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SHORT COMMUNICATION 

Soil organic matter and phosphorus relationships 

under tropical forests 

Summary 
A positive correlation was detected between soil organic ,natter and acid­

extractable 11 in the superficial soil horizons, but not in the subsoil, of 
secondary forests in the houmid tropics. Clearing diminished the original level 
of organic natter concomitantly with concentration of acid-extractablel. 

An important correlation hetwevn soil organic matt'r and icid-extract­
able P (Bray I'l)* in tie suterficial soil layers of tropical secondary forests 
in Sierra l.cont, \V. Africa wAs detecttd as showni in Figure 1. This rclat,on­
ship might explain docuniented observations that tht. major reserves of 
available 1' under natural and undistu-rbed forest and saytvana ecosystems 
are found in the sturface soil layvers. Acid-extractable 1'.which also includes 
exchangeable 11, ranged from I to 20 kg1 hamin tie surfce. (0-15 cim) layers 
of divtrse forcested sites, while %,iblstantiallyle.,s', aliout 115 of the surface 
concentrations wtret cintaild in the soblmoil (32-60ciii). No sigilificant 
correlations otn imatter ;,ritd verc detectel in) .subsoil zonesiJrganlc P 
as shown in Figure 2. It is important to note, however, that P from thtse 
depths pro'idtes a significant source of va laelt 1'for th natiral savanna 
and forested ecosystemns. lint lie attcr, the tdct p-roote-d firtest species iunnp 
considerable qutiatitities if imnto ca iop.v whicht ti't teconiesI the uallIy 
nixcd in the superficial soil layers. \\N .1 -,tinlMte' from radioactive P 
measurements, that the uilisoilin fore ted ittv. tntmriluites 10-25", (if tit 
total 1' concentrations iii forc.st canopy. 

The stability of a nattural forest or savnnna costvi deptnds in large 
nieastire on I rcyclcd iilt-t orgaimc inalt'rimls. Geitncrall. the. concen­
tratiumi of the soil Pi iii the upper soItuu undcr savalna is 4 to 5 timics less 
than ini the similar zones imdcr forest. Crops respond to P fertilization of 
cleared burned savanna, but rarely in forested sites that have been cut, 
burned, and sown to crops in the same year 6. 

0 Bray extractant 0.03N N11 41- and 0.025 N IICI.) was u.Cd and P determined 
spcctrometlcally by niolybdenutim blue miethod. Soil organic matter was determlned by 
the wet oxidation method. 
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Fig. 1. Relationship between organic carbon and inorganic phosphorus in 
soils of the humid tropics under secondary forest in Sierra Leone W. Africa. 
Values indicated with circles were taken from forest sites adja,.ent to ex­
perimental plots. Values in squares taken from upland soils under secondary 
forest in coastal plain of Sierra leore. All samples taken from surface soils 

between 0 and 15 cm depth. 

Vhen the natural systems are (lestroyed during the process of opening 
new farm sites, as for example in traditional shifting agriculture, the supply 
of available 11 in the recycled organic materi.l as well as that inherent in 

5the parent material, comprise the pool of P available to the agronomic crops . 
The longer itsoil remains ulnder regencrative brush, grass, or illforest, the 
more nearly will it achieve the maximum levels of available 11illpart limited 
by the original stupply and the characteristics of the soil. liccause of tie 
generic, shallow root systcms of ino-t fo)d crops, the P as ociated with the 
soil organic matter in tht ul1 .rso-Ilm exerts ;inimportant influence on the 
p)tential yi'lds that cal Ix attaind during the Istand 2nd year of pro­
duction for any particular site under subsibtance (shifting) agriculture. With 
the advent of clearing, the urganic matter ltvel drops sharply in the Ist 
year and by the 3rd yvar, tunder cotinuous cultivation, the original concen­
tration of org.anic matter is diminishtd by 50 pwr cent and becomes more 
or less stabiliztd at this lcvel l rovided rcgencrative cover and residues are 
annually incorporated into the surface soil 2. 

Since a direct correlation between soil organic carbon and inorganic 
(acid-extractable) P has been established, as shown in Figuro 1,the di­
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Fig. 2. Relationship between organic carbon and inorganic P in sub-soils 
from upland forested sites in Sierra I.eone, Vest Africa. 

minution of organic matter directly inflonci the concentration of P 
available to the crop. Ny e .reported that inincralization of organic P is a 
concomitant reaction with tIit. oidatiot)-f organitc miatt'r which contrinutes, 
in some Ghanian soils 12 kg pcr ha of 1Pto the sorfact. la ers. a substantial 
amount. Almost without exceptiiin hw.\er, oni ua land,wt- -draincd soiils, 
yields declined iII th' 2,id yecar follow-ing ch.ariig. Appar.iitly. there was 
sufficient P1in the soil to spply the nitds if the' crop only duhing the ist 
ycar. I)t'cliiig reserves of orga-e mli;itter during s.iitqiitt cropping 
periods huwever, coild1(1 niot rt.storec (onc1.t Wrationi of iiorga iic I' ;itlevels 
high cioigh to maintain adcqlnate Theref ,,i., det1 sindte n sil)­-ield.s. o. 

plies of 11 front organic matter unlehr systemis of siola,,d k' iltit it ioll is not 
exlxdient without addition of inurganic P ftrtiliztr. It hiN betn shown that 
where minimal amounts of ianorganic 1'are osed iII closely-sulpervised and 
carefully managed sites under sustaiied cultivation, 1 associated with( the 
the organic matter (not necessarily the 'organic phosphorus') is relatively 
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inconsequential compared to the contribution of inorganic P from outside 
sources '. It should be carefully noted, however, that much of the positive 
residual effects of applied inorganic P under sustained cropping are also 
attributable to the beneficial properties of organic matter; for example, the 

--

high ion exchange capacities of this material as wvell aisits chelating p)rop". 
ties. Th,.se soil parameters are of singular importance to crop production in 
the leached soils of the humid tropics where exchange capacities are low and 
P fixation by AI and Fc st squioxides can Ieserious yield-limiting factors in 
many instances 5 7. The value of Icy pIriods incrop)ing systemis and the 
utilization of plant rcsiducs and cover must be seriously considered in the 
development of succes.sful cropping systems for the humid tropics. 
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