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Short Research Article

ABSTRACT

Aims: Global warming and biological invasion are major environmental issues faced in the world. In
the study, Rorippa amphibia, a perennial invasive clone plant in northern China, was used as a
material to study the germination characteristics of the seeds at different temperatures.

Study Design: Germination test of R. amphibia seeds at different temperature was studied by
means of laboratory culture. The germination percentage, germination index, germination potential,
bud height and root length of the seeds were determined.

Place and Duration of Study: Samples were collected from the west side of the swimming pool of
Shenyang Agricultural University of Liaoning Province in August 2017. Experiments were done in
the College of Biological Science and Technology, between October 2017 and June 2018.
Methodology: The petri dish method was used in the experiment. Fifty seeds were randomly
selected and soaked in distilled water for 12h. The seeds were placed in a petri dish covered with
double filter paper, cultured at 10°C, 15°C, 20°C, 25°C, 30°C, 35°C and 40°C in light incubators for 12h
darkness and 12h light (4000lux), with 3 repeats per processing. Seed germination was based on
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embryo root breakthrough seed coat = 1 mm. During the experiment, the numbers of seed
germination were recorded every day, and the filter paper was kept moist until there was no new
seed germination for 2 consecutive days, which was regarded as the end of germination. The
numbers of seed germination should be counted regularly every day, and the beginning and
duration of germination should be recorded. The germination rate, daily germination rate,
germinating potential, germinating index and vigor index of R. amphibia seeds at different
temperature were calculated by measuring bud height and radicle length on the 10th day after
germination.

Results: The temperature range of seed germination of R. amphibia was wide, which could
germinate at 15 - 40°C. Lower temperature delayed the peak period of seed germination at some
extent and the germination rates of R. amphibia peak at 30 - 35°C, which were 44.67% and 50%
respectively. At 35°C, germination potential and germination index were 25.33% and 29.46, reaching
the maximum value.

Conclusion: The reason for the wide temperature range of seed germination and the low
germination rate might be the candidate method for clonal plant population establishment in
temperate zone. The higher germination rate of high temperature condition suggested that clone

invasive plants in temperate regions were more invasive during global warming.

Keywords: Rorippa amphibia; invasive plant; temperature; seed germination.

1. INTRODUCTION

Global warming and biological invasion are the
significant environmental issues faced in the
world [1]. Due to the increasing concentration of
CO, and other greenhouse gases in the
atmosphere caused by human activities, the
earth's surface temperature has risen by an
average of about 0.74°C in the past 100 years. It
is predicted that the global average temperature
will rise by 1.6 - 6.4°C in 2100 [2]. Global
warming will lead to changes in plant distribution
patterns. Successful plant invasion is one of the
results of global climate change [3]. The
proliferation of invasive species has seriously
threatened the security of global biodiversity, the
structure and function of ecosystem, the
production of agriculture, forestry, animal
husbandry and fishery, and even human health
[4,5]. Studies have shown that temperature can
affect the growth, development and reproduction
[6,7], interspecific competition [8] and migration
and invasion [9,10] of plants. There are also
studies showing that warming will further
promote the spread of invasive plants to higher
latitudes [11].

R. amphibia (L.) Besser is genus of Rorippa in
the cruciferous family, which is a kind of
herbaceous perennid, native to Europe, which is
a common alien invading grass in Liaoning area
of China (North temperate zone) [12], and its life
forms are various. In general, the new invasive
sites are mainly seed propagation. When the
invading sites have formed a large population,

they are mainly spread by the bud of root tillers
[13]. Seed germination is not only the basis of
plant growth, but also an important link in the
process of plant reproduction [14]. In addition to
its own factors, temperature, light, water, air and
soil can affect the seed germination of plants [15].
Wills et al makes a study of the reaction of seed
germination of two exotic plants in England to the
external environment, and Dbelieves that
temperature is one of the important factors
affecting plant invasion, which affects the final
germination rate and germination rate of seeds
[16-18]. R. amphibia belongs to the plant that
sprouted and flowered earlier in early spring.
Temperature directly affects its sprouting time. At
present, there are no measures to prevent and
control R. amphibia in China. Under the global
warming environment, the temperature rise in the
north is aggravating. Especially in recent 44
years, the average air temperature in Northeast
China has an obvious warming tendency, and
Liaoning is a weak warming area, however, the
temperature increasing rate of the lowest
temperature is about twice the maximum
temperature [19], which will certainly lead to R.
amphibia germinating prematurely and occupying
niche earlier, and foreshadows a possibly
increasing in its hazards.

By studying the response of the seed
germination of the invasive plant, R. amphibia, to
temperature rise, the influence of temperature
rise on the invasive ability of R. amphibia was
further analyzed, which provided a theoretical
basis for monitoring the spread of R. amphibia
and integrated control.




2. MATERIALS AND METHODS
2.1 Materials

The R. amphibia seeds were collected from the
west side of the swimming pool of Shenyang
Agricultural University of Liaoning Province in
August 2017, with a 1000-grain weight of 0.0769
grams, then selected mature, plump seeds and
store them in a well-ventilated room for backup.

2.2 Methods

The petri dish method was used in the
experiment. Fifty seeds were randomly selected
and soaked in distilled water for 12h. The seeds
were placed in a petri dish covered with double
filter paper, cultured at 10°C, 15°C, 20°C, 25°C,
30°C, 35°C and 40°C in the light incubators for
12h darkness and 12h light (4000lux), with 3
repeats per processing. Seed germination was
based on embryo root breakthrough seed coat =
1 mm. During the experiment, the numbers of
seed germination were recorded every day, and
the filter paper was kept moist until no new seed
germination for 2 consecutive days, which was
regarded as the end of germination. The
numbers of seed germinations were counted
regularly every day, and the beginning and
duration of germination were recorded. The
germination rate, daily germination rate,
germinating potential, germinating index and
vigor index of R. amphibia seeds at different
temperature were calculated by measuring bud
height and radicle length on the 10th day after
germination.

2.3 Determination Index

The specific determination index was as follows.

The germination rate was GR=(NO/N)x100%(In
this formula, NO was the total number of seeds
germinated at germination stage, and N was the
number of seeds tested).

Daily germination rate (%) = (normal number of
germinated grains on each day / total number of
seeds tested) x 100%.

The germination vigor was GE=n/Nx100% (In the
formula, n was the highest seed germination rate
per day and N was the number of seeds tested.)

The germination index was GI=X(Gt/Dt) (In the
formula, Gt was the daily germinating number,
and Dt was the germinating day).
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Activity index GV=GI x length of seedling root(cm)
[20-22].

2.4 Data Processing

The data were analyzed by SPSS 22.0 software,
the significant difference between species and
temperature was tested by single factor variance
analysis (one-way ANOVA), LSD significance
test method was used to compare the differences
between different treatments, and Excel was
used to map the difference between different
treatments.

3. RESULTS AND DISCUSSION

3.1 Daily Relative Germination Rate of R.
amphibia Seeds at Different
Temperature

Daily relative germination rate of R. amphibia
seeds increased at first and then was stabilized.
On the second day, seeds in petri dish began to
sprout, which clearly falled into three stages:
slow growth period, rapid growth period and
stable period. At 10°C, the seeds did not
germinate. At 15°C, the seeds began to
germinate on the 7th day and ended on the 8th
day. At 20°C, R. amphibia began to germinate on
the 6th day and ended on the 8th day. At 25°C, R.
amphibia began to germinate on the 5th day until
the 9th day. At 30°C, R. amphibia began to
germinate on the 2nd day, then became stable,
and began to germinate by repetition on the 6th
day, while the rate of daily germination was lower
than that of the first time, until the end of
germination on the 8th day. At 35°C, R. amphibia
began to germinate on the 2nd day and entered
a slow growth period. On the 6th day, it began to
germinate by repetition and continued to
germinate until the 8th day. At 40°C, R. amphibia
began to germinate on the 3rd day, then became
stable, and began to germinate by repetition on
the 6th day, and continued to germinate until the
9th day. The results showed that the germination
date of seeds was earlier and had the
characteristics of secondary germination with
high temperature, and the seed germination was
slow when the temperature was low (Fig. 1).

3.2 Germination Rate of R. amphibia
Seeds at Different Temperature

From Fig. 2, seed germination rate of R.
amphibia increased first and then decreased with
the increase of temperature. At 10°C, no seeds of
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Fig. 1. Daily relative germination rate of R. amphibia seeds at different temperature

R. amphibia were germinated. At 15°C, the
germination rate was 0.67%, 4.67% at 20°C, 16%
at 25°C, 44.67% at 30°C, about 50% at 35°C, but
just 35.33% at 40°C. The germination rates
between 30°C to 35°C reached the maximum,
and the germination rate at 30°C (44.67%) was
slightly lower than that at 35°C (50%). While
there was no significant difference between 30°C
and 35°C, and they were significantly higher than
the other groups. The germination rate (35.33%)
of R. amphibia seeds decreased at 40°C, but was
significantly higher than those of 10-25°C. The
results showed that R. amphibia seeds could
germinate at 15-40°C, and both low temperature
and high temperature had effects on seed
germination, and low temperature had a greater
effect on R. amphibia than high temperature.
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Fig. 2. Germination rate of R. amphibia seeds
at different temperature

3.3 Germination Vigor and Germination
Index of R. amphibia Seeds at
Different Temperature

From Fig. 3, seed germination vigor of R.
amphibia showed a tendency of rising at first and
then decreasing. The germination vigor of R.
amphibia seeds reached the highest at 30°C,

35°C, which was 24%, 25.33%. respectively. At
40°C, the germination vigor was 19.33%, And
there was no significant difference among 30°C,
35°C and 40°C. At 25°C, the germination vigor
was 10%, in which there was no significant
difference between 25°C and 40°C, but
significantly lower than 30°C and 35°C. There was
no significant difference between 10°C and 20°C,
and the germination vigor was 0, 0.67%, 4.67%,
respectively.

From Fig. 4, seed germination index of R.
amphibia showed a tendency of rising at first and
then decreasing. The germination index reached
the highest at 35°C (29.46), which was
significantly higher than other temperatures. The
germination index at 30°C was 19.62,
germination index at 40°C was 14.3, and
germination index at 25°C was 4.33. There was
no significant difference between 10°C and 20°C.
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Fig. 3. Germination vigor of R. amphibia
seeds at different temperature

3.4 Activity Index of R. amphibia Seeds at
Different Temperature

Activity index of R. amphibia seeds was the
highest at 30°C, which was 15.64, followed by
35°C (14.38). Although the germination energy



and germination index at 40°C were significantly
higher than those at 25°C, the germination vigor
index was significantly lower than that at 25°C.
The reason might be that the seed germinated at
40°C, but its radicle length was shorter, which
was different from that of seed radicle growing at
25°C, so the vigor index was lower, which
indicated that high temperature could promote
seed germination. However, high temperature
would inhibit the growth of seedlings (Table 1).
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Fig. 4. Germination index of R. amphibia
seeds at different temperature

3.5 Discussion

The seeds have an active metabolic reaction
during germination. Therefore, in a certain
temperature range, the increase of temperature
accelerates the process of germination. However,
exorbitant temperature can cause some active
substances to be inactive, for example, the
denaturation of enzymes will affect the
germination of seeds [23]. In this study, the
results showed that the germination of R.
amphibia seeds was greatly affected by
temperature. When the temperature was
between 15°C and 25°C, the initial germination
time was long, while the germination rate was
low, and the germination rate increased with the
increase of temperature. However, when the
temperature was higher than 30°C, the seeds
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germinated rapidly and the germination rate was
higher. With the increase of temperature, the
germination rate increased first and then
decreased. At low temperature (10°C), the seeds
did not germinate. Under visible light, 30-35°C
was the most suitable for seed growth of R.
amphibia, and if the temperature was too high
(40°C) or too low (10°C), which would inhibit seed
germination. In the range of germinable
temperature (15-40°C), with the increase of
temperature, the earlier the seed germination
time was, the longer the seed germination time
was, the more favorable factors could be
obtained, which might be an adaptive strategy for
R. amphibia.

The germination rate and germination vigor
reflect the germination speed and uniformity of
the seed. The germination rate is high and the
germination vigor is strong, which indicates that
the plant germinates quickly and neatly, and the
seedlings are strong. High germination rate and
low germination vigor indicate that the plants are
not even in germination and there are many
weak seedlings [24,25]. The germination rate of
R. amphibia reached the highest at 30-35°C,
which was higher than that of other temperature.
The germination vigor at 30-35°C was also
significantly  higher than that at other
temperatures, and the germination index at 35°C
was significantly higher than that at other
temperatures. However, the germination index at
30°C was second only to that at 35°C, indicating
that at 30-35°C, R. amphibia germinated neatly
and had fewer weak seedlings. The seeds of R.
amphibia germinated at 15-40°C, indicating that it
had a wide range of adaptation to temperature.
The germination vigor, germination index and
vigor index of R. amphibia reach the maximum at
30-35°C. The germination vigor index at 40°C was
significantly lower than that at 25°C, which
indicated that the increase of temperature
promoted the germination and growth of R.
amphibia seeds, while exorbitant temperature
inhibited seedling growth.

Table 1. Activity index of R. amphibia seeds at different temperature

Temperature (°C)  Length of root (cm)

Germination index

Activity index

10 0 0 0
15 0.07 0.14+0.05° 0.01+0.01"

20 0.1275 1.07+0.06° 0.14+0.018°
25 1.979 4.33+0.30° 8.57+0.018°
30 0.797 19.62+0.71° 15.64+0.012
35 0.488 29.46+1.01° 14.38+0.01°
40 0.155 14.3+0.50° 2.22+0.01¢

Note: Different letters represent significant differences at different temperature (P <0.05)
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Under harsh environmental conditions, there are
many perennial plants which may have evolved
two opposing germination strategies: one is that
the seeds are still dormant or slow to germinate
under suitable germination conditions, and the
other is that they germinate rapidly once they
meet favorable conditions [26]. Zhang Jingguang
et al. classifies the types of seed germination into
three types, namely, adventurous type,
opportunity type and stable type [27]. The main
feature of the adventurous type is that the most
seeds germinate within a short period of time
after germination. The main characteristic of the
stable type is that the seed germination process
is continuous and stable, and the cumulative
germination rate of the seed increases slowly
with the prolongation of the culture time. The
opportunity-type seed germination is intermittent,
and there is a long stop in the middle of the
second germination. At the optimum germination
temperature, the accumulative germination rate
increases rapidly at the initial stage of
germination, then tend to be stable, and at the
end of the germination stage, the seed is
germinated for a second time. The results of this
study can be preliminarily determined that the
type of seed germination of R. amphibia tends to
be opportunity type.

The reason for the wide temperature range of
seed germination and the low germination rate
may be the candidate method for clonal plant
population establishment in temperate zone. The
higher germination rate of high temperature
condition suggests that clone invasive plants in
temperate regions are more invasive during
global warming. So the summer is the key period
to curb R. amphibia diffusion, cutting in the
period can reduce seed dispersal. At the same
time, it is suggested that the relevant
departments strictly control the import of grass
seeds, strengthen quarantine and prevent the
entry of seeds. Of course, there are records that
R. amphibia is palatable, non-toxic [28], can be
vigorously promoted as a wild vegetable to eat,
but also a good way to eliminate.

4. CONCLUSIONS

Global warming and biological invasion are major
environmental issues faced in the world. In this
study, R. amphibia a perennial invasive clone
plant in northern China, was used as a material
to study the germination characteristics of the
seeds at different temperature. The temperature
range of seed germination of R. amphibia was
wide, which could germinate at 15-40°C. Lower
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temperature delayed the peak period of seed
germination at some extent and the germination
rates of R. amphibia peak at 30-35°C, which were
44.67% and 50%, respectively. At 35°C,
germination potential and germination index were
25.33% and 29.46, reaching the maximum value.
The reason for the wide temperature range of
seed germination and the low germination rate
might be the candidate method for clonal plant
population establishment in temperate zone. The
higher germination rate of high temperature
condition suggested that clone invasive plants in
temperate regions were more invasive during
global warming.
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