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Short communication. Secondary dormancy in Diplotaxis erucoides:
a possible adaptative strategy as an annual weed
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Abstract

The germination of stored Diplotaxis erucoides seed was studied under controlled conditions of temperature and
light by conducting germination tests over three years after collection. The D. erucoides seed was not dormant at
harvest, but secondary dormancy appeared during storage as indicated by reduced germination 12 months after collection
(from 92% down to 39%). This could be overcome by prolonged storage or by the use of gibberellic acid. Such shifts
between dormancy and non-dormancy can be interpreted in terms of the soil seed bank dynamics in relation to intra-
specific competition and/or with its adaptation as an annual weed in periodically disturbed soil in cultivated areas.
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Resumen

Comunicacion corta. Dormicion secundaria en Diplotaxis erucoides: una posible estrategia adaptativa
como mala hierba anual

Se estudid la evolucidn de la germinacion/dormicion de semillas de Diplotaxis erucoides mediante ensayos perio-
dicos en condiciones controladas (temperatura y luz), durante tres afios desde el momento de su recoleccion. Las se-
millas recién recolectadas no presentaron dormicidn, pero a los 12 meses aparecio una dormicion secundaria (la ger-
minacién disminuy6 de un 92% a un 32%), desapareciendo posteriormente durante el almacenamiento o mediante
aplicaciones exdgenas de acido giberélico. Los cambios entre estado no durmiente y durmiente de las semillas se in-
terpretan como una dinamica de las semillas en el banco del suelo, como posible estrategia relacionada con la com-

peticion intraespecifica y su adaptacion como mala hierba anual.
Palabras clave adicionales: acido giberélico, almacenamiento, banco de semillas, germinacidn, semillas.

Diplotaxis erucoides (L.) DC. is a widespread weedy
crucifer around the Mediterranean extending from the
Iberian Peninsula, across central and southern Europe
and North Africa to western Asia (Martinez-Laborde,
1993). It is naturalized in North and South America
(Martinez-Laborde and Méndez, 2001). It is a fre-
quent weed of numerous crops, notably in vineyards
(Mendiola and Olmedo, 1987; Wilmanns, 1991) and it
can reach high levels of infestation on both unirrigated
and irrigated land. Like many annual weeds (Fenner,
1992), its short life cycle, its ability to prosper in highly
disturbed environments, and the high number of small
seeds produced per plant provide it with remarkable colo-
nizing and invasive capacity (Gadgil and Solbrig, 1972).

* Corresponding author: josemanuel.pita@upm.es
Received: 13-07-06; Accepted: 08-06-07.

As with other allied species, D. erucoides might be
considered a valuable phytogenetic resource because
of its potential as a salad vegetable (Branca, 1995), a
source of seed oil (Kumar and Tsunoda, 1980) or nectar
for honey production (Rigual, 1972). Glucosinolates,
which are known to have a potential for cancer preven-
tion (Rosa, 1999) have also been found in this species
(Al-Shehbaz and Al-Shammary, 1987).

The phenology, pollination and reproductive success
of D. erucoides were studied by Farré and Sebastia
(1992), Kunin (1992) and Sans and Bonet (1993). The
effect of soil characteristics, controlled light, tempe-
rature and moisture on seed germination was studied
by Peltier (1969), Branca (1995) and Pérez-Garcia et
al. (1995). In an ecological approach, Sans and Masalles
(1994) discussed the adaptive value of its disconti-
nuous germination. The main objective of this work
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was to investigate if the germination behaviour of
D. erucoides seeds changes over time, by studying the
effect of storage duration and environmentally con-
trolled factors of temperature and light on germination.

Ripe seed of D. erucoides was collected, at random
in October 1996 from a wild growing population, in
the Botanical Garden of the Pannonian University of
Agricultural Sciences in Mosonmagyarovar (Hungary).
Seed were cleaned and stored at room temperature
(about 25°C) for 15 days and then stored in a cold
chamber at 5°C in a hermetically sealed container until
used for testing. Seed moisture content of seed at room
temperature, determined by oven drying two replicates
(of 150 seeds each) for 17 h at 103°C before storage
at 5°C, was 7.38 £0.22% on the fresh weight basis.

Four replicates of 25 seeds each were placed in Petri
dishes (7 cm in diameter) on two sheets of filter paper
disks moistened with 3.5 ml of distilled water. More water
was added, as necessary, during the germination tests.
The Petri dishes were incubated at 10, 15, 20, and 25°C
constant temperatures and 25/15°C alternating tempe-
ratures, under a 16/8 h light/dark regime and an irra-
diance of 35 umol m? s*! provided by cool white fluo-
rescent tubes OSRAM L 58W/20. Germination tests
were conducted every six months over three years, i.e.
at 6, 12, 18, 24, 30 and 36 months after seed collection.

Seed stored for 12 months was soaked in different
gibberellic acid (GAj;) solutions of increased concen-
trations (from 0 to 250 mg L-!), at room temperature
(approx. 25°C) for 24 h and then incubated at 25°C
with a 16/8 h photoperiod. Seed stored for 12, 24 and
36 months were also soaked in a GA; solution at 250
mg L"), or distilled water, under the same conditions
and were also incubated at 25°C with 16/8 h light/dark
photoperiod.

In all trials, seeds showing radicle emergence were
counted every two days and removed from the Petri
dishes. The final germination percentage was scored
after a 42-day incubation period. For each trial, germi-
nation percentages were arcsine transformed and were
subjected to analysis of variance (Sokal and Rohlf,
1995). Comparison of means was carried using the
least significant difference test (LSD) at the 1% level
of probability.

Figure 1 shows the final germination of D. erucoides
seed incubated at 25°C measured at six monthly inter-
vals starting immediately after collection over 36
months of storage. The highest germination of 92%
was from the first assay with fresh seed. Later assays
had lower values between 72% and 85%, except for
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Figure 1. The germination of Diplotaxis erucoides seed with
increased storage duration. Results are mean + standard devia-
tion after 42 d incubation at 25°C under a 16/8 h light/dark re-
gime. The germination percentages with the same letter are not
significantly different at 1% level using LSD test.

the assay at 12 months after collection, at which seed ger-
mination was significantly lower at only 39% (P < 0.001).

Incubation temperatures of 10, 15, 20 and 15/25°C
were also tested after storage for 0, 12, 24 and 36 months
(Fig. 2). At all assays mean germination was always
lower than at 25°C, except for the assay after 12 months
storage where germination obtained at 15/25°C was
40%, similar to that obtained at 25°C (39%, Fig. 1).
Incubation at 10°C gave extremely low germinations
(always lower than 5%).

To try to overcome the fall in germination after 12
months storage, seed was soaked in increasing concen-
trations of GA; (0-250 mg L-!) prior to incubation at
25°C (Fig. 3). The germination promoting effect of
GA; was evident as the germination was always higher
than that of the control (41%). Significantly higher
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Figure 2. The germination of Diplotaxis erucoides seed with
increased storage duration at different incubation temperatu-
res. Results are mean + standard deviation after 42 d incuba-
tion under a 16/8 h light/dark regime. For each incubation tem-
perature, the germination percentages with the same letter are
not significantly different at 1% level using LSD test.
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Figure 3. The germination of Diplotaxis erucoides seed incu-
bated in GA; solutions of increased concentration after
12 months storage. Results are mean + standard deviation after
42 d incubation at 25°C under a 16/8 h light/dark regime. The
germination percentages with the same letter are not signifi-
cantly different at 1% level using LSD test.

germinations (87-98%) were obtained with GA;
concentrations > 10 mg L.

Complementary assays were performed on seeds
stored for 12, 24 and 36 months, soaking them in water
or in a standard GAj; solution of 250 mg L*! before in-
cubation at different temperatures (Table 1). As expected
from the reduction in germination shown in Figure 1,
germination at a temperature of 25°C of seed soaked
in water was significantly higher at 24 and 36 months

(79% and 65% respectively) than germination after
storage for 12 months (41%). Treatment with GA;
increased germination to 94%.

The fresh seed of D. erucoides was not dormant at
harvest as the initial germination at 25°C was 92%
(Fig. 1). Germination at lower temperatures tended to
be lower (Fig. 2), in accordance with the results of
Pérez-Garcia et al. (1995).

The reduction in germination observed 12 months
after harvest (39%) suggests that secondary dormancy
occurred during storage (Fig. 1). The promoting effect
of GA; which increased germination from 41% (no
GA;) to 87-98% (Fig. 3) confirmed that the fall in
germination was due to seed dormancy. Pérez-Garcia
et al. (1995) also found the lowest germination of
D. erucoides populations of different geographical
origin after 13-16 months storage.

However, this dormancy was also reversed in storage,
as indicated by the increased germination after 18
months or longer storage. The recovery of germination
after 18 months storage, was not complete, since in no
instance did germination reach the values obtained
before the onset of dormancy (Fig. 1). This was probably
due to a persistent, slight level of dormancy and/or to
moderate loss of viability. Pérez-Garcia et al. (1995)

Table 1. The germination of Diplotaxis erucoides seed incubated after 24 h immersion in H,O or GA3 solution (250 mg L")
after 12, 24 and 36 months storage. Results are mean + standard deviation after 42 d incubation under a 16/8 h light/dark

regime
Months of storage
Temperature 12 months 24 months 36 months
H,0 GA; GA; H,O GA;
10°C 23+1.03 92 +3.27 10 +£2.00 96 +2.82 4+2.82 77 +1.34
15°C 21 +£2.83 91+3.83 4+0.00 95 £3.56 11 +£4.68 78 £2.00
20°C 18 +£2.52 93 +3.83 51+1.74 96 +£4.90 24 +3.48 82 +£2.20
25°C 41 +0.00 94 +2.31 79 +1.20 90 +2.64 65+ 1.32 74 +3.00
15/25°C 32 +3.64 93 +3.83 62 +3.24 96 + 1.90 39+2.54 78 +£2.00

Analysis of variance

Clinical treatment Storage time Temperature Significant interactions
(CD) (8T) (T) P

H,0 32.27 12 59.80 10°C 50.33 ST:CT 0.0006
GA; 88.33 24 67.90 15°C 50.00 ST:T 0.0008
36 53.20 20°C 60.67 CT:T <0.0001

25°C 73.83 ST:CT:T <0.0001

15/25°C 66.67 CvV 0.11
Standard error 0.87 1.06 1.37

P: probability. CV: coefficient of variation.
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also reported an increase in germination 10 months
after an initial decrease. A decrease in seed dormancy
level was also detected by Ellis et al. (1993) in other
cruciferous seeds after prolonged storage at low tempe-
rature.

Laboratory data suggest that, in nature, most D.
erucoides seeds might readily germinate shortly after
being released. However, those which were not exposed
to adequate environmental conditions would temporarily
enter the soil seed bank. The build-up of a soil seed
bank from which seeds can germinate gradually appears
as a proposed adaptive strategy controlling the popu-
lation demography of D. erucoides and other annual
weeds growing in disturbed areas (Sans and Masalles,
1994).

At 12 months after dispersal, however, a fraction of
the seed might show dormancy at approximately the
same time that a new generation of seed is being released
in the population. This strategy may be interpreted as
a mechanism that diminishes the number of seeds
available for germination and consequently the number
of seedlings emerging at that time, which in turn would
reduce intrapopulation competition.

In the field, onset of dormancy might be induced by
low temperatures during autumn and winter, as
suggested by the appearance of experimental dormancy
after storage at 5°C in a cold chamber. Burial experi-
ments —not carried out so far— should be conducted
to confirm this behaviour. In the laboratory, however,
dormancy disappeared during the second year and did
not recur during the third year. This suggests that the
germination behaviour of D. erucoides seed does not
seem to fit the cycling between dormancy and non-
dormancy model observed in seed of several spe-
cies in correlation with seasonal temperature cycles
(Courtney, 1968; Roberts and Neilson, 1982; Van
Hezewijk et al., 1994; Baskin and Baskin, 1998). Thus,
some kind of endogenous control could be implied in
this mechanism, as proposed by Froud-Williams et al.
(1986) in Poa trivialis. According to the model suggested
by this data, and the work of Pérez-Garcia et al. (1995),
each year recruitment of D. erucoides seedlings would
be assured by a stabilized pool of seeds consisting of
a fraction of newly dispersed seeds, together with non-
dormant, one-year-old seed and two-year-old, or older
seed, avoiding excessive loss of viability in the soil
seed bank. In any case, additional experiments, including
burial tests and based on different populations from a
wider range of geographical origins, should be conducted
to confirm this germination behaviour.

Acknowledgments

To Professor Gyula Czimber, Pannonian University
of Agricultural Sciences, Mosonmagyarovar (Hungary),
who kindly provided the opportunity to collect the seed
and two anonymous reviewers, whose suggestions
greatly helped improve the original manuscript. This
study was financed by the Spanish Ministerio de
Educacion y Ciencia project n® CGL2006-10536.

References

AL-SHEHBAZ 1.A., AL-SHAMMARY K.I., 1987.
Distribution and chemotaxonomic significance of gluco-
sinolates in certain Middle-Eastern Cruciferae. Biochem
Syst Ecol 15, 559-569.

BASKIN C.C., BASKIN J.M., 1998. Seeds. Ecology, biogeo-
graphy, and evolution of dormancy and germination.
Academic Press, London, UK. 666 pp.

BRANCA F., 1995. Studies on some wild Brassicaceae
species utilizable as vegetables in the Mediterranean area.
Plant Genet Resour Newsl 105, 6-9.

COURTNEY A.D., 1968. Seed dormancy and field emer-
gence in Polygonum aviculare. J Appl Ecol 5, 675-684.

ELLIS R.H., HONG T.D., MARTIN M.C., PEREZ-GARCIA
F., GOMEZ-CAMPO C., 1993. The long-term storage of
seeds of seventeen crucifers at very low moisture contents.
Plant Var Seeds 6, 75-83.

FARRE G., SEBASTIA M.T., 1992. Polinizacion y sistema
reproductivo de Diplotaxis erucoides (L.) DC. en un
campo experimental de la ETSE. Agraria de Lleida. Proc
Congreso de la Soc Esp Malherbologia. Lérida, Spain.
pp- 199-203. [In Spanish].

FENNER M., 1992. Seeds. The ecology of regeneration in
plant communities. CAB International, Wallingford, UK.
373 pp.

FROUD-WILLIAMS R.J., HILTON J.R., DIXON J., 1986.
Evidence for an endogenous cycle of dormancy in dry
stored seeds of Poa trivialis L. New Phytol 102, 123-131.

GADGIL M., SOLBRIG O.T., 1972. The concept of r and k
selection: evidence from wild flowers and some theoretical
considerations. Am Nat 106, 14-31.

KUMAR PR., TSUNODA S., 1980. Variation in oil content
and fatty acid composition among seeds from the
Cruciferae. In: Brassica crops and wild allies. Biology
and breeding (Tsunoda S., Hinata K., Gomez-Campo C.,
eds). Ed Japan Scientific Societies Press, Tokyo, Japan.
pp. 235-252.

KUNIN W.E., 1992. Density and reproductive success in
wild populations of Diplotaxis erucoides (Brassicaceae).
Oecologia 91, 129-133.

MARTINEZ-LABORDE J.B., 1993. Diplotaxis DC. In:
Flora Iberica (Castroviejo S. et al., eds), Vol. 4. Consejo
Superior de Investigaciones Cientificas, Madrid, Spain.
pp. 346-362. [In Spanish].



406 J. B. Martinez-Laborde et al. / Span J Agric Res (2007) 5(3), 402-406

MARTINEZ-LABORDE J.B., MENDEZ E., 2001. Una
nueva crucifera adventicia en Argentina. Bol Soc Argent
Bot 36, 143-146. [In Spanish].

MENDIOLA M.A., OLMEDO M.J., 1987. Estudio
fenoldgico de la flora arvense en vifiedos de Madrid. In-
formacion Técnica Econdmica Agraria 71, 32-40. [In
Spanish].

PELTIER J.P., 1969. Contribution a 1’étude de Diplotaxis
erucoides (L.) DC. Ann Fac Sc Marseille 42, 243-369. [In
French].

PEREZ-GARCIA F, IRIONDO J.M., MARTINEZ-LABORDE
J.B., 1995. Germination behaviour in seeds of Diplotaxis
erucoides and D. virgata. Weed Res 35, 495-502.

RIGUAL A., 1972. Flora y vegetacion de la provincia de
Alicante. El paisaje vegetal alicantino. Instituto de
Estudios Alicantinos, Alicante, Spain. [In Spanish].

ROBERTS H.A., NEILSON J.M., 1982. Seasonal changes
in the temperature requirements for germination of buried
seeds of Aphanes arvensis L. New Phytol 92, 159-166.

ROSA E.A.S., 1999. Chemical composition. In: Biology of
Brassica Coenospecies (Gomez-Campo C., ed). Ed Elsevier

Biomedical Press, Amsterdam, The Netherlands. pp.
315-357.

SANS F.X., BONET A., 1993. Produccién de frutos y
semillas en Diplotaxis erucoides (L.) DC. sometidos a dife-
rentes tratamientos de polinizacion. Collect Bot 22, 49-54.
[In Spanish].

SANS F.X., MASALLES R.M., 1994. Life-history variation
in the annual arable weed Diplotaxis erucoides (Cruciferae).
Can J Bot 72, 10-19.

SOKAL R.R., ROHLF EJ., 1995. Biometry. The principles
and practice of statistics in biological research. W.H.
Freeman and Company, NY, USA. 887 pp.

VAN HEZEWILJK M.J., LINKE K.H., LOPEZ-GRANADOS
F.,AL-MENOUFI O.A., GARCIA-TORRES L., SAXENA
M.C., VERJLEIJ J.A.C., PIETERSE A.H., 1994. Seasonal
changes in germination response of buried seeds of
Orobanche crenata Forsk. Weed Res 34, 369-376.

WILMANNS O., 1991. Phytosociology in vineyards: results,
problems, tasks. In: Modern ecology: basic and applied
aspects (Esser G.L., Overdiek D., eds). Elsevier Biome-
dical Press, Amsterdam, The Netherlands. pp. 399-441.



