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Carbon density and vertical spatial distribution characteristics of Cunninghamia

lanceolata forest ecosystem with different stand density
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Abstract: Cunninghamia lanceolata plantation with densities of 1800, 3000 and 4500 plants/hm’ were employed to
investigate the carbon density and its distribution characteristics of C. lanceolata forest ecosystem under different stand

densities through field investigation, sample collection and analysis. The results showed that; 1) the carbon density in the

C.lanceolata ecosystem with stand densities of 1800, 3000 and 4500 plants/hm’were 131.54 t/hm*, 161.42 t /hm’® and
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172.69 t/hm’, respectively, and increased significantly with the increase of stand densities ( P<0.05). The carbon density
of C. lanceolata forest followed the order of soil layer > tree layer > understory layer. Soil organic carbon storage accounted
for the largest proportion of total carbon storage (53.11%—67.37%), followed by trunk, root and bark (25.89%—
35.74% ). High stand density could increase the carbon density distribution portion in trunk, bark and root. 2) The carbon
density of tree layer, trunk, bark and persistent withered branches and leaves increased with the increase of stand densities,
while the carbon density of fresh branches and leaves displayed first increase and then decrease tendency with the increasing
stand densities, which all showed significantly decreased with the increase of stand densities (P<0.05). The carbon density
of trunk and bark decreased with the increase of tree height. The carbon density of fresh branches and leaves were relatively
high in the middle and upper part of tree (8 m=<h=<10 m) , while for withered branches and leaves, higher carbon density
was observed in the middle of the tree (4 m<h<8 m). 3) The carbon density in roots of different diameter increased
significantly with the increase of stand densities ( P<0.05). The carbon density among different roots diameter was as
follows; root head > coarse root > big root > middle root > small root > fine root, and root head and coarse root accounted
for the largest portion (57.38%—70.84% ). 4) The carbon density of undergrowth vegetation decreased with the increase of
stand densities, while the opposite trend was observed for litter, which showed significantly decreased with the increase of
stand densities (P<0.05). 5) The carbon density of soil layer decreased with the increase of soil depth, and no significant
difference was observed for different stand densities (P>0.05). 6) In summary, appropriate increase stand density is

beneficial to improve the carbon density of C. lanceolata forest ecosystem.

Key Words: Cunninghamia lanceolate plantation; planting density; carbon density; distributive characteristic
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Table 1 Basic information of the sample plots
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(¥E/hm?) ensity cm eight/m height/m
1800( M1) 12 liii[d 32+2 0.65+0.05 13.15+3.79 12.43+£1.88 5.71+£1.58
3000( M2) 12 [iiiE]4 31+2 0.72+0.08 14.70+2.71 13.34+1.63 8.23+0.78
4500( M3) 12 Jt 31+1 0.90+0.02 13.06+3.18 12.24+1.95 8.43+0.54

M1 M2 M3 5 BIAREAZ A TARbR S5 B2 1800 ,3000,4500 #k/hm? ; 26 11§72 DBH 4 diameter at breast height BI45 5
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B AT 3 ke Sy B0 2 AR IR TR AR
1.3 FARMA A R Gehk & i 5 b B
1.3.1 FARZAMNT 2
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F(P<0.05) , M2 % BE % B e R 5 IATE 1725 W) A BE SRR, S AR R i it e 2 32 22800 TR b 135 B e
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FE 3 T LIE AR R AR AR SR R MO A O, SN T, iR R AR
BERIE A . M3(10.63/hm?) > M2(7.94t/hm*) > M1(6.64 /hm?) , FE7E 3525 5 ( P<0.05) , M3 R R SR BB 1L
M1 Fl M2 535485 37.5% \25.3% . AR S , 400 KRR RSB BE AR 532 B3 hnmi o | Y477
F 225 (P<0.05) s RS FDHUARBR 2 B2 (17 SR B 2% B 1% i e A, HLBERR 4328 B 35, 5 oy Lt i i Tt v, 4%
TR FR 2 8] 25 R B B 7K F (P<0.05)

LEAFR 2 KR 3 M EEANTMAEERGEITAIZESIE Y R & i3 Fibk % 4454w
e 1 1 A AL FETABAR /D 63 v R R AR B A 43 2880 B 1 itk &5 £ 3 BRI, AR AN B Y O B 25 57 ANl 2
R T IR A BA A > S > T BA RS R SR T > BRI R S AR | 25 A ) B E UK (P<0.05) . FRARJER
T W A S A RS i R R P AR ) e AR 3 e AR AT A Ak Y R B 5 e B AR AR, 3 Rk
SRR AR B AR R AU 25 R (P<0.05) o BT R T BEARARL T BA A R AR W BE AR O3 B 2
Tt e, AL S AR A A BE AR S 4 B RGO R e T S AR AR A B
2.1.2 MRFHUBEE RS A S

FH 2 4 AL, M1 M2 M3 MRAAR N RSB B % B 430 0 0 1.31 v/hm® (1.54 v/hm® ([1.95 v/hm? | BEAR 5325
JEERE KB s BE AN T T i, A7 A6 B35 22 5 (P<0.05) , Hirb M3 bR 43 e %% B2 L M1 AT M2 433 $2 5 48.85%
26.62% ;M1 M2 M3 AR5 (AR T A B B2 B 430310 :1.46 t/hm® [0.91 v/hm® \0.14 v/hm*, FAR 739 B 38 K%
AN AR 7775 5B 35 25 5 (P<0.05) , Hob M1 J2& M3 1% 10.43 4%,

MR Hb BB 5 B AE 391.25—468.24 o/kg., FitiE MR35 FE 038 0, AR RE BB B BB T I AR TE B
255 (P<0.05) o &P A: Wy i AR G345 B3 OB v, PR AR A 1 ek B PR 5 34 RO W R A1, B A2 AE
25 (P<0.05),

213 LIRS SR

A1 AT S RT3 B A AR AR 332 & h o 8.07—22.4 o/kg, [F]— 1 2 AS [R]85 AR5 18] 5% 75 Fk AN
FEAE R E 225 (P>0.05) . A[FEIBRST A AR 1820k & 1 B B B A B0 AR RRAE . M1 M2 M3 £ 3% )2
AN JE B - X B XA B R B BN A, 222 (0—20 em) AR & b de i, 40 B 19.1.22.4
120.07 g/kg, i3 =T 20—40,40—60 cm + )2 B T2 TR ARS8 N, +3Em & S 4ksk N HA R+
JE 8] 25 S5 W

M 2 AT LLE 4 BT SR 35 4 31K 88.63 t/hm? 93.17 t/hm? 91.72 v/hm?, % + 2 GR% 2% 5
AN (P>0.05) , M1 M2 M3 3242 507 JFEJE (1% - 2 6k 2% 5 359 il = 23 % 8 1) 388 Jn v 326 4 A A1, L 0—20
em 2 IR B Fe K, 20—40em + 2005 E T B HGE |, 40—60em 4 TF 2% ,0—20em + 2 0 5% 1 [ + 3%

30 N 70 -
Aa TEAREIE/ (HR/ ) ~ | A2aa SEARESIE/ b/ o)
S 25 b Aa m 1800 5 Aa m 1800
N O 3000 < i
Doyt = 50 0 3000
E & 4500 3 10 B 4500
£ 15} g
3 S 30 ¢ Cb Cb
O ot Q Cb
1 = 20
0 0
0—20 20—40 40—60 0—20 20—40 40—60
132 Soil layer/cm 132 Soil layer/cm
E1 AEEMRZFELAAIKTERERESE (k) B2 FAEERZEEARANIATERZE (Vhn?)
Fig.1 Carbon content in soil layer of Cunninghamia lanceolate Fig.2 Soil carbon density of Cunninghamia lanceolate plantations
plantation with different planting densities with different planting densities
KEFRAORHIA L2 RS 5 (P<0.05) ANEFR  KEFHIRMI LR R R R @5k (P<0.05) NG
FER A IRV 2 BEAS IR )2 1] ) . 3514 (P<0.05) 7 M %% B S (6] - J2 ) Y S5 3 7 (P<0.05)
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R EIY 52.9%—56.26% , /5 HR K,
2.2 RI[RIEEEAZAMA S RGoR S B Sy B ARFAE

H% 5 AT M1 M2 M3 A2 AR A TR 2 BE 43011 8 - 131.54 t/hm® [161.42 t/hm® [172.69 t/hm” , ZE{L FL A
. M3>M2>M1, HAFFE 255 (P<0.05) o PRI AT 0, 3 24 FR 386 bk 2028 B | PR3 S B 28 B8 2 A IR 38 0
FEARMA 25 2 Gotine 5 B Ay BL T 9 o0 L IR)Z STeARZ SR Mg )2 . 38R B o LU B K, 24 A2 AR N Tk
HERRG DB LN 53.11%—67.37% , R Z W T, 2915 17.54%—24.48% , Fo 43 A= W) AR i %5 &2 o Lh
10.21%—29.88% , WIEFAMAES RGNS HE, I W T 5 A RE R BE (P<0.05), b
W BT W B i RS A BRI AR B 7 LG R R B BT AR B B o L
RAALG, BRI T Wi % B o5 LU DR ARUE

£5 FEAKNBESAAIHESREBRTESRE

Table 5 Carbon density distribution Table of Cunninghamia lanceolate plantation ecosystem with different planting densities
M43 Planting density/ ( #%/hm?)

M1 M2 M3
Compnen W RB e RS e Ak
Carbondensity/  Distribution . Distribution . Distribution
(Vhm?) ratio/ % density/ ratio/ % density/ ratio/ %
(+/hm?) (/hm*)
FrARZ B 23.07+0.33 17.54%0.25 31.48+0.78 19.50+0.48 42.27+1.05 24.48+0.61
Tree layer iy 4.39+0.25 3.30+0.20 6.35+0.25 3.93£0.15 8.78+0.85 5.10+0.49
T B A 0.83+0.03 0.63+0.02 2.49+0.11 1.54+0.07 4.56+0.21 2.64+0.12
1 B Al 0.76+0.02 0.58+0.02 2.71+0.01 1.68+0.04 4.54+0.26 2.63+0.15
L5 2.20+0.11 1.67+0.08 8.37+0.21 5.19+0.13 5.07+0.21 2.94+0.12
g 2.85+0.10 2.170.08 6.470.10 4.01+0.06 3.030.16 1.75+0.09
PR 6.64+0.15 5.05+0.11 7.94+0.40 4.92+0.25 10.63+0.22 6.16+0.13
petan 40.14£0.99 30.52+0.75 65.81+1.87 40.77£1.15 78.88+2.96 45.68+1.71
T B )2 D) 1.31£0.02 1.00+0.02 1.54+0.03 0.96+0.02 1.95+0.04 1.13+0.02
Understory layer T B 1.46+0.00 1.11£0.00 0.90+0.018 0.56+0.01 0.14+0.01 0.08+0.01
Bt 2.78+0.02 2.11+0.02 2.44+0.05 1.50+0.03 2.09+0.05 1.21£0.03
12 Soil layer petaN 88.62+18.16  67.37£13.80  93.17+17.80  57.72+11.03  91.72+18.29  53.11£10.59

2.3 EARNTMEZRGAS U S0 A
3R 6 FIHL, B A Rz T B ARSI 2 B2 -5 PR 2 JEE 0 S A Al 38 TEATIOG, i B ARG I SRS e v AR L 04
Ve BT AR IR S S MR B AR

3 Fit5itie

T PR BE VR T BT BE R N AR R R 1 DGR IR 12 SE TR 1% BEAZ A
N TARAE S R GUR B NG BCHFAIE , AT TEAE SRR TARZ W B2 1 BRSSO ik 88 Bt b 7048 R
R TH R AFAE 3 225 (P<0.05 ) 3 BERSE - fi 8 2 BE AR 28 L3 R e T Jm B A1 A7 A .35 22 57 (P<0.05)
BB RE VR 1T LASE 3 A2 AR ROMR G325 7 020 SO 6 P53 8 BE RN, WA B TR AR 7 8, BT R
B BRSO I TR A A DLBR B I . 305 BT 2PV DRI A R B o m AR S O A R
ZE T AR T AR SRR A ELR B R T A BRARL A BRI AR B IR R R B
R R phy T A R AR TR B I R A A B B 2 R S I o R T T AR e B RSO I 2
FLARAE 4—8m , DO T APk B 0 BN ROR I B 2, AR e S R R B0 A TR (AR R I
FOASZIEAS RS B4 AR FHDC AT YE AR . TR — MM ANTRIAR SR AR i 2 i BT 22 570k, mTT B v
TP R EA AR AR AU A [F]A% GHR f 25 E A0 B A bk o 8 B2 A B O vy, HLRAT 3% 22 5%
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718 JAE = 492 %

(P<0.05) , M3 HEARBREE L M1 M2 $2 1R 2 , SRR 5 BE X AZ AR R 6 2 A9 52 WAL AR R, R Sk DR AR e
WL HUROR, B AR BRI o Pt /e s i, AR AR ML S AN R AR SR A Wy i AR A LR AR B, IS R
B, 2 L3R AL S AR A (AR DL AR A PR o 5 A e A AR AR S, T L o 4 o A R
VRIHS BRI A i A e R i R S R G

K6 MAAINEESHBRZESKSBERXES T

Table 6 Correlation analysis between carbon density of each component and planting density of Cunninghamia lanceolate plantation

MR TR A

35 B ] fEn S T A
HREE i Stay Stay Bt ot Rk gy P
Planting Fresh Fresh . Undergrowth
. Trunk Bark dead dead Root Litter .
density branches leaves vegetation
branches leaves
Moy R 1
BT 1.000 ** 1
Ly 1.000 ** 1.000 ** 1
T Bk 1.000 ** 1.000 ** 1.000 ** 1
i B AR 0.997 0.996 0.997 0.997 1
fitf A 0.407 0.400 0.409 0.408 0.481 1
e - -0.020 -0.027 -0.018 -0.019 0.062 0.905 1
LTS 0.991 0.992 0.991 0.991 0.977 0.281 -0.154 1
PR 0.995 0.996 0.995 0.995 0.984 0.317 -0.117 0.999* 1
MOF HE -1.000* -1.000 * -1.000* -1.000* -0.994 -0.386 0.04311  -0.9938 -0.997 * 1

% # Fonk i (P<0.01) , * FR i3% (P<0.05)

MR BB JZ , BRT AR IR 5 FEE 2 AR 0 384 R PR ) AR A 35 A e 35 25 5% (P<0.05) . 7K H)
HHAMB X TRER R TR AR L, AR a2 e R AR itk B2 A, AN AR A e A T, A
WD S BN AR R P AT, R 4 A 0 o EL O ek R AR e (AR T T, X5 TR R
BT RRER L, BRI R RS R G R LN (AR R A e 2 0 U )
ST AN AR IS RGN A T B, DR IHE B bR S A BE T 19 B A AR
Rk bR

P& o3 it A LRI TR IRZ — RO X L SRR AN FL 3 2 5 DR m RS R AR
G RN, T R 2200 (I B AR A3 RN AR PN O RS BV | SRR AT, PRACAR 2R 2 2
LA W E PERRAR , DR T5 ) o i R ARG | A HUBRA A 2 TR T R IRWTRR AR P 1 AL Y oA
VR, SRR BEAZ AR 1320 B 2 S AN 23X S BRI AR SR, 2% b S B JE FE 1) 1 2 i 2
JEE X5 4 2 TR E 384 T a2 i e M1, )= A DL 6 T8 e e, b AR 2 %k - A LAtk 1) g AL B A= ) BR824
MRS, B2 2% 3 A IR PRAAR 2R Sx i >

EAMILES RGRRE L HIRZSTIARZ ST )2, FERMAES RS, R 2 T A JZ R 5
PO, I3 95% LA B 1 MR B L AR IS RGO B 539% AL bR BE I MU REBUE TR A Z AR H R
Wyt R BE 1) S OIS DL BT S Bz RV AR 8 25 o1 LU B AR 5328 B2 (X DI T P 3 , A1 Y B2 AR AR T
FE) R B AR AR TR 3 T BT WA PR32 BE R I , A2 AR A 25 2R 9 R 2 B AN T Ty, Dl 45
ST MR A B it R, A5t AR 2 AR GURERE A v M IR G 2 A 0 2 T A R T T s B A58, AN
GERSHANMU, FriRai R0 AR E B — R BB S AU 3 B B S E R AR R 2R

Moty E— D EF R AT, BEE M RVE R AT, NTA S R G4 4 o AR e e 5 i SR e
W KA, ABTABITE T 12 AFLEA M B AMAE S R G Ao LR e i SR B2 1) A2 1
Loy Bt BER IR A R, A Jn LR B i SR E R A A o Tt — 2D A BRER
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