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Abstract ; Eucalypius is one of the raw materials for forest bio-energy industry. Calorific value and ash content were two
important indices for rational use of bio-energy Eucalyptus forest. Calorific values and ash contents of leaves, branches,
roots, stem-wood and bark of 10 Eucalyptus species including Eucalypius urophylla x E. grandis in South China were de-
termined by using calorimeter and muffle furnace. The results showed that gross calorific values (GCV) and ash free cal-
orific values (AFCV) of different organs ranged from 15.10 to 21.06 kJ + ¢ and 16.05 to 22.11 kJ - g respectively,
leaves had the highest mean GCV and AFCV (19.50 kJ - g"'and 20.56 kJ + ¢") and bark the lowest(17.32 and 18.09
kJ - g"), which indicated that leaf had higher organic matters than other organs. The orders of decreasing GCV and AF-

CV of 5 organs in 10 Eucalyptus species were not exactly the same. The ash contents of different organs ranged from
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0.14% to 8.5% with leaves having the highest mean value(5.13%) and stem-wood the lowest(0.30% ) ,which indicated

that leaf had more mineral elements than other organs. There were significant differences in calorific values and ash con-
tents of 5 organs (P<0.05). As to the whole tree, E. urophylla had the highest GCV and AFCV(18.99 and 19.18 kJ -
g), while Corymbia torelliana had the lowest GCV and AFCV (17.53 and 17.86 kJ « g") ; C. torelliana had the high-

est ash contents(1.9%) and Eucalyptus grandis the lowest(0.61% ). The results of correlation analyses showed that ash

content had negative correlation with GCV and AFCV ,which was not significant; GCV and AFCV had significantly posi-

tive correlation (P<0.01). For ideal plant fuel should have the characteristics of high calorific value and low ash con-

tent, of 10 species, Corymbia torelliana had low calorific values and high ash contents, which indicated that it was not

ideal fuel species while Eucalyptus urophylla was the optimal species.

Key words: FEucalyptus, calorific value, ash content, bio-energy, South China

AEVR I B C 28 1y 25 17 T e ) B oK ) i 2 —
REVSAR A S Aol A8 ot RE A1) 9 32 205 =, ok
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Table 1  Natural conditions of experimental sites
AR AR R AEAR X
AR L 7 Mean annual Mean annual Annual relative =y
Site Latitude Longitude temperature rainfall humidity Soil type
() (mm) (%)
L T Ol R AL Ak 21°15' N 109°59" E 23.5 1750 80.4 L LT
Beipo Forest Farm of State-owned Latosol
Leizhou Forestry Bureau
JTARA ALY 22°48' N 113°53' E 21.8 1790 81.8 UiNAR: 4
Zhangmutou Forest Farm of Guangdong Latosolic red soil
R 210 FERBARS ERKERR
Table 2 Growth survey of ten Eucalyptus plantations
SNSRI
e ROEE FHEE TG
gL . Stand i A .
- Stand age . . Average height  Average DBH
Site (a) density Species (m) (em)
(B - hm™)
[ 78 MO R b 3 bk 37 7 2 500 REME. urophyllaXE. grandis 19.8 11.0
Beipo Forest Farm of State-owned
Leizhou Forestry Bureau % E. urophylla 17.1 11.5
JBANAE E. urophyllaxE. tereticornis 20.2 12.2
TR 1S4 E. leizhou No. 1 15.7 8.8
WK% E. camaldulensis 17.4 9.5
I ARA AN 6 1 667 Fike E. grandis 20.2 19.0
Zhangmutou Forest Farm
of Guangdong ML KL E. pellita 15.0 13.0
Wik E. saligna 10.7 12.3
KAEJFHE E. cloeziana 12.9 12.3
FEH K Corymbia torelliana 12.5 10.6

BARXTBAR TG T 0, Hoh AR OR [l 38 B
TR TR R AR A A 5 K 43 B e R B R R
20T (one-way ANOVA) | K £ & L& (X5 16
B ) Xob B PR 2R 0 25 40 T T U R AR AT R LA
FEXTF 5T F8 AR AT Pearson FHIE T

3 HERE5 oM

3.1 10 MR A E R EHNRE

10 P 25 B 19 T B A KK i T
15.10~21.06 kJ - g' 5 16.50~22.11 kJ - g ZJa] (£
3) . TR HRH 5RO R A AR it ) A AT T A A {E
Hb, HAx 9 A S IR i ) S5 5, 10 P A% A% 3
DI B B B I HEBR K 3 % 2 W 52 e, T A5 1)
TR AT AR it 1) S5 v, B (IRAELAE 5 23 it b

BIRIAHET & A T 284k, iR ke | R 4k 5 Ak 1
SR E R ARAE AT R R AR, AN T
RPN [  B 1 T T AR E 5 25 K A A Y IR
HP AR —3, l—m A AR S E a2 57
3 (P<0.05) (HESFEAR AN,

FE 3 ATHN, 4528 B BT B R A S KK A
HANF AR 18.08~21.06 kJ - ¢ 5 19.39~22.11
kJ - g, FIIME A 19.50 F120.56 kJ - g s WAEL R
17.74~19.60 kJ - ¢' 5 18.04~20.16 kJ - g, F-¥1H
7 18.89 F119.23 kJ - ¢ s WA Ky 17.57~19.40 k] -
¢'517.79~19.84 kJ - ¢, FH4{EH N 18.60 F1 18.87
kJ - o' s R 17.80~18.85 kJ - g 55 17.93~18.90
k] - ¢! SFHIE N 18.49 F1 18.54 kJ - &' B 2
15.10~18.59 kJ - ¢' 5 16.50~19.14 kJ - ¢ ,*F¥{H
H17.32 F118.09 kJ - g,
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Table 3  Calorific values and ash contents of ten Eucalyptus species

o e KA & i T I A FIR A
i wE . ;
Species Organ AC e Vrl AFC Yl
(%) (kJ-g") (kJ-¢g")
RE # B Leaf 4.08 £ 0.36a 20.23 £ 0.07a 21.09 + 0.02a
E. urophylla X E. grandis A Branch 2.99 + 0.52b 19.13 + 0.02b 19.72 = 0.11b
AR Root 1.21 + 0.66¢ 19.25 + 0.25b 19.48 + 0.24b
BT Stem-wood 0.29 + 0.19d 18.54 + 0.12¢ 18.59 + 0.09¢
Bz Bark 3.38 = 0.07b 17.94 + 0.23d 18.57 + 0.22¢
M HE P Leaf 4.32 + 0.08a 20.07 = 0.05a 20.98 + 0.07a
E. urophylla FA% Branch 2.00 = 1.16b 19.46 = 0.32b 19.86 + 0.09b
FHR Root 2.24 + 0.94b 19.40 + 0.09b 19.84 + 0.20b
T Stem-wood 0.28 + 0.06¢ 18.85 + 0.36¢ 18.90 + 0.36¢
it ¢ Bark 2.55 + 0.35b 18.59 + 0.21c 19.07 + 0.15¢
Ak B Leaf 4.87 + 0.24a 20.44 + 0.18a 21.48 + 0.18a
E. urophylla X E. tereticornis HE Branch 2.88 + 1.69b 19.56 + 0.05b 20.14 + 0.32b
AR Root 1.48 + 0.12c¢ 18.71 + 0.14c 18.99 + 0.12cd
BT Stem-wood 0.17 + 0.02d 18.72 + 0.30c 18.75 + 0.30d
i Bz Bark 3.44 + 0.88b 18.48 + 0.09¢ 19.14 £ 0.26¢
T S P Leaf 4.75 £ 0.17a 21.06 = 0.15a 22.11 = 0.12a
E. leizhou No. 1 HA; Branch 1.21 £ 0.27cd 19.43 + 0.26b 19.67 = 0.32b
R Root 2.54 + 2.37be 19.12 + 0.36b 19.62 + 0.16b
BT Stem-wood 0.30 = 0.05d 18.66 + 0.23c¢ 18.72 + 0.24c
Bz Bark 4.06 + 0.25ab 18.07 + 0.13d 18.83 + 0.19¢
DN/ I Leaf 6.88 = 0.63a 20.31 + 0.19a 21.81 + 0.35a
E. camaldulensis AL Branch 2.76 + 1.20b 19.60 + 0.67b 20.16 + 0.94b
AR Root 2.89 + 2.53b 19.24 £ 0.14b 19.82 + 0.44c
#HT Stem-wood 0.43 + 0.09¢ 18.66 + 0.10¢ 18.74 + 0.10bc
W 1z Bark 3.78 = 0.53b 17.97 £ 0.27d 18.67 £ 0.19d
ERy/3 K Leaf 3.97 + 0.52a 19.03 + 0.17a 19.82 + 0.27a
E. grandis W HE Branch 0.85 + 0.28b 18.54 + 0.27b 18.70 = 0.28b
FHHR Root 0.52 + 0.20bc 18.19 + 0.19¢ 18.29 = 0.21c
BT Stem-wood 0.14 = 0.30c 18.52 + 0.22b 18.55 + 0.22bc
Bz Bark 3.96 = 0.72a 16.94 + 0.06d 17.64 = 0.12d
HHL e Hie F Leaf 6.83 = 0.63a 18.47 + 0.16a 19.82 + 0.27a
E. pellita R Branch 1.19 + 0.51b 18.52 + 0.31a 18.74 £ 0.25b
AR Root 0.65 + 0.28bc 17.87 £ 0.30b 17.99 £ 0.27¢
BT Stem-wood 0.17 = 0.04c 18.30 £ 0.31a 18.33 £ 0.30c
i B¢ Bark 6.40 = 1.09a 17.06 + 0.25¢ 18.23 + 0.05¢
Wik P Leaf 4.00 + 0.12a 18.81 = 0.20a 19.59 + 0.18a
E. saligna HE Branch 0.86 + 0.18¢ 18.54 £ 0.24a 18.70 + 0.22b
AR Root 0.67 + 0.25¢d 18.37 + 0.27a 18.49 £ 0.31b
BT Stem-wood 0.22 + 0.04d 18.77 £ 0.21a 18.81 + 0.21b
Bz Bark 3.34 + 0.66b 16.31 £ 0.40b 16.87 £ 0.31c
KAEF ¥ I Leaf 4.22 + 0.39a 18.57 + 0.18a 19.39 + 0.23a
E. cloeziana # ¢ Branch 0.74 + 0.08¢c 18.40 + 0.43a 18.54 + 0.44b
PR Root 0.75 + 0.59¢ 18.29 + 0.15a 18.43 + 0.05b
B F Stem-wood 0.23 + 0.03¢ 18.09 + 0.57a 18.13 £ 0.57b
W Kz Bark 3.57 + 0.50b 16.75 + 0.26b 17.37 + 0.35¢
FC AL I Leaf 7.43 + 2.11a 18.08 + 0.36a 19.53 = 0.34a
Corymbia torelliana #E; Branch 1.69 + 0.08b 17.74 + 0.39a 18.04 + 0.41b
AR Root 1.26 + 0.10b 17.57 £ 0.21a 17.79 £ 0.21b
#T Stem-wood 0.75 + 0.26b 17.80 + 0.04a 17.93 + 0.01b
i H¢ Bark 8.50 + 1.40a 15.10 £ 0.56b 16.50 + 0.36¢
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Table 4 Biomass allocation of different . 19.50
organs of ten Eucalyptus speceis ) 19,00 18j9f8_ 83ab  18.78ab
S5 S0 8. 68abo ~""18.81ab
W 5o [ 1 18. 40cd 18. 53be
s Bt R RIR Stem- WK A g < 18.50 -—013 18de ]
Species Leaf  Branch  Root Bark  Total s @ . 18.05e
wood ]
g 18. 00
- =t 17.53f
JEFitk 385 834 910 7149 722 100 RE .- o
E. urophylla x '{H': °
E. grandis >~ =
T 17.00
FEM A% 469 898 891 69.83 7.59 100 =
E. urophylla 16. 50
R4t 348 729 979 7447 497 100 1 2 3 4 5 6 7 8 9 10

E. urophylla x
E. tereticornis

T S 394 727 1015 7068  7.96 100
E. leizhou No. 1

DS 313 616 792 7171 508 100
E. camaldulensts

Bk 3.58 5.49 876 7532 685 100
E. grandis

AR 310 548 957 7430 155 100
E. pellita

Mk 271 494 1004 7475 736 100
E. saligna

KACSFHE 342 625 1058 695 7280 100
E. cloeziana

Foltk 433 951 1179 6513 924 100

Corymbia torelliana

3210 KM AEREN RS SE

12 3 B T AT, 10 AR R 25 B 0K 73 &
A 0.14% ~8.5% Z |1] | fie KA = e/ IME Y 60 1,
SR LIRS P K 535 et i e (FEHRLARBR A1) |, 24 LAY
Tk, & E RS 5 R 5.13% , 1
B 1.72% PR 1.42% , #4 + 0.30% 54 & 4.30%
AE g E WKy S EINAER E E S
(P<0.05) ,
3.3 10 MR ERNE M FEHRERN RS E=

10 AR AR A 1A A8 INASCST 287 A IR 435
I S[R3 B T o5 A o L (SRR SR, 2009,
2010) AN (R 4) . HE 1-3 AT, 10 FhAms
AR A A IS ) S35 7 Joit et AV 25 K 43 VM B K
SEEERTE(P<0.05), HAE /39K 17.53 ~
18.99 kJ - g'.17.86~19.18 kJ - g' 5 0.61% ~
1.90% , BATTH K/ 43 501 Ay 8 e > 2 A4t e > 7
1S > A% > 8 B R > WAL > Bk > L % > KAk
JPReSTEHLME R HE > B AR 1 54> i bde > FE Al ke >
JBB A > WA > A% > KL e >R AR A% > F6 HLM AT

Bifh Species

BT 10 Mk AAR RS AR B I 24 B i P
1. BE#E; 2. BITHE; 3. BANE; 4. %bK 1 54 5. Aokl
6. Eikic; 7. MLEcHE; 8. Mk ; 9. RAEIFHE; 10 $LHAL, T,
Fig. 1 Weighted mean GCV of ten Eucalyptus whole tree
1. E. urophylla x E. grandis; 2. E. urophylla; 3. E. tereticornis;
4. E. leizhou No. 1; 5. E. camaldulensis; 6. E. grandis;

7. E. pellita; 8. E. saligna; 9. E. cloeziana;

10. Corymbia torelliana. The same below.

19.50
T/ﬂ 19.18a o
o0 [] 18.99a 19.01a
S = 19.00 {18.85ab -
- E [] 18. 65bc
w = 18.52bc _
® §18.50 1 18. 360d
@ g 18. 18de
K
H# 8 18.00 17 86
e L
H ®
B
X =17.50 1
2
17.00

1 2 3 4 5 6 7 8 9 10
#iFh Species

B2 10 MR RAE RS AR B A 24 26 K i
Fig. 2 Weighted mean AFCV of ten Eucalyptus whole tree

RS A>T AR 1 5 K> B8 R > HHL R e > 8 B A >
AN > KAC T ¥ > Wk > B e, i HEFF vl A1, Bt
FEAE AR R B B AR e IR, KO B e LAFE
B E AR AR, I 1-3 A, BRI A
S, AR ) P AR 22 S PR A T/ o
34 RGEE TREMESERSREMHEXXR
B4 10 PR A IR A 0 I RN K 43 75 1 iR AT
Pearson fHCHT (3R 5) 45 KRB K r & 51
HPE B PMEAATE—E AR (HRS B
AR5 T BT BVE 5 25 R 3 FAE 52 0 S 3 1 A AT O
XA (P<0.01),
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2.50

1.90a

B
o
S

_
wm
o

1.07b 1.14b

0.97¢c 0.95
0.86d 0.82d ©

_
o
o

0. 6460-69¢

g AT (o

1 2 3

IR RS &2 %)
Weighted mean AC

o
(o]
o

10
Fh Species

3 10 Rk AR AR A A ISR 27 K 23 5
Fig. 3 Weighted mean AFCV of ten Eucalyptus whole tree
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Table 5 Correlation coefficients among AC, GCV
and AFCV of ten Eucalypius species

RSy FRRESME  ZRMAME
AC GCV AFCV
WA & AC 1.000
TR ME GV -0.488 1.000
LIRS HE AFCV -0.365 0.991 = = 1.000
* * P<0.01.

4 Wi HEn

10 FPEREA Rl 88 B I IVE 22 5 3 SR A LI
MR, RS RS 2B RSS e — B (R
4,2009,2010,2013; 5 24555 ,2010,2013) , HY
Al ERE R 22 5 5 H A S a9 4 45 A g
FEYIFC, s M RETURZSE XA S,
TR EE S B A& R i 2
Y, SRR Z M E A g 5w ae A L i, I
I ARE R . BB REAR BT A 1 S R
B, HARIE SR G SRR HARR 4
R, PUEARX TR RIS W . BT
B2 ) E IR AR R BRI T 5 AR AT K S 55 4
& HANY) &2 B0 IR K G AR A — 2 1Y
ALK, PR HE R A e (IR ( W55 ,2011)

AT AR YR B 2R A AL B BT, 10 A
FERAN [R5 B 147250 K 43 i AR i e v B T i
IS, X2 i T AR TR SR IEBR LR TR Z 1)

W BT R GO EL, MR T e AR, - i 2
HEZ N, 0 A AR, PR K 43 % it D (ks B
4 2000) .

FEE Y B AR R AR R OAE S BIF 5T R, YT g A
(201) W 5E T 5 DAFMREE (17 ~57 a) #& K AR
( Quercus variabilis ) ) 1 it £ 4 AH (18.34 ~ 18.75
kJ - g H5EKSPYE(19.54~19.71 kJ - ¢) , 5T
FLAAF T 27 a MR HBRAETRAR I BAR 20 B ARG T
FEAF(2006) HEE T PV X 4 FRRE IR AP T
i A, 4 ) A 42 ( Haloxylon ammodendron,)
18.68 kJ - g VIl ( Hippophae rhamnoides) 18.94
k] - g WA (Elaeagnus angustifolia) 18.87 kJ « g Fll
YA ( Calligonum mongolicum)17.74 kJ + g, f5H
MM A TR ARV ) i RAARE P R R AR I AR I 4508
UL HE 42 (2010) BFSE T 11 ASRE IR AR M TC 1
FAIEET AL AR 5 A 1 AFEAMIR (Salix ) T
RELWELHRT FEIER 17.92~18.49 k] - ¢
£519.36~20.02 kJ - g",6 4~ 1 4EA 45 M ( Populus )
TR EAMET FEAEN 18.24~18.49 k) - ¢
519.28~19.45 kJ - g, ASWFFE 10 Pk A AE #R A
PIIA B - 34 1 ot i B 5 25 R 53 A8 20 50l
17.53~18.99 kJ - ¢'517.86~19.18 kJ - ¢, 5 ik
FHOCHIF G AR L, FERA(E A o | (R R AR LA S A B
BRI A=W KA R VA A BT R TR IO
PR E (PR HESF,2006) , [RIZEAFGE R B, 7= &
FRAAE A B 2 1 R A AT A A R IR A 1) T (4
J545 1996 ; W Ha¥ ,2010)

10 iR AE AR AL K535 1 0.61% ~
1.90% AKT 5 DNAIEISREY (17~ 57 a) # ARAYF-2
TRy 5 i 4.55% ~6.05% (YLHR 445 ,2011) , Bhatt
& Todaria ( 1990) Ay, BEAE A AL 0 H0A k10, L 45 A
SR S AR A 25 A BRI 43 P I
FEARIEA TR, AT ST 10 Bl AL R AR B K 4 &
o DAFE B f i, HLHAREL A, 1R AR} 22 U5
ANHE, DR MRS B

S

BAO YJ,LI ZH,HAN XG,et al, 2006. Plant caloric value and its
bio-ecological attributes [ J]. Chin J Ecol, 25(9):1 095 -
1 103. [ SfAfER: 22806 526 E | 5 2006, HLPIHE K& AE
WAESSEIENE) [J]. EAYLGR, 25(9) 11 095-1 103.]

BHATT BP, TODARIA NP, 1990. Fuel wood characteristics of
some mountain trees and shrubs [ J ].
(3):233-238.

CHEN B,YANG YC,ZHOU Y, 2006. Caloric values of seven domi-

Biomass, 21
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nant species in Tiantong National Forest Park, Zhejiang
Province,China [ J]. J E China Norm Univ: Nat Sci Ed, 2:
105111 [ BRI B, Ji 22, 2006. WK 25 2k i Ak
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