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FOREWORD TO THE SERIES 

The disseminat ion o  f  s c i e n t i f i c  
infornla t ion i s  one of t h e  main func t ions  of t h e  
Na tura l  Resources, Energy & Science Authority. 
The Journa l  of t h e  Nat ional  Science Council 
publ ished by t h i s  Author i ty  provides a  medium 
f o r  t h e  p u b l i c a t i o n  of s c i e n t i f i c  research 
papers ,  and "Vidurava" , the  q u a r t e r l y  sc ience 
bul le t . in  c o n t a i n s  s c i e n t i f i c  a r t i c l e s ,  of a  
g e n e r a l  n a t u r e  which i s  of i n t e r e s t  t o  the 
publ ic .  

There i s  s t i l l  a  wide gap i n  the  
a v a i l a b i l i t y  of reading m a t e r i a l  on s c i e n t i f i c  
s u b j e c t s  of l o c a l  i n t e r e s t .  One r e s u l t  bf t h i s  
i s  t h a t  sc ience  s t u d e n t s  conf ine  t h e i r  reading 
only t o  t h e i r  school  no tes  and t o  t h e  few 
a v a i l a b l e  t e x t  books which a r e  mostly published 
abroad. In  an a t tempt  t o  improve t h i s  
s i t u a t i o n ,  the  Worklng Committee on Science 
Education Research of t h e  Natural  Resources, 
Energy and Science Author i ty  decided t o  pub l i sh  
a  s e r i e s  of bookle t s  on s c i e n t i f i c  t o p i c s  of 
l o c a l  i n t e r e s t  a s  supplementary reading 
m a t e r i a l  f o r  s t u d e n t s  and the  genera l  publ ic .  
The a u t h o r s  who have been s e l e c t e d  by the  
Committee t o  prepare  t h e s e  booklets  a r e  e x p e r t s  
i n  t h e i r  r e s p e c t i v e  f i e l d s .  The manuscripts 
t h a t  were submitted by t h e  au thors  were 
examined by r e f e r e e s  before  being accepted f o r  
pub l ica t ion .  The views expressed i n  these  
p u b l i c a t i o n s  a r e  those  of t h e  a u t h o r s  and a r e  
not  n e c e s s a r i l y  those  of t h e  Natural  Resources, 
Energy & Science Authority.  

I must thank t h e  Working Conmittee on 
Science Education Research of t h e  Natural  
Resources, Energy & Science Author i ty ,  and i n  

t p a r t i c u l a r  Prof.  V. Basnayake who i s  the  Hony. 
D i r e c t o r  of t h e  Working Committee f o r  t h e  work 
they have done t o  make t h i s  p r o j e c t  a success.  

R.P. Jayewardene 
D i r e c t o r  General 
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S o i l  i s  aul n o s t  va1uabl.e natural 

resource.  It i s  clairied t o  be a renewable 

resource ,  but i n  ternis of human time s c a l e s  i t  

i s  not .  Uance i t  i s  wel l  t o  be aware of i t s  

v i t a l  inpor tance ,  i t s  behaviour and i t s  f a t e .  

This monograph i s  p e r t i n e n t  nlostiy t o  

t h e  s o i l s  of Sri Lanka. It is  broadly divided 

i n t o  two p a r t s ;  s o i l s ,  and s o i l  conservation.  

It c o n t a i n s  informat ion obtained f roc1 

p u b l i c a t i o n s ,  both l o c a l  and f o r e i g n ,  and from 

persone l  communications. 

The encouragement and h e l p  from f r i e n d s ,  
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PART I 

SOILS 

S o i l s  a r e  n a t u r a l  bodies on the e a r t h ' s  c rus t .  
They have t o  be considered i n  three-dimentional 

perspect ives ,  and a re  composed of minerals, 

organic mat te r  and l i v i n g  organisms, with 

varying amounts of water o r  moisture and a i r  

occupyng the  voids between the so l id  

cons t i tuents .  

I 

S o i l s  cover t h e  landscape, and i n  S r i  ~ a n k a  

they a r e  usua l ly  between 40 t o  150 cm deep i n  

most places. A very high proport ion of a l l  

l i f e  on e a r t h  is  confined t o  the upper l aye r s  

of s o i l .  The top  s o i l ,  usua l ly  not more than 
1 5  cm deep a t  most, suppor ts -our  c i v i l i z a t i o n .  

The chemical, physical,  and mineralogical 
p rope r t i e s  of s o i l s  are the e f f e c t s  of the 

ac t ions  of c l imate and organisms on the  parent 

ma te r i a l s  of  s o i l s ;  the e f f e c t  of which could 

be conditioned by r e l i e f  over per iods of time. 

The tibove mentioned proper t ies  a r e  important t o  

the s o i l ' s  a b i l i t y  t o  s to re  and supply 

n u t r i e n t s  f o r  use of p l an t s  t ha t  they support 

and sustain.  



Like those  of most wet t r o p i c a l  regions ,  our  

s o i l s  have bo tli advantages and disadvantages.  

A g r i u t u r a l l y  t h e r e  a r e  only  a l i m i t e d  number of 

crops  t h a t  cannot be grotm here ;  from t h e  

c o a s t a l  lowlancls t o  t h e  highlands;  on t h e  

h igh ly  weathered a c i d  s o i l s  of t h e  wet zone o r  

on t h e  near  n e u t r a l  s o i l s  of tlie d ry  zone. 

However, t o  o b t a i n  naxinuuti b e n e f i t s  these  s o i l s  

would have t o  adequate ly  f e r t i l i z e d ,  arid 

s u i t a b l y  amended trliere necessary.  Thus a 

lcnowledge of s o i l  cliemistry can e n r i c h  t h e s e  

s o i l s ,  a l though  i t  tiould be c o s t l y .  The n a t u r e  

of our  s o i l s  i s  one of t h e  f a c t o r s  t h a t  l i m i t  

a g r i c u l t u r a l  use  of t h e  land.  

Tlle pa ren t  m a t e r i a l  o f  s o i l s  i s  rock o r  any 

m a t e r i a l  o r i g i n a l l y  de r ived  from, rock by t h e  

p rocess  of weathering. During t h i s  p rocess  

cor.iplex coripounds i n  rock minera l s  undergo 

ct-ianges. Tile rjollible m a t e r i a l s  a r e  c o n s t a n t l y  

removed by the  p e r c o l a t i n g  waters.  Organic 

r,ia.tter on tlie s o i l  s u r f a c e ,  on deconiposition 

l i b e r a t e s  organic  cornpounds which g r e a t l y  

i n c r e a s e  t h e  s o l u b i l i t y  of tliese cor~lplex 

compounds. Percola t i i lg  wa te r s ,  under sucli 

concii t ions,  . t h e r e f o r e ,  c a r r y  more dissolved 

m a t e r i a l s .  A t  tlie elid, on ly  rock fragments,  

n o s t  of rrliicli i s  i n e r t  q u a r t z  of l i t t l e  value  

t o  p l a n t s ,  remain. Because temperature 

increases the r a t e s  of chemical r e a c t i o n s ,  



improverished s o i l s  a r e  forned more r a p i d l y  i n  

t h e  h o t  wet t r o p i c s  than elsewhere. Thus 

t r o p i c a l  s o i l s  tend t o  become poor wi th  age, 

and t h e i r  r a t e  o f  n u t r i e n t  supply t o  p l a n t s  

becone s lower  p rogress ive ly .  

2. THE SOILS OF SRI LANKA 

S ri  Lanka s h a r e s  many g e o l o g i c a l  

c l i a r a c t e r i s t i c s  wi th  South I n d i a ,  because i n  

g e o l o g i c a l  t i m e s  i t  would have forned p a r t  of 

t h e  I n d i a n  sub-continent.  

The i s l a n d ' s  t o t a l  land a r e a  of 6.66 n i l l i o n  

ha, can be demarcated i n t o  t h r e e  n a j o r  c l i m a t i c  

o r  agroeco log ica l  zones. 

(1 )  The wet zone of 1.54 m i l l i o n  h a , .  which i s  

confined t o  t h e  s o u t h  west quadrant of the  

i s l a n d  ; 

(2) The d ry  zone of 4.17 m i l l i o u  ha wliicli 

comprises the  bulk of the  i s l a n d ,  and 

conf ined t o  t h e  n o r t h  e a s t ,  n o r t h  west and 

sou th  e a s t  p l a i n s ;  and 

(3)  The in te rn ied ia te  zone of 0.85 m i l l i o n  ha 

wllicli l i e s  between the  dry  and wet zones. 

These t h r e e  major zones a r e  f u r t h e r  subdivided 

i n t o  seven na  j o r  ~ g r o e c o l o g i c a l  zones on the  

b a s i s  o f  a l t i t u d e  and landfornil a s  depic ted i n  

Pig.  1. 



Agro - Ecological Regions 

- - 

Fig. 1. The agao-ecological regions of Sri Lanka 



On the  bas i s  of e leva t ion  the  following three  

regions a r e  recognized; 

Region Elevat ion above mean 

sea  l e v e l  (m)  

Low country 0- 300 

llid country 300 - 600 

Up country > lo00 

The -whole of thd dry zone is  i n  the  low 

country, where the land forms vary from f l a t  t o  

undulating. Land forms i n  t he  mid and up 
country vary from undulating t o  ro l l i ng ,  h i l l y  

and the  s t eep ly  dissected.  I n  some a reas  they 

may be even mountainous. 

The seven major agroecological zones a r e  

f u r t h e r  divided i n t o  24 well  defined 

agroecological  regions, each region having 

unique combination of r a i n f a l l  pa t t e rn ,  

landform, temperature range, e l eva t ion  and s o i l  
depicied i n  Fig. 1, and Table I summa&zes the 

s a l i e n t  information. 

Every s o i l  i n  S r i  Lanka has a unique p ro f i l e .  

Where a s o i l  p r o f i l e  is  exposed a s  i n  . - road-cuts, '  we l l s  o r  burrow p i t s  the  various 

l aye r s  o r  "horizons" could be observed and 

= - i den t i f i ed .  The predominant s o i l  i n  an a rea  is 
re la ted  t o  the cl imate,  parent mater ia l ,  p l an t s  
and an ina ls ,  s lope  o r  topography, and t o  time 

needed f o r  s o i l  formation. 



Table 1 Rainfall expectancy values of the agro-ecological regions of 

Sr i  Lanka and their  associated s o i l s  and terrain 
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The agro-ecological zones of t he  i s land  o f f e r  a 
broad base f o r  c l a s s i f i c a t i o n  of our so i l s .  

F i f t een  nap u n i t s  have been i d e n t i f i e d  i n  the 
* 

dry and semi-dry intermediate  zones of the 
i s l and ,  while another  12 have been iden t i f i ed  

e i n  the  wet and ' semi-wet intermediate  zones. 

Factual  and in te rpred  information-  on these 
s o i l s  a r e  used i n  land use planning, and ' f o r  

maximizix t h e i r  a g r i c u l t u r a l  product ivi ty .  

The ex ten t ,  composition, present and p o t e n t i a l  
land use and t h e  optimum management f o r  each of 

these  so id  groups w i l l  ensure maximum 

u t i l i z a t i o n  of t he  land and i t s  considerat ion 
f o r  sustained product iv i ty  and use f o r  p0sterit.y. 

Because of the  ex'tensive - plans envisaged f o r  

fu tu re  a g r i c u l t u r a l  development and the  g r e a t e r  

demand made by the  increasing population i t  i s  
necessary t h a t  s o i l ,  ou r  most valuable na tu ra l  

resource, be conserved: Although conservation 

and development o f t en  seem imcompatible, 
conservation i s  a prerequis i te .  

Erosion of the s o i l  is  a na tu ra l  and continuous 
process. - I n  undisturbed ecosystems, s o i l  

regenerat ion and eros ion  occur a t  approximately 

the same r a t e ,  mostly because the  s o i l  i s  

she l te red  by a pro tec t ive  vegetat ive cover. 

Where the  s o i l  and vegetat ion a r e  not i n  



balance a s  f o r  example i n  places where human 

influehce and a c t i v i t i e s  a r e  considerable,  

there  could be accelerated erosion with 

d isas torous  consequences. I n  t he  t rop ic s  s o i l  i 

degradation i s  ranpant,  and with s o i l  a l s o  .goes 

a added f e r t i l i z e r s .  The many e a r t h s l i p s  i. 

reported i n  o u r  country from the time t o  time 
i n d i c a t e  t h e  g rav i ty  of t he  problem. I n s p i t e  

of the. S o i l  Conservation Act No. 25 of 1951, 

land i s  still being abused f o r  quick r e tu r~ l s .  
In  addi t ion ,  f l oods ' t ake  t h e i r  t o l l  i n  c e r t a i n  

. - 
areas ,  while s o i l  problems l i k e  s a l i n i t y ,  

a l k a l i n i t y  o r  i r o n  t o x i c i t y  a l s o  cause problems. 

In  o rde r  t o  h a l t  the  rapid de t e r io ra t ion  o r  

l o s s e s  of good crop lands,  measures should be 

taken t o  conserve s o i l .  Systems of production 

adopted t o  ecolbgical  condi t ions i n  ' which 

modern technology and techniques a r e  
i n t e rg ra t ed  . with  t r a d i t i o n a l  systems of 

resource management should be encouraged i n  

add i t i on  t o  the conventional methods of s o i l  
conservation. 

With t h e  s t r i d e s  towards i n d u s t r i a l i z a t i o n  and 
rapid urbaniza t ion  s o i l s  a r e  l i k e l y  t o  g e t  

po l lu ted  l i k e  the  r e s t  of t he  environment. 

Control of the  discharge of i n d u s t r i a l  
e f f l u e n t s  and toxic  substances w i l l  help 

conserve the s o i l  and water i n  its na tu ra l  form - 
f o r  use by man and animals. 



3. SOILS OF THE WET AND 
SEMI-WET INTEXMEDIATE ZONES 

The low country we* zone genera l ly  receives 

r e l a t i v e l y  high moun t s  of ra in .  The ra ins  
a l t e r n a t e  w i t h _  r e l a t i v e l y  dry periods,  thus 

giving a bimodal p a t t e r n  09 rg inf  a l l .  Tlie 

temperatures ih the  region a l s o  a l t e r n a t e s  with 

periods of dry weather, and t h i s  favours 

i n t ense  chemical weathering of  rocks and 

consequently r e s u l t s  i n  t he  formation of s o i l s  
tending towards the t y p i c a l  l a t e r i t e s ,  i n  which 

the  s i l ica / sesquioxide  r a t i o  i s  l e s s  than 2. 

S o i l s  with s i l i ca / sesquioxide  r a t i o s  g rea t e r  
than 2 a r e  l i k e l y  t o  be formed i n  a r eas  of low 

' r a i n f a l l ,  impeded drainage, o r  with parent 

mater ia l  not conducive . f o r  formation of 
l a t e r i t i c  s o i l s .  

Moorman and Panabokke i n  1961, proposed a 
c l a s s i f i c a t i o n  of the i s l a n d ' s  s o i l s  on the 

bas i s  of t h e i r  niorphological cha rac t e r i s t i c s .  

The s o i l  u n i t s  were dis t inguished by the 

d iagnos t ic  f e a t u r e s  l i k e  t h e i r  colour ,  t ex ture ,  

s t r u c t u r e  and consis tance,  of the genet ic  s o i l  

horizons. 

- According t o  de A l w i s  and Panabokke (1972) t en  

map u n i t s  have been id-ent i f ied i n  these two 

regions. They a r e  :- 
.5. 



1. Red-Yellow Podzolic S o i l s  & Mountain 
Regosols: Mountainous t e r r a i n  

2. Red-Yellow Podzolic S o i l s  : Steeply 

d issec ted ,  h i l l y  and r o l l i n g  t e r r a i n .  
d 

3. Red-Yellow P.odzolic S o i l s  with s t rongly 

mottled subsoi l  & Low Humic Gley So i l s ;  s 

r o l l i n g  and undulating t e r r a i n  
4. Red-Yellow Podzolic S o i l s  with s o f t  o r  ha* 

l a t e r i  t e  : r o l l i n g  and undulating t e r r a i n  

5. Red-Yellow Podzolic S o i l s  wi th  dark B 
horison & Red Yellow Podeolic,  S o i l s  with 

prominent A horizon: r o l l i n g  t e r r a i n  
1 

6. Red-Yellow Podzolic S o i l s  ki t h  
semi-prominent A1 horizon: h i l l y  and 

r o l l i n g  t e r r a i n  

7. Reddish Brown Latosol ic  - Soi l s :  s teeply  
d issec ted ,  h i l l y  and r o l l i n g  t e r r a i n  

8. Inmature Brown Loams : s t eep ly  d issec ted ,  

h i l l y  and r o l l i n g  t e r r a i n  

9. Bog and Half-bog S o i l s :  f l a t  t e r r a i n  

10. Latosols  and Ilegosols on old red and yellow 

sands : f l a t  t e rna in  

I n  add i t i on  two more inap u n i t s  which a r e  a l s o  

common t o  the  dry and semi-dry intermediate  

zone a l s o  occur i n  these  zones v iz :  ' 

1. Al luvia l  S o i l s  of va r i ab l e  drainage an& 

tex ture  : f l a t  t e r r a i n  

2. Regosols on Recent beach sands: f l a t  t e r r a i n  a 



( a )  Red-Yellow Podzolic S o i l s  - U l t i s o l s  

This i s  the most extensive s o i l  i n  the wet zone 

of the  i s l and  (~oorman and Panabokke, 1 9 6 1 ) ~  
Typically,  s o i l s  of this group occur i n  the 

h i l l y  and s teepy  s loping landscape of the .wet 

zones, and on the sharp ly  r o l l i n g  t e r r a i n  of 
the  Badulla-Bandarawela region of the 

intermediate  zone; 

The t e r n  red-yellow podzolic s o i l s  i s  not a 

very s a t i s f a c t o r y  tern t o  descr ibe these s o i l s  

which have no r e l a t ionsh ip  t o  the  c l a s s i c a l  
podsolic s o i l s  described i n  Europe. 

These s o i l s  have been described e a r l i e r  a s  
l a t e r i t e s ,  l a t e r i t i c  s o i l s  . o r  l a t e r i t i c  red 

loams and ' ear ths ,  reddish t o  yellow red 

l a t e r i t i c  yellow loams: I n  S r i  Lanka, the 
"patna" and "keki l la  s o i l s "  described by 

Joachim a r e  a l s o  included within t h i s  group 

(~oach im 1935, 1936, 1977; Joachim and 
Pandi thasekera,  1937; Panabokke , 1967). 

These s o i l s  a r e  genera l ly  deep and well 
drained\ An undisturbed s o i l  under the na tura l  

vegetat ion of t h e  wet zone f o r e s t  may have a A 

horizon ranging from 25 t o  35 cm i n  thickness; 
However, i n  most cu l t i va t ed  s o i l s  t h i s  may be 

much l e s s  because s o i l  could be 



L 4 

e a s i l y  l o s t  by erosion. The s o i l  i n  the  A 
horizon i s  dark brown t o  dark  grey brown i n  

colour ,  and i n  the  un-eroded condit ion va r i e s  

from moderately coarse t o  a moderately f i n e  
texture.  Under f o r e s t  condi t ions the  s t ruc tu re  

v a r i e s  from weak crumb t o  moderate crumb, but 

t h i s  becomes l e s s  d i s t i n c t  i n  cu l t i va t ed  
s o i l s ,  The consis tence of the s o i l  i s  f r i a b l e  

e i t h e r  i n  the  dry o r  moist condition, but 

becomes somewhat s t i cky  when i n  the wet s t a t e .  

The B horizon va r i e s  i n  thickness  depend ix  on 

management h i s to ry  e t c .  In  a r eas  not subject  

t o  heavy eros ion  i t  may be more than 100 cn 

th ick ,  but could be, even more than two o r  three 

times t h i s  thickness  i s  c e r t a i n  locations.  
Usually the  s o i l  i n  t h i s  horizon i s  red t o  

yellowish red o r  yellow i n  colour. The tex ture  

of t h i s  horizon i s  c h a r a c t e r i s t i c a l l y  heavier  

than t h a t  of t he  sur face  horizon i .e .  more 

clayey, thus tending t o  be moderately f i n e  t o  

f i n e  textured. Its s t r u c t u r e  i s  usual ly s t rong 
t o  moderately subangular blocky , while its 

consis tence i s  f r i a b l e  i n  both dry  o r  moist 

conditions.  When wet i t  i s  s l i g h t l y  s t icky.  

The C horizon i s . a  mixture of highly decomposed 

parent  rock with many mot t les ,  which may extend 
from the  lover  p a r t s  of the  B horizon. 



The red-yellow podzolic s o i l s  occuri-ng i n  the 
wet zone 'and semi-wet interniediate zone of the  

i s l and  have been described i n  s i x  map u n i t s  (de 

A l w i s  and Panabokke, 1972) a s  follows: 

(i) ked-yellox podzolic s o i l s  (60-75%) and 

mountain regosols  (2~30%) 

These occur on l a rge ,  high h i l l s  and on t h e i r  

s lopes  i n  t he  Kandy, Matale, Nuwara El iya,  
Kegalle , Ratnapura, Badulla and Moneragala 

d i s t r i c t s .  They a r e  a l l  wel l  drained and 

'mostly a r e  under f o r e s t ,  t e a  o r  cardomom a t  
present.  The s t eep  s lopes  a r e  uneconomic f o r  

any a g r i c u l t u r a l  ventures ,  and erosion s lopes 

con t ro l  would be a major management problem, 
while slumping and s l i d i n g  of these  s o i l s  of ten  

occur during heavy rains .  

( i i )  Red-yellow podzolic s o i l 8  

There a r e  approximately 820 hectares  of 
red-yellow podzoic s o i l s  on s teeply  dissected 

h i l l s  and r o l l i n g  t e r r a i n  d i s t r i bu ted  i n  the 

Natara, Gal le ,  Kalutara,  Colombo, Hatnapura, 
Kegalle, Matale, Kandy, Nuwara-Eliya, Badulla 

and Kurunegala d i s t r i c t s  of the  is land.  

Inclusions,  ranging up t o  3@, a r e  rock knob 

p la ins ,  s t e e p  rockland and l i t h o s o l s  and Low 

Humic Gley S o i l s  and  ist to sols. 



The c h a r a c t e r i s t i c s  of t h e s e  s o i l s  a r e  s i m i l a r  

t o  those  desc r ibed  e a r l i e r ,  except t h a t  t h e  

s l o p e s  a r e  i n  g e n e r a l  l e s s  s t e e p ,  which niakes 

t h e  s o i l s  r e l a t i v e l y  deeper  t h a n  those  of the  

fomier  map u n i t .  The red and t h e  yellow 

nembers e x i s t  i n t i m a t e l y  mixed i n  the  a 

landscape. Kuch of t h e  land wi th  t h i s  s o i l  i s  

being used. The p resen t  land use i n  the  low 

and mid-country, a r e  t e a ,  rubber,  coconut, 

c o f f e e ,  cocoa, f r u i t  t r e e s ,  tobacco and 

vege tab les  but t h e r e  i s  a g r e a t  p o t e n t i a l  f o r  

minor expor t  c rops ,  s e r i c u l t u r e ,  h o r t i c u l t u r a l  

crops ,  p a s t u r e s  and economic f o r e s t r y .  

lqanagecient problems of these  s o i l s  depend on 

t h e  c rops  t h e  land c a r r i e s .  F o r  example, wi th  

t e a ,  e r o s i o n  and nematode i n f e s t a t i o n s  would be 

major problems. These s o i l s  g e n e r a l l y  respond 

t o  IJ and P fertilizers. 

( i i i )  Red-yellow podzol ic  s o i l s  wi th  s t r o n g l y  

mot t led  sub-so i l  and low 2iumic g l e y  s o i l s  

These s o i l s  a r e  s i t u a t e d  on r o l l i n g  and 

undulat ing t e r r a i n '  i n  p a r t s  of t h e  Kurunegala 

and Kegalle d i s t r i c t s  and a r e  es t imated t o  

cover  an  a r e a  of approximately 143,000 

h e c t a r e s .  I n  t h e s e  a r e a s ,  the  low-humic g l e y  

s o i l s  account f o r  anywhere between 20 t o  30 p e r  

c e n t  of t h e  e x t e n t ,  whi le  t h e  i n c l u s i o n s  o f  



a l l u v i a l  s o i l s  and l i t h o s o l s  may be between O 

t o  1 0  p e r  cen t .  

The d ra inage  c h a r a c t e r i s t i c s  of t h e s e  s o i l s  
va ry  from t h e  w e l l  t o  i n p e r f e c t l y  d ra ined ,  and 

0 t h e i r  c o l o u r  v a r i e s  f r o n  redd i sh  . brown ,to 

ye l lowish  brown i n  c o l o u r '  i n  accordance wi th  
drainage.  They a r e  some~ihat f i n e  t ex tu red ,  and 

prominent m o t t l e s  occur  i n  t h e  sub-surf ace  

horizons.  They a r e  most u s u a l l y  s i t u a t e d  i n  
t h e  , higl ler  topograph ica l  p o s i t i o ~ i s  of the  

landscape. The Low Humic Gley S o i l s  of t h e  

v a l l e y  bottoms a r e  n o t  d i f f e r e n t  f r o n  those 
desc r ibed  i n  t h e  f i r s t  nap u n i t  except  t h a t  

t h e s e  tend t o  be s l i g h t l y  more a c i d  i n  nature .  

Coconut, rubber ,  hone gardens,  f o r e s t  a r e  grown 

and s h i f t i n g  i s  p r a c t i c e d  on t h e  we l l  drained 

s o i l s ,  which r i c e  is  grown on t h e  pooly drained 
Low IIumic Gley S o i l s .  On t h e  former,  coconut, 

p a s t u r e s  and even i r r i g a t e d  r i c e  a r e  poss ible .  

The poor ly  dra ined low-lying s o i l s  may 
some t i n e s  r e q u i r e  a r t i f i c i a l  dra inage . 
F e r t i l i z e r  responses t o  N and I: a r e  common, 

while Ca and 1.16 nay a l s o  be needed f o r  some 
crops  i n  sone l o c a t i o n s .  



iv ;  Red-yellow podzolic s o i l s  with s o f t  o r  
hard l a t e r i t e  

3 

Approximately 236,000 hec tares  of t h i s  map u n i t  
occur on r o l l i n g  and undulating t e r r a i n  o f  the 

Kurunegala, Colombo, Kalutara,  Gal le  and Matara rn 

d i s t r i c t s ,  and accounts f o r  approximately 70-90 

per  cen t  of the  area. The main inc lus ions  

include the  Low-Humic Gley S o i l s ,  Humic Gley 

S o i l s ,  Bog and Half S o i l s  and Al luvia l  Soi l s .  

These-~ed-yel low podzolic s o i l s  a r e  much a l i k e  

those described above i n  category 111. Their 
sub-soi ls  however, ' have more well-f ormed 

mot t les  and s o f t  l a t e r i t e  o r  cabook which can 

be cu t  i n t o  br icks  which hardens on exposure t o  

a i r .  I n  t he  na tu ra l  s t a t e  i t  g ives  r i s e  e i t h e r  

t o  a hard massive rock-like ma te r i a l  o r  t o  a 

ferruginous gravel .  These l a t e r i t i c  masses a r e  
riel1 formed i n  regions c lose  t o  the  western sea 

coas t ,  around Kalutara,  Beruwela and Galle. A s  

f o r  land use,  these s o i l s ,  c a r ry  coconut and 

rubber i n  l oca t ions  where depth of s o i l  i s  not 

a l i m i t i n g  f a c t o r ,  and pine apple,  home garden 

crops, vegetables  and yams occupy an 
appreciable  extend of these s o i l s .  Quarrying 

of l a t e r i t e  f o r  br icks  i s  a l s o  a comnon f e a t u r e  

i n  these areas .  

S o i l  depth i s  a common l i m i t a t i o n  f o r  deep 

rooted p l an t s  on t h i s  s o i l .  Lack of 



i n f i l t r a t i o n  i n  some a reas ,  due t o  the presence 
of a h a d  pan is  another  common probleni, which 

could be e a s i l y  eliminated by breaking through 

o r  r ipping t o  promote i n f i l t r a t i o n .  On s teep  
lands, s o i l  e ros ion  i s  a s e r ious  problem, and 

C i n  many a r e a s  a r t i f i c i a l  f e r t i l i z e r s  would be 

e s sen t i a l .  

( y) i Red-yellow podzolic s o i l s  with prominent 

A horizon 
1 

These s o i l s  have a c h a r a c t e r i s t i c ,  very dark A1 

horizon r i c h  i n  organic matter.  This l a y e r  may 

be a s  much a s  30 cm, i n  thickness  and supports 

t he  t y p i c a l  wet patana vegetat ion o r  montane 

f o r e s t s  ( i n  the  Nuwara El iya  d i s t r i c t )  and the 
k e k i l l a ,  fernland vegetat ion i n  o the r  a reas  a s  

described by Joachim and Yanditf-lnsekera (19'37). 

A s  estimated 12,300 hec tares  of t h i s  sub-group 

with dark  B horizon l i e s  intermixed with 

Red-yellow podzolic s o i l s ,  mainly i n  the  Ilorton 
P la ins ,  and Bopatalawa regions of t he  Nuwara 

El iya d i s t r i c t s ,  and i n  the  Rakwana and 

Deniyaya regions. Bog and Half-Bog s o i l s  and 
Meadow podzolic s o i l s  a r e  the  common inc lus ions  

which range between 5 t o  20 pe r  cent.  They 

occur i n  the water logged va l l ey  bottoms. 



These s o i l s  which a r e  s i t u a t e d  on t h e  upper 

a s p e c t s  o f  t h e  landscape a r e  well-drained and 
moderately f i n e  t ex tu red  and s t r o n g l y  acid .  

The s u b s o i l s  a r e  d a r k  coloured.  

S o i l s  wi th  t h e  prominent A hor izon  occur on C 

1 
t h e  lower p o r t i o n s  o f  t h e  landscape.  They a r e  

well-drained and s t r o n g l y  a c i d  i n  reac t ion .  

Tea, vege tab les ,  p o t a t o ,  orchard crops  and 

p a s t u r e  a r e  t h e  main a g r i c u l t u r a l  c rops  growl, 

on t h e s e  s o i l s .  

S o i l  and water  conserva t ion  a r e  important 
management a s p e c t s  on t h e s e  s o i l s .  Due t o  

t h e i r  a c i d i t y ,  l i n i n g  may be necessary  

p e r i o d i c a l l y  whi le  N ,  P and K f e r t i l i z a t i o n  
would be needed more of ten.  Ca, Fig and 

probably S could a l s o  l i m i t  p l a n t  growth and 

developnent on t h e s e  s ~ i l s .  

Appl ica t ion  of c a t t l e  manure has  been found 

u s e f u l  i n  supplementing t h e  e f f e c t s  of 
f e r t i l i z e r s  w i t h  c rops  l i k e  po ta to .  

(v i ) .  Red-yellow podzo l ic  s o i l s  w i t h  a 
semi-prominent A hor izon  1 

There a r e  a n  e s t i n a t e d  24,600 h e c t a r e s  of these  

s o i l s  on h i l l y  and r o l l i n g  t e r r a i n  a t  



e leva t ions  between 310 t o  1,240 m of the 
Ratnapura, - Kalutara,  Galle and ~ t a r a  

d i s t r i c t s .  I n  these  about 10  - 30 per  cent 

inc lus ions  a r e  s t eep  rockland, and li thosols,  
a l l u v i a a l  s o i l s  and Bog and Half Bog s o i l s .  ' 

The c h a r a c t e r i s t i c s  of these s o i l s  a r e  very 
s imi l a r  t o  those described e a r l i e r  except t h a t  

organic ma t t e r  i s  not so markedly prominent i n  

the  A1 horizon. 

Present  land use on these  s 'oils i s  ,confined 

mainly t o  t e a ,  with cardamon a t  the ' higher 
elevat ions,  and rubber and coconut a t  lower 

elevat ions.  

Because s q i l  erosion and e a r t h s l i p s  can be 

severe i n  these a r e a s  s o i l  conservation is  a 
I 

major management p r a c t i c e  on these  s o i l s .  Due 
t o  t h e i r  a c i d i c  na ture ,  liming may be a 

bene f i c i a l  f a c t o r  on these  s o i l s ,  while 

f e r t i l i z e r s  t o  supplement N, P and K would be 
needed. Mg and Ca a l s o  may be required i n  

c e r t a i n  locat ions.  

(b) ,  Reddish Brown Latosol ic  S o i l s  

- There a r e  approximately 6 3  thousand hectares  of 
t h i s  s o i l  d i s t r i bu ted  mainly i n  the Kandy, 

Kurunegala, Matale, Kegalle and ~uwara Eliya 
d i s t r i c t s .  The chief  inc lus ions  a r e  the  



Immature Brown Loams, Alluvial  s o i l s ,  ' and Low 
Humic Gley s o i l s  which account f o r  

approximately 10 t o  30 p e r  cent. 
P 

These s o i l s  occur i n  a l l  positiofis of the 

ro l l ing ,  h i l l y  and s teeply  dissected landscapes . 
except i n  the  va l ley  bottoms. A s  the name 
implies they a r e  reddish brown i n  colour, a r e  

well t o  moderately well drained, moderately 

f i n e  textured,  and somewhat acid i n  reaction. . 

A t  present these s o i l s  support mainly tea ,  

rubber ( i f  e levat ion  permits) ,  coconut, cocoa, 

coffee, k i t u l ,  a b e c a n u t ,  pepper, kapok, banana 

and o the r  f r u i t  crops, vegetables, and mixed 

home gardens. However, a wide var ie ty  o f  minor 
export crops l i k e  cloves, cinnamon, nutmeg and 

van i l l a ,  together  with mulberry o r '  pastures, 

can be successful ly grown on these s o i l s .  In  

addi t ion  t o  the  above, cocoa and coffee would 

a l s o  be best  sui ted.  

The Reddish Brown Latosolic s o i l s  possess good 

physical and chemical properties.  Noderately 

high responses t o  N ,  P and K f e r t i l i z e r  could 
be obtained on t h i s  s o i l .  They a r e  a l so  f a i r l y  

well supplied with Ca and IIg. Erosion could be 

a problem on the s t e e p  slopes,  and therefore e 

conservation measures a r e  important. 



(c ) .  The Immature Brown Loams - Dystropepts 

These s o i l s  occur i n  c lo se  a s soc i a t ion  with the 

red yellow podzolic s o i l .  They a r e  ' very young 
s o i l s ,  developed on mica s c h i s t s  'which occur i n  

t he  Kegalle and Kurunegala d i s t r i c t s .  Joachim 

(1936) f i r s t  used t h i s  t e r n  which was retained 
u n t i l  1967, and the  equivalent term i n  the 7th 

Approximation, Dys t ropepts  i s  used now (de 

A l w i s  and Panabokke, 1972). 

The estimated ex ten t  of land covered by this 

s o i l  group i s  approximately 54,530 hectares ,  i n  
which between 1 0  t o  40 p e r  cent  may include the 

Reddish Brown Latosol ic  s o i l s ,  Low Humic Gley 

s o i l s  and Al luvia l  s o i l s .    he^ occur on 

r o l l i n g ,  h i l l y  and d issec ted  land f ornis, but 

not  i n  the  va l l ey  bottoms. 

l lorphologically,  the  Immature Brown Loams a r e  

moderately deep and well  'drained. A s  they a r e  

r e l a t i v e l y  young, immature s o i l s ,  many 
undeconposed primary minerals  l i k e  f i n e  micas 

occur throughout tlie whole depth of the  p ro f i l e .  

The A horizon is  between 15  t o  30 cm deep and 

i s  dark brown t o  dark gray brown coloured and 

is somewhat coarse textured d t h  aniple 
q u a n t i t i e s '  of f i n e  micas. It i s  moderately 

crumb s t ruc tured  but nay be weak subangular 



blocky. Its consis tence is  f r i a b l e  when dry o r  
nroist,.and i s  not  s t i c k y  when wet. 

. . 

The B horizon i s  uaual ly 55 t o  83 cm thick,  i s  e 

l i g h t e r  coloured usua l ly  yellowish brown, 

compared with t h e  A horizon. It i s  however 

darker  than $hat of t he  C horizon below it. 

The tex ture  of t h i s  horizon ranges from 

moderately f i n e  t o  moderately coarse textured 

and, l i k e  the  A hqrizon, contains  unweathered 

minerals. Its s t r u c t u r e  i s  mostly i n d i s t i n c t ,  

but could sometimes be weak subangular blocky, 
while i ts consis tence 'is f r i a b l e  e i t h e r  i n  the 

dry o r  wet condit ion but not s t i cky  when wet. 

The C horizon e x h i b i t s  much of the  o r ig ina l  

s t ruc tu re  of t he  ' micaceous rock and contains  

decomposing rock fragments. Port ions o r  
s ec t ions  of t h e  B horizon o f t e n  in t rude  i n t o  

the  C horizon i n  i r r e g u l a r  pa t te rns .  

A s  f o r  t h e i r  p o t e n t i a l  land use, they ca r ry  the  

same crops as do the  reddish brown l a t o s o l i c  

s o i l s  o f t e n  found associated with them. Very 
. of t en ,  however, only shallow rooted crops l i k e  

vegetables,  yams o r  pas tures  a r e  grown on these 

s o i l s  due t o  the shallowness of these s o i l s .  
I 

Erosion i s  a major hazard on s t eep  slopes.  



Some crops may have t o  be provided with 

supplemental i r r i g a t i o n  because these  s o l s  tend 

t o  dry up rapidly. While they a r e  amply 

supplied with K ,  N and P could be l imit ing.  
They a r e  wel l  supplied with Ca and Mg. 

(d)  The Hi s t a so l s  

The h i s to so l s ,  which were re fer red  t o  a s  the 

Bog and Half S o i l s  i n  the e a r l i e r  descr ipt ion 

( Dimantha, 1977) occupy approximately 51,O.W 

hec tares  i n  the  wet zone. Their g rea t e s t  

d i b t r i b u t i o n  is  i n  t h e  d i s t r i c t s  of Colombo, 
Kalutara,  Galle and Matara, although these a l s o  

occur i n  c e r t a i n  p a r t s  of t h e  Ratnapura 

d i s t r i c t .  A n  appreciable  propotion of a l l u v i a l  
s o i l s  of the  wet zone have h i s t o s o l s  a s  

inc lus ions  i n  the poorly ' drained loca t ions ,  

i.e. s l a c k  water depos i t s  and back swamps. 
These may a l s o  be f i l l e d  up lagoons, t i d a l  

marshes narrow va l l eys  o r  tongues, some 

d is tance  inland where drainage i s  r e s t r i c t e d  o r  
impeded: Generally t he  h i s t o s o l s  would occur 

a t  e leva t ions  approximately below 1.6 m m.s.1.  

Good examples a r e  the  peaty s o i l s  of 
Muturajawela, and those on the banks of the 

l i i lwala Ganga a t  Matara. S a l t  water i n t rus ion  

during high t i d e  i n  a r eas  c lose  t o  e s tua r i e s  of 
r i v e r s  is a common problem on these  s o i l s ;  and 

therefo're salt water exclusion bunds and 



' r egula tors  have been constructed f o r  prevention 
of s a l i n i t y  i n  s o i l s .  The -mean diffeerence 

between high water and low water l e v e l  i n  our 

coas t l i ne  i s  approximately 45 cm. 

The na tu ra l  vegetat ion on h i s to so l s ,  i n  many 

places,  . c o n s i s t s  of grasses  and sedges with 
extensive,  deep root  systems which he lp  i n  the  

accumulation of organic matter ,  e spec i a l ly  due 

t o  t he  anaerobic condit ions t h a t  e x i s t  i n  these 
water-logged s i t ua t ions .  Thus decomposition of 

organic  mat te r  i g  slow compared with 

accumulation. Further ,  the s o i l s  tend t o  be 
ca r r i ed  away by f lood waters due t o  t h e i r  low 
bulk dens i ty  . 
The major s o i l  forming processes these  s o i l s  

a r e  threefo ld  (~ iman tha ,  1977). They a r e  ( i )  

the  accumulation of parent material ' i .e.  
organic matter ,  and mineral alluvium and 

solluvium, ( i i )  t h e  formation of g ley  horizon8 

and s o i l s  due t o  reduct ion condit ions t h a t  
p reva i l ,  and ( i i i )  leaching of bases and the  
n u t r i e n t s  r e su l t i ng  i n  acid s o i l s .  

Tradi t iona l ly ,  r i c e  is grown i n  most   is to so is 
i f  f r e e  of physiological  maladies. Grasses and 

sedges f o r  mats, baskets,  sun-hats e tc .  a r e  Y 

a l ao  grown i n  some areas ,  Other u se fu l  p l an t s  

found on these  'are:- M c o f i a  monnieria 



S. ~unuwi l a )  f o r  Ayurvedic medicine, Somera t i c  

ca seo l l a r ig  (S. ~ i r a l a )  f o r  i ts  edib le  f r u i t s  

and roots  used as s u b s t i t u t e  f o r  b o t t l e  cork, 

and Nipa fruc'tans (S. Gin pol) .  

Nanagenent problems w i l l  include improving s o i l  

drainage reducing flood hazards,  timely 
p lan t ing  t o  avoid f loods and r a i n s  duling 

c r i t i c a l  per iods of growth and a t  harvest  

(~henabadu,  1977). ' 
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4hSOILS O F  THE DRY ZONE AND SPII-DRY 

INTERMEDIATE ZONES 

There appears t o  be r e l a t i onsh ip  between s o i l s  
P 

and a g r i c u l t u r a l  se t t lements  i n  - our ancient  
c i v i l i z a t i o n s  t h a t  f lour i shed  i n  the dry zone 

regions. For example, those t h a t -  f lour i shed  i n  

t he  Raja-rata 'and Ruhuna-rata were s i t ua t ed  on 
some of t he  bes t  s o i l s  of t h i s  region i .e.  t he  

bes t  of t he  Reddish Brown Earths  - o r  

Alf i so ls .  By t r o p i c a l  standards these  s o i l s  
possess very good chemical f e r t i l i t y  and t h e i r  

"associated dr inage members which occur i n  the  

lower topographical aspec ts  of the ' undulating 
landscape a r e  indeed r i c e  s o i l s  'par- 

excel lence ' i n  respect  of t h e i r  inherent  

p o t e n t i a l  f o r  sustained y ie lds"  --- ( Panabokke , 
1967). 

u n t i l '  recent ly ,  and even today t o  some exten t ,  
Chena o r  s h i f t i n g  c u l t i v a t i o n  is- pract ised on - 
t he  upland s o i l s  due most probably t o  t h e i r  

non-friable na ture ,  which w a s  not conducive t o  
s e t t l e d  a rab le  f amine .  A non-fariable s o i l  i s  

hard when dry making it d i f f i c u l t  t o  till 

manually o r  with bullock drawn ploughs. The 
nos t  important s o i l s  a f  the dry zone and 

semi-dry intermediate  zones a r e  the  Heddish 3 

Brown ' Earths ,  Non-Calcic Brown So i l s ,  the  

Red-Yellow Latosols ,  and the  Gummusols. - 



The l a r g e s t  po ten t i a l  f o r  expansion of 

ag r i cu l tu re  l i e s  i n  the dry zone of the  i s land;  

and much s tud ie s  have been devoted t o  the 

s o i l s ,  land c l a s s i f i c a t i o n  and r a i n f a l l  
expection i n  r e l a t i o n  t o  cropping pa t te rns  of  

t h i s  region. The Land Ut i l i za t ion  Committee 

(1967) reported s i x  Agricul tural  Larmd Classes 
a s  presented i n    able 11. 

It should be noted t h a t  55 percent of the land 
surface of the dry zone cons i s t s  of 

a g r i c u l t u r a l l y  good land, while another 15 

percent can be economically exploited. 

References 

Land U t i l i z a t i o n  Committee, Report' August 1967,. 

Sessional  Paper No. X I ,  1968. pp. 121. 

Panabokke, C.R. (1967) So i l s  and land use 
pa t t e rns  i n  dry zone agricul ture.  Proc. 

Ceylon Association f o r  the  Advancement of 

Science Symposium on The Development of - 

Agriculture i n  the  Dry Zone. 29-36 



Table 11 Agricultural Land Classes of the Dry Zone 

&ricultural General Characteristics of Land PeF cent 

Land Class Class - 
Class I Land which is quite suited for agricultural 49.0 

development because both soil and terrain 
have no slgni ricant limiLdtlons 

Class I1 Land which is moderately suited for 6.1 
agricultural development because of very 
slight limitations in either soil or terrain 

Class 111 Land which is moderately marginal for 15.0 
agricultural development because of few 
limitations in either soil or terrain, which 
could however be economically renedied 

Class IV Land which is marginal for agricultural 
cropping because of at least one serious 
limitation in either'soil or terrain; this 
land is however quite suited for either 
grazing or forestry 

Class V Land which is unsuitable for agricultural 11.7 
development because of more than one serious 
limitat+on in either soil or terrian; this 
land is suitable for forestry as well as 
nature reserves 

Land in which the obstacles ta agricultural 8.2 
development is so great that it should remain 
in forest or be re-afforested 

Total 100.0 
_-__-___E - --- - -- - 



l a )  The Reddish Brown Earths  - Alf iso ls  - 
These s o i l s  a r e  so named because of t h e i r  

c h a r a c t e r i s t i c  reddish brown colour. They have 
been described e a r l i e r  by Joachim a s  ( i )  the 

non- l a t e r i t i c  and reddish brown loans and, ( i i )  

the chocolate brown loams which a r e  developed 

on dolomitic limestone, i n  t he  Matale and 

Polonnaruwa d i s t r i c t s  i n  c lose  a s soc i a t ion  with 

the former s o i l .  

This i s  the  most extensive s o i l  group i n  S r i  

Lanka and the most important i n  comparison t o  
a l l  o the r  s o i l s  i n  the  country. They have been 

derived from a va r i e ty  of c r y s t a l l i n e  Archaean 

rocks. 

The e a r l y  Aryan s e t t l e r s  i n  the  i s l and ,  i t  i s  

believed,. found the p l a ins  of Hajarata 
affording more favourable condit ions f o r  r i c e  

ou l t i va t ion  cqmpared t o  the  region of dense 

vegetat ion and f o r e s t s  of t he  south-western 
regions which are endowed with abundant 

r a i n f a l l .  B'urther i n  the  Hajarata they would 

have found t h a t  the t e r r a i n  was l e s s  

i n t e r se r r ed  by rock outcrops and h i l l s  than i n  

the more southernly reg+on of Maya-rata 

(Panabokke, 1969). 

A s  a l ready  mentioned, these reddish brown 



e a r t h s  occupy the l a r g e s t  ex ten t  of land i n  the 

dky zone of S r i  Lanka and c h e i f l y  i n  the  

d i s t r i c t s  of  Anuradhapura, Polonnaruwa, 

Vavuniya , .Hambanto t a  , Noneragala and 
P 

~r incomalee .  

These s o i l s  occur  on undulating a s  wel l  a s  
r o l l i n g  landscape and a r e  confined mostly t o  

the  wel l  drained higher  topographical aspec ts  

of the landscape. I n  the middle a spec t s  of the 
topography a r e  t he  yellowish brown ea r th s ,  

while i n  the  lower aspec ts  occur the low-humic 

g ley  s o i i s .  

The bes t  of t h e  reddish brown e a r t h  s o i l  

regions a r e  i n  t he  Rajarata  o r  the 
~ u w a r a - ~ a l a v i ~ a  , geographic a r ea  of the 

Anuradhapura d i s t r i c t  and i n  t he  Ruhuna-rata 

geographic a r e a  of t he  hambantota d i s t r i c t .  
r 

The parent  ma te r i a l  of these s o i l s  is  derived 

from Archacean rocks which a r e  f a i r l y  ac id  t o  
h ighly  basic  and conta in  appreciable  amounts of 

ferro-magnesian minerals. 

The average annual r a i n f a l l  i n  t he  n a j o r i t y  of 

the a r eas  covered by t h i s  s o i l  is  approximately 

215 cm. The na tu ra l  vegetat ion i s  dry,  c 

evergreen fo re s t .  The evergreen species  

predominate admixed with deciduous species.  I n  

most p a r t s  secondary f o r e s t s  predominate. 



These s o i l s  a r e  moderately deep afld well 
drained: The A horizon i s  usua l ly  12.5 - 25 cm 

deep and moderately f i n e  textured. A quart.z 

l a y e r  o r  "stone l i n e "  o f  var iab le  thickness 
occurs a t  some depth i n  t he  B hori'zon. This 

prominent quar t  z-gravel o r  i r o n s t  one-gravel 

l aye r  i s  a c h a r a c t e r i s t i c  f ea tu re  of these 
s o i l s .  The t ex tu re  of t he  B horizon ' is heavier  

than t h a t  of the  A and is  usua l ly  moderately 

f i n e  textured with a var iab le  proporton of. 

quartz  and i r o n  s tone grave l  (Panabokke, 1958, 

195 9). 

The s t r u c t u r e  of the  B horizon is  strong,  

sub-angular blocky. On drying the s o i l  g e t s  

hard and when wet i t  g e t s  very s t icky.  It i s  

s l i g h t l y  f r i a b l e  tihen moist. 

The C horizon i s  more o r  l e s s  decomposed parent 
mater ial .  

A s  f o r  t h e  r eac t ion  (pH) of  the  s o i l s ,  they a re  
mostly n e u t r a l ,  but tend towards s l i g h t  a c i d i t y  

a s  r a i n f a l l  increases  i n  areas.  I n  the  more 

d r i e r  a r eas  the pH may be s l i g h t l y  t o  
moderately a lka l ine .  

Nitrogen and the  r e l a t ed  organic matter 
conten ts  of these s o i l s  a r e  low, and so i s  t h a t  

of phosphorus. Potassium on the  o ther  hand 

tends t o  be medium t o  high. 



The ca t ion  exchange capaci ty (CEC) of these  
s o i l s  i s  higher  than i n  most o t h e r  s o i l s  of Sri 

Lanka (except t h e  Grumusols of Ver t i so ls ) .  The 

s o i l s  a r e  wel l  supplied with exchangeable 
calcium and magnesium. 

6 

(b) Non-Calcic Brown S o i l s  

This group which occurs mostly i n  the inland 

regipps of t he  c Bat t ica loa  and Amparai 
d i s t r i c t s ,  wi th in  the  same a reas  a s  t he  Reddish 

Brown Earths ,  develops only from parent  rocks 

d e f i c i e n t  i n  ferro-magnesia  minerals. Thus 

they a r e  e spec i a l ly  widespread i n  t he  Eastern 

Province on highly acid gneisses ,  r i c h  i n  

qua'rtz and poor $n b i o t i t e  and hornblende. 

I n  p a r t s  of  Gal Oya Valley, Bintenna and around 

Maho these  s o i l s  occur i n  a complex p a t t e r n  
toge ther  with the reddish brown earths .  They 

a r e  much i n f e r i o r  t o  the  l a t t e r  i n  f e r t i l i t y ,  

and occur usua l ly  i n  the well  drained higher  
aspec ts  of t he  undulating t o  r o l l i n g  r e l i e f  .of 

the  dry zone. - I n  the lower aspec ts  of the 

topography occur t h e  low-humic gley s o i l s  i n  
most loca t ions .  Appreciable amounts of the 

land sur face  i n  these  a r eas  is  occupied by 

eros iona l  remnants and low, rock out crops. ' F1 

These s o i l s  a r e  shallow t o  moderately deep and 



moderately we.11 drained ; The quartz  gravel 

l a y e r  is e i t h e r  weakly exposed o r  might be 

almost absent.  The horizon i s  15-18 cm and 

gray brown t o  yellow brown i n  colour,  The 
t ex tu re  is  moderately coarse and the s t r u c t u r e  

i s  very weak crumb t o  weak subangular blocky. 

The C horizon cons i s t s  of .decomposing ac%d 

gneisses  which a r e  very l i g h t  coloured due t o  

the  low content of ex ferro-magnesian minerals. 

(c) Vertieols  rummu mu sols) 

I n  the pas t ,  these s o i l s  were re fer red  t o  a s  

the black . co t ton  s o i l s  ( o r  black t rop ica l  

s o i l s )  due t o  t he i r .  resemblence t o  the 

well-known s o i l s  of India. 

The v e r t i s o l s  a r e  found t o  occur i n  
approximately 400 hec tares  of f l a t  t e r r a i n  o r  

gen t l e  depressions,  and almost a l l  a r e  confined 

t o  t h e  southern p a r t  of Ja f fna  and northern 
p a r t  of Mannar adminis t ra t ive  d i s t r i c t s .  They 

a r e  bes t  seen around T u n a h i  (Kilinochchi) and 

Murunkan (Mannar) . Generally there a r e  no 
o the r  s o i l  inclusions.  

5 

140rphologically, these  a r e  t y p i c a l l y  A-C 
p r o f i l e  s o i l s  due t o  the absence of a na tu ra l  B 

9 horizon. The A horizon is  black o r  very dark 



grey brown coloured and contains  heavy, 

montmorillonitic clay; 

e 

The consis tency o f - t h e  s o i l  i s  s t i cky  when wet 

and extremely. hard when dry. On drying the 

s o i l  crack$ up, leaving wide spaces i n  between 

due t o  s l t e r n a t e  swelling and shrinking. The 

width of a crack may be a s  nuch a s  12 t o  13 cm. 

The present  land use of these s o i l s  is  l imited 

t o  r i c e ,  but vegetables ,  c h i l l i e s  and legumes 
could be grown on r idges  during the  - Maha 

season. During the  Yala season supplementary - 
i r r i g a t i o n  may be necessary. . 

The physical  p rope r t i e s  of t h i s  s o i l  a r e  not 

very s u i t a b l e  f o r  good ag r i cu l tu re ,  although 
t h e i r  chemical p rope r t i e s  a r e  desirable .  The 

s o i l s  a r e  d i f f i c u l t  t o  work with because they 

become e x t e m e l y  s t i cky  when wet and extremely 
hard when dry, An add i t i ona l  problems i s  water 

logging, i n  a r eas  of lowlying topography. The 

use of machinery f o r  t i l l a g e  etc .  is  not 
f ea s ib l e .  These s o i l s  respond w e l l - t o  N and Y 
f e r t i l i e e r s .  

(d)  Oxisols (The Red-yellow ~ a t o s o l s )  
0 

These a r e  the nos t  ancient  s o i l s  found i n  Sri 

Lanka (~anabokke ,  1967) and a r e  estimated t o  e 

cover approximately 0.8 thousand hectares .  



Their d i s t r i b u t i o n  extends from north of 
Puttalam, i n  the north-western dry zone, over 

the  northern por t ion  of the  i s land ,  t o  

IJlullaitivu on the eas t e rn  coas t ,  Isolated 
patches of t h e  red-yellow l a t o s o l s  occur a l so  

i n  the sou th-eastern coas t a l  p l a ins ,  while i t s  

c a l c i c  sub-group occurs exclusively i n  the 
Jaffna peninsula. 

This region, had been sparse ly  s e t t l e d  i n  
ancient  t i n e s  probably due t o  the l a c k 8  of 

surface water reservoirs .  Only recent ly  a r e  

these a r eas  exploi ted a f t e r  the harnessing of 

underground water i n  Va~lathavillu.  

The s o i l s  ace very f r i a b l e  but extremely poor 
i n  chemical f e r t i l i t y .  They a r e  a l so  

characterr ized by t h e i r  very poor water holding 

capacity.  

The lack  of sur face  s torage  tanks i n  t h i s  area 

is  due t o  the very porous nature of these 
so i l s .  The rapid i n f i l t r a t i o n  of water t o  

g rea t  depths where i t  is stored i n  the 

substratum. 

Factors  t h a t  permitted a . s e t t l e d  system of 

a r ab le  farming i n  t he  Jaffna peninsula a r e ,  t he  
f r i a b l e  nature of the  s o i l s  and the assured 

water supply a t  convenient depths which could 



be exploi ted even with' t r a d i t i o n a l  water 
l i f t i n g  devices. 

(e) Al luv ia l  S o i l s  

Approximately.450 thousand hec tares  of a l l u v i a l  

s o i l s  occur on f l a t ,  f lood p l a ins  of major 
r i ve r s ,  and i n  va l ley  depressions and back 

swamps: They have been transported and 

deposited by water during geological ly  recent  
times. Most of these i n  the dry regions may 

have up t o  10  percent solodized sononetzs; 

They show no p r o f i l e  development, except 

perhaps some accumulation of organic matter  on 

the sur face  horizon, and some degree of 

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

A s  t o  be expected, much va r i a t i on  i n  tex ture  

(which ranges from sand t o  c l a y ) ,  depth and 
colour  i s  observed i n  these a l l u v i a l  so i l s .  

Their  colours  a r e  var iab le ,  ranging from 

reddish o r  brownish grey t o  black depending on 
the degree of  suhe rgance  and reduction and the 

contents  of organic matter. Even t h e i r  

drainage c h a r a c t e r i s t i c s  would be var iab le  and 

range between well  t o  very poorly drained. 

Natural grasslands ( v i l l u s )  predominate on a 

these so i l s .  Sugar cane and rainfed o r  

i r r i g a t e d  r i c e  a r e  the main a g r i c u l t u r a l  uses 

of these  lands. Some of the  
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more clayey a l l u v i a l  , s o i l s  a r e  used f o r  
manufacture-of br icks  and t i l e s .  Others a re  

good sources of r i v e r  sand used i n  building 

construct ion e tc ;  Geming i s  another  common 
venture on these so i l s .  

Flooding i s  a common hazard on these so i l s .  
However, i ts advantage l i e s  i n  the f a c t  t ha t  

t h i s  phenomenon supplies  p lant  nu t r i en t s  f o r  

the next cropping season. Moderate responses 
t o  N, P and K f e r t i l i z e r s  can be expected. on 

nost  of these s o i l s .  

Al luvia l  s o i l s  of var iable  drainage and texture 

occur on f l a t  t e r r a i n  i n  almost a l l  d i s t r i c t s  

of the  Wet and Intermediate zones of S r i  
Lanka. They a r e  invariably associated with 

Half Bog and Bog ~ i i l s   i is to sols) t o  the 

extent  of about 5 t o  15%. 

S o i l  f e r t i l i t y  and physiological problems may 

be common on these s o i l s ,  especia l ly  i f  t h e i r  
drainage i s  . poor. Responses t o  P and K 

f e r t i l i z e r s  a r e  good with r ice  and 

o ther  crops. 

They a r e  good sources of c lay  f o r  brick and 

t i l e s ,  i f  clayey, o r  afford sand f o r  
construction. Gemming is another common form 



of land use on the so i l s ,  Rice is  grown where 
water i s  .assured o r  where ' the  l a n d  i s  not 

exceptionally water-logged. 
* 

( f )  Regosols 

It i s  estimated that  138 thousand hectares of 
regosols ex i s t  on recent beach and dune sands 

i n  the dry and semi-dry intermediate zones of 

the island. 
. - 

These are  very young s o i l s  with l i t t l e  prof i le  

development si tuated oh f l a t  t e r ra in  along the 
coastline8 of the Ba$ticaloa, Trincomalee , 
Puttalam, Matmar, buradhapura and the Jaffna 

d i s t r i c t s .  Solonchaks may be found as 
inclusions t o  the' extent of appmximate'ly 10 

percent . 
Regosols a re  very deep s o i l s  and white coloured 

due to  the predominance of sand; They extend 

from the  seabed across the sand dunes to  the 
elevated beach plains, and are  well ' t o  

excessively drained sand. 

They support coconut, palmyrah and cashew on 

s h a l l ~ w  regosols, among the economically 

important crops. The other areas are  under a 

scrub fores t  and parkland. Potato is  a 

potential  crop'  during the cool months of the rn 



Maha Season but supplemental i r r i g a t i o n  may be - 
necessary, The black pigment ilruenite the 

t i t a n a t e  of ferrous i ron  (FeO-Ti02) i s  

exploited from these regosols i n  c e r t a i n  areas. 

~ n s u r i n g '  adequate moisture f o r  p l an t .  growth and 

establishment is  a problem of major concern on 
these s o i l s .  Due to  severe drainage losses,  

frequent s p l i t  appl ica t ions  of f e r t i l i z e r s  a r e  

recommended i n  preference to. heavy s ingle  
applicat ions,  A s  t o  be expected, these s o i l a  

a r e  de f i c i en t  i n  almost a l l  e s s e n t i a l  nutr ients .  

(g) Miscellaneous Land U n i t s  

Three map units of l i t t l e  o r  no ag r i cu l tu ra l  
value o r  po ten t i a l ,  occur i n  the  lowland dry 

and intermediate zones. The f i r s t  of t h i s  i s  : 

1. .Bock Knob P la ins  found i n  a l l  d i s t r i c t s  

whe~e  exposed rocks cover a very high 

proportion ranging from 10 t o  t3N of the land 
area  while l i t h o s o l s  and s imi la r  s o i l s  occupy 

the  other areas. 

These rock knob p la ins  a re  bes t  u t i l i z e d  t o  

explo i t  t h e i r  robk f o r  construct ion purposes. 

They should otherwise be l e f t  a s  nature, wild 
l i f e  o r  f o r e s t  reservations. 



2. Eroded lhnds  on undula t ing  p l a i n s  where t h e  

under ly ing  b a s a l ,  i r o n  s t o n e  g r a v e l  and nodules 

a r e  exposed due t o  l o s s  o f  s o i l  from red yellow 

l a t o s o l s .  These occur  mostly i n  t h e  Vavuniya, 

J a f  f n a  , Mannar , Anuradhapura and P u t t  alam 

d i s t r i c t s .  

These l a n d s  could b e s t  be l e f t  a s  w i l d l i f e  

r e s e r v e s  o r  t h e  g r a v e l  could be exp lo i t ed .  

3. E r o s i o n a l  remnants o r  i n s e l b e r g s  a r e  found 

i n  almost a l l  d i s t r i c t s  of the  dry and 

i n t e r m e d i a t e  zones and comprise i s o l a t e d  h i l l s  
and r i d g e s  o f  umreathered r e s i s t a n t  bedrock 

which s t a n d  p rominen t ly ,  over  and above t h e  

lowland p l a i n s .  

Most o f  them a r e  h i s t o r i c a l  o r  r e l i g i o u s  

s i g n i f i c a n c e  today,  and a f f o r d  p o s s i b i l i t i e s  
f o r  tour i sm and r e c r e a t i o n .  I n  t h e  Kandy, 

Hatnapura, Nuwara E l iya ,  Badulla and Noneragala 

d i s t r i c t s  t h e r e  a r e  s t e e p  rockland and 
l i t h o s o l s  which a r e  l a r g e l y  s t e e p  s c a r p s  and 

c l i f f s  o f  ba re  rock o r  l i t h o s o l s  wi th  t h i n  

l a y e r s  o f  s o i l .  

They a r e  o f  l i t t l e  use  o t h e r  t h a n  f o r  

r e c r e a t i o n  o r  sources  of rock f o r  c o n s t r u c t i o n  5 

a c t i v i t i e s .  



References 
. . 

Panabokke, C.H. (1958) A Pedologic study of 

the  dry zone of Ceylon. Trop. 
Agr icul tur i s t .  , 114 : 151-174. 

Panabokke, C.R. (1959) A study of some s o i l s  
invthe dry zone of  Ceylon. S o i l  Science., 

87: 67-74. 

Panabokke, C.H. (1967) S o i l s  and land use 

paterns i n  dry zone agr icul ture .  ~ r k .  
Ceylon Association f o r  the  Advancement of 
Science Sx~posium on The Development of 

Agriculture i n  the  Dry Zone 29-36. 



PART I1 
- SOIL CONSERVATION 

1. INTRODUCTION 

It i s  no exaggeration t h a t ,  man, despi te  h i s  

a r t i s t i c  pretensions,  soph i s t i ca t i ons  and many 
achievements i n  science and technology, owes 

the  f a c t  of h i s  exis tence t o  a  t h i n  l aye r  of 

top  s o i l ,  and t o  water and a i r .  This i s  

appl icab le  t o  almost a l l  forms of l i f e  on 

ear th .  It i s  a l s o  paradoxical t ha t  water and 

wind ac t i ng  s ing ly  o r  toge ther  do untold damage 

t o  s o i l ,  although water and the ac t i ve  

cons t i t uen t s  o f  a i r  play very important ro l e s  

i n  .the formation of s o i l  from bare rock. 

Bringing new land under c u l t i v a t i o n  s t i l l  

c o n s t i t u t e s  an easy means of increas ing  gross  

a g r i c u l t u r a l  production, e spec i a l l y  i n  sparsely 

populated areas .  It has been estimated tha t  a 

minimal 20 mi l l i on  ha of add i t i ona l  land w i l l  

have t o  be c leared f o r  c u l t i v a t i o n  to  meet the 

food demands of the  expected world population 

by the y e a r  2000 A.D. The ambitious 

a g r i c u l t u r a l  and set t lement  p ro j ec t s  i n  S r i  

Larika , l i k e  the  Mahaweli , Sevanagala and 

Sarnanalawewa w i l l  a l s o  involve the opening up 

o f  l a rge  a r ea s  of new land. However, 

increas ing  production per  u n i t  land area and 



s u s t a i n i n g  i.t over  a  long period of time i s  a  

d e c i s i v e l y  b e t t e r  a l t e rna t i .ve .  I n  a  country 

like S r i  inks where land i s  l i m i t e d ,  and good 

a g r i c u l t u r a l  land i s  s c a r c e  t h i s  ' i s  e s p e c i a l l y ,  

imp0 r t a n t  p a r t i c u l a r l y  i n  dense ly ,  populated 

a r e a s ,  and i n  a l l  a r e a s  i n  genera l .  I n  f a c t  

t h e  o b j e c t i v e s  of agronomic resea rch  is' t o  

develop land management systems t o  i n c r e a s e  

i n t e n s i t y  and e f f i c i e n c y  of p:roduction per  u n i t  

a r e a  p e r  u n i t  time. This i n c r e a s e  i n  i n t e n s i t y  

of product ion should bes t  be achieved wi th  the  

millinal damage t o  t h e  n a t u r a l  resource  base and 

t o  the  environment.- It should be remembered 

t h a t  t h i s  n a t u r a l  r esource  base i s  a  shr inking 

commodity due t o  r a p i d ,  and o f t e n  i r r e v e r s i b l e ,  

degradat ion of phys ica l ,  chemical and 

b i o l o g i c a l  p r o p e r t i e s  of t h e  s o i l .  

I n  t h e  c e n t u r i e s  p a s t ,  a n c l e n t  civilizations 

survived probably as long as the  productive 

c a p a c i t i e s  of t h e  s o i l s  were r e s t o r e d  due t o  

n a t u r a l  r e q u i s t i o n  o r  regenera t ion ,  by chena o r  

s h i f t i n g  c u l t i v a t i o n  and r e l a t e d  bushfallow 

systems. 

On t h e  o t h e r  hand, continuous c u l t i v a t i o n  

r e s u l t s  i n  rapid  d e c l i n e  i n  s o i l  p roduc t iv i ty  

due t o  reduc t ion  i n  s o i l  organic  mat te r  which 

i s  r e l a t e d  t o  t h e  e f f e c t i v e  c a t i o n  exchange 

c a p a c i t y  and t h e  water and n u t r i e n t  holding 



c a p a c i t i e s  of s o i l s .  S o i l  compaction which 
a l s o  r e s u l t s  -. from , conf;inuous c u l t i v a t i o n  

r e s u l t s  from continuous c u l t i v a t i o n  r e s u l t s  i n  

reduc t ion  of t h e  ' s o i l s  macroporocity . and 
t ransmiss ion  pores ,  h igh s o i l  temperatures and 

f r e q u e n t  mois ture  d e f i c i t s  dur ing dry per iods  

and i n s u f f i c i e n t  oxygen i n  t h e  roo t  zone. 

Continuous c u l t i v a t i o n  of s o i l s  have brought 

about profound changes i n  eco log ica l  
envirdnments wi th  d k l i t e r i o u s  e f f e c t s  on crop 

growth. I n  h i s  quest  f o r  producing more food 

man has  s e t  i n  motion degrada t ive  processes 
which a r e  accentuated by a c c e l e r a t e d  s o i l  

erosion.  

The s o i l  resourc'es of t h e  world have ' been 

es t imated t o  be sh r ink ing  a t  an alarming r a t e  

of 5 t o  7 m i l l i o n  ha due t o  degrada t ion  of t h e  

s o i l  and because of a g r i c u l t u r a l  uses.  ~n 
important f a c t o r  t h a t  i n f l u e n c e s  s o i l  

degrada t ion  i s  s o i l  eros ion.  

References 

Dregne, H.E. (1976) Losing Ground. W.W. Norton 

& .  Cc. , Inc ;  New york. 



Kellogg, C.E. and Orvedal, A.C. (1969) 
P o t e n t i a l l y  arable s o i l s  of the  world and 

c r i t i c a l  measures f o r  t h e i r  use.  Advances 

i n  Agronony 21: 109-170. 



2. SOIL  EBOSION BY WATER 

Water is  a n  powerful. eroding force ,  especial ly  

i n  t r o p i c a l  count r ies  l i k e  S r i  Lanka. In  most 

ins tances ,  i t  causes erosion by detaching s o i l  

p a r t i c l e s  from the surface s o i l  mass and 

t ransport ing these p a r t i c l e s  downhill. Erosion 

by water can take place under na tu ra l  r a i n f a l l  

condi t ions,  o r  under i r r i g a t e d  condit ions,  

Three main types of r a i n f a l l  have been 

recognized i n  S r i  Larka. They a r e  :- 

(i) Monsoonal o r  Orographic 

(ii) Conventional 

and (iii) Depressional 

Forest  cover i s  said t o  have no e f f e c t  on 

depressional  o r  cyclonic rain.  Monsoon ra in ,  

may on the  other  hand be a f fec ted  somewhat by 

the height of the vegetat ion o r  f o r e s t s ,  and 

the f r i c t i o n a l  inf luence of t he  i r r e g u l a r  

surface of the f o r e s t  cancopy on the wind. 

According t o  Koelmeyer (1960) i t  i s  more 

l i k e l y ,  t h a t  i n  S r i  Lanka 'the inf luence of 

f o r e s t s  on r a i n f a l l  i s  mainly confined to  

microclimatic condit ions by a s s i s t i n g  i n  l o c a l  

r a i n f a l l .  

The e ros ive  ac t ion  of water i s  g rea t e s t  when 



t h e  p r o t e c t i v e  v e g e t a t i v e  cover  i s  removed, and 

t h e  ba re  land s u r f a c e  i s  exposed t o  t h e  d i r e c t ,  

l a s h i n g  a c t i o n  o f  ra ins torms.  

Movement of s o i l  by r a i n  water  i s  a complex 

process  and i s  inf luenced by many f a c t o r s .  The 

most important  of t h e s e  are:-  ( 1 )  t h e  amount, 

( 2 )  the  i n t e n s i t y ,  (3)  d u r a t i o n  o f  r a i n f a l l ,  

(4) amount and v e l o c i t y  of su r face  flow. (5) 
n a t u r e  of the s o i l ,  ( 6 )  t h e  ground cover ,  and 

(7) s l o p e  of t h e  land surface .  The e ros ive  

power o f  water  i s  determined by the  i n t e r a c t i o n  

o r  balance of s e v e r a l  f a c t o r s ,  some of which 

favour  s o i l  movement and o t h e r s  t h a t  oppose 

i t .  The "Universal  S o i l  Loss Equation" t a k e s  

a l l  these  f a c t o r s  i n t o  account.  

Before any s o i l  m a t e r i a l  i s  t ranspor ted  i t  has  

t o  be dis lodged o r  detached from i ts  p o s i t i o n  

on t h e  aggregate ,  o r  s u r f a c e  of t h e  land.  

Subsequently it is  splashed,  r o l l e d ,  s l i d  o r  

c a r r i e d  i n  suspen t ion  along t h e  s u r f a c e ,  by 

water  running downhill .  These processes  a r e  

due mostly t o  ra indrop  s p l a s h  and t o  f lowing 

water. 

Both i n h e r e n t  s o i l  p r o p e r t i e s  and changes 

brought about by land use o r  misuse, human 

i n t e r f e r e n c e  e s p e c i a l l y  by c u l t i v a t i o n  and 

o t h e r  d i s t u r b a n c e s  t o  the  s o i l ,  p lay a p a r t  i n  



water-erosion.  Thus, t h e r e  a r e  d i f f e r e n c e s  i l l  

the  degree (of e r o d i b i l i t y  of s o i l s  i n  cllfferf-:r:t 
. . areas .  

I n  t r o p i c a l  a r e a s  water  erosiori  i s  l r i l t l a t e d  

when ra indrops  s t r i k e  the  s o i l  su r face  arid 

d i s i n t e g r a t e  t h e  c l o d s  and s o i l  aggregates.  

( I n  temperate a r e a s  mel t ing snow can cause 

e ros ion) .  Three s t e p s  a r e  involved I n  the  

process.  They a r e :  (1) removal of the s o i l  

m a t e r i a l  from s o i l  mass t h a t  t u r n  loose  f r o n  

moorings, the  p a r t i d l e s ,  ( 2 )  transportatlo_r:  of 

detached s o i l  m a t e r i a l ,  and, ( 3 )  deposition of 

the  s o i l  m a t e r i a l .  

Thus dur ing  ra ins to rms  t h e  two n a j o r  agen t s  of 

e r o s i o n  t h a t  become a c t i v e  on land a r e  f a l l i n g  

rairldrops and flowing water. Tlie k i n e t i c  

eilergy of these ra indrops  can de tach  s o i l  

p a r t i c l e s  a:!ri t h e  energy of f lowing wate r  which 

i s  usua1l:r app l ied  p a r a l l e d  t o  the  s o i l  s u r f a c e  

is capable  of t r a n s p o r t i n g  t h i s  detached s o i l  

na t e r i a l .  Theref o r e ,  f a l l i n g  ra indrops  arid 

f lowing w:iter a r e  by tliemselves both  powerful 

and d e s t r u c t i v e  e r o s i v e  agents .  When t h e r e  i s  

shallow s u r f a c e  flow i n  t h e  prechannel s t a g e s  

of e r o s i o n ,  they work toge ther .  

1. Splash-Erosion - 

B a l l i n g  ra indrops  have t h e  capac i ty  t o  erode 



s o i l .  The e r o s i v e  capac i ty  of t h e  r a i n  drops 

depend on t h e  energy p e r  u n i t  a r e a  of t h e  

drops. The k i n e t i c  energy o f  ra indrops  has 
4 

been e s t i n a t e d  t o  be 10 e r g s ,  f a r  drops of 2 

nm r a d i u s ;  while t h a t  i n  a  drop o f  r a d i u s  2 - 5  

rnrn i s  es t imated t o  be capable  of r a i s i n g  a  46 g 

body t o  a  d i s t a n c e  of one cm. 

The k i n e t i c  energy of r a i n  drops  i n c r e a s e s  a s  

r a i n f a l l  i n t e n s i t y  i n c r e a s e s ,  the  r a t e  of t h i s  

i n c r e a s e  being 1.2 power of t h e  i n t e n s i t y .  

Except f o r  a  very smal l  p ropor t ion  of t h i s  

energy wliicll i s  d ~ s s i p a t e d  i n  t h e  forni of sound 

and h e a t ,  the  g r e a t e r  propor t ion i s  expended 

i n s t a n t l y  a g a i n s t  t h e  s o i l  s u r f  ace. Haindrop 

i n p a c t  makes s o i l  move downwalds, sideways arid 

upwards. I n  o t h e r  words ra indrops  spread and 

s p l a s h  s o i l  p a r t i c l e s .  

P a l l i n g  ra indrops  a l s o  compact s o i l s .  Such 

compacted s o i l s  could suddenly l o s e  t h e i r  

c a p a c i t y  t o  i n f i l t r a t e  water ,  and when t h i s  

happens high runoff occurs  dur ing  heavy ra ins .  

The a c t i o n  of ra indrops  which cause decreased 

r a t e s  of i n f i l t r a t i o n  depends on- the  s i z e  of 

r a i n  drops  as w e l l  a s  on t h e i r  ve loc i ty .  The i r  

e f f e c t i v e n e s s  i n c r e a s e s  d i r e c t l y  a s  t h e  

p ropor t ion  of l a r g e  drop i n c r e a s e s ,  and a s  

t h e i r  v e l o c i t y  i n c r e a s e s .  This s u r f a c e  flow 



has  l i t t l e  o r  no r o t a t i o n a l  energy t o  keep t h e  

s o i l  suspended. It is a t  t h i s  s t a g e  t h a t  

f a l l i n g  ra indrops  could keep t h e  water  t u r b i d  

and thereby i n c r e a s e  t h e  a b i l i t y  of flowing 

s u r f a c e  water  t o  t r a n s p o r t  t h e  s o i l ' p a r t i c l e s .  

F a l l i n g  ra indrops  a c t  l i k e  a  l e v e l l i n g  agent,  

and smoothens t h e  land s u r f a c e ,  while flowing 

wate r  t e n d s  t o  c o l l e c t  i n  smal l  r i l ls and then 

i n  s m a l l  channels  which cover  and c o l l e c t  i n  

streams. Unlike - ra indrops ,  f lowing water  

t h e r e f  o r e  causes  rough s u r f a c e s  by c u t  tin; 

c.hannels ox g u l l i e  a. 

Clods and s o i l  crumbs a r e  s h a t t e r e d  and s o i l  

s t r u c t u r e  is  dest royed d u r i n g  v i o l e n t  storms. 

This g i v e s  r i s e  t o  a  puddled cond i t ion  i n  t h e  

s a i l  and i s  caused by the  sharp impact o f  r a i n  

drops  on t h e  exposed s o i l .  The f i n e l y  divided 

c o n s t i t u e n t s  of s o i l  a r e  transformed i n t o  a n  

impervious l a y e r  of s u r f a c e  mud, by t h e  beat ing 

and churning a c t i o n  o f  r a i n  drops which a l s o  

compact the s o i l  p a r t i c l e s .  

This  compact l a y e r  then becones more denser  and 

more impervious because c o l l o i d s  and o t h e r  

s m a l l  s i z e d  p a r t i c l e s  c a r r i e d  by t h e  t u r b i d  

water ,  f i l t e r  down from tAe sur face  and 

accumulate i n  t h i s  l a y e r .  Thus t h e ' p o r o s i t y  of 



t h e  s u r f a c e  l a y e r  i a  reduced' apprec iab ly ,  due 

t o  i n f i l t e r a t i o n  of muddy and murky m a t e r i a l s  

from t h e  su r face :  Channels t o  t h e  deep s o i l  

get blocked, and a e r a t i o n  and i n f i l t r a t i o n  

i n e v i t a b l y  g e t  reduced. The c r u s t s  seen on a  

newly ploughed f i e l d  a f t e r  a storm, when t h e  

s o i l  s u r f a c e  a c q u i r e s  a  glazed appearance a r e  

due t o  puddle erosion.  

A p l a n t  cover,  e s p e c i a l l y  low-growing p l a n t s ,  

o r  a  mulch p r o t e c t s  the  - ground s u r f a c e  a g a i n s t  

t h e  impact of f a l l i n g  ra indrops  and he lps  s o i l  

t o  main ta in  i ts s t r u c t u r e .  Hence t h e  value o f  

cover c rops ,  i n  p l a n t a t i o n  a g r i c u l t u r e  o r  

h o r t i c u l t u r a l  crops;  and mulches i n  f i e l d s  

exposed t o  sun and ra in .  I n  t h e  choice  of 

cover  crops  p re fe rence  i s  given t o  leguminous 

crops due t o  t h e i r  a b i l i t y  t o  f i x  atmospheric 

ni trogen. 

3 r  F e r t i l i t y - E r o s i o n  

The f e r t i l i t y  09 a  s o i l  r e s i d e s  p r i n c i p a l l y  i n -  

t h e  t o p  soil, and t h i s  i s  a l s o  the  p o r t i o n  o f  

s o i l  which i s  s u b j e c t  t o  t h e  s t r o n g  s t r e s s e s  

from eros ion .  The i r  a c t i o n s  a r e  more on t h e  

top  s o i l  than  on any o t h e r  p a r t  of t h e  s o i l  

p r o f i l e  . 

Most s o i l  p a r t i c l e s  dialodged by ra indrops  a r e  

g e n e r a l l y  l e s s  than about 2 mm i n  diameter.  



Few p a r t i c l e s  may, however, be l a r g e r  than 

t h i s .  A s  splashed s o i l  f a l l s  back i n t o  the 

water on the s o i l  surface,  many of the f i n e r  

p a r t i c l e s  a r e  ca r r i ed  away, while the coarser  

mater ia l  would s e t t l e  down a f t e r  t r ave l l i ng  a  

shor t  d i s tance  downhill. This gives r i s e  t o  

f e r t i l i t y  erosion and an excess of coarse 

mater ial  accm~ula t e s  on the surface,  By t h i s  

process much of the organic matter  and 

f e r t i l i t y -bea r ing  mater ia l  of the s o i l  may be 

f loa ted  away even i f  the land appears to  be 

l e v e l  f o r  a l l  p r a c t i c a l  purposes. Thus the 

s o i l  i s  l e f t  r e l a t i v e l y  i n f e r t i l e ;  

In  addi t ion  f e r t i l i z e r  mater ia l s ,  espec ia l ly  

insoluble  :phosphates, o r  soluble phosphates 

which have got f ixed in  s o i l  ge t  washed off i n  

t h i s  manner. On the o ther  hand nitrogenous 

f e r t i l i z e r  w i l l  g e t  leached away o r  washed off 

because they a r e  invar iab ly  water soluble.  

Run-off and leaching of f e r t i l i z e r  from 

a g r i c u l t u r a l  lands have t h e i r  e f f e c t  on the 

na tu ra l  environment, and l eads  to  eutrophication. 

4; Sheet Erosion 

Sheet erosion i s  alniost e n t i r e l y  splash erosion 

because splash erosion tends t o  remove t h i s  



s l o p i n g  t o p - s o i l  i n  t h i s  s h e e t s .  P o r  example, 

s h e e t  e r o s i o n  o c c u r s  on a l l  h i l l s  and s l o p i n g  

land  where ' t h e  ene rgy  of  s p l a s h i n g  r a i n d r o p s  

a c t s  un i fo rmly  throughout  a n  a r e a  on which r a i n  

fa l ls .  T h i s  f a v o u r s  t h e  movement o f  s o i l  a t  

t h e  c r e s t  of  t h e  h i l l  where t h e  l e a s t  amount o f  

ene rgy  i s  r e q u i r e d  t o  t r a n s p o r t  s o i l  and more 

ene rgy  i s  t h e r e f o r e  a v a i l a b l e  f o r  d i s l o d g i n g  

t h e  s o i l  p a r t i c l e s .  A t  some p o i n t  downhi l l ,  

a l l  t h e  ene rgy  o f  t h e  r a i n d r o p s  may be used up 

i n  r e s p l a s h i n g  s o i l  t h a t  h a s  been sp l a shed  down 

from above; T h e r e f o r e ,  below t h i s  p o i n t  t h e r e  

w i l l  be l i t t l e  o r  no l o s s  of  s o i l  due t o  t h e  

s p l a s h  p r o c e s s  only .  

S p l a s h  e r o s i o n  moves s o i l  downh i l l ,  but  does 

n o t  t r a n s p o r t  i t  a p p r e c i a b l y  away frorn t h e  base  

o f  t h e  s lope .  

S p l a s h  e r o s i o n  moves s o i l  downh i l l ,  bu t  does 

n o t  t ranspox-t  i t  a p p r e c i a b l y  away from t h e  base 

o f  t h e  s lope .  

S h e e t  e r o s i o n  o r  wash s t r i c t l y  does  n o t  f o l l o w  

any d e f i n i t e  channels .  Water t e n d s  t o  

c o n c e n t r a t e  i t s  f low,  however, and s m a l l  

d ra inageways  a r e  soon developed.  These 

c h a n n e l s  c o n t i n u e  t o  grow w i t h  each  s u c c e s s i v e  

r a i n ,  u n l e s s  t h e  s o i l  i s  covered and p r o t e c t e d  



by v e g e t a t i o n  o r  a  mulch. These channels a r e  

prone t o  i n c r e a s e  i n  s i z e  and f o m  g u l l i e s  

which a r e  too l a r g e  t o  be l e v e l l e d  o r  

smoothened over by normal t i l l a g e .  The amount 

of sand and s i l t  t h a t  o f t e n  accumulates a t  t h e  

lower s i d e  of a s lop ing  f i e l d ,  a f t e r  a heavy 

r a i n ,  i s  an i n d i c a t i o n  of t h e  volume of 

m a t e r i a l  which could be removed, and be l o s t ,  

from a  f i e l d  by shee t  wash and c u t t i n g .  

Human a c t i v i t y  and i n t e r f e r e n c e  with the  

environment o f t e n  r e s u l t s  i n  rapid  shee t  

e r o s i o n ,  and t h i s  very  o f t e n  r e s u l t s  i n  marked 

wearing down of p rec ious  land. 

51 Stream-Erosion 

. . 

Streams a r e  normally a c t i v e  agen t s  of erosion.  

They cou ld ,  however, become s t i l l  more a c t i v e  

and v i o l e n t  due t o  changes brought about by 

man. For example, i f  the  n a t u r a l  vege ta t ion  i n  

an  a r e a  i s  removed, t h e  amount of water  which 

runs  o f f  dur ing o r  immediately a f t e r  a  r a i n  

i n c r e a s e s  i n  p ropor t  ion. 

I n  h i l l y  o r  clountainous a r e a s  s t reams flow a t  a  

h igh  g r a d i e n t  in narrow, s teep-s ided val leys .  

They a r e  vigorous and they a c t i v e l y  erode t h e  

bottom of t h e i r  channels. I n  l e s s  h i l l y  o r  

rugged areas where the land is  worn down, 

s t reams and : r ipe rs  f low i n  f lat-bottomed 



va l leys .  They have broad,  f lood  p la ins .  A t  

t h i s  s t a g e  of matur i ty  s t reams  u s u a l l y  c u t  the  

land sideways (s idewards)  and they swing o r  

meander from one s i d e  of the  v a l l e y  t o  the  

o ther .  I n  t h i s  procevs they broaden t h e  f lood 

p l a i n  and erode the  banks. The banks cave i n  

and slump due t o  undercu t t ing  by streams, and 

t h i s  g radua l ly  erodes  away the  l ands  ad jo in ing  

stream. This  danger w i l l  be increased i f  

p l a n t s  o r  o t h e r  vege ta t ion  along t h e  banks a r e  

removed from t h e  banks, 

Cracks open p a r a l l e l  t o  t h e  g u l l y  margin while 

h o l e s  of burrowing animals t o g e t h e r  wi th  

decayed p l a n t  r o o t s  o f t e n  a l low t h e  r a i n  water  

t o  e n t e r  t h e  s o i l .  This causes  l a r g e  blocks o f  

the  g u l l y  wal l  t o  co l l apse .  

The development of a v a l l e y  wi th in  a v a l l e y  i s  

a n  i n d i c a t i o n  of an  inc reased  r a t e  of e ros ion ,  

and most landscapes  would be d u l l  without this 

phenomenon, but  t h i s  i s  too  expensive a n  i d e a  , 
invo lv ing  very  valuable  s o i l ,  our  n a t i o n a l  

wealth. 

Never theless  i t  would be we l l  t o  remember t h a t  

t h e  process  of e r o s i o n  i s  of g r e a t  importance 

i n  t h e  g e o l 6 g i c a l  h i s t o r y  of t h e  world, f o r  i t  
i s  one of the  main f a c t o r s  t h a t  cause immense 

\changes which slowly and s t e a d i l y  a l t e r  the 



conf igura t ion  of t h e  e a r t h ' s  c r u s t .  Recent 

human a c t i v i t i e s  have caused rap id  l o c a l  

e r o s i o n  which has  turned l a r g e  t r a c t s  of 

f e r t i l e  Lands i n t o  d e s e r t s .  This "disease"  of 

dese r t i f  i c a t i o n  i s  spreading,  and th rea ten ing  

an apprec iab le  p ropor t ion  of t h e  wor ld ' s  land 

s u r f a c e ,  and w i l l  a f f e c t  the  l i v e l i h o o d s  o f  

m i l l i o n s  of people,  i f  immediate s t e p s  a r e  not 

taken t o  a r r e s t  i t s  spread. 
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3. WIND EROSION 

Wind c a n  be a n  a c t i v e  f a c t o r  i n  s o i l  e r o s i o n ,  

and wind e r o s i o n  i s  s e r i o u s  i n  a r e a s  where 

t h e r e  i s  i n a d e q u a t e  v e g e t a t i o n  t o  cove r  and 

p r o t e c t  t h e  s o i l .  The harmful  e f f e c t s  of  wind 

e r o s i o n  i n  Sou the rn  and Western U.S.A. have 

been amply recorded.  T h i s  i s  t h e  u s u a l  

c o n d i t i o n  i n  a r i d  l a n d s  and a l o n g  sandy s h o r e s  

o f  oceans ,  l a k e s  and rivers. I n  t h e s e  a r e a s  

sand dunes  a r e  cormon landforms.  Storms o f  

blowing sand have been a danger  t o  t r a v e l l e r s  

and i n h a b i t a n t s  of  d e s e r t  r eg ions .  Although 

wind e r o s i o n  i s  no t  a s  s e r v e  a s  w a t e r  e r o s i o n  

i t  s t i l l  could  be s i g n i f i c a n t  . 

A good v e t e t a t i v e  c o v e r  on t h e  s o i l  is  good 

: p r o t e c t i o n  a g a i n s t  wind e r o s i o n .  Like s h e e t  

e r o s i o n ,  wind e r o s i o n  a l s o  a c t s  o v e r  broad 

a r e a s .  A t h i c k  sod o r  n a t u r a l  f o r e s t  cove r  o r  

n c o v e r  o f  v e g e t a t i v e  l i t t e r  i s  a p r o t e c t i o n  

a g a i n s t  wind e r o s i o n .  S e l e c t e d  g r a s s e s  and 

t r e e s  cou ld  be p l a n t e d  t o  p rov ide  permanent 

anchorage f o r  t h e  l o o s e  m a t e r i a l .  

Sand dunes  and t h e i r  f o r m a t i o n  could  be very  

d e s t r u c t i v e  t o  v a l u a b l e  l a n d ,  b u i l d i n g s ,  c r o p s  

o r  f o r e s t s .  They a r e  r e p o r t e d  t o  have bu r i ed  

f o r e s t s ,  houses and even whole v i l l a g e s .  Some 

o f  these have been uncovsred many years l a t e r  



when a  s h i f t  i n  t h e  wind duri.ng a few s t o m s  

caused  t h e  sand t o  blow i n  a n o t h e r  d i r e c t i o n .  

Overgraz ing  and d e v e g e t a t i o n  i n c r e a s e  e ros ion ,  

and t h e  sand and s i l t  produced wash i n t o  t h e  

r i v e r s  and i n c r e a s e  t h e i r  l oad .  Excess ive  

g r a z i n g  and t r ampl ing  o f  v e g e t a t i o n  due t o  

o v e r s t o c k i n g  and c o n g r e g a t i o n  o f  l i v e s t o c k ,  

d u r i n g  p e r i o d s  o f  drought  c a n  encourage  wind 

e r o s i o n .  Once s t a r t e d ,  e r o s i o n  becomes r a p i d  

as v e g e t a t i o n  i s  bur i ed  by s h i f t i n g  sands.  I n  

a r i d  and semi a r i d  r e g i o n s  t h e r e  i s  seldom 

enough w a t e r  t o  t r a n s p o r t  t h i s  a d d i t i o n a l  

burden. Sand f l a t s  formed a l o n g  t h e  r i v e r s  and 

t h e  b a r e  sand c a n  now be e a s i l y  moved by wind. 

Where ' t h e r e  i s  no v e g e t a t i v e  c o v e r  and l i t t l e  

m o i s t u r e  i n  t h e  s o i l ,  t h e  ba re  s o i l  can be 

e a s i l y  t r a n s p o r t e d  by wind. Unprotec ted ,  f i n e  

g r a i n e d ,  t o p o o i l  blows e a s i l y  and can be 

c a r r i e d  g r e a t e r  d i s t a n c e s  when i t  i s  l o o s e  and 

dry .  T h i s  m a t e r i a l  f i l l s  t h e  a i r ,  and c louds  

t h e  s u n  f o r  days ,  g i v i n g  a  weird c h a r a c t e r  t o  

t h e  l i g h t .  I n  heavy blows, o r  " d u s t e r s " ,  t h e  

f i n e  s o i l  g e t s  i n t o  e v e r y t h i n g .  T i g h t l y  c losed  

houses nay  even prove  i n a d e q u a t e ,  fro11 

p r o t e c t i o n  o f  t h i s  d u s t .  The blowing sand may, 

i n  a d d i t i o n ,  choke and b l i n d  an ima l s  and 

humans. Thus i t  i s  impor t an t  t o  remember t h a t  

the  place of  o r i g i n  and t h e  p l a c e  of  d e p o s i t i o n  
L 

a r e  b o t h  a f f e c t e d  by wind e r o s i o n .  



I n  severe  drought y e a r s ,  t h e  Great P l a i n s  of 

t h e  U . S , A . ,  which a r e  known f o r  t h e i r  high 

f e r t i l i t y  s u f f e r  heav i ly ,  when dry s o i l  from 

ploughed land is  blown away and nothing but 

hard ,  r a w  sub-so i l  i s  l e f t  behind. 



4.; PREDICTING RAINFALL-EKOSION LOSSES 

Many f a c t o r s  i n f i u e n c e  the e r o s i o n  o f  s o i l  by 

:runoff wa te r ,  and by wind. According t o  t h e  

U n i v e r s a l  Soi l -Loss  Equat ion  (USLE) of 

Wisokrneit?~ and S n i t h  (1960,  1965) A ,  t h e  

ave rage  amounts o f  s o i l  , l o s t  p e r  y e a r  p e r  a c r e  

i n  t o n s ,  by r a in f ' a l l ,  i s  e q u a l  t o  t h e  product  

o f  s i x  f a c t o r s :  R = e r o s i v i t y ,  o r  r a i n f a l l ,  K = 

s o i l  e r o d i b i . l i t y ,  L = l e n g t h  o f  s l o p e ,  S  = 

degree  o f  s l o p e ,  C = crop nanagernent, and P = 

s o i l  management and/or  c o n s e r v a t i o n  p r a c t i c e ,  

Thus t h e  r e l a t i o n s h i p  A = H x  K x L x S x C x P 

E r o s i v i t y  (R) i s  t he  f u n c t i o n  o f  r a i n f a l l ,  

wh i l e  e r o d i b i l i t y  (K) i s  the  f u n c t i o n  o f  

d e t a c h a b i l i t y  and t r a n s p o r t s b i l i t y  of  t h e  s o i l  

p a r t i c l e s  which is  a  g e n e r a l  s o i l  

c h a r a c t e r i s t i c  which canno t  be changed much. 

The f a c t o r s  S , L , C , f  can  o f t e n  be he ld  c o n s t a n t  

f o r  a p a r t i c u l a r  p l s c e .  E r o s i v i t y  on t h e  o t h e r  

hand depends on t h e  e r o d i b i l i t y ,  and i s  

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  l a t t e r .  If 

e r o d i b i l i t y  i s  reduced by o t h e r  f a c t o r s ,  t h e  

e r o s i v i t y  can be minimized and s o i l  can  be 

conserved.  Measures t aken  t o  conse rve  s o i l  

should  t h e r e f o r e  be aimed a t  minimizing 

e r o s i v i t y .  Crop management can  reduce  e r o s i o n  

t o  a n  e x t e n t ,  t h e  f a c t o r s  i nvo lved  i n  t h i s  

be ing ,  - t i m e  of  p l a n t i n g ,  d e n s i t y  o f  p l a n t i n g ,  



crop ro t a t ion  systems, ground cover etc .  A 
10% plant  population will have much vegetative 

caves and w i l l  therefore  reduce t k  k ine t i c  

of f a l l i n g  r a i n  crops and reduce runoff 

water; 

Presumably, c h a r a c t e r i s t i c s  of s o i l  a r e  also 

important. For example, high permeabili ty 

r e s u l t s  i n  g r e a t e r  i n f i l t r a t i o n  and therefore 

t h i s  reduces runoff. 

Eros iv i ty  (R) 

Eros iv i ty ,  o r  t he  r a i n f a l l  and runoff f ac to r ,  

quan t i f i e s  the e f f e c t  of sairtdrop inpact and 

r e l a t i v e  i n f o m a t i o n  on the amount and r a t e  of 

runoff most l i k e l y  t o  be associated with the 

rain, I n  addi t ion  t o  raindrcp impact, erosive 

forces  of runoff from thaw, snomel t  o r  

i r r i g a t i o n  can a l so  be considerable. 

When o the r  f a c t o r s  a r e  considered constant,  

stornl s o i l  lo'sses from cul t iva ted  lands are  

d i r e c t l y  proportional t o  a  parauleter which i s  

the product of t o t a l  storm energy and the 
maximum i n t e n s i t y  during 30 minutes. Rainfal l  

energy by i t s e l f  i s  not considered a good 

i nd ica to r  of erosive poten t ia l .  The . energy of 

a r a i n s t o m  i s  a  funct ion of the amount o f  r a i n  

and of a l l  the storms conponent i n t e n s i t i e s ,  



E r o d i b i l i t y  ( K )  

E r o d i b i l i t y  

e s t i m a t i n g  

va lues  a r e  u s e f u l  f o r  p red ic t ing ,  

and c o n t r o l l i n g  e r o s i o n  h a z a d 8 .  

These values  a r e  u s e f u l  i n  p r e d i c t i n g  t h e  

p o t e n t i a l  sediment y i e l d  i n  watershed 

management and f o r  c onvervation farm planning,  

where t h e  upper l i m i t s  of  sediment y i e l d  o r  

s o i l  l o s s  t o l e r a n c e  va lues  can be es tab l i shed .  

I d e a l l y ,  knowledge of these  values  would enable 

economical maintenance of s o i l  p roduc t iv i ty .  

Such va lues  a r e  evaluated on the  b a s i s  o f  

sediment y i e l d  p e r  u n i t  r a i n f a l l  e ros ion  index 

f o r  water shed management and a g r i c u l t u r a l  land 

U8e. 

E r o d i b i l i t y  v a l u e s  a r e  a l s o  evaluated i n  

des igning non-erodible e a r t h  channels m d  

furrow i r r i g a t i o n  systems; on t h e  b a s i s  of 

c r i t i c a l  'shear s t r e s s ,  which i s  a c r i t i c a l  

bas ic  t h a t  i n d i c a t e s  t h e  s t r e n g t h  of 

the  i n t e r n a l  f o r c e  system of a s o i l .  It i s  

used a s  an  index of s o i l  e r o d i b i l i t y .  Plowing 

water  induces  a shear ing  f o r c e  on the  s o l i d  

p a r t i c l e s  of t h e  s o i l  s u r f a c e ,  t h e  magnitude of 

which i s  determined t o  a l a r g e  e x t e n t  by the  

hydrau l ic  c o n d i t i o n  of f low and t h e  na tu re  of 

t h e  exposed sur face .  When t h e r e  is an  i n c r e a s e  

i n  t h e  f low i n t e n s i t y  i t  causes  a n  i n c r e a s e  i n  

t h e  magnitude of t h e  sheaning f o m e .  



For a s t a t i c n a r y  bed, a c o n d i t i o n  i s  eventual ly  

reached a t  which t h e  p a r t i c l e s  on t h e  surface  

a r e  unable  t o  r e s i s t  t h e  hydrodynamic f o r c e s  

and t h u s  g e t  d is lodged and s t a r t  t o  move. This 

i n i t i a l  movement is termed t h e  c r i t i c a l  

c o n d i t i o n  f o r  e r o s i o n  and t h e  hydraul ic  s h e a r  

s t r e s s  t h a t  causes  t h i s  cond i t ion  i s  t h e  

c r i t i c a l  s h e a r  s t r e s s .  

m 
LWO b a s i c  approaches a r e  a v a i l a b l e  i s  
e v a l u a t i n g  e r o d i b i l i t y .  They a r e  ( i)  the  

sediment y i e l d  approach and (ii) t h e  c r i t i c a l  

s h e a r  s t r e s s  approach. 

Although a s o i l ' s  e r o d i b i l i t y  i s  a f u n c t i o n  of 

complex i n t e r a c t i o n  of a number of i t s  phys ica l  

and chemical p r o p e r t i e s  and v a r i e s  o f t e n  wi th in  

a  s t andard  t e x t u r e  c l a s s ,  a few g e n e r a l i z a t i o n s  

can be made. Usual ly  a s o i l  becdmes l e s s  

e r o d i b l e  as the  s i l t  f r a c t i o n  decreases  

r e g a r d l e s s  of t h e  f a c t  t h a t  t h e r e  could be a  

corresponding i n c r e a s e  i n  the sand o r  c l a y  

f r a c t i o n ;  and t h e  o v e r a l l  content  of organic  

m a t t e r  comes second i n  importance t o  

p a r t i c l e - s i z e  d i s t r i b u t i o n  a s  a n  i n d i c a t o r  of 
e r o d i b i l i t y .  

Length of s lope ,  and degree of  alope (L and S) 

The r a t e  o f  s o i l  e r o s i o n  by water  i s  profoundly 



a f f e c t e d  by both  l e n g t h  and s teepness  of t h e  

land s lope .  I n  t h e  s o i l  l o s s  equat ion these  

two e f f e c t s  a r e  represented by L and S 

r e s p e c t i v e l y ,  but i t  i s  more convenient a n d  

p r a c t i c a l  t o  cons ider  t h e n  t o g e t h e r  i n  f i e l d  

a p p l i c a t i o n s  a s  a  s i n g l e  topographic f a c t o r .  

General ly ,  s o i l  l o s s  p e r  u n i t  a r e a  i n c r e a s e s  as 

s lope  l e n g t h  i n c r e a s e s .  This i s  because the  

detachment and t r a n s p o r t  c a p a c i t i e s  of water 

i n c r e a s e s  as  the s lope  l e n g t h  i n c r e a s e s .  

Runoff from cropland i s  a180 d i r e c t l y  

prnpo r t i o n a l  t o  t h e  s lope  g rad ien t .  However, 

o t h e r  f a c t o r s  such a s  type o r  na tu re  of t h e  

crop,  t h e  roughness o r  uneveness of the  s u r f a c e  

and p r o f i l e  s a t u r a t i o n  g r e a t l y  i n f l ~ e n c e  t h i s  

r e l a t i o n s h i p .  

Cover and S o i l  Management Factor ( C  and P) 

In t h e  s o i l  l o s s  equa t ion  the  crop management 

f a c t o r  ( c )  i s  t h e  r a t i o  of s o i l  l o s s  from land 

cropped ' under specf f i ed  cond i t ions ,  t o  the  

corresponding l o s s  f r o m  c l e a n - t i l l e d  continuous 

f  a l l 0  w. 

This i s  a f a c t o r  t h a t  cannot be evaluated 

independent ly  because the  combined e f f e c t  of 

p l a n t  cover  and management i s  inf luenced by 



many s i g n i f i c a n t  i n t e r r e l a t i o n s .  Land can be 

cont inuously  cropped o r  cropped i n  r o t a t i o n .  

In t h e  l a t t e r  case  the  crop sequence i n f l u e n c e s  

the  l e n g t h  of time between two success ive  crop 

canopies.  Fur the r ,  i t  i n f l u e n c e s  the  b e n e f i t s  

obtained from r e s i d u a l  e f f e c t s  of crops  and 

t h e i r  management. 

The p r d t e c t i o n  from crop cgnopy depends on type 

o f  vege ta t ion ,  the  s t and  and the  q u a l i t y  o f  

growth. It a l s o  depends very much on t h e  

months and seasons ,  The o v e r a l l  e f f e c t i v e n e s s  

of a crop t h e r e f o r e  depends very much on t h e  

q u a n t i t y  o f  e r o s i v e  r a i n  t h a t  occurs  dur ing 

per iods  when t h e  crop 1 and i t s  management 

p r a c t i c e  provide the  l e a s t  p ro tec t ion .  

The s o i l  l o s s  r a t i o  as descr ibed a t  t h e  

beginning can be g e n e r a l l y  evaluated f o r  s i x  

crop s t a g e s  o r  pe r iods ,  a s  fo l lows :  

1. Ranch fa l low.  2. T i l l a g e  f o r  seedbed 

p r e p a r a t i o n  up t o  1% canopy development. 3. 

Establishment u n t i l  5% canopy development. 

4. U n t i l  75% canopy cover development. 5. 
Maturing crop,  and 6. Residue s t u b b l e  - 
Harvest t o  p l ~ u g h i n g  o r  new seeding. 



Crop C x  

The e f f e c t i v e  energy of r a i n f a l l  i s  reduced by 

t h e  crop o r  p l a n t  canopy i f  i t  i n t e r c e p t s  

f a l l i n g  r a i n  drops. Leaves and branches t h a t  

do not  d i r e c t l y  c o n t a c t  the  s o i l  have l i t t l e  

e f f e c t  on the  amount and v e l o c i t y  of runoff 

from prolonged r a i n s .  Water drops t h a t  f a l l  

again  could have apprec iab le  v e l o c i t i e s ,  but 

t h i s  i s  u s u a l l y  l e s s  than t h e  terminal  

v e l o c i t i e s  of f r e e - f a l l i n g ,  raindrops.  The 

reduc t ion  i n  the  amount of energy expended a t  

t h e  s o i l  s u r f a c e  depends on t h e  height  and 

d e n s i t y  of the  canopy. 

Leaves and branches t h a t  do not  d i r e c t l y  

con tac t  t h e  s o i l  have l i t t l e  e f f e c t  on the  

amount and v e l o c i t y  of runoff f r o n  prolonged 

rains, 

Reaiitue. Mulch 

Close-growing vege ta t ion  g i v e s  r i s e  t o  res idue 

mulches and stems which a r e  more e f f e c t i v e  than 

equ iva len t  percentages  of canopy cover ,  because 

mulches i n t e r c e p t  f a l l i n g  ra indrops  so c l o s e  t o  

t h e  s o i l  s u r f a c e  t h a t  r a i n  drops ha rd ly  rega in  

any f a l l  v e l o c i t y .  E'urther, they o b s t r u c t  

runoff f low and thereby minimize v e l o c i t y  and 

t r a p s p o r t  capac i ty .  



Where the cover i n c l u d e s  both canopy and 'mulch 

these  two cannot be considered a d d i t i v e  f o r  

f u l l  b e n e f i t s .  The impact energy of drops 

striking the mulch i s  d i s t r i b u t e d  a t  t h e  po in t  

r e g a r d l e s s  of t h e  i n t e r c e p t i o n  by t h e  canopy 

and i t s  reduc t ion  i n  v e l o c i t y .  
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5 r  INDIHECT EFFECTS OF EROSION 

Sed imen ta t ion  and P o l l u t i o n  

Eros ion  d e b r i s  c l o g  and s i l t  up s t r e a n s  =id 

channe l s ,  p a r t  i d l y  o r  comple t e ly ,  and t h e s e  

wa te r  ways soon l o o s e  t h e i r  f u n c t i o n s .  

S t r e t c h e s  of  l and  may be f i l l e d  o r  part'y 

f i l l e d ,  and a d j a c e ~ t  a l l u v i a l .  l a n d s  o f  high 

p r o d u c t i v i t y  could  be s e v e r e l y  damaged by wa te r  

l o g g i n g  due t o  depos i tbon  o f  eroded sediments. 

Where p r e c i p i t a t i o n  i s  l i g h t ,  l ong  s t r e t c h e s  of 

d ra inage  channe l s  may be f i l l e d  up t o ,  o r  

n e a r l y  t o ,  t h e  l e v e l  of  a d j o i n i n g  bottorl  lend 

w i t h  e r o s i o n  d e b r l s  o l  r o c k  fragments, g r a v e l ,  

sand and s l l t .  These ci-iannels may have only  

i n d i s t i n c t  banks,  u s u a l l y  i n  t h e  form of 

n a t u r a l  l e a v e s .  These a r e  n o t  u s u a l l y  

c o n t r o l l e d  and they  do c o n s i d e r a b l e  damage by 

s p i l l i n g  g r a v e l  and sand ove r  adjoining; 

p r o d u c t i v e  lowlands.  

S r r i g a t i o n  r e s e r v o i r s  may be q u i c k l y  f i l l e d  

w i t h  e r o s i o n a l  s i l t  and sed imen t s  from 

neighbour ing  , a d j a c e n t  h igh lands .  When r i v e r s  

o r  even h a r b o u r s  and bays g e t  s i l t e d  due t o  

e r o s i o n  i n  a d j o i n i n g  r e g i o n s ,  n a v i g a t i o n  may 

a l s o  be h inde red  i n  c e r t a i n  r i v e r s .  Th i s  could  

have s e r i o u s  r e p u r c u s s i o n s  on t h e  l i v e l i h o o d  o f  

peop le ,  t h e  enviroriuent  and any r e c r e a t i o n a l  

f a c i l i t i e s  t h a t  e x i s t .  



The r e d u c t i o n  o f  s o i l  p r o d u c t i v i t y  due t o  

e r o s i o n  and consequent  l o s s  o f  b o t h  t o p  s o i l  

and p l a n t  n u t r i e n t s  i s  e a s y  t o  unde r s t and ,  and 

n m e r o u s  examples have been r e p o r t e d .  Bad o r  

u n s a t i s f a c t o r y  rianagenent practices of t h e  

p a s t ,  and e r o s i o n ,  have t h e i r  impact  on the  

e f f i c i e n c y  o f  f e r t i l i z e r s  u s e  on nlost s o i l s .  

F e r t i l i t y  e r o s i o n  and i t s  consequent  r o l e  i n  

e u t r o p h i c a t i o n ,  t h e  "dry ing  of  l a k e s "  and such  

problems a r e  o f t e n  r e p o r t e d  from r e g i o n s  where 

h i g h  amounts o f  f e r t i l i z e r s  a r e  used on c a s h  

crops .  While n i t r o g e n  and p o t a s s i u n  u s u a l l y  

g e t  l e a c h e d  o u t  of  t h e  s o i l ,  phosphorous Losses 

a r e  mos t ly  a s s o c i a t e d  s o i l  e r o s i o n  and eroded 

sediments .  An n u t r i e n t s  c o l l e c t  i n  t h e s e  

l a k e s ,  l a r g e  a l g a l  b loons  grow, t h e  f i s h  and 

o t h e r  a q u a t i c  p o p u l a t i o n s  d i m i n i s h  and l a k e s  o r  

w a t e r  bod ie s  develop  u n d e s i r a b l e  

c h a r a c t e r i s t i c s .  Over t iriie t hey  become swanips 

and f i n a l l y  l a n d  a r e a s .  

Sediments  f ro1.1 e r o s i o n  r e p r e s e n t  the  g r e a t e s t  

volume o f  was t e s  e n t e r i n g  s u r f a c e  wa te r s .  They 

are washed i n  from farm and c r o p  l a n d s ,  

u n p r o t e c t e d  f b r e s t  s o i l s ,  overgrazed  p a s t u r e s ,  

s t r i p  mines and bul ldozed urban  a r e a s .  

A g r i c u l t u r a l  deve lopnen t  c a n  i n c r e a s e  e r o s i o n  

rates from fo i l r  t o  t e n  t imes  o f  whet t hey  would 

be u n d e r  n a t u r a l ,  u n d i s t u r b e d  c o n d i t i o n s .  



Sediments a r e  a  most pervasive  form of 

a g r i c u l t u r a l  p o l l u t a n t .  They g e t  deposi ted i n  

water  bodies and cover  f i s h  spawning a r e a s ,  

c l o g  r i v e r s  end channels ,  and f i l l  up l a k e s  and 

reduce l i g h t  t r ansmiss ion  I n  water. I n  

a d d i t i o n ,  they c a r r y  p e s t i c i d e s ,  f e r t i l i z e r s ,  

harmful chemicals,  and o t h e r  p o l l u t a n t s  they 

have absorbed. Fine gra ined sediments a r e  

e s p e c i a l l y  . . threatenirbg because of t h e i r  

a f f i n i t y  f o r  a s s o c i a t i o n  wi th  a v a i l a b l e  

p e s t i c i d e s  and n u t r i e n t s .  Thus water  q u a l i t y  

i s  impaired,  and nav iga t ion  could a l s o  be 

hampered. Aquatic l i f e  i s  a l s o  th rea tened  a s  a  

~ e s u l t  of these  sediments. The s u s c e p t i b i l i t y  

of sediments t o  e r o s i o n  and t r a n s p o r t ,  and 

t h e i r  a b i l i t y  t o  pass  through many e ros ion  and 

sediment c o n t r o l  measures t h a t  may be 

cons t ruc ted  make them a  r e a l  danger  t o  the  

environmental  balance. 

The mis takes  o f  t h e  p a s t  should se rve  u s  

l e s s o n s  f o r  us today. Sedimentation f  m m  
i r r i g a t e d  a g r i c u l t u r a l  l ands ,  f o r  example, has  

con t r ibu ted  t o  the  d e c l i n e  of many p a s t  

c i v i l i z a t i o n s  such a s  t h e  F e r t i l e  Crescent i n  

o ld  Mesopotamia; Although an  e l a b o r a t e  and 

ex tens ive  system of . i r r i g a t i o n  c a n a l s  had been 

cons t ruc ted  they were not  p roper ly  maintained,  

w i t h  t h e  r e s u l t a n t  choking of c a n a l s  and 

accumulation o f  s a l t s  t h a t  were harmful f o r  



crops.  Th is  a r e a  which has  been a  d e s e r t  s ince  

t h e  t w e l f t h  cen tury  has been reclaimed and 

repopulated by t h e  I r a q i  government i n  t h e  

f i f t i e s .  

The Nile  r i v e r  draws i t s  f l o o d s  and s i l t  almost 

e n t i r e l y  from the  e ros ion  of t h e  Ethiopian 

highlands  dur ing t h e  r a i n s .  This  plienomenori 

while damaging t h e  source adds  f e r t i l i t y  t o  the  

f lood p l a i n s .  It has  been es t imated t h a t  t h e  

t o t a l  q u a n t i t i e s  of  f i n e  s i l t  and s o l u b l e  

mat te r  removed from h a l f  t h e  catchment a r e a  
6 6 

above Aswan are  57 x 1 0  and 20 x 1 0  t o n s  

respec tive1.y- 

E a r t h s l i p s  

Severa l  p a r t s  of t h e  c e n t r a l  highlands of S r i  

Lanka s u f f e r  f  rorn f requen t  l a n d s l i d e s ,  . 

e a r t h s l i p s ,  and o t h e r  t y p e s  of mass movement of 

e a r t h  and rock. Although the  a r e a s  a f f e c t e d  

a r e  r e l a t i v e l y  smal l ,  they cause inconvenience 

and a  g r e a t  d e a l  of damage t o  l i f e ,  p roper ty  . 

and t h e  l i v e l i h o o d  of t h e  people. 

Even i n  c e r t a i n  a r i d  regions  v a l l e y s  f i l l e d  

with a l l u v i a l  m a t e r i a l  of mud and g r a v e l  can be 

moved cons iderab le  d i s t a n c e s  due t o  a sudden 

heavy f a l l  of r a i n ,  when t h e  e a r t h f i l l  m a t e r i a l  

g e t s  converted i n t o  a  " l i q u i d "  which moves. 



The occurrence of l a n d s l i d e s  i s  r e l a t e d  t o  

f a c t o r s  such a s  t o p o g r a p b ,  rock type,  

geo log ica l  s t r u c t u r e ,  r a i n f a l l  and management 

p r a c t i c e s  i n  a g r i c u l t u r e .  Although the  major 

f a c t o r s  a r e  r e l a t e d  t o  geology t h e  immediate 

cause which t r i g g e r s  o f f  a l a n d s l i d e  i s  

i n v a r i a b l y  excess ive  and continuous r a i n f a l l .  

Some of t h e  s e r i o u s  l a n d s l i d e s  i n  recent  y e a r s  

have been those  a t  Kadugannawa, Ginigathhena, 

Kurunegala, Kotmale, Hunnasgiriya,  Teldeniya,  

and Agalawatta. 

I n  t h e s e  a r e a s  mass movement of e a r t h  occurs. 

On d i p  s l o p e s  poor ly  conso l ida ted ,  weathered 

m a t e r i a l  l y i n g  a s  t h i c k  covers  above s o l i d s ,  

unweathered bed rock,  a r e  e a s i l y  moved. They 

a l s o  occur  i n  s t e e p  t a l u s  o r  s c r e e  s l o p e s  ly ing  

a t  t h e  f e e t  o f  escarpments and c l i f f s .  The 

c e n t r a l  h ighlands ,  a r e  made up of w e l l  bedded 

sedimentary rocks which o f t e n  c o n t a i n  a h igh 

p ropor t ion  of  f e l d s p a r ,  and a r e  sometimes wel l  

jo inted.  These rocks weather i n t o  a reddish 

'brown clayey m a t e r i a l  known as li thoniarge i n  

which boulders  o f  varying s i z e  a r e  embedded. 

When thi -s  weathered m a t e r i a l  i s  s a t u r a t e d  wi th  

water ,  t h e  c layey m a t e r i a l  a c t s  a s  a kind o f  

l u b r i c a n t ,  causing t h e  mass of e a r t h  and rock 

t o  move r a p i d l y  down the  s lope  due t o  g rav i ty .  

T h i s  i s  z s p e c i a l l y  so  i n  t h e  absence of a 

n a t u r a l  v e g e t a t i o n  cover  which binds  and holds 



t h i s  m a t e r i a l  toge ther .  The l u b r i c a t i v e  a c t i o n  

of wet c l a y  may a c t  wi th in  the  mass of the  

loose  m a t e r i a l  i t s e l f ,  o r  a t  t h e  junc t ion  of 

o v e r b u d e n  and s o l i d  rock a s  a s u r f a c e  along 

which t h e  s l i p  can t a k e  place .  Where t h e  land 

i s  s t e e p l y  s lop ing  mass movement i s  rapid  and 

t a k e s  t h e  form of d e b r i s  avalanches ,  e a r t h  

flows and d e b r i s  s l i d e s .  For example, the  

e a r t h s l i p  a t  Waradawila ( c l o s e  t o  Itangala) i n  

1957, occured i n  seven minute and t h a t  a t  

Kadugannawa i n  t h e  sane y e a r ,  which took away 

p a r t  of t h e  road and t h e  v e h i c l e s  on i t ,  a l s o  

l a s t e d  only a  few minutes. 

3f fundamental importance i n  a r e a s  o f  bedded 

and banded rocks  i s  t h e  r e l a t i o n  between t h e  

s l o p e  of the  ground and the  d i p  of the  s t r a t a .  

Unstable cond i t ions  e x i s t  s p e c i a l l y  where t h e  

ground s l o p e s  cons iderab ly , .  . and r e l a t i v e l y  

s t a b l e  cond i t ions  e x i s t  when t h e  s lope  of t h e  ' 

ground i s  smal l .  I n  the  ' l a t t e r  i n s t a n c e ,  

however, j o i n t i n g  i n  rocks  may cause 

i n s t a b i l i t y .  

On t h e  o t h e r  hand, e a r t h  movement of g e n t l e  

s lopes  i s  slow and widespread though the  

e f f e c t s  a r e  no t  a s  s p e c t a c u l a r  a s  rap id  e a r t h  

movements. Such slow movements g e n e r a l l y  

r e s u l t  i n  subsidence of va r ious  k inds ,  spread 

over  a span o f  many years .  For  example, a t  



Nugatenne ( s i t ua t ed  on the  long scree-and-talus 

s lope of . Medamahanuwara, Hunnasgiriya, the 

f i r s t  subsidences was reported more than 60 

years  ago and l i n e a r  o r  curved cracks i n  the 

ground have grown continuously i n .  s i z e  with 

each period of heavy r a i n  s ince  1911. 

Due t o  na tu ra l  e ros ion  t h a t  continues s t ead i ly ,  

the cont inenta l  regions and i s l ands  l i k e  S r i  

Lanka would t h e o r i t i c a l l y  be worn d o n  to sea 

l e v e l  wi th in  60 x lo6 e a r s  ( s ince  the 

beginning of the Eocene period) .  It has also 

been recognized t h a t  even a t  the slowest r a t e  

of erosion the mater ia l s  of  the e a r t h ' s  land 

mass could have eroded over and over a t  l e a s t  

e ight  o r  nine times. There i s  evidence that 
erosion and sedimentation upsets  the  balance of 

loading on the e a r t h ' s  c rus t  o r  s h e l l  and a s  a 

consequence the outer  c r u s t  could band and 

buckle i n  places.  These movements of the c rus t  

lead t o  folding and f a u l t i n g  t h a t  sedimentary 

rocks i n  some places may be forced deep i n t o  

the  c r u s t ,  while i n  o ther  places they w i l l  be 

elevated. 



6. EROSION STUDIES IN SRI LAHKA 

S o i l  e ros ion ,  t h e  wearing away of s o i l  from the  

land by t h e  geologic  agen t s  water  o r  wind i s  a  

normal o r  n a t u r a l  process ,  This i s  i n  

c o u n t r a s t  t o  e r o s i o n  due t o  i n t e r f e r e n c e  wi th  

the  land by human, o r  animal a c t i v i t y ,  which 

o f t e n  induces  more rapid  l o s s e s  of s o i l  wi th  

d e t r i m e n t a l  e f f e c t s  t o  a  country and the  

welfare  of i t s  people.  

On a  g l o b a l  s c a l e ,  t r o p i c a l  regions  are 

g e n e r a l l y  the  most s u s c e p t i b l e  regions  t o  water  

eros ion.  Obviousiy, c l i m a t i c  cond i t ions  t h a t  

i n f l u e n c e  r e l a t i v e  e ros ion  t rends  a l s o  r e f l e c t  

t h e  v e g e t a t i o n s  and t h e  c h a r a c t e r i s t i c s  of t h e  

s o i l s  ir, an a rea .  Thus, even i n  the t r o p i c s ,  

a r i d  zones s u f f e r  l e a s t  from water  e r o s i o n  due 

t o  t h e  almost complete absence o f  r a i n f a l l  

( ~ a n a b o k k e ,  1977). 

In  t h e  mid and upcountry reg ions  of S r i  Lanka 

a n  apprec iab le  p ropor t ion  of s o i l  i s  l o s t  due 

t o  causes  o t h e r  than  a g r i c u l t u r a l  a c t i v i t i e s ,  

a s  f o r  example from road c u t s  and bu i ld ing  

s i t e s .  S o i l  e r o s i o n  l o s s e s  i n  d i f f e r e n t  p a r t s  

o f  S r i  Lanka have been determined by s e v e r a l  

i n v e s t i g a t i o n s  and s o i l  e ros ive  power of 

r a i n f a l l  i n  d i f f e r e n t  c l i n a t i c  zones has been 

es t imated by Joshua (1977). 
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Measurf ng S o i l  Erosion 

Water e r o s i o n  i s  u s u a l l y  and e a s i l y  masured by 

t h e  amount of s o i l  l o s t  p e r  u n i t  a r e a  from a  

s p e c i f i c ,  def ined land s u r f a c e  wi th in  a  

catchment o r  watershed, Assessment of the  

e x i s t i n g  e r o s i o n  $thin a  g iven a r e a  i n  a  

sys temat ic  manner is a  p r e p r q u i s i t e  t o  wise 

land use. It w i l l  a l s o  be a  p o i n t e r  t o  t h e  

p o t e n t i a l  e r o s i o n  hazard assoc ia ted  wi th  the  

kinds o f  management systems envisaged. 

The e a r l y  i n t e r e s t  i n  s o i l  e r o s i o n  i n  S r i  Lanka 

centered mostly i n  t h e  h i l l .  country  regions.  

A s  e a r l y  as 1873 J.D. Hooker drew a t t e n t i o n  t o  

s o i l  e r o s i o n  and i r r e g u l a r  water s u p p l i e s  i n  

t h i s  a r e a  where land was opened 

i n d i s c r i m i n a t e l y  as t h e  B r i t i s h  p l a n t a t i o n  

economy replaced t h e  s u b s i s t e n c e  farming of t h e  

h i l l  countxy f o r  t h e  growing, of p l a n t a t i o n  

crops;  and t h e  Beport of t h e  Committee on S o i l  

Erosion,  1931 s t a t e d  t h a t  t e a  p l a n t a t i o n s  

accounted f o r  t h e  g r e a t e r  p a r t  of s o i l  erosion.  

Joachin and Pandi thasekera  (1930) ca lcu la ted  

the  q u a n t i t y  of s o i l  c a r r i e d  i n  suspension by 

the  Plahaweli Ganga, whose watershed above the  

: , I >  l L , L i  p i n t  was 131,523 ha of r*rhich almost, 

was (approxi!~rtel.;r) p lanted t o  t e a ,  t o  be 

between 32,000 and 833,000 11. T. annually.  The 



average annual s o i l  l o s s  value from the  a r e a  

es t imated f o r  s i x  y e a r s  was 10ON-T. p e r  ha. 

S o i l  Eros ion  i n  the  Wet Zone 

The s o i l s  i n  t h e  g r e a t e r  p a r t  of the  wet zone 

a r e  t h e  Xed-Yellow Podzolic s o i l s  ( U l t i s o l s )  . 
I n  regions  wi th  long ,  s t e e p  s l o p e s  the re  i s  

much s o i l  e ros ion ,  e s p e c i a l l y  due t o  poor 

management p r a c t i c e  s. 

The mean annual r a i n f a l l  i n  t h e  Wet Zone v a r i e s  

between about 1 ,800 and 4,CQO mm. However i t  
has been found t h a t  t h e  i n t e n s i t y  of 

p r e c i p i ' t a t i o n  deceases  wi th  i n c r e a s i n g  a l t i t u d e  

( ~ r i s h n a r a j a h ,  1984). Table I11 p r e s e n t s  the  

a l t i t u d e ,  mean annual r a i n f a l l ,  and e r o s i v i t y  

a t  s i x  s t a t i o n s  i n  t h e  wet zone. 

I n  t h e  h igher  r a i r f a l l  a r e a s  the  main crop i s  

t e a ,  wi th  a  r e l a t i v e l y  smal le r  p ropor t ion  of 

vegetables .  

It i s  known t h a t  c u l t i v a t i n g  and p l a n t i n g  tea 

had been done, up and down the  s lope  i n  the 

f irst  t e a  e s t a t e  s t a r t e d  more than 100 g e a r s  

ago. This would have Led t o  considerable  s o i l  

e r o s i o n  when, and where t h e  crop canopy was not 

widespread enough t o  cover  t h e  whole a r e a  i n  

between rows. These in te r row spaces  t h e r e f  o re  



cou ld  have a c t e d  as channe l s  a l o n g  which runoff 

w a t e r  went down t h e  h i l l ,  c a r r y i n g  w i t h  i t  

whatever  s o i l  g o t  loosened d u r i n g  t h e  r a i n s  o r  

s.torrlls. Thus much damage t o  s o i l  would have 

oceured f r o n  t h e  beginning  of  t e a  p l a n t i n g  i n  

S r i  Lanlia, and t h i s  c o n t i n u e s  today a l s o  but  t o  

a much l e s s e r  degree .  

Another  f a c t o r  t h a t  would have aggravated  s o i l  

e r o s i o n  i s  t h e  p r a c t i c e  of  c l e a n  weeding u s i n g  

" s c r a p e r s " -  T h i s  p r a c t i c e  n o t  only  expo,ses 

a p p r e c i a b l e  a r e a s  o f  s u r f a c e  s o i l  t o  r a i n  but  

a l s o  l o o s e n s  t h e  s o i l  which can  now e a s i l y  g e t  

washed away by r a i n ,  and g e t  t r a n s p o r t e d  w i t h  

runoff  water .  

Lack o f  l a t e r a l  d r a i n s  i n  s e e d l i n g  t e a  f i e l d s  

which accoun t  f o r  a lmos t  8 5  p e r c e n t  o f  t h e  t e a  

a r e a  i s  a n o t h e r  problem. Where they  a r e  

p r e s e n t  t hey  a r e  u s u a l l y  meant t o  t r a n s p o r t  

wa te r  f rom t h e  l and  r a t h e r  t h a n  t o  conserve  

s o i l  because  t h e i r  s l o p e  g r a d i e n t s  va ry  between 

1 i n  7 and 1 i n  30 ( i - e .  approximate ly  1 4  t o  

3.5 p e ~ c e n t ) .  

Scour ing  which u l t i n l a t e l y  r e s u l t s  i n  fo rn l a t ion  

o f  r a v i n e s  and g u l l i e s  w i t h  s imu l t aneous  l o s s  

o f  s o i l  and exposure  of t e a  - r o o t s  i s  a n o t h e r  

conmon f e a t u r e  because main d r a i n s  a r e  l e f t  

exposed. There i s  l i t t l e  g r a s s y  v e g e t a t i o n  i n  



many. Ne i the r  a r e  they s tone  l i n e d  t o  provide 

a hard pavement. Approximately 75,000 ha of 

t e a  l ands  i n  t h e  mid country  a r e  degraded and 

u n s u i t a b l e  f ~ r  rep lan t ing .  Al te rna te  larid use 

would be t h e  choice on these  l ands  ( l ~ l a n i ~ u r a ,  

1971, 1972) 

Rubber occupies t h e  southwestern quadrant of  

the  i s l a n d ,  from s e a  l e v e l  t o  around 300 m. 

a l t i t u d e .  It has  been repor ted t h a t  n e a r l y  607; 

of the  arlliual r a i n f a l l  recorded i n  these  a r e a s  

have i n t e n s i t i e s  oP over 25 nm/hr, al though 

thosd of 100 r;im/hr a r e  a l s o  common 

( ~ r i  shnara  J ah ,  1984). Thus t h e  hig1ies.t 

e r o s i v i t y  o f  r a i n f a l l  i s  i n  t h e  , rubber  growing 

d i s t r i c t s .  The s o i l s  i n  these  a r e a s  a r e  

however r e l a t i v e l y  s t a b l e ,  and t h e i r  minimum 

i n f i l t r a t i o n  exceeds s l i g h t l y ,  t h e  highest  

r a i n f a l l  i n t e n s i t y  o f  the  region,  where rubber 

i s  p lan ted  on moderately s t e e p  t o  f l a t  lands .  

To avoid cons iderab le  s o i l  e ros ion  and t o  

conserve s o i l ,  ~ u b b e r  i s  now p lan ted  on contour 

pla t forms and t e r r a c e s ;  and the  use o f  

leguminous cover crops  p r o t e c t s  t h e  s o i l  from 

any d i r e c t  a c t i o n  o f  r a i n  drops. The s o i l  l o s s  

i n  a  c lean  weeded rubber p l a n t a t i o n  has  been 

c a l c u l a t e d  t o  be 24 11T/ha compared wi th  one 

with a  cover c rop  which recorded a  , l o s s  of 0.5 
14T/ha. 1,Iulched p l o t s  showed a l o s s  of 1 .6  

Tlt/ha. 



The mixed home gardens, common i n  the 

mid-country of the i s l and ,  i d e a l l y  minimizes 

3 0 i l  l o s s  and runoff,  the maximum recorded 

heing only 8 percent of the r a i n f a l l ,  and the 

s o i l  l o s s  belcg only 0.05 PI. ~ / h a / ~ a  

( ~ r i s h n a r a  jah, 1984). 

S o i l  Erosion i n  t h e  Intermediate Zone 

i t h i s  region, s teep  slopes have been 

cu l t i va t ed  in t ens ive ly  i n  recent years ,  

vegetables and tobacco being the main crops. 

Very l i t t l e  conservation measures a r e  

p rac t i s ed ,  and lands of over 40  percent slope 

have been reported t o  lose  70 MT/ha/ya of s o i l  

from tobacco lands;  while the l o s s  from lands 

under capsicum and c a r r o t  a r e  78 and 18 

MT/ha/ya respec t ive ly  ( ~ r i s h n a r a j a h ,  1984) . 

Thus s o i l  degradation due t o  erosion i s  a 

noteworthy problem i n  t h i s  a rea ,  especial ly  

when chena o r  s h i f t i n g  cu l t i va t ion ,  o r  arable  

farming i s  pract ised.  The best p rac t i ca l  

so lu t ion  of t h i s  problem would be t o  encourage 

f o r e s t  reserves on these s o i l s .  

Soil Erosion i n  the Dry Zone 
. . 

The s o i l s  of imporatnce i n  the d r y  zone a r e  the 

Beddish Brotrn Earths  ( ~ l f i s o l s )  , the Non-Calcic 



Brown Ear ths  and t h e  Red and Yellow Latosols  

(oxisols)  . 

On t h e  Reddish Brown E a r t h s  t h e  average s lope  

o f  the land i s  around two t o  t h r e e  percent .  

Ilowever, e r o s i o n  could be a problem on these  

s o i l s :  Although the  average annual r a i d a l l  i n  

t h i s  r eg ion  i s  approximately 125 mm, 

thunderstorms wi th  i n t e n s i t i e s  of 100 rnm/hr 

have been recorded during t h e  per iod around 

October when intermonsoonal convect ional  reiins 

a r e  common (Krishnara  jah ,  1 9 ~ 4 ) .  The 

i n t e n s i t i e s  of much of the  r a i n f a l l  (almost 

55%) i n  t h i s  region a r e  more then 25  m / h r ,  and 

t h e  average i n f i l t r a t i o n  r a t e  a t  s t eady  s t a t e ,  

a f t e r  f o u r  hours of s a t u r a t i o n  i s  25 mm/hr. 

This r e s u l t s  i n  h igh e r o s i v i t y  of t h e  r a i n f a l l .  

' S t r u c t u r a i l y  t h e s e  s o i l s  a r e  weak because 

a l thobgh  the  . s t a b i l i t y  of the  micro-aggregates 

' ! is .moderately good, the  bonding of t h e  

micro-aggregates i n t o  the  l a r g e r  aggregates  a &  

weak and ephemeral. Thus sudden w e t t i %  can 

lead t o  t h e i r  rapid  s l ak ing .  

In a d d i t i o n ,  t h e s e  s o i l s  s u f f e r  from very rapid  

s u r f a c e  s e a l i n g  due t o  t h e  impact of r a i n  

drops,  i f  t h e  s o i l  i s  bare and exposed, because 

they dry o u t  r a p i d l y  and e a s i l y ,  and tend t o  

g e t  s a t u r a t e d  a l s o  rap id ly .  



The above c h a r a c t e r i s t i c s  of t h e  Reddish Brown 

E a r t h s  show t h a t  t hey  are  more e r o d i b l e  t h a n  

t h e  Hed Yeliow Podzol ic  s o i l s  of t h e  we t  zone, 

clue t o  t h e  e r o s i v i t y  of  t h e  r a i n f a l l .  and t h e  

e r o d i b i l i t y  o f  t h e  a o l l ,  b o t h  o f  whicL cannot  

be a l t e r e d  t o  reduce  e r o s i o n .  3n ly  topography,  

and l a n d  and crop  management f a c t o r s  can  

t h e r e f o r e  be manipula ted  t o  ach ieve  t h i s  goa l .  

The c h o i c e  o f  c r o p s ,  t h e  use  of mulches, 

ninimurn t i l l a g e ,  use o f  good cove r  c rops ,  

c o n s t r u c t i o n  o f  l o n g ,  broad based t e r r a c e s  a r e  

sone methods o f  m i n i n i z i n g  e r o s i o n .  
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7. CONTHOL OF E R O S I O N  AND CONSERVATION 
OF S O I L  -- 

The primary purpose o f  s o i l  (and water)  

conservat ion i s  t o  prevent s o i l  e r o s i o n  and 

h e a l  t h e  s c a r e s  of e ros ion  i n  l o c a t i o n s  if they 

a r e  not t o o  f a r  advanced t o  respond t o  c u r a t i v e  

methods. I n  most i n s t a n c e s  t h i s  involves ,  

changing t h e  uses  t o  which land i s  put.  The 

f i r s t  r e q u i s i t e  t o  conservat ion of land is t o  

decide  t h e  most s u i t a b l e ,  and t h e  -best crop o r  

cropping p a t t e r n s  (whether f i e l d  crops ,  t r e e s ,  

o r  p a s t u r e s )  t o  s u i t  t h e  c a p a b i l i t i e s  of t h e  

s o i l s  and the  wa te r  a v a i l a b l e .  

For e f f e c t i v e  s o i l  (and water)  conservat ion 

var ious  k inds  of land must be t r e a t e d  and used 

according t o  t h e i r  ca lpab i l i t i e s  and t h e  needs. 

To ach ieve  t h i s ,  va r ious  conserva t ion  p r a c t i c e s  

and s t r u c t u r e s  known must be s e l e c t e d  t o  

accommodate t h e  va r ious  k inds  o f  land.  

Although conserva t ion  measures could be used 

s i n g l y ,  on some of the  nore  s t a b l e  l ands  they 

could o f t e n  be used i n  combinations t h a t  w i l l  
mutually support  one ano ther ,  which the re f  ore 

g ive  g r e a t e r  s t r e n g t h ,  d u r a b i l i t y  and confe rs  

g r e a t e r  product iveness  t o  the  land.  I n  

reconmending them i t  i s  a l s o  important t o  

remember t ha t  they must be used wi thin  the  

f i n a n c i a l  OP econonic l i m i t a t i o n s ,  and i n  



accordance wi th  t h e  f a c i l i t i e s  a v a i l a b l e  t.o 

farmers. 

EquaLly important i s  t h e  use of engineer ing and 

agonomic p r a c t i c e s  which, t o g e t h e r ,  w i l l  

c o n t r o l  and conserve water and coun te rac t  t h e  

e r o s i v e  a c t i o n  o f  both water  and wind on the  

s o i l .  

I n  conjunct ion wi th  these  two bas ic  p r i n c i p l e s ,  

organic  m a t t e r  and o t h e r  p l a n t  n u t r i e n t s  

removed from t h e  s o i l  must be re turned t o  the  

s o i l .  F u r t h e r ,  adequate and optimum amounts o f  

mois ture  f o r  p l a n t  growth must be maintained,  

inc lud ing  i r r i g a t i o n  i f  needed. 

Use of machinery on s o i l s  must a180 be 

according t o  the  c a p a b i l i t y  and need of the  

land. The wrong choice  w i l l  mean t h a t  both 

machines )and land a r e  l i k e l y  t o  s u f f e r .  

I n  g e n e r a l ,  our  s o i l s  l i k e  most o t h e r s  i n  
t r o p i c a l  regions  a r e  i n h e r e n t l y  low i n  

f e r t i l i t y .  I n  sone,  e s p e c i a l l y  those  i n  t h e  

w e t  zone, t h e  bas ic  c a t i o n s  a r e  leached o f f .  A 
good propor t ion  of t h e  n a t u r a l  n u t r i e n t  r ese rve  

i s  s t o r e d  i n  the  above-ground p o r t i o n s  o f  the  

n a t u r a l  vegeta t ion.  Removal o r  burning o f  t h e  

n a t u r a l  v e g e t a t i o n  cover  and o t h e r  biomass 

could cause  breaks  i n  moat n u t r i e n t  cyc les ,  



F u r t h e r ,  burning rnay immediately re lease  some 

n u t r i e n t s  in r e a d i l y  a v a i l a b l e  forni,  but could 

cause nu.trrient imbalances l a t e r  on, o r  render 

crop uptake i n e f f i c i e n t .  This i s  because 

e a s i l y  s o l u b l e  n u t r i e n t  elements i n  p l a n t  a sh  

could e a s i l y  g e t  leached out  of t h e  roo t  zone 

o r  g e t  washed o f f  wi th  eroded sediments i n  

runoff ( Nye and Greenland, 1965). Except f o r  

t h e  V e r t i s o l s  and Ar~disols ,  most s o i l s  have low 

a c t i v i t y  c lays .  Their  b u f f e r  capac i ty  i s  a l s o  

low, Physical  t s i lar i lc ter is t ics  of s o i l s  a r e  

hard t o  g e n e r a l i z e ,  They a r e  a l s o  very 

d i l  f i c u l  t t o  manage. 

In coarse  t e x t u r e d  s u r f a c e  s o i l s  which c 'ontain 

o n l y  smal l  percentages  of s i l t  and c l a y  s ized  

mineral  f r a c t i o n  aggregat ion i s  very weak. 

Such weak aggrega tes  are u n s t a b l e  t o  t h e  impact  

o f  ra indrops .  Quick wett ing makes t h e  

aggrega tes  t o  s l a k e  e a s i l y  and s o i l s  develop o r  

f o m  c r u s t s  which on drying e x h i b i t  low 

permeabi l i ty  t o  both  a i r  and water.  These 

c r u s t s  : inhibi t  seed l ing  emergence and 

e s t a b l i s h i ~ e n t ,  I n  t h e i r  n a t u r a l  s t a t e  most 

s o i l s  a r e  not  compacted and have i n f i l t r a t i o n  

c a p a c i t i e s  ranging from medium t o  high. 

rilechanized land c l e a r i n g  and o t h e r  opera t ions  

that  fo l low would s o o n  reduce i n f i l t r a t i o n .  

Because these  s o i l s  a r e  e a s i l y  compacted their 

eYfec t i 've " r o o t  volune" would theref o re  soon 



g e t  reduced. Some phys ica l  c h a r a c t e r i s t i c s  and 

c o n s t r a i n t s  t o  crop product ion of some s o i l s  

a r e  presented i n  Table I V .  

Two of tile most e f f e c t i v e  and conmonly 

p r a c t i s e d  methols of c o n t r o l l i n g  s o i l  e ros ion  

i s  by growing cover  crops and by nulching.  

These, by themselves may not  be t h e  most 

e f f i c i e n t  i n  h i l l y  and s t e e p  a r e a s .  He nc e 

o t h e r  methods have t o  be resor ted  t o ,  some of 

whicli a r e  descr ibed below. 

1. Mechanical methods f o r  s o i l  conservat ion 

Three forms of mechanical o b s t r u c t i o n s  a r e  

recommended f o r  conservring s o i l  (and water)  by 

t h e  Department of Agr icu l tu re .  They a r e :  ( 1 )  

d r a i n s ,  ( 2 )  bunds and (3) s tone  t e r r a c e s .  

Their  spacing,  however, depends on the  

s t eepness  of t h e  land,  t h e  s t e e p e r  land 

r e q u i r i n g  more of these .  A guide t o  

approximate d i s t a n c e s ,  between mechanical 

measGes recormended t o  conserve s o i l  on land 

of varying s teepness  is  a s  fol lows:  

Degree of s t eepness  Spacing of mechanical 

measures ( m )  

l. F l a t  t o  g e n t l e  12 

s lop ing  

2. Moderately s lop ing  6 

3. Steep  and veqr s t e e p  3 
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Fig. a. Section of Contour Drain Fig. b. Section of Lock Spill Drain 

Fig. c.  Broad based E b h b u n d  Fig. d. Bench Terraces (Section) 

Fig. e, Individual Terrace (Section] 

Fig. 2. Mechanical methods for conserving soil and watw 



(a) Contour d r a i n s  

T h i s  i s  t h e  most comrnonly used mechanical  

d e v i c e  t o  conse rve  bo th  w a t e r  and s o i l ,  i n  

v4lich f lowing  wa te r  and moving wa te r  a r e  

en t r apped  a t  i n t e r v a l s  depending on t h e  

s t e e p n e s s  o f  t h e  land  (Fig. 2a). The water  

should  i n f i l t r a t e  i r i t o  t h e  po re  space  of t h e  

s o i l  and g e t  s t o r e d  t h e r e a f t e r .  

The l o c k  ar,d s p i l l  d r a i n  d e p i c t e d  i n  F i g ,  2b i s  

a m o d i f i c a t i o n  of  t h e  conxour d r a i n ,  where 

s p i l l  b locks ,  50 cm wide and 15 cm below t h e  

s u r f a c e ,  a r e  c u t  a t  i n t e r v a l s  o f  approximate ly  

4.5 m. These e n a b l e  w a t e r  t o  c o l l e c t  i n  t h e  

i n t e r v e n i n g  l o c k s  o r  t r o u g h s  and e n a b l e  i t  t o  

g e t  abso rbed ,  w h i l e  t h e  s o i l  washed w i t h  w a t e r  

accumula tes  i n  t h e  t roughs .  

Contour d r a i n s  should  b e a t  be 60 cm wide and 40 
cm deep and t h e  excava te2  s o i l  should  be p l aced  

oz t h e  lower  s i d e  o f  t h e  d r a i n .  

(b)  Contour ea r thbunds  

These bunds a r e  c o n s t r u c t e d  on c o n t o u r s ,  on 

e i t h e r  o n  f l a t  o r  ve ry  s t e e p  l and ,  t o  hold  back 

t h e  w a t e r  and t h e  s o i l  washed w i t h  i t .  I d e a l l y  

t h e  w a t e r  should  i n f i l t r a ? e  i n t o  t h e  s o i l  a f t e r  

i t  c o l l e c t s  a t  t h e  bund. 



On f l a t  l a n d  t h e  bunds are ve ry  .broad  and a r e  

p laced  a t  l o n g e r  i n t e r v a l s .  

Broad base  c o n t o u r  t e r r a c e s  approximate ly  6 m 

wide should  r i s e  1.5 ni above t h e  base a t  

approximate ly  4.5 m f ron  i t s  o r i g i n  or1 t h e  h i l l  

s i d e  and s l o p e  2 m away from t h e  c r e s t  towsrds  

t h e  slopi-% s i d e  (Fig .  2c ) .  

Where t h e  l and  i s  s t e e p  bench t e r r a c e s  a r e  

c o n s t r u c t e d  ( ~ i g .  2d). On v e r y  s t e e p ,  h i l l y  

l a n d s ,  i n  t h e  u p c o u n t q ~  a r e a s  t h e  d i s t a n c e s  

between a d j o i n i n g  c o n t o u r  bunds i s  snia11 and 

t h e r e  are s h a r p  v e r t i c l e  d rops  between one bund 

and t h e  nex t .  The h e i g h t  o f  each  bund and t h e  

a r e a  o f  e a c h  w i l l  depend on t h e  s t e e p n e s s .  o f  

t h e  l and .  The v e r t i c a l  banks between t h e  
L 

t e r r a c e s  a r e  b e s t  Gurred t o  p r e v e n t  c o l l a p s e .  

( c )  S t o n e  t e r r a c e s  on c o n t o u r  - 

When l a r g e  anoun t s  o f  s t o n e  are a v a i l a b l e ,  l i k e  

i n  some t e a  o r  rubbe r  e s t a t e s ,  c o n t o u r  s t o n e  

t e r r a c e s  s e r v e  t o  conse rve  s o i l  on s l o p i n g  

land .  These would a l s o  wi thhold  t h e  f l o w  of 

wa te r  by s u r f a c e  runoff  and a l l o w  it t o  

i n f i l t r a t e  i n t o  t h e  s o i l .  

Each t e r r a c e  should  r e s t  on  a f i r m  f o u n d a t i o n ,  

a t  l e a s t  15 cm below t h e  s u r f a c e .  The width  of 



t h e  s t o n e  t e r r a c e  should be 30-45 cm and i t s  
he igh t  30 cm .approximately. 

I n d i v i d u a l  t e r r a c e s  

These are cons t ruc ted  around each t r e e  on 

moderate and s t e e p  s lopes .  A c i r c l e  with 

r a d i u s  of about 60 cm i s  b u i l t  around with t h e  

t r e e  a t  the  cen t re .  Cutti,% i n t o  the  s lope  and 

f l a t t e n i n g  would be necessary  t o  form an  

a r t i f i c i a l  p la t form,  s loping i n  the  d i r e c t i o n  

oppos i t e  t o  t h a t  of t h e  n a t u r a l  s l o p e  ( ~ i ~ .  

2e)., Usually t h e  f i n  of t h e  t e r r a c e  on t h e  

lower s i d e  i s  r a i s e d  above l e v e l  o f  land on t h e  

i n n e r  s i d e  towards the  s l o p e ,  t o  abou t  h a l f  the  

d i f f e r e n c e  i n  e l e v a t i o n  between t h e  h ighes t  and 

lowest  e l e v a t i o n s  before t e r r a c e  c o n s t r u c t i o n  

(pig 2 e ) .  

2, Chemical sprays and S o i l  Condi t ioners  

Under c e r t a i n  c i rcumstances  chemical sprays  

have been advocated t o  bind t h e  a o i l  aggregates  

and t o  supplement the  e f f e c t  of o t h e r  methods 

o f  e r o s i o n  c o n t r o l ,  l i k e  mulching and cover  

crops ( A l l e s ,  1971). A chemical spray would be 

a p p r o p r i a t e l y  used,  f o r  example, i n  t e a  e s t a t e s  

between pruning and the  es tabl ishment  o f  new 
growth. Another would be where annual crops  

a r e  c u l t i v a t e d  i n  highland a r e a s  where a 



cllernicai sp ray  between seeding and 

e s t a b l i s h l e n t s  o f  v e g e t a t i v e  c o v e r  dur ing which 

c r u c i a l  per iod t h e  s o i l  i s  exposed t o  e r o s i v e  

f o r c e s ,  o r  when p r a c t i c e s  such a s  r~iulches may 

3, Farming Systems f o r  Conserving S o i l  

S e v e r a l  conponent s or su b-sy s t e r .1~  

sys tens"  .have bee,l f ~ m d  e f f e c t i v e  

agriculture. It  i s  not easy t o  

s l 'nple  f a n l i n g  system a p p l i c a b l e  i n  

a l l  s o i l s  and agro-ecological  

encountered i n  the  t r o p i c s .  

sub-sys tens  o r  corlponentn could be 

r iodified a p p r o p r i a t e l y  f o r  a  g iven 

s p e c i f i e d  e n v i r ~ ~ i e n t .  

of  "farming 

i n  t r o p i c a l  

deveiop a  . 
g e n e r a l  t o  

environments 

But . these  

adopted and 

s o i l  i n  a  

:,o.le components t h a t  have been proved e f f e c t i v e  

as measures f o r  conserving s o i l s  a r e  descr ibed 

below. 

1: Land Clear ing:  D e f o r e s t a t i o n  

The most s u i t a b l e  so11 management p r a c t i c e s  

t h a t  would n in imize  t h e  d e l e t e r i o u s  e f f e c t s  of 

land c l e a r i n g  and deveioprlent should be 

d e ~ a l o p e d .  

D e f o r e s t a t i o n  o r  removal of v e g e t a t i o n  have 



a d v e r s e  e f f e c t s  on  p h y s l c a l  and n u t r i t i o n a l  

p r o p e r t i e s  o f  s o i l s ,  i r r e s p e c t i v e  of t h e  

methods used.  In a d d i t i o n ,  u s e  o f  heavy 

machinery c a u s e s  nucii d i s t u r b a n c e  of  s o i l  and 

conpac t s  s o i l .  These t o g e t h e r  w i t h  o p e r a t i o n s  

f o r  removal of r o o t s  and stur,lps cause 

a c c e l e r a t e d  s o i l  e r o s i o n .  

Bfanual f o r e s t  c l e a r i n g  i s  n o t  a lways  f e a s i b l e .  

F u r t h e r ,  i t  i s  expens ive ,  s low and r e l a t i v e l y  

i n e f f i c i e n t  compare4 t o  meclianical nieans. 

IIence t41zt l a t t e r  method cannot  always be 

avoided.  

S o i l  e r o s i o n  and t h e  d e g r a d a t i o n  t h a t  r e s u l t s  

from mechanised l and  c l e a r i n g  depends on t h e  

a t t a c h e d  equipment chosen  f o r  t h e  purpose.  

Water runof f  and s o i l  e r o s i o n  as a f f e c t e d  by 

v a r i o u s  methods used i n  land  developnent  

t o g e t h e r  w i t h  t h e  t r a d i t i o n a l  systern repor ted  

by La1 (1981)  and p r e s e n t e d  i n  Table  V. 

O the r  f a c t o r s  t h a t  i n f l u e i l c e  e r o s i o n  and 

subsequent  d e g r a d a t i o n  a r e  ( i )  m o i s t u r e  c o n t e n t  

i n  s o i l  a t  t i n e  of  land c l e a r i n g ,  ( i i )  

p r o p e r t i e s  o f  t h e  s o i l  i n c l u d i n g  e f f e c t i v e  

r o o t i n g  d e p t h  and s l o p e ,  ( i i i )  t h e  s k i l l  and 

t r a i n i n g  o f  t h e  o p e r a t o r  is110 manages t h e  heavy 

\ n a c h i n e s  u s e d ,  and ( i v )  management of  l and  

a f t e r  c l e a r i n g .  





The most appropr ib te  method f o r  land c l e a r i n g  

iin4 C e v e l o p e n t  would a l s o  depend on f a c t o r s  

such as s o i l  and c l imate ,  land-use c a p a b i l i t y ,  

the  purpose f o r  which land i s  t o  be used jeg. 

whether -€or cropping annuals  o r  f o r  . p a s t u r e s ) ,  

tile na tu re  of' t h e  crops t o  be grown and the  

t i l l a g e  and c u l t u r a l  p r a c t i c e s  t h a t  would be 

adopted on the  land.  

21 Mana.geing t h e  S o i l  

Agronomic methods t h a t  minimize t h e  hazards of 

s o i l  e r o s i o n  a r e  the  s o i l  management p r a c t i c e s  

t h a t  should b e s t  be adapted w.hereever 

poss ib le .  These would be those t h a t  inlprove 

crop growth and vigour  t o  provide a rapid  and 

cont inuous  p l a n t  canopy which w i l l  be a 

p r o t e c t i o n  f o r  t h e  s o i l  from erosion.  Erosion 

hazards  would be reduced by the  fc l lowing :  

(a) Adequate p l a n t  d e n s i t y  p e r  u n i t  o f  land 

( b) Good crop e s t a b l i s l m e n t  . 
( c )  Use of balanced f e r t i l i z e r s  and o ther  

e s s e n t i a l  p l a n t  ~ L I  t r i e n t s  

( d )  Control  o f  p e s t s  and d i s e a s e s  when necessary 

(n.) Plantillg e a r l y  enough i n  .the season 

( f )  Employing t i l l a g e  methods t h a t  improve 

i n f i l t r a t i o n  o f  water  



Some c u l t u r a l  p r a c t i c e s  e f f e c t i v e  i n  s o i l  

c o n s e r v a t i o n  a r e  :- 

( U s e  o f  c r o p  r e s i d u e s  mulches 

( i i ) .  I n - s i t u  p r o d u c t i o n  o f  mulches from cove r  

c r o p s  

( i i i )  Reso2tiilg t o  n o - t i l l a g e  . sys t ems  

The t r a d i t i o n a l  sys tems of  farnl ing where more 

t h a n  one c rop  i s  grown s imul t aneous ly  w i t h  

a n o t h e r ,  g i v i n g  r i s e  t o  a  n u l t i - s t o r e y  canopy 

o f  va ry ing  p e r i o d s  of m a t u r i t y  a r e  more 

f a v o u r a b l e  i n  conse rv ing  t h e  n o i l  t h a n  

mono c u l t u r e  o r  pu re  s t a n d  c rops .  

Crop management p r a c t i c e s  e f f e c t i v e  i n  e r o s i o n  

c o n t r o l  are: ( i )  mixed and r e l a y  cropping ,  and 

( i i )  corit o u r  management. 

4. Burning  

R e s u l t s  of  i n v e s t i g a t i o n s  conducted on e f f e c ~ ~  

o f  burning  on t r o p i c a l  s o i l s  l e a d  t o  t h e  

conclusion t h a t  bu rn ing , a  comlon p r a c t l c e  of  

l and  p r e p a r a t i o n  i n  traditional farming 

th roughou t  t h e  x r o p i c a l  wor ld ,  i s  not  

b e n e f i c i a l  compared wi th  r e s i d u e  r i u l c h i q -  

Res idues  e f f e c t i v e l y  c o n t r o l  s o i l  e r o s l o n ,  and 



the  favourable  mois ture  and temperature regimes 

which e x i s t  under res idue  mulches, and t h e  

n u t r i e n t s  re leased  on t h e i r  decomposition 

b e n e f i t  crop growth. I n  a d d i t i o n ,  i t  favours  

optimui b i o l o g i c a l  a c t i v i t y  i n  s o i l s .  , Burning 

could a l s o  cause a n  imbalance of n u t r i e n t s  i n  

t h e  s o i l  and a c c e l e r a t e  the  presence s f  s o i l  

degradat ion by erosion.  

A d isadvantage of l eav ing  res idues  on s o i l s  

could however be t h a t  they sometimes encourage 

pathogens and 5 e s t s  t o  bu i ld  up l a r g e  

popula t ions  t h a t  d e s t r o y  t h e  crops t h a t  mulches 

a r e  meant t o  b e n e f i t .  
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8: SEA EROSION AND COAST CONSERVATION 

Coasta l  regions ,  which inc lude  beaches, t i d a l  

f l a t s ,  marchlands e t c .  comprise a r e a s  of much 
b i o l o g i c a l  a c t i v i t y ,  d i v e r s i t y  and 

p roduc t iv i ty .  They a r e  t h e  most c o n t i n u a l l y  

changing e w e s  o f  the  e a r t h .  

Coasta l  Erosion 

Like a l l  s e a  c o a s t s  - where s e a  and land meet - 
o u r  c o a s t a l  a r e a s  a r e  n a t u r a l l y  dynamic zones, 

of no l e s s  importance than  our highland areas 
and t h e ~ r  a s s o c i a t e d  s o i l s ,  a l though  t h e i r  

s u r f a c e  a r e a  i s  r e l a t i v e l y  small. Cut of t h e  

e n t i r e  1450 km of bur  p e r i p h e r a l  c o a s t l i n e  

c e r t a i n  segments t o t a l l i n g  approximately 795 
h, a r e  s u b j e c t  t o  ex tens ive  c o a s t a l  e ros ion  o r  

re t roga t ion .  These inc lude  161 km n o r t h  of 

Colorabo, 200 Ism s o u t h  o f  Colombo and 32 km 

between Tr inconalee  and E a t t i c a l o a .  

Generally,  c o a s t a l  regions  a r e  some of 

c o n t i n u a l l y  changing ones, where many 

f o r c e s  of mature have been a c t i n g  
immemorial. They a r e  a l s o  a c t i n g  

changes a r e  t ak ing  p lace  cons tan t ly .  

e r o s i o n  i s  p r i m a r i l y  due t o  a c t i o n  of 
t h e  land. If t h e  energy of t h e  waves 

d i s s i p a t e d  before they reach  t h e  l and ,  

the  moat 

c e a s e l e s s  

from time 
now and 

Coasta l  

waves. on 
could be 

t h e i r  



erosive ac t ion  can be reduced considerably. In  

the l a s t  century or  so, man has promoted 

changes o r  modifications i n  the coas t a l  b e l t s  

by h i s  i nd i r ec t  inf luence on a number of 

na tu ra l  processes. While i n  some countr ies  h i s  

e f f o r t s  have been d i rec ted  t o  reclamation of 

land from the sea,  i n  S r i  Lanka i t  has been 

more towards encouraging coas t a l  erosion with 

the consequent l o s s  of valuable land. This has 

been p a r t i c u l a r l y  noteworthy s ince  

independence, i n  a reas  where the majority of 

the population l i v e  c lose  t o  the sea shore, 

where t h e i r  mul t ip le  a c t i v i t i e s  have led t o  

nany conf l i e  t i n g  demands and influences.  

During B r i t i s h  times the laws tha t  safeguarded 

the coas t  were more s t r i ngen t ly  applied. 

The south-west coas t l i ne  i s  now constant ly 

r e t r ea t ing  i n  cont ras t  to  t h a t  i n  the 

north-west and south-east which a r e  general ly  

advancing. The many "rock-exposed" i s l ands  

v i s i b l e  off  the western coas t  between Negombo 

and Matara, a s  f o r  example a t  Eeruwela, 

Hikkaduwa and Matara have i n  the d i s t an t  pas t ,  

been p a r t s  of t he  mainland which have riow been 

separated due t o  the erosive ac t ion  of the 

sea. For example, within the l a s t  50 years ,  

more than 100 meters of maritime land i s  said 

t o  have been eroded a t  1Iikkad1iwa. Elarine 

erosion o r  re t roga t ion  i n  con t r a s t  t o  process 



of depos i t ion  o r  aggradat ion a r e  n a t u r a l  

processes ,  but  can be a c c e l e r a t e d  by human 

a c t i v i t i e s .  

Though no t  f requen t  i n  S r i  Lanka, cyclonic  

winds j u s t  ahead of a high t i d e  can  f o r c e  s tom~l  

waves 12 meters  h igh  i n t o  e s t u a r i e s  and 

low-lying a reas .  The "backwash" o r  re  t r e a t i n g  

waters  des t roy  c rops  and can even sweep away 

people and c a t t l e .  These phenomena lead t o  

famine and d i sease .  

(ii) The Caueeo and Conservation 

Sea e r o s i o n  by s t o r n  waves and t i d a l  c u r r e n t s  

t akes  p lace  mostly due t o  l i t t l e  p r o t e c t i o n  

afforded by m a t e r i e l  of s u f f i c i e n t  badness t o  

d i s s i p a t e  t h e  energy of t h e  waves. Hence t h e  

p lac ing  of massive rocks along the  sea  coast  i n  

the  e f f e c t e d  a r e a s ,  and.  the  bu i ld ing  of 
groyness s t r e t c h i i i g  i n t o  the  s e a ,  the  l eng th  o f  

which can be c a l c u l a t e d  on the  b a s i s  of 

a v a i l a b l e  informat ion.  

Coral reefs  and sandy beaches p r o t e c t  la rd  from 

e r o s i o n  a s  they se rve  t o  d i s s i p u t e  the  energy 

of ocean waves, e s p e c i a l l y  those  energy-laden 

waves p reva len t  dur ing monsoon per iods .  Some 

c o a s t s  have been c l a s s i f i e d  a s  high-energy 



c o a s t s ,  where t h e  wave, t i d e ,  wind and o t h e r  

f a c t o r s  a r e  i n t e n s e  and the  processes  a r e  

rap id ,  i n  c o n t r a s t  t o  low energy c o a s t s  where 

f o r c e s  a r e  smal l  and moderate ( F r i c e ,  1954). 

dan  has  been a s s o c i a t e d  wi th  most of t h e  

c o a s t a l  forms and processes .  Apart from 

n a t u r a l  e ros ion ,  o u r  c o a s t l i n e s  both i n  t h e  

South-west and East  a r e  a l s o  adverse ly  a f f e c t e d  

by c o r a l  mining and removal of l imestone from 

t h e  r e e f ,  This s i t u a t i o n  i s  f u r t h e r  aggravated 

by removal o f  sand from c e r t a i n  a r e a s  o n  t h e  

c o a s t ,  because l ime from c o r a l ,  and sea  sand 

from t h e  beaches have a  ready market i n  

bu i ld ing  cons t ruc t ion .  Man i n  a d d i t i o n ,  has 

f o r  many y e a r s  removed s h e l f  i s h  f  roni r e e f s  

f o r  his food supply.  

Sea l e v e l s  have been r i s i n g  a t  l e a s t  f o u r  o r  

f i v e  t imes dur ing  t h e  e a r t h ' s  h i s t o r y  dur ing 

i n t e r g l a c i a l  pe r iods  ( ~ u s s e i ,  1940)~ but a t  

present  t h i s  r i s e  seems r e l a t i v e l y  g r e a t e r  

(Anon.. 1952). I n  a d d i t i o n  t o  t h i s  e u s t a t i c  

r i s e  of s e a  l e v e l  t h e r e  has been depress ions  

which encourage e r o s i o n  i n  s e v e r a l  regions.  

The Engl i sh  who ruled u s  e a r l i e r ,  were s t r i c t  

about removal of beach sands and c o r a l  s tones ,  

which damage the  p r o t e c t i v e  r e e f s .  Since 

recent  t imes,  however, t h e  laws seem t o  have 



been relaxed, unk i l  i n  1972 a  Legal Authority 

was s e t  up t o  conserve the coas t a l  a r eas  from 

erosion hazards. However, no thing usefu l  o r  

p r a c t i c a l  happened u n t i l  October 1976 when 
d r a f t  l e g i s l a t i o n  was introduced i n  the 

National S t a t e  Assembly (but  the prorogation of 

Parliament s t a l l e d  and delayed the process). 

I n  1978 provision was made i n  Budgetery 

Estimates, f o r  R s .  9.63 ini l l ion,  t o  implement 

the new Coast Conservation Law and t o  prepare a  

Coastal Resource Development Plan, the purpose 

of which was t o  provide a  consultancy on 
coas t a l  engineering problems, to  plan, t o  

i nves t iga t e  and t o  construct  coas t  p ro tec t ion  

schemes. Several fore ign  coas t a l  engineering 

exper t s  have advised the Goverment 09 S r i  

Zanka. The more recent ly s e t  up Cental 

Environmental. au thor i ty  would a l so  be 
in t e re s t ed  i n  conserving our  coasts.  

Destruction of the pro tec t ive  reef  can occur 
due t o  ecological  reasons a s  well. One 

exp lma t ion  i s  tha t .  a  va r i e ty  of s t a r f i s h  which 

has mul t ip l ied  i t s e l f  t o  la rge  numbers feed on 
the organisms responsible fop  reef building. 

This ecological  imbalance could have been 

brought about because the numbers t o  some 
organisms t h a t  predate on t h i s  sharf i sh ,  



Reef b u i l d i n g  organisms such a s  s h e l l f i s h  and 

c o r a l s  could be k l l l e d  even d i r e c t l y  due t o  

p o l l u t i o n ,  a s  f o r  example by o i l  p o l l u t i o n  from 

tankers  and s h i p s ,  o r  i n d u s t r i a l  p o l l u t a n t s  

because most e f f l u e n t s  a r e  d i v e r t e d  d i r e c t l y  t o  

t h e  s e a ,  o r  u l t i m a t e l y  f i n d  t h e i r  way i n t o  the  

s e a ,  v i a  streams, r i v e r s  e tc .  Mining near  t h e  

c o a s t  o r  i n l a n d ,  and o i l  d r i l l i n g  i n  c o a s t a l  

waters ,  a l though no t  a p p l i c a b l e  t o  S r i  Lanka, 

can a l s o  c o n t r i b u t e  t o  the  p o l l u t i o n  problem. 

I n  a r e a s  where f r e s h  and sea  water  mix, t h e  

d e s t r u c t i o n  of mangroves e i t h e r  due t o  

p o l l u t i o n  o r  development can be ano ther  cause  

f o r  a c c e l e r a t e d  s e a  eros ion.  . Over populat ion 

o f  b i r d s  and o t h e r  animals  can a l s o  cause 

d e s t r u c t i o n  of these  mangroves. Some of these  

mangrove a r e a s  may be even below s e a  l e v e l  and 

t h e r e f o r e  the  s e a  can e a s i l y  e a t  i n t o  the  

mainland. 

Dune - building, and' dune - holding p l a n t s  p lay 

an  important  r o l e  over  ex tens ive  a r e a s  of 

land. Thus, s t a b i l i z a t i o n  of dunes and upper 

beaches i s  important .  Although mechanical 

methods such a s  r e t a i n i n g  w a l l s  and revetments 

a r e  employed, t h e  most e f f e c t i v e  have been the  

use  of n a t u r a l  v e g e t a t i o n  and t h e  p l a n t i n g s  of 

herbs ,  shrubs  and t r e e s ,  and improving t h e  

h t u r a l  vege ta t ion  i n  accordance wi th  t h e  

p r i n c i p l e s  of ecology ( ~ u t z , 1 9 4 2 ) .  
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9" CONCLUSION 

Conservation,  i n  very broad t e r n s  can be 
'T 

r e f e r r e d  t o  t h e  s t e p s  o r  measures necessary t o  
i 

ensure  con t inu ing  s u p p l i e s  of m a t e r i a l s  on it 

which t h e  economy of a country  depends t o  a 

g r e a t e r  o r  l e s s e r  e x t e n t .  These measures 

should inc lude  t h e  e f f i c i e n t  use of such 

m a t e r i a l s  and the  p reven t ion  o r  avoidance of 

t h e i r  premature o r  i r r e t r i e v a b l e  abondement.  

I n  a countrg: l i k e  S r i  Lanka where s o i l  e ros ion  

i s  a s e r i o u s  problem over  an apprec iab le  p a r t ,  

i t  i s  extremely important t h a t  farmers and 

o t h e r s  who l i v e  by t h e  s o i l  be made aware of  

t h i s  hazards  o f  t h i B  problem: bo$h i t s  s h o r t  

ten11 and long term e f f e c t s .  

The S o i l  Conservation Act. No. 25 of 1951 

(Gor r ie ,  1952) h a s  no t  been a s  e f f e c t i v e  as i t  
was meant t o  be. Whatever s o i l  conservation 

t h a t  was p r a c t i s e d  was due more t o  t h e  e f f o r t s  

of t h e  S t a f f  o f  t h e  S o i l  Conservation Divis ion 

of t h e  Department of Agr icu l tu re ,  and t h e i r  

c o u n t e r p a r t s  a t  t h e  crop resea rch  s t a t i o n s  viz. 
n L . H . I . ,  R.R.I. and C.R.I.. The r e c e n t l y  

e s t a b l i s h e d  Cent ra l  Environmental Authority 

would perhaps enforce  t h e  laws of  S o i l  

Conservation more e f f e c t i v e l y  i n  f u t u r e .  
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