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Abstract: Based on biomass measurements of 11 major tree species at five stand age classes (young, middle-aged, near-
mature, mature, and over-mature forests) , the optimized allometric biomass of various tree species was modeled. The total
biomass of forest ecosystems in Guangxi, as well as the biomass composition and contribution in various forest types for
various stand ages and forest layers were investigated. The leaf, branch, stem, root, and total single-tree biomass for 11 tree
species, except Cunninghamia lanceolata and Eucalyptus urophylla X grandis leaf to diameter at breast height ( DBH)
(D), the ratio of belowground to aboveground biomass, and the tree height to DBH ratio (D) were best fitted with a power
regression model at a significance level of P < 0.05 using ¢-tests. The best fit was observed for the total single-tree biomass

to DBH (D) for the 11 tree species. The total forest biomass in Guangxi was 1425.7 Tg, and the average forest biomass was
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105.36 Mg/hm”. The total stand biomass of major tree species was ranked in the following order: Pinus forest (366.14 Tg)
> hardwood forest (291.08 Tg) > softwood forest (239.75 Tg) > karst forest (165.51 Tg) > Cunninghamia lanceolata
forest (164.01 Tg) > Eucalyptus forest (99.55 Tg) > Quercus forest (46.34 Tg) > Octagon forest (20.21 Tg) > oil-tea
Camellia forest (19.59 Tg) > Bamboo forest (13.19 Tg) ; the biomass of each forest increased with stand age. The biomass
of the overstory tree layer accounted for 78.30% to 97.47% of the total forest biomass, indicating that the overstory tree
layer dominated the total biomass. Moreover, the aboveground biomass was greater than the belowground biomass at various
forest ages. Considering over-fitting of the statistical models, the explainable proportion of variance, and the significance of
regression coefficients in the allometric models, it was demonstrated that the mathematical model of biomass, using DBH
(D) as the single variable, could effectively predict biomass for the main forest species as well as the total forest biomass in
Guangxi. The optimized allometric models and the stimulate values of the ratio of aboveground to belowground biomass were

of great value for estimating the belowground biomass of primary wood species in Guangxi.

Key Words: tree species; allometric model ; biomass; stand ages; Guangxi forests
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Table 1 Details of plots distribution for main forest types in Guangxi

, , PRI A e , BEHE FeBREE R
feprm i He ek EBUw He e ShstE
) Nos. of samples Nos. of samples  Nos. of samples

Forest types Area/hm Percentage/ % . Volume Percentage/ % . .

in theory in theory in actual
WA Pinus 2487154.3 16.66 25.39 142888732 28.97 29.42 22
A . . 1323829.1 8.87 14.87 94965180 19.25 18.89 15
Cunninghamia lanceolata
Hefd . 1570741.0 10.52 15.73 61217762 12.41 12.81 15
FEucalyptus urophyllaxgrandis
2% Quercus 296433.8 1.99 2.79 15638140 3.17 3.03 6
fiff [ii Hardwood 1792645.9 12.01 2.08 73797432 14.96 1.86 5
KR Softwood 2054599.6 13.76 17.84 87163650 17.67 14.94 14
EIJ_VM‘ . 2793945.5 18.72 25.83 208992 0.04 0.00 25
Forest in karst region
41 Bamboo 361852.8 2.42 3.43 240981.0 0.05 0.00 6
J\Ffi Octagon 508209.1 3.40 4.27 11115556 2.25 2.04 3
W25 Oil-tea Camellia 338503.9 2.27 2.77 139744 0.03 0.00 3
A1t Total 14928622.7 100.00 — 493231183 100.00 — 115
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2% ¢ KB IIR B] R E KT (P<0.05) , Ho 11 28R (41) A= R BE R AR 56 220k 0.931—0.993 , A7)
GRORAEE 4, UGB A HRAG B AR A Y i
2.2 FEZWFR (L) - A R RS e A A

P T R R T AR R A A 0 TR | 152 2 K, 3 i) R R A T A v e Ay Y b A ) EA A
KPR S, T AR AR A, TP 11 28805 (A1) s MR B4R -4 v B4 S5 Tl DA AR AL 340
TEREL(FR 3) , HirP it b R R R AR OC R BUEE 0.652 LU L, Bk B K (8 3) |, B4 - v e R AR
FYFHE R ELTE 0.58 DAL, IR 3 T 8 K-,

http ; //www.ecologica.cn



4466 AR 35 %
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Table 2 The biomass regression models for trees species ( groups)
BRI CAL) BAK Wi o ER ST
Tree species Nos. of DBH ' Regression R? Sum of squared
(groups) samples range/ cm Organs models residuals
RSS
WA Pinus 21 1.75—31.7 n W, =0.332D%8% 0.732 2.871
ke W,=0.07D"% 0.953 2.036
+ W,=0.172D*2% 0.989 0.614
Jits Wy =0.023D**4 0.984 0.901
Atk W, =0.428D*% 0.991 0.405
A 15 5.0—32.7 s W= L19+0.019 D+ 0.857 32.471
0.014D?
C. lanceolata 53 W, =0.025D>"! 0.877 2.340
+ Wy=0.026D*™ 0.989 0.353
it} W, =0.01D**° 0.904 2.681
4otk W, =0.096D**1° 0.993 0.158
He 18 3.2—18.8 nt W, =1.1820-00302 0.762 0.690
Eucalyptus urophyllax 53 W, =0.042D"8% 0.894 1.530
grandis T W, =0.028D*%¢ 0.978 0.811
pit} W, =0.06D""" 0.851 1.831
ST W, =0.138D>%6 0.977 0.556
J\ffi Octagon 15 5.32—16.6 nt W, =0.098D"63 0.733 1.242
53 W, =0.008D>84 0.932 0.759
T W,=0.2436D'°13 0.865 0.731
Zit! W, =0.002D>1" 0.774 3.739
Sk W, =0.206D**" 0.931 0.492
R Quercus 23 3.52—35.5 n W, =0.048D"4* 0.727 5.399
/53 W, =0.024D>413 0.863 10.847
+ W, =0.089D*42 0.942 2.355
it} W, =0.033D>3% 0.798 8.816
Atk W,=0.174D>% 0.947 2.029
fifi & Hardwood 15 5.3—32.83 n W, =0.022D>183 0.857 4.577
5 W, =0.036D>% 0.873 4.404
T W, =0.086D*%! 0.975 0.848
Uit W, =0.027D>%* 0.922 2.691
Ak W, =0.186D*3" 0.97 0.948
R Softwood 30 6.31—36.45 n W, =0.066D"* 0.639 18.807
% W, =0.036D>30 0.876 11.899
T W =0.028D>8? 0.930 6.7
it} W, =0.043D>19° 0.873 8.048
Lobk W, =0.104D%5 0.956 3.293
A Lk 63 1.0—24.85 n W, =0.026D"88 0.796 55.195
Forest in karst region 53 W,=0.014D>%" 0.902 42.462
T W, =0.048D*%7 0.938 26.978
i Wy =0.06D*'* 0.909 26.398
EEgVS W,=0.171D** 0.936 21.617
BT 15 4.29—12.5 mt W, =0.024D"% 0.794 0.258
Phyllostachys heterocycla 53 W, =0.009D'5! 0.825 0.812
cv pubescens F Wy =0.031D*% 0.974 0.222
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N - - 2277 Al
BB AL BAK Wi e A i
. . wE . ) Sum of squared
Tree species Nos. of DBH Regression R .
Organs residuals
(groups) samples range/cm models o
RSS
it! W, =0.01D*™2 0.831 1.830
Sk W, =0.055D>%" 0.946 0.446
INEAT 15 3.9—11.64 nt W, =0.199D"3%7 0.554 2.349
Clumping Bamboo 53 W, =0.066D"42 0.465 3.675
T W,=0.114D*'68 0.873 0.961
Zit! W, =0.098D"816 0.781 1.815
T W, =0.436D'3 0.951 0.244
FiiPS 15 3.7—15.2* n W, =0.02D> 0.824 1.458
Oil-tea Camellia I3 W, =0.082D>%8 0.96 0.304
pics W, =0.049D" 808 0.780 1.522
Sk W, =0.151D>°"7 0.981 0.130

AR AR AT AL Wi T R

2.3 JTVURRMRA P RAE

231 FERMERR S EY R

JUPERAR AZR KR MRS BERE A A AR AT CAEAT BAT) N IS 10 SERRARIS BN [ i 4
AN RIRUVE YR ANTR] 25 BRARS B 1 7 259 25 W d KNI SR B8 1 (206.45 Mg/hm?* ) >#X R (198.20 Mg/
hm*) >#r2& (182.29 Mg/hm*) >FAH (168.88 Mg/hm*) >AZAK (165.36 Mg/hm® ) > A1 LLI K ( 80.57Mg/hm* ) >F&#}
(79.21 Mg/hm*) >/\ffi (53.53 Mg/hm”) >#7(42.59 Mg/hm”) > %% (38.06 Mg/hm?) (WLE 4) , K 2 al%n, 1~
VY 2 BRI S A Wb K NMITUT AR (366.14 Tg) >B [E (291.08 Tg) >#K I (239.75 Tg) >471 LL#k (165.51
Tg) KA (164.01 Tg) >HeM (99.55 Tg) >HRIE (46.34 Tg) >/\ 1 (20.21 Tg) >ThZ% (19.59 Tg) >4 (13.19 Tg) ,
HAIE 5 43 )k 25.68% 20.42% (18.82% 11.61% .11.50% .6.98% .3.25% 1.42% 1.37% 11 0.92% (& 3)
JTVEARMREE Y iR 1425.37Tg, P ¥ AW 105.36 Mg/hm?,

R3 FEMFAD M EMTENE (k) JEE-REEIFER

Table 3 Models for the aboveground biomass to the belowground biomass and the DBH to height for main tree species

Mo b3 R A AR

Above-underground biomass models

e - e [ U A
DBH and height biomass models

Wb (1)

Tree species ( groups) AR 2 WA 2
Fitting equation Fitting equation

FAR Pinus y=0.15729% 0.948 H=1.482D°%1% 0.939

12K C. lanceolaia r=0.1562"" 0.843 H=1.134D"% 0.892
Y

TR E. urophyllaxgrandis y= 0.3235%-677 0.794 H=1.134D""° 0.933

¥R Quercus r=0.23220% 0.826 H=1.531D"" 0.801
Y

1 Hardwood y=0.1922"%% 0.866 H=3.629D"4! 0.568

I Softwood r=0.46x"72 0.736 H=2.17D%! 0.829
Y

A LLIAK Forest in karst region y=0.42710% 0.920 H=1.615D%7% 0.900

FEAT P.heterocycla cv pubescens y=0.284x 117 0.919 H=1.745D°8% 0.967

A=A Clumping Bamboo y=0.3112%%4 0.708 H=2.266D°"%%5 0.601

J\ffi Octagon y=0.027x"2% 0.652 H=4.175D%%* 0.640

2% Oil-tea Camellia y=0.404x 811 0.677 H=1.188D"* 0.655

232 FEHRMEAUNFEEAH A E Y&
FH2E 4 W1, TV 10 28 35 B AR AR A R A 1 P BEAR I O B8 i in . Herp AR bR AR i
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400 -
[ BuriooN
350 R
[N &8 A
300 ] ik "
20 ] 4hikbhk BEA
7 250 B A
§ 200 LS
m B i i
ig 150 O %%
* 100 B4 idk
OEH
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0 ] : -_ [m] Yﬂl%}:
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FREI Forest types
2 TAESRNREBEIRKRASENE B3 ITEEHERERIEYEG

Fig.2 Total biomass of different forest types with different stand Fig.3 The proportion total biomass of different forest types

age classes

R4 FRRMEBERRREDBEMETN(Ty)

Table 4 Total biomass change with different stand age classes in different forest types ( Tg)

S Forest types 4k .EPﬁ—@M TR IR U %N
Young Middle-aged Near-mature Mature Over-mature
WA Pinus 71.88d 103.30cd 168.97hc 208.92b 291.35a
1A C.lanceolata 64.08¢ 114.00¢ 171.86b 235.05a 241.80a
¥ E. urophyllaxgrandis 14.08¢ 63.33b 75.81b 100.29ab 142.54a
BEZE Quercus 90.62b 161.46ab 196.12a 213.51a 249.73a
fifi [ Hardwood 143.21a 150.99a 179.38a 217.22a 341.46a
4RI Softwood 74.56¢ 110.23¢ 147.80¢ 239.44h 418.97a
ALK Forest in karst region 59.24d 90.45¢d 119.96be 158.68b 331.46a
A Bamboo 27.32b — 43.36ab — 57.09a
J\f1 Octagon 24.40c — 53.79b — 82.40a
M2 Oil-tea Camellia 12.02¢ — 45.29h — 59.58a

[EFF A/ NG T RER R 225 .35 (P<0.05)

2.3.3 A EBDRMAE B RGE A2 Y55

H 5 ATALPE 10 28 FZ AR R K B IR AW i B LI R 2 b 0 e 3, i 5 Loy 78.30%—
97. 47% , & /\SHMR FRHRAT 510 78.30% 88.55% F1 , HA AR HY T A 2 A= W 2 T of LU AFI 3 K F 90% , E
KIZ FARZ IR EYZ B G AP L5 5904 0.14%—2.39% .0.51%—9.50% F1 1.25%—9.79% , A [F) #F Ak
FAUK Z U AE YR LU F] FAREAR A2 ARR FERiAR R PTAR AR R TR 2> VR W) 2 > BAR 2
STEARJZE B A LAk GO TR AR S IVE P ZSTHERE > HAR)Z

http ; //www.ecologica.cn



13 1 BN 5570 EEERA () Sl A KA K ARk A: ) R AE 4469
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Table 5 Total biomass of different forest layer in different forest types
T AJZ Tree layer HEAJZ Shrub layer FAZE Herb layer TEY)Z Litter A1 Total
H: W= He W= H: e H: W= He W2

FHRT Foret types Bﬂi % Bﬁii/ % Bﬂi % Bﬁii/ % BJi::Zi/
(Mg/hm?) (Mg/hm?) (Mg/hm?) (Mg/hm?) (Mg/hm?)
PR Pinus 158.49 93.84 2.09 1.24 3.60 2.13 4.70 2.78 168.88
2K C. lanceolata 159.60 96.52 0.74 0.45 2.02 1.22 3.00 1.81 165.36
Feh Eucalyptus urophyllaxgrandis 70.14 88.55 1.29 1.62 3.54 4.47 4.24 5.35 79.21
HEZE Quercus 175.42 96.24 1.86 1.02 2.02 1.11 2.99 1.64 182.29
fifi & Hardwood 199.87 96.81 1.75 0.85 2.08 1.01 2.76 1.33 206.45
B Softwood 191.31 96.53 2.53 1.28 1.66 0.84 2.69 1.36 198.20
ALK Forest in karst region 148.12 97.47 1.17 0.77 0.77 0.51 1.91 1.25 151.96
1 Bamboo 38.7 90.87 0.63 1.48 0.98 2.30 2.28 5.36 42.59
I\l Octagon 41.91 78.30 1.28 2.39 5.09 9.50 5.24 9.79 53.53
2% Oil-tea Camellia 37.75 96.89 0.05 0.14 0.25 0.63 0.92 2.35 38.96

2.3.4  AFEIBRMISHIA R W43 b -HoF AR Y o S

TP A2 FER BRZE B B A AT N S 10 RERMCE AR RIS o AR Y R R T
MR AR (3R 6) , AL - FB AWy it i o LU BIRA R S 72.56%—87.76% , K2 K 81.15%—86.60% , 1%
R 64.12%—92.50% ,BRH R 73.42%—78.93% , i [iF]h 83.40%—84.61% , #X[i# 1 65.76%—89.37% , £ LLIHkK
H 78.28%—86.82% , 1N 71.26%—75.39% , )\ i i 75.75% —88.65% , M A5 K 50.80%—86.52% , A} i
R KR A MRS A= 9y T o L 05 % 20 338 K2 M 4G R A2 R 5 IS I Dl P 1 A R 2 R 4 i A
AR T IHAD 4 ANERLLAE, AR 2 M 3850 BT A7 L] B RCRR U 5 B ) A5 2 b 35 40 B G138 AR 5 1 A
W4 2H 188 R LN R R A A RIS 75.75%—88.65% , i 25 M 50.80%—86.52% , FAR K K A LAk
AR T LA B 2 ) e TS R A R IR LT YR £ AR A b - AR R T o L AR

I S B [ (83.96% ) >AZAK (83.60% ) > LMK (82.85% ) >/\ 1 (82.87% ) >HAK (82.35% ) >Hief (81.06% )
S (78.83% ) SR (77.61% ) >H7(73.13% ) > 2% (71.82%)

F6 SHMELBRERAN LT EYE (Mg/hm?®) B

Table 6 The above- and belowground biomass with different stand age classes for different forest types

TN Hr R AR JRFABK uE YIS
RIES AR Young Middle-aged Near-mature Mature Over-mature
Forest types Layer
Y % A % EEE7/) % Y % Wi %
BB Pinus b 52.15 72.56 82.66 80.02 142.43 84.30 182.04 87.13 255.68 87.76
B 19.73 27.44 20.64 19.98 26.54 15.70 26.89 12.87 35.67 12.24
A i b 52.00 81.15 98.72 86.60 141.38 82.26 197.18 83.89 203.40 84.12
Cunninghamialanceolata B 12.08 18.85 15.28 13.40 30.48 17.74 37.86 16.11 38.41 15.88
ey i b 9.33 66.23 48.46 76.52 04.12 84.59 85.69 85.45 131.86 92.50
E.urophyllaxgrandis b 4.76 33.77 14.87 23.48 11.68 15.41 14.59 14.55 10.68 7.50
2 Quercus b 06.53 73.42 126.78 78.52 154.81 78.93 167.14 78.28 197.08 78.92
S 24.09 26.58 34.68 21.48 41.31 21.07 46.37 21.72 52.65 21.08
1 Hardwood ;o 119.66 83.55 125.92 83.40 151.79 84.61 182.44 83.99 287.66 84.24
b 23.55 16.45 25.07 16.60 27.60 15.39 34.78 16.01 53.80 15.76
2 Softwood ;A 49.03 65.76 83.55 75.80 116.51 78.83 202.03 84.38 374.42 89.37
b 25.53 34.24 26.68 24.20 31.29 21.17 37.41 15.62 44.55 10.63
Al i 46.38 78.28 73.51 81.27 98.30 81.95 134.18 84.56 287.76 86.82
Forest in karst region b 12.86 21.72 16.94 18.73 21.66 18.05 24.50 15.54 43.70 13.18
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o . FIFILZIN ik LY B FUELYN
R JRIK Young Middle-aged Near-mature Mature Over-mature
Forest types Layer = o o o o
EY % A % A % A % A %
#r Bamboo # 20.60 75.39 31.55 72.75 — — 40.68 71.26 — —
U 6.72 24.61 31.55 11.81 — — 16.40 28.74 — —
I\l Octagon Mk 18.48 75.75 47.69 88.65 — — 69.39 84.20 — —
W 5.92 24.25 6.10 11.35 — — 13.02 15.80 — —
iMZK Oil-tea Camellia b 6.11 50.80 39.18 86.52 — — 46.56 78.15 — —
I 5.92 49.20 6.10 13.48 — — 13.02 21.85 — —
3 itig

3.1 AR R EUE R ) R

AR Wy 0 I A LA B A 42 P R R AR« T 2R — 2 T AR N R AR AR AR O A W A B
PR PR (A DR 1A, o BRI 7™ T A B ARE R 22 AR il Y 5 I 2 1 2B W e 1) 2 22053,
AR AR ROBE AR TR AT A43 oA B A W R ASE TR R R R R bR A W i A R | B A g e A R 3 1ot e
AL 8 <7 AR A AR A A AR AT A A A A 0 R R AR AR AR A AR R R T 2 i R B S
FIREHL, 1 2224 R 2R A A R AR T MO B 2 2> HRTHE X A K O R A 0L A 22 R FH A B0E
K, W HRBRVS G W7 (D) W (H) BEE(S) o 5 UL TS A A0 45 D 4% Sy SRR B A S R0 | L g 428
) 1 A AR e AR AR DL R DA A% v B %8 R AR R AR AR e I A ) AR ) SR IR e S o g FH RS ) AR
SR RIARAREY ) BRI | R A ] — e R L R A KSR TR B (L 22 e A A A i
SEFRVEA MR FEARA A A S FME T 2 Sl A KB 7 g 42 L ml L 5 AR s M R 5 2 A7 A R
AT AR (B R RS B 28 ) LR R, ELIAR AR R =2 TR AR s A AR S ) 1
A5 R R (AR AR I I A A8 S 20 SO AR £ S AR IR B LA, R, 25 5 % SR T4 S S bR R
22 ) P - % S o A AR (78 T i At B [T 2R 80 o P, FRATTIA A ) D e 428 B mT A e b T ) P 10 2%
FERFN (L) FA B AR AT IE B DL AR A B d 1 AR W e B R ELA R RS B B XS )T
TR (AL A8 E B B A AT A AU, A5 A B T B I AR RD R A g [l U R ) PR R A
0.465—0.993 Z [A] , 25 ¢ KB 13k 3 i K (P<0.05) , kR A Wi AL A ROR Bl ok 2808345 0.93 L)
I HKOE T A RO R, TR AR S50 K 3RS KRl A 5E G G R % YT, TRl 7E 2R FH R
AEIEATARAEASFEATETS | Ay PR ZH AR 3000 S () 52 ) B A G, DT 5 | S 5 i 22 , 45 W (&) ik A= 4 2 4
B IYEE B 0.554—0.857 Z (0], B WK FHAAS 2 B . 0T L, JEF B A% i) B2 i Y0 455 U 5 ) 1o FH 7
A s,
3.2 MR

FRMAEY R S5VF 2R )27 MR A W R 3R % DA G, a0 X IR K ISR A | A L) BRI 2 7 |
AERE ARSFH AR T ST AT BE SO AR ST R W P AR R Ol 1425.37 T (FRMKTRACZ AR T
K EA JATEY BAR R A ) AR FZ AR B R RN R TR A XK 70% LA B R AR, SEEAE)
oM 105.36 Mg/hm? | 1 T 38 FE AR AR 951 4= i 84.08 Mg/hm® ™) B T[] 5 J3 Hb [X. v [ 14 g 3 X 2 Ak
S A W) B (148,66 Mg/hm® ) | HL e {1 T 3% [ 078 9 30 $AA () @9 4R i 380 Mg/hm®™ Y
Whittaker 5 Linkens E\45 i #HT 43 I AR 249 A2 1 356 Mg/hm™ ™) 330 PR ) VG XA L K o A
K, A 2793945.5 hm® , (54T VEFRARET R 18.72% ,H i T A ik BB AE R IE S A L A Al h A 3%
FEHAL  REARE /N, AP AR 165.51 Tg, H ) P ARM S AED R 11.61%, B0 THHEK LAY R®IKT
[vi) 255 J38 b DX LAt AR AR
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13 4 TR A5 P 2Bl () S A AR KRR bR A i R AR 4471

YRR RURRE R BRI, A IC T U2 S ST RRRAF 0 KB R /NIRRT RARAE AR K
KRR, ARSI TCI ARG MR 5e 4 RMORIRI IR AL AE P R e = A 200, R PR
PRAE Y BRI R 9% M T AP i 219% T & A P it ik 70% 2450 0 TS AR A P TR R
R BTN RG T S AS U B/ AT & EU R 78.30% 51, HeA R Al (41) T AR JZ L i i o
U H4>909% LA L s bR W B 8 75 40 MR 2R A 0 DU DR AR o e 252 JH A 2 19 2 S 3 B R AN T] ) AR AR R 9
WAL T ARt 5 b b AR R R B AR RIS K OF EAF AR MG R AR A5 5 T 21
FAARAPLIRS A SEHER KD St Bk b R AR LT TR AR AR AR S R e AR W R S C L R
I3RS AR M b A R BT o LI 50% L)L A% AR LSS AR R AR T 71.82% , K4
Je S5 ST A B0, A b A YR 5 L BEARES 1 25 (LR R — 8, AT ORI 1 G 45 A i
(A1) il -3 T DA e 8 A MR R S A - R AW L, X T AG T DU A Bl (A1) T AR i A
AEESHMNE,
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