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SOIL EROSION I N  THE SAHELIAN ZONE OF AFRICA: ITS CONTROL 
AND ITS EFFECT ON AGRICULTURAL PRODUCTION 
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K. Fauck 

SUMMARY 

Those features  p a r t i c u l a r  t o  S a h e l i a n  s o i l s  which de termine  
e r o d i b i l i t y  are  d i scussed .  
f o r  t h e  major c a t e g o r i e s  o f  S a h e l i a n  s o i l s  i n  t h r e e  c l a s s i f i c a t i o n s .  
Q u a l i t a t i v e  and q u a n t i t a t i v e  d a t a  f o r  forms and degrees  of e r o s i o n  a r e  
g i v e n  as determined by v a r i o u s  methods ( runof f  p l o t s ,  r a i n  s i m u l a t o r ) .  
They are complemented by t h e o r e t i c a l  e v a l u a t i o n s  u s i n g  t h e  F o u r n i e r  and 
Wischmeier formulae.  The va lues  f o r  t h e  R ,  K a  C ,  and P terms of  t h e  
Wischmeier e q u a t i o n  g i v e  a good e s t i m a t i o n  of t h e  average  s o i l  l o s s e s  
i n  v a r i o u s  s i t u a t i o n s  comparat ive t o  d a t a  ob ta ined  i n  t h e  USA and show 
t h e  s t r o n g  e r o s i v e  p o t e n t i a l  of r a i n f a l l  i n  semi-ar id  reg ions .  

Mean wind and wa te r  s e n s i t i v i t y  are g iven  

The e f f e c t s  of e r o s i o n  on crop  y i e l d s  and on t h e  p r o d u c t i v i t y  of 
p a s t u r e  land  a r e  ana lyzed .  The d i s t i n c t i o n  is  made between t h e  e f f e c t s  
o f  runoff  and those  o f  e ros ion .  Runoff dec reases  i n f i l t r a t i o n ,  . 
modif ies  t h e  s o i l  water ba lance  and i n c r e a s e s  a r i d i t y .  
s o i l  f e r t i l i t y  i s  caused by t h e  dec rease  i n  water a v a i l a b l e  i n  t h e  s o i l ,  
by the  s h o r t e n i n g  of  t h e  growth pe r iod ,  and by s o i l  l o s s e s  caused by 
water and wind e ros ion .  

Loss i n  p o t e n t i a l  

Wind e r o s i o n  c o n t r o l  must involve  r e s t r i c t i n g  ove rg raz ing ,  which i s  
S e t -  a socio-economic and p o l i t i c a l  problem as muc.h as a t e c h n i c a l  one. 

t i n g  a s i d e  p r o t e c t e d  areas i s  a very e f f e c t i v e  p r a c t i c e ,  bu t  i t  i s  o,f 
l i m i t e d  use.  Su r face  t i l l a g e  p r a c t i c e s  prove e f f e c t i v e  i n  t h e  r e g e n e r a t i o n  
of c e r t a i n  g r a z i n g  l ands .  

The C f a c t o r  i s  t h e  most impor tan t  t e r m  i n  t h e  Wischmeier equat ion .  
With t h e  excep t ion  of t h e  most b a s i c  ones u s i n g  s t o n e s ,  mechanical  
p r a c t i c e s  ( con tour  plowing) are no t  s u i t a b l e  i n  the  Sahe l  zone. 

A l l  s o i l  t i l l a g e  p r a c t i c e s  have inc reased  i n f i l t r a t i o n  as t h e i r  
b a s i c  goal .  B io log ic  methods ( c rop  r e s i d u e s ,  mulching combined wi th  
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und i s tu rbed  r e s i d u e s  O E  v o l u n t e e r  v e g e t a t i o n )  c o n t r o l  e r o s i o n  most 
e f f e c t i v e l y .  

The conc lus ions  concern t h e  need t o  promote t h e  i n t e g r a t e d  manage- 
m e n t  of t h e  S a h e l i a n  r eg ion  on e c o l o g i c a l  bases -- e r o s i o n  problems 
be ing  bu t  one a s p e c t  of  a balanced ecosystem. 
adapted  t o  t h e  s p e c i f i c  c o n d i t i o n s  of t he  very  d i v e r s e  S a h e l i a n  r eg ion ,  
and they must d e a l  w i t h  t h e  p r o b a b i l i t y  of  Euture  pe r iods  of e x c e p t i o n a l  
dryness .  

Th i s  management must be 

GENERALIZATIONS 

The S a h e l i a n  r eg ion  i s  s i t u a t e d  between t h e  d e s e r t  zone and t h e  
Sudanian ,zone i n  A f r i c a  sou th  of t h e  Sahara.  The n o r t h e r n  and sou the rn  
boundar i e s  a re  o n l y  approximate because  t h e  area c o n s t a n t l y  changes.  
Bes ides  t h e r e  are  many v a r y i n g  geographic  d e f i n i t i o n s  of t h e  Sahel .  I t  
i s  t h e  c l i m a t i c  c h a r a c t e r i z a t i o n  which i s  of i n t e r e s t  he re .  Th i s  i s  a 
r e g i o n  where a 2-4 month monsoon r a i n y  season a l t e r n a t e s  wi th  a long 
8-10 month dry  season.  The annual  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  of  more 

mm and 650-750 mm -- b u t  t h e s e  v a l u e s  are very  t h e o r e t i c a l  when t h e  
i r r e g u l a r i t y  of  t h e  r a i n f a l l  i s  cons ide red  n o t  j u s t  i n  t ime,  b u t  a l s o  

and t h e  d e t e r m i n a t i o n  of the i s o h y e t s  i s  only  approximate.  Some d i s -  
t i n g u i s h  two sub-regions,  t h e  Sahe l  of t h e  nomads between 250 and 650 
o r  700 mm depending on t h e  count ry .  
a band t h a t  c r o s s e s  n o r t h e r n  Senegal ,  Maur i tan ia ,  c e n t r a l  Mali, nor thern-  
most Upper V o l t a ,  N ige r ,  Chad, n o r t h e r n  Cameroon, n o r t h e r n  and c e n t r a l  
Sudan, and some p a r t s  of E t h i o p i a  and Somalia. The Cape Verde I s l a n d s  
and e a s t e r n  Gambia should  be inc luded  i n  t h i s  l i s t .  I n  many o f  t h e s e  
c o u n t r i e s  t h e  o f f i c i a l  boundary of t h e  Sahe l  i s  o f t e n  set  back t o  
800 mm and even 850 mm average  annua l  r a i n f a l l .  

t h a n  2 meters always exceeds t h e  r a i n f a l l .  The i s o h y e t  l i m i t s  a re  100 * y  

i n  space  ( R i j k s ,  1971) .  Moreover, t h e r e  are few meteoro logic  s t a t i o n s  ..b 

This  geographic  zone r e p r e s e n t s  

The word “Sahel“  a c t u a l l y  cor responds  t o  very  v a r i a b l e  ecosystems:  
from i s l a n d s  t o  ex t remely  in l and  c o u n t r i e s ,  w i th  o r  w i thou t  major  r i v e r  
sys tems,  l o c a t e d  on sed imentary  o r  c r y s t a l l i n e  geo log ic  rocks  sometimes 
invo lv ing  ve ry  d i v e r s e  s o i l s ,  and t h e  concept  of  t he  i sohye t  proves t o  
be  an  inadequa te  way t o  c h a r a c t e r i z e  i t s  boundar ies .  A r i d i t y  is  t h e  
only  t h i n g  common t’o a l l  t h e  ecosystems. 

Between 1968 and 1973 t h e s e  c o u n t r i e s  underwent a pe r iod  of  
e x c e p t i o n a l  dryness .  The r a i n f a l l  was 20-50% below average.  This  
s u b s t a n t i a l  i n c r e a s e  i n  a r i d i t y  had s o c i a l  and economic, as w e l l  as 
b i o l o g i c  consequences ( B i l l e ,  1974).  The impact o f  t he .d rough t  was h l s o  
appa ren t  i n  s o i l  f e r t i l i t y  and p a r t i c u l a r l y  showed up  i n  an  i n c r e a s e  i n  
e ros ion .  The i n i t i a l  cause w a s  t h e  s e r i o u s  m o d i f i c a t i o n  i n  t h e  d e n s i t y  
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o f  p l a n t  cover  caused by the  decreased  water supply.  
t h e  herbaceous ground cover  and sh rubs  i n c r e a s e d  the  d e s t r u c t i o n  of t h e  
p l a n t  cover .  I t  i s  o f t e n  hunger and no t  t h i r s t  t h a t  has  c.aused t h e  h igh  
m o r t a l i t y  r a t e  i n  cows, sheep and goa ts .  Besides  s t r i p p i n g  t h e  s o i l  by 
ove rg raz ing ,  e x c e s s i v e  t rampl ing  due t o  t h e  c o n c e n t r a t i o n  of  he rds  
around water  sou rces ,  wel l s ,  temporary ponds o r  permanent wa te rho le s  
caused  degrada t ion  of t h e  s t r u c t u r e  o€  t h e  upper  ho r i zons  of  c e r t a i n  
s o i l s .  These s o i l s  have,  then,  become very  v u l n e r a b l e  not  on ly  t o  wind 
e r o s i o n  bu t  a l s o  t o  e r o s i o n  caused by runof f .  

Overgrazing o f  

AEter each dry  season ,  t h e  r a i n s ,  no matter how many, always f a l l  
a t  t h e  beginning of  t h e  r a i n y  season  i n  t h e  form of tornadoes wi th  h igh  
i n t e n s i t i e s .  F a l l i n g  on land  w i t h o u t  p l a n t  cover ,  wi th  a surEace 
h o r i z o n  d i s t u r b e d  by ove rg raz ing  o r  t rampl ing ,  t hese  r a i n s  cause  i n t e n s e  
runof f  r each ing  e r o s i v e  i n t e n s i t y  i n  many p l a c e s  and caus ing  s u b s t a n t i a l  
s o i l  loss. 
E i n e s t  s o i l  p a r t i c l e s  because t h e  v e g e t a t i o n  no longer  creates a n  
o b s t a c l e  and t h e  s o i l s  have l o s t  t h e i r  s u r f a c e  cohes iveness .  

L a t e r ,  d u r i n g  t h e  new dry  season ,  wind can  c a r r y  o f f  t h e  

I n  t h e s e  c i rcumstances  t h e  combined e f fec ts  of  wind and runoff  
e r o s i o n  (which are normally p rocesses  a f f e c t i n g  d i f f e r e n t  k inds  of s o i l s )  
have ,  i n  c e r t a i n  cases, and on t h e  same s o i l s ,  caused s u b s t a n t i a l  damage. 

Much in fo rma t ion  on t h e  e f fec ts  of drought  h a s  been d isseminated  
throughout  t h e  world and t h e  t e r m  " d e s e r t i f i c a t i o n "  h a s  been used 
(Boudet ,  1972; CTFT, 1973; Le  Houerou, 1973; Monod, 1973).  The Uni ted  
Nat ions  organized  a g e n e r a l  conference  w i t h  " d e s e r t i f i c a t i o n "  as i t s  
theme which took p l a c e  i n  August 1977 i n  Nairobi .  
have been e n t r u s t e d  w i t h  t h e  c r e a t i o n  of a world map of smal l  s c a l e  
d e s e r t i f i c a t i o n .  

The FAO and UNESCO 

This  paper  w i l l  be l i m i t e d  t o  an  a t t empt  t o  e v a l u a t e  t h e  p r e s e n t  
0 

s t a t e  of our  knowledge of t h e  r i s k s  of e r o s i o n  i n  t h e  Sahel .  These 
r i s k s  are dependent on c l i m a t i c  d a t a ,  on topographic  c o n d i t i o n s ,  b u t  
a l s o  on t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  of t h e  s o i l s .  The r o l e  of t h e s e  
c h a r a c t e r i s t i c s  w i l l  be examined f i r s t  and t h e  d i s c u s s i o n  w i l l  be 
l i m i t e d  on ly  t o  those  groups of s o i l s  used f o r  r a i n f e d  c u l t i v a t i o n .  I n  
p r a c t i c e  i t  i s  t h e s e  groups which are most a fEec ted  by t h e  e r o s i v e  
phenomena. 

THE GENERAL CHARACTERISTICS OF SAHELIAN SOILS FJHICH DETERMINE THEIR 
E ROD Il? I L  I T Y  

" C l i m a t i c  a r i d i t y "  d i s t i n g u i s h e s  t h e  morphology of  t h e  S a h e l i a n  
s o i l s  and g i v e s  them a c e r t a i n  number of  common c h a r a c t e r i s t i c s  
(Aubert ,  1961; Berry,  1974). The c h a r a c t e r i s t i c s  of non-flooded o r  
water logged  s o i l  types  are less depth ,  o f t e n  l a r g e  amounts of sand ,  
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very  evolved b u t  i n s u f f i c i e n t  o r g a n i c  matter, poor ly  developed s t r u c -  
t u r e  t o  weak s t a b i l i t y ,  r e l a t i v e l y  h igh  r a t e  of s a t u r a t i o n  i n  bases ,  
s o l u b l e  e lements  e i t h e r  concen t r a t ed  on t h e  s u r f a c e  o r  a t  a s l i g h t  
depth  (Dabin,  Fauck and P i a s ,  1967).  A water  regime c h a r a c t e r i z e d  by 
an  annual  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  g r e a t e r  than  t h e  t o t a l  r a i n f a l l  
and h igh  tempera tures  w i t h  impor tan t  surface v a r i a t i o n s  must be inc luded  
i n  t h e  l i s t .  The hydro log ic  ba l ances  va ry  though accord ing  t o  t h e  
s o i l ' s  topographic  p o s i t i o n  and morphologic c h a r a c t e r i s t i c s .  

The v a r i o u s  c l a s s i f i c a t i o n s  o r  legends having a worldwide scope  
u s e  t h e s e  v a r i o u s  common c h a r a c t e r i s t i c s  t o  d e f i n e  t h e i r  upper  l e v e l s .  
Thus i n  t h e  FAO legends t h e  yermosols ,  x e r o s o l s ,  r e g o s o l s ,  and areno- 
s o l s  are d i s t i n g u i s h e d  by t h e  combinat ion of t h e  fo l lowing  c r i t e r i a :  
water regime, o c h r i c  ho r i zon ,  presence  o r  lack  of  cambic, a r g i l l i c ,  
c a l c i c ,  gyps i c  hor izons .  These are the same b a s i c  c r i t e r i a  which are 
used  i n  S o i l  Taxonomy ( a r i d i s o l s ,  t o r r  and u s t  suborde r s ,  o c h r i c  
groups ,  l i t h i c  sub-groups e tc . ,  Dregne, 1976). The two systems of  
u t i l i z a t i o n  of t h e  p a r t i c u l a r  sandy t e x t u r e  which g i v e s  s o i l s  t h e i r  
s p e c i f i c  n a t u r e s  ( a r e n o s o l s ,  psamments) need t o  be added. The c u r r e n t  
French c l a s s i f i c a t i o n  re l ies  on t h e  concept  of e v o l u t i o n  i n  r e l a t i o n  t o  
t h e  mother rock  ( r a w  m i n e r a l  s o i l s ,  s l i g h t l y  evolved s o i l s ) ,  on i o n i c  
dominance (calcomagnesimorphic s o i l s ) ,  on t h e  d i s t r i b u t i o n  of  o r g a n i c  
matter and t h e  r a t e  of s a t u r a t i o n  of t h e i r  complex ( isohumic s o i l s ) .  
The sub-c lasses  
d a t a  ( l i t h o s o l s  and r e g o s o l s ) .  The t h r e e  systems,  though, are i n  
harmony when i t  comes t o  t h e  u s e  and d e f i n i t i o n  of t h e  t e r m  " v e r t i s o l "  
a t  t h e  upper l e v e l  o f  each of t h e  c l a s s i f i c a t i o n s .  

a r e  de f ined  e i t h e r  by c l i m a t i c  d a t a  o r  g ranu lomet r i c  ,.* 

_II 

However, when i t  i s  a q u e s t i o n  of s u s c e p t i b i l i t y  t o  water o r  
wind e r o s i o n ,  none of t h e  legends o r  c l a s s i f i c a t i o n s ,  a t  l eas t  on t h e  
upper  l e v e l s  used i n  t h e  case of small scale maps, g i v e  any c e r t a i n  
way of d e f i n i n g  e r o d i b i l i t y .  The c h a r a c t e r i s t i c s  which de termine  t h i s  
e r o d i b i l i t y  are: 

- t h e  t e x t u r e  of t h e  surface hor i zon :  t h e  amount of sand w i t h  vary- 
i n g  granulometry ( f o r  wind e r o s i o n )  , amount of  c o l l o i d s  ( f o r  runof f )  ; 

t h e  q u a l i t y  of t h e  s u r f a c e  s t r u c t u r e ,  i n  p a r t i c u l a r  t h e  amount of 
aggrega te s  smaller than  0.84 mm. , t h e  s t a b i l i t y  of  t h i s  s t r u c t u r e  
w i t h  an idea of t h e i r  r e s i s t a n c e  t o  deg rada t ion  caused by t rampl ing  
by the  he rds  o r  t h e  passage of machines,  and e s p e c i a l l y  t h e  tendency 
t o  form a Eine s u r f a c e  c r u s t  w i th  a l o s s  of p o r o s i t y .  
of t h e  s t r u c t u r e  i s  a l s o  determined by the  presence  of c e r t a i n  i o n s  
(sodium) on t h e  complex. 
have modif ied t h e  s u r f a c e  s t r u c t u r e  ( b i o l o g i c a l  d e p o s i t s ) .  

The q u a l i t y  

I n  c e r t a i n  cases a l g a e  and micro-organisms 

- t h e  p e r m e a b i l i t y  of  t h e  upper  h o r i z o n  which i s  cond i t ioned  by the  
t e x t u r e  and t h e  s t r u c t u r e ,  and e s p e c i a l l y  t h e  e v o l u t i o n  of speed 
of p e r m e a b i l i t y  i n  t i m e  ( r a t e  of  r u n o f f ) .  

Y 
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- amount and forms of  calcium ca rbona te s .  They a f f e c t  t h e  s t r u c t u r e  
and pe rmeab i l i t y ,  b u t  t h e i r  c a l c i c  rocks  are very rare i n  t h e  Sahel .  

- t h e  c l a y ' s  mine ro log ic  type :  t h e  1/1 c l a y s  g e n e r a l l y  g i v e  u n s t a b l e  
s t r u c t u r e s  i n  t h e  semi-ar id  climates,  t h e  2 / 1  c l a y s ,  because  they 
can  swel l ,  o f t e n  l e a d  t o  gu l ly ing .  To s i m p l i f y  t h i n g s ,  t h e  charac-  
t e r i s t i c s  used i n  t h e  upper levels of t he  c l a s s i f i c a t i o n s  only  ' 

permi t  t he  e v a l u a t i o n  of c e r t a i n  a s p e c t s  of t h e  t h e o r e t i c  r i s k  of 
e r o s i o n  by us ing  major t e x t u r a l  d i s t i n c t i o n s  l i k e  psamments, 
r e g o s o l s ,  l i t h o s o l s .  But i n  p r a c t i c e  e r o d i b i l i t y  can  only  be  

mina t ion  of t h e  t e x t u r a l  c l a s s e s  and t h e  q u a l i t y  of t he  S t r u c t u r e  
of t h e  s u r f a c e  hor izon .  This  most o f t e n  occurs  a t  t h e  l e v e l  O E  t h e  
fami ly  ( S o i l  Taxonomy, French c l a s s i f i c a t i o n ) .  With the  FAO legend 
(1976) t h e  u s e  of "phases" means improvement. The phases  are sub- 
d i v i s i o n s  of s o i l  u n i t s  based on c h a r a c t e r i s t i c s  which are impor t an t  
i n  land u s e  o r  management b u t  which have no d i a g n o s t i c  v a l u e  when i t  
comes t o  the  s e p a r a t i o n  of t h e  s o i l  u n i t s  themselves.  Moreover, t h e  
d e f i n i t i o n  of t h e s e  phases  cor responds  t o  those  formulated i n  S o i l  
Taxonomy, b u t  they have t h e  advantage  of be ing  shown on small scale  
maps (1 /5  m i l l i o n ,  FAO, UNESCO, 1974) .  

s a f e l y  de f ined  a t  c l a s s i f i c a t i o n  levels which permi t  b e t t e r  d e t e r -  t 

Table  No. 1 g i v e s  a q u a l i t a t i v e  e v a l u a t i o n  O E  t h e  e r o d i b i l i t y  of  
t h e  main S a h e l i a n  s o i l s  with an a t t empt  made t o  c o r r e l a t e  t h e  t h r e e  
c l a s s i f i c a t i o n s  and t o  name t h e  s o i l s .  I t  i s  based on t h e  i n t e r p r e t a -  
t i o n  of d a t a  s u p p l i e d  by pedologic  s t u d i e s  done i n  t h e  Sahe l  (Audry and 
R o s s e t t i ,  1962; Gavaud, 1968; Dabin, 1969; Boulet  e t  a l . ,  1971).  The 
d e s c r i p t i o n s  and t h e  ana lyses  a v a i l a b l e  a l low d e f i n i t i o n  of t h e  most 
common t e x t u r a l  c l a s s e s  and d e t e r m i n a t i o n  of t h e  c l ayey  mine ra l s .  
Gene ra l ly  speaking  t h e  k a o l i n i t i c  c l a y s  a r e  mainly found i n  t h e  sandy 
o r  sandy-clayey s o i l s  which have developed on a e o l i a n  d r i f t ,  on a n c i e n t  
sed imentary  rocks ,  on a l l u v i a l  material. The presence  of  type  2 /1  
c l a y s  i s  almost  completely l i m i t e d  t o  t h e  cases of s o i l s  on r e c e n t  
a l t e r a t i o n s  of g r a n i t i c  o r  b a s i c  metamorphic rocks  and on a n c i e n t ,  
o f t e n  i n d u r a t e d  a l t e r a t i o n s  marked by more humid pa leoc l ima tes  (Fauck 
1967) .  

Observa t ions  by s o i l  s c i e n t i s t s  a l s o  show t h e  s t r u c t u r a l  charac-  
t e r i s t i c s  s p e c i f i c  t o  c e r t a i n  k inds  of wide ly  d i s t r i b u t e d  s o i l s .  Thus 
t h e  a l k a l i z e d  s u b a r i d  brown s o i l s  and t h e  t r o p i c a l  f e r rug inous  s o i l s  
(French c l a s s i f i c a t i o n )  have a d e f i n i t e  tendency t o  s e a l  a t  t h e  be,' e in-  
n i n g  of t h e  dry season. With t h e  brown s o i l s  having a sandy-clayey 
t e x t u r e  i t  was found t h a t  t h e  p r o E i l e  s t a y e d  dry i n  depth  du r ing  p a r t  
o f  t h e  r a i n y  season. Th i s  shows t h a t  t h e  r e l a t i v e  impermeabi l i ty  of  t h e  
two upper  c e n t i m e t e r s  l i m i t e d  i n f i l t r a t i o n  ( shays  d e c r e a s e  of h y d r a u l i c  
c o n d u c t i v i t i e s )  and caused t h e  runofE O E  most of t he  h igh  i n t e n s i t y  
r a i n s  a t  t h e  beginning  of  t h e  r a i n y  season.  I n  t h i s  case, then ,  t h e  
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. TABLE 1. The Eros iveness  of t h e  Main S a h e l i a n  S o i l s  (Rainfed A g r i c u l t u r e )  

French S o i l  FAO Wind Water 
C l a s s i f i c a t i o n  Taxonomy Legend Eros ion  Eros ion  Comments 

Raw m i n e r a l  
s o i l s  

-1 i thos ois 
J - regosols  

S l i g h t l y  evolved 

-sub-desert g rays  
- l i t h i c  soi ls  

- regosol ic  s o i l s  

s o i l s  

V e r t i s o l s  
-topomorpic 
-1i:homorphic 

Calcomagne s i- 

-(ca lcareous  
browns) 

morphic s o i l s  

Isohumic s o i l s  
-subarid browns 
-red-browns 
-pseudogley 

browns 

T r o p i c a l  fe r ru-  
ginous s o i l s  

-unleached 
-leached t o  

concre t ions  

l i t h i c  sub- 
groups of many 
o r d e r s  
o r t h e n t s  or 
ps a m e n  t s 

a r i d i s o l s  

l i t h . i c  sub- 
groups 

e r i t i s o l s  
( t o r r i p s  a “ e n t s  
& t o r r i o r t h e n t s )  
a r i d i s o l s  
( c a l c i o r t h i d s )  

v e r t  i s o l s  

p e 1 h s t e r : s  
- c h r o a u s t e r t s  

incep  t i s o l s  

(xerochrep t s  

a r i d i s o l s  
camborthids 

h a p l a r g i d s  

t o r r  i p s  ammen t s 
a l f i s o i s  (hap- 

i u s  talEs, 
pa leus  t a l f s ,  
r h o d u s t a l f s )  

Halomorphic s o i l s  nadurs rg ids  
-8 olone t z  n a t r a r g i d s  

s o l o d i s e s  

l i t h o s o l s  s l i g h t  s l i g h t  h igh  r u n  o f f  

r e g o s o l s  v a r i a b l e  s l i g h t  depends on 
t e x t u r e  

x e r o s o l s  L h i g h  s l i g h t  sheet 
yermosols e r o s i o n  

l i t h o s o l s  s l i g h t  average i n  gullies 

regosols  high s l i g h t -  depends on 
( e u t r i c  & average  t e x t u r e  
d y s t r i c )  

v e r r i s o l s  s l i g h t -  g u l l y  
-chromic s l i g h t  average e r o s i o n  
-pa  i l i e  depondi iip 

on t h e  
q u a l i t y  & 
s i z e  of 
s t r u c t u r e  

c a n b i s o l  s l i g h t  h igh  not  very 

( c a l c i c )  s o i l s  
s c a t  t e r e d  

x e r o s o l s  average- s l i g h t -  s h e e t  
h a p l i c  h igh  average e r o s i o n  

s l i g h t  average- f requent  
--------------c---------------------- 

high  g u l l y i n g  

s l i g h t -  
a renosols  s l i g h t  average 
l u v i s o l s  s l i g h t  average- s e n s i t i v i t y  
( ferr ic  h igh  depends on 
( g l e y i c  s h e e t  d e s t r u c t i o n  

e r o s i o n  of the  
s u r f a c e  c r u s t  

s o l o n e t z  s l i g h t  average f requent  
g u l l y i n g  

I -  

.-” 
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r a i n  a v a i l a b l e  f o r  t h e  s o i l  on ly  r e p r e s e n t e d  a f r a c t i o n  of t h e  t o t a l  
r a i n ,  t h e  s o i l s  a c t u a l l y  having a d r i e r  pedocl imate  than  t h e  meteoro- 
l o g i c  d a t a  had i n d i c a t e d  i n  themselves.  Note t h a t  surface imperm- 
e a b i l i t y  has  a n o t h e r  consequence; i t  blocks t h e  c a p i l l a r y  and l i m i t s  
l o s s e s  through e v a p o r a t i o n  (mulching e f f e c t ) ,  which i s  sometimes an 
advantage.  

The tendency toward s u r f a c e  c r u s t i n g  a l s o  a f f e c t s  t h e  halomorphic 
s o i l s  developed on g r a n i t e  c a l c i c - a l k a l i n e  rocks  ( s o l i d i z e d  s o l o n e t z ) .  
These s o i l s  a r e  of l i t t l e  u s e  i n  a g r i c u l t u r e  b u t  th,ey a r e  d i s t r i b u t e d  
on long  g l a c i s  which undergo i n t e n s e  runoff  i n  t h e  beginning  O E  t h e  
r a i n y  season and, lower down, g u l l i e s  can occur  i n  p l a c e s  and even 
t u n n e l  e r o s i o n  ( p i p i n g ) .  S o i l  e r o d i b i l i t y ,  then,  cannot  be d isassoc-  
i a t e d  from t h e  topographic  p o s i t i o n  of t h e  p r o f i l e s .  
vary .  The p r i n c i p a l  types  a r e :  

But Sahel  r e l i e f s  

- a c t i v e  dunes and f l a t - t o p p e d  h i l l s .  

- long g l a c i s  with s l i g h t  s l o p e s ,  e i t h e r  from e r o s i o n  o r  accumulation. 

- i n t e r d u n a l  p l a i n s ,  more o r  l ess  covered w i t h  sand. 

- uneroded, i n d u r a t e d  h i l l s  and r e l i e f s  w i t h  outcrops.  

- v a l l e y s  and d e p r e s s i o n s  l i a b l e  t o  f looding .  

The dunes seem t o  be t h e  most s e n s i t i v e  t o  a l t e r a t i o n  b u t  i t  i s  
imposs ib le  t o  determine t h e  r o l e  of c u r r e n t  processes .  The p r e s e n t  
dunal  forms i n  t h e  Sahel  a r e  t h e  r e s u l t  of a t  least  t h r e e  a r i d  c l imat ic  
e p i s o d e s  i n  t h e  q u a t e r n a r y  age (Leprun, 1971).  The s o i l s  have d i f f e r e n t  
morphological  c h a r a c t e r i s t i c s  i n  each of t h e s e  dunal  systems. The old-  
e s t  have s t r u c t u r a l  and even t e x t u r a l  B hor izons .  The e x t e n t  of t h e  
a l t e r a t i o n s  becomes apparent  when t h e  t r a n s i t i o n  between t h e  upper 
h o r i z o n s  and t h e  g e n e r a l l y  reddened s t r u c t u r a l  B h o r i z o n s  i s  examined. 
One f i n d s  t h a t  on most of t h e  s l o p e s  and t h e  lower p a r t  of t h e  dunes 
t h e s e  t r a n s i t i o n s  are t h e  r e s u l t  of t h e  B ' s  having been scraped  by 
e r o s i o n  t h e n  covered by moving sands.  
(which i s  n o t  t h e  only c a s e  of s u p e r f i c i a l  a l t e r a t i o n )  i t  i s  t h i s  sandy 
upper  h o r i z o n  which moves on, appear ing  i n  p l a c e s  on t h e  s u r f a c e  of t h e  
B hor izons .  I t  i s  probably wind e r o s i o n  which was t h e  a c t i v e  f a c t o r  i n  
t h i s  phenomenon, which i s  o f t e n  marked by b a r r e n  s t r i p s ,  t h e  shrubby 
s t e p p e  having  been e l i m i n a t e d  here .  

With d e g r a d a t i o n  by o v e r g r a z i n g  

The number of modern p o t t e r y  fragments t h a t  can be found i n  t h e  
p r o f i l e s  between 40 and 70 cm. shows t h a t  numerous a l t e r a t i o n s  d a t e  
from t h e  most r e c e n t  c e n t u r i e s  of human occupat ion.  The i n s t a n c e s  of 
dunal  movement around semi-permanent ponds confirm t h e  i n s t a b i l i t y  of 
t h i s  S a h e l i a n  environment. G u l l i e s  have even been found i n  t h e  lower 
p a r t  of t h e  dunes. 
c l a y e y  s o i l  t e x t u r e  found t h e r e .  On t h e  o t h e r  hand, i t  must be 
p o i n t e d  o u t  t h a t  t h e s e  a r e  a l s o  t h e  dunal  f i e l d s  which show t h e  most 
r a p i d  regrowth of v e g e t a t i o n .  

These are probably r e l a t e d  t o  t h e  s l i g h t l y  more 
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The g l a c i s  a r e  made up of c y c l e s  of qua ternary  e r o s i o n  and they 
a r e  t h e  c u r r e n t  s i t e s  of s u b s t a n t i a l  runoff  and, t h e r e f o r e  s h e e t  
e r o s i o n  a l s o ,  b u t  t h i s  i s  hard  t o  e v a l u a t e  q u a n t i t a t i v e l y .  Recent r i l l s  
a r e  t o  be found on t h e  accumulat ion g l a c i s .  

A l l  t h e s e  o b s e r v a t i o n s ,  both those  on t h e  s o i l ' s  morphologic 
c h a r a c t e r i s t i c s  and t h o s e  on geomorphology, show t h e  importance of t h e  
r i s k  o f  e r o s i o n  i n  t h e  Sahel .  But they do n o t  h e l p  i n  t h e  s e p a r a t i o n  
of t h e  a n c i e n t  p r o c e s s e s  from t h e  c u r r e n t  ones,  o r  i n  de te rmining  t h e  
i n t e n s i t y  of  t h e s e  c u r r e n t  processes .  The importance of t h e  paleo- 
c l i m a t i c  h i s t o r i e s  though i n d i c a t e s  t h a t  t h e  Sahel  s o i l  c o v e r  i s  par- 
t i a l l y  o u t  of balance i n  r e l a t i o n  t o  c u r r e n t  c l i m a t i c  c o n d i t i o n s .  This  
unbalance e x p l a i n s  t h e  i n s t a b i l i t y  of t h e  ecosystems and i s  one of t h e  
r e a s o n s  e r o s i o n  i s  as s e r i o u s  a problem as i t  is. 

QUANTITATIVE EVALUATION OF ERODIBILITY 

The morphologic s t u d y  of t h e  s o i l  p r o f i l e s ,  even when complemented 
by a n a l y t i c  d e t e r m i n a t i o n  does n o t  g i v e  any way of q u a n t i f y i n g  erod- 
i b i l i t y .  
i n  t h e  C e n t r a l  A f r i c a n  Republ ic  (Quant in  and Combeau, 1962) should  be 
brought  t o  mind though. 

Attempts t o  l i n k  e r o s i o n  and t h e  s o i l ' s  s t r u c t u r a l  s t a b i l i t y  

-7 

Two k i n d s  of q u a n t i t a t i v e  e v a l u a t i o n s  have been done i n  A f r i c a ,  
t h e  i n  s i t u  neaaurement of runoff  and w a t e r  e r o s i o n ,  and t h e o r e t i c  
e v a l u a t i o n  u s i n g  p r e e s t a b l i s h e d  formulae.  A l l  t h e  measurements done 
-- 

- -  
i n  t h e  f i e l d  up  u n t i l  now involve  w a t e r  e ros ion .  
wind e r o s i o n  h a s  only j u s t  been undertaken w i t h i n  t h e  framework of an 
experiment  b e i n g  s e t  up i n  Niger ,  complementing c e r t a i n  r e c e n t  obser- 
v a t i o n s  (Mainguet and C a l l o t ,  Guy, 1974; Chamard and Courel ,  1975). 

Q u a n t i f i c a t i o n  of 

1) Experiments w i t h  runoff  p l o t s .  

The r e s u l t s  o b t a i n e d  up u n t i l  now r e l a t e  t o  Upper V o l t a  and Niger.  
For  comparison, those  o b t a i n e d  i n  Se'fa, Senegal, (Table  2)  c a n  be 
inc luded  -- t h a t  is  i n  a Sudanian zone -- b u t  wi th  a s i n g l e  r a i n y  season 
l i k e  i n  t h e  Sahel .  Those o b t a i n e d  i n  t h e  Ivory  Coast  ( two r a i n y  seasons)  
are p r e s e n t e d  i n  Table  3 .  
a r e  a t  t h e  s o u t h e r n  l i m i t  of t h e  Sahelo-Sudanian zone (850 mm. r a i n f a l l ) .  

s l i g h t  s l o p e s  (.8%) c h a r a c t e r i s t i c  of t h e  r e l i e f  of t h e  Mossi p l a t e a u  
(Roose, 1972).  They had been preceded by p r e l i m i n a r y  s t u d i e s  ( C h r i s t o i ,  
1966). The runoff  rates are  s l i g h t  i n  t h e  n a t u r a l  m i l i e u ,  t h a t  i s  i n  
v e r y  open wooded savanna. 
t y p e  of c u l t i v a t i o n  (Roose, 19721, -- b a r e  s o i l  ( c o n t r o l )  undergoing 

I n  Upper V o l t a  t h e  experiments  done a t  S a r i a  

The measurements were done on t h e  v a r i o u s  s i z e d  p l o t s  (200-5,000 m 2 ) on 

They v a r y  between 2 and 32% depending on t h e  



Table 2. Summary of t h e  Annual R e s u l t s  Obtained on E r o s i o n  F i e l d  P l o t s  i n  SEPA (1960-62) (Roose, 1967) 

No. Plots 1 '  2 3 4 5 6 7 8 

1960 Crops 
Mode 
P 
R "  
R %  
E t / h a  
R t  kg/ha 

1461 Crops 
Mode 
P 
R mm 
R %  
E t / h a  
R t  kg/ha 

1962 Crops 
Mode 
P 
R "  
R %  
E t / h a  
R t  kg/ha 

peanut  
t r a d i t .  
1171 
220,3 
18,8 

1900 , 

r i c e  
c r a d i t .  
1231 
461,l 

5,35 

37,5 
29,95 

neant  

peanut  
t r a d i t .  
1084 
247,3 
22,8 
2,91 

1025 

peanii t 
dech. - 
430,5 
36,8 
12,15 

2850 

r i c e  
dech. - 
617,4 
50,2 
54,48 

neant  

c o t t o n  
dech. - 
462,8 
42,7 
18,52 

266 

peanut/sorghum peanut  peanut  r ice  peanut  peanut  
dech1E.V. S.C. dech. dech. dech. dech. t r a d i t .  
1302 - - 
227,6 328,3 376,3 398,l 375,5 352,4 
17,5 25,2 28,9 30,6 2 8 , 8  27,l 

- - - 

4,52 3,59 6,99 7,38 6,98 7,30 
2580 2660 2640 400 21 20 2580 

r i c e l p e a n u t  r ice  r i c e  peanut  S0rgfE.V. fa l low 
S.C. dech. dech. dech. dech. dech. t r a d i t .  
1185 - 
374,3 446,8 431,O 470,O 414,4 157,3 
31,6 37,7 36,4 39,7 35,O 13,3 

- - - - 

8,05 6,79 10,84 5,24 8,65 9,78 
5 341 1940 1184 872 1720 46.000 - 

s o r g f g r a i n  sorg/E.V. peanut  c o t t o n  fa l low fa l low 
dech. dech. dech. dech. dech. . t r a d i t .  
1223 - 
513,9 296,2 . 474,3 402,9 180,9 228,3 
42,O 24,2 38,8 ' 32,9 14,8 18,7 

- - - - 

3,29 1,19 3,32 4,25 1,46 1,85 - - 760 2224 460 - 
P = r a i n  R = run-off E = e r o s i o n  R t  = crop  y i e l d  tradii. = t r a d i t i o n a l  dech. = s t u b b l e  plowing 



Table 3. Erosion and Run s f E  wi th  Various P l a n t  Covers Between Abidjan and Ouagadougou 

Eros ion  F i e l d  P l o t s  from 90-5,000 m 2 (Roose, 1972) 

S t a t i o n s  Eros ion  
tons /ha /yea r  

Run-o E E 
% O E  annual  r a i n a  . 

AD lOPODOUME ( 1956-19 7 1 ) Slope N a t u r a l  Bare N a t u r a l  Bate 
(ORSTOM) environment soil Crop environment s o i l  Crop 

- - - - Secondary evergreen Eorest  * 4,5 .Z 60-90 42 
2100 mm : 4 seasons 
90-250 m2 p l o t s  7 %  0,03 100-170 0,1790 0,14 38 0,5-20 
C l ima t i c  e r o s i v e n e s s  R = 

800-1200 UA 32 - - - - 0,7 
o, 7 

500-750 - 22 I OY2 
(Roose, 1971) 6 3  X 1 , O  

BOUPXE ( 1960-1 970) 
( IUT-ORSTOM) 

Dense shrubby savanna 
1200 mm : 4 seasons 
200-250 m2 p l o t s  
E ros iveness  R = 

250-500 UA 
(Ber t rand ,  1967) 

4 %  0,05- 18-30 0,l-26 0,3 15-30 .0,1-26 

0,20 

OUAGADOUGOU (1967-1971) 
(CTFT-ORSTOM-IRATI 0 , 8  % 0,05- 10-20 O, 6-8 2,5 40-60 2 -32 

C l e a r  wooded savanna . 
850 mm : 2 seasons 
200-5,000 m2 p l o t s  
C l ima t i c  e ros iveness  R = 

(CTFT, 1971) 
UA 250-450 

O, 15 

W 
00 
O 
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40-60% r u n o f f .  Taking i n t o  c o n s i d e r a t i o n  t h e  unbalance between t h e  
water c o n t r i b u t i o n s  and t h e  l o s s e s  through e v a p o t r a n s p i r a t i o n ,  one 
becomes aware of t h e  s e r i o u s n e s s  of such s u p e r f i c i a l  l o s s e s  i n  t i m e .  
These l o s s e s ,  though, s t i l l  may have a r o l e  i n  t h e  ag ro -pas to ra l  
economy because p a r t  of t h e  wa te r  i s  caught  i n  d e p r e s s i o n s ,  i n  ponds 
e s p e c i a l l y ,  which are undeniably impor tan t  when i t  comes t o  t h e  
s u r v i v a l  of he rds  i n  t h e  dry season. E ros ion  ( i . e . ,  t h e  amount of 
s o i l  c a r r i e d  o f f )  l i k e w i s e  v a r i e s  acco rd ing  t o  t h e  s o i l  t r ea tmen t s .  
I t  can be s l i g h t  under  c u l t i v a t i o n  bu t  can  reach  8 t o n s ,  whi le  s o i l  
l o s s e s  from ba re  s o i l  range from 10-20 tons /ha /yea r  e q u a l l i n g  1000- 
2000 tons/km /year .  2 

I n  Niger  expe r imen ta t ion  was done i n  t h e  A l l a k o t o  expe r imen ta l  
s t a t i o n  (Maggia Va l l ey  - Delwaulle ,  1973). Annual average  r a i n f a l l  
i s  around 450 mm, t h e  l eng th  of t h e  r a i n y  season  no t  exceeding 4 months. ' '  
The v e g e t a t i o n  i s  a shrubby savanna g r e a t l y  a f f e c t e d  by man and i s  
c u r r e n t l y  very  s p a r s e l y  c u l t i v a t e d .  I t  i s  a p l a t e a u  c u t  through wi th  
l a r g e  v a l l e y s ,  on which very  d i v e r s e  s o i l s  have developed i n  connec t ion  
w i t h  t h e  g r e a t  d i v e r s i t y  of g e o l o g i c  rocks.  Most of t h e s e  s o i l s  are 
chemica l ly  r i c h ,  which i s  e x c e p t i o n a l  w i t h  r e s p e c t  t o  t h e  l a r g e s t  p a r t  
of t h e  Sahe l  and t h i s  i s  why numerous development programs have been 
se t  up t h e r e .  But t h e  s e r i o u s n e s s  of t h e  e r o s i o n  phenomena has  a l r e a d y  
caused s e r i o u s  concern  among s p e c i a l i s t s  who have sought  no t  on ly  t o  
q u a n t i f y  t h e  phenomenon bu t  a l s o  t o  seek  uncomplicated ways of combat t ing  
i t  which a r e  adapted  t o  t h e  socio-economic c o n d i t i o n s  of t h e  coun t ry .  

2 Four p l o t s  have been s e t  up. They a r e  on t h e  o r d e r  of 4000 m -- 
t h a t  i s ,  they a r e  comparable t o  t h e  f i e l d s  of t h e  Haoussa. They 
r e c e i v e d  t h e  fo l lowing  t r e a t m e n t s :  

P l o t  1: i sohypse  s t o n e  walls and plowing 

Pliot 2: c o n t r o l ,  t r a d i t i o n a l l y  c u l t i v a t e d  

P l o t  3 :  con tour  v e g e t a t i o n  rows and plowing 

P l o t  4 :  g r a s s y  i sohypse  s t o n e  mounds 

The a r e a  s l o p e s  are 2-5% and t h e  s o i l s  come from c a l c a r e o u s  rocks .  The 
f i e l d  p l o t s  were p l a n t e d  on 3% s l o p e s  and on brown c a l c a r e o u s  s o i l s  
(French c l a s s i f i c a t i o n )  which cor respond w e l l  t o  t h e  c a l c i c x e r o s o l s  (FAO) 
and t h e  camborthids  ( S o i l  Taxonomy). The s tudy  of t h e  d i s t r i b u t i o n  
d u r i n g  t h e  t i m e  of t h e  r a i n f a l l  showed t h a t  t h e r e  were maximum i n t e n s i t i e s  
each  y e a r  ( d u r i n g  a 5 minute pe r iod )  g r e a t e r  t han  74 mm/h. 
f requency of t h e s e  i n t e n s i t i e s  v a r i e d  from 1 t o  14 from 1966-1971. 

The annua l  

Runoff on ly  occurred  a f t e r  a c e r t a i n  amount o f  r a i n  had f a l l e n ;  
t h i s  was about  12 mm f o r  t h e  c o n t r o l  p l o t .  Th i s  v a l u e  i s  very  theo- 
r e t i c a l  though, and t h e  i n i t i a t i o n  of runoff  no t  only depends on t h e  
r a i n ' s  i n t e n s i t y ,  b u t  a l s o  on t h e  m o i s t u r e  of t h e  uppe r  hor izon .  I t  
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a l s o  v a r i e s  depending on whether  i t  i s  t h e  beginning of  t h e  r a i n y  season 
when t h e  s o i l  i s  b a r e ,  o r  a t  t h e  end of t h e  r a i n y  season when t h e r e  i s  
s u b s t a n t i a l  p l a n t  cover.  Table  4 g i v e s  t h e  average percentages  of 
r u n o f €  recorded. A n o t i c e a b l e  d i f f e r e n c e  i s  found between t h e  t r e a t m e n t s  
and t h e  annual  average runoEf i s  around 20% d u r i n g  t h e  "normal" y e a r s .  
The s imple a n t i - e r o s i o n  t r e a t m e n t s  used h e r e  a r e  very  e f f e c t i v e ;  t h e  run- 
o f f  i s  always less than  9%. The v a l u e s  f o r  e r o s i o n ,  t h a t  i s  f o r  s o i l  
c a r r i e d  o f f  by r u n o f f ,  do n o t  a g r e e  wi th  t h e  v a l u e s  f o r  runoff .  For 
1968, which was a y e a r  w i t h  s l i g h t  average r a i n f a l l ,  i n t e r e s t i n g  r e s u l t s  
were obtained.  For t h e  t r a d i t i o n a l l y  worked f i e l d ,  e r o s i o n  was g r e a t e r  
t h a n  5 t o n s  p e r  h e c t a r e ,  b a s i c a l l y  caused by two r a i n s .  On t h e  o t h e r  
hand e r o s i o n  on t r e a t e d  p l o t s  remained s l i g h t  and was always less than 
500 kg/ha,  e r o s i o n  less than 7.5 t o n s / h e c t a r e  be ing  c o n s i d e r e d  
t o l e r a b l e .  T h i s  problem of t h e  e f f e c t i v e n e s s  of e r o s i o n  c o n t r o l  methods 
w i l l  be taken  up a g a i n  l a t e r  on. 

Other  experiments  with runoff  p l o t s  have been done i n  t h e  Sudanian 
reg ions .  Although t h e r e  i s  c a u s e  f o r  r e s e r v a t i o n ,  t h e  r e s u l t s ,  par- 
t i c u l a r l y  those  a t  S é f a  ( S e n e g a l ) ,  c a n  be cons idered  i n d i c a t i v e  of t h e  
most s o u t h e r n  S a h e l i a n  o r  Sudano-Sahelian r e g i o n s  (Fauck, 1954; Fauck, 
1956; Roose, 1967). Other  r e s u l t s  have been obta ined  w i t h  h y d r a u l i c  
catchment b a s i n s  b u t  they only  r e l a t e  t o  t h e  computed runoff  rates 
(Brunet-Moret, 1963; Dubief ,  1953;  G i r a r d ,  1975).  These s t u d i e s  show 
t h e  importance of e x c e p t i o n a l  f l o o d i n g  i n  maximum flow and volume. 
These are f loodings  whose d e c r e a s e  i n  outf low i s  hampered from up- 
s t r e a m  t o  downstream i n  hydrographic  networks whose morphology is  t h e  
product  of more humid q u a t e r n a r y  climates (Rodier ,  1975). These r e s u l t s  
show t h e  e x i s t e n c e  of p e r i o d s  of v e r y  h igh  r a t e s  of runoff  f o r  w e l l -  
d r a i n e d  s o i l s .  These are mainly a t  t h e  beginning of t h e  r a i n y  season. 
I n  t h e s e  c o n d i t i o n s  t h e  annual  average  runoff  v a l u e  s u p p l i e d  most 
o f t e n  i n  hydrology does n o t  have any g r e a t  s i g n i f i c a n c e  f o r  e r o s i o n  
because,  f o r  e r o s i o n ,  i t  i s  t h e  p a r t i c u l a r l y  w e t  o r  dry  y e a r s  which are 
t h e  most important .  

2 )  Experiments w i t h  t h e  r a i n  s i m u l a t o r .  

Experiments were done i n  1976 n e a r  Lake Bam i n  t h e  V o l t a i c  Sahel .  
The r e s u l t s  are s t i l l  very  high d u r i n g  t h e  f i r s t  r a i n s  which € a l l  on 
d r y  s o i l .  They f l u c t u a t e ,  i n  most cases, between 40 and 50 mm/h f o r  
60 mm/h s imula ted  r a i n s  ( C o l l i n o t ,  1977, unpubl ished) .  Eros ion  v a r i e s  
c o n s i d e r a b l y  depending on t h e  s o i l .  
( i n t e n s i t y ,  l e n g t h  of t h e  r a i n s ,  same i n i t i a l  s t a t e  of t h e  p l o t s ,  
s imi la r  s l o p e s )  have g iven  t h e  fo l lowing  extreme v a l u e s :  s o i l s  w i t h  
s u r f a c e  g r a v e l  ( n a t u r a l  mulch) 0.02 t / h a / h r ;  t h i c k  sandy s o i l :  1.7 t o  
2.9 t /ha /hr .  

I d e n t i c a l  experiment p l a n s  
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* Table 4 ,  Allokoto,  average runoff  percentages recorded. 

~~ 

Year Ra in fa l l  R P1 P2 P3 P4 

1966 487.0 180,4 5.1 18 6.1 >k 

1967 515.3 305.8 5.9 22,s  5 0 0  O 
1968 354.3 150.8 0,8 8,5 1.2 0,6 
1969 506 o 8 178.0 2.3 21.4 6,8 102  
19 70 469.5 250.9 5.6 19.2 8,5 2 o 1  

1971 289.6 152,6 1.3 10,5 1.3 0.3 
Moyenne 437 D O  198.5 3.8 17,6 5,2 0.9 

'k N o t  used Delwaulle - 1973 

I 

... 

Table 5. R value i n  Upper Volta. 

Year 1966 1967 1968 1969 1970 1971 1972 Average 
S t a t  ion s 

DORI 
OUAHIG OUYA 
FADA N'GOURMA 
OUAGADOUGOU 
SARIA 
MOGTEDO 
BOBO-DIOUTASSO 
FARAKO- BA 
NIANG OLOKO 
GAOUA 

440 190 176 491 
390 315 353 

442 526 439 458 
389 252 725 

357 501 
406 467 

493 437 664 538 
365 393 489 

707 846 
419 274 910 644 

165 
225 
302 
228 
3 89 
384 
880 
736 
9 24 
713 

101 
321 
322 
4 14 
320 
25 6 
42 1 
3 72 
3 14 
49 6 

262 261 
203 301 
509 428 
786 466 
217 357 
378 378 
442 554 
554 485 
491 656 
310 538 

Delwaulle - 1973 
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3 )  T h e o r e t i c  formulae. 

The t h e o r e t i c  r i s k  of e r o s i o n  i n  t h e  Sahel  has  been e v a l u a t e d  by 
d i f f e r e n t  methods. With r e s p e c t  t o  wind e r o s i o n  i t  must be r e a l i z e d  
t h a t  t h e  g r e a t e s t  p a r t  of t h e  sandy p a r t i c l e s  of t h e  dunes are d i s t r i -  
bu ted  i n  modes equal  t o  o r  less than  200 microns and thus  a r e  l i a b l e  
t o  be ing  e a s i l y  c a r r i e d  o f f  by winds. But real  e r o s i o n  i s  dependent 
on t h e  q u a n t i t y  and q u a l i t y  of t h e  a g g r e g a t e s  b inding  t h e s e  p a r t i c l e s .  
However, examinat ion of c u r r e n t  d a t a  s u p p l i e d  by wind gauges shows t h a t  
t h e  average  wind v e l o c i t y  is  r e l a t i v e l y  s l i g h t  (on ly  15% of t h e  winds 
have a v e l o c i t y  g r e a t e r  than  5 m / s  a t  Dor i  (Upper V o l t a )  (Coure l ,  
1977).  
I l  coudeyr iza t ion"  (caving  i n  of duna1 c a v i t i e s )  , though, shows t h e  
r e a l i t y  of  d e f l a t i o n .  

Evidence of wind p r o c e s s e s  and t h e  r e c e n t  e v o l u t i o n  of 

For water e r o s i o n  i t  was F o u r n i e r  (1960 and 1967) who took t h e  
f i r s t  t h e o r e t i c  s t e p  u s i n g  t h e  b a s i c  formula p2/P, p being  t h e  r a i n f a l l  
i n  t h e  wet tes t  month and P t h e  norm 1 r a i n f a l l .  The f i g u r e s  t h a t  were 
o b t a i n e d  vary  around 2,000 t p e r  km p e r  year .  This  i s  t h e  f i g u r e  
o b t a i n e d  f o r  b a r e  s o i l  i n  t h e  runoff  experiments  i n  Upper Volta .  
Right  now t h e  FAO i s  t r y i n g  t o  u s e  a formula d e r i v e d  from t h e  F o u r n i e r  
formula t o  c h a r a c t e r i z e  small scale e r o s i v e n e s s .  But i t  i s  t h e  Wischmeier 
formula t h a t  h a s  been most r e c e n t l y  used by a l l  t h e  writers. The e r o s i o n  

Wischmeier, 1962; Wischmeier and Mannering, 1969 ; Wischmeier, 1974) : 

9 

p r e d i c t i o n  e q u a t i o n  i s  as fo l lows  (Wischmeier and Smith,  1960; Smith and <, - 

..- 
A = R.K.C.SL.P. 

A = average  annual  s o i l  l o s s e s  
R = r a i n f a l l  and a s s o c i a t e d  r u n o f f  
K = i n h e r e n t  s u s c e p t i b i l i t y  of t h e  s o i l  t o  e r o s i o n  by w a t e r  
C = cover  and management 
SL = e f f e c t s  of s l o p e  l e n g t h  and s t e e p n e s s  
P = supplemental  p r a c t i c e s  

R w a s  c a l c u l a t e d  f o r  a l l  t h e  experiments  -- t h a t  i s  i n  t h o s e  cases 
where complete meteoro logic  d a t a  were a v a i l a b l e  ( G a l a b e r t  and Mil logo,  
1973; Roose, 1972). I n  Ouagadougou t h e  R v a l u e  i n  1968 and 1969 was 480 
(Roose and B i r o t ,  1970). But f o r  t h e  o t h e r  y e a r s  t h e  v a l u e s  v a r i e d  from 
250-450. I n  Bambey, Senegal  t h e  R v a l u e  was 292 from 1960-1968, f o r  a 
r e g i o n  w i t h  annual  r a i n f a l l  on t h e  o r d e r  of 600 mm (Charreau and Nicou, 
1971). I n  Niger  Delwaulle computed R v a l u e s  v a r y i n g  from 150 ( i n  1968) 
t o  250 ( i n  1970) and 305 ( i n  1967) (F igure  1) .  The a n n u a l  v a r i a t i o n  is, 
then ,  impor tan t ,  and because of t h i s  t h e  examinat ion of series of obser-  
v a t i o n s  over  20-25 y e a r s  is  necessary  i n  t h e  c h a r a c t e r i z a t i o n  of t h e  
c l imat ic  a g g r e s s i v i t y  of  a r e g i o n ,  as Wischmeier h a s  done f o r  t h e  e n t i r e  
c e n t r a l  American p l a i n .  I n  t h e  S a h e l  r e g i o n  such se r ies  of o b s e r v a t i o n s  
a r e  r a r e l y  a v a i l a b l e ,  b u t  s i n c e  t h e r e  are s e v e r a l  p l u v i o m e t r i c  s t a t i o n s  
w i t h  more than  20 y e a r s  of d a t a  an  a t t e m p t  a t  r e s o l v i n g  t h e  problem was 
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CHART OF THE DISTRIBUTION OF THE INDEX OF CLIMATIC AGGRESSIVENESS 
ANNUAL AVERAGE (R-USA-WISCHMEIER) IN CENTRAL AND WEST AFRICA 

S I T U A T I O N  OF THE EROSION PLOTS 

O ' 400 800 Km 
I l I l I I  

TAKEN FROM PLUVIOMETRIC DATA GATHERED BY THE ORSTOM HYDROLOGIC SERVICE AND 
STOPPED IN 1975. 
ROOSE (1976) 

Figure 1. 
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made by t r y i n g  t o  f i n d  a connec t ion  between R and t h e  amount of r a i n .  I n  
West A f r i c a  Delwaul le  sugges ted  adop t ing  a mean formula f o r  t h e  Sahe l  
zone: R = 0.15884 P 130 - 1.2 (P  130 be ing  t h e  r a i n ' s  maximum i n t e h s i t y  i n  
30 minutes) .  He computed t h e  R v a l u e s  f o r  c e r t a i n  Sahe l  s t a t i o n s  (Tab le  
5) .  For h i s  p a r t  Roose n o t i c e d  t h a t  t h e  r a t i o  between t h e  R index  and 
t h e  r a i n f a l l  always s t a y s  around 0.50 excep t  f o r  t h e  mountainous r eg ions .  
H e  d r a f t e d  a map of e r o s i v e n e s s  u s i n g  0.45 fo r  t h e  Ivo ry  Coast  savanna 
w i t h  2 r a i n y  seasons ,  and 0.55 f o r  t h e  savanna and t h e  S a h e l i a n  s t e p p e  
w i t h  one r a i n y  season. With t h i s  map (F igu re  l ) ,  R v a l u e s  i n  t h e  Sahel  
c a n  be e s t i m a t e d  between 100 and 500. But f i e l d  o b s e r v a t i o n s  have l e d  
me t o  use t h e s e  v a l u e s  o n l y  w i t h  prudence,  t a k i n g  i n t o  account  t h e  r a i n s '  
i r r e g u l a r i t y  i n  t i m e  and space  i n  semi-ar id  reg ions .  

The K f a c t o r  g ives  t h e  s o i l ' s  s u s c e p t i b i l i t y  t o  e r o s i o n  and i t  i s  
ve ry  impor tan t .  Various v a l u e s  are c u r r e n t l y  a v a i l a b l e .  Roose used a 
s i m p l i f i e d  method recommended by Wischmeier which used g ranu lomet r i c  
d a t a ,  f i g u r e s  f o r  o rgan ic  m a t t e r ,  s t r u c t u r e  and p e r m e a b i l i t y .  For Upper 
V o l t a  t h e  K v a l u e s  computed a r e ' b e t w e e n  0.23 and 0.27. These f i g u r e s  
are f o r  t r o p i c a l  f e r rug inous  s o i l s  which have r e l a t i v e l y  high amounts 
of f i n e  sand. The s o i l s ,  then,  a r e  not  p a r t i c u l a r l y  e ros ion-prone ,  
something which Charreau had a l r e a d y  p o i n t e d  o u t  f o r  Senegal .  Conse- 
q u e n t l y  t h e  s e r i o u s n e s s  of t h e  e r o s i o n  phenomena i s  b a s i c a l l y  due t o  t h e  
a g g r e s s i v e n e s s  of t h e  t r o p i c a l  r a i n s  and t h e  l a c k  of p l a n t  cover .  

n -  

There i s  s t i l l  i n s u f f i c i e n t  d a t a  on t h e  i n f l u e n c e  of t h e  topographic  
f a c t o r ,  and b e f o r e  drawing any conc lus ions  and making any g e n e r a l i z a t i o n s  

of t h e  Wischmeier index w i l l  be d i s c u s s e d  l a t e r  on. 
t h e  r e s u l t s  of c u r r e n t  experiments  are necessary .  The o t h e r  parameters  )L. 

THE EFFECTS OF EROSION ON PRODUCTION 

P r o d u c t i v i t v  of Das ture  land  

The problem of p a s t u r e  l and  i s  o u t s i d e  t h e  scope of t h i s  s tudy .  
However, t h e  way d ry  c u l t i v a t i o n  and c a t t l e  r a i s i n g  complement each o t h e r  
i n  t h e  Sahe l  i s  impor tan t  and j u s t i f i e s  a b r i e f  a n a l y s i s  of t h e  m a t t e r .  
I t  i s  c u r r e n t l y  imposs ib le  t o  g ive  any p r e c i s e  e v a l u a t i o n  of t h e  impact 
of e r o s i o n  on p a s t u r e  land. There i s  a g r e a t  d e a l  of i n fo rma t ion  on t h e  
l a c k  of p l a n t  cover  i n  connec t ion  w i t h  e r o s i o n ,  on t h e  m o d i f i c a t i o n  of 
t h e  s p e c i e s  involved ,  on t h e  dea th  of forage  t r e e s ,  on t h e  sanding  of 
c e r t a i n  zones ,  b u t  t h e  v a r i o u s  phenomena of s o i l  deg rada t ion  and 
f e r t i l i t y  l o s s  a r e  d i f f i c u l t  t o  i s o l a t e  w h i l e  t h e  s p e c t a c u l a r  sanding  
phenomena have a very l o c a l i z e d  economic impact. However, expe r i ence  
a c q u i r e d  i n  t h e  o t h e r  r eg ions  i n d i c a t e s  t h a t  they should  not  be under- 
e s t i m a t e d  (Lyles ,  1975; Chep i l  e t  a l . ,  1952).  
i s  t h a t  a l l  t h e  d a t a  acqu i r ed  on t h e  d e c r e a s e  i n  p r imary  p roduc t ion  a r e  
u s u a l l y  r e l a t e d  t o  t h e  dec rease  i n  a v a i l a b l e  s o i l  w a t e r  r a t h e r  t han  t h e  
i n t e n s i t y  of e ros ion .  

What seems t o  remain 

- 1  
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The y i e l d  of r a i n f e d  c r o p s  

For  t r a d i t i o n a l  r a i n f e d  c r o p s  l i k e  m i l l e t ,  peanut ,  cowpea 
(Voandzou s u b t e r a n e a ) ,  c o t t o n ,  t h e  y i e l d s  a r e  o f t e n  very  small .  But one 
f i n d s  t h a t  t h e  two components, r u n o f f  and e r o s i o n ,  a r e  e q u a l l y  r e s p o n s i b l e  
i n  lowering f e r t i l i t y .  
c o r o l l a r y ,  cover ing  t h e  c u l l u v i a l  d e p o s i t s  o r  t h e  format ion  of sandy 
dunes,  r e p r e s e n t s  a u s u a l l y  very  l o c a l i z e d  environmental  d e t e r i o r a t i o n ,  
sometimes c a l l e d  d e s e r t i f i c a t i o n .  I t  c o n t i n u e s  t o  remain i m p o r t a n t ,  even  
on sandy s o i l s  because t h e  p e a s a n t s  p r e f e r  t o  c u l t i v a t e  t h e  duna1 s lopes .  
The f e r t i l i t y  l o s t  through s h e e t  e r o s i o n  ( t h e  most d e c e p t i v e )  though, 
o r  by sand p o l l u t i o n  may b e  underes t imated .  
brought  by t h e  wind on t h e  c r o p s  is  n o t  understood.  This  s a l t  comes 
from t h e  s a l i n e  o r  a l k a l i n e  s o i l s  of t h e  p r e s a h e l i a n  reg ions .  Some 
writers c o n s i d e r  t h i s  k ind  of wind p o l l u t i o n  important  ( B o r o v i s k i i ,  1961; 
L y l e s  and Schrandt ,  19721, b u t  t h e  e f f e c t s  of r u n o f f ,  independent  of 
e lement  t r a n s f e r ,  may be more impor tan t  i n  t h e  semi-ar id  reg ions .  From 
i t  r e s u l t s  a d e c r e a s e  i n  i n f i l t r a t i o n  i n  unflooded s o i l s  and a n  i n c r e a s e  
i n  the unbalance between t h e  a c t u a l  amount of water  brought  t o  t h e  s o i l  
and t h e  l o s s e s  through e v a p o t r a n s p i r a t i o n ,  thus  i n c r e a s i n g  environmental  
a r i d i t y .  
e x p l a i n  t h e  d e c r e a s e  i n  y i e l d s .  
is  determined by t h e  amount of r a i n  as much a s  by t h e  l e n g t h  of t h e  u s e f u l  
r a i n s  ( i . e . ,  t h o s e  de te rmining  t h e  l e n g t h  of t h e  p l a n t  c y c l e )  (Cocheme 
and Franquin,  1967). An " i n t e r s e c t i o n s "  method was sugges ted  by Franquin  
(1973).  
comparing t h e  r a i n  d i s t r i b u t i o n  curve  w i t h  t h e  ETP and ETP/2 c u r v e  (F igure  
2) .  
t i m e ,  n o t  w i t h  t h e  r a i n f a l l  curve ,  b u t  w i t h  a curve which r e p r e s e n t s  t h e  
water t h a t  h a s  a c t u a l l y  seeped i n t o  t h e  s o i l .  One f i n d s  t h a t  w a t e r  l o s t  
through r u n o f f ,  around 20% of t h e  t o t a l  f o r  example (which seems a 
common enough f i g u r e ) ,  s i g n i f i c a n t l y  d i s p l a c e s  t h e  curves  of  t h e  w a t e r  
b a l a n c e  i n  t i m e  i n  r e l a t i o n  t o  t h e  ETP and ETP/Z curves  which remain 
c o n s t a n t .  This  r e s u l t s  i n  a d e c r e a s e  n o t  on ly  i n  p o t e n t i a l  r e s e r v e s  i n  
t h e  s o i l  b u t  a l s o  i n  t h e  length  of t h e  a c t i v e  growth per iod .  This  p e r i o d  
h a s  a d e c i s i v e  i n f l u e n c e  on t h e  average y i e l d s  of t h e  h a r v e s t s ,  even i f  
i t s  e f f e c t  i s  r e l a t i v e l y  i n d i r e c t .  I t  seems p o s s i b l e  t o  m e  t o  conclude 
t h a t  t h e  f i g h t  t o  c o n t r o l  e r o s i o n  must b e  based on c o n t r o l l i n g  runoff  
by i n c r e a s i n g  i n f i l t r a t i o n .  The e x a c t  e f f e c t  of e r o s i o n  on a g r i c u l t u r a l  
p r o d u c t i o n  h a s ,  though, been measured i n  c e r t a i n  exper imenta l  s t a t i o n s  
i n  Upper Volta .  The c o t t o n s e e d  y i e l d  i n  Upper Vol ta  h a s  been Eound t o  
be d i r e c t l y  r e l a t e d  t o  t h e  i n t e n s i t y  of t h e  s o i l  l o s s e s ,  b u t  a l s o  t o  
t h e  e v o l u t i o n  of w a t e r  a v a i l a b l e  i n  t h e  s o i l s  and t o  t h e  percentage  of 
o r g a n i c  matter. Whether i t  is  i n  t r a d i t i o n a l  c u l t i v a t i o n  o r  i n  improved 
c u l t i v a t i o n  (more demanding), i t  i s  w a t e r  which remains t h e  major f a c t o r  
l i m i t i n g  f e r t i l i t y  i n  semi-arid West A f r i c a  (Fauck, 1971) -- damage by 
w a t e r  e r o s i o n  and wind e r o s i o n  adding t o  t h e  consequences of water l o s t  
by runoff .  

Eros ion  i t s e l f  ( t h e  c a r r y i n g  o f f  of s o i l ) ,  o r  i t s  

Besides  t h e  impact of  s a l t  

The e x i s t e n c e  of t h i s  water d e f i c i t  does n o t  adequate ly  
Rainfed a g r i c u l t u r e  i n  t h e  S a h e l  r e g i o n s  

With t h i s  method t h r e e  v e g e t a t i o n  p e r i o d s  can b e  d e f i n e d  by 

A c t u a l l y  t h e  comparison of t h e  ETP c u r v e s  should  b e  e s t a b l i s h e d  i n  
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CONTROL METHODS 

Wind e r o s i o n  

Methods of c o n t r o l  a r e  known (USDA, 1958; Chepi l  and Woodruff, 
1963) and t h e  advantages and d isadvantages  O E  t h e  v a r i o u s  techniques  
(Chepi l  and Moldenhauer, 1962) are d a t a  which can be e x t r a p o l a t e d  i n  
A f r i c a  where one must, however, emphasize t h e  importance of sandy 
materials coming from t h e  wind i n  r e l a t i o n  t o  t h e  s i t u a t i o n  found i n  
t h e  United States. 
t i o n  of t h e  p l an t  cover  (by o v e r g r a z i n g  e s p e c i a l l y ) ,  which i s  t h e  
b a s i c  cause  of s u s c e p t i b i l i t y  t o  wind e r o s i o n .  
t e c h n i c a l  problem, b u t  one w i t h  numerous socio-economic and even 
p o l i t i c a l  over tones  (FAO, 1974; United Nat ions ,  1975). Overgrazing L 

mainly r e s u l t s  from t h e  c o n c e n t r a t i o n  of herds  around permanent and 
semi-permanent water sources  and i t s  e l i m i n a t i o n  assumes t h e  a d o p t i o n  
o f  a d i s t r i b u t i o n  p o l i c y  f o r  forage  and wel ls  which t a k e s  i n t o  account  
b o t h  t h e  p e o p l e ' s  customs and t h e  p o t e n t i a l  f o r  primary product ion  OE 
t h e  d i f f e r e n t  k inds  of p a s t u r e  land  i n  space  and a l s o  i n  t i m e .  The 
e f f e c t i v e n e s s  OE r e s e r v e d  lands  ( D e p i e r r e  and Gi l l e t ,  1971) should  a l s o  
b e  mentioned, b u t  i t  must be remembered t h a t  t h i s  involves  techniques  
which are d i f f i c u l t  t o  employ i n  t h e  Sahel .  They show t h e  power O E  vege- 
t a t i o n  t a k i n g  over  once again.  
a f t e r  t h e  e x c e p t i o n a l  dryness  i n  1968-1973 hard seeds  which had s t a y e d  i n  
t h e  s o i l  f o r  many y e a r s  germinated. 
developed from t h i s  i n  t h e  most a r i d  reg ions .  These a r e a s ,  t e m p o r a r i l y  
abandoned by human and animal p o p u l a t i o n s ,  were somewhat n a t u r a l l y  
preserved .  P r a c t i c a l l y  speaking i t  seems p o s s i b l e  t o  f a c i l i t a t e  t h e  
regrowth of herbaceous v e g e t a t i o n  by harrowing sandy-clayey s o i l s  w i t h  
less t h a n  a 10% s l o p e ,  b u t  t h e  u s e  of t h i s  technique  i s  l i m i t e d  due t o  

The b a s i c  i d e a  i s  t o  s t o p  o r  l i m i t  t h e  d e t e r i o r a -  

This  i s  n o t  a s imple  

Ever s i n c e  normal r a i n f a l l  h a s  r e t u r n e d  

A c o n s i d e r a b l e  p l a n t  cover  h a s  

economic c o n s t r a i n t s ,  

I 

Runoff e r o s i o n  

The c h o i c e  of c o n t r o l  meth ds i s  i . i r e d  by t h e  r e s u l t s  d i s c u s s e d  
above. Data  s u p p l i e d  by v a r i o u s  s t u d i e s  on s o i l  u s e  i n  t h e  semi-ar id  
r e g i o n s  of A f r i c a  (Dabin, 1969) on t h e  e f f e c t s  of mechaniza t ion  on 
t r o p i c a l  a g r i c u l t u r e  (Fauck, 1956; Fauck e t  a l . ,  1969) and t h o s e  taken  
from g e n e r a l  s t u d i e s  of t r o p i c a l  r e g i o n s  (FAO, 1967; Hudson, 1971) 
be long  h e r e  too. 

Roose's (1971) d e t e r m i n a t i o n  O E  t h e  v a l u e s  f o r  t h e  C f a c t o r s  
( p l a n t  cover  and c u l t i v a t i o n  methods) and P ( a n t i - e r o s i v e  p r a c t i c e s )  
i n  t h e  Wischmeier formula must be inc luded .  The C f a c t o r  i s  t h e  most 
impor tan t  c o n d i t i o n a l  f a c t o r .  
S e t t i n g  t h e  savanna on f i r e ,  f o r  example, e s p e c i a l l y  i f  i t  i s  l a t e ,  v e r y  
a p p r e c i a b l y  i n c r e a s e s  t h e  runoff  and t h e  amount of s o l i d  material. 

It  v a r i e s  a s  a f u n c t i o n  of t h e  p l a n t  cover.  
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When t h e  s o i l  i s  completely b a r e ,  r u n o f f  may be m u l t i p l i e d  by 20 w i t h  
c a t a s t r o p h i c  s o i l  l o s s e s .  For cropped s o i l ,  C v a l u e s  a r e  very v a r i a b l e .  
Roose 's  f i g u r e s  (19711, v a l i d  f o r  t h e  whole of West A f r i c a ,  b u t  b a s i c a l l y  
e s t a b l i s h e d  i n  t h e  Sudanian o r  Guinean r e g i o n s ,  may b e  c i t e d .  

For b a r e  s o i l ,  by d e f i n i t i o n  C = l  

p r a i r i e  i n  good c o n d i t i o n  c = 0.01 

burned o r  overgrazed p r a i r i e  c = 0.1 

sorghum, m i l l e t  

c o t t o n  

peanut 

C = 0.4 - 0.9 

C = 0.5 - 0.7 

C = 0.4 - 0.8 
4, 

I n  every  c a s e  e r o s i o n  b a s i c a l l y  depends on t h e  percentage  of s o i l  
n o t  covered by v e g e t a t i o n  a t  t h e  beginning  of t h e  monsoon r a i n s .  

The P f a c t o r  r e p r e s e n t s  c lass ic  a n t i - e r o s i o n  p r a c t i c e s .  Roose 
(1972) and Delwaulle  (1973) determined t h e  fo l lowing  v a l u e s :  

t i e  r i d g i n g  P = 0.2 - 0.1 

s t r i p  cropping 

s t r a w  mulching (10  t / h a )  

P = 0 . 3  - 0.1 

P = 0.01 

s y n t h e t i c  mulching P = 0.5 - 0.2 

dry  s t o n e  r i d g e s ,  plowing and f e r t i l i z e r  P = 0.1 

These d i v e r s e  r e s u l t s  l e d  t h e  writers t o  make a l i m i t e d  c h o i c e  
among t h e  v a r i o u s  methods of c o n t r o l l i n g  e r o s i o n  -- b u i l d i n g  broad 
based terraces. Experience h a s  shown t h a t  t e r r a c i n g  techniques  a r e  
d e l i c a t e  t o  u s e  i n  t h e  Sahel  socio-economic environment and t h a t  t h e  
terraces made are d i f f i c u l t  t o  main ta in .  , I n  a d d i t i o n  t h e r e  are s c a r c e l y  
any c r o p s  p r o f i t a b l e  enough t o  compensate t h e  c o s t  of t h e i r  c o n s t r u c t i o n .  
F i n a l l y ,  t h e  P f a c t o r s  are less t h a n  t h o s e  found f o r  t h e  United States 
where P = 0.75 f o r  i sohypse  plowing. Taking t h i s  i n t o  account ,  t h e  writers 
do n o t  recommend b u i l d i n g  terraces. Delwaulle ,  however, demonstrated 
t h e  importance of s imple techniques  u s i n g  i sohypse  d r y  s t o n e  borders .  
But t h i s  i s  n o t  always p o s s i b l e .  

S o i l  t i l l a z e  

Plowing and r i d g i n g  have reduced e r o s i o n  i n  most of t h e  experiments .  
Harrowing, which breaks  t h e  s u p e r f i c i a l  c r u s t ,  improves i n f i l t r a t i o n ,  
e s p e c i a l l y  f o r  sandy and sandy-clayey s o i l s  (Charreau and Nicou, 1971).  

I 
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On sandy-clayey s o i l s  i n  more humid r e g i o n s ,  though, p r e c a u t i o n s  need t o  
be taken  p r a c t i c i n g  s u r f a c e  t i l l a g e  (Charreau and Fauck, 1970) b u t  i f  
they  a r e  t aken ,  plowing d i s t i n c t l y  i n c r e a s e s  t h e  y i e l d s  of r a i n f e d  
c rops .  Delwaul le  a l s o  found h i g h e r  e r o s i o n  du r ing  runof f  o c c u r r i n g  
a f t e r  plowing i n  Upper Vol ta .  The c u l t i v a t i o n  method, then,  needs t o  be 
adap ted  t o  t h e  s o i l  t ype ,  e s p e c i a l l y  by plowing deeper  and by choos ing  
a s o i l  t i l l a g e  method w i t h  minimal plowing under. C I D R  a t  Gorum-Gorum 
(Upper Vo l t a )  used sub- so i l i ng  techniques  which produced good r e s u l t s ,  
mainly f o r  tree r e g e n e r a t i o n ,  and harrowing t echn iques  which a c c e l e r a t e d  
t h e  growth of t h e  p l a n t  cover.  Among t echn iques  commonly used i n  o t h e r  
a r i d  r eg ions  i n  t h e  world (USA, A u s t r a l i a )  i t  i s  t h e  least  complex ones 
and those  a l lowing  t h e  b e s t  water i n f i l t r a t i o n  t h a t  a r e  t o  be recommended. 
Also,  t h e s e  p r a c t i c e s  should  be under taken  j u s t  b e f o r e  t h e  f i r s t  r a i n s .  

B io log ic  methods 

These use  p l a n t  a c t i o n .  The p l a n t  e i t h e r  p r o t e c t s  t h e  s o i l  a g a i n s t  
t h e  impact of d rops  of r a i n  ( s p l a s h )  o r  p rov ides  s o i l  cohes ion  ( r o o t s  
and c o n t r i b u t i o n s  of o rgan ic  m a t t e r ) ,  o r  mechanica l ly  s t o p s  r u n o f f .  
Roose 's  o b s e r v a t i o n s  confirm t h e  s u p e r i o r i t y  of b i o l o g i c  methods over  
mechanical  methods ( t e r r a c i n g ) .  Whenever i t  i s  p o s s i b l e  t h e  i n i t i a t i o n  
of v e g e t a t i o n  must be f a c i l i t a t e d  which l e a d s  t o  e s t a b l i s h i n g  t h e  import- 
ance  of e a r l y  and dense sowing, sp read ing  f e r t i l i z e r ,  phy tosan i t a ry  
c o n t r o l  and f i n a l l y  t h e  u s e  of improved v a r i e t i e s  w i t h  a r a p i d  growth 
r a t e .  S topping  r u n o f f  w i l l  r e s u l t  i n  an improvement of t h e  water b a l a n c e  
and, c o r r e l a t i v e l y ,  i n  b e t t e r  v e g e t a t i o n ,  b e t t e r  e r o s i o n  p r o t e c t i o n ,  and, 
f i n a l l y ,  h i g h e r  y i e l d s .  
recommended, f o r  example, i f  p o s s i b l e ,  a p a r t i a l  bury ing  of m i l l e t  and 
sorghum straw. I t  should  be noted ' though t h a t  c e r e a l  stems a r e  o f t e n  
used f o r  domest ic  purposes  ( k i t c h e n ,  f ences ,  r o o f i n g )  and they  a r e  
r a p i d l y  e a t e n  by c a t t l e  o r  des t royed  by t e r m i t e s .  These o b s e r v a t i o n s  
l e a d  one t o  recommend t h e  s tudy  of t e c h n i c a l  s o l u t i o n s  adapted t o  t h e  
l o c a l  socio-economic c o n d i t i o n s .  I n  t h e  most S a h e l i a n  r eg ions  t h e  
m i l l e t  c rops  a r e  r e s e r v e d  f o r  t h e  duna1 sandy s o i l s ,  p a s t u r e  land  a l s o  
be ing  s o i l s  w i th  sha l low g l a c i s  o r  c l a y .  The e r o s i o n  phenomena do n o t  
have  t h e  same importance f o r  t h e s e  two major s o i l  c a t e g o r i e s  and t h e  
p r e v i o u s l y  c i t e d  t e c h n i c a l  s o l u t i o n s  must be chosen, t a k i n g  i n t o  
account  t h e  whole n a t u r a l  and human environment a s  any m o d i f i c a t i o n  of 
runof f  on t h e  g l a c i s  could  d i s t u r b  t h e  ba l ance  of t h e  ne ighbor ing  
s e c t o r s .  
of e c o l o g i c a l  d a t a  (UNESCO-MAB, 1974). P r a c t i c a l l y  speaking ,  we need 
t o  develop an  i n t e g r a t e d  agriculture/cattle-raising system stemming 
from a b a s i c  p r i n c i p l e ,  improvement of t h e  seepage of runoff  wa te r s  
i n t o  t h e  s o i l s ,  a t  least  i n t o  those  which can a c c e p t  them. 

The use  of dead p l a n t  cove r  should  a l s o  be 

Th i s  means t h a t  Sahe l  management must be done on t h e  b a s i s  
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CONCLUSIONS 

Our c u r r e n t  knowledge of t h e  Sahel  s o i l  e r o s i o n  shows t h e  a g r e s s i v e -  
n e s s  of t h e  r a i n s ,  t h e  Wischmeier R c o e f f i c i e n t  v a r y i n g  from 250-500 
which i s  comparable t o  t h e  s o u t h e a s t e r n  United States  where t h e  "iso- 
e r o d e n t s "  only  exceed 500 i n  c e r t a i n  areas. Other  s t u d i e s ,  though, 
i n d i c a t e  t h a t  t h i s  c o e f f i c i e n t  i s  much h i g h e r  i n  Sudanian r e g i o n s  and 
t h a t  i t  exceeds 1,200 i n  t h e  lower Ivory  Coast. The K c o e f f i c i e n t  v a r i e s  
from 0.23-0.27 and t h e  s o i l ' s  s u s c e p t i b i l i t y  t o  e r o s i o n  i s ,  then,  average. 
T h i s  c o e f f i c i e n t  v a r i e s  i n  t h e  United States from 0.03 t o  0.60. 

There a r e ,  however, many gaps i n  our  knowledge. We only have an  
i m p e r f e c t  unders tanding  of t h e  w i n d ' s  e r o s i v e  power and t h e  K v a l u e s  
have only  been determined f o r  some s o i l  types.  Besides  t h e  s o i l  w a t e r  
dynamic h a s  only been t h e  o b j e c t  of l o c a l  o r  q u a l i t a t i v e  s t u d i e s .  
e v e r ,  i t  may be concluded t h a t  t h e  p r i n c i p l e  b a s i c  t o  any a n t i - e r o s i o n  
management must be t h e  i n c r e a s e  of i n f i l t r a t i o n  i n t o  t h e  s o i l s .  The 
techniques  are known and t h e  s i m p l e s t  a r e  u s u a l l y  t h e  most e f f e c t i v e .  
To apply  them, though, w e  must go beyond t h e  l i m i t s  of s imple  e r o s i o n  
problems. An i n t e g r a t e d  management i s  needed which takes  i n t o  account  
t h e  d i v e r s i t y  of  t h e  environment r e s u l t i n g  from t h e  wide range of s o i l  
t y p e s  and geomorphologic s i t u a t i o n s .  The Sahel  r e p r e s e n t s  very  d i v e r s e  
ecosystems which have one common dominant f a c t o r :  a r i d i t y ,  and one 
fact :  u n s t a b l e  ba lances .  I t  would be dangerous t o  s t o p  e r o s i o n  by 
c a u s i n g  t h e  i n f i l t r a t i o n  of a l l  t h e  runoff  waters i f  t h a t  meant t h e  
d r y i n g  up of semi-permanent ponds whose e x i s t e n c e  de te rmines  t h e  p a s t o r a l  
l i f e  and t h e  nomadism. 
t a k e  i n t o  account  t h e  l o c a l  socio-economic c o n t e x t  would be doomed t o  
f a i l u r e .  I t  could  even r e s u l t  i n  a l o c a l  a g g r a v a t i o n  of e r o s i o n  danger,  
n o t  t o  mention t h e  e f f e c t s  on h e a l t h  t h a t  could  come from t h e  dissemina- 
t i o n  of c e r t a i n  d i s e a s e s  t r a n s m i t t e d  by water ( b i l h a r z i o s e  e t c .  >. 

How- 

Besides ,  any a n t i - e r o s i o n  method which does not  

I n  f a c t ,  e r o s i o n  i s  but  one a s p e c t  of a many-sided breakdown i n  
balance.  A l l  i t s  a s p e c t s  must be cons idered .  Breakdown i n  e q u i l i b r i u m  
may n o t  on ly  be caused by human a c t i v i t y  i n  r e l a t i o n  t o  t h e  p o p u l a t i o n  
i n c r e a s e  b u t  a l s o  comes from c l imat ic  r i s k s .  These r i s k s  a r e  unfore-  
s e e a b l e  and unavoidable  and t h e  p o s s i b i l i t y  of  t h e  r e t u r n  of per iods.  of 
e x c e p t i o n a l  dryness  must be recognized.  A f t e r  t h e s e  p e r i o d s  "normal" 
r a i n s  w i l l  c a u s e  g r e a t  e r o s i o n  damage because of  t h e  degraded s t a t e  of 
p l a n t  cover. Any ecosystem development p r o j e c t  must,  t h e n ,  provide  
f o r  t h e s e  climatic r i s k s .  Use of t h e  Wischmeier e r o s i o n  p r e d i c t i o n  
e q u a t i o n  (determined by t h e  r e s u l t s  expec ted  from c u r r e n t  s t u d i e s )  c a n  
supply  t h e  b a s i c  d a t a  t o  c o r r e c t l y  d e f i n e  t h e s e  managements w i t h i n  t h e  
framework of an i n t e g r a t e d  development, b u t  t h e  e v a l u a t i o n  of t h e  
e r o s i o n  r i s k  i s  g e n e r a l l y  based on t h e  average  c l i m a t i c  d a t a  over  20-25 
y e a r s .  To p e r f e c t  t h e  management i t  may be necessary  n o t  only t o  u s e  
t h i s  "normal" mean, b u t  a l s o  t h e  t h e o r e t i c  v a l u e s  computed from d a t a  
t a k e n  d u r i n g  e x c e p t i o n a l  y e a r s .  

' 



C 

m 

393 

Re Eerences Cited 

Aubert, G. 1961. Les s o l s  de la zone aride. 
de leurs caractGres, de leur utilisation 
UNESCO. 

Etude de leur formation, 
et de leur conservation. 

Audry, P. and C. Rosetti. 1962. Observations sur les sols  et la végé- 
tation en Mauritanie du sud-est et sur la bordure adjacente du 
Mali (1959 et 1961). Prospection écologique. Etudes en Afrique 
occidentale. FAO. Rome. 267 p. 

Barbey, C. and J. P. Carbonnel. 1972. Le ravinement dunaire en milieu 
Sahélien. 
Nouakchott (Mauritanie). Académie des Sciences de Paris CR 274: 
293.3-2935. 

Observations lors de pluies récentes dans la rc3'gion de 

Berry, L. 1974. Le Sahel: climats et s o l s .  Pages 9-18 in Le Sahel: 
bases écologiques de l'aménagement. 
UNESCO. 

Notes techniquesdu MAB. 

' Bertrand, R. 1967. L'e/rosion hydrique. Nature et évolution des 
matériaux enleve's. Relations et consgquences sur le s o l  érode' 
(station de Bouaké, Côte d' Ivoir?). Colloque. Fertilité Sols  
Tropicaux 2( 106) 1281-1295. 

Bille, J. C. 1974. Année sèche au Sahel. La terre et la vie. 
Revue d'écologie appliquée 28(1) :5-20. 

Birch, H. F. 1960. Soil drying and soil fertility. Trop Agr. 
37(1):3-10. 

Borovskii, V. M. 1961. Salt exchange between the sea and the land, 
and long-term dynamics of soil processes. Soviet Soil Sci 3 :  
237-244. 

Boudet, G. 1972. D&erti€ication de l'Afrique tropicale sèche. Adan- 
sonia série 2 12(4) :505-524. 

Boulet, R., R. Fauck, B. Kaloga, J. C. Leprun, J. Vieillefon and J. 
Riquier. 1971. Carte pédologique au 1/5 millions de l'Afrique de 
l'ouest avec notice. Atlas intl. Afrique occidentale. IFAN Dakar- 
OUA. 

Brunet-Moret, Y. 1963. Etude générale des averses exceptionnelles en 
Afrique occidentale: République de Haute-Volta. Rapport multigr. 
ORSTOM-CIEH. 23 p. 



394 

CTFT. 1973, Contributions à l'gtude de la désertification de l'Afrique 
c 

tropicale sêche, ' Bois Forêts Trop 139, 148-150. 

Chamard, Po C. and M. F. Courel. 1975, Contribution l'e'tude ge'omor- 
phologique du Sahel, Les formes dunaires du Niger occidental et 
de la Haute-Volta septentrionnale, Ass, Sen, Et, Quato Afr, Bull. 
Liais o 44. Juin o 

Charreau, C o  and R. Fauck, 1970. Mise au point sur l'utilisation 
agricole des sols de la région de Sefa, Agron Trop 25(2):151-191, 

Charreau, C o  and R, Nicou. 1971. L'amélioration du profil cultural 
dans les sols sableux et.sablo-argileux de la zone tropicale 
skhe ouest-africaine et ses incidences agronomiques d'apr&s les 
travaux des chercheurs de 1'IRAT en Afrique de l'Ouest. 
248 p, 

Multigr. 

Chepil, W. S o ,  C. L. Englehorn and A. W. Zingg, 1952. The effect of 
cultivation on erodibility of soils by wind. 
Proc 16(1) :19-21. 

Soil Sci Soc Amer 

Chepil, W. S. and W. C. Moldenhauer. 1962, Deep plowing of sandy 
soil. USDA Prod Res Rep 64, 

Chepil, W, S. and N. P, Woodruff. 1963, The physics of wind erosion 
and its control, Advance Agron 15:211-302. 

Christoi, R,. 1966, Mesure de l'érosion en Haute-Volta. Oléagineux 
21 (8-9) :531-534. 

Cocheme, J. and P. Franquin, 1967, Projet conjoint d'agroclimatologie 
FAO/UNESCO/OMM, Rapport technique sur une étude d'agroclimatologie 
de l'Afrique sèche au sud du Sahara en Afrique occidentale, 
Rome. 

FAO. 

I 

Courel, M. F. 1977. Etude géomorphologique des dunes du Sahel, Niger 
nord occidentale, Haute-Volta septentrionnale, Roneo provisoire, 

Dabin, B. 1969, Etude g6ne)rale des conditions d'utilisation des sols de 
la cuvette tchadienne, Travaux et documents de l'ORSTOM, 

Dabin, B o ,  R. Fauck and JO Pias, 1967, Les so ls  de l'aire de l'étude, 
- In A study of the agroclimatology of the semi-arid area south of 
the Sahara in West Africa, FAO, Rome. 21 p. 

Delwaulle, J. C. 1973, Résultats de six années d'observations sur 
l'érosion au Niger. Bois Forêts Trop 150:15-36, 

Depierre, Do and Ho Gillet, 1971, D6sertification de la zone sahdlienne 
au Tchad (bilan de dix années de mise en defens). 
139 :3-26, 

Bois Forêts Trop 



395 

''i, 

w 

Dregne, H. E. 1976. Soils of arid regions: developments in soil 
science. Elsevier Sci Publ Co. 237 p. 

Dubief, J. 1953. Essai sur l'hydrologie superficielle au Sahara. 
Gouvernement Général Algérie. 457 p. 

FAO. 1967. Le .défense des terres cultivées contre l'e'rosion hydrique. 
Coll. FAO Progrès et mise en valeur. Agriculture 81:202. 

FAO. 1974. Amélioration de l a  productivitl dans les zones 'a faible 
pluviosité. FAO. Roneo. 

FAO-UNESCO. 1974. Soil map of the world 1/5.000.000. Vol 5. 

Fauck, R. 1954. Les facteurs et les, intensités de l'érosion en Moyenne 
Casamance. 5th Intl Congress Soil Sci 3(4):376-379. 

Fauck, R. 1956. Erosion et mecanisation ,agricole. Publ Bureau des sols 
c 

AOF. 24 p. 

Fauck, R. 1956. Evolution des sols sous culture mgcanise'e dans les 
régions tropicales. 6th Intl Congress Soil Sci, vol E:593-596. 

Fauck, R. 1967. Traces d' influence palgoclimatique dans les sols 
d'Afrique occidentale. Bull IFAN 28( 11381-384. (Série A) 

Fauck, R. 1971. Les s o l s  des rggions semi-arides au sud du Sahara et 
/ leur proprie(t6.s physiques: &serves d'eau du sol, ecoulement et 

érosion. Pages 61-67 - in Agroclimatology in the semi-arid areas 
south of the Sahara. FAO/UNESCO/WHO 340. 

Fauck, R., C. Moureaux and C. Thomann. 1969. Bilans de l'évolution 
des s o l s  de Sefa (Casamance, Sénégal) après quinze ann6es de 
culture continue. Agron Trop 24(3):263-301. 

Fournier, F. 1960. Climat et érosion. Presse Universitaire de 
France. Paris. 201 p. 

1967. 
- 

Fournier, F. Le recherche en érosion et conservation des sols 
dans le continent africain. Sols  Africains 12(1) :5-51. 

Franquin, P. 1973. Analyse agroclimatique en régions tropicales: 
méthode des intersections en période fréquentielle de végétation. 
Agron Trop 28:665-682. 

Galabert, J. and E. Millogo. 1973. Equation universelle de pertes de 
s o l s  Wischmeier. Le facteur R en Haute-Volta. Agressivité du 
climat du aux précipitations indice d'érosion par la pluie. 

Gavaud, M. 1968. Les s o l s  bien drainés sur matériaux sableux du Niger. 
Essai de systématique régionale. 
277-307. 

Cah ORSTOM série pédol 7(3-4) : 



396 4 

c 

Girard, G. 1975. Les modkles hydrologiques pour l'évaluation des lames 
écoulées en zone sahélienne et leurs contraintes. Cah ORSTOM série 
hydrol 12(3):189-221. 

Hudson, N. W. 1971. Soil conservation. B. T. Batsford. London. 320 p. 

LeHouerou, H. N. 1973. Contribution 'a une bibliographie des phénomsnes 
de d&ertification, de l'écologie végétale, des pâturages et du 
nomadisme dans les régions arides de l'Afrique et de l'Asie du sud- 
ouest. FAO. Soil 1973. 884 p. Multigr. 

Leprun, J. C. 1971. Nouvelles observations stir les formations dunaires 
sableuses fixées au Ferlo nord occidental (Séne'gal). 
Bull 31:69-78. 

Ouest Africa 

Lyles, L. and R. L. Schrandt. 1972. Wind erodibility as influenced by 
rainfall and soil salinity. Soil Sci 114(5):367-372. 

Lyles, L. 1975. Possible effects of wind erosion on soil productivity. 
J Soil Water Conserv 30(6):279-283. 

Mainguet, Callot and Guy. 1974. Les dunes dans l'erg de Fachi-Belma 
classement taxonomique: diagnostic du sens et,de la direction au 
vent. Revue photo interprétation. 

Monod, T. 1973. Le dégradation du monde vivant: flore et faune: les 
problèmes de la désertification au sud du S a h a r a  - 1.e cas de la 
Mauritanie. Colloque de Nouakchott. 

Nicou, R. 1974. Synthzse des gtudes de physiques du sol re/alis&s par 
1'IRAT en Afrique tropicale ssche. 
tropicaux Ibadan. 19 p. 

Comm seminaire sur les sols 

Nicou, R. 1974. Le problème de la prise en masse 'a la déssication des 
sols sableux et sablo-argileux de la zone tropicale sèche. Agron 
Trop 4:325-343. 

Quantin, P. and A. Combeau. 1962. Relation entre érosion et stabilite' 
structurale du sol. CR Acad Sci. Paris. 

Rijks, D. 1971-1972. Données météorologiques recueillies 'a Richard- 
Toll, Guëde, Kaedi et Same. June 1970 and May 1972. FAO. 
Saint-Louis. 

Riou, C. 1972. Etude de l'évaporation en Afrique centrale. Cah ORSTOM 
s6rie hydrol 9:39-51. 

Rodier, J. A. 1975. Evaluation de l'écoulement annuel dans le Sahel 
tropical Africain. Travaux et documents de 1'ORSTOM 46. 121 p. 

5 ' 

jc 



397 

b 
P 

Y 

Roose, E, S. 1967, Dix années de mesure de l'e/rosion et du ruisselle- 
ment au Sén6ga1, Agron Trop 22(2) :123-152, 

Roose, E. S. 1971. Influence des modifications du milieu naturel sur 
l'érosion et le bilan hydrique et chimique suite 2 la mise en 
culture sous climat tropical, ORSTOM, Abidjan. 20 p.  

Roose, E, S o  1971, Projet de lutte contre 1'6rosion hydrique sur 
le plateau Mossi (Haute-Volta) o ORSTOM. Adiopodoumé. 22 p .  

Roose, E. S. and Y. Birot, 1970. Mesure de l'&osion et du lessivage 
oblique et vertical sous une savane arbre'e du plateau Mossi (Gonse, 
Haute-Volta). Rapport ORSTOM-CTFT, Roneo. 

Roose, E,, S. 1972, Quelques effets des pluies sur la mise.en valeur 
des sols ferrallitiques et ferrugineaux tropicaux, ORSTOM. Abidjan. 
Roneo. 15 p.  

Smith, D. Do and W. H. Wischmeier, 1962, Rainfall erosion, Advance 
Agron 14 : 109-148 , 

UNESCO. 1974. Le Sahel: bases écologiques de l'aménagement, MAB. 
Les Presses de l'UNESCO. 

USDA, 1958, Soil conditions that influence wind erosion, Technical 
Bulletin 1185 . 

United Nations, 1975. Obstacles au dgveloppement des zones arides et 
j semi-arides. Rapport du Groupe Ad hoc Inter-Institutions, 

Wisclimeier, Wo H, and D. Do Smith. 1960, A universal soil loss estima- 
ting equation to guide conservation farm planning. 7th Int Gong 
Soil Sci 1:418-425. 

Wischmeier, Wo Ho and JO V. Mannering, 1969. Relation of soil proper- 
ties to its erodibility, Soil Sci Soc Amer Proc 33:131-137. 

Wischmeier, Wo Ho 1974, New developments in estimating water erosion, 
Soil Conserv Soc Amer Proc, 29th Ann Mtg. New York. 


