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Effect of different temperatures on the germination of two Dahlia species
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Abstract

The temperature values at which seeds germinate can serve as a reference for proposing planting
or establishment sites. This research evaluated the effect of eight temperatures on the germination
of Dahlia coccinea Lehm. and Dahlia campanulata Saar, P. D. Sgrensen and Hjert. The hypothesis
was that, because the Dahlia species studied have contrasting distributions, it is expected that one
of them will show the widest temperature range for the germination of its seeds. The collection was
carried out in the Tlalpuente Ecological Reserve, Tlalpan, Mexico City, in 2023. The experimental
units were Petri dishes containing two absorbent paper discs moistened with distilled water and
25 seeds of D. coccinea or D. campanulata. The treatments were incubation temperatures (5, 10,
15, 20, 25, 30, 35 and 40 =2 °C). The number of germinated seeds was recorded for 15 days. D.
coccinea had the highest germination percentage (93.6%) and speed (4 seeds day™) at 25 °C, with
cardinal temperatures of 3.3, 24.1 and 35.3 °C. In contrast, D. campanulata had a wider range, as it
had an average germination of 90% from 10 to 25 °C, with 8 seeds day™ and cardinal temperatures
of 2.3, 22.5 and 38.4 °C. D. campanulata seeds were the ones that germinated over a wider range
of temperatures, so this species has a better chance of success when grown outside its natural
habitat.
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Introduction

The genus Dahlia Cav. (Asteraceae Bercht. and J. Presl) has 41 species, 38 of which are endemic
to Mexico, which is also considered to be its center of origin and diversification (Carrasco-Ortiz,
2019; Mejia-Mufioz et al., 2020).

Dahlia plants have fistulous internodes, tuberous roots, and flowerheads with disk flowers in the
center and ray flowers on the periphery, with white, yellow, orange, red or purple colors that give
them unique beauty to be used as ornamental plants (Carrasco-Ortiz, 2019; Mejia-Mufioz et al.,
2020; Sanchez-Chavez et al., 2025).

Dahlia coccinea Lehm. and Dahlia campanulata Saar, P.D. Sgrensen and Hjert. are two species
that are propagated by seed for marketing as garden or pot plants (Chaudhary et al., 2020; Dastvan
etal., 2022). Therefore, research on the effect of temperature on the germination of these species is
relevant, as the results can be used to infer establishment sites outside their natural habitat (Singh
et al., 2008; Ghio et al., 2021).

In this case, D. coccinea can be found from northern Mexico to Guatemala at altitudes ranging from
0 to 3 033 masl and temperatures ranging from 3 to 30 °C; by contrast, D. campanulata is endemic
to the state of Oaxaca, developing at altitudes close to 2 000 masl and temperatures ranging from
8 to 15 °C (Garzon-Solis et al., 2009; Castro-Castro et al., 2012).

Temperature decreases as the altitude of the sites where the species develop increases, and this
can affect their germination differently under conditions of heat stress (Garcia-Diaz et al., 2025).

This is one of the reasons why each species or cultivar has its own temperature range for optimal
germination. For example, in Baccharis dracunculifolia (Asteraceae Bercht. and J. Presl.), which is
used for ornamental or medicinal purposes, the temperature range for optimal germination is 20-28
°C; outside this range, germination declines, and above 35 °C, itis inhibited (Manfreda et al., 2020).
For Dahlia in its seedling stage, the cardinal temperatures T, (base or minimum), T, (optimal) and
T (maximum or threshold) are 5.5, 24.6, and 34.9 °C, respectively (Brondum and Heins, 1993).

The cardinal temperatures recorded during seed germination can be taken as a reference for
proposing planting dates and sites outside the collection sites (Windauer et al., 2007; Calzada-
Lépez et al., 2014). In this regard, Caroca et al. (2016) indicate that seeds germinated between 0
and 35 °C will thrive in temperate zones, but those germinated between 10 and 45 °C will develop
better in tropical areas.

For Dahlia coccinea and D. campanulata, knowledge of their cardinal temperatures can be used to
suggest establishment sites, since they may be more successful if environmental temperatures are
similar to those of their site of origin. Therefore, this research aimed to evaluate the effect of eight
temperatures (5, 10, 15, 20, 25, 30, 35 and 40 °C) on total germination, median germination (Ts),
germination speed and cardinal temperatures of D. coccinea and D. campanulata.

The hypothesis supporting this research is that because the Dahlia species studied have contrasting
distributions, it is expected that one of them will show the widest temperature interval for the
germination of its seeds.

Materials and methods

Three hundred seeds of Dahlia coccinea and Dahlia campanulata were collected in the Tlalpuente
Ecological Reserve, Tlalpan, Mexico City, in 2023. First, seed viability was corroborated using the
protocols described by ISTA (2005), and germination in both species was found to be 95.8 +2.5%.

The experimental units consisted of 80 Petri dishes (100 x 15 mm), each containing two double
disks of absorbent paper at their base, moistened with 8 ml of distilled water and 25 seeds of D.
coccinea or D. campanulata (Figure 1).
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Figure 1. Experimental units with germinated seeds and the inflorescences that represent them. A and B) D.
coccinea; C and D) D. campanulate. https://www.gbif.org/es/occurrence/search?
view=gallery&taxonKey=33YG8&entity=0-5062823252.

For each species, 40 experimental units were placed in groups of five in incubators set to the
temperatures of each treatment; that is, 5, 10, 15, 20, 25, 30, 35 and 40 +2 °C. The following
variables were assessed in each Petri dish.

Total germination: the number of seeds germinated daily was recorded for 15 days, and the results
in percentage were calculated using the equation proposed by Sampayo-Maldonado et al. (2017).

Median germination (Tsy): for each treatment, the days required to reach 50% seed germination
were counted, and models were obtained to calculate Ts, values (Ordofiez-Salanueva et al., 2015).

Germination speed: the number of germinated seeds was used to determine germination speed by
applying the equation reported by Calzada-L6pez et al. (2014).

Base temperature (T,): germination time for D. coccinea and D. campanulata was calculated
in percentiles using TableCurve 2D v.3, and the value of T, was obtained using the procedure
described by Ellis et al. (1986).

Maximum temperature (T.) and optimal temperature (T,): the above software and the procedures
described by Hardegree (2006) were used to obtain the values of T, and T..

Statistical analysis: A one-factor analysis of variance and mean comparison tests (Tukey, p< 0.05) were
performed on the values of total germination and germination speed using SAS® v. 9.0 for Windows.
The percentage data were transformed to arcsine for analysis and restored for interpretation.
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Results and discussion

Total germination: in Dahlia coccinea, the best treatment for germination was 25 °C, as 93.6%
seed germination was obtained, but this level decreased to 83% when temperatures were 20 or
15 °C. For its part, Dahlia campanulata had four treatments (10, 15, 20 and 25 °C) that produced
the highest germination percentage, which fluctuated between 86 and 92%. Outside these
intervals, the number of germinated seeds declined in both species (Table 1).

Table 1. Total germination in D. coccinea and D. campanulata seeds incubated for 15 days at
different temperatures.
Temperature (°C) Germination (%)
D. coccinea D. campanulata
5 16e 20.8¢c
10 67.2¢ 92a
15 80.8b 91.2a
20 85.5b 86.4 ab
25 93.6 a 89.6 ab
30 48d 72.8b
35 10.4 ef 18.4c
40 8f 48c
HSD 6.67 17.79
CV (%) 6.42 14.59
Different letters in each column indicate significant differences (p< 0.05). Each data point is the average of five replica
tions. HSD= honestly significant difference; CV= coefficient of variation.

For each species or variety, there are temperatures or temperature ranges that result in the
highest germination values (= 80%) and represent the best treatments. For instance, in Physalis
philadelphica, the highest germination occurs between 15 and 35 °C, while in Baccharis
dracunculifolia, an ornamental plant endemic to South America, the highest percentages occur at
temperatures of 20 to 28 °C (Calzada-L6pez et al., 2014; Manfreda et al., 2020).

In D. campanulata, the highest germination percentages were obtained at temperatures of 10, 15,
20 or 25 °C, which may relate to the temperatures of the environment where it develops, which
fluctuate from 8 to 15 °C. Meanwhile, the highest germination of D. coccinea occurred at 25 °C,
which may also relate to its habitat temperature, which ranges between 3 and 30 °C (Garzon-Solis
et al., 2009; Castro-Castro et al., 2012).

Median germination (Tsg): in D. coccinea, the fastest Ty, value (2 days) occurred at 25 °C, while
at 20, 15 or 10 °C, median germination occurred at 3.7, 4.8 and 7.6 days, respectively. At 5, 30,
35, 40 or 45 °C, this species did not reach Ts,. In D. campanulata, Ts, was obtained at 1.35 days
for seeds germinating at 15, 20 or 25 °C, while at 5, 35 or 40 °C, the median germination was not
reached (Figure 2).
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Figure 2. Time for median germination or Ts,, to occur in D. coccinea (A) and D. campanulata (B). Each data point
represents the average of five replications * standard error.

During imbibition and reactivation of cell metabolism, exposure to low (< 5 °C) or high (= 30 °C)
temperatures can lead to embryo death, as processes such as gibberellin synthesis, mRNA
formation or degradation of enzymes involved in the translocation of energy to the embryo are
affected (Rosa et al., 2004; Taiz and Zeiger, 2010).

In this research, before applying the treatments, seed viability was 95.8 + 2.5%. This rules out the
possibility that the median germination in the 5, 35 or 40 °C treatments occurred due to empty seeds
and strengthened the hypothesis of embryo death due to extreme temperatures.

Germination speed: in D. coccinea, germination speed was highest (4.01 seeds day™) at 25 °C and
decreased at temperatures below or above this value. For example, at 5 or 35 °C, germination was
0.4 and 0.2 seeds day™. In contrast, D. campanulata doubled its germination speed (8 seeds day™)
compared to D. coccinea and occurred from 15 to 25 °C (Figure 3).
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Figure 3. Germination speed in D. coccinea (A); and D. campanulata (B). Each bar represents the average of five
replications + standard error. In each plot, different letters indicate significant differences (Tukey, p< 0.05).

Imbibition temperatures can affect germination speed. For example, in Physalis philadelphica, 17.3
to 21.6 seeds germinate h™ when imbibed at 20-35 °C. In contrast, in Chenopodium quinoa var.
Suyana, the highest speed (7.4 seeds h™) occurs at 30 °C, but in ‘Tunkahuan’, the range with the
highest germination speed (6.6 seeds h™) is wider, ranging from 30 to 40 °C (Calzada-Lépez et al.,
2014; Ramirez-Santiago et al., 2020).

Compared to D. coccinea or D. campanulata, these speeds could be too fast. However, the
seeds of P. philadelphica and C. quinoa are 50 to 100 times smaller than those of the two
Dahlia species, which would mean less endosperm area to hydrate and restart cell metabolism
(Taiz and Zeiger, 2010).
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Cardinal temperatures: base (T,, optimal (T, and maximum temperatures
(To)

The cardinal temperatures (T, T, and T.) for germination of D. coccinea were: 3.3 +2.7,24.1 +1.1
and 35.3 +1. For suboptimal and supraoptimal temperatures, the following equations were obtained:

Y=0.046x+(-0.153)

Y=-0.085x+3.018

respectively, which explain 98 and 86% of the variation in germination rate.

In D. campanulata, T,, T, and T, were 2.3 £0.5, 22.5 +0.5 and 38.4 +0.5, respectively. For
suboptimal and supraoptimal temperatures, the equations were

Y=0.097x+0.049

Y=2.489x+0.062

which explain 73 and 99% of the variation in germination rate in this species (Figure 4).
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Figure 4. Cardinal temperatures in D. coccinea (A); and D. campanulata (B). T,= base temperature; T,= optimal
temperature; T.= maximum temperature.

Cardinal temperature values are important because they can serve as a reference for inferring
planting or establishment sites outside the collection sites (Singh et al., 2008). In this regard,
Cave et al. (2011) mention that the cardinal temperatures of Brunonia australis Sm. ex R. Br. and
Calandrinia sp. are 5.2, 21.6 and 35.9, and 6.8, 22.5, and 42.7 °C, which correspond to T,, T, and
T, respectively.

They add that, based on the minimum temperature values (5.2 and 6.8 °C), it can be said that
both species have the potential to germinate in environments with cold temperatures. A similar
response was observed in D. coccinea and D. campanulata. Nonetheless, they can also germinate
at temperatures close to 30 °C.

The optimal germination interval is unique for each species, and seed exposure to suboptimal or
supraoptimal temperatures negatively affects radicle emergence. Nevertheless, seeds that maintain
high values of sub- or supraoptimal germination will contribute to more individuals, and their
genetic variability would increase the chances of seedlings establishing themselves in cold or warm
environments (Mamedi et al., 2017).
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In this case, the cardinal temperatures (T, T, and T.) of the two species differ by 1 or 3 °
C, which indicates that both D. coccinea and D. campanulata can germinate at sub- or
supraoptimal temperatures. D. campanulata holds an advantage at low temperatures, thereby
corroborating the hypothesis initially raised; that is, one of the two species has better
germination under temperature stress.

Conclusions

Dahlia coccinea seeds have a high germination percentage (94%), with a Ty, value reached two
days after incubation and an emergence speed of 4 seeds day™ only at 25 °C. However, Dahlia
campanulata seeds have a high germination percentage (90%) from 10 to 25 °C, with Ty, reached
in only 1 day and germination speeds of 8 seeds day™ from 15 to 25 °C.

The optimal temperature for germination of Dahlia coccinea is 24.1 °C, but its seeds can germinate
from 3.3 to 35.3 °C. In contrast, Dahlia campanulata has an optimum of 22.5 and can germinate
from 2.3 to 38.4 °C. Outside these intervals, germination will not occur in either species.

Growing these species as ornamental plants outside their natural habitat can be successful if done
within the temperature ranges described here and success will be greater the closer the cultivation
conditions are to their optimal temperatures.
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