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Abstract Tibet is one of the core distribution areas of the Chinese endemic plant Euonymus sanguineus, but the population decline is obvi-

ous. In order to protect and develop the plant resources in Tibet rationally, the ecological environment and growth conditions in Milin County,

Nyingchi City, Tibet were investigated by means of sampling method in order to provide the theoretical basis for the protection, introduction,

breeding and cultivation of E. sanguineus. The results were as follows: (i) The population quantity of E. sanguineus was too small and the

survival area was too small, which seriously affected the interspecific mating, seed development and regeneration, and greatly reduced the ge-

netic diversity within the population; (ii) The dry and hot river valley climate and human and animal activities inhibited the seed germination

and seedling growth of E. sanguineus, resulting in very low survival rate of seedlings, and hindering the population expansion of E. sanguine-

us; (iii) The distribution area is located in the Yarlung Tsangpo river valley, and the natural habitat fragmentation has affected the interspecif-

ic gene exchange, resulting in the low seed bearing capacity and germination rate of E. sanguineus, which is the direct cause of the population

decline of E. sanguineus; (iv) The litterfall of E. sanguineus had autotoxicity, which inhibited the growth of seedlings under the forest,

caused slow natural regeneration of the population, and then caused the population of E. sanguineus to be unable to spread and develop.
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1 Introduction

FEuonymus sanguineus is a small tree or shrub in the Celastraceae
family''" | which is endemic to China. E. sanguineus is distributed
in Tibet, Yunnan, Sichuan, Gansu, Shaanxi, Henan, Hubei. In
Tibet, E. sanguineus grows in the edge of fir forest and thickets at
an altitude of 2 400 =3 500 m. It is produced in Jilong, Dingri,
Yadong, Motuo, Bomi and Milin, most concentrated in Milin.
The branch and leaf structure of E. sanguineus is clear, the shape
is graceful, and the flower shape is unique. The fruit is small and
it is brightly colored, like a pink pendant. In particular, the fruit
is like a flower after ripening and cracking, and after autumn, the
leaves turn bright crimson, like a graceful girl in red. At the same
time, the flower, fruit and leaf of E. sanguineus have a long peri-
od, with a very high ornamental value. The E. sanguineus has
strong adaptability to the land conditions, and can purify the air,
with very strong resistance. It has the obvious improvement soil
and the ecological environment benefit. The widespread planting
of E. sanguineus can play an important role in the ecological pro-
tection and restoration in Tibet, and can enrich the ecological di-
versity. The root and bark of the genus Euonymus contain many

kinds of medicinal components, which have great medicinal and
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health value'”’. Tts root and bark contain a variety of insecticidal

[2-5]

active ingredients, hard rubber resources , and seeds have

high oil content, up to 30% —50%. It can be used not only as
edible oil, but also as non-grain diesel energy resources'®™" . It
has great development potential in agriculture, daily chemicals,
food and industry, all of which make the study of E. sanguineus
have important significance.

At present, there is no report on the study of E. sanguineus,
the population of E. sanguineus is small, most of them are adult
plants, the number of young plants is very small. The mortality of
seedlings is very high, so it belongs to the declining population.
Therefore, the investigation of its habitat conditions and the analy-
sis of the causes of its population decline can lay a foundation for
the selection of the optimal habitat conditions and its species pro-
tection , introduction, breeding, cultivation, resource development

and garden application.

2 Morphological characteristics of E. sanguineus

E. sanguineus is generally 2 —7 m tall, the young branch is gray-
ish brown or purple brown. The leaf texture is flexible and thin,
elliptic, ovate-elliptic or ovate, 4 —9 c¢m long and 2 - 4.5 c¢m
wide. The leaf apex is acuminate, and the leaf margin is finely
serrate ; the petiole is 5 — 10 mm long; cymes axillary, total pedi-
cel of 1.5 —6 c¢m long; white or white green flowers, tetramerous;
flower disc square; stamens glabrous. Flowering period is May —

July, seed-setting period is August — October, and the capsule is
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oblate, pink, about 1 c¢m in diameter, 4-winged, triangular
wings. In the mature stage (September to October) , the seeds de-
hisce and can be counted as red seeds, and the fruits are usually

4-loculed and one seed per locule'"".

3 Overview of the study area
The study area is located along the Yarlung Tsangpo River in Milin
County,, Nyingchi City, Tibet Autonomous Region, with geograph-

ical coordinates of 93°49" - 93°56" E,29°6' —29°10" N. Milin
County is the plateau temperate and semi-humid monsoon climate
area, and because the warm current from Indian Ocean and the
Bay of Bengal passes through the Yarlung Tsangpo River passage,
this area forms a special climate of subtropical, temperate and

cold zone. The basic climatic conditions of the study area are
shown in Table 1.

Table 1 Main climatic parameters of the investigation area of Euonymus sanguineus in Tibet

Monthly Monthl
Annual Monthly . . Y =0C =10C
Annual Annual Average daily average average . . .
. . . . average average K . cumulative cumulative Duration
Region sunshine  Sunshine temperature maximum minimum
temperature  temperature . temperature  temperature d
hours //h % . . range // °C temperature  temperature . .
C C . . C C
C C
Milin 1718.9 39 8.2 -5.2 11.8 15.4 3.4 3030 2 180 154
Extreme Extreme Extreme Extreme Annual .
. X . . . . Annual Annual Frost-free First Last
. maximum air maximum minimum air minimum . . water .
Region precipitation evaporation . period frost frost
temperature  geotemperature  temperature  geotemperature deficiency
mm mm d mm/dd mm/dd
C C C C mm
Milin 28.8 69.3 -15.8 -16.1 675.1 1185.9 46 154 10/14 5/16

4 Research methods

4.1 Sample plot setting and investigation On the basis of
comprehensive investigation of the region along the Yarlung
Tsangpo River in Milin County, the community distribution of E.
sanguineus was investigated by means of sample plot investigation
method. Four typical vegetation communities were selected in the
sample plot, and the basic situation of sample plot was shown in
Table 2. Three 100 m x 100 m sample plots were set up in each
community. The altitude, slope, aspect, soil type, thickness and
disturbance degree of human and animal in the sample plot were
recorded by electronic total station, GPS and light intensity instru-
ment. The community point map was drawn, the plant density,
tree height, crown width and canopy height of E. sanguineus
whose DBH was more than 5 cm in each plot. A sample of 20 m x
20 m was randomly set in each plot to investigate the associated
species and competitive species.
4.2 Seedling survival statistics
range of E. sanguineus seedlings, and the number of seedlings af-

The number and distribution

ter four months were measured in the sample plots, and the surviv-
al amount of seedlings was calculated.

4.3 Seed-setting ability investigation Using sample plot sta-
tistical method, the E. sanguineus plants were selected in each
sample plot, camera was used to photograph the sunward surface
and the shady surface of the flowering and seed-setting plants, and
according to the differences of flower, fruit and leaf color and
area, the rate of flowering and seed-setting was estimated. A total
of 100 E. sanguineus fruits were selected randomly in each sample
plot. After the capsule dehisced completely, the number of seeds
was counted (for the seeds falling off, the residual locules in cap-
sule can be counted). The seed yield, the number of empty seeds,
the number of rotted seeds and the number of full seeds were coun-

ted, and the abortive rate, the disease rate, the rate of insect pests

and the rate of plumpness were calculated.

4.4 Experiment on the key factors in seedling lethality The
pH of soil was measured by digging three soil samples from the
sample plot. The seedlings were cultivated under different soil and
different light intensity and the growth of seedlings was observed.
The litters of E. sanguineus were collected, and the influence of
litters of E. sanguineus on the seedling growth was observed by al-

lelopathic experiment.

5 Results and analysis

5.1 Comparative analysis of different habitat conditions and
their impacts

5.1.1 Main climatic parameters in the investigation area. From
the main climatic parameters of E. sanguineus habitat investigation
area in Table 1, it was found that E. sanguineus growth area is lo-
cated in the Yarlung Tsangpo River valley area, where the temper-
ature difference between day and night is big, the precipitation is
little, the evaporation is big, and the climate is dry and hot. It is
featured by the dry and hot river valley climate conditions. The da-
ta showed that the growth condition was very bad, which was very
bad for seed germination and seedling survival.

As shown in Table 2, in the investigation of the habitat condi-
tions of the E. sanguineus population, it was found that the distribu-
tion of the community was mainly concentrated on the south bank of
the Yarlung Tsangpo River valley. Its topography is mainly the hill-
side forest edge and thicket, and the soil types are mainly mountain
brown soil, mountain cinnamon soil, and sandy loam soil. In the in-
vestigation, it was found that the four communities were distributed
far apart, in the form of multiple separated fragments, and the area of
each patch was very small. This makes the individuation and differen-
tiation of the communities can not be exchanged and complemented,
which is not conducive to the development of the population.
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Table 2 Basic information of community habitats

Community Coordinates Elevation//m  Slope //° Aspect Soil type Soil thickness//m  Disturbance degree
1 93°56'0.58" E, 29°10'40.75" N 3 036 15 Northwest  Mountain brown soil 0.8 Light

2 93°54'46. 10" E, 29°9'32.33" N 2973 <3 - Mountain cinnamon soil 0.6 Moderate

3 93°54'26.39" E, 29°9'32.33" N 2991 20 Northeast  Mountain cinnamon soil 0.6 Moderate

4 93°49'51.59" E, 29°7'9.99" N 3020 25 Northeast ~ Mountain brown soil 0.9 Light

5.1.2 Associated and competitive species. As shown in Table 3,
according to the investigation, the trees are competitive species,
shrubs are competitive and associated species, and grasses and
ferns are associated species in the habitat. There was a remarkable
feature in all the sites investigated, that is, the plant species began
to be rich except for a small number of herbs and ferns in the
crown range (with no other plants at all).

From the tables and figures in the article, it was found that
with the decrease of associated and competitive species, and the
decrease of disturbance by human and animal, the basic character-
istic index of the population of E. sanguineus increased and devel-
oped in a favorable direction. This was related to the improvement
and upgrading of the growing environment, as well as the acquired
growth resources and space, as a result of the decrease of associat-
ed and competitive species. However, the decrease of associated
and competitive species, especially the decrease of shrubs, weak-

ened its protection circle and it was easily disturbed by human and

Table 3 The main components of associated and competitive species

animal activities. It is difficult for seeds to germinate, seedlings to
survive, and the characters of plant are weak due to the compac-
tion of soil under or near the plant which is seriously disturbed by
human and livestock, causing a great impact on the growth and de-
velopment of the population.

However, during the investigation in many places, due to hu-
man and animal disturbance and natural factors, it was found that
the natural habitat of E. sanguineus presented many separate small
fragments, that is, habitat fragmentation. Habitat fragmentation
can reduce the total area of the original habitat and produce isola-
ted heterogeneous populations, thus affecting interspecific gene ex-
change, population viability, species interactions and a series of

9-11 . . . . . .
P11 " which is a main cause of biodiversity

ecological processes
decline and species endangerment and extinction!? ' Therefore,
habitat fragmentation is very detrimental to the population develop-

ment of E. sanguineus.

Community Trees Shrubs Herbs Ferns

1 Abies georgei Orr var. smithii, Pinus Ribes orientale, Spiraea bella, Rosa sikan- Fragaria nubicola Dryopteris nyingchiensis ,
densata, Quercus aquifolioides gensis Drynaria delavayi

2 Quercus aquifolioides, Hippophae rh- Rhamnus virgata, Piptanthus concolor, Co-  Duchesnea indica Drynaria delavayi
amnoides toneaster microphyllus

3 Cupressus gigantea, Quercus aquifo- Piptanthus concolor, Hippophae rham- Pedicularis davidii, Hemi- Drynaria delavayi
lioides , Hippophae rhamnoides notdes, Caragana sinica phragma heterophyllum

4 None Sorbus rehderiana, Berberis amurensis, Ca- None Drynaria delavayi

ragana sinica

5.2 Analysis of population structure

5.2.1 Analysis of plant population characteristics. By comparing
the data of each sub-item in Table 4 and Fig. 1, it was found that
the population density had a positive correlation with DBH, crown
width, leaf length and branch length, but a negative correlation
with tree height. The growth of plant population showed a horizon-
tal development trend. It was found that the population density of
E. sanguineus was very small, showing broken point distribution,

and the population growth was slow, suggesting that its growth was
a long-term accumulation process. The adult plants dominate the
population and there are very few young plants, which makes the
basic data about the population of E. sanguineus at a relatively high
level. In fact, it reflected that the population of E. sanguineus was
small, the spatial structure presented the random distribution, and
the age structure presented the aging trend, so that its population
structure was not complete and had no continuity.

Table 4 The basic characteristics of Euonymus sanguineus in different communities

Community Density Average Average tree Average crown Average leaf Average current Average biennial
’ plant/ha DBH//cm height //m diameter // m length // cm branch length //m branch length //m

1 4 17.9 4.74 3.42 x3.16 5.24 0.42 0.51

2 3 15.6 4.46 3.84 x3.61 5.06 0.34 0.47

3 6 19.4 4.37 4.33 x4.01 6.88 0.49 0.59

4 8 20.2 3.89 4.68 x4.26 7.67 0.53 0.62

5.2.2 Analysis of seedling survival. As shown in Table 5, it was
found that there were current seedlings in and out of the crown di-

ameter of plant, but there were no plants of more than two years in

the crown diameter range, and there were few plants of more than
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two years in the area outside the crown diameter range. The num-
ber of young seedlings and adult plants were counted in different
radius with the plant as the center from four sample plots. The
number of seedlings in all sample plots decreased sharply with the
increase of radius, and the number of plants over two years old was
very small, and increased first and then decreased sharply with the
increase of radius. The seeds of the four communities of E. san-
guineus germinated and died one after another, and the number of

seedlings more than two years old was also very small, and the sur-

vival amount of the seedlings was very small. The investigation also
found that the surviving seedlings were in the area with the radius
of more than 5 m, that is, it was beyond the crown coverage range
(Table 6). The above two tables showed that the mobility of seeds
was very weak, and they belonged to the indifferent species; the
under-forest regeneration ability was poor, the survival rate of
seedlings was very low, and the population was difficult to repro-
duce and develop.

2 4.6 4.8 ¢
A 4.4 +
20 s 4.6 F
19 L E 4.2 r E »
g 5 4.0 F g 447
=18t g =
Z T 38 f 2,1t
17 g 8
5] 3.6 ‘E_'j
4.0 F
16 | < 3.4 F
15 1 1 L L 1 1 J 3'2 1 L L 1 1 1 J 3'8 L 1 1 J
2 3 4 5 6 71 8 9 2 03 4 5 6 7 8 9 2 4 6 8 10

Density Il plant/ha

Density Il plant/ha

Density Il plant/ha

Fig.1 The correlation between population density and DBH, crown diameter or tree height

Table 5 Survival rate of seedlings in different areas under canopy

Radius range //m

Community Age of seedlings Item
0-5 5-10 10 -15 5-20
1 Current-year Number of seedlings 44 35 23 12
Two years or more 4 4 4
2 Current-year 32 26 18
Two years or more 2 2 2
3 Current-year 70 62 51 34
Two years or more 11 11 9 9
4 Current-year 95 87 70 51
Two years or more 19 18 15 13
Table 6 Survival rate of seedlings in different periods
) Number of days
Community Age of seedlings Ttem -
0 20 40 60 80 100 120
1 Current-year Number of seedlings 44 35 23 12 0 0
Two years or more 4 4 4 2 1
2 Current-year 32 26 18 9 3 0 0
Two years or more 2 2 2 2 2 2 2
3 Current-year 70 62 51 34 21 3 0
Two years or more 11 11 9 9 9 6 3
4 Current-year 95 87 70 51 32 11 1
Two years or more 19 18 15 13 13 8 6

5.2.3 Seed-setting ability. Seed is an important link in the life
cycle of plants, and is the beginning of new life of young plants,
related to the future fate of the population. Much attention has
been paid to the ecological effects of seed size and quality on the
successful settlement and survival of seedlings'*'. When the popu-
lation of almost all species decreases, the most direct consequence
is the increase of inbreeding coefficient and the subsequent in-
breeding decline, and the decrease of population fitness'" ™",

The decrease of plant population fitness is reflected in a series of

links in plant life cycle. Seed germination is a key link in plant
life cycle, which often determines whether the population renewal
is successful or not. The study on the germination of endangered
plant seeds is helpful to exploring the mechanism of endangered
plant seeds and to designing reasonable protective measures for en-
dangered plant seeds'™®’.

As can be seen from Fig. 2, the average flowering and seed-
setting rate of population in sample plot 4 was the highest among
the 4 populations, while the number of seedless fruits was the low-
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est, which indicated that the seed-setting ability was relatively
high. The seed-setting rate of all the E. sanguineus populations
was very low, the highest seed-setting rate was only 43.0% , the
lowest was only 38.6% , and the percentage of seedless fruits was
more than 50% , showing a very low seed-setting ability. The sta-
tistics of seeds of 100 fruits showed that the percentage of full seeds
was also small, the majority of seeds were damaged by insect
pests, or rotten seeds and empty seeds, which greatly reduced the
base of seed germination (Table 7). On the basis of the above two
tables, it was found that the seed bearing ability of E. sanguineus
was low, the pest was serious, and the seed fullness rate was very
low, which made the seed germination probability greatly reduced,
and it was adverse to the development of the population.

Table 7 Some basic characteristics of seeds in different communities

600 s—— Average flowering rate
500 k === Average seed-setting rate
mmm Seedless fruit number
400
=
= 300 F
g
<200
100 F
O 1
Sample Sample Sample Sample
plot 1 plot 2 plot 3 plot 4
Community

Fig.2 Analysis of seed-setting ability of Euonymus sanguineus pop-
ulation in different communities

Community Seed yiel(? Numberlof empty seeds Num-ber of rotted seeds Number of pests Number of full seeds
? (per 100 fruits) (abortion rate // % ) (disease rate // % ) (pest rate /% ) (fullness rate // % )

1 180 58(32.2) 46(25.6) 49(27.2) 27(15.0)

2 172 61(35.5) 44(25.6) 27(15.7) 40(23.2)

3 192 53(27.6) 48(25.0) 30(15.6) 61(31.8)

4 196 52(26.5) 35(17.9) 29(14.8) 80(40.8)

5.3 Experiment on the key factors in seedling lethality Ac-
cording to the phenomenon of low survival rate of seedlings found
in the investigation, it was suggested that the light, soil and litter
might be the key factors of death, except the bad habitat conditions
such as large temperature difference, low precipitation and human
and animal disturbance. Therefore, the key factors of seedling le-
thality were studied.

5.3.1 Light. Light is an important environmental factor affecting
seed germination and seedling growth and survival®'. 50 seed-
lings of the same growth trend were taken from four investigation

sites and planted in the original soil, and were treated with four

Table 8 Growth status of seedlings under different light intensity

kinds of light intensity. four groups of 10 plants, a total of 50
seedlings, were taken for a light intensity treatment. The seedlings
of four groups were observed for three months. Table 8 showed that
the seedlings of E. sanguineus grew well under 1/3 —1/2 light in-
tensity, followed by the growth status under full light intensity,
and grew slowly under 1/5 — 1/4 light intensity, but no seedlings
died. The measurement of light intensity under adult plants in four
investigation sites showed that the light intensity was in the range
of 3/10 —4/5, but the seedlings died a lot. Because of the sharp
contrast between the two, the light was not the key factor of seed-
ling death.

Light intensity

Community Ttem - - - - -
1/5 light 1/4 light 1/3 light 1/2 light Full light
1 Growth status + + + + + + + 4+ + + + 4+ + +
2 + + + ++ + +++ + 4 ++ + 4+
3 + + + +++++ ++ + 4+ ++ +
4 + + + ++++ o+ ++ + + ++ +

Note: + slow growth; + + relatively slow growth; + + + average growth; + + + + relatively good growth; + + + + + good growth.

5.3.2 Soil. Soil acidity and alkalinity affect the chemical reac-
tion, microbial activity and the availability of nutrients in the soil,
thus affecting the physical and chemical properties of the soil and
the growth of crops. The pH range of soil adapted to growth by dif-

) The soil used for " seedling growth un-

ferent plants is different
der different light intensity" was native soil, and no seedlings
died. Soil acidity and alkalinity testing results showed that the pH
of the soil was in the range of 7.2 —9.4, it was alkaline, and the
seedlings were later planted in the acid soil. Table 9 showed that
the seedlings of E. sanguineus could also grow in acid soil, and
grew well in weak acid soil, but no seedlings died. Taken togeth-

er, soil was not a key factor in seedling death.

Table 9 Growth status of seedlings in different acidic soils
pH

Item
5.4

+ o+

5.8 6.2 6.6
+++ +t+++ o+

6.8
+ 4+ + 4

Growth status

Note: + slow growth; + + relatively slow growth; + + + average growth; +
+ + + relatively good growth; + + + + + good growth.

5.3.3 Allelopathy experiment on leaf litter. In order to verify
whether leaf litter is the key factor of seedling death, a leaf allel-
opathy experiment was designed. Allelopathy refers to the interac-
tion of biochemical substances among plants, and allelopathy has
autotoxicity function. Autotoxicity among the same species is a
mechanism for avoiding intraspecific competition derived from
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plant’s long-term adaptation to the environment and evolutionary
selection™"’

The collected leaves were washed, naturally dried, ground
and sifted, and accurately weighed to be 1 g (dry weight), and
treated with 50 mL of distilled water for 30 min of ultrasonic pro-
cessing. After 48 h of extraction, it was centrifuged to obtain the
supernatant, namely the original solution of extract. After it was
mixed with distilled water, it was divided into four concentration

gradients: 100% , 75% , 50% , 25% , with clear water as the con-

trol. The seedlings were cultured in solution and their condition

Table 10 Experimental results of allelopathy

was observed. As can be seen from Table 10, the seedlings died
when they were put into the extract. The survival time of the seed-
lings increased with the decrease of concentration, while the seed-
lings of the control group were normal. Thus, it was found that the
substances in the leaves caused the death of the seedlings. The re-
sults indicated that the leaves of E. sanguineus had autotoxic
effect, which matched with the fact the seedlings of E. sanguineus
could not survive under the plant. There were scarce under-forest
and surrounding shrubs and herbs, and the simple structure also
confirmed that the leaf of the E. sanguineus had autotoxicity.

Culture time //d

Concentration // %
1 2 3 4 5 6 7 8 9

100 Leaf wilting Branch and Died

leaf withered
75 Leaf wilting Stem initially ~ Stem compl- ~ Branch and Died

lodging etely lodging  leaf withered
50 Normal Leaf wilting Leaf wilting ~ Stem partially ~Stem compl-  Branch and Died

completely lodging etely lodging  leaf withered
25 Normal Normal Normal Leaf wilting Leaf wilting Stem partially Stem compl- ~ Branch and Died
completely lodging etely lodging  leaf withered

Clear water Normal Normal Normal Normal Normal Normal Normal Normal Normal
6 Conclusions and discussions growth of E. sanguineus, resulting in very low survival rate of

Taken together, it is known that; (i) The climatic and environ-
mental conditions in the habitat of E. sanguineus were very bad,
and the habitat was fragmented and spaced. (ii) The population
development was influenced by competitive and associated species.
Appropriate shrub encirclement reduced the disturbance of human
and livestock and provided good growth space and resources, so
that they could grow better. The protective layer established for the
population was disturbed and destroyed by human and livestock. It
was found that the natural habitat of E. sanguineus had been frag-
mented, and the growth of individuals, seed germination and seed-
ling survival in the population had been greatly destroyed. (iii)
The population was small, the density was small, and there were
many adult plants but few young plants; the seed-setting ability
was low, seed quantity of fruit was small, and disease and pest
were serious; the seed movement ability was weak, germination
probability was low, there were very few seedlings, and the popu-
lation structure was in serious unbalance. (iv) The seed germina-
tion rate was greatly reduced by the autotoxicity of the substance in
the leaves, and the seedlings died out under the autotoxicity. The
autotoxicity of the litter was the key factor for the seedlings to die.

According to the investigation and statistics of habitat condi-
tion, population structure, seed-setting ability, seedling survival
and the experiment of the key factors of seedling death, it was
found that the main reasons for the population decline were as fol-
lows: (i) The E. sanguineus population was too small, and the
survival area was too small, which seriously affected the interspe-
cific mating and seed development and regeneration, and greatly
reduced the genetic diversity within the population. (ii) The dry
and hot river valley climate and human and animal activities in the
investigation area inhibited the seed germination and seedling

seedlings and hindering the population expansion of E. sanguine-
us. (iii) The distribution area is located in the Yarlung Tsangpo
river valley where the natural habitat fragmentation has affected the
interspecific gene exchange, leading to the low seed-setting ability
and germination rate of E. sanguineus, which is the direct cause of
its population decline. (iv) The litterfall of E. sanguineus had au-
totoxicity , which inhibited the growth of seedlings under the forest,
caused slow natural regeneration of the population, and then
caused the population of E. sanguineus to be unable to spread and
develop.

The flower, fruit and leaf of E. sanguineus are graceful in
shape, elegant, bright and changeable in color, which has great
application value in garden. The potential of medicine, chemical
industry, energy, environmental protection and other values of the
plants of Euonymus L. also bring power to the research and devel-
opment of E. sanguineus. Therefore, the investigation and study of
its habitat adaptability and the reason of population decline can
provide a theoretical basis for the future rational collocation of hab-
itat conditions and species to make its landscape application and
environmental protection better, and provide a theoretical basis for
its species protection, breeding technology, large-scale introduc-
tion and cultivation, as well as the study of its exploitation and
utilization.

In its follow-up work, attention should be paid to the follow-
ing aspects: (i) It is necessary to increase the protection and man-
agement of E. sanguineus population, isolate, protect and improve
its habitat, and reduce the habitat fragmentation caused by human
and animal disturbance. (ii) The allelopathic autotoxin and its
effect on seed germination and seedling growth should be further
studied. (iii) The best method of seed germination and cuttage
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should be selected to protect the species of E. sanguineus and
make it multiply in large area, then make it come back to its origi-
nal habitat, and make it develop normally, so as to expand the
population scale. (iv) The value potential of E. sanguineus should
be studied and exploited to maximize its potential.
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