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Carbon fixation estimation for the main plantation forest species in the red soil

hilly region of southern-central Jiangxi Province, China
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Abstract: Using field survey data from the sixth inventory of forest in Jiangxi Province and calculating the relationship
between forest biomass and carbon storage from this, we estimated total forest biomass and carbon storage for the three major
plantation forest species, Pinus massoniana, Cunninghamia lanceolata, and Pinus elliottii, in the red soil hilly region of
southern-central Jiangxi Province. We also analyzed the relationship between carbon density and age for these forest
species, using logistic equations, and described the spatiotemporal dynamics of forest biomass and carbon storage between
1985 and 2003 in the study area.

In this study, we used three methods of biomass expansion factor, biomass organ distribution and parameter fitting, to
estimate carbon density. Qianyanzhou Experimental Station was chosen to compare these three corresponding results. The
result obtained from parameter fitting was found to be the best way of calculating forest biomass and carbon storage on a
regional scale. Increasing sample size would increase reliability of results.

The following conclusions were obtained from this study. In 2003, total stand area of the three forest species was

E4TH . EEARPIEEATH (40971281) 5 E% 973 415 H (2009CB421100, 2010CB950900) ; [E ZFHE 3 #H%5 H (2006 BACOSB00 )
s B H#A:2010-11-24; f&ITHHA:2011-03-07
# W IRAE# Corresponding author. E-mail ; shaoqq@ lIreis. ac. cn
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31.04x10* hm’; total biomass was 22.20 Tg; vegetation carbon storage was 13.07 Tg C; and average carbon density was
42.36 t C/hm*. Carbon storage by different forest types in descending order was: Pinus massoniana, Pinus elliottii and
Cunninghamia lanceolata. Carbon storage by age group in descending order was middle stand forests, young stand forests,
near—mature stand forests, mature stand forests. Storage of carbon by plantation forests was 1. 89 times higher than by
natural forests. Pinus massoniana and Cunninghamia lanceolata forests were the main natural forest carbon sinks, while
Pinus elliottii forests were the main plantation carbon sinks. Carbon density of the three species increased each year and
increased 8. 58 tC / hm’ during the study period; this was 1. 66 times higher than in 1985. Forest carbon storage was 4.91,
11.41, and 13.07 Tg C in 1985, 1994, and 2003, respectively. Average amount of carbon fixation was 0.45 Tg C/a per
year. Stand area enlarged from 15.54 x 10* hm’in 1985 to 30.30x10" hm’in 1994. The carbon density of the three species
was higher in the east and west of Taihe County and lower in the middle. It was higher in the east and north of Xingguo
County than in the middle. Average carbon density was highest at 700 to 900 m altitude and 25 to 35° slope. Overall,
carbon density of forest vegetation increased with increasing altitude and slope.

Afforestation projects contributed significantly to the increase in carbon storage in the red soil hilly region of Jiangxi
Province. Understanding the growth patterns of the three species was important for calculation of biomass and carbon storage
in these plantation ecosystems, and was crucial for forest management. Reasonable forest management may improve the
carbon sequestration capacity of forest ecosystems. Further study should focus on the carbon reservoirs provided by other

species and the soil in order to estimate the carbon fixation potential of the whole forest ecosystem.

Key Words; compartment data; carbon storage; spatiotemporal dynamics; Jiangxi Province
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K ZBAIT R T 3EMK,2003 4EZR M 35 R 358 59. 3% " XE BAEY R 18.8 °C L, AE U R 1] 284
d, FERER A 1516 mm, P30 BB AROR B0 L K F5 , (H B TR R IR, ZR AR 5% 105 e B2 s />
1982 44 EL AR 55 AN 33. 8% , &0k 20 ZAFMNERGIAR T, A ELAE B 09 7 55 R A5 B KK $E &, 153 60%
pLE
1.2 ¥

FRMONBEE (DL fRIFR/ NPRECE ) S 58 T AR TR 280 A 55 5 MO INBIE X R EI 27 T . PR IR
LT FRANEL 148 i D4 E 204 18 1:1 J7 AR/ NI 2 2003 4F AR ARG IR 28R A/ NIERLEE 122, H R M s
FEMAR AR HEAR AR B LA GEIE SFRAERS WA S IMAR SR SR FE RS R
1.3 W5k
1.3.1 AEYEitin ik

(1) gAY RIS

FEN TR A TRHAN A A W) Al 55 5 B RS = 1A ) e e e D 3k 0 i SRR
£ 1, M EAYR SRS RENEROCRIT .
B=a-V+b

A, B NEAEM FAYRE (vhm?) |, VIEAEE ZARZH(m®/hm?) , o b NEE,

®1 FEMMEYENERERRAESHM]
Table 1 Parameters for transfer equation of forest biomass and volume of the main species

o b/

a b Aboveground biomass/

ey

Vegetation type .
underground biomass

ILEHA Pinus massoniana 0.5101 1.0451 6.23
TR Pinus elliottii 0.5168 33.2378 4.12
2K Cunninghamia lanceolata 0.3999 22.5410 4.70

(2) FRPRME B itk it 13 F 04

FRMATE BRI At 12 PR TR A 2 00 it PR AL o - A 5 O ki e 4L

TeAR Zfcfits it i /NBEAE ) S5 A B e ) e FRA 3], 3 R AR 25 SR 5000 R FH Ok SC T S 76 T HE
T 25 0L . T RRAA N 55.23% , IR HIAA K 54.31% K2 A K 53.75% ' . KR M Bk 2 B B v it J2 Bk i 2
IR (R 2) S5/NPRE AR A e AT )

®2 HTHEERWHELEHEBRZE
Table 2 Carbon density of floor vegetation and ground litter /(tC/hm?)

TR A M HEBE 2 MiBtg )2
Vegetation type Floor vegetation Ground litter
LA Pinus massoniana 5.0 0.25
TR Pinus elliottii 3.9 0.70
F2A Cunninghamia lanceolata 3.3 0.44

1.3.2 #&EAEYwES B

(1) WAy

T AED i fr 3 ARG T4 5% B S T B A 21,3 A N TR AR T4 o %% B R FH 2R 59K
AR T RN BT FT 45 51 . TR AN M 346. 6 kg/m® JBHBAA N 298.9 kg/m® FEA N 298.8 kg/m*'")

(2) AFRA Y A i i A 5

SRRy AR A RIS AN RIS 25 88 B A Wit o e L R A T4 5, AR SR ARl It B kR
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SCHRBORL, S5 T SRS GRHOAA A2 AR N RIS B A Wi AR 1 A8 f Bl (32 3) 1
A RAT [ B AR A Wi A M i 3 SRR A R SR A S
3 DRMIBMASAATHRRHREEEE DB E)

Table 3 The biomass ratio of each organic for the main species in different ages /%

FEBE AR (FRiE) b 54y Aboveground part WE &5
Vegetation type (Age) BT Stem F§H; Branch I Foliage Root Total
- AR (22
SFEHBRAM(222) . . 63.19 15.75 2.97 18.09 100
Mature stand forests of Pinus massoniana
LR IR AR (15a)
Middle stand forests of Pinus massoniana 74.95 15.74 3.94 5.37 100
=) (AT
SRALIEA(92) . . 76. 86 13.00 5.58 4.56 100
Young stand forests of Pinus massoniana
TR AR (22a)

42.53 39.36 6.54 11.57 100
Mature stand forests of Pinus elliottii
TR HAA PR AR (12a)
Middle stand forests of Pinus elliottii 44.10 26.64 13.98 15.28 100
P H A 27 % 8:
MMM (S2) 32.34 26.77 21.46 19.43 100
Young stand forests of Pinus elliottii
KA B (22a)

71.8 12.82 7.6 7.60 100
Mature stand forests of Cunninghamia lanceolata o o
FARFEEMR (14a)
Middle stand forests of Cunninghamia lanceolata 67.01 1.0l 9.22 12.76 100
AL (9a)

59.85 9.13 9.74 21.28 100

Young stand forests of Cunninghamia lanceolata

1.3.3 ZHHAEL
AR SCHR PG AR A FESE AR MU b SR B A AR 2 B A5 20 0 3 A E R S48 A T
HZMPEMSE a b(F4) .
B=a-V+5b
K, B ABABIEAZ b T AEY R (vhm?) | V REABERE (m'/hm’) | o b HESEL

x4 ETENTHEMENEREMESSH

Table 4 Fitting parameters of forest biomass and volume of the main species

FE A Vegetation type a b R

ILEB#S Pinus massoniana 0.719 35.78 0.995

MBHBAL Pinus elliottii 0.573 63.40 0.992

2K Cunninghamia lanceolata 0.387 73.38 0.969
1.4 5iE

ASCHERAL T ZRA B ERE BTV A TN A RS20 55 (115°04'137E,26°4448"E) S5k, T-4H
PR AE 100m 2247, FHX 1 20—50 m, AR V-39S0 17.9°C , ZARF- K i 1489 mm , 4 H HRIF 4K 1406
h, JCFE I 323 d, HAT BRI HAGH Z RUSUARARAAE . RIS DLZT 0 3 i BE 2 R 2 (b2 DBk s
TR O A SR TN | i ARE R 1983 4F, 2 EL v AR RO T R A TR A FIAZ
KA,

VP T- MR DX 3R T 3k 36 A J DR 26 B A 1T, — % T R /N 302 A 0 B 522 S 3 ) 41 45
Fro i X A S TRIAC 3 TR IS T4k T S A A2 308 e X AN TR A R 2 0 I8 T TN A 20, — R AR 2%
HEAE TN T R A5 T, PRSCis " IR L IR BT N 5 B A IR A2 AR R B i
FIAREE S, 26T B R 2R HT 0 5E T 3 AMFh 28 B AUG 1 & iR, ZEFFOR TR FHHEK 3558
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I ATIC . BRARERAE BT T R TR R R S B S AN R A BUE R AR AR IR B B T T4
M3 TN TARTTAZ A i R fif i A9 47 AR

FIH ArcGIS B xs/INBE X S e B EA T R i Ak, OS5/ NBEJA A 8 SCIBe, 157 GIS Bl 4, JF A2 1 100m
WS Bs BEATGE T o i, AR L SCRAR A 3 FPOT I 0H T AR N S AL MRS AT AR Z R,
SRR R R, PTLAE AR5 e 4 N 1k (O ik —) e B 2B oy stk (O ik =) TR 21 Ry ik
5 E ALK, 1T T SRAE A O S BN 50k (7 15 =) A4 B 0B 2 8 1 5 i NP 4 R AR (3R 5)

R5 THMHDEREHR EARFAERZTERILEK

Table 5 Comparison of carbon densities of the main species in Qianyanzhou ( tC/hm?)

=k &S| Jith— Tk Jk= SR SCHERO SCHERO
Vegetation type Method 1 Method 1I Method 1 Reference! ') Reference!!”! Reference! )
L EEM Pinus massoniana 17.09 15.22 39.71 47.04 47.94 66.06
TRHAS Pinus elliottii 48.57 27.58 57.75 59.73 45.14 71.42
A Cunninghamia lanceolata 39.27 22.59 59.05 64.79 37.52 81.96

1.5 AR SCRRAAE BBk it et ) S S AG 58

ARSCRRE 3 A7 15 04 HUAE S 96, SR 2 T SNBSS 19 2 8 B EEAG I IX 2003 4F 32 203 bR i 25
FEAR GRHBAR AZAMR G AR Bt fa RV 5 8 | 45 B LA (8] o0 A, SR A2 (W) A s 1a] (9 773, RIDH R] —
T 2 18] LA [ AR 1) e 2 JRE 2 AU — ) Aot 4 £k 1] 1 91 _E 97284, R Logistic J5 FEAU-A S AR
B A2 AR B 55 B S AR YOG R (I 2) o A 5 /2 , 2B 4R 453 1985—2002 4F BIF 52 X 1Y) 2R MR AH Bl ik
fiffie
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Fig.2 Relation curves of forestry carbon density and age for the main species
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2 HRE5H
2.1 2003 AERFFEIX 3B M Rl e fifh 12t i R AE 23 B

2003 4EAF5E X S R TR Hb A A2 AMORE #E R TE FY 31, 04 % 10 hm* | B AE W) 2 22. 20 Tg, Bk fif & 13. 07
TeC, FY % B 42.36 tC/hm® , AN ZRARISHY AL W) 5 R it i S/ IMIRYR A < E R AR S AZ AR S 1R M AA bR ( 3R
6) . Horr, B AR i i de R, R T M ) AR AN () 15 2 AR ) R i R R/ UR
H RS LI I PR S I PR > I RR B 2 B2 it AR R 398 T R (3R 7) o RERAR B B fitt 5 & AN AR 1. 89
(K 8) , Horpr, D B AAMRFIAZ AR B RIRBRBR A, 73531 i HORRARAE e fift i 1) 73.319% #1177, 55% ;3%
HAA BRI AN TTARER 2, HONTARA B At i 7 98.99%

*6 MAXEFZEWKMMEYE BFEMREE

Table 6 Biomass,carbon storage and density of the main planting species in study area

R e TR Area At/ Ty Rfif R/ TeC WA EE/ (1C/hm?)
Vegetation type /(x10*hm?) Biomass Carbon storage Carbon density
Iy EEA Pinus massoniana 1709. 66 10. 03 6.32 37.43
TRHBAN Pinus elliottii 360. 86 3.01 1.74 48.04

K2R Cunninghamia lanceolata 1033.23 9.16 5.01 49.01

®7 PHRAREIEERHMMAE N EYE BEENREE

Table 7 Biomass, carbon storage and density of different age groups in study area

ezt [ Area W/ Tg it &/ TeC Tk B/ (1C/hm?)
Age group /(x10%hm?) Biomass Carbon storage Carbon density
KA Young stand 1204.71 7.24 4.48 37.15
Hik Kk Middle stand 1570. 98 12.02 6.96 44.83

I Ak Near—mature stand 271.30 2.40 1.34 50.03
LK Mature stand 56.77 0.54 0.29 53.51

®8 MARIEEHNKMHARMRSEREYE BESNRTE

Table 8 Biomass,carbon storage and density of different stand origins in study area

RO LR T Area e/ Ty A/ TeC R EE/ (1C/hm?)
Stand origin /(x10*hm?) Biomass Carbon storage Carbon density
KRB Artificial forests 2055. 64 14.49 8.54 42.00
AT MK Natural forests 1048. 11 7.71 4.53 43.02

2.2 1985—2003 AFEAfF5T X 32 5L 1 MR Pl fith 12 (4 B 25 43 B

H L 3 T LUE Y, 1985—2003 AFAIF5T X 3 83t ARAs Pl 25 B2 52 7841 b a3, [m) ik BRMRAE Bl e it ot tho 1
T 8.16 Tg C, 1985—1994 4F[AIAF 5T X ARARAE # ik 25 & 1 33. 78 1C/hm’ BEME] 37. 66 tC/hm? ; i fitg 12 34
T 6.50 Tg C, 22 o T2 8] St %) 3 AR TR, AR ARSI T 15. 76x10* hm® ;1994—2003 4F[H] R A
Bl B 37. 66 tC/hm* BN 42,36 1C/hm® ; fRfifi N T 1. 66 Tg C, F &l TAREE A1 I, 4B 9k A9
fik e JIEA TG 8

1985 4., 28 i1 L = 2t AR Al 2% 7 D S de e, R s dme A1 5 % ] L = s A e e 2 AR b e v,
AR (E 4) o TR TR IEIT,2003 FERFFEIX SRR A RIS A2 AR MR At & 2 1985 419 2. 66 1, #H
BB EERN T 8. 58 1C/hm® , 1985—2003 4F[H] , A T3 AU A 5 DX 14 A T B B f e 1 ik 2 2
PR MEIEIN , WEARRE 1 B 4 =
2.3 WF5E DX 3 BB MR A e it e 1) I 22 5

R T TR X R B BT R MR 2 AR SOOI T AS [RIEEHA 35 3 o AR AR ke 25 LR S, AR T
PO HIE DL el o 3 DL R AR T (RN R T 100 m, MIXFE 22 A KT 50 m) P e (#84K 101—300 m, #H
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Table 9 Forest carbon density of different elevation and slope in study area

4R/ m WAL/ (1C/hm?) YR/ (°) W/ (1C/hm?* )
Elevation Carbon density Slope Carbon density
<100 40.97 <5 40. 46
>100—300 41.02 >5—15 42.29
>300—500 42.99 >15—25 44.09
>500—700 45.54 >25—35 44.75
>700—900 47.30 >35—45 44.18
>900 46.71 >45 44.39
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