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Inorganicand organicphosphorus 
occurrence in some highly weathered 

soils of Puerto Rico* 

R. M. WEAVER, R. 11. Fox and M. DROSDOFF 

Department of Agronomy, Cornetl Lnueroly, Ithaca, N.Y. 14850, U.S.A. 

Seven oxisols and itisols of Ptrirto Rco %rei analysed for inorganic P 
fractions, organic P, aid P adostpton r hataxtelst s. Redtuctant-soltible or 
iron occluded P ,.aN tie lptedirnitit 10 Lanc Iii tollosed by Fe-P. ad. 
sorbed P, (:aTP, and .\l P. 'fhe adsoirrd P (Nal(.().t extractable) was 
apparently assot ,ated %%tlliion and alhninjitrit oxides and its rrios al prior 
to fractionation caried a dcit r¢ av li tile AI P arid ir-I' Iit toll. The 
decrease in Al-1' arid Ye-P fiutros as a rtsult of tire irio'al of adsribed P 
was most pronoined oil tie soil that had tcc ised fertilther P additions 
within two yeats pi ior to S.irl)lrl . ()t nJri1,P. as deltitiiterd by tir' ilfilint 
methods, constitrited 25 to r() 1)-r l enit o Ie(- total soil P. Adso, jititto iotheirmi 
indicated that these sils had a hith tIr titor ( apa itv for phosphorus. 
Amorphots or non-( r,)stalie lot iris ot aluininiru ides were niore corre
lated with P adsorption fitat atctt]- I hrai those of itol. 

INTRODIJI.rtON 

PHOSPHIORL'S is getrally rcogniid as lucing one of tile major limiting 
nutrients for plant gt oIli nl the u lj %,eatheitedultisols amid oxisols ofSx 

the humid tropi( s (()m st a,N,rI n LN(, ItA, 1'72). This (stIlts from the 
phosphorus of these soils leiig pic,-imt III lio ils that afe teitivelv inavailalho 

to plants and also fiont the" iinobih/,tIroll ot fixationx by iron and ,tltininim 
oxides of added fiettili/rr 1'. Relent fiehl expet ijinrts on some highly 
weathered srils of' Ptierto Ic0o, iotirer, iav" failed to show a (Otsistent 
response to lto)litvt fi'r tiIjr .appli aiolis This was ill spite of tire fact 
tiat glasshouse trials ,and ( itvirial extio tiots lori available phosphorus 
indicated that a defitite tesponse shiotrld Itas o( tnt ed Vatiolns iXplmrations 
could be advami ed for mtr la( k of P ivsporiw ini tire field, s I' as the presence 
of forms of inorgantt phiosphortis that Inay bc(otto available to the- plant 
over the grow;ng season but are not extrat ted by t (tithit tcsts for available P 
(FIoARELA et at., 196 1); fixatin of added P fi Iilivie s (Fox et (il., 1)71) ; or 
mineralization of organic P (A(,qt',\vt , 1963; FI"Im NI) and JIhtwII, 1960). 
Before investigation of' any of these in detail it would be desirable and 
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121 INORGANIC AND ORGANIC P IN SOME PUERTO RICAN SOILS 

beneficial to have some background knowledge of tie phosphorus parameters 
of the highly weathered soils of Puerto RNico. Currently this information is 
not availal)c in the literature. Ilence it was the purpose of the present 
investigation to determine: (1)the amount and forms of inorganic P; (2) 
the organic P content; and (3) the P adsorption characteristics of some repre
sentative oxisols and ultisols of Puerto Rico. 

MATERIALS AND METHODS 

Soil sairplei 
The seven ultisols and oxisol, selected for study (Table 1) were from the 

northern portion of the island of Puerto Rico where the average annual 
temperature is approximately 2 1 C anId the aver.ite annual rainfall is 1600 
to 2000mm. All of tie soils ,x(,.pt the Pifii and Ni 1e have Ieen formed 
from volcanic andesitic lpatent mIerttals Sandy dleposits ,h'1i(',l froin 
weathered limestones and quli, tiit sandlt,,rs were the parent materials of 
the Pifia while the Nqp .asfi ilnld 1 thimea\l'ittgc Lm f set Imlltitlite locks. 

5
it'd (Surface soil samlfls Nsee ,,olle lhol 0 tol 1in %itli the" ,x eptionl of the 
Iipe f-orei whi h II' 0 to 10( it) depl was ,olhet,,d. 
The Catalina, Coto, ,iiid flu tis satlh's Nserc tikein from ,ope'n pits 

adjacent to ftertility plots, hi,-thr' )a. iiv and Nipe,. ianii ,'(slttakenl,',, 
from exposed road 1harks. The ]'fi.saiplih' ss.as ttken ho:n a le,ithitv plot 
that had received P at lb'kgaia I rlstijpr[h,,p!lt. o,r a tvo %eari Itlh' tii 
period prior to sampling 'hI'lo"i (I) stmiplc %as t.ikeiil tfo the control 
treatment fa fertility ial %%hile tillTot it's 2') Xs.is,silh'd(imi treated 
plot that had t ed 1) a'i,.t 3601k ha appit (I . trip!l spl lolthislp.lt, fir 
months prior to s.mnplitg 'TIh lt ni.i, 'l'it,s AI) ind I'il,'is '2) ,ampl's %%ere 
included in te stidy IiI otdlhr to hto l,51o1c' id'a of the tao' ,,applied 
phosphate fi'rtili,'is in thecse sods. 

For purlposes of'( haii ivii/.tion ,o!1h1' slttis. total ,ioiim IlmtIt ,,itt it 

was determined Iby theinldiied \alkhex Ili, k nithod ((;aItwl IIN; and 
Pft cit, 19')); pIl \\as det riitil itn If () anl I N K(:I at a 1 .2 soil: 
solution r.,tio; availaleh 1) by (hle ( )lsii ;Id Boav No 2 tnwthid, (jvKS)N, 
1958); and total 1 lv IIF 1 ,1 i dg,, tion (1Itlt N Iinl KIN(,, 1969). 
Crystalline iitoi ('cll's idll illl t it , itol'd l)vlt'(l l Le see dt'tt'rr 
th e cilia te ma ,litlh +, lpr,,,clm< 1 .1\( ,(. ( 1 953i H tt, ,,m i C111) ) K. 6; 
Tamtn's a(id,xal.litt' p o'dlu,' +( ;monn Nov 'ta! , 190, ) and the" litt edire 
ofTwLNI 1AtI etI ('t ' liSl,. to (,'tl teiit" ihous or less-orderedal. (1967) ,tte,,t 
iron and aluritium xidh''. 

InorganicIphodtomfia tionatimi 

Inorganic lphisphor ts flt lt ios wc.e determi;ned according to the metltod 
of CIIANG'11anl.( N (1'57) as Modifit'd Iy P AtRi N and CotY (1966). 
Two changes, ho\wevTr, were tiade in IIhe fiactiomation procedure. Fits(, the 
initial NII C(I xtia.1lon fir s,,lulv) P was replaced by five sequential 
30min extractions wili 0-5N Nal IC( )j of pi1l5 to retiovoe adsorbed P as 
suggested b)y ,Rotimi,(1971). Seondly, the re-adsorption of P)by active 
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122 R. M.WEAVER ET AL. 

iron oxides during the extraction of AI-P was corrected by the procedure of 
WILLIAMS el al. (1967). 

The ascorbic acid method of NVATANAMI: and OLSEN (1965) was used to 
determine the P in the extracts. In order to determine P in tl(.CBD extracts 
by the ascorbic acid niethod, additional annonium molbdate solution was 
added as suggested by W ,vi it (197-1) to eliminate intcetreice froil citrate. 

Organicphopivwru 
Total organi i phlio u, ort'nit ohiighlx ssetiled ,oil,, in '.imx srd'lv 

depending upon tlw nutilold I forIdtev lillItIoll lI( P 1i\\%i I 
1973). ]Be(.u,c" At(I],ll a d tilt, ]lIllltrd daita i,I.il Abb' ()I ( o)lllll , Ilulhis 

of organic phtlphh4lh lb'lllhods hflv ll. dill-f.ents l( llli 'AIolilt(* fill(-(

methods for total oigaim lj iopolli I.n thw> <,Irll; hv Ill'
Ncrv d A1 t\%o 

methods wv'Ie (Ili- liqitiii pot. dmltl, of S \t N II, and' \\ ri I \\1\ l'7)") In 
which the soil s.itiilh i" ,ittd .it -)-) (C ftii o11' iloi ll t (I\I ,i \t'r
night cxtil ton \mtlh 2N lit ,()i ()1 1 2; 11. S( )I it . I (I il ([lotion 
ratio. The dtfihcn c itntil 1hl,-il l 1', \t.. td 1rol a 111vilvl d .,Illple 
as compare(d to the ig iiic sdlol"ll, ti,tkll .1"tll olit,,llll hll 4l, orItnt.
The extra~tion Ilto~vd ure of .Nl III \ 0' (./ I- t j 1', I llf)11)( 1) \AND[ I4SiN 

(1960) was the thhd IIi(dultio tI il'trtlille total oltglllI( hllSfll~tts. 

Phophoruf adi,/tiph imtlhemo 
Phosphorus ,ikmpltion lothcnlll twiminlled lmaniv inlar%( it" it, ftI sllll! to 

that given I)v 1'll\ et al ( 1171 "'his nIlvtibod in\,olved c(Ill til1,ltl44li 3i 
samples of' soil at 27 (C ill (4)ml of )t (M,( I, 4ilitt-ll!g _)0 t44ii104 jig P 
and two drops of tollul'e. Slill)h \cIl'e sih,ike'i Willill dal . \1il ix dais 

Piequilibraition thr k,ainl cs~l\\(*ir' ( ('11ligllt( (I .11id inl 'Alillioni\ .1li.ikm d ll\ 
tie ascorbic .i( id linvlhiod lPho,h lius1, orbcvl , \ 11. 1) i)I lIi \%,.I', plotted 
against the(logalilihiin of the ,," liliii 11 (mli n ai onil~lIt, 1)1) Il I 

For calcliationi of ,idkol ili lili.vilhi th II o %I11 Iorlil oft il"( laligintuir 

equation was iicd: 
c1(,<I.4 =I14b#,-f c/,b 

where c=fiinal siipelrnlalnli sohlliti P~i(~ilinlllli, %tIn -) ai.d",Inbcd by 

soil, b=a(sorlltioi Ila\iilillill, k -- ,1 i i t.illrlIid to iill' i ditg ('ileigy 

of the soil for piollpl.orti, A plot of ,, x m'i agiist ( slould gise it straight 
line with slolle of I1b and all in'lterI 't ot 110. 

RtSL'I1S AND DI'SSSIN 

Inorganic phoiphat fraciont 

The results of llle inorganic phlslliatlv hiactionhition (Table 2), excluding 
the Pifia a~ld Tortes (2) soils \%slioli h.ad 1('cived recent additions of P 
fertilizers, showed that idiil tant-ol lilv 1) or tlat o cluded within iron 
oxides was tile predolinant fIlln \itih a nllan vali of'1232l.ll..\lthotigh 
it is the largest proportilln o intorgalnic ' in th'se soils, till(' wdict.lt-,Ihible 
P is of little importance as a source of plalt avatilble P ex ept under rtui ing 
conditions as might occur under paddy rice pioduction. Of' tille so-called 
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123 INORGANIC AND ORGANIC P IN SOME PUERTO RICAN SOILS 

Table 2.Inorganicphosphatefractions (J.p.m.) of some highly weathered soils of Puerto Rico 

AI-P 
Rer,,,aat 

Soil Adsorbed-P Uncorrected Corrected Fe-P Ca-P solLble.P Total 

Catalina 21 8 24 80 13 137 275 
Coto 18 11 16 234 28 475 771 
Daguey 20 2 10 76 18 192 316 
Humatas 23 4 9 59 25 133 249 
Nipe 15 2 8 39 8 304 374 
Pifia 125 68 68 119 21 85 418
 
Tortes (I) 24 7 23 89 24 155 315 
Torres (2) 105 16 40 172 32 155 504 

'mobile' inorganic the %e-P largest with an averageP fractions, ssas the 
value of 961,.p i. P), 1i'llos ed 1 adsorlbed P (201p).pm.), Ca-l' (19p.p.n.), 
and AI-P (1 lp.p.m.,. With the c\' ption ot the adsorllhd P fia( tion, this 
distribution of iotganic P fi at tioris is cons.isteint with other results on highly 
weathered s(,ils (Ci1 \i and jM.1 K..)N, 19I581. Presonnahlv in acid soils, 
Ca-P weather, to f'Miin Al - P. Ye P, and idtii iant sohtl)he P\%ith Ihi ,1i1otints 
increasing in that oider \' ith iu rcasig dul"gie ol heroical c-atliering. 

The proportion of adoi hld P in the soils \\as rout(h greater than vahies 
usuaily asso(iatcd \%ith sIltl)h. P (xtra(ted bv IN N IC frot highly 
weathered soils. This \,is e ipe true for the reccntlv P fertilid Pifia andt,tll, 
Torres (2) soils. To dIterioite tie hatel<' of' the adsol hd P, 1h1t' e tiactions 
for Al-I, Fe P and (a -P \ ie eplwated iot sXthl IN NIl rI (\ti tclion ill 
place of NallC(): \Vlien this %%,s (asdoe,it was lound that the soins of the 
inorganic P fractions ! Iahne 3) %%.i. appio\iiiately equal to those obtained 

Table 3. Corn/artion of tAe qfee of initiol e~tra(tlon hi I v M\l(1 and 0 ; V \alCO, 
on the dletermination of inriotniic I'1 ratitno i , 1 i 

INN.l1Lt.I 0 ;N,Na11 0N3 

Sod Soluble-P .11-1' Fe I' Ca 1P Total diorbed.l' .11P It P Ca- 1 Total 

Catalina 
Coto 
Daguey 
Hurnaias 
Nipe
Pina 
Torres (I)
Torres (2) 

-
I 

-
--
-
13 
1 
2 

211 
21 
II 
iI 
8 

95 
29 
70 

93 
247 
113 
81 
41 

192 
101 
2.19 

H 1Ill 
2(l 2911 
I11 112 
26 lilt 
7 50, 

21 '121 
25 I10 
31 352 

21 
Ill 
2(1 
23 
15 

125 
24 

105 

24 
10 
10 
9 
II 

(ill
21 
to 

I111 
234 

76 
59 
31 

119 
1t)

172 

13 138 
28 296 
111 124 
25 116 
11 62 

21 333 
2t I1,0 
32 319 

when initial Nal IC( ): extractions had hi-cn used. The NI II( extiactions, 
however, caused increases in the \1 P and Fe P Ia( tions in coipaison to 
those obtained %%hen Nail (:(): riiattions %%(I(- used, sshile fllc Ca-P 
fractions rewird ssNciiliallv tich.linged .\pparnllv for these sols, as also 
noted by Ron sti (11971) for some at id soils of New Yok, Ilri P extracted 
by NalIC() 3 is that %shi(Ii %01ihld !or lllall IW erte ' as .\1 ) or Fe -P in 
the original (:,.rN, a1d JA( KsN (1957) pr(It re i tlh i, -IlrIsrN and 
COREY (1966) liifi atiol. In as irni: h as the hicarhonate extraction has 
been shown (ItOn,\uTir., 1971) not to reriove any appreciable amount of' P 
from crystalline AI P (variscite) or Fe -P (strengite), it seems likely that the 
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124 R. M. WEAVER ET AL. 

NaHCO3 extractable P is that which is associated with surface active iron
and aluminium oxides. Whether or not this P fraction should be considered as 
adsorbed P or 'colloidal' forms of AI-P and Fe-P that are soluble in 0.5N 
NaHCOp may be an academic question only. The important point is that the
inclusion of the bicarbonate extraction enabled an additional distinction to 
be made on tile reactivity of P that is associated with Ic and Al.This could
be quite significant since labile phosphate forms, which woUld include those 
mobilized by bicarbonate extraction, are much more active in tIiaintaining
the pool of solution P for plant giowtfi than are cr stallii, or nore otdered 
forms (NIURR\IAN and Plitcit, 1969). Thereffore, the prior removal of 
adsorbed P should make a dedided iinproveient in ilie use of inorganic P 
fractionation for characteriation of P firins pi .seit in soil' and also for 
monitoring P transfirmations in soils follo\%ing applications of 1) firtili/ers.
The latter is pointed out qite stronglN in the present case for lie Pinfa and 
Torres (2) saniph's %hicli had cCi%Cd iecent additions of P frtiilzer. 
Failure to take into account the adsotbed P fiaction ' ,ohild la\ ledc to ai 
overestimate of the aniount of applied P that had Icated t) f)iIII .\IP and 
Fe-P. This has probablN bjeein 'he case in othl studi.s .\S lI.i ii,(I.t' and 
1972; Ut)o and Uzi-, 1972) in wvln Ihapplied 1)on Itid soils \%,is tepot ted to 
be retained ,linst entire.l% as .\I -P and Ie -P. It is also xer% likel that in 
situations in %%hich AI P)and Fe P ha%e been identified as sources of plant
available P (SHi 1DIN ail CM I \t,\N, 1968) it was Ile adsorbed P associated 
with Al and Ic oxides rather than Al-P or Fc-P (extractable by 0.5N 
NH 4 F and 0.1 N NaOl I, respectively, but not by 0 5 .NNaHCO3 ) that was 
utilized by plants. 

Organicphosphorus 
The values for organic P (Table 1) showed that this fraction constituted a 

significant proportion of th" total soil P. The amotutt for any one soil,
however, varied depending upon the method msed for its determination. If 
past results on highly weathered soils ate used as a criteiion (LNWNTZOR and 
MOORE, 1966), then the .\NDERsoN"-.\-1'iiTA values should probally be taken 
as the most accutate. That is, this procedure has been found to give the 

Table 4. Organic, inarganic and totaleot1rcted /hmit/,hnru contert nf ,,ie htghl(Pp i.) 

u eathered Puerta Rican sall, 

Total evtracted P Inuorganic 0rgaticPP 

Soil 1* lIt 111 1 II II 1 11 ll 

Catalina 303 1(33 170 - (3 25 2(1 210 138 2i5
Coto 658 577 1291 99 4 911 59 533 360Daguey 241 106 0f57 110 26 297 175 14 360Hurnatag 373 206 63 1 79 43 313 291 223 298Nipe 205 79 172 27 II 231 178 1,8 241Pina 467 -119 585 362 266 467 105 153 118Torres (1) 307 203 526 135 61 300 252 142 226 

Mean 258 200 260 

1; ltnlt.ion iith2 N I (,), (5.at i ii aNdud i , 1A955)at 550'C and extraction 

t I nl tioni t 550°' and extractw,, %.ii 11 ,50, (SAt Nt A31nDI
2 ' t tI tAM], 1955)liftAikaine plus acid extraction (. rtoicso4, 191A) 
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INORGANIC AND ORGANIC P IN SOME PUERTO RICAN SOILS 125 

maximum extraction of organic P with a minimum of hydrolysis or minerali
zation during extraction in comparison to ignition procedures. 

Incomplete extraction of organic P appears to have occurred with 0.2N 
H 2SO4 extraction following ignition as these values were generally low 
compared to the other two methods. A probable reason for the incomplete 
extraction is that during ignition, a portion of the organic P which is minera
lized may combine with tihe al)undant amounts of iron and aluminium oxides 
present in these soils to form a secondary reaction product which is not 
solubilized by 02N H 2S0 4 (Bolt-EMisz, and IGuE, 1967). Accordingly, the 
generally greater values for organic P when 2N 11,SO extraction followed 
ignition probably resulted from the increased acid concentration being more 
effective in recovery of the organic P released upon ignition. For two of the 
soils, Daguey and Nipe, een the 2N H.IS0 4 extraction following ignition 
gave organic P values that were much lower than the ANDERSON-MEItTA 

values. This is not unusual, hoae er. as it has been observed that even 
repeated cxtr, -tion with 2N 1-12S( ) may not extract all of the organic P 
from some highly sesquioxidic soils (S.xt'NDLns and WILLIVMS, 1953). The 
Pifia soil was exceptional in that it had a higher organic P content with 
0.2N H.2SO4 extraction following ignition than with 2x,H2S0 4 extraction. 
Possibly for this soil the stronger a,;,!extraction may have caused the 
hydrolysis of acid-labile organic P compounds during extraction of the 
unignited sample (ANDERsON, 1960). 

The Coto soil was also unusual as its ANDERSON-NII:ITA organic P value 
was much lower than that of either ignition procedure. An explanation for 
this difference could be the presence of the phlmbogunmite group of 
phosphate minecals (NoRRISm, 1968). When these minerals are heated to 
temperatures above 400-C, they lose their structural water and become 
amorphous. In this foimis they are likely to be extracted by either 0.2N 
H 2S04 or 2N HS0 and would cause ignition organic P values to be 
greater than ANli.RSON-\ ILHTA extraction values. An attempt was made to 
determine the presence of the pluniboguinmite minerals in the Coto soil by 
concentration vith HF and X-ray diffraction powder analysis as recom
mended by NoRrnusi (1968). No characteristic diffraction lines of the 
plumbogummite mineals %cNre uoberxcd and apparently tire greater ignition 
values, as compared to those of the ANoERSON-NI.ttTA method, may be 
related to the natuIe of the organic P present in the Coto soil. 

Excluding the fertili/cd Pifia soil, the organic P content as given by the 
ANDERSON -MiiriA piocedure ranged from 23 to 51 per cent of the total soil 
P with an average value of 42 per cent. These values are similar to those for 
other soils of tropical regions where similar extraction techniques have been 
used. For example, BORNLMs/A and IcLL (1967) reported 12 surface soils of 
Costa Rica as having an organic P content that was 14 to 77 per cent of the 
total soil P with ain average value of 51 per cent. In 23 southern Nigerian 
surface soils Oto'roso (1971) found organic 1)to repicsent 21 to 71 per cent 
of the total soil P with an average value of 40 per cent. 

Even though organic P makes up a significant proportion of the total soil 
P, it is diflicult to make any definite predictions as to %%hether or not minerali
zation of organic P would occur in these soils, based only on the amount or 
proportion of organic P. This is because numerous other factors are also 
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involved, notably temperature, moisture, soil reaction, and the supply of 
energy material. Nevertheless, the studies in which organic P mineralization 
has been shown to be significant (AcQtUE, 1963; FRirND and Bictt, 1960) 
have involved soils in which organic P formed a major proportion of the soil 
P. Furthermore, ENWEZOR (1967) found for some Nigerian soilN, that 
mineralization of organic P was positively correlated with organic P ex
pressed as a percentage of total P. Therefore, it would seem likely that 
mineralization could have a significant role in supplying plant available P 

C 

1200 

B 

,800

400 A 

0 
0. 

0 01 10 10 100 
P in supernotont solution,c(ppm) 

Figure 1. Phosphorus adsorption :t the,,ns for ioone hihy tenllhertd soil of 
Puerto Rico. A, Itha, It, thnaa;G, Catalina 

in these highly weathered Puerto Rican soils under the appropriate conditions 
and that further field and laboiatory studies to elucidate the exact role of 
organic P mineralization in these soils sotihl he desirable. 

Phosphorus adjorptn ivothernm 

The phosphorus adsorption iothierms of the soils plotted as the amount of 
P adsorbed (./mn) against the logi i hni of the equilihi iu. solution concentra
tion (c) were linear or slightl%concave curves. Some examples are shown in 
Figure 1. When values of c'(% t,) were plotted against c in order to determine 

adsorption maxima, it was c,.ident that the soils had tmo distinct isotherms 
as evidenced by those of the Catalina and luhmatas IFt ue 2.. As reported 
by SYERs et al. (1973) the existence of at least tso adsozl)tiiI isothicl ins is 
not uncommon for soils and is an indication of two distimn t populations of' 

adsoiption sites with widely different aftinities fo, l hsi)hOlus. The sites 
responsible for the adsorption of P at low equilibrium comn entiation values 
(approximately less than 3 p.p i. P) have a nitu h higher a.linity for P than 
those sites at higher equililnium concentrations. The Imesence of, two 
different populations of adsorption sites would mean that cach soil will have 
two different adsorption maxima and that the P adsorption capacity of a 
given soil should be the overall sum of the individual maxima. The adsorp-
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0 

0 2 4 6 
P in supernatcnt solution, c (ppm) 

Figure 2. Langmuir plot of the phosphate adsorption data for the Catalina (0) 
and Torret (1) (A) sour 

tdon maxima reported in Table 5 are largely based upon the population of 
adsorption sitcs at the higher concentration values and therefore should 
represent values for the overall P adsorption capacities of the soils. The 
values (Table 5) indicated that these soils have a relatively high adsorption 
capacity for phosphorus and are quite similar in magnitude to those reported 
for some highly weathered soils of Hlawaii (Fox el al., 1971) and Jamaica 

Table 5.Phosphorus adsorption iothermdata (pp.m.)
for somi highly weathred soils ofPuerto Rico 

Adsorbed P 
at 0.1 p.p.m. Adsorpttion 

Soil soluton P maximmn 

Catalina 360 1100 
Coto 220 637 
Daguey 310 700 
Humatas 50 730 
Nipe 360 1070 
Pina 0 375 
Torres (1) 410 1020 
Torres (2) 240 900 

(WEIR, 1972). The Pifia, inevitably, was an exception as a result of its coarse 
texture (sandy clay) and recent P fertilizer applications. 

From an immediate fertility standpoint the amount of adsorbed P at a 
given single solution P value may be of more significance than the adsorption 
maxima. According to North C.rolina and Hawaiian investigators (Fox 
and KANtPRAr1t, 1970) the requirements for maximum yields on highly 
weathered soils can be estimated as the amount of P that must be added to 
give a solution value of0.2 p.p.m. P. Recent results by Ilawaiian investigators 
(SILVA, personal communication, 1972) have suggested that 01 p.p.m. 
solution P may be adequate for maximum crop production, and accordingly 
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the amount of adsorbed P at 0.1 p.p.m. solution P is given for the Puerto 
Rican soils in Table 5. It is not known whether this method for determination 
of P requirements will apply to Puerto Rican soils. Some recent field results 
on the Torres soil suggest that it does not, as there was no consistent or large 
response to P even though the unfertilized soil had less than 0.003p.p.m. 
solution P and sufficient P was added to raise the solution level to 0"1 p.pm. 
P as indicated by the adsorption isothierir. 

Regression analysis was used to relate the P adsorption paraineter3 to the 
amount and type of scsquioxides present in the soils. Only the amiounts of 
alnorphous or non-crystalline aluminium oxides extracted by the "I',sr or 

TWENEBOA1 procedures were signifi(antly coitelate(d %ithi any of the P 
adsorption parameters. 'heI'.\\ets extractable Al1 as significantlv correlated 
with the adsorption maxima (r=0.95; P=0.01) as Nwas the IWLNLi1iOAtI 

extractable Al (r=0.91; P=001). Neither tile " M\.t or I'NwLlIOA 

extractable Al %sas significantly correlated with adsorbed 1) at 01 p.p.m. 

solution P ot the P=0-05 level. Tlie failure to find any significant correlation 
of amorphous iron oxides with any of the P adsorption paranwters even at 
the P=0.10 level may be in part a consequen:e: of the small numnber of 

samples used in the study. The present results, hins ever, are in general 
agreement with other studies (SYLRs el al., 197i) in that amorphous Al 
oxides appear to be more active in the immediate adsorption of P than iron 
oxides. 

CONCLUSIONS 

Overall, the analyses for available P, the inorganic P fractions, and adsorp
tion isotherms show that these highly weathered soils of Puerto Rico are low 
in available P; have a large proportion of their inorganic P in a highly 
unavailable form (reductant-soluble) and have a fairly high capacity to 

immobilize applied fertilizer. 
The results suggest t\so aspects that may eventually help explain tile lack 

of field response to l)iosphlio us on these or similar ,oils of Pue to Rico. The 

first is the origin and siginifi ane of the adsorbed or bicarlmrate extractable 

P associated with alumini,,n and jion oxides andl oidinaril\ dter nined as 

AI-P or Fc-P. The second is tlhe possible minerialization of W- organic " 
which made tip a significant popo tron of the total soil P. 'lie ,iiirali,ation 

of at least some portion of tie soil organic 1) would seem likcly in roriidera

tion of results in other tiopi *alareas (A. q1,,\Nr , 1963; lim N) arid BllHir, 

1960). It may well be that iiincralilationl of ol garini P gives Iise to a sub

stantial part of the adsorbed P fiaction in tlhese ,oils. It Nas shown that a 

large amount of the applied fi'rtili7er P in the l'ifia and Totres ,2) soil

existed as adsorbed P. In an analogous rranner, it would seem that one oi thie 

results of organic P mineralization woul be an incriease in ti- adsorbed P 
no doubt, '.ithi portions offraction. The latter would be a dynamic piocess, 

the adsorbed P being converted to Ibrins non-extractable with bicarbonate 

while at the same time mineralization processes could replenish or increase 
the adsorbed P fraction. Alhough the exact rel,ttionship between the 

adsorbed P fraction and organic P mineralization cannot be definitely 
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elucidated from the present results, the possible significance ofsuch a relation
ship in extension of knowledge of P behaviour in highly weathered soils 
should merit further research in this area. 
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