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Summary

1

 

We investigated the effect of light quality, nitrogen supply, fruit size and age on ger-
mination of the three types of fruit produced by 

 

Atriplex sagittata

 

.

 

2

 

Regardless of fruit type, seed germination was significantly reduced in the dark. Light
quality had no significant effect on germination of seeds from fruit types A and B, both
of which are dormant, but seeds from fruit type C, which are non-dormant, germinated
better in green light (low photon flux and red : far-red ratio, simulating conditions in the
canopy) than in white light.

 

3

 

Optimum nitrate concentration differed between seed types but, for all, germination
was reduced at the highest concentration used.

 

4

 

The effects of cold stratification and its interaction with light and nitrogen effects
were also studied. Strong interactions between stratification and light were found in all
seed types but other interactions were less frequent.

 

5

 

Three size classes of type C fruit showed similar final germination percentages but
large seeds germinated more slowly.

 

6

 

The effect of seed age was highly significant: over a 3 year period, the germinability
of dormant seeds (types A + B) increased while that of non-dormant seeds (type C) fell.

 

7

 

The salt concentration in bracteoles of freshly ripened fruits was too low to mediate
an inhibitory effect on germination. Moreover, the first autumn rain would be sufficient
to remove all the salt from bracteoles.

 

8

 

Differences between fruit types in depth of dormancy, and in response to the quality
of  light and to nitrate concentration in the soil, allows 

 

A

 

. 

 

sagittata

 

 to respond to the
spatial and temporal variation in environmental conditions encountered by this annual
of disturbed habitats.
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Introduction

 

Production of  two or more morphologically and
ecologically distinct types of  diaspores by an indi-
vidual plant is common in such families as Asteraceae,
Chenopodiaceae and Poaceae (Harper 1977; Mandák
1997) and is typical for habitats where the environment
is highly variable in either time (Stebbins 1974; Harper
1977) or space, e.g. deserts and salt marshes (Ellner &
Schmida 1984; Ungar 1987).

Seed heteromorphism may be a bet-hedging strategy

(Venable 1985b), or allow escape from the negative
effects of density (Levin 

 

et al

 

. 1984; Ellner 1985) or sib
competition (Lloyd 1984; Schoen & Lloyd 1984; Chep-
lick 1992; Venable & Brown 1993). If  there are several
types of seed, at least some are likely to survive what-
ever the conditions. 

 

Amphicarpum purshii

 

 for instance,
partitions limited resources mainly into a few large
seeds, allocating any above a threshold value into as
many small seeds as possible (Cheplick & Quinn 1982,
1983). Variable progeny may also allow seeds to be spread
out in space (i.e. dispersive vs. non-dispersive) or time
(dormant vs. non-dormant) (Venable 

 

et al

 

. 1995) or in
such a fashion that they tend to interact less with
relatives (Venable & Brown 1993; Venable 

 

et al

 

. 1995).
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Germination of 

 

Atriplex

 

 spp. (Chenopodiaceae) is
sensitive to many factors but the response to light gives
particularly ambiguous results (e.g. Beadle 1952; but
see Koller 1972). Gap-detection may be important for
the regeneration of many plants from seeds (Grubb
1977) and leaf  canopy-induced dormancy is very
frequently found in species of temperate deciduous
woodlands (Stoutjesdijk 1972). Canopy-filtered light
(characterized by low photon flux and/or low red : far-
red ratio) may also stimulate germination (although
not to the same extent as unfiltered light), as seen in the
ruderal species 

 

Amaranthus retroflexus

 

 and 

 

Potentilla
norvegica

 

 (Taylorson & Borthwick 1969). 

 

Atriplex sa-
gittata

 

 occurs in later stages of succession on ruderal
sites and its germination may be affected by canopy-
filtered light (Mandák & Py

 

s

 

ek 1998).
Most 

 

Atriplex

 

 species occur in nitrate-rich habitats
(Ellenberg 1988) but little is known about the effects of
nitrate concentration on germination and its inter-
action with light quality. In other species, nitrate may
promote germination (Williams & Harper 1965; Bew-
ley & Black 1982) or alter light requirements of seeds
(Hilhorst & Karssen 1988). The presence of bracteoles
may also significantly affect germination in 

 

Atriplex

 

(Beadle 1952; Koller 1957; Osmond 

 

et al

 

. 1980), due to
their high salt concentration, or by diminishing diffu-
sion of oxygen or changing red : far-red ratios.

Baar (1912) identified two ecologically distinct types
of  fruits in 

 

A

 

. 

 

sagittata

 

, but a third has since been
characterized. Kopeck

 

y

 

 & Lhotská (1990) showed that
these differences allowed 

 

A

 

. 

 

sagittata

 

 to germinate
across a wide range of temperatures, but they did not
test the influence of light or nitrates.

We tested whether seeds produced by the three fruit
types of 

 

A. sagittata

 

 differed in their germination response
to light and nutrients or in the presence of dormancy
breaking mechanisms. We also examined whether fruit
size or age affected the pattern of germination and
whether chemical substances present in the bracteoles
leach at a rate consistent with acting as inhibitors of
germination.

 

 

 

Atriplex sagittata

 

 Borkh. (syn. 

 

A

 

. 

 

acuminata

 

 W. et K.,

 

A

 

. 

 

hortensis

 

 L. ssp. 

 

nitens

 

 (Schkuhr) Pons, 

 

A

 

. 

 

nitens

 

Schkuhr) (Chenopodiaceae) is one of  three annual
species of the section 

 

Dichosperma

 

 Dumort., all of which
bear three types of  achenes (Aellen 1960). 

 

Atriplex
sagittata

 

 has spread from its native Central Asia, Asia
Minor and eastern Europe to central and western Europe
where it is abundant in urban areas, on disturbed sites,
and along railways and roads (Kirschner & Tom

 

s

 

ovic
1990; Mandák & Py

 

s

 

ek 1998). It prefers nitrogen-rich
soils and tolerates a high content of KCl and NaCl
(Kopeck

 

y

 

 & Lhotská 1990).
In the Czech Republic, flowering starts in July and

fruits mature from mid-October. Type A fruits originate
from female or bisexual ebracteate flowers and consist

of small, black, lens-shaped achenes with a glossy,
smooth testa enclosed within a 5-lobed perianth. Type
B fruits are produced by female bracteate flowers.
Although its achenes are larger than type A, they have
a similar appearance, but are covered by extended
bracteoles. Type C is also produced by female bracteate
flowers but its achenes are brown and rather large,
covered by extended bracteoles that are bigger than
those of type B fruit (see Fig. 1 and Table 1)

 

Methods

 

Fruits were collected in November 1993, 1994 and 1995
from a population of 

 

A

 

. 

 

sagittata

 

 on waste ground at
Praha-Trója, Czech Republic (50.05

 

°

 

 N, 14.27

 

°

 

 E).
For each collection, the fruits were stored in paper

bags in the dark at laboratory temperature for up to
3 months before the experiments, which were carried
out between November 1995 and April 1996. Fruits
were surface sterilized with 2% calcium hypochlorite,
then placed in 100 mm diameter Petri dishes on a single
layer of filter paper, wetted with 20 mL of water (or
treatment solution) and incubated at 22 

 

°

 

C during a
14-h light period and at 15 

 

°

 

C during 10-h dark period
each day (Hendry & Grime 1993). Germination was
monitored at 3-day intervals for 21 days. Each experi-
ment consisted of 5 replicate dishes of 50 seeds for each
seed type and each treatment.

Fig. 1 The three types of fruits produced by Atriplex
sagittata. The complete dispersal unit of each type (i.e. fruit
enclosed in bracteoles in the case of types B and C, and in
perianth in the case of type A) is shown on the left, and
separated fruits (achenes) on the right.
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  ,   


 

Seeds harvested in autumn 1995 were used in a factorial
design. Seeds were tested for germination after strati-
fication (2 weeks storage followed by 4 weeks in the
dark at 5 

 

°

 

C) and compared with control (unstratified)
seeds kept at room temperature for 6 weeks.

Light treatments were imposed by incubating dishes
under a fluorescent tube (Mini Fluo – 13 W) (white light),
under the same tube but with a single layer of green
plastic (green light), thus simulating canopy shade by
reducing the red : far-red ratio by 69% and the photon
flux density by 56% of white light levels (Skálová &
Krahulec 1992), or by wrapping in aluminium foil (dark).

Potassium nitrate solution (10

 

–1

 

, 10

 

–2

 

 and 10

 

–3

 

 M,
respecitvely, for high, medium and low nitrate) or dis-
tilled water were used to give four nutrient levels.

Three-hundred and sixty dishes were used (3 seed
types 

 

×

 

 2 dormancy treatments 

 

×

 

 3 light levels 

 

×

 

 4
nutrient treatments 

 

×

 

 5 replicates).

 

   

 

Unpublished data (B. Mandák & P. Py

 

s

 

ek) strongly
suggest that weather conditions prior to collection do
not cause maternal preconditioning in this species. The
possible effect of density and nutrient status of the site
(Mandák & Py

 

s

 

ek 1999) on germination was elimin-
ated by using seeds from a locality where the popula-
tion density was constant. Seeds collected in 1993, 1994
and 1995 were stratified prior to being tested in 1995 in
distilled water under white light.

 

   

 

Type C fruit, which exhibit the greatest variation in size
(Mandák & Pysek 1999), were divided into three
classes (

 

≤

 

 0.220, 0.221–0.270 and 

 

≥

 

 0.271 mg). Ger-
mination of seeds collected in 1995 was tested under
white light in distilled water.

 

     


 

Salt may affect seed germination, and chloride ion

concentrations were therefore determined immedi-
ately after seed maturation and at peak germination
(i.e. when germination inhibitors are supposed to have
been leached from bracteoles onto the soil surface).
Bracteoles were collected from waste ground in Kostelec
nad 

 

C

 

ern

 

y

 

mi lesy, on 24 October 1995 and 20 April 1996,
separated from fruits, and gently blot-dried and weighed.

Five oven-dried samples from each harvest were
ashed in a Thermolyne type 1400 muffle furnace for
24 h at 450 

 

°

 

C, and Cl

 

–

 

 concentration was determined
by argentometric titration.

Precipitation data were obtained from the Prague-
Libe

 

n

 

 meteorological station to determine the amount
of water available for leaching. Five replicates each of
200 bracteoles were put into 500 mL of distilled water
and shaken for 25, 45, and 55 min, before analysis of
the remaining chloride concentration.

Mathematical simulation showed that the experi-
mental curve was very well fitted by the relationship:

Where 

 

c

 

 is the concentration of chloride ions in the
solid phase in bracteoles, 

 

t

 

 is the time of leaching, 

 

k

 

 is
the rate constant and 

 

c

 

0

 

 is the initial concentration, with
values of 

 

k

 

 (0.036) and 

 

x

 

 (2.40) optimized by regression.
The amount of water which can be imbibed was

determined by incubating 10 dried bracteoles in dis-
tilled water and this value was combined with bracteole
chloride concentration after 0, 25, 45 and 55 min to
give four decreasing salt concentrations (simulating the
gradual leaching of salt from bracteoles by rain in the
course of  the season). Only type C has fruits with a
permeable testa and these were therefore used to test
the effect of salt concentration.

 

 

 

Data from germination experiments were transformed
(arcsine) before analysis to achieve normality. Multiple
analysis of variance was used to test for differences
between final germination percentages (Snedecor &
Cochran 1956). The pattern of germination over time
was determined by survival analysis with comparison
of multiple samples. A score is first assigned to each

Table 1 Characteristics of fruits and bracteoles in Atriplex sagittata. Mean ± SE is shown for particular fruit types A, B and C
(see text for description); n = 2400 for fruit weight, n = 480 for other measured characteristics (see Mandák & Pysek 1999 for
details on sampling). Means within a column followed by different superscript letter were significantly different at P < 0.05 in
multiple range Tukey’s test

Fruit type Fruit weight (mg) Bracteole weight (mg)
Dispersal unit 
weight (mg)

Bracteole 
area (cm2)

Bracteole : fruit 
weight ratio

A 0.837 ± 0.011a – 0.827 ± 0.011a – –
B 1.521 ± 0.014b 0.656 ± 0.009a 2.167 ± 0.021b 0.420 ± 0.013a 2.426 ± 0.027a

C 3.760 ± 0.060c 1.211 ± 0.020b 4.974 ± 0.076c 0.662 ± 0.010b 3.166 ± 0.033b

Pooled 2.034 ± 0.021 0.933 ± 0.011 2.656 ± 0.027 0.541 ± 0.008 2.796 ± 0.021

c
cx 1–

0–

1  ktc0
x 1––

----------------------------

x 1–

=
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survival time using Mantel’s procedure (Mantel 1967);
next a chi-square value is computed based on the sums
(for each group) of this score. These data were analysed
using Statistica™ software (StatSoft 1998).

 

Results

 

  ,   


 

Analysis of pooled data revealed significant differences

in final germination percentages between seeds pro-
duced by particular fruit types (Table 2). The effects of
dormancy-breaking, light and nutrients were also all
significant, as were all two-factor interactions except
that between dormancy-breaking and nutrients. Seeds
produced by type C fruit germinated the best and those
from type A the least (Fig. 2). Overall, stratified seeds
germinated better then unstratified (Fig. 3d), and the

Table 2 Multiple analysis of variance showing the effect of
particular factors on final germination (performed on pooled
data, n = 360). Data were transformed (arcsine) to achieve
normality. ***P < 0.001, **P < 0.01, *P < 0.05, NS = not
significant

Source of variation d.f. F-ratio P level

Dormancy 1 3777.3 ***
Light 2 187.6 ***
Seed type 2 5972.1 ***
Nutrient 3 42.1 ***
Dormancy × light 2 20.0 ***
Dormancy × seed type 2 504.2 ***
Light × seed type 4 10.2 ***
Dormancy × nutrient 3 3.1 NS
Light × nutrient 6 6.1 ***
Seed type × nutrient 6 14.5 *** Fig. 2 Final percentage of germinated seeds (with SE) of

particular types (pooled data from 1 year). Bars bearing
different letters were significantly different in multiple range
comparison (Tukey’s test) at P < 0.05.

Fig. 3 Final percentage of germinated seeds pooled according to particular treatments or fruit types. Statistical conventions as
in Figure 2.
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final percentage was lower in the dark (Fig. 3h) and
under high nutrients (Fig. 3l).

Survival analysis of pooled data revealed significant
differences in the rate of germination with respect to all
factors considered, i.e. seed type (χ2 = 6991.6, d.f. = 2,
P < 10–5), dormancy-breaking (χ2 = 4.54, d.f. = 1,
P < 10–5), light regime (χ2 = 124.74, d.f. = 2, P < 10–5)
and nutrient regime (χ2 = 62.87, d.f. = 3, P < 10–5).
Seeds from the type A fruit germinated most slowly,
those from type C germinated fastest (Fig. 4a,b).

Breaking of dormancy, light and nutrient levels all
had highly significant effects (P < 0.001) on the final
percentage of germinated seed when fruit types were
considered separately (Table 3). Interaction between
dormancy-breaking and light was also highly signific-
ant for all types, but other interactions were only seen
in one type.

Final germination percentages for each treatment

are given in Table 4. Seeds from type A and B fruits
were dormant and did not germinate without cold
stratification (Fig. 3a,b); while seed from type C fruit
were not dormant although stratification caused a
further increase of germination (Fig. 3c).

Darkness significantly reduced germination in all
seed types, whereas white and green light had a differ-
ential effect only on type C (Fig. 3e, f, g).

For all three fruit types, germination was low at high
nitrate levels (Fig. 3i–k). Type A was stimulated by low
and medium concentrations of nitrate, whereas type B
germinated best at low nitrate levels. Type C fruit were
unaffected except at high nutrient levels (Fig. 3k, Table 4).

Light and nutrient regimes had significant effects on
the course of germination of seeds produced by particular
fruit types, as revealed by survival analysis. Both light
(Table 5, Fig. 4) and nutrients (Table 6, Fig. 4) affected
seed from type C and (provided dormancy had been

Fig. 4 The course of germination as recorded for (a) unstratified and (b) stratified seeds in 3-day intervals. Data points represent
means from 5 replicates. See Tables 5 and 6 for the results of statistical analysis of the germination pattern.
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broken by stratification) type B fruit; however,
although stratified type A fruit responded to nutrient
regime (Table 6, Fig. 4), they were not affected by light
except for a weak response to green light.

   

Final germination percentage was significantly affected
by fruit age (F2,36 = 55.4, P < 10–7), fruit type (F2,36 = 160.5,
P < 10–7) and by their interaction (F4,36 = 184.7, P < 10 –7).
Germinability of seeds from types A and B fruits
increased with increasing age, but the reverse was seen
in type C where germination was > 98% in the 2 two
years but fell to 12.4% after 3 years (Fig. 5).

   

Final percentage of germinated seeds did not differ
among size classes (only tested for type C, F2,12 = 3.8,
P = 0.053). However, survival analysis revealed highly
significant differences in the course of germination
(χ2 = 61.9, d.f. = 2, P < 10–5), with largest seeds germin-
ating significantly slower than those from the medium
and small size classes (Fig. 6).

     
 

Immediately after maturation of seeds, the bracteoles

Table 3 Multi-way analysis of variance showing the effect of particular factors on final germination (performed for seeds from
particular fruit types, n = 120 for each type). Data were transformed (arcsine) to achieve normality. ***P < 0.001, **P < 0.01,
*P < 0.05, NS = not significant

Seed type A Seed type B Seed type C

Source of variation d.f. F-ratio  P F-ratio P F-ratio P

Dormancy 1 769.9 *** 3231.2 *** 409.5 ***
Light 2 32.3 *** 81.2 *** 82.1 ***
Nutrients 3 7.3 *** 7.5 *** 52.2 ***
Dormancy × light 2 18.4 *** 44.5 *** 43.1 ***
Dormancy × nutrients 3 1.8 NS 4.0 * 2.0 NS
Light × nutrients 6 1.8 NS 1.9 NS 9.3 ***

Table 4 Summary of final germination percentages recorded for particular treatments. Means ± SE are given (n = 5). The means
followed by the same letter columnwise were not significantly different in multiple range comparisons within particular nutrient
regimes (Tukey’s test)

Treatments Seed type

Dormancy breaking Light regime Nutrient regime A B C

Unstratified White light Water 0.8 ± 0.5a 0.4 ± 0.4a 84.0 ± 2.3a

Low nitrate 0.0 ± 0.0a 1.2 ± 0.5a 80.8 ± 1.5ab

Medium nitrate 2.4 ± 0.4b 1.6 ± 0.8a 83.2 ± 3.3a

High nitrate 0.0 ± 0.0a 1.2 ± 0.8a 70.4 ± 3.0b

Green light Water 0.0 ± 0.0a 2.8 ± 1.4a 98.4 ± 0.8a

Low nitrate 0.4 ± 0.4a 1.6 ± 1.0a 97.2 ± 1.0a

Medium nitrate 1.2 ± 0.8a 1.6 ± 0.8a 96.4 ± 0.8a

High nitrate 0.0 ± 0.0a 0.4 ± 0.4a 67.2 ± 2.9b

Dark Water 0.0 ± 0.0a 0.0 ± 0.0a 72.0 ± 1.7a

Low nitrate 0.0 ± 0.0a 0.8 ± 0.5a 60.4 ± 5.3ab

Medium nitrate 0.0 ± 0.0a 0.0 ± 0.0a 66.8 ± 3.4ab

High nitrate 0.4 ± 0.4a 0.4 ± 0.4a 54.0 ± 2.1b

Stratified White light Water 14.4 ± 2.4a 78.8 ± 4.5a 98.8 ± 0.8ab

Low nitrate 17.2 ± 3.0a 81.6 ± 1.6a 98.8 ± 0.8ab

Medium nitrate 20.8 ± 2.5a 82.0 ± 3.0a 99.2 ± 0.8b

High nitrate 13.2 ± 3.1a 62.8 ± 1.0b 94.8 ± 1.6a

Green light Water 16.4 ± 1.8a 68.4 ± 4.4a 100.0 ± 0.0a

Low nitrate 23.6 ± 0.1a 84.4 ± 2.2b 98.4 ± 1.6a

Medium nitrate 21.6 ± 3.9a 68.0 ± 3.2a 96.0 ± 0.6b

High nitrate 15.2 ± 2.8a 71.6 ± 2.9a 88.4 ± 1.5c

Dark Water 6.4 ± 1.6a 48.8 ± 2.5a 96.0 ± 1.3a

Low nitrate 7.2 ± 1.7a 48.0 ± 5.0a 94.4 ± 0.8a

Medium nitrate 8.0 ± 1.1a 33.2 ± 5.5a 96.0 ± 1.4a

High nitrate 5.6 ± 2.3a 34.0 ± 1.8a 91.6 ± 2.1a

Total 7.2 ± 0.3 31.9 ± 0.4 86.8 ± 0.4
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contained 21.31 mg Cl– per g dry weight. The ions were
completely leached from bracteoles during autumn
and winter so that the spring value (after dormancy
had been naturally broken) was 0.007 mg g–1.

Leaching of salt from bracteoles was extremely fast
(Fig. 7). The model predicts that although it would
take 28 000 min to reach the value recorded in bracte-
oles harvested in the spring, the concentration of salt
dropped to approximately 5% of the starting value after

only 25 min of shaking. If  time reflects the amount of
precipitation needed, then only 0.09% of the 172.6 mm
of precipitation recorded in the study area for the
period between fruit maturation and spring germina-
tion would be needed to wash out 95% of  salt from
the bracteoles. This 0.15 mm of precipitation would

Table 5 Effect of nutrient regimes on the course of germination (i.e. the pattern of germination over time) as assessed by survival
analysis (see Methods for details) in particular dormancy-breaking and light treatment combinations. Results are shown
separately for seeds of particular fruit types (A, B and C) and for pooled data (ABC). Seeds in the analysis that did not germinate
were considered as ‘survivors’. A significant result means that a different pattern of germination over time was found in seeds of
the given type under different nutrient regimes and given combination of dormancy-breaking and light regime

Treatments A B C ABC 

Dormancy breaking Light regime χ2 P χ2 P χ2 P χ2 P

Unstratified White light 0.00 1.00 0.54 0.91 7.88 0.049 2.76 0.43
Green light 0.00 1.00 1.77 0.62 19.55 0.001 2.64 0.45
Dark 0.00 1.00 0.00 1.00 14.98 0.002 15.29 0.002

Stratified White light 3.09 0.38 41.17 0.001 109.67 0.001 38.46 0.001
Green light 9.04 0.03 65.47 0.001 30.68 0.001 48.40 0.001
Dark 1.01 0.80 41.59 0.001 50.64 0.001 23.93 0.001

Table 6 Effect of light regime on the course of germination (i.e. the pattern of germination over time) as assessed by survival
analysis (see Methods for details) in particular dormancy-breaking and nutrient treatment combinations. Results are shown
separately for seeds of particular fruit types (A, B, and C) and for pooled data (ABC). Seeds in the analysis that did not germinate
were consider as ‘survivors’. A significant result means that a different pattern of germination over time was found in seeds of the
given type under different light regimes and given combination of dormancy-breaking and nutrient regime

Treatments A B C ABC 

Dormancy breaking Nutrient regime χ2 P χ2 P χ2 P χ2 P

Unstratified Water 0.00 1.00 0.00 1.00 7.70 0.02 0.746 0.689
Low nitrate 0.00 1.00 1.19 0.55 32.33 0.001 18.19 0.001
Medium nitrate 0.00 1.00 0.00 1.00 22.02 0.001 0.47 0.788
High nitrate 0.00 1.00 0.49 0.78 14.08 0.001 7.53 0.02

Stratified Water 11.43 0.003 29.52 0.001 9.76 0.008 24.07 0.001
Low nitrate 27.22 0.001 92.76 0.001 30.48 0.001 65.79 0.001
Medium nitrate 21.80 0.001 117.7 0.001 7.618 0.02 66.68 0.001
High nitrate 13.67 0.001 59.16 0.001 12.43 0.002 38.75 0.001

Fig. 5 Changes in germinability of particular seed types with
seed age. Conventions as in Figure 2.

Fig. 6 The germination of seeds of fruit type C of different
size classes. Arrows indicate sampling dates at which the
cumulative percentage germination recorded in the two
smaller size classes was significantly different from that
recorded in large seeds (multiple range comparison, Tukey’s
test, P < 0.05).
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probably be achieved by the first autumn rain following
fruit maturation.

Even the highest salt concentrations (i.e. that
recorded immediately after fruit maturation) of NaCl
(i.e. 1.484 g L–1) did not significantly affect germina-
tion (type C fruit, F5,24 = 0.84, P = 0.54). The percent-
age germination pooled across all concentrations was
high (96.30 ± 2.98%, mean ± SE, n = 30).

Discussion

    
    
 

In many heterocarpic species, dispersal abilities of
diaspores are closely associated with germinability.
Germination is rapid and dormancy low in far-dispersed
diaspores and vice versa (Venable & Levin 1985; Kigel
1992). Atriplex sagittata appears to divide its reproduc-
tive effort between two strategies. Seeds from type C
fruit are non-dormant and germinate as soon as con-
ditions are favourable, thus ensuring survival in the
short term (Wertis & Ungar 1986; Venable et al. 1987),
but populations risk local extinction if  conditions then
become adverse (i.e. it is a high-risk strategy; Venable
1985a) because the seed bank is reduced to zero each
summer (Mandák & Pysek 2001). In contrast, the dor-
mant seeds produced by types A and B fruits ensure
long-term reproduction and survival in the field by pro-
tracted germination, albeit in low quantities (i.e. A.
sagittata also adopts a low-risk strategy; Venable 1985b).

Differences in the pericarp or in the testa of fruit
types are at least partly responsible for the differential
germination (Baar 1912; Osmond et al. 1980; McEvoy
1984; Tanowitz et al. 1987). These structures may phys-
ically impede germination, block gas diffusion, restrict
water intake, or contain chemical inhibitors. In a range
of Atriplex species, including A. hortensis (Osmond
et al. 1980), A. sagittata (Baar 1912) and A. triangularis
(Khan & Ungar 1984, 1985), the pericarp of  fruits

producing non-dormant seeds is formed by flattened,
relatively thin-walled cells, whereas that of dormant
types is formed by densely packed cylindrical sclereids.
In accordance with previous results, the germination
of  seeds from types A and B fruits in A. sagittata
was strongly stimulated by scarification (Kopecky &
Lhotská 1990).

Seed types also differ in their loss of germinability
(recorded by observation of the number of germinated
seeds, not by direct assessment of viability) over time.
Non-dormant seeds (type C fruit) lose their germin-
ability after 2 years, while dormant types (A and B)
show increased germinability with age. The same
phenomenon was observed in A. semibaccata and A.
inflata (Beadle 1952), suggesting that the effect of the
pericarp is only temporary. These patterns may ensure
that emergence rates for seedlings of A. sagittata will be
maintained even in years of strong disturbance, when
all adult plants are destroyed.

The results for different sizes of  the type C fruit
indicate conspicuous variation in germination within
as well as between fruit types. This is an example of the
trade-off  between seed size and emergence and sub-
sequent size of seedlings and their competitive ability
(Ross & Harper 1972; Ellison 1987). Final germination
percentages did not differ but large seeds germinated
more slowly. Seedlings from larger seeds are predicted
to have a higher rate of root extension and thus to be
more drought- and stress-tolerant and more com-
petitive (Black 1958; but see Melzack & Watts 1982).
However, seed size may have no effect in dense stands
where seedling success is largely determined by order
of  emergence (Ross & Harper 1972).

    

Seed germination is regulated by intensity, spectral
composition and periodicity of light (Bewley & Black
1982; Fenner 1992). In all A. sagittata seeds there was a
significant reduction of germinability in the dark, but
the effect of spectral composition depended on fruit
type. An overall stimulation by green light, seen only in
type C, was due to an effect on unstratified seeds (i.e.
there was a light × dormancy interaction). Light had
no effect on stratified seeds. Thus, surrounding vegeta-
tion might act as a regulating factor in the autumn, in
spring there is no reason to suggest that filtering of
incoming light may influence germination.

Stratification, or possibly imbibition, is needed for a
response of types A and B to light, with the resulting
stimulation independent of spectral composition. The
intensity may be partly determined by the hard, black
testa of fruit types A and B, which is probably imper-
meable to far-red light in the same way as for Hieracium
pilosella and Silene nutans (Silvertown 1980). Atriplex
sagittata is found mostly in open, early successional
habitats, but the absence of a gap-detection mechanism
may explain why it is capable of persisting into later
stages of ruderal succession (Mandák & Pysek 1998).

Fig. 7 Leaching of ions from bracteoles. Experimental data
represent the concentration of ions (in mg per g of dry weight)
recorded after the respective period of continuous shaking in
distilled water simulating continuous rain. Theoretical values
are based on the model described in the Methods section.
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    

Nitrate stimulates germination in many weed species
(Vincent & Roberts 1977; Williams 1983) but high levels
reduced germination in A. sagittata. Different optima
(medium nitrate for type A, low for type B) may enable
A. sagittata to occupy a wide range of habitats and to
cope with the remarkably variable NO3

– concentration
in ruderal soil (Ellenberg 1988; Osbornová et al. 1990;
Kovár et al. 1997).

    

Leaching of salt from bracteoles has repeatedly been
reported to stimulate germination in the genus Atriplex
(A. dimorphostegia, Koller 1957; A. hortensis, Osmond et al.
1980; A. nummularia, A. vesicaria, A. semibaccata, A. inflata
and A. spongiosa, Beadle 1952). In all these species,
removal of salt from bracteoles by leaching stimulated
germination. Possible explanations for the high concen-
tration of salt in bracteoles was suggested by Khan et al.
(1985), who found that the seed coat of A. canescens con-
tained a very low concentration of sodium and chloride
and speculated that bracteoles in Atriplex may serve as
a salt-accumulation area. In contrast, the concentrations
of the same ions reported for seed coats of other species,
such as A. triangularis and A. confertifolia were not as
low as in the case of A. canescens (Khan et al. 1987).

However, despite being characteristic of salt steppes,
A. sagittata germination is not affected by salt con-
tained in bracteoles. Beadle (1952) and Charley (1959,
cited by Osmond et al. 1980) showed that 70–100 mm
of precipitation were sufficient to leach about 95–100%
of the chloride from bracteoles. Our model suggests that
bracteole salt may not be important for A. sagittata in
the field because the first autumn rain is probably suf-
ficient to leach almost all their sodium and chloride.
However, the bracteoles of A. sagittata are very leaf-like
and the pattern of leaching may be different from some
species with tightly fused or quite woody bracteoles.

Overall, therefore, heterocarpy may allow A. sagit-
tata to respond to spatial and temporal variation in
environmental conditions, allowing this annual species
to perpetuate itself  in a range of disturbed habitats.
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