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Study on the Ground Cover Plant in Tibetan Herb Garden
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Abstract This paper conducts a comprehensive survey of the ground cover plant in Tibetan herb garden for the first time using " five-point

sampling method". Survey results show that: (1) A total of 46 families, 95 genera, 119 species of ground cover plants in herb garden are ap-

plied in Tibet, and Asteraceae, Gramineae, Leguminosae, Labiatae, Iridaceae and Liliaceae are used most, with the species number of 22, 15,
8,7, 6 and 5, respectively, accounting for 18.49% , 12.61% , 6.72% , 5.88% , 5.04% and 4.20% of the plants surveyed, respectively.
(i1) In terms of importance value for the herbaceous layer, the top three plants are Poa pratensis L. , Festuca arundinace and Lolium multiflo-

rum L. , with the importance value of 45.950, 34.610 and 29. 880, respectively; in terms of importance value for the non-turf ground cover

herb plants, the top three plants are Trifolium L. , Cosmos bipinnata Cav. and Althaea rosea (Linn. ) Cavan. , with the importance value of

4.372, 3.437 and 2.062, respectively. (iii) The overall level of greening is low and uneven in the region, with large regional differences. In

terms of ground cover plant abundance, Nyingchi > Lhasa > Shannan > Changdu > Xigaze > Ali > Nagqu.

Key words Herb garden, Ground cover plant, Importance value, Tibet

1 Introduction

The ground cover plants in herb garden are the current or perenni-
al plants with underdeveloped xylem of stems, few lignified cells,
weak and short herbaceous stem. In a broad sense, they include
lawn plants; in a narrow sense, they include the above defined

plants except lawn plants'"’.

In this paper, the ground cover
plants in a broad sense are regarded as the object of study. The
ground cover herbaceous plants do not need regular pruning, and
have the features of resisting pest and disease and extensive man-
agement, in line with the requirements of conservation-oriented
landscape,, having become one of the development trends of green
city”®'. To clearly know the basic situation of ground cover plants
in Tibetan herb garden and solve the problems in greening, we use
"importance value" , Shannon-wiener, Pielou index for quantita-
tive analysis, and make a comprehensive survey of species and ap-
plication of ground cover plants in Tibetan herb garden for the first
time, with a view to providing guidance for landscaping in the

region.

2 Study area

Tibet is a region on the Tibetan Plateau in Asia, with an area of
1220000 km*. Tibet is the highest region on Earth, with an aver-
age elevation of 4900 m. The highest elevation in Tibet is Mount
Everest, Earth’s highest mountain, rising 8848 m above sea level.
Terrain tilts from northwest to southeast, and the terrain is com-
plex and diverse. It is roughly divided into four areas: the north
Tibet plateau, the south Tibet valley, east Tibet mountains and
valleys, and Himalaya Mountains. It is bitterly cold in winter,

with a marked difference in temperature between daytime and
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night. It features scarce precipitation and a sharp contrast between
the dry and wet seasons. It is dry in winter and spring, with fre-
quent occurrence of strong winds, as well as low oxygen content.
The climate types from southeast to northwest are tropical zone,
subtropical zone, plateau temperate zone, plateau subfrigid zone

and plateau frigid zone" .

3 Survey and methods
3.1 Survey methods The site survey was conducted on Tibet-
an 7 cities from June 2014 to September 2015. In the survey area,
it is divided into the patch types of park, production, protection,
accessory, roads and green space, and the sample plots are set up
according to different plant communities. According to the survey
point size, using " five-point sampling method" , several 1 m X
1 m standard plots are randomly set up respectively in the herba-
ceous layer for community and diversity investigation™’. The plot
accounts for 0. 2%o of the surveyed urban green space, and the
minimum number of plots is not less than 20° ™). The information
about the name, growth stages, coverage, arrangement model and
wild nature of each plant is amply recorded, and the arrangement
status of plants is photographed. The canopy density is calculated
by eye-measurement'” .

3.2 Methods

community quantitative characteristics to calculate importance val-

The survey uses the analysis methods for plant

ue, Simpon index, Shannon-wiener index, Pielou index, growth

) The impor-

index, and species abundance index, respectively
tance value of three types of plants is calculated as follows:
Importance value = Relative frequency + Relative projected
coverage.
The related index is calculated as follows:

Species abundance index N, =S
Stmpon index D =1 - 2 (N./N)*]
Shannon-wiener index H= - Y, NIn(N,/N)
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Pielou index J,, = D/In
where NV, is the number of species i; N is the total number of spe-
cies; S is the number of species type.

As for the evaluation method for growth index, various vege-

tative organs of each plant are evaluated according to a certain in-

Table 1 Classification standard of growth index

dicator system, and then the total scores are weighted to determine
the health level. It is divided into 5 levels, and the grading stand-
ard is shown in Table 17",

Growth index = (Y, Number of planis at each level X series)/
(Total number of plants x Highest level series) x 100.

Level Indicators

0 Withered leaves and leaves, the whole plant on the brink of death, loss of ornamental value

1 Weak growth, serious pests and diseases, broken branches and leaves, repugnant to the eye

2 Good growth, common conditions, occasional pests and diseases or broken branches and leaves, with a certain ornamental value
3 Good plant form and growth conditions, a small number of pests and diseases, with high ornamental value

4 Beautiful plant form, strong growth, no pests and diseases, with extremely high ornamental value

4 Survey results and analysis

4.1 Quantitative characteristics of species Table 2 shows
that there are a total of 119 kinds of herbaceous layer plants. Sur-
vey results show that in Tibetan seven cities, the lawn grass is
mainly in herbaceous layer, the importance value of Poa pratensis
L. is highest, and there is serious convergence for the lawn class
ground cover plants with importance value in the top five; in the
non-lawn class ground cover plants, Trifolium L. has the highest
importance value. In terms of growth, the artificial turf growth in-
dex is generally poor and below 65, while the rural ground cover
plant growth index is generally high. In general, for the ground
cover plants in Tibetan herb garden, except the lawn grass, the

non-lawn ground cover plants are mostly underdeveloped, and they
are mainly wild flowers. In terms of relative frequency, Trifolium
L. > Medicago sativa L. > Hibiscus syriacus Cavan. > Melilotus of-
ficinalis > Potentilla chrysantha Trev. > Astragalus strictus R.
Grah. ex Benth. > Senecio scandens Buch. -Ham. ex D. Don. In
terms of relative frequency, the main artificial flora ground cover
plants are in the order of Cosmos bipinnata Cav. > Althaea rosea
(Linn. ) Cavan. > Tagetes patula L. > Calendula officinalis L.
They are common in the artificial flower beds, and can not form
the landscape effect of multifarious ground cover plant species with
high ornamental value.

Table 2 The characteristics statistics of ground cover plant species in Tibetan herb garden

No. Botanical name Frequency Growth index Relative frequency  Relative coverage ~ Importance value
1 Poa pratensis L. 359 60.17 22.510 23.440 45.950
2 Festuca elata Keng ex E. Alexeev 284 61.24 17.810 16. 800 34.610
3 Lolium multiflorum Lamk. 67 54.93 4.201 25.680 29.880
4 Poa alpigena Lindm. 116 60. 89 7.273 8.544 15.820
5 Lolium perenne L. 149 52.84 9.342 4.013 13.350
6 Festuca rubra L. 92 49.87 5.768 3.505 9.273
7 Poa annua L. 35 50.91 2.194 2.375 4.570
8 Galium odoratum (L. ) Scop. 27 91.85 1.693 2.679 4.372
9 Poa crymophila Keng 26 62.18 1.630 2.490 4.120
10 Cosmos bipinnata Cav. 42 91.73 2.633 0.804 3.437
11 Festuca ovina L. 21 62.80 1.317 1.908 3.224
12 Althaea rosea Cavan. 25 92.21 1.567 0.495 2.062
13 Eragrostis pilosa Beauv. 4 82.16 0.251 1.490 1.740
14 Medicago sativa L. 15 93.23 0.940 0.580 1.520
15 Tagetes patula L. 15 83.09 0.940 0.399 1.340
16 Calendula officinalis L. 18 86.64 1.129 0.0900 1.219
17 Poa irrigata Lindm. 8 79.51 0.502 0.650 1.151
18 Helianthus annuus 17 89.49 1. 066 0.0800 1.146
19 Dahlia pinnata Cav. 16 88.86 1.003 0. 0800 1.083
20 Pennisetum lanatum Klotz. 6 83.84 0.376 0.538 0.915
21 Hemerocallis fulva L. 11 83.30 0.690 0. 140 0.830
22 Dendranthema mortfolium Tzvel. 9 82.17 0.564 0. 149 0.713
23 Melilotus officinalis 10 88.40 0.627 0.0730 0.700
24 Potentilla chrysantha Trev. 8 91.53 0.502 0.152 0.653
25 Astragalus strictus R. Grah. ex Benth. 8 92.96 0.502 0.117 0.618

(to be continued )
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(continued )

No. Botanical name Frequency Growth index Relative frequency  Relative coverage ~ Importance value
26 Oenothera biennis L. 7 87.60 0.439 0. 166 0.605
27 Senecio scandens Buch. —Ham. ex D. Don 8 94.72 0.502 0.0500 0.551
28 Dahlia pinnate cv. 8 86.12 0.502 0.0390 0.541
29 Tropaeolum majus L. 8 92.35 0.502 0.0340 0.535
30 Phragmites australis Trin. ex Steud. 3 87.57 0.188 0.334 0.522
31 Callistephus chinensis Nees 7 87.65 0.439 0.0180 0.457
32 Hibiscus syriacus Cavan. 6 93.20 0.376 0.0200 0.397
33 Nelumbo nucifera 5 92.36 0.313 0.0640 0.377
34 Petunia hybrida Vilm. 5 82.22 0.313 0.0430 0.356
35 Iris potaninii 5 92.23 0.313 0.0410 0.354
36 Sonchus arvensis L. 1 91.19 0.0630 0.278 0.341
37 Matthiola incana 5 93.62 0.313 0.0140 0.327
38 Iris tectorum 4 76.84 0.251 0.0760 0.326
39 Pelargonium hortorum Bailey 5 88.13 0.313 0.0130 0.326
40 Calystegia hederacea Wall. ex. Roxb 5 93.21 0.313 0.0110 0.325
41 Iris lactea Pall. var. chinensis Koidz. 4 82.41 0.251 0.0630 0.314
42 Antirrhinum majus L. 4 88.12 0.251 0.0469 0.298
43 Dianthus chinensis L. 4 81.79 0.251 0.0334 0.284
44 Zinnia elegans Jacq. 3 92.39 0.188 0.0907 0.279
45 Elymus dahuricus Turcz. 3 91.83 0.188 0.0891 0.277
46 Sambucus adnata Wall. ex DC. 4 88.72 0.251 0.0106 0.261
47 Mirabilis jalapa L. 4 93.23 0.251 0.0103 0.261
48 Paeonia lactiflora Pall. 3 89.32 0.188 0.0724 0.261
49 Canna indica L. 4 78.26 0.251 0.00795 0.259
50 Symphytum officinale L. 3 93.50 0.188 0.0398 0.228
51 Nymphaea tetragona 2 89. 66 0.125 0.0875 0.213
52 Oxalis corymbosa DC. 3 91.43 0.188 0.0223 0.210
53 Lilium lancifolium 3 92.85 0.188 0.0223 0.210
54 Helichrysum bracteatum Andr. 3 85.07 0.188 0.0207 0.209
55 Fagopyrum gilesii Hedb. 3 88.15 0.188 0.0207 0.209
56 Pharbitis nil Choisy 3 90. 81 0.188 0.0167 0.205
57 Gladiolus gandavensis Vaniot Houtt 3 87.63 0.188 0.0151 0.203
58 Heliopsis helianthoides 3 93.41 0.188 0.0127 0.201
59 Leucanthemum vulgare Lam. 3 90.33 0.188 0.0119 0.200
60 Cynoglossum zeylanicum Thunb. 3 89.79 0.188 0.0108 0.199
61 Phaseolus coccineus Linn. 3 90.18 0.188 0.00875 0.197
62 Dysosma tsayuensis Ying 2 90.67 0.125 0.0636 0.189
63 Prunella hispida Benth. 2 89.59 0.125 0.0557 0.181
64 Viola philippica 2 87.65 0.125 0.0398 0.165
65 Digitalis purpurea L. 2 88.75 0.125 0.0318 0.157
66 Equisetum diffusum D. Don 2 88.42 0.125 0.0318 0.157
67 Lilium wardit 2 91.26 0.125 0.0262 0.152
68 Sanvitalia procumbens Lam. 1 79.51 0.0627 0.0795 0.142
69 Azolla imbricata Nakai 2 84.37 0.125 0.00795 0.133
70 Impatiens holstit Engler et Warb. 2 88.57 0.125 0.00557 0.131
71 Tagetes erecta L. 2 91.73 0.125 0.00557 0.131
72 Anisodus tanguticus Pascher 2 92.21 0.125 0.00437 0.130
73 Tribulus terrester L. 2 86.34 0.125 0.00318 0.129
74 Helianthus tuberosus L. 2 89.88 0.125 0.00318 0.129
75 Elsholizia ciliata Hyland. 2 86.35 0.125 0.00239 0.128
76 Iris bulleyana 1 87.37 0.0627 0.0477 0.110
77 Others * 43 - 1.818 0.404 2.222

Note: #* means that there are a total of 42 other kinds of plants, with importance value less than 0. 100.
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4.2 Plant composition Survey shows that there are a total of
46 families, 95 genera, 119 species of ground cover plants in Ti-
betan herb garden, and there are 8 species of herbaceous climbing
plants, accounting for only 6. 72% of the surveyed plants. The
families used most include Asteraceae (22), Gramineae (15), Le-
guminosae (8), Labiatae (7), Iridaceae (6) and Liliaceae (5),
accounting for 18.49% , 12.61% , 6.72% , 5.88% , 5.04% and
4.20% of the surveyed plants, respectively. In terms of the plant
composition , there are 64 kinds of native plants and 55 kinds of in-
troduced plants, accounting for 53.78% and 46.22% of the sur-
veyed plants, respectively. From the point of view of plant life cy-

cle, there are 36 kinds of annual plants, 7 kinds of biennial plants

and 76 kinds of perennial plants, accounting for 30.25% , 5.88%
and 63.87% of the surveyed plants. It is dominated by the peren-
nial herb garden ground cover plants.

4.3 Characteristics of species abundance Survey results show
that the average species abundance of ground cover plants in Tibet-
an herb garden in each plot is 2.9, and the highest species abun-
dance is 18. From Table 3, it can be found that Tibetan garden
plant diversity is not wide and greening level is not high, with
great differences. It is highest in Nyingchi and lowest in Nagqu.
The greening pattern is relatively complex in the key towns of Ny-
ingchi, Lhasa and Shannan; the greening structure is very simple

in other places.

Table 3 Species abundance statistics about the ground cover plants in Tibetan herb garden

No. Regions Species abundance index The average number of species in the plot
1 Nyingchi 101 4.56
2 Lhasa 48 3.39
3 Shannan 27 2.91
4 Changdu 26 2.93
5 Xigaze 20 2.68
6 Ali 13 1.95
7 Nagqu 12 1.88

4.4 Species diversity index By comparing the diversity index,
it is found that in terms of Simpon index, the difference is signifi-
cant, it is highest in Nyingchi and lowest in Nagqu; in terms of
Shannon-wiener index and Pielou index, the difference is not sig-
nificant. It indicates that there are significant differences in the di-
versity of Tibetan herb garden ground cover plant community, and
the convergence is weak for all regions; there are no significant
differences in homogeneity and dominance, and the convergence is
strong for all regions. Poa pratensis L. , Festuca arundinace, Trifo-
lium L. and Cosmos bipinnata Cav. are heavily used as ground
cover plants in Tibetan herb garden, so the difference in various
values is small. It also shows that the greening landscape unique-
ness is not obvious for the ground cover plants in Tibetan herb gar-

den.
m Nyingchi
L0 - W Lhasa
Shannan
0.8 ® Changdu
m Xigaze
0.6 I | AlLQ
0.4 F m Nagqu
0.2 F Bl
0
Simpson index  Shannon-wiener index Pielou index
Fig. 1 Species diversity index comparison

4.5 Greening mode
per layer trees mainly consist of white willow, cedar, Populus bei-

As for the green plants in Tibet, the up-

jingensis W. Y. Hsu and elm, and white willow and cedar are
dominant species. The middle layer plants consist of Prunus ceraif-
era cv. Pissardii, Sabina chinensis (L. ) Ant. cv. Kaizuca, Rosa
chinensis Jacq. , Buxus megistophylla Levl. , Ligustrum X vicaryi

Berberis

Hort ,
Chenault, Platycladus orientalis ’sieboldii’, and cv. Aurea Nana.

Photiniaxfraseri , thunbergii var. atropurpurea
The lower layer plants are mainly composed of turf grass and a
small number of ground cover plants such as Trifolium L. , Cosmos
bipinnata Cav. , Althaea rosea (Linn. ) Cavan. , Calendula offici-
nalis L., Medicago sativa L., Dohlia Pinnata, Dendranthema
morifolium ( Ramat. ) Tzvel. , Maithiola incana, Tropaeolum ma-
The survey finds that in the

wild, the gardens highly popular throughout Tibet often spontane-

jus. , and Taraxacum sherriffii"".

ously form a large area of natural flower border, creating spectacu-

lar, stunning visual effects ™

. Various regions of Tibet place in-
sufficient emphasis on non-lawn ground cover plants, and the
large-scale ground cover plant landscape is mostly natural lawn
landscape decorated with flowers rather than artificially created
landscape'"”’. Tt is mainly based on Taraxacum sherriffii, Potentil-
la chrysantha, Sophora moorcroftiana, and Equisetum diffusum
D. Don.

4.6 Lawn maintenance level

plateau natural environment, there are serious natural disasters in

Due to Tibetan unique and harsh

the landscaping area, with dry and windy winters. Due to the spe-
cial natural environment conditions and constraints of concepts,
funds and other factors, the maintenance level is low in Tibetan
garden. Survey results show that the green space rate of non-artifi-
cial lawn in Tibet reaches as high as 38.51% , especially for Ali,
Nagqu and Xigaze. The lawn with sparse grass is very common,
and most of the artificial lawns are at maintenance level4, de-
pendent on the weather conditions (Table 4.

Table 4 The lawn maintenance level in Tibet

Maintenance level 1 2 3 4

0.00 0.56 20.93 78.51

Maintenance rate // %
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5 Conclusions and discussions
5.1 Conclusions This paper conducts a comprehensive survey
of the ground cover plant in Tibetan herb garden for the first time
using " five-point sampling method" . Survey results show that; (i)
A total of 46 families, 95 genera, 119 species of ground cover
plants in herb garden are applied in Tibet, and Asteraceae, Gra-
mineae, Leguminosae, Labiatae, Iridaceae and Liliaceae are used
most, with the species number of 22, 15, 8, 7, 6 and 5, respec-
tively, accounting for 18. 49% , 12. 61% , 6. 72% , 5. 88%,
5.04% and 4.20% of the plants surveyed, respectively. (ii) In
terms of importance value for the herbaceous layer, the top three
plants are Poa pratensis L. , Festuca arundinace and Lolium multi-
Sflorum L. , with the importance value of 45.950, 34.610 and 29.
880, respectively; in terms of importance value for the non-turf
ground cover herb plants, the top three plants are Trifolium L.,
Cosmos bipinnata Cav. and Althaea rosea (Linn.) Cavan. , with
the importance value of 4. 372, 3. 437 and 2. 062, respectively.
(iii) The overall level of greening is low and uneven in the region,
with large regional differences. In terms of ground cover plant
abundance, Nyingchi > Lhasa > Shannan > Changdu > Xigaze > Ali
> Nagqu.
5.2 Discussions The survey shows that the landscaping diver-
sity is poor and the problem of single configuration is prominent
for Tibetan herb ground cover plants. The key factor affecting
plant growth in the region is water factor, and it is mainly the
water lack before germinating period in winter and spring'"*’.
For the regions with serious shortage of water, we can consider
increasing the extensively managed plants with strong adaptabili-
ty, such as Trifolium L., Taraxacum sherriffii, and Potentilla
chrysantha. For the artificial lawn sensitive to water, it is neces-
sary to place particular emphasis on watering in maintenance. In
terms of species abundance index ( Table 3), Tibetan green
species abundance varies widely, and the greening development
is highly uneven; it is highest in Nyingchi but generally poor in
other cities. In Bayi District of Nyingchi City, Chengguan Dis-
trict of Lhasa City and Zedang Town of Shannan City, the artifi-
cial herbaceous ground cover plants are relatively abundant after
several years of transformation and development'""" "), Contrast-
ingly, it is mainly based on wild ground cover plants in other
places, and the artificial ground cover plants are sporadically
used, with monotonous level and poor species abundance. In
Nagqu, it is mainly dominated by the model of " natural lawn
decorated with rare shrubs" , and most of green space has no
tree layer and the single configuration problem is very promi-

11, 16]

nent' . Tibetan terrain difference leads to great changes in

regional precipitation, largely affecting the ground cover plant a-

071 Survey results show that a total

bundance in the herb garden
of 119 kinds of herb garden ground cover plants are used in Ti-
bet, most in Nyingchi (101 ) and least in Nagqu (12), and
there are significant regional differences in herb garden ground
cover plant application (Table 7). In terms of plant resources

and development, Tibet has rich native plant gardens, and Mo-

tuo County has more than 3500 kinds of plant resources'™’.

Many outstanding native garden plants have not been fully uti-
lized, including many excellent native ground cover plants in
herb garden. In the future, it is necessary to focus on the selec-
tive breeding, and promote the local characteristic lawns decora-
ted with flowers and the natural flower border plants with low ma-
intenance cost, such as mallow, Taraxacum sherriffii, Potentilla
chrysantha , Iris lactea and Calystegia hederacea Wall. There is
also a need to strengthen the study on application form and inno-

vation of rural lawn decorated with flowers and flower border.
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