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INTRODUCTION

One of the  few w riters who have noted the part of phosphorus in 
podzolization is K u n d l e r  [1]. The eluvial-illuvial differentiation o f 
P  content is, according to him, a  very  good indicator of soil podzoliza­
tion. However, the only explanation of this sort of d istribu tion  of 
phosphorus in soil profiles he gives is tha t it closely coincides w ith  
that of sesquioxides, w ith  which phosphoric acid forms low solubility 
phosphates.

The phenomenon of binding phosphates by sesquioxides has been 
for a  long tim e one of the most im portan t problem s in  soil chem istry. 
Recent studies [6, 9] have confirm ed the assum ption that it is of th e  
natu re  of chem isorption.

Chemisorption, however, can only account for immobilizing phospho­
rus in  soil. In studies on podzolization it is of even greater im portance 
to account for the causes of mobilizing phosphorus in the upper portion 
of the profile. S tudies on the combinations of phosphate ions w ith 
hum ic substances have to a  certa in  ex ten t contributed to the elucidation 
of this problem.

M i s t e r s k i  and Ł o g i m o w  [5] studied how reactions proceeded 
in system s containing hum ic acids (from compost extracts), soluble 
phosphates and Ca2+, Fes+ and A l8+ ions. These au thors have found 
that the presence of hum ic acids prevents to a  large ex ten t the precipi­
tation of inorganic phosphates, while on the o ther hand, the presence 
of phosphates inhibits the process of coagulation of hum ic acid by the 
above-m entioned ions. 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 form ation of hum ic acids-phosphates complexes b rid ­
ged by m etal ions. The resu lts  obtained by M isterski and Loginov 
have been supported by later works by L e v e s q e  and S c h n i t z e r  
[3], L e v e s q u e  [2] and S i n  h a [10]. In the la tte r  works were used 
hum ic and fulvic acids extracted  from  podzol hum us. It has been found 
th a t ash-free or low-ash hum ic and fulvic acid preparations do not form  
stable compounds w ith phosphates. In the presence of Fe3+ or Al3+ ions, 
however, stable complex organom etallic phosphates are form ed. According 
to S i in h a  .[10], such complexes m ay form  in soil as a  resu lt of reac­
tions of soluble phosphates w ith Fe- and A l-hum ic and fulvic acids 
complexes or of insoluble Fe- and A l-phosphates w ith  hum ic and fu l­
vic acids occurring in soil solution. The actual role of complex organo- 
-m etallic phosphates in  phosphorus m igration needs fu rth e r studies.

Studies on transform ations of phosphorus compounds in soil chrono- 
sequences have provided in teresting  results [12]. In unw eathered bed­
rock the prevailing form  of phosphorus is apatite. According to W a l ­
k e r  and S y e r s  [12], w ith the developm ent of the pedogenic process 
the am ount of calcium phosphates, com paratively easily available for 
plants, gradually  decreases, while the am ount of organic phosphorus 
and of inorganic low -solubility forms increases. A fter the calcium phos­
phate supplies have been ex h au sted ,. there is a decrease in  organic 
phosphorus content due to the low am ount of phosphorus taken in by 
plants. The whole of inorganic phosphorus passes in to  forms inaccessible 
to p lants (iron and alum inium  phosphates occluded by sesquioxides).

The present work reports the results of studies on the distribution 
of phosphorus in profiles of ferro-hum ic podzols and describes the geo­
chemical conditions under which phosphorus m igrates in  these soils. 
An a ttem pt has been also made a t determ ining the degree of advan­
cem ent of transform ation of phosphorus compounds in the particular 
genetic horizons of podzols.

M ATERIAL AND METHODS

The present studies have been made on the same podzol profiles 
th a t were analyzed earlier for the participation of Fe, A1 and Si in 
podzolization i[7, 8].

The total phosphorus content (P t) in raw  hum us was determ ined 
a fte r m ineralization in cone. H2S 0 4 w ith  an  addition of 30% H / ) 2, 
and  in  the m ineral portion of the profile a fte r  m elting the samples w ith 
Na2C 0 3. Moreover, the dithionite extracted  phosphorus fraction (Pd) was 
determ ined by M ehra-Jackson’s method. Subject to this extraction are  
m ainly com binations of phosphorus w ith  sesquioxides. The quantitative 
analysis of phosphorus was made by the colorim etric m ethod with 
m olibdenie blue.
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RESULTS AND DISCUSSIO N

Among the ash  constituents of podzol raw  hum us phosphorus occu­
pies a  specific position. In the successive A 0 subhorizons it does not 
become so strongly concentrated as Si, A1 and Fe, or so rap id ly  re ­
duced as the basic elem ents, particu larly  Ca [cf. 7, 8]. In the initial 
stages of m ineralization and hum ification of the p lant litte r fall there 
is usually  a  certain  increase in phosphorus concentration. This increase 
is probably due to the fact tha t the ra te  a t  which P is released from  
its organic compounds is com paratively slow, w hile the to tal mass of 
p lan t rem ains decreases a t a  quick rate. A t the following stage of orga­
nic m atter transform ation (in A 0F or A 0H) a  decrease in phosphorus 
content is observed, probably due to its being taken in  by plants and 
possibly also partially  washed down to the m ineral portion of the 
profile.

In the m ineral horizons of the podzols under study there  is a great 
deal of variation in phosphorus content (Table 2). The total phosphorus 
content (P205t) in  the bedrock am ounts to only some hundredths of one 
per cent (except in Profile 3, w here it  is slinghtly  higher). The eluvial

T a b l e  1

Average co n ten t o f  P2° 5  1-11 p a r t ic u la r  raw humus su b h orizotts  o f  6 p r o f i l e s  
/ i n  % o f  o rg a n ic  m a tter  mass w ith o u t m in er a l g r a in s /

Subhorizon
P r o f i l e  Ho.

1 2 3 4 s 7

AoLo - - 0 ,1 5 1 0 ,0 9 5 - _

AoL 0 ,2 3 0 0 ,3 0 0 - - 0 ,1 5 6 0 ,1 2 5

AoF 0 ,1 9 6 0 ,2 2 4 0 ,2 3 9 0 ,1 8 3 0 ,2 3 0 0 , 2 2 5

AoH ' 0 ,1 4 0 0 , 1 6 1 0 ,2 0 9 0 ,1 0 7 0 ,1 8 4
' 0 , 1 8 2

AoH" 0 , 1 2 6 0 ,1 0 4 0 ,1 8 2 0 ,1 0 6 0 ,1 4 5

horizons are  even poorer than  the bedrock, whereas in the illuvial 
horizons the phosphorus concentration is several tim es that in the bed­
rock. The m axim um  P^0 5t content in a ll the profiles in  question occurs 
in subhorizon Bh and am ounts to 0.17-0.25%. The phosphorus fraction 
subject to extraction in dith ionite together w ith the sesquioxides (P/Dsj) 
also shows eluvio-illuvial d ifferentiation — Fig. 1.

The question arises w hether the phosphorus m igration from  horizons 
A 0 and  A e  to horizon В goes on in the form  of free phosphate ions or 
in com binations w ith  o ther constituents of the soil solution. Studies 
carried  out by M i s t e r s k i  and Ł o g i n o w  [5], L e v e s q u e  [2] and 
S i n  h a  [10] have revealed the possibility of form ing organo-m etal- 
-phosphate complexes, in which the phosphate ions a re  linked to the
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l a b i e  £

T o ta l ?2°5  ^  d i t h io n i t e - e x t r a c t a b le  ? 2°5  соп*вп* in  p o d z o ls  under stu d y

P r o f i l«
Ho. H orizon Depth

cm
P2 °5 t

%
P2°5d

% v * t

1 Ao/Ae 1 -0 -1 0 ,0 4 1 0 ,0 1 2 0 ,2 9
Ae 12-28 0 ,0 3 3 0 ,0 0 3 0 ,0 9
Bh 33-35 0 ,2 0 1 0 ,1 2 6 0 ,6 3
Bhs 35-45 0 ,1 2 8 0 ,0 3 6 0 ,2 8
Ba 60-75 0 ,0 7 5 0 ,0 1 1 0 ,1 5
С 110-145 0 ,0 7 0 0 ,0 0 6 0 ,0 8

2 Ao/Ae 1 - 0 - 0 ,5 0 ,0 4 0 0 ,0 1 4 0 ,3 5
Ae 1 6 -2 3 ,5 0 ,0 2 7 0 ,0 0 3 0 ,1 1
Bh 2 3 ,5 -2 6 0 , 1 6 6 0 ,0 8 6 0 ,5 2
Bhs 26-38 0 ,1 6 2 0 ,0 1 4 0 ,0 8
Be 60-85 0 ,0 8 5 0 ,0 0 9 0 ,1 0
С 115-145 0 ,0 5 4 0 ,0 0 5 0 ,0 9

3 Ao/Ae 0 ,5 - 0 - 0 ,5 0 ,0 7 5 0 ,0 2 4 0 ,3 2
Ae 4-12 0 ,0 5 4 0 ,0 0 6 0 ,1 1
Bh 16-18 0 ,2 2 9 0 ,1 5 0 0 ,6 6
Bhs 18-28 0 ,1 8 3 0 ,1 0 6 0 ,5 8
Be 40-50 0 ,1 3 6 0 ,0 5 5 0 ,4 0
С 110-130 0 ,1 9 6 0 ,0 1 4 0 ,0 7

4 Ao/Ae 0 ,3 - 0 - 0 ,5 0 ,0 2 2 0 ,0 1 0 0 ,4 5
Ae 0 ,5 - 1 0 0 ,0 2 5 0 ,0 0 4 0 , 16

Bh 1 0 -1 1 ,5 0 ,2 5 1 0 ,2 3 8 0 ,9 5
B hs1 1 1 ,5 -1 3 0 ,1 8 4 0 ,1 3 2 0 ,7 2
Bhs2 13-20 0 ,0 6 4 0 ,0 3 6 0 ,5 6
Be 20-40 0 ,0 4 3 0 ,0 1 2 0 ,2 8
С 120 -1 4 0 0 ,0 3 7 0 ,0 1 0 0 ,2 7

5 Ao/Ae 0 ,5 -0 -1 0 ,0 2 7 0 ,0 1 2 0 ,4 4
Ae 10-20 0 ,0 1 4 0 ,0 0 3 0 ,2 1
Bh 2 8 ,5 -3 0 0 , 2 1 6 0 ,1 8 2 0 ,8 4
Bhs 30-38 0 ,1 2 5 0 ,0 2 4 0 ,1 9
Bs 38-55 0 ,0 4 2 0 ,0 1 0 0 ,2 4
С 110-130 0 ,0 3 0 0 ,0 0 4 0 ,1 3

7 Ao/Ae 0 ,2 - 0 - 0 ,5 0 ,0 3 6 0 ,0 2 3 0 ,6 4
Ae 0 ,5 -1 4 0 ,0 1 5 0 ,0 0 7 0 ,4 7
Bh 2 8 -2 9 ,5 0 ,2 2 9 0 ,2 0 0 » 0 ,8 7
Bhs 2 9 ,5 -4 0 0 ,0 7 3 0 ,0 3 3 0 ,4 5
Be 40-60 0 ,0 3 6 0 ,0 1 0 0 ,2 8
С 100-120 0 ,0 2 0 0 ,0 0 3 0 ,1 5

fulvic acids by Fe and A1 ions. The results of the present studies indi­
cate that this form  of phosphorus m igration plays an  im portant part 
in podzols. Soluble organo-m etal-phosphate complexes may form already 
in raw  hum us, w here a ll the necessary components are  present. Fulvic 
acids form ing in the course of decomposition of p lant rem ains may, in 
the presence of Fe and A1 ions, react w ith  the liberated  phosphate ions. 
Also in the eluvial horizons adequate conditions exist for the form ation
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D iagram s of profile  d istribution o f P 20 5 d  and P 2 ° 5 t  in podzols under study

of the complexes in question. Indirect evidence of the common m igra­
tion of fulvic acids, sesquioxides and phosphates is provided by  their 
common accum ulation dn the illuvial horizon. Since the m axim um  phos­
phorus content occurs in subhorizon Bh  together w ith  free Fe maximum , 
it m ay be in ferred  that in  binding phosphates Fe is m ore im portant 
than Al.

The varying value of the ratio  Pd/Pt in the profile (Table 2) deser­
ves some attention. It determ ines the percentage of the phosphorus 
fraction bound w ith R20 3 in  to tal phosphorus, and  indirectly  perm its to 
estim ate the percentage of o ther forms of phosphorus. Phosphates 
combined w ith  R20 3 constitu te the m ajor part of soil phosphorus in 
illuvial horizons, particu larly  in  subhorizon Bh, w here the Pd/Pt 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 (P^/Pt in horizon С ranges from  0.03 to 0.13). Since horizons 
Bs/C  and С essentially lack organic phosphorus compounds, the low 
values of Pd/Pt a re  evidence of a clear predom inance in these horizons 
of the calcium phosphate fraction. In the eluvial horizon, on the o ther 
hand, where, considering the fairly  rapid  decomposition of apatite  [7, 
11], no considerable percentage of calcium phosphates is to be expected, 
the low Pd/Pt values point to a higher content of organic phosphorus 
compounds.

The picture of profile d ifferentiation of the principal phosphorus 
fractions in podzols obtained in the present study is essentially in ag re­
em ent w ith the data reported  by M a с L e a n  and coworkers [4] except 
for the illuvial horizon, w here they found a lower content of the phos­
phate fraction combined w ith Fe and A1 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 d ra ­
wing a precise borderline betw een organic and inorganic phosphorus 
in soil. Moreover, M acLean’s and cow orkers’ data suggest that the Fe- 
arnd A l-phosphate combinations accum ulated in horizon В  become to a 
large ex ten t occluded by am orphous Fe oxides.

W hen com paring the qualitative and quantita tive  differentiation of 
phosphorus compounds in podzol profiles w ith  the general scheme of 
transform ations of these compounds in soil elaborated by W a l k e r  
and S y e r s  [12], it is seen th a t the form er corresponds fairly  well 
w ith  the latter. The podzol bedrock, in  which the most im portant frac­
tion of phosphorus is calcium  phosphates corresponds to the initial 
stage of transform ations of phosphorus compounds in W alker and 
Syers’ scheme. The illuvial horizon, on the other hand, in which along­
side w ith organic forms of phosphorus occur nearly  exclusively com­
binations of phosphorus w ith K20 3 occluded to a large ex ten t by Fe 
oxides, corresponds to the final s ta g e ‘of phosphorus compounds tran s­
form ations in  soil.

CONCLUSIONS

1. The transform ations and the m igration of phosphorus compounds 
constitute im portant elem ents of podzolization.

2. The prim ary 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  com paratively rapid (compared w ith o ther 
soils) decomposition of these phosphates.

3. Biological accum ulation in horizon A 0 involves an  accum ulation 
of organic phosphorus compound. M ineralization of these compounds is
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associated w ith secondary taking in of phosphorus by plants and with 
partial washing it down the profile.

4 . In  the illuvial horizon of podzols a  considerable accum ulation of 
phosphorus is observed, and its m axim um  content occurs in subhorizon 
Bh. The most likely form  of phosphorus m igration from  horizons A 0
and Ae  to horizon В  is organo-m etal-phosphate complexes composed o f
fulvic acids, Fe and A1 ions and phosphate ions.
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ГЕОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ ПОДЗОЛООБРАЗОВАТЕЛЬНОГО
ПРОЦЕССА

ЧАСТЬ 3-Я. Ф О С Ф О Р В ПРОЦЕССЕ О П О Д ЗО ЛИ ВАН И Я

Лаборатория почвоведения, Институт биологии Университета им. М. Коперника
в Торуни

Р е з ю м е

Целью статьи было предъявление результатов исследований по размещ ению  
•фосфора ш проф иле ж елезисто-гум усовы х подзолов и обсуж дение геохимиче­
ских условий, в каких происходит миграция ф осф ора в этих почвак. Предпри­
нята тож е была, попытка, определения «степени превращения ф осф орн ы х соеди­
нений в отдельны х генетических горизонтах подзолов.

В почвенных образцах определяли общ ий ф осф ор  (Pt) и ф ракцию  ф осф ора  
извлекаемого дитионитовой вы тяжкой (Pd) согласно методу М эра-Джексона. 
Эту ф ракцию  составляют в главном соединения ф осф ора с полуторными оди- 
слами. Во всех испытанных проф илях количественная диф ф еренциация оди­
наково как P t так и P d изображ ает характерную  картину элю виально-иллю - 
виальной дислокации (рис. 1). К аж ется, что сущ ественную роль в транс локации  
ф осф ор а  играют комплексные органо-металлоф осф атны е соединения, в кото­
рых ф осф атны е ионы связаны  с подвижными гумусовыми кислотами посред­
ством ионов Fe и А1. В озможность образования таких соединений в почве до­
казана многими авторами [2, 5, 10]. В подзолах растворимые F e- и А1- гу­
мусовые комплексные соединения с фосфатам и могут образоваться у ж е  в сыром  
перегное, где находятся все имеющ ие сущ ественное значение компоненты. Вы ­
падение в осадок этих слож ны х комплексов в горизонте В протекает вероятно  
согласно подобному механизму, как тот который влечет за собой утрату раство­
римости в соединениях гумусовых кислот с полуторными окислами.

Заслуж ивает внимания изменяющ аяся в проф иле величина соотнош ения  
Pd*Pt (табл. 2). Ф осф аты  связанные с R20 3 составляют найболыпую часть 
почвенного ф осф ора в иллювиальных горизонтах (в Bh  соотнош ение P d :P t 
достигает .величины 0,52-0,95). Н иж е под горизонта Bhs названная ф ракция играет 
все меньшую роль и в материнской породе участие ее совсем ничтожно. Сви­
детельствует это о подавляющ ем преобладании <в горизонте С кальциевых ф ос­
фатов. В элювиальном горизонте, где вследствие довольно интенсивного разла- 
гания апатита нельзя ожидать большего накопления кальциевы х ф осф атов, 
низкие значения P d :P t указывают на наличие высшего содержания органиче­
ских ф осф орны х соединений. Сравнивая количественную диф ф еренцирован- 
ность ф осф орн ы х соединений в проф иле подзолов с предлож енной У о л к е ­
р о м  и С ы е р с о м  [12] общей схемой превращ ения этих соединений в почве 
нетрудно обнаружить далеко идущ ие аналогии. М атеринская порода подзолов  
с  доминирующей ф ракцией ф осф атов кальция соответствует начальной стадии; 
иллю виальны й-ж е горизонт с накоплением ф осф атов связанны х с R20 8 со­
ответствует ко.нечновой стидии превращения ф осф орны х соединений в схема 
Уолкера и Сыерса.
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U. PO K O JSK A

GEOCHEMICZNE B A D AN IA  NAD PROCESEM BIELICOW ANIA

CZĘSC. III FO SFO R  W PRO CESIE B IEL IC O W A N IA

Zakład G leboznaw stw a Instytutu B iologii U niw ersytetu  M ikołaja Kopernika
w  Toruniu

S t r e s z c z e n i e

C elem  niniejszej publikacji było przedstaw ienie w yników  badań nad rozm ie­
szczeniem  fosforu w  profilach bielic żelazisto-hum usow ych oraz przedyskutow a­
nie geochem icznych w arunków, w  jakich odbyw a się m igracja fosforu w  tych  
glebach. Podjęto rów nież próbę określenia stoipnia zaaw ansow ania przemian  
zw iązków  fosforow ych w  poszczególnych poziom ach genetycznych b ielic.

W gęsto pobranych próbkach glebow ych  oznaczono fosfor ogółem  P t oraz 
frakcję fosforu ekstrahującego się w  w yciągu dithionitow ym  Pd w edług M ehra- 
Jacksona. Frakcję tę stanow ią głów nie połączenia fosforu z półtoratlenkam i. We 
w szystk ich  badanych profilach ilościow e zróżnicowanie zarówno P t jak i P d 
przedstawia charakterystyczny obraz eluw ialno-iluw ialnego przem ieszczenia (rys. 1). 
W ydaje się, że istotną rolę w  przem ieszczaniu fosforu odgryw ają połączenia  
kom pleksow e organiczno-m etalofosforanow e, w  których jony fosforanow e połą­
czone są z ruchliw ym i kw asam i próchnicznym i za pośrednictw em  jonów  Fe i Al. 
M ożliwość tw orzenia się takich połączeń w  gleibie w ykazali liczni autorzy [2, 5, 
10]. W bielicach rozpuszczalne kom pleksy F e- i A l-hum usow e z fosforanam i m o­
gą pow staw ać już w  próchnicy nadkładow ej, gdzie znajdują się w szystk ie istotne 
kom ponenty. W ytrącanie tych złożonych kom pleksów  w  poziom ie В odbyw a się 
zapew ne w edług tego sam ego m echanizm u, jaki powodoije utratę rozpuszczalno­
ści połączeń kw asów  hum usow ych z R20 3.

N a uw agę zasługuje zm ieniająca się w  profilu w artość stosunku P d/P t (tab. 2). 
Fosforany zw iązane z R20 3 stanow ią najw iększą część fosforu glebow ego w  po­
ziom ach iluw ialnych (w  Bh  stosunek P d/P t osiąga w artość 0,52-0,95). Poniżej pod- 
poziomiu Bhs frakcja ta odgrywa coraz m niejszą rolę, a w  skale m acierzystej jej 
udział jest zupełnie znikom y. Św iadczy to o w yraźnej dom inacji w  poziom ie С 
fosforanów  w apniow ych. W poziom ie eluw ialnym , w  którym  ze w zględu na dość 
in tensyw ny rozkład apatytu n ie  należy się spodziew ać w iększego udziału fosfo­
ranów w apniow ych, n isk ie w artości Pd/P t w skazują na w iększą zawartość orga­
nicznych zw iązków  fosforu. Porównując jakościow e zróżnicowanie zw iązków  fo s­
forow ych w  profilach b ielic  z ogólnym  schem atem  przem ian tych zw iązków  w  g le ­
bie opracow anym  przez W a l k e r a  i S y e r s a  [12], łatw o dostrzec daleko idą­
ce analogie. Skała m acierzysta b ielic z dom inującą frakcją fosforanów  Ca odpo­
w iada stadium  początkow em u, zaś poziom iluw ialny z nagrom adzeniem  fosfora­
nów  zw iązanych z R2 0 3 odpowiada stadium  końcow em u przemian zw iązków  fo s­
forow ych w  schem acie W alkera i Syersa.
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11 — R oczn ik i g leb o z n a w cze




