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2.3Data analysis

Statistical analyses were conducted on R Version 3.1.0 (© 2014 The R Foundation for Statistical Computing) usi g mix
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Our search resulted in 100 native vegetation outcomes from 13 referénges(iadditionalS1) (BacknSs et g2012,
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incent et al, 2013, n=8;Vincen

incent et al, 2010, n=1) Most of the papers were exclu

(e.g., crop, pasture, planted forest wetlands)and 3P NMR features. Theesults selectedwere from the followin

countries: Australia (n=5), Finland (n=1), Itafg=1), New Zealand (n=59), Republic of Panama (n=21), Russia (|
Sweden (n=8)and the United States of America (n=Ihese resultzomprisedmost of theglobal biomes classified
according tQWhittakerWhittakers diagram (Whittakef975) ofexcept for thesubtropical deserttundrgand temperate rai
foresi The six chronosequences studies (5 in New Zealand, 1 in Sweden; 5 on A layer, 2 on O layer) were

importantcontributos to the data (45/74 sites on A layer, 18/20 sites on @rpy

In the compiled datz80% of results were from mineral layers and the remaining 2686 organic layerg 39% did no
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nontropical and tropical regi@). All compiledresults includedhe total P, total NaOH EDTA P, NaOH EDTR,, andits

compoundphosphonates, NaOH EDTR, and its compourdrthophosphate, pyrophosphate and polyphosphate
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6 APPENDICES (SUPPLEMENTARY FILES)

Appendix S1PDataset: The datasistattached as a supplementary Excel file
Appendix S2DGlobal biomesomprised in our datasatcording to the Whittaker' diagram
Appendix 353 BSoil depth effect on soil P composition

Appendix S4DLatitude effect on soil P composition.
Appendix S5DPercentage of P extracted with Na@BTA effect on soil P composition.

/

Appendix S6DSoil properties and soil organic phosphonates.
Appendix S7 BClimatic properties and soil inorganic phosphorus

Appendix S8 BClimatic properties and soil organic phosphorus.

Appendix 959 BSoil weatheringteges and poorly crystallinel And Fe concentration.

Appendix 10510 BModels tested to explore the interdependsrmetween edaphic and climatic variables (path anagsisj

the main environmental predictors of saibrganic and organic P compounds.

7 ACKNOWLEDGEMENTS

The authors gratefully acknowledge the Coordination for the Improvement of Higher Education Personnel-BEa&HES
and the National Council for mtific and Technological Development (CNBgazil) for funding this research/aire is
fundedby theNSERGDiscover (201805716)grant.

8 REFERENCES

\

Agbenin, J.0.andTiessen, H.Phosphorus forms in particize fractions of a tapsequencéom northeast BrazilSoil Scix«
Soc. Am. J.59, 16871693,d0i:10.2136/ss52j1995.0361599500590006002695.
Albrecht, W.A:, Soil fertility and biotic geographyGeogr. Revy.47, 860106,doi: 10.2307/21219]11957.

Backnés, S., Lainkaulio, H.,andKl¢ ve, B.:Phosphorus forms and related soil chemistry in preferential flowpaths aAd the

soil matrix of a forested podzolic till soirgfile, Geodermal89-190, 5@64, doi: 10.1016/j.geoderma.2012.04.016,

\
2012. \

Batjes, N.H.:Global distribution of soil posphorus retention potenti#&RIC Report, World Soil Information, Wageningen,|
06, 42 pp, 2011 \‘\

BYnemann, E.KEnzyme additions as a tool to assess the potential bioavailaifilisganically bound nutrient§adl Biol. \
Biochem, 40, 211&2129,doi: 10.1016/j.s0ilbio.2008.03.002008. \

CadeMenun, B.,andLiu, C.W.; Solution phosphoru81 nuclear magnetic resonance spectroscopy of soils from 2005

2013: A review of sample prepai@t and experimental parametgrSoil Sci. Soc. Am. J. 78, 19287,\*»:

doi:10.2136/sssaj2013.05.0187dR614.

IR

AL
1\
\
\

17 \

\Y

/
/
N

Formatted

[P
L D!12/26/2017 4:12 PM

Formatted (293
L D!12/10/2017 2:29 PM
L D!1/27/2018 11:39 AM
L D!12/26/2017 4:12 PM

Formatted [N )

C..[208]

(.. 1208]

[T )

(2e2] )
23
C2e4
L D!12/10/2017 2:30 PM
Deleted: 2
| L D!1/27/2018 11:39 AM
Formatted (o295
(298]
G
(28] )

L D!1/27/2018 11:39 A
L D!12/26/2017 4:12 PM

L D!9/23/2017 11:39 AM

M
Deleted: 3

L D!1/27/2018 11:39 AM

L D!12/26/2017 4:12 PM

L D!9/23/2017 11:40 AM

L D!1/16/2018 3:42 PM

Maire, Vincent!1/27/2018 11:39 AM

A R—)

Maire, Vincent!1/9/2018 2:38 PM

Comment [5]:  You do not need the DC .. [301] )

L D!1/16/2018 5:03 PM

Comment [6]:  Its in their template so(...[302] )

Maire, Vincent!1/27/2018 11:39 AM

Formatted

L D!1/27/2018 11:39 AM

Formatted

Maire, Vincent!1/9/2018 9:12 AM
Deleted: .

L D!1/27/2018 11:39 AM

Formatted

t‘% L D!1/27/2018 11:39 AM

Deleted: .:
L D!1/27/2018 11:39 AM
Formatted
Maire, Vincent!1/9/2018 9:12 AM
Deleted: .
Maire, Vincent!1/9/2018 9:12 AM
Deleted: .
Maire, Vincent!1/9/2018 9:12 AM
Deleted: .
Maire, Vincent!1/9/2018 9:12 AM

L D!1/27/2018 11:39 AM

Formatted




10

15

20

25

30

CadeMenun B.J., Berch S.M., Preston C.MndLavkulich L.M.: Phosphorus forms and related soil chemistry of Podzolic

d | .
soils on nortkern Vancouver Island. 1. A cguarison of two forest fyes,Can J. For. Res, 30:1714P1725, doi: L D0 S P

) Deleted: . ... [307]
10.1139/cjfr30-11-1714,2000. | Maire, Vincent!1/9/2018 9:12 AM
CadeMenun, B.J.andPreston, C.M A Comparison of Soil Extraction Predures for 31P NMR Spectroscq8pil Sci.,
161, 770785, doi: 10.1097/000106949961100600006,1996. L DUVAPOLE LD AN
Formatted

Catoni, M., Amico, M.E.D., Zanin E., and Bonifacio, E.:Effect of pedogenic processes and formation factors on organi

matter stabization in alpine forest soilseoderma263, 158160, doi: 10.1016/j.geoderma.2015.09.0@916 [latite, WineamiliLie A0 L2 A

Deleted: .

Celi, L., Cerli, C., Turner, B.L., Santoni, &ndBonifacio, E; Biogeochemical cycling of soil phosphorus during natural
\ Maire, Vincent!1/9/2018 9:12 AM
Deleted: .
§ L D!1/27/2018 11:39 AM

revegetation of Pinus sylvestris on disused sand quarries in Northwésissig,Plant Soi] 367, 12134 doi: ‘\
10.1007/s11109013-1627y, 2013.

Cheesman, A.W., Turner, B.Land Reddy, K.R.:Forms of orgaic phosphorus in wetland soiBjogecsciences Discuss. Formatted
11, 856%B605,doi: 10.5194/bgl 1-6697-2014,2014. Ma'e' '“Ce“‘!1’9’2°18 SHZ AN
Deleted: .

Lhen C.R,, Condron L.M., Turnet B.L., Mahiey N., Davis M.R., Xu, Z.H., and Sherlock R.R.: Mineralization of soil
orthophosphate monoesters under pine seedlings and ryegrass. Aust J Sé6#, R89196, doi: 10.1071/SR03018,
2004.

Cloy, J.M., Wilson, C. A.and Graham, M.C.Stabilization of Organic Carbon via Chemical Interactions with Fe and Al
Oxides in Glg Soils Soil Sci, 179, 54660,doi: 10.1097/SS.000000000000009614.

Crews, T., Kitayama, K., Fownes, J., Riley, R., Herbert, D., Muéllembois, D., and Vitousek, P.: Changes in soil

Maire, Vincent!1/9/2018 9:12 AM
Deleted: .

Maire, Vincent!1/9/2018 9:12 AM
Deleted: .

I

L D!12/27/2017 3:50 PM

) Deleted: . .. [310]
doi:10.2307/1938144, 1995. I Maire, Vincent!1/9/2018 9:11 AM

phosphorus fractions and ecosystem dynamics across a long chronoseiquilaeaii, Ecology, 76, 14@1424,

Cross, A.and Schlesinger, W.:A literature review and evaluation of the Hedley fractionation: Applications to the | Deleted: -

biogeochemical cycle of soil phosphorus in naturebsgstems, Geoderm&4, 19214, doi: 10.1016/0016
7061(94)000234, 1995.

Deiss, L., Franzluebbers, A.J., Amoozegar, A., Hesterberg, D., Polizzottan¥Cubbage, FE Soil carbon fractions from
an alluvial soil teture gradient in North Carolin&oil Sci. Soc. Am. Jdoi:10.2136/sssaj2016.09.03@D17.

JDamon, P.M., Bowden, B., Rose, dhdRengel, Z.:Crop residue contributions to phosphorus paolagricultural soils: A
review, Soil Biol. Biochem, 74, 12BP137,doi: 10.1016/j.s0ilbio.2014.03.003014.

Dick, R.P.:Hydrolysis and availability to plantsf polyphosphates added to soiRetrospective Thesemd Dissertations,
Paper 12054, 1985.

Doolette, A.L., Smernik, R.JandMcLaren, T.Il.:The composition of organic phosphorus in soils of the Snowy Mountains
region of southeastern AustraliéSal Res, 10,doi: 10.1071/SR16058, 2016. Mncnt!1/9/2018 e

Feng, J., Turner, B.L,, LY, X., Chen, Z., Wei, K., Tian, J., Wang, C., Luoand.Chen, L.:Phosphorus transformations L D!12/27/2017 3:50 PM

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Il |

along a largescale climosequence in arid and semdigrasslands of northern Chindlobal Biogeochem. Cycle80, N\ \Deleted: . e

. B Maire, Vincent!1/9/2018 9:11 AM
126491275 doi: 10.1002/2015GB005332016 Deloted: .

|

18



1

10

15

20

25

30

George, T. S., Giles, C. D. and Condron, L. M.: Organic phospliwths terrestrial environmena perspective on the state
of the art and future forities, 1-18, doi:10.1007/s1110817-3391-x, 2017.

Heister, K.:How accessible is the specific surface area of minerals? A comparative study wiht&hing minerals as
modelsubstancesGeoderma263, @15, doi: 10.1016/j.geoderma.2015.09.0Q016.

Hengl, T., Mendes de Jesus, J., Heuvelink, G.B.M., Ruiperez Gonzalez, M., Kilibarda, M., \Blago8hangguan, W.,
Wright, M.N., Geng, X., BaueMarschallinger, B., Guevara, M.A., Vargas, R., MacMillan, R.A., Batjes, N.B.,
Leenaars, J.G.B., Ribeiro,..EWheeler,l., Mantel, S.and Bas Kempen, B.:SoilGrids250m: global gridded soil
information based on Machinearning,PLOS ONE 12,e0169748doi: 10.1371/journal.pone.0169748)17.

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM

Huang, L., Jia, X. and Zhang, G.: Soil organic phosphorus transfonmdiiring ecosystem development : A review Soil Mncent!1/9/2018 9:11 AM
organic __phosphorus transfornmti _during ecosystem developmenf review, Plant Soi]l 417, 17942,
doi:10.1007/s1110817-3240y, 2017. L|D!1/27/2018 11:39 AM

Hui, D., Mayes, M.A.andWang, G.Kinetic parameters of phosphatagequantitative synthesiSoil Biol. Biochem, 65, L DI1/27/2018 11:39 AM
1050113 doi: 10.1016/}.s0ilbio.2013.05.012013.

L D!1/27/2018 11:39 AM

Formatted: English (US)

L D!1/27/2018 11:39 AM

Formatted: English (US)

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

A Maire, Vincent!1/9/2018 9:11 AM

Deleted: .

Geoderma263, 17, doi: 10.1016/j.geoderma.2015.08.02916. l Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM
Other Environmental Systems, Environ. Quaj.40, 751766,doi: 10.2134/jeq2010.0169011. Deleted: .

Koukol, O., Novak, F., Hrabal, RComposition of the organic phosphorus fraction in basidiocarps of tsapne and Maire, Vincent!1/9/2018 9:11 AM
mycorrhizal fungiSoil Biol Biochem 40, 24642467, doi: 10.1016/j.s0ilbio.2008.04.022008. Deleted:
Maire, Vincent!1/9/2018 9:11 AM
Kornberg, A., Rao, N.N.and Ault-Riche, D.: Inorganic polyphosphat a molecule of many functiongnnu. Rev. Deleted: .
Biochem, 68, 8®125,doi: 10.1146/annurev.biochem.68.1.8999. Maire, Vincent!1/9/2018 9:11 AM
Kunito, T., Tobitani, T., Moro, H.,and Toda H.: Phosphorus limitation in microorganisms leads to high Deleted: .
Maire, Vincent!1/9/2018 9:11 AM
phosphomonoestase activity in acid foresils, Pedobiologia55, 263270,doi: 10.1016/j.pedobi.2012.05.002)12. Deleted: .
Kunstler G. 2014: BIOMEplot: R package to plot Whittaker' biomes  (Whittaker 1975).
https://gith.com/kunstler/BIOMEplgtAccess in December 8, 2017.

Unknown
Legendre, PandLegendre, L.Numerical ecology3rd Engl ed. Elsevier Science, Amsterdam, 2012.

Jangid K, Whitman W B., Condron L M., Turner B L., and Williams, M. E.: Progressive and retrogressive ecosysté‘m

development coincide with soil bac@ricommunity change in a dune system under lowland temperate rainforest i
New ZealandPlant Soi| 367, 23E247,doi: 10.1007/s1110813-1720-2, 2013. ‘
Jenny, H.:Factors of soil formation: a system of quantitative pedal@gwer, New York1941.

Kaiser, M., Zederer, D.P., Ellerbrock, R.H., Sommer, Mnd Ludwig, B.: Effects of mineral characteristics on content,‘

composition, and stability of organic matter fractions separated from seven forest topsoils of qitiéehgﬂnesis,\

Kizewski, F., Liu, Y:T., Morris, A. and Hesterberg, DSpectroscopic Approaches for Phosphorus Speciation in &udls

Field Code Changed

L D!1/27/2018 11:39 AM

Formatted: Hyperlink

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

|

Li, M., Mazzei, P., Cozzolino, V., Monda, H., Hu, ZAnd Piccolo, A.:Optimized procedure for the determination of P
species in soil by duid-state 31AMNMR spectroscopyChem. Biol. Technol. Agricdoi: 10.1186/s4053814-0027-8, ‘
2015.

||

19



10

15

20

25

30

J_alibertZ, E., Kardol, P., Didham, R. K., Teste, F. P., Turner, B. L. and Wardle,: 3oA fertility shapes belowground
food webs across a regional climate gradient, Ecol. Lett., 20(10)P12838, doi:10.1111/ele.12823, 2017.

Maire, V., Wright, 1.J., Prentice, I.C., Batjes, N.H., Bhaskar, R., van Bodegom, P.M., Cornwell, W.K., Hils®@qrt
Niinemets, Ulo, Ordonez, A., Reich, P.BndSantiago, L.S.Global effects of soil and climate on Igatiotosynthetic
traits and ratesGlob. Ecol. Biogeogr.24, 706717,doi: 10.1111/geb.1229@8015.

McDowell, R.W., CadeMenun, B.,and Stewart,l.: Organic phosphorus speciation and pedogenesis: Analysis by solution
31P nuclear magnetic resonance spectroscoplur. J. Soil Scj. 58, 134®1357, doi: 10.1111/j.1365
2389.2007.00933.2007.

McDowell, R.W.andStewart, |..The phosphorus compositiaf contrasting soils in pastoral, native and forest management
in Otago, New Zealand: Sequential extraction arglP NMR, Geoderma 130, 17®189, doi:
10.1016/j.geoderma.2005.01.02006.

McDowell, R.W., Stewart, .andCadeMenun, B.J An examination of sphfattice relaxation times for analysis of soil and

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM
Deleted: .

Maire, Vincent!1/9/2018 9:11 AM

manure extracts by liquid state phospheBisnucleamagnetic resonance spectroscopyEnviron. Qua).35, 29 Deloted
eleted: .

302 doi: 10.2134/jeq2005.0283006
Nash, D.M., Haygarth, P.MTurner, B.L., Condron, L.M., McDowell, R.W., Richardson, A.E., Watkins, andHeaven,

I

Maire, Vincent!1/9/2018 9:11 AM

M.W.: Using organic phosphorus to sustain pasture productivity: A eetisp, Geoderma221-222, 119, doi:

10.2136/ss52j2013.2105.018702814. | Maire, Vincent!1/9/2018 9:11 AM
Noack, S.R., McLaugin, M.J., Smernik, R.J., McBeath, T.MandArmstrong, R.D..Crop residue phosphorus: Speciation Maire, Vincent!1/9/2018 9:11 AM

and potential bieavailablity, Plant Soi] 359, 37%885,doi: 10.1007/s1110812-12165, 2012. )
Reitzel, K.and Turner, B.L.: Quantification of pyrophosphatin soil solutio by pyrophosphatase hydrolysBoil Biol Maire, Vincent!1/9/2018 9:11 AM

Biochem, 74, 9897, doi: 10.1016/j.s0ilbio.2014.03.002014. clered:

) Maire, Vincent!1/9/2018 9:11 AM

Rosling, A., Midgley, M.G., Cheeke, T., Urbina, H., FransgbnandPhillips, R.P.: Phosphorus cycling in deciduous forest Deleted: .

soil differs between stands dominated by e@tnd arbuscular mycorrhizal trees. New Phy®6l9, 11841195, doi Maire, Vincent!1/9/2018 9:11 AM

0rg/10.1111/nph.1372@016.

Rumpel, C., Baumann, K., Remusat, L., Dignac, M.F., BarrZ, P., Deldicque, D., Glasser, G., LieberasttGHabbi,A.:
Nanoscale evidence of contrasted processes forderoted organic matter stabilization by mineral interactions
depending on soil deptBoil Biol. Biochem, 85, 8288, doi: 10.1016/s0ilbio.2015.02.0172015.

Savant, N. KandRacz, G.J.; Hydrolysis of sodium pyrophosphate atnigpholyphosphate by plant rootSpil Sci, 113, 18
22,1972.

Stewart, G.Meta-analysis in appliegcology,Biol. Lett., 6, 7881, doi: 10.1098/rsbl.2009.054@010.

L D!1/27/2018 11:39 AM
Formatted: English (US)
L D!1/27/2018 11:39 AM
Formatted: English (US)
L D!1/27/2018 11:39 AM
Formatted: English (US)
L D!1/27/2018 11:39 AM
Formatted: English (US)
Maire, Vincent!1/9/2018 9:11 AM

||

Subbarao, Y.V., Ellis Jr., R., Paulsen, G.shd Paukstellis, J. V.Kinetics of pyre and tripolyphosphate hydrolysis in the
presence of corn and soybean rootdetermined by NMR spectrosco@pil Sci. Soc. Am. J41, 318818, 1977. Maire, Vincent!1/9/2018 9:10 AM
Sutton, C. DandLarsen, S.Pyrophosphate as a source of pitasus for plarg, Soil Sci, 97, 196201, 1964. Deleted: -

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

||

20



10

15

20

25

30

Turner B. L.ang LalibertZ, E, Soil development and nutrient availability along a two million year coastal dune

- - . -
chronosequence under spetigsh Mediterranean shbland in southwestern AustraliBcosystemsl8, 28809, doi: \ M|e |ncent.1/9/2018 SELUIEH]
eleted: .

10.1007/s1002014-98300, 2015. Y| 511/27/2018 11:39 AM
Turner, B.L., Wells, A.andCondron, L.M.:Soil organic phosphorus transformations along a coastal dune chronosequenc_Formatted

Maire, Vincent!1/9/2018 9:10 AM

under New Zealand temperate rain for8ogeochemistry121, 598611, doi: 10.1007/s1053814-00258, 2014. Deloted
eleted:

Jurner, B.L.,andBlackwell, M.S.:Isolating the influence of pH on the amounts amwinfs of soil organic phosphorysyr.
J. Soil Sci, 64, 249259, doi: 10.1111/ejss.1202@013. M'e '“Ce"“l’g’zm Sl A
eleted. .
Turner, B.L.andCondron, L.M; Pedogenesis, nutrient dynamics, and ecosystem development: the legacy of T. W. WalkermS V720 LR LYY

and J. K. SyepsPlant Soil 367, B1Q, doi: 10.1007/s1110401317509, 2013. NS

JTurner, B.L., Lambers, H., Condron, L.M., Cramer, M.D., Leake, J.R., Richardson, A.ESnditid S.E.: Soil microbial\\ | Maire, Vincent!1/9/2018 9:10 AM

biomass and the fate of phosphorus during {temm ecosystem development, Plant Soil, 367, £EP38, ‘ \\‘ L218 11:39 AM
10.1007/s11104912-14932,2013. k Formatted - [314
Jurner, B.L., Wells, A., Andersen, K.MandCondron, L.M.:Patterns of tree community comitan along a coastal dune k Mncent!1/9/2018 9:10 AM
chronosequence in lowland temperate rain forest in NevaZedalant Ecol, 213, 152®1541,doi: 10.1007/ s11258 Maire, Vincent!1/9/2018 9:10 AM
01201083, 2012. Deleted:
Jurner, B.L.andEngelbrecht, B.M.J.Soil organic phosphorus in lowland tropical rain foreBisgeochemistry103, 29D
315,doi: 10.1007/51053810 9466x., 2011. R
Jurner, B.L: Resource partitioning for soil phosphorus: a hypothedi Ecol, 296, 698702, doi: 10.1111/j.1365

2745.2008.01384.2008a. Mie incent!1/9/2018 9:10 AM
eleted:

Jurner, B.L: Soil organic phosphorus irdpical forests: An assessment of the NaBBITA extraction procedure for

quantitative analysis yb solution 31P NMR spectroscopf§ur. J. Soil Scj. 59, 453466, doi: 10.1111/j.1365 e WA S e ARG R

Deleted: .

2389.2007.00994.2008b. | DI1/27/2018 11:39 AM

Jurner, B.L., Condron, L.M.Richardson, S.JReltzer, D. A, andAllison, V.J.; Soil organic phosphorus transformations Formatted
during pedogeesis Ecosystems10, 11661181, doi: 10.1007/s1002007-9086z, 2007. o [kl ViR OO AN

AN
Jurner, B.L.and Haygarth, P.M Phosphatase activity in temperate pasture soils: Potential regulation of labile org 1™ " 511/57/2018 11:39 AM
phosphorus  turnove by phosphodiesterase activity, Sci.  Total Environ. 344, 2886, doi: Formatted
10.1016/j.scitotenv.2005.02.003)05. Maire, Vincent!1/9/2018 9:10 AM
Deleted:

Jurner, B.L., Baxter, R., Mahieu, NSjogersten, SandWhitton, B.A: Phosphorus compounds in subarctic Fennoscandian
soils at the mountain birch (Betula pubescBuns)dra ecotone Soil Biol. Biochem, 36, 813823, doi:
10.1016/j.s0ilbio.2004.01.012004.

Maire, Vincent!1/9/2018 9:10 AM
Deleted:

Jurner, B.L., CadMenun, B.J.and Westermann, D.T Organic Phosphorus Composition and Potential Bioavailability in
SemiArid Arable Soils of the Wstern United StatesSoil Sci. Soc. Am. J. 67, 11681179 doi:
10.2136/ss52j2003.11683003.

Maire, Vincent!1/9/2018 9:10 AM
Deleted:

21



1

10

15

20

25

30

Jurner, B.L., Paphazy, M.Jand Mckelvie, I.D.: Inositd phosphates in the environmefthilos Trans R. Soc Lond. B.
Biol. Sci., 357, 449469, doi: 10.1098/rstb2002.

Vincent, A.G., Vestergren, J., GrSbner, G., Persson, P., SchleucheandGiesler, R: Soil organic phosphorus
transformatbns in a boreal forest chroneggencePlant Soi) 367, 14®162,doi: 10.1007/s1110013-173%z, 2013.

Vincent, A.G., Turner, B.LandTanner, E.V.J Soil organic phosphorus dynamics following perturbation of litter cycling in
a tropical moist forésEur. J. Soil Scj.61, 4&67,doi: 10.1111/j.13682389.2009.01200.2010.

Vitousek, P. M., Porder, S., Houlton, B. Zand Chadwick, O. A: Terrestrial phosphorus limitation: Mechanisms,
implications, and nitrogephosphorus imractions, Ecol. Appl20, 815, doi: 10.1890/080127.1,2010.

Vogel, C., Mueller, C.W., H8schen, C., Buegger, F., Heister, K., Schulz, S., Schlotand¥$gel-Knabner, I: Submicron
structures provide preferential spots for carbon and nitrogen sequestiratisoils, Nat. Commun, 5, 2947,
doi:10.1038/ncomms3942014.

Vogel, C., Heister, K., Buegger, F., Tanuwidjaja, I., Haug, S., Schloter,ahl,KSgel-Knabner, I.: Clay mineral
composition modifies decomposition and sequestration of organic carbonitesgen in finesoil fractions,Biol.
Fertil. Soils 51, 42P442,doi: 10.1007/s0037814-0987-7, 2015.

Yang, X.M., Drury, C.F., Reynolds, W.DandYang, J.Y.:How do changes in bulk soil organic carbon content affect carbon
concentrations in individual soil particfractions?Sci. Rep, 6, 27173doi: 10.1038/srep27172016.

Yang, X.andPost, W.M.:Phosphorus transformations as a function of pedogenesis: A synthesis of soil phosphorus d
using Hedley fractionation metho8jogeosciences8, 29072916,doi: 10.519}/bg-8-2907%2011,2011.

Yu, W.H,, Li, N.,, Tong, D.S., Zhou, C.H., Lin, C.Xand Xu, C.Y.: Adsorption of proteins and nucleic acids on clay
minerals ad their interactions: a reviewppl. Clay Sci, 80B81, 443452,doi: 10.1016/j.clay.2013.06.003013.

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

1]

ata

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

|

L D!12/27/2017 3:51 PM
Deleted: . ... [317]

Walker, T.and Adams, A. R.:Studies on soil organic matter: I. Influence of phosphorus content of parent materials oq Maire, Vincent!1/9/2018 9:10 AM

accumulations of carbon, nitrogen, sulfur, and organic phosphorus in gdassiEnSoil Sci, 85, 308818, 1958.

Walker, T. and Syers, J.:The fate of phosphorus during pedogenesis, Geodefria 119, doi: 10.1016/0016
7061(76)900665, 1976.

Walker, T.W: The significance of phosphorus in pedogenesis. In: Hallsworth EG (ed) Experimental pedaltgyydths,
London, pp 298815,1965.

Wang, H., Prentice, |.CandDavis T.W: Biophsyical constraints on gross primary produetby the terrestrial biosphere,
Biogeosciencesl1, 5986001,d0i:10.5194/bgl 1-59872014,2014

Wang, B.andQiu, Y -L.: Phylogenetic distribution and evolutiaf mycorrhizas in land plant8jycorrhizg 16, 299863,
doi:10.1007/s0057-D05-00336, 2006

Werner, F., Mueller, C. W., Thieme, J., Gianoncelli, A., Rivard, C., H8schen, C. and Prietzel, J:sbéilerdeterogeitg
of soil phosphorus depends on soil substrate and depth, Sci. Reéf#), @0i110.1038/s4159817-035378, 2017.

22

Deleted: .

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

|

L D!12/6/2017 3:02 PM
Deleted: . ... [318
Maire, Vincent!1/9/2018 9:10 AM
Deleted: .
L D!1/27/2018 11:39 AM
Deleted: 2014
Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

|||||




Wilson, C.A., Cloy, J.M., Graham, M.CandHamlet, L.E: A microanalytical study of iron, aluminium and organic matter

relationships in @ils with contrasting hydrologad regimes, Geoderma 202, 7®81, doi: M'e 'ncem'll AT R A
eleted: .

10.1016/j.geoderma.2013.03.02013.

Whittaker, R.H.. Communities and Ecosystem&® 8d. Macmillan New York, 1975.

Zimmerman, A.E., Martiny, A.C., Allison, S.D.: Microdiversity extracellular enzyme genes among sequenced prokaryotic M'e |ncent!1/9/2018 S
eleted: -

genomes. ISME, 7, 1181199, https://doi.org/10.1038 /ismej.2012.176, 2013. Maire, Vincent!1/9/2018 9:10 AM
Deleted: .

L D!1/27/2018 11:39 AM
Formatted: Left, Line spacing: single

-

23



L D!1/27/2018 11:39 AM
Deleted: .

5
=
¥
<
3
**
* =25%
¥
% St 8(&20"
*
= 3,824
V.
s D e
& 3,$2.4:
=
0
[}
[<¢]
~
©
s} 2(<&"<
<
™
«
b
=
&5 *@, (+%(<+Y0285#"<&" A
X I"#$$IBA*RHIBBAY
gt} *0p(<+%(.2&"<

1"#$%
Figure 1: Conceptual diagrams of the changes in soil P fractions (above) and Nac#EDTA extractable P cqnpoundscompounds

5| (excluding orthophosphate) (below) with time (redrawn from Walker and Syers, 1976with permission from Elsevier, and L D!9/20/2017 12:21 PM
McDowell et al., 2007,with permission from John Wiley and Sonsrespectivelly). Deleted: fractions

24



10

P U ——Mineral
==-0rganic

500

Inorganic P
(log scale, mg kg'%)
50

(% Inorganic P)
40 80
m o 0
a0
]
&
o o
Mﬂj = o3 o @D
E\gﬁﬂﬁﬁmm

o Hofgn
G|

80

Inorganic P
(%)
40
a
O

o=
S
2o
&
Ogn
%

80

Pyrophosphate  Orthophosphate
40
o

(% Inorganic P)

aaaes
0
o
BE
B
o

80

40

Polyphosphate
(% Inorganic P)

l Blmin]
5 6 7 0 20 40 60 2 20 200 20 200 2000 O 400 800
pH Clay Total C Total P CP ratio
(%) (log scale, g kg'') (log scale, mg kg'?)

Figure 2: Relationship between edaphic properties and soil inorganic phosphorus (P) compositionNaOH EDTA extract from
soil mineral and organic layers on terrestrial natural ecosystemsiote that the reported total P is the one obtained by digestion
and usually comprise the residual P nosrecovered by the NaOH EDTA exiractant.Regression models (n = 80 mineral layer and n
=20 mineral layer): mineral layer, log(total R mg kg'*) =-1.62 + 1.28 pHD0.11 pH?, r* = 0.33; mineral layer, total R (%) = 7.21 +
7.12 pH, P = 0.34; mineral layer, orthophosphate = 79.7 + 2.00 pH? F 0.11; mineral layer, pyrophosphate = 20.82.23 pH, P =
0.11; mineral layer, log(total R mg kg' %) = 1.68 + 0.02800.00041 clay’, r? = 0.23; mineral layer, log(total Rmg kg %) = 1.22 + 0.46
log(total C), r? = 0.32; mineral layer, total R (%) = 68.0- 17.2 log(total C), ? = 0.14; mineral layer, orthophosphate = 97.04.74
log(total C), r? = 0.08; organic layer, orthophosphate = 348.9113.4 log(total C), # = 0.30; minerallayer, pyrophosphate = 1.85 +
4.74 log(total C), ? = 0.08; organic layer, pyrophosphate = 151.853.0 * log(total C), = 0.34; organic layer, polyphosphate =
446.4 + 184.4 log(total C),7= 0.45; mineral layer, log(total R mg kg %) = -0.63 + 0.97og(total P), > = 0.73; organic layer, log(total
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organisms could have helped to deplete and transform the bioavailable orthophasptiateit into more

complex forms of P as microbial biomass at those environments.
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As soil agedandsoil P limitation increased (higher CP ratios) the accumulation of pyrophosphate (Figures

2X and 7D) and polyphosphate (Figure 2Y) could be due to the incorporation and stabilization of these
compounds (biological origin) into soil organic matter (Turner et al. 20Qiging to that, pyrophosphate
hydrolysis was found to be more rapid with greaterdgimlal activity and higher pH of agricultural soils
(Sutton and Larsen, 1964), and this might have contributed to regitmghosphateoncentratiorat higher

pH in mineral soils (Figure 2D)

This could be facilitated in older, weathered soils by the m@kincrease in amorphous Al and Fe oxides
(Albrecht, 1957; Walker, 1965), and consequently more reactive surface area availability to sorb and
stabilize soil organic matter. However, we did not verify a significant soil weathering effect overall the Al
and Fe oxides concentrations (Supplementary Appeng)ixstiggesting it might depend on other factors
such as the parent rock. Other investigation also fouddciinein Al and Fe oxides concentrations in
older, fine textured soils (Turner et al., 2007). Moreover, contrasting soil organic matter responses to
amorphous Fe or Al oxides have been found in the literature. Some investigations found a pronounced role
promotedby Al oxides (Heister, 2016; Kaiser et al., 2016), whereas other found Fe oxides as the main soll
organic matter stabilizing mechanism (Wilson et al., 2013; Catoni et al., 2016; Deiss et al., 2017).
Investigations also found no apparent relationship bevsmil organic matter and both Al and Fe oxides
(Cloy et al., 2014; Vogel et al., 2015; Rumpel et al., 2016). Therefore, we could not confirm the role of Al
and Fe oxides as influenced by soil weathering stages over soil P composition.

Adding to that, pyophosphate hydrolysis was found to be more rapid with greater biological activity and
higher pH of agricultural soilsSutton and Larsen, 1964), and this might have contributed to reduce
pyrophosphate concentration at higher pH in mineral soils (Figuje |BDprganic layerghigher soil C

levels) polyphosphate dominated the sqipBol (Figure 20)and thepyrophosphate concentration decline
(Figure 2N)waspossiblycaused byits greaterlability. Pyrophosphate is less polymerized and potentially
more susceptible to hydrolysis than polyphosphate. According to Savant and Racz (1972), Subbarao et al.
(1977), and Dick (1985) pyrophosphate is hydrolyzed more rapidly than polyphosphate because
pyrophosphate is an intermediate product of the polyphosphatmlysid until the final product
orthophosphate.
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Our findings of pH influence on soil ,Munctional group (Figure 3) corroborate with Turner and
Engelbrecht (2011) for tropical forest soils, where thasthacidic soils contained greater proportion of the

P, as diestersnjainly DNA in that casg while neutral soils contained greater proportion as monoesters
(with negligible inositol hexakisphosphate contribution in that studly)also supported Turner and
Blackwell (2013) results for temperate arable soils, where greater proportion of DNA in acidiansbils
greater proportion of monoesters (Aoositol hexakisphosphater that study in neutral soils were found
Moreover, @ demonstrated for temperate pasture soils, phosphomonoesterase activity increased in acidic
soil environments and phosphodiesterase is higher in neutral to basic soils (Turner and Haygarth, 2005).
Therefore, this could have contributed to break down acgBnmolecules where its required enzymatic
activity was greater.
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However, according tdurner et al. (2014) and Turner et al. (200@dsitol phosphates declined to lower
concentrations in older soils, which in fine textured soils it was mirrored by a decline iipheoas Al and

Fe oxides, what may have declined sorption sites for inositol phosphates and weakened protection from
plant and microbial enzymatic attack. In contrast, coarse textured soils had an increase in Al and Fe oxides
concentrations as soils agedadainositol phosphates decline was attributed to changes in its inputs into
soil, either from plant seeds or microbial synthesis, including through shifts in plant or microbial
communities (Jangid et al. 2013, Turner et al. 2012, and Turner et al., ZB&dfore, both soil and plant
characteristics could have contributed to the inositol phosphates decline (here represented along with other

monoesters) in soil ecosystems depleted with P.
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Curtin et al. (2016) found no correlation between C concentration in wholansbdlay fraction.
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However, even with the not always straightforward relationship between clay concentration and organic
compounds stabilization, we verified thgreater diesters condeation occurredn more weathered soils
(Figure7J), which had a greater clay concentration (Figdr®iesters such as DNA can be protected from
dephosphorylation by adsorption into the soil matrix (Nash et al., 2014). The amino groups protonation of
adenine, guanine and cytosine bases in DNA molecule can cause adsorption of charged DNA by the

charged inorganic solid soil surface (Yu et al., 2013).
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In the variance partitioning of most soil &#d B results, there was smallercontributionprompted by
uniquely climatic variables, or these combined with soil variables and the soil weathering Btagae
contribution of the soil weathering stage (combined or not with soil variables) was markedly high for

diesterto-monoester ratio (Figurésand 9)andclimate is a main driver of soil weathering.
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Figure 4: Relationship between climatic properties and soil inorganic phosphorus (P) composition from soil
mineral and organic layers on terrestrial natural ecosystems.

Regression models (n = 80 mineral layer and n = 20 mineral layer): mineral layer, total Bo) = 89.4D 14.7
log(precipitation), r?> = 0.08; mineral layer, orthophosphate = 12 11.7 log(precipitation), ¥ = 0.24; mineral
layer, pyrophosphate =-28.1 + 11.9 log(precipitation), f = 0.24; mineral layer, total P (%) = 45.9 - 13.0
log(moisture), > = 0.13; mineral layer, orthophosphate = 92.1 13.4 log(moisture), f = 0.32; mineral layer,
pyrophosphate = 7.49 + 13.5 log(moisture)? 0.32.
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Figure 5: Relationship between climatic properties and soil organic phosphoruéP) composition from soil
mineral and organic layers on terrestrial natural ecosystems. Regression modéfs = 80 mineral layer and n =
20 mineral layer): mineral layer, total P, (%) = 10.6 + 14.7 log(precipitation), f = 0.08; mineral layer,
monoesters= 119 910.6 log(precipitation), r? = 0.11; mineral layer, total P, (%) = 54.2 + 13.1 log(moisture), 7=
013 mineral layer, monoesters = 87.910.1 log(moisture), f = 0.13; mineral layer, di-to-mono = 0.14 + 0.092
log(moisture), r* = 0.06.
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Appendices - Soil phosphorus dynamics on terrestrial natural ecosystems

Appendix S1 D Dataset: The dataset is attached as a supplementary Excel file.

Appendix S2 B Global biomes comprised in our dataset according to the
Whittaker' diagram.

Appendix S3 D Soil depth effect on soil P composition (random factor).
Appendix S4 D Latitude effect on soil P composition (random factor).
Appendix S5 D Percentage of P extracted with NaOH EDTA effect on soil P
composition (random factor).

Appendix S6 D Soil properties and soil organic phosphonates.
Appendix S7 B Climatic properties and soil inorganic phosphorus.

Appendix S8 B Climatic properties and soil organic phosphorus.
Appendix S9 D Soil weathering stages and poorly crystalline Al and Fe
concentration.

Appendix S1 0 B Models tested to explore the interdependences between
edaphic and climatic variables (path analysis) as the main environmental

predictors of soil inorganic and organic P compounds.




Appendix S1 - Dataset

The dataset of OSoil phosphorus dynamics on terrestrial natural ecosystemsO is
attached as a supplementary Excel file.
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Figure S2 . The Whittaker' diagram used to determine the main biomes
comprised in our dataset.
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EDTA extract as influenced by soil sampling depth on terrestrial natural
ecosystems. Significant relationships are indicated with regression lines.
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Figure S 4. Soil inorganic and organic phosphorus (P) composition in NaOH
EDTA extract as influenced by latitude on terrestrial natural ecosystems.
Significant relationships are indicated with regression lines.
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Figure S 5. Soil inorganic and organic phosphorus (P) composition in NaOH
EDTA extract as influenced by soil sampling depth on terrestrial natural
ecosystems. Significant relationships are indicated with regression lines.
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Figure SE, Relationship between edaphic properties and soil organic
phosphonates in NaOH EDTA extract from soil mineral and organic layers on
terrestrial natural ecosystems. No significant relationships were found.
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Figure S 7. Relationship between climatic properties and soil inorganic
phosphorus (P) composition in NaOH EDTA extract from soil mineral and organic
lavers on terrestrial natural ecosystems. Regression models (n = 80 mineral layer

and n = 20 mineral layer): mineral layer, total P; (%) = 89.4 ©14.7 log(precipitation), r* = L D!1/30/2018 12:37 PM
Formatted: Font:11 pt




0.08: mineral layer, orthophosphate = 127  11.7 log(precipitation), r> = 0.24; mineral
layer, pyrophosphate = -28.1 + 11.9 log(precipitation), r> = 0.24
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Figure S 8. Relationship between climatic properties and soil organic phosphorus
(P) composition in NaOH EDTA extract from soil mineral and organic layers on




terrestrial natural ecosystems. Regression models: mineral layer, total P, (%) =
10.6 + 14.7 log(precipitation), r* = 0.08 (n=80).
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Figure S4.3 Theoretical model 2 set to explore the interdependences between
edaphic and climatic variables (path analysis).
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Figure S4.4 Final model 2 set to explore the interdependences between edaphic
and climatic variables (path analysis).






