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Abstract

Seminiferous propagation of Dietes bicolor is hindered by the probable physical and/or morphophysiological dormancy. The
objective was to analyze the efficacy of different methods of overcoming dormancy in D. bicolor seeds to determine a possible
pre-germination treatment for the species. Two experiments were conducted: (I) Evaluation of the breaking of physical dormancy,
in which the treatments of mechanical scarification were carried using sandpaper #100; chemical scarification with sulfuric acid
(H,SO,) for 5 and 10 minutes and immersion in hot water (70 °C), also, for 5 and 10 minutes, were evaluated. The intact seed was
considered a control. (II) Evaluation of morphophysiological dormancy, in which the seeds were submitted to combined treatments
of stratification of hot temperature (20-35 °C) and/or cold temperature (9 °C), distributed in periods of 0, 1, and 2 weeks, totalizing 9
treatments. In both experiments, germination percentage (G), germination speed index (GSI), and first count (FC) were determined,
using a randomized block design, and evaluated by the Scott-Knott test at 1% and Dunnett’s test at 5%. The use of H,SO, 10
minutes induced 42% germination, 0.52 GSI, and 18% FC, but only FC was significantly different from the control. In the second
trial, the treatment that spent only two weeks in hot temperatures (20-35 °C) showed the highest germination (30%), compared to
the control (G = 22%). These results provide relevant information for understanding the physiology of D. bicolor germination, in
addition to contributing to the optimization of pre-germination practices for this important ornamental species.
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Resumo
Superacio de dorméncia em sementes de Dietes bicolor (Steud.) Sweet ex Klatt.

A propagacao seminifera de Dietes bicolor ¢ dificultada pela provavel dorméncia fisica e/ou morfofisiologica. Objetivou-se analisar
a eficacia de diferentes métodos de superacao de dorméncia em sementes de D. bicolor a fim de determinar possivel tratamento pré-
germinativo para a espécie. Foram realizados dois experimentos: (I) Avaliagdo da quebra de dorméncia fisica, em que os tratamentos
de escarificagdo mecénica utilizando-se lixa n° 100; escarificagdo quimica com 4cido sulftrico (H,SO,) por 5 ¢ 10 minutos e
imersdo em agua quente (70 °C), também, em 5 e 10 minutos foram avaliados. A semente intacta foi considerada testemunha.
(IT) Avalia¢do da dorméncia morfofisiologica, no qual as sementes foram submetidas a tratamentos combinados de estratificacdo
de temperaturas quentes (20-35 °C) e/ou temperatura fria (9 °C), distribuidas nos periodos de 0, 1 e 2 semanas, totalizando 9
tratamentos. Em ambos os experimentos se determinou a porcentagem de germinagdo (G), indice de velocidade de germinagdo
(IVG) e primeira contagem (PC), utilizando-se o delineamento em blocos casualizados e avaliados pelo teste de Scott-Knott a 1%
€ Dunnett a 5%. O uso H,SO, por 10 minutos induziu 42% de germinagdo, 0,52 de indice de velocidade de germinagédo e 18%
de primeira contagem, todavia somente PC mostrou-se significativamente distinto em relagdo a testemunha. No segundo ensaio,
o tratamento que passou somente duas semanas em temperatura (20-35 °C) apresentou a maior germinagdo (30%), em relacdo a
testemunha (G = 22%). Esses resultados constituem informagdes relevantes para a compreensdo da fisiologia da germinagéo de D.
bicolor, além de contribuir com a otimizag@o de praticas pré-germinativas para essa importante espécie ornamental.
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Introduction

Floriculture has a growing impact on agriculture.
The global production of ornamental plants has grown
worldwide, showing potential for expansion (Van Rijswick,
2016). The distinction of the flower market occurs due to
the continuous integration of production and logistics
technologies as well as the introduction of new species and
cultivars into the market (Junqueira and Peetz, 2017). In
this context, the Iridaceae species have stood out due to
the recognized ornamental importance of these species,
because of the beauty of their flowers and leaves, and the
large number of species cultivated for this purpose.

Iridaceae is a family of perennial monocots,
consisting of about 2,000 species mainly distributed in
the Northern Hemisphere, Africa, and Central and South
America (Goldblatt et al., 2008b). These species are
usually propagated by clumps and have slow vegetative
development and low germination rates (Hajyzadeh et al.,
2019). Kildisheva et al. (2020) classify seed dormancy in
Iridaceae as (I) physiological, in which the seeds absorb
water and have embryos with low growth potential,
sometimes in combination with a mechanical restriction of
the seed; or (II) morphological, in which the seeds absorb
water readily; however, the embryos are underdeveloped
and require time to grow before germination.

In literature, there is a lack of information about the
germination biology of these species. Basic protocols
for analyzing seeds starting with dormancy overcoming
methods have been established for a small number of
species in the family. In addition, different methods have
been proposed for overcoming dormancy in these species,
since the cause of this germination restriction may vary
according to each species (Hajyzadeh et al., 2019). Silva et
al. (2017), for example, report that in Belamcanda chinensis
(Iridaceae), as well as pre-hydration and removal of the
outer seed tegument, alternating temperatures before the
germination process assists in better results in overcoming
physical and physiological dormancy, making clear the
importance of endowing combined treatments. Carta et al.
(2016) identified in Romulea, that the consequence of the
poorly developed embryo was influenced by inadequate
exposure to different temperature levels, and that for its
proper growth it is necessary to detect the ideal temperature
for the species.

To cause simple non-deep morpho-physiological
dormancy breaking, as described by Baskin and Baskin
(2014), the use of hot or cold thermal stratification is
necessary, while in others it is necessary to use this technique
at a given temperature followed by the other. Carta et al.
(2014) also ratified in three species of the genus Crocus
(Iridaceae), positive performance in the acceleration of
growth and development of poorly developed embryos after
exposure of their seeds in a heated environment and then to
the cold, thus increasing the emission of their radicle, also
indicating their requirement for high temperatures to break
physiological dormancy.

Dietes bicolor (Steud.) Sweet ex Klatt, popularly
known as African iris or butterfly iris, belongs to the
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family Iridaceae and probably constitutes the most basal
old-world member of the tribe Irideac (Goldblatt and
Manning, 2008a). It is an ornamental species of increasing
commercial value (Ayoub et al., 2018; Menegaes et al.,
2020), which can also be used for medicinal purposes as
a potential source of natural antibacterial and antifungal
agents (Ayoub et al., 2018). Recent studies have shown the
effects of plant growth regulators on in vitro germination
and development of D. bicolor seedlings, although the
germination percentage was low (Silva et al., 2020). Given
our little knowledge on the process of germination of D.
bicolor, this study aimed to identify the type of dormancy
(physical and/or physiological) and then evaluate the effects
of pre-germination treatments in overcoming dormancy in
seeds of this species.

Materials and Methods

Seeds of D. bicolor plants were collected in Jatai
(17°52°33”°S; 51°43°17” W), Goias State, Brazil, between
the months of September to October 2019. The seeds were
cleaned, that is, impurities and malformed seeds were
discarded. Subsequently, the seeds were conditioned in
paper bags and kept in a refrigerator (9 °C) for one week
before the installation of the experiments.

The present work was divided into two experiments
conducted in a randomized block design. The first
experiment (I) was conducted to evaluate the breaking
of physical dormancy, consisting of six treatments, four
blocks of 25 seeds. These were: Control (intact seed) (1);
Mechanical scarification in which water sandpaper #100
was used (2); Chemical scarification with sulfuric acid
(H,SO,) done in 5 (3) and 10 minutes (4) and, finally,
immersion in hot water 70 °C performed, also, in 5 (5) and
10 minutes (6). After obtaining each treatment, the seeds
were disinfected with commercial 2.0% - 2.5% sodium
hypochlorite (NaClO) for 20 minutes.

The seeds were sown in transparent acrylic boxes
(11.0 x 11.0 x 3.5 cm) on two sheets of blotting paper,
duly moistened with 2.5 times the dry mass of the
paper. The boxes of each block were packed in plastic
bags, to avoid dehydration of the papers, and kept in a
germination chamber at 25 °C and 16 hours photoperiod.
The germination percentage (G) was obtained 25 days after
the application of treatments. The First Germination Count
(FC) was determined when it reached 50% + 1% of the
final germination. Daily counts were performed during the
germination test until stabilization, and with these data, the
germination speed index (GSI) was calculated, according
to the methodology proposed by Maguire (1962).

In the second experiment, the seeds were disinfected
with commercial NaClO (2.0% - 2.5%) for 20 minutes
and then sown between sand in each transparent acrylic
box, with 20 seeds per box. The sand substrate used, 100
g per box, was properly autoclaved and moistened to 60%
retention capacity, as prescribed in the Rules for Seed
Analysis RAS (Brasil, 2009), and packed in plastic bags to
prevent humidity loss.
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After the boxes with seeds were obtained, they were
divided into 9 treatments with 3 blocks. The treatments
consisted of two stratification temperatures for the seeds:
hot temperatures (20-35 °C) and a cold temperature of
9 °C, obtained in a germination chamber. In addition to
the stratification temperature, the exposure time for each
treatment was distributed over periods of 0, 1, and 2 weeks,

with and without alternating temperatures, as shown in
Table 1. At the end of each stratification treatment, the
seeds were conducted to germination at 25 °C, as described
above. After the germination test, PC, G, and GSI were
evaluated as described previously. In both experiments,
normal seedlings were counted, as described by Brasil
(2009).

Table 1. Seed temperature stratification treatments. Hot temperatures (HT) ranged from 20-35 °C and cold temperature

(CT) was fixed at 9 °C.

Treatments
Control
Cold temperature (CT)
Hot temperature (HT)
1 week CT + 1 week HT
2 weeks CT
2 weeks HT
2 weeks CT + 1 week HT
1 week CT + 2 weeks HT
2 weeks CT + 2 weeks HT

The data were analyzed through the ANOVA and
clustering of means test by Scott-Knott at 5% probability
using the AgroEstat software. In the second experiment,
Dunnett at 1% was also used for comparison of each
stratification with the control. For the latter, we used the
Rbio software.

Results and Discussion

The mechanical and chemical scarification treatments
used to overcome physical dormancy in D. bicolor seeds
showed no differences compared to the control treatment
regarding germination percentage and germination
speed index (Table 2). Only the thermal scarification
with immersion of the seeds in water at 70 °C for 5 and
10 minutes differed from the control with lower values

Total temperature stratification period

1 week
1 week
2 weeks
2 weeks
2 weeks
3 weeks
3 weeks

4 weeks

(0.03 and 0.00, respectively). Besides not overcoming
dormancy, the thermal scarification treatments delayed
or inhibited seed germination, and may have led to seed
death. According to Floss Junior et al. (2020) in some plant
species, as Lactuca sativa, it is possible to observe the
occurrence of thermodormency, a type of dormancy that
occurs when the seed is subjected to temperatures above the
optimum, in this species above 35 °C, in which the seeds
do not germinate even if exposed again to ideal conditions.

However, even though there was no difference in the
germination percentage, mechanical scarification and
chemical scarification (H,SO,) 10 minutes showed higher
values (14 % and 18%, respectively) of the first count (Table
2). According to Schmidt et al. (2017), this parameter is
generally associated with a higher vigor index in the batch
related to the treatment.

Table 2. Germination percentage (G), germination speed index (GSI), and first count (FC) of Dietes bicolor seeds

submitted to different pre-germination treatments.

Treatments
Control
Mechanical scarification

Chemical scarification (H,SO,) - 5°

Chemical scarification (H,SO,) - 10°
Thermal scarification (hot water 70 °C) - 5°
Thermal scarification (hot water 70 °C) - 10’

Coefficient of variation (%)

G (%) GSI FC (%)
27 a 033 a 4b
23 a 0.32a 14a
34a 0.44 a 7b
42a 0.52a 18 a
2b 0.03b 2b
0b 0.00 b 0b

30.60 6.92 32.72

Means followed by the same letter in the column do not differ by the Scott-Knott test at 0.01 probability.
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For overcoming physical dormancy, mechanical
scarification initially proved to be a promising treatment, since
the first germination was observed in this treatment on day 12.
However, the seeds of this group in the following days suffered
a greater predisposition to the infestation of microorganisms,

Control

Relative frequency (%)
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Water (70 °C) - 5 min

Period of seedling emergence (days)

possibly endophytic fungi, such manifestation may have
been one of the causes of the disuniformity presented in
germination, leading with time the paralysis of the process and
in some cases death of seeds (data not shown). Figure 1 shows
the heterogeneity of D. bicolor seed germination.

Mechanical scarification

0‘25_
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B 15 1
= 10 -
5-
0 + T T ¥ ¥ 3/_:
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Water (70 °C) - 10 min

5

O+ oo ¢+ o+ o+ + + ¢4+ +
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Figure 1. Distribution of the germination frequency of Dietes bicolor seeds submitted
to different dormancy breaking treatments.

The scarifications made with acid showed greater
homogeneity of the germination process evidencing a
single peak of germination frequency near 20 days after
sowing (Figure 1). However, we can observe higher
amounts of germination peaks with the stratification time
of five minutes at relative frequency, inferring a lower
homogenization of the germination process when compared
to the scarification done at ten minutes.

The ten-minute chemical scarification showed to be
the most stable among the treatments in its frequency of
germination over the days (Figure 1), besides being the
first treatment after mechanical stratification to have the
anticipation of the first expected germination (Table 2),
despite having obtained a low frequency in the first days we
can observe greater stability when compared to the other trials.

Ownam. Houtic. (Vicosa)

It can be seen that the distribution of the relative
frequency of the treatments presented a polymodal
behavior, highlighting among them the treatment with
10 minutes acid, in which this effect was attenuated
inferring more concentrated germination and in a shorter
time. Although the thermal treatment 70 °C of 5 minutes
had a unimodal visual behavior, its germination peak has
the origin far from the axes, so it owes too much time,
besides low germination (2%) (Table 2 and Figure 1).
The treatment done with thermal scarification of 70 °C
for 10 minutes remained at zero according to the relative
frequency formula during the entire time of the experiment
since no germination was obtained (Figure 1).

According to the daily germination graph (Figure 2),
it was verified that on the 20th day most of the treatments
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accounted for 50% of their final germination, so this
day can be considered the first count. Such facts were
corroborated by Souza et al. (2020) on treatments for
overcoming dormancy of Spodias dulcis, by Jeromini

Mechanical scarification
Water (70 °C) - 5 min

OVERCOMING DORMANCY IN SEEDS OF DIETES BICOLOR (STEUD.) SWEET EX KLATT

et al. (2020) on treatments for overcoming dormancy of
Bauhinia scandens and Gama et al. (2019) in determining
how to conduct the germination test of Carthamus
tinctorius.

H;80; - 5 min
‘Water (70 °C) - 10 min
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Figure 2. Percentage of accumulated daily germination of Dietes bicolor seeds submitted to different dormancy
breaking treatments.

The acid treatment in 10 minutes is promising, but not
enough to overcome dormancy. These results suggest the
occurrence of combined dormancy in D. bicolor seeds, a
characteristic also reported in other Iridaceae species such
as Iris Tenax (Jones and Kaye, 2014) and Belamcanda
chinensis (Silva et al., 2017; Silva et al., 2018).

To analyze the occurrence of morpho-physiological
dormancy of D. bicolor seeds, stratification treatments
were evaluated. However, the alternation of temperatures
in different periods did not show differences concerning
the control treatment regarding the germination percentage
and germination speed index (Table 3), although higher
values were observed in the stratification treatment with

hot temperatures for 2 weeks (30% and 0.24). Moreover,
only this treatment showed a difference in the first count
(13%) compared to the other treatments applied (Table
3). According to Carta et al. (2014), high temperatures in
some species of the genus Crocus (Iridaceae) are essential
for the emergence and development of the radicle, thus
indicating the need for summer temperatures to break
physiological dormancy. Furthermore, Goldblatt et al.
(2008a) report that the prime time for flower formation
and sexual reproduction in this family is during warmer
seasons, a period that tends to have elevations in the
climate, thus culminating in seed dispersal in times of
higher temperatures.

Table 3. Germination (G), germination speed index (GSI), and first count (FC) of Dietes bicolor seeds submitted to
temperature stratification treatments with hot (HT) and cold (CT) temperatures.

Treatments
Contol
1 week CT
1 week HT
1 week HT + 1 week CT.
2 weeks CT
2 weeks HT
1 week HT + 2 weeks CT
2 weeks HT + 1 week CT
2 weeks HT + 2 weeks CT

G (%) GSI FC (%)
22 0.11 0
20a 0.11a Oa
20 a 0.13a Oa
13a 0.11a 10a
18a 0.11a Oa
30a 024 a 13"a
12a 0.09 a 3a
28 a 0.20 a 7a
23 a 0.18 a 7a

*Treatments that statistically differ from control by Dunnett’s test at 0.01 probability.

Means followed by the same letter vertically do not differ statistically from each other by the Scott-Knott test at 0.05 probability.

Ownam. Houtic. (Vicosa)

V. 28, Ne. 1, 2022 p. 60-66



THIAGO ROBERTO REZENDE BORGES et al.

In general, it can be inferred that in the stratification
at elevated temperatures occurs a greater predisposition to
germination in a shorter time, and similarly, scarification
in cold environments incurs in lower rates of germination
speed. In this sense, the treatment of 2 weeks HT, among

65

all treatments, stood out because, in addition to obtaining
30% in its germination rate, it was the test that obtained in
its repetitions a similar number of development (Figure 3),
besides having a difference in the first count of germination
(Table 3).

—&— (Control B— 2 weeks HT

80
s 60
&
8
g40
&
o
£ 20
7

0 ? 3 °
14 18 22 26 30 34 38 42

Days after sowing

Figure 3. Distribution of the germination frequency of Dietes bicolor seeds submitted to two weeks of hot
temperature (20-30 °C) stratification in comparison to the control.

Despite the higher values obtained with warm
stratification, the results suggest that probably the seeds
of this lot showed combined dormancy. Future studies are
necessary to evaluate the use of longer times and/or stress
conditions to optimize the stratification processes and,
consequently, the germination of D. bicolor seeds.

Conclusions

The seeds of D. bicolor presented characteristics
that suggest the occurrence of physical and morpho-
physiological dormancy. The ten-minute sulfuric acid
treatment preliminarily equaled mechanical scarification
in terms of initial germination and outperformed it in
terms of uniformity. However, only the first count of
this treatment differed from the control. Stratification at
elevated temperatures provided greater uniformity in the
germination of D. bicolor that was not possible with acid
alone. The results presented in this study contribute to the
optimization of pre-germination practices for this important
ornamental species.
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