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Abstract

Heteromorphic achenes are formed within each capitu-
lum of Galinsoga ciliata (Rafin) S.F. Blake. We examined (1)
the effects of the duration of dry storage on germination and
(2) the effect of burial in soil on viability and germination of
heteromorphic diaspores. Fresh harvested peripheral achenes
remained dormant, while central achenes germinated at 60%.
Both achene types became non-dormant after one month of dry
storage. In successive months of dry storage, peripheral ache-
nes demonstrated a higher germination percentage than central
achenes. The peripheral and central achenes showed similar
temperature requirements during dry storage. A similar germi-
nation pattern was observed in both achene types, with a germi-
nation peak in March (96% of peripheral achenes at 12, 26 and
34°C; 90% of central achenes at 26 and 34°C). The germination
capacity deteriorated over time. After 19 months of dry stora-
ge, both achene morphs failed to germinate at 12°C. At a 26°
and 34°C, the same group of achenes continued to germinate at
a relatively high level. After six and seven months of soil sto-
rage, 90-95% of both achene types remained alive. Dimorphic
achenes were characterized by similar germination percenta-
ge (89-99%) at all temperature intervals, whereas peripheral
achenes exhumed in May were the fastest to germinate. After
18 months of storage in soil (successive growing season), most
of the harvested achenes were dead. The studied achenes did not
form a permanent seed bank.
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INTRODUCTION

The shaggy soldier [Galinsoga ciliata (Rafin)
S.F. Blake, family Asteraceae], a popular root crop
weed, is aneophyte species introduced to Poland around
80 years ago. A native of South America, Mexico and
Chile, the shaggy soldier was described as a rare spe-
cies in Poland in 1929 (Majdecka-Zdziarska,

1929). Today, it is believed to be a widely propaga-
ting and increasingly aggressive species (Korniak,
1997). The shaggy soldier is an invasive alien species
which contributes to the uniformity of the native flora
(www.iop.krakow.pl/ias/2010). This annual plant pro-
duces heteromorphic achenes within each capitulum.

Seed heteromorphism and fruit heterocarpy (the
production of different types of seeds or fruits by an
individual plant, respectively; in the present study, the
term seed heteromorphism is used in its broad sense, in-
cluding fruit heterocarpy that has evolved independen-
tly in distinct taxonomic groups. Seed heteromorphism
has been documented in 18 families of angiosperms
of which the main is Asteraceae (63% of the recorded
species, 52% of the genera). (Baskin and Baskin,
1998; Imbert, 2002). Differentiation among seed
morphs has been found to be more common in desert
annuals or ruderal weeds that exist in highly variable
and unpredictable habitats (ElIner and Shmida,
1984; Harper, 1977; Venable, 1985;Venab-
le and Lawlor, 1980).

In most Asteraceae, the morphological differen-
tiation between achenes (one-seeded fruits) is related
to the position in the capitulum. Peripheral achenes
are formed from ray florets in the outer whorl, whi-
le central achenes develop from disc florets situated
above. The morphological heteromorphism results in
different ecological strategies (ecological consequen-
ces), including dispersal capacity, dormancy and ger-
mination requirements, seedling emergence, seedling
growth, and survival or fecundity (i.a. Baskin and
Baskin, 1998; Chmielewski, 1999; Cor-
kidi etal. 1991; E1-Keblawy, 2002; Imbert,
2002; Matilla et al. 2005; Rocha, 1996; Ve-
nable et al. 1995), which have evolutionary signi-
ficance (Chmielewski, 1999). Plants produce
seeds with varied dispersal, dormancy and germination
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requirements to survive in unsupportive habitats. This
evolutionary mechanism has been developed to pre-
vent species extinction under adverse and variable en-
vironmental conditions (Symonides, 1989).

Among many studies that have examined ger-
mination, dormancy and dispersal capacity, few stu-
dies examine the effect of short-term and long-term
dry storage on germination and dormancy breaking
in species of Asteraceae that produce heteromorphic
achenes Imbert, 1999; Rocha, 1996). The beha-
vior of dimorphic propagules in the soil seed bank has
also been poorly investigated (Espinosa-Garcia
et al. 2003; Venable and Levin, 1985; Vena-
ble etal. 1987).

The objective of this study was to analyze selec-
ted biological parameters of heteromorphic G. ciliata
achenes. The presented experiments investigated (1)
the effects of the duration of dry storage on germina-
tion and (2) the effect of burial in soil on viability and
germination of heteromorphic diaspores.

MATERIALS AND METHODS

The experimental materials comprised mature
achenes of Galinsoga ciliata (Rafin) S.F. Blake col-
lected on 20 September 2004 from a weed population
in carrots grown in the Experimental Garden of the
University of Warmia and Mazury in Olsztyn, 53°78'N
latitude and 20°49'E longitude. On the next day after
harvest, the achenes were divided into two groups ba-
sed on their position in the inflorescence. Two distinct
types of achenes are produced on the same receptacle.
One type, formed from central florets, is characteri-
zed by a pappus-scales aristate, the other type, formed
from peripheral florets, has a strongly reduced pappus
(Kulpa, 1988).

Experiment

Part of achenes were dry-stored in paper bags
under laboratory conditions at ambient temperature
(20+2°C) and RH (relative humidity) of 35-45%. The
first germination test was carried out on the next day
after harvest (21 Sept 2004), and successive tests were
preformed once a month for eight consecutive months
(4 Nov, 2 Dec 2004; 8 Jan, 9 Feb, 10 Mar, 8 Apr,
1 May, 1 Jun 2005) and after 19 months (20 Apr
2005).

The remaining, freshly-matured achenes (three
sets of 250 achenes each in five replications) were mi-
xed with sand, placed in synthetic fabric bags, covered
with plastic mesh and buried in soil at a depth of 10
cm on 21 October 2004. The achenes were exhumed
after six months (4 May 2005), seven months (1 June
2005) and 18 months (18 April 2006) at optimal field
germination dates. After exhumed, live achenes were
counted, and they were referred to as firm achenes

because soft achenes were mostly empty or decayed
(Bouwmeester and Karssen, 1993). After six
and seven months of storage, the achenes that were
firm were subjected to a germination test at the mo-
ment of exhumation.

Germination

Achenes were placed in Petri dishes on two
layers of filter paper moistened with 10 ml of distil-
led water, in incubators, at constant temperature. The
newly-harvested seeds were tested at 12, 22 and 26°C,
and the remaining tests were conducted at 12, 26 and
34°C. Before being tested, the stored seeds were sur-
face sterilized for 1 min in a 3% NaOCI solution and
were rinsed with sterile water. For each treatment, five
replicates of 25 seeds were used. Seeds were conside-
red to be germinated with the emergence of the radicle.
The number of germinated seeds was counted every
day. The final percentage of germinated seeds was cal-
culated for 20 days following seed sowing. The results
are presented as means of the germination percentages
obtained in five replicates + SE of the mean.

The following germination parameters were
determined in the tests carried out at 26°C (after dry
storage for 1-8 and 19 months and after burial for 6
and 7 months): T — time to first observed germinant,
T, — time to maximum germination and GR (germi-
nation rate), calculated as the maximum number of
germinants/ (days to maximum germination — days to
initial germination), as described by Rosello and
Mayol (2002).

RESULTS

Dry storage

Germination of freshly harvested

achenes (stored for 1 day)

Freshly harvested central achenes of G. ciliata
began to germinate on the fourth day. Their germination
capacity exceeded 60% at 26°C, while no germination
or very weak germination was noted at the remaining
temperatures. Peripheral achenes remained dormant in
the applied temperature range (Figs 1A, 1B).

Germination of achenes stored

for 1-8 and 19 months

Both central and peripheral achenes became non-
dormant after one month of storage (Fig. 2). Dormancy
was broken at each applied temperature, and the highest
germination percentage (both morph types) were obser-
ved at 12°C, reaching 96% in central achenes and 87%
in peripheral achenes (Fig. 2A). The lowest germina-
tion (58%) was noted in respect of central achenes sto-
red at 34°C (Fig. 2C). During further dry storage at all
analyzed temperatures (12, 26, 34°C), the germination
of most peripheral achenes was several percent to more
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than 10% higher in comparison with central achenes.
Central achenes were characterized by higher germina-
tion only during the 12°C test carried out in the course
of the first two experimental months (November, De-
cember) and the 34°C test performed after 19 months.
The highest germination percentage was observed in
the fifth month of storage (March), in particular as re-
gards peripheral achenes that germinated at 96% at 12,
26 and 34°C, while the percentage of central achenes
germinating at 34°C reached 89%. After five months of
storage, a gradual decrease in the germination capacity
of both morphs was noted. In both achene types, germi-
nation capacity deteriorated at a temperature of 12°C.
After eight months of storage, peripheral achenes ger-
minated at 33%, and central achenes — 13%. Achenes
dry stored for 19 months failed to germinate at 12°C.
Temperatures of 26°C and 34°C produced a more sup-
portive germination environment. At 26°C, peripheral
and central achenes were characterized by higher ger-

[A]

mination capacity after 19 months of dry storage than
after eight months (June), which reached 72% and 56%,
respectively. The 34°C test carried out after 19 months
of storage showed that central achenes maintained their
germination capacity (60%), whereas the germination
rates of peripheral achenes decreased to 30%.

In the 26°C tests, the germination of most dry
stored dimorphic achenes was induced simultaneous-
ly. In some cases, the germination of peripheral ache-
nes began one to two days sooner in comparison with
central achenes (exceptions: in the second month of
storage, the germination of peripheral achenes was in-
duced four days sooner, and in the fourth month, cen-
tral achenes began to germinate a day before peripheral
achenes). The germination period of each morph type
varied, lasting from three to 12 days (Fig. 3). In most
cases, insignificantly higher GR values were noted for
peripheral achenes (Fig. 4).
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Fig. 1. Cumulative mean percentage of germination of fresh achenes (1 day of dry storage) from peripheral (A) and central (B)
positions in the capitulum of Galinsoga ciliata. The achenes were tested at 12, 22 and 26°C.
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Fig. 2. Germination percentage of dry stored (after 1-8 and 19 months) peripheral and central Galinsoga ciliata ache-

nes. The achenes were tested at 12 (A), 26 (B) and 34 (C)°C. Vertical bars indicate SE.

Soil storage

After becoming separated from the receptacle,
G. ciliata achenes are deposited in the soil seed bank.
After six and seven months of soil burial (exhumed in
May and June), 90-95% live achenes of both types were
recovered (Table 1). Similar germination results were
observed after six and seven months of soil storage.
The germination capacity of dimorphic achenes was
similar, reaching 89-99% at all temperature intervals

(Figs 3A, 3B). At 26°C, the germination of both morph
types was induced simultaneously on the second day
(Fig. 5). Very high GR values were noted in respect
of the peripheral achenes buried in soil for six months
(exhumed in May, 26°C test) (Fig. 5). After 18 months
of soil storage (successive growing season), the survi-
val rates of both central and peripheral achenes were
very low at 1-2% (Table 1).
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Fig. 3. Germination times [days] of heteromorphic Galinsoga ciliata achenes: T (time to first observed germinant; Tp — peripheral
achenes, Tc — central achenes), T 100 (time to maximum germination; Tp 100 — peripheral achenes, Tc 100 — central
achenes) stored dry (tested from Nov 2004 to Jun 2005 and in Apr 2006) and buried in the soil (exhumed in May 2005 and
Jun 2005). The achenes were tested at 26°C.
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Fig. 4. Germination rate [GR] of heteromorphic Galinsoga ciliata achenes (GRp - peripheral achenes, GRc — central achenes)

stored dry (tested from Nov 2004 to Jun 2005 and in Apr 2006) and buried in the soil (exhumed in May 2005 and Jun 2005).
The achenes were tested at 26°C. Vertical bars represent SE.

Table 1.
Percentage (%+SE) of remaining firm achenes of Galinsoga ciliata buried in the soil.
The achenes were exhumed after 6, 7 and 18 months
(in May 2005, Jun 2005 and Apr 2006, respectively) after burial

Times of burial [months] Peripheral achenes Central achenes
6 93+0,58 95+1,00
7 90+1,15 93+1,00

18 2+0,33 1+0,33
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Fig. 5. Germination percentages of firm heteromorphic achenes of Galinsoga ciliata at 12, 26 and 34°C buried in the soil. The
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DISCUSSION

The observations of dimorphic G. ciliata ache-
nes from the moment of separation from the maternal
plant supported the determination which of the specific
characteristics that developed in a tropical climate ena-
bled the species to survive and settle in the local clima-
tic zone. Directly after harvest (day one), the peripheral
achenes of G. ciliata were dormant and showed no sig-
ns of germination, whereas the germination percentage
of central achenes topped 60% at 26°C (Fig. 1). After
one month of storage (late October), both achene types
broke dormancy at 12, 26 and 34°C (Fig. 2). It can be
concluded that the fall emergence of the shaggy soldier
in September (M. Kucewicz, personal observations) is
initiated by peripheral achenes, while the germination
of central achenes begins in the next month. The shag-
gy soldier is highly sensitive to low temperatures, and
it is unable to survive the first signs of frost in a mode-
rate climate (Wehsarg, 1961). The above testifies
to the species’ origins in a subtropical climate where
plants of the family Asteraceae produce non-dormant

seeds (Baskin and Baskin, 1998). The species
controls the timing of germination in non-dormant
seeds by preventing germination until habitat tempe-
ratures increase or decrease enough to be within the
range required for germination (Baskin and Ba-
skin, 1973). Observations of G. ciliata in East Bo-
hemia were carried out by Jursik et al. (2003). The
experiment did not differentiate between the achenes
located in different parts of the capitulum, and the re-
sults were most probably limited to the more abundant
central achenes. In the above study, achenes remained
in deep dormancy from 10 to 100 days. According to
the authors, the duration of primary dormancy was af-
fected by the month and the year of harvest. The seeds
exhumed in July and August were characterized by
a longer primary dormancy period in comparison with
the seeds harvested in September.

In the successive months of dry storage, the
germination percentage of most peripheral achenes of
G. ciliata was similar to or higher than the germina-
tion rate reported for central achenes (Fig. 2). Similar
results were noted in G. parviflora, where ray achenes
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were characterized by higher germination percentage
and rates in comparison with disc achenes. Testing
temperatures and storage times were not specified in
the referenced study (Rai and Tripathi, 1987).

The highest germination parameters were ob-
served in the fifth month of storage (March), in par-
ticular as regards peripheral achenes which germina-
ted at 96% at 12, 26 and 34°C, while the percentage
of central achenes germinating at 34°C reached 89%.
A gradual decrease in the germination capacity of both
achene types was noted in successive months of the
experiment. In both achene types, germination rates
deteriorated at a temperature of 12°C. After 19 months
of dry storage, the studied achenes failed to germinate
at 12°C. At a temperature of 26 and 34°C, the same
group of achenes continued to germinate at a relati-
vely high level, and the germination percentages no-
ted at 26°C reached 72% for peripheral achenes and
56% for central achenes, and at 34°C — 70% for central
achenes (Fig. 2). The effect of short-term and long-
term storage on dormancy breaking was studied in
a small number of heteromorphic species of the family
Asteraceae (Corkidi etal. 1991; ElI-Keblawy,
2003; Imbert, 1999; Rocha, 1996; Venable
and Levin, 1985). The heteromorphic achenes of
Bidens odorata were marked by higher germination
percentage after seven and 16 months of dry storage
than after 2 and 4 months (Corkidi et al. 1991).
The optimal germination parameters in central achenes
of Bidens pilosa were noted immediately after harvest,
and their germination capacity decreased gradually in
the successive months of storage (6, 9, 14, 20) (Ro-
cha, 1996). In Heterotheca latifolia, fresh central
achenes germinated faster and in higher percentages
than peripheral achenes, however peripheral achenes
stored for two months germinated more rapidly and in
higher percentages than when tested fresh (Venable
and Levin, 1985).

In north-eastern Poland, the emergence peak
vital for the survival of the G. ciliata population is
observed between May and June (M. Kucewicz, per-
sonal observations). Spring seedlings originate from
the previous year’s seed bank. The results of the ex-
periment revealed that after six and seven months of
soil storage, the studied achenes remained alive (Table
1) and yielded very high germination rates regardless
of the morph type (Fig. 3). The central and peripheral
achenes deposited in soil until the following season
(18 months) did not survive and failed to form a perma-
nent seed bank (Table 1). The behavior of dimorphic
sexual propagules in the soil seed bank has seldom
been explored. In a study investigating the related spe-
cies of G. parviflora in Mexico, Espinosa-Gar-
cia et al. (2003) demonstrated that achenes formed
a permanent seed bank and survived in soil for lon-
ger than two years. Dimorphic achenes differed with

regard to their life span and the seed bank depletion
rate. According to other researchers (Martinez-
Ghersa etal. 2000), G. parviflora formed transient
seed banks. Varied survival and germination rates of
dimorphic achenes in soil seed banks were also repor-
ted in Heterotheca latifolia (Venable and Levin,
1985). The multimorphic Heterosperma pinnatum did
not create a permanent seed bank, and the depletion
rate for the various achene types in the soil was quite
comparable (Venable etal. 1987).

The majority of G. ciliata diaspores did not sur-
vive the soil storage period of 18 months, and they did
not form a permanent seed bank. When dry stored over
the same period at 20°C, they produced relatively a high
germination percentage (Table 1, Fig. 1). Species crea-
ting aerial seed banks are characterized by non-dormant
seeds that do not form permanent seed banks or require
a short period of light exposure for germination (B a -
skin and Baskin, 1998). The results of observa-
tions suggest that G. ciliata is capable of creating aerial
seed banks in tropical and subtropical climates. Accor-
dingto Martinez-Ghersa etal. (2000), the abi-
lity to form aerial seed banks probably compensates for
the absence of a permanent soil seed bank.

CONCLUSIONS

1. In north-eastern Poland, Galinsoga ciliata achenes
survived in soil only until the following growing se-
ason. 90-95% of both achene types remained alive
after six and seven months of soil storage (exhumed
in May and June). Dimorphic achenes were charac-
terized by similar germination of 89-99% at all tem-
perature intervals, and peripheral achenes harvested
in May were the fastest to germinate.

2. The studied achenes did not form a permanent seed
bank. After 18 months of storage in soil (successi-
ve growing season), most of the harvested achenes
were dead.

3. Directly after harvest (day one), peripheral achenes
remained dormant in the studied temperature ranges
(12, 22, 26°C). The germination of central achenes
topped 60% at 26°C, whereas no germination or
very weak germination was noted at the remaining
temperatures. Both achene types became non-dor-
mant after one month of dry storage. In successive
months of dry storage, peripheral achenes demon-
strated a higher germination percentage than central
achenes.

4. The peripheral and central achenes showed simi-
lar temperature requirements during dry storage.
A similar germination pattern was observed in both
achene types, with a germination peak in March
(96% of peripheral achenes germinated at 12, 26
and 34°C; 90% of central achenes germinated at
26 and 34°C). Germination capacity deteriorated
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over time. After 19 months of dry storage, both
achene morphs failed to germinate at 12°C. At
a temperature of 26°C and 34°C, the same group of
achenes continued to germinate at a relatively high
level (at 26°C: peripheral achenes — 72% and central
achenes — 56%; at 34°C — central achenes — 70% and
peripheral achenes — 30%).

5. After 19 months of dry storage at room temperature,
diaspores were characterized by a high germination
percentage, whereas most achenes failed to survive
the same period of storage in soil. The above sug-
gests that the species is capable of creating an aerial
seed bank, a trait manifested in its center of origin.
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Wplyw heteromorfizmu na kietkowanie
nielupek zéltlicy owlosionej
[Galinsoga ciliata (Rafin) S.F. Blake]

Streszczenie

Zéttlica owlosiona (Galinsoga ciliata) wytwa-
rza w kwiatostanie nietupki brzezne i srodkowe. Ce-
lem badan bylo: 1) zbadanie wptywu czasu przecho-
wywania w warunkach suchych na kietkowanie oraz
2) zbadanie wpltywu przechowywania w glebowym
banku nasion na przezywalnos¢ i kietkowanie hetero-
morficznych diaspor. Bezposrednio po zbiorze peryfe-
ryczne nietupki znajdowaty si¢ w spoczynku, nietupki
srodkowe kietkowaty w 60%. Po 1 miesigcu suchego
przechowywania oba typy nietupek stawaly si¢ nie-
spoczynkowe. W trakcie kolejnych miesiecy nietupki
brzezne zwykle kietkowaly lepiej niz srodkowe. Wy-
magania temperaturowe brzeznych i centralnych nie-
tupek w trakcie przechowywania w tych warunkach

byty na zblizonym poziomie. Obserwowano podob-
ny wzorzec kietkowania peryferyjnych i srodkowych
nietupek z maksimum kietkowania w marcu (brzezne
w 12, 26 i 34°C kietkowaly w 96%; centralne w temp.
26 i 34°C — 90%). W pbzniejszym okresie zdolnosé
kietkowania obnizata si¢. Po 19 miesigcach nietupki
obu typéw w 12°C nie kietkowaly, natomiast w 26
i 34°C kietkowanie wcigz bylo wysokie (w 26°C —
brzezne — 70% 1 srodkowe — 58%; w 34°C — srodkowe
—70 %, brzezne — 30%).

Po 617 miesigcach w glebie (wykopane w maju
1w czerwcu) atrybuty przezycia utrzymywato 90-95%
nietupek kazdego rodzaju. Dymorficzne nietupki kiet-
kowaty we wszystkich zastosowanych temperaturach
na zblizonym poziomie (89-99%), ale najszybciej
z nich kietkowaty nietupki peryferyjne wykopywane
w maju. Po 18 miesigcach w glebie (kolejny okres we-
getacyjny) wigkszos¢ nietupek byta martwa. Nietupki
nie tworzyly trwatego banku nasion.
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