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Characteristics and influencing factors of carbon density structure in Pinus
massoniana forests with different afforestation years
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Abstract: [Objective] The objective of this study is to interpret the carbon accumulation characteristics during
the growth process of typical Pinus massoniana forests, and investigate the mechanism and potential of carbon
sequestration in P. massoniana forests. [Method] Four different afforestation years (8, 12, 22, 38 years) of P.
massoniana plantations with similar slopes and altitudes were selected in Laoshan Forest Farm, Qiandaohu
Town, Chun’an County, Zhejiang Province. Multiple statistical methods combined with redundancy analysis
and structural equation modeling were employed to analyze the carbon density characteristics of P. massoniana
forests with different afforestation years and the main factors affecting their carbon density. [Result] The total

biomass reached its maximum value at 38 years (mature forest), which was significantly higher than that of
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young and middle-aged forests (P<<0.05). The biomass of the herb layer and litter layer reached their maximum
values at 22 years of afforestation, with values of 13.74 and 5.24 t-hm 2, respectively. Carbon density of the tree
layer increased with the increase of afforestation years, reaching a maximum value of 176.36 t-hm ™ at 38 years
(mature forest). There were significant differences in soil carbon density among different ages of P. massoniana
forests (P<<0.05). The carbon density in the soil layers of 0—10 and 10—30 c¢m reached their maximum values at
38 years (mature forest), which were 38.60 and 57.13 t-hm 2, respectively. Redundancy analysis revealed that
total potassium, available potassium, and slope direction were the main contributing factors to carbon density of
P. massoniana forests, accounting for approximately 28.70%, 27.00%, and 9.90% of the carbon density of each
component, respectively, and were crucial to overall carbon sequestration of soil and vegetation. The structural
equation model demonstrated that bulk density, vegetation density, and total potassium content had significant
effects on carbon density in P. massoniana forests. [Conclusion] The carbon density of P. massoniana forests
is closely related to the years of afforestation, with mature P. massoniana forests exhibiting the highest capacity
for carbon sequestration. Environmental factors and soil nutrient status are crucial for enhancing the carbon
sequestration potential of P. massoniana forests. [Ch, 4 fig. 5 tab. 44 ref.]
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TR 175.6 42 m ., KIS FRMBR LATE £ W i H A WURIE AR, 24005 475 R G0 1) 89%,
PRI, bR B HE - 30 2R A RO ) B P 3 BOCE B MME A . JE Tk, WFRARARA: i A
i 5 P85 1) 3 BCARRAIE B JHE F2 5 ) PR 28 R T [ N A3 O T B A T

TR PR DR AR ARG B R F R R ™, Bl A S ARAE B AN, AR e 2 B R 7 S R B 2
AR, PEE T SRR YRR . R TR AR D AR R B
JE BEREARAEBR 2 5, H A LR (SOC) % Ji2 il i AR AR PR AR (L AEZE G+ Ak, BEAMAEIR S
RO B Z A AE 0 3 B A G, ZERRMR (B TIAR)Z . HER)Z . BARZ N 138) e o il vh R 1545 e
PERPM . A DR PR i AR 38 R G Kt e, LBt BB A T RO e fi 1t A9 S, %
TYeFpo Y B E B, W, AR R RN K EE S A A PR
M R bR, T B A A i SO RS T MR B A S R G AL AR R
REt 22 m + 3geh 220 Hrp s WA BRI O AR A 254, E— 25 R M - SR A AR SR . R HERR R
TN ER 25 M0 MR T . A BREROG IR AN AR, DR oA A B DX Sl 43 R 2 8 A ) T o
D b PHL ARARE I

N TMRAE Ul 2% 1 2 500 ARG S AR fb R 4 BRI, e, SRS Pinus massoniana [
AR FLIE B PR, HH VR S R I TR E AR 2B At MR R T AN 2 e
AN TR, XI5 S 30 BT R AN RS RS, ELTR] st A I TR AN [ i RATE BRI R A R 2 38
AL PR LA o AL T R A N MR % 1) A% S P 0 3 T AR R LR G b T A ok R bR [ ik
TP, HETA B Z K F RN TAREAR RIS AR N 48 T8V Y FIAE Bl a5 1 1) 22 SR 98 . ARAFSE
VEMGEMRAER A 8. 12, 22, 38 a WY E EBAMKHIHBIFERT S, RS 5E 52 R 4 22 18] AS [R] e 43 T
BRI R, DAA S RS N T AR R G A AR AR Y S R Rl 223

1A

1.1 #RXHER
WS XA T A B T v 22 BT B iV B % 1 AR (29°337307N, 119°02'557E). ZWF5T X & T #4
WENSEX, BMAERERERZH, XFEL /DAL, £ M 17.1 €, =10 C i4ERH



5 41 B X ) LKA NS ARAR R A MRBR 3 B A R RSl S LR e P 3R 3

WK 54100 °C, A HBEEBIECH 1951.0 h, KRN 1430.0 mm. FHHEER K 150 m, B R
20°~30°, THERAUNFLIE R, AU IEBRE LM T, EMRERS SN 8, 12, 22, 38a iU LEM
Mo XUERE MR W RIS R AR R, JE 222 ORI T D B EA KA B aY B AR AE K FIFET . AR AR L
#1,

®1 EHEAREHER

Table 1 General situation of the sampling plots

FEbA S TEARAERR/a ik /m ) 1) FHMFE/em B /m /(B - hm2)
2016-1 8 146 10.4 [iitE]4 13.3 12.6 1 800
2016-2 8 145 0.5 k|27 14.8 13.5 1600
2016-3 8 141 16.5 B[ 143 13.6 1700
2012-1 12 139 43 VN 14.5 14.8 2 400
2012-2 12 158 2.6 A 12.0 15.6 2500
2012-3 12 148 14.7 FNE) 13.5 9.8 2200
2002-1 22 148 6.6 [iifz2) 192 30.9 2300
2002-2 22 141 11.3 k] 252 23.9 2000
2002-3 22 129 0.5 [LElA 29.9 25.4 1900
1986-1 38 139 7.1 VN 33.9 29.0 1800
1986-2 38 144 6.8 k] 26.5 28.6 1900
1986-3 38 150 6.1 Rk 26.1 23.8 1 800

1.2 Rt

KH AR R 7 A0, SREBOZ XIS HE AL 4 DS RSN TARE AR 2k
M (8a), A (122), ITEHK (22 2), MBIk (38 a). B IEMAERRIE 3 NEHEFEHL, K/ 400 m*(20
mx20 m), It 12 DL, XTI =3 om B S MR . e L E RS T AR A, SN
O RAAKREUT TR . BATHERE T N 2.5 mx2.5 m, iCSRE T IR AP i Rh 4% . R
TR . PERR AR R AR 5 S B B AR A R G T B AME A REA, SREFRHER L. oL IR
ML MRS E, TRAJEHEL 500 g A [MISLEG = M. FERE L PSR BRI T, R4 0~10 A1 10~30 cm A9+
FE, BIBRFE A BREE 500 g 4 MISEER = 04T, IERPR IR E 2 o . AR R L P B an 3k 2.
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Table 2 Basic physical and chemical properties of soil at 4 afforestation ages of P. massoniana

EWAERA A E(gem?) EIKHRI% pH WA/ (mg-ke™)  AR/(mg-kg)  HEH/(mg kg™
8 1.07+0.16 be 31.7147.94ab  4.96+0.08 b 74.42425.67 a 53.00£5.07 a 72.17+28.56 ab
12 1.23+0.12 ab 28.67+1.02 ¢ 5.11£0.09 a 65.75+13.28 a 49.53+6.23 a 92.83+21.93 a
22 1.25+0.10 a 30.00+3.76ab  4.79+0.08 ¢ 63.33£14.42a 5048231 a 54.50+8.80 b
38 1.05+£0.07 ¢ 36.71+5.50 a 4.93£0.13 b 75.2549.84 a 51.54+4.83 a 73.50+12.60 ab

VA . BRI YIEAREZE . ARG GB/T 26424—2010 {ARAMRTEIE LRI TR HAR AR Y RIS E MR, DR 1~10 a M4k
AR, 11~20 a APk, 21~30 a MK, 31~50 a JgMK, =51 a AidBubk, ARRVING FREF R AR R B PE B [F) 3
MAFERR F] 22 53 3% (P<<0.05)
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K B FE YRR S AESC B0 5 258 oK S, FEMERS N 105 °C 2R % 30 min, FfJ5 7EMEAE Y 80 °C it
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AMIMIAER BR E AL A TIN E s M A . B, BR A HySO,-H,0, 1 LI, HEBGRAH THE—2L 0 & .
RS AU R DL e R A s B BUHAH B P L Akl g, B0 B o O KGR
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K E ) AR E T RR T, K E#— e, 5l 10 #1100 Hif)s, HF pH. & .
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E ﬁﬁg E‘Jﬁ%fﬁ?‘ﬂ” ﬁi%ﬁm]o *E%EEBF%FL}H@XJX: N ﬁj Table 3  Estimation equation of P. massoniana biomass
SIS, RS A 0 D RS AE Y T BRI T AL Wi BAE a b ?
R BRI AU AN SR 3 iR . 51 Wi=a(D’HY' 00127 07886 09848
PR JEAE A 5 E AR AR, BIAGNE . "t Wr=aD'H)' 00283 0.6012 09192
0,803 0,+1.0877 R Wy=a(D’HY 01056 08247 09988
Wh = 0.054 920H7777G ° e Bl W Wy, W B TR . RN kR A
KXOH: m AR ERSAEYE kgm?); HHA it (kg); DN DRIMIIE (cm); H W D RAAR TS
B 2 o o b BB SR
BRI E (cm); G HEAZER, (m); a. b IR i S8
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Figure 1 The influence of afforestation duration on the growth dynamics of P. massoniana
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A PSRN S DR A, LRSS ARAERR S 38 a(REAK) Bk B 5 R AE 64.57 F149.79 t-hm 2, S
YA 22 aGIE B AR KME, B3 KT Ymki A Pra (P<0.05), U 5 R AR bk A4 Kok i
B WARJZHRIEY) 2 YR e AR 22 a AR, 20900 13.74 A1 5.24 t-hm 2, EfAksk
B, FARZEYERERTEARZ . WEWZGEY . WA, RIRLLS A ) AR A BR ] ) A 4 22
S48 R T A TE VT ARES AR KRS By, LA B A [ B i
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Table 4 Biomass of each component of P. massoniana forests at 4 afforestation ages

FEARJZLEY) /(2 hm )

TEMAERR/a FA Y /(- hm)  JEYREY /(- hm) AR/t hm ™)
(53 I B

8 5.48+0.90 Cc  3.10+0.22 Cc ~ 38.18+13.32 Bb 9.09+1.62 Cc 2.97+1.96 Cab 50.24+14.10 Ab

12 12.6145.56 Cb ~ 8.35+4.07 Cc  93.06+27.71 Bb 11.50+0.19 Cb 2.45+0.33 Cb 108.00+26.51 Ab

22 64.57£5.54 Ca  49.79+1.70 Ca  310.87+17.88 Ba 13.74+0.36 Da 5.24+2.11 Da 329.84+18.78 Aa

38 6.57+0.79 Bbc 35.55+8.04 Bb 352.02+100.13 Aa 12.74+1.12 Bab 3.74+0.90 Bab 368.51+99.85 Aa

VLI« B N I i 25 o ANRING Z R R AR TR 150 ) v ARAT R ) 2R 4 1t 22 5 3 (P<<0.05); ARl K E R Fn Al [ i
AR RS [R) 20 43 [B) A= P 2 57 B 35 (P<<0.05),

22 AREERERDERHRBREZEERR

22,1 RREEARFRLEMKAESZGBRFE R 2 08 FAZ005 R RS AR BR B I wi s, 7E
38 a(JlAbR) B Ik B KMH 176.36 t-hm >, T BUPRBR 5 B 1 2 15 T 4 MORT S MR 8 (P<<0.05).
AR 2 BB A 38 a( BVbK) I 1K B B KA 30.10 t-hm 2, 535 K T i bR AE R 85 AR 2 B0 B %
(P<<0.05), 0~10 cm 24, AN[RIEARAR R AR AR 1) 802 B A7 A0 I 3 22 5 (P<<0.05), BVARZEIN
38 a(LFHK) 1 35 2 e KA 38.60 t-hm 2, 10~30 cm )2, R AR 38 a(Wl k) B 34 2 f K AH 57.13
tohm 2o AR AR RN b R 2 3 7 ORI 38 B f KA . X U A B 2 v ARAEBR 38 i, B R Eh R A
(18 A K T 1 L S o FR AR 14 i 2 TS e R R
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Figure 2 Temporal variability of soil and vegetation carbon density in P. massoniana forests
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5 TR Th A MORE H A - 8 A E  Te ARATE BR (4 B INAEAE — B RAR o Bl 1 ARAE R ) 3
T, R RN AR R A L BN A A, A 38 a(REAR) Hak B R AR . A ML B AT L TR R A
FLE R HHE R, 7E 22 a i MARERRBT IR B RME, 78 D RMMREBE AR B 2 J5 , LA g A 1 498 B ik
FIRRE . LU E AN AR B, LB R T Ao
24 SEMMBRZEENZMEZE
241 L EMWMEEEGTARSH  BITRSHT (B 3) 7T A Bl 1R 2 53 iR T BT 221 81.46%
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HEHALA . B o EE ST T, R T
Tk 25 BE 14 28.70% . 27.00% . 9.90%. 0~10 cm 1 1%

x5 DEMMmEZEERELE

Table 5 Carbon storage and its ratio of P. massoniana forests

PRSP | MR AR R O bk DPRRMHBREIL (e hm ) WAL 7 L%
X (P<0.05); 0~10 cm +HER A 10~30 cm +3 M Hi + L
@%%E%i%ﬁm%%*&ﬁ%ﬁ*ﬁﬂé (P<0.001) 8 36.37+17.54b 87.11+£18.27 ab 20.12 79.88
KT B P 5 0 B 2 - B 12 572311.89b 47.84:572d 5028  49.72
SO G s - BERa L R g e 22 167.67£12.87a 72.98:8.16bc 6844  31.56

D ’ N 38 207.15:53.56a 95.72+1143a 6529 3471

RAIEM R, 5 EEeu, HRAEH | HPORE
SR, ML BT AT AL O AR Y T
AR IR B 0 Ok - R R Bl T R

VEIH . Bl N EY bR e . RRIA/ING FRE R R R
TEMAEBR A A7 35 22 5% (P<<0.05).

A HEEF 10 0~10 cm 3R
242 L EWWBEEGEMTRESN DRIME TR

B f % RE B AU ) 3 T ORE K 06 45 R o (B 4A): 10~30 om - Hep 25

R H 0915, ¢ K 33.681, df & 10, GFI W 0.829, SRR W g
RMSEA 2y 0.411, RWIABF B MG G E

Bewn, DUATSOUEAR, WU RBFS AT WO
Ko DRIMIMIEIE S RN RO R S | N
B E A 4A s . SRR REE R mNE 7 = —
b M T L AT X R 2 AT B AP oo
M, H A 2 R A B B AR A B E R ) HEPI B L mm%ﬁ
(P<0.05); -+ HEHERCHI AP H B 35 A7 055 6 w4

M (P<<0.05). Hi[El 4B W1 258 a4 ibrifEfL iy S T -

SR i T AR PR, AR v A RN X R ke 2 -1.0 0.6

41 (81.46%)
B3 RIS DR E ) TR

Figure 3 RDA analysis diagram of soil properties and and carbon
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F WA B R A B TG BE B . A L
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S DR 2R 19 45 1) Oy AR RS AR B AR KT AN 8] 4C Fr o o A W 7 5 R T - S A 4 R A A A I OE 1) 5
(P<<0.05), i, THEawE. LHAIK . 25 %X RS A I B B (P<0.01), FHBEE .
A X R A R (P<<0.001). FHIE] 4D ATAT: - 3R URIAR AT RE X
R Y LN R T AR -, A BRSO T A R R B (5 K T AR SR o A i —
RW, A LR DL NG R 53 %k - S5 28 B ) B S R TARLR R 2 B, R R e R R ) o ] 42
IV fe T BN
3 4tk
3.1 EWRERMNSEMMRERMNEYNEN N

YR SRERIMMAERKRNEZR R, E22ME . W& WRNALRSEMRE, S5 ISR
KR DL SGEMAERSE R R A, AR, REEREMAME . RimeE K, 200
L R IMRA AR B LA R TP A AR BEE EMRAEBR 3G, 5 EEA A B A2 AR e S 3
B, HAY TR AR B R o X SRR ROBETE AR AR, R [REARAEBR T AOR 2R KR
AREZER, EMERBEK, BIuA, ARKEBK, FRHFERATGRAAR AR ZBET 3 SR
KN, BEEGEHAEBRIEE I, MRARMMEZEE K, FEMEMR EBEZ G, #mder 5 EnEY &,
X I 3 ARAE BR AR A 5 0 B R A A FOIR DI DGR 3, W T 55 AR AR 25 B 2R G E L

density in P. massoniana forests
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Figure 4 Structural equation model path diagram of carbon density and influencing factors of P. massoniana forests
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