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Aboveground biomass, ANPP and stem volume of birch stands in natural

restoration process of subalpine secondary forest in Western Sichuan
LIU Yanchun,ZHANG Yuandong” ,LIU Shirong

Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Key Laboratory of Forest Ecology and Environment, State Forestry
Administration , Beifing 100091, China

Abstract: Aboveground biomass, ANPP and stem volume of coniferous plantations have been studied in many papers in
subalpine region of Western Sichuan, China. However, very few were reported about natural secondary birch forests
( Betula spp. ), which have become dominant types after over exploitation of old growth coniferous forests from 1950s to
1980s in this region. Aboveground biomass, aboveground net primary productivity( ANPP) and stem volume in birch forests
with different stand age were calculated with allometric relationships and one-way tree volume models, respectively, by
sampling stands with different age as a substitute for time series. The results indicated that aboveground biomass of tree
layer as well as the average single tree increased with the increasing of stand age. Aboveground biomass of tree layer
reached its peak at the 30 years old stand, that was 7.88 t-hm >a™', and then slowed down gradually. Average individual

'. Stock volume of tree layer rose

aboveground biomass reached its maximum at the 30 years old stand, that was 1.13 kg-a"~
with the increasing stand ages, and the mean annual increment reached its maximum at the 50 years old stand, that is 3. 78
m™hm >, while the current annual increment reached its peak at the 30 years old stand, that is 6.07 m>hm . Average
individual stem volume also rose with the increasing stand ages, both mean annual increment and current annual increment

reached the peak at the 50 years old stands.

Key Words: biomass; ANPP; stem volume; birch forest; vegetation restoration
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DV I 2 LR DX b A 7 58 e JB 2 B 2 AR V30 , AR IRAR O 8, R AR B R 0 i LU S B K
X BEPRAREE P oA T B VDV RV R A T S5 U 3 S B S, AN 6 ] W g v 1L bR X ACb A 7 i
T Fh L R, T LR AR BRI IR K B RS AR RIL B S RS Mg ik . [
W, IZX TG AR, Bl 318 S G BR , A A, MR, R — ME SIS AR R eSS X . 20 H4E 50 4
FREAKE , BEE VG V155 LI BRAR B KRBT &R R , LAY 12 (Abies spp. ) 2 FEEARHARIF S 1R B S I ARBR T8
BURAR, ZJERESE AT T LA AL (Picea spp. ) J EEM AN THEH " o [FIF, 7858 I 320 7 785 4K 5% 1
H, DA R ARSE A B Bt 5 JR N T3 35 B30 b U 3364736 LAMEAR ( Betula spp. ) 25 NAM- S5 B WA ERRREH ' .
1998 4F , RAMK IR TRIERS 30, N AR EEEH T . LI KABERE A TER L LHHF
J&  NPEE R LLARARAE T KA R Z b, AN RIS B9 T AR R AR R A PR 2% DX el 3 2 F #R AR
HAET

WLk, BT RS CO, SR ZE AR BEERE FA GRS RE D E RS AN 2 BRERE
W, FRAERS RGN SERBRAGIN L MBI IS 2 60 o MY B 547 1 R ARG IF I B4
W, A FRRRARARBI AR A 7268 7 o VG WP 15 LU BRAR R R TR AR 52, A5 52 Wil 12 DX Sk (s 2 1o e Rk [ o
B, BRI EELUATKEWHRCHEFEE, NE FRZOEREEY ™ &, W2k, ks,
YRR AR R A 5 2 E S B X R A IR B RS S T AN TR B 54
TSR BIFBIE Y . M Ti%HX [ RIKE WA AR BB ST M52, B MR 5T 8 K Uk A AR AR 7K SRR
VKRR R S S REE R Y™ 0 T (BB E B SRR AR AR IR A B A7 1 S B SE o

A SCUNPEARIEZ AKX 20 A R B RIKE KA MEAR (Betula spp. ) MROFBHFFEXS R, R 2 EA
B BT, AT AR EE HEARR R A 4 B (A 7 0 DA S RS AR, DA A PP 0 e L b X B AR 5 3K
RARBEIERBEE SR FKE o
1 HREER

BFSEIXAL T U1 |48 B ELOK S 2 AR IX, 3 B8 Al B g 31°24'—31°55N,102°35'—103°4'E, 4K 7E 2200—
5500 m Z [i], SAE3Z A & R K PE R, B A FEE IR ISR, LUEIR 2760 m KIS 6, 4
AEREIK B 700—1400mm , 4538 & B 1000—1900mm, 1 HHy3iE -8 °C,7 A hy3iE 12.6°C, =10°C EFHIE N
1200—1400°C , K% bR IXAE % 3 B AU 1 B, HRAR A SRR SO 1 T A BT 2 5. JRA RO 1 Tl
& 2400—4200m Z 8] , LAY & LU ST MR h 32, A3 Fh IR YT 42 (Abies faxoniana Rehd et Wils. ) FIE R =
12 (Picea purpurea Mast. ) , 1950—1978 4 [RIFAT KA &1k, ZJ5 RLEZBFW D, £ 1998 FERHF
R AR H AT 22T B e 44 - ( Rubus spp. ) BL#i 1T ( Sinarundinaria nitida) #EM . 1955 FELV)G ik b ST &
T UM B 42 (Picea asperata) 3 EMNTIEHT o [FHT, 3253 E RAEAR Jhy 3 i 7 A= g IR B0 2R 4R B3t 3 3
KA RN U R AR B RRIRSSPR G B 1 B AT bR ARIRE 2 o KT Rk 38 SR L I i
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YIAA ( Cupressus chengiana S. Y. Hu) ,JH#A ( Pinus tabulaeformis Carr. )%,
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Table 1 Outline of Betula spp. forests in Miyaluo, West Sichuan

il B ?ﬁﬁi e iﬁ)ﬁ PR Tt HB P BE
Stand ages Dominance species Elevation .Slop.e Gradient Tre.e mean Mean DBH Cano.py
/a /m direction /(°) height/m /cm density
20 B. albo-sinensis 3452 NW50 35 8.06 9.41 0.33
20 B. albo-sinensis 3388 NE30 30 7.87 9.00 0.4
20 B. albo-sinensis Sorbus spp. 3378 W 28 6.81 5.40 0.
30 B. albo-sinensis 3258 NE10 35 5.84 9.11 0.35
30 B. albo-sinensis Sorbus spp. 2955 NE40 45 9.43 8.97 0.45
30 B. utilis Sorbus spp. 3336 NE8 30 5.97 10.58 0.5
30 B. utilis 3270 N 30 12.35 15.28 0.44
40 B. utilis Sorbus spp. 3512 NW60 30 8.87 12.70 0.5
40 B. utilis Acer spp. 3100 NE10 45 9.37 13.22 0.55
40 B. albo-sinensis Acer spp. 3046 NW 30 10.39 9.15 0.55
40 B. utilis 3322 NE15 35 10.05 11.51 0.6
50 B. albo-sinensis 2940 NE35 35 14.54 12.03 0.6
50 B. utilis 3380 NW20 30 11.43 14.83 0.5
50 B. utilis 3227 NE20 30 12.42 16.75 0.8
50 Acer spp. B. utilis. 3058 NE30 45 10.07 10.95 0.75

®2 JIBELEHULRERTFAN EEWEREEKER

Table 2  Allometric relationships for above-ground tree biomass in subalpine secondary forest in Western Sichuan

i 4 it IR WERABE SRR MXER kR
Tree Height and breast relationships Organs of aboveground  Allometric relationships . g
coefficient references
F Stem W=0.0139(D? - H)%% R? =0.9986 [21]
—1837.2261 4% Branch W =0.0014(D? « H)-%% R? =0.9118
Wi Abi . H=45.7974 + ————=="=
¥ Abies spp D +39. 4060 M- Leaf D<40cm W =0.0003(D? - H)'23® R? =0.9341
D >40cm W =11.506In(D* - H) -74.733  R* =0.7539
F Stem W =0.0405D* 568 R? =0.9890 [21]
. D # Branch W =0.0037 D> %% R? =0.9450
k% Picea spp. H=—r— — m———————
1. 1295 +0. 0161 x D I Leaf D <40cm W =0.0014D*%®? R* =0.9419
D >40cm W =29.541InD -63. 15 R* =0.7574
1031, 4484 F Stem W=0.14114(D? « H)*™* R? =0.9801 [22]
e Betula spp.  H=33.2727 ~D +31.5193 #% Branch W =0.00724(D? « H)“"% R? =0.7744
- Leaf W =0.01513(D? « H)*%8 R* =0.8281
» F Stem W =0.3274(D? - H)*™8 R? =0.9325 [23]
— _ 2, 0.7198 2 _
BEAY Acer spp. H_O. 841178 70. 031825 x D £ Branch W=0.01349(D* - H) R* =0.9114
- Leaf W =0.02347(D* « H)*%% R* =0.8917
R F Stem W =0.0537(D?* - H)*%¥ R? =0.987 [23]
_ _ 2, 0.9504 2 _
#A Poplar spp. H =0.74623 0. 042052 x D A% Branch W=0.01245(D* + H) R* =0.863
i Leaf W=0.0221(D? - H)®™8 R? =0.786
S I Oth F Stem W =0.0097(D? + H) +5.8252 R? =0.9914 [21]
er
B : i Branch W =0.051(D? - H) +3.508 R? =0.9825
broadleaf species
M Leaf W=0.0004(D? - H) +0.7563  R*=0.9333

51 A7 R AR S 1% DX X o7 J Fy AR , TR B S R A K 22 R K, R e X 538 7 A S M i, PR G AR SCAR AR 531 L i 40 4

ARG 7 3 3E 1 AR AR TP B ARy B G 22 (R LA B 18] ] B TSR A -

_Wp-Wq
p-q ’
KA, S RFEAF=T7, W NFEMBE BT A&, p, q 535 0 AREE
T T —TOA VA B AR R, AR IS A A B, SR 5 e B AR b T R B, R &
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WP — IO AR IR 3. BRI A Y& A7 1 A BUR RIAR B AR o P B AR RO AR W 8 A 7 ) A
REPERE, HAt B AT

B E W = #Fl Z (Wsi + Whi + Wii)
BT 5= 3 3 )
TR vl z > ()
Tt KR - %
FEAE A KR p= oV

P-q

A, W, W, WL 35 T A, I A i, Vi D8R i ARAR I AA B, W, W, .V, \V, SR X BRI B ) A
Y ER(HB) S HBRMRFIAET= I, 5, 50 | IRIKKRIIAE Jo 0 REFFHAERKE, BEFIEFER
B, m B PRE T R R, n AR IR ARARE p g kil

®3 WI—maAmRE

Table 3 One-way tree volume models in Western Sichuan

WA Tree AR Volume equation/m®
0.9388
¥EA Betula spp. V' =0. 00004894 x (0.9839 x D —0. 3303)2 917 x ( w)
31.549 + D
. _ _ Loot _ (45.79737 —1837.226)\% %3

4% Abies spp. V=0. 00006322 x ( -0. 1027 +0. 99576 x D) %! x (—D T )
- B Y
Zi4% Picea spp. ¥=0. 00005679 x (0. 37388 +0. 9721 x D) ( 159 70,0161 XD)

_ _ 1. 94526 D
¥ Poplar spp. V'=0. 00005275 x ( 0. 5162 +1.0942 x D) x (0' 673 0 0BT % D)

_ 1945 D 0.93885
B Acer spp. ¥'=0. 00005275 x (0. 49896 +0. 9661 x D)4 x (0—' TTNER) 381)

51 B P BRI IRE A I A S, PO —JCSL AR BRI 1980,12,49,82,121,193

3 £RaH
3.1 HEARESBEPEYE AL

T TS FAARERHEARMRTTA)Z B3 Skt _E A & AAE = I AR IR (3R 4) "I, B RK R i 72
HARAT TR A Y B A AR B3SO 7 B 8T R i A BT 50 a BRI ECKME, 40 51
98.0,74.9,12.1 t-hm >, SFIARkA: B th EAIS B3 Ik, KR E AW E e 50 a WA BAME, T+
REWTEYELE 20 a B K 5 SAEWEM 45% ,30 a BHEBIEK, J 55% ; ZJa X T RS 50% 4. X
BIsbk AR, 20a BT 5 66% , 2 )5 25618 T 1% ,50a Bk 53% .

FARZHEF= T e NG >, 76 30 a BB AME 7. 88 t-hm > a™'; ZJ5 AW T I, 50 460 1. 19
t-hm >a™', BAMREIAEJ1H1 20 a 9 0.81 kg-a "$8/mF] 30 a (¥ 1.13 kg-a ™', AR5 FFEH 0.96 kg-a ™', 7F
50 a B} X BEA BT

PR35 B S KGR/ N 7E 20 a B, B8 EEE: /MU 1900 #k ~hm 2,30 a #1140 a Af FF+5] 4600 #f -hm 2
14500 k ~hm? 50 a Bf XUFFEE] 2300 #REAHT, XK 40a Z )5, b B RFEH R

M 20 a 3 30 a, BEARSH % BEFUARESSE I, AR TEARZ AW RIGIN T 38 2 7%, 30 a J5 , MO BEFF R T %,
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JEHIE 50 a B bR o348 BEARXT T 40 a IR FEE— , HARD £V BB, Ul AMA R 215 R B R R
TR 5 | A2 9 A B P 2 P 55/ N SRS T T B AR T R K

F4 FTREBEHBEERKFTAREMER T FEMEME=HRTN
Table 4 Change of aboveground biomass, its distribution by organs and NPP of single tree and population in Befula spp. plantations of
different stand ages

Mk iy F*AJZ Population
Stand age Density #F Stem A Branch W B Leaf #it Total #£j*J) NPP
/a /(plant-hm %) /(t-hm=2) /(t-hm=2) /(t-hm=2) /(t-hm~?) /(t-hm2a"1)
20 1900 19.3 + 3.8 22.1+ 14.4 2.7+ 0.7 42.7+ 12.8 2.14
30 4600 66.7 + 15.7 46.0 + 28.0 8.8+ 2.2 121.5 + 43.0 7.88
40 4500 88.8 = 31.7 73.5+ 48.1 9.8+ 3.8 173.2 + 58.5 5.17
50 2300 98.0+ 14.4 74.9 + 10.1 12.1+ 4.2 185.1+ 25.5 1.19
F 10.1** 1.9 5.2*° 7.7 /
it B Density HRRH Single tree
Stand age/a /(plant-hm ~2) T Stem A Branch M A Leaf it H: 7= Jj NPP
/kg /kg /kg Total/ kg /(kgea™")
20 1900 10.8 + 3.6 3.6+ 1.52 2.0+ 0.7 16.3+ 5.8 0.81
30 4600 16.9 + 6.34 7.4+ 3.9 3.3+ 1.4 27.6 = 11.6 1.13
40 4500 22.1+ 9.5 10.7+ 7.1 4.4+ 2.2 37.1+ 18.8 0.96
50 2300 28.2+ 8.2 17.9+ 7.9 1.9+ 2.9 48.0+ 17.2 1.09
F 6.7** 7.1** 6.8** 6.9** /

#P<0.05, x x P <0.01,n=15 RAHRFRTT 2047 BEEA L

3.2 ARREABRFIAREMTIZL

HIZR 5 F A, TR AJZ & LR SR S AR BRI 3 i ssg hin, (R, TR AR R R ARME AP B AR K Bt
WEARES ARSI TR 0, 43376 50 a BPAEIRAME 3. 78 m™hm > Fl 1.39 m™hm ™ ARAHE A KBS NE
TR, 7E30 a BHABIR A, J 6.07 m™hm * , BMRMBUEG A K BRI IEHE,50 a AR AL 1. 90

m>hm %,
#5 IERUMERKRERFTRAEERMEMMRBEERE
Table 5 Annual increments of stem volume of single tree and stock volume of stands in Betula spp. plantations
ity B RE F¥/KJZ Population/ (m® +hm ~2) Hibk Single tree/(1x10 3m®)
Stand age  Density BRI PRAEKE  EEEKR ) Py R HEAPE K R

/a /(plant-hm =2) Stock volume Annual growth  Current increment Stem volume Annual growth Current increment
20 1900 31.29 +4.96 1.56 1.56 17.02 +7.35 0.85 0.85
30 4600 92.04 +24.59 3.07 6.07 35.20 £18.25 1.17 1.82
40 4500 133.52 £27.9 3.34 4.15 50.55 +33.00 1.26 1.54
50 2300 189.23 +87.58 3.78 5.57 69.57 +28.56 1.39 1.90
F 4.75* 7.25°"

#P<0.05, * + P<0.01, n=15

LbRSTEE HE T 20 a fR) 1900 #k/hm® 34 /NE] 30 a fr) 4600 #k/hm’ B, MRAPEBUS B INE 2 45, P14
HERBWHEIEK ;30 a FAHE T, ERENTY A KBRS, 1630 a 340 a fiH, %F
IR BEAS B ., 3 B AR AR BT B T HA BRI AR AR B A2 K, IR AR A K B T M. 76 50 a I 258 T 4
K, BB FRCT AR50 28 (R FIGE IR , bk oA K BE P bR, 28 R 4R A K B P OB 0, 3K 5 0 T 7 Bk
SEH R RR I AR A K R AL TP A EE A
4 Zg5itie

25 20 HEZ0JE2H M 50 a BISRARS TR, )1 PG 0 55 1L Ak B AT IEAL T R T R B RIKE
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PR A WA X BRI S SR AR IR AT AT B SR AT M 3 R B 1) e SR B
B, AP AR R EYBYE T RIBRRM ALK, TERFEYBABBRTEE . MAKTAZREE
FRUE 20 a WFBEAR T A AR, MI7E 30—50 a A5 , PR E R BAEFERKELE 2030 a R T B,
T7E 50 a BT 2 S HEAR BAR T B BUE 50 a B K 0. 069 m® ZALTF R = A2/ 0. 1523 m® ;7€ 50 a LA
B, A KRB TRBRR =2, EFERBHEFERBUER T oEMA,

O AN Betula spp.
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Fig. 1 Comparison of biomass and volume with different restoration
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FERE VI, 2 A2 K% B = T HEARAK, (A= A2 T
KZAEVEMIETHAM . 25 HEIKE BB, HEAR
W ERIRIFEE R = BB W 2 50 (B’ 2) M
KAZEYEMERE —HR TEMK. BEERAMNK
% BE SN, A=K BT T BT ) R 2 ) R B R A DB O D
HEARAMAAE K Z BN ; S5HEARMRAR L, = A2 B
/NFE HAEARWT TR, R 806 A K il e, A
R EY R R TR, EREN P25k
MEBUNFHEAR G X B8 THER, X AT BB 50667
YITESR BRI BC 22 58 56, TEV I, MERZX T T W R
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Fig.2 Comparison of density with different restoration

approaches in the same period
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MARWEIR ; ZJa HEARZET LB H R ,50 a BYEAL N 53% , i = 225 T HLBIA W 7,50 a Bk 2] 60% ,

UG R B KR THEA

XU 5 LL S B AR AR B AR A R A R A HE AR AR B T 5 32 B - BB PR FO38 Jom, ME AR PR TR AR
JE B BARRT- 2 3t b A W B AN s 7 0 W e S b . TR T AR S B RIS R PR R A
TN, PR E R B SEFERBNHE 50 a KB R RE. HEAR PR BIZEE N, B EBEABIHR.
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Sz X N T AP LB, AT A Z i AV BB —E R TR R SR, TR SR EY)
BMWETRBRFZANTZEK. BRIKEFTAZEBIERE AHERAR T N T AR, e 5 H00 T R %
FNTLT =AM BRFERLE 30 a LR, MEAR ) BARPT ERZEIS & T 2 A2AK, T2 50 a BHHEAK TN B B 9% J5 T
P Z Ko

[RIE, PR S AR AR K SCRB T R B , N L AR S 5 2 b st 5 7K 8007 (3 58 2R T B AR
WA WIRESRNER, N\ T ZBARTAZE K BEBER THAK™ . WERAKTAZ
HE =T R A& BORE K AR, I T HOK 3 R FCR B T RIS R A T A2M . B, B RIKE AT AR D9 7K IR
REBPAHRE M EE R, BHEL T RATRAZE YR GBS YR 90% L B Frk
YIRS SRR DUCER AR RIK T 5 WBRARE B A BORE A B IA = N & T
IR N T BAZHR 6 R N PATEF ARR A7 , JEHE R AR, TR AN TR B & 18 S M 2 E R,
ARG EIFHBCR . BEE 2BRURAER , SR A SIS R W B, ARG Bt C 28 i R B A AR A2
FERETA BN T RIEDRMBI ST o BRI, PR SR, DEARYE 22°8 B AR MISEPRIE L , s B A AP A S 2
HIRRARIK S @ A, FEA RIS (8] B ATHE T , LA R R R AE B R SR RS DIk AW , AR AR
PR E , S AT DA B R IER PR L B A GBS B E PR SR T2 4518, — 38 M L
BB HRADT . Fo Mo B R AREARZ FEARZ SR UARRR B WA
FFRA
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