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A summary of ecological and energy-producing effects of perennial energy grasses

XIE Xin-Ming ,ZHOU Feng, ZHAO Yan-Hui, LU Xiao-Liang
College of Agriculture, South China Agricultural University, Guangzhou 510642, China
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Abstract; Many perennial grasses have been indicated as having superior atiributes as energy plants such as having high
biomass yield and a wide variety of ecological functions. Since the mid-1980s there has been increasing interest in the use
of perennial grasses as energy plants in US and Europe as the biomass materials of perennial grasses can be readily
converted to energy through combustion, gasification and liquefaction. In US, the Herbaceous Energy Crops Research
Program ( HECP) , was established in 1984 with funding from the US Department of Energy ( DOE). HECP has evaluated
35 potential herbaceous crops of which 18 were perennial grasses, and has indicated that switchgrass ( Panicum virgatum) ,
a native perennial grass, has the greatest potential as an energy plant. In 1991, the DOE’s Bioenergy Feedstock
Development Program ( BFDP) , which evolved from the HECP, decided to focus research on a " model" crop system and to
concentrate research resources on switchgrass, in order to rapidly achieve its maximal output as a biomass crop. In Europe,
about 20 perennial grasses have been tested and four perennial rhizomatous grasses ( PRG), namely miscanthus
( Miscanthus spp. ) , reed canary grass ( Phalaris arundinacea) , giant reed (Arundo donax) and switchgrass were chosen
for further exploration.

There are many ecological benefits could be achieved from the production and use of perennial energy grasses. The

substitution of fossil fuels or of raw materials based on fossil fuels by biomass of perennial grasses is an important
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contribution to reduce CO, emissions. Also, unlike annual crops, the need for soil tillage in growing perennial grasses is
limited to the year in which the plants are established. The ecological advantages of the long periods without tilling may
include reduced risk of soil erosion and a likely increase in soil carbon content. Furthermore, due to the recycling of
nutrients by their rhizome systems, perennial grasses have a low demand for nutrient inputs. Since they have fewer natural
pests than most crops, they may also be produced with little or no pesticide use. Some of the perennial grasses have also
been indicated to have tolerance to heavy metals and can therefore be used for the recovery of heavy metal-polluted soils.
Studies also show that an increase in abundance and activities of different animal species, especially birds, mammals and
insects, occur in stands of perennial grasses due to relatively long period of free of soil disturbance, late harvest of the
grasses in winter to early spring and the insecticide-free systems. These indicate that growing perennial grasses can provide
ecological services in agricultural production systems, and can also function as elements in landscape management and as
habitat for different animal species.

The aim of this review is to summarize previous studies on selecting perennial grasses for bioenergy production in US
and Europe, and to give an overview of the characteristics of the four most investigated perennial rhizomatous grasses as
energy plant. A new approach of exploiting non-food crops on the non-agricultural lands in China is proposed. It is very
important and urgent to develop bioenergy production in China, and it is expected that perennial grasses will be set for a

comeback through a number of different energy conversion pathways in the future.

Key Words: perennial grasses; energy plants; energy-producing effects; ecological functions
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YIS BB BRI ™ . REZEX Y RBIRAAE B R H %G, A X Y S s 2 B 4
PEARBBEE , KBBR B BARRRE R BEEORE K5 A 280 H #4957 , B R R A4 7™
HEYFRERRRASE" . BRERIA 132 ANORKE, REFORT TR WM H RS2 F e RE
YK RN R E RELEFN AR LR, N ERERARARBT2AR, ZR M KERMENK
JRAEYIRBIREMFEEEIRIE, 70 ERMRKTRAZEZ BT, BA TR TR EY R
BREIAE R, TR, AT ZE R Bt M T EAMEY) , X BEERIRRES T THIMIKHE,

BRIRAR B8 RIS IR S X AE R HRA R4 Y ™ 81 ZFERZEKRE (PRG) R AR
CRE . XEARFAMT LUET B ARG A 7 IR AE B F AR , 0 7T LIE A B4k IR IR AL S5 T B e AL UM
N HREIR i, BRENRET A EZELRERERRA W PESERL.: (1) BHEYRBERILAR
BH 8> CO,BIHEMR ; (2) 7EA T LRI A 7= SR 0] , 3 T #H VR OURR T 800 48, WT PR L 3 Rk
B XURS: , 3 13 B & & 5 (3) BRI E AR ZE REVATEIA AR, B LR R S A ZSRARE; (4) RA
FHED AFEIARDFTERBEN; (5) AR MK BAREF# R B30 5 3w, T8
Mo 3 BRI HUR B EBMERE DHRR; (6) B TRAAT T, B LA 2 RFERIERIK
FHE, URTAEAER, TSREELERERAPARYR, RIS XK . HASIYHNRLEEN
- /1a

H B, ZERRYH 71 3% B X 3 S8 A M W BF 55, JF R AR R AE BEAT 43 30 K an 3%, A5 2 0B B W= R A MR
( Panicum virgatum L. ) .28 ( Miscanthus spp. ) . #8E ( Phalaris arundinacea L. ) 1747 ( Arundo donax L.)
20 R, FRE LARBIRTT & 0 B B B S 4F A R B A S R OE R TF IR, 6 R LA W SR B B B ST B TS
MG, AT HBEH XML F REE—AE YRR FTE R, MERRENERE, A ERFHR, A5
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WA, AR RIS RTR AR T KRR Y R R IR WAL RF R B B EE SR TRREE KA
REBIRARE B ST IR, i A A 382 5 T AR BR BEAT T 40 , il D B BRIR AR B 65T & P R At
RREE LR,

1 HRMAZSELERFEREERZEREZEN

HAA R B R AR o] LAV G BRIRA Y im LARI A , (BAE A P08 0 A W R R i L A TG D AR
HERE ST HEAEZAR, HIL, THEAEY RSB EY RN A ERER,

F7E 1978 48, L E AEIRAR( DOE) gL oL T —HUA XA YR BB 4 BHY R BT RITE , EZ R4 XA [
BEATORIS , AR O R R IAMARAE MR E (SRWCP) 7, 3F i ARl Bl 58 52 4 %8 (ORNL) A 5L, 1984
ENBOLT “ EARRFHEYBIF TR E (HECP) 7 , R X B AR AN BEERE, NEF L, HECP 3t
RITERBH Ve LI, SRGHAEE T ED

HECP 7HRIFF i = A b TEAP 0 18 , I s AR R RN VBN SE M (B R M | Z AR
JEERHEMN , IRE A AR B X 0E R RN A B A R B BRAE A 5E . 7E 1985 ~ 1989 4F [A] A
35 FPEAM YR 18 R R R ED Hrh G Y7 WA IKEE [ Agropyron desertorum. ( Fisch ex
Link) Schult. ] . B 55 B3 ( Agrostis gigantea Roth. ) \ JGTE4E 3 ( Bromus inermis Leyss. ) W (B B [ Elytrigia
intermedia (Host) Nevski. ] . JE i {B 3 & [ Elytrigia pontica ( Podp) Holub. ], &£ 3 ( Festuca arundinacea
Schreb ) \HvKE [ Pascopyrum smithii (Rydb. ) A. Love] REELFNH EE ¥ ( Phleum pratense L. ) ; C,AA¥)E0HE KM
B (Andropogon gerardii Vitman) Ji] ZF#R ( Cynodon dactylon L. ) \Z5 W il J§ & [ Eragrostis curvula ( Schrad. )
Nees. | Wit #R. B EE (Paspalum notatum Flugge) . B E ( Pennisetum purpureum Schum) . H BE ( Saccharum
spp- ) A [ Sorghum halepense (L. ) Pers. | FIEZFEAREEHEAK [ Tripsacum dactyloides (L. ) L. ], 1990 4 HECP
BN YRR PR JETTHRITE (BFDP) 7,

M 1991 4¢3, BFDP T B g R P 3 T2 RE R PR L, I s B8R 1 i = i A
AP, ORI B R N AR TER B /9, 1992 48, EERRIRE @S BFDP JR 3 T 6 ML IR, 1rgext
MR B R A TR,

T EEA YR AR TR, 5 E EIREFE T 2000 4E B T E S EYRBE.O , W BEIRER AT B L s
WAV R A& T B BEA TR L HE, I RMEEOR S 1, PO RTEE R W FHAE RRIR 558w % (NREL) , 73 4b, B0
I B < S %% (ORNL) P /RIT E X L% (ANL) \BAMER TR 53R LR E (INEEL) \HIL R FHEER
4% (PNNL) FW#2 5T bR . Hrr, ORNL #1 INEEL M2 A=Wy 4E iz i A RS 7 TH F)
R TAE A WG e B PP 4 3% i NREL ORNL J% INEEL R5ER™

BT, REEY RARHE ST RSURFZN TR (1) EYMRAEPR ; (2) B FE RO BARE ;
(3) P ZEHA T B BRI ; (4) EW = MBER ; (5) ALY RERIE] o 18 2005 454 RV R AERY
UAREFES A 1 JuR 15 s, 0 278 TR EARRFZNRBRE I OB 8", %ME
XA ERBIR R A Y6 B, 40 PYEERE B S8 (CAD) (BiisERR FY BEHC REME ( COMT) S5 A TR B IA4Z,
REFEARR S EROMSR, 750, EREEXEER 3- R LM (C3H) (B A 8 (ALDH) 1 COMT II
SRR THERBE NIRRT ZRE SRR ENWHILER, TR RIFEEE MR 5 RS 5 b
17 2B AL RN LR, , 2T B RS 2 MR Pl R B 2 R R S A TR R R E AT &

WRHN Hr 2245 A REAE A Y R BE R DRSS 46 T 25 JBAR M) ( Miscanthus ) o 20 40 60 424X, ZEPFE AT T H
R R — MR, HE7E 1983 4E RS TS5 — MRS, MR B, T 1989 4E S T
RRYH JOULF R B, 4 A FHE EE. B/RZMEEE . TR B A, ARFABELRWELE
(Miscanthus x giganteus Greef et Deu. ) 4B S, 1993 4£, XAERW AIR H-RITE T HE T — 16 HIE
W A B B R TR, Kb A B BRI, Z4h, FH3 = BE B A Am L FEE
K EBARE B T A LB YA T KT S S BU RBOR AN T BB TR, 1997 48, 7ERK
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¥ FAIR W RITH 315 F ,— MG X 2KA R EE LB E YN RN AT HOTE R . Fat,
B R ARG BRI B B T 422 “ RIR A SIS R SR AL E R BFSTH R A1 EC-AIR HR1F B9 Bk 2
B R4 TR E MRS,

B BARIAL , BRUNAETF R T X5 24 4 Bfb L BB | SEE A BT SE 5 2 T4k , 3R 3 A AT A 28
BHTHAG. 20 10 Z4E 0 R TR NEE T MR B SRR 2 37" AR 5 R
TEALBRAS E i TS BT, IR o a6 24 [ M AE TR TTAT M A8 B THESE . AT S, 46 BRI
YR B R AR B GBI B FF 16 , 7ZERKI FAIR WA T B« AR T 1997 45 1 A7, B
H7E T X R YRR S FR RS B . BRI HIBTR B B FEE MR, I 1988 4572, Bk
FHE T E SHOBR BB R BT T B, It HAE AR T/ BRI, & 20 24 G Fh bk
- A
2 JURMER AETE R B AU R
2.1 MR

Ve BT Y, AR B TY RSN RES, MRS X —ZR , [BREMHH A
MEBKPHARR, R TYRBHEAE—EHTIE, KOE 8 ~35t-m """, BETHA LAY
B G20 BGRB8 BRI G aHEE T 50% " B H, MIBUR K FHAEFI I 34 0. 89 ~
1.07g-MJ ™' 10 IS4 SRS (PAR) Sy 2Rt B AR SFI % 1.96 ~2.20 g-MJ ™', ZLI4E& 10 t-hm ™
I, R AR B RA  T 30 AR,

EWREK TR S BN EEREFREEEEW, KO SEE, SEEE DK THEA; K Na,
ClL.Si SR & BE , BRH BB ISR, B RE b, ¥ T M A PR, 17 it 2 e A 40 B 3
B, Hit, BENREREN RGBS BOARENSER, AN XEGROKATESE" , SHB1 F4
BRACYIH H BRI BARBI K A FR 504 8, UL R i e (211,

#*1 NEBEMEMS HRIEDHAES KRS SR

Table 1 Heating value, moisture and ash content of switchgrass and three crops

s Koars g E Wy
Material Moisture content (% ) Heating value (MJ-kg~!) Ash content (% )
/INEFEFT Wheat straw 6.16 16. 81 8.32
KEFEFT Barley straw 7.11 16.12 10.72
EHFEFT Com stover 9.41 16.18 7.46
HWIASHE Switchgrass 5.64 17.61 5.49

FE K 10 ZEK TR ATAAER, IR EHE R EYHSETEARETEEENE
M, BRSERER, WA YR S R SR (IRAR) ( co-firing;; co-combustion ) 2 H , 2 AR 5% o 1 B Y 2= W R
AR, 1998 4 i EERIEES B A A B A PFSEHT .EPRI 1 Foster Wheeler % JB/A Rl B L R QMBS
25, 38 T AN 5 1R = B T AT AT A B B R AR TS B TR, BRI T AH
ERIBR T AR, SRAW, ¥ 10% 0B8R 90% HExiBA BA BT SRR, SO, 1 NO, i
Hen B ahE R

B F TR R AL , MR R B TR b 2 A B IR A B B S B I SALE R A = H B S S MR
e s A A AR A T Z B B, 2B R, A S B LR B, K R
B 4.5 48, P ERIBE BB HBA LY 1.1 ~ 1.2, WA 4.34% . BiRE" S0 mYERE ™
K ZBR L EKSE 1 SRR 55% s 2B U0E i ks i e s s L AR A R FFF PR R %
REERAAIHEN T BB, MR A RE & M ZE (R = output/input) Ky 12 ~ 17, ERBFRLH 6, R FEFF
WA, B R HRE 0 REEAE 8, Filt, Bt NSH KA TR A ESE KRELZEBERE
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kZBmMEERE

NIBEBRIE BT 54 2% 3554k ( co-gasification ) BT RETRA: 7=, ZERFRBAM T B AL 3 1 < H
RN, W A EEE B TREN A, BEEERSAPREUEESBE, FIESHMEELE
AR AR Bl TR R ET LRk AE =, MREAKEYERSEETHH, TR A
R ARBEEEAT BRI . SRS SRR KA BRI AR R TE 895 C &R T IS4k, MIBR KA IR IR
R 8 51, XBEMMK TR SALE A , A MORRI A T WA i A T B , T8 — 259078,

B2 B E—F RARRA RN EN e S, B BRI S s 44 17!
i, 7E 13 M hm® SEEAR B _EA: PR BR Ak He Ak 7= B MR A B RO 28 A s 5 IR TE MY, th L T 7=
AR L ARRBRSEE., WEREREFESLE, BEATECHEILHENSIMREL L, AR REE
AHRTRAE R, A T E IR X R R KA BRI
2.2 EER

BN R R BRI SRR, TYHESE ) 10 ~40 t-hm>a™' ™ | 7E3EHEME
BT, AR (RUE) 4 2.76 ~3.29 g-MJ ' 1®) #4{8% 16.5 MJ-kg ™", P2 RER 7 291GT -hm > a™" ™
B 284 GJ/hm™a, RERSI A R 47, EBMAGERERERL T, B A= E N 564 GJ-hm>a™ =Rk &
#7543 GJ-hm™a™'  BEEHHEA N 225,

R —, BB O SER IR IESARBEITRRRAE =, ERW, LEFETELE S5E R
SRR P RIS, — I o 50% ME B 518 R T 78MW R AL IR R e b ke s — ¥4 20% E &£ E
80% B S 160MW M REERRHP R ES , HERBHH I o A B s T — R e BoR i e, B
B RRER LR VE IR AT BN E RIS TE S, 0L 20 t-hm o™ BT 7R R LT A 50 km 2P (AR
19500 hm®) , T 4= 7= 5 #EE T4 39000 t,%—4> 263 MW $r ) R34, G4E A 7000h BE B . Xk,
FAET 4 234000 t BELE , R/ 60400 t CO, FIHERE ™, B#E Clifton-Brown ™ 31,2000 412 iy =
HE7ERSE 15 B SHE=HEN 9% , P Z/R2HE, S EHEN 37% , BHRF RS, SHEHER
1.5%,

BERIERAB R ESRMEEA NN NP K.S EYHTENKIEE, 5 1 FERSHEYHI, B
EREAERXHNEE, BAELZRBEESRRN, KT YR ERTHEBRAM TRE P, EFEN
2 Bk -m 7?4 N JER 100 kg-hm *HAH T, EX BN YRS ESH N N 0.2% ~0.25% P 0.06% K
0.65% .C10.11% .S 0.25% ,{EFREE N 0.46% K 1.2% .C1 0.47% F1S 0.35% AR &8, ER-EH
HA 20% ~30% WKk a& 8, XA B FRIMERAMRESA, RELEYREERN 3 &, XERECH
M B B S kR,

SR RHIMAR (SRC) R BR EE K E S B R A — KB > (8 Price Y0, B 5 X H M
Y BALE, FOvE R AIAR TR 8K 10 ~12 t-hm >a™' , H RAER 2 ~3a FIH 1 K, T E £
FH R GER 20 ~30 t-hm a™' AT %40 t-hm ~>a™") i HL AT LSRN 15a, N TY B A8
BEERARE  ERE 2 LKA EN TR RERINFE(17440. SMJ -hm > a™" ) AR THIRE 2 4 P45 3
{B(19373.5 MJ-hm >a™"),

2.3 @BEMEA

AR P R R EENRERARE R iR A Y R B 5 &R 5 E R R R R, In+ 82k
B Mok B BRI AR RS, EFHRARETYRZENS ~12 t-hm ™2™ % FEBE Y 6 ~ 12
t-hm™%a™' P FERYCRTT o2 B 2R S R, TSR EFRAEMOEETE, I K,
Ca.Mg.P.Cl &R/ 2 ~6 £, FB AT #£F7E 1070°C % 1400°C {BE TR BIELIEE . AR EES
WORHET , B YR T ERAE RO, to TR R A 4 . R4 1 Gl BB IR R A2
RAEPIRERTHY 3 £, (K s B AASFFHE IR — 19 HLBR A, T FLBSA I T A B 18 P e A AR, BB W T 26
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15% ~20% "', 433 Larsson" fYBHST , ZEFR L Bjurholm EA X, #f 220 hm’ I 7% HFH TR G, A 7=
B A R TT o 1 X RBERERB R Y 25%

AT B A B R P B BB AR M AR P2 AR F B AR R A B KR8 4K, B 9 5 ~ 35 t-hm > a ™' P T HARIF
A HRIEE A . WFERIBRRE , ZEFHREN17.3 ~18.8 MJ-kg ™' 1} 14.8 ~18.2 MJ-kg ™', 3F
RERMAMAE T ARTAR, A TS, ZAEERLET, HIE N 17.2 M kg™ ZEEBRLTE T,
16.1 MJ-kg™' ), B4 BERAAATHNOAR, KRS ETYRT S BN TEE N 4.8% ~7.4% , FE
BER17.7% ~19.4% ; 2 B RERE, 2 NE X5 0.2% ~0.4% M- H% 1% ™,

B, FAEEYTREEEREBAN 50% FHTHEMB AP, I 244 £ REN LI TRIEMHPHEBA
SEEIEEAN S HA R, XRER S RE B A L SE IS AW R B, ATTE 6a RN BB W A
B 26 ~ 100( MIEFEBIAHEAE) 7 i B TR ERg 8. 5™ . REH TR,

3 NAMENXEEREREN—BEYEMESEHAE
3.1 HIER

LS, AREIMNE Z4EAE CORE, #RRAEE 3m, MREET A 3. 5m, BUERZE, XE 50478 1T B
Ko SKAFERE, KEEISEETE B R RS, K 15 ~55em, FFTFRES. 15 ~5.67g, 7
EHAEHHBRT , FHTKE 10 FRERD,

SIEGH, BRAEM, RSy 9, BANEER(2n =45 =36) (AR (2n =6x =54) AR (20
=8x = 72) 3 AR KT, LI R E B AR 2 MR, BB N B, BRIAR
PR B EEFRE, RE B, BN TR TR, RHRE RBEHON IR, ZEFPRRE B K B, XTHRR
(Puccinia graminis) ) HL i, BR, DM LR 2 AR ®RT M H FEY R =K &M H R
37 /l\[13, 46] o

AEASTE I R , BT B R , BEAE K T WU BRE M B IR i 528 138 B N9 pH 9 4.9 ~7.6, B ARE
RIRE 10.3°C, HRE N 29. 5CH, KESE BT M FERBEFEEE -4CHA 50% MAERIET, T7EIE
HERREEE T, 1 B RS - 1I8CIRBRIKIT A,

ASLPRA T AR B A BRI LB, R XS A F FARZBM BN % T E EK
RIGEM A ST, MR AZE W B EAEM G, A8 X EERKNEREN T, JERNFET
W BIEREIRA TR, T HERE B U OZRTRENEND . ZRENE T HREOCARFNMHEER
FOOE BB A A
3.2 =g

BFEFEFRL, S Zam TALRBEER SIS T ERE MR RX, 2B3t4 417 F, 9 E>™
6 7, AR B R AEERE Z. REEH, BXAREM, EEREG TRES =AM E LM, Jefafk
HHON 19, ZREERE LR Y EEYCN 57, W88 M. sacchari Borus ( ZfFR) FIHE (M. sinensis, PUAEHR) Ky
RAIRZAHH , B LA RA FERM LA 7,

EREYUNB R EEE CORE KR 2 ~4m, REKE, —BALEEAE Im L) b RZEHGE T
FT 10em 24, HEK M A, T B TR R KM R G, IR0 B B, S EER 35 100, &
ArE N 18 ~20a, B K W3E 25a, FpFTHiE 250 ~ 1000mg™ ¥’

ZRAYIN LIEE N R LR R EE T, VS L P BRI, X B RE MR
0 BB EK CEH EPMESENERAE, ¥ WL, B R G S AR B4
B BRI TR K ISR IR L B 1L 52 TR s v, BT A TR B ik AR E ™ . BEZLTR 39°C MR, (B3
IR R, I - 3. SC T S E L EREF T, BN KRIGEEEBAE -6.5C™,

He Wy R LI R 53 A, T2 U HOTRL B 600°C , (B AT B AL IR . B R RENA
T B R ERK, B TR B AR B LA BB G40 MFET, CL A K 85K i o2 B FREK1EH
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TR AE RIS . BB R RA 14E 1 WEBOBGI B, ORBR , R R B il . B4k, Zlilikds
¥ SRR R, BB G EED .
3.3 m

KEE B4 CARE, ) oA TR AL ERIB A X, 78 1 R RS R AH T
AR, PEIME . & 1.5 ~3.0m; RER X, T Lem, BESRGRARE R 3m DL B, T8 B3R
BB, R/, TRE 0.85 ~ 1. 00g, FIHHEA T 5 10a™ . BIRIERK(2n =45 =28) . BEAXAE™,
ESER 2, A2 A RMAERE,

AR ERR, B TERY HEEAME, 7 - 1TCAB T Rel4&, M. mKEERS T HMASRRE, [
XARM R . MW HIBERA, AASLTEPHREER BB A KR, WAEEREAG, AL
N4, 76 pH4. 45 MERME L IRPAERKIFR T, AAFENELANES, BAREH RMIZER, R
BEZEHRBOREES , KBTI X",

KZU RTINS K Ca Mg P.Cl &8 , 4 B T AU Beid 7= e S iy IR A 70 B F) FiE 3R WO B
HRIABER 4 ~5 AHAT, W R E 2K Y, RN KT K8,

3.4 EH

BETEH, PEEI . B TFTREEZMEFHE (KK AEL 5. FLAERE . EEMRIGY
), Elsit R L E KSR, BRDES TR RSB mX ™ BB R EELE C,RE (2n =
110) , 8k 3 ~6m, ZA4EHEN, BAMAERKEETE 0.3 ~0.7m, BARKZNARRRE, TS LEE
HEAHIE PRt AR R A LB 1, BFAE, EEUAREIAT RS B0,

FATRAT A SEN I, B A, SR, BATHOKRFARE R L8 TAKTNE
L IEMA Y LSRR b B A RE AT M, AR RN PR ER ALK, ERSE. IR,
WIVE DR R, S REEIE LR emY,

XHFEFRU, A1 MERBIROR 2 K, BEENBARBERENEKE  FIBE=EN TR, £
R X AT A ORI MR AR S 8D,

4 RESEEGEREHRE LSS
4.1 FETFHERAKKEYAHE

WEED RBEREEFR, R BRET S KNEY 7 XA R AESEREZAELRS
Y, BT SEEORRE  LH FOKAE SR R 2R HA T 2R SN 2R, FAREYBEERARE
RELR KM EAEREAN T — MRS . AMMISAF B I RENSHELBRAEEMERAN
Y, R AR AET (M. floridulus) BB XFEHITIEE, B &5 Ems E% ™ W R |, e
WeBE N 100 mg-kg ' ZEA B Cu®* (P2 Cd** \Zn®* \Ni** \Hg’* ¥R N 50 mg-kg ™'y Cr° " BRI IEH
g, BARRIEHAN, MYERN T SRE A FR BRI, MY B B 34k R SR, EHEETE
K EE, HEREEEARAZESBIMENEM, Fi, HEPELS R REREAY A KK mPEL, B
YRR ERIN, EFEEEELRNMRBRREREIBRNES, REAFMARTELSRWEESEMA
P> BERAEEYRR BREE EHAR JURE EHRBEMNE, MEELHESBRE S WENE
—ERN S, B—MERERMRRIRGES B A ENEER R,

MAKIBH BRI AT 20 A CuZn Fe STTR RE SN EIERE , X 3 e BTENRE 2 HHE
B R E XX e B IR A RRAN R E SR, T LLE B N ST X+ Cu FSYRYE R
YR EIRMURIR . BRI, (M. sinensis) B R—F L ELBWEMEY, X 4 FHE LB
PN : Cd < Cu <Zn =Pb8! |

T M R RE T UG B KR B NP K &0 R4, BRAKEF RS, WHEFERHAER
AR BEK B MK A4 PR . TER A TR, HHEERM NP HKE, R EAEILE LRI
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o i 2 4 % H NP A B (S 0 AT 2, RSB 2K N R R 0 22. 43 gom %, P YA K 5. 90
gom™, MM AP EEE A AT 44688 m®, WIRAE S BTN EHEATIRE], BER T MR E 1002 kg B
N f1263kg 4 P, BEATRYE N.P (B EIRLREE, AT YIME Yo ) 5 AR TR SR RHI LA A
4.2 R HIEAERA BRI RS

FIRIEWIZ N 1 4, EAEHHET 6 L A VIS B 60% , B B SER BRI RS C
MEIE 2.7 x10°) | FRF A +IRE I IR BEERER 70 5%, RBWSY, KB HER %
RERBE A 200 421, HilL, EEE2S7 1985 45813 T CRP ( Conservation Reserve Program ) F LA InagE Xt
2Bk RS, 2 B EAE CRP +31 AP B 4E A R TAGE 1.3 x 10" hm®, R4 230, 78 300cm
TEH CHIRIAE N 1.1 t-hm a1 Fi S 4 SFR T AL JLHEBHER K C 1923% . HARFRAIR AN C
BB R TIE 3 tohm e~ (%1 0k PR A M SRR 4 t-hm 2™ R 1R XU F
+ 8 C g B IR AT R B mERER

FOAF AR R R 2 T DAB 3% S S5 , HESRAK O, SR AT S5 H A LM B B SR S I i M A
SRR, B e, M BT S 4 R ENIRRNZ SRS, MRS LRAIRS & 302, &
IR BRIt , FORIRAR H 1 AR AR YIRETE C IO¥E o BB R3RT 45 HIR7E 300m i+ 2 R4 C
BB ETURAE R, 58 YRS, + I C R FLEE™ . X—4 5 183 Frank 415 %
WV TARMIESS , SRR TR 8 EFEAE 30 ~90cm B9+ /20, AV A 1.01 kg-m a™" ,FiH C
TR, AR R B L AR . M Ma ' g5 5k F , A4S 10a /5 BOWIRB R M1, 76 0 ~ 15em Al
15 ~30cm +EHFEVERE S5 F AR RN IRE T 45% f128%

TG —4E LAY, B BT EROBE , R AR B YR, Tl R B R, R T
5 R AR R P O SR, SR P AR ORI SR R K AR R B A B, BN  25% ~ 50% 1 T4
R EERM ) Mk BB R B L AT A YR R TR R L AR, B CH
REE MR RV, 7E 0 ~20 om WL 20, K B 9 4FA4R 16 42 BB A IR B 13% M1 31% ;7E0
~100 cm /29, A 26% ~29%C RHEEEFHA®

A AR AR R BT LA B 78 + SRR & 1, T ELFT B8 + 3B A0 BL 4  , Capriel 2™ 1 Monreal 25
P HEEE VUL B LR R, RE BB YL A WA BRI RESMEERFANSER, BALEY
FBKEZE 5 8+ BERE MM , TR . RS AR I MR B A . O, AER R s R M X B
Hofe2s | E AR RS YT, b AN T L3 DL BB A , 33X Hn s A IR B S0 B i AR
HEE,

A RS E SR R B R A 3R, TR B B 45 B S SRR R 2 U5, A R BUER
WSO BB TG , 2 OB U, A 0 SR A o ™ 00 R T e EE R BE 0 B A TR R A e 25 A, 7R
A ST IR ™ USR0S R R B, BB B R P, T B AR, AR
Shoji 2™ BYBFEY , 58 390 R B 98 50k B Hh 7 BMRAR U KNP Ca Mg, BA KMt 2B -4
RS MR Rt 57) D HHILLA 308 kb N Dby TR
( HRZERR R BB 25% ) AMERRN S 18R K 5 64 kg-hm ~a™' \N 4 60 kg-hm ™a ™", X 0B R AR F]
LB SR RERI S, FE, P 4R A SRR 250k kMR R AL AR B9 6 F 8, 400, AR B4 N A B
8570 ~100 kg-hm ™ R F A IR (138 ~ 154 kg-hm ™) 9 —2 704, IR IR BER 4% vl 0 R A ze
BB 445 (5 A PR R 78 10a DAL, T E R SUHAG 1 4F A R B EAEEBEM A B, R
TAFRA, WEE T AES R, X2 RTS8 AT A, 48 FEA M 7%, 9 v Bk s
Yl 51 AR AEYIAE L, (8 R A SR IR AR Y (HEC) BT - 3300 R 1 3R 2 95% , 2% s ) i a8 F B g 2>
#390% ",
4.3 WBRESEHRE

AR R A LU LA FRR Xt KA, CO, P e M 55— M C 204 e A 38 7 HLBR (30 S
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R) 5 B, RELARBH R, BIE AR CO, KA, BB, 7EmEE (kg C-GI™") IyEERY B,
BRI CO,HEE N 1.9, MRASR A MR MHEN Y 13.8.22.3 f124.6, HMt, HAREAYRNA
BALA B RE T K KRG CO, bR . NETEERE  EERR e s, B4 7= 10 2 ] BB R HEK
96.6 kg i CO, . & FE BB BIE T2 90% B9 CO,HEiE ™ s i Lt T2 T = a , 7T ISR A# CO, HE
HEO0.5t P EMYAEMEASRESREIOVERN 1% , SEEBABMERE /57 45 R7EERHK
BT, T RIEE R S0, NO, &K ESANHHE,

4.4 BRATFEYZHEREN S E

FRARHPES 7T L) 2 3 15, S E A6 3, (5L L A5 B B 0 8 SUR A B S SE 30T 4R BRI B
BRI A B RRWE, I K ER S RN E TSR E L5, 7T LI X SRR LN AR
S, BRI B RS A B BN R T RS IR R M, T AR U B R
FEEMNNERE AR A, XM REZHEERSEEEREYB SRR LK™, B, ERE
LA BT S B0 S 2K (AN =48 RS RS A RSL 22 %84 ) SR 4016 Bt , i) - B s IR A M R A F13g
BT, MEMEBNA TSR T EIRFMER R, BRI R IRE A R R B E SRR & ™,

B FRE 244 RBIR AR E R AR B EY R (R BAFLIES) , A L B ESER T, AR
REFRZMERBWIR, U BN MRS T RN EL G, £F8 T W& H (Diptera) | fE# B
( Hymenoptera) ,5#3# H ( Heteroptera) FI### B ( Coleoptera) SFJLHMHESI W B, Rl EHREFRE,
SRPIBRHE Y0 A 257 B SR R B 2 AL , BTG E d gy 5k B, R, B & RS s
RERMBBERSYRR, XHEEE R T RERIFNEYEE. KBFESER L dscs T A sh i s s Fek
% Bh YT A 7 IR 5E s LR F A, I 7R B B b B A AR, MR e T B VDU B iR S I LB B B
hn™
5 BEEREMMRESHE

EYIRENREARZFPZH, KRBT AR (1) BERRESAR (ERE AR R R e B0 B
%) ; Q) Y FHBAR (AR TR B BBHIHE) s ) A4 ER AR (EHEHRCERAR BRREE
FARSE) ; (HHEPHBEAR, ZHEERERTEIARRAERFHOKLAYREFRMEY , B7ERTEAHE X
ERANREBERE BUFERE P SA BRABMLERESHE AR, ABARMAERH, BREIRZEFE
— B B ARMERE S , FoAtBe AR B AR A B, (B AR 7= BLAR ok, 2 AR — S R AL i

MERSMITTR BT B YR E RS R B RSAR BN AR D EARD, F O AR
TR BB, XA, X T RETRARE A A R T T WAV R = 2 MK 23 2 5 ke, R 2228,
BEMA T EHEYEREERE SR SEHTINZR, HE ST R B T4 7= Fe B SR AR B ekt
DR HAEY R &, R EKS &8, X RT £ 20 B4ERKEEFAERRRE EHBIRELRD

SR, MR RBTRI TR R RILRE , BB TR B 8 1, B, A3 B ERESIAR G A 4R
HIBURS Z IR B AR B R SEF= T B, FERHBZERSARLE 19 oo #l, HEARFEHEEEFE RS
I AR K G s, BIC R R BN OB, BT A4 R G RERFARRR 2 BB SRE
—EBH, REREE T YRR A LR ERNORRRRE, FEHEARE BT BOAERFES . 45
X—EE, B R XTI A TE R T M ARERS : (1) BF AR R & 2 AR AR e IR
AREFSF AXZECHRETHRAREVNESRERN TRE MR, I BE3 T EERIEFMEBIEARKE 4
YIRBETT & R BB s Q) AR ZMBEATIR, BB AR ERBER KB Sk A TE
BRI A [ 2R A ek A P A TR AL ML R PR R R R B O R E R I R S 5 T s (3) P R L 5 41 4
REAETHAR, BN TR ZRN A=A, B R A R,

B AREARERLEYRBHFARFHR - NR 08, FEICERERRE, RREEM
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6 BEUER®E
6.1 FMiHE ZBERENEERLE

RE B RTH/K LR ERIE , K L RE TR 5 E L ERE 37% , FARE R R 16.55% KT it FF 1K
F(29.6% ) , AT R T, AR SHASHE, TITRE AR BRI, £ K ARESREH BRI
T, “+H"EIHE, TP EFSSFHRERE, 2Rl 2 E R E, 2 E i m R 616.0 77
hm” ,4E S4B 0 Bk 123.2 07 b’ [AA, REHA T 112 ho 551051 R 0 7 - 0 3 A 18 B ELIE A ROR
T, BRI, R 2B A PR A B EOK TR R B R SR B R e R SRR, 3. U BB A
1t ZBE R RRE KR BRI, Bouls o IS, I SREBORE RARAE R, 45w s EY
FISHYIRRET MR, FIREZ B R 5 AR E . XS RIRH R ABIE B THRARE SHEA SR S35
M BB RE TR A

B SRR AR SR E KT AERE L EAEE BRI . T LMD R YE ST S
B BRI, B, RAR R 2 Tk SR BB SR, U R R E 0 B, R A A SR B ,
HAECVEYRER TSR BHEERMN, 422 BRELE YRR A9 B H B

EE I —MER K EAR S SRR 2 R RS TR BRI 8, Hoh 2 B RS M E RE A
KRG , B HNEH %57 )& ( Neyraudia) JiI \ TJ& ( Narenga ) W& ( Erianthus) & J& ( Themeda ) FIAR B
J& (Pennisetum ) S 42 Wy JR 7= B AR B 19 C, B4EE R, LU J KM 2 ( Deyeusia langsdorffii) | 4 % ( Phragmites
australis) JH 7 ( Thysanolaena maxima) SRR CRE B0 Z B R RA IR A AT LITH . M7 AR
SEH—HCPEAEYRERAEARTEN )R EER, REEYEREER =S, BAHERS+2ET, WA
FEENEBRRERA AT . B, B YT T RR I BRI R 2, R ) T30 B A ) R R B 4 Lok
W, AR IR, TR LR R, o BN R 8, MO RO RE SR, R B R RIS, BT
HERSFHENERE. BAEEENIREE N, LEAKTHEREEL,

SRR B TR A AR AR B AORE , EREARIL AL AT I — LGS R B AN Z= % M
BB BESRE KT TR KX, A RBEE R e S EEEX R T %,
PR EE RS S RE I R B (Pennisetum purpurreum) N\ E EFERE B EARE LY AR,
¥ BT E I 2, i i X BA RE RN KIE M, REHN R T BB, B2 ERERE M
X,

6.2 RBHIR RN RS

AR R B S AR TR B DR AT T BT T LA SR e  SE A . T 2 L L35 3t kol e bk
FIMEMSE R BRI Y 3, LA 1R AL G 0B, T/ COL B HEN R, RImt st 3 B R /R . B
MY EBIEREE, RENEEBIRERERMARTS B8 4 ¥ R RSB A 1835 R4 (Integrated
gasification combined cycle,IGCC) FARFMAEW T EBE WAL T AR , e xHE Y& Y R TR B, BERAZ
48,2010 4F, R X E ZKE B iR b F I6GCC R A% L, B A % EIE &£ #47 6MW IGCC T B
6OMW s (E IGCC IR H i Toll AR V& 1 , T HL 35 [ 9 2k W % v B DL 454F 7% R BE I s ZE 0K, 4 W1 IR
i BETR MR ESR AW E] 15% . 2030 48, = W1R KRB SE T HAL , 4 WIRBRET & Lo K I8
1R 5 [l A= 9 3 S BOR AR AR s H R R, BB R BEA TRV RE o 3 2050 4F , A= 99y i % ris T 4024
B BN E T R RIS b OB L BRI A ERNES . B, BIR MR R E A RERE, A F
R,

WK FBRIRARE BT & F ) B BTUIANZE BT AR I I B, ELAE 7% b & i SR TR B, BT T s oy 3 e
A (1) BREIRR s, ARG Fh T IRIR M S B A AR AE 5 (2) R K BT HER; (3)
BES LA B ENE MAB IR ITY ; (4) BB R AT XE B, I & BRI = A K425 (5)
I R B4 B AR 7 R LR B AL RIS AL R v, AR W) S AL LR R AN SRR B ST I B
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ARENER S , YRR AGEFEE LR, N, WHETATE, A e; BUF s>
XA Y RE -5 W R BB IR BN T2 oAb 5 AR W R BE R (LB K A X G L AR W SRR A% L RSN AN H AR IR T 48,
AGEHIKHET , BRRER IR EARE B ER, Bl TR, TRRIR™ M/, &5 R
e B, EREEEAR AR IRA BRI Br, A RKBEE,
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