ROCZNIKI GLEBOZNAWCZE T. XXX, NR 2, WARSZAWA 1979

URSZULA POKOJSKA

GEOCHEMICAL STUDIES ON PODZOLIZATION

PART III. PHOSPHORUS IN PODZOLIZATION

Department of Soil Science, Institute of Biology, Copernicus University of Torun
Head of Department: Z. Prusinkiewicz

INTRODUCTION

Ome of the few writers who have noted the part of phosphorus in
podzolization is Kundler [1]. The eluvial-illuvial differentiation of
P content is, according to him, a very good indicator of soil podzoliza-
tion. However, the only explanation of this sort of distribution of
phosphorus in soil profiles he gives is that it closely coincides with
that of sesquioxides, with which phosphoric acid forms low solubility
phosphates. _

The phenomenon of binding phosphates by sesquioxides has been
for a long time one of the most important problems in soil chemistry.
Recent studies [6, 9] have confirmed the assumption that it is of the
nature of chemisorption.

Chemisorption, however, can only account for immobilizing phospho-
rus in soil. In studies on podzolization it is of even greater importance
to account for the causes of mobilizing phosphorus in the upper portion
of the profile. Studies on the combinations of phosphate ions with
humic substances have to a certain extent contributed to the elucidation
of this problem.

Misterski and Loginow [5] studied how reactions proceeded
in systems containing humic acids (from compost extracts), soluble
phosphates and Ca®*t, Fe®t and AI** ions. These authors have found
that the presence of humic acids prevents to a large extent the precipi-
tation of imorganic phosphates, while on the other hand, the presence
of phosphates inhibits the process of coagulation of humic acid by the
above-mentioned dons. According to them, the interaction of these com-
pounds bringing about an increase in their solubility is due in the
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first place to the formation of humic acids-phosphates complexes brid-
ged by metal ions. The results obtained by Misterski and Y.oginov
have been supported by later works by Levesqge and Schnitzer
[3], Levesque [2] and Sinha [10]. In the latter works were used
humic and fulvic acids extracted from podzol humus. It has been found
that ash-free or low-ash humic and fulvic acid preparations do not form
stable compounds with phosphates. In the presence of Fe®*t+ or Al*t ions,
however, stable complex organometallic phosphates are formed. According
to Sinha [10], such complexes may form in soil as a result of reac-
tions of soluble phosphates with Fe- and Al-humic and fulvic acids
complexes or of insoluble Fe- and Al-phosphates with humic and ful-
vic acids occurring in soil solution. The actual role of complex organo-
-metallic phosphates in phosphorus migration needs further studies.

Studies on transformations of phosphorus compounds in soil chrono-
sequences have provided interesting results [12]. In unweathered bed-
rock the prevailing form of phosphorus is apatite. According to Wal-
ker and Syers [12], with the development of the pedogenic process
the amount of calcium phosphates, comparatively easily available for
plants, gradually decreases, while the amount of orgamic phosphorus
and of inorganic low-solubility forms increases. After the calcium phos-
phate supplies have been exhausted, there is a decrease in worganic
phosphorus content due to the low amount of phosphorus taken in by
plants. The whole of inorganic phosphorus passes into forms inaccessible
to plants (iron and aluminium phosphates occluded by sesquioxides).

The present work reports the results of studies on the distribution
of phosphorus in profiles of ferro-humic podzols and describes the geo-
chemical conditions under which phosphorus migrates in these soils.
An attempt has been also made at determining the degree of advan-
cement of transformation of phosphorus compounds in the particular
genetic horizons of podzols.

MATERIAL AND METHODS

The present studies have been made on the same podzol profiles
that were analyzed earlier for the participation of Fe, Al and Si in
podzolization [7, 8].

The total phosphorus content (P;) in raw humus was determined
after mineralization in conc. H,SO, with an addition of 30% H,O,,
and in the mineral portion of the profile after melting the samples with
Na,CO;. Moreover, the dithionite extracted phosphorus fraction (P4) was
determined by Mehra-Jackson’s method. Subject to this extraction are
mainly combinations of phosphorus with sesquioxides. The quantitative
analysis of phosphorus was made by the colorimetric method with
molibdenic blue.
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RESULTS AND DISCUSSION

Among the ash constituents of podzol raw humus phosphorus occu-
pies a specific position. In the successive Ay subhorizons it does not
become so strongly concentrated as Si, Al and Fe, or so rapidly re-
duced as the basic elements, particularly Ca [cf. 7, 8]. In the initial
stages of mineralization and humification of the plant litter fall there
is usually a certain increase in phosphorus concentration. This increase
is probably due to the fact that the rate at which P is released from
its organic compounds is comparatively slow, while the total mass of
plant remains decreases at a quick rate. At the following stage of orga-
nic matter transformation (in A¢F or A¢H) a decrease in phosphorus
content is observed, probably due to its being taken in by plants and
possibly also partially washed down to the mineral portion of the
profile.

In the mineral horizons of the podzols under study there is a great
deal of variation in phosphorus content (Table 2). The total phosphorus
content (P;Os:) in the bedrock amounts to only some hundredths of one
per cent (except in Profile 3, where it is slinghtly higher). The eluvial

Table 1

Lverage content of P20s in the particular raw humus subhorizohs of 6 profiles
/in % of organic matter mass without mineral grains/

Profile No.
Subhorizon
1 2 3 4 s 7

AolLo - - 0,151 0,095 - -
AoL 0,230 0, 300 - - 0,156 0,125
AoF 0,196 0,224 0,239 0,183 0,230 0,225
AoH” 0,140 0,161 0,209 0,107 0,184

.. - 0,182
AcH 0,126 0,104 0,182 0,106 0,145 '

horizons are even poorer than the bedrock, whereas in the illuvial
horizons the phosphorus concentration is several times that in the bed-
rock. The maximum P,Os content in all the profiles in question occurs
in subhorizon Bh and amounts to 0.17-0.25%.. The phosphorus fraction
subject to extraction in dithionite together with the sesquioxides (PyOsy)
also shows eluvio-illuvial differentiation — Fig. 1.

The question arises whether the phosphorus migration from horizons
Ay and Ae to horizon B goes on in the form of free phosphate ions or
in combinations with other constituents of the soil solution. Studies
carried out by Misterski and Loginow [5], Levesque [2] and
Sinha [10] have revealed the possibility of forming organo-metal-
-phosphate complexes, in which the phosphate ions are linked to the
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Table <

Total P205 and dithionite-extractable P205 content in podzols under study

Prorile Horizon Depth 1’2251: ’2:54 B4/

1 Ao/he 1-0~1 0,041 0,012 0,29

Ae 12-28 0,033 0,003 0,09

Bh 33-35 0,201 0,126 0,63

Bhs 35-45 0,128 0,036 0,28

Bs 60-T5 0,075 0,011 0,15

c 110-145 0,070 0,006 0,08

2 Ao/Ae 1-0-0,5 0,040 0,014 0,35

Ae 16-23,5 0,027 0,003 0,11

Bh 23,5-26 0,166 0,086 0,52

Bhs 26-38 0,162 0,014 0,08

Bs 60-85 0,085 0,009 0,10

c 115-145 0,054 0,005 0,09

3 Ao/Ae 0,5-0-0,5 0,075 0,024 0,32

Lo 4-12 0,054 0,006 0,11

Bh 16-18 0,229 0,150 0,66

Bhs 18-28 0,183 0,106 0,58

Bs 40-50 0,136 0,055 0,40

c 110-130 0,196 0,014 0,07

4 Ao/Ae 0,3-0-0,5 0,022 0,010 0,45

Ao 0,5-10 0,025 0,004 0,16

Eh 10-11,5 0,251 0,238 0,95

Bus, 11,5-13 0,184 0,132 0,72

Bhs, 13-20 0,064 0,036 0,56

Be 20-40 0,043 0,012 0,28

c 120 -140 0,037 0,010 0,27

5 Lo/Ae 0,5-0-1 0,027 0,012 0,44

Ae 10-20 0,014 0,003 0,21

Bh 28,5-0 0,216 0,182 0,84

Bhs 3-38 0,125 0,024 0,19

Bs 38-55 0,042 0,010 0,24

c 110-130 0,030 0,004 0,13

7 Ao/Ae 0,2-0-0,5 0,036 0,023 0,64
Ae 0,5-14 0,015 0,007 0,47

Bh 28-29,5 0,229 0,200 0,87

Bhs 29,5-40 0,073 0,033 0,45

Bs 40-60 0,036 0,010 0,28

c 100-120 0,020 0,003 0,15

fulvic acids by Fe and Al ions. The results of the present studies indi-
cate that this form of phosphorus migration plays an important part
in podzols. Soluble organo-metal-phosphate complexes may form already
in raw humus, where all the necessary components are present. Fulvic
acids forming in the course of decomposition of plant remains may, in
the presence of Fe and Al ions, react with the liberated phosphate ions.
Also in the eluvial horizons adequate conditions exist for the formation
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Diagrams of profile distribution of P,O5; and P,Oz, in podzols under study

of the complexes in question. Indirect evidence of the common migra-
tion of fulvic acids, sesquioxides and phosphates is provided by their
common accumulation in the illuvial horizon. Since the maximum phos-
phorus content occurs in subhorizon Bh together with free Fe maximum,
it may be inferred that in binding phosphates Fe is more important
than Al

The varying value of the ratio P4/P; in the profile (Table 2) deser-
ves some attention. It determines the percentage of the phosphorus
fraction bound with R,O; in total phosphorus, and indirectly permits to
estimate the percentage of other forms of phosphorus. Phosphates
combined with R,O; constitute the major part of soil phosphorus in
illuvial horizons, particularly in subhorizon Bh, where the P,/P, ratio
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reaches values ranging from 0.52 to 0.95. Below subhorizon Bhs this
fraction gradually decreases, and in the bedrock its percentage is
negligible (P4/P; in horizon C ranges from 0.03 to 0.13). Since horizons
Bs/C and C essentially lack organic phosphorus compounds, the low
values of Py4/P; are evidence of a clear predominance in these horizons
of the calcium phosphate fraction. In the eluvial horizon, on the other
hand, where, considering the fairly rapid decomposition of apatite [7,
11], no considerable percentage of calcium phosphates is to be expected,
the low Pq4/P; values point to a higher content of organic phosphorus
compounds. .

The picture of profile differentiation of the principal phosphorus
fractions in podzols obtained in the present study is essentially in agre-
ement with the data reported by MacL eamn and coworkers [4] except
for the illuvial horizon, where they found a lower content of the phos-
phate fraction combined with Fe and Al and a higher one of the or-
ganic phosphorus fraction. The differences are due to unequal ex-
traction capacities of the reagents used and to the difficulty in dra-
wing a precise borderline between organic and inorgamnic phosphorus
in soil. Moreover, MacLean’s and coworkers’ data suggest that the Fe-
and Al-phosphate combinations accumulated in horizon B become to a
large extent occluded by amorphous Fe oxides.

When comparing the qualitative and quantitative differentiation of
phosphorus compounds in podzol profiles with the general scheme of
transformations of these compounds in soil elaborated by Walker
and Syers [12], it is seen that the former corresponds fairly well
with the latter. The podzol bedrock, in which the most important frac-
tion of phosphorus is calcium phosphates corresponds to the initial
stage of transformations of phosphorus compounds in Walker and
Syers’ scheme. The illuvial horizon, on the other hand, in which along-
side with organic forms of phosphorus occur nearly exclusively com-
binations of phosphorus with R,O; occluded to a large extent by Fe
oxides, corresponds to the final stage'of phosphorus compounds trans-
formations in soil.

CONCLUSIONS

1. The transformations and the migration of phosphorus compounds
constitute important elements of podzolization.

2. The primary form of phosphorus in podzols is in the first place
calcium phosphates (apatite). The high acidity of the upper portion of
the podzol profile causes a comparatively rapid (compared with other
soils) decomposition of these phosphates.

3. Biological accumulation-in horizon Ay involves an accumulation
of organic phosphorus compound. Mineralization of these compounds is



Fe in the podzolization process . 159

associated with secondary taking in of phosphorus by plants and with
partial washing it down the profile.

4. In the illuvial hornizon of podzols a considerable accumulation of

phosphorus is observed, and its maximum content occurs in subhorizon

Bh,

The most likely form of phosphorus migration from horizons A,

and Ae to horizon B is organo-metal-phosphate complexes composed of
fulvic acids, Fe and Al ions and phosphate ions.
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y. IOKOMCKA

TEOXVMMUYECKUE MCCJIEIOBAHUA IIOA30JOOEPA3OBATEJIBHOTO
IIPOIIECCA

YACTH 3-fI. ®OCPLOP B IIPOLIECCE OIIOA30JMBAHMA

JlaBGopaTopwa nousosepenysi, Mucturyr OGuonormu YhusepcuTera M. M. KomepHuka
‘B Topyuu

Pe3moMme

1lennio cTaThM ObLIO TIPEAbABIEHNME Pe3yJbTaTOB MCCJENOBAHMUIL TIO pa3MelLeHNI0
pocdopa B mpocdune Kere3ucTo-ryMyCcoBBIX IIOA30JIOB M OOCyXmeHye TeoXumsrye-
CKMX YCJIOBUI, B KaKUX Trpoucxogut murpammna docdopa B srux nouysax. Ilpenmpu-
HATA TOXe ObLia. TIOMBITKA OINpPEeNeJIeHMUA CTeNeHy NpeBpamednsa ocdOpHBIX coeau-
HeHMIA B OTHAEJbHBIX DEHETHMYECKMX TOPU3OHTAX IIOJ30JIO0B.

B nouseHHbIX 00pa3uax onpegensanyu obumit docdop (Pt) u dpakuioo docdopa
U3BJIEKAeMOTO JUTUMOHMUTOBOM BBITAXKKOMN (Pd) corsacHo Merony Mspa-J/xkercoHa.
D1y (paKuMiO COCTABJIAIOT B IIaBHOM coeauHeHnusa ¢ocdopa ¢ IMOJYTODHBIMU ORM-
ciaaMu. Bo BCeX MCIBITAHHBIX NPOMUIAX KOJIMYECTBEHHAA IUdEPEPEeHIAIUA Oau-
HaKOBO Kak Pt TaK ¥ Pd u300pakaeT XapaKTEPHYI0 KapPTMUHY SJIOBUAJIBHO-UJIJIIO-
BUAJIBLHOM auciokauuu (puc. 1). Kaxercs, 4TO CyLIECTBEHHYIO DOJIb B TPaHCJIOKALIMU
docdopa urparoT KOMIJIEKCHble OpraHo-meraiodocdarHble coefuHeHMsA, B KOTO-
poix ¢occatHble MOHBI CBA3aHBI C IIOABUIKHBIMM TYMYCOBBIMM KMUCJIOTaMM IIOCDex-
cTBOM MoHOB Fe ym Al. Bo3MoxkHOCTL 00pa30BaHMA TaKMX COERMHEHMII B IIOYBe J0-
Ka3aHna MHOrMMM asTopamu [2, 5, 10]. B moxsosax pacrBopuMble Fe- u Al- ry-
MyCOBble KOMIIIEKCHBIE COoefuHeHusa ¢ docdarammy MOryT 00pa30BaTHCA yXKe B ChbIPOM
TneperHoe, rie HaXOAATCA BCe MMEIOLIMe CYLIeCTBEHHOE BHAYEeHVE KOMIIOHEHTHI. BbI-
najeHdye B 0CaJOK 3TMX CJIOKHBIX KOMILIEKCOB B TOPU30HTe B mporexkaeT BepPOSTHO
COTJIACHO IIOAOOHOMY MexXaHM3MYy, KaK TOT KOTOPLI Biieder 3a ©c000il yTPaTy DPacmBo-
PUMOCTM B COEQMHEHMAX TYMYCOBBIX KMCJIOT C IIOJYTOPHBLIMM OKMCJIaMMH,

3acaykuBaeT BHMMaHMA M3IMEHAIOLIAACA B Tpoduiie BeJuuyHa COOTHOLUEHMA
Pd:Pt (rabn. 2). dPocdater cBasaHHble ¢ R,03 cocraBaAlT HaMOOJNBIIYIO HacTb
no4yBeiHOro @ocdopa B MIMIOBMAJBHBIX TrOopu3oHTaXx (B Bh cooTHOlueHue Pd:Pt
pocturaer Beamymubl 0,52-0,95). Huxke nogropusodTa Bhs mazpannas dpakuus urpaer
BCE MEHBUIYIO POJb ¥ B MATEPUHCKOM IIOPOJE y4acCTME €e COBCeM HMUYTOXKHO. CBu-
JeTeJIbCTBYET 3TO O TIOAABIASIOLIEeM npeobaazaumu 8 ropmionte C KanbuueBbix oc-
draToB. B 9110BMAIBHOM TOPM30HTE, TAE BCJEACTBME JOBOJbLHO WHTEHCUMBHOTO pa3ja-
TaHuA aQIaTUTa HeJNb3d OXMAATh O6OJbIIEr0 HAKOIJEeHMA KajablmeBbX docdaTos,
Hu3KMe 3HadveHus P, P, yKa3blBalOT HA HAJMYME BBICIIErO0 COAEPXKAHMUA OpraHude-
cKux ¢ocopHbix coeamHeHmit. CpaBHMBAsg KOJMYECTBEHHYIO IauddepeduyupoBaH-
HOCTE (POCOPHBIX CcOeAMHEHMIT B Tpodbuile IMOA30JIOB C TIPEAJIOKEHHON Y OJNKe-
poM u CrrepcoMm [12] obmieit cxemoit IPEeBPALIEHMA ITMX COSIUHEHMII B IIOYBE
HETPYyAHO OOHApYXUTh JaJieKo MAyluue aHajormyu. MaTepuHcKas IOpPOAa IIOL30JI0B
¢ moMuHMpYyloleil dpakuueit dochaToB Kaabuusa COOTBETCTBYET HAyaJbHOM CTamuu,
WIJDIOBMAJIbHBII-K€ TOPUM30HT C HakKoniaenmem docdaroB CcBA3aHHBIX ¢ R,03 co-
OTBETCTBYEeT KOHEYHOBOM CTHAMM TIpeBpallennsa ¢ochHOPHBIX COENMHEHMII B CXeMa
Yonkepa n Coiepca.
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U. POKOJSKA

GEOCHEMICZNE BADANIA NAD PROCESEM BIELICOWANIA
CZESC. III FOSFOR W PROCESIE BIELICOWANIA

Zaklad Gleboznawstwa Instytutu Biologii Uniwersytetu Mikotaja Kopernika
w Toruniu

Streszczenie

Celem niniejszej publikacji bylo przedstawienie wynikéw badan nad rozmie-
szczeniem fosforu w profilach bielic zelazisto-humusowych oraz przedyskutowa-
nie geochemicznych warunkéw, w jakich odbywa sie migracja fosforu w tych
glebach. Podjeto réwniez prébe okreslenia stopnia zaawansowania przemian
zwigzkéw fosforowych w poszczegdlnych poziomach genetycznych bielic.

W gesto pobranych probkach glebowych oznaczono fosfor ogoélem Pt oraz
frakcje fosforu ekstrahujacego sie w wyciggu dithionitowym P, wedilug Mehra-
Jacksona. Frakcje te stanowig gléwnie polaczenia fosforu z poéltoratlenkami. We
wszystkich badanych profilach ilosciowe zréznicowanie zaréwno P, jak i Py
przedstawia charakterystyczny obraz eluwialno-iluwialnego przemieszczenia (rys. 1).
Wydaje sie, ze istotna role w przemieszczaniu fosforu odgrywaja polaczenia
kompleksowe organiczno-metalofosforanowe, w ktérych jony fosforanowe polg-
czone sg z ruchliwymi kwasami pr6chnicznymi za posrednictwem jonéw Fe i Al
Mozliwo$é tworzenia sie takich polgczen w glebie wykazali liczni autorzy [2, 5,
10]. W bielicach rozpuszczalne kompleksy Fe- i Al-humusowe z fosforanami mo-
ga powstawaé juz w proéchnicy nadkladowej, gdzie znajduja sie wszystkie istotne
komponenty. Wytrgcanie tych zlozonych kompleks6w w poziomie B odbywa sie
zapewne wedlug tego samego mechanizmu, jaki powoduje utrate rozpuszczalno-
$ci potaczen kwaséw humusowych z R,O,.

Na uwage zasluguje zmieniajgca sie w profilu warto§é stosunku Pd/Pt (tab. 2).
Fosforany zwiazane z R,O; stanowia najwigksza czes¢ fosforu glebowego w po-
ziomach iluwialnych (w Bh stosunek P,/P, osiaga warto$¢ 0,52-0,95). Ponizej pod-
poziomu Bhs frakcja ta odgrywa coraz mniejszg role, a w skale macierzystej jej
udzial jest zupelnie znikomy. Swiadczy to o wyraznej dominacji w poziomie C
fosforanéw wapniowych. W poziomie eluwialnym, w ktérym ze wzgledu na dosé
intensywny rozklad apatytu nie nalezy sie spodziewaé wigkszego udzialu fosfo-
randéw wapniowych, niskie wartosci P,/P, wskazuja na wigksza zawarto$¢ orga-
nicznych zwiagzkéw fosforu. Pordéwnujgc jakoSciowe zréznicowanie zwigzkéw fos-
forowych w profilach bielic z ogélnym schematem przemian tych zwigzkéw w gle-
bie opracowanym przez Walkera i Syersa [12], latwo dostrzec daleko ida-
ce analogie. Skala macierzysta bielic z dominujaca frakcja fosforanéw Ca odpo-
wiada stadium poczgtkowemu, za$ poziom iluwialny z nagromadzeniem fosfora-
néw zwigzanych z R,O, odpowiada stadium koncowemu przemian zwigzkéw fos-
forowych w schemacie Walkera i Syersa.

Dr Urszula Pokojska
Instytut Biologit UMK
Torun, ul. Stenkiewicza 30
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