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1. Non occluded Fe bound P
2. Occluded Fe



VIR Sy GUslE ey b S (s )50 9 Sl 5

(OIS 5 0,5) Sz (459
[
[62]

1 -
*
0.5 ® LSG plo
O (o koS
0 . . . ; ]
0 100 200 300 400 500

C oot (ng/)
4 0 3,59 37 yhuwd CLE b pulS olS Sl (339 o Abyly -V S
DGT b9,

gl Uhgy 4 ead Syglp jhd clile o alal,
5o addllans g0 SloSE )0 DCT (g 5 @y Sho) Olorea:
et by vl Gelol ol as sols olis (F) S
oozl il jaud L DGT (g, 4y ouds 5l p hwd clale
S92 Soe dalllaed e SlaS1S 09,5 90 52 )3 (pudgl (g, 4
g RP=214)) Cirs oty Gl 0,8 40 alaly opl Wiz o
5 (RP=+1A0) (595 )l " 09,5 10 cblie y3 9 o gixe
2 O rd (o5 0L e g o) S gl o
3900 50 gy 985S Gl 5l Sl ey S sl
L oS ciS ylyae ,Koobed ol Sl i
W1 sl B9, b s 5 Ses s ably eSCoor

40
R?=0.95 ® L5 ples
. 35 1 . .
1 0 oo bS5
= 30 1
}) 25 1 o) R2=0.01
3 o
Q 97 O
i 15 1 ° °
. Jo
o 10
a
& 5
0 v v v v .
0 100 200 300 400 500
C per (ng)

DGT g gl b9y 41 00 3,91 1 ywd Clalé oy alasly —F S

Jol> jaus clale o Sed colpo (V) Jgo jo

abize glagts, 5l Jol> s cbile b DGT g, S
wodolewody mls wlal » el ol @l (6,50 ,lac
@ odd 3,9l p yaud clale o o Sawen olpo op YL
srSojtas slagty, l Jel> jand clile 5 DGT (3,

4 e adlhes,ge ol GlolSe o adsl iz oole
355 a5 paiS el Coar bl 1k by Cypmn gl y ol
Aoy 10) adllasd,se 6 Ve 5l 6 YA Jo 1) jaus
~dS gy oS de addllas o 0L i (o (Liges
Lalyd cod Gind 4 e gl I s (Gngie W
cils Glie (LS glgl 5l xmsy oS o cdsyie
IPBI i 58k (sl o xSeslil b JsJsS L3, Lol
shls s Shey ol mo b bl iy o |y oyl s
Mason and .os obS Zuwl cwiiw ¢lp shwge obly
oy liel g w4 lasdllas b 55 McNeill (2008)
555 378 & oL il 5 i el o)) DGT o
SS9 deyie 93 S de)ie 17 Jold) ae g Ve yo jhud
@5z Sl )0 &ls Gugs 92 as )50 Sy 9 YgilS as) e
) oolital L pal b i g uSojlul b ] anlllas o saizsls
dogl aslllas b sl olnil DGT 5 (55 «JsdsS slosis,
Sd sl RY) (Gigaw S5 Al 53 1) (S I3 i (oS oy
L ST cyze5] ol 08 dwl 5T epol cpl 45 ol oyl Jg JsS
S5 iy il gt ez e Gl s
oo b awslie jo 1, DGT g, Cumex )l loy 0405 aseioe
mo e slp ad 4y olS Goly (St 50 (S slapses]
Mason . yuzred .aidged ()55 oS iz glgil 5l !
o9y b eslaal (b plS Laegh ell L oet all,) (2010a
) pllS Gl glgl slp jand 5l o))l sl DGT
O bilsy g ol LB bl o 00 1) ((S5,89555 5 YgilS e
DGT by, dw drwgs odd g pSol oolil b6 ,ansd
Gl bl Gl 68 el e 5 L) JodsS 5 o))
bl )l G Gand 055 4y 1550 GlalS (a3 (59) o)
adgl S oole adgs g, Ul 0405 anslis ac e
ad) B4 jiud 4 S pasS Gl DOT (29, 457 0,5 <ol
L oged (smiim (i) 9 dadss slaghs, ) e (Bo L,
Slpss 5l oo ,0 YO 0ga DGT oy, ¢(ygum S, 5l oolaiul
S Sy Laily) S I sl pdg 1) adg) Sas 5
olpsye il saslie bbby, ple ¢lp K0 o s
Jind Wy o DOT S5 a8 wiols oylis oyl Slaslioe
B b gl gre jebay waliZe S o 1) LS el )é

aaled (b)) S i oail slabg, 50 & Camd oy

1.Phosphorus Buffering Index



LS ales 09,5 ;0 (pelS 0y, IS g EDTA (g lales
aryeyes ogjf BRRR O oasliw 6)|osm M £y T2
Q05 iy 32 4 5 (i Cper b obbS) i 8
chle o b s (Kad vy b mhw ;0) pedS
Gl e85 enalin b by, ol L DGT () 5l Jol> jad
S99 pas e S 09,5 0 a5 cul &5 o
o9y 5l Jole yaud ddaly 4 Glae L o Se  (Sier

552 g8 0,15 55, L DGT

1FAF 60 9,07 oF ko FA 5,90 oyl ) S g of Wligdins VYo

(ciie slacss) "L 05,5 ;9 EDTA 5 o yllalis < JoJoS
S g 53 Fon e (ol Son (] o 43 sanli

S OOV STV | PR U] IR CA PV AP EP R WK
S5 ojlae Gigy L DGT (g, 5l Jol> jaud cdale oy
00 Sy5l s byt ecyaizeed s osalive (+/4F) EDTA
e LS 05,5 )0 mrndS WIS 59, 9 DGT (g, &
o)ﬂﬁ pd cdale o ald cdalin o)l dee (S
WJ9ds5) yaud zlinl slabg, ple 9 DGT Gy, 4 ool

00 3551 39 yhuwd U DGT (g, 4 od 351 0y Sl sy Simmod il ) Jgi>
S w2l ,8 yamd zl ool cilizee sloybgy g

S0yl EDTA  Soltanpour  Colwell il;/Gl;
—+/-¥NS -/fyns --/\\ns  —+/\Ans oS ples
-IYYNS - [AgE* < JAY** JAe** e sbSs
Ak -/-4ans -JovYns  --/YAns Sl slaS

JB oS o Hlaie JJo a4 ool slasnST L aslboigs
Fand Same alide JSol 5 S o5lail mls 89 (g Sl
PB4 el jad g LS den o a5 sl olid
Tojaa- P%;ASJT L oo Wy g Dlawd pudS (60 slosj>
ol slansSl o egme slaei> 40 g oy Ol xeS
a5 y5bar o5 a0y Yol i bl U8 a5 ooy =52)
30 wgezme sla S0 @ LS (pl jo jauwd o0 PO 5 o
60 UK 4 ,aud Jlade .ils 0y cuslT g ol slaons]
PSS pp S ke YALNY (0 S o Clawd oedS
55 i

Shhnn i Clisia JSA e duli o5 1yl 45 dlr
s yid pald Loy i 50 a8 ol plis S5 09,8 50 50
09,5 13 (Al-P) pgiagll slacslawsd 3 (OCP) ilawsd qunds LST
i G Sl ity SNl sy e slacSls
=0 oS Cpor lyls a5 SlaSle cil g oo I L0g oo
5 Sland pundS LS Glizl Jlade (coine slaSs) ail
slsS) s sl 5l sob; oyl o perwed] slacslows
sl (iin

JEol o (Ser S gonains 4 4>y L
olas b ooadzlpeinl jaud lade b goxe jeud alise
(V' Jgoz) 0b s alllaz 525 095 90 50 alides sl S
S (Sad s e LSS (o aS ol las s
awd lade b gose Haud Gl KA o )b
2lo) culs 0y alize o ,Solas L oudizl ]

L Coar o abaly 358 Jlogine (V) Joozr (bl
Cord OO e e g S ol slagly, 2S]
pas 5l Sl Sk 5 5 oo né slasSls 0 (Ko
3 k8, glas Sl a5 Csl DGT (3g, b b3y, ol 3l
5 Dol (nl (2l Slp cel e d g e gl
o b 193] a5 et Sy 5 & ol e 035 I
s oy 2039) S yind anlp yo 58 31 (sl el )y
o)) Srads > paens g (st 5 PH o ] ools oSl
A atie (e pd 5 cotie S ) lizme O g0
3975 3l nlie S5l 09,5 95 (ul o ool 2les Yl &8
syebl m il bl (SKen LG5 sl
coiie SlS > 09,5 90 2 40 (Hawd) Cpar § S calizee
90wl L8, Sl e amis jo ais sdmlive cxiie g g
dny al> e )3 biwl) (e ;0 LS atuiie Wlas jobay 095
5 e 0)F Sglis @ Jame Haud suneyr asllas L
ol 0a 03,51 15 50 o] s aS ol asls ;e pé
3o addllaesge S (o Sare Haud Gl O &y 548
P eFe e SLSE g e Sl e 095 9

el oo ooly Las (V) Jgo=

£ (ol =57 D258 AT b oad sy s JS

1. Fractionation



YY) Sy GUslE ey b S s (s 1]y 9 Sl 5

Jade a5 G o adllaes e slo S ojlac o DGT
Joe s Lo, ol 0l lind ndST ST JSCS ) i
WS o gl 1y jand s ol Bose g es)S
5o olid eds LST JSS po med o0 Leay
S5 ams jo g addllaedyge sla S olas b glymeul L
il o oLS ooliiul L

O G g (Kiad (Sl 00t 03,5 Jgax & g0
b ol 3 L c5 SO a5 Slind qendS ST S5 4y jaud
5 edsl EDTA DGT L gzl 5l b jind b ail e ok
4 azg bocll vgrs i gl o 5 e lhle
95 alie sl yFojlac b glinl JB jas ol (S
aS 85 doe s lgi oo Dland S LS55 p0 500l e

alllns yg0 GBS 3 oo phuad Gilisio JIC! @139 Y Joox

DCP OCP Al-P FeO-P R-P
(mg kg™)
Va/4 YYOIY AIY g Yye/f
VY VO« /4 YA /# yya/- I gt sl
\Y/f VFYIY Y/ f-a/A YYO/A
YVYIA VVOIY INl4 YYAIE YYVIY
Y/ YYY/A It YOr/- \iddA
AY YAY/# Y-/f Yfa/a Y¥-./7
AR Y¥\/P ya/4 Yool YYVIA
\#IY Y./ Y YAV A\FAIE e sl S
VEIY Y0/ Yo/l Py YZVIY
Y¥/Iv YNy £/ YAY/\ Yo

30 gee yind (FE-P) ol b oas g olawd (Al-P) poiagl b sais aige @lawd (OCP) liwd (ods ST (DCP) clid endsS g8
(R-P) cobbLT 1o 09240 ,iud «(FEO-P) o] slavns]

Gilizeo 5L a0 ylas b oaiiz! yin] yiwd ladio b coiiie GO 3 Sare pid ciliss JIUS! (ot (Siwaod ol ps ¥ Joax

DCP OCP Al-P FeO-P R-P Total

- 105Y *oAQ - — 10+ - IVEF <INAY NN DGT
- JoYs *.avyY —+IYAY <1550 - IYEF Niadi Olsen
AR -IV¥a —+IYY- -10Y0 LR NS Colwell
“JO . **. a5 —+\YA -IfYF -/6aY -/Af¥  Soltanpour
-IP\Y **. 980 A <IVAY - [$OA SIAN EDTA
-/faf -+ V¥ -+ IYV$ —+[-9¥ BN IE —+/VE- CaCl,
- IEYD -IVOF —[§Y) <IEYA *LIAAY *.avy Plant-P

At o cime Slael plos o ys /o) o [0 (g lo ™ o ys /00 gl o (g lo ae®
¢(FEO-P) o] (slaonST )8 wgame yaud (FE-P) ool b oad dige liwd (Al-P) pgiagl b ol digey Slind (OCP) Glind S ST (DCP) ilind puedS (g0

(Total) <z ggome (R-P) colil] ;0 59250 Hand

5 (OCP) &lind puds LST ol polie ordls v
pald jid el 0 4 39 (AIP) gl saolins
3Ly Coor b Sl o Sep W)l alie B
> 5 s oaslive oS 5L b Sllail 455z (oo f)
Sleogas 50 LS S sl pac cde caf iy o
O 50 (pisred A o6 Cgendte LasQT 0uiSly g Wglate
On Gl (Ked Afme o e sbSL
sy, b glmiel B jand 5 olerd Gl sladiss
Sl Al Sl sz Hid Qi Geies g S

EA RS
LDGT s, b odiimss ik il s (555 (oSiros
Lo By slais caslie olF Sis 59 9 yhd Ol
Coer 6‘)“5 PLY ‘ssLme Slp ol sumlive 580 gy
29 ;553 sl Sed (Cotin (laSB) wog (5 5eS
o] alSlaz )y b &S psbay 2dly Gl o pSain
Gl y2d @5 olS 50 ez 4 0B DGT g,y 0l aseice
slSk Sytie Shs Giiete ol ol Sl oy 5o



O3y Ol (] s ST (Lol o 4 azg

REFERENCES

Ahmed, B. and Islam, A. (1975). The use of sodium
EDTA as an extractant for determining available
phosphate in soil. Geoderma, 14, 261-265.

Aslyng, H.C. (1964). Phosphate potential and
phosphate status of soils. Acta Agriculturae
Scandinavica, 14, 261-285.

Bremner, J. M. (1970). Nitrogen total, regular kjeldahl
method. In Methods of soil analysis, part 2:
Chemical and microbiological properties. (2nd
ed.) Agronomy, 9(1). (pp. 610-616). A.S.A.Soil
Science Society of America. Inc. Madison
Publisher, Wisconsin, USA.

Burkitt, L. L., Mason, S. D., Dougherty, W. J. and
Sale, P. W. G.(2016). The ability of the DGT soil
phosphorus test to predict pasture response in

Australian pasture soils-a preliminary
assessment. Soil Use and Management, 32, 27—
35.

Colwell, J. D. (1963). The estimation of the

phosphorus fertilizer requirements of wheat in
Southern New South Wales by soil analysis.
Australian Journal of Experimental Agriculture
and Animalmin Husbandry, 3, 190-197.

Degryse, F., Smolders, E., Zhang, H. and Davison, W.
(2009). Predicting availability of mineral
elements to plants with the DGT technique: a
review of experimental data and interpretation by
modelling. Environmental Chemistry, 6, 198-
218.

FAO. (1990). Management of gypsiferous soils. Soil
Bulletin, 62, Feed and Agriculture Organization,
Rome, Italy.

Grant, C., Bittman, S., Montreal, M., Plenchette, C.
and Morel, C. (2005). Soil and fertilizer
phosphorus: Effects on plant P supply and
mycorrhizal development. Canadian Journal of
Plant Science, 85(1), 3-14.

Heidari, S., Reyhanitabar, A. and Oustan, S. (2016).
The Comparison of Olsen, DMT-HFO and DGT
Methods for Assessment of Plant Available
Phosphorus in Soils. International Journal on
Advanced Science, Engineering and Information
Technology, 6(1), 27-34.

Hooda, P., Zhang, H., Davison, W. and Edwards, A.C.
(1999). Measuring bioavailable trace metals by
diffusive gradients in thin films (DGT): soil
moisture effects on its performance in soils.
European Journal of Soil Science, 50, 285-294.

Jiang, B. and Gu, Y. (1989). A suggested
fractionation scheme of inorganic phosphorus
in calcareous soils. Fertilizer Research, 20, 159-
165.

Klute, A. (1986). Methods of soil analysis, part 1:
Physical and mineralogical methods ( 2nd ed.).
ASA. Soil Science Society of America,
Wisconsin, USA: Madison.

1FAF 60 9,07 oF Lo (FA 5,90 oyl ) S5 g o wligéims VYT

5 ool G pSam S Gleea | boasdly, ol e oo L]
b alie ol ol bl el Sol oS JS gl oaks

Mason, S. and McNeill, A. (2008). Diffusive Gradients
in Thin-films (DGT) as a technique for accurately
predicting Phosphorus fertiliser requirements. In:
14th Australian Society of
Agronomy Conference, 21-25 Sept., Adelaide.

Mason, S., McNeill, A. and MecLaughlin, M. J.
(2010a). Expanding the wuse of Diffusive
Gradients in Thin-Films (DGT) for assessing
phosphorus requirements of different crop types.
N.Z. Grasslands. In: 15th Australian Society of
Agronomy Conference,15-18  Nov.,  Lincoln
University, Christchurch.

Mason, S., McNeill, A., McLaughlin, M. J. and Zhang,
H. (2010b). Prediction of wheat response to an
application of phosphorus under field conditions
using diffusive gradients in thin-films (DGT) and
extraction methods. Plant and Soil, 337, 243-
258.

Mclean, E.O. (1982). Soil pH and lime requirement. In
Methods of soil analysis, part 2: Chemical and
microbial properties. (2nd ed.) Agronomy,
9(1).ASA. Soil Science  Society  of
America,Wisconsin, USA: Madison.

Menzies, N. W., Kusumo, B. and Moody, P. W.
(2005). Assessment of P availability in heavily
fertilized soils using the diffusive gradient in thin
films (DGT) technique. Plant and Soil, 269, 1-9.

Murphy, J. and Riley, H. P. (1962). A modified single
solution method for the determination of
phosphate in natural waters. Analytica Chimica
Acta, 27, 31-36.

Olsen, S. R., Cole, C. V., Watanabe, F. S. and Dean, L.
A. (1954). Estimation of available phosphorus in
soils by extraction with sodium bicarbonate.
USDA Circular. Government. Printing Office,
Washington D.C., 939, 1-19.

Santner, J., Mannel, M. D., Burrell, L.,Hoefer, C.,
Kreuzeder, A. and Wenzel, W. W. (2015).
Phosphorus uptake by Zea mays L. is
quantitatively predicted by infinite sink extraction
of soil P. Plant and Soil, 386, 371-383.

Soltanpour, P. N. and Schwab, A. P. (1977). A new
soil test for simultaneous extraction of macro and
micro nutrientsin alkaline soils. Communications.
in Soil Science and Plant Analysis, 8, 195-207.

Walkley, A. and Black, I. A. (1934). Method for
determining organic carbon in soils: Effect of
variations in digestion conditions and of
inorganic soil constituents. Soil Science, 63, 251-
263.

Zhang, H., Lombi, E., Smolders, E. and Mcgrath, S.
(2004). Kinetics of Zn release in soils and
prediction of Zn concentration in plants using
diffusive gradients in thin films. Environmental
Science and Technology, 38(13), 3608-3613.

Zhang, H. and Davison, W. (1995). Performance



vy

e Sy ST gy b SB phd s 1)y g silul 5

characteristics of diffusion gradients in thin films
for the in situ measurement of trace metals in
aqueous solution. Analytical Chemistry, 67,
3391-3400.

Zhang, H., Davison, W., Gadi, R. and Kobayashi, T.
(1998). In situ measurement of dissolved
phosphorus in natural waters using DGT.
Analytica Chimica Acta, 370, 29-38.



