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Abstract To improve understanding of Portulaca pilosa seed germination and lay technical foundation for seedling cultivation, this paper stud-

ies the characteristics of dormancy and germination of Portulaca pilosa seed. Research indicates that its primary seed dormancy period is about

25 d, dormancy can be completely released by storage at room temperature for 30 d; the seed is positively photoblastic seed that can’t sprout

and can be induced into dormancy in low light conditions; the dormancy-released seed is more sensitive to light when compared with the freshly

picked seed, and the germination peak arises 1 d earlier; Portulaca pilosa seed favorites humid conditions, and the higher the soil moisture,

the higher the germination rate and germination energy of the seed. The dormancy-released seeds should be used for Portulaca pilosa seedling

cultivation, and after the germination is accelerated for 2 —3 d in the light conditions, the seeds are sown on the soil surface, and covered with

transparent plastic film to keep moisture and light, which is conducive to the emergence of seeds.
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1 Introduction

Portulaca pilosa is a species of flowering plant in the purslane fam-
ily, Portulacaceae, distributed in Guangdong, Guangxi, Hainan,
Yunnan, Fujian, Taiwan and other places. The roots are fibrous
to semi-fleshy. The trichomes are rather obvious at the nodes and
are in inflorescence. The plants are annual. The flowering can be
from late spring to early fall. It has the features of succulent
plant, such as strong drought resistance and stress resistance. It
not only has strong vitality, but also has good ornamental value
and low cultivation, management and maintenance cost. It is easy
to cultivate and survive. Due to ornamental features and drought
resistance characteristics, people use it as landscape plant and
roof plant'”’ | and also cultivate it as artificial grass species in or-
chards in order to add vegetation cover for orchards, protect
orchard’s environment and improve the soil structure of orchard.
Portulaca pilosa grows rapidly, with a variety of seeds, and only
takes just ten days from flowering to maturity'> . Afier ripening, it
is naturally cracked and the seeds are scattered on the ground.
The seeding ability is very strong, however, the natural germina-
tion rate of the seeds is low, which hinders the rapid propagation.
As the grass species cultivated in orchard, the low seed germina-
tion rate also limits its population to occupy ground space. In this
paper, we explore the dormancy characteristics of Portulaca pilosa
seeds, study the seed germination characteristics in terms of light
and soil moisture according to the environmental conditions for the
growth of Portulaca pilosa, and explore the reason for low natural
seed germination rate of Portulaca pilosa, in order to improve the

understanding of Portulaca pilosa seeds, find out the measures to
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improve the seed germination rate, and provide a technical basis

for the Portulaca pilosa seedling cultivation.

2 Materials and methods

2.1 Experimental site From May to November 2015, the ex-
periment was carried out in the experimental base of Sanya Sci-
Tech Academy for Crop Winter Multiplication, with geographic co-
ordinates of 18°17'59"N, 109°35'56"E, and elevation of 17 m. Tt
features a tropical marine monsoon climate, with average annual
temperature of 25.7°C, annual sunshine time of 2 534 h and aver-
age annual rainfall of 1 347.5 mm.

2.2 Materials
Sanya Sci-Tech Academy for Crop Winter Multiplication, and the

The materials are from the experimental base of

newly collected seeds and the seeds stored for a month or more.
The Portulaca pilosa capsule is mature, and the shell gets waxy
yellow, but before natural cracking, the seeds are collected. After
the husk and impurities are eliminated, the seeds are stored in a
dry place at room temperature.

2.3 Methods

2.3.1

state, and the method is based on International Rules for Seed Tes-

Germination test. It is conducted in the outdoor natural

ting. The culture dish with a diameter of 9 cm is as germination
box, and four layers of moisturizing tissue are put under culture
dish as germination bed. 100 seeds are sown per dish, and they
are spread evenly on tissue and covered with permeable filter pa-
per. Then the culture dish cover is closed, and after being repeat-
ed three times, it is placed outside the room for germination. Wa-
ter is added once a day to moisten the germination bed, and it is
appropriate when the water on tissue does not drip. The outdoor
temperature is 27 —33°C during the test period. According to pre-
test observation, Portulaca pilosa seeds start to germinate 48 h af-
ter the planting, the germination is concentrated on the 3rd day,

and the germination continues to the 10th day. Therefore, the ger-
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mination energy is calculated on the 3rd d, the 7th d is the termi-
nal stage of germination, and the germination rate is calculated.
When the seed radicle protrusion length is half the length of seed,
it is germinated seed. It is counted once a day, and the germina-
ted seeds are removed so as not to affect the next counting.
2.3.2 Determination of seed dormancy period. After harvesting
the seeds, the germination test is conducted immediately. When
the seed germination rate is more than 80% in two consecutive
days, it is seen as release of dormancy; the period when the ger-
mination rate is less than 80% is dormancy period; full release of
dormancy is in the period when the germination rate is highest.
2.3.3 Seed epistotic dormancy test. The seed germination box is
put in indoor light conditions (¢, , light intensity of approximately
80 —200 Ix) and dark conditions (,, light intensity of O Ix) , re-
spectively. After a certain time, the seeds are placed into the light
environment, and when the seeds do not germinate completely or
only individual seeds germinate, it enters dormancy.

2.3.4 Effect of different light intensity on seed germination. The
light characteristics of the natural environment where Portulaca pi-
losa seeds germinate and grow are simulated, and there are four
light intensity treatments. T, simulating natural light conditions,
normal light intensity of 30 000 — 75 000 Ix; T,, simulating light
conditions under the tree, light intensity of 800 —900 Ix; 7, sim-
ulating dense Portulaca pilosa thicket, light intensity of 100 —200
Ix; CK, in the dark, light intensity of O Ix.

2.3.5 Effect of different lighting time on seed germination. The
freshly picked seeds and the seeds stored at room temperature for a
month are used. The lighting time for freshly picked seeds is set to
2,4,6, 8, 10 h every day, combined with the treatments 1, 2,
3,4,5d, atotal of 25 treatments; the lighting time for the seeds
stored at room temperature for a month is set to 1, 2, 3, 4, 5 h
every day, combined with the treatments 1, 2, 3, 4,5 d, a total
of 25 treatments. After various treatments, the germination energy
is measured on the 3™ d and the germination rate is measured on
the 7" d.

2.3.6 Effect of different soil moisture on seed germination. The
soil taken from the field is brought back to the laboratory, and
placed in 105°C oven for drying, to kill weed seeds. It is dried to
constant weight. The soil is ground and sifted to remove gravels
and other impurities, and then a certain amount of soil samples
(h,) are weighed and put in a small sieve with a layer of filter pa-
per at the bottom. Water is added until the water at the bottom of
sieve drips, and after being placed for 24 h and weighed (h,),
the soil saturated water content is calculated as: soil saturated wa-
ter content /% = (h, —h,)/h, x 100. Then it is set to 100% ,
and different soil moisture is set, expressed by the percentage of

saturated soil water content.

3 Results and analysis
3.1 Seed dormancy characteristics
3.1.1 Primary dormancy. As can be seen from Table 1, the pri-

mary dormancy of Portulaca pilosa seeds varies, and the freshly

picked seeds have a certain ability to germinate, but the germina-
tion rate is very low. With the passage of storage time in the fu-
ture, there is a gradual increase in seed germination rate. About
25 d after harvesting, the seed germination rate reaches 80% of
production standard, and one month after harvesting, the seed
germination rate peaks. The primary dormancy in Portulaca pilosa
seeds is a way to protect the species survival and continuation,
and the self-protection nature of species is very prominent. In the
growth environment of extreme discomfort, it can rapidly flower
and form seeds'' . The primary dormancy can make the seeds a-
void adverse environment to sprout and grow. The seed dormancy
characteristics are beneficial to the survival of species, but bring
inconvenience to the artificial cultivation, and it is necessary to
break seed dormancy before cultivation in order to carry out the

next step work.

Table 1 Dormancy of Portulaca pilosa seeds

Harvest days ~ Germination rate//%  Harvest days ~ Germination rate // %

1d 17.0 16 d 62.5
2d 13.5 20d 73.0
3d 40.5 21d 79.0
4d 56.0 25d 82.0
6d 63.0 26 d 85.0
7d 57.0 29d 91.0
11d 70.5 30d 93.0
12 d 59.5 354d 92.0
154d 75.0 36 d 90.0

3.1.2 Secondary dormancy. As can be seen from Table 2, Por-
tulaca pilosa seed can not be induced in the dark to produce dor-
mancy, but in the low light conditions, it can be induced into dor-
mancy. As for some photoblastic seeds (such as Ficus hispida
seed) , the studies of Chen Hui et al. " indicate that the Ficus
hispida seed germination strictly requires light, and the weak light
can delay seed germination, but can not completely inhibit germi-
nation. Under low light conditions, Portulaca pilosa seeds can not
germinate at all, and can be induced into dormancy, which ex-
pands the concept of dark dormancy. Dark dormancy is not neces-
sarily generated under dark conditions, and it can be induced in

relatively weak light conditions.

Table 2 Secondary dormancy of seeds

Germination rate // %

Treatment time

by b
6d 84 86
7d 73 88
8d 30 90
9d 2 91
10 d 3 89
11d 1 93
20 d \ 91
30d \ 93

3.2 Effect of light on seed germination
3.2.1 Effect of light intensity on seed germination. As can be
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seen from Table 3, in outdoor natural light conditions, Portulaca
pilosa seeds can normally germinate, but in a dark environment,
seeds can not germinate, indicating that Portulaca pilosa seeds are
photoblastic seeds. In the areas with weak light (under dense
grass or tree) , the seeds can not germinate, indicating that Portu-
laca pilosa seed germination places a high demand on light intensi-
ty, and the seeds can not germinate when the light intensity can

not meet the requirements.

Table 3 Effect of different light intensity on seed germination

3.2.2 Effect of lighting time on seed germination. As can be
seen from Table 4 and Table 5, the Portulaca pilosa seeds stored
for a month are highly sensitive to light compared with the newly
harvested seeds. The newly harvested seeds need light for more
than 6 h per day, and germination peak can be reached under light
for 3 d. The seeds stored for a month need light for more than 2 h
per day, and germination peak can be reached and germination
rate required by production can be reached under light for 2 d. Af-
ter being stored for a certain time, the photosensitivity of Portulac-

a pilosa seeds is increased, which may be related to post-ripeness

Treatment Germination energy//%  Germination rate // % . X
T, s N after seed harvest. The photosensitizers in seeds are increased with
T 0 0 the seed post-ripeness, and the sensitivity of seeds to light is in-
T, 0 0 creased.
CK 0 0
Table 4 Effect of lighting time on seed germination
Light 2 h/d Light 4 h/d Light 6 h/d Light 8 h/d Light 10 h/d
Treatment time ~ Germination Germination ~Germination Germination Germination Germination Germination Germination —Germination Germination
energy // % rate // % energy // % rate // % energy // % rate // % energy // % rate // % energy // % rate // %
1d 5 5 5 5 3 3 1 1 12 12
2d 8 8 8 8 12 12 4 4 6 6
3d 6 12 7 7 64 70 63 70 61 86
4d 2 4 12 13 78 94 79 89 82 90
5d 4 4 9 11 83 97 85 91 88 94
Table 5 Effect of different lighting time on germination of the seeds stored for a month
Light 1 h/d Light 2 h/d Light 3 h/d Light 4 h/d Light 5 h/d
Treatment time ~ Germination Germination ~Germination Germination Germination Germination —Germination Germination —Germination Germination
energy // % rate // % energy // % rate // % energy // % rate // % energy // % rate // % energy // % rate // %
1d 19 19 53 54 64 64 71 74 80 84
2d 30 31 79 80 75 75 78 82 87 90
3d 14 14 82 85 80 82 90 96 94 97
4d 25 25 78 80 65 73 90 92 91 95
5d 33 37 81 88 84 90 88 91 91 95
3.3 Effect of soil moisture on seed germination Fig. 1, 2 100%
show that soil moisture is closely related to germination energy and —®— Germination rate
germination rate of Portulaca pilosa seeds. Greater soil moisture w80k F = & GemimAtion encrey
will lead to higher seed germination energy and germination rate, =
and when the soil water holding capacity is at saturation, the seed é ol
germination energy and germination rate reach the highest value. ?
Studies have shown that many seeds have suitable soil moisture for g
germination. Chang Wei et al. "*' study the effect of soil moisture é i
on the seed germination of Picea crassifolia, Potentilla fruticosa §
L., and bark or stem of Shagspine Peashrub, and find that the 20%
best moisture for germination of the three kinds of plants varies.
The seed germination of Portulaca pilosa prefers humid soil envi- 0% I :

ronment, and high soil moisture is favorable to the seed germina-
tion. As can be seen from Fig. 2, the germination rate of the
seeds stored for a month is slightly affected by insufficient soil
moisture, but the germination energy is greatly affected, far from
reaching the germination energy level on the paper germination

bed, which may be related to insufficient water absorption of the

100% 90% 80% 70% 60%
Soil moisture (percentage of soil saturated water content)

Fig. 1 Effect of soil moisture on germination of the newly harves-
ted seeds

seeds due to water loss on the sandy soil germination bed. As

shown in Fig. 1, both the germination energy and germination
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rate of newly harvested seeds are low, because the germination
base of newly harvested seeds is small, or seed’s water absorp-
tion on the sandy soil germination bed is more difficult than on

the paper germination bed, reducing the overall germination rate

of seeds.
100% L
—=®— Germination rate
—o— Germination energy
v 80%
o)
S 60%
g
= 406
‘g
—
3
20%
0" 1 1 1 1 J
0

100% 90% 80% 70% 60%
Soil moisture (percentage of soil saturated water content)

Fig. 2 Effect of soil moisture on germination of the seeds stored for
a month

4 Conclusions and discussions

There is primary dormancy in the newly harvested seeds of Portu-
laca pilosa, and the dormant period is about 25 d. The storage at
room temperature for one month or more can completely release
dormancy. The newly harvested seeds have a certain germination
ability, but the germination rate is low. In production, the newly
harvested seeds should be stored at room temperature for a month
or more before planting, so as to improve seed germination rate.
Portulaca pilosa seeds are positively photoblastic seeds that place a
strict demand on the light intensity. Only after the seeds are ex-
posed to strong light can they germinate, and the light intensity
demand needs to be further studied. The relevant studies show that
light can promote the seed germination of many weed plants, espe-
cially for the plants with small seeds, such as Hibiscus trionum
L., Atriplex oblongifolia, Euphorbia lathyris L. , and Eleusine in-
dica (L.) Gaertn"”™®'. The small seeds contain limited starch and
other storage materials, and only when the seeds are located on
shallow soil surface and the light conditions are good can enough
energy be supplied to embryo for germination'® ™", The Portulaca
pilosa seed is very small, and the weight of 15000 seeds is about 1
¢!, Taking the photoblastic seed strategy is the result of long-
term adaptation of species to environment and natural selection.
Some studies show that photoblastic seeds have light requirements,

because the seeds have phytochrome inside'" ™',

Phytochrome
consists of proteins and pigment groups, and pigment groups have
unique light absorption properties, and play the role by binding
with proteins. The phytochrome inside seeds includes red-absorb-
ing form Pr and far-red-absorbing form Pfr, and the two forms of
phytochrome can transform into each other after specific spectrum
absorption. The light-sensitive seeds use light to adjust the level of

Pfr/(Pfr + Pr) inside seeds, and when it reaches a suitable ratio,

the germination process can be started” . Different seeds have
different Pfr/( Pfr + Pr) values suitable for germination, even for
the different seeds in the same fruit, as demonstrated by the differ-

4181 There are great

ences in sensitivity to light between seeds
differences in changes of sensitivity to light between different
seeds. For some light-sensitive seeds, the photosensitivity will dis-
appear after a certain time of ripening; the photosensitivity of some
seeds can be long preserved, such as water lettuce seeds'™ . Ac-
cording to the results of this study, Portulaca pilosa seeds fall into
the type of enhanced photosensitivity after harvesting. Soil mois-
ture is the main factor affecting germination rate of Portulaca pilo-
sa seeds. The results in this study show that high soil moisture will
lead to high germination energy and germination rate of Portulaca
pilosa seeds, and with the decline in soil moisture, the germina-
tion rate gently decreases, while the germination energy sharply
decreases. Under natural conditions, insufficient soil moisture is
the main reason for low germination rate of Portulaca pilosa seeds,
and the secondary reason is the lack of light under the grass. Por-
tulaca pilosa seeds can be immediately harvested and sowed, but
the germination rate is low. If the seedling is of great urgency, we
can use the newly harvested seeds. Portulaca pilosa seeds are pho-
toblastic seeds which place high demand on light intensity, and
they can not germinate in low light conditions. Portulaca pilosa
seeds favorite humid conditions, and the higher the soil moisture,
the higher the germination rate and germination energy of the
seed. During direct sowing of Portulaca pilosa seedlings, we rec-
ommend that the seeds should be first placed in the transparent
culture dish covered with moisturizing tissue before sowing after 2
-3 d of germination in strong light conditions. After sowing, it is
covered with transparent plastic film to keep moisture and light,

which is conducive to the emergence of seeds.
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post-ripening period, ethylene and fruit quality change in post-
ripening period” ">, Jia Decui et al. studied the influences of
pre-cooling treatment, picking period and storage temperature on
A. chinensis fruit quality change in post-ripening period'” "'

Jin Fanglun et al. thought that different fruit retention amounts of
A. chinensis at fruiting branch and different fruiting parts directly
affected fruit quality change rule in post-ripening period, and was
one of key factors for fruit softening and senescence' ™', When
applying the research result into production, it is suggested that
fruiting branch diameter could be as one of important bases of A.

chinensis fruit quality change in post-ripening period. It also
could predict the indexes after fruit post-ripening by investigating
fruiting branch diameter and regression equation, such as single
fruit weight, longitudinal and transverse diameters of fruit, fruit
core and sugar content of fruit juice, and provide the reference for
making scientific management measures of A. chinensis.
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