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Ecological risk assessment of Miscanthus for
large-scale cultivation in China

GUO Menggi', YANG Sai', YI Zili"?, XUE Shuai'?"
(1. College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128, China;

2. Hunan Engineering Laboratory of Miscanthus Ecological Applications, Changsha 410128, China)

Abstract In this study, the ecological risks for large-scale cultivation of four promising miscanthus species ( Miscanthus
sinensis , M . floridulus , M . sacchariflorus s M. lutarioriparius) and the European commercially used variety of Miscanthus
X giganteus were quantified. The quantification procedure was conducted using formerly established ecological risk
assessment system for bioenergy grasses (Hereafter referred to as ERAB system). According to the quantification
procedure of ERAB system, the distribution characteristics ( P, ), reproductive characteristics ( P, ), diffusion
characteristics (P3) ,genetic characteristics (P,) and adaptation characteristics ( Ps) . damage characteristics ( Pg)
and controlled features (P,;) of the tested materials were reviewed and summarized firstly. The 33 evaluation
indicators, which belong to the above seven characteristic groups, were assigned according to the assessment criteria
defined in the ERAB system. The ecological risk score of each tested species was quantified by summing the
assignments of its 33 evaluation indicators. The results showed that ecological risks of the large-scale miscanthus
cultivation generally were M. sinensis > M. sacchariflorus > M. floridulus > M. lutarioriparius > M. X giganteus
indicated by their ecological risk scores of 71,66,60,53 and 52 ,respectively. According to the risk definition criteria of
the ERAB system.the M. lutarioriparius and M. X giganteus were defined as the ecological safe plant (i. e. accept for
large-scale cultivation) ; while the M. sinensis , M. sacchariflorus, M. floridulus were defined as plants with uncertain
ecological risk,indicating further deeply evaluations were required to clarify their ecological safety prior the large-scale
cultivation.
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Table 1 The biological characteristics of Miscanthus species evaluated in this study
il 4 BT 4 FE A FE )7 R 1IE
Species Latin name Natural distribution in China Botanical characteristics
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Note: Miscanthus X giganteus is native to Japan.
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Table 2 Adaptation characteristics of Miscanthus species evaluated in this study
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Table 3 Quantitative assessment of the ecological risk of the five tested Miscanthus species
— AR bR S (HD ZHARAR (HED TEAL 23+l Evaluation score
Primary indicators Secondary indicator
(Score) (Score) fis FHATEE 3k Mk AR
1.1 EHWN AR ) 3 2 3 1 0
S AR ERE Py (10) 1.2 B4 B8R0 (3 2 1 2 0 2
Distribution L3 AR 2R (2 2 1 2 1 2
LA Ppfh A 16 28 (2) 1 1 1 1 1
2.1 BHFET () 1 1 1 1 1
SRS P (18) 2.2 HEVEL(3) 3 3 3 3 3
Reproductive 2.3 JTEVETHAE T1 (D) 1 1 2 2 1
2.4 HRREEIH(5) 2 1 1 1 0
2.5 BRI () 4 4 4 4 4
3.1 Pl F TR E (D) 1 3 3 3 0
B BURE P (20) 3.2 A E (D 3 3 0 0 0
Spread 3.3 AEKHEE MW 2 3 1 2 2
3.4 EEALRETT (B 5 5 5 5 5
3.5 ARy #S 2 2 2 2 2
4.1 G ZFEME (2 2 1 2 1 1
WA REIE P, (8) 4.2 DNA-C {5 (3) 2 2 2 2 2
Genetic 4.3 B A A5 AR (D 1 0 1 1 0
4.4 HEGYRRET 4252 (2) 1 1 1 1 1
5.1 R ISR 3 2 3 1 2
5.2 T 43 A 3 Rl (2) 2 2 2 1 1
& W RRAE P (16) 5.3 T MR (3) 3 2 2 2 2
Adaptation 5.4 it B (3) 3 2 3 1 2
5.5 M FEHE(3) 3 1 3 1 3
5.6 i 6 T 2 4 e 4 HC AU 52 44 (2) 2 1 2 1 1
6.1 Af2H(6) 3 3 3 3 3
A P, (15) 6.2 gl A 5 (2) 0 0 0 0 0
Damage 6.3 A AWy a0 R AR 1 A (D 0 0 0 0 0
6. 4 fLIEAE I () 4 2 2 2 2
6.5 EBERE T (2) 2 1 2 1 1
7.1 N MR B (D 2 3 2 3 2
BeE MR P, (13) 7.2 AL KR (3 1 1 1 1 1
Controlled 7.3 HEWIHER (3 3 3 3 3 3
7.4 PR S (3) 2 2 2 2 2
A SRR {E R 71 60 66 53 52




5 6 3]

R TT AR TR o R R MR AL R Y AR 2 XU AT A

o
ol

15 DU RS R 3k 5 A% A5 2% 22 08 i 748, A i
A BRI 32 M. (R T AT AR AR R
B ) LA 90 FEL AL 5 7 180 181 2 i 4 91 Sk I AR S K
B R, A B A1 R A A 3R B 1 5 3k B T 4R
T R R A T R kS L T 2 R T W .

AT S i 2 AN D7 T AT T R AR
FE TR A A A AU A5 1 AR A o 1 B A A AR R
AT > > HAT T Mk > K. B TR
] A R B AR AR B 2R 2% G T IR AR ) AE 3R
N T s XA Ak b M 1) 2 25 AU 25 5%, An gk A A 7
B EE A B 25 5 VR Ak 5 T P AR RS R L
B 28 TR B — T .
3.3 EREYHELTHENESKKEEIEEE

HR A 8 U A A 25 XU BF A 1A 2 10 XU 45 1L O
W&, 1) S JC XU B 4 b Al LA S |k HE T AR, 51 S PR
Az 25 DRV £ 7 o 5 5 SR BB A il A T By L s R
BWEIR . P F 4 F A [ 8 A9, HAE S K
5B L A 2 S

7 =5 R FH T R ) A L ok A 7 A
CERVA W i A TR G R 1 gk A B R A
25 KBS 1 B, AT DA 3 B PR OR B R OR BRI R
PO i 7 N R = TR S S I B 9 N 11Nt ]
HTE  $5e OB B 1 184 i ‘%ﬂ%ﬂiﬁ*ﬁiﬂ%ﬂ%w*ﬂd\f’
) B 8 A AR A Bl T 9 B L A SR . TR TR
BORIET 5 55 0 A 25 KUBS: 1) 15 B, — 5 T ] DA S 4 11
ROk e = M i AR S IR B, 5 — T nl Ly
R LRI S RISk A A 0 5 A U 0 T R A JORE
S22 3 A A B BT A AR S KU L BB O T AT
b K R T A B A R 4R 5 5 PR AR

S 23 #k References

(1] FaEvh, %Flj] JE T, BE IR AT 4 1 BRI 5T
RO A ,2014,26(5) :474-480
Yu Y C, Yi Z L, Zhou G K. Research

JF Iﬁf/T =] *I”:H»UL

progress and
comprehensive utilization of Miscanthus[]]. Chinese Bulletin
of Life Sciences,2014,26(5):474-480 (in Chinese)

(2] 5 1. = E ae U A P 9% U i JF & SRR LT D, 0 el oK 2 2%
R FHARBL2F I, 2012,38(5) :455-463
Yi Z L. Exploitation and utilization of Miscanthus as energy
plant[J]. Jowrnal of Hunan Agricultural University; Natural
Sciences,2012,38(5) :455-463 (in Chinese)

[3] Sang T, Zhu W X. China’s bioenergy potential [ J]. Global
Change Biology Bioenergy,2015,3(2) :79-90

L4 B8 /NG, 22 A L 8K SRR o ¥ O, MRS 36 R R A0 B 1

[6]

(7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

HE v 5 A W e SR AR
2014,51(1):90-95
Luo Y,Zhao X R,Li G T,Zhao L. X, Meng H B, Lin Q M.

BARAE S 22 S [T ], B

Characteristics of difference in priming effect of Miscanthus-
derived biochar in acid and alkaline soils[ J . Acta Pedologica
Sinica ,2014,51(1):90-95 (in Chinese)

Clifton-Brown J C, Stampfl P F, Jones M B. Miscanthus
biomass production for energy in Europe and its potential
contribution to decreasing fossil fuel carbon emissions[ ] ].
Global Change Biology »2004.,10(4) :509-518

Schnitzler A,Essl F. From horticulture and biofuel to invasion:
The spread of Miscanthus taxa in the USA and Europe[]].
Weed Research ,2015,55(3) :221-225

Bonin C L, Heaton E A, Barb J. Miscanthus sacchariflorus-
biofuel parent or new weed? [ J]. Global Change Biology
Bioenergy 2014 6(6) :629-636

Quinn L D, Allen D J, Stewart J R. Invasiveness potential of
Miscanthus sinensis ; Implications for bioenergy production in
the United States [ J]. Global Change Biology Bioenergy .
2010,2(6):310-320

Barney J N, Ditomaso ] M. Nonnative species and bioenergy:
Are we cultivating the next invader? [ J]. Bioscience, 2008, 58
(1):64-70

Crosti R, Cascone C,Cipollaro S. Use of a weed risk assessment
for the Mediterranean region of Central Italy to prevent loss of
functionality and biodiversity in agro-ecosystems|[ J]. Biological
Invasions ,2010,12(6) :1607-1616

FRAETT LB B By 2. BE TR AR S XU DT R R 0
LI E R K 2241, 2019, 23(1) £ 22-29

Guo M Q,Xue S,YiZ L, Yang S. Construction of the ecological
risk assessment system for bioenergy grasses[]]. Journal of
China Agricultural University, 2019, 23 (1).: 22-29 (in
Chinese)

Chung J H,Kim D S. Miscanthus as a potential bioenergy crop
in East Asia[J]. Journal of Crop Science & Biotechnology s
2012,15(2) :65-77

H 58 B F 7. o IO 2 ) Y B 0 A R A A X 5
[J]. B2, 2017,25(4) :685-690

Xiao L, Yi Z L. Distribution and climate model of four type
species of Miscanthus in China[J]. Acta Agrestia Sinica 2017,
25(4):685-690 (in Chinese)

Lewandowski I, Clifton-Brown J C, Scurlock ] M O, Huisman
W. Miscanthus: European experience with a novel energy crop.
[J]. Biomass & Bioenergy ,2000,19(4) :209-227

Chen S L,Renvoize S A. A new species and a new combination
of Miscanthus (Poaceae) from Chinal J|. Kew Bulletin , 2005,
60(4):605-607

Atkinson C J. Establishing perennial grass energy crops in the
UK: A review of current propagation options for Miscanthus
[1]. Biomass & Bioenergy ,2009,33(5) :752-759

Li X, Liao H, Fan C, Hu H. Ying L. Jing L. Distinct



hoE R R

2 4k 2019 4F 45 24 %

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

geographical distribution of the Miscanthus accessions with
varied biomass enzymatic saccharification[ J]. Plos One , (2016~
11-08),DOI:10. 1371 /journal. pone. 0160026

M. 2R A B AR R AER LT LD Kb - 8 g Rl K
#,2012

Hu B. Study on self-incompatibility of Miscanthus [ D ].
Changsha: Hunan Agriculture University,2012 (in Chinese)
T L 25 B ST Y PR A AR DFSE LD BUM - #7 IR
#,2014

Feng X P. Evaluate on germplasm of miscanthus and research
on agronomic traits[ D]. Hangzhou: Zhejiang University, 2014
(in Chinese)

el TR AL Z BRI ST W O R, 2011

Wu A D. Study on genetic diversity of Miscanthus [ D].
Haikou: Hainan University,2011 (in Chinese)

Li X,Hu D,Luo M M,Zhu M,Li X W,Luo F,Li J Q,Yan J.
Nuclear DNA content variation of three Miscanthus species in
China[ J]. Genes & Genomics,2013,35(1) ;13-20
AR v 2 T A e R B S AR F ST LD Kb
Al k24,2012

Deng G T. Studies on the chromosome karyotype and ploidy

b

level of Miscanthus in China[ D]. Changsha: Hunan Agriculture
University,2012 (in Chinese)

JEW ARG, 5 R B A ) R R Y T A v AV A
SRR A A A 2 4. 2012, 36(6) : 504-510

Zhou J,Li Q Y, Xiao L,Jiang J X, Yi Z L. Potential distribution
of Miscanthus sinensis and M floridulus in Chinal J]. Chinese
Jowrnal of Plant Ecology»2012,36(6):504-510 (in Chinese)
B 3K S ke B A RS LD Kb W Al K
24,2012

Liao S. Potential distribution of Miscanthus sacchariflorus and
M lutarioriparius in China[ D]. Changsha; Hunan Agriculture
University,2012 (in Chinese)

AR 5 B 01, H 58 X005 I B R 25 IR ALY e IR ) RN 1A
R LT, b E Al B24 . 2016,49(24) :4687-4700

Xiang W,Yi Z L, Xiao L, Liu Q B, Qin J P. Construction of
energy potential evaluation system for Miscanthus[J]. Scientia
Agricultura Sinica ,2016,49(24) :4687-4700 (in Chinese)
BRI DR S A 0, R B IR IR AR TR AL, 4G 3 BTN T
B xR AR K SRR ] TR X 5,
2015,29(11):197-201

Zhao C Q,Chen M,Fan X F,Zhu Y, Yue Y S, Zhang S, Wu J

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

5

Y., Hou X C. Effect of drought stress on the growth and
physiological characteristics of Miscanthus [ J]. Journal of
Arid Land Resources and Environment ,2015,29(11):197-201
(in Chinese)

Peixoto M D M, Friesen P C, Sage R F. Winter cold-tolerance
thresholds in field-grown Miscanthus hybrid rhizomes [ ]].
Journal of Experimental Botany s2015,66(14) :4415-4425
XS8R RO #23k AP BRI 2 AT . A AR %
PR ,2001,16(6) :562-563

Liu L, Zhu M, Zhu T P. Exploitation and utilization of
Miscanthus & Triarrhenal J]. Journal of Natural Resources ,
2001,16(6) :562-563 (in Chinese)

HedéNec P, Novotny D, Ust' Ak S, Honzik R, Kovacova M,
Simackova H, Frouz J. Allelopathic effect of new introduced
biofuel crops on the soil biota: A comparative study [ ] ].
European Journal of Soil Biology»2014,63(4) ;14-20
Chaou C H, Lee Y F. Allelopathic dominance of Miscanthus
transmorrisonensis » in an alpine grassland
Taiwan[J]. Journal of Chemical Ecology,1991,17(11) :2267-
2281

Jin X L,Chen X L,Xijao L.,Shi C H,Chen L. Yu B,Yi Z L, Yoo

J H, Heo K, Yu C Y, Yamada T, Sacks E J, Peng J H.

community in

Application of visible and near-infrared spectroscopy to
classification of Miscanthus species[ J]. Plos One, (2000-00-
00)DOI:10. 1371 /journal. pone. 0171360

Gordon D R, Flory S L,Cooper A L, Morris S K. Assessing the
invasion risk of eucalyptus in the united states using the
australian weed risk assessment[ ] |. International Journal of
Forestry Research »2012,2012(3) :1-7

Davis P B, Menalled F D,Rkd P, Maxwell B D. Refinement of
weed risk assessments for biofuels using Camelina sativa as a
model species[J]. Journal of Applied Ecology,2011,48(4);
989-997

Yang L.,Ren H,Liu N, Wang J. Can perennial dominant grass
Miscanthus sinensis, be nurse plant in recovery of degraded
hilly
Ecological Engineering »2013,9(2) :213-225

Xue S, Lewandowski I, Wang X Y, Yi Z L. Assessment of the

land landscape in South China? [J]. Landscape &

production potentials of Miscanthus,on marginal land in China
[J]. Renewable & Sustainable Energy Reviews,2016,54:932-
943

WAE G 4. B BeAE



