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Effects of gap size in Pinus massoniana plantations on different soil labile organic

carbon fractions

SONG Xiaoyan, ZHANG Danju, ZHANG Jian ", LI Jianping, JI Tuowei, OU Jiang, HU Xiangwei
Institute of Ecology & Forestry, College of Forestry, Sichuan Agricultural University, Chengdu 611130, China

Abstract: Large areas of P. massoniana plantations are often assumed to have serious ecological problems such as reduced
biodiversity and soil degradation. Logging gaps are an efficient practice used to solve these problems. We investigated how
the size of forest gaps in P. massoniana plantations influenced the characteristics of different soil labile organic carbon
fractions and the carbon management index. Compared with those in P. massoniana plantations, the content and proportion
of microbial biomass carbon increased, while the content of water-soluble organic carbon and readily oxidizable carbon, and
the proportion of water-soluble organic carbon decreased in forest gaps. The size of the forest gap had significant effects on
the content and proportion of labile organic carbon fractions. With the increasing size of forest gaps, the content of water-
soluble organic carbon, microbial biomass carbon, and readily oxidizable carbon increased. The proportions of water-soluble
organic carbon and microbial biomass carbon increased, the proportion of readily oxidizable carbon first decreased and then
increased and the non-labile carbon proportion first increased and then decreased. The content and proportion of labile
organic carbon and the stability of organic carbon were relatively higher in larger (900—1225 m®) gaps. The carbon
management index was not significantly affected by forest gap size, which positively correlated with the content of different

soil labile organic carbon fractions and soil total organic carbon. The effects of forest gap size on soil organic carbon were
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relatively significant in larger (900—1225 m®) forest gaps in terms of a higher stability of organic carbon and a greater
amount of microbial biomass carbon and water-soluble organic carbon. This suggests that 900—1225 m’ gaps might provide

optimal logging gap size for the conservation of ecological functions and natural regeneration in P. massoniana plantations.

Key Words: forest gap size; labile organic carbon; carbon management index; P. massoniana plantation
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Fig.1 Map of the sampling plots in study region in Yibin city Sichuan province
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Table 1 General characteristics in the sampling plots in different size forest gaps of Pinus massoniana plantations

R MK/ m Welg/ () i) ARXILIR % At/ C

Gap Altitude Slope Aspect Relative light intensity Monthly average temperature
Gl 423 24.5 SW 87.7 26.03

G2 438 26 SE 93.5 26.40

G3 408 23.5 SE 94.8 28.21

G4 424 24 SE 95.3 28.44

G5 441 21.5 S 95.4 28.67

G6 418 27 SE 96.3 29.04

G7 430 26 SE 98.3 28.73

CK 427 23 SE 16.3 25.94

1.3 FEE T S

W R R R ABARALA T RIBRSG 538 2 0 — it 2 mm Gii3e4% 4 CORAF, T5E 5K g A L
ik (WSOC) FIi A A= Yy fefilk (MBC) 5 55— A AR AT, 5 0.15 mm i I 3700 7 S8 A Bl (SOC) |3 0.25mm
i FH T 2 B S8 Ak (ROC) o

13 WSOC R IHE K A1 2:1,25°C F £ 8 K 1H IR 2% 30min J&5, 5 3 &0 20min (4000r/min ) ,
0.45umEAEIHIE | FLEUR A0 HLER 5 R FLEAT LR B ZL 43 B A (Mulit N/C 2100) il 52> ; MBC 2R Ak
HERY R B 75K, SO, 12 8212, B2 R TR ZE A 31+ ISR U A WL 2 22 B ARG 4 R A (0.45) R A W it e
S S0C R HE RN EAL-AMINHGE I E (LY/T 1237—1999) ; ROC % H 333 mmol/L =4 IR A AL,
565 nm PR @AM E S FaE SRR (NLC) S SOC 5 ROC Y251, T IER AL (i 2 2,
1.4 Hdiiba

BAEAE R ] Excel , Origin8 F1 SPSS17.0 Gt AF5e i, Hrho AR g i AROGHE A AL 2 1t | 53 Ie He 9 f2
ik e 6 SR 5% 5 e >R FH (101 0 kB PR 28 T 22 93 A1 ( One-way ANOVA ) J Tukey 47T 2 5 HL#E, 125 /K7
P E N a= 0.05, ARG S 5 AT WA LR & it R o E i 25 ORI RO RE AR TR, H
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Pearson HH5¢ R B0 AT LI VA MLBR & 5 TR AR PRI PE 2 () AUARDCE . AT BAMR T 4 S e+
B TSR] R/ IR oo Rl 2k A SRR A PR 5 AR PR BRS BIO T R A R

BRIEFE AL (CPL) = HEdh SOC/Z ] SOC

REETGE (L) = ROC /NLC

BRZEIG SR (L) = FER LI L /S L

TR EE IS H(CMI) = CPI xLI x100

R2 LDESARERMWET D HEEURE

Table 2 Soil physico-chemical characteristics in the sampling plots in different size forest gaps of Pinus massoniana plantations

o kit FE/(wen')  RKIEKHY (g/ke) BB (/)
Gap Water content Bulk density Maximum moisture capacity pH Soil organic carbon
Gl 22.90 (3.90) 1.46 (0.06) 324.2 (37.2) 3.38 (0.05) 13.60 (5.48)
G2 21.73 (4.00) 1.33 (0.08) 396.1 (91.9) 3.46 (0.08) 13.68 (3.52)
G3 20.11 (4.00) 1.37 (0.11) 367.8 (79.0) 3.38 (0.08) 11.20 (1.21)
G4 21.33 (1.22) 1.31 (0.11) 375.8 (112.7) 3.50 (0.25) 9.74 (1.30)
G5 23.98 (3.50) 1.34 (0.17) 381.6 (62.1) 3.43 (0.07) 12.72 (2.93)
G6 20.06 (4.40) 1.36 (0.26) 364.4 (66.3) 3.47 (0.07) 14.71 (3.72)
G7 21.07 (1.70) 1.45 (0.04) 311.9 (43.9) 3.42 (0.07) 10.26 (3.30)
CK 20.10 (2.00) 1.26 (0.14) 394.7 (56.0) 3.40 (0.07) 13.77 (4.08)

155 IR R AR 22

2 HR

2.1 ARFEIR/ANKEE T 5805 A AR 5 2 B ik 12248 R4 X

TEARET ol BEARE T ARG N, +38 WSOC & & THa (B 2) ;MBC 5 ROC & &% FJH(G1—G2) AR E T
R (G2—G4) LG FHm (G4—G6) HTE GT SUA FF#AR (P<0.05) 5 1) NLC & & F1 CMI JC 8 284k, 7EARET
D% BEAMRE ARG I, WSOC 5 MBC & #8 FFE(G1—G3) /5 WSOC & & & EFhE# MBC & & EFHE
TBE(P<0.05) ;NLC & 58 TR, fidJa X% LT, {3 ROC &5 CMI B 2 (K 2) .

2.2 ARFER/RE T 5805 A AR 53 Fic He )

FEMRTT L, BEART T RGN, 2K VA AT BILBS 20 BiE HE 491 ( WSOC/SOC ) 38 K (1 3) 5 Bl 2k W ek sk 4 i L 451
(MBC/SOC) 1E G2 W T M5 AT 2 (P<0.05) 3 5 B AL B3 IE 471l ( ROC/SOC) ZE#AK ( G1—G6)
FhE7, AR S Ak 43 BE L] (NLC/SOC) 5 Z A8 B, et i Ja B A, 76 PR 30 S, B bR o 1o B o, £ 43¢
WSOC/SOC 5 MBC/SOC 76 i #25 fk , ROC/SOC & Nk (G1—G4) , G5 B 2 T+, )i A F R (P<
0.05) , MAKF IR KME (G5—GT) & TH/IKET (G1—G4) |, Tiii NLC/SOC 5 ROC/SOC M , sk H
BUNMRE (G1—G4) @ TR AME (G5—G7) (K 3) .

2.3 MR S5AREE RO P05 0 2 A R A WL B i S oy B H A 22 5

ARET o055  RAMK T He 8, 4% T BT (B G7) 14 WSOC & & M /e L i 3 i 2K TR R (P<
0.01) 5 1M1 5 T BUMK T 3 MBC % it S A3 E LU A 0] 1 AR (R4 AR B S5 AR 25 55 138 5 4% T FRAR B (o
G2 1 G6) T3 ROC & B FH K THK T (P<0.05) {8 ROC 2Ll 5K F 2 R8N B % MEhg 54T
FoR 45 AR T 38 WSOC & B B R TR R (P<0.01) , [ Bf, WSOC 4B L (B G6 Al G7) i 1%
FHT (P<0.05) ; £ AR (B G3 1 G7) MBC #3445 8 3 & TAKF (P<0.01) (HHAMBCEL B G4 B3
F AR (P<0.05) , HAMARE S HKF 22 54 535 1 45 T BUMCE ROC K& NLC 75 f K 43 e Eb ) ) 5 4K T 22 5%
WARBE(ERS),
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Fig.2 Content of soil labile organic carbon ( WSOC: water-soluble organic carbon, MBC: microbial biomass carbon, ROC: readily oxidizable

carbon, NLC: non-labile carbon) and carbon management index in different size forest gaps of Pinus massoniana plantation
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Fig.3 Proportion of soil labile organic carbon ( water-soluble organic carbon, microbial biomass carbon, readily oxidizable carbon, non-labile

carbon) in different size forest gaps of Pinus massoniana plantation

WSOC/SOC . /KA HLAR 4 B L 451 Proportion of water-soluble organic carbon in soil organic carbon; MBC/SOC: o A W) & B ) T L 9]

Proportion of microbial biomass carbon in soil organic carbon; ROC/SOC . 5y A oy e EL 45 Proportion of readily oxidizable carbon in soil organic
carbon ; NLC/SOC L FAE RS e A5 Proportion of non-labile carbon
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*3 DEMAIMKRTERERAEAROCSHZTERHANBRIERSELHIES
Table 3 The comparisons of the content and proportion of labile organic carbon between in gap center and in Pinus massoniana plantations, in

forest gap edge and in Pinus massoniana plantations, in forest gap center and edge

i BT BT BT R
Item Gap center-understory Gap edge-understory Gap center-gap edge
WsOC (G1—G7) ** (G1—G7) ** G1 ™" (G2—GT7)ns
WS0C/SOC (G1—G6) ** (GT)ns (G3) " (G1,G2,64,G5) * (G6,GT)ns (G1—GT)ns

MBC (G6) **(G2,G63,G5) *(G1,G4,G7)ns (G1,62,64,G5,G6) **(G3,G7)ns G1*(G2—G7)ns
MBC/SOC (G3—G5) **(G2,G7) * (G1,66)ns (G4) * (G1—G3,65—CT) ns (G1—GT)ns

ROC (G1,G4,G7) **(G3,G5) *(G2,G6)ns (G1—GT7)ns (G1—G7)ns
ROC/SOC (G1—G7)ns (G1—GT7)ns (G1—GT7)ns

NLC (G1—G7)ns (G1—GT7)ns (G1—G7)ns
NLC/SOC (G1—G7)ns (G1—G7)ns (G1—G7)ns

WSOC . KiEM: A LK Water-soluble organic carbon; WSOC/SOC ; IK A LR 43 e L 5] Proportion of water-soluble organic carbon in soil
organic carbon; MBC: /¥ 8& Microbial biomass carbon; MBC/SOC ; f#i/f ¥ w55 /3Bt L 45 Proportion of microbial biomass carbon in soil organic
carbon; ROC: 5% fbAk Readily oxidizable carbon; ROC/SOC: 5 %8 AbHk 53 FiL Eb 5l Proportion of readily oxidizable carbon in soil organic carbon; NLC: f&
FE AWK Non-labile carbon; NLC/SOC : %2 % Z58% 73 Bt LL 1] Proportion of non-labile carbon; * P<0.05; * * P<0.01, ns, P=0.05

2.4 THETEVEA PR S i S R B A 1 g A B A A DG

Iy AN R /N E 45 196 A AL 5 1 B ok J27 6 B4 50 R) 9 A DG M . SOC 5 %1% A Bl ( MBC R
Hh) oo A M CMI 35 EAHOC, o 1 A BILAR O 16 M A DR 3 1 e 3R PR U e VR s ML 5
WSOC .ROC & SOC 5 ¥ 5 #1835 TEAH K (P<0.01) ;ROC 5 WSOC 1 SOC # 5t 3 1IEAH 5 ( P<0.01) , 55 NLC
1 MBC & 5 52 TEAHE (P<0.05) 5 T MBC {15 WSOC A (P<0.05) » & &P HLIR Fa s A5 o &
BR RS BRAE A S - S B MR R AY AR SC M . MBC 5IR P, CMIT 5 87K & DL & MBC S kK B IEA G (P<
0.05) , HAI T EMHK LR (F4),

R4 DESAIMKRETIEFEENRSERKRETEEHES TREAERMEXE
Table 4 Correlations between the content of soil labile organic carbon, carbon management index and soil physico-chemical characteristics in

forest gaps of Pinus massoniana plantations

P IZ9N
5 g okl g Fk i
WSOC MBC ROC NLC SOC CMI PH Water . .
Item Temperature Bulk density Maximum water
Content . .
holding capacity
WSOC 1 0.306* 0.431** 0.374 0.459"* 0.338" 0.165 -0.107 0.197 -0.049 -0.071
MBC 1 0.179 0.50 0.113 0.149  -0.021 0.499 " 0.079 -0.001 0.325"
ROC 1 0.445* 0.755** 0.925** -0.207 -0.264 0.291 -0.140 0.140
NLC 1 0.923* 0.111 0.102 0.039 -0.023 -0.092 -0.108
SOC 1 0.478 ** -0.014 -0.052 0.108 -0.128 -0.019
CMI 1 -0.232 -0.206 0.378 " -0.063 0.162

WSOC . /KIEHEA PR Water-soluble organic carbon; MBC: T W) Rk Microbial biomass carbon; ROC; 5 EAb i Readily oxidizable carbon;
NLC: Fa%E 8% Non-labile carbon; SOC: 3 HLER Soil organic carbon; CMI; Bk ZEF HIFE %L Carbon management index; * P<0.05; * % P<0.01

3 itig

AWFFE, D RAR N TR SART HUEL, SR S LR % 10 A (B TR PR A LR & &
Loy Be b A tE s | ELREARET P B RN TRI A BT 22 5, 3k B BRI 1 380 R A LB X 400 S 7 5 gk
REd /R LA LB P ALY Lt T E RS A MO B U, R R TR A ik e, PR P AR 5
%, AR SR A 1T AL A8 D' BRI s AR B2, e A W03 30, (R, R SIS TR ol AT A Oy 72 O DA e
AN BT A E R Z O R MR TR R IR BT, A T M R M A B R
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TR YRR (MBC) 75 58 S o3 Be He ) S8 35 T o (ERR TR PN AR AR 4 I 34 BB 1 AN BT A, 3K T g 2 5 S5OMR T 7Y
IKIEPEAT HLER (WSOC) A ALK (ROC) & PR B E N K7 [, A0 (A W 76 3l 0 SR 38 i
XTREVE T THFE, WSOC Fll ROC S Ak 1y 5 22 1wl R FH BB R 40 5, 1wk 26 93 sh i e, fiff WSOC i1 ROC
B R AR R S R R R 2 —, 5300, R (B ) BEE RN = T, L1 WSoC ik
T 22l WSOC S A, ARET PRI B (057050 B FHORIR/K SR (AR RO
BTGP PR & B A 25 5 (H R 25 S AR B S T B OGP L AR AT R, AR AR T RSN (G L) B Ak
T4 5t MBC FIl WSOC 5 1t 22 5 1 2, A TR FROMRET 25 18 M A HLA 25 S N 0 3, 3 5 MR /N e i A
BT ZRRON AZE L, R T AR /INTE B B S

RN e I 2Y /N N7 N N A1 N7 R N w2 O R X S I R e s AN NNy N U R B
fiF, 308 5 R AT PR G B R R K o A R0 R R A5 A AR T R o e AR
R W O BEAR D A W E AR AR, R I A Y M IR S AT Y B AR T RS R (35—45°C)
B, Sl S PR R TR A i Y ARBIRSE H BEPRT AR A, o R R BB ] ) 3, £
HEIRFEM 2 TH i, T RE SR S PTG R IG5, MBC S s34 SRR RIS, 2k 9 T R B sk A R T R 3R 3R 4y
TS N ) AR A SR AT A 1 2, ol A 7 0 AR R 3 0 0 8 o i o R 9 0 AR
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