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Abstract Aims Changes in the biomass of tropical forests play an importart role in the global carbon cycle,
but the biomass of these forests has been poorly quantified. A strategy for regional biomass estimation should
supplanent previous surveys with new data. Accurate data are necessary for reducing the uncertainty in the
carbon budget of tropical regions.

Methods Biomass and its allocation were estimaed for the tropical seasonal rain forest in Xishuangbanna,
southwest China. Regression models relating tree biomass to DBH ( diameter at breast height, 1. 3 m) were
developed, and a power_law allometric relationship W= aD’ was used to estimate the tree biomass, where W
is the biomass of a tree ( kg of leaves, branches, stems or roots), a and b are constants and D is the DBH
(em). Other biomass components were sanpled in different quadrats in three 1 hm” permanent research plots:
shrubs (ten 25 m’ quadrats) , herbs (ten 4 m’ quadrats) , dead wood (the whole plot), large fallen branches
(twenty_five 25 m’ quadrats) and litterfall (twenty_five 1 m’ quadrats) . This method was used for estimating
above_ and below_ground biomass of live and dead plants ( trees, seedlings, shrubs, herbs, woody lianas, ept+
phytes, coarse woody debris and litterfall) .

Important findings Total biomass for the three plots was 370. 163, 550. 119 and 351. 442 Mg®* hm"™ 2. with
an average of (423.908 109.702) Mg*hm™ *(95% confidence interval) . Living biomass made up 95. 28%
of the total biomass, with coarse woody debris and litterfall comprising the rest. Most living biomass
(98. 9% £0.60% ) (Mean£SD, n= 3) of the seasonal rain forest was concentrated in the tree layer. In
the allocation of total biomass, stems accounted 68.33% and roots, branches and leaves made up 18.91%,
11.07% and 1. 65%, respectively. The biomass allocation among different DBH classes was concentrated in
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the middle and largest classes, with large trees ( D> 70 an) accounting for 43.67% =% 12.67%. The most
important ten species, in terms of biomass, made up 63.43% of the tree layer. Leaf area index (LAI) of the
tree layer for the three plots was 5. 73, 7.35 and 6. 08, with an average of 6. 39. Estimaed aboveground

biomass in our study sites fell within the range of published values for tropical moist forests and was lower than

that of Malaysian and Cameroon rain forests, but higher than some neotropical rain forests. In terms of total

biomass, Xishuangbanna tropical seasonal rain forest is also higher than moist forest in Brazl.

Key words biomass, biomass allocation, regression models, tropical seasonal rain forest, Xishuangbama
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Table 1  Plot characterigtics of tropical seasonal rain forest communities in Xishuangbanna

Study site Plot No. Latitude Longitude Altitude Asped Slope Position
Menghn I 2r57 N 10°12 E 730 m NW 15 ~ 20 Middle
Mengla il 2P N 10°33 E 580 m EN 25 ~ 3¢ Lover
Many ang 11 2127 N 101°36 E 640 m NE 20~ 25 Lover
, mx 10 m , (D) 22.0 am
3 386 , 193 ,
65 , ,
) I 263, 149
53 IT 177, 125 52
; m 181 103 49
, 2.2
3 : I 2.2.1
( Garuga
Sfloribunda var. gamblai) , , (Over
35~ 40 m, 15%; 1| ( Ba— man et d.,194),

ringtonia macrostachya) ( Chisocheton siamen-
sis ) ( Gironniera subaequdlis )
( Beilschmeidia brachythyrsa) , 15~ 30 m,
30%; I 3~ 10 m,
( Millettia laptobotrya ) ( Garcinia caw—
a) ( Drypetes indica)
( Mezzettiepsis creaghii )
, 35%:;
, ( Saprosma ter—
( Measa indica) ( Measa

( Mycetia gracilis) 1~ 3

( Myristica yun-

nanensts )

natum)

permollis)

m, 25%:;

, ( Elatostema
( Pseudoranthemum malaccense )

0.5m ,
( Byttneria

( Combretum yunnanensts )

parvum)
( Microstegium aliatum)
15% ,
grandy olia)

( Strychnos nitida)
gensis ) ;

decurswa)

( Bousigonia mekon-
( Rhaphidophara

( Rhaphidghora crassicaulis)

( Neottepteris nidus )

2.1
, 1 hm? 100 - 10

(1. 3m)
( ) ; .
(D 22 an) (0.5 em <D< 2 cem)
(D< 0.5 cm) , )
(2~ 207 em),
71 54 28 123
(2 em <D <5 am) (5 em< D <
20 cm) (D 220 cm),
( )
(D) (W= aD")
2.2.2
5 5mx5
m ( 10 ), (D<
2.0 an, H> 1 m) ,
10
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SmXS5m 2 m X
2m s
2.2.3
(2an <D <14.5 am) 13,

(DL ) (W=
a(D’L)" ;
2.2.4

( Rhaphidphora spp.)
2.2.5

, 1 10mx 10m I Im
(Im x 1m) ( ) 25
( < 2.0 a)

25
2.2.6

(D 22.0 an)
( >2.0cm)
, 25 10mx 10m 5

m X 5m

105 C 75 C
( )
2.2.7

(LE3000A)

3
3.1
(D) (Araujo et d. ,
1999; Brown, 1997; Chave e al., 2001; Overman et al. ,
19%) )
; 5~
10 m, (H)
(Chave & d. ,2001)
(D)
(W= aD"),
(W) (D) ( Chave et
al.,2001; , 1999; , 2000)
2
(p< 0.001)
3.2
3 1 hm? , 2
3
: 348. 040 Mg* hm °
(Plot 1), 516. 724 Mg* hm™ *( Plot 1I)  325. 037 Mg*

hm™ *(Plot III) 396. 587 £104. 664 Mg*hm™ *

( 3
3.2.1
3,
. (272.70 £76. 12) Mg*
hm™ 2, 2/3; , 1/5;
1/ 10;
90% ,
> > >
: 3
5.737.35  6.08, 6.39 0. 85,
( 6.533)
( , 1991)
3.2.2
4 .3 D 22 em
1950~ 2450 *hm °, D<
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80% , 2. 0%
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Table 2 Regression models for biomass of tree and woody liana in tropical seasonal rain forest in Xishuangbana

Life form DR classes and sample No. Organ Regression models Regression coefficients (r)
2 <D K5 an Stem Ws= 0. 073 3D>%84 0.8% 07
Tree (N = 46) Branch W= 0.013 5D2 558 0731 7
Leaf W, = 0.039 4D 1-4% 0.667 5
Root W= 0.028D*> 0.826 6™
Total Wy=0.147 1D>4®? 0.907 6
5 an< D <20 em Stem W 0. 108 603107 0.945 3°*
(N=55) Branch W= 0.018 6D 83 0.861 9°*
Leaf W, = 0.045 5D 1686 0767 5°**
Root W= 0. 024 202205 0.935 7+
Total W= 0. 181 5p2322 0.959 1***
D>20 Stem W= 0. 040 102752 0.966 3**
(N=122) Branch W= 0.082 9D* @3 0.913 6™
Leaf Wy.= 0.097 9D '-3%4 0.797 6™*
Root W= 0.011 1D ®01 0.968 6
Total W= 0.093 2D 2502 0.968 1I**
2m<DKI14.5 m Total Wr=0.072 9( D2L) %42 0.942 3
Woody liana (N=13)
#% < 0. 001
, I 3.2.3
70~ 80 cm ,
16.67% ; I 0~ 60 cm s
10. 55% ; I
30~ 40 cm, 14. 14% , ,
2 2 2 2 (
) , , 1999) 5
, 10
o m I om , 10
, 16. 65% 10% ,
14.20% ; I 65% ; m ,
, 9. 85% 22%, , 59%
, (199) , ,
3 : 10 3. 43% *
(D <20 cm) , 4. 09%
8.01% *1. B%; (20 an< D <80 I oo, (
an) , 60. 2% =* ) 3%,
11.42% ; (D> 80 am) , 34.95%  35.57%,
31.87% *13.34% m
1998 I , socylum binecterferum
( y
(46.24%) (47.91%) ( Sapium baccatum )

B

10
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Table 3 Biomass (Mg hm™2) allocation among different layers and various plant organs in tropical seasonal rain forest
Stem Branch Leaf Root Total
Laye Plot 9 9 9 9 9
e ¢ Biomass % Biomass e Biomass 7 Biomass % Biomass e
I 238.3% 63. 50 37.733 10.84 4.418 127 67.493 19.39 348.040 100
Tree I 359.94 6. 6 49. 873 9.65 4.951 0.96 101. 976 19. 74 516.724 100
m 219. 764 67. 61 38.379 11.81 4. 655 1.43 62.239 19. 15 325.037 100
272. 695 41. 95 4. 675 77.236 396.600
Average  (76.115) .76 (6. 830) 10.59 (0.267) 118 (21.58) 1947 (104.664) 100
| 1.213 52.08 0.208 8.93 0.312 13. 40 0.5% 25.59 2.329 100
Shiub I 0.609 53.33 0. 106 9.8 0. 155 13.57 0.272 23.82 1. 142 100
m 0.995 0. 41 0.292 14.79 0.239 12.11 0.448 22.70 1.974 100
0.939 0.202 0.235 0.439 1. 815
Average (0.3006) 3L (0. 093) 113 (0.079) 12.97 (0. 162) 2417 (0. 609) 100
| 0.534 35.82 - - 0. 328 2.0 0.629 42.19 1.491 100
Herb I 0.928 41.15 - - 0. 572 25.37 0.755 33.48 2.255 100
m 0.455 18. 56 - - 0. 628 25.61 L 360 55.8 2.452 100
0.639 0. 509 0.918 2. 066
Avemge  (0.253) 0.9 - N (0. 160) %.65 (0.3%) 4. @ (0. 508) 100
| 3.347 81. 8 - - 0. 206 5.04 0.536 13.11 4. 089 100
Liana I 2.469 87.71 - - 0. 152 5.40 0. 1% 6.8 2.815 100
m 2.339 87.70 - - 0. 144 5.40 014 6.9 2. 667 100
2.718 0. 167 0.305 3. 190
Avermge  (0.548) A N N (0. 034) 325 (0. 200) 955 (0.782) 100
| 0.115 30. 66 - - 0. 065 28.63 0. 047 20. 71 0. 27 100
Epiphyte I 0.087 45.31 - - 0. 061 31.77 0. 044 22.92 0. 192 100
m 0.139 45.57 - - 0. 98 32.13 0. 068 22.30 0. 305 100
0.114 0. 075 0.053 0. 241
Avemmge  (0.026) 4710 N N (0. 020) 0.94 (0.013) 21.%6 (0. 058) 100
I 243. 605 68. 39 37. %41 10.65 5.329 L. 50 6. 301 19. 46 356.176 100
Total I 364. 017 6. 59 49. 979 9.5 5.81 L13 103. 241 19.73 523.128 100
m 223. 692 67.29 38. 671 11.63 5.764 L73 64.308 19. 34 332.435 100
277. 105 42.197 5.601 78. 950 403.913
Average  (75.923) a. 6l (6.749) 10.45 (0.295) 140 (21.18) 19.5 (103.923) 100
s 3 Standard deviation (SD) in parenthesis (n= 3)
3) 9 ]
( ), ., 55.83%,
3.3 3, 2 (
-2
1. 815%0. 609 Mg*hm™ *( 1) ,
3) 2 ? 3 5
., 51.73%:; : 11011 A 2 an
24. 17% ; 24. 1% 208 135 112
-2
(1998) (2000) 3.190 0. 782 Mg hm ™ % 3)
: 85%
, 2 an, 5 cm 9.55%; , 6%
3.4 ,
2 2
2 2
3 3.6

2.066 £0. 508 Mg* hm™ *(
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Table4 Distribution of No. of individuals (No.*hm™? and biomass (Mg*hm™? among various DB classes for tree hyer in
tropical seasonal rain foreg of Xishuanghanna

I Plot I 1T Plot 1T 111 Plot 1T Average
DBH
Zli:;g irz?\;idzrzll Biaass in]:Ii?v'id?lfal Biomass iﬁ?ﬁdﬁl Blomass iﬁ&ﬂiﬂ Biomass
2~ 5 1562 (63.94)  4.309(1.24) 1127 (57.9  3.131 (0.61) 1 163 (58.50) 2. 87 (0.88) 1 284 (60. 43) 44 (0. 87)
5~ 10 83 (19.98)  8.156 (2.34) 396 (20.36) 03 (1.36 35 (18.06) 6.433(1.98) 414(19.50  7.21 (1.82)
10~ 20 205(8.39) 17.424(5.01) 218 (11.21) 20. 106( .89 227 (11.42) 21.876(6.73) 217 (10.20) 19.802 (4. %)
20~ 30 91(3.72) 30.528(8.77) 88 (4.5 29.610 (5.7 117(5 86) 38.342 (11.80) 99 (4.64) 32.827 (8.28)
30~ 40 42(1.72) 33.579(9.65) 39 (2.01) 33.0%2 (6.40)  63(3.17) 45.950(14.14) 48 (2.26)  37.540 (9. 47)
40~ 50 19(0.78) 28.736(8.26) 25 (1.29) 37.919 (7.34)  26(1.31) 39.124 (12.04) 23 (1.10) 35.260 (8. 89)
50~ 60 11(0.45 29.M3(8.60) 21 (1.08) 54.518(10.55) 3(0.65) 33.561 (10.32) 15 (0.71) 39.341 (9.9)
60~ 70 8(0.33) 34.726(9.98) 12(0.62 46.067 (8.92) 0(0.50) 39.137 (12.04) 10 (0.47 39.977 (10.08)
70~ 80 10(0.41) 58.002 (16.67) 8 (0.41)  46.334 (8.97) 6(0 30) 33.126 (10.19) 8 (0.38 45.821 (11.55)
80~ 90 2(0.08) 14.816(4.26) 2 (0.10 18.19 (3.52 1(0.05  7.109(2.19) 17(0.08 13.375 (3.37)
%~ 100 2(0.08) 20.394(5.8) 2 (0.10 22.243 (4.30) 1(0.05 11.355(3.49) 1.7 (0.08) 17.997 (4. 54)
100~ 110 1(0.04) 15.459 (4.44) 3 (0.15 39.114 (7.57) - —  13(0.06 I8.191 (4.59)
110~ 120 1(0.04) 17.688 (5.08) - - - 03(0.02 5.8% (1.49)
120~ 130 - - 2(0.100 44.305 (8.57) 2(0.10) 46.155 (14.20) 1.3 (0.06  30. 153 (7. 60)
130~ 140 - - 1(0.05 29.068 (5.6 - — 03(0.02 9.676 (2. 44)
> 140 1(0.04) 34.280 (9. &) 1(0.05 86.029 (16. 65 - —  0.7(0.03 40.089 (10.11)
Total 2 43 (100) 348.040 (100) 1945 (100) 516.724 (100) 1 988 (100) 325.037 (100) 2125 (100)  39. 587 (100)
Percent of total n parenthess
, 50% r ., )
3 , 3 3
(0. 241 £0. 058) , , )
Mg* hm™ 2, , 0. 6%
, 45% , RN% ; 3.9
3.7 3
3 (2. 727 £0. 466) :370. 163 550. 119 351. 442 Mg
Mg hm™ % 6), hm™ 2, (423.908 £109. 702) Mg*hm™ * ,
, 5. 28% ,
, 4. 2% ,
4. 65%  43. 60% ; , 98.09% *0.60% ;
, 7% , . 0.8% £0.31%;
; , ) 0. 06% *0.03%
3.8 I .,
( ) , I 11
; ( ( 9,
, 1996) 3 , 68.61%:; , 19.55%;
(17.268 £6. 481) Mg* hm~ 2( 7) , 1. 40% > >
>
’ ’ 8
) I )
o 60%; I 1
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Table 5 Individual density and bianass allocation of the main ten species in the tropical seasonal rain fores of X shuangbanna
Individuals Biomass
9
Flot Species Density (No.*hm™2) % of the tree(yloayer Mg* ™ % of the tree /loay er
1 Pomeia tomentosa 70 2.8 87. 355 25. 10
Teamindia myriocapa 1 0.4 34. 280 9.85
Barringtonia macostachya 90 3.8 20. 307 5.83
Chukrasia tabularia var. velutina 10 0. 41 17. 711 5.09
Sloanea cheliensis 11 0. 45 13. 278 3.81
Elaeocapus varunua 7 0.28 13. 186 3.79
Garuga floribunda var. gambla 9 0. 37 12. 899 3.71
Prerospermum menglunense 20 0.8 9. A3 2. 86
Castansis ferox 3 0. 12 9. 671 2.78
Gironniera subaequalis 61 2.50 8. 452 2.43
Total 282 11. %4 227. 84 65. 25
11 Teamindia myriocapa 6 0. 31 154. 254 2. 85
Pomeia tomentosa 42 2. 16 29. 540 5.72
Dy soxylum lenticdlatum 31 1. 59 27. 29 5.27
Anthocep halus chinensis 40 2. 06 24. 97 4. 84
Garugafloribunda var. gambla 17 0. 87 23. 301 4. 51
Pouteria grandiflora 21 1. 08 2. 032 4. 26
Meadina trichotoma 8 0. 41 19. 395 3.75
Winchia cdlophylla 3 0.15 14. 687 2. 84
Horsfiddia panduriolia 22 1. 13 13. 900 2. 69
Ulmus lanceaef olia 7 0. 36 13. 260 2.57
Total 197 10. 13 342. 595 66. 30
il Barringtonia maaostachya 166 8.3 4. 555 13. 71
Dysoxylum binecterifeum 17 0. 8 25. 898 7.97
Sapium baccatum 1 0.0 24. 686 7.59
Beilschmiedia robusta 1 0. 05 21. 469 6. 61
Gironniera subaequalis 63 3.17 17. 693 5. 44
Myristica yunnanensis 165 8.30 13. 720 4.22
Pomeia tomentosa 8 0. 40 13. 521 4. 16
Garugafloribunda var. gambla 0. 05 11. 355 3. 49
Engdhardia spicata 4 0.20 10. 199 3. 14
Xanthophyllum siamensis 12 0. 60 7. 865 2.42
Total 438 2.0 190. %61 58.75
6
Table 6 Bianass (Mg=hm™ 2) of litterfall in tropical seasonal rain forest of Xishuangbanna
Leaf Twig Fruit Other Total
Plot Biomass % Biomass % Biomass % Biomass % Biomass %
I 1. 848 62. 39 0. 809 27. 31 0.284 9.59 0. 020 0. 68 2.962 100
11 1. 103 36. 41 1. 819 60. 05 0. 072 2.38 0.035 1. 16 3.028 100
I 1. 110 50. 68 0.938 42.83 0. 113 5. 16 0.029 1.32 2. 190 100
1. 354 1. 189 0. 156 0.028 2.727
Average (0. 428) #.65 (0. 550) 43.0 (0.112) 572 (0.007) .03 (0. 466) 100

s 3 Standard deviation (SD) in parenthesis (n= 3)

(2005)

4.1
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Table 7 Biomass (Mg® hm™2) of coarse woody debri and its allocation in tropical seasonal rain forest of X shuangbanna

A Standing dead trees Fallen dead trees Large dead branches Total
ot
Bianass % Biomass % Bianass % Biomass %

I 5.548 50.32 2. 148 19. 48 3.39 30.20 11. 05 100

I 5.222 21.79 14. 143 59. 02 4.5% 19. 19 23.963 100

1 8.128 48.33 6. 050 35.98 2.638 15. 0 16. 817 100

6.299 7.447 3.52 17. 268
Average (1.592 3.8 (6.118) 4313 (0.9%) 20.40 (6.481) 100
s 3 Standard deviation (SD) in parenthesis (n= 3)
8
Table 8 Mean value of total biomass (Mg* hm™2) i the tropical seasonal rain forest of Xishuangbanna
Stem Branch Leaf Root Total
C ent 9 9 9 9 9
ompone Biomass e Biomass e Biomass % Biomass % Biomass 7
277. 105 42.197 5.601 78. 950 403.913
Living biomass (75.923) 6.l (6.749) 1045 (0.295) .40 (21.184) 9.5 (103.923) 100
1. 189 1.354 2.721"
Litterfall - N (0. 550) 49.83 (0. 428) 4.40 N N (0. 466) 100
12. 547 3.52 1. 19 17. 268
CWD (5.855 7.6 (0. 9%) 20.39 N N (0.345) 6. (6.481) 100
Total 289. 652 68.33 46. 908 11.07 7.015 L 65 80. 149 18.91 423.908 100
0l3

* .

parenthesis (n= 3)

Fallen fruits, flowers and undstinguishable things included

CWD: Coarse woody debris

9

s 3 Standard deviation ( SD) in

Table 9 Comparison of hiomass (Mg hm™2) between rain forest in X shuangbanna and the other forest communities

Area Minimum
Forest type Location of pbt DR AGB of TB of B References cited
(hm? (‘em) tree layer tree layer
LWR Guiana 2 10 309 - - Chave et dl., 2001
LMR Panama 50 1 281 - - Chave et dl., 2003
TRF Brazil 392 - 264 - 372 Keller et dl., 2001
TMF Cameroon 10 15 312 - - Brown et al. ,1989
TMF St Lanka 8 10 205 - -
TMF Malaysia 0.5 10 91 - -
TMF Canbodia - 10 295 - - Brown, 1997
LMR Costa Rica 0.3 1 234 - - Deval & Chave, 2004
. , 198
TMRF Hainan 1 5 3R6 417 429 Lietd.. 1998
TMRF Hai 0.15 55 492 572 588 > 1991
e : : Huang et al., 1991
WSRF Xishuangb 0.25 5 536 683 693 > 2000
: istmangharna : Zheng et al., 2000
RTRF Xishuanghama 0.2 2 259 321 335 - 1997
Dang et al., 1997
WSRF Xishuangbame 1 5 283 353 361 108
1Sianghanna Feng et al., 1998
TSRF Xishuangbama 3 2 319 3% 424 This study

LWR: Lowland wet rain forest TRF: Tropical rain forest TMF: Tropical moist fores LMR: Lowland moist forest TMRF: Tropical mountain rain forest

WSRF: Tropical wet seasonal rain foress RTRF: Ravine tropical rain forest

Above_ground hiomass

TB: Total biomass

TSRF: Tropical seasonal rain forest DBH: Diameter at breast height AGB:
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9) D) 1)
(D 2 an, 319 Mg*hm™%; D >5
an, 317 Mg*hm™ *; D 210 an, 311 Mg*hm™ °)

( Diptero-
care forest) ,
(245~ 513 Mg* hm™ ) ( Brown & Iugo, 1982)

( ,2005),
(9

2

)

(407 Mg*hm™?) (

2

) (588 Mg*hm™ 7,
(429 Mg*hm™ %)
(2000 0.25 hm’ (693 Mg
hm™?), (1997) (1998)
(9

: (693 Mg*hm ™ °)
(335 Mgehm™ %) 2.1

Brown (1995) 1 hm?
(125~ 5 000 m’) ,
( Brown et
d. ,1989)
Laurance  (1999) ,
(Chave et
d.,2001),

(Condit & al., 1995)

?

(Amomum vit-

losum) ,

53.73% 94.72%  98.33%,
( ) ( .2001)
(Keller e al.,2001)  Araujo  (1999)
14 ,
, (709
Mg) (161 Mg) 4.4 , 80%
,3
L, , 11
, 11
1 hm®
(Chave e d. ,2003)
: 30 1 ho :
4.2
(Segura & Kanninen, 2005)
: (D)
(H) (S)

, ( Brown e al.,
1989; Chave & dl. , 2001)

2

( Chave et
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al. , 2001; Keller e al., 2001; Overman e dl ., 1994;Se
gura& Kanninen, 2005)

4.3
(Gillespie e al., 1992) , D< 10
an 1698 <hm™*( 4,
80%
2. 69% |
1.97% ; 1 m
(2.86%  3.58%)
(1~ 30 an)
(D> 70 cm) (D 2200 an)
Clark  Clark
(2000)
, 14% ~ 30% ;
, 1/3( Chave & al., 2003)
) 43. 671% *+
12. 67% ,
50 hm’
10 *hm™ (Chave e d ., 2008) , .3
719 9 15
1.5 : 1]
n o, 1
(D= 207 em),
16. 65% , 11
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