
of ca 75 em in diameter from each subplot and bulked in
October 2001
Chemical Fractionation: Soil P fractionation scheme
described by Chen et al (2000) was used. This involved
sequential extraction of soil with 1 M NaOH NH4Cl (APi),
05 M NaHC03 (pH 8 5), 01 NaOH (N(l)P), I M HCI and
0.1 M NaOH (N(ll)P)
}l.p solution NMR analyyiy· Freeze-dtied NaOH-EDIA
extracts of soils were prepared according to the method
described by Cade-Menun and Preston (1996) For NMR
analysis, 70 mL filtrate was lyophilized rhe freeze-dried
extract (ca 250 mg) was re-disso1ved in 09 ml 1 MNaOH
and 0 1 rnL D20 and allowed to stand for 10 min with
occasional vortexing Samples were then centrifuged at
1500 x g for 5 min and the supematant transferred to 5-rnm
diameter NMR tubes Solution 31p NIvIR spectra were
acquired at 162 MHz on a Varian Inova 400 spectrometer
using an acquisition time of 1 6 seconds, a recycle delay of
24 seconds and a pulse angle of 65'. A 1Hz line broadening
function was applied to the data pdor toFourier
Transformation The general functional classes of P
compounds were: phosphonates around 19 ppm, inorganic
orthophosphate approximately 6 1 ppm, orthophosphate
monoesters at 3-6 ppm, OIthophosphate diesters between 
0.5 and 2.0 ppm, pyrophosphate around -4 ppm, and
inorganic polyphosphate about -20 ppm Within the
orthophosphate monoesters, myo-inositol hexakisphosphate
(phytic acid) was identified by the signature signals at 5.85,
492, 4.55, and 4.43 ppm in the ratio of 1:2:2:1 Integral
areas for all major species were determined using the
deconvolution routines implicit in the Varian 6.1C softwar'e
package, The identified P functional groups were expressed
as percentages of total signal area, relative concentr'ations
(mg kg"l) were calculated by multiplying the percentage
peak area with total P in the extracts
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Abstl'act Conversion from native forest to plantation forest can have significant impacts on the transformation of soil cmbon and
associated nutrients, including soil phosphorus (P) Results from a paired-site study in southeast Queensland, using both
chemical fractionation and 31p NMR spectroscopy, demonstrated that conversion from natural forest to hoop pine plantation did
not substantially affect soil total P (1290, 1289 and 1190 mg P kg"l for soils under NF, IR and 2R, respectively), but conversion
significantly reduced the availability of soil P

Introduction
Land-use change from the native forest to the plantation
forest can have significant impacts on soil phosphorus (P)
transformation Adjacent natural forest (NF), and first (1R)
and second rotation (2R) hoop pine plantations in south-east
Queensland, Australia, were selected to investigate the
effects of conversion of natural forest to hoop pine
plantations and forest management (harvesting and site
preparation of plantation) on the size and the natW'e of P
pools in surtace (0-10 em) soils using solution 31p NMR
analysis and chemical fiactionation

MateI ials and Methods
Research site: The site is located within the Yarraman State
Forest, SEQ, Australia (26052' S, 151051' E), lying in the
upper catchment of the Mary River The soil is a SnuffY
Mesotrophic Red Ferrosol (Soil Smvey Staff; 1999).
Altitude at the site is 428 m above sea level. Armual rainfall
varies from 433 to 1110 nun, with an average of 791 mm
Winter temperatures range from 4 to 20 C, and summer
temperatures from 17 to 29 C. 'I he NF site is classified as
a rainforest/bastard scrub and dominated by bunya pine
(Aravcaria bidwilli), yellowwood (Terminalia oblongata),
crows ash (Pentaceras australiS) and lignum-vitae (Premna
lignum-vitae), with emergent hoop pine (AraucaTia
cunninghamii) Ihe lR hoop pine plantation was
established in 1949 at approximately 1540 stems ha-l, and
then thinned to a final stocking of 430 stems ha-l Ihe 2R
hoop pine site was planted in November 2000 after the
dearcut harvest of part of the lR hoop pine plantation in
September 1999. lhe stocking density at the 2R hoop pine
site was approximately 620 stems ha-l when the soil was
sampled
Soil Sampling: Each (ca 30 m x 100 m) of the research ar'eas
under adjacent NF, 1Rand 2R hoop pine plantations was
divided into five subplots for soil sampling A total of 25
soil cores (0-10 em) were randomly collected with an auger

I able 1 Basie chemical properties in soils under adjacent native forest and hope pine plantations (Native forest, NF; 1st rotation
hoop pine, lR; 2nd rotation hoop pine, 2R).
Vegetation type pH Total C

(%)
NF
1R
2R

4.7b
6.0a
5.6a

7.96a
6.38b
6.40b

Total N
(%)

0.670a
0.486c
0.536b

Bulk density
(g cm-3)

0.688a
0.726a
0.736a

Soil moisture %

25.0b
26.2b
36.1a

Sand
(%)

32.7a
33.4a
28.0a

Silt (%)

l8.9c
30.6a
27.lb

Clay (%)

48.5a
36.0a
44.9a

Results and Discussion
Conversion from natW'al forest to hoop pine plantations did
uot substantially affect soil total P (1290,1289 and 1190 mg
P kg-I for soils under NF, IR and 2R, respectively) (see
I able 2), but significantly reduced the availability of soil P
Soil labile P (sum of solution P (APi) and NaHC03

extractable P) decreased from 125 mg P kg"l 1ll1der NF to 79
mg P kg"] under lR and 59 mg P kg"l under 2R But

recalcitrant P pools (sum of the second NaOH extractable
and residual P) increased from 504 mg P kg"] under' NF to
537 mg P kg'! under lR and 623 mg P kg'! under 2R.

EDIA-NaOH extracted more P from soil under NF (one
average, 678 mg P kg"], 52,6% of total P) than IR (531 mg P
kg· l

, 411% of total P) and 2R (494 mg P kg'!, 41 5% of
total P) hoop pine plantation Results from 31p solution
NrvIR analysis showed that inorganic P (61 ppm) comprised



was a slight increase in the concentr'ation of
pyrophosphophate after conversion from NF to 1R and 2R
plantations A distinct peak at 3.88 ppm was observed from
the spectra obtained cross all soils under various vegetations
Ihis may belong to scyllo-inositol hexakisphosphate (Turner
et al 2003) and has yet to be confirmed" Polyphosphate was
not detestable across different soils (Figure I), The myo
inositol hexakisphosphate (chemical shift, 585, 4.92, 4.55,
and 4,43 ppm in the ratio of 1:2:2:1) was not identified
either across all spectra obtained

45-63% of total EDIA-NaOH extractable P, while inositol
phosphate (3-6 ppm) was predominant among organic
fractions in all soils under adjacent NF, lR and 2R hoop
pine plantations (Table 3, Figure 1) The concentration of
orthophosphate was higher in soil under NF compared with
those under lR and 2R hoop pine plantations (Table 3) The
concentration of orthophosphate diesters was also greater in
soil under NF than those under 1R and 2R plantations
These further indicate that land-use change from NF to
plantation forests may reduce soil P availability, which is
consistent with results from chemical fractionation There

I able 2 Soil P fractions in adjacent native forest and hoop pine plantations of southeast Queensland (Native forest, NF; 1st

drotation hoo l nine, lR; 2n rotation hoop pine, 2R).
Forest tvne APi BPi BPo HPi N(])Pi N(I)Po N(]J)Pi N(]])Po Res-P TP
NF 2.5a 42 la 801a 511b 1859a 422.2a l31.2a 79 2b (22.5 2941b 1289a (56 0

(1.6) (9.1) (9.51 (4.41 (11.0) (38.31 (13.0) (55.81
IR 0.8b 243b 54.lb 68.0a 187.7a 4166a 1546a 90 9b (34.8 292.5b 1289,)a

(0.4) (11.2) (5.61 m.31 (14.21 (46.5) (29.6) (22.6) (92.8)
2R 1.5ab 195b 38.7c 38.lb 1397b 3289b 1361a 151 la 3361a 11 89.8b

(0.41 13.41 (12.4) (10.81 (26,)1 (15.8) (22.7) (15.9) (18.81 (40.51

Table 3 Distribution ofP functional groups in NaOH-EDIA extr'acts of soils as percentage of total peak area of the 31 p nuclear
magnetic resQnance (NMR) spectra and concentration (mg P kg-Isoil) (Native forest, NF; 1st rotation hoop pine, lR; 2nd rotation
hoop pine, 2R).

Forest type Inorganic P Organic P
Orthophosphate
monoesters

Orthophosphate
diesters

Orthophosphate Pyrophosphate Polyphosphate Unlmown (x)t Iotal monoesters

NF mgkg'l376(12) 3.7(0.5) nJd 101(26) 291(11) 65(08)

% 55.6 (11) 055 (0.06) nJd 15 (0,)) 42.9 (1 I) 095 (0 08)

lR mg kg-l 341 (38) 42 (0 3) nJd 56(03) 182 (8) 39(05)

% 634(36) 0.80 (0 08) nJd 1.06 (0 06) 35.0 (34) 077 (0 13)

2R mg kg-l 223 (14) 63 (06) nJd 69 (0 4) 261 (11) 34 (0 6)

% 450 (210) 1.26 (0 09) nJd 140 (0 10) 530 (2 0) 069 (0.12)
t Data in the columns are mean (n = 5); data in parenthesis are standard errOl'S
: A peak (X) at 388 ppm with the identity unknown. It may be scyllo- inositol hexakisphosphate (Turner et al 2005); bowever
this has yet to be confirmed

Refel'eDCeS
Cade-Mennn BI and Preston CM 1996 Soil Science 161,

770-785
Chen CR, Condron LM, Davis MR and Sherlock RR 2000

Plant and Soi1220, 151-163
Soil SUIvey Staff 1999 Soil taxonomy a basic system of soil

classification fOI making and interpreting soil sUIveys (2nd

ed), USDA Soil Conservation Service, Washington.
Iumer BL, Mahieu N, Condron LM 2003 Soil Science

Society of America lonmal67, 497-510

~1R~.L,~

:,.~
~~ !! 0 'd~

Figure 3 Solution 31p {IH} nuclear magnetic resonance
(NMR) spectra of NaOH-EDTA extracts of the soils


