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INTRODUCTION

S o li  e ro s io n  Is alm ost u n iv e r s a l ly  recog n ized  

as a se r io u s  th rea t to  man's w ell be in g  and an alarm ing 

m a jo r ity  o f  t r o p ic a l  farm ers s u f fe r  from the consequent 

s e l f  g en era tin g  c y c le  o f  p ov erty , e ro s io n  and low  crop  

p r o d u c t iv i t y .  The s e v e r ity  o f  t h is  problem; is  so  g rea t 

th a t  the very  e x is te n c e  o f  man i t s e l f  w i l l  be in danger, 

i f  the p re s e n t  ra te  o f  e ro s io n  con tin u es unabated. I t  

i s  observed  th at 5 - 7  m il l io n  ha o f  good q u a lity  land 

is  b e in g  l o s t  every  year from a l l  ov er  the w orld (Kovda, 

1 9 74 ). In Ind ia , o u t  o f  the t o t a l  g eogra p h ica l area o f  

3 28 m il l io n  ha, about 175 m il l io n  ha are su b je c te d  to  

v ary in g  degrees and forms o f  s o i l  e ro s io n  (Kanwar, 1982) . 

C h a ra cterised  by  i t s  u n du lating  topography, acute 

p ressu re  on a v a ila b le  land  and very  high in ten se  season a l 

r a i n f a l l ,  K era la  has s e v e re  e ro s io n  problem s in 'm ore  than 

50 p er  ce n t  o f  i t s  c u lt iv a b le  area n e c e s s ita t in g  urgent 

s o i l  con serv a tion  m easures.

C onventional s o i l  con serv a tion  e f f o r t s  in th e  

form o f  con tou r embankments, check dams, r e ta in in g  w a lls  

and te r r a c e s  are ch a ra c te r ise d  by t h e ir  in herent drawbacks 

such as h igh  c o s t  and in comp a tab 11 it y  w ith  the e x is t in g  

farm ing s i tu a t io n s ,  which in e v ita b ly  p reven t the h i l l  

s lo p e  farm ers from adopting  them to  any m easurable e x te n t. 

A g ro fo re s try  has been w id e ly  accepted  as an econ om ica lly
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and e c o l o g i c a l ly  v ia b le  lend management system su ite d  

t o  th e  f r a g i l e  and b r i t t l e  ecosystem s o f  t r o p ic a l  

d ev e lop in g  w orld, where s o i l  e ro s io n  is  a m ajor problem .

Most o f  the research  r e s u lt s  now a v a ila b le  are from 

tem perate zones and knowledge o f  the mechanisms o f  

e ro s io n  in t r o p ic a l  c lim a te , s o i l  and ecosystem  is  ra th er 

in adequ ate . M oreover, l o c a l  environm ental co n d it io n s  and 

farm ing system need 'a ls o  to  be  taken in to  a ccou n t w h ile  

t r a n s fe r in g  te ch n o log y  from one country  to  an oth er.

T h ere fore , s o i l  con serv a tion  p lanning  and im plem entation 

must n e c e s s a r i ly  be c o u n t r y -s p e c i f i c  and some tim es 

r e g io n - s p e c i f i c  o r  even e c o n o m ic -s e c t o r -s p e c i f ic ,  m 

K erala , the research  on t h is  l i n e  is  a t an in fa n t sta ge  

(N a ir , 1984) .

Good crop  management, can be up to  ten tim es more 

e f f e c t i v e  in redu cin g  the amount o f  e ro s io n  than any 

improved con serv a tion  p r a c t ic e  l ik e  te r r a c in g  o r  con tou rin g . 

This is  m ainly because o f  th e  im portance o f  crop  cover in 

redu cin g  the e f f e c t s  o f  ra in drop  impact on the s o i l .

Shaxson (1981) argues th at the e f f e c t s  o f  v e g e ta t io n  are 

so  enormous th a t more e f f o r t  should be made to  in te g ra te  

crop  cov er  w ith o th e r  s o i l  con serv a tion  w orks. U n fortu n ately , 

th e  research  on crop  cov er  i s  inadequate as a b a s is  fo r  

con s ervat ion p i ann in g .

Taungya, o r ig in a te d  from Burmese language, means



h i l l  (Taung) c u lt iv a t io n  (Ya) and commonly denotes 

the p r a c t ic e  o f  growing a g r ic u ltu r a l crops du rin g  

the i n i t i a l  tw o -th ree  years o f  f o r e s t  p la n ta t io n . 

C o n v en tion a lly , cassava taungya has been a time 

honoured p r a c t ic e  in K erala f o r  r a is in g  u s u a lly , teak 

and e u ca ly p tu s . S o i l  e ro s io n  hazard is  th e  most severe  

problem  in many o f  the taungya p la n ta t io n s . A lso, th ere  

are re p o r ts  o f  s o i l '  p h y s ico -ch em ica l changes in fo r e s t  

p la n ta t io n s  consequent to  taungya c u l t iv a t io n .  Though 

in d ir e c t  p r o je c t io n s  on s o i l  lo s s  are a v a ila b le  

(A lexander e t  a l . 1980), c o r r e c t  q u a n tific a t io n s  o f  

s o i l ,  r u n -o f f  and n u tr ie n t  lo s s e s  in variou s taungya 

system s p r a c t ic e d  in K erala based on c le a r ly  la id  f i e l d  

s tu d ie s  are p r a c t i c a l ly  absen t. This s t i l l  remains a 

lacuna in con serv a tion  p lanning and sedim ent co n tro l 

o p e r a t io n s .

Judged from the l i t e r a l  meaning o f  taungya, an 

awareness on the s e v e r ity  o f  s o i l  degradation  in h i l l  

s lo p e s  is  o f  immense im portance to  K erala c o n d it io n s . 

About 50 p er  cen t o f  c u lt iv a t io n  in K erala is  ca r r ie d  

ou t on s lo p e s , which a ccord in g  to  land c a p a b il i t y  

c l a s s i f i c a t i o n ,  can be con sid ered  u n su ita b le  fo r  

c u l t iv a t io n .  I r r e s p e c t iv e  o f  the se v e re  c r i t i c is m  o f  

grow ing cassava, a h ig h ly  e ro s io n  p erm ittin g  crop , la rg e  

and grow ing numbers o f  sm all and m arginal farmers in the
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f o o t - h i l l s  o f  K erala  are e x te n s iv e ly  p r a c t ic in g  

cassava  c u lt iv a t io n  in an environm ent h ig h ly  vu ln era

b le  to  e r o s io n . This w i l l  in e v ita b ly  resu lt;, in the 

degradation  o f  m a jo r ity  o f  farm lan ds apart from the 

p o s s ib le  th rea t o f  s i l t i n g  up o f  c o s t ly  ir r ig a t io n  

r e s e r v o ir s ,  r iv e r s  and lak es and n o n -p o in t  sou rce  o f  

environm ental p o l lu t io n .  S ince, cassava  w i l l  con tin u e 

as an in e v ita b le  crop  component o f  su b s is te n ce  a g r i

cu ltu re , the need o f  the hour is  t o  d evelop  conserva

t io n  tech n iqu es com patib le  w ith the cu rren t farming 

system s.

C on sid erin g  the h ig h ly  e r o s iv e  ed a p h o-c lim a to - 

l o g i c a l  co n d it io n s  o f  K erala , s o i l  con serva tion  

s t r a te g ie s  developed  through b e t t e r  r e c o g n it io n  o f  the 

r a in f a l l  e r o s iv e  c h a r a c t e r is t ic s  and e ro s io n  p ro ce sse s  

fo r  each lo c a t io n  are  very  much e s s e n t ia l .  Hence, th e  

p rese n t study  was taken up, w ith the fo llo w in g  

o b je c t iv e s .

1) To understand and e s ta b lis h  th e  exact 

r e la t io n s h ip  between the r a in fa l l  e r o s iv i t y  c h a r a c te r i

s t i c s  v i s - a - v i s  r u n -o f f  and s o i l  l o s s  under th e  e x is t in g  

e d a p h o -c lim a to lo g ic a l c o n d it io n s .

2) To q u a n tify  the r u n -o f f ,  s o i l  and n u tr ie n t  

lo s s e s  as in flu en ced  by the m ajor taungya systems 

p r a c t ic e d  in K era la .



3) To m onitor the m ajor p h y s ico -ch em ica l changes

o f  s o i l  under d i f f e r e n t  taungya system s.

4) To study th e ov ertop p in g  and adverse com petition

( i f  any) o f  the crop  component on the t r e e  during the 

i n i t i a l  two years o f  taungya.

5) To work ou t  the econom ics o f  each system .

6) To id e n t i fy  econ om ica lly  and e c o l o g i c a l ly  v ia b le

a g r o fo r e s tr y  measures fo r  m inim ising r u n -o f f ,  s o i l  and 

n u tr ie n t  lo s s e s  in steep  h i l l - s l o p e s .
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REVIEW OF LITERATURE

1. What is  s o i l  e ro s io n ?

E rosion  alw ays has taken p la c e , and always w i l l .  

Although t h is  i s  c l e a r ly  e v id en t throughout 7000 years 

o f  h is t o r y , an awareness o f  th e  problem  developed  very  

s lo w ly  and was alm ost unknown 80 y ea rs  a go . The v a s t ly  

a c c e le r a te d  p roce ss  o f  s o i l  removal brought about by 

human in te r fe r e n c e  w ith th e  change in  eq u ilib r iu m  between 

s o i l  b u ild in g  and s o i l  r&noval i s  d es ign a ted  as s o i l  

e r o s io n , as a ga in st s o i l  formation,, i t  i s  e s s e n t ia l ly  a 

d e s tr u c t iv e  p r o c e s s . I t  can be  b e s t  d escr ib ed  as th e  

t h e f t  o f  s o i l  by th e  natura l elem ents and is  th e  ron oval 

o f  s o i l  p a r t i c le s  e ith e r  s in g ly  o r  in  m ass. Hudson (1971) 

viewed e ro s io n  as e s s e n t ia l ly  a sm oothing o r  le v e l l in g  

p ro ce s s  w ith s o i l  and rock  p a r t i c le s  bein g  c a r r ie d , r o l le d  

o r  washed down, by th e  fo r c e  o f  g r a v it y .  The main agents 

which loosen  and break down th e  s o i l  p a r t i c le s  a re  wind 

and w ater. Man's a c t i v i t i e s  seldom slow  down o r  h a lt  the 

p ro ce s s  o f  s o i l  e ro s io n  but fre q u e n tly  speed i t  up . Vfoen 

the e ro s io n  r e s u lt s  o n ly  from the fo r c e s  o f  nature, i t  i s  

r e fe r r e d  as 'g e o lo g ic a l  erosion * o r  'normal e r o s io n ' o r  

'n a tu ra l erosion *  and 'a c c e le r a te d  e r o s io n ' when th e  

p ro ce ss  is  in flu e n ce d  by Wan (Hudson, 1984) .



7

2 . . T o le ra b le  l im it s  o f  s o i l  e ros ion s

T o le ra b le  s o i l  lo s s  is  th e  maximum r a te  o f  e ros ion  

th a t  w i l l  perm it su sta in ed  crop  p r o d u c t iv ity  econ om ica lly  

and in d e f in i t e ly .  This can b e  ach ieved  when th e  ra te  o f  

s o i l  l o s s  is  no g re a te r  than the ra te  o f  form ation  o f  

s o i l .  The r a te  o f  form ation cannot be p r e c i s e ly  measured. 

A ccording to  the b e s t  estim ate  o f  s o i l  s c i e n t i s t s ,  under 

u n d istu rbed  co n d it io n s / i t  w i l l  take about 300 to  10O0 

years  t o  form 25 mm o f  s o i l  but when the d is tu rb a n ces , 

a e ra tio n  and le a ch in g  a c t io n s  a re  speeded up by t i l l i n g  

the lan d , t h is  w i l l  be  reduced to  som ething l i k e  100 y e a rs . 

S o il  l o s s  lim its , most commonly used in s e le c t in g  a p p rop ria te  

land  uses and s o i l  and crop  management p r a c t ic e s ,r a n g e  from

2 .5  t o  12 .5  t /h a /y r  (L a i, 1984).

N a tu ra lly , th e  a cce p ta b le  s o i l  l o s s  w i l l  depend 

on the s o i l  c o n d it io n s . ' Hence d i f f e r e n t  va lu es a re  in 

use  in  d i f f e r e n t  co u n tr ie s , though many doubts a re  

expressed  about them„ A ll th e  s o i l s  in USA have been 

assign ed  va lu es ranging from 4 .5  t o  11 .2  t /h a /y r  (Hudson, 

1 9 7 1 ). B erton i e t  a l . (1975) estim ated  s o i l  lo s s  t o le ra n c e  

o f  some ce n tra l B re z il ia n  s o i l s  to  be as low as 4 .5  t /h a /y r .  

A ssessin g  the w orld s o i l  degradation , R equier (1982) 

p roposed  su pportin g  con serv a tion  p r a c t ic e s  fo r  t r o p ic a l  

s o i l s  to  reduce s o i l  l o s s  below  10 t /h a /y r .  K rishnarajah
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(1983) used a s o i l  l o s s  t o le r a n c e  o f  9 t /h a /y r  fo r  

s o i l s  In the wet zone o f  S r ila n k a . Lai (1984) in d ica te d  

th a t  fo r  s o i l s  w ith  g ra v e l and co n cre tio n a ry  h or izon  a t 

shalloii/ depth beneath th e  s o i l  su r fa ce , th e  amount o f  

a c ce p ta b le  s o i l  lo s s  ranges from a low  v a lu e  o f  0 ,0 5  

t /h a /y r  t o  a maximum o f  2 .00  t /h a /y r  fo r  South Western 

N ig e r ia . I t  seems from t h is  a n a ly s is  th a t the cu rre n t ly  

used ra tes  o f  12 .50 t /h a /y r  are fa r  to o  high fo r  f r a g i le  

t r o p ic a l  s o i l s  w ith low  in h eren t f e r t i l i t y .  More research  

in form ation ,, a re  needed t o  s u b s t itu te  the p re s e n t ly  used 

va lu es (Hudson, 1984) .

3 . S o il  e ro s io n  by w ater:

La humid t r o p ic s  where problem s from wind e ros ion  

a re  few, m ajor a t te n t io n  is  g iven  o n ly  to  w ater e r o s io n .

The fundamental cause o f  s o i l  e ro s ion  by w ater is  the 

a c t io n  o f  ra in  on s o i l  (Hudson, 1977) . The amount o f  

e ro s io n , th e r e fo r e , depends upon a com bination o f  the 

power o f  th e  ra in  to  cause e ro s io n  and th e  a b i l i t y  o f  the 

s o i l  to  w ithstand the r a in . M a th em a tica lly ,e ros ion  is  a 

fu n ctio n  o f  th e  e r o s iv i t y  ( o f  the ra in ) and th e e r o d i b i l i t y  

( o f  the s o i l )  o r
«

E rosion  = f  (E r o s iv ity )  ( E r o d ib i l i t y ) .
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4 .  E r o s iv ity  o f  ra in*

E r o s iv ity  can be d e fin e d  as the p o te n t ia l  a b i l i t y  

o f  th e  ra in  to  cause e ro s io n  which is  s p e c i f i c a l l y  and 

s o l e l y  a p ro p e rty  o f  the r a in f a l l  (Hudson, 1977) . The 

a g g r e s s iv it y  o r  e r o s iv i t y  o f  r a in fa l l  is  a fu n ction  o f  

i t s  p h y s ica l c h a r a c t e r i s t i c s .  The amount o f  r a in fa l l  

and s o i l  e ros ion  o b v io u s ly  show p o s i t iv e  r e la t io n .  I t  is  

a ls o  an e s ta b lish e d  fa c t  th a t the same t o ta l  q u a n tity  o f  

ra in  because o f  in h eren t v a r ia t io n  in e r o s iv i t y ,  can on 

d i f f e r e n t  o c c a s io n s , r e s u lt  in  w id e ly  d i f f e r e n t  amounts 

o f  e r o s io n ,

4 .1  Amount and in te n s ity  o f  r a in f a l l :

T ro p ica l ra in s a re  more e r o s iv e  than tem perate ones, 

beca u se  o f  th e  high in t e n s i t y ,  a m a jo r ity  o f  the t r o p ic a l  

ra in  storm s f a l l  in the ca teg ory  o f  'e r o s io n ' storms w h ile  

o n ly  5 - 1 0  per cen t o f  the tem perate storm s a re  e r o s iv e .

The mean r a in f a l l  in te n s ity  in t r o p ic a l  reg ion s may 

b e  two t o  fou r  tim es g re a te r  than in th e  northern  la t i t u d e s .  

Roose (1971) observed  in A bid jan , Iv ory  C oast, th a t  i t  is  

common fo r  150 -  200 mm o f  ra in  to  be  re ce iv e d  in 24 hours

w ith  a su sta in ed  in te n s ity  o f  40 mm/hr. Lai (1976 c)

rep orted  peak r a in f a l l  in t e n s i t ie s  o f  up to  200 mm/hr in



south w estern N ig e r ia . Ramaiah and Sreen ivas (1975) 

rep orted  in t e n s i t ie s  o f  85-100 mm/hr su sta in ed  fo r  30 

m inutes in  south In d ia . Both amount and in te n s ity  

in f lu e n c e  th e  k in e t i c  energy and e r o s iv i t y  o f  r a in f a l l  

(W ischm eier and Smith, 195B; Hudson, 1971; Hudson,

1984 and Verma, 1984) .

4*2 Terminal v e lo c i t y ;

The k in e t ic  energy o f  a ra instorm  is  r e la te d  to  

th e  v e lo c i t y  o f  th e  ra in drops a t  the tim e o f  impact with 

the s o i l .  ' The d is ta n ce  through which a ra in drop  must f a l l  

b e fo r e  a tta in in g  i t s  term inal v e lo c i t y  is  a fu n ction  o f  

drop s i z e  d is t r ib u t io n  (W ischmeier and Smith, 1960). When 

the ra in  i s  accompanied by wind th ere  is  an added sideway 

component o f  v e lo c i t y  and re s u lta n t  term inal v e lo c i t y  may 

b e  g r e a te r  than the s t i l l  a i r  v e lo c i t y  (Kowal and Kassam, 

1977 and Hudson, 1984).

4 .3  Momentum and k in e t i c  energy:

Experimental ev iden ces a re  numerous t o  p rov e  th at 

e r o s iv e  power o f  r a in fa l l  is  r e la te d  to  compound param eters 

d er iv e d  from com binations o f  more than one p h y s ica l p rop erty  

(F ree, 1960). Yadav (1961) c a lc u la te d  th e  t o t a l  energy o f  

.ra in  drops , is; be in g  equal to  rou gh ly  100 hp on an a cre  

d u rin g  a r a in f a l l  o f  0 .1  in ch /h r  and 250 hp a t a r a in fa l l



1 1 "

r a te  o f  2 in c h e s /h r . Rose (I960 ) argues th a t momentum 

Is  more r e la te d  w ith e r o s iv i t y  o f  r a in fa l l  than the 

k in e t i c  en ergy . However i t  has been shown th at fo r  

n atura l r a in f a l l ,  the r e la t io n s h ip  between in te n s ity  

and e ith e r  momentum o r  k in e t i c  energy a re  o f  s im ila r  

form (L a i, 19S4 and Hudson, 1984).

4 .4  E r o s iv ity  in d ices*

Experiments by v a r iou s  resea rch ers  have in d ica ted  

th a t  n e ith e r  th e  r a in fa l l  amount nor the in te n s ity  ■ is; 

v e ry  h ig h ly  c o r r e la te d , w ith  s o i l  l o s s  and r u n -o f f .

V ariou s attem pts have been made to  determ ine a com bination 

o f  d i f f e r e n t  r a in fa l l  param eters which would be  a b e t t e r  

in d ex  o f  e r o s iv i t y  than e ith e r  th e  amount o r  in te n s ity .  

V arious in d ic e s  have so  fa r  been developed  and are m ainly 

s itu a t io n  s p e c i f i c .  The most w id e ly  used index is  th e  R 

fa c t o r  (E I3q) o f  the USLE (w ischm eier and Smith, 1958).

I t  i s  the p rodu ct o f  one hundreth o f  the k in e t i c  energy 

o f  th e  storm In m t/ha cm and maximum 30 m inutes r a in fa l l  

in te n s ity  in  a n /h r . S im ila r ly  EI^- and a re  a ls o  in

u s e . Hudson (1971) developed  KE>1 index fo r  Zimbabwe.

I t  i s  th e  accu m u lative k in e t i c  energy o f  storm w ith  

in t e n s i t y  g re a te r  than 2 .5  cm /h r. He p o in te d  o u t  th at 

storm s w ith In te n s ity  o f  l e s s  than 2 .5  cm /hr were n ot 

e r o s iv e .  Lai (1976 a, b ) rep orted  a b e t t e r  c o r r e la t io n



w ith  th e p rod u ct o f  t o t a l  r a in fa l l  amount ( a) and peak 

storm  in te n s ity  (1^) than e ith e r  EI^q o r  KE>1 fo r  

N ig e r ia . However, though the most w id e ly  used r a in fa l l  

e r o s iv i t y  v a lu e , EI3Q, be a p p ro p r ia te  f o r  many tem perate 

re g io n s / i t  may n o t be s u ita b le  fo r  t r o p ic a l  re g io n s , 

which have la r g e  number o f  thunderstorm s a n d /o r  cy c lon es  

(Hudson, 1984 and Turner e t  a l .  1994 ).

4 .5  E r o s iv ity  and sp lash  eros ion s

When ra in d rop s h i t  th e  s o i l  they have a d is p e r s iv e  

a c t io n .  The detachment o f  s o i l  p a r t i c l e s  by  th e  ra in drops 

sp lash  was e f f e c t i v e l y  dem onstrated by Hudson (1 9 5 7 ). When 

sp lash  e ro s io n  was e lim in a ted , he cou ld  reduce s o i l  e ro s ion  

t o  on e hundredth o f  the s o i l  l o s s  from th e  u n protected  

p l o t .  M utchler and Young (1975) rep orted  th a t ra indrop  

sp la sh  was the prim ary agent in s o i l  detachment and 

tra n sp o r t  from i n t e r r i l l  areas (Monke e t  a l . 1977? S in ger 

e t  a l . 1981? and Luk, 1983 ). S evera l experim ental 

ev id en ces  su ggest th a t  s o i l  sp lash  and in te n s ity  and 

hence e r o s iv i t y  a re  s t r o n g ly  c o r r e la te d  (Meyer, 19B1 and 

Quanasa, 1981) .

4 .6  E r o s iv ity  and r u n -o f f i

The detached p a r t i c l e s  lea d  to  s e a lin g  o f  th e  s o i l  

su r fa ce , p lu gg in g  th e  s o i l  p ores , low erin g  in f i l t r a t i o n
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and in crea s in g  s u r fa ce  r u n - o f f .  with each s u c c e s s iv e  

r a in f a l l  on b a re  s o i l ,  the i n f i l t r a t i o n  r a te  i s  reduced 

due t o  th e  in cre a s in g  b lo ck a g e  o f  th e  m acropores by  the 

t ra n s lo ca te d  p a r t i c l e s .  Then the r u n -o f f  p o in t  occu rs  

a t  a low er tim e a n d /o r  in te n s ity  in te r v a l lea d in g  to  

e ro s io n  (Yadaiv, 1961; and Uriyo# 1979) . B etter  c o r r e la 

t io n s  were observed  between r u n -o f f  and v a r iou s  e ro s io n  

in d ic e s  by many w orkers. Lai (1976 c) rep orted  h ig h e st  

c o r r e la t io n  ( r  = 0 .9 1 ) f o r  AI^ w ith  r u n -o f f  in N ig e r ia . 

C o r re la t io n  c o e f f i c i e n t s  w ith  o th e r  in d ice s  were 0 .8 1  and 

0 .8 5 , r e s p e c t iv e ly , f o r  KE>1 and EI3q . Viswambharan (1980) 

g o t  good c o r r e la t io n  fo r  r u n -o f f  w ith  Alm ( r  = 0 ,9 6 0 ) and 

t o t a l  ra in  ( r  = 0 .8 5 9 ) f o r  K era la . T e je  and Agu (1982) 

in I f e  area o f  south w estern N ig e r ia  g o t  c o n s is te n t ly  

h ig h er  r u n -o f f  from ba re  p l o t  which was h ig h ly  c o r re la te d  

w ith r a in f a l l  peak in te n s ity , r a in f a l l  amount# E l30# El^g# 

KE>1 and in d ic e s  in th at o r d e r .

4*7 E r o s iv ity  and s o i l  e ros ion s

C onfirm ation  on th e  r e la t io n  o f  r a in f a l l  e r o s iv i t y  

and e ro s io n  came from the work o f  W ischmeier (1955) in the 

U nited S ta te s . The r e s u lt  summarised by W ischmeier and 

Smith (1958) showed th a t th e  fa c t o r  most c l o s e ly  r e la te d  

to  e ro s io n  was the k in e t i c  energy o f  the r a in . However,



th e r e  was s t i l l  co n s id e ra b le  unexplained v a r ia t io n  and

on try in g  m u lt ip le  re g re ss io n / th e  b e s t  estim ates o f

s o i l  l o s s  was found to  b e  E l ,n . W ischm eier*s E l„_30 30

in dex  had su bsequ en tly  been e x te n s iv e ly  used in  p r e d ic t in g  

s o i l  lo s s  (W ischm eier and Smith, 1978; T e je  and Agu# 1982; 

U lask er and Onstad, 1984 and Verma, 1 9 6 4 ). Adequate 

re sea rch  ev iden ces a re  a ls o  th ere  t o  su pp ort th e  

inadequacy o f  E13Q index in ex p la in in g  s o i l  l o s s .  Barnet 

(1958) found th a t maximum 60 m inutes In te n s ity  was d e a r l y  

c o r r e la te d  w ith s o i l  l o s s .  Das e t  a l .  (1967) recommended 

th e  u se  o f  E11S f o r  N i l g i r i s .  In Dehra Dun, though d a i ly  

and m onthly E l30 va lu es were b e t t e r  c o r r e la te d  w ith  s o i l  

l o s s ,  annual va lu es f a i le d  t o  show s ig n i f i c a n t  c o r r e la t io n  

(Rambabu e t  a l . 1 9 69 ). Vlswambharan (1980) a ls o  rep orted  

E lg ( r  «  0 .9 5 ) and El^g ( r  = 0 .9 7 7 ) as b e s t  in d ice s  in 

ex p la in in g  s o i l  l o s s ,  fo r  K erala  c o n d it io n .

In se v e ra l s tu d ie s  o f  the t r o p ic s ,  e r o s iv i ly  Index 

has been found to  be  le s s  e f f e c t i v e  as a measure o f  

e r o s iv i t y  than m ight b e  expected  from wischm eier.1 s study 

in  America (Hudson 1971 and 1984 and Turner e t  a l • 1984). 

This has lea d  t o  th e  search  f o r  a lt e r n a t iv e  m ethods. One 

such index is  KE>1 developed  by  Hudson (1971) in R hodesia . 

E x ce lle n t  c o r r e la t io n  f o r  t h is  index in  la b o r a to r y  sp lash  

cup s tu d ie s  ( r  = 0 .9 6 0 ) a re  rep orted  (Hudson, 1984) . In
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N ig e r ia , Lai (1976 b) found Alm as th e  b e s t  t o  ex p la in  

s o i l  l o s s  from sm all p l o t s .  He g o t  a r v a lu e  o f  0 .8 0  

fo r  A1 , 0 ,6 5  fo r  E13Q and 0 .6 4  fo r  KE>1. S im ila r

r e s u lt s  were a ls o  rep orted  by Tej.e and Agu (1982) and

U lasker and onstad (1 9 8 4 ).

5 . S o il  e r o d i b i l i t y i

The e r o d ib i l i t y  o f  a s o i l  (K) is  i t s  v u ln e r a b il i t y  

o r  s u s c e p ta b i l i t y  to  e r o s io n ; th a t  i s  th e  r e c ip r o c a l  o f

i t s  r e s is ta n c e  to  e r o s io n . I t  i s  a fu n ction  o f  both

p h y s ica l c h a r a c t e r is t ic s  o f  th e  s o i l  and management o f  

th e  s o i l ’ (Hudson, 19 94) . S o i l s  vary  g r a te ly  in t h e ir  

o r ig in  and' manner o f  form ation  as w ell as in  t h e ir  manage

ment. Hence a l l  in d ir e c t  and em pirica l methods o f  estim at

in g  e r o d i b i l i t y  shou ld  be regarded o n ly  as second substitutes 

f o r  d i r e c t  measurement from undisturbed  s o i l  (Ham ilton, 1977;
t

Egashira e t  a l .  1983 and V anelslandae e t  a l . 1983 ).

5 .1  Topography;

Both steep n ess and len gth  o f  s lo p e  c o n tr ib u te  to  

e ro s io n  and r u n -o f f .  Experim ental ev iden ces a re  exh au stive  

t o  support t h i s .  In creased  s o i l  lo s s  and r u n -o f f  w ith 

in c r e a s e  in  steepn ess o f  s lo p e  were rep orted  by many workers 

in many co u n tr ie s  (Bhola e t  a l .  1975? Balasubramanlan and 

Sivanappan, 1981; Subhashchandra and Rao, 1984 a ) .
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Length o f  s lo p e  has a s im ila r  e f f e c t  on s o l i  

l o s s  as degree  o f  s lo p e .  On a lon g  s lo p e  th ere  w i l l  

b e  a b ig g e r  b u ild  up o f  th e  amount o f  s u r fa c e  r u n -o f f  

and i t s  v e lo c i t y  and dep th . So fo r  the lo n g e r  s lo p e  

th e re  w i l l  be a g re a te r  t o ta l  s o i l  l o s s  ju s t  because 

i t  Is lo n g e r . Though i t  is  w id e ly  a ccep ted , th ere  a re  

re p o r ts  o f  d ecrea s in g  s o i l  lo s s  w ith in cre a se  in len gth  

on g e n t le  s lo p e  beyond a l im i t  (Subhashchandra and Rao,

1984 b ) .

5 .2  Crop Management:

Crop cov er  is  w id e ly  re cog n ized  as b e in g  o f  m ajor

im portance in redu cin g  th e  e f f e c t s  o f  ra indrop  impact on
£

th e  s o i l .  By m inim izing spash e ro s io n , ra tes  o f  s o i l
A '

detachment are reduced, s o i l  aggregates do n o t break down 

so  r e a d ily , aggrega te  s tru c tu re  is  re ta in ed , th ere  is  

l e s s  s u r fa ce  cru s t in g  o r  s e a lin g , i n f i l t r a t i o n  ra tes  remain 

h igh  and s u r fa ce  r u n -o f f  is  reduced (Morgan, 1985 a ) .

5*2 .1  Crop cover -  i t s  p r o t e c t iv e  r o le i

E ll is o n  (1944) was the f i r s t  to  re co g n iz e  th e  

p r o t e c t iv e  r o le  o f  crop  cov er  in robb in g  the f a l l in g  

ra in d rop s  o f  i t s  k in e t ic  energy . With in cre a se  in crop 

cover/grou n d  cov er  in crea sed  r a in f a l l  in te r c e p t io n  and 

d is s ip a t io n  o f  energy a re  rep orted  by many workers
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(Meyer e t  a l . 1975 and Singh, 1984 ). When r a in fa l l  is  

in te r ce p te d , drops th a t d i r e c t l y  p e n e tra te  th e  crop 

canopy accounts much o f  th e  th rou g h fa ll k in e t i c  energy 

and drops th at a re  sp lash ed  from le a v e s  a re  q u ite  small 

and con ta in  l i t t l e  k in e t i c  energy (Quinn and L a flen , 19B3 

and Turner e t  a l . 1 984 ).

M u lt i-s to r e y  canopy s tru c tu re  o f f e r s  an e f f e c t i v e  

mechanism fo r  cu sh ion ing  ra indrop  im pact, As rain  water 

d r ip s  o f f  the le a v e s , i t  i s  in te r ce p te d  by th e  low er canopy 

la y e r  so  th a t  when ra in  drop reach s o i l  su r fa ce , i t  ie  no 

lo n g e r  e r o s iv e  (C e le s t in d , 1984) . Increased  crop  canopy 

i s  hence in v a r ia b ly  a ss o c ia te d  w ith  le s s e r  r u n -o f f  (Lang 

1979* C ostin , 1980 and Lang and M a lle tt , 19B4) and s o i l  

l o s s  (Megahan, 1978; S in ger e t  a l . 1980; Singh, 1984 

and K rishn ara jah , 1985)■ Among v a r iou s  crops, a v e g e ta t iv e  

cov er  as com plete as the a r t i f i c i a l  cov er  o f  w ire  gauze i s  

o n ly  ob ta in ed  from g ra ss  and fo ra g e  crops (Hudson, 1984) .

U n fortu n ate ly , research  on crop  co v e r  e f f e c t s  is  

inadequate as a b a s is  fo r  con serv a tion  p lan n in g . Wischmeier 

(197 5) argues th a t  s o i l  e ro s ion  d ecrea ses  w ith  in crea s in g  

crop  canopy cov er  in a l in e a r  r e la t io n s h ip  whereas Shaxson

(1981) c le a r ly  s ta te s  th a t the r e la t io n s h ip  is  e x p o n e n tia l. 

Experim ental ev id en ces  e x is t  f o r  both  r e la t io n s h ip s .  P oster
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(1982) favou rs an exponen tia l form fo r  mulches and crops 

in  c lo s e  p rox im ity  t o  th e  ground su r fa ce  but a l in e a r  

r e la t io n s h ip  f o r  t a l l e r  c ro p s . Hussein and L a flen  (1982) 

ob ta in ed  a l in e a r  r e la t io n s h ip  fo r  i n t e r r i l l  e ro s io n  and 

an exp on en tia l r e la t io n s h ip  fo r  r i l l  e ro s io n , in t h e ir  

work w ith  crop  r e s id u e s . Further th e re  are  a ls o  rep orts  

on in stan ces where s o i l  detachment u n expected ly  in crea se  

w ith  crop cover (N oble and Morgan, 1983. and Finney, 1984) . 

More fundamental work on crop  cov er  e f f e c t s  is  c le a r ly  

warranted, so  th a t crop s can be c o r r e c t ly  c l a s s i f i e d  

a ccord in g  t o  th e ir  p r o te c t io n  e f f e c t iv e n e s s .

5 .2 .2  Crops and s o i l  s tru c tu ra l improvementi

Apart from th e  energy d is s ip a t in g  fu n ction , crop s 

im prove the s o i l  p h y s ica l s tru c tu re  so th a t th ere  is  

in crea sed  p o r o s ity , i n f l l t r a b i l l t y  and aggregate  s t a b i l i t y  

and consequent red u ction  in r u n -o f f  and s o i l  l o s s .  U riyo

(1979) observed  th a t under permanent v e g e ta t iv e  cover , 

i n f i l t r a t i o n  ra te  was norm ally  g re a te r  o r  equal t o  the 

h y d ra u lic  c o n d u c t iv ity  o f  th e  s o i l .  In th e  work rep orted  

from Namalongae, Uganda, ten tim es more r u n -o f f  o ccu rred  

from bare p lo t s  than from grass covered  p lo t s ,  and a g rass 

mulch cov er  was tw ice  as e f f e c t i v e  than a s to n e  mulch, 

interm s o f  r u n -o f f  c o n tro l (U riyo , 1979) .. Increased  

m oistu re  s to ra g e  ca p a c ity  o f  the s o i l  p rov id ed  by th e  

tra n s p ir a to r y  w ithdrawal o f  grow ing crops r e s u lt s  in high
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in f i l t r a t i o n ,  r a te  { Venktareman, 1978 ), Z e in  e t  a l .

(1980) rep orted  h igh h y d r o l ic  c o n d u c t iv ity  v a lu es  in 

th e  v i c i n i t y  o f  th e  ro o ts  o f  sh a llow  rooted  c ro p s .

Low bu lk  d e n s ity , high p o r o s it y  and in creased  s o i l  

"aggregation  were a ls o  rep orted  by o th e r  w orkers in  

g ra ss  covered  p lo t s  (W illiam s, 1963 and C olbrone end 

S ta in e s , 1985) * F ollow ing  tu b er  developm ent, d ecrea se  

in s o i l  bu lk  d e n s ity  and low er r u n -o f f  fo r  cassava than 

fo r  m aize was seen in N ig eria  (IITA, 1980), L a te ly  

(1985) argues th a t  th e  e f f e c t  o f  crop s on im portant 

s o i l  p h y s ica l p ro p e r t ie s  is  in d ir e c t  ra th er than d i r e c t .  

No c o r r e la t io n  between p lan t growth and s o i l  p h y s ica l 

p r o p e r t ie s  such as tex tu re , s t ru c tu re  and bulk  d e n s ity  

w i l l  o c cu r  excep t f o r  s p e c ia l  management p r a c t ic e s .

5 .2 .3  Crop Management fa c t o r  ( c ) :

This i s  th e  measure o f  p r o t e c t iv e  a b i l i t y  o f  a 

cro p  a ga in st s o i l  e r o s io n . I t  i s  r e a l ly  th e  most 

com p lica ted  fa c to r  th a t  th e re  is  an alm ost in f in i t e  

number o f  d i f f e r e n t  ways o f  managing th e  crop  grow th. 

The w orst p r a c t ic e  has a C v a lu e  o f  1, but good 

management tech n iqu es have C v a lu es  down t o  0 ,0 5  

(Hudson, 1984) . This means a red u ction  o f  e ro s io n  to  

one tw en tie th  o f  the w orst, by fo llo w in g  good management 

p r a c t i c e s .
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There i s  a wealth o f  in form a tion  on th e  C va lu es 

o f  v a r iou s  c r o p s . Battawar and Rao (1969) ob served  th a t 

C v a lu es  were high in  th e  i n i t i a l  s ta g es  due to  p oor  

c o v e r . As v e g e ta t iv e  cover in crea sed , C va lu es  decreased  

and s o i l  l o s s  was redu ced . Nema e t  a l .  (1978) rep orted  

C v a lu es  o f  0 .4 7 . 0 .3 7  and 0 .3 2t r e s p e c t iv e ly , f o r  mung. 

groundnut and cowpea. Rao (1984) ob serv ed  a C v a lu e  o f

0 .3 5  f o r  paddy and Narain e t  a l . (1982) 0 .0 1  fo r  g r a s s .

6 .  U n iversa l s o i l  l o s s  equation  (USLE) i

A ccord ing t o  Morgan (1985 a) the most w id e ly  used 

t o o l  in con serv a tion  planning ia  th e  USLE (W ischm eier 

and Smith, 1978 ). In a g iven  s itu a t io n  t o t a l  s o i l  l o s s  

i s  p re d ic te d  as p er  th e  equation-.

A E3 RKLSCP

A = S o il  l o s s  in -tonnes „

R Q R a in fa l l  e r o s iv i t y  index

K £3 S o il  e r o d i b i l l t y  fa c t o r

L SI S lope len gth  fa c to r

S 3 S lop e  steepn ess fa c to r

C 5 Crop management fa c t o r

P 3 C onservation  p r a c t i c e  fa c t o r

But many authors are o f  the o p in ion  th a t i t  i s  

fa r  from b e in g  'u n iv e r s a l ',  m  fa c t  i t  i s  very  l im ite d
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b oth  In i t s  g eog ra p h ica l a p p l i c a b i l i t y  and i t s  pu rp ose .

In many s i t u a t i o n s , i t  renders ov er  estim a tion  o r  p oor  

e stim a tion  (R ose, 1984 and Karmer, 1984 ). Hart (1984) 

ob serv ed  g re a t^ ly  ov er  estim ated  va lu es on dry s o i l s  

b u t  were w ith in  13-51 p er cen t o f  measured lo s s e s  on 

p re -w etted  p lo t s  w ith a 10 p er cen t s lo p e .  USLE 

estim ated  va lu es were much p oo rer  on s te e p e r  s lo p e s  

beyond 10 per ce n t .

7 .  M echanical com position  o f  eroded s o i l s

Eroded s o i l s  are  r ic h e r  than th e s o i l  m atrix  in  

r e s p e c t  o f  o o l lo id e d  p a r t i c le s  (A lb e rts  e t  a l . 1977 and 

Loch and D onnollan, 1963). This i s  a ttr ib u te d  to  th e  

b a s ic  d i f fe r e n c e s  in  th e  mechanism o f  detachment and 

tra n sp o rt  o f  r i l l  and i n t e r r i l l  aggregates (ALberts 

e t  a l . 1977 ). The r i l l  f lo w  tra n sp o rts  g re a te r  

p ro p o rt io n  o f  la r g e r  p a r t i c le s  as compared to  i n t e r r i l l  

f lo w .

8 . H u trien t l o s s i

The ex ten t o f  lo s s  o f  n u tr ie n ts  through s u r fa ce  

r u n -o f f  and s o i l  e ro s io n  by w ater may b e  q u it e  form idab le  

in  s u b tro p ica l and t r o p ic a l  s o i l s .  Kanwar (1972 a) 

rep orted  th a t  even at the low est  approxim ation , Ind ia  ia  

annually  lo s in g  about 2*5, 3 .8  and 2*6 m il l io n  tonnes o f
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N, P2° 5  00(3 KgO t re sp e ctiv e ly *  which i s  much g re a te r  

than the consumption o f  th ese  n u tr ie n ts  in  In d ia  through 

f e r t i l l z e r s .

S o i l  e ro s io n  and r u n -o f f  o f  NĜ  (o r  t o t a l  N) may 

b e  th e  most s ig n i f i c a n t  cause o f  p o l lu t io n  o f  su r fa ce  

w ater from the a g r ic u ltu r a l lan ds r e s u lt in g  in  N en rich 

ment and e u tro p b ica t io n  (Singh end Biswas, 1982) * Though 

th e re  are re p o rts  o f  0 .0 1  to  2 .20  ppm o f  N in  r u n -o f f ,  

w e ll below  th e  a ccep ted  p u b l ic  h ea lth  standards (Barnet
t

e t  a l . 1972), h igh er con ten ts  are ob served  e s p e c ia l ly  

from w ell f e r t i l i z e d  p lo t s  (Me C o l l ,  1983 and A lberts  

and Spomer, 1 98 5 ). However, i t  has been emphasized th a t  

w e ll managed and f e r t i l i z e d  lan ds under e f f i c i e n t  crop 

r o ta t io n  would have le s s e r  o r  no N lo s s e s  as compared 

w ith fa llo w , p o o r ly  managed and f e r t i l i z e d  lan ds (Kanwar, 

1972 b ; B aris an e t  a l .  1978; Me Dowell and Me G regor,

19 80 and Jayarsm e t  a l .  1984 ).

Phosphate lo s s e s  may take p la c e  b a s i c a l ly  through 

s o i l  e ro s io n  by w a ter . R u n -o ff l o s s  o f  P i s  u s u a lly  sm all 

(B arisan  e t  a l .  1978 and Singh and Biswas, 1982 ). But 

Me c o l l  (1983) found d ra m a tica lly  h igh er con ce n tra tion  o f  

P in  su r fa ce  r u n -o f f  o f  a f e r t i l i z e d  p a stu re  land in  

Newzeland. Prom th e  a v a ila b le  s tu d ie s  i t  i s  g e n e ra lly  

con ten ted  th a t, under t r o p ic a l  and s u b -t r o p ic a l  c o n d it io n s ,
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P lo s s  due to  e ros io n  by water may n o t  be much (Singh 

and Biswas, 1982) .

E rosion  is  the most se r io u s  cause o£  K lo s s  and 

i t  may be su b sta n tia l (Kanwar 1972 b ) . S in ce  K con ten ts  

a re  h igh er in  s o i l ,  the eroded m a teria ls  has more K then 

N and P bu t the r e c y lin g  p ro ce ss  i s  so  stron g  th a t K 

seldom  en rich es  th e  w ater. E f fe c t iv e  crop  r o ta t io n  and 

graBs cover reduces K lo s s  through eroded s o i l  to  

n e g l i g ib le  le v e l  (Jayaram e t  a l . 1 984 ). The fa te  o f  

a p p lied  potash in  s o i l  i s  determ ined by  the CEC o f  a 

s o i l  and th e  r e a c t io n  r a te  with which water s o lu b le  

p o t a s s ic  f e r t i l i s e r s  c o n tr ib u te  K ion s and t h e ir  a d s o r p t - . 

ion  on th e  exchange com plex. This would mean th a t in  

s o i l s  o f  low CEC th e re  would b e  g re a te r  chances o f  K l o s s  

(S ingh and Biswas, 19B2) .

However, n ot much is  known about the lo s s  o f  s o i l  

n u tr ie n ts  under t r o p ic a l  farm ing system s. In v iew  o f  the 

im p lica t io n s  fo r  p o l lu t io n  and lo s s  o f  s o i l  p r o d u c t iv ity , 

resea rch  is  u rg e n tly  req u ired  to  c o l l e c t  b a s ic  in form ation  

from farm s itu a t io n s  (Morgan, 1985 b) .

9 .  Crop management measures fo r  s o i l  con serva tion s

The o r d e r ly  arrangement o f  a l l  th e  fa c to r s  a f fe c t in g  

e ro s io n  in to  th e  u n iv ersa l s o i l  l o s s  equation  p rov id es  an
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o p p o r tu n ity  to  compare the r e la t iv e  im portance o f  each 

fa c t o r  in the c o n tro l o f  e ros ion *  The humanly c o n t r o l la b le  

v a r ia b le s  are s lo p e  len gth  (L ), con serv a tion  p r a c t ic e  (P) 

and crop  management ( c ) . By r e s to r in g  the improved methods, 

b oth  L and P va lu es can be reduced t o  h a l f  r e s u lt in g  in a 

h a lv in g  o f  s o i l  lo s s  (Hudson, 1904) * But the e f f e c t  o f  

crop  managorient is  very  d i f fe r e n t *  The w orst p r a c t ic e  has 

a C v a lu e  o f  1 .00  and good management tech n iqu es have c  

va lu es down to  0 .0 5 . This means a red u ction  o f  e ros ion  

to  one tw en tie th  o f  th e  w orst case , and good crop  manage

ment can be upto ten tim es more e f f e c t i v e  in  reducing 

e ro s io n  than any o th e r  m easures. Further, th e  con ven tion a l 

s o i l  con serv a tion  e f f o r t s  in the form o f  p e u rto r ica n  

te r r a c e s  are c o s t ly  and take time t o  com plete (Menon,

1984)• I f  s o i l  con serv a tion  programmes are to  be su cce ss 

fu l ,  they must be taken up by  farm ers and they must work. 

T h ere fore , th ey  must be com patib le  w ith  the cu rren t 

farm ing system and re le v a n t  t o  th e  e ro s io n  system (Hudson, 

1984; Morgan, 1985 a and Abujamin e t  a l . 1985 ). Here 

comes the im portance o f  agronom ic and crop  management 

measures fo r  s o i l  co n se rv a tio n .

Agronomic measures o f  s o i l  con serv a tion  r e la t e  to  

th e  r o le  o f  crop  cov er  and s o i l  management in c lu d es  the 

u se  o f  f e r t i l i z e r s  and t i l l a g e  p r a c t i c e s .  Because o f  the 

g re a te r  e r o s iv i t y  o f  t r o p ic a l  humid c lim ate , the m aintenance
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o f  a cov er  ov er  th e  s o i l  assumes g re a te r  im portance 

(Hudson, 1957 ). Shaxson (19B1) argues th a t  th e  e f f e c t s  

o f  crop  cov er are so enormous th a t  more e f f o r t  should 

b e  made to  in te g ra te  crop  cov er  w ith o th e r  s o i l  

con serv  at Ion w orks.

Experim ental ev iden ces are  exh au stive  t o  support 

th a t  s o i l  detachment ha2ard i s  in v e r s e ly  p ro p o rt io n a l t o  

th e  r e s is ta n c e  fa c t o r  o f  s u r fa ce  cov ers  and mulches in 

redu cin g  r u n -o f f  and s o i l  l o s s  (Robinson, 1979; O rs i,

1984 end Ghidey e t  a l*  1985). Hut d e fe c t iv e  c u lt iv a t io n  

p r a c t ic e s  l i k e  mound p la n tin g  o f  cassava w ithou t any 

ground cov er o r  row p la n tin g  o f  m aize/sorghum  down th e  

s lo p e  can aggravate th e  p ro ce ss  o f  s o i l  e r o s io n .

S im ila r ly , c l o s e ly  growing crop s  l i k e  g ra ss , r i c e  and 

co v e r  crop  w i l l  u su a lly  s u f fe r  le s s  s o i l  e r o s io n . On 

an a lysin g  th e  e f f e c t  o f  crop  management, (Hudson, 1984) 

s t r o n g ly  c r i t i c i s e s  th e  t o p ic a l  c l a s s i f i c a t i o n  o f  some 

cro p s  as 's o i l - d e p le t in g ' and some as 's o  11-b in d in g ' 

and emphasise th a t i t  is  n o t the crop  which is  o r  i s  n ot 

s o i l  d e p le t in g  bu t the crop  management, v a r io u s  manage

ment p r a c t ic e s  such as in te rcrop p in g  (B hola e t  a l . 1975; 

B hatia , 1980 and Hudson, 1904), crop  r o ta t io n  (Moldenhauer 

e t  a l . 1967; S ara iva  e t  a l . 1982 and Hudson 1984), s t r ip  

crop p in g  (R obinson, 1979; Abu jam in  e t  a l . 1985), mulch

ing (Robinson 1979 and Ghidey e t  a l . 1985) and con serva tion
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t i l l a g e  (M utchler e t  a l .  1985) have been recommended 

f o r  redu cin g  s o i l  l o s s .

The com parison o f  s o i l  con serv a tion  ex p erien ces

in d i f f e r e n t  cou n tr ie s  h ig h lig h te d  the d i f f i c u l t y  o f

t r a n s fe r r in g  te ch n o lo g ie s  from one country  to  an oth er.

L ocal environm ental co n d it io n s  and fanning system s, need
ihekt

t o  b e  taken in to  account, so  tech n o log y  can b e  made moreA
a p p rop ria te  b e fo r e  i t  is  adopted . There is  urgent need 

fo r  s o i l  e ro s io n  co n tro l in a l l  c o u n tr ie s  but th e  p lanning 

and im plem entation o f  s o i l  con serv a tion  must n e c e s s a r ily  

be cou ntry  s p e c i f i c  and sometimes r e g io n - s p e c i f i c  o r  even 

e co n o m ic -se c to r  s p e c i f i c  (Morgan, 1985 b ) .

Cassava grow ing has been w idely  adopted by 

su b s is te n ce  farm ers because o f  the low  m aintenance c o s t ,  

qu ick  retu rn s and h igh  r e s is ta n c e  to  p e s ts  and d is e a s e s . 

But heavy r a in f a l l ,  coupled  with fa u lty  methods o f  

c u lt iv a t io n , r e s u lt s  in sev ere  s o i l  l o s s  from c u lt iv a te d  

area  during th e  e a r ly  s ta g e s . In K erala , consequent to  

la c k  o f  proper con serv a tion  measures, an alarm ing m a jo r ity  

o f  b i l l  s lo p e  farm ers s u f fe r  from the s e l f  g en era tin g  

c y c le  o f  p ov erty , e ro s io n  and low  crop  p r o d u c t iv ity .

A g r i-a i lv i -p a a t u r a l  measures in v o lv in g  woody p e ren n ia ls  

and s o i l  b in d in g  crops such as g r a s s /r i c e  can y ie ld  

e con om ica lly  and e c o l o g i c a l ly  v ia b le  s o lu t io n s  to th is



(H air, 1984 ). Researches on th is  l i n e  are s t i l l  at the 

in fa n t  s ta g e .

10. Taungya system s:

Taungya is  an a g r ic u ltu r a l o p e ra t io n , in  which 

f o r e s t  land i s  used f o r  growing a g r ic u ltu r a l crops during 

th e  i n i t i a l  tw o -th ree  years o f  f o r e s t  p la n ta t io n . L ike 

s h i f t in g  c u lt iv a t io n ,  the taungya system in  the t r o p ic  

is  a ls o  a fo r e  runner to  a g r o - fo r e s t r y ,  c rop s  such as

r i c e ,  cassava, g in g er , sesamum end p u lses  are  grown along

w ith th e  t r e e s .  I t  is  rep orted  to  have o r ig in a te d  in  

Burma (B1 an fo rd , 1958) and the word in Burmese language 

means h i l l  ( taung) c u lt iv a t io n  ( y a ) . Most o f  th e  fo r e s t  

p la n ta t io n s  th a t have been e s ta b lish e d  in  A sia, A fr ica  and 

L atin  America owe t h e ir  o r ig in  to  th e  taungya systems 

(K ing, 1979 and N air, 1984) . Taungya is  in  vogue In 

K erala  fo r e s t r y  s in c e  1922 (A lexander e t  a l . 1980 ).

11. Taungya and s o i l  e r o s io n :

S o il  e ro s io n  hazard i s  the most se v e re  problem  in 

many o f  the taungya p la n ta t io n s . During th e  i n i t i a l  

years  o f  t r e e  growth the p r o t e c t iv e  mechanism o f  t r e e s  i s  

n o t  p ro p e r ly  d e v e lo p ed . This fa c to r ,  a lon g  with the 

hazardous a g r ic u ltu r a l o p e ra t io n s  and management p r a c t ic e s , 

aggravate th e  p ro ce s s  o f  s o i l  l o s s  in  taungya la n d s . 

Experiments at in te rn a tio n a l in s t i t u t e  o f  T ro p ica l A g ricu ltu re
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Ibadan, N ig e r ia  in d ic a te  a s o i l  l o s s  o f  up to  120 t /h a  

in  the f i r s t  year a f t e r  land c le a r in g  (IITA, 19B0) • A 

r e p o r t  from China in d ic a te s  th a t  under t r o p ic a l  monsoon 

c lim a te , on g e n t le  eroded s lo p e s  th ere  w il l  b e  about
•a 2

15000 m o f  s o i l  lo s s  per km during the in i t i a l  10 

years  o f  f o r e s t  estab lish m en t (x ia o lia n g  Experim ental 

and E xtension S ta t io n  o f  S o i l  co n se rv a tio n , 1977) • 

Alexander e t  a l . (1980) observed  th at s o i l  lo s s  i s  so 

v i s i b l e  in many taungya areas th a t the s u r fa c e  h orizon s 

a re  p a r t ly  be in g  eroded and the su b su rface  h or izon s  are 

g ra d u a lly  exposed . Though in d ir e c t  p r o je c t io n s  on s o i l  

l o s s  are a v a ila b le  (A lexander e t  a l . 1980) c o r r e c t  

q u a n t i f ic a t io n  o f  s o i l ,  r u n -o f f  and n u tr ie n t  lo s s e s  in 

variou s taungya system p r a c t ic e d  in K era la  baaed on 

c l e a r ly  la id  f i e l d  s tu d ie s  are p r a c t i c a l ly  absen t. This 

s t i l l  remains as a lacuna in  con serv a tion  p lanning and 

sedim ent c o n t r o l .

The s itu a t io n  o f  e f f e c t i v e  n u tr ie n t  con serv a tion  

and s u s ta in a b le  s o i l  p r o d u c t iv ity  o f  a t r o p ic a l  fo r e s t  

does n o t  © c is t  in man made com mercial tim ber p la n ta t io n s . 

A fte r  a com prehensive study, Lundgren (1978) concluded 

th a t  the estab lish m en t o f  th e  most commonly used fa s t  

grow ing p la n ta t io n s  a f t e r  f o r e s t  c le a r in g  ( c o n i fe r s ,  

eu ca lyp tu s and teak) i s  a ss o c ia te d  with pronounced 

d e t e r io r a t io n  o f  s o i l  p h y s ica l, b io l o g i c a l  an d /or chem ical
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c o n d it io n s . A rapid  d e c l in e  in f e r t i l i t y  and changes 

in bulk d e n s ity  o f  the s o i l  have a ls o  been rep orted  

(C orn forth , 1970 end Rood, 1 977 ). A lexander e t  a l .

(1 9 BO) rep orted  th a t, i f  the fo r e s t  land is  n o t  p ro p e r ly  

managed in taungya, p ro d u ctiv e  lan d  w il l  be  con verted  

in to  u n produ ctive  m arginal le n d . Two years o f  c u lt iv a t io n  

w ithou t p roper s o i l  management p r a c t ic e s  can con vert 

p ro d u ct iv e  area in to  u n produ ctive  o n e . However, from 

in v e s t ig a t io n s  in th ree  e c o lo g ic a l  zones o f  southern 

N ig e r ia , O je n ly i e t  a l . (1980) op in ion ed  th a t  the 

p r a c t i c e  o f  in te r p la n t in g  young f o r e s t  p la n ta t io n s  w ith  

food  crops would n o t  have any adverse e f f e c t  on s o i l  

f e r t i l i t y .  Further, in te r p l anting o f  young Gan e l in  a 

arborea  w ith  m aize, yssn o r  cassava r e s u lte d  in s l ig h t  

bu t in s ig n i f i c a n t  in cre a se  In s o i l  N and P (O je n iy i and 

Agbede, 1980).

Taungya w ith p roper s o i l  management p r a c t ic e s  i s  

p r o t e c t iv e  as w ell as p ro d u ct iv e  in  n a tu re . C u ltu ra l 

s o i l  con serv a tion  methods such as m aintenance o f  vegeta te - 

cov er , under growth, undercrops, mulches and in tercrop p in g  

are p re fe r re d  du rin g  taungya p e r io d s  a ga in st the expensive 

m echanical methods o f  s o i l  con serv a tion  (A lexander e t  a l . 

1931) . Contour p la n tin g  o f  t r e e s  and g ra ss  s tr ip p in g  e t c .  

a re  rep orted  t o  co n tro l s o i l  e ro s io n  even on steep  mountain 

s lo p e s  o f  above 50 per cen t (M isra  e t  a l . 19 82; Hum l 

and Nuntapong, 1983 and Abujamin e t  a l . 1985 ).
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MATERIALS AND METHODS

A f i e l d  experim ent was ca rr ie d  ou t under taungya 

system s o f  c u lt iv a t io n  with the main o b je c t iv e  o f  m ini

m isin g  r u n -o f f  and s o i l  lo s s  in a s te e p ly  s lop p in g  farm 

s i t u a t io n .  The t r i a l  was conducted at the In s tru c t io n a l 

Farm, C o lle g e  o f  H o r t ic u ltu r e , V ellan ik k ara  f o r  a p e r io d  

o f  two years  from May 1934 to  A pril 1986.

1. M ateria ls*

1 .1  S i t e  c h a r a c te r is t ic s *

The f i e l d  was s itu a te d  a t  10® 32 ' N la t i t u d e  and 

76° 10' E lo n g itu d e  w ith  an a lt it u d e  o f  22 .25  m. The 

area had a s lo p e  o f  25 p er  cen t  towards n o r th . G eneral 

view  o f  th e  experim ental s i t e  is  g iven  in P la t e - I .

1 .2  Climate*

The area en joyed  a h u m id ,tro p ica l c l im a te . 

M onthly average va lu es  o f  im portant m e te o ro lo g ica l 

param eters observed  during the p eriod  o f  experim ent 

a re  fu rn ish ed  in  Appendix-1 and F i g . l .

The maximum tem perature v a r ied  between 2S°c and 

36®C w ith a h ig h e s t  d a i ly  maximum o f  40*c in March in 

both  y e a r s . With regard to  the minimum tem perature in 

the f i r s t  y ear , th e  low est  v a lu e  o f  20.8*C was recorded
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in  December and the h ig h e st  o f  2 5 .8 #C in  May. These 

va lu es were 21.3°C and 24.3®C R e s p e c t iv e ly ,  in May and 

March during second year* The lo w est  minimum was 16®c 

in  October# 1984. June was the most humid month record 

in g  average hum idity above BO p er cen t and February the 

m ost dry  w ith 40 p er  cen t in both  y e a r s . In 1984# a 

t o t a l  o f  2383 mm ra in  was re ce iv e d  through 141 events 

spread in g  ov er  115 ra in y  d a y s. The correspon d in g  va lu es 

fo r  1985 were 2517, 132 and 108^ r e s p e c t iv e ly .  In both  

yea rs  t June re ce iv e d  the h ig h e s t  r a in fa l l  and i t  was 709 mm 

in 1994 and 829 mm in 1985. The n o r th -e a s t  monsoon peak 

was observed  in O ctober in  both  years w ith a v a lu e  o f  

351 mm in  th e  f i r s t  year and 321 mm in  th e  second y e a r .

1 .3  S o i l  ch a r a c te r1 st less

The s o i l  o f  th e  experim ental area was shallow# w e ll 

d ra in ed , m oderately  a c id ic  o x is o l  w ith a sandy c la y  loan  

s u r fa ce  t e x tu r e . M orph olog ica l fea tu res  o f  a t y p ic a l  

p r o f i l e  o f  the experim ental area are presented  belows

L o ca tion  t in s tru c t io n a l-  Farm#
C o lle g e  o f  H orticu ltu re#  
V e lla n ik k a ra .

V egeta tion  : H eavily  in fe s te d  w ith  weeds such as
chromol aena od ora ta . Pennlsetum 
p o lvsta ch von  and P a s s i f lo r a  e d u lis

P arent m ateria l j Weathered G neiss
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Topography 

D rainage 

Ground water

H orizon

AP.

521

522

s S lopp in g  land -  25 p er  cen t 
s lo p e  towards n o r th .

s w e ll dra in ed  w ith m oderately  
. ra p id  to  m oderate p e rm e a b ility .

ta b le  i Deep > 10 m.

D e scr ip t io n  ■

Reddish brown (5  YR 4 /4 ) ;  m oist 
sandy d a y  loam, medium m oderate 
g ra n u la r ; m o ist  f r ia b le  s l ig h t ly  
s t ic k y  and s l i g h t ly  p la s t i c ,  f ib ro u s  
ro o ts  abundant, p e rm e a b ility  rap id , 
c le a r  wavy boundary.

Y e llow ish  red (5  YR 4 /6 ) ;  dark red 
(2 .5  YR 3 /6 ) ;  c la y  loam, medium 
m oderate sub-an gu lar b lo c k y ; dry 
hard ; m o ist  firm , w et s t ic k y  and 
p la s t i c ?  f in e  qu a rtz , g ra ve l and 
weathered rock  fragm ents p re s e n t . 
P e rm ea b ility  m oderately  ra p id ; 
d i f f u s e  wavy boundary.

56-110+ Y ellow ish  red (5 YR 5 /8 ) y e llo w ish  
red (5  YR 4 /6 ) c la y  loam, m oderate 
coa rse  su b-an gu lar b lo ck y , m oist 
firm , wet s t ic k y  and p l a s t i c ;  red 
(2 .5  YR 4 /6 )  and stron g  brown 
(7 .5  YR 5 /8 ) m ottle s  p le n ty .
I n i t i a l  sta ges  o f  la t e r is a t io n ,  
m oderate p e rm e a b ility .

Depth
(an)

0 -2 5

25-56
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1 .3 .2  P h ys ica l and chem ical c h a r a c t e r is t ic s :

The p h y s ica l and chem ical c h a r a c t e r is t ic s  o f  the 

s o i l  are g iven in T ab le  1 .

1 .3 .3  D i f i l t r a t io n  s

The s te a d y -s ta te  i n f i l t r a b i l i t y  o f  the s o i l  was

11 .40  cm /hr w ith  an i n i t i a l  i n f i l t r a t i o n  ra te  o f  82 .80  

cm /hr fo r  th e  f i r s t  f i v e  m in u tes. Cum ulative in f i l t r a t i o n  

was 81 .70  an ov er  a p e r io d  o f  300 m inu tes. Average in i t ia l  

m oistu re  con ten t o f  the s o i l  upto a depth o f  30 cm was 

17.63 p er  cen t at the tim e o f  o b s e rv a tio n .

1 .4  C rops:

Crop comb in  a t  ions o f  the t r i a l  c o n s is te d  o f  th e  

f o l  low in g :

1 .4 .1  Tree:

Eucalyptus t e r i t i c o r n iG , a fa s t  growing s p e c ie s  

was th e  t r e e  component o f  the experim ent.

1 .4 .2  Cassava:

A lo c a l  v a r ie ty  c a l le d  'V e la n k ic o m m o n ly  

c u lt iv a t e d  in the h i l l  t r a c t s ,  was u sed .

1 .4 .3  R ic e :

Ho dan (upland) r i c e  v a r ie ty  P tb .2 8  was used .
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T ab le  1 . P h ysica l and chem ical p r o p e r t ie s  o f  2 mm s iev ed  s o i l  
o f  th e  experim ental area

C haracters
0-25

Depth

25-50

(cm)

50-75 75-100

P h y s ica l p ro p e rt ie s*
1, P a r t ic le  s i z e  d is t r ib u t io n :  

a) Coarse sand (%) 29.96 26.94 24.48 24.00
b ) Pine sand {%) 21.18 24.18 19.96 16.71
c ) S i l t  (%) 14.56 14.78 16.38 16.31
d) Clay (%) 31.32 31.10 38.76 42.80

2, P a r t ic le  d e n s ity  (g /cm  ) 2.56 2.54 2.56 2.59
3. Bulk d e n s ity  (g /cm 3) 1.34 ' 1.40 1.51 1.58
4 . T ota l p o r o s it y  (%) 48.43 44.98 41.02 38.76
5. F ie ld  ca p a c ity  {%) 20.42 19.36 19 .10 19.78
6 . Permanent w il t in g  p o in t  {%) 13.09 14.49 14.41 14.36

I I ,  Chemical p ro p e r t ie s *

1. N (%) 0 .148 0 .1 3 5 0 .112 0 .1 00
2. P (5i) 0 .05 4 0.046 0 .04 8 0 .034
3 . Kv (%) 0.226 0 .18 0 0 .17 0 0 .114
4 . Ca (%) 0 .0 5 9 0 .043 0 .03 5 0.049
5. Mg (%) 0 .224 0 .1 7 4 0 ,144 0 .1 45
6 . S (%) 0 .101 0 .030 0 .0 7 1 0.069
7 . Pe (%) 3.460 3.960 4 .6  50 4 • 880
8 . Zn (ppm) 96 .27 92 .53 94 .14  . 113.30
9 . Mn (ppm) 456 . 87 428.07 312.43 236.25

10. O rganic carbon (%) 1.46 1.41 1.18 1.10
11. pH 5.80 5.85 6 .00 6 .1 5
12. CEC (meq/100 g) 12.34 11.39 12.00 10.31
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1 .4 *4  Grasss

A drou gh t t o le r a n t  spreading type g ra ss  known 

as ‘ C on gos ig n a l1 ( B ra ch la rla  r u s ls le n s is ) was s e le c t e d .

1*5 Season :

The experim ent was s ta r te d  in the f i r s t  week o f  

May 1984 and continued  upto th e  l a s t  week o f  ^ p r il 1986,

1 .6  F e r t i l i z e r s :

The crop s , ex cep t eucalyptu s were f e r t i l i z e d  as • 

p e r  th e  sch ed u le  in d ica te d  below  (KAD, 1982)•

Crop N
(k g /h a )

P 0 2 5
(k g /h a )

K2°
(k g /h a )

Cassava 50 50 50

R ice 40 20 20

C ongosignal 100 50 50

Urea (45%), s in g le  Superphosphate (18%) and

M uriate o f  Potash (60%) were used to  supply  the n u tr ie n ts  

a t the above r a t e s  .

1 .7  P lan t p r o t e c t io n :

P lan t p r o te c t io n  o p e ra t io n s  were done as and when 

r e q u ir e d .
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2 . Methods a

2*1 Lay ou t o f  the experim ents

D esign : 7 x 3  RED.
' 2P lo t  s i s e  * 24 x  4 m .

Lay ou t p lan  is  g iven  in F ig <>2. The p lo t s  were

arranged len gth w ise  along th e  s lo p e  fa c in g  n o r th .

2 .2  Treatm entsi

-  Eucalyptus a lo n e .

T_ -  Eucalyptus + f i v e  cassava on mounds in 
between fou r t r e e s .

T- -  Eucalyptus + fou r  cassava on r id g e  across
th e  s lo p e  in between fo u r  t r e e s .

Td -  Eucalyptus + one cassava on mound as la id  
down in th e  taungya co n tra ct  r e g u la t io n s .

Tg -  Eucalyptus + con gos ig n a l g r a s s .

T6 -  Eucalyptus + modan r i c e .

Ty -  C u lt iv a ted  fa llow *

In the second year o f  the experim ent c u lt iv a te d  fa llo w  
p lo t  was changed t o  Eucalyptus + cassava  on mounds as
in T» + con gos ig n a l grass s t r ip s .  Three g rass s t r ip s  o f
one id w idth each were u n iform ly  sp aced .

Spacing d e t a i l s  o f  t r e e s  and crop s are p resen ted  

in  F ig . 3 and 4 end P la te s  I I  -  IX.

2 .3  Denarjcat ion o f  p l o t s t

Strong earthen bunds and dra in age channels were
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p rov id ed  around the experim ental area to  p reven t th e  

o u ts id e  r u n -o f f  from en terin g  the experim ental p l o t s .

The in d iv id u a l p l o t  was a lso  dem arcated by m ud-p lastered  

round topped earthen bunds o f  60 cm w idth and 30 cm h e ig h t .

2 .4  R u n -o ff c o l l e c t i o n i

A r u n -o f f  c o l l e c t i o n  d e v ic e  s p e c i f i c a l l y  designed  

fo r  th is  purpose was made use  o f  f o r  c o l l e c t in g  th e  run

o f f .  B rick  masonry tank was p rov id ed  at th e  bottom end 

o f  each p lo t  so  as t o  cov er  i t s  e f f e c t i v e  w idth . The 

tank o f  s i z e  3 .4  x  0 .7 5  x 0 .3 5  m3 served  as the s e t t l in g  

tank as w ell as the i n i t i a l  co n ta in er  to  r e c e iv e  the

eroded s o i l  and r u n - o f f .  A m u lt i - s l o t  d e v ice  w ith 47
2s l o t s  o f  s i z e  2 .5  x  10 cm each was f ix e d  at 0 .3 5  m 

h e ig h t  on the o u te r  edge o f  the s e t t l in g  tank e x a c t ly  on 

the h o r iz o n ta l p lan e  (F ig . 5 and PI a te -  x) so  as to  d iv id e  

th e  r u n -o f f  in to  47 equal p a r ts  (P la te -X l)  . A p l a s t i c  

n e t  was f ix e d  v e r t i c a l l y  in s id e  th e  tank, 15 cm aheh o f  

th e  m u lt i - s lo t  d e v ice  to  f i l t e r  the f lo a t in g  d e b r is .  A 

p o ly th en e  d e l iv e r y  tu be  o f  4 cm diam eter end 1.25 m 

len gth  attached  to  the spout p rov id ed  around th e  ce n tra l 

s l o t  o f  the d e v ice  was connected  t o  a r u n -o f f  r e c e iv in g  

drum. The drum was covered  with 6 .1 .  sh eet t o  avoid  

a d d it io n  o f  d i r e c t  r a in .
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P la te  I General view o f  the experim ental a rea .

P la te  I I  T j-E u ca lyp tu s a lone
(One month a f t e r  th e  experim ent)





P la te  I I I  T- -  Eucalyptus + f iv e  cassava on mounds in 
2 between fou r tre e s

(One month a f t e r  the experim ent)

P la te  IV T- -  Eucalyptus + fou r cassava on r id g e  across
the s lo p e  in between fou r tre e s  
(One month a f t e r  the experim ent)



{P la te
III

(Plate,
IV



P la te  V T. -  Eucalyptus + one cassava on mound
in between fou r  tre e s
(One month a f t e r  the experim ent)

P la te  VI . T_ -  Eucalyptus + congoaignal grass
(One month a f t e r  the experim ent)



(Pla,b&
V

(Plate
VJ



P la te  V II ta -  Eucalyptus + mod an r i c e
(One month a f t e r  the experim ent)

P la te  V III  Ty -  C u ltiv a ted  fa llo w



P la te
vu

P late
v///



P la te  IX o f  the second year -  Eucalyptus + f i v e  cassava
on mounds + 10% g ra ss s t r ip s  (two months a f te r  
th e  experim ent)



(P fcabe,
JX



P la te  X “The whole s e t  o f  m u lt i -s lo t  devices*

P la te  XI working o f  a m u lt i - s lo t  d e v ic e .
N ote the uniform  flow  o f  r u n -o f f  through 
each s l o t .



P la te
X

P la te
x t
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2 .5  R u n -o ff  estim ation*

R u n -o ff  was estim ated  on ce  in 24 hours at 

8 .3 0  AM by the procedu re o u t lin e d  be low .

The h e ig h t o f  the water column in th e  r u n -o f f  

c o l l e c t i o n  tank was measured and th e  t o t a l  volume o f  

r u n -o f f  end s e t t le d  sedim ent loa d  was c a lc u la te d .

Volume o f  s e t t le d  sedim ents was a ls o  determ ined using 

mass d e n s ity  r e la t io n s h ip . The actual volume o f  run

o f f  in each tank was found ou t by dedu cting  th e  sedim ent 

volum e from the t o t a l  volum e.

The volume o f  water c o l le c t e d  in the r u n -o f f  

c o l l e c t io n  drum was ca lc u la te d  and t h is  was m u lt ip lie d  

by  the number o f  s l o t s  v i z .  47, t o  a r r iv e  at the t o ta l  

q u a n tity  o f  r u n -o f f  flow in g  down through the d e v ic e . 

T ota l r u n -o f f  from each treatm ent was then found ou t by 

adding th is  t o  the volume o f  r u n -o f f  in th e  c o l l e c t io n  

tank, ca lc u la te d  e a r l i e r .  S in ce  the s e t t l in g  tanks 

were n o t  covered , c o r r e c t io n s  were made to the t o t a l  

volume o f  r u n -o f f  f o r  evap oration  lo s s e s  and r a in fa l l  

re ce iv e d  ( i f  any) d i r e c t l y  in th e  tan k .

2 .6  E stim ation o f  s o i l  lo s s *

2 .6 .1  S e tt le d  sediments*

The con ven tion a l method o f  estim a tin g  s o i l  l o s s
J

by drawing and dry in g  th orou gh ly  s t ir r e d  r u n -o f f  samples
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from th e  r u n -o f f  c o l l e c t io n  tanks (Verma, 19B4) was n ot 

fo llo w e d  because o f  th e  observed  e r ro r  o f  upto 16.32 

p er  c e n t . This was m ainly because o f  the d i f f i c u l t y ,  

in  g e t t in g  the h ea v ier  s o i l  p a r t i c l e s  in suspended s t a te  

w h ile  sam pling . P rocedure fo llo w e d  in the in v e s t ig a t io n  

i s  exp la in ed  below*

The w ater in the tank was s lo w ly  and c a r e fu l ly  

d ra in ed  ou t through the o u t le t  p rov id ed  at the low er end 

o f  the ta n k . A fte r  d ra in in g  o f f  the w ater com p lete ly , 

s o i l  c o l le c t e d  in th e  tank was th orou gh ly  s t i r r e d  and a 

re p re s e n ta t iv e  sample o f  500 g was drawn fo r  m oistu re  

d e term in a tion . Wet w eight o f  th e  w hole eroded s o i l  in 

the tank was noted  and th e  corresp on d in g  dry w eight was 

worked ou t based on th e m oistu re  co n te n t .

2 .6 .2  Suspended sed im ents:

Suspended sedim ent in th e  r u n -o f f  was estim ated  

as fo l lo w s :

A re p re s e n ta t iv e  sample o f  250 ml was c o l le c t e d  

In p i a s t i c  b o t t le s  from th ree  d i f f e r e n t  depths o f  th e  

c o l l e c t i o n  tank. A b o t t l e ! c lo s e d  w ith  fo r e f in g e r  t ip  

was immersed c a r e fu l ly  to  the bottom  o f  th e  tank w ith ou t 

d is tu rb in g  th e  s e t t le d  sed im en ts. Then th e  f in g e r t ip  

was s lo w ly  re le a s e d  t o  f i l l  approxim ately  l / 3rd o f  the
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b o t t l e ,  water from two more le v e ls  v i z .  m idd le  and 

upper, was a ls o  c o l le c t e d  t o  make th e  b o t t l e  f u l l .

A sample o f  250 ml was drawn from th e  r u n -o f f  

c o l l e c t io n  drum by s t i r r in g  the water th orou gh ly  w ith  

a la d d ie .

The sample o f  s o i l  suspension  c o l l e c t e d  was
•v

f lo c c u la t e d , th e  sedim ents separated  and d r ie d  to  

con stan t w eight s e p a r a te ly . Weight o f  suspended s e d i

ment was then m u lt ip lie d  by th e  correspon d in g  volume 

o f  r u n -o f f  and added t o  g e t  th e  t o t a l  suspended sed im ents.

2 .6 .3  T ota l s o i l  lo s s*

Sum o f  s e t t le d  end suspended sedim ents c o n s t itu te d  

th e  t o t a l  s o i l  l o s s  o f  each treatm ent and was expressed  

in t/ha®

2 .7  Sampling fo r  analyses*

2 .7 .1  R u n -off*

About 250 ml o f  r u n -o f f  drawn both  from th e  

s e t t l in g  tanks and drums on each day were p reserved  by 

adding a few drops o f  to lu e n e . These were p o o le d  to g e th e r  

and re p re s e n ta t iv e  m onthly samples were taken fo r  a n a ly ses .

2 .7 .2  S e tt le d  sed im ents:

Roughly 250 g o f  r e p re s e n ta t iv e  san p le  o f  s e t t le d



41

sedim ents on each day was drawn, d r ie d  and p oo led  

tog e th e r  m onth-w ise. S u f f ic ie n t  q u a n t it ie s  o f  samples 

w ere taken from t h is  l o t  f o r  v a r iou s  a n a ly ses .

2 .7 .3  Suspended sedim entss

As exp la in ed  in  item 2 . 6 . 2, samples o f  s o i l  

su spension  were taken on each day, mixed and p oo led  

m onth-w ise. Required q u a n t it ie s  o f  r e p re s e n ta t iv e  

samples were taken and d r ie d  t o  g e t  adequate amounts o f  

sedim ents fo r  a n a lyses .

2 .3  R a in fa ll  c h a r a c t e r i s t ic s :

To understand and a r r iv e  at the a ctu a l r e la t io n 

sh ip  between v a r iou s  r a in f a l l  c h a r a c t e r is t ic s  v i s - a - v i s  

r u n -o f f  and s o i l  l o s s ,  d a i ly  r a in f a l l  were s tu d ied  in  

d e t a i l .  An autom atic re co rd in g  raingauge, in s t a l le d  at 

th e  experim ental area s u f f i c i e n t l y  away from a l l  s o r t s  o f  

crop  canopy h inderan ce p rov id ed  the req u ired  d a ta . Rain

f a l l  which produced r u n -o f f  were su b je c te d  t o  a n a lyses .

The raingauge ch art ob se rv a tio n  were checked w ith  a 122 nun 

ord in a ry  ra in gau ge. The d a i ly  r a in f a l l  ch ert  was used fo r  

studying the fo llo w in g  c h a r a c t e r is t ic s  o f  r a i n f a l l .

2 .S .1  T otal r a in fa l l  (mm).

2 .B .2  Maximum r a in f a l l  in t e n s i t ie s  f o r  15 and 30 minutes 

in te r v a ls  (c m /h r ).



2 .8 .3  T ota l k in e t ic  energy o f  ra in  as p er  the eq u a tion .

K.E. a 210.3 + 89 l o g ^ I  (w ischm eier and Smith, 1958)

where;

K .E. =* K in e t ic  energy (m t/ha cm o f  r a in f a l l )

and

I  s  R a in fa ll  in te n s ity  (a n /h r )

2 .8 .4  R a in fa ll  e r o s iv i t y  fa c t o r  ( R ) j

Two r a in f a l l  e r o s iv i t y  in d ic e s  v i z .  E I ^  snd 

were ca lc u la te d  f o r  each storm  (W ischm eier and smith,

19 58) as f o l lo w s .  A ll storm s which produced e ro s io n  were 

con sid ered  f o r  computing R.

E l-q  =* T ota l k in e t i c  energy x Maximum r a in f a l l
______________________  in te n s ity  in 15 minutes

100

EI30 = T ota l k in e t i c  energy x Maximum r a in fa l l
  _________________  in te n s ity  in 30 m inutes

100 '

2 .8 .5  Amount x In te n s ity  maximum fa c t o r  (A l )m

I t  is  the p rodu ct o f  t o t a l  sciount o f  r a in f a l l  and 

th e  peak storm in te n s ity  (L a i, 1976 a) .

2 .8 .6  T ota l du ra tion  o f  the r a in f a l l  (hr)

2 .8 .7  No. o f  r a in f a l l  events p er  day . Events separated  

by more than 6 hours were con sid ered  as d i f f e r e n t  

storm s (Verma, 1984) .

4 6



43

2 .9  D eterm ination o f  param eters o f  U n iversa l S o il  

L oss Equation (USLE)

Most w id e ly  used USLE proposed by w ischm eier 

and Smith (I9 60 ) is

A = RKLSCP where,

A = Computed s o i l  l o s s  p er  u n it  area expressed  in 
the seme u n its  as K f o r  p e r io d  s p e c i f ie d  fo r  R. 
I t  is  g e n e ra lly  expressed  as t /h a /y r .

R =» R a in fa ll  in te n s ity  fa c to r

K = S o il  e r o d i b i l l t y  fa c to r

L = S lop e  len gth  fa c to r

S = S lop e  g ra d ien t fa c to r

C = Crop management fa c to r

P => Supporting  con serv a tion  p r a c t ic e  fa c to r

2 .9 .1  R a in fa ll  e r o s iv i t y  fa c t o r  (R) s

Two r a in fa l l  e r o s iv i t y  in d ic e s  v i z .  E I^ tR ^ ) and 

EI^q (R2) were worked o u t  as d e scr ib e d  in item  2 .8 .4 .

2 .9 .2  S o il  e r o d i b i l l t y  fa c t o r  (K) *

T ota l a d ju sted  s o i l  l o s s  (A)
1% S3 1 — -  -  -  ■ -  . .  ■ t ■ .

R 1 o r  R 2

A = ( t /h a )

Where A =* S o i l  l o s s  from a c u lt iv a te d  fa llo w  p lo t  
o f  22.13 m len g th  and having 9 per cent 
s lo p e .
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£0 = Observed s o i l  l o s s  ( t /h a )

S = S lop e  fa c t o r  (6 5 .4 1  Sin 14.04^ +
4 .56  Sin 14.04 + 0 .0 6 5 )

2 .9 .3  Topographic fa c t o r  (LS) s

L end S fa c to r s  m entioned above have been combined 

and top og ra p h ic  fa c to r  was worked ou t as f o l lo w s :

9 A “J
LS a (22.13 X (6 5 ,4 1  Sln 14 °04 + 4 .5b

Sin 14 .04  + 0 .0 6 5 )
(W ischm eier a id  Smith, 1960)

2 .9 .4  Crop management fa c t o r  ( c )  a

C fa c t o r  fo r  any sta ge  o f  crop  growth is  equal to  

the p rodu ct o f  p er  cen t o f  annual R v a lu e  and per cent 

s o i l  l o s s  fo r  th at s ta g e  d iv id e d  by 10,000 i . e .

r  t= ^ R x ^ s o i l  lo s s  
u 10,000

Consequent to  the change o f  treatm ent in as 

s p e c i f i e d  in item 2 .2 .  C va lu es in the second year were 

estim ated  based on the s o i l  l o s s  observed  from a c u lt iv a te d  

b a re  fa llo w  p lo t  la id  tem p ora rily  on id e n t ic a l  s i t u a t io n .

2 .1 0  Splash e r o s io n :

Splash e ro s io n  in each treatm ent was measured by 

in s t a l l in g  the spl?ssh c o l l e c t io n  apparatus suggested  by 

Verma (1 9 8 4 ).



The sp lash  measuring d e v ice  (F ig .6 ) was in s t a l le d  

as fo l lo w s i

The s o i l  was escavated  w ith  the h e lp  o f  a p o s t 

h o le  auger, so as to  con ta in  the sp lash  c y l in d e r .  The 

sp lash  c y lin d e r  was then embedded in to  the ground ensuring 

th a t  th ere  was no gap. between the o u te r  w a ll o f  the cy lin d e r  

and s o i l .  To avoid  the p o s s ib le  en try  o f  r u n -o f f  along 

w ith  the sp la sh , th e  t ip  o f  the c y lin d e r  was kept 

p r o je c te d  two cm above the ground l e v e l .  The sp lash  

funnel was p la ced  so th at i t s  stem entered  the b o t t l e  by 

a t le a s t  f iv e  cm. Two such d e v ice s  were in s t a l le d  in  each 

p l o t  one at th e  upper and the o th e r  a t th e  low er end, 

below  the canopy c o v e r . Average o f  the two va lu es gave 

th e  correspon d in g  p l o t  v a lu e .

On each day at 8 .3 0  AM s o i l  p a r t i c le s  re ce iv e d  in  

th e  sp lash  b o t t le s  were c o l le c t e d ,  p oo led  to g e th e r , d r ied  

and weighed at m onthly in t e r v a ls .  Data are presen ted  as 

g/100  cm^.

2 .11  R a in fa ll  in te r ce p t io n  by  v e g e ta l covers

I ^

.The ex ten t to  which th e  v e g e ta l cov er  p r o te c ts  the 

ground from d i r e c t  h i t  o f  ra in  drops, by way o f  in te r ce p t 

io n , was assessed  by  m easuring the th ro u g h fa ll in  each 

treatm ent under th e  canopy c o v e r . Two o rd in a ry  r a in -  

gauges ( l o c a l l y  made low  c o s t  d e v ice ) were k ep t in  each
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l

p l o t  below  th e  canopy cover, one at the bottom  and the

o th e r  a t the to p . D a ily  in the morning, r a in f a l l  in  the
/

two raingauges was measured and th e  average, worked o u t . 

From the a ctu a l r a in f a l l  and th ro u g h fa ll in each t r e a t 

ment, the p ercen ta ge  in te r c e p t io n  was c a lc u la te d  and 

added to  g e t  th e  m onthly v a lu e .

2 .1 1  Tbtal canopy cov er  index*

2
Monthly t o t a l  canopy cov er  (m ) o f  each crop 

(d e a lt  se p a ra te ly ) was added tog e th e r  to  g iv e  th e  t o t a l  

v e g e ta l cov er  in  each trea tm en t. This was d iv id ed  by the 

p l o t  area and expressed  as canopy cover in dex .

2 .1 2  Earthworm a c t iv i t y *

Worm c a s t  produced from u n it  area in u n it  tim e i s

a measure o f  earthworm a c t iv i t y  (Douglas e t  a l . 1 9 80 ).

Wormcast in each p lo t  was c o l le c t e d  at weekly in te rv a l

from th ree  s i t e s  (low er, m iddle and upper) o f  one m

each and the average dry  w eight worked o u t  and presen ted
2as m onthly va lu es in  g/m .

2 .13  F ie ld  cu ltu re*

2 .1 3 .1  P rep aration  o f  the m a in fie ld *

The experim ental area was i n i t i a l l y  c le a r e d  o f f  

weeds by s i c k l e  weeding and bu rn in g . The e n t ir e  area was
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th orou gh ly  t i l l e d  with spade and c le a re d  o f f  rock s, 

p eb b les  and p la n t  d e b r i s . .  P lo ts  o f  d e s ire d  s i z e  were 

formed and p i t s ,  mounds and r id g e s  were taken as p er 

th e  trea tm en ts.

2 .1 3 .2  P la n tin g  and sp a c in g i

Trees and crops were p lan ted /sow n  a t the end 

o f  A p r il, each y e a r .

i )  Eucalyptus* S ix  months o ld , p o ly th en e  

bagged, tre a te d  se e d lin g s  o f  Eucalyptus t e n t r ic o m is

were u sed . S eed lin g s  were p lan ted  in  p i t s  o f  s i z e
3 230 x 30 x  30 cm , at a spacin g  o f  2 x  2 m and f i l l e d

w ith f e r t i l e  top s o i l .

11) Cassava* One cassava  was p lan ted  on mound 

In between fou r  t r e e s .  vJhile in f iv e  s e ts  were 

p la n ted  on mounds. In , fo u r  cassava s e ts  were p lan ted  

w ith  a spacing  o f  90 cm between p la n ts  on r id g e s  o f  90 cm 

width end 60 cm h e ig h t taken in between fou r  Eucalyptus, 

a cross  th e  s lo p e .

i l l )  R ice* A fte r  the minimum land p re p a ra tion , 

r i c e  was broadcasted  at a seed  r a te  o f  100 k g /h a  lea v in g  

a c ir c u la r  gap o f  30 cm diam eter around each eucalyptu s 

s e e d lin g  to  avoid  p o s s ib le  shading o f  eu ca lyp tu s in th e  

e a r ly  s t a g e s .



iv )  Grass* Congosignal was p la n ted  w ith 2 t o

3 s l ip s  p er  h i l l ,  accommodating on an average 25 n o s .
2

o f  h i l l  s/m . T h irty  cm c ir c u la r  sp ace  was l e f t  around 

each eu ca lyp tu s s e e d lin g .

2 .1 3 .3  Manuring*

M l crop s ex cep t eucalyp tu s were f e r t i l i z e d  as 

p er  the package o f  p r a c t ic e s  recommendations (KAU, 1982) .

2 .1 3 .4  Weeding and in te r cu ltu r ln g *

In a l l  the p lo t s  weeding was very  e s s e n t ia l ,  

e s p e c ia l ly  du rin g  the i n i t i a l  stages o f  crop  growth, 

and hand weeding was fo llo w e d . For r i c e  and g ra ss , o n ly  

one weeding ,15-20 days a f t e r  sow in g /p la n tin g  was needed. 

T^j T., 011 d T4 r e ce iv e d  th ree  weedings at an in te r v a l o f  

20-25 days a f t e r  p la n tin g  in the f i r s t  year and two 

w eedings in th e  second y e a r . needed o n ly  th ree  weed

in gs fo r  th e  whole p e r io d  o f  experim entation , th a t t o o  in  

th e  i n i t i a l  th ree  months o f  p la n t in g , m  th e  f i r s t  y ea r  

req u ired  no weeding due t o  th e  p e r io d ic  t i l l i n g  but 

in the second y ea r  i t  a ls o  re ce iv e d  two w eedings.

Cassava in  a l l  th e  treatm ents req u ired  earth in g  

up in  August-September due to  s e v e re  s o i l  e ro s io n  in  th e  

sou th -w est monsoon. Grass p l o t  re ce iv e d  l i g h t  d ig g in g  

a f t e r  f e r t i l i z e r  a p p lic a t io n .
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2*13*5 H arvestin g :

Cassava was h arvested  in th e  end o f  March every  

y e a r . R ice  a tta in ed  m atu rity , at 115 days a f t e r  sow ing . 

Grass was cu t on ce  in t h ir t y  d a ys.

2 .14  B iom etric  ob serv a tion s*

2 .1 4 .1  Eucalyptus*

The fo llo w in g  b io m e tr ic  o b se rv a tio n s  were taken 

at q u a r te r ly  I n te r v a l .  F ive  p la n ts  at random were 

s e le c te d  fo r  th e  o b s e rv a t io n .

a) P lan t h e ig h t (m) .

b ) C o lla r  g ir th  (cm) a t  10 cm above the ground
1 e v e l •

c) G irth  at b re a s t  h e ig h t ov er  bark (GBHOB) a t 
1 .3 5  m above the ground le v e l  (cm ).

The o b serv a tio n  d and c  were taken at m onthly in t e r v a l .

d) Canopy d iam eter : Canopy d iam eter was a rr iv ed
a t from the average o f  two measurements o f  each 
p la n t  taken n orth -sou th  and e a s t -w e s t .

e) Canopy cover* (m ) Assuming th e  shape o f
th e  canopy as alm ost c y l in d r ic a l ,  the c i r c u la r
area  correspon d in g  to  the mean canopy diam eter 
was taken as the canopy cov er  o f  each t r e e .  
T ota l o f  24 t r e e s  at each tim e co n s t itu te d  the 
canopy co v e r  o f  , eu ca ly p tu s .
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f )  Volume (m ) * As d e s t r u c t iv e  sam pling was 
n o t ©avisaged, a t the end o f  th e  experim ent, 
t o t a l  wood volume o f  eu eca lyp tu s in each 
treatm ent was determ ined usin g  th e  equation* 
V = -O.OOOl A- 0 .3114 D2H (C haturvedi, 1973).

Where V = Volume (m )

D = Diam eter (m)

H = H eight (m)

2 .1 4 .2  Cassavas

In cassava  a ls o  the fo llo w in g  ob serva tion s were 

taken at m onthly in te r v a l .

a) P lan t h e igh t (m)
b) Canopy d iam eter (m)
c) Canopy cov er  (m )

At h a rv est the fo llo w in g  o b se rv a tio n s  were re co rd e d !

a) Tuber y ie ld  p er  p la n t (kg)
b ) T ota l tu ber y ie ld  (kg/ha)
c) No. o f  m arketable stems p er  ha.

2 .1 4 .3  R ices

O bservation s m entioned below  were taken at monthly 

in t e r v a l .

a) P la n t h e ig h t (cm)
p

b ) canopy cov er  (m ) s Total l e a f  area at each 

month was taken as the canopy co v e r . Non d e s tr u c t iv e  

method o f  l e a f  area determ in ation  suggested  by Gomes (1972) 

was adopted .
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c) S o i l  b in d in g  a b i l i t y t  From a t r ia l  p l o t

la id  under id e n t ic a l  s itu a t io n s , ro o ts  were escavated  
2from one m area to  a depth o f  30 an. Extreme ca re  was 

taken to  c o l l e c t  a l l  the r i c e  r o o t s ,  c o l l e c t e d  ro o ts  

were washed and made d i r t  f r e e .  Volume ( v) and mean 

ra d iu s  ( r )  o f  the ro o ts  were determ ined .

s o i l  b in d in g  a b i l i t y  (F_) was worked ou t by the 

form ula F = — (Bhimaya, 1950) .

Where v  = t o t a l  volume o f  the ro o ts  

r  = mean radius o f  r o o t s .

At h a rv est, th e  fo llo w in g  ob serv a tion s  were taken:

d) Grain y ie ld  (kgTbsK

e) Straw y ie ld  (kg /h a)

2 .1 4 .4  G rassi 

O bserva tion s were made on*

a) H eight ( an)
J>

b) canopy cov er  (m ) . Punch method o f  l e a f  area
d eterm in ation  was fo llo w e d .

c ) S o i l  b in d in g  a b i l i t y *  As exp la in ed  in th e
ca se  o f  r i c e .

d) Grass y i e ld  (kg /h a )

2 .15  P a r t i c l e  s iz e  an a lysis*

P a r t i c le  s i z e  a n a ly s is  o f  the g ra v e l fr e e  eroded
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and p lo t  s o i l s  were conducted by th e  p ip e t t e  method 

(P ip er , 1967) . Gravel con ten t was a ls o  determ ined and 

expressed  as p ercen ta g e .

2.16 P h ys ica l c h a r a c t e r is t ic s :
i

The fo llo w in g  p h y s ica l c h a r a c t e r is t ic s  o f  su r fa ce  

s o i l  at s i x  months in te rv a l were determ ined in each 

treatm ent.

1 . I n f i l t r a t i o n  r a te :

I n f i l t r a t i o n  ra te  was determ ined u s in g  a 

dou ble  r in g  in f i l t r c m e t e r  (B lack , 196 5 ) .

2 . P a r t i c le  d e n s ity , bulk d e n s ity  and v o id  r a t io :

Methods suggested  by Singh (1980) were adopted . 

T o ta l, macro and m icro -p o re  space d is t r ib u t io n  were c a l

cu la ted  usin g  the fo llo w in g  eq u a tion s:

a) T ota l p ore  sp ace  _  . b o lk  d e n s ity
% (TPS) 1 ”  p a r t i c l e  d e n s ity  x 100

b) M acro-pore space % = TPS % -  (M.C. % a t  f i e ld
ca p a c ity  x  bu lk  d e n s ity )

M .c. -  M oistu re con ten t

c) M icro -p o re  space % = TPS % -  M acro-pore space %

3 . Aggregate a n a ly s is :

S iev in g  machine (Yodder, 1936) and s ie v e s  o f
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s iz e s  5 dm, 2 .5  ran, 1 .00  ran, 0 .5 0  mm and 0 .2 5  mm were 

used fo r  t h is  p u rp ose . F ollow ing  in d ic e s  were a ls o  

worked o u t  (Singh, 1980).

a . Mean w eight d iam eter

b .  s t a b i l i t y  Index

c .  S tru ctu ra l c o e f f i c i e n t

d . P ercen tage o f  aggregate  s t a b i l i t y

e .  A ggregation  in dex .

4 . water h o ld in g  c a p a c ity :

Water h o ld in g  ca p a c ity  a t 0 .3  and 15 bars 

was. determ ined u sin g  p ressu re  p la t e  apparatus.

2.17 R a in fa ll  acceptance*

I t  i s  th e  measure o f  the water a b so rp tiv e  ca p a c ity
i

o f  a treatm ent and is  determ ined by th e  eq u ation .

1 -  x  100 (u r iy o , 1979)
T ota l r a in f a l l

R u n -o ff  o ccu rred  in each treatm ent during the 

w hole year was taken in to  a ccou n t.

2 .10 Chemical a n a lyses :

The, t o t a l  N, P, K, Ca, Mg, S o f  eroded and p lo t  

s o i l s  and t h e ir  s o lu b le  forms in r u n -o f f  were determ ined 

(Jackson 1958 and B lack, 1 9 6 5 ). N itrogen  con ten ts  o f  th e
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s o i l  and r u n -o f f  were determ ined by m a crok je ld a h l1a 

m ethod. T ota l phosphorus was estim ated  c o l  our i -  

m e t r ic a l ly  by th e  vanedomolybdo p h osp h oric  y e llo w  

co lou r.m eth od  in n i t r i c  a c id  systems* usin g  S p e ctro n ic  

20 Spectrophotom eter and d is s o lv e d  phosphorus in  run

o f f  by AO AC (1980) method. Potassium  was determ ined 

u sin g  C orn ing-E el flam e ph otom eter. T u rb id im etr ic  

p rocedu re  was employed fo r  determ in ing  t o t a l  Sulphur 

in  s o i l .  D isso lv ed  su lphur was n ot m easurable. Total 

and d is s o lv e d  Ca. and Mg were determ ined by u sin g  

Atomic A bsorption  S pectroph otom eter.

O rgan ic m atter and CEC o f  th e  p l o t  s o i l  were 

determ ined by  the p rocedu re suggested  by Jackson (19 5 8 ).
13

The p o f  s o i l  samples were determ ined u s in g  E lic o
H

d ig  i t a l  p m eter .

2 .19  S t a t i s t i c a l  a n a ly ses :

The data  ob ta in ed  were su b je c te d  t o  s t a t i s t i c a l  

an a lyses by the a n a ly s is  o f  v a r ia n ce  tech n iqu e  su ggested  

b y  Snedecor and Cochran (1967) . S im ple c o r r e la t io n s  

between v a r iou s  r a in fa l l  c h a r a c t e r is t ic s  and r u n -o f f  end 

s o i l  l o s s  have been worked o u t  and l in e a r  r e g re s s io n  

equ ation s a rr iv ed  a t .
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RESULTS AND DISCUSSION

Hie r e s u lt s  o f  th e  p re s e n t  experim ent are 

p resen ted  and d iscu ssed  w ith s u it a b le  i l lu s t r a t io n s  in 

th e  fo llo w in g  t e x t .

1 . B a s ic  s tu d ie s t

1 .1  R a in fa ll  c h a r a c t e r is t ic s  which determ ine th e
r u n -o f f  and s o i l  l o s s :

To f in d o u t  the e f f e c t  o f  v a r iou s  r a in fa l l  

c h a r a c t e r is t ic s  on r u n -o f f  and e ro s io n  under th e  g iven  

e d a p h o -d im a to lo g ic a l c o n d it io n s , d a i ly  r u n -o f f  and 

s o i l  lo s s  data  c o l le c t e d  from th e  c u lt iv a te d  fa llo w  

p l o t  were u sed . I h ir t y  fo u r  such d a ta  s e le c te d  at 

random, o ccu rred  du rin g  th e  most ra in y  months o f  1984 

were regressed  with correspon d in g  r a in f a l l  c h a r a c t e r is t ic s  

v i z .  amount o f  r a in f a l l ,  d u ra tion , average in te n s ity , 

maximum In te n s ity , t o t a l  k in e t i c  energy, E I ^ , ' EI^q 

and AI^* Sim ple c o r r e la t io n  c o e f f i c i e n t s  and re g re ss io n  

equ a tion s were worked o u t  and p resen ted  in T ab le  2 and 3 .

th e  ca se  o f  run-off,maximum c o r r e la t io n  was 

ob ta in ed  w ith  t o t a l  amount o f  r a in fa l l  ( r  <= 0 .930**) 

c l o s e ly  fo llo w e d  by  t o t a l  k in e t i c  energy (r  = 0 .9 1 2 ** ) 

and A2  ̂ ( r  = 0 .8 4 8 * * ) .  Even the low est c o r r e la t io n  

( r  = 0 .4 5 2 * ) observed  w ith average in te n s ity  was s ig n i 

f i c a n t  a t 5 p er cent l e v e l .



T able 2 C orre la tion  between r a in fa l l  c h a r a c te r is t ic s  (x) and r u n -o ff  (Y)
(No. o f  observa tion s  ■ 34)

No. R a in fa ll  c h a r a c t e r i s t i c s  r  R eg ress ion  equation

1 . R a in fa ll  amount (mm) 0 .9 3 0 ** Y a -6 .1 5 3 + 0 .7 9 8 X

2 . D uration (h r) 0 .5 9 3 ** Y s 3 .8 9 4 + 5 .260 X

3 . Average in t e n s i t y  (cm /h r) 0 .4 5 2 * Y S I 5.079 + IB .904 X

4 . Maximum in t e n s i t y  (cm /hr) 0 .6 7 7 ** Y S3 -5 .6 1 1 + 6 .7 5 7 X

5 . K in e t ic  energy (m t/ha cm) 0 .9 1 2 ** Y SS -4 .0 6 1 ' + 0 .0 3 1 X

6 . EI15 0 .8 4 2 ** g
as 9 .422 0 .24 7 X

7 - EI30 0.82B** Y V 10.214 + 0 .33 6 X

8 . O.B48** Y s 7 .057 0 .7 7 9 X

* S ig n i f i c a n t  at 5?i l e v e l
** S ig n i f i c a n t  a t  l?i le v e l



Table 3 - C orre la tion  between r a in fa l l  c h a r a c te r is t ic s  (X) and s o i l  lo s s  (Y)
(No• o f  observation  = 34)

No. R a in fa l l  c h a r a c t e r i s t ic s  r  R egress ion  equation

1 . R a in fa l l  amount (mm) 0 .7 8 3 ** Y TK -2 9 .6 5 0 + 2 .422 X

2 . D uration  (h r) 0 .2 9 2 Y 3 23.362 + 9 .3 8 0 X

3 . Average in t e n s i t y  (cm /hr) 0 .4 34 Y a -4 .4 1 7 . + 65 .539 X

4 . Maximum in t e n s i t y  (cm /h r ) ' 0 .8 6 4 ** Y a -7 6  .907 + 31.067 X

5. iC in e t ic  energy  (m t/ha  cm) 0 .8 2 2 ** Y a -2 9 .6 0 0 + 0 .1 0 1 X

6 . e115 0 .9 7 7 ** Y - 1.270 + 1.033 X

7 . S130 0 .9 4 1 ** Y a 3.594 -f- 1.377 X

8 . Al 0 .9 3 1 ** Y = 6 .649 + 3.079 X
m .

** S ig n if ic a n t  at 1% le v e l
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EX. c showed th e  maximum c o r r e la t io n  ( r  *  0 .97 7 **)1 b
w ith  s o i l  l o s s .  EX,a and AI c l o s e ly  fo llo w e d  i t  w ith30 m
r  va lu es o f  0 .941**  and 0.931**^ r e s p e c t iv e ly .  The 

d u ra tion  ( r  = 0 .2 9 2 ) and average in te n s ity  ( r  = 0 .4 3 4 ) 

were the le a s t  c o r r e la te d  c h a r a c t e r i s t ic s .

R u n -o ff i s  th e  water th a t remains from p r e c ip it a 

t io n  a f t e r  ev a p otra n sp ira tion  and i n f i l t r a t i o n .  The 

i n f i l t r a b i l i t y  o f  s o i l  which determ ines the r u n -o f f  tends 

t o  d ecrea se  m on oton ica lly  and ev e n tu a lly  to  approach 

a ss y m p to t ica lly  a con sta n t r a te  o v e r  tim e (H i le l ,  1971) . 

On a ra in y  day in the ra in y  season# th e  s o i l  w i l l  always 

b e  sa tu ra ted  o r  near t o  th a t  s ta g e . At t h is  stage , with 

each s u c c e s s iv e  r a in f a l l  on b a re  s o i l ,  th e  in f i l t r a t i o n  

r a te  i s  reduced due t o  th e  in cre a s in g  b io  calc age o f  

m acropores by th e  tra n s lo ca te d  s o i l  p a r t i c l e s  and r u n -o f f  

p o in t  o ccu rs  a t low er tim e an d /or  low er in te n s ity  lea d in g  

t o  e ro s io n  (U riyo , 1979 ). w ith in cre a se  in energy and 

in te n s ity  o f  r a in f a l l ,  the above r u n -o f f  prom oting 

p ro ce s s e s  w i l l  g e t  a c c e le r a te d . The ob serv ed  h ig h est 

c o r r e la t io n  o f  r u n -o f f  w ith  th e  amount o f  r a in f a l l  

c l o s e ly  fo llo w e d  by th e  k in e t i c  energy and AIm in t h is  

study  i s  hence u n derstan dable .

The h ig h ly  s ig n i f i c a n t  c o r r e la t io n  c o e f f i c i e n t s  

o f  EIi5 , EI30 and AI^ and the low est c o e f f i c i e n t s  o f  

s in g le  v a lu e  c h a r a c t e r is t ic s  v i z .  amount, in te n s ity  and
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d u ra tion  o f  r a in fa l l  observed  in the case  o f  s o i l  l o s s ,  

w i l l  s t r o n g ly  e s ta b lis h  th e  r e la t io n  o f  e r o s iv e  power 

o f  r a in f a l l  t o  compound param eters d er iv ed  frorri combina

t io n s  o f  more than one p h y s ica l p ro p e r ty . But among 

th e  compound param eters, th e  h ig h e s t  c o r r e la t io n  c o e f f i c i 

en t was observed  with El^g than th e  w id e ly  used EI^q . 

Heavy downpour o f  t r o p ic a l  c lim a te  w ith  maximum in ten 

s i t i e s  su sta in ed  o n ly  fo r  a few m inutes (De C astro , 1980 

and Hudson, 1984) con trary  to  th e  low  ra te  and q u a n tity  

o f  tem perate r a in f a l l  can b e  the reason s fo r  b e t t e r  

c o r r e la t io n  o f  than EI^q , an index developed  from

tem perate r a in fa l l  d a ta . K hybri e t  a l . (1978) and 

Viswambharan (1980) observed  maximum c o r r e la t io n  w ith  

e r o a iv i t y  index o f  s t i l l  l e s s e r  du ration  v i z .  Elg fo r  

southern  p a rts  o f  In d ia . These fin d in g s  c l e a r ly  warrant 

a reth in k in g  on the continued u se  o f  EI3Q as the ra in 

f a l l  e r o s iv i t y  fa c t o r  (R) when USLE i s  used as the e ros ion  

p r e d ic t io n  t o o l  in  t r o p ic a l  c l im a te s .

1 .2  R e la tion  between r u n -o f f  and s o i l  l o s s :

The r u n -o f f  ( X) and s o i l  l o s s  (Y) o f  th e  s e le c te d  

events were c o r r e la te d  and re g re ss io n  equ ation  was worked 

o u t .  There was a stron g  l in e a r  c o r r e la t io n  ( r  = 0 .7 9 0 **) ' 

w ith  re g re ss io n  equation  o f  Y = -6 .6 3 9  + 2.809 X. But 

the c o r r e la t io n  c o e f f i c i e n t  was fa£, below  that o f  E Ilg ,
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E I30 end A3^, in d ic a t in g  le s s e r  in f lu e n c e  o f  r u n -o f f  

on s o i l  l o s s  as compared to  th e  in te n s ity  c h a r a c t e r is t ic s  

o f  th e  r a i n f a l l .

1 .3  R e la tion  between depth o f  r a in f a l l  and i t s  
im portant c h a r a c t e r is t ic s !

Sim ple c o r r e la t io n  c o e f f i c i e n t s  and re g re ss io n  

equ ation s were worked ou t between depth o f  d a i ly  r a in fa l l ,  

d u ra tion , maximum in te n s ity , El^g, A3^ and k in e t i c  energy, 

th e  im portant c h a r a c t e r is t ic s ,  which d e c id e  th e  r u n -o f f  

and e ro s io n , as d e s cr ib e d  p r e v io u s ly . Ihe data are 

p resen ted  in  Table 4 .

I t  can be seen th at a l l  th e  above c h a r a c t e r is t ic s  

were s t ro n g ly  c o r r e la te d  with th e  depth o f  r a i n f a l l .  

In crea se  in r a in f a l l  w i l l ,  th e r e fo r e , r e f l e c t  p o s i t iv e ly  

in o th e r  c h a r a c t e r is t ic s  which determ ine r u n -o f f  and s o i l  

l o s s .  Among th e  c h a r a c t e r is t ic s  s tu d ied , k in e t i c  energy 

showed the h ig h e s t  c o r r e la t io n  (r  *  0 .9 7 5 ** ) fo llo w e d  by 

AĴ n ( r  = 0 .9 0 9 * * ), c  0 .8 5 9 * * ), maximum in te n s ity

( r  =» 0 .7 1 4 ** ) and du ration  ( r  »  0 .7 1 2 * * ) .

1 .4  im portant r a in fa l l  c h a r a c t e r is t ic s  o ccu rre d  during 
th e  experim ental p er iod s

The amount o f  d a i ly  r a in f a l l  o ccu rre d  du rin g  th e  

b oth  years are  d e p ic te d  in  P ig . 7 and 8 . im portant ra in 

f a l l  c h a r a c t e r is t ic s  were grouped monthwise and presen ted



T a b le  4. C o rre la t io n  betw een depth o f  r a in f a l l  (x) and i t s  im portant 
c h a r a c t e r i s t ic s  (Y)

(R o . o f  o b s e rv a t io n s  = 34)

Im portant r a in f a l l  
c h a r a c t e r i s t ic s R eg ress ion  equ ation

1 . D uration  (h r) 0 .7 1 2 ** Y 3 1.394 + 0 .0 6 9 X

2 . Maximum in t e n s i t y  (em /hr) 0 .7 1 4 ** Y 2.183 0 .0 6 1 X

3 . S I15 0 .8 5 9 ** Y ae 36 .675 + 2.514 X

4 . Alm . 0 .9 0 9 ** Y = 10.010 + 0 .8 5 0 X

5 . K in e t ic  energy (m t/ha cm) 0 .95 0 ** Y 3 -2 2 .5 0 7 + 24.582 X

** S ig n if ic a n t  at 1% le v e l
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in  T ab le  5, F ig . 9 and 10. F ig . 11 i l lu s t r a t e s  th e  

annual r a in fa l l  c h a r a c t e r i s t ic s .

In 1984, a t o ta l  o f  2383 mm o f  r a in f a l l  was r e c e iv e d . 

For 1985, th e  same was 2517 mm. T ota l k in e t i c  energy, 

and were 45255 m t /h a  an, 2036 and 1005 f o r  th e  f i r s t  

y e a r  and 51928 m t /h a  an, 2164 and 1042f r e s p e c t iv e ly ,  f o r  

th e  second y e a r .

The sou th -w est monsoon which spreads from May to  
ib

August co n tr ib u te d A7 6 .30  p er  cen t o f  th e  t o t a l  ra in  in 

th e  f i r s t  y ear  whereas i t s  share was 81.03  p e r  cent in  

th e  second  y e a r . Among the fou r  months, June record ed  the 

h ig h e s t  amount c l o s e ly  fo llo w e d  by J u ly . N orth -ea st 

monsoon gauged 21.11 p er ce n t  o f  th e  t o t a l  ra in  in  1984 

and 14.86 p er  cen t in  th e  second  year w ith O ctober as th e  

r a in ie s t  in both y e a r s . This i l lu s t r a t e s  an alm ost sane 

d is t r ib u t io n  p a ttern  o f  r a in f a l l  o v e r  d i f f e r e n t  months 

fo r  b oth  y e a r s .

The m onthly k in e t i c  energy v a r ie d  from 3806 t o  

as high as 13158 in  the f i r s t  year and 574 t o  17819 

m t/ha an in  the second  y e a r , in g en era l, th e re  was a 

p ro p o r t io n a te  in cre a se  in  th e  k in e t i c  energy w ith an 

in c re a s e  in  r a in f a l l  amount. But th e re  were months where 

k in e t i c  energy was n ot p ro p o r t io n a te  to  the q u a n tity  o f  

r a i n f a l l .  For example, though the September o f  f i r s t



T a b le  5* Im portant r a in f a l l  c h a r a c t e r i s t ic s  o f  1984 and 1985

M o n t h s

Mo. C h a r a c te r la t lc s May June J u ly August Septem ber O ctob er
Moverb o r  

t o
£ p r i l

T o ta l

1 9  8 4 -

1 . R a in fa l l  (mm) 243.90 709 .3 5 6 2 7 .7 5 237.70 152.55 350 .50 6 1 .6 0 2382.75
2 . D uration  (h r) 24 .00 6 2 .0 8 7 6 .7 7 31 .8 5 8 .7 2 30 .77 14.30 248.49
3 . EI15 165.88 538.20 521.76 120.77 373.37 267.67 48 .10 2035 .95
4 . Alin 7 9 .4 2 294.01 254 .94 7 2 .7 7 146.55 146 .74 10.46 1004.89
5 . K in e t ic  energy 

(m t/ha cm)

1 9  8 5

3806.31 12819.44 13158.22 3707.56 3805 .95 7 539 .60 418.19 45255.27

1 . R a in fa l l  (mm) 205 .90 829 .25 7 0 9 .5 0 294 .50 53.00 321 .05 103.35 2516 .55
2 . D uration  (h r) 10 .33 102.27 8 3 .0 0 3 6 .7 2 6 .2 5 27 .22 24 .42 290.21
3 . EI15 266 .32 642 .29 617 .77 311.07 9 .1 1 265.60 52.16 2164.40
4 . Alm 7 1 .6 9 316 .06 358.99 9 3 .4 0 10.31 163.52 28 .20 1042.17
5 . K in e t ic  energy 

(m t/ha cm) 2667.24 17819.35 16195.97 6536.91 574.46 6216 .0 3 91 8 .1 0 51928.06



FIG. 9  _ MONTH WISE RAINFALL CHARACTERISTICS -  1984-.
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y e a r  had low er q u a n tity  o f  r a in f a l l  as compared to

August, the k in e t i c  energy was more in  the form er

than the l a t t e r  (T ab le  5 ) .  This in d ic a te s  th at

k in e t i c  energy is  n e g a tiv e ly  in flu en ced  by the du ration

o f  downpour e s p e c ia l ly  when th ere  is  no corresp on d in g

in cre a s e  in  r a in f a l l  w ith in cre a se  in  d u ra tio n . E l , - ,15
AI and t o t a l  du ration  a ls o  fo llo w e d  an alm ost same m
trend  as th a t o f  k in e t i c  energy.

2 .  R u n -o ff  and s o i l  lo s sx

R u n -o ff  and s o i l  l o s s  as in flu e n ce d  by v a r iou s  

treatm ents are d iscu ssed  b e low . With treatm ents as 

m a in -p lo ts  and months as s u b -p lo ts , data  were analysed 

in  s p l i t - p l o t  d e s ig n . Zero va lu es in d ic a te  ze ro  e r o s io n .

2 .1  R u n -o ffs

M onthly and annual r u n -o f f  observed  in  d i f f e r e n t  

treatm ents are presen ted  in  Table 6 and F ig . 12.

Data showed th a t a l l  the treatm ents d i f f e r e d  

s i g n i f i c a n t ly  b a rr in g  and T2 which were on p a r . 

M onthly r u n -o f f  va lu es between main p lo t s  a ls o  showed 

an alm ost s im ila r  t re n d . T?  gave the h ig h e s t  v a lu e  

among treatm ents and T3 th e  low est throughout th e  

months, ex cep t in  September where Tg gave th e  low est 

v a lu e . Among the months, June record ed  h ig h e s t  r u n -o f f



T a b le  6 . M onth-w ise r u n -o f f  (mm)

Year/Month
Treatments

TA1 T2 T3 4 T5 T6 T7
Mean

1_9^8_4

May 117 . 22 114.07 8 .2 5 117.50 84 .30 9 3 .3 2 119.41 93-43
June 434.94 ,422 .67 81 .53 426 .58 270.77 320.94 453 .48 344.48
J u ly 375.73 331.32 41.86 375.59 260.55 305.61 417.63 308.33
August 53.69 47 .12 9 .3 1 46 .36 14.03 35 .54 63 .09 3 8 .4 5
Septerrh er 61 .77 56 .09 9 .2 9 6 1 .4 5 8 .77 14.57 6 8 .5 6 , 40 .07
O ctob er 126 .63 100.98 16 .35 109.38 18.36 45 .07 136.88 79 .09

Mean 195.00 107.04 27.77 189.48 109.46 135.84 209.84

CD (0 .0 5 ) a m 2.53 b =■ 1.8 6 c  = 5 . 03 d = 4 .9 1

1 ? - B 5

June 260.09 352.24 55.60 356.31 4 8 .6 4 263-9 2 423 .40 251.89
J u ly 222.66 306 .50 53.06 276.7 2 36 .20 228.76 324.11 206 .06
August 42 .31 63 .69 17-32 -6 3 .0 0 '1 5 . IB 15.12 74 .47 41 .59
September 0 .0 1 1 .30 0 .4 0 1.14 0 .9 1 0 .7 9 1.29 0 .9 3
O ctob er 18.71 42 .37 10 .28 52.07 9 .9 8 21 .62 44 .33 28.48
Decentoer 2 .8 2 2.26 0 .8 7 2 .42 0 .9 9 1.69 2.22 1 .90

Mean 91 .23 128.06 23.42 125.28 IB .63 8 8 .6 5 144 .*97

CD (0 .0 5 ) a = 2 .95 b * 3 .84 c  = 7 .51' d = 7 .6 4

a = CD f o r  treatm en ts c  = CD fo r  months between treatm ents
b *  CD f o r  months d = CD fo r  months w ith in  th e  treatm ent
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and August th e  low est, w ith s ig n i f i c a n t  d i f fe r e n c e s  

between them- w ithin  each treatm ent t o o ,  the trend , 

in  g en era l, was the same between months.

In th e  second year a ls o , record ed  the maximum 

v a lu e . But in stead  o f  T^, Tg gave s ig n i f i c a n t ly  low er 

r u n -o f f  than a l l  o th e r  trea tm en ts. as a g a in st f i r s t  

y e a r , Tg gave s ig n i f i c a n t ly  low er va lu es in June and J u ly . 

T^, which c l o s e ly  fo llo w e d  in  the f i r s t  year, s ta r te d  

produ cin g  le s s e r  r u n -o f f  then Tg in  the above months.

T7 a ls o  showed decreased  r a te  o f  r u n -o f f  a f t e r  August. 

Regarding the m onthly means, b a rr in g  September and Decanber, 

a l l  o th e r  months d i f f e r e d  s ig n i f i c a n t ly  and fo llow ed  th e  

o r d e r  June > July  > August > O ctober > December ■> Septem ber. 

W ithin each treatm ent a ls o , th is  was the g en era l trend, 

o v e r  the months. In May and Novemberyth e re  were no r u n - o f f .

The h ig h e st  q u a n tity  o f  r u n -o f f  produced in 

in  a l l  the months o f  f i r s t  year may m ainly be due to  

the decreased  r a te  o f  i n f i l t r a t i o n  consequent to  d ir e c t ,  

con tin ou s and u n in terru pted  h i t t in g  o f  ra in d rop s which 

w i l l  puddle th e  s o i l  s u r fa ce  and p lu g  th e  m acro-pores 

with f in e  s o i l  p a r t i c le s  (Hudson, 1984). This becomes 

fu r th e r  c le a r  by r e a l i s in g  the p o s s ib le  e f f e c t s  o f  

v eg e ta tion /g rou n d  cov er  in d is s ip a t in g  r a in fa l l  energy 

as d iscu ssed  by Hudson (1977) and venkataramen (1 9 7 8 ).
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Reduced r u n -o f f  observed  in o th e r  treatm ents cou pled  

w ith  data on r a in fa l l  in te r ce p t io n  (T a b le  43 a & b ) ,  

sp la sh  e ro s io n  (T able  45 a & b ) ,  i n f i l t r a t i o n  ra te  

(T a b le  35 ), and earthworm a c t iv i t y  (T ab le  49 a & b) are  

in  su pport t o  t h i s .  As ev id en t from th ese  data, w ith 

in c re a s e  in  canopy cover, th ere  is  an in cre a se  in  

r a in fa l l  in te r ce p t io n  and subsequent red u ction  in  t 

th ro u g h fa ll and r u n -o f f .  In grassed  p lo t ,  high i n i t i a l  

i n f i l t r a t i o n  ra te , an in d ic a t io n  o f  the h igh  f lu x  

c o n tr o l le d  i n f i l t r a b i l  i t y ,  w i l l  in v a r ia b ly  reduce th e  

r u n -o f f .  Further, th e  in crea sed  m oistu re  s to ra g e  

ca p a c ity  o f  s o i l  p rov id ed  by the tra n sp ira to ry  withdrawal 

o f  dense g ra ss  cover m ight a ls o  have con tr ib u ted  t o  the 

decreased  r u n -o f f .  record ed  the le a s t  r u n -o f f  through

o u t  th e  f i r s t  y e a r . R idges taken a cross  the s lo p e  

e f f e c t i v e l y  prevented  r u n -o f f  by r e ta in in g  i t  in -betw een 

than which g ra d u a lly  and su bsequ ently  in f i l t r a t e d  in to  

the s o i l .  Though T  ̂ and behaved alm ost s im ila r ly  in 

the I n i t ia l  months, the reduced r u n -o f f  in T2 towards th e  

end can p rob ab ly  be a ttr ib u te d  to  the r a in f a l l  in te r c e p t 

io n  a b i l i t y  o f  the dense canopy cov er  due t o  high cassava 

p o p u la t io n . R ice  crop  was a ls o  e f f e c t i v e  in  c o n t r o l l in g  

r u n -o f f  t o  a s ig n i f i c a n t  ex ten t, which in e f f e c t  behaved 

alm ost s im ila r ly  as th a t o f  c o n g o s ig n a l.

Many o f  the above e f f e c t s  were tran sm itted  more 

co n sp ico u s ly  to  th e  second y e a r . Though th ere  was h igh er
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r a in f a l l  than the f i r s t  year, a l l  th e  treatm ents recorded

com parative ly  le s s e r  r u n -o f f  in the second year because

o f  the s t a b i l i z a t i o n  e f f e c t  o f  th e  trea tm en ts. The

n o ta b le  red u ction  in r u n -o f f  in  and Tg than the f i r s t

y ea r  w i l l  ex p la in  t h i s .  Though canopy cov er  in  T1 was

much le s s  than many o th er  treatm ents, i t  was alm ost equal

to  T, in c o n t r o l l in g  r u n -o f f .  This i s  m ainly because o f  6
th e  undisturbed nature o f  s o i l  consequent t o  no in te r 

cro p p in g . The s t r u c tu r a l improvements ob served  in Tĵ  

(T ab les  33 & 34) a re  a lso  in  su pport to  t h i s .  Tg, g iv in g  

the low est  va lu es in  a l l  the months su ggest th a t, g ra ss  

on ce  e s ta b lis h e d , i s  b e t t e r  than r id g in g  in  c o n t r o l l in g  

r u n - o f f .  Grass in te r  s t r ip p in g  as in  Ty a ls o  s ta r te d  

showing p o s i t iv e  tendency in c o n t r o l l in g  r u n -o f f .

Hi both years th e  r a in ie s t  month. produced maximum 

r u n -o f f  in  a l l  trea tm en ts. As r u n -o f f  is  most s tro n g ly  

c o r r e la te d  w ith depth o f  r a in f a l l  than any o th er  

c h a r a c t e r is t ic s  (T ab le  4) in crea sed  r u n -o f f  w ith  in crea se  

in  r a in f a l l  is  u n derstan dable . But the t o ta l  amount o f  

r a in f a l l  is  n o t  th e  o n ly  fa c t o r  r e s p o n s ib le  f o r  r u n -o f f .  

When the amount i s  enough to  produce r u n -o f f ,  the h i t t in g  

power as d ecid ed  by the k in e t i c  energy w i l l  b e  more 

in f lu e n t ia l  in  produ cin g  i t .  High c o r r e la t io n  c o e f f i c i e n t  

o f  k in e t i c  energy with r u n -o f f  (r  »  0 .9 1 2 ** ) to g e th e r  w ith 

th e  o b serv a tion s  o f  August and September o f  th e  f i r s t  year
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in many treatm ents and August end November o f  the second 

yea r  in  a l l  the treatm ents are in  support to  th is  f in d in g .

2 .2  R a in fa ll  acceptances

That p o r t io n  o f  r a in fa l l  a f t e r  r u n -o f f  expressed  

as p ercen ta ge  to  t o ta l  is  the r a in f a l l  a ccep ta n ce . Hie 

data  are presen ted  in Table 7 .

When c u lt iv a te d  ba re  p lo t  cou ld  a ccep t  o n ly  47 

p e r  cent o f  the r a in f a l l ,  r id g e  farm ing o f  cassava  across 

th e  s lo p e  helped  to  h a rv est 93 p er  cen t in th e  f i r s t  y e a r . 

G rass and r i c e  cropped p lo t s  were a ls o  e f f i c i e n t  in a ccep t

ing more r a i n f a l l .  In the second year, a l l  th e  treatm ents 

s u b s ta n t ia l ly  in creased  t h e ir  accep tan ce  a b i l i t y  and 

g ra ssed  p l o t  even ov ertook  by a ccep tin g  alm ost 96 

p er  cen t o f  the t o t a l .

R a in fa ll accep tan ce  is  a measure o f  the e f f e c t i v e 

n ess  o f  each treatm ent in h a rvestin g  th e  r a in f a l l  and 

i n f i l t r a t i n g  i t  in to  th e  s o i l  m a tr ix . F actors r e s p o n s ib le  

f o r  redu cin g  r u n -o f f  and in crea s in g  in f i l t r a t i o n  ra te  w i l l  

ex p la in  the v a r ia t io n  seen in each treatm ent.

2 .3  S o il  l o s s :

2 .3 .1  S e tt le d  sedim ents:

T ota l s o i l  l o s s  in clu d es  both suspended as w ell as



T ablq  7 . iamual r u n -o f f  (mm) and r a in f a l l  a ccep ta n ce  (%)

fjl

Treatm ents

1_9_8_4

R u n -o ff  {%)

R u n -o ff  amount (mm)

R a in fa l l
accep ta n ce  (%)

R a in fa l l  amount (mm)

1_9_8_5

R u n -o ff  {%)

R u n -o ff  amount (mm)

R a in fa l l
a ccep ta n ce  { %)

R a in fa l l  amount (mm)

49 .10  4 7 .1 0  6 .9 9  47.69 27.56 34.21  52.84

1170.00 1122.24 166.62 1 1 3 6 .3B . 656 .76  815 .04  1259.04

50 .90  52.90 9 3 .0 1  52.31 7 2 .4 4  6 5 .7 9  47 .16

1212.75 1260.51 2216.13 1246^37 1726.00 1567.71 1123.71

21 .75  30.53 5 .58  29.87 4 .4 4  21 .14  34.56

547.38  768.36 140.52 751 .69  117.78 531.90 669 .82
i

7 8 .2 5  69 .47  9 4 .4 2  ' 7 0 .1 3  95 .56  78 .86  6 5 .4 4

1969.17 1748.19 2376.03 1764.87 2404.77 1984.65 1646.73
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s e t t le d  sedim ents ca r r ie d  away by the zru n -o ff. The 

data  on s e t t le d  sedim ents which forms th e  lio n s  share 

o f  s o i l  l o s s  i s  p resen ted  in T able  B. E rosion  in each 

treatm ent, on an in ten se  ra in y  day, one month a f t e r  th e  

experim ent, is  i l lu s t r a t e d  in P la te s  X II-X V III .

In 1984,' a l l  the treatm ents d i f f e r e d  s ig n i f i c a n t ly ,

As in th e  ca se  o f  r u n -o f f ,  T̂  s to od  f i r s t  in e rod in g  the 

s o i l  and Tg th e  l a s t .  T̂  was s ig n i f i c a n t ly  h igh er than 

a l l  o th e r  treatm ents throughout the f i r s t  year excep t in 

August when i t  was on par w ith  and Tg. S im ila r ly  Tg 

was s i g n i f i c a n t ly  low er than o th e rs  upto and in c lu d in g  

J u ly  and th e r e a fte r  a tta in ed  s t a t i s t i c a l  p a r ity  w ith  Tg 

and T g. Among the months, June was the most e r o s iv e  

fo llo w e d  by May, J u ly , September, O ctober and August in 

th a t  o r d e r . Except May and July , a l l  the months d i f f e r e d  

s i g n i f i c a n t l y .  W ithin each treatm ent a lso , June produced 

th e  h ig h e st  s o i l  lo s s *

m the second  year 3^, T2 and T4 were s ig n i f i c a n t ly  

h ig h e r . Tg was on par x*ith T j .  Tg gave th e  low est va lu e  

and was on par w ith Tg. T?  was s i g n i f i c a n t l y  h igh er to  

a l l  fo llow ed  by Tg and in  most o f  the m onths. D if fe r e n 

ces between Tg and Tg were always in s ig n i f i c a n t .  and Tg 

became com parable to  towards th e  end. The m onthly means 

showed s ig n i f i c a n t  d i f f e r e n c e s .  June was th e  most e ro s iv e  

and O ctober, the l e a s t .  Ih ere  was p r a c t i c a l ly  no s o i l  lo s s



T a b le  8 . M onth-w ise s e t t le d  sedim ent l o s s  ( t /h a )

Year/Month
Treatm ents

Mean
T2 T3 T4 T5 T6 T7

1_9_8_4 ‘

May 44 .99 4 6 .8 5 2 .3 0 46 .93 34.19 38.21 49.99 37.64
June 122.53 142.37 4 .5 3 125.73 6 2 .3 0 7 1 .9 1 146.27 97 .26
J u ly 41.07 57 .64 0 .1 5 55 .20 13.02 23.49 6 2 .5 8 36 .16
August 5 .61 7 .0 4 0 .0 1 7 .1 2 0 .0 5 0 .4 3 7 .S 3 4 .0 1
September 20.36 13 .45 0.00 16 .55 0 .10 0 .2 3 31.04 11 .6 8
O ctober 10.93 5 .52 0.00 9 .8 1 0 .0 7 0 .7 4 17 .85 6 .42

Mean 41 .91 4 5 .4 8 1.15 43.56 18.29 22 .33 52.59

CD (0 .0 5 ) a = 1 .2 2 b = 0 .7 8 c  = 2 .17 d = 2.06

1_9_B_5

June 23 . B4 6 4 .1 8 0 .5 8 55.11 0 .1 6 32.77 100.30 39.56
J u ly 6 .8 1 3 3 .5 0 0 .0 4 30.00 0 .0 3 4 .9 0 4B.48 17.68
August 0 .3 6 2 .79 0.00 2.67 0.00 0.00 4 .2 5 1 .44
Septenber 0.00 0.00 0.00 0.00 0.00 0.00 0 .0 1 0.00
O ctob er 0 .0 3 1 .1 2 0.00 1 .40 0.00 0.00 0 .3 6 0 .4 5

Mean 6 .2 6 20.32 0 .1 2 17.84 0 .0 4 7 .5 3 30 .68

CD (0 .0 5 )  ’ a ™ 1.52 b = 0 .9 2 c  * 2 .49 d = 2 .43

a = CD fo r  treatm ents c  = CD fo r  months between treatm ents
b = CD fo r  months d ~ CD fo r  months w ithin  th e  treatm ent



P la te  X II . E rosion  in c u lt iv a te d  fa llo w  p l o t  on an 
in te n se  ra in y  day, one month a f t e r  th e  
experim ent (12  t /h a /d a y ) .

P la te  X III  E rosion in tr e e  a lon e  treatm ent -  a 33% 
red u ction  o v e r  the c u lt iv a te d  fa llo w  
(8 t /h a /d a y ) .
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P la te  XIV E rosion  in  eu ca lyp tu s + f iv e  cassava on mounds -  
as sev ere  as th a t o f  c u lt iv a te d  fa llow .
( 1 1  t /h a /d a y ) .

P la te  XV E rosion  in eucalyp tu s + cassava on r id g e s  a cross  
th e  s lo p e  -  th ere  i s  p r a c t i c a l ly  no s o i l  l o s s .
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P la te  XVI E rosion  in eu ca lyp tu s + one cassava on mound 
a 25% red u ction  ov er  the c u lt iv a te d  fa llo w  
(9 t /h a /d a y ) .

P la te  XVII E rosion  in grassed  p l o t  -  a 96% red u ction  
ov er  the c u lt iv a te d  fa llo w  (0 .5  t /h a /d a y ) .
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P la te  XVIII Erosion in r ic e d  p lo t  -  a 7554 red u ction
ov er  the c u lt iv a te d  fa llo w  
(3 t /h a /d a y ) .
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in  Septem ber. W ithin each treatm ent to o , t h is  was 

alm ost the same trend and the d i f f e r e n c e s  were in 

s ig n i f i c a n t  towards the end. In and Tg, the monthly 

d i f f e r  s ic e s  were n o t  a t a l l  s i g n i f i c a n t .

S o il  e ro s io n  is  a fu n ction  o f  r a in f a l l  e r o s iv i t y  

and s o i l  e r o d i b i l l t y  (W ischm eier, 1966; A lexander e t  a l .

19BO and Verma, 1984). E r o d ib i l l t y  b e in g  an in herent 

ch a ra cter  o f  the s o i l ,  under a g iven  ed a p h o log ica l con d i

t io n , the e ros ion  is  d ecid ed  by e r o s iv i t y  o f  r a in fa l l  and 

land management p r a c t i c e s .  As exp la in ed  in item 1 .1  

e ro s io n  is  most s t ro n g ly  c o r r e la te d  with El^g than any 

o th e r  r a in f a l l  c h a r a c t e r i s t i c s .  The observed  v a r ia t io n s  

in  s o i l  lo s s  between months were the r e f le c t io n s  o f  th is  

f a c t  and th e  h ig h e st  s o i l  lo s s  was seen in th e  month w ith  

h ig h e s t  El^g and v ic e -v e r s a , i r r e s p e c t iv e  o f  the q u a n tity  

o f  r a in f a l l  and r u n o f f .  A s in g le  ex cep tion  t o  th is , 

throughout th e  p e r io d  o f  experim ent, was May o f  the f i r s t  

y ea r  where com parable va lu es were observed  with J u ly .

This can be  due to  the i n i t i a l  s o i l  d istu rb a n ces  consequent 

t o  land p rep a ra tion  cou p led  with th e  heavy downpour. For 

May o f  the second year a ls o  th is  would have been the 

s itu a t io n  had th ere  been s u f f i c i e n t  r u n -o f f  t o  cause 

eros  io n .

D if fe r e n c e s  in th e  s e t t le d  sedim ents e x h ib ite d  by 

each treatm ent can be a ttr ib u te d  to  i t s  e f f e c t s  on in flu en cin g



th e  r a in fa l l  e r o s iv l t y  and r u n -o f f .  was su b je c te d  

t o  the d i r e c t  h i t t in g  o f  r a in fa l l  s in c e  i t  was kept as 

c u lt iv a te d  fa llo w  in  the f i r s t  y e a r . As th ere  was no 

p r o t e c t iv e  cov er  o r  management p r a c t ic e s  in T^, the 

s o i l  d e t a c h a b il it y  o f  the f a l l i n g  ra in d rop s and tran s

p o r t a b i l i t y  o f  the r u n -o f f  were very  high which exp la in s 

th e  h igh er v a lu es  recorded  in a l l  the m onths. High ra te  

o f  sp lash  e ro s io n  (T ables 45 a & b ) and low  in f i l t r a t i o n  

(T a b le  36) seen in t h is  treatm ent fu r th e r  su b sta n tia te  

th e  same. The sedim ent lo s s e s  in Tg and were h igher 

than most o f  the treatm ents ex cep t T^, in s p it e  o f  the low  

r u n -o f f  recorded  during the h ig h ly  e r o s iv e  months. As 

exp la in ed  in  item 1 . 2, t h is  r e i t e r a t e s  the fa c t  th a t the 

r u n -o f f  a lon e  is  n o t  r e s p o n s ib le  in determ ining s o i l  l o s s .  

Very sev ere  s o i l  d is tu rb a n ce  caused by mound p la n tin g  o f  

cassava , th a t  too  f iv e  tim es th a t o f  T4 , m ight have n u l l i 

f ie d  any k i t t l e  p r o t e c t iv e  r o l e  by  the d ev e lo p in g  cassava 

can opy . In a d d ition  to  th is  th e  down flow in g  r u n -o f f  

form ing r i l l s ,  q u it e  o ft e n  e n c ir c l in g  the newly formed 

mounds, m ight have brought down maximum s o i l  from the 

mounds. The low er sedim ent lo s s  observed  in Tg and Tg 

m ight be a ttr ib u te d  t o  the reasons a lreed y  exp la in ed  fo r  

r u n - o f f .  Further the ram ify in g  e f f e c t  o f  f ib ro u s  ro o ts  

o f  g ra ss  and r i c e  would have p ro te c te d  th e  in d iv id u a l 

s o i l  p a r t i c l e s  from bein g  detached by th e  f a l l i n g  ra in 

drop and tra n sp orted  down by the flow in g  w ater. These



e f f e c t s  o f  the g ra ss  crop became in c r e a s in g ly  ev id en t 

in  the second year by making i t  most e f f e c t i v e  in 

c o n t r o l l in g  s o i l  l o s s .  The observed  red u ction  o f  

s e t t l e d  sedim ents in  T7 as compared to  th e  f i r s t  year 

in d ic a te s  th e  p o s i t iv e  e f f e c t  o f  g ra ss  s t r ip s  in c o n tr o l

l in g  s o i l  l o s g .  As in  the ca se  o f  r u n -o f f ,  a general 

d e crea se  in s e t t le d  sedim ent lo s s  observed  in second 

year, can be a ttr ib u te d  to  some ex ten t, to  th e  p r o t e c t iv e  

r o le  o f  t r e e s .

2 .3 .2  Suspended sedim entss

The q u a n t it ie s  o f  suspended sedim ents c a r r ie d  away 

by  the flow in g  water in each treatm ent a re  p resen ted  in 

T ab le  9 .

The annual mean fo llow ed  an alm ost s im ila r  tren d  

as th a t  o f  s e t t l e d  sedim ents excep t fo r  th e  s t a t i s t i c a l  

p a r i t y  showed between t  T4 and & T^. Over d i f f e r e n t

months too , the trend was e x a c t ly  same as th a t o f  s e t t le d  

sedim ents t i l l  J u ly . A fterw ards, a s l i g h t  s u p e r io r ity  

o f  ov er  and T2 was ob serv ed . June r e g is te r e d  the 

h ig h e s t  v a lu e  and August, th e  lo w e s t . The d i f fe r e n c e s  

were a ls o  s ig n i f i c a n t  excep t fo r  August and September 

which were on p a r . This was alm ost the same tren d  w ith

in each treatm ent t o o .



T able  9 . M onth-w ise suspended sedim ent lo s s  ( t /h a )

Year/M onth
Treatm ents

Ti T 2 T3 T4 V T6 T7

1_9_8_4

May 3 .5 4 3.67 0.20 3.53 2.19 2 .71 4 .5 4 2 .91
June 9 .9 4 13 .05 1.17 12.61 4 .76 6 .6 7 15.58 9 .1 1
Ju ly 6 .3 6 7 .7 5 0 .1 5 7 .3 3 1.18 3 .30 1 1 .1 0 5 .4 5
August 0 .3 4 0 .4 0 0 .0 1 0 .4 5 0.02 0 .1 1 0 .9 3 0 .3 3
September 0 .4 4 0 .5 5 0.00 0.68 0 .0 1 0 .12 0 .9 6 0 .3 8
O ctob er 1 .08 1 .34 0.00 1.62 0.00 0 .1 5 2 .87 1 .0 1

Mean 3 .6 2 4 .47 0 .2 5 4 .37 1 .53 2.16 6 .00

CD (0 .0 5 ) a = 0 .1 9 b = 0 .1 5 c  “ 0 .4 0 a = 0 .4 0

1_9_8J5 -

June 2 .98 9 .44 0 .5 8 9 .0 1 0 .1 5 2 .60 14.52 5 .61
J u ly 1 .30 5 .45 0 .0 4 5 .44 0 .0 3 2.09 7 .89 3 .18
August 0 .0 5 0 .5 7 0.00 0 .7 3 0.00 0 .0 3 0 .93 0 .3 3
0 ctob  er 0.20 0 .1 8 0.00 0 .3 5 0.00 0 .0 4 0 .2 9 0 .1 5

Mean 1 .13 3.91 0 .1 6 3 .88 0 .0 5 1.19 5 .91

CD (0 .0 5 ) a = 0 .2 7 b = 0 .1 3 C = 0 .3 7 d = 0 .3 4

a = CD fo r  treatm ents
b = CD fo r  months

c  =» CD fo r  months between treatm ents
d = CD fo r  months w ithin  the treatm ent



In th e  second year a ls o , T? was s i g n i f i c a n t ly

h ig h er  ov er  o th e r s . record ed  the lo w est  v a lu e .

T & T , T,. & T, and T_ & Tc were on p a r . The m onthly 
2 4 6 1 3 b

l o s s  fo llo w e d  the o rd e r  June > Ju ly  > August > O ctober 

w ith s ig n i f i c a n t  d i f f e r e n c e s  between them. There was no 

suspended sedim ent l o s s  in Septeir.ber • in th e  m onthly 

d i f f e r e n c e s  were in s ig n i f i c a n t .

T able 10 p ro v id e s  th e  ra te  o f  l o s s  o f  suspended 

sedim ents as in flu en ced  by d i f f e r e n t  trea tm en ts , m both  

y ea rs , the trends between treatm ents were e x a c t ly  seme 

as th a t o f  the q u a n tity . But the d i f fe r e n c e s  were, in 

g en era l, in s ig n i f ic a n t  between many treatm ents e s p e c ia l ly  

in  the i n i t i a l  months o f  th e  f i r s t  year end s ig n i f i c a n t  

in the second y e a r . The f i r s t  month which produced 

e ro s io n  recorded  th e  h ig h e st  v a lu e  end September th e  

low est, in both  y e a r s . W hile in the f i r s t  year, the 

d i f fe r e n c e s  between months w ith in  most e r o s iv e  treatm ents 

were in s ig n i f ic a n t ,  they  were s ig n i f i c a n t  in th e  second 

y e a r .

As the suspended sedim ent l o s s  is  determ ined by 

the r a te  o f  l o s s  o f  suspended p a r t i c le s  and the t o ta l  

volum e o f  r u n -o f f ,  such o f  th ose  fa c to r s  which are 

r e s p o n s ib le  fo r  s o i l  detachm ent, tra n sp o rta t io n  and run

o f f ,  w i l l  h e lp  ex p la in  the d i f fe r e n c e s  observed  in each 

treatm en t. The h ig h e st  q u a n tity  o f  suspended sediment



Table 10. Monthly rate  o f  lo s s  o f  suspended sediment "in ru n o ff (kg/ha cm)

Year/Month Treatments Mean
T̂1 T2 T3 T4 T5 T6 T7

1_9_S_4

May 301.92 321.61 23B.77 299.94 259.55 290.01 379 .94 298.82
June 228.61 308.71 143.73 295.67 175.81 207.86 343.49 243.41
J u ly 169.36 203.36 35 .50 195.27 83.78 107.80 26 5 .81 151.56
August 6 4 .1 4 lOO.87 5.36 97 .78 15.77 31.44 144.48 65 .69
September 71 .14 98 .06 2.16 110.84 6.86 12.34 138.33 6 2 .8 2
O ctober 85 .46 132.38 0.00 147.78 0.00 138.43 210.94 101.43

Mean 153.44 194.17 70 .9 2 191.22 90 .30 130.48 247.16

CD (0 .0 5 ) a = 20.74 b = 19.10 c  = 49 i 52 d »= 50.52

1_9_9_5

June 114.02 269.23 98 .62 252.76 31.61 ,98 . 57 343.08 172.41
J u ly 57.93 180.16 7 .6  2 196.78 7 .79 90 .43 243.63 112.41
August 11 .82 88 .70 0.00 115.61 0.00 18.53 125.73 51.48
O ctober 104.30 50.54 0.00 66 .27 0.00 20.32 6 5 .7 5 43.98

Mean 7 9 .4 4 146.88 26.56 141.28 9 .3 7 56 .96 194.55

CD (0 .0 5 ) a = 10 .94 b = 5.23 c  =» 14.92 d = 13.84

a = CD fo r  treatm ents
b = CD fo r  months

c  =» CD fo r  months between treatm ents
d — CD fo r  months w ithin  th e  treatm ent



seen in in both  years i s  a tt r ib u te d  t o  th e  high 

ra te  and volume o f  r u n -o f f  e x h ib ite d  by i t .  The 

apparent s im i la r i t y  in the ra te  o f  l o s s  o f  suspended 

sedim ent between treatm ents e s p e c ia l ly  in the f i r s t  

y ea r  can b e  an in d ic a t io n  o f  the in e x p r e s s ib i l i t y  o f  

treatm ent e f f e c t s  re s p o n s ib le  fo r  b r in g in g  down th e  

d is p e r s iv e  a ct io n  o f  ra in d ro p s . The d i f f e r e n c e s  seen 

o v e r  months between and w ith in  treatm ents are  in d ic a t iv e  

o f  t h e ir  r e s p e c t iv e  p r o t e c t iv e  a b i l i t i e s  a ga in st ra in 

drop impact and e r o s io n . C lear and p r a c t i c a l ly  s e d i

ment fr e e  w ater produced in and towards the f in a l  

s ta ges  o f  in v e s t ig a t io n  is  in support t o  t h i s .

2 .3 .3  T ota l s o i l  l o s s :

Data on t o t a l  s o i l  l o s s  o f  each treatm ent ov er  th e  

w hole p e r io d  o f  in v e s t ig a t io n  are p rov id ed  in T a b le -11 

and P ig . 13.

T? eroded the maximum s o i l  in both y e a r s . In T  ̂

th e  s o i l  l o s s  was always l e s s  than the t o le r a b le  l i m i t .

In the second year, grass treatm ent ov e r  took  and th ere  

was p r a c t i c a l ly  no s o i l  l o s s ,  in i t .

Even by  tak in g  10 t /h a /y r  as th e  t o le r a b le  le v e l  

o f  s o i l  lo s s  (R equ ier, 1982 and Verma, 1984) i t  cou ld  be 

seen that a l l  the treatm ents ex cep t T  ̂ where h ig h ly



Table 11. Y ear-w ise qu a n tity  and depth o f  eroded s o i l

Treatm ents

S e t t le d
sedim ents

( t /h a )

Suspended
sedim ents

( t /h a )

T ota l 
( t /h a  )

Depth o f  
eroded  s o i l  

(mm)

% redu ct
ion  o v e r  
f i r s t  year

1984 1985 1984 1985 1984 19B5 1984 1985

T1 251.46 31 .30 21.71 4 .5 0 273.17 35 .80 13.66 1.79 86 .90

T2 272.88 101.60 26.83 15.64 299.71 117.24 14.99 5.86 6 0 .9 1

T3 6 .9 0 0 .6 0 1 .52 0 .6 2 8 .4 2 1 .2 2 0 .4 2 0 .0 6 85 .00

T4 . 261.36 89 .20 26 .20 15.52 287 . 52 104.72 14 .38 5.24 6 3 .5 6

TS 109-74 0 .1 9 9 .1 7 0 .1 8 11B.91 0 .3 7 5 .9 5 0.02 9 9 .9 3

T6 134.29 45 .18 12.96 4.76 147  ̂25 4 9 .9 4 7 .3 6 2 .5 0 6 6 .0 3

T7 315.24 153.40 35 .98 23.63 351.52 177.03 17 .58 8 .8 5 40 .96*

P ercen tage  red u ction  was c a lc u la te d  o v e r  i ?2 o f  th e  f i r s t  y ea r  as second  
y ea r  was an improvement o f  T j .
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v u ln e ra b le . As ev id en t from o f  f i r s t  year even the 

v ery  minimum land c le a r in g  and t i l l a g e  op e ra t io n s  can 

erod e  as high as 273 t /h a /y r  i . e .  about 14 mm o f  top  

s o i l  from a s lo p e  o f  25 p er  c e n t . Mound p la n tin g  o f  

cassa va , th e  w id e ly  p r a c t ic e d  method in  taungya lan ds 

can fu rth e r  em bitter th e  s itu a t io n  by  cau sin g  30 tim es 

h ig h e r  the p e rm iss ib le  l e v e l  o f  e ro s io n  i . e .  300 t /h a /y r .

I n c id e n t a l ly ^ it  can a lso  be noted  th a t , even when cassava 

p op u la tion  was in crea sed  to  f iv e  tim es than that o f

the taungya co n tra ct  re g u la t io n  (T^) th e  in cre a se  in s o i l  

e ro s io n  was on ly  m arginal and n ot p ro p o rt io n a l to  the 

d eg ree  o f  land d istu rb a n ces  caused . This may be due to  

the p r o t e c t iv e  r o l e  o f  dense cassava canopy as compared 

to  T^. S e v e r ity  o f  e ro s io n  was about 12 and 15 tim es 

h ig h er  than th e  p e rm is s ib le  l im i t ,r e s p e c t iv e ly ,  in and 

in  the f i r s t  y e a r . Grass cou ld  c o n tr o l  s o i l  e ro s ion  

alm ost com p lete ly  and em phasises i t s  paramount im portance 

in h i l l - s l o p e  management. As ev id en t from o f  second 

y ear , in te r s  t ip p in g  about 10 p er ce n t  o f  the area w ith 

g ra ss  cou ld  reduce 41 p er cen t o f  s o i l  l o s s  even in T2# 

one o f  the most e r o s iv e  treatm ents, w ith in  one y e a r . 

O bservation s o f  T j in  com parison with o th e rs  i l lu s t r a t e  

th e  in te r fe r e n c e  o f  men through a g r ic u ltu r a l op e ra t io n s  

in  a c c e le r a t in g  e r o s io n . I f  in te r c u ltu r e  and consequent 

land d is tu rb a n ce  are absent, t r e e  p la n tin g  a lon e cou ld  

redu ce e ro s io n  by 87 p er  cen t in th e  second y e a r . These
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fin d in g s  are in support to  the p o s s i b i l i t y  o f  a g r i-  

s i lv i - p a s t u r a l  land management systems fo r  c o n t r o l l in g  

s o i l  e ros ion  In h i l  1 - s l o p e s .

3 . P a r t i c le  s i z e  d is t r ib u t io n  o f  eroded s o i l s

G ravel, sand, s i l t  and c la y  contents o f  both  

s e t t le d  and suspended sedim ents were determ ined at 

m onthly in t e r v a ls .  The data  are rep orted  and d iscu ssed  

b e low .

3 .1  S e tt le d  sediments*

3 .1 .1  G rovel *

Data are presen ted  in Table 12.

In the f i r s t  year a l l  treatm ents d i f f e r e d  s ig n i

f i c a n t ly .  T  ̂ record ed  the h ig h est mean o f  12.9  5 p er ce n t  

end T3 the low est  o f  2 .01 p er  c e n t . The o rd e r  o f  s ig n i 

f ic a n c e  o f  the treatm ents were Tg, T^, T^, T  ̂ and T^.

Over the months to o , t h is  was the same trend w ith a 

d r a s t i c  red u ction  in g ra ve l con ten t, as months passed b y . 

The monthly means a lso  d i f f e r e d  s ig n i f i c a n t ly ,  in the 

o rd e r  Mpy > June > J u ly > O ctober > August > Septem ber, w ith

in  each treatm ent, the I n i t i a l  months gave the h igh est 

g ra v e l con ten t and f in a l  months, th e  lo w est  w ith  com parable 

values in  many c a s e s .



T able 12. Gravel content {%) o f  s e t t le d  sediment

Year/Month Treatm ents Mean
T1 T2 T3 “4 T5 T6 T7

1_9_8_4

May 17.26 17.49 11.96 17.37 16.92 16 .58 18.97 16 .6 5
June 17.03 19.48 4 .87 19.18  ■ 13.47 12 .72 20.24 15.*29
Ju ly 10.92 14.22 0.00 11.14 B.2 1 10 .75 16.28 10.26
August 5.96 6 .9 3 0.00 5.86 0.00 0.00 7 .8 8 3.79
September 2 .83 4 .9 0 0.00 3 .92 0.00 0.00 6 .5 1 2.59
O ctober 6 .2 2 4 .8 4 0.00 6 .48 0.00 6 .6 8 7 .8 0 4 .59

Mean 10.04 11.29 2 .81 10.69 6 .4 3 7 .8 1 12 .95

CD (0 .0 5 ) a = 0 .3 1 b « 0 .3 0 c  = 0 .7 8 d = 0 .8 0

1 9  8 5 

June 10.06 19.6 2 11 .78 18 .38 14.48 16 .94 20.36 17.09
J u ly 14.89 17.69 4 .3 2 15.46 6 .1 8 11 .30 13.09 11 .85
August 8 .79 7 .7 2 0.00 6 .94 0.00 0.00 6 .99 6 .09
O ctob er 3 .7 2 5.36 0.00 4 .88 0.00 0.00 4 .5 1 3 .7 0

Mean 11.37 12.59 4 .03 11.42 5.16 7 .0 6 11.24
CD (0 .0 5 ) a = 0 .68 b = 0 .3 5 C 13 0 .8 9 d = 0 .7 9

a = CD fo r  treatm ents
b = CD fo r  months

c  = CD f o r  months betw een treatm ents 
d = CD fo r  months w ith in  th e  treatm ent
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T„, became s i g n i f i c a n t ly  h igh er by s h i f t in g  T„

even below  to  T  ̂ in the second y e a r . The treatm ents

T , T and T„ were on p a r . D iffe re n ce s  between t r e a t -  4 1 >
ments ov er  the months became in s ig n i f ic a n t  making many 

treatm ents.com parable  to each o th e r . Monthly d i f fe r e n c e s  

were always s i g n i f i c a n t .  June gave the h ig h e st  v a lu e  and

O ctober the low est in a l l  th e  trea tm en ts .

3 .1 .2  Sand:

Data a re  furn ished  in  Table 13 and F ig . 14 and 15.

U n like  g ra v e l con ten t, a l l  the s e v e re ly  t i l l e d

treatm ents v i e . ,  T2 , T4 and were alvjays on s t a t i s t i c a l  

p a r ity  both  in the annual and monthly v a lu e s . Among th ese  

treatm ents, always r e g is te r e d  the low est  va lu e which 

v a r ie d  between 40.69 p er  cen t in  June to  47 .78  p er  cent 

in  O ctob er . Though annual means o f  T^, Tg and Tg were 

s i g n i f i c a n t ly  d i f f e r e n t ,  the m onthly va lu es were, in 

g en era l, on p a r . C ontrary to  the g ra v e l con ten t, send 

con ten t in a l l  th e  treatm ents u n v e iled  a gradual in crea se , 

as months passed b y . This was more pronounced in Tg and 

Tg. Within each treatm ent, the m onthly d i f fe r e n c e s  were, 

in g en era l, in s ig n i f i c a n t .

superseded a l l  o th e r  treatm ents in the second 

y e a r . Rest o f  th e  treatm ents fo llo w e d  e x a c t ly  the same



Table 13. Sand content {%) o f  s e t t le d  sediment

Year/M onth Treatm ents Mean
T 1 T2 T3 ** T5 T6 T7

1 9 8 4 

May 46 .96 47.19 48.63 46 .24 46.23 ' '45.84 46 .49 46 .80
June 45 .91 41 .31 44.46 43.49 54.37 53.29 40.69 46 .21
Ju ly 44.89 43.27 0.00 44.97 57.72 58.20 42.97 41 .72
August 50 .12 .46 .97 0.00 47 .40 0.00 0.00 46 .54 27 .28
Septemb e r 51 .15 48 .04 0.00 50.87 0.00 0.00 47.37 28.21
O ctob er 35.73 51 .02 0.00 51.18 0.00 6 3 .5 0 47 .79 35 .60

Mean 4 5 .7 8 46 .30 15.52 47.36 26 .39 36 .80 45 .31

CD (0 .0 5 ) a = 3 .08 b = 2 .55 c  53 6 .7 6 d = 6 .7 4

1_9_8_5

June 4 6 .8 5 44.96 50.78 44 .31 6 4 .7 1 46.59 41 .75 . 48 .56
J u ly 48 .59 4 4 .0 5 56.08 42.16 70 .1 0 51.47 42 .82 44 .61
August 53-27 44 .78 0.00 46 .71 0.00 0.00 45 .35 27.16
O ctober 6 0 .6 2 55.54 0.00 55 .10 0.00 0.00 55.98 32.46

Kean 52 .28 47 .33 26 .72 47 .07 33.71 24.51 46 .48

CD (0 .0 5 ) & = 1 .62 b 1.0 2 c  => 2 .4 0 d <= 2.22

a = CD fo r  treatm ents
b = CD fo r  months

c  = CD fo r  months between treatm ents
d = CD fo r  months w ithin  the treatm ent
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trend  as th a t  o f  the f i r s t  year, as fa r  as the annual 

va lu es were con cern ed . Over the months, the d i f fe r e n c e s
i

between and w ith in  each treatm ent became much more magni

f ie d  and were s ig n i f i c a n t  in many c a s e s .

3 .1 .3  S i l t :

Table 14 and F ig . 14 and 15 show the data  on 

s i l t  co n te n t.

T  ̂ recorded  the h ig h e st  annual v a lu e  o f  15.87 

per cen t very  c l o s e ly  fo llow ed  by  T2 and T4 * T3 r e g is te re d  

th e  low est va lu e  o f  5 .29 p er  c e n t . Monthly va lu es f a i le d
=Sa

t o  show any s p e c i f i c  trend between T^, T^, and

But T- and T, were in f e r i o r  to  a l l  towards the end o f  th e  5 o
y ear  and many tiroes were on p a r . Within the treatm ent, 

th e re  was no d e f in i t e  trend, between months.

As in  th e  ca se  o f  sand, treatm ent d i f fe r e n c e s  were 

more pronounced in the second y e a r . Barring and T2, 

a l l  o th e r  treatm ents d i f f e r e d  s i g n i f i c a n t l y .  Tp. and 

record ed  h igh er v a lu e s . Other treatm ents fo llo w e d  th ese  

two w ith ou t a d e f in i t e  tren d . Over the months, w ith in  

each treatm ent, a decreased  s i l t  con ten t was observed  

and O ctob er  record ed  the low est  value alw ays.

3 .1 .4  Clay.:

Data are rep orted  in T able  15 and F ig . 14 and 15.



Table 14. S i l t  content (%) o f  s e t t le d  sediment

Year/M onth Treatm ents Mean
T1 T 2 T3 T4 *5 T6 T7

1_9_8_4
*

-flay 14.73 15 .30 14.56 14.71 14.66 14.92 14.83 14 .82
✓June 14.09 16.35 17.19 16.73 14.70 14.03 17.11 15.74
Ju ly 15.39 16 .66 0.00 15.51 13 .62 13.09 16 .82 13-01
August 15 .15 16 .02 0.00 15.66 11.64 12.63 15 .35 12.35
September 14 .25 16.09 0.00 15.29 12.41 12 .6 8 15.57 12.18
O ctob er 14 .68 14.96 0.00 15.04 12.79 13.04 15.51 12.29-

Mean ■ 14 .72 15.73 5.29 15.49 13 .30 13.39 15.87 -

CD (0 .0 5 ) a = 0 .4 2 b  = 0 .33 c  = 0.88 a  * 0.87

1_9_8_5

June 15.03 14.38 2 0 .11 14.60 24.13 14.92 15.59 16.97
J u ly 14 .64 16.53 18 .10 16.12 23 .6  2 14.67 15.39 17.08
August 12.51 14.89 0.00 14.28 0.00 0.00 16 .15 8 .2 6
O ctober 11.49 13.45 0.00 11.69 0.00 0.00 12.43 7 .0 1

Mean 13.42 14.81 9 .5 5 14.17 11.94 7 .39 15 .02

CD (0 .0 5 ) a = 0 .5 4 b = O.42 c  = 0 .9 4 d = 0 .9 3

a = CD fo r  treatm ents
b s= CD fo r  months

c  = CD fo r  months between treatm ents
d = CD fo r  months w ithin  the treatm ent



Table 15. Clay content {%) o f  s e t t le d  sediment

Treatm ents
Year/M onth

T1 T2 T3 ■ T4 T5 T6 T_7
Mean

l_ 9 _ 8 j l

v-May 34 .25 33 .75 32 .53 33 .93 34 .60 34 .94 34 .44 34.06
June 36.87 37 .40 32.67 36.89 25 .35 28 .68 38.63 33.78
Ju ly 34 .51 34.87 0.00 35.19 22.33 22 .81 36 .05 26.54
August 30 .13 33 .55 0.00 32 .43 18.9  5 23.96 35.19 24.89
September 30.56 3 1 .6 2 0.00 30 .95 15.24 18.77 33.76 22 .98
O ctob er 29.97 31.11 0.00 30 .90 15.21 19. SB 32.24 22.76

Mean 32 .71 33 .72 10.87 33.36 21 .95 24.84 35 .05

CD (0 .0 5 ) a = 0 .4 9 ]0 m 0 .4 5 c  = 1 .19 d =* 1 .2

1_9_0_5_

June 3 3 .9 1 35.66 26 .13 35.84 7 .3 8 34.22 36 .82 29.99
Ju ly 32.49 35.59 21 .78 36 .78 5 .10 32 .22 36 .91 2B.70
August 30.46 33.79 0.00 33.56 0.00 0.00 33-86 18.81
O ctob er 24.71 27 .00 0.00 27.07 0.00 0.00 27 .55 15.19

Mean 30 .40 33 .01 11 .98 33.31 3 .12 16 .61 ‘ 33 .79

CD (0 .0 5 ) a = 0 .9 7 b = 0 .5 1 c  = 1.27 d a 1.13

211 t s  
atment
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was s ig n i f i c a n t ly  the h ig h e s t  and T3 the 

lo w e s t . The o th e r  treatm ents d i f f e r e d  s ig n  i f  ic a n t ly  

ex cep t T2 and Tj which were on par in the f i r s t  y e a r .

The dominance o f  was m aintained throughout the year 

ex cep t in May when a l l  the treatm ents were on p a r .

There was a gradual d ecrea se  ov er th e  m onths. Monthly 

d i f f e r e n c e s  w ith in  each treatm ent were, in g en era l, 

s ig n i f i c a n t  in the i n i t i a l  months and I n s ig n i f ic a n t  

tow ards the end.

in the second year , an alm ost sane trend  o f  the 

f i r s t  year was observed  excep t f o r  the f a c t  th a t  

gave the low est v a lu e . The pattern  o f  prom inence o f  

each treatm ent ov er  th e  months was a ls o  alm ost com parable 

t o  that o f  the f i r s t  y ea r .

The above r e s u lt s  showed that the s e t t le d  sedim ent 

was more c la y ey  in the i n i t i a l  months and sandy in  the 

f in a l  months. S i l t  and gra ve l con ten t a ls o  showed red u ct

ion  ov er  th e  passage o f  time, but the r a te  o f  red u ction  

o f  g ra ve l con ten t was m an ifested  in a more con sp icou s 

way than th a t  o f  s i l t .  On d i r e c t  continuous h i t t in g  o f  

in te n se  r a in fa l l  on h e a v ily  t i l l e d  s o i l ,  in d iv id u a l s o i l  

p a r t i c le s  e s p e c ia l ly  sm a ller ones w i l l  g e t  e a s i ly  det^ached 

beca u se  o f  sp lash  e f f e c t .  When 95 p er  cen t o f  the s o i l  

l o s s  in sh eet e ros ion  p ro ce s s  is  due to  the ra indrop
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im pact (Yadav, 1961) and more than 97 p er cent o f  the 

aggregates o f  the i n t e r r i l l  e ro s io n  is  c o n s t itu te d  by 

s o i l  p a r t ic le s  o f  le s s  than 0*5 mm (A lb e r t  e t  a l « 1977), 

the more c la y e y  n atu re  o f  the eroded s o i l  in the I n i t ia l  

months is  c o g n is a b le . The com paratively  high g ra v e l 

con ten t in the e a r ly  months may be due to  the high se d i

ment ca rry in g  ca p a c ity  a r is in g  out o f  th e  u n in terru pted  

and accumulated flow  o f  the r u n -o f f .  With in cre a se  in 

p r o t e c t iv e  r o l e  o f  the v e g e ta l cov er (T ab les 42 a & b) 

and com paratively  le s s e r  e r o s iv e  ra in s towards th e  end 

(T ab le  5 and F ig . 7 & 8) ,  s o i l  p a r t i c l e  detachment and 

sp la sh  e ro s io n  are  p r a c t i c a l ly  reduced and g iv e  o n ly  a 

l i t t l e  q u a n tity  o f  c la y  and s i l t .  This w i l l  e s s e n t ia l ly  

in cre a se  th e  sand con ten t o f  th e  eroded s o i l .  The very  

high con ten t o f  sand (7 0 .1 0  p er  cent) and very  low  c la y  

( 5 . 10%) in the grassed  p l o t  are in support to  t h is .  The 

observed  d i f fe r e n c e s  in g ra v e l, sand, s i l t  and c la y  

con ten ts  between v a r iou s  treatm ents and months, can 

th e r e fo r e  be ex p la in ed .

3 .2  Suspended sed im ents:

Tables 16, 17 and 18 show the suspended sand, s i l t  

and c la y  percentages^  r e s p e c t iv e ly .

3*2 .1  Sand *

Though, many o f  the treatm ents were com parable,



T able  1 6 . Sand con ten t (Si) o f  suspended sedim ent

Treatm ents
Year/M onth

T1 TL2 t 3 T4 T5 T6 T7
Mean

1 9  8 4

-May 8 .3 8 8 .1 4 2 .9 0 7 .89 9 .02 6 .3 3 7 .36 7 .1 5
June 11.03 9 .3 5 3.49 9 .4 5 6 .08 3 .01 9 .9 8 7 .4 9
Ju ly 9 .5 0 9 .7 5 0.00 8 .9 8 1 .82 2 .93 5 .11 5 .44
August 2 .90 3 .43 0.00 2 .6 0 0.00 0.00 2.56 1.64
Septem ber 2 .4 5 3 .5 0 0.00 2.47 0.00 0.00 1 .64 1 .44
O ctober 1 .34 0 .7 1 0.00 0.66 0.00 0.00 1.6 6 0 .6 5

Mean 5.93 5 .81 1.07 5.37 2 .8 2 2 .0 5 4 .7 1

CD (0 .0 5 ) a = 1.17 b = 0.66 c  = 1.89 d = 1 .75

1_9_8_5

June 7 .1 5 8 .7 3 0.00 7 .0 5 0.00 8.20 7 .68 7 .7 6
Ju ly 6 .1 2 7 .5 2 0.00 8 .16 0.00 3 .46 7 .8 0 6 .61
August 2 .71 5.63 0.00 3 .3 2 o .o o 0.00 2.83 2.89

Mean 5.33 7 .2 9 0.00 6 .1 8 0.00 2.90 4 .58

CD (0 .0 5 ) a = 1.39 b = 0 .7 0 c  = 1 .70 d = 1.57

a * CD fo r  treatm ents
b * CD f o r  months

c  31 CD fo r  months between treatm ents
d = CD fo r  months w ith in  th e  treatm ent



Table 17. S l i t  content {%) o f  suspended sediment

Treatm entsx i~i j
T T

2 T3 T4 T T6 T7

i_2_e_4

May 45.57 44 .17 33.08 45*85 43 .71 47.86 . 4 4 .7 4 43.57
June 46 . 36 4 8 . B6 31 .75 48 .51 46 .30 38 .90 46 .9 5 4 3 .9 5
J u ly 43.56 46 .46 30.07 49.59 37 .20 35.29 47 .38 41.36
August 3 8 .2 5 37 .98 20.13 4 2 .0 5 15.99 21.80 45 .52 31.67
September 38 .85 • 38 .42 0.00 39.78 0.00 17.82 42 .02 25 .27
O ctob er 32.49 35 .21 0.00 37 .28 0.00 14 .66 41 .03 22 .95

Mean 4 0 .8 5 4 1 .8 5 19.17 43 .84! 23.87 29.39 44 .61

CD (0 .0 5 ) a = 0 .7 9 b = 0 .7 5 C = 1 .9 5 d = 1.98

1_9_8_5

June 45 .45 45.89 23 .82 4 5 .3 0 11.83 4 5 .8 4 45 .23 37 .63
Ju ly 49 .29 4 7 .9 0 15.39 44 .87 0.00 37.17 46 .43 34 .44
August 37 .42 36 .12 0.00 39.71 0.00 4 .3 4 38.03 22.23
September 17.23 14.69 0.00 22.73 0.00 8 .1 7 13.98 • 10.97

Mean 37.36 36 .15 9 .8 0 38 .15 2.96 23 .88 35 .92

CD (0 .0 5 ) a = .34 t> S3 0.88 c  = ;S. 35 d = 2 .33

a * CD fo r  treatm ents 
b = CD fo r  months

c  * CD f o r  months betw een treatm ents 
d = CD f o r  months w ith in  th e  treatm ent

COro



T a b le  18. C lay con ten t (%) o f  suspended sedim ent 

. Treatm entsjl ear/n on tn
Ti T2 T3 T4 T5 T6 T7

rieati

1_9_8_4

Kay 46 .05 47.69 6 4 .0 2 46 .25 47 .27 45 .81 47 .91 49 .28
June 42 .61 41 .79 6 4 .7 6 42 .03 47 .62 58.09 43.24 48 .59
July 4 3 .2 8 43.79 6 9 .9 3 41 .42 6 0 .9 8 6 2 .4 8 47 .50 52.77
August 5 8 .B5 58.59 79 .85 55 .35 85-04 7 7 .5 3 51.92 6 6 .7 3
Septerrber 58.69 58.00 100.00 57 .75 100.00 8 2 .18 56.34 73 .29
O ctober 6 3 .1 7 6 4 .7 7 0.00 61 .86 0.00 85 .34 53 .98 47 .44

Mean 52.61 52 .45 6 3 .0 9 50 .78 56.82 6 8 .5 8 50.14

CD (0 .0 5 ) a = 1 .58 b « 0.86 c  = 2 .50 d =» 4>.24

1_9_0_5

June 47 .36 4 5 .3 8 7 4 .0 9 47 .65 B8.17 45.96 47.09 56 .64
J u ly . 44.59 44.57 84 .61 46.97 100.00 59.37 45 .77 6 0 .8 4
August 59.87 58.24 0.00 56.97 0.00 95 .67 59.11 47 .12
O ctob er 82 .77 8 5 .3 1 0.00 77 .27 0.00 91 .88 86 .02 6 0 .46

Mean 58.65 58.38 39 .88 57.22 47 .0 4 7 3 .2 2 59 .50

CD (0 .0 5 ) a ® 1 .13 b = 0 .9 2 c  = 2 .38 d = 2 .43

a = CD fo r  trea tm en ts 
b a CD f o r  months

c = CD f o r  months between treatm en ts 
d = CD fo r  months w ith in  th e  treatm ent



and record ed  s ig n i f i c a n t ly  h igh er va lu es than 

which gave the low est v a lu e . B arring the i n i t i a l  tw o- 

th ree  months, in Tg, Tg and T  ̂ th e re  were no send at a l l .  

Over th e  months, sand con ten t showed a d r a s t ic  red u ction  

in  a l l  the treatm ents w ith O ctober re co rd in g  s ig n i f i c a n t ly  

th e  low est  v a lu e .

In th e  second year , th e  i n i t i a l  va lu es i t s e l f  were 

low er than th a t o f  the f i r s t  y e a r . and Tg throughout 

th e  year , and a l l  o th e r  treatm ents towards th e  end, 

record ed  ze ro  v a lu e s . The m onthly d i f fe r e n c e s  were s ig n i 

f i c a n t .

3 .2 .2  S i l t s

The mean va lu es showed th at T^, very  c l o s e ly  

fo llow ed  by T4 , was s i g n i f i c a n t ly  h ig h er  t o  a l l  o th er  

trea tm en ts . Tg gave the low est  v a lu e . As in sand, s i l t  

a ls o  showed a red u ction  over  th e  months w ith in  each t r e a t 

m ent. June gave th e  h ig h e s t  v a lu e  and O ctober th e  lo w e s t . 

M onthly d i f fe r e n c e s  were s ig n i f i c a n t  in many c a s e s .

In the second year, an alm ost s im ila r  trend was 

m aintained between th e  treatm ents and months.

3 .2 .3  C lay :

Treatment means d i f f e r e d  s i g n i f i c a n t l y .  gave 

the h ig h e st  v a lu e  and T ^ /the lo w e s t . For the f i r s t  three
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months, w h ile  T3 gave the h ig h est  value, towards the 

f in a l  months Tg superseded Tg . con tra ry  to  sand and 

s i l t  con ten ts , th ere  was a sharp in crea se  in c la y  

con ten t ov er  th e  months in each treatm ent. Except fo r  

the in i t i a l  few months, the m onthly d i f fe r e n c e s  were 

a ls o  s i g n i f i c a n t .  The c la y  con ten t in T3 and Tg was 

very  high th at i t  reached even 100 p er cent in Septem ber.

In the second year , the trend  was alm ost same as 

th a t  o f  the f i r s t  y e a r . T3 and Tg gave maximum values 

by  J u ly  i t s e l f .

Suspended sedim ents are m ainly c o n s t itu te d  by 

m inute p a r t i c l e s  which w i l l  n o t  s e t t l e  down q u ic k ly .

Among th e  p a r t i c l e s ,  c la y , bein g  th e  f in e s t ,  w i l l  be in 

a suspended s ta te  f o r  lo n g e r  p e r io d  than s i l t  and sand. 

T h ere fore , the very  high and low  p ercen tages o f  c la y  and 

s i l t / r e s p e c t iv e ly , and n e g l ig ib le  p o r t io n  o f  sand seen 

in the r u n -o f f  o f  a l l  treatm ents a re  e x p la in a b le . The 

p rese n ce  o f  some q u a n tity  o f  sand in the suspended s t a te  

may be  a ttr ib u te d  to  the tu rb u len t nature o f  the r u n -o f f  

w h ile  sam pling consequent t o  high e r o s iv e  r a in fa l l  

e s p e c ia l ly  in  the i n i t i a l  months, in  subsequent months, 

th e  sand con ten t became n e g l ig ib le  and was even absent 

in Tg, Tg and Tg p robab ly  because o f  the le s s e r  e r o s iv e  

r a in f a l l  and b e t t e r  p r o t e c t iv e  a b i l i t i e s  o f  the trea tm en ts .
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4 . T ota l g ra v e l, sand, s i l t  and c la y  lo s s e s *

F ig s . 16 and 17 i l lu s t r a t e  the t o t a l  q u a n tity  o f  

g ra v e l, sand, s i l t  and c la y  p a r t ic le s  eroded by  each 

treatm ent in  each y e a r . T able 19 p ro v id e s  the p ercen tages 

o f  in d iv id u a l fr a c t io n s  to  th e  t o t a l  s o i l  l o s s .

I t  cou ld  be seen that in both  years eroded th e  

h ig h e s t  q u a n t it ie s  o f  a l l  s o i l  p a r t i c l e s .  In th e  f i r s t  

year gave the lo w est  va lu e  and in  the secon d  year Tg. 

The 352 t  o f  eroded s o i l  o f  T  ̂ in  the f i r s t  year (T a b le  l l )  

was co n s t itu te d  by about 53 t  o f  g ra v e l, 116 t  o f  sand,

60 t  o f  s i l t  and 11 1  t  o f  c la y ,  corresp on d in g  p ercen tages 

o f  th ese  fr a c t io n s  to  th e  t o ta l  eroded s o i l  were 15, 33,

17 and 32, r e s p e c t iv e ly .  In T^, ou t o f  the B t  eroded s o i l ,  

about 36 per cen t i . e .  3 t  was composed o f  c la y .  I t  con;- 

ta in ed  r e la t iv e ly  l i t t l e  g ra ve l i . e .  o n ly  6 p er cen t 

(0 .5  t )  . m  the second year , in Tg and Tg th e re  iwas.: no 

g ra v e l lo s s ;  the coa rser  p a r t i c le s  were r e l a t iv e ly  le s s e r  

and con sequ en tly  the c la y  p o r t io n  measured alm ost 50 per 

cen t o f  the eroded s o i l .

E xcept Tg, the suspended sedim ent loa d  o f  both  c la y  

and s i l t  t o  t o t a l  s o i l  l o s s  was l e s s  than 5 p er  cen t in 

the f i r s t  year in a l l  th e  trea tm en ts , i t  was l e s s  than
3

10 p er  cen t , in the second year excep t in T_ and T „. sand 

c o n s t itu e n t  o f  th e  suspended sedim ent, in  g en era l, cou ld  

accou nt o n ly  le s s  than 1 p er  c e n t . R e la t iv e ly  high



Table 19. Y ear-w ise g ra v e l, sand, s i l t  and c la y  contents (95) in  eroded s o i l

Y ea r/T rea  S e t t le d sed intent Suspended sedim ent T o ta l sedim ent
tment G ravel Sand S i l t C lay Sand S i l t C lay G ravel Sand S i l t C lay

1 9  8 4 -

T1 10.66 36 .9 2 11 .44 27 .58 0 .7 4 3 .59 3 .59 10.66 37.66 15.03 3 1 .1 9

T2 15.09 33 .20 12.23 27.09 0 .7 7 4 .1 4 4 .0 2 15.09 33 .98 16 .38 31 .11

T3 5 .70 33.49 1 2 .1 1 24.23 0 .6 0 5 .00 11.76 5 .70 34.00 17 .10 35.99

V 21.90 34.66 5 .93 27 .08 0 .7 5 4 .3 2 4 .0 3 21 .91 35 .12 10.26 31 .12

T5 12.82 41 .43 11 .55 17 .78 0 .4 4 3 .34 3 .92 12.82 4 1 .9 0 14.90 21 .71

T6 12 .2 2 4 0 .5 8 10 .72 22 .70 0 .3 2 3 .46 5 .04 12 .2 2 4 0 .9 0 14 .18 27.74

T7 15.16 32.36 12 .2 2 26 .80 0 .7 2 4 .7 3 4 .8 0 15 .15 33 .08 16 .9 5 31.59

1_9_8_5

T1 14.97 34 .33 10 .84 24.26 0 .9 1 5.69 6 .0 6 14.97 35 .14 16.54 3 0 .3 1

T2 16.04 31.73 10.68 25.01 1.07 6 .1 4 6 .1 9 16.04 32 .81 16 .82 3 1 .2 0

T3 0.00 18 .55 8.20 10.66 0.00 11 .48 38 .52 0.00 13 .85 19 .67 4 9 .1 9

*4 14.36 3 1 .0 5 10.66 25 .40 1.06 6 .58 7 .1 9 14.36 32.11 17 .24 32 .59
T5 0.00 29 .73 10.81 2 .7 0 0.00 5 .41 43 .24 0.00 29.73 16 .22 4 5 .9 5

T6 I B .38 29.88 9 .4 5 21.39 0 .5 4 3 .9 4 5 .1 5 IS . 38 30 .42 13 .40 35 .51

T7 15.22 30.19 1 1 .2 1 26 .26 0 .9 9 6.00 6 .3 5 15.23 31 .48 17,-21 32 .49
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p ercen ta g es  o f  suspended sedim ent to  t o ta l  s o i l  l o s s

seen in T_ and Tc are in d ic a t iv e  o f  the very  low  s e t t le d  3 5
sedim ent lo s s e s .

5 . N u trien t l o s s :

P ercentage con ten ts  and t o t a l  lo s s e s  o f  th e  prim ary 

and secondary n u tr ie n ts  through eroded s o i l  and r u n -o f f  

as a f fe c t e d  by d i f f e r e n t  treatm ents are d iscu sse d  in the 

fo llo w in g  s e c t io n .  Zero va lu es a re  in d ic a t iv e  o f  z e ro  

e ro s io n  consequent to  treatm ent e f f e c t s  as a lrea d y  ex p la in ed .

5 .1  Prim ary n u tr ie n ts :

5 .1 .1  Contents in  eroded s o i l :

T ota l con ten ts  o f  n itrog en , phosphorus and potassium  

in the eroded s o i l  at monthly in te r v a ls  are p resen ted  in 

Tables 20, 21 and 2 2 ,r e s p e c t iv e ly .

Perusal o f  the data  showed th a t con ten ts  o f  a l l  

th ese  n u tr ie n ts  were com paratively  h ig h er  in  th e  i n i t i a l  

m onths. Ini some treatm ents, n itrog en  and potassium  

con ten ts  were even h igh er than th a t  o f  th e  s o i l  m a trix .

For example, when the Inherent N con ten t o f  the s u r fa c e  

s o i l  was 0 .149  p er  cen t (T able  l )  i t  was 0 .15 1 , 0 .1 5 2  and 

0 .1 5 0  per cen t, r e s p e c t iv e ly , in T2, Tg and T& in the f i r s t  

month o f  f i r s t  y e a r . A ll th e  treatm ents excep t T  ̂ record ed  

h ig h er  va lu es o f  K than th e  i n i t i a l  s o i l  s ta tu s  o f  0 .226



Table 20 . N content. (%) in eroded s o i l

M o n t h

1 9  8 4

May 0 .1 4 4 0 .1 5 1 O

June 0 .1 2 3 0 .1 4 0 0

J u ly 0 .1 2 1 0 .1 3 0 0

August 0 .1 1 2 0 .1 2 1 0

Septeirber 0 .10 2 0 .10 1 0

O ctob er 0 .0 9 4 0 .0 93 0

1_9^8_5

June 0 .139 0 .1 5 7 o

J u ly 0 .1 1 3 0 .1 4 4 0

A u g u s t 0 .1 1 5 0 .1 3 3 0

Septem ber 0.000 0 .1 19  . 0

O ctob er ■ 0 .0 9 5 0 .0 93 0

T r e a t m e n t s

135 0 .1 4 1 0 .1 5 2 0 .1 5 0 0 .1 4 1

131 0 .1 3 0 0 .1 4 2 0 .1 3 3 0 .1 3 4

121 0 .12 2 0 .1 1 4 0 .1 2 1 0 .1 2 3

123 0 .1 0 3 0 .0 96 0 .1 0 1 0 .1 0 1

000 0 .10 2 0 .0 9 3 0 .1 0 3 0 .10 2

ooo 0 .1 0 1 0 .0 8 6 0 .086 0 .1 1 2

136 0 .1 4 4 0 .1 1 0 0 .110 0.157

103 0 .1 3 9 0 .079 0.100 0 .133
090 0 .12 2 0.000 0.000 0 .1 3 4
OOO 0 .1 0 9 O ;000 0.000 0 .110

OOO 0 .0 9 0 0.000 0.000 0 .0 8 8



Table 21. P content (%) In eroded s o i l

Month
T r  e a t  m e n t  s

T ■ 1 T2 T3 T4 Tr5 T6 T7

1_9_8_4

May 0.043 0 .0 5 1 0 .0 4 1 0 .0 4 4 0 .05 3 0 .0 4 4 0 .046

June 0 .04 0 o .o s o 0 .0 4 1 0 .0 4 0 0 .04 1 0 .043 0 .039

July 0 .0 3 8 0.036 0 .03 9 0 .036 0 .036 0 .0 3 4 0 .0 4 1

August 0 .0 3 3 0 .0 4 1 0 .02 3 0 .0 3 3 0.022 0 .0 3 1 0.022

Septem ber 0 .0 3 0 0 .0 3 1 0.000 0 .0 3 4 0 .0 2 1 0.022 0 .0 3 1

O ctob er 0 .0 3 1 0 .0 3 0 0.000 0 .029 0 .0 1 3 0 .0 3 1 0 .0 3 3

1 9  8 5

June 0 .0 3 5 0 .039 0 .0 3 2 0 .0 3 1 0 .0 3 3 0 .0 3 4 0 .036

Ju ly 0 .0 3 1 0 .0 36 0 .0 3 2 0 .0 3 3 0 .0 2 4 0 .037 0 .0 3 3

August 0 .026 0 .033 0.019 0 .0 3 1 0.000 0.000 0 .0 3 2

September 0.000 0 .0 3 3 0.000 0 .0 3 1 0.000 0>000 0 .0 3 1

O ctob er 0.030 0 .0 3 5 0.000 0 .0 3 5 0.000 0.000 0 .0 3 3



Table 22. K content (%) o f  eroded s o i l

Month
T r  e a t  m e n t  s

T - ,L1 T2 T3 4 T *6 T

1_9_8_4

May 0.227 0 .2 5 5 0 .2 2 1 0 .227 0 .2 7 0 0 .2 4 1 0.227

June 0 .227 0 .2 53 0 .1 9 2 0 .2 0 1 0 .2 5 1 0 .2 4 1 0 .2 1 5

July 0.230 0 .2 2 5 0 .189 0 .207 0 .237 0 .2 2 4 0 .206

August 0 .1 8 8 0 .219 0 .2 0 3 0 .2 1 4 0 .2 0 3 0 .203 0.186

S epten ber 0 .196 0 .2 12 0.000 0 .1 8 4 0 .2 0 3 0 .20 1 0.179

O ctob er 0 .196 0.1B1 0.000 0 .1 8 5 0 .1 8 5 0 .1 6 0 0 .1 72

1_9_8_5

JAine 0 .177 0 .2 42 0 .1 8 8 0 . 200 0 .1 6 1 0.220 0 .2 2 8

July 0 .1 8 2 0 .2 4 1 0 .1 8 4 0 .207 0 .1 5 4 0 .217 0 .2 3 8

August 0 .1 73 0.196 0 .1 7 5 0 . 1 B0 0.000 0.000 0 .18 2

Septensber 0.000 0.000 0 .000 0.000 0.000 0.000 0 .19 2

O ctob er 0 .167 0 .179 0.000 0 .1 6 3 0.000 0.000 0 .179
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p er c e n t , m  g en era l, ov er  the months, a l l  the t r e a t 

ments showed a gradual d ecrea se , r e g is t e r in g  va lu es as 

low  as 0.086% f o r  K In Tg and Tfi, 0 .013  p er  cen t f o r  P 

In T5 and 0 .1 6 0  per cen t fo r  K. in T& at the end o f  f i r s t  

y e a r .

In the second year, the d e c l in in g  tren d  o v e r  the 

months was s p e c ta cu la r .

5 .1 2  C ontents in r u n -o f f  j

Tables 23, 24, and 25 con ta in  the con cen tra tion s

o f  d is s o lv e d  N, P and k r e s p e c t iv e ly  in r u n -o f f  at m onthly
/  /

in t e r v a ls .

As in the ca se  o f  n u tr ie n t  con ten ts  o f  eroded s o i l ,  

h ere  a lso  the con cen tra tio n s  were h igh er in  i n i t i a l  months 

and th e r e a fte r  showed a d e cre a se . T ^ ,the grassed  p lo t ,  

record ed  the h ig h e st  con ten t o f  d is s o lv e d  N in  both y e a r s . 

Here the va lu es v a r ied  between 1 .08  and 3 .7 5  ppm in  the 

f i r s t  year whereas 1.14 and 3 .28  ppm in the second y ea r .

N co n ce n tra tion s  in was com paratively  low er then th a t  

in  o th e r  cropped treatm ents w ith  th e  i n i t i a l  va lu e  o f  2 .04  

ppm narrowing down t o  0 .9 7  ppm in O ctober o f  the f i r s t  

y e a r . T^, when fa llo w  a ls o  recorded  low er va lu es compara

b le  t o  T^. P con ten t was the l e a s t  and K the h ig h e s t  among 

th e  th ree  n u tr ie n ts . P con ten t was always le s s  then 1 ppm



Table 23. N content (ppm) In ru n -o ff

Month
T r e a t  m e n t  s

T T 2 T3 4 T5 T6 T7

1_9_3__4

May 2.04 3.06 3 .11 2 .53 3 .7 5 3 .03 2 .04

June 1.99 3 .07 3-10 2 .1 5 3 .54 . 2.88 2.07

J u ly 1 .80 3 .2 2 3 .1 8 2-19 3 .04 2.03 1.79

August 1.26 1.93 1.62 1.30 2 .32 1 .51 1.26

Septem ber 0 .9 6 1.33 1.00 1.00 1.42 0 .9 6 0 .9 8

O ctober 9 .9 7 1 .05 0 .9 6 0 .9 9 1 .09 0 .9 3 0 .9 9

1 9 8 S

June 2 .04 2 .93 2.99 2.07 3 .2 8 3 .2 0 3.23

Ju ly 1 .7 5 2.59 2 .65 2.09 3 .30 3 .0 1 3 .1 2

August 1 .4 4 2 .1 1 1 .72 1.64 2.94 2.06 1 .93

Septem ber 0 .9 1 1 .6 5 1 .51 1.06 1.87 1.34 1 .03

O ctob er 0 .8 2 0 .9 6 0 .9 9 1.07 1.29 0 .9 2 1 .03

December 0 .9 3 0 .9 7 1 .04 1.06 1 .14 0 .9 9 0 .9 2



Table 24. P content (ppm) in  r u n -o ff

Month
T r e a t  m e n t  a

T 1 T 2 T3 T T5 T6 T7

1_9_8_4

May 0 .2 5 0.6  2 0 .5 3 0 .3 9 0 .6 1 0 .4 5 0 .3 1

June 0 .2 4 0 .4 6 0 .4 6 0 .4 0 0 .5 4 0 .3 9 0 .2 4

Ju ly 0 .2 5 0 .3 4 0 .2 9 0 .2 7 0 .3 1 0 .2 5 0 .2 5

August 0 .1 5 0 .2 1 0 .1 9 0 .16 0 .0 7 0 .1 1 O. 12

Septeniber 0 .0 9 0 .1 3 0 .10 ■ 0 .10 0 .0 8 0 .1 1 0 .12

O ctob er Tr 0 .0 9 Tr 0 .0 7 Tr 0 .0 5 0 .0 7

1_9_8_5 ■

June 0 .1 9 0 .46 0 .4 4 0 .3 9 0 .4 5 0 .3 9 0 .4 3

Ju ly 0 .1 3 0 .4 6 0 .3 8 0 .3 5 0 .3 6 0.30 0 .3 7

August 0 .0 8 0 .2 4 0 .2 4 0 .22 0 .1 3 0.20 0 .1 9

September Tr 0.22 Tr 0 .10 T r O .06 0 .0 9

O ctob er Tr 0 .0 9 Tr 0 .0 6 Tr T r 0 .0 9

Deceirber T r 0 .0 8 Tr 0 .0 5 T r Tr T r



Table 25. K content (ppm) In r u n -o ff

Month
T r  e a t m e n t  s

T 1 T2 T3 T4 T5 T6 T7

1 9 8 4

May 2 .8 0 4 .7 8 4 .0 4 3 .0 1 4 .64 3.76 2.96

June 2 .37 4 .17 3 .71 2.87 4 .11 3-75 2.31

J u ly 2 .04 2.22 2 .1 1 2.00 2.77 2 .8 5 1.89

August 0 .8 9 1 .62 1 .74 1.56 1.48 1 .72 0 .9 0

Septem ber 0 .9 5 1.13 0 .9 8 0 .9 6 1.08 0 .9 1 0 .9 7

O ctob er 0 .6 1 0 .9 2 0 .9 7 0 .7 7 0 .7 4 0 .8 5 0 .76

1_9_8_5

June 2 .7 5 4 .5 1 4 .1 2 3 .9 1 5 .10 3.39 4 .27

J u ly 2.02 3 .4 3 3 .42 2.89 2.39 2.92 3.56

August 1 .1 5 2.02 2.02 1 .93 2.03 '2  .06 2 .40

Septeirfoer 0 .7 8 1 .0 1 1 .90 1 .72 1.03 1.35 1.56

O ctober 0 .7 7 0 .9 6 0 .7 4 0 .9 6 0 .8 9 0 .89 1.00

Decerrber 0 .5 7 0 .8 2 0 .4 8 0 .9 2 0 .7 2 0 .9 4 0 .8 3



in a l l  the treatm ents and even became u n d e te cta b le  in  

T^, T^ and towards the end. K con ten t was h igh er

in T2, and Tg in  both y e a r s . T  ̂ record ed  the lo w est  

v a lu e . Over the months co n ce n tra tio n s  o f  d is s o lv e d  K 

a ls o  showed a d e c l in in g  trend with the lo w e s t  v a lu e  o f  

0 .4 8  ppm in T3 . In g e n e ra l, a l l  the in tercrop p ed  tre a t

ments c o n s is t e n t ly  recorded  h igh er co n ce n tra tio n s  o f  

d is s o lv e d  n u tr ie n ts  in a l l  the months du rin g  both y e a rs .

5 .2  Secondary n u tr ie n ts :

5 .2 .1  Contents in eroded s o i l s

Ca, Mg and S con ten ts  o f  eroded s o i l  a re  rep orted  

in T able 26 , 27 and 28 r e s p e c t iv e ly .

As in the ca se  o f  prim ary n u tr ie n ts , a c le a r ly  

d ecre a s in g  trend  in  t h e ir  con ten ts  ov er  the months was 

the genera l fea tu re  observed  in th ese  n u tr ie n ts  t o o .  The 

h ig h e s t  Ca con ten t was revea led  in  where i t  v a r ied  from 

0 .0 7 3  per cen t in May to  0 .0 4 3  p er cen t in  O ctober o f  th e  

f i r s t  y e a r . Tg a ls o  r e g is te r e d  s l i g h t l y  h igh er con ten ts 

in th e  i n i t i a l  months, than the in herent values (T ab le  l )  . 

Tvhen the t o ta l  Mg co n te n t  o f  the s o i l  m atrix  was o n ly  

0 .2 4 8  p er cen t in T2 i t  even reached 0 .26  5 per cen t in 

June o f  the f i r s t  year, th e  h ig h est  v a lu e  observed  during 

th e  e n t ir e  p e r io d  o f  the experim ent. Ty a ls o  r e g is te r e d
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Table 26. Ca content (%) in eroded s o i l

Month
T r  e a t  m e n t  e

T 1 T 2 T3 T .4 T5 T6 T7

1_9_8_4

May 0 .0 5 4 0 .0 6 1 0 .036 0 .0 5 4 0 .0 5 4 0 .0 5 4 0 .0 7 3

June 0 .0 5 0 0 .0 6 0 0 .Q34 0 .0 60 0 .0 5 4 0 .0 5 4 0.077

J u ly O .pSI 0 .0 6 3 0 .038 0 .06 3 0 .043 0 .04 3 0 .0 7 0

August 0 .04 9 0 .0 5 4 0 .0 3 1 0 .063 0 .046 0 .046 0 .0 6 1

September 0 .0 4 6 0 .0 4 6 0.000 0 .0 5 9 0.037 0 .0 4 3 0 .0 6  2

O ctob er 0 .0 3 7 0 .0 5 0 0.000 0 .0 5 1 0 .0 3 1 0 .0 4 4 0 .04 3

1_9_8_5

Jtlne 0 .0 3 0 0 .0 4 2 0 .0 3 2 0 .04 3 0 .0 37 0 .0 4 1 0^042

J u ly 0 .0 3 0 0 .0 4 3 0 .031 0 .0 4 1 0 .0 33 0 .0 34 0 .0 4 2

August 0.030
1

0 .0 4 0 0 .029 0 .0 40 0.000 0.000 0 .0 4 1

Septem ber 0.000 0 .036 0.000 0 .0 3 5 0.000 0.000 0.038

O ctob er 0 .0 3 2 0 .0 41 0.000 0 .0 4 0 0.000 0.000 0 .0 4 1
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Table 27. Mg content (%) in  eroded s o l i

Month
T r  e a t  m e n t  s

T 1 T 2 T3 T4 T 5 T6 T7

1_9_B_4_

May 0 .253 0 .2 64 0 .1 9 4 0 .24 3 0 .20 3 0 .24 3 0 .2 6 1

June 0 .243 0 .2 6  5 0 .193 0 .233 0 .2 4 5 0 .  235 0 .253

Ju ly 0 .256 0 .2 4 8 0 .10 4 0 .236 0 .196 0 .246 0 .23 4

August 0 .247 0 .2 4 0 0 .0 9 1 0 .213 0 .1 9 1 0 .2 4 7 0 .243

Septenber 0 .248 0 .24 2 0.000 0 .2 1 8 0 .1 8 7 0 .2 2 3 0 .2 42

O ctob er 0 .2 3 1 0 .2 4 4 ■ 0.000 0 .2 1 1 0 .1 1 1 0 .1 9  2 0 .226

1 9  8 5

June 0 .2 2 5 0 .2 3 0 0 .2 0 8 0 .2 1 1 0 .1 9 5 0 .2 17 0 .2 2 8

J u ly 0 .2 1 5 0 .2 3 0 0 .1 8 4 0 .207 0 .17  2 0 .2 0 5 0 .2 2 7

August 0 .2 1 4 0 .2 24 0.000 0.187 0.000 0.000 0 .2 0 7

September 0.000 0 .2 0 8 0.000 0 .1 8 7 0.000 0.000 0.202

O ctob er 0 .199 0 .1 9 0 0.000 0 .1 84 0.000 0.000 0 .22 3



Table 28. S content (%) In eroded s o i l

T r e a t m e n t s

1 9  9 4

May 0 .0 9 0 0 .093 0 .081 0 .0 8 2 0 .07 1 0 .0 7 3 0 .0 9 4

June 0 .0 9 0 0 .096 0 .0 7 4 0 .0 8 2 0 .0 72 0 .071 0 .082

J u ly 0 .0 8 8 0 .087 0 .0 7 0 0 .0 9 3 0 .0 8 4 0 .0 8 0 0 .084

August 0 .07 3 0 .096 0 .0 5 3 0 .084 0 .0 7 8 0 .0 7 2 0 .08 0

September 0 .07 4 0 .0 8 7 0.000 0 .0 7 1 0.079 0 .0 7 0 0 .086

O ctob er 0 .0 6 5 0 .0 8 1 0.000 0 .0 7 0 0 .0 7 1 0 .06 4 0 .077

1_9_8_5

June 0 .0 6  2 0 .07 3 0 .0 6 2 0 .0 7 1 0 .0 5 1 0 ,07 3 0 .0 7 3

July 0 .0 5 4 0 .066 0 .06 3 0 .0 7 0 0 .043 0 .061 0 .0 7 1

August 0 .046 0 .0 6 1 0.000 0 .0 6 2 0.000 0.000 0 .068

Septem ber 0.000 0 .0 7 1 0.000 0 .06 3 0.000 0.000 0 .0 6 1

O ctober ■ 0 .0 4 1 0 .0 6  2 0.000 0 .0 6 1 0 .000 0 .000 0 .0 6 1



no

high values and was 0 .261 p er cen t in the i n i t i a l  month 

which decreased  to  0 .226 p er  cen t at the end o f  f i r s t  

y e a r . T j, and Ty r e g is te r e d  the h ig h e st  S con ten t, 

where the values v aried  from 0.081 t o  0 .0 9 3 , 0 .0 7 0  to  

0 .0 8 2  and 0 .077  to  0 .094  p er c e n t , r e s p e c t iv e ly , in  the

f i r s t  y e a r . In the ca se  o f  T3 and T5 a l l  th ese  n u tr ie n ts

gave com paratively  low er va lu es than th e  o th e r  treatm ents, 

th rou gh ou t.

An alm ost s im ila r  trend  with com parative ly  low er 

v a lu es  was the g en era l fe a tu re  in th e  second y e a r . How

ever, Tj. recorded  Mg and S le v e ls  even le s s  than T^, w ith  

v a lu es  ranging from 0 .1 72  t o  0 .195  and 0 .043  to 0 .051  

p e r  c e n t ,r e s p e c t iv e ly .

5 .2 .2  C ontents in r u n - o f f z

Data are reported  in  Tables 29 and 30.

Even though, th e  t o t a l  Mg con ten t o f  s o i l  was h ig h er

than th a t o f  Ca, the d is s o lv e d  Ca was more than th a t  o f  

Mg. S con ten t in r u n -o f f  was below  th e  d e te c ta b le  le v e l ,  

throu gh out. As in  the ca se  o f  eroded s o i l ,  con cen tra tion  

in r u n -o f f  a ls o  came down with in cre a se  in tim e r e g is t e r 

ing the low er va lu es  at the end. But in  many ca ses the 

d e crea se  was n o t  p r o g r e s s iv e . T2 recorded  the h ig h est 

Ca con ten t o f  2 .75  ppm in  J u ly  and 1 .90  ppm at the end o f



Table 29. Ca content (ppm) In ru n -o ff

Month
T r e a t  in e n t  s

T 1 T2 T3 T4 Ts T6 T7

1_9_8_4

May 2 .10 2 .10 2 .08 2 .24 2.06 2.09 2.29

June 2 .10 2.14 2.07 2.26 1 .8 5 2.09 2 .14

J u ly 2 .54 2 .7 5 2.03 1.99 1 .34 1-98 2 .1 5

August 2.36 2 .55 1.89 1.84 1.59 1.2 0 1.87

September 1 .82 1.99 1.49 1-81 0 .8 4 1.06 2 .1 8

O ctob er 1 .58 1 .9 0 1 .6 1 1.99 0 .9 5 1.06 1.6 8

1 9  8 5

June 1 .75 2 .04 1.73 1.96 1 .94 2.06 1.97

Ju ly 1 .72 2 .12 1.83 1.94 1.71 1.52 1.89

August 1 .8 5 1.80 1.31 1« 58 1.23 0 .9 9 1.9  5

Septem ber 1 .05 1 .28 1 .2 1 1 .0 1 0 .8 1 1.00 0 .8 5

O cto b e r 1.23 1 .30 1 .28 1.23 0 .8 3 0 .9 7 1.04

D ecenber 1.06 1.23 0 .8 9 1.26 0 .5 8 0.86 1.03



Table 30. Mg content (ppm) in ru n -o ff

Month
T r  e a t  m e n t  s

T i T2 T3 T4 T S T6 T„/

1_9_8_4

May 0 .5 6 0 .5 4 0 .5 1 0 .57 0 .4 9 0 .4 5 0 .5 4

June 0 .5 0 0 .5 0 0 .4 8 0 .5 0 0 .4 7 0 .4 4 0 .5 0

J u ly 0 .4 0 0 .4 3 0 .4 2 0 .5 1 0 .2 3 0 .4 3 0 .4 2

August' 0 .3 8 0 .4 5 0 .4 0 0 .4 0 0 .2 5 0 .3 1 0 .3 3

Septem ber 0 .3 5 0 .4 0 0 .3 7 0 .4 1 0 .1 5 0 .30 0 .4 4

O ctob er 0 .4 0 0 .4 2 0.30 0 .3 4 0 .2 1 0 .3 6 0 .44

1_9_8_5

June 0 .4 3 0 .4 5 0 .3 7 0.40 0 .3 4 0 .3 2 0 .4 0

J u ly 0 .3 7 0 .4 3 0 .3 4 0 .3 7 0.30 0 .3 1 0 .3 4

August 0 .3 1 0 .4 1 0 .3 4 0 .3 7 0.30 0 .3 0 0 .4 2

Septem ber 0 .3 2 0 .3 4 0 .3 1 0 .4 0 0 .2 S 0.22 C .32

O ctob er 0 .3 4 0 .3 6 0.30 0 .3 1 0 .2 4 0 .2 2 0 .3 5

Decerrber 0 .3 2 0 .3 3 0 .2 9 0 .3 1 0 .2 9 0.22 0 .2 9



1 1 3

f i r s t  y e a r . The low est i n i t i a l  and f in a l  v a lu es  v i z .

2.06 and 0 .9  5 ppm were shown by Tg. In the second year 

a ls o  s im ila r  trend was fo llow ed  b u t w ith  low er va lu es 

than the f i r s t  y e a r . In the f i r s t  year h igh er i n i t i a l  

va lu es o f  Mg v a r ie d  between 0 .4 5  ppm in and 0 .57  ppm 

in and low er f in a l  v a lu es  between 0 .2 1  ppm in Tg and 

0 .4 4  ppm in T^• These v a lu es  were 0 .3 2  ppm in T^, 0 .4 2  

ppm in T2, 0 .2 2  ppm in Tfi and 0 .3 3  ppm in T j, during the 

second y e a r .

Water e ro s io n  o f  s o i l  is  a s e l e c t i v e  p ro cess  

e s p e c ia l ly  in the wash e ro s io n  sta g e  (Hudson, 1984) . Due 

to the d is p e r s iv e  a ct ion  o f  ra indrops and s e l e c t i v e  tr e n s p o -  

ra t io n  o f  detached s o i l  p a r t i c l e s ,  the eroded sedim ent w il l  

b e  more c la y e y  than the s o i l  m atrix  f o r  reasons a lready  

exp la in ed  in item 3 . as th e  c o l l o id a l  con ten t o f  a s o i l  

is  the most d e c i s iv e  fa c t o r  in  determ ining i t s  f e r t i l i t y  

(Selchon and Ghosh, 1982) the in crea sed  con cen tra tion  o f  

m a jo r ity  o f  n u tr ien ts  in th e  i n i t i a l  months is  a ttr ib u te d  

to  the high c la y  con ten ts  ob serv ed . To i l lu s t r a t e ,  Tc 

though h e a v ily  f e r t i l i z e d ,  r e g is te r e d  low er va lu es  o f  N 

in th e  eroded s o i l  as compared to  a l l  o th e r  treatm ents 

from Ju ly  onwardB in the f i r s t  y e a r . The same d ecrea se  

in con ten ts  o f  m ajor ca t io n s  o f  ca  and Mg were a ls o  seen 

in Tg. C on su lta tion  o f  the Tables 13 and 15 rev ea led  th at 

eroded  s o i l  in Tg was more sandy and i t s  c la y  con ten t was



around 15 p er cent towards the end o f  the f i r s t  year 

and reached even 5 p er  cen t in Ju ly  o f  th e  second y ea r . 

Whereas in o th e r  treatm ents which r e g is te r e d  com paratively  

h ig h e r  con ten ts o f  n u tr ie n ts , th e  c la y  fra c t io n s  o f  th e  

eroded s o i l  were a lso  h ig h . Hence the v a r ia t io n s  seen 

in the n u tr ie n t  le v e ls  o f  eroded s o i l s  o f  d i f f e r e n t  t r e a t 

ments can m ainly be  due to  the d i f f e r e n c e s  ob served  in 

t h e ir  c o l l o id a l  f r a c t io n s .  The same reason, to  a la rg e  

ex ten t, h o ld s  good fo r  the d ecrea s in g  tren d  in th e  n u tr ie n t  

le v e ls  observed  ov er  the stages  in  both y e a r s . Further, 

th e  reduced a v a i la b i l i t y  o f  n u tr ie n ts  consequent to 

con tin u ed  cropp in g  and e ro s io n  can a ls o  be a p o s s ib le  

f a c t o r .  Among the s i x  n u tr ien ts , th e  h ig h e st  con cen tra tion  

was seen with Mg c l o s e ly  fo llo w e d  by K. o th e r  n u tr ie n ts  

fo llo w e d  the o rd e r  N > Ca > S >P. This sequence is  in agree

ment with the in herent s ta tu s  o f  th ese  n u tr ie n ts  In the s o i l  

m a trix  (T a b le  l )  and su ggest that n u tr ie n t  lo s s  through 

eroded s o i l  is  p ro p o r t io n a te  to  th e ir  r e s p e c t iv e  s o i l  

c o n te n ts . Hence, h igh er lo s s e s  o f  n u tr ie n ts  in T̂  and Tg 

and low er lo s s e s  in  T*. and can be  ex p la in ed .

The v a r ia t io n s  in n u tr ie n t  le v e ls  o f  r u n -o f f  can 

m ainly  be a ttr ib u te d  to  the r e la t iv e  m o b ility  and le a ch a - 

b i l i t y  o f  v a r iou s  ions in the e ro s io n  c y c le ,  m  an a cid  

humid reg ion  so il^ C a  la r g e ly  o ccu rs  in the exchangeable 

form . The l a t e r i t e  s o i l s  o f  K erala , in g en era l, is  a c id ic
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w ith  lov; CEC and the exchangeable ca t io n s  o ccu r  in th e  

o rd e r  C a > Mg > K > Na  (Venugopal and Koshy, 1976 ). Though 

the t o ta l  Mg in the s o i l  was approxim ately  4 tim es that 

o f  Ca (T ab le  40) the d is s o lv e d  Mg, in the r u n -o f f  was 

o n ly  l /5 t h  to  that o f  ca e s p e c ia l ly  In the i n i t i a l  months. 

A lso , dominance o f  d is s o lv e d  Ca ov er  Mg was the trend in 

a l l  the treatm ents throughout the p e r io d  o f  experim ent.

The h igh  con ten ts  o f  Ca observed , can th e r e fo r e , be a t t r i 

buted  to  the h igh er exchangeable Ca in s o i l s  and the 

g re a te r  m o b ili ty  o f  t h is  ca tio n  in the a c id ic  c o n d it io n . 

E a r l ie r  re p o r ts  (Kanwar, 1976 and Sanchez, 1976) are in 

con form ity  with the fin d in g s  o f  the p rese n t s tu d y . K, as 

expected , recorded  the h ig h est con cen tra tion  among the 

ca t io n s  in r u n -o f f .  Predom inantly k a o l i n i t i c  s o i l s  o f  

th e  experim ental area cou pled  with m onovalent nature o f  K 

in cre a se  i t s  le a c h a b i l i t y  in e ro s io n  c y c le .  H igher con ten t 

o f  N observed  is  p o s s ib i ly  due to  the g re a te r  m o b ility  o f  

NO”  N, i t  b e in g  weakly h e ld  by the c o l l o i d s .  The low 

con ten ts  o f  P recorded  a re  p roba b ly  r e la te d  to  the lov/ 

l e v e ls  o f  n a t iv e  a v a i la b le  P and h igh  P f ix a t io n  ca p a c ity  

o f  the s o i l s  o f  th e  experim ental a rea .

Among th e treatm ents a l l  in tercrop p ed  and f e r t i l i s e d  

ones p e r s is t e n t ly  showed h igh er con ten ts  o f  d is s o lv e d  

n u tr ie n ts  ir r e s p e c t iv e  o f  the p rob a b ly  high crop  rem oval. 

This can o n ly  be a ttr ib u te d  t o  the in creased  r e a d ily  s o lu b le  

form o f  n u tr ie n ts  consequent to  f e r t i l i z e r  a p p lic a t io n .



For in sta n ce , h ig h est con ten ts  o f  K, p and K were 

ob ta in ed  in the r u n -o f f  o f  which re ce iv e d  th e  maxi

mum f e r t i l i z e r  dose {220 kg Urea, 310 kg S in g le  Super 

Phosphate and 80 kg M uriate o f  Potash p er ha p er  y e a r ) . 

This view  is  fu rth er  strengthened  by the correspon d in g  

low er con ten ts o f  d is s o lv e d  N, P and K throughout in 

a n o n - f e r t i l i z e d  p lo t ,  and T? , a c u lt iv a te d  fa llo w  p lo t ,  

in the f i r s t  y e a r .

5 .3  T o ta l n u tr ie n t  l o s s :

T ab le  31 and F ig . 18 and 19 fu rn ish  the d e t a i l s  

o f  t o t a l  n u tr ie n t  lo s s e s  through eroded s o i l  and r u n -o f f .

A ll the treatm ents eroded co n s id e ra b le  q u a n tit ie s  

o f  n u tr ie n ts  e s p e c ia l ly  in the f i r s t  y e a r . The data 

re v e a ls  th a t lo s s e s  o f  a l l  th e  n u tr ie n ts  ex cep t P and K 

were maximum in fo llow ed  by The h ig h e st  lo s s e s  o f

P and K were observed  in Q u a n tities  o f  eroded N, P,

K, Ca, Mg and S in Kg/ha were 415 .98, 115,89, 679 .50 , 

241 .80, 878.32 and 298.89 ^ re s p e ct iv e ly  in . T3 remained 

the low est in n u tr ie n t  d ra in , re co rd in g  correspon d in g  

va lu es o f  13 .94, 8 .4 6 , 12 .28 , 5 .63 , 13.49 and 5 .45  re sp e c 

t i v e l y .  In the ca se  o f  prim ary n u tr ie n ts , lo s s e s  through 

r u n -o f f ,  in gen era l, was low er than 10 p er  cen t o f  the 

t o ta l  excep t in  T3 where 32 .78  p er  cen t N, 67 .61  per cent 

P and 25.49 p er  cen t K were con tr ib u ted  by r u n -o f f .  Among



T a b le  31 . Loss o f  t o t a l  n u tr ie n ts  (k g /h a ) through eroded s o i l  and 
r u n -o f f

T r e a t m e n t s
N u tr ien ts

T i  T o  T -a T /i T c  T ,  T _1 2 3 4 5 6 7

N 323.35 395.00 13.94
P 92 .04 119.51 \©<3*c

CD

K 569 .70 697 .32 18.28
Ca 142.54 183.39 5 .63
Mg 64 4 .7 0 716 .5 1 13.49
s 213.06 247.20 5 .4 5

N 51.55 174.11 4 .4 1
P 11.40 41.53 0 .7 0
K 68.02 271.66 6 .6 5
Ca 13.84 57.97 2 .6 2
Mg 7 1 .5 0 240.72 1.77
S 19.03 6 7 .7 1 0 .3 5

4

344.88 172.75 200.28 415 .98
101.42 48.77 53-71 115.89
562 . 80 320.66 344.21 67 9 .5 0
168.49 6 2 .6 9 79 .57 241.80
598.6 5 243.86 314.12 872 .32
211.27 85 .54 100.64 298.89

1_9_8_ 5

139.11 3 .5 8 56.95 248.12
30 .90 0 .4 3 14.48 58.07

203.08 4 .13 95 .56 384.12
51 .82 1 .90 24.22 80.96

IBS .35 0 .6 5 8 3 .2 5 345.53
58.56 0 .0 3 25.49 107.72



FJG.18 -TO TA L  NU TRIENT LOSS (SOIL + RUN OFF) IN K g / fv *  ^ND RUNOFF LOSS A-S % TO TOTAL - 1984-
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th e  secondary  nu trien ts#  S lo s s  through r u n -o f f  was so 

n e g l i g ib le  th at i t  cou ld  n o t  be d e te c te d . Loss o f  d is 

s o lv e d  Mg was very  low  and cen tered  around one per cen t 

w h ile  such lo s s  o f  Ca was above 10 per cent# alw ays, m 

the case  o f  T g ,lo s s  o f  d is s o lv e d  Mg was o n ly  5 .64  per cent 

w h ile  that o f  ca  was 58.61 p er  ce n t .

There was v ery  con sp icou s red u ction  o f  n u tr ie n t  

e ro s io n  in  a l l  th e  treatm ents in the second year as 

compared to  the f i r s t  y e a r . However, T  ̂ con tinu ed  to  lo s e  

h ig h e s t  q u a n t it ie s  o f  a l l  n u tr ie n ts . Tg record ed  the 

lo w e st  v a lu e . P ercentage lo s s  to  t o ta l  through r u n -o f f  

as d e p ic te d  in P ig . 19 was h igh er than the f i r s t  y e a r .

and Tg record ed  h igh er va lu es with Tg, re co rd in g  the 

h igh es t  a lw ays.

The s e v e r ity  o f  n u tr ie n t  dra in  consequent to s o i l  

e ro s io n  has e x te n s iv e ly  been documented (Khanwar, 1972 a? 

Goswami and Sarkar, 1975 and Singh end Biswas, 1982) .

Even at the low est in te r p r e ta b le  v a lu e , In d ia  i s  annually 

erod in g  much h igh er q u a n t it ie s  o f  N, P and K than what is  

added through f e r t i l i z e r s  (Kanwar, 1982 ). 2h the p resen t 

study, the n u tr ie n t  lo s s e s  a re  at an alarm ing ra te  o f  

416 kg N, 116 kg P, and 680 kg K in the c u lt iv a te d  fa llo w  

p l o t .  This amounts to  about 924 kg Urea, 1500 kg S in g le  

Superphosphate and 1365 kg M uriate o f  Potash and is  worth



no l e s s  than Ks 5 4 0 0 /- a year (A p p en d ix -III) . L osses o f  

240, 880 end 300 kg /h a  o f  ca . Mg and S , r e s p e c t iv e ly ( are 

In a d d it ion  to  t h i s .  This i l lu s t r a t e s  the g r a v ity  o f  

econom ic lo s s ,  in a d d it ion  t o  the lo s e  o f  f e r t i l e  top 

s o i l  and n on -p o in t sou rce  o f  environm ental p o l lu t io n  from 

c u lt iv a te d  steep  h i l l  stopes, i f  s o i l  e r o s io n  con tin u es un

abated . But by  two years o f  g rass c u lt iv a t io n  th e  n u tr ie n t  

d ra in  cou ld  so e f f e c t i v e l y  be c o n tr o l le d , th a t  i t  eroded 

o n ly  very  n e g l ig ib le  p o r t io n  o f  n u tr ie n ts . Ihough the 

grassed  treatm ent re ce iv e d  about 220 kg* Urea, 310 kg 

S in g le  Superphosphate and 80 kg M uriate o f  Potash p er ha 

per year t o ta l  l o s s  o f  the n u tr ie n ts  was l e s s  than one p er  

ce n t  as compared to  u n fe r t i l iz e d  c u lt iv a te d  fa llo w  p lo t  o f  

th e  f i r s t  y e a r . This p r o t e c t iv e  a b i l i t y  o f  g rass aga in st 

s o i l  degradation  was m an ifested  in a m easurable way even 

in  the f i r s t  year and with 10 p er  cen t o f  grass s tr ip p in g  

as in o f  second y e a r . Grass s t r ip p in g  cou ld  reduce 

more than 40 per cen t and 60 p er cen t lo s s e s  o f  m ajor and 

secondary n u tr ie n ts , r e s p e c t iv e ly .

As th ere  was n o t much d i f fe r e n c e s  in the percen tage  

con ten ts  o f  n u tr ie n ts  in eroded s o i l  between treatm ents 

w ith in  months (T ables 20, 21 & 22 ), v a r ia t io n s  in t h e ir  

q u a n t it ie s  w i l l  e s s e n t ia l ly  r e f l e c t  the m agnitude o f  s o i l  

l o s s .  The d i f fe r e n c e s  observed  in the q u a n t it ie s  o f  elem ents 

in r u n -o f f  between treatm ents and n u tr ie n ts  are the r e f le c t io n s



o f  t h e ir  r e la t iv e  m o b ility  and le a c h a b i l i t y  in e ros ion  

c y c l e .  S in ce  s o lu b le  f r a c t io n  o f  the n u tr ie n ts  c o n s t i 

t u t e  a m ajor share o f  the r u n -o f f  l o s s ,  the com paratively  

h igh  Q u a n titie s  seen in the f e r t i l i z e d  p lo t s  are ex p ected .

As the t o ta l  amount o f  n u tr ie n t  lo s s  i s  a fu n ction  

o f  i t s  co n cen tra tion  and magnitude o f  the tra n sp o rtin g  

media, d i f fe r e n c e s  e x h ib ite d  by each treatm ent are exp la in a 

b le  in the l i g h t  o f  the r e s p e c t iv e  s o i l  end n a n -o f f  l o s s e s .  

The n o ta b le  h ik e  in percen ta ge  n u tr ie n t  l o s s  through run

o f f  in in f i r s t  year and Tg T5 t* 6 second y ear  

i s  an in d ir e c t  in d ic a t io n  o f  the low  share by eroded s o i l  

t o  t o ta l  l o s s .  This becomes h ig h ly  sp e c ta cu la r  in second 

year, when s o i l  l o s s  was p r a c t i c a l ly  n e g l ig ib le  in  T  ̂ and 

T5 (T a b le  8) . Here, more than 70 per cen t o f  N, P, K and 

Ca lo s s e s  were co n s t itu te d  by r u n -o f f  o n ly .  I t  even crossed

90 p er  cent in T& f o r  H, K and Ca in the second y e a r .

6 . S o i l  p h y s ica l ch an gest

The Im portant s o i l  p h y s ica l c h a r a c t e r is t ic s  v i z .  

p a r t i c l e  d e n s ity , bulk d e n s ity , t o t a l  p o r o s ity , aggregate 

s i z e  d is t r ib u t io n ,  in f i l t r a t i o n  ra te , p a r t i c l e  s i z e  d i s t r i 

b u tion  and w ater h o ld in g  ca p a c ity  were m onitored at h a l f -  

y e a r ly  in te r v a ls  in a l l  the trea tm en ts.

6 . 1  P a r t i c l e  d e n s ity , bu lk  d e n s ity  and t o ta l  p o r o s it y :

P a r t i c le  d en s ity , bulk d e n s ity  and t o ta l  p o r o s it y



I

T a b le  32 . P a r t i c l e  density#  bu lk  d e n s ity  and t o t a l  p o r o s it y  a t h a l f -y e a r ly  
in te r v a l

Months a f t e r  p la n tin g
T r  e  a t  m e n t  s

T1 T2 T3 T4 T5 T6 V

At p lan tin g s
1 . P a r t i c l e  d e n s ity  (g /cm  ) 2-76 2 .7 4 2.77 2 .74 2.77 2.77 2 .78
2 . Bulk d e n s ity  (g /cm 3) 1 .45 1 .45 1.43 1 .45 1 .45 1.43 1.43
3 - T o ta l p o r o s it y  (54) 47.46 47 .00 48.37 47 .08 47 .6  5 48.33 48.56

6 months:
1- P a r t i c l e  d e n s ity  (g/csri ) 2.76 2.76 2.77 2 .7 5 2 .75 2 .7 8 2.77
2- Bulk d e n s ity  {g/cm ) 1 .48 1 .48 1.56 1 = 46 1 .40 1.43 1 .44
3- T o ta l p o r o s it y  {%) 46 .33 46 .38 43.68 46 .91 49.09 48 .56 4 8 .0 1

12 months:
1- P a r t i c l e  d e n s ity  (g /cm  ) 2 .78 2-76 2.78 2.76 2.78 2.77 2.76
2. Bulk d e n s ity  (g /cm 3) 1.46 1 .50 1 .60 1.46 1.38 1 .40 1.49
3 . T o ta l p o r o s it y  (%) 4 7 .4 8 4 5 .6 5 4 2 .4 4 47 .10 50.35 49 .46 4 6 .0 1

18 months:
o

1- P a r t i c l e  d e n s ity  (g /cm  ) 2.77 2 .7 8 2 .78 2.78 2.78 2.78 2 .78
2 . Bulk d e n s ity  (g /cm  ) 1 .44 1 .51 1.63 1.47 1.36 1 .40 1.51
3 . T o ta l p o r o s it y  (%) 48 .01 4 5 .68 41.37 47 .12 51.08 49 .64 46 .04

24 months:
1 . P a r t i c l e  d e n s ity  (g /cm  ) 2.76 2 .7 8 2.77 2 .77 2 .78 2.77 2.77
2 . Bulk d e n s ity  (g /cm 3) 1 .42 1 .50 1.60 1 .4 8 1.35 1 .40 1 .50
3 . T o ta l p o r o s it y  (?4) 4 8 .5 5 46 .04 42 .24 46.57 51.43 49.46 45 .58

T 
7 

T



1 2 2

as in flu e n ce d  by d i f f e r e n t  treatm ents are  p resen ted  in 

T able  32 and d e t a i l s  o f  p o r o s it y  in  F ig . 20.

P a r t ic le  d en s ity , as expected , d id  n o t  show any 

n o ta b le  change between the treatm ents ov er  th e  p e r io d s .
3

I t  v a r ie d  between 2.74 t o  2 .73  g/cm  . B e fo re  im posing 

treatm en ts, bulk d e n s ity  and t o t a l  p o r o s it y  ranged 

between 1.43 to  1 .45  g/cm and 47 .08  to  48.56 p er  cen t, 

r e s p e c t iv e ly .  In the case  o f  and th e  bulk  d en s ity , 

g ra d u a lly  showed ,an in cre a se  w ith corresp on d in g  d ecrea se  

in th e  t o t a l  p o r o s it y  upto 18th month and th e r e a fte r  a 

d e cre a s e . Tg showed an e x a c t ly  rev erse  tren d  w ith  a 

d e f in i t e  d ecrea se  in  bulk  d e n s ity  va lu es upto 24th month 

w ith correspon d in g , in crea se  in p o r o s it y  v a lu e s . Ihe 

bu lk  d e n s ity  decreased  from 1.45 to  1 .35  g/cm 3 w h ile  t o t a l  

p o r o s it y  v a r ie d  from 47.6  5 to  51.43 p er  c e n t . a lso  

showed improvements in i t s  p h y s ica l c h a r a c t e r is t ic s  though 

n o t  at the ra te  o f  Tg, but in  a n o ta b le  way. Here, the 

bu lk  d e n s ity  r e g is te r e d  a gradual d ecrea se  from 1 .4 5  to  

1 .4 2  g/cm w ith  a correspon d in g  in cre a se  o f  p o r o s ity  from 

47 .46  to  48 .55  per c e n t , m  Tg , the bulk  d e n s ity  decreased
3

from 1.43 to  1 .40  g/cm  by the 12th month and th e r e a fte r  

i t  was s t a t i c .  The p o r o s ity  showed an in cre a se  o f  48 .33 

t o  49 .46 per c e n t . However, in T4 and T? , e r r a t i c  v a r ia t 

ion s  were observed  in both  o f  these ch a r a c te r s .

F ig . 20 rev ea ls  the d is t r ib u t io n  o f  s o i l  v o id s  v i z .  

in te r  and in tra -a g g re g a te  v o id s ,  m  the begin n in g , a l l
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the treatm ents, had about 18-20 per cen t o f  t h e ir  volume 

occu p ied  by m acropores. Tg and Tg showed a gradual in cre a se  

o v e r  the sta ges  and even crossed  20 p er  cen t by the end o f  

th e  experim ent, in  Tg, i t  showed a d r a s t i c  red u ction  and 

went below  10 p er c e n t . *11  o th e r  treatm ents, excep t T^, 

e x h ib ite d  a gradual d ecrea se  ov er  d i f f e r e n t  s ta g e s . 

r e g is te r e d  an i n i t i a l  d e crea se  and subsequent improvement.

The bulk  d e n s ity , and in turn the t o t a l  p o r o s it y  

which r e f l e c t  the lo o sen ess  o r  degree  o f  com paction o f  a 

s o i l ,  are to  a la r g e  ex ten t, in flu en ced  by s o i l  management 

p r a c t ic e s  (R u sse l, 1973 and Singh, 1980) . B e fore  imposing 

trea tm en ts, th e  s o i l  was alm ost id e a l f o r  c u lt iv a t io n  as 

e x h ib ite d  by the bu lk  d e n s ity  v a lu es  and p o r e - s iz e  d i s t r i 

b u t io n -  But two years o f  experim entation  made th e s o i l  

in T3 more compact b r in g in g  down t h e .p o r o s it y  from 48.37 

to  42.24 per ce n t . This can be  a ttr ib u te d  to  the o c ca s io n a l 

ponding o f  r u n -o f f  in th e  in te r -r id g e d  area during the 

ra in y  season , which lea d  to  s i l t a t i o n ,  s u r fa ce  cru stin g  

and subsequent com paction . Further, th is  m ight have a lso  

a c ce le ra te d  the v e r t i c a l  e ros ion  and consequent c lo g g in g  

o f  m acropores by the minute c la y  p a r t i c l e s  (Hudson, 1984) . 

This was ev id en t from the low  i n f i l t r a t i o n  ra te  recorded  

b y  Tg (T ab le  3 6 ). Stfberees in T y  the grassed  p lo t ,  th ere  

was a marked improvement in th e  p h y s ica l c o n d it io n . More 

r o o t  d is t r ib u t io n ,  high earthworm a c t iv i t y  and p r a c t i c a l ly  

f u l l  p r o te c t io n  o f  the s o i l  s u r fa ce  (T ab les 47, 49 a, 49 b.
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42 9 and 42 b) from the d i r e c t  h i t  o f  ra in drop  might 

have con tr ib u ted  fo r  the b e t t e r  p h y s ica l c o n d it io n s .

All th ese  fa c to r s  are a p p lica b le  t o  some ex ten t in th e  

r i c e  cropped p lo t s  t o o .  record ed  s l i g h t  d e te r io r a 

t io n  in the p h y s ica l c o n d it io n s . Exposing the s o i l  t o  

d i r e c t ,  in ten se  and continuous r a in f a l l ,  a f f e c t  i t s  

p h y s ic a l p ro p e r t ie s  m ainly because o f  the s o i l  d isp e rs io n , 

v e r t i c a l  e ro s io n  and high sedim ent ca rry in g  ca p a c ity  by 

th e  o v e r flo w in g  water (Hudson, 1984) . Mound c u lt iv a t io n  

o f  cassava was as d e l i t e r io u s  as th a t o f  c u lt iv a te d  

fa llo w  in causing d e te r io r a t io n  o f  the p h y s ica l co n d it io n  

o f  the s o i l .  This became fu rth er  e s ta b lish e d  by 

wherein s o i l  was su b je c te d  to  le s s  d istu rb a n ce  in the 

absence o f  in te r  c r o p s .

6 .2  Aggregate s i z e  d is t r ib u t io n  and s t a b i l i t y  in d ic e s  s

- The data on aggregate s i z e  d is t r ib u t io n  and s ta b i

l i t y  in d ice s  are  rep orted  in Tables 33 and 3 4 ,r e s p e c t iv e ly

E f fe c t  o f  g ra ss  (T^) on aggregate s i z e  was co n sp i-  

cous even at th e  6th  month o f  ob serv a tion  as in d ica ted  by 

th e  b ig g e r  aggregates . But a l l  o th e r  treatm ents showed 

a n o ta b le  red u ction  in the p ro p o rt io n  o f  th is  f a c t o r  

e s p e c ia l ly  th ose  o f  above 2 .5  mm d iam eter. T&, m aintained 

h igh er va lu es f o r  aggregates o f  above 2 .5  mm throughout 

th e  in v e s t ig a t io n . P ercentage o f  aggregates o f  above 5 mm



T a b l e  31 .  A q q r e q a t e  i j ?,e  d i s t r i b u t i o n  (■*) a t  h a l f  y e a r l y  in t e r v a l s 12 5

Months a l t . '  T r e a t m e n t s
plan t inq/.s..sui eqate '  T - -

the beglnninq 

1. 5 .00 m m 10.13 10. OB 11 .00 10.14 .10.49 10.4 I 11 .01
2. 2 .50 - 5 .00 It 14.14 13 .98 12.98 14 .14 14 .40 11 .79 14 .00
3. 1 .00 - 2 .50 M 20.24 21.11 20.24 20.20 20.13 19.11 20. 10
4 .  0 .5 0 - 1 . 0 0 M 23-82 22.18 23 .00 22.18 20.48 21.11 20.49
5 .  0 .2 5 - 0 .5 0 ■ 20.30 19 .14 20.00 .20.10 20.49 20.10 21.11
6 . 0 .2 5 M 1 1 . 1 1 14.50 12.78 13.21 14.00 16 .49 13.10

months
”  ”  “  **

1 . 5.00 mm 7.79 . 7 .99 7 .14 8.01 14.10 9 .78 4 .70

2 .  2 . 5 0 - 5 .00 N 13.14 12.19 11.38 12.81 16.38 14.40 10.16

3 .  1 .00 - 2 .50 M 13.78 13.11 16.11 21.33 11.10 10.97 13.19

4 .  0 .5 0 - 1 . 0 0 M 24 .10 23.78 18.91 18.98 20.10 21.00 21.70

5 .  0 .2 5 - ■ 0 .5 0 k* 21.78 26.11 26 .19 23.10 20.10 22.10 23.60

6 . 0 .2 5 m 19.41 17.02 20.27 16 .40 18.14 21.83 26.79

! months

1 . 5 .00 mm 9 .9 0 7.89 6 .91 7 .89 15.00 10.10 5.01

2 .  2 .50 - 5 .00 m 14.19 13’. 10 13.41 13.11 16.10 17.18 8.91

3 .  1 .00 - 2.50 m 1 4 .10 11.70 14.98 10.21 10.11 11.10 14.13

4 .  0 .5 0 - 1 . 0 0 n 20 .10 24.18 20.98 21.04 21.78 19.10 20.70

S. 0 .2 5 - 0 .5 0 m 21.17 24.99 26.10 24.04 18.00 23.18 24.30

6 . 0 .2 5 H 20.54 18.14' 17.89 23.66 19.01 19.34 • 26.79

1 6  m o n t h s

1 . 5 .00 nun 10.14 6 .81 6.89 7 .50 16 .00 11.78 6 .01

2 . 2 .5 0  - 5 .00 M 14.18 11.71 11.34 11.00 19.20 19.10 9.01

3 . 1 .00  - 2 .50 « 16.19 14.89 14.10 1 0 .IB 11.12 10.11 11.48

4 . 0 .5 0  - 1 .00 m 20 .10 24.10 20.98 24.18 16.17 18.19 20.29

5 . 0 .2 5  - 0 .5 0 ■ 20.00 21.00 24.10 26.10 21.10 20.17 24.18

6 . 0 .2 ? M 19 .39 21.41 22.59 20.9 4 16.41 20.65 28.23

24 months

1 . 5 .00 mm 11.00 . 5 .50 6 .8 0 7.81 18.41 10.60 6 .90

2 . 2.50  -  5 .00 ft 20.00 10.20 10.90 9 .1 0 19.20 16.20 10.14

3 . 1 .00  -  2 .50 M 17.10 12.50 11-35 11.75 12.00 10.00 11 .16

4 . 0 .S0 -  1 .00 n 20.00 22.10 21.00 24.00 15.75 20.00 10.19

5. 0 .2 5  -  0 .5 0 M 16 .OO 24 .94 2 0 . 0 0 26.10 19 .60 20.00 24 .78

6 . 0 .2 5 M 15.90 24 . 8 6 29 .95 21 .24 15.04 20.40 26.01



T a b l e  3 4 .  S t a b i I i t y  . i n d e x .  s t r u c t u r a l  c o e f f i c i e n t ,  % a a g r r g a t e  st  at i 1 H v and , . « n  I 2 5 
w e i g h t  d i a m e t e r  a t  h a l f - y e a r l y  i n t e r v a l s

T r  e a t  m e n  t '  s
Months a f t e r ------------ ------------------------------------------------------------------------------------------------------------------------------------------------------

p l a n t i n g  „  -
X 2 T3 T4 T5 To T7

Jtt^pl ant ing

1 .  S t a b i l i t y
index 45.21 4 4 .4B 43.48 44.69 46.11 ' 45.1C 45.14

2 . Structural
c o e ff ic ie n t  0 .8 0  0 .6 1  0 .7 8  0 .79  0.B1 0.91 0.79

3 . %  aggregate
s t a b i l i t y  80 .00  81 .00  .78.00 79 .00  81.00 81.00 79.00

4 . Mean w e i g h t
diameter 1 .75  , 1 .68  1.66 1 .72  1.71 1.76 1.70

6 months. t. ~ *•*
1. S ta b i l i ty

index 39 .00  39.19 40.10 39.46 46.48 45.14 33.29

■ , 2 .  Structural
c o e f f ic ie n t  0 .7 1  0 .69  0 .71  0 .7 0  0 .76 0 .74 0.64

3 . %  aggregate
s t a b i l i t y  TJiP0 6 9 .0 0  7 1 .0 0  7 0 .0 0  76 .00  74.00 64 . OO

4 .  Mean we ight
diameter 1.53 1 .50  1 .44 1 .60 1.97 1.63 1.214 •

12 months

1. S t a b i l i t y
index 4 4 . 1 0 .  38 .38  39.19 41 .98  49.73 46.19 34.10

2. Structural
c o e f f ic ie n t  0 .76  0 .71  0.68- 0 .7 2  0 .79  0 .77  0.62

3 . %  aggregate
s t a b i l i t y  7 6 .0 0  7 1 .0 0  68 .00  7 2 .0 0  79 .00  77.00 61.00

4 .  Mean weight
diameter 1 .68  1 .51 1 .48  1.46 2 .01 1 .75 1.18

18 months

1 .  S t a b i l i t y  ^  ^  ^  ^  ^  ^  5 o > i o  ^  ^  j S  lQ

2 ‘ S l f f i c S t  0 .7 4  0 .66  0 .64  0 .6 5  0 .6 0  0 .70  0.67

3 ‘ i t a b p l t ? ^  7 4 .0 0  66 .00  ■ 6 4 .00  65 .00  80.00 78.00 67.00

4 .  Mean w e i g h t  _ i n
■ diameter 1 .72  1 .43  1.39 1 .40 2 . IB 1 . 9 0  1.27

24 months

l m  Stabi J S  4 8 .00  33.50 38.09 35,06 51.03 48.63 16.18

2 ‘ c o e f f ic ie n t  0 .6 0  0 .64  . 0 . 6 6  0 .6 6  0 .02  0 .0 0  0 .68

■ 3 ‘ s t a b i l i t y ^  80.00  ‘ 64 .00  66 .00  6 6 .00  62.00 00.00 6 6 .CO

4' 5HS. t eer9ht



In creased  from 14.10 to  19.41 and th a t  o f  2 .5  to  5 mm 

from 1 6 .3 B to  19.20 in Tg. and T j a ls o  showed s ig n s

o f  s t r u c tu r a l improvement, but n o t  at the r a te  o f  Tg.

M l o th e r  treatm ents r e g is te r e d  s tr u c tu r a l in s t a b i l i t y  

and con sequ en tly  in creased  the p ro p o rt io n s  o f  sm aller  

aggregates b r in g in g  down the values o f  o th e r  in d ic e s .

The s t a b i l i t y  in d ice s  (T able  34) a ls o  rev ea led  a 

c le a r  p ic tu r e  o f  the dom inating in flu e n ce  o f  Tg on s o i l  

s t r u c tu r e . This was e v id e n t  from the high va lu es r e g i 

s te re d  fo r  a l l  the s tru c tu ra l in d ice s  v i z .  s t a b i l i t y  

index, s t r u c tu r a l c o e f f i c i e n t ,  per ce n t  aggregate 

s t a b i l i t y  and mean w eight d iam eter as compared to o th er  

treatm ents, throughout the p er iod  o f  in v e s t ig a t io n .

Aggregates a re  secondary u n its  o f  prim ary s o i l  

p a r t i c l e s ,  p a r t ic u la r ly  c la y s  (Singh, 1980 ). These are 

formed under n atu ra l co n d it io n s  and m ainly in flu en ced  by 

methods o f  farming, r o o t  a c t iv i t y ,  a d d it ion  o f  o rg a n ic  

m atter , a c t iv i t y  o f  s o i l  organism  e t c .  (U riyo, 1979) . 

S tru ctu ra l s t a b i l i t y  i s  supported by the s t a b i l i t y  

in d ic e s  which are ca lc u la te d  based on th e  con cept th a t 

a u n it  w eight o f  la r g e  aggregates is  more in d ic a t iv e  o f  

good s tru c tu re  than an equal w eight o f  sm all a ggrega tes . 

S tru ctu ra l c o e f f i c i e n t  va lu es tend ing  to  zero  is  in d ica 

t i v e  o f  poor  aggregation  and a v a lu e  c lo s e  to  u n ity , a 

h igh  degree  o f  a g g reg a tion . Judged from the above values
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s t r u c tu r a l c o e f f i c i e n t  o f  0.82* as seen in grassed p lo t

at th e  f in a l  sta g e , ex p la in s  the profound In flu e n ce  o f

grass on s o i l  a g g re g a tion . Comparable va lu es seen in

t , the r i c e  cropped p lo t ,  to  can a ls o  be exp la in ed  o
as the e f f e c t  o f  v e g e ta t io n . recorded  the low est

i
v a lu e  o f  0 .6 1  fo r  th is  index in the 12th month. The 

t o t a l  absence o f  v e g e ta t io n , o rg a n ic  m atter and, above 

a l l ,  the continuous impact o f  ra in drops are the p o s s ib le  

fa c to r s  which impede the s t r u c tu r a l developm ent. However, 

the s l i g h t  in crea se  in th is  index (0 .6 4 ) observed  towards 

the end o f  the experim ent can be a ttr ib u te d  to  the grass 

s t r ip p in g  fo llow ed  in the second y e a r , low  va lu es o f  

and T . are  in d ic a t iv e  o f  the d e te r io r a t in g  e f f e c t  o f  

mound p la n tin g  o f  cassava on s o i l  a g g reg a tion . The bene

f i c i a l  e f f e c t  o f  l e s s  s o i l  d is tu rb a n ce  in  th e  in te rsp a ce  

is  evidenced  by th e  h igh  v a lu e  o f  0 .8 0  in  T^.

6 .3  I n f i l t r a t i o n  rates

T able 35 p ro v id e s  th e  d e t a i l s  o f  i n f i l t r a t i o n  at 

the begin n in g  fo r  th e  whole experim ental s i t e .  This 

rep resen ts  the average va lu es o f  th re e  l o c a t io n s ,  

i n i t i a l  i n f i l t r a t i o n  r a te  was as high as 82 .80  cm /hr in 

th e  f i r s t  f i v e  m inutes. The s te a d y -s ta te  i n f i l t r a b i l  i t y  

o f  th e  s o i l  was 11.40 csn/hr w ith an accumulated i n f i l t r a 

t io n  o f  81 .70  cm w ith in  300 m inutes.



T a b le  35 . I n f i l t r a t i o n  d e t a i ls  a t  th e  b eg in n in g  o f  th e  
experim ent

Elapsed
tim e

(m inutes)

Q ty. o f  w ater 
in f i l t r a t e d  

( cm)

I n f i l t r a t i o n  
ra te  

( cm/hr)

Cum ulative
i n f i l t r a t i o n

(cm)

5 6 .90 82 .8 0 6 .9 0

10 5 .10 6 1 .2 0 12.00

20 6 .90 41 .10 18.90

30 4 .8 0 28.80 23.70

45 5 .60 22 .40 29.30

60 4 .7 0 18.80 34 .00

90 6 .80 13.60 4 0 .8 0

120 6 .00 12.00 46 .80

180 12 .1 0 12 .1 0 58.90

240 , 11 .40 11.40 7 0 .3 0

300 11 .40 11.40 8 1 .7 0
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In f i l t r a t i o n  d e t a i l s  were s tu d ied  in each t r e a t 

ment at h a l f  y e a r ly  in te r v a ls .  The data  are  p resen ted  

in Tabl e 36 .

At th e  6th month o f  o b serv a tion , in  a l l  the t r e a t 

ments, th ere  was a d ecrea se  in the in i t i a l  in f i l t r a t i o n  

ra te  as compared to  8 2 .B cm/hr b e fo r e  the experim ent. 

T h erea fte r , i t  showed an Improvement ex cep t in T^. T3 

showed the low est v a lu e  o f  21.6  cm /hr a t the 18th month 

end Tc , the h ig h e st  o f  97 .44 cm/hr at the end. The steady  

s t a t e  in f i l t r a t i o n  remained more o r  le s s  con stan t through

o u t  the in v e s t ig a t io n  in a l l  th e  treatm ents ex cep t in T^.

T recorded  the low est v a lu e  o f  3 .11  cm/hr at the end 

w ith  a gradual d ecrea se  o v e r  the months, cum ulative 

i n f i l t r a t i o n  in creased  con tin u ou sly  in Tg and recorded  the 

h ig h e s t  v a lu e  o f  101.50 cm at the 24th month. Whereas in  

T^ i t  was d e c l in in g  ov er  the stages and r e g is te r e d  the 

lo w e st  f in a l  va lue o f  24.38 cm.

High in i t i a l  in f i l t r a t i o n  ra te  and cum ulative 

i n f i l t r a t i o n  seen in Tg are the r e f le c t io n s  o f  i t s  water 

a b so rp t iv e  c a p a c ity . B e tte r  aggregation  and consequent 

porous nature o f  the s o i l  as a lready  d iscu ssed , in cre a se  

the i n f i l t r a t i o n  ra te  t o  va lu es c lo s e  t o  h y d ra u lic  con d u cti

v i t y  (U riyo, 1979 and Zein e t  a l . 1 980 ). Further, the 

in crea sed  tra n s p ira to r y  withdrawal o f  dense grass canopy 

m ight have a ls o  in flu e n ce d  to  a g rea t ex ten t, the in i t i a l



Table 36* I n f i l t r a t i o n  d e t a i ls  at h a l f -y e a r ly  in terv a ls -

Months
a f t e r

p la n tin g

T r  e a t m e n t  s

T1 T2 T3 T T5 T6 T7

6 monthss
1 . 19.43 19.11 20.10 20.10 20.00 19.48 19.49
2 . 57.60 53.80 37.20 6 1 .2 0 67 .20 6 2.40 48 .00
3 . 10.30 1 1 .1 0 8.10 11.20 12.40 11.80 8 .5 0
4 . 67 .60 71 .00 51.70 72 .90 82 .70 76 .30 56.70

12 m onths:
1 . 18.40 18.11 19.10 19.14 IB .48 18.98 18.74
21 31.50 7 3 .20 33.60 75.60 90 .00 85.20 6 9 .6 0
3 . 11.70 11.40 4 .90 11.60 12.60 11.60 9 .6 0
4 . S6 .40 82.60 33.50 85.10 96 .40 88.30 6 9 .0 0

18 months:
1 . 18.34 18.96 19 .10 18.37 18.46 18.96 18.74
2 . 81 .60 74 .40 21.60 73 .20 88.80 84.00 6 2 .2 0
3 . 10.64 10.60 3 .18 10.30 12.70 11.80 11.50
4 . 71 .90 67 .70 20.80 67 .10 95 .70 87 .60 76 .20

24 months:
1 . 18.17 1 7 .4B IB .11 18.44 18.00 17.96 19.10
2 . 79 .20 76 .80 25.20 73 .20 97 .44 81 .60 7 5 .60
3 . 11.90 10 . B1 3.11 11 .2 0 12.50 11.60 11.40
4 . 7 3 .1 0 73.76 24.33 7 0 .3 0 101.50 84 .60 80,80

N o te :-
1 . Average m oistu re con ten t o f  upper 30 cm s o i l U )
2 . I n i t i a l  i n f i l t r a t i o n  ra te  fo r  th e  f i r s t  f iv e  

m inutes ( cm /hr)
3 . S te a d y -s ta te  i n f i l t r a b i l i t y  (cm /hr)
4 . Cumulative in f i l t r a t i o n  fo r  300 minutes (cm)
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f lu x  c o n tr o l le d  in f i l t r a t i o n  ra te  ( H i l l e l ,  1971) - High 

values ob ta in ed  in T̂ . can be  exp la in ed  in the l i g h t  o f  

above o b s e rv a t io n s . Crusted and compacted s o i l  su r fa ce , 

fo r  reasons a lready  exp la in ed  in item 6 . 1 , m ight have 

made the s o i l  le s s  perm eable to  water in  which re s u lte d  

in low  i n f i l t r a b i l  i t y .  The com paratively  low  values 

observed  in o th e r  treatm ents can b e  exp la in ed  as fo l lo w s . 

When the v e g e ta t iv e  cover was n ot enough to  p ro v id e  p roper 

p r o t e c t io n  to  the bare  ground aga in st th e  im pact o f  ra in 

drops, w ith each s u c c e s s iv e  r a in fa l l ,  the in f i l t r a t i o n  

ra te  was reduced due to  the in crea s in g  b lo ck a g e  o f  macro

p ores  by tra n s lo ca te d  s o i l  p a r t i c l e s .  (U rlyo , 1979 end 

Hudson, 1984) . This re s u lte d  in low  va lu es as compared 

to o th e r  v e g e t a l ly  covered  treatm en ts.

6 .4  P a r t i c l e  s i z e  d is t r ib u t io n *

in flu e n c e  o f  v a r iou s  treatm ents on the s o i l  te x tu re  

was determ ined by the p a r t i c l e  s i z e  a n a ly s is  o f  2 mm 

s ie v e d  f r a c t io n .  The data  are presented  in T able 37.

P rop ortion s  o f  sand, s i l t  and c la y  remained con stan t 

around, 50, 15 and 30 per cent^ re sp ectiv e ly ^  throughout the 

experim ent, ir r e s p e c t iv e  o f  the trea tm en ts . This is  in fa c t  

expected , s in c e  p a r t i c l e  s i z e  d is t r ib u t io n  is  one o f  the 

most s t a b le  s o i l  c h a r a c t e r is t ic s  1 i t t l e ,m o d i f i e d  by c u lt iv a 

t io n  o r  o t h e r -p r a c t ic e s  w ith in  a sh ort  p e r io d  o f  tim e. I t



T a b le  37 . P a r t i c l e  s i z e  d is t r ib u t io n  at h a l f  y e a r ly  in te r v a ls

Months a f t e r T r  e a t  m e n t  s
p la n tin g T1 T2 T3 T4 T5 T6 T7

At p la n t in g :
Sand {%) 50.14 50.48 50.00 50.00 49 .11 49 .90 51.78
S i l t  (%) 14.56 15.00 14.96 15.11 16 .66 15.78 14.79
Clay (%) 31 .48 30 .48 31 .38 31 .41 31.13 30.76 30.39

6 months:
Sand (%) 50.11 4 9 .7 8 48.79 4 9 .7 8 48 .11 50.11 50.46
S i l t  (%) 15.16 16.10 16 .78 15.00 16.00 15.48 16.43
Clay (%) 31 .11 31 .10 32.34 32 .38 31 .98 31 .00 30.00

12 months:
Sand (%) 50.44 50.14 49 .48 49 .11 49.59 50.11 50.00
S i l t  (55) 14.78 16 .00 16.00 16 .40 15.78 16.43 16 .11
Clay (#> 30.96 30.46 31.43 31 .00 31 .31 31 .41 30 .34

18 months:
Sand (55) 49 .46 50.11 • 49.33 50.00 49.14 50.06 49 .47
S i l t  {%) 15.46 16 .00 15.89 15.41 16.19 15.69 16.78
Clay (%) 31 .04 31 .10 31 .90 3 1 .6 0 31 .48 31-28 30 .78

24 months:
Sand (?5) 50.14 50.11 49 .11 50 .78 50.00 49 .90 50.78
S i l t  (55) 16 .00 15.78 16.00 16.19 15.11 16.41 15.44
Clay (%) 31 .00 31 .00 31.84 31 .04 31.78 31 .40 3 0 ,9B



can a ls o  be assumed th a t  s e l e c t iv e  tra n sp o rt  o f  s o i l  

aggregates by water e ro s io n  p rocess  (Loch and Donnollan, 

1983) has no in flu e n ce  in changing the s o i l  tex tu re , 

w ith in  a p e r io d  o f  two y ears , no m atter how se v e re  b e  the 

eros io n .

6 .5  Water h o ld in g  ca p a c ity :

Water h o ld in g  ca p a c ity  a t 0 .3  and 15 bars c o r r e s 

ponding t o  f i e l d  ca p a c ity  and permanent w il t in g  p o in t  o f  

each treatm ent are presented  in Table 38.

Between the treatm ents and d i f f e r e n t  sta g es  o f  

o b se rv a tio n s , th ere  were no n o t ic e a b le  changes in th ese  

v a lu e s . F ie ld  ca p a c ity  and permanent w i l t in g  p o in t  were 

cen tered  around 20 and 12 p er c e n t f r e s p e c t iv e ly , in a l l  

th e  treatm ents, throughout the s ta g e s .

Water re te n tio n  o f  a s o i l  a t a p a r t ic u la r  su ction  

i s  more in flu e n ce d  by i t s  te x tu re  than s tru c tu re  ( H i l l e l ,  

1971) . in  the p resen t study, th e  data  on m echanical 

com position  o f  s o i l  (T ab le  37) showed th a t, the c la y  

con ten t remained unchanged between trea tm en ts . Hence, 

the uniform  trends observed  in the water r e te n t io n  capa

c i t i e s  can be  exp la in ed  based on th e  above o b s e rv a t io n s .

7 .  S o il  chem ical changes:

Changes in the t o ta l  con ten ts  o f  a l l  the prim ary



T a b le  38 . Water h o ld in g  c a p a c ity  (%) a t  0 .3  and 15 b a rs  a t h a l f -  
y e a r ly  in te rv a ls

. ,  T r e a t m e n t sMonths a f t e r _______ __ __ _ _____________  __________________
p l a n t i n g  m m m rp m - rp rp

A1 2 l 3 4 5 6 7

At p la n tin g s
1 . 0 .3  b a r  20 .13  20 .11  19.98 20 .41  2 0 .11  20 .98  20.36

.2 .  15 b a rs  12.39 1 3 .1 8  12 .31  12 .11  1 3 .4 5  12 .38  11.98

6 months:

1 . 0 .3  b a r  19.78 20 .48  20 .48  20 .11  20.36 20.19 19.37
2 . 15 b a rs  13 .44  13.16 12.32 11 .43  12 .41  12.36 11.48

12 months:

1 . 0 .3  b a r  21 .00  2 0 .7 8  21.14 19.98 21.40 20.46 20 .41
2 . 15 b are  12 .34  12.13 11.48 11 .78  12.06 11 .40  13.00

18 months:

1. 0 .3  bar 20.79 20.14 21.13 20.13 21-48 19.98 20.36
2 . 15 b a rs  11.34 13 .00  11.16 13 .08  11 .48  12.00 12 .01

24 months:

1 . 0 .3  b a r  20 .04  19 .98  20 .43  20 .00  21.39 20 .00  19.00
2 . 15 b a rs  12 .20  12 .80  11 .98  12.83 12.31 11.9B 12.36



and secondary n u tr ie n ts , o rg a n ic  carbon, pH and C .E .C . 

were stu d ied  at h a l f  y e a r ly  in te r v a ls .  The data are 

d iscu ssed  be low .

7 .1  Primary n u tr ien ts*

T able 39 con ta in  the data  on N, p end K co n te n ts . 

H itrogen  con ten t o f  s o i l  recorded  a p r o g r e s s iv e  d e c l in e  

w ith  d i f f e r e n t  sta ges  o f  sam pling in ranging from 

0 .141  to  0 .134  p er  c e n t . The trend, in r e s p e c t  o f  o th er 

treatm ents was In c o n s is te n t . T^, recorded  the low est N 

con ten t among the trea tm en ts .

Phosphorus le v e ls  were n ea r ly  id e n t ic a l  through

ou t the p er iod  excempt in T  ̂ where a d e f in i t e  d ecrea se  

o v e r  the sam pling sta ges  was observed  and the va lu es 

v a r ied  from 0.054 to  0 .047 per ce n t .

As in  the ca se  o f  n itro g e n , a s l i g h t  d e c l in e  in 

potassium  le v e l  ov er  the sta ges  o f  o b se rv a tio n  was 

n o t ic e d .  However, none o f  the treatm ents rev ea led  any 

d e f in i t e  trend in the con ten t o f  th is  e lem ent. Among 

the treatm ents, the h ig h e st  i n i t i a l  va lu e o f  0 .231  p er  

cen t was observed  in and th e  lo w est  f in a l  v a lu e  o f  

0 .2 2 0  p er  cen t in T^, T  ̂ and Tg.

7 .2  Secondary n u tr ie n ts*

Data are rep orted  in T able 40 .

■ 136
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Table 39. N, P and K content {%) o f  the s o i l  at h a lf-y e a r ly
in terva l5

Months a f t e r  
p la n tin g

T2

T r  e 

T3

a t  m e 

T4

n t  s

Ts T6

111 r1"* 
1 1 1

N itrogen  (N)

At p la n tin g 0 .142 0 .1 4 1 0 .1 4 4 0 .141 0 .144 0 .143 0 .141
6 months 0 .140 0 .142 0 .143 0 .1 4 0 0 .1 4 1 0 .13 9 0 .138

12 n 0 .139 0 .137 0 .141 0 .1 4 0 0 .1 4 4 0 .1 41 0.137
18 u 0 .1 4 0 0 .136 0 .138 0 .13 4 0,143 0 .1 40 0 .134
24 it 0 .138 0.136 0 .1 39 0 .136 0 .1 4 0 0 .1 38 0 .1 3 4

Phosphorus (P)

At p la n tin g 0 .058 0.057 0 .0 55 0 .053 0.056 0.056 0 .054
6 months 0 .054 0.056 0 .051 0 .053 0.056 0.054 0 .050

12 it 0 .056 0 .0 48 0 .054 0 .051 0.054 0 .054 0 .0 50
19 Cl 0 .057 0 .051 0 .0 5 5 0 ,047 0 .054 0 .0 50 0 .043
24 ii 0.059 0 .051 0.056 0 .053 0 .054 0 .051 0.047

Potassium  (k )

At p la n tin g 0 .228 0.226 0.226 0 .224 0 .228 0 .231 0.226
6 months 0 .224 0 .218 0 .2 28 0.226 0.226 0.226 0 .220

12 II 0 .2 25 0.216 0 .228 0.226 0 ,2 7 0 0 .224 0 .221
18 It 0 .2 2 1 0 .221 0 .231 0 .2 3 0 0.224 0.228 0 .219
24 H 0 .2 2 0 0.224 0 .224 0 .2 20 0 .2 2 0 0.224 0 .223
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T able 40. ca# Mg and S content (%) o f  the s o i l  at h a lf-y e a r ly
in te rv a ls

T r e a t m e n t s  Months a f t e r  ________________________________ ___ ___ ___ _________
p la n tin g  m m m m m m m

A1 2 3 4 5 6 7

At p la n tin g 0 .061 0 .05 9

Calcium (ca ) 

0 .056  0 .0 5 8  0 .062 0 .060 0.064
6 months 0 .060 0.058 0.056 0 .050 0 .063 0 .063 0 .054

12 n 0 .063 0.054 0 .0 55 0 .061 0 .0 6 1 0 .062 0.053
19 it 0 .059 0 .054 0 .054 0 .051 0 .058 0 .058 0 .053
24 tt 0 .054 0 .055 0.054 0.058 0 .0 5 4 0 .058 0.056

At p la n tin g 0 .244 0 .2 4 8

Magnesium 

0 .2 3 8  0 .243

(Mg)

0 .244 0 .2 45 0 .244
6 months 0 .2 28 0 .234 0 .233 0 .243 0.243 0.246 0 .240

12 H 0.234 0 .232 0 .234 0 .243 0 .2 45 0 .2 44 0 .238
18 n 0.224 0 .221 0 .234 0 .243 0 .241 0 .242 0 .240
24 • Cl 0 .2 3 0 0 .225 0 .220 0 .230 0 .2 4 5 0.243 0.236

Sulphur (S)

At p la n tin g 0 .108 0 .110 0 .11 0 0.108 0 .114 0 .104 0.106
6 months 0 .114 0 .1 12 0 .108 0 .114 0.109 0.107 0.102

12 U 0 .1 04 0.104 0.111 0.108 0.111 0 .104 0 .094
18 U 0 .114 0 .100 0 .104 0 .109 0 .104 0.10B 0 .101
24 M 0.106 0.098 0 .101 0 .100 0 .1 1 4 0 .104 0.094
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The con ten ts o f  secondary n u tr ie n ts  v i z -  ca , Mg 

and S w ere -n ot in flu en ced  by the treatm ents at d i f f e r e n t  

s ta g es  o f  o b s e rv a t io n . However, a s l i g h t  d ecrea sin g  

tren d  was n o t ic e d  towards the end..

co n su lta t io n  o f  the above ta b le s  re v e a ls  r e la t iv e ly  

sm a ller  changes in the t o ta l  n u tr ie n t  con ten ts  ov er  th e  

s ta g e s  and between trea tm en ts . The t o ta l  n u tr ie n t  con ten t 

o f  a s o i l  is  a more o r  le s s  in herent fea tu re , p r im a r ily  

dependent on i t s  m inerology  and te x tu r a l com position  

(Hsu and Jackson, 1960 ). The s o i l  o f  the experim ental 

area comes under th e  v e lla n ik k a ra  s e r ie s  (S o i l  Survey 

R eport, 1976) . D e scr ip t io n  o f  pedon o f  the experim ental 

s i t e  ( Item 1.3.11 o f  M a teria ls  and Methods) shows that 

A h or izon  is  having a th ick n ess  o f  25 an. S in ce  the 

s u r fa ce  h or izon  o f  a s o i l  s e r ie s  u su a lly  re v e a ls  a more 

o r  le s s  uniform  chem ical com position , the r e la t iv e ly  

sm a ller  v a r ia t io n s  in th e  t o t a l  n u tr ie n t  con ten ts  as 

observed  during the p e r io d  o f  study is  e x p la in a b le . But 

th e  s l ig h t  d ecrea se  in n u tr ie n t  con ten ts  observed  towards 

the end, is  in d ic a t iv e  o f  the p rob a b le  n u tr ie n t  d e p le t io n  

th a t  may m an ifest a f t e r  severa l years o f  continuous and 

hazardous methods o f  c u lt iv a t io n  (M ithrachaly  and Koshy, 

1967 and Kamprath, 1977).

7 .3  S o il  pH:

pH a ls o  d id  n o t rev ea l a n o t ic e a b le  change o r  a



d e f in i t e  trend in i t s  v a r ia t io n s  during the experim ental 

p e r io d  (T ab le  4 1 ) . In g en era l, i t  cen tered  around the 

v a lu e  5 .8 0 .

pH remained u n a ffe cte d  p rob a b ly  due to  la ck  o f  

s u f f i c i e n t  tim e fo r  the treatm ent e f f e c t s  to  b r in g  about 

any n o ta b le  change.

7 .4  ca t io n  exchange ca p a c ity  (CEC)*

T able 41 re v e a ls  th a t CEC showed an alm ost s im ila r  

tren d  as th a t o f  o rg a n ic  carbon . At th e  end, T2 gave the 

low est  v a lu e  preceded  by T^. I t  was a ls o  n o t ic e d  that t 5 

and Tg gave va lu es o f  12.73 and 12.38 p er  c e n t ; r e s p e c t iv e ly , 

which were h igh er than the i n i t i a l  va lues (T able  l )  .

The CEC o f  a s o i l  is  an inherent p rop erty  o b v io u s ly  

a f fe c t e d  by th e  nature and amount o f  m inerals and o rg a n ic  

fr a c t io n s  (T is d a le  e t  a l .  1985 ). The te x tu ra l com position  

o f  the s o i l  be in g  more o r  le s s  id e n t ic a l  (T able  37), changes 

in CEC between treatm ents can w e ll be r e la te d  to  th at o f  

th e  o rg a n ic  carbon co n te n t . This is  c l e a r ly  m an ifested  

in Tg and t^ where h igh er o rg a n ic  carbon con ten ts  have 

been ob serv ed . A re v e rse  trend i s  a ls o  n o t ic e d  in T2 and 

T^ which record ed  corresp on d in g ly  low er o rg a n ic  carbon 

1e v e l s .
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Table 41. pH, CEC and organ ic  carbon content o f  the s o i l
at h a lf-y e a r ly  intervals

Months a f t e r  
p la n tin g

T r  e a t m e n t  s

Ti . T2 T3 T4 T5 T6 T7

pH

At p la n tin g 5.85 5.78 5 .85 5.80 5.78 5.78 5.84
6 months 6 .0 1 5.81 . 5 .80 5 .75 5 .85 5.81 5.81

12 11 5.90 5.85 6 .05 5 .81 5.80 5.83 5.83
IB Cl 5 .80 5.89 5 .85 5 .84 5.85 5.88 5.84
24 tl 5 .85 5.91 6 .05 5 .80 5.89 5.85 5.91

CEC (meq/100 g)

At p la n tin g 12.40 12.48 12.34 12.41 12.48 12.36 12.38
6 months 12.04 12.30 12.36 12.40 12 .51 12.33 12.33

12 II 11.48 11.38 12.15 12.31 12.49 12.18 11.47
18 II 1 2 .3B 11.04 12.36 11.48 12.65 12.44 11.36
24 h 12.05 10.48 12.33 12.00 12.73 12.38 11.58

O rganic carbon (94)

At p la n tin g 1.64 1.64 1.61 1.63 1.61 1.61 1.59
6 months 1.64 1.60 1.60 1.59 1.60 1.58 1.48

12 II 1.5B 1.60 1.55 1.48 1.62 1.60 1.47
19 8 1.64 1 .58 1.56 1.53 1.64 1.59 1.51
24 n 1.58 1.54 1.53 1.53 1.65 1.60 1.50



Over the s ta g es , a s l i g h t  red u ction  in o rg a n ic  

carbon con ten t was recorded  by a l l  the treatm ents except 

T,_, where an in cre a se  was ob serv ed . showed the low est 

v a lu e  o f  1 .47 per cen t at the end o f  f i r s t  year and th ere 

a f t e r  e x h ib ite d  sign  o f  improvement. and a lso

record ed  low er v a lu es , e s p e c ia l ly  towards th e  end.

The change in o rg a n ic  carbon con ten t o f  each t r e a t 

ment p a r a l le ls  alm ost to  th e  tren d  o f  s o i l  lo s s  (T able  1 1 ).

eroded the maximum q u a n tity  o f  s o i l  fo llow ed  by and 

T^. T(_ was the le a s t  e r o s iv e  treatm ent. Consequently,

r e g is te r e d  the low est o rg a n ic  carbon con ten t, preceded  

by  and T w h i l e  gave th e  h ig h est  v a lu e  o f  1 .64 p er  

cen t h igh er than even the i n i t i a l  s ta tu s  o f  the s o i l  

(T a b le  1 ) .  As the s u r fa ce  s o i l  is  f a i r l y  r ich  in  o rg a n ic  

carbon and i t  remains to  be the most e ro s iv e , the above 

observed  v a r ia t io n s  are u n derstan dable , cou p led  with 

t h is ,  the o rg a n ic  m atter b u ild  up due to  p o s s ib le  r o o t  

and stem decay w i l l ,  t o  a la r g e  ex ten t, r e f l e c t  the 

in crea sed  o rg a n ic  carbon con ten t o f  g rassed  p l o t .  S lig h t  

improvement in r i c e  grown p l o t  is  a lso  a ttr ib u te d  t o  t h i s .

8 . P r o te c t iv e  a b i l i t y  o f  trea tm en ts:

The p r o t e c t iv e  a b i l i t y  a ga in st s o i l ,  r u n -o f f  and 

n u tr ie n t  lo s s e s  as in flu e n ce d  by t o t a l  canopy cov er, s o i l

7 .5  Organic carbon contents



b in d in g  a b i l i t y  o f  roo ts  end earthworm a c t iv i t y  o f  

d i f f e r e n t  treatm ents are d iscu ssed  be low .

B .l  Canopy cov er indexs

T ota l canopy cov er  in dex  (combined canop ies o f  a l l  

the s p e c ie s )  are g iven  in the Tables 42 a, 42 b and 

P ig . 21.

In 1984, a l l  the treatm ents d i f f e r e d  s ig n i f i c a n t ly

treatm ents fo llo w ed  the o rd er  Tfi, t2# T3 and T4 - Over 

the months a lso , t h is  was alm ost the same tre n d . Tc andD

h ig h er  peaks in August. Subsequently, th e re  was a sudden 

d e c l in e .  In T2 * T  ̂ and T  ̂ a gradual in cre a se  ov e r  the 

months and subsequent red u ction  towards the end was

reached the value o n e .

Second year a ls o  ex h ib ite d  an alm ost same trend  as 

th a t  o f  the f i r s t  y e a r .

Peak values o f  canopy cover index o f  grassed  plot 

(T_) in both  years are in d ic a t iv e  o f  the dense nature ojD
land cov er th a t  cou ld  o f f e r  about e ig h t  tim es p r o t e c t io i  

than th a t o f  the bare  ground. Even in the f i r s t  month, i 

cou ld  cover the land t o  the ex ten t o f  1 .42  tim es and in

Te recorded  the h ig h est  v a lu e  and T. th e  lo w e s t , o th e r  5

Tg r e g is te r e d  sharp in crea se  in the e a r ly  sta ges  reach in g

ob serv ed . showed o n ly  a s l ig h t  in cre a se  but never



T able 42 a . Total canopy cover  index in  19B4

Month
T r e a t  m e n t s

T 1 T2 T3 T4 T5 T6 T7

June 0 . 0 1 0 .1 0 0 .03 0 .0 3 1.42 1 .72 — 0 .56

J u ly 0 .0 4 0 .5 7 o.4e 0 .1 5 3 .2 1 3 .91 - 1.40

August 0 .3 8 0 .9 2 0 .8 1 0 .4 1 7 .8 2 5.14 - 2 .58

September 0 .4 9 1 .23 1.06 0 .6 3 4 .63 4 .57 - 2 .10

O ctob er 0 .5 7 1 .48 1.39 0 .7 7 3.B6 0 .2 2 - 1 .38

November 0 .6 5 1.53 1 .45 0 .8 1 3.36 0 .3 3 - 1 .35

D ecem ber, 0 .67 1.07 1.00 0 .7 2 2.06 0 .3 5 - 0.9B

Mean 0 .4 0 0 .9 9 0 .9 0 0 .5 0 3-77 2 .32 -

CD (0 .0 5 ) a = 0 .0 0 b = 0 .02 c  31 0 .0 7 a *  0 .0 6

a *  CD f o r  treatm en ts 
b = CD f o r  months

c = CD f o r  months between treatm en ts 
d = CD f o r  months w ith in  th e  treatm ent



Table 42 b .  Total canopy cov er  index in 1985

Month
T r  e a t  m e n t  s

Mean
TA1 T2 T3 T4 T5 T6 T7

May 0 .8 2 0 .4 0 0 .4 0 0 .6 7 0 .3 4 0 .4 8 0 .0 0 0 .4 4

June 0 .86 0 .5 0 0 .4 8 0 .7 0 3 .0 8 2 .18 0 .28 1.16

J u ly 0 .8 7 0 .9 3 0 .8 4 0 .7 9 7 .3 7  , 4 .2 3 0 .9 0 2.28

August 0 .8 8 1 .24 1.00 0 .8 9 8 .4 8 5.44 1 .75 2-81

September 0 .9 2 1 .30 1 .1 5 0 .9 4 4.73 4 .91 1.36. 2.19

O ctob er 0 .9 4 1-60 1.46 1 .02 4 .18 0 .6 0 1.49 1 .61

November 0 .9 7 1.67 1 . 54 1 .0 5 3 .20 0 .6 1 1 .45 1 .50

December 0 .9 8 1 .18 1 .11 0 .9 6 1 .98 0 .6 3 0 .8 6 1 .10

Mean 0 .9 0 1 .10 1 .00 0 .9 8 4 .17 2 .38 1 .01

CD (0 .0 5 ) a = 0 .0 5 b = 0 .0 2 0 = 0 .08 a  = 0 .06

a = CD f o r  treatm orits 
b s  CD f o r  months

c  = CD f o r  months between treatm en ts 
d = CD f o r  months w ith in  th e  treatm ent
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a l l  the e r o s iv e  months lan d  su r fa ce  was e f f e c t i v e l y  

co v e re d . Bi T& a ls o , crop canopy was den ser enough to  

cov er  the land s u r fa ce , alm ost f iv e  times than the bare 

ground du rin g  th e  peak p e r io d . All o th e r  treatm ents were 

having com paratively  open canopy in d ic a t in g  le s s e r  p r o t e c t 

ion  a g a in st the f a l l i n g  ra in drops e s p e c ia l ly  du rin g  the 

i n i t i a l  months. Even in T^f where f i v e  tim es cassava

than th at o f  T , was accommodated, land  s u r fa ce  was p r a c t i -  
4

c a l l y  open in the i n i t i a l  months o f  sou th -w est taonsoon.

8 .2  R a in fa ll  in te r ce p tio n  i

That p o r t io n  o f  r a in f a l l  re ta in ed  by the crop  canopy 

r e fe r s  to  the in te rce p te d  r a i n f a l l .  In flu en ced  by th e  

e x te n t  and d e n s ity  o f  ground cov er , in te r ce p t io n  d e t a i ls  

h e lp  to  ex p la in  th e  r u n -o f f  and s o i l  l o s s  experien ced  by 

each trea tm en t. Tables 43 a and 43 b con ta in  the in te r 

ce p t io n  d e t a i l s .

As ev id en t from the r e s u lt s ,  in the f i r s t  year, a l l

th e  treatm ents d i f f e r e d  s ig n i f i c a n t ly  b a rr in g  T  ̂ and T^.

Tc recorded  the h ig h e st  annual va lu e  o f  35 .23 per cent b
and T  ̂ the low est, 8 .5 0  per c e n t . T  ̂ and continued  to  

be on par throughout and remained the low est excep t 

in O ctober. and r e g is te r e d  h ig h er  v a lu es , almost

throughout the f i r s t  y ea r .



Table 4 3 -a . R a in fa ll in te rce p tio n  (?S) in  1984

Month
T r  e a t  m e  n t  s

T7

Mean
TA1 T2 T3 T 4 T5 T6

May 0 . 0 0 0 . 0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 — 0 .00

June 0 .6 5 4 .57 . 3 -24 1.16 17.04 18.36 - 7 .50

J u ly 2 .81 18 .82 17.04 7 .3 2 35 .25 28.96 — IB .37

August 9 .06 24.56 23.49 15 .55 39.86 .40 .75 - 25 .55

Septem ber 13-93 26.73 25.9B 18.13 39 .61 33 .60 - 26 .33

O ctob er 16.03 31 .16 30.27 21-57 44.39 9 .4 0 - 25 .47

Mean 8 .5 0 21.17 20 .00  1 2 .7 5  35.23 26 .22 -

CD (0 .0 5 )
i

a = .1.73 b = 1 .44 c  = 3 .52 d=3. 51

a *  CD f o r  treatm en ts 
b ■» CD f o r  months

c  = 
d =

CD f o r  months 
CD f o r  months

between treatm ents 
w ith in  th e  treatm en t



Table 43 b .  R a in fa ll in te rce p tio n  (%) in  1985

Month
T r  e a t  m e n t  s

Mean

Ti T2 T3 T4 T r 5 T6 T7

May 23.19 14.47 13 .05 14.09 12.82 14.71 0 .0 0 13.19

June 25.52 23.63 22.63 24.66 34 .41 39 .90 15.36 26 .49

Ju ly 26 .00 3 2 .00 34.96 30 .20 41.39 4 5 .8 5 31.03 37.6  5

August 32.67 42 .03 40 .10 40 .71 56.42 50 .85 33.09 42.27

S eptsn ber 3 5 .70 48 . 5S 40.63 41.17 39 .12 29 .05 36.43 38.67

O ctob er 31.37 41 .20 39 . eg 34 .19 34.93 18.90 33.89 33 .48

November 20.87 30.67 29.76 25 .82 16.41 16.53 28.97 24 .58

Mean 27.90 33 .22 31-59 30 .54 33 .64 30 .71 25.54

CD (0 .0 5 ) a = 1 .14 b = 1 .18 c  = 3 .08 d = 3 .1 2

a = CD fo r  treatm ents
b = CD fo r  months

c  = CD fo r  months between treatm ents
d = CD f o r  months v/ith in  the treatm ent



in  th e  second  year, Tj. and T& m aintained in creased

in te r c e p t io n  a b i l i t i e s  up to  August and th e r e a fte r  a d e cre a se .

More than 50 p er cen t o f  the r a in fa l l  was in te rce p te d  in

T_ and T, in August. In T„, th e  in cre a se  was gradual5 o *
up to  September and i t  m aintained s u p e r io r it y  ov e r  th e  r e s t

o f  the treatm ents upto the end. a ls o  showed more o r

l e s s  same trend as Tg. in  th e  l a s t  tvo  months th e re  was a 

red u ction  in in te r ce p t io n  in a l l  the trea tm en ts .

8 .2 .1  R a in fa l l  in te r ce p t io n  as in flu e n ce d  by  i t s  
ch ar a c te r  is  t  ic s  i

The In te rce p tio n  o f  r a in fa l l  is  in flu e n ced  by i t s  

c h a r a c t e r is t ic s  a ls o .  The d a i ly  r a in fa l l  c h a r a c t e r is t ic s  

and p ercen ta g e  in te r c e p t io n  in each treatm ent are p rov ided  

in A p p en d ix -II . The p a r t ic u la r s  in r e s p e c t  o f  Ju ly  1985 

were s e le c te d  so  as to  have enough e r o s iv e  r a in f a l l  and 

canopy to  in te r c e p t  in  a l l  th e  trea tm en ts .

In g en era l, an in cre a se  in  r a in f a l l  in te r ce p t io n  

w ith  in cre a se  in canopy cov er  was the fe a tu re  observed  

in a l l  the trea tm en ts , then canopy cov er  (x ) was regressed  

w ith  corresp on d in g  r a in f a l l  in te r ce p t io n  (Y) a stron g  

l in e a r  r e la t io n s h ip  (r  =» 0 .910**) w ith  re g re ss io n  equation  

Y = -0 .0 5 0 X  + 6 .0 7  was o b ta in e d . The ob served  in cre a se  in
t

r a in f a l l  in te r ce p t io n  in a l l  the treatm ents ov e r  th e  p e r io d  

is  hence c o n c e iv a b le . L inear in cre a se  In r a in f a l l  in te r 

c e p t io n  w ith in cre a se  in canopy cover was n o t ic e d  by  o th er
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workers a ls o  (w ischm eier, 1975; H ussein and L a flen ,

1982 and Morgan, 1935) . More than 50 per cent in te r 

ce p t io n  n o t ic e d  in both  grassed  and r ic e d  p lo t s  (T& and

T ,) when they o f fe r e d  maximum land cov er  end com paratively  o
low er in te r c e p t io n  in throughout, fu r th e r  lend  support 

to  the above f in d in g . A very  sharp d ecrea se  in th e  in te r 

ce p t io n  va lu es n o t ic e d  in in both years during O ctober 

is  in d ic a t iv e  o f  the sudden d ecrea se  in t o t a l  canopy cov er  

consequent to  r i c e  h a rv e s t .

The rev ers in g  trend observed  in a l l  o th er  treatm ents

during O ctober and November 1985 warranted fu rth e r  a n a ly s is .
c *T a b le  44 rev ea led  th a t  r a in fa l l  in te r c e p t io n  was n e g a t iv e ly  

c o r r e la te d  with a l l  the r a in fa l l  c h a r a c te r is t ic s  excep t 

d u ra t io n , Among the n e g a t iv e ly  c o r r e la te d  c h a r a c te r is t ic s ,  

k in e t i c  energy and EI15 were the h ig h ly  c o r r e la te d  on es . 

Amount o f  r a in f a l l  was s ig n i f i c a n t  o n ly  next to  them.

This is  su g g e s t iv e  o f  the fa c t  th a t  when canopy cover i s  

a lm ost uniform , in te r ce p t io n  is  more in flu e n ce d  by the 

h i t t in g  power o f  the r a in fa l l  as d ecided  by i t s  k in e t i c  

energy o r  EI15 - P erusal o f  the A ppen d ix -II fu rth e r  

rev ea led  th a t r a in fa l l  amounts o f  alm ost same l e v e l  had 

g iven  r i s e  to  q u ite  d i f f e r e n t  in te r c e p t io n  p ercen ta g es .

For example, storm s o f  11 mm and 11.25 mm on 24-7-1985 and 

25-7-1985 had E I ^  va lu es o f  4 .0 2  and 6 .9 1  r e s p e c t iv e ly .

Even though the amounts o f  th ese  r a in fa l l  were alm ost same,



T a b le  4 4 . C o r re la t io n  between p ercen ta g e  in te r c e p t io n  (Y) and r a in f a l l  
c h a r a c t e r i s t i c s  (X)

(K o. o f  ob serv a tion s®  22)

R a in fa l l
c h a r a c t e r is t ic s r R egression equ ation

1 . R a in fa ll  amount (mm) 0 .572* Y = 6 6 .6 6 3  - 0 .3 1 4  X

2 . D uration  (h r) + 0 .3 2 4 * Y = 63 .7 3 5  + 0 .0 2 8  X

3 . K in e t ic  energy (m t/ha an) - 0 .6 0 3 * Y = 66 .7 8 0  - 0 .0 1 4  X

4 . EI15 - 0 .5 8 2 * Y = 62 .754  - 0 .177  X

5 . EI30 - 0 . 56 5* Y = 62 .8 32  - 0 .2 6 3  X

6 . AIm — 0 .5 6 0 * Y = 6 3 .6  56 - 0 .4 07  X

* S ig n if ic a n t  a t  5% le v e l
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when th e  dense grass canopy cou ld  in te r c e p t  82 .91  per 

ce n t  o f  the f i r s t  ra in , i t  was o n ly  54.91 p er  cen t fo r  

the second on e . S im ila r  in te r c e p t io n  percen tages were 

seen with r a in fa l l  o f  s t r ik in g ly  d i f f e r e n t  amounts t o o .  

R a in fa l l  o f  8 .25  mm and 13.25 mm occu rred  on 13 -7 -85  and 

17_7_85, recorded  in te r ce p t io n  percen tages o f  68 .96  and 

68 .16  ; r e s p e c t iv e ly .  But th ese  r a in f a l l  had alm ost un i

form EI^5 va lu es o f  4 .79  and 4 .9 9 ,r e s p e c t iv e ly . This 

r e i t e r a t e s  th at when canopy cov er  i s  alm ost same* In te r -  

cep t  ion is  more in flu e n ce d  by energy c h a r a c t e r is t ic s  o f  

th e  r a in fa l l?  th e  more th e  e r o s iv i t y ,  th e  le s s e r  w il l  b e  

the in te r c e p t io n .

8 .3  Splash eros io n :

Splash  e ro s io n  i s  a measure o f  s o i l  d e t a c h a b il it y  

by the impact o f  ra in d ro p s . Tables 45 a and 45 b p rov id e  

the- d e t a i ls  o f  sp lash  e ro s io n  as in flu en ced  by d i f f e r e n t  

trea tm en ts. T able  46 con ta in s  the c o r r e la t io n  c o e f f i c i e n t s  

between r a in fa l l  c h a r a c t e r is t ic s  and sp lash  e ros ion  in 

each treatm ent.

In th e  f i r s t  year, T  ̂ recorded  s i g n i f i c a n t ly  the 

h ig h e s t  v a lu e  and T^ the lo w e s t . Other treatm ents were 

in betw een. and T  ̂ were on p a r . Over the months too , 

t h is  was alm ost th e  same trend  w ith  some e c e p t io n s . Except



Table 45 a . Splash erosion  (g/m^) in 1994

Month
T r  e a t  m e n t  s

Mean

T1 T2 T3 T 5 T6 T7

May 10.46 11-94 13.49 11.19 10.96 9 .84 12.49 11.48

June 6 0 .6 3 6 6 .9 2 6 9 .6 1 6 0 .5 2 23.29 21.63 6 5 .5 2 52.59

Ju ly 49.66 6 2 .6 7 7 2 .1 5 6 4 .0 7 4 .33 - 8 .79 7 2 .19 47.69

August 11 .23 15 .42 15 .08 18.18 0 .1 8 0 .8 4 18 .91 11.41

September 11.96 7 .84 13.87 19.57 0 .4 1 2 .91 27.64 12.03

O ctob er 14.79 8 .7 5 10.46 15 .20 1.46 9 .00 27.41 12.44

Mean 26 .46 28 .92 3 2 .4 4 31 .45 6 .77 8 .8 3 37.36

CD (0 .0 5 ) a = 1.78 b = 1 .32 c  = 3 .5 5 d = 3 .48

a = CD f o r  trea tm en ts 
b = CD f o r  months

c  = CD f o r  months between treatm en ts 
d = CD f o r  months w ith in  th e  treatm ent



Table 45 b .  Splash erosion  (g-tfm2) in 1985

Month
T r  e a t  m e n t  s

Mean
T1 ■ T2 T3 4 Ts T6 T7

May 6 .22 10.27 7 .76 10.16 1 .48 6 .8 1 10.99 7 .6 7

June 6 5 .6 0 83 .34 95 .47 81 -35 10.53 18 .60 B3.29 62-59

Ju ly 24.97 29.88 39 .30 42 .73 1 .43 2 .21 30.99 24.57

August 8 .6 0 9.16 12.01 15 .14 0 .1 1 0 .4 8 9 .0 0 7 .7 9

Septem ber 0 .3 0 0 .2 1 0 .2 0 0 .1 3 0 .0 0 0 .0 0 0 .1 8 0 .1 5

O ctob er 4 .86 5 .21 8 .9 2 10.11 0 .2 1 4 .8 2 4 .7 5 5 .54

December 1.07 0.B7 1 .1 0 2 .1 0 0 .0 0 0 .8 1 0 .9 1 0 .9 8

Mean 15.95 19 .85 23.59 23.11 1.97 4 .8 2 20.01

CD (0 .0 5 ) a = 0 .9 3 b  “ 0 .6 9 c  = 1.91 d = 1 .84

a = CD f o r  treatm ents
b = CD fo r  months

c  = CD f o r  months between trea tm en ts
d = CD f o r  months w ith in  th e  treatm ent



the i n i t i a l  two months, and Tg continued  t o  record  

the h ig h e s t  and low est v a lu e s ,r e s p e c t iv e ly . In th e  

f i r s t  two months T3 gave th e  h ig h est  va lu e and Tg / the 

lo w e s t .

Tg became s ig n i f i c a n t ly  lo w er  to  a l l  o th e r  t r e a t 

ments in th e  second  y e a r . Further, as compared to  the 

f i r s t  year, a l l  the treatm ents recorded  low er va lu es and

T the lo w e s t , T~ gave the h ig h e st  v a lu e  and was on par 5 3
w ith  T^. T6 was s l i g h t ly  preceded by Tg. Over the 

months the cassava in tercrop p ed  p lo t s  v i z .  T3 , T2 

and T  ̂ recorded  h ig h er  va lu es than o th e r s .

The h ig h e st  sp lash  e ro s io n  observed  in T  ̂ o f  th e  

f i r s t  y ea r  was due to  the u n in terru pted  ra in drop  impact 

on the c u lt iv a te d  b are  fa llo w , where th ere  was no p ro te 

c t i v e  cov er  to  rob  o f f  the energy o f  th e  f a l l i n g  ra in  

d ro p s . (M utchler and Young, 1975 and Hudson, 1984). When 

im portant r a in f a l l  c h a r a c t e r is t ic s  were c o r r e la te d  w ith 

corresp on d in g  sp lash  e ro s io n , h igh er p o s i t iv e  r e la t io n s  

were seen with Al^ ( r  = 0 .932**) and EI1S (r  = 0 .923**) 

(T a b le  4 6 ) .  T h is, coupled  w ith the observed  red u ction  

o f  sp lash  e ro s io n  in o th e r  treatm ents w ith  vary in g  le v e ls  

o f  v e g e ta l cov er, ex p la in s  the in crea sed  sp lash  and s o i l  

e ro s io n  o f  the c u lt iv a te d  b a re  fa l lo w  p l o t .

B arring T3, the v a r ia t io n s  seen in o th e r  treatm ents
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were to  a g re a t  ex ten t, p rop ort  ion a te  to  th e  amount o f. 

canopy cov er  (T ab les 42 a & b ) • in  g en era l, sp lash  

e ro s io n  decreased  with in cre a se  in crop  canopy cover 

in  a l in e a r  way. High c o r r e la t io n  c o e f f i c i e n t s  observed  

w ith grass ( r  = 0 .963**) and r i c e  (r  = 0 .914**) in te r 

cropped p lo t s  were in d ic a t iv e  o f  t h e i r  b e t t e r  p r o t e c t iv e  

a b i l i t i e s  compared t o  o th e r  trea tm en ts , com p a ra tive ly  

weaker c o r r e la t io n  c o e f f i c i e n t s  between sp la sh  e ros ion  

and r a in f a l l  c h a r a c t e r is t ic s  (T a b le  46) observed  in t r e a t 

ments w ith v e g e ta t io n  fu rth er  ex p la in  the energy d is s ip a t 

ing power o f  v e g e ta l cov er as corrob ora ted  by Hudson (1 9 7 1 ); 

Meyer e t  a l . (1975) and Hussein and L a flen  (1982) • The 

weakest c o r r e la t io n  observed  in T^, wherein the low est 

sp lash  e ro s io n  was seen, fu rth er  support t h is  v iew .

The v a r ia t io n s  seen in cassava in tercrop p ed  t r e a t 

ments are, to  a g re a t  ex ten t, p ro p o r t io n a te  to  the amount 

o f  canopy cov er  except in T^« The reduced ra te  o f  sp lash  

e ro s io n  seen in T2 towards the end as compared to  

su b s ta n t ia te s  t h i s .  But, a l l  the cassava tre a te d  p lo t s  

gave s i g n i f i c a n t ly  h igh er values alm ost throughout, no 

m atter whether the minimum number o f  cassava as in 

o r  the maximum p o s s ib le  number as in  the T,, was accommodated. 

The i n i t i a l  slow  growth o f  cassava , s e v e re  s o i l  d is tu rb a n ce  

due to  mound p la n tin g , la r g e r  exposed area and the p o s s ib ly  

h igh  energy o f  l e a f  d r ip s  (N oble and'Morgan, 1983 and



T able 46. C orre la tion  c o e f f i c ie n t s  (r )  beti^een r a in fa ll  c h a r a c te r is t ic s  and
splash erosion  in each treatment

R a in fa ll  
c h a r a c t e r is t ic s

T r e a t  m e n t  s

T1 T2 T3 T4 T5 T6 T7

1_9 8 4 (No. o f  o b s e rv a t io n s  -  16)
-

1 . R a in fa l l  (mm) 0 .89 3 ** 0 .86 0 ** 0 .8 1 5 ** 0 .8 2 2 ** 0 .6 7 1* 0 .7 4 9 ** 0 .8 9 1 **

2 . K in e t ic  energy 
(m t/ha cm) 0 .909** 0 .8 63 ** 0 .8 3 2 ** 0 .8 6 0** 0 .5 9 3 * 0 .6 9 4 * 0 .9 0 8 **

3 . EI15 0 .8 4 2 ** 0 .7 8 8** 0 .7 7 5** 0 .8 5 4 ** 0 .46 7 0 .6 1 1* 0 .9 2 3 **

4 . 0 .8 1 5 ** 0 .8 2 2 ** 0 .8 4 7 ** 0 .8 8 8 ** 0 .426 0 .5 5 3 0 .9 3 2 **

1_9 8 5 (N o. o f  o b s e rv a t io n s  -  20)

1 . R a in fa ll  (mm) 0 .7 7 0 ** 0 .7 1 5 ** 0 .7 8 0 ** 0 .8 1 3 ** 0 .4 8 1 0 .4 4 2 0 .7 9 5 **

2 . K in e t ic  energy 
(mt/ha cm) 0 .7 4 8 ** 0 .6 9 4 ** 0 .7 5 6 ** 0 .7 9 3 ** 0 .456 0 .4 1 3 0 .7 6 8 **

3 . inMId 0 .4 7 1 0 .4 07 0 .4 7 4 0 .4 7 4 0 .3 2 2 0 .34 3 0 .4 6 7

4 . AIm 0 .6  29* 0 .5 6 6 * 0 .6 5 0 * 0 .6 7 4 ** 0 .3 3 3 0 .3 8 4 0 .6 3 8 **

* S ig n i f i c a n t  a t  5% l e v e l
** S ig n i f i c a n t  a t  155 l e v e l
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Finney, 19B4) are the p o s s ib le  reasons fo r  t h i s .

H igher values seen in when compared to T  ̂

m ight be  due to  the a cc id e n ta l flo w  o f  r u n -o f f  in to  the 

sp lash  c o l l e c t io n  assem bly because o f  tre n ch in g , m - 

s p i t e  o f  the le s s e r  canopy cov er , low er va lu es recorded  

in can be a ttr ib u te d  to  the undisturbed  n ature o f  the 

s o i l  as w ell as the allow ed weed growth during th e  second 

y e a r . C om paratively low er va lu es seen in  towards the 

end o f  second year are in d ic a t iv e  o f  the p r o t e c t iv e  

a b i l i t y  o f  g ra ss  s t r ip p in g .

8 .4  - S o i l  b in d in g  a b i l i t y  ( F ) :

S o il  b in d in g  a b i l i t y  (F) is  the r a t io  o f  t o t a l

volume o f  r o o ts  t o  i t s  th ick n ess  expressed as radius 

(Bhimaya, 1950) . Data on F and ro o t  ch a ra cters  o f  both 

g ra ss  and r i c e  during the rainy months are fu rn ish ed  in 

Tables 47 and 4 8 ,r e s p e c t iv e ly .

With advancement o f  time, s o i l  b in d in g  a b i l i t y  o f  

g ra ss  showed a rapid  in crea se  and reached a peak v a lu e  by 

th e  end o f  the f i r s t  y e a r . This was more o r  l e s s  main

ta in ed  around 300 in the second y e a r . T able  47 showed

th a t  th ere  was o n ly  a s l ig h t  In crea se  in  the mean rad ius

o f  th e  ro o ts  from beg in n in g  to  th e  end o f  th e  experim ent 

whereas, the volume o f  r o o ts  was co n sp ico u s ly  In cre a s in g .



Table 47. Hoot characters and s o i l  binding a b i l i t y
o f  grass

Volume S o il
„  „ __.,  o f  _ Mean b in d in g

ear/Mo roots /m  rad iu s a b i l i t y
(ml) (mm) (F)

June 41

Ju ly  81

August 114

September 126

O ctober 138

November 143

December 146

1 9_S_5

May 133

June 144

J u ly  158

August 159

September 164

O ctob er 157

November 156

December 154

8 0 .3 3 124.79

71 0 .4 1 199.29

15 0 .4 2 271.79

71 0 .4 4 286.36

47 0 .47 293.61

19 0 .4 8 298.31

45 0 .4 9 298.87

18 0 .46 300.39

45 0 .4 7 307.34

18 0 .5 1 310.16

91 0 .5 1 313.55

16 0 .5 2 315.69

15 0 .5 1 308.13

00 0 .5 2 300.14

50 0 .5 2 297.12



Table 48. Root characters and s o i l  b inding a b i l i t y
o f  r ic e

Volume S o il
v   . o f  -  Mean b in d in g

^  r o o ts /m  rad iu s a b i l i t y
(ml) (mm) (F)

1_9_8_4

June 36.19  0 .3 1  116.71

J u ly  7 6 .1 9  0 .3 0  200.47

August 90.76 0 .4 1  221.37

September 89 .48  0 .4 1  218.24

1_9_8_5

June 38.18 0 .3 0  127.27

Ju ly  70 .1 8  0 .3 9  179.95

August 9 3 .10 0 .4 0  232.7 5

Septem ber 91 .76  0 .4 1  223.80



This was r e f le c t e d  in the s o i l  b in d in g  a b i l i t y .  In 

b oth  y e a rs , r i c e  gave a tren d  o f  i n i t i a l  low  v a lu e  

and a h igh  f in a l  va lu e  towards m a tu r ity . As ih  the 

ca se  o f  g ra ss , here a lso , the volume o f  r o o ts  was 

d i r e c t l y  re s p o n s ib le  fo r  s o i l  b in d in g  a b i l i t y .

S o i l  b in d in g  a b i l i t y  a ls o  in d ic a te s  the rami

fy in g  e f f e c t  o f  f ib ro u s  roo ts  which preven ts the s o i l  

p a r t i c l e s  from bein g  detached and tra n sp orted  by f a l l in g  

ra in d ro p s . This is  one o f  the main reasons fo r  the 

reduced s o i l  and sp lash  e ros ion  in grass and r i c e  cropped 

p lo t s  (T able 11 and 45 a & b ) as exp la in ed  p r e v io u s ly .

8 .5  Earthworm a c t iv i t y i

Data on wormcast, a measure o f  earthworm a c t iv i t y ,  

a re  rep orted  in T ables 49 a & b .

In both y ea rs , T  ̂ r e g is te r e d  th e  h ig h e st  a c t iv i t y  

and Tg the lo w e s t . T  ̂ was a ls o  su p e r io r  t o  a l l  but o n ly  

n ext to  Tj-« This was alm ost th e  same trend ov er  the 

months ex cep t the f i r s t  two months o f  the f i r s t  y e a r .

Tl # T2' T4 ant* T7 were n,ore o r  le s s  com parable to  each 

o th e r  throughout.

High earthworm a c t iv i t y  observed  in T  ̂ and 

in d ic a te s  th e  p h y s ica l f i t n e s s  o f  s o i l  o f  these t r e a t 

m ents. Dense v e g e ta l cov er , in crea sed  r o o t  a c t iv i t y  and



2Table 49 a ,  Amount o f  worm ca st (g/m ) in  19 84

Month
T r  e a t  m e n t  s

Mean
T1 T2 T3 T4 T 5 T6 T7

May 8 .2 2 7 .27 9 .16 7 .16 7 .1 7 7 .86 6 .67 7 .6 4

June 16 . 35 18 .95 18.19 18.79 17.89 19 .29 16.29 17.97

J u ly 32.29 26 .79 16 .50 26.29 56.32 4 6 .2 5 22.73 32.46

August 42.66 25.96 5.02 33 .82 7 7 .41 52.57 23 . 20 37 .23

Septem ber 59 .10 36 .66 8 .59 3S.91 120.89 76 .2 2 23.16 51.93

O ctober 36 .94 29.83 14.01 44.69 119.10 85.09 20.50 50 .02

November 17.93 9 .3 2 8 .68 15.63 102.66 32 .02 11.14 28.27

Decedb e r 3 .73 2.89 0 .7 2 1 .61 42 .79 24 .18 2.59 11.22

Mean 2 7 .15 19 .77 10.11 23.36 6 8 .0 3 42.93 15.79

CD (0 .0 5 ) a = 4 .1 1 b = 3 .46 c  = 9 .3 7 d = 9 .1 5

a =■ CD fo r  treatm ents
b = CD fo r  months

c  = CD fo r  months between treatm ents
d = CD fo r  months w ithin  the treatm ent



2T able 49 b .  Amount o f  worm ca st (g/m ) in 1985

Month
T r  e a t  in e n t  s

MeanT1 T2 T3 T4 T5 T6 T7

May 12 .38 8 .8 2 2.99 7 .2 7 20.6 4 7 .1 5 5.09 9 .1 9

June 17.69 13-62 4 .2 3 17 .00 30.57 21 .02 14.44 16.94

J u ly 24 .95 40 .42 10.24 30 .80 81 .61 49 .04 22.99 3 7 .1 5

August 44 .58 41 .23 7 .6 6 50.54 116.09 9 9 .9 3 39.88 57.13

Septem ber 4 1 .60 45.06 3 .59 4 1 .5 5 129.82 100.31 48 .05 58.57

O ctob er 39.56 33 .00 4 .3 3 32 .48 137.14 6 6 .0 1 34.96 49 .64

November 21.26 9 .9 8 7 .2 5 9 .93 43 . B2 13.11 11.36 16.67

December 4 .7 2 1 .3 8 0 .8 1 1 .2 5 27.01 9 .5 8 1.16 6 .5 6

Mean 25 .34 24-19 5.13 23 .85 7 3 .3 4 45 .77 22.24

CD (0 .0 5 a = 2 .84 b = 2.73 c  = 7 .2 3 d 7 .2 2

a = CD fo r  treatm ents
b = CD fo r  months

c = CD fo r  months between treatm ents
d = CD fo r  months w ithin  the treatm ent
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com parative ly  le s s e r  s o i l  impoverishment consequent t o  

e r o s io n  may exp la in  the h igh  earthworm a c t iv i t y  ob serv ed .

The in creased  p o r o s it y  (T ab le  32 ), in f i l t r a t i o n  ra te  

(T ab le  36) and s t a b i l i t y  in d ice s  (T able  34) e x h ib ited  

by  th ese  treatm ents as a lready  exp la in ed  m ight have been 

in flu en ced  p a r t ly  by th e  earthworm a c t i v i t y .  Tubular 

p ores  made by earthworms w il l  be  b e n e f i c ia l  in terms o f  

movement o f  water, s o i l  a ir  o r  ro o ts  (Douglas e t  a l . 1980 ). 

The k in e t i c  energy o f  f a l l i n g  ra in drops req u ired  to  d is 

ru p t wormcast, was 5 - 5 4  tim es g re a te r  than that requ ired  

to  d is r u p t  n atu ra l s o i l  aggregates ( Vleeschauwer and Lai, 

1981) . These o b se rv a tio n s  may a ls o  help  exp la in  the 

le s s e r  r u n -o f f ,  low  s o i l  d isp e rs io n  as e x h ib ite d  by the 

suspended sedim ent load  o f  r u n -o f f  and very  low  to  zero

s o i l  lo s s  seen in these trea tm en ts . In T„, the low est
3

earthworm a c t iv i t y  was n o t ic e d  due to  s o i l  com paction 

consequent to  treatm ent e f f e c t  as a lread y  ex p la in ed .

8.6 Crop management fa c t o r  (c ) :
I t  i s  the r a t io  o f  s o i l  l o s s  from land having s p e c i

f ie d  crop  management to  th a t  from continuous c u lt iv a te d  

fa l lo w  w ith id e n t ic a l  s o i l ,  s lo p e  and r a i n f a l l ,  i t  r e f l e c t s  

the e f f e c t  o f  v e g e ta l cov er , crop  sequence, len gth  o f  grow

ing seasons and t i l l a g e  p r a c t ic e s  on s o i l  e ro s io n  and i s  . 

d esign a ted  as the combined p r o t e c t iv e  a b i l i t y  o f  each crop
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management p r a c t ic e  (Hudson, 19 84) • The m onthly and 

t o t a l  C values fo r  each treatm ent are furn ished  in 

T able 50.

in the f i r s t  year, the h ig h e st  m onthly and t o t a l  C 

va lu es were record ed  by Tg and the lo w e s t ,b y  T^. From 

J u ly  onwards, T  ̂ recorded  zero  v a lu e s . T^, though record 

ed h igh er values in th e  i n i t i a l  months than T^» with regard 

to  the t o t a l ,  -Tj gave h igh er v a lu e . T5 was always low er 

to  T& and s ta r te d  r e g is t e r in g  zero  va lu es from August 

onwards.

In the second year. May and November recorded  zero  

v a lu es  s in c e  r a in fa l l  was n ot s u f f i c i e n t  enough t o  cause 

e r o s io n . A ll the treatm ents r e g is te r e d  su b s ta n t ia l red u ct

ion  in C va lu es in t h is  y e a r . T ota l C v a lu e  was the h ig h est  

in  T  ̂ fo llow ed  by and T^. Throughout th e  year, values 

were zero  in T  ̂ and excep t June in the l a t t e r .

The trend  o f  changes in  c  va lu es o f  each treatm ent 

in both years w il l  p r e c is e ly  f i t  to  th a t o f  the s o i l  lo s s  

exp la in ed  p re v io u s ly  (Item  2 .3 ) .  The h ig h est  to ta l va lu e  

o f  0 .731  recorded  by  T£ i l lu s t r a t e s  the v u ln e r a b il i t y  o f  

cassava c u lt iv a t io n  in a c c e le r a t in g  s o i l  e r o s io n . D ra s t ic  

red u ction  o f  th is  v a lu e  to  0.216 in the second  year empha

s i s e s  the s u s t a in a b i l i t y  p o t e n t ia l  o f  tre e s  in h i l l  s lo p e  

farm ing. However, the very  low  C va lu e  o f  in the second



T able 50. Crop management fa c to r  (c )

Year/& onth
T r  e a t  m e n t  s

TA1 T2 T3 T4 T5 T6

IH 1 HD 1 IC
O 1 1

1

■

May 0 .0 7 2 0 .0 7 5 0 .00 4 0 .0 7 5 0 .0 5 4 0 .0 6 1 —
June 0 .216 0 .2 5 4 0 .0 0 9 0 .226 0 .109 0 .1 2 7 -
Ju ly 0 .1 6 5 0 .2 2 6 0 .0 0 0 0 .2 1 8 0 .0 5 3 0 .0 9 3 -
August 0 .0 4 0 0 .0 5 1 0 .0 0 0 0 .0 5 0 0 .0 0 0 0 .0 0 4 -
Septem ber 0 .1 1 9 0 .0 8 0 0 .0 0 0 0 .0 9 9 0 .0 0 0 0 .0 0 1 -
O ctober 0 .0 8 4 0 .0 4 5 0 .0 0 0 0 .0 7 4 0 .0 0 0 O .006 —

T o ta l 0 .0 96 0 .7 3 1 0 .0 1 3 0 .6 6 8 0 .216 0 .2 9 2 -

1 9 8 5

May 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
June 0 .0 1 9 0 .0 5 3 0 .0 0 1 0 .0 46 0 .0 0 0 0 .0 26 0 .086
Ju ly 0 .0 2 7 0 .1 3 1 0 .0 0 0 0 .1 2 0 0 .0 0 0 0 .0 2 4 0 .1 9 0
August 0 .0 03 0 .0 2 1 0 .0 0 0 0 .0 2 1 0 .0 0 0 0 .0 0 1 0 .0 3 2
September 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
O ctob er 0 .0 0 4 0 .0 1 1 0 .0 0 0 0 .0 1 5 0 .0 0 0 0 .0 0 0 0 .0 06

T o ta l 0 .053 0 .2 1 6 0 .0 0 1 0 .2 0 2 0 .0 0 0 0 .0 5 1 0 .3 1 0
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year , can m ainly be a ttr ib u te d  to  the undisturbed  

nature o f  the s o i l .  The very  high s o i l  p r o t e c t iv e  

a b i l i t y  o f  g ra ss  is  m an ifested  in T^, both  in the 

f i r s t  and second y e a r . T3 a ls o  recorded  p r a c t i c a l ly  

ze ro  va lu es because o f  the com plete c o n tro l o f  s o i l  

e ro s io n  e f fe c t e d  by m echanical bunding across  the s lo p e . 

Taungya c u lt iv a t io n  as fo llow ed  in a ls o  reduced th e 

C fa c t o r  bu t n o t to  a s a t is fa c t o r y  l e v e l .  This i s  

a ttr ib u te d  to  the continued d istu rb a n ce  in the second 

y e a r .  Tg, in s p it e  o f  the s o i l  d istu rb a n ce , gave 

com parable va lu es to  th a t  o f  g ra ss  e s p e c ia l ly  towards
AS

the end o f  second y e a r . This^due to  th e  s o i l  p r o t e c t iv e  

a b i l i t y  o f  r i c e  crop  which makes r i c e  taungya p r e fe r a b le  

than ca ssava . T̂  in the second year is  an improvement 

o f  » This treatm ent should  have recorded  a t le a s t  

the same v a lu e  o f  Tg o f  the f i r s t  y e a r . But gave on ly  

0 .3 1 0 . M oreover, the va lu e was approaching zero  by 

November. This is  a ttr ib u te d  t o  the co n s id e ra b le  redu ct

ion  in s o i l  l o s s  due t o  g ra ss  s t r ip p in g .

9 . Growth o f  E u ca lyptu s:

Growth o f  Eucalyptus as in flu en ced  by d i f f e r e n t  

treatm ents is  d iscu ssed  b e low .

H eight, canopy spread, c o l la r  g ir th  and g ir th  at 

b re a s t  h e ig h t  ov er  bark (GBHOB) are p rov id ed  in Tables
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9 .1  H eights

The main e f f e c t s  and in te r a c t io n  e f f e c t s  were 

s i g n i f i c a n t .  p la n ts  were th e  t a l l e s t  and were 

su p e r io r  to  a l l  o th e r  treatm ents th rou gh ou t. At th e  

end o f  the experim ent, T j p la n ts  were th e  sh o r te s t  

and were on par w ith Tg p la n ts . T& p la n ts , though 

s l i g h t ly  in f e r io r  to  many o th e r  treatm ents e s p e c ia l ly  

in the in i t i a l  months, reached s t a t i s t i c a l  p a r ity  w ith  

a t  the 24th month o f  p la n t in g . p la n ts  were on

par w ith Tg and with at th is  month. Over the 

sta ges  and e s p e c ia l ly  towards the end, treatm ent 

e f f e c t s  became in s ig n i f i c a n t  and some i n i t i a l l y  in f e r io r  

treatm ents even ov ertook  o th e r s . For example p la n ts  

in  Tg were s i g n i f i c a n t ly  in f e r io r  to  a l l  o th e r  

treatm ents ex cep t  upto 12th month o f  p la n t in g .

L a ter  on, i t  ov ertook  o th e rs  excep t and even became

com parable to  the most t a l l e s t  p la n ts  o f  at the end. 

in T^, t r e e s  were in f e r io r  even to  upto 18th month 

and th erea fte r , showed s ign s  o f  improvement. &nong the 

cassava  cropped p lo t s ,  v i z .  T y  T y  and stagew ise  

d i f fe r e n c e s  were m ainly in s ig n i f i c a n t  upto th e  15th 

month and la t e r  on, m aintained s ig n i f i c a n t  s u p e r io r ity  

o v e r  o th e r s .

51, 52, 53 and 54 r e s p e c t iv e ly .



Table 51. Height (m) o f  Eucalyptus

Month a f t e r  
p la n tin g

T r  e a t  m e n t  s
Mean

TA1 T2 T3 T4 T5 T6

At p la n tin g 0 .3 5 0 .3 6 0 .3 4 0 .3 7 0 .3 7 0 .3 4 0 .3 5

3 1 .65 1.30 1 .30 1 .3 5 1 .24 1.52 1.46

6 3 .47 3.31 3 .3 1 3.24 1 .8 4 2 .50 2 .93

9 4 .6 0 3 .9 0 3 .90 3 .91 2.26 3.16 3 .6 2

12 5 .64 4 .4 2 4 .42 4 .56 2.96 3.81 4 .2 9

15 6 .7 9 4 .8 5 4 .8 5 5 • 16 3 .99 5 .73 5 .24

18 7 .6 0 5 .62 5 .6 5 6 .2 1 4-86 inO*c- 6 .1 7

21 8 .79 7 .0 2 7 .4 3 8 .23 7 .0 0 8 .6 3 7 .8 5

24 9 .69 7 .7 5 8 .3 4 9 .1 4 7 .90 9 .36 8 .6 2

Mean 5.39 4 .2 8 4 .4 5 4 .69 3 .62 4.67

CD (0 .0 5 ) a = 0 .19 b =* o •14 c  = 0 .5 0  d = 0 .3 5

a  =  CD f o r  t r e a t m e n t s  c  =  CD f o r  m o n th s b e tw e e n  t r e a t m e n t s
b = CD fo r  months d — CD fo r  months w ithin  th e  treatm ent



Table 52. Mean canopy spread (m) o f  Eucalyptus

Month a f t e r T r e a t  m e n t  s
Mean

r i T2 T3 T4 T s T6

At p la n tin g — - - - — — —

3 1.38 0 .8 3 0 .89 1.07 0 .7 7 0 .6 0 0 .9 2

6 1.B2 1 .28 1.33 1.61 1.11 1,29 1.41

9 1 .93 1.37 1 .40 1.74 1.20 1 .45 1.52

12 2-01 1.43 1.43 1 .84 1 .31 1.56 1 .55

15 2 .1 1 1.52 1.51 1 .91 1 .45 1.70 1 .70

18 2 .2 2 1 .59 1.60 1.98 1.56 1.77 1 .78

21 2 .25 1 .64 1.67 2 .04 1.68 1.84 1 .8 5

24 2 .32 1 .70 1.73 2.12 1.79 2.00 1 .94

Mean 1.97 1 .42 1 .40 1.74 1.36 1.53

CD (0 .0 5 ) a = 0 .10 b = 0 .0 8 C = 0 . 21 d * 0 . 2 0

a * CD fo r  treatm ents
b = CD fo r  months

c * CD fo r  months between treatm ents
d = CD fo r  months w ithin  th e  treatm ent



Table 53. C o lla r  g ir th  (cm) o f  Eucalyptus

Month a f t e r  
p la n tin g

T r

I 
E

u
 

1 0 i <s> e  n t  s
Mean

TA1 T2 T ,3 T4 V T6

At p la n tin g 0 .3 5 0 .3 2 0 .3 4 0 .3 1 0 .3 9 0 .3 1 0 .3 4

3 1.49 1 .33 1 .26 1 .40 0 .7 4 1 .18 1.23

6 3 .8 1 2 .42 2 .40 3 .23 1.77 2 .22 2 .64

9 5 .70 2.76 3 .25 4 .1 5 2.66 3-61 3.69

12 6 .6 8 3 .3 5 4 .22 5.29 3 .70 4.77 4.67

15 7 .56 4 .1 3 5.19 6 .5 3 4 .5 2 5 .7 1 5.61

IB 8 .3 8 5.27 6 .1 6 6 .95 5.84 7 .1 2 6 .6  2

21 9 .42 6 .2 1 7 .0 7 7 .7 3 7 .1 7 8 .1 3 7 .62

24 10 .14 7 .4 1 7 .9 4 9 .14 0 .3 5 9 .06 9 .6 8

Mean 5 .9 5 3.69 4 .2 0 4.97 3 .91 4 .6 8

CD (0 .0 5 ) a = 0 .22  b - 0 .1 0 C = 0 -33 d = 0 .2 4

a = CD fo r  treatm ents
b -  CD fo r  months

c  = CD fo r  months between treatm ents
d = CD fo r  months w ithin  the treatment



Main e f f e c t s  showed th a t treatm ents were s ig n i 

f ic a n t  ex cep t t 2 and T3 which were on p a r . recorded

the h ig h e st  canopy spread o f  2 .32 m and T2 / t h e low est 

o f  1 .7 0  m at the end. and p la n ts  c l o s e ly  fo llow ed

T . D if fe r e n c e s  were a ls o  s ig n i f i c a n t  in the e a r ly  

sta g es  and showed an alm ost com parable trend as th at o f  

h e ig h t , tn T2 and T^, throughout the p e r io d , the canopy 

spread was s ig n i f i c a n t ly  low er to  . In T^, the s ta g e -  

w ise d i f fe r e n c e s  were s i g n i f i c a n t ly  in f e r io r  to  upto 

th e  9th month o f  p la n tin g  and th e r e a fte r  the d i f fe r e n c e s  

were, in gen era l, in s ig n i f i c a n t .  a tta in ed  com parable

va lu es with th at o f  T. from 15th month onwards.4

9 .3  C o lla r  g ir th *

Treatment d i f fe r e n c e s  were s i g n i f i c a n t .  p ro

duced the th ic k e s t  p la n ts  and Tg, the th in n e s t . Other 

treatm ents were in -betw een . Though the th in n est p la n ts  

were seen in the grassed  p l o t  (T,-) upto the 9th month, 

towards the end i t  m aintained s ig n i f i c a n t  s u p e r io r it y  

ov er  the cassava  cropped p lo t s  excep t T^. and T4 

were com parable at the end.

9 .4  GBHOBi

GBHOB, an im portant growth param eter and a r e l ia b le

1 7 ?

9 .2 Canopy spread:



T able 54- G irth at b rea st height ov e r  baaric (GBHOB) in cm o f  Eucalyptus

Month a f t e r  
p la n t  ing

T r e a t  m e n t  s
Mean

Ti T2 T3 T4 T5 T6

At p la n tin g - - - - - - -

J

6 2-07 1 .62 1.81 1.98 0 .6 4 1 .55 1.61

9 3 .28 2 .0 2 2.29 2.53 1.47 2.37 2.33

12 4 .16 2 .32 2.81 3 .34 2 .43 3 .39 3 .08

15 5.43 2.96 3.64 4 .28 3 .0 4 4 .33 3.96

18 6 .6 9 3 .8 0 4 .66 5 .23  1 3,i91 5.98 5 .05

21 7-37 4 .33 5.12 5.97 4 .56 6 .4 3 5.63

24 8 .46 5.29 6 .1 8 6 .9 6 5 .90 7 .3 5 6 .6 9

Mean 5.35 3.19 3 -7B 4.33 3 .13 4 .49

CD (0 .0 5 ) a = 0 .13 b = 0 .0 5 C = 0 . 17 d = 0 .1 3

a = CD f o r  treatm ents c  = CD fo r  months between treatm ents
b = CD fo r  months d = CD fo r  months w ith in  the treatm ent
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y a r d s t ic k  to  measure the growth ra te , showed an alm ost 

s im ila r  trend as th at o f  c o l la r  g i r t h .  was s ig n i 

f i c a n t ly  su p e r io r  t o  a l l  treatm ents with a f in a l  va lue 

o f  8 .46 cm, and m aintained s u p e r io r ity  in a l l  the sta ges  

o f  o b s e rv a t io n s , w ith in crea se  in tim e, T2 recorded  

com parative ly  le s s e r  va lu es than T^. At the 24th month, 

i t  recorded  o n ly  5 .29 cm and was s i g n i f i c a n t l y  in f e r i o r  

t o  a l l  o th e r  trea tm en ts .

P ig . 22 i l lu s t r a t e s  th e  r a te  o f  in cre a se  o f  above 

growth param eters at d i f f e r e n t  sta ges  o f  o b s e rv a t io n s .

In g en era l, canopy spread showed a h igh  i n i t i a l  

growth ra te  fo llow ed  by a steep  d ecrea se  and subsequent 

s t a b i l i z a t i o n  ov er  the s ta g es  in a l l  the trea tm en ts. For 

o th e r  param eters, the I n i t i a l  in cre a se  and subsequent 

d ecrea se  were s t i l l  more steep er  in T^, T0, and T^.

The growth ra tes  o f  these param eters were g e n e r a lly  l e s s  

du rin g  9 -  18 months. In and T^' the I n i t i a l  growth 

ra tes  were com paratively  l e s s  with pronounced peaks fo r  

h e ig h t  and c o l la r  g ir th  during 18 -  24th months.

M orph olog ica l ex p ress ion s  m entioned above w il l  

in d ic a te  th at tre e s  were very  robu st in end very  weak 

in T2 and (P ig . 23 and P la tes  XIX -  XXIV). As th ere  

was no com p etition  fo r  space and energy between the tre e s  

and in te r cro p s  as in o th er  treatm ents, the in creased
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growth and growth ra te s  o f  p la n ts  were ex p ected . 

General weakness and low  growth ra te s  o f  t r e e s  In T2 

fu r th e r  ex p la in  t h i s .  As ev id en t from P ig . 24, h e ig h t  

o f  cassava in a l l  the cassava  in tercrop p ed  p lo t s  v i z .

T2# T3 and T4 never exceeded th at o f  eu ca ly p tu s . Even 

then, th e  lo w e st  growth ra te  o f  eu ca lyp tu s was observed  

in  Tg fo llo w e d  by  end T^. S in ce  T2 accommodated f iv e  

tim es cassava and T^  fou r tim es than th a t o f  T4, th is  

can m a in ly .b e  a tt r ib u te d  to  the in creased  com p etition  

f o r  space and n u tr ie n ts  correspon d in g  to  cassava popu la

t io n .  Further, v ery  se v e re  s o i l  l o s s  (T a b le  11) and 

consequent n u tr ie n t  d ra in  (T ab le  31) in T2 m ight have 

a ls o  aggravated the ex tern a l s t r e s s  on t r e e  grow th. 

Though th ere  was su b s ta n t ia l s o i l  lo s s  in and 

p r a c t i c a l l y  no lo s s  in T^, tre e s  were com paratively  

ro b u s t  in . This i s  in d ic a t iv e  o f  the f a c t  th a t t r e e -  

crop  com p etition  is  more d e c is iv e  in determ in ing  the 

I n i t i a l  growth than s o i l  and n u tr ie n t  lo s s e s . .  This is  

more ev id en t in T^, the grassed  p l o t .  Here the tr e e  

growth.was suppressed and th a t they  were in f e r io r  as - 

th ose  o f  T j .  P ig . 24 i l lu s t r a t e s  th a t t r e e s  were 

con tin u ou sly  overtopped  by th e  dense g ra ss  canopy upto 

th e  fou rth  months o f  p la n t in g . The canopy com p etition  

cou p led  w ith se v e re  r o o t  com p etition  o f  g ra s s  m ight have 

d ep rived  p la n ts  o f  s u f f i c i e n t  su n lig h t  and n u tr ie n ts . 

R iced  p l o t  (T^), when compared to  T4 remained in f e r io r  in
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many o f  th e  growth param eters upto the end o f  the f i r s t  

year and la t e r  on rega ined  s u p e r io r it y  and even became 

com parable to  T^, in the case  o f  h e ig h t, at the end.

This is  because o f  the much le s s  com p etition  o f fe r e d  by 

r ice ,com p a red  to  grass*

In the second year, because o f  the d i f f e r e n c e  in 

t r e e  crop  canopy o r ie n ta t io n , in flu e n ce  o f  the in te r 

crop s on tre e s  was n o t  that much adverse as th at o f  

f i r s t  year (F ig . 24) . The i n i t i a l  re ta rd a tio n  o f  growth 

and subsequent improvement towards the end in many o f  the 

in tercrop p ed  treatm ents are in d ic a t iv e  o f  t h is .

10 . Econom icsi

D e s tru c t iv e  sam pling was n o t  envisaged, in the 

experim ent and hence, the y ie ld  o f  eucalyp tu s (wood 

volume) o f  each treatm ent was worked ou t by the form ula 

suggested  by C haturvedi (1 9 7 3 ). To have a s t r i c t l y  

r e a l i s t i c  approach, to ta l income was a rr iv e d  at based 

on the low est p rob a b le  p r i c e  o f  each commodity. T able 55 

p ro v id e s  the econom ics o f  each treatm ent and F ig . 25 

i l lu s t r a t e s  the n e t income and p ercen tage  co n tr ib u t io n  

o f  eucalyp tu s to  t o t a l  incom e.

In th e  f i r s t  year, the h ig h e st  n e t income o f  

Es. 3 .7 0  thousand was recorded  by c l o s e ly  fo llow ed  by



T able  55 .  Gross income, e x p e n d itu re  end n e t  Income ( 'OOO fo/ha) o f  each  trea tm en t

T p  K M

F ir s t year Second year
No •

'
ICCRl

T1 T2 ' ?3 T4 t 5 ■ T6 T1 T2 . T3 T4 T5 *6 T7

I. GPdSS INCOME
1

1. Eucalyptus wood 
(« to 150/m3)

1 .10  
(7 .34 )

0 .2 4
(1 .60 )

0 .37
(2 .44 )

0 .56
(3 .70 )

o ; i 6
(1 .0 9 )

0 ,4 7
(3 ,16 )

9.06
(53 .74 )

2 .50
(16 .63)

3 .68
(24 .55)

5 .05
(33 .63)

3 .17
(21-16)

5 .97 
(39 .11 )

0 .26
(1 .71 )

2 . Cass ava
i ) Tuber

(® to 50O/t)
- : 7 .09  

(14 .18)
6 .16

(12 .31)
2 .24

(4 .48 )
- - 6 .69  

(13 .39 )
5.59

(11 .90)
2.20  

(4 .40 )
- - 6 .09 

(12 .18 )
11) Marketable stems 

(» t o  100/1000 Nos )

■ 1.10  
(.1.1.01)

0 .9 0
(9 .00 )

0 .2 3
(2 .30 )

- m '  - 1.06
(10 .6 0 )

0 .9 1
(9 .10 )

0 .23
(2 .31 )

- - 0 .93
(9 .23 )

1 . Grass
( «  to 15 0 /t )

- ■ -  —  . - - 9 .4 2
(6 2 .8 0 )

w - - - - 9 .8 0
(65 .3 3 )

- 1.03
(7 .24)

4 . R ice
l) Grain

(* to 1500/t)
' - - - - - 2 ,4 3

(1 .6 5 )
- - - - - 2-45

(1 .63 )
-

11) Straw
t® to 500 /t)  ■ - - - - - 1 .69

(3 .3 8 )
- - - - 1 .62

( 3 .24)
-

Total 1 .10 ■8.4 3 7 .43 3.03 9 .5 8  . 4 .6 4 8.06 10 .25 10.54 7 .4 8 12.97 9 .93 e. 36

I 1 . EXPEND ITUPE

1 . L nliour 1.55 4 .1 0 5 .20 2 .OS 4 .8 5 2 .50 0 .2 5 2 .40 2.80 1 .00 2.85 1 .59 1 .95

2 . Inputs 0 .2 5 0 .63 0 .5 5 0 .3 3 1 .35 0 .3 1
- 0 .3 8 0 .3 0 0 .0 0 0 .67 0.56 0 .66

Total 1.90 4.73 5.77 2.38 6 .2 0 3 .31
V

0 .2 5 2 .78 3 .10 1.08 3-72 2.14 4 .6 1

111. NE1 INCOME - 0 .7 0 3 .70 1.66 0 .6 5 3 .3 8 1.33 7 .81 7 .8 5 7 .74  ' 6 .48 10.12 B.35 4 .4  1

Note: Figuier In parenthesis denote the quantity o f  economic produce in the units  
jiven *ot gross income ca lcu la tio n . Labour charge was calculated £  to 3 0 / -  
fH  ran and to-2 8 / -  per woman.

i o»t of N in the form ot Urea (45X) -  to 5 .11 /k g
cost of P in the four of OSP (19s) -  to 1 2 .9 2 /«g
Cost Of H In the fore, ot MOP (60*) -  to 2 .6 1 A g
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T w ith  a va lu e  o f  Hs. 3 .38  thousand. The low est 
3

p r o f i t  o f  Rs. 0 .6 5  thousand was r e g is te r e d  by  and 

T j gave a n e t lo s s  o f  Ks. 0 .7 0  thousand.

S u b sta n tia l In crea se  in n e t  income was observed  

in  th e  second year in a l l  the trea tm en ts. Tg, which 

was s l i g h t l y  in f e r io r  to  T2 in the f i r s t  y ea r , ov e r 

took a l l  o th e r  treatm ents with the h ig h est  n e t  Income 

o f  Ks. 10.12 thousand. T& came n ext t o  t h is  w ith a va lu e  

o f  &• 8 .35  thousand, though i t  was in f e r i o r  to  many 

treatm ents, in the f i r s t  y e a r . A ll the cassava  in te r 

cropped treatm ents became in fe r io r  to  th ese  tw o. T^, 

which showed a n e t  lo s s  in  the f i r s t  y ea r , became 

p r o f i t a b le  in th e  second year w ith a n e t  income o f  

Rs. 7 .8 1  thousand, a va lu e which can c l o s e ly  be compared 

with th at o f  T^. o f  th e  second year produced a p r o f i t  

o f  Es. 4 .41  thousand.

The com parative ly  low  and n on -repeated  c o s t  o f  

c u lt iv a t io n  and high growth ra te , ov er  the y ea rs , have 

brou gh t about an in crea se  in the n e t  income sh are o f  

eu ca ly p tu s . This is  c le a r ly  evidenced by (eu ca lyp tu s 

a lon e) which produced a n e t  lo s s  o f  Ks. 0 .7 0  thousand in 

th e  f i r s t  year and a n e t  p r o f i t  o f  Es. 7 .8 1  thousand in  

th e  second y e a r . Here, w h ile  the c o s t  o f  c u lt iv a t io n



through la b ou r  and inputs was Ks. 1 .80  thousand in  the

f i r s t  year , i t  was ju s t  Rs. 0 .2 5  thousand in the second

y e a r . But y ie ld  o f  eu ca lyp tu s, showed the h ig h est
3

va lu e  o f  53.74 m /h a , a seven tim es in cre a se  ov e r  the 

f i r s t  y e a r . S im ila r ly , in r i c e  cropped p l o t  (T^) about 

60 p er  cen t o f  the n e t  income was co n tr ib u te d  by eucalyptu s 

r e s u lt in g  in a t o ta l  o f  Rs. S .35 thousand. A ll the cassava 

in tercrop p ed  treatm ents to o , r e g is te r e d  su b sta n tia l 

in cre a se  in n e t income in the second year , i r r e s p e c t iv e  

o f  the f a c t  th a t cassava p op u la tion  remained con stan t 

during both y e a r s . This was c le a r ly  due to  the in creased  

percen ta g e  c o n tr ib u t io n  o f  eu ca lyp tu s to  t o t a l  income as 

ev idenced  from F ig . 25. But, even when the t r e e  crop 

co n tr ib u t io n  to  t o ta l  income was more than 67 per cen t 

as in o f  the second y ear , t o ta l  n e t  income was always 

h ig h er  in o th e r  cassava in tercrop p ed  treatm ents f o r  

in crea sed  p op u la tion  o f  ca ssa va . T^, the g ra ss  cropped 

p lo t ,  became the most p r o f i t a b le  in the second year, 

though the income co n tr ib u ted  by t r e e  crop  was o n ly  about 

25 per c e n t . This can be a ttr ib u te d  to  the v ery  high 

g ra ss  y ie ld  vh ich  a lon e accounted fo r  Rs. 9 .8 0  thousand 

o u t  o f  Rs.10.12 thousand p r o f i t .  Though the g ra ss  y ie ld  

o f  f i r s t  year was com parable to  th a t o f  th e  second year, 

n e t  income was fa r  le s s  than th e  second year fo r  the 

i n i t i a l  h igh  expenses through la b ou r and in p u ts .

This incom e-expenditure a n a ly s is  based on the q u a n tity



o f  econom ic produce p er  se w i l l  be m islea d in g  e s p e c ia l ly  

when the s u s t a in a b i l i t y  and a c c e p t a b i l i t y  o f  a p rod u ction  

system  is  con cern ed . For example, by accommodating 

maximum p o s s ib le  number o f  cassava  as in  T2* an income 

o f  Es. 3 .70  thousand/ha can be expected  in the f i r s t  y ea r . 

But T- method o f  cassava c u lt iv a t io n  can erod e  as high as 

300 t  o f  top s o i l /h a /y r  which is  eq u iv a le n t  to  about

1 .5  cm depth o f  s o i l  (T ab le  1 1 ). This much s o i l  w i l l  

amount to  the l o s s  o f  m ajor m ineral n u tr ie n ts  worth no 

le s s  than Ks. 5.39 thousand ( /p p e n d ix -IX l) and con vert  the 

above p r o f i t  o f  Rs. 3 .70  thousand, to  a n e t l o s s  o f  Ks. 1.66 

th ou sa n d /h a /y r . Further, at th is  alarm ing r a te  o f  s o i l  

l o s s ,  the whole A h or izon  can d isappear w ith in  16 years 

and make the s o i l  u n produ ctive  and b a rren . On the o th er 

hand, grass farming can co n tro l th e  e ro s io n  com p lete ly  

and make s n e t  income o f  Ks. 10 .12 thousand in the second 

y e a r . But the la ck  o f  a su b s id ia ry  food  crop  may make 

th is  treatm ent u n a ccep tab le  by the h i l l  s lo p e  farmers 

who p r a c t ic e  su b s is te n ce  farm ing, i t  can be seen that,

T? o f  the second year v/as p r o f i t a b le  to  the ex ten t o f  

Ks. 4 .4 1  th ou san d /yr. Further, th is  treatm ent cou ld  reduce 

the s o i l  e ro s io n  by about 41 p er  ce n t  as compared to  T,,, 

a most e r o s iv e  treatm ent, by one year tim e . Convinced 

from the r e s u lt s  o f  g rass farm ing, i t  can be concluded 

th a t, g ra ss s t r ip s  once e s ta b lish e d  can c o n tr o l  s o i l  

e ro s io n  s a t i s f a c t o r i l y  and make o f  the second year 

an econ om ica lly  and e c o l o g i c a l ly  p r e fe r a b le  on e .



Tree growth in eucalyp tu s a lone treatm ent 
■ ~' J-’~ —jn th .

Tree growth in eucalyptu s + f iv e  cassava 
on mounds at 24th month.
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P la te  XXI Tree growth in eucalyp tu s + fou r  cassava
on r id g e s  across  the s lo p e  at 24th month.

P la te  XXII Tree growth in eucalyp tu s + one cassava  on
mound at 24th month.
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P la te  XXIII Tree growth in g ra ss cropped p l o t  at
24th month.

P la te  XXIV Tree growth in r i c e  cropped treatm ent at
24th month.
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SUMMARY

An experim ent v/as conducted at the In s tru c t io n a l 

Farm, C o lle g e  o f  H o rt icu ltu re , v e lla n ik k a ra , f o r  a p er iod  

o f  two years from May 1984 to  A pril 19B6 to  study the 

e f f e c t  o f  agrotechn iques fo r  s o i l  con serv a tion  in taungya 

system s on a 25 per cen t s lop p y  la n d . Eucalyptus, the 

main t r e e  component was in tercrop p ed  with the u su a lly  

cu lt iv a te d  taungya crops o f  cassava and r ic e *  The e f f i 

c ie n c y  o f  cassava p la n tin g  on r id g e s , g rass farm ing and 

g ra ss  s tr ip p in g  was a lso  in v e s t ig a te d . R u n -o ff  and s o i l  

l o s s  were q u a n tifie d  by in s t a l l in g  m u lt i - s lo t  d e v ice  

c o n s is t in g  o f  47 s lo t s  and b r ic k  masonry s e t t l in g  tank 

s p e c i f i c a l l y  design ed  fo r  the p r o je c t .  The s a l ie n t  r e s u lt s  

o f  the experim ent are summarised below .

1 . To exp la in  and in te r p r e t  the r u n -o f f  and s o i l  lo s s ,  

some o f  the b a s ic  r e la t io n s  re le v a n t  t o  the experim ental 

s itu a t io n  had been worked out* i t  was found th a t, run

o f f  was h ig h ly  c o r r e la te d  with the amount o f  r a in fa l l  

( r  = 0 .930**) c l o s e ly  fo llow ed  by k in e t i c  energy 

( r  = 0 .912**) and AI^ ( r  = 0 .848**) . S o il  lo s s  showed

the maximum c o r r e la t io n  with ( r  = 0 .977**) fo llow ed
■

by EI30 ( r  =* 0 .941**) and AI^. ( r  = 0 .9 3 1 * * ) . S o il  lo s s  

was le s s  c o r r e la te d  w ith r u n -o f f  and in d ica ted  th a t e ros ion  

was more in flu en ced  by r a in f a l l  c h a r a c t e r is t ic s  than run

o f f .  Eventhough, the depth o f  r a in fa l l  was h ig h ly  co rre la te d



w ith  a l l  i t s  c h a r a c t e r is t ic s  stu d ied , s tro n g e r  c o r r e la 

t io n s  were observed  w ith  k in e t i c  energy  ( r  = 0 ,975**)

AI^ (0 .9 0 9 **) and EI15 ( r  -  0 .8 5 9 * * ) .

2 . C u lt iv a ted  fa llo w  p l o t  produced the h ig h e st  run

o f f  o f  1259 nun (53 p er  cen t o f  the t o t a l  r a in ) .

Eucalyptus + caEsava on bunds a cro ss  the s lo p e  produced 

v e ry  l i t t l e  r u n -o f f  as compared to  o th e r  cassava  in te r 

cropped trea tm en ts . Eucalyptus + grass became most 

e f f i c i e n t  in c o n t r o l l in g  r u n -o f f  by a cce p tin g  more than 

96 p er cen t o f  t o t a l  ra in  in the second y e a r .

3 . C u lt iv a ted  fa llo w  p l o t  had eroded th e  h ig h est  

q u a n tity  o f  352 t  o f  s o i l  p e r  ha p er  y r .  Mound method 

o f  cassava c u lt iv a t io n ,  ir r e s p e c t iv e  o f  i t s  p op u la tion , 

was more e r o s iv e  than in te rcro p p in g  r i c e .  Grass treatm ent 

cou ld  com p lete ly  c o n tro l the s o i l  l o s s  and was b e t t e r  

than eu ca lyp tu s + cassava on bunds a cross  the s lo p e . 

R ep lacin g  10 p er  ce n t  o f  the cassava p op u la tion  with 

g ra ss  s t r ip s  cou ld  reduce the s o i l  e ro s io n  by  41 p er  cen t 

w ith in  one year than the f u l l  cassava cropped p l o t .  Tree 

p i  an t ing a lone  ̂ could reduce the s o i l  e ro s io n  by  87 per 

cen t in the second y e a r .

4 . Eroded s o i l  was, in g en era l, more c la y e y  then the 

s o i l  m atrix , e s p e c ia l ly  in th e . i n i t i a l  m onths, in  grass 

and r i c e  in tercrop p ed  p lo t s ,  the l o s s  o f  f in e r  s o i l  

p a r t i c l e s  was com paratively  l e e s .
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5 . The t o ta l  con ten ts  o f  prim ary and secondary

n u tr ie n ts  in eroded s o i l  were h igh er in the in i t i a l  

m onths. M a jo r ity  o f  th ese  n u tr ie n ts  record ed  h igh er 

p ercen ta g es  than t h e ir  r e s p e c t iv e  in herent s o i l  co n te n ts . 

C on cen tra tion s o f  d is s o lv e d  N, K and ca in r u n -o f f  were 

h ig h e r  than o th er  n u tr ie n ts , con tra ry  t o  th e  h igh er Mg 

con ten t o f  s o i l  compared to  Ca, d is s o lv e d  Mg was on ly  

l /5 t h  to th at o f  Ca. Among the prim ary n u tr ie n ts , d is 

so lv ed  P was the lo w e s t , s  con ten t in r u n -o f f  remained 

u n d e te cta b le  throughout. In g en era l, a l l  the in tercrop p ed  

treatm ents, c o n s is t e n t ly  recorded  h igh er con cen tra tion s

o f  d is so lv e d  n u tr ie n ts  in both y e a r s .

6 .  C u ltiv a ted  fa llo w  p l o t  had l o s t  416, 116 and

6 SO kg/ha  o f  W, P and K r e s p e c t iv e ly .  Such lo s s e s  were 

39 5, 120 and 697 kg /h a  r e s p e c t iv e ly  in eucalyptu s + f iv e  

cassava on mounds. Grass farm ing, ir r e s p e c t iv e  o f  high 

f e r t i l i z e r  a p p lic a t io n , e f f e c t i v e l y  reduced the prim ary 

n u tr ie n ts  lo s s e s  to  4 . 0 ,  0 . 4 0  and 4 . 0  kg/ha  r e s p e c t iv e ly  

in the second y e a r . R idging was a ls o  com parable to  grass 

farm ing in c o n t r o l l in g  n u tr ie n t  d ra in . Regarding the 

lo s s e s  o f  secondary n u tr ie n ts , the h ig h est  q u a n tity  o f  

24 3, 378 and 299 kg/ha o f  ca,  Mg and S r e s p e c t iv e ly  were 

eroded by c u lt iv a te d  fa llo w  p l o t  c l o s e ly  fo llow ed  by 

eucalyp tu s -f- f i v e  cassava  on mounds. By erod in g  on ly



2 . 0 , 0 .7 0  and 0 .1 0  kg/ha  r e s p e c t iv e ly ,  g ra ss  c u lt iv a t io n  

fo llow ed  by cassava on r id g e s  were e f f e c t i v e  in c o n t r o l l in g  

the lo s s e s  o f  secondary n u tr ie n ts  a ls o .

7 . Bulk d e n s ity  and t o t a l  p o r o s it y  were a f fe c t e d  by 

continuous t i l l i n g  and cassava c u l t iv a t io n .  Grass in te r l  

crop p in g  fo llow ed  by r i c e ,  improved the t o t a l  p o r o s ity  

and m aintained the d e s ir a b le  v o id  r a t i o .  Regarding the 

s o i l  s t ru c tu ra l s t a b i l i t y  and p e rm e a b ility  c h a r a c te r is t ic s  

a ls o , grass and r i c e  cropped p lo t s  remained su p e r io r  to 

o t h e r s .

8 . H ie in flu e n ce  o f  v ariou s treatm ents on s o i l  te x tu re  

was n e g l ig ib le  and the p ro p o rt io n s  o f  sand, s i l t  and c la y  

remained con sta n t around 50, 15 and 30 per cen t  r e s p e c t i 

v e ly  throughout the experim ent. Water h o ld in g  ca p a c ity

at 0.3  and 15 bars a ls o  d id  n o t e x h ib it  any n o t ic e a b le  

change between treatm ents.

9 . T ota l con ten ts  o f  both prim ary and secondary  

n u tr ie n ts  showed r e la t iv e ly  sm aller changes ov er  th e  

sta ges  end between treatm ents. pH d id  n ot rev ea l a 

n o ta b le  change and i t  cen tered  around 5 .80  alw ays. There 

was a s l i g h t  red u ction  in CEC towards the end in a l l  

treatm ents excep t grassed  p lo t ,  where, an in crea se  was 

o b serv e d . O rganic carbon con ten t a ls o  rev ea led  an alm ost 

s im ila r  trend as th at o f  CEC.



10. In g rass and r i c e  in tercrop p ed  treatm ents, the 

combined canopy cover was denser enough to  p ro v id e  f iv e  

t o  e ig h t  tim es p r o te c t io n  than th a t  o f  the bare ground.

An in cre a se  in r a in f a l l  in te r ce p t io n  w ith a correspond

ing in crea se  in canopy cov er was observed  r e s u lt in g  in 

more than 50 p er cen t o f  in te r ce p t io n  in th ese  trea tm en ts . 

The h ig h est  sp lash  e ros ion  was observed  in c u lt iv a te d  

fa l lo w  p l o t .  The ex ten t o f  sp lash  e ro s io n  seen in

o th e r  treatm ents was alm ost p ro p o r t io n a te  to  th e ir  

combined canopy co v e r .

11. The peak s o i l  b in d in g  a b i l i t y  o f  g ra ss  remained, 

around 300 and th a t  o f  r i c e  around 200.

1 2 . Measured in terms o f  wormcast, th e  earthworm 

a c t i v i t y  was maximum in grassed  p l o t  (7 3 .3 4  g/m ) 

fo llow ed  by r ic e d  p l o t  (4 5 .7 7  g/m ) in the second y e a r . 

Cassava on bunds across  the s lo p e  produced the low est 

wormcast (5 .1 3  g/m ) .

13 . Eucalyptus + grass and eucalyptu s + cassava on 

r id g e s  across  the s lo p e  gave low er C values approaching 

z e ro  and in d ica te d  t h e ir  e f fe c t iv e n e s s  in c o n t r o l l in g  

s o i l  e r o s io n . Maximum C v a lu e  o f  0 .731  was observed  in 

eu ca lyp tu s + f i v e  cassava on mounds- The p r o t e c t iv e  

a b i l i t y  o f  g rass s t r ip p in g  was r e f le c t e d  by the loii/er

C v a lu e  o f  0 .3 1 0 .



14 . The robu st tre e s  were observed  In eu ca lyp tu s 

a lon e  trea tm en t. Eucalyptus + r i c e  and eucalyp tu s + 

one cassava on mounds were le s s  harmful to  t r e e  growth. 

The weakest tre e s  were seen in eucalyp tu s + f i v e  cassava 

on mounds. In grass cropped p lo t ,  the v ig ou r  o f  the 

tre e s  was le s s  in the f i r s t  year b u t i t  improved in the 

second y e a r .

15 . The h ig h e s t  n et income o f  te. 10.12 thousand/ha was 

produced by eu ca lyp tu s + g rass fo llow ed  by eucalyp tu s + 

r i c e  w ith a n e t p r o f i t  o f  Ks.8.35 thousand/ha in the 

second y e a r . Eucalyptus a lone produced a p r o f i t  o f  

Ks.7.34 thousand/ha . Eucalyptus + f i v e  tim es cassava 

than taungya co n tra c t  reg u la tion  eventhough had produced 

a n e t income o f  Ks. 7 .81  thousand/ha i t  r e s u lte d  in very 

sev ere  s o i l  and n u tr ie n t  l o s s .  Eucalyptus + cassava  + 

10 p er  cen t grass s t r ip s  gave a n et p r o f i t  o f  fo. 4 .3 1  

thousand/ha v /ith in  one y e a r . When a c c e p t a b i l i t y ,  

s u s t a in a b i l i t y  and p r o f i t a b i l i t y  are taken in to  account, 

th is  treatm ent seems to  be b e t t e r .



FUTURE LINES OF WORK

The fo llo w in g  fu tu re  l in e s  o f  work are 

su g g e sted .

1 . S im ila r  experim ents may be conducted  on 

d i f f e r e n t  a g r o c lim a tic  zones o f  the s t a te  on vary in g  

s l o p e s .

2 . Instead  o f  g ra ss s t r ip s ,  s t r ip s  o f  o th e r  

econom ic crops such as p in ea p p le , sweet p o ta to  and 

m ed icin a l p la n ts  can b e  attem pted.

3 . P o s s i b i l i t i e s  o f  p ro v id in g  l i v e  mulch by 

c l o s e  growing legum inous crop s to  d is s ip a t e  r a in f a l l  

e r o s iv i t y  and reduce sp lash  and wash e ro s io n , 

e s p e c ia l ly  in the i n i t i a l  months o f  cassava c u lt iv a t io n , 

can be t r i e d .

4 .  T a ilo r in g  o f  crop  and p la n tin g  geom etry 

so  as to  have maximum canopy cov er by  way o f  crop 

Improvement and agronom ic measures can be  in v e s t ig a te d .
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ap p en d ix  I .  M onth -w ise  im portant m e t e o r o lo g ic a l  data during  the experimental per iod

Hon tli Maximum 
te m p e ra 
t u r e  

( * c )

H ig h e s t
maximum
te m p e ra 
t u r e

(• c )

Minimum
te m p e ra 
t u r e

(•C)

Low est 
minimum , 
tem p era 
t u r e  

C*C)

R e l a t i v e
h u m id ity

(X)

Su n sh in e  

(h r )

R a i n f a l l
(lor)

1 9 B 4

May 3 4 - 5 0 37 .0 0 2 5 .8 0 2 2 .8 0 5 5 .0 0 2 4 7 .1 0 24 3 .90

J u n e 2 9 .0 0 ■ 3 3 .0 0 2 2 .7 0 2 1 .0 0 8 2 .0 0 4 2 .3 0 7 0 9 .3 5

J u l y 2 8 .6 0 '3 0 . 8 0 2 2 .9 0 2 1 .0 0 7 8 .0 0 7 8 .4 0 627 .75

A u gust 2 9 .3 0 3 0 .5 0 2 2 .2 0 2 1 .5 0 74 .00 1 5 5 .4 0 237 .70

S e p te m b e r 3 0 .4 0 3 2 . 6 0 2 3 .2 0 2 2 .0 0 6 8 .0 0 1 9 4 .5 0 1 5 2 .5 5

O c t o b e r 2 9 .9 0 3 3 .0 0 2 2 .1 0 16 .00 6 8 .0 0 1 0 7 .5 0 3 5 0 .5 0

N ovem ber . 3 2 .1 0 3 3 .0 0 2 3 .1 0 2 0 .0 0 5 4 .0 0 2 1 9 .0 0 7 .6 0

D e c ^ i b e r 3 1 . 9 0 3 5 .0 0 2 0 .8 0 1 6 .5 0 46 .0 0 277190 1 6 .4 0

1 _ 9 _ 0 _ 5

J a n u a r y 3 2 .6 0 3 5 .0 0 2 2 .6 0 1 8 .6 0 5 2 .0 0 2 7 8 .2 0 1 4 .7 0

F e b r u a r y 3 4 . 7 0 3 7 .0 0 2 2 .8 0 1 8 .6 0 4 0 .0 0 2 4 8 .4 0 0 .0 0
March 36 . 1 0 4 0 . 0 0 2 4 .6 0 2 2 .5 0 4 5 .0 0 2 7 9 .3 0 2 .0 0

A p r i l 3 5 . 5 0 3 7 .0 0 2 5 .1 0 2 1 . 9 o ’ 53 .OO 2 4 6 .9 0 2 0 .1 0r\
May 3 4 . 1 0 37 -OO 2 1 .3 0 2 1 .6 0 6 0 .0 0 2 0 9 .4 0 2 0 5 .9 0

June 2 8 .3 0 3 1 - 0 0 2 2 .1 0 2 1 .8 0 8 4 .0 0 6 4 .6 0 8 2 9 .25

J u l y 2 8 . 5 0 3 0 .5 0 2 2 . 7 0 2 1 .5 0 7 7 .0 0 8 4 .1 0 7 0 9 .5 0

A u gu st  , 2 8 .8 0 3 0 .2 0 2 2 .7 0 2 0 .5 0 79 .0 0 89 .30 2 9 4 .5 0

S e p te m b e r 3 0 . 5 0 3 4 .0 0 2 3 .0 0 2 1 .5 0 6 9 .0 0 5 9 .3 0 5 3 .0 0

O c t o b e r 3 1 . 1 0 ■ 3 3 . 0 0 2 2 .5 0 2 1 .1 0 66 .0 0 2 0 1 .7 0 3 2 1 .05

November 3 1 .8 0 3 6 .0 0 2 2 .3 0 19 .0 0 59 .00 2 1 1 .7 0 1 3 .4 0

D e ce m b e r ■32.20 3 4 . 0 0  - 2 2 .9 0 1 8 .6 0 4 5 .0 0
1

2 7 2 .5 0 5 6 .6 0

i_ 9 _ e _ 6 '

J a n u a ry 3 2 .5 0 3 4 .0 0 2 2 .4 0 2 0 .0 0 45 .OO 2 7 9 .7 6 1. 20

F e b r u a r y 34 .2 0 3 5 .5 0 2 2 .1 0 19 .5 0 4 0 .0 0 2 4 0 .7 0 1 .2 0

M arch  ' 36-. 20 4 0 .3 0 2 4 .3 0  1 2 2 .8 0 4 2 .0 0 2 6 1 .8 0 9 .95

A p r i l 36 .0 0 3 9 .0 0 2 5 .2 0  . 2 2 . 0 0 , 6 7 . 0 0 - 2 5 1 .0 0 2 0 .1 0



Appendix-II. Daily ■ rainfall character is tics  and interception (%) o f  July 1985
"""" - ......... ‘•'v'V- .
R a i n f a l l  c h a r a c t e r i s t i c s  R a i n f a l l  i n t e r c e p t i p n

D a t e
Amount

(mm)

(X j )

Dura
t io n
(hr)

<X2>

K in e t ic
energy
(m t/ha
cm)
( x 3 )

E^15

( x 4 )

AIm

( X 5 )

T1 T2

<y 2 >

T3

(y 3 ) < ?4 >

T5

<y 5 >

T6 T7

( Y ? j

1 - 7 - 8 5 3 1 . 0 0 4 . 8 0 6 2 7 . 1 0 1 0 .6 6 1 3 . 0 2 4 1 . 7 6 4 9 .7 1 44 .76 49 .1 8 5 0 .7 6 5 2 .1 6 46 . 1 0

2 - 7 - 9 5 9 7 ;  50 9 . 5 7 2 2 2 1 . 0 2 106 .61 5 4 ,9 9 26 .1 8 3 7 .1 6 36 ; 3 8 *36*01 3 9 .4 1 3 8 .1 6 3 5 .0 4

3 - 7 - 9 5 1 7 .2 5 0 . 5 3 4 3 7 . 6 1 1 0 , 3 0 BvBO 4 4 . 7 1 4 4 9 . 7 6 49 ,7 8 44.JL6 54 .96 53 .1 0 43 . 9 0

5 - 7 - 9 5 24 .5 0 4 .63 56 2 .  20 1 5 .7 4 9 .9 2 4 0 . 7 9 46 . 1 0 4 4 . 1 9 4 0 . 0 8 5 7 .1 6 5 9 .4 6 46 .16

6 - 7 - 9 5 2 7 .5 0 1 .5 7 6 6 7 . 3 0 1 8 . 6 8 9 . 6 3 3 0 .1 6 3 8 .1 6 4 0 .1 6 49 .9 0 4 2 . 0 0 43 .19 3 7 .  18

7 - 7 - 9 5 9 .0 0 0 . 4 3 2 1 7 .5 2 6 .53 2 . 7 0 2 9 .9 6 33 .96 3 0 .7 9 3 1 .6 4 6 2 .0 7 6 0 . 1 1 3 2 .8 1

9 - 7 - 8 5 9 .5 0 2 .0 0 2 1 3 . 0 8 4 . 6 9 2 .0 9 36 .39 4 1 .7 6 4 2 .3 4 4 0 .1 1 6 1 .1 6 5 8 .1 9 4 0 .7 6

9 - 7 - 9 5 9 0 . 0 0 3 . 3 8 2194 .96 1 7 5 .6 0 74 . 7 0 2 5 .9 4 31 . 9 0 28 .76 26 .14 3 8 . 3 0 39 .4 0 3 2 .9 1

1 0 - 7 - 9 5  , 16 .00 6 . 6 3 2 8 3 .8 8 3 . 4 1 9 . 0 0 5 0 .7 6 6 3 . 1 8 6 1 . 5 1 6 0 . 5 9 69 .17 6 0 .7 6 6 1 . 8 4

1 2 - 7 - 8 5 1 0 .0 0 0 . 5 0 237 . 1 0 6 . ] 6 2 . 6 0 2 8 .9 8 36 . 1 9 3 5 .3 4 37 .1 9 43 .74 4 2 -^4 3 4 .0 4

1 3 - 7 - 9 5 B. 25 0 .4 7 1 1 9 .8 5 4 .79 2 . 4 9 36 . 38 4 2 . 7 8 4 0 .9 6 3 7 .1 1 6 9 .9 6 67 . 4 0 4 0 . 10

1 5 - 7 - 8 5 1 9 .5 0 1 .4 5 36 5 . 1 5 1 1 .3 2 9 .36 4 0 .7 6 5 1 .7 4 4 8 . 8 9 4 4 . 4 5 7 2 .1 6 7 0 .4 3 46 . 36

1 6 - 7 - 9 5 3 5 .0 0 2 .6 2 7 1 3 . 8 8 2 5 .7 0 1 2 . 6 0 1 9 .7 8 3 2 .76 3 0 . 3 0 3 0 .1 7 4 8 .4 6 46 . 49 2 8 .3 4

1 7 - 7 - 9 5 1 3 .2 5 2-7  5 2 4 8 .3 7 4 . 9 9 1 . 5 0 4 7 . 1 8 46 .7 3 5 7 .9 0 5 0 .1 4 6 6 .1 6 6 4 . 0 1 6 3 . 0 1
1 0 - 7 - 8 5 14 . 5 0 1 .0 2 3 6 5 .6 1 12 .01 8 . 7 0 26 .94 3 3 .7 1 3 0 .3 3 3 0 .1 1 39 .79 37 .39 29 .16
2 0 - 7 - 8 5 12 .  25 4 -4 3 4 8 5 . 7 4 6 .4 2 2 .0 8 3 1 .8 9 4 7 . 1 0 4 8 .0 0 4 5 .1 4 6 4 . 1 8 6 0 .1 9 41 . o r
2 2 - 7 - 8 5 9 .25 1 .8 8 1 8 9 .6  3 3 .7 9 • 1 . 8 5 36 .39 43 .81 4 0 . 3 1 4 2 . 9 1 7 2 . 1 8 6 4 .1 6 40.98/*
2 3 - 7 - 8 5 1 9 .2 5 2 .6 5 3 9 4 .8 1 5 .5 3 6 .59 4 0 .7 6 4 9 .0 1 4 6 .7 9 4 4 .1 1 76 .16 7 0 ,2 3 4 1 .7 1 ^
2 4 - 7 - 6 5 11.00 1 .6 7 2 0 1 .5 4 4 . 0 2 2 .2 0 4 2 . 1 8 ' 5 0 .1 6 5 1 .7 3 5 0 .7  3 6 2 .9 1 8 0 .1 0 . 5 0 .1 0
2 5 - 7 - 8 5 1 1 .2 5 1 . 8 2 384 .1 8 , 6 . 9 1 2 .0 3 2 1 .2 4 3 7 .5 6 3 8 .3 1 3 7 .7 3 54 .91 54 .46 3 8 .3 4
3 0 - 7 - 8 5 14 .5 0 0 . 7 5 3 5 8 .3 0 6 . 4 5 6 . 5 3 39 .36 4 8 . 1 4 4 7 .1 1 4 0 .9 6 64 .7 8 6 3 .9 1 ' 4 1 . 7 6

3 1 - 7 - 8 5 22.00 1 .7 3 4 9 3 .0 7 1 1 .8 3 5 .2 8 3 0 .9 8 4 1 . 1 0 4 2 . 1 0 4 0 .1 1 6 8 . 1 0 6 6 . 0 0 4 3 .8 1
«



A p p en d ix -I ll. Quantity and corresponding p r ic e  o f  m ajor eroded n u trien ts

Q uantity  o f  m ajor E q u iva len t amount o f
n u tr ie n t  lo s s f e r t i l i z e r s C orresponding  p r i c e

(k g /h a ) (k g ) in Rs

N P K Urea OSP MOP Urea OSP MOP T ota l
(45% N) (18% P2Os ) (60% K20)

1984

T1 330 92 570 733 1189 1145 1686 1189 1489 4364
T2 395 120 697 878 1550 1400 2019 1550 1820 5389

T3 14 8 18 31 181 36 71 181 47 299

T4 345 lO l 563 767 1305 1131 1764 1305 1470 4539
T5 173 49 321 384 633 645 883 633 839 2355

T6 200 54 344 444 698 691 1021 698 898 2617

T7 416 116 680 9 24 1499 136 5 2125 1499 1775 5399

1985

T1 52 11 69 116 142 137 267 142 178 587

T2 174 42 272 387 542 546 890 542 710 2142

T3 4 1 7 9 13 14 21 13 18 52

T4 139 31 203 309 401 408 711 401 530 1642
T5 4 0 4 9 O 8 21 0 10 31

T6 57 14 96 127 181 193 292 181' 251 724

*7 248 58 384 551 749 771 1267 749 1002 3018

Notes C ost
C ost
C ost

o f  N in 
o f  P in 
o f  K in

the form 
the form 
the form

o f  Urea 
o f  OSP 
o f  MOP

(45%) _ 
(18%) -  
(60%) -

Rs. 5 .1 1 /k g  
Rs. 12 .9  2 /k g  
Rs. 2 .6 1 /kg
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ABSTRACT

£n experim ent on 'A grotech n iqu es f o r  s o i l  

con serv a tion  in  taungya system s' was conducted at 

the In s tru c t io n a l Farm, c o l l e g e  o f  H o r t icu ltu re , 

V ellan ikkara  f o r  a p e r io d  o f  two y ears  from May 1984 

to A pril 1986. The main o b je c t iv e s  o f  the experim ent 

were t o  assess  the r u n -o f f ,  s o i l  and n u tr ie n t  lo s s e s
"Nv

as in flu en ced  by the im portant taungya p r a c t ic e s  and ~ 

to  e v o lv e  econ om ica lly  end e c o lo g i c a l ly  v ia b le  agro

fo r e s t r y  measures fo r  s o i l  co n se rv a tio n .

E ucalyptus, the main t r e e  component, was 

in tercrop p ed  w ith the u su a lly  c u lt iv a te d  taungya crops 

o f  cassava and r i c e .  The e f f i c i e n c y  o f  cassava  p la n tin g  

on r id g e s , g ra ss farm ing and grass s t r ip p in g  was a ls o  

in v e s t ig a te d . There were seven treatm ents r e p lic a te d  

th r ic e  in RBD. D a ily  r u n -o f f  and s o i l  l o s s  were 

q u a n t ifie d  by in s t a l l in g  m u lt i - s lo t  d e v ice  c o n s is t in g  

o f  47 s lo t s  and b r ic k  masonry s e t t l in g  tank s p e c i f i c a l l y
i

designed fo r  the p r o je c t .

V arious r a in f a l l  c h a r a c t e r is t ic s  were r e la te d  

v l s - a - v l s  r u n -o f f  and s o i l  l o s s ,  i t  was found th at run

o f f  was h ig h ly  c o r r e la te d  with the amount o f  r a in fa l l  

( r  = 0 .930**) c l o s e ly  fo llo w e d  by k in e t i c  energy 

( r  *  0 .912**) and Al^ ( r  * 0 .848**) • S o il  l o s s  showed



maximum c o r r e la t io n  w ith (r  = 0 .977**) • A

com paratively  le s s e r  c o r r e la t io n  o f  r u n -o f f  w ith  s o i l  

lo s s  (r  = 0 .790**) in d ica te d  th at e ro s io n  was more 

in flu en ced  by r a in f a l l  c h a r a c t e r is t ic s  than r u n -o f f .

C u ltiv a ted  fa llo w  p lo t  produced th e  h ig h e st  

ru n -o ff  o f  1259 mm (53 p er cen t o f  the t o t a l  ra in ) and 

s o i l  lo s s  o f  352 t /h a /y r .  Mound p la n tin g  was very  much 

d e le te r io u s  ir r e s p e c t iv e  o f  the cassava p o p u la t io n . R ice  

taungya was com paratively  harm less. Grass farm ing was 

more e f f i c i e n t  than r id g in g  in c o n t r o l l in g  s o i l  e ros ion  

and r u n -o f f .  I t  a ccepted  more than 96 p er cen t o f  the 

rain and eroded on ly  0 ,4 0  t /h a  o f  s o i l  in the second y e a r . 

R eplacing 10 per cent o f  the cassava p op u la tion  with grass 

s t r ip s  reduced s o i l  e ros ion  by 41 per cen t than the 

maximum cassava trea ted  p l o t  w ith in  one y e a r . T ree  

p la n tin g  a lon e cou ld  reduce th e  s o i l  e ro s io n  by 87 per 

ce n t  in the second y e a r .

The eroded s o i l  was. in gen era l, more c la y e y  and 

contained more n u tr ie n ts  than the s o i l  m atrix  e s p e c ia l ly  

during the i n i t i a l  m onths. C u ltiv a ted  fa llo w  p lo t  had 

l o s t  416, 116, 680, 242, 878 and 299 k g /h a  o f  N, P, k , Ca, 

Mg and S r e s p e c t iv e ly .  Such lo s s e s  were 395, 120, 697,

183, 717 and 213 r e s p e c t iv e ly  in eucalyptus + f iv e  cassava 

on mounds, one o f  the most e r o s iv e  trea tm en ts . Grass 

farming, ir r e s p e c t iv e  o f  high f e r t i l i z e r  a p p lica t io n .



e f f e c t i v e l y  reduced the above n u tr ie n t  lo s s e s  r e s p e c t iv e ly  

to  4 .0 , 0 .4 0 , 4 .0 , 2 .0 , 0 .7 0  and 0 .1 0  k g /h a . R idge 

p la n tin g  o f  cassava was a ls o  com parable to  grass farming 

In c o n t r o l l in g  n u tr ie n t  d ra in .

Mound p la n tin g  o f  cassava c u lt iv a t io n  a f fe c t e d  

the s o i l  p h y s ica l c h a r a c t e r is t ic s ,  w h ile  g ra ss , r i c e  

and zero  c u lt iv a t io n  improved then . A ppreciab le  chem ical 

changes were n ot m an ifested  between treatm ents during the 

in v e s t ig a t io n  p e r io d .

- The most robust tre e s  were observed  in eucalyptu s 

alone treatm ent. The weakest tre es  were seen w ith 

eucalyptus + f i v e  cassava on mounds. The h ig h e st  net 

income o f  Es* 10.12 thousand/ha produced by eucalyptus + 

grass combined with the com plete c o n tro l o f  s o i l  e ros ion  

in the second year make th is  treatm ent the most id e a l .  

However, the absence o f  a su b s id ia ry  food  crop  l im it s  

i t s  adoption on a w ider s c a le ,  fchen a c c e p t a b i l i t y ,  

p r o f i t a b i l i t y  and s u s t a in a b il i t y  are taken in to  account, 

the treatm ent eucalyptus + cassava + lO per cen t grass
M

s t r ip s  seems to be  .a b e t t e r  system .




