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Abstract. Experiment was executed to study characteristics of restoring vegetations after Medicago 
sativa and Bromus inermis planted on the bare land. The results indicated that vegetations restored 
rapidly after Medicago sativa and Bromus inermis planted on the bare land in Yanqing county, Beijing. 
And vegetation cover and aboveground biomass were over 90% and 6275.6kg/hm2 in the year which 
Bromus inermis planted. Next year, vegetation cover and aboveground biomass of Medicago sativa 
grassland were over 90% and 7094.2kg/hm2. Meanwhile, species reached 9-13, and diversity indices of 
two grasslands reached 0.032-0.0754 in the year which Bromus inermis and Medicago sativa planted. 
Then diversity index of Medicago sativa grassland reached 0.6782 next year. Moreover, annual species 
decreased and perennial species increased in the year which Bromus inermis and Medicago sativa 
planted. But important value of planted grass decreased and natural grass species increased remarkably 
next year after Medicago sativa planted, which was beneficial to succession of natural plant community 
rapidly. However, important value of planted grass increased next year after Bromus inermis planted, 
which was beneficial to community structure stability of artificial grassland. 

Introduction 
It is complicated and variform for bare land to take shape, and it is one of main types of degraded 
ecosystems. There are many main problems for bare land to solve. For example, there is less effective 
vegetation cover on the bare since it is a long time for natural vegetation to restore to be good, so that 
soil is more and more droughty, and soil and water conservation are worse and worse [1, 2]. Naturally, in 
the early stage of natural vegetation restoring on the bare land, there are more annual species and fewer 
perennial species in the plant community, which affects severely the direction and speed of plant 
community succession [3]. Then amount and species of annual grasses decreased gradually with 
community succession, while amount and species of perennial grasses with zonal indication increased. 
Thus important value and diversity of species and vegetation cover and biomass come into main indices 
to vegetation restoration [4, 5]. In the short period, it is benefit for artificial grassland establishment to 
shaping more stable community composition and structure, since there are more cover and biomass, 
better soil physical and chemical property and faster community succession after grass planting [6-8]. So 
vegetation cover, biomass, species diversity and important value were measured continuously after 
artificial grasslands with anti-drought Medicago sativa and Bromus inermis established on the bare land. 
Then effect of leguminous and gramineous grasses planting on vegetation restoring was studied so as 
to find feasible methods to restore vegetation on the bare land. 

Experiment materials 
Bromus inermis Leyss and Medicago sativa Linn are all from Canada which is original locality. 

Experimental set-up and methods 

Experimental set-up: Experiment area located on the bare land in Zhangshanying Town, Yanqing 
County, Beijing. Artificial grasslands of Medicago sativa and Bromus inermis established in June, 
2014. Vegetation restoration by planting Bromus inermis (VB) and Medicago sativa (VM) were 
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experimental treatments, and bare land was CK, which repeated three times. Then effect of different 
treatments of vegetation restoration on the bare land was studied. 

Biomass and cover: Vegetation cover in the sample plot of 1m×1m was measured though First 
Growth instrument made in Decagon Company in every September after it was chosen randomly in the 
restoring vegetation, which repeated there times. Then all of aboveground biomass in the sample plot 
was cut, which repeated three times, and dry matter weighed after drying enough under 80 .℃  

Important value and Simpson’s diversity index: Plant species, number and cover were counted 
after sample plot of 1m×1m was chosen randomly in the restoring vegetation in every September, 
which repeated there times. Then Simpson’s diversity index was calculated though next formula. 
D=1-∑(Pi)2. Pi was a ratio of number of species i in total species. Then important value was calculated 
though next formula. IV=D+F+C. D was relative density. F was relative frequency. C was relative 
cover. 

Results and discussion 

Effect of different treatments on biological character of restored vegetation. Biological characters 
of restored vegetation were measured in September after artificial grasslands of Medicago sativa and 
Bromus inermis were established on the bare land in June, 2014. Vegetation cover of Medicago sativa 
and Bromus inermis were 96.6%-97.5%, which the difference between them was not significant. Then 
vegetation cover of Medicago sativa and Bromus inermis were 97.8%-97.9% in October, 2015. So 
there were beneficial for Medicago sativa and Bromus inermis planting to vegetation restoration on 
the bare land in Yanqing County. Moreover, overground biomass of Medicago sativa was 
4991.5kg/hm2 in September, 2014, which was less than 6275.6kg/hm2 of Bromus inermis grassland. 
But overground biomasses of Medicago sativa grassland reached to 7094.2kg/hm2 rapidly in October, 
next year, which was more than 5180.3kg/hm2 of Bromus inermis grassland significantly. Thus effect 
of Bromus inermis planting on overground biomass of restoring vegetation on the bare land was better 
than that of Medicago sativa planting in the year which grassland was established. But it was opposite 
next year that effect of Medicago sativa planting on overground biomass on the bare land was better 
(Table 1). 

Table 1  Vegetation cover and overground biomass in different grasslands 
Measured Time Vegetation cover（%） Overground biomass（kg/hm2） 

VM VB VM VB 
Sep.2014 96.6a 97.5a 4991.5b 6275.6a 
Oct.2015 97.8a 97.9a 7094.2a 5180.3a 

Note: Numbers with different letters in a column showed different significantly in the 0.05 level. 

Effect of different treaments on species diversity. Simpson’s diversity index was calculated after 
the number of species was measured from 2014 to 2015. The results showed that species diversity 
index of Medicago sativa grassland was 0.0754 in September, 2014, which was higher than 0.032 of 
that of Bromus inermis grassland. Species diversity index of Bromus inermis grassland was 0.0329 in 
October, 2015, which was no more change than before. But species diversity index of Medicago sativa 
grassland reached to 0.6782 with species increasing rapidly in 2015, which was 20.6 times of that of 
Bromus inermis grassland. Thus species diversity of vegetation could increase rapidly by planting 
Medicago sativa and Bromus inermis on the bare land. But effect of Medicago sativa planting on 
improving species diversity was better than that of Bromus inermis planting (Fig.1). 
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Fig. 1  Species diversity indexes in different grasslands in the Sep. 2014 and Oct. 2015 

Effect of Medicago sativa planting on important values of vegetation species (VM). Important 
value indicates species importance in the community through relative density, relative frequentness and 
relative cover. Important values of species had been studying for two years after Medicago sativa 
grassland established in June, 2014. The results showed that there were 9 grasses in the community 
including 5 annual species and 4 perennial species in September, 2014. The number of species of 
Medicago sativa grassland reached to 15 in October, 2015. Among them, annual species were 7 which 
increased fewer, and perennial species improved to 8 greatly which were more than annual species. 
Thus species on the bare land increased greatly by planting Medicago sativa in Yanqing county. 
Furthermore, community structure composed mainly by annual species came into that composed 
mainly by perennial species. Meanwhile, important values of different species changed greatly. 
Important value of Medicago sativa reached to the greatest of 197.0 in September, 2014, but 
decreased to 50.0 in October, 2015. However, important values of natural species reached to 1.8-64.4 
in 2015 from 3.0-28.6 in 2014. Especially, important value of Carex heterostachya was 0 in the year 
which Medicago sativa planted, and reached to 64.4 next year which was the greatest in the 
community. Otherwise, there was a new species next year which Medicago sativa planted, Robinia 
pseudoacacia, which was a tree, and its important value was 3.5. Thus important value of Medicago 
sativa reduced obviously, natural species rose gradually, and ratio and importance of perennial species 
in the community were improved so that natural vegetation on the bare land could restore rapidly due 
to shorter community succession after two years which Medicago sativa planted (Fig.2). 
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Fig. 2  Species important values in the Medicago sativa grassland in the Sep. 2014 and Oct. 2015 
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Effect of Bromus inermis planting on important values of vegetation species (VB). Important 
values of species in Bromus inermis grassland were studied in September, 2014. The results showed 
that there were 13 grasses in the community. Among them, there were 8 annual species, which were 
more than 5 perennial species. Then plant species in Bromus inermis grassland reduced to 10. Annual 
and perennial species were all 5. Among them, the number of perennial species did not change, but the 
number of annual plant species reached to 5 after decreasing by 3. So natural annual grasses increased 
obviously on the bare land in the year which Bromus inermis planted in Yanqing county, but decreased 
rapidly next year. And perennial grasses have no change. Otherwise, important values of different plant 
species changed greatly after Bromus inermis planted. Important values of Bromus inermis was 197.5, 
the most of all the species, in the year which grassland established, then increased to 227.2 next year. 
Meanwhile, the limit of important values of natural species reduced to 3.5-16.9 from 1.9-24.7. Among 
them, important values of annual species decreased obviously. Important values of Portulaca oleracea, 
Setaria viridis, Chenopodium glaucum, and Digitaria sanguinalis decreased to 0 in 2015 from 
10.5-24.7 in 2014. Important values of perennial species of Carex heterostachya, Artemisia 
tanacetifolia, Artemisia capillaries, Hemerocallis citrine increased to 4.1-13.7 from 0. Thus there was 
helpful for Bromus inermis planting to keep stability of community structure of artificial grassland in 
Yanqing county. Because dominance of Bromus inermis was continue to keep after Bromus inermis 
planted on the bare land. And perennial species appeared gradually while annual species reduced 
(Fig.3). 

0.0
20.0
40.0
60.0
80.0

100.0
120.0
140.0
160.0
180.0
200.0
220.0
240.0

Bro
mus

 in
erm

is

Set
ari

a v
iri

dis

Che
nop

odi
um 

gla
ucu

m

Por
tul

aca
 ol

era
cea

Dig
ita

ria
 sa

ngu
ina

lis

Sci
rpu

s t
riq

uet
er

Abu
til

on 
the

oph
ras

ti

Med
ica

go 
sat

iva

Art
emi

sia
 an

nua

Hum
ulu

s s
can

den
s

Ech
ino

chl
oa 

cru
sga

lli

Con
vol

vul
us 

arv
ens

is

Ama
ran

thu
s r

etr
ofl

exu
s

Car
ex 

het
ero

sta
chy

a

Art
emi

sia
 ta

nac
eti

fol
ia

Art
emi

sia
 ca

pil
lar

is

Ave
na 

sat
iva

Hem
ero

cal
lis

 ci
tri

na

Species

Im
po
rt
an
t 
va
lu
es Sep.2014 Oct.2015

 
Fig. 3  Species important values in the Bromus inermis grassland in the Sep. 2014 and Oct. 2015 

Conclusions 
Vegetation on the bare land in Yanqing county could all restore rapidly by planting Medicago sativa 
and Bromus inermis. Vegetation covers reached to over 95% after two grasses planted, and keep good 
on to next year. However, there were different effects for Medicago sativa and Bromus inermis to 
aboveground biomass improve on the bare land at different restoration stages. Aboveground biomass 
of Bromus inermis grassland reached to 6275.6kg/hm2 in the year which planted. And aboveground 
biomass of Medicago sativa grassland reached to 7094.2kg/hm2 next year after planting. 

Plant species on the bare land could increase greatly by planting Medicago sativa and Bromus 
inermis. Plant species of Medicago sativa grassland were 9, and plant species of Bromus inermis 
grassland were 13 in the year which grassland established. Species diversity of vegetation on the bare 
land improved obviously after Medicago sativa and Bromus inermis planted. And species diversity 
indices reached to 0.032-0.0754. However, effect of Medicago sativa planting for species diversity to 
improve was better than that of Bromus inermis planting. Species diversity index of Medicago sativa 
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grassland reached to 0.6782 next year after planting, which was 20.6 times of that of Bromus inermis 
grassland. 

Annual species on the bare land decreased by planting Medicago sativa and Bromus inermis, and 
perennial species increased. Then the community with annual plant species mostly changed into that 
with perennial plant species mostly. But effect of planting Medicago sativa and Bromus inermis on 
vegetation restoration on the bare land was different partly. Important value of Medicago sativa 
reduced obviously to 50.0 from 197.0 after Medicago sativa had planted for two years. Important 
values of natural plant species extended to 1.8-64.4 in the second year from 3.0-28.6 in the first year 
which grassland established. So restoration succession of vegetation on the bare land accelerated. 
However, dominance of Bromus inermis was strengthened after Bromus inermis had planted for two 
years. Important value of Bromus inermis was 227.2 in the second year from 197.5 in the first year 
which grassland established. But important values of natural plant species reduced 3.5-16.9 from 
1.9-24.7. So it was helpful for Bromus inermis planting to keep community structure of artificial 
grassland stability with dominance of planting grass. 
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