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Effects of thinning intensity on carbon storage in the mixed coniferous and
broadleaved forest ecosystem in northeastern China
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(1. Research Center of Forest Management Engineering of National Forestry and Grassland Administration,
Beijing Forestry University, Beijing 100083, China;
2. Jilin Provincial Academy of Forestry Sciences, Changchun 130013, Jilin, China)

Abstract: [Objective] Thinning is an important forest management method to improve forest quality and
optimize forest structure, which significantly influences the carbon sequestration capacity of forest
ecosystems. At present, there is no consensus on the response of carbon stock at the ecosystem level in
natural mixed forests to different thinning intensities. This study aimed to explore the dynamic changes in

carbon stock in coniferous and broadleaved mixed forest ecosystems under different thinning intensities,
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providing a theoretical basis for rational selection of thinning intensities and enhancing forest carbon
sequestration capacity. [Method] In 2011, light thinning (intensity of 17.3%), moderate thinning (intensity
of 34.7%), heavy thinning (intensity of 51.9%), and control plots were established. The carbon stocks of
various components were quantified in 2021. The dynamic changes in forest carbon stocks over the past 10
years after thinning were analyzed to reveal the response patterns of forest ecosystem carbon stocks to
different thinning intensities. [Result] After 10 years of thinning, the carbon stock of forest ecosystem
showed an upward trend with increasing thinning intensity (333.72 t/ha for light thinning, 358.48 t/ha for
moderate thinning, and 386.93 t/ha for heavy thinning). There was no significant difference in forest
ecosystem carbon stock among plots with different thinning intensities, but the carbon stock in tree layer of
heavy thinning plot was significantly lower than that in control, while there was no significant difference
between the light thinning plot and control (carbon stock in tree layer of light thinning plot was 1.09 times of
control). The carbon stock of shrubs in moderate thinning plots was significantly higher than control (p <
0.05). The carbon stock of herbaceous plants was significantly lower in heavy thinning plots than control
(p <0.05). There was no significant difference in soil carbon stock under different thinning intensities, but it
showed an upward trend with increase of thinning intensity, which was one of main reasons for increasing
trend of ecosystem carbon stock. [Conclusion] A thinning intensity of less than 20% can achieve the goal
of forest structure adjustment and promote the accumulation of carbon stock in the vegetation layer of forest
ecosystems. After 10 years of thinning, it has been restored to the level of control. From the perspective of
ecosystem, if other carbon components such as soil are included, the thinning intensity has no significant
impact on total carbon stock of the ecosystem. Therefore, it is necessary to comprehensively consider the
restoration status of various components of ecosystem and select the most suitable thinning intensity for
nurturing. The time span of this study is 10 years, which is relatively short compared with growth cycle of
forests. Therefore, it is necessary to evaluate the changes in ecosystem carbon stock on a longer time scale in
the future.

Key words: mixed coniferous and broadleaved forest; thinning intensity; carbon stock; forest ecosystem;

forest management
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Tab. 1 Characteristics of stands in sample plots
before thinning

FEHh )R CK LT MT HT
WRE/(2) 1 4 5 3
#44/m 453 443 430 447
4] NE NE NE NE
P 4z/cm 14.6 13.9 14.8 12.4

MR B /CFk-hm ™) 1106 1045 1007 1298

SRR /m 9.7 9.6 9.7 8.8
IS P12 0.9 0.9 0.9 0.9
i) 7 T T A /m® 30.06 29.47 30.38 30.47

VE: CK. G IR AE s LT, 525 RARFE L MT. o BERARA M HT. E
FARREH . FIA .

K2 RELFEMAIPRIHFE

Tab. 2 Characteristics of stands in sample plots

after thinning

e CK LT MT HT
KARRE % 0 17.3 347 51.9
WREE /% 0 19.2 27.9 44.8
FH A% em 14.6 13.8 14.8 12.7
MRA> 3 /bR -hm ™) 1106 844 726 717
SR /m 9.7 9.8 9.9 8.9
ISP 0.9 0.8 0.6 0.5
JH0 v W T A/ 30.06 24.39 19.82 14.66
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Tab.3 Changes in carbon storage of tree layer under
different thinning intensities in 2021

SRAR oy B/ (thm ™)
I 2.65+0.16 ab
L33 31.86+2.61a
CK F 63.57+3.55ab
i 29.03+1.76a
§5) 127.11+7.56 a
I 2.86+0.384a
53 3546+7.11a
LT + 70.40 +10.98 a
Ui 29.73+4.80a
J<s 138.47+21.24a
- 293+027a
53 2330+ 1.41 ab
MT T 57.97+3.33 ab
i 22.46+1.17 ab
pss 106.65 + 5.97 ab
It 1.72£0.16 b
L33 16.72+1.40 b
HT I 41.02+290b
i 1740+ 131 b
p<s 76.87+5.58b

Vs AN/ S T B3 M AL 431 A R RAR SR T 1 2 57 0
(p<0.05). FH.
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Fig. 1 Proportion of carbon storage in each component of trees
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Tab. 4 Changes in carbon storage of shrub layer under
different thinning intensities

KARBRSE 45y WefigE/(thm™)
it 0.32+0.07b
53 0.65+0.17b
CK T 0.46 +0.09 a
it 0.69+0.13 b
pus 2.13+£049b
i 0.83+0.15 ab
53 2.05+0.57 ab
LT + 1.85+0.57 a
i 2.15+0.50 ab
<! 6.89 + 1.79 ab
i 1.06+0.17 a
5 2.86+0.60 a
MT T 233+£049a
it 255+043a
5! 881+1.76a
i 0.78 +0.18 ab
53 2.05 + 0.66 ab
HT T 225+097a
it 2.15+0.62 ab
Pt 7.24+2.31 ab
40 CK
LT a b a b
MT a b a
30 + aa 2
§ ab
jEny
17 20
i
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-3
T it
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mt 53
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Fig.2 Proportion of carbon storage in various
components of shrubs
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Tab. 5 Changes in carbon storage of herbaceous layer under different thinning intensities
FAE e LEE iy
et &/ Ct-hm ™) i /% Bt i/ (chm ) i /%
CK 0.28+0.05a 75.33 0.09+0.02a 24.67 0.38+0.06a
LT 0.18+0.03 a 69.57 0.08+0.01 a 30.43 0.25+0.04 a
MT 0.22+0.08 a 66.67 0.11+£0.04 a 33.33 0.33+£0.09a
HT 0.09+0.02b 52.94 0.08+0.03 a 47.06 0.17+0.05b
T FFIA AP REOR AL PR 22 R 35 (p < 0.05) . FIAL,
R 6 NEFRMEEEFEHEEY AL ARRESE
Tab. 6 Carbon storage of litter and dead standing trees in sample plots with different thinning intensities
Ak JHVE I BLAFRR i B/ (thm™) *E%Z';z}iff%/
20114F 20134 20154 20214 Py
CK 2.09a 220a 2.16a 1.59a 2.02a 4.06+1.56a
LT 2.14a 2.08a 2.14a 2.15a 2.13a 2.01+0.76 a
MT 2.09 a 1.94 ab 1.86b 1.88 a 1.95a 1.92+0.72a
HT 2.08 a 1.75b 1.76 b 2.29a 1.97 a 1.53+0.76 a
400 a [ JcK FEHB TR A JZE B i 2 5K, TR B R B B A A
a WLT ik AR, X5 A SO B R
T ) HT HE DS T 30 2R WY B i B % 2H 73 70 BE BB AN R £ B
E a . FER A T AR, HARSCE AN, W RES AR AR
=, g FeST b FAT S B 22 5 A K o B B SR AR BT 9 I B AR 24
§ b T VAR, SORIE MR BRI TR FE, ORI
100 | ARBEE AT B ik B RE O PRI R R IR B AT
0 sded ks SRR T B B 25 4140 103 T L B 9L
s SRR, RERTRR UL, RIS . KRR
S (&,@ @*@ & 138 R B TR A2 #4404 EL 1, 5 2

3 ANIFRARSREE T I e i

Fig. 3 Soil carbon storage under different thinning intensities

xRT AEREBETESRERMEE
Tab. 7 Carbon storage in ecosystems under different
thinning intensities

ARG WAk (thm™)
CK 339.91+£8.72a
LT 333.72+£744a
MT 358.48 £23.67a
HT 386.93 £72.58 a
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