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INTRODUCTION

Research on ionic balance (cations-anions) dates
back to the mid-twentieth century. It has predomi-
nantly concerned the dependence of yield of plants
on their ionic state (among others Crooke and Knight
1962; De Wit et al. 1963; Van Tuil et al. 1964; Van
Tuil 1965; Dijkshoorn et al. 1968; Kirkby 1968; Mat-
tson 1966; Brogowski and Kusiñska 1976; Ostrow-
ska 1990; Ostrowska and Porêbska 2002; Weremko
1985; Brogowski and Traczyk 1978; Janowska 2006).

The regulation of the ionic state and ionic balance
of cultivated plants is possible through appropriate
fertilisation. Sustainable fertilisation permits obta-
ining maximum yields with the application of not
necessarily high doses of fertiliser (De Wit et al.
1963). On the other hand, analyses of plants growing
in natural areas unaffected by anthropopressure per-
mit the determination of the impact of the environ-
ment on the chemical composition of wild plants
(Ostrowska and Porêbska 2002).

The objective of this paper was an attempt to esti-
mate the impact of variable habitat conditions on the
ionic state and ionic balance of selected species of
plants occurring in an environment with scarce anth-
ropogenic pressure in the Piska Primeval Forest,
north-eastern Poland.

MATERIALS AND METHODS

The plants were collected in the Piska Primeval
Forest in June and July by a team of ecologists from

the Institute of Ecology of the Polish Academy of
Sciences in Dziekanów Le�ny under the supervision
of Prof. T. Traczyk. Similar soils (predominantly ru-
sty soils � Brunic Arenosols), developed from the flu-
vioglacial sands of the last Vistula Glaciation, occur-
red over the entire area of the Forest.

As far as possible, plants of the same species were
collected from various plant communities or assem-
blages. These were the following habitats: A � forest
meadows, B � Sphagno-girgensohni-Picetum com-
munity, C � Pino-Quercetum community, D � Tilio-
Carpinetum community, and E � forest clearings.

The plant material analyses were performed fol-
lowing the method by De Wit et al. (1963) and Van
Tuil et al. (1964). The plants were dried at a tempera-
ture of 70�80oC, and ground. A 1 g sample of the
plants was roasted at a temperature of 500�520oC to
full incineration. The ash was weighed and dissolved
in 25 cm3 of 0.2M HCl, and placed in flasks rinsed
and filled up with distilled water to the volume of
100 cm3. The contents of the flasks were shaken eve-
ry day until the ash was fully dissolved (approxima-
tely 7 days). Subsequently, the solution was filtered
through filters with average density. In the filtrate,
the following was determined: Ca2+, Mg2+, K+, and
Na+ by means of the AAS method; and phosphorus
colorometrically with ammonium molybdate, zinc
chloride, and metol (monomethyl-p-aminophenol).
The coloration of the resulting molybdate phosphate
is permanent even over a period of several months
(Brogowski 1966). Total organic acids were determi-
ned by means of methyl red titration of a 20 cm3 sam-
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ple of 0.05 M NaOH (Van Tuil 1965). Nitrogen was
determined by means of the Kjeldahl�s method. The
total content of sulphates and chlorides was calcula-
ted based on the following difference: (Ca2+, Mg2+,
K+, Na+) � (R-COO� + H2PO4

� + NO3
�) = (SO4

2+ + Cl�).
No nitrates were found in the plants analysed. The

performed analyses showed negative results.

RESULTS AND DISCUSSION

The ionic composition (Ca2+, Mg2+, K+, Na+, N,
H2PO4

�, SO4
2�, Cl�, R-COO�) of forest plants from na-

tural habitats shows a somewhat different proportion
of mineral components than that of plants of open are-
as � fields and meadows. This results from varying
thermal conditions in those areas, substantially affec-
ting the chemical composition (ionic state) of plants.

Cations (Ca2+, Mg2+, K+, Na+)

The content of cations in the analysed plants from
the Piska Primeval Forest, expressed in chemically
equivalent units (Table 1 and 2), corresponds to ha-
bitats to a higher or lower degree, both in the group
of monocotyledonous and dicotyledonous (herbace-
ous) plants. The total amount of cations is substan-
tially varied in plants from particular plant commu-
nities (Table 1 and 2).

Alkaline cations are the most abundant in herba-
ceous plants collected from forest meadows and the
Tilio-Carpinetum habitat, and the least abundant in
those from habitats with Sphagno-girgensohni-Pice-
tum and Pino-Quercetum communities. The differen-
ces are relatively high, because in the sphagnum and
Pino-Quercetum habitats, dicotyledonous plants con-
tain the average of approximately 50% less alkaline
cations (Ca2+, Mg2+, K+, Na+) in comparison to the
remaining habitats (Table 1).

In the group of monocotyledonous plants, plants
from the Tilio-Carpinetum community contain the
highest amounts of alkaline cations. The total con-
tent of cations is approximately twice as high as in
monocotyledonous plants from the remaining habi-
tats (Table 2). In the conditions of that habitat, plants
absorb high amounts of potassium.

The analysed monocotyledonous plants of the Pi-
ska Primeval Forest use the average of approximate-
ly 40% less cations for the production of a biomass
unit in relation to dicotyledonous plants, including
88% less calcium and 18% less magnesium. Accor-
ding to the mean data, potassium is absorbed in simi-
lar amounts by both of the groups of plants, and so-
dium in trace amounts.

The quantitative state of cations in dicotyledono-
us plants is substantially varied. In plants from habi-
tats with Sphagno-girgensohni-Picetum and Pino-
Quercetum communities, the total content of cations
(Ca2+, Mg2+, K+, Na+) is approximately 50% lower
than that in the plants from the remaining habitats
(Table 1, Fig. 1). This results from a substantial cal-
cium deficiency of approximately 75% in relation to
the plants of forest meadows, forest clearings, and
Tilio-Carpinetum community.

The herbaceous vegetation of forest meadows
shows the following decreasing series of contents of
particular cations according to mean data: Ca>K>Mg
>Na; in numbers: 78.2>55.6>23.5>2.5 me/100 g.

In plants from the habitat with the Sphagno-gir-
gensohni-Picetum community, the series is different,
namely: K>Mg>Ca>Na; in numbers: 32.3>22.8>18.4
>2.0 me/100 g.

The calcium content in plants from the habitat is
several times lower than that in forest meadows.

In plants from the habitats of the Pino-Quercetum
community and forest clearings, the decreasing se-
ries of cation contents is similar: K>Mg>Ca>Na; in
numbers: 48.3>20.9>18.2>0.8 me/100 g.

The herbaceous vegetation of the Tilio-Carpine-
tum habitat differs from the previous ones in its qu-
antitative series, namely: K>Ca>Mg>Na; in numbers:
90.5>47.9>21.5>1.5 me/100 g.

In this habitat with the least access of solar energy
to the forest floor, potassium considerably dominates
in quantitative terms over the total of the remaining
cations (Table 1).

The presented data document the substantial im-
pact of the habitats on the quantitative state of cations
in dicotyledonous plants. This is also suggested by the
varied values of ratios of univalent to bivalent cations
varying from 0.35 to 4.14, with a mean value from
four habitats analysed amounting to 1.03 (Table 1).

In open, well insolated areas (fields and meadows),
90% of dicotyledonous plants show the dominance of
bivalent cations (Ca, Mg) over univalent ones (K, Na).
The same group of plants in certain strongly shaded
forest habitats such as Pino-Quercetum and Tilio-Car-
pinetum communities, shows the dominance of univa-
lent cations, and particularly potassium (Table 1).

In the analysed monocotyledonous plants of the
Piska Primeval Forest, entirely different proportions
of cations occur than in dicotyledonous ones. Dico-
tyledonous plants contain, approximately, twice as
much, calcium as magnesium, contrary to monocoty-
ledonous plants, containing much more magnesium
than calcium. Calcium in monocotyledonous plants
constitutes only 11.8% of the amount of calcium oc-
curring in dicotyledonous plants (Table 1, 2).
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TABLE 1. The ionic state (cations) of dicotyledonous plants from the Piska Primeval Forest

seicepstnalP *tatibaH g001/qem )aN+K(/)gM+aC(

aC +2 gM +2 K+ aN + latoT

muecarelomuisriC
elavirmueG

ataloecnalogatnalP
recasulucnunaR

acioidacitrU
syrdeamahcacinoreV

A 5.241
2.85
8.65
4.54
2.141
4.52

8.61
8.63
2.61
8.41
5.34
6.21

0.56
4.26
9.86
0.04
9.04
2.65

8.2
4.1
7.1
5.4
7.3
2.1

1.722
8.851
3.341
7.401
3.922
4.59

53.2
63.1
30.1
53.1
41.4
66.0

naeM A 3.87 5.32 6.55 5.2 9.851 28.1

sivasudonaitoeN
allessotecasilaxO
aeporuesilatneirT

syrdeamahcacinoreV

B 2.6
2.81
0.9
0.04

0.01
5.02
0.53
9.52

5.34
5.13
7.03
5.32

3.2
1.1
9.1
5.2

0.26
3.17
6.67
9.19

53.0
91.1
53.1
35.2

naeM B 4.81 8.22 3.23 0.2 5.57 63.1

aeporuesilatneirT
syrdeamahcacinoreV

C 8.4
0.11

8.32
7.21

8.34
9.25

7.0
9.0

1.37
5.77

46.0
44.0

naeM C 9.7 52.81 53.84 8.0 3.57 45.0

silibonacitapeH
allessotecasilaxO

suonignolsulucnunaR
acioidacitrU

yrdeamahcacinoreV s

D 0.94
8.63
5.84
0.75
0.84

3.71
4.12
8.9
1.13
3.82

6.77
6.27
6.011
6.201
6.88

3.1
3.1
7.1
5.1
5.1

2.541
1.231
6.071
2.291
4.661

48.0
97.0
25.0
87.0
58.0

naeM D 9.74 5.12 5.09 5.1 4.161 67.0

acioidacitrU
syrdeamahcacinoreV

E 2.54
9.31

4.72
7.42

4.26
5.34

7.1
2.1

7.631
3.38

31.1
68.0

naeM E 6.92 0.62 0.35 5.1 1.011 00.1

naemlatoT E-A 2.34 0.22 5.85 7.1 4.521 71.1

* Plant communities: A � forest meadows, B � Sphagno-girgensohni-Picetum, C � Pino-Quercetum, D � Tilio-Carpinetum, E � forest clearing.

FIGURE 1. Share in percent of calcium and potasium in cations sum (Ca+Mg+K+Na w meq=100%) in dicotyledonous plants from
Piska Forest
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The decreasing series of cation contents in mono-
cotyledonous plants is as follows: K>Mg>Ca>Na; in
numbers according to mean values: 55.3>12.7>5.2
>1.1 me/100 g.

The ratio of bivalent to univalent cations in the
group of analysed monocotyledonous plants avera-
ges 0.26, varying from 0.1 to 0.71 in particular spe-
cies (Table 2).

In the analysed monocotyledonous plants from the
Tilio-Carpinetum habitat, similarly as in dicotyledo-
nous plants from the habitat, the potassium content,
is more than twice higher than in the remaining habi-
tats (Table 2).

In the conditions of limited access of solar energy,
plants absorb much more potassium at the expense of
the remaining components, and particularly calcium
(Fig. 1 and 2) or magnesium. Due to its (beta)radioac-
tivity, potassium supplements the deficit of energy ne-
cessary for the physiological processes in plants, per-
haps including photosynthesis. In their textbook enti-
tled �Geochemistry�, Polañski and Smulikowski (1969)
state that radioactive potassium has an approximately
15% contribution in the production of radiogenic heat
(11×1018 cal annually) in soils. Therefore, the same plant
species occurring in habitats with varied access of so-
lar energy can show different ionic composition.

Anions (H2PO4
�, SO4

2�, Cl�, R-COO�)

The total content of mineral (H2PO4
�, SO4

2�, Cl�)
and organic anions (R-COO�) balances the total con-
tent of cations (Ca2+ + Mg2+ + K+ + Na+) in plants
(Van Tuil et al. 1964; De Wit et al. 1963). The contri-
butions of mineral anions in the analysed both mono-
and dicotyledonous plants have a similar value. On the
average, they constitute 20.4 and 20.5% of total anions
assumed to equal 100% (Table 3 and 4). The rema-
ining part comprises organic anions. In the scope of
this study, no nitrates were determined in the plants.
This may result from a strong inhibition of nitrifica-
tion processes in the strongly acidic environment of
forest soils. The variations in the contents of mineral
anions in both of the groups of plants are relatively
high within particular forest habitats (Table 3 and 4).

Organic anions in the group of herbaceous plants
are relatively strongly diversified in quantitative terms
(Table 3). In monocotyledonous plants, the differen-
tiation is low (Table 4). In the plant communities of
Sphagno-girgensohni-Picetum and Pino-Quercetum,
herbaceous vegetation shows a substantially lower
content of organic anions (R-COO�) in comparison
to the remaining three habitats analysed. The low con-
tent of organic anions is related to the low total con-
tent of cations (Ca2+, Mg2+, K+, Na+). This may re-
sult from the low abundance of soils occurring in the
habitats. Due to this, in order to maintain the state of

TABLE 2. The ionic state (cations) of monocotyledonous plants from the Piska Primeval Forest

* Plant communities: B � Sphagno-girgensohni-Picetum, C � Pino-Quercetum, D � Tilio-Carpinetum, E � forest clearing.

seicepstnalP *tatibaH g001/qem )aN+K(/)gM+aC(

aC +2 gM +2 K+ aN + latoT

mutarodomuhtnaxotnA
atatigidxeraC

anainosrehcsasilytcaD
musuffemuiliM

B 9.3
0.6
9.3
0.6

0.41
5.21
2.12
8.22

7.34
5.43
9.33
9.06

4.1
2.2
5.1
5.1

0.36
2.55
5.06
2.19

04.0
05.0
17.0
64.0

naeM B 0.5 6.71 3.34 6.1 5.76 25.0

atatigidxeraC
anatnoMxeraC

silajamairalavnoC
muilofibmumehtnajaM

C 5.2
0.4
2.9
2.6

2.6
0.61
5.21
6.21

4.64
1.46
3.94
4.94

7.0
9.0
8.0
7.0

8.55
0.58
8.17
9.86

81.0
13.0
34.0
73.0

naeM C 5.5 8.11 3.25 8.0 4.07 23.0

ataremolgsilytcaD
musuffemuiliM

D 8.5
0.5

2.41
6.7

9.49
0.021

6.1
7.0

5.611
3.331

12.0
01.0

naeM D 4.5 9.01 5.701 2.1 9.421 51.0

mutarodomuhtnaxotnA
atatigidxeraC

ataremolgsilytcaD
musuffemuiliM

muilofibmumehtnajaM

E 9.2
0.4
4.3
7.4
3.01

4.7
3.8
2.11
1.8
3.51

7.13
0.35
2.34
5.65
6.74

6.0
0.1
0.1
7.0
5.0

6.24
3.66
8.85
0.07
3.47

23.0
32.0
33.0
92.0
35.0

naeM E 1.5 1.01 4.64 8.0 4.26 43.0

naemlatoT E-B 2.5 7.21 3.55 1.1 3.47 63.0
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FIGURE 2. Share in percent of calcium and potasium in cations sum (Ca+Mg+K+Na w meq=100%) in monocotyledonous plants
from Piska Forest

seicepstnalP *tatibaH g001/qem )aN+K+gM+aC(/N

OOC-R � H2 OP 4
� OS 4

�2 lC+ � N

muecarelamuisriC
elavirmueG

ataloecnalogatnalP
recasulucnunaR

acividacitrU
syrdeamahcacinoreV

A 4.691
0.331
4.501
8.78
8.802
2.37

7.3
0.6
7.6
1.4
5.5
3.7

0.72
8.91
5.13
8.21
0.51
9.41

6.831
4.621
7.511
3.98
0.562
6.39

16.0
08.0
18.0
58.0
61.1
89.0

naeM A 1.431 6.5 2.02 1.831 78.0

sivasudonaitoeN
allessotecasilaxO
aeporuesilatneirT

syrdeamahcacinoreV

B 0.93
4.36
0.16
2.37

6.01
9.3
4.3
6.3

4.21
1.4
2.21
1.51

6.812
0.89
0.071
6.861

25.3
831
22.2
38.1

naeM B 2.95 4.5 0.11 0.461 71.2

aeporuesilatneirT
syrdeamahcacinoreV

C 4.64
1.46

0.7
0.7

7.91
4.6

0.002
4.171

01.4
12.2

naeM C 3.55 0.7 0.31 5.581 51.3

silibonacitapeH
allessotecasilaxO

suonignolsulucnunaR
acioidacitrU

syrdeamahcacinoreV

D 4.421
3.221
2.651
7.461
0.051

0.1
2.5
9.2
2.7
5.8

9.81
6.4
5.11
6.02
9.7

3.431
3.451
6.351
3.462
4.102

29.0
71.1
09.0
73.1
12.1

naeM D 5.341 1.5 7.21 6.181 21.1

acioidacirtU
syrdeamahcacinoreV

E 2.901
4.07

9.9
5.5

6.71
4.7

0.791
6.821

44.1
45.1

naeM E 8.98 7.7 5.21 8.261 94.1

naemlatoT E-A 8.401 3.6 1.41 0.961 46.1

TABLE 3. The ionic state (anions) of dicotyledonous plants from the Piska Primeval Forest

* Plant communities:  A � forest meadows, B � Sphagno-girgensohni-Picetum, C � Pino-Quercetum, D � Tilio-Carpinetum, E � forest clearing.
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dynamic balance, plants absorb increased amounts
of nitrogen in the ammonia form to neutralise orga-
nic acids, therefore supplementing the metal cations
deficit (Kirkby 1968).

Nitrogen

Nitrogen constitutes the main component in both
of the groups of plants in the Piska Primeval Forest,
exceeding total cations (Ca2+ + Mg2+ + K+ + Na+),
except for herbaceous plants collected in forest me-
adows, and certain species in the Tilio-Carpinetum
habitat (Table 1). Veronica chamaedrys is a plant sen-
sitive to environmental changes, occurring in all of
the habitats studied. The content of nitrogen in the
species varies from 201.4 me/100 g in Tilio-Carpine-
tum to 93.6 me/100 g in forest meadows. Nettle (Urti-
ca dioica) contains constant nitrogen content irrespec-
tive of the environment it grows in (Table 1).

The vegetation of Sphagno-girgensohni-Picetum
and Pino-Quercetum habitats shows a level of nitro-
gen 2.5 times higher than that of total cations (Fig. 1
and 2). Therefore, plants of the two latter habitats use
(considering weight content) the average of 25% less
alkaline cations than plants of the remaining habitats
in the Piska Primeval Forest (Table 4). Plants of these
habitats show a correlation between calcium deficit
and nitrogen content:  the less calcium in the vegetal
biomass, the higher nitrogen content. A deficit of a

component in the soil environment seems to be com-
pensated by plants with another component (Dijkshorn
et al. 1968; De Wit et al. 1963; Van Tuil et al. 1964,
1965; Crooke. 1962; Mattson 1966; Ostrowska 1990;
Brogowski et al. 1976; Weremko 1985). A deficit in
metal cations in plants from the habitats mentioned is
compensated by the ammonia cation, temporarily re-
storing the state of balance in the plants (Kirkby 1968).
In dicotyledonous plants, nitrogen exceeds total cations
(considering equivalent values) by the average of 44%,
and in the group of monocotyledonous plants of the
study area, by 70%. Only the composition of dicotyle-
donous plants from forest meadows shows the preva-
lence of total cations (Ca2+ + Mg2+ + K+ + Na+) over
nitrogen content (Fig. 1). Similarly, monocotyledono-
us plants of poor habitats show the evident prevalence
of nitrogen over total metal cations (Fig. 2).

The ionic composition of forest vegetation is evi-
dently determined by the soil-habitat and microcli-
matic conditions. This presumably results from the
genetic factors permitting the survival of the species
in stress conditions.

CONCLUSIONS

1. The study showed a substantial effect of environ-
mental, and predominantly microclimatic conditions
on the ionic composition of selected plant species
of the forest floor in the Piska Primeval Forest.

TABLE 4. The ionic state (anions) of monocotyledonous plants from the Piska Primeval Forest

seicepstnalP *tatibaH g001/qem /N S snoitacfo

OOC-R � H2 OP 4
� OS 4

�2 lC+ � N

mutarodomutnaxotnA
alatigiDxeraC

anainosrehcsasilytcaD
museffemuiliM

B 6.83
8.64
6.74
1.76

5.3
8.2
1.4
5.3

9.02
6.5
8.8
6.02

3.451
7.511
3.461
3.451

54,2
01.2
27.2
96.1

naeM B 0.05 5.3 0.41 2.741 81.2

alatigiDxeraC
anatnoMxeraC

silajamairalavnoC
muilofibmumehtnajaM

C 9.54
0.06
0.16
3.64

6.5
2.9
9.5
4.8

3.6
8.51
8.4
7.41

1.741
3.412
6.811
2.201

46.2
25.2
56.1
84.1

naeM C 3.35 3.7 4.01 6.541 70.2

ataremolgsilytcaD
musuffemuiliM

D 6.08
9.401

9.6
7.8

2.92
7.91

8.761
7.561

44.1
42.1

naeM D 8.29 8.7 5.42 8.661 43.1

mutarodomuhtnaxotnA
atatigidxeraC

ataremolgsilytcaD
musuffemuiliM

muilofibmumehtnajaM

E 6.52
2.15
1.13
6.64
8.25

2.2
5.4
6.5
3.4
5.7

8.41
6.01
1.22
1.91
0.41

1.78
0.011
8.27
3.49
7.121

40.2
66.1
42.1
53.1
46.1

naeM E 5.14 8.4 1.61 2.29 65.1

naemlatoT E-B 4.95 9.5 2.61 0.831 38.1

* Plant communities: B � Sphagno-girgensohni-Picetum, C � Pino-Quercetum, D � Tilio-Carpinetum, E � forest clearing.
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2. In all of the habitats analysed, except for forest
meadows, the dominant component exceeding the
content of cations (Ca + Mg + K + Na) is nitrogen.

3. In part of the species of dicotyledonous plants, bi-
valent cations (Ca + Mg) prevail over univalent
cations (K + Na), and in part of the species, it is
the other way round.

4. In all of the species of monocotyledonous plants
analysed, univalent cations prevail over bivalent
cations, whereas potassium exceeds total calcium
and magnesium approximately three times.

5. Dicotyledonous plants in the Piska Primeval Fo-
rest at Sphagno-girgensohni-Picetum and Pino-
Quercetum habitats use 50% less alkaline cations
(Ca + Mg + K + Na) for the production of a mass
unit than plants of the remaining habitats of the
Forest, whereas they use twice as much nitrogen.

6. Plants in the Tilio-Carpinetum habitat, irrespecti-
ve of the species, absorb exceptionally high amo-
unts of potassium from the soil. This is probably
related to substantial shading of the forest floor
and the necessity to compensate for low amounts
of light (energy) with radioactive potassium.

7. The content of organic anions R-COO� in the plants
analysed is usually proportionate to total alkaline
cations (Ca + Mg + K + Na).
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Stan równowagi jonowej niektórych gatunków ro�lin naturalnych siedlisk Puszczy Piskiej

Streszczenie: Celem pracy by³a próba oceny wp³ywu ró¿nych warunków siedliskowych na stan jonowy i równowagê jonow¹ w
wybranych gatunkach ro�lin, wystêpuj¹cych w �rodowisku o niewielkiej antropopresji w Puszczy Piskiej, pó³nocno-wschodnia
Polska. Badane ro�liny jedno- i dwuli�cienne wykazuj¹ bardzo du¿e zawarto�ci azotu, przewy¿szaj¹ce sumê zasadowych kationów
(Ca2+, Mg2+, K+, Na+), szczególnie w ubogich siedliskach (Sphagno-girgensohni-Picetum i Pino-Quercetum). Niedobór kationów
zasadowych jest w nich prawdopodobnie kompensowany przez azot w formie NH4

+, dla utrzymania równowagi jonowej miêdzy
kationami i anionami w ro�linach. Ro�liny rosn¹ce w siedliskach takich, jak z zespo³em Tilio-Carpinetum wykazuj¹ bardzo du¿e
zawarto�ci potasu. Czê�æ radioaktywno�ci potasu (promieniowanie beta) jest prawdopodobnie wykorzystywana w procesach fizjolo-
gicznych w ro�linach zamiast energii s³onecznej.

S³owa kluczowe: równowaga jonowa, zespo³y ro�linne, Puszcza Piska


