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ABSTRACT

Van der Velde, G., Giesen, Th. G. and van der Heijden, L., 1979. Structure, biomass and
seasonal changes in biomass of Nymphoides peltata (Gmel.) O. Kuntze (Menyanthaceae),
a preliminary study. Aquat. Bot., 7: 279—300.

A study has been made on structure and biomass of Nymphoides peltata (Gmel.) O
Kuntze in an old river branch of the river Waal (The Netherlands). Some notes have been
made on the ecology and distribution of the species. The external morphology of the spe-
cies has been deseribed.

Correlations have been calculated between parameters such as leaf surface and length of
the different plant parts with their ash-free dry weight. The mean ash-free dry weight of
the flowers including the pedicels for each developmental stage has been determined.

Biomass samples have been taken during a whole year in the centre of a dense Nympho-
ides bed, so that the seasonal changes in biomass per m? could be followed.

In contrast with the other plant parts, the roots showed a very high percentage of ash
in June when root biomass is lowest; in winter the roots show absolutely and relatively
the highest biomass. The mean ratio aboveground biomass—underground biomass was high-
est at the end of June (3.20) and lowest in January (0.27).

The correlation between leaf surface (per m?) and total biomass (per m?) can be de-
scribed by a quadratic regression equation.

As variation in time of nearly all measurements was large, more information is needed
to describe the changes in biomass on the sampling site more exactly. The general reliability
of the results of the study must also be tested in other localities.

INTRODUCTION

In 1974 an investigation was initiated on the structure and dynamics of
nymphaeid communities in the surroundings of Nijmegen, The Netherlands.

Nymphoides peltata (Gmel.) O. Kuntze is the dominant species of one of
the vegetation types under investigation. An earlier paper dealt with some
aspects of decomposition of N. peltata (Lammens and van der Velde, 1978).
This paper deals with observations and measurements on structure and bio-
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mass of the species in a former river bed of the river Waal between Bemmel
and Lent, north of Nijmegen during 1976 and 1977.

The purpose of this investigation was two-fold, viz. (1) to measure the bio-
mass and changes in biomass per m* in a pure stand of N. peltata, and (2) to
find correlations between biometrical data and biomass. With the aid of these
correlations an estimation of plant mass and loss of material by decomposi-
tion can be made in terms of biomass by simple measurements in the field.

As correct descriptions and figures of the total morphological structure of
the plant are mostly completely lacking in literature, an account of the exter-
nal morphology of N. peltata is also given.

NOTES ON DISTRIBUTION AND ECOLOGY

N. peltata occurs in central, west and southern Europe, north and west
Asia, Kashmir, the Himalaya and Japan (Gliick, 1924). Further, the species
has been introduced in North America (Gliick, 1924; Stuckey, 1974). In Eu-
rope the species extends north to the 60th degree of latitude (Hegi, 1927;
Hultén, 1950); the northern limit of distribution coincides more or less with
the 16°C July isotherm.

N. peltata is the only species belonging to the genus occurring in modera-
tely cold temperate areas. Nearly all other species occur in the tropics and
sub-tropics of both hemispheres (Meusel et al., 1978). After Miiller-Stoll and
Krausch (1959), N. peltata is not so much thermophilous in the sense of need-
ing warm summers, but in not tolerating cold winters.

In Europe there are perhaps two races, a west European sub-oceanic and a
Siberian continental race (Meusel et al., 1978). The cytogeography of the
genus Nymphoides is described by Ornduff (1970). N. peltata is hexaploid
(x = 9) having 2n = 54, as recorded from Germany and Kashmir.

In The Netherlands N. peltata occurs commonly in polder and fluviatile
areas. Here it is a true freshwater species which does not occur in areas where
the average chlorinity rises above about 300 mg/l. It occurs in eutrophic, alka-
line waters at a water depth of 0.3—3.0 m.

The plant occurs on clay or sapropelium; it grows best on mineral bottoms
such as clay. The presence of N. peltata is an indication of a dynamic environ-
ment with water movements caused by wind, currents or/and tidal osciliations.
The plant occurs in ditches, canals, waterways and “break-through” pools of
dikes (““wielen”), but is most frequent in backwaters, especially those which
are strongly influenced by high water of the river and are flooded in winter
(van der Voo and Westhoff, 1961). It has been found most frequently at wa-
ter depths from 1 to 1.5 m and the average degree of coverage increases with
depth.

DESCRIPTION OF THE AREA STUDIED

Samples for biomass measurements were taken from an old river branch,
situated in the northern river forelands of the river Waal between Lent and
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Bemmel, north of Nijmegen (Fig. 1). The eutrophic, alkaline water, which is
strongly influenced by the river, has a depth of 2—3 m. In this locality beds
of N. peltata occur on a bottom consisting of a sapropelium layer, 20—50 c¢cm

thick, deposited on heavy river clay.
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Fig. 1. Map of the study area. The sampling site is marked by an arrow.
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MATERIAL AND METHODS

Samples of N. peltata were taken at a water depth of 10—50 cm at a dis-
tance of 1—8 m from the banks by means of a 50 X 50 cm frame made of
PVC tubes. A surface of 0.25 m? per sample was dug out. Eighteen samples
were taken on five dates. The samples were taken to the laboratory in plastic
bags where the length, and in the case of leaf blades also width, of the various
plant parts were measured and the number of roots on short and long shoots,
leaves, short and long shoots, and flowers and fruits were counted. As not all
roots could be dug out undamaged, the number of roots could be determined
by counting the fresh root marks.

The surface of each leaf blade was calculated by the formula

(l +w )277

4

in which [ is the leaf length measured from the leaf tip to the tip of the basal
lobe, and w is the maximum width of the leaf. The reliability of this formula
has been tested by measuring 20 leaf blades with a leaf area meter LI-3000
connected with a LI-3050 A recorder (relative error 1%). The average relative
difference between both methods was 2.8%, the latter method producing
slightly higher values. This was caused by slight overlap of the basal lobes in
some leaves, as the larger leaves had to be split into two halves when measur-
ing with the leaf area meter. The above mentioned formula was chosen be-
cause its application is simple; further, no leaves had to be sectioned and the
measurements could even be made in situ, without damaging the vegetation.

The plant material was cleaned as well as possible by washing with tap wa-
ter and by polishing with a cloth to remove mud, attached fauna and peri-
phyton. The various plant parts (flowers, fruits, leaves, petioles, short shoots,
long shoots (flowering stems included) and roots) were then packed separately
in aluminium foil and dried at 105°C for approximately 12 h and weighed.
The material was ashed at a temperature of 550°C for 12 h and weighed (Vol-
lenweider, 1969). All biomass data have been expressed in mg or g ash-free
dry weight/m?. In the case of the roots it appeared necessary to calculate a
mean biomass per whole root for each date separately.

Samples of all different plant parts have also been collected to find a cor-
relation between parameters such as surface and length of these plant parts
and their ash-free dry weight. Linear, quadratic and cubic regression equations
have been calculated with a regression analysis program with the aid of an
IBM computer. For each plant part the most reliable regression equation was
chosen from the three calculated ones, on the grounds of the lowest standard
error (S.E.) and the highest correlation (R?). Further, the reliability of the
line or curve chosen was tested with Student’s {-test.



283
THE STRUCTURE OF NYMPHOIDES PELTATA

N. peltata is a glabrous aquatic plant with floating leaves, emerged flowers
and stolons creeping in and on the bottom layer (Fig. 2). The system of sto-
lons can be divided into long and short shoots, which are anatomically iden-
tical (Wagner, 1895). The difference between long and short shoots is only
in the length of the internodes.

According to Gliick (1924), the long shoots can reach a length of 16.5—
122 cm. They creep over the bottom and are green in colour. The internodes
are after our measurements (5—) 10—40 (—75) cm long and 0.3—1.0 cm
thick; according to Gliick (1924) they are 8.56—22.3 (—47.5) cm long and
(0.2—) 0.3—0.7 cm thick. The nodes of the long shoots possess (2—) 5 (—7)
adventitious roots and one leaf per node. In the axil of such a leaf a flower-
ing stem or a short shoot can develop.

The total length of a short shoot varies, according to Gliick (1924), from
1.8—21.3 em with 5—24 short internodes which can be 0.2—0.6 (—2.0) cm
long and 0.48—0.70 c¢m thick; according to our measurements the total
length of a short shoot varies from (0.5—) 2—10 (—15) cm, with internodes
at most 0.6 cm long. The short shoots are whitish in colour and are anchored
in the bottom by roots. The short shoots are situated laterally and alternating
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Fig. 2. General structure of Nymphoides peltata.
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along the long shoots. They give rise to leaves which grow in a 2/5 spiral
(Wagner, 1895). A short shoot has, after our observations, (0.5—) 2 (—8)
leaves and (1—) 4—6 (—18) roots/cm. From the base of each leaf mark 2—3
adventitious roots descend; their length reaches to about 40 em (Fig. 2). The
roots grow laterally and from the underside of the short shoot, sparsely from
the upperside (Gliick, 1924). These roots are only sporadically branched or
provided with much smaller rootlets. From the axil of a leaf of a short shoot
a long shoot can develop (Fig. 3). This long shoot can be considered to be
one of the second order (de Wit, 1966); it can produce short shoots of the
second order. The branching pattern can repeat itself in this way several times,
so that one plant can cover a considerable area.

Short shoots with thickened roots hibernate and form new leaves and long
shoots in spring (Fig. 3). Short shoots should, according to Gliick (1924), in-
crease in numbers under the influence of decreasing temperature and daylength,
so that the most short shoots should occur in winter. Our observations show-
ed that the longest short shoots were found in spring and early summer
(Fig.4).

The length of the petioles of normal vegetative leaves varies with the watex
depth from 30—300 cm. The length of the leaf-blades, (0.8—) 5—9 (—15) cm,

i
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Fig. 3. Structure of a hibernating short shoot of N. peltata.
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Fig. 4. Frequency of short shoots of N. peltata in length classes. N = number of short
shoots measured.

varies with the bottom composition, water depth and the time of the year in
which they are produced. The leaves are nearly always floating on the water
surface. The petioles are very flexible but at the end of the growing season
there are some leaves which grow some cm above the water surface and at

the end of autumn there are only very small winter leaves, often with a leaf
area of only 1 em?, below the water surface, as also recorded by Gliick (1924).

The changes in leaf size and their frequency during the season can be read
from Fig. 5, where leaves are classified into size classes. In winter (28 January)
only very small leaves, which do not develop into floating ones, are present.

In spring and early summer (June) small folded leaves appear, which soon be-
come unfolded under the influence of increasing light and temperature. These
leaves belong to size class 2; they grow fast and will soon reach size class 3.
During the season these leaves are replaced by larger ones, as can be seen by
comparing the results of the 26 June and 26 July sampling (Fig. 5). In summer
new leaves can grow faster under water, so that small leaves have a lower fre-
quency. In August smaller leaves become more frequent and replace the larger
ones. This is also due to the appearance of more generative shoots, which bear
smaller leaves. Later in September the new leaves remain smaller and later on
only submerged winter leaves are present.

The dependency of the leaf size on the water depth can be demonstrated
by means of the results obtained from a N. peltata bed in a pond connected
with the Bisonbaai along the river Waal. Samples of 0.25 m? were taken in a
transect from the banks to open water and the water depths were measured.
All leaves of the samples were measured, the mean leaf surface per leaf was
calculated for each sample. A cubic regression equation appeared to be the
most reliable for the correlation between leaf surface and water depth (Fig. 6).
The regression equation is significant as P is between 0.01 and 0.02. Thus
smaller leaves occur mainly near the banks in shallow water, then follows a
zone with more medium-sized leaves, and near the margin of the vegetation
with the open water large leaves are the most numerous.
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Fig. 6. Correlation between water depth and mean leaf surface per leaf of N. peltatain a
transect in a pond connected with the Bisonbaai, July 1976.
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The flowering stem (Fig. 7) develops just as a short shoot in the leaf axil
from the node of a long shoot. It consists of a stolon comparable to a long
shoot growing to the water surface. The first internode can become very long.
Its growth stops when the water surface has been reached so that it is about
as long as the petioles of the vegetative leaves. The nodes of the flowering
stem usually bear no roots.

The leaves of the flowering stem differ from the vegetative leaves by being
stiffer and smaller in size (2—5 cm long) and having relatively short petioles;
they often rise above the water surface. The leaves stabilize the terminal, cy-
mose flower clusters and hold them near the water surface. The pedicels,
which are up to 10 ¢cm long, curve during their growth to above the water sur-
face where anthesis takes place. The corolla withers after only 1 day. The pe-
dicels of withered flowers curve down again into the water, where the fruits
mature. A description of the flowers, the floral biology and seed production
will be given in a separate paper (see also Ornduff, 1966). Optimal flowering
occurs in July and August, while the vegetative growth continues from April
to November.

Regularly, plants can be found which differ from the description given
above by the fact that the apex of a long shoot grows to the water surface so
that the petioles of the vegetative leaves are shorter than normal with respect

Fig. 7. Structure of a flowering stem of N. peltata. N = node, F = flowering stem, S = long

shoot.
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to water depth, as can be seen in Fig. 7; this has also been noticed by Funke
and Bartels (1937) and Funke (1951) during their growth experiments with
N. peltata. All branchings in N. peltata appear to be sympodial.

Very good figures which show complete plants belonging to the genus Nym-
phoides are given by Aston (1973) for the Australian species. One of these
species N. geminata (R.Br.) O. Kuntze shows, with the exception of the upper
part of the flowering stem, a general structure identical to that of N. peltata.

MEASUREMENTS OF BIOMASS
Biomass of various plant parts related to biometrical values

Samples of all different plant parts have been collected in the field for each
plant part on only one date.

The flowers with pedicels were divided into eight developmental stages,
each of which was treated separately. The numbers of each stage collected
were 18, 15, 11, 11, 6, 14, 9 and 8, respectively. The mean measures of the
various developmental stages are given in Table I. By dividing the total bio-
mass (ash-free dry weight) by the number of flowers of each stage, mean bio-
mass values were calculated.

During the development of the flower, the pedicel included, the mean ash-
free dry weight appears to increase from 1.8 to 68.8 mg. The relative increase
in ash-free dry weight of the pedicel is greater than that of the flower during
the development to the moment of anthesis (Fig. 8, stages 1—6). After flower-
ing, the corolla withers (Fig. 8, Stage 7) and its ash-free dry weight decreases.

The percentage of ash during the development can be read from Fig. 9.
The pedicel shows two increases in the percentages of ash, viz. during early
growth and after flowering when the pedicel curves down into the water. The
gynoecium shows a distinct increase in the ash percentage after anthesis asso-
ciated with fruit setting.

Of other plant parts, length, and in the case of leaves also surface area, have
been measured or calculated in cm or ¢cm?, and the ash-free dry weight was
determined in g. For the correlation between the biometrical data of each in-
dividual plant part and the ash-free dry weight, regression equations were cal-
culated.

Linear regression equations were found for short shoots and roots, quadra-
tic regression equations for leaf length and leaf surface, fruits and petioles,
and a cubic regression equation for the long shoots (Fig. 10). All equations
appeared to be highly significant as P was between 0.002 and 0.01 in the case
of fruits and smaller than 0.001 in all other cases.

For the petioles it was necessary to calculate two quadratic regression equa-
tions, one for petioles shorter than about 35 cm and one for petioles larger
than that length. The path of the curve can mean that the petiole grows to a
length of about 35 ¢m mainly by cell-division by which biomass can increase,
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but when the petiole further grows out its biomass decreases probably due

to cell enlargement, as this process needs energy from respiration (Black and
Edelman, 1970). By means of cell enlargement the petioles can quickly reach
a great length adapted to high water-levels. Funke (1951) has set young plants
of N. peltata under water and found that the young leaves (the old ones gen-
erally do not react any more) can grow about 1 cm/h during 1 or 2 days (23
cm/day), but a more rapid growth of 35 cm/day could also be recorded. At

vaow. 3

Mean length of
a9
Y " the pedicel

B 78 195 37 s eas 45 %04 Total biomass(mg)

gynoecium
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calyx

flower bud

CEmNEN

pedicel

1 8
Developmental stage

Fig. 8. Developmental stages of the flower of N. peltata, the pedicel included (above)
(fruit body in stages 6—8 schematically drawn), the ash-free dry weight (middle) and the
relative share of different flower parts in the ash-free dry weight (below).
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Fig. 9. The percentage of ash of the various flower parts and the pedicel of N. peltata re-
lated to dry weight during the development of the flower (stages 1—8 corresponding with
those in Fig. 8). Flower bud means all flower parts together.

high water-levels or in turbid water, especially in spring, they must grow out
by using their own energy resources.

Seasonal changes in biomass

Samples have been taken during a whole year to study seasonal changes in
biomass and to determine the share of the various plant parts with respect to
the total biomass/m? during the season (Tables II and III).

The percentage of ash related to the dry weight is calculated for each plant
part at each sampling date (Fig. 11). The ash content of flowers (pedicels in-
cluded) ranged from 10.7—14.4% (the mean values per date from 11.1—14.4%),
of leaf blades from 9.1—17.4% (the mean values per date from 10.7—14.8%),
of petioles from 7.9—21.2% (the mean values per date from 10.7—16.6%), of
long shoots from 3.9—16.0% (the mean values per date from 6.3—14.1%), of
short shoots from 4.9—15.5% (the mean values per date from 6.0—15.3%)
and of roots 5.6—b50.7% (the mean values per date from 7.5—47.5%). It ap-
peared that in some plant parts there is an obvious change in the percentage
of ash during the season. Leaves and petioles do not change very much, while
short and long shoots show a somewhat higher percentage of ash in early sum-
mer during the period of strong growth and later in June, when flowering
starts. The roots show relatively a very high ash content in the early summer.
All other differences fall within the standard deviations (Fig. 11).
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Fig. 10. A, Correlation between the length of a leaf of N. peltata and its ash-free dry
weight, 20 April 1976. B, Correlation between the surface area of a leaf and its ash-free
dry weight, 20 April 1976. C, Correlation between the length of the petiole and its ash-
free dry weight, 4 Aug. 1976. D, Correlation between the length of a short shoot and its
ash-free dry weight, 20 April 1976. E, Correlation between the length of a long shoot
measured from node to node and its ash-free dry weight, 20 April 1976. F, Correlation
between the length of a root and its ash-free dry weight, 28 Jan. 1977. G, Correlation
between the length of a fruit of N. peltata including the calyx and its ash-free dry weight,
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Fig. 11. The percentage of ash of various plant parts of N. peltata related to dry weight
during the season. Broken lines mean standard deviations.



TABLE II

Numbers and biometrical data of various plant parts of N. peltata/m? at various dates
(Flowering stems have been included under long shoots; the number of long shoots could
not be counted as the samples contained many fragments)

Date Sam- Flowers Leaves Short shoots Roots
ple (number {number (number m™?)  (number m™)
m™?) m™?)
26 June 1976 1 262 532 56 512
2 148 28 640
4 Aug. 1976 3 166 31 569
4 275 244 38 869
5 81 344 63 1738
6 131 44 588
7 144 369 81 2681
20 Sept. 1976 8 388 144 3252
9 380 144 2812
10 208 48 1136
11 204 44 612
12 192 84 1252
28 Jan, 1977 13 164 132 2468
14 104 26 1732
16 84 96 1372
1 June 1977 16 292 116 1536
17 228 116 2224
18 168 200 3620
Date Sam- Leaves Short shoots Long shoots
ple (em?m™?) (emm™?) (em m™?)
26 June 1976 i 19036 124 3930
2 8380 104 1148
4 Aug. 1976 3 9994 155 508
4 11700 86 1647
5 195256 234 3606
6 10650 1717 458
7 20675 283 6303
20 Sept. 1976 8 4632 674 3386
9 7362 422 4598
10 3414 102 724
11 4235 100 806
12 1982 197 944
28 Jan, 1977 13 340 2208
14 322 680
15 280 388
1 June 1977 16 9424 532 832
17 7380 808 2704
18 5804 1262 1936
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Further, the relative changes in biomass can be read from Table IV, where
per date the mean ash-free dry weight per cm? of leaves, per cm of long and
short shoots and per root is given. The biomass/cm? leaf surface was rather
constant. For the long shoots the biomass/cm appeared to be highest in early
June and lowest in August. The biomass/root was highest in early June and
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Fig. 12. The share (ash-free dry weight) of the different plant parts in total l_)iomass of
N. peltata at each sampling date and its occurrence above and under the sediment. A -
absolute mean values; B = relative mean shares of each plant part to the whole plant bio-
mass/m? at each date. Long shoots and flowering stems have been given together as long
shoots. The data on flowers include the pedicels.
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TABLE IV

Mean ash-free dry weights of various plant parts of N. peltata in the course of a season

Date Mean  Leaves Long Short Roots
(gem™2)  shoots shoots (g/root)
(gem™) (gem™)

26 June 1976 0.0041 0.0139 0.0599 0.0700
S.D. 0.0004 0.0016 0.0115 =

4 Aug. 1976 0.0087 0.0200 0.0620 0.0800
S.D. 0.0008 0.0073 0.0286 =

20 Sept. 1976 0.0039 0.0139 0.0563 0.0901
S.D. 0.0006 0.0028 0.0099 =

28 Jan. 1977 = 0.0146 0.0673 0.1000
S.D. = 0.0084 0.0096 =

1 June 1977 0.0031 0.0051 0.0263 0.2520

S.D. 0.0001 0.0012 0.0019 i

Long shoots grow especially in spring and early summer, together with the
short shoots (Fig. 12). In winter there are mainly roots with short shoots, a
few long shoots and some small leaves, which have been weighed together
with the petioles. It is very striking that the mean total biomass/m? does not
differ significantly in the months August, September and January, as the dif-
ferences all fall within the standard deviations, while biomass is low in June.
The high values of root biomass in winter and low values in June can mean
that the roots are the organs in which nutrients are stored in winter, these are
used especially during the period of strong growth in spring and early summer.

The ratio between aboveground and underground biomass is highest in
June and lowest in January (Table V). We could calculate a correlation be-
tween leaf area/m? and total biomass/m? using all data collected (Fig. 13).

As the sampling area has an almost constant depth and a homogeneous bot-
tom composition, it has been supposed that its influence on leaf surface is
constant. Therefore, the total biomass can be calculated as ash-free dry weight/
m? with the following quadratic equation

y=172.6 x* - 284.2 x + 250.4
S.E.=41.0, R? =0.84,n =16, P< 0.001

y = ash-free dry weight in g m™2, and x = leaf area in m?> m™2,
The dry weight/m? can be calculated with the formula

y=199.2 x? - 321.7 x + 278.2
S.E.=42.4,R? =0.87,n =16, P < 0.001

y = dry weight in g m™2, and x = leaf area in m? m™2. This formula also gives
a description of the development of total biomass/m? related to the leaf area/
m? during the season.
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TABLE V

Ratio between aboveground (A) and underground (U) parts of N. peltata (Short shoots
and roots are considered as underground parts, the other plant parts as aboveground parts)

Date Sam- A U A/U Aver. A/U  8.D.
ple (g m™). (g m?) per date
26 June 1976 1 224.33 44,27 5.07 3.20 2.66
2 66.16 50.29 1.32
4 Aug. 1976 3 111.76 56.73 1.97 1.52 0.41
4 111.07 72.82 1.53
5 216.12 154.63 1.40
6 110.54 60.94 1.81
T 208.22 222.44 0.91
20 Sept. 1976 8 111.28 315.88 0.35 0.56 0.20
9 176.15 278.63 0.63
10 57.78 108.53 0.53
11 54.06 61.82 0.87
12 54.28 123.62 0.44
28 Jan. 1977 13 67.31 267.92 0.26 0.27 0.02
14 53.90 192.98 0.28
15 44.42 160.14 0.28
1 June 1977 16 52.28 52.60 0.99 0.67 0.30
17 48.78 76.56 0.64
18 49.86 1286.00 0.39

. .
(] 1 2
— mm LEAF  SURFACE

Fig. 13. Correlation between total leaf area/m® and the total biomass (ash-free dry weight)/
m? of N. peltata. Two values have not been used for the calculation as they clearly fall out-

side the general picture.
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DISCUSSION AND CONCLUSION

The results presented here must be considered to be preliminary although
the various formulas calculated during this investigation produced very reli-
able results, they have only been used in the direct surroundings of Nijmegen,
and have not yet been tested in other field situations and on other dates. Their
general applicability has still to be proved. If they also appear to be valid

in other situations they may be a useful and non-destructive tool for biomass
determination.
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