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W KA F RUE, B BT Ar A K AT O, KR BB LR T D T EAY
16 R £ 4 ORHBE 20 KL B 7 ) B B R el LR & B m AL, SEREH 14 0 5
AR ARAEEE N 16.18 MJ - kg (S EH) ~20.23 MJ - kg™ (/AR L) I E A
18.80 MJ - kg™, Z{H & T 22k [ £ M4 F A 14 F b £ 05 2R AAEWF KA . /b vt
RGNSV ESHRNS>RESRETRSRE I>ERTESVHSD F ES>X 0 H>kE>H
B RS AM RS E K14 AN K 2T 3.98% (D HE) ~12.18% (HEEX) , 2K 24
BT M B > AR > HOB > 4 v B > X E >/t G L> W B>k ES R >0
FESAE>SRAEFRRSERT>VE AE S K2 EMEF AMK(P<0.01), 5% &4 &
EMBFEMK(P<0.01)  RELELET RTRERAMK, G LET R TEEEMK,E
HARE, BEXA XD HETEFAMPDNEAT TEINEZ LD REM B (HHR X
BAT EES) UL % KA B A1 b sk IR oo

KEW M R K & 7 LR BEELATDH
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Characterization of caloric values in 14 plant species in Hunshandake Sandy Land. GAO
Kai'* ", HAN Guo-dong'*, YU Yong-qi', ZHANG Li-juan' ('Inner Mongolia University for Na-
tionalities, Tongliao 028043, Inner Mongolia, China; *College of Ecology and Environmental
Science, Inner Mongolia Agricultural University, Huhhot 010018, China). Chinese Journal of
Ecology, 2015, 34(2) . 341-346.

Abstract; Wild plants can be served as potential sources of bio-fuel production. We determined
the caloric values, ash contents, concentrations of C, N and mineral elements of 14 plant species
in Hunshadake Sandy Land of Inner Mongolia. We also examined the relationship between caloric
value and ash content and the contents of other mineral elements. The results showed that the ca-
loric value ranged from 16.18 to 20.23 MJ - kg™' across all species, with a mean value of 18.80
MJ - kg™", which is higher than that of worldwide terrestrial plants. The caloric values of the 14
species were in order of Caragana microphylla>Artemisia desertorum>Cynanchum thesioides>Arte-
misia sievrsiana>Hedysarum fruticosum>Trigonella ruthenica> Cleistogenes squarrosa>Psammoch-
loa villosa>Agropyron mongolicum>Polygonum divaricatum>Agropyron cristatum>Iris tenuifolia>
Kochia prostrate > Salsola collina. The ash contents of the 14 species ranged from 3.98% to
12.18% , with the order of S. collina>K. prostrate>C. thesioides>I. tenuifolia>P. divaricatum>C.
microphylla>A. desertorum>A. cristatum>T. ruthenica>A. mongolicum>A. sievrsiana>H. fruticosum
>C. squarrosa>P. villosa. Across the 14 species, the caloric value was negatively correlated with
ash content (P<0.01) and positively correlated with both C and N concentrations (all P<0.01).
Moreover, the caloric value was negatively correlated with the concentrations of metal elements,
and positively correlated with the concentrations of non-metal elements (P>0.05). Our results in-

dicated that these wild plants could be served as an important source of bio-energy, as their ca-
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loric values were much higher than that of the commonly used biomass for bio-energy (such as

switch grass, corn stalk and king grass) in this region.

Key words: caloric value; ash; C; N; mineral element; Hunshandake Sandy Land.
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R (B v 0 K it 5 55 22 7 T, A RO R AR 7 52
B P R A H R SO (HLITHIAE, 1987)

FEL AP 20 4D 30 ARAUEAT O T 1] H 280 7 #4
{HAYAHICHGE (Long, 1934) , BLJG , FRE Bl Ok ik
Z I T E A WMARIKT B ACE FIRE I K7
XA 25 R GE ) BT AV s I S (B 28 A L] 25
AT T R HFSY (Singh et al., 1980; Jo /& 45,
2013) W R B R A S R G AR AE S RS WA
ARG A TP SRV 1Y RE A 2 B 1 i 3l
MEIREEAH 458, ( Miller et al., 1990 ; Lemenih et al. ,
2004) . IR E TR AT 2N 20 22 70 4R
RATF R, BAARNER 27 18 [ 55 (1978 ) X # A
W ULAEY B A HGE . TR TR E 2R X AR
LR (Leymus chinensis ) % )J5F1 PN 58 1 25 50 81
T AR BB AT T 05T (SR 4k B 55, 2001 ; fif)
MERFSE,2003) MR IR AR AR E
Yo A SEAT P I 7E R 2R DA S 3R SRS EE  H
HE IR R30S B B3 DR 3R 142 S e AV 1) 2 2 D I (AT 7
4,1999) ,

TEREWAR Y PPN A 07 A B2 v | R 0 40) ot
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et al.,2005) ; B W) FOCRK BR T X EA — & R i
Hh HAEREIA Y B A ) Sl fb i B rh , — 30500
JROTER (JUHIAE & ) TE s AR I 00 T, 7 AR K
A8 T P ot L) B i U AR e, S g ok
PEW O B A 3 SO IR 19 00 %% A6 UAS ( Thompson
et al.,2003 ;Laser et al.,2009) . [H Ik, 7EXTBEIRAEY)
W5 B b RS A BT R & i AT S R 2

AR S I PN 5 T S A b Ml S AR ) ) A
1B K5 Bk BB R BT R & il i)
FPE AR E KT Bk BRI BT 0 3R P VA 1 52
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BE N Y ERREBE N S B AR S R G E AL T i
P, B Ry 43°26'N—44°08'N, 116° 04'E—
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TR o1 d, R A KL 150 d, 2471
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IK 1 86%
L2 W5k
1.2.1 BEEJTEE T 2013 4F 8 H 4356t vb i b
N K& R 5L ( Cleistogenes squarrosa) & &% ( Salsola
collina) AR MK ( Kochia prostrate) VK& ( Agropyron
cristatum) /N 4R L ( Caragana microphylla) . X
L (Polygonum divaricatum) A 4585 16 ( Hedysarum
Sfruticosum) HLBE I ( Cynanchum thesioides ) | Ji 15 5.
( Trigonella ruthenica) Y37 (Artemisia sievrsiana) UV
P EL( Agropyron mongolicum) V)& (Artemisia deserto-
rum) MR (Iris tenuifolia ) VY ¥ ( Psammoch-
loa villosa) %5 14 Ff WAL Y 3647 434 Fh %6 Bk BURE
(AR RBUEE L IEVREE ]y 50 em) , BEFPAE P EL 25 #E,
[ s o)l b 3R A i AT 25 i SRS A BB 5 B A
YRy B TR G A SR = A
1.2.2 NI 8 BRI R A YA YIAE A ]
Y AE 105 CFHATART 30 min, ZJF7ET0 C A&
P IHE A B ar RS, JHSEE PARR 24 F]
A7) PARRG400 45 AU B T AT BVE I 7E 5
W3 B I 5E T KA 25, RIVRERE & 7 B A 4
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A (M ) = (R B > i+ 2R
PABDCEFF B i + SR SR SE i )/ (M FPE
+ M EEH RS ER)

SRRy i (b 1) = (M BOR G R (R x
R+ 2R R e xR R SR A B
IRSLH ) /(M AR+ A R+ R S i)

KT SAS HEATEARAHOCHEFN 5 225397 .

2 ERENH

2.1 #HfH

T T AR 14 Fhvb A kY0 4wk K
BB AR, X 2L VD A A W 1) AR 2 HE R
18.80 MJ - kg™', Fx =i {H M 20.23 MJ - kg_l(/j\ﬂfﬁ
ML) Fe/MEH 16.18 MJ - kg™ (JEER) 514 Fib
AR ) B A R AR Ay - /N X L > Vs > b e
JS V388 > A5 B> I i 52 > B a1 7 S TS VD
> X3S pRE S 40 I 55 > A Hb ik > 6 B 5% B
KR E AR IR SR /N R X8 L
AREBE e &) AR (@ U0 B IVE Y
FARAPR (RS T35  UPHERIYD 2 7 ) 5 A 3% K
FRFE L HEAR (NG IL W R RS R
P T HALEAEY) (R O R R Y
E VbR O UKEL SR K MR AR R
3 s B R T 2 0 i R /N B XS L e 2
THALA R ALY E (P<0.05) , ¥0 & Hibe I 7%
RS U A G VE TR R

x1 14 FEWHRE (MJ - kg™)

Table 1 Caloric values of the 14 plant species

LIIRUYEE G = B A 1 e o N 7 e
3(P<0.05) .

X 14 FAEYIAR 25 R SRV T 4L
BT AT LLE R (R 1), &6 H Z MBI
RS R >ZEFSRR M —FE r i 25 it
TR S B B /N 2R DRUAR 0 A 2 A ] T A Fr IX
B, HH R R IE AR E (Y 14 Fh 9 iR 2 2511
T2 MFER I AME (P<0.05) (JEBRERIL) . H
o bBE IR | IR S A AV 2 (R A R B 3

S, HIAE I Ry i > B S S 25 KR 4y
B VPR R ZE R SR RN RN
RS ZEFFSIF R Hop LSRR AT 1 0 3 s T
M F (P<0.05) , TS S0 FIZEFF 22 [A] AR R B B 3 22
S FEBSRMR ZE AR ST AR A /NI oy 2R S
SRR SZEFF> I, Hoh Sl 3 v T H A 2
B (P<0.05) AR F A 25 10T 2R S0 s 1 A
ZEFF(P<0.05) , M FIZEFF 2 M 22 R B 25 I 1
B NS L ORA R R TE B DE A
S AR S B FAE KN R R I R A S A
{8 58 28 T 28T (P<0.05) |, T - - 1 S A 22 ]
2555 AN B3

TE 14 FhA 9 b MR A(E B 0 2 K B
(18.66 MJ + kg™') , e Ik 1 & Vb 2 7L (9.51 MJ -
kg™ ) s ZEE R RS I (19.53 MJ - kg™'),
FARMERE B3 (15.64 MJ - kg™ ) 3 o Pl A s 1Y)
F/NHAR IS L (21,12 MJ - kg™') , I AR AU SR 3G B
(15.15 MJ - kg™ ) 5 SRR 0 0 A0 2 /NI 08 L

e e it R Ui Lt L)
REFA T B Cleistogenes squarrosa 18.62+0.16 Fb 19.12+0.11 Ea 13.06+2.34 Fc 18.87+0.13 C
$4F3R Salsola collina 15.64£0.34 Ic 15.15+0.33 He 17.76+0.27 Ea 16.63£0.34 Eb 16.18+1.05 E
KU Kochia prostrate 17.92+0.33 Ha 17.08+1.04 Gb 18.18+0.41 Da 15.55+0.21 Ec 17.73+0.95 D
VKEL Agropyron cristatum 18.19+0.44 Ga 17.80+0.58 Fb 18.89+0.40 Da 8.90+1.90 Ge 18.30+0.23 C
INHEERS )L Caragana microphylla 19.11+£0.42 Db 21.12+0.46 Aa 20.47+1.10 Aa 18.52+0.35 Ac 20.23+0.23 A
X433 Polygonum divaricatum 18.29+0.24 Gb 17.81+£0.17 Fe 19.26+1.95 Ca 16.18+0.49 Ed 18.45+0.62 C
AKEEBEE Hedysarum fruticosum 19.53+0.34 Ab 20.23+0.66 Ca 18.66+0.38 Ac 19.47+0.20 B
Hibe /R Cynanchum thesioides 19.49+0.21 Ba 19.69+0.23 Da 19.60+0.40 Ba 17.90+0.31 Bb 19.59+£0.51 B
J@7E 2 Trigonella ruthenica 18.89+0.04 Eb 19.78+0.15 Da 18.00+0.13 Be 19.33+0.27 B
B8 Artemisia sievrsiana 19.24+0.66 Ch 20.28+0.14 Ca 19.12+0.24 Cb 17.97+0.37 Be 19.55+0.61 B
VT B Agropyron mongolicum 18.81+0.26 Ea 18.22+0.50 Fb 18.67+0.17 Da 9.51+1.75 Fe 18.57+0.53 C
VP& Artemisia desertorum 18.91+£1.01 Db 20.38+0.58 Ba 19.55£0.29 Aa 18.00+0.76 Bb 19.61+0.18 B
B Iris tenuifolia 17.95+0.28 Fa 17.21+0.39 Cb 17.95£0.72 D
VOHE Psammochloa villosa 18.42+0.10 Fb 19.13+0.30 Ea 18.58+0.22 Db 17.10+0.71 D¢ 18.71+1.02 C
FHMH 18.54 18.84 19.01 15.94 18.80
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Table 2 Ash contents of the 14 plant species

b ES it Poe i AR (H 1)
BERR T L Cleistogenes squarrosa 3.68+0.30 Fe 4.63£0.58 Ib 9.45+0.84 Ea 4.15£0.23 G
$EIX Salsola collina 10.37£0.97 Ab 15.11£1.08 Aa 12.47£0.81 Ac 12.09+1.04 Be 12.98+0.41 A
AKHLRK Kochia prostrate 8.76+1.84 Bc 11.73£0.49 Cb 12.16£0.58 Ab 16.83£1.07 Aa 10.88+0.82 B
VKHE Agropyron cristatum 4.60+0.56 Ec 10.73+1.06 Da 4.60+0.80 Cc 6.90+0.71 Fb 6.64+0.41 D
INHERXS )L Caragana microphylla 7.07£1.01 Cb 9.52+1.33 Ea 4.18+0.72 Dc 8.23+1.11 Fb 6.92+0.61 D
XAy Polygonum divaricatum 5.09+0.72 Dc 9.33+0.52 Fb 6.4420.78 Be 11.48+1.90 Ca 6.95+0.27 D
KA Hedysarum fruticosum 3.86+0.55 Fb 7.13+1.02 Ha 4.98+0.40 Gb 5.50+0.39 F
B Cynanchum thesioides 4.82+0.34 Ec 14.64+0.70 Ba 4.310.44 Ce 11.43£0.82 C b 7.92+0.42 C
4 5. Trigonella ruthenica 4.30+0.99 Fe 7.98+0.71 Ga 6.57+0.73 Gb 6.1420.74 E
Y Artemisia sievrsiana 4,22+ 0.44 Fe 6.25+0.87 Hb 6.38+0.45 Bb 10.82+1.27 Da 5.62+0.83 F
VI EHRE Agropyron mongolicum 4.12+ 0.12 Fd 7.89+2.31 Gb 4.61+0.75 Ce 9.82+1.32 Ea 6.25+0.91 E
YBE Artemisia desertorum 421+ 0.32 Fd 7.50+1.26 Gb 5.92+0.32 Be 10.24+2.32 Da 6.71+£0.34 D
B Iris tenuifolia 7.07+1.17 Hb 15.56+2.10 Aa 7.07+0.45 C
VB #E Psammochloa villosa 4.09+ 0.42 Fb 4.43+0.83 Ia 3.53+£0.36 Dc 7.01+£0.92 Fa 3.98+0.15 G
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Table 3 Pearson’s correlation coefficients among caloric values, ash contents and concentrations of chemical elements

PE K5y T A G 5 il B i w B Tt
AE 1
K53 -0.603** 1
e 0.532*  -0.490" 1
A 0.547* 0.340  -0.023 1
el -0.402 0.866** 0.224  -0.401 1
i -0.446 0.743**  0.124  -0.392 0.503 * 1
p -0.302 0.701**  0.702** =0.102 0.336 0.299 1
B -0.457*  0.504* 0213 -0.637* 0.323 0.403 0.344 1
ok -0.102 0.043  -0.201 0.186  -0.058 0.253 0.133  -0.219 1
173 0273  -0.132 0.301 0.302  -0.103  -0.053 0273  -0.223 0.701** 1
i 0.160 0.550* 0.900* * -0.240 0.327 0.243 0.619°*  0.276 0.011 0.367 1
fik 0.324  -0.201 0.282 0.364  -0.264  -0.463 0232  -0.128 0.248 0.668** 0.343 1

#* P<0.05, = * P<0.01,
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