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Abstract. Phosphorus sorption by soils depends on a series of soil properties, most important ofwhich are
pH, clay, organic matter, cation exchange capacity (CEC), amorphous Fe, Al and Mn oxides, aswell as CaCO3
However, such properties may vary in soils of different degree of weathering. The aim of this work was to
examine the soil properties that affect P sorption in 13 soils of Central Greece, evaluating the effect soil
taxonomy may have on P sorption. We chose soils that differed considerably inpH (4 acidic and 9 alkaline) and
intaxonomy (4 Alfisols, 4 Entisols, and 5 Inceptisols), and we conducted batch sorption tests with initial added
element concentrations of C,,=0-100 mg L. at 1-to-10 soil-to-solution ratio. We measured sorption at C,,=100
mg L. (q10) and the distribution coefficient, K..... (equal to ¢/C at CG=100 mg L-)). We also measured important
soil physico-chemical properties, and the sorption indices were correlated with the measured soil properties.
When soils were divided according to taxonomy, we found that Alfisols had significantly higher CEC,
amorphous Fe and Mn oxides, and g100, but also significantly lower P extractability (water soluble-P and
Mehlich-3-P). The other two soil orders did not have different soil properties. When soils were divided
according to pH, exchangeable Ca, and the two above mentioned P extractability indices were lower in the
acidic group of soils than in the alkaline. These results suggest that although differences in exchangeable Ca
are entirely pH-related, differences in extractable P, aswell as CEC, Fe and Mn oxides and q100 are taxonomy-
related. We also found that Kd@was significantly correlated only with exchangeable Ca (R2=0.304, p<0.05).
Extractable P decreased with increasing sand, while organic C increased extractable P. We conclude that soil
taxonomy is a key factor in understanding P sorption/extractability in soils, because highly weathered soils

(here, Alfisols) have higher amorphous oxides content and this tends to enhance Pretention by soils.
Keywords: Extractable phosphorus; Alfisols; amorphous oxides.

INTRODUCTION
Phosphorus is one ofthe most importantnu-

trients, and its availability to plants depends on
various soil properties, most important ofwhich
are pH, CaCO , organic matter, and Al, Fe, and
Mn oxides (Al-Rohily et al., 2013). There are
two types of studies typically employed for esti-
mating P availability: sorption studies and the
use of P extractants. From such studies it has
been reported that P tends to be strongly retained
by soils in alkaline, as well as in acidic pH, for
different reasons. In alkaline pH values, P is
bound by CaCO; (Naeem et al., 2013), while in
acidic pH it is bound by soil oxides (Arai and
Livi, 2013). Thus P availability is dramatically
reduced in soil pH values that significantly de-
part from neutrality. Especially the role ofoxides
in P availability becomes more complicated be-
cause in weathered soils, oxides are of greater
content but of higher crystallinity, and thus of
lower reactivity. Thus there is a void in knowl-
edge concerning the role of oxides from soils
with variable degree ofweathering. This is even
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more evident in areas with low organic matter
content (such as those in the southeast
Mediterranean region), because in such soils
one ofthe key factors controlling P availabil-
ity is expected to have no significant effect.
Thus the aim of this work was to study soil P
mobility by using a series of soil extractants
and batch sorption tests, in order to examine
the role of various soil parameters in low or-
ganic matter soils with variability in the de-
gree ofsoil weathering.
MATERIAL AND METHODS

We obtained 13 soil samples from Central
Greece, so that they may represent the three
major taxonomic orders of different progress
in weathering: 4 Entisols (newly developed
soils, withoutaB horizon), 5 Inceptisols (with
intermediate level of weathering), and 4
Alfisols (highly weathered). The soils were
purposefully obtained from cultivated areas
so thatthey may be oflow organic matter. The
soils were air-dried, passed through a. -mm
sieve, and analysed for some selected
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physico-chemical properties (according to
Rowell, 1994): pH (1:2.5 HO), particle size dis-
tribution (Bouyoucos hydrometer), organic C
(wet oxidation), CaCO:; (calcimeter), exchange-
able Ca (1 M CH:COONH4), cation exchange ca-
pacity (CEC, 1M CH:COONa), and Fe and Mn
oxides (ammonium oxalate) (table 1). We also
conducted four P extractions: Water soluble (10

mM CacCl2 thereafter, WS-P), ammonium oxa-
late (thereafter, AO-P), Mehlich-3 (thereafter,
M:-P), and Olsen (0.5 M NaHCO3 thereafter,
Olsen-P). Then we also conducted batch sorp-
tion tests at . -to. . » soil-to-solution ratio with
added phosphorus concentrations of C,=1-
100 mg L-1. We measured P sorption, g, and P
in the equilibrium solution, C. From these we

Table 1- Selected physicochemical properties ofthe 13 studied soils

Soils  Sand Clay pH Org.C CaCO3
% % % %
Al 37.2 30.4 6.80 0.76 -
A2 28.4 38.4 6.73 0.62 -
A3 18.4 42.4 721 101 0.24
A4 22.4 38 7.46 0.77 0.30
E1l 68.4 24.4 6.67 0.70 -
E2 124 38.4 7.53 0.84 3.88
E3 54.4 24.4 7.62 0.99 142
E4 58.4 28.4 7.75 123 0.45
1 56.4 144 7.83 119 2.18
12 36.4 20.4 6.55 118 -
13 316 22.4 7.07 0.68 0.26
14 64.4 26.4 7.64 0.88 0.37
15 32 28.4 7.82 0.27 0.36

A: Alfisols; E: Entisols; I: Inceptisols

Table 2 - Extractability and sorption indices ofP inthe 13 studied soils

Soils WS-P AO-P M3-P
Ne kgl mg kg-1 mg kg'l
Al 387.3 318.71 77.14
A2 360.8 339.73 60.89
A3 350.2 326.84 52.62
A4 379.9 318.36 63.05
El 444.1 295.62 85.96
E2 398.0 328.62 59.34
E3 776.8 323.67 172.76
E4 450.0 339.73 159.88
11 610.9 368.24 333.71
12 410.3 321.19 82.55
13 586.3 334.57 49.74
14 11359 357.79 11391
15 353.0 326.14 71.10

Exch.Ca CEC Fe-ox Mn-ox
mg kg-
mgkg'l  cmol kgl 1 mg kg'l
933.77 16.41 3217 1077
640.00 23.10 1986 599
947.37 32.30 1699 594
804.64 25.61 1729 557
180.00 5.14 750 228
2000.00 40.67 1919 422
803.92 11.58 398 345
1082.78 17.86 1064 228
1490.07 10.55 472 335
450.00 6.37 1095 272
570.00 721 1025 329
631.58 3.86 435 297
996.71 13.90 1005 474
Olsen-P 00 2100
mg kg'l kg L-1 mg kg'l
60.92 3.18 241
51.47 3.56 282
53.75 3.34 250
53.17 2.81 218
54.31 2.10 173
41.44 3.33 246
63.32 0.67 62
73.72 3.12 237
90.24 431 301
54.93 0.81 75
35.17 0.81 75
67.64 2.97 227
48.21 3.08 235

A: Alfisols; E: Entisols; I: Inceptisols; WS -P: Water soluble-extractable P; AO -P: Ammonium oxalate-

extractable

P; M3-P: Mehlich-3-extractable P; Olsen-P: Olsen-extractable P;
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Table 3.Average values d soils properties, d P extractability and o Psorption in sols divided according to their taxonomy (Entisols, Inceptisols, ad Alfisols), ad according to

their H (acidic ad alkaline).
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calculated the distribution coefficient at
C03=100 mg L. (K-i@. This sorption index,
along with q100 (sorption at C0=100 mg L-])
were further used in this work for studying P
(they, along with the P extraction, are reported
intable. ).

We then performed correlation analyses
between soil properties versus P extractability
and P sorption indices. Also average values in
various soil divisions were compared for their
significance at the level of p<0.05. All such

analyses were conducted with the use ofthe sta-
tistical package Statgraphics.

RESULTS AND DISCUSSION
Soils varied considerably in their

physico-chemical properties (table .) and in
their P extractability and P sorption (table 2).
In an attempt to study these data according to
soil taxonomy and to soil pH, we divided them
and compared them statistically (table 3). We
foundthatin Alfisols, clay contentwas signif-
icantly higher and sand significantly lower
than the other two orders (Inceptisols and
Entisols). This has also seemed to have af-
fected CEC, which was significantly higherin

Alfisols than in the other soils.
These differences in sand, clay and CEC

may be incidental, butmay also be areflection
ofsoil development conditions. This could be
the case, should Entisols were recently devel-
oped in alluvial plains in short distance from
the river-source or in sandstone and igneous
felsic rock deposits (Fanning and Fanning,
1989). This hypothesis, although we can not
support it in a definite manner, can not be
ruled out. Alfisols also had a significantly
lower WS-P and M 3P than the other soils, as
well as significantly higher Fe and Mn oxides
contents. The higher oxides content is con-
nected with higher retention ability of soils
for P (Igwe et al., 2010), and this was also ob-
served here, with Alfisols having a signifi-
cantly higher g... average value relative to the

other soils.
When soils were divided according to

their pH (acidic vs. alkaline), we found that in



acidic soils pH was significantly lower (by the
definition of this soil differentiation), as well as
lower WS-P, M;-P, and exchangeable Ca. This
seems to suggest that differences in exchange-
able Ca is pH-affected only, as would rather be
expected (i.e., acidic soilshave alowerbase satu-
ration, and thus lower exchangeable Ca).
However, the two P extractability indices (WS-P
and M -P) were affected within this soil division
due to both pH and taxonomy. Indeed, highly
weathered soils typically have lower pH (this
was not evident in our case, due to the fact that
our “highly weathered soil—Alfisols—included
two alkaline soils, As and A4, and also of higher

oxides content, which in turn are the colloidal

phases mostly responsible for Pretention.
These findings were also confirmed in

our correlation analysis, where we compared
soil properties against P extractability and
sorption indices (table 4). Sand was propor-
tionally and significantly correlated with WS-
P, M:-P, and Olsen-P, meaning that light-
textured soils are likely to extract more P. As
expected by the sand effect, clay was in-
versely and significantly correlated with M -
P. Also Fe oxides affected WS-P, but no other
significant correlation between Fe oxides and
Pindices was generated.

Table 4 - Coefficients ofdetermination, R2 ofextractable P and sorption indices versus soil prop-
erties. A positive sign denotes a proportional relationship, and a negative sign
denotes aninversely proportional relationship

Olsen-P

WS-P AO-P M3-P A 100 000
Sand 0.355* 0.027 0.329* 0.413* 0.014 0.164
Clay -0.178 0.071 -0.411* 0.206 0,122 0.157
pH 0.128 0.291 0.249 0.159 0.119 0.089
Org. C 0.044 0.109 0.307* 0.379* 0001 0001
CaCO3 0001 0.084 0.125 00012 0.061 0.036
Exch.Ca -0.019 0.161 0.097 0.028 0.304* 0.249
CEC 0,222 0.017 0.133 0.156 0.157 0.160
Fe-ox 0.356* 0.093 0.255 0.108 0.097 0.117
Mn-ox 0.141 0.003 0.096 0.017 0.017 0.130

WS-P: Water soluble -extractable P; AO -P: Ammonium oxalate -extractable P; M3 -P:
Mehlich-3-extractable P; Olsen -P: Olsen -extractable P; ~ d-100: Distribution coefficie nt of P

sorption at C0=100 mg L-1; q:.0 : P sorption atC0=100 mg L-1; *Significant at the level ofp<0.05.

CONCLUSION
Soil taxonomy is a key factor for under-

standing P mobility (recorded in this study as
extractability and sorption): Soils with more pro-
gressed development (even Alfisols, which, typi-
cal to soils in the Mediterranean region, are not

highly weathered compared to other soils,
e.g., in the tropics), are ofhigher ability to re-
tain P compared to newly developed (here,
Entisols) and of intermediate weathering
(here, Inceptisols) soils.
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PE3IOME
B. AHToHunaguc, P. KonnHnnatu, E. onug, C. Metponynoc

BAVAHWE CBOMCTB MOYBbI HA MOM/IOWEHVNE ®OC®OPA B 13 TUMAX MOYB MPU
PA3NTMUYHBIX YCNOBUAX BbIBETPUBAHUA
YHuBepcuTeT deccannm, MUHNCTEPCTBO CEMbCKOr0 X034/ACTBA, paCTEHNEBOACTBA U CENbCKUX
TeppuTopuia, Bonoc, Mpeuns, vasilisrev@yahoo.com , Ten : ++302421093241

MornowweHve ¢ocdopa NoYBamMm 3aBMCUT OT psfa CBOWCTB NOYB, HamMboMee BaXXHLIMU U3 KOTOPbIX
ABAOTCA pH, rnmMHa, opraHMYecKoe BeLLeCcTBO, MOLLHOCTEMKOCTb KaToHHOro oomeHa (CEC), aMopiHble
Fe, Al 1 Mn, okcugpl, a Takke CaCO3 OgHaKo Takue CBOMCTBa MOTYT BapbUPOBAaTLCS B MOYBAX B YCMOBUSAX
pasHbIX aTMoc(epHbIX BO3LeiCTBUIA. Llenblo faHHOW paboTbl ObIIO M3ydeHWe CBOWMCTB MOYB, KOTOPbIE
BAMSAIOT Ha nornoLeHve octopa B 13 Tunax noys LieHTpanbHoO peuyu, ¢ y4eToM BAMSIHUS TaKCOHOMUM.
MbI BbIGPaASN NOYBbI, 3HAYUTENBHO OTAUYAIOLLMECS 3HAYeHEeM PH (4 Kuchble 1 9 LLeNOYHbIE) Y TAaKCOHOMU
(4 Anbtmnconm, 4 Iutuconm n 5 NHcentrconn). MpoBeaeH pag UCMbITaHWIA HA MOF/IOLWEHNE C CXOAHBIMM
KOHLeHTpauuamu anemeHTos C0=0-100 mg L. B cooTHoweHun noysa-pactsop 1 K 10. bbiin n3mMepeHsl
nornowexns npu C,,=100 mg L-1 (qX) 1 koathdmupmeHTe pacnpegenequs, Kdi) (pasHoii (g/C at C,,=100 mg L-

1),

MbI Takke U3Mepsnn BaxkHble (U3MKO-XMMUYECKME CBOWCTBA MOYBbI U MOKasaTenn copbuum Gbiam
COOTHeCeHbI C U3MEPEHHbIMM CBOCTBaMM Noyus. Koraa nousbl Oblnv pasgeneHbl Mo Npu3Hakam TakCOHOMUM,
Mbl 06HaPYXXWNK, YTo ANbgUCony MMenn 3HaunMTenbHO 6onee BbICOKMin CEC, amopdHble Fe 1 Mn okeugpl,
0100, HO TaKXXe UMENN 3HaUMTENIbHO 60/ee HM3KYH 3KCTparupyeMocTb octopa (BOAOPacTBOPUMBIA-P 1
Mehlich-3-P). [iBa gpyrux paga He UMenu pasnyunii B CBOMCTBaX NoYBbl. Korga noyBbl 6biin pasgeneHsbl B
COOTBETCTBUM C pH, To 06MeHHbIli Ca, 11 4Ba BbILLEYNOMSHYTbIX MOKa3aTeNsa BblaensemocTtu docopa 6biim B
KWCNOTHOI FPpynMbl NOYB HIDKE, YeM B LLENOYHOW. TW pesynbTaTbl CBUAETENbCTBYIOT O TOM, UTO, XOTH
pasnnuma B 06MeHHOM Ca NOMHOCTbIO CBA3aHbI C pH, pa3nuuns no aKcTparmpyeMomy qoctopy, a Takke
CEC, Fe u Mn, okcufam 1 g CBfi3aHbl C TakCOHOMMel. Mbl Takke o6Hapy>umm, uyto K . fOCTOBEpPHO
KOppennpyeT Tonbko ¢ 06MeHHbIM Ca (R2=0.304, p<0.05). SkcTparmpyemblii (hoc)op YMEHbLUAETCS C
YBE/IMYEHMEM MECKa, B TO BPEMS Kak opraHuyeckuii C yBennumsan u3snekaemblin ocop. Mbl Npuwwnm K
BbIBOAY, YTO TaKCOHOMMS MOYB AB/AETCA K/IHOYEBbIM (DAKTOPOM B MOHWMaHWKM (octopHoin copbuum /
3KCTparMpyeMocTyt B MoyBax, TakK Kak KpaiiHas 3po3us nouBbl (34eCb ab(mconM) MMEKT HawvBbICLUee
COZiepXKaHne aMopMHbIX OKCUAOB, U 3TO, KaK NpaBunso, CNocoBCTBYET COXpaHeHMO docthopa B NoYBax.

Kntoyesble cnoBa: aKkcTparnpyembiii hocdop; abhnconmn; amopiHbIe OKCuapbI.

TYWIH
B. AHToHnaguc, P. KonuHnatu, E. Monua, C. MeTtponynoc

TYP/I A3Y (3PO3UA) XXATOANBIHAA 13 XXEPALL TOMbIPAFBIHA ®OC®OPAbIL|
CWI1P1NYIHE TOMbIPAK KACUETTEPLW LW, 9CEP ETY1
deccanuu yHmsepcumemi, Aybif LWiapyalbiabirbl, BCTAXK LWapyalbiibirbl XX3HE aybln alimayTap
MUHUCT pAT, Bonoc, Mpekuns, vasilisrev@yahoo.com , Ten : ++302421093241

TonbipakTbil, octopabl cilipyi TOMbIpakTbil, 6ipkaTap kacveTTeplle 6ainaHbICTbl, OnapAbly, €L
Maupi3gbinapbl pH, casbanwibik, OpraHUKa/bIK 3aTTeKTep, KaTUOHABLIK aibipbac KyaTTbinbiFbl (CEC),
amopTbiK Fe, Al kaHe Mn ToTbIKTapbl, COHAan-ak CaCO3 Anaiifa M HAaw kacvetTep TYpni aTMocdepanbik
blKnangap xxaFgaibiHga TonbipakTa TYprile 601ybl MYMKH.

BN KAMBICTBIL, MakcaTbl TOMbIPaKThIL, P CLipyLle TakCOHOMMSAHbLIL, 3Cep ETyLl ecKepe OTbIpbi,
OptanbiK 'peknaHbiy, 13 xepLiwy, TonbipaFbiHga P cLLpyre biKnaa eTeTwl ToNbipak KacueTTepLu 3epTTey
6ongbl. Bi3 pH (4 KblwKbIn X3He 9 cwrt!) 3He TakcoHfappapably (4 Alfisols, 4 Entisols XaHe 5

67


mailto:vasilisrev@yahoo.com
mailto:vasilisrev@yahoo.com

WMHcenTuconu) 6onybiMeH Gipliama epeKLUeneHeTiH ToNbIpaKTapAbl Taugan angblk, X3sHe s is C,,=0-100 mgL.
3NemMeHTrepAin 6acTankbl WOrbIp/aHybIHbIL TOMbIPaK-epMHAI : eH 1o KaTblHACbIHAA CinipinyiHe GipHeLue
cbiHaK XXYprizaik. CG=100 mg L. (q10) x3He 6eny koagpduumeHTi Kd (g/C at CG=100 mgL . Tew) Ke3wwaen
civipynep enweHai.CoHbIMEH KaTap, « i TONbIPaKTbLL, (PU3NKANbIK-XUMUANBIK KACUETTEPIH [ eflliefliK XKaHe
CLLPY KepceTKiWTepi TOMbIPAKTbIL efleyni KacueTTepiMeH apakatblHacbl 6enrineHAi. TonbipakTtap
TakcoHOMUs Genrinepi 60libiHWA GeniHreH kesge Anbgmconnae aliTapnbikTaii xxorapsl CEC, amopthTbl Fe
XX3He Mn ToTbIkTap, 1 q100 6Gap ekelw, Gipak 6eniHy P (cyra epirilw-P >x3He Mehlich-3-P) TemMeH ekeHLu
aHbIKTaAbIK. backa eki TonbIpak KaTtapbiHaH TOMbIPaKTbIL TYPi KacueTTepi TabbliMagpl. Tonbipak pH-Ka
caiikec GeniHreH Kesge, aiibipbac Ca 3He Xorapblfa atanraH eto P 6eniHyLwinik KepceTKiLli TONbIPaKTbIL,
CLWU TT TO6bIHA KaparaHaa, KblLLKbINAbl TOObIHAA TEMEH 60/11bl.

B/ HaTwkenep alibipbac Ca-fa aibipmallblibik pH-NeH ToMbIK 6aiifiaHbICTbl 60/raHbIMEH, GeNiHETIH P,
coHpaii-ak CEC, Fe >3He Mn TOTbIKTap >X3HE (uwo OOMbIHLIA alibipMallblIbIKTap TaKCOHOMUSMEH
6aiinaHbICTbl. CoHbIMeH Gipre, Ku.oo Tek aiiblpbac Ca-meH (R2=0.304, p<0.05) raHa aHblK apakaTblHac
OpHaTaTbiHbIH aHbIKTaAbIK. KM kebelireH caiibiH 6BniHeTIH P a3asgbl, an opraHmkablik C abiHaTbIH P-Hbl
apTTbIpAbl. TonbIpak TAKCOHOMUACKI ToMbIpakTarsl P civipy/6eniHy TYCiHiriHae maubi3fbl haktop 60/bIn
Tabblnafbl, eMTKeL TOMbIPaKTbIL ThiM a3ybl (M HAa Anb(uconn) Ken Meslepgeri aMopgTbl TOTbIKTbI
Kamtugbl, 61 3aeTTe, ToNbIpakTa P cakTanyblHa biIKna eTesi.

Krnmmi ce3gep: 6eTHeTLW hocdop; Anbdrconn; amopdThbl TOTLIK
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