Hl'siduaL _______ • __ ]. 1 98. 0 0.9 1.0 97.8 1. 2 ....18.5 79.9 J. 6 .8 97.4. 1.8. Dl'ift!'d _______ "" ___ _ z1 2. a !J(i. 7 1.0 4. ;3 9a. 9 1.8I"oamy sand_ ----- --- -- --------- -. - -I{n.p~idIlIlL _________ _ 27.2 (i9.1i ~ a. 2 2.5 9a.7 a. 8DJ'lftf'CL. __________ _ C1
Saudy loam________________________ .,!{ l.~. C'?idIlIlL. _... ____ _ 5. " !)2.5 2. I :3. 0 9·t 4. 2. (j t'1

27.8 U7. (j .1. Ii 1.4 9:3. :3 5. 3 ZDJ'lftecL___________ _ a.l !l0. :3 (I. U 1.9 9:3. 2 4. 9 o
Loam__ -- ---- --- -- - --- -.- -.- --- - - - - { Rl'siduaL _________ _ t'1

:39. " 51. 0 9. (i 4. J 8(1.2 9.7Dl'irt.l'CL _________ • __ 9. (j 8(1. :3 4.1Silt loam and silty clay 10I1m _________ -- HpsidllaL ___ • _____ _ 4.4 87.4 8.2 :a{ a7.8 53. U 8. (I 5. () 82. a I'>w. -(Drifted____________ _ zSilty clay and clay __________________ {HcsidllaL _________ _ 2·1. 7 74.5 .8 lUi 80.2 4. 2 t:1
28. 4. 70.5 1. 1 ,1. 8 90.8 4. 4. 

t'1 
- ___ -....-.. .,. _0/" ->­~ _~~~_,,~,_,. ____________._~ :::I o 

rp 
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~ 
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TABLE 2.-nlechanical stability oj different structural units and oj fine 
materials among the structural 1lnit.s oj wind-eroded and 1'esidual soil 
materials 

~Iech:1Ilic:lI stability • 
Structural units l 

Sandy I f;ilt Silt \' cia"I Ciav 
_________________il_l_o_m_ll_ loam Iloa:~;___·_ 

l'articl('s >0.42 mm, from fresh drifts I Prrcl'lI/ j Percentl Pl!rcrnl I Perci'nt 
(chi('flywatN-stnblel-_______ -.-, '1197.61 9,5.5j' 95.0 97.0 

Dry aggregatl's or clocls >0.42 mill. ob-I 
tain('(1 b)' clrv sipying. ______________ , 8a.8 91. 7 90.6 9a.8 

Surface ~rust 7~- to ;'{-inch thick on r('sicl- I I
ual"olL __ • ______________________ .• 60. 2 7:~.:~ (i!l.:), 58.5 

Pl11'tieie!'; <0.·12 mill. from rl'~iclllni fioil:; 1 'J- I 
aftN com;olidation 2_________ • ___ ... ! 17.0 28. I _r.3 I ] 7, ., 

Pn r! iele:; <0.,12 Hlln. frOlll frp;;h driftH I 
aftpr (,oll~olidatioll 2. - - - - ,.._,_._ L_~~~____~.~___._5~~ , ___~.~ 
1 ;\[ostl.\' Hand grain;;. 
2 ConHolidatioll was :l('('olllplishC'C1 by spmying tllf' clry soilmatNial in a colullln 

2 illt'll(';; high with I illch of \\,a(:1'I' followl'cI by dryiIlg. 
3 ('(,lllf'lIting strength tlll\ong part icles W:lH barply O\'prcollle by \vind having a 

drag \'(~locit.Y of about 60 CIll. per second. 

,S(,l'onda.ry (f,{Jr!I'('[/a,{es OJ' clo(/s.-Scconciar.\' aggrcgates fil'C next in 
ordel' of mcchllII iC1l1 stahilit.v, dcpC'lIdillg on soil elIlSS, (kpth, and Wlllge 
tl'eatmen t. Thc." IlI'e Iwld together in a dry stn,tc pl'imn.l'il.y b.'T 
watel'-dispersiblc' ccments acting Ulldl'l' prcssure from dcpth alld 
time. 'rhe cements are composed mainl." of watcr-disj1C'I'sible plll'­
tides smnllcl' thn,n 0.02 mm. in diametcl' (tablc 3). 'Y1]('1I tlH'se fine 
particles m'(' rcmond b.y l'l'pen.tcd dcen,ntation nftcl' shaking in 
wfLt('r, the wnJ('I'-stablc IlggregntC's to which the clods disintegrate 
afll'!' shaking in wlltel' nrc much like :?;and grn.ins in that the.\' fail to 
cohere to ('nch otlH'r aftrr n, la.\~cl· of thOln is dl'ied (tablc 3). Fine 
water-dispcI'siblr pnrtiell's Ill'(' lIec('ssalT to bind the water-stn,blc 
aggregatcs togetill'I' to form dods. ' 

The dods Hn' l'l'sis(.;l.llt to willd erosion so long ns thcy remain 
large cnough to l'('sist movement by wincl. ?'Iran.v of them maintain 
L1l('ir idcll t i ty for sonll' tinl(' aftel' I'ppl'fl,twl weUing nnel drying in the 
fidd. Illdividunl mins Ilnyp Iittk infIuclI(,(, on thc' form 01' compact­
ness of dods below the surfnr'C' c\"ell after they los(' their visible iden­
tity nftcl' tlie soil is wdted Illld dried. Onh~ ',vithin tt nalTOW zone of 
the imllwdin tr surfncl' whel'(' t he soil mass' nssulllcs :t structurc dis­
tinell.Y difl'crcnl from thnL bl'low do the clods beCOIl1(' nppreciably 
disint:ecfm,t('d by impacts of mindl'0ps. Abntsiv(' tcsts havc incli­
cated IllH,t nJtcl' 1'('I)('n.t('(1 wetlingand dl-ying the dods become merely 
embedded in the .fine, 100sl'I,v consolidated pOltion of the soil. The 
strength of cemelltntion bctweC'n the clods is genCl'nU'y much lower 
than withill the dods; henct', the l'eflSOn why blocks of soil abradc 
unevenly when ('xposed to impacts of wind borne soil grains (fig, 11), 
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TADL1;; 3.-Relat-ion between dry (;,~~'J'- formation (L1ul percentage of 
1)(/,rlicles <0.02 mm. di8]JArsed in 'loater 

• Pat,ticles Clods
Soilmutcritu und treatment Soil textural clm;~ <0.02 mill. >OA2 mm. 

diRpersed arter dr'Y 
in water sieving 

----·----------1--------1·· - ..__.­
i

Percrnl 1 Percent 
10. ~ ! 17.0 
In. :~ I 2R. 1 
IS.2 27, a 
\).S 17. -+ 
o o 
o o 
o . on 
o .23 

1 Consolicltttion was accomplished by spmying dry soil material in a column 
2 inches high with 1 inch or \\,:lt~'r rollowed by drying. 

A/alerials mn.Ollfl flip clods.-Tltc coltcsi\~e forccs that exist among 
lhc clods nJtl'I' thc soil hns been wl'tted and dricd VfLl',\' greatly, ns 
wlthin the ('lods, dcpending on the nllll1/)cl' nncl tltc nntmc of wettings, 
on tire depth find eonsequent prcssul'l' cxcrtcd against the soil,. and on 
the ph,Ysi('nl-clll'mi('nl nn.iUI'c of th(' soil. Thc c/pgl'ce of cementation 
thatholcls the clods togpthpr nJtpl.' lllP soil hns bpcn wpUed nnd dried 
is d lle in lnrge lll('nSUI'l' to the q uan tits' of particlps or the size of silt 
and clay dispprsibh' in wntpl.' (Lnbk 4), 'YeLting nppnrenUy Clluses 
pither some wnter-solubk and waU'!'-disp(,l'siblp cpments or wr.ter­
dispersible cements to b('(~ome releasNI from tllP o)'iginalI)' discrete 
s!rueturnl units and, on dl'}ing, the Cl'ment ea.us('s a cel'tnin degree 
of cementation hetw('PIl the UllitS, 'rhe grcater the qUillltity of fine 
plll'licles dispersible by witter, the grea!('I' is the dl'gl'l'l' of cementa­
tion amOng the structuI'l11 units and tllP greater is Lhe rcsistance of 
the soil 10 brcnkdown b\T mechnnienl for('cs. 

PresslIl'l' likewise' incj'l'l1ses tht~ c('m('ntalion among th(' dods and 
other struclul'I1l unlts, '1'IIP grl'ntel' til(' depth, the' grC'lltr'I' is the 
pressul'I) (,xl~rlp(1 on th(' soil and the grl'H,teris the dp}P'l'(' of eementa­
tion nnd nl('C'hnnienl stn.hili!,\' among the struetul'u.l units, until the 
whole soil Illnss, nt a ('('I'lain depth, may b('('ome strongly cemented 
toget/wr. This condition is oftpn rd('I'J'cd to ns n. mnssi\'e structure. 
'l'illngc bl'('nks thp slt'tlet me to \'Ilrious sizt's of blocks rdel'I'p(\ to as 
clods, 'l'iIIngp, if' suitnbh' , mny bring tIn.' clods to the slll'fu('p to I'{'sist 
erosion by wind, But it n1so tpnds to bury the erop l'('sidu('. lmple­
m(,llts thnt perform efTeeti\'(,ly til(' dunl pUl'pOSC of incl'ensing the 
surface eloddilH'ss nn<l, at thc sall1{, tinl(', avoiding the burinl of crop 
J'csidu('s nl'e IH'pcil'l1. 

• 
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FL'.! It I. II, IHtwk., (II' ,iii lonm ·J,ort) and ',111111- i():tlll (right) {'oIl:,oiidnipd by 
'i"',,,iJw. llith I iJ,,'!J "I' "at"1'1 tiIlW, awi dl'yili g aflt'r (':tell w('ttiJlg:.1. ]l!'for'p 
"hra-illil 1)\, dUll" ~,,)(d: II, ai't,·!, nill'a_ioll. Th" origiJwlll' PIltl,,·d,i<,d, I",,., 
aln'ad::I}.I.· ~(Jt1 :I!.!.~l'I·!.!,at(· ... Ut'!' t'\.po.... t·d aftt'r :Ihnt...,i()n~ 'r1J(l~' an- lll!lilll,\" ~I'e­
o!Hlar.\ a;.!~t·'·Uilh·"'. ur clnd .... 

'!'ltt' lillt' [l1l1'tl<'l"" that tt'lld to "pml'llt til(' ('illtl" nlld ntht'r S(I'II(, ­

tlll'nlllllih t[)~"til!'I' 111'(, "Ollljlll"l'd or "ilt. <"In,\', :llld \'nrillll:' Illa!t'l'inl" 
or lll',!.!:nlli,· nlld illOl'gnni(' ol'igill. [)ispl'l'sl,d :::ilt, ,lltilllllgh u:,unlly llot 
cnn,.;idl'l'l,d :I":J ,c.oiit't'l1l"lIt, lll'!s tiS ,1 \\(',Ik ('t'llH'llt o/' sufli('il'lIt strength 
til l'I,..;j,.;t t'oll,.;idl'l':lbl,\' tltt' fo('('p or \I-ill<l (It"')' ~iit pnrtil'lt'" ,II'(' ('Iis­
lll'r""I,t! by watl'l' mudl mO!'t' fl'ntiiiy th:lll jl,l!'til'II's or {'in,\" sizt', Till' 
jll'l'''I'IIl't' or lal'g!' qualltili,''''' of cli';IH'I'H'(] :::ilt P,II'ticll'" ill :\ :::oil ,Ippl'nr's 
10 ,':1l1st' tIll' formatloll or n (,Oll1P:1('l, l11as,;i\'p ,.;trudUI'I', \\<ilieir, ",hill' 
quitl' I'p~i,;(nllt to \Iilld l'l'lbjllll, 1l1ny PI'PSl'llt :t Sl'l'iOliS "truet u!'nl 
[lrohl('Jll othl'j'\\bf', Hnltifi"ld ,Inti .Jamison (.n cnllcilitil'd tltn( IInrd 
alld illtnlt'tihil' ,;oil,; \\1'('(' ll,;uHlIy tho:,!' l:ll'g"I,\' l'OlIlP0:'l'ti or .lillI' silt 
hn\ ill~:\ ,;illgl"-!..!:l'nill ,;tl'll"IIlI'I' \lltt'n di,;pI'I'Sl'ti ill \\utl'I', 

• 
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TABLE 4.-Relation between mechanical stability of blocks of consoli­
dated soil (lind the percentage of pa'rticles <0.02 mm. dispel'sed in 
wate?' 

f:oil tC~~l~~lI ~1~I~S~!~~O~~I~l. MechanicalSoil matcrial and trcatment 
disperscd stability I 
in water 

Prfcrnt Pm-cent 

l
10. 2 17.0S.::lIldY l.oam---- - __Silt loam _______ _DI'y-sil've rraction <0.42 mm. rrom HI. 2 2S. 1 

resiciu:ti soil, consolidated. Silty clny loanL __ _ IS.2 27. ~~ Clay_, _________ _ 9.8 17.4 
~:lll(.IY lomn ______ _ a.9 :1. 0 

Dry-sieve rr:wt;ion <0.42 mm. rrom 8. S S. SHilt; IOlun ________ _ 
drirt:;, consolidated. Silty clay loam ___ _ 7.2 5.0(Clay____________ _ :~. 0 '1. (j 

. , ..... ---,----------'------_._--'---------
I Pf"/'c('ntagt' of clods >0.42 mill. after dry sieving thc blocks on a 0.42-mm. 

rotary sie\·c. 

The sUl:{ace Cl'ust.-Becanse of impacts of rain, the soil mutcrial at 
the surface beeomes more dispersf;ld than the soil below. On drying, 
the dispersed soil forms a thin surface crust that is more compact and 
mechanically stable than some parts of the soil below. The crust 
often does not exeeed one-sixteenth inch in thickness, but occasionally 
it may reitch a. thic.kness of one-fourth inch. The crust is easily 
recognizable by its dense, platy structure. This type of structure 
becomes less distinct with depth, until it merges ,vitll the soil below. 
:Medium-textured soils containing a high pl'Oportion of silt are most 
subject to dispersion in water and, thCl.·cfol'C, these soils produce the 
thickest and most compact crust (table 5). That condition contributes 
to the usually high resistance of the medium-textured soils to el'Osion 
by wind. Sandy soils generally arc less subject to smface crust 
formation, bec:1Use they do not contain a high proportion of silt and 
clay. That; pl'Operty contributes considerably to the high erodibility 
of sandy soils by wind. CIa.y soils arc highly variable with respect to 
wind erosion. Those that contain /1 high proportion of fine watel'­
dispersible particles tend to puddle lwd resist erosion by ,,,"ind. On 
the other hand, some clays are not subject tv a high degree of disper­
sion (table 5); consequently, tIl(' surface crnst and the clods tend to 
remain itS fine granules, some of which itre readily moved by wind. 

A rain or a series of mins often Cl11'ries some of the finely dispersed 
and water-soluble cementing materials cLowl1witrd, leaving the coarser 
particles, such as sand or water-stable aggregates, at the top. Some 
of these coarser particles remain loose on the surface and often con­
tribute to the initial stage of wind erosion. Being on the surface, 
they dry rapidly. Consequently these Goal'ser particles may be 
moved by wind soon after a rain, even before the drying of the surface 
has become apparent; Abrasion from these particles tends to wear 
down the surface crust, to hasten the drying of the surface, and to 

• 
accelerate the soil movement as long itS the wind that is strong enough 
to move the soil material continues. ~midl showcl's often tend to 
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smooth the soil surface, to loosen some of the surface particles, and, 
if the field is large, to accelerate rather than alleviate soil movement 
by wind. 

TABLE 5.-Relation between mechanical stability of the surface crust and •percentage of particles <0.02 mm. dispersed in water 

Particles l\[echanical
Soil tcxtllml clllss Roil lIlaterial <0.02 mm. stability 

dispersed of C!'llSt 
in water 

Percent PercentDl'ifted________ .. _______ _
an(\' oalll _______________ R '(1 I 44. 7S I• I { eSI Ult., _____________ _ 

G.2 
10.4 60.2 

S'lt IO'un {Dri~te(L-----------_--- 10.2 GO. 8 
I ,-----.-.-------.-. ResiduaL .. ____________ .. lG. 8 73.2 

S·lt· 'I, ,I ' 1 {Drifted__ •.. 10.4 59.7 
• 1 ~ c .),} O,LIl ------------- Rl'Hidllal 15. 4 G9.3 
( 'I {Dl'iftC'd -- 4.9 ;{8. 1
':l~'___ - -----------.----- Residllid __ 9.6 51'. 5 

On many soils the rate of soil movement is slow at the beginning, 
but it accelerates as the surface crust is WOi'n through and a weakly 
consolidated soil beneath it is exposed to the wind (13, 16). The 
nature of the surface crust and its relation to erosion by wind perhaps 
can be intel'preted best from its appoarance as it is destroyed by 
abrasion with dune sand (fig, 12). The surface crust was completely 

FIGURE 12.-SurftlCe crust on day soil partly destroyed by abrasion with dune 
sand for 5 minutes with a wind velocity of 28 milos pCI' hour at 12-inch height. • 
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stable under' the same willd of 28 milt,s ppr houl' without the.' nbrndpl', 


• 
Order oj 1nrc/wlliclI/ 8tnbility,-Sus('eplibility of the.' soil to abrilsioll 

by impaels from willdbol'l1c soil mn.tprinJ vnries illvprseiy wiLh its 
mechanical stability (fig, 8), 'rhl' ortiPl' of meeimnielll stability from 
highest to low('st, nnd l1('n('e t!tp order of Ilbmdnbilit)T from lowest to 
highest, for thc diffcl'ent strllcturalunits ill n dr',\' state nre ns follows: 
(1) \\Tater-stabll' nggrl'glLtes, (2) s('('olldllr,Y uggreglltes or clods, (3) 
surface Cl'llst, and (4) fil1(' lluLtl'rillls amollg the clods cem('l1ted to­
gether and to th(' clods uJtt-r the soil hilS 1)('l'l1 wdtpd and dried, Thl' 
Inst of 1,1)(, sll'lletu1'lliullils at some depth bdow the surfncc may possess 
mecbill1i(,lli stnbilit,\r appronl'hing that of dods, 

Meeiuwil'ni stability (,PllelS to I'l'du('(,' wind erosion by r'esisting thl' 
bl'l'akdown 01' Ilonl'rodibh' units to sl11l1l1l'I' pro<iibll' pllrticies. The 
bren,kdown in the field is en,llsNI b,\' two groups of eommollly occurring 
agPllts: (1) ~le('ha1Jiclll agt'lILs slleh as tillnge mll('hinery, and (2) 
abrasive action of wind borne soil II1n,lt'rinL 

RELATIVE INFLUENCE OF STATE Of.' STRUC­
TURE AND OF STABILITY O}' STRUCTURE 
ON ERODIBILITY BY 'VIND 

Erodibility of th(' soil is d('pendpnt (1) to some (kgree on size', shnpe, 
ttoe! density of the structuml units, and (2) to some degree on tIlt' 
meelll1,llicnl stn.bilihr of tile stnldurnl units. Till' first Jl1n.y be re­
felTed to as tilt' sttl.te o( structure and the In ttpr' ns the stn:bilit\· of 
structure. Both phases of stl'lwture /1,re 1l1l'llsurnble by elutritttion, 
dr,r sieving, and repen.ted dry sie\'ing (13). Tile l'l'lntin' impol'tn.nc(' 
of the statl' and stability of elry structure with respect to erodibility 
b,\' \\'ind varies wi th the nl'en, of tl1(' (il'ld, the roughness of the surface, 
lwd nUlIl\" other fnetors. If thl' ILl'{'a of the fil'lt! is small, the :11110unt 
of abl'ilsi~)n from crosion is small n.nd ('rodibilihr of the fi('ld is deter­
mined primarily by tht' stnte of Stl'llctul't', 01' specifically by tilt' 
proportion of discrett' particil~s SllHtll l'nough to be 1l10n'd by wind. 
If on tht· other hand the fidd is large, nlC'chanical stability of thp 
structurnl units is the more importnnt fndor. In sllch CIISP, if the soil 
structural unit Incks nl('chn.nienl stn.hiiit,\·, the pn'S('Il('1' of enn a 
small qunntit,\' of loost" ('rodiblc mntt'ril1.1 on till' surfact' is usually 
sufriciNlt for sllbstnntinl disint('grn,tion of tll(, stl'lletul'lll 1111its by 
abmsioll from wind bome matt'l'in I iwd 1'01' cons('(lu('n t in tense el'Osion 
of the ioos(>ly cemen tNI soil (J 3), 

'I'I\(' 1'(,ln.ti\Tc importnnce of tht' stn.t{' and stlliJilitS" of structme of 
dif!'eren t soils is shown in tn,bll' (5, IH1S('(1 on wind-tum,el tl'stS. A 
surfac:(' .crust formed by spl'llyin¥ the' soil ~\"i th ~nt~t'I' follO\~'ed by drying 
(condl tlon b) reduced grel1,tly tile q unll tl ty 01 sorl 11l11tel'liti {'I'OdNi by 
wind. How('ver, when tIl(' soil was subjected to impncts of soil 
ptlrticlt·s blown in from tIl(> outside' (condition c), thl' crust soon wns 
worn tlll'ough itnd tilt, mte of soil l'emovttl wns irH'I'l,tlsl'd considl'l'il.bly 
ILnd contilllwd ns long tlS the' strt'ltm of snne! pnssl'd onr the soil. The 
ItIHounts of Prosion o('('urrillg undel' ('ondition b tHe eompttl't1.blt' to 

• 
those obtn.illl'd in smull, isolntl'<l fi('lds \\"h('r(' n,brHsion is limiU'd; tile 
amounts of (l1'osion Ol'(,U1Tillg IIl1d('I' ('ondition (',011 till' otill'r hnnd, Ill'(' 
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applicable to those on thc Iceward sides of Inrge, open fiplds wherc thc 
intcnsity of u.bl'llsion from {'I'oded pnrticlcs is I'plu.tivply great. 

TABLE 6.-The influence oj siate oj Sil"llct11.re and si(lbility oj soilsiruct1l7'e • 
on erodibility by 1Dilld 

IDegree of Amount or rate of soil erosion 1-

Clods celllenta- 1-----:------_____ 
>0,5 mill. ! tion I 

Soil clnss equivalent { betwet'n I . 
diameter tilt' clods Condit.on ICondition ! Condition 

: afU'r con- a b 1 c 
, ;;olid:ttion 

----I---~:----

'I ; 'POllS 7J1!r 
Ton.~ 1JI'r TOils pa I ncre 7}f'r 

Pent'II1 1"('/'('/'111 IIcre 2 I IIcr/~ 2 : /1/ in'll/e
Sandy 10:l1lL ________ l :{fI, S 17.0 !{. -I 0." I j:{. ()
Silt 10Iull __________ . :l2.!l 28. I .1. 5 I .2 I 5.lj 
Silty clay IOlllll _____ .1 '12.1 27.:3 2.9 ,:3 9.4 

C~~~~~._.~ :_:~:._._._-_-....:1'--__1_2._~.____ 17_._.1____9_._5....:..___a._.._1L__~~' 01 

Conditions: 
a-gxposllre to wind of well-Illixed, loose, and dry soils, 
b-ExposuJ'(' to wind after consolidating the soil by spraying with 1 inch of 

w:ltt'r and drying. 
c-Exposure to willd and a stream of windborne sand after consoliclating the 

soil. Rate of sand flo\\' waS 1,000 grams per minut.e per 8-incll width. 
2 Until movement ceased. 

SEASONAL VARIATIONS IN CLODDINESS, 
MECHANICAL STABILITY, AND ERODIBILITY 
BY WIND 

Biologicitl activiti{'s and a1t(,I'nn.ting w('tting and (It-ying and 
fl'eczing and tl1lL\\'ing aplwlu' to hav(' 11· strong influ('l1ce on the struc­
tlJl'al conditions nnd erodihility of soil by wind. The sti'uctuI'nl con­
ditions Iwd crodibility fluctunte in ncconlancc with the varying in­
fluences of the sensons. 

Soil cloddincss and mechanical stn,bility of clods nl'c decrellscd and 
('l'odibi.lity incl'ellsed in winter in cnses whel'e the suil is moistened nt 
least Oc(,.llsionnlly (fig. 13), Also, the chnnges nrc gren,test nt or ncnr 
the surfnce of the ground nnd lellst, if any, at n 6-inch d('pth (titble 7). 
A visible change in cloddincss o£ moist soils £1'0111 full to spring is shown 
in figure 14, 

IIT('specti \Te of the sCllsonul variations in structure and erodibility 
of soil at nnd ncal' the sUl'fncc of tile ground, thc degree of cloddiness 
nnd mcehauical slability of clods inCl'cnses nnd erodibility by wind 
clccl'cases with depth in all soils (figs, 15 ancl 16). Cloddiness and 
tnec/uHlicnl stability of clods also incI'en,sc nnd crodibility clecl'cnsps 
withthc fineness of soil texturc; thaI; is, a soil with pel'ccntngc of 
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FIGt:RE I3.-Seasonal. fluctuation in dry soil structure aud erodibility by wind: 
a, Percentage of dry clods >0.84 nlm. in dilln1eter; b, percentage of mechanical 
stability of dry clods; alld c, erodibility in hUIldrpdw('ights per acre. All 
measurements were based on soil from surface to binch depth. 

clay up to 20 to 28 perccnt, d('pt'llding on the Ill1tUl'e of the cla.y (15, 
18), In('rel1ses in cllLY b('yond thes(' pCl"('cntnges decrcase doddillcss 
and dcgr-('(' of rcrn('ntatioll bdwc('n th(' elods, ill('r-cns(' tlt(' ('rodibilily 
by wind, but ('ontillue to il1crense thc mcchnnicnl stitbitit.y of tlte clods. 

TABLl': 7.--fltjllU Tlce 	 oj 8(1a.~ons on some pha"~(',r; oj 80i[ strllClllre and 
(,I'orlibility at ULl'i()Il.~ dfptk~ 

(An'rages for C:1S';; loalll during a 3-Y('!lr pNiod at :'I[anhattan, K:uu;.] 

Amount 
Clods , :'Ilt·chanical eroded in 

Depth (inches) Season >O.8·L stabilitv tunnel 
nUll. of clods until 

llJo\'clllent 
ceased 

P('t("('Ht PI'rcl!f/.l Tons per (lcrl! o to 1••••• __ ••• _ {FlLIL ___ •• __ ••_____ _ li5.0 87. S O. 4
Xpring ____________ _ ·W. 7 72.7 1..5I to 3 ____________ {FtlIL •.__ •• _________ _ 71..9 87. S .2·'Xpring .. __________ _ 5S. I. SO. 0 .8a to 6 ____________ ,{FIlIL _____________ _ SO. 5 SS. S .06 

·1 Hpring~ - - .. ~_ .......... _.. _ SO. 5 \)0. (j .09 

,i 
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FHH"ln: IG,--.\Il'cllllilical stability of elod;; of I':lrious ;;oil elm;ses at ditfl'rPllt 
, d<'pths, 

Inl'rN1s('d eloddill(,ss Ilnd 1ll('ChllnieilJ slitbilily of clods with dt'pth 
are due pllrlly to nn in('I'NIS(' in tlte filwl1ess of soil. {C'XlUl'C' Ilnd pllltly 
to degree of soil rompnc!ion, ~onH' t,vpes of tillagC' tend to bl'ing lip 

• cLoddy soil fL'om lower depths nnd thereby reduce erodibility by wind, 
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The effects of tillage are temporal''y; because the forces of the weather, 
especia.Jly freezing and thawing of moist soil during the winter, tend 
to bl"euk the clods to sizes small enough. to be mo,'ed by wind, BuL 
us the dods at the surfacc arc bwkcn down, clods below the smface • 
aloe being formed, Hence, repented tillage of a pl"Oper type is usefnl 
in maintaining a doddy smface indefinitely, The degl'ee of eloddiness 
that can be maintained varies with the nature of the soil and with 
the depth and nature of tillage, 

ESTIMATING ERODIBILITY BY WIND 
The description of the rcln,tiollsitips betwecn the Vl1riOllS soil 

stl"llcturn.I fneiMs llne! ('I'odibility by wind indieates gencrnlly "'hat 
eOllstitutes all prodihlp llnd n, nonproclihlp soil. Attcmpts hnyp IW('1l 
maclc to ('still1l1tp soil prodibility f!"Om thcs(' r('lntionships (.1., 12,22), 
Faetors rPGogllizcd ill the' l'stimn.tps wpre tl1(' proportion of (,l'odiblP 
fmctiolls in I:('latioll Lo t;\w dnlg ,rp\oeity of the wind, t.he ,~olllrne of 
non('rodible fractions, n,lld the menll w('ight('d equi,·nlent dianwU'r of 
the (,l"Odible units, The,· nl'(' b," nO tneallS nil the fndors thn,t inflllcnc(' 
erodibility, The l"('ln,tiollship' h('twepn thl' nlrious phnses of' soil 
struetul'e nnd er:odibilit~r is C'omplicn,t('d alld ,-nl'ied, How('w'I.', n, 
method of estimnting thl' rdati'"e erodibilit"T must be reasonnbly 
simple if it is to be pmct.iclll. The two most importn,n t critel'in. of 
resistn.llce of soil to ('I'osion by wind n,re soil cloddilless and mechani('al 
stability of dods and surfnCl~ C't"lIst, 

The'diYiding line between erodible lind nOIH'rodible fractiolls for 
minernl soils is I1bout 0.84 mm" one of tbr sizes of SqUlll"(' sie'-e openings 
in fl sieve sel"ies proposed in 1919 by the United Stl1tes BUl"enu of 
Stllndards. A curve based on wind-tunnel t('sls expl"essing n,n IW('rftge 
re1n.tionsbip between the qlln.ntil.v of soil ('ro<i('c1 wh('n dry and the 
proportion of clods grPfller than 0.84 mm" ilS d<'!l'rminrd b,'- dry sit'\'­
ing, is shown in figurp 17. 'l'his figul'(' is bnsed on two groups of llI('as­
1I1'l'lIwnts l"eport('(1 IWl'yiously (13, 23). Tbe quantities of erosion ar(' 
based on (1) II. soil slll"fll('e 1('\'('le<l by hand ov(,1" whieh til(' roughnpss 
vn,rips sOHlewhn I, d('pl'nding on till' size of the' soil nggI"Pgn.les; (2) 
it soil tbat is 10Qse, lInifol"ml~- mixl'd, and fl'('(' fl"Om orguni(' resicitll's; 
(3) n. soil thnt is thol'QughV ail"-drit'd; (4) n. 5-foot IPngth of' thl' ex­
posed soil n:rPlt; (5) a dl'ng velocity of G1 CIlI, IWI" sl'('oll(l; ILnd (6) n, 
wind free from gusts and blowing fl"om onr dirl'ction, A ('hnngl' in 
nny of till' listed conditions wOllld hn,ve product'd n, cbnng(' in Lhe 
quantity of {'l"oded soil. The quantities Qf ('rod('d soil indicn.te the 
qunntities removed before movellll'nL ('eused, They indicntl' the 
qunntities remQvable uncleI' some definite' wind blowing from Qne 
direetion. Becnusf.' of the shod I(lngth of the ('xposed m'en., n.lmlsion 
b'y impacts from slLtln,Lion lbn,t commonly Qeeur in Lbp fidd wns 
nlmost n.bsent, The qUl1ntitit's of soil PI'odibll' in tilt' wind tunnel 
mny be exp('ded, therciore, (0 bp sllb~tnntin.ll,v 10.\\'l'1" thilll tlH' qunnti­
tiC's in the OIH'n field, 1\ l'v('I"LiH'It'ss, till' bllsis Lhn t dt'l:l'l"minl's the 
reln.Liv(' d('grl'l' of ('!"Osion from lipid II.I'('IIS n.nd from slwdl IH'l'IlS in the 
tllllnel is nppnn'nl;ly the SUIlH', 'J'his bnsis is till' qUII,nliLy of erodible 
fractions removable from the surface of the soil by tile wincl, 

• 
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1"Im~IU~ 1.7.-- Hclnlion bptwc(·1\. soil l'l'odihilii\' based on wind tllnlH'1 l(';;l~ and 
percentage or dod::; gl'('atpr than 0.8·f III Ill. iii dinlllctp(" in variolfs soil cla1l::ip::i. 

~:fnlly fnctol's, not nil of whi('h !Lre nssoeiltted wit.h ('('odibiliLy of 
soil by wind, in(lllclJ(,(, 1IH' IUll0llllL of erosion. BeeallS(, of this, it 
SCC'IllS best to express L1ll' el'odibiliLX in dilllNISiolllt'ss fOl'm nppli­
cltble to HIl\' s('t of eOlldilions otlH'(- tlllw those of the soil itself. A 
convenicn(\\ray of ('xP('('ssing l'('odibiliLy 011 f~ diuwllsionless bnsis is 
by erodibility ind(·x I. This illdex is pqunlto 'Y2/'YI, ill which XI is the 
qlmntity p('oded when lIw soil ('ollt.ltiIlS 60 pen'ell! of dods greatel' 
thnn 0.84 111m. nnd X 2 is the' qutl.lltit.', ('rodl'd lInd('r lhl' SIlUlt' s('l; of 
conditiolls frolll soil ('Olllll.illillg nil.\' Ot/H'I' PL'opol'lioll of dods gl'ootel' 

• 
than 0.84111111. ill dillmeter, This is l'ss(,lllinHy the same as el'odibility 
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'I I I ' , I 'I' , ('1)0 00) I '0 ,r( It;) , I ' Im{ ex " usee 111 pl'l'VIOUS PU) I(,ILI Ions ;:":,,,:c,u: = I -(I"~)-, In W lie I:r !, 70 

;t(E) is nil' quantity of soil (,l'odNI and :1.'(8),0 is the qun.ntit,\· of soil 
eroded undel' til(' sume s('l, of ('onditions \\'he'n the' soil contains 70 • 
perel'nt of dry fl'fielions less thnn 0,84 mm, in diametel', Fo!' any give'n 
soil the valuc of thl' ef'odibilit,· in<ipx I will be about the Sllllle, i!Tt'­
speclin! of whieb wind lunn('( is uSNi in deU'l'mining lht' e!'odibilit,-, 
The l'elMionship of erodibility index J to soil elodclincss as detel'fniil('ci 
by dl'," sieving is shown in figuf'(' 17, Th(' CU!Te drawn through tht" 
lIye!'ug<' of individunl fI1enSUf'l'flIl'nt in figuf'(' 17 cnn be used to t'slifllnl<' 
a ppl'oximalely thl' el'odi bili ly incl('x 1)l15('d on till' I)('/'(.'('n tng\' \\,pigh t 
of dods gl'ratc'l' than 0,84 !nm, in til(' soil; do not ('onsid('!', for Lhl' 
pl'Psl'nl, tlJ(I influt'!wP clut' to difl'l'I'pn('('s in nl('('hnni(,lLl s(n,bilih- of 
til(' ('lods, " 

Somc' icic.'n of til(' dpgl'l'e of ('ITOI' thnt is possiblp in l'l'odibilily in(/('x 
estifllitil'cI fl'om til(' IWf'('('ntng(' of ('Iocls gl'c'ntl'!' thnn 0.84 film. ('fin 
bl' obUl.int'd by o!)sc'I'\'ing til(' f1Ingnitllclp of d<"'intion of (I<>U'l'f1Ii!IC'cI 
yn.luc·s of t'!'odibilit," Il'om the n\'(,I':lg<' ('II!'\'(' shown ill figul'l' 17, 
.:\ I njol' SOIlI'Cl'S of possiblp ('1'1'01' ill ('I'od i bili t.\' index ('st i 1Il:l t('d 1'1'0111 
til(' PPI'('l'lItlll!t' of <,Iods gl'l'ntt'l' thall (U-i4 III III , 11.1'(' liS follows: 

(]) TI1(> ol'dl'I' or ('I'odibility 011 :111,\' gl'oup of I'platpd soils is usunlly 
ll.ll' SIlIlH', il'l'C'sp('diy(' of the dnlg Yl'loeil,\' to whi('h tlll',\' :tn' Sll bjl'('l(·d. 
011 wid('I,)' difl'p['('nL soils til!' Ol'cil'l' Inighl 1)(' 1'l'\'('l'sl'd wilh it ehn.ng(' of 
dl'ng veloei t,\'. Thnl is ('Sl)('('ililly lnJ(,' \\'Ill'1I com IHI l'isOIlS HI'C' mncie of 
('xtl'('I11('I)" difl'l'I'C'lIt soils, sueh:\s 11 fillt' sillldy soiL eonLn.ining a pl'ppon­
dc'null'c' of highly C'l'odiblt' fl'il.diolls :l.I1d :t ('In," soil ('olllninilig a 111,l'gl' 
pl'opol'tioll of semiPl'ociibll' fl'nelions. 

(2) El'odibilit.\, is bns('d 011 yolullw of llolH'l'ociibl<' ('Iotls nnd not 
011 \\'pight, tiS dl't.t'l'llIill<'d foC' soils shown in figu('(' 17, :I I' lhl' bulk 
dl'lIsit \' or lht' elods nlld LlH' ('I'o<iibl(' fl'tll'(ions H.I'(· L1ll' S:lI11<', ('itil('I' 
lh(' pc"I'(,l'ntngl' \'olunll' 01' lhl' IH'I'l'PIII:lgl' \\,(·iglrt cnll 1)(' uSl'c1 wit h 
('qunl ('11'('('l. !I0Wl'\'('I', if lh<' two fl'ndiolls hflY(' difl'l'l'pnt dt'llsilips, 
SOlin' (11'1'01' ill till' l'stinl:1tioll mn,\' be pXlwl'lNI. 

(:3) Di (1'('('(' 11 l'('S ill til(' sizl' of dods haYl' ('ollsidl'l'nblp influl'll(,p OIl 

pl'odibilil,\', but 110 distinctioll of size' distl'ibution of clods is I11fltlp 

in Jigur'p 17, Clods ().s.~ to GA mill. ill di:ll1H'tl'I', 1'01' l'xftmpl(', Ill'l' 
g('llC'mll,v 11101'(' lhnll twicC' liS dl'l'din' ill I'Nlucing l'l'osion HS dods 
6.4 to 40 111111, ill diunl('tf'1' (/0), 

(4) I~l'odibility is bnsl'd on till' l'quinllPllt dinmt'll'l' distributioll 
of lhe l'l'odible PlLl'tieil'S, not jusL Oil thl'il' Pl'opol'tion to thl' totnl 
weight of lI.H'soil. DdC'rminillg thl' equiYnl('l\t dinl1ll'tC'1' distributioll 
nnt! ('slimn.ting its influC'lIt,(, on l'I'odibility 11.('(' quill' Inbol'ious, how('\'{'I', 
l'Uld lill's(' ('nlculn,tiolls !In' pl'Obnbly 1I0t justified for' the (il'gree or 
re!illl'IllPIl L that \\'ilL be OiJLIlill('d ill lite n)('t hod or ('sl imalioll, 

A mol'C {'XiLC't, though mon' In.boriOlls, S,\'st(,111 of estimatillg t'l'o<ii­
bility of nOII('l'usl('d ('lrlLi\'ntl'd soils is gin'lI ill II, Sl'pal'n.lt' publicatio/l 
(12). 

A s,ul'fa('(' el'ust is in "tl.riabhr forllH'c1 Whf'11 till' soil is ,,'pHeel hv min 
fl.lld dl'iN!. 'I'll(' (,(,list YII,l'i('s gJ'('at Iy ill its I'l'sisln,IIl'(' to ('I'osioll hy 
wind, d(·l)('IHl.illg 011 the Ilallll'(' of the' mi.n and lire soil n,lId the qllltll­
Lity or \'pgetlLli\'c ('0\'('1' on til(' surf:LC'l'. 1~l'oclibiiit.Y of 11 loost', fl'('slrly 
CUltiVI1{('(1 soil is usually I'('<iu('('d ",h('11 the' soiL is w('UNl by I'ain and 
dried (tu.blC' 0), 111 like> JIlII.I1Ill'I', ('I'odibility is gl'IIC'l'uUy illcreltsccl wlren • 
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• 
ill(' Sllrffl,('(' ('rust is dt's(Tov(·d, stl('h as bv ahrasioll from windhol'll(, 
mn,tprinJs, The' surfl1('r ('rtlst is lIs1IILli \' so \\'Pl1,k it hns yirtuall y no 
infhl('llc'p Oil tilt' sizC' distrilnllioll of dr,v'll!!grc'!!lttC's dn[prminC'd b)~ dlT 
sil'vill!!, Th(' 1L\'C'I'ag(' ratio of C'rodibility of fl, CI'lIstC'd soil to (,l'Odibility 
of IL 1l01l(TustNI soil is n:l)OUl I.: G (tIl-hIp (3), This 1'l1.tio is in g'ell(,I'ILI 
a!!I'('PlllPIl t with [hat obtaill('d 011 a larg't' I1llJnbrr of soils ill fl, ('rusted 
and 1l011('I'US«'d conditiOIl J'('j)or[C'cl ill 11 j)r('\'iOlIS puhliC'l1.tion (5), 

If it .is lLSSlIlllPcl that \'n.hH'S of (Il'odibility ind(lx [ apply to loos(', 
lIoll('I'ust('d soils as Oil fl'('sh hr cull i \'fl,[(,t! fi<'lds, tlip ,'('Iati v(, (Irod i­
hili!)· of soil whos(l surfac(' is i'()rnpldC'I~~ ('ovC'I'('d \\'ilh n. SUrfll,('p erust 
ILlld hILS lh(' SIUHC' d('gr('(' of ('loddill(lss is n,bout olll'-sixth r, CoIll­
11ft'lt' slll-fa(:(' (Tus{illg usually O(,(,lIrs whl'1I it cltlti\'n(l'd soil is first 
wpttl'd Il.lld dl'i('d n,lId h(lfor(' tWx ('I'osion has tn.kl'1I plnc'r, HowP\'pr, 
tl1('I'(' al'p all sorts of conditiolls of tilt' surflLcc' ('rust h('t\\'('oll th('s(' 
(wo ('xtJ'(lmC's, dl'l){,lldillg' prill('ipfllly on soil t('xlllr(' alld <'ons('quPlll 
t'l'OSiOIl11.J in [(II lsi I)' sill('c' the' las{ [illa!!c' O]WrILt iOll, X0 IllflllllfLl 01' 
lllP(·hltlliC'fl.1 IlWlIlOd Ims h('('11 dp\'i,;c'd Oil hOll' to IHc'aSlIl'p thp dt'g'J'('(' 
of d('\'plopmc'lll of' til(' slIl'fn,('(' (,I'ust. 'I'll(' olllyml'lhod I1nl,il:lblC' n,t 
tltl' prC'sl'lIt lilllP is bast'(] Oil it \'iSUid ObSl'I'\"I1.tioll of thc' pl'opOl'lio/l 
of til(' ()I'i~inn.] (TlIst still I'('rnn,illillg nJU'1' wPfLtlH'l'ing alld ('I'osioll, 

I~\' tnk'ing ('ogllizlI.ll('(' of tht' lIs1w,lh' ntrinblp stltlllS of fIll' slIrftLCl' 
('I'w;'t, (lIp ;'('In,tin' soil C'rodihilit \' I:,' flt [Ill' lillll' {hc' ('slimn,lioll .is 
Iluld!' lIlay 1)(· l'xpn'ssl'<! 11\" ' , , 

I~'=(l-b('lr (11) 

WiH'I'P (' is till' pCIJ'('c\ntll.~(, of tlw slIl'fa('(' ('I'lIsl l'l'm:l,inil1~ :1.1'11'1' wl'lLth­
('rill~ alld Pl'osioll fl.nd b is ('(!'IIt! to O,Oo8:3a, 

Compnrisoll of Eslinwled Ero(/il)i[ily Wilh NCllurlll 
En)(libilil:y 

SixlY-lIiIH' Sill'S, j'(
11)J'l'S(,1l till~ :1S IIUIIl,V lipIds, ill \\'('slpl'Il Kallsas alld 

('[tslc' I'1l ('olomdo WPI'(' t'llOSl'lI ill 10:'j4, IOii'-) , alld U)Sfi fol' tIll' PlII'POS(' 
of ehl'('king thl' \'alidi{ \' of ('slimn.tioIlS of willd ('J'odibilil\' of soils ill 
lh(1 Sprillg, !lH,sc'd 011 '\\'ind-tlllllll'J {(Ists, 'l'lll' qlll\.lltit,': of IIn,turn,] 
Pl'osioll on (':teh si t(' lI'ns (1st illlu,ll'd \'iswt.llv, Its sholl'l1 ill In,blt· 8, 

Tht' H\'C'rng'(1 prodibilit,\' ('OlllplIl!'d fl'Olll'soil l'loddill('ss, qwtntity of 
('I'OP I'('sidup, lWei SUl'fn.('c· mug-hlH'SS ill H,('c'ot'dallc'c with tll(l pr('\'iously 
dpsl'riIH'd Illl'lltod (22) nllll lh(' a,\'PI'ng'<' quullliliC's of Ilntul'n.l (,I'osion 
011 1111'(1(' .IIlfl,jorgl'Oups of soil HI'(' sho"'l\ ill lilbk 9, At lIlt' b(lg-illlling 
or lll(' spring' S('llson I Ill' Ol'tl(·1' :l.l\d til(l n·lu,li\,(1 mH~l\it licit' or l~onlIHII('d 
alld Ilalural t'l'Odillilit" or lltc· (jP]d~ 011 difr('I'('llt soil. ('lnss('~ \\'('1'(' about 
til(' SH.Il1t', ~nil ('loddili(·s~, ('rop I'(lsidu('~, ILlld sUl'fa('t'r()u~hIHlss dlallg'('d 
littlP rl'o.1ll tI\(l IWg'innillg to tltl' c'lld of tltl' SPILson, ' I I ()\\'(' Vl' 1', till' 
Illtlurnl iunOUIl( of (lJ'()sion illC'l'l'HSpd gr('atl ,. Oil f1np Sitlld n,nd 1011.111\' 
filH' ~il.llcl, ('onBidl'l'abl.,' 011 lilll' sn,lldy'lo:lln', nnd 0111," slightly on sii~ 
lou,1ll :tnd silt" ('llw In:t111 soils as till' SC'ilSOIl of high \\'ind c'rosiOIl ('am(' 
to lUI Plld, 'i'll(' s~l.Ilds \\'('1'(' most Husc'ppliblc' to Ih(' 11ill'llSin' a(,tion of 
windblcHnl soil Illn.U'rin.l. Tltl' SUl'rlL(,(, ('rll~t 11.Ild dods Oil tltis soil 
dass \\'PI'P 111.0St rl'Hg'ik n,Jld disilll('grn.t('d ),pndil," lllld(')' nhrHsiOll, X('xt 
in o)'dc'I' of r('sislanc(' to u.bl'llsioll '\'('1'(' {hI' loam \' sllmls, t 1tl'1l ('jUl\(' I he 

• sHndy IOII,lllS, nncl LlIN} tltc' lon.m~J sill lOillns,' tllHI sill,\' e111-.\' loalllS, 
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TABLE 8,-Fi,s1wl estimation of soil erodibility (Lful of erodibility ba.~ed 
on wind-tunnel te,~t.'i from. q1U1,ntity of nai1J.1'al erosion in Kansas and 
Colorado, 1954-56 

Erodibility •
Quantity of erosion Description of erosion based on wind 

tunnel tests (25) 

--------------1,------------------------------1-----------­
'/'OIlS 71N (lcre

Xonc_____________ .1 Insignific:\l\t; no visibl(' ('!fects of soil <0.25 
III 0 \'l~1IIe n t.Slight ___________ _ Soil removal down to 1~ inch, not sum­ 0,25 to I 
cient to kill ",Iwat_ 

lfoclprllte_________ _ ]lpnlov:11 alld m;i;ocial:ed :ICClIIllUllltiOrlS 1 to fi 
)~ to J~ inch dpep, :illflici('nt to kill ,,"hp:Lt, 

IIigh 7~- to l-inch rClllo,,:tl and a;;iiociat('d HC­ 5 to :!5 
CUlllUlat ions,

\-pry high .. _______ _ 1- to 2-inch rPlIIovlll and aSliociatNI ac­ 2fi to 12fi 
cllll1ulntiQn:i, 

ExcPt'clingly high. _ _ Grt'llt('r than 2-inch r('lllO\':tl with :tppn' ­ >125 
cinbll' dUlw formation, 

The lttlter group of soils, \\-hieh eOllstilutt' mosl 01' lht' "lundIn,nds," 
is probn,bly lh(' most I'('sisbtll t to thp abl'/Lsi \T(' H('tioll of wind l'('OSIOI!. 
Theil' l'esistalH'(' IS due to ('11£(' with whi('h silty dav loams al'C' dis­
pC'I'sed by wlLtel' 1I,lld thC'ir t('ndelle,\' to fOI'm a 'win(i'~resistfl,lll sUI'f'al'e 
Cl'ust n.ftl'l' the\, nre \\-dted alld dried, The relative amount of lliLlurnl 
erosioll ill(,I'('ased O\Tl'!' the ('omputNI n.mounl inv('l'sely with the finc­
ness of soil textUrl' up to silty day loam, Cln,ys wel'e Hol Iwnilnble 
fol' t.his stud)-, hut pl'('\-ious studieil (15, 18) hnve illdieutNJ thel11 to be 
about equn.! to fillC' si\,ndy 10l1m with 1'('5()(,('( to dl'gl'(,(' of celllenlltlion 
alllollg t he' ('Iods lim I Idll'ndahility of f IH' SIII'I':\('(' ('I'USt. 

'l'MILI~ fL-('ompuled (ll'odibilily (wd qualllili!'.~ (!! lIalural el'Osit)Jl Oil S 
m(~j()/' fII'OU]J8 (!( soil ill Kal1sas a lid Colorado, 19/j_~-5(j 

I ('om- I A ,'('mgt' lIlllolint An'ragc' condition of the 
! pllt('d of PI'o;;ion- ;i\lrf:Il'p Crtliit--I 

Hoil tp:d II rrtl ('f'odi­
class ! ?lIar, 

hilit,'-'
I 

lfi ,\bOIlI_ ,\bOlil Abollt :'lIar', 15 About Apr, 80 
Illaf', I::> .\pr. :{O 

.~--~ -------- ._------­
'I'011:1:I, '1'Oll,~ '" I Otl,~ I, 

, 1"'1' (IeI'I' !lPI' (1('1'1' , JlrJ' (1('1'/' : 

Ii'ine sanel and i .1. (jO I .1. 20 .\.1. 0 20 ll('rCcnt d('- .\lmost all dC'­
loamy fine J r stf'oyed by ::;lroyecl by 

sand, , I ! Nosion, (,f'osion, 


Fine sandy , (j5 I ' 95! 2. 0 '10 pl'rcpn t de- ·10 pef'cC'llt de­
loam, ! ;;tf'oyeel by : stroyC'd by 

('rosion, (,f'Oliion, 
Hilt 10llm anel 19 . .1.\ 19 t In(;:ld, Almost intact, 

~f_~I._,~i_':I_,C_I:_l)_.__'--___-'____-'--____J. ________.!.-______ 

• 
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1'hrsr n'sults showed thn! erosion on('(' "hrokt'n loose" on snn(h­

• 
soils lC'n(\l'd to c!l'slro\' tilt' Sllrfu('C' crusl :wel madl' till' soil morC' t'l'Od­
iblt' as tilt' S(,:lS011 pI:ogn'ss('(L El'Osion on Itnrdlands, on til(' olhC'r 
hand, WitS kl'pl ill ('ilP('k by limit('(1 quantilips of loose soil malpriid 
ityfl,iInbll' on lite surhl(,C' of Ihl' grOUlld :ll1d IhC' limitC'd pf1'ect of 1Ilr 
loosr mlltrriitl. on lhr StHtuS of tilr sllrfn,c'r (TlISt. Towill'(1 tlte rnd of 
till' 5C':1S0n, tll('l'dorr, the ['dnlin' cllmuln!('d quanli! \' of rrosion nHil'd 
from liln! oblninnbk on it fully ('nlstNI SUrfll('l' to Ihnt on It loose, 
noncl'lls!rd sllrftu'l', dep<'lIdillg on IItt' nH'cilani('al 5ln,bility of tilC' 
.;;urfn.('C' ('rust itlld clods. If tltt' soil hitd no SUl'f:l('P ('rllsl, :lS ill it frpshly 
I'ulti\'a.[pd fipld, til(' qllalllitips of nnlul':ll ('!'Osion of tltp ordrr of j 
:lppli('d. If. on til(' otlH'r Itnnd. tilp soil SllrftLel' \\':15 ('ornpitotC'I.\' (,l'uslpd, 
qllrtlllit ips of !'rosioll WI'I'<' Oil IIt I' 01'(\1'1' of niJout on<'-sixlil r, Ih('('C'by 
confirm ing pn'\'ious n'sulls on till' l't,ln,t in' in fiul'lI(,(' of (TUSt ing liS 
UC'll'l'nliIH'd h\' wind-lunll('1 It'sts. 

I{psults obtainl'd \\'ilh pOl't:lbl(' \\'int!-tllllIH,1 lPsts ill \\'I'S[('I'n T<'xn5 
and otlH'l' 10(,:ltions 122,2.)) fUl'thC'r ('ollfirnwcl th(' impOI't:lnl'p of soil 
;;llrfn('(' crllsting :wcl ml'('hn.lli('.lI ~l:\'bilil \- of tilT soil Stl'll('tlll'(' on l'/'O<!­
ibilit \- by \\'ind. TIll' T('xns Ipsls w(,J'(: ('ondli('IPd on fif'lds, SOI11(' of 
which \\:PI'P highl~' ('l'odt'd by pr(,('pding winds. Till' soil sllrffl('PS Oil 
(\11(' sallds n.nd lon.my fill(' s:l.l1ds Wpl'P loos(' nnd nOI1l'I'u5[ed, thosp on 
lilH' sanely IO:lms \\'('1'1' g('n('rnll~- partly (,/,I1~[(\d, :lilt! [hosp 011 silt. 
lonms :lnd silty ('Iny Ion ms \\"('J'l' highl \' (TUS[l'(1. ~oil l'/'odibilil y 
hnspd on \\'illd-'tunIH:I [I'sts WHS I!lPI'I'!'OI'(: fin'-sixths f for (inl' sn.llcis 
tlnd.loal1n' filH' slInds, about (lll(,-hnif 1 fo/' finl' ~:l.nd\- looms, and about 
olH'-sixlh'l [or silt 1():1.111:' llllt! silty d:l\' lon.llIs, oihl'l' ('onditions 1'('­
t11nining till' snnll', III nlhl'/' l('s[~ \\'I\I~l'(' 1ll:1I1\- of till' ,mnch- fif'lds 
\\'('1'(' n(l! influ(,lll'pd b\' l'1'o;.;ion tllld which tlw/'('[(il'l' hnd :l ('()llsi;I('I'n,bh' 
dl'n'lopl't\ su/,ftl('l' CI:lIst (2.21, thp ('rodihilit.\, in(lr'x W:lS oIH'-half 'j 
fo/' snnd~- soils :l.nt! ont'-sixlh 1 fo/' lht' filll'r tl'xlllrl'd. soils. 

ESl;nwl;ng P'olenl;(1/ Erodibility 

It i;; impol'l:l.llt to ('()nsid('r til(' mngnil udp of P!'Osion that is likl'I~­
to O('('UI' Oil soils of tlifl'(I/'t'llt tpxl UI'l'S alld ('loddill<'S;; if \\'pn.lll('r condi­
t ions I)('('onw slI('1l tlS to Il1n,k(' ('rosion possihll'. .Erosion b~- wind hns 
n('('uI'/,('d in suhsln,nti:ll p:l./'ts of til(' soutlw/'!1 (;r('n,t Plnins, 1952-5fl, 
ilwillsin', l'nd('1' ('ollditions of ('oll~ickl':lbJp ('r()~ion till' fill(' sn,n<ls 
:lIHl Ion illY fint' s:l.nels had til<' surf.\('p ('I'lI~l and SUl'fn.c(' clods mainly 
dpstl'oypc!' and til(' qU/l,nlitil's of C'l'osioll \\'P!'t' of tit<' ol'dl'l' of I if (,I'oj) 
l'('sietup n,nd slIrfacp l'(lll~.dllH'SS ,'('m:\ ilWei. 111(' !in Ill<'. On sil t lon.InS .1,nd 
silt \- cl:l,Y lonms til(' slIrf:H'p (,I'llst :\l1d SlIl'f:l('(' ('Inds rnninlv \\"1'1'1' 
Pl'l'sl'l'\'(,il, fll1d. (h(, r('latin' nrnollnts of (,I'osion \\'('l'(' mol'(, -on till' 
I(,\'('l of olll'-sixth I. Oth(,1' soils h:ld tit(' I'<'lnti\'(' amounts of ('I'osion 
sonH'wlH'I'{' bl'tw(,PII t hl's(' t\\'o I'XU'(,IlH'S. 

Th(' soil [('xtlll'ni ('Inss s('I'\'('s :15 :Ill intii'x of n'sisin.ll('1' of dods lI,nd 
slIrfn,('(' erust to disin t ('g'rH.lioll b~- Pl'osionn.1 f\,bl'nsion, which is :1. 
('ontl'ibuting fndor infllll'n('ing tll(, amount of nn,turnl ('['osion if n.nll 
\dH'n it oC('\lrs. Tht' potl'lltinl ('I'odibilit~' (':l.ll 1)(' (IPu'l'milH'd from 
till' g'1'1l('rnliz('d nl iIWllH'lll ('\till't of n, PI'('\-jo\ls pu blil'll,l ion (22), if t h(' 
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erodibilityobtninE'd from thnt clmrt is multiplied by n factor dppending 
on soil textul"nl class fl.S follows: 

Soil ~~l~I~:~l~L~~_:_____________________________________________ Fa~lor • 
Fine loamy sand___________________________________________ -1 
Fine sandy loam and clay (except. saline clay)_________________ 2 
Loam, silt loam, clay loam, or silty clay loam ________________ _ 

ThE' pJ"oclibility vn·hlt's fl.I"(' inci('x('s of ('rodibility of til(' soil surfn{'('s 
and not Ih(' fI.{'tunl qUII.ntitips Pl'odibh' undpl' fi('ld conditions. 
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