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Abstract. In model experiment (anaeobiosis) with full saturation d soil samples with wa-
ter and their incubation at 5, 10 and 20°C during 0-60 days, phosphate ions (PO,~%) concentration
in soil solution, Eh and pH in soil sediment were determined. For the investigations 12 samples
from loess il s representing surfacehumus horizons were taken from various parts of 4 eroded
slopes in a small river cachment nea Lublin, Poland. Differentiation in PO, concentration in
the range of 0.18-2.10 mg dm™3 was found, depending on the temperature and time of soil sam-
ples incubation and also onthe placeof sampling.
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INTRODUCTION

Plant nutrients are positively evauated if retained in the soil for uptake by plants,
but become ewironmentd pdlutants if leaded into surface ad subsurfacewaters
(McGedhan and Lewis 2002. Much attention hes been devoted to ritrogen as
anutrient and pdl utant due to its high soluhility, leadabilit y and volatilit y from soil s.
Lessattention hes been paid towards the less luble and nonvolatile cntaminating
plant nutrient — phasphaus. High phasphaus inpu to the ajuatic environment, re-
sulting in eutrophication d lakes, rivers and reservoirs, is gill a maor probem of
water management in most European courtries (Olila 1996, Gelbredt et al. 2005.
Eutrophication is arguably the biggest pdlution poblem fadng estuaries globdly,
with extensive onsequences including anoxic end hypoxic waters, reduced fishery
harvests, toxic dgal blooms, andloss of biotic diversity (Howarth et al. 2000.
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The fadors which may regulate phaspharus readivity in inunchted soils in-
clude redox pdential and pH (Tiedje et al. 1984, Glinski and Stepniewski 1985,
Stepniewska 1988, Shahahandeh et al. 1994,Gardalinski et al. 2004.

Phaspharus (P) is a nommetallic chemicd element. It is not foundfreein na-
ture andis always present in the form of phosphates, creaing with caions ortho-
phosphate salts (Yu Tian Ren 1985.

Phosphaus is an esential element for the growth and development of living
organisms. Its natural sources in soils are phosphate minerals, mainly apatite,
wavelite and vivianite. In well-developed soils, most of the phospharus is com-
bined with arganic matter (in living and dead plants, animals, inseds and micro-
organisms). In agriculture phosphaus refers to ore of the three primary plant
nutrients (N,P,K) and it is a cmporent of fertili zers. Plants take up P in smaller
amourts than N or K, onaverage & theratio N:P.K =2.20.42.0. The ncentration
of Pin the plant xylem is 100 to 1006fold higher than in the externa soil solution
(Sapek and Sapek 2004. Totd sail P ranges from 0.01to 0.3@%. It isamogt entirely
assciated with soil colloidal particles, either inorganic or organic.

A catain amourt of Pin soilsresultsin an increase of itslevel in soil solutionfol-
lowed by an increase of P amourt in water that passes through the soil profile. Inor-
ganic P is usually associated with Al, Fe or Ca ompound of varying soluhility and
avail ahility to plants. It can be rapidly fixed in uravail able forms, depending on soil
pH and Al, Fe and Ca ontents. The influence of Eh onthe dhanges of Pisnat dired,
but its olubility is conreded with changes of Eh through phaphaus predpitation
with eements such as Fe and Mn ions (Engds et al. 1995,Kirk and Saleque 1995,
Olila1996. Generdly, the solubility of P for plantsisoptimal at pH in the range 6.5
7.0(Sme and Vadas 2005.

Phosphaus transfer from soil's to water bodes is a mgjor nonpaint source of
palution. This transfer is due to processes of leadiing, erosion, and surfacerun-off
and aso with subsurfacewater flow to neaby streams, espedally if artificial drain-
age is present. Phaspharus can be transported either as ©luble P in rundf water or
as P adsorbed to eroding soil particles. It resultsin the devation d the bioavail able
P and leads to eutrophication of the waters (Glinski and Debicki 1999.

Phasphates are the naturally occurring form of the dement phosphaus. In di-
lute ayuatic solution, phaphates exist in four forms. In strongly basic condtions,
the phosphate ions (PO, ) predominate, while in wealy basic condtions, the
hydrogen phasphate ions (HPO, ™) are prevalent. In wesly add condtions, dihy-
drogen phaphate ions (H,PO,) are the most common. In strongly add cond-
tions, aquaeous phosphaic add (HsPO,) is the main form (Sime and Vadas
2005. The phaosphate ions are poyatomic ions with a moleaular mass of 94.97
daltons. They carry a negative threeformal charge.
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The purpose of this paper was to show, in amodel experiment, the passhility
of PO, %P ocaurrencein arable loess ®ils.

MATERIALS AND METHODS

The objed of the study was an eroded loess $ope a 4 locdities (Motycz,
Snopkow, Baszki and Pliszczyn) nea Lublin, along the Ciemiega river catch-
ment. The cachment is located on 206230 m as.l. and covers an areaof 157
km? It length is 41 km. The first two locadliti es (Motycz and Snopkéw) are situ-
ated in upper part of the cachment which is of gentle relief. The two ahers
(Baszki and Pliszczyn) charaderize the lower part of the cachment with strong
unddating relief. The soil s (Haplic Luvisols and Eutric Cambisols) are formed of
typicd silty deposits of loess containing, in their upper horizons, 1.745.42% of
organic matter, with spedfic surface aeaof 31.8470.95m” g™, pH 6.6-8.1 and
PO, P from 0.06to 2.84mg dm™in soil solution at 20°C (Tab. 1). Samples for
all investigations were taken during the Spring, the Summer and the Autumn 2003
in threerepli cations after cereds.

For the investigations, 12 samples were taken from three places on the slopes
(upper part-1, midde part-2, and lower part-3) of 4 locditi es (Motycz — M, Snop-
kow — S, Baszki — B, Pliszczyn — P). They represented surfacehumus (0-20 cm)
horizons. Soil samples were placed in glassves=ls, flooded with distill ed water at
the ratio of 1:2.5 (15 g soil +37.5cm?® water), covered and incubated at 5, 10and
20°C. In the mourse of incubation, at different time intervals (days), PO, concen-
trationin sail filtrates was measured. The foll owing methods were used to analyse
the soil filtrate:

Redox pdential and readionwere measured in soil suspension. Redox pdential
measurements were made using a cdomel eledrode & the reference éedrode with
constant nonzero pdentia, well tested and acairately cdibrated with relation to the
standard hydrogen electrode (Glinski and Stgpniewska 2005. Redox measurements
were taken using an “plONnee 10" Radiometer portable gparatus.

Readion (pH) — the measurement was performed by a cmbined eledrode us-
ing Radiometer pH Meter.

Determination o PO, P concentration was performed with the help of the
FIA-Star 5010 flow-through spedrophdometric analyser made by Foss Tecaor
(Applicaion Note ASN 60-01/83, 1983. Determination o PO, >-P was made
acording to the following method the sample cntaining ortho-phasphate re-
aded with ammonium molybdate to form heteropdy molybdophsphaic aad.
The add was reduced in a second step to dissmil ative path reductases which use
NOs-N as eledron acceptors aternative to O..
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Table 1. Grain size @mposition and some properties of examined soils

Grain size @mposition s X N «,?:r
(% of fradionin mm) e) n n 8 .
Locdity Pﬁgzgn o N N . - R I(E
< 2 S a8 88 Q < r"cz Tc» S <

2 88383¢ & t g

© o ~ ~ £
Upper() 27 12 35 13 3 10 174 3507 706 014 g6
M(‘,)\%CZ Midde?) 10 13 46 20 4 7 187 3184 639 006 75
Lower3 8 12 48 20 7 5 542 7095 863 034 74
Upper(l) 7 15 56 3 17 2 308 4724 680 284 79
Sn‘zg;éw Midde(2) 6 14 57 17 2 4 240 4093 953 226 77
Lower(® 22 18 50 7 1 2 508 5569 665 121 79
Upper) 6 9 53 21 3 8 228 3678 1531 018 g1
Bfgz)ki Midde2) 4 13 50 20 5 8 194 4044 1088 101 71
Lower3 8 14 58 13 2 5 272 3536 897 092 76
Upper) 1 10 62 19 1 7 263 4058 1235 007 75
P"s(zp‘;zyn Midde2) 8 12 53 19 1 7 251 3372 661 007 78
Lower3 13 15 47 19 1 5 348 3470 525 101 g1

O.M. — Organic matter, S H,0 _spedfic surface aeameasured with H,O adsorption—S Ny~ spedfic
surfaceareameasured N, adsorption

The dchosen condtions of long lasting full water saturation o loess ®ils at
various temperatures appea in the south-east of Poland.

Analysis of variance by the least significant difference test (95% L SD-test)
was performed to determine whether a significant difference eisted (p<0.095
between means of locdity, means of temperature and means of placeon slope &
diff erent temperatures.

RESULTS

Mean phasphate ions concentration (from the sum of al 204 treagments) was
0.84mg dm™ at mean values of Eh 298mV and pH 7.2(Tab. 2).



OCCURRENCE OF PHOSPHATE IONS IN LOESS ®ILS 73

Taking into consideration the places of soil samplingin 4locdities (M, S, B, P)
along the cachment, the highest phosphate ions concentration in soil solution was
foundin S (2.10 mg dm™) compared to the other locdities (0.180.70 mg dm )
(Fig. D).

Probably in this locdion fields got more P fertili zers. Eh values were higher in
the lower part of the cachment (318 mV and 303mV) and lower (292 mV and
281 mV) in the higher part of the cachment (Tab. 2.

Table 2. Mean values of phosphate ions (PO, ~%-P), Eh (redox potential), pH and temperature of soil
samples coming from diff erent locditi es and gaces on the slope

Stand PO, 2P(mgdm™) Eh(mV) pH
All results (n = 204) 0.84 298 7.2
M (n = 51) 0.18 292 6.6
Locdity S(n=51) 2.10 281 7.3
B (n=51) 0.70 318 7.1
P (n=51) 0.38 303 7.6
1(n=68) 0.81 322 7.4
Slope

2(n=68) 0.85 311 76
3(n=68) 0.87 262 7.4
5°C (n = 84) 1.16 305 7.4

Temperature
10°C (n=72) 0.50 283 73
20°C (n=49) 0.79 309 7.0

Sail readion (pH) was fairly equal (7.1-7.6 for S, B and P) except for the
lower value (6.6) for M in the upper, lesseroded, part of the cdachment where
upper horizons were farther from loessdepaosits with basic readion (Tab. 2).

A significant differentiation appeaed in phaphate ions concentration in soil
solutionwith relation to temperature (Fig. 2).

A tendency of increasing phaosphate ions concentration in soil solution going
from the upper to the lower parts of slopes (0.81, 0.85and 0.87mg dm™) (Fig. 3)
and an oppaite trend concerning Eh values (322, 311and 262mV) (Tab. 2 were
found.

Temperature and time of incubation caused an increase in phaphate ions
concentration which was the most pronourced at 5°C with systematicdly lower-
ing Eh values (Fig. 4).
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Fig. 1. Phosphate ions concentration in soil solutions of various localities of the Ciemigga river.
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Fig. 2. Phosphate ions concentration in soil solutions of the Ciemigga at different temperatures.
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Fig. 3. Phosphate ions concentration in soil solutions of various places on slopes of the Ciemigga
Mean value * standard deviation
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Fig. 4. Phosphate ions concentration and Eh (redox potential) changes during incubation o al soil
samples from the Ciemigga catchment at diff erent temperatures
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CONCLUSIONS

Analyticd data obtained all owed us to show tendencies for direded changes of
phasphate ions concentration in loess ®ils of eroded areas, caused by the excessof
water and variationin temperature and also by differentiationin soil cover.

1. Phosphate ions PO, concentration was in the range of 0.182.10mg dm™.

2. The variations in concentration are caused by changes in soil cover due to
erosion processes of soils, as well as to the temperature and time of soil samples
incubation with currently lowering Eh values.
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Streszczenie. W doswiadczeniu modelowym badano wptyw zalania gleb woda (anaerobio-
zy) i inkubacji w zréznicowanych temperaturach 5, 10 i 20°C w czasie 0-60 dni na stezenie jonow
fosforanowych w roztworze glebowym oraz Eh i pH w osadzie glebowym. Przebadano 12 pébek
reprezentujacych prochniczng warstwe wierzchnia gleb lessowych pobranych z réznych miejsc
zlewni rzeki Ciemiggi k. Lublina. Stwierdzone st¢zenie jonow fosforanowych w granicad 0,18
2,10mg- dmbyto zalezne od miejsca pobrania prébek z gleb wzdtuz zlewni i z erodowanych zbo-
czy, a takze od temperatury i czasu trwania inkubacji.

Stowa kluczowe: jony fosforanowe, Eh, pH, gleby lesowe, warunki anaeobove



