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Phosphorus i s  a key l i m i t i n g  n u t r i e n t  i n  t h e  Amazon a s  w e l l  a s  i n  
most o t h e r  humid t r o p i c a l  f o r e s t  ecosystems where s h i f t i n g  c u l t i v a t i o n  is 
t h e  most widespread form of ks-n i n t e r v e n t i o n .  I n  s p i t e  o f  the e x t e n s i v e  
r e s e a r c h  conducted on t h i s  e lement ,  t h e  a v a i l a b l e  i n fo rma t ion  on  P c y c l i n g  
t n  s h i f t i n g  c u l t i v a t i o n  sys tems  is l i m i t e d .  Th i s  i s  i n  c o n t r a s t  w i th  t h e  
more e x t e n s i v e  knowledge abou: P c y c l i n g  i n  n a t t l r a l  e cosys t ems  ( Jordan ,  
1985: Vi tousek  and Sanford,  l986) a s  w e l l  a s  abou t  t h e  r e s p o n s e  o f  c r o p s  
and  p a s t u r e s  t o  P f e r t i l i z a t i o n  i n  t h e  Amazon (Le Hare, 1982: Valverde  and 
Bandy, 1982; Tolecw and  Ser rPo  1402; Smyth and Bas tos ,  1985; Lopes a t  a l e  
1987: Smyth and Cravo 1990ab) .  Low-input sys t ems  s u c h  as s h i f t i n g  
c u l t i v a t i o n ,  crop/managed f a l l o w  sequences ,  legume-based p a s t u r e s  and  
a g r o f o r e s t r y  occupy a n  i n t e r m e d i a t e  p o s i t i o n  be tween  the  e x t  tenres 
r e p r e s e n t e d  by t h e  n a t u r a l  sys tem on one hand, arid i n t e n s i v e l y  managed 
a g r i c u i t u r a l  s y s t e m  on t h e  o t h e r .  T h e  purpose o f  t h i s  pape r  is t o  review 
in fo rma t ion  on P c y c l i n g  i n  . s h i f t i n g  c u l t i v a t i o n  i n  t h e  Amazon and i d e n t i f y  
knowlectgrr g ~ p s .  

A p h e r p h o r u r  c y c l e  m o d a l  f o r  r h i  f t i n g  c u l t  i v a t i o a  

Phosphorus c y c l i n g  between p l a n t s  and s o i l s  is more compl i ca t ed  t h a n  
t i i a t  of o t h e r  p l a n t  n u t r i e n t s .  Organic  (0,) and  i n o r g a n i c  ( P i )  s o i l  poo l s  
a r e  b o t h  impor tan t  i n  t h e  P c y c l e ,  u n l i k e  t h a t  o f  n i t r o g g n ,  which is 
p r i m a r i l y  orgaf i ic  i n  n a t u r e  and  t h a t  o f  p o t a s s i ~ m  which AS p r i m a r i l y  
i n o r g a n i c .  A c y c l i n g  model is p r a s e n t e d  f o r  t h e  two mail1 p o r t i o n s  o f  t h e  
s h i f t i n g  c u l t i v a t i o n  p roces s :  t h e  c ropp ing  p e r i o d  and t h e  f a l l o w  p e r i o d  
(Nye a n d  Greenland, 1960) .  

I 

Tha c r o p p i n g  p e r i o d .  A t a n c e p t u a l  P c y c l e  f o r  s h i f t i n 9  
c u l t i v a t i o n  do t ing  t h e  =copping phase is shcwn i n  F i g u r e  1. There i s  no 
pr imary  o rgan ic  P sou rce .  A l l  P o z i g i n a t a s  i n '  t!;e ~ i r . e r a 1  f r a c t i o n  of  t h e  
s o i l .  Veg8ta t ive  growth c r e a t e s  o rgan ic  p o o l s .  Aboveground f o r e s t  biomass 
P, i n c l u d i n g  s t and izg  S i cza t* ,  l i t t + r  and :ke rss: mat a r e  t r a n s t o r a e d  ix:O 
t h r e e  compartnerlts upon s :ash and burn :  ash ,  kn'curned biomass ( p a r t i a l l y  
c h a r r e d  l eaves ,  branc>es,  t r u n k s  and s tur .ps )  and P icst  t o  t h e  atmosphere 
a s  p a r r i e u l a c e  trl ' , tet .  h e  s  ? rkiiit E = ! ~ C W S  a  bas . ica1ly inorgant :  
pathway i n c o r p 6 r r t i n p  i:seLf r a p i d l y  i n t o  t h e  a v a i l a b l e  s o i l  Pi pool ,  which 
can  be d e f i n e d  by a  s t a n d a r d  s o i l  t e s t  ex t r cc tLon .  The unburned biomass P 
a s  w e l l  a s  t h e  f o r e s t  r o o t  biomass P decc.t.pcse s l o w l y  i n t o  t h e  s o i l  
a r a i l a b l e  Pi.pooi t n d  t h e  m i c r o b i a l  P, poo l  which i n  t u r n  f low t o  t h e  slow 
and  p a s s i v e  Po poo l s  wi th  t u r n o v e r  r a t e s  of :ens o r  hundreds  of  y e a r s  , ' 
(parton et a i . ,  1 9 a u  . 



The microbial  P, pool upon mine ra l i z a t i on  produces HZPO,' ions  which 
jo in  th% ava i lab le  Pi pool. The ava i l ab l e  Pt pool is l a rge ly  regulated by 
t h e  s o i l  P so rp t ion  capac i ty  which f i x e s  and r e l e a s e s  avaiLable Pi. The 
two' primary inorganic  Pi pools represen t  t h e  P conta ined i n  weatherable 
minerals  o r  i n  occluded t o m s  t h a t  a r e  slowly re leased  t o  the  ava i lab le  Pi 
pool. I n  Ox<sols and U l t f so l s  t he se  two inorgan ic  pools a r e  thought t o  be 
very r e c a l c i t r a n t  and of low so lub i l i t y :  t h e r e f o r e  t h e  f i xed  Pt and t h e  
microbia l  P, pools a r e  t he  ones t h a t  probably c o n t r o l  ava i l ab l e  Pi. In 
c o n t r a s t  the more ex t ens ive ly  s t u d i e d  H o l l i s o l s  and Ver t i so l s  of t h e  
temperate region have l a r g e  q u a n t i t i e s  of r e a c t i v e  P minerals, making t he  
weathecable Pi pool a  major con t ro l  of ava i l ab l e  Pi. 
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Figure 1. The P cycle during t h e  cropping phase of  ~ h i f t i n q  cu l t i va t i on  



The ava i lab le  Pi pool cont ro l s  s o i l  so lu t i on  Pi composed of H2P0,' 

and HPO,' i ons  which are the  oc ly  f o m s  of P t h a t  p l a n t s  can u t i l i z z .  
Since P fn thm s o u  so lu t ion  mcves o ~ l y  by d i f fus ion ,  increases  i n  s o i l  
s o l u t i o n  ttolua, accessiblr ,  t o  roo ts  can be  e-lhanced by mycorrhizal  
assoc ia t ions .  Host crops grown immediately a f t e r  s l a s h  and burn i n  t he  
h a t o n  a r e  highly mycorrhirrl (Ruiz e t  al . ,  1989) . 

fa cerea l s  and gra in  leg- crops P accumulates mainly i n  t he  grain, 
which is removed from the  system a t  harvest .  R i c e ,  maize and sorghum 
coneer.trate about 1 0  percent of t b e i r  P i n  t h e  grain.  If a l l  the  straw o r  
s t ove r  is  returned t o  the  so i l .  jn iy  308 of the P (Sanchez e t  a l . ,  1989) i s  
rmcycled. 

Leaching lo s se s  a r e  negl igiSie ,  except i n  extremely sandy s o i l s .  
Erosion l o s s e s  a r e  un l ike ly  t o  be important i n  t r a d i t i o n a l  s h i f t i n g  
cu l t i va t i on ,  but nuy be important when newcomers t o  t h e  sys t em prac t ice  
s h i f t i n g  cu l t i va t i on  on s teep  s iopes (Sanchez, 1976) . Crop ex t rac t ion ,  
therefore ,  is t h e  nuin P l o s s  me~h~i i ism from the  system. 

The ? a l l o r  Period. A f c ~ r  t h e  cropping per iod ,  t h e  f i e l d  i s  
abandonad and e i t h e r  a natural  o r  milaged fallow is allowed t o  grow. The P 
cyc le  during t he  fal low period i s  shown i n  Figure 2. The main P sources 
a r e  probably t he  slowly decomposing, unburned above-ground biomass, l a rge  
r-ining f o r e s t  roots ,  plus recycled crop res idues .  Ash input  is not 
re levant .  The re  a r e  no large losses  from t h e  system i n  t enas  of  crop 
harvest  ramoval s ince  only occasional f r u i t  harvesting may take place.  The 
blow-ground react ions  involving the  various organic and inorganic P pka2s 
continue, with mycorrhizae f a c i l i t a t i n g  P uptake by t h e  fal low v ~ g e t a t i o n ,  
perhaps mere so  than bofore, s ince  key species of leguminous fallows have 
h e n  found t o  have 8 higher percentage of mycorrhizal i n f ec t i on  than annual 
crops  (Ruir e t  al., 1989). Phosphorus then accumulates i n  t h e  fallow 
above-ground bionras and rorn of it i s  recycled back t o  t h e  s o i l  a s  above- 
ground Utter.  belou-ground root turnover a l s o  recycles  P back t o  t he  
s o i l .  

S o i l  phorphoruo pooLr 

Data L i m i t 8 t i o n r .  There is r o  d a t a  s e t  available i n  t h e  
l i t e r a t u r e  t h a t  providos quant i t a t ive  infbrmrtion on the  s i r 8  of t h e  poo l s .  
and t h e  magnitude of fluxes shown i n  the model delcrrbad i n  Figures 1 and 
2. lt.8 following sect ion provides examples of some of t he  da ta  avai lable ,  
dcawn l a r g r l y  from the  authors'  research i n  U l t i so l s  near Yurimaguas, Peru 
and Oxis018 near Hrnrus, Brazil .  

Awailabla 91. Topsoil avai lable  P determined by s tandard s o i l  test 
proceduten i a  t he  most common pool measured. Cochrane and Sarithez (1982) 
8~timat0 t h a t  90 porcent of the s o i l s  i n  t h e  &nagon have ava i lab le  t opso i l  
Pi value8 louer  tnan 7 mg kg*', by the Bray If method (Table 1) . T h i s  value 
i 3  below tho  c r i t i c a l  l eve l ,  8 t o  1s mg' 'kgo1, assoc ia ted  with ~ o s t  crops 
(Hatin 19778 Smyth and Cravo ?990b). 

hva i lab le  Pi i n  s h i f t i n g  Cultivation systems has been estimated a t  
d i f f e r e n t  ro i l  dapahs, ranging from as l i t t l e  a s  3 cm (Ewe1 e t  a l . ,  1981) 
t o  88 Mop 88 100 c r  (Russell,  1903). f o r  P cycling,  s o i l  P pool@ rhould 
k nwrrurod rr deep aa the  majority of f i n e  roo ts  pene t ra te ,  which i s  on 
t h o  ordo t  of SO em i n  Oxisols and Ul t i so l s  of t h e  Amazon (Szot t  1981, . 



- S c h o l e s  a n d  S a l a z a r  S9891. I g n o r i n g  s u b s o i l  r v a f l a b l e  P g r o s s i y  
wdetestimrtes the s i z e  o f  t h i s  pool.  roc example Russe l l  (1983) mersur.d 
35 kg P. ha01 i n  t h e  t o p  20 em of an u l t i s o l  from Jari, B r a z i l  b u t  103 kg p 
ha'L i n  t h e  t o p  100 cm. Likewise, tm aaersurad 6 kg hr'l of a v a i l a b l e  Pi in 
the t o p  13 em of an D l t f s o l  nea r  Yurimaguas b u t  a t o t a l  o f  13 kg  ha'l i n  
tho t o p  45 an w h e n  most of the t o o t  development is concentra ted .  

r i q u t e  2. The P tyele dur ing t h e  t r l l o v  phase of  s h i f t i n g  c u l t i v a t f o n  

Table 1. PhOspherus status of Amazonian s o i l s  tCochr8ne rrd Sanehe. 198zjl 
Cochrrne e t  8.\ .19351 

Topsoil  Catr  Mil l ion # eC 
(0-20 cab I hectarejl  m a z s n  

High 
Lou 



A fuz the r  impoctant azpect. of a v a i l a b l e  Pi measurements is t h e  
quan t i t a t i ve  d i f f e r e n c e  i n  values among e x t r a c t i o n  procedures. Although 
such differone03 a r e  not  of orders  of magnitude, they a r e  re levant .  Table  
2 c v s  tho  or luos  obtained on t h e  same Oxisol by nehlich 1 exfraction,  
(a l so  crllrd double-acid oc  North Carolina ex t r ac t i on ) ,  the modified Olsen, 
and Btry I methods. Hshlich 1 is t h e  rou t i ne  procedure used i n  most s o i l  
t es t  l abora tor ies  in Brazil:  modified Olsen is used i n  Peru and many other 
count r ies  u U f e  t h e  Bray I methkd is used i n  Colombia. In  Oxisols and 
U l t i so l ,  t h e  Xehlich 1 xmthod g ives  c o n s i s t e n t l y  lower va lues  than t h e  
modified Olsen, w B i l e  Bray I gives  t h e  h ighes t  values.  A l l  methods a r e  
s ens i t i ve  t o  t h e  i n c n a s e  i n  ava i lab le  Pi with P f e r t i l i z a t i o n  (Table 2 ) .  
It is 8 1 ~ 0  i n t e r e s t i a u  t o  observe t h a t  t h e  d i f f e r ences  between methods 
decreased with continuous cu l t iva t ion ,  (Table 2 ) .  I f  a choice of methods 
is possible a t  a given research site, w e  f e e l  t he  modified Olsen laathod is 
preferable  f o r  budqoting P pools i n  OxisoL; and Ul t i so l s .  Bray I tends t o  
giv8 a r y  high values, vh i lc  Nehlich 1 values a r e  known not t o  be r e a l i s t i c  
when phosphate rock is  appl ied (Sfredo e t  r l . ,  1979; van Roij,  1978). 
lurthexmom, t h e  lnodified Olsen ex t r ac t i on  can be used f o r  simultaneous 
d e t e d n a t i o n s  of potatsium and micronutrients and is a l s o  involved i n  the  
proposed s equen t i a l  method of P frac:ionation of Redley and co-workers 
(1982) which t hey  c a l l  wbicarbonate-extrattable Pa. Unfortunate ly  f e w  
convorsion f a c t o r s  from oae method t o  t he  o t h e r  a r e  ava i l ab l e  (8r.d a r e  
unl ikely  t o  e x i s t  across  d i f f e r en t  so i l s . . ed . ) .  Some examples a r e  shown i n  
Smz:h and Ctavo (1990b) f o r  Oxisols of mnaus.  

Tablo 2. Available 91 values determirted by d i f f e r e n t  ex t rac t ion  mhthods i n  
a clayey Oxisol near Mqnaus a s  a f r ac t i on  of superphosphate app l ied  shor t ly  
a f t o r  burning (1 mant n) and its res idua l  e f f e c t  a f t e r  4  ymars (8  crops) .  
S o i l  depth 0-15 cm, bulk dens i t y  1.04 Ng m'=. Source: Smyth and Cravo 
(unpublished) . 

- - -  

Available S o i l  P measured by 

0 
P e r t i l i t a t  Crop Uehlich Modified Bray nehlich nodif i e d  Bray 

appl  i ad  No. 1 Olsen I 1 Olson . I - 
kg ha'l mP k9- l  kg ha" 

176 1 4 S  .2 SS.  4 111.2 7 1 8 7 17 4 

8 16.5 12 .5  18.7 2 6 20 29 

S o i i  tor t  values a r e  concentrr t ion es t imates  and m u s t  be corrected 
,for bulk donr i ty  i n  order  t o  express t h a n  i n  k g  hao1, tho un i t  used i n  t h e  
modet. Bulk dons i ty  w i t h  depth is seldom measured: furthermore t opso i l  
bulk donsity changes during t ho  courscl of s h i f t i n g  c u l t i v a t i o n  (Alegte e t  
1 1 9 0 0 .  Est imates  from t h e  l i t e t r t u r e  miqne bo used a s  a f i r s t  

t 



approximation. but a c t u a l  bulk  dens i t y  dete=ninrtions must be  done a t  
s p e c i f i c  s t i e s .  Bulk d e n s i t y  is highly c o r r e l a t e d  with s o i l  t ex ture ,  md 
t h i s  p roper ty  has  very high  spatial' v a r i a b i l i t y  i n  t h e  humid t r o p i c s .  
Canversions from concentra t ion values dete-dried i n  t he  laboratory t o  suss 
values, the te fore  should be done with on-s i te  bclk dens i ty  determinations. 

S O U  solution Pi. Only orthophosphate is known t o  be taken up by 
p l a n t  roots .  S o i l  s o l u t i o n  maasurenuncs ire un re l i ab l e  because of  l a r g e  
mic tospa t ia l  md temporal v a r i a b i l i t y  and the ana ly t i c a l  precis ion mqu i r ed  
co detect very low concentrat ions.  

Pirod PI. Unlike high bas* s t a t u s  s o i l s  of the temperate region 
where amsf P cycl ing s t u d i e s  have been conducted, P f i x a t i o n  by i r o n  and 
r l d n u m  hydroxide sur faces  is a major p rocess  c o n t t ~ l l i n p  P cyc l ing  fa 
most Oxisols and U l t i so l s .  Although so- degree of P f i x a t i o n  occurs i n  
a11 such s o i l s .  t h e  magnitude of t h i s  ptoce'ss is highly  c o t r e l a t a d  with 
t o p s o i l  c l ay  content i n  Oxisols, U l t i so l s  and ox id ic  famil ies  o f  Alf i so l s  
and Incep t i so l s  because i r o n  and aluminum hydroxides are loca ted  i n  the  
c l a y  f r a c t i o n  (Lopes and Cox, 197.9). Phosphorus f i x a t i o n  i s  coamonly 
es t imated by P sorpt ion i s o t h e r m  r 3  t h e  amount of inorganic P added t o  
reach a s p e c i f i c  l e v e l  of s o i l  so lu t ion  P i  (For and Kamprath, 1970). .An 
example of the range found i n  s o i l s  represen ta t ive  of extensive  arm83 i n  
the  Amazon is shovn i n  f i g u r e  3, where t h e  P sorp t ion  i s o t h a m  of a clayey 
Oxisol near Hanaus ( 8 2 1  c lay)  is compared with t h a t  of a sandy loam U l t i s o l  
near Yutimaquas ( l o \  clay)  . I n  order t o  reach 0 . 1  mg kgg1 s o i l  so lu t i on  P, 
a l e v e l  considered s u f f i c i e n t  t o  most p lan t s ,  about 420 kq P haof need t o  
be added t o  t h e  high P-f ix ing  Hanaus Oxisol  w h i l e  only  about 34 k g  ha-f 
v i l l  sufLice f o r  the Yurimaguas Ul t i so l .  

Figure  3 Contras t ing P f i x a t i o n  c r p r e i t i e s  of two knr ton i rn  s o i l s  
defermined by :ke For and .5a!rprath (1970)  method. Source: Lopes et .&A. . 
1907 

the c e l r r l v r  abundance of s o i l s  ui:k high and L O W  P f i xa t i on  i n  t h e  
Amazon is shown t:: Table 1, taken form ::e lane t r rource  study by Cochrane 



a t  a l . ,  (1985). This. t a b l e  i s  based on t h e  f e r t i l i t y  c a p a b i l i t y  
c l a s s i f i c a t i o n  system c r i t e r i a  f o r  h igh P f ixa t ion :  t o p s o i l  c l a y  content 
higher than 3s) and a sesquioxide/clay r a t i o  g rea te r  than 15% (Euol e t  a l . ,  
1975: Sanchez et  al. ,  1982). Fortunately tnost of t h e  Amazon s o i l s  do not 
suf fe r  from high P f ixa t ion ;  the re fore  f ixed Pi l eve l s  may be mom conanonly 
represented by t h e  Yurimrguas curve i n  Figure 3 than by t h e  Hanaus curve. 
Nevertheless,  77 mi l l ion  hectazes of  t h e  Amazon d e f i n i t e l y  has high P 
f i xa t i on  capaci ty  represented by t h e  Xanaus curve. 

Phosphorus mineralized from t h e  microbial  P, pool o r  re leased  from 
o the r  pools goes i n t o  the  ava i l ab l e  Pi pool and some is qu ick ly  f ixed  by 
t h e  sesquioxide surfaces.  Fixed P i s  s lovly  released back t o  t h e  avai lable  
Pi pool and t hus  b8coms ava i lab le  t o  plants.  The f ixed Pi pool therefore  
i s  not only  8 s ink,  but  a major regulator  of P dynamics i n  Oxisols and 
U l t i so l s .  The r e l a t i v e  s i z e  of t h i s  pool among d i f f e r e n t  s o i l s  can be 
es t imated by t h e  Fox and Kunprath (1970) method a t  a given l e v e l  of s o i l  
so lu t i on  Pi. 

Weathorable Pi 8ad occludmd Pi. The amount of P-baaring primary 
minerals, a p a t i t e *  va t i s c i t e ,  s t r eng i t e ,  among others,  i s  usua l ly  very low 
i n  Amazon s o i l s ,  s i nce  most were developed from pre-weathered sediments. 
Occluded Pi cons i s t s  of inorganic P compounds wrapped i n  sesquioxide coa t s  
t h a t  make them inaccess ible  t o  d i sso lu t ion  unless l cu  oxidation-reduction 
p o t e n t i a l s  promote reduction of i r o n  t o  t he  f e r rous  form. Localized 
anaerobic micros i tes  m y  make temporary reduction poss ible  i n  v e i l  drained 
s o i l s .  Although the  r a t e  of d i s so lu t ion  of P from these  pools is very low, 
weatherable and occluded P i  may make important con t r ibu t ions  t o  P cycl ing 
i n  t h e  long run. No d i r e c t  measurements of tnese  two compartments a r e  
a v a i l a b l e  from -Amazon s o i l s .  These pools, howeverr may c o n s t i t u t e  t h e  
u l t imate  resec.=cir of P i n  these  s o i l s .  Gross es t imrtes  o t  cne i r  s i z e  could 
be a r r i ved  a t  by subtract ing t o t a l  Per fixed Pi and av r i l aP l e  Pl, from t o t a l  
P determinations.  

Organic ? r o i l  poolr .  Organic pools a r e  bel ieved t o  account f o r  
60 t o  8 0  percent  of t he  t o t81  s o i l  P i n  U l t i r o l s  and Oxisols  (Sanchez, 
1976). This i s  i n  contras t  with 20 t o  50 percent found i n  g l a c i a t e d  s o i l s  
from t h e  nor thern temperate region. Direct measurements of Po i n  Arnaton 
s o i l s  a r e  lacking.  

S o i l  Po is  klLev8d t o  consis t  of several  functional  ~ O O ~ S ,  miccobial 
Po, slow P, and passive I,,; but t h e  estimation of t h e  s i te of such pools is 
f raught  with methodological d i f f i c u l t i e s .  These t h r e e  pools  re lease  P 
i n t o  t h e  a v a i l a b l e  Pi pool  through minmra l i t a t ion  bu t  t h e  major 
contr ibut ion is bolimvod t o  come from the  microbial Po pool. 

The mie tob ia l  Pe pool may be the  main source of ava i l ab l e  P: but it 
i s  a l s o  capable  of immobilizing P i  t o  meet microbial requirements. The 
slow ?* pool may e x i s t  i n  t h e  organic matter s t a b i l i z i n g  rnacroa~gregates 
while t he  pa r r i ve  Po may be found ins ide  microagg+egater ( C l l i ~ t t r  1986). 
Since i ron  and rluminum Rydroxide coats  largely  control  s o i l  aggregation i n .  
Oaimolr and U l t i r o l a ,  there  i s  l i k e l y  t o  be .a s t rong i n t e r a c t i o n  between 
thera  ?-fixing agents and t h e  two l e s s  l a b i l e  arganic P pools. 

W.thodologier1 advances need t o  be made before organic P pools can be 
aa t i au t ad  with 4 rmaronrblo degree of r e l i a b i l i t y .  Uicrobfal  P est imat ions  
by fumigation-.%traction techniques i n  Oxisols cad U l t i s o l s  a r e  p resen t ly  
un ra l i r b l a  bqcauro of the  ?-fixing e h r r r c t r r i s t i c s .  t s t imat ion  of the  s i t e  

/ 



of the  o t h e r  two pools, could perhaps be done w i t h  t h e  method o f  Hedley and 
co-vorkers (1982). 

T o t r l  . o i l  phorphorur .  T o t a l  P c o n t e n t s  i n  s a i l s  g e n e r a l l y  
decrease  with inc reas ing  s t age  of weathering (Westin and de Bri to ,  1969). 
Topsoil  t o t a l  P va lues  average 6000 k g  h&'l i n  t h e  United S t a t e s  Midwest 
and 1000 k g  ha'l i n  U l t i s o l s  of  Sou theas te rn  United S t a t e s  (Olsen and 
Bnglestad, 1972). Haan t o t a l  P' centents  i n  r samples of  -ton t o p s o i l  ot 
1268 K g  ha'l w e r e  i n  t h e  range of those  found i n  t h e  sou theas te rn  United 
S t a t e s  (Table 3 ) .  Subsoi ls  conta in  even l a r g e r  P s t o c k s  i n  s p i t e  of low 
concentr r t ions  due t o  t h e i r  g r e a t e r  depth (Table 3 ) .  

Table 3. T o t a l  P content  i n  Amazon s o i l  samples, c o l l e c t e d  by Marbut and 
Manifold (19261 assuming a mean buLk d e n s i t y  of  1.15 g an-3 

Layer No.  of Death Icm) ku P/ha ku P/h8 
p r o f i l e  mean r s d  m a n  f sd range 

Topsoils 12 27 2 8 1268 f 1183 456 - 2283 

Subsoi ls  1 4  1 C O  t 31 4708 f: 4307 304 - 11413 

Ex t rapo la t ions  from Table 3 suggest  a range of t o t a l  P i n  Anuzonfrn 
s o i l s  of t h e  o r d e r  of 700 t o  11000 kg P hao1 f o r  t h e  t o p  SO cm. The lower 
values may represent  the most weathered s o i l s  and t h e  highor va lue  a l l u v i a l  
s o i l s .  A sandy loam U l t i s o l  from Yur imgurs  has t h e  f o l l o v i n g  t o t a l  ? 
values: 173 kg P hao1 f o r  t h e  0-15 cm lays?,  and a  t o t a l  of 786 k g  hag1 
f o r  t h e  t o p  60 e m  ( S t o t t  1987). 

I t  i s  hypothesized t h a t  t h e  bulk  of t o t 8 1  P i n  t h e  s o i l  is i n  t h o  
pass ive  Po pool a s  w e l l  a s  rn t he  occludvd and weathetable P i  pools.  TRis 
a s s e r t i o n  needs q u a n t i f i c a t i o n  i n  o rde r  t o  understand t h e  n a t u r e  o f  t h e s e  . 
u l t ima te  r e se rves  of P i n  s o i l s  of t h e  ANzor:. 

r i a u r r  phorphorur poolr 

Above-ground t o r e s t  b i c ~ r s s  P l e v e l s  have been e x t e n s i v e l y  measured 
and range front 2 t o  290 kg ha': i l r  humid t r o p i c a l  f o r e s t e d  ecqsystemr 
(Vitousek and Sanford, 198 6; . Abcue-ground Biomass Y levels i n  Oxisols and 
U l t i s o l s  f a l l  w i th in  a  nar.rouer r r ege :  21 t o  101 kq hag1 f o r  primary 
f o r e s t s  o r  seeondrry f o r e J t  fd l ious  o l d e r  than 10 years  (Table 0 .  

Root P determinations a r e  rare i n  t h e  l i t 8 r a t u r e .  Values f o r  primary 
f o r e s t s  r rnge  from 5 t o  69  k q  P ka': (Table 0 .  T h e  high valub i s  f o r  
Spodosolr where  roo t  P content is tuice t h a t  he ld  i n  above-ground bicmrss 
i n  these rxtremoty i n f e r t i l e ,  sandy s o i l s .  Xn Oxisols,  most of t h e  bf.omass 
P is above-ground (Table 4 ) .  The sane r e l a t i o n s h i p  was found i n  an 11-year 
o l d  f o r e s t  f a l l o u  on an U l t i s o i  o t  Y u r i ~ r q u a s  which conta ined 46 kg P hao1 
above-ground and 7 kg ? ha" below-ground. To ta l  s o i l  P s tocks ,  therefore ,  I 

f a r  erceed t h e  biomrsr P stocks.  This crAls t o  ques t ion  t h e  comon b e l i e f  
t h a t  mast of t h o  ? i n  humid t r o p i c a l  ecosystemJ is  held  i n  t h e  w g e t a t i o n .  - 

. .--- 0, 



Such a s s e r r i o n s  are u s u a l l y  based  on comparing t o p s ~ i l  a v a i l a b l e  pi ,  n o t  
t o t a l  soil  P a t  r o o t i n g  depth, w i t h  t d t a l  biomass Po. 

T a b l e  4.  F o r e s t  b iomass  P l e v e l s  i n  s e v e r a l  humid t r o p a c a i  f o r e s t  
ecosystems. 

Locat ion and  S o i l  Fo re s t  Biomass P Biomass P 
( r e f e r ences )  Age 

W anaus  , Oxiso l  Pri.riary 406 5 9 32 5 
' B r a z i l  (1) 

S8n C a t Z 0 ~ r  Oxis01 Pri3a:y 264 3 1 3 3 2 0 
Venezuela (2 ,3)  Spodosol ?:i-s::~ 185 32 132 6 9 

Cara re, Ox i so l  P r ina ry  184 27 nd nd 
Colombia ( 4 )  16  yr 203 5 5 nd nd 

5 y z  6 8 2 2 nd nd 
2 yr 19 1 6  nd nd 

Yurimaguas. Ul t i so l  l l y :  7 0 4 6 6 7 
Peru  ' (5)  2.4 yr 16 2 0 nd nd 

1.4 ~ y t  12 12 nd nd 
0.7 y r  S 4 nd nd 

Yangrrabi, U l t i s o l  18 y r  142 101 3 3 nd 
Z a i r e  (6)  8 Y r  133 4 6 2 1 nd 

5 Y r  9 6 3 1 2 2 nd 
2 Y r  12 2 0 8 nd 

T a i  r o r e s t  U l t i s o l  15 y r  18  2 1 nd nd 
Cd te  d* I v o i r e  (1) 6.5 y r  3 8 1 4  nd nd 

4 Y r  2 2 10 nd nd 
2 Yr 1 4  7 nd nd 
1 Y r  9 5 nd nd 

1. Klingo e t  a l . ,  1975: 2. Zordan 1989; 3 .  Henem 1979 from Vitousmk and  
S a n f o r d  1986: 4 .  D e  l a s  S a l a s  1918; 5 .  S z o t t  1987; Smyth, Palm a n d  
Alepro  - unpubli rhod:  4 .  Barcholemeu m t  a l . ,  1953; 7 .  Van Reuten a n d  
J r n s o n  1987. 

Tluaaa upoa clear$ag a n d  b u r n i n g  

Tho f a t e  o f  biomass P ugcn s l a s h i n g  and  burn ing  is i l l u s t r a t e d  wi th  . 
data  item rn 11-year old secondary f o r e s t  from Yurimrgurs (Table  5 ) .  Upon 
a l a r l r i ng  a n d  bu rn ing  t h e  rbcve-ground biomass P con ten t  of 46 k g  ha-', 10 
Kg (22Q) of  t h e  '? war recave red  i n  t h e  a s h .  An e$ t i r l , a t ad  22 Kg (481) 
romrined 88 unburned above-ground biomrss. Tho ava i lab9 .e  P i  c an ton t  o f  t h o  
t o p s o i f  inctaraod 1s kg hao1, nore than t h a t  pzovided by t h e  a sh  s u g g e s t i n g  
t h a t  roo f8  and f r r c t i o n a  o f  o r p a n i t  d e b r i s  may have burned and c o n t r i b u t e d  



t o  t h i s  inc rease .  O f  course  i n a c c u r a c i e s  i n  the methodologies can a l s o  
contribute t o  t h i s  discrepancy. 

Table  5 .  Phosphozus t r a n s f e r s  upon burning an 11 y e a r  o l d  f a l low i n  
Yurimigurs (Smyth, Palm and Alegre, unpublished). 

- - 

P con ten t  i n  pool 

k g  ha.-1 t 
Before burning: 

T o t a l  above-ground biomass 
Combustible biomassa 

Af ta r  burning: 

Non-combustible biomassb 
Ash f rom burning 
Incroaso i n  t o p s o i l  (0-15 cn) 
Unaccounted f o r  

Modified O l s e n  e x t r a c t i o n  
Calculacod from P conta ined i n  leaves,  small  branches, and f o r e s t  f l o o r  
l i t ter .  
Amount o f  P conta ined i n  t runks  and l a r g e  branches,  t h o  majo r i ty  o f  
which did not  burn. 

Assuming t h i s  l a s t  i n c r e a s o  r e p r e s e n t s  tho  t r u e  c o n t r i b u t i o n  of t h e  
ash, and o t h e r  quick r e l a a s e  processes  than about 20 percent  of t h o  biomrss 
P p r i o r  t o  burning is unaccountod f o r .  This  f r a c t i o n  i s  probably swept 
away from t h e  site a s  p a r t i c u l a t e  ma t t e r  i n  t h e  f i r e  column s i n c e  t h e r e  a r e  
no obvious machanisms f o r  v o l a t i l i t a t i o n  of P.  Although t h i s  may not  
c o n s t i t u t e  a ne t  l o s s  t o  t h e  ecosystem because tho  p r r t i c u l r t o  mat ter  w i l l  
be even tua l ly  deposi ted  elsewhero, it is a l o s s  t o  tho  s i te .  two1 e t  a l . ,  
(1901) repor ted  a l o s s  of  S l t  of tho  above-ground biomass P (11 k g  P h 8 - l )  
r i g h t  a f t e r  burning i n  Costa Rica. 

&h 91. Ash production and i t s  rap id  incorpora t ion  i n t o  t h e  t o p s o i l  
by r a i n s  is t h e  f i r s t  t r a n s f e r  of P from t h e  vege ta t ion  t o  t h e  s o i l  upon 
s l a s h  and burn. Ash p roduc t i en  l e v e l s  vary with mois ture  con ten t  of t h o  
vege ta t ion  and with t h o  thoroughness of tho  burn. Phorphorus i n p u t s  i n  tho  
ash  vary with loca t ion  bur ckange l i t t l e  with t h e  t y ~ .  o r  age of fa l low a t  
on0 l o c a t i o n .  T h i s  is shown i n  Table  6 where a sh  P COntehfS a r e  
cons iderably  lowor on Oxisols  m a r  ManaUS than U l t i s o l s  of Yurimayuas. Ash 
production war s i m i l a r  a f t e r  burning a primary f o r e s t  near  nanaus and a 12- 
yoar o l d  f o r e s t  fa l low near  Yurimagurs. L i c t f e  d i f  foroncos were observed 
a t  Yurima3uas among f a l l o u s  of d i f f e r e n t  age, except  i n  one c a r e  whet. t h o  
burn was very  poor becauso of r a i n  dur ing  t h o  burn. P u o r r r i r  p)rrsootoider  
(kudzu) nunaped fa l lowr  produced s i m i l a r  ash contents  t o  t h a t  of secondary 
Lotes t  l a l l o v s  a t  Yurimrpuas (Tablo 6 ) .  

Unburned a tavo-ground b i o a r a a .  Given t h e  incomplote na tu ro  of 
many burris i n  u d i t  environments w i t h  a weak d ry  season, much of tho biomarr 



remains unburned. Th i s  m a t e r i a l  i s  bel ieved t o  minera l i ze  s lowiy  bu t  i n  2 
t o  3 y e a r s  mst s h i f t i n g  c u l t i v a t i o n  fields a r e  e s s e n t i a l l y  devoid  of 
f o r e s t  remains excep t  f o r  a f eu  hardwood stumps. I n  c a s e s  where s e l e c t e d  
logg ing  p r i o r  t o  burn ing  o r  removal of unburned l o g s  and  branches  f o r  
f i t evood  a f t o r  the burn t a k e s  place,  there is a n e t  removal of  P from t h e  
sys tun.  

Tabla 6. Phosphorus i n p u t s  in ' th.  a s h  (Smyth and Bastos 1984: Sanchez 
1987; Slsyth, Palm md Alegre, unpublished). 

- ~p 

Vegetation burned 

U n a u s  (Typic Acrorthox) : 

Prinury f o r e s t  
12-yr o l d  f o r e s t  
4-yr o l d  kudzu 

Yuriauguas (Typic Paleudult)  : 

25-yr o l d  f o r m t  1 7 
17-yr o l d  f o r e s t  6 
11-yr o l d  f o r e s t  10 
1-yr o l d  kudzu 17 
5-yr o l d  kudzu/guinern g rass  12 

very  poor burn due t o  wet  condition^ 

0 1 t f 1 1 t I 

0 2 4 6 8 10 12 
Time after burning (mo.) 

t i g u r o  4 .  T o p s o i l  a v a i l a b l e  P i  Oynamics d u r i n g  :ke Zirst year  a f t e r  
c l e a r i n g  and cropping without f e r t i l i t r t i o n  i n  Yurirnaquas and Hanaus.(Lcpes 
e t  a1. 19071 

Changer in Avai lab le  PL. Available ,P is t h e  only  poo l  f o r  ,which 
t h e r e  i s  s u t f i c i e n t  da ta  rva i l rb lm about dynamic?. f o p s o i l  r v a i l r b l e  P 
9onor r l fy  i n c t o r s e s  r i g h t  a f t e r  9urning i.? responea t o  t h e  a s h  input  and 
doctoasor dur ing  tho  ctoppin9 per:od (Seubett et  r l . ,  1977; Sanctiaz et r l . ,  
9 :  t90S:  a 1976:  S i l ' ~ a ,  1981: RusseLlr 1983:  Adedeji, 1914:  
Rrmaktirlrnrn, 1909: Andriesso and Koopmans, 1901; Stromgaard 5 9 0 C ) .  A 
dof in . to  i n c r o a s e  i n  a v a i l r b l e  P was ev iden t  i n  Yut iaagurs ,  exceeding , 

. 
* 



c r i t i c a l  l e v e l s  of  19 ppm f o r  6 months b e f o r e  a d e c r e a s e  s t a r t e d .  I n  
c o n t r a s t  s a m l l  changes were observed i n  Hanaus, wi th  a v a i l a b l e  P l e v e l s  
.never r i s i n g  above c r i t i c a l  levels (Figure 4 ) .  Two f a c t o r s  account f o r  thLs 
d i f fe rence :  1) higher  ash  Pi i n p u t s  i n  Yurimaguas (Table 6 ) ,  and 2 )  lower 
P f i x i n g  c a p a c i t y  of t h e  Yurimaguas U l t i s o l  a s  compared v i t h  t h e  Hanaus 
Oxisol  . 

Csopping removes cons iderable  q u a n t i t i e s  of P from t h e  system, s i n c e  
mast of t h e  P accw.iulated by g r a i n  crops is t h e  g ra in .  Sanchez and Benites 
(1987) r e p o r t  th r ;  20 kg P ha'l was removed i n  rice and covpea g r a i n  i n  7- 
c r o p s  d u r i n g  2 years  without  f e r t i l i z s t i o n .  Topsoi l  a v a i l a b l e  P l e v e l s  
thmrefore  d e c l i n e  v i t h  t ime reaching values way balov t h e  c r i t i c a l  l e v e l  
f o r  such crops .  Phosphorus f e r t i l i z a t i o n  is then  needed f o r  continuous 

a c u l t i v a t i o n ,  i n  o rde r  t o  r ep lace  whitt was removed o r  f ixed .  The d e c l i n e  
p a t t e r n  i n  a v a i l a b l e  Pi  and its r e v e r s a l  with f e r t i l i z a t i o n  is  shown i n  
Table 7 v i t h  d a t a  from another  experiment from Yurimaguas. 

Table 7. Avai lable  P dynamics a f t e r  butning i n  a rice-cowpea low-inpttt 
systdm i n  Yurimaguas (Smyth, Palm and Alegre, unpublished) 

Sampling t i m e  Avaiiable P (Olsen) 
mu kq'l .- 

Before burning 
A f t e r  burning 
A f t e r  1st c rop  ( r i c e )  
A f t e r  2nd c rop  (rice) 
A f t e r  3 rd  c rop  (coupor) 
F e r t i l i z e d  with 22 k$ P h8-l 
A f t e r  4th crop! (rice) 

The d e p l a t i o n  p t o c e r r .  A pre l imina ty  c a l c u l a t i o n  u s i n g  d a t a  from 
t h e  experiment shown i n  Tables S, 6, 7 and upland rice - cowpea crop uptake 
d a t a  is p resen ted  i n  Table 8 a s  an i n d i c a t i o n  of t h e  P d e p l e t i o n  process  
dur ing  t h e  cropping phase of s h i f t i n g  c u l t i v a t i o n  under a low-inpct system. 
During t h e  f i r s t  year,  3 crops  accumulated 15.5 k g  P ha'; but  re turned 401 
of t h a t  amount back t o  t h e  s o i l  a s  s t r aw and r o o t s .  During t h e  second 
yea r ,  t h e  next  3 c t c p s  y i e l d e d  l o s s ,  a t cumula t ing  12.2 kg P ha-I and 
recyc l ing  about t h e  same proport ion back t o  t h e  s o i l .  

Topsoi l  a v a i l a b l e  Pi l e v e l s ,  determined by the  Olsen e x t r a c t i o n  f e l l  
below 10 mg kgo1 (20 kg P hr ' l  i n  t h i s  3011 wi th  a bulk d e n s i t y  of 1.3 9 
~3'~) a f t e r  t h e  f i r s t  c rop.  Phosphorus f e r t i l i z e r  was added a f t e r  t h e  
t h i r d  crop but no s i g c f f i c a n t  y i e l d  responses were obtained.  

Rough e s t i m a t e s  a r e  made i n  Table 9 on t h e  r a t e s  of biomass P 
minera l i zh t ion ,  s o i l  P r e l e a s e  f ron  t h e  less l a b t l r  o rgan ic  and inorganic  
farms, and r a t e s  of P f i x a t i o n  of nevly a v a i l a b l e  P. We a s s u m  t h a t  101 of  
t h e  remaining above and below-prcund bionuss P was h i ine ra l i t ad  pe r  ymrr, 
t h a t  only  0 ,011  of t h e  to ta l  t o p s o i l  P was releasmd every  yeuc, that 301 o f  
t h e  newly r v r i l a b l e  P war f i x e d  every year .  Subsoi l  P was ignored. There 
i s  no exporimontiit baa i s  f o r  any of these  &9sumptions. 

.c 

>- 
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Tab le  8. Dry m a t t e r  p roduct ion  and  p h o ~ p h o r u s  up take  a n d  % r e c y c l i n g  of an 
up l and  r i c e - c o m a  r o t a t i o n  i n  Yurimaguas. 

- 

Dry artter produc:ion P accumulated P recycled - 
Crop Sequence Grain strrwl ~~~~2 foca l  t r a i n  straw 3oocs Total 

Ma ha-' - -!ha-' t 
Year 1 

1. uplmd ?fern 1.9 2 .3  0.8 5 . 0  4.4 1 .6  0.7 6.7 2.3 34 
2 .  Upland r i c e  1.2 1 . 4  0.5 5 .  : 2.8 1.0 0 .5  4 .  1.5 35 
3. Cowper 0.6 1.2 0.7 2 . 5  2 . 1  1. S 0 .9  4.3 2 . 1  53 

Total  3.7 4.9 2.0 : 2 . 6  9.3 4 . 1  2 . 1  1 .  6.2 40 

4 . U p l a n d r i c e  1.6 1.9 3.7 4.2 3.7 1.3 3 . 6  5.6 1 .9  34 
S. Upland r i c e  1.2 1 . 4  0 .5  -. : - - 2.0  1.0 0 . 6  4.4 1.6 36 
6. Cowpea 0.3 0.6 3.4 - ..- t 1 . 1  0.7 0 .4  2.2 1.. SO 

Total 3.1 3.9 1.6 2.6 7 . 6  3.0 1.6 12.2 4.6 38 

Based on g r a i n / s t r a w  r a t i c s  of  0 .82 and  0.52 f o r  r ice a n d  covpea 
r e s p e c t i v e l y .  Covpea pods ignored (from Ben i t e s  and Sanchez 1989) .  
Based on g r a i n / Z i n e  r o o t  b ionas s  r a t i o  a t  a n t h e s i s  of 2.27 f o r  r i c e  and 
0.83 f o r  cowpeas (Scholas  and Sa l aza r ,  1989) .  
C a l c u l a t e d  from mean P c o n t e n t s  o f  0 .23 ,  0.07 a n d  0.091 P f o r  r i c e  
g r a i n ,  straw and r o o t s  and  0.35, 0.13, 0.121 f o r  cowpea g r a i n ,  s t o v e r  
and  r o o t s ,  r e s p e c t i v e l y  (Ben i t e s  and  Sanchez, 1989) .  

Hypo the t i ca l  c a l c u l a t i o n s  shown i n  Table  9 s u g g e s t  a n e t  i n p u t  of 
11.7 and  S . 0  k g  P ha'l f o r  t h e  Ziist and second y e a r ,  r e s p e c t i v e l y .  The 
i n i t i a l  a v a i l a b l e  Pi p o o l s  f o r  y e a r  1 and y e a r  2 were 7 . 4  and  11.0 kg. ha'l 
r e s p e c t i v e l y .  G r a i n  removr.i l e f t  a b a l a n c e  of 11 and  9 . 3  kg P hao1, 
r e s p o c t i v e l y  which c l o s e l y  c o i n c i d e s  t o  measured a v a i l a b l e  P d a t a  (Table  
9 ) .  Such a c l o s e  match may b e  a co inc idence ,  b u t  i l l u s t r a t e s  a d e p l e t i o n  
p a t t e r n  05 annual  P a d d i t i o n s  t o  t h e  system, which i n  t h e  second year  a t 8  
less t h a n  removal. It a l s o  shows why no r e sponses  t o  P f e r t i l i z a t i o n  
occu r r ed  i n  t h e  second year :  i n p u t s  from o t h e r  sou rces  appea t  s u f f i c i e n t .  

No f i r m  c o n c l u s i o n s  can be  drawn from such c a l c u l a t i o n s r  excep t  t o  
sugges t  t h a t  t h o s e  d i f f e r e n t  P poo l s  and t h e i r  f l u x e s  should  be determined.  
I n  o t h e r  i n s t a n c e s  where h ighe r  y i e l d s  were produced, t h e r e  i s  a c l e a r  
ev idence  of P d e p l e t i o n  a t e  response (Gichuru and Sanchez, 1988) .  

Tke irllow pmtiod. C o n t r a r y  t o  commonly h e l d  b e l i e f s ,  ' t h e  f a l l o w  
p e r i o d  of  t h e  s h i f t i n g  c u l t i v a t i o n  system does  n o t  improve t h e  ( i no rgan ic ,  
od.)  f e r t i l i t y  s t r t u a  of t h e  s o i l .  Ava i l ab l e  P i  l e v e l s  i n  t h e  t o p s o i l  a r e  
a lmoat  a lwrya  l o w r  t h a n  t h o s e  found under  a mature  f o r e s t  (Ramrkrishnam 
and Toky, 1981, S t o t t  and  Pa l a ,  1986; Sanchez a t  a l . ,  1985) .  I n  f a c t ,  
t h e t a  i a  8 marked d o c l i n r  i n  a v a i l a b l e  P l e v e l s  du r ing  t h e  f i r s t  f e u  y e a r s  
of fa l lowing .  Gol ley  e t  a l . ,  (1974) a t t rAbu ted  t h i s  e f f e c t  t o  t h e  trrn9f.r 



of P from the i o i l  t o  t h o  r a p i d l y  growing vege ta t ion .  Evidence . o f  such 
bui ldup.  i n  above-ground biomass P i s  strown i n  Table 4 with examples f =om 
Colombia, Po=, Zaire md Cdte d ' Icoi re .  

Tabla 9. Hypothotical  c a l c u l a t i o n s  of t o p s o i l  (0-15 cm) a v a i l a b l e  Pi i n p u t s  
and o u t p u t s  f o r  t h e  f i r s t  and second yea r  of  t h e  cropping phase o f  s h i f t i n g  
c u l t i v a t i o n  v i t h  an  upland rice-cowpea r o t a t i o n  wi thout  e x t e r n a l  n u t r i e n t  
i n p u t s  after s l a s h i n g  and burning a c  11-year o l d  secondary f o r e s t  f a l l o w  i n  
Yurfmrguss, P e a .  (Smyth, Palm a n d  Alegre, unpublished) 

Year i Year 2 

Soutcm of P Pool s i z e  Turnovez Flux Pool s i z e  li;znover Flux 
kg hr'l %/yea: kg ha'l k g  has1 %/year  kg hag1 

Ash Pi 1 0  100 10 .o 0 - 0  
Unburnud biomass 2 1  1 C. 2 - 2  19.8 10 1.9 
Fores t  r o o t s  9, 7 10 0.7 6.3 10 0 .6  
T o t a l  S o i l  9 173 0 .C: 0.02 173 0.01 0.02 
Crop recycled  

s t raw 2 . 6  100 2.6 3.8 100 3.8 
r o o t s  , 1.2 100 1.2 2.0  100 2 . O  

S u b t o t a l  i n p u t s  
k s s  n e t  3 3 t  P f i x a t i o n  of inpu t s  
N e t  i n p u t s  
I n i t i a l  a v a i l a b l e  pi2 
T o t a l  Input  
G r a i  n ha rves t  removal3 
Balance (ca lcu la ted )  
Actual  Available P' 

Year 1 Year 2 

Ctop 1 and 2 f o r  yeat  1; crops 3, 4 5 S Lo,:: yor r  2 
Pze-burn f o r  yoat  1: 46fter 3rd crop tor  year 2 
Ctop 1-3 Lor yea t  1: crop 4 rad 6 f a r  yoar 2 
Af te r  3rd crop f o r  year 1: a f t e r  5 czap f o r  year  2 

where is t h i s  P coming f rc-?  :t is hard t o  d e p l e t e  t o p s o i l  a v a i l a b l e  
P much below 10 kg P hao1 ( 5  pg ; ' : I  i n  soils such a s  those  of Yurimaguas 
a t  t h e  l e v e l s  of cropping ir.ter.ss:y repor ted .  S t o t t ' s  (1987 )  s t u d y  of 
s e v e r a l  f a l l o w  s p e c i e s  sugges: ::at bj,omrss P i s  accumulat ing a t  t h o  
axpensa OL a decrerse i n  a v r i ? r t L e  P I  l t ~ v o l s  i n  l a y e r s  a s  deep a s  45 em, 
whore roots a r e  ac t fve .  

which P poo l s  c o n t r i b u t e  t s  t h i s  e f f e c t  is a l s o  an i n t e r e s t i n g  
que~ tb4 tc .  Rates Of I) uptake by L a L i 3 u  vege ta t ion ,  sugges ted  i n  Table  4, 
appsar  s l o u e r  than P uptako by c r sps  shown i n  Table 8 .  T i m e  and a s lower  
c a f e  Of P uptake by t r e e 0  during f a l l o u  vs, short- term CEoPsr p l u s  nutxiant 



cycl ing through the  establishment of an e f f ec t i ve  l i t t e r  l aye r  i n  fallows 
may expla'in these  clifferences. ~u t thennore ,  l i t t l e  i f  any P i s  extracted 
from a fo ra s t  f a l l ou  a s  'opposed t o  crop hacvest ~emovals .  Consequently p, 
ex t r ac t ad  from s o i l  pools a t  a r a t e  t oo  s lov  t o  support  crop growth, is 
accumulatad in t h e  fo re s t  fallow b iorass  a s  a savings account ready t o  be 
tapped by the  s h i f t i n g  cu l t iva tor  i n  t he  next cycle. 

The problem of paramount conce'rn i s  many areas  of t h e  humid t ropics  
is t h a t  t h e  length of t h e  fallow per iod i s  rap id ly  shor tening due t o  
population pressures.  Fanners, therefore  a re  tapping t h i s  nu t r ien t  sav+ngs 
account b e f o r a # i t  can bui ld  much c a p i t a l  i n  fo re s t  fa l lov .  

C o n c l u r t o n r  

This raview out l ines  the cycle of P under s h i f t i n g  cu l t i v r t fon  i n  t h e  
Amrton, and r a i s e s  quostions concerning ra tes  and mrgnitudas of P t rans fa rs  
between s o i l  and vegetation pools during the s h i f t i n g  cu l t i va t i on  cycle. 

Phosphorus accumulated i n  t he  biomass of primary f o r o s t  o r  t a l l  
secondary f o t e s t  fallows i n  Oxisols and Ul t i so l s  of t h e  humid t rop i c s  i s  
about two orders  of magnitude lover than the P i n  the  s o i l  t o  an avarage 
root ing depth of 50 c m .  Due t o  t h e  incomplete burning common i n  humid 
t r o p i c a l  areas  with r shor t  dry season, only about 20B of t he  abovo-ground 
biemass P is converted t o  ash, another S O I  remains unburned and the  
remainder i s  apparently l o s t  t o  tale atmosphere ( a s  f l y  a sh ) .  The renuining 
biomass decomposes slowly Fn:o avaf lab le  and unavai lable  inorganic  P, 
microbial  0, and slow and passive organic s o i l  P pooLs. Phosphorus 
f i x a t i o n  by s o i l  minerals i s  an important con t ro l  on P a v a i l a b i l i t y  i n  
Oxisols and Ul t i so l s .  Weatherable and occluded inorganic P pools, although 
very slowly reactiva,  may play a major ro le  i n  the  long tam. Quant i ta t ive  
determinations of these pools are fraught with methodological d i f f i c u l t i e s .  
t s t imutas  of ?.ha various s o i l  P pools vary v i t h  t h e  ex t r ac t i on  mothod usad, 
depth i n t e rva l  considarad and t h e  bulk density convarsion f a c t o r  used. 

I 

Within t h i s  framework, s eve ra l  quest ions  need t o  be ansuered t o  
provide a ba s i s  f o r  improvad nunagamant of r degrading a g r i c u l t u r a l  system. 
What is t h o  long-term r o l e  of t h e  inorganic  P pools?  What a t 0  t h e  
i r r taract iona batwaen inorganic and organic pools? How does nu t r i en t  
dep le t ion  dur ing t h a  cropping cyc l e  proceed and from where cloes the  P 
accumulated i n  t he  biomass during t he  fallow par iod coma? Ragardlass of 
t h e  ansuars t o  thasa  quastions, crop p l an t s  do .%tract more P from tha  
systamthan sre recyclad back and P f e r t i l i z a t i o n  is  l i k e l y  t o  ba naadad i n  
moat Oxiaols and Ul t i so l s  in  t h e  Amazon i n  order t o  sus t a in  crop production 
under cu t ran t  land prassures. 
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