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Abstract Because of its biological characteristics of large biomass, fast growth, and strong resistance,
Pennisetum hydridum has raised public concern in recent years. In this review, the recent advances and
applications of P. hydridum in the fields of ecological environment, livestock feedstuff, bioenergy, and other
aspects are summarized, which could benefit the comprehensive utilization of P. hydridum biomass resources.
The results demonstrated the importance of P. hydridum for remediating degraded soil, purifying sewage,
and controlling invasive species; therefore, heavy metals, nitrogen and phosphorus, and invasive species
can be effectively removed by P. hydridum. The main approaches for forage utilization are green fodder, hay,
ammonification, and ensiling. Among these, ensiling achieves a balanced nutrition and alleviates deficiencies
in livestock during spring and winter. Pyrolysis and combustion, biogas fermentation, and bioethanol
fermentation convert P. hydridum to bioenergy. Biomass and cellulose content are the key factors affecting the
energy utilization potential and are the basis for developing fiberboard, nanocellulose membrane, and edible
fungus culture medium. Finally, this study analyzed the existing problems in current studies, emphasizing the
optimization of technology and expanding the utilization approaches of P. hydridum biomass resources in the
future. A comprehensive utilization mode of biomass resource of P. hydridum was introduced, including using
this harvested environmental phytoremediation material as a high-quality forage, energy plant, as well as a
source of other industrial products, thus changing waste residue into organic fertilizer.
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Table 1 Cultivation status of Pennisetum hydridum in various
provinces of China in 1990-2009 (revision after Zhang )

X ﬁ‘*ﬁﬁi‘j\ @¥$Fi
Region Cultlvatc?d area Fresh bloryass
(A10°m™) (m/t m™)
J" 7% Guangdong 1024 600
e Fujian 1053 450
~F Yunnan 630 300-450
JU7 Guangxi 279 -
#® Hainan 390 375-675
PUJIl Sichuan 750 225-375
YL Jiangxi 398 -
M Guizhou 368 375-450
W7 Hunan 348 375-450
#JKX Chongging 120 225-300

1 EMEAESHERERERNH

BT AR ERAL, £ E LSBT SRR LA &K
TR RGBS IR B RIS, 78R 2 AR R
i 5« TR TR B AR AE T AR R, BE AR B X 4
BB, LRER R IFIB I B3R E =i, B AL
11 E€RSELTIENEE

EAE RN S AR KR B T BAT R AN T
e RGN K. ERSMEAET, 2
PTERICuk B R 2405 K (Sedum plumbizincicola X. H.
Guo et S. B. Zhou sp. nov) HJ1245%1%, Cdfg B4 ) 2 J

%% (Solanum nigrum L.) Fli& ¥ 3% (Thlaspi caerulescens
L) 3.5%H12.66%, ZnE & w5 K /M 5k (Sedum afredii
Hance) #7124, 7£10 mmol/L Mnl}a R, 27 Mne;
41 904-13 518 myg/kg, ## #%N1.35-3.5 % 7£0.5-
100 mg/kg CARIFREEH, SEATELH) Cd'E &L R ZE N £ #£0.22-
1.86 mg "™ I H, MafEERT AP R H 2 AT AR A (B
FHE SRR MR 2L FAE X IR W g
RORTE. DU TG YR Bk & IS AE N AR B BN BT A K
PRIy, AR AR AT TS Ve . A 3] H kAT
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WL B 72 A AT 1 R i R 29 38 TR T ) R 2 g e
TE SR W 2 4 8 I8 R, ST SR R O A B PR R mT AL
B 2R R R, BTEE R M 28, W
/£Zn. Cu. Pb. Cd. As. Niffiiif A4, %FCrifif v 2. 24
WFFCUE B, 527 B A B (B R D B SR I & R 7 2
B AE12%-26% AN AL JRAE A FF 7 — Rl AL 0 B )
T A AR 8 B A 18 5 B IR B8 i 37 M (1) 7 v, BB R TR
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153 R T BAE AN A4 PO (B AT BIF 5t & 4 L i 0 4 1
Wi R AR BRI, W B R R AR R
S FTE R R 20 T R A [ 6 A 2% 1 B A e AT R
GRZMA, &5 R ILIE 1 R RV T RE 5 0 B AT AR K RS
e IR ST B HEAE A, L DR AT R R VA R SO R
bk 5 70 2R TR, WS HERR VR A BB AE A BT RE
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PEL VS RE FRNE Y PR, BT RUER E, R
FEEN AR RREE . SRR R A R R T
HELH L G HI R R AR N T R R AT RAE S
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TARH BT IR A B R A T It BN RS K R AR R A K
TORSE S AF EOR M. BB TR S K B 1A 80%, JFEH R
B 5 A2 R R, A SEBR A 7 I RE R R 25 L S0 57 B
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PR AR, (R REFURR B AR KR A FEY. SR e A A IR Y
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F2AN [ A5 3 7] 35 I B0 7 95 R i 2 4R e R AT R T I R
IR
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KT A 4 2T R e R H L SRR YRR R 2
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JE B W K R AT 4 K R IR R TE S RS i IR R YT AR A
3P 4010 B 1 1 25 1 o B 22 RO (H BT R N TR
KFEFE, MR EM FEK AR g R B K CR T m, B
FT G sk B el BATRUE — R R C Y, TR
725 N60-80 t/hm?, W m T B B AN 588 (3£3). FHH, 217
A N TR . BT IX PL K R AR S R R X, 52
AR A S NEAR A SR G 1R R
31 EVEREBRERE

SRR R E14 144.69 kJ/kg Al
15 845.87 kJ/kg, F#H10 000 KWhiF #24t30% & /K B 2
1#510.925 tFIGE =6 659.430 MJ 2. R HE B HIX ST 5
K ZERES BT 646 Jig, B AW AR AR 30 tEVE S
45 m*M, FEE O T R R B R L, 2R R R A 1
HLAST N2 000K EEME ™. EBURF K AT F, BB 0K
NZEE X0 MWAEMIF A v il (¥ 32 BER RS 763 S L 4
et R, TR R 2 IR R AT B 4 AT R T, 2 A
B AR ] 5 T SR 5 TR K T R o SRR TR Y, )
YR, F YRR R A 478 K. 543 K. 600 K,
600 K # Y. Wl fig & AT AW K 45 ) C—0. C—C/
C—HMC—O/C—OH i[5t 4 J& B 117 (L Be AL A FH AN bt

Table 2 Nutrient components of Pennisetum hydridum and commom roughage

ik SN HLEE H (W/%) HEIE 07 (Wi %) KA 4 (Wi %) TR (Wl %) K3 (WI%) 226 3CHR
Feed name Crude protein Ether extract Crude fibre Nitrogen free extract Ash Reference
EY1EL Pennisetum hydridum 10.92 + 0.17 4.34 +0.05 33.35+0.57 34.79 16.06 + 0.01 [45]
=5 Sorghum 14.37 £ 0.01 3.74 £ 0.05 38.28+0.14 50.48 +0.28 11.76 £ 0.02 [45-46]
F K Maize 7.35+0.09 2.45+0.01 35.15+0.60 4211 £0.70 10.70 £ 0.18 [45-46]
/N Wheat 2.49 +0.61 0.66 +0.08 4214 +£0.00 41.79 £ 0.34 5.82+0.12 [46]
K7 Soybean 2.93+0.11 1.11+£0.13 49.75 £ 0.00 35.21+£0.09 4.30 £ 0.05 [46]
JiIZE Rape 3.58 £ 0.05 0.37 +0.17 46.11 £0.25 31.57 + 0.14 8.15+0.13 [46]
<3 ABIRRAYERRRHE RS
Table 3 Yield and chemical composition of typical lignocellulose
ENGRAR .S 77 & (m/t hm™) 214 F (WI%) N2 Y K (WI%) AR F (W) %) EEPEN
Lignocellulosic Yield Cellulose Hemicellulose Lignin Reference
BHTH Pennisetum hydridum 60-80 30-50 15-25 10-20 [49-50]
% ¥ENapier grass 40-50 40-50 20-40 10-25 [50-53]
MIH: A8 Switch grass 20-36 28-40 25-34 9-25 [50, 54]
TEE Miscanthus 27-44 26-49 25-43 5-28 [50, 54-55]
£ K Maize 7-21 27-40 25-34 9-15 [54, 56-57]
i Sugarcane 17-33 35-45 25-32 16-25 [54, 58-59]
=4 Sorghum 5-14 21-45 11-28 9-20 [54, 60-61]
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FIDH, W {16 547 RS 6 4 i 4 809,

3.2 EMERBSKFA

AR CRAMAD B8 R0 49 38 58 1 R AE 9 7%
Ff B & B UL R H AR 77, e OIS Gkl
YR pHTEH I Z 55 B MEVE [, $ i B2 A 20%-30%, e [E] 14
(TS) W JE12%, )35 CHB T BT EA LY. £k
JAHIN60 dify 2ATE A R RS BB R 90,68 L/ig VSHI0.37
L/gVsS, TJ/*{8"848.07-6 279.73 m*/hm?*.

KR R R AL T2, AT B A 2
Fe Ry 5 955281288 mL/ig VS, HuAHE A K & 1T B9 M0
TR 526% M 24% , X P S0 72 ) 5 J5ORMCSR I 4 ik
Iy S 2 Je Rt X1 45 1 AT B CINGE B (20%-
30%) , HAEBEIER KRB N BENHSERRE LK
P B A 280U 5 Rk ik BT kLR S 72 %5 1119.01-297.43
mg/L VS, F ki i N64.4%, L 5775 Bl R TR N 4 v T
24%-28.85% U, BATE S R B AR I AR BEAT AL )
CH, % 5 )\ 68.8% 4% = 5/89.35%, CO,. O, FIH,S% & M
29.7%- 0.1%H1768 x 10 °[#{% #]10.05%. 0.02%F1 <0.01 x
10°°, 745 & Z2[E BEIEHE T TR BR, m B M TR 2
3.3 EMEZELFA

SOE T AR BT A i B A A A L BB UK AT
i3 CBE T R A K R B AR A 5, A K 15 83-173
dIfI BATED Cib S #4778 9 4.59-51.98 t/hm?) Btk 2
fist 75 ¥ A1 300-16 347 L/hm? "™ BFAG LL W HB X ) 5247 25
TR AE 7B 940-60 t/hm?, T4EF* 2212 616 L/hm* Y. &
JREF YR MR QB AR — AN E R AL, ST,
2 R} 2 AL R N 16.67%-32% I, £56-12 tEATHEAY A4
71t
3.4 EVTEMAERA

AL BT DA RO B BT R T R SR T (A SR AT 4 R
BEEH, 2 )5 S M A e ™ — Rl i, T Ti AL PR g s R
FlR A 0T 2, 100G A T DU = S e T o 3 R AR (D L i
HFHTRAL B A A (NaOH) , 4 1h & 7E35. 558121 C

BB, FIF1%-10% (W) [FINaOHALFE1EE24 h. S5 2EH
ZENaOHTIAb L J5 A it 35 2 B %08 $194%, ZBEAE =3 1R
165.9 mg/g, it BIFL= B 1192% U, T4kl R K L G
R T731.6% " SWHRTATLE, YR ZEE P2l
82 mg/gtit =i #1276 mglg . KWL T 22 68 i Ak B i A%
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Fig. 1 Solid-phase compositions for Penniseatum hydridum before and after pretreatments (revision after Cardona et al *").
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The comprehensive utilization mode of Pennisetum hydridum biomass resources
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Fig. 2 The comprehensive utilization mode of Pennisetum hydridum biomass resources.

L& Hk [References]

1 Carriquiry MA, Du X, Timilsina GR. Second generation biofuels:
economics and policies [J]. Energy Policy, 2011, 39 (7): 4222-4234

2 Fedenko JR, Erickson JE, Woodar KR, Sollenberger LE,
Vendramini JMB, Gilbert RA, Helsel ZR, Peter GF. Biomass
production and composition of perennial grasses grown for
bioenergy in a subtropical climate across Florida, USA [J].
Bioenerg Res, 2013, 6 (3): 1082-1093

3  Guo WW, Zhuo MC, Shi YL, Qu XL, Li ZP, Fang JP. Bibliometric

analysis on Pennisetum sinese Roxb. in China during 2006-2016

[J]. Asian J Agric Res, 2017, 9 (10): 82-84

4 Rk k. P EERMTRIEZ N ETTFD]. i H: iR RE, 2014
[Zhang JY. Reserch on economic value of king grass germlasm
resources for China [D]. Haikou: Hannan University, 2014]

5 G, R BRAy, WM, 5k IE. BT S TR R H Ak
PEJ]. N SR 23], 2017, 23 (3): 459-466 [Yan L, Wu Y,
Chen D, Tan XM, Zhang YZ. Transcriptome analysis reveals cold
acclimation in Pennisetum sinese Roxb. [J]. Chin J Appl Environ
Biol, 2017, 23 (3): 459-466]

700



\710

10

1"

12

13

14

26% £E3H 2020%46H

i #k 5%

Geren H, Kavut Y. Effect of different plant densities on the
yield and some silage quality characteristics of giant king grass
(Pennisetum hybridum) under mediterranean climatic conditions [J].
Turk J Field Crops, 2015, 20 (1): 85-91

Ma C, Hui M, Lin C, Naidu R, Bolan N. Phytoextraction of heavy
metal from tailing waste using Napier grass [J]. Catena, 2016, 136:
74-83

Lu QL, Tang LR, Wang S, Huang B, Chen YD, Chen XR. An
investigation on the characteristics of cellulose nanocrystals from
Pennisetum sinese [J]. Biomass Bioenergy, 2014, 70: 267-272
Minmunin J, Limpitipanich P, Promwungkwa A. Delignification of
elephant grass for production of cellulosic intermediate [J]. Energy
Procedia, 2015, 79: 220-225

Cui H, FanY, Yang J, Xu L, Zhou J, Zhu Z. In situ phytoextraction
of copper and cadmium and its biological impacts in acidic soil [J].
Chemosphere, 2016, 161: 233-241

Zhang X, Xia H, Li Z, Ping Z, Bo G. Potential of four forage
grasses in remediation of Cd and Zn contaminated soils [J].
Bioresour Technol, 2010, 101 (6): 2063-2066

Zhang WH, He LY, Wang Q, Sheng XF. Inoculation with
endophytic Bacillus megaterium 1Y31 increases Mn accumulation
and induces the growth and energy metabolism-related
differentially-expressed proteome in Mn hyperaccumulator hybrid
pennisetum [J]. J Hazard Mater, 2015, 300: 513-521

Hu L, Wang R, Liu X, Xu B, Xie T, Li Y, Wang M, Wang G, Chen
Y. Cadmium phytoextraction potential of king grass (Pennisetum
sinese Roxb.) and responses of rhizosphere bacterial communities
to a cadmium pollution gradient [J]. Environ Sci Pollut Res, 2018,
25 (22): 21671-21681

Zhang X, Zhang X, Bo G, Li Z, Xia H, Li H, Jian L. Effect of
cadmium on growth, photosynthesis, mineral nutrition and
metal accumulation of anenergy crop, king grass (Pennisetum
americanum x P. purpureum ) [J]. Biomass Bioenergy, 2014, 67:
179-187

Ma CJ, Ming H, Li HS. Study of red mud improvement with the
mixing method and the impact of Pennisetum hybridum plantation
on red mud amendment [J]. Adv Mater Res, 2013, 807-809: 392-
401

Liang H, Lee CCC, Wang H, Lin XY, Chen XH, Wu QT. Using a
high biomass plant Pennisetum hydridum to phyto-treat fresh
municipal sewage sludge [J]. Biol Technol, 2016, 217: 252-256
AR, £, ERE B, RS, BEowl, P, Wnes.
FH ST BAL B TS R A A D], A A, 2015, 35 (12):
4234-4240 [Lin X, Wang H, Wang H, Chen C, WU QT, Wei Z, Luo
Y, Chen X. Using hybrid giant napier to treat municipal sewage
sludge and produce plant biomass [J]. Acta Ecol Sin, 2015, 35 (12):
4234-4240]

Gallego SM, Pena LB, Barcia RA, Azpilicueta CE, lannone
MF, Rosales EP, Zawoznik MS, Groppa MD, Benavides MP.
Unravelling cadmium toxicity and tolerance in plants: insight into
regulatory mechanisms [J]. Environ Exp Bot, 2012, 83 (5): 33-46
TRAVEE, B, mi. BE VR SR I B R I R s N ).
55 T2, 2017, 11 (5): 3204-3213 [Zhang XF, Tian C, Gao B.

Heavy metal tolerance and phytoremediation potential of energy

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

crop, king grass [J]. Chin J Environ Eng, 2017, 11 (5): 3204-3213]
B, ZRE, X, 5K, J55606, KB, ki, Bk, e,
SEE, HEH, XIMEE, BRRH, BE IR, — R AR T ik 1) i ) A
RIBHER G E R G H ) U7 % CN108580545A [P]. 2018-
09-28

MR . HYEE R 5 Y R H e 36 1L 5 FI W 70 [D]: KR il
K%, 2013 [Mei J. Remediation and utilization of lead-zinc
mine tailings contaminated agritultural soils [D]. Taiyuan: Shanxi
University, 2013]

Ishii Y, Hamano K, Kang DJ, Idota S, Nishiwaki A. Cadmium
phytoremediation potential of napiergrass cultivated in Kyushu,
Japan [J]. Appl Environl Soil Sci, 2015, 2015: 1-6

Chen Y, Hu L, Liu X, Deng Y, Liu M, Xu B, Wang M, Wang G.
Influences of king grass (Pennisetum sinese Roxb.)-enhanced
approaches for phytoextraction and microbial communities in
multi-metal contaminated soil [J]. Geoderma, 2017, 307: 253-266
Sangthong C, Setkit K, Prapagdee B. Improvement of cadmium
phytoremediation after soil inoculation with a cadmium-resistant
Micrococcus sp. [J]. Environ Sci Pollut Res Int, 2016, 23 (1): 756-
764

Xu C, He S, Liu Y, Zhang W, Lu D. Bioadsorption and
biostabilization of cadmium by Enterobacter cloacae TU [J].
Chemosphere, 2017, 173: 622-629

Wiangkham N, Prapagdee B. Potential of Napier grass
with cadmium-resistant bacterial inoculation on cadmium
phytoremediation and its possibility to use as biomass fuel [J].
Chemosphere, 2018, 201: 511-518

Dell’Amico E, Cavalca L, Andreoni V. Improvement of Brassica
napus growth under cadmium stress by cadmium-resistant
rhizobacteria [J]. Soil Biol Biochem, 2008, 40 (1): 74-84

Mirshad PP, Chandran S, Puthur JT. Characteristics of bioenergy
grasses important for enhanced NaCl tolerance potential [J]. Russ
J Plant Physiol, 2014, 61 (5): 639-645

Purbajanti ED, Soetrisno RD, Hanudin E, Budhi SPS.
Phytosynthesis and yields of grasses grown in saline condition [J].
J Indo Trop Animal Agric, 2010, 35 (1): 42-47

Chongijian M, Ravi N, Faguang L, Changhua L, Hui M. Influence
of hybrid giant Napier grass on salt and nutrient distributions with
depth in a saline soil [J]. Biodegradation, 2012, 23 (6): 907-916
Quinn LD, Straker KC, Guo J, Kim S, Thapa S, Kling G, Lee DK,
Voigt TB. Stress-tolerant feedstocks for sustainable bioenergy
production on marginal land [J]. Bioenergy Res, 2015, 8 (3): 1081-
1100

Li X, Geng X, Xie R, Fu L, Jiang J, Gao L, Sun J. The endophytic
bacteria isolated from elephant grass (Pennisetum purpureum
Schumach) promote plant growth and enhance salt tolerance of
hybrid Pennisetum [J]. Biotechnol Biofuels, 2016, 9 (1): 190
LS, XK. RATRAL A AT B i T 5 R [J]. R
[E 7K 14, 2012 (1): 41-44 [Ma CJ, Liu FG. Research progress
on the application of king grass in ecological environment
management [J]. Soil Water Conserv Chin, 2012 (1): 41-44]

Jiao Y, Xu X, Liu M, Xu C, Wei L, Song T, Hu D, Kiely G. Effects of
Napier grass management on soil hydrologic functions in a karst
landscape, southwestern China [J]. Soil Tillage Res, 2016, 157:



Z A R B A 4 R

Vol. 26 No. 3 June 2020

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

83-92

Vadivel R, Singh Y, Bal SK, Rane J, Singh NP. Napier grass: a
model crop for developing partially weathered gravelly land in the
central deccan plateau region [J]. PNAS, India Sect B: Biol Sci,
2018 (2): 1-11

Pincam T, Brix H, Eller F, Jampeetong A. Hybrid Napier grass as
a candidate species for bio-energy in plant-based water treatment
systems: interactive effects of nitrogen and water depth [J]. Aquat
Bot, 2017, 138: 82-91

Jampeetong A, Muenrew J. Interactive effects of NH**
concentration and O, availability on growth, morphology, and
mineral allocation of hybrid Napier grass (Pennisetum purpureum
x P. americanum cv. Pakchong1) [J]. Ecol Eng, 2016, 91: 409-418
Pantip K. Swine wastewater treatment using vertical subsurface
flow constructed wetland planted with napier grass [J]. Sust
Environ Res, 2016, 26 (5): 217-223

Antony S, Thomas CG. Nutritive quality of hybrid Napier cultivars
grown under rainfed ecosystem [J]. J Trop Agric, 2014, 52 (1): 90-
93

Wangchuk K, Rai K, Nirola H, Thukten, Dendup C, Mongar D.
Forage growth, yield and quality responses of Napier hybrid grass
cultivars to three cutting intervals in the Himalayan foothills [J].
Trop Grasslands-Forrajes, 2015, 3 (3): 142-150

Delena MF, Fulpagare YG. Characteristics of silage prepared from
Hybrid Napier, Maize and Lucerne [J]. J Agric Vet Sci, 2015, 8 (5):
13-16

ALI SA, Y XJ, D ZH, W SN, Tao S. Effects of lactic acid bacteria
on ensiling characteristics, chemical composition and aerobic
stability of king grass [J]. J Anim Plant Sci, 2017, 3: 747-755

Shah AA, Yuan XJ, Dong ZH, Li JF, Tao S. Microbiological and
chemical profiles of elephant grass inoculated with and without
Lactobacillus plantarum and Pediococcus acidilactici [J]. Arch
Microbiol, 2018, 200 (2): 311-328

BT, e Abus, XIWE, JLEELL, BK. SATER A TR ) 4507 vk
Je iz 77 0 4 14 4R kL CN108077601A [P]. 2018-05-29

Samini M, Premaratne S. Yield and nutritional quality potential of
three fodder grasses in the northern region in Sri Lanka [J]. Trop
Agric Res, 2017, 28 (2): 175-182.

ERIE. EE R RVE FR B PEE[D]. FHEE: PHALRMAEE A,
2017 [Wang HJ. Evaluation of nutritive value of common forage in
sheep [D]. Yangling: Northwest A&F University, 2017]

Fang C, Dixon RA. Lignin modification improves fermentable
sugar yields for biofuel production [J]. Nat Biotechnol, 2007, 25 (7):
759

Zhang J, Song Y, Wang B, Xu Z, Tan T. Biomass to bio-ethanol:
the evaluation of hybrid Pennisetum used as raw material for bio-
ethanol production compared with corn stalk by steam explosion
joint use of mild chemicals [J]. Renew Energy, 2016, 88 (6): 164-
170

Cardona E, Rios J, Pena J, Pefiuela M, Rios L. King grass: a
very promising material for the production of second generation
ethanol in tropical countries [J]. Biomass bioenergy, 2016, 95:
206-213

BT, REIRBLA P AR Y R SR LB 7T [D]. db st db st TR,

51

52

53

54

55

56

57

58

59

60

61

62

63

64

2017 [Zhu GY. The comparative research on bioenergy grasses
to produce cellulose ethanol [D]. Beijing: Beijing University of
Chemical Technology, 2017]

Mohapatra S, Mishra C, Behera SS, Thatoi H. Application
of pretreatment, fermentation and molecular techniques for
enhancing bioethanol production from grass biomass—a review [J].
Renew Sust Energ Rev, 2017, 78: 1007-1032

Tsai WT, Tsai YL. Thermochemical characterization of napier
grass as an energy source and its environmental and economic
benefit analysis [J]. Energ Source, Part B: Ecol Plan, 2016, 11 (2):
130-136

Nimmanterdwong P, Chalermsinsuwan B, Ostergard H,
Piumsomboon P. Environmental performance assessment of
Napier grass for bioenergy production [J]. J Cleaner Prod, 2017,
165: 645-655

Weijde TVD, Kamei CLA, Torres AF, Vermerris W, Dolstra
O, Visser RGF, Trindade LM. The potential of C4 grasses for
cellulosic biofuel production [J]. Front Plant Sci, 2013, 4 (107): 107
Weijde TVD, Kiesel A, Igbal Y, Muylle H, Trindade LM. Evaluation
of Miscanthus sinensis biomass quality as feedstock for
conversion into different bioenergy products [J]. GCB Bioenergy,
2017, 9 (1): 176-190

Lorenzana R. Quantitative Trait loci and trait correlations for maize
stover cell wall composition and glucose release for cellulosic
ethanol [J]. Crop Sci, 2010, 50 (2): 541-555

Jung HJG, Bernardo R. Comparison of cell wall polysaccharide
hydrolysis by a dilute acid/enzymatic saccharification process and
rumen microorganisms [J]. Bioenergy Res, 2012, 5 (2): 319-329
Canilha L, Santos VT, Rocha GJ, Jb AES, Giulietti M, Silva SS,
Felipe MG, Ferraz A, Milagres AM, Carvalho W. A study on the
pretreatment of a sugarcane bagasse sample with dilute sulfuric
acid [J]. J Ind Microbiol Biotechnol, 2011, 38 (9): 1467-1475
Masarin F, Gurpilhares DB, Baffa DC, Barbosa MH, Carvalho W,
Ferraz A, Milagres AM. Chemical composition and enzymatic
digestibility of sugarcane clones selected for varied lignin content
[J]. Biotechnol Biofuels, 2011, 4 (1): 55

Amukelani Lacrecia S, Matthias F, Wolfgang F. Genetic mapping
of QTLs for sugar-related traits in a RIL population of Sorghum
bicolor L. Moench [J]. Theo Appl Genet, 2010, 121 (2): 323-336
Stefaniak TR, Dahlberg JA, Bean BW, Dighe N, Wolfrum EJ,
Rooney WL. Variation in biomass composition components
among forage, biomass, sorghum-sudangrass, and sweet
sorghum types [J]. Crop Sci, 2012, 52 (4): 1949-1954

Liao Y, Fang H, Zhang H, Yu Z, Liu Z, Ma X. Energy analysis
and environmental impacts of hybrid giant napier (Pennisetum
hydridum) direct-fired power generation in south China [J]. /IOP
Conf Ser Mater Sci Eng, 2017, 199: 12094

Mohammed |, Abakr Y, Kazi F, Yusup S, Alshareef I, Chin S.
Comprehensive characterization of Napier grass as a feedstock
for thermochemical conversion [J]. Energies, 2015, 8 (5): 3403-
3417

TR, KT, RPUR, BURHE, £ AR, SIP0K, R 2ATR
W0 ) 4 R R AL 0o B < S W AR ML [J]. PR BE46 2%, 2016, 35
(4): 766-772 [Huang ZJ, Zhu ZA, Wu XS, Lai XL, Hu XJ, Cui LH.

71



\712

65

66

67

68

69

70

4l

72

26% £E3H 2020%46H

i #k 5%

Adsorption of heavy metals by biochar from Pennisetum sinese
Roxb. [J]. Environ Chem, 2016, 35 (4): 766-772]

He H, Pan J, Yu P, Chen G, Li H. Effects of hybrid giant Napier
biochar on cadmium migration in a cabbage-soil system
contaminated with cadmium and butachlor [J]. Pol J Environ Stud,
2017, 26 (2): 619-625

SRETHD, BOHRS, MUk, TRIES, B, REAKR. AR A AL
TR PRA R BB [J]. FEES, 2014, 32 (6): 26-32
[Gong SJ, Duan QS, Yang S, Zhang YL, Zhao Y, Qin XD. Effect of
different anaerobic fermentation condition on biogas production of
hybrid Pennisetum [J]. Chin Biogas, 2014, 32 (6): 26-32]

Li L, SunY, Yuan Z, Kong X, Wang Y. Influence of harvest period
and frequency on methane yield of Pennisetum hybrids [J]. J
Energy Eng, 2016, 142 (3): 1-6

AR, PhKW], PR, FLMETE, XWX, 25k AR U A IR AR
KRB SPERERT T[], PE A, 2014, 32 (1): 18-22 [Li LH, Sun
YM, Yuan ZH, Kong XY, Liu XF, Li D. Mono-digestion of different
energy grass and biogas production [J]. Chin Biogas, 2014, 32 (1):
18-22]

JEAUE, BTN, ARER, BB, AR ASIR R BAE D R U AL 7 A
SRR EL]. R E S AR, 2012, 34 (1): 48-52 [Fan XF, Hou XC,
Zhu Y, Wu JY. Biomass yield and quality of hybrid Pennisetum [J].
Chin J Grass, 2012, 34 (1): 48-52]

Weerayutsil P, Khoyun U, Khuanmar K. Optimum ratio of chicken
manure and Napier grass in single stage anaerobic co-digestion
[J]. Energy Procedia, 2016, 100: 22-25

LiL, YingL, SunY, Yuan Z, Lu P, Kang X, Yi Z, Yang G. Influence
of the feedstock ratio and organic loading rate on the co-digestion
performance of Pennisetum hybrid and cow manure [J]. Energy
Fuels, 2018, 32 (4): 5171-5180

Zele, MBAh, HAE, XIRIE, xlkdbe. AR B R SR IGRG R %
PG 7T [J]. TR RETR, 2015, 33 (6): 902-907 [Li B, Zhen XW,
Xiao JX, Liu GJ, Liu YB. Study on Pennisetum pureum and pig

manure mixed fermentation [J]. Renew Energy Resour, 2015, 33

73

74

75

76

77

78

79

80

(6): 902-907]

Dussadee N, Reansuwan K, Ramaraj R. Potential development
of compressed bio-methane gas production from pig farms and
elephant grass silage for transportation in Thailand [J]. Bioresour
Technol, 2014, 155 (4): 438

FRIHF, RN, MR, KRB, B REDRIR SR R A0
BEL Ay Fe L BEFRR 7 s Bl A AT [J]. Bl 2%, 2014, 23 (4): 153-
161 [Wu JZ, Zhang JL, Pan YM, Liu ZW, Zhong XX. Changes of
the content and biomass of cell wall components and calculated
ethanol yields in Pennisetum purpureum and hybrid Pennisetum
during the growing period [J]. Acta Prat Sin, 2014, 23 (4): 153-161]
Li Y, Zhang Y, Zheng H, Jian D, Zhang H, Wu J, Huang H.
Preliminary evaluation of five elephant grass cultivars harvested
at different time for sugar production [J]. Chin J Chem Eng, 2015,
23 (7): 1188-1193

Kang X, Sun Y, Li L, Kong X, Yuan Z. Improving methane
production from anaerobic digestion of Pennisetum hydridum by
alkaline pretreatment [J]. Bioresour Technol, 2017, 255: 205-212
Yasude M, Ishii Y, Ohta K. Napier grass (Pennisetum prupureum
Schuach) as a raw material for bioethanol prodution: pretreatment,
saccharification, and fermentation [J]. Biotechnol Bioprocess Eng,
2014, 19: 943-950

Camesasca L, Ramirez M, Guigou M, Ferrari M, Lareo C.
Evaluation of dilute acid and alkaline pretreatments, enzymatic
hydrolysis and fermentation of napiergrass for fuel ethanol
production [J]. Biomass Bioenergy, 2015, 74: 193-201

Jiang Y, Wu Q, Wei Z, Wang J, Fan Z, Pang Z, Zhu Z, Zheng S,
Lin X, Chen Y. Papermaking potential of Pennisetum hybridum
fiber after fertilizing treatment with municipal sewage sludge [J]. J
Clean Prod, 2019, 208: 889-896

Chen HZ, Zhang JX, Leung CL, Li Y. A processing method for
fractionally converting pennisetum hydridum into fuel ethanol
with co-production of electricity generation and paper pulp:
US20110104773A1 [P]. 2011-05-05



