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Abstract

MARTINKOVA Z., HONEK A. (2000): Variation in the germination of seeds of Rumex obtusifolius in the Czech Republic.
Plant Protect. Sci., 36: 101-106.

In 1995-1998 we investigated the variation in the germination of 215 seed accessions of Rumex obtusifolius L. collected at
various sites of Bohemia (Western Czech Republic). Seeds of 5-15 randomly selected plants were harvested at each site and 100
or 150 seeds of each plant were germinated at constant 25°C and 4 h light daily. The average proportion of germinating seeds was
12.7%. At some sites there was a significant variation between plants as well as between fertile shoots within plants. At many
other sites the proportion of germinating seeds was low in all plants. As a consequence, the variation between sites was signifi-
cant in all years except 1998. By contrast, in all years the average germination did not differ between samples collected in
October-December, January-March and April-June. There was no correlation between plant stature and germination percent-
age. The variation in germination percentage was probably caused by differences in the occurrence of primary seed dormancy,
and controlled by genetic or maternal differences between plants but only slightly influenced by seasonal or annual variation of
the weather.
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In central Europe, seeds of Rumex obtusifolius L. ma-
ture in August to October. The dispersal of propagules
from dry standing fertile shoots continues over a long
period and some seeds may remain on dry shoots until
early June of the next year. Before dispersal, seed sam-
ples contain a variable proportion of seeds which do not
germinate. The absence of germination is largely due to
innate seed dormancy. The experiments with materials
whose dormancy was terminated revealed that the pro-
portion of non-germinating and probably dead seeds was
low, mostly below 5% (e.g., TOTTERDELL & ROBERTS
1979). The proportion of primary dormancy could by re-
vealed by germination experiments at constant tempera-
tures, under light conditions (MILBERG 1997) where
non-dormant seeds germinate. By conirast, experimental
exposure of imbibed dormant seeds to fluctuating tem-
peratures resulted in very rapid termination of dormancy
(TOTTERDELL & ROBERTS 1979). Temperature fluctua-
tions also affect termination of dormancy in the open (VAN
ASSCHE & VANLERBERGHE 1989). The variation of the
percentage of primary seed dormancy was the objective
of several studies (CAVERS & HARPER 1966, 1967; TE-

RAI 1994; KOHOUT & VOBORNIKOVA 1997; MARTIN-
KOVA & VOBORNIKOVA 1998). In the UK the propor-
tion of dormant seeds varied between plants at the same
locality, as well as between localities. HARPER (1977)
concluded that variation between plants is generally more
important than locality-specific variation. The variation
is influenced by conditions during the period of vegeta-
tive growth, flowering and seed maturation. Defoliation
at anthesis caused the seeds to be smaller and to germi-
nate more readily (MAUN & CAVERS 1971a) while par-
tial removal of flowers caused the seeds produced by the
remaining flowers to be larger but to germinate less readily
(MAUN & CAVERS 1971b). MARTINKOVA et al. (1999)
established a contrary trend in a part of seed materials
collected from intact plants in the open and concluded
that the incidence of primary seed dormancy is controlled
by several factors including, besides extrinsic influences
at the time of seed maturation, also genetic and maternal
variation between the plants (HONEK & MARTINKOVA
in prep.).

As the proportion of germinating seeds varies geograph-
ically, we studied this variation in central Europe, where
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adetailed investigation has not been made until now. The
extent of variation between individual plants at the same
site and between sites were investigated. As the study
extended over four years (1995-1998) the variation be-
tween years and the differences which may appear be-
tween seeds collected at different seasons were also
considered. We also studied the importance of plant size
on germinability of seed.

MATERIAL AND METHODS

Seed Collection. Seed materials were collected at lo-
calities of the Western Czech Republic, Bohemia (49°30'-
50°47'N, 13°15'-15°47'E), at altitudes of 160-800 m a.s..
(Fig. 1). Every year the sampling was done between Oc-

Fig. 1. The localities of collection of R. ebtusifolius seeds. Some
points represent several closely adjacent sampling sites

tober and June of the next year. The collection sites were
located in meadows, abandoned fields, roadside ditches
and forest clearings. Some stands were cut in the vegeta-
tional season and regenerated before the onset of autumn,
others remained intact. It was impossible to discriminate
between previously cut and uncut stands at the time of
seed collection. Some sites were sampled repeatedly in
successive years but sampling was done on different
plants. In total we investigated 215 “seed materials”. Each
“seed material” was a set of samples of seeds of different
plants collected at one site and date. Each seed material

was collected from a group of plants growing on an area
of ca. 30 % 30 m. The distance between sampling sites
usually was >1 km, at least 200 m. Five plants were se-
lected randomly at each site, taking care not to prefer tall
plants or those with many shoots. The achenes were col-
lected from all standing shoots, collecting from broken
shoots was avoided. Between-plant variation was studied
in material collected at Kalité (49°40'N, 14°41'E, 580 m
a.8.1.), on January 26, 1997. The seeds were collected sep-
arately from the tallest, medium and shortest fertile shoots
of 15 plants. In 1996, the number of fertile shoots and the
plant height were recorded for a number of sampled plants.
The collected achenes were dried and stored at room con-
ditions (21-23°C, 40% relative humidity) until germina-
tion determination 10—40 d after seed collection.

Germination. One week before germination was deter-
mined the seeds were freed from the perianths by hand
rubbing. Three samples of 50 seeds or one sample of 100
seeds were established from each plant. For the study of
between-plant variation (material of Kalist¢) five sam-
ples of 50 seeds were used from each shoot. For the ger-
mination experiments each seed sample was placed on a
filter paper in a 10 cm diameter Petri dish and 5 ml tap
water were added. The Petri dishes were kept at 25°C ata
4 h light and 20 h dark regime. Germinated seeds were
counted and removed in 2 d intervals until no further ger-
mination occurred within 4 days.

Statistical Evaluation. The germination percentages
were arcsin transformed. To test for geographic, annual
and seasonal differences the transformed values were sub-
jected to one-way ANOVA. The within-years variation
between sites was tested by using site as a factor and ger-
mination percentages of individual plants as replicates.
To test variation in time, average germination percentag-
es for different sites were calculated to prevent the effect
of repeated measure data. These data were then grouped:
(1) Across the years according to the season when the seed
materials were collected: October—December, January—
March, and April-June. (ii) Across the seasons accord-
ing to the years of collection — winters 1995-1996 to
1998-1999 (the collection periods are further indicated
by the year when they started, i.e., 1995-1996 as 1995).
The existence of differences was tested by taking the sea-
son or the year as factors and average germination per-
centages at sites as replicates. The significance of seasonal
and annual differences was then tested by Scheffé test.
The between-plant and between-shoot variation (materi-

Table 1. Factors of between-plant variation in the percentage of seed germinability at the locality Kali§tg, 26.1.1997. Nested

2-way ANOVA (shoots within plants) with random effects

Effect

Error

Factor F P

SS df MS S5 df MS
Plant 65.3720 14 4.6694 8.6164 30 0.2872 16.2577 0.0000
Shoot 8.6164 30 0.2872 9.6115 173 0.0556 51696 0.0000
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al of KaliSt&, 26.1.1997) was tested by nested 2-way
ANOVA (shoots nested within plants) with random ef-
fects, The relationship between dormancy and plant stat-
ure was evaluated in 1996, by calculating regression of
germination percentages of seeds of particular plants on
height or numbers of fertile shoots. Statistical calcula-
tions were made using STATISTICA® for Windows
(STATSOFT 1994).

RESULTS

Variation between Plants. At the locality of Kalisté (Ta-
ble 1) there were significant differences in the average
germination percentage between 15 investigated plants.
The germination percentage ranged from 1.0 to 85.5%.
The average germination was 18.2%, the interval of the
mean =SD was 1.7-49.9, being asymmetrical due to the
angular transformation of the percentage data. The be-
tween-plant variation explained 70.9% of total variance
in germination percentage. The variation between shoots
within plants explained 9.3% of total variance in germi-
nation percentage but was still highly significant.

Effect of Plant Stature. In 1996, there was no correla-
tion (p > 0.05) between plant height or number of fertile
shoots per plant and germination percentage (Fig. 2). Both
characters which contribute to whole plant size were sig-
nificantly but only loosely correlated (N shoots = 0.056
x plant height — 0.936, R* = 0.0736, df = 176, F = 13.98,
p < 0.005). We therefore calculated their product to ob-
tain the overall index of plant size. However, neither this
product was significantly correlated with percentage of
seed germination (arcsin germination = 0.002 x plant
height +0.142, R*=0.0091, df = 176, F = 1.620, p > 0.05).
Plant stature thus was not related to percentage of seed
germination.
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Fig. 2. The frequency of average percentage of germination in
seed materials collected at 215 sites of Bohemia in 1995-1998

Variation between Sites. The variation between sites
(Table 2) was highly significant in all years exept 1998.
At some sites there was a high average germination, usu-
ally accompanied by a great between-plant variation. By
contrast, at many sites the average proportion of germi-
nation and between-plant variation was low. The average
germination at different sites varied between 0.0-99.5%.
The distribution of the average germination percentage
was left-skewed (Fig. 3), being < 3% at 59 sites (27% of
the total of 215 seed materials).

Seasonal Variation. The variation of proportions of dor-
mant seeds in materials collected at different sections of
the period during which mature seeds overwintered on
dry standing shoots was not significant (Table 3). The
average germination of seed materials collected in the
October—December, January—March and April-June peri-
ods were 16.2%, 10.4% and 12.9%, respectively (Table 4).
The mean total proportion of germination was 12.7% (SD
1.2-35.9%). The average proportion of germination re-

Table 2. The significance of between-site differences in the percentage of seed germinability within years of observation. 1-way
ANOVAs of sets of samples collected in different years (1995-1998)

Biistor Effect Error F B

SS df MS SS df MS
1995 44,5759 17 2.6221 5.8843 158 0.0372 70.4062 0.0000
1996 146.8645 93 1.5792 24.3883 401 0.0608 25.9655 0.0000
1997 91.6032 80 1.1450 67.2794 341 0.1973 5.8035 0.0000
1998 6.3616 18 0.3534 15.2185 71 0.2143 1.6488 0.0709

Table 3. The significance of annual (data of Table 5) and seasonal (data of Table 4) differences in the percentage of seed
germinability. 1-way ANOVA of all seed materials grouped along the years across the seasons or along the seasons across the

years
Factor Effect Error F 7

SS df MS SS df MS
Year 1.6528 3 0.5509 51.4502 211 0.2438 2.2594 0.0826
Season 1.0533 2 0.5267 52.0497 212 0.2455 2.1451 0.1196
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Fig. 3. The regression of germination percentage of seed materials of particular plants collected in 1996 at different sites on plant

height (above) and number of fertile shoots (below)

Table 4. Seasonal differences in percentage of dormant seeds
(all seed materials grouped along seasons across the years) and
the test of statistical significance of the results (probability of
null hypothesis that the means of the tested sets of data are
equal)

Table 5. Annual differences in percentage of dormant seeds
(all seed materials grouped along the years across the seasons)
and the test of statistical significance of the results (probabili-
ty of null hypothesis that the means of the tested sets of data
are equal)

Scheffe test Scheffé test
Season i Mean SD Y T — Season n Mean SD 1995 1996 1997
Autumn 69 16.2 1.4-457 * * 1995 18 246 53557 ¥ ¥ *
Winter 97 10.4 0.9-29.9 0.1199 . 1996 94 11.2 0.5-35.0 0.0861 * =
Spring 49 12.9 1.8-33.6 0.6330 0.7034 1997 84 122 1.2-342 0.1501 09813 *
Total 215 £2.7 1.2-35.9 1998 19 13.0 4.8-25.0 04122 0.9808 0.9987
Total 215 12.7 1.2-359

mained similar over the whole period of seed persistence
on dry shoots.

Annual Variation. The variation of the percentage of
germinating seeds between years was not significant (Ta-
ble 3). The average proportion of germinating seeds was
16.2%, 11.2%, 12.2% and 13.0% in 1995-1998, respec-
tively (Table 5).

DISCUSSION

The study has revealed a large variation in germination
percentage between seed materials of different plants and
sites. A large proportion of this variation was apparently
due to differences in the percentage of innate seed dor-
mancy, and thus reveal individual and geographic varia-
tion in the occurrence of this character. The between-plant
variation in the percentage of germination was large, sim-
ilar to Western Europe (CAVERS & HARPER 1966, 1967)
and Japan (TERAI 1994). The study showed that regard-
less of a large variation between individuals, the varia-
tion between sites was still significant. This was due to
the uneven distribution of the variation of germination
between sites. At the majority of sites the percentage of
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germination was generally low and the between-plant vari-
ation was lirnited. Some sites, however, contained a mix-
ture of plants with low and high seed germination. This
variation caused a significant between-site variation es-
tablished in all years when a large number of seed materi-
als was available.

The study demonstrated that, in natural populations,
seed germinability was not correlated with plant stature.
This may appear to contradict published results on exper-
imental manipulation of Rumex growth whose conse-
quences also modified seed germinability, The absence
of a correlation may be due to a multiplicity of factors
affecting the induction of primary seed dormancy. These
factors include genetic, maternal and epigenetic causes.
‘We have demonstrated (HONEK & MARTINKOVA in prep.)
that germination percentage is correlated with the time of
sprouting of fertile shoots in the spring. Early and late
sprouting was specific for individual plants during a three
years study. Further important factor of seed germinabil-
ity is the cutting of shoots during the vegetational season
which substantially affects the germinability of seeds har-
vested from regenerated fertile shoots. Cutting decreases
not only the proportion of germinable seeds but also the
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between plant variation that would appear in uncut plants.
Herbivore grazing on growing plants, arthropods as well
as mammals, also influenced germinability (MAUN &
CAVERS 1971a, b). These epigenetic effects largely mod-
ify the intrinsic tendency of seed germinability. At the
period of seed dispersal it was impossible to establish the
effects of earlier cutting or grazing. Therefore, we re-
frained from determining geographic (altitudinal or lati-
tudinal) trends which might appear if the plants had
remained intact.

An interesting result was the absence of annual varia-
tion in the percentage of germinating seeds. This varia-
tion may be expected if weather at the time of seed
maturation were a factor of seed germinability. In 1995—
1998, we did not observe a significnt annual variation of
seed germinability, although differences in average July—
September (period of seed maturation) temperatures were
greater than 2.5°C (temperatures of Prague-Ruzyné). The
absence of annual variation in the percentage of seed ger-
minability indicated that weather had probably little in-
fluence on the induction of innate seed dormancy.
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MARTINKOVA Z., HONEK A. (2000): Variabilita kli¢ivosti nazek §toviku tupolistého, Rumex obtusifolius L., v Ceské
republice. Plant Protect. Sci., 36: 101-106.

V letech 1995-1998 jsme zkoumali variabilitu kli€¢ivosti nazek §toviku tupolistého, Rumex obtusifolius L., v pfirodnich popula-
cich ze severnich Cech (49°30'-50°47' N, 13°15'-15°47" E). Materiily nazek byly sklizeny od fjna do &ervna nasledujiciho roku
ze suchych matefskych rostlin. Na kazdé lokalit& byly oddélené sebrany nazky z 5-15 ndhodné vybranych rostlin, celkem 215
vzorki z riznych lokalit. Sebrané naZky byly uchovény v pokojovych podminkach. BEhem 10-40 dni po sbéru bylo z kazdého
vzorku 3 x 50 nebe 1 x 100 nazek ponechéano kli¢it za pfistupu svétla pfi konstantni teploté 25 °C. Primérny podil kli¢ivych
nazek na jednotlivych lokalitich byl 12.7 % s intervalem 8D 1.2-35.9 % (asymetrie zpisobena angulérni transformaci procent-
nich dat). Na lokalité Kaliité byla zjiiténa statisticky vyznamna variabilita procenta kli¢ivosti mezi jednotlivymi rostlinami
a mensi i kdyZ rovnéz statisticky vyznamna variabilita mezi odnoZemi na téZe rostliné. Na fad€ jinych lokalit v8ak procento
kli¢ivosti naZek bylo v8eobecné nizké nebo vysoké a variabilita mezi semennymi materidly z jednotlivych rostlin byla mala.
Nasledkem toho byla zjisténa statisticky vyznamna variabilita mezi lokalitami ve viech sledovanych letech kromé roku 1998.
Variabilita kli¢ivosti naZek je zfejmé kontrolovana faktory specifickymi pro jednotlivé rostliny nebo lokality. Nebyla viak zji3-
téna z4dn4 korelace mezi velikosti nebo poétem odnoZi matefské rostliny a procentem klig¢ivosti nazek. Rovnéz nebyly zjiStény
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vyznamné rozdily v kli¢ivosti mezi vzorky sebranymi v jednotlivych letech nebo mezi vzorky sebranymi na podzim, v zimé ana
jafe. Z toho lze uéinit zavér, Ze variabilita kli¢ivosti nazek §foviku tupolistého je mélo ovliviiovana sezonnimi nebo meziroénimi

zménami pocasi.
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