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Seed Dormancy and Germination in Alfalfa (Medicago falcata L..)
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ABSTRACT

Background: Medicago falcata L. (M. falcata L.) is widely distributed in Xinjiang and Inner Mongolia, which is a significant source of
resistance genes. Its seeds have a high level of physical dormancy (PD). The current study aimed to study the dormancy characteristics,
water absorption characteristics and methods for releasing hard seeds of M. falcata L., to reveal the the relationship between seed
coat structure and water absorption and to understand the dormancy characteristics, which can provide theoretical basis for seed
dormancy and seed biology research.

Methods: Seed germination rate (GR), absorption, germination inhibitor activity and initial site of water entry into seeds were measured
to investigate the causes of seed dormancy. Treatments to break dormancy included: (1) sandpaper sanding, (2) ultrasonic treatment
for 30 min after sandpaper sanding, (3) 98% sulfuric acid immersion (5,10, 20, 40, 60 and 120 min) and (4) hot water immersion at
different temperatures (50, 60, 70, 80 and 90°C) for 10 min, 20 min and 30 min.

Result: The results showed that the hard rate of untreated seeds was 99.33% and the hard rate after the seed coat was scratched
was 1.33%. Based on the inhibitory activity test of M. falcata L. seeds, high concentration seed extract has an inhibitory effect on the
growth of other seeds. The toludine staining test showed that the hilum and microscope are the initial and main parts for seed water
absorption. The germination rate of seeds after soaking in 98% sulfuric acid for 40 minutes and ultrasonic treatment with sandpaper

for 30 minutes is higher than 94%, which is an effective method to relieve the PY of M. falcata L. seeds.
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INTRODUCTION

M. falcata L. is an important wild legume forage, commonly
distributed in Xinjiang and Inner Mongolia, it is rich in protein
and is a high-quality fodder crop. M. falcata L. can be planted
widely in arid and cold areas (Shi et al., 2019; Zhou et al.,
2021). Due to its rich genetic background and stress
resistance, it has become an important gene source for
breeding new varieties of improved alfalfa (Singer et al.,
2018; Kumar, 2011).

Seed dormancy is a characteristic of plants that adapt
to their environment and continue to survive, the factors
affecting seed dormancy are complex and varied, such as
collection time, maturity, storage conditions and the maternal
environment (Gama-Arachchige et al., 2011). Dormancy is
generally divided into five types, including morphological
dormancy (MD), morphological physiological dormancy
(MPD), physiological dormancy (PD), physical dormancy
(PY) and combined dormancy (PY+PD) (Baskin and Baskin,
2004). PY also called hard or hardness, it is exists widely in
legumes, especially wild varieties, It usually caused by seed
coat impermeability (Wang et al., 2023). Physical methods
such as mechanical treatment or temperature treatment can
effectively reduce the permeability of the seed coat (Baskin
and Baskin 2000; de Souza et al., 2001; Long et al., 2014).
Different varieties have different types and strength of
dormancy, so there are also differences in the methods for
releasing dormancy. Janska et al. (2018) indicated that pea
seeds of different dormancy types differ in imbibition capacity
and seed coat permeability, dormancy release is detected
after temperature oscillation and lipid removal. Besides,
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chemical reagent, ultrasound and radiation treatments are
also effective in releasing dormancy, all of these treatments
are commonly used to break seed dormancy in legumes
(Patane et al., 2006; Babaei et al., 2020).

Some scholars have already conducted research on
alfalfa dormancy. Liu et al. (2019) found that the expression
level of amino acid-associated genes in fall dormant alfalfa
is higher than non-dormant alfalfa under cold induction.
Scippa et al. (2011) inferred that in addition to the hard seed
coat, another complex mechanisms are also involved in the
dormancy of Medicago marina (L.) seeds. In addition,
researchers have used multispectral imaging analysis
technology to identify alfalfa hard seeds, achieving rapid
and non-destructive identification of hard seeds (Hu et al.,
2020; Wang et al., 2023). As an excellent source of
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resistance genes, the study of dormancy characteristics in
M. falcata L. has important practical significance for the
conservation and utilization of germplasm resources, but
there are few reports on the dormancy characteristics of
M. falcata L., especially the dormancy types and water
absorption characteristics of it. This study aims to investigate
the dormancy characteristics of M. falcata L. by using
toludine staining to determine the water absorption point
and water movement path of seeds. At the same time, find
effective ways to relieve seed dormancy. The study of seed
dormancy mechanism provides important theoretical basis
for the preservation of germplasm resources, as well as the
storage and breeding practices of agricultural and forestry
production seeds.

MATERIALS AND METHODS
Seed material

All materials were provided by the Forage Seed Laboratory of
Inner Mongolia Agricultural University (Table 1) and stored at
4°C. M1 was the main subject of the experiment, while M2, M3
and B1 were all required for the inhibitor experimental assay.

Seed germination determination

The seeds were divided into two treatment groups: (A) hard
seeds without treatment and (B) scarified seed coats. Fifty
seeds per group with five replications were placed in plastic
boxes containing two layers of moistened filter paper and
stored at an incubation temperature of 25°C and 75% relative
humidity. Final germination and hardness were measured
on the seventh day of incubation. Distilled water was
replenished in the boxes daily.

Water absorption determination

Fifty seeds of each group (A and B) were randomly selected
and weighed separately with five repeats. Then, the seeds
were poured into beakers containing sufficient water and
seeds were removed at 2, 4, 8, 12, 24, 36 and 48 h, after
which the water on the surface of the seeds was absorbed
by filter paper and the seeds were weighed. The rate of
water absorption was equal to the ratio of the difference
between the weight of the seeds before and after water
absorption to the weight of the seeds before water absorption
(Li et al., 2022).

Inhibitor into seeds

An extract of 1 g seeds was diluted to 20%), 40%, 60%, 80%
and 100% with distilled water. Then, 50 seeds of M2, M3
and B1 were taken and placed in Petri dishes (diameter,
9 cm) containing two layers of moistened filter paper in five

Table 1: Details of different materials used in the experiment.

Code Materia name Source

M1 M. falcata L. Xinjiang

M2 M. falcata L. Chifeng, Inner Mongolia
M3 M. sativa L. ‘Xinjiang Daye’ Inner Mongolia

B1 Cabbage Inner Mongolia
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replicates. Using distilled water as a control, 5 ml of the
extract was added to the medium. Germination tests were
performed at 25°C and the number of germinated seeds,
fresh weight of seedlings and embryonic root length were
counted on the fifth day.

Initial site of water entry into seeds

The seeds were treated with 98% sulfuric acid for 30 min to
break PD and non-treated seeds were immersed in 1%
toluidine blue solution. Subsequently, five seeds were
randomly removed every two hours, cut longitudinally with
a razor blade and observed under a stereomicroscope to
determine the initial site and path of movement of water
into the seeds. Staining continued for 48 h.

Breaking dormancy

Seeds of M. falcata L. were divided into four groups as
follows: (1) Lightly sanded seeds sanded with sandpaper
until the seed surface lost its luster; (2) Ultrasonic (SB-
5200DTD, 45 KHz, 35°C, 120W) treatment for 30 min after
sanding with sandpaper; (3) 98% sulfuric acid treatment of
seeds at 5, 10, 20, 40, 60 and 120 min; and (4) seeds were
immersed in hot water at 50, 60, 70, 80 and 90°C for 10, 20
and 30 min. All seeds were germinated at 25°C in the dark,
with fifty seeds per box with five repetitions of each treatment.

Calcultation methods

Germination rate (GR), Germination potential (GP),
Germination index (GI) and Vigor index (VI) were calculated
on the seventh day.

Number of final germinated seeds
GR(%)=

x 100%
Number of seeds tested °

Number of seeds germinated at 3d
GP(%)=

x 100%
Number of seeds offered for testing °
Gl(%)=%(Gt/Dt)
Where
Gt = Number of germinated seeds on day t.
Dt = Number of days corresponding to germination.

ViI= GIxS
Seedling growth potential (S) = Total fresh weight of young
shoots and young roots.
Statistical analysis

Excel 2010 and GraphPad Prism 9 were used for organizing
data and graph production, SPSS 26.0 was used for
statistical analysis.

RESULTS AND DISCUSSION
Seed germination percentage

Dormancy is a mechanism for seed self-protection, which
may give annual plants the possibility of longevity in harsh
environments was reported by Al-Namazi et al. (2020).
Seed dormancy is influenced by a variety of factors such
as mother genetics, growth environment and maturation
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(Gresta et al., 2007). Jaganathan (2016) has found that
seeds matured under dry, warm conditions are more likely
to form impermeable seed coats. Chen et al. (2019) have
been proven fresh seed testa form impermeability after two
or three years of dry storage. Hudson et al. (2015) found
that 25% of the seeds of plants are physically dormant
because of their impermeable seed coat.

The study clearly measured the germination percentage
of seeds from groups A and B. The hardness rate of hard
seeds was as high as 99.33%, but when the seed coat was
scratched the hardness rate decreased to 1.33% (Table 2).
The final germination percentage of the seeds that had been
scarified was much higher than that of the non-treated seeds.
These results are in accordance with most other studies
(Al-Namazi et al., 2020; Baskin and Baskin 2004; Naser
et al., 2013).

Determination of water absorption

Hudson et al. (2015) showed that innate dormancy and
impermeable seed coat are important factors affecting
delayed seed germination. After seed maturation and drying,
the seed coat provides coverage and protection for the
embryo, forms a barrier between the embryo and its
immediate environment and may trigger seed dormancy by
controlling water uptake (Qutob et al., 2008).

In the germination trials (Fig 1), the seeds treated with
H,SO, had a significantly (p<0.05) higher germination rates
than the control group, showing that seed coat
impermeability was an important reason preventing the
seeds from absorbing moisture. Most research has indicated
that a hard and dense seed coat structure causes a
mechanical barrier to water absorption and the germination
of seeds by Zhu et al. (2005). In this study, the water uptake
curves over 48 h varied significantly among treatments (Fig 1a).
The initial weight of seeds in group A was 0.042 g and the

final seed weight was 0.050 g. The weight of seeds in group B
was 0.121 g at 48 h, which was 2.42 times higher than that
of group A (Fig 1b). This indicates that the water absorption
of seeds increased significantly after the seed coat had been
scarified.

Inhibitory effects on Medicago falcata L. seed

Germination inhibitors have been demonstrated to delay or
inhibit germination of seeds of different plants. Inhibitors
are not only present in seeds and fruits, but are present in
individual plant parts depending on the species (Evenari,
1949). Some secondary metabolites present in plant seeds
may prevent germination. For example, 58 endogenous
compounds were identified in the endocarp of Cinnamomum
migao seeds, including a phenolic compound, aldehydes,
ethers and lipids, among others (Chen et al., 2022).

In this study, the seed growth of the three materials
showed an overall decreasing trend with increasing
concentration of the extract, indicating that a high
concentration of the extract had a certain inhibition effect
on seed germination and growth (Fig 2). When treated with
80% and 100% extract concentration, the GR of B1 was
reduced by 10.07% and 9.48%, respectively, compared to
the control, but there was no significant (p>0.05) difference
in seedling GP, seedling growth potential or seedling length
at 80% and 100% concentrations compared to the control
treatment (Fig 2 B1). This indicates that the high
concentration of seed inhibitor hinders the germination of
alfalfa seeds, the finding that is in agreement with Zhao et al.
(2019) and Chen et al. (2022). GR of M2 seeds after 20%,
40% and 60% concentration treatments were unchanged
compared to the control and all treatments had a GR of
approximately 24%, while GR after 80% and 100%
treatments were 7.02% and 7.86% lower than the control,
respectively. In addition, there was no significant (p>0.05)

Table 2: Germination of M. falcata L. seeds by different treatments.

Group Treatment Germination percentage (%) Hardness rate (%)
A Hard seeds without treatment 0.67 99.33
B Scarified seed coat 98.67 1.33
a b —— group A
—=— group B
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Data are the mean of three replicates + standard deviation.
Fig 1: Time course analyses of water absorption rates (a) and seeds weight (b) of control seeds and scarified seeds
during imbibition.
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(B1) Effect of different concentrations of extracts on the germination of cabbage seeds; (M2) Effect of different
concentrations of extracts on germination of M. falcata L. seeds from Chifeng; (M3) Effect of different concentrations of
extracts on the germination of M. sativa L. ‘Xinjiang Daye’. Different letters indicate significant differences (P<0.05).

Fig 2: Effect of different concentrations of extract solutions on seed germination and seedling growth.

difference in seedling growth potential and seedling length
following each treatment (Fig 2 M2). The GR under the 100%
treatment was significantly (p<0.05) lower than the 20%,
40%, 60% and control treatments and the GR of M3
decreased with increasing inhibitor concentration. This
indicates that the dormancy of M. falcata L. is not only due
to the impermeability of the seed coat, but may also be due
to other reasons. The results of this study are similar with
Bolingue et al. (2010), which found that the model legume
Medicago truncatula exhibits both PY and PD. But further
confirmation is needed regarding the existence of other types
of M. falcata L. dormancy.

Initial point of water entry into seeds

The hilum, lens and micropyle are all considered to be the
initial points where water enters the seed. The hilum is the
mark of the seed and funiculus when the seed is shedding,
with a depression in the middle of the hilum. It is symmetrical
on both sides and separated by an obvious slit that points
to a set of tracheid bars inside the hilum and extends to the
micropyle in one section of the hilum. In legumes, seeds
that are released from dormancy absorb water mainly
through the micropyle and lens and these structures are
associated with the swelling of seeds after breaking
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dormancy (Baskin, 2003; Gama et al., 2013; Baskin et al.,
2008; de Paula et al., 2012). Lersten (1982) showed that
seeds with a thicker seed coat require a shorter swelling time
for water to diffuse through the micropyle to the hilum and
transport water directly to the radicle via the tracheid bar.

In our study, the untreated seeds did not swell within
48 h. Fig 3 shows the staining of the seeds after the release
of physical dormancy (Fig 3). At 2 h, some of the seeds
absorbed the staining solution and began to swell and the
hilum and the micropyle were the first to turn blue and the
color deepened at 4 h, indicating that the hilum and the
micropyle were the initial and main water absorption sites
of the seeds. This also indicated that water uptake gradually
increased with a longer seed soaking time. At 6 hours, the
coloring solution permeated from the micropyle to the radicle
and embryo root, followed by its diffusion to the upper end
of the seed coat at 12 hours, ultimately resulting in complete
coverage of the entire seed coat. After 24 hours, the
rupture of the inner epidermis of the seed could be
observed under a stereomicroscope. At this point, the dye
solution was absorbed by the inner part of the seed and
water uptake began in the embryo, with movement patterns
similar to those of the seed coat. Similar results were found
Erika et al. (2016).
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The initial water uptake stage of seeds occurs at other
parts of the seed ridge, but this site may vary depending on
the species. There are also differences in the initial water
uptake sites of legume seeds after release of dormancy and
it is believed that the lens, hilum and micropyle are all closely
related to the water uptake of seeds under test Smykal et al.
(2014) and Harrison et al. (2021). In this experiment, sulfuric
acid was used to treat alfalfa seeds and the initial water
absorption point was determined to be the hilum without
destroying the seed coat structure, but the initial water
absorption site of seeds treated with scarification was the
seed coat break, so this experiment only analyzed the water
absorption of seeds after concentrated sulfuric acid
treatment.

Break dormancy

Reports on the breaking of PY in legume seeds indicate
that the main principle of breaking dormancy using physical
or chemical methods is to weaken the water absorption
barrier of the seed coat and enhance the water absorption
capacity of seeds. In this study, different treatments were
used to release alfalfa seeds from hardness and the effects
of different methods to reduce seed dormancy were
dissimilar. There were highly significant differences in GR
and GP after sandpaper + ultrasonic treatment (Fig 4)

compared with the control (P<0.01), with increases of
95.33% and 90.95%, respectively. The difference in
germination rate between the two treatment groups was also
significant (P<0.05), indicating that the combined effect of
sandpaper and ultrasound to release dormancy was stronger
than that of sandpaper alone. As a rapid and effective non-
destructive method, ultrasound can not only improve the
GR of seeds and the growth state of seedlings, but also
delay the decline in seed GR during storage, improve the
vitality of aging seeds and enhance the stress resistance of
seeds. Similar results were reported by Babaei et al. (2020);
Abbaspour et al. (2019); Ding et al. (2018) and Shekari et al.
(2015) in dormancy release studies.

Acid corrosion treatment can corrode the local seed
coat, break the barrier of fenestrated tissue and increase
the permeability of the seed coat. In this study, 98%
concentrated sulfuric acid was used to treat seeds (for 5,
10, 20, 40, 60 and 120 min) and the GI of seeds varied
greatly with different treatment durations (Table 3).
Germination ability showed a trend of first increasing and
then decreasing with increasing soaking time. Germination
capacity decreased sharply and the GR and GI were
significantly lower than other treatments except with 5 min
treatment (P<0.05), indicating that the inappropriate
treatment duration did not achieve the expected effect or

Table 3: Comparison of sulfuric acid treatment mean effects on the germination indices of Medicago falcata L.

Treatment Germination percentage Germination potential Germination index ) )

(min) (%) Vigor index
5 56.00+9.17¢ 38.00+£10.58¢ 20.67+6.63%° 0.12+0.04°
10 74.00+5.29° 56.67+13.01b 30.40+7.492 0.17+0.07°
20 82.67+11.02%° 53.33+3.06°¢ 32.38+2.812 0.29+0.097°
40 94.18+5.432 85.54+17.112 34.08+11.952 0.56+0.112
60 86.67+2.89% 78.89+8.392° 27.03+6.412 0.30+0.762°
120 40.26+£21.59¢ 38.26+24.73° 10.63+2.43° 0.10+0.03°

Note: Different lowercase letters in the same column indicate significant differences at the 0.05 level.

(A) Staining 2 h, (B) Staining 4 h, (C) Staining 6 h, (D) Staining 12 h, (E) Staining 24 h, (F) Staining 36 h,
(G-H) Seed embryo, staining 48 h; hi- Hilum; mi- Micropyle.

Fig 3: Entry of the dye (indicated by blue color) after pretreatment of afalfa seeds by the hilum.
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harmed the seeds themselves. In this study, 98% sulfuric
acid treatment for 40 min was more effective at relieving
the PY of alfalfa seeds and the operation was simple and
not laborious compared with the sandpaper treatment.
Temperature treatment is also a common method to
relieve seed dormancy. However, there are differences in
the treatment time and temperature required for different
varieties. Patane et al. (2006) have found that hot water

treatment for 20 minutes can significantly improve the GR
of Astragalus hamosus seeds, but there was no significant
effect on the germination rate of Medicago orbicularis seeds.
The seed GR of alfalfa was 3%~23% after hot water
treatment at different temperatures (Fig 5). The GR of alfalfa
treated at 70°C for 10 min was higher than that treated at
50°C (P<0.05). Atthe same temperature, when the treatment
time was increased to 20 min or 30 min, the GR of seeds
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Fig 5: Comparison of the hot water treatment mean effects on the germination indices of Medicago falcata L.
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was significantly lower than that at 10 min, but there was no
significant difference in GP among different treatments
(P>0.05). The germination index of seeds treated at 90°C
was lower than that treated at 70°C (P<0.05). The VI of 50°C,
60°C and 90°C treatments were significantly lower than the
other two treatments (P<0.05). Therefore, the appropriate
temperature could effectively improve the germination rate
of seeds and enhance the vigor of seedlings. Hot water
treatment also has a positive impact on the release of
dormancy in other leguminous plants, such as Ceratonia
siliqua L. and Acacia mearnsii seeds under treatments
Cavallaro et al. (2021) and Sao José et al. (2019).

CONCLUSION

We concluded that PY is present in the seeds of M. falcata L.
from Xinjiang and it has a hardness rate of 99.33%. Seed
coat impermeability is the main reason for hardness
formation, while the presence of seed germination inhibitors
in M. falcata L. was also confirmed. The hilum and micropyle
were identified as the initial sites of seed water uptake. Dormancy
could be broken either by sulfuric acid (H,SO,) treatment for
40 min or by sandpaper sanding + ultrasonic treatment.
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