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CDte 6 Evaluation of factors influencing water erosion 
in West Africa using rainfall simulation 

J a  COLLINET 8 Cs VALENTIN 
ORSTOM, BP v51, A b i d j a n ,  I v o r y  Coast 

ABSTRACT I n  o r d e r  t o  provide an improved understanding 
of t h e  f a c t o r s  i n f luenc ing  water e ros ion  i n  western 
Africa, f i e l d  s t u d i e s  were c a r r i e d  ou t  i n  t h r e e  c o u n t r i e s  
( Ivory Coast ,  Upper Volta  and Niger) .  Two types of 
r a i n f a l l  s imu la to r  were used. 
given t o  t h e  i n t e n s i t y - d u r a t i o n  cu rves ,  t h e  k i n e t i c  
energy of t h e  s to rms ,  and t o  t h e  range of antecedent  s o i l  
moisture  cond i t ions .  Treatments were s e l e c t e d  i n  
accordance wi th  t h e  farming systems p r e v a i l i n g  i n  t h e  
s tudy  areas. 
un&er n a t u r a l  r a i n f a l l .  They suggested t h a t  s u r f a c e  
g rave l  and cobbles  are very e f f e c t i v e  i n  reducing e ros ion .  
I n  t h e  humid t r o p i c s ,  t h e  e ros ive  e f f e c t s  of  storm ra in -  
f a l l  are o f f s e t  by t h e  n a t u r a l  p r o t e c t i o n  provided by t h e  
vege ta t ive  cover .  The e f f e c t i v e n e s s  of  t r a d i t i o n a l  
conse rva t ive  p r a c t i c e s  depends upon t h e  s o i l  w a t e r  
i n f i l t r a t i o n .  
c o l l a p s e  and as a r e s u l t  e ros ion  is  s t r o n g l y  enhanced. 
Likewise,  t h e  e f f i c i e n c y  of r e s i d u e  mulch depends upon 
t h e  t e x t u r e  of t h e  t o p s o i l .  
i n a n t  use of t h e  Universal  S o i l  Loss Equation which 
inc ludes  f a c t o r s  which are assumed t o  be independent can 
be h igh ly  hazardous.  

E s t i m a t i o n  des f a c t e u r s  de 1'6rosion h y d r i q u e  en n f r i q u e  
d e  l ' o u e s t  A l ' a i d e  de l a  s i m u l a t i o n  d e  p l u i e s  
RESUME D e s  t r avaux  de t e r r a i n  on t  été menés dans t r o i s  
pays-(Côte d ' I v o i r e ,  Haute Volta e t  Niger) a f i n  de f o u r n i r  
davantage de données concernant les d i f f é r e n t s  f a c t e u r s  
q u i  i n t e rv i ennen t  s u r  l ' é r o s i o n  hydrique e n  Afrique de 
l ' o u e s t .  Deux types de s imula t eu r s  de p l u i e s  on t  été 
u t i l i s é s .  Une grande a t t e n t i o n  a été portée aux courbes 
in t ens i t é -du rée ,  2 l ' é n e r g i e  c i n é t i q u e  des p l u i e s ,  e t  3 
l a  gamme d 'humidi tés  avant  l e s  averses. Les  t r a i t e m e n t s  
on t  été c h o i s i s  en f o n c t i o n  des  systèmes cu l tu raux  q u i  
prédominent dans les  d i v e r s e s  régions d 'é tudes.  L e s  
r é s u l t a t s  s o n t  conformes 2 ceux obtenus sous p l u i e s  
n a t u r e l l e s .  Ils expriment l ' importance des éléments 
g r o s s i e r s  s u p e r f i c i e l s  quant 'a l a  conservat ion des  s o l s .  
En m i l i e u  t r o p i c a l  humide une p r o t e c t i o n  n a t u r e l l e  est 
a s su rée  p a r  l e  couvert  v é g é t a l  q u i  compense a i n s i  les 
effets  n é f a s t e s  des  p l u i e s  très v i o l e n t e s .  L ' i n f luence  
des techniques t r a d i t i o n n e l l e s  de Lu t t e  an t i - é ros ive  est 

. l i ée  aux q u a n t i t é s  d 'eau i n f i l t r é e :  2 p a r t i r  d 'un c e r t a i n  

P a r t i c u l a r  a t t e n t i o n  was 

Resu l t s  w e r e  c o n s i s t e n t  w i th  those  obtained 

Above c e r t a i n  th re sho ld  va lues ,  r i d g e s  

Consequently, t h e  indiscr im- 
. 
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s e u i l ,  les b i l l o n s  s ' é c r o u l e n t  e t  l ' é r o s i o n  s u b i t  a l o r s  
une vive augmentation. D e  m ê m e  l ' e f f e t  de l ' u t i l i s a t i o n  
de r é s i d u s  de c u l t u r e  comme p a i l l a g e  dépend de l a  
t e x t u r e  du matériel pédologique s u p e r f i c i e l .  A ins i ,  
l ' u t i l i s a t i o n ,  s ans  discernement ,  de l ' é q u a t i o n  un ive r se l l e  
des  p e r t e s  en t e r r e s  dont les f a c t e u r s  son t  suppose's 
indépendants peut être t rès  hasardeuse.  

INTRODKTION 

Land degradat ion has inc reased  no t i ceab ly  i n  Afr ica  during t h e  l a s t  
few decades through a breakdown i n  t h e  equ i l ib r ium between populat ion 
d e n s i t i e s  and t r a d i t i o n a l  farming systems. Yet information concerning 
t h e  e x t e n t ,  causes ,  and c o n t r o l  o f  water e ros ion  i n  western Af r i ca  
s t i l l  remains fragmentary and l i m i t e d .  Th i s  can be p a r t l y  a sc r ibed  
t o  t h e  dependence upon f i e l d  runoff p l o t s  under n a t u r a l  r a i n f a l l  as 
t h e  main d a t a  source ( L a l ,  1976; Roose, 1977). These a r e  c o s t l y  
and demand long pe r iods  of  obse rva t ion .  Because of f i n a n c i a l  
l i m i t a t i o n s ,  measurements can be conducted on ly  on a r e s t r i c t e d  
number of s i tes .  

d a t a  wi th in  a s h o r t  per iod from va r ious  remote experimental  s i t e s .  
Furthermore,  more c o n t r o l  can be exe rc i sed  over  t h e  parameters .  
Th i s  method has  t h e r e f o r e  been employed and adapted t o  Afr ican 
cond i t ions .  
r a i n f o r e s t  of  Ivory Coast t o  t h e  d e s e r t  i n  Niger (Fig.1) .  The 
purpose of t h i s  paper is  t o  p re sen t  t h e  r e s u l t s  of  t h e s e  experiments 
r e l e v a n t  t o  t h e  e x t e n t  of e ros ion  and t o  i t s  c o n t r o l .  

R a i n f a l l  s imulat ion pe rmi t s  t h e  c o l l e c t i o n  o f  l a r g e  q u a n t i t i e s  o f  

Experiments were conducted i n  a r e a s  r ang ing  from ;the 
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Method 

The r e sea rch  s t r a t e g y  employed i n  t h i s  s tudy  aimed t o  s imula t e  
r e a l i s t i c  cond i t ions .  Owing t o  t h e  g r e a t  environmental  v a r i a t i o n s  
from one s i t e  t o  ano the r ,  a s t anda rd  procedure could no t  be followed. 
Cl imatic  d a t a  were used a s  g u i d e l i n e s .  Each experimental  programme 
w a s  e s t a b l i s h e d  by r e f e r e n c e  t o  t h e  in t ens i ty -dura t ion  curves 
corresponding t o  t h e  experimental  a r e a .  Thus each run d i d  not  l a s t  
longer  than  t h e  analogous n a t u r a l  storm wi th  a 10 year  r e t u r n  pe r iod .  
The same r u l e  w a s  adopted t o  l i m i t  t h e  d a i l y  cumulative r a i n f a l l .  
Likewise t h e  amount of  r a i n f a l l  s imulated during t h e  whole tes t  
per iod d i d  not  exceed t h e  mean annual r a i n f a l l .  The Universal  S o i l  
Loss Equation (USLE) (Wischmeier & Smith,  1978) was a l s o  employed 
so t h a t  r e s u l t s  could be compared wi th  d a t a  from o t h e r  sources .  

T r e a t m e n t s  

On each s i t e ,  t r ea tmen t s  included:  
( a )  a vege ta t ed  t reatment  where t h e  n a t u r a l  cover w a s  preserved,  
(b)  a s t anda rd  su r face  t reatment  produced by removing t h e  

vege ta t ion  and by hoeing up and down t h e  upper 10 c m .  Th i s  
r ep resen ted  convent ional  seedbed cond i t ions .  
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FIG.1 L o c a t i o n  map f o r  the r a i n f a l l  s i m u l a t i o n  erosion 
s t u d i e s  i n  W e s t  A f r i c a .  

I n  a d d i t i o n ,  o t h e r  t r ea tmen t s  w e r e  s e l e c t e d  i n  accordance wi th  
t h e  farming s y s t e m s  p r e v a i l i n g  i n  t h e  s tudy  a r e a s .  
t r a d i t i o n a l  t i l l a g e  p r a c t i c e s  inc lud ing  s imple and t i e d  mounding, 
down-hill and contour  crop-r idging were t e s t e d .  
t o  determine t h e  e f f e c t s  of mulching on s o i l  conse rva t ion ,  r e s i d u e  
mulches were s e l e c t e d  according t o  t h e  l o c a l  c r o p s ,  namely, pine- 
app le ,  sugarcane and m i l l e t  s t r a w .  

d ry  cond i t ions  because experiments were conducted during t h e  d ry  
season.  A wide range of antecedent  s o i l  mo i s tu re  cond i t ions  w a s  
t h e n  achieved by planning d ry ing  pe r iods  which va r i ed  from 0.5 h t o  
more than  1 week. 
a v a i l a b l e  c l i m a t i c  d a t a .  
each  s i t e  wi th in  a pe r iod  of  a month. 
and 120 mm h-l  were s e l e c t e d .  

Accordingly,  

Moreover, i n  o rde r  

Each p l o t  was sub jec t ed  t o  an i n i t i a l  r a i n f a l l  s imu la t ion  i n  very 

Sequences of  r a i n f a l l  i n p u t s  were c o n s i s t e n t  with 

I n t e n s i t i e s  of 30, 45, 60, 90 
The r a i n f a l l  s imu la t ions  were app l i ed  at  

R a i n f a l l  s i m u l a t o r s  

Two types o f . r a i n f a l 1  s imula to r s  w e r e  used s e p a r a t e l y  o r  simultan- 
eously depending on si tes.  One was a rotating-boom simulator  
capable  of applying r a i n f a l l  rates ranging from 30 t o  120 mm h-l 
(Swanson, 1965). I t  comprises 30 nozz le s  sugported by 10 arms 
r a d i a t i n g  from a c e n t r a l  s t e m .  The nozz le s  sp ray  downward from an 
average he igh t  of 3.5 m .  
50 m2 p l o t s  (5  x 10 m ,  with t h e  long a x i s  pa r -a l l e l  t o  t h e  s lope ) .  
Up t o  now, t h i s  heavy equipment has  been t r anspor t ed  from Adiopodoumé 
(Ivory Coast)  t o  10 experimental  Sites as remote a s  G a l m i  (Niger,  
see l o c a t i o n  map, Fig.  1). 

i n f i l t r o m e t e r  (Assel ine & Valen t in ,  1978). It  c o n s i s t s  of a 
t e l e s c o p i c  tower on which one s i n g l e  nozz le  i s  mounted. 
canvas cover enc loses  t h e  experimental  area t o  exclude wind. The 
perpendicular  d i s t a n c e  from t h e  nozz le  t o  t h e  impact su r f ace  a r e a  is  
3.7 m .  

The 200 m2 s p r i n k l e d  area includes two 

A more e a s i l y  t r a n s p o r t a b l e  PieCe Of equipment i s  t h e  s p r i n k l i n g  

A l a r g e  

Moved by an adaptated windscreen wiper motor,  t h e  nozzle  
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o s c i l l a t e s  a c r o s s  t h e  p l o t .  The ang le  of o s c i l l a t i o n  is  a l t e r e d  by 
modifying t h e  l eng th  of t h e  d r i v e  s h a f t  and can be r a p i d l y  r e g u l a t e d  
from t h e  ground. Corresponding i n t e n s i t i e s  range from 30 t o  140 mm 
h-’. Accordingly,  t h e  b u f f e r  r i n g  zone around t h e  1 m2 p l o t  v a r i e s  
from 2.5 t o  8 m 2 .  

Both s p r i n k l e r s  were designed t o  reproduce t h e  c h a r a c t e r i s t i c s  of  
n a t u r a l  storms. A s tudy  of drop s i z e  d i s t r i b u t i o n s  and impact 
v e l o c i t i e s  w a s  t h e r e f o r e  undertaken.  A t  t h e  t i m e  when t h e  r o t a t i n g -  
boom s imula to r  was c a l i b r a t e d ,  t h e  r e s u l t s  of  t h e  measurements of 
t h e  k i n e t i c  energy of n a t u r a l  r a i n f a l l  i n  Abidjan were not  a v a i l a b l e .  
American d a t a  were t h e r e f o r e  used. More r e c e n t l y  designed,  t h e  
s p r i n k l i n g  i n f i l t r o m e t e r  appears  t o  be b e t t e r  adapted t o  West Afr ican 
cond i t ions .  For both s p r i n k l e r s  t h e  b e s t  approximations were achieved 
a t  high rates of a p p l i c a t i o n  (Table 1). These va lues  were used t o  
compute t h e  e ros ion  i n d i c e s  of t h e  USLE f o r  s imulated storms. 

TABLE 1 Kinet ic  enerqies of n a t u r a l  and a r t i f i c i a l  r a l i n f a l l  and 
s p r a y .  

Intensit ies (m h-l)  : S o u r c e  
30 45 60 90 120 

NATURAL RAINFALL 
U n i t e d  S t a t e s  25.2 26.8 27.9 29.5 30.6 W i s c h m e i e r  & Smi th  

I v o r y  C o a s t  18.3 19.6 20.4 21.7 22.6 V a l e n t i n  (1981) 

ARTIFICIAL RAINFALL 
R o t a t i n g  boom- 

S p r i n k l i n g  

(1958) 

s i m u l a t o r  36.1 40.z 40.9 31.4 32.4 Valent in  (1978) 

i n  fi 1 t rome ter 14.7 17.8 18.9 20.4 22.8 R u i z  Figue- (1983) 

F i e l d  measurements  

P l o t  s u r f a c e  f e a t u r e s  In o r d e r  t o  i l l u s t r a t e  t h e  in f luence  of 
su r face  g rave l  and cobbles  on s o i l  conse rva t ion ,  samples were 
c o l l e c t e d  from t h e  t i l l e d  l a y e r .  The percentage of coa r se  fragments 
was determined by weighing. Glao et a l .  (1983) found a s t rong  
c o r r e l a t i o n  between t h e  va lues  (G%) ob ta ined  with t h i s  convenient 
method and t h e  percentage of  s u r f a c e  g rave l  and cobbles  (S%) measured 
by t h e  pin-point meter method which is more arduous.  On completion 
of  t h e  experiments ,  undis turbed s u r f a c e  samples were c o l l e c t e d  f o r  
micromorphological a n a l y s i s  t o  assess t h e  degree of s o i l  su r f ace  
s e a l i n g .  

A p p l i c a t i o n ,  r u n o f f  and  d i s c h a r g e  r a t e s  Simi la r  f i e l d  measure- 

For t h e  rotating-boom s imula to r ,  two raingauge t roughs  (0.05 m x 
ment procedures were adopted f o r  both s p r i n k l e r s .  

4.00 m) were placed ac ross  each p l o t  t o  check t h e  r a i n f a l l  amount. 
A t h i r d ,  l o c a t e d  between t h e  two p l o t s ,  w a s  connected t o  a s e n s i t i v e  
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r a i n f a l l  r eco rde r  t o  measure t h e  a p p l i c a t i o n  r a t e .  
used to ensure t h a t  wind speeds d i d  not  exceed 2 m s-’. 
l i m i t ,  t h e  r a i n f a l l  d i s t r i b u t i o n  w a s  not found t o  be s u f f i c i e n t l y  
homogeneous. On each p l o t ,  runoff  i n t e n s i t i e s  (mm h - l )  were measured 
with a very s e n s i t i v e  water l e v e l  r eco rde r  so t h a t  v a r i a t i o n s  i n  
depth and t i m e  of  0.05 mm and 15 s r e s p e c t i v e l y  could be discriminated 
on t h e  runoff hydrograph. 
manually c o l l e c t e d  i n  4-1 p l a s t i c  b o t t l e s .  
dependent on changes i n  t h e  runoff  r a t e .  
sediment t rapped i n  t h e  flume was weighed. 

was measured p r i o r  t o  each run by p l ac ing  a 1 m2 pan over t h e  p l o t ,  
and ad jus t ed  t o  the r equ i r ed  r a t e .  
r e s e r v o i r  which a l s o  w a s  equipped wi th  a ve ry  s e n s i t i v e  water- level  
r eco rde r .  
i n  0.3-1 b o t t l e s  a t  i n t e r v a l s  t h a t  depended on runoff  rate. 

A wind gauge was 
Above t h i s  

P e r i o d i c a l l y ,  sediment samples were 
Sampling i n t e r v a l s  were 

Af te r  every runoff  pe r iod ,  

In  t h e  c a s e  of  t h e  s p r i n k l i n g  i n f i l t r o m e t e r ,  s p r i n k l i n g  i n t e n s i t y  
. 

Runoff was c o l l e c t e d  i n  a 

Sediment samples were manually c o l l e c t e d  from t h e  flume 

Data a n a l y s i s  Rain fa l l  r eco rds  were converted t o  hyetographs.  
Hydrographs and runoff volumes were obtained from t h e  water l e v e l  
r eco rds  from each flume. These runoff  hydrographs were combined 
with sediment concen t r a t ion  va lues  t o  compute sediment discharge 
r a t e s  and t o t a l  s o i l  loss. USLE e ros ion  f a c t o r s  were then  calculated.  

RESULTS AM, DISCUSSION 

P o t e n t i a l  w a t e r  erosion 

Erosion r a t e s  from b a r e  and t i l l e d  s o i l s  a r e  p re sen ted  i n  Table 2 ,  
f o r  va r ious  eco log ica l  zones.  Th i s  t a b l e  does no t  i nc lude  r e s u l t s  
from s o i l s  where t h e  c o a r s e f r a c t i o n  exceeded 5%. 

Schematical ly ,  t h r e e  c l imat ic  zones can be  d i s t ingu i shed :  
( a )  Hyper humid r eg ions  where R > 800 and t h e  mean annual r a i n f a l l  

exceeds 1600 mm. 
combine t o  g ive  a high e ros ion  p o t e n t i a l ,  E > 50 t ha-’year-’. 

gene ra l ly  g e n t l e .  
20 < E < 50 t ha-’year-’. 

a r e  s c a r c e l y  marked. 
most s o i l s  a r e  sub jec t ed  t o  s u r f a c e  s e a l i n g  which enhances t h e i r  
r e s i s t a n c e  t o  s p l a s h  and shee t  e ros ion  (Va len t in ,  1981) .  A s  a 
r e s u l t ,  p o t e n t i a l  e ros ion  r a t e s  p red ic t ed  from t h e  runoff  p l o t s  are 
s l i g h t  t o  moderate: E < 20 t ha-’year-’. 

These r e s u l t s  demonstrate t h a t  t h e  most important  parameter i n  
in f luenc ing  s o i l  e ros ion  by water  is  t h e  r a i n f a l l  f a c t o r  R ,  which 
e s t ima tes  t h e  mean annual e r o s i v e  power of r a ind rop  impact. 
changes i n  s lope  g r a d i e n t ,  and i n  organic  matter con ten t  a r e  a l s o  
r e spons ib l e ,  bu t  t o  a lesser e x t e n t ,  f o r  v a r i a t i o n s  i n  e ros ion  rates. 
L i t t l e  r e l a t i o n s h i p  appears  t o . e x i s t  between s o i l  l o s s  and pedolog- 
i c a l  s o i l  t ype .  

Since t h e  r e s u l t s  obtained with two d i f f e r e n t  s lope  l e n g t h s  
(1 and 10 m) a r e  c o n s i s t e n t ,  rill e ros ion  is  e i t h e r  l i m i t e d  o r  i s  

Topography is usua l ly  h i l l y  and t h e s e  f a c t o r s  

(b)  Humid and sub-humid r eg ions  where 400 < R < 800. Slopes are 
Consequently,  p o t e n t i a l  e r o s i o n  is  moderate,  

( c )  Semiar id ,  a r i d  and hyper-arid r eg ions  where R < 400. Slopes 
Owing t o  t h e i r  low o rgan ic  matter c o n t e n t s ,  

S l i g h t  

, r e s t r i c t e d  t o  longer  s lopes .  Only measurements at t h e  bas in  Sca le  
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TABLE 2 The e f f e c t s  o f  v a r i o u s  f a c t o r s  on soil  loss f r o m  b a r e  and  
t i l l e d  t r o p i c a l  soi ls  u n d e r  s i m u l a t e d  r a i n f a l l  

S i te*  soil u n i t  (FAO) o.m. Slope R E 
(a) (m m - l )  (t ha-lyear- ' )  

I+ o Ochric f e r r a l s o l  

15 Ochric ferralsol 
( e r o d e d )  1.3 0.070 1030 129.9 

( r e c e n t l y  c l e a r e d )  2.5 0.070 1030 79.6 

105 Ochric g l e y s o l  1.5 0.008 680 18.6 
3t Ochric f e r r a l s o l  1.7 0.028 625 20.2 
55 Ochric f e r r a 1  sol 2.6 0.030 625 24.6 
75 Ochric f e r r a l s o l  1.4 0.030 625 30.3 
13' Vertic cambisol 1.5 0.005 330 2.2 
15' Ver t ic  c a m b i s o l  0.4 0.038 300 7.7 
1 5+ Ferric l u v i s o l  0.6 0.028 300 6.1 
14+ Xerosol 0.4 0.033 225 10.7 
14' Ferric l u v i s o l  0.9 0.004 225 6.0 
14? Arenoso1 0.5 0.011 225 1.4 
16l D y s t r i c  f l u v i s o l  0.7 0.025 80 5.4 
16l D y s t r i c  f l u v i s o l  0.1 0.014 80 1.6 

R i s  the r a i n f a l l  erosion i n d e x  o f  the USLE computed a f t e r  Roose  
( 1 9 7 7 ) .  
E i s  the computed s o i l  loss p e r  u n i t  area p e r  y e a r .  
o.m. is the o r g a n i c  m a t t e r  content i n  the t i l l e d  l a y e r .  
* T h e  number r e f e r s  t o  the l o c a t i o n  map ( F i g . 1 ) .  
t W i t h  the r o t a t i n g - b o o m  s i m u l a t o r .  

W i t h  the s p r i n k l i n g  i n f i l t r o m e t e r .  
A f t e r  Roose & Asseline (1978). 

2t Pl in th ic  f e r r a l s o l  2.4 0.073 920 73.3 

cou ld  s o l v e  t h i s  scale problem. 

s imula to r s  a r e  wi th in  t h e  range of t h e  d a t a  ob ta ined  under n a t u r a l  
r a i n f a l l  (Table 3) .  R a i n f a l l  s imu la t ion  t h e r e f o r e  appears  t o  
provide r e l e v a n t  e ros ion  measurements. 

For a given r eg ion ,  t h e  r e s u l t s  fu rn i shed  by t h e  r a i n f a l l  

N a t u r a l  p r o t e c t i o n  o f  soi ls  

S u r f a c e  g r a v e l  and cobbles Many c u l t i v a t e d  t r o p i c a l  s o i l s  
cannot be p rope r ly  considered a s  ba re  s o i l s  s i n c e  they  a r e  p a r t i a l l y  
o r  almost comple t e ly  covered wi th  g rave l  o r  cobbles .  
from 17 1-m2 p l o t s ,  l o c a t e d  wi th in  t h e  t h r e e  c o u n t r i e s ,  with s u r f a c e  
coa r se  f r a c t i o n s  (G%) ranging from 5% t o  79% ( d e s e r t  pavement i n  
Agadez), w e r e  used t o  e s t a b l i s h  a r e g r e s s i o n  equa t ion  and t o  p r e d i c t  
t h e  r e l a t i v e  importance o f  t h i s  f a c t o r  i n  t e r m s  of e r o s i o n  r educ t ion  
C (Fig.2) :  
C = 0 . 7 3  exp (-0.06 G) 

The r e s u l t s  

n = 17 r 2  = 0.96 

V e g e t a t i v e  cover I n  t h e  humid t r o p i c s ,  s o i l  is  n a t u r a l l y  
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F I G .  2 T h e  i n f l u e n c e  o f  c o a r s e  s u r f a c e  f r a g m e n t s  on the 
erosion r e d u c t i o n  f a c t o r  (C) . 

p r o t e c t e d  from t h e  e r o s i v e  e f f e c t s  of  storm r a i n f a l l  by t h e  vegetative 
cover .  I t  must be noted t h a t  a dense herbaceous cover  can be as 
e f f e c t i v e  as r a i n f o r e s t  (Table 4 ) .  I n  t h e  l a t t e r  case, trees p lay  a 
minor r o l e  i n  p r o t e c t i n g  s o i l  when compared wi th  l i t t e r  and r o o t  
m a t s .  A t h e o r e t i c a l  s tudy  based upon the  s i z e  and t h e  v e l o c i t y  of  

TABLE 3 Examples  o f  erosion r a t e s  measured  u n d e r  n a t u r a l  r a i n f a l l  
i n  W e s t  A f r i c a  

L o c a t i o n  R S l o p e  so u r c e  E r o s i o n  r a t e  
(m m-l)  (t ha- lyear- ' )  

Adiopodoumé* 1030 0.07 ' 69-1 50 
Bouaké  * 580 0.04 11-52 
Allokoto' 200 0.03 4-1 9 

Roose (1977) 
Roose  (1981) 
D e l w a u l l e  (19731 

R i s  the r a i n f a l l  erosion i n d e x  o f  the USLE. 
* B a r e  so i l .  
'f T r a d i t i o n a l 1  y c u l  t i v a t e d .  

t h e  drops i n t e r c e p t e d  by a tree i n d i c a t e d  t h a t  t h e  k i n e t i c  energy Of 

t h e  i n t e r c e p t e d  r a i n f a l l  is no t  ' s i g n i f i c a n t l y  d i f f e r e n t  from t h e  
energy of  f r e e - f a l l i n g  drops ( C o l l i n e t  & Valen t in  1980) .  
Consequently,  slash-and-burn c l e a r i n g ,  which does n o t  s e r i o u s l y  
a l t e r  t h e  d e n s i t y  of cover  because of an abundance of weeds, prOflUces 
l i t t l e  change i n  s o i l  l o s s .  

I n  d r i e r  r e g i o n s ,  g r e a t e r  v a r i a t i o n s  of  t h e  r educ t ion  f a c t o r  c 

i 

I 
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a r e  observed. 
t o  t h e  removal of t h e  vege ta t ion  cove r  by a b u s h f i r e  which produced 
an 80-fold i n c r e a s e  i n  e ros ion  rates when compared t o  t h e  undamaged 
herbaceous cover .  
where seasonal  changes promote:noticeable v a r i a t i o n s  i n  t h e  p ro tec t -  
i n g  e f f e c t  of  t h e  c0ve.r. 

Two examples are shown i n  Table 4 .  The f i r s t  r e l a t e s  

The second r e f l e c t s  t h e  in f luence  of drought 

Thus,  i n  t h e  Sahe l i an  zone, s o i l  l o s s e s  

TABLE 4 
v e g e t a t i v e  covers 

c l i m a t i c  z o n e  L o c a t i o n  Type  o f  v e g e t a t i v e  cover - C 

The erosion r e d u c t i o n  f a c t o r  C f o r  v a r i o u s  n a t u r a l  

Hyper-humid T a ï  T r o p i c a l  r a i n f o r e s t *  0.002 

S a k a s s o u  H e r b a c e o u s ,  v e r y  densef o. O02 

Semi a r i d  Ou rsi Herbaceous ,  dense? 0.010 

T a ï  A f t e r  t r a d i t i o n a l  c l e a r i n g f  0.010 

sakasou  A f t e r  b u s h  f i r e ?  0.160 

o u r s i  s c a n t y ,  a f t e r  d r o u g h t f  0.470 

Humid 

* Under n a t u r a l  r a i n f a l l .  
W i t h  the r o t a t i n g - b o o m  s i m u l a t o r .  

a r e  almost 50  t i m e s  g r e a t e r  under scanty vege ta t ion  than under a 
dense herbaceous l a y e r ,  a l l  o t h e r  cond i t ions  ( s o i l  mo i s tu re ,  sequence 
of runs  e t c )  being t h e  same. 

Erosion control 

main t r a d i t i o n a l  p r a c t i c e s  a r e  a p p l i e d ,  namely, crop-r idging and 
mounding. 
e f f e c t i v e  t echn iques ,  were r e g i s t e r e d  f o r  1-year-old contour  and 
down-hill crop-r idges,  and f o r  s imple mounding (Table 5 ) .  These 
t h r e e  systems reduce runoff v e l o c i t y .  
contour crop-r idges and t i e d  mounds accumulate water so t h a t  once 
some th re sho ld  of r a i n f a l l  depth i s  reached,  t hey  may c o l l a p s e .  

T r a d i t i o n a l  c o n s e r v a t i o n  p r a c t i c e s  Throughout West Africa two 

The lowest va lues  of  f a c t o r  P ,  corresponding t o  t h e  most 

However, r e c e n t l y  b u i l t  

When 

TABLE 5 Erosion r e d u c t i o n  f a c t o r s  (P) for V a r i o u s  
t r a d i t i o n a l  control p r a c t i c e s  - 

L o c a t i o n  E r o s i o n  control p r a c t i c e  P 

Taï  S i m p l e  mounding 0.12 
Pouni  T i e d  mounding O.  67 
Batanga T i e d  mounding O.  30 
Galmi C o n t o u r  r i d g i n g :  new r i d g e s  O.  28 

Galmi Down-hill r i d g i n g :  new r i d g e s  O.  75 
Galmi C o n t o u r  r i d g i n g :  o l d  . r i d g e s  o. O8 

Galmi Down-hi l l  r i d g i n g :  o l d  r i d g e s  O.  22 

l 
l 
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t h a t  happens,  e ros ion  rates i n c r e a s e  r a p i d l y  and can even su rpass  
those  of . the r e fe rence  p l o t  (Fig.  3). Loose m a t e r i a l  a s s o c i a t e d  wi th  
new down-hill r i d g e s  i s  e a s i l y  detached and a s  a r e s u l t  t h e i r  
conservat ion e f f e c t  i s  very l imi t ed .  

4.5 

- - -conventional hoe ing  4.0 

(dry surlace) 

- t i ed  mounding 3.5 

(wet surface) - 
Application rate :60 mmh-'  3 0  

Plots size :10m x 5 m  2.5 
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FrG.3 S e d i g r a p h s  f r o m  a c o n v e n t i o n a l l y  hoed  p l o t  and 
f r o m  a t i e d  mounded p l o t .  

These r e s u l t s  suggest  t h a t  P va lues  a r e  no t  independent-of t h e  
hydrological  p r o p e r t i e s  of  s o i l s  o r  of t h e  c l i m a t i c  sequences.  

P l a n t  r e s i d u e  m u l c h e s  Large v a r i a t i o n s  a r e  observed among t h e  
va lues  of t h e  e r o s i o n  r educ t ion  f a c t o r  C (Table 6 ) .  They cannot be 
a sc r ibed  t o  t h e  type of mulch s i n c e  t h e r e  was 100% s u r f a c e  cover  i n  
a l l  ca ses .  
underlying s o i l  t ype .  Mulching has  been found t o  be more e f f e c t i v e  
on sandy s o i l s ,  namely f o r  s o i l s  which a r e  t h e  most s u s c e p t i b l e  t o  
s p l a s h  e r o s i o n  (Ekern,  1956; Mazurak & Mosher, 1968).  On t h e  o t h e r  
hand, mulch cover  has  been observed t o  be less e f f e c t i v e  on S o i l s  
which s l ake  (e .g .  v e r t i c  s o i l s )  (Va len t in ,  1981). Therefore ,  
mulching should no t  be used r e g a r d l e s s  of t h e  p r o p e r t i e s  Of t h e  
t o p s o i l .  

However, t hey  may r e s u l t  from t h e  d i f f e r e n c e  between t h e  

CONCLUS ION 

F i e l d  s t u d i e s  us ing  r a i n f a l l  s imulat ion can supply p e r t i n e n t  
information r ega rd ing  e ros ion  measurement and c o n t r o l ,  provided t h a t  
t h e  experimental  procedure is adapted t o  t h e  l o c a l  c l i m a t i c  cond i t ions  
and t h e  tests are conducted on appropr i a t e  p l o t s .  
f o r  example, inadequate  t o  a s s e s s  t h e  e f f e c t  of conservat ion 
p r a c t i c e s .  

P l o t s  of  1 m2 are ,  

The r e s u l t s  suggest  t h a t  cau t ion  is  requ i r ed  when de r iv ing  

I 
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TABLE 6 Combined s u r f a c e  t e x t u r e  and m u l c h  e f f e c t s  on f a c t o r  C 

L o c a t i o n  So i l  u n i t  T e x t u r a l  c l a s s  R e s i d u e  m u l c h  C 
(FAO)  ( U S D A )  

Adiopodoumé* Ochric f e r r a i s o l  Loamy sand P i n e a p p l e  id4 
MarabadiassaI  Ochric f e r r a l s o l  s a n d y  l o a m  s u g a r c a n e  10-2 
Po u n i  T Ferric l u v i s o l  s a n d y  c l a y  l o a m  Mi l le t  s t r a w  0.17 
Batangai  Ver t ic  c a m b i s o l  Sandy  c l a y  Mil le t  s t r a w  0.38 

* U n d e r  n a t u r a l  r a i n f a l l .  
W i t h  the s p r i n k l i n g  i n f i l t r o m e t e r .  

.-. W i t h  the r o t a t i n g - b o o m  s i m u l a t o r .  

l o c a l  C and P va lues  f o r  completely d i f f e r e n t  s i t u a t i o n s .  Thus, 
a p p l i c a t i o n  by conserva t ion  p lanners  of t h e  USLE " t o  p r o j e c t  e r o s i o n  
d a t a  t o  t h e  many l o c a l i t i e s  and c o n d i t i o n s  t h a t  have not  been d i r e c t l y  
represented  i n  t h e  research"  (Wischmeier & Smith,  1978) can be 
considered a s  hazardous. A s  a r e s u l t  f u r t h e r  information concerning 
t h e  i n t e r a c t i o n s  between e r o s i o n  f a c t o r s  i s  needed. This  can b e s t  
be achieved us ing  appropr ia te  r a i n f a l l  s i m u l a t o r s .  
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