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Summary. One of the most  important f ac to r s  i n  predict ing s o i l  
detachment i s  the e f f e c t  of cover. Eut i t  is often reported 
t h a t  values which a re  empirically determined from p lo t s  da ta  
i n  one region cannot e a s i l y  extended t o  o the r  locn:tions. Deri- 
ving .the appropriate ,  values f o r  a given l o c a l i t y  vihould be 

o f  cover. 
Experiments were conducted i n  the f i e l d  oil f i v e  s o i l s  

of the Humid Tropics ( Ivory Coast) usiog a sprin!clri.ng i n f i l t r o -  
meter. The treatments included bare surface,  residue inulch sad 
mosquito gauze covers. Each p l o t  was subjected t o  four  25-3m 
simulated r z i n f a l l s ,  applying e i t h e r  30 o r  I20 mi/h m'te3,  at  
various antecedent moistures. Drop a i ze  d is t r ibu t io i i s  mere 
Cletermined for free-fal.liiig and intercsqted d r o p s  R e s u l t s  
shw thnt  the e f f e c t  o f  t h c  ra i sed  'cover i n  protect ing :;oil 
depeqds upon , s o i l  propert ies :  a negst ive cor re la t ion  WILES found 
between (S-G), i .e .  sand f r ac t ion  (0.1-2.0 mi) mirim coarse 
fragments f r ac t ion  (above 2 m ~ d ,  and the relevant  soil l o s s  
reüuctjny P n c t o r  (C-factor) . Sugarcane .se8idue. mulch i s  inore . 

e f fec t ive  YIGn the gauze cover: It r a i s e s  iiiPi1:t;ration c q a c i t y  
and thereby reduces runoff r a t e  
e f f e c t  depends upon r a i n f a l l  r a t e  and s o i l  ìaoisture conditions. 

fragments' f ract+on i s  used t o  predict  the relevant  C-factor 

,. f a c i l i t a t e d  by a more ref ined analysis  of the various types 

"Cl runoff veloci.ty. tiulch 

S o i l  i s  subs t an t i a l ly  protected by erave1 cover. Co.rr;e 

value. The regression equation is :  C = 0.697 exp(-0.050 GI, 
with  G :  coarse.fragments f r ac t ion ,  n= i 3  and r = 0.962. These 
r e s u l t s  suggest t h a t  the covers which a re  inc7uded i n  the 
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,f , I s o i l  surface (gravel)  o r  i n  contact  with the  ground (mulch) 
more e f f ec t ive  than those, such as the  mosquito gauze simulatiiig + 

a ra i sed  canopy, which a f f e c t  k ine t i c  energy OP r a i n f a l l  but 

a re  

27.TE'kEB 19&j ! 

Q.R.$.T.O,Rq. Fonds JJoeufi1entajj-e. 
i 

flow. i 
have no inf luence on the  entrainment of sediment by overl.end 14" , I S . S S +  /-- 
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Re'sumé 
l a  dé tachabi l i té  d ' u n  s o l  e s t  son couvert. Mais l e s  données 

une région donnée ne peuvent pas, f a i t  souvent signalé,  e t r e  
facilement extrapolées &d 'au t res .  Une analyse plus poussée 
des d i f f é ren t s  types de couvert e s t  a lo r s  en e f f e t  nécessaire. 

une étude expérimentale de t e r r a in ,  s Ù r  cinq s o l s  des Tropiques 
Humides (Côte d ' Ivoire) .  Les traitements comprenaient deux 
types de couverts: un pai l lage r é a l i s é  avec des rés idus de 
cu l ture  e t  une moustiquaire, a i n s i  qu'un témoin l a i s s é  nu. 
Quatre pluies  dQ 25"m chacune ont é t é  simulées sur chaque 
parcel le ,  2i des humidite's m i t i a l e s  d i f fé ren tes .  Deux in t ens i t é s  
ont été u t i l i s ées :  30 e t  I20 m/h. La d i s t r ibu t ion  de l a  t a i l l e  

. L'un des facteurs  l e s  plus importants pour p r é d i m  

I acquises empiriquement sur' des parcel les  expérimentales dans 
h 

Un inf i l t romèt re  à aspersion a permis de mener 

-- .. 
des gouttes a é t é  déterminée 
non interceptée.  1.1 r e s so r t  des r é s u l t a t s  que l ' e f f e t  d 'un  

sous moustiquaire e t  sous pluie  

couvert s i t u é  au-dessus du sol dépend des caracteres  texturaux 
de l a  surface: une cor ré la t ion  négative a pu ê t r e  e'tablie en t i e  

* l e  paramètre (S-G) qui repre'sente l e  pourcentage de sables f i n s  
8. grossiers  . -  ( 0.1-2.0 mm) diminué du -tmx por,déral d 'é léments  
grossiers ,  e t  l e  facteur  de &du-ctior: de l a  dé tachabi l i té  (fac- 
t eu r  C ) .  Le pai l lage de bagasse e s t  glus  eff icace que l a  mousti- 
quaire. I1 augmente l ' i n f i l t r a b i l i t é  du sol e t  rédui t  ainsz 
l ' i n t e n s i t d  de ruissellement a ins i  que sa v i tesse .  Son e f f i cac i t6  
dépend de ltintensi-5é.' de 1.a p lu ie  e t  des conditions d'humidité 

i n i t i a l e .  -- 
La protection du sol e s t  Ybrtement-&surGe par un 

couvert const i tué de gravillons.  Le taux pond6ral d '  dléments 
gross ie rs  peut ê t r e  u t i l i s é  pour prévoir  1.a valeur du fac teur  
C correspondant 2 un t e l  CouTrert. L'équation de regression es t :  
C = 0.697 e - avec G: tzux de gravi l lons,  n = I3 e t  
r = 0.962. Ces résu l ta t s . . fon t  ayparaftre que l e s  couverts qui 
sont directement inclus  dans l a  surface (ilémejhts gross ie rs )  ou 
en contact avec elLe (pa i l lage)  sont plus  efficacespze ce l l e s ,  
comme l a  moustiquaire, ou col-nme probablement l e s  couverts végd- 
taux, qui diminuent l ' énerg ie  cinétique des pluies  mais n'ont 
p a s  d ' e f f e t  su r  l'entrainement des sédiments par l e s  eaux de 
ruissellement. 
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I Introduct ion 
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One of t he  m o s t  s i gn i f i can t  achievements i n  s o i l  
erosion resarch  has been the  demonstration of t he  tremendous I 

e f f e c t  o f , cove r  on s o i l  conservation, which r e su l t ed  from 
the  development of the  Universal S o i l  Loss Equation (USLE) 
by xigc@ngiEr and Zm&t_h (1960). I n  the Tropics, where high 
e r o s i v i t i e s  of r a i n f a l l  a r e  reg is te red ,  segera l  s tud ie s  
i l l u s t r a t e  the  e f f ic iency ,  i n  terms of s o i l  conservation, 
of crop cover (€-Iu&sgn,I971; gogsg 1977) and mulch cover 
(&al 3975 ; VaLeGtzn-and goose 1981). However, the  use o f  the  
C-value (cover and management f a c t o r  o f  the  USLE) remains 
uncertain in so fa r  a s  i t  combines i n  one numerical evaluation 
severa l  sub-factors which have not  been 
It i s  therefore  commonly conceded (Eigc-hgizr 1975) t h a t  
Surbher w o r k  i s  s t i l l  needed t o  more accurately assess  the  
e f f e c t s  o f  these sub-factors. For  goze (I983) ,  two kinds of 
cover must be dis t inguished:  t h a t  provided by a vegetat ion 
canopy, an t h a t  i n  contact  with the  ground. Surface cover 
in t e rcep t s  the  r a i n  and reduces the  ve loc i ty  of running water, 
which p lan t  cover general ly  cannot do.  

thorougly studied. 

, 

Although surfaces  covered with s tones o r  gravel  a re  
very common, t h e i r  inf luences on s o i l  conservation have not 
been extensively invect igated.  Using r a i n f a l l  simulation i n  
the  mountainous regions o f  Israël, Se&iseK, goyin and Saghgri- 
(1962) reported t h a t  no runoff and erosion w a s  produced w i t h  
60 5; stone cover. D a t a  co l lec ted  i n  Tunisia with r a i n f a l l  
simulation ind ica ted  t h a t  the percentage of coarse fragments 
f r a c t i o n  contained i n  the  top l aye r  accounted f o r  69% o f  the  
va r i a t ion  i n  e r o d i b i l i t y  values (K--factor) . Therefore, b E a g  
(1965) propounded a simple nomograph to  pred ic t  K-values from 
only th ree  parameters: percentage of coarse fragments f rac t ion ,  
percentage of organic mat ter  and percentage of moisture equiva- 
l e n t .  The percentage of  coarse fragments f r ac t ion  however was 
not  included as a parameter of  the nomograph developed -bx. 
SfiEc&nigisr, Jo&ngon and @gsg (1971). A s  a matter  of f ac t ,  i t  

I - 

i s  now vrid-eljr accepted tha t  the gravel cover de r s i fy  r u s t  be 
consi.dered a s  in tegrant  pa r t  O P  the C-factor s ince  i t  a c t s  
as a surface mulch (g6g1Len_s 1983) and because owing t o  lhe la rge  
v a r i a b i l i t y  of gravel  cover densi ty  f" one s i t e  t o  mother ,  
this parameter cannot be analysed as  an i n t r i n s i c  s o i l  property. 
BQsides, the e f f ic iency  of canopy cover i n  d i s s ipa t ing  k ine t ic  
energy of r a i n f a l l  w a s  convincingly demonstrated by the  wire 
gauze experiment quoted by gu+gn (1971:205), but the in te rac-  
t ions  between this e f f e c t  and the  surface tex ture  have apparent- 
l y  not been inves t iga ted  until.  recent ly .  

The purpose of t h i s  study was to  compare the e f f ec t s  
of canopy cover, which was simulated with a mosquito gauze, and 
t1ios.e of ground covers: sugarcane f i e l d  residues and surface 
gravel. 

2. Study area  and s o i l  cha rac t e r i s t i c s  

The study area  is  located near  Tiéningboué, i n  Central  
Ivory Coast. The annual r a i n f a l l  var ies  from 900 t o  I700 mm 
( t h e  mean annual p rec ip i t a t ion  calculated f o r  28 years  is  II70 rrm) 
depending upon whether the second dry season ( J ~ l y )  occurs o r  
not ,  according to  the pos i t ion  of the i n t e r t r o p i c a l  discozìtinuity 
zone. Most of ten,  there  i s  only one dry season from October t o  
Hay. The highest  mean monthly p rec ip i t a t ion  is recorded i n  Sep- 
tember (200-250 mm) but the  most in tense  rainstorms a re  mainly 
observed i n  the ea r ly  ra iny season (60 mm during half-zn-hour, 
with a year ly  frequency), when l a t e  bush-fires expose bare s o i l  
surface (B_r_un_et-hJ.o-re-t 1967). Consequently erosion hazards e re  
espec ia l ly  high during t h a t  period. 

, .  

I Vegetation cover i n  the  study a r e s  cons is t s  of decidilous 
f o r e s t  o r  dense t r e e  savannah on the tows of the forms, low t r e e  
and grass  savannah on the h i l l s l o p e s  and ripariai: f o r e s t  along 
the r iver? .  A s  wi th  much of Western Africa, this area  i s  floored 
by the  c r y s t a l l i n e  basement rocks of the pre-Cambrian which 
cons i s t  o f  coarse-grained grani te .  It i s  character ized by t'ne 
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- presence of muscovite and small amounts o f  i r o n  o q d e s  
3 (Fe203 4$, Feo2 2%) a f t e r  Aqogld (1961). The study area  

ranges from 200 m t o  400 m i n  a l t i t u d e  and the s lope o f  

the  land sur faces  averages 3 t o  5 % (pegs 1980). Helvic 
p l i n t h i c  e c r i s o l s  (P.A.O. legend) occupy the gent ly  convex 
landscape. The tex ture  of s o i l s  derived from sha les  a re  
r e l a t i v e l y  f ine ,  whereas s o i l s  developped from g ran i t e  
contain more coarse sand. 

4.i 

- r 

S 

Five cu l t iva ted  s o i l s  were se lec ted  on the  b a s i s  
of t h e i r  ag r i cu l tu ra l  importance and t h e i r  wide range of 
che rac t e r i s t i c s  which a re  representa t ive  of s o i l s  within 
the Central  Ivory Coast. Three of them (TI,T2 and T3) a r e  
derived from grani te ,  the o thers  (!‘f and M) have developed 
from shales. The main cha rac t e r i s t i c s  of t h e i r  t o p  layers  
a r e  shown i n  Table I, , 

Table I 

3. L Ia t e r i a I~  and methods 

A t  4 s i t e s  (,TI,TZ,TY, and W), 3 p l o t s  o f  I m 2 were 

s e t  up: A,B and C. A t  s i t e  ET, 2 more plol-r: v:ere added s o  t h a t  
5 p lo ts  were pepa red :  A,B,C and E. Fo r  these I7 plo ts ,  $den- 
t i c a l  ülope lengths  (Im) and s lope angle (3%)  were selected.  
Likewise, each p l o t  was subjected t o  the same treatment which 
consisted of a conventional hoeing of the  upper-IO cm. The 
percentages of coarse fragments f r ac t ion  were determined 
through co l l ec t ing  samples f r o m  the t i l l e d  layers .  A s  repor- 
t ed  by g e a g  (19651, t h i s  method i s  the  most convenient cecause 
i t  allows rout ine  laboratory analyses of the  layers .  Further- 
more, 
s imulat ion were the  s o i l s  have been hoed, because the sur face .  
have been d i s t r ibu ted  and r ed i s t r ibu ted  throughout t he  t i l l e d  

, 

no pavement e f f e c t  can be observed before r a i n f a l l  ./ , 

zone. A t  each s i t e ,  3 mosquito gauze (1.3 mm mesh) was sus?en- 
ded 25 cm above the p l o t  B, i n  the same viay tha t  gauze i s  
used i n  tha t  region by market-gardeners t o  protect  seed-beds. 
I n  addi t ion,  the two extra-plots  of s i t e  11 ( D  and E )  were 
completely covered with sugar cane bagasse ( mulch r a t e  4.5 
to&/ha). 

A spr inkl ing  in f i l t rome te r  (AsseLiGe and !JaleGt@ I970 ) 
was used t o  apply r e a l i s t i c  simulated r a i n f a l l .  This equipment 
is e a s i l y  t ransportable  to  remote research s i t e s  and has been 
adapted t3 African conditions. It i s  now being used i n  seven 
African countr ies  f o r  s o i l  and water conservation s tudies .  This 
instrument cons is t s  of a telescoping tower, which can be r s p i d -  
ly and e a s i l y  assembled, on which i s  a s ing le  n o z d e  (Teejet  
6560) mounted. I n  savannah regions, a l a rge  canvas cover enclo- 

,. sed the experimental a r ea  to  prevent wind d is tors ion  of the 
spray. Water i s  supplied by a t ransportable  tank which i s  
connected to  a cent r i fuga l  moto-pump. Two pressure gauges a re  
used: one at  the pump, the  o the r  one a t  the spray nozzle. 
Water pressure of 0.4 lcg/cm2 i s  se lec ted  t o  yield opt imum 
experimental conditions, i . e .  the m o s t  uniform spray d i s t r i -  
bution over the t a rge t  a rea  f o r  a l imited supply of  water 
(0.6 m3/hr.). The perpendicular dis tance from the nozzle to  
the  impact surface a rea  i s  3.7 m. Moved by an adapted wind-screen 
wiper, t he  nozzle i s  osc i l l a t ed  across the p lo t .  The angle of  
o s c i l l a t i o n  i s  a l t e r ed  by modifying the  length of the dr iving 
s h a f t  and can be rap id ly  regulated from the  ground. Thus, 
räitinfall i n t e n s i t y  can be changed during a simulated s t o r m  
eveFt and reproduce a r e a l i s t i c  hydrograph. I n t e n s i t i e s  o f  
from 30 mm/hr. up t o  140 mm/hr. can be applied. Accordingly, 

(8 m2 when the canvas i s  used). 

the  uniformly spr inkled a rea  ranges from 2.5 m2 t o  I 4  m 2 

. The ca l ib ra t ion  of the  r a i n f a l l  simulator was 
designed to  achieve cha rac t e r i s t i c s  s imi l a r  t o  na tura l  
storms. The well-known f l o u r  p e l l e t  method. was used to  
determine drop s i z e  d i s t r ibu t ions .  Drop ve loc i t i e s  were e s t i -  
mated by placing the  nozzle at  hor izonta l  and mesuring %he 



average length t o  which the  raindrops were projected. Veloci t ies  
3 were than ca lcu la ted  f r o m  basic physical re la t ionships .  Final- ; 

l y ,  t he  k ine t i c  energies  d iss ipa ted  a t  the  s o i l  sur face  were 
computed by a summation of the  k ine t i c  energies of the 
raindrops comprising the 1 2  d rop  s i z e  f rac t ions .  The r e s u l t s  
of t h i s  study i n d i c a t e  t h a t  She energies of the simulated 
r a i n f a l l s  average 94% of those na tu ra l ly  occuring i n  Abidjan 
(valent& 1981). This r a t i o  ranges from 80$$at 30 mm/hr. t o  
114% a t  I40 mm/hr.. 

I 

Spray i n t e n s i t y  was measured by placing a I m 2 pan 

over the p lo t ,  p r i o r  t o  each run, and then adjusted t o  the  
required in t ens i ty .  Runoff was col lec ted  i n  a r e se rvo i r  which 
vma equipped with a very sensitive water-level recorder  
(A. OTT V I I I ) :  changes of 0.2 mm were not iceable  on the  run- 
off  hydrograph s. Sediment samples, manually co l lec ted  i n  
0.3 Ir. bo t t l e s ,  were removed f r o m  the  flume at  one minute 
i n t e r v a l s  during the runoff periods. After  every storm event, 
sediment trapped i n  the  flume was weighed t o  produce more 
accurate  ca lcu la t ions  of the ove ra l l  sediment concent ra t ion '  
and s o i l  l o s ses  r e l a t i v e  t o  t he  runoff i n t ens i ty .  Water-level 
records were converted t o  discharge r a t e s  t o  give hydrographs 
and runoff volumes. These runoff hydrographs- and sediment 
concentrat ion values  were used t o  ca l cu la t e  sediment 
discharge r a t e s  and t o t a l  s o i l  losses .  

A* 

The t e s t  period w a s  a t  the beginning of the rainy 
season (April-May) s o  t h a t  the  f i r s t  runs were on dry 
surfaces .  The o the r  th ree  runs were performed a f t e r  i n t e r -  
val's of I 7  hr., 4 hr. and 43 hr., respect ively.  The expyri- 
mental plan was t o  simulate conditions t h a t  occur ea r ly  
i n  the  ra iny  season when t i l l e d  mvegetated s o i l s  a r e  expo- 
sed t o  severe s t o r m s .  Each p lo t  w a s  subjected to  the  same 
amount o f  r a i n f a l l :  4 x 25 mm. But spec i f i c  i n t e n s i t i e s  were 
applied t o  the various plots:. . p l p t s  A (bare) ,  B (gauze) and E (mulch) ..-- 

. p l o t s  C (bare)  and F (mulch) received r a t e s  of 
received rates of I20 mm/hr., edg.  12.5 min-runs 

30 mm/hr., e.g. 50 min-runs. 

/ 
,/ 
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For the  durat ion o f  every a r t i f ic ia l  storm, the  i n t e n s i t y  of'' 
t he  applied r a i n f a l l  was assumed t o  be constant. 

4 Resul ts  and discussion 

4.1. The e f f e c t  of in te rcept ion  of r a i n f a l l  by mosquito gauze 

Primarily, the  mosquito gauze a f f e c t s  the drop s i z e  
d i s t r i b u t i o n  of the  simulated r a i n f a l l .  Using the f l o u r  p e l l e t  
method, t he  curves were determined f o r  p l o t s  A'(bare) and 
B (covered). Figure 1 shows tha t ,  on one hand, the l a r g e s t  
f ree- fa l l ing  drops ( >  2.0 nun) a re  s p l i t  up i n t o  f i n e r  drop- 
l e t s ,  and tha t ,  on  the o ther  hand, owing t o  the in te rcept ion ,  
some s m a l l  drops aggregate i n t o  l a r g e r  drops (> 4.0 m). I f  
t he  k ine t i c  energy i s  computed, considering t h i s  modification 
of drop s i z e  d i s t r ibu t ion ,  but without taking i n t o  accomt  
%he x@dustion. off teminal  valoci. ty,  i t s  value is  reduced 
from 23.'; 3ou'er/mm/m2 t o  12.9 JOLCLER/W(~ 2 . 

,a 

The second e f f e c t  of t h i s  type of cover i s  t o  slacken 
the  ve loc i t i e s  a t ta ined  by waterdrops. A s  an i l l u s t r a t i o n ,  
a Z . 5 - m  drop, s t a r t i n g  from zero veloci ty ,  reaches a velo- 
c i t y  of 3.0 m / s  i n  a f a l l  of 0.5 m, ins tead  of 7.4 m / s  i n  
na tu ra l  conditions (saz9 1941).  I n  a f a l l  o f  0.25 m, the  
terminal ve loc i ty  is 2.21 m / s  f o r  d r o p s  l a r g e r  than 0.5 m. 
This height  of f a l l ,  i n  s t i l l  a i r ,  i s  s u f f i c i e n t  f o r  smaller  
drops to  reach the terminal ve loc i t i e s  t h a t  correspond to  
t h e i r  diameters. 

The drop s i z e  d i s t r i b u t i o n  and the  ve loc i t i e s  
obfained f o r  t h i s  type of cover a t  I20 mm/hr. were used 
to  c,ompute the  relevant  k ine t i c  energy of intercepted 
r a i n f a l l .  I t s  value: 2.2 Joules/mm/m2 indica tes  t ha t  the  
ve loc i ty  reduct ion induces a longer decrease or' k ine t i c  
energy t h a t  the s ing le  modification o f  drop s i z e  d i s t r ibu -  
t ion .  Since the in t e rcep t ion  does not a f f e c t  the i n t e n s i t y  
component of the E I  parameter of the USLE, the  reduct ion 
i n  impact energyris  equal t o  the  predicted value of the  
re levant  sub-factor: thus, t he  predicted C-gauze = 0.09. 
This reduction r a t e  i s  comparable t o  the value: 0.14, 
computed, a f t e r  the da t a  o f  ETS (19411, f o r  drops a - f t e r  
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a fe l l  of 0.5 m, f o r  an i n t e n s i t y  o f  IO0 mm/h. The s o i l  
l o s ses  f r o m  the  gauze-covered p l o t s  should therefore  repre- 
s en t  9:; OS t he  s o i l  l o s ses  observed f o r  the  bare p lo ts .  
However, f o r  th ree  s i t e s ,  the  experimental r e s u l t s  do not  
match the  predicted value o f  the  C-gauze f a c t o r  (Table 2). 
Actually, reducing k ine t i c  energy of r a i n f a l l  has not a 
similar e f f e c t  on a l l  the t e s t ed  s o i l s .  

T 

u 

Table 2 

' \  I 

When comparing the p a r t i c l e  s i z e  d i s t r ibu t ions  of 
I 

sediments of p l o t s  A t o  the p a r t i c l e  s i z e  d i s t r i b u t i o n  of 
the  t o p  l aye r s  ( r s t i o  denoted by D, i n  I c b l e  2 ) ,  i t  appears 
+:id detachment and flow t ranspor t  on a shor t  d i s tance  main- 
l y  a f f e c t  t he  0.1 "1-2.0 mm f r ac t ion ,  denoted by S .  Consequent- 
l y ,  i n t e rcep t ion  of r a i n f a l  by gauze i s  most e f f i c i e n t  i n  
reducing sp lash  erosion hazards f o r  s o i l s  with high S-content. 
I n  the opposite, f d r  f i n e  textured s o i l s ,  t he  e f f e c t  of the  
gcruze i s  l e s s  pronounced s ince  detachment requires  smaller  
anounts o f  energy. LIoreover, the inf luence of the  gauze i s  
l e s s  conspicuous f o r  the  s o i l s  which a re  already p a r t l y  
protected by a cover than f o r  bare surfaces .  F o r  a more I 

accurate  pred ic t ion  o f  t h e  subfactor  C-gauze, i t  i s  therefore  
necessary to  include the G-factor, namely the coarse fragments 
f r ac t ion ,  i n  the  r e l a t ionsh ip  between the  C-gauze values and 
s o i l  cha rac t e r i s t i c s .  Thus, a s t rong  negative co r re l a t ion  is 
found between the observed C-gauze values and the T-values, 
with T = S - G ( see  Table 2) :  

i 

-. -_ 

C-gauze = 0.795 - I.359.10-2 T r2 = 0.970 

! 

I 

I 

/I 
: 
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Further  experiments a re  needed t o  t e s t  t h i s  relatioii- 
sh ip  with a l age r  sample than 5. However, these r e s u l t s  
suggest tha t  the e f f e c t  of reducing k ine t i c  energy is  no'c 
independant from the  t ex tu ra l  parameters. I n  o ther  words,  
an i n t e r a c t i o n  seems to  e x i s t  between the subfactor  C-gzuze, 
ar$ others  f ac to r s  of t he  USLZ, such a s  e r o d i b i l i t y  K-factor, 
and subfactor  C-gravel, which corresponds t o  the e f f e c t  of the 
gravel  cover. As a re su l t ,  subfactors  C-gauze and C-gravel a ï e  
not  f u l l y  addi t ive .  

4.2. The e f f e c t  of mulching 

. When the whole surface of a p lo t  i s  covered with 

I 
mulch, the soil i a  protected from the d i r e c t  impact of 
rainarops. Two main consequences must then be noted: . (i) splash  erosion is  e s sen t i a l ly  reduced . (ii) sea l ing  occurs l e s s  rapidly. 
Owing to  t h i s  second e f f ec t ,  the  runoff ' s  po ten t ia l  t o  
detach and t ranspor t  matei ia1 i s  depressed. Reduction o f  the 
runoff coe f f i c i en t  and of the  peak runoff r a t e ,  shown i n  Teble 3,  
i l l u s t r a t e s  t h i s  importance e f f e c t  of mulch cover. 

Consequently, sugarcane residues a re  v e r j  e f f ec t ive  
i n  reducing s o i l  losses :  the C-mulch values were 0.03 and 0.05 
f o r  p lo t s  D and E respect ively.  The amall difference observed 
between the r e s u l t s  of the two p l o t s  can be ascribed to  the 
e f f e c t  of the r a i n f a l l  r a t e :  f o r  low r a t e s ,  and d r y  conditions, 
the  i n f i l t r a t i o n  capaci ty  remains higher than the i n t e n s i t y  of 
r a i n f a l l  and hence no runoff i s  observed. F o r  high r a t e s ,  m d  
f o r  any antecedent s o i l  moisture, in tense  sforms promote runoff 
and thus detachment and t ranspor t ,  s ince  the i n t e n s i t i e s ,  i n  
these cases, exFeed the i n f i l t r a t i o n  capacity. Therefore, the  
C-much subfaotor  i s  i n t e r r e l a t e d  with the  r a i n f a l l  erosion 
index E I  of t h e  USSE. Accordingly, der iv ing  the  appropriate  
C-mulch values f o r  a given l o c a l i t y  requi res  the knowledge of 
t he  re levant  r a i n f a l l  i n t e n s i t y  d is t r ibu t ion:  bagasse cover 
w i l l  be more e f f ec t ive  i n  regions where r a i n  i n t e n s i t i e s  a re  
moderate than f o r  loca t ions  where rainstorms a r e  not  uncommon. 

_ I  
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4.3. The e f f e c t  of gravel  cover 

Por  a p a r t i c u l a r  p lo t ,  t he  inf luence on s o i l  detach- 
ment of the C-factor due t o  gravel  cover (C-gravel) cannot be 
separa te ly  analysed from the  e f f e c t s  of t he  i n t r i n s i c  s o i l  , 
characters ,  i . e .  of the e r o d i b i l i t y  IC-factor. Thus, the 
expression 1C.C-gravel can be calculated a s  follows: 

. 1C.C-gravel = A R-' L-' s-1 
where : 
A i s  the computed s o i l  l o s s  per  u n i t  a r ea  expressed i n  metric 

tons/ha/year and divided by 2.24 f o r  obtaining ämerican un i t s .  

R, the  r a i n f a l l  aggress iv i ty  index, R = P E I 
where P is  the  r a i n f a l l  amount (mm), I the maximum i n t e n s i t y  

within 30 minutes, namely the  simulated r a i n f a l l  r a t e ,  (mm/hr.) 
and E the k ine t i c  energy corresponding t o  the  i n t e n s i t y  ' 

can uni t s .  

( Joules/mm/m 2 ) . R i s  divided by 1735.6 f o r  obtaining ameri-- 

L, t he  slope-length f ac to r ,  f o r  a I -m long p lo t ,  
L = (45.5 10-31~~ 

where Af = 0.5 i f  the percent s lope i s  5 o r  more, O.4jon s lopes 
of 3.5 t o  4.5 percent, 0.3 on s lopes of I to 3 percent, and 
0.2 on uniform gradien ts  o f  less than 1 percent (U.S.D.A. 
Handbook HO537 1978) 

S,  the slope-steepness factor :  
S = 65.41 s i n  2 0 + 4.56 s i n  0 + 0.0165 

-._ vihere 0 = Arc tang (oC/IOO> -. 
o( = percent  s lope i 

; 
,/ 

t o  the Sahara deser t .  The e f f e c t  of a l a rge  range o€ gravel  
dens i ty  and o the r  s o i l  cha rac t e r i s t i c s  is thus analysed 
(Table 4). Only r e s u l t s  from p lo t s  with coarse fragments f r ac t ions  
exceeding 5% were selected,  assuming tha t  f o r  lower values the 

inf luence of gravel  i s  negl ig ib le  a s  compared with o ther  parame- 
t ers. 

Table 4 

T h  :<.+[;ravel f e c t o r  was calculated not on?g € o r  
the  s i t e s  T I , T 2  and T 3 ,  w i i h  gravel percentages of 14.2, 18.4 
and 36.2, respect ively,  but a l so  f o r  ten o ther  s i t e s  which 

i 

i 
f 

I 
i 

have been s tudied under i d e n t i c a l  experimental conditions 1 

( r a i n f a l l  simulation on I-m p lo t s  subjected t o  a shallow 
hoeing). These da t a  (go&l&nst and val$n&i_n 1979, valeGtA1ì 1981) 

2 

' 

were co l lec ted  on various s o i l s  from the t r o p i c a l  f o r e s t  zone 

A s t rong  negat ive co r re l a t ion  vias found between the 
expression K.C-gravel and the  coarse fragments percentages G: 

Thks r e l a t i o n  means tha t  the coarse fragments f r ac t ion  alone 
accounted f o r  84% of the va r i a t ion  i n  1C.G-gravel values, and 
therefore  i n  s o i l  losses .  A s  a r e s u l t ,  d e t e n i n a t i o n  of the 
gravel  content i n  hoed layers  a l l o w s  the estimation o f  the  
combined e f f e c t  of gravel and t ex tu ra l  parameters. 

r2= 0.844 n = I 3  1.585 K.C-gravel = 4.219 G- 

Furthermdre, a b e t t e r  approximation of the C-gravel 
f a c t o r  would be yielded i f  the IC values could be separa te ly  
estimated. The development by xigcm&grA Jglqsgn and C_ross 
(1971) of a s o i l  e r o d i b i l i t y  nomograph made such attempts 
possible. Its algebraic  expression i s  given by the eqiiation 
(U.S.D.A. Handbook NO537 1978): 
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a - &  100 Kn = 2.1 I?'. '~IO-~ ( I 2  - a) -k 3.25 (b-2) + 2.5 (c-3) 
tiihere : 
Kn i s  the  predicted value of the e r o d i b i l i t y  K-factor 
PJ, the  p a r t i c l e  s i z e  parameter which equals percent s i l t  

a, the  organic mat te r  percentage 
b, the so i l - s t ruc tu re  code: I f o r  very f i n e  granular, 2 f o r  

f i n e  granular ,  3 f o r  medium o r  coarse granular  and 4 f o r  
bloclcy, p l a ty  o r  massive 

c ,  the prof i le-permeabi l i ty  c lass :  I f o r  rapid,  2 f o r  moderate 
t o  rapid, 3 f o r  moderate, 4 f o r  s l o w  t o  moderate, 5 f o r  slow 
and 6 f o r  very slow. 

(0.100 - 0.002 mm) times 100-minus-percent c lay  

Assuming t h a t  the  Kn value approximate r e a l  K values, 

C-gravel = K.C-gravel/ Kn I 

the  C-gravel f a c t o r  can be expressed a s  the  following r a t i o :  

S t a t i s t i c a l  ana lys i s  shows an enhancement i n  the  pred ic t ive  
capab i l i t y  of G: i t s  co r re l a t ion  coe f f i c i en t  with C-gravel 
r a i sed  from -0.919 t o  -0.981: 

C-gravel = 0.697 exp (-0.058 G) r2= 0.962 

' The s igni f icance  o f  t h i s  regression equation i s  
twofold : 

(i) i t  demonstrates t h a t  t he  G-factor, which i s  easi-  
l y  determined, alone accounted f o r  964;; of the va r i a t ion  i n  
C-gravel values, and can thus be used as a sa t i s fy ing  predic- 
tine; fac tor ,  

fragments i n  reducing s o i l  l o s ses  s ince,  f o r  instance,  an 
increase  i n  G from 55 t o  335 y ie lds  a decrease i n  the C-&ave1 
vzlues from 0.5 t o  0.1 and thus a quot ient  equal t o  5 ' i n  divi-  
ding s o i l  losses .  

( i i )  i t  i l l u s t r a t e s  the  g rea t  e f f ic iency  of coarse 

The ef fec t iveness  of coarse fragments f r ac t ion  i n  
reducing detachment can be ascribed t o  various e f f ec t s .  F i r s t ,  
i t  e c t s  as a sur fsce  mulch cover i n  e s sen t i a l ly  eliminatiifg the 

e f f e c t i v e  than an equivalent percentage of mulch cover because 
impact of raindrops on the ground, but i t  seems t o  be more / 

1 
,,' 

i t  o b s t r i c t s  ;;?ore s t rongly  runoff flow as a r e s u l t  o f  the 
more pronounced surface roughness. Secondly, because of  t h e i r  
s i ze ,  gravels  obviously a r e  inore r e s i s t a n t  t o  detachneilt Ynan 
f i n e r  pa r t i c l e s .  Hence a s t rong  negative colrrelaüion is  found 
be$tween t h e i r  amounts and the po ten t i a l  s o i l  losses .  

i 

5;, Conclusion 

This study allowed comparison between the  e f f e c t s  

(i) above the surface:  a gmze used as a r a i sed  

(ii) on the surface: silgarcane residue milch 
(iii) i n  the surface: coarse fragments. 

The gauze cover subs t an t i a l ly  reduces k ine t i c  energy o €  

r a i n f a l l  and consequently i s  noct e f fec t ive  on s o i k  v:liich 
a r e  exposed t o  splach erosion. F o r  t ha t  reason, the  magnituäe 
of the pro tec t ing  e f f e c t  of the  gauze i s  s t rongly in te rcor re-  
l a t e d  with s o i l  properkies. The experimeiitel r e s u l t s  suggest 
t h a t  the  re levant  C-gauze values can be gredicted through 
the s ing le  parameter T = S - G 
f r a c t i o n  contained i n  the  t i l l e d  l aye r ) .  

of th ree  types of s o i l  cover on detaclment by ra5.nfall. water: 

canopy , 

(sand f r zc t ion  ninus gravel 

Residue mulch not only d iss ipa ted  k ine t ic  energy of 
r a i n f a l l ,  i t  a lso  pro tec ts  the  s o i l  f rom sea l ing  and thereby 
.raised its i n f i l t r a t i o n  capacity. Accordingly volume znd 
ve loc i ty  of runoff bare reduced. As a r e s u l t ,  TOC$, residue 
cover i s  more e f f ec t ive  than the equivalent percentage of 
r a i sed  canopy ~ (simulated by a gwze)  . The experimental 
r e s u l t s  ind ica te ,  moreover, t h a t  the relevnnt  subsactor  C-mulch 
depends upon the  i n t e n s i t y  of r a i n f a l l  2nd s o i l  moisture cm- 
d i t i ons .  

The e f f e c t  of gravel  cover i s  emphasized by tiiis 
study. Coarse fragments seem t o  be more e f f ec t ive  than equi- 
va len t  percentages of mulch cover because, on one hand, they 
more f i rmly obstruct-  runoff flow, and, on the o ther  hznd, they 

5 

'! 
i 



T *  

1 
l i m i t  the f i n e  e a r t h  amounts, which a mulch cover cannot do. 
Acceptable es t imates  of C-gravel values can be produced i n  
ex ten t  of the coarse fragments f r a c t i o n  which i s  a more easi-  
ly determined parameter than'.the gravel  cover density.  

" U  

1 

3 

Por conservation purposes, appropiate cover should 
be adapted t o  s o i l  propert ies ,  e.g. sandy s o i l s  can be 
s a t i s f a c t o r i l y  protected by a ra i sed  canopfswhereas f i n e  
textured s o i l s  would requi re  mulch cover o r  close-growing 
vegetation. P o r  any soils, detachment by r a i n f a l l s  i s  
completely hindered when coarse fragments f r a c t i o n  equals 
o r  exceeds 50 $; t op  soils a r e  then self-protected.  

I 

.. 
' -- 
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Table I . : Uain cha rac t e r i s t i c s  of the hoed l aye r s  . 

S i t e  
organic mat ter  ($) 

clay:  0-0.002 mm (k) 8.7 12.4 9.7 15.5 Ia .G 

- _  . ' T I  . T2 . T3 . V i  . LI 

I .I 1.2 1.4 2.6 1.6 

19.7 19.8 17.2 42.8 42.9 
S i l t  and very f i n e  
sand: O 002-0.1 mm($) 

34*9 1.5 I 70.6 36 -5 Sand: O. 1 - 2 . 0  ITUII ($1 . 68.9 66.1 
Coarse f ra-nents : 
) 2 mrh ($1 18.4 14.2 36.2 2 .I 

- I 9  - 
\ 

! 
9 
1 b 

Table 2 : 15easured C-gauze values, detachment r a t e  of 

D = r a t i o  between the percent S-fract ion 

t 

the  sand f r a c t i o n  and T-parameter: 1 

(0.1- 2.0 mm) contained i n  the sediments 
from p l o t  A and the percent S-fract ion 
contained i n  the  hoed layer .  

f r ac t ion  ( G ) ,  i n  t he  hoed layer .  
T = sand f r a c t i o n  (S) minus coarse fragments 

i 

- -  - S i t e  * T I  . T 2  . T 3  . W  . fil . 
Measured C-gauze 0.082 0.115 0.351 0.314 0.343 
D (%I 128.0 134.5 114.6 110.8 113.1'  
T (5)  i 50.5 51.9 34.4 34.4 33.4 

-.. 

1 

Table 3 : Effec t  of surface mulching OE 1.uiiof.f ca i  

c ien t  and peak runoff r a t e  at  si.te ï,I. 
runoff coe f f i c i en t  = runoff voluqe/ rsi? 

volume 
peak runoff = maximal value of r u n o f f  r: 

recorded during the four  I 

l a t e d  r a i n f a l l s .  

. r a i n f a l l  r a t e  . bare surface . mulched surfsce . 
(mm/hl 

Runoff , coe f f i c i en t  30.0 57.9 - - - 11.4 
120.0 8 4  *3 21.2 

30.0 20.0 11.0 
(%? 

(mm/h) 
,I Peak runof f  r a t e  

120.0 I08 .o 65 .O 

.-' - 21 - 

Table 4 : Range of the  parameters of the s o i l s  
_ I  which form the s t a t i s t i c a l  sample. 

s.d. = standard deviat ion 
- 

.min~mum .maximum . s.d. . median . mean 
Clay (7;) 5 * O  23.9 6 - 3  12.3 I 3  -7 

17.2 55.9 I 4  .O 35.9 35 -7 

0.1 4.6 1.4 1 .? 1.7 

S i l t  and ve ' 

f i n e  sand (3 
Organic ma t t e r ,  

(7;) 

5 -0  79 - 0  24.8 Coarse fragments 
($1 20.3 30.8 

Percent s lope O e7 23.0 6 .I 3.0 4 *8 
Predicted . ' ' 

K- f ac t o r  o .II 0.55 0.13 0.27 0.2 
(nomograph) - 


