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Abstract

Seed dormancy is a mechanism of long survival that is ecologically important for seed propagation and dispersal and the expansion
of plant populations. The impermeability of the seed coat in the Fabaceae family is due to a layer of sclerotic cells. Two experiments
were conducted to investigate the effect of different seed treatment on germination parameters and seedling growth in Cercis
siliquastrum and Spartium junceum. Experimental treatments comprised of chemical and thermal scarification treatment consisting
of boiling water (2, 5, 10 min), H,SO, (30, 60 min) and GA (0, 500 and 1,000 mg L™") in C. siliquastrum and boiling water (2, 5, 10
min), H,SO, (2, 5 min) in §. junceum. The results presented here indicate that chemical scarification by soaking in sulfuric acid for
30 min and 2 min in C. siliquastrum and S. junceum, respectively were the most efficient methods to breaking the seed dormancy.
The application of these methods promoted the highest values of indices seedlings. In the light of the found results, it revealed that
C. siliquastrum and S. junceum seeds are affected by a coat dormancy, which can be removed by a chemical-thermal scarification
with sulfuric acid and boiling water. The data obtained contribute to a better comprehension of propagation and establishment of
these shrubs ornamental by seedling.
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Resumo
Efeito de métodos de quebra de dorméncia na germinagio e no
crescimento de mudas de Cercis siliquastrum e Spartium junceum

A dorméncia das sementes ¢ um mecanismo de longa sobrevivéncia que ¢ ecologicamente importante para a propagacao e dispersao
das sementes e expansdo das populagdes de plantas. A impermeabilidade do tegumento da semente da familia Fabaceae se deve
a camada de células escleroticas. Dois experimentos foram conduzidos para investigar o efeito de diferentes tratamentos de
sementes nos pardmetros de germinagdo e crescimento de plantulas em Cercis siliqguastrum e Spartium junceum. Os tratamentos
experimentais consistiram de escarificagdo quimica e térmica com dgua fervente (2, 5, 10 min), H,SO, (30, 60 min) ¢ GA (0, 500
e 1.000 mg L") em C. siliquastrum e agua fervente (2, 5, 10 min), H,SO, (2, 5 min) em S. junceum. Os resultados indicam que a
escarificagdo quimica por imersdo em acido sulfurico por 30 min e 2 min em C. siliqguastrum e S. junceum, respectivamente, foram
os métodos mais eficientes para quebrar a dorméncia das sementes. A aplicagdo desses métodos promoveu os maiores valores
de indices de mudas. Diante dos resultados encontrados, revelou-se que sementes de C. siliquastrum e S. junceum apresentam
dorméncia tegumentar, que pode ser removida por escarificagdo quimico-térmica com acido sulfurico e agua fervente. Os dados
contribuem para melhor compreensdo da propagagio e estabelecimento por mudas desses arbustos ornamentais.

Palavras-chave: acido giberélico, acido sulftirico, agua fervente, escarificagdo, germinagao.

seed shells to water. Break of scleroid cells or mechanical
pressure can cause water absorbed by the seed and eventually

Introduction

Seed dormancy is a mechanism of long survival that is
ecologically important for seed propagation and dispersal
and the expansion of plant populations. One of the most
important reasons is the lack of germination stimulants
and chemical inhibitors in the seed coat. Seed physical
dormancy in the Fabaceae family is caused by impermeable

lead to seed germination (Silva et al., 2021). Methods of
breaking seed dormancy thermal scarification, mechanical
scarification and acid scarification are effective in breaking
the dormancy of hard-coated seeds. These treatments might
crack the seed coat, increasing permeability and permitting
absorption of water (Gao et al., 2020).
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Spanish broom (S. junceum L.) grows naturally on
rocky ground or over steep slopes near the sea. Besides
its xeromorphic adaptations, it has also adapted to higher
salt concentrations in the soil. The vegetative organs of the
spanish broom can adapt to dry areas and infertile soils and
thus prevent soil erosion (Pulatkan et al., 2017). The seeds
of this plant have an impermeable and very hard cover
and prevent germination due to preventing water entry,
gas exchange and root emergence (Yucedag and Gultekin,
2011). Cercis siliquastrum, commonly called Judas tree or
Chinese redbud, is a deciduous, often multi-trunked, brush
tree with a rounded crown (Sabeti, 1994). C. siliquastrum is
propagated by seeds, but seed dormancy of this plant prevents
its uniform and rapid germination (Koneshloo, 1994).

It has been reported that in some cases the seeds of this
plant need 4 to 12 weeks of scarification after stratification,
because in addition to the physical dormancy of the seed,
it also has endogenous dormancy (embryo). Studies on C.
siliguastrum seed dormancy have shown that sulfuric acid
treatment with scarification had the highest germination
percentage (Gebre and Karam, 2004). In another study,
Zincirkiran et al. (2010) introduced the best seed
germination treatment for C. siliquastrum seed soaking
with 98% sulfuric acid for 30 minutes with scarification
for eight weeks. In another study, to improve dormancy
failure and germination of C. siliqguastrum seeds, soaking
the seeds in 90% sulfuric acid for 20 to 40 minutes with
cold and wet scarification (in sand medium) for 90 to 120
days is mentioned (Pipinis et al., 2011).

Understanding of the germination of seeds is critical for
by abundantly producing seeds of high viability. Therefore,
the aim of this study was to determine the effects of soaking
treatments with sulfuric acid, gibberellic acid and boiling
water in removing the hard seed cover of C. siliqguastrum
and Spartium junceum, breaking the seed dormancy and
determining the most optimal treatment for germination
and seedling growth.

Materials and Methods

Plant material

The C. siliquastrum and S. junceum seed capsules
material used in the study were collected from an adult
shrub located in campus of Arak University, Iran, with a
longitude of 496, latitude of 34 and an altitude of 1872 m
above sea level during end-spring. Capsules were dried
at room temperature (25 °C) for 1 week. Dried capsules
were manually broken, and seeds were removed. Two
independent experiments were conducted in the research
laboratory of the Faculty of Agriculture and environmental
science of Arak University, Iran.

Methods to break seed dormancy of C. siliquastrum

Before breaking the seed dormancy, two treatments
were used to render the seed coat of Cercis chinensis. The
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seeds were immersed in boiling water at 100 °C for 2, 5
and 10 min then cooled gradually to room temperature for
24 h in thermal scarification. Seeds immersed in sulfuric
acid (H,SO,) (98%) in two times of 30 and 60 min and
the solutions were periodically stirred during the treatment
in the acid scarification. Then, the seeds were rinsed with
running water for 24 h. Subsequent to these pretreatments,
seeds were immersed in 0, 500 and 1,000 mg L' gibberelic
acid (GA) solution for 24 h at room temperature.

Methods to break seed dormancy of Spartium junceum

Thermal and mechanical scarification treatments were
used to thinning the seed coat of Cercis chinensis. The
seeds were immersed in boiling water at 100 °C for 2, 5
and 10 min then cooled gradually to room temperature
for 24 h in thermal scarification. Seeds soaked in sulfuric
acid (H,SO,) (98%) in two times of 2 and 5 min and the
solutions were periodically stirred during the treatment in
the mechanical scarification. Then, the seeds were rinsed
with running water for 24 h. Immersion in water at room
temperature (25 © C) for 24 h was considered as a control
in each experiment.

Conditions of seed germination

The seeds were disinfected after each treatment. They
were immersed in 30% (v v'') Clorox TM solution (active
chlorine 5%) for 10 minutes and then washed three times
with sterile distilled water. The seeds were immediately
placed to germinate in sterilized petridish containing
whatman filter paper, and then maintained under growth
chamber conditions (25+1 °C in absolute darkness) for a
period of 21 days.

Measurements of germination and seedling growth

Seed germination was recorded daily and expressed
as a percentage of the total number of tested seeds.
The seedling evaluation (root length, stem length, leaf
length and width) was measured. In addition, at the end
of the study (after three weeks), several germination
parameters were calculated to characterize the seed
dormancy. Germination Index (GRI), Coefficient Velocity
Germination (CVG), Mean Germination Time (MGT),
Mean Daily Germination (MGR), Final germination
percentage (FGP), Seed Vigor Index (SV), Tolerance
Index (TI) and Dormancy percentage (DP) in different
treatments were calculated by equations (Table 1). The
final germination percentage (FGP) represents the total
number of seedlings at the end day of the test. The mean
germination rate (MGR) is defined as the reciprocal of the
mean germination time since the mean germination rate
increases. MGT is a measure of the time spread of the
germination while MGR is the reciprocal of MGT. GRI
calculations merely show the percentage of germination
per day, coefficient of velocity of germination (CVG)
gives an indication of the rapidity of germination.
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Table 1. Evaluation of seed germination indices by equations

Germination indices

Germination Index (GI)

Coefficient Velocity Germination (CVG)

Mean Germination Time (MGT)

Final Germination Percentage (FGP)

Seed Vigor Index (SVI)

Mean Germination Rate (MGR)

Statistical analysis

A completely randomized experimental design (CRD)
and four replications was used in this study.

The experimental data were analyzed using SAS
version 19.1 software. The data were submitted to analysis
of variance (ANOVA) used to compare the mean and to
determine the significance of statistical differences in
treatments at 1% level.

Results

Effect of different methods to break seed dormancy
of C. siliquastrum

The effect of different methods to break seed dormancy
on C. siliguastrum germination indices showed that
the highest Coefficient Velocity Germination (CVG)
(32.56) in 30 min of immersion in sulfuric acid + GA
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1,000 mg L' that this treatment was significantly different
from other treatments. The lowest rate of Coefficient
Velocity Germination (CVG) (12.44) in GA 500 mg L™
and 2 min of boiling water, was obtained (Figure 1A).
There was no significant effect of GA+ boiling water (all
of concentrations and times) on CVG trait, compared to
each other while there was significant effect these treatments
compared to GA+H_SO,. According to the results of this
study, the highest mean germination time (8.39 days) in 1,000
mg L' GA and 2 min immersion in boiling water while, this
treatment was not significantly different from 500 mg L™
GA + 2 min boiling water, 1,000 mg L™' GA + 2 and 5 min
boiling water treatments. The lowest mean germination time
(3.1 days) in 1,000 mg L' GA and 30 minutes of immersion
in 98% sulfuric acid was observed that this treatment was not
significantly different from 500 and 1,000 mg L™ GA + 60
min H,SO, treatments (Figure 1B).
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Figure 1. The effect of sulfuric acid, boiling water and gibberellic acid treatments on: a) Coefficient Velocity
Germination (CVG) and b) Mean germination time (MG), seed of Cercis siliquastrum. The bar graph represents
the mean and standard deviation values for three replications. Means with the different letters indicate significant

differences based on Duncan’s test at a = 0.01.

According to a preliminary study, the final germination
percentage (FGP) was 25% without any treatment in the
seeds of Cercis siliquastrum. The results of this experiment
showed that the highest final germination percentage
(FGP) was obtained in 98% sulfuric acid (both 30 and
60 min). However, there were no significant differences
in the treatments of GA and sulfuric acid on the final
germination percentage. Boiling water had slight effect
on seed germination. The lowest germination percentage
(36%) was related to 2 min immersion in boiling water +
500 mg L' GA, which was not significantly different from
5 and 10 min of immersion in boiling water (Figure 2A).
According to the results, the highest Average Germination
Rate (MGR) (4.86 seeds per day) in 30 min immersion
in 98% sulfuric acid + 1,000 mg L™' GA and the lowest
Average Germination Rate (MGR) (0.63 seeds per day)
in 2 min of immersion in boiling water + 500 mg L' GA
were obtained (Figure 2B). There were no significant
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differences in the treatments of 500 mg L' GA+ boiling
water 2 min and GA 1,000 mg L™ + boiling water 2, 5
and 10 min on MGR. Also, the highest germination
index (33.51) was obtained in 30 min of immersion in
sulfuric acid + 1,000 mg L' GA and the lowest rate of
this trait (5.33) in 2 min of boiling water + 500 mg L™
GA. Treatment of 30 min of immersion in sulfuric acid
+ 1,000 mg L' GA was significantly different from other
treatments (Figure 2C). The effect of 98% sulfuric acid
and boiling water treatments on seed dormancy index is
inversely related to seed germination rate. Hence, that the
lowest percentage of seed dormancy was observed in 30
min of immersion with 98% sulfuric acid + 500 mg L' GA
and the highest percentage of seed dormancy was detected
in boiling water at 100 © C for 2 min + 500 mg L™ GA,
nevertheless, this treatment was not significantly different
from treatment of 1,000 mg L' GA+ 2 min Boiling water
(Figure 2D).
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Figure 2. The effect of sulfuric acid, boiling water and gibberellic acid treatments: a) Final Germination Percentage
(FGP), b) Mean Germination Rate (MGR), ¢) Germination Index (GRI) and d) Dormancy Percentage seed of Cercis
siliguastrum. The bar graph represents the mean and standard deviation values for three replications. Means with the

different letters indicate significant differences based on Duncan’s test at a = 0.01.

According to the results of comparing the mean
effect of different treatments on seed dormancy of C.
siliguastrum seeds, the highest and the lowest rate
of root growth (4.42- 0.39 cm) and hypocotyl growth
(8.24- 1.26 cm) was observed in the treatment of sulfuric
acid for 30 mint+ GA 500 mg L' and 10 min of boiling

water+ GA 1,000 mg L™, respectively. Also, the highest
length (1.22 cm) and width (0.62 cm) of leaves in 60
min sulfuric acid treatment+ GA 500 mg L' and the
lowest length (0.3 cm) and width (0.15 cm) of leaves
in 10 minutes of boiling water+ GA 1,000 mg L' was
obtained (Table 2).

Table 2. The effect of sulfuric acid, boiling water and gibberellic acid treatments on growth of C. siliquastrum seedling.

Treatments
GA,,,H,S0, 30
GA,,H,S0, 60

GA, ,BW 2

GA,,,BW S5

GA,,BW 10
GA, ,,H,S0, 30

1,000 =2

GA ,,H,S0, 60

1,000 =2

GA, ,,BW2

1,000

GA, ,BWS5

1,000

GA,  BW 10

1,000

Root length(cm)

442 a+0.69
3.01 ab+0.58
2.14bc +0.38
2.44b+0.40
242b+0.73
1.82 bc +2.10
1.59 be + 1.97
2.24b+0.75
1.56 bec +1.21

0.39¢c+0.78

Shoot length(cm)

8.24a+2.03
7.45ab+ 1.11
6.7 abed = 1.01
6.9 abc £ 0.51
5.87 abcd + 0.86
3.5 cde £4.05
3.09 de +£3.57
5.97 abed + 0.98
3.97 bede + 2.66
1.26 e £2.53

Leaf length(cm)

1.07 abc + 0.05
1.12 abc + 0.07
1.22a+0.11
1.2 ab+0.04
1.06 abc + 0.41
0.51 ¢cd £ 0.59
0.53 bed £ 0.61
1.19 ac £0.07
0.88 abcd + 0.59
0.3d+0.60

Leaf width(cm)
0.55ab +0.01
0.57 ab + 0.02

0.62a=+0.07
0.6 ab + 0.02
0.62a+0.01
0.28 bc +0.32
0.28 bc +0.32
0.58 ab + 0.02
0.47 ab+ 0.31
0.15¢+0.30

Means followed by the same letters are not significantly different from each other (p < 0.01) as determined by Duncan’s Multiple Range Test (DMRT).
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Effect of different methods to break seed dormancy
of Spartium junceum

The application of different methods to break dormancy
did not affect most traits related to seedling growth of the
shoot and roots. Figure 3 shows the effect of the different
treatment with sulfuric acid and boiling water on the
germination S. junceum of seeds. Treatments of sulfuric
acid and boiling water on seed germination indices in
Spartium junceum, showed that the highest Coefficient
Velocity Germination (CVG) (16.77) was observed in
sulfuric acid treatment for 2 min. Increasing the time of
immersion in sulfuric acid (5 min) presented a decrease in
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Cocfficient Velocity Germination however this treatment
was not significantly different from sulfuric acid for 2 min.
The lowest Coefficient Velocity Germination (8.21) was
related to the control. There was no significant difference
between control and boiling water treatments for this trait
(Figure 3A). The sulfuric acid treatment reduced the Mean
Germination (MG) in S. junceum seeds, while boiling
water treatment enhanced the MG in seeds. The maximum
(12.37 days) and lowest (6.59 days) Mean Germination
were observed in the control (which was not statistically
significant different from boiling water treatments) and two
min of sulfuric acid, respectively (Figure 3B).
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Figure 3. The effect of sulfuric acid and boiling water treatments: a) Coefficient Velocity Germination
(CVG@), b) Mean germination time (MG) and c¢) Germination Index (GRI) seed of S. junceum L. The
bar graph represents the mean and standard deviation values for three replications. Means with the
different letters indicate significant differences based on Duncan’s test at a = 0.01.

A comparison of the mean effect of sulfuric acid and
boiling water treatments on S. junceum seed Germination
Index (GRI) is shown in Figure 3C. Immersion of S. junceum
seeds in 98% sulfuric acid increased the seed Germination
Index (GRI). The minimum Germination Index (GRI)
(3.15) in the control and the highest Germination Index
(GRI) in 5 min of sulfuric acid (12.15) was obtained. The
sulfuric acid for 2 and 5 had no significant difference on
this trait. No significant difference was observed between
control and boiling water treatment.
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Discussion

Inthis study, it was found that sulfuric acid and gibberellic
increased the germination rate of C. siliquastrum L. seeds.
The highest Coefficient Velocity Germination (CVG) and
Average Germination Rate (MGR) were obtained in 30 min
of immersion in sulfuric acid with 1,000 mg L' gibberelic.
This conclusion agrees with Gao et al. (2020) pointed out
that treatment with exogenous GA, following scarification
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significantly improved germination in C. chinensis seeds.
Thermal scarification, mechanical scarification, and acid
scarification are effective in breaking seed-coat dormancy
because the treatments cause disruption of the seed coat,
resulting in rapid imbibition. The hard seed coat of C.
chinensis severely delayed water imbibition, which was
one cause of seed dormancy. Structural studies of hard-
coated seeds are significant for enhanced considerate of
the reasons and release of seed dormancy. Longitudinal
segments of C. chinensis seeds shown a thin condensed
layer of colloid material located between the inner surface
of the test and the embryo, which is the remnant tissue of
the endosperm (Gao et al., 2020).

The encouraging effect of GA, in the current study
designates that seeds may also have ‘physiological’
dormancy also entitled ‘combined’ dormancy, which was
broken by the application of GA, (Iralu and Upadhaya,
2018). Gibberellin encourage germination by prompting
hydrolytic enzymes that weaken the obstacle tissues such
as the endosperm or seed coat, inducing mobilization of
nutrition reserves in seed and motivating development of
the embryo. Major improvement in seed germination might
be due to enhanced breakdown of reserve metabolites
existing in seed. Furthermore, the gibberellic acid has
encouraging effect on germination due to its phytohormone
regulation capability and retarding effect against abscisic
acid present in dormant seeds (Ullah et al., 2020).

Sulfuric acid is supposed to interrupt the seed coat and
expose the lumens of the macrosclereids cell, allowing
imbibition of water which activates the release of simple
sugar that could be readily used for protein synthesis,
thereby encouraging germination (Rusdy, 2017). The
time required for seed germination plays an important
role in plant survival (Bareke, 2018). It is very valuable
to choose a technique that can improve seed germination
traits and at the same time be inexpensive and unassuming
to increase the chances of successful seedling production
and establishment. The use of various substances such as
sulfuric acid can have a significant effect on improving
and increasing seed germination (Mehdadi et al., 2017;
Venancio and Martins, 2019). Beneficial effects of
hot or boiling water washing on seed germination of
Fabaceae plants as well as facilitating and stimulating the
germination of sulfuric acid-treated seeds in plants of this
family have been reported (Kheloufi, 2017; Kheloufi et al.,
2017;). Sulfuric acid treatment has been introduced as a
commercial method for scraping seeds (Nowruzian et al.,
2022).

In this study, scarification using sulfuric acid and GA
soaking was revealed as well encouraging the germination
rate and percentage of C. siliquastrum seeds. The highest
germination index was obtained in the treatment of 1,000
ppm GA + 30 min of immersion in sulfuric acid treatment.
However, with increasing sulfuric acid soaking time, the
germination index decreased significantly. The highest
average germination time in C. siliquastrum seeds was
obtained in the treatment of 2 min immersion in boiling
water + 500 mg L™ GA. It can be stated that the reduction
of the average germination time in C. siliquastrum seeds
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treated with sulfuric acid was due to increased germination
rate and proper water uptake, which led to rapid germination.
According to the results of this study, the effect of sulfuric
acid on these two indices of germination was the opposite.
Thus, immersion in sulfuric acid at different times (30 and
60 min) and with concentrations of 500 and 100 mg L' GA
increased the seed germination percentage and decreased
the seed germination percentage. Boiling water treatment
did not have a significant effect on the germination
percentage of C. siliquastrum seeds, while the highest seed
dormancy percentage was obtained in this treatment. Also,
the results of this study showed that sulfuric acid increased
the Germination Rate, Coefficient Velocity Germination
and seed Germination Index of Spartium junceum. This is
consistent with the results of previous studies on increasing
the germination rate of seeds treated with sulfuric acid
(Atiku et al., 2021).

Similar observations were noted by Mehdadi et al.
(2017) whose demonstrated that the chemical scarification
had permitted the coats softening of Retama raetam
seeds which promote the germination. The same results
were demonstrated in our study after pretreatment with
sulfuric acid during 30 and 60 min. The use of chemical
acids, especially sulfuric acid, improves seed germination
in many legumes with hard shells and increases the
permeability of the seed coat as well as the uplifting water
and oxygen permeability of the testa (Mojeremane et al.,
2018). The efficiency of this pretreatment on removing the
tegumentary inhibition of Leguminoseae species of Sahel
(Mehdadi et al., 2017).

According to the results of this study, the length of
stem and root of C. siliquastrum seed increased in 30 min
of immersion in sulfuric acid + 500 mg L' GA and the
highest leaf length and width were obtained in 2 min of
immersion in boiling water + 500 mg L' GA treatment.
These results are in agreement with Rusdy (2017) that the
highest percentage of seedling emergence, plant height,
number of leaves, biomass dry weight was recorded when
seeds Leucaena leucocephala treated with sulfuric acid
for 20 and 24 min. Sulfuric acid is thought to disturb the
seed coat and expose the lumens of the macrosclereids
cell, permitting imbibition of water which triggers the
release of simple sugar that could be readily used for
protein synthesis, thus encouraging germination (Rusdy,
2017). Gibberelic acid inducing germination by encourage
hydrolytic enzymes that deteriorate the hurdle tissues such
as the endosperm or seed coat, inducing mobilization of
nutrition reserves in seed and stimulating development of
the embryo (Luera et al., 2021).

However, the current results reach agreement with
those of previous studies in which scarification combined
with GA, application is described to have a synergistic
effect in accelerating seed germination and to be effective
in increasing seed germination in many species (Gao et
al., 2020; Rusdy, 2017; Pipinis et al., 2011). Since, the
physical and chemical treatments improved germination,
it is proposed that there was an external dormancy which
was perhaps due to the impermeable seed coat (Maleki
et al., 2007). According to the results of this study, since
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the seeds of the C. siliquastrum and S. junceum treated by
sulfuric acid and hot water, germinated and the problem of
seed dormancy was explained, it can be concluded that the
dormancy of the seeds of this plant is most likely related
to physical factors (Mechanical resistance of seed coat
against germination). The present study revealed that of C.
siliqguastrum and S. junceum seeds exhibited a combination
of physical and physiological dormancy.

Conclusions

The results presented here indicate that chemical
scarification by soaking in sulfuric acid for 30 min and 2
min in C. siliquastrum and Spartium junceum, respectively
were the most efficient methods to breaking the seed
dormancy. The application of these methods promoted the
highest values of indices seedlings. In the light of the found
results, it revealed that C. siliquastrum and S. junceum
seeds are affected by a coat dormancy, which can be
removed by a chemical-thermal scarification with sulfuric
acid and boiling water. The data obtained contribute to a
better comprehension of propagation and establishment of
these shrubs ornamental by seedling.
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