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Effect of forest management on the secondary forest vegetation carbon density
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Abstract: This research focused on four same-succession-age forest communities under different management practices in
the Northeast of China, including the natural secondary forests ( WB), the mixed forests (MA) that the Korean Pine
( Pinus koraiensis) was artificially regenerated under the WB canopy, the selective logged Korean Pine forests (SK) were
formed by that all the successional pioneer species in MA were selected logging, thinning Korean Pine forests (KT) formed
by timely thinning of SK. The management gradient of the four forest communities has gradually increased. To quantify

vegetation carbon density (VC) and its distribution pattern, and to explore the effect mechanism of forest management on
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vegetation carbon density and its distribution pattern, we used a combination of site inventory and allometric growth equation
method, determined the community characteristics such as biodiversity, the ratio of needle to broadleaf species, and soil
nutrient characteristics such as nitrogen and phosphorus density. The results showed that there were significant differences in
carbon density among the four management practices for successional pioneer species (PI) , the late-successional dominant
species (LT), and the understory vegetation ( UC). Among them, LT increased from 9.39 t/hm” in WB to 107.02 t/hm” in
KT. However, the carbon density of associated species had no significant differences among the four management practices,
with a fluctuation range of 8.41 to 14.89 t/hm’. The VC was significantly increased with the intensity of forest management ,
with a fluctuation range of 96.34—135.40 t/hm’. The mean annual increment of VC fluctuates between 1.50—2.11 t hm™
a”', and there were significant differences among management practices. There were significant differences in the proportion
of PI, LT, and UC to the VC of vegetation among the four management practices. The proportion of PI gradually decreased,
while the proportion of LT significantly increased (from 14.0% of WB to 82.2% of KT) with management gradient. There
were significant differences in the ratio of vegetation residues to living biomass carbon density ( the range was 0.05—0.13) ,
and belowground to aboveground carbon density ( the range was 0.24—0.30) among the four management practices. There
was significant negative correlation between the carbon density of overstory and tree species diversity, while there was
significant positive correlation between the carbon density of understory and tree species diversity. And there was no
significant correlation between VC and soil nitrogen and phosphorus storage. These indicated that under the same climatic
conditions, community characteristics and tree species composition were important factors determining the differentiation of
vegetation carbon density, and active forest management by increasing the proportion of late-successional dominant species

significantly enhanced the vegetation carbon density and carbon sequestration of secondary forest in the Northeast China.

Key Words: temperate forest; forest management; carbon density; biodiversity; forest carbon sequestration
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Table 1 The summary of overstory characteristics and site conditions for the forest communities under four management practices
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under four management practices
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Fig.6 The ratio of carbon density for dead residues and biomass
(DC/LC), and belowground-aboveground ( BG/AG) in forest
communities under four management practices
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Fig.7 The correlation between carbon density of the overstory, understory and biodiversity index for forest communities under four

management practices

3.2 FRME E R A TS0 A SR (1 52

AR S BOAS Je S B AR A5 R GERR A PR R A IR L ARG L (M RS N AR L)
FFIZ 5 D0 14 1 AR e SR A S A o o 1 v, L2 BB Y SR 3 A > R T
DX S ST (R ST M A S A RO AR T A S TR R S R T L (BG/AG) R R 4 P R

http ; //www.ecologica.cn



&t
H

8658 la SRS Eire 44 %

-
@)
4 Z ]

z =
& a8 a A Z
vC
1000 ‘ . . 038
v e @ QOO

SP | 0.130 | 0.670 | 1.000

DI | —0.640 | -0.060  0.340 | 1.000 . ‘ P 0

L 0.2
LDE |-0.170 -0.790 | -0.330  0.270 | 1.000 ‘
L 0.4

DBH | 0.570  0.690 @ 0.180 | -0.570 -0.760 | 1.000 . -0.6

AR RE

NBR | 0.720 | 0.630 | 0.350 | —0.530 -0.410 0.770 | 1.000

B8 MEWEREE R, LIRS RHEREX REUER
Fig.8 The correlation coefficient matrix of vegetation carbon density, community characteristics, and soil nutrient characteristics
Hir VC SN SP \DILLDE DBH NBR 735 4 8 Wk 6 2 | RS ft e | L Bt ot 2 AR VA B0 MR 5 I ST X M AR T A 5 o ot A B T
FRILAE ; R IEAROG, L@ FR USE , BIE R/NFR S R BRI 5 % P<0.01, * P<0.05

Tt DR T A b e B 7 T R A (AR B 70% LA L 4) JIRAEARE) BG/AG A
(0.30) , &3 B E SH KL 5B B KT 1) BG/AG MK (0.24, 8 6) ,BG/AG FITL AL TR ZRAR (M I
AR >T5 v/hm®) FBFSE RN (0.172—0.435) TR TR R AR BG/AG 9-F-2{E (0.386) 77, sl
ARV AR BRABE B, MR SRR A M A 20, BN L0 5 6 BT S i ks &8 B KT, B2 227+
TR —ZUA B o B, 38907 R 5 B O 34 R A B 2 1 (181 S ), BG/AG 5ttt 35 B3 Db 4%, 3t EDIE 1
AR AR LB TR PR A T B EEE AN BRMAES R G VR Y RLR B AR R A S R G R
A T A3, R SR B AR A e B W B ST R R T DT FR AR 50 55 1) E AR RS SR B R A
WP 5 R T R HUARL(DC/LC) R LS i [R5 A 6 TR, 24 HE AR, R A M A 2
B [RGB/ BB AN 2, B R IR BT 4 FPAS B E MBI M B A R B E W ER (K- 2),
{RR IS RO DC/LC AR 522 5 (4,81 6) o 4 RS PERSTEARMBETE , AE MR (WB) 1R AR 245 3
(R %cF AL B TR A ) K 64 4F , BV A TR AR SRR A A 30 s MA S 7E AR AR £ M A5 PSS it ZRAREEE 75
SK & MA it T Xof 568 J2 Se e AR AR B3, LEARTEE A LTAR T/ IR AT G IR, Tl KT 2R T RO (1 38 45 B2, Xof
SK HFILLMA AT IR AR, W0 T 55 4 SRR RS FE | 4 ZRARRE T A4 45 B 2 A V389 in | M523 DC/LC Bt
HE BRS8N Y AR B, i o VRS 5 SO 3R — A 1) 5 L, 38 I 0 3 e
T 3 S HL 0 BE e 491 ) S R IR Bl 3 A 5 2 i e b 5 8 R0 0 8 38 20 B ARG Sy, 0 77 42 T 1) ke [ 5
HEJT .
3.3 FROME BRELT: AR AR AL

ARG B h BEVE S5 A 5 2k T RE S REIE DA A S [RIJe e, AR 28544 1 52 2t i e 1
FAL T AV Z R BT . BRAREEE T, KA R P B B i A BB R D RS
R AT AR K F A R SR 2 | A R S e O A R e s I S 0 Ak 23 B A AR TR) 4 B X R AR
VE A7 A 35 22 5 R 2 13 5 I SUAR Aol 2 88 10 18 T e 334 (P 1), bR B4R TV 5 s 30T 0 3 b 1
e, 345 T ARARAE A 25 B (181 2) o HLEFRT ARG B SR TR B9 AS [RD AR IS U AE PR B A 90 S 7 R ik 288 2 1) 2%
b T TR R 3k AR v Sl e R IS AR A ) B R EL vl AR A U 2 PR e 2 2 R 2 AR

http ; //www.ecologica.cn



19 4] FROTHE A BRSO AR U A AR Wt R R L B Y S 8659

FIS B S AR R — 2, SRR e 2R PR AR AR S, R R R I L AT 1L 55 FH A R il LA
B REXT Y — T S AR FIE S S AR, AR B AR AR AR I 1 7 A , T B TR B i B 2
BEAh , R PR A MR S 2 REPE SRR AL o RO 2 B S R MO [ 38 AR B R T 2SI, R B
Bl -5 R B 3 BOAR SR (18] 8)  (ERHEBR PR AR LA AR A, 52 Bt A4k 3 T2 it R o o o 2 o
RTINS, 3K AT RE-S 254 B It A s MO S 4 i B2 A O, LA A i Tt — 2B 0P8 . SR i 2
FEME SRR FE AR DCOC R IR SEATAE— S OARTEME . 1 XS B BRAR I I 9T 45 30 W/ B it 5 W 2
S IEAR DG, B RS R AF B IEAOARBEFE N MIASHFSY, 2R 7 A2 FIUMRR R 2 £ 2% B2 114
M S e AN G A o IR AR SR A e e L 5 HE Vs AR PR S B DS OC R (R 7) | IR ST 4 2R 5
TRAMES REMTTEE— B B S ZRER TR AR R RS2 Sk 2 rEt 2
WEIEMRKR (E 7). SRR BRI J7 G BE RSN HAT BERR RN, | T AN | P B 280 A 7= 1o
SEZFPHLEN Y B B TR T, RDXEARAREE PO H AR PR PR, BV B AR5 1 )5 3
ARl TR PR AT AR A AS RO TR Aol S 4 T T BRI AR 1 AR v B 2 A, JE A KT v, HU
SUTRR (ZOAR RN A7 T 9 10, BEVE RN D e A (HE , B R DR B T 2B I A ROMOA | FLBE 5 5 sl 55
TPEUE B IEEAA A, TS TE T AR T 5 R v (9 3 1) 385007 258 57 M 24 PR A — B (3R 1)
FEWERR 3 B 5 R I i JOAH OGPE (181 8) o 238 b, B X R ] ) e 3 A7 % Sz 3t 2 AR LR 1 R B 2R
ARRET RV 20 P DR REL W 6 B8 20 S ) 248 DR R 3l i 3 e S O 38 AR 25 K R R 2 M S A
AR AT B T M IR 2 2

4 Zig

AT KR ET PR A ELR A  BOINEETE R S AR R A AR L RN R 2 T S B T AR b AR R A AR
FEABERR % B ( IR AE AR 96.34 ¢/ hm® 38 i B EH R FR B ARAR Y 135.40 v/hm? ) Flflk 145 305 (AR AEARAY 1.50
t hm™ a” $E T BARE R B AR 2.11 thm™ a™') o [RIISFRRAIR TR A 1 T 2880 B RV B SR AR e 3 B, B T
R S RS TR YRR B A BC LB AR B SO T 45 M A S R R A B R R T I BN R T
K JZ B B SR TE 2Rk 2 3 SPORH OGRS R0 2 0% B S5 RV 2 APk At 8 IE A G A e i S
R G AR S L B A AR AR BT T AR AL AR R A R R B

5 % 3Lk ( References) :

[ 1] Houghton R A. Balancing the global carbon budget. Annual Review of Earth and Planetary Sciences, 2007, 35; 313-347.

[2] PanY D, Birdsey R A, Fang J Y, Houghton R, Kauppi P E, Kurz W A, Phillips O L, Shvidenko A, Lewis S L, Canadell J G, Ciais P, Jackson
R B, Pacala S W, McGuire A D, Piao S L, Rautiainen A, Sitch S, Hayes D. A large and persistent carbon sink in the world’s forests. Science,
2011, 333(6045) : 988-993.

[ 3] Islam M R, Jonsson A M, Bergkvist J, Lagergren F, Lindeskog M, Malder M, Scholze M, Kljun N. Projected effects of climate change and forest
management on carbon fluxes and biomass of a boreal forest. Agricultural and Forest Meteorology, 2024, 349. 109959.

[ 4] Birdsey R, Pan Y D. Trends in management of the world’s forests and impacts on carbon stocks. Forest Ecology and Management, 2015, 355
83-90.

[ 5] Noormets A, Epron D, Domec J C, McNulty S G, Fox T, Sun G, King J S. Effects of forest management on productivity and carbon sequestration ;
A review and hypothesis. Forest Ecology and Management, 2015, 355 124-140.

[ 6] Zhang Q Z, Wang C K. Carbon density and distribution of six Chinese temperate forests. Science China Life Sciences, 2010, 53(7) ; 831-840.

[7] YuanZ Q, Wang S P, Ali A, Gazol A, Ruiz-Benito P, Wang X G, Lin F, Ye J, Hao Z Q, Loreau M. Aboveground carbon storage is driven by
functional trait composition and stand structural attributes rather than biodiversity in temperate mixed forests recovering from disturbances. Annals of
Forest Science, 2018, 75(3) : 67.

[ 8] fEH, AW, FAAI. RILILTIRRINR AR IR, A%, 2023, 43(21) ; 8793-8802.

[ 9] Mayer M, Prescott C E, Abaker W E A, Augusto L, Cécillon L, Ferreira G W D, James J, Jandl R, Katzensteiner K, Laclau J P, Laganiere J,
Nouvellon Y, Paré D, Stanturf J A, Vanguelova E I, Vesterdal L. Tamm Review: Influence of forest management activities on soil organic carbon
stocks: A knowledge synthesis. Forest Ecology and Management, 2020, 466, 118127.

[10] TLeuschner C, Feldmann E, Pichler V, Glatthorn J, Hertel D. Forest management impact on soil organic carbon; A paired-plot study in primeval

http ; //www.ecologica.cn



8660 JAE = 44 %

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

and managed European beech forests. Forest Ecology and Management, 2022, 512 120163.

Bouriaud O, Don A, Janssens I A, Marin G, Schulze E D. Effects of forest management on biomass stocks in Romanian beech forests. Forest
Ecosystems, 2019, 6. 19.

Jorgensen K, Granath G, Lindahl B D, Strengbom J. Forest management to increase carbon sequestration in boreal Pinus sylvestris forests. Plant and
Soil, 2021, 466(1) . 165-178.

Thibault M, Thiffault E, Bergeron Y, Ouimet R, Tremblay S. Afforestation of abandoned agricultural lands for carbon sequestration: how does it
compare with natural succession? Plant and Soil, 2022, 475(1) ; 605-621.

Erb K H, Kastner T, Plutzar C, Bais A L' S, Carvalhais N, Fetzel T, Gingrich S, Haberl H, Lauk C, Niedertscheider M, Pongratz J, Thurner M,
Luyssaert S. Unexpectedly large impact of forest management and grazing on global vegetation biomass. Nature, 2018, 553(7686) : 73-76.
Swinfield T, Afriandi R, Antoni F, Harrison R D. Accelerating tropical forest restoration through the selective removal of pioneer species. Forest
Ecology and Management, 2016, 381. 209-216.

I ARl B S5 Je S o R AR AR B VR AR A5 - 2014- 2018, BT, AR AizAE, 2019.

Wang C K. Biomass allometric equations for 10 co-occurring tree species in Chinese temperate forests. Forest Ecology and Management, 2006, 222
(172/3) : 9-16.

FRRET, Jbeld, TS5k, WHES, BT, £ 00, BE, Bk s, Gkca. BIRLa RARAEMBR (1)
B, 1985, 13(1) : 1-18.

Zhang Q 7Z, Wang C K, Wang X C, Quan X K. Carbon concentration variability of 10 Chinese temperate tree species. Forest Ecology and
Management, 2009, 258(5) . 722-727.

Quan X K, Wang C K, Zhang Q Z, Wang X C, Luo Y Q, Bond-Lamberty B. Dynamics of fine roots in five Chinese temperate forests. Journal of
Plant Research, 2010, 123(4) ; 497-507.

Wang X P, Fang J Y, Zhu B. Forest biomass and root-shoot allocation in northeast China. Forest Ecology and Management, 2008, 255(12) .
4007-4020.

EIWNE, BRI, HEE, X, . B WXL RO T LI ARER A B SR bRl R AE AR R, 2021, 43
(10) : 54-64.

Keith H, Lindenmayer D, Mackey B, Blair D, Carter L., McBurney L, Okada S, Konishi-Nagano T. Managing temperate forests for carbon

ABLE AR KAk

storage : impacts of logging versus forest protection on carbon stocks. Ecosphere, 2014, 5(6) ; 1-34.

Diao J J, LiuJ X, ZhuZ L, Wei X Y, Li M S. Active forest management accelerates carbon storage in plantation forests in Lishui, southern China.
Forest Ecosystems, 2022, 9. 100004.

Zhu B, Wang X P, Fang J Y, Piao S L, Shen H H, Zhao S Q, Peng C H. Altitudinal changes in carbon storage of temperate forests on Mt
Changbai, Northeast China. Journal of Plant Research, 2010, 123(4) . 439-452.

Litton C M, Raich ] W, Ryan M G. Carbon allocation in forest ecosystems. Global Change Biology, 2007, 13(10) : 2089-2109.

Qi Y L, Wei W, Chen C G, Chen L D. Plant root-shoot biomass allocation over diverse biomes:; A global synthesis. Global Ecology and
Conservation, 2019, 18. e00606.

Mokany K, Raison R J, Prokushkin A S. Critical analysis of root: shoot ratios in terrestrial biomes. Global Change Biology, 2006, 12(1) : 84-96.
Ohtsuka T, Mo W H, Satomura T, Inatomi M, Koizumi H. Biometric based carbon flux measurements and net ecosystem production (NEP) in a
temperate deciduous broad-leaved forest beneath a flux tower. Ecosystems, 2007, 10(2) . 324-334.

Gough C M, Vogel C S, Kazanski C, Nagel L, Flower C E, Curtis P S. Coarse woody debris and the carbon balance of a north temperate forest.
Forest Ecology and Management, 2007, 244(1/2/3) . 60-67.

Yuan Z Q, Ali A, Sanaei A, Ruiz - Benito P, Jucker T, Fang L, Bai E, Ye J, Lin ', Fang S, Hao Z Q, Wang X G. Few large trees, rather
than plant diversity and composition, drive the above-ground biomass stock and dynamics of temperate forests in northeast China. Forest Ecology and
Management, 2021, 481, 118698.

Seiwa K, Kikuzawa K, Kadowaki T, Akasaka S, Ueno N. Shoot life span in relation to successional status in deciduous broad - leaved tree species
in a temperate forest. The New Phytologist, 2006, 169(3) : 537-548.

Lichstein J] W, Peterson B T, Langebrake J, McKinley S A. Leaf economics of early- and late-successional plants. The American Naturalist, 2021,
198(3) : 347-359.

Ameray A, Bergeron Y, Valeria O, Montoro Girona M, Cavard X. Forest carbon management: A review of silvicultural practices and management
strategies across boreal, temperate, and tropical forests. Current Forestry Reports, 2021, 7(4) . 245-266.

Carol Adair E, Hooper D U, Paquette A, Hungate B A. Ecosystem context illuminates conflicting roles of plant diversity in carbon storage. Ecology
Letters, 2018, 21(11): 1604-1619.

Ruiz-Benito P, Gémez-Aparicio L, Paquette A, Messier C, Kattge J, Zavala M A. Diversity increases carbon storage and tree productivity in
Spanish forests. Global Ecology and Biogeography, 2014, 23(3) . 311-322.

Conti G, Diaz S. Plant functional diversity and carbon storage-an empirical test in semi - arid forest ecosystems. Journal of Ecology, 2013, 101
(1).18-28.

Wright A J, Barry K E, Lortie C J, Callaway R M. Biodiversity and ecosystem functioning: Have our experiments and indices been underestimating
the role of facilitation? Journal of Ecology, 2021, 109(5) : 1962-1968.

http ; //www.ecologica.cn



