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ADSORPTION AND LEACHING OF P IN
ACID ORGANIC SOILS AND HIGH
ORGANIC MATTER SAND!

R. I.. Fox anp E. J. KAMPRATH?

Abstract

Adsorption studies indicated that seils in which the colloids
were organic had sery Jow capacities to absorh P, The adsorbed
I was very soluble. Soluble P fertilizer way readily leached
from an oreanic soil and a high organic matter sand which
contained no inorganic colloids, The addition of AICI; which
resulted in large amounts of exchangeable Al atmost completely
stopped leaching of P,

Additonal Key Words for Indexing: P movement, P fixation
by organic matter.

N RECENT vears there has been considerable interest in

the agricultural development of organic soils in the
bidewater area of North Carolina. These soils vary in layer
sthicate nuneral content from  a  truce o appreciable
amounts, In some instances they consist of organic matter
and quartz sand. Field observations have indicated that
applications of water soluble phosphate tertilizers have less
residual etfect than water insoluble phosphate fertilizers.
Soil analyses indicated that most of the applied P was no
longer in the plow zone, which suggested that the I was
being leached.

Movement ol
reaction of the tertihzer P with Al Fe, and Ca compounds
o form relatively nsoluble phosphate compounds (4).
Wild (5) points ot that PP adsorption by organic matter
iv negligible and any adsorption that occurs is due to the
cations associated with the organic matter.

The objectives of this study were to determine the ad-
sorption and movement of water soluble P fertilizer in acid
soils in which the colloids are organic.

I’ in mineral soils v Jimited because of

Methods and Materials

Bulk samples of the Ap horizon were collected from a St
Johns soil, a very poorly drained <oil consisting of 907 quartz
sand and 107 organic matter, and the surface and subsurface
of an organic soil (much—essentiallv no inorganic colloids)
from the Tidewater arca of North Carolina, The St. Johns soil
iv used primarily for blueberry production ¢Vaccinium Sp.)
and the organic soil for corn (Zea mays 1) and soybean
tGiveine max 1) production,

The P adsorption values were obtained by cquilibrating the
soils with .01 CaCly containing from 0 to 1000 4z of P, as
monocalcium phosphate. Two grams of organic soil were equil-
ibrated with 25 ml of solution and 4 g of St. Johns soil was
cquilibrated in 20 ml of <olution. The soil suspensions were
shahen twice daily for 6 days in order to achieve equilibrium,
The samples were centtifuged  and  the supernatant liquid
analyzed for P
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Univ. Submitted with the approval of the Director as Journal
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The leaching studies were conducted with the treated soils
plived into leaching columns 0 an lone and having a sutface
area of 10 ¢m*, Monocalcium phosphate solution was applied
to the surface of the mont sotl at 25 and 100 ke ot 1P ha (2.5
and 10 mg of P columng. Increments of 75 mil of waler were
added. and the leachate trom cadh ncrement was cellected
The amount ol ferulizer Poleached was cadvulated by subtract-
ing the P collected from sorls tecervang no P otion Povollected
in leachates from P-ireated columns

Ihe St Johns saul was treatad o
prmardy Hosatunated. € saturatad
saib. The respectine sonl treatments were vbtaned by repeated
leaciing with 0230 HOE o0 053 Cut o addinon ot 25 meq
AL IO ¢ oy MO and whhiion er 20 HETTY

neosvstemns which were
Mocatutated . and hinted
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CaC O, The wmount of €00 anphet w1 SN evdhangeable
Al Fhe Imed ol was not leadkad Facess salis were Jeadhed
from other ssstems e colamims ot St Bebins wal retamned

LTI ml water and the muen il 260 00t s corresponds to
ficld monsture capaaitios of dieat 2700 and 2009

Measurement ot exchangesble Hoad A
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Resalts and Discussion

Phosphorus adsorption asotherms tor the two sals aie
Fhese sarbs e relaten toonineral souls,
The St Johns

Cotentiabici svas Juile

presented an g, L
have relatively smat Padsorpion capacities
sorls did not adsorh Pouctl the P
high. This sugeests that only smadi amounts ot Feoand Al
compounds were avalable tor reacting waith I The wdsorp-
uon  potherms that
tormed has relatively Tugh sotubidity s The sabsurtace sam-
YAand

also dicate the reaction product
ple trom the orgame sorl was quite acid. pHl
advorbed considerably less Pothan the surtace soil which
had o pH ot 40

Leaching citectnely removed tertihizer Potrem the onga-
nal sord, the Hotreated sail, and the Ca treated St Johas sail
tTable by, The St Johins the
P added. The cluton patterns trom the vanoushy treated
St. Johns soids are shown o Figs 20 Removad of Pfrom the

H oand Ca sods was sery rapid i comparson o the imed

dunimum-treated reined

sotls. Phosphoras e Tagh concentrations
H- columns
corresponding 1o one water hilled pore volume.

Retention of P by organie matter of the St Johns sail

was related to the hind and amount of adsorbed cations and
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I'ig. 1—P sorption by soils containing primarily organic collolds,



SOIL SCI. SOC. AMER. PROC., VOL. 35, 1971

Table 1—Leaching of fertilizer P from a St. Johns soil as
related to chenuceal treatment and chemical properties
(10 mg of P as Ca (H:Py)» added per column)

Exchangeab'e® }urtll,lllcr

Treatment pH* H Al P leached adsorbed
meq 100 ny ‘column

Ortginal 301l 3 [ 1.6 1.6
Original soll + P 14,58 0.1
Hosofl o« P .5 4 98 0 s 160 0
Al soll + P 3.9 m1s ERGH) 4.7 9.9
Coosall « P 4.0 030 040 188 [l
Limed soll « P 41 1. 85 .60 13.2 1.4

* Sot! pll and exchangeable cations were measured prior to phosphate: additions and
leacking.

the pH of the svstem. With the H system the pH was so

low that any metal phosphates formed would have been

divsolved. Simitarly with the Ca soil at oH 4, calcium phos-

phates are soluble. The clution pattern with a sharp peak

also suggests very soluble PP compounds.

Although the origimal St Johns soil contained  1.63
meyg 100 g ol exchangeable Al all of the added fertilizer
was removed by leaching. Retention of the P by Al s in-
Huenced by several tactors, Coleman et al. (2) found that
Al had e e bydrolyzed trom exchange sites before appre-
crable reactions occurred with P Some aluminum is bound
strangly by orgame matter. Reaction between this “bound™
Al and P would be limited (13, The St Johns soil con-
Lamned essentiatly o muneral collowds. Although the soil
was very aaid (pH 3.4), there was ne reservoir of alumi-
num which could be released to precipitate P by mass
action. The clution pattern suggests that initally there was
some retention ot the P by the aluninum, but with con-
unted leaching even this P owas removed.

The hmed St Johns soil retmned some P oagainst Laach-
g although pH and exchangeable H and Al were similar
to the CaCl, leached soil. Retention of P owas probably
due to more aluminum being available for reaction due to
the hydrolysis and precipitation of Al from exchange sites
by lime.

Essentially all of the added P was retained by the St
Johns soil to which AICL, was added. Compared with the
untreated soil, more Al was available for reaction with P,
and probably this added Al was not bound tightly. There-
fore, P was precipitated.

ST JOHNS SOIL

40 cm COLUMNS
P ADDED ¢ 100kg/ho

\ WATER ADDEDs28¢m EACH
LEACHING

\

120

LEACHATE (PPM)
@
[~]
{

o 40

LEACHATE NO

Fig. 2—Leaching of fertilizer P applied to the surface of a
St. Johns soil lined or treated with various cations.
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Table 2—The leaching of fertilizer P from an acid organic
(muck) soil

Fertillzer P

P added pH Exch, Al P leached ahsorbed
mg/column meq’ 10O g — Mg, column e———
Suriace Sof}
[1] 4.6 (1174 0, 48
2.5 4.6 0, 0z 2,958 0,03
10,0 4.6 002 8. 67 1.81
Subsurface Soll
0 1.3 1. 54 -
10,0 3.3 10,22 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 P. 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 mg/column or 100 kp/ha, most
of the P also was leached from the surtace soil. A small
amount, however, was not recovered, which probably re-
acted with the metal cations contained by organic matter.
Essentially all of the fertilizer P, 100 kg ha, was leached
from the subsurface sample. These organic soils with only
a trace of inorganic minerals have no reservoir of Al and
Fe to be released. Any Al and Fe present would be bound
quite tightly by the organic matter, and reaction with fer-
tilizer P would be limited. The elution patterns for fertitizer
P in the organic soil are shown in Fig. 3. The elution curves
for the organic soil were not as sharp as those for the St
Johns soil, which is probably due to the much higher or-
ganic matter content of the organic soil and greater water
holding capacity. Leachate no. 10 corresponds to one water
filled pore volume.

The results of this study indicate that soluble fertitizer
P will leach from soils in which the colloids are organic
and contain only traces of mineral matter.

SO IN 40 cm COLUMNS
P ADDED » 100 ky/he ON SURFACE
a0k WATER ACDED 2.6 ¢cm EACH LEACHING
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Fig, 3—Leaching of fertilizer P in an acid organice soil.
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