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Research objective: To evaluate impacts of prescribed fire on availability of phosphorous in calcareous soils under the Pine Rockland forest

{ Abstract } { Methods and Results }

Phosphorus (P) 1s a limiting nutrient in the Pine Rockland ecosystem due to an abun- j
dance of calcium. This study assessed fire’s influences on P availability in calcareous Task 1 Task 2 - Task 3
solls of the Pine Rockland forest. Three specific tasks were: (1) determining availability

. . . . .. Study Question: How will the P be impacted by fire intensity and changes in soil moisture? Study Question: How will a prescribed fire change contents of phosphorus in calcareous soil? Study Question: What are major forms of P in calcareous soil after a fire?
of P by burning temperatures and soil moistures; (11) determining changes of P contents

after a fire; and (i11) using an equilibrium speciation model to simulate P dynamics after ¢ Hypothesis: Fire intensity and soil water content will alter availability of P in calcareous soils by following a fire % Hypothesis: P availability and total P concentration will be reduced by following a fire , prwomi-wm. .- iy = mer d Hypothesis: Fire will decrease concentrations of H,PO, and HPO4> due to abundance of calcium

the fire. A field-burning experiment was set up in Long Pine Key, and soil samples were ¢ Task: Determining how temperatures and soil moistures change P under controlled conditions of laboratory incubation < Task: Determining changes of P in eighteen months after a fire in the field condition s {_-‘;-,"F P ol ] e | NS 0 Task: Using an equilibrium speciation model of MinTeq to simulate availability of H,PO, and HPO,” after a fire
collected at pre-burn and 2 weeks, 1 month, 3, 6, 9, 12, 15, and 18 months after the fire. _ - . ot 5N : |

Four burning temperatures (2500C, 3500C, 4500C, SSOOC) and three soil moistures (20%, ¢ Mater.'lals and Methods , . . ] @ ’ aterlé s and . ethods . . . . . LRI LR e 1) J Materials and Methods

50%, and 80% of field capacity) were applied for the laboratory incubation in six differ- - (1) Using data from Tempe cell, Richard plate, and Retc model to fit a soil moisture curve 06 - (1) Burning the Pine Rockland in Long Pine Key with fuel-loading accumulation of 5 years LA enge L W - Input parameters needed to simulate H,PO, and HPO,* included pH, ionic strength (IS), and extracted P and cations

- (2) Collecting ashes and soils after burning: Ash samples were gathered right after the fire.
Soils were randomly collected at pre-burn, 2 weeks, 1,3, 6,9, 12, 15, and 18 months
04 - O d @Otiﬁ?ﬁeeff i after the fire. 25 soil samples were collected at each period, and 5 samples mixed
into a replicate. Soil samples for control were also collected at the block of 11
- (3) Soils were air-dried and sieved at 2mm. Plant tissues and litters were also collected and |
dried in Oven at 65°C in 5 days for analyzing content of P |

ent periods. Methods of repeated measure and Tukey’s pairwise comparison were used to -~ (2) Puttipg soils into ‘F)ottles (~ 159g soil/bottle) 0 0 0 0
analyze ANOVA and compare among treatments. Minteq software was utilized to simu-  ~ (3) Heating fuel-loading samples in a furnace at temperatures: 250°C, 350°C, 450°C, and 550°C

late different forms of P after the fire. Results showed that P availability was significant (4) Mixing well ashes and charcoals at each heating temperature together

different from burning temperatures, soil moistures, and their interactions (P < 0.0001), (Z) gut?ng ?)Slh = imd. C?all;cot&tlll > ont tt}fle top Of SOﬂ. 1tn the. bz%t;/less 0%. 80% of ficld o (BC
and were significantly increased in 2 weeks after the fire (P < 0.0001). HPO42' was the - (6) Putting DI water mto bottles at three soil moistures: 05 05 o of field capacity (FC)

dominant species after the fire. These findings imply that burning at the beginning of dry

- Ionic strength was estimated from electrical conductivity by Marion-Babcock equation: Log(IS) = 1.159 + Log(EC)
- Cations were extracted by the AB-DTPA method and measured by Atomic Absorption Spectrophotometer
- At each time of speciation of H,PO,” and HPO,”, the species which react among cations and phosphates, including

strengite, vivianite, apatites, Mg;(PO4),, MgHPO,4.3H,0, Mn;(PO4),, MnHPQO,, also added into the model

[J Results and Discussion

0.9 -

03 —+

Volumetric water content

02 | — |
0 5000 10000 15000

< L b t d St t' t- I A I 49% ﬁq: Q}n} ﬁﬁq tﬂq’ ﬁq’ {Q’% ﬁ% F}H %ﬂq' Q,ﬁn"’ ‘E‘.’.'nq 453%
: : : . iyl . : Sucti H,0 o C o > N B < N .
season will produce a highest effectiveness of P availability in the Pine Rockland forest. reton (e iL0) « Laboratory and statistical Analyses | N N o° P e AT N O YA - L
& 1570 ampe - Extracted P was extracted by the Olsen and total P was digested by the Ignition method _— 0
— ves . . G e S T
{ Intr 0o d u Ctl on } gl Ba - The methods of Repeated Measures and Tukey’s pairwise comparison were used to determine significances among treatments | ‘ | | | DI ‘ | ‘ || ‘ "‘ ‘ H " |
2.4 g/ sample AW | . . . . . . . .
zgg/ Samr;le > LR | _ Plots Of NPP, ReSIduals VS. Fltted ValueS, and R681duals VS. Tlme were tO Check an error normalltY, variance equallty’ and 1ndependence 7 R S e il - i i A LA i il il Bl it M e i I e, L . A i khMiril} B R N R - il il i .. 1
Pine Rockland in South Florida is a nutrient-poor and fire-dependent ecosystem. Avail- < Results and co0 - et T N N 11 NN ANLU S () _
ability of P in this ecosystem 1s limited because of an presence of calcium and 1ron. So Discussion : <T>°tnt|r:l for Extracted P m pH -2 g,
. . ota O ) 1 SO O U  S
far, most researches have focused on studying effects of prescribed fire on changes of nu- — Control for Total P 7.6 m Rainfall (in) . )
trients in acidic and neutral soils. We hypothesized that a prescribed fire would increase — 400 - R .——————-a— - i Al - i i, =
Plant tissugs mixed well a!fteu:utting_ T _ _
availability of P in calcareous soils of the Pine Rockland forest. Questions for this study = 4
Were: (i) hOW Will the P be impacted by ﬁre intensity and Changes in Soil moisture; (ii) _ The Olsen methOd Was used tO eXtraCt phosphoruS, and P Concentration Was determined by Spectrophotometer by the Colorimetric method . 300 { { ?14 T IO o DO O IOUN O ISP USUURPRURUTUUVOUUUURTN SRR SO
. . . . .o , . . . . . . . = — T -T™
how will a prescribed fire change contents of P in calcareous soils; and (iii) what are ma- - The methods of Repeated Measures and Tukey’s pairwise comparison were used to determine significant differences among treatments A { o T O N H I S S— W - 5
jor forms of P in the so1l after a fire? This research were carried out by laboratory and field ¢ Results and Discussion g { }
. .. . . 0. N i ?.Z I | | | | | I I | | I | E
expermments. Under the controlled condition of laboratory, soil samples were mcubated by four o q- 10- - 200 o e . . . .
. . . " X o A s o
burning temperatures (250°C, 350°C, 450°C, 550°C) and three soil moistures (20%, 50%, ;. ] 9 E & & Gp‘*' ‘@" f 6@*'
0 : O i wiv A2EE - : : 3 Results of Repeated Measure ANOVA S o > © % Ny
and 80% of field capacity) at 24"C in six different periods. Soil and fuel-loading samples for 3 7 7 T 8- 2 S g Period
. . . > _ © ampling Periods
this experiment were collected at the block of Boy Scout Camp in May 2008. The Boy Scout < 6 6 - L ! Source Pr > F | Significance = 15 - pling
1 T
: : _ = 6 I Moisture < 0.0001 ek <)
Camp was burned m October 2008 for the field experiment. Changes of P content were meas % 5 | 5 - ) e — — O Sampling Extracted concentrations of cations (mg/kg soil) b C . IS
ured 1n 18 months after the fire . Accumulation of fuel loadings underneath the Pine Rockland S 4 ‘- .. — o000 3 10 - periods Mo Co e N Vi = oy o | (mg/kgsoil) | (uS/cm) P (mol/L)
forest’s storey before the fire was 5 years. Block of 11 was chosen for collecting control samples. £ 3 3 Moisture*Period < 0.0001
8 3 Temperature-Period = 0.0001 Pre-burn 5215 | 1059.76 | 164.79 | 29091 | 6922 | 3.46 3.44 | 17787 4.24 333.33 7.55 | 0.000481
:"H‘-.I.;'"" - O 2 2 2 . * < R
- O Moisture™ Temperature 00001 5 2 weeks 143.66 | 904.61 | 27733 | 359.12 | 25637 | 5.1 412 | 15331 13.38 697.64 | 7.82 | 0.001006
e [," ( T 1 1 1 Moisture*Temperature*Period 0.0431 *
ome, L\ MONT f D i ' 0 , ; Tukey 1 month 80.12 | 1035.04 | 193.48 | 35831 | 8922 | 5.39 3.06 | 207.18 4.41 543.84 | 7.48 | 0.000784
i . fee. |MINN el e \ ' \ c c c ' Grouping Mean Description
i ?‘“HL / ] | e Al T R co™® w00 o™ o™ oo™ o™ S L S Control 280 30 4% 5 e o o 3months | 4020 | 97220 | 187.56 | 309.89 | 4695 | 527 | 3.83 | 169.80 1.22 370.08 | 7.45 | 0.000534
e WY s Lo - I B b ] I ]
| ; ’IIJ E-' : "_——4-4\ L it GVt TR AR MR L 0 B 4 564 12 h
il e, [ 10w - i O ) QR Periods of Incubation Soil Moisture Content Temperature(°C) - months R\ oKS e NS QNS QNS QNS NS QNS 6 months 53.64 | 1094.06 | 236.42 | 277.05 | 53.12 | 534 3.81 | 158.06 3.95 38334 | 7.56 | 0.000553
ert e ; = B 4 502 5 months 9(3‘0 2 e A YOO o o N o o o A2 ot AS ot AS o
Y [ cow f e N 5 4.407 1 month 9 months 55.65 | 988.70 | 121.79 | 30127 | 8932 | 4.16 3.58 | 28891 3.19 34822 | 7.48 | 0.000502
k r’{ e & 00— N " RN B 4.239 Pre-burn
[T I | ~. ] N - Periods of Sampling 12 months | 53.41 | 1161.85 | 144.82 | 277.89 | 72.65 | 529 424 | 172.77 4.56 328.16 | 7.57 | 0.000473
LG —Lum N R R A ' _ ® . | N B 3.953 6 months
b f[ / e, 11 S N T e ——— N N N . N B 3188 9 months 15months | 61.80 | 1048.94 | 159.86 | 313.03 | 113.92 | 4.03 3.96 | 196.97 2.71 452.72 | 7.72 | 0.000653
fm 2 f— o R ., o o @
il - 10 A R R | < il B SHUE, Ui Plant tissues and litters 18 months | 3373 | 971.95 | 136.82 | 30729 | 5887 | 238 | 379 | 222.59 3.01 33150 | 7.58 | 0.000478
' 3 ' = v 1Al | a7 | | B 2713 15 months Percents of total C, Ash and Charcoal underneath Pine's storey montas ' ‘ ‘ ' ' ' ' ' ' ' ' '
i iy O o S | '
o ",k o Cg.’ g) 6 - g 6 T B 2420 4 monthS t.Otal N, allfi tOtal P ]
4 g 8 = 3 e - I N N 5 1 998 3 months in oven-dried plant Laboratory Incubation 15.0 -
o e s 51 £ 5 ' . I o ol ' tissues and ashes Field | Incubation Field v
o (=) = = ® | 0 0 0 0
£ g , | £ . NER AN 250°C | 350°C | 450°C | 550°C 120 — 77\ ® HPO4
S : g . y, \ - H2PO4
2 S 3+ S . NERNE) Total N (%) 0.9352 | 1.8864 | 1.2211 | 0.6593 | 0.9028 |  0.5403 0.5304 / AN — “w— Extracted P
5 S , | o . [ Pr> F 9.0 - / N
5 4 o ) 1. | | IRSEENRS Results Total C (%) 5323 | 47.16 | 32.86 | 27.49 | 3833 46.59 46.25 / N
- . c 11 st T e SRR . L. = \
Long Pine Key in g 3 : % 1 ﬂ 1] itatiSt‘Fal Extracted P Total P Total P (%) 0.0301 | 0.0893 | 0.1979 | 0.2619 | 0.1261 |  0.0187 0.0193 S 6.0 - L/ \
- o L S i © 6 months nalysis
Everglades National Park, 2 S Zr;iﬁh % 4 months y After fire || Control | After fire | Control Extracted P = v \K v e
Florida N A Q. 2months %, 3 monis | . 0.1077 | 0.0892 | 0.0263 | 0.0050 | 0.0254 |  0.0534 0.0786 = 50 - ~ - —— — - - -
: %, 3 months % " month ANOVA @ Y 01714 | 00572 | 0.0539 (mg P/g ash or tissue) = - - v
0% OTFC ofFC %, G montns B 2wt C:N rati 36.22 87.20 £ z v
SRerT 20% of FC %)6 " conorrc | S0ofFc  0MOTFC %a 550C 450C 90 o Levene's Test for Homo- | . ., 0.4101 0.1975 0.347 S Tano ' ' = 2
Soil Moistyre Content Soil Moisture Content Temperatures of Heating geneity of Variances ' ' ' ' N:P Ratio 28.90 27.48 _.% 0.4
= 0.4 -
L S
S . . . . L. . . . - Available contents of P were significantly different after the fire. The P availability was dramatically increased from 4.24 ppm 1n pre- I
- P availability after the fire was significantly increased by burning temperatures and soil water content in different incubation periods burn to 13 38 - L gﬁ " fy Thi it back its oriod i] ot in | }t]h fror fhe £ PP P § 0.3 -
- The P available concentration of approximately 7 ppm was maintained until four months after the fire U to 1.6 PPH 1 £ WEEKS alleh he HIc. 1AIS dvallabllity WEnl bactk 11 Otigihal CONLEn i 1 Onth alieh the Lre . S
. eqe . . . . eqe . . . . . - 0.2 —
- P availability was decreased as an increase of soil water content. This availability was highest at 350°C in soil moistures and periods An increase of P availability raised the total P concentration, but total P was not significantly different from the sampling periods
- C:Nratio (86.2 to 87.2) and N:P ratio (27.5 to 28.9) indicated that the Pine Rockland has both N limitation and P limitation 01 _ o
m u u ) , S QP
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