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Biomass carbon density and its dynamics for young and middle aged
plantation of Pinus kesiya var. langbianensis

Li Jiang'?, Qiu Qiong', Zhu Hongtao® , Meng Meng' , Chen Hongwel ' Feng Xuan', Liu Yonggang',
Guo Yongging', Zhai Mingpu®
(1. Yunnan Academy of Forestry, 650204, Kunming; 2. Beijing Forestry University, 100083, Beijing;
3. Kunming Institute of Botany, Chinese Academy of Sciences, 650204, Kunming: China)

Abstract Based on biomass data collected from field surveys and plant carbon contents determined in
laboratory, biomass carbon density and its dynamics for the young and middle aged plantation of Pinus
kesiya var. langbianensis were studied. Results showed that; 1) Biomass carbon density for the
plantations of age 3 —~5,6 —10,11 —20 and 26 years were (20.15 +3.09), (27.24 £2.25), (94.89 «
9.90) and 147. 58 t/hm® respectively. Over stand age, biomass carbon density increased significantly for
stand, arbor layer and litter layer, while decreased slightly for shrub layer and grass layer. Relations
between biomass carbon density and stand age for stand, arbor layer and litter layer could be performed
well by a logistic model, while the fitting effects for shrub and grass layer were not satisfied. 2) Mean
annual rate of biomass carbon sequestration for the plantations of age 3 -5,6 —10,11 - 20 and 26 years
were (4.92 £0.63), (3.52 +0.25), (6.44 £0.30) and 5.68 t/(hm®-a) respectively. The rates
were positively related to stand age for arbor layer and stand and negatively related for shrub and grass

layers. The relations between the rates and stand age could be well performed by a logistic model for

BmBM:
A &R:

2010-11-11  {&[E B #§: 2011-02~10

Z A N R 5T P FR AR A B I 2 RO B VT B 5T (2007C240M ) 5 = RS A AR BT A M 5 5 1R
(2008PY085) ; Bl 5 Hz 3 #1130 “ W #4711 b 15 bR B B B2 A BF 5% 7 (2008 BADISB09 ) |, “ /)M F A T AR Bsk VL 2y BB F
37" (2007BAD32B02-08)

F-EEEA: FOLO972—) B MHLBE BBIRA, TERRG A HRAEF SHLHKIC, E-mail: lijianglyht@ yahoo.

com. cn

tREEEHN: BHE(1942—) 5 4R, LEHRFE: TEXEK, BEAELSER, BRMAL, E-mail: zhmp@

bjfu. edu. cn



w2

TILE: BFERPHRAN TR EYRREE XL HERL 107

arbor and grass layer, and by a Gauss model for shrub layer, while the fitting effects for the relation for

stand were not satisfied.
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ARG, W B AR SR R ER IR
RaT R ER" ., BEW (Pinus kesiya Royle ex
Gord. var. langbianensis) 2 3 [ 7. #H7 70 7 o1 L1 #h,
MREM EF A TomETEs B TX%
w5 BERIE KR, B T AE SR BR
HEFEBEZEMATERM R, EXTEFM A LK
BRIC B8 T AR e B 9T 20 L diGE

EET2008 EEBFMNEP AR 4 N
(R B RAMEI) WETHARE 3 ~26a
30 BB F M N DARAE M, SCI T 36 BRI ZEALAE
BRAYE, WE T BFN . B AR R RO R A
HYIR RS BB TSR, PR T RS AT
YRR EN R R KA, BERE DA
FA N TARBR Al B 4 B0 O B P O R L A Bk
LS pRER AR K

1 WMERXEAHRR

EERH A T E100°29' ~101°05', N 22°24’ ~
24°01', BRF¥EMMX, B MR BAF 2R
DL 4 BT, K 915 ~1 800 m, AKX JE /I
PO B R R AL Ak, 19N B AH TR0 0, b
W& 1100 ~1650 mm,f{ZE(5—10 A)EWE 2
F85% LA o PR SR 2L HE NN 208, 3 AR
FELE A 8 IXUCHE S PR Bl L S M R ARbR . R AR
R ATHESEEMN, WG 3 F5EANTKRE
BARZE L ~2 R, IAMSEBRAE#ITEEEK. A
TAR P BR S8 25 PA S0 B9 T R 4 B A 41 K B ( Schima
wallichii) . 7K & # ( Wendlandia tinctoria ) . 4 H +
( Phyllanthus emblica ) . == T ¥ 2 ( Engelhardtia
spicata ) \ZL #f (Anneslea fragrans) . €1 ik ( Castanopsis
hystriz) | %8 # #% ( Castanopsis echidnocarpa ) | 11 ¥k
( Lithocarpus spp. ) F1&4 % ( Aporusa spp. ) %, AL
PR HE AR H S E H 2L 1L (Measa permolli) |, 3
( Glochidion lanceolarium ). % F& # ( Rapanea
nerrifolia) M ¥ Bk 4E ( Urena lobata) %, KT B A
YH H ¥ (Imperata cylindrica var. major) | BE 3¢ H
( Oxalis corniculata ). % ZX & 2% ( Ageratina

Pinus kesiya var. langbianensis; young and middle aged plantation; biomass carbon

adenophora) \2%F}L 11 % )& (Alpinia spp. ) M F B
¥ (Arundinella hookeri) 2"
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I B R b 30 Bk, AEREHBARBURRMEAR 1 ~2 B, 2L
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SR SR PS4 1 DU 52 A 4 B R BURE I S & B R
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JE AR £ R IR A, 4 B R B S BURE T F
ETKERMEHE, AN EE RS
BREKET,
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B h(m) g E R Rk o FT b K GRS A
BB, UG B RN TR AR A B . AR RE T
B AP RBEER T IR E AR R (S
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W) i B AL T AR A ) B A A R R AR R ARG X
JE BB T, 25 SR T 2 RURE AN AS BN AR A
Yy BB B, i 2R ) B 2 B Bk LAAE AR % 13 B 47
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A Y BB B A4 ELAELED 252 0 A R EL A
2.5 WW/AW

K Al Excel #l DPS #AF R HEM A THE 2
MY RKER A FERRE, ok Y&
Bk 4 JBE A4 49 [ 3k B 15 PR AR AH S G B AT 2 R
PR C AR A [l I AR A

3 5RESH

3.1 B¥FRAIHREZSENESHE

MFE 1 ATH, BF AN DARN Y S % &
ERAE B CF AL i AR 4 (48.10% 2 0.27% ), £ A%
RHERIT Sy (38.06% +0.83% ), BFMAL
&S BRBEERT ) 2 H A SRR
fH (50% ), WA A2 4 i X 19 — o B n 4§ F 41K, a0 4
ALY M # ( Larix principisrupprechtii) (51. 58% ) (41 J7
= ¥ ( Picea koraiensis ) ( 51.18% ) . jilf ¥ ( Pinus
tabulaeformis) 50. 30% U] #1 ( Platycladus orientalis)
(50.53% )™ ;5 70 )1) 31X — o B A AT 0, BB AR B
L E ¥ ( Pinus massoniana ) 5 g2 (50.97% ) i {H
S5 #.K ( Cunninghamia lanceolata) 5 B % (48.20% )
Bin, B T = ® i ( Pinus yunnanensis ) W) & B &
(46.55% ) °" o SR B TR R AR T 2o At 1 o Ak A
KR HE BB R A S 22 R4, SR F R BN
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F1 BFERATIHAERZHERE
Tab.1 Carbon contents of forest layers of the Pinus Kesiya

var. langbianensis plantation

R EL & AR
BB LES 48.10 £0.27a 36
BEMUT 845 46.79 £0.33a 36
b N 44.19 +£0.30b 30
HE AR H 4 42,91 +0. 34bc 30
HEAH LIRS 41.58 £0.42¢ 30
HARMT 8 38.06 +0. 83d 30
W%y 43.92 0. 58b 30

HDREEEREFRRRE0 05 K ENEREEH2)
PRI HE « MR, TR

3.2 BEFRAIHNEREELEN

Wk 2 B, BEM A ARG E AR
RO TR, AR 3 ~5.6 ~10.11 ~20 126 a AT
AR B B R R (2015 £3.09), (27.24 +
2.25), (94.89 £9.90) #1 147. 58 t/hm’, EBEH
ATHRGHRBA3 ~5a) BABHKEKEEEX
((8.79+£1.97) v/hm®), H At & B KK K Tt K 2
((7.83£1.46) vh®) B AR ((1.86 £1.67) v/
hm®) #i% 912 ((1.30 £0.43) v/hm'), WHIE,
TeAR B W05 BE R M BOR B, MR Y R % &
WIRB EARRKEEEAMAKR, MERZREESR
WM. M6 ~10a ], HFEMNEEEYE
KR KFFAE ((18.53 +8.97) v/hm*) A E
((5.70 £2.61) v/hm*) AE%E W R ((1.60 £0.13)
t/hm®) EAJR ((1.15 £0.19) v/hm®) ; HK g 11 ~
20a A THEZ BT EKIR HFEARE ((83.01 +
10.84) t/hm®) JEAKJ2 ((8.12 £2.49) t/hm*) 4§
HEWRE((2.49 £0.79) tv/hm®) (B AJZ ((1.28 +
0.61) t/hm’) ; bkil} 26 a BFMATHKEZHEY
BB EKRKITFAR (141.85 vhm' ) ¥ K 2
(3.52 /hm®)  #iHEYWRE (1.72 v/hm*) B A B
(0.49 t/hm?) ,

F2 AR EFWA TR EREE

Tab.2 Carbon density of plantations of different age groups t/hm®
Mig/a R FeARR EAZ A2 WEY = E Vis
3~5 8 7.83 £1.46 8.79 +1.97 1.86 £1.67 1.30 +0.43 20.15 +3.09
6 ~10 16 18.53 +8.97 5.70 £2.61 1.15+0.19 1.60 £0.13 27.24 £2.25
11 ~20 4 83.01 £ 10. 84 8.12+£2.49 1.28 +0. 61 2.49£0.79 94.89 +£9.90
26 2 141. 85 3.52 0.49 1.72 147. 58
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Tab.3 Correlation coefficients between the carbon density
ratio of different forest layers and stand age

AR BAR &Y
-0.72639* -0.5620* -0.5991"

EYEE AR
HWEEH 0.7953*

R MR RRAEO. O kP LB, TR,

3.3 BFRAIHRBEERAROETL

TN AR 2 BB BE 5 MRS O AH K o b7
ZR(ER D) BN MO FFREMMEY IR WBREE
SIS AFAE B IE A SE, R 2 A R AR 2 0 e o R
AR AR BN BE . BRI ARE G
YR R BE R AR B S i R B K T KR

IR A2 B % o B B AR 0% B9 38 0 7 850 55 B0 s 20
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Tab.4 Correlation coefficients between the carbon density of

different forest layers and stand age

SYBE FTARE WAE BEEFE HEY &M
MIEEB 0.9523" -0.1612 —0.2908 0.4189* 0.9305*

LEMEBRXRZELE R, Ao BT E
(CO) TERBEBREE(C,) MEYWHREE(CHRE
RIS (A,,) KRR LB T AR SR B, Koy
BHRHy=a/(1+exp(b+ex)), Xy HEREHE,«
R o b Fl e HEBCHMESHAEKS, EARZERM
FR S IR SRR LA RUR 2, 8 H (el
JED: 2

RS OMOTEREE B IR TR BEAUAL T 2 B R S ARG B R D7 R

Tab.5 Regression equations for calculating the carbon density of the stand, arbor layer and litter layer with stand age as variable

¥y x a b ¢ R? P n
Cyq A, 156.211 6 3.3190 -0.243 390 0.9142 <0.000 1 30
C,, Ay 143.3272 4.2095 -0.301 137 0.9529 <0.0001 30
Cy A 2.569 8 0.8881 -0.192510 0.2270 0.0309 30

3.4 BREMPHBAIHRNESERE
BEMANT AR EY ZHC8 B Fmnkint,
B Bk A 7R 9 )2 TR BB A B R B T R 2 AT 4R
WEBRBS T, MK 6 A, Rl 3 ~5 a phorHy4E
BEBREN(4.92+£0.63) t/(hm’-a) , HPF KRR
EHEBEN(2.16 £0.26) /(hm®-a) ,EABRME
HEBERN(2.16 £0.45) /(hm®-a) | EARFEY
EEH(0.61 £0.17) v/(hm®-a) , I R E
SEARBHEYEREHEER —F, HEE 6 ~10a
SR EBE S (3.52+0.25) t/(hm’-a) , Hb
FARRK(2.57 £0.24) v/(hm’-a) ,FEKE N
(0.76 £0.08) t/(hm’+a) ,EA B 5(0.19 £0.03)
t/(hm®-a) |, B A 2 B4 2 E B B MKIR 3 ~5
afiEH —Em, ERZMERZNEK 3 ~5a
B K iE b, WA S B E B i — &8s
ARG 11 ~20 a B[R], Ak A AR BBk B O (6. 44 +
0.30) t/(hm*-a) , HPFAREH(5.75 £0.35) v/

(hm’+a) ,BEAEH(0.61 £0.22) t/(hm’-a) ,H
Z5JE X (0.08 £0.03) t/(hm’+a) B FRARZ K
EFEBRE 6 ~ 10 a #8142 KM, W EARE
B AR AR B i & Fe 22 /Mg vk 20, b4 AF [ B i
B IR AZ B IR 3G B E R, ARKikS 26 a B
PN TARARSY (4 2 B Bk @ B 4 5. 68 t/(hm® - a)
HPHZAREHNS5521/(hm*-a) ,ERKEHRO0. 14t/
(hm®-a) ,BEAZ N 0.02 t/(hm’-a) BB BIFFA
B B R E 10 ~20 a (YBREH BT T REL AR
MEARYEYERE BTG —EWL, &=hoH
ERER AN BHE — WL, RABFMA LA
AEHE BB AERT — B B (10 ~20 a) 358 T W& (H, T
AR A3 B A [ Bl 2 0 (0 U 7 HH R AR B o6 {HIX
RBFMNTARE D R, RS EE A S
B AR b B 40 TR TR X, A A 9% R AR K T 20 a B AE
HEERA 2 5, AR BEER
HR BT, B FaEmR.

&6 AFMBREFHRAIKERRESEERE

Tab.6 Mean annual carbon sequestration rate of different layers and age groups t/(hm®-a)
Kt/ a ek T ARE(EHEY) AR HAR £V s
3-~5 8 2.16 +0.26 2.16 +0.45 0.61 £0. 17 4.92 £0.63
6 ~10 16 2.57+0.24 0.76 £0.08 0.19 £0.03 3.52+0.25
11 ~20 4 5.75 +0.35 0.61 +0.22 0.08 +0.03 6.44 £0.30
26 2 5.52 0. 14 0.02 5.68
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MR T PR TP A ARE B, B AN THRIE A
JREE KR SR AL B A AR R 1H
BRESHKBFEREAMK, EAREYEKEY
ARG AR B R R B B3 A AR R S
MU IEAR K, HARR A B

2 2R R Bk R AUE KB, IR 2 AR 2 [ ik
B (S, ) MAAZFEBKE(S,) MRE (4,,) 8%
FR LLIB 30 R R UL ROR BB, B R R A T Bk B

(S,)FIARE (A,,) KRR LA Gauss B AL AR B
4, A AR L3R 8, Ak AR [E B B S AR Y R
FRBAIABCR AL W M EE T

*7 BEFEBFLHBATHEZEERE S5AR LR
Tab.7 Correlation coefficients between the annual carbon

sequestration rate and stand age

AR
%2 B2 HAR L Ui
LA (EH%ED) A *
HHEZEE  0.7600" -0.5073* -0.4964 0.29526

R8BI AT R T S Fbk ik i 18113 77 2

Tab.8 Regression equations for calculating the productivities of different layers of Pinus kesiya var. langbianensis

plantation with stand age as variable

IOVEY¥: ¥ x a b ¢ R? P n
y=a/(1 +exp(b+ex)) S A, 6.3380 2.1253 -0.228 525 0.643 4 <0. 00001 30
y=a(l +bexp(cz?)) Sun A, 0.4175 6.2831  -0.031410  0.4201 0. 000 64 30
y=a/(1 +exp(b+ecx)) See A, 1.2327 -2.8508 0. 663 963 0.5553 <0.00010 30
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4.1 BFERIHBAIANEVERETE
HAEL MBI (3 ~5 a), BFM A THIER
B (& EFMUIITTRYN ) B35 BT, K E %
BEE(8.79 v/hm®) W I AR BB EE FE (7. 83 /hm®) &
B, AT 7E B AR b 8 AR 4y i A= 4 8 ik BE (20015 v/
hm®) BB THEERAE, ZESTREZAAT
AREGBRSE B (11,95 vhm® )" 55 F 014 A T Ak
f 2L B O $ B % E (19. 53 vhm®, LA K 2 R
AN 0.52 t/hm®) ), SA L35 - F b g
W14 ~49 F4:) 1 4 Y BT B8k % B K OF (27. 58
t/hm®) MR K, BN HA KB FE A TR
PHIREERAN BEESATERBAMTAEN
R IR DX AR IR S A 0SB P BT T b
AR KR E B TR SR, AR 6 ~ 10
a i, BFMATHRKWAYRREE (27.24 v
hm?) 5 FEY AR N TARBBR 5 B (R AH A B 3
5O MG BE 28. 72 /hm® ) FEACHT X4, BEAIK T AR 1 IX
7 4E2E VA s #E ( Betula alnoides) N T WA= B &
(34. 60 t/hm” ) "> 1 (1} ¥ 7 ( Paramichelia baillonii)
AT AR B 35 B (30. 06 t/hm”) > . AR 11 ~20 a
B0, B A LMK AR (94. 89 v/hm® ) B B &
FRGEFEMXRROREE (XL R
AL B 54.88 t/hm?) B F 21 ~25a EARAT
ARER B B (F AR 6 A B s A B4 70. 85 v/
hm®), Rt 26 a BFEMA T KB BEE S S

147.58 hm®, 223 a BFEMRRARREE (X
YR B GBI 63.83 vhm® ) 1Y 2 £% Bt F
RORHE U B P B 2R AR AR Y BB A A X ]
(6.47 ~118. 14 t/hm*), W LA R, BEMNF 4
ATHEEBEENEYRKRER XS5EXMRE
MRRHBRE K ERENGSHEY ST BFE
MAIHMBREERKEBEER KRN ETREERRNE
AIHEEFFERATREM FRRGEIEMEMRE
BRER S TR AET= T,

HERFMATHARSHBEELAR P, AR
BEELAMAEM SR EREEHEX, EX
2 B B e BIAE SI AR B B AR B K, He
R, A EHOlE TR, E4AR5ERER
121, B %5 AE BE AR A 188 <, HG ) B B IR AR, o X R o it
AT B ALY R 5% BE BT o b5 B P i 58 i R ARG
(B4 XHEHEARRE M. 1EARS & EREEEL
ERR B, BFNA TR EDEREES
HthREMyr—F, SABREESEWEMRX,
ABRREEWAREREMESBASBREEEKNE
BLIA N , K 2 A B A B ) Bk B LG ) R R e D
R 32 B TR AR A Rl A KRR A A T EF RIR 45
B . WAy TR E TR Z BB B R AR 1Y
SISEATHSE N FHEALHBFEA, XM
AR HTFRFEMA TR &,
4.2 BEAPHBRAIAGEYERR

B3 ~5.6~10.10~20F126a BEMAL
M EL E RSB N 4.92 £0.63.3.52 +0.25,
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6.44 +0.30 F15.68 t/(hm>-a) , EH KBRS,
REWL , BEARBREEEROBE X ZEHE
S HA BB Rl R L ST M 4% 1 A 6 I N TARER
BHEEEXREANGER. AN EEARAHITRA
By A 2 [ g R, T 3 4 ] Bk B ) O 1 A L 4T 1
BRENBB/ERE LR, 5830 AE K AR
P BR B LB, WAL R AR (AR A e A B A 7
Wl 2.79 ~3.90 t/(hm® - a)) | 2% % of #5 Ak
(1.18 ~2.79 t/(hm” - a) )" . T R # #k (3. 60 v/
(hm®+a) )" MIAMK 2. 11 v/ (hm®-a) "™ FLLH K
(3.61 t/(hm®-a) )" FLIEH A TbK 0 AR 3 [ ik B
e, RUAFMA T AN EBREE 558, X5 8%
PR b o 3 A R D 2= 7V R AR B K B S
BHEMAXH,

G, BFEMA THTRZNE B RE
AR R A AE TEAH 3% , T K J2 F B AC 22 1 [ ik B 5 hK
1 5 UM 6, ARG 00 4 T8 B iR S5 AR I RS IE AR OR
HMXRABE., FFARZ WAL RESERE 5K
14 19 36 8 LA B R 40 A AR A SO A AR B AT, T R 4R
R e B LMK #8236 B L Gauss BRI AL R &5 47, 1
& 2R E R E SRR B AR EE,
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