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INTRODUCTION

Like elsewhere in  the  to p ic s , N igeria  i s  plagued by serious 

s o i l  e rosion  problems. Evidences o f w ater erosion  commonly observed 

in  most p a rts  of the country include gu lly ing , extensive areas of 

exposed su bso il w ith considerable amounts o f gravels on the  su rface , 

and brown coloring  o f r iv e r  waters due to  high contents o f suspended 

s o lid s . The ex ten t o f erosion  i s  g en era lly  not known. However, a 

few s tu d ies  have confirmed the s e v e rity  o f erosion  in  N igeria (Chalk, 

1963; Ofomata, 1964; and FAO, 1965).

S o il erosion i s  due to  an in te ra c t io n  of severa l fa c to rs :

The major ones are e rosive  nature  o f r a in f a l l ,  h igh ly  e rod ib le  s o i l s ,

h i l ly  topography, d e fo re s ta tio n  and s o i l  mismanagement. Most ra in s

occur in  thunderstorms o f high in te n s i t ie s  and la rg e  drop s iz e s . I t

i s  not uncommon to  have r a in f a l l  in te n s i t ie s  over 200 mm/hr. An

an aly sis  o f  raindrop s ize  d is tr ib u tio n  by Kowal e t  a l .  (1975) showed

th a t  e rosive  storms freq u en tly  have more than 60% of the drops

g rea te r than 3 mm diam eter. Surface s o i ls  are prone to erosion

because o f  th e ir  c h a ra c te r is t ic  sandy, non-cohesive nature and poor

s tru c tu ra l  development. S o il mismanagement i s  as conducive to

erosion  as the fa c to rs  a lready  mentioned. Subsistence farming

normally r e s u lts  in  complete removal o f v eg e ta tio n , consequently

exposing s o i ls  on slopes th a t  were prev iously  s ta b iliz e d  by dense

n a tu ra l vegeta tion . This condition  i s  in te n s if ie d  by in c reasin g
1



population pressure on a g r ic u ltu ra l  lands, fo rc ing  a decline  in  

t r a d i t io n a l  s h if t in g  c u lt iv a tio n  and in c reasin g  the  percentage of 

land under continuous c u lt iv a tio n . In s p i te  of these hazards, most 

farmers s re  not undertaking erosion  con tro l measures.

L i t t le  inform ation i s  av a ilab le  fo r  p red ic tin g  and in te rven ing  

erosion  under tro p ic a l cond itions. Considerable research on erosion 

has been done in  the temperate reg ions. This research  o fte n  does n e t 

apply in  tro p ic a l regions because o f the wide d isp a r ity  in  c lim atic  

and s o i l  fa c to rs  between temperate and tro p ic a l  regions (Hudson, 1971; 

E lw ell and Stocking, 1973; Ahmad and Breckner, 197A). S o il erosion 

research  under tro p ic a l conditions becomes im perative fo r planning 

meaningful erosion co n tro l programs.

The research  reported  herein  concerns s o i l  erosion by water.

The research  was undertaken a t  the  In te rn a tio n a l In s t i tu te  fo r  

Tropical A griculture (IITA) in  N igeria during 1975. I t  included 

f ie ld  s tu d ies  w ith two cropping seasons and supplemental labo ra to ry  

in v e s tig a tio n s . I t s  primary ob jectives were (a) to  in v e s tig a te  the 

e ffe c ts  o f  t i l l a g e  techniques on s o i l ,  water and n u trien t lo s se s , (b) 

to  study the e ffe c ts  o f some cropping systems on ground cover and 

i t s  r e la t io n  to  runoff and s o i l  lo ss  from d if f e re n t  slopes, (c) to 

determine the re la t iv e  e ro d ib i l i ty  of se lec ted  3 o ils  under conditions 

o f  sim ulated r a in f a l l  in  the  labo ra to ry , and (d) to  describe the 

r a in f a l l  c h a ra c te r is tic s  in  regard to  drop s ize  d is tr ib u tio n , 

in te n s i ty  and wind.



The two t i l la g e  treatm ents were n o - ti l la g e  with surface mulch 

provided by previous crop residues and conventional t i l l a g e  th a t  

plowed in  the residues. Soybeans (Glycine max) were grown on the 

t i l l a g e  p lo ts . The cropping systems fo r the  year were ro ta tio n s  of 

soybeans-soybeans and pigeon peas-pigeon peas (Ca.i'anus ca.jan) . one 

crop o f monoculture cassava (Kanihot esculen ta) and a mixed cropping 

o f  cassava and corn- (Zea mays) . In the lab o ra to ry , nine Nigerian 

s o i ls  were studied fo r th e i r  re la t iv e  e r o d ib i l i t ie s .  This study 

involved the exposure o f s o i l  to r a in f a l l  a t  two lev e ls  o f r a in f a l l  

in te n s i t i e s ,  th ree  durations and two slopes. S o il e ro d ib il i ty  was 

re la te d  to c e r ta in  physica l and chemical p ro p e rtie s  c f  s o i l .  Some 

e ro s iv ity  indices were computed from the measured r a in f a l l  

c h a ra c te r is t ic s  and discussed in  re la t io n  to  th e i r  a d a p ta b ility  under 

the  tro p ic a l conditions o f the experiment.



REVIEW OF LITERATURE

Studies on s o i l  e ro sio n  date back to  1880 when Elwald Wollny 

(Baver, 1938), a German P rofessor o f A gricu ltu re , pioneered th e  f i r s t  

s c ie n t i f ic  in v e s tig a tio n s . Apparently, h is  work was the r e s u l t  o f an 

e a r ly  recogn ition  o f the serious hazard o f erosion  to  a g ric u ltu re . 

S o il erosion  generally  r e s u l ts  in  lo ss  of to p so il w ith i t s  r e la t iv e ly  

high contents o f p lan t n u tr ie n ts  and organic m atter. Several 

in v es tig a tio n s  have shown th a t  removal of to p so il has caused 

s ig n if ic a n t  y ie ld  reductions fo r  many crops ( Table 1 ). In a recen t 

study, Lai (1975) reported  y ie ld  reductions o f  fo r  corn and 50^ 

fo r  cowpeas (Vignia unguicu lata) due to  a lo s s  of 2.5 cm of surface 

s o i l  from an a l f i s o l  in  N igeria . Erosion on cropland has a lso  been 

repo rted  to  be a major source of p o llu tio n  in  surface waters (Kaan, 

1971; Robinson, 1971). M ineral sediments and agrichem icals were 

l i s te d  as the p rin c ip a l p o lu tan ts . Water p o llu tio n  from erosion  is  

o f  in c reasin g  concern in  many nations today.

The sev e rity  of s o i l  erosion v a rie s  from one lo catio n  to  the 

o th e r , depending on the magnitude o f erosive fa c to rs . A knowledge 

o f the e ffe c ts  o f these fa c to rs  on erosion  i s  p re req u is ite  to  an 

understanding of the e ro sio n  process as w e ll as the development of 

e ro s io n a l con tro l measures.

U



TABLE 1

EFFECT OF DEPTH OF TOPSOIL ON YIELD OF CORN*

Depth of Topsoil 
(inches)

Indiana
Bushels per acre+

Iowa Missouri Ohio

0 19 - 16 -

2 32 56 25 -

k k l 69 38 33.7
6 k8 83 k6 k6.k
8 5k 97 5k 51.1
9 - - - 59.5

10 58 102 60 -

12 6k 125 6k —

13 67 -

^Uhland, R.E. 19^9 Crop yields reduced by erosion. USDA, SCS-TP-75 (S ta l l in g s  1957 PP 211). 
+1 Bushel/acre = 0,0625 metric tons/ha
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A. Factors o f S o il Erosion

The s o i l  erosion-process has been considered by E l l i 3on (19A5) 

as co n sis tin g  of detachment and tra n sp o rta tio n  phases. I t  i s  

b a s ic a lly  a function  o f r a in f a l l  and s o i l  f a c to rs . S o il p a r tic le s  

are  detached from the  s o i l  mass by f a l l in g  raindrops and are 

subsequently transported  in  suspension by flowing surface w ater or 

runo ff. Major fa c to rs  in flu en c in g  s o i l  e rosion  on a g r ic u ltu ra l  lands 

are  c lim ate , s o i l  p ro p e rtie s , topography, vegeta tion  (cover) and 

management p ra c tic e s .

1. Climate

Climate components th a t  a f fe c t  e rosion  are  p re c ip ita t io n , wind, 

tem perature and so la r  energy. P re c ip ita tio n  i s  the most im portant 

fa c to r  in  the humid tro p ic s . E ro s iv ity  depends on the amount, 

d is tr ib u tio n , in te n s i ty  and drop s ize  d is tr ib u tio n  o f in d iv id u a l 

ra insto rm s. Total r a in f a l l  per se i s  not s tro n g ly  re la te d  to  water 

erosion  (Wischmeier, 1959; Hudson, 1971). R a in fa ll e ro s iv ity  may be 

explained in  terms o f annual o r seasonal r a in f a l l  d is t r ib u tio n  

p a tte rn . The sev e rity  o f s o i l  e rosion  in  the tro p ic s  has been p a rtly  

a t tr ib u te d  to seasonal r a in f a l l  d is tr ib u tio n  (Bosazza, 1953). When 

wet periods o f high in te n s i ty  rainstorm s a lte rn a te  w ith a severe dry 

season, the clim ate i s  much more e rosive  than in  regions where ra in 

f a l l  i s  more uniform ly d is tr ib u te d . The former i s  q u ite  ty p ic a l of 

the  tro p ic s . S o il e rosion  w i l l  a lso  be more serious i f  e ro siv e  ra ins 

come in  the e a r ly  p a rts  o f the growing season before adequate p lan t



p ro tec tio n  has been e s tab lish ed .

Erosion u su a lly  occurs whenever r a in f a l l  in te n s i ty  exceeds the 

i n f i l t r a t i o n  ra te  o f  unprotected s o i l .  Several s tu d ies  have s tre ssed  

the  importance of r a in f a l l  in te n s i ty  in  the erosion process. Neal 

( 1 9 3 8 ) demonstrated th a t e rosion  increased according to a power 

function  o f r a in f a l l  in te n s i ty  when slope, s o i l  and r a in f a l l  amounts 

could be regu la ted . Fournier (1967) observed th a t r a in f a l ls  w ith a 

maximum in te n s ity  le s s  than 90 mm/hr ra re ly  caused erosion  in  Upper 

V olta. Hudson (1971) reported  a lower th resho ld  value o f 25 mm/hr 

fo r  Rhodesia.

Erosion has been re la te d  to maximum r a in f a l l  in te n s i t ie s  during 

v a riab le  sho rt r a in f a l l  perio d s . The re p o rts  by Wischmeier and h is 

a sso c ia te s  in  the USA are perhaps the  most thorough in v es tig a tio n s  of 

th is  kind (Wischmeier, Smith and Uhland, 1958; Wischneier and Smith, 

1958; Wischmeier, 1959). R esults from th e i r  stud ies  showed high 

co rre la tio n s  between s o i l  lo ss  and the 30-minute r a in f a l l  in te n s i ty  

(I^ q ) . C orrela tions were fu r th e r  improved by using the product of 

r a in f a l l  k in e tic  energy and I^q. E lw ell and Stocking (1973) in  

Rhodesia suggested the  use o f maximum r a in f a l l  in te n s i t ie s  over 

sh o rte r periods ( I j^  or I 5 ) as in d ic a to rs  o f  e ro s iv ity  on s o i ls  w ith 

high in f i l t r a t io n  r a te s  o r good v egeta tion  cover.

High co rre la tio n s  between s o i l  lo ss  and r a in f a l l  energy have 

been widely reported  in  the l i t e r a tu r e .  These high c o rre la tio n s  are 

no t unexpected since  e rosion  i s  accomplished by the energy th a t  

detaches and tran sp o rts  s o i l  m ateria ls*  Hudson (1971) reported  from



research  in  Rhodesia th a t  only  k in e tic  energ ies corresponding to  

r a in f a l l  in te n s i t ie s  g rea te r than 1 inch  per hour (KE>1) were 

b e tte r  p red ic to rs  o f  e rosion . His conclusions are  based on 

observations th a t r a in f a l l  w ith  lower in te n s i t ie s  produces l i t t l e  or 

no s o i l  e rosion . His hypothesis has not been widely te s te d  under 

tro p ic a l conditions.

Reports o f some o ther workers have in d ica ted  th a t  the momentum 

of r a in f a l l  could be equally  re l ia b le  measure o f r a in f a l l  e ro s iv ity  

(Rose, 1960j Elwell and Stocking, 1973 j Williams 1969). However, 

the r a in f a l l  k in e tic  energy i s  the most w idely used param eter.

K inetic Energy Measurements

The work p o te n tia l o f r a in f a l l  i s  furn ished  by the  k in e tic  

energy of the f a l l in g  ra indrops. Several methods have been developed 

fo r  the evaluation  o f the t o t a l  k in e tic  energy imparted by the 

countless raindrops comprising a s in g le  storm. D irec t measurements 

o f r a in f a l l  energy such as those reported  by Neal and Baver (1937) and 

Rose (1953) have been unsuccessfu l. These e a r l i e r  measurements 

e n ta iled  d ire c t  weighing o f raindrops on the pan of se n s itiv e  

balance or measuring work done by le t t in g  ra in  d rive  a naddle wheel 

(Hudson, 1965). Kowal e t  a l  (1975) ascribed  the inaccuracy of these 

methods to  the  n eg lig ib le  ra indrop fo rces th a t  are-masked by wind 

e ffe c ts  which make such methods very u n re lia b le .

In  most cases, r a in f a l l  energy has been evaluated in d ir e c t ly  by 

computing energy from raindrop  c h a ra c te r is t ic s .  For example, k in e tic  

energy i s  re la te d  to  the mass and v e lo c ity  o f a sing le  f a l l in g  drop as
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fo llow s:

KE = MV2/2 ( 1)

where KE i s  the k in e tic  energy, M i s  the  mass o f  raindrop and V i s  i t s  

term inal v e lo c ity . Laws (194-1) made use o f high speed photography 

to  measure the term inal v e lo c i t ie s  o f various raindrop s iz e s . His 

re s u lts  were in  good agreement with those of Gunn and Kinzer (194-9) 

who used a d if fe re n t  technique. The l a t t e r  workers measured the 

v e lo c it ie s  o f w ater drops from oscillography record of pulses 

produced by allow ing e le c t r i c i ty  charged drops to  f a l l  known 

d istances through induction  r in g s . Terminal v e lo c itie s  a re  well 

documented from both s tu d ies  fo r  a wide range o f drop s iz e s . Their 

data have been used by many in v e s tig a to rs  fo r the  computation of 

k in e tic  energy o f rainstorm s o f known drop size  d is tr ib u tio n  

(Wischmeier e t  a l . ,  1958; C arter e t  a l . ,  1974). Perhaps the  most 

w ell known equation i s :

derived by Wischmeier and Smith (1958) from the published data o f  

Laws, Gunn and Kinzer and the  drop s ize  d is tr ib u tio n  d a ta  o f Laws 

and Parsons (1943). In  th is  equation, KE i s  the  k in e tic  energy o f 

the  storm ( in  fo o t- to n  per acre  inch) and I  i s  the  r a in f a l l  in te n s i ty

KE = 916 + 331 log10I (2)

( in /h r ) .
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Raindrop Size Measurements

A number o f methods have been used to  measure raindrop s iz e , 

the e a r l i e s t  recorded measurements being those by Lowe (1892),

Hudson, 1971). His method involved catch ing  raindrops on sheets of 

s la te  th a t  had been ru led  in to  squares to  f a c i l i t a t e  the measurement 

of sp lash  diam eter. The re la tio n sh ip  between splash  s ize  and ra in 

drop diam eter was determined independently. Wiesner (1 8 9 5 ) modified 

th is  technique by use o f  dye-trea ted  absorbent paper in s tead  of 

s la te s .  The im prin t spo t formed by a f a l l in g  raindrop on the paper 

was re la te d  to  the  s iz e  o f w ater drops. A generalized form of the 

re la tio n sh ip  between sp lash  diam eter and drop s iz e  i s  reported  by 

Hudson (1971) a s :

D = ABb (3)

where D i s  the drop diam eter, S i s  the s ta in  diam eter and a and b 

are constants which account fo r  the c h a ra c te r is t ic s  of the paper used. 

Hall (1970) found the method to  be successfu l only  fo r evalua ting  

raindrop s izes  le ss  than 2 mm diam eter. Splash losses a t  higher 

drop s izes  would make the  method u nsu itab le  fo r  use on tro p ic a l  

rainstorm s which a re  c h a r a c te r is t ic a l ly  o f  drop s izes  g re a te r  than 

2 mm.

Some methods o f measuring raindrop  sizes u t i l i z e  c o s tly  and 

complicated equipment th a t  l im its  th e i r  rou tine  use. Such methods 

as h igh speed photography (M utchler, 1967; Rogers e t  a l . , 1967).

Use o f  radar (M arshall and Palmer, 1 9 4 8 ; A tlas and Plank, 1953) and
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atomic sampling (Mason and Ramanadham, 1953) have been reviewed by 

Koval e t  a l .  (1975).

Kowal, Kijewski and Kassam (1975) in  N igeria , re c en tly  reported  

the use o f a device th a t  records raindrop  s izes  continuously by using  

a transducer d isc  as the  sensor. The s ig n a ls  generated by the impact 

o f raindrops upon the sensor surfaces are  am plified  and recorded 

g raph ica lly  as pulse amplitudes from which drop s ize  d is tr ib u tio n  and 

corresponding k in e tic  energy are  computed. ' A major l im ita tio n  o f the  

device i s  the damping e f fe c t  on the  transducer due to  i t s  re te n tio n  

o f w ater, even when a domed sensor i s  used.

The most re l ia b le  and accurate method so f a r  has been the 

" flo u r p e lle t"  method o f measuring raindrop  s iz e s . The method was 

proposed by Bentley in  1940 and has been used w ith reasonably good 

p rec is io n  in  both tem perate (Laws and Parsons, 1943 j C arter e t  a l . ,  

1974) and tro p ic a l reg ions (Hudson, 1971). The method co n sis ts  o f 

exposing s i f te d  flo u r b r ie f ly  to  the r a in .  Raindrops thus caught 

form dough p e l le ts  which are oven dried  and weighed. The weights 

o f the  raindrops are then  computed by using  an appropria te  

c a lib ra t io n  between drop size and p e l le t  w eight.

Wind

The in fluence o f wind on r a in f a l l  e ro s iv i ty  i s  not fu l ly  known. 

However, s tu d ies  by Rogers e t  a l .  (1967) and Lyles e t  a l .  (1969) 

in d ic a te  th a t  wind can s ig n if ic a n tly  in c rease  the  k in e tic  energy 

wind-driven ra instorm s. The l a t t e r  workers repo rted  th a t  

considerably  more s o i l  was lo s t  from s o i l  clods th a t  were exposed to



12

13.4 m/sec winds than those exposed to no wind. They hypothesized 

th a t wind increases the k in e tic  energy by in c reasin g  drop s iz e s , 

agreeing w ith the e a r l ie r  find ings from B lanchare' s (1950) wind 

tunnel experim ents. Increase in  drop s ize s  i s  suggestive of 

coalescing  of drops to  form la rg e r  drops. Because most t ro p ic a l  

rainstorm s are accompanied by high v e lo c ity  winds, they a re  l ik e ly  

to  in c rease  the ra indrop s izes  and term inal v e lo c i t ie s . Such e f fe c t  

o f high v e lo c ity  winds on drop s ize  d is tr ib u tio n  may cause a 

dev ia tion  from the  drop s iz e -v e lo c ity  re la tio n sh ip  estab lished  by 

Laws (1941) and Gunn and Kinzer (1949). Therefore, q u an tita tiv e

e ffe c ts  o f  wind on drop s izes  and s iz e -v e lo c ity  re la tio n sh ip  fo r
\

tro p ic a l wind-driven storms a re  needed.

Temperature and Solar Energy

Temperature and so la r  energy have in d ir e c t  e ffe c ts  on s o i l  

erosion . Both fa c to rs  a f f e c t  the  s o i l  m oisture regime, which 

in fluences the s o i l ’s acceptance o f r a in f a l l  and hence runoff and 

erosion .

2 . S o il E ro d ib il i tv

Raindrop impacts and scouring ac tio n  o f runoff water cause s o i l  

p a r t ic le s  to  be detached and removed as f in e  te x tu ra l  separates in  

the e ro s io n a l process. Other e ro sio n al fa c to rs  being equal, 

d iffe ren ces  among s o ils  in  th e i r  e ro d ib i l i ty  i s  a re s u l t  of s o i l  

physical and chemical p ro p e r tie s . According to  Baver (1972), these  

may be broadly c la s s if ie d  as (1) those p ro p e rtie s  th a t  determine the



s o i l  i n f i l t r a t i o n  ra te  (p o ro s ity  o f the s o i l  su rface , antecedent 

s o i l  m oisture and perm eability  o f the  s o i l  p r o f i le ) ;  and (2) those 

th a t r e s i s t  the d isp ersio n  o f s o i l  p a r t ic le s  during r a in f a l l  through 

s o i l  s tru c tu ra l  s ta b i l i ty .  Factors a ffe c tin g  perm eability  and water 

i n f i l t r a t io n  in to  so ils  have been reviewed by P a rr  and Bertrand 

(I960). However, these fa c to rs  have not been widely re la te d  to  s o i l  

e ro d ib il i ty .

According to  Eennett (1926), s o i l  te x tu re , s tru c tu re , organic 

m atter content and chemical composition are  dominant s o i l  p ro p e rtie s  

in fluencing  e ro d ib il i ty .  Middleton (1930) in v estig a ted  the  physica l 

and chemical p ro p ertie s  o f  some s o i ls  which had been observed to 

erode d if f e r e n tly  in  the f i e ld .  He observed th a t  the re s is ta n c e  to  

erosion  was re la te d  to th e  "erosion ra t io "  r a t io  o f ( s i l t  + c la y ) /  

(g ravel + sand) o f eroded sediments to th a t  o f o rig in a l s o i l ,  

"d ispersion  ra t io "  r a t io  o f  ( s i l t  + clay) in  d ispersed s ta te  to th a t  

in  o r ig in a lly  undispersed sample, organic m atter content and to ta l  

exchangeable bases. In  1935, Bouyoucos proposed the "clay  ra tio "  

as an index o f e ro d ib i l i ty .  Clay r a t io  i s  the r a t io  o f sand to 

( s i l t  + sand) o f  the s o i l .  I t  i s  based on te x tu ra l  analysis  and 

resembles Boyd’s (1922) "mechanical ra t io "  and M iddleton 's d isp ersio n  

r a t io .

The ind ices given by Middleton and Eouyoucos are based on the 

erroneous assumption th a t  only d ispersed  aggregates are e ro d ib le . 

These indices a re  also  dependent on .the  con ten t o f  ( s i l t  + clay) o f 

the s o i l .  Because of th i s  l im ita tio n , these  in d ices  have not been
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e f f ic ie n t  as erosion  p red ic to rs  in  many s o i l s .  Chibber e t  a l .  (1961) 

reported  th a t none o f the th ree  ind ices was e f f ic ie n t  in  p red ic tin g  

erosion on so ils  o f northern  Ind ia .

R esistance o f s o i l  to  d ispersion  i s  dependent on the amount 

and d is tr ib u tio n  o f  water s tab le  aggregates. Attempts to  use 

aggregation c r i t e r i a  as ind ices o f s o i l  e r o d ib i l i ty  s ta r te d  with 

G erdel's  (1937) work. Gerdel reported  s tro n g  negative re la tio n sh ip s  

between s ize  and s t a b i l i t y  of aggregates and e ro d ib il i ty  o f s o i l .  

However, a number o f s tu d ies  in d ic a te  a general lack  of agreement as 

to  what aggregate s ize  i s  most e f f ic ie n t  as an index of erosion .

This lack  of agreement could be due to  the  d iffe ren ces  in  techniques 

employed by various workers. Lack of a system atic method o f 

ch a rac te riz in g  s o i l  aggregates i s  gen era lly  observed in  the 

l i t e r a tu r e .  The wet s iev in g  (Yoder, 1936) and M cCalla's (1944-) 

w ater drop methods are  probably most w idely used in  s o il  aggregate 

s t a b i l i t y  s tu d ie s . Bryan (1969) found th a t  the l a t t e r  method r e f le c ts  

more c lo se ly  the process o f aggregate d isp ers io n  by h ig h -v e lo c ity  

raindrops than the wet s iev ing  technique. Thus, the water drop 

method may be expected to  be more e f f ic ie n t  than the wet s iev in g  fo r 

h ig h -in te n s ity  r a in f a l l  s itu a tio n s  in  the tro p ic s .  This fin d in g  has 

been confirmed from the r e s u l ts  o f e r o d ib i l i ty  stud ies th a t  employed 

the  water drop technique fo r  tro p ic a l  s o i ls  in  Puerto Rico (Smith 

and Cernuda, 1951), and in  N igeria (Bruce-Okine and Lai, 1975).

Some in d ices  incorporate  the  s o i l  organic m atte r content because o f 

i t s  b e n e fic ia l ro le  in  aggregation and i n f i l t r a t i o n  capac ity  o f  s o ils
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(Wischmeier and Smith, 1965).

S o il m oisture c h a ra c te r is t ic s  a lso  r e la te  to  the e ro sio n a l 

behavior o f s o i l .  The antecedent m oisture con ten t and the m oisture 

equ ivalen t are p a r t ic u la r ly  im portant determ inants o f the amount of 

r a in f a l l  a s o i l  can take before i t  runs o f f .  Neal (1938) reported  

th a t the ra te  of i n f i l t r a t i o n  varied  approxim ately in v e rse ly  as the 

square ro o t of the antecedent so il-m o is tu re  con ten t. Fournier (1967) 

a ttr ib u te d  the severe erosion  on tro p ic a l and Mediterranean s o ils  to  

the tendency o f these  so il3  to  be near s a tu ra tio n  moisture content 

because o f  the high frequency o f ra in s  during the ra iny  p eriods.

The d ispersion  o f s o i l  aggregates upon w etting is  influenced by 

chemical c h a ra c te r tic s  such as pH, and exchangeable ions. Al was 

found to  be more e ffe c t iv e  in  reducing sw elling  and slak ing  than Fe 

on some Hawaii s o i ls  (El-Swaify and Emerson, 1975). W allis and 

Stevan (1961) studied  the e ro d ib i l i ty  o f some C alifo rn ia  w ildland 

so ils  and reported a negative c o rre la tio n  between e ro d ib i l i ty  (as 

determined by d isp ersio n  and surface aggregation ra tio s )  and 

concentrations of Ca, Kg and (Ca + Kg). No s ig n if ic a n t c o rre la tio n  

was found with K and Na.

3. Tonography
A ro l l in g  topography is  conducive to  erosion  because the 

v e lo c ity  o f runoff i s  a ffec ted  by s lope. As the slope in c reases  so 

does the v e lo c ity  o f  flow and the  amount o f  s o i l  splashed dcwnslope. 

In  ad d itio n  to slope steepness, s o i l  e rosion  i s  a lso  much a ffec ted



by slope length . Both slope leng th  and steepness have been studied 

ex ten siv e ly  in  re la t io n  to  s o i l  e rosion  (Duley and Hays, 1932; 

Musgrave, 1947; Neal, 1938; Zingg, 1940; Smith and Wischmeier, 1957).

Zingg (1940) proposed the follow ing exponential r e la t io n  

between s o i l  loss and slope steepness:

Xc = 0.65S1-4-9 (4)

where XQ i s  the to t a l  s o i l  lo ss  ( in  tons per acre) and S i s  the land 

slope in  percen t. Hudson and Jackson (1959) suggested an exponent 

o f 2 r a th e r  than 1.49 in  Z ingg 's equation in  order to  account fo r  

erosion lo sses  in  the tro p ic s . Smith and Wischmeier (1957) reported  

a s o i l  lo ss-s lo p e  re la tio n sh ip  given by the parabolic  equation.

A = 0.43 + 0.30S + 0.043S2 (5) .

where A i s  the s o i l  loss in  tons per acre and S i s  the percen t s lope.

Woodruff (1947) concluded from various e rosion  stud ies th a t  slope 

ceases to  be a s ig n if ic a n t fa c to r  in  the r a te  o f erosion on slopes of 

le ss  than  4 percen t. S im ilar observations were reported  by Fournier 

(1967) in  Rhodesia. He reported  th a t  e rosion  was ju s t  as severe on 

very s l ig h t  slopes of 1-2% as on s teep  g ra d ie n ts , in d ic a tin g  th a t  the 

dominant fa c to r  o f erosion  was the high r a in f a l l  impact energy ra th e r  

than tra n sp o rt by runoff.

The time dependence o f  the s lo p e -so il  lo s s  re la tio n sh ip  becomes 

more im portant in  the tro p ic s  than in  the tem perate region because 

o f the  high ra te  o f  s o i l  d e te r io ra tio n  in  th e  former. In  long-term
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erosion s tu d ie s , involv ing  f ie ld  p lo ts  on an a l f i s o l  in  N ierg ia , Lai 

(1976) reported no s ig n if ic a n t  d ifferences in  s o i l  lo ss  between 10 

and 15 percent s lopes a f te r  4 years.

Runoff-slope re la tio n sh ip s  seem to  be p rim arily  a func tion  of 

s o i l  p ro p ertie s  such as i n f i l t r a t i o n  and su rface -sea lin g  

c h a ra c te r is t ic s .  Wischmeier (1966) reported a logarithm ic r e la t io n 

sh ip . Other s tu d ies  have shown no re la tio n  between slope and runoff 

(Borst and Woodburn, 1942). Dulley and K elly  (1939), from th e i r  

various stud ies on s o i l  ty p es , slopes and su rface  conditions, observed 

only s l ig h t  decreases in  i n f i l t r a t i o n  ra te s  w ith  increases in  s lope. 

More re c en tly , Lai (1976) in  N igeria , reported  no s ig n if ic a n t 

d iffe ren ces  in  runoff lo sses  from bare fa llow  p lo ts  of an a l f i s o l  on 

slopes ranging from 1 to 15 percen t.

Research has not y ie lded  a con sis ten t slope leng th -erosion  

re la tio n sh ip . T otal e rosion  lo ss  increases w ith  slope length  

(Zingg, 1940), because o f la rg e r  exposed ground surface area . Loss 

per u n it  area depends on o th e r fa c to rs  which complicate the r e la t io n 

ship between slope len g th , s o i l  lo ss  and ru n o ff . Musgrave (1935) 

observed th a t s o i l  lo ss  and runoff on the h ig h ly  permeable M arshall 

s i l t  loam only increased  w ith  slope length when the r a in f a l l  in te n s i ty  

was much g rea ter than  the s o i l  i n f i l t r a t io n  r a t e .  When the l a t t e r  

condition  was met, the  g re a te r  erosion  was probably due to g re a te r  

accumulation of ru n o ff on la rg e r  s lo p es . O ther stud ies have shown 

th a t  s o i l  loss per u n it  a rea  was an. exponential function o f slope 

length  (Zingg, 1940).
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The re la tio n sh ip  between length  o f  s lo p e , s o i l  lo ss  and runoff 

i s  a lso  s ig n if ic a n tly  in fluenced  by the  nature or curvature o f the 

slope which could r e s u l t  from previous erosion . Gard and Van Doren 

(1950) reported th a t  on a 5 percent s lo p e , runo ff and s o i l  lo ss  per 

u n it  a rea  was le ss  on 210-foot concave p lo ts  than on 140-foot 

re g u la r  p lo ts . Young and Kutcher (1969) observed th a t s o i l  lo ss  from 

ir r e g u la r  slopes depended on the  steepness o f  a short sec tio n  of the 

slope immediately above the po in t o f measurement.

4 . P lan t Cover and Management

Surface cover c o n s t i tu te s  the g re a te s t d e te rre n t to  s o i l  e rosion  

because i t  o f fse ts  the  e f fe c ts  of raindrops as precursors o f e rosion . 

Cover i s  much in fluenced  by s o i l  and crop management p ra c tic e s . Eoth 

fa c to rs  are th e re fo re  more ap p ro p ria te ly  d iscussed toegeher in  

r e la t io n  to  s o i l  e ro sio n . Cover on s o i l  su rface  may be in  the form of 

growing vegeta tion  o r p la n t residue mulches. Baver (1972) c la s s i f ie d  

the major e ffe c ts  o f  v eg e ta tio n  on erosion  in to  four ca teg o rie s :

(1) in te rc e p tio n  o f  r a in f a l l  by the v eg e ta tiv e  canopy, (2) decrease 

in  th e  v e lo c ity  of runo ff and the c u tt in g  a c tio n  o f w ater, (3) ro o t 

e f f e c ts  in  in c reas in g  g ran u la tio n , p o ro s ity  and b io lo g ica l a c t iv i t i e s  

a sso c ia ted  w ith v eg e ta tiv e  growth and th e i r  in fluence  on s o i l  

p o ro s ity  and (4) the  tra n s p ira tio n  o f  water leading  to subsequent 

d ry ing  o f the  s o i l .

The vegeta tion  canopy in te rc e p ts  ra ind rops, reduces th e i r  

k in e tic  energy and thereby  minimizes s o i l  d isp ersio n  by raindrop 

im pact. Baver (1972) quoting  the works of Wollny (1880), Haynes (1948)



and Smith e t  a l .  (194-5) reported  in te rc e p tio n  values ranging from 7 

to  55 percen t of th e  to ta l  r a in f a l l .  Because in te rcep ted  r a in f a l l  

does not reach  the land surface d ire c t ly , the  e ffe c t o f vegetation  

could be very  s ig n if ic a n t  in  decreasing s o i l  e rosion . The 

percentage in te rc e p tio n  o f raindrops by canopy i s  v a ria b le . I t  

depends on such crop morphology as canopy c h a ra c te r is t ic s  and height 

(Screenivas e t  a l . , 194-7), as well as r a in f a l l  c h a ra c te r is tic s  which 

in fluence th e  v e lo c ity  o f sbusequent le a f  d rip s  and stem flow.

The ou tstand ing  in fluence  of cover on erosion  i s  exem plified 

by Hudson's (1957) experiments in  Rhodesia. Under mosquito-guaze 

suspended 14- cm above a p lo t of bare s o i l ,  the  average annual erosion 

observed fo r  4- years was 2.4- tons/ha . The erosion  was approximately 

th a t  observed under a dense cover o f D ig ita r ia  spp (2 .8  to n s /h a ). 

During the same p e rio d , s o i l  loss and runoff from a bare p lo t w ithout 

gauze were 127 and 13 times those from the p lo t  under gauze, 

re sp e c tiv e ly . S im ila r e f fe c ts  c f  cover on erosion  has been reported  

by many workers fo r  p lan t residues when used as surface mulch.

Taylor and Hays (I960) observed th a t a good mulch of chopped corn

s ta lk s  and manure provided ex ce llen t erosion  con tro l fo r  continuous 

corn of F ay e tte  s i l t  loam s o i l  with 16 percen t slope. In  a recen t 

study in  th e  tro p ic s , Lai (1975) found th a t p lan t residue  mulch 

applied a t  a  ra te  o f  about 4- tons/ha s ig n if ic a n tly  reduced the  serious 

erosion  lo sse s  on 3 o ils .  S im ilar observations have a lso  been reported  

by Meyer and Kannering (1961) in  the  U.S.

The reduction  in  erosion  due to  adequate p lan t cover has a lso  

been a ttr ib u te d  to  some fa c to rs  o ther than r a in f a l l  in te rc e p tio n .



One major b e n e fic ia l e f fe c t  i3  improved in f i l t r a t io n  ra te s  of s o i l .

A l in e a r  re la t io n  between vegeta l cover and in f i l t r a t i o n  ra te  has 

been confirmed by sev e ra l s tu d ies  (Horner and Lloyd, 194.0} Borst 

e t a t . ,  194-5; and B ertoni e t  a l . , 1958). Lawes (1961), using small 

catchment gauges, recorded in f i l t r a t i o n  ra te s  ranging from over 

120 mm/hr under mulch to  le s s  than 10 mm/hr fo r  bare s o i l  in  N igeria. 

Wilkinson and Aina (1976) re la te d  increased  in f i l t r a t io n  to  the 

b e n e fic ia l e f f e c t  o f v egeta l cover on b io lo g ica l a c t iv i t ie s  such as 

those of a n ts , earthworms and te rm ite s . These a c t iv i t ie s  have been 

found to  con tribu te  s ig n if ic a n tly  to  the  high i n f i l t r a b i l i t y  ty p ic a l 

of tro p ic a l s o i ls  under fo r e s t  (B ates, I960).

Recognizing the importance o f cover in  ero sional p rocess, 

Wilkinson (1975) and E lw ell and Stocking (1976) proposed the use of 

percen t area o f  s o i l  covered by begeta tion  as an index o f erosion .

In the  various s tu d ies  reviewed in  the l i t e r a tu r e ,  percent canopy 

cover was measured by a e r ia l  photographs and o ccassiona lly  re la te d  to 

the le a f  area index o f  the  crop (Hudson, 1971; W ilkinson, 1975).

Crops va ry  in  the amount o f cover they provide and the r a p id i ty  

w ith which i t  i s  e s ta b lish e d . A good management system (e s s e n tia l ly  

t i l l a g e  and cropping) must r e la te  crop d iffe ren ces  to s o i l  and crop 

management p ra c tic e s . The t r a d i t io n a l  ro le  o f  t i l l a g e  in  seeded 

p reparation  and weed co n tro l fo r  row crops has been shown to be 

unnecessary fo r  many s o i l s .  In s tead , i t  has been reported  in  the U.S. 

th a t  t i l la g e  reduces the  s tru c tu ra l, s t a b i l i t y  o f some s o i ls  (Burwell 

e t  a l . ,  1966). S tru c tu ra l d e te r io ra tio n  on tro p ic a l s o i ls  brought
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about by t i l la g e  i s  ex cep tio n a lly  rapid  w ith consequential se rio u s  

erosion  problems on these  s o i ls  (Fournier, 1967). Roose's (1967) 

work in  Senegal showed th a t  mechanical c u lt iv a tio n  increased e rosion  

compared w ith t r a d i t io n a l  hoe c u lt iv a tio n . S im ilar observation has 

been reported  from Dahomey by Verney and Williams (1965). E rosion 

co n tro l th e re fo re  c a l l s  fo r minimum d istu rbance on such s o i ls .

The b en e fic ia l e f fe c ts  o f  such rainimum-tillage p rac tice s  as 

the plow -plant, s t r ip  p lan tin g , mulch t i l l a g e  and z e ro - ti l la g e  in  

conservation fanning are  w ell documented in  the  temperate reg ions 

(ftarro ld , 1960j Shear and Moshier, 1969j T r ip le t t  e t a l . ,  1970).

The concept o f  n o - ti l la g e  desginates a procedure whereby a crop i s  

planted d ire c t ly  in to  a chem ica lly -k illed  sod or crop residue  mulch 

with no p r io r  mechanical seed bed p reparation  (Jones e t  a l . ,  1968). 

In o th e r words, to ta l  s o i l  disturbance i s  lim ited  to th a t requ ired  

fo r proper placement c f  seeds. On w ell drained  and m oderately w ell 

drained s o i ls ,  the advantage o f  n o - ti l la g e  in  reducing s o i l  lo ss  

and ru n o ff has been s t r ik in g  and c o n s is te n t. T r ip le tt  e t  a l .  (1973) 

reported  th a t on a Wooster s i l t  loam s o i l  o f 21 percent slope and 

planted to  n o - ti l la g e  corn a s o i l  loss o f le s s  than 100 lb /a c re  

occurred a f te r  a 5-inch ra in . S im ilar r e s u l ts  have been observed a t 

the Coshocton watershed experiments by Karrold and Edwards (1972).

In ad d itio n  to s ig n if ic a n t reductions in  erosion  on these  s o i l s ,  

n o - ti l la g e  system re su lte d  in  g re a te r  crop y ie ld s  than did 

conventional t i l l a g e .  Jone e t  a l .  .(1968) and T r ip le tt  e t  a l .  (1973) 

reported  corn y ie ld  in c reases as highe as 39 percen t. G reater w ater



and n u tr ie n t a v a i la b i l i ty  was considered to  be a major fa c to r  fo r  

the higher crop y ie ld s  under the n o - ti l la g e  system, Lai (1973) 

in d ica ted  th a t  the "supra-optim ization" o f  s o i l  temperature and 

higher s o i l  organic m atte r content under n o - ti l la g e  (with surface 

mulch) are the most im portant fa c to rs  fo r  higher crop y ie ld s  and 

d ra s tic  reductions in  erosion  on some tro p ic a l  s o i ls .

The b en e fic ia l e f fe c ts  o f n o - ti l la g e  in  conservation farming 

are  y e t to be re a liz e d  fo r  a wide range o f t ro p ic a l s o i ls .  However, 

from the  stud ies a lready  conducted in  N igeria  by Lai (1975), in  Z aire 

by M uller and B ile r l in g  (1953) and in  Ghana by Kannegieter (1967) 

the n o - ti l la g e  method d o e sn 't work fo r a l l  crops on a l l  s o i l s ,  th e re  

i s  need to  e s ta b lish  i t s  potency fo r the  v a r ie ty  of crops and s o i l  

conditions of the tro p ic s .  An example o f  tro p ic a l crops th a t  may net 

be adaptable to  n o - t i l la g e  method are cassava (Manihot e scu len ta ) and 

yams (Dioscorea spp). These crops req u ire  loosened s o il  (mounds) fo r  

maximum development o f th e i r  tubers (B erger, 1964.).

Erosion on a g r ic u ltu ra l  lands a lso  depends on cropping p ra c tic e s . 

Hudson's (1971) statem ent th a t "erosion depends not only on what crop 

i s  grown but how i t  i s  grown" seems q u ite  appropria te . The essence 

o f a good cropping-management system i s  to  keep the s o i l  surface 

covered and minimize s o i l  d istu rbance, p a r t ic u la r ly  a t  the time the 

clim ate  ( r a in fa l l )  i3  most e ro sive . Table 2 shows the r e s u l t  o f 

Hudson's (1971) work in  Rhodesia involving the production o f maize 

a t  two lev e ls  o f management. This work supports the hypothesis th a t  

optimum conditions fo r  p ro f ita b le  crop production  generally  coincides



TABLE 2

EROSION PROM MAIZE PLOTS AT DIFFERENT PRODUCTIVITY LEVELS AT MAZOE, RHODESIA. (HUDSON AND JACKSON, 1959)

P ro d u ctiv ity  level*
1 2

Season Runoff
%

Erosion Runoff 
t /h a  %

Erosion
t /h a

1955-6 8
1956-7 18
1957-8 1 
average y ie ld , ton /ha 5

6 .3  14 
26.4 20 

1 .5 4
10

22.6
58.8
4 .5

*1. 37i000 p la n ts /h a , maximum economic f e r t i l i z e r  ap p lic a tio n , crop res id u es  ploughed in . 
2. 24,700 p la n ts /h a , medium economic f e r t i l i z e r  ap p lic a tio n , crop res id u es  removed.



2U

w ith  management sp e c if ic a tio n s  fo r  e rosion  co n tro l.

The importance o f crop res id u es , cover crops, and sod-based 

ro ta tio n s  in  co n tro l o f erosion  has been shown by several s tu d ie s .

I t  was found from over 30 years o f f ie ld  experiments in  Iowa th a t  

although erosion lo sses  were g re a tly  reduced when maize was grown 

w ith la rg e  n itrogen  a p p lic a tio n s , lo sses  were fu r th e r  reduced by 

growing the maize in  ro ta tio n  w ith meadow (Moldenhauer e t  a l . ,  1967). 

In  e a r l i e r  stud ies  in  M issouri where a number o f ro ta tio n  s tu d ie s  had 

been conducted, M ille r  and Krusekopf (1932) reported  th a t e rosion  

lo sses  w ith continuous corn were 50 percen t o f th a t  from bare fa llow . 

Continuous corn caused about twice as much s o i l  lo ss  as corn 

follow ing c lover. A number o f workers have reported  on the 

s ig n ifican ce  of the sequence of ro ta tio n  crops in  erosion c o n tro l 

(Wischmeier, I960; Hays, 1961; Hudson, 1971).

In  A frica , s im ila r  experiences on the performance of crop 

ro ta tio n s  on s o i l  e rosion  have been rep o rted . Hudson (1971) reported  

th a t  ro ta tio n s  o f  maize and tobacco w ith some commonly used grasses 

in  A frica  were e ffe c tiv e  in  reducing e rosion  lo sse s . However, the 

re s id u a l e f fe c t  o f the grass ro ta tio n  in  su sta in in g  low ra te  o f 

e rosion  was sh o rt- liv ed  as soon as the grass was replaced by maize. 

Hudson (1971) a t tr ib u te d  th is  to  the  c h a ra c te r is t ic  rap id  s t ru c tu ra l  

d e te r io ra tio n  of tro p ic a l  s o i l s .  He suggested the use o f mulch, 

e i th e r  as surface mulch o r incorporated  in  s o i l ,  to  boost the ro le  

o f  ro ta tio n s .



In  West A frica , the farming system i s  becoming more conducive 

to  e rosion  with the progressive decline o f .th e  t r a d it io n a l  bush- 

fa llow  and s h if t in g  c u lt iv a tio n  p ra c tic e s . Lands are c leared  by 

c u ttin g  and burning in  s i t u ,  and more lands are brought in to  

continuous c u ltiv a tio n  because of in c reas in g  population p ressu re  on 

a g r ic u ltu ra l  lands. Most farmers grow two crops per year, depending 

on the  leng th  o f ra in y  season. Crops (mainly food crops) are  grown 

on mounds or ridges w ith l i t t l e  or no conservation p ra c tic e . Mixed 

cropping genera lly  predominates over monocropping. M ixtures o f s ix  

crops have been reported  (Norman, 1970). There may be a combination 

o f c e re a ls , legumes and ro o t crops such as cassava and yams (Dioscorsa 

spp). Greenland (1975) has suggested the use o f mixed cropping as a 

means o f providing continuous liv e  cover over the erosive period . In 

mixed cropping, the second and subsequent crops are planted a f te r  the 

f i r s t  crop i s  e s tab lish ed . One crop freq u en tly  remains on the 

ground long a f te r  o thers have been harvested . Thus, the s o i l  has 

p la n t cover fo r  a longer period and with a g rea te r canopy d e n s ity  

than would be the  case w ith  sing le  crop. Various crop m ixtures 

inc lud ing  c e re a ls , legumes and ro o t crops have been te s ted  in  the 

tro p ic s  fo r  th e i r  co m p atib ility  in  terms o f higher y ie ld s  and lower 

n u tr ie n t requirem ents than the corresponding crops under monculture 

(Andrews, 1970; S te e l, 1972; Greenland, 1975).
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B. Methods o f Evaluating S o il Erosion 

Erosion research  has been la rg e ly  o f an applied n a tu re , 

involv ing  o n -s ite  determ inations o f s o i l  erosion . One method involves 

the d ire c t  measurement o f  changes in  s o i l  su rface  lev e l as described 

by Gleason (1957). Gleason used bo ttlecaps on s o ils  d riven  cup-side 

down and flu sh  with the ground su rface . These would make pedesta ls  

a t  the end o f an e rosive  ra in , and the  heights o f these pedesta ls  

were re la te d  to  the amount o f sheet erosion . He also used the ’spike 

and washer1 device (Hudson, 1964.) to  monitor g u lly  ero sion . This 

method was l a te r  t r i e d  by Hudson (1964) in  Rhodesia. Because of 

g rea t s o i l  v a r ia b i l i ty ,  s o i l  i s  not washed uniform ly over the e n tire  

exposed su rface . D irec t measurements o f  changes in  s o i l  surface a re  

th e re fo re  crude means o f evaluating  erosion  on a g r ic u ltu ra l  lands. 

Hudson (1971), however, argued th a t i t  could prove u sefu l fo r 

measuring lo ca lized  erosion , such as in  g u l l ie s ,  or on road embark- 

m ents. Erosion' on cropland req u ires  a more accurate determ ination .

Q uantita tive  measurements o f erosion  are  more freq u en tly  and 

most accu ra te ly  obtained by determ ining the amount of eroded s o i l ,  

ru n o ff and n u tr ie n t lo sses  from permanent p lo ts .  A p lo t s ize  o f 22m 

x 2m has been most w idely used in  the U.S. where considerable 

conservation  work has been done. The development of various runoff 

c o lle c tio n  devices to  f a c i l i t a t e  accura te  measurement o f erosion 

lo sse s  ha3 been reviewed by Wischmeier (1962).

For a  number o f  years s o i l  e rosion  s tu d ie s  made use o f f ie ld  

p lo ts  and n a tu ra l r a in f a l l .  In  order to  remove the co n s tra in t 

imposed by the e r r a t ic  nature  o f n a tu ra l r a in f a l l ,  researchers began
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to  use sim ulated r a in f a l l  in te n s iv e ly  during the 1930*s . Water was 

applied  by various means ranging from hand-held sp rin k lin  cans 

(Duley and Hays, 1932) to  the  re fined  autom atic ap p lica tio n  devices 

used today.

Following the documentation o f n a tu ra l r a in f a l l  c h a ra c te r is t ic s  

by Laws (194-1), Laws and Parsons (194-3) and Gunn and Kinzer (1949), 

s im ulators were developed to  reporduce f a i r ly  accurately  such r a in f a l l  

c h a ra c te r is t ic s  as in te n s i ty ,  drop s ize  d is tr ib u tio n  and term inal 

v e lo c i t ie s .  The nozzle type F r a in f a l l  sim ulator of Wilm (1943) 

produced r a in f a l l  w ith drop s izes comparable to  those o f n a tu ra l 

r a in f a l l ,  but the v e lo c i t ie s  a t  impact were s t i l l  le ss  than those of 

n a tu ra l r a in f a l l .  R ecently  developed r a in f a l l  sim ulators were 

reviewed by H all (1970). These are ch arac te rized  by downward sprays 

and a re  more e f f ic ie n t  in  reproducing the term inal v e lo c it ie s  of 

n a tu ra l raindrops. Young and Burwell (1972) compared the k in e tic  

energy o f  th e i r  sim ulator w ith th a t o f  n a tu ra l r a in f a l l .  Simulated 

ra in  in te n s i t ie s  6.35 and 12.7 cm/hr re sp ec tiv e ly , gave k in e tic  

energ ies o f 76 and 70 percen t o f n a tu ra l r a in f a l l  with s im ila r  

in te n s i t i e s .  Use o f r a in f a l l  sim ulators in  erosion  s tu d ie s  i s  now 

g en era lly  acknowledged to be app rop ria te , and many workers have used 

them on standard f ie ld  p lo ts  (Wischmeier and Smith, 1965; Bryan, 1970; 

Yamamoto and Anderson, 1973; Dangler e t  a l . , 1975).

M icroplots o f about one or two meters square have a lso  been 

used alone w ith sim ulated r a in f a l l . .  Neal (1933) used a l/lC 00-acre  

s o i l  tank f i l l e d  w ith Putnam s i l t  loam. He studied the e f fe c t  of
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slope and r a in f a l l  c h a ra c te r is t ic s  on s o i l  lo ss  and runoff. Woodruff 

(194-7) used the  same technique in  h is  greenhouse stud ies in  o rder to 

r e la te  erosion to  crop cover, r a in f a l l  and slope. Recently, Munn 

e t  a l .  (1973) and Hoyt (1975) used 122cm x 30cm x 15cm boxes and 

s in g le  nozzle r a in f a l l  s im ula to r to study the  movement o f various 

s o i l  n u tr ien ts  in  r e la t io n  to  d if fe re n t conditions o f r a in f a l l ,  cover 

and slope.

While r e s u l ts  from the m icroplot technique may not be d ir e c t ly  

ex trapo lated  to  f ie ld  p lo t cond itio n s , i t  i s  adequate fo r  making rapid  

q u a li ta tiv e  erosion  in v e s t ig a tio n s . Such stu d ies  may serve as 

prelim inary  s tu d ie s  in  a p i lo t  p ro je c t. S o il  erosion  can a lso  be 

accu ra te ly  re la te d  to  some fa c to rs  such as slope steepness, r a in f a l l  

c h a r a c te r is t ic s ,  s o i l  p ro p e rtie s  and management p ra c tic e s .

Erosion P red ic tion

Development o f em pirica l equations and ind ices fo r p red ic tin g  

s o i l  loss s ta r te d  in  the e a r ly  1940's as a r e s u l t  o f f ie ld  and 

lab o ra to ry  erosion  s tu d ie s  in  the  U.S. (Wischmeier e t  a l . ,  1953). 

Wischmeier (1962) reviewed various attem pts to  form ulate p red ic tio n  

equation by sev era l workers (Zingg, 1940; Smith, 1941; Browning e t  a l . ,  

1947; Musgrave, 1947; Van Doren and E a r t e l l i ,  1956). In  the la te  

1950 's , the u n iv e rsa l s o i l  lo ss  equation (USLE) was developed by 

Wischmeier and h is  co-workers (Wischmeier, Smith and Uhland, 1958).

The s o i l - lo s s  equation i s :

A = R K L S C P  (6)



where A i s  the computed average annual s o i l  lo ss  in  tons per acre 

from a sp ec ific  under a sp e c if ic  r a in f a l l  p a tte rn , cropping- 

management p lan , and applied  conservation p ra c tic e s . R i s  the 

r a in f a l l  fa c to r  and i s  a measure of the erosive p o te n tia l o f average 

annual r a in f a l l  in  the  lo c a l i ty .  I t  i s  c a lled  the ra in fa ll-e ro s io n  

index. Iso-erodent maps are av a ilab le  fo r  most of the U.S. which 

presen t lo ca l R-values fo r  use in  s o i l  lo ss  p red ic tio n . K i s  the s o i l  

e ro d ib i l i ty  fa c to r  and i s  the average s o i l  lo ss  in  tons per acre per 

u n it o f erosion index (A/R) from a p a r t ic u la r  s o i l  in  cu ltiv a ted  

continuous fallow  with a standard p lo t length  (72.6 fe e t)  and 9 

percent slope. The fa c to r  K has been c o rre la ted  with a s e r ie s  of 

physica l and chemical s o i l  p ro p e rtie s  discussed e a r l ie r  under the 

sec tio n  " so il e ro d ib i l i ty " . Topographic fa c to rs , L and S ad ju s t 

the s o i l  lo ss  estim ate to  the sp ec ific  slope leng th  and percent slope 

e x is tin g  on the f ie ld .  Graphs have been presented fo r  evaluating  

th e ir  combined e f fe c t  in  various combinations (Wischmeier e t  a l . , 

1953). The cropping-manageraent fa c to r , C, i s  the expected ra t io  

o f s o i l  loss from land cropped under sp ec ified  conditions to  s o i l  

lo ss  from c le a n - t i l le d  fa llow  on id e n t ic a l  s o i l  and slope and under 

the same r a in f a l l .  I t  r e f le c ts  the combined e ffe c ts  o f cover, crop 

sequence, p ro d u c tiv ity  le v e l ,  length o f  growing season, t i l l a g e  

p ra c tic e s , residue management and the expected time d is tr ib u tio n  

o f e rosive  rainstorm s w ith resp ec t to  seeding and harvest da tes  in  

the lo c a l i ty .  The e ro sio n -co n tro l p ra c tic e , P, takes in to  account 

the e rosion  co n tro l b e n e fits  gained by such p rac tice s  as contouring^
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s t r ip  cropping or by combining te rra c e s  w ith contouring. Values and 

computations o f  each component parameter o f the  USLE are  w ell la id  

out in  the U.S. Department o f A griculture Handbook No. 182.

The adaption o f the USLE has no t been estab lished  under the 

various conditions o f the tro p ic s . Because o f  the d is p a r ity  between 

tro p ic a l  and temperate c lim ates and between s o i l  conditions, severa l 

in v es tig a tio n s  have1 suggested m odifications o f  the R and K fa c to rs .

For example, Hudson (1971) suggested the use o f KS>1 index in  the 

tro p ic s  in s tead  o f R. (R ecall th a t  R = EI^q x 10-2). Fournier 

(I960) a lso  proposed a broad c lim atic  approach combining an em pirical 

r a in f a l l  f a c to r , ‘F^/P (where P i s  the  r a in f a l l  in  mm in  the w e tte s t 

month and P i s  the annual r a in f a l l )  with an average r e l i e f  fa c to r .

The lim ita tio n s  o f h is  approach were th a t the  lo c a l v a ria tio n s  in  

s lope, s o i l  p ro p e rtie s , v egeta tion  and land use were not considered. 

High wind v e lo c itie s  have been regarded as being ty p ic a l of tro p ic a l  

rainstorm s and according to  some workers (Ahmad and Breckner, 1974) 

should be incorporated in  the e ro s iv ity  index fo r the tro p ic s . Lai 

(1976) reported  th a t s o i l  lo sses in  N igeria were b e tte r  c o rre la ted  with 

A ^  (product o f  r a in f a l l  amount, A, and in te n s i ty ,  I ,  in  cmxcm/hr) 

than EI3 0  ^SLE. E lw ell and Stocking (1976) proposed a percent

ground cover index which according to  them did not requ ire  long-term  

and expensive f ie ld  measurements. However, an e a r l ie r  study by 

Wilkinson (1975) on erosion-cover re la tio n sh ip s  in  N igeria showed 

low c o rre la tio n s  between erosion  lo sse s  and percent canopy cover.

His r e s u l t  suggests th a t  fa c to rs  o th e r than the  vegetal cover are



involved in  erosion  p red ic tio n  index th a t  i s  based on cropping- 

management fa c to r .

I t  fo llow s, th e re fo re , th a t  an u rgen t need e x is ts  fo r  erosion  

s tu d ies  in  the  tro p ic s  to evaluate  the erosive p o te n tia ls  o f the 

various fa c to rs  in fluenc ing  s o i l  erosion . Furthermore, the 

a d a p ta b ility  o f e f f ic ie n t  conservation techniques already estab lish ed  

fo r  temperate conditions need to  be te s te d  under tro p ic a l cond itions.



MATERIALS AND METHODS

A. F ie ld  Erosion Studies

The f ie ld  experiments were designed to study s o i l  erosion  

lo sse s  on f ie ld  p lo ts  o f d if f e r e n t  slopes under conditions o f n a tu ra l 

r a in f a l l  and se lec ted  t i l l a g e  and cropping p ra c tic e s .

1. Experimental S ite  and S o il

The s i t e  o f the experim ental p lo ts  was located in  the  s o i l  

physics sec tio n  o f the experim ental farm of the In te rn a tio n a l I n s t i tu te  

fo r T ropical A gricu lture  (IITA) near Ibadan in  N igeria. IITA i s  on a 

1,000 hectare  s i t e ,  f iv e  k ilom eters north  o f Ibadan with a tro p ic a l 

clim ate  and an annual r a in f a l l  o f about 1200 mm. Some weather data  

o f th e  area are given in  Table 3.

The s o ils  used were p a r t  o f an a l f i s o l  toposequence (Figure 1 ), 

lo c a l ly  known as the Egbeda a sso c ia tio n  (Smyth and Montgomery, 1962) 

or P a le u s ta lf  by the U3DA s o i l  taxonomy system (S o il Survey S ta f f ,

1975). The s o ils  are excep tionally  w ell-d ra ined . They a re  

ch arac te rized  by a deep, red clayey p ro f ile  w ith a 3andy surface s o i l  

and a lay e r o f angular and subangular quartz  gravels in  th e  horizon 

immediately below the surface lay er (Moormann e t  a l . ,  1975).

32



TABLE 3

WEATHER DATA FOR IITA IN 1975*/

Average D aily Values Monthly Values
Temperature R elative  Humidity

Month Rain
nun

Evaporation R adiation Min. Max. Mean 
mm (g  c a l  Cm-2) °C oc °C

Min. Max. Mean
•J*/u

Rain Evaporation 
mm nun

Jan 0 . 0 4.58 372 16.9 34.0 25.4 21 92 56 0 . 0 142
Feb 2.7 4.86 4 3 6 2 1 . 6 34.7 2 8 .1 35 92 64 76 136
Mar 2.9 5.35 460 23.3 34.7 2 9 . 0 46 95 70 90 166
Apr 6 .5 4.86 500 22.3 33.1 27.7 56 98 77 194 146
May 6 . 6 4.32 442 2 2 . 2 31.9 27.1 62 97 80 204 134
Jun 6.4 4.06 446 22.4 31.1 2 6 . 8 62 97 80 191 122
J u l 4 .7 3.11 349 2 2 . 1 29.3 25.7 68 97 82 14? 9?
Aug 3.0 2.48 287 2 2 . 0 27.9 24.9 72 97 85 94 77
Sept 3.8 2.64 285 2 1 .1 28.4 24.7 69 98 83 113 79
Oct 9.2 3.79 377 20.9 3 0 .2 2 5 . 6 58 97 77 285 118
Nov 1.9 3.70 371 22.3 31.8 2 7 . 0 52 98 75 58 111
Dec 0 . 6 3.25 368 19.3 31.9 2 5 . 6 40 95 68 19 101

Year 4 .0 3.91 391 21.3 31.5 26.4 53 96 75 1430.5 1428

1/T.L. Lawson, 1975* IITA Weather report.

V j J

1
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Weather
S ta tion

10°/«

15°/<

2 0 0  m

Figure 1. Locations o f runoff p lo ts  of d if fe re n t slopes along the
toposequence (Lai, 1976)
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2. The Erosion P lo ts

The 24 experim ental p lo ts  were estab lish ed  in  1972 (L ai, 1976) 

on n a tu ra l slopes o f 1, 5, 10 and 15 percen t. Five p lo ts  o f 25m x 4m 

were estab lish ed  on each slope while the two ad d itio n a l ones of 37.5m 

x 4m (long p lo ts ) and 1 2 . 5m x 4m (sh o rt p lo ts )  were on the 10  and 15 

percent slopes. Each p lo t was enclosed on two sides by asbestos 

s t r ip s  protruding  about 30 cm above the ground. The upper end was 

bounded by a g u tte r  having i t s  banks covered with sho rt th ic k  g rass. 

The base o r lower end o f each p lo t was connected by a flume and 

trough to  a 120cm x 70cm x 50cm sediment tank (Figure 2). Each p lo t 

was buffered by grassed 1-meter wide borders. The construction  and 

operation o f the p lo ts  have been described by Lai (1976).

3 . Treatments

A fa c to r ia l  experiment co n sis tin g  o f  2 t i l l a g e ,  3 cropping and 

1  co n tro l (bare fallow) treatm ent fo r each slope was estab lish ed .

The design a lso  allowed fo r  the evaluation  o f the e ffe c t o f slope 

length  a t  2 lev e ls  (12.5m and 37.5m long) on 10 and 15 percent s lopes. 

The layout o f f ie ld  p lo ts  and treatm ents i s  i l lu s t r a te d  in  Figure 3.

T illage Treatments

The t i l la g e  treatm ents were n o - ti l la g e  versus conventional 

t i l l a g e  fo r  soybeans (Glycine max) .

The n o - ti lla g e  p lo ts  had not been plowed fo r  four y ears. Weeds 

were k il le d  by applying paraquat from a p ressu re-regu la ted  hand 

sprayer th ree  days before p lan tin g  a t  the ra te  o f 2 l i t e r s /h a .



Figure 2. Photographs showing runo ff p lo t  with s o i l  and water 
c o lle c tio n  system.
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10 %  S lo p e 15% Slope

16
17

15 14 13 12 11 20 23 24

5% S lo p e

10 8 7

1% S l o p e KEY 
Plot No. 
3,10,11,24
4.6.13.20
1.7.12.21

5.9.14.22
2.8.15.23

Treatment
Bare Fallow
No-tlll soybeans
Conv. tillage 

soybeans
Cassava
Corn/Cassava

16,17,18,19 Pigeon peas.

Figure 3. Layout of field pl'ots and treatments.
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P lo ts  were mulched w ith the  previous season crop residue a t  about 

5 m etric  ton per- hectare  (maize stovers fo r  the f i r s t  season and 

soybeans stovers fo r  the second crop season). Mulching a t  th is  ra te  

proveded about 80/6 ground cover. Seeding was done in  rows prepared 

manually w ith a c u tla s s  j u s t  p rio r  to seeding. Subsequent weeding 

on these  p lo ts  was a lso  done manually.

The conventional t i l l a g e  soybean p lo ts  and a l l  the cropping 

and bare fallow  treatm ents were disc-plowed and harrowed, using  the 

"Agria" implement. Weeding was done w ith  a hand-hoe which involved 

m echanically s t i r r i n g  the ground su rface .

Cropping Systems

These co n s is t o f b i-annual ro ta tio n s  o f soybean-soybean pigeon 

peas-pigeon peas (Ca.ianus ca.ian) . one crop o f monoculture cassava 

(Manihot escu len ta ) . a mixed cropping o f  cassava and corn (Zea mays), 

and a bare fallow  trea tm en t. A ll p lo ts  were conventionally  plowed. 

Cassava being a perenn ia l crop (but harvested  a t  the end o f f i r s t  

year) gave only one crop. Only one crop o f corn could be success

f u l ly  grown in  a mixed cropping of corn and cassava. The shading 

e f fe c t  o f  an estab lish ed  cassava canopy prevented the development 

o f the  second season corn crop. The same c u ltiv a rs  of soybeans and 

pigeon peas were p lan ted  in  the  f i r s t  and second seasons. The 

cropping treatm ents are summarized in  Table A. I t  may be o f  in te r e s t  

to  note th a t  Cassava i s  p lan ted  from stem c u ttin g s , about 51 cm long 

chopped from the e n tire  stem leng th . P lan tin g  i s  done by burying 

50  to  65  percent o f  each c u tt in g  in  the s o i l .



TABLE 4

SUMMARY OP AGRONOMIC PRACTICES CARRIED OUT UNDER DIFFERENT CROPPING TREATMENTS

Treatment Cron V ariety P lan t Spacing F e r t i l i z e r  Rate (kp/ha)

Soybeans-soyteans* "Bossier" 5 0 cm x 5 cm 26 P, 30 K
Pigeon peas-pigeon peas+ 3D-8103 5 0 cm x 1 2 . 5 cm 26 P, 30 K
Monoculture Cassava "Isunikan kiyan" lm x 1m No f e r t i l i z e r  

ap p lica tio n
Mixed cassava and maize "Isunikan kiyan" lm x lm

and and 120 N, 26 P, 30 K 
+ 240 K (second dose)"TZBC4" 5 0 cm x 2 5 cm

Bare fallow — — 120 N, 26 P, 30 K

*The same ap p lie s  to  n o - t i l la g e  soybeans.
♦Pigeion peas were grown on the  long and sh o rt p lo ts  on 10 and 1%  slope.

V j J
vO
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4. Procedure

Agronomic P rac tices

A ll p lan tings were made up and down the slope and done 

sim ultaneously fo r  a l l  crops on A pril 12, 1975 fo r  the f i r s t  sason 

and on August 3, 1975 fo r  the second season (soybeans and pigeon 

peas). F e r t i l i z e r  ap p lica tio n  was by broadcast a t  the time of 

p lan tin g . In  the case o f cassava and maize mixed cropping treatm ent, 

a second n itrogen  ap p lica tio n  was made by s id e -d ress in g  four weeks 

a f te r  p lan tin g . Following p lan tin g  op era tio n s, each o f the plowed 

p lo ts  were smoothed w ith a hand-rake in  order to  elim ate compaction 

and depressions th a t  were c reated  by foot-tram ping during the 

opera tions. Weeding was done re g u la rly  throughout the season.

Sampling o f Runoff and S o il Losses

Following each erosive rainstorm , the depth of runo ff co llec ted  

in  the tank and the drum was measured fo r  subsequent computation o f 

the to t a l  volume of ru n o ff from each p lo t .  The runoff and s o i l  

m ixture was thoroughly mixed by s t i r r in g ,  and two o n e - l i te r  samples 

were qu ick ly  withdrawn by immersing o n e - l i te r  p la s t ic  b o ttle s  in to  

the middle o f the tank. A fter drain ing  the tank , the s o i l  sediment 

l e f t  in  the tank (and o ccasionally  the drum) and on the flume were 

com pletely scraped in to  polythylene bags, la b e lle d  and weighted. A 

m oisture sample was then  taken ( a t  weighing) from each bag fo r 

m oisture con ten t de term inations. These m oisture content values were 

l a t e r  used to  convert the fre sh  weight o f  the  eroded s o i l  to  dry
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weight b asis . The eroded s o i l  samples were l e f t  to  a i r  dry in  the 

polythylene bags.

The ru n o ff a liq u o t samples were immediately sto red  in  the  

lab o ra to ry  a t  room tem perature to prevent v o la t i l iz a t io n  of some of 

the n u tr ie n ts  such as N and P. One o f the  samples was saved fo r  

chemical a n a ly s is . The o ther sample was f i l t e r e d  in  the lab o ra to ry , 

u su a lly  a f te r  adding a teaspoonful o f magnesium ch loride  s a l t  to 

f a c i l i t a t e  rap id  s e t t l in g  o f the s o i l  p a r t ic le s ,  to  determine the 

sediment den sity  o f runoff on a dry weight b a s is . The sediment 

d en sity  was used in  computing the to ta l  amount o f s o i l  in  the runoff 

fo r  each p lo t. The l a t t e r  when added to  the sediment lo ss  rep resen ts  

the t o t a l  s o i l  removed from each p lo t under the p rev a ilin g  r a in f a l l  

conditions.

P lan t Measurements

P lan t measurements commenced two weeks a f te r  p lan tin g  and were 

taken subsequently a t  seven day in te rv a ls .  Germination counts were 

taken fo r  two weeks, s ta r t in g  three days a f te r  seeding. Other 

measurements included p lan t h e ig h ts , measured from the s o i l  su rface  to 

the t i p  of the extended leavesj length  and maximum width o f leaves; 

and r a in f a l l  in te rc ep tio n  by crop canopy.

The to ta l  canopy area o f  each p lo t was the summation of the area 

o f in d iv id u a l leaves measured on 5 p la n ts  per p lo t .  The area o f  each 

le a f  was obtained by m ultip ly ing  the len g th  by the width and by a 

co rrec tio n  fa c to r  ( r ) .  The co rrec tio n  fa c to r  fo r  each crop was used 

to compensate fo r  the non-rectangular co n figu ra tion  o f the  le av es ., r
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was taken as the  r a t io  o f  the le a f  area computed from leng th  x width 

to  the  area o f  a piece o f paper o f a predetermined d en sity  (m ass/area) 

and made out in to  the exact configu ra tion  as the  fresh  le a f .  The 

area  o f the piece o f paper was computed from:

Area = (weight o f paper " le a f" ) /d e n s ity

Percent ground cover by crop canopy was a lso  determined weekly 

by a e r ia l  photography. A re p re sen ta tiv e  rec tan g u la r area  of 4m x lm 

was v is u a lly  chosen fo r  each cropped p lo t .  A eria l photographs o f 

the re p re sen ta tiv e  area  were taken v e r t ic a l ly  downwards from the top 

o f a s ix -fo o t quadrupod ladder. Area not covered by p la n t canopy in  

each 12cm x 1 0 cm p r in t  (photograph) was determined by a planim eter 

and expressed as a proportion  o f  the to ta l  area o f the photograph.

Crops were harvested  in  August, 1975 fo r  the f i r s t  season 

soybeans, pigeon peas and maize, and on December fo r second season.

The y ie ld s  were expressed on a dry weight basis  following m oisture 

con ten t determ ination . Crop y ie ld s  under cassava monoculture and 

mixed cropping o f cassava and core were expressed in  terms of .

c a lo r ie s /h a  ( P la t t ,  1965) to f a c i l i t a t e  comparison of the  two

trea tm en ts.

R a in fa ll in te rc e p tio n  measurements involved the determ ination 

o f th e  p ro p o rta tio n  o f  to t a l  r a in f a l l  th a t  penetrated  the canopy.

Rain gages were positioned  under each crop canopy and in  the bare 

p lo ts  to  f a c i l i t a t e  th is  determ ination.
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F ie ld  S o il  M oisture Determinations

S o il  m oisture regime o f each p lo t was monitored weekly a t  30-cm 

in te rv a ls  to a depth o f 120cm using the m oisture neutron probe 

equipment. . A Toxler neutron probe model 104A having a 100-m iH icurie  

o f Am-3e and a 47.4mm diam eter probe was used. Two aluminum tubes, 

5 0 . 8mm diam eter and 150cm long, were in s ta l le d  in  each p lo t (each in  

the  upper and downslope ends) and served as access tubes fo r  the 

neutron probe. The average readings a t  each access tube was used 

in  computations fo r  each p lo t .  Neutron probe readings were given in  

counts per second. Conversion to  volum etric o r gravim etric m oisture 

content values was by appropria te  c a lib ra t io n  of the instrum ent.

One access tube was in s ta l le d  ad jacent to the  p lo ts  in  

r e la t iv e ly  undisturbed s o i ls  on each o f the four slopes. A5-cm 

bucket auger was used to  make the hole ju s t  la rge  enough fo r  the tube 

w ithout s ig n if ic a n t changes in  s o i l 's  n a tu ra l s ta te  around the tube. 

Since changes in  tex tu re  and bulk d en sity  of the s o i l  are  known to 

a f fe c t  neutron probe reading (L ai, 1974). C alib ra tion  was done a t  

these s i t e s  follow ing the procedure by Lai (1974).

F ie ld  I n f i l t r a t io n  Measurements

I n f i l t r a t io n  measurements were made during the  dry seasons 

th a t  term inated the f ie ld  s tu d ie s . A double-ring  in f iltro m e te r  

method (P arr and B ertrand, I960) was used. The s te e l  in n er rin g  was 

30cm in  diam eter and the ou ter rin g  was made from a grease drum 53cm 

in  diam eter. Both rin g s  were driven 8 cm in to  the ground using  a 

m etal p la te  tamper. The source o f w ater to  the in n er rin g  was a
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c a lib ra te d  1 8 0 - li te r  drum connected to  the  in s id e . A 10-cm constan t 

head o f  water was maintained in  both rin g s  by manual co n tro l. Three, 

re p lic a tio n s  were made fo r  each of the 20 p lo ts .  I n f i l t r a t io n  was 

s im ila r ly  measured fo r the  same s o i ls  th a t  were under secondary 

fo re s t  on 1 and 15 percent s lopes. These s o i ls  had been r e la t iv e ly  

undisturbed fo r  four years and had high b io tic  (earthworm) a c t iv i ty .

B. Laboratory Erosion Studies

The re la t iv e  e r o d ib i l i ty  and some re la te d  fac to rs  o f nine 

benchmark s o i ls  o f N igeria were in v es tig a ted  under lab o ra to ry  

conditions involving the use o f sim ulated r a in f a l l  and s o i l  tray s  

(m icro p lo ts).

1, S o ils  and Sample S ite s

Nine s o ils  were se lec ted  on the b asis  o f d is t in c t  d iffe ren ces  

in  ph y sica l, and chemical a t t r ib u te s  and expected hydrologic behavior. 

They were:

Alagba (Oxic F a le u s ta lf )
Apomu (Typic U storthen t)
Dangappe (Cxic F a le u s ta lf)
Egbeda (Oxic F a le u s ta lf )
Funtua (Cxic T lap lu s ta lf)
Ikora (Orthoxic Tropohumult)
Itagumnoai (Oxic F a le u s ta lf)
Ngala (Typic Chromustert)
Onne (Typic P aleudult)

Because Egbeda s o i l  was a lso  used in  the f ie ld  erosion s tu d ie s , i t s

e ro d ib i l i ty  was used as a benchmark fo r  comparison w ith the  o ther

s o i l s .  Tables 5 and 6  give some physica l and chemical p ro p e rtie s

o f the  s o i ls  used in' the  study. The s o i ls  were c la s s if ie d  by
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Harpstead (1973) and Koormann e t  a l .  (1975) and a re  shown in  Table 6 .

S o il  samples were co lle c ted  from th e  surface 0-15cm a f t e r  

surface debris and vegeta tion  has been removed. None of th e  s i te s  

had been cu ltiv a ted  fo r  the l a s t  f iv e  y ea rs . F igure 4 shows the 

lo ca tio n  o f the sample s i te s  which represen ted  appreciable land 

areas and d if fe re n t eco log ica l zones from the  wet and humid southern 

to  the ho t and dry northern  p a rts  o f N igeria .

2. P reparation  o f K icroplo ts

Eighteen boxes, two fo r  each s o i l ,  were constructed fa-on wood 

tre a te d  w ith lin seed  o i l .  Each box was 122cm long, 35cm wide and 

15cm deep (Figure 5A). The bottom was screened o f f  and fu r th e r  

re in fo rced  with a s te e l  g ra te  th a t  o ffered  firm support fo r  the s o i l  

while a t  the same time f a c i l i t a t i n g  free  drainage. The downslope end 

o f the box was replaced w ith shee t m etal. This s id e  could then be 

ad justed  to coincide w ith the upper s o i l  su rface . S o il samples were 

a i r  d r ie d , crushed and sieved through a 10mm screen . The bottom of 

the box was then lin ed  w ith a double la y e r o f cheesecloth before 

packing the s o i l  in  the box. The s o i l  was packed to  bulk d en sity  

corresponding to  th a t  in  the f i e ld ,  according to the  procedure 

described by Munn e t  a l .  (1974). Some p re lim inary  stud ies showed 

th a t su b jec ting  the unpacked s o i l  to  a r a in f a l l  in te n s i ty  o f  6 .2  

cm/hr fo r  30 minutes using nozzle type 5B would s e t t l e  the s o i ls  to  

f ie ld  d e n s it ie s  a f te r  2 4  hours.



TABLE 5

SOME PHYSICAL AND CHEMICAL PROPERTIES 
OF THE SOILS STUDIED

S oil Type
Mechanical Analysis P la s t ic i ty Moisture

Equivalent
%

Sand
%

S i l t
%

Clay
%

Index
%

Limit
%

Ratio
%

Alagba 77.2 12.4 10.4 9.6 20.2 1.44 12.7
Apomu 85.7 6.9 7.4 0.0 — — 7.3
Dangappe 76.9 16.7 6.4 5.2 7.8 1.85 6.8
Egbeda 59.6 20.0 20.4 7.0 10.0 1.95 19.4
Funtua 22.3 63.3 14.4 6.9 24.3 1.38 18.3
Ikom 40.0 20.6 39.4 11.6 36.8 1.43 29.6
Itagunmodi 35.4 26.2 38.4 7.7 17.0 1.79 28.5
Ngala 37.2 24.4 38.4 10.1 14.6 1.75 27.2
Onne 81.1 3.5 15.4 4.1 — — 11.4

S o il Type

Organic
M atter

PH Exchanreable Bases 
CEC Ca Mg K Na

Avail
able

P
Total

N

me/100 g ppm %

Alagba 2.58 6.5 7.05 4.40 2.34 0.11 0.20 9.13 0.32
Apomu 2.40 5.9 7.41 5.12 1.67 0.28 0.34 11.32 0.28
Dangappe 1.05 6.2 3.60 2.33 0.85 0.15 0.30 11.75 0.09
Egbeda 2.96 6.2 8.32 5.70 1.67 0.60 0.35 5.18 0.50
Funtua 1.55 5.9 4.93 2.42 1.55 0.60 0.35 4.09 0.16
Ikom 3.15 5.8 11.01 8.97 1.51 0.19 0.10 29.20 0.41
Itagunmodi 3.53 5.9 10.08 7.31 2.01 0.40 0.38 6.28 0.50
Ngala 1.34 7.3 18.11 13.21 3.34 1.01 0.52 48.03 0.15
Onne 2.49 4.0 4.31 0.40 0.10 0.09 0.30 52.63 0.21



TABLE 6

CLASSIFICATION OF SOILS STUDIED

S o il Parent M ateria l Native V egetation Annual P re c ip ita tio n  (cm) C la ss if ic a tio n

Alagba C oastal Sediments Rain F orest 1 5 0 -2 0 0 Oxic F a le u s ta lf
Apomu C olluv ia l M aterial Rain F orest 1 5 0 -2 0 0 Typic U storthent
Dangappe Cretaceous Sandstone Savanna (Guinea) 1 0 0 -1 2 5 Oxic P a le u s ta lf
Egbeda Banded Geneiss Rain Forest 1 5 0 -2 0 0 Oxic P a le u s ta lf
Funtua Loess D eposits Savanna 1 0 0 -1 2 5 Oxic P a le u s ta lf
Ikom O livine B asalt Rain F orest 2 0 0 -2 5 0 Orthoxic Tropohumult
Itagunmodi Amphibolite Rain F orest 125-150 Oxic P a le u s ta lf
Ngala Alluvium Savanna 75-100 Typic Chromustert
Onne C oastal Sediments Rain F orest 2 0 0 -2 5 0 Typic Faleudult
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Figure 5. Photographs showing (A) a s o i l  tra y  and (B) labo ra to ry  
m icroplot and runoff c o lle c tio n  system.
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P r io r  to  r a in f a l l  a p p lic a tio n , the s o i l  box was placed on a 

sand box th a t was constructed  from sheet m etal o f  dimensions s l ig h t ly  

le s s  than  the o u te r dimensions o f  the s o i l  box. The sand box 

contained acid-washed quartz  sand and was used an an in n e rt f i l t e r  

fo r  pe rco la tio n  w ater. I t  a lso  had an o u tle t  a t  i t s  downslope end. 

The sand box was mounted on a p latform  th a t  could be t i l t e d  to  

d if f e r e n t  slopes. A sheet m etal hood surrounded the  s o i l  box to  

prevent r a in f a l l  and sp a tte red  s o i l  from fa l l in g  in to  the sand. An 

assembly o f flume and c o lle c tio n  trough was connected to the  lower 

end of the  s o il  box. Two p re -c a lib ra te d  2 0 - l i te r  p la s t ic  carboys 

were connected sep a ra te ly  by rubber hoses to  the runoff trough and 

sand box o u tle t .  F igure 5B shows a ty p ic a l arrangement described 

above. Care was taken to  ensure th a t  any leaks were sealed w ith wax 

before r a in f a l l  a p p lic a tio n s .

3 . The R a in fa ll Sim ulator

A r a in f a l l  sim ulator s im ila r  to  the  one described by Bertrand 

and P arr (1961) was designed and constructed  fo r  use in  th is  study.

I t  co n sis ted  of a sp r in k le r  head con tain ing  a nozzle , a p re ssu re - 

re g u la tin g  and s ta b i l iz in g  valve and a 30-psi w ater pressure gauge 

connected to the w ater l in e .  F u ll-cone, medium-angle, c e n te r - je t  

nozzle types 5B and 7LA were used. These were obtained from the 

Spray Engineering Company, B urlington , K assachusse tts , U.S. Only 

nozzle type 7LA was used in  the main study  because type 5B produced 

r a in f a l l  o f in te n s i t ie s  and drop s izes  much lower than those of 

n a tu ra l r a in f a l l  o f  the a re a . C a lib ra tio n  o f the nozzle in  terms
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o f drop-size  d is tr ib u tio n  and term inal v e lo c ity  was prev iously  made 

according to  the methods o f Bertrand and Parr (1961). The 

c a lib ra t io n  re s u lts  are  given in  Appendix Table 1.

A. Treatments

The treatm ents fo r  each s o i l  consisted  o f combinations of 

s lope , r a in f a l l  in te n s i t ie s  and du ra tion  se lec ted  to r e f le c t  the 

topographic and r a in f a l l  c h a ra c te r is t ic s  o f the re sp ec tiv e  a rea :

(1) The two r a in f a l l  in te n s i t ie s  were 12.5 and 17.5 cm/hr 

re sp ec tiv e ly  a t  predetermined pressure  values o f 10  and 

6 .2 5  p s i.

(2) Three le v e ls  o f r a in f a l l  durations were chosen to  give 

2 . 1 ,  A. 2 and 6 .3  cm r a in f a l l ,  re sp ec tiv e ly , a t  each 

in te n s i ty .

(3) Slopes o f 5 and 10 percen t were used fo r  each combination 

o f in te n s i ty  and du ra tio n .

(A) A dditional n u tr ie n t movement s tud ies  were made a t  two 

lev e ls  o f each NPK f e r t i l i z e r  ap p lica tio n s . One o f the 

dup lica te  boxes under each s o i l  received lOgm u rea , 30gm 

s in g le  super phosphate and lOgm m uriate o f potash . These 

ra te s  correspond to  those commonly used on a rab le  crop

lands in  N igeria . No f e r t i l i z e r  was applied to  the o ther 

re p lic a te  m icroplot.
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5. Procedures

The sp rin k le r  head was centered d ir e c t ly  above the m icroplot 

and a t  274cm e lev a tio n  above the  s o i l  su rface . The m icroplot sheet 

m etal cover was then put in  p lace . C alib ra tio n  o f the in te n s i ty  was 

em p irica lly  made before each r a in f a l l  ap p lica tio n  or "run1'. Two 10cm 

ra in  gauges were used to record  the r a in f a l l .

To s t a r t  a ru n , the sh ee t metal cover on the  m icroplot was

quick ly  removed to expose the  m icroplot to  r a in f a l l .  Each run was 

subsequently term inated by rep lac in g  the  cover before turn ing  o ff  the 

water source. Chemical c h a ra c te r is t ic s  o f  the tap  water used fo r the 

runs are given in  Table 7.

Two consecutive runs were made. The f i r s t  ca lled  a "dry run"

(Dangler e t  a l . ,  1976) was made a t the a i r  dry m oisture content o f

the  s o i l ;  while the second c a lle d  a "wet run" followed 2 4  hours 

l a t e r  a t  an i n i t i a l  m oisture content near f ie ld  capacity . This 

procedure was followed to r e la te  r a in f a l l  d is tr ib u tio n  p a tte rn  and 

antecedent m oisture content to  erosion . A ir drying the m icrcplo ts 

between the wet and dry  runs generally  took one week since these 

s tu d ie s  were made in  the  dry h o t season. Cracks re su ltin g  from 

drying were alwasy sealed  w ith  mud s lu r ry  before each dry  run.

For each run, records were made o f  the time of in i t i a t io n  o f 

ru n o ff (time o f s t a r t  o f continuous flow  or runo ff over the flum e), 

ra te s  o f runoff and p e rco la tio n  volume. During dry  druns, the 

m oisture content a t  the i n i t i a t io n  o f runo ff was occasionally  

determined from s o i l  samples taken from 0-5cm depth. At the end o f .
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TABLE 7

CHEMICAL CHARACTERISTICS OF TAP WATER USED 
FOR THE LABORATORY SIMULATED RAINFALL

pH 6.2

EC 180 pmhos/cm

Ca 21.0 ppm

Mg 3.65 ppm

K 5.04- ppm

N03-N - 0.91 ppm

A vailable P 0.08 ppm



54

each run , the volumes o f runoff and p erco la tio n  co llec ted  in  the 

carboys were measured. Procedures fo r handling ru n o ff, leaca te  and 

s o i l  lo s s  and fo r  computations o f erosion lo sses  were the same as 

reported  fo r  the f ie ld  erosion  s tu d ie s .

C. R a in fa ll C h a rac te ris tic s  

The in te n s i ty ,  dropsize d is tr ib u tio n  and annual monthly 

d is tr ib u tio n  o f r a in f a l l  and wind v e lo c ity  were monitored during 14 

storms. E ro s iv ity  ind ices were a lso  computed from r a in f a l l  da ta  and 

re la te d  to  s o i l  lo sses  obtained from f ie ld  erosion  s tu d ie s  under the 

d if fe re n t  r a in f a l l  cond itions.

1. Annual R a in fa ll D is tr ib u tio n . In te n s i t ie s  and Energy 

These r a in f a l l  c h a ra c te r is t ic s  were computed from r a in f a l l  data 

obtained with a recording ra in  gauge th a t  was located  near the f ie ld  

erosion  p lo ts . Feak in te n s i ty  and maximum in te n s i t ie s  a t  5 , 7 .5 ,

1 5 , 2 2 . 5 , 30, 45  and 6 0 -minute in te rv a ls  were computed fo r each storm. 

The k in e tic  energy o f the storm was ca lcu la ted  by equation (2) 

(Wischmeier and Kannering, 1969) computations o f in d ic e s : EI^q, K£ > 1 , 

Al and AIV are  shown in  Appendix Table 2. EI^q i s  the product o f the 

k in e tic  energy of the storm (E) and the 30-minute in te n s i ty  (I^ q ).

KE >1 i3 the k in e tic  energy o f r a in f a l l  w ith in te n s i t ie s  g re a te r  than 

*L inch per hour (2 .5  cm .hr). The e ro s iv ity , Al was computed from the 

follow ing equation:

Al = 3 ^  (7)
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where i s  the  amount o f ra in  in  increment i  (cm) and I  i s  the 

in te n s i ty  of the ra in  in  increment i  (cm /hr). AIV is  the product of 

r a in f a l l  amount, A (cm), maximum in te n s i ty ,  I  (cm/hr) and wind 

v e lo c ity , V (km /hr).

2. Wind V elocity

Wind v e lo c ity  p ro f ile  during each rainstorm  was recorded by an 

anenometer a t  a heigh t o f 1 meter from the  ground surface. Average 

wind v e lo c ity  in  km/hr was computed from times o f uniform r a in f a l l  

in te n s i ty . The l a t t e r  were obtained from uniform slopes on the ra in 

f a l l  amount versus time curves of the r a in f a l l  ch a rts .

3 . Raindrop Size D is trib u tio n

The f lo u r  p e l le t  method as given by Hudson (1963) was used to 

monitor s iz e -d is tr ib u tio n  o f ra indrops. Raindrops were sampled in  

p re -c a lib ra ted  wheat f lo u r  th a t  was s i f te d  to  pass through a 21C- 

raicron sieve .

F lour C a lib ra tio n

An apparatus, described by Lai (1975) vas used to  provide 

w ater a t  constan t head and uniform room tem perature (22°C). Glass 

tubes and hypodermic needles o f d if f e re n t  diam eter openings were 

used to  provide a range o f w ater drop s ize s  needed fo r the 

c a lib ra t io n . Each tube was connected to  the spout o f a w ater b o ttle  

and drops were allowed to  f a l l  u n t i l  the  drop s iz e  and r a te  of 

form ation were f a i r l y  co nstan t. Ten drops were then allowed to  

f a l l  in to  a c lean , pre-weighed, 25 -ml graduated cy linder con tain ing



two drops of p a ra fin . The p a ra fin  prevented evaporation o f the 

water drops. The cy lin d e r was then quick ly  weighed with th e  con ten ts. 

From the weight o f w ater, the average weight o f a single water drop 

was ca lcu la ted . Drops were then caught in  a pan contain ing  a 2.5-cm 

th ick  layer o f  f re sh ly  s if te d  f lo u r . This process was repeated twice 

fo r  each drop size  o r tube s iz e .

The dough p e l le ts  formed from the water drops were allowed to  

a i r  dry in  the f lo u r  fo r  24. hours a t  room tem perature (22°C). They 

were then separated  from the f lo u r  and d ried  in  the oven a t  105°C 

fo r  24. hours and weighed. The "mass r a t io "  of Laws and Parsons (1943) 

was computed fo r  each drop s ize  by d iv id ing  the average drop mass by 

the average p e l le t  mass formed from each drop s iz e . The r e s u l t  o f  

th is  c a lib ra tio n  i s  shown in  F igure 6 .

With th is  procedure i t  was im possible to produce drops o f 3 mg 

or le ss  from tube openings. Therefore, the hypodermic needle opening 

was coated w ith v a se lin e . The needle was a g ita ted  and 50 o r more 

water drops was taken immediately.

Raindrop Sampling and Processing

Aluminum pans 25cm diam eter, contain ing  2 2.5-cm la y e r of 

f re sh ly  s if te d  wheat f lo u r  were used to  sample raindrops by exposing 

them to  r a in f a l l  fo r  a period o f 2 seconds. Sampling was done a t  

3  to  U d if f e re n t times during each storm to ensure th a t a wide range 

o f  ia te n s i t i e s  was covered. The time o f sampling was recorded.

The r a in f a l l  in te n s i ty  a t  the corresponding time was read from the
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ra in  gauge c h a r t so th a t  raindrop 3amples could be re la te d  to  sp e c if ic  

r a in f a l l  in te n s i t ie s .  F re sh ly -s if te d  dry  f lo u r was used fo r  each 

sampling. A fte r each sampling the  dough p e lle ts  were tre a ted  in  the  

same manner as in d ica ted  fo r c a lib ra t io n . Oven d ry  p e lle ts  were then 

separated  in to  s ize  c la sse s  by a s e t  of standard sieves w ith mesh 

s izes  ranging from 0.02 to  >  4mm. P e lle ts  in  each size  c la s s  were 

weighed and counted a f t e r  d iscard ing  the la rg e , nonspherical ones.

The l a t t e r  may r e s u l t  from one drop coalescing  w ith  another. The 

occurrence c f  these p e l le ts  was le s s  than 2 percen t.

The average ra indrop  mass o f  each s iz e  c la ss  was ca lcu la ted  

from equation (8 ):

m = P x R (8 )

where m is  the average drop mass ( in  mg), P i s  the average p e l le t  

mass (mg) and R i 3 the mass r a t io  corresponding to  P in  the 

c a lib ra t io n  curve. The average draindrop diam eter was then computed 

by the  equation:

1/3
D = (6m/rr) (8)

where D i 3 the ra indrop diam eter (mm) and m is  the drop mass (mg).

Computation o f Raindrop Size D is trib u tio n

Cumulative volumes computed as the percentages of to t a l  mass o f 

the sample in  each s ize  c la ss  (Laws and Parsons, 1943) were p lo tted  

ag a in s t average drop diam eter to  generate the cumulative volume 

curves such as shown in  Appendix Figure 1 . The median drop s ize  (D^g)
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i s  taken as the drop s ize  a t  50  percent volume o f the curve. 

Cumulative volume percentages were then read from the curves fo r  

each r a in f a l l  sample a t  0.25mm drop s iz e  in te rv a ls .  These values 

were averaged to give the s iz e  d is tr ib u tio n  and are  reported as 

percentage o f to ta l  volume o f r a in f a l l  con tribu ted  by drops o f 

various s iz e s . This procedure of computation i s  summarized in  

Appendix Table 3.

D. Laboratory Analyses

1. S o il Analysis

A ll s o i l  samples and f ie ld  and lab o ra to ry  eroded sediments 

were a i r  d ried  and weighed p r io r  to  crushing w ith a mortar and 

p e s tle . The s o il  was sieved to  pass through a 2mm screen. The 

m a te ria l 2mm was washed, d ried  and weighed to  determine the gravel 

con ten t. The fin e  e a r th  f r a c t io n  ( ^  2mm) was used in  the follow ing 

analyses.

Physical Analysis

P a r t ic le  Size Analysis

P a r t ic le  s ize  d is t r ib u t io n  was determined by the hydrometer 

method (Bouyoucos, 1962) using  sodium hexametaphosphate as the 

d isp ersin g  agent.
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M oisture R etention and A vailable Water Holding Capacity

M oisture re te n tio n  was determined on sieved samples using a 

b lo tte r-p ap e r type o f tension  ta b le  fo r  0 , 3 0 , and 60  cm suctions 

and a porous p la te  e x tra c to r  fo r  determ inations a t  0 . 3 , 1 . 0 , 2 . 0 ,

3 .0 , and 15 atmospheres.

Available water hold ing  cap ac ity  (AWC) was ca lcu la ted  as 

fo llow s:

AWC = m oisture con ten t a t  15 atm -  m oisture content a t  3 atm

A tterberg  Limits

The liq u id  l im ite , p la s t ic  l im it and shrinkage lim ite  were 

etermined in  d u p lica te  fo r  each benchmark s o i l  using ASTI! procedures 

D-4.23-66, D-4.24.-59 and D-4.27-61 re sp ec tiv e ly  (American Society  fo r  

Testing and M ate ria ls , 1 9 7 2 ).

M oisture Equivalent

M oisture equ ivalen t was determined by the Eriggs-KcLane (1907) 

method.

Aggregate S ta b i l i ty

Aggregate s t a b i l i t y  te s t s  were performed on sm all peds by the 

wet siev ing  method ( a f te r  Van Bavel, 1950) and the raindrop  technique 

as ou tlined  by Bruce-Ckine and L a i, (1975). P rio r to these te s t s  

the peds were e q u ilib ra te d  fro  about 23 days in  vacuum d esicca to rs  

contain ing  sa tu ra ted  copper su lphate  so lu tio n . The l a t t e r  provided a 

re la t iv e  humidity o f 98 percen t a t  25°C.
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Chemical Analysis

The chemical analyses were performed a t  the a n a ly tic a l 

lab o ra to ry  of IITA, using the following standard procedures:

eS

pH of the s o i l  e x tra c t so lu tio n  was measured on a Beckman 

Zeroraatic pH meter using a combination g lass  e lec trode .

Organic Carbon

Organic carbon content o f  s o i l  was determined by the  dichromate- 

ox idation  method.

T otal N

Total N was determined by Kjedahl d ig estio n  method. The 

n itrogen  content in  the d ig e s t was measured c o lo r in e tr ic a l ly  on a 

Technicon Model I I  autoanalyzer a t  630 mu wavelength. (General 

Operating Procedure Manual, Technicon Laboratory, Andsly, N.Y. 1966).

Exchangeable Eases and Cation Exchange Capacity

Ca, K and Na were determined by atomic absorption spectroscopy 

and Mg and Mn by flame spectrosphotom etry methods following th e ir  

ex trac tio n  w ith IK ammonium a ce ta te  so lu tio n . Exchangeable A1 and H 

were determined by e x tra c tin g  w ith IN KC1. Cation exchange canacity  

was the  summation o f exchangeable c a tio n s .

A vailable P

A vailable P in  s o i l  was determined by the Bray-1 method (19A5).
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M lneralogical Analysis

Clay m lnera log ical an a ly s is  was done a t  the mineralogy 

labo ra to ry  a t  the  Ohio S ta te  U n iversity , Department o f Agronomy. X- 

ray  d if f ra c tio n  o f the M g-saturated clays were performed on samples 

a f te r  separa tion  o f the c lay  sedim entation using  the autom atic 

f r a c t io n s te r  (Wilding e t  a l . ,  1971).

2. Chemical A nalysis o f Runoff and P erco la tion  'Water 

Runoff and leach a te  samples from f ie ld  and sim ulated erosion  

stu d ies  were a lso  analysed as follow s:

e le c t r ic a l  co n d u ctiv ity  -  using co n d u ctiv ity  bridge;

NO3 -N -  determined by the co lorim eter method involving 

brucine so lu tio n ;

PO^-P -  measured c o lo r im e tr ic a lly  a t  ^00 mu wavelength using 

venado-molybdate reagen t;

Ca, Kg, and K as a lread y  discussed under s o i l  a n a ly s is .

E. S ta t i s t i c a l  Analysis 

The s t a t i s t i c a l  analyses o f the r e s u l ts  consisted  o f  a an a ly sis  

of variance fo r the  various treatm ent v a r ia b le s , reg ressions and 

co rre la tio n s  (sim ple, m u ltip le  and ploynomial form s). Use was made 

of the S t a t i s t i c a l  A nalysis System (SA3) computer programs o f the 

Department o f S t a t i s t i c s ,  North C arolina S ta te  U n iversity  (Service 

e t  a l . , 1972) and f a c i l i t i e s  a t  the Ohio S ta te  U niversity  computer 

cen te r.



RESULTS AND DISCUSSION

A. C lin a tic  Factors and E ro siv ity

1. D is tr ib u tio n  of R ain fa ll Amount and In te n s ity

Total annual p re c ip ita tio n  a t  Ibadan, N igeria fo r 1975 was 

1320 ram. E igh ty -e igh t percent of th is  occurred during the two crop

ping seasons. Figure 7 shows the bi-model annual d is tr ib u tio n  o f 

r a in f a l l ,  w ith peak r a in f a l l  amounts u su a lly  in  June and October 

and a sh o rt dry season in  A ugust.' The occurrence of erosive 

storms was more frequen t w ith in  the f i r s t  60 days following seeding 

(Figure S ), averging about one storm every 3 days. These storms 

produced from 2.5mm to  60mm of ra in . Several storms of le s s  than 

10mm amounts caused erosion  when they occurred w ithin two days 

follow ing an in ten s iv e  r a in f a l l .

Any sing le  storm was charac te rized  by a range of in te n s i t ie s  

w ith  peak in te n s i ty  g en era lly  occurring e a r ly  in  the storm. A 

frequency d is tr ib u tio n  of peak in te n s i t ie s  given in  Figure 9A shows 

th a t  33% o f the storms had peak in te n s i t ie s  between 50 and 75 mm/hr. 

16% between 75 and ICO mm/hr and 5 to  7% o f the storms had over 

100 mm/hr. About 55% of the storms a tta in e d  these  peak in te n s i t ie s  

during the f i r s t  f iv e  minutes (Figure 9B). These re s u lts  are  in  

agreement w ith those reported  fo r I l e - I f e ,  some 50 m iles from Ibadan,
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by Wilkinson (1975). D is tr ib u tio n  o f the high in te n s i ty  rainstorm s 

in d ic a te s  th e i r  high e rosion  p o te n tia l .  This i s  fu r th e r i l lu s t r a te d  

by the  d is tr ib u tio n  o f maximum 30-minute in te n s i t ie s  (Figure 10). I t  

v i l l  la te r  be shown th a t  I^q i s  s trong ly  re la te d  to erosion from the 

f ie ld  p lo ts . I-jg of the  erosive storms ranged from 1 2 . 5  to  225  mm/hr. 

Nearly 4-0% o f the  storms had g rea te r than  75 mm/hr.

2. Median Raindrop Sizes

Median raindrop  s iz e s  a t  d if f e re n t r a in f a l l  in te n s i t ie s  are 

given in  Figure 11. These re s u l ts  were based on analysis  o f 12 

erosive storms with median raindrops ranging from 1 . 50mm to 4-.65mm 

diam eter. For storms w ith in te n s i ty  higher than 5 cm/hr, more than 

55$ o f the raindrops were g re a te r  than 3nm diam eter (Appendix Figures

2-11). Median raindrop s izes  varied  considerably  fo r given r a in f a l l  

in te n s i t ie s .  This v a r ia b i l i ty  could be due to  a i r  tem perature, storm 

d u ra tio n  or winds.

The equation o f b e s t f i t  fo r  the median drop s iz e - ir .te n s ity  data 

was o f the form:

where D^q i 3 the median drop s ize  (mm) and I  i s  the r a in f a l l  in te n s i ty  

(cm /hr). This re la tio n s h ip  could be approximated by equation 11:

equation 11 d if f e r s  from th a t  reported  by Laws and Parsons (194-3);

D50 = 1.1296 -  0.39091- 0.0306I2 + 0.0010I3 ( 10)

( 11)
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namely:

D =  2 . 2 3 I 0,182 (12)
50

comparing equations 11  and 1 2 , one can see th a t  drop sizes determined 

in  th is  study were la rg e r  than those reported  fo r the temperate 

reg io n s . Median ra indrop  s ize  was s ig n if ic a n tly  co rre la ted  w ith 

r a in f a l l  in te n s i ty  a t  1$ le v e l of p ro b a b ility  giving r  value o f 0.73 

(Table 8 ) .  This r e la t iv e ly  high c o rre la tio n  in d ica tes  the s trong  

dependence o f la rge  drop s ize  on r a in f a l l  in te n s i ty .

3. E ffec t o f Wind on R a in fa ll C h a rac te ris tic s

Most o f the rainstorm s were accompanied by high v e lo c ity  winds. 

Peak wind v e lo c it ie s  ranged from 5 km/hr to  ever 55 km/hr, u su a lly  

occurring  a t  the s t a r t  o f a storm. Wind p ro f i le s  during ten  ra in 

storms were recorded from anenometer c h a r ts . They show a time lag 

between the  occurrence o f peak wind v e lo c ity  and peak r a in f a l l  

in te n s i ty .  A ty p ic a l wind v e lo c ity  d is tr ib u tio n  i s  shown in  Figure 

12. Wind v e lo c it ie s  were f a i r l y  constant over sho rt oeriods o f 

uniform r a in f a l l  in te n s i t i e s .  Table 8 shows th a t r a in f a l l  in te n s i ty  

increased  w ith wind v e lo c ity , although the c o rre la tio n  between these 

param eters was not very high ( r  = 0.4-0). Median raindrop s iz e  also 

increased  w ith wind v e lo c ity  ( r  = 0 .43 ). Wind accounted fo r only 

13$ and 16$, re sp ec tiv e ly , o f the v a r ia b i l i ty  in  median drop size  

and r a in f a l l  in te n s i ty .

The p o s itiv e  c o rre la tio n  between drop s ize  and wind v e lo c ity  

suggests a coalescing  o f small drops to form la rg e r  ones. The wind
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TABLE 8

SIMPLE CORRELATION BETWEEN MEDIAN RAINDROP SIZE (D ^) , 
RAINFALL INTENSITY (I) AND WIND VELOCITY (W)

V ariables C orre la tion  C oeffic ien t 
r \

2r

D50’ 1 0.78** 0.61

D50* W 0.43* 0.18

I ,  w 0.40* 0.16

2r = proportion of v a r ia b i l i ty  explained.

* S ign ifican t a t  5% le v e l of p ro b ab ility .

**S ign ifican t a t  1% le v e l of p ro b ab ility .
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e f fe c t  could account fo r  the  la rg e r drop s izes  reported in  th is  

study when compared to  those reported  in  the temperate regions fo r 

comparable r a in f a l l  in te n s i t ie s  by Laws and Parsons (1943), C arter 

e t  a l .  (1974.)• The increase  in  r a in f a l l  in te n s i ty  a t high wind 

v e lo c i t ie s  could be caused by large drop s izes  and increased 

term inal v e lo c i t ie s  o f drops. E ith er condition  would mean an 

in c rease  in  k in e tic  energy o f r a in f a l l .

4-. K inetic Energy o f R a in fa ll and E ro slv itv  Indices

The k in e tic  energy o f each storm was calcu la ted  using equation 

2 and was re la te d  to  erosion  on f ie ld  bare p lo ts . C orre la tion  

c o e ff ic ie n ts  between r a in f a l l  k in e tic  energy and s o il  loss were 

unusually  low, ranging from 0.44 on 1% slope to 0.57 on 15% slope 

p lo ts .  R esults o f the c o r r e la t io n s  between the various e ro s iv ity  

in d ices  and erosion  on bare p lo ts  are given in  Table 9. Although the 

c o rre la tio n  c o e ff ic ie n ts  are  a l l  s ig n if ic a n t a t  1% le v e l , SI^q 

(product o f 1-d.netic energy and maximum 2 0 -minute in te n s ity  o f 

r a in f a l l )  was the le a s t  e f f ic ie n t  index of erosion . The lew 

c o rre la tio n s  between r a in f a l l  k in e tic  energy, EI-jq and erosion may 

be a t tr ib u te d  to an under-estim ation  o f the rainstorm  energy by 

using  equation 2. In  ad d itio n  to h igher e ff ic ie n c ie s  in  p red ic tin g  

erosion , the Al and AIV ind ices are e a s ie r  to compute. Table 9  

a lso  shows strong  re la tio n sh ip  between r a in f a l l  energy and sand losses 

from standard sp lash  cups ( r  = 0 .9 3 ). This in d ica tes  a discrepancy 

between f ie ld  and sp lash  cup re s u lts  as regard to  the re la tio n sh ip  

between erosion  and r a in f a l l  en erg y ., The discrepancy may l im i t  the



TABLE 9

SIMPLE CORRELATION BETWEEN EROSIVITY INDICES AND 
(A) SOIL LOSS FROM FIELD PLOTS AND 

(B) SAND LOSS FROM SPLASH CUPS 
A ll c o rre la tio n  c o e ff ic ie n ts  are  s ig n ific a n t 

a t  1% p ro b ab ility  le v e l.

C orre la tion  C oefficien t
E ro siv ity  Index'*'

A B

EI30 0.71 0 .8 8

KE > 1 0.80 0.92

Al 0.81 0.87

AIV 0.83 0.92

Ind ices are defined on page 54
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ex trap o la tio n  of the re s u lts  o f such sp lash  erosion  in v estig a tio n s  to 

f ie ld  p lo t cond itions. Regression an a ly s is  on the splash erosion 

da ta  (Figure 13) fu r th e r  shows a c lose  re la tio n sh ip  between amounts 

o f  splashed sand and r a in f a l l  amount ( r  = 0 .8 1 ). This was not the 

case under f ie ld  p lo t  conditions.

B. F ie ld  Erosion Studies

1. Srosion Losses from Bare Fallow F lo ts

S o il Loss and Runoff

Table 10 summarizes s o i l  lo ss  and runoff from bare fa llow  p lo ts  

on d if fe re n t  s lopes. Annual s o i l  lo ss  ranged from 10 m etric to n s / 

h ectare  on 1$ slope to 150 m etric to n s /h ec ta re  on 5% slope. These are 

equ ivalen t to annual lo sses  c f  0.8mm and 11.7mm of to p so il, 

re sp ec tiv e ly . Hudson (1971) considered the  to lerance  erosion  ra te  

to  be 10-12.5 m etric tons/ha. In  view o f th is  considera tion , the 

lo sses  encountered in  th is  study may be regarded as serio u s. A s o il  

lo ss  o f 10  m etric tons/ha /year on 1% slope i s  p a r tic u la r ly  in d ic a tiv e  

o f the  high s u s c e p tib i l i ty  o f th is  s o i l  to  e rosion . The lower s o i l  

lo sse s  on 10 and 15 percent slopes w i l l  be explained in  a l a t e r  

sec tio n .

Runoff p a ra lle le d  s o i l  lo sses  on the d if f e r e n t  slopes. Runoff 

on 1 and 5 percent slopes was 30 and 33cm re sp ec tiv e ly . These 

lo sses  o f water may be considered serious in  view o f the high 

evaporation ra te s  and low water holding cap ac ity  o f the s o i l .
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TABLE 10

ANNUAL SOIL LOSS AND RUNOFF FROM BARE-FALLOW 
PLOTS ON DIFFERENT SLOPES IN 1975.

P lo t slope S o il Loss Runoff
% m etric  ton/ha % of r a in f a l l

1 10.3 33.6
5 148.2 44.3

10 76.1 21.7
15 81.7 30.5

LSD(0.05) 59.2 11.3
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N utrien t Loss

Annual losses o f p la n t n u trien ts  averaged 202, 9 and /v kg/ha 

fo r to ta l-N , av ailab le  P and K, re sp ec tiv e ly . More than 6052 o f the 

to ta l  lo ss  o f exchangeable Ca, Kg and K was in  the  runoff water. 

Losses o f Ca and Mg were gen era lly  high. Their enrichment r a t io  

( r a t io  of n u tr ie n t concen tra tion  in  eroded sediment to th a t in  the 

so i l)  ranged from 1;0 on 105? slope to  3 .1  on 15^ slope. These high 

lo sses  o f Ca and Mg were probably due to  exposure of the subso il 

( r ic h  in  Ca and Mg) to  ero sion  on the bare p lo ts .  Organic m atter 

content of the eroded sediments was about 1 . 5  fo ld  th a t o f the s o i l .

2. E ffec t of S o il P ro p erties  on Srosion 

S o il Texture

No s ig n if ic a n t c o rre la tio n  was obtained between erosion and the 

primary s o il  separates (Appendix Table U)• Apparently, the s o i l  

separa tes are arranged in  varying proportions in to  s tru c tu ra l  u n its  

th a t  have to  be detached in to  p a r t ic le s  th a t  can be transported  in  

ru n o ff. S o il erosion may th e re fo re  be more re la te d  to the re s is tan ce  

of these  s tru c tu ra l  u n its  to  d isp ersio n  than the proportion o f the 

prim ary so il sep ara tes . However, s o i l  lo ss  decreased w ith gravel 

content of the surface s o i l  (0 - 15cm d ep th ), probably because of 

raindrop  in te rcep tio n  by su rface  exposed g rav e ls .



S oli M oisture R etention C h a rac te ris tic s

M oisture re te n tio n  a t  s a tu ra tio n  and l /3 -b a r  pressure were 

s ig n if ic a n tly  co rre la ted  with sand, s i l t  and c lay , but was not 

s ig n if ic a n tly  re la ted  to  e rosion . M oisture re te n tio n  of the surface 

s o i l  did not vary appreciably  a t  pressures above 2 bar pressure 

because of the  predominance o f sand f ra c tio n  60-65$). This i s  

in d ic a tiv e  o f high proportion  o f drainab le  pores in  the surface 

s o i l .  In ac tiv a tio n  o f these pores by su rface  c ru stin g  probably 

caused erosion  to occur before s o i l  s a tu ra tio n  was a tta in e d , hence 

the poor re la tio n sh ip  between erosion  and m oisture re ten tio n  

c h a ra c te r is t ic s .

Organic M atter Content

Erosion was s tro n g ly  re la te d  to  the  s o i l  organic m atter con ten t. 

The c o rre la tio n  c o e ff ic ie n t between the two parameters was -0 .71 .

There was a lso  a negative c o rre la tio n  ( r  = -0.34.) between the amount 

o f eroded s i l t  and s o i l  organic m atte r. These re s u lts  suggest the 

involvement o f  s o i l  organic co n stitu en ts  in  the s t a b i l i ty  of s o i l  

aggregates, as has been reported  by P e re ira  and Jones (1954.).

3 . E ffec t o f Slope C h a rac te ris tic s  on Erosion

Slope Steepness

S o il lo ss  g en era lly  increased w ith slope (Table 10). G reater 

slopes cause more s o i l  sp lash  downhill and higher runoff v e lo c ity . 

Consequently so il-c a rry in g  capac ity  o f ru n o ff increases with s lope .

The s o i l  lo ss-slo p e  re la tio n sh ip  fo r  the bare fallow  p lo ts  was
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•unusual. S o il lo ss  on 10$ slope was not d if f e re n t  from th a t  on 15$ 

slope but was considerably  lower than from 5$ slope (Table 10).

S im ilar re s u lts  have been reported  by Ahmad and Breckner (1974.) on 

some Tobago s o i ls .  I t  should be re c a lle d  th a t the bare fallow  p lo ts  

had been continuously exposed to  erosion  fo r  fou r years p r io r  to 

th is  study. This long term erosional process had depleted e a s ily  

erodib le p a r t ic le s  ( s i l t  and clay) on the  s teep e r slopes. As a 

r e s u l t ,  a higher sand f ra c tio n  was now assoc ia ted  with s lope, 

whereas s i l t  content was found to  decrease w ith slope ( r  = - 0 . 7 2 ) .

Loss o f fine  ea rth  m a te ria ls  a lso  increased  the gravel content on 

the surface horizon o f the g rea te r slopes ( r  = 0 .70 ). A good 

proportion  of these  gravels were on the surface o f the p lo ts  

(Figure 14.), "mulching" the surface ag a in s t r a in f a l l  im pacts. The 

te x tu ra l changes in  the surface horizon undoubtedly increased 

in f i l t r a t io n  and consequently reduced ru n o ff and s o i l  lo ss  on 10  

and 15 percent s lopes. The s lo p e -so il lo ss  re la tio n sh ip  fo r  bare 

fallow  was of the  form:

I  = 0.05X1*33 (13)

where Y i s  s o i l  lo ss  (m etric ton/ha/cm ra in ) and X i s  percen t slope. 

Slope Length

The e f fe c t  o f slope leng th  on ru n o ff and s o i l  lo ss  was evaluates 

only on 10 and 15 percen t slopes under pigeon peas ro ta tio n . Total 

s o i l  lo ss  (per p lo t)  on the 37.5m (long) p lo ts  was about 2 fo ld  th a t  

on the 12.5 (sh o rt)  p lo ts .  G reater s o i l  lo ss  on the long p lo ts  may
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Figure 14-. Photographs showing a bare p lo t on 15$ slope with 
exposed gravels on the su rface .
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be due to  increased erosion  p o te n tia l from a g rea te r accumulation o f 

runoff (hence runoff v e lo c ity ) on longer s lopes. However, th e re  were 

no la rg e  d ifferences in  s o i l  lo ss  between the long and shot p lo ts  when 

s o il  lo s s  was expressed on p e r-u n it-a re a  basis  (Table 11). S o il lo ss  

averaged 103  and 90  m etric tons/ha fo r  the sh o rt and long p lo ts , 

re sp ec tiv e ly . Runoff was a lso  higher on the sh o rt p lo ts  than on the 

long p lo ts .  S im ilar re s u l ts  have been reported  by Wischmeier and 

Smith (1965).

The slope leng th -erosion  re la tio n sh ip  was undoubtedly in fluenced  

by the shape o f the p lo ts .  On 10$ slope, the  shot p lo t was reg u la r 

while the long p lo t was covex 'with curvature about 27m from the 

c o lle c tio n  symtem. On 15$ slope, the sh o rt p lo t was concave and the 

long p lo t  was complex w ith a convex curvature about 27m and the 

concave curvature about 10m from the c o lle c tio n  system. Lower s o i l  

losses and runoff on the long p lo ts  and on 15$ slope (Table 11) 

could be due to  the decreasing steepness a t  the bottom of the concave 

slopes. Thi3 change in  slope steepness r e s u lts  in  sheet flow and 

sediment deposition .

A. E ffec t o f T illage  on S o il  Erosion

S o il lo ss  and runoff under n o - ti l la g e  and conventional t i l l a g e  

soybean ro ta tio n s  are presented in  Table 12. N o-tillag e  method 

e f fe c t iv e ly  elim inated s o i l  erosion  from slopes ranging from 1 to  15$.

On the o ther hand, annual s o i l  lo ss  averaged 39 m etric  tons/ha  under 

conventional t i l l a g e .  Runoff from the n o - ti l la g e  p lo ts  was considerably  

lower than from conventionally  plowed p lo ts .  Average runoff was 1 .2



TABLE 11

EFFECT OF SLOPE LENGTH ON SOIL LOSS AND 
RUNOFF UNDER PIGEON PEAS ROTATION

S oil Loss Runoff

P lo t Slope 12.5 m 37.5 m . 12.5 37.5
% m etric ton/ha % of r a in f a l l

10 158.3 a 117.0 a 55.1 c 21.0 d

15 47.3 b 62.2 b 19.8 d 12.8 d

Numbers followed by the  same l e t t e r  do not 
d if f e r  s ig n if ic a n tly  a t  5% p ro b ab ility  le v e l.



TABLE 12

EFFECT OF TILLAGE METHOD ON ANNUAL SOIL LOSS AND 
RUNOFF UNDER SOYBEANS ROTATION 

(Total r a in f a l l  = 1150 mm)

S o il Loss Runoff

P lo t Slope 
%

N o -tillag e Conventional
T illag e N o -tillag e Conventional

T illag e

m etric ton/ha % of r a in f a l l

1 0 . 0 0.4 0.7 3.7
5 0 . 0 21.9 1 . 1 18.2

10 0 . 0 6 6 . 1 1.7 22.9
15 0 . 0 6 8 . 0 1.7 15.0

LSD(0.05) 16.19 12.4
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and 1%  o f to ta l  p re c ip ita tio n , re sp ec tiv e ly , fo r  n o -ti l la g e  and 

conventional t i l l a g e .  Apparently, lower erosion losses under no

t i l l a g e  system was due to  the p rovision  o f surface mulch and minimal 

d istu rbance o f the s o i l  by the n o - t i l la g e . More earthworm co sts  were 

observed on the n o - ti l la g e  p lo ts  and the improved granualtion  

probably contribu ted  to  g rea te r in f i l t r a t i o n .

E ffec t o f T illage  P rac tic es  on Crop Performance

E arly  germ ination of soybeans and f in a l  stands were g rea te r with 

n o - ti l la g e  (Figure 15). Percent germ ination was 90 and 60% fo r  no

t i l l a g e  and conventional t i l l a g e  soybeans, re sp ec tiv e ly . Improved 

seed germination w ith n o - ti l la g e  could be due to g rea ter m oisture 

storage and more favorable temperature associated  with the surface 

mulch. F aster growth r a te  was exh ib ited  by soybeans under n o - ti l la g e  

(Figure 16). F aste r growth r a te  i s  of importance because canopy 

cover w ill  be more quickly  estab lished  to  o ff se t  the e ffe c ts  of 

erosive storm s, most o f which come in  th e  ea rly  p a rts  of the cropping 

season. D ifferences in  canopy density  between n o - ti l la g e  and 

conventional t i l l a g e  soybeans are i l lu s t r a t e d  in  Figure 17. Crop 

y ie ld s  under the two t i l l a g e  treatm ents are  compared in  F igure IS. 

Soybean y ie ld s averaged 1635 and 1210 kg/ha under n o - ti l la g e  and 

conventional t i l l a g e ,  re sp ec tiv e ly . G reater n u trien t reserve 

(Table 13) and le ss  weed in fe s ta t io n  (F igure 19) apparently  con tribu ted  

to  the higher y ie ld s  under the n o - ti l la g e  system.
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TABLE 13

EFFECT OF TILLAGE METHOD ON NUTRIENT LOSS BY 
EROSION UNDER SOYBEANS-SOYBEANS ROTATION 

Each value is  the  average of 4 p lo ts .

T illage  Method
Sediment Runoff

Total-N P K N03-N P K

i , -1  -1 kg ha yr

N o -tillag e  

Conventional t i l la g e

0 . 0  0 . 0  0 . 0

205.5 1.9 4.7

0.29 0.08 0.77

3.7 1.3 16.8
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Figure 17. Soybean crops under (A) n o - t i l la g e  and (B) conventional 
t i l l a g e  on 1% s lope. Photographs were taken 4.0 days 
a f te r  p lan tin g .
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E ffec t o f T illage Method on S o il P roperties

Some s o i l  physica l and chemical c h a ra c te r is t ic s  were determined 

a t  the s t a r t  and term ination  o f the f ie ld  p lo t s tu d ie s. Changes in  

s o i l  p ro p e rtie s  were re la ted  to  the magnitude o f erosion on the 

d if fe re n t p lo ts .

S o il Texture

Textural changes g en era lly  in d ica te  an increase  in  the sand 

fra c tio n  and a decline  in  s i l t  fra c tio n  on the conventional t i l l a g e  

p lo ts  Appendix Table A. This re s u lt  i s  not unexpected because f in e r  

p a r tic le s  ( s i l t  and clay) are  more e rod ib le  than coarser p a r tic le s  

(Meyer and Monke, 1965). Although, some te x tu ra l  changes are 

genera lly  not s ig n if ic a n t because of the  n eg lig ib le  depth o f eroded 

to p so il ( r e la tiv e  to  sampling depth), they w ill  be appreciable over 

a longer preiod of study.

S o il I n f i l t r a t io n  C h a rac te ris tic s

I n f i l t r a t io n  c h a ra c te r is t ic s  o f the s o i l  under n o - t i l la g e  and 

conventional t i l la g e  are compared in  Appendix Figures 12-15. 

I n f i l t r a t io n  ra te s  were c o n s is te n tly  higher under n o - ti l la g e  than 

under conventional t i l l a g e  on a l l  the s lopes. Average in f i l t r a t io n  

ra te s  were 4-5 and 35 cm/hr f o r  n o -ti l la g e  and conventional t i l l a g e  

p lo ts , re sp ec tiv e ly . The l a t t e r  w ill be reduced, considerably  by 

c ru s tin g  from the exposure o f  s o i l  to  r a in f a l l  im pacts. Corresponding 

cumulative i n f i l t r a t i o n  in  3 hours-was 180cm and 14.0cm. Higher 

i n f i l t r a t i o n  of the s o i l  under n o - ti l la g e  may-be a ttr ib u te d  to
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g rea te r earthworm a c t iv i ty  and p ro tec tio n  o f s o i l  surface from ra in 

f a l l  impac t s .

S o il Chemical C h arac te ris tic s

Changes in  s o i l  organic m atter con ten t, N, P and K are under 

the d if fe re n t t i l la g e  methods are summarized in  Figure 20. S o il 

organic m atter content was h igher a t  the end o f the experiments 

desp ite  ero3ional lo sses  o f organic m atte r under conventional t i l l a g e .  

The organic m atter accumulation under the  n o - ti l la g e  and ccnventioanl 

t i l la g e  treatm ents was due to  add itions from crop residues. Organic 

m atter content accumulation in  the former was about 6 fo ld  the l a t t e r ,  

implying a higher m in era liza tio n  ra te  fo r  plowed-i.n res id u e .

Total-N was lower by 9 and 35 p ercen t, re sp ec tiv e ly  under no

t i l la g e  and conventional t i l l a g e  a t the  end o f the ro ra tio n . This 

r e s u l t  was probably due to the  high r a te  of organic m atter 

m inera lization  ty p ic a l of most tro p ic a l s o i l s .  G reater changes under 

conventional t i l la g e  re su lted  from high e ro s io n a l loss NC^-N and 

organic m atter. Because of the  coarse tex tu re  o f the tc p s o i l ,  much 

leaching o f NO -̂N w ill  be expected.

Available P content was higher under n o - ti l la g e  a t  the end of 

the ro ta tio n  by about 56$, while under conventional t i l l a g e  P 

content was lower by 13$ compared to the i n i t i a l  content a t  the 

s t a r t  of the ro ta tio n . Duley (1926) and I-'unn e t  a l .  (1973) have 

reported th a t major lo ss  o f P i s  in  the  form o f eroded s o i l .  These 

re s u lts  are co n sis ten t with th e i r  fin d in g s. The n o - ti l la g e  soybeans 

and higher P reserve because there  was no s o i l  lo ss .
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There were 3.6 and 2.6 fo ld  in c reases  in  K content o f the s o i l  

a t  the end o f the n o - ti l la g e  and conventional t i l l a g e  soybean 

ro ta tio n s , re sp ec tiv e ly . These increases are a ttr ib u ta b le  to the 

use o f crop residue (as surface mulch or plowed in ) .

5. E ffe c t of Cropping Systems on Erosion

Table 14- summarizes s o i l  lo ss  and runoff under d if fe re n t crop 

ro ta tio n s . Annual s o i l  lo s s  averaged 39, 69, 96, and 109 m etric 

tons/ha fo r ro ta tio n s  o f  soybeans-soybeans, corn and cassava mixed 

cropping, pigeon peas-pigeon peas was averaged over 4 p lo ts  of two 

d if fe re n t leng ths because of the le s s  s ig n if ic a n t e ffe c t of slope 

length on s o i l  lo ss under the various systems. S o il oss from bare 

fallow  p lo t was higher than th a t  from corresponding cropped p lo t on 

1 and 5 percen t slopes.

S o il lo s s  increased with slope under the d if fe re n t cropping 

systems (Figures 21 and 22), but runo ff was lower on 10 and 15 

percent slopes than on 5% slope fo r cassava and mixed cropping of 

corn and cassava. Regression an a ly s is  o f s o i l  lo ss  and runoff on 

slope i s  presented in  Tables 15 and 16.

N utrien t Loss

Tables 17 and 18 shew p lan t n u tr ie n t lo sses  under the various 

cropping trea tm ents. The lo sses  o f n u tr ie n ts  followed s im ila r trend 

as s o i l  lo ss , w ith monoculture cassava having the h ighest annual 

loss o f  330 kg/ha N, 46 kg/ha K and 5 kg/ha E Most of the K lo s t  

Ijy erosion  was in  ru n o ff. Amounts o f n u tr ie n ts  lo s t  on the sh o rt and
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TABLE 14

EFFECT OF CROPPING SYSTEMS ON ANNUAL 
SOIL LOSS AND RUNOFF 

Each value i s  the average of 4 p lo ts .

Cropping System S o il Loss 
m etric  ton/ha

Runoff 
% of r a in f a l l

Soybeans-soybeans 39.1 15.1
Corn and cassava mixed 68.8 20.9
Monoculture cassava 109.1 27.9
Pigeon peas-pigeon peas^ 96.2 31.2

1P lo ts  a re  of 2 d if fe re n t leng ths—12.5 and 37.5 m.
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TABLE 15

SIMPLE REGRESSION OF SOIL LOSS, Y (IN
METRIC TON/HA/CM RAIN) ON PERCENT

SLOPE, X UNDER DIFFERENT
CROPPING TREATMENTS

Treatment r  Regression Equation

Bare fallow 0.60* 1 33Y = 0.05X

Soybeans-soybeans 0.44* Y = -0.085 + 0.088X

Monoculture cassava 0.75* Y = -1.279 + 1.307X0,5

Corn and cassava mixed 0.41* Y = -0.584 + 0.616X0-5

r  = co rre la tio n  c o e f f ic ie n t.

*S ign ifican t a t  5% le v e l of p ro b a b ility .
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TABLE 16

SIMPLE REGRESSION OF RUNOFF, Y (IN % OF RAINFALL) 
ON PERCENT SLOPE, X UNDER DIFFERENT 

CROPPING TREATMENTS

Treatment r Regression Equation

Bare fallow 0.60* Y = -1.06X2 + 9.07X + 42.98

Soybeans-soybeans 0.48* Y = -0.44X2 + 7.59X -  1.12

Soybeans-soybeans ( n o - t i l l . ) 0.35 Y = 0.10X + 0..76

Monoculture cassava 0.65* Y = -1.79X2 + 19.7OX + 6.25

Corn and cassava mixed 0.50* Y = -1.17X2 + 13 .2X + 12.35

r  = c o rre la tio n  c o e ff ic ie n t.

* S ig n ifican t a t  5% p ro b a b ility  le v e l.
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TABLE 17

EFFECT OF CROPPING SYSTEMS ON 
NUTRIENT LOSS BY EROSION 

Each value i s  the average of 4 p lo ts .

Cropping System
Eroded Sediment Runoff

Total-N P K . NO3 -N P K

Bare fallow 165.8 3.3 5.7 8 . 6 2 . 2 38.2
Soybeans-soybeans 205.5 1.9 4.7 3.7 1.3 16.8
Monoculture cassava 379.8 2.9 14.9 7.1 1.7 31.4
Corn and cassava mixed 229.9 3.3 8.4 5.7 1 . 6 29.0
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TABLE 18

EFFECT OF SLOPE LENGTH ON NUTRIENT LOSS 
BY EROSION UNDER PIGEON PEAS-PIGEON 

PEAS ROTATION 
Each value is  the average of 2 p lo ts .

N u trien t Loss

Eroded Sediment Runoff

Slope Length 
m

Total-N P K N03-N P K

kg/ha/year

12.5 245.0 4.34 8.95 3.71 1.11 13.10

37.5 245.5 3.54 7.83 3.43 1.40 17.11
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long slopes (under pigeon peas) were e s s e n tia l ly  the same.

Crop Performance Under D iffe ren t Cropping Systems

Canopy C h a rac te ris tic s

Figure 23 shows the amounts o f canopy cover provided a t  varying 

periods o f growth o f the d if fe re n t  crops. F i f ty  percent cover was 

a tta in ed  38, 4-5, 50 and 63 days a f te r  p lan tin g  by soybeans, mixed 

corn and cassava, pigeon peas and monoculture cassava, re sp ec tiv e ly . 

Photographs o f such covers a re  presented in  Figure 24-. Figure 25 

i l l u s t r a t e s  the ro le  o f crop canopy in  reducing erosion under the 

d if fe re n t  systems. S o il lo ss  was generally  high in  the  e a r ly  parts  

o f the  cropping season because of inadequate canopy cover as w ell as 

the  occurrence of erosive storm s. S o il lo ss  decreased subsequently 

w ith  increasing  amount of canopy cover. Regression o f s o i l  lo ss  on 

percen t ground cover by crop canopy i s  shown in  Table 19. Figure 25 

in d ic a te s  th a t  reduction  o f erosion by crop canopy i s  a ttr ib u ta b le  to 

the  in te rc ep tio n  of ra in  drops by the canopy. P roportion of ra in fa ll-  

in te rcep ted  by canopy a t 90% ground cover varied  from 23% fo r cassava, 

4.0% fo r mixed cropping of corn and cassava to  58Je fo r  soybeans. 

D ifferences in  r a in f a l l  in te rc ep tio n  c a p a c itie s  are explainable in  

terms o f the crop c h a ra c te r is t ic s .  G reater r a in f a l l  in te rc ep tio n  by 

the  mixed cropping o f  corn and cassava (compared to monculture 

cassava) was because o f the g rea te r amount o f canopy cover and second 

season mulching w ith corn s to v er res id u e . Figure 26 shows th a t  corn 

developed more ra p id ly  than cassava in  the f i r s t  season. The cassava
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Figure 24. Overhead photographs showing s o i l  cover under (A) soybeans 
(B) pigeon peas, (C) mixed cropping o f corn and cassava 
and (D) monoculture cassava a t  47, 61, 47 and 61 days 
a f te r  p lan ting  re sp ec tiv e ly .
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TABLE 19

SIMPLE REGRESSION OF SOIL LOSS, Y (IN 
METRIC TON/HA/CM RAIN) ON PERCENT 

GROUND COVER OF DIFFERENT CROPS 
A ll c o rre la tio n  c o e ff ic ie n ts  

are s ig n if ic a n t a t 1% 
p ro b a b ility  le v e l.

Crop r Regression Equation

Soybeans 0.63 Y = 5.38e- 0 *04X

Pigeon peas 0.94 Y = 3.27e~°*01X

Corn-cassava mixed 0.84 Y = 2 .20e"°’01X

Cassava monoculture 0.90 Y = 2 .71e- 0 ' 01X

r  = c o rre la tio n  c o e ff ic ie n t.
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p la n ts  th e re fo re  formed a lower canopy layer (beneath corn) 

in te rc ep tin g  more r a in f a l l  and le a f  drippings than did cassava 

monoculture. Soybeans, on the other hand, a re  much sh o rte r  with 

g re a te r  canopy cover.

The re la tio n sh ip  between le a f  area index (LAI) and percent 

canopy cover o f  the d if f e r e n t  crops i s  presented in  Figure 27. The 

two parameters were not l in e a r ly  re la te d . LAI a t  C,Q% canopy cover 

was 2, 2 .5 , 5 and 10 fo r  intercropped cassava, soybeans, in tercropped 

corn and monoculture cassava, re sp ec tiv e ly .

Corn Yields

Crop y ie ld , in  terms o f to ta l  c a lo r ie  v a lu e , under mixed 

cropping of corn and cassava was about 1 .4  fo ld  th a t under cassava 

monoculture (Figure 28). For y ie ld s o f in d iv id u a l crops, in tercropped 

cassava y ie ld  was only 50% th a t  of monoculture cassava. Yields were 

5 and 10 m etric to n s/h a , re sp ec tiv e ly . LAI and canopy d en s ity  were 

considerably  lower fo r  intercropped cassava because of com petition 

between the two crops fo r  space and n u tr ie n ts .  Figure 2° shows 

these  d ifferences in  canopy density  between monoculture and in te r 

cropped cassava which could account fo r  the d ifferences in  y ie ld s . 

Y ields averaged 1210 and 900 kg.ha fo r  .soybeans and pigeon peas, 

re sp ec tiv e ly .

Cropping E ffec t on S o il P roperties  

S o il Texture

Changes in  s o i l  tex tu re  were s t a t i s t i c a l l y  not s ig n if ic a n t
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Figure 29. Photogranhs showing d iffe ren ces  in  canopy den sity  between (A) monoculture cassava and
(B) in tercropped cassava 3̂ - months a f te r  p lan tin g . Photographs were taken 5 days a f te r  
harvesting  the corn crop in  the l a t t e r  (C).
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because o f the r e la t iv e ly  sho rt period o f study and n eg lig ib le  

depth o f  eroded to p so il r e la t iv e  to  sampling depth. However, there 

was a s l ig h t  increase  in  the coarse (sand and gravel) and c lay  

fra c tio n s  o f the s o i l  a t  the end o f the crop ro ta tio n s  (Appendix 

Table 5 ) . Increase in  c lay  con ten t could be due to a reduction  in 

the depth o f to p so il by erosion . The proportion  o f eroded s i l t  

decreased w ith the amounts o f s o i l  lo ss  under the various trea tm ents. 

Soybeans ro ta tio n  had the  h ighest eroded s i l t  p roportion , implying 

th a t soybean was most e ffe c tiv e  in  reducing runoff v e lo c ity . F iner 

s o i l  p a r t ic le s  ’/ d l l  be tran sp o rted  by slow moving runoff water. 

Conversely, bare fallow  p lo ts  had the h ighest proportion o f eroded 

sand f r a c tio n . There was a strong  re la tio n sh ip  ( r  = 0.81) between 

the amount of eroded c lay  and r a in f a l l  e ro s iv ity . Cn the  basis of 

th is  re la tio n s h ip , d iffe ren ces  in  the  amounts o f eroded c la y  may be 

explained in  terms of the re la t iv e  amounts o f r a in f a l l  un in tercepted  

by the canopy. Amount o f  eroded c lay  was h ighest fo r cassava 

monoculture and le a s t  under soybeans ro ta tio n .

S o il I n f i l t r a t io n  C h a rac te ris tic s

I n f i l t r a t io n  ra te s  o f the s o i l  follow ing the crop ro ta tio n s  

are repo rted  in  Figure 30 fo r  the d if fe re n t  treatm ents. Cumulative 

i n f i l t r a t i o n  a f te r  3 hours averaged 14.2, 115, 70 and 45cm fo r soybeans 

(w ith conventional t i l l a g e ) ,  mixed cropping of corn and cassava, 

monoculture cassava and bare fa llow , re sp ec tiv e ly . The low 

i n f i l t r a t i o n  fo r bare fa llow  i s  a t tr ib u ta b le  to s o i l  capping (from 

r a in f a l l  impacts) and exposure o f the  su b so il which i s  u su a lly  le ss
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permeable than the  to p s o il .  I n f i l t r a t io n  c h a ra c te r is t ic s  o f the 

s o i l  in d ic a te  the ex ten t o f  d e te r io ra tio n  o f the surface s o i l  

s tru c tu re  perm itted by the various trea tm en ts. Under a bash fallow , 

the  in f i l t r a t io n  r a te  of the  s o i l  was considerably  higher (130 cm/hr) 

compared to  ra te s  ranging from 9 cm/hr fo r  bare fallow  to 39 cm/hr 

under soybeans. I t  i s  apparent from th is  comparison th a t  low 

i n f i l t r a t i o n  was asso c ia ted  with compaction and c ru s tin g  o f the 

s o i l  by r a in f a l l  impactes and a decline  in  earthworm a c t i v i t i e s .

S o il Chemical P ro p erties

Changes in  s o i l  chemical p ro p e rtie s  a t  the end o f the ro ta tio n s  

re f le c te d  c lo se ly  the ex ten t of s o i l  erosion  under in d iv id u a l 

cropping trea tm en ts. Eroded s o i l  was g en era lly  higher in  p la n t 

n u tr ie n ts  than the  s o i l  (Table 20). With th e  exception of £, 

enrichment ra tio  was g re a te r  than u n ity  fo r  a l l  the n u tr ie n ts .

Leaching and g re a te r  lo ss  of K in  runoff may be the reasons fo r the 

low enrichment r a t io  fo r  K. D espite the high lo sse s , seme n u tr ien ts  

accumulated over the  ro ta tio n a l period . The cahnges in  s o i l  

n u tr ie n ts  are shown in  Figure 31.

Lower organic m atter contents a t  the end of the f i r s t  season 

could be due to  high erosional lo sse s  and m in e ra liz a tio n . The same 

exp lanation  can be extended fo r th e  changes in  to ta l-K . The organic 

m atter content o f  the bare fallow  s o i l  derived  p r in c ip a lly  from 

humified f ra c t io n , hence did not change e s s e n t ia l ly  during the  period. 

Accumulation of av a ilab le  P re su lte d  from ad d itions from P - f e r t i l i z e r  

and n eg lig ib le  lo s s  o f P by erosion  while re lease  o f K from added
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TABLE 20

ENRICHMENT RATIO1 OF DIFFERENT NUTRIENTS 
AS INFLUENCED BY DIFFERENT 

CROPPING SYSTEMS 
Each value is  the average of 4 p lo ts .

Treatment Org. Carbon N P K Ca Mg

Bare fallow 1.45 1.36 1.08 0.79 1.71 1.80
Monoculture cassava 1.43 1.34 0.85 0.87 1.15 1.29
Corn and cassava mixed 1.41 1.40 1.35 0.73 1.19 1.22
Soybeans-soybeans 1.26 1.13 1.15 0.61 1.21 0.88
Pigeon peas-pigeon peas 

(long p lo t) 1.07 0.96 1.35 0.95 1.01 1.08

Pigeon peas-pigeon peas 
(sho rt p lo t) 1.19 1.26 1.55 0.97 1.47 2.11

^Enrichment ra t io  i s the r a t io of th e  nut:rien t content o f ero del
sediment to  th a t o f the s o i l .
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crop residues caused i t s  accumulation under soybeans and mixed 

cropping of corn and cassava.

6 . The U niversal S o il Loss Equation (~JSLE)

I t  w ill  be re c a lle d  th a t  the u n iv ersa l s o i l  lo ss  equation 

(Wischmeier e t  a l . ,  1968) r e la te s  s o i l  lo ss  to  the product o f 6 

fa c to rs  o f erosion  in  the follow ing manner:

A = R K LS C ?

where R i s  the summation o f  monthly SI30  fo r  the yearj K, the 

e ro d ib i l i ty  fa c to r  i s  the r a t io  o f  annual s o i l  lo s s , A to  R; L,S 

a re  slope fa c to rs  which are u n ity  fo r 72.6 fe e t  long p lo ts  oh 955 

slopej C and P a re , re sp ec tiv e ly  crop management and conservation 

p ra c tice  fa c to rs  which are u n ity  fo r  conditions o f bare fallow  where 

p lan tin g  is  up and down the s lo p e . Factors were evaluated follow ing 

the procedure in  the U.S.D.A. Handbook No. 282 (Wischmeier and Smith, 

1965).

D is tr ib u tio n  of e ro s iv i ty  fa c to r , R fo r  Ibadan in  1975 is  

presented in  Figure 32. Total R fo r  the 2 cropping seasons was 353 

which represented  33$ of annual value. This R value compares with 

th a t  o f southeast U.S. (F lo rida) which i s  considered high (Wischmeier 

and Smith, 1965). K was 0.01, 0 .17 , 0.09 and 0.10 fo r  bare fallow  

p lo ts  on 1, 5, 10 and 15$ slo p es , re sp ec tiv e ly . Reasons fo r  the 

lower s o i l  lo sses  on the g rea te r slopes have been prev iously  d iscossed . 

Erosion p o te n tia l  o f the 10 and 15$ slopes were under-estim ated by 

the  K va lues. C and P fa c to rs  were evaluated d if f e r e n tly  from the
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procedure ind ica ted  in  the  handbook. C and P were evaluated on 5% 

3lope p lo ts  and adjusted to 9$ slope cond itio n s . This decision  was 

made because s o i l  lo sses from bare fallow  p lo ts  were lower than from

the corresponding cropped p lo ts  on 10 and 15% slopes. In order to

r e la te  more to  the lo c a l con d itio n s , C and P were computed fo r  each 

cropping season using F igure 33 and the follow ing crop s tag e s :

Stage 1 -  0 to  2 weeks a f te r  seeding
2 -  2 to  6 weeks
3 -  6 to  10 weeks
4- -10 weeks a f te r  seeding to harvest

Fallow stage was not considered because p lan tin g  is  not norm ally done 

in  the  periods preceding the croppings seasons. There was a lso  no 

e rosion  record fo r these periods. Values o f C and P fa c to rs  are 

given in  Table 21 fo r th e  d if f e r e n t  crops. C values ranged from 0.19 

fo r soybeans to  0.72 fo r  cassava in  the f i r s t  cropping season. Values 

were considerab ly  lower in  the second season because f a i r ly  adequate 

canopy cover had been e s ta b lish e d  in  the second season before  the 

advent o f most erosive storm s. The C values re f le c te d  the erosion  

p o te n tia l  of in d iv idua l cropping systems. Compared to  conventional 

t i l l a g e ,  p lan ting  soybeans w ith n o - ti l la g e  reduced the value of C 

from 0.19 to 0.0004.

A d ap tab ility  o f  the USLS to  T ropical Conditions

The erosion  p re d ic tio n  p o te n tia l  o f the  R (Sl^g) index in  

th is  study  has been d iscussed . R accounted fo r  50$ o f the v a r ia b i l i ty  

in  s o i l  lo ss  on 10$ s lo p e . S im ilar r e s u l ts  have been reported  on
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TABLE 21

CROP MANAGEMENT FACTOR, C OF THE UNIVERSAL 
SOIL LOSS EQUATION FOR DIFFERENT CROPS

Crop F ir s t  Season Second Season

Cassava (monoculture) 0.72 0.39
Corn and cassava (mixed) 0.43 0.05
Soybeans (w ith conv. t i l la g e ) 0.19 0.02
Soybeans (with n o - ti l la g e ) 0.0004 0.0002
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some other tro p ic a l s o i l s  by Ahmad and Breckner (1974). This low 

erosion  p red ic tio n  p o te n t ia l  o f R could be due to  the  energy (drop 

s ize )  - in te n s i ty  re la tio n sh ip  reported  e a r l i e r  in  t e x t ,  which deviated 

from the one on which the  USLE was developed. S o il erosion p o te n tia l  

o f the s o i l  was under-estim ated by the e ro d ib i l i ty  fa c to r , K because 

o f the high v u ln e ra b ili ty  o f the s o i l  to  erosion . K should th e re fo re  

be considered to  be more v a riab le  under s im ila r  conditions o f  the 

study. Such K fac to r w il l  consider the le v e l of s o i l  d e te r io ra tio n  

th a t  had re su lted  from p ast e ro sio n a l p rocess. E rcsion-slope length 

re la tio n sh ip  was a fu n c tio n  o f the nature o f the s lope. A re la tio n sh ip  

developed was a fu n c tion  o f the  nature o f the slope. A relationsh.it> 

developed e n tire ly  on length  o f p lo t (as did the USL2) may th e re fo re  

be m isleading.

I t  i s  apparent from the analy sis  o f the fa c to rs  of the U3LE 

th a t  m odifications a re  needed in  the fa c to rs  R, X, L and 3 fo r  the 

equation to be adaptable to the tro p ic a l conditions represented  in 

th is  study. The AI and AIV have been proposed as a lte rn a tiv e  

e ro s iv i ty  ind ices because they were b e t te r  p red ic to rs  of e ro sio n  

than R. AIV index a lso  incorporates the wind fa c to r  tha t is  a 

d is tin g u ish in g  component o f most t ro p ic a l ra instorm s.

C. Laboratory Erosion Studies

1. E ffec t o f S o i l  Type on Leacheate and Erosion Losses

Figure 34 gives the  q u a n titie s  o f s o i l . lo s s ,  runoff fo r  each 

s o i l  from an a p p lic a tio n  o f a to ta l  p re c ip ita tio n  o f  52.4cm. S o il
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lo sse s  ranged from 0 fo r  Alagba and Ikom to  1/+.A kg/m' on Ngala s o i l .  

Runoff p a ra lle led  s o i l  lo sses  on a l l  the s o i l s .  Hgala had the 

h ighest runoff o f 91S? of to t a l  p re c ip i ta t io n . On the o ther extreme 

are the Alagba and Ikom s o i ls  th a t  had no ru n o ff. S o ils  with low 

ru n o ff gen era lly  had la rg e  amounts o f le ach a te . V ariations in  

s u s c e p t ib i l i t ie s  were as s ig n if ic a n t w ithin  a s o i l  o rder . For 

in s tan ce , the order a l f i s o l  includes the l e a s t  su scep tib le  s o i ls  

(Alagba) as w ell as h igh ly  su scep tib le  s o i l  (Funtua) th a t  had 10 .A 

kg/m s o i l  lo ss  and SO percen t runo ff. The same holds true  fo r  Ikom, 

Itagunmodi and Onne s o i ls  which are  u l t i s o l s .

S o il lo ss  and runoff from the re ference  s o il  (Egbeda) on f ie ld  

p lo ts  were h igher compared to  labo ra to ry  m icroplo t. These d ifferences 

can be expected because o f the la rg e  s ize  o f the f ie ld  p lo ts  th a t  tend 

to  favor more runoff accumulation and hence g rea te r s o i l  lo ss compared 

to lab o ra to ry  n ic rc p lo ts . These re s u l ts  suggest th a t erosion lo sses  

determined in  the lab o ra to ry  may not be d i r e c t ly  extrapolated  to 

f i e ld  cond itions. However, th is  technique is  usefu l in  studying 

r e la t iv e  s u s c e p t ib i l i ty  and e ffe c ts  of fa c to rs  of erosion .

2. E ffec t o f S o il P ro p erties  on Erosion 

S o il Texture

C orre la tion  c o e ff ic ie n ts  between s o i l  lo ss  and s o i l  separa tes 

(sand , s i l t  and clay) were not s ig n if ic a n t a t  5/S le v e l . S im ilar 

r e s u lts  were obtained under f ie ld  erosion  s tu d ie s . However, w ith 

the  exception o f Ngala s o i l  ( v e r t i s o l ) ,  s o i ls  higher in  c lay  (> 2C%) 

and organic m atter appeared to  be le s s  su scep tib le  to  erosion . The
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e ffe c t o f  these s o i l  c o n s titu en ts  a re  probably re la ted  to  improved 

aggregation. Funtua s o i l  had the h ig h est proportion of s i l t  [63%) 

and was most e rod ib le  except Ngala s o i l .

S o il Moisture

Erosion from dry run i s  compared with th a t  from wet run a t  

d if f e re n t  r a in f a l l  in te n s i t ie s  in  F igures 35, 36, and 37. Vet run 

c o n s is te n tly  gave higher ru n o ff and s o i l  lo ss  than did dry run on most 

o f the s o i l s .  S o il  lo ss  under dry run was 59, 40, 31, 22 and 16 

percent of th a t  under wet run fo r  Hgala, Apomum Egbeda, Funtua and 

Dangrappe s o i ls ,  re sp ec tiv e ly  (Figure 35). Lower erosion  observed 

under d ry  run is  not unexpected since the ra te  of r a in f a l l  

i n f i l t r a t i o n  decreases w ith s o i l  antecedent m oisture con ten t. E ffect 

of i n i t i a l  s o i l  m oisture con ten t on erosion  v a ried  considerably  with 

s o i l  type, r a in f a l l  c h a ra c te r is t ic s  and slope. The d iffe ren ces  

between erosion from wet run and dry run were more s in g if ic a n t with 

17.5 cm/hr r a in f a l l  in te n s i ty  on 1C% slope (F igure 36). The ligala 

s o i l  was equally  erosive reg a rd le ss  o f antecedent s o i l  m oisture on 

10 percen t slope. On the o th e r extremes were Cnne and Apomu s o ils  

th a t  had no s o i l  lo ss  and ru n o ff under dry run regard less  o f slope 

a t  12.5 cm.hr r a in f a l l  in te n s i ty .  These re s u l ts  were c lo se ly  re la ted  

to  the elapsed time required  to  i n i t i a t e  runoff on-the d if fe re n t s o i ls  

(Table 22). The elapsed tim es from s t a r t  of r a in f a l l  ap p lic a tio n  and 

in i t i a t io n  of ru n o ff r e f le c t  the  times required  fo r surface  aggregates 

to  ru p tu re .
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TABLE 22

THE INFLUENCE OF SOIL TYPE ON RUNOFF INITIATION 
TIME AND FINAL INFILTRATION RATES

S oil Type
Time (min.) I n f i l t r a t io n  (cm/hr)'*'

Dry Run Wet Run 5% Slope 10% Slope

Ngala 3 0.5 1.2 1.4
Funtua 8 1.0 3.6 2.3
Dangappe 12 1.0 6.0 3.3
Apomu 18 2.5 8.4 4.6
Egbeda 12 1.5 4.7 2.2
Onne 18 2.5 15.1 9.4
Itagunmodi >30 6.5 11.7 10.2
Alagba >30 >30 17.2 16.0
Ikom >30 >30 17.7 16.3

Each value i s  the  average of 6 treatm ent 
combinations.
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M oisture R etention C h a rac te ris tic s

Moisture re te n tio n  a t  f ie ld  capac ity  and moisture equivalent 

were c lo se ly  re la te d  to  s o i l  sand and c lay  f ra c tio n s . C orre la tion  

c o e ff ic ie n ts  between m oisture equivalent and sand were -C.32 and 

between m oisture equ ivalen t and c lay  was 0 .96. However, n e ith e r o f 

the m oisture re te n tio n  c h a ra c te r is t ic s  was s ig n if ic a n tly  re la te d  to  

ero sion  from the s o i l s .  Runoff occurred gen era lly  a t a m oisture 

con ten t close to  f ie ld  capac ity .

C orre la tion  c o e ff ic ie n t between s o i l  m oisture content a t  runoff 

in i t i a t io n  and l /3 -b a r  m oisture p o te n tia l was 0.83 (Figure 33).

Aggregate S ta b i l i ty

The wet s iev ing  and w ater drop techniques of aggregate s t a b i l i t y  

are  compared in  Table 23. The data shews th a t  a l l  the s o ils  except 

Ikom, Alagba end Itagunmodi were r e la t iv e ly  s tru c tu ra l ly  unstab le .

Lack o f agreement between the aggregate s t a b i l i t y  an a ly sis  was due to 

the d if f e r e n t  techniques used. The lab o ra to ry  m icroplot method seems 

to  r e f le c t  more c lo se ly  the c o n tra s tin g  behavior of s o i ls  under f ie ld  

conditions w ith regard to  r a in f a l l  and s o i l  c h a ra c te r is t ic s .  Surface 

s t ru c tu ra l  conditions were e s s e n tia l ly  unchanged a t the end of the 

experiments on Ikom, Alagba and Itagunmodi s o i ls  th a t are  ch arac te rized  

by high clay  and organic m atter co n ten ts. On the o ther hand, the 

Ngala s o i l  became very massive a t  the surface follow ing r a in f a l l  

ap p lica tio n .
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S o il I n f i l t r a t io n  C h a rac te ris tic s

F in a l i n f i l t r a t i o n  ra te s  ranged from 2 cm/hr fo r Ilgala to  

18 cm/hr fo r  Ikom and Alagba (Table 23). I n f i l t r a t io n  ra te s  were 

c lo se ly  re la ted  to  amounts o f erosion on the s o ils  ( r  = 0 .8 7 ).

Aggregate s t a b i l i ty  o f  s o i l  c o rre la tio n  c o e ffic ien ts  between 

i n f i l t r a t i o n  ra te  and aggregate s t a b i l i t y  were 0.64. and 0.37 by 

water drop technique and by sim ulator method, re sp ec tiv e ly  and were 

s ig n if ic a n t a t  1% p ro b a b ility  le v e l. The high s u s c e p t ib i l i t ie s  of 

s o i ls  (such as Ngala, Funtua) to e rosion  are therefo re  a t tr ib u ta b le  

to  r e s tr ic te d  water i n f i l t r a t i o n  due to  s tru c tu ra l ly  unstab le  s o i l .

Chemical C h a rac te ris tic s

The p rin c ip a l chemical s o i l  c h a ra c te r is t ic s  most c lo se ly  re la te d  

to  erosion  on the s o i ls  were organic m a tte r, exchangeable bases and 

m ineralog ical composition. Although the  organic m atter con ten ts o f 

the s o i ls  were gen era lly  low (ranging from 1 to  3.5 p e rc en t) , 

c o rre la tio n  between s o i l  lo ss  and organic m atter content was f a i r l y  

high ( r  = 0 .80 ). Organic m atter was a lso  co rre la ted  w ith  wet s iev ing  

aggregate index ( r  = 0.72) and m oisture re te n tio n  a t l /3 - b a r  ( r  = 0 .96 ). 

These re s u lts  confirm the rep o rts  from sev e ra l stud ies (P e r ie ra  and 

Jones, 1954.; Lugo-Lopez and Juarez, 1959; Konnier, 1965) th a t 

emphasized the ro le  o f  organic m atter in  s ta b i l iz in g  s o i l  aggregates 

and improving w ater re te n tio n  c h a ra c te r is t ic s  of t ro p ic a l  s o i l s .

Of the exchangeable bases, only  Na and K showed any s ig n if ic a n t 

e f fe c t  on s o i l  e ro sio n . They b o th ’had p o s itiv e  c o rre la tio n  

c o e ff ic ie n ts  ( r )  w ith s o i l  lo s s ,  r  was 0.67 and 0.71 fo r  K and Na,
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TABLE 23

COMPARATIVE ANALYSIS OF THE ERODIBILITY OF SOILS

Method'*'

S o il Type
Wet Sieving Water Drop Lab,. M icroplot

Index Index Rating Index Rating

Ngala 1.80 0.007 very s tab le 0.94 highly e rod ib le
Funtua 3.50 0.083 highly  e rod ib le 0.66 highly e rod ib le
Dangappe 3.81 0.091 highly  e rod ib le 0.66 highly e rod ib le
Apomu 6.53 0.125 highly  e rod ib le 0.68 highly e rod ib le
Egbeda 2.89 0.077 mod. e rod ib le 0.35 mod. e rod ib le
Onne 4.60 0.063 mod. e rod ib le 0.34 mod. e rod ib le
Itagunmodi 1.21 0.027 s ta b le 0.01 very s ta b le
Alagba 0.72 0.009 very s tab le <0.001 very s ta b le
Ikom 0.55 0.009 very s tab le <0.001 very s ta b le

of e ro d ib i l i ty  an a ly s is  are  defined on page 133
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re sp ec tiv e ly . C orre la tions of Ha and K v i th  s o i l  i n f i l t r a t i o n  ra te  

were o f  the same magnitude (hut negative) as w ith s o i l  lo s s .  High Na 

and K probably increased  s o i l  d isp ersio n  because o f th e ir  la rg e  

hydrated r a d i i .  This e f fe c t  would reduce i n f i l t r a t i o n  o f w ater in to  

s o i l  and consequently increase  erosion on the s o i l s ,  such as 

experienced on the Ngala s o il .

K aolin ite  was the  predominant c lay  m ineral in  the s o i ls  except 

Ngala and to  a le s s e r  ex ten t, Apomu s o i ls  th a t  contained p rim arily  

sm ectite . CEC and a v a ilab le  water holding cap ac ity  of the s o i ls  were 

gen era lly  low because o f low organic m atter and the predominance c f 

k a o lin ite  and sesquioxides in  the s o i ls .  CSC ranged from U mqq/lCCg 

on Dangappe (Oxic P a le u s ta lf )  to  18 meq/lOOg on Ngala which contained 

high sm ectite  con ten t. The high s u s c e p t ib i l i ty  o f Ngala s o i l  to 

erosion i s  a t tr ib u ta b le  to  the sw elling nature  o f the s o i l  due to 

high sm ectite  com position. I t  was observed th a t p e rco la tio n  of 

water was genera lly  r e s t r ic te d  to the top 5cm of the m icroplot during 

the runs.

3 . E ffec t o f  Slone on S o il Less and Runoff

S o il lo ss  and runo ff generally  increased  w ith slope (Table 24.). 

The s o i l  lo ss-slo p e  steepness re la tio n sh ip  on Egbeda was s im ila r  to 

th a t under f ie ld  co n d itio n s . S o il lo sses  between 5 and 10 percent 

slopes were not s ig n if ic a n tly  d if fe re n t fo r  c e r ta in  s o i l s .  This 

re la tio n sh ip  appeared to  be c h a ra c te r is t ic  o f the medium texture:! 

s o i ls  th a t  had appreciab le  amounts o f s i l t  (20;S -  60^) and sand 

(20^ -  60^). The co a rse r tex tured  s o i ls  (Apomu and Cnne) were h igh ly
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TABLE 24

EFFECT OF SLOPE ON SOIL LOSS AND RUNOFF 
IN LABORATORY MICROPLOTS 

Each value i s  the to ta l  of 6 
treatm ent combinations.

S o il Type

_2S o il Loss (kg m ) Runoff (% of r a in fa l l )

5% slope 10% slope 5% slope 10% slope

Ngala 6.40 7.75 93 90
Funtua 4.75 5.50 77 84
Dangappe 3.10 6.70 62 77
Apomu 1.25 5.70 47 70
Egbeda 2.35 2.95 70 83
Onne 0.0 2.80 0 40
Itagunmodi 0 .0 0.15 0 36



137

permeable and le ss  e ro d ib le  on 5% s lope. As the slope increased s o i l  

lo ss  increased  a t  a f a s t  ra te  because o f increased runoff v e lo c ity  

and low re s is tan ce  o f the s o i ls  to  r a in f a l l  im pacts. N egligible 

e rosion  occurred on Itagunmodi and p ra c t ic a l ly  none on Ikom and 

Alagba s o ils  (reg ard less  o f s lo p e). This was due to the high 

in f i l t r a t i o n  and s t a b i l i ty  o f these s o i l s .  R esults o f the analy sis  

o f variance on the .erosion da ta  are presented in  Table 25, 26, and 

27). The r e s u lts  in d ic a te  th a t  increased  s o i l  lo ss  associated  w ith 

10% slope was due to  more s ig n if ic a n t in c reases in  runoff and ru no ff 

sediment density .

A. E ffec t o f R a in fa ll C h a ra c te r is tic s  on Erosi.cn

Increasing  r a in f a l l  in te n s i ty  from 12.5 to 17.5 cm/hr increased 

s o i l  lo ss  from 2 to  15 fold  (Table 23). The s t a t i s t i c a l  analy sis  

ta b le s  show th a t  the e f fe c t  o f in te n s i ty  on erosion  on the s o ils  

was more s ig n if ic a n t than the e f fe c t  o f slope steepness. Increase in  

in te s n i ty  a lso  con tribu ted  more s ig n if ic a n tly  to  the increases in  the 

sediment den sity  o f runoff than did slope steepness. liore s o i l  lo ss  

and runoff were g en era lly  assoc iated  w ith  la rg e r  amounts o f r a in f a l l  

or r a in f a l l  du ra tion . This i s  lo g ic a l ,  since a l l  the wet runs were 

made a t  about the same i n i t i a l  s o i l  m oisture con ten ts. However, no 

such strong re la tio n sh ip  ex is ted  between erosion  and to ta l  

p re c ip ita tio n  because of v a riab le  antecedent s o i l  m oisture.

C orre la tions between s o i l  lo ss  and some erosion p red ic tio n  

in d ic e s  are presented in  Table 29. With the exception o f the 

e ro d ib i l i ty  in d ic e s , Kjj (index determined by the water drop technique)
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TABLE 25

ANALYSYS OF VARIANCE FOR A SPLIT-SPLIT-PLOT
EXPERIMENT ON SOIL LOSS

Source of 
V ariation

Degrees of 
Freedom

Total Sum 
of Squares

Mean Sura 
of Squares 'F»

Main P lo ts :
S o ils 6 16.220 2.703 9.26**
Slope (s) 1 3.077 3.077 10.54*
E rror (a) 6 1.751 0.292

Sub-Plots:
In te n s ity  (I) 1 7.788 7.788 28.79**
S I 1 .0004 .0004 .002
E rror (b) 

Sub-Sub-Plots:

12 3.246 0.271

R ain fa ll (A) 2 6.901 3.450 27.63**
SxA 2 0.447 0.223 1.79
IxA 2 1.210 0.605 4.84*
SxIxA 2 0.010 0.005 0.04
E rror (c) 23 2.872 0.125

*F r a t io  s ig n if ic a n t a t  5% p ro b a b ility  le v e l.

**F r a t io  s ig n if ic a n t a t  1% p ro b a b ility  le v e l.
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TABLE 26

ANALYSIS OF VARIANCE FOR A SPLIT-SPLIT-PLOT
EXPERIMENT ON RUNOFF

Source of 
V ariation

Degrees of 
Freedom

T otal Sum 
of Squares

Mean Sum 
of Squares ' F'

Main P lo ts :
So ils 6 63045.6 10507.6 19.29**
Slope (s) 1 7733.8 . 7733.8 14.20**
Error (a) 6 3268.2 544.7

Sub-Plots:
In te n s ity  (I) 1 960.2 960.2 21.42**
S I 1 2.33 2.33 0.05
Error (b) 12 537.8 44.8

Sub-Sub-Plots:
R ain fa ll (A) 2 802.1 401.1 9.54**
SxA 2 29.3 14.1 0.35
I*A 2 30.2 15.1 0.36
SxIxA 2 3.02 1.51 0.04
Error (c) 24 1009.5 42.1

**F ra t io  s ig n if ic a n t a t  1% p ro b a b ility  le v e l.
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TABLE 27

ANALYSIS OF VARIANCE FOR A SPLIT-SPLIT-PLOT
EXPERIMENT ON SEDIMENT DENSITY

Source of 
Variation

Degrees of 
Freedom

Total Sum 
of Squares

Mean Sum 
of Squares •f ’

Main P lo ts :
S o ils 6 968.6 161.4 39.66**
Slope (s) 1 43.9 43.9 10.80*
E rror (a) 6 24.4 4.07

Sub-Plots:
In te n s ity  (I) 1 196.1 196.1 12.31**
S I 1 0.72 0.72 0.04
E rror (b) 12 191.1 15.9

Sub-Sub-Plots:
R a in fa ll (A) 2 11.02 5.51 1.61
SxA 2 14.13 7.06 2.07
IxA 2 0.81 0.40 0.12
SxIxA 2 2.84 1.41 0.42
E rror (c) 24 82.0 3.42

*F r a t io  s ig n if ic a n t a t  5% p ro b a b ility  lev e l.

**F r a t io  s ig n if ic a n t a t  1% p ro b a b ility  le v e l.



TABLE 28

SOIL LOSS ( in  gm/m2/cm/rair} FROM LABORATORY 
MICROPLOTS AS INFLUENCED BY 

RAINFALL INTENSITY

R ain fa ll In te n s ity  (cm/hr)

S o il Type 12.5 17.5

5% slope 10% slope 5% slope 10% slope

Ngala 123.0 . 273.9 390.1 354.0
Funtua 77.5 128.7 302.2 314.0
Dangappe 39.1 183.5 208.8 352.0
Apomu 5.8 126.4 98.8 329.7
Egbeda 40.4 38.2 149.2 193.5
Onne 0 73.1 0 152.0
Itagunmodi 0 2.2 0 7.1



TABLE 29

CORRELATION BETWEEN SOIL LOSS AND VARIOUS 
EROSION INDICES AS DETERMINED ON 

LABORATORY MICROPLOTS

Variable"'" r 2r

El 0.66** 0.44
AI 0.71** 0.62

S 0.34

KS 0.50

K 0.*89** 0.81r

^"Indices are  defined on page 133
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and Kg (index determined by the  wet siev ing  method) a l l  the ind ices 

were s ig n if ic a n tly  re la te d  to  erosion on the labo ra to ry  m icoplots. 

E ro s iv ity  index, El (porduct o f  r a in f a l l  energy and in te n s ity )  was, 

however, s l ig h t ly  le s s  than AI index (product o f r a in f a l l  amount and 

in te n s i ty ) .  Kr  index i s  defined as the r a t io  o f s o i l  lo ss from 

m icroplots (in  kg m- ^) to t o t a l  energy (Joule m- ^) o f a r t i f i c i a l  

r a in f a l l .

5. N utrient Movement in  D ifferen t S o ils

E rosional lo sse s  of K, P, K, Ca and Mg are summarized in  Table 

30 fo r  each s o il ,  h igh  lo sses  of exchangeable Ca and Kg in  sedim ent, 

runoff and p erco la tion  water re f le c te d  th e i r  I n i t i a l l y  high a v a i la b i l i ty  

in  the d if fe re n t s o i l s .  Ca and Mg lo sses  averaged L i .5 and 2 .9 g /r / ',  

re sp e c tiv e ly  from the  ap p lic a tio n  of 52cm to ta l  p re c ip ita tio n . The 

lo sses  a re  equivalent to 34-3 kg/ha Ca and 7C kg/ha Mg per year w ith 

an annual p re c ip ita tio n  of about 120cm and comparable e ro s iv ity . Or. 

Egbeda s o i l ,  N, P, and K lo sse s  were 15.9, 0.15 and 3.3 g/m which

amount to  159, 1.5 and 33 kg/ha, re sp ec tiv e ly . These lo sses  are

serious based on r e s u l ts  reported  e a r l ie r  in  th is  study fo r f ie ld  

p lo ts .  Ngala, Funtua and Dangappe s o i ls  had g rea te r lo sses than from 

Egbeda s o i l  (Table 3 1 ). Most o f the N lo s t  by erosion was in  erode!

sedim ents. Higher K was lo s t  in  runoff than in  sediment. P roportion

o f P in  sediment was d i r e c t ly  re la ted  to  the pH of the s o i l  which 

apparen tly  increased P m o b ility . For example, the Ngala s o i l  had the 

h ighest s o i l  pH (7 .3 ) and h ig h est P lo ss  in  eroded sediment (0.63 g/m^) 

o f a l l  the  s o i ls .  The in h e re n tly  low n u tr ie n t s ta tu s  in  the  s o i ls



TABLE 30

TOTAL NUTRIENTS IN SEDIMENT AND RUNOFF 
FROM LABORATORY MICROPLOTS 

Each value is  the to ta l  fo r a l l  
treatm ent combinations.

Eroded Sediment Runoff

T otal 
S o il Type R

Bray-1 Exchangeable NO^- A vailable
P K Ca Mg N P K Ca Mg

-2g ia _2g m -2 -2  -2 -2 g m g m ^ g m ^ g  m ^ -2 -2 -2 g m ^ g m ^ g m g m"‘

Ngala 19.17 0.63 4.88 45.2 6.63 1.02 0.17 4.86 6.03 2.02
Funtua 15.31 0.15 1.65 10.45 1.39 1.23 0.37 3.26 6.52 2.32
Dangappe 26.03 0.03 1.19 16.80 1.81 0.41 0.14 1.48 6.68 1.43
Apomu 10.72 0.10 0.38 6.39 0.48 1.54 0.02 1.05 6.22 1.93
Egbeda 14.48 0.07 0.85 10.50 1.02 1.40 0.08 2.92 6.20 3.30
Onne 4.14 0.18 0.14 1.59 0.13 0.26 0.05 0.98 1.61 0.66
Itagunmedi 0.33 0.01 0.02 0.21 0.02 0.23 0.01 0.64 2.15 0.41
Alagba 0 0 0 0 0 0 0 0 0 0
Ikom 0 0 0 0 0 0 0 0 0 0



TABLE 31

CONCENTRATIONS OF NUTRIENTS IN ERODED SEDIMENT 
RUNOFF AND LEACHATE FROM LABORATORY MICROPLOTS

N P K

Eroded . Eroded Eroded
S o il Type _ a uno eac a e , Runoff Leachate ,. Runoff LeachateSediment Sediment Sediment

Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g Pg/g

Ngala 1130 2.89 0 41.91 0.45 0 312.8 13.41 0
Funtua • 1060 4.09 0 11.29 1.32 0 140.8 10.75 0
Dangappe 310 1.39 6.14 12.17 0.58 0.47 31.28 8.39 46.0
Apomu 1310 5.44 6.29 12.17 0.10 0.18 46.92 4.49 59.2
Egbeda 2500 4.67 2.96 8.86 0.22 0.31 125.1 9.42 157.8
Onne 1250 2.45 5.65 53.81 0.61 0.30 43.01 8.21 24.0
Itagunmadi 2380 2.60 4.35 3.11 0.15 0.47 109.5 5.58 21.07
Alagba 0 0 2.18 0 0 0.22 0 0 24.70
Ikom 0 0 3.56 0 0 0.29 0 0 21.50

aTotal-N.

bN03-N. £
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used in  th is  study (see Table 5) i s  ty p ic a l o f most s o ils  in  the 

tro p ic s  and poses a major problem to  a g r ic u ltu re .

Figure 39 shows the proportion  o f added n u trien ts  lo s t  by 

erosion  on ind iv id u a l s o i ls .  The data in d ic a te  th a t F lo sses 

p a ra lled  the sediment lo sses  on these s o i l s .  Highest P lo ss  was 25^ 

of added P. On the  o ther hand, 30 to  70 percent o f added N and 35 to 

80 percen t of added K were l o s t  by erosion  on the various s o i l s .

Lower lossed of P a re  a t tr ib u ta b le  to  th e ir ' u n a v ila b il i ty  due to  low

pH and high A1 contents o f the  s o i l s .  The high P loss on Onne s o i l

could be due to  the sandy te x tu re  of th is  s o i l  which favors ? 

m o b ility . In ad d itio n , th is  s o i l  had high av a ilab le  F content 

i n i t i a l l y  ( 5 2 . 6  ppm).

Considerable lo sses  by leachate  were a lso  observed on some of 

the s o i ls  th a t were coarse tex tu red  or th a t  shewed high in f i l t r a t io n  

r a te s ,  such as Apomu, Egbeda, Dangappe, Funtua and Onne. Leachate 

lo sses imply a d ep le tion  o f n u tr ie n ts  from upper parts  of the m icro-

p lo ts .  This would probably r e s u l t  in  subsequent lower runoff

concentrations o f the n u tr ie n ts .  R esults summarized in  Figure AO 

are in d ica tiv e  o f the serious leaching  lo sses  on these s o i l s .  N utrien t 

concentrations o f  NO^-H, av a ilab le  P and X in  leachate water were . 

s im ila r  to  those from ru n o ff. The serious leaching lo sses  may be 

a ttr ib u te d  to the low CEC and coarse tex tu re  o f the s o i l s .
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6. S o il E ro d ib ll l ty  Analysis

Kj. index (defined on page 133) ranged from 0.C6 to  0.43 fo r 

the  dry run compared to  a range from 0.16 to  0.77 fo r the wet run 

on 5 percent slope (Table 32). Indices were much higher fo r  s o ils  

on 10 percent slope. There were a lso  high co rre la tio n  c o e ff ic ie n ts  

between Kr  and s o i l  organic m atter ( r  = -0 .7 9 ) , i n f i l t r a t io n  ra te  

( r  = -0 .8 7 ), exchangeable ITa ( r  = 0.71) and exchangeable K ( r  = 0 .6 7 ).

Egbeda s o i l  was the reference s o i l  w ith  Xr  of 0.346 on 10 

percent slope. On f ie ld  p lo ts ,  th is  s o i l  was considered e rod ib le  by 

Bruce-Okine and Lai, (1975). S o ils  on lab o ra to ry  m icroplots having 

h igher Kr  values were th e re fo re  c la s s if ie d  as moderately to h ighly  

e ro d ib le . S ix  o f the nine s o ils  used f e l l  in to  th is  category  (see 

Table 22). V e rtiso l was the  most su scep tib le  order and a l f i s o l s  were 

g en era lly  more e rod ib le  than u l t i s o l s .  The s u sc e p tib il i ty  o f the 

s o i ls  to erosion was in  the follow ing o rd e r: Ngala (V ertiso l)

>  Funtua (A lfiso l) > Dangappe (A lfiso l) > Apomu (E n tis o l)> Egbeda 

(A lfiso l)  > Onne (U ltiso l)  > Itagunmodi (U itiso l)  > Ikon (U ltiso l)  = 

Alagba (A lf iso l) .
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TABLE 32

ERODIBILITY INDICES, Kr FOR DIFFERENT 
SOILS ON LABORATORY MICROPLOTS

S oil Type
5% Slope 

Dry "Run" Wet "Run"

10% Slope 

(Wet Run)

Ngala 0.43 0.77 0.94
Funtua 0.09 0.57 0.66
Dangappe 0.07 0.37 0.80
Apomu 0.08 0.16 0.68
Egbeda 0.06 0.28 0.35
Onne 0.001 0.001 0.34
Itagunm idi 0.001 0.001 0.02
Alagba 0 0 0
Ikom 0 0 0



3UKKARY AIZD CONCLUSIONS

The p resen t study was conducted a t  In te rn a tio n a l I n s t i tu te  fo r 

T ropical A g ricu ltu re , Ibadan, N igeria during 1975. I t  was designed 

to  (1) in v e s tig a te  the e f fe c ts  o f n o - ti l la g e  versus conventional 

t i l l a g e  and se lec ted  cropping systems on erosion  lo sses from f ie ld  

p lo ts  o f A d if f e re n t s lo p es , (2) ch arac te rize  the clim ate w ith respect 

to  e ro s iv ity  param eters, and (3) determine the re la t iv e  s u s c e p t ib i l i t i  

o f some tro p ic a l  s o i ls  in  re la tio n  to  s o i l  and r a in f a l l  fa c to rs  under 

labo ra to ry  cond itions. The a d a p ta b ility  o f the u n iv ersa l s o i l  loss 

equation was a lso  considered.

R esults of the f ie ld  p lo t and r a in f a l l  c h a ra c te r is t ic s  stud ies 

ind ica ted  th a t the tro p ic a l clim ate was very e rosive. The high 

e ro s iv ity  was due to  (1) a high proportion  o f la rge  raindrops 

(>  2.5mm), (2) high r a in f a l l  in te n s i t ie s  and (3) g re a te r  proportion 

o f rainstorm s occurring before vegeta tion  cover i s  e s tab lish ed . S o il 

lo ss  was an exponential function  o f slope (exponent was 1.33 fo r 

bare p lo t ) .  The e ro d ib i l i ty  fa c to r  K of the un iv ersa l s o i l  lo ss  

equation was co n sid e ra lly  underestim ated on 10 and 15 percent slopes 

(K = C.10) than on gen tle  slopes (K = 0.1S fo r  5% slope) because of 

the past e rosion  h is to ry  of these p lo ts .  Erosion losses per u n it 

area were s l ig h t ly  higher on the sh o rte r p lo ts  than on the longer 

p lo ts  due to  the concave curvature o f  the l a t t e r .



The following e ro s iv ity  in iic e s  were computed from the  r a in f a l l  

data  and re la ted  to  erosion  from f ie ld  bare fallow  p lo ts : £1 3 0 * ^ e

product of energy and maximum 3 0 -minute in te n s i ty  of r a in f a l l s ;

KE > 1, k in e tic  energy o f r a in f a l l  w ith in te n s i t ie s  g rea te r than 1 

in /h r ;  AI, the product of amount and in te n s i ty  of r a in f a l l ;  and AIV, 

the  product of r a in f a l l  amount, in te n s i ty  and wind v e lo c ity . These 

ind ices were equally  good p red ic to rs  o f erosion  on f ie ld  p lo ts  with 

c o rre lc a tio n  c o e ff ic ie n ts  of 0 .71, 0 .30, 0.32 and 0.33 fo r  E I-„ , 

KE>1, AI and AIV, re sp ec tiv e ly .

The e ffe c ts  o f n o - ti l la g e  and conventional t i l la g e  p ra c tic e s  

on erosion with soybeans were compared fo r  1 , 5 , 10 and 15 percent 

slopes. S o il erosion  was com pletely e lim inated  cn a l l  slopes 

under n o - ti lla g e  while conventional t i l l a g e  gave an average s o il  

lo ss  o f AO m etric tons/ha  during the ro ta t io n  period. Crop y ie ld s  

increased up to 35/j under n o - ti lla g e  and were apparently a sso c ia te i 

w ith g rea te r a v a i la b i l i ty  of n u tr ie n ts , g re a te r  water s to rage and 

b e tte r  germination under the n o - ti l la g e  system.

S o il lo ss  'under monoculture cassava was A3 percent h igher than 

'under mixed cropping o f  corn and cassava but was not s ig n if ic a n tly  

d if fe re n t  under pigeon peas ro ta tio n . S o il  lo ss  under soybeans 

was the lowest (AC ton s/h a /y ear) and was about one-half o f th a t from 

mixed cropping of corn and cassava. Runoff and n u trien t lo sses  

p a ra lle led  the s o i l  lo sses  under the d if f e r e n t  cropping system s. 

D ifferences in  e ro s io n a l lo sses  were re la te d  to  the d i f f e r e n t ia l  ra te  

o f canopy cover provided by the  cropping systems. These d iffe ren ces  

were re f le c te d  in  the  crop management f a c to r ,  C of the u n iv e rsa l s o i l
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loss equation which was 0 .72, 0.4-3, 0.19 and 0.004, re sp ec tiv e ly , 

fo r  monoculture cassava, mixed cropping of corn and cassava, 

conventional t i l la g e  soybeans and n o - ti l la g e  soybeans.

In  a labora to ry  study, nine s o i l s  in  boxes were subjected to  

treatm ents involving combinations of slope (5 and 10,t), r a in f a l l  

in te n s i ty  (12.5 and 17.5 cm/hr) and du ra tions (7 , 10, 20 and 30 minutes) 

a t  a ir -d ry  and f ie ld  cap ac ity  m oisture regimes o f the s o i l s .  The so ils  

showed a wide range o f s u s c e p t ib i l i t ie s  to  erosion . S ix  of the s o i ls  

were considered m oderately to  h ighly e ro d ib le , w ith s u s c e p t ib i l i t ie s  

to erosion  in  the follow ing o rder: Ngala (V e rtiso l) )  Funtua

(H ap lu s ta lf)> Dangappe (P a le u s ta lf )> Apomu (U sto rth en t)> Egbeda 

(F a le u s ta lf)>  Onne (p a leu d u lt)>  Itagunmodi (F a le u s ta lf)>  Aiagba 

(P a le u s ta lf)>  Ikom (Tropchum ult). N utrien t lo sse s  of N, ? , K, Ca 

and Kg in  these s o i ls  were re la te d  to  th e i r  r e la t iv e  e r o d ib i l i t ie s  

and s o i l  mineralogy.

The high s u s c e p t ib i l i ty  o f the s o i ls  to  water erosion  is  due 

to high clim atic  e ro s iv i ty  and low re s is ta n c e  o f  the s o i ls  to 

d isp ersio n . Erosion can be considerably  reduced by adequate and 

tim ely  p ro tec tio n  o f the ground su rface . F rac tic es  th a t ra ise  the  

organic m atter and f e r t i l i t y  s ta tu s  o f  the s o i l s  would increase  

vegeta tive  cover and reduce erosion . Such p ra c tic e s  as the n o - t i l la e s  

and mixed cropping seem to  be su ita b le  conservation p ra c tic e s  under 

tro p ic a l  conditions. The a p p lic a b il i ty  of the un iv e rsa l s o i l  lo s s  

equation requ ires some m odifications in  the e ro s iv ity , c r e d ib i l i ty  ar.d 

slope fa c to rs . The e r o d ib i l i ty  and th e  erosion-slope re la tio n s h ip  as 

evaluated in  th a t equation should r e f l e c t  the erosion h is to ry  o f these 

s o i l s .



APPENDIX



155

TABLE 1

CALIBRATION OF NOZZLES ACCORDING TO DROP VELOCITY

Nozzle Water Average Height Velocity* Terminal Velocity**
2 2 1/2  

Type Pressure of P ro jec tio n , h vq = Vt  = v̂0 +
lb  in  2 cm m2/sec 2 m/sec

3 22 4.31 7.62
5 52 10.19 7.99

7 LA 6 57 11.17 8.05
8 72 14.11 8.23

10 97 19.01 8.53

3 20 3.92 7.59

5B 5 45 8.82 7.91
6 55 10.78 8.03
7.5 70 13.72 8.21

2
*g = 9 .8 m/sec .

**s = he igh t of nozzle above m icroplot = 2.73 m.

2
K inetic  energy (Joule/m cm) was 314.65 a t  12.5 cm/hr and

354.53 a t  17.5 cm/hr in te n s i t ie s  using nozzle 7LA.



TABLE 2

AN ILLUSTRATIVE COMPUTATION OF SOME RAINFALL CHARACTERISTICS
(R a in fa ll of 10/10/75)

1 2 3 4 5 6 7 8 9 10 11
Time of 
Day

Time
In te rv a l R a in fa ll

Amount
(a)

R ain fa ll 
In te n s ity  (I)

a l
(4x5) 1° 810I

E
210 + 891og1Q I

T otal E
( 8 x 4 )  KE > 1

Wind
V elocity

(min) inch cm cm/hr cm/hr cm/hr ton-m eter/ha cm m etric
ton-m eter/ha

km/hr

1753 35.4
1758 5 0.25 0.64 7.68 4.92 0.885 288.77 184.8 184.8 32.2
1800 2 0.05 0.13 3.90 0.51 0.591 262.60 34.1 34.1 19.3
1803 3 0.20 0.51 10.20 5.20 1.009 299.80 152.9 152.9 21.7
1807 4 0.15 0.38 5.70 2.17 0.756 277.28 105.4 105.4 14.5
1814 7 0.18 0.46 3.94 1.81 0.595 262.96 121.0 121.0 16.1
1823 9 0.04 0.10 0.67 0.07 -0.174 194.51 19.5 — 12.9
1930 7 0.03 0.08 0.69 0.06 -0.161 195.67 15.7 — 16.1
2055 25 0.00 0.00 0.00 0.00 — — 0.0 — 8.1
2057 2 0.05 0.13 3.90 0.51 0.591 262.60 34.1 34.1 13.7
2105 8 0.11 0.28 2.10 0.59 0.322 238.66 66.8 — 8.1
2117 12 0.03 0.08 0.40 0.03 -0.398 174.58 14.0 — 8.1
Total 1.09 2.79 15.87 748.3 632.3

Maximum 30-minute in te n s i ty  s= 4.42 cm/hr.

EI30 X 10"
2 = 748.,3 x 4.42 x 10-2  = 33.07.

A = 2.79 cm; I  = 10.20 cm/hr (peak in te n s i ty ) ;  (wind v e lo c ity  a t  peak in te n s ity )  = 25 km/hr. ^
AIV = 2.74 x 10.20 x 21.7 = 617.5. 
AI = Eal = 15.87.



TABLE 3

AN ILLUSTRATIVE COMPUTATION OF DROP SIZES FOR A SINGLE RAIN-SAMPLE OF lO/lO/75

Sieves
s ize

Mass o f 
a l l  p e l le ts  

M

Number o f 
p e l le ts  

• n

Mass o f 
avg p e l le t  

m=(M/n)

Mass
r a t io

R

Mass o f 
a l l  drops 

Md=RM

Mass o f Mass of 
avg drop avg drop v

md=Rm d= C( 6/ tt) md) 5

Percent of 
t o t a l  mass 
lOOMd/ Md

Cumulative
volume

mm mg mg mg mm %

>4.00 0 0 0 0 0 0 0 0 100
2.36-4 .00 0 0 0 0 0 0 0 0 100
2.00-2 .36 35.01 3 11.67 1.10 38.50 12.84 2 . 9 0 1 2 .2 9 93.97
1.68-2.00 8 6 . 0 6 13 6 . 6 2 1.08 9 2 .8 8 7.15 2.39 2 9 . 6 5 72.90
1.40-1.68 68.00 16 4.25 1.06 72.08 4.51 2 . 0 5 2 3 .0 1 46.5?
1.19-1.40 52.18 24 2.17 1.04 53,82 2 . 2 5 1 . 6 2 17.18 26.47
0 .85-1 .19 14.95 13 1.15 1.01 15.15 1.16 1.31 4.84 15.40
0 .71-0 .85 31.20 60 0.52 0.98 30.38 0.51 0.99 9.70 8.19
0.60-0.71 11.04 46 0.24 0.95 1 0 .4 5 0.23 0 . 7 6 3.34 1.67

*Md 313.26

v_n-3



CU
MU
LA
TI
VE
 
VO
LU
ME
 

W

158

80-

60-

Median drop s ize

1 2 3 4 5

RAINDROP DIAMETER (®“0
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Figure 3. Raindrop s iz e  d is tr ib u tio n  a t  ind ica ted  r a in f a l l  in te n s i t i e s ,  
I  and wind v e lo c i t ie s ,  W.
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Figure 5. Raindrop s iz e  d is tr ib u tio n  a t  ind ica ted  r a in f a l l  in te n s i t ie s ,  
I  and wind v e lo c i t ie s ,  W
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Figure 10. Raindrop s iz e  d is tr ib u tio n  a t ind icated  r a in fa l l
in t e n s it ie s ,  I and wind v e lo c i t ie s ,  W.
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Figure 11. Raindrop s ize  d istribu tion  at indicated r a in fa ll
in te n s it ie s ,  I and wind v e lo c it ie s ,  W.
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TABLE A

EFFECT OF EROSION ON TEXTURE OF SOIL UNDER NO-TILLAGE 
AND CONVENTIONAL TILLAGE SOYBEANS

N o-Tillage Conventional T illage
S o il Time'*' in  [Slope (%)] [Slope (%) ]

Seperate Rotation 1 5 10 15 1 5 10 15

B 66.2 62.4 68.5 65.2 65.5 61.8 65.3 65.3
Sand

F 65.9 63.1 67.9 65.3 66.4 63.1 64.9 65.3

B 18.4 20.0 14.1 17.4 20.1 20.8 18.3 17.3
S il t

F 17.1 16.9 14.9 17.5 15.6 16.9 15.1 16.5

B 15.4 17.6 17.4 17.4 14.4 17.4 16.4 17.4
Clay

F 17.0 20.0 17.2 17.2 18.0 20.0 20.0 18.2

^B = Beginning of ro ta tio n . 
F = End of ro ta tio n .
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TABLE 5

EFFECT OF EROSION ON TEXTURE OF SOIL UNDER 
VARIOUS CROPPING SYSTEMS

Monoculture Cassava Mixed Cropping of
r m  / < w \  i  u u l u  • O d a a1 [Slope (%)]

S o il Time in  [Slope (%)
Seperate Rotation 1 5 10 15 1 5 10 15

B 67.5 60.8 57.2 61.8 62.4 64.5 67.4 62.2
Sand

F 59.8 61.0 62.3 61.4 62.2 63.8 67.4 59.1

B 18.1 18.2 18.4 15.8 20.2 20.1 16.2 17.4
S i l t

F 21.2 18.0 15.5 15.4 16.8 17.2 14.4 16.7

B 14.4 21.0 24.4 22.4 17.4 15.4 16.4 20.4
Clay

F 19.2 21.0 22.2 23.2 21.0 19.0 18.2 24.2

= Beginning of ro ta tio n . 
F = End of ro ta tio n .
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SOIL LOSS AND RUNOFF FROM BARE 
PLOTS ON DIFFERENT SLOPES

S o il Loss (ton/ha) Runoff (mm)

Date 1% 5% 10% 15% 1% 5% 10% 15%

4/19/75 0.52 4.89 2.28 4.29 13.60 7.75 9.64
4/21 0.04 0.87 0.38 0.77 0.54 0.48 1.15 0.42
4/24 0.36 8.31 4.93 5.46 22.52 16.91 8.98 18.23
4/26 - 0.24 8.61 4.45 13.46 22.19 9.58 23.18
4/29 0.18 6.27 4.54 4.22 17.94 26.91 7.63 17.20
4/30 0.10 2.18 1.76 1.23 5.72 7.22 3.69 3.27
5/3 0.17 5.16 2.39 2.30 10.67 16.99 5.72 12.28
5/8 0.03 1.38 0.24 0.00 2.72 3.14 1.11 0.28
5/9 0.12 3.72 1.94 1.55 7.17 7.28 3.69 7.19
5/17 0.13 4.57 2.74 3.30 21.53 27.48 6.99 19.55
5/20 0.08 1.31 0.95 0.52 5.01 5.01 3.23 2.77
5/21 0.06 3.16 1.24 0.29 6.33 6.33 3.69 2.21
5/24 0.10 3.27 1.39 0.40 10.30 11.62 3.69 6.33
5/27 0.23 3.46 4.96 4.38 20.87 27.48 12.94 24.17
5/29 0.21 5.78 3.17 3.32 13.60 13.60 5.67 10.30
6/6 0.01 0.64 0.00 0.00 0.18 0.46 0.00 0.00
6/8 0.10 4.34 1.04 0.47 7.65 7.65 3.69 3.32
6/9 0.03 0.93 0.01 0.04 3.60 3.41 0.46 1.11
6/10 0.08 2.68 0.45 0.08 5.01 11.62 3.69 1.57
6/13 5.41 6.39 4.94 6.90 41.35 54.57 19.55 53.25
6/19 0.09 7.38 6.21 5.78 18.89 28.14 8.32 19.55
6/26 0.03 1.62 0.46 0.43 2.49 2.49 1.11 0.37
6/27 0.15 11.65 3.72 2.79 19.55 24.17 3.69 14.26



TABLE 6 —Continued
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S oil Loss (ton/ha) Runoff (mm)

Date 1% 5% 10% 15% 1% 5% 10% 15%

7/4-5 0.01 6.40 2.22 1.25 18.23 27.48 3.69 14.92
7/11-12 0.01 1.74 0.64 0.08 2.58 5.01 3.69 1.85
7/17 0.01 6.80 0.83 0.04 22.19 26.83 6.33 2.30
7/20-21 0.01 6.02 1.11 0.53 3.69 19.55 9.64 5.67
7/21 0.01 0.03 0.03 0.00 2.80 3.23 2.80 0.46

10/1 0.00 1.48 3.36 3.47 3.69 16.90 16.90 20.87
10/6-7 0.28 7.09 1.74 3.40 10.30 16.91 30.12 19.55
10/9 0.00 0.01 0.01 0.02 0.46 0.55 0.65 0.37
10/10-12 0.41 6.03 2.38 3.26 3.69 27.48 5.67 5.67
10/14 0.13 1.79 0.38 0.26 1.66 3.41 3.41 1.29
10/17-18 0.33 3.98 4.74 1.73 18.23 24.84 10.30 10.30
10/22 0.36 2.47 1.91 1.56 2.50 7.65 6.99 3.23
10/23 0.04 0.02 0.01 0.02 1.75 2.95 2.12 1.66
10/25-26 0.27 5.72 2.51 4.11 3.69 22.85 20.21 12.28



TABLE 7 173

SOIL LOSS (TONS/HA) UNDER CASSAVA (MC) AND 
MIXED CROPPING OF CORN AND CASSAVA

1% 5% 10% 15%

Date me cc me cc me cc me cc

4/19/75 0.13 0.12 1.04 0.81 1.89 1.82 4.64 5.65
4/21 0.01 0.01 0.15 0.06 0.39 0.25 0.66 0.76
4/24 0.14 0.07 2.03 2.89 11.30 3.73 15.67 16.98
4/26 1.02 0.25 2.34 3.30 10.07 9.48 19.63 9.32
4/29 0.11 0.15 3.38 4.85 8.97 17.36 18.46 14.97
4/30 0.06 0.17 3.43 1.71 4.92 5.33 8.59 8.02

5/3 0.11 0.12 6.71 4.38 8.19 5.86 10.66 10.72
5/8 0.00 0.01 1.07 0.63 0.92 0.60 1.50 1.02

5/9 0.04 0.12 1.85 1.44 4.02 2.48 5.86 4.17
5/17 0.10 0.18 3.21 2.32 10.47 5.58 16.91 13.21
5/20 0.01 0.03 2.18 1.30 4.08 2.83 3.76 3.18
5/21 0.02 0.04 3.25 1.55 3.74 3.10 1.64 2.76
5/24 0.10 0.10 4.49 2.63 3.05 1.63 7.19 3.06
5/27 0.06 0.25 3.44 1.70 6.81 5.61 25.78 13.47
5/29 0.08 0.21 6.07 4.46 6.81 5.98 10.94 7.35
6/6 0.00 0.00 0.17 0.20 0.00 0.00 0.00 0.00
6/8 0.04 0.05 2.97 1.98 2.26 0.67 4.52 1.65
6/9 0.00 0.01 2.92 0.71 0.21 0.01 0.29 0.07
6/10 0.00 0.03 2.39 0.79 0.73 0.24 1.79 0.37
6/13 0.46 0.23 2.98 1.31 13.04 6.00 35.29 6.23
6/19 0.04 0.05 4.73 1.57 9.34 4.37 10.82 §.67
6/26 0.00 0.00 0.74 0.50 0.01 0.00 0.00 0.00

6/27 0.02 0.13 4.25 1.63 2.24 1.21 6.40 3.80



TABLE 7 —Continued

1% 5% 10% 15%

Date me cc me cc me cc me cc

7/4-5 0.01 0.06 3.68 2.61 2.55 0.51 3.12 1.52
7/11-12 0.00 0.04 1.19 0.30 0.14 0.02 0.34 0.42
7/17 0.04 0.01 5.99 1.47 1.16 0.28 2.11 0.48
7/20-21 0.01 0.02 4.07 1.25 0.55 0.06 1.58 0.66
7/21 0.00 0.00 0.02 0.00 0.00 0.02 0.02 0.01

10/1 0.02 0.00 0.46 0.40 1.96 0.02 0.02 0.01
10/6-7 0.03 0.00 4.28 0.57 2.46 0.30 1.03 0.15
10/9 0.00 0.00 0.23 0.01 0.29 0.00 0.37 0.01
10/10-12 0.01 0.00 0.30 0.36 0.93 0.01 0.51 0.01
10/14 0.00 0.00 0.01 0.00 0.10 0.00 0.00 0.00
10/17-18 0.01 0.01 0.62 0.13 0.22 0.12 0.64 0.03
10/22 0.00 0.00 0.21 0.02 0.07 0.01 0.06 0.01
10/23 0.00 0.01 0.11 0.00 0.01 0.00 0.01 0.00
10/25-26 0.02 0.00 0.55 0.02 1.04 0.06 0.28 0.16



TABLE $ 175

RUNOFF fan j UNDER MONOCULTURE CASSAVA fac ) AND 
MIXED CROPPING OF CORN AND CASSAVA

Date

1% 5% 10% 15%

me cc me cc me cc me cc

4/19/75 6.38 7.42 11.05 10.39 5.43 8.74 8.36 8.03
4/21 0.09 0.09 0.46 0.47 0.46 0.32 0137 0.42
4/24 11.95 6.33 26.16 9.64 5.01 6.99 12.94 10.30
4/26 17.00 8.41 4.40 22.24 4.77 11.05 11.71 11.29
4/29 12.37 6.71 18.98 18.98 5.06 10.74 7.40 7.30
4/30 2.80 4.40 5.76 4.40 5.10 4.44 3.69 3.69
5/3 7.75 7.37 15.68 12.37 5.72 7.04 9.07 7.65
5/8 0.09 0.09 2.31 3.04 1.20 0.88 1.01 1.01
5/9 3.27 4.40 7.22 7.15 5.72 5.06 5.10 5.10
5/17 14.92 10.30 28.85 23.61 5.76 10.39 10.39 10.30
5/20 1.89 2.31 5.01 4.35 3.23 2.31 2.81 3.23
5/21 3.69 3.69 6.99 4.35 3.69 3.69 3.69 5.01
5/24 6.33 3.69 12.94 9.64 5.67 5.67 12.28 6.33
5/27 5.67 12.94 24.83 25.50 5.67 13.60 55.89 12.94
5/29 8.98 7.65 16.91 13.60 5.67 6.99 6.99 8.98
6/6 0.00 0.00 0.18 0.28 0.00 0.00 • 0.00 0.00
6/8 3.60 2.95 8.98 6.33 3.14 2.12 2.31 3.69
6/9 0.09 0.55 6.99 8.98 1.57 1.10 2.03 2.03
6/10 0.09 3.14 8.98 5.67 3.69 2.77 8.98 3.69
6/13 40.69 35.41 50.61 53.25 16.91 36.07 44.66 28.80
6/19 7.65 8.98 23.51 20.21 5.01 13.60 16.91 15.58
6/26 0.00 0.18 1.48 0.55 0.28 0.00 0.00 0.37
6/27 3.69 11.62 22.85 18.89 5.01 8.98 16.25 12.94



TABLE 8 —Continued 176

1% 5% 10% 15%

Date me cc me cc me cc me cc

7/4-5 3.69 3.69 21.53 14.92 5.67 4.35 2.19 9.64
7/11-12 0.18 0.74 5.67 3.50 3.69 0.74 2.95 3.23
7/17 15.58 0.92 24.84 14.92 14.26 3.50 8.98 11.62
7/20-21 1.38 2.03 19.55 12.94 7.65 1.85 8.32 6.33
7/21 0.00 0.00 1.38 2.31 1.38 0.46 0.92 1.38

10/1 5.67 0.65 20.20 8.98 20.90 2.30 10.30 3.23
10/6-7 9.63 1.01 23.51 10.96 28.80 7.65 23.51 6.33
10/9 0.28 0.00 6.33 1.10 5.01 0.37 2.68 0.46
10/10-12 3.69 1.20 14.26 5.67 20.21 3.23 21.53 3.23
10/14 0.00 0.00 1.75 0.64 2.21 0.37 1.20 0.46
10/17-18 1.48 1.01 18.23 6.98 5.67 2.58 3.68 2.68
10/22 0.00 5.67 5.67 1.57 5.67 0.65 2.86 1.11
10/23 0.28 0.28 2.49 0.74 1.47 0.28 0.74 0.28
10/25-26 5.01 0.28 21.53 7.65 3.69 13.60 14.26 2.21



TABLE 9
177

SOIL LOSS (TONS/HA) UNDER ROTATIONS OF NO-TILL 
SOYBEANS (NT) AND CONVENTIONAL 

TILLAGE SOYBEANS (CT)

Date

1% 5% 10% 15%

NT CT NT CT NT CT NT CT

4/9/75 0.00 0.06 0.00 0.53 0.00 2.08 0.00 7.26
4/21 0.00 0.00 0.00 0.02 0.00 0.04 0.00 0.02
4/24 0.00 . 0.04 0.01 0.62 0.00 7.62 0.00 6.91
4/26 0.00 0.06 0.00 1.90 0.00 10.23 0.03 7.06
4/29 0.00 0.05 0.00 1.94 0.00 6.90 0.01 8.57
4/30 0.00 0.07 0.00 1.14 0.00 1.72 0.00 4.60
5/3 0.00 0.02 0.00 2.36 0.00 4.93 0.00 4.80
5/8 0.00 0.00 0.01 0.43 0.00 0.11 0.00 0.12
5/9 0.00 0.01 0.02 1 .7i 0.00 2.40 0.02 3.57
5/17 0.00 0.03 0.00 1.93 0.00 7.42 0.00 7.75
5/20 0.00 0.00 0.00 0.70 0.00 1.50 0.00 2.28
5/21 0.00 0.00 0.00 0.83 0.00 1.94 0.00 1.24
5/24 0.00 0.02 0.00 0.68 0.03 1.05 0.00 1.54
5/27 0.00 0.02 0.00 1.12 0.00 12.96 0.00 4.62
5/29 0.00 0.01 0.00 1.49 0.00 2.82 0.01 4.19
6/6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6/8 0.00 0.00 0.00 0.38 0.00 0.09 0.00 0.07
6/9 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01
6/10 0.00 0.00 0.00 0.17 0.01 0.01 0.00 0.01
6/13 0.00 0.01 0.00 1.55 0.00 2.24 0.00 2.77
6/19 0.00 0.00 0.00 1.03 0.00 0.36 0.00 0.25
6/26 0.00 0.00 0.00 0.00 0; 00 0.00 0.00 0.00
6/27 0.00 0.00 0.00 0.59 0.00 0.16 0.00 0.00



TABLE 9 —Continued
178

1% 5% 10% 15%

Date NT CT NT CT NT CT NT CT

7/4-5/75 0.00 0.00 0.00 0.26 0.00 0.00 0.00 0.00
7/11-12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7/17 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01
7/20-21 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00
7/21 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00

10/1 0.00 0.00 0.00 0.02 0.00 0.12 0.00 0.02
10/6-7 0.00 0.01 0.00 0.34 0.00 0.61 0.00 0.10
10/9 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00
10/10-12 0.00 0.00 0.00 0.08 0.00 0.08 0.00 0.02
10/14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10/17-18 0.00 0.00 0.00 0.04 0.00 0.09 0.00 0.20
10/22 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.01
10/23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10/25-26 0.00 0.00 0.00 0.01 0.01 0.08 0.00 0.00



TABLE 10 179

RUNOFF (MM) UNDER ROTATIONS OF NO-TILL SOYBEANS (NT) 
AND CONVENTIONAL TILLAGE SOYBEANS (CT)

1% 5% 10% 15%

Date NT CT NT CT NT CT NT CT

4/19/75 0.09 3.69 0.23 3.60 0.55 3.74 0.46 8.36
4/21 0.09 0.00 0.09 0.09 0.00 0.18 0.09 0.09
4/24 0.37 3.69 0.92 10.30 1.01 5.67 1.01 8.98
4/26 0.09 3.69 0.51 15.91 0.78 24.84 0.69 11.67
4/29 0.09 3.69 0.46 12.99 0.55 20.21 0.50 11.00
4/30 0.09 1.42 0.18 4.40 0.18 0.18 0.18 1.75
5/3 0.18 3.60 0.18 10.34 0.65 12.94 0.37 5.72
5/8 0.09 0.00 0.18 1.15 0.18 0.92 0.18 0.18
5/9 0.09 3.26 0.18 5.06 0.37 7.19 0.28 5.72
5/17 0.42 3.60 0.51 15.68 0.92 22.19 0.74 18.89
5/20 0.00 0.00 0.18 2.26 0.18 2.81 0.18 2.31
5/21 0.09 1.29 0.09 3.69 0.18 5.67 0.18 2.21
5/24 0.18 0.28 0.18 5.01 0.28 7.65 0.28 3.51
5/27 0.18 3.69 0.46 12.28 0.78 26.82 0.65 20.21
5/29 0.18 2.77 0.28 8.31 0.46 13.60 0.46 8.32
6/6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6/8 0.18 0.00 0.18 3.23 0.18 1.01 0.18 0.18
6/9 0.18 0.00 0.09 0.09 0.28 0.28 0.37 0.37
6/10 0.18 0.09 0.18 1.38 0.18 0.92 0.23 0.23
6/13 0.73 3.69 0.92 36.73 1.29 43.32 1.29 26.82

6/19 0.28 0.00 0.37 5.01 0.65 5.01 0.83 2.49
6/26 0.00 0.00 0.00 0.00 0.00 •0.00 0.28 0.00
6/27 0.28 0.00 0.46 9.63 0.06 7.65 0.65 0.83



TABLE 10 —Continued
180

1% 5% 10% 15%

Date NT CT NT CT NT CT NT CT

7/4-5/75 0.46 0.00 0.55 1.57 0.65 2.58 0.74 0.74
7/11-12 0.28 0.00 0.18 0.09 0.37 0.83 0.37 0.46
7/17 0.55 0.27 0.46 1.01 0.65 1.57 0.92 0.83
7/20-21 0.37 0.00 0.37 0.92 0.46 0.74 0.55 0.46
7/21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10/1 0.00 0.00 0.00 10.30 0.00 10.30 0.00 7.65
10/6-7 0.83 1.57 1.01 12.94 1.29 16.25 1.11 11.62
10/9 0.37 0.00 0.37 0.55 0.28 0.83 0.28 0.46
10/10-12 0.46 0.00 0.46 5.01 0.92 5.67 0.92 3.69
10/14 0.00 0.00 0.00 0.00 0.28 0.28 0.28 0.37
10/17-18 0.55 0.18 0.74 3.69 0.83 5.01 0.92 3.69
10/22 0.00 0.00 0.00 0.00 0.00 1.11 0.00 0.65
10/23 0.28 0.00 0.28 0.00 0.46 0.00 0.55 0.28
10/25-26 0.28 0.00 0.00 5.67 0.65 5.67 0.74 2.77



TABLE 11
181

SOIL LOSS AND RUNOFF FROM.PLOTS 
OF DIFFERENT LENGTHS

12.5 Meters 37.5 Meters

S o il Loss
(ton/ha) Runoff (mm)

Soil Loss
(ton/ha) Runoff (mm)

Date 10% 15% 10% 15% 10% 15% 10% 15%

4/19/75 12.95 3.40 19.46 13.33 4.08 2.65 3.40 9.16
4/21 0.60 0.56 1.20 0.92 0.77 0.54 0.22 0.28
4/24 12.94 8.86 31.16 11.34 10.03 10.46 4.22 3.34
4/26 18.60 7.40 14.31 4.35 17.34 12.21 11.00 20.87
4/29 8.86 6.53 21.50 14.10 5.83 5.36 4.80 11.60
4/30 2.56 1.30 6.30 0.46 6.42 0.54 — 2.50
5/3 8.49 2.81 18.04 8.70 7.60 4.67 6.45 8.63
5/8 0.66 0.38 2.49 1.48 0.90 0.17 0.68 0.28
5/9 6.34 2.40 11.44 7.38 5.43 2.36 3.37 2.18
5/17 9.13 4.12 32.67 13.99 6.04 3.00 5.60 0.00
5/20 2.98 0.59 3.78 2.86 3.38 1.96 2.15 2.18
5/21 2.85 0.71 6.83 6.27 4.92 2.06 2.90 3.78
5/24 1.78 0.10 6.46 1.66 3.16 1.71 2.46 4.66
5/27 12.16 — 25.88 — 6.46 5.94 4.66 20.52
5/29 10.09 5.03 16.63 10.02 6.59 6.06 4.66 8.63
6/6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6/8 2.02 0.47 5.54 4.61 2.22 1.56 2.03 1.60
6/9 1.11 0.01 4.80 3.14 0.00 0.01 0.68 0.43
6/10 0.48 0.04 6.09 3.69 0.55 0.28 2.46 1.91
6/13 11.45 — 53.64 — 12.35 — 37.26 —

6/19 8.55 1.42 25.88 23.24 2.76 2.53 4.66 9.07
6/26 0.01 0.00 0.56 0.00 0.07 0.00 0.25 0.00
6/27 5.00 0.70 20.06 11.35 2.54 0.86 4.67 5.99



TABLE 11— Continued
1S2

12.5 Meters 37.5 Meters

Date

S o il Loss 
(ton/ha) Runoff (mm)

S o il Loss 
(ton/ha) Runoff (mm)

10% 15% 10% 15% 10% 15% 10% 15%

7/4-5/75 1.61 0.14 19.28 5.17 1.04 0.14 2.90 1.60
7/11-12 0.00 0.01 4.80 0.73 0.00 0.00 0.25 0.13
7/17 0.09 0.03 7.38 2.77 0.00 0.00 1.17 0.74
7/20-21 0.46 0.01 6.46 1.48 0.03 0.00 0.62 0.31
7/21 0.00 0.01 0.98 0.00 0.00 0.00 0.00 0.00

10/1 0.02 0.07 16.63 11.34 1.75 0.02 11.28 3.78
10/6-7 6.55 0.12 25.90 7.38 2.03 0.08 13.90 4.22
10/9 2.36 0.01 6.83 1.66 0.03 0.00 2.22 0.00
10/10-12 4.32 0.02 20.60 7.38 1.81 0.00 15.75 2.28
10/14 0.01 0.00 3.88 0.55 0.00 0.00 1.24 0.25
10/17-18 1.75 0.06 20.60 3.88 0.84 0.03 9.11 1.63
10/22 0.57 0.00 12.67 1.11 0.03 0.01 2.16 0.31
10/23 0.01 0.00 3.14 0.55 0.00 0.00 0.68 0.00
10/25-26 0.96 0.03 19.27 1.85 0.05 0.00 7.34 0.74
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Figure 13. I n f i l t r a t io n  c h a ra c te r is t ic s  of s o i l  as influenced by t i l l a g e  and cropping
treatm ents on 5% slope
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treatments on 10% slope
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TABLE 12

SOIL LOSS (G/PLOT)1 FROM LABORATORY MICROPLOTS 
UNDER DIFFERENT TREATMENT COMBINATIONS

2Treatment Combinations

S o il Type S l^ A i W 2 W s S1I 2A1 S1I 2A2 Sl V 3 S2I 1A1 S2I 1A2 S2I 1A3 S2I 2A1 S ̂ 12^2. S2I 2A3

Ngala 96.6 230.2 335.1 405.9 739.0 954.0 139.4 486.5 847.6 262.1 581.1 1061.7
Funtua 43.9 153.4 219.7 240.7 472.1 913.4 143.3 215.0 334.0 334.2 720.1 635.5
Dangappe 54.4 60.8 94.7 133.6 413.3 576.4 221.6 335.8 429.9 354.0 716.4 823.3
Apomu 7.0 7.5 15.5 69.7 214.5 247.4 108.1 201.5 370.8 278.3 519.1 976.7
Egbeda 40.8 41.3 135.6 111.5 295.8 395.4 54.2 67.7 83.8 126.2 389.0 526.0
Onne 0.0 0.0 0.0 0.0 0.0 0.0 46.4 155.5 191.4 116.1 315.5 386.3
Itagunmodi 0 .0 0.0 0.0 0.0 0.0 0.0 0.8 3.5 7.5 8.2 12.1 18.1
Alagba 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0
Ikom 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Average of 2 re p lic a t io n s .
2 = 5% slope; S£ = 10% slope; 1^ = 12.5 cm/hr; I g = 17.5 cm/hr r a in f a l l  in te n s ity ;  

A  ̂ = 2 .1 cm; A£ = 4.2 cm; Â  = 6.3 cm r a in f a l l  amount.



TABLE 13

RUNOFF C/o)1 FROM LABORATORY MICROPLOTS UNDER 
DIFFERENT TREATMENT COMBINATIONS

2Treatment Combinations

S o il Type ¥ 1 * 1 W 2 S i1^ W l S1I 2A2 S1I 2A3 W l S2I 1A2 S2I 1A3 S2I 2A1 S2I 2A2 S2 I 2A2

Ngala 79 89 89 95 98 98 87 86 83 96 92 95
Funtua 63 72 70 77 78 91 84 75 81 79 97 88
Dangappe 53 59 57 46 69 71 71 76 74 85 82 78
Apomu 23 42 57 40 56 45 66 66 61 62 79 79
Egbeda 65 63 59 66 79 80 79 80 76 86 98 85
Onne 0 0 0 0 0 0 22 42 35 31 47 44
Itagunmodi 0 0 0 0 0 0 22 40 44 22 28 40
Alagba 0 0 0 0 0 0 0 0 0 0 0 0
Ikom 0 0 0 0 0 0 0 0 0 0 0 0

Average of 2 re p lic a t io n s .
2

S^ = 5%; S2 = 10% slope; 1^ = 12.5%; ^  = 17.5 cm/hr r a in f a l l  in te n s ity ;  
A  ̂ = 2.1%; A2 = 4.2%; Â  = 6.3 cm r a in f a l l  amount.
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