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Summary

Galinsoga parviflora (Asteraceae) is a widespread

annual weed that produces capitula containing both

disc achenes with pappus and ray achenes without

pappus. The latter are dispersed within a winged

structure formed by capitulum bracts. We buried both

achene types in an agricultural soil to be exhumed

regularly to investigate whether they differed in

survival, germinability and fungal colonization in the

soil seedbank. Ray achenes remained viable longer

than disc achenes, with different loss rates for the

achene types. In both cases, loss rate was very high for

the first 10 months, and then loss rates for the achene

types tended to level off and even converge by the end

of the observation period. The percentage of remaining

viable disc achenes was always c. 10–15% lower than

that of the ray achenes, except on the first and last

sampling dates. Germination percentages for viable ray

and disc achenes before burial and after exhumation

were not statistically different during most of the

observation period, except for that between 100 and

200 days of burial (mid-autumn–winter). There, germi-

nation of disc achenes reached 26.4% after 126 days of

burial, whereas germination of ray achenes was close to

zero. In addition, after 779 days, the germinability of

ray achenes was 21.3%, whereas it was 0% for disc

achenes. Surface-disinfected viable disc and ray achenes

had low infection rates (0–15%) for both fungi and

bacteria during the observation period. The fungal and

bacterial infection peaks for both achene types were

asynchronous. In general, the expected difference

(lower infection rate for ray achenes) was not observed

for fungal or bacterial infection.

Keywords: Alternaria alternata, fungal colonization,

achenes, Fusarium oxysporum, Galinsoga parviflora,

heteromorphic, seed, germination.

Introduction

Galinsoga parviflora Cav. (Gallant soldier) (Asteraceae)

is an annual species that is considered a very serious

major weed in more than 20 countries (Holm et al.,

1979). It is a strong competitor with a number of crops

and G. parviflora harbours crop pests and pathogens

(Lordello et al., 1988; Mertelik & Mokra, 1998). It is

also invasive, colonizing new ground where it is able to

persist. One characteristic that enables G. parviflora

persistence is the ability of the achenes to remain viable

within the soil. The formation of a persistent seedbank

has been inferred from studies of seedling emergence

patterns (Martı́nez-Ghersa et al., 2000). However, there

are no studies of G. parviflora seed longevity within the

soil and the behaviour of its dimorphic achenes has not

been documented in such environment. This knowledge

would be important in the management of this cosmo-

politan weed.

A number of weeds produce dimorphic sexual prop-

agules that have different patterns of dispersal, dor-

mancy and germination (Becker, 1912, cited in

Salisbury, 1942; Forsyth & Brown, 1982; Corkidi et al.,

1991; Joley et al., 1997; De Clavijo, 2001; and reviews by

Mandák, 1997; Koyama, 1998). However, the behaviour

of dimorphic sexual propagules in the soil seedbank has

seldom been explored. Dimorphic achenes of Heteroth-

eca latifolia Buckley differed greatly in their survival and

behaviour in the soil; c. 55% of the shallowly buried disc

achenes germinated after 40 days, whereas c. 20% of the
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ray achenes germinated under the same conditions

(Venable & Levin, 1985). Less than 5% of the ray

achenes buried at 1-cm depth germinated after 80 days

of sowing, suggesting that H. latifolia forms a perma-

nent seedbank at least with ray achenes. In contrast,

multimorphic achenes of Heterosperma pinnatum Cav.

do not form a permanent seedbank, and the depletion

rate for the various achene types in the soil was quite

comparable (Venable et al., 1987). These studies, how-

ever, considered periods of 1 year or shorter, and they

did not explore the sources of seed mortality within the

soil.

Microorganisms have frequently been found within

weed seeds either as seed-borne pathogens or apparently

innocuous colonizers (Kremer, 1993; Espinosa & Váz-

quez, 1994). Although there is presumptive evidence of

fungi as seedbank depletion agents (Kremer, 1993), there

are no studies showing the possible importance of fungi

as mortality agents in the seedbank dynamics of species

with heteromorphic propagules. A differential suscept-

ibility to soil microorganisms among morphs could be

hypothesized because of the presumed differences in

permanence within the soil among heteromorphic

propagules.

The aim of this study was to quantify the longevity

and germinability of the dimorphic achenes of

G. parviflora within the soil and explore the role of

soil fungi that colonize those achenes.

To determine whether differences in survival existed

between these types of achenes, we buried achenes in a

field of lucerne and recovered them periodically over

839 days. In addition, we performed germination tests

to determine whether the viable achenes were ready to

germinate once that they had been exhumed. We also

determined susceptibility to soil fungi colonization for

both achene types, because fungi are a cause of mortality

of seeds in soil (Kremer, 1993; Baskin & Baskin, 1998).

Thus, differences between achene types in their ability to

survive in the soil might be correlated with susceptibility

to fungi.

Materials and methods

Study species

Galinsoga parviflora is predominantly an agricultural

weed in central Mexico, where it supposed to have

originated (Canne, 1977). It produces capitula with both

ray achenes, without a pappus, or, less frequently with a

rudimentary pappus formed by four to six readily

falling, short-barbed bristles half as long as the scales

from disc achenes (Salisbury, 1942; Espinosa & Saru-

khán, 1997; Rzedowski & Rzedowski, 2001), and disc

achenes with a pappus formed by a crown of scales

(Fig. 1). Capitula have three to eight ray flowers and 15–

50 disc ones in the Valley of México (Espinosa &

Sarukhán, 1997; Rzedowski & Rzedowski, 2001). Thus,

around 15–20% of the achenes come from ray flowers.

Although ray achenes have no pappus or only a

rudimentary one, they are dispersed within a winged

structure formed by capitulum bracts (Espinosa &

Sarukhán, 1997). Ray achenes are slightly larger than

disc achenes (2.0 mm vs. 1.7 mm). Achenes have no

dormancy when they are produced in autumn but they

require light to germinate (Van Rooden et al., 1970;

Baskin & Baskin, 1981, 1998). Achenes germinate well

over a range of temperatures 10–35�C (Mes, 1954, cited

in Andersen, 1968). Ray achenes have higher germina-

tion percentages and rates than those from the disc

achenes (Rai & Tripathi, 1987). The achene dimorphism

and their differential behaviour in germination could

suggest that both achene types have different behaviour

in the seedbank.

A B

C D

Fig. 1 Disc achenes of Galinsoga parviflora with intact pappus (A)

and with the pappus removed (average length: 1.7 mm; average

weight: 0.26 mg) (B). Ray achenes covered by capitulum bracts (C)

and without cover (average length: 2.0 mm; average weight:

0.23 mg) (D).
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Experimental procedures

Galinsoga parviflora achenes were collected in November

1991 at the Instituto de Investigaciones Agrı́colas,

Forestales y Pecuarias (INIFAP) Research Station

Rancho Santa Lucı́a, in Texcoco, Estado de México,

19�17¢N latitude and 98�53¢W longitude. They were then

dried, sorted into disc and ray achenes and put in

5 cm · 5 cm organza (fine mesh cloth) bags. Each bag

with ray achenes contained 56 mg (243 ± 11 SD

achenes); each bag with disc achenes contained 62 mg

of them (239 ± 18 SD achenes). We prepared 100 bags

of each achene type that were closed by sewing and

joined in pairs (disc–ray achenes) with a 20-cm nylon

string to facilitate recovery from the soil.

The Rancho Santa Lucı́a used to be a dairy ranch,

with most of its land dedicated to growing lucerne

(Medicago sativa L.), maize (Zea mays L.) and other

forage crops. Currently, it is an agricultural research

station. The soil is a sandy clay loam with 2.5% organic

matter. The climate is subhumid temperate with rain

from summer to autumn, according to the Köppen

climatic classification (Garcı́a, 1968). The rainy season

starts in early June and ends in mid-October or early

November. The experiment was carried out within a

50 m · 100 m plot near the centre of a lucerne field

cultivated in rows for seed production. Nomenclature

for G. parviflora follows Rzedowski and Rzedowski

(2001).

On 22 July 1992, paired bags of achenes were buried

10 cm deep between the lucerne rows separated from

other pairs by 5 m starting from one extreme of the plot.

The germination peak for G. parviflora in field condi-

tions occurs 1 or 2 weeks after the beginning of the rainy

season. At each sampling date over 863 days

(28.7 months), five randomly chosen bag pairs were

exhumed. Exhumed bags were allowed to dry at room

temperature before they were processed. We considered

firm achenes as viable because the soft ones usually were

empty or decayed, presumably by microbes (Bouwme-

ester & Karssen, 1993). Firm achenes were counted and

separated into two groups, one to estimate germinability

and the other to obtain mycobiota. Survival was

estimated by counting all remaining firm achenes at

each sampling date for the whole period. However, we

were only able to perform germinability and mycobiota

assays for 12 sampling dates over the first 458 days of

burial and two later dates, those for 779 and 839 days.

The achene drying, sorting and counting exposed the

seeds to daylight at least 15 days before they were sown

in Petri dishes under fluorescent light mixed with

daylight. This exposure was enough to fulfil the

G. parviflora achenes light requirements, because for

this species light after ripening or storage is required for

germination (Mes, 1956, cited in Andersen, 1968; Baskin

& Baskin, 1981). Achenes were germinated in water-agar

(1% wt/V) in an incubator at 25�C for 7 days. Mycob-

iota was obtained by disinfection of the achene surface

with 3% sodium hypochlorite for 1 min, rinsing with

sterile water and plating the achenes on malt-agar

followed by incubation at 25�C for 7 days. This proce-

dure eliminated all the soil organisms from the achene

surface that did not colonize the seed. We considered

that the only fungi capable of reducing seed survival in

the soil were those able to penetrate the seedcoat (Baskin

& Baskin, 1998).

Germination and mycobiota assays were performed

in Petri dishes, each one with 25 (sometimes 20) firm

achenes from each exhumed bag. We used five bags to

obtain 125 achenes, when possible, that were distributed

in five Petri dishes. Fungi were isolated and identified

using standard mycological techniques (CMI, 1968) and

specialized literature (Booth, 1971; Ellis, 1971; Barnett &

Hunter, 1972). The achenes producing bacterial colonies

were counted but we made no attempt to identify

bacteria to the genus or species level.

Statistical analysis

We used analysis of deviance (ANDEVA) to test isolated

and interactive effects of time and achene type on soil

seed survivorship. In this analysis we used a logistic

model of the type Y ¼ e(A + bT + cT2 + dtÆAT + fT2ÆAT)/

[1 + e(A + bT + cT2 + dTÆAT + fT2ÆAT )], where Y is the

proportion of achenes remaining in the soil, A is the

Y-intercept (both achene types have the same intercept at

Y ¼ 1.0 at time 0), b is main slope, c is a quadratic term

that defines the shape of the curve, and d and f are the

terms defining the interaction between time (T) and

achene type (AT). When c is negative, the shape of the

curve is convex, and when c is positive the curve is

concave; if c ¼ 0 the curve is a straight line. A binomial

error was assigned to the dependent variable and a logit-

link function was used to linearize the model (Crawley,

1993). ANDEVA was performed using the statistical pack-

age GLIM 3.77 (Royal Statistical Society, 1985). Over-

dispersion was corrected by dividing the deviance values

by a scale factor as indicated by Crawley (1993).

Comparisons between germinability of achene types after

different periods of burial were carried out using the

Yate’s corrected chi-square test (Sokal & Rohlf, 1979).

Results

Achene survival in the soil

At each sampling date the proportion of viable ray

achenes was always higher than that of the disc achenes
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(Fig. 2). Both curves describing achene loss through

time were concave, indicated by a significantly positive

quadratic term (Fig. 2, Table 1). The main and quadratic

loss rates for disc acheneswere different from those for ray

achenes, as indicated by the significant interaction

between time and achene type (Table 1). In both cases,

the loss was very great during the first 10 months, and

then it tended to level off and even converge for both

achene types by the end of the observation period. For

most sampling dates the difference between the achene

types was c. 10–15%, with fewer disc achenes remaining

firm, except at the first and last sampling dates (Fig. 2).

Germinability of viable achenes after

different periods of burial

Percentage germination before burial and after 22 and

33 days of burial was higher for ray achenes, although

the differences were not statistically significant

(v2 ¼ 1.18, P ¼ 0.28; v2 ¼ 0.65, P ¼ 0.42; v2 ¼ 0.43,

P ¼ 0.51, respectively), and then it decreased to near

zero for both achene types (Fig. 3). Later on, ray

achenes germinability remained close to zero. However,

germination of the disc achenes started to increase and

reached a peak of 26.4% after 126 days of burial

(v2 ¼ 20.44, P < 0.00001). Afterwards, germination

decreased again to close to zero from 253 to 458 days

of burial (Fig. 3). The germination peak for disc achenes

started in mid-autumn, at the end of the rainy season,

and finished in winter. We were not able to perform

germination trials for the period between 459 and

778 days. However, after 779 days, by the end of

summer, the germinability of ray achenes was 21.3%

whereas the disc achenes did not germinate (v2 ¼ 19.04,

P < 0.00001); both types of achenes converged at c.

50% in their germinability after 839 days of burial.
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Fig. 2 Remaining firm achenes of Galinsoga parviflora after

different periods of burial. Solid circles: ray achenes; continuous

line: predicted logistic model for ray achenes with

Y-intercept ¼ 1.0, b ¼ )0.0008, c ¼ 0.000006. Open circles: disc

achenes; broken line: predicted logistic model with

Y-intercept ¼ 1.0, b ¼ )0.0139T, c ¼ 0.000003

(see �Materials and methods� for details of the models).

Table 1 Results of the analysis of deviance performed to individual

and interactive effects of time (T, linear term; T2, quadratic term)

and achene type (AT) on survival of Galinsoga parviflora seeds in

soil. Total deviance (R2) explained by the model was 85%*

Factor Deviance (approx. v2) d.f. R2 P

T 119.1 1 0.68 <0.001

T2 13.5 1 0.08 <0.001

T · AT 10.0 1 0.06 <0.005

T2 · AT 5.2 1 0.03 <0.025

Residual 27.0 23

Total 174.9 27

*Probability distribution is binomial, with a logit-link function and

a 74.43 scale parameter.
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Galinsoga parviflora firm achenes retrieved

from the soil after different periods of

burial. Solid bars represent ray achenes and

those empty, disc achenes. Statistical

comparisons are given in the text.
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Infection percentage for exhumed viable achenes

Both achene types showed low infection percentages for

both fungi and bacteria throughout the observation

period. Disc achenes had 10% infection by fungi

compared with 2% for ray achenes in the first sampling

date, although this difference was not statistically

significant (v2 ¼ 3.05, P ¼ 0.08). Afterwards, the fungal

infection peaks for both achene types were asynchro-

nous (Fig. 4). Bacterial infection was 15% in the ray

achenes exhumed after 3 months of burial compared

with no infection for disc achenes for the same period

(v2 ¼ 24.98, P < 0.0001) (Fig. 4). Bacterial infection

for ray achenes decreased to zero after this peak and

remained practically the same during the whole obser-

vation period. The disc achenes had no bacterial

infection for the whole period, except for a 4% infection

peak at 250 days (NS). Thus, the expected difference

(lower infection rate for ray achenes) was not observed

for fungal or bacterial infection. The fungi isolated from

the surface-disinfected achenes were Alternaria alternata

(Fr.) Keissler and Fusarium oxysporum Schlecht.

Discussion

This study confirms the Martı́nez-Ghersa et al. (2000)

inference that G. parviflora forms a permanent seedbank.

It also shows that its achenes can remain viable within

the soil for more than 2 years. We also found that the

achene morphs differ in their longevity and loss rate

from the seedbank. These traits may help to explain the

persistence of this species in all the places in the world

that it has invaded.

The higher survival in the seedbank of ray achenes

agrees with a hypothesis that has been used to under-

stand dimorphisms in sexual propagules. Risk-spreading

has been frequently used to explain the behaviour of

heteromorphic seeds (Mandák, 1997; Koyama, 1998).

Within the risk-spreading explanations, the high

risk–low risk (HRLR) hypothesis has been proposed

to explain dimorphism in sexual propagules (Venable,

1985). One particular expectation under the HRLR

hypothesis is that the low risk (LR) morph has higher

permanence within the soil than the high risk (HR)

morph because the latter germinates readily. The pattern

found with G. parviflora agrees with this expectation,

although the differences in loss rate in soil was not as

high as that obtained for H. latifolia (Venable & Levin,

1985). These authors used both types of viable achenes,

and after 40 days of shallow burial, about 45% of the

disc achenes compared with 75% of ray achenes did not

germinate. This difference is twice as much as that found

for G. parviflora achenes during the whole burial period.

In the case of H. latifolia, achene types differ greatly in

morphology, particularly in the pericarp, whereas for

G. parviflora, ray and disc achenes are very similar in

weight, length and morphology, the pappus being the

main difference (Fig. 1). It would be interesting to test

whether the differential magnitude between achene

morphs is correlated with the differences in achene type

behaviour in the seedbank. It would also be interesting

to determine if the small differences between the morphs

have been the result of selection in a predictable

agricultural environment by comparing the behaviour

of achenes of a G. parviflora population that grows in

other environments. For example, selection of Hetero-

sperma pinnatum at contrasting sites produced different

patterns of achene morphology and behaviour (Venable

et al., 1987).

The germinability for both achene types was not

statistically different during the first 72 days of burial.

The expected pattern for an HRLR species was that ray

achenes would have delayed germination, i.e. longer

dispersal in time, whereas the disc achenes would have

immediate or only a short period before germination

(Corkidi et al., 1991; Venable & Brown, 1993). The first

72 days of burial were at odds with that expectation, but

later on, the behaviour of both achene types was
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according to the expected pattern until the completion

of 458 days of burial. However, the germinability peak

observed for disc achenes was modest (26% of the

supposedly viable achenes germinated), indicating that

the majority of those remaining were dormant. For a

weed of agriculture, such as G. parviflora, whose

propagules are buried and brought to the surface by

ploughing, this would mean that disc achenes also

persist for almost as long as ray achenes. Neither did the

germinability of both achene types in the two last

sampling dates conform to the expectations for an

HRLR species: after 779 days of burial, all firm disc

achenes remained dormant whereas more than 20% of

firm ray achenes germinated and then, after 839 days

of burial, both achene types showed the same level of

germination. The differences in survival in the soil and in

germinability between the G. parviflora achenes may

suggest that the fitness differences between the morphs

are not as high as those found for HRLR species, at

least for the period when the achenes remain within the

soil. This suggestion should be viewed with caution

because other studies with G. parviflora have shown that

at low and medium nutrient levels, seedlings from ray

achenes survive better than those from disc achenes, but

the reverse is true in high nutrient levels (Rai & Tripathi,

1987). In addition, the same study shows that ray

achenes have higher protein and energy content than

that of disc achenes. These two findings agree with an

HRLR pattern. We did not investigate the dispersal of

both achene types and we are not aware of a published

study on this subject. However, disc achenes are first

dispersed from the capitula and, later on, ray achenes

with their bracteal enclosure, when most ray

achenes have been detached from the capitulum. Ray

achenes require more shaking or wind blowing to

become detached than for disc achenes (F. Espinosa-

Garcı́a, unpubl. obs.). This pattern would also agree

with an HRLR syndrome if the differences in detaching

time would result in different dispersal distances between

achene types.

For both achene types our results suggest that the

non-dormant character shown by unburied achenes

(Van Rooden et al., 1970; Baskin & Baskin, 1981,

1998) is lost once they are buried. This acquired

dormancy lasted for variable periods and once it was

broken, it apparently could be induced again. The

germinability peak for disc achenes started in mid-

autumn and concluded in midwinter. This would coin-

cide with the winter cycle crop, and thus it is possible

that most G. parviflora plants colonizing winter-irrigated

crops would have originated from achenes with pappus.

Unfortunately we do not have data to find out if the

germinability peak started again the following autumn.

If this were the case, disc achenes would have shown

germinability cycles such as those found in other species

(Baskin & Baskin, 1998). In contrast, ray achenes

apparently do not show germinability cycles.

The low incidence of fungal and bacterial infection in

the two types of achenes does not help to explain the

differential achene survival or germinability. According

to the optimal plant defence theory (Rhoades, 1985), we

expected higher susceptibility to infection in disc achenes,

because they were likely to remain for less time within the

soil than ray achenes, which in turn, would be better

defended and thus, less susceptible to the soil microbes

and animals. We did not observe the expected difference,

but rather minor and asynchronous infection peaks with

cycles in the case of fungi. The species that colonized the

achenes in the soil (both types were free of fungi before

their burial), Alternaria alternata and Fusarium oxyspo-

rum, are common fungal soil phytopathogens and can

be isolated from apparently uninfected mature weeds

(Valarini & Spadotto, 1995) and various viable weed seed

species (Kremer et al., 1984; Espinosa & Vázquez, 1994).

The infection cycles might have been due to differential

susceptibility of individual achenes to these phytopatho-

gens, where some achenes were killed, some became

susceptible and perhaps others just carried fungi that

behaved as endophytes within their tissues (Bose, 1956;

Kremer et al., 1984).

The G. parviflora achene types differ in their survival

in the seedbank: viability of ray achenes in the soil lasts

longer than disc achenes. In addition, the germinability

patterns between achene types are different. However,

this species does not display the typical HRLR syn-

drome found in other species with dimorphic propagules

when the achene behaviour in the seedbank is consid-

ered, although the dispersion pattern, the survival of

seedlings originating from disc and ray achenes (Rai &

Tripathi, 1987) agree with the HRLR hypothesis. A

possible explanation for the absence of the typical

HRLR pattern for the achenes in the soil, could be that

the aboveground behaviour of achenes and seedlings

derived from them is not correlated with their under-

ground behaviour, and that the HRLR hypothesis is

more applicable to life cycle stages rather than to

achenes in soil. Another possibility would be that

agricultural selection on G. parviflora reduced the

differences between morphs in the population studied

here, and that in some other populations, selection

results in different patterns from the one found here.

Thus, our population would only represent one point

along a spectrum of possibilities.
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