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INTRODUCTIOM 

A g r o f o r e s t r y  is o f t e n  recommended a s  t h e  p r e f e r r e d  a g r i c u l t u r a l  
system f o r  t h e  humid t r o p i c s .  Reasons given genera l ly  p e r t a i n  t o  t h e  r o l e  
o f  trees i n  m a i n t a i n i n g  s o i l  f e r t i l i t y  by r e c y c l i n g  n u t r i e n t s  v i a  
l i t t e r f a l l  and prunings, thereby mimicing t h e  n a t u r a l  f o r e s t  ecosystem. I n  
a d d i t i o n ,  trees have deeper  r o o t i n g  systems and can t a p  and r e c y c l e  a  
source  of n u t r i e n t s  i n i t i a l l y  unavailable t o  most annual food crops .  There 
is however, l i t t l e  d a t a  t o  support o r  r e f u t e  such c la ims.  

The h igh  p r o d u c t i v i t y  of t r o p i c a l  f o r e s t  ecosystems on i n f e r t i l e  
s o i l s  is a t t r i b u t e d  t o  e f f i c i e n t  n u t r i e n t  cyc l ing  w i t h  r e l a t i v e l y  Small 
n u t r i e n t  l o s s e s .  Nut r i en t  cyc l ing  processes and pathways i n  a g r o f o r e s t r y  
systems a r e  s imilar  t o  t h o s e  of n a t u r a l  f o r e s t  ecosystems. There a r e ,  
however, important d i f f e r e n c e s  i n  t h e  r e l a t i v e  s i z e s  o r  f l u x e ~ ,  of c e r t a i n  
n u t r i e n t  c y c l i n g  pathways between t h e  two types of systems and even among 
d i f f e r e n t  a g r o f o r e s t r y  systems. The major f l u x  d i f f e r e n c e  between n a t u r a l  
f o r e s t  ecosystems and a g r o f o r e s t r y  systems is  t h a t  of n u t r i e n t  l o s s e s .  
Whereas n u t r i e n t  l o s s e s  v i a  leaching,  e ros ion ,  and gaseous emiss ions  a r e  
p r o b a b l y  s i m i l a r  f o r  t h e  two systems a g r o f o r e s t r y  sys tems have an 
a d d i t i o n a l  l o s s  pathway through product harves t  t h a t  does not  e x i s t  i n  
n a t u r a l  sys tems.  These d i f f e r e n c e s  w i l l  result i n  d i f f e r e n t  n u t r i e n t  
budgets t h a t  w i l l  determine t h e  p roduc t iv i ty  and s u s t a i n a b i l i t y  of  var ious  
a g r o f o r e s t r y  systems. 

Most nuLrient  c y c l i n g  research  i n  agrofores t ry  t o  d a t e  has d e a l t  with 
n i t rogen  c y c l e s  and budgets .  The use of n i t rogen-f ix ing,  leguminous t r e e s  
i n  most a g r o f o r e s t r y  systems provides a source of N t h a t  can p a r t i a l l y ,  o r  
i n  some c a s e s  comple te ly  o f f s e t  t h e  l o s s  of N through c rop  o r  product  
e x p o r t s .  L i t t l e  a t t e n t i o n  has  been given t o  t h e  c y c l e s  and budgets  of 
o t h e r  n u t r i e n t s .  Whereas trees can recyc le  these o t h e r  n u t r i e n t s  they  
cannot provide a  new input  of these  n u t r i e n t s  t o  t h e  system a s  they can f o r  
N .  I t  t h e r e f o r e  becomes c r u c i a l  t o  understand t h e  n u t r i e n t  c y c l i n g  
processes  and budgets of  t h e s e  n u t r i e n t s  i n  ag ro fo res t ry  systems i n  o rde r  
t o  a s c e r t 8 i n  t h e  necessary  management p r a c t i c e  f o r  continued p r o d u c t i v i t y  
of t h e  system. Among t h e s e  o t h e r  n u t r i e n t s ,  P i s  p a r t i c u l a r l y  important 
c o n s i d e r i n g  t h e  e x t e n t  of P  f i x i n g  s o i l s  i n  t h e  t r o p i c s  a n d  t h e  l a r g e  
p r o p o r t i o n  of P  e x t r a c t e d  by p l a n t s  t h a t  is expor ted  i n  c r o p  ha rves t  
(Sanchez a t  a l . ,  t h i s  volume) . 

Tho o b j e c t i v e s  of t h i s  paper a r e  t o  look a t  P cyc l ing  and budgets and 
so i l  P changes i n  s e v e r a l  d i f f e r e n t  agrof o r e s t r y  systems, t o  e v a l u a t e  t h e  
long  term consequences of ag ro fo res t ry  systems on P a v a i l a b i l i t y ,  and t o  
cons ider  tho  r o l a  a t  trees i n  t h e  P cycle of ag ro fo res t ry  systems. Much of 
t h e  d a t a  r e f e r t a d  t o  comes from research conducted i n  Yurirnaguas, Peru by 
t h e  T r o p i c a l  S o i l s  Research Program of North Caro l ina  S t a t e  U n i v e r s i t y  



(Caudle  a n d  McCants, 1987; Caudle,  1989) .  The s o i l s  a r e  a c i d  (pH 4 .5) ,  
i n f e r t i l e  U l t i s o l s  wi th  r e l a t i v e l y  low P-f ixing c a p a c i t y .  The remainder of  
t h e  d a t a  comes from r e s e a r c h  on a v a r i e t y  o f  t r o p i c a l  s o i l s  o f  v a r y i n g  
f a r t i l i t y  and  P-fixirig c a p a c i t i e s .  

P h o s p h o r u s  c y c l i n g  a n d  b u d g e t s , .  and s o i l  p h o s p h o r u s  ia v a r i o u s  
a g r o f o r m o t r y  sy#tonr 

Agro fo re s t ry  systems va ry  cons ide rab ly  i n  t h e  amount of P c y c l e d  i n  
l i t t e r f a l l  o r  p runings  and t h e  amount of P expor t ed  i n  p r o d u c t s  on a  y e a r l y  
b a s i s .  These  d i f f e r e n c e s  have i m p o r t a n t  consequences  t o  l o n g - t e r m  
p r o d u c t i v i t y  and  s u s t a i n a b i l i t y .  S e v e r a l  t y p e s  of a g r o f o r e s t r y  sys t ems  
w i l l  be compared t h a t  d i f f e r  i n  t h e  i n t e n s i t y  of management and subsequent  
n u t r i e n t  e x p o r t .  

S h i f t i n g  C u l t i v a t i o n  and Improvmd r a l l o v a .  S h i f t i n g  
c u l t i v a t i o n ,  t h e  t r a d i t i o n a l  fa rming  sys tem of  t h e  t r o p i c s ,  c o u l d  b e  
c o n s i d e r e d  t h e  o r i g i n a l  s i m p l e s t ,  and l e a s t  i n t e n s i v e  a g r o f o r e s t r y  sys tem 
( R a i n t r e e ,  1987) .  I t  is a  temporal  a g r o f o r e s t r y  sys t em i n  t h a t  c r o p s  a r e  
grown f o r  a  y e a r  o r  two and  r e p l a c e d  by trees e s  t h e  n a t u r a l  f a l l o w  
v e g e t a t i o n  regrows . I n  t h i s  system, a s  wi th  a l l  a g r o f o r e s t r y  sys t ems ,  
n u t r i e n t  l o s s e s  occllr wi th  f o r e s t  c l e a r i n g  and  b u r n i n g  and  d u r i n g  t h e  
e s t a b l i s h m e n t  phase .  Fu r the r  P l o s s e s  v i a  c rop  h a r v e s t  are g e n e r a l l y  smal l ,  
less t h a n  10 k g  ha'' over  a  two yea r  pe r iod  (Sanchez e t  a l . ,  t h i s  volume!). 
These l o s s e s  a r e  p a r t i a l l y  recupera ted  du r ing  r 10 t o  15 f a l l o w  phase  from 
a tmosphe r i c  P i n p u t s  of  0 . 1 - 1  kg ha': yr ' l .  One o f  t h e  purposes  o f  t h e  
f a l l o w  is t o  r e s t o r e  s o i l  f e r t i l i t y  by a c c u m u l a t i n g  n u t r i e n t s  i n  t h e  
v e g e t a t i v e  biomass.  Th i s  p roces s  r ep re3en t s  a  t r a n s f e r  of n u t r i e n t s  from 
t h e  s o i l  t o  t h e  v e g e t a t i o n  and should  no t  be c o n s i d e r e d  a  n e t  a d d i t i o n  t o  
t h e  system. The n u t r i e n t s  s t o r e d  i n  t h e  biomass become a  s o u r c e  of  a s h  
f e r t i l i z e r  when t h e  v e g e t a t i o n  is  c u t  and burned. 

Improved o r  managed f a l l o w s  a r e  d i f f e r e n t  f rom n a t u r a l  f a l l o w s  of  
s h i f t i n g  c u l t i v a t i o n  i n  t h a t  s p e c i f i c  t r e e s ,  s h r u b s ,  o r  cove r  c r o p s  arm 
i n t e n t i o n a l l y  p l a n t e d  fo l l owing  c r o p  abandonment r a t h e r  t h a n  a l l o w i n g  t h e  
n a t u r a l  v e g e t a t i o n  t o  r ecove r .  Improved f a l l o w s  a r e  s i m i l a r  t o  s h i f t i n g  
c u l t i v a t i o n  i n  t h a t  r e c y c l i n g  of n u t r i e n t s  by t h e  v e g e t a t i o n  i s  maximized 
and  n u t r i e n t  e x p o r t s  a r e  g e n e r a l l y  low. One o f  t h e  pu rposes  of  improved 
f a l l o w s  is t o  r e s t o r e  n u t r i e n t  s t o c k s  i n  t h e  v e g e t a t i o n  more r a p i d l y  t h a n  
n a t u r a l  f a l l o w s .  By accumulat ing n u t r i e n t s  more r a p i d l y ,  improved f a l l o w s  
s h o u l d  p rov ide  f o r  h i g h e r  p roduc t ion  by a l l o w i n g  more f r e q u e n t  c ropp ing .  
More f r e q u e n t  c ropp ing ,  however, a l s o  h a s  i m p l i c a t i o n s  t o  long - t e rm 
p r o d u c t i v i t y .  

A s t u d y  i n  Yuirimaguas comparing a  n a t u r a l  f a l l o w  (BPI t o  s i x  
leguminous f a l l o w  t r e a t m e n t s ,  Zen t rosema macrocarpum (Cm) , S t y l o s a n t h e s  
g o i n a n e n s i s  (Sg) , Puera r i a  phase1 o i d e s  (Pp) , Ca j a n u s  ca  j an  (Cc) , Desmodium 
o v a l i f o l i u m  (Do), and Inga e d u l i s  . ( Ie )  showed t h a t  t h e  f a l l o v s  s t o r e d  P 
from a  low of 15  kg ha'? ( s g )  t o  a  high of 35 kg ha': (Do) du r ing  t h e  f i r s t  
29 months (F igure  1; S z o t t ,  1 9 9 7 ) .  Only t h e  Desmodium and Inga t r e a t m e n t s  
s t o r e d  more P  t h a n  t h e  n a t u r a l  f a l l o w .  ~ h o ' s e  two t r e a t m e n t s  a l s o  had t h e  
h i g h e s t  t o t a l  and  tree biomass (Table  1 ) .  The improved f a l l o w s  wi thou t  
trees, S t y l o s a n t h e s  and P u e r a r i a ,  s t o r e d  l e s s  P and less biomass t h a n  t h e  
n a t u r a l  f a l l o w  i n  29 months. The remaining two t r e a t m e n t s  were s i m i l a r  t o  
t h e  n a t u r a l  f a l l ow .  



Tabla 1. Abovo-ground biomass i n  s i x  managed fa l lows  and  a  n a t u r a l  fal low 
a t  2 9  months (Szot t ,  1987) 

Fallow t rea tment  Biomass 
( M g  ha'l) 

Con t r o s m a  ~ c r o c a r p u m  9.8 
Stylosanthes  gu i rnens i s  8 . 6  
Puerar ia  phaseoloides  1.7 
Cafanlus ca  jan 12.4  
Desmodim o v a l i f  olium 21 .9  
Ingr  a d u l i s  24.3 
Natural  fa l low 16 .4  

Avai lable  s o i l  P averaged 15 kg ha'l and did n o t  d i f f e r  among t h e  
t r ea tmen t s  a t  2 9  months. There was however, a  d e c l i n e  o f  about  10 k g  i n  
a v a i l a b l e  P d u r i n g  t h e  29  months i n  a l l  t r e a t m e n t s  ( F i g u r e  1 ) .  This 
d e c l i n a  was obvious ly  dua t o  t h e  t r a n s f e r  o f  P from t h e  s o i l  t o  t h e  
vege ta t ion .  I t  is i n t e r e s t i n g  t o  no te  t h a t  t h e r e  was a n  o v e r a l l  i nc rease  
i n  t h e  sum of t h e  P i n  t h e  vege ta t io r .  and t h a t  a v a i l a b l e  i n  t h e  s o i l  
(F igure  1 ) .  This  i n c r e a s e  i n d i c a t e s  a  t r a n s f e r  o f  P from some of t h e  
unavai labla  forms i n  t h e  s o i l  t o  more a v a i l a b l e  fonns. I n  f a c t ,  a s  much a s  
20. kg ha'l would have t o  come from t h i s  unava i l ab le  s o i l  P t o  s a t i s f y  the  
aniount o f  P found i n  t h e  v e g e t a t i o n  , o f  some of t h e  t r e a t m e n t s .  The 
d i f f e r e n c e s  i n  t h e  P s t o r e d  i n  t h e  *rarious f a l lows  may i n  p a r t  r e f l e c t  
d i f f e r a n c a s  i n  t h a  P uptaka k i n a t i c s  of d i f f e r e n t  s p e c i e s  and /o t  t h a i r  
a b i l i t y  t o  t a p  more unavailable f o r m  of s o i l  P .  

F igure  1. Changes i n  t o t a l  P s t o r e d  i n  t h e  biomass and i n  a v a i l a b l e  P i n  
s i x  improved and a  n a t u r a l  fal low i n  29 months (Szot t ,  1 9 8 7 ) .  



It appears t h a t  c e r t a i n  improved fal lows have t h e  p o t e n t i a l  t o  s t o r e  
P i n  t h e  vege ta t ion  more quickly  than  t h e  n a t u r a l  fa l low bu t  t h i s  depends 
on t h e  biomass accumulat ion  c a p a c i t y  of t h e  s p e c i f i c  v e g e t a t i o n  and 
t h e r e f o r e  probably on t h e  presence of trees. The a b i l i t y  of t h e  var ious  
f a l low s p e c i e s  t o  take up s o i l  P may a l s o  Se c r u c i a l .  The re levance  of 
t h e s e  d i f f e r e n c e s  i n  r a t e s  of P accumulation t o  improved c rop  y i e l d s  and 
s h o r t e r  crop-fallow cyc les  is c u r r e n t l y  under i n v e s t i g a t i o n .  

The f a c t  t h a t  f a l low vege ta t ion  draws on t o t a l  s o i l  P and t h a t  P is 
expor ted  i n  crops has impl ica t ions  t o  t h e  s u s t a i n a b i l i t y  of t h e s e  systems. 
I n  t h e  case  c i t e d  above, t h e  fa l low vegeta t ion  drew down t h e  t o t a l  s o i l  P 
by 10 kg ha'l, o r  less than  5% of t h e  o r i g i n a l  s o i l  P. The ques t ion  a r i s e s  
a s  t o  how many crop-fallow c y c l e s  a r e  p o s s i b l e  i f  P is no t  added t o  t h e  
system. Porhaps some of t h e  P s t o r e d  i n  t h e  vege ta t ion  becomes a v a i l a b l e  
upon burning b u t  some of it may a l s o  be f i x e d  i n  t h e  s o i l  and become 
u n a v a i l a b l e  a g a i n .  Unders tanding t h e  P t r a n s f e r s  between s o i l  and 
v e g e t a t i o n  and t h e  t r ans fo rmat ions  i n  t h e  s o i l  d u r i n g  fa l low recovery, 
c l ea r ing ,  and cropping w i l l  a i d  i n  t h e  management of t h e s e  systems. 

Allay cropping. Alley  cropping is an a g r o f o r e s t r y  system i n  which 
a r a b l e  crops  a r e  grown i n  t h e - a l l e y s  between hedge~ows of trees o r  shrubs.  
The hadgerow trees, prefera61y legumes, a r e  p e r i o d i c a l l y  pruned t o  prevent  
shading and t o  supply mulch t o  t h e  c rop.  Al ley  cropping i s  s i m i l a r  t o  
f a l l o w  systems i n  t h a t  p a r t  of t h e  l a n d  i s  p l a n t e d  t o  trees and is 
permanently i n  ta l low.  The purpose of t h e  trees is t o  provide  n u t r i e n t s  
f o r  t h e  a r a b l e  crop by f i x i n g  ni trogen,  recycl ing  n u t r i e n t s ,  and e x t r a c t i n g  
n u t r i e n t s  from t h e  s u b s o i l .  Alley cropping is more i n t e n s i v e  than s h i f t i n g  
c u l t i v a t i o n  o r  improved fa l lows  because two o r  t h r e e  c rops  a r e  grown p e r  
year ,  and t o t a l  annual n u t r i e n t  expor ts  i n  crops  a r e  h igher .  

The e x t e n t  t o  which trees a c t u a l l y  provide  n u t r i e n t s  f o r  t h e  crops  
grown i n  t h e  a l l e y s  has n o t  been s t u d i e d  i n  s u f f i c i e n t  d e t a i l .  Data from 
a l l e y  cropping experiments on both  A l f i s o l s  (Kang and Wilson, 1987) and 
U l t i s o l s  (Szot t ,  1987) i n d i c a t e s  t h a t  tree prunings may provide s u f f i c i e n t  
n i t rugen,  potassium, and calcium t o  meet crop demands, while P demands a r e  
not  m e t  (Table 2 )  . The d a t a  a r e  o f t e n  confounded because P, calcium, and 
potassium f e r t i l i z e r s  a r e  added t o  t h e  crops because n i t r o g e n  has been t h e  
n u t r i e n t  of i n t e r e s t .  The d a t a  i n  Table 2 stress t h a t  P w i l l  be t h e  
primary l i m i t i n g  n u t r i e n t .  Prunings of Leucaena leucocephala  and Inga  
e d u l f s  do not  con ta in  enough P t o  produce one corn o r  rice crop. Again, 
t h e  s o i l  P r e se rves  a r e  being drawn down t o  produce t h e  crops  and t h e r e  is 
a n e t  l o s s  of P from t h e  system. The p r o d u c t i v i t y  of a l l e y  czopping 
systems w i l l  decrease much f a s t e r  than  s h i f t i n g  c u l t i v a t i o n  because of more 
f requent  cropping. 

Decreases i n  e x t r a c t a b l e  s o i l  P were a l s o  found i n  an a l l e y  cropping 
system on an A l f i s o l  a f t e r  four  y e a r s  of maize product ion  with Leucaena 
leucocephala a s  t h e  hedgerow spec ies  (Kang et a l . ,  1981). These decreases  
were found evan wi th  annual  a d d i t i o n s  of 20 kg ha'l of 'P. S i m i l a r  
decreases were found a f t e r  32 months of a l l e y  cropping on an u n f e r t i l i z e d  
U l t i s o l  with Ingr  e d u l i s  and Cajanus cajan  a s  t h e  hedgerow spec ies  (Szot t ,  
1987)'. 

Phosphorus is obviously t h e  n u t r i e n t  of most concern t o  t h e  succoss 
of continuous c rop  production i n  a l l e y  cropping systems. Research i n  many 
a r e a s  is necessary t o  improve t h i s  s i t u a t i o n .  S e l e c t i o n  and management of 
trees with h igher  l e a f  biomass product ion  and h igher  P concen t ra t ions  i n  



t h e  l e a v e s  may h e l p  by p r o v i d i n g  more P i n  p r u n i n g s .  Phosphorus 
a v a i l a b i l i t y  from t h e  prunings may a l s o  depend on t h e  q u a l i t y  of t h e  l e a f  
m a t e r i a l  and t h e  r e s u l t a n t  decomposition and m i n e r a l i z a t i o n  p rocesses .  
Pruning adddt ions  may a c t u a l l y  inc rease  P a v a i l a b i l i t y  by conver t ing  more 
r e c a l c i t r a n t  inorgan ic  fonns of s o i l  P taken up by t h e  trees t o  organic  
fonns supp l i ed  i n  t h e  prunings. Some trees may have deeper roo t ing  systems 
and be less compet i t ive  f o r  n u t r i e n t s  with a r a b l e  c r o p s  than trees with 
shal low, sp read ing  root  systems. Any improvement i n  t h e  e f f i c i e n c y  of P 
c y c l i n g  i n  a l l e y  cropping systems rill he lp  maintain c rop  production over 
t h e  s h o r t  term but it is obvious from simple input-output  budgets  t h a t  
a d d i t i o n a l  i n p u t s  of P w i l l  be necessary f o r  long term production. 

Table 2. Nut r i en t s  added i n  prunings and removed i n  c r o p  ha rves t  i n  two 
a l l e y  cropping systems i n  Nigeria.(Adapted from Kang and Wilson, 1987; 
Sanchez, 1976) and Peru (Adapted f iom Szot t  1987; Sanchez 1976) . 

Biomass N P K Ca Mg 

Mg ha-' 
per  crop k g  ha'' per crop 

m a n ,  Wigaria (Alf iso l )  

Leucaena prunings 3 .0  9 8 8 74 4 0 6 

corn*' 
Graf n  
Straw 

Inga e d u l i s  prunings 2 .5  6 2 5 2 4 15 4 

Rice** 
Grain 
Straw 

* F e r t i l i z e d  with 20 kg P, 20  kg K each crop 
**No f e r t i l i z e r  

Tram-Crop P r o d u c t i o n  Syatmms. P e r e n n i a l  t ree c rop  p r o d u c t i o n  
syatmnu range from monoculture t r e e  crops  such a s  o i l  palm and rubber 
p l a n t a t i o n s  t o  mul t i species ,  m u l t i s t r a t a  systems such a s  c o f f e e  p l a n t a t i o n s  
wi th  i n t e r p l a n t i n q s  of Erythrina, f o r  shade and prunings ,  and Cord ia  
a l l i o d o r a ,  f o r  timber. Tree c rop  systems are perhaps t h e  most success fu l  
and w e l l  known a g r o f o r e s t r ~  systems. They a l s o  deperid on trees f o r  
r e c y c l i n g  and e x t r a c t i n g ,  n u t r i e n t s  f tom t h e  s u b s o i l .  When compared t o  
s h i f t i n g  c u l t i v a t i o n  systems they  a r e  more i n t e n s i v e l y  managed and have 
much l a r g e r ,  annual  n u t r i e n t  expor t s  i n  t h e  form of product  h a r v e s t s .  
Phosphorus removal by harves t  can be a s  high a s  25 k g  ha'l yr'l a s  f o r  o i l  
palm p l a n t a t i o n s  t o  a  l o r  of around 4 kg ha'l yr'l f o r  rubber p l a n t a t i o n s  
(Tabla 3 ) .  To maintain crop production i n  these  systems, P must c l e a r l y  be 
added. 



T a b l e  3.  Phosphorus  removed i n  c r o p  h a r v e s t s  f rom v a r i o u s  tree c r o p  
p l a n t a t i o n  s y s t e ~  (Turner  and Gi l lbanks ,  1974) 

Crop Yield P 

O i l  Palm 25 t f r u i t  bunches 11.0 
Coconut 2400 kg copra 6.8 
Cocoa 1125 kg dried beans 5 .0  
Coffee  1125 kg made c o f f e e  7.3 
Tea 1350 kg d r i e d  t e a  l e a v e s  4 . 5  
Rubber 1928 kg d ry  rubber  3 .8  

'One e x p l a n a t i o n  f o r  t h e  cont inued  p roduc t ion  i n  a g r o f o r e s t r y  sys tems  
is t h a t  n u t r i e n t  c y c l i n g  v i a  l i t t e r f a l l  p r o v i d e s  enough P t o  b a l a n c e  
e x p o r t s .  An example i s  shown f o r  a  cacao p l a n t a t i o n  i n  Cos ta  Rica  i n  which 
4 kg P ha'' yr'l a r e  e x t r a c t e d  from t h e  s y s t e m  i n  c a c a o  f r u i t s  b u t  
l i t t e r f a l l  adds  as much a s  1 4  kg ha': yr'l t o  t h e  s o i l  s u r f a c e  (Tab le  4, 
Heuveldop et  a l . ,  1988) .  I t  i s  neces sa ry  t o  keep i n  mind t h a t  P a d d i t i o n s  
t o  t h e  s o i l  s u r f a c e  from l i t t e r f a l l  a r e  o n l y  a n  i n t e r n a l  t r a n s f e r  of P 
between t h e  s o i l  and v e g e t a t i o n  pools  ..in t h e  system, no t  a  new sou rce .  As 
w i t h  a l l e y  c ropp ing  o r  any o t h e r  a g r o f o r e s t r y  system, trees may e x t r a c t  P 
f tom r e c a l c i t r a n t  p o o l s  o r  from t h e  s u b s o i l  a n d  make it a v a i l a b l e  for  
a n n u a l  c r o p s  o r  o t h e r  t r e e s  v i a  decompos i t ion  o f  l i t t e r f a l l .  Crop and  
l i t t e t f a l l  p roduc t ion  shou ld  be expec ted  t o  d e c r e a s e  wi th  t i m e  i f  e x t e r n a l  
s o u r c e s  of  P are n o t  added. Irr f a c t ,  P f e r t i l i z e r s  were added  t o  t h e s e  
p l a n t a t i o n s  a t  a n  annual  r a t e  of 29 kg ha'l (Passbender  e t  a l . ,  1988) .  
Crop and l e a f  p r o d u c t i o n  were ma in t a ined  by a n  e x t e r n a l  i n p u t  o f  P; t h e  
sys tem was not  s e l f - s u s t a i n i n g .  

Table  4 .  Phosphorus removed, in  f r u i t  h a r v e s t  and P i n  l i t t e t f a l l  i n  cacao  
p l a n t a t i o n s  under  Cordia  a l l i o d o r a  o r  E r y t h r i n a  poeppig iana  (Heuveldop e t  
d l . ,  1988) 

- - - - -  - - - - 

N u t r i e n t  e x t r a c t i o n s  i n  cacao f r u i t s  kg P ha'l yr'l 

T.  cacao/C. a l l i o d c r a  
T .  cacao/&.  poeppigiana 

N u t r i e n t s  i n  l i t t e r f a l l  

T. cacaolC.  a l l iodcra  
T. cacao/E.  peoppigiana 

- - 

229.3 kg ha'lyr'' phosphate a p p l i c a t i o n  



Data f tom a low-input based (no f e r t i l i z e r  a d d i t i o n s )  m u l t i s t r a t a  
system i n  Yurimaguas shows again t h e  high l e v e l  of P e x t r a c t i o n  i n  product 
harves t  (Table 5 ) .  Crops were i n t e r p l a n t e d  with t h e  t r e e s  of Inga edulis, 
B a c t r i s  gasepras, and Cedrelinga cas ten i fo rmis  dur ing  t h e  f i r s t  two years.  
Af te r  t h e  second year ,  t h e  t r e e s  shaded out  t h e  crops  and a shade-tolerant  
cover crop, Centrosema macrocarpurn, uas p lan ted .  I n  t h e  f o u r t h  year ,  t h e  
Inga e d u l i s  trees were pruned f o r  fuelwood. A t o t a l  of 26 k g  ha'l of P was 
removed from t h e  system i n  4 yeass compared to much smal ler  a d d i t i o n s  from 
atmospheric inputs .  Despi te  t h e  high r a t e s  of P e x t r a c t i o n  from t h e  system 
and no a d d i t i o n s  o f  P f e r t i l i z e r ,  t h e  trees con t inue  t o  grow r a p i d l y  
(Alegre e t  a l . ,  1989) a t  s o i l  P level:, below t h a t  f o r  c rop  product ion .  
Once again  r e c a l c i t r a n t  f o r m  of s o i l  P a r e  probably being used by t h e  
t r e e s .  

Table  5.  Phosphorus e x t r a c t e d  from a low-input ,  m u l t i s t r a t a  tree 
production system d u r i n g  t h e  f i r s t  four  yea r s  of e s t ab l i shment  (Alegre, 
Szot t ,  and Palm unpublished d a t a )  

Yie ld  P 
Product harves ted  Year t ha'l kg ha'l 

R i c e  
R i c e  
Cowpea 
Rice 
Fuelwood 

TOTAL 2 6 

Summary and Ra8oarch Xmparatiram 

I n  conclus ion,  t h e  l a r g e  amount of  P e x t r a c t e d  i n  product  harves t  
coupled with t h e  low P a v a i l a b i l i t y  of most a c i d  t r o p i c a l  s o i l s  makes P an 
important and p o t e n t i a l l y  l i m i t i n g  n u t r i e n t  i n  most a g r o f o r e s t r y  systems. 
Many a g r o f o r e s t r y  systems remain product ive  only because of l a r g e  annual 
i n p u t s  of P f e r t i l i z e r s ,  but  some agrof o r e s t  ry  systems remain product ive  
even without P f e r t i l i z e r s ,  i n d i c a t i n g  t h a t  t r e e s  p lay  a s p e c i a l  r o l e  i n  P 
cycl ing,  t ransformat ions ,  and a v a i l a b i l i t y .  

These o b s e r v a t i o n s  r a i s e  two impor tant  ques t ions  r e l e v a n t  t o  a l l  
a g r o f o t o s t r y  systems: How long can tree-based systems maintain production 
without e x t o r n a l  i n p u t s  of n u t r i e n t s ,  p a r t i c u l a r l y  P?  And, what a r e  t h e  
processes  and mechanisms by which t r e e s  can maintain high r a t e s  of growth 
and production under condi t ions  of extremely low a v a i l a b l e  s o i l  P? 

Severa l  q u e s t i o n s  address these  research  imperat ives:  1) What a r e  
t h o  t e l r t i v o  e x t r a c t i o n  r a t e s  and up take  k i n e t i c s  of P by trees a t  
d i f f e r e n t  depths  i n  t h e  s o i l  a s  compared t o  annual crops?  2 )  What a r e  t h e  
sources  o r  poo l s  of s o i l  P tapped by t r e e s  and what a r e  t h e  mechanisms? 
And, 3) What are t h e  P t r a n s f o r m a t i o n s  i n  t h e  s o i l  a s  a  r e s u l t  of 
l i t t o r f a l l  and decomposition and how does t h a t  a f f e c t  P a v a i l a b i l i t y ?  
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