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Dynamics of caloric value of Robinia pseudoacacia L. energy forest in the west of

Henan Province

TAN Xiaohong, LIU Shigi, MA Luyi* , PENG Zuodeng, JIA Zhongkui, JIANG Liyuan, WANG Shuang, WANG Pu
The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China

Abstract: With the shortage of available fossile resources, the development and utilization of renewable energy sources has
become significantly important. Energy is one of the basic concept of ecological functions. Plant caloric value,one of the
most important characteristics of a fuel, can reflect the solar radiation energy utilization in plant and also be also be used as
plant growth status of an effective index. Plant caloric value is termed as heat emitted by plant dry matter after completely
combusting which reflects the capability of solar energy conversion in plants. So that caloric value is an effective index of
plants energy production. Gross caloric values, ash free caloric values and ash contents as well as growth quantity and
biomass of five clones of Robinia pseudoacacia seedling stage and organs in hilly areas of the West of Henan Province were
determined using calorimeter and muffle furnace. The results showed as follows: all of the five clones have the different
growth rhythm and different accumulation rate in different organs, and dry weight in the last season decreased in the order of
3-1, 83002, 84023, 8044 and 8048. The decreased order in different organs of gross caloric values and ash free caloric
values of five clones were different. The 8044 clone had the largest average gross caloric values and average ash free caloric
values of leaves and branches, which were 19.31, 21.18 kJ/g and 18.00, 19.39 kJ/g respectively. The largest average
gross caloric values of trunk and average ash free caloric values of trunk were from 8048 and 83002, which were 18. 72 k]/g
and 19. 12 k]J/g respectively. Both average gross caloric values and average ash free caloric values of barks of 83002 were
the largest, which were 17. 77 kJ/g and 19. 29 kJ/g, respectively. In brief, the gross caloric values of unit mass of

standard wood went up first of all and then decreased. The caloric values of 83002, 3-I and 84023 in unit area were the
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BEAE OB H 254558 , BRI L AR 0 KSR 00 H 45 1035, [ Ah— 28 R iR [ - FF R B Tk A
SRRL B RE VR S5 F4 AT RO X AT AR RRIR A 5T T A TN B S5 AT R4 e Jre i DG, A o R 2 1 42
MRl FE IR — Y FRE AR R AR SRR T 20 Tt 70 AR . R R AT BERF 5T 3R
W& —  H B A ) % 687 i RE 1 KT (9 — B i, VB 5 SR - B BT i A SR AR R, 58 2 R R
I TCHS ARER PR S R IE” . B S T SR BTG VR T th % Ak B O RE R RE 1 SR TR,
PRI, A RA P AR (B t (A AR AR o AB A AV T 50 f T 8 3 ST 1 AV BB S LA 2004 T A 30 B 1Y
AEAL R A AR 22 5100 L A5 A A R AR A (B 1) 24 S A8 F0AR sh S E AT — 5 U BF 5T, R UR AR [)
EINIRE:UPOR A ERTE S AT

A SRR ( Robinia pseudoacacia L. ) RETFAR W AN [R]85 B A FE FIK 43 1 19 2l 8 28 AL Fn A= ) i FR
FARAHEATOIIE, INBE I 1 1 BE DA TURIRR A Re e | Ay SRR RER 10 1k Jre A8 JHLRTI it v R B PR AR [ R o 4
B BARA SR AR BT ] B 2278 A PR AR 24
1 #RE5F=E
1.1 X5t

A7 TR R 4 i e L AR 2T R TR g A el N b AR TR P e X T ST AR R A 1 e U
RIS 1 H 5 F8-0.5 €7 AR 26.2 €, AR 13.7 C 4 FHREK
4 650.2 mm, IR,

1.2 AR A A 1 A Py i

BRI ( Robinia pseudoacacia L. ) Ttk RIAHET TR, 5 DRIBLICIE R 435124 83002 ,8048 8044 31,
84023, T 2008 4EFFHAR ZHE  FAEMRITION 0.5 mx0. 5 m, 375 0F— 2, A= K IRBEAH ], 5% W FLAE 7K
L X EAT A S BURE R A | R D TCME R TEAR D N FEAILE I 30 BRAE AR AT A K A, K
PEAE A A TR TOME R BB RY 3 BRERIEA  SEAT B IR PEIBORE | B 235310 X6 g RR AR E A Y .
O3 E (R RS AT AR ) BEATAR G R R4 Al M X HG A AR 85°C LA ML T R IE R BT
PERBAREARARF G E R T BB, SR X BRI B T o e T 5, 3 0. 15 mm i, 3 5

R A EASN R 5 AN TOHE FR A IURE R R) 72 2008—2009 4F 43514 1 4F4: 7 Al 1 4E4: 10 H 1
A2 4FA 4 AR 2 4R 7 A BAL2 4R 10 H B4,
1.3 JRATFIHED E

T HE ( gross caloric value, GCV) B 5 < SR FH IS [ 7= Par6100 5 AU 2 . M A EH4SENFRER 0. 8
g(FEHI 22 0.0001 g) ZEA7 193 0. 150 mm FHFEYIAE S, FH R FETTRL SR SR BOR A 777 769 YP- 15A B 5 X R
FE A AU RS Rt R AR 3 W, IRIEFEMABE ORE S PVE R S IR 227620, 1 k) JEFIN, T4 R I3
UOPSAMH UM E R ASCGR TRC A 1 ORI XS b A AR e

JR 43S e B AR, BVRE S e Sh A 550 CF AL 5 b JEilleE Holk &, 25 AR R &
2RI HEL

£ IKATIE (ash-free caloric value, AFCV)E . 2K #E = TEME (K)/g)/ (1- K E )

1.4 Wik Tk

Gt o3BTk SAS BRI E 1Y & AR A TR T A5
2 HRESWH
2.1 A[EITCERBIBRAY 2a FHARAE K B 2R

12 2008 M BT A 2a PR, 7T LIE ORI TCHE R AR AR KR & B Beg A AR, A
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[ ot R AABARTR , 8048 Joit /&b K i, i R iR, 7658 1 AR P K BARIE, W2 2 P B K85 F
Hflh 4 TEPEFR, 3-1 F184023 76 1 AR WIAT , st R BURNF oM R BB A A K A A B 255 X —
TR AR X R Y A5 A AR g8 A AR

2009 A=K K ) 84023 B 4% 2008 AE AU AN T 62. 35% , HIARKE I T 57. 60% 5 3-1 MR e T
37.89% ,MARIENN T 28.01% , [AlHIHEHR,3-1 A1 84023 (A4 (K1 A HA o 2R W, 407 2240 A ml 0, a4
W) e B 2 AR A 25 Al B 35 (P<0. 01)  RRITEHE RIEIBR 1 AR A K 22 S B 50, HEE T ER AR
E(P>0.05) ; 7k M 1 AR 357 i 2 110 A8 b 2 S Wl 2 b o 3, AN ) T R ) e s N b A8 35 25 S i e

F1 TEFIRT MR 2008 FIZREARFE B H FEHRERKE CHOEARERE)

Table 1 Average growth of 2008 of R. pseudoacacia clones at different grow phases in two years( mean+SD)

P 1] &P/ em TePER Clones
Time Attributes 83002 8048 8044 3-1 84023
1447 A Wes 257.5+16.1 304.6 +26.5 256.5+16.8 175.4 5.3 150.8 + 8.7
A%/ mm 16.91 + 1.48 23.22+2.27 18.37 £2.02 22.03%1.29 17.37+1.89
e e 92.9+14.8 118.2+15.7 99.3+15.2 122.2+11.1 95.310.6
14EA4 10 H Bfy = 264.7 £16.8 334.0+24.6 291.1+19.5 304.6 +22.5 263.2+23.6
4%/ mm 20.13 +2.26 23.33+2.21 21.29 +4.34 28.06 = 3.74 24.01+4.02
S 67.9+17.0 96.2 +33.8 94.9 +36.7 164.4 +24.0 134.5 +34.9
244 4 AR W 1= 259.5+25.7 316.17 +28.8 288.6+14.7 298.1+13.5 255.2+33.6
A%/ mm 20.45 +3.85 23.59 +£3.25 21.48 +3.23 29.43 +4.26 28.91 £ 6.86
SeL i 61.8+26.3 50.3+24.5 75.3+23.6 110.5 +£26.2 96.2+31.2
2447 A ] 302.3+£33.6 342.4 +31.8 297.9 +34.1 356.5£39.5 368.3 £52.3
A%/ mm 24.12 +3.94 24.03 +4.53 23.70 +4.14 36.08 +7.41 34.97 +7.69
5L 74.2 £24.0 79.8 £21.4 73.8 +£29. 1 125.3+45.2 114.0 £36.0
24410 H Ay B 392.6 £40.6 373.6 £36.0 357.4+37.7 420.1+40.7 427.3 £34.7
Hb4%/mm 29.77 +4.74 26.65 +3.70 26.87 +4.91 35.92+7.23 37.84 +7.54
S 92.6 +24.6 83.8+16.8 91.5+19.7 124.6 +30.0 157.8 +34.6

2.2 R[EIJCHE R AR R A A= 1 o

2 BAFTCHE R RL I A AR B AR R BON O . SRR T T R B B )RS | S — R
FRR T B iR B i R, AR [ B A A B A AR i -4 o i e Ass (3% 2) , 83002 FEAIK T 68. 04% ,8048 FEAIR T
15.27% ,8044 [ T 27.21% ,3-1 FEAR T 59.37% ,84023 F&AK T 35.22% . i [F) A 14 0 2 A9 L 9] 444 i
B, 2 AEAE K ZE . 83002 HE 0 T 76. 86% ,8048 AT 5.80% ,8044 MM T 12.31% ,3-1 8#/m T
109. 76% ,84023 /i1 T 52.81% , 83002 Fll 84023 7£ 2 4FA AW SRR T ¥ i 38R 1 AR R AY 2 f5 2,
M 3-1 AR T T i 2 AR AR IR 1 AR RN 4 %,

L7 0T, A B AR YR /N 2R T AR b 25 SR R 3 (P<0. 01) M RIS [R) e B AR ) i 22 S A
% (P<0.01) ,B% 2 AR KIARF T R B A 22 i o 240 FL e i) b & e R A i =7
A (P>0.05) AR 25 R — g EAFETCH: R AE Y8 22 il B2 . 25 BArAT , AR TC I & 45 B A [
WE YR B A
2.3 RIEIJCHE R AL HL 304548 B VB S AR L
2.3.1 RFEEEWGIRH 3R45 48 B KA & ahT

FEBZIX 5 AN ToH R FIREAS 28 B Ko AR AT WA B R . iE KA & 8 7E 7. 79% —14. 11% Z 4],
VAR BT A R A S e BT IR R E R TE(E D) SRR R 1 AEA AR KR 8048 1Y
M BRI 2 AR A KW 8044 A Fr . JRIRRAS I K 73 5 L TE 4. 99% —11. 78 % Z [] , i A I Bl 2= 45 A%
WAERE T (L) o LAEA I A [R) e 3R RUARAS 0 IR 3 3 i SR BE G AR R R AR 2 4R AR I AR 25 5
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F2 REHPNH EERERENEWES B CPIEREE)
Table 2 Biomass allocation in different aboveground organs of R. pseudoacacia clones at different development stages( mean+SD)
i ] # Organ JEHER Clones
Time /(e/ ) 83002 8048 8044 3-1 84023
1447 A s 80.13+3.95 84.45+4.15 81.8+3.27 85.24 +3.83 91.88 +3.91
ke 44.38 £2.22 43.96+2.18 53.68 +2.15 63.51 £2.80 65.03 £2.72
F 50.68 +2.53 106.52 +5.31 142.12 +5.68 38.83+1.74 54.33 +2.33
B 19.18 £0.90 31.42£1.51 36.70 + 1.46 15.06 = 0. 66 17.38 +0.74
bk 194.37 +9.71 266.35 = 13.30 314.30 £ 12.57 202.64+9.11 228.62 +9.66
14410 A BA) nt 161.35 +8.06 110.78 +5.54 144.33 +5.77 133.72 +6.01 205.81 +8.84
54 145.38 +7.27 100.78 +5.00 131.38 +5.25 107.74 + 4. 84 195.15 + 8.35
T 249.96 + 12.41 296.28 + 14.00 324.94 +12.99 211.22 +9.51 218.12 +9.31
B 70.57 £3.52 101.09 +5.00 80.3 +3.21 58.36 £2.62 69.65 +2.49
Hpk 627.26 +31.31 608.93 = 30. 44 680.95 +27.21 511.04 +22.99 688.73 +29.15
244 AR s 21.41+1.07 58.56 £2.90 28.42+1.18 52.81+2.37 61.70 +2.31
53 120.86 + 6.04 62.42 £3.10 59.69 +2.36 62.19 £2.79 121.44 +5.22
T 328.62 = 16.40 307.35 = 15.36 332.05 +13.28 214.49 +9.65 244,76 + 10. 52
W 84.42 +4.22 122.72+6. 11 86.85 +3.47 64.96 £2.92 76.62 3.26
bk 555.31 £27.76 551.05 +27.52 507.01 +20.28 394,45+ 17.75 504.52 +21.66
24547 AA) s 235.7+11.70 295.53 + 14.65 181.51+7.26 239.87 +10.79 282.86 + 12.18
53 150.17 +7.50 141.43 +7.07 147.15 +5.89 202.74+9.12 231.28 +9.90
+ 443.02 £22.10 316.88 + 15. 14 450.27 +18.00 365.29 + 16.43 345.62 = 14. 80
)i 131.81 +6.59 154.8 +7.74 107.97 +4.31 100.89 + 4. 54 91.98 +3.95
bk 960.7 + 48.00 908. 64 +45.20 886.9 + 35.47 908.79 + 40. 89 951.74 = 40.92
24E4 10 A Ay nt 383.52+19.17 159.07 +7.35 221.05+8.84 434.51 +19.55 298.49 + 12. 80
53 346.27 = 17.30 197.51 £9.55 197.15 +7.89 466.32 +20.98 301.91 +12.90
+ 622.25+31.11 356.92 + 17. 46 539.26 +21.57 898. 81 = 40. 44 713.76 = 30. 60
Bz 146.11 £7.30 189.16 +9. 80 115.96 + 4. 64 210.21 +£9.45 167.01 +7.10
L:RV3 1498. 15 +74.90 902.66 +45.10  1073.42£42.98  2009.85+90.44  1481.17 £ 63.60

8048 8044 3-I Fifi 5 A= I [a) K 4332 i TH 8 , 83002 Fl1 84023 L2V FRIARA, . Z577 220 M7, HIRLAL (kLK 43+
F 2t B 1 AR A2 AR 3 RO R (R 22 SR 3 (P<0. 01) o IR T 19K 73 3 BEAE 0. 93% —3. 12%
Z 0], Bt i AR AR A 2 20 ) 2 4R AR A KB T3 83002 A1 8048 BT (& 1), ARG H: R T B K 4> & &
FEH )RS _FASERE RN 1 AR B 8044 AN 4 ANT0ME R I T A K o0& i ¥ G 25 A 1 UE AR AR 5 2
AR, 8044 3-1 B2 A A IS a] K 43 72 4 T, 83002 i1 84023 Fifi 5 A= K HFIA] | K 405 8 Je TH i T 441K, 8048
AR, FIRR T KA & i ZE 1 AR 22 SR B3 (P>0.05) , RIRIJGH: R 8125 Sl 53 . IR B 1) K 43
THAE5.31% —10.91% Z 8] , ANFJCHE R K F b A 225 (B 1) o 1 ARAERE,S ATt R R
FEIR Ay s Y B AR R R R AR 5 2 AR A 1, 3-1 B I [E] AR Ak K 43 B 2 B 7 T i, 8048 5« V7 EAIAR 4L,
83002 ,8044 84023 Lt ) “ V" FRIAAY, . 2875 225307, WML K AOREL K 43 P i B 2 10 A8 fb 22 S i el 2, & TE T &R
[i) Kz RO REL IR 4 it 22 S A i 3 ( P<0.01)
2.3.2 AR T BRI L 3845 25 B 0T S AVE R 2K E S

[l —FE I TEAR R AR RN, A SRR AR R, JIREr 5 i T EHVE (K 2) AFZE e R T B4
(B e K 2 /2 8044 P340 19. 31 k)/g, BRI K Z 42 8048 ,°F-34°4 18.75 kl/g. 1 AFAEFN 2 4RAE ALY T
FHEARAG 225 (K 2) B+ FH R EHEF 4 8044 (18.00 kJ/g) >3-1(17. 84 k]/g) >84023(17.68 kJ/
g)>8048(17.60 kJ/g)>83002(17.40 kl/g) . T AT HHE DG HI R SERE G T, 85 1 T %, F34(E 8048
(18.72 kI/g) T T HEMME K, KRR ZZER N K/MAY . B E S F T 220, B #vE
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Fig.2 Gross caloric value in leaves, branches, trunks, barks organs of R. pseudoacacia clones at different development stages

a; VAEAET Ap4) ;b 14EA10 A Lfi)se: 2 4F4 4 AJE;d: 24547 A e: 2 44210 A LA

ALY SR R ST 5 B EAS [R) JC M 2R B2 A B e e A AN [R] , B2 A B 0 2 A R AR T A OR

W P34 KBk 83002(17.77 KI/g) .

A A 25 K o B AR AL TE I B A (18] 3) ,8044 (21. 18 kI/g) FHME A K, &l 3 BAAY £ IR il iy 2=
AR, 1 ARARET 8044 3-1,84023 1Y 25 K 3 VB AR [A] T HHE , 83002 1 8048 HYARALAH S ;2 4EAERT, KK
SR A KW R B o BT 3 25 K A0 B B K 2R 8044 (19. 39 kI/g) , 5/ M JE 84023 (19. 10
kl/g) ., TR PER SR E RSB E T, SR E T TR, 83002(19.12 kJ/g) A1 3-1(19. 11 kJ/g) ¥
B, B Ko BB AR AR T VA, P 3 B R (B 83002(19.29 kI/g) .
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