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Characterization of caloric value in fifteen plant species in Leymus chinensis

steppe in Xilin River Basin, Inner Mongolia
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Abstract; Grasslands have been recognized as important source of biomass for biofuel production recently. In this study,
our objective was to assess the potential supply of biofuel production of main plants in Leymus chinensis steppe in Xilin River
Basin, Inner Mongolia. And we also wanted to understand how will the caloric value respond to ash content and other
mineral elements composition. We charaterizing their correlationships. We determined the caloric value ( Testing by the
Parr6300 calorimeter produced by U. S), ash content ( Testing by the quick determination method ), concentrations of
carbon ( Testing by the K, Cr, 0,-H, SO, oxidation method ), nitrogen ( Testing by the Kjeldahl procedure) and mineral
nelements ( Testing by Microwave Digestion-ICP) of fifteen native plant species. These tested species, which were selected

in August 2009, are most commonly found in Leymus chinensis steppe and account for more than 80% of totoal community
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biomass. The results showed that the variables determined varied among the fifteen species to different extent. The caloric
value ranged from 16. 19 MJ/kg in Kochia prostrate to 20.99 MJ/kg in Caragana microphylla, with a mean value of 18.76
MJ/kg which is greater than that of worldwide terrestrial plants. And the rank ordering of the fifteen species was Caragana
microphylla Lam>Poa annua L. >Stipa baicalensis Roshev>Agropyron cristatum L.>Achnatherum sibiricum 1.>Aneurolepidium
chinense Kitag > Cleistogenes squarrosa Keng. > Artemisia commutata L > Achnatherum splendens Nevski > Potentilla
tanacetifolia Willd>Artemisia sievrsiana willd>Artemisia frigida Willd>Setaria viridis 1> Convolvulus ammannii L>Kochia
prostrate L. The ash, which ranged from 3.26% in Achnatherum splendens Nevski to 20.25% in Convolvulus ammannii L,
indicated significantly difference at level 0. 05 among the fifteen species. And the number of fifteen species was Convolvulus
ammannii L> Kochia prostrate L. >Artemisia frigida Willd>Artemisia sievrsiana willd>Potentilla tanacetifolia Willd>Setaria
viridis L> Agropyron cristatum L> Aneurolepidium chinense Kitag> Poa annua L> Cleistogenes squarrosa Keng>Artemisia
commutata L. > Achnatherum sibiricum L > Caragana microphylla Lam > Stipa baicalensis Roshev > Achnatherum splendens
Nevski. Calorica value of leguminous plants ( Caragana microphylla 1am) was higher than perennial gramineous plants
( Caragana microphylla Lam, Poa annua 1.. , Stipa baicalensis Roshev, Agropyron cristatum 1., Achnatherum sibiricum L. ,
Cleistogenes squarrosa Keng) , and the caloric value of Kochia prosirate L. was the lowest. Pearson’s correlationship
analyses revealed a negatively significant correlation between caloric value and ash content (P < 0.01) , while a positively
significant correlation btween caloric value and carbon concentration (P < 0.01). However, there were no consistent
relationships found between caloric value and concentrations of mineral elements. The greater caloric value of the steppe
grasses showed in this study, compared with that of switchgrass which is one of most promising biofuel crops, indicates
provides an evedent that the grassland has a potential for bioenergy production, especially leguminous plants and perennial
gramineous plants. Such as Caragana microphylla Lam, Poa annua L. , Stipa baicalensis Roshev, Agropyron cristatum L.,

Achnatherum sibiricum L., Cleistogenes squarrosa Keng and so on.

Key Words: caloric value; ash; C; N; mineral element; temperate steppe
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FEAEY B RE IR At BB AR K A e R R B AR AR bR . R B AR
BT BP0, CATORE RIS S BT 1% ARG 0.2 MI/kg™ o ph 240 BREURH RS A R
B s AP 5 ) ki # b TR 820t — R RAL 2 [N, 7RI Ak R rh AR A1 ) rh
FE S W BGR  JUHIE e (B BN BRSE) TE SR IARR TG LT, 237 Ar a9 I i LA K R S 1Y) g e M )
W, S BUE Y REIRA B AR R, HL b 8 R Tl ) s X Ak A IR, I T3 A A
PRI 2B ) s BRI AR Rk B Y T B ik B v AE 0T BT R B i BT R e AN AT Y

YR SRR R AR Y A B SY , JE AR TR eSS A A ) BB SRR IR 3R A RR RO S s A AR A T T
XTAE A FAE K 53 A BT 0 28 S A B G R 55 7 T A 5 50 AR D U R X THEY E 58 Bc R Z a1
FHOC G R 58 B2 /D 2 /b o LT M | AR S % P 552 oy 2 B 5 O A ) IV L K 43 e R BB
G BOCER O EIINE DRI RN S KAy Bk RN T 0 R X A A Y S e A DG X R T
[ NG T R R SR I S50 BT R Z A DGR AT N 2 Rtk — 20 A 58y 3 B B JEL e #2E )
REVRAE PR LS | TR X AT B S e e A A 2 MR S AR A 23 AR 52
1 HARXBAMREHARTE
1.1 AN

WF5E b7 T PR 52 oy B PR 8 s L 1 5 S O 45 N 1 b TR 2 B P 5 oty e D 2 25 R 0 A 07 o o B R
(1979 4E I E 24 | HFRA7 B L Lh 43° 26'—44° 08", 445 116° 04'—117° 05, ¥4k 1200 m 4y, & iRt
T it DX A R Ji SR X AR IR A T R R AU A B2 5 e IR A FEVe TR SR I T
Y200 B IR AR . 3—5 A KM, P RGEE 4.9 m/s, EBERK 0.6 C,1 AT 5
PR -21.3 € A 18.6 C R 91 d, RSP A KRINZY 150 d, Z4FHIEEKRZ0 0 350 mm,
Horh 5—9 Ay B REKEE b AF R KLY 86%

DLER R BN A SRR P R I R AN M X R B E VR R . — SRR A
Y2y 86 Fh (B WEH L 45 Fh) BT 28 Bl,67 Al Hirp 7™ B AR ZE R B 5L (Aneurolepidium chinense
Kitag ) #F, K&F 5 ( Stipa baicalensis Roshev) 2 ( Achnatherum sibiricum L. ) F1VKE (Agropyron cristatum L) 555
Az 3 IR R R P 1 A4 R A Y 60% LU E
1.2 AHPRE SR AR S Ty i
1.2.1 HUHEk

FEAFE TR M PN 1R B TR RN AR ) RE U 2 N — B M B, T 2009 4R 8 H A il R 2 AR AR R (R
(Aneurolepidium chinense Kitag ) , VK ¥ ( Agropyron cristatum L) , K%l 5 ( Stipa baicalensis Roshev ) , ¥ 5
(Achnatherum sibiricum L. ) , FAEFRF L ( Cleistogenes squarrosa Keng. ) , 7% 3 % ( Achnatherum splendens Nevski)
RBK (Poa annua L.)) , #EAR (/N33 JL ( Caragana microphylla Lam) ) , 2K (& & (Artemisia frigid
Willd) , KRk ( Kochia prostrate L. ) ) , 2428 ¥ (4 25 % 3% ( Potentilla tanacetifolia Willd) , KAF# (Artemisia
stevrsiana willd) , 2885 (Artemisia commutata L. ) 5 IKIEE AL ( Convolvulus ammannii L) FJ B 5 ( Setaria viridis
L)) 55 15 M WARHY , 70 Wb 5 s e 5 SBOR Pt E v 20V DA i aCRe B P ) 5 ISR AR R 2
(] Y ANIE T 30 mo
1.2.2 ENT

B LIRFTRAEBIRIYIRE S 70 C AOHEAR AL T 218 5 R RS, HISEIE PARR A R4 #) PARR6300
RS S U TR AT BB 2 5 B2 5 B9 e P 1 IRARE: , RIDKERE AR FE ES AR A 550 °C 1 RAK 5 h J5 T H:
RSy 5 Ak K, Cr, 0,-H, SO, AL 5 5 42 ACR T FG e AU HEA T I 2 ) 5 9 B Je 2 A 26 [ Thermo
A AL ICAP6000 T f FiL JERY £ 25 8 TR A S ASCIISE
1.3 Hdaabr

K SAS 8.0 BRAFREAEIAE K53 BT TR & f AT — MRE AR DG A A, [ I 0 AN [i] B A4 A 0 A
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KAy G AT IR R T 2208,
2 HER5H5H
2.1 AFEFEY B HIE

F 1A TR 15 RS R YA | X S AR Y S 3B N 18,76 MI/ kg, LAZINHH 3G L
AP 555 (20. 99 MI/kg) , RBRANET K 2,3 FRELH B SV #5 T 20. 00 MJ/ kg, T A 4 ik B8 £ A6
(16.19 MJ/kg) . 15 B 5 5 JGRE A P R AR A« /NI 0 L > LSRR > A 58 > 0K R > 3P 58 > S R s i 4E
Bt B> 708 > R B S A I 35 2 30 > ORF 18 > 18 18 > T R S AR e B AL > AR H ik

L B R 24 R RE S K PP CERRITP AR R R AR A R B IME R B E m T HE A
MHEYI(P < 0.05) , ZHLEN G E R R g b /N8 38 LA Z4FE A R ARHEY) g TS e Y, AR Fnve
T, FEE AR T HEAR (/N8 L) A B Z AR A A Y) (FLBOR KBS VK P0p SRR hARRR R
FEFEHD) ST AR (A58 B 22038 Ok ) AR T HEAR (/N R L) Tl 2 4E A4 R AR ) (24
AR KEFE DKEE PP R PR KRR (£ 1),

®1 ARHFEEE 15 HEVRENRSSE

Table 1 Caloric value and ash content of the 15 plant species in Leymus chinensis steppe in Inner Mongolia, China

TEH) Vegetation #IE Caloric value/ (MJ/kg) WKy Erat Ash content/ %

INHERXS L Caragana microphylla Lam 20.99 £ 0.83 A 5.37 £0.02 1
H#KR Poa annua L. 20.93 £ 0.02 A 5.04 £0.05 )
KEFSE Stipa baicalensis Roshev 20.08 + 0.04 A 4.93 £+0.16 K
VK Agropyron cristatum L. 19.50 £ 0.15 B 7.26 £0.51 F
M Achnatherum sibiricum L. 19.41 £ 0.04 C 6.21 £+ 1.84 H
FH Aneurolepidium chinense Kitag 18.85 £ 0.11 C 6.73 +0.59 G
HIERRTF B Cleistogenes squarrosa Keng. 18.60 + 0.70 D 6.62 +0.33 G
ARE Artemisia commutata L. 18.59 £ 0.04 D 6.43 £0.07 G
K FEW Achnatherum splendens Nevski 18.45 +0.12 D 3.62 £ 1.71 L
B FEBE IR Potentilla tanacetifolia Willd 18.29 £ 0.11 D 8.57 £ 0.12 E
KH¥FE Artemisia sievrsiana willd 17.96 + 0.31 E 10.18 £2.33 D
&8 Artemisia sievrsiana willd 17.88 £+ 0. 14 E 13.60 + 0.86 C
W Setaria viridis L. 17.42 + 1.49 F 7.97 £0.20 F
IR EEAE Convolvulus ammannii L. 16.38 +2.24 F 20.25 + 1.57 A
KMk Kochia prostrate L. 16.19 £ 0.15 G 16.28 + 1.20 B
SF-XIMH Average 18.76 + 0.43

BN PRI AR RS ; AR THRERIRTE P<0.05 KF 225 B3

2.2 KOEE

FRIE 1S M EEAEY KT S RRRE LR 1, AR MAEY) Z 8K oy & BAFE R 22 5% (P < 0.05) 1
15 T Ay B R T8 5 A > AR 3 JER > V2 185 > TRORF 18 > 2 I 22 8 25> ) J2 > DK > 3 0 > LR > e AR [ 1 RS 788 >
B>/ N B AG JL> KBS > R R RRE R ALK o0& i d i , AR LE AR AR K o 5 i IR T

EAMHYI(P <0.05),
2.3 HHSEMESHE

TP IE 5 K B0 55 8 B Z IR B TAAHOCOC R (3R 2) , o 5 o i = ) e IR e A b 2 1 171
FARKR(P<0.01) , GEEZAIFRIN BEFACIER (P < 0.05) ; AH 50k Z 8] 2 IR W3 19 A OCOC R
(P <0.05), 5 M2 B A @ A9 IE A D6 X 2 (0. 428) , 50 B A0 B 22 1]t 3 00 1E AR G B4R
FL RSk GEZ RPN AR, o Sk Z RN B A E R (P < 0.05) , K SHLHE
TR Z AR IEAHICOC R U S &Rt R (50 85 1) Z IR O B EAH R E R (P < 0.01) , 52
[ R 3 IEAHOC R, SR AN B Z [ R IEAH R R HC R A B3 HAh oo R Z [ A St 43 b ] LA
F L BRSE FRRES BN A R R B W IEA G R (P < 0.05)
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R2 FEEFEAYHABEESRSBIUZTRSEZIEBEXXRSN
Table 2 Pearson’s correlation coefficients among caloric value, ash content and concentrations of chemical elements in the plants of Leymus

chinensis steppe

Pl RSy Bk A il 5 By B A B i fit
Caloric Ash C N Al Ca K Mg Na P S Si

F#H Caloric 1

B4y Ash 0.287 1

Bk C -0.593** -0.488* 1

AN 0.542* 0.370 -0.014 1

Al -0.438 0.836"" 0.185 -0.399 1

5 Ca -0.345 0.657** 0.180 -0.400 0.457" 1

K -0.243 0.623"* 0.607** -0.098 0.316 0.304 1

B Mg -0.460" 0.484" 0.203 -0.626"" 0.343 0.455 0.344 1

£ Na 0.078 0.073  -0.146 0.185 -0.068 0.242 0.113  -0.149 1

WP 0.352 0.012 0.272 0.260 -0.113  -0.047 0.280 -0.123 0.682"" 1

i S 0.050 0.549* 0.830"" -0.228 0.317 0.203 0.629 ** 0.265 0.014 0.437 1

fit Si 0.428 -0.195 0.277 0.344  -0.267 -0.443 0.130 -0.193 0.368 0.678 ** 0.363 1

w FOREFEE (P <0.05); %« FREFWEE (P <0.01)

3 i

SRR AR I HOGRERE A N T 2E BB R TAE D IR 9, 3 A0 7 1) k2% BB LIAE D) FAVE 1) s Aok
FR, KR RE S B ME S B SR T [ SR 9 U5 A% AR A% 150 2 L P — 1 o T A MR T IVEAE R
Y E LRz — AR R E T . (BRI PE AR BEE AR A FE AP R R A FE ) & B ARl A
B 55 A RS S5 A AN TR A0 00 40 2 A R[] A A7 2 () A5 A DR 28 38 R AS [) 7 28 A A ] sl A 0 4
WA A S i 2 PN A R B XA A At EAT — 2 BRI ) AR TR) A 358 R A R/ NI 38 3 < 77
ARSTEARS AR RS 1 AR RS g 25 Sty S Fp X — MU ; S04k 5 S50 A L2 R Y 55 R 34
ERBFZE R R s B rh s AR A 5 20% , h Y 5 58.18% RHVEALY) 5 21.82% ,55 Fh
HEY) AT HME R 17. 9495 M)/ kg, It HLIR @AY b A R A (R B AEAE 22 57, IRl 25 R R ARG B
3 REME Y AR RE JC I 2 25 50T ARBIF G XoF P9 58 iy 2 0 0 I 2 AR A A 00 43 M 2 T E A /N i 3
JLRFAME SR | R R IS (0 P 2 B0 00, TR 2 B S B A MR IR, F LA IR A Al i 21
PSR 2R R 1S R EF A R B UK 435 e 0 22 5, 28 DRE 0 R S 2 A 0 A 0K 5 1 1) B B2 52 1)
22—, HAEANTHGIL(20.99 M)/ ke) FIFVEEL 5 T2 0K CRHBAR 28 MIEARY) (L8 EH5F
) MEEAMY T RACR ER AP ST ERAPMEY IVEE & T H B 22285 (A H &S | Hrp
EHEAR (B TR MR ) B ZAIL T Z2AE A RAREY) . /IR XS LA A HEARLE C A IR EE FAS i 5% Hh 3l
S P B SN N[ RSO WL 7/ =N o NS T N B YA N R DI NI A 3 =i RS N L7/ I N R e = =1
PRAEDARN EARER C i, 1M C RMEYIANS SN FE TR NS TEYNIVE, DIfhZ
] BB AR 22 5, H B RO A R 2R TR, WP T HAR B AR 2 2Rt RLs AL e AN ], il LA
ANFE AR BB A EREE B [RIAERE 0, AT S B B RS B S w25 57, SR o0 & s AR AR 48 S5 44
{EAE A B AR SR a3, 2 BT LA B3 2 1) 28 Ak 35, DB 43 18 2 B0l AS 4 38 i B A AR P9 K 43
TR REES S SRR TG R (55 BESE) 4L, ICRERT MR P K 4 O Rl , R IA N R ES
SRR TR R 2 | DTS W A AR IR BT R A i, e 2 S B B RE I B S K MR A E T
RIS R 2R B 43 5 AV 52 B 1 A S 78 A e 3, DG oA 2 3 ok o AN [l A 7 T A /K R i e R R 43 5 o
HIRFFEAS HAE UK 53 5 & 2Z R TOA G 2518 . SLR RN T . B Se R BR K 43 A1, I Y g F Ho Al 4
B 43 s ORI A & 3k R e R s AN 6] B 50T R T AR RS R[], K 7 & 2 I R RE RS il A
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