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EAA®OAOTIA.— Phosphorus fixation parameters of representative
soils and their relationship to soil properties, by A. D. Simo-

nis*, 3 7ol *Axadnpainod x. "Todwov IMamadaxy.

INTRODUCTION

The capacity of soils to fix applied P in forms unavailable to plants
influences, directly, the mechanisms which control the nutrition of plants
with P. Each soil has its fixing capacity for P, which muct be satisfied, be-
fore a change in soil solution occurs. Hence, the knowledge of the phospho-
rus fixation parameters of soils is imperative for making rational statements
about P availability and P fertilizer requirements. Soils of an area can be
grouped according to their phosporus fixation parameters, and this informa-
tion can be used with soil test data, for the purpose of making fertilizer rec-
ommendations.

Various methods and techniques are used for estimating soil phospho-
rus fixation parameters. Among them the sorption approach method has
much to comment it (5, 14, 18). The P concentration of the soil solution, in
combinatior with the amount of P adsorbed in the solid phase of the soil
(i.e. the adsorption isotherms) determines the amount transferred to the
plant roots [15]. Modern considerations on the problems of soil P fixation,
have been deeply, influenced by the concept of external P requirements of
crops (optimum P concentration in soil solution for plant growth), which
can be combined with P adsorption curves of soils to determine fertilizer
P requirements [4].

Many soil properties affect the P fixation capacity of soils, such as
clay minerology, clay content, x-ray amorphous colloid content, exchange-
able Al and Fe and soil organic matter [18]. Saunders [20] reported that
fixation of phosphate by New Zealant topsoils, was closely, correlated with
organic C, total N, loss on ignition, organic P and extractable Al and Fe.

In the current study, we continue our work on the P problems in Greek
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soils [21, 22, 23]. The purpose is to investigate the P-fixation parameters
of 27 representative soils and their relationship to soil properties.

MATERIALS AND METHODS

Twenty-seven representative surface soil samples were selected from
different locations of Northern Greece, for the purpose of this work. Their
parent material, classification and some physicochemical characteristics,
are given in Table 1.

The determination of general characteristics of the soils was carried

out according to the standard procedures [9]. The free iron and alluminum
oxides of the soils were determined by the dithionate-citrate-bicarbonate

(DCB) method [11]. The available P of the soils was determined by the me-
thods of Olsen [13], resin [3], Bontorf [2] and Electro-Ultrafilration (EUF)
[12] and the P buffering capacity P-BC) according to the procedure of Ozanne
and Shaw [16].

The P fixing capacity of the soils was assessed from the phosphorus
fixation (absorption) isotherms (curves), which were constructed according
to the procedure of Fox and Kamprath [5]. A known amount of soil (3 g)
was equilibrated with various amounts of Ca (H,PO,), in 0,01 M CaCl, (30
ml) and shaken for 30 min, twice a day, for 6 days, after which the P remain-
ing in solution, was measured. The fixing capacity was, also, assessed by
shaking samples, in a solution of 50 ppm KH,PO, (soil: solution ratio was
1:10), for 24 hours. The P-fixation index of soils - the quantity of P,0; re-
quired to increase the available P value (Olsen-P) of soils by 1 mg P,0;/100
soil - was, also, used as a P fixation parameter of the soils. To this and, va-
rious levels of P,0; were added to the soil samples, and after the fixation,
the extraction of P was carried out with a solution of 0.5 M NaHCO,.

RESULTS

The P fixation (absorption) curves for the 27 soils studied, are pre-
sented in Fig. 1. The amounts of P which were fixed by the soils, are plotted
in Fig 1. The amounts of P which were fixed by the soils, are plotted on the
y axis and that remaining in solution, on the logarithmic x axis. The verti-
cal line indicates the standard concentration of 0.2 ppm in solution [1] and
the amount of P required to give this concentration in solution was consi-
dered, as the agronomically relevant estimate of P fixation [5].
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From the adsorption curves of the soils, the amounts of P adsorbed
between equillibrium concentrations of 0.25 to 0.35 ppm P, were estimated.
These amounts provide an estimate of the buffering capasities of soils, and
their relationship with P adsorption maxima, resulted from the analysis of
P adsorption data of soils by Langmuir equation, is shown in Fig. 2. The
relationship of P-fixation index values of soils with P-BC values is presented
in Fig. 3 and in Fig. 4 the relationship between P fixed (at 0.2 ppm) values
and resin - P values of the soils, is shown.

The results od the P fixation parameters correlation with the values
of various physical and chemical properties of soils, are given in Fable 2.

DISCUSSION - CONCLUSIONS

The amounts of P required to provide the optimum concentration of
0.2 ppm P in solution (amounts of P fixed) varied from 56 to 362 ppm P,
with an average 191 ppm, which corresponds to about 382 kg P /ha. Accord-
ing to the amounts of P fixed, the soils are considered (10) to be of low to
medium P fixed capacity soils. It must be stressed that, although the 0.2
ppm P concentration in solution, cannot be considered to represent an op-
timum P concentration for all crops (4, 6), nevertheless, the 0.2 ppm P
concentration, is considered, as a good choice for the purpose of comparing
soils [7].

The P fixation values of soils at the 50 mg /100 g soil level of the P ap-
plication, varied from 61 to 330 ppm P, with an average 199 ppm P (398
kg P /ha).

The adsorption isotherms af soils were found to fit Langmuir’s equa-
tion. The coefficients of correlation had values )0.955. The P adsorption ma-
xima of the roils varied from 81 to 425 ppm P (Fif. 2), with an average 232
ppm P (464 kg P /ha). The P-BC values of the soils varied from 25 to 75 ppm
P and were closely related to P adsorption maxima values of the soils (Fig.2).
Similar results are reported in the literature [17].

For raising the available P content (Olsen-P) of the soils by 1 mg P,0;/
100 g soil (the soil fixation index), an average 5.1 mg P,0; was required.
The P fixation index values of the soils varied from 3 to 7 mg P,0;, and
were closely correlatedto the P-BC values of the soils (Fig. 3). In Michigan
the soil fixation index was foud to vary from 4.5 to 11.5 mg P,0, [24].
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Fig. 1. Phosphorus fixation curves of 27 representative soils.
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Fig. 3. Relationship between soil P-fixation index and soil P-BC values.
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High correlations were foud between the P fixation parameters of
the soils and free oxides of Fe and Al, CaCO, in calcareous soils, organic
matter, organic P, total N, available P (Olsen-P, resin-P, 0.2M H,SO,-P,
EUF-P) and P-BC of soils (Table 2, Fig. 4). The P-fixation values were
greater in soils with pH 5.8, smaller in soils with pH 7.0 and much smaller in
soils with pH from 5.8 to 7.0. Soils derived from acid rocks fixed, generally,
greater amounts of P, than soils derived from basic rocks.

Phosphorus fixation in acid soils is primarily due to the formation of
iron and aluminium compounds (19). The effect of pH and free oxides of
Fe and Al of the soils studied on their fixation capacity, is indicated by soils
5 and 6. Soil 5 with pH 5,45 (Table 1), 0.08 % Fe,O; and 0.01 AlQ;, fixed
72 ppm P, while soils 6, with pH 4.45, 0.71%, Fe,0, and 0.49, Al,Q,, fixed
163 ppm P (Fig. 1).

In calcareous and alkaline soils, the fixation of P is due to the forma-
tion of a whole series of insoluble calcium phosphate compounds (19). The
influence of CaCo; content is shown in soils 19 and 21. Soil 19, with 22.39%,
CaCO,, fixed 322 ppm P, while soil 21, with 3.0% CaCO,, fixed 214 ppm P.
(Fig. 1).

Direct correlations between soil organic matter content, organic P and
total N and P-fixation are reported in the literature (8, 20). They, propably,
reflect increases in finaly dirided sesquioxides with increasing levels of or-
ganic matter (18).
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ODEPIAHYH

Hapdpetpor Séopevong Pwopbpoy GVTITEoCWTEVTIXGY &dapdy xal 7 oxéon Toug
e tig i816TnTeg Tob &8dcpoug

MehemiOnxav ol mapductpor déopevone P 27 dvrimposwmeutinéy E8apdv.
Oi mogbtyreg P wod dmowthfnuav yix va ddcovy pd cvyxévrpweyn 0,2 ppm P
otd dubdvpe isopporing (P mod Seopedryre) xvpaivovray &rd 65-350 ppm P pe
pee péon ) 191 ppm. Oi io60eppec mpocpbomnons hwv Tév Edapdv Beélnxe
va éxppdlowy otiy &flcwon Tol Langmuir xal ta péyiota mpospbenang P tév
&dapdv xopaivovtay &md 79-425 ppm pd ik péon iy 232 ppm P. T oy ab-
Enon e dvadwminiic mpie (Olsen -P) xara 1 mg P,0; /100g &3dqovg dmarty-
Onxav xatx péoo bpo 5,1 mg P,0;/100g 2ddpovs. Of mapdperpor Séoucuong P
76y E3apdv ovoyetiloviav oTeve pé Thy dpyavixy odolx, ta énineda CaCO; ora
doBeoTobys Eddey, To Eheilspa Eetdia Tob Fe xai Al 7o Suwbéoipo P xal 3 pub-
protend) ixavémyta of P 1év Edagdv. Tevixd, E8dpn wod mpoéxudov &md 8Eiva
meTpwpata déopevoav peyuhbrepeg wosdrtyreg P, dn’ 8,71 T é3den mobd mwpoénu-

doy dmd Baciwd WETPOUATA.
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