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A b s t r a c t

Th e s t ud y was c a r r i e d  out on 12 natu ra l runof f 

pl ot s e a c h - b e i n g  2 m wi de  and 11.6 m long i n s t a l l e d  

at K a b e t e  F i e l d  S t a t i o n  to a s s e s s  the e f f e c t  of 

s u r f a c e  c o ve r in c o n t r o l l i n g  e r o s i o n  on an a v e r a g e  

s l op e of 8%. Four rates of s u r f a c e  c o ve r (0% co ve r or 

co nt ro l,  10%, 20 % and 40% s u r f a c e  co ve r) w i t h  three 

r e p l i c a t i o n s  of e a ch  rate w e r e  t e s t e d  u n de r the 

na tu ra l rainfal 1 d u r i n g  the s h or t rains of 1988, long 

rain s of 1989 and on the s i m u l a t e d  rai nf all  and 

o v e r l a n d  flow.

R e s u l t s  s h o w e d  that the d i f f e r e n t  rates of 

s u r f a c e  c o ve r we re s i g n i f i c a n t l y  a f f e c t i n g  the 

e r o s i o n  rate. Annual soil loss (total soil loss from 

O c t o b e r  1988 to A u g u s t  1989) for the control plot was 

3 1 8 . 5  t/ha, w h i l e  for the 10%, 20 %  and 4 0 % s u r f a c e  

c o v e r e d  pl ot s the annual soil losses we re  

r e s p e c t i v e l y  301.6, 2 5 8 . 4  an d 2 1 4 . 8  t/ha. Th e soil 

loss was h i g h l y  r e d u c e d  by the 40 % s u r f a c e  c o v e r e d  

plo t s as c o m p a r e d  to the o t h e r  t r e a tm en ts . The 

d i f f e r e n c e  b e t w e e n  the rates of s u r f a c e  c o ve r was 

s t a t i s t i c a l l y  d i f f e r e n t  at 95 %  c o n f i d e n c e  in 

c o n t r o l l i n g  soil loss. The p e r c e n t  s u r f a c e  c o v e r a g e  

of the soil by the s i m u l a t e d  s t o n e s  was e x p o n e n t i a l l y  

r e l a t e d  to the soil loss w i t h  a c o e f f i c i e n t  of 

d e t e r m i n a t i o n  (r^) of 98%.

The a n nu a 1 runof f was not s i g n i f i c a n t l y
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i n f 1u e n c e d by the d i f f e r e n t  ra te s of the covers. The

tota 1 r a i n f a 1 1 f rom O c t o b e r 1988 to June 1989 in

w h i c h the runof f plots we re mo n i tored was 1370 mm

w h e r e a s  the total runoff, e x c l u d i n g  the runoff from 

the two he av y st orm s of 0 7 / 0 5 / 8 9  and 18/05/89, was 

140 mm from the control plot and 13 9, 13 8 and 130 from 

10% 20% and 40% s u r f a c e  c o v e r e d  plots. Ex cl ud in g the 

ru no ff  and the rainfall f r om  the two heavy storms, 

the runoff as pe r c e n t  of the rainfa ll was 12% from 

the 40% s u r f a c e  c o v e r e d  plot and  13%, 12.9% and 12.8% 

fr om  the bare (0%),l0% and 2 0% s u r f a c e  covered plots 

r e s p e c t i v e l y .  The e f f e c t  of the four rates of s u r f a c e  

c o ve r was not s t a t i s t i c a l l y  d i f f e r e n t  in c o n t r o l l i n g  

runof f .

Soil loss from 79 m m / h  s i m u l a t e d  rainfall for 

the one hour initial run, was 31.6, 30.3. 24.4 and 

21.1 t/ha from the co ntr ol,  10%, 2 0 % and 40% su r f a c e  

c o v e r e d  plots r e s p e c t i v e l y .  S i m i l a r l y  runoff was 33, 

37. 34 and 27 mm from the co n t r o l ,  10%, 20% and 40% 

s u r f a c e  c o v e r e d  plots r e s p e c t i v e l y .

The ratios of soil loss fr om  the 40% cover to 

the soil loss from the c o n t r o l  plot were 67%, 56%, 

57 % and 51% r e s p e c t i v e l y  f r om  the dry, wet, 1st very 

wet and 2 nĉ ve ry wet runs. M o r e o v e r  the ratios of the 

ru no ff  from the 40% s u r f a c e  c o v e r e d  plots to the 

c o nt ro l plot were 82%, 77%, 72 %  and 93% du rin g the 

dry, wet, Is* ve ry wet an d 2 n<̂ very wet runs 

r e s p e c t  i v e 1y .

The a n a l y s i s  of p a r t i c l e  si ze  d i s t r i b u t i o n  of



the e r o d e d  s e d i m e n t  sh owe d that the p r o p o r t i o n  of 

cl ay  si ze d p a r t i c l e s  in the e r o d e d  s e d i m e n t  was low 

in the sh ort  rains but s l o w l y  i n c r e a s e d  in the long 

rains as the e r o s i o n  p r oc es s c o n t i n u e d .

The c o ve r and m a n a g e m e n t  C - f a c t o r  va lu es 

c o m p u t e d  as the ratios of the a n nu al  soil loss from 

the s u r f a c e  c o v e r e d  plots to the co nt rol  plot was

0.91, 0.81 an d 0.65 for 10%, 20 % and 40% su r f a c e  

c o ve rs  r e s p e c t i v e l y .

As a result of the e x p e r i m e n t  and field 

i n v e s t i g a t i o n s  it is c o n c l u d e d  that i n c r e a s e d  su r f a c e  

cov er  r e d u c e s  e r o s i o n  w h e r e a s  remo va l of st on es  lead 

to an i n c r e a s e  in r u n o f f  and soil loss. However, 

removal of s t on es  may be d e s i r a b l e  in pl ac es  whe r e 

the so ils  are d e ep  and have s t o n e s  t h r o u g h o u t  the 

profile.

X X
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1.0 I N T R O D U C T I O N

S t o n y  soils make up a s u b s t a n t i a l  part of the land 

r e s o u r c e s  of E a s t e r n  Africa and  their e c o n o m i c  

i m p o r t a n c e  is an obvious m a tt er  as the need for 

c u l t i v a t e d  land is rapi dly  i n c r e a s i n g  due to the 

i n c r e a s i n g  pop ula tio n.

The ne ed  for more food and o t h e r  a g r i c u l t u r a l  

prod uct s,  as a result of i n c r e a s e d  pop ul a ti on , has 

r e s u l t e d  in more freque nt c u l t i v a t i o n  of the e x i s t i n g  

a r a b l e  lands and c u l t i v a t i o n  of lands w h i c h  are 

c o n s i d e r e d  ma rg in al due to ston ine ss , less rainfall and

ir r e g u l a r  landscapes. C l e a r i n g  of b u sh es  and 

c u l t i v a t i o n  of those marginal lands a g g r a v a t e s  the

e x t e n t  and a m o u n t  of soil e r o s i o n  pro bl e ms .

Soil loss rates up to 282 t o n s / h a / y  have b e en  

r e c o r d e d  from test plots on a 2 2 % s l o p e  on c u l t i v a t e d  

lands p l a n t e d  wi th  wheat, in G o j j a m  r e s e a r c h  station, 

in E t h i o p i a  (SCRP 1986). Hurni (1988) e s t i m a t e d  the 

c o u n t r y ’s a v e r a g e  soil loss on c u l t i v a t e d  lands to be 

42 t o n / h a / y  w h i l e  the highest soil loss rates on si ng le  

fi el ds  to be up to 300 t o n / ha /y  in the w e s t e r n  E t h i o p i a  

w h e r e  the rainfa ll e r o s i v i t i e s  are the highest. Su ch  

a m o u n t  of soil loss has a s i g n i f i c a n t  impact on c r op  

p r o d u c t  ion.
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At p r e s e n t  the p r o b l e m  of soil e r o s i o n  has b r o u gh t 

world a t t e n t i o n  b o t h  in re s e a r c h  and in i m p l e m e n t i n g  

and e v a l u a t i n g  the soil and water c o n s e r v a t i o n  

measures. Hurni (1967) r e p o rt ed  that the E t h i o p i a n  

g o v e r n m e n t  , b e t w e e n  1976 and 1964, was ab l e  to treat

6 0 0 , 0 0 0  ha of c u l t i v a t e d  lands with c o n t o u r  bunds. 

Ho wever he e m p h a s i z e d  that the u n i f o r m  a p p l i c a t i o n  of 

a single c o n s e r v a t i o n  measure, in fact st r u c t u r a l  

me as ur es  mainly, had led to some p r o b l e m s  b e c a u s e  the 

st ru c t u r e s  w e re  not u n i v e r s a l l y  s u i t a b l e  for all agro- 

ec ol ogi ca l c o n d i t i o n s .  He further s t a t e d  that high 

rainfall a r e a s  c o u l d  not be s u c c e s s f u l l y  t r e a t e d  with

cont our  bunds, b e c a u s e  in cr ea se d runoff o v e r t o p p e d  the 

bunds du ri ng  h e a v y  storms, and led to more d a m a g e  than

with out  c o n s e r v a t i o n .  Fr om  this we can learn that there 

is no g e n e r a l l y  a c c e p t e d  soil and wa te r c o n s e r v a t i o n  

m e as ur e that can be used in all c o n d i t i o n s  of soil, 

landuse and cl im at e.

In p l a c e s  w h e r e  s t on y soils are common, s t on es  on 

the s u r f ac e of c u l t i v a t e d  lands ar e r e g a r d e d  as a 

nuisance, and ar e o f t e n  re mo ve d and h e a p e d  w i th  a 

c o n s i d e r a b l e  e x p e ns e.  In other pl ac es  w h e r e  soil and 

water c o n s e r v a t i o n  a c t i v i t i e s  are t a ki ng  place, stone 

bunds are c o n s t r u c t e d .  Howeve r, high labour r e q u i r e m e n t  

for c o n s t r u c t i o n  a n d  lack of prope r m a i n t e n a n c e  aft e r
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c o n s t r u c t i o n  are some of the c o m m o n  p r o b l e m s  (FAO, 

1983). E v en  w h e n  the bunds are p r o p e r l y  co ns t r u c t e d ,  

they will not p r o v i d e  e r o s io n p r o t e c t i o n  u n le ss  they 

are kept in good repairs.

St on es  on the su rf ac e of the soil are b e l i e v e d  to 

reduce e r o s i o n  by d i s s i p a t i n g  rainfall e n e r g y  and 

slow in g the v e l o c i t y  of runoff. T h o m a s  and Ba rb er  

(1979) w h i l e  c a r r y i n g  out trials w i th  a rainfall 

s i m u la to r has o b s e r v e d  a r e d u c t i o n  of d a m a g e  to the 

grass roots from t r a m p l i n g  and c l os e g r a z i n g  by ca tt le  

for gravel c o v e r e d  s u r f ac es  with  29% s t e e p  slop? and 

both soils an d  runoff were less in plo ts  c o v e r e d  by

gravel than b a r e  plots of 11.7% slope. S t u d i e s  in the 

Negev, Israel, have s h ow n that removal of s t o n e s  on the

surf ace  of the soil in cr ea se d the a m o u n t  of runoff and 

er o s i o n  (E ve nar i et a 1. 1971). The re f or e,  the a d v a n t a g e  

or d i s a d v a n t a g e  of re mo vi ng  s u r f ac e sto n e c o ve rs  are 

ma tte rs of g r ea t i m p o r t a n c e  to c o n s e r v a t i o n  p l a n ne rs  

and those i n v o l v e d  in p r o m ot in g c o n s e r v a t i o n  th r o u g h  

food for w o rk  pr og r a m m e s .

A l t h o u g h  s t o n y  soils are a c o m m o n  f e a t u r e s  of mu ch  

c u l t i v a t e d  lands in the East A f r i c a n  Hig h la nd s,  

re s e a r c h  f i n d i n g s  on the ef fe ct s of s t on es  on e r o s i o n  

is limited. T h e  e f f e c t i v e n e s s  of s u r f a c e  s t o n e  cover of 

the soil on the Ea st A f r i c a n  s t o n y  so il s may be
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d i f f e r e n t  from those r e p o r t e d  in the N e ge v and oth er 

t e m p e r a t e  re gi on s of A m e r i c a  due to v a r i a t i o n s  in 

rainfall c h a r a c t e r i s t i c s  and ot he r c l i m a t i c  c o n d i t i o n s .

Th e r e f o r e ,  this r e s e a r c h  was a i m e d  at m a k i n g  

p r e l i m i n a r y  o b s e r v a t i o n s  on the e f f e c t s  of s u r f a c e  

st on e co ver  on e r o s i o n  on the s t on y soils of B a r i n g o  

D i s t r i c t  and i n v e s t i g a t i n g  the e f f e c t  on soil loss and 

runoff of v a r y i n g  p e r c e n t a g e s  of s i m u l a t e d  sto n e cover 

on the K a b e t e  nit osols. It w o ul d have be en  d e s i r a b l e  to 

c a r r y  out all the wo rk  on s t on y soils in the field but 

in view of the p r o b l e m s  of e s t a b l i s h i n g  such tr ia ls on 

f a r m e r s  field at a great d i s t a n c e  from Kabete, it was 

d e c i d e d  to use s i m u l a t e d  sto n e co ve r at K a b e t e  as a 

first st ep  in the i n v e s t i g a t i o n s .

The s t ud y had the f o l l o w i n g  o b j e c t i v e s :

1. to e v a l u a t e  the e f f e c t s  of sto ne  cov er  on soil

loss and runof f ,

2. to c o m p u t e  the cover and m a n a g e m e n t  C - f a c t o r  of

the Un i v e r s a l  Soil Loss E q u a t i o n  and

3. to o b t a i n  p r e l i m i n a r y  i n f o r m a t i o n  on land use 

and c o n s e r v a t i o n  p r a c t i c e s  on sto n y c r o p l a n d s  in 

B a r i n g o  Dis trict.

4



To a t t a i n  the o b j e c t i v e s  tw el ve runoff plots were 

e s t a b l i s h e d  at K a b e t e  to d e t e r m i n e  the e f fe ct  of 

v a r y i n g  p e r c e n t a g e s  of s t o n e  cov er  on runoff and soil 

loss. Th es e were m o n i t o r e d  from No ve mb er I960 to June 

1989. The runoff plots w e r e  kept bare (without) any  

v e g e t a t i o n  by a p p l y i n g  h e r b i c i d e s  f r e q u e n t l y  for the 

w h o l e  pe ri od  to see the e f f e c t s  of the stone cover on 

soil loss and runoff at the w o r s t  conditions.

A s u r v e y  of stony c r o p l a n d s  in Ba r i n g o  Di s t r i c t  was 

c a r r i e d  out in July 1989. F a r m e r s  were i n te rv ie we d and 

their farms were visited.

The thesis c o m p r i s e s  of a ch ap te r on re vi ew  of

l i t e r a t u r e s  on er o s i o n  f e a t u r e s  on stony soils fo l l o w e d  

by c h a p t e r s  d e s c r i b i n g  the m e t h o d o l o g y ,  the results of

the e x p e ri me nt , field i n v e s t i g a t i o n s ,  d i s c u s s i o n  of 

the re su lt s and the last c h a p t e r  is the c o n c l u s i o n  and 

r e c o m m e n d a t  ion.
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2. L IT E R A T U R E  REVIEW

2.1. The Ef fe ct  of St on e Co ve r on Runoff. E r o s i o n  and

E v a p o r a t i o n

R a i n d r o p  impact has be e n  s h o w n  to be a prim e c a u s e  

of soil e r o s i o n  and g r ou nd  cov er  one of the m a in  

m e t h o d s  of c o n t r o l l i n g  it. H u d s o n  (1981) c o m m e n t e d  that 

tropical rain storm s wi th hi gh  i n t e n s i t i e s  and large 

d r o p  sizes cau se very s e r i o u s  d a m a g e  due to e r o s i o n  

w h e n  there is no p r o t e c t i v e  cover.

The seasonal p a t t e r n  of e r o s i v i t y  w h i c h  was 

a n a l y z e d  in an a s s e s s m e n t  of e r o s i o n  risk in K e n y a  by 

R o u n t r e e  (1983) taking data from the Ka tum an i r e s e a r c h

station, M a c h a k o s , ( m e a n  annu al e r o s i v i t y  of 1 6 4 , 3 2 5  

-2 1J . m m . m  .h- ) in dic ate s the s e v e r i t y  of rainfall e r o s i o n  

e v e n  in the s e m i ar id  regions. Th is  val ue  is mu ch hi gh er  

than the hi gh es t value out of 13 st a t i o n s  in Zi m b a b w e ,  

r e c o r d e d  at C h i p e n g a  station, m e an  annual e r o s i v i t y  of 

1 3 ,3 97  J. mm. m ’̂ . h*', (S t o c k i n g  and Elfewell, 1976). Th is 

in d i c a t e s  v a r i a t i o n s  of e r o s i v i t i e s  w i t h i n  t r o p i c s  

si nc e bo th  R o w n t r e e  and S t o c k i n g  and Elwell c o m p u t e d  

the R - f a c t o r  values u s in g H u d s o n ’s fo rm ul a i.e. KE > 

25.

A c c o r d i n g  to R o w n t r e e  (1983) the h i g h e s t  m e a n
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m o n t h l y  e r o s i v i t y  value of 6 9 , 6 6 6  J . mm . m"Z. h ’1, o c cu rs  in 

April, the b e g i n n i n g  of the r a i n y  pe ri od i m m e d i a t e l y  

a f te r the po te nt ia l soil m o i s t u r e  d e fi ci t is se ve re  and 

the v e g e t a t i o n  cover is p o o r l y  e s t a b l i s h e d  so that 

th ere  is a ne ed  to have so me  m e a n s  for p r o t e c t i n g  the 

soil from e r o s i o n  d u r i n g  t h e s e  periods.

Wh en  rain drops s t r i k e  b a re  soil, they sh at te r 

a g g r e g a t e s  and d e t a c h  p a r t i c l e s  from the soil mass. 

C o n v e r s e l y  c o v e r i n g  bare s o i l s  w i th  mu lc hes  of v a ri ou s 

types p r o t e c t s  the soil from direct impacts of 

r a i n d r o p s  and p r o v i d e s  s h e l t e r  for the o p e r a t i o n  of 

m i c r o - o r g a n i s m s  w h ic h i m p r o v e s  the soil s t r u ct ur e and

soil a g g r e g a t i o n s  (plate 1).

Va r i o u s  types of m u l c h i n g  m a t e r i a l s  have been used

to c o m p a r e  the e f f e c t i v e n e s s  of d i f f e r e n t  rates of 

g r ou nd  cov er in p r e v e n t i n g  soil erosion. The r e d u c t i o n  

in e r o s i o n  from a w e l l - c o v e r e d  soil with a wire gauze 

was c o m p a r e d  w i t h  a bare soil u n d e r  a natural rainfall 

on a 5% slo p e (Hudson, 1981) and the soil loss 

c o l l e c t e d  for 10 years, ( 1 9 5 3 - 1 9 6 2 ) ,  from a bare plot 

was 100 times more than fr om  the p r o t ec te d plot. 

S i m i l a r l y  in the s t u d i e s  w h e r e  wire screens were 

p l a c e d  over soil pans to d i s s i p a t e  ra in dr op  impact 

energy, re s u l t s  sh ow ed  that in te rri ll flow alo n e can 

d e t a c h  o n ly  a small p e r c e n t a g e  of the pa rt i c l e s  as
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c o m p a r e d  to b a re  soils with r a i n d r o p  impact 

a 1 . > 1975 and M u t c h l e r  and Young, 1975).

(Meyer et

P l a t e  ~ 1 . Small holes made by an ts  on the soil 

c o v e r e d  by si m u l a t e d  stones.

(P ho to  taken on 2 3 / 5 / 8 9 )
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2.1.1 E f f e c t  on runoff and soil__1 oss

S u r f a c e  cov er of s t o n e s  a c t s  as a mulch, 

d i s s i p a t i n g  an a p p r e c i a b l e  p o r t i o n  of the impact en erg y 

of ra i n d r o p s ,  and p o s s i b l y  r e d u c i n g  the ex te nt  of 

c o m p a c t i o n  a n d  s u rf ac e seal ing. T h i s  r e t a r d i n g  effect 

of st on es  on runoff and r e d u c e d  s e a l i n g  leads to 

gr eat er  i n f i l t r a t i o n  (Adams, 1966, E p s t e i n  and Grant, 

1966 and G r a n t  et al., 1959).

S t o n y  s o il s were s h o w n  to be less liable to 

e r o s i o n  th an  s t on e free soils (Lamb et al., 1950), and 

this f i n d i n g  was s u p p o r t e d  by recent s t u d i e s  of 

E d w a r d s  et al. (1964) in Ohio, U.S.A . E d w a r d s  et al. 

(1964) c o n d u c t e d  re s e a r c h  on s m a 11 w a t e r s h e d s  of stony 

and n o n - s t o n y  soils and s h o w e d  d i f f e r e n c e s  in runoff 

and soil loss. The n o n - s t o n y  w a t e r s h e d  w h i c h  was 0.62 

ha wi th  an a v e r a g e  slope s t e e p n e s s  of 6% p r o d uc ed  

n e a r l y  4 0 % m o re  runoff than did the a d j a c e n t  stony 

w a t e r s h e d  of 0 . 55  ha wi th  a v e r a g e  s t e e p n e s s  of 9* 

d u ri ng  12 y e a r s  under c o n v e n t i o n a l  ti l l a g e  in a four 

year ro t a t i o n .  The two w a t e r s h e d s  w e r e  only a b o u t  1 km 

ap ar t and the top soils in b o t h  the w a t e r s h e d s  were 

s i lt y loam d e v e l o p e d  from r e si du al  s e d i m e n t a r y  be dr oc k 

un der  h u m i d  f o re st  ve ge ta ti on .

M c l n t i r e  (1958) i n d i c a t e d  th at  the soil is not

9



o n l y  p r o t e c t e d  by the st on es  but i n f i l t r a t i o n  is 

i n c r e a s e d  as w a te r flows into the soil a r o u n d  the edges 

of the s t o n e s .

M e y e r  et al. (1972) on their s t u d i e s  in Indiana 

U.S. A.,  r e p o r t e d  that stone m u l c h e s  have s h o w n  gr ea ter  

p o t e n t i a l  for e r o s i o n  control and r e v e g e t a t i o n  than 

ba re  plot  or p l ot s m u l c h e d  wi t h  s t r a w  m u l c h e s  on s t ee p 

d e n u d e d  slopes. E r o s i o n  tests w e re  c o n d u c t e d  by 

a p p l y i n g  s i m u l a t e d  st or ms  to e a c h  plot at an i n t e n s i t y  

of 6 3 .5  mm/ h: for one hour d u r a t i o n  on the first day, 

f o l l o w e d  by two 3 0 - m i n u t e s  a p p l i c a t i o n s  on the next 

day. T h e n  i n f l o w  w a te r was a d d e d  u n i f o r m l y  a c r o s s  the 

u p pe r end of e a c h  plot to s i m u l a t e  longer s l op es  and 

d e t e r m i n e  m u l c h  s t a b i l i t y  d u r i n g  i n c r e a s e d  rates of 

runoff. For the s i m u l a t e d  slo pe  le ng th  of 15 m, 30 m 

and 46 m w i t h  20% S t e e pn es s,  e r o s i o n  was s u c c e s s f u l l y  

co nt ro l led by *60% to 100% st on e cover.

J e n n i n g  and J a r r e t  (1965), in a s t ud y c o n d u c t e d  in 

l a b o ra to ry , c o m p a r e d  the e f f e c t i v e n e s s  of v a r i ou s 

m u l c h i n g  m a t e r i a l s  and their rates of a p p l i c a t i o n  in 

r e d u c i n g  e r o s i o n  u n de r s i m u l a t e d  r a in fa ll  of 135 mm/h 

for 10 m i n u t e s  on a 2 %  slope. T h e y  r e p o r t e d  that 70% 

s u r f a c e  c o v e r  m a d e  by l i m e st on e r o ck s w i th  an a v e r a g e  

t h i c k n e s s  of 25 to 100 mm w e re  m o re  e f f e c t i v e  in 

c o n t r o l l i n g  e r o s i o n  than 60% s u r f a c e  c o ve r m a de  by
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limestone rocks w i t h  an a v e r a g e  t h i c kn es s of 10 to 30 

mm .Both t r e a t m e n t s  r e d u c e d  the soil loss wh en c o m p a r e d  

wi th  the bare f a l l o w  soil. At 7 0 X stone cover, when 

co m p a r e d  with the co nt ro l,  the total surf ac e runof f and 

soil loss were r e d u c e d  by 4.4 mm and 2.71 t/ha from 

16.9 mm and 3 . 45  t/ha r e s p e c t i v e l y .

Ac c o r d i n g  to Box (1961), soil loss was i n v e r s e l y  

rela ted  to the p e r c e n t a g e  of the soil su r f a c e  c o v e r e d  

by slaty f r a g m e n t s  on v e r y  s l at y silt loam soi l s in 

Carolina, U.S.A., w i t h  a s i m u l a t e d  rainfall at the rate 

of 63.5 mm/h for two h o ur s on natural runoff plots. 

The plots were 1.62 m w i de  and 10.67 m long and the

d i f f e r e n t  p e r c e n t a g e s  of s u r f a c e  co ver s from slaty 

fr agm e nt s were made:

1) by r e m o v i n g  all the sla t y f r a g m e n t s  larger 

than 6 mm u p t o  a d e p t h  of 15 cm,

2) by m a i n t a i n i n g  the s l a t y  fr ag me nt s in their 

natu ral  c o n d i t i o n s  and

3) by a d d i n g  the s l at y f r a g m e n t s  r e m o v e d  from 

the 1st pl ot  to the natu ra l slaty f r a g m e n t s  

cove r .

The r e l a t i o n s h i p  b e t w e e n  soil loss and p e r c e n t  

c o v e r a g e  by s l a t y  f r a g m e n t s  was si mi la r to the cur ve  

for residue c o ve r w i t h  0% c a n o p y  cove r give n in USDA 

H a n d b o o k  537 p p . 1 9  ( W i s c h m e i e r  and S m it h 1978).
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S o u r c e  : U S D A  H a n d b o o k  537 and 3 o x . 1981.



The a v a i l a b l e  l i t e r a t u r e  for the East A f r i c a n

c o n d i t i o n s  i n d i c a t e  that soil loss and runoff tends to 

d e c r e a s e  as the s u r f a c e  c o v e r a g e  by s t o n e  i n c r e a s e s  

(SCRP, 1983, M u l u g e t a  Te sf ay e,  1988, Smith, 1983 and 

H u t c h i n s o n  et a 1., 1958).

One of the e a r l y  s t u d i e s  in Uganda, ov er a 

three ye ar p e r i o d  ( 1 9 5 1 - 19 53 ),  s h o w e d  that the a v e r a g e  

annu al runoff and p e r c o l a t i o n  from s e l e c t i v e  s t o r m s  on 

s t on e m u l c h  r e s p e c t i v e l y  was 137 mm and 51 m m / h  w h i l e  

the c o r r e s p o n d i n g  v a l u e s  on b a re  soil was 474 mm an d 25 

mm / h  ( H u t c h i n s o n  et a. 1 . , 1958).

M u l u g e t a  T e s f a y e  (1988) o b s e r v e d  that the 

s m a l 1 d e p r e s s i o n s ,  f o rm ed  due to the ro ug h s t on e cover, 

on the runoff pl ot s r e t a i n e d  rain w a t e r  and p r o m o t e d  

i n f i l t r a t i o n .  Th e soil loss c o l l e c t e d  for two ye ar s 

from 7 8 % st on e c o v e r e d  plot was r e l a t i v e l y  s m a l l e r  than 

the soil loss from the plo t s u n de r g r a d e d  te rra ce s. The 

two y e a r s  m e a n  soil loss v a l u e  from 78% s t on e c o v e r e d  

p l ot s was 1 . 6  t / h a / y  as c o m p a r e d  to the soil loss v a lu e 

of 1.7 and 3. 4 t / ha /y  from g r a d e d  fanya juu and gr ad ed  

bu nd r e s p e c t i v e l y .

The S C RP  (1983) re po rt  from E t h i o p i a  s h ow s that 

annual soil loss from Wo 1 1o R e s e a r c h  S t a t i o n  was less 

than the t o l e r a b l e  limit and it was e x p l a i n e d  by the 

p r e s e n c e  of d e n s e  s t o n e  c o ve r and c r o p  (maize) cover
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d u r i n g  A u g u s t  in w h i c h  the hi g h e s t  ra inf al l e r o s i v i t y  

was re co rd ed . Th e plo ts were 15 m long and 2 m wide at 

a b ou t 37X slope. The annual soil loss in the plot w i th  

de ns e s t o n e  c o v e r  was 2  tonnes per h e c t a r e  in w h i c h  the 

soil loss t o l e r a n c e  is e s t i m a t e d  to be ab ou t 6  tonnes 

per h e c t a r e  per year.

The e v i d e n c e  so far p r e s e n t e d  i n d i c a t e s  that stone 

co ver c a n s i g n i f i c a n t l y  reduce losses of soil and 

water. T h e r e  is a l s o  e v i d e n c e  that as well as 

i n c r e a s i n g  i n f i l t r a t i o n ,  stone co ve r can r e du ce  losses 

of wa te r by e v a p o r a t i o n  from the soil w h i c h  will be 

d i s c u s s e d  in the n e xt  section.

2.1.2. E f f e c t s  of sto ne cover on e v a p o r a t i o n

In the low rainfa ll reg ions of China, whe r e the 

rainfa ll is near the mi n i m u m  for c r o p  pr od uc ti on , 

p e bb le s m i x e d  w i t h  sand are sp re ad  over the field in a 

layer of 10 to 15 cm (Tsiang, 1948). This p e b b l e  m u l c h  

helps to a b s o r b  r a in  water, to c h e c k  ero si on,  to re du ce 

e v a p o r a t i o n  and  to n a r r o w  the t e m p e r a t u r e  f l u c t u a t i o n  

b e t w e e n  d a y an d night. Wang Q i n g h u a  (1968) r e p o r t e d  on 

the e f f e c t i v e n e s s  of sand or p e b b l e  layer a b ov e dry 

fi el ds  in c o m b a t i n g  drought. T h e s e  p e b b l e  m u l c h e s
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e n a b l e  f a r m e r s  in the central G a n s u  r e g i o n s  of C h i n a  to 

grow c r op s su ch as wheat, melon, and  t o m a t o e E  which, 

o t he rw is e,  is i m p o ss ib le  to have h a r v e s t  s i nc e the 

annual e v a p o r a t i o n  is 6 . 8  times h i g h e r  than the annual 

p r e c i p i t a t i o n .

The use of gravel m u l c h  on a f a l l o w  s u r f a c e  has 

high p o t e n t i a l  for soil and wat er  c o n s e r v a t i o n  over a 

wide ra nge of soil texture in the s e m i - a r i d  re g i o n s  of

U.S.A. (Adams 1967, F a i r b o u r n  1973).

L a r g e  por es of gravel p e r m i t  ra pi d i n f i l t r a t i o n  of 

water to the soil and the less c a p i l l a r y  a c t i o n  of 

these large por es due to this m u l c h i n g  retar d

e v a p o r a t i o n .  F a i r b o u r n  (1973), r e p o r t e d  that c r o p  yie ld  

i n c r ea se s for d r o u g h t  se as on s were 2  to 4 tim es  higher

for gravel m u l c h  than for a ba re  soil m a i n l y  due to 

more c o n s e r v e d  soil water.

D i f f e r e n t  r e s u lt s with the soil s u r f a c e  c o v e r e d  by 

gravel were  r e p o r t e d  by B e n o i t  and K i r k h a m  (1963) and 

H a nk s and W o o d r u f f  (1958) for s t u d i e s  c o n d u c t e d  in the 

laboratory. In the study of B e n o i t  and K i r k h a m  (1963), 

dry soil, gravel and maize co b m u l c h e s  were p l a c e d  on 

the s u r f a c e  of p r e v i o u s l y  w e t t e d  soil. E a c h  m u l c h i n g  

mat er ial  r e d u c e d  wa te r loss c o m p a r e d  to the u n m u l c h e d  

soil, and gravel m u l c h  was mo re e f f e c t i v e  than the soil 

mulch. U n m u l c h e d  soil core lost 1.25 to 5 times more
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water than the m u l c h e d  cor e s by the end of 60 0 hours at

room t e m p er at ur e.

On the c o n t r a r y  a gravel m u l c h  was less effective 

than a soil m u l c h  in the study by Han k s and Woodruff 

(1958). H o w e v e r  in the stu dy  the m u l c h e s  were separated 

by sc reens from the s a t u r a t e d  soil, and water losses 

o c c u r r e d  in the va po ur  phase. The greater water losses 

from gravel m u l c h  r e s u l t e d  from gr ea ter  vapour 

c o n d u c t i v i t y  t h r o u g h  the larger por es  of the gravel 

m u l c h  than t h r o u g h  the s m a l le r pores of the soil mulch.

In general the d i s c u s s i o n  so far indic ate s the 

im p o r t a n c e  of s t o n e  cover to r e t a i n  soil m o i s t u r e  for

longer p e r i o d s  to be used by crops. On the other hand 

re mo vi ng  s t o n e s  i n c r e a s e s  both soil loss, runoff and

e v a p o r a t i o n  w h i c h  is dea lt in the next section.

2.1.3. The impact of re m o v i n g  st on es  on e r o s i o n  and 

runoff and e v a p o r a t i o n .

St on es in a g r i c u l t u r a l  field s are n o t i c e d  m a in ly  

for the p r o b l e m s  they pose on a g r i c u l t u r a l  a c t i v i t i e s  

s p e c i a l l y  on m e c h a n i z e d  farms. I n f o r m a t i o n  in re ga rd to 

their a c t i o n  on soil and wa ter  c o n s e r v a t i o n  is of value 

in small s c al e fa rm s w h er e the maj o r a c t i v i t i e s  are 

p e r f o r m e d  m a n u a l l y .  A d e c r e a s e  in i n f i l t r a t i o n  and an
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increase in runoff and soil loss as a r e s u l t  of

re moving st on es  from the fields of s t o n y  soi l s was 

o b se rv ed  by m a ny  i n v e s t i g a t o r s  ( E p s te in  et al., 1966, 

Grant and S t r u c h t m e y e r , 1959, Lamb and C h a p m a n ,  1943,

Box, 1961 and SC RP  Report, 1966).

A c c o r d i n g  to E p s t e i n  et al. (1966), a f i e l d  stu dy  

e s t a b l i s h e d  on g r a v e l l y  silt loam soil on 6 % slope 

under natural ra in fa ll condit ion s, r e m o v i n g  s t o n e s  over 

3.61 cm in the longest di am et er i n c r e a s e d  soil loss 

from a f o u r - y e a r  p e r i o d  by 47%, 27%, 13% and 30 % more

than the control plot wher e stones w e re  not removed. 

The runoff was s h o w n  to have the same trend.

Se gi ner  et al. (1962) as r e p o r t e d  by Box (1981) 

showed that on the average, stone removal f r om  plots

with 28% to 62 % s t on e cover in cr ea se d e r o s i o n  1 2 -fold 

in the Tera M o u n t a i n  regions of Israel.

Stones from the h i l l s i d e s  were r e m o v e d  an d he ap ed

by the a n c i e n t s e t t l e r s o f the N e g e v  in or de r to

increase the a m o u n t  of f 1 ood runoff wat e r from the

hill si des  to* be u s e d  in the down sl op e p l a i n s for

growing crops. E v e n a r i  et al. (1971) c o n s t r u c t e d  runoff 

plots at d i f f e r e n t  p e r c e n t a g e s  of land s l o p e s  and stone 

cover and e x p l a i n e d  why stone mo un ds we re c o n s t r u c t e d  

on the h i l l s i d e s  of the Ne ge v by a n c i e n t  s e t t l e r s .  T h ey  

re por te d that ru no ff  was ma x i m u m  on the plots, w h er e
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the su r f a c e  s t o n e s  were raked and  r e m o v e d  c o m p l e t e l y  

than the p l ot s w i t h  natural sto n e cover .

An e a r l y  s t u d y  in U.S.A. c o n d u c t e d  by L a m b  and 

C h a p m a n  (1943) have s h o w n  that s u r f a c e  s t o n e s  i n cr ea se  

water intake of soil and r e d u c e  e v a p o r a t i o n .  They 

d e m o n s t r a t e d  that removal of s t o n e s  g r e a t e r  than 5 cm 

in di am et er  f r om  a 2 0 % slope w i t h  s t o n e s  c o v e r i n g  18% 

of the s u r f a c e  a l m o s t  d o u b l e d  the w a t e r  loss and 

incr ea sed  the soil loss more than six times. Soil loss 

and runoff from four rainfa ll e v e n t s  w e r e  r e s p e c t i v e l y

5.5 and 1.4 t i m e s  less with the 6 5 %  s t o n e  c o v e r  than 

with 16% s t o n e  cover. S i m i l a r l y  soil loss i n c r e a s e d

grea tl y in the W o l l o  R e g i o n  R e s e a r c h  S t a t i o n ,  Et hi op ia , 

when ston es w e r e  r e m o v e d  in the r u no ff  p l o t s  to

c o n s t r u c t  s t o n e  b u n d s  (SCRP 1986).

The w o r k s  of r e s e a r c h e r s  q u o t e d  in the p r e v i o u s  

se ct io ns give an e v i d e n c e  to d r a w  a c o n c l u s i o n  that 

su rface st one c o v e r s  on a g r i c u l t u r a l  lands i n f l u e n c e  

the e r o s i o n  p r o c e s s  s i g n i f i c a n t l y  by r e d u c i n g  t the 

amou nt of soil loss, runoff as well as e v a p o r a t i o n .  

However, the e x t e n t  of their e f f e c t  in p r e d i c t i n g  soil 

loss usin g the U S L E  an d to w h i c h  U S L E  f a c t o r  their 

effe ct s h o u l d  be i n c o r p o r a t e d  is not c l e a r l y  de fi ne d.  

Therefore, a v e r y  brief e x p l a n a t i o n  of U S L E  an d the 

d i f f e r e n t  m e t h o d s  s u g g e s t e d  by d i f f e r e n t  a u t h o r s  is 

p r e s e n t e d  in s e c t i o n  2 . 2 .
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2.2. A d j u s t m e n t  of the Uni ve r sa l Soil Loss E q u a t i o n

F a c t o r s  to S t on y S o i l s .

The m o st  e x t e n s i v e l y  r e s e a r c h e d  an d c o m m o n l y  used 

me th od  of e s t i m a t i n g  sheet and rill e r o s i o n  from 

rainfall an d runoff is the U n i v e r s a l  Soil Loss 

Equation. It was d e v e l o p e d  and r e f i n e d  on the bas i s of 

ne ar ly  1 0 , 0 0 0  p l o t - y e a r  of runoff pl ot  data (W is c h m e i e r  

and Sm it h 1978) and it uses e m p i r i c a l l y  d e r i v e d  

r e l a t i o n s h i p s  and, therefore, is e x p e c t e d  to give the 

most r e l i a b l e  e s t i m a t e s  of e r o s i o n  for c o n d i t i o n s  whi ch  

cl o s e l y  r e s e m b l e  those from w h i c h  the model 

r e l a t i o n s h i p s  were d e v e l o p e d :  m e d i u m  t e x t ur ed

a g r i c u l t u r a l  soils wi th slope s from 3 to 18% and less 

than 122 m e t r e s  in length ( M c l ss ac  et al. 1987).

The f a c t o r s  in the U n i v er sa l Soil Lo ss  E q u a t i o n  

are m e a s u r e s  of the e f f e ct s of c l i m at e,  soil, 

t o p o g r a p h y  and landuse on erosion. Th e f a c t o r s  in the 

e q u a t i o n  are:

A = R K L S C F

where

A i s the

R i s the

K i s the

C i s the

a v e r a g e  annual soil loss, 

rainfall e r o s i v i t y  factor, 

soil e r o d i b i l i t y  factor, 

cover and m a n a g e m e n t  factor,
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P is the c o n s e r v a t i o n  su pp or t p r a c t i c e  fa ct or  and 

L and S are the t o p o g r a p h i c  f a c t o r s  for slo pe 

le ngt h and ste ep n es s r e s p e c t i v e l y .

The e q u a t i o n  was deri ved  in E n g l i s h  u n i t s  and has 

been  s u b s e q u e n t l y  co n v e r t e d  into bo th  m e t r i c  and SI 

units ( W i s c h m e i e r  and Smi th  1978, Mi tc hel  1 and B u b e n z e r  

I960 and F o s t e r  et si, 1981). F o st er  et si. (1961) 

c o n v e r t e d  the Unive rsa l Soil Loss E q u a t i o n  f a c t o r s  step 

by step. B a s e d  on these c o n v e r t e d  f a c t o r s  of the 

e q u a t i o n  to SI units the nu m e r i c  va lu es  of R and K are 

d i f f e r e n t  from the En gl is h (US c u s t o m a r y )  u n i t s  so that 

one s h ou ld  know wh et her  they are in Engl ish or SI units 

b e fo re  he d e c i d e s  to use.

2.2.1 Ra i n f a l l  e r o s i v i t y  factor ( R ) .

The rai nfa ll e r o s i v i t y  factor was d e t e r m i n e d  by 

the e n e r g y  im pa rt ed  to the soil s u r f a c e  by r a i n d r o p  

impact ( W i s c h m e i e r  1959). He found that the p r o d u c t  of 

the k i n e t i c  e n e r g y  of a sto rm  and the 3 0 - m i n u t e s  

m a x i m u m  i n t e n s i t y  CI > was the mo st  r e l i a b l e  e s t i m a t e s  

of the ra in fa ll e r o s i o n  and it is te rme d as EI^q . Annual 

totals of s t o r m  El 30 value d i v i de d by 1 0 0  is r e f e r r e d  to 

as the ra inf all  e r o s i v i t y  factor (R) in US c u s t o m a r y
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un its.

This  e r o s i v i t y  index was te st ed  and is still und er  

test in d i f f e r e n t  re g i o n s  of A m e r i c a  and o u t s i d e  

A m e r i c a  (Bo 1 1 vinne, 1985, U l s a k e r  and Onstad, 1984, 

Lai, 1976, Hudson, 1981, M c G r e g o r  and M u t c h  1e r , 1977,

A m e z q u i t a  and Fo rsy the , 1985 and Lo et al., 1985).

Th e R - f a c t o r  is the sum of ind iv idu al s t or m 

e r o s i v i t y  values, E 1 q̂, u s u a l l y  a v e r a g e d  to get the 

a v e r a g e  annual from m a ny  yea r s of rainfall data. S t or ms  

of less than 12.5 mm and thos e s e p a r a t e d  from other 

rain p e r i o d s  by more than 6  ho urs  are not i n c l u d e d  in 

the c o m p u t a t i o n s  u n l e s s  as m u ch  as 25 m m /h  of rainfall 

o c c u r s  in 15 m i n u t e s  (F oster et al. 1981).

M a t h e m a t i c a l l y  the v a lu es  of R is d e t e r m i n e d  as:

At
R = 2 ( E I 30>j ( 1 )

w h e r e  ^

R is the annual ra inf all  e r o s i v i t y  fa ct or in 

M J . m m / h a / h / y ,

n is the n u mb er  of s t or ms  in the gi ve n year,

13Q is the m a x i m u m  3 0 - m i n u t e s  i n t e n s i t y  in mm/h 

for a gi ve n sto r m and

E is the total e n e r g y  in a giv e n s t or m in 

MJ/ha.
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E is the sum of all the incremental e n e r g i e s  

c o m p u t e d  from the e m p i r i c a l l y  d e r i v e d  e q u a t i o n  of 

W i s c h m e i e r  and Sm it h (1978) s u c h  that:

e = 916 4 3 3 1 L o g 10I (2)

wh ere

e is e n e r g y  per unit ra in fa ll in foo t- t on s per 

ac re -i  nch and

1 is the r a i n f a l 1 i n t e n s i t y  in inches per hour.

La te r e q u a t i o n  (2) was c o n v e r t e d  to SI uni ts by 

F o s t e r  et a 1. (1981) and the c o n s t a n t s  of the e q u a t i o n  

b e c a m e  as follows:

e, = 0 . 1 1 9  + O . O 8 7 3 L o g 10IB for I( less than 76 

mm /h  and (3 )

e B = 0 . 2 8 3  for 1B g r e a t e r  than 76 nnm//Hh (A)

w h er e

e B is in M J / h a / m m  and lg is in mm/h.

2.2.2. Soil e r o d i b i l i t y  f a c t o r  ( K ) .

The e r o d i b i l i t y  of a soil is a q u a n t i t a t i v e  

m e a s u r e  of its s u s c e p t i b i l i t y  to erosion. A soil with 

h i gh  e r o d i b i l i t y  will s u f f e r  m o r e  e r o s i o n  than a soil
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w i t h  low e r o d i b i l i t y  if b o t h  are ex po sed  to the same 

ra inf al l. The soil e r o d i b i l i t y  depends u p o n  m a n y  

v a r i a b l e s  such as Eoil p h y s ic al  pro perties, t o p o g r a p h y ,  

a n d  m a n a g e m e n t  of the land w h i c h  makes its a s s e s s m e n t  

m o r e  c o mp  1 i c a t e d (H u d s o n  1961).

Ho wev er the soil e r o d i b i l i t y  factor of the 

U n i v e r s a l  Soil L o e s  E q u a t i o n  for a given l o c a li ty  ca n 

be c o m p u t e d  using the r a ti o of the soil loss of a s t o r m  

to the e r o s i v i t y  index as m e a s u r e d  on the s t a n d a r d  u n it  

p l ot  (w isc hme ier  and S m i t h  1976). A standa rd unit plot 

is 2 2 . 1 3  m long with a u n i f o r m  slo pe  st eep ne ss of 9% in 

c o n t i n u o u s  fallow t i ll ed  up and down slope for mo re 

t h a n  two years,

W i s c h m e i e r  and M a n n e r i n g  (1969) re la te d soil 

e r o d i b i l i t y  to soil p r o p e r t i e s  usi ng data c o l l e c t e d  

f r om  a rainfall s i m u l a t i o n  s t u d i e s  on 55 soils. The 

ra i n f a l l  s i m u l a t i o n  p r o c e d u r e  of W i s c h m e i e r  and 

Ma nne r i n g (1969) were to a p p l y  an initial run for 60- 

m i n u t e s ,  then after 24 hours, to a p p l y  two 3 0 - m i n u t e s

s t o r m s of wet and very wet runs se p a r a t e d by abo ut 15

m i nu te s , a 1 1 at 63 .5  mm/h. The e r o s i v i t y factor, R-

v a l u e s for each 3 0 - mi nu te s of r a i n f a l 1 wa s 25 US

c u s t o m a r y  units w h ic h is e q u i v a l e n t  to 425.5 M J . m m / h a / h  

in SI unit s using 17.02 as a c o n v e r s i o n  factor g i v e n  by 

F o s t e r  et al. (1981).



U s i n g  those soil loss and  e r o s i v i t y  data 

W i s c h m e i e r  et al. (1971) p r e s e n t e d  a soil e r o d i b i l i t y  

no m o g r a p h .  The n o m o g r a p h  was b a s e d  on the r e l a t i o n s h i p  

b e t w e e n  the soil e r o d i b i l i t y  f a ct or  and soil p h y s ic al  

p r o p e r t i e s  (texture, o r g a n i c  m a t t e r  content, soil 

s t r u c t u r e  and p e r m e a b i l i t y ) .

The m e a s u r e d  K - v a l u e s  in W e st  Af ri ca (Roose 1977b) 

we re  in a good a g r e e m e n t  w i t h  t h o s e  p r e d i c t e d  u s i n g  the 

n o m o g r a p h  of W i s c h m e i e r  et a l . ( 1 9 7 1 ) .  Ro os e (1977b) 

c o n c l u d e d  that the a p p l i c a t i o n  of the soil e r o d i b i l i t y  

n o m o g r a p h  in e v a l u a t i n g  the s u s c e p t i b i l i t y  of soi l s to 

e r o s i o n  was s a t i s f a c t o r y  for the f e r r a l l i t i c  and

f e r r u g i n o u s  soils studied, w i t h  the e x c e p t i o n  of soil s 

that were g r a v e l l y  or c o v e r e d  w i t h  rocky d e b r i s  that

gave a ve ry  low m e a s u r e d  K - v a l u e s .  Ge ro lf  Weigel (1986) 

us ed the n o m o g r a p h  to d e r i v e  the e r o d i b i l i t y  f a c t o r s  

for the M a yb ar  a r ea s of Wo 1 lo, Et hi o p i a ,  and c o n c l u d e d  

that the n o m o g r a p h  o v e r e s t i m a t e s  for the soi ls  w i t h  

w i d e s p r e a d  s u r f ac e st on e laye rs in the s u rv ey  area.

T h er e is no c o m m o n  a g r e e m e n t  amo ng  e r o s i o n  

s c i e n t i s t s  on how to c o n s i d e r  the e f f e c t s  of s t on es  or 

rock f r a g m e n t s  on soil loss. Hu rn i (1987) c o n s i d e r e d  

the e f f e c t s  of d e n s e  s t on e c o v e r  to be a c c o u n t e d  in the 

c o n s e r v a t i o n  s u p p o r t  p r a c t i c e  f a c t o r  (P) such that he 

a s s i g n e d  0. 8  as the v a l u e  of P for 40% stone c o ve r
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w h i c h  iE the same as its val ue  from str i p c r o p p i n g .

M c C o r m a c k  et al. (1964) s u g g e s t e d  that the e f f e c t  

of rock fr a g m e n t s  s h o u l d  be i n c l ud ed  in the soil 

e r o d i b i l i t y  factor sin ce rock f r a g m e n t  c o n t e n t  is a 

soil prop ert y. S i m i l a r l y  W e nn er  (1960) c o n s i d e r e d  the 

e f f e c t  of gravel and st on es  on the soil I d e e  to be 

a c c o u n t e d  in the K - f a c t o r  and he p o i n t e d  out that 

gravel and stones on the gr ou nd  can reduc e the K - f a c t o r  

by half, if the cover of s t on e is at least 1 0  - 2 0  %.

O t h e r s  s u g g e s t e d  the e f f e c t  of s t on es  to be 

i n c l u d e d  in the C o ve r and M a n a g e m e n t  C - f a c t o r  of the 

U n i v e r s a l  Soil Loss E q u a t i o n  m a i n l y  b e c a u s e  the ir

e f f e c t  on soil loss is due to their m u l c h i n g  e f f e c t  

(Romkens, 1985, Box and Meyer, 1984 and Box, 1981). Box

an d  M e ye r (1964) s t r o n g l y  a r g u e d  that the e f f e c t  of 

s t o n e s  on soil loss is best c o n s i d e r e d  in the C - f a c t o r  

r a t h e r  than the K - f a c t o r  b e c a u s e  st on es  or oth er  c o a r s e  

m a t e r i a l s  greater than 2  mm are n o r m a l l y  e x c l u d e d  in 

the a n a l y s i s  of soil mat er ial  for te x t u r a l

c l a s s i f i c a t i o n .

2 . 2 . 3  C o ve r and m a n a g e m e n t  facto r ( C ).

C - f a c t o r  in the U n i v e r s a l  Soil Loss E q u a t i o n  is 

the r a t i o  of soil loss from land c r o p p e d  u n d e r  a
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s p e c i f i c  c o n d i t i o n  to the c o r r e s p o n d i n g  soil loss from 

a s t a n d a r d  unit plot. Th is fa cto r m e a s u r e s  the c o m b i n e d  

e f f e c t s  of all the i n t e r r e l a t e d  c o ve r and m a n a g e m e n t  

v a r i a b l e s  ( W i s c h m e i e r  and S m i t h  1978). Th is  fa cto r of 

the U S L E  in r e l a t i o n  to s t o n y  s o il s is p r e s e n t e d  in 

c h a p t e r  2. 3  in m o re  detail s.

2 . 2 . 4  T o p o g r a p h i c  f a c t o r s  ( L S ) .

The e f f e c t  of the s l op e length and slo p e 

s t e e p n e s s  is i n c l u d e d  to the U n i v e r s a l  Soil Loss 

E q u a t i o n  as a t o p o g r a p h i c  factor. It is d e f i n e d  as the 

ra ti o of soil loss from a field s l op e to the soil loss 

from the S t a n d a r d  Un it  Plot. The s t a n d a r d  unit plot is 

2 2 . 1 3  m long and 9% steep. Th e LS fa ct or  for a unit 

plot is 1. For plo t s o t he r than s t a n d a r d  un it  plot the 

LS fa ct or is a d j u s t e d  u s i n g  the f o l l o w i n g  e q u a t i o n  

gi ve n by W i s c h m e i e r  and S m i t h  (1978).

L = ( 1 / 1 u) B (5)

S = 6 5 . 4 s i n 2B + 4 . 5 6 B  + 0 . 0 6 5 4  (6 )

w h e r e :

L is s l op e lengt h fa cto r ( d i m e n s i o n l e s s ) ,

1 is the slo p e length of the p l ot  in (m),



1 is the s l op e length of the unit plot (22.13m), 

S is the s l op e s t e e p n e s s  factor,

B is the s l op e a n g l e  in d e g r e e s  and 

m is an e x p o n e n t  that d e p e n d s  u p on  local

c o n d i t i o n s  and 0.5 was ta ke n for K a t u m a n i  

(K il ewe  1987) and W e n n e r  (1980) r e c o m m e n d e d  

0 . 6  for s l op e m o re  than 1 0 % an a v e r a g e  

v a l u e  b e i n g  0.5.

2 . 2 . 5  C o n s e r v a t i o n  s u p p o r t  p r a c t i c e  factor ( P ) .

Th e P - f a c t o r  is d e f i n e d  as the soil loss from a 

gi ve n c o n s e r v a t i o n  p r a c t i c e  to the c o r r e s p o n d i n g  soil 

loss from a unit plot u n de r the same c o n d i t i o n s  of soil 

and c l i m a t e  ( W i s c h m e i e r  and S m i t h  1978).

Th e v a l u e s  of the U S L E  f a c t o r s  are e x t e n s i v e l y  

r e s e a r c h e d  and well d o c u m e n t e d  for a g r i c u l t u r a l  lands 

and s i m i l a r  c o n d i t i o n s  w i t h  fine to m e d i u m  t e x t u r e d  

soils. It is a l s o  p o s s i b l e  to p r e d i c t  e r o s i o n  rates in 

s t o n y  so il s of a g r i c u l t u r a l  fi el ds  by a d j u s t i n g  the 

U S L E  fact or w h i c h  is a f f e c t e d  by the p r e s e n c e  of s t o n e s  

p r e f e r a b l y  the C - f a c t o r .  W i t h o u t  su ch  an a d j u s t m e n t s  of 

the U S L E  fa cto r values, the e q u a t i o n  is likel y to 

o v e r e s t i m a t e  the a m o u n t  of soil er os io n. In the next 

s e c t i o n  the s i g n i f i c a n c e  of the C - f a c t o r ,  the
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d i f f e r e n t  m e t h o d s  used by soil e r o s i o n  r e s e a r c h e r s  to 

c o m p u t e  its v a lu e from bo th c r o p p e d  s t on y and n o n - s t o n y  

soi ls  is b r i e f l y  reviewed,

2,3 C o m p u t i n g  the Cove r and M a n a g e m e n t  (C-f ac tor ) of

the U n i v e r s a l  Soil Loss E q u a t i o n .

The c o ve r and m a n a g e m e n t  C - f a c t o r  of the Un ive rs al 

Soil L o ss  e q u a t i o n  (USLE) is the r a ti o of soil loss 

from an area w i t h  s p e c i f i c  co ve r a n d m a n a g e m e n t  to that 

from an id ent ica l area of t i l l e d  c o n t i n u o u s  f a l l o w  

( W i s c h m e i e r  and  S m it h 1978). The C - f a c t o r  i n d i ca te s the

e f f e c t  of v a r i a b l e s  re l a t e d  to c o v e r  and m a n a g e m e n t  on 

soil er os io n.

U s i n g  s t a t i s t i c a l  a n a l y s i s  of data from more than

1 0 , 0 0 0  p l o t - y e a r s  of soil loss, W i s c h m e i e r  (1960) and 

later W i s c h m e i e r  and S m it h (1978) c o m p u t e d  the val ue of 

c o ve r an d m a n a g e m e n t  fa ct ors  for se ve ral  cr op  r o t a t i o n s  

and c r o p  stage periods. The a m o u n t  of r e d u c t i o n  in soil 

loss from  c r o p p e d  fields d e p e n d s  on the p a r t i c u l a r  

c o m b i n a t i o n  of p e r c en t cover, c r o p  s e q u e n c e  and 

m a n a g e m e n t  p r a c ti ce s.  B e c a u s e  of su ch  v a r i a t i o n s  

W i s c h m e i e r  and S m i t h  (1978) p r e s e n t e d  a p r o c e d u r e  for 

d e r i v i n g  the local va lue s of C - f a c t o r  on the bas is  of 

p e r c e n t  s u r f a c e  cove r p r o v i d e d  by the g r ow in g cr o p  and
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the e r o s i v i t y  index d i s t r i b u t i o n .  W i s c h m e i e r  end S m i t h

c o n s i d e r e d  five crop stage pe riods. A c r o p  sta ge  pe ri od  

is d e f i n e d  as a perio d w i t h i n  w h i c h  cov er  and 

m a n a g e m e n t  e f f e c t s  may be c o n s i d e r e d  a p p r o x i m a t e l y  

uni form.

The r a t i o  of soil loss from a gi ve n cr o p  stage 

p e r i o d  to the c o r r e s p o n d i n g  soil loss from a c l ea n 

t i l l e d  c o n t i n u o u s  fallow was m u l t i p l i e d  by the rainfall 

e r o s i o n  index (erosivity) r a ti o of that p a r t i c u l a r  

p e r i o d  to give the C - f a c t o r  v a lu e of the p a r t i c u l a r  

c r o p  s t ag e period. Then the annua l val u e of C - f a c t o r  

for an y  p a r t i c u l a r  crop and m a n a g e m e n t  s y s t e m  on a 

g i v e n  f i el d is the sum of all the C - f a c t o r  va lu es for 

e a ch  of the five crop sta ge p e r i o d s  and the f a ll ow

p e r i o d  ( W i s c h m e i e r  and S m i t h  1978) or, for Indian 

c o n d i t i o n s ,  the sum of the thr ee  cro p-  sta g e F e r i o d s  

(Gurmel S i n g h  et al. 1985).

The a v e r a g e  annual v a l u e  of C - f a c t o r  for any 

p a r t i c u l a r  field is c o m p u t e d  by s u m m i n g  all the cr op  

s t ag e C - f a c t o r  value s of ea ch  year and d i v i d i n g  by the 

n u m b e r  of years. To d e t e r m i n e  the annua l or sea so nal  C- 

f a ct or  v a l u e  of an area u s in g this p r o c e d u r e  r e q u ir es  

a k n o w l e d g e  of soil loss r a t i o s  w i t h  b a re  and fa ll ow  

plots, o t h e r w i s e ,  one will be f o r c e d  to use ta bl es for 

the soil loss ratios that are m a i n l y  c o m p u t e d  for
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s i t u a t i o n s  r e l e v a n t  to the U n i t e d  States. M o r e o v e r  the

e x i s t i n g  v a l u e s  of C- f a c t o r  for n o n - a g r  ic ult ur a 1 lands 

such  as c o n s t r u c t i o n  sites p u b l i s h e d  by W i s c h m e i e r  and 

S m i t h  (1978) are ma in ly  from s t u d i e s  of the ef fe ct s of 

straw, c o r n s t a l k  and cr u s h e d  ston e m u l c h e s  on e r os io n 

from pl ot s of c r o p l a n d  and c o n s t r u c t i o n  sites.

F o s t e r  (1982) listed the p r o b l e m s  of the 

a p p l i c a t i o n  of the USLE C - f a c t o r  to those c o n d i t i o n s  

d i f f e r e n t  from where the model r e l a t i o n s h i p s  were 

d e v e l o p e d .  For West Africa, R o o s e  (1977a) p r e s e n t e d  the 

C - f a c t o r  v a lu e for a range of cu lt ur al  p r a c t i c e s  and 

c r op s c o n s i d e r i n g  only the annual soil loss ratios.

This  p r o c e d u r e  may be a good a p p r o a c h  in ar ea s where 

i n f o r m a t i o n  on the seasonal v a r i a t i o n  in vegetal cover

an d e r o s i v i t y  index ratio is lacking.

F o s t e r  (1982) c o n s i d e r e d  the v a r i ou s kinds of 

co ve r i n c l u d i n g  stones that a f f e c t  e r o s i o n  and asked 

how m u c h  do they af fe ct  erosio n, and how the factor 

v a l u e s  for s t o n e s  are re la te d to p l an t c h a r a c t e r i s t i c s  

that are e a s i l y  m e a s u r e d  and c l a s s i f i e d .  S o m e o n e  can 

as k w h e t h e r  p e r c e n t  ground co ve r is an a d e q u a t e  me as ure  

for all type s of surf ace  cover, or is sto ne less 

e f f e c t i v e  than plant litter and c r o p  r e s i d u e s  for the 

same  p e r c e n t  su r f a c e  cover?

Box (1981) and Box and M e ye r (1984) s h o w e d  that

30



the e f f e c t s  of sur face rock f r a g m e n t s  we re  s i m i l a r  to 

the e f f e c t s  of residue cover. Box (1961) gave three 

o p t i o n s  for a d j u s t i n g  the USLE for the m u l c h i n g  e f f e c t  

of soil s u r f a c e  by slaty fr ag m e n t s  on soil ero si on.  The 

three p o s s i b l e  op tio ns were:

1) to ad ju st  the soil e r o d i b i l i t y  K - f a c t o r ,

2 ) to ad jus t the cover an d m a n a g e m e n t  

C - f a c t o r  and

3) to d e v e l o p  a new s e v e n t h  f a c t o r  as a

f u n c ti on  of the s u r f a c e  m u l c h i n g  e f f e c t  of 

rock fragments w h i c h  was r e f e r r e d  as an 

" a r m ou ri ng " factor.

H o w e v e r  until s u f f ic ie nt  d a t a  are a v a i l a b l e  to 

a d j u s t  the K - f a c t o r  or add an a r m o u r i n g  f a ct or  to the 

USLE, Box (1981) c o n c lu de d that the e f f e c t  of the sla ty  

f r a g m e n t s  c a n be included in the C - f a c t o r .  The 

r e l a t i o n s h i p  b e t w e e n  soil loss r a t i o s  and  p e r c e n t  

s u r f a c e  c o v e r  made by slaty f r a g m e n t s  was s i m i l a r  to 

the c u r v e  for resid ue cover w i t h  0% c a n o p y  c o ve r as 

i l l u s t r a t e d  in figur e 1 .

P a g e  ( 1982) su g g e s t e d  that the e s t i m a t e d  soil loss 

v a l u e s  u s i n g  U S LE  can far e x c e e d  the ac tu al v a l u e s  if 

s u r f a c e  r o c k  co ver s are ignored. He t r ie d to e s t i m a t e  

soil loss v a l u e s  by i n c o r p o r a t i n g  the ro ck  f r a g m e n t s  in
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the US LE  in d i f f e r e n t  ways:

1 ) by a d j u s t i n g  the soil e r o d i b i l i t y  K- 

f a c t o r ,

2) by a d j u s t i n g  the C - f a c t o r  and

3) by a d j u s t i n g  the K and C - f a c t o r s .

Soil loss v a l u e s  c a l c u l a t e d  by i n c o r p o r a t i n g  the 

rock f r a g m e n t s  to ad ju st  the K - f a c t o r  were too high 

wh e n  c o m p a r e d  to the actual soil loss v a lu es  but the 

soil loss v a l u e s  w e re  quite si m i l a r  w h en  rock f r a g m e n t s  

were  used  to a d j u s t  the C - f a c t o r  or C plus K- f a c t o r s .

The f o r m u l a t i o n  of a new p r o c e d u r e  for e s t i m a t i n g  

the co ve r a n d m a n a g e m e n t  C - f a c t o r  to be us ed  in the 

U S L E  for s e v e r a l  c o n d i t i o n s  were d e s c r i b e d  (W is chm eie r, 

1975, M u t c h l e r  et a I . , 1982, and D i s s m e y e r  and Foster,

1961). W i s c h m e i e r  (1975) sh ow ed  the d e t e r m i n a t i o n  of 

the C - f a c t o r  by c o n s i d e r i n g  the e f f e c t s  of the three 

d i s t i n c t  s u b - f a c t o r s :

1 ) c a n o p y  cover,

2 ) s u r f a c e  mu lc h and

3) re s i d u a l  effec ts of landuse.

M u t c h l e r  et al. (1982) c o m p u t e d  the C - f a c t o r  for 

c o t t o n  f o l l o w i n g  the s u b - f a c t o r  a p p r o a c h  of W i s c h m e i e r  

(1975). L a f l e n  et al. (1965) d e v e l o p e d  a p r o c e d u r e  to
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d e t e r m i n e  the v a lu es  of the C - f s c t o r  on d a i l y  basis 

using the s u b - f a c t o r  me th od  and the e q u a t i o n  they 

r e c o m m e n d e d  for c o m p u t i n g  the C - f a c t o r  v a lu e is:

C = ( F L U ) * ( C C ) * ( R C ) * (SR)

Wh ere  FLU is the prior landuse s u b - f a c t o r ,  CC is a crop 

ca no py  s u b - f a c t o r ,  RC is a re si due  c o v e r  s u b - f a c t o r  and 

SR is a s u r f a c e  r o u g h n e s s  sub -f a ct or .

1 srae 1 sen et al. (I960) as r e p o r t e d  by J e n n i n g  and 

J a rr et  (1985) d e f i n e d  and listed a v e g e t a t i v e  

m e ch an ic al  f a ct or  (VM) for v a r i ou s m u l c h i n g  m a t e ri al s.  

This factor was d e s i g n e d  to re pl ac e the C and P - f a c t o r s  

of the US LE  an d its value ranges from 0 to 1 u n li ke  

the ot he rs  d e s c r i b e d  above.

R e c e n t  st u d i e s  have sho wn  that s u r f a c e  cover 

af f e c t s  soil loss with an e x p o n e n t i a l l y  d e c a y i n g  

fu nct i on s s u c h  that the soil loss d e c r e a s e s  

e x p o n e n t i a l l y  w i th  i n c r ea se d p e r c e n t  s u r f a c e  cover. 

L a f l e n  and C o l v i n  (1981), Co g o  et al. (1983), D i c k y  et 

al. (1984), G i l l e y  et al. (1986) and m a n y  o t h e r s  have 

shown the r e l a t i o n s h i p  b e t w e e n  soil loss and p e r c e n t  

su rf ac e cov e r was best c o r r e l a t e d  w i t h  the m u l c h  factor 

e x p r e s s e d  as :

MF G (b.C> (7)
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where :

MF is the m u l c h  factor, ra ti o of soil loss from a 

m u l c h e d  plot to the soil loss fr om  bare plot of 

si mi la r c o n d i t i o n s ,  and its v a l u e  range s from 

0  to 1 ,

C is the p e r c e n t  soil s u r f a c e  c o v e r e d  by residue, 

e is the b a se  of the natural l o g a r i t h m  and 

b is a r e g r e s s i o n  c o n s t a n t  d e t e r m i n e d  in an 

e x p e r i m e n t  an d its val u e v a r i e s  w i t h  slope 

s t e e pn es s,  soil, tillage, c r o p p i n g  s y s t e m  and 

oth er factor s .

The d i f f e r e n t  m e t h o d s  d e s c r i b e d  a b o v e  indicate 

the d i f f e r e n t  a p p r o a c h e s  p e op le  u s ed  to e s t a b l i s h  the

ef fe ct s of s u r f a c e  cov er on soil e r o s i o n  for use in 

e r o s i o n  m o d e l l i n g .  H o w e v e r  some of the a b o v e  methods, 

even if they sh ow h i gh  c o r r e l a t i o n  b e t w e e n  soil loss 

and su r f a c e  cover, are still under e x p e r i m e n t  since the 

value of their c o e f f i c i e n t s  vary from time to time and 

from plac e to place. The U S L E  is still widel y 

a p p l i c a b l e  in a large range of s i t u a t i o n s  and the C- 

factor v a l u e  for s t o n y  soi ls  ca n be c o m p u t e d  by 

c o m b i n i n g  the p e r c e n t  s u r f a c e  c o ve r m a d e  by Stone s and 

gr ow in g c r op s at d i f f e r e n t  c r o p  s t a g e s  t a k i n g  care of 

the o v e r l a p  ma d e  by the st on e an d c r o p  cover.
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Th e v a r i o u s  wo rk  of r e s e a r c h e r s  q u o t e d  so far 

i n d i c a t e s  the c o m p l e x i t y  of e r o s i o n  r e s e a r c h  to 

d e t e r m i n e  the d o m i n a n t  f a c t or s a f f e c t i n g  e r o s i o n  and to 

e s t a b l i s h  their p r e d i c t i v e  models. The U S L E  is still a 

s t r o n g  tool for soil e r o s i o n  r e s e a r c h e r s  and 

c o n s e r v a t i o n  p l a n n e r s  a i m i n g  at p r o m o t i n g  soil 

c o n s e r v a t i o n .

In p l ac es  w h e r e  s t o n e s  on the s u r f a c e  of the soil 

are in p l e n t y  their e f f e c t  on soil loss and runof f 

s h o u l d  be in c l u d e d  to the U S L E  f a c t o r s  so that the 

p r e d i c t e d  soil loss and runoff w o u l d  be n e a r e r  to the 

a c t u a 1 1 o s s e s .

It s h o u l d  a l s o  be p o i n t e d  out that the runof f and 

soil loss d a ta  of the p r e s e n t  s t u d y  was g e n e r a t e d  from 

s i m u l a t e d  s t on e c o ve r of the soil s u r f a c e  u n de r natur al  

ra in fal l c o n d i t i o n s  in w h i c h  the p l ot s w e re  kept 

w i t h o u t  a n y v e g e t a t i o n  for the s t u d y  p e r i o d  to see the 

e f f e c t  of th ese  s i m u l a t e d  s t on e c o v e r s  alone. R e s u l t s  

o b t a i n e d  from this ki nd  of e x p e r i m e n t a t i o n  are 

th er ef or e,  h i g h l y  i n d i c a t i v e  but firm c o n c l u s i o n s  can 

not be d r a w n  until e x p e r i m e n t s  ar e c a r r i e d  out in the 

fiel d on s t on y s o il s und e r na tu ral  cond i t i o n s . e r v e d  in 

this e x p e r i m e n t .
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3. M A T E R I A L S  A N D  M E T H O D S

3. 1 TH E  S I T E .

The ma jo r part of the r e s e a r c h  was c o n d u c t e d  

on runoff pl ot s i n s t a l l e d  at Kabe te, N a i r o b i  U n i v e r s i t y  

F i e l d  St at ion , w h i c h  lies on 1° 1 5 ’ la ti tu de  s o u t h  and 

36° 44* lo ng i t u d e  east. The a l t i t u d e  is a p p r o x i m a t e l y  

1930 m e t r e s  a b o v e  sea level.

Th e soi ls of the si te  are d e e p  and well 

d r a i n e d  w i th  a b o u t  18% sand, 58 % c l a y  and 24% silt for 

the soil s a m p l e  take n from the top 20 cm ( G a c h e n e  1989) 

or 22 %  sand, 5 4 % c l a y  and 24%  silt for the soil s a m p l e  

ta ke n from the top 30 cm (Tef era 1983). A l s o  the 

p r o p o r t i o n  of sand, c l ay  and silt was r e s p e c t i v e l y  

a b o u t  32%, 8 % and 6 0 %  for the soil s a m p l e  ta ke n from 0- 

3 cm d e p t h  of the s u r f a c e  soil w i t h i n  the plot. The 

h i g h e r  silt c o n t e n t  and the lower c l ay  c o n t e n t  of the 

s u r f a c e  soil may be due to the s u r f a c e  w a s h  of clay 

p a r t i c l e s  a g g r e g a t e d  on silt or the s e l e c t i v e  removal 

of cl a y  p a r t i c l e s  by er osi on.  Th e soi l s as d e s c r i b e d  by 

S o m b r o e k  et al. (1982) are a e u t r i c  ni to sol  d e v e l o p e d  

on t e r t i a r y  t r a c h y t i c  lava w i t h  e r o d i b i l i t y  fa ct or Re

fa ct or v a l u e  of 0 . 0 4  (Bar ber  et al. (1979).

The a v e r a g e  annual ra inf al l as c o m p u t e d  from 

18 y e a r s  of ra in fa ll d a ta  is 1024 mm w i t h  a bi mo dal  

d i s t r i b u t i o n  c o m p r i s i n g  sho r t rains, from O c t o b e r  to 

De ce mb er , and long rains, from M a r c h  to May. The m e an
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m o n t h l y  d i s t r i b u t i o n  of rainfa ll is p r e s e n t e d  in f i g . 2 . 

T h er e was a ve ry  h e av y s t o r m  (183 mm) on 1 8 ^  of May 

1989 w i t h  a r e tu rn  p e r i o d  of a b o u t  25 to 50 years. The 

c o n t r i b u t i o n  of the sho r t rains and the long rains to 

the annual rainfall, as c o m p u t e d  from the m e a n s  of the 

last 18 y e ar s u s in g the rainfall d a t a  c o l l e c t e d  in the 

A g r o m e t  S t a t i o n  w h i c h  is a b o u t  500 m e t r e s  from the 

runoff plots, was 27% and 51 % r e s p e c t i v e l y .

3.2 F A ST  L A N D U S E  H I S T O R Y  OF TH E S I T E .

For the past 18 y e ar s the land used for the 

runoff pl ots was un de r d i f f e r e n t  c r op s and pasture. The 

ma jo r past  land use  s y s t e m s  of the site is p r e s e n t e d  in

t a b l e  1 .



T a b l e  1 , The land use  h i s t or y of the r e s e a r c h  area since

1975.

Fer i od La n d u s e  S y s t e m

1 9 7 5 -7 0 P a s t u r e

19 7 7 - 8 0 Maize, Beans and p o t a t o e s

1961 F o t a t o e s

1 9 0 2 -8 3 Ba re  but grass s t r i p s  on the lower 

end of the plots.

19 84 -8 7 M a i z e  on long rains and be an s on short

rains and gr as s s t r i p s  on the 

ends .

lower

1988 (long rains) M a i z e  on six p l o t s  and

b e an s on the o t he r six plots.

S o u r c e  : T e f e r a , F . (1903) and fiel d a s s i s t a n t s .
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Rainfall in mm Standard Diviation

rig. 2. M onthly  R a in f a l l  D is t r ib u t io n  at K a b e t e
(Means of 15 years)
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3. 3 F L Q T  FREFARAT 10N .

The p r e s e n t  runoff plots us ed  for the r e s e ar ch  

were  i n s t a l l e d  in 1951 and they w e re  us ed for soil loss 

and ru no ff  trials under grass strips. In 1965 long 

rains six of the plots were p l a n t e d  with beans aft er  

r e m o v i n g  the grass strips to a s s e s s  the n u t r ie nt  loss 

from the e r o d e d  sediments. The r e m a i n i n g  six plots were 

un de r m a i z e  cr o p  with the grass st ri ps  at the lower 

ends of the plots.

To p r e p a r e  the runoff plo t s for the pres en t 

r e s e a r c h  all the b o u n d a r y  p l a t e s  t o g e t h e r  with the 

e n d p l a t e s  and c o l l e c t i n g  tr o u g h s  we re  re mo ved  and 

r e i n s t a l l e d  wi th  new ones to fit the e x p e r i m e n t a l

design.

A 1 1 the runof f plots to get her  wi th the piece of 1 and

be t w e e n the plots were p i o u g h e d by hand in the

t r a d i t i o n a l  w a y o n  16/08/80, and a g a i n on 0 4 / 1 0 / 8 6  to

u p r o o t  an d re mo ve  the grasses and the m a i z e  stalks. The 

runo ff c o l l e c t i n g  e q u i p m e n t  and the b o r d e r  plate s were 

i n s t a l l e d  f o l l o w i n g  the se con d c u l t i v a t i o n .  After the 

c o m p l e t i o n  of the i n s t a l l a t i o n  of the runof f c o l l e c t i n g  

e q u i p m e n t  the soil wi thi n ea ch  plot was c u l t i v a t e d  to 

r e m o v e  the i r r e g u l a r i t i e s  and to lo ose n the soil w h i c h  

had b e e n  c o m p a c t e d  by s t ep pi ng  d u r i n g  the i n s t a l l a t i o n  

of the b o r d e r  plates and runoff c o l l e c t i n g  equipme nt.
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The plo ts were ready on O c t o b e r  1988 and were 

used to m e a s u r e  runoff and soil loss d u r i n g  the natural 

rainfall in the short rains of 1988, in the long rains 

of 1989 and du rin g the s i m u l a t e d  ra i n f a l l  on M a rc h 

1989.

3.4 P L OT  SIZE AND L A Y O U T .

The size of each plot was 11.6 m e t r e s  long and 2 

me tr es  wide, the longest side r u n n i n g  up an d do wn  the 

slope. The plo ts w i th in  each r e p l i c a t i o n  w e r e  s e p a r a t e d  

by a 50 cm buffe r space and the d i s t a n c e  b e t w e e n  

r e p l i c a t i o n s  was 3 m wide. E v e r y  p l o t  was e n c l o s e d  by 

a g a l v a n i z e d  sheet metal s t r i p s  to d e f i n e  the 

bo und a ri es , and co ll e c t i n g  e q u i p m e n t  at the lower end 

of the plot s to co l l e c t  runoff an d e r o d e d  soil.

The d i m e n s i o n s  and the general o r i e n t a t i o n  of the 

runoff plots used for the e x p e r i m e n t  is s h o w n  in figure

3.

3.5 R U N O F F  C O L L E C T I N G  E Q U I P M E N T .

The runof f c o l l e c t i n g  e q u i p m e n t  c o n s i s t s  of the 

bord er p l at es  and end p 1 a t e s ,c o 1 1 e c t i n g  troughs, 

c h a n n e l l i n g  pipes and st ora ge tanks.
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3.5. 1 B o r d e r - p l a t e s .

Plots for ea ch  t r e a t m e n t  are s e p a r a t e d  and 

b o u n d e d  by a 24 gau ge g a l v a n i z e d  sh ee t - m e t a l  of size 25 

cm wide in w h i c h  15 cm was d r i v e n  into the g r ou nd  so 

that any r u n o f f  was not a l l o w e d  to get into or out of 

the plots.

The s h e e t  m e t a l s  are s u p p o r t e d  by a r o u n d e d  iron 

rods of 8  mm in d i a m e t e r  at e v e r y  one met re  a l o n g  the 

length o f  the plots. The Iron rods we re  f o ld ed  to hold

the b o u n d a r y  p l a t e s  at the joint s ti g h t l y  in b o th  

sides.

3 . 5 . 2  E n d - p l a t e s  and C o l l e c t i n g  t r o u g h s .

The r u n o f f  c o l l e c t i n g  tr ou ghs  are c o n n e c t e d  to 

the lower en ds of,th e plo ts fi rm ly  by the end p l at es  to 

pr ev en t any r u no ff  water pa s s i n g  under the tr ou gh s as 

seepa g e .

S e d i m e n t  d e p o s i t i o n  in the c o l l e c t i n g  tr o u g h s  

used by T e f e r a  (1983) on the same site r e d u c e d  the 

c a p a c i t y  to d i s c h a r g e  runoff. T h e r e f o r e ,  the c o l l e c t i n g  

tr ou gh s we re d e s i g n e d  and f a b r i c a t e d  wi th a 1 0 X 

g r a d ie nt  t o w a r d s  the c e n t r e  from bo th  ends to let the 

runoff wi th  the e r o d e d  soil be e a s i l y  c o n v e y e d  into the 

c o n v e y e r  pipe as s h o w n  in F i g u r e  4. D e t a i l s  are a l s o

given in a p p e n d i x - 1 0 ,



The d e s i g n  runoff rate was b a s e d  on 120 mm/h, the 

e x p e c t e d  5 m i n u t e s  m a x i m u m  ra in fa ll  inte ns ity , with 

100* runoff c o e f f i c i e n t  as r e c o m m e n d e d  by M u t c h l e r  et 

al. (1968).

All the tr ou ghs  and e n d - p l a t e s  w e re  c o v e r e d  with 

a 24 gauge g a l v a n i z e d  s h e e t - m e t a l  to p r e v e n t  any rain 

and s p l a s h  o u t s i d e  the plots e n t e r i n g  into the troughs.

3 . 5 . 3  S t o r a g e  Tan k s and C o n v e y e r  F i p e s.

The runof f and s e d i m e n t  c o l l e c t e d  into the 

trou ghs  was c h a n n e l l e d  into the s t o r a g e  tank by a 7.5 

cm d i a m e t e r  FV C pipe at a m i n i m u m  s l o p e  of 12%. Small 

c o n t a i n e r s  (d us tbi ns)  of 60 litres c a p a c i t y  were placed 

inside the tanks to hold e r o d e d  s e d i m e n t  and runoff of 

small st orm s for e a s i e r  h a n d l i n g  and s a m p l i n g  of the 

s e d i m e n t s  and runoff.
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LAYOUT OF THE RUNOFF PLOTS

PLOTS—

3 m
-f------v 3 m

COLLECTING
TROUGHS

CHANNELLING PIPES -

STORAGE TANKS

1 1 *6 m

2 4 0  210 2 0  2 2 0 Y 10 Y20 YO Y40

Scale: Horizontal scale
Vertical scale.

X 20 XO X10 X40

1 . 170 
1 , 160
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I_____
Fig .-! .

4a. END PLATE USED TO MAKE A F IR M  C O N T A C T  B E T W E E N  THE
SO IL  AND CO LLECT lNG  TROUGH.

4b- THE RUNOFF COLLECTING TROUGH USED TO C H A N N EL  RUNOFF AND 
ERODED SOIL FROM THE PLOTS TO THE STORAGE TANKS.

HIE E'lli-PL/'.TF AND THE RTjNOIT CnUJ'.C’TNC TT:n IQ-t 

UEED IN THErX U ’mT'EMT



3 . 6 T R E A T M E N T S .

Four d i f f e r e n t  rates of su r f a c e  c o v e r a g e  of the 

soil were t e s t e d  using s p e c i a l l y  made c o n c r e t e  slabs. 

All the slabs w e r e  al mos t identical h a v i n g  siz e s of 20 

cm by 20 cm s u r f a c e  area and 2.5 cm t h i c k n e s s .

The t r e a t m e n t s  were a r r a n g e d  in a r a n d o m i z e d  

block d e s i g n  an d  the p e r c en t s u r f a c e  c o ve r of the soil 

made by the s l a b s  is shown in table-2. The sla b s were 

s y s t e m a t i c a l l y  put on the plots su ch  that the d i s t a n c e  

b e t w e e n  the s l a b s  w i t h i n  each plot was a l m o s t  equal 

and the c o r n e r  edges were p o i n t i n g  e i t h e r  a l o n g  or 

ac ro ss the le ngt h bas ed on the p o s i t i o n  of the next 

slab as s h ow n in plate 2.

Tab 1e 2 . The p e r c e n t a g e  of the soil s u r f a c e  of the 

p l ot s c o v e r e d  by c o n c r e t e  slabs.

Tr ea tment N o . of 

S 1 abs

S u rf ac e area 

c o v e r e d  by 

Slabs 

Cm2)

So il s u r f a c e  

c o v e r e d  by 

S l a b s  

<%)

Control 0 0 0

Low co ver 60 2. 4 10

M e d i u m  cov e r 120 4.0 20

H i gh  cover 2 4 0 9.6 40
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3. 7 S I M U L A T I O N  O F....RA 1 N F A L L  A N D  R U N O F F .

3.7.1 S i m u l a t i o n  of rainfaI 1.

Ra in fa ll was s i m u l a t e d  u s i n g  a s i m p l e  po r t a b l e  

rainfall si m u l a t o r ,  d e s c r i b e d  by M o ge E Wor ku  

( u n p u b l i s h e d  M.Sc. thesis), on all the t w e l v e  plo ts  in 

Ma rc h 1989 b e f o r e  the long rains had started. The 

length of the plo t s was re du ce d to 5 m i n s t e a d  of 11.6 

m to m a t c h  the size of the s i m u l a t o r .  The a v e r a g e  

rainfall i n t e n s i t i e s  a p p l i e d  were:

1) 79 mm /h for 60 m i n u t e s  initial run w i t h  the 

e x i s t i n g  soil m o i s t u r e  con te nt,

2) 84 mm /h  w e t - r u n  for 20 m i n u t e s  a f t e r  24 hours 

interval f o l l o w i n g  the d r y - r u n

3) 82 mm/h  Is* v e ry  w e t - r u n  for 20 m i n u t e s  af te r 20

m i n u t e s  interval f o l l o w i n g  the w e t - r u n  and

4) 81 m m /h  2 n(̂ ve r y  w e t - r u n  t o g e t h e r  w i t h  three rates 

of i n fl ow  wate r for 50 m i n u t e s  a f t e r  5 m i n u t e  

interval of the Is* very wet-run.

The a m o u n t  of rainfall a p p l i e d  to e a c h  plot was 

re c o r d e d  u s in g nine* ca t c h  cans of id en ti ca l o p e n in g

di a m e t e r  and the i n t e n s i t y  was d e t e r m i n e d  usi n g the 

re c o r d e d  ra in fa ll a m o u n t  for e a c h  run. T h e c a t c h  cans 

were put as s h o w n  in fi gu re  5 an d p l a t e  3 to m i n i m i z e  

the s p l a s h  w a t e r  c o m i n g  from the f r a m e s  of the 

simula tor .
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. 3m . 7  . 7  . 3m
! ! _m  1 _ m  ! !

F i g u r e  5 . P o s i t i o n  of c a t c h  ca ns  u s ed  to col lect wate r 
for i n t e n s i t y  m e a s u r e m e n t  d u r i n g  the s i m u l a t e d  
r a i n f a  1 1 .

The d e s i g n  i n t e n s i t i e s  for e a ch  of the dry- 

run, we t- run , 1st ve ry  w e t - r u n  and the 2 nd v e ry  w e t - r u n  

we re  d e t e r m i n e d  by t a ki ng  the a v e r a g e  of al 1 the 

i n t e n s i t i e s  from e v e r y  plot for the p a r t i c u l a r  run 

b e c a u s e  the i n t e n s i t i e s  from d i f f e r e n t  p l ot s we r e  not 

e x a c t l y  the same e v e n  if m u c h  e f f o r t  was g i v e n  to 

r e g u l a t e  the v a r i at io n.

The actua l i n t e n s i t i e s  of ra inf al l and the
m

c o e f f i c i e n t  of u n i f o r m i t y  c a l c u l a t e d  usi n g

C h r i s t i a n s o n ’s f o r m u l a  is s h o w n  in a p p e n d i x  11.
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c u e

wh er e

C U C  is C h r i s t i a n s o n ’s U n i f o r m i t y  Co ef fic ie nt,  

Ij is the in te ns it y of rainfa ll (mm/h) for the 

i^  can and

iav is the av e r a g e  i n t e n s i t y  of rainfall in mm/h 

from a plot on a g i ve n run 

n is the nu mbe r of c a t c h  cans in this case 

n = 9

lj was c o m p u t e d  as

Ij = Vj/t( 2 2 / 7 / 4 ) * d 2]* ( 6 0 / t ) . . . (2)

wher e :

V. v o l u m e  in ml, d is the d i a m e t e r  of the 

o p e n i n g  in mm and

t is the time of rainfa ll a p p l i c a t i o n  in 

minutes.

The soil loss and the ru no ff for ea ch run was 

a d j u s t e d  to the d e si gn  i n t e n s i t i e s  as su g g e s t e d  by 

Meyer (1988) as follows:

S L a(Jj = S L b * ( R I d/R I B) 2 (3)

R 0 adj « R o b ♦ (RId - Ri.) <4)

= 1 0 0 * <i-t : i, - i av: / ( n * iav)]) (1)
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wh e r e

S L a(jj is a d j u s t e d  soil loss in t/ha,

S L § is the actual m e a s ur ed  soil loss in t/ha,

R 1 jj is the d e s i g n  rainfall i n t e n s i t y  in mm/h,

R O adj is the ad j u s t e d  runoff in mm and 

R 0 b is the actual me a s u r e d  ru no ff in mm

3 . 7 . 2  S i m u l a t i o n  of r u n o f f .

T h re e d i f f e r e n t  rates of in fl ow  w a t e r  was a p p l i e d  

as o v e r l a n d  flow ac ros s the upp er end of e a c h  plot in 

the two r e p l i c a t i o n s  coded as b l oc k Y an d b l o c k  Z in 

fi gu re 3, to see their effe cts  on longer s l op es  since 

the runoff pl ots  used for s i m u l a t e d  rai n fa ll  were only 

5 m e tr es  long and the runoff p r o d u c e d  was not as it was 

e x p e c t e d  from such high i n t e ns it y storms.

To e v a l u a t e  the re t a r d i n g  e f f e c t s  of the 

t r e a t m e n t s  on runoff v e l o ci ty  an a t t e m p t  was m a de  to 

s i m u l a t e  the slop e length by a d d i n g  d i f f e r e n t  rates of 

wat er  as a runoff. T h e r e f o r e  wate r was a d d e d  into the 

plo ts  u n i f o r m l y  from the upper end of the plo ts in 

w h i c h  a c o n t i n u o u s  flow of runoff was m a i n t a i n e d .

The s i m u l a t e d  slope length was c o m p u t e d  as 

s u g g e s t e d  by L a f l e n  (1982) as fol low s:

X = L # (1 + ( Q / Q §) ( 5 )
w h er e
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X is the new slope length in metres,

L is the actus 1 length of the plot in this case 

5 m ,

Q a is the add e d flow rate (1/min) and

is the m e a s u r e d  runoff rate in the 1st very 

w e t - r u n  aft er c o n s t a n t  rate was m a i n t a i n e d  

(1/min)

The r&te  of ad de d wat er  to ea ch  plot was

r e g u l a t e d  w i t h  a c o n s t a n t  head m e t h o d  w h er e the water

level in the s u p p l y  tank was kept const ant . Two tanks

c o n n e c t e d  by hose pipes to the ma i n  wat er  line each 

2 ^h a v i n g  0 . 7 5  m s u r f ac e a r e a  and 0 . 45  m c a p a c i t y  were 

u s ed  as a s u p p l y  tank. T h r e e  hose pipes of identical 

size  c o n n e c t e d  to one of the s u p p l y  tank in w h i c h  the 

wa te r level was r e g u l a t e d  were s u p p l y i n g  water to a 

trough. The t r o u g h  s u p p l i e d  water u n i f o r m l y  as ov e r l a n d  

flow to the u p pe r end of a plot w i t h  small p e r f o r a t i o n s  

on one of the sides as s h o w n  in p l a t e - 4  and figur e 6.

Af ter  5 m i n u t e s  f o l l o w i n g  the very w e t - r u n

the f o l l o w i n g  rates of in fl ow  w a te r t o ge th er  wi th  61 

m m / h  r a i n fa ll  w e re  a p p l i e d  for 50 minutes.

a) 0 1/min, for 5 m i n u t e s

b) 6 1/min. for 15 m i n u t e s

c) 16 1/min. for 15 m i n u t e s

d) 24 1/min. for 15 minutes.
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FIG-6 SECTION VIEW OF THE RUNOFF PLOTS.
6 WERE USED ON RUNOFF SIMULATION ONLY.

[ T T T T T T T H T T T ?  i
................................................

JAJ/ /V/ t/WJ  V '— yrv—

1 SMALL HOLE-
2 WATER SUPPLY TANK (CONSTANT HEAD).
3 HOSE PIPE.
A FLEXIBLE PIPE-
5 PVC PIPE.
6 WATER SUPPLYING TROUGH-
7 PLOT-
8 END PLATE (SEE FIG Aa) -
9 COLLECTING TROUGH (SEE FIG A b).

10 CHANNELLING PIPE-
11 STORAGE TANK.
12 DUSTBIN.



F 1 ate 2 . P h o t o  s h o w i n g  the s t a g g e r i n g  a r r a n g e m e n t  of 

the s i m u l a t e d  stones.
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Pl at e 3 . A r r a n g e m e n t  of c a t c h  cans d u r i n g  the 

r a i n f a l 1 s i m u l a t i o n
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P l at e 4 . The tr ou gh  used to s u p p l y  wat er  u n i f o r m l y  as •

0
o v e r l a n d  flow (Fh.to was tak en  a f te r theA

e x p e r i m e n t  was c o m p l e t e d )
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3.8 COL LE CT I ON OF D A T A .

3.8.1 M e a s u r e m e n t  of R a i n f a l l .

The daily a m o u n t  an d i n t e n s i t i e s  of ra in fa ll  we r e  

o b t a i n e d  for each st or m u s in g a r e c o r d i n g  r a in  g a ug e 

i n s t al le d on site b e t w e e n  plots (plate-5). A non-

r e c o r d i n g  rain gauge was a l s o  i n s t a l l e d  near the 

r e c o r d i n g  rain gauge to c o l l e c t  the a m o u n t  of d a i l y  

r a i n f a l 1 to be used as a ch ec k and to a v o i d  losses of 

d a ta  if the re c o r d i n g  gauge m a l f u n c t i o n s .  Th e r e c o r d e d  

rainfal 1 data was used to c o m p u t e  the rain fa l 1 and

runoff er o s i v i t y  factor (R) of the U n i v er sa l Soil Loss 

Equation.

The rainfall e r o s i v i t y  facto r (R) is the p r o d u c t  

of the total e n e r g y  of a sto r m and the m a x i m u m  30 

m i n u t e s  int ensity of that p a r t i c u l a r  storm.

The rainfall e n e r g y  of e a c h  s t or m was c o m p u t e d  u s i n g  

the formula:

e j =[0 .119 + ( 0 .0 87 3 * LogjgljMA, (6)

E = £  (ej) (7)

R = E * 130 <B)
w h er e

ej Is the rainfall e n e r g y  for a u n i f o r m  i n c r e m e n t

i.e. a p e r i o d  of c o n s t a n t  i n t e n s i t y  d u r i n g  a 

storm (MJ/ha/h),
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Ij is the rainfa ll i n t e n s i t y  (mm/h) for the i 

i n c re me nt  f

Aj is the rainfa ll a m o u n t  for the i n c r e m e n t  (mm),

E is the total ra in fa ll e n e r g y  for an i n d i v i d u a l  

storm (MJ/ha) and

R is the rainfa ll e r o s i v i t y  factor of the U n i v e r s a l  

Soil Loss E q u a t i o n  for a storm ( M J . m m / h a / h )  and 

the sum of a l 1 the R va lu es  di vi de d by the n u m b e r  

of years will be the annual e r o s i v i t y  f a c t o r  

v a l u e  in MJ . m m / h a / h / y .

3 . 8 . 2  M e a s u r e m e n t  o f  R u n o f f .

The data from the runoff plots were col lecte d 

a f t e r  every storm. A s t o r m  was c o n s i d e r e d  as an e r o s i v e  

e v e n t  when one of the p l ot s had pr o d u c e d  m o re  t h a n  5 

litres of runoff. B e f o r e  the runoff was m e a s u r e d  all 

the troughs were c h e c k e d  for an y sign that ru no ff had 

f l ow ed  out of the t r o u g h s  but there was no s i g n  of 

runo ff o v er fl ow in g.

The next st ep was w a s h i n g  all the e n d p l a t e s  and 

c o l l e c t i n g  tr ou gh s w i t h  the runoff water from the 

r e s p e c t i v e  s t o r a g e  tank s so that any soil that r e a c h e d  

up to the e n d - p l a t e  was ta ken  into a c c o u n t  for soil

loss me as ur em en t.

The total ru no ff  c o l l e c t e d  in the s t o r a g e  tan k s 

was m e a s u r e d  w i t h  a g r a d u a t e d  bu cke t of 20 li tr es
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capaci ty.

3 . 8 . 3  M e a s u r e m e n t  of Soil L o s s .

After s t i r r i n g  the ru no ff from ev er y full b u c k e t

c o m p l e t e l y  two litres s a m p l e s  from each full b u c k e t

were taken and all the s a m p l e s  were mixe d so that one

litre r e p r e s e n t a t i v e  s a m p l e  was taken from the m i x t u r e  

to d e t e rm in e the s e d i m e n t  c o n c e n t r a t i o n  of the runoff. 

A further one litre m o r e  s a m p l e  was tak e n w h e n  the 

re m a i n i n g  runoff did not  c o m p r i s e  a full bucket.

After r e m o vi ng  the runoff and the s u s p e n d e d  

sediment, about 200 g r am s of se d i m e n t  was t a k e n  from

d i f f e r e n t  point s to d e t e r m i n e  the p a r t i c l e  size

d i s t r i b u t i o n  of the e r o d e d  s e d i m e n t  b e f o r e  d i s t u r b i n g  

it to co mp are  with the p a r t i c l e  size d i s t r i b u t i o n  of 

the soil samp les  tak e n fr om the su rf ac e of the plo ts  at 

0- 3  cm depth. The s e d i m e n t  s a m p le s were ta ke n in such 

a way that for small s t o r m s  w h e n  the s e d i m e n t  was o n ly  

in the du st bi ns  in the tanks runoff was r e m o v e d  and 

then  se di men t s a m p le s at the top and the b o t t o m  were 

ta ke n and mix ed to g e t h e r .  For large s t o r m s  w h e n  the 

runoff overflowed, all the ru no ff  from the d u s t b i n  and 

the big tanks was r e m o v e d  an d  then s e d i m e n t  s a m p l e s  at 

the top and b o t t o m  of b o t h  the d u s t b i n  and big tanks 

were  taken and mix e d t o g e t h e r  for each plot.
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The sed i me nt  d e p o s i t e d  in the tanks was s c o o p e d  

into a bucket and w e i g h e d  wi th  a s p r i n g  b a l a n c e  of 0.1 

kg precision. T h en  the se di me nt  was t h o r o u g h l y  m i x e d  

until a u n i f o r m  c o n s i s t e n c y  was ma d e  an d s a m p l e s  of 

about 0.6 kg were t a ke n so that the w a te r c o n t e n t  of 

the sedime nt was d e t e r m i n e d  by w e i g h i n g  the s a m p l e s  

b e fo re  and after o v e n - d r y i n g  for 24 h o ur s at 105 °C.

The s u s p e n d e d  soil in the runoff s a m p l e s  was ma de 

to settle using a l um  ( A 1 K ( SO^) 2 • 1 2 ^ 0  ) as a f l o c c u l a n t .  

After d e c a nt in g the cl ea r water the s a m p l e s  w e r e  d r ie d 

in an oven at a t e m p e r a t u r e  of 105 °C. for 24 h o u r s  to 

d e t e r m i n e  the s e d i m e n t  c o n c e n t r a t i o n  of the runoff.

3* 6*4  D e t e r m i n a t i o n  of Actual Soil Loss an d  R u n o f f .

The total soil loss for each  stor m is the sum of the 

o v e n - d r i e d  soil from d e p o s i t e d  s e d i m e n t  and fr om  the 

s u s p e n d e d  sediment. The a m o u n t  of soil loss (t/ha) was 

c o m p u t e d  using a c o m p u t e r  as follows:

SL = 10/A( £  ( D S j/ W S jK T S j) -*• £  ( S C j / l O O O ^ T R j ) } (9)

wh ere

SL is the total soil loss from a s t o r m  in t/ha,

DSj is the w e i g h t  of o v e n - d r i e d  soil s a m p l e  ta ke n 

from d e p o s i t e d  s e d i m e n t  in kg,
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WSj is the wet weigh t of soil s a m p l e  ta ke n from 

the d e p o s i t e d  s e d i m e n t  in kg,

TS. is the total wet w e i g h t  of the d e p o s i t e d

SCj is the s e di me nt  c o n c e n t r a t i o n  of the runoff 

s a m p l e  (g/1) d e t e r m i n e d  by o v e n - d r i e d  w e i g h t  

of soil from one litre r u no ff  s a m p l e  and 

TRj is the total volume of ru no ff  (litres) from

S i m i l a r l y  the total water loss was c o m p u t e d  by 

su mm in g the w a t e r  loss from the d e p o s i t e d  s e d i m e n t  and

runoff. It was c o m p u t e d  by a s s u m i n g  1 kg/1 and 2.35 

kg/1 r e s p e c t i v e l y  for the d e n s i t y  of w a t e r  and the 

s e d i m e n t  as s u g g e s t e d  by H a m l e t t  et al. (1987). Thus:

s e d i m e n t  from w h ic h the i s a m p l e  was taken

in k g ,

A is the ar ea  of the plot (m ) in this case 23.2

w h i c h  the i ^  runoff s a m p l e  was taken.

WL1 { £  [ ( 1 - D S j/ W S j ) * T S j ]  +
£  [ (Vsi-Dj/1000* 1/2.35) / V si*TRj ] ) ( 10 )

WL2 U L 1 / 2 3 . 2 ( 1 1 )

wh ere

WL1 is the total water loss in litres,

WL2 is the total water loss in m i l l i m e t r e s ,



V sj is v o l u m e  of runoff s a mp le  in litres,

Dj is the dry w e i g h t  of the soil from runoff 

as s u s p e n s i o n  and

WSj, TSj, an d  TRj are as d e s c r i b e d  above.

3*8-5 M e a s u r e m e n t  of E r o s i o n  Rate under S i m u l a t e d  

Ra i nf a 1 1 .

To d e t e r m i n e  the rate of e r o s i o n  at d i f f e r e n t  

d u r a t i o n  d u r i n g  s i m u l a t e d  rainfall of a l m o s t  c o n s t a n t  

intensity, ru nof f sa m p l e s  were tak en  at e v e r y  5 mi n u t e s  

interval. The time ta ke n to fill a 1.25 litre c a p a c i t y  

c o n t a i n e r  was r e c o r d e d  using a stop watch, and later in 

the la bor ato ry,  the exa ct  v o l u m e  of the c o l l e c t e d  

runoff sa m p l e s  w i t h  the s e di me nt  was m e a s u r e d  and oven- 

dried to d e t e r m i n e  the se d i m e n t  c o n c e n t r a t i o n .  This 

m e a s u r e m e n t  was im p o r t a n t  b e c a u s e  the c o n t a i n e r s  were 

not s t a n d a r d i z e d .

3. 8.6  M e a s u r e m e n t  of Pr o f i l e  C h a n g e s  of the F l o t s .

The p r o f i l e  of each plot was s u r v e y e d  u s in g a
>

qu ick  set level at 0. 5 me tr e interval at the b e g i n n i n g  

and end of e a c h  of the short and long rai n y seasons. 

The da ta was a l s o  used to c o m p u t e  the a v e r a g e  slo pe
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s t e e p n e s s  of e a c h  plot.

3 . 0 . 7  F a r t i c l e  Size D i s t r i b u t i o n  A n a l y s i s .

The soil s a m p le s for p a r t i c l e  size d i s t r i b u t i o n  

a n a l y s i s  w e re  tak e n from the e r o d e d  se d i m e n t  de po s i t e d  

in the tanks. The s e di me nt  s a m p l e s  were a i r - d r i e d  and 

E i ev ed  w i t h  a 2. 0 mm sieve to re mo ve  gravel size 

pa rt ic le s.  5 1 . 0  grams of the less than 2.0 mm soil 

sa mp le  (1ITA, 1979) was used for m e c h a n i c a l  a n a l y s i s  to 

d e t e r m i n e  the p r o p o r t i o n s  of sand silt and clay.

T h e n  e a c h  of the soil s a m p l e s  were tr ea ted  and 

m e a s u r e m e n t s  we re  made in the f o l l o w i n g  sequence.

1. E a c h  s a m p l e  was w e tt ed  w i th  d i s t i l l e d  wate r and

af te r the soil was c o m p l e t e l y  w e t t e d  h y d r o g e n  

p e r o x i d e  (6% was a d d e d  to o x i d i s e  the organ ic

m a t t e r  in the sample until f r o t h i n g  ceased.

2. 25 mm of cal^on, p r e p a r e d  by m i x i n g  33 grams of 

s o d i u m  h e x a m e t a p h o s p h a t e  and 7 grams of so di um 

c a r b o n a t e  to make one litre of so lut io n, was added 

as a d i s p e r s i n g  agent.

3. E a c h  s a m p l e  was t r a n s f e r r e d  to a s h a k i n g  cup and 

s h a k e n  for 7 m i n u t e s  usi n g an e l e c t r i c a l  shake r and 

then i m m e d i a t e l y  was t r a n s f e r r e d  to a s e d i m e n t a t i o n  

c y 1inder.

A. D i s t i l l e d  w a t e r  was a d d e d  into the c y l i n d e r  until it

r e a c h e d  1000 ml level.



5. The soil s u s p e n s i o n  in the c y l i n d e r  was s t i r r e d

t h o r o u g h l y  with a s t i r r e r  an d i m m e d i a t e l y  the 

h y d r o m e t e r  was i n s e r t e d  an d the first h y d r o m e t e r  

and t e m p e r a t u r e  r e a d i n g s  w e re  t a k e n  at 40 s e c o n d s  

after the sti rrer was remove d.

6. The s u s p e n s i o n  in the c y l i n d e r  was kept u n d i s t u r b e d  

for 3 hours and e x a c t l y  a f t e r  3 hou rs  the se co nd  

h y d r o m e t e r  and t e m p e r a t u r e  r e a d i n g s  were recorded.

7. After taking the s e c o n d  r e a d i n g s  the s e d i m e n t a t i o n  

c y l i n d e r s  were e m p t i e d  to m a k e  them ready for the 

next  samples.

3 . 8 . 0  M e a s u r e m e n t  of C h a n g e s  in Soil D e p t h .

The soil under the slabs we r e  p r o t e c t e d  from d e t a c h m e n t  

and the soil which was not c o v e r e d  was r e m o ve d as s h ow n 

in pl ate  6, The d i f f e r e n c e  in d e p t h  of the soil as a 

re su lt  of e r o s i o n - f r o m  the long rai n s o n ly  was m e a s u r e d  

as d e s c r i b e d  below.

1. M e a s u r e m e n t s  were t a k e n  at a m a x i m u m  of 100 p o i n t s  

and a m i n i m u m  of 60 p o i n t s  for ea c h  plot.

2. The m e a s u r e m e n t s  were t a k e n  at 0 . 5 m t 3.0 m, 6 . 0 m,

9 . 0 m and 11.0 m from the e n d - p l a t e s  a l o n g  the 

length and from 3 to 5 p l a c e s  a l o n g  the width.

3. A v e r n ie r c a ll ip er  was u s e d  to m e a s u r e  the d e p t h  of 

soil re m o v e d  by t a ki ng  the s u r f a c e  of the slabs as 

a re ference.
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4. At 4 po int E (2 in o p p o s i t e  c o r n e r s  and 2 in o p p o s i t e  

e d g e s  of a slab) the d e p t h  of soil removed was 

m e a s u r e d  and an a v e r a g e  v a lu e was taken alo n g the 

w i d t h  of ea ch  plot.

5. Th e  d e p t h  was c o n v e r t e d  into v o l u m e  and the v o lu me  

o c c u p i e d  by the soil und er  the slabs was sub t ra ct ed . 

T h e n  usin g a bulk d e n s i t y  of 0.61 g/cc (Tefera, 

1983), it was c o n v e r t e d  into t/ha.
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P l a t e  5. The lo ca ti on of the rain ga ug es  and partial 

view of the runoff plots.
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F 1 a t e 6 . P h o t o  s h o w i n g  the i m p o r t a n c e  of s u r f a c e  cover

to p r o t e c t  soil from rain dr o p  impact
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P l at e 7 . M e a s u r e m e n t  of the soil d e p t h  r e m o v e d  by the 

long rains
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4. R E S U L T S

Data c o l l e c t e d  on the runoff plo ts  for the 

total soil loss and runoff from the na t u r a l  and 

sim ul a te d rainfall were a n a l y z e d  to see the e f f e c t s  

of diff er en t p e r c e n t a g e  of su r f a c e  cover.

4. 1 DATA F R OM  N A T U R A L  R A I N F A L L

Runoff and soil loss data from n a t u r a l

rainfall was c o l l e c t e d  and a n a l y z e d  for all the 

stor ms of the year that c a u s e d  runoff. S i n c e  the 

rainfall c h a r a c t e r i s t i c s  were d i f f e r e n t  for the

short rains as c o m p a r e d  to the long rains, the

res ul t in g soil loss and runoff data are s u m m a r i z e d  

s e p a r a t e l y  for ea ch  season.

4.1.1 Short R a i n y  S e a s o n

4 . 1 . 1. 1 Rainfall and E r o s i v i t y

The total rainfa ll and rainfa ll e r o s i v i t y

d u r i n g  the short rains of O c t o b e r  1988 to J a n u a r y

1989 was 409.2 mm and 1148 M J . m m / h a / h r  r e s p e c t i v e l y .  

In this an al ys is  the J a n u a r y  rains and the r e s u l t i n g  

e r o s i o n  data are in c l u d e d  in the short rains s i n c e  an 

ex ce pt io na l rain that c a u s e d  m u c h  e r o s i o n  fell in
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January. In the oth e r mo nth s of the short r a in y 

s e as on  there w e r e  small and fre q ue nt  s h o w e r s  of rains 

w h i c h  did not c a u s e  s i g n i f i c a n t  erosion. Th e total 

m o n t h l y  ra in fa ll a m o u n t  and e r o s i v i t y  is s h o w n  in 

figu re 7 and tab l e 3,

4 . 1 . 1 . 2  Soil L o ss  and Runoff

The a m o u n t  of soil loss and water loss for e a ch  

s t or m was d e t e r m i n e d  usi n g data from the s e d i m e n t  

d e p o s i t e d  in tan k s an d the runoff for that p a r t i c u l a r  

storm.

Duri ng this s h or t rai ny  season, o n l y  four 

st orm s (table 4) c a u s e d  e r o s i o n  and a m o n g  tho se 

st orm s the m a x i m u m  soil loss and runoff was r e c o r d e d  

on 0 6 / 0 1 / 6 9  s t o r m  in w h i c h  the total ra inf a 1 1 a m o u n t  

and e r o s i v i t y  was 48 mm and 699 M J . m m / h a / h r  

re sp ec ti ve ly .

The w h o l e  s e a s o n  m a x i m u m  soil loss, 2 6 .4  t/ha, 

and the m i n i m u m  soil loss, 15.3 t/ha, were r e c o r d e d  

r e s p e c t i v e l y  on the bare plot and plots w i t h  40% 

s u r f a c e  cover as s h o w n  in table 4.
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T a b l e  3 . M o n t h l y  total rainfall (mm) and e r o s i v i t y  

( M J. mm /h a/ h)  d u r i n g  the short rainy s e a s o n

Mo nt h Ra i nf a 1 1 

(mm )

E r o s i v i t y

(MJ.mm/h a/h )

O c t .,1986 16.7 0

N o v . ,1980 105 .3 107

D e c . ,1988 146.5 173

J a n .,1989 140. 7 068

Total 4 0 9 . 2 1148
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T a b l e  4 . E f f e c t  of s u r f a c e  cover on soil loss and

ru nof f d u r i n g  the short rains. 

(Figures are m e a n s  of three r e p l i c a t i o n s )

Date  of 

storm

Surf ace 

co ve r 

( % )

So i 1 loss 

(t / h a )

Runoff 

(m m )

2 1 / 1 1 / 8 8 0 0. 2 0. 4

10 0. 2 0.3

20 0. 2 0. 2

40 0. 1 0. 2

2 1 / 1 2 / 8 8 0 0. 2 0. 1

10 0. 2 0. 2

20 0.2 0. 1

40 0. 2 0. 2

2 5 / 1 2 / 8 8 0 2.8 4.2

10 2.4 4 . 1

20 1.7 2.8

40 1.4 2.5

0 6 / 0 1 / 8 9 0 23. 2 21.3

10 23. 4 20 .8

20 18.5 19.5

40 13. 5 16. 2

Total 0 26 .4 26 .0

10 2 6 .2 25.4

20 20. 6 22.6

40 15.3 19. 1
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The e f f e c t s  of the di ff e r e n t  rate of s u r f a c e

cov e r was s i g n i f i c a n t l y  di f f e r e n t  at 0. 05  level of 

s i g n i f i c a n c e  in c o n t r o l l i n g  e r o s io n ( A p p e n d i x  1) and 

v a r i a t i o n s  in soil loss for each r e p l i c a t i o n  b l o c k  is 

s h o w n  in f i g u r e  6a.

S i m i l a r l y  the m a x i m u m  runoff over the s h or t 

r a in y season, 2 5 . 9  mm, and the m i n i m u m  runoff, 19.1 

mm, was r e c o r d e d  on the bare plot and plot s w i t h  40% 

s u r f a c e  co ve r r e s p e c t i v e l y .  A n a l ys is  of v a r i a n c e  

sh ows that the r e was a s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  

t r e a t m e n t s  in c o n t r o l l i n g  water loss ( A p p e n d i x  2 ).

T h e r e  was m u c h  v a r i a t i o n  b e tw ee n the r e p l i c a t i o n  

b l o c k s  for e a c h  t r e a t m e n t  as shown in fi gur e 6b w h i c h  

s u g g e s t s  the use of r a n d o m i z e d  block d e s i g n  to be

correct.

4. 1 . 1.3. P a r t i c l e  Si z e  D i s t r i b u t i o n  of E r o d e d  

Sed i ment

Er od ed  s e d i m e n t  sa mp le  from the sto r m on 6 / 1 / 8 9  

was a n a l y z e d  for the d i s t r i b u t i o n  of p a r t i c l e s .  In 

the a n a l y s i s  the e r o d e d  se d i m e n t  c o n t a i n e d  m o r e  sand 

th an c l ay  or si lt as s h o w n  in figure 9. The a n a l y s i s  

was ma d e  w i t h  s a m p l e s  taken from the d e p o s i t e d  

s e d i m e n t  o n l y  w h i c h  p o s s i b l y  has r e d u c e d  the 

p e r c e n t a g e s  of si l t  and clay p a r t i c l e s  s i n c e  

s u s p e n d e d  s e d i m e n t  is rich in silt a n d  c l a y  

pa rt ic le s.  But w h e n  the a m o u n t  of soil s u s p e n d e d  in 

the runoff was c o m p a r e d  to the a m ou nt  of the soil
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d e p o s i t e d  in the tanks the va ri at io n 

si nce more than 90 % of the soil loss
f

d e p o s i t e d  se d i m e n t .

is n e g l i g i b l e  

was from the
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4 . 1 . 2 Lone Rai n y S e as on

4. 1 . 2 . 1  Rainfa ll and E r o s i v i t v

U n l i k e  the short rains the long rains were more 

e r o s i v e  and the am oun t of rai n fa ll  was m u c h  higher. 

In this r a in y s e as on  two rainfall e v e n t s  r e c o r d e d  on 

0 7 / 0 5 / 8 9  an d 18/ 0 5/ 89  were so h e a v y  that runoff 

o v e r f l o w e d  the st or ag e tanks. T h e s e  two s t or ms  are 

r e f e r r e d  as hea v y storms in the on go in g d i s c us si on .

The total rainfall and r a i n fa ll  e r o s i v i t y  

d u r i n g  the long rainy s e a s o n  of M a r c h  to June 1989 

was 828.1 mm and 7581 M J . m m / h a / h  r e s p e c t i v e l y .  The 

total ra in fa ll  amoun t and e r o s i v i t y  (EI^q ) from 

F e b r u a r y  to J u l y  1989 is s h ow n in tab l e 5.
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T a b l e  5 . M o n t h l y  total rain fall (mm) and e r o s i v i t y  

( M J . m m /h a/ h)  from F e b r u a r y  to Se p t em be r 1989.

M o n t h Rainfal 1 E r o s i v i t y

(m m ) (M J ,m m / h a / h )

F e b . ,1989 47. 8 38

M a r . ,1989 94.2 265

A p r .,1989 230.0 1127

May, 1989 561.3 6190

J u n . , 1989 27. 5 *

J u 1.,1989 44.2 32

A u g .,1989 19. 1 0

S e p . ,1989 110. 6 901

Total 1134. 7 8553

^ R a i n f a l l  cha r t for 3 / 6 / 8 9  was m i s s i n g  but the d a i l y  

rain fal  1, 26.7mm, was r e c o r d e d  from the n o n - r e c o r d i n g  

ra in  gauge.
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Ta b 1 e 6 . C o m p a r i s o n  of e f f e c t i v e n e s s  of i n c r e a s e d

surf ace  cover on soil loss from 2 h e a v y  

storms of 0 7 / 0 5  an d 1 8 / 0 5 / 1 9 8 9  and 12 light 

storms of 1989 long rains.

St or m S u r f a c e cover

0% 10% 20% 4 0 %

Li gh t * R 2514 2514 2514 2 5 1 4

*SL 107.9 101 .8 91.1 8 4 . 8

* (%) 100 94 84 79

H e av y * R 4634 4634 4634 4 6 3 4

*SL 184.2 173.5 146.7 1 1 4. 7

* (% ) *100 94 80 62

Tota  1 * R 71 48 7 1 4 8 71 4 8 7 1 4 8

* SL 292. 1 2 7 5 . 4 2 3 7 . 8 1 9 9. 5

* (%) 100 94 81 68

*R * R a i n fa ll  e r o s i v i t y  ( M J . m m / h a / h )

*SL = Soil loss (t/ha)

#(%) = P e r c e n t a g e  of soil loss from c o v e r e d  

plot to the control plot.
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Fig. 10. Effect of surface cover on soil loss from light and heavy storms of 1989 long rains.
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4 . 1 . 2 . 2  Soil loss and Runoff.

The soil and water loss for each s t o r m were

c o m p u t e d  in the same p r o c e d u r e  as for the short

rains. Durin g t he 1 ong rainy sea son 14 ra in fa ll

s t or ms  ca use d e r o s i o n . Amon g the 14 s t o r m s the

m a x i m u m  soil loss wa s re c o r d e d  on 0 7 / 0 5 / 6 9 a nd

18/05/89. Ev en  t h o u g h  the tanks o v e r f l o w e d  .during 

th es e two hea v y storms, it was c o n s i d e r e d  that most 

of the soil was d e p o s i t e d  in the tanks and t h e r e f o r e  

the figures for soil loss do re p r e s e n t  the t r e a t m e n t  

e f feet.

More than half of the total soil loss was 

c a u s e d  by these two h e av y storm s (table 6) and the 

i n c r ea se d rate of s u r f a c e  cove r was more e f f e c t i v e  in 

h e a v y  storms than in the s m a 11 st or ms as s h o w n  in 

f i gu re  10.

The i n c r e a s e d  rate of su rf ac e cov er  of the soil 

d e c r e a s e d  the a m o u n t  of soil loss and the a n a l y s i s  of 

v a r i a n c e  s h ow ed  that there was a s i g n i f i c a n t  

d i f f e r e n c e  b e t w e e n  the v a r i ou s p e rc en t s u r f a c e  cov er 

at 0. 05  level of s i g n i f i c a n c e  in c o n t r o l l i n g  soil 

loss from the c u m u l a t i v e  e f f e c t  of the 14 s t o r m s  

(A pp en di x 3)

D i f f e r e n t  r a te s of s u r f a c e  cov e r have s h o w n  

v a r i a b l e  e f f e c t i v e n e s s  in c o n t r o l l i n g  soil loss 

b e t w e e n  light and h e a v y  storms. T h e r e f o r e ,  a n a l y s i s  

of va r i a n c e  was made s e p a r a t e l y  for the two
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s i t u a t i o n s  (i.e. for the two heavy s t o r m s  and  for the

r e m a i n i n g  12 light storms).

Th er e was a s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  

t r e a t m e n t s  at 0.01 level of s i g n i f i c a n c e  for the 

h e a v y  st orm s ( A p p e n d i x  4 a ), but the re  was no 

st at i s t i c a l  d i f f e r e n c e  b e t w e e n  t r e a t m e n t s  for the 

light st orm s e v e n  at 0 . 05  level of s i g n i f i c a n c e  

(A ppe n di x 4b). H o w e v e r  there was r e d u c t i o n  in am ou nt 

of soil loss as the p e r c e n t  s u r f a c e  c o ve r was 

in c r e a s e d  as s h o w n  in table 6 and f i gu re  10.

The total a m o u n t  of runoff and the A n a l y s i s  of 

V a r i a n c e  Ta b l e  for the light storms of the long rains 

of 1989 are g i v e n  in table 7 and A p p e n d i x  5 

re s p e c t i v e l y .  The t a bl es  do not i n c l u d e  runoff 

fi g u r e s  for the two h e av y storm s s i nc e all the 

s t o r a g e  tanks have o v e r to pp ed .

The i n c r e a s e d  rate of su rf ac e cov e r was not 

d i r e c t l y  related, to the am ou nt  of runoff. The m a x i m u m  

runoff was r e c o r d e d  on plots with 20% s u r f a c e  cover 

and the m i n i m u m  on plots with 40% s u r f a c e  cover. As 

s h o w n  in A p p e n d i x  5 in c r e a s e d  s u r f a c e  c o v e r a g e  has 

not r e du ce d the a m o u n t  of runoff s i g n i f i c a n t l y  at 

0 . 0 5  level of s i g n i f i c a n c e .

4.1.2.3. P a r t i c l e  size d i s t r i b u t i o n  of e r o d e d  

sed i m e n t s .

Er od ed  s e d i m e n t  s a m p le s t a k e n  fr om  the 

d e p o s i t e d  s e d i m e n t  were a n a l y z e d  s e p a r a t e l y  for the
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T a b l e  7 . Total runoff (mm) from 12 light s t o r m s  of 

1989 long rainy season.

S u r f a c e  C o ve r Runoff

(X> (mm) (%)

0 114.2 100

10 114.0 100

20 116. 1 102

40 111.3 97

two he avy  s t or ms  of 0 7 / 0 5 / 8 9  and 1 8 / 0 5 / 9 0  and for the 

light st or ms  of 2 4 / 0 4/ 89 , 25/ 04 /89  and 2 7 / 0 4 / 8 9  a f t e r  

m i xi ng  t o g e t h e r .

The p r o p o r t i o n s  of sand, silt and c l a y  size 

p a r t i c l e s  is g i v e n  in table 6, and fig. 11 for v a r i o u s  

rainfall e v e n t s  and from the natural soil s a m p l e  

take n from the top 0 to 3 cm on the s u r f a c e  of the 

plots. The f i g u r e s  sugg est  that the p r o p o r t i o n  of 

cl ay size p a r t i c l e s  is sl ig ht ly greater an d silt size 

p a r t i c l e s  is s l i g h t l y  less from the h e a v y  storms.

It can a l s o  be seen that the p a r t i c l e  size 

d i s t r i b u t i o n  of the er ode d se di men ts in all r a in fa ll  

e v en ts  is very d i f f e r e n t  from that of the o r i g i n a l  

soil.
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Table 8. F a r t i c l e  Size D i s t r i b u t i o n  of E r o d e d

S e d i m e n t s  of Individual Storms.

S u r f a c e D a t e o f S t o r m F rom

Cover FS D April May May Or i g i n a l

(S) (X) 24, 25 k 27 7 18 soil

0 Sand 31 29 30 29

C 1 ay 34 36 36 11

Silt 35 33 32 60

10 Sand 30 31 30 28

C l a y 35 40 40 10

Silt 35 29 30 62

20 Sand 31 30 34 33

C 1 ay 37 41 37 7

Silt 32 29 29 59

40 Sa nd 32 31 34 28

C 1 ay 31 41 34 9

Silt 37 28 32 63
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4.2 DATA F R O M  S I M U L A T E D  R A I N F A L L

To e v a l u a t e  the ef fe ct of s u r f a c e  cov er  on 

er o s i o n  rate, s e d i m e n t  c o n c e n t r a t i o n  and s e d i m e n t  

am ou nt  un der h e a v y  storms, rainfa ll was s i m u l a t e d  on 

all the plots an d runoff was s i m u l a t e d  on ei gh t plots 

(2 r e p l i c a t i o n s ) .  In all the plots, a one hour storm

at a rate of 79 mm / h  (dry-run), a 20 m i n u t e s  sto rm at 

84 mm/h  (we t- r un ) a f te r 24 hour s interval from the 

dry-run, and a 20 m i n u t e s  st orm  at 82 m m / h  (very wet- 

run) after 20 m i n u t e s  interval from the w e t - r u n  were
. i

a p p 1 i e d .

In a d d i t i o n  wat er as runoff ( o v e r l a n d  flow) was 

ap p l i e d  for 45 m i n u t e s  to ge th er  w i t h  the s i m u l a t e d  

rainfall of 81 m m / h  aft er 5 m i n u t e s  from the start 

of the 2 n(* v e r y  w e t - r u n  and after 10 m i n u t e s  from the 

end of the Is* ve ry  w e t - r u n  on the plo ts  of b l o c k s  Y 

and Z, The rate of a p p l i e d  o v e r l a n d  flow was 0 1/min 

for 5 minutes, 8 1/min for 15 mi nu te s,  16 1/min for 15 

mi nu te s and 24 1/min for 15 mi nut es .

The total a m o u n t  of soil loss and ru nof f from 

each run is g i v e n  in tables 9 and 10 r e s p e c t i v e l y .  

Both soil loss and runof f were m a x i m u m  in the se co nd  

very w e t - r u n  but the 40% su r f a c e  co ve r r e d u c e d  the 

soil loss a l m o s t  by half.
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Tab 1e 9. Soil Loss (t/ha) from S i m u l a t e d  Ra inf al l

1st V e r y  2 nd Ve ry

S u r f a c e  D r y - r u n Wet- run Wet- run Wet -run

C o v e r SL* SL SL SL

( % ) ( t / h a ) ( % ) 1 ( t / h a ) (X) (t/ha) (%) ( t/ha ) ( %  )

0 31 .6  0 11.9 0 11.7 0 50. 2 0

10 30. 3 4 9. 4 21 9 . 2 21 5 5 . 2  - 10

20 2 4 .4  23 10. 1 15 9 . 0 23 52. 4 -4

40 21.1 33 6. 7 44 6 . 7 43 2 5 .6 49

SL* = soil 1OSS

(%)* = soil r e d u c t i o n  from c o v e r e d  plo t s w h en  

c o m p a r e d  to the co nt rol  plot.
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T a b l e  1 0 . Total r u n o f f  (mm) and ra ti os  of runoff to

rainfa ll e x p r e s s e d  in p e r c e n t  from 

s i m u l a t e d  rainfall

S u r f a c e

Co ve r

(%)

Dr v- run Wet -run

1st V e ry  

We t - run

2 nd Very 

We t - r u n

RG

(mm ) R a 1

RG

(m m ) Ra*

RG

(m m ) Ra*

RG

(m m ) Ra i i

0 3 2 . 9 42 17.7 63 19. 1 70 100 72

10 3 6 . 6 46 16.6 59 15. 4 56 96 69

2 0 0 4 . 4 44 17.3 62 17. 6 64 96 69

40 2 6 . 9 34 13. 6 49 13.6 51 93 67

Ra* = (RO/RF) # 100

Ra*' = (RO/C RF -*• wat er  a d d e d  as R0)) * 100

W h er e RG is th,e a m o u n t  of runoff c o l l e c t e d  in the 

tanks,

Ra is the ratio of runoff to the a p p l i e d  

rainfall e x p r e s s e d  in p e r c e n t  and 

RF is the ap p l i e d  rainfall.

4.2.1 D r y - r u n

The rate of soil loss at d i f f e r e n t  d u r a t i o n s  of 

s i m u l a t e d  ra in fa ll is sho wn in f i g u r e  13a. The change 

in s e d i m e n t  c o n c e n t r a t i o n  as the a p p l i c a t i o n  of
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rainfall was c o n t i n u e d  is gi ve n in f i g u r e  13b.

The total am ou nt  of soil loss and runoff is 

sho wn  in table 9 and table 10b r e s p e c t i v e l y .  A l t h o u g h  

the am ou nt  of soil loss was r e d u c e d  as the p e r c e n t a g e  

su rf ac e cover was i n c r e a s e d , t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  b e t w e e n  d i f f e r e n t  ra te E of s u r f a c e  cover 

in control ling e r o s i o n  at 0 . 05  level of s i g n i f i c a n c e .  

Th er e was greater r e d u c t i o n  in soil loss from 20% and 

40% su r f a c e  cover when c o m p a r e d  to the 10% s u r f ac e 

cover as s h ow n in table 9 and f i g u r e  12a. T h e m a x i m u m  

soil loss, 31.6 t/ha, was on b a re  plot and the 

minimum, 21.1 t/ha, was on 40% s u r f a c e  c o v e r e d  plots.

Ru nof f was not re la te d to the p e r c e n t  s u rf ac e 

cover as it was for soil loss. R u n o f f  in 10% and 20% 

s u r f ac e co ve r was highe r than the c o n t ro l.  H o w e v e r  at 

40% cover the total runoff was the least of all.
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4 . 2 . 2  Wet and ls  ̂ V ery W e t - r u n s .

■
The total a m o u n t  of soil loss and runoff is 

s h o w n  in t a b l e  9 and table 10 r e s p e c t i v e l y  for both 

the wet an d  the ls  ̂ very wet-runs. The r e s p e c t i v e  

e r o s i o n  rate v a l u e s  are also show n in f i g u re s 14a and 

15a. Soil loss from the wet and the 1B* very w e t - r u n s

was e x p o n e n t i a l l y  related to p e r c e n t  s u r f a c e  cover 

w i t h  a c o e f f i c i e n t  of d e t e r m i n a t i o n  (r^) of 00% and

95 % r e s p e c t i v e l y .

The m a x i m u m  soil loss from b o th  the wet and the 

Is* very  wet runs was ob ser ve d from the bare plot and 

the m i n i m u m  was from the plots w i th  40% su rf ace  

cover. Th e lower value of the c o e f f i c i e n t  of

d e t e r m i n a t i o n  from the exp one nti al  r e l a t i o n s h i p  of 

soil loss to p e r c e n t  surface cover for the w e t - r u n  

is b e c a u s e  the soil loss from 20% cov er  was higher 

than  that of the 10% cover.

R u n o f f  was m i n i m u m  in the plots w i t h  40% 

s u r f a c e  c o ve r an d m a x i m u m  in the ba re  plots.
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Time af*°r the start of runoff (min)
Fig.15b. Sediment concentra tion ( g / l )  from  the 

1s 20 m innutes very wet —run
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4. 2. 3 2 nd V e r y  W e t - r u n  wi th A d d e d  O v e r l a n d  F l o w .

R a i n fa ll  a p p l i c a t i o n  was c o n t i n u e d  for 50 

mi nu te s w i t h  d i f f e r e n t  rates of w a t e r  a d d e d  u n i f o r m l y  

as runoff at the u p p e r  ends of the plots. The total 

am ou nt  of soil I o s e  and ru no ff  d u r i n g  thiE perio d 

from a c o n s t a n t  pl ot  area of 10 m as a result of the 

water a d de d as a ru no ff  is g i v e n  in ta bl es  9 and 10 

re sp ec t i v e l y .

The e f f e c t  of s u r f a c e  c o v e r  on soil loss from 

the s i m u l a t e d  longer slope s as a re sul t of water 

ad ded  as o v e r l a n d  flow is s h o w n  in tab le  11.

4.2. 4 S e d i m e n t  C o n c e n t r a t i o n .

The c h a n g e  in s e d i m e n t  c o n c e n t r a t i o n  as the 

rainfall a p p l i c a t i o n  was p r o g r e s s i n g  is shown in 

figures 14b a n d  15b r e s p e c t i v e l y  for the wet and the 

Is* very wet runs. The c h a n g e  in se di me nt  

c o n c e n t r a t i o n  w i t h  time was v e r y  small for both the 

wet and the 1 st v e ry  wet runs u n l i k e  the dry run (see

figure 13b). T h i s  c o u l d  be b e c a u s e  in the wet and 

very wet runs d e t a c h m e n t  was a l m o s t  c o n s t a n t  due to

s u rf ac e s e a l i n g  a n d / o r  due to f o r m a t i o n  of a thin 

film of w a t e r  on the s u rf ac e of the soil.
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T a b l e  11. The ef fec t of su rf ac e cover on soil loss

(t/ha/ 15 m i n u t e s ) from longer slopes.

T r e a t m e n t

S Il o p e 1 e n £ t h (m )

5 . 0 9.9 14.7 19.6

0 % Cover 6.6 5 . 4 6. 0 5 . 0

10% Co ver 6.9 6.2 6.7 5.6

2 0 % Cover 6. 6 6.9 5.6 5. 1

4 0% Cove r 5.0 3. 3 2.9 2. 4

*
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4.3 C O V E R  V M A N A G E M E N T  F A C T O R  (C) V A L U E .

T a bl e 12 sho ws the cover and m a n a g e m e n t  C- 

f a c to r v a l u e s  of the USLE for the s i m u l a t e d  sto n e 

cover. The C - f a c t o r  val ue of the s u r f a c e  cov er  made 

by s i m u l a t e d  s t o n e s  was c o m p u t e d  as a rat i o of annual 

soil loss from a g i ve n pe rce nt  cover to the soil loss 

from the ba re plot af te r a d j u s t i n g  to the t o p o g r a p h i c  

fa cto rs  of a 9% slope and 2 2 . 1 3  m slo p e length 

a s s u m i n g  the P - f a c t o r  value to be 1 and the K - f a c t o r  

to be the s a me  for b o th  plots.

4.4 C H A N G E  IN S O IL  DE PT H

It was o b s e r v e d  that there was removal of soil 

ev en  on the u p p e r  ends of the plo ts w h e r e  s c o u r i n g  by 

runo ff w o ul d be n e g l i g i b l e  i n d i c a t i n g  that d e t a c h m e n t  

by r a i n d r o p  im pa ct  is an im po rt an t factor for soil 

erosion. W h e n  r i s i n g  had o c c u r r e d  a d j a c e n t  to or near 

the c o ve rs  soil p i l l a r s  or p e d e s t a l s  we re f o rm ed  

b e l o w  the c o v e r s  as soil was r e m o v e d  by s p l a s h  into 

the rills w h i c h  i n di ca te  the e f f e c t i v e n e s s  of su ch 

c o ve rs  i n c l u d i n g  s t o n e s  in p r o t e c t i n g  the soil from 

r a i n d r o p  impact.

Ba se d on s u c h  o b s e r v a t i o n s  the d e p t h  of the 

soil r e m o v e d  o n l y  from the long rains was m e a s u r e d  

s y s t e m a t i c a l l y  (see s e c t i o n  3 . 8 . 8  in m e t h o d o l o g y ) .  In 

all the pl ot s at p r e d e t e r m i n e d  s a m p l i n g  s e c t i o n s  and
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p o in ts  the soil d e p t h  remov ed  was m e a s u r e d  ta ki ng  the 

s u r f a c e  of the st on es  as a r e f e r e n c e  su rf ac e. Al on g 

the w i d t h  of e a c h  plot for each of the five d i s t a n c e s  

from the e n d - p l a t e  3 to 5 stones were t a k e n  and at 

four 4 side s of ea ch  stone the d e p t h  of soil re m o v e d  

was m e a s u r e d  and then the a v e r a g e  was taken.

T a b l e - 1 3  shows the dep t h of soil r e m o v e d  in the 

long ra in y s e a s o n  only. The de pt h of e r o d e d  soil from 

the bare plot was not m e a s u r e d  b e c a u s e  the r e was no 

r e f e r e n c e  s u r f a c e  for m e as ur em en t.

The c a l c u l a t e d  soil loss v a 1ue f rom this

p r o c e d u r e was very much less than the a c t u a 1 soil

loss that was col 1ec ted i n the s t o r a g e tanks f rom

ea ch  storm. In a d d i t i o n  the soil loss c a l c u l a t e d  from 

the c h a n g e  in soil d e p t h  was not c o n s i s t e n t .  For

e x a m p l e  the soil loss from 40% s u r f a c e  cov er  was 

gr ea te r than that from the 20% s u r f a c e  c o v e r e d  plots 

w h i c h  is very d i f f e r e n t  from what was in the actua l 

case. One of the re as on s for this d i f f e r e n c e  may be 

the d i s p l a c e m e n t  of the stones at the lower par t s of 

the plots s p e c i a l l y  near the e n d - p l a t e s .  As the soil 

un de r the s t o n e s  was r e m o ve d the s t o n e s  did not stay 

in their p o s i t i o n  in ste ad the st on es i n c l i n e d  to rest 

on a ne w p o s i ti on . However, there is one fact that 

the d e p t h  of soil re mo ve d was p r o g r e s s i v e l y  

i n c r e a s i n g  fr om the up pe r end to the lower end of 

the plots, a l t h o u g h  the soil loss w h e n  c o n v e r t e d  to 

t/ha was lower than the actual soil loss.
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T h e r e f o r e ,  p r e d i c t i n g  the e r o s i o n  rate by the 

d e p t h  of soil r e m o v e d  from some s a m p l e  p o i n t s  may be 

m i s l e a d i n g  u n l e s s  it is used for r o ug h e s t i m a t i o n s .
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Tab 1 e 1 2 . The c o m p u t e d  C - f a c t o r  v a l u e s  of the s u r f a c e  

cov er made by s i m u l a t e d  s t o n e s  ( c o n c r e t e  

slabs) and the a d j u s t e d  soil loss v a l u e s  to 

a t o p o g r a p h i c  factor of 9 % and 2 2 . 1 3  m.

Sur face 

cover (%) 0 10 20 40

Annua 1 soil 

loss (t/ha ) 467. 7 427.3 379. 1 303. 9

C-factor 

va 1 ue 1.00 0.91 0. 61 0.65
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T a b l e  1 3 . D e p t h  of soil r e m o ve d (in mm) at d i f f e r e n t

p o in ts  a l on g the length of the plots.

D i s tance from end -p la te (m  ) V o l u m e W e i g h t

Pl ot s 0 01 3 . 0

OCD CD O 11.0 (m 3/ h a ) (t/ha)

Z40 26 19 20 18 11 113 69

Y40 59 43 39 41 26 238 145

X40 62 58 57 45 45 320 195

Z20 45 34 37 28 18 259 158

Y20 44 32 45 37 21 286 174

X20 38 23 22 17 8 173 106

Z10 54 35 39 30 19 318 194

Y 10 24 9 20 9 8 126 77

X10 59 48 .47 39 25 393 240

40% 42 29 32 25 16 22 0 134

20% 39 28 35 29 18 210 128

10% 53 43 42 34 26 300 183

# W e i g h t  (t/ha) = Vol (m^/ha) # 0.61t/m^.
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5. C U R R E N T  L A N D U S E  A N D S O I L  C O N S E R V A T I O N  M E T H O D S  ON

S T ON Y S O I L S  IN B A R I N G O  D I S T R I C T

Field i n v e s t i g a t i o n s  on s t o n y  so il s in B a r i n g o  

Di s t r i c t  were c a r r i e d  out to o b s e r v e  the p r e s en t 

landuse systems, c r op s that are g r o w n  and the e x i s t i n g  

soil and wat er c o n s e r v a t i o n  me as ur es .

5. 1 B A C K G R O U N D  S T U D Y

Ba r i n g o  d i s t r i c t is in the ce nt ra l p a r t  of Rift

V a l l e y  p r o v i n e e of K e n y a . It lies b e t w e e n  35° 30 ’ and

36° 3 0 ’ east and 0° 5 0 ’ and 10 5 ’ north. Th e e l e v a t i o n

o f the d i s t r i c t ra nge s from 900 to 2 7 0 0  m e t r e s abo ve

sea level. The a n n u a  1 r a i n f a 11 v a r i e s  f r om 60 0 mm in

the se m i - a r i d  a r e a s  to 1500 mm in the h i g h l a n d areas

(Biamah, 1989 and Smith, 1983).

The soils on the hills and lower s l o p e s  are m o s t l y  

of vo l c a n i c  o r i g i n  w i t h  den se  s t on e c o v e r  on the 

su rf ac e and t h r o u g h o u t  the pr ofi le . The v e g e t a t i o n  

co n s i s t s  of na tur al and p l a n t e d  f o r e s t s  in the 

hi gh la nds ; and bushes, s h ru bs  and a c a c i a  tre e s in the 

1o w 1a n d s .

The st ud y r e p o r t e d  in this t h e s i s  was c a r r i e d  out 

in the f a r m l a n d s  o w n e d  by in div i du al  fa rme rs . The farms
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were  s e l e c t e d  from five locations for w h i c h  the d e t a i l s  

are sh own in A p p e n d i x  13 and 14.

5. 2 L A N D U S E

T w e n t y  f a rm er s were i n t e rv ie we d and thei r farms 

were visited. Most of the farms we re on r e c e n t l y  

c l e a r e d  lands and all the farms v i s i t e d  w e re  o w n e d  by 

small h o l d in g farmers. For tilling and c u l t i v a t i n g  the 

land they use d i f f e r e n t  types of iembes ( f o r k , p l a i n  and 

tr ad it io na l jembes) so that the st on es do not r e s t r i c t  

cu lt iv at i o n .

On the p e r f o r m a n c e  of crop g r o w t h  it ca n be 

c o n c l u d e d  that pe ren nia l crops grow better t h an  annual

cr ops due to the fact that the root s y s t e m  of the 

pe re nn ial  c r op s can pe ne tr at e de e p  into the soil to 

a b s o r b  water and n u t r i e n t s  (see plate 8a and 8b). T h es e 

pe rennial crops' are also important in s t a b i l i z i n g  the 

bunds by m i n i m i z i n g  the removal of the soil at the 

lower edges of the bunds due to the b i n d i n g  e f f e c t  of 

their root system.

A l t h o u g h  the sto ny soils are b e l i e v e d  to be more 

s u i t a b l e  for o r c h a r d  trees (Magier and Ra vi na,  1984), 

in the v i s i t e d  far m s they are not we 1 1 a d a p t e d .  In 

general c e r e a l s  are  the most a b u n d a n t  c r o p s  g r o w n  in 

the m a j o r i t y  of the farms (see a p p e n d i x  13).
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On a farm w h e r e  c a t t l e  were a l l o w e d  to graze, the 

bunds were e a s i l y  d a m a g e d  f a c i l i t a t i n g  g u l l e y  f o r m a t i o n  

(see plate 9). Th is  may lead to m o re  soil e r o s i o n  by 

forming gu ll ie s an d gr e a t e r  cost s th an  the e x p e n d i t u r e  

of labour and m o n e y  for the c o n s t r u c t i o n  and 

mai ntenance. On g r a z i n g  lands, there is no a d v a n t a g e  in 

removing st on es  from the s u r f a c e  to m a k e  ter races, 

provid ed that o v e r g r a z i n g  is avoided.
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F 1 ate 8 a . G r o w t h  of b a n a n a s  and s u g a r c a n e  i n d i c a t e s

the po te nt ia l of s t o n y  soi ls for p e r e nn ia l 

cro ps

Pl at e 8 b . P l a n t i n g  s u g a r c a n e  at both e d ge s of bun ds  

help s the bund to ste blize.
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P l a t e  9 . S t on e b u nd s are e a s i l y  d a m a g e d  wh en c a t t l e  

are a l l o w e d  to graze



5. 3 SOIL  AND WAT ER C O N S E R V A T I O N

Most of the c r op  lands that are t e r r a c e d  w i t h  

st one  bunds is due to the fact that f a r m e r s  are 

s u p p o s e d  to c o n s t r u c t  bu nd s b e f o r e  they pl an t c r o p s  on 

the ne wl y op ene d fields. In ma ny  farms es p e c i a l  ly t h os e 

w h i c h  were c l ea re d and under crop s for se ve ra l years, 

it was o b s e r v e d  that c r op  st an ds were be tte r ne ar the 

upp er  edges of bunds than the i m m e di at e lower e d g e s  of 

the bunds. This c l e a r l y  i n d i ca te s that the re was m u c h  

d e p o s i t i o n  of the top fe r t i l e  soil abo v e the b u n d s  and 

e r o s i o n  i m m e di at el y b e l o w  the lower edges of the b u n d s  

( see plate 10).

Based on visual o b s e r v a t i o n  a c o n c l u s i o n  c a n  be 

made  that the soil and wat er c o n s e r v a t i o n  m e a s u r e s  are 

very essential to p r ot ec t the soil from e r o s i o n  w h e r e  

the soils are deep and the st one s are t h r o u g h o u t  the 

profile. The s t o n i n e s s  of the soils were v a r i a b l e  at 

d i f f e r e n t  farms. In the m a j o r i t y  of the far ms  s u r f a c e  

s t on es  were dense c o m p r i s i n g  a b ou t 60 to 3 0 %  of the 

soil s u r f ac e (see plate 11 and A p p e n d i x  14).

The d i s t r i b u t i o n  of s t on es  a l on g the p r o f i l e  was 

not p r o p e r l y  i n ve st ig at ed , a l t h o u g h  the p r o p o r t i o n  of 

the ston es was d e c r e a s i n g  d o wn  the pr o f i l e  on road cu ts  

an d pits near the farms (see pla t e 12). So me  f a r m e r s  

d e s c r i b e d  that when the s u r f a c e  st on es are r e m o v e d  the
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soil becomes free of s t o n e s  i m p l y i n g  that s t o n e s  ere 

den s e on the surface.

The higher d e p o s i t i o n  on the upper edg e s of the 

te rr ac es  (bunds) and soil re mo va l on the lower e d g e s  of 

the bunds is most likely a c c e l e r a t e d  by r e m o v i n g  the 

s t o n e s  for bundi ng (see p l a t e  13).
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F l a t e  1 0 a . D e p o s i t i o n  of soil on the u p p e r  e d g e s  of

bu nd s r e s u l t e d  in a good cr op sta nd

P l a t e  - 10b. P r o p e r l y  c o n s t r u c t e d  and m a i n t a i n e d  bun ds

let the wa te r to i n f i l t r a t e  so that cro p s 

grow b e t t e r  near the upp e r e d ge s of bunds.
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P late 11a. W h e n  s u r f a c e  st o n e s  are n u m e r o u s  removal

of big s t on es  may be de si ra bl e.

P l a t e  - l i b . W h e n  st on es  are t h r o u g h o u t  the profile, 

st one s come to the s u r f a c e  by cu lt  i vat ion.
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P l a t e 12a. R a n d o m  d i s t r i b u t i o n  of st o n e s  d o wn the

soil profile.

P l a t e  - 12 b . S t o n e s  are c o n c e n t r a t e d  on the top few

c e n t i m e t r e s  of the profile.
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P late 1 3 . Remo val  of s t o n e s  for b u n d i n g  may a c c e l e r a t e  

e r o s i o n  at the lower e d ge s of bunds.
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6 . 0 D I S C U S S I O N

Th is  s e c t i o n  f o ll ow s the p a t t e r n  of the r e su lt  section. 

F i r s t  the e f f e c t s  of the s i m u l a t e d  s u r f a c e  s t o n e  c o ve r on 

soil loss and runof f from the na tu ra l rainfall is d i s c us se d.  

T h e n  f o l l o w s  the d i s c u s s i o n  of the r e s u l t s  of the s i m u l a t e d  

rainfa ll and runoff, s e d i m e n t  c o n c e n t r a t i o n  and the cov e r and 

m a n a g e m e n t  C - f a c t o r  v a l u e s  of the s u r f a c e  s t on e covers. The 

last part of this s e c t i o n  d e al s w i th  the i m p o r t a n c e  of st one s 

on soil loss an d ru nof f from the natu ra l s t o n y  soils.

6.1 S O IL  LO S S  A N D R U N O F F  F R OM  N A T U R A L  R A I N F A L L

The total annua l soil loss d u r i n g  the trial p e r i o d  on the 

ba re  plot was 31 8  t/ha w h i l e  in 1 9 8 2 / 8 3  annual soil loss 

from b a re  p l ot s in the same site was 97 t/ha (F i s i h a  Tefera, 

1983) w h i c h  is m a i n l y  b e c a u s e  of the v a r i a t i o n s  in rainfall 

eros i v i t y .

6 . 1. 1 S h o r t  Rains.

D u r i n g  the sh of t rai ny s e a s o n of 1988, the total soil

loss an d runoff was light . T h is was m a i n l y due to the

o c c u r r e n c e  of low rainfa ll w i t h  low e r o s i v i t y v a 1 u e s . Both

soil loss and ru nof f we re h i g h l y  c o r r e l a t e d  wi t h  the rainfall 

e r o s i v i t y  for w h i c h  the c o e f f i c i e n t  of d e t e r m i n a t i o n  (r ) was 

97 %  an d 96 % r e s p e c t i v e l y  on the b a r e  plot. T h is  sh ow s the 

i m p o r t a n c e  of c l i m a t i c  fa c t o r s  for soil erosion.

The e f f e c t s  of d i f f e r e n t  p e r c e n t a g e s  of s u r f a c e  cover 

was s t a t i s t i c a l l y  d i f f e r e n t  at 0 . 0 5  level of s i g n i f i c a n c e  in 

c o n t r o l l i n g  ero sio n, a l t h o u g h  the
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d i f f e r e n c e  in soil loss b e t w e e n  0 % surfa ce cover and 

10 % su rf ac e cover was n e g l i g i b l e .  For the small 

st or ms  on 2 1 / 1 1 / 8 6  an d 2 1 / 1 2 / 8 8  the in f l u e n c e  of 

s u r f a c e  cover on soil loss as well as runoff was 

n e g l i g i b l e  but there was a v i s i b l e  tr ea tm en t e f f e c t  

for the r e l a t i v e l y  m o r e  e r o s i v e  storms of 2 5 / 1 2 / 8 8  

and 06/01/89.

6 . 1 . 2  Long R a i n s .

The rains, in this long rainy se as on  of 1989, 

we re  more e r o s i v e  and f r e q ue nt . The m a x i m u m  m o n t h l y  

soil loss w h ic h was r e c o r d e d  in May 1989 was m a i n l y  

due to more f r eq ue nt  r a i n s  w i t h  higher er os iv it y.  

More  than 75% of the an nu al  soil loss on the bare 

pl ot s was o b s e r v e d  w i t h i n  n i n e  c o n s e c u t i v e  days and 

mo re  than 57% of the a n nu al  soil loss was by two 

hea vy storms.

Wh en there was ra i n f a l l  e v e r y  day e v en  a st or m 

w i t h  7 MJ .m m/ ha /h , o b s e r v e d  on 0 8 / 0 5 / 8 9  c a u s e d  

e r o s i o n  un lik e oth er s t o r m s  w i t h  a gre ater e r o s i v i t y  

v a l u e s  w h ic h o c c u r r e d  a f t e r  a dry period. For 

exampl e, a rainfa ll w i t h  an e r o s i v i t y  of 102 

M J . m m / h a / h ,  on 0 5 / 0 1 / 8 9  r a i n i n g  after 11 n o n - r a i n y  

days did not c a u s e  a n y ero si on.  This c o ul d be 

a t t r i b u t e d  to the e x i s t i n g  soil m o i s t u r e  c o n d i t i o n s  

w h i c h  in flu e nc e the i n f i l t r a t i o n  rate of the soil.
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The re s u l t s  s h o w  the e n o r m o u s  e r o s i o n  po t e n t i a l  

of one or two h e a v y  s t o r m s  takin g pla ce  w h en  the 

grou nd is a l r e a d y  wet. T h e r e f o r e  c o n s e r v a t i o n  pla n s 

sh ou ld include a r r a n g e m e n t s  to deal wi th  such h e a v y  

Etor ms w h i c h  ca n o c c u r  w h e n  a cr op  is j u E t  b e c o m i n g  

e s t a b l i s h e d  and t h e r e  is little ground cover.

The e f f e c t  of d i f f e r e n t  p e r c en t s u r f a c e  cover 

was s t a t i s t i c a l l y  d i f f e r e n t  at 0, 05  level of 

s i g n i f i c a n c e  for the w h e l p  nf the long rai ny  s e a s o n  

of 1989. But w h e n  the d a t a  from the hea v y and light 

st orm s was a n a l y z e d  s e p a r a t e l y  the cover e f f e c t  on 

soil loss was d i f f e r e n t .

6 . 1 . 3  Ef fe ct  of S u r f a c e  C o v e r  on Annual Soil Loss.

The total a n nu al  E o i l  loss and runoff was 

i n f l u e n c e d  by the p e r c e n t a g e  of the s u r f a c e  c o v e r e d  

by the s i m u l a t e d  Et on eE.  The data on soil loss v e r s u s

pe rce nt surf ace c o v e r w e r e  a n a l y z e d  u s in g a no n  -

1 inear cu rve  f i t t i n g t e c h n i q u e and soil loss wa s

h i g h l y c o r r e l a t e d  w i t h  c o ve r a c c o r d  i ng t o the

f o l l o w i n g  e q u a t i o n :

SL = a * e bC

w h er e SL is the soil loss in ton/ha, a and b ar e 

c o n s t a n t s  and C is the p e r c e n t  s u r f a c e  cover and e is 

the base  of the n a t u r a l  l o g a r i t h m  w h os e v a lu e is
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2.71626. The values of the c o n s t a n t s  in the f i t t e d

e q ua ti on  for d i f f e r e n t  ra in fa ll event s are s h o w n  in 

table 14.

The perc ent  s u r f a c e  c o v e r  was more e f f e c t i v e  

for the heavy storms th an  the light storms. The soil 

loss from d i f f e r e n t  p e r c e n t  su r f a c e  c o ve r was 

s t a t i s t i c a l l y  s i g n i f i c a n t  at 0.01 level of 

s i g n if ic an ce  for the h e a v y  storms.

The in cre ase d e f f e c t i v e n e s s  of the h i g h e r  

pe rcent surface cov er to c o nt ro l soil loss on h i g h e r  

in tens ities and he av y s t o r m s  is d i f f e r e n t  from wh at  

was observ ed in oth er places. In Israel on n a t u r a l  

st ony  soils, Even ari  et al. (1971) found that s t o n e  

cover was more e f f e c t i v e  to re du ce  runoff fr om  the 

lower intens iti es of ra i n f a l l  than from the h i g h e r  

in tens ities of rai nf a ll . S u c h  v a r i a t i o n s  m a y  be 

a t t r i b u t e d  to the soil type, the n a tu re  of the cover, 

the slope st ee pn es s a n d / o r  the s u r f a c e  c o n d i t i o n s .

Evenari et al. (1971) r e p o r t e d  that the b e t t e r  

ef f e c t i v e n e s s  of the s t o n e  c o v e r  on st on y soi ls  fr om 

low intensities of ra inf al  1 was b e c a u s e  of the 

pr es en ce  of fis sur es b e t w e e n  the stones and the soil 

wh ic h pr omo ted  h i gh er  i n f i l t r a t i o n .  But in the 

re se ar ch  re por ted  in this paper, there were no s u c h  

fissur es since the s i m u l a t e d  s t o n e s  ( c o n c r e t e  s l ab s)  

were only put on the s u r f a c e  of the soil so that

their effect on soil loss an d runof f was m a i n l y  due 

to their effect on d i s s i p a t i n g  the rain d r o p  i m p a c t
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and r e t a r d i n g  the v e l o c i t y  of the runoff.

Th e gr e a t e r  e f f e c t  of i n c r e a s e d  s u r f a c e  

c o ve r ma de  by the s i m u l a t e d  s t o n e s  on soil loss from 

h i gh  i n t e n s i t i e s  and h e a v y  s t o r m s  of rainfa ll is 

i n t e r e s t i n g  b e c a u s e  the r e v e r s e  mi g h t  be e x p e c t e d  due 

to d e c r e a s e d  s u r f a c e  a r e a  of the soil per plot for 

in f i l t r a t i o n .  It was u n f o r t u n a t e  that it was not 

p o s s i b l e  to c o m p a r e  the t r e a t m e n t s  e f f e c t  on runoff 

d u r i n g  the two h e av y s t o r m s  in Ma y 1989 s i nc e all the 

s t o r a g e  tanks o v e r f l o w e d .  If the a s s u m p t i o n  that the 

total a m o u n t  of soil loss is li n e a r l y  c o r r e l a t e d  to 

the total a m o u n t  of runof f for all the t r e a t m e n t s  is 

v a li d for such storms, the i n c r e a s e d  s u r f a c e  c o v e r  of 

the soil is an i m p o r t a n t  a s p e c t  for c o n s e r v a t i o n  

u n de r tropic al c o n d i t i o n s  w h e r e  the rains ca n fall at 

hi gh i n te ns it ie s.

The annua l soil loss on b a r e  pl ot s was li n e a r l y  

c o r r e l a t e d  with, the ru nof f from all the storms, 

e x c l u d i n g  the two e x c e p t i o n a l l y  h e a v y  storms, w i t h  a 

c o e f f i c i e n t  of d e t e r m i n a t i o n  (r ) of 9 5 %  (see 

A p p e n d i x  7). S u c h  c o r r e l a t i o n  was in a g r e e m e n t  wi th  

o t h e r s  p u b l i s h e d  in E t h i o p i a  (W er ner  1986). A l t h o u g h  

the s l op e of the r e g r e s s i o n  lines from d i f f e r e n t  

p e r c e n t  s u r f a c e  c o ve r is d i f f e r e n t ,  su ch  c o r r e l a t i o n  

of soil loss w i t h  ru nof f is i m p o r t a n t  b e c a u s e  the 

soil loss ca n be e s t i m a t e d  w h e n  on l y  the ru no ff d a ta  

i s av a i 1a b 1e .
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6. 2 S I M U L A T E D  R A I N F A L L

6. 2. 1 Soil loss and runoff

The a m o u n t  of soil loss was s l i g h t l y  r e d u ce d 

from bo th dry-run, w e t - r u n  and v e ry  w e t - r u n  as the 

pe r c e n t  s u r f ac e cover by c o n c r e t e  slabs was 

in creased. The increased s u r f a c e  cover was more 

e f f e c t i v e  in wet and very wet runs than the 60 

m i n u t e s  d u r a t i o n  dry-run.

The soil loss from the 40% s u r f a c e  c o v e r e d  

pl ots  w h en  e x p r e s s e d  as the p e r c e n t  of the soil loss 

from the bare plots was 67%, 56 % and  57% r e s p e c t i v e l y  

for dry, wet and very wet runs.

This  shows the s l i g h t l y  g r e a t e r  e f f e c t i v e n e s s  

of hi ghe r s u rf ac e stone cover in c o n t r o l l i n g  e r o s i o n  

w h e n  the soil m o i s t u r e  is high. S u c h  t e n d e n c i e s  of 

i n c r e a s e d  e f f e c t i v e n e s s  of 40% s u r f a c e  cover in high 

rainfa. I 1 i n t e n s i t i e s  and f r e q u e n c i e s  was o b s e r v e d  

e v e n  in the natural rains.

A l t h o u g h  there was r e d u c t i o n  on the total 

a m o u n t  of soil loss as the p e r c e n t a g e  of the s u r f a c e  

c o ve r was increased, an F - t e s t  has s h o w n  that there 

was no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t r e a t m e n t s  in 

r e d u c i n g  e r o s i o n  from the dr y a n d v e ry  w e t - r u n s  at

0 . 0 5  level of si gn ifi can ce .

The r e d u c t i o n  of soil loss as the pe r c e n t  

s u r f a c e  cov er was in cr ea se d is in a g r e e m e n t  w i th
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s t u d ie s c a r r i e d  out under the n a t u r a l  and a r t i fi ci al  

rock fr ag me nt cover (Meyer et al. 1972 and Box 1981). 

Us ing  a rainfall simulator, M e y e r  et al. (1972) found 

that the total soil loss was n e g l i g i b l e  on 100% stone 

cover as c o m p a r e d  to 5.1 t o n s / h a  and 17.7 ton/ha on 

60% stone cover and bare plot r e s p e c t i v e l y .  S i m i l a r l y  

Box (1981), u s in g a rainfa ll s i m u l a t o r  on natural 

rock fr agm ent  cover, found that r e m o v i n g  the stone 

fr a g m e n t s  from the plots i n c r e a s e d  the am o u n t  of soil 

loss and a d d i n g  rock f r a g m e n t s  r e d u c e d  the total soil 

loss from the plots.

At K a b e t e  the soil loss per u n i t  area tended to 

d e c r e a s e  as the slope le ngt h was i n c r e a s e d  (see 

ta ble-11). In the p r e v i o u s  s t u d i e s  it was sho wn  and 

is g e n e r a l l y  a c c e p t e d  that the a m o u n t  of soil loss 

in cr ea se s as the slope lengt h i n c r e a s e s  (Meyer et 

al., 1972, W i s c h m e i e r  and Smith, 1978). Meyer et al. 

(1972) found that the rate of soi 1 loss per unit area 

in c r e a s e d  for longer s i m u l a t e d  s l o p e  length at 20% 

slope.

Ho wever, in this study, u s i n g  a s i m i l a r  method,

soil loss d e c r e a s e d  as the s i m u l a t e d  s l op e length was

increased. This may be due to one, or all, of the 

f o l l o w i n g  reason s:

1) it may be b e c a u s e  of the d i f f e r e n c e s  in slope 

s t e e p n e s s  in w h i c h  the a v e r a g e  s l op e s t e e p n e s s  

in this case was a b ou t 8%,

2) it may be b e c a u s e  of soil p a r a m e t e r s  that
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a f f e c t  i n f i l t r a t i o n  and r e s i s t a n c e  to the 

shear stres s of the runoff.

3) it may be be ca use  of the a s s u m p t i o n  that

" d o u b l i n g  the runoff a d d e d  d o u b l e s  the slo pe  

length" is not valid in all c o n d i t i o n s .

The oth e r major reason m a y be the f o r m a t i o n  of 

rills. In the stu dy the c o n t r i b u t i o n  of rills to soil 

loss was r e l a t i v e l y  minor w h e n  c o m p a r e d  to sheet 

e r o s i o n  u n l i k e  in the e x p e r i m e n t  r e p o r t e d  by Me ve r et 

a 1 . ( 1972).

At K a b e t e  runoff on 10% an d 20% c o v e r e d  plots 

was not s i g n i f i c a n t l y  d i f f e r e n t  fr om  the bare plot 

and it was re du ce d only by 40% c o v e r e d  plots. Su ch 

d i f f e r e n t  e f f e c t s  of su r f a c e  c o v e r  on runoff wh en  

c o m p a r e d  to soil loss may be due to so me u n e x p l a i n e d  

factors. H o we ve r , some of the r e a s o n s  for the 

v a r i a t i o n  may be due to the s i m u l a t e d  rainfall 

e f f e c t s  such as wind and s i m u l a t i o n  time w h i c h  cou ld  

a f f e c t  the d r op  impact e n e r g y  as we 1 l as the 

i n f i l t r a t i o n  rate. In a d d i t i o n  the r a t i o  of runoff to 

the a p p l i e d  rainfall p r o g r e s s i v e l y  i n c r e a s e d  from 

d r y - r u n  to the 2 nd very we t- ru n. Th i s  o b s e r v a t i o n  

e m p h a s i s e s  the i m p o rt an ce  of the a n t e c e d e n t  soil 

m o i s t u r e  to the am ou nt  of r u n o f f  and rate of 

i n f i l t r a t i  o n .

The low value of the r a t i o  of runoff to 

r a i n fa ll  for the 40% su rfa ce  c o ve r i n d i c a t e s  not on ly
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the e f f e c t s  of the st on es  on s e a l i n g  and crusting, it 

a l s o  sh ows  the e f f e ct s of the r o u g h n e s s e s  cr e a t e d  by 

t h os e s t o n e s  on r e t a r d i n g  ru no ff velocity. V i s u a l l y  

it was o b s e r v e d  that the runof f was not c o n c e n t r a t e d  

to flow in one or two s p e c i f i c  paths on the 40% 

s u r f a c e  s t o n e  cover u n l i k e  the control and 10% 

s u r f a c e  c o v e r e d  plots. R a t h e r  the runoff was flowing 

in a s t a g g e r i n g  path b e t w e e n  the stones and was 

d i s t r i b u t e d  all over the plots.

In this view there w o u l d  be a thr es h ol d point 

fr om  w h i c h  bo th soil loss and runoff starts to 

d e c r e a s e  ra p i d l y  and a f u r t h e r  r e s e a r c h  would be 

i m p o r t a n t  to d e t e r m i n e  this t h r e s h o l d  point for the 

s u r f a c e  sto ne cover.

6 . 2 . 2  S e d i m e n t  C o n c e n t r a t i o n .

E s t i m a t e s  of soil loss from a c a t c h m e n t  is made 

by s a m p l i n g  the s e d i m e n t  c o n c e n t r a t i o n  of the flowing 

r i v e r s  and m e a s u r i n g  the flow rates at vari ou s 

i n t e r v a l s  of time. A s i m i l a r  p r o c e d u r e  is also used 

in the runof f plots to d e t e r m i n e  the am ou nt of soil 

loss from a p a r t i c u l a r  r a i n fa ll  event.

T h e r e f o r e ,  the c o n c e n t r a t i o n  of se di me nt  at a 

r e g u l a r  i n t e r v a l s  of 5 m i n u t e s  was d e t e r m i n e d  for 

e a c h  of the runs wi th  the s i m u l a t e d  rainfall. In 

genera l, the c o n c e n t r a t i o n  of s e d i m e n t  tended to 

i n c r e a s e  until it r e a c h e d  the peak and then st ar ted
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to d e c r e a s e  for all runs. S u c h  a c h a n g e  in s e d i m e n t  

c o n c e n t r a t i o n  was s i g n i f i c a n t l y  h i g h e r  du ri ng  the dry 

run. This could be a t t r i b u t e d  to the d e c r e a s e  in the 

i n f i l t r a t i o n  rate and i n c r e a s e  in runoff once the 

s o i 1 beca me saturated.

A c o m p a r i s o n  ca n be m a d e  a b ou t the e f fe ct  

of the vary ing  s u r f a c e  s t o n e  c o v e r  at d i f f e r e n t  

d u r a t i o n s  of the rainfall on s e d i m e n t  c o n c e n t r a t i o n  

and e r o s i o n  rates at d i f f e r e n t  soil m o i s t u r e  

co nd it io ns . If the d r y - r u n  is c o n s i d e r e d  the s e d i m e n t  

c o n c e n t r a t i o n  st art ed from low value, re ac he d a peak 

and then star ted  to d e c l i n e  (see f i g u r e  13a and 13b).

The er o s i o n  rate was c o m p u t e d  from the same 

s a m p le s that were us ed  to d e t e r m i n e  the s e d i m e n t  

c o n c e n t r a t i o n  and it r e a c h e d  to the m a x i m u m  rate 

w i t h i n  10 mi nut es aft e r the r u no ff  had start.

In both  var ying s u r f a c e  c o v e r e d  plo t s the se d i m e n t  

c o n c e n t r a t i o n  a t t a i n e d  m a x i m u m  v a lu e w i t h i n  25 

m i n u t e s  after the runoff had s t a r t e d  and then te nd ed 

to decline, durin g the on e hour dry -r un.

The inc r ea si ng  s e d i m e n t  c o n c e n t r a t i o n  at the 

b e g i n n i n g  may be due to h i g h  i n f i l t r a t i o n  rate and 

high de t a c h i n g  effec t of the r a i n d r o p s .  As the g r o u n d  

be ca me  sa t u r a t e d  and the i n f i l t r a t i o n  rate de cli ne d, 

the su rf ac e water f o r m e d  a layer c u s h i o n i n g  the 

r a i n d r o p  impact and r e d u c i n g  its d e t a c h i n g  force.
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T a b l e  14. The values of the c o e f f i c i e n t  of

2
d e t e r m i n a t i o n  (r ) an d the c o n s t a n t s  a and 

b in the s t a t i s t i c a l l y  fitte d e q u a t i o n  of 

soil loss ve rs us  p e r c e n t  su rf ac e cover*.

T y p e  of Ra in a b r2

N a tu ra l Rainfall

S h o r t  rains 27.91 - 0 . 0 1 5 0. 95

Lo n g  rains 2 9 5 . 6 - 0 . 0 1 0 0.99

H e a v y  st or ms 188.9 - 0 . 0 1 2 0. 98

L i g h t  s t or ms 106.9 - 0 . 0 0 6 0.95

S i m u l a t e d  Rainfall

D r y - r u n 3 2 .0 -0.01 1 0. 94

W e t - r u n 11.8 - 0 . 0 1 3 0. 68

Is* V e r y  w e t - r u n 11.3 - 0 . 0 1 3 0.95

2 n(* v e ry  w e t - r u n 60. 1 - 0 . 0 1 8 0.72

* The e q u a t i o n  of the best fit cur v e was in

fo rm  of :

Y = a * bl

wh ere :

Y = soil loss,

X = pe r c e n t  s u r f a c e  c o v e r  

e = the base of the n a t u r a l  log arithm 

a and b are c o e f f i c i e n t s  w h o s e  values are
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g i v e n  in the a b o v e  table.

6 . 3  C O V E R  A N D C R O P  M A N A G E M E N T  C - F A C T Q R

F i g u r e  17 s h ow s the r e l a t i o n s h i p  b e t w e e n  

the p e r c e n t  s u r f a c e  c o ve r and e r o s i o n  r a ti os  of the 

annual soil loss. Th e e r o s i o n  rat i o for e a ch  

t r e a t m e n t  was o b t a i n e d  by d i v i d i n g  the total annual 

soil loss from the g i ve n t r e a t m e n t  to the soil loss 

from the co ntr ol or b a r e  pl ot  a f t e r  a d j u s t i n g  the 

o t he r fa cto r v a l u e s  to their c o r r e s p o n d i n g  v a l u e s  on 

a s t a n d a r d  unit plot.

The g r ap h s u g g e s t s  an a l m o s t  linear 

r e l a t i o n s  h ip b e t w e e n  e r o s i o n  r a ti o an d the p e r c e n t  

s u r f a c e  cover. T h is  i n v e r s e  r e l a t i o n  b e t w e e n  the 

e r o s i o n  r a ti o and the p e r c e n t  s u r f a c e  c o ve r c o n f i r m s  

the b e n e f i t  of s t on e c o v e r  but there are  sever al 

p r o c e s s e s  that b r o u g h t  a b o u t  d i f f e r e n c e s  from the 

o b s e r v a t i o n s  r e p o r t e d  by Box and  M e ye r (1984).

Box and M e y e r  (1984), c o m p a r i n g  the soil 

loss ra ti o from na tu ral  c o a r s e  f r a g m e n t  and s u r f a c e  

m u l c h e s  of c r u s h e d  s t o n e s  to the no c a n o p y  c u r v e  of 

W i s c h m e i e r  and  S m i t h  (1978), s h o w e d  that the d a t a  

c o l l e c t e d  from the s t o n e  co ve r s a t i s f a c t o r i l y  fi tt ed  

the no c a n o p y  curve.

W h e r e a s  at K a b e t e  w i t h  s i m u l a t e d  stones, 

ther e was not an a b r u p t  r e d u c t i o n  in soil loss as the 

p e r c e n t  s u r f a c e  c o v e r a g e  was in cr ea si ng . For ex amp le ,

131



the soil loss ra ti o for the 4 0%  cov e r was 0.68, w h i c h  

is ve ry hi gh u n l i k e  the p r e v i o u s  s t u d i e s  r e p o r t e d  by 

Box (1981) in w h i c h  the soil loss r a ti o for the same 

p e r c e n t a g e  of c o ve  m a de  by s t on e f r a g m e n t s  was less 

than 0.4.

Th e v a l u e s  of the soil loss rat i o in f i g u r e  17 

is the v a l u e  of the C - f a c t o r  from the c o r r e s p o n d i n g  

p e r c e n t  s u r f a c e  c o ve r ma de  s o l e l y  by s i m u l a t e d  s t o n e s  

s i n c e  the pl ot s w e re  kept w i t h o u t  a n y v e g e t a t i o n  

b e c a u s e  the ai m  was to see the e f f e c t  of the s u r f a c e  

c o ve r ma de by c o n c r e t e  slabs. H o w e v e r  the cont ro l 

pl ot s do not s a t i s f y  the r e q u i r e m e n t s  of the ba re 

f a l l o w  c o n d i t i o n s  of W i s c h m e i e r  and S m i t h  (1978) 

b e c a u s e  they w e re  un de r c r o p  for the p r e v i o u s  s e a s o n s  

as d e s c r i b e d  in the m e t h o d o l o g y  se cti on . T h is  may 

d e c r e a s e  the v a l u e s  of the soil loss from the co nt ro l 

pl ot s due to t h e ’b i n d i n g  a c t i o n  of the roots and the 

p r e s e n c e  of m o re  soil o r g a n i c  m a t t e r  than w o u l d  be 

foun d if it was kept fallow, t i ll ed  up and down, for 

mo re  than two years.

T h e r e f o r e  the f i g u r e s  for the C - f a c t o r  

v a l u e  are o n ly  a c o m p a r i s o n  that c o u l d  be ma de  

b e t w e e n  d i f f e r e n t  rat es of s u r f a c e  c o ve r in 

c o n t r o l l i n g  soil loss.

_ i3 > 2 -
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6 . 4 I M P O R T A N C E  OF S T O N E S  ON N A T U R A L  STONY S O I L S

S e ve rs  I a u t h o r s  fou n d that stone cov e r 

d e c r e a s e s  runoff y i e l d  on a slo pe  b e ca us e the s t on es  

i n t e r c e p t  r a i n d r o p s  d i s s i p a t i n g  their e n er gy  so that 

s u r f a c e  s e a l i n g  is i m p e d e d  and i n f i l t r a t i o n  i n c r e a s e s  

r e l a t i v e l y  (Grant and S t r u c h t m e y e r ,1959 and E p s t e i n  

et a l . , 1 9 6 6  ). Ma ny  in s e c t s  and b u r r o w i n g  a n i m a l s  

p r e f e r  to nest under stones, and this n e s t i n g  may 

a l s o  p r o m o t e  i n fi lt ra ti on .

The e f f e c t  of s t o n e s  on soil loss and runoff is 

w i d e l y  v a r i a b l e  due to their n a t u r e  and 

d i s t r i b u t i o n .  In some p l a c e s  s t on es  are d o m i n a n t l y  on 

the s u r f a c e  and in o t he r p l a c e s  they are d i s t r i b u t e d  

t h r o u g h o u t  the profile.

In Kenya, for ins tance, soils with f r a g m e n t s  of 

q u a r t z  r e p r e s e n t i n g  an e r o s i o n  pa ve me nt are c o m m o n  in 

M a c h a k o s  and Kitui D i s t r i c t s ,  In areas such as the 

T u g e n  hills, stone s are d i s t r i b u t e d  th r o u g h o u t  the 

p r o f i l e  w h i c h  have little or no h i s t o r y  of 

a c c e l e r a t e d  e r o s i o n  ( D. B, T h o m a s  p e r s o n a l  

c o m m u n  i ca t i on ).

P o e s e n  (1987) s h o w e d  that small rock fra g me nt s,  

u p t o  9 cm i n t e r m e d i a t e  d i a m e t e r  c a n  be t r a n s p o r t e d  t o  

a c o n s i d e r a b l e  d i s t a n c e  by rill flow. The 

d i s p l a c e m e n t  of the rock f r a g m e n t s  was n e g a t i v e l y  

c o r r e l a t e d  to their di a m e t e r .  The re for e, the 

t r a n s p o r t a b i l i t y  of s t o n e s  gr e a t e r  than 9 cm by rill
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fl ow is n e g l i g i b l e  c o m p e r e d  to the finer soil 

p a r t i c l e s  under normal ra in fa ll conditions.

In those pl ace s like in M a c h a k o s  and Kitui 

d i s t r i c t s ,  where there are d e n s e  stone fr agm en ts on

the sur face of the e o i 1 , it can be poi nted out tha t

the de ns e sur face st on e co ver might be due to the

s e 1e c t i v e remove 1 of the soil by erosion. As the

e r o s i o n  pro cess c o n t i n u e s  for de c a d e s  or c e n t u r i e s  

the finer soil p a r t i c l e s  are s e l e c t i v e l y  removed, the 

s t o n e s  r e m a in in g in place. The soils in such ar ea s 

ar e E h  el low with slow w e a t h e r i n g  p r o c e s s e s  due to the 

p r e s e n c e  of none or few v e g e t a t i o n .

Th er efo re,  it w o u l d  be a d v i s a b l e  to a soil and 

w a t e r  c o n s e r v a t i o n  p l a n n e r  to c o n s i d e r  bio l og ic al  

m e a s u r e s  that e n h a n c e  the g r o w t h  of v e g e t a t i o n  w h ic h 

ar e the major fa cto rs for w e a t h e r i n g  and im pr ov in g 

the soil structure.

At s p e c i f i c  s i t u a t i o n s ,  ev e n  where there are 

s t o n e s  hea v y st orm s as we had at K a b e t e  in May can 

c a u s e  h e av y soil losses if the soil b e tw ee n the 

s t o n e s  is e x p o se d to d i r e c t  r a i n d r o p  impact. Ev en 

t h o u g h  such c i r c u m s t a n c e s  a r i s e  c o m p l i c a t i o n s  in 

d e c i d i n g  wh et he r or not removal of stones is 

d e s i r a b l e ,  there are se ver al t e c h n i q u e s  to be a d a p t e d  

in s t o n y  soils to p r o t e c t  the soil from e r o s i o n  

w i t h o u t  re mo vi ng  the stones. P l a n t i n g  narro w grass 

s t r i p s  may e f f e c t i v e l y  co nt ro l e r o s i o n  on sto ny  

soils. The grass s t r i p s  c a n act as a filter to trap
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the s e d i m e n t s  end p r o v i d e  o r g a n i c  matte r to the soil 

to im prove the soil st ru ct ur e.

In addition, wh en  the soils have s t on es  

t h r o u g h o u t  the profile, s t o n e s  may be remo ve d to ma ke  

b u n d s  si nce  other stones mi gh t come to the s u r f a c e  

d u r i n g  cult iva tio n.

A c c o r d i n g  to the a v a i l a b l e  evidence, m e n t i o n e d  

in the lit e ra tu re  review, it is cle ar  that such st on y 

so il s reduce the runoff and soil loss by i n c r e a s i n g  

i n f i l t r a t i o n  and d i s s i p a t i n g  the r a i n d r o p  impact 

en ergy. The inc reased i n f i l t r a t i o n  is due to two 

m a j o r  reasons:

1) the pore space b e t w e e n  the stone s and the soil 

re sul ts in high p e r m e a b i l i t y .

2) reduc ed sealing and c r u s t i n g  on the s u r f a c e  of 

the soil pr ev en ts  the d e c r e a s e  in i n f i l t r a t i o n  

rate.

In general it can be c o n c l u d e d  that removal of 

s u r f a c e  ston es will lead to an i n cr ea se  in runoff and 

soil loss . However, removal of st on es  to make b u nd s 

ma y be d e s i r a b l e  in the f o l l o w i n g  co nd i t i o n s :

1. Wh e n  the soils are d e e p  and have s t o n e s  

t h r o u g h o u t  the p r o f i l e . As it was o b s e r v e d  wi th  

s i m u l a t e d  stones at Kabete, a s u b s t a n t i a l  a m o u n t  of 

soil loss is ca use d by two or m o re  heav y storms. The 

soil loss could be more than the t o l e r a b l e  limit in
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the natural stony soi ls h a v i n g  si mi lar  heavy s t or ms  

so that some e r o s i o n  co ntr ol m e a s u r e s  are r e q u i r e d  to 

m i n i m i z e  the soil loss.

F o r m i n g  bunds may be one of the m e a s u r e s  

b e c a u s e  b u n d i n g  s h o r t e n s  the Elope length and 

d e p o s i t i o n  o c c u r s  at the u p pe r e d ge s of bunds so that 

the net soil loss from the fie l d will be reduced. 

E v en  if some st one s are r e m o v e d  to make bunds, o t h e r s  

will come to the s u r f a c e  d u r i n g  c u l t i v a t i o n  w h en  the 

s t on es  are t h r o u g h o u t  the profil e.

2. Wh en  the s u r f a c e  s t o n e s  are too n u m e r o u s  and 

or b o u l d e r s  r e s t r i c t  c u l t i v a t i o n . Small s t o n e s  

p r o v i d e  s p ac e for cro p s to be s u p p o r t e d  by the soil 

e v en  if 80ft of the total v o l u m e  is o c c u p i e d  by s t on es  

(Ash by et a 1 . 19 8 A ), But b o u l d e r s  sh oul d be r e m o v e d  

sin c e they r e s t ri ct  c u l t i v a t i o n  and o c cu py  spa c e so 

that c r o p  g r o w t h  is limit ed o n l y  to the space b e t w e e n  

the b o u l d e r E  since cro p s c a n not be s u p p o r t e d  on thp 

s u r f a c e  of the bo uld erE .

On the con tr a ry , remov al of stones to ma ke  

b u nd s may be d i s a d v a n t a g e o u s  in the view of soil and 

wat e r c o n s e r v a t i o n :

1 . W h en  the soi ls ar e  s h a l l o w . The e f f e c t  of 

e r o s i o n  is a l w a y s  n o t i c e d  e a s i l y  in s h a l l o w  s o il s 

th an in d e e p  soils. The re mov al of a few m i l l i m e t r e s
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of soil from s h a l l o w  soils cause a s u b s t a n t i a l  

r e d u c t i o n  in c r o p  g r o w t h  and yield. Foor c r op  growth, 

in turn c a u s e s  mo r e  e r o s i o n  due to the lower o r g a n i c  

m a tt er  ad de d and cov er p r o v i d e d  to the soil.

Even if b u nd s are c o n s t r u c t e d  by r e m o v i n g  the 

stones, the b u n d s  need to be spaced closer in w h i c h  

a s i g n i f i c a n t  a m o u n t  of land is taken by the bunds, 

o t h e r w i s e  soi Is from the lower edges of the bun ds  

will be r e m o v e d  c o m p l e t e l y  until u n p r o d u c t i v e  

inf er t il e soil layer is re ach ed  or the b e d r o c k  is 

exposed.

2. If the s t o n e s  are only on the s u r f a c e . The 

o b s e r v a t i o n s  in the K a b e t e  trial had pr ov ed that the 

r a i n d r o p  impac t e n e r g y  is the major cau se  of e r o s i o n  

and su rf ac e co ve r the most e f f e c t i v e  p r e v e n t i v e  

m e a s u r e  (see P l a t e  6).

3. If the land is very s t e e p . The soil loss rate 

increa ses  p r o g r e s s i v e l y  as the s t e e pn es s of the land 

is increased. In s t e e p  sl op es  if bunds are to be made 

they must be s p a c e d  c l o s e r  and this, in a d d i t i o n  to 

the r e d u c t i o n  of the land size taken by bunds, 

i n t e rf er es  c u l t i v a t i o n  s p e c i a l l y  in pl ac es w h e r e  the 

land is c u l t i v a t e d  by oxen.

4. If the land is und e r g r a z i n g . C a t t l e  d e s t r o y  

b u n d s  and i n t r o d u c e  more e r o s i o n  even if they are
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proper 1y c o n s t r u c t e d .  S t o n e s  s c a t t e r e d  on 

prevent s e al in g and p r o v i d e  p r o t e c t i o n  to 

plants.

the s u r f a c e  

some u s e f u l
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7 C O N C L U S I O N  A N D  R E C O M M E N D A T I O N .

7. 1 C O N C L U S 1 O N .

The annua l soil loss re su lts  ( p r e s e n t e d  in 

s e c t i o n s  4.1 and d i s c u s s e d  in s e c t i o n  6.1) were 

e x t r e m e l y  high w h i c h  was m a i n l y  due to the e r o s i v e  

rainfall e v e n t s  o b s e r v e d  in the long rains in May 

1989. T h e r e f o r e ,  a few major e r o s i v e  e v e n t s  have been 

found to be the most i m p o rt an t fa ct ors  in d e t e r m i n i n g  

soil loss, and i n c r e a s e d  su rf ace  c o v e r a g e  of the soil 

was s u p e r i o r  in c o n t r o l l i n g  e r o s i o n  from such 

rainfall e v e n t s  than from r e l a t i v e l y  lower i n t e n s i t y  

storms.

Out of the 18 rainfall st or ms that c a u s e d  soil 

loss and ru nof f a b o u t  56* and 53% of the annual soil 

loss o c c u r r e d  w i t h  two ex ce p t i o n a l  1y hea v y s t o r m s  on 

the bare  (cont rol ) plot and the 40* s u r f a c e  c o v e r e d  

plots r e s p e c t i v e l y .

I n May w h e n there were no crops t o pr ov i de

surf ace cover, the soil loss in tonnes per h e c t a r e

was 242 and 162 on the bare and 40% surf ace c o v e r e d

plots r e s p e c t i v e l y .  The c o n t r i b u t i o n  of the soil loss 

in May 1989 to the annual soil loss on bare plot s was 

76%.
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H e a v y  st o r m s  as we have at K a b e t e  in May can

c a us e h e a v y  soil losses if the soil b e t w e e n  the 

s t on es  e x p o s e d  to di r e c t  r a i n d r o p  impact, if there is 

no cr o p  co ver and if the gr oun d is s a tu ra te d.  In such 

s i t u at io ns , it wo ul d a p pe ar  n e c e s s a r y  to have grass 

s t r i p s  or st on e bun d s to r e d u c e  the losses of soil 

off the field. T h e r e  is good r e a s o n  to a r g u e  that it 

w o u l d  be best to leave the st on es  in si tu  and pla nt  

n a r r o w  gr ass s t ri ps  to trap any soil that m i g h t  be 

c a r r i e d  off the field.

The 40% s u r f a c e  cover has s h ow n s u p e r i o r i t y  

in c o n t r o l l i n g  soil loss and runoff. The r e d u c t i o n  of 

soil loss from the i n c r e a s e d  s u r f a c e  c o v e r a g e  im pl ies  

the i m p o r t a n c e  of s u r f a c e  st on e cov er  in r e d u c i n g  

e r o s i o n  since mo re  than 50 % of the soil s u r f a c e  is 

c o v e r e d  by s t on es  in most a r ea s w h e r e  the soil is 

s t o n y .

It can be c o n c l u d e d  that removal of s u r f a c e  

s t on es  will lead to an i n c r e a s e  in runoff and soil 

loss. However, removal of s t on es  to make bu nd s may be 

d e s i r a b l e  in the f o l l o w i n g  c o n d i t i o n s :

1. when the soils are d e ep  wi th high 

i n f i l t r a t i o n  rate and have st on es 

t h r o u g h o u t  the p r o f i l e  and

2. wh en  the s u r f a c e  s t on es  are too n u m e r o u s  

a n d / o r  b o u l d e r s  r e s t r i c t  c u l t i v a t i o n .
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On the cont rar y, removal of st on es  to ma ke  bund s 

may be d i s a d v a n t a g e o u s  in the view  of soil and water 

c o n s e r v a t i  o n :

1. w h en  the soils s p e c i a l l y  in the A- 

h o r i z o n  are shallow,

2. if the st on es  are on ly on the s u r f a c e

3. if the land is ve ry s t e e p  and

4. if the land is und e r grazing.
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7 . 2 RECOMMENDAT1 ON.

1. R e m o v i n g  the s t o n e s  from the soil s u r f a c e  

a c c e l e r a t e s  e r o s i o n  since su r f a c e  stone 

cover p r o t e c t s  the soil from r a i n d r o p  impact 

e n e r g y  w h i c h  is the major ca us e of erosion. 

T h e r e f o r e  in p l a c e s  whe re  bu nd in g is 

f e a s i b l e  s m a l l e r  s t on es  shoul d be kept in 

situ and re mov al of larger stones, w h i c h  

m i gh t i n t e r f e r e  w i t h  c u l t i v at io n,  w o u l d  be 

j u s t i f i e d  p r o v i d e d  that stones occ ur  

t h r o u g h o u t  the profile.

2. On s t e e p  s l o p e s  w i t h  s h a l l o w  soils leaving 

st on es  in s i t u  and letting the natural 

v e g e t a t i o n  gr ow is a better form of land 

use than t r y i n g  to c u l t i v a t e  and grow 

crops. If c r o p p i n g  is u n a v o i d a b l e  s t o n e  , 

t e r r a c e s  can  be c o n s t r u c t e d  but the 

t e r r a c e s  mu s t  be c l o s e  and the a m o u n t  of 

land left for c u l t i v a t i o n  will be small and 

c r o p p i n g  u n e c o n o m i c a l .

3. T r i a l s  c a r r i e d  out by ot he rs  in the a r i d  and 

s e m i - a r i d  re gi on s,  w h er e the rainfa ll is

1 A3



scarce, have s h o w n  that s t on es on the

su rf ac e of the soil are useful to r e d u c e  

e v a p o r a t i o n ,  to in c r e a s e  su r f a c e  d e t e n t i o n  

and i n f i l t r a t i o n  so that cro ps  grow b e t t e r  

than on s t o n e  free soils. F u r t he r trial is 

ne ed ed  to i n v e s t i g a t e  the ef fe ct  of r e m o v i n g  

stones on water losses by e v a p o r a t i o n  and 

crop g r o w t h  in the low rainfall a r e a s  w h e r e  

water is the limiti ng factor for c r o p  

pr odu ct ion.

4. Th ere  is a ne ed for more i n f o r m a t i o n  on the 

losses of soil and water from s t on y s o il s 

under normal c r o p p i n g  pr ac ti ce s;  the 

r e l a t i o n s h i p  b e t w e e n  soil loss and p e r c e n t  

su rf ac e cov er made by crops and stone; and 

the use of gra ss st ri ps on st on y soils.
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9. APPENDICES

Append i x- 1. ANOVA table of soil 1 os s from the short rainy season

Source df SS MS Fcal F.0S F.01

Cover 3 251.48 83. 6 7.O' 4.76 9.7

Rep. 2 531.27 265.6 22.3"

Error 6 71.53 11.92

Tota 1 11 854.28

' s i gni f icant at 0.05 1evel of s i gn i f i cance

H significant at 0.01 11 eve 1 of s i gni f i cance

ns not significant at 0. 05 leve 1 of s i gn i f i cance

Appendix-2. ANOVA table of Runof f from the short rainy season.

Source df SS MS F«i F. 05 F .01

Cover 3 89.38 29.8 6.98* 4.76 9.7

Rep. 2 199.89 99.9 23. 4n

Error 6 25.60 4.32

Total 11 314.88
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Append i x-3. ANOVA table of Soil loss from the long rainy season of

1989.

Source df SS MS F«i F.05 F .01

Cover 3 15325 5108 6.21* 4.76 9. 7

Rep. 2 22057 11026 17.72** 5. 14 10.9

Error 6 3734 622

Total 11 41115 3738

Appendix-4a. ANOVA table of Soi 1 loss from the two heavy storms

of 1959 long rains.

Source df SS MS Fcal F.05 F.01

Cover 3 8675 2892 16.09n 4.76 9.7

Rep. 2 5233 2617 14.56"

Error 6 1078 179

Total 11 14987 1362
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Appendi x-Ab. ANOVA table of Soil loss from the 12 light storms

of 1989 long rains.

Source df SS MS Fcal F.05 F.01

Cover 3 970 323 1.9ns A.76 9.7

Rep. 2 5820 2910 17.3*’

Error 6 1011 168

Total 11 7601 709

Append i x-5. ANOVA table 

of 1989 long

of Runof f 

rains.

from the 12 1 ight storms

Source df SS MS F«i F.05 F.01

Cover 3 A 1 1A 0.08ns A.76 9.7

Rep. 2 82A A 12 2. AAns

Error 6 1011 169

Total 11 1875 170
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Appendix-6. ANOVA table of Soil loss from the simulated

rainfall, 

a) for dry-run

Source df SS MS F«> F.05 F .01

Cover 3 223 74 1.94ns 4.76 9. 7

Rep. 2 261 131 3. 42ns 5. 14 10. 9

Error 6 229 36

Tota 1 11 71A 65

b) for wet-run

Source df SS MS Fcal F .05 F.0I

Cover 3 42 14 12.61H 4.76 9.7

Rep. 2 90 46 40.6 H 5. 14 10.9

Error 6 7 1

Total 11 139
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c) for the first very wet-run

Source df SS MS Fcal F.05 F.01

Cover 3 38 13 2.38ns 4.76 9.7

Rep. 2 107 53 10.16* 5. 14 10. 9

Error 6 32 5

Total 11 176

d ) for the second very wet-run

Source df SS MS Fcal F .05 F .0I

Cover 3 1115 372 5.06ns 4.76 9. 7

Rep. 2 617 617 8.4 "s 5. 14 10.9

Error 6 220 73

Total 11 1952
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Appendix -7

Table showing the constants from the regression equation and their 

coefficient of determinations (r ) for different rainfall 

condi t ions.

Cor relat ion 

Variables

Constants Coe f f i c i ent 

of X

r2

m n df

X Y

RF b EROS -299 17. AO 91 35 33

RF l SL0 -12 0. 66 90 36 34

RF b RO0 -5. A 0. 36 54 34 32

EROS l SL0 -0. 9 0. 03 96 35 33

EROS b R0& -0. 6 0. 03 83 33 31

RO b SL0 -0.00 0. 98 95 16 14

RO b SL10 0.05 0. 90 90 16 14

RO b SL2q 0. 41 0. 70 83 16 14

RO b SL40 0. 13 0. 73 92 16 14
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A P P E N D I X 6.

a ) S u m m a r y  of Annual soil loss R e s u l t s  ( t / h a ) .

R E P L I C A T I 0 N S

% C O V E R X Y Z AVG

S h o r t R a i n s

0 36.6 22. 1 20 .4 26.4

10 40. 1 21 .0 17. 4 26. 2

20 25. 1 18.6 18. 1 20 .6

40 24.0 11.9 10. 0 15.3

L o n g R a i n s

0 35 7.8 265 . 2 253. 3 292. 1

10 3 6 6. 0 2 3 1. 9 2 2 6 . 2 275 .4

20 27 7. 8 * 233 . 6 202. 1 2 7 3 . 8

40 23 7.6 210. 8 150. 1 199.5

A n n u a 1

0 394.4 2 8 7 . 3 237. 7 3 1 8 . 5

10 406. 1 2 5 2. 9 2 4 5 . 6 3 0 1 . 6

20 302. 9 2 5 2 . 2 220. 2 2 5 8 . 4

40 261. 6 222. 7 160. 1 2 1 4 . 8
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b) Soil loss (t/ha) from individual rainfall storms that cuased

erosion. (Figures are means of 3 replications)

Date Rainfall Erosivity Soil loss (t/ha)

(mm) (MJ.mm/ha/h) 0% 10% 20% 40%

21/11/80 30.6 54 0. 21 0.22 0. 17 0. 14

21/12/88 23.5 32 0.23 0.20 0. 19 0. 22

25/12/08 36.5 83 2. 0 2.4 1.7 1.4

06/01/89 48.0 699 23.2 23.4 18.5 13.6

06/04/89 45. 1 138 2.7 2.5 2.2 1.4

24/04/09 35. 4 470 11.2 9.0 7.2 7.0

25/04/89 36.7 289 9. 2 8.8 6.9 6. 2

27/04/09 22.9 107 4.6 5 4. 1 4.4

07/05/09 112.4 1240 65.7 62.8 53.6 45.0

08/05/89 18.2 6 0.9 0.9 0.8 0.9

09/05/89 50.0 298 10.9 10. 4 10.5 10. 0

11/05/89 49.7 438 9 8. 3 7.3 6.5

12/05/89 56.0 584 25.3 21.1 20. 4 17.6

13/05/89 19. 4 33 2.5 2.2 2.0 1.7

15/05/89 8. 1 19 4.4 4.6 4.2 3.8

17/05/89 17.7 132 4.5 5.8 5.6 6. 1

18/05/09 182.5 3394 116.5 110.7 93. 1 68.9

03/06/89 26. 7 - 22. 5 22.3 19.9 18.5

164



A P P E N D  I X 9.

a ) S u m m a r y  of Annual Runoff R e s u l t s  C m m ) .

R E P L I C A T I 0 N S

% C O V E R X Y Z AVG

S h o r t R a i n s

0 31 .9 2 4 . 0 22.0 25 .9

10 32. 5 22. 5 20. 9 25.4

20 25 .2 2 4 . 7 17.9 22 .6

40 25. 1 17. 5 14.5 19. 1

L o n _g ___ R_ a i n s *

0 126. 1 11 3. 0 101.4 114.2

10 116.2 108. 2 117.6 114. 0

20 119.3 136 .3 90 .8 116.1

40 117.6 •110.1 106.2 111.3

A n n u a 1 ■

0 160 137 123.4 140. 1

10 148.7 130. 9 138.5 139.4

20 144.5 163. 0 108.7 138. 7

40 142.7 127.6 120. 7 130. 7

1 Th es e f i g u re s do not incl ud e the runof f from 0 7 / 0 5 / 8 9  

and 18/05/89.
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b) The ratio of monthly runoff to rainfall expressed in percent 

(from October, 1988 to August, 1989 and figures are means of 3

repllcations)

Month 

(mm)

Rainfal1 

OX

R U

10%

N 0 F F

20%

R A T

40%

1 0

Oct 16. 7 0 0 0 0

Nov 105.3 0. 4 0.3 0. 2 0. 1

Dec 146.5 2.9 2.9 2.0 1.8

Jan 140. 7 15. 1 14.8 13.9 11.5

Feb 47.0 0 0 0 0

Mar 94.2 0 0 0 0

Apr 230.0 11.1 10. 1 9.0 8.7

May 1 561.3* - - - -

May2 266. 4*' 26.5 27.5 31.0 27.9

Jun 27.5 66.2 63.3 45.8 61.8

Jul 44.2 0 0 0 0

Aug 19. 1 0 0 0 0

* Total rainfall in May 1989 

## The rainfall in May 1989 excluding the two

heavy storms of 7™ and 18^h of May.
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c) Runoff as p e rc en t of ra infall from in di vi dua l storms 

that c a u s e d  runoff ( f i g ur es  are  means of 3 

r e p l  i c a t i o n s ) .

Da te R a i n f a l l E r o s i v i t y  R U N O F F  R A T I O

(mm) ( M J. mm /h a/ h)  0% 10% 20% 40%

2 1 / 1 1 / 8 8 30. 6 54 1 .3 1 .0 0 . 6 0 . 5
2 1 / 1 2 / 8 6 23. 5 32 0 . 6 0 . 7 0 . 6 0 . 8
2 5 / 1 2 / 8 8 36. 5 83 1 1 .4 1 1 .2 7. 6 6. 8

0 6 / 0 1 / 8 9 48. 0 699 44 .3 43. 4 40. 6 33. 8

0 6 / 0 4 / 8 9 45. 1 138 8. 0 5. 3 5. 1 3. 1

2 4 / 0 4 / 8 9 35. 4 470 26. 6 22. 6 19. 2 16. 1

2 5 / 0 4 / 8 9 36. 7 289 19. 9 19. 6 17. 7 19. 1

2 7 / 0 4 / 8 9 22. 9 107 22. 7 24. 9 22. 7 25. 3

0 7 / 0 5 / 8 9 112. 4 1240 - - - -

0 8 / 0 5 / 8 9 18. 2 • 6 10. 4 1 1 .0 16. 1 12. 6

0 9 / 0 5 / 8 9 50. 0 290 31 .8 34 .8 32. 6 33. 0

1 1 / 0 5 / 8 9 49. 7 438 25. 8 26. 6 28. 2 24. 9

1 2 / 0 5 / 8 9 56. 0 584 48. 9 48. 4 63. 6 50. 4

1 3 / 0 5 / 8 9 19. 4 33 18. 0 18. 6 19. 1 18. 0

1 5 / 0 5 / 8 9 8. 1 19 46 . 9 50. 6 53. 1 59. 3

1 7 / 0 5 / 8 9 17. 7 132 28. 8 32. 8 31 .6 37. 9

1 8 / 0 5 / 8 9 182. 5 3394 - -

0 3 / 0 6 / 8 9 26. 7 - 68. 2 65. 2 47. 2 63. 7
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A p p e n d  i x 10 D e t a i l e d  views and D i m e n s i o n s  of the

runoff 

a ) The

c o l l e c t i n g  eq uip men t 

End - p 1 a t e

168



0) THE END PLATE

H-----------------------------------  20 0

S E C T IO N  8 - 8

D ESIGN ED  BY NUP7 E CA 5MAFO
DRAWN BY NURZEPA 5HAF0
SCALE *T5 ID ATE I 1988
DlMENTiONS ir* m
PROJECT
CHECKED BY PROP. Lie T HUMA l



N
0
H
D
3
S

bj RUNOFF COLLECTING TROUGH

|<------------------------------------------------------------------------------------------------------------------------- 200 -------------------------------------------------------------------------------------------------------------------------------^

TOP VIE W

'OESIGNED by n u r : epa  ■5HAF6
OR AWN 3Y NURZEFA SHAFQ
s c a l e 1-15 i DA^E [ '988
DIMENSION'S IN CM
PROJEC T
CHECKED 9Y PROF D-e- T homas



st an da rd

d e v i a t i o n s  and C h r i s t i a n s o n ’s u n i f o r m i t y  

c o e f f i c i e n t  (CUC). 

a ) D u r i n g  60 m i n u t e s  D r y - r u n

A p p e n d  i x 1 1 . A v e r a g e  rainfall i n t e n s i t i e s ,

Plot I n t e n s i t y STD* c u e 4

X 40 60 1.99 78

X20 72 1.17 86

X10 67 1.90 78

XO 72 1.66 82

Y40 81 1.54 84

Y 20 77 1.74 82

Y 10 74 1 . 19 87

Y0 62 2. 15 75

ZAO 80 1.80 83

Z20 96 2 . 83 75

Z10 66 1.89 79

ZO 77 2 . 26 74

* STD is the S t a n d a r d  D i v i a t i o n

+CUC is the C h r i s t i a n s o n  

D e s i g n  i n t e n s i t y  = 1/12 

Wh er e 1 is the rai nfa ll

’s U n i f o r m i t y  C o e f f i c i e n t  
H
T d ) ,  = 79 mm/h.
&  p f
i n t e n s i t y  (mm/h) from a

in the dr y- ru n.
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b ) D u r i n g  20 minu tes  w e t - r u n

P 1 ot I n t e n s i t y STD* c u e 4

'p

X4 0 94 2. 16 81

X20 71 1.60 82

X1 0 87 2.43 77

XO 77 1.65 79

Y4 0 87 1.89 82

Y20 70 1.73 80 .

Y 1 0 85 1.68 84

Y0 91 2.28 79

Z40 95 2. 71 75

Z20 82 1.97 80

Z 1 0 91 2. 25 81

ZO 78 2. 1.5 78

#S TD is the S t a n d a r d  D i v i a t i o n

+ C U C  

D e s i g n  

W h e r e

is the C h r i s t i a n s o n ’s U n i f o r m i t y  C o e f f i c i e n t
12

i n t e n s i t y  = 1/12 V  (I ), = 54 mm/h.
T - i p J

lp is the rainfall i n t e n s i t y  (mm/h) from a plot

in the we t - r u n .
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c ) D u r i n g  20 m i n u te s 1 very we t - r u n .st

P lot I n t e n s i t y STD* c u e 4

'p •

X40 83 2. 19 79

X20 67 1.46 83

X1 0 85 1.79 83

XO 70 1.48 82

Y40 89 1.82 83

Y 20 68 1.85 78

Y 10 92 3.76 68

YO 77 1.91 79

Z4 0 91 2.26 79

Z20 88 2.76 75

Z1 0 84 1.99 80

ZO 91 2.07 80

* S T D is the S t a n d a r d  D i v i a t i o n

+CUC is the C h r i s t i a n s o n ’s U n i f o r m i t y  C o e f f i c i e n t
12

D e s i g n  i n t e n s i t y  = 1/12 ^   ̂p > j = mm/h.

W h e r e  I is the rainfall i n t e n s i t y  (mm/h) from a plot 
P

in the first very wet-run.
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ve ry w e t - r u n  .d ) D u r i n g  50 m i n u te s 2 n̂

P lot I n t e n s i t y  STD*

'p

c u e 4

YAO 89 2.21 77

Y20 87 2.7 72

Y 1 0 82 1.91 80

Y0 91 1.7 A 79

ZAO 89 2.35 77

Z20 66 2.39 76

Z10 72 2.03 80

ZO 71 2.75 7 A

#STD is the S t a n d a r d  D i v i a t i o n

+CUC is the C h r i s t i a n s o n ’s U n i f o r m i t y  C o e f f i c i e n t
8

D e s i g n  i n t e n s i t y  = 1/0 ( 1 „> \ = 61 mm/h.
y -t p 1

W h er e Ip is the rainfall i n t e n s i t y  (mm/h) from a plot 

in the se con d very w e t- ru n.
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A P P E N D I X 1 2

Sa mpl e c a l c u l a t i o n s  of the rainfall e r o s i v i t y  u s i n g  

E 1 30 m e t h o d  of Fo st er  et al. (1951)

For the rainfal 1 on 0 7 / 0 5 / 6 9

Time D e p t h  D u r a t i o n  Intensity em E R = E 1 30
(mm) (min) (mm/h) (MJ / ha /m m)  (MJ/ha) ( M J . m m / h a / h )

17 00 0, 00
17 05 0 75 5 00 9 00
1 7 50 0 75 4 5 00 0 00
17 55 1 00 5 00 3 00
18 55 1 00 60 00 0. 00
19 05 2, 00 10. 00 6. 00
21 20 2. 00 15 00 0. 00
21 37 3. 00 17. 00 3, 53
21 45 5, 00 8. 00 15, 00
22 15 27. 50 30. 00 45. 00
23 00 55. 00 45. 00 36 67
0:00 82. 00 60. 00 27. 00
0:55 95. 75 53 00 15. 57
1 :00 96. 00 7, 00 2. 14
1 :25 1 10. 50 25. 00 34. 80
1 :40 1 10. 70 15. 00 0. 80
1 :45 Ill 70 5. 00 12. 00

130 = 45

0 ,, 20 0 ., 15

0 . 16 0 ,, 04

0 . 19 0 . 19

0 . 17 0 . 17
0 . 22 0 . 44
0 . 26 5. 92
0 . 26 7. 03
0 . 24 6. 59
0 . 22 3 .07
0 . 15 0 . 04
0 . 25 3 ,68
0 . 1 1 0 . 02
0 . 21 0 . 21

2 7 . 5 5  1 2 3 9 . 5 3
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Appendix 13

The type and abundance of crops grown in the stony soils of 

Baringo as estimated from the visited farms. *

CR OP  T Y P E 0 R D E R O F A B U N D A N C E '

Ma r i ga t C h a p - C h a p K a m n a  r ok k'aba s i s E w a 1e 1

Ma i ze 2 1 1 1 1

Sor ghum 2 A 5 - -

Fi nge r mil let 1 2 3 2 A

Sweet p o t a t o e s  A 7 5 5 A

Beans 5 5 A 2 2

P i g e o n  pea 7 - 7 - -

G r o u n d  nut 7 10 - - -

C i t rus 9 7 9 - 6

B a na na - 6 9 9 7

Cof fee - 7 8 7 7

C a s s a v a 7 5 A 9 6

Fo dd er  grass 9 10 8 6

* The f i g u r e s  in the table s h ow  the maj or  crops in 

their o r d e r  of a b u n d a n c e  in a d e c r e a s i n g  ord er  (i.e. l 

st and s for the most and 10 s t a n d s  for the least 

a b u n d a n t  crops).
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Ap p e n d  i x 14

S u m m a r y  of field o b s e r v a t i o n .

A) D I V I S I O N  - K a b a r t a n j o  

L O C A T I O N  - K a m n a r o k

1. Si t e  D e s c r i p t i o n

Farm  

N o .

A 1t i t ude

A v e r a g e

Slo pe

(%)

S u r f a c e  

S t o n e  c o ve r 

(%)

Mean

Stone size 

( cm )

1 1660 20 80 15

2 1520 35 60 15

3 1 3 AO 36 80 20

2. Soil and Water C o n s e r v a t i o n

Farm  T e r r a c e d ?  T e r r a c e  A v e r a g e  A v e r a g e  Av er ag e

N o . Ye s /No Type S p a c i n g  

( m )

He ig ht  

( c m )

Width 

( c m )

1 Y s tone 5 AO 100

2 Y b r u s h - w o o d 10 - -

3 Y s tone 10 60 70
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B) D I V I S I O N  - K a b a rn et  

L O C A T I O N  - Ka bas is

1. Site D e s c r i p t i o n

Fa rm  

N o .

A l t i t u d e

Av er ag e

Slope

(* )

S u r f a c e  

S t o n e  c o v e  r 

( % )

M e an  

S t o n e  s 

(cm)

4 21 2 0 35 20 6

5 22 00 20 15 10

6 20 50 55 50 30

7 20 20 45 40 10

2. Soil and Water C o n s e r v a t i o n

F a rm  T e r r a c e d ?  T e r r a c e  A v e r a g e  A v e r a g e  A v e r a g e

No. Y e s / N o  Type S p a c i n g  H e i g h t  Wi dt h

(m) (cm) (cm)

4 Y stone + trash 6 75 100

5 Y sto n e + soil 9 150 150

6 Y stone 3 150 150

7 Y sto ne + trash 7 150 150
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C ) D I V I S I O N  - K a b s m e t  

L O C A T I O N  - Ewalel 

1. S i te Des cr i pt i on

A v e r a g e S i j  r f a c e Mean

Farm 

N o .

A 1t i t ude S l o p e  

(X )

S t o n e  cover 

( % )

S t one size 

( cm )

6 2 0 8 0 36 70 7

9 2 2 5 0 20 40 10

18 1920 28 80 10

19 1900 40 40 10

20 1900 35 50 10

2. Soil and Water C o n s e r v a t i o n

Farm  T e r r a c e d ?  T e r r a c e  A v e r a g e  A v e r a g e  Av er age

N o . Y e s / N o Ty pe S p a c i n g  

( m )

H e i g h t  

(cm )

Width 

( c m )

8 Y stone + trash 5 60 80

9 Y sto ne + soil 8 60 66

18 Y stone - - -

19 Y s tone 6 130 170

20 Y s tone + tra sh 5 90 140
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D> D I V I S I O N K a b a r n e t

L O C A T I O N  - C h a p  C h a p  

1. Site  Descr i pt i on

Fa rm  

N o .

A v e r a g e

A l t i t u d e  Sl op e 

(%) '

S u r f a c e  

S t o n e  c o v e r  

( % )

Mean

S tone size 

( cm )

1 1 1870 32 80 15

14 1885 24 40 10

15 1860 38 60 15

16 1850 35 40 15

17 1865 15 60 40

2. Sol 1 and Water C o n s e r v a t i o n

Fa rm  T e r r a c e d ?  

No. Y e s / N o

Ter race 

Type

A v e r a g e  

S p ac  i ng 

( m )

A v e r a g e  

He i g h t 

( cm )

A v er ag e 

Wid th 

( cm )

1 1 Y s tone 4 50 65

14 Y s tone 10 90 100

15 Y stone 9 80 90

16 Y s tone 3 100 100

17 Y stone 10 100 60
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E ) D I V I S I O N  - Ma r i ga t

L O C A T I O N  - M a r i g a t

1 . Si te  Descr i pt i on

F a r m  

N o .

A l t i t u d e

A v e r a g e

Slo pe

(*)

S u r f a c e  

S tone cover 

( % )

Me an

S tone size 

( cm )

10 1150 22 80 20

12 1460 18 80 10

13 1510 19 50 7

2. Soil and Water C o n s e r v a t i o n

F a r m  T e r r a c e d ?  T e r r a c e  A v e r a g e  A v e r a g e  A v e r a g e

N o . Ye s/No Type S p a c i n g  

( m )

He ig ht  

( cm )

W i d t h  

(c m )

10 Y stone 5 50 75

12 Y s tone 8 50 75

13 Y s tone 7 60 100
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