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SOIL EROSION BY WIND: AN OVERVIEW 

BY 

E. L. Skidmore 

ABSTRACT 

Wind e ros ion  is a s e r i o u s  problem i n  many parts of t h e  
world, It p h y s i c a l l y  removes t h e  most f e r t i l e  po r t ion  of t h e  
s o i l  from the f i e l d ,  p o l l u t e s  t h e  a i r ,  f i l l s  road d i t c h e s ,  
reduces seed l ing  s u r v i v a l  and growth, and lowers  t h e  market- 
a b i l i t y  of many vege tab le  crops.  Wind e ros ion  a l s o  creates new 
desert  landforms and landscapes .  

Wind e ros ion  i s  g e n e r a l l y  worse i n  a r i d  and semiar id  cli- 
mates. It can be a problem wherever soil, v e g e t a t i v e ,  and cli-  
matic cond i t ions  are conducive. 

S o i l  p a r t i c l e s  e rode  when shea r  stress exer ted  by t h e  wind 
aga ins t  t he  ground s u r f a c e  exceeds t h e  f o r c e s  tending t o  hold 

, the p a r t i c l e s  i n  p l ace .  The e roding  p a r t i c l e s  may be 
t ranspor ted  i n  s a l t a t i o n ,  c r eep ,  o r  suspension. 

P r i n c i p l e s  f o r  c o n t r o l l i n g  wind e ros ion  inc lude :  s t a b i -  
l i z i n g  wi th  v a r i o u s  materials;  producing a rough, cloudy 
sur face ;  reducing f i e l d  width w i t h  s t r i p s  and b a r r i e r s ;  and 
e s t a b l i s h i n g  and main ta in ing  s u f f i c i e n t  v e g e t a t i v e  cover.  

PROBLEM 

Lands undergoing d e s e r t i f i c a t i o n  become vu lne rab le  t o  wind 
eros ion  ( S e c r e t a r i a t ,  1977, p. 1 4 ) .  In p a s t o r a l  rangelands,  
composition of p a s t u r e s  s u b j e c t  t o  excess ive  graz ing  i n  d r y  
per iods d e t e r i o r a t e s ,  t h e  p ropor t ion  of e d i b l e  pe renn ia l  
p l an t s  decreases ,  and t h e  p ropor t ion  of annuals  i nc reases .  The 
thinning and dea th  of vege ta t ion  i n  d r y  seasons o r  droughts 
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increases t h e  e x t e n t  of bare  ground. The su r face  soil con- 
d i t i o n s  d e t e r i o r a t e .  In  ra in-fed farming,  removal of t h e  ori-  
g i n a l  v e g e t a t i o n  and f a l l o w  expose the  s o i l  t o  accelerated 
wind and water e ros ion .  

Wind e r o s i o n  i s  worse i n  a r i d  and semiar id  areas where the 
c o n d i t i o n s  conducive t o  wind e r o s i o n  f r equen t ly  occur .  Those 
c o n d i t i o n s  are: ( 1 )  loose, d r y ,  f i n e l y  divided soil; ( 2 )  
smooth s o i l  s u r f a c e  devoid of v e g e t a t i v e  cover;  ( 3 )  large 
f i e l d s ;  and ( 4 )  s t r o n g  winds (FAO, 1960). 

The a r i d  l a n d s  are e x t e n s i v e ,  comprising about one-third 
of t h e  wor ld ' s  popula t ion  (Dregne, 1976; Gore, 1 9 7 9 .  The 
g e n e r a l  areas most s u s c e p t i b l e  t o  wind e ros ion  on a g r i c u l t u r a l  
l and  are much of North A f r i c a  and t h e  Near E a s t ,  p a r t s  of 
sou the rn  and e a s t e r n  Asia, S i b e r i a n  P l a i n ,  A u s t r a l i a  and 
sou the rn  South America, and t h e  semiar id  and a r i d  p o r t i o n s  of 
North America (FAO, 1960). 

Extens ive  s o i l  e ros ion  i n  t h e  Great P l a i n s ,  USA, during 
t h e  last  h a l f  of t h e  19th cen tu ry  and the  1920's i n  the 
p r a i r i e  r e g i o n  of western Canada gave warning of impending 
d i s a s t e r ,  and dur ing  the  1930's a prolonged dry s p e l l  culmi- 
na ted  i n  d u s t  storms and s o i l  d e s t r u c t i o n  of d i s a s t r o u s  pro- 
p o r t i o n s  of t h e  p r a i r i e  r eg ions  of both western Canada and the 
Great P l a i n s  of t h e  United States (Anderson, 1975; Svobida, 
1940; Malin,  1946a, b ,  c; Johnson, 1547). 

Wind e r o s i o n  p h y s i c a l l y  removes t h e  most f e r t i l e  portion 
of t h e  soil from t h e  f i e l d  and t h e r e f o r e  lowers product iv i ty  
of t h e  l and  (Danie l  and Langham, 1936; Lyles ,  1975). 

Some s o i l  from damaged l a n d s  e n t e r s  suspension and becomes 
p a r t  of t h e  atmospheric  dus t load .  Hagen and Woodruff (1973) 
e s t ima ted  t h a t  eroding l ands  of t h e  Great P l a i n s  contr ibuted 
244 and 77 m i l l i o n  tons  of d u s t  pe r  year  t o  the  atmosphere i n  
t h e  1950's and 1960's, r e s p e c t i v e l y .  Jaenicke (1979) esti- 
mated t h e  sou rce  s t r e n g t h  of mine ra l  d u s t  from t h e  Sahara at  
260 m i l l i o n  t o n s  per  year .  Dust obscures  v i s i b i l i t y  and pol- 
l u t e s  t h e  a i r ,  causes  automobile a c c i d e n t s ,  f o u l s  machinery, 
and i r r i ta tes  t h e  housewife. 

Blowing s o i l  f i l l s  road d i t c h e s ,  reduces seed l ing  survival  
and growth, lowers the  m a r k e t a b i l i t y  of vege tab le  c rops  l i k e  
a spa ragus ,  g reen  beans,  and l e t t u c e ,  and i n c r e a s e s  t h e  suscep- 
t i b i l i t y  and t ransmiss ion  of some d i s e a s e s  (Hayes, 1965, 19b6; 
C l a f l i n ,  S t u t e v l l l e ,  and Armbrust, 1973). 

MECHANICS 

Surface  Wind. Movement of s o i l  p a r t i c l e s  i s  caused by wind 
forces e x e r t e d  a g a i n s t  t h e  s u r f a c e  of t h e  ground. The average 
forward v e l o c i t y  of t he  wind near the  ground i n c r e a s e s  expo- 
n e n t i a l l y  w i t h  he ight  above t h e  ground su r face .  The change i n  
v e l o c i t y  w i t h  he igh t  i s  known as t h e  v e l o c i t y  g r a d i e n t .  It i s  

P 
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t h i s  g r a d i e n t  t h a t  determines t h e  s h e a r  stress or' drag f o r c e  
exe i t ed  on t h e  ground su r face .  

The v e l o c i t y  g r a d i e n t  o r  t h e  shape of t h e  a d i a b a t i c  
windspeed p r o f i l e  is given  by 

where u i s  a e a n  windspeed a t  h e i g h t  z above t h e  mean ground 
su r face ,  k is t h e  von Karman c o n s t a n t  (0 .4) ;  and u* is f r i c -  
t i o n  v e l o c i t y  f u r t h e r  def ined  as ( ~ / P ) l / z  where 
shear  ( f o r c e  per  u n i t  area) and P i s  i l u i d  d e n s i t y .  The sur-  
f a c e  shear  t hen  i s  

T is ' s u r f a c e  

r =  P U ~ .  

The s u r f a c e  shea r  a s s o c i a t e d  wi tn  t h e  dec rease  i n  wind 
v e l o c i t y  as t h e  s u r f a c e  is approached i s  a v e r t i c a l  t r a n s f e r  
of h o r i z o n t a l  momentm. Momentum ( t h e  product  of 
ve loc i ty )  d e c r e a s e s  as t h e  s u r f a c e  is approached. 
d i f f u s i o n  equa t ion  f o r  s t e a d y  s ta te  one-dimensional 
is 

7 =  

where Km is momentum 
of equa t ion  1 over  a 

U "  

P ~m a d a z  

mass and 
The eddy 

t r a n s p o r t  

( 3 )  

t r a n s f e r  c o e f f i c i e n t .  The i n t e g r a t e d  form 
rough s u r f  ace becomes 

U* - Zd 
- 2 n  . 
k 20 

( 4 )  

The parameter Zd, t h e  e f f e c t i v e  displacement  h e i g h t ,  i s  t h e  
d i s t a n c e  from t h e  ground s u r f a c e  t o  the  p lane  a t  which t h e  
momentum exchange c o e f f i c i e n t  e x t r a p o l a t e s  t o  zero.  Roughness 
parameter, zo, i s  t h e  d i s t a n c e  from the  d i sp laced  r e f e r e n c e  
plane t o  t h e  s u r f a c e  a t  which t h e  wind p r o f i l e  e x t r a p o l a t e s  to 
zero. 

Equi l ibr ium Forces.  In  a d d i t i o n  t o  su r f  ace s h e a r ,  another  
force  tending t o  d i s lodge  a s o i l  g r a i n  i s  a nega t ive  p re s su re  
on the t o p  as compared t o  t h e  bottom of t h e  g ra in .  This 
Bernoul l i  e f f e c t  causes  l i f t  on t h e  g r a i n  (Chep i l ,  1959). 

Chepi l  (1959) analyzed t h e  n a t u r e  of f o r c e s  of drag ,  l i f t ,  
and g r a v i t y  on s o i l  g r a i n s  a t  t h e  th re sho ld  of t h e i r  movement 
by wind. H e  found t h a t  equ i l ib r ium between t h e s e  f o r c e s  and 
the s o i l  g r a i n s  w a s  in f luenced  by t h e  d i ame te r ,  shape,  and 
dens i ty  of t h e  g r a i n s ,  t h e  ang le  of repose  of t h e  g r a i n s  wi th  
respec t  t o  t h e  mean drag  l e v e l  of t h e  f l u i d ,  t h e  closenesS of 
packing of t o p  g r a i n s ,  and t h e  impulses  of f l u i d  turbulence  
assoc ia ted  w i t h  d rage  and l i f t .  The r e l a t i o n s h i p  w a s  
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Tc = 0.66 gd P t a n  rpn/(l + 0.85 t a n @ ) T  (5) 

where Tc is  t h e  mean c r i t i c a l  drag per  u n i t  h o r i z o n t a l  area,  g 
i s  a c c e l e r a t i o n  of g r a v i t y ,  d is  diameter  of s p h e r i c a l  grain, 

i s  d i f f e r e n c e  i n  d e n s i t y  of g r a i n  and f l u i d ,  @ i s  angle or' 
repose  of t h e  g r a i n  wi th  r e spec t  t o  t h e  mean drag  l e v e l  of the 
f l u i d ,  n i s  r a t i o  of mean drag and l i f t  p e r  u n i t  area t o  mean 
drag and l i f t  p e r  u n i t  area on t he  top  g r a i n  moved by the 
f l u i d ,  T i s  t h e  r a t i o  of maximum t o  mean drag  and l i f t  on the 
s o i l  g r a i n .  Chepi l  (1959)  exper imenta l ly  determined the 
fo l lowing  v a l u e s  f o r  t h e  cons t an t s  of equat ion  5: T = 2 . 5 ,  tan 
9 = 0 . 4 5 ,  and n = 0 . 2 1 .  

When t h e  mean c r i t i c a l  drag on a p a r t i c l e  i s  exceeded, the 
p a r t i c l e  d i s l o d g e s  and i s  t r anspor t ed  by t h e  wind. This  occurs 
f o r  l o o s e  g r a i n s  wi th  0.25 rrrm diameter  when t h e  f r i c t i o n  velo- 
c i t y  u* i s  20 t o  44 cm/sec ( L y l e s  and Krauss ,  1971; Chepil, 
1959; Zingg, 1953; Bagnold, 1943) ,  which corresponds t o  sur- 
f a c e  d r a g  of 0.48 t o  1.94 dynes/cm2. The windspeed a t  i n i t i a l  
pa r t i c l e  movement i s  from 4.0 t o  5.8 m/sec a t  30 cm (Chepil, 
1945b, c; Malina, 1941).  

I n i t i a l  Particle Motion. The winuspeed a t  which sand move- 
ment starts, due t o  t h e  d i r e c t  p re s su re  of t h e  f l u i d  was 
c a l l e d  " f l u i d  th re sho ld"  by Bagnold (1943)  . Bagnold described 
t h e  i n i t i a l  motion as " su r face  g r a i n s ,  p rev ious ly  a t  r e s t ,  
began t o  be r o l l e d  along t h e  s u r f a c e  by t h e  d i r e c t  p r e s s u r e  of 
t h e  wind... A f o o t  o r  so downwind of t h e  po in t  a t  which the 
r o l l i n g  began, t h e  g r a i n s  could be seen t o  have ga thered  suf- 
f i c i e n t  speed t o  s t a r t  bouncing o f f  t h e  ground ." Others  (Bisal 
and Nie l sen ,  1962; Lyles  and Krauss ,  1971) observed t h a t  as 
t h e  f l u i d  t h r e s h o l d  was approached, some p a r t i c l e s  began t o  
v i b r a t e ,  o r  rock  back and f o r t h .  Eros ive  p a r t i c l e s  vibrated 
wi th  i n c r e a s i n g  i n t e n s i t y  as windspeed inc reased  and then  l e f t  
the s u r f  ace i n s t a n t a n e o u s l y  as i f  e j  ec t ed  . Evidence supported 
t h e  hypo thes i s  t h a t  t he  p a r t i c l e - v i b r a t i o n  frequency i s  
r e l a t e d  t o  t h e  frequency band conta in ing  t h e  m a x i m u m  energy 
of t h e  t u r b u l e n t  motion. 

S a l t a t i o n .  The bouncing o r  e j e c t i o n  of t h e  e roding  par- 
t i c l e  o f f  t h e  s u r f a c e  bed i n t o  t h e  airstream and subsequent 
forward movement is r e f e r r e d  t o  as s a l t a t i o n .  F i f t y  t o  75 per- 
cen t  of t h e  movement of  s o i l  p a r t i c l e s  t a k e s  place through 
s a l t a t i o n  (Chep i l ,  1945a) . In  s a l t a t i o n  the  p a r t i c l e s  rise 
almost v e r t i c a l l y ,  r o t a t i n g  from 20 t o  1,000 r e v o l u t i o n s  per 
second,  t r a v e l  10 t o  15 times t h e i r  height of r ise,  and return 
t o  t h e  s u r f a c e  wi th  an angle  of descent  of about 6 t o  12 
degrees  from t h e  h o r i z o n t a l  (Chepi l  and Woodruff, 1963) .  On 
s t r i k i n g  t h e  s u r f a c e  they  e i t h e r  rebound and cont inue  the i r  
movement i n  s a l t a t i o n  o r  i m p a r t  most of t h e i r  energy by 
s t r i k i n g  o t h e r  g r a i n s ,  caus ing  t h e s e  t o  rise upward o r  r o l l  
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aloAg t h e  su r face .  Most of the  s a l t a t i n g  par t ic les  range  i n  
s ize  from 0.1 and 0.5 mm i n  diameter .  

Creep. The r o l l i n g  o r  s l i d i n g  o r  l a r g e r  par t ic les  w i t h  
energy de r ived  from s a l t a t i n g  p a r t i c l e s  i s  c a l l e d  creep.  
Ind iv idua l  g r a i n s  are knocked onward by t h e  blow they  r e c e i v e  
from behind. Bagnold (1943) observed t h a t  a t  low windspeeds 
the  g r a i n s  move i n  j e r k s  a few millimeters a t  a t i m e ,  bu t  as ' windspeed i n c r e a s e s ,  t h e  d i s t a n c e  moved l eng thens  and more 
g r a i n s  are set i n  cont inuous  motion u n t i l  i n  h igh  winds t h e  
whole s u r f a c e  appears  t o  be c reeping  forward. 

Suspension. Particles smal le r  than  about 0.1 mm may e n t e r  
suspension and be c a r r i e d  t o  g r e a t  he igh t s  by t h e  e d d i e s  of 
t he  e r o s i v e  winds. Movement of t h e s e  f i n e  p a r t i c l e s  i s  u s u a l l y  
i n i t i a t e d  by t h e  impact of p a r t i c l e s  i n  s a l t a t i o n .  The 
g r e a t e s t  amount of soil is moved by s a l t a t i o n  and s u r f a c e  
c reep  bu t  t h a t  moved by suspension is t h e  most s p e c t a c u l a r  and 
e a s i l y  recognized  from a d i s t ance .  

So r t ing .  An e rod ing  wind has been s a i d  to  a c t  on t h e  s o i l  
l i k e  a fanning  m i l l  on g r a i n ,  removing t h e  f i n e r  and m o r e  
porous p a r t i c l e s  and l eav ing  t h e  c o a r s e r  and aense r  behind 
(Chepi l ,  1957a; Moss, 1935; Daniel ,  1936). The c o a r s e r  e roded  
m a t e r i a l  u s u a l l y  ends up i n  a s o i l  d r i f t  whereas t h e  f i n e r  
e n t e r s  suspens ion  and is t r anspor t ed  o f t e n  t i m e s  g r e a t  d i s -  
t ances  b e f o r e  d e p o s i t i o n .  Chepil  (1957a) observed t h a t  t h e  
most d i s t i n c t  f e a t u r e  in t h e  s o r t i n g  process  w a s  t h a t  t h e  par- 
t ic les  of peak d iameter  tend  to remain i n  t h e  wind-eroded 
f i e l d s ,  and p a r t i c l e s  sma l l e r  than t h i s  d iameter  tend t o  be 
c a r r i e d  f a r  through t h e  atmosphere i n  suspension.  

Peak d iameter  of d r i f t e d  material der ived  from f i e l d s  com- 
posed of sand and loamy sand w a s  about 0.4 mm, and t h a t  of 
d r i f t e d  material from t h e  f ine r - t ex tu red  s o i l s  w a s  about  
0.6 mm. The d r i f t e d  materials der ived  from f i e l d s  of sand and 
loamy sand w e r e  composed p r i n c i p a l l y  of d i s c r e t e ,  nonporous 
g r a i n s  having an average  bulk d e n s i t y  of 2.37, whereas t h e  
materials d r i f t e d  from t h e  f ine r - t ex tu red  soils were predomi- 
nan t ly  aggrega te s  e x h i b i t i n g  a d i s t i n c t  degree  of p o r o s i t y  and 
having an average b u l k  d e n s i t y  of 1.70 (Chepi l ,  1957a). 

By apply ing  equa t ion  5 fo r  peak d i ame te r s  and average b u l k  
d e n s i t i e s ,  I found t h a t  c r i t i ca l  mean drag  i s  about t h e  same 
f o r  both cond i t ions ;  1.7 and 1.8 dynes/cm2 f o r  t h e  s i n g l e  
g ra in  and porous g r a i n s ,  r e s p e c t i v e l y .  

Very l i t t l e  s o r t i n g  occurs  on f ine - t ex tu red  s o i l  de r ived  
from l o e s s .  Moss (1935) found t h a t  c l a y  soils and t h e  
corresponding d r i f t e d  materials were p r a c t i c a l l y  i d e n t i c a l  i n  
composition. I n  some cases, wind e r o s i o n  v i r t u a l l y  removes t h e  
su r face  soil (Zingg,  1954; Chepi l ,  1957a, b). This  nonselec- 
t i v e  removal by wind i s  as soc ia t ed  p r imar i ly  wi th  l o e s s  which 
was a l r e a d y  s o r t e d  and depos i ted  from t h e  atmosphere d u r i n g  
past geo log ic  eras. 
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- CONTROL PRINCIPLES 

P r i n c i p l e s  f o r  c o n t r o l l i n g  wind e ros ion  inc lude :  stabil-  
i z i n g  wi th  va r ious  materials;  producing a rough, cloddy 
s u r f a c e ;  reducing e f f e c t i v e  f i e l d  width wi th  b a r r i e r s ;  and 
e s t a b l i s h i n g  and main ta in ing  s u f f i c i e n t  vege ta t ive  cover .  

S t a b i l i z e r s .  Various s o i l  s t a b i l i z e r s  have been evaluated 
t o  f i n d  s u i t a b l e  m a t e r i a l s  and methods t o  c o n t r o l  wind erosion 
(Armbrust and Dickerson, 1971; Armbrus t  and Ly les ,  1975; 
Chepi l ,  1955; Chepil  and Woodruff, 1963; Chepil  e t  al . ,  1963; 
Lyles  e t  a l . ,  1969; Lyles e t  a l . ,  1974). Seve ra l  t e s t e d  pro- 
d u c t s  s u c c e s s f u l l y  c o n t r o l l e d  wind e ros ion  f o r  s h o r t  periods 
of t i m e  bu t  were o f t e n  expens ive  as compared wi th  equally 
e f f e c t i v e  wheat s t r a w  anchored w i t h  a r o l l i n g  d i sk  packer 
(Chepi l  e t  a l . ,  1963). The fo l lowing  a r e  cri teria f o r  surface 
s o i l  s t a b i l i z e r s ;  (1) 100 p e r c e n t  of the  s o i l  s u r f a c e  must be 
covered,  ( 2 )  t h e  s t a b i l i z e r  m u s t  no t  adverse ly  a f f e c t  plant 
growth o r  emergence, (3) e r o s i o n  must be prevented i n i t i a l l y  
and reduced f o r  a t  least 2 months, ( 4 )  t h e  s t a b i l i z e r  should 
apply  e a s i l y  and without  s p e c i a l  equipment, and (5)  cost must 
be low enough f o r  p r o f i t a b l e  u s e  (Armbrust and L y l e s  , 1975). 
Armbrust and Lyles (1975) found f i v e  polymers and one resin- 
in-water emulsion t h a t  m e t  a l l  t hose  requirements.  However, 
they  added that before  soil s t a b i l i z e r s  can be used on agri- 
c u l t u r a l  l a n d s ,  methods must be developed t o  apply  large vol- 
umes r ap id ly .  Also,  r e l i ab le  preemergent weed c o n t r o l  chemicals 
t o  u s e  on coarse- textured s o i l s  must be developed, as w e l l  as 
f i l m s  r e s i s t a n t  t o  r a ind rop  impact ,  y e t  s t i l l  a l low water and 
p l a n t  p e n e t r a t i o n  without  a d v e r s e l y  a f f e c t i n g  t h e  environment. 

Kough, Cloddy Surface.  Chepi l  and Milne (1941a) ,  i nves t i -  
g a t i n g  t h e  i n f l u e n c e  of d r i f t i n g  dune materials and cu l t i va t e0  
soils found t h a t  t he  i n i t i a l  i n t e n s i t y  of d r i f t i n g  w a s  always 
much less over  a r idged s u r f a c e .  Ridging c u l t i v a t e d  s o i l s  
reduced t h e  s e v e r i t y  of d r i f t i n g ,  bu t  r idg ing  h ighly  erosive 
dune materials w a s  less e f f e c t i v e  because the  r i d g e s  disap- 
peared r ap id ly .  The rate of f l o w  v a r i e d  inve r se ly  wi th  surface 
roughness.  

Armbrust e t  a l .  (1964) s t u d i e d  t h e  e f f e c t s  of r i d g e  rough- 
n e s s  equ iva len t  on t o t a l  q u a n t i t y  of eroded material from 
t h r e e  s imula ted ,  c u l t i v a t e d  s o i l s  exposed t o  d i f f e r e n t  f r i c -  
t i o n  v e l o c i t i e s .  From t h e i r  d a t a ,  a curve can be constructed 
showing the  r e l a t i o n s h i p  between q u a n t i t y  of eroded mater ia l  
and r i d g e  roughness e q u i v a l e n t .  Presumably, t h i s  was t h e  or i -  
g i n  of t h e  c h a r t  (Woodruff and Siddowdy, Figure 4 ,  1965) 
showing a s o i l  r i dge  roughness f a c t o r  ds a func t ion  of s o i l  
r i d g e  roughness so  t h a t  a r i d g e  roughness equ iva len t  of 6 cm 
reduces  wind e ros ion  50 p e r c e n t .  As roughness i n c r e a s e s  t o  
about  11 c m ,  t h e  s o i l  r i d g e  roughness f a c t o r  remains about  
c o n t a n t ,  then  w i t h  a d d i t i o n a l  roughness ,  the  e f f e c t i v e n e s s  of 
r i d g e s  g radua l ly  decreases .  
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When r i d g e s  are most ly  gone, v e g e t a t i v e  cover  is d e p l e t e d ,  

and t h e  t h r e a t  of wind e ros ion  cont inues ,  a rough, cloddy sur-  
face r e s i s t a n t  t o  t h e  f o r c e  of wind can be c r e a t e d  on many 
cohesive s o i l s  w i th  a p p r o p r i a t e  "emergency t i l l a g e  ." Listers, 
c u l t i v a t o r s ,  one-ways wi th  t w o  o r  t h r e e  d i s k s  removed a t  
i n t e r v a l s ,  and p i t t i n g  machines can be used t o  b r ing  compact 
c lods  t o  t h e  su r face .  Emergency t i l l age  is most e f f e c t i v e  when 
done a t  r i g h t  a n g l e s  t o  t h e  p r e v a i l i n g  wind d i r e c t i o n .  Since 
the  c l o d s  e v e n t u a l l y  d i s i n t e g r a t e  (sometimes r a p i d l y ) ,  
emergency t i l l a g e  o f f e r s ,  a t  b e s t ,  on ly  temporary wind e r o s i o n  
c o n t r o l  (Woodruff e t  al . ,  1957). 

Residue. Living v e g e t a t i o n  o r  r e s idue  from harves ted  c rops  
p r o t e c t s  t h e  s o i l  a g a i n s t  wind eros ion .  Standing crop  r e s i d u e s  
provide nonerodib le  e lements  t h a t  absorb  much of the  shea r  
stress i n  t h e  boundary l a y e r .  When v e g e t a t i o n  and c r o p ' r e s i -  
dues are s u f f i c i e n t l y  h igh  and dense to  prevent  i n t e rven ing  
s o i l  s u r f a c e  drag  from exceeding th re sho ld  d rag ,  s o i l  w i l l  
not erode.  Kows perpendicular  t o  wind d i r e c t i o n  c o n t r o l  wind 
e ros ion  more e f f e c t i v e l y  than  rows p a r a l l e l  t o  wind d i r e c t i o n  
(Englehorn e t  a l . ,  1952; Skidmore e t  a l . ,  1966). F l a t t ened  
s tubb le ,  though n o t  as e f f e c t i v e  has  s t and ing ,  a l s o  p r o t e c t s  
the s o i l  from wind e r o s i o n  (Chepi l  et a l . ,  1955). 

S t u d i e s  (Chep i l ,  1944; C h e p i l  e t  a l . ,  1955; Siddoway e t  
al., 1965) t o  q u a n t i f y  s p e c i f i c  p r o p e r t i e s  of v e g e t a t i v e  
covers  i n f l u e n c i n g  wind eros ion  l e d  t o  the  r e l a t i o n s h i p  pre- 
sented by Woodruff and Siddoway (1965) showing t h e  in f luence  
of an e q u i v a l e n t  v e g e t a t i v e  cover of small g r a i n  and sorghum 
s tubb le  f o r  v a r i o u s  o r i e n t a t i o n s  ( f l a t ,  s t and ing ,  he igh t ) .  

E f f o r t s  have cont inued  t o  eva lua te  the  p r o t e c t i v e  role of 
a d d i t i o n a l  c rops  (Cra ig  and Ture l le ,  1964; Lyles  and A l l i s o n ,  
1981),  range  g r a s s e s  (Lyles  and A l l i s o n ,  1480),  f e e d l o t  manure 
(Woodruff e t  a l . ,  15)74), and the  p r o t e c t i v e  requirements  of 
equ iva len t  r e s i d u e  needed t o  c o n t r o l  wind e r o s i o n  (Skidmore 
and Siddoway, 1978; Skidmore e t  a l . ,  1979).  

Barrier. Reducing t h e  f i e l d  widtn o r  t he  d i s t a n c e  t h a t  
wind t r a v e l s  i n  c r o s s i n g  the  f i e l d  reduces wind eros ion .  
Chepil and Milne (1941b) repor ted  t h a t  t h e  rate of s o i l  move- 
ment began wi th  ze ro  on the  windward side of f i e l d s  o r  f i e l d  
s t r i p s  an3 inc reased  wi th  d i s t a n c e  downwind. Later Chepil  
(1946) found t h a t  t h e  cumulative rate of s o i l  movement with 
d i s t a n c e  away from t h e  windward edge of e roding  f i e l d s  was t h e  
main cause of i n c r e a s i n g  abras ion  and g radua l  decrease  i n ' s u r -  
face roughness a long t h e  d i r e c t i o n  of t h e  wind. He c a l l e d  t h e  
inc rease  i n  rate of f low w i t h  d i s t a n c e  downwind "avalanching ." 

"Kate of s o i l  f low increased  wi th  d i s t a n c e  downwind a c r o s s  
an e roding  f i e l d  u n t i l ,  i f  t he  f i e l d  w a s  l a r g e  enough, i t  
reached a maximum t h a t  a wind of a g iven  v e l o c i t y  can car ry .  
Beyond t h a t  po in t  t h e  r a t e  of flow remained e s s e n t i a l l y  
constant"--( Chepi l ,  1957c) . 
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- Use of wind b a r r i e r s  i s  an e f f e c t i v e  method of reducing 
f i e l d  width.  Barriers have long been recognized as valuable 
f o r  c o n t r o l l i n g  wind e ros ion  (Ba te s ,  1911). Hagen (1976) and 
Skidmore and Hagen (1977) have p resen ted  a model which, when 
used wi th  l o c a l  wind d a t a ,  showed wind-barr ier  e f fec t iveness  
i n  reducing wind e ros ion  fo rces :  Barriers reduce wind forces 
more than they  do windspeed; a p rope r ly  o r i e n t e d  ba r r i e r s ,  
when winds predominate from a s i n g l e  d i r e c t i o n ,  w i l l  decrease 
wind e ros ion  f o r c e s  by more than 50 pe rcen t  from t h e  barr ier  
leeward t o  20 t i m e s  i ts  he igh t ;  t h e  d e c r e a s e  is  g r e a t e r  f o r  
s h o r t e r  d i s t a n c e s  from t h e  b a r r i e r .  

D i f f e r e n t  combinations of trees, s h r u b s ,  t a l l  growing 
c rops ,  and g r a s s e s  can reduce wind e ros ion .  Besides t h e  more 
convent ional  tree windbreak (Fe rbe r ,  1969; Read, 1964; 
Woodruff e t  al.,  1976), many o t h e r  barrier systems are used t o  
c o n t r o l  wind e r o s i o n  inc lud ing  annual  c rops  l i k e  s m a l l  g ra ins ,  
corn ,  sorghum, sudangrass  , sunf lowers  (Carreker  , 1966; 
Fryrea r ,  1963, 1969; Bagen e t  al . ,  1972; Hoag and Geisz le r ,  
1971), t a l l  wheatgrass  (Aase e t  al.,  197b; Black and Siddoway, 
1971), sugarcane,  and rye  s t r i p s  on sands  i n  F l o r i d a  ( G r i f f i n ,  
SCS Agronomist, personal  communication, 1975). 

However, most b a r r i e r  systems f o r  c o n t r o l l i n g  wind erosion 
occupy space t h a t  could o therwise  be used t o  produce crops. 
Pe renn ia l  barriers grow slowly and are o f t e n  e s t a b l i s h e d  w i t h  
d i f f i c u l t y  (Dickerson e t  al., 1976; Woodruff et  a l ,  1976). 
These b a r r i e r s  also compete wi th  t h e  c r o p  for w a t e r  and plant 
n u t r i e n t s .  Thus, t h e  n e t  e f f e c t  f o r  uany tree b a r r i e r  systems 
i s  t h a t  product ion  may no t  be b e n e f i t e d  from t h e i r  u se  (Frank 
e t  al., 1977; McMartin et  al . ,  1974; Skidmore e t  al., 1975; 
Skidmore et  al.,  1974; S t a p l e  and Lehane, 1955). Perhaps,  the 
t r e e - b a r r i e r  systems could be designed so t h a t  they become a 
u s e f u l  c rop ,  f u r n i s h i n g  n u t s ,  f r u i t  and wood. 

S t r i p  cropping. The p r a c t i c e  of farming l and  i n  narrow 
s t r i p s  on which t h e  crop a l t e r n a t e s  w i t h  f a l l o w  i s  an effec- 
t i v e  a i d  i n  c o n t r o l l i n g  wind e ros ion .  S t r i p s  are most effec- 
t i v e  when they are a t  r i g h t  a n g l e s  t o  t h e  p r e v a i l i n g  wind 
erosion.  d i r e c t i o n  but a l s o  provide  some p r o t e c t i o n  from winds 
t h a t  are no t  perpendicular  t o  t h e  s t r i p .  S t r f p  cropping 
reduces wind e ros ion  damage i n  t h e  fo l lowing  ways: i t  reduces 
t h e  d i s t a n c e  t h e  wind t r a v e l s  a c r o s s  exposed s o i l ;  l o c a l i z e s  
d r i f t i n g  t h a t  s t a r t s  a t  a f o c a l  p o i n t ;  and reduces wind veloc- 
i t y  across t h e  s t r i p  when ad jacen t  f i e l d s  are covered with 
t a l l  s t u b b l e  o r  crops.  

Although each method t o  c o n t r o l  wind e r o s i o n  has  merit and 
a p p l i c a t i o n ,  when f e a s i b l e ,  e s t a b l i s h i n g  and main ta in ing  vege- 
t a t i v e  cover remains rhe b e s t  de fense  a g a i n s t  wind erosion.  
However, t h i s  becomes a d i f f i c u l t  cha l l enge  a s  pressure 
i n c r e a s e s  t o  use  the  c rop  r e s i d u e s  f o r  l i v e s t o c k  feed and fue l  
f o r  cooking. 
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