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Characteristics of carbon storage variations of Quercus mongolica
forests at different development stages in the east of Liaoning
mountainous area and their influencing factors

HU Bo'?*?, DONG Lili"**, SUN Yunxia'?, CHEN Gang', ZHAO Jichuan'?, WANG Chengcheng"z, LIU Hongmin1‘2'3,
YANG Yuanyuan'*’, GAO Yingxu"

(1. Liaoning Academy of Forest Science, Shenyang 110032, Liaoning, China;
2. Quercus National Key Laboratory of National Forestry and Grassland Administration, Shenyang 110032, Liaoning, China;
3. Liaoning Baishilazi Forest Ecosystem Research Station, Dandong 118201, Liaoning, China)

Abstract: [Objective] To explore the changing patterns of carbon storage at different development stages of forest stands, identify the
factors influencing carbon storage, and to provide a theoretical foundation for the scientific management, operation, and enhancement of
forest carbon storage. [Method] Focusing on Quercus mongolica forests in the east of Liaoning mountainous area, the carbon storage
in the arboreal layer was estimated using the anisotropic growth equation. Additionally, the carbon stocks of shrubs, herbs, litter, and soil
within representative sample plots were measured utilizing the sampling method. Our analysis of these data elucidated the characteristics
of ecosystem carbon storage across different developmental stages of Q. mongolica forests. Moreover, redundancy analysis was employed

to identify the key environmental factors influencing variations in carbon storage. [Result] 1) The ecosystem carbon storage of
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0. mongolica forests in the east of Liaoning mountainous area is 296.13, 332.65, 300.72, and 503.55 t-hm™ for young, half-mature,
mature, and overmature forests, respectively. Notably, overmature forests exhibit the highest carbon stocks, significantly surpassing
those of the other developmental stages. (P << 0.05); 2) Among the ecosystem components, the carbon stock in the soil layer (0-30 cm)
accounted for the largest proportion. As the forest progresses through its developmental stages, carbon storage in the vegetation layer
gradually increases, while the proportion of soil carbon stock decreases; however, it consistently remains above 50%; 3) The proportion
of carbon storage in the vegetation layer exhibits a trend of initially increasing and then decreasing with forest age, reaching its maximum
of 48% in mature forests; 4) Elevation, aspect, and soil total phosphorus content are the primary environmental factors influencing
variations in carbon storage, collectively accounting for 20.5%, 12.1%, and 3.6% of the total variation in ecosystem carbon storage,
respectively. [Conclusion] Among the various development stages of Q. mongolica forests in the east of Liaoning mountainous area,
carbon storage remains relatively stable from the young to mature stages, while overmature forests exhibit the highest ecosystem carbon
stocks. The soil layer constitutes the primary component of carbon storage within the ecosystem, followed by the vegetation layer.
Elevation is the most significant factor influencing changes in ecosystem carbon storage, followed by aspect and total phosphorus content

56 1

in the soil.

Keywords: carbon storage; age group; east of Liaoning mountainous; Quercus mongolica forest
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Table 1 Basic information on Q. mongolica forest plots at different development stages

Wt RS R Wi RE W B fia 1%
Age group Age /a Altitude /m Slope /(°) Density /( #hm®)  Tree height /m DBH /em
LMK Young forest 26 ~ 28 550 ~ 658 24 ~ 35 1733 ~ 2289 9.8~ 11.8 10.75 ~ 12.58
FRk& Ak Half-mature forest 45 ~ 48 195 ~ 388 22 ~ 30 1389 ~ 1611 9.8 ~ 11.0 12.85 ~ 15.95
XK Mature forest 72 ~ 73 465 ~ 546 25~ 40 1100 ~ 1222 10.7 ~ 14.7 16.20 ~ 19.15
it #bk Overmature forest 81 ~ 82 625 ~ 741 19 ~ 20 733 ~ 944 11.9 ~ 14.1 19.30 ~ 22.14
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Table 2 Biomass models for different tree species

FiFf Species AW E AR Biomass model

Z ik Q. mongolica y=0.244x D*¥

M T amurensis lgy = -1.335+2.702x1gD
WA Tilia mandshurica lgy =-1.335+2.702 x1gD
BT F Syringa reticulata y=0.058 4x D>
Fhfit Ulmus davidiana var. japonica y=0.098x D** ¢
T4 ¥ Carpinus cordata
AR A. pictum
B Hk Acer pseudosieboldianum

WAk J. mandshuric

$=0.098x D>
lgy =—0.753+2.381x1gD
lgy =-0.753+2.381xIgD
lgy =—0.727+2.308 xIgD

5 BE Phellodendron amurense lgy =-1.129 +2.468 x1gD

JK I F mandshurica lgy =-0.787 +2.417 x1gD

Fi# Betula platyphylla 1=0.222 Tx D*225

WK Ulmus laciniata y=0.098x D** 8

KMy Ulmus macrocarpa 1 =0.098x D> ¥

HIML Robinia pseudoacacia y=0.098x D** 8

NS Larix gmelinii 1 =0.153% D**?
1k Prunus davidiana y=0.182 4x D> 8
24 Prunus padus lgy =—0.753+2.381x1gD

YT &M Cornus controversa lgy =—0.753+2.381x1gD

t oy FoRERAYR, D RRE.

v represents biomass and D represents diameter at breast height.
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Table 3 Stand structure factors and soil factors of Q. mongolica forest at different development stages

AT #4520 Age group
Factors LMK Young forest  H#$#K Half-mature forest 4Pk Mature forest i Z4#k Overmature forest
W C 0.784+0.04 b 0.914+0.03a 0.8410.02 ab 0.8940.04 a
TRAEE M 0.4540.04 a 0.524+0.07 a 0.5540.06 a 0.4840.09 a
Z,E;Z RANEH U 0.49+0.02 a 0.47£0.01 a 0.49£0.01a 0.49+0.01 a
Stand AR W 0.55+0.03a 0.54+0.01 a 0.48+0.01b 0.56+0.01a
strueture AR CD 0.83+£0.03 a 0.70£0.01 b 0.74+0.02 b 0.85+0.03 a
Mo E Density /(#-hm?®)  1966.50+119.53 a 1419.50+117.19 b 1152.504+25.38 b 860.75+75.96 ¢

pH 1& pH value 5314+0.09a 534+022a 5.34+0.13a 5.46+0.19a
43 LA TN [(gkg™) 1874034 a 1.9440.17 a 2.7240.15a 2384044 a
Soil SR AR TP /(gke™) 0.26+0.04 a 0.35£0.02a 0.3940.04 a 0.4140.08 a
B3 S8 AP /(mg kg™ 1.74£0.19b 1.5440.18 b 2.40+0.15a 1.944+0.26 a

T AR FRFR R ZE R R (P < 0.05), FFE.

Different letters in the same column meant significant difference at 0.05 level. The same below.
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Table 4 Carbon storage of different components in Q. mongolica forest ecosystems at different development stages
s AR R J2 i ff B R e
e Carbon storage in the vegetation layer /(t-hm?) ~Carbon storage in Carbon storage in the soil layer /(t-hm™)
Age group — the litter layer /
K Tree #EA Shrub IR Herb (thm?) 0~ 10cm 10~20cm 20~ 30cm

L PR Young forest 85.36+5.63¢ 0.29+0.08a 0.07£0.01a 428+351a 86.9910.95bc 69.67+9.34ab 49.60+525a
RS PR Half-mature forest 99.45+7.58¢  0.14+0.03a  0.14+0.06 a 430+0.96a 120.46+14.96ab 62.13+12.28b 46.08*t6.61 a
AR Mature forest  142.66+595b  043+0.19a  0.16+0.05a 7.99+4.12a 74.191t1454¢ 43.48+8.19b 31.36+6.89a
IR Overmature forest 196.36+13.64a 0.09£0.02b  0.24+0.11a 1.57+1.92b  133.84+1561a 98.10t6.77a 60.43+13.43a

24 THEEHME RS DM (P < 005) , SSHIBEAN 15
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Tkt EMR RN R, HLREER, SEHMKE Fig. 1 Carbon storage in ecosystem of Q. mongolica forest
BHEE (P<005) , HiRHy AERANEE, at different development stages
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Fig.2 Carbon storage proportions of different components
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Aspect Jy3[], Altitude A4k, Slope Ky, TR,
CS represents ecosystem carbon storage, STCS represents carbon stocks in the soil
layer, VTCS represents carbon storage in the vegetation layer. The same below.
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Fig. 3 Redundancy analysis of different environmental
factors and carbon storage
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