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Changes of tree layer aboveground biomass, ANPP to altitudinal gradient in the

subalpine secondary mixed forest of Western Sichuan, China

LIU Yanchun, ZHANG Yuandong* , LIU Shirong, ZHANG Xiaohe
Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Key Laboratory of Forest Ecology and Environment, State Forestry
Administration, Betjing 100091, China

Abstract: Subalpine forest region of Western Sichuan was located in the outer fringe of southeastern Qinghai-Tibet Plateau
with high mountains and deep valleys, and was covered with subalpine forests, mainly dark coniferous ones. The forest had
been greatly reduced and degraded, as a long-term over-logging on a large scale. Natural secondary coniferous-broadleaved
forest was one of the main secondary forest types in subalpine region of Western Sichuan, which was originated from the
clear-cutting lands between 1950s — 1980s due to the overexploitation of coniferous forests. Additionally, it was an
important transitional stage in the secondary succession from cutting-blank to climax community. Our objectives were to
quantify the aboveground biomass and aboveground net primary productivity ( ANPP) of coniferous-broadleaved forests at
different altitude, and to explore whether different response of coniferous species and broadleaf ones to changing altitude was
existed or not. Based on the history data of forest management and field survey, we investigated eighteen sample plots of
coniferous-broadleaved forests with 40 years old, distributed along four ( A; 2900 —3050 m; B: 3150 —3300 m; C: 3300
—3450 m; D; 3450 — 3550 m) altitudes from 2900 m to 3550 m, all of which were located on the same slope of Jiabi
Mountain in Miyaluo forest region. We sampled 4 or 5 plots with similar site conditions and stand factors in each gradient.
All tree layer plants (DBH = 5 cm) were surveyed and sorted into two groups: broadleaf species and coniferous species,

based on the leaf characters. Aboveground biomass was calculated using allometric relationships of this region summarized
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by other experts. The ANPP was estimated by the mean annual increment method. The biomass and ANPP of tree layer
decreased from 157. 07 t/hm®, 3.43 t-hm >-a " to 54.65 t-hm >, 1.36 t-hm - a™" respectively, with increasing
elevation. The temperature difference and reducing stand density among altitudes were possibly the main factors affecting the
stand biomass and ANPP. Individual biomass and ANPP of broadleaf species decreased from 200. 55 kg, 4.96 kg/a at A to
47.86 kg, 1.19 kg/a at D with increasing altitude. However, opposite conclusion was found in coniferous species. The
corresponding values of coniferous species increased from 51.57 kg.1.28 kg/a at A to 73. 88 kg.1.84 kg/a at D. But there
were no significant difference at 0. 05 level. This heterogeneity seems to be in part responsible for differences in biological
characteristics of species and forest habitat. Correlation analysis revealed that broad-leaf species were more significant and
sensitive in response to altitude than coniferous species in this region. The difference of biomass and ANPP between

different altitudes may be narrowed down with the global warming.

Key Words: aboveground biomass; altitudinal gradient; subalpine; secondary forest; natural restoration
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Table 2  Allometric relationships for above-ground tree biomass in subalpine secondary forest in Western Sichuan

EF 2285 i WX R WERABT KO MARM - EkR
Tree Height and breast relationships Organs of aboveground  Allometric relationships . g
coefficient references
T Stem W =0.0139(D? - H)-%% R? =0.9986 [13]
—1837.2261 #% Branch W =0.0014(D? « H)-%% R?=0.9118
WA Abi . H=45.7974 + ——— =
P& Abies spp D +39. 4060 M Leaf D<40cm W =0.0003(D? - H)"2% R? =0.9341
D >40cm W=11.506In(D* - H) -74.733  R*=0.7539
T Stem W =0. 0405 D% % R? =0.9890 [13]
. D # Branch W =0.0037 D> 7% R? =0.9450
4% Picea spp. H=zrro————————
1. 1295 +0.0161 x D it 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 [10]
WeAR Betula spp.  H=33.2727 ~ 51315493 A% Branch W=0.00724(D* « H)“9% R? =0.7744
M Leaf W=0.01513(D? « H)%%8 R? =0.8281
b T Stem W =0.3274(D? - H)"™8 R? =0.9325 [21]
- _ 2, 0.7198 2 _
BEAY Acer spp. H_O. 341178 70.031825 x D A% Branch W=0.01349(D* + H) R®=0.9114
it Leaf W =0.02347(D? - H)*%% R? =0.8917
b F Stem W=0.0537(D? « H)*% R? =0.987 [22]
— _ . 0.9504 2 _
# K Poplar spp. H =0.74623 70. 042052 x D A% Branch W=0.01245(D* - H) R* =0.863
it Leaf W=0.0221(D? « H)%™8 R* =0.786
St W=0.0097(D? + H) +5.8252 R? =0.9914 13
FE A Other T Stem (- H) + , [13]
’ % Branch W=0.0051(D? - H) +3.508 R? =0.9825
broadleaf species
I Leaf W =0.0004(D? - H) +0.7563 R? =0.9333
[F) S A 4 25 SR R, NSRS 8 7= A LR , B I AR SO A 31 L iy 4t 3
®3 FABEGERSFTABEYETURERBEERRE
Table 3 Biomass changes of tree layer and statistical test at different altitudes ( F)
H Y Bi /(/hm?
R3] Classify ?&ﬁiﬁg/m L] iomass / (t/hm”)
Altitudinal gradients 2% Stem £ Branches I Leaves 411 Total
S A 56.13 +4.46° 37.33 £13.37% 7.97 £2.25° 101.43 £11.02°
Broad leaved species B 44,44 £17.81% 18.62 +4.80" 6.91 £2.25* 69.97 £23.69%
C 36.28 +13.94 21.63 +3.85% 7.20 +2.98* 65.11 £20.37°
D 18.64 +3.19¢ 10.52 +2.93¢ 3.72 +0.54° 32.89 +6.67°¢
F 20.41** 11.14* 11.33* 20.86 **
AT A 44.44 +16.08* 6.47 +2.75* 4.73 £2.69* 55.64 £18.52°
Needle species B 41.05 +11.86* 6.08 +1.90* 4,58 +1.33° 51.71 £15.09*
C 37.50 £17. 842 5.55 +4.17* 4.57 £3.78% 47.62 +25.79°
D 17.23 £11.60° 2.54 £1.75° 1.99 +1.52° 21.76 +14.85"
F 27.06** 4.37 1.07 28.57**
A Total A 100.57 +32.20* 43.80 +15.24* 12.70 +4.00° 157.07 £37.24*
B 85.50 +17.31% 24.69 +4.19° 11.49 £1.99* 121.68 +22.82b
C 73.78 +38.68" 27.18 £8.02° 11.77 +6.10° 112.73 +52.74°
D 35.87 £9.56° 13.06 +3.18¢ 5.71 +1.24b 54.65 +12.50°
F 26.14** 14.23 ** 20.07 ** 25.97**

A 2900—3050 m; B: 3150—3300 m; C: 3300—3450 m; D: 3450—3550 m; WFPLHRIRM LRI HE ; B8 B EME + brmEiRs, n=
18; RPFFIFFAFFEERRAMERBE (P < 0.05) ; A MHE/NEFEERRARZERABE (P > 0.05)

AR T s BE AR T AT 2K

BEE MR BE A3 I, BRET 288 M AR B 22 R S AR B I R M 2R B A8 B AR Y B XZ i
T, HIRFIRE K. PISSMIP &30 B ALY B I RE ST R TR B — 2 A LA, R 2R W 2 L] 3
AW LT, o5 A BRI 8. 5% 7. 8% LIHE] D BEEER 9. 1% (11. 3% , ARorF7 A2 M- A= 4y & EL 4] U py
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B UGRAREE WFEM 2AEY E R BIM A T ARZ SR 57% LA L, BIEEA , B 55 1 i3 #4773 o 98 =
FHAT, BB X AT AR ARG B ARIKE 40 a IR, IE AL T4 RIR AR BRI I B B |, Bl ko0 i it —
BRE , UBHN ERE M2 A Y AW N, FF B KT iz X by P S AR TR BT
2.2 BRGH TR 2SR A R X R A f i o

B 1 BT, BEYE R A6 BE B BT, DAMERS O 32 0 R S R B AR R S AE B AW T RS, B A BREERY
200. 55 kg TF%3] D BEEEfY 47.86 kg, EAARIN &4 E £V EIZE T U A2 B 20 EREH 2
FEAMF Y EAR BT, B A BREERY 51.57 kg 3] D BEEERY 73. 88 kg,

BIRMEE A, B AL, M S EMRT 28 A W R T AT 28Rl AR, 7E C, D BREEAL, ST AR ZE A
YR, MR 3300 m B, £ AR B R AR W B IR B IR A R 2R . R, AR AR SRR
Wl 12000 X 25 V8 A2 A0 58 3 07 T R VR R 38 I i 5 | 2 A AR 3R AR A

S ERAE SRR BUARL , RS BRI, S SR 2R AR B T & LU B T, TR AR
YIB HPIRT T, BRI 2R 2E T AR W B HTE 50% 2245 o AT I MRS A 0 Eu ik 799%:129%:9%
S5 pRarEE S8 s AR AR W B 4 S EL AR ]
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Fig.1 Individual biomass structures and their allocations of different species at different altitudes

A: 2900—3050 m; B: 3150—3300 m; C: 3300—3450 m; D: 3450—3550 m; WFPLELRHA B LML ; B R P40  bRinss, n=
18; EHEHAMPFARFRERRARZFBE(P < 0.05) ; A HE/NEFHERRABMERABE(P > 0.05)

2.3 N[RIMESRAS B IR S = F S AT

F & 2 T, AR BE () LT, Whap A7 ) B G BAARST- A2 7 0 3580 T e, MR A7 1 e A BB
f¥)3.43 t-hm ™a "R REE] D BEEEA 1.36 t-hm ™™ a ™' ARAF BRI A4 7= My A BBEERY 6. 24 ke/a TRER| D
BEEERY 3.02 ke/a, Ut -SSR BN T AR A 7= J1 43 S Bl A BBBERY 1.38.2.05 t+hm ™™ a ™ FREE] D BiE
f0.54 t+hm™>a ' Ff10.82 t-hm *a ™' o [I-SSARR AL RRAE 7 I 7R A MR BE R U B T AR

Brit | R SR AR 2 A AR AR B, R I 28 BRRP 3 A 7 D B AR BT TR T R, i A B
JBEH)4.96 kg/a TFEZE D BRBERT 1. 19 kg/a; B M-I HARP-2E 7= ) W BEIRA T R s i, e A BEIEERY 1. 28
kg/a EFFE] D BBEERY 1. 84 ke/ao iR 3300 m A, A Y AR A= 7= g e T R AR
2.4 MOFEAREMFPLL R IR B 1

TEREHLBE B , BEHET IRTRAS L BB N BOR RV E A B SEXT R o R 1 B XS AR e | B EL B4 LA
BIPE B R LU 20 4:6 AR II ) o P APALRRAIZE 57, ANt | IR 2 BE , M veg BT TG AR, Y vl S R R
AT REXT AR A D AR A — s R, R AR S BERT A LA AT o SR 4, bRy BE Rl SR _E T T B
TR, B A BBEER 4201 #j/hm® , FRER] D BREERY 1551 Bf/hm’ s &1 W B BB E TS SR, 55
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Fig. 2 Changes of productivity in stand and individual leval at different altitudes

BEBE W L L (WP L) FE SR R 2 AN B3 . [FIRE , SR BEET R M = b AR L AL Z R A B2,
WE M2 ELBITE 49% —63% (AR (K 4) o XKW, REMD B E SR HBER AR (RS) BRI R
o BE v W T AR L TG 2 AR A, BB B A BAE A R B EE R 2 R AN B o

x4 TEBRBERSFRELERMMAR
Table 4 Density and species composition of stands at different altitudes

MeArE5 B Stand density/ (Bf/hm?) WA 5 T TG FH Stand breast-height basal area/ (m?/hm?)
#§4% Elevation/m

2k LIS i 2k eSS
A 2314 £562° 1887 +630* 20.1£3.3* 19.2 £12.9*
L4 Proportion 0.61 0.39 0.51 0.49
B 1961 =776 1200 +57% 16.0+5.2° 16.4 +3.8*
L4 Proportion 0.58 0.42 0.49 0.51
C 1625 +661° 1186 = 1426° 15.8 £6.1* 6.7 £2.8"
L4 Proportion 0.67 0.33 0.55 0.44
D 1076 +336° 475 +171° 8.4x1.5° 5.0+1.9"
L4 Proportion 0.69 0.31 0.63 0.37
F 42.5% 16.2** 2.06 2.65

Mo AR A S EEAA ET R RAR R AT B (R 5) R AR A7 1 3 SRR 2 S
RRF (BRETMRBMRAER A7) o o BAEYE Rk EY R 52 R BR BE K (P <
0.01) o AarAJ1  BEARAE Y BARIAE BEKF (P < 0.05) . T FIR AR YR A7)
BURBEN BZKF(P >0.05) . HESEHHEBERAMER, HAREP > 0.05), Wk HESEDE.
HEFEA MR BE . B LU B R B AR D R R B B2 . AT U AR AR R AR
PR AR S MRS R AT, TR V3 BE RN AN R WA P IR o X Tl 44 468 J3E 156 W 7 Bt Pt SR o 3
3 Fit5ifit

AR SSRGS 5%, SRR kLS5 TT R T A B A2 0 EESE MM AR AT
T SRMX AN TREWRBR S22 ML, TR E-BEAR S IR ISR 4 A6 BT 3 46 R R
FEIETBAR . TR B AR U A R ARARL EL , S B BE R B RTR SR A M B W] B T 29 4R AR YR AE R Ak, T
HEFE IR B G 5K 48 4F A4 (IHER AR A M B AR EL UIRSAIR, T AR = A T & . 5H e
X AT FRIR S AR b , 122 X LA R (0 A i, L7 T i 2 L B2 RS — S A AT IR SR, T A =
TG HHSE () .
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x5 HOEME.EFNERSAFREXSH
Table 5 Partial correlation analysis between biomass, NPP and stand factors

R El Ag De Co BHBA STB IB STNPP INPP  BNPP CNPP BINPP CINPP  BIB CIB
El 1

A 0.13 1

D -0.37 -0.22 1

c 0.20 0.03 -0.42 1

BHBA 0.01 0.41 0.73** 0.12 1

STB -0.74** -0.06 0.25 -0.09 0.56* 1

IB -0.54* -0.51 -0.12 0.36 0.37 0.51 1

STNPP -0.60* -0.32 -0.35 0.42 0.94** 0.26 0.52 1

INPP -0.02 -0.43 -0.09 0.15 0.45 0.0l 0.68* 0.67* 1

BNPP  -0.66* -0.52  0.20  0.56* 0.49 0.15 -0.05 0.70** 0.13 1

CNPP -0.26  0.04 -0.15 -0.55* 0.44 0.67* 0.63* -0.15 0.18 -0.54 1

BINPP  -0.75** -0.44 -0.10 0.41 0.10 0.53  0.94** 0.58* 0.59* -0.01 0.56 1

CINPP  0.07 -0.49 -0.27 -0.29 0.42 0.58* 0.94** 0.41  0.63* -0.11  0.74** 0.81"* 1

BIB  -0.78**-0.43 -0.02 0.46 0.0l 0.54 0.93** 0.59* 0.58* 0.01  0.57* 0.99** 0.82** 1

CIB 0.21 -0.16 -0.08 -0.34 0.29 0.64* 0.71** 0.30 0.48 -0.07 0.73** 0.56* 0.89** 0.58* 1
fi ARy ; * » P <0.01, x P<0.05; R A RE; EL¥EE; Ag M5 De WBE; Co #hrFAEHITIL; BHBA MR Wi ; STB #hsr

BAEYIR S IB RN STNPP ARG A )5 INPP SARH: 7 J) 5 BNPP M8/ 15 CNPP SF 24 ) 5 BINPP il 2SR A 1 5

CINPP B2 BABR 7 J1 5 BIB FRIHSbR AWy f 5 CIB BH bR Wy B

X )1 PG I 5 L 3 X [ o 3 M B At W TR S R L B IR T ST 2 P«

DI PG G 5 L3t [X e R SR AR TR A2 £ ) BB B4R T 760 TG AR AU, P20 L B 256 i A Wy R B 4 T T
TR, B ER B EAKT(P <0.01) . MAMTEARE KR BAET S BRW FREMRIKFEEREE) . XF
TR TR BT AP T RS RN, WIREERR, G B UK REE TFRSE M E 2R,
A X R AT 100 m, P IRMEAK 0.56°C iy A BB S D BEEIRBEARZE 4 3—4C . AL, Bk
X R, 25 S, SRS S M A K4 0, AR IR AR, e T B L R R . 1
FREMSEMIER L, YR CEREE RIS A T R, M AR L E AW N . X Rt TSR
FESE SR PR I I T, B VR AR B, DATE RN B X 25 IR R A B SR, T M PR S e T
T B, AL o T 3 R e 5 SR S B T R ) A A A 25 ], T A 37 A K T RESS AL , LA DR X B 35%
BERL Y o A TR RN R T T AN, LAANER FALBE 7 , BB WL , S L B PR i AL B

W 2R R AR A W B A BB IR b T R R, A IR B K (P <0.01) 5 T4t -2l 24
T8 A R LT (BRA B B EKT(P >0.05) . 3 B 4k 81T 3300 m i, &+ i3 bk A
Y PR TRMR . AT RERYIF A YR R MR SRR R R IS R . SR AR BRI
SEMLBRAMNE, LFE - ENEEE, A KSHEARSINRE ., ZAMTERIE, (BN EER
PR, BB SARHEE % 60% P b R Z A ZHWE . EWHEEER BT, SRR R TR, Bk
B, SWE S AR E R Wik, SR EAE BRI ERK. B, RS HERE T (R
4) ,WRAT NE RS , I SRR A A AR B AR X A8 22 O JEURIZS (8] , 7 ) TR A B b P R R S

21 20 BRI I 20 #4098 K™ , 2R E R ETHE 21 OB E 1.4—5.8C ™ FRE R
RARSBBH B AR R ER TGS TR EED . % Brakm, 2100 4
HHERAERINES SR SRS H LT 6—8 T 4—7 C, I P AT R, B R EWMEY KK
FEAESHETP ERBEAR R T , MRS/ 0 B2 1 T R BT . BRI, R4 BR B A
S B SR R B A TR s 2| S B e B, M SR, AR IR A S A B, TR, R VR AR A ER 8
BT R R R, ECbk 2 A B 3R b, TR 1 P A B 2 S T RE ST/ o
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A8 D 3 I VG P o X B 2 AR 3 B AR X, IR A, PR B BRI R, ML A R4, RS B 45 51
SRR R A R ENE , B ARKE BRI E A B AR T ZE KN E. FHik, 728 KEELES,
YA ST TR SR S R (X (9 P S R, REVR 454 ROK IR IR S5 T R AR . SRR 1 B
5,5 EHMEIAEAR IRTLYS A2 PR S 5 R A ARAE L, N PG 30 X ) R TR AR B AR B0 i Sk &, 7T I, 1 1
RS EA AR IR RS

AIHIFAUT XM H— TR Z Y B, BAREREARZR, AR MR & H3E (RAR M
HY%) (R FRAZRMERIEE N ESRERME R T SARKN LES, B — @R E LR
BRAER Ko [, BIFST o R S v G A A A0 A Wy B A 25 sh AR AL B R, AR 7 B E— 2B R F, Pk A
PR TS & R A3, RO B AN [ L 00 (9 A R A TS B 5 B AR A R B — s WAL, L B M PR Ak
T, B A R RS S R R — P B o

R HEMXARHREEMESEFNRARER

Appendix Data of biomass and NPP of different forest types in other areas
TARBAYR  FIRBAETN

2 X
e Fo e LA (N o
JI| P -3 L EI R A R 29 49.70 5.15 [25]
I P -k E MR A AR 48 116.76* 2.43* [26]
JIPE-FATR IS R IRBK 40—51 134.41 2.99 [24]
JI PG -BLEL AT 40 125.40 3.14 [15]
VG- SRy Y NI 35—36 173.00 4.81 [23]
RS JRAR- 5 B AA G IR ST AK 38 103.00 2.71 [27]
JIvg-3 B TR IR A 41 111.53 2.72 A3

* FEJFSCHERE A SCA KRBT R R, BRI 0.5; A AW HHE
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