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Changes of soil organic carbon storage in Pinus tabulaeformis
forest and its influencing factors
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Abstract: [Objective] The objective is to explore the vertical and temporal variation characteristics of soil
organic carbon(SOC) content and storage in Pinus tabulaeformis forest, so as to provide a theoretical basis for
soil carbon storage prediction and carbon sink management in P. tabulaeformis forest. [Method] Based on the
literature data from 1980 to 2017, the characteristics of spatial and temporal variation for SOC content and
storage in P. tabulaeformis forest under brown soil and cinnamon soil types were discussed using the methods
of one-way ANOVA, multiple comparison, correlation analysis and path analysis, and the driving factors were
analyzed combined with China’s forest management measures and growth characteristics of P. tabulaeformis in
different periods. [Result] The change of SOC content and storage in P. tabulaeformis forest decreased
significantly with the increase of soil depth (P<<0.05), and 0—20 cm soil layer was the main contribution layer
of carbon pool, accounting for 45%—50% of SOC storage in 0—60 cm soil layer. In the past 40 years, the content
and storage of SOC showed the temporal variation characteristics of first decreasing and then increasing, among
which 2000—2009 was the lowest, and then increased significantly, reaching the highest storage point of 247.02

Tg in 2017. [Conclusion] Soil bulk density, soil total nitrogen and stand canopy density are the main factors
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affecting the change of SOC content, and the profound effects of forest management and protection measures on
the three factors are the important reasons for the significant temporal changes of SOC content and storage in P.
tabulaeformis forest. [Ch, 3 fig. 5 tab. 49 ref.]

Key words: Pinus tabulaeformis forest; soil organic carbon storage; influencing factors; path analysis
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Figure 2 Comparison of measured and calculated soil bulk density
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Table 1  Statistics of P. tabulaeformis forest area at different stages

, 1980—19894F 1990-19994F 2000—20094F 2010-20174F
e HEY(<10*hm?) 5 /% HAY(x10*hm?) /% HAY(>x10*hm?) /% HAY(x10*hm?) 5 H/%
AN 132.9 64 102.2 42 74.6 32 55.0 22
P bk 59.4 29 91.4 38 103.9 45 103.1 41
TR 13.8 7 49.5 20 54.7 23 93.1 37
j=Nan 206.1 100 243.1 100 2332 100 2512 100

VLWL . AR R ot IR i L BRAR (R 1) )RR, JHCrly, S SBRA R S ol A I SAbR 2 DAL bR BRI AR s R IR S Al Ak . v
B RN T BRI T RRUAR I SCHIR[21-27 15 - R 4K

®2 ARRRIFEAENBRRESHSITSN

Table 2 Variation of soil organic carbon content at different stages

o 0~20 e HLER/(g- kg ™) 20~40 cm A HLEK/(g- kg ) 40~60 e LI/ (g kg™ 060 e WU

NP5 o
Bl MBI SRR ROl BUME TIME BRAR BAE BME THE sRan ke

1980-19894F 4500 4.63 1950 Aa  0.57 2750 426 1148 Ab 0.56 30.62 2.70 837 Abc 0.79 13.11 A

1990—-19994F 4193 4.11 15.00Ba 0.56 4466 134 10.09Ab 0.86 2233 0.68 6.15Ac 0.67 1041 B

2000—20094F 56.55 120 14.57Ba  0.66 4562 1.00 849Ab 0.96 34.68 0.68 6.33 Abc 0.96 9.80 B

2010—20174F 5745 050 20.76 Aa 0.5 3528 0.74 1136 Ab 0.62 3020 0.65 7.94 Ac 0.68 1335 A
VAT AR RS R MR L2 R I B DU T/ BE 5 1 5 (P<0.05); ARG R M B 12 A BRI

IR B EWP<0.05)

T 47%~54% , & 0 M I 2 R %) 348 Jon v o 2> 1) 0 1 e ELAR AR ARRAIE o 452 3 HLAR T 2 o) B0k
R [ R B A sl ) AR A AR AT, 0~20 em )2 AR LA 5 E, FE 19801989 4F°H 19.50 g+ kg™,
WRZDI T 20 a UHFLEFEAR, 2000-2009 4F ik B AR A, (U 14.57 g-kg™', 2010-2017 4F 3 & 14 hn &
20.76 g+ kg 'c 20~60 cm A HLAK T I 0 ER T ) 22 L H 5 0~20 em AHIR],  [RIAERIR Y M —Ak—mr AR
fRFE, AR AR RS 2R, SR EHERE . 252 25 PR 0 50 5
20K 0.55~0.96, J@ TrHaAs G,
22 TEFVHBEETUETE

2 3A LA H: 0~20 cm 4= 2 J2& 0l A bR B 58 G HLAR B9 3 EE 0k, 1980-1989. 1990-1999.
2000-2009 F1 20102017 4F 4 /™A I ARG 125351 A 97.18. 90.20, 86.27 1 124.92 Tg, i 0~60 cm + )2
- HERAG B 45.41%~50.57%. WG 2R, AHURGEEFEIL, 20~40 A1 40~60 cm + 2+ HLAk
fiti i 5 L4300l R 28.58%~33.76% Fil 20.83%~22.78% . 1E 19802017 4, #% 1+ )2 LA HIRME R 5
A HLRR T B — E R 2SR AE . 5 1980—1989 4EAH L, 1990-1999 4F S 4T HLR Ak i 5 R AIK
s, B SIRAREA K, 0~60 cm )2 HIHEA LR /D T 6.81 Tg; #F A 20002009 45, A HLAKAE
RFERIE RO, s> 14.81 Tg; 7F 20102017 47, H3EA HLAKAE S PGEIE N, 35 247.02 Tg, H40a
KW e = ACE, FlE 0~20 em 4 )2 436 HLERff B 1 Ik 38.65 Tg, (IR &1 61%. Zf AT,
i 40 a 8] 0~60 cm )2 T84T MUK B A2 3 2L TR HE 0~20 cm )2, 1] 20~60 em )2 - 5847 MLAR At 1
TRAARFFA R RS o
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Table 3  Estimation of soil organic carbon storage in P. tabulaeformis forest at different stages

1980—19894F 1990-19994F 2000—20094F 201020174
+)Z/em
iR/ Tg i /% iR/ Tg 4 /% it/ Tg i /% iR/ Tg 5 /%
0~20 97.18 47.30 90.20 4541 86.27 46.93 124.92 50.57
20~40 61.85 30.10 67.06 33.76 55.68 30.29 70.60 28.58
40~60 46.43 22.60 41.38 20.83 41.88 22.78 51.49 20.85

0~60 205.45 100.00 198.64 100.00 183.83 100.00 247.02 100.00
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23 TEBNBRESHXMEZERONT
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A pH. HRHEELUBARIE S0 25 TEARSC (P<<0.01), S54RI . AR REK S ARG 25 FEEAR A %

F4 0~20cm T EITEFHRREN S ZEFEH Pearson XS 1T

Table 4 Pearson correlation analysis between 0—20 cm soil organic carbon and each factors

M AL A R WAL pH IR AEHRKE MR MO ARHE M

LK 1

A —0.774%* 1

EA) 0.627%*  0.424%* |

A 0.609%* —0.425%*  0.446%* 1

pH 0.140%*  —0.084 0.212%  0209% 1

AR -0.052 0.037  —0.016**  0.259%* 0.023 1

EHBEKE 0158 -0.126 0.059 0.031  —0.300%  0.339%* 1

isbE2 7k 0.042 0.131  —0.031 0.144 -0.113  0273* 0.228 1

o 0.055 -0.147%  —0.094  —0.232*  0.017  0.16] 0.149 0.169 1

IS P4 BE 0.336** —0.159 0.246 0.221 0.048  0.047 0.090 0220  —0.128 1
M 0.376**% —0.297%  0.469**  0.454** 0.021  0.088 0.064 0211  —0.455%% 0269%* 1

P *FR B EMSEP<0.05); **FoR i EHHE(P<0.01)

232 Zawmasgd HEHEEHRTES () SEEAE (v). 2F (). B () #1752 200
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Table 5 Results of path analysis of factors

o EIESTEEEY ) e R
¥ HnmR R - -
W £ ABFA FE A1t KE £ AR B
KE -0.612 -0.259 0.097 -0.162 0.375 0.195 0.060
25 0.376 0.159 0.092 0.251 0.141 0.057
AR A1 i 0.310 —0.049 0.076 0.027 0.096

3 i
31 HBRMTEENBT R SmES

AT A LRI A R GOSN, R R T A I U AL B A A R
SRS, L IR Y B R RS SRR AR, X A LB AL A s A R B e Ah, aR AE I
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1k, AEREK B i KA 2240 54.7 mm, 4EHRIBERFTE 7.7~8.8 °C, L HEH M d P (pH 6.99~7.58)
HEAN, T AR AR A T AR R S, AR [ XX i 2 B R A AR, (R BoR AW, i FAES
T AR K R R pH AR R M LA R TR 2 R — M, PR 2 VA e 4 A X
AT WL = A B B
32 BRME IR LS
320 AR RIEA IR E AR A ORISR R AR A R B AL R, N T AR 2
DLF T BUSEE 40~80 om MOBRALIZE , FBLH BRI i 5 (20%~30%) . 13 ESE . BB 1R
TES), PSS FE A LB 3 B e 362 0, 300 LAR S T SRR, (B T2
WU bR A AR e H AR R ERAR/K . 3T 40 a [A]BF 5 X AE I K 88 560~610 mm, ARMRAS/N, Fek
FI2EAL 50 mm, 45 b0 122 - B8 o A P BLBR I VA ERIRTRAE o 1l TR 20 bR A 8 32 1 o1 24 L S
TR AREA I, SECFZ A I AR T 25, 2 B2 00 5% 0 1 K Ak
BAREL, UE SRS G, SRR LA DR R 5
322 MR R UBE I EACHAE AR I HLBRE AL S AR KA AE B IA G, X TR Z
BFSE AR A LAESZUO 1 ply b v A+ SEHIRTAIR ST AR PERRUE . B R Al A HLBR Ak T
BT, REMRETIE . BRSBTS R SRR, R SR B
WERE, FITA LR SRR, WM RARETE R 55y . BB MO BRI RN, AR %
1%, AR FABITF A B WIE IR, A WL R . A A Tk — AR 7 MK 15 a J5 TF IR AT 90 7 1)
WS, I AR, PR EERA, B CRARE R R S R AR R TR, B T
PESR U R A PRI BE (20 a) I, IHRSBRIE AU A KT, BRI 35 4 43 fL B B RS e A 1, U
VBN TSR A YA, FEAMIAE RS, R S o S R AT LA A S AR
RIS F A TR, LA T A AL I T U SR R AT S A HLBR AR T 40 a JAI
Mo ATHGPR (35 2) B BE, A PRI 4 R SRR RS M G, BN S R Ra i M R,
PR FARTBAE LIRS , R F 5 VRS SR 2GR AR, 3 W WA R R 11 24 i
EEORR . FUA AR IENY | hn b A T L R BN RE AR L IR e T 1
ftAL, B BLRRE A AR

B TFI LA, o AR B AR AR, AR R bk 2 S TR 2 R 2 b A K R, S
25 MRS T A AR AN T & AR AR Ak . 1978—1983 4F, A B JF & T 4= [ Y Rl A9 Al A & ARG 3, {5 1984—
1991 4F, FEAFFIRGIRME T, i i AR RS A o bk sk, SEOLI P b
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VBRI AR 5 Ak, THFASIIS ARTE B35 132,910 hm?, (5 AT AR 64%. H T B4 T e Al S50/
AR, 1980-1989 4F VAR MK 0~60 cm 1 2 A HLARAH AL TR K-, b 205.45 Tg. 1992 4Fie,
4R S AT — R UM AT RE S & J B, BLAR AR . SN S RN R bR B G A5 20k T, AR
19901999 A= I A A L T R N 28 243.1x10% hm?. {H F T2 I 3 400 8 P30 32O T A o7 EE AR, i P k%
AT RN 91.4x10% hm?, 7 L3RR 38%, KT T Bn o AU s + 384 MLak i 3 I e, (6 58 AL
WAt AATIAAA L, BRIRT 6.81 Tg 254 2000 4F )5 i HE—20 R 8l “ RIRMGTIRGRI TR, P8k
AR A O 1 D R AR K 5 T A P AR R e, e KRR B M RE YA A2 4, (i 20002009 4 & Ak
A — 254 2 103.9x10* hm?, (5 Heik 45%, INZIZBH S B BU/MERER,  FIRSEE R R 0 E
YR FEBOXEH 0~60 om + )2 304 ML A% i IR RMR LR K, A2 40 a A5 fIai, 1 183.83 Tg.
2010-2017 4, HSRAIE MM RREE AR, (H4dir 30 a AR, 20 tH4E 80 A-ARAIAR M AA KR 43
HEAGEBMRG B, ERRTE B 93.1x10* hm?, P d7 Uik 59%, Iz S A % 251.2x10* hm?, A~
ACHEIH T 2% B A i o -8 HLER I B ARVE R, 17 ELAE 0~60 em £ )2 384 HLAR A4 5t 1 AR 4 3G
hn, 35 247.02 Tg i

4 Hik

T 40 a e, JHARAR - HEA HLAR T BOR G A LRI B, 0~20 om 4202 A HLAR T &
S AR AR FEEDTIRAE A BLR T BRI 1 o L A3 3R 47%~54% 1 45%~50% . HH T
AR R K A IR 2 X L2 T A A LR A AR Wi i 2 DL RSB TR R B A A B
20~60 cm )2 - HEA LA T i3 BOR it 76 45 B B 24 F A 6 e AR K o THIFA MK 0~60 cm +
JZ - HEA HLAR 5 5 BRI i 349 S S /0 S BN B A AR AR RRAE b, A HLAR i B 1980~
1989 4E[1) 205.45 Tg K2 2000—2009 4E K5, 4 183.83 Tg, ZJi 2010-2017 4= [a] H H 4% K 7 At 384
i, kB E, R 247.02 Tgo HFAMRHL F S8 0T MRS S0 R A 0 4L 1T R L A5 32 AN (] s A B AR50
PRI HEMEVRZI 0, IR . e FURIM AR A B2 S B0 AR 398 ML T 70 B i i AR 1R i
FERE, FEETAREF BRI, ORI SRS K .
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