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SOIL BIOLOGICAL PROCESSES AND TROPICAL SOIL FERTILITY: 

A PROPOSAL FOR A COLLABORATIVE PROGRAilME OF RESEARCH 

SUMMARY 

An i n t e r n a t i o n a l  programme o f  c o l l a b o r a t i v e  r e s e a r c h  is p r o p o s e d ,  to  
c l a r i f y  t h e  l i n k s  be tween b i o l o g i c a l  p r o c e s s e s  and  t r o p i c a l  s o i l  
f e r t i l i t y .  The m a j o r  o b j e c t i v e  o f  t h i s  programme is:  

- t o  d e t e r m i n e  t h e  management o ~ t i o n s  f o r  i m ~ r o v i n n  t r o ~ i c a l  s o i l  - - 
f e r t i l i t y  t h r o u g h  b i o l o g i c a l  p r o c e s s e s .  

The p r o p o s a 1  was drawn up by a g r o u p  o f  f i f t e e n  s c i e n t i s t s  
( a g r i c u l t u r a l i s t s ,  b i o l o g i s t s ,  e c o l o g i s t s  and  s o i l  s c i e n t i s t s )  f rom 
t e n  c o u n t r i e s ,  a t  a workshop h e l d  i n  t h e  UK i n  J a n u a r y  1984 u n d e r  t h e  
s p o n s o r s h i p  o f  IUBS 'Decade  o f  t h e  T r o p i c s l  and  Unesco 'Man and t h e  
B i o s p h e r e '  programmes. The workshop was a r r a n g e d  b e c a u s e  o f  t h e  
r e c o g n i t i o n  by t h e s e  b o d i e s  o f  t h e  u r g e n t  need  t o  c o n s i d e r  b i o l o g i c a l  
a p p r o a c h e s  t o  improved management o f  t r o p i c a l  s o i l s  i n  t h e  f a c e  o f  
t h e  w i d e n i n g  g a p  be tween p r o d u c t i v i t y  and demand f o r  f o o d  i n  t h e  
t r o p i c s .  T h i s  a p p r o a c h  was v i s u a l i z e d  as b e i n g  a complement to  t h e  
c u r r e n t  deve lopmen t s  i n  h i g h - i n p u t  a g r i c u l t u r e  t h a t  a r e  a l r e a d y  
m a s s i v e  c o n t r i b u t i o n s  t o  t h i s  problem b u t  which  a r e  l i m i t e d  by b o t h  
soc io -economic  and  e c o l o g i c a l  f a c t o r s .  . It was e q u a l l y  r e c o g n i z e d  
t h a t  t h e  c u r r e n t  l e v e l  o f  u n d e r s t a n d i n g  o f  how b i o l o g i c a l  p r o c e s s e s  
c o n t r i b u t e  t o  s o i 1  f e r t i l i t y  was i n a d e q u a t e .  R e v i s i o n  o f  t h i s  
s i t u a t i o n  t h u s  r e q u i r e s  i n v e s t i g a t i o n  n o t  o n l y  o f  a g r i c u l t u r a l  
s y s t e m s  b u t  a l s o  o f  t h e  i n t e g r a t i v e  f u n c t i o n i n g  o f  t h e  n a t u r a l  
e c o s y s t e m s  f rom which  t h e y  are d e r i v e d .  

The workshop se t  i t s e l f  t h e  i n i t i a l  t a s k  o f  e v a l u a t i n g  t h e  c u r r e n t  
u n d e r s t a n d i n g  o f  t h e  l i n k  between t h e  b i o l o g i c a l  p r o c e s s e s  o f  s o i l  
and i ts  f e r t i l i t y .  T h i s  h a s  been  p r e s e n t e d  i n  t h e  form o f  a 
' G e n e r a l  H y p o t h e s i s '  - a s u c c i n c t  and  a b b r e v i a t e d  s t a t e m e n t  o f  
c u r r e n  t c o n c e p t s .  

On t h e  b a s i s  o f  t h i s  e v a l u a t i o n  a r e s e a r c h  p r o p o s a 1  h a s  been  
c o n s  t r u c t e d .  W i t h i n  t h i s  p r o p o s a 1  two b r o a d  themes o f  r e s e a r c h  have  
been  i d e n t i f i e d :  

Synchrony (SYNCH) - to i n v e s t i g a t e  t h e  mechanisms o f  t r a n s f e r  o f  
n u t r i e n t s  f rom decomposing  o r g a n i c  m a t e r i a l s  i n  s o i l s  t o  u p t a k e  by 
p l a n t  r o o t s  w i t h  t h e  aim o f  m a n i p u l a t i n g  p l a n t s  and p l a n t  
r e s i d u e s  t o  o p t i m i z e  t h e  e f f i c i e n c y  o f  t h e  t r a n s f e r .  

S o i 1  O r g a n i c  M a t t e r  (SOM) - t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  
be tween t h e  o r g a n i c  ( a n d  i n o r g a n i c )  i n p u t s  t o  s o i l  and  t h e  q u a l i t y  
and q u a n t i t y  o f  s o i l  o r g a n i c  matter formed.  T h i s  programme a l s o  
aims t o  d e t e r m i n e  more p r e c i s e l y  t h a n  i s  p r e s e n t l y  u n d e r s t o o d ,  t h e  
c o n t r i b u t i o n  t o  s o i l  f e r t i l i t y  o f  t h e  q u a n t i t y  and q u a l i t y  o f  
o r g a n i c  m a t t e r  p r e s e n t  on a s o i l .  



These  two themes  p r o v i d e  a b a s i s  f o r  a c o o r d i n a t e d  i n t e r n a t i o n a l  
r e s e a r c h  s t u d y  . 
W i t h i n  t h e  s t u d y  a  minimum package  o f  r e s e a r c h  methods  h a s  b e e n  
i d e n t i f i e d ,  d e s i g n e d  t o  c l a r i f y  t h e  p o t e n t i a l  f o r  m a n i p u l a t i o n  o f  
s o i 1  b i o l o g i c a l  p r o c e s s e s  u n d e r  a wide  r a n g e  o f  c o n d i t i o n s .  The  1 
package  a l l o w s  r i g o r o u s  compar i son  o f  r e s u l t s  from a wide  r a n g e  o f  

f 

sites, b u t  i t  c a n  a l s o  b e  expanded  t o  i n c o r p o r a t e  more s o p h i s t i c a t e d  
t e c h n i q u e s  and  more s e n s i t i v e  v a r i a t i o n  i n  management.  I t  is 
e n v i s a g e d  t h a t  a s i n g l e  o r  small r a n g e  o f  a g r i c u l t u r a l  p r a c t i c e s  
would b e  examined  a t  a n e t w o r k  of P r o j e c t  S i t e s  wh ich  would be l i n k e d  
t o  a few Programme C e n t r e s .  These  c e n t r e s  would u n d e r t a k e  
compar i son  o f  a w i d e r  r a n g e  of management p r a c t i c e s  and would a l s o  
ac t  as a f o c u s  f o r  t h e  p r o v i s i o n  o f  s e r v i c e s ,  t r a i n i n g  and  
communica t ion .  I n c l u s i o n  o f  n a t u r a l  ( u n d i s t u r b e d )  v e g e t a t i o n  w i l l  
p r o v i d e  a n  i m p o r t a n t  b a s e l i n e  cornpar i son  w i t h  a g r i c u l t u r a l  management 
o p t i o n s .  

To implement  t h e  programme a C o o r d i n a t i n g  Committee h a s  been  
e s t a b l i s h e d  u n d e r  t h e  a u s p i c e s  o f  IUBS. A S c i e n t i f i c  Adv i so ry  Group 
e m b r a c i n g  a l 1  r e l e v a n t  s c i e n t i f i c  d i s c i p l i n e s  h a s  a l s o  been  
e s t a b l i s h e d  t o  assist i n  t h e  f u r t h e r  p l a n n i n g  o f  t h e  p r o j e c t .  

The n e x t  s t a g e  i n  t h e  p l a n n i n g  of t h e  programme w i l l  b e  t o  f o r m u l a t e  
a more e x p l i c i t  set  o f  h y p o t h e s e s  wh ich  c a n  be  t e s t e d  t h r o u g h  t h e  
e x p e r i m e n t a l  programme. F u l l  d e t a i l s  o f  t h e  a p p r o a c h  and  me thods  
w i l l  b e  p r o v i d e d  i n  a handbook.  The programme w i l l ,  however ,  a l s o  
g e n e r a t e  new h y p o t h e s e s  d u r i n g  i ts i m p l e m e n t a t i o n  and w i l l  
a d d i t f o n a l l y  p r o v i d e  new i d e a s  and g e n e r a l  u n d e r s t a n d i n g  of t h e  
r e l a t i o n s h i p s  of s o i l  b i o l o g i c a l  p r o c e s s e s  and s o i l  f e r t i l i t y .  

I t  is  a m a j o r  aim o f  t h e  p r o j e c t  t h a t  t h e r e  s h o u l d  b e  a r a p i d  
t r a n s f e r  o f  i n f o r m a t i o n  f rom t h e  f u n d a m e n t a l  r e s e a r c h  p r o j e c t s  t o  
' farm-trial '  programmes by  e n c o u r a g i n g  a c l o s e  a s s o c i a t i o n ,  from t h e  
v e r y  s t a r t ,  be tween  s c i e n t i s  ts and e x t e n s i o n  w o r k e r s .  
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SOIL BIOLOGICAL PROCESSES AND TROPICAL SOIL FERTILITY: 

A PROPOSAL FOR A COLLABORATIVE PROGRAMME OF RESEARCH 

1 INTRODUCTION 

1 .1 BACKGROUND 

T h i s  document c o n s t i t u t e s  a p r o p o s a l  f o r  a programme o f  c o l l a b o r a t i v e  
r e s e a r c h  i n t o  t h e  r o l e  o f  t h e  b i o l o g i c a l  p r o c e s s e s  o f  s o i l  i n  
s u s t a i n i n g  s o i l  f e r t i l i t y .  The o b j e c t i v e  o f  t h i s  programme may be  
s t a t e d  t h u s :  

t o  d e t e r m i n e  t h e  management o p t i o n s  f o r  i m p r o v i n g  t r o p i c a l  
s o i l  f e r t i l i t y  t h r o u g h  b ï o l o g i c a l  p r o c e s s e s .  

The i m p e t u s  f o r  t h e  programme comes from t h e  r e c o g n i t i o n  o f  t h e  
u r g e n t  r e q u i r e m e n t  t o  improve  t h e  e f f i c i e n c y  o f  f o o d  p r o d u c t i o n  i n  
t h e  t r o p i c a l  zone .  The c r i s e s  c r e a t e d  by a b u r g e o n i n g  human 
p o p u l a t i o n  and a t t e n d a n t  l a n d  s h o r t a g e  are w i d e l y  r e c o g n i z e d  and no 
f u r t h e r  d e t a i l  is r e q u i r e d  ( 3 ,  1 4 ) .  The c o n t e x t  f o r  t h i s  programme 
h a s  however been  s u c c i n c t l y  s t a t e d  , by t h e  I n t e r n a t i o n a l  Union o f  
B i o l o g i c a l  S c i e n c e s  ( I U B S )  when i n i t i a t i n g  its 'Decade o f  t h e  
T r o p i c s '  programme: ( 3 9 )  '... ... w h a t e v e r  t h e  r e a s o n s ,  t h e  
d i s c r e p a n c y  be tween t h e  r i c h  t e m p e r a t e  zone  and t h e  p o o r e r  t r o p i c s  
r e p r e s e n t s  p r o b a b l y  t h e  l a r g e s t  g l o b a l  problem t h a t  mankind f a c e s  
today  ... I n  b i o l o g i c a l  terrns, t h e  problem is t h a t  o f  a f a s t  g rowing  
p o p u l a t i o n ,  l i v i n g  i n  a n  area o f  p r e s e n t  low p r o d u c t i v i t y  and low 
income,  t h r e a t e n e d  w i t h  f amine  b e c a u s e  o f  low a g r i c u l t u r a l  
p r o d u c t i v i t y  and i n c r e a s i n g  world-wide f o o d  demand.' 

Thus ,  demand f o r  i n c r e a s e d  p r o d u c t i v i t y  p u t s  man 's  i n g e n u i t y  t o  t h e  
test .  Great a d v a n c e s  have  been  made, t h r o u g h  t h e  'Green  R e v o l u t i o n '  
and o t h e r  programmes, t o  a p p l y  s c i e n t i f i c  p r i n c i p l e s  t o  f a r m i n g  i n  
t h e  t r o p i c s .  T h i s  s p r e a d  o f  h i g h - i n p u t  f a r m i n g  sys terns  is c l e a r l y  
o n e  d i r e c t  p a t h  t o  s o l v i n g  t h e  problem. I t  is a l s o  a p p a r e n t  t h a t  
t h e r e  are economic ,  e c o l o g i c a l  and s o c i a l  l i m i t s  t o  t h e  e x t e n t  t o  
which  s u c h  h i g h  t e c h n o l o g y  sys terns  can  be  e x t e n d e d .  F u r t h e r ,  t h e  
v a r i o u s  t y p e s  o f  l ow- inpu t  a g r i c u l t u r e  ( e g  s h i f t i n g  c u l t i v a t i o n  
sys t e rns )  t h a t  s u p p o r t  t h e  m a j o r  p a r t  o f  t h e  t r o p i c a l  zone  p o p u l a t i o n  
c a n n o t  b e  i n d e f i n i t e l y  s u s t a i n e d .  A s  p o p u l a t i o n  p r e s s u r e s  f o r c e  t h e  
s h o r t e n i n g  o f  t h e  f a l l o w  c y c l e  and e v e n t u a l l y  impose t h e  p r a c t i c e  o f  
c o n t i n u o u s  c u l t i v a t i o n  on  low f e r t i l i t y  s o i l s  u n a b l e  t o  s u s t a i n  i t  
( 1 1  1 .  



S o l u t i o n s  mus t  b e  found  t o  raise t h i s  f e r t i l i t y  which  do n o t  l e a n  
e n t i r e l y  on  t h e  same economic  and s o c i a l  b a s e  as t h e  h i g h - s u b s i d y ,  
h i g h  t e c h n o l o g y  f a r m i n g  c h a r a c t e r i s t i c  o f  t h e  t e m p e r a t e  zones .  Some 
mix o f  h i g h - i n p u t  and l o w - i n p u t  s y s t e m s  s h o u l d  b e  s o u g h t ,  a p p r o p r i a t e  
t o  i m p r o v i n g  a n d / o r  s u s t a i n i n g  f e r t i l i t y  i n  e a c h  e c o l o g i c a l  z o n e  
a d a p t e d  t o  t h e  p a r t i c u l a r  s o i l  t y p e s  w i t h i n  t h e  z o n e s .  One a p p r o a c h  
t o  t h i s  is t o  improve  t h e  management o f  t h e  n a t u r a l  r e s o u r c e s  o f  
s o i l  . 
I n  n a t u r a l  e c o s y s t e m s  p r o d u c t i v i t y  is s u s t a i n e d  by t h e  t i g h t  
i n t e g r a t i o n  o f  t h e  v e g e t a t i v e  s y s t e m  w i t h  t h e  b i o l o g i c a l  s y s t e m  o f  
s o i l .  Yet  t h e s e  c r u c i a l l y  i m p o r t a n t  b i o l o g i c a l  p r o c e s s e s  o f  soi1 
a r e  p o o r l y  u n d e r s t o o d  by e c o l o g i s t s ,  even  i n  n a t u r a l  e c o s y s t e m s ,  and 
a r e  r a r e l y  i n v e s t i g a t e d  by a g r i c u l t u r a l i s t s .  One o f  t h e  r e a s o n s  f o r  
t h i s  i s  t h e  s u c c e s s  o f  h i g h - i n p u t  f a r m i n g ,  which  e f f e c t i v e l y  b y p a s s e s  
s o i l  b i o l o g i c a l  p r o c e s s e s  t h r o u g h  its u s e  o f  f e r t i l i z e r s ,  p e s t i c i d e s  
and mechanized  p r e p a r a t i o n  of s o i 1  . T h i s  s u c c e s s  l e a v e s  l i t t l e  
a p p a r e n t  r e a s o n  why s o i l  p r o c e s s e s  s h o u l d  b e  t a k e n  s e r i o u s l y .  B u t ,  
i t  i s  n o t i c e a b l e  t h a t  t h e  a d o p t i o n  o f  minimum t i l l a g e  s y s t e m s  i n  
t e m p e r a t e  r e g i o n s  i s  r e f o c u s s i n g  a t t e n t i o n  on  s o i 1  e c o l o g y .  Such  
s y s t e m s  c a n  p r o v i d e  e c o n o m i c a l l y  v i a b l e  o p t i o n s  which  may b e  
p a r t i c u l a r l y  a p p l i c a b l e  t o  t h e  s e n s i t i v e  s o i l s  o f  c e r t a i n  p a r t s  o f  
t h e  t r o p i c s  ( 35 ) .  Moreover ,  much o f  Our c u r r e n t  knowledge o f  t h e s e  
s o i l  b i o l o g i c a l  p r o c e s s e s  h a s  been  a c h i e v e d  t h r o u g h  p u r e  r e s e a r c h  
j u s t  as t h e  u n d e r s t a n d i n g  o f  t h e  c o n s e q u e n c e s  o f  p e r t u r b i n g  n u t r i e n t  
c y c l e s  h a s  l a r g e l y  come f rom m a n i p u l a t i v e  s t u d i e s  of n a t u r a l  
e c o s y s t e m s  ( 5 ) .  I t  i s  t h e r e f o r e  n e c e s s a r y  t o  r e t a i n  and  d e v e l o p  a n  
i n t e r f a c e  be tween n a t u r a l  and ag roecosys t e rns  a s  a c o n t e x t  f o r  
i n  t e g r a t i n g  and  b u i l d i n g  on  t h e  knowledge o f  e c o l o g i s  ts and 
a g r i c u l t u r a l  s c i e n t i s t s .  

I t  is t h e  d e e p  c o n v i c t i o n  o f  t h e  s c i e n t i s t s  i n v o l v e d  i n  t h i s  
programme t h a t  we c a n  no  l o n g e r  a f f o r d  to i g n o r e  t h e  p o t e n t i a l  wh ich  
s o i l  p r o c e s s e s  o f f e r  as a means o f  r e g u l a t i n g  p r o d u c t i v i t y .  
F u r t h e r m o r e  i t  i s  e v i d e n t  t h a t  t h e r e  are f u n d a m e n t a l  a s  w e l l  as 
p r a c t i c a l  s c i e n t i f i c  p rob lems  t o  b e  s o l v e d ;  h e r e  p rob lems  are n o t  
u n i q u e  t o  t h e  t r o p i c s  b u t  i t  is t h e  p a r t i c u l a r  problems o f  t h e  
t r o p i c s  t h a t  demand t h e i r  s o l u t i o n .  

1 .2  PROGRAMME PHILOSOPHY 

I t  was w i t h  t h e  above  o b j e c t i v e  and r a t i o n a l e  i n  mind t h a t  IUBS and 
t h e  Unesco 'Man .and t h e  B i o s p h e r e l  ( M A B )  programme j o i n t l y  s p o n s o r e d  
a workshop h e l d  i n  t h e  U n i t e d  Kingdom i n  J a n u a r y  1984 i n  which  
t h i r t e e n  s c i e n t i s  ts ( so i1  b i o l o g i s t s ,  soi1 s c i e n t i s  ts, 
a g r i c u l t u r a l i s t s  and e c o l o g i s t s )  f rom t e n  d i f f e r e n t  c o u n t r i e s  
p a r t i c i p a t e d .  The p u r p o s e  o f  t h e  workshop was n o t  t o  c o n d u c t  a n  
academic  r e v i e w  b u t  to  t a k e  t h e  f i r s t  s t e p  t o w a r d s  d e f i n i n g  a p l a n  of 
a c t i o n .  The workshop s e t  i t s e l f  t h e  f o l l o w i n g  targets: 



1 ) t o  p r e p a r e  and p u b l i c i z e  a r e a s o n e d  e v a l u a t i o n  of t h e  
i m p o r t a n c e  o f  s o i l  b i o l o g i c a l  p r o c e s s e s  t o  t h e  f u n c t i o n i n g  o f  
n a t u r a l  and  managed e c o s y s  tems ; 

2 )  t o  i d e n t i f y  t h e  m o s t  s i g n i f i c a n t  g a p s  i n  o u r  p r e s e n t  knowledge 
and u n d e r s t a n d i n g ,  w i t h  p a r t i c u l a r  r e s p e c t  t o  t r o p i c a l  s o i l s ;  

3 )  t o  recommend p r i o r i t i e s  f o r  r e s e a r c h  i n t o  t h e  r e l a t i o n s h i p s  
between s o i l  b i o l o g i c a l  p r o c e s s e s  and  s o i l  f e r t i l i t y  i n  
t r o p i c a l  areas; 

4 )  t o  e v a l u a t e  t h e  methods  a v a i l a b l e  f o r  t h e s e  i n v e s t i g a t i o n s ;  

5 )  t o  promote  t h e  e s t a b l i s h m e n t  of a ne twork  o f  r e s e a r c h  s i t e s  
w i t h i n  t h e  t r o p i c a l  zone  where  r e s e a r c h  o f  t h i s  k i n d  may b e  
s i m u l t a n e o u s l y  t a c k l e d ;  

6 )  t o  make recommendat ions  f o r  s t a n d a r d i z a t i o n  o f  methods  and 
e x p e r i m e n t a l  d e s i g n  s o  t h a t  c o m p a r a b i l i t y  o f  r e s u l t s  i s  
a t t a i n e d  and  g e n e r a l  p r i n c i p l e s  more c l e a r l y  d e f i n e d .  

The f o l l o w i n g  s e c t i o n s  o f  t h i s  document  a d d r e s s  t h e s e  targets: 

The  G e n e r a l  H y p o t h e s i s  i s  a n  e v a l u a t i o n  o f  t h e  way i n  wh ich  s o i l  
b i o l o g i c a l  p r o c e s s e s  c o n t r i b u t e  t o  s o i l  f e r t i l i t y  ( e c o s y s t e m  
p r o d u c t i v i t y  ) and o f  t h e  manner i n  wh ich  a g r i c u l t u r a l  management may 
modi fy  them. I t  is n o t  a comprehens ive  r e v i e w  n o r  d o e s  i t  l a c k  areas 
wh ich  many e x p e r t s  would r e g a r d  as s p e c u l a t i v e .  I t  is i n t e n d e d  t o  
f o c u s  a t t e n t i o n  o n  p r o c e s s e s  wh ich  t h e  workshop s c i e n t i s t s  judged  t o  
be  o f  i m p o r t a n c e  i n  t h e  r e g u l a t i o n  o f  s o i l  f e r t i l i t y .  

The R e s e a r c h  P r o p o s a l :  t h e  workshop i d e n t i f i e d  p r i o r i t i e s  f o r  
r e s e a r c h  and produced  a  b r o a d  o u t l i n e  o f  t h e  way i n  which  a n  
i n t e r n a t i o n a l  programme of c o l l a b o r a t i v e  r e s e a r c h  c o u l d  b e  i n i t i a t e d  
t o  t a c k l e  them. I t  was  f e l t  n e i t h e r  n e c e s s a r y  n o r  f e a s i b l e  a t  t h i s  
s t a g e  t o  make p r o p o s a l s  i n  terms o f  d e t a i l e d  t e s t a b l e  h y p o t h e s e s  n o r  
t o  make s p e c i f i c  recommendat ions  f o r  methods .  These  e s s e n t i a l  
a s p e c t s  w i l l  f o rm p a r t  o f  t h e  n e x t  p h a s e  o f  t h e  programme, s h o u l d  i t  
go  f o r w a r d ,  and  w i l l  b e  g u i d e d  by t h e  r e s p o n s e  o f  t h e  s c i e n t i f i c  
cornmunity o f  t h e  t r o p i c a l  z o n e  to  t h e  p r o p o s a l s .  

I n  making  t h e  p r o p o s a l s  a number o f  g e n e r a l  p r i n c i p l e s  g u i d e d  t h e  
d e c i s i o n s  o f  t h e  workshop.  These  s h o u l d  b e  e v i d e n t  on r e a d i n g  t h e  
document b u t  i t  may b e  o f  v a l u e  b r i e f l y  t o  s t a t e  them i n  advance :  

t h a t  i t  is c r u c i a l  t o  b r i d g e  t h e  l a c k  o f  common e x p e r i e n c e  and 
u n d e r s t a n d i n g  be tween b i o l o g i s t s ,  s o i l  s c i e n t i s t s  and 
a g r i c u l  t u r a l i s t s .  The c o m p o s i t i o n  o f  t h e  workshop was 
d e s i g n e d  t o  a t t a c k  t h i s  and t h e  g e n e r a l  h y p o t h e s i s  and 
p r o p o s a l s  r e f l e c t  a  f i r s t  s t e p  i n  t h i s  d i r e c t i o n ;  

t h a t  t o  u n d e r s t a n d  how t o  manage a n  a g r i c u l  t u r a l  e c o s y s t e m  i t  
is p r o f i t a b l e  t o  l e a r n  from a n a t u r a l  e c o s y s t e m ;  










































































