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ABSTRACT

This study presents the results of monitoring studies carried out to determine the chemical composition of Nu-
phar lutea in two phytocoenoses of Nupharo-Nymphaeetum albae Tomasz. 1977 occurring in two lakes of diffe-
rent trophic types (eutrophic Lake L.asmiady and oligo-humotrophic Lake Ptywajace Wyspy). The leaves (collec-
ted starting in May), rhizomes and roots of Nuphar lutea as well as water and sediment samples were collected
from March to November in the above phytocoenoses (for 3 years in Lake Ptywajace Wyspy and for 4 years in
Lake L.asmiady). The samples were analysed for several parameters including: phosphate, nitrate, total nitrogen,
potassium, sodium, calcium, total iron, sulphate and silica dissolved. In addition the manganese, cadmium, zinc
and lead contents were determined in the leaves, rhizomes and roots of the plants collected in July (at the height
of the growing season). It was found that the differences in the chemical composition of water and sediments be-
tween the lakes studied were more pronounced than in the case of leaves, rhizomes and roots of Nuphar lutea.
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INTRODUCTION

Data regarding the relationship between the chemical
composition of plants and their habitats are usually incom-
plete and should be treated with caution. Different results
were obtained by various authors. In many cases, the sam-
ples were taken on different dates, whereas others were
collected at the height of the growing season. Moreover,
the length of the growing season varies in different regions
and largely depends on the meteorological conditions. The
duration of this period varies among species. Shifts in the
timing and length of the growing season have been obse-
rved. Depending on the type of water body the length of
the growing season may differ by as much as 2 weeks or
over within the same region. We noted that in astatic water
bodies Phragmites australis can begin and end its growing
season two weeks earlier than in lakes. In some cases, the
authors did not indicate whether the plants were sampled
in representative phytocoenoses in which the species attai-
ned its optimum development or taken randomly. The re-
sults of chemical analyses of reedswamp and meadow
plants are provided among others in: (Oswit and Sapek
1976, 1982; Oswit 1991). However, in the latter case, the

substrate and plant samples were collected before the first
mowing. It is, therefore, difficult to establish when the
samples were taken and to determine the developmental
stage of the species. The samples were collected only once,
probably at different periods. In order to clear all doubts
monitoring studies were conducted to investigate changes
in the chemical composition of water and reedswamp
plants during the growing season in relation to water and
sediment chemistry. In this study we present the results of
such investigations conducted on Nuphar lutea. A review
of the literature data shows that these monitoring studies
have not been carried out to date. Klink’s works (Klink
2004, 2005a, b; Klink et al. 2004) contain many interesting
results about the chemical composition of Nuphar lutea lea-
ves (macro- and microelements) in relation to site chemistry.

The objectives of the present work were to: 1) evaluate
the changes in the macroelement content of leaves, rhizo-
mes and roots of Nuphar lutea recorded at regular intervals
during the growing season in the phytocoenoses of Nupha-
ro-Nymphaeetum albae from two lakes with different tro-
phic conditions; 2) determine the changes in properties of
water and sediments of the phytocoenoses with Nuphar lu-
tea; 3) establish the relationship between the chemical
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composition of Nuphar lutea and the chemical composition
of water and sediments.

MATERIAL AND METHODS

Study area and chemical analyses

Two representative phytocoenoses of Nupharo-Nympha-
eetum albae (N-N) were monitored in two lakes (Lakes La-
Smiady and Ptywajace Wyspy) within the Etk Lake District
(Fig. 1). Nuphar lutea was the species building and domi-
nating the phytocoenoses studied. The cover abundance va-
lue for the species according to the Braun-Blanquet (1951)
scale was estimated at 5 (with cover intervals 75-100%).
The two lakes differed greatly in trophic status. Lake La-
Smiady is a typical eutrophic drainage lake (like most of
the lakes in this region), whereas Lake Ptywajace Wyspy is
an oligo-humotrophic lake, with no inflow or outflow, sur-
rounded by a peat bog.

Samples of water, sediments and plants (leaves, rhizo-
mes and roots of Nuphar lutea) were taken for chemical
analyses in one phytocoenosis of N-N growing in Lake La-
Smiady (1997-2000) and in one phytocoenosis of N-N in
Lake Ptywajace Wyspy (1998-2000). The samples were
collected from March to November on the 10th or 11th day
of each month. The results for March are regarded as data
obtained before the growing season, whereas those for No-
vember — at the end of the growing season. Data regarding
the chemical composition of leaves were collected starting
in May when the first leaves appeared on the water surface.
The lack of chemical data for Nuphar lutea leaves from La-
ke Lasmiady in November is due to the absence of floating
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leaves within the phytocoenosis. During the growing sea-
son the leaves of Nuphar lutea become more intensively
eaten by insects. As a result, the leaves decay and decom-
pose much more quickly.

Water samples were taken from an intermediate depth at
which a given phytocoenosis occurred and transferred to
two 750 ml plastic containers. Half of the samples were
preserved by the addition of 0.75 cm?® H,SO, for PO,, NO,,
total N and total Fe analyses. The other samples were ana-
lysed for SO,, SiO, dissolved, Na, K and Ca. Prior to the
analyses all the samples were filtered and stored in refrige-
rators at 4°C until all the analyses were performed.

The leaves (with petioles) as well as the rhizomes and ro-
ots (about 0.75 kg each) were washed and cleaned thorou-
ghly, and then rinsed with distilled water. Subsequently
they were dried and cut into small pieces. About 400-450
g of leaf and rhizome samples were dried at 65°C to con-
stant weight. The dried plant material was subsequently
milled to a powder (in a Cyclotec Mill) and then placed in
air-tight containers. Water and acid extracts for chemical
analysis were prepared from the ground plant material. The
water extracts were obtained by addition of 200 ml of di-
stilled water to each 2 g of leaf and rhizome samples. After
24 hours (the solutions were stirred more than several ti-
mes during the day) all the solutions were filtered into 500
ml flasks and the concentrations of SiO, dissolved and
NO; were determined. In the case of solutions used for de-
terminations of total Fe, PO,, SO, and Ca each sample
containing 0.5 g of the ground plant material was first di-
gested in 10 ml HCL (1+1) for 2 h and then 100 ml of di-
stilled water was added. After 24 hours (the solutions were
stirred more than several times during the day) all the

Fig. 1. Location of the study sites: 1 — Lake
Lasmiady, 2 — Lake Ptywajace Wyspy.
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extracted solutions were filtered into 250 ml flasks. The
dry mineral matter and organic content were determined by
ignition of 0.5 g ground plant samples at 550°C for 90 mi-
nutes. Concentrations of Na and K were determined from
the ash materials. In order to determine the total nitrogen
content, samples containing 0.2 g of the ground plant mate-
rial were taken for analysis.

Each sediment sample was a mixture of 3 random sub-
samples taken within a phytocoenosis from the rhizome-
root layer. The collected samples were stored in air-tight
plastic bags at 4°C. Hydration was determined by drying
100 g samples at 105°C to constant weight. Mineral and
organic matter content were determined from 1 g samples
of dry substrate. Determinations of Na and K were made
from the ash materials. Total nitrogen content was deter-
mined from 1 g samples of dry mineral sediment (Lake
Lasmiady) and 0.3 g samples of dry organic sediment (La-
ke Ptywajace Wyspy). The water extracts were prepared
from wet samples containing 2 g of dry sediment, whereas
the acid extracts from wet samples containing 1 g of dry
sediment. Further procedures for obtaining the water and
acid extracts were the same as in the case of plants. The
same parameters were analysed in the sediment and plant
samples.

The samples were analysed for: total N by Kjel-
dahl’s method, NO, spectrophotometrically with phenoldi-
sulphonic acid, PO, spectrophotometrically by molybdate
method, total Fe spectrophotometrically by the rhodonate
method, SO, spectrophotometrically by the nephelometric
method, SiO, dissolved spectrophotometrically by the mo-
lybdate method, Ca, Na and K with a flame spectrophoto-
meter.

The methods described in the following works were used
to prepare the water and acid extracts and to determine the
macroelement concentrations: Hermanowicz et al. (1976),
Bayly and Freeman (1977), Kimball and Baker (1982), Go-
pal and Sharma (1984), Ostrowska et al. (1991).

In the leaf and rhizome samples from July (at the height
of the growing season) the following properties were asses-
sed: Mn, Cd, Zn and Pb by the ASA method.

Phosphate
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Fig. 2. Variations in PO, concentrations during the study period: w — wa-
ter mg/dm?; s — sediment g/kg dry matter; 1 — leaves g/kg dry matter; T —
rhizomes and roots g/kg dry matter; £ — Lake Lasmiady; P.W. — Lake
Ptywajace Wyspy.
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Statistical analyses

The results given in tables and graphs are obtained as the
average of results of four years of studies in the phytocoe-
nosis of N-N in Lake Lasmiady (L) and three years of stu-
dies in Lake Ptywajace Wyspy (P.W.).

STATISTICA package (StatSoft Inc. 2003; Stanisz
1998) was used in this paper for comparison of average va-
lues of all the chemical parameters occurring in the leaves,
rhizomes and roots of Nuphar lutea and in the environment
(water, sediment). This package was used for PCA analysis
(Principal Components Analysis), correlation (R) and
ANOVA test (Kruskal-Wallis test for nonparametric data).
A classification was performed using PCCA (Principal
Component Analysis and Classification).

A transformation of original data was neccessary for the
purpose of statistical analysis (Jongman et al. 1987; the
Shapiro-Wilk test for normality). The Blis transformation
was used for PCA analysis (In+1- ter Braak and Smilauer
2002).

RESULTS AND DISCUSSION

Phosphates

Phosphorus is one of the primary macroelements requi-
red by plants for their growth, which influences primary
production. Phosphates usually exist in the inorganic form
in the leaves and roots of plants.

During the growing season the PO, levels in the waters
of the phytocoenoses investigated did not change signifi-
cantly. Higher values of this parameter (in some months
even two-fold) occurred in the waters of the N-N phytocoe-
nosis from Lake tasmiady (Table 1, Fig. 2). The lowest
concentration of PO, in the waters of both lakes was noted
during the intensive flowering of Nuphar lutea (in June).

The PO, levels in the sediments of the N-N phytocoeno-
ses studied varied during the growing season. In extreme
cases, the sediments of N-N phytocoenosis from Lake La-
Smiady contained four times as much PO, as the sediments
from Lake Ptywajace Wyspy. From spring to autumn
a gradual increase in PO, content was noted in the sedi-
ments of the phytocoenosis from Lake Lasmiady. At the
end of the growing season the PO, levels were two times
higher than at the beginning of the growing season. In the
sediments of the N-N phytocoenosis from Lake Ptywajace
Wyspy the concentration of this nutrient increased slightly
from spring to autumn. Minimum changes in PO, were ob-
served at the height of the growing season.

In substrate solutions phosphorus is present primarily in
the form of phosphate ions HPO,? and H,PO,". The ratio
of these two ions depends on pH. At pH 5, HPO,? ions are
practically absent, whereas at pH 7, the two kinds of ions
are in almost identical proportions.

In the case of sediments from Lake Ptywajace Wyspy
(pH =~ 4), only H,PO," ions were probably present, whereas
in the sediments of the phytocoenosis from Lake Lasmiady
(pH ~7.5) the HPO,? ions occurred more often than the
H,PO, ions.

Phosphates are very mobile within the plant where they
can move up and down the stem. The young roots of the
plants are supplied with phosphates taken up by roots or th-
rough translocation from the old leaves.
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TABLE 1. Phosphate concentrations in water, sediment, leaves, rhizomes and roots.

Months
I v \% VI VII VIII X X XI
Lakes
WATER mg/dm?
Lasmiady 0.165 0.161 0.170 0.138 0.200 0.161 0.194 0.159 0.213
Ptywajace Wyspy 0.072 0.121 0.142 0.128 0.142 0.084 0.087 0.082 0.100
SEDIMENT g/kg dry matter

Lasmiady 0.414 0.608 0.668 0.680 0.766 0.747 0.823 0.852 0.843
Ptywajace Wyspy 0.194 0.253 0.267 0.220 0.248 0.253 0.254 0.214 0.242

LEAVES g/kg dry matter

Lasmiady - - 11.15 11.24
Plywajace Wyspy - - 7.17 5.27

6.18 7.53 7.96 3.30 -
3.18 3.36 2.48 2.02 0.82

RHIZOMES and ROOTS g/kg dry matter

Lasmiady 10.69 12.07 12.69 11.72
Plywajace Wyspy 4.14 4.89 5.29 5.44

15.11 13.24 10.20 9.60 11.00
8.02 4.96 5.66 3.87 5.24

The PO, content of leaves of Nuphar lutea collected
from Lake Ptywajace Wyspy decreased sharply from May
to July. In the following months the decline was far less
drastic. In November the PO, values were more than eight
times lower than in May. In the case of leaves of Nuphar
lutea from Lake Lasmiady, a somewhat different trend
was demonstrated. At the beginning of the growing season
the leaves of Nuphar lutea from the latter lake contained
over 50% more PO, than those from Lake Ptywajace Wy-
spy. A sharp decline was observed from June to July (du-
ring intensive flowering and fruiting periods). During the
next two months there was a slight increase in PO, content
and later a sharp decrease from September to October. At
the end of the growing season the PO, levels in the leaves
of Nuphar lutea sampled in Lake Lasmiady were over th-
ree times higher than in the leaves from Lake Ptywajace
Wyspy.

Considerable differences were found in the PO, content
between the rhizomes and roots of Nuphar lutea collected
from Lakes Lasmiady and Ptywajace Wyspy. During the
entire growing season the PO, levels in the rhizomes and
roots of Nuphar lutea from Lake Lasmiady were two times
higher than those in the rhizomes and roots from Lake Pty-
wajace Wyspy. The PO, levels in the rhizomes of Nuphar
lutea from the two lakes were subject to similar variations
during the growing season. In both cases, the highest valu-
es of this parameter were noted in July. At the same time,
the lowest PO, levels occurred in the leaves. Starting July
the PO, content of the rhizomes and roots declined sharply.
At the end of the growing season, the PO, levels were si-
milar to those recorded in April.

It may be assumed that the sharp decline in PO, of the
leaves and rhizomes of Nuphar lutea from Lake Ptywajace
Wyspy (leaves — in May, and rhizomes in June) was asso-
ciated with the flowering of the plant and fruit production.
High PO, concentrations in the sediments of the N-N phy-
tocoenosis from Lake Lasmiady may slightly influence the
level of PO, in the leaves during the flowering and fruiting
periods. It was found that the PO, concentrations in the rhi-
zomes declined sharply from July to September.

In phosphate-rich habitats the leaves, rhizomes and roots
of Nuphar lutea contain twice as much PO, compared to
phosphate-poor areas. The PO, levels in Nuphar lutea were
related to the concentrations of this element in the habitat.

Nitrates

Plants can take in and metabolize the nitrate and ammo-
nium form of nitrogen. Nitrates are a major source of nitro-
gen for plants. However, first they must be reduced to NH,
(NOj; to NO," and then NO," to NH; in the chloroplast).

In April and May the concentration of NOj; in the waters
of the N-N phytocoenosis from Lake L.asmiady was two ti-
mes higher than in the waters of the phytocoenosis from
Lake Ptywajace Wyspy (Table 2, Fig. 3). From June to
October, the variations of NO, concentration in the waters
of both phytcoenoses were found to be small. In November
the concentration of this element was higher in the waters
of Lake Lasmiady. However its values were three times lo-
wer than in March.

Similar NO; contents were noted in the sediments of the
two phytocoenoses studied and the level of this nutrient re-
mained fairly constant during the entire growing season. In
November the sediments of both phytocoenoses contained
slightly smaller amounts of NO; than in March.

Although similar NO, concentrations were found in the
water and sediments of both phytocoenoses, the levels of
this element varied significantly in the leaves. The leaves
of Nuphar lutea sampled in Lake Ptywajace Wyspy usually
contained a higher amount of NO; than those from Lake
tasmiady. In the case of the two phytocoenoses studied the
NO, content of the leaves increased at the beginning of the
growing season. The highest values of this nutrient were
recorded from June to August. Starting August the level of
NO; declined sharply. In both cases the NO; concentra-
tions were higher at the beginning of the growing season
than at its end.

The NO, content of the rhizomes and roots of Nuphar lu-
tea collected from the two lakes studied increased from
March to April and then decreased rapidly in May after the
leaves started to develop. In Lake Ptywajace Wyspy a si-
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TABLE 2. Nitrate concentrations in water, sediment, leaves, rhizomes and roots.

Months
11 v \Y VI
Lakes

VII VIII IX X XI
WATER mg/dm3
Lasmiady 0.275 0.124 0.126 0.074 0.046 0.054 0.051 0.055 0.099
Ptywajace Wyspy 0.079 0.056 0.064 0.064 0.043 0.061 0.074 0.049 0.058
SEDIMENT g/kg dry matter
Lasmiady 0.014 0.014 0.009 0.014 0.009 0.008 0.008 0.009 0.011
Ptywajace Wyspy 0.018 0.020 0.014 0.010 0.008 0.009 0.022 0.012 0.013
LEAVES g/kg dry matter
Lasmiady - - 0.183 0.272 0.318 0.282 0.210 0.148 -
Plywajace Wyspy - - 0.299 0.372 0.279 0.339 0.300 0.232 0.199
RHIZOMES and ROOTS g/kg dry matter
Lasmiady 0.335 0.412 0.133 0.128 0.186 0.159 0.166 0.198 0.169
Plywajace Wyspy 0.275 0.341 0.135 0.211 0.365 0.268 0.129 0.183 0.198
Nitrate higher concentrations of phosphorus were found in the ha-
0.3 Tws] 0l 045 bitat. The present results confirm the above finding of
0.25 1 104 a positive correlation between phosphorus and total nitro-
' + 0.35 gen. However, a negative correlation was observed in the
027 T03 case of nitrogen-nitrate (R = -0.62).
T 0.25
013 T 02 Total nitrogen
011 T 015 The total nitrogen concentrations (ammonium nitrogen +
0.05 + T 8;5 organic nitrogen) in the waters of Lake Lasmiady were sli-
0 0' ghtly higher than those in the waters of Lake Ptywajace
M v vV vVl VIl X XX Wyspy. In both lakes, the values of this parameter were hi-
months gher at the beginning of the growing season than at its end.
— I pE— And also considerable variations in total N levels were not
—{1— water —l— water (P.W. —O— sedimen . . .
—o— sediment (PW.) —A— leaves (t) —h— leaves (PW.) observed during the study period (Table 3, Fig. 4).
O—rhizomes () —@— rhizomes (PW.) The total N content in the sediments of Lake Pltywajace

Fig. 3. Variations in NO; concentrations during the study period: w — wa-
ter mg/dm?; s — sediment g/kg dry matter; 1 — leaves g/kg dry matter; r —
rhizomes and roots g/kg dry matter; 1. — Lake Lasmiady; P.W. — Lake
Ptywajace Wyspy.

gnificant increase in NO, levels was noted from May to Ju-
ly (maximum increase in July during the fruiting period).
At the same time, the content of this nutrient in the leaves
was reduced. From July to September, the NO; values
dropped suddenly and later rose gradually until the end of
the growing season. At the end of the growing season the
NO; levels in the rhizomes and roots were much lower
than in March. In the case of Lake Lasmiady the NO, con-
tent of the rhizomes and roots showed an increase from
March to April and then a rapid decline in May and June
(appearance of leaves and flowering period). In July a sli-
ght increase in NO; was observed (in the case of Lake Pty-
wajace Wyspy the NO, levels exhibited a sharp rise in Ju-
ly). Over the next few months the variations in NO, levels
were found to be small. At the end of the growing season
the rhizomes and roots contained more than two times less
NO, than in April and almost two times less NO, than in
March.

Nowotny-Mieczyniska (1965) and Samecka-Cymerman
(1995) indicated that plants took up more nitrogen when

Wyspy was several dozens of times higher than in the sedi-
ments of Lake Lasmiady. In both cases the sediments contai-
ned higher amounts of total N at the beginning of the gro-
wing season than in November. The variations in total N we-
re more pronounced in the sediments of Lake Lasmiady.

High total N contents of the sediments in Lake Plywaja-
ce Wyspy were not positively correlated with total N con-
tent of the leaves. The leaves of Nuphar lutea sampled in
Lake Lasmiady had higher total N content than those in
Lake Ptywajace Wyspy (except in May). In the latter lake
the total N values decreased gradually from May to No-
vember (a slight increase was observed only in Septem-
ber). Larger variations in total N were noted in Lake La-
Smiady. In both lakes the leaves tended to have higher le-
vels of this nutrient at the beginning and at the height of
the growing season than at its end. The greater levels of to-
tal N observed in May and June were associated with the
period of most intensive leaf growth. The drop in total
N content at the end of the growing season was attributed
to the translocation of nutrients from the leaves to the
underground plant parts (Kajak 1979).

During the growing season higher total N contents were
found in the rhizomes of Nuphar lutea collected from Lake
Lasmiady. However, before and at the very beginning of
the growing season higher levels of this nutrient were de-
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TABLE 3. Total nitrogen concentrations in water, sediment, leaves, rhizomes and roots.

Months
11 v v VI
Lakes

VII VIII IX X XI
WATER mg/dm?
Lasmiady 1.34 1.38 1.09 1.00 1.02 1.29 1.01 0.85 0.86
Plywajace Wyspy 1.06 1.20 0.80 0.97 0.94 0.44 0.67 0.60 091

SEDIMENT g/kg dry matter

Lasmiady 0.77 1.85 0.34 0.37 0.53 0.40 0.54 0.72 0.39
Ptywajace Wyspy 22.22 19.64 22.67 17.94 19.34 19.51 19.31 20.94 15.46
LEAVES g/kg dry matter
Lasmiady - - 30.53 33.35 27.37 24.09 22.46 25.19 -
Plywajace Wyspy - - 35.05 27.83 20.89 17.92 19.23 16.67 12.92
RHIZOMES and ROOTS g/kg dry matter
Lasmiady 5.73 7.37 17.97 15.43 11.67 8.04 11.97 12.84 11.56
Ptywajace Wyspy 7.04 7.95 13.52 10.96 11.58 9.88 8.93 7.78 11.09
Total nitrogen Potassium
25 — [w,s] I 40 The main source of potassium for plants are sediments. It
135 is taken up in fairly large amounts by plants through active
20 T {30 transport. Potassium is a very mobile nutrient within the
15 1 g plant, and is preferentially transported to meristematic tis-
150 sues. It is often translocated from old (e.g. leaves) to young
104 15 parts of the plant. Potassium is taken up most intensively
1o by plants during their vegetative growth.
5T At the height and the end of the growing season, the
0 m- g K concentrations in the waters of Lake Lasmiady were two
- ] times higher than those in the waters of Lake Plywajace
N v vV Vi VIEVIEIX X X & : ywa
h Wyspy (Table 4, Fig. 5). In the waters of Lake Lasmiady
months the K values did not change significantly during the gro-
—0— water (t) ——water (PW.)  —¢— sediment (£ wing season. At the end of the growing season the concen-

—&— sediment (P.W.) —A— leaves (t)
—O— rhizomes (t) —8&— rhizomes (P.W.)

—A— leaves (P.W.)

Fig. 4. Variations in total N concentrations during the study period: w —
water mg/dm?; s — sediment g/kg dry matter; 1 — leaves g/kg dry matter;
r — rhizomes and roots g/kg dry matter; £ — Lake Lasmiady; P.W. — Lake
Ptywajace Wyspy.

termined in the rhizomes sampled in Lake Ptywajace Wy-
spy. In both lakes total N values were higher at the end of
the growing season than in March and April. The rhizomes
of Nuphar lutea sampled in both lakes had similar levels of
total N in November.

Greater levels of total N in the leaves, compared to those
in the rhizomes and roots, were associated with the assimi-
lation processes that occur within the above-ground parts
of the plant in which nitrogen plays a key role (Czerwinski
and Traczyk 1985).

The high total N concentrations in the sediments of Lake
Ptywajace Wyspy were negatively correlated with the total
N concentrations in the leaves and rhizomes (R = -0.34). It
is unlikely that slightly higher total N and NO; concentra-
tions (Tables 2 and 3, Figs 3 and 4) in the waters of Lake
Lasmiady could be responsible for the higher levels of this
nutrient in the leaves and rhizomes. Marczonek (1984) did
not indicate any relationship between the nitrogen content
in plants and in their habitat (water and sediments).

trations of this element were higher than in March. The hi-
ghest K levels were recorded in April. A reverse trend was
demonstrated in the case of waters of the phytocoenosis
from Lake Pltywajace Wyspy. In April the K values were
more than two times higher than in November. A sudden
drop in K concentration occurred in the waters of the above
phytocoenosis from April to May. The levels of K increa-
sed slightly in June and then remained fairly constant until
the end of the growing season. Similar variations in the
concentration of K were observed in the waters of the two
phytocoenoses studied.

During the entire growing season the sediments of the
phytocoenosis from Lake Ptywajace Wyspy contained gre-
ater amounts of K. The differences were most pronounced
(two-fold) before and at the end of the growing season.

The leaves of Nuphar lutea sampled in Lake Lasmiady
had higher K content (= 50%). During the growing season
the levels of this element varied little in both phytocoeno-
ses. The results obtained in this study indicated that the le-
af K content was correlated with K concentration of water
(R =0.61 in the case of Lake Lasmiady).

The rhizomes and roots of Nuphar lutea collected in both
phytocoenoses contained similar amounts of K. At the hei-
ght of the growing season (May-August), however, there
were higher levels of K in the rhizomes of Nuphar lutea
from Lake Lasmiady. In both phytocoenoses the highest
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TABLE 4. Potassium concentrations in water, sediment, leaves, rhizomes and roots.

Months
11 v \Y VI
Lakes

VII VIII IX X X1
WATER mg/dm3
Lasmiady 2.03 3.10 2.55 2.22 2.36 2.62 2.09 2.53 241
Ptywajace Wyspy 2.38 2.32 0.65 1.11 0.82 1.04 0.73 0.84 0.91
SEDIMENT g/kg dry matter
Lasmiady 0.20 0.21 0.28 0.15 0.20 0.21 0.12 0.15 0.13
Ptywajace Wyspy 0.45 0.26 0.28 0.22 0.23 0.23 0.26 0.25 0.28

LEAVES g/kg dry matter

Lasmiady - - 25.26 29.00 27.61 24.77 25.35 24.91 -
Ptywajace Wyspy - - 20.91 20.12 19.75 19.24 17.81 20.86 24.63
RHIZOMES and ROOTS g/kg dry matter
Lasmiady 21.72 23.39 26.16 27.83 31.40 25.34 23.47 30.02 26.73
Plywajace Wyspy 26.67 24.89 22.52 25.25 28.69 24.29 24.64 24.80 25.73
) During the growing season larger variations in Na concen-
Potassium trations of water were noted in Lake Lasmiady. In both
3.5 7 Wsl 0+ 35 phytocoenoses there was a slight decrease in Na concentra-
3T tion at the end of the growing season (the decline was big-
25+ ger in the case of Lake Lasmiady).
>4 As in the case of water, the variations in Na content of
154 sediments in Lake Lasmiady were higher than those for the
substrates of Lake Plywajace Wyspy. In Lake Plywajace
T Wyspy the Na levels in the sediment declined from March
0571 to April. At the height of the growing season the Na values
0 remained fairly constant. At the end of the growing season
the Na values were more than two times lower than in
months March. In the case of sediments of Lake Lasmiady the Na
—— water (t) —m—water (PW)  —0— sediment (t) contents increased from March to April and then decreased

—&— sediment (P.W.) —A— leaves (L)
—O— rhizomes (L) —&— rhizomes (P.W.)

—A— leaves (P.W)

Fig. 5. Variations in K concentrations during the study period: w — water
mg/dm3; s — sediment g/kg dry matter; 1 — leaves g/kg dry matter; r — rhi-
zomes and roots g/kg dry matter; £ — Lake Lasmiady; P.W. — Lake Pty-
wajace Wyspy.

K contents were recorded in July. In November the K valu-
es were similar.

It may be concluded, therefore, that the K content of lea-
ves, thizomes and roots of Nuphar lutea was correlated
with the K content of water and sediments (R = 0.99 in all
cases).

Sodium

Sodium stimulates cell growth and has been shown to
substitute partially for potassium (Taiz and Zeiger 2006).
Nowotny-Mieczynska (1965) indicated that plants took up
relatively large amounts of sodium when potassium was
deficient. It is one of the most important macroelements in
the waters of eutrophic lakes. During the growing season
the variations in sodium concentration are relatively small.

The Na values for oligo-humotrophic lakes are 3-4 times
lower than for eutrophic lakes. A similar scenario was ob-
served in the waters of the phytocoenoses N-N from Lake
Lasmiady and Lake Ptywajace Wyspy (Table 5, Fig. 6).

from May to June, and returned to values attained before
the growing season. The highest Na levels were detected in
August. During this period the values of this element were
four times higher than those for Lake Ptywajace Wyspy. In
November the Na contents of sediments from Lake La-
Smiady were similar to those from March.

The pattern of changes in Na content of leaves of Nuphar
lutea from Lake Lasmiady and Lake Ptywajace Wyspy we-
re striking. In May the levels of this element in the leaves
sampled in Lake L.asmiady were three times higher than in
the leaves from Lake Ptywajace Wyspy. After the Na con-
tent of leaves decreased slightly in June (at the peak of the
flowering period), it remained at a constant level until Au-
gust and then declined sharply. The Na levels in the leaves
of Nuphar lutea from Lake Ptywajace Wyspy gradually in-
creased during the entire growing season. At the end of the
growing season the Na values for Lake Ptywajace Wyspy
were 2.5 times higher than those for Lake L.asmiady.

Different patterns of changes were observed in the Na
content of rhizomes and roots of Nuphar lutea in the Lakes
Lasmiady and Ptywajace Wyspy from spring to autumn. In
both lakes the Na values at the beginning of the growing
season were higher than in November. In Lake Lasmiady
the rhizomes and roots contained greater concentrations of
Na than those from Lake Ptywajace Wyspy. In August the
differences were roughly five-fold. The Na levels in the
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TABLE 5. Sodium concentrations in water, sediment, leaves, rhizomes and roots.

Months
11 v v VI
Lakes

VII VIII IX X X1
WATER mg/dm3
Lasmiady 471 4.03 5.12 4.80 5.16 5.13 4.49 4.89 4.29
Ptywajace Wyspy 1.06 1.34 1.13 1.32 1.24 1.29 0.87 1.25 0.94
SEDIMENT g/kg dry matter
Lasmiady 0.22 0.36 0.22 0.23 0.33 0.44 0.32 0.39 0.22
Ptywajace Wyspy 0.25 0.11 0.14 0.14 0.12 0.10 0.15 0.10 0.09

LEAVES g/kg dry matter

Lasmiady - - 4.65 4.26
Plywajace Wyspy - - 1.43 2.34

4.88 4.96 4.14 1.72 -
3.04 3.31 3.53 3.75 4.59

RHIZOMES and ROOTS g/kg dry matter

Lasmiady 1.70 2.82 2.94 3.25 3.52 4.47 2.78 2.99 1.11
Plywajace Wyspy 1.06 1.08 0.65 0.82 1.29 0.80 0.83 0.59 0.61
Sodium Calcium
6 Tlwsl SR Plants take up dissolved calcium ions CaZ* from the soil
541 {5 only in a relatively low-pH environment (Kopcewicz and
Lewak 1998). Therefore the total content of Ca in the soil
4T T4 cannot determine the amount of calcium available to
3l 13 plants.
Mengel and Kirkby (1983) demonstrated that plants were
2T T2 able to grow quite well at low Ca concentrations when
other bivalent cations were also in low concentrations. Hi-
T T1 gher Ca contents in plants are required for detoxification of
0 Qﬁ:g—?t —_ ey 0 bivalent ions.
m v v v vl vil IX X X Significant differences were found with regard to Ca
months concentration between the waters of the phytocoenoses in-
o water () E— vater PW)  —o— sediment @) vestigated. The levels of this element in Lake tasmiady

—&— sediment (P.W.) —A— leaves (L)
—O—rhizomes (t) —&— rhizomes (P.W.)

—h— leaves (P.W.)

Fig. 6. Variations in Na concentrations during the study period: w — water
mg/dm?; s — sediment g/kg dry matter; 1 — leaves g/kg dry matter; r — rhi-
zomes and roots g/kg dry matter; £ — Lake Lasmiady; P.W. — Lake Pty-
wajace Wyspy.

rhizomes and roots of Nuphar lutea from Lake Lasmiady
increased from March to August and then declined sharply
starting in August. In the case of Lake Ptywajace Wyspy
the Na content decreased to May and then increased until
July when the highest level was reached. From July to
October the levels of this element gradually declined.

The highest Na concentrations observed in the leaves,
rhizomes and roots of Nuphar lutea from Lake Lasmiady
were related to the highest concentrations of this element
in the water and sediments. However, no such a relation-
ship was found in the case of Nuphar lutea from Lake Pty-
wajace Wyspy.

Czerwinski and Traczyk (1985) noted that the content of
Na in Nuphar lutea was lower than that of K. This observa-
tion agrees with the results obtained in the present study
(Tables 4 and 5, Figs 5 and 6).

were ten times higher than in Lake Ptywajace Wyspy. The
largest differences were noted in March (Table 6, Fig. 7).
The Ca levels in the waters of the N-N phytocoenosis from
Lake Lasmiady decreased from spring to autumn (biologi-
cal decalcification of water) and then increased considera-
bly in November. In the case of the phytocoenosis from
Lake Ptywajace Wyspy the variations in Ca levels were re-
latively small. A minimum increase in Ca was noted from
May to July. A reverse trend was observed in the case of
Lake Lasmiady, where lower values of Ca were recorded at
the end of the growing season than at its beginning.

Bernatowicz (1960) recognized Nuphar lutea as being an
indicator species of calcium-poor waters, which was not
confirmed in this study. In extreme cases, the species can
grow in calcium-poor habitats (e.g. Lake Ptywajace Wy-
spy). However such habitat conditions do not appear to be
optimal for the species growth.

As in the case of water, the Ca levels in the sediments of
the N-N phytocoenosis from Lake Lasmiady were ten ti-
mes higher than those in the sediments of Lake Ptywajace
Wyspy. In addition considerable variations in Ca content
were observed in particular months. The highest Ca values
were noted in April as well as in September and October.
The sediments of Lake Lasmiady had slightly higher Ca
contents in November than in March. The Ca levels in the
sediments of Lake Pltywajace Wyspy remained constant
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TABLE 6. Calcium concentrations in water, sediment, leaves, rthizomes and roots.

Months
11 v v VI
Lakes

VII VIII IX X XI
WATER mg/dm?3
Lasmiady 40.65 37.15 34.73 35.30 31.85 31.58 24.85 26.60 29.03
Plywajace Wyspy 1.67 2.50 3.56 342 3.42 273 2.59 2.84 2.86
SEDIMENT g/kg dry matter
Lasmiady 24.20 39.73 24.37 27.95 36.86 33.93 38.44 46.62 30.05
Plywajace Wyspy 2.18 242 2.16 3.04 243 2.53 2.40 1.76 1.80
LEAVES g/kg dry matter
Easmiady - - 3.04 4.06 7.10 3.38 777 7.77 -
Pltywajace Wyspy - - 3.35 9.75 6.32 7.07 7.25 7.19 8.32
RHIZOMES and ROOTS g/kg dry matter
Lasmiady 245 227 2.82 2.83 2.78 239 2.10 2.12 1.55
Plywajace Wyspy 378 3.52 3.63 4.16 4.08 4.05 3.49 3.85 3.82
_ ning. The results obtained in this study do not confirm the
Calcium findings of other authors who indicated that calcium intake
50 [W,S] [l,l’] T+ 12 .
45 into leaves was much lower after the leaves matured even
40 T 10 when a stable level of transpiration was maintained. The
35 lg present findings, however, agree well with the data in lite-
30 rature indicating that calcium does not move down the
25 T6 plant (e.g. towards the rhizomes). Once calcium has been
20 I accumulated in old leaves, it cannot be translocated to the
12 young parts of the plant. Therefore a slight increase of Ca
5 T2 concentration in the waters at the end of the growing sea-
0 ; ; ; ; ; N : 0 son may be associated with the release of this element from
m v v o v v v IXxo X X the decaying and decomposing leaves.
months The Ca content of the rhizomes and roots of Nuphar lu-
—O— water (t) —m— water (PW,)  —o— sediment (L) tea from the two phytocoenoses studied was negatively

—&— sediment (P.W.) —A— leaves (t)
—O— rhizomes (t) —&— rhizomes (P.W.)

—A— |eaves (P.W)

Fig. 7. Variations in Ca concentrations during the study period: w — water
mg/dm3; s — sediment g/kg dry matter; 1 — leaves g/kg dry matter; r — rhi-
zomes and roots g/kg dry matter; £ — Lake Lasmiady; P.W. — Lake Pty-
wajace Wyspy.

during the entire study period. Slightly lower Ca contents
were detected in November than in March.

It is generally recognized that Ca concentration in the so-
il solution is ten times higher than that of potassium. The
present study showed that this applied only to the sedi-
ments of the phytocoenosis from Lake Ptywajace Wyspy.
In the case of sediments from Lake Lasmiady the differen-
ces were more than two hundred-fold (Tables 4 and 6, Figs
5 and 7).

The leaves of Nuphar lutea from the two N-N phytocoe-
noses studied contained similar amounts of Ca. In May,
and during the flowering period (in June), the Ca contents
of the leaves sampled in Lake Plywajace Wyspy were hi-
gher than those of the leaves from Lake fL.asmiady. In the
following months slightly higher levels of Ca were detec-
ted in the leaves of Nuphar lutea from Lake Lasmiady. In
both phytocoenoses the Ca values at the end of the growing
season were more than two times higher than at its begin-

correlated with the Ca content of water and sediments (R =
-0.52 to -0.43). During the entire growing season the roots
and rhizomes of Nuphar lutea from Lake Lasmiady contai-
ned lower amounts of Ca than those from Lake Ptywajace
Wyspy. No appreciable variations in Ca content were fo-
und in the two lakes studied during the growing season. In
November the Ca levels in the rhizomes and roots of Nu-
phar lutea from the acidic oligo-humotrophic Lake Ptywa-
jace Wyspy were more than two times higher than those
from the alkaline eutrophic Lake L.asmiady. The present re-
sults do not confirm the findings of other authors (Kopce-
wicz and Lewak 1998) who indicated that during the gro-
wing season the contents of N, P and K decreased but Ca
showed an increase with the age of plants. The Ca levels in
the leaves were similar to those in the rhizomes and did not
change significantly at the end of the growing season.

In conclusion, this study showed that there was not a re-
lationship between the Ca content of water and sediments
and the Ca content of leaves. The Ca leaf content was simi-
lar in calcium-rich and calcium-poor habitats. A negative
correlation was observed in the case of rhizomes and roots.
During the entire growing season the Ca levels in the rhi-
zomes and roots of Nuphar lutea from the calcium-poor
oligo-humotrophic lake were higher than those from the
calcium-rich eutrophic lake.
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Total iron

Iron uptake is greatly influenced by other cations. Biva-
lent ions such as Mn, Cu, Ca, Mg, Zn and K compete with
iron for absorption. Heavy metals can also affect Fe upta-
ke. The uptake of Fe decreases with increasing pH and ele-
vated levels of Ca and PO,. Factors such as high pH and
good soil aeration favour the oxidation of FeZ* to Fe3*,
which leads to precipitation of ferric salts. High calcium
concentrations that occur in habitats or in plants can have
a negative effect on the physiological activity of iron.

The waters of the two phytocoenoses studied were cha-
racterized by similar levels of iron (Table 7, Fig. 8). In
spring and autumn the waters of the phytocoenosis in Lake
Ptywajace Wyspy were richer in Fe. During the summer
period the Fe levels were higher in the case of the waters of
the phytocoenosis in Lake t.asmiady. In both lakes higher
values were recorded at the beginning of the growing sea-
son than in November. During the growing season the Fe
concentrations varied little in the phytocoenoses studied.

The sediments of the phytocoenoses studied contained
different amounts of Fe in various months and the levels of
this element varied considerably during the growing sea-
son. In the case of the phytocoenosis from Lake Ptywajace
Wyspy the Fe content of sediments showed a decrease
from May to July. A rapid increase in Fe was observed
from July to October followed by a drastic decline in No-
vember. The levels of this element in November were
much lower than at beginning of the growing season. The
sediments of Lake Lasmiady contained similar amounts of
iron at the beginning and end of the growing season. There
were more noticeable differences found between the lowest
and highest values of Fe in the case of Lake Ptywajace
Wyspy. The Fe content exhibited considerable variations in
the particular months. Perhaps much of the iron is not ta-
ken up by Nuphar lutea due to the high calcium content in
the sediment. Under these conditions iron may be in a form
that is inaccessible to plants.

For almost the entire growing season the Fe content of
leaves of Nuphar lutea in the phytocoenosis from Lake
Pltywajace Wyspy was slightly higher than that of the lea-
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—&— sediment (P.W.) —A— leaves (L)
—O—rhizomes () —8— rhizomes (P.W.)

—A— leaves (P.W.)

Fig. 8. Variations in total Fe concentrations during the study period: w —
water mg/dm?; s — sediment g/kg dry matter; 1 — leaves g/kg dry matter;
r — rhizomes and roots g/kg dry matter; £ — Lake Lasmiady; P.W. — Lake
Plywajace Wyspy.

ves sampled in Lake Lasmiady. In both lakes the Fe con-
tent of the leaves from Lake Lasmiady followed a similar
dynamic as described for Lake Ptywajace Wyspy. In the le-
aves collected from Lake Ptywajace Wyspy the levels of
Fe recorded at the end of the growing season were two ti-
mes higher than at the beginning of the growing season. In
the case of leaves of Nuphar lutea from Lake LaSmiady
these differences were minimal.

A reverse trend was demonstrated in the case of rhizo-
mes and roots sampled in the phytocoenosis in Lake La-
Smiady, which contained higher amounts of Fe than those
from Lake Plywajace Wyspy. In July these differences we-
re three-fold. In both phytocoenoses higher levels of Fe in
Nuphar lutea were detected at the end of the growing sea-
son than in March. During the growing season much larger
variations of iron levels were noted in the phytocoenosis
from Lake Lasmiady. The results obtained in this study
showed that the Fe content of thizomes and roots probably
did not relate to the Fe content of the water and sediments.

TABLE 7. Total iron concentrations in water, sediment, leaves, rhizomes and roots.

Months
1 v A% VI
Lakes

VI VI X X XI
WATER mg/dm?

Lasmiady 0.13 0.12 0.10 0.15 0.08 0.08 0.11 0.17 0.10

Plywajace Wyspy 0.12 0.15 0.14 0.07 0.06 0.07 021 0.25 0.09

SEDIMENT g/kg dry matter

Lasmiady 1.26 1.41 1.68 0.89
Ptywajace Wyspy 1.64 1.31 1.51 1.48

1.36 1.05 1.33 1.75 1.24
1.08 1.59 1.57 2.32 1.06

LEAVES g/kg dry matter

Lasmiady - - 0.31 0.22
Plywajace Wyspy - - 0.23 0.26

0.37 0.26 0.30 0.34 -
0.43 0.37 0.58 0.52 0.50

RHIZOMES and ROOTS g/kg dry matter

Lasmiady 0.71 2.00 1.49 1.89
Plywajace Wyspy 0.40 0.41 0.83 0.33

2.76 1.84 1.63 2.15 1.59
0.81 0.86 0.90 0.79 0.56
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Nowotny-Mieczynska (1965) noted that iron was accumu-
lated in underground plant parts, which was confirmed by
the present findings indicating that the Fe content of rhizo-
mes and roots was higher than that of the leaves.

When lower levels of Fe were noted in the waters and se-
diments the content of this element in the rhizomes and ro-
ots was usually much higher. A reverse trend was determi-
ned for the leaves the higher the level of Fe in habitats (wa-
ter and sediments) — the higher the Fe content in leaves.

Sulphates

Plants take up sulphur in the form of sulphates. The upta-
ke of sulphur is found to be practically independent of pH.
The optimum pH for sulphur uptake is ~ 6.5. In higher
plants sulphates are translocated from the roots to the
upper plant parts but rarely in the opposite direction. Sul-
phur does not move readily from older to young leaves.

Before the growing season the SO, concentrations in the
waters of N-N phytocoenosis from Lake tasmiady were
ten times greater than those in Lake Ptywajace Wyspy (Ta-
ble 8, Fig. 9). In both cases the SO, values decreased in
April and then increased sharply in May. In the following
months, the variations in SO, levels were similar in the ca-
se of the two lakes studied. In November the SO, concen-
trations in the waters of both lakes were higher than in
April (almost two times higher in Lake L.asmiady and more
than four times higher in Lake Ptywajace Wyspy). At the
end of the growing season the concentrations of SO, were
approximately three times as high in the waters of Lake
Lasmiady compared to Lake Ptywajace Wyspy.

The sediments of the two phytocoenoses studied differed
with respect to the SO, content. However these differences
were not so noticeable as in the case of water (except for
SO, in March). Before the growing season SO, content in
the sediments of Lake Ptywajace Wyspy was ten-fold hi-
gher than in the substrates of Lake Lasmiady. During the
first part of the growing season higher SO, levels were no-
ted in the sediments of Lake Ptywajace Wyspy, and during
the second part of the season — in the sediments of Lake
Lasmiady. The highest SO, contents in the substrates of
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Fig. 9. Variations in SO, concentrations during the study period: w — wa-
ter mg/dm?; s — sediment g/kg dry matter; 1 — leaves g/kg dry matter;  —
rhizomes and roots g/kg dry matter; . — Lake Lasmiady; P.W. — Lake
Plywajace Wyspy.

both lakes were observed in July. At the end of the gro-
wing season the sediment of Lake Lasmiady had higher
(two-fold) SO, contents than in April. A reverse scenario
was observed in the case of the sediments from Lake Pty-
wajace Wyspy, in which the SO, levels were more than th-
ree times lower than in April, and almost ten times lower
than in March.

The SO, content of leaves collected from the N-N phyto-
coenosis in Lake Ptywajace Wyspy was approximately
twice or three times as high as that of leaves from Lake La-
Smiady during almost the entire growing season. In both
phytocoenoses the SO, levels in the leaves of Nuphar lutea
in May were higher than those recorded at the end of the
growing season. Although higher values of SO, were de-
tected in the habitats (water and sediments) of the phytoco-
enosis from Lake Lasmiady the leaves of Nuphar lutea
from Lake Ptywajace Wyspy were richer in this nutrient.

The SO, content of rhizomes and roots was also higher
(with the exception of May) in the case of Nuphar lutea

TABLE 8. Sulphate concentrations in water, sediment, leaves, rhizomes and roots.

Months
111 v v VI
Lakes

VI VI X X XI
WATER mg/dm?

Lasmiady 23.26 16.00 26.83 2225 24.69 2229 25.52 24.10 30.84

Plywajace Wyspy 2.50 2.04 5.67 470 233 5.69 470 5.54 9.60

SEDIMENT g/kg dry matter

Lasmiady 0.55 0.76 2.57 1.13
5.78 2.08 2.14 1.74

Pltywajace Wyspy

3.76 1.26 1.43 1.05 1.62
3.17 0.66 0.87 0.57 0.65

LEAVES g/kg dry matter

Lasmiady - - 3.29 7.39 391 4.61 4.77 2.39 -

Plywajace Wyspy - - 3.85 6.06 8.48 9.25 9.34 9.72 2.02
RHIZOMES and ROOTS g/kg dry matter

Lasmiady 0.98 8.26 11.54 6.34 9.90 6.98 3.49 3.83 222

Plywajace Wyspy 10.69 10.97 6.59 15.20 24.64 13.23 18.15 12.91 7.46
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from Lake Ptywajace Wyspy. In March the rhizomes and
roots sampled in Lake Ptywajace Wyspy had ten times as
much SO, as those collected from Lake Lasmiady. These
differences were only three-fold at the end of the growing
season. Larger variations in SO, contents were noted in
the rhizomes and roots of the plants from Lake Ptywajace
Wyspy.

It may be concluded from this study that the SO, content
of leaves, thizomes and roots was negatively correlated with
the SO, content of water and sediments (R=-0.66 to -0.56).

It is generally recognized that plants contain ten times
less sulphur than nitrogen. The results obtained in this stu-
dy indicated that the leaves of Nuphar lutea had three to fi-
ve times less SO, than nitrogen (nitrate nitrogen and total
nitrogen). The SO, content of rhizomes and roots sampled
in the eutrophic Lake Lasmiady was two times lower than
that of nitrogen, whereas in the oligo-humotrophic Lake
Ptywajace Wyspy the SO, values were about 1.5 times hi-
gher than the N values. This may be ascribed to higher SO,
levels in the sediments of the latter lake.

Silica dissolved

After oxygen, silicon is the second most abundant and
widespread element in the environment. In a soil solution
with pH below 9 it is found in the form of silicic acid, an
undissociated molecule. At pH above 9 silicon is in the
form of silicon ions. Plants contain silicon in the form of
silica gel, an amorphous colloidal form of dioxide silica or
particles of polymerized silicic acid (Mengel and Kirkby
1983). In silicophilous plants the Si content usually reaches
100 mg/g.

During the entire growing season the variations in SiO,
concentrations in the waters of the Lake Ptywajace Wyspy
were not considerable. The SiO, levels at the beginning of
the growing season were similar to those detected in No-
vember (Table 9, Fig. 10). In the case of Lake Lasmiady
the SiO, concentrations were higher and increased from
March to April and then declined. The lowest levels of
SiO, were noted in June and July (at the height of the gro-
wing season). Subsequently a sharp increase in the concen-
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Fig. 10. Variations in SiO, dissolved concentrations during the study pe-
riod: w — water mg/dm?; s — sediment g/kg dry matter; I — leaves g/kg dry
matter; r — rhizomes and roots g/kg dry matter; L. — Lake Lasmiady; P.W.
— Lake Ptywajace Wyspy.

tration of SiO, occurred in August. At the end of the gro-
wing season the SiO, values were two times higher than
those obtained from April. In October and November the
SiO, levels in the waters of Lake Lasmiady were eight ti-
mes higher than those in Lake Ptywajace Wyspy.

At the beginning of the growing season, the sediments of
the N-N phytocoenosis from Lake Lasmiady had higher
SiO, content than those from Lake Ptywajace Wyspy.
From May to November there were practically no differen-
ces in SiO, content between the sediments of the two phy-
tocoenoses studied. In November the SiO, levels in the se-
diments of both phytocoenoses were two times lower than
in March and April.

Although the SiO, levels were much higher in the habitat
of N-N phytocoenosis from Lake Lasmiady than in Lake
Plywajace Wyspy, the content of this element in the leaves
of Nuphar lutea was lower in the case of the former lake.
In both lakes similar variations occurred in SiO, content of
leaves during the growing season. In addition the SiO, va-

TABLE 9. Silica dissolved concentrations in water, sediment, leaves, rthizomes and roots.

Months

I v \% VI VII VIII 1X X X1

Lakes
WATER mg/dm?3
Lasmiady 4.38 6.82 3.07 1.82 1.67 2.88 5.56 7.12 12.70
Ptywajace Wyspy 1.44 1.59 1.18 0.93 0.91 1.06 0.91 0.88 1.53
SEDIMENT g/kg dry matter
Lasmiady 0.56 0.57 0.14 0.14 0.20 0.23 0.28 0.28 0.27
Ptywajace Wyspy 0.38 0.40 0.14 0.29 0.22 0.22 0.21 0.32 0.22
LEAVES g/kg dry matter
Lasmiady - - 0.90 0.77 1.30 0.88 0.75 1.00 -
Ptywajace Wyspy - - 1.10 1.21 1.20 0.89 0.84 1.03 0.69
RHIZOMES and ROOTS g/kg dry matter

Lasmiady 1.01 0.86 0.70 0.67 1.06 0.97 0.57 0.99 0.77
Ptywajace Wyspy 0.78 0.75 0.82 0.88 0.84 1.04 0.71 1.20 0.63
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lues recorded in May were comparable to those obtained at
the end of the growing season.

The SiO, content of rhizomes and roots of Nuphar lutea
was not related to the SiO, content of water and sediments.
In both phytocoenoses the rhizomes and roots of Nuphar
[utea had similar amounts of SiO,. However they exhibited
different SiO, variation patterns during the growing sea-
son. In both cases the SiO, levels in November were sligh-
tly lower than in April.

Manganese, Cadmium, Zinc, Lead

Only the samples of leaves, rhizomes and roots collected
in July were analysed for Mn, Cd, Zn and Pb content (due
to a shortage of funds). In July, at the height of the growing
season, about 50% of the flowers of Nuphar lutea are in
full bloom and the remaining flowers have already withe-
red and set fruit. The data presented in the work were com-
puted as an average from the whole study period (1997-
-2000). The results obtained showed that the leaves of Nu-
phar lutea from Lake Lasmiady had only higher Cd content
than the leaves sampled in Lake Ptywajace Wyspy. A simi-
lar scenario was observed in the case of Mn and Pb accu-
mulated in the rhizomes and roots of Nuphar lutea. Howe-
ver, in general, the content of studied microelements is hi-
gher in Nuphar lutea in the lake Ptywajace Wyspy (Table
10, Figs 11a and b). These results are quite difficult to in-
terpret when one considers the location of the phytocoeno-
ses within the lake. In Lake Lasmiady the phytocoenosis of
N-N occurs near the edge of the lake in the village of Saj-
zy. About 5-6 meters from the phytocoenosis there is an
asphalt road that leads through the village. Lake Ptywajace
Wyspy is relatively small and has no direct inflow or out-
flow. It is located within a big forest complex and is com-
pletely surrounded by a 50 meter belt peat bog. An infrequ-
ently used forest road is situated about 100 m from the lake.

SUMMARY

Nuphar lutea occurring in the Nupharo-Nymphaeetum
albae phytocoenoses in two very different habitats (eutro-
phic Lake Lasmiady and oligo-humotrophic Lake Ptywaja-
ce Wyspy) shows differences between the concentration of
the studied components in the leaves and rhizomes with ro-
ots. These differences are also found in the case of water
and sediments. This is proved by the PCA analysis (Fig.
12), in which parameters occurring in Nuphar lutea and pa-
rameters occurring in the environment were divided into

TABLE 10. The contents of Mn, Cd, Zn and Pb in the leaves, rhizomes
and roots.

Microelements
Mn Cd Zn Pb
Lakes

LEAVES mg/kg dry matter

Lasmiady 112.94 0.36 25.75 0.60

PlywajaceWyspy 117.00 0.28 37.72 1.99
RHIZOMES and ROOTS mg/kg dry matter

Lasmiady 78.95 0.34 16.43 0.98

PtywajaceWyspy 68.09 0.42 39.47 0.33
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Figs 11a and 11b. The contents of the studied microelements in the leaves
(1), rhizomes and roots (r).

two independent groups, except for the parameters of water
in Lake Lasmiady. The main reason for taking these two
groups under consideration were higher average values of all
the studied chemical parameters in Nuphar lutea than in the
environment during the whole time of research (Fig. 13).
Only the values of parameters in the water of Lake L.asmia-
dy were as high as in Nuphar lutea (Kruskal-Wallis test).

In Lake Lasmiady the levels of all the water parameters
studied (with the exception of iron) were higher than in La-
ke Ptywajace Wyspy. The sediments of Lake fLasmiady
were richer in PO,, Na and Ca, whereas those of Lake Pty-
wajace Wyspy showed higher levels of NO,, total N, K and
SO,. The total Fe and SiO, dissolved concentrations were
similar in the two lakes studied.

At the beginning of the growing season the leaves of Nu-
phar lutea from both lakes contained higher amounts of
PO,, NO;, total N and SO, than at the end of the growing
season.

In Lake Pltywajace Wyspy higher SiO, dissolved con-
tents were noted at the beginning of the growing season
than at its end. A reverse trend was observed in the case of
Lake tasmiady. At the beginning of the growing season
the leaves of Nuphar lutea collected from Lake tasmiady
contained higher concentrations of K and Na, whereas hi-
gher Ca and total Fe levels were detected in both lakes at
the end of the growing season. During the whole study pe-
riod the leaves of Nuphar lutea from the two phytocoeno-
ses studied showed similar levels of Ca, total Fe and SiO,
dissolved. Higher contents of PO,, total N, K and Na were
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detected in the leaves of Nuphar lutea collected from Lake
Lasmiady, whereas the leaves from Lake Ptywajace Wyspy
had higher amounts of NO, and SO,.

In both lakes the NO,, Na and SiO, dissolved contents of
rhizomes of Nuphar lutea were higher in before the gro-
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wing season than in November, whereas the levels of PO,
total N and total Fe were higher in November. In Lake La-
Smiady the rhizomes of Nuphar lutea contained higher
amounts of Ca in March than at the end of the growing sea-
son, whereas in the case of Lake Ptywajace Wyspy higher
levels of K and SO, were detected. Similar levels of NOj,
K and SiO, dissolved were noted in the rhizomes and roots
of Nuphar lutea during the whole study period. Significan-
tly higher PO,, total N, Na and total Fe values were recor-
ded in the case of Lake Lasmiady during the entire study
period, whereas Ca and SO, levels were greater in Lake
Plywajace Wyspy.

The concentrations of the analysed microelements (Mn,
Cd, Zn and PDb) in total, were higher in the case of the oli-
go-humotrophic Lake Ptywajace Wyspy.

It was found that the differences in the chemical compo-
sition of water and sediment between the two lakes of dif-
ferent trophic types were more pronounced than in the case
of leaves, rhizomes and roots of Nuphar lutea (in many ca-
ses the plants had similar component levels and their varia-
tions).
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