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Generalized Everglades Soll P Pattern

Tree Island Soll
200-100,000 mg kg -1




Tree Island Soil and P Characteristics

ASoil classificatiorlistoso] alsoMollisol
AP is typically highest in the head region

ALinkage with island height, bulk density and reambon
material

AOrthophosphates were dominant at a wading bird colon:

APranges among islands206100,000 mg k)




P from Animal Waste




Research Questions and Objective

What is the dominant form of P in Everglades tree
Island soll?

Is biogenic apatite a significant soil P source?

Objective

Determine If soll P characteristics indicate a
mechanism for P accumulation in tree islands




Materials and Methods

A26 islands
ASurface soil (@0 cm)

ATropical hardwood
hammock communities

Legend

e Island Locations
—— Water Conservation Areas Boundary 024 B A2 48
.... Everglades National Park Bounday

References: Landsat imagery - South Florida Water Management District 2004, Everglades National Park
Boundary - National Park Service and Colorado State Univeristy 2002, Water Conservation Areas Boundary -
South Florida Water Management District undated, Florida State Map - United States Census Bureau 1990




Chemical Analysis

Total Elemental Analysis

A Organic matter (OM) by LOI at 580

A C and N by dry combustion

A Al,Ca Fe, Mg& P by dry combustion, acid dissolution
I P measureaolorimetrically F
| Cationsmeasured by IGRES

Inorganic C & Carbonate Ca
A Non-carbon material = 100(OM% + CaC@)

A Non-carbonateCa= total Cac carbonateCa




Soil P Extraction Sequence

1. |DDIH,O: soluble P =) \WSP
Exchangeable
— ~ or Labile-P
2. [1.0 M KCl: soluble P mm) KCI-P
g
3a.|0.1 M NaOH: soluble p | == NaOH-P - Al-/Fe-P
&

3b.{0.1 M NaOH: total P
(NaOH-TP — NaOH-P) mm=) NaOH-Po

&

4. |0.5 M HCI: soluble P mm) HCI-P - Ca-/Mg-P
\ 4

5. |Residual Soil: Total P mm) Residual-P

(Modified from Koch and Reddy, 1992



Mineralogical Analysis

Mineral Identification by X-ray Diffraction (XRD)

A 3 islands withhigh (~7 % P) concentration

A No pretreatment for organic matter
or carbonate removal

A Powder, cavity mount




Physical Fractionation and Analysis

Wet Sieving Separation
(Soukup et al. 2008)

A>2 mm: bioapatitefragments
A2 mmc¢ 45>m: Sand
A<45>m: Silt& Clay

Analysis

ATotal P & select P associateations
Alnorganic carbon

AMineral identification
AMicro-elemental analysis & surface imaging (SEDB)
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Results

Select Soll Properties (n = 26)

Parameter (%) Mean Median Min. Max.
OrganicdMatter  40.3 30.5 19.8 89.9
Carbon 20.0 16.6 9.6 40.7
Nitrogen 1.3 1.1 0.7 2.4
Phosphorus 4.7 5.2 0.08 8.8
Aluminum 0.3 0.2 0.1 0.7
Calcium 19.5 21.4 4.3 30.0
Iron 0.5 0.4 0.1 1.3
Magnesium 0.5 0.4 0.2 1.0
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Distribution of Soil P Forms

Percent of Total P

100
~90% Stable P
80 A
60 A
40 -
20
~2.5% Exchangeable P -
0 e— ) |_T_|
WSP KCI-P  NaOH-Pi NaOH-Po HCI-P Residual-P




Soil Mineral and Phosphorus Relationships
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Soil P and Elemental Molar Ratios

ANon-carbonCa:Pratio approached.67 with increasing P
AMg:Pratio approache$.04 with increasing P

Non-Carbonate Ca:P (molar)
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Animal Derived P: Biogenic Apatite

Apatite CaP mineral)
ACa(PQ):OH,
ACa:Amolar) ratio = 1.67

AEverglades bird and snake
bioapatitedata (Iricket al.unpub)

I Ca:Hmolar) ratio 1.63
I Mg:P(molar) ratio 0.04
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" Deposition of Bone

. ata Tree Island
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Spatial Soil Mineralogy and Total P Data

Intensity (Counts)

hsland 1:6.6%P

Island 2: 7.2 % P
Bl
Island 3: 7.0 % P J

Calcite Apatite Other Minerals:
e “ Aragonite
Quartz
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Two-Theta (deg)




Particle Size Separation

Particle Size Class

Parameter (%) >2 mm Sand Silt & Clay
Mean Weight - 48 52
MedianWeight - 53 47
NonCarbonateCa - 25.9+1.5a 15.1+04Db
Phosphorus 13.5+0.03a 10.2+1.2a 5.6x05D

Bone RBiitz and Pellegrino 1959
A 10-13%P

Everglades Tree Island Bone Sampl&set al.unpub
A 11%P
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Micro-elemental Analysis & Surface Imaging

SEM- EDS Data c Sand Fractlon

Phosphorus
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Conclusions

ACa bound P (Ca-P) dominates the soil P pool

ACa-P is primarily apatite, not P adsorbed to or
precipitated with calcite

ABioapatite is a significant source of soil P in tree islands

ATree island soil P accumulation is promoted by the
presence of relatively stable forms of P

AChanges in vegetation, local hydrology or animal use
may affect soil P accumulation and stability in tree
Islands.
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