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ADSOI1IPTION ANDI LEA(;IIING OF P IN 
.. 1:11) ORi{GANIC: ,SOllS A.NI) Ilplaced 

OIRG;ANIC I:TIl S,.N' 

R. . FOX ANt) E. J. KANII'RATIW-
1 

A bstrac t 

Adkorption stutl(li., ililii ,lit,(l that soils iln which the tolloi(i 

were organlic had t r low tail cities to absorh 1). The idsorheul 

P ai r s so lu b l te. Solublei ' f rt ilizer was re madih l lit ti 

front alln itaiic soil a ald high orgal ic iliitter ill,(i which 
Ctall inedlt n ill o rlga14lliit. co(llhoids. The idtiinl (ifl AICI.; whitch 

restullted in large am11ont1%of (xcllalgeablei Al al ost coiipletltely 

Stlplped leahl i g of 

Addilonal Kvy Wlords for ind'xing: P inol entlilt, 1 fIiX onili 

I)) olill liii mt ter. 

T N t([tIN I scairs there has been consideraible interest in 
the :wriculttira l desclopntent of organic soils in the 

I ide¢%iter areat 1 N orth Carolina. Thes'e soils ar. in I o r 
illictill nmeral content Iroim trace oi appreciable 

nim lltinlsIlIle\solc t oi organ ic matter
aind qiirl/ saltl.I icel ohiethls ha\¢ indicalled htIatoncii bses* . .,1, 

ipplications of usatcr itible phosphate fertili/ers have less 

res id ti lc \\ate r in solub le p h osphate fertile rsiz .ilel th in 
Soil anall es indicated that Illostof the applicd P was to 

longer in he plo\\ /one, \ h ich stiggeste tt [t ial the 11 \%as 

being leachedl. 

o P 
reactio n 01 th e fertili/e r P \ ill AI. IF. tu (' C t lpoiinds 

Ito for11 relatikel\ insolhble phosphate 

Mo enlentll1 in tineral sois is limited because of 

Conpotinds 14i. 

Wild I(5 po0ints outl that i a(Isorpion hy organic matterZ 

so( iatd thle 
The objecl i\ of thiS stld v cre to delertnine the ad

sorplion and nirsement of %%atersoluble 1) fertilizer in acid 
Soil% in which the colloids are organic. 

catio s as. %ith organic matter. 

Mtethoio s attiI Materials 

Bulk saiples of the Ap hori/on stere collected fron ;i St. 
John- %oil.a %er) poorI drained soil consi stltg of 90'; quart/ 
%and and 1i0tt orgiilic iitll.l, and fti lsrface intl sibsirface 
of an organlic soil tiiiick-cesseiitit no ino~rganic colloids I 
fron tihe of Nril Johns soilrii\matcr are;i Cairolini. The St. 
is 1ied plihllril for bhIiterry production I I (ioi iuynt Sp.I 
and the olaimiic soil for coin I l(Amil\N I antl soylean 
( A( 'ibm Iliixi I . t Pl thodret io1, 

lhe 11adsorption saillc \ere obthaincd by equilibrating the 
soil..ith (ittll, ("i(CA]containing front Ito 1,000 pg of P, ;is 
Illollicalcilli ptiiispi;iate. "1'%o piI s of organic Soiil were equil-
ibraled ktilh 25 tillof solution nd .1 g of St. Jthns soil was 
tinilibtitd in 20 till of Soilution. The soil stispensions were 

shiake t fil l lys in achiice iil or 6 titer to eveqttilibritnt.
 
I lie s.itiples Cucnil g lh ilnt t 
\%CiC iflVCd ,lit dt Stlpl lll liquid

,.il~ tl.ii I' .
 

IJoinlt oniribution from tile Dept. of Agronotly and Soil 
Science. IUniv. of IHlawaii and Dept. of Soil Science, N.C. State 
Univ. Submitted \%it i t le approval of ile )irector is Journl-
Series no. 1236. Hawaii Agr. 1,.\p. Sta. Received Aug. 5, 1970. 
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Tihe leaching studiCs %tIC 1ondoled lthI the tieitcd soils
 
into leaching coloimns .41)till hInr and h\ln g atNtAlf,ce
 

Aarei oif 10 i' . ,tlon1c.,lc itiii p htopliic ullilloll %%,IN
applied
 
t the siiicc of the inolit Noll '.dn lo I,,' oItP li 2,5
 
.iind Ing of P oll ll I l ,ci' lllt, ol 2 iil t stci sserC
10 


itdddtl. ind the IC,idvIlC t1 n C-,h III.l ltIll l.-.10'lc.lcd
 
-Hie ainolnt ill litllh/ct I' Ifhc , , -,t~l ;tild h\ ,tll tael

ticding the IPcollected 1i 10i l it lI%\, H', O I' witll I' w ullc
in Ic i iles fro imi l-Ife' i c tl dk,1ihll 1 * I 

- IIIInIrtS I t Jki IN. I u %t tII I1., ICll ic tiCi ic 
pli11,1Irll% I I N.0 t IIl Ilc. ,I I. 1t , Jd N\1 ., I I.,lI":I .nd at hililed
 
,il. I c sl i c sli11 clliii. 'A I. , >,.crt I,'. icpuitlcd
 
"c ic in e i i )12 .I 10 I l I l ItI . 1i , ',I i i, n tI 2 iicI 't 

A] loo' g IN \1( I . oId ,,,hli" iiiq I +, iil ,
 
A 0 1(Ilie ,Liltl I I (J ( I .'; ~',I,I ,. I ' X ¢\ ~ l!n.
 

.I. I iIllil'u'l iI] !1111I I. '1, I I -L.' ,I ul cC I .,.licd 
ti l i.i i I I-c .,,hiiiii l. , C I ,. . II iclllll t
 

110| l %%,ile['iliid Ih,: lil< t l . ,1 i, hl. . , .p I h l
 

fIeld IIl'ltilic uI. -ciii I .n 'd ' .id 


Nt'.iic llicsi 01 c'..l2C.,itIC It i \I u.ic iiiI ll k,
 
t 1111 

II1.\ N.itl 3il twil ptt \o. rlc.sisslcd ,I t i,,ic lli.,ll) tlii
 
.1 I. I u ISl- L l S. [siiitiil
 

C\. 10\ll!itlil he' oll \%I!h \ ki, I "Ind ~lllli" i. lt 11 l th 

Hesultsiol I)isviissiii 
PIt hhotLi. ,td p lSiai il ih i !,q Itic t[\\ sollN ilc 

r¢ nliicd 1 I. I l is. i uhill lin .11soils, 

hae tclaticl\ "111,1l1 P-ad l Clad IllHIC Johns 
Siln dis itl .iloidh' I P ii ili I' tl~l li~s11 lis qtliltb Lllilt 
Stills I t IIe Skl l P . Ikillst t . i AlL 

c t lit ecs .I.ilat cl'Ii U n l h I' Iicec.t.Iiii. illludti th5 

lion tirlh r lis i1t indic,tc ilit ic icilili iod uct 

ic cik lnlsl lit' i . ii p wt witition isl tiis o ii i Ile tic sii 

plc I hit tiltlc i .lt oil .s ujiile . ,ii . II 3 3 . nd
 

Ilic Std I ' iA . Iiiti
cursi le[Il e e ss P ti, i 
\h *d,I 4 Cl P:1 

I Ill I of c4 th 
1'ea'A'llng cllcui~ l\1 rI'llh l\cd Irilhi/v'i P liwill tle ollw l

i J otiiis 

Iil I 

i,l S0 ll. the II t C,lC d sill. ,Illl ti(Il ( i t,lt .l S sol 
Iihlliable I . h ielllltllit-Iri is rc.,ilied theIt t elle 


1) added. I he cltil'li pUillt'lII liii lt.li. iiisllst\ li¢,!tekt
 

St. Johlns 11C iml, I I,-. -, RI,'lliol.'l of P '1i01n Ihltso Ihl\nii 

i- and Ca stils %sici i 1 Ill rii11,i i tlid ititeio 
ind inticatid stoils. Ih,l hipliu ill high conhill, ations 

i.lLe ill tl 'l¢ite ,iI ii II- olid ( 'i-soil tolkillll 

ei;i . r to t i.'kidl i d oi.it.Ollc'spoli 0 \iwliliC. 

etlllion o P hi olille ili.liU 01 tlieSt.Jollntisoll5 
i1i1ilnl ,istdS t .ii151\is related to iC kind .il l t ilC ll ittLI 
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Table I-Leaching of fertilizer 1 from a St. Johns soil as 

related to chemical treatment and chemical properties


(10 Ing of P as Ca (II.,P.1). added per columnj) 

kchg- ,e l-rtIllz'r 

It xcnh A; 1leached adsorhcdI 
m q' 10 g n, 'column 

Orlginml -it I 4 J, 92 1. 61 4.6 

Il rlginmal,o l * I' 
 0. 

0 h. 

A/lnrot P 1. 9 0.} 6 "4.I' .,7 9 9 

1 if . 1' 4.SI (S I }40 6. 4 0 

Iim,.d unit • 4.1 .66 1 h 13.02 

841 pIl -d ool.l. catio meacsured and|
a prior to phoqpshah nddiflon. 
.....	 ng. 

the pi of the sssten. With the It system the ,,H \%as so 
loss that :lau Illetal phosphatls fornCd ,soIld have been 
issolved. Similarl, %ilh the Ca soil at nH 4. calcium phos-

phatle are soltuble. I he Clution pattern \kith a sharp peak 
alSo SlggCStS \C[\ solUble P compounds. 

Although tile orgiIal St. Johnls soil contained 1.63 
meq It0 g tIt exchangeable AI, all of the added fertilizer 
.;.asreolllked h\ leaching. Retention lot the P by Al is in-

Itluenced h seseral tictors. (olemiin et ll. (2) found that 

Al had it, TV l\tlrolZCd Irom exchange sitos before appre-
cilhle reactions, ocCturird \ith Sonie aluminum isslbl. boind 
,,Irngkhl\by lllanic mater. Reaction betsceen this "btlild" 
\l and 1 \% olld be lilmited t ). Ilie St. Johnti soil con-
Itled esll italll it) Iiniral colloids. A111tl.ugl the Soil 
\%as .er\ icid (1pI 3.4) there %%as no resersoir of altili-
ntl11l %%hich coolt i be released To precipitate P by niass 
action [he lhition pattern Nugests that initally there ssas 
s'llt'e t.tnition o the ) h\ the ahlinumnl, lIt with con-
lintled leachiIu Ce enfili, 1) .as leollmed. 

'tilel111rIed St. John, Soil rCtalaied soniC P agaiast I'ach-
lug it0hotgh pII and exchangeable II and Al %%cre similar 
Io the ('aCl, leached soil. Retention of ) \kas probabl\ 
due to more altinintitn being available for reaction due to 
the hx trolxsis aid precipitation of Al tromn exchange sites 
by lime. 

Essentially all of the added P wkas retained li the St. 

Johns %oil to Mhich AICI, was added. Conipared with the 
untreated soil, niot At was available for reaction with P, 
and prolably this added Al was not bound tightly. There-

ST JOHNS SOIL 

40cm COLUMNS 

P ADOEC. I10kq/h/ 

I 	 WATER ADDEOC-,1cm EACH 
I12 LEACHING 

eo,TIC-

TMA~t0SIL 
,percent 

3 
0. 	 40- / 	0 

~~/ 	 \ I's. 
$OL .Amer. 
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Table 2-The leaching 	of fertilizer P from an acid organic 
(muck) soil 

Fnrillzer P 

ldP addcvd pH Exch. At P le ahiorbed 

-g/column meq 100g- mg 'column 

Sur l 

4.6 	 48 0.04 
2. 4 .6 1. 1 2 9 ! ( }3

4.6 )112 47 1.8 1 

S~i)u I'ouctocSot0 4. i 	 64(17 


l;:. 3.3 	 1 1.22 0.32 

Phosphorus also leached from the acid organic soil 

which contained only trace amounts of mineral matter 
)(Table 2). At the low rate of . 2.5 mg/column or 25 

kg/ha, all of the P was removed from the surface soil. At 
the higher rate of P. 10 nlg/coluni or 100 kg/ha, most 
of the P also was leached fron tile sUrtace soil. A small 
anount, ho\e\er, %sasnot s probably rereco\ced. which 

acted with tile metal cations contaiietl hv organic matter. 
)Essentially all of tile fertilizer . I(0t k& ha, %%as leached 

front the subsurfacc sample. Ihese organic soils %sithonly 

a trace of inorganic minerals hase no reset oi r of Al and 
Fe to he released. Any Al and Ie present ssould be hound 
quite tightly by tile organic matIcr. and retillon %ith fer
tilizer P s oild be limiCd. he clution ipatterns for fertilizer 
P1in the organic soil are shos n in Fig. 3. 1he eltliot curves 

,for the organic soil \%erc not a sharp as Those for the St. 
Johns soil. \hich is probably due to the mutLch higher or
ganic matter conitent of tile organic soil and greater water 
holding capacity. IeLachate no. IO cotresponds to one ,sater 
filled pore '.oltnie. 

The results of this StLldy indicate that soluble fertilizer 
P will leach from soils in s\hich the colloids are organic 
and contain only traces of mineral matter. 

, 40, c.UUN8 
ADED 100kh. ONSURFACE 

ATEtA.. 2.5=EACH LEACHING 

,

- (S- F 	 P5 MCKtSUomfACE) 

2 	 1 

LEACHATE: J40. 

Fig. 3-Leaching of fertilizer P in an acid organic soil. 
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