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Abstract: Kadsura coccinea (Lem.) A. C. Smith is a significant tree species of non-timber forest.
However, the low germination percentage and lengthy germination time of its seeds pose obstacles
to industry development. Aiming at the problem of seed dormancy, this study first determined
the seed dormancy period through seed germination test, and then comprehensively evaluated the
dormancy characteristics by observing the seed coat structure, measuring endogenous inhibitors,
and in vitro embryo culture. The results indicated the dormancy of K. coccinea seeds, and that the
germination period was up to 80 days. Its seed coat is composed of exotesta and endotesta. The dense
seed coat structure causes water absorption and air permeability obstacles to the seeds and causes
mechanical restraint to the development of the embryo. Meanwhile, its seeds have substances that
inhibit seed germination, and there are germination inhibitors in distilled water, methanol, petroleum
ether, and ethyl acetate extracts of kernels and seed coats. The inhibitory activity of kernel petroleum
ether extract was the highest, and the inhibitory activity of seed coat methanol extract was the
highest. In addition, the embryo of K. coccinea developed completely and could germinate normally
under in vitro conditions. This study has basically proved that the dormancy of K. coccinea seeds is
caused by the seed coat (physical dormancy) and endogenous inhibitors (physiological dormancy),
which provides a scientific theoretical basis to further explore the method of seed dormancy release
of K. coccinea.

Keywords: Kadsura coccinea (Lem.) A. C. Smith; seed dormancy; seed structure; endogenous inhibitors

1. Introduction

Kadsura coccinea (Lem.) A. C. Smith is an evergreen woody vine plant belonging to
Kadsura genus of the Schisandraceae family [1], naturally distributed in Southeast Asian
countries [2,3]. K. coccinea is an important tree species of non-timber forest with a wide
range of economic uses [4]. Its roots and rattan stems are traditional Chinese medicinal
materials, as they promote blood circulation, reduce swelling, and relieve pain [5]. Its fruit is
edible and medicinal, containing essential amino acids, trace elements, vitamins and other
nutrients, and medicinal ingredients [6,7]. K. coccinea is rich in lignans and triterpenoids
with pharmacological activity [8,9]. Modern medical research has shown that K. coccinea
root extracts have anti-inflammatory, anti-tumor, and hepatoprotective effects [10–12], stem
extracts exhibit anti-HIV activity [13], and fruit extracts have antioxidant, blood lipid-
regulating, and skin-whitening effects [14–16]. In addition, K. coccinea is also an excellent
tree species for landscaping due to its long flowering period and beautiful fruit shape [17].
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The main breeding method of K. coccinea is seed breeding, but its seeds exhibit dor-
mancy, resulting in a long germination period and low germination percentage. Seed
dormancy is a physiological phenomenon in plants that enables them to resist adverse
environmental conditions and ensure successful reproduction, which is the result of natural
selection in the long-term evolution of plants to adapt to the environment [18]. The reasons
for seed dormancy are complex, including anatomical structure, seed metabolism physiol-
ogy, heredity, external environment, and so on. Usually, seed dormancy is not caused by
one reason but is the result of multiple factors. The relationships between various factors
are also complex. When one factor is eliminated and the other factors are not eliminated,
the seed is still in a dormant state. Sometimes one factor is eliminated, and other factors
are subsequently eliminated, leading to the release of seed dormancy [18,19]. In short,
all influencing factors can be eliminated before the seeds can be released from dormancy.
Many scholars have defined different types of seed dormancy, but the classification system
proposed by Baskin is widely recognized. Based on the Nikolaeva classification system,
Baskins categorized seed dormancy into five types: physiological dormancy, morpholog-
ical dormancy, morphophysiological dormancy, physical dormancy, and combinational
dormancy [20]. The main reasons for seed dormancy include embryo dormancy, seed coat
obstruction, germination inhibitors, and adverse external conditions. Embryo dormancy is
caused by the immature embryo or seed without physiological after-ripening [21,22]. The
seed coat leading to seed dormancy is usually dense, hard, or attached with appendages
and has cuticle, waxy layer, palisade tissue, and stone cells [23–25]. Most seeds contain en-
dogenous inhibitors in some parts (pericarp, seed coat, endosperm, and embryo), including
phenols, organic acids, alkaloids, and aldehydes, which may cause seed dormancy [26,27].
Seed germination is closely related to the external environment, such as temperature, mois-
ture, light, oxygen, and soil. When some conditions of the environment fail to meet the
requirements of germination, seeds will produce dormancy [28–31].

The seed dormancy of K. coccinea seeds hinders the development and utilization of
germplasm resources. However, there is no report on the dormancy characteristics of
K. coccinea seeds at present. Facing this scientific problem, the purpose of this article is
to determine the dormancy characteristics of K. coccinea seeds and provide a theoretical
basis for releasing dormancy. Specifically, we investigated the dormancy period of seeds,
structure and permeability of the seed coat, the endogenous inhibitors of seeds, and the
germination of isolated embryos.

2. Materials and Methods
2.1. Source of Materials

The seeds used in the experiment were collected from the experimental base of
K. coccinea in Huaihua City, Hunan Province, China (lat. 26◦8′35′′ N, long. 109◦44′53′′ E).
Healthy, undamaged, and fully mature seeds were selected as the experimental materials.

2.2. Seed Germination Experiment

We took 300 coated seeds and 300 dehulled seeds of K. coccinea and divided them
into 3 groups, 100 seeds in each group. The seeds were germinated on the sand bed in an
artificial climate chamber (Yanghui RDN-260, Ningbo, China) at 25 ◦C for 100 days. The
sand bed’s moisture content was maintained, and each treatment was repeated 3 times. The
germination number of seeds was recorded every 5 days, and the germination percentage
was calculated.

2.3. Observation of Seed Coat Structure

Stereomicroscope observation and paraffin section technique were used to observe the
seed coat of K. coccinea. The seed coat was cut into the appropriate size and observed under
the stereomicroscope (Leica MZ101, Wetzlar, Germany), and then fixed with FAA fixative.
After pumping, it was stored in a refrigerator at 4 ◦C for 24 h, dehydrated with gradient
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concentration of alcohol, soaked in wax, embedded in paraffin, sliced by slicing machine,
stained and observed by microscope (Leica DM4P, Wetzlar, Germany).

2.4. Seed Coat Permeability

Two groups of coated seeds and dehulled seeds of K. coccinea were selected, with
a total of 6 samples, each weighing 10 g. One group had the seed coats removed. The
weighed seeds were placed in beakers containing 200 mL of water. The seeds were weighed
every 2 h from 0 to 12 h, then every 6 h during the daytime, and every 12 h at night. The
experiment lasted for 120 h, with a total of 20 measurements. When weighing the seeds,
the surface was wiped dry before weighing. The net water absorption of the seeds was
calculated, and a water absorption curve was plotted. The respiration rate of K. coccinea
seeds was determined using the small basket method [32].

2.5. Endogenous Seed Germination Inhibitor

The effect of endogenous substances in K. coccinea seeds on germination was deter-
mined using cabbage as an indicator plant [32,33]. After drying and grinding the seed
kernel and seed coat of K. coccinea into powder, they were separately extracted with
distilled water, methanol, petroleum ether, and ethyl acetate. The extraction process
was repeated three times, and the combined extract was adjusted to a concentration of
0.1 g/mL, which served as the extraction solution for each solvent. Filter paper was placed
in a 9 cm Petri dish, and 5 mL of the extraction solution at dilutions of 0%, 25%, 50%,
75%, and 100% were added to the dishes. The solvent was allowed to evaporate, and after
the filter paper was completely dry, 5 mL of distilled water was added to moisten the
filter paper. Cabbage seeds were then placed on the moistened filter papers to observe
germination. Each treatment was replicated three times, with 100 cabbage seeds in each
replicate. The germination percentage of cabbage seeds was observed after 24 h, and the
root length and seedling height of cabbage seedlings were observed after 72 h.

2.6. Embryo Culture

We took the complete, plump, and swollen seeds of K. coccinea, removed the exotesta,
and rinsed them under running water for 5 h. Then, the seeds were placed on a sterile
workbench and sterilized by wiping with 70% alcohol for 30 s. They were rinsed with
sterile water and then treated with 0.1% mercuric chloride for 10 min. After that, the seeds
were thoroughly rinsed with sterile water. Under aseptic conditions, the embryos were
carefully dissected and transferred to sterile MS (Murashige and Skoog) culture medium
with an agar concentration of 1.5%. The cultures were placed in a growth chamber at
25 ◦C with a 12 h photoperiod. The experiment was replicated 3 times, with 50 embryos in
each replicate.

2.7. Statistical Analysis

The data were analyzed using one-way analysis of variance (ANOVA) and mean
comparison, and the differences were statistically compared using the Duncan test with a
significance level of p < 0.05. Data are expressed as mean ± standard error. All statistical
analyses were carried out using the SPSS software version 18.0. The figures were prepared
using Origin 2022 (Origin Laboratory, Northampton, MA, USA).

3. Results
3.1. Effect of K. coccinea Seed Coat on Germination

The germination period of K. coccinea seeds lasted for 80 days, and the final germi-
nation percentage was 62.5% at the end of the experiment. K. coccinea seeds exhibited
slow germination, with seed germination observed at 35 days. However, once the seeds
started to germinate, the germination percentage was relatively fast, with an average daily
germination percentage of 1.3%. The germination percentage of 35~80 days was signifi-
cantly different in every two observation cycles (p < 0.05). On the 30th day, the germination
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percentage of K. coccinea seeds was 0, which was far from 80% of the non-dormant seeds,
indicating that K. coccinea seeds had dormancy (Figure 1).
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There are differences in the germination process between coated seeds and dehulled
seeds. The dehulled seeds had seed germination at the 20th day, 15 days earlier than the
coated seeds, but the germination percentage was slow at the early stage of germination,
and there was no significant difference in germination percentage between the 20th day and
the 25th day (p > 0.05), and there was no significant difference in germination percentage
between the 30th day and the 35th day (p > 0.05). The germination period of the dehulled
seeds was 70 days, which was 10 days shorter than that of the coated seeds, and the final
germination percentage was 86.5% at the end of the experiment, which was 24.1% higher
than that of the coated seeds. The germination percentage of dehulled K. coccinea seeds
could reach 86.5%, indicating that the viability of K. coccinea seeds was higher. The seed
coat obviously inhibited the germination of K. coccinea seeds, and the inhibition effect
was mainly reflected in two aspects: first, it inhibited the germination time of K. coccinea
seeds, making the germination start late; second, it inhibited the germination percentage of
K. coccinea seeds, making the seed germination percentage decrease.

3.2. The Structure of K. coccinea Seed Coat

The seed coat is developed from the integument and is an important part of the seed. It
can resist and protect the seed from the adverse environment. The seed coat of K. coccinea is
composed of the exotesta and the endotesta. The exotesta is light yellow in the dehydrated
state, and the inner side of the exotesta is dark brown. The endotesta is the outermost
layer of the kernel, which is light brown. When the seed is mature, the hardness of the
exotesta is very high, but it can be dehulled. The endotesta is tightly attached to the en-
dosperm to form the kernel, which cannot be peeled off. Only after the cotyledon develops
and absorbs the endosperm during seed germination can the endotesta be completely
separated (Figure 2).

Under an optical microscope, the thickness of the exotesta was observed to be
1029 ± 101 µm, and the thickness of the endotesta to be 349 ± 25 µm. The thickness
of the exotesta was 2.60 times that of the endotesta. The exotesta of K. coccinea can be
divided into two layers. The first layer is a dense stratum corneum, which is composed
of a layer of slender cells arranged closely and vertically. The thickness is 278 ± 33 µm,
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accounting for 26.7% of the exotesta. The second layer is the palisade layer, the cell volume
is large, and no obvious structure is observed under the optical microscope. However, un-
der the stereomicroscope, it can be clearly seen that the palisade layer is composed of fully
lignified cells, and there are cavities in the cells. The thickness is 751 ± 41 µm, accounting
for 73.3% of the thickness of the exotesta. The endotesta is composed of mature cells, and
the cell structure can be clearly seen under the optical microscope. The cell volume is large,
and there are no other organelles in the cell, and the nucleus is not observed.

Forests 2023, 14, x FOR PEER REVIEW 5 of 12 
 

 

Under an optical microscope, the thickness of the exotesta was observed to be 1029 ± 
101 µm, and the thickness of the endotesta to be 349 ± 25 µm. The thickness of the exotesta 
was 2.60 times that of the endotesta. The exotesta of K. coccinea can be divided into two 
layers. The first layer is a dense stratum corneum, which is composed of a layer of slender 
cells arranged closely and vertically. The thickness is 278 ± 33 µm, accounting for 26.7% 
of the exotesta. The second layer is the palisade layer, the cell volume is large, and no 
obvious structure is observed under the optical microscope. However, under the stere-
omicroscope, it can be clearly seen that the palisade layer is composed of fully lignified 
cells, and there are cavities in the cells. The thickness is 751 ± 41 µm, accounting for 73.3% 
of the thickness of the exotesta. The endotesta is composed of mature cells, and the cell 
structure can be clearly seen under the optical microscope. The cell volume is large, and 
there are no other organelles in the cell, and the nucleus is not observed. 

There are obvious differences between the outer and inner sides of the exotesta of K. 
coccinea. The outer side of the exotesta is flat, and the surface shape seems to be composed 
of irregular quadrilaterals, pentagons, and hexagons, and the arrangement is very close, 
but there is no fixed order or rule, which is messy. The inner side of exotesta is uneven 
and dense compared to the outer side. The dense structure of K. coccinea exotesta hinders 
the permeability of the seeds and causes mechanical constraints on the seeds. 

 
Figure 2. Seed coat structure of K. coccinea. (A) Stereomicroscopy of a cross section of the seed coat. 
(B) Optical microscope image of a cross section of the seed coat. (C) Stereomicroscopy of the outside 
of the exotesta. (D) Stereomicroscopy of the inside of the exotesta. 

3.3. Permeability of K. coccinea Seed Coat 
The water absorption rate of coated seeds and dehulled seeds of K. coccinea was meas-

ured. It was found that 0~12 h was the rapid water absorption period of seeds. During this 
period, the net water absorption amount per 10 g of coated seed was 1.43 g, while the 
water absorption amount of dehulled seed was 3.12 g, which was 2.18 times that of coated 
seed. Moreover, 12~78 h was the slow water absorption period of seeds, and the water 
absorption rate decreased significantly. The water absorption rate of dehulled seeds was 
0.0549 g/h, and the water absorption rate of dehulled seeds was 0.0490 g/h. After 78 h, the 
seed was saturated. The net water absorption of the coated seed was 5.06 g, and the net 
water absorption of the dehulled seed was 7.15 g, which was quite different (Figure 3). In 
summary, the seed coat of K. coccinea slowed down the water absorption rate of the seed 
during the rapid water absorption period, and the seed coat had little effect on the water 
absorption rate of the seed during the slow water absorption period, and the seed coat 
inhibited the maximum water absorption of the seed. The seed coat of K. coccinea has cer-
tain water permeability, but the water absorption rate is slow, and the time required for 

Figure 2. Seed coat structure of K. coccinea. (A) Stereomicroscopy of a cross section of the seed coat.
(B) Optical microscope image of a cross section of the seed coat. (C) Stereomicroscopy of the outside
of the exotesta. (D) Stereomicroscopy of the inside of the exotesta.

There are obvious differences between the outer and inner sides of the exotesta of
K. coccinea. The outer side of the exotesta is flat, and the surface shape seems to be composed
of irregular quadrilaterals, pentagons, and hexagons, and the arrangement is very close,
but there is no fixed order or rule, which is messy. The inner side of exotesta is uneven and
dense compared to the outer side. The dense structure of K. coccinea exotesta hinders the
permeability of the seeds and causes mechanical constraints on the seeds.

3.3. Permeability of K. coccinea Seed Coat

The water absorption rate of coated seeds and dehulled seeds of K. coccinea was
measured. It was found that 0~12 h was the rapid water absorption period of seeds. During
this period, the net water absorption amount per 10 g of coated seed was 1.43 g, while the
water absorption amount of dehulled seed was 3.12 g, which was 2.18 times that of coated
seed. Moreover, 12~78 h was the slow water absorption period of seeds, and the water
absorption rate decreased significantly. The water absorption rate of dehulled seeds was
0.0549 g/h, and the water absorption rate of dehulled seeds was 0.0490 g/h. After 78 h,
the seed was saturated. The net water absorption of the coated seed was 5.06 g, and the
net water absorption of the dehulled seed was 7.15 g, which was quite different (Figure 3).
In summary, the seed coat of K. coccinea slowed down the water absorption rate of the
seed during the rapid water absorption period, and the seed coat had little effect on the
water absorption rate of the seed during the slow water absorption period, and the seed
coat inhibited the maximum water absorption of the seed. The seed coat of K. coccinea has
certain water permeability, but the water absorption rate is slow, and the time required for
water absorption to reach saturation is long, which may be caused by the dense structure
of the seed coat.
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Respiration is the most basic reaction process in plant life activities and intensity
is an important indicator to reflect the intensity of seed metabolism. The respiration
intensity of K. coccinea seeds was weak, but the seed coat had an effect on the respiration
intensity. The respiration intensity of coated seeds was 0.5921 ± 0.0087 mg CO2·g−1·h−1,
and the respiration intensity of dehulled seeds was 0.8652 ± 0.0153 mg CO2·g−1·h−1. The
respiration intensity of dehulled seed was 1.46 times that of coated seed. The dense seed
coat structure of coated seeds seriously hindered the gas exchange inside and outside the
seeds, thus affecting the metabolic activity of seeds.

3.4. Effect of K. coccinea Seed Extract on Germination Percentage

The effect of different solvent extracts of seed coat on the germination percentage of
cabbage seeds after dilution with different multiples is shown in Figure 4A. Compared with
the germination percentage of 96.5% of the control treated cabbage seeds, the germination
percentage of cabbage seeds treated with distilled water 25%, 50%, 75%, and 100% extracts
decreased by 16.9%, 34.5%, 46.5%, and 66.1%, respectively, compared with the control. The
germination percentage of cabbage seeds treated with methanol 25%, 50%, 75%, and 100%
extracts decreased by 20.3%, 42.4%, 49.5%, and 70.2%, respectively, compared with the
control. The germination percentage of cabbage seeds treated with 25%, 50%, 75%, and
100% petroleum ether extracts decreased by 8.5%, 22.9%, 29.6%, and 38.2%, respectively,
compared with the control. The germination percentage of cabbage seeds treated with 25%,
50%, 75%, and 100% ethyl acetate extracts decreased by 5.4%, 16.0%, 35.2%, and 48.3%,
respectively, compared with the control. It shows that the different solvent extracts of
K. coccinea seed coat have obvious inhibitory effect on the germination percentage of the
cabbage seeds. The inhibitory effect of different solvent extracts of K. coccinea seed coat on
the germination percentage of cabbage seeds was in the order of methanol > distilled water
> ethyl acetate > petroleum ether.
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The effect of different solvent extracts of seed kernel on the germination percentage of
cabbage seeds after dilution with different multiples is shown in Figure 4B. The germination
percentage of cabbage seeds treated with distilled water 25%, 50%, 75%, and 100% extracts
decreased by 9.8%, 17.8%, 31.7%, and 36.9%, respectively, compared with the control. The
germination percentage of cabbage seeds treated with methanol 25%, 50%, 75%, and 100%
extracts decreased by 20.9%, 23.4%, 33.9%, and 43.4%, respectively, compared with the
control. The germination percentage of cabbage seeds treated with 25%, 50%, 75%, and
100% petroleum ether extracts decreased by 14.6%, 31.5%, 58.5%, and 69.6%, respectively,
compared with the control. The germination percentage of cabbage seeds treated with
25%, 50%, 75%, and 100% ethyl acetate extracts decreased by 7.3%, 28.3%, 50.4%, and
58.6%, respectively, compared with the control. The results showed that the different
solvent extracts of the K. coccinea kernel had obvious inhibitory effects on the germination
percentage of cabbage seeds. The inhibitory effect of different solvent extracts of K. coccinea
seed kernel on the germination percentage of cabbage seeds was as follows: petroleum
ether > ethyl acetate > methanol > distilled water.

3.5. Effect of K. coccinea Seed Extract on Growth

The different solvent extracts of K. coccinea seed coat and kernel had obvious inhibitory
effect on the root length of cabbage seeds (Figure 5A,B). The inhibitory effect of different
solvent extracts of seed coat on root length was in the order of distilled water > methanol >
ethyl acetate > petroleum ether. The inhibitory effect of different solvent extracts on root
length was in the order of petroleum ether > ethyl acetate > methanol > distilled water.
Meanwhile, this different solvent extract has a significant inhibitory effect on the cabbage
seedling’s height (Figure 5C,D). The inhibitory effect of different solvent extracts of seed
coat on seedling height was in the order of distilled water > methanol > petroleum ether >
ethyl acetate. The inhibitory effect of different solvent extracts on seedling height was in
the order of petroleum ether > ethyl acetate > methanol > distilled water.
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3.6. Embryo of K. coccinea Culture In Vitro

The embryo volume of K. coccinea is small, and the embryo percentage of mature
seeds is only 7.1%. However, the results of the in vitro embryo culture experiment indicate
that despite their small size, the embryos have undergone complete differentiation and
development and can germinate on a blank MS culture medium (Figure 6). During the first
5 days of K. coccinea embryo in vitro culture, an increase in embryo size can be observed.
The growth percentage of the embryo follows a sigmoidal pattern, with the proportion
of embryo enlargement reaching 61.2% by day 30 of culture. At day 20, the emergence
of embryonic roots and subsequent germination of the embryos can be observed, with
a germination percentage of 21.5% at day 30. It should be noted that due to the small
size of embryos and the potential for contamination during the isolation process, the
contamination percentage in this experiment reached 15.6%.
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4. Discussion

Only when the seeds germinate in the appropriate time and space can the growth and
development of the seedlings be guaranteed and the successful renewal of the population
be realized [34]. In this study, the coated seeds of K. coccinea could not germinate after
30 days of germination, indicating that the seeds had dormancy [35]. The seed coat of
K. coccinea has a dense cuticle and poor permeability, which hinders the air permeability
and water permeability of seeds, thus slowing down the physiological metabolic activity of
kernels. The germination time of coated seeds is longer than that of dehulled seeds, and the
germination percentage is also lower, indicating that the seed coat has certain mechanical
resistance to the kernel, so it can be inferred that K. coccinea seeds have physical dormancy.
The distilled water, methanol, petroleum ether and ethyl acetate extracts of the seed
kernel and seed coat of K. coccinea seed have obvious inhibitory effects on the germination
percentage, root length and seedling height of cabbage, indicating that there are substances
inhibiting germination in the seed of K. coccinea, which can determine the existence of
physiological dormancy of the seed of K. coccinea. The embryo of K. coccinea can germinate
under in vitro conditions, indicating that the embryo is fully developed and has vitality
and does require after-ripening, so its seed does not exist or has a shallow morphological
dormancy [31]. In summary, the experimental results show that the seeds of K. coccinea have
physical and physiological compound dormancy. The seeds with compound dormancy
need to break the physical and physiological dormancy of the seeds, respectively. The
physical and physiological dormancy of the seeds of K. coccinea is discussed in detail below.

4.1. Physical Dormancy of K. coccinea Seeds

The seed coat is the main cause of physical dormancy, and the structure of the seed coat
is directly related to seed dormancy. Many studies have shown that mechanical resistance
or poor permeability of the seed coat is the main reason for plant seed dormancy. The seeds
of Schisandra sphenanthera, which belongs to the same genus as K. coccinea, have certain
water absorption barriers, and the impermeability of the seed coat is one of the reasons for
its dormancy [21]. The coated seeds of Schisandra chinensis, which belong to the same family
as K. coccinea, take 7 days to reach water absorption saturation, while the dehulled seeds
only takes 3 day; The oxygen consumption of dehulled seeds during seed stratification is
also much larger than that of coated seeds. The seed coat of Schisandra chinensis is dense
and impermeable, which is the main cause of seed dormancy [36]. In conclusion, the
seeds of Schisandraceae family plants generally have dormancy caused by poor seed coat
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permeability. The seed coat of Cercis canadensis contains dense structures such as palisade
layer, cuticle and bright line. Under appropriate germination conditions, its seeds can not
germinate via water absorption, which leads to a serious dormancy phenomenon [37]. The
outermost layer of the seed coat of Melicope pteleifolia has a thick and dense wax and is
rich in hydrophobic oils, which makes it difficult for seeds to absorb water, causing the
seeds to be dormant [38]. The exotesta of Cyclocarya paliurus has a cork texture, and the
mesotesta cells are closely arranged and highly woody and hard. This dense and hard
seed coat structure plays a mechanical constraint on the germination of the embryo and
the elongation of the radicle, resulting in difficulty in seed germination [39]. In summary,
the palisade layer, cuticle, wax, bright line, and other structures of the seed coat are the
main reasons for the poor permeability of the seed. The dense and hard seed coat texture
causes mechanical resistance to the seed embryo protruding the seed coat. By observing
the anatomical structure of the seeds of K. coccinea, the results showed that the first layer
of the exotesta was the stratum corneum, the second layer was the palisade layer, and the
endotesta was membranous. The seed coat structure of K. coccinea has a certain degree of
protective effect on the kernel, but it also causes water and air permeability obstacles and
prevents the leakage of endogenous inhibitory substances. This dense structure also plays
a mechanical constraint on seed germination.

4.2. Physiological Dormancy of K. coccinea Seeds

The existence of endogenous germination inhibitors in seeds is the main cause of
physiological dormancy. These germination inhibitors affect cell division, differentiation
and elongation, thereby inhibiting seed germination. The embryo of Celtis julianae is fully
developed and can germinate normally after being cultured in vitro for 1 week. However,
its seed cannot germinate under suitable conditions. The presence of germination inhibitors
in the seeds is the main reason for dormancy [40]. The germination inhibitors also exist
in the seeds of Tulipa thianschanica, Taxus wallichiana, and Pugionium dolabratum [41–43]. In
this study, four different solvents (distilled water, methanol, petroleum ether, and ethyl
acetate) were used to extract the substances in the kernels and seed coats of K. coccinea. The
biological identification of inhibitors using extracts revealed that all extracts had significant
inhibitory effects on the germination and growth of cabbage seeds. The inhibitory effect of
the petroleum ether extract of the kernel was the most obvious, and the inhibitory effect
of the methanol extract of the seed coat was the most obvious. The results showed that
there were germination inhibitors in K. coccinea seeds, which was the main reason for the
dormancy of K. coccinea seeds. However, there were differences in the activity of inhibitors
extracted from kernels and seed coats and different solvents. The specific reason was that
the number and type of inhibitors were different, which needed further study.

5. Conclusions

The seed coat of fresh K. coccinea had low water permeability, and the seeds had
difficulties in absorbing water. There were some germination inhibitors in K. coccinea
seeds, which inhibit the germination and growth of indicator plant seeds. The embryo
of K. coccinea can germinate normally under in vitro conditions, and the embryo has high
vitality and no dormancy. All these findings indicated that the K. coccinea seeds belonged to
physiological dormancy and physiological dormancy. The seed of K. coccinea have exotesta
and endotesta. The first layer of exotesta is the stratum corneum, and the second layer is
palisade layer; The endotesta is membranous. The dense seed coat structure causes water
absorption and air permeability obstacles to the seeds. There were germination inhibitors in
distilled water, methanol, petroleum ether, and ethyl acetate extracts of K. coccinea kernels
and seed coats.
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