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Effects of Thinning Intensity on Soil Organic Carbon and Labile Components in Sprout
Cunninghamia lanceolata Plantation

YE Jian-feng*, CHEN Yan-gen?, ZHANG Hua-feng®, LIU Bo?, LI Zhen®, YING Bin-bin*, RAO Ying'
(1. Lin’an Tianmu Mountain Forest Farm of Zhejiang, Hangzhou 311311, China; 2. Lin’an Agricultural and Rural Bureau of Zhejiang, Hangzhou
311300, China; 3. Lin’an Agricultural and Forestry Extension Center of Zhejiang, Hangzhou 311300, China; 4. College of Environment and Resource
Sciences, Zhejiang A & F University, Hangzhou 311300, China )

Abstract: In December 2017, experiment of thinning intensity of 50% and 70% was implemented on sprout 12-year Cunninghamia lanceolata
plantation in Lin’an, Zhejiang province. Continuous observation was carried out on soil organic carbon and labile components of the experimented
stand in 2018 and 2019. The result shows high-intensity thinning increased soil organic carbon and its active components (soil microbial biomass
carbon, water-soluble organic carbon and readily oxidizable organic carbon) by increasing soil carbon sources and changing the soil
microenvironment. The seasonal changes of soil organic carbon were not obvious, but the three labile soil organic carbon components obvious, which
were not affected by thinning.
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g —isy, HAESBH. Ho. SEM SIS EY, 78 LIS b+ TEk . IR E YRR
( Microbial biomass carbon, MBC ). /KA HLER Water-soluble organic carbon, WSOC 15 %&b A HLER( Readily
oxidizable carbon, ROC) J& H3EEHANRAVAEFZIIEA, RIS IE Jikn o 2ias 8 . 2, MBC
AN RS, WA 325 BOIC AR WSOC fiE Bmk 13EMUEw R, FESRIET 1AL
JRE KA E B ARHE . ROC 2 ST HUBR T 55 5 W A AR B 45, BRSSP AR Lk, PRI, e
Skl MR FT & DK T S A LR A TRAS AR R B S 1R

#27K Cunninghamia lanceolata J&F B 7 R A dkbfh, AP 2085, FEm 7 LUK AR, SR
AP A SRR E) T E BN, MRS W TR —, BEBE S EIRAG, A
o3 RZE_FRIGMOARB) Y = B2 RRAR, IS 5 2 AT K B 3980w, ol H3R50REs, Mini i
Fpm AT (R H RO S A e ) R A A X AT DR SR PR s T DR
i) 3 %5t - 395 4 AAE ST 052 0 s ) £ BT B e - 9 B T M A RO e

AT 7T B AEAZ APIOR ] ) A58 B8 S5 AR AT EL 45 ol ot B TR AR B AR A AR - 398 LR B LR 1
oo, R REIE R IR ZE TS A, DU AR LR O R e S

1 # 5 KIS 58 77 ik

1.1 HREXER

5T XA P T A BN T2 ARSI AT (30°14' N, 119°24' E) , BIEHGHEXS R, EXSEHM
18.4°C, 4FEIRE/KEN 1455 mm., SEIARFTEIIHLHERAE 40 ~ 100 m, BETE 26.3~27.3° . HIEECAHFE, T
¥+ 2B 15 em, BEbFE L, 2558

PRTERT G AARES 12 4R —ARBFAAZAHR (2006 4, JFEAZAMR 8 K est R G A, 2 2017 4F)E, HHIEIE
FALAIEENG B )M BT K, BUEAR T E T, [ DB A Y, W17 Miscanthus sinensis FlEk Pteridium
aquilinum var. latiusculum,
1.2 #RESEE

SCIGHRARSM g 4 000 ~ 4 433 Hk-hm®, BB H R (MT, 50% ) FIEEEREL (HT, 70%) KARMEIK
(CK, 0% ) 3 Fpibs, mIffam i A R MAZ ARG AR E R LB, )RRl b AE b, 2017 4 11
H, FEPL. H5HAAE T 94 20m x 20 m MbRifEREHL, DU MRS CK, & 3IKEE . ASFEFEHE

TE41 5 m AMEMLAYZZEMPIX . FEARBRAAIRERLDY , MRV B inIRE R, FFAE 2017 4 12 H 5Eiafk. TH)
IRAE X TAER AR R . FEHEE AR WA 1.
F1 2017 EXBHMHSEKBR

Table 1 Stand traits for experiment before and after thinning in 2017

HFIE CcK — MT - —— HT -

1) & Hif AR ) i AR
MRA>EREN (Fk-hm?) 4167 +125 4000+ 82 1683 +24 4433+120 1133+51
Mo FHMAR cm 78£0.1 7401 78+0.2 7.1+01 74402
A F 35 m 50£0.2 51+0.1 52+0.2 44+0.2 46+03
BATWTEAY (m2hm?) 19.8 0.7 17.2+0.8 8.0+0.2 175+1.1 49+05
BALFERY (mPhm?) 67.9+26 59.6 4.0 28.1+1.7 54.1+0.4 15.7+0.6
[a)4%58 /% 0 53+1 711
WRE (°) 26.3+0.7 26.6+0.5 27.3+06
1) R, R 1EF 1Ew. VU

T MR A B AR AR B FAR S BB L
1.3 THXR&E

1T D) LIS R, 2978 15 em (XXX 5 om) , B, 3R {FER)Z (0~ 10cm)
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FREHRYZE . SO G ESE 2 48 (2018—2019 4F ) 2R (2. 4, 7. 10 H) FEEFHABEIL, 395)
HERE 3 AL RAE s, TERREA R SR Y . BT SR AR, R RE— 1, 15 314
TR U —ANE AT BRENE S TR R E, Pk hrER R, & 10 B, 52010+
Ko MR AR 2y, — I fPRAFE T 4ACUKF N (fRAFRSTE)< 72 h) , HTIE MBC &&. WSOC &&EFI
HEEEKE (Ms) 5 B EAXTIFE 100 HifGERAETENHAE TG (KBIfRE) ., HTE SoC Fi
ROC &&.
1.4 MEFE

Mg it TiEI M. SOC & i i B % IR -1k R R Z i = 18, MBC & &2l it S0 B 2RI HU%
e, WSOC & i@ KIFIRIENEPY . ROC &l kiR e Lk & 2,
1.5 HUBEAIE

M S BN 7 72534 ( RM-ANOVA AR5 [l s BEX SOC S HAF:2H5( MBC, WSOC, ROC)
AN IR PR (Mg )R8 o B106F 45217 N AR BT 8- 2R R 2H 73 1R 520 , SR FBLPR 327 2253 #( One-way ANOVA )
I LSD £ EH AL T BT, it Pearson oIk 44 T35 F1a) oA

PG 1IBM SPSS 20.0, B2EMEh P <0.05. il &7E Origin Pro 2018 P47,

2 BHER50
20184 20194
2.1 [EEXIFZARH SOC S =/IFM
F& 1 0T%0, 2018 4E, MT Ml HT 4b3AHg 4r
HEAZARBRIF T34 SOC & EAHE T CK By 43134 hn il
T 6.9%71 9.5%; 2019 4E, MT Fll HT ALFHA)F-3 5
4
SOC & EMHET CK M4 J¥EIT 15.5%7 2 2
16.9%. SOC & i1 A LT A A k. i
HOAE B A M 5 Z2 504 SR (% 2) , BAE
FARMRE SOC & EANAEMR )G 55 —4F Stk 0 :
ERFEMHAE (P<0.05), MEZET. HkREL A%/ A
U EARH B AR V- RO R F 5y FIIAARE 5 CK a3 Sk 2k
2.2 gk FL A MBC 2RI F (P<0.05) ffkEE KT (P<0.01), T,
HHIE 2 B0, 2018 4, MT Al HT AbFE)ug B 1 F4REA AR SOCLEMSHE LA
HEFARMEIEY) MBC S BT CK 8445713 Figure 1  Effect of thinning on soil organic carbon
T 18.6%7F1 31.2%; 2019 4E, MT Hl HT 4bREf *2 BREIMLEANER
s N o Table 2 The result of repeated measures ANOVA
) MBC & & AHEE T CK B4 A I T 52.5%Fl1 B soc MBC WSOC ROC Ms
58.2%. MBC & & HAEAIHRZE AR 2018 4
SAMFZL) MBC Sl a4 H S B T 0.029%  0.005%* 0.020* 0.009%* 0.084**
g R, i I, S 0282  <0.001%**  <0.001*** <0.001***  <0.001%**
5"3 El}]l] ( X %_‘l:ﬁ%) Edﬁjzd\ (ﬁ%_‘tg%) ﬁ TxS 0.244 0.153 0.267 0.001*** 0.051
W (B2 ) Eld, HAEmREHE 2019 4F
WL T X — P T 0.128 0.006** 0.004**  <0.001***  0.083
) P " S 0193  <0.001***  <0.001***  <0.001***  <0.001***
WAEE ST 2 ek ( 2) |, Wik TxS  0.898 0.430 0.482 0.003*%* 0.300
FAME) MBC &8 5EMGREMZETENRIG i Tomfen: suFw: TxShmE SRR, ~#
FIAE IR BAEHIE (P <0.01) , i il i AR, P <005; RRBELEHER. P <001 ma

. . . WIHEZFH, P <0.001,
FZE B9 3T HAE A W mAH R
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Figure 2  Effect of thinning on soil microbial biomass carbon
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Figure 3  Effect of thinning on soil water-soluble organic carbon

HH & 3 BT, BfAEAZAMRE) WSOC & & HAAWH A ZE R4 b, ZEBRATHH, WSOC & & & ) 34
MM, HAERR)E 56 AR & 2R BIE(E 5 B BRIk, 2018 4F, MT Al HT 4b31)F-¥) WSOC & &E4HE: T CK
B4 I IT 9.6%F1 22.4% 5 2019 4F , MT Fll HT 4B F- 34 WSOC & B AHE T CK 43 M hi T 16.3%7F1 31.7%.,
WSOC % & B AR A AL B0 A HT( 57,52 ~ 319.59 mg-kg™ )> MT( 55.90 ~ 273.88 mg-kg™ )>CK( 49.06 ~ 231.71

mg-kgt) (K3) .

MR EE M T E5EER (£ 2) , BAEZARKRE WSOC & & 5ia) s B MZET e a) % G AR N 1) B2
K (P<0.05) , 1 S8 Hom Rz 0 38 B AE HA B BAH G

2.4 [EMEFHHZAM ROC & 2RI

& 4 a] 50, BAERZ AR ROC & & HAH
ZRPEAY, TERHMERZRIREIEE, E4ZRE
B 2018 4E, MT il HT ZbFEAYFH) ROC &84
T CK 4> 54N T 16.3%F1 20.0%; 2019 4F,
MT Fll HT 4bHE)F-44 ROC & AR T CK #9435
BT 27.1%F1 35.0%., ROC & & seiiAsfh Ji i
FIUREREEEIE (3.92~23.45g-kg?) > HEME

(3.76 ~ 18.60 g-kg™ )> ANju)fk( 3.48 ~ 16.73 g-kg™ ).

FRAE W T 20T 4s8 (R 2) , B
ARHRE) ROC & B SRR  Z R 52
T2 BAE I ERMR G AN Y B AR (P <
0.05) .
25 TI|EMEXEFIH

AR PR T BRSO 25 SRR (£ 3),
Ms 5 MBC. WSOC Hll ROC &3 B3 tHX% (P <
0.05) , M5 SOC & &AM, SOC & E
MBC & & EFHMH* (P<0.05) , iij5 WSOC & &
F1 ROC & & BAHEE; MBC & & 5 WSOC &

20184 20195
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Figure 4 Effect of thinning on soil readily oxidizable organic carbon

#3 BEEFHEXESHT
Table 3 Correlation analysis on soil factors

A+ SOC MBC WSOC ROC
Ms 0.120 0.549* 0.573* 0.874**
SoC 0.511* 0.256 0.074
MBC 0.794*=* 0.186
WSOC 0.107
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R EAE (P<0.01) , 15 ROC EEMFHRMEARIHE ; WSOC & &5 ROC & &AM WA ..
3 Ww54%#®

3.1 itig

TIEAYBRAE R BRRIER A EEEH, HEE2 LRERE . 2405 bkl gs i 25 x 2
S, AR R BRI T B AR AR H A MRS B, X SRR 4 — 20 X mTREA P 7 T
BJRA . H—, ERLUREFRI R ETE S R L THAMOBRIE, #io A UR. We, SEEaiEfk
R RS B 2RI R VE Yy, X WARRE T A WUREDIEIE Al ST IEAHSE . K, BMITIF
THE, ¥R T 2RI R E R G2, SRR T R P, gl T R i
T SIREEACAHRR A Y, R T AHERROOIR IR T R AT AR ) AR AR - A LB AN A

T HEEEA YRR LIEE IR . 01k . FE TR YE sh S R ) E B A0y, A2 T3 bR
T IEMAE AR TS A R E R ARSI, MBC, WSOC., ROC &34 5iu)fkai 2 .4
%, X SETAMPRT GRS, Bk, MBC S E S HEAYRS B EEMK, HEAYIRAE N 1 IEREY
PRAEE L ARRIES, i MBC SrR7EfR TR 13 SOC S sy, Hik, WSOC &&F1 ROC &1 5 1S
KEREA ., BRI T R A IS K E, (et 7 RE Y SRR A8 35 Py SR IR ) 43 firFl 1 35
R, BE— I EERIEER, M8 T WSOC Fil ROC i 2% Fiyk, WSOC &5 MBC & i 24
%, BRI K I I YR B AR 10% ~ 40%09 /KIEHAHLIRESSY, i - Sk BRI RE e
i - S5 i P RO A B (Rl 1 KA LR .

WAL, AR AR AL, H =Fh H38E ALK (MBC. WSOC ll ROC) & &XAHH R
TS, HAZRIE N . 0 RSk UK 1 A DL AT B 3 3s, bR S
MRAOZEAIMSE, [y B3NV (R HESKE ) B2, XOTREZ R R A URA 5> A
SE . SBEHSEMNP, SECHRIRER T (UHRESKE ) SCUR, BT b =f S A sl
% (MBC. WSOC fil ROC ) F&¥ 5 HES/KEREMAE (P<005) (£3) .

3.2 #ig

AW LITH TG 22 DX A0 AR AEAZ AR A3 A0 52, sl o3 2 AR PR el fR B ( 50%F1
70% ) EAEMRA AL RN, BB (Dm0 R . XA IR T A T
AR LIRSy (IR SRR . KIEHEAYIRF S SR ) 3 QIR APLERS EZ= AR
FABE, (=R A YRR A AR, BASZ M . Rk, Mg bk 113
TRER) FEE A, SR BN  2 B R AR AEAZ AR MR B B )%

SE R :

[1] DIXON R K, BROWN S, HOUGHTON R A, et al. Carbon pools and flux of global forest ecosystems[J]. Science, 1994, 263: 185 - 190.

[2] PAN Y, BIRDSEY R A, FANG J, etal. A large and persistent carbon sink in the world’s forests[J]. Science, 2011, 333: 988 —992.

[3] firdht, XH, ZHrhh, & LEEENHAK AP ST RN, BRI REER, 2019, 36 (04) : 818-827.

[4] Z4315, B, B KOS RS AR LR E A MRS AR D] ALl RS54, 2018, 46 (12) : 64-70.

[5] ZHANG Q, MIAO F, WANG Z, et al. Effects of long-term fertilization management practices on soil microbial biomass in China’s cropland: a
meta-analysis[J]. Agron J, 2017, 109 (4) . 1183 —1195.

[6] fiiikif, tREER, BIEW. TR PBRNTIRIERD]. 4253858, 2003, 12 (1) : 71-75.

[71CHEN X L, CHEN HYH, CHEN X, et al. Soil labile organic carbon and carbon-cycle enzyme activities under different thinning intensities in
Chinese fir plantations[J]. App Soil Ecol, 2016, 107: 162 — 169.

[8] EmE, 2, 2B, % &L EE 4 Ao R AR K LR N 0], HEAR%AR, 2019, 39 (15) : 5546 — 5554,

[9] skl , SKICH, TRUAK. TIBEFTEAEPBRIGEIE R 5256000, PERIFFE, 2020, 53 (06) : 1178 - 1179.

[10] 5k3C32, shifgo, B/hEE, 45 AR Aedbdg A N TARE IR A MR & i s TR0 sEma[J]. B A AEAS4441], 2019, 30 (10) : 3347



5 MR, S5 [ISGREERTH AR AU SR PR 7 5 5 27

—3355.

[11] #ERUE, FEE, REZL. BRI A Y- IR & 2 ik sgna[J]. WitsklBHg, 2020, 40 (1) : 32-36.

[12] KIM S, KIM C,HAN S H, et al. A multi-site approach toward assessing the effect of thinning on soil carbon contents across temperate pine, oak,
and larch forests[J]. For Ecol Manag, 2018, 424: 62 - 70.

[13] ZRA. RAREARIG A3t S AR AL TR AR IR A BRIV SR [D]. WA/RIE: ZRAbbkl k%, 2009.

[14] pim s, A, XME, 5. BN TARIERERE A LRI AN [T, hE R @], 2014, 30 (04) : 17-22.

[15] TKFIR, SZEEL. [MRxtZE A b A N TAR TSBE AT DU Soma [0]. 2 SR8 4R, 2020, 26 (4) @ 961 - 968.

[16] EZ, BURGSL. T)faREExT UL ) 5o B aIZE & PFAI]. ARpR AR, 2020, 36 (01) : 25-32.

[17] Jrgtfe, MAMk, SROUH, % EERMIANEN 3K K AR B R[], WAL, 2015, 35 (06) : 40-44.

[18] skoKEE, SRIBE, skanit, S5 KB AN TR HIEE PRI 402 0], @Akl RHL, 2016, 36 (02) : 9-14.

[19] SR, Gk, B, . AR TSR A LRI ). ThRIAORR R S244R, 2015, 35 (05) - 64-69.

[20] EE5E, FRK, sk, % RGRENEHAA A TARSEA PRI Z[]. Abk TR, 2015, 31 (01) : 12-16.

[21] W&, ey, EMAE, S5 AR AT LAk AR [, DY)IAkkRHL, 2015, 36 (03) : 25-30.

[22] BEAGE, sk, A%, & DIFRARIEEHURRGE RIS AHEL]. A543k, 2009, 29 (3) : 1217 -1225.

[23] PHEA. BRI ARRS T LA PRI S AEED]. MAEPREE T2k, 2020, 30 (04) : 17-19, 70.

[24] Z=80, REEL, B, % AESEREENSBIARIEA YR ZEE]. SRk, 2015, 51 (04) : 26-35.

[25] BYLME, DR, &M, % SR N TR SRR AR [, EASA, 2017, 36 (03) : 609 - 615.

[26] MA J, KANG F, CHENG X, et al. Moderate thinning increases soil nitrogen in a Larix principis rupprechtii( Pinaceae )plantations[J]. Geoderma,
2018, 329: 118-128

[27] SRR, EREENE, ARSCE, . R AZAR N TAR MR o [J]. SEZRARMRZEEE, 2019, 33 (01) : 1-3, 26

[28] RICHARDS J D, HART J L. Canopy gap dynamics and development patterns in secondary Quercus stands on the Cumberland Plateau, Alabama,
USA[J]. For Ecol, 2011, 262 (12) : 2229 - 2239.

[29] SRS, BOCfh. ) =00 E R A DB B ISR (D). sl B R544R, 2012, 32 (5) @ 134-143,

[30] Z=M, SKBkAK, BREZ. WEMEAPUERN S8R IS BRI R[] H3E2IR, 2004 (04) : 544552,

[31] XUmt, XUSCHE, mifEfR. HIRAMAA PR AR BT BER D). 1IZRL T, 2018, 47 (15) : 64-67, 71.

[32] A at, HBR, Ju5ERE, S RBISERIARREBRS LA PRI R P ARFE]. A BWEBORSBE, 2020, 48 (01) : 37-43.

[33] Z=4it., W, B KOG AR L AAMR - SR A AUBRBIARHEL]. ARAEARll RS54k, 2018, 46 (12) : 64 -70.

HELI AR E AR EFIE 340 QU

B ARTEIRR H AT & AT 2020 48 TR RN R o WIS TR, REZRARES RS 2018 58Ny
340 b,

Ry THVRE HE AR T ] LU AR 3 A LR B AR AR I L, A R B R H 2020 48 2 K2R I F2id il TR AR
o E JE BRI BE R T 20% 0 20 AR BB BEATRE L WS, FRET 2020 4FH EZLRARBUR AT oL, LLK
2018—2020 4EASKAE R . WaZE SRR, FeE LR AL TR A
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