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Abstract
In many wild species, seeds are dormancy at maturity and will not germinate even
under favorable environment conditions. Dormancy is a complex trail that is determined by many factors. Some studies have shown that cold stratification and the application of gibberellic acid (GA) can break seed dormancy and promote seed germination. The present study investigated the causes of plant dormancy and the effect
of cold stratification and different concentrations of exogenous GA3 in regulating
Cephalotaxus sinensis seed germination. Results showed that C. Sinensis seeds have
good water permeability, which suggested that seed coats were not the main cause
that inhibited the seed germination. There were germination inhibitions in all parts
of seeds, and the order of inhibitory effect was: testa < endosperm (embryo), which
indicated that existence of germination inhibitions was the main reason causing seed
dormancy. Endogenous GAs and IAA (indole-3-acetic acid) content increased, while
ABA (abscisic acid) content decreased over the experiments. ZR (zeatin riboside)
content decreased in the early phase of cold stratification, but rebounded by the end
of the experimental period. The changes of endogenous hormone indicated that GA,
IAA and ZR played a positive role in seed germination, whereas ABA was associated
with seed dormancy. Besides, the relative ratio of GA/ABA, IAA/ABA and ZR/ABA
may play a more important role than their absolute level during the seed development.

Keywords
Cephalotaxus sinensis, Dormant Reason, Endogenous Hormone

1. Introduction
Some seeds fail to germinate even under favorable environmental conditions [1]. This
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phenomenon is common among many woody plants and the degree of seed dormancy
varies both among and within species [2]. The timing of germination is determined to a
large extent by the depth of seed dormancy. If there is a wide range of environments
under which seeds are capable of germination, the seed dormancy is considered to be
shallow [3]. Seed dormancy is controlled by the physiological or structural properties of
a seed and external conditions [4]. Dormancy can be caused by husk obstruction,
morphological embryo hypoplasia, physiological after-ripping, or by chemical inhibitors in seeds, acting individually or in combination [4] [5] [6].
Husk obstruction induced seeds to be dormant due to its features of mechanical constraint, imperviousity or imporosity. Seeds of five Cantabrian Helianthemums germinate massively after coat scarification, with the notable exception of the endemic H. ti-

netense, whose germination percentages are generally low [7] [8]. Helianthemum seeds
were fully differentiated, but seed coat had difficult in permeability, leading to seed
dormancy [9]. Khan [10] also pointed out that the difficulty in water permeability was
the main reason of Phaseolus lunatus seeds dormancy.
Embryo dormancy is caused by embryo itself, and seeds will not germinate even
stripping of seed coat. Embryo dormancy can be divided into morphological and physiological, acting individually or in combination [11]. In many wild species, fruits fell
off naturally after maturing, but the embryo has not yet fully developed. After a period
of growth, embryo can be fully developed. Seeds of all four Lonicera species have underdeveloped spatulate embryos that are about 20% - 40% fully developed (elongated)
when dispersed [12]. Ma [13] indicated that when Acanthopanax senticosus seeds matured, the embryo was in heart-shaped embryo stage, with 2.25% of embryo rate, incomplete structure, no radicle, embryo differentiation, and also didn’t have the ability
to germinate. Sometimes, seed embryo has developed completely, but the metabolic activity has reduced and has not enough required material, which leads to poor germination even under suitable environmental conditions [14] [15] [16]. Many researches [17]
[18] found that physiological after-ripping was a principal reason which caused the
dormancy.
Currently, a large number of studies have shown that the inhibitor is considered one
of the most important factors causing seed dormancy. Seed germination inhibitors are
often present in the fruit or seed endosperm, seed coat and embryo [19] [20] [21].
Randolph and Cox [22] indicated that inhibitors of seed were mainly existed in seed
coat, then seed kernel. Also there are many kinds of inhibiting substances, including
organic and inorganic matter, and abscisic acid (ABA) is one of the most important inhibitors. Besides, Phenols, aldehydes, and organic acids, such as Malic acid and Citric
acid, are also common inhibitory substances.
Endogenous hormones play an important role in seed dormancy, and they act largely
in opposition to each other in regulating germination [23]. ABA and gibberellins (GAs)
are considered the main endogenous hormones that control seed dormancy and germination [24] [25]. ABA is associated with physiological processes such as seed embryo
development, and it keeps a higher level in dormant seeds [26]. GAs involved in the
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regulation of plant growth and development, including seed germination, stem growth,
leaf epidermis, flowering development, flower and fruit maturation and other processes
at different stages of development [27]. The antagonistic action of the hormones gibberellins (GA) and ABA in regulating seed dormancy breaking and germination is well
established [24] [28] [29] [30]. It has been shown that ABA plays a critical role in seed
dormancy maintenance, whereas GAs can break seed dormancy and improve seed
germination rate [31] [32]. During dormancy-break, the level of ABA decreases with
warm or cold stratification, and levels of GAs increase after cold stratification [33] [34].
Benech-Arnold et al. [35] reported that flucting temperature stimulated germination,
attributed to a decrease in ABA concentration in dormant seeds or embryo sensitivity
to ABA [36] [37]. Kochanko et al. [38] indicated that abscisic acid (ABA) involved in
the regulation of seed dormancy. Studies [39] have showed that in laminated process,
IAA content showed an increasing trend generally, which can accelerate the process
of dormancy breaking. However, other studies pointed out that IAA had little effect
on seed germination, and too high IAA content even will has negative effect. For
example, Li [40] indicated that the dormancy was caused by high concentration of
IAA in Pinus koraiensis endosperm. ZR can offset the germination-inhibiting substance, regulating seed development of material and energy metabolism [41]. Additionally, in addition to hormones such as ABA, GAs, IAA and ZR, the balanced relationships between hormones play an important regulatory role in seed dormancy.
Cao and Cai [42] pointed out that the ratio of GA1+3/ABA and ZRs/ABA may play a
more important role than their absolute level furing the seed development and embryo after ripening.
A Tertiary relict, Cephalotaxus sinensis is endemic to China [43]. Although it is naturally distributed in subtropical climates along the Yangtze River and its southern region, C. sinensis has strong resistance to cold and can survive exposure to winters in
the Beijing area [44]. The plant has a wide range of uses. For example, it can be cultivated as an ornamental plant in the garden and it can be trained as a bonsai by trimming and modeling. It also contains a variety of bioactive substances, which gives it has
broad application in the fields of medicine, toxicology and phytochemistry [45] [46]
[47]. In recent years, with the exhumation and improvement of medicinal and ornamental value, many researchers began to study reproductive technology of Cephalotaxus sinensis [43] [48]. However, seeds in the wild remain dormant until the second or
third year after lanting [49] [50]. Therefore, it is important to find methods to break
seed dormancy.
In the present study, we aimed to investigate the dormant causes and the role of
ABA, GAs, IAA, ZR and their interaction in regulating C. sinensis seed dormancy and
germination.

2 Materials and Methods
2.1. Seed Sources
Seeds were obtained from Funiu Mountain of Henan province, China, on the hillside
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with the altitude of 700 meters. After being collected from adult trees in September
2014, the seeds were air-dried at room temperature and stored containers at 2˚C - 5˚C.

2.2. Water Permeability Test
100 seeds were collected and evenly divided into two groups randomly. Seeds of one
groop were knocked out a crack. After weighting, we put seeds in 25˚C constant temperature incubator, using deionized water soaking seeds. Took out the seeds every two
hours (after 12 hours, took once every 12 hours) and sopped up the water on the surface with blotting paper. Then weighted on electronic scales until the seeds weight no
longer changed. There were 3 repeats each group.
Water absorption rate (%) = (W2 − W1)/W1 × 100%
W1: weight before water absorption (g)
W2: weight after water absorption (g)

2.3. Changes of Embryo Length
The embryo and seed length was measured with a vernier caliper. Each treatment comprised three replicates 30 seeds each, and then calculated the embryo and seed length
ratio.

2.4. Bioassay of Extracts
Bioassay of extracts were extracted by a modification of the methods of Wang & Wang
[51] Weighed accurately seed testa and endosperm (embryo) 2.5 g each, grinding with
80% methanol, then diluted with water to 50 ml, and mixed for 48h in concussion incubator. The experiment was repeated once. The combined methanol extracts were reduced to aqueous phase at 35˚C, followed by diluted to 0.02, 0.04, 0.06, 0.08, 0.10
g∙mL−1. Seeds were germinated on two layers of Whatman No. 3 filter paper moistened
with 5 ml of determination liquid in petri dishes at 25˚C. Germination was recorded
after 48 h. Protrusion of the radical through the covering structures was used as the criterion for germination. There were 3 repeats each group.

2.5. Cold Stratification
Experiments were conducted in test plots at Shandong Agricultural University. To determine the response of seeds to cold stratification, seeds were soaked for 24 h with water, and 0, 200, 400, or 600 mg/L of GA3, and then mixed with moistened sand in a ratio
of 1:3. The mixture of seeds and sand was buried on the leeward side of plots at a depth
of 50 cm and grown for five months. Moisture levels were monitored to avoid oxygen
deprivation, water shortage and mold growth during the period of stratification. Measurements were taken every 15 d.

2.6. Analysis for Endogenous Hormones
Endogenous hormone content was measured using an ELISA kit, and the samples were
prepared as described by Zeng et al. [52]. Approximately 0.5 g FW of seeds was ground
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in an ice bath with 5 ml of 80% methanol as the extraction medium. The extracts were
incubated for 4 h at 4˚C and centrifuged at 10,000 r/min, also at 4˚C. The supernatant
was passed through a Chromosep C18 column that was prewashed with 10 ml of 100%
methanol and 5 ml of 80% methanol. The combined supernatant was used to measure
the ABA, GA, IAA, and ZR concentrations following the user manual procedures given
in the kit.

3. Results
3.1. Water Permeability
As shown in Figure 1, the moisture content of cracked and crack-free seeds showed the
same trend. At the early stage of the process, the moisture content increased in varying
degrees. By day 108, the cracked seeds had reached a moisture content of 43.40%, and
been in a saturated stage. Similarly, the moisture content was 43.25% after 120 hours
soaking. During the treatment period, the absorption rate of cracked seeds was much
higher than that of crack-free seeds. But when they were in a saturated stage, the moisture content of the two kind seeds has little difference. It was turned out that C. sinensis
seeds have good water permeability, which suggested that seed coats were not the main
cause that inhibited the seed germination.

3.2. Changes of Embryo Length
The embryo and seed length ratio was positively affected by cold stratification and exogenous hormones GA3 (Figure 2). As the cold stratification duration increased, the
length ratio all showed an increasing trend. There was no significant difference in
length ratio among seeds treaded with 200, 400 and 600 mg/L GA3. During the low
temperature treatment, from day 1 to day 60, the length ratio increased slowly with the
changes from 0.468, 0.470, 0.470 to 0.476, 0.480 and 0.476, respectively. Then it increased rapidly, corresponding to 0.525, 0.529 and 0.529 at the end of lamination. The
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Figure 1. Water uptaking curve of Cephalotaxus sinensis (Rehd. & Wils.) Li seeds.
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Figure 2. Embryo and seed length ratio of Cephalotaxus sinensis seeds treated with 0 (
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) mg/L of exogenous GA3.
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most significant increase in GA3 length ratio was among seeds treated with 200 mg/L of
GA3. At the end of lamination, the ratio reached to 0.537, much higher than the other
three treatments.

3.3. Bioassay of Extracts
As shown in Table 1, different concentrations of methanol-extract had extremely
significant (P < 0.01) influence on Chinese cabbage seed germination. The results
showed that methanol-extract of seed coat and endosperm has different degree of inhibition to Chinese cabbage seed germination. Moreover, the inhibitory intensity and
extract concentration was positively correlated. Treated with 0.02 g·mL−1 of seed coat
extract, seed germination was 45.33%, reduced by 50% compared with the control.
However, the seeds treated with 0.02 g·mL−1 of seed coat extract had a germination
rate of 26.67%, reduced by 68.66% compared with the control. 0.1 g·mL−1 of seed coat
and endosperm extract had the strongest inhibitory effect on seed germination, corresponding to 8% and 3.33%. It was turned out that seed coat and endosperm both
contain germination inhibiting substance, and the order of inhibitory effect was: testa
< endosperm.

3.4. Endogenous Hormones
Endogenous hormone contents of seeds were affected by cold stratification and application of the exogenous hormone GA3. As a result of cold stratification, the ABA content decreased significantly (Figure 3(a)). In addition, ABA contents in seeds treated
with GA3 were much lower compared to the contrast. ABA content in seeds cold stratified for 15 days has little difference among 4 treatments. As the cold treatment duration
increased, it had different degree of decrease. At the end of lamination, ABA content
was 65.2, 31.6, 45.2, and 65.7 μg·g−1, decreasing by 46%, 74%, 64%, and 46% compared
to initial amounts.
Over time, seeds in the cold stratification treatment had generally increased GAs
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Table 1. The effect of methanol-extract of Cephalotaxus sinensis (Rehd. & Wils.) Li seeds on the
germination percentage of B. campestris.
Germination percentage of cabbage seeds/%
Extraction solvent

Concentration/(g·mL )

Seed capsule

Endosperm

Control

−

95.33 ± 0.01Aa

95.33 ± 0.01Aa

0.02

45.33 ± 0.13Bb

26.67 ± 0.05Bb

0.04

38.67 ± 0.06Bbc

14.67 ± 0.08Cc

0.06

24.67 ± 0.01Ccd

9.33 ± 0.02CDcd

0.08

14.00 ± 0.04CDde

4.67 ± 0.01Dcd

0.1

8.00 ± 0.05De

3.33 ± 0.03Dd

F

−

73.288

206.067

P

−

0.000*

0.000*

Carbinol

−1

content, with some fluctuation. Notably, the most significant increase in GAs content
was among seeds treated with 200 mg/L of GA3 (Figure 3(b)). After 90 days of cold
stratification, GAs contents in seeds treated with 200 mg/L of GA3 were much higher
than other three treatments. At the end of lamination, the GAs content reached to 12.2,
9.9 and 10.7 μg·g−1, increased by 184%, 46% and 143%, respectively. However, GAs
content in seeds treated with 200 mg/L of GA3 increased to 20.17 μg·g−1, with the largest
growth by 221%.
Similar to the trend of GAs contents, the trend in IAA content in seeds of all treatments fluctuated over time (Figure 3(d)). IAA content increased from day 15 to day 30,
and then decreased until day 75. The greatest increase was between days 75 and 150,
where contents went from 22.3, 46.8, 29.8, and 32.6 μg·g−1 to 83.0, 101.1, 64.0, and 63.6
μg·g−1.
The ZR content decreased first then increased and there were no visible differences
among treatments (Figure 3(c)). From day 15 to day 60, the ZR contents decreased
from 9.5, 10.1, 7.5 and 7.5 μg·g−1 to 5.6, 4.4, 3.2 and 5.1 μg·g−1. Then the ZR contents
showed an increasing trend.

3.5. Hormone Ratio
During cold stratification stress, three was an increasing trend of GAs/ABA ratio in all
treatments (Figure 4(a)). In day 90 of stratification, GAs/ABA ratio essentially unchanged, and then it began to rise in different ranges. The ratio had little difference
among seeds in the presence of 0, 200 and 400 mg/L of GA3. At the end of lamination,
the ratio reached to 0.19, 0.22 and 0.16, respectively. In the presence of 200 mg/L of
GA3 the GAs/ABA ratio increased rapidly by day 120, 135 and 150, corresponding to
0.18, 0.24 and 0.64, much higher than other three treatments.
The results of IAA/ABA ratio was shown in Figure 4(b). The ratio of seeds with different treatments showed an increasing trend. The IAA/ABA ratio of seeds treated with
0 mg/L of GA3 over time fluctuated. During the treatment period from day 15 to day
840
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Figure 3. Effects of cold stratification on endogenous hormone ABA (a), GAs (b), ZR (c), IAA
(d) contents in Cephalotaxus sinensis seeds treated with 0 ( ), 200 ( ), 400 (
), 600 (
)
mg/L of exogenous GA3.
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90, the ratio of seeds in the presence of 400 and 600 mg/L of GA3 changed slowly. And
then it showed a steady upward trend.
After stratified for 60 days, the ratio of seeds in the presence of 200 mg/L of GA3 increased rapidly, and after 120 days, the ratio was significantly higher than the other
three treatments.
Similarly to the trend of IAA/ABA ratio, the ZR/ABA ratio in seeds of all treatments
also showed an increasing trend (Figure 4(c)). After stratified for 60 days, the ratio of
seeds with different treatments varied. During the treatment period from day 90 to day
150, the ratio of seeds in the presence of 200 mg/L of GA3 changed rapidly and it was
significantly higher than other treatments. However, the ratio of seeds treated with 600
mg/L of GA3 over time fluctuated, and the ratio increase was the least among seeds
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Figure 4. Effects of cold stratification on GAs/ABA, IAA/ABA, ZR/ABA ratio in Cephalotaxus
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with different treatments.

4. Discussion
Moisture is a necessary condition of seed germination. It can accelerate the enzyme activity, enhanced respiration and promote the material transformation and transport.
Seeds will germinate only under well-watered conditions after mature [53]. Different
plant species show a variety of seed structures [54], but as a general rule in angiosperms, the embryo surrounding tissues or seed envelopes prevent germination by providing a physical barrier for the elongating radical [55]. For example, some seeds have
compact structure, developed palisade tissue or thick cuticle [56] [57], which will lead
to seed dormancy. Various studies have shown that poor water permeability of seed
coat is one of the causes of seed dormancy [58] [59]. Results of the present study
showed that when they were in a saturated stage, the moisture content of the two kind
seeds has little difference. It can reach saturation soaked in water for 5 days, which can
be negligible compared with it for 2 - 3 years of inactivity.
As early as in 1956, Asakawa [60] found that seed dormancy related to the incomplete development embryo closely. Physiological dormancy is most common and can
be separated into deep and non-deep, of which the latter is the most prevalent and also
the major form of dormancy in plant model species [61]. Embryos excised from seeds
with non-deep physiological dormancy produce normal seedlings [32]. In the present
study, as the cold stratification duration increased, the length ratio all showed an increasing trend. It turned out that the incomplete development embryo may be one of
the main causes of seed dormancy.
Inhibiting substance commonly found in dormant seeds, is an important factor
leading to seed dormancy [62]. The existence of inhibiting substances hinders certain
aspects of seed physiological activities, and further affects seed germination process.
The inhibiting substances were present in many plants, such as Paris polyphylla [63]
and Acer griseum [64]. Results of the present study showed that the germination of
seeds in the presence of extract was much lower compared to controlled experiments.
Seed coat and endosperm both contain germination inhibiting substance, and the order
of inhibitory effect was: testa < endosperm. And with the increase of extract concentration, the inhibition enhanced. It turned out that the presence of endogenous inhibitors
was a major cause of seed dormancy. This is consistent with Sun et al. [65] who showed
that inhibiting seed germination substances are contained in the exotesta, inner seed
coat and endosperm of Torreya seeds.
The effects of cold stratification on endogenous hormones have been investigated in
many studies [35] [66]. ABA and GA are considered the main endogenous hormones
that control seed dormancy and germination [24] [25]. ABA is one of the most important inhibitors involved in induction and maintenance of seed dormancy, whereas GA
can break seed dormancy and improve seed germination rate [25] [67] [68]. In our cold
stratification treatments, ABA content decreased significantly while GA content fluctuated in the early stage of lamination then increased rapidly, paralleling the increase in
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seed germinating ability. Our results suggest that ABA biosynthesis during cold stratification may indeed play a critical role in maintaining seed dormancy, and that GA may
be directly associated with seed dormancy breaking and germination. Because ABA and
GA are antagonistic to each other, the inhibition of ABA can stimulate production of
GA, and this may be one of the decisive factors for breaking dormancy. This is consistent with a study by Ye et al. [69] that showed that endogenous ABA and GA played an
important regulatory role in dormancy and germination. Kochankov et al. [38] and
Yang et al. [39] indicated that IAA participated in the regulation of seed dormancy and
was also beneficial to breaking seed dormancy. Consistent with this, results of the
present study showed that when seeds started to germinate, the IAA in C. sinensis seeds
increased significantly. Increased levels of ZR can offset germination inhibition and
regulate production of substances and affect energy metabolism in seed development
[70]. Gao [71] indicated that ZR played an important regulating role in seed dormancy
breaking and germination. However, in our study, this was not supported as ZR content decreased first then showed only a slow increase that peaked at day 135.
Control of seed dormancy may depend on the endogenous balance of biosynthesis
and catabolism and thus on the ratio rather than amounts of these plant growth regulators [72]. Studies have pointed out that the ratio of GA and ABA was a key factor in
controlling seed dormancy, cold stratification made ratio of GA and ABA increased to
relieve seed dormancy [73]. In our study, the C. sinensis seeds dormancy was broken
and seeds germination increased. This appears to be attributed to inhibition of ABA
biosynthesis and an increase of GAs biosynthesis and GAs/ABA ratio. Besides, the relative ratio of IAA/ABA and ZR/ABA may play a more important role than their absolute
level during the seed development and embryo after-ripening. As can be seen in the
hormone content and ratio changes, the dormancy of C. sinensis seeds is jointly regulated by a variety of hormones, and increasing ratio of promoting hormones and
trophic hormone can effectively break seed dormancy and promote germination.

5. Conclusion
The results showed that the presence of endogenous inhibitors and incomplete development embryo were the main causes of seed dormancy. The seed germination rate was
related to changes of endogenous ABA, GAs, IAA and ZR. We also observed a change
in the ratio of ABA inhibitors to GA stimulators, which may be a key factor in the
breaking of seed dormancy.
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