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A bibliometric analysis of the application of grassland ecological restoration technology
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Abstract: The degradation of grassland ecosystems seriously affects global ecological security, and it is therefore imperative
to explore convenient and effective ecological restoration techniques. By utilizing the literature in the Web of Science core
database and CNKI(China National Knowledge Infrastructure) from 2000 to 2018, this paper compared the research status
and development trends of grassland restoration technology in China and abroad, and analyzed the implementation effects of
different ecological restoration techniques in China. The results showed that research on grassland ecological restoration in
China has an increasing trend, with the number of published papers ranking second in the world. At present, there are 20

different kinds of grassland ecological restoration techniques used in China, the main ones including resowing, ploughing,
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and reasonable grazing. In China, more articles have been published on using fencing than in other countries, but fewer on
using fire, mowing, and weed control. In addition, there is a lack of studies on techniques using hay spreading and turf
transfer, while the straw checkerboard barriers and grassland deratization are unique to China. In terms of implementation
effect, all the ecological restoration technologies showed positive recovery effects on degraded grassland, but the results vary
between different ecological restoration targets. This paper puts forward reasonable suggestions for further research on the

restoration of degraded grassland in China, aiming to provide scientific direction for future grassland restoration in China.

Keywords: grassland degeneration; ecological restoration; bibliometric; trend analysis; implementation effects
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Figure 1 The number of papers published on grassland restoration worldwide and in China and
the percentage of papers published in China from 2000 to 2018
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Table 1 Top 10 journals that published papers on grassland restoration worldwide and in China

br_EHF 9T SCiik Papers published worldwide

PIHIE 52 SCik Papers published in China

4
Rank T WM T RS R T A T SCRRYCE:
Journal Impact factor ~ Number of papers Journal Impact factor ~ Number of papers
1 Restoration Ecology 2.54 469 Ecological Engineering 3.02 78
Forest Ecology and
2 Management 3.02 309 PLoS One 2.77 60
Agriculture Ecosystems &
3 Environment 3.54 308 Catena 3.26 58
Rangeland Ecology & Land Degradation &
4 Management 1.97 266 Development 7.27 53
5 Plant Ecology 1.76 262 Plant and Soil 3.31 45
. . . Science of the
6  Applied Vegetation Science 2.33 243 Total Environment 4.61 40
7 Biological Conservation 4.66 243 Journal of Arid Land 1.44 36
Journal of Arid
8 PLoS One 2.77 240 Environments 1.99 34
Journal of Arid Environmental Earth
9 Environments 1.99 238 Sciences 144 27
Journal of o
10 Applied Ecology 15.74 227 Scientific Reports 4.54 27
2 20002018 FAREMESEEMRISTHEF 10 WER
Table 2 Top 10 countries that published papers on grassland restoration from 2000 to 2018
4 I 5 SCHRECE: SCHR 5 EE [EELE ¢ ISYLEIET 451 R E
Rank Country Number of papers  Percentage of papers/% H-index Total citation Average citation
1 % H UsA 4967 30.86 125 105272 23.78
2 H [ China 1825 11.34 67 24372 15.45
3 KA Australia 1399 8.69 63 24 830 18.99
4 15[ Germany 1362 8.46 77 29973 23.64
5 L7 Brazil 960 5.96 53 12710 14.16
6 FE UK 939 5.83 78 26 526 29.28
7 PHILA Spain 683 4.24 62 16 943 25.80
8  JN%EK Canada 670 4.16 52 12915 19.89
9 %M France 664 4.13 57 14 874 23.10
10 far= The Netherlands 521 3.24 71 17 000 33.79
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Table 3 The number of papers published on different restoration techniques for grassland restoration from 2000 to 2018

REHA K2 1] E Ah A LE A=
Restoration technique Search word Number of papers abroad Number of papers in China
, . (seed * OR sow * OR plant *)
58t #h4E Resowing NOT (till * OR plough * OR cultivat *) 8218 859
i . graz * NOT(exclus * OR prohibit *
Jik 7 Reasonable grazing OR ban * OR forbid *) 2553 205
k)% Fire fire OR burn * 1788 43
BHHT 5
Abandoned farming abandon * 1253 112
A% Mowing mow * OR cut * 1202 48
Jiti B Fertilization fertiliz * 1 006 120
. o (seed * OR sow * OR plant *) AND
FRr HHb Artificial grassland (till * OR plough * OR cultivat *) 971 128
herbicide OR weed
il S trol
il - Weed contro (remov * OR control OR suppress *) 803 14
s - (tree OR shrub)
HTFRHIA Tree clearing AND (remov * OR clear *) 739 36
BRI (till * OR plough * OR cultivat *) 563 9
Grassland ploughing NOT (seed * OR sow * OR plant *)
WEWE Trrigation irrigat * 327 59
Fl#:4} & Fencing fenc * OR enclos * 319 105
AR )
Microbial inoculation inoculat * 153 17
% 122/ Topsoil removal topsoil removal 98 2
FHIE Y% Litter removal litter removal 136 6
TFHE 7 Hay covering hay transfer * 58 0
PIHR 5 R Root cutting root cutt * 48 5
TR # 48 Turf transplanting (turf OR sod OR sward) transplant * 31 0
RIWEEF7 Sod cutting sod cut * 27 1
B HING
Grazing chickens in grassland chicken farm * 10 3
BT A& VDR
Straw checkerboard barrier straw checkerboard 0 5
KRR
AR B deratizat * 0 1

Deratization in grassland
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Table 4 The percentage of papers published on different restoration techniques for grassland
restoration in five major countries

%

% & Hi AR Restoration technique #EUSA H[EChina B AF|TWAustralia  #% HiRussia 5 FMongolia
Sk 4N % Resowing 41.59 45.94 39.80 42.86 38.10
Jik 7 Reasonable grazing 9.96 10.86 17.98 6.80 19.05
k)% Fire 14.47 2.30 8.79 7.48 7.94
1B #HAEEE Abandoned farming 4.46 6.04 2.43 9.52 4.76
X% Mowing 3.54 2.57 3.30 8.16 4.76
Jiti . Fertilization 4.59 6.52 3.74 4.08 0
Fe3E B Artificial grassland 433 6.84 5.20 7.48 0
21 2 5 Weed control 6.01 0.75 5.83 0.68 0
1B MR Tree clearing 3.79 2.09 437 1.36 19.05
B Grassland ploughing 2.26 4.97 1.94 8.16 0
HEWE Irrigation 1.61 3.32 2.77 3.40 1.59
#2344 & Fencing 1.51 5.61 2.09 0 3.17
A EFT Microbial inoculation 0.60 0.91 0.63 0 0
R+ Z:B% Topsoil removal 0.18 0.11 0.24 0 0
72 Litter removal 0.75 0.37 0.34 0 1.59
FHE 55 Hay covering 0.03 0 0.10 0 0
PIFR R Root cutting 0.18 0.27 0.19 0 0
7 248 Turf transplanting 0.03 0 0.15 0 0
RIBHE B2 Sod cutting 0.04 0.05 0.05 0 0
FHARAY Grazing chickens in grassland 0.03 0.16 0.05 0 0
Bk VPR Straw checkerboard barrier 0.03 0.27 0 0 0
i 2K R Deratization in grassland 0 0.05 0 0 0
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Figure 3 The relative percentage of papers published on major restoration techniques in
China and abroad from 2000 to 2018
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Figure 4 Distribution of restoration techniques in grassland ecological restoration research in China
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N represents the number of cases studied using different ecological restoration technologies.
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Table 5 Implementation effects of different grassland ecological restoration techniques on restoration targets

WA B A S 2K R B EBAR Restoration technique
Restoration target Implementation effect A D E F G H I J] K L M N O Q R
N - 1 2 3 3 1 13 1 1
L 1 21 13 1 17 27 6 6 98 2 1
Grassland productivity
! 1 1
- - 1 1 5
FiLAE i 1 14 7 6 16 2 2 0 301
Vegetation coveragerage
! 1 1
. - 1 2 4 1 3 27 1
TE%%ﬁ @. ) 5 15 1 2 2 3 38 1 3
Plant diversity
! 2 2 5 3 2 7 1
) - 2 3
EET A ; 5
Grassland animalsmals
!
e - 4 34 1 12
AE 1 2 19 15 30
Soil nitrogen pool
! 3 3
5 KE ) 2
LA 1 1 7 1 4 1 2
Soil moisture
! 1 3 1
ek R !
+ .é’é 45 1 9 4 7
Soil structure
!
g N :
+ ;eﬁ{é N 1 1 7 1 4 6 1
Soil enzyme activity
!
s - 15 3 6 1 17
,*ﬁﬁﬁ; 1 3 36 2 25 41
Soil carbon pool
! 5 7 1
. - 2 2 2 2 4
ig@i% 1 2 11 11 1 19 5
Soil microbes
! 2
g R
IR - 3 3 11
Soil property
i 3 25 2 28 1 2 47 5
! 1 1 1
LA TR . ) ’
£
1 3 5 10
Soil seed bank f
! 1 1

— WERW; 1 REM; | WHIER; A RBbME; B: E; C: kB

R: FHIKR.

D: BHHEH; E: AFE, F: B, G: FRISHH,; H: %6
Jehs T HUHERHE: J. REBE: K BIRHEE: Lo fCEWEsRh: M: UIIRSR: N HEEBME; O RIBR; P HHWHOE; Q: HITKEVDEE;

—: No effect; 1: Positive effect; |: Negative effect; A: Resowing; B: Reasonable grazing; C: Fire; D: Abandoned farming; E: Mowing; F: Fertilization; G:

Artificial grassland; H: Weed control; I: Grassland ploughing; J: Irrigation; K: Fencing; L: Microbial inoculation; M: Root cutting; N: Turf transplanting; O:

Sod cutting; P: Grazing chicken in grasslands; Q: Straw checkboard barrier; R: Deratization in grasslands.
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Table 6 National Key Research and Development Program of China for grassland conservation and
restoration technology since “the 13th Five-Year-Plan” stage

o . T H 2 S 7k 8 A
7 Hh g H %5 T H 42 7 J\Hﬁ‘—%g:fﬂ{\
. Leading organization for the
Number Region Program number Program name
program
FRBAL B B YR B AR SR e

1 2016YFC0500500 Technology and demonstration of

desertification and degraded grassland Inner Mongolia University

WS TR X iR
WA R 57R1E T D2

Desertification of land in the arid areas of

2 2016YFC0501000 Inner Mongolia, Governance, and sand Inner Mongc.)lia Agricultural
industry technology development and University
demonstration
L7 T S AL FERERNILLES
A B A L SRS
3 2016YFC0500900 Key techniques and demonstration of Northwest Institute of Eco-
desertification _control in the semiarid Environment and Resources,
arcas in north China Chinese Academy of Sciences
HHT R DR A e FEL R 2 B
R B RATIL RIS s 5 HOFR 5 7
esearch on key technologies an e .
4 2016YFC0501400 integrated demonstration of the ecological Xinjiang Instltu.te of Ecology and
management of the saline alkali land in ~ Geography, Chinese Academy of
the arid areas of Xinjiang Sciences
R 2 Wi D X ‘ o
EBGEIREER T R MIR AT T B
5 2017YFC0504500 Ecological comprehensive control ~ Yellow River Institute of Hydraulic
technology in the Pisha area of the Ordos Research
p— Plateau
ji i . ] 2R e 7y
ey e
land IHEHAR G R E Ju
6 grassian 2016YFC0500600 North meadow degraded Institute of Agricultural Resources
grassland treatment technology and and Regional Planning, Chinese
demonstration Academy of Agricultural Sciences
AR A L
Integr%teidlz‘eﬁogngjiﬁ ?Zfﬂ;r\;island A AR LT
7 2016YFC0500700 degradation mechanisms and ecological Institute of Botany., Chinese
restoration technology in the agro- Academy of Sciences
pastoral ecotone of northern China
T A A A P DG
T NS e
PORBITL SR o 2715 5T ST
Research and demonstration of the key Insti £Soil Sci Chi
8 2016YFC0501300 and integrated technologies of ecological nstitute of Soi 01en'ce, inese
management of the saline-alkali land in Academy of Sciences
Hetao Plain
ﬁiﬁﬁ%gfﬁﬁﬁﬁﬁ R 5 A A R FE
HERR2 H*J'L?_FJ U . Research Center for Eco-
9 2016YFC0501600 Research on the mechanisms of regional . ) ]
ecosystems change and sustainability in Environmental Smenc.:es, Chinese
the Loess Plateau region Academy of Sciences
ﬁi%%ﬂ;{iiﬁ?ﬁ%%
R L O s -
10 2016YFC0501700 Techniques and demonstration of water PEAEACH RO

and soil loss comprehensive harnessing Northwest A&F University

on the Loess Plateau
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Table 6 (Continued)
T Ay
CERT 5 51 475 PRI
. Leading organization for the
Number Region Program number Program name
program
whmEN TS RGLH
BEE MRS THEAR \ 2
11 2017YFC0504600 Technology about structural and PHAEA MR j_(% .
functional improvement of artificial Northwest A&F University
ecosystems on the Loess Plateau
B T B Vi B IX V) B THD . e
‘?ﬁ‘@éﬁ%ﬁ‘]%?&fﬁ% o R B R S
BRIERAR SR BHROTTLT
12 2017YFC0504700 Eco-security technology and Institute of Geographic Sciences
demonstration of the gully land and Natural Resources Research,
consolidation and slope treatment project Chinese Academyv of Sciences
on the Loess Plateau Y
XA A
H K BUR T I ey
13 2017YFC0506700 Research on the mode and policy of eco- & %E.j(%. .
industrial technology promotion Inner Mongolia University
in sandy areas
SOASURIRIX P 17 78
KRR TR T
Research and demonstration of pivotal bR EERE TR
14 2016YFC0500800 technology on desertified land restoration  Chinese Academy of Forestry
in the Beijing-Tianjing-Hebei sandstorm
source zone
ZRAB LR DX R AL Rt A 2
Z = e e N 0 PN b e =
Bs ‘5%:1?%%1:&71?&75@ FE 5% R Y £ s 42 A PR A
1 Technology and demonstration of China E I
3 2016YFC0501100 ecological restoration and comprehensive 1na nergy nYes.tment
control of coal-power bases on the eastern Corporation Limited
steppes of China
PG B2 P X R e 4y o [ b 2 o P b A A B
A R A B R AT R A
16 Research and demonstration of North ) Insti fE
2017YFC0504300 technologies of stability maintenance and or.t west Institute of Eco-
ecological comprehensive control in the Environment and Resources,
northwest desert-oasis area Chinese Academy of Sciences
ﬁil:ég%)%‘%@ﬁﬁ%im
BEAEREHAR o 2,
17 2017YFC0504400 Eco-security technology for coal mining :lt,'?\%ikj(%. .
bases in the northwestern arid desert Beijing Forestry University
regions in China
AT H AL A FEFERRIMES
ARALE SR AR R 5 4 R T A AT
18 Northeast 2016YFC0501200 Research and integrated demonstration of Northeast Institute of Geography
grassland ecological amelioration techniques of the and Agricultural Ecology, Chinese
saline-sodic land in northeast China Academy of Sciences
A B i 5 o R B A
REBATR SRR qlb A AT
19 2017YFC0504200 Research and integrated demonstration of Northeast Institute of Geography

ecological restoration techniques of
eroded ditches in the black soil area of
northeast China

and Agricultural Ecology, Chinese

Academy of Sciences
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Table 6 (Continued)
o o Tl H 7 Sk A& H AL
FERT 45 7 F 4476 IR
. Leading organization for the
Number Region Program number Program name
program
ARAE B - X K 1
KRG AR EOR g B3
20 2018YFC0507000 Comprehensive control technology for ALFOm {Bj(? .
soil erosion on slopes in the black soil Beijing Normal University
area of northeast China
YR A 25 BRI B BB PRI K
21 2016YFC0501800 Evolutionary laws and mechanisms of University of Chinese
typical alpine ecosystems Academy of Sciences
SRR NS CY AEESIE PO /3
AR T 7w TE s
22 2016YFC0501900 Recovery techniques and demonstration . A
of degraded alpine ecosystems in the Qinghai University
Source Region of Three Rivers
Tt ETEE—
Alpine ﬁaﬁ@%%—%ijS%% rh *«fj f%niﬂii@ﬂ%'%
grassland VRSN E5¥ VVGNT) BB LT
23 2016YFC0502000 Ecological restoration and reconstruction Institute of Geographic Sciences
technology for degr ac_led alpine and Natural Resources Research,
grasslands in Tibet Chinese Academy of Sciences
JIPEACAIH B AL = 7€
EBRGGE RN 24 il o2t
24 2017YFC0504800 Comprehensive remediation of degraded — o
alpine ecosystems in Northwestern Lanzhou University
Sichuan and Gannan
. JRuS E Rl 22 %}‘ 8=
T 2 25 52 AR TR L R R LSS
S AHAEN IR FFE
25 2016YFC0502100 Formation and evolution mechanism of Research Center for Eco-
the ecological security pattern in Environmental Sciences, Chinese
southwest China Academy of Sciences
P8 A e L T ey L X A QT
BUASRGIRE BERERAR
Restoration and reconstruction DU 1] Az
26 2017YFC0504900 technology for the degraded ecosystem of . : .
engineering surfaces in the high and Sichuan University
subhigh mountain areas of southwest
China
R 5 R PR T T4 X A A S5 A IR BT
Southern BAA PR SEHATIR o B R B I A T
grassland Research of teghnology for ecological . .
27 2017YFC0505100 comprehensive management and Chf:ngdu Institute of B1910gy,
ecological industry development in the Chinese Academy of Sciences
arid valley of southwest China
PR LB A % L N
(S/aRSN /=S TN rh B B2 Bt B W AR 5 P
28 2017YFC0505200 Biodiversity conservation and restoration ~ Kunming Institute of Botany,
technology in the southwest alpine Chinese Academy of Sciences
canyon area
B 7 4D AL e X
+ o AT 1 e
29 2017YFC0505400 ARG EE AR

Soil conservation in the hilly red soil

; ) Huazhong Agricultural University
region of southern China
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= = T SR HH B
BB 45 5 45 SR
. Leading organization for the
Number Region Program number Program name
program
B 7 FebR L B R A S R GEIR ST
RTHAB T HRTE
Research and demonstration of E |22 B 4 %%
30 2017YFC0505600 ind ¢ : H AL S BIE E ALE FE BT
ecosystem service-improving technology ~ Research Institute of Forestry,
in the hilly terrain barrier zone of Chinese Academy of Forestry
southern China
o [ M 2 5 R LA LR 2 TR
BB A SR A D R e B R A
LR IR 5 R ittt
31 2017YFC0503800 Technologies and guidelines for ) oRUR o
monitoring the ecological quality of Institute of Geographic Sciences
terrestrial and Natural Resources, Chinese
ecosystems in China Academy of Sciences
g ol 24 e N =
RS TRAES G Sy TEEPRRREASS
Monitoring and assessment of the PR ST
32 2017YFC0506500 ecological Institute of Geographic Sciences
beneﬁ.ts of.key.ecolo'gical and Natural Resources, Chinese
engineering in China Academy of Sciences
[R5 T A R A R B - .
BA LG EEBRBARAE R rh R R B R
Research and demonstration of ecological BIRHT 9T B
33 2017YFC0506400 function synergistic improvement and  pgtitute of Geographic Sciences
comprehensive management technology 1+ \iatural Resources. Chinese
in nationally important ecological ,’
protection areas Academy of Sciences
PRI ORI P SRR
il KBRS 2 & VP A 5 T AR FHEBTILN
34 \h 2017YFC0506600 Security assessment and early warning Nanjing Institute of Environmental
Others technology for regional ecology Sciences, Ministry of
Environmental Protection
N R B 47 R B
HH) f} fﬁ éé%g);‘fjim 0] Rl 52 B
it 5 A L .
3 2018YFC0507200 Design and assessment techniques for Nanjing IPStlmte 01? Env1ronmental
biodiversity conservation objectives Sciences, Ministry of
Environmental Protection
PSR AR R A S
FHETTIRZ S . FORE R o R e A AR
5 e A
Accounting theories and technologies for
36 2016YFC0503400 ecological assets, ecological Research Center for Eco-
compensation and scientific Environmental Sciences, Chinese
and technological contribution Academy of Sciences
to ecological civilization
ARSI A E VA
55 (AR A PR
37 2016YFC0503600 Research on technology for the University of Chinese Academy of
identification and assessment of eco- Sciences

environmental damage
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BB H % 5 47k SR
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Number Region Program number Program name
program
HEHAR I, SRR b LR R 2 5
The me%ﬁ%jg; Zrﬁ%{ijfci(?rl system SRR
38 2016YFC0503700 for assessing ecological restoration Institute of Geographic Sc1§nces
technologies and the evaluation of global ~and Natural Resources, Chinese
ecosystem rehabilitation technologies Academy of Sciences
BETREEEIR IR
BRRL Bk HrEoRwHT AV RL2L T 57 [
39 2018YFC0507100 Research on new materials, equipment, AL AT

and technologies for sand prevention and

Chinese Academy of Forestry

control based on the low coverage theory
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