
A b s t r a c t. The paper demonstrated results about the in-

vestigations of Mn release phenomenon from peat soils into the soil

solution. Laboratory experiment lasted 443 days, and was perfor-

med at 18ºC, under flooded conditions on three peatland samples

(Moszne, Garbatówka and Or³owskie). The highest Mn concentra-

tion (0.07 mg kg
-1

) was noted in Or³owskie peatland, whereas the

lowest (0.022 mg kg
-1

) in the soil taken from Garbatówka. It was indi-

cated, that the ability of Mn release into the soil solution during

incubation time decreased with the depth of the soil profiles (except

of Moszne peatland, where maximum of Mn concentration at >50 cm

was registered), and increased with drop of redox potential.
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INTRODUCTION

Manganese is the 12th most abundant element, within

the Earth’s crust. This metal can exist in different oxidation

states, but the most widely occurring form are: soluble Mn

(II) and insoluble Mn (IV) (Hardie et al., 2007). Manganese,

an essential trace element, that is found in varying amounts

in all tissues, is also an activator of a number of enzymes

involved in the tricarboxylic acid cycle (Xue et al., 2001). More-

over, as a constituent containing superoxide dismutase,

protects tissues from the toxic oxygen free radicals released

in various enzyme reactions (Marschner, 1995; Paschke et

al., 2005), and is used by plants to split H2O during photo-

synthesis (Heal, 2001; Rezai and Farboodnia, 2008). How-

ever metals, such as Mn in soils and sediments are possible

problems due to their importance as well as micronutrients

(Paschke et al., 2005), as potential to become toxic pollu-

tants (Boudissa et al., 2006; Rezai and Farboodnia, 2008;

Stueben et al., 2004). The environmental Mn content ranged

from 100 to 5000 µg g
-1

in soils and from 0.0017 to 0.0050 mg l
-1

in sea water (Ishibsashi et al., 2004). Phytotoxicity from Mn

may occur in soils, containing low humus and acidic pH,

where there is frequent flooding or prolonged containment

of water. On the contrary, Mn deficiencies commonly occur

in soils, that are alkaline or saline, calcareous, coarse textu-

red or acid leached (Stueben et al., 2004). Due to the fact,

thermodynamic consideration are useful for obtaining a gene-

ral understanding of the potential reactions of manganese.

Rampazzo et al. (1999) demonstrated the instability of Mn-

oxides at low pH. Nevertheless, it is difficult to say if they

are only leached into deeper horizons, or completely inhibi-

ted in their formation. An extensive summary of limiting stabi-

lity relations for Mn in the light of presently available thermo-

dynamic information is given by the på-pH diagram (Fig. 1).

The chemistry of Mn is an important control on Mn

mobilization and transport in the environment (Heal, 2001;

Negra et al., 2005). Scheme of Mn transformation in the soil

is presented in Fig. 2.

Both for economical and hygienic-environmental rea-

sons, the understanding of the conditions favoring the Mn

reduction in soil is very important (Atta et al., 1996). Many

authors studied the distribution of different forms of Mn in

a waterlogged soils (Atta et al., 1996; Hardie et al., 2007;

Paschke et al., 2005). It has been shown, as a consequence of

various biogeochemical studies, that plant roots can affect

the species in which metals exist near rizosphere by altering

the pH of this environment (Boudissa et al., 2006; Stueben et

al., 2004). High Mn levels in soil may lead to plant nutrient

imbalances, especially in relation to other divalent cations,

such as Mn
2+

and Ca
2+

(Marschner, 1995; Paschke et al., 2005).

In fact, one of the first symptoms associated with Mn toxici-

ty is related to both Ca and Mg deficiencies (Marschner, 1995).
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Human practices have raised Mn content and availabi-

lity in many soils. Mine tailings and metal smelters increase

soil Mn concentration with subsequent effects on vegetation

structure and composition (Boudissa et al., 2006; Paschke et

al., 2005). Long-term and heavy dose applications of sewage-

sludge, or other organic amendments to agricultural soils

and soil anaerobic conditions or poor drainage may also lead

to an increase in the Mn content (Paschke et al., 2005).

Peatlands ecosystems are composed with peat deposits

and residues of plants, thus have as well high humidity as high

level of groundwater and therefore anaerobic conditions.

TheMncontent inwetlands isgovernedbyacomplexanddyna-

mic exchange at the sediment-water interface. Therefore, the

retention capacity of wetlands depends on the relative im-

portance of Mn precipitation on the surface of the sediments

over the release of these metal (Goulet and Pick, 2001).

The purpose of the current study was to determine the

Mn concentration and its release ability during 443 days of

laboratory incubation under flooding conditions.

MATERIALS AND METHODS

The soil materials used for laboratory experiment were

taken from different depths (0-20, 30-50, >50 cm) of Moszne (1),

Or³owskie (2) and Garbatówka (3) peatlands, situated in the

£êczyñsko-W³odawskie Lake District, SE part of Poland.

Moszne peatland is overgrowed with as well of dwarf forest

as rushes. High capacity of humid substances is a cause of

pH level maintained at the range 3-4. Or³owskie peatland is

an area, which is periodically flooded during the year. Now-

adays, is deteriorated, dried and developed as a meadow,

with an alkaline pH. Garbatówka is a type of low peatland,

supplied with ground water, rich in organic amendments.

Similarly to 2nd place, currently is developed as a meadow

and characterized of alkaline pH. The main features of the

peat soil materials are presented in Table 1.

Peat soil samples (1 kg) were placed in hermetic closed,

plastic containers, flooded with water to obtain a full water

saturated conditions, and incubated at 18ºC. Three platinum

electrodes were installed, in order to make possible the mea-

surement of redox potential (Eh). An agar bridge closing

electric circuit between reference and measuring electrode,

located in the soil and ceramic filter with outlet pipe, in order

to taken soil solution were installed (Fig. 3).

Particular elements of measurement set, were installed

on the same depth in the peat soil of each samples (20 cm

from the bottom of container). Water sample (15 ml) for ana-

lysis of Mn content were taken in 7th days intervals. Every

time, after taking liquid sample, the same volume (15 ml) of

distilled water was filled up in the containers. Laboratory

experiment lasted 443 days.

Mn concentration in tested extracts were determined by

AAS technique (GFAAS method) with use Z-8200 Hitachi

Spectrophotometer (Japan). Each samples were replicated

three times. Analysis were performed with total sample

volume of 20 ìl, at l = 279.6 nm. Mn content in peat soil

samples are expressed as a mg kg
-1

FW of peat.

Furthermore, determination of the total organic carbon

by Tiurin method as well as pH and Eh measurements with

pIONeer 65 apparatus (Radiometer Analytical S.A.), equip-

ped to combined electrode cartrode (pHC 5977), were per-

formed. Statistical analysis (One-way ANOVA test) were

made by Statgraphics 3.0 software.
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Fig. 1. på-pH diagram for Mn. CT = 2 10-3M, activity of soluble

metals ion species, 10-5 M.

Fig. 2. Scheme of Mn transformation in the soil environment.



RESULTS AND DISCUSSION

As a consequence of ANOVA test it was found that

tested peatlands significantly differ (p<0.001) among each

other, taking into account quantity of organic carbon. The

highest amount of Corg. (35.5%) in 2nd place (0-20, 30-50 cm)

was found (p > 0.05), meanwhile significant (2%) drop of C

content in subsoil (>50 cm) was noted and described by

R= -0.90***. Lower level of Corg. (31.5%) were noted at

Moszne peatland (0-20 cm), whereas the lowest values were

observed, as follows: 27.75 and 26.56%, in the depth of

30-50 and >50 cm, respectively (R= -0.95***). In the case of

Garbatówka the maximum content of Corg. (35.3%) in the sub-

soil >50 cm was estimated, whereas surface layer (0-20 cm)

contained only 27.6% Corg. Due to this fact, a positive

correlation was indicated between Corg. and peat soils depth

(R=0.89***).

At each peat soil samples incubated under flooded con-

ditions, a release of Mn into the soil solution were registe-

red. The obtained results are presented in Fig. 4.

Till to 70th day of incubation, concentration of Mn in 1st

place samples, fluctuated between 0.04-0.09 mg kg
-1

, after

that drop of Mn content to the level of ca 0.01 mg kg
-1

was

observed (Fig. 4a). Final Mn concentration at mentioned

above peatland did not exceed the value of 0.01 mg kg
-1

.

Fluctuations of Mn concentration in the surface layer of

2nd place during 300 days of incubation, changed of ca 0.05

to 0.09 mg kg
-1

, then dropped down significantly (p<0.001)

to the value of 0.012 mg kg
-1

and persisted on that level to

the end of the experiment (Fig. 4b). In different cases (30-50,

>50 cm): the highest concentration of Mn ca 0.07 mg kg
-1

through the first 70 days were observed. Afterwards noted

values were much lower and oscillated between 0.08 to

0.018 mg kg
-1

.

In the case of 3rd place, the highest Mn concentration

(between 0.04-0.06 mg kg
-1

) during the first 75th days, at

each of analyzed depth were observed. At surface layer

(0-20 cm) the strongest Mn fluctuations between 0.05 and

0.024 mg kg
-1

were noted till to 300 days of experiment,

whereas at deeper part of investigated peat soil profile Mn

content remained at the level not exceeding 0.01 mg kg
-1

,

what was similar to 1st place. An average concentrations of

Mn dis- played decreasing tendency with growth of the

depth of soil profiles (Table 2).

An initial Mn concentration reached the highest value

(0.09 mg kg
-1

) in 1st place, whereas at other samples:

Or³owskie and Garbatówka remained at similar level: 0.061

and 0.052 mg kg
-1

, respectively. Final Mn content came to

0.0171 mg kg
-1

in 2nd place (0-20 cm), whilst in Moszne and

Garbatówka dropped as follows to: 0.0066 and 0.0077

mg kg
-1

. Mn concentration reached its maximum at dif-

ferent time of incubation. In the upper layers (0-20 cm) the

highest Mn content after 1st, 65th and 239th days of expe-

riment were registered, in Moszne, Garbatówka and Or³owskie,

respectively. At deeper layer (30-50 cm) maximum of Mn con-

centration between 38-51st days of incubation was observed,

whereas in the subsoil (>50 cm) maximum of Mn appeared
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Peat soil Depth (cm) Corg. (%) pH Eh (mV) Water content (%)

Moszne (1)

0-20 31.58 3.6 764 198

30-50 27.75 3.5 757 491

>50 26.56 4.4 541 692

Or³owskie (2)

0-20 35.56 6.3 627 283

30-50 35.35 6.7 549 481

>50 32.98 6.5 506 568

Garbatówka (3)

0-20 27.60 7.4 589 592

30-50 34.92 7.0 523 556

>50 35.30 6.8 527 624

T a b l e  1. Main characteristics of investigated peat soil samples

Fig. 3. Scheme of measurement set (Stêpniewska and Szafranek,

2004).



between 51 and 65th days of experiment. Stêpniewska et al.

(2006) found that also phosphorus release from peat soils

demonstrated analogical for manganese trend of its reduction

with soil depth, as they noted the highest P-PO4
3-

release in

the soil surface (0-20 cm) layers.

Redox potential (Eh) is the aeration parameter characte-

rizing the intensity of soil redox transformations (W³odar-

czyk et al., 2003). A well-oxidized soil has a redox potential

range up to +400 to +700 mV (Stêpniewska et al., 2006).

Flooded soils may reach redox potential values lower than

–300 mV, as the consequence of O2 absence and the activity

of facultative and obligate anaerobic bacteria. The correla-

tions between Mn concentration and redox potential (Eh)

values are presented in Fig. 5. As a result of analysing Fig. 5

it is possible to state, that values of Eh during laboratory

study ranged from –150 to –250 mV and were well-favoured

for Mn release into the soil solution. Moreover, minus

values of redox potential testify as well an acidic pH, in

which activity of Mn ions displayed an increasing trend, as

reduction of oxidized Mn form. Correlation coefficients (R
2
),

describing mentioned above dependences reached values

from 0.12 to 0.55 (Fig. 5). Presented results reported, that

amount of Mn is significantly dependent (p<0.05) from

water-air conditions. Only at surface and subsurface layers

of 3rd place the level of Mn increase independently from Eh

value. Meanwhile, at subsoil (>50 cm) process of Mn preci-

pitation with its loss was noted.

Simultaneously, with a decrease in Eh the solubility of

phosphorus compounds changes, which is caused by the

transformation of such element as iron, manganese and the

changes in pH value (Stêpniewska and Szafranek, 2004).

According to Wu et al. (2001) highly possible explanation

includes the fact, that dissolved Mn was directly supported

by the reduction and dissolution of particulate matter in the
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Fig. 4. Changes of Mn concentration during incubation time at different depth of: a – Moszne, b – Or³owskie, and c – Garbatówka

peatlands.

a

b

c

Depth 0-20 cm Depth 30-50 cm Depth >50 cm
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Fig. 5. Relationship between Mn content and Eh value at different depth of: a – Moszne, b – Or³owskie, c – Garbatówka.

Peatland
Depth

(cm)

Mn initial content

(mg kg-1)

Mn final content

(mg kg-1)

Mn max. content/

day of incubation

Moszne (1)

0-20 0.0901 0.0066 0.0901/ 1

30-50 0.0539 0.0072 0.0720/ 38

>50 0.0855 0.0071 0.0871/ 65

Or³owskie (2)

0-20 0.0606 0.0171 0.0959/ 239

30-50 0.0407 0.0059 0.0855/ 51

>50 0.0440 0.0080 0.0647/ 51

Garbatówka (3)

0-20 0.0525 0.0077 0.0588/ 65

30-50 0.0571 0.0063 0.0571/ 1; 51

>50 0.0569 0.0058 0.0601/ 65

T a b l e  2. Differences in Mn content during incubation period (443 days)

a

b

c

Depth 0-20 cm Depth 30-50 cm Depth >50 cm



sediments, as suggested by much higher concentrations of

dissolved Mn near the interface. Our observations are also sup-

ported by the results of Stêpniewska et al. (2006), who indica-

ted that similar as for Mn also an aactivating of phosphates

occurred in clearly negative oxidoreducing conditions at Eh

<100 mV and intensified with deepening anaerobiosis.

Other author observed, that dissolved Mn concentrations

markedly increased with both time (from July to Septem-

ber), and with depth in the bottom water (Goulet and Pick,

2001; Heyden and New, 2004; Wood and Shelley, 1999). It

was confirmed, that Mn content increased from 0.001mg l
-1

in winter, to 0.047 mg l
-1

in summer (Wu et al., 2001). In addi-

tion in summer time, dissolved Mn concentration, just above

the sediment surface were higher, than those in the pore wa-

ter, showing that Mn reductions and dissolution occurred

earlier (in a shallower layer), than in winter (Wu et al., 2001).

CONCLUSIONS

1. Mn was released at each depth of peat soil, however in

the surface layers (0-20 cm) reached the maximum values.

2. Mn release decreased with the depth of the soil profile

(except of Moszne peatland, where maximum of Mn in

subsoil was stated).

3. The highest concentration of Mn in Or³owskie (0.07

mg kg
-1

), whereas the lowest in Garbatówka (0.022 mg kg
1
)

was indicated.

4. Decrease of redox potential (Eh) was a cause of in-

crease the Mn release into the soil solution, what was con-

firmed by negative linear correlations.

5. Generally total amount of Mn was indirectly depen-

dent from water-air conditions occurred in the soil en-

vironment.
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