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Effects of Density on Growth of Eucalypt Bio-energy

Plantations in Leizhou Peninsula

HAN Fei-yang, ZHOU Qun-ying, CHEN Shao-xiong"

(China Eucdypt Research Centre, Forestry Administration, Zhanjiang 524022, China)

Abstract: The growth, biomass and calorific values of 2-year-old Eucalyptus hybrid clone DH201 (Eucdyptus
grandis X E. tereticornis) as an energy forest in Leizhou Peninsula were studied under different densities. The
results showed that the effects of density on diameter at breast height (DBH) and height (HT) were significant, and
which stand volumes were different at different development stages. The individual biomass was decreased with

increment of density. The stand volume and biomass in 1-year-old were biggest at density of 10000 ind. hm™ for
52.57 m® hm” and 32.02 t hm®, respectively, and which those in 2-year-old were biggest at 2500 ind. hm” for
75.85 m® hm” and 45.66 t hm”, respectively. The effects of densities on wood calorific values and ash contents
were not different significantly. It suggested that the optimal densities for bio-engery plantations at 1- and 2-year-

old were 10000 and 2500 ind. hm?, respectively.
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BN, BRI AR FRE T R R %
FEHT T HRARGEHFES,

M E R ARABERERK E T HXER
R HCEEEREERERATIKES=NWEE
whRZ—M, BENEREE SRR REE 75
FERZR, NTTREBER &, EREE SR
FBEEMAERXY, WmMRABKRELMENHLE,
5 BE 15000 ~ 20000 ind. hm?® 3R N 3 ~5 4F
FIEAN (Salix viminalis) N THRE =B ERE", %
PR BRI RSRA K I,
WRFTRE R RFEFREN, KA T E A RBIR
AREG 15 MK B B N 2268 ind. hm?®, SRARAE R 4
4EM PR REYRARAE R 400 ~2268 ind. hm?,
4 FEH4E I 4= K & (mean annual increment, MAI)
39 ~62 m® hm?a™ , HA % & % 1667 ind. hm™ f 4=
FEhERR, BN S B/NEREERREHZ
50% M, BAE R R BEVRAR, OIRIA BN 7 4,
B4 900 ~ 1500 ind. hm™ , 1B B #% RE YR AR 3 AR 45
BE 4 2268 ind. hm? RIRAFEHE N 4 ££7, REHF X
W A THEREENHRRERE , BEEPE
YRR N A% A4 R DL R M B B R 5 T e
TRANY ZEHES IR RN, ERFERRD
ERYAR N TR W&, Bk A B A2 B 1Y 1
KA BB, B BEES T BHARTIAG S #7
TR BT BRI N TARBF ST B, e bR B S
RE WM ENEFERGSAE BEEH, BEXTE
] 35 A MR RERAR AR IR A AR, R Ak
BUBRMKSEEEKE YR KEEFER
HRENARE LIRIE, AT EMNLS 2 44
B Ytk (E. grandis x E. tereticornis)DH201 Joit: 2K
B FEEDLX A R, B HAEK
M EYENRESFHNZER, BTN BIEA S
PR B R BT , AR BETRAR I & R $R L 30

RIERHARIE T
1 BEFEIX L

BEHAE) RETLE T B REMAF AT
FoHh, P B ONARLE 111°38,db4 21°307, )BdL
PFRE R X BEREX AL, Mg RAE, 4
¥R 23.1C, m R MRIE N 1.4C, m kxR <R
38.1C 4R & 1567 mm,5~9 A& E & 24F
B 85.5% , HISHEE 804%™, +HNFEIULL +
B, T 458, RIEIRER
2 B0
2.1 #EigE

SLESHRST A 2007 4F 8 B E#E I E 414% D201
TEFEN, EREN X AR AE 6 MEEEX
E ), BN EELESG RS 17, BT FEEEXA
' 2 MRK/NX,2 ANNXEEE 4 m, /NI TE N
0.01~0.04 hm®, 3% 12 MR /DX, AR BHLIR
SR, B 2 m W, REHRIT TN EE
AT, m 1TEER7E BT Z R3S 7T, 7CHLHE N
30 cm x30 cm x30 cm, 47N 200 g EAE/ER
FAE(N: P: K =15:7: 8), 2008 4F 4 AL T H}B)G
EHME1 K, B8 150 g,

22 A KEBREYEMNIE

R E R MR EREKY, 76 B
FEARAT B BB 4343 B & 30 ¥R 47 x 10 #R)FF
Hrric, AERZE WE. 8 MAB/DX P83 #F
FEARNEEY R, FHAREHE EW T @i, RA
“OrEUIERR B B R T B A A E R
H, BERAZERY, S8 5957 80°C T4t
T, MEFKER, T 2008 4F 8 12009 4 8 &
W& 1K,

®1 BESHITERE
Table 1 The density designed

E =2 #R4T7HE Spacing EHEE F Density e B $L Existing number
No. (m X m) (ind. hm?) Survival (%) (ind. hm?)

1 4x2 1250 81.67 1021

2 3 %2 1667 83.33 1389

3 2x2 2500 76.67 1917

4 2x1 5000 6833 3417

5 1x15 6667 53.33 3556

6 1x1 10000 50.00 5000
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2.3 HERKSSEBHNE

2009 4F 8 J3 J5E A= Wy 2 B U T A b4 R i
FEPE, AR (O BB AL B £ , 578 105C 4t
10 min, ZJ57F 80°C T B IHE , B Ml i ja 3
BEFEH. BRYDERUSAERAIAE™H
WZR-ITCT U e i B 3 {210 € T FE M8
(Gross caloric values, GCV), Il % 5ij Fi 2K H BR &% 1IF.
X8 FRRE 20C A, BMEREDELN
SE 3K, REFHIZE £0.200 kI g,

T IR 53 4 5 M %€ JK 43 & (Ash content,
AP, RATERES KRS SEITBHRNE
W4y AE: & K 5> 3% {H (Ash free caloric values,
AFCV) = TEME/(Q - KIS E).

2.4 Gt
BHE K Fi SPSS13.0 3k 47 7 2240 FlAE L

o, AR E R kT 2 E LA

3 GG

3.1 EHEZEEXRENH T

MF2 T4, AEEAREE R 1 424 2 424
MR MR A RERKEZFREE. 1 4§
A 2 EAE R R B R B AR 5 E 2R B
ERM R RXRE r 45 31 H-0.921,-0.934
-0.896,P <0.01),1 4F4 .2 A4 P S BRI
B EE BERBEAMERXE 3518 -0.773,
-0.952 f1-0.937,P <0.01), HBAAR D BB, 1
WRAFIR BN, 3 WAEH, 1 4.2 4
BB K sk 2 WK 5 B 3 s/, H
Hr LR R 1250 ind. hm® BB, 10000 ind. hm®
B/

£2 TEMNHENHTERBAESW
Table 2 The variance analysis of DBH and HT of 6 different densities

- M2 DBH WF Height
Variance source R o A o F
df Mean square df Mean square
la P A Between densities 5 37.52 83.18™ 5 4.17 10.08™
%A Among densities 347 045 193 0.41
2a P A Between densities 5 110.03 73.16™ 5 44.66 48.57"
%A Among densities 221 15 193 0.92
WKE  HER Between densities 5 43.65 3561 5 32.13 23.89™
Increment % ¥ Among densities 193 123 193 1.34
" FRERBBEP<001)." presents significant difference at 0.01 level. 7 5 [fl. The same as Table 5.
RI3 CATETHEEMRNEGEKE
Table 3 Effects of of densities on DBH and height
WS Jif% DBH (cm) B8 Height (m)
No. la 2a 1K B Increment la 2a 3K B Increment
1 527 £0.70aA 947 £1.33aA 436 £1.04aA 6.16 £+047aA 10.11 £0.87bA 4.00 £0.88aAB
2 526 £0.75aA 9.09 £1.29aAB 4.05 £1.15abA 633 £0.66aA 1030 £0.81bA 3.84 £1.02aAB
3 505+055aA 8.43 £1.31bB 3.56 £1.39bA 626 £0.55aA 10.79 £1.21aA 434 £1.48aA
4 420+0.71bB 625+0.92cC 1.99 £093¢cB 581 +066bB 922 +0.81cB 332 +£1.08bB
5 3.60 £0.78¢cC 5.73 £1.26¢dCD 2.05+1.03cB 578 £+0.80bB  8.14 £1.01dC 2.16 £1.45¢C
6 3.59+£099¢C 5.23 £1.05dD 1.62 £093¢cB 571 +066bB 7.10 £1.14eD 1.14 £1.05dC

AR E A RS FREMAE FHAHRRER BEP <0.05)FRk BFP <0.01), Data followed different
small letters and capital ketters within column present significant difference at 0.05 and 0.01 level, respectively. 3 6 [[].
The same as Tabk 6.

3.2 FEXNEREMNMT

ME 1 H I, ARERE R A EHERTR
RZEF, | AW E TR B REE A 18 53 hn i 3
o, T 1 AF IS B AR 45 2500 ind. hm” F B

K, H2FAENERSRBRK, HXMMTERE
B 1 SRR AR BRI 7 2 B B AR B3 IE M %
(r=0.989,P<0.01),1i 2 A& KM ERMEER
BEMR(r=0.185), HKHE (10000 ind. hm?)F



FaH

B E BN A SR A TR AR AR K B 8 BE BB 52

353

1 SRR AR D B TR E (52.57 m* hm®) Ry B/ 35
¥ (1250 ind. hm®) F AR E B E(10.92 m’hm?)H)
4.81 £, M BEH 2500 ind. hm™ Y 2 FEEMRFER
£(75.85 m*hm®) R E K 1250 ind. hm® k&
FRE(G9.03 m*hm™>) i 1.94 %, T I, bk 455 B Xt
MOERERBEEN,

807 np2amla

A EFE Stand volume

1667
P Density (ind. hm?)

B1 6MEETHAIZRE
Fig. 1 The stand volume under 6 different densities

3.3 MEYEHRMm

MR 4 MTLLE M, M B R TR DL SRR
A Y RAENRE A R I TN 6 AR R T

2500 5000 6667 10000

FHA G BAEYE R G 4 H 8. i 5.27% ~
7.85% , 4% 18.56%~20.97% , 1R 11.09%~ 13.05% ,
T 47.72%~52.27% , 5% 9.58%~ 11.99% , A [5] 55
) &2 R 2 BT o BB AR R, AT > B>
W B > nt, #E N 1250 ind. hm® TR 2 44K
SRR B KRN 36.00 kg, ARG B EH
10000 ind. hm™ T R4 E (8.33 kg)iY 4.32 fiF,

FESTMEEIEGRS,6)7 I, 6 Rk %
BZIE 144 2 AN RREY R EIHBEKES
SR, A 2 AN ARE R R KR
ERBE & 5% B B 3% K WD, B LA AR R N
1250 ind. hm®f9BRK, LAAKSHEEBE 4 10000 ind. hm™ 9
Bolhe 1A 2 FAERKSEYERREERES
ERWREE 1 SR Y2 R B 5 g
K, DIARSFEERE 10000 ind. hm® fER KN 32.02 t hm?,
250 ind. hm? BB/ A 13.00 t hm? ;2 MR 4
YIRAFARHEE, AR 25 B R 200 ind. hm? 5%
K H45.66 t hm™ ; i3 +< B 06 2 B AL R ML AR
REFHA, MK/, ARSI EE 1250 ind. hm?
KB RN 23.75 t hm?,

F4 CHEET2 FEBKENE
Table 4 The biomass at 2-year-old under different densities

PRl IR

A& Biomass (kg)

s Average Average M 53 #H F ¥ &t
DBH (cm) height (m) Leaf Branch Root Stem Bark Total
1 951 1032 229(6.37%)  7.55(2097%) 3.99(11.09%) 18.72(52.00%) 3.4509.58%)  36.00(100%)
2 9.00 1029 1.74(7.11%) 5.08(20.72%) 3.18(12.98%) 11.92(48.65%) 2.58(10.53%) 24.51(100%)
3 8.36 10.76 126(527%) 442(1856%) 2.83(1190%) 1245(5227%) 2.86(11.99%) 23.82(100%)
4 634 943 0.82(6.52%) 2.83(2243%) 1.45(1149%) 6.02(47.72%) 1.49(11.83%) 12.62(100%)
5 5.81 821 068(7.85%) 1.65(19.13%) 1.03(11.88%) 4.38(50.69%) 0.90(10.45%)  8.64(100%)
6 527 7.08 046(5.54%) 1.74(20.88%) 1.09(13.05%) 4.20(5037%) 0.85(10.17%)  8.33(100%)
FES AN EHTIT B, Data in brackets indicated percentage of each component.
x5 CHEETHENRFESN
Table 5 The variance analysis of biomass under different densities
R Hpk YR Individual biomass Mo E Stand biomass
Variance source AR 7 F A akd F
df Mean square df Mean square
la 9 B[] Between densities 5 19.42 53.69™ 5 101.12 3538"
%A Among densities 30 036 6 2.86
2a 9 B[] Between densities 5 24181 375.10" 5 66.41 52.64™
%A Among densities 30 0.645 6 126
¥KE  ®ER Between densities 5 127.46 139.71™ 5 83.09 21.85"
Increment % ¥ Among densities 30 091 6 38
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Table 6 TThe biomass under different densities

ok BpREWR Individual biomass (kg) MorH 4R Stand biomass (t hm?)

No. la 2a K& Increment la 2a 3K B Increment
1 10.40 £0.36aA 36.00 £1.72aA 25.60 £2.09aA 13.00 £0.45¢C 36.75+£1.77¢B 23.75 +2.21aA
2 8.36 £1.30bA 24.51 £0.78bB 16.15 £0.52bB 1393 £2.17¢C 3404 £1.09¢cBC  20.11 £1.08abA
3 8.91 £029bA 23.82 £0.30bB 1491 £0.58bB 2228 £0.72bB 45.66 £0.57aA 23.38 +1.28aA
4 5.00 £0.06cB 12.62 £0.35¢C 7.62 £0.42¢C 2502 +£0.31bB 43.12+121abA  18.10 £1.52bA
5 3.19+049dB 8.64 £0.06dD 5.45 £0.56cdC 2127 £3.32bB 30.70 £0.23dD 943 £3.55¢B
6 320+0.07dB 8.33 +£0.24dD 5.13 £0.16dC 3202 £0.76aA 41.65 £1.20bA 963 £0.44cB

ARG EEBEME

TG 2 B A ) 4 4R A 1 75 3l B 2R 4k F Al
YAKRENZR, AERFEY ARG Em,
—ERE L DA SVEAS b B R B R, M
RTHENH, AREE TERAMH K> EER
0.87%~1.63% , TEMHE N 18.04~1842 kJ g, K
MERSE N 18.28 ~18.65 kI g, HEAME
RERARAEBEETHRSEE. TEREMEK
SPEZEFARBEP 7514 0.123.0.309.0.395),
FTERESKSEENHRXRE H-0.186 (P =
0.564), I TEME S KT BHERERBE,
Kor& & TEIME R E K53 PE R 5 B 19+
XMRBZE (235K 0.085.0.276.0.354, P 43 B K
0.493.0.385.0.259), ] DLEEMREE BE XK 703 B A
HR BN,

RT CHEETEAUAERRS SR
Table 7 The gross caloric value (GCV), ash free caloric value
(AFCV) and ash content (AC) under different densities

¥E Density KOOSR TE#RE  ERORE
(ind. hm?) AC (%) GCV (kI g') AFCV (kI g)
1250 129026  18.04+0.14 1828 +0.10
1667 125023 1842017  18.6510.13
2500 108008 1829018  18.49 £0.21
5000 138012 1819013  18.44 10.13
6667 0.87+0.08 18381023  18.54 £0.25
10000 163013 1828018  18.58 £+0.21

4 Z5HEHITIE

BBV LLARTS BB O B & H KO T B % 1Y 2%
AR ERZ 207 HER M, SRR
—NERET . ARFEERA, 8 E SRITE R
BN ARG TRKE R, B RE Ak 2358 B B3 hn
TN, Tk SR P IR IBTE AR A B BE
B YAk AR TR R AR B

RNSHMA B ES, AR EERK,
5T E R BTSSR BIREA 35 R K, B S
MTET A, XF X EARFRED, Ax
WEIREEARS AR KT B B EARARE K E
BEEAR NS EREERE, FENSEEE
AREREBR AN ERERE, LRI EENE
BYR, EYERHE A THRESENRWEER
PRl ARG B X AR A A B R AR R W
oY E R EFRRBEAR N EESE BN, 6
EERREA=EN EERRZ —, FTLEEGRE
JRARET, B iR A TE B AR R

ARG AR B AR R AR 2345 B P 3 I T
PASEE 1250 ind. hm? B9 5% K, 10000 ind. hm® &%
N, XS HEARBIESRAEME, MM EAEKY
PAFEREN 2500 ind. hm* B K, 1 SFEMKLE
MBS HE BEMX 2 FEMHEEERE
=, X5 AMBRBAMNPS, XTRRREE
S 1 ARG B AR K A R SE 2R Bk, T
2 AR B L, AR FE S & R AR
6 SESEFR A3 R 38 S B R [R], DA T 52 Ml AR AR 14 By
BFE S BRARK, TSRS ERE =
™, AN 2500 ind. hm?* ARG BB K EER
K,i%37.93 m® hm?a’ MK TF BTG 4 44 B R4E
BAEKEGRI~62 m® hm?ah)"™, WRIEHEYIE
BB BN 7= ), AR5 BB A 2500 ind. hm F
MR 7= 50 22.83 ¢ hm®a™ , 5 F D B BE AR
10 4% A= Y5 1% (E. globulus ) Pk B9 4F 33 ¥ 4 7= )
(7688 t hm*a™)* HFKEW 4 £/ 7 EEEE
FE(E. urophylla x E. grandis) R4 43585 7= 1 (43
>4 17.70 #116.11 t hm*a™).3 4Ef1 4 44 E Bk
(E. grandis X E. urophylli) N\ TGRS 47 )
(43514 13.60 1 13.83 t hm?a’).3 4EA 6 4E4EE
e N THARAR 20 4R B 42 7= (53 318 12.16
1036 t m*a ) (HEFHE ML EEX 6 44



FaH

B E BN A SR A TR AR AR K B 8 BE BB 52 355

EREHEF T AEACEE D5 N 900, 1125 Al
1500 ind. hm® AE A 7= 53 38 22,5724 85 F1
2537 t hm”a™ )| HL IR B 9.25 4F 4 B R AR
SIHEBE A= F1(29.62 t hm®a™ )UK, BLHAF MY
MR AE 7= R, AR R EEE T

AP BETRARRY F= B, AE S e B Hod A
HHEUBIAIEL TYRNRER, BEZER
B TYRMERENL. KodENERHEE
PR BB AR L — , WRAERME N RE TR i i) 2
BARYE, Bhatt FPIA kY, EAERMEYE N B &
PEFH S KIS EMORESH. FHTEN, 6 FiE
B THRARMB K58 R 0.87%~1.63% , KT
BEFRIL 7 Fh AR E (Casuarinn equiestifolia) /M)
(3.06%~5.98% ), FEMEN 18.04~1842 k) g*,
BT EEA LI B (E. torelliana) (17.77 kJ g7)
FRIEFH(E. cloeziana) (17.67 kI g ), 5K
BASKE (1831 kI g" ) SR K A% (18.18 kI g')H
B0 T Y B AR WS FR Skt (E. exserta)(19.43 ~
21.99 kJ g")®', WL, DH201 B 5 i i B 1
BARKK S , FF A RRIRRFN I RE B B AR IEE KR o

REERNEERREREEZWRE, BAREE
KRB NERARI TR B K, SRA B e RE IR
W F=R ., BIREE T EZRBEARIETEA S
B RERIRTT , AR SR [R5 B T MR RE IR AR AR 2319
HEREBEYEHRT TR, SRRUEREE N
2500 ind. hm?, 2 FEMRKRFERE EYERK,
B, BATIAH 2500 ind. hm® R RBIRAR G B8 H
R, X S5 WHII AN L TG A BR IR ARTE B AR
¥ (2268 ind. hm™®)" T, X0 & BN B AR
REENETREARE T HBEENE N,

B 3k
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