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Abstract. Bauhinia winitii Craib (Fabaceae, Caesalpinioideae) is a woody climber which is currently included in endangered species
list. B. winitii seeds are orthodox seeds in which it has hard coat morphologically. Therefore, B. winitii seeds often undergo physical
dormancy which can be broken through immersion in certain liquid media. This study aimed to characterize the morphology of B.
winitii seeds and determine the pre-sowing treatment method to accelerate the seeds germination of B. winitii. External morphological
characterization was carried out by observing the seeds quantitative and qualitative parameters. Characterization of seeds internal
morphology was conducted using a digital microscope. Physical dormancy breaking was carried out by immersion in warm and cold
water for 24 hours. Morphological characterization data were analyzed descriptively, while seed germination data were analyzed
quantitatively by using one-way ANOVA followed by LSD test (with confidence level of 95%). B. winitii has pod-shaped fruits with 2-
6 seeds per pod, the seeds are 1.36 cm x 1 cm in size, 0.47 cm thick and weighed 0.5 g, oblong to conical in shape, smooth and shine
surface, with light to dark brown in color. Seeds immersion treatment in warm water could break the physical dormancy of B. winitii
seeds thus 63% of the seeds were able to germinate and it was significantly different compared to control and cold water immersion
treatment. Technical to germinate B. winitii seed can be known from pre-sowing treatment. This study can be used as a reference for

seed identification and germination technical of B. winitii seed.
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INTRODUCTION

Bauhinia winitii Craib is a woody climber of the
Fabaceae family, subfamily Caesalpinioideae and
synonym of Lysiphyllum winitii (Craib) de Witt. It is
distributed in the tropics and is an endemic plant from
Thailand (Sraphet et al., 2021). Based on an
assessment conducted by the Botanic Gardens
Conservation International database for threatened
tree species, B. winitii is classified as an endangered
species (Rivers et al., 2015) which is given to taxons
facing a high risk of extinction (Dublin, 2019).

B. winitii seeds exhibited orthodox seed storage
characteristics that are resistant to long term storage
just like other typical legume seeds (Waiboonya et
al., 2019; Solberg et al., 2020) in seed bank. This
characterisistic is needed for seed conservation (Zuhri
et al., 2019). It is because morphologically orthodox
seeds generally have a hard seed coat. The
morphological structure of seeds can be identified
through characterization, where studies concerning it
are very important both for identification process and
for diversity determination of a  species.
Morphometric analysis is one form of morphological
characterization which is closely related to the
adaptation process of a species to the environment
(Lestari et al., 2018; Magalhaes et al., 2021).

Seeds might undergo dormancy when the
environmental conditions are not suitable for
germination. However, even in good environmental
conditions (sufficient humidity, suitable temperature
and light), viable seeds could fail to germinate
(Schmidt, 2002). The probable causes of such seed
dormancy are hard seed coats, immature embryo
growth, and seeds containing inhibitory substances in
the fruit or seeds that prevent germination, as well as
a combination of several types of dormancy factors
(Zanzibar, 2017). Dormancy in B. winitii seeds is a
physical type caused by structural restrictions on seed
germination. As a result of the hardness of the seed
coat, the seeds have a mechanical barrier against the
entry of water or gas into the seed during the
imbibition process. This physical dormancy can be
broken by immersion in certain liquid media, such as
water or certain chemical solutions. The immersion
serves as an alternative pre-sowing treatment to speed
up the imbibition process so that the seeds germinate
quickly. Previous study carried out by Ekasari (2011)
showed that immersion in warm water could break
the seed dormancy of Calliandra tetragona, also the
member of Fabaceae, indicated by 96% seed
germination compared to control (35% seed
germination). Breaking the dormancy for hard seed
coats can be carried out by immersion in cold or
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warm water and treatment with strong acids (Abbas,
2013; Rusdy, 2017).

The studies of seed morphology underlie
processes in biological and ecological sciences, such
as germination, seed dispersal, and dormancy
(Diantina et al., 2020). Such morphological studies,
both internal and external, are very important to
differentiate  taxonomic groups through seed
germination and viability tests for seed conservation
efforts (Rios et al., 2016). Morphological characters
of fruit and seeds are very important in understanding
plant taxonomy and systematics, especially as an
introduction to seed plants (Lestari & Asih, 2015).

The purpose of this study was to determine the
internal and external morphological structure of B.
winitii seeds and to determine the appropriate pre-
sowing treatment method to accelerate the seeds
germination of B. winitii. The results of this study are
expected to be wused as a reference for the
identification process of seeds and seed germination
of B. winitii.

METHODS

Time and place of study

This study was conducted in March 2020 - April
2021 in the in-vitro culture laboratory and nursery
greenhouse of the Purwodadi Botanic Garden (PBG),
Pasuruan, East Java. The Bauhinia winitii seed
materials used were obtained from living collections
conserved ex-situ in block 11.E.3 of PBG.

Morphological characterization of B. winitii seeds

The dried pods of B. winitii were harvested, then
peeled to collect the seeds. In every pod, there were
2-5 seeds. The seeds were then dried until ready to
use. For external morphological characterization of B.
winitii seeds, a sample of 100 seeds was used and the
length, width, thickness, and weight of seeds were
measured (for quantitative characters), as well as the
color, surface, and shape (for qualitative characters).
Length and width of seeds were measured using
millimeter paper, with the length of the seeds was
measured from the base to the tip, while the width of
the seeds was measured at the widest part of the seeds
or the seed diameter (Das Neves et al., 2018). Seed
thickness was determined using digital calipers and
seed weight was measured using digital balance.
Detailed observations on the external morphological
characterization of seeds referred to Sangalli et al.
(2012) and Lestari (2013). The detailed cross-
sectional morphology of B. winitii seeds was
observed using Dino-Lite digital microscope Premier
(AM3111/3113 Series).

Breaking the physical dormancy of B. winitii seeds

This study of physical dormancy of B. winitii
seeds used a completely randomized design. The
control was fresh and untreated seeds, while the
treatments were the immersion of seeds in warm
water and in cold water each for 24 hours. The
number of seeds for control and each treatment was
25 with three replications. All seeds were then sown
in a sandbox and watered when the planting medium
looked dry. The parameters observed were the
number of seeds germinated, the seed germination
speed, the pattern and type of germination. The
number of seeds germinated was used to determine
the germination percentage and rate which referred to
Sutopo (2010), Davies et al. (2015) and Latifah et al.
(2020), with the following formula:

number of seed germinatad

Percentageof germination = % 1003

number of seed sown

1
L x 10C

germination rate = m
Note: n = number of germinated seeds and t = seed
germination speed (days)

Data analysis

Data on the  external morphological
characterization and cross-section (internal) of B.
winitii seeds were analyzed descriptively. The seed
germination data were analyzed statistically using
one-way ANOVA with the aid of Microsoft Excel. If
there was a significant difference, it was continued
with the LSD (Least Significant Difference) test with
a confidence level of 95%.

RESULTS AND DISCUSSION

Morphological characterization of Bauhinia winitii
seed

B. winitii has pod-shaped fruit with 2-6 seeds per
pod, the fruit skin is dark brown to blackish brown,
and its surface is coarse and hairy with size ranging
from 17-25 cm x 4.5-5 cm (Figure 1a). Fruits of
Fabaceae are generally pod-shaped, some are winged,
such as Flemingia macrophylla, Koompassia excelsa,
Myroxylon balsamum and Pterocarpus indicus
(Gumilang et al., 2018). The pod characteristics are
positively correlated with the characteristics of the
seeds (Ningsih et al., 2019). One example is Bauhinia
scandens which has brown pod, with a length of 1.8-3
cm and a width of 1-1.6 cm (Kuswanto, 2016). Each
pod contains 1 or 2 elliptical to obovoid seeds with a
length of 8 mm (Kuswanto, 2016).

The seeds of B. winitii are 1.36 cm x 1 cm in size,
0.47 cm thick and weighed 0.5 gram, oblong to
conical in shape, smooth surface, shine with light to
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dark brown in color (Figure 1b). Based on the cross-
section of the seeds (Figure 2), sorted from the
outermost to the innermost, the internal parts of B.
winitii seeds consist of testa and tegmen (seed coat),
endosperm, and microfiles. Radicle is composed of
the funiculus and hilum. The radicle will become a
new individual through the emergence of hypocotyl
and epicotyl during germination. The morphological
structure of the seed radicle of the subfamily
Caesalpinioideae consists of a hilum in the middle of
which there is a hilar groove with a micropyle at the
tip of the radicle and lens at the base of the radicle.
The hilum functions as a hygroscopic valve that is
responsive to the growing environment (LPWG,
2017). Furthermore, it is also a part of the seed that is
able to adapt to environmental conditions so that it is
resistant to dry tropics.

b e O 8 R O A MM N 3
Figure 1. Morphology of fruit and seed of Bauhinia
winitii; (a.) Fruit and (b.) Seed
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ection of Bauhinia winitii seed

Figure 2. Cross-s
Analysis of plants morphological characterization
in general contributes to the purposes of
identification, characterization, and genetic diversity.
Ajisyahputra et al. (2017) and Magalhaes et al. (2021)
stated that morphobiometric analysis is useful to
characterize or even identify certain species. The
variation in seed morphology is tremendous and these
characters are relatable to the way the seeds
germinate and spread. Thus, it is a form of ecological
adaptation (Zhang et al., 2015; Hariyanto, 2019).

Physical dormancy of Bauhinia winitii seed

Several species of the Fabaceae, especially living
in the tropics, have seeds with a physical dormancy
that are strongly influenced by the environment. One
of them is seeds of the genus Bauhinia which have a
low germination rate in nature. Based on Figure 3,
breaking the the physical dormancy of B. winitii
seeds could be performed through immersion in
warm water for 24 hours. It triggered seed
germination hence the germination percentage
reached 63%. This germination percentage is
categorized as moderate since it ranges from 51-80%,
while the germination of control (fresh seeds) and
seeds immersed in cold water for 24 hours is
categorized as low (range of 1-50%). The
germination rate of control and both treatments
increased on the 5" day after sowing and decreased
significantly until the end of the observation. Thus,
the breaking of physical dormancy through water
immersion did not affect the germination rate of B.
winitii seeds. Analysis of variance showed that
immersion of B. winitii seeds in warm water for 24
hours gave a significant difference compared to other
treatments. There was no significant difference in
germination between controls and seeds immersed in
cold water. Physical dormancy did not affect
significantly the seed germination speed (Table 1)
although fresh seeds seemed to germinate longer than
seeds with water immersion treatment. It is due to the
pre-treatment before sown hence the imbibition
process already occurred during the treatment.

12345678 91011121314151617181920212223242526272829303132333435
days after sown (das)

== PGF  =l=PGW =de=PGC ==se=GRF ====GRW =@=GRC

Figure 3. Seed germination of Bauhinia winitii; PGF
= germination percentage of fresh seeds (control),
PGW = germination percentage of seeds immersed in
warm water for 24 hours, PGC germination
percentage of seeds immersed in cold water for 24
hours, GRF germination rate of fresh seeds
(control), GRW germination rate of seeds
immersed in warm water for 24 hours, and GRC =
germination rate of seeds immersed in cold water for
24 hours
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Table 1. Statistic of seed germination of B. winitii

Germination Germination
Treatment (%) speed (das)
Control (fresh 5 11°
seeds)
Immersion in 63° 7°
warm water for
24 hours
Immersion in cold 15° 6°
water for 24
hours

Note: Different notations indicate that there are
significant differences between treatments on the
same parameter with a confidence level of 95%

Physical dormancy of Bauhinia seeds can be
broken as long as there is a process of imbibition by
water hence the surface of the seeds becomes soft and
the environmental conditions are supportive,
considering that the seed coat is difficult to penetrate
(Rieks et al., 2006; Tauro et al., 2009; Wen et al.,
2009). Besides having physical dormancy, Bauhinia
seeds are classified as seeds with orthodox storage
characteristics. Those two are characteristics of most
seeds of the legume (Jayasuriya et al., 2013).

The type of seed germination of B. winitii was
epigeal shown by the lifting of the hypocotyl to the
soil surface (Figure 4a) with a simultaneous
germination pattern for the seeds immersed in warm
water for 24 hours (Figure 4b). Meanwhile, the seeds
immersed in cold water and control (fresh seeds) had
a gradual germination pattern.

Figure 4. Type and pattern of seed germination of
Bauhinia winitii; (a.) Epigeal germination type and
(b.) Simultaneous germination pattern in seeds
immersed in warm water

Immersion in warm water is effective in
increasing seed germination, especially for genus
Bauhinia. This was also proven for small (1-5 mm)
and large (5-10 mm) seeds of B. thonningii by 40%
and 53.3% of germination respectively (Mwase &
Mvula, 2011). B. rufescens seeds treated with
scarification (wounding) gave the best results on the
94.7% percentage of germination compared to seeds
treated with water immersion and control (Agustin &
Wawaningrum, 2015), while Opoku et al (2018)
stated that immersion of B. rufescens seeds in hot

water at 65°C for 60 minutes and/or immersed in
H,SO, for 45 minutes and then immersed in water for
24 hours could be pre-treatment before sowing in
order to increase germination rate and strong
vegetative growth. Seeds immersion in H,SO, for 30
minutes increases the germination percentage and
reduces the germination period. This treatment also
applied to B. divaricata and B. malabarica seeds
(Alderete-Chavez et al., 2011; Pillai et al., 2019). B.
purpurea seeds immersed in hot water for 2-5
minutes then immersed in cold water overnight
resulted in a germination percentage of 59% and
significantly  different compared to control
(Hanumantha et al., 2014). On the other hand, seed
dormancy of B. variegata could be broken by
scarification or wounding of the seed coat
(Martinelli-Seneme et al., 2006).

Seeds with orthodox categories (such as those
belong to genus Bauhinia) are resistant to storage
conditions thus they are able to defend themselves so
that they remain viable in the long term. It is very
important in seed conservation efforts. Nevertheless,
they have physical dormancy that could be broken by
pre-sowing treatment. As this case study on B. winitii
which showed that pre-sowing treatment by the seeds
immersion in warm water overnight was able to break
its physical dormancy.

Thus this study provides new information about
seed biology, especially on the morphological
character of B. winitii seeds both externally and
internally. In addition, this study also confirmed that
immersion in warm water could break seed dormancy
in the genus Bauhinia, and in particular in B. winitii.
This can be a reference to break seed dormancy in
other species that have similar characteristics, i.e.
having a hard outer seed coat and having orthodox
storage characteristics. The detail information about
seed biology can be utilized for identification of seed
plant, and pre-sowing treatment can be utilized for
plant breeding especially to obtain the uniform
seedling in large quantities.

CONCLUSION

Bauhinia winitii seeds are oblong to conical in
shape, smooth and shine surface, with light to dark
brown in color, 1.36 cm x 1 cm in size, 0.47 cm
thick,weighed 0.5 g and consist of testa and tegmen
(seed coat), endosperm and microfils. It belongs to
genus Bauhinia which has resistance to storage
conditions and it is very important in seed
conservation efforts. Nevertheless they have physical
dormancy that could be broken by pre-sowing
treatment. As this case study on B. winitii which
showed that pre-sowing treatment by the seeds
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immersion in warm water overnight were able to
break its physical dormancy.
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