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Summary   Poppy ( Papaver rhoeas L.) is a major 
dicot weed in winter cereals in Spain with an extended 
period of emergence from October (autumn) to April 
(spring). During 2003/2004, seed was established as 
two autumn cohorts (without crop), two winter cohorts 
(with and without barley), and two spring cohorts 
(with and without barley), in a trial conducted in the 
north-east of Spain. The seeds of each cohort were 
collected and, after four months, their germination was 
assessed in two assays. In the first assay, seeds were 
subjected to dark stratification at three temperature 
ranges (5/15, 10/20 and 25/15°C) for up to 12 weeks. 
Samples were germinated periodically at 5/15, 10/20 
and 25/15°C with a 12 h photoperiod to determine 
dormancy status. In the second assay, seeds were 
sown in pots placed outdoors at three times during the 
emergence period (October, December and April) to 
monitor emergence and dormancy release. The optimal 
temperature regimes for germination were 5/15 and 
10/20°C. The spring cohorts had less seed dormancy 
and greater germination than all other cohorts. These 
differences probably related physiological factors 
determining seed dormancy in late cohorts, which 
has implications for poppy management in cropping 
systems in north-east Spain.

Keywords    Cohorts,  germination,  temperature, 
 poppy.

INTRODUCTION
The poppy is one of the most common dicot weeds in 
winter cereals in the Mediterranean region (Chancellor 
1986, Riba et al. 1990, Rapparini 2001) and is difficult 
to control. The most important life-cycle characteris-
tics that make this weed difficult to control are: high 
fecundity; long persistence of the seed bank; and an 
extended period of germination. Poppy is also a very 
competitive weed that can substantially reduce wheat 
and barley yields (McNaughton et al. 1964, Welsh et 
al. 1997, Wilson et al. 1995, Holm et al. 1997, Wright 
et al. 1997).

The non-deep simple morphopysiological dor-
mancy described in poppy (Baskin et al. 2002) de-
termines the formation of persistent seed banks that 
make it a troublesome weed. This influences the design 
of management strategies. Seed dormancy can be 
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affected by the environment experienced by the mother 
plant (Baskin and Baskin 1998). Temperature, water 
supply, shading, day length and nutrient supply are the 
known maternal factors that can modify dormancy of 
mature seeds. For example, Lolium rigidum Gaudin 
produces fewer dormant seeds when plants grow at 
high temperatures or under water stress (Steadman 
et al. 2004). Seed germination tended to increase in 
later seed collection dates in Amaranthus quitensis 
Kunth (Faccini and Vitta 2005). Hume (1994) found 
that Thlaspi arvense L. plants of a late-flowering strain 
produced seeds with a faster germination rate than 
those from plants of the early-flowering strain.

The objective of this work was to study the germi-
nation response to several conditions (duration of dark 
stratification, temperature regime during burial, and 
temperature regime for germination after stratifica-
tion) and dormancy release during the typical period 
of emergence (autumn to spring) in poppy seeds set 
by different cohorts.

MATERIALS AND METHODS
Field experiment   A trial was conducted in a com-
mercial field with high poppy infestation during the 
season 2003/2004 at Cubells in the north-east of Spain. 
A randomised block design with four repetitions was 
used for the establishment of different cohorts with 
and without barley. The barley was sown the 10th of 
December in 2003 at a seeding rate of 200 kg ha-1. A 
cohort is defined here as the seedlings emerging within 
a period of 20 days. Each plot contained a single cohort 
and for each cohort, the seedlings emerging outside 
this time period were removed from the plots so that 
only the cohort survived. Table 1 summarises the 
cohorts detected and their emergence periods. At the 
end of the season, between June and July, seeds from 
each cohort were collected (see Table 1 for dates) and 
stored separately in paper bags at a room temperature 
of ~20°C, prior to germination assays. The average 
weight of 1000 seeds (0.0915 g) was in the range pre-
viously reported in other studies (McNaughton et al. 
1964, 1993, Lutman et al. 2002). Differences between 
cohorts in average seed weight were not detected (data 
not shown).
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Assay 1   A growth chamber experiment was started 
on the 12th of November in 2004, as a four-way full 
factorial design, with three stratification temperature 
regimes, three exhumation periods, three germina-
tion temperature regimes, and four different cohorts 
(Table 1). For each cohort, 1000 seeds were placed 
inside polyester bags with an aperture <0.5 mm. Bags 
were buried in pots of 5 cm diameter at 5 cm depth. 
Three pots per cohort were put in growth cabinets at 
three different temperature regimes (5/15, 10/20, and 
15/25°C night/day) with a 12 h photoperiod. Pots were 
regularly watered to maintain field capacity and the 
top was covered with aluminium foil. Seeds were ex-
humed at 3, 6, and 12 weeks after burial with 50 seeds 
per pot placed in Petri dishes between two moistened 
filter papers. Two replicates each were put in growth 
cabinets at three different regime temperatures (5/15, 
10/20, and 15/25°C) with a 12 h photoperiod. The 
germination percentage was assessed after 20 days, 
with seeds having a radicle protruding counting as 
germinated.

Assay 2   An outdoor trial was started the 28th of Oc-
tober in 2004 with 500 seeds from each cohort sown 
in pots of 20 cm diameter to a 1 cm depth. Four pots 
per cohort (Table 1) were placed outdoors at Lleida 
in north-east Spain and exposed to natural conditions. 
Moisture was maintained by periodic watering until 
the first week of May. Seedlings that emerged were 
counted and removed every two or three days. The 
experiment was repeated twice starting the 21st of 
December and the 1st of April with the same procedure 
described above. Germination percent and cumulative 
germination were calculated.

Statistical analysis of seed germination from the 
growth chamber assay was performed using standard 
ANOVA (P = 0.05) procedures using PROC GLM 
(SAS Institute, 1991). Each of the two Petri dishes 
from the same combination of four factors (burial time, 

dark stratification temperature, germination tempera-
ture, and cohort) were considered experimental units. 
All variables were subjected to analysis of variance, 
and preliminary analyses indicated significant two-
way and three-way interactions. Consequently, mean 
values were separated by Tukey tests (P <0.05). All 
data corresponding to percentage germination were 
√(x + 0.5) transformed to satisfy the homogeneity of 
variance prior to analysis.

RESULTS
Growth chamber assay   Figure 1 summarises 
the main results from this experiment. The optimal 
temperature regimes for germination were 5/15 and 
10/20°C (Figure 1A), regardless of temperature regime 
for stratification, burial time or cohorts. Germination 
increased with the number of weeks of burial, from 
48% the third week until the 56% after 12 weeks 
(Figure 1B). The optimal temperature regime with 
dark stratification was at 15/25°C (Figure 1C). Finally, 
the spring cohort without crop competition showed 
the highest germination. The other cohorts had lower, 
rates of germination and were not different from each 
other (Figure 1D). Burial time × cohort, burial time × 
stratification temperature, burial time × germination 
temperature and germination temperature × stratifica-
tion temperature were significant two-way interac-
tions. Burial time × cohort × stratification temperature, 
burial time × germination temperature × cohort and 
germination temperature × cohort × stratification tem-
perature were significant three-way interactions.

Outdoor assay   The cumulative germination ranged 
between 1 to 24% in this experiment (Table 2). Along 
the three series, spring cohorts, both with and without 
cereal competition, showed higher cumulative ger-
mination compared to all the other cohorts. The only 
exception was in the second series started in winter, 
when germination was very low for all cohorts.

Table 1.   Emergence and seed collection dates, emergence season and type of competition for cohorts and 
source used in each experiment.

CodeA Barley Type of 
competition

Emergence 
date

Emergence 
season

Seed collection 
date

Assay 1 Assay 2

Coh 1 nC no intraspecific 09/10/03 autumn 23/06/04 yes yes

Coh 2 nC no intraspecific 30/10/03 autumn 23/06/04 no yes

Coh 3 nC no intraspecific 22/01/04 winter 23/06/04 yes yes

Coh 4 nC no intraspecific 19/04/04 spring 20/07/04 yes yes

Coh 1 wC yes interspecific 22/01/04 winter 23/06/04 yes yes

Coh 2 wC yes interspecific 19/04/04 spring 20/07/04 no yes
A nC, no cereal crop; wC, from cereal crop.
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DISCUSSION
The optimal temperature regimes for germination 
(5/15 and 10/20°C) and the optimal temperature for 
dark-stratification (15/25°C) found in this study are in 
agreement with the results from Baskin et al. (2002). 
Dormancy loss of seeds increased with increasing 
burial time as has been found in other studies (Baskin 
et al. 2002, Cirujeda et al. in press). These results indi-
cate that, in Mediterranean conditions, after-ripening 
poppy seeds prefer a warm stratification followed by 
colder temperature regimes.

The innovation of this work is the investigation of 
the germination behaviour of poppy seeds from plants 
emerging in different times during the crop season. The 
results demonstrated that seeds from spring cohorts 

Table 2.   Average cumulative germination per cohort 
as percentage of seeds from the outdoor assay.

Series 1 Series 2 Series 3

Cohort 28/10/04A 21/12/04 01/04/05

Code 19/04/05B 19/04/05 03/05/05

Coh 1 nC 4 1 2

Coh 2 nC 2 2 2

Coh 3 nC 3 1 2

Coh 4 nC 24 4 14

Coh 1 wC 5 1 2

Coh 2 wC 17 2 5
A,B Starting and ending date, respectively.

Figure 1.   Results from assay 2 (mean ± SE) of poppy seeds collected in the north-east of Spain in 2004. Each 
graph shows the germination percent for each main factor studied mixing the others. a) Temperature regimes 
(night/day) for germination with a 12 h photoperiod; b) Time of burial, number of weeks before seeds were 
exhumed; c) Temperature regimes (night/day) with dark stratification with a 12 h photoperiod; and d) Cohorts 
as in Table 1. Means followed by identical letters do not differ significantly (Tukey P = 0.05).
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had less dormancy than those from other cohorts, as 
is shown in both experiments presented. Maternal 
seasonal effects during seed maturation can strongly 
influence germination phenology (Donohue et al. 
2005). An explanation could be that late emerging 
cohorts will produce seeds at warmer temperatures, 
which for other species causes seeds to be less dormant 
(Steadman et al. 2004). The presence of the crop might 
have a role in the dormant status of seeds, but further 
work would be needed to test this.

Late emerging cohorts of poppy will produce 
fewer dormant seeds. This means that it may be more 
important to control the autumn and winter cohorts 
as seeds they will produce will be more dormant and 
they will contribute to the formation of a persistent 
seed bank, hindering management of this weed. Fail-
ure to control the late emerging cohorts may not as so 
important, because any seeds produced will be less 
dormant and will germinate readily the next season 
when seedlings can be controlled.
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