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ABSTRACT — Handroanthus chrysotrichus (Mart. ex DC.) Mattos is a polyembryonic
species widely cultivated in urban areas, and with potential interest for reforestation
purposes. The effects of light and temperature were tested on the germination rates and on
the number of seedlings that emerge per seed. Germinability was higher in light (56%) and
in temperatures between 25 and 30°C (59%). The highest mean numbers of seedlings per
seed were observed from 20 to 30°C. Germinability and the mean seedling number per seed
fit to the quadratic polynomial model, with higher germination rate estimated for 30.1°C
(60.2%) and with the maximum number of seedlings per seed estimated at 26.3°C (1.9).
These results point out that the seed germination rate was more affected by low temperatures
than the mean seedling number per seed, but both were negatively affected by temperatures
higher than 30°C.
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RESUMO - Efeito da temperatura sobre o nimero de plintulas por semente em
espécimes cultivados de Handroanthus chrysotrichus (Bignoniaceae). Handroanthus
chrysotrichus (Mart. ex DC.) Mattos ¢ uma espécie poliembrionica amplamente cultivada
em areas urbanas e de potencial interesse para o reflorestamento. Nos testamos os efeitos da
luz e da temperatura sobre as taxas de germinagdo e sobre o nimero de plantulas que emerge
por semente. A germinabilidade foi maior na luz (56%) e em temperaturas entre 25 ¢ 30°C
(59%). Os maiores nimeros médios de plantulas por semente foram observados entre 20 ¢
30°C. A germinabilidade e o nimero médio de plantulas por semente se ajustaram ao modelo
quadratico polinomial, com a maior taxa de germinacdo estimada para 30,1°C (60,2%) e o
maior nimero de plantulas por semente para 26,3°C (1,9). Os resultados sugerem que a taxa
de germinagdo ¢ mais afetada por baixas temperaturas que o nimero médio de plantulas por
semente, mas ambos sdo negativamente afetados por temperaturas superiores a 30°C.

Palavras chave: germinagao de sementes, poliembrionia, Tubebuia

INTRODUCTION

Handroanthus chrysotrichus (Mart. ex DC.)
Mattos is a yellow trumpet tree widely cultivated
in urban areas of Brazil (Gentry, 1992; Ruschel &
Leite, 2002; Silva et al., 2007). It occurs naturally in
the Atlantic Rainforest and “Restinga”, especially on
disturbed sandy soil areas (Gentry, 1992), considered
a potential species for reforestation (Zamith &
Scarano, 2006). The knowledge on the reproductive
biology, germination and establishment of this species
is essential for reforestation and ornamental purposes.
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Handroanthus chrysotrichus is a self-compatible
species with sporophytic apomixis (Bittencourt Jr. &
Semir, 2005; Bittencourt Jr. & Moraes, 2010), which
results in high polyembryonic seed percentages
(Piazzano, 1998; Mendes-Rodrigues et al., 2012).
Polyembryony is reported as a parameter that can
increase the percentage of seedling mortality due
to embryo morphological anomalies or competition
between embryos and seedlings (Bittencourt Jr.
& Moraes, 2010; Mendes-Rodrigues et al., 2012),
but can also enhance the probability of at least one
seedling to survive per seed in this species (Mendes-
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Rodrigues et al., 2012), described as the bet hedging
effect for the polyembryonic Vincetoxicum rossicum
(Kleopow) Barbar. (Ladd & Cappuccino, 2005).

Although investigations on the effect of light
and germination temperature are available for
H. chrysotrichus and related species (Santos et
al., 2005; Socolowski & Takaki, 2007; Pacheco
et al., 2008), there is no data about the effect of
these variables on the number of seedlings that
can emerge per seed. In this sense, the aims of the
present study were to analyze the effects of light
and temperature on germination rate and on the
number of seedlings that emerge per seed in H.
chrysotrichus.

MATERIAL AND METHODS

Seeds were collected from ten cultivated
individuals (at least two fruits per individual) on the
Campus of the Pontificia Universidade Catdlica de
Minas Gerais (19°55°16.75”S,43°59°38.59” W), Belo
Horizonte, Minas Gerais, Brazil, in November 1999.
A voucher specimen was deposited in the Herbarium
of the Department of Botany, Universidade Federal
de Minas Gerais - BHCB, Belo Horizonte, MG,
Brazil, under the accession number BHCB 68092.
Seeds were pooled together and stored in paper bags
in temperatures around 10°C for a maximum of three
months before the germination experiment. Very
small seeds or seeds without embryo were excluded.

In order to evaluate the effect of light and
temperature on germination rate and on mean
seedling number per seed, seeds were submitted to
12 treatments including two factors. The first factor
was temperature, using 20, 25, 30, 35, and 40 °C,
in germination chambers (347CDG, FANEM), and
room temperature (varying between 25 and 28°C).
And the second factor was light condition, with
continuous white light or darkness as the two light
treatments. Two replicates with 25 seeds per treatment
were used. Nevertheless, for room temperature under
both lighting conditions, an extra replicate with 50
seeds was used, and for 35°C under both lighting
conditions only one replicate of 50 seeds was used.
Seed samples were sown inside plastic germination
boxes, on filter paper moistened with 10 mL nystatin
suspension (diluted 1 pill per litre of distilled water).
The darkness treatment boxes were double-bagged
individually in paper and two black plastic bags, and
handled under green light, when necessary. All boxes
were moistened as necessary during the experimental
period with the same solution described above. Seeds
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were considered germinated when at least one radicle
protruded. Seedlings arising from each germinated
seed were quantified when seed germination ceased
in each treatment, between 11 and 21 days after
sowing depending on the replicate.

A two-way ANOVA was performed to test the
effects of light and temperature on germinability and
mean seedling number per seed using the statistical
package SISVAR 5.0 (Ferreira, 2008). The means
were compared with the Scott-Knott test using the
same program. For germinability, the temperature
of 35°C was not included due to lack of replicates.
Germinability and the mean seedling number per
seed in different temperatures were also fitted to a
quadratic polynomial model (excluding the room
temperature treatment and separately for dark and
light) and the significance of the fitting was tested
with ANOVA using the statistical package BioEstat
5.0 (Ayres et al., 2007). A second analysis was
performed to estimate the temperature on which
the highest germinability can occur and the greatest
number of embryos can be converted into seedlings
based in the quadratic polynomial models. The
polyembryonic seed percentages were compared
with Students’ #-test for proportions (Snedecor &
Cochran, 1989).

RESULTS

The germinability was higher in light (56.1
+ 13.4%) than in darkness treatments (42.2 +
18.8 %) (F1,12 = 7.92, P < 0.016), and differed
among temperatures (F4’ h = 7.33, P = 0.003),
with no interaction between light and temperature
conditions (F4,12 = 1.06, P < 0.419). We observed
lower germinability in temperatures of 20°C (29
+ 13.6%) and 40°C (35 + 20.7%), while the other
temperatures did not differ from each other (59%
for all; with SD + 8.7% for 25°C, + 7.6% for 30°C,
and + 13.1% for room temperature) following the
Scott-Knott test. The temperature of 35°C, which
was not included in this analysis, showed 49% (£
12.7%) of germinability. The fit to the quadratic
polynomial model showed significance to darkness
(F2,2 =41.22, P=10.021) and light (F2’2 =23.00, P
=0.040) and to both treatments together (y =-0.28x
+16.84x -193, R= 0.567, F» 7=10.49, P=0.008).
The higher germination rates obtained from models
were 55.9% to darkness in 29.2°C and 65.7% to light
in 31.4°C (Fig. 1A). Independent of light treatment
the higher germination rate estimated was 60.2% in
30.1°C.
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Fig. 1. Quadratic polynomial model for (A) Germinability (+ confidence interval) and (B) Mean seedling number per seed (+ standard
error) of Handroanthus chrysotrichus tested under five controlled temperatures.

The maximum number of seedlings found
per seed for 20, 25°C, and room temperature was
five, and for other temperatures were four. The
mean seedling number developed per seed varied
with temperature but not with lighting, without
interaction between factors (Temperature: F' 5.329
= 3.80, P = 0.002; Lighting: F1’329 =0.85 P =
0.358; Temperature x Lighting: F5’329 =118, P=
0.319). The lowest mean number of seedlings was
observed at 35 and 40°C following the Scott-Knott

test (Tab. 1). The maximum number of seedlings
per seed estimated from the quadratic polynomial
model occured at 26.3°C with 1.9 seedlings per
seed (F1,221 = 4.38, P = 0.037) (Fig. 1B). The
polyembryonic seed percentage also did not vary
with lighting (r = 0.34, df = 171.79, P = 0.733),
but varied with temperature (Tab. 1). The lowest
polyembryonic seed percentage was observed at 35
and 40°C, and statistical analyses showed a marked
decrease from 30 to 35°C (Tab. 1).

Table 1. Effect of temperature and lighting treatments on mean seedling number per seed and polyembryonic seed

percentage of Handroanthus chrysotrichus.

Mean seedling number per seed

Polyembryonic seed

Effect Treatments +SD (n)* percentage (%)"

Temperature 20°C 1.8+£1.1(29)A 44.8 ABC
25°C 1.9+09 (59 A 66.1 AB
30°C 21x1.0(59)A 67.8 A
35°C 1.5£0.8(49)B 36.7C
40°C 1.5+0.7(35)B 37.1 BC
Room temperature (25 - 28°C) 1.9+0.9 (110) A 64.5 AB

Lighting White light 1.8+0.8(195)a 579a
Dark 1.9+1.0(146)a 555a

2 Means followed by the same letter are not different based on Scott-Knott test (P < 0.05). b Means followed by the same letter are
not different based on t Student test for proportions (P < 0.05). Capital letters refer to temperature comparisons and small letters to

lighting comparisons.

DISCUSSION

Although a higher germinability was observed in
light than in dark conditions in our analysis, Santos
et al. (2005) did not verify any light effect on the
germination rate of H. chrysotrichus. Germination
experiments with species of the genera Handroanthus
and Tabebuia have shown germination capacity

between 10 and 40°C (Santos et al., 2005; Socolowski
& Takaki, 2007; Pacheco et al., 2008). But Santos
et al. (2005) showed that the germination range is
narrower for H. chrysotrichus (from 15 to 35°C), with
maximum germination rates between 15 and 30°C
and absence of germination at 10 and 40°C. This last
study shows similar germinability rates (from 27.1
to 54.6%) to those found for the seed pool analysed
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in the present work. Our data showed an increase of
germination range for H. chrysotrichus, up to 40°C,
but restricted the higher germination rates to 25 and
30°C. The fitting of seed germination rates in function
of temperature to quadratic polynomial models is
common for angiosperms (Baskin & Baskin, 1998)
and Bignoniaceae species (Socolowski et al., 2008)
and can be justified by the injuries caused in cell
membrane in high and low temperatures (Hendricks
& Taylorson, 1976).

In the present experiment, higher values for the
embryo to seedling conversion were found between 20
- 30°C. The quadratic polynomial models suggested
30.1°C for higher seed germination rate and 26.3°C
for higher mean seedling number per seed, although
the values were very close. These results point out
that seed germination rate was more affected by low
temperatures than the mean seedling number per
seed, but both seemed to be negatively affected by
temperatures higher than 30°C. Some experimental
conditions used in vitro cultivation of embryos of
Ophiopogon japonicus (L.f.) Ker-Gawl. and Uapaka
kirkiana Miill. Arg. are also capable to change
embryo to seedling turnover in polyembryonic seeds
(Fukai et al., 2000; Maliro & Kwapata, 2000). The
fact that experimental conditions affected embryo
to seedling turnover in H. chrysotrichus, suggests
that environmental conditions can also affect the
frequency of gemellar seedlings. As higher number
of seedlings per seed enhances the probability of
at least one seedling surviving per seed in this
species (Mendes-Rodrigues et al., 2012), higher
temperatures can nullify the bet hedging advantages
of polyembryony.

CONCLUSION

This kind of study allows adjusting experimental
conditions in order to obtain the highest seedling
number per seed for each species. Moreover, as
higher temperatures reduce the embryo to seedling
turnover, relationships among temperature and
seedling establishment in polyembryonic species can
be useful to understand how seedling population’s
structure can be affect by changes in environment
temperature.
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