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ABSTRACT

Reddy; K.R., 1983. Soluble phosphorus release from organic soils. Agric. Ecosystems
Environ., 9: 373—382.

Soluble P release during soil organic matter decomposition was measured under
fluctuating seasonal temperatures in several of Florida’s organic soils. Natural soil profiles
obtained from seven locations in central and south Florida were used in the study. Soil
columns were leached once every 25 days, followed by applying a suction of 100 cm.
Soil columns were flooded for 25 days in the months of July and August (between
14 and 21 weeks after initiation of the study for central Florida organic soils and be-
tween 11 and 18 weeks for south Florida organic soils) to simulate normal agronomic
practice.

The amounts of P released into effluent from Florida’s organic soils were in the
range of 2.9—26.2 ug P/em® of soil per year (16—168 kg P ha™ year™). This represents
2.2—20% of the total soil P for central Florida organic soils and 0.75—1.1% of total soil
P for south Florida organic soils. Soluble ortho-P accounted for about 70—89% of total
effluent P for central Florida organic soils and 54—57% of effluent P for south Florida
organic soils. Estimated soil P mineralization during organic matter decemposition
was about 38—185 kg P ha™' year' for central Florida organic soils and 16—23 kg
P ha™ year ' for south Florida organic soils. Seasonal temperature fluctuations had
minimal influence on the P release into effluent. Flooding the organic soils, however, in-
creased P release into drainage effluent by about 4—8 times, compared with drained
conditions.

INTRODUCTION

Florida has approximately 1.5 million hectares of organic soils, which
were formed by the accumulation of the decayed remains of sawgrass
(Cladium jamaicense Crantz) and related wetland plants over the last 5000
years. These soils are generally adjacent to freshwater lakes. For example,
Lake Okeechobee in south Florida and Lake Apopka in central Florida
are associated with organic soils. These soils were drained for agricultural
purposes resulting in enhanced carbon loss caused by aerobic microbial
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the Everglades agricultural area (Florida Sugar Cane League, 1978) and
7.7 kg P ha™ year™ in central Florida (Reddy et al., 1982). Other studies
reported a drainage water P discharge of about 2—37 kg P ha™ year from
organic soils of Ontario, Canada (Miller, 197 9) and 0.6—31 kg P ha™ year™
from organic soils in N ew York (Duxbury and Peverly, 1978).

TABLE I

Description of the organic soils used in leaching studies

Soil Soil series New classification Location Associated lakes
symbol ‘
Cultivated soils
F Oklawaha muck Terric Medifibrists Eustis— Lake Yale—
Clayey, mixed, Euie, Leesburg Lake Griffin
hyperthermic

D Monteverde muck Typic Medifibrists Zellwood Lake Apopka

Euic, hyperthermic
Lauderhill muck Lithic Medisaprists Zellwood Lake Apopka

Euie, hyperthermic

A Brighton muck Typie Medifibrists, Zellwood Lake Apopka
Dysic

BC Pahokee muck - Lithic Medisaprists  Belle Glade Lake Okeechobee
Euie, hyperthermic

Virgin soils

EV  Monteverde muck Typic Medifibrists Zellwood Lake Apopka
Euie, hyperthermic

BV  Pahokee muck Typic Medisaprists  Belle Glade Lake Okeechobee
Euic, hyperthermic
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8 AND METHODS

sealed with PV(C caps and stored at 4°C unti] used. Maximum
od was 3 weeks for south Florida soils and 2 weeks for central

cteristics of the soils used‘in the study

1 Bulk PH  Phosphorus (ug/cm® of soil) Total
density C
(g cm™3) Water- Dilute Organic Total (%)

soluble acid
extract

) 0.81 5.7 18.02 14.14 80.3 170.5 36.7

) 0.20 5.7 2.26 8.16 74.8 133.0 35.7

b 0.16 5.5 0.67 2.88 26.6 424 36.5

' 0.33 6.5 0.89 -17.03 369.9 601.6 36.6
0.34 6.4 0.79 17.96 2720 4454 37.2
0.12 6.0 0.23 5.62 26.2 52.8 354
0.32 6.4 1L.15 1574 38455 392.0 435
0.32 6.5 1.20 17.50 340.2 380.00 42.1
0.92 6.9 1.10 9.38 333.9 427.8 6.7
0.33 5.9 6.83 10.49 53.6 72.6 38.5
0.12 4.8 3.02 4.39 22.9 324 387.2
0.13 4.9 3.59 5.30 18.6 - 25.3 © 36.4 )
0.36 6.3 0.69 2.07 207.2 276.4 46.9
0.30 6.2 0.52 1.90 201.2 251.5 421
0.14 5.5 5.25 8.82 121.9 203.0 36.4
0.12 6.3 1.73 7.56 31.9 ' 67.2 36.5
0.48 7.4 0.63 16.13 47.6 69.6 7.4

0.34 5.4 0.63 4 18R AQ1 = an o 4 8 =~
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Incubation DProcedure

Maximum ang minimum ambient temperature ranges (°C) during the study period
Incubation Central Florida South Florida
time organic soils organic soils
(weeks) e e
Minimum Maximum Minimum Maximum
0—5 19.3 34.2 21.9 34.9
5—10 21.9 34.9 221 34.3 :

10—15 22.1 34.3 224 - 34.1
15—20 224 34.1 20.9 32.4
20—25 20.9 32.4 16.5 28.3
25—30 16.5 28.3 11.3 21.7
30—35 11.3 . 217 4.9 16.2
356—40 4.9 16.2 7.4 19.3

40—45 7.4 19.3 8.9 23.8
45—50 8.9 23.8 - —
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’thods

’le, extractable and organic fractions of P in the soil sam-
termined. Water-soluble P was measured by extracting 5 g
-dry basis) with 25 m] of de-ionized distilled water for 30
was determined in the extract after filtration through 0.2
er.' Extractable P was measured by extracting 5 g of soil with
ble acid (0.05 N HCI + 0.025 N H,S0,) for 30 min. Ortho-P
3d in the extract following_ filtration through 0.2 ym filter
> and total P in the soil samples were measured by the pro-
>ed by Olsen and Dean (1965). Ortho-P in the extracted
effluents was analyzed by the single-reagent method (Murphy
32) and total P in the effluent was determined by persulfate
wed by the single-reagent method (APHA, 1971).

JISCUSSION

s of central Florida released more P into drainage water
1 south Florida. Under aerated conditions, total P released
as in the range of 0.37—11.2 ug P/em® of soil per 25-day
for central Florida organic soils and 0.03—0.42 ug P/em? of
g for south Florida organic soils. Total amount of p released
y period (including two flooding periods in July and August)
ug P em™ year! (2.2—20.0% of total soil P) for central
soils and 2.9—3.9 #g P em™ year? (0.75—1.1% of total
1 Florida organic soils (Fig. 1). This represents about 16—168
™ released into effluent during organic matter decomposi-
a’s Histosols.
of ortho-P released into effluent was 70—89% of the total
rganic soils of central Florida and 54—57% of the effluent
h Florida organic soils (Fig. 2). This represents an annual
'—128 kg P ha™ year! from all soils studied. Phosphorus
fluent was derived from: (1) solubilization of inorganic
lization of Organic P,
'f P solubilized as a result of chemical and biological pro-
e incubation period was estimated using the following

pJ
0
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Total Phosphorus, ug P/cm3 of soil

0] 0 20 30 40 50
~ Time, weeks

Fig. 1. Cumulative total P release into drainage efflyent from severa] organic soils during
50 weeks for soils A,C,D,EVand F and 46.4 weeks for soils BC and BV, respectively.
A= Brighton; C = Lauderhill; D = Monteverde; EV = Monteverde (virgin); F = Oklawaha;
BC = Pahokee; BV = Pahokee (virgin). ’

into effluent at the end of each leaching period; P, =P in the soil column
Present in available form (as determined by 0.05 N HCI + 0.025 N H,S0, ex-
traction) at the end of the incubation period; and P, =P in the soil column
present in available form at the start of the incubation. Phosphorus con-
centrations in the above equation are expressed in ug Plem? of soil, .
Among the central Florida organic soils, soils EV (virgin) and F (cul-
tivated) were found to be most productive with about 185 and 150 kg
P ha™ yegar! » Tespectively, solubilized during organic matter decomposi-
tion (Table IV). These soils have about 45—52% of total P in organic frac-
tion compared with 62—73% in soils A, C, and D. This suggests that in
soils EV and F, a significant amount of P was either solubilized from in-
soluble inorganic P or they contain more easily decomposed organic mat-
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3 of sojf

UG P/ cm

15

Ortho Phosphorus,
o

20 30 40 59
Time, Weeks

Fig. 9 Cumulatiye soluble ortho-p release into drainage effluent from Several organjc
soils during 59 weeks for soils A, C, D, EV and F ang 46.4 weeks foy soils BC ang Bv,

Initia] amount of p leacheqd into Finat amount of p botentially
soil P availab]e effluent? soil P: available solubilized
(ug/em® of soil) (ug/cm® of soil) (ug/em? of soil) (kg P ha— year™)

Cultivated soils

11.3 25.2 8.5 224 149.6
D 16.8 10.2 17.3 10.7 71.5
C 8.8 23.3 15.2 29.7 105.4
A 7.8 9.7 2.6 5.0 33.9
BC 2.1 2.6 3.5 4.0 24.4

Virgin soils

Ev 8.7 23.9 12.6 27.8 185.7
BV 4.2 3.5 3.1

#Values shown are the tota] amounts of p leached after 350 days in Soils A, C,D,EV and
F and 325 days for 50ils BC ang Bv, respectively.



re total P (62—78% in organic fraction) than soil EV, but the amount
P mineralized was less than soil EV, probably due to the slow rate of -
anic P mineralization. Soil A had lower total P (73% in organic frac-
1) than other soils and the amount of P mineralized represents about
> of the total soil Pin 1 year. : ,

hosphorus release rates in south Florida organic soils were 24.4 and
) kg P ha! year! » respectively, for soils BC (cultivated) and BV (vir-
. About 74% of the total P in these soils was in the organic fraction.

year™! (Florida Sugar Cane League, 1978), compared with 7.7 kg
year™ (Reddy et al.,, 1982) from the organic soils located in the

700d area (central Florida), indicating a slow release of P from south
da organic soils.

led vs. drained conditions

ta in Fig. 3 show the total P release rates under flooded and drained
tions. Under flooded conditions, the amount of total P released from
al Florida soils (36—208 mg P cm™ day™) was about 4—8 times higher
that released from the soils of south Florida (8—25 mg P cm™s day™).
P release into drainage effluent was about 4—6 times higher under
*d conditions compared with drained conditions. Ortho-P accounted
out 28—97% of the total P under flooded conditions and 82—93%
al P under non-flooded conditions. Increased P release under flooded

trick, 1969),

»mic and environmental significance

been estimated that vegetable crops (two to three Crops a year) re-
bout 50—70 kg P ha™, while a crop of sugar cane would remove about
kg P ha™! (Barnes, 1974; Andreis, 1975). In south Florida, crops
l to the application of P fertilizers (Gascho and Kiddar 107Gy <v s
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horus release rates under flooded and drained conditions from several
uring 50 weeks for soils A, C, D, EV and F and 46.4 weeks for soils BC

stively, A = Brighton; C = Lauderhill; D = Monteverde; EV = Monteverde
tlawaha; BC = Pahokee; BV = Pahokee (virgin),

YW P-releasing capacity of those soils,
>f central Florida do not respond to P
oils of Florida are naturally poorly d
eep the water table at optimum le
ut 90 cm depth, and excess drainag
retention ponds or lakes. This resu
—7.7 kg P ha™ yegr! (Florida 8
1982). Summer floodin
P solubilized during the
ubsidence (Snyder et al.
‘ainage effluents, resultin

However, crops grown on
application, .
rained and are artificially
vel by establishing mole
e water is either pumped
Its in an annual discharge
ugar Cane League, 1978:
g of organic soils accounted for 25—
year. Flooding the organic soils re=
» 1978), but increased the soluble
g in P loads to adjacent bodies of
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