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Carbon density distribution characteristics of Quercus
variabilis plantations with different stand ages on the southern
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Abstract: [Objective] This study investigates the carbon density distribution characteristics of the
vegetation layer and surface soil in Quercus variabilis plantations at different stand ages, providing a

scientific basis for rational forest management strategies. [ Method] Three stand age stages—young,
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middle-aged, and near-mature Quercus variabilis plantations—on the southern slope of Songshan
Mountain were selected as study sites. Field plot surveys, sample collection, and laboratory analyses
were conducted. At the individual tree level, biomass, carbon mass fraction, and carbon storage
allocation characteristics of different components were analyzed. At the stand level, the carbon density
distribution of the tree layer, shrub-herb layer, litter layer, and surface soil were examined across
different stand ages. [Result] 1) Significant differences were observed in the biomass and carbon
storage of different components of Quercus variabilis trees at different stand ages. The carbon mass
fraction in the bark and stem was significantly higher than that in the roots, branches, and leaves (P <
0.05), indicating a strong carbon storage capacity. 2) The carbon densities of the tree layer in young,
middle-aged, and near-mature stands were 41.390 t-hm?, 67.943 t-hm?2, and 93.085 t-hm?,
respectively. The carbon density of the shrub and herb layer in these stands was 2.718 t-hm?2, 1.618
t-hm2, and 1.098 t-hm™, respectively, with significantly higher values in young stands than in middle-
aged and near-mature stands (P < 0.05). However, there were no significant differences in carbon
density across the three stand ages in the litter layer and surface soil layer (P > 0.05). 3) The total
carbon density of the young, middle-aged, and near-mature Quercus variabilis plantations was 66.164
t-hm2, 95.473 t-hm, and 120.476 t-hm™, respectively. In all stand ages, the carbon storage in the tree
and soil layers accounted for over 96% of the total stand carbon storage. [Conclusion] The carbon
density of different components within individual trees, as well as the carbon density distribution
among the tree layer, shrub-herb layer, litter layer, and soil layer, exhibits distinct variations across
different stand ages in Quercus variabilis plantations on the southern slope of Songshan mountain,
with an overall increasing trend as stand age increased.
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1 ARXMARGE
1.1 HRXER

HIF 58 XA T 0] B 48 A 36 35 MR A7 7 U SE AR X (34°26'~34°33 N, 112°44'~113°5" E), 1§k
518~755 m, I 5°~30°. %X @M A ORREIEZE AR, AR 14.2 °C, FEREKE
614 mm, PF/RKFELEPAERT S, HRFEFEKER 33.8%. HIEDHR L, BB E, FHL
EEEN 60 cm. FEEVIFRE AR (Quercus variabilis) « Witkk (Quercus aliena) 3|
% (Vitex negundo) « MRA (Ziziphus jujuba)  EH1 T (Carex rigescens) 5.
1.2 BURLIBEAM R A
1.2.1 3 E5AE 20234 6 H—7 H, WRIEHTFCIX AR EARN TR YA (220
W SIEARI Y U7, R R TR AR (152) « Ak (31 2) RUEEGR (45
a) 3 MBS B, TES IR BbR o rh, O A Can 38288 I RERR ) JEAR—
B X0 B 30 N SUAUREY, FEMFEHLEIARDY 10 m X 10 mo PEAEIC SRR FEAAS
B, el BAESE. IR N EEEENE . SRR A A2 =5.0 cm 1)
TEARATEARPE, RNV ALRE 3 NN 2 m X 2 m B/METT, AT HE
AR, BE. mEMNES; 8N 2m X 2m B/ TURE AR 14 1m X 1 mE/»
BETHAT A SRVE R E . REHIEARTE SR 1 FTR.
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Table 1 Basic information of Quercus variabilis plantation forest

4&4{*—&\ S 1A 7 =n *K%%ﬁgl ST by o

[i54 “FHIRg 42 lem SELIR E/m (Bi-hm2) Stand SELgigHRIm
Stand age Average DBH Average tree height ) density Average elevation
1A

Q’b”"fﬁ ;{f““g 9.413+1.853 7.62140.940 1015446 603
G

A Middle- 12.71442.091 10.019+41.713 890434 624
aged forest

JEZAAK Near- 15.869+42.041 13.32441.091 752431 639

mature forest
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Note: Numbers in the table are means + standard deviations. The same as follow.
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A A KHETERRAEA B 2 AL B EUASES (), (RN 42 BEAS [F) 75 S AR R SR o0 Sl S S A« P
WRERE R, XTI RIGAR . AR AR BEAT IR AR . FERT AR RRERZ . R
JEAN IR R R AR . MEREERERCREERT, A2 m X 2 m BT AYGRATE FEAR, & MA
SRy (2R M AR S RRRIEF R, JEREL 100 g A FEISLIGE . FEAEM ARSI DIRE S
TE1m X 1 mBEHAREE, HrpEAREY i EARH R 352> B . BT H AR S [ 5k
REET 65 CHPVEIRMA T 2EFR BT EEHE 0.01 g). LIRS A 148,
FEREAS 10 m X 10 m FE77 W BEALESRE 3 &b, 2351 0~10 cm L2 EFER G2 1kg, HTIIE
I N RN 100 ecm’ /NE TR R LA T IR A R PTE N E . #K
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Table 2 Allometric growth equations for biomass components of Quercus variabilis

#H4} Component 5 #% Equation
- Trunk Ws = 0.310 8(D?H)067428
£ Branche Wg = 0.029 3(D?H)075662
it Leaf Wy, = 0.092 2(D2H)039445
F Bark Wp = 0.936 85(D2H)0614021
1R Root W = 0.167 228 4(D2H)*64106
Pk Individual W =W + Wy + W, + Wp + Wy

E: WONTEREARE AR, ws IRTEVE; we IWBZEYRE; wo MR, we AW BEYRE; mr
NP R:; D MARIIAR; H MR &

Note: W represents the total biomass of a single tree; Ws represents trunk biomass; s represents branch biomass; WL
represents leaf biomass; Wp is bark biomass, Wr represents bark biomass; D represents the diameter at breast height

(DBH); H represents the tree height.
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Rebs ZEIRT SR /NS WAE
Soc =Wpoe X pxhx1071 (2)
A Soc WEFEAENURE L/ (thm?); Woc NEIEAHIBRTREDEL /%; p ALIEERR
B/ (grem) 5 h NEHERFERE /em.
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BEMIKT A 0.05; SRH SPSS 28.0 TR, ANIEME YR T REIIRL A, SR Origin 2024
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2.1.1 TRABRKRE IS BRI AT oI RIS ARG 2 il AR K
TR (R2) AR FE RIS B AR BER S SG A AR R, SRR 3 . M5
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Table 3 Biomass distribution characteristics of different components in Quercus variabilis individuals of

different stand ages kg
M Stand + KB h H )5 i RS
ranc
age Trunk Leaf Bark Root Total per tree
MK Young  25.138+6.840 4.052 1.205+0.20 51.173 10.888+2.83  92.456+13.834
forest [¢ +1.231¢ S5a +12.738 ¢ 5¢ c
g MkMiddl - 45.343+12.01  7.85542.293  1.70140.29 87.563+£21.461 19.076+4.85 161.538+10.89
e-aged forest 3b b 3a b 4b 5b
M Near-  74.099+11.44  13.630+226  2.267+0.24  136.951£19.88  30.428+4.55 257.375+14.86
mature forest 8a la la la 2a la

i MENG FRER R ESR I EERAEZE (p>0.05), AE/NEFREERHEREIES Y L2 R
BE (p<0.05). TH.

Note: Identical lowercase letters indicate no significant difference between stand ages (p> 0.05), while different
lowercase letters indicate a significant difference between stand ages (p < 0.05). Same applies below. The same as

follows.
2.1.2 RRAMBRAREERE BRI HEMEN I BRITTE DB 77 B T & H AT
IPAETR S B o BC A BOARDG B . A RIMR IS e B MR SR - AL RGBT 0 BRI e B0 (3R 4) ok
Gy SR B B BTG A 40.922% ~ 51.334%, BEARBEARES I n £ BLA A . KA
JRHR Iy (BB 5T B BOK /N ZR N s M RS TR RS> By B Btk Jo o 70 H e e »
MR A& GErh BT el R, W R o B o ARSI M S I R A A B 22 5 T
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Table 4 Carbon mass fraction rates of different components in Quercus variabilis individuals of different stand

ages

% Stand age /% Trunk }i/% Branch /% Leaf 5% /% Bark /% Root

K Young

forest 43.019£1.120 ¢ 41.712+41.123 a 40.922+1.011 a 45.221+£1.074 b 42.612+1211a




ik FMiddle-
aged forest
1T # M Near-
mature forest

2.1.3 TR AR AR BOAR AR & R 3050 85 i 0 AR AR AT N — DR IR R AR A Bk B AR
R A LIS 3 (R B i 2 A B ABE X, X AR [RPR 8 o 3G Pk B % 2L PGl 43 R B e B 1EAT e k-9 M
(X 5 o GRER, BEEREAES R BRI IR E RN, Sebk. iAo 2
FREAR SRS 2 ) 40.778 76.341 A1 123.784 kg, SRR 22 7 0% . W ImAE & 5%
PRES B B BR i B LB B K (4R AR 56.749%. A AR 57.883%. LMK 56.795%) , A it
ELBIEDN (HIEEPR 1.209%. AR 0.919%. JEEAAK 0.760%) o I R Bt & A ol LU A3 Bl Ak
RGN BEAIC, BRI o LB B T, B Ay PO AR B [ R AL SR B #e o AR BTk
i EAERAARBHT BRI R B W 2R, W IRAEEAE LR ST R, rh AR 53T 2k ]
FAEREZE R, BRI AAE LR bR 5 T SRR () 22 5 35 . AR b, MRIRROR, Bkfid &k
erbr TR ROR 2, A B AR B RAE Rl U] BAT B8 s BB SR R0

%5 TEMEE AR SR SR B Rk B S T 51E

Table 5 Carbon storage distribution characteristics of different components in Quercus variabilis individuals of

43.825+1.200 a 42.367£1.231 a 41.234+1.135a 50.464+1.467 ab 43258 +2.832 a

44.737+1.533 a 43.938+1.523 a 41.525+1.324 a 51.334+1.587 a 44.042 £3.967 a

different stand ages

A T/kg Fi/kg H/kg kg R /kg BRRE T kg
PhikkStand age Trunk Branch Leaf Bark Root Total per tree
1% HYoung 10.814+1.110 1.690+0.022 0.493+0.015  23.141+3.756 4.640+1.024 40.778+6.423

forest b (26.519%) b (4.145%) b (1.209%) ¢ (56.749%) b (11.378%) ¢ (100%)
g HiMiddle-  19.871+3.564 3.328+0.993 0.701+0.013  44.188+8.208 8.252+1.115 76.341+10.314

aged forest b (26.030%) ab (4.359%) ab (0.919%) b (57.883%)  ab (10.809%) b (100%)
T # A Near- 33.150+5.591 5.989+0.657 0.941+0.175  70.302+12.350  13.401+1.824 123.784+12.447
mature forest  a (26.781%) a (4.838 %) a (0.760%)  a (56.795%)  a (10.826%) a (100%)

T 855 WEUT IR — RIS A B AR B A A RS 0 B i B P o5 LA
Note: Numbers in parentheses indicate the proportion of carbon storage in different components of a single Quercus

variabilis tree at the same stand age.
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HAN R AR A B R N AT 2 & 20 B 70 i 8 FEARFAE. (3R 60 WIS, A& BAR N LARTR
A V2 B 2 FE R AR UGS 38 0 S 2 B v, 4 AR TR S PRORIAT BARR 4 SR 41.390. 67.943 Al
93.085 tthm?, BMESPT Bz BE . SHBEIREERNRRN: W E>MT>HR R>E %>
MR, b R B s, B AR AN RIS 5 A RS 0 B T 2 e R A A R AR
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Table 6 Carbon density distribution characteristics of different components in the tree layer of Quercus
variabilis plantations of different stand ages

F/ (t-hmr #/ (thm?) M/ (thm K2/ (t-hmr R/ (t-hmr FARE/ (t-hm?)
2) Trunk Branch 2) Leaf 2) Bark 2) Root Tree layer

i Stand age




AR Young 10.976+1.02 0.50040.017  23.48843.55 4.70940.846

1.71640.041 b 41.39046.397 ¢
forest 1c a lc c
IEA :
g bk Middle-  17.6851.93 2 06240.624 b 0.62440.025 393274498  7.344#1.021 67.94347 621 b
aged forest 5b a 2b b
M Near-  24.92942.01 450430992 a 070840031  52.867#4.26  10.077+1.33 93.08548.327 a
mature forest 4a a la 9a
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2.3.1 EREAARFDERE IR EREEREDERFMES RGMWE T EEE
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N TARHES 2R VE Y IR B FERRAE (R 7D WA, E S 2 00 B B 0 B AR i 338 s A5 o
IS (HIiHk 41.095%. HHEEHK 40.954%. T MK 40.869%) + TSI = (1Tl o1 2 73 HO 0] 52
A% (ZhIHK 40.836% HHISHR 41.128%. T FBK 41.894%) , HERL IR, 74490 J2 AR5 T
BEOBERBLEEER.
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Table 7 Carbon density distribution characteristics of the shrub-herb and litter layers in Quercus variabilis

plantations of different stand ages

WEEZ Shrub-herb layer Wi Z Litter layer
/ = S ANEE
waesand  EET e g e gmEstons A R
age Carb On (t-hm2) 2) Carbon Carbon mass (t-hm2) Ct: rrgl N
arbo Biomass density fraction Biomass arbo
content density
PO N
Young 415%%5:6' 6'613;*1'994 271840.991a  40.83625.880a 0.18420.043a  0.07540.014 a
forest
FR S AR
Middle- 406%524:7' 3'951f'035 161840.813ab  41.12849.347a 02350.039a 0.09740.025a
aged forest
DR W N
Near-mature 40(';1629:8' 2'688f'004 109840746 b  41.89438308a 0.33120.034a  0.13940.041 a
forest

VRE B 2 BT T AR A R ARG TN B R PR B, AR, TR AR, TR
6.613. 3.951 Al 2.688-hm?; 4 bR FAR P AU B BRI 22 57 B2, T P e AR 5 bk
T REZER. MEDEEYENRICT RS, HEEARRIINZEG R, ik, ik
Ry #0184 0.235 F 0.331t0hm?, S ARBI B B R3E 7 7. WEE TR
FURG T4 2B o 5 23 B AR ) BT E AR B B85 BE AT 0, SR rh R MRS S0Pk 8 5 ) Bk
WY 2718 1.618 H11.098 t-hm?, APl bk ik bk 2 A1 B35 22 7 whva =0
RN BERREE S IZ TG I S, JLahie bk, TR MORIE AR EE 2 0.075 + 0.097
A10.139 t-hm2.

2.3.2 LR EHE R WL A FEME AR AR AN TR EIERE (0710 em ) B0
FERESE (R 8) mIAL, Zhidk. B MRORIID Bbk 1338 2 WLBR R & 0 30 N 1.597%-
1.636%1 1.798%, 2 BEMKES HE T I AkEa 35 o (B LIRS & LRI s BRI &g,

Horhrh b bk 3R B AR R E AR (1.569 kgem3) , 4 ER/N (1.370 kgm3) . #H—Fit
SRR R I, SR SRR, T BORK IR R Z Bk A B 430 21.872. 25.676 FI
25.962 thm2, HERBHARESHG N LG IE S, (HAREEEZRIFARE . aKE, HIBEREkK
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Table 8 Carbon density distribution characteristics of the soil surface layer (0~10 cm) in Quercus variabilis

plantations of different stand ages

TIRAT WL B K 1%

A a5 o F [ B .m-3 LR . -2
iRy Soil organic carbon mass i%g)ﬁﬁ I% é;nt? m=) ﬁﬁcu;r%o/n(dtelrlllsril )
Stand age fraction v v
Zbﬁ@tjj:eﬁsftoung 1.59740.632 a 1.37040.218 a 2187243210 a
1A : .
Tk AR Middle 1.63640.851 a 1.56940.380 a 25.67643.667 a
aged forest
LR Near- 1.79840.842 a 1.44430.419 a 25.96215.819 a

mature forest

2. 4 TEWREEHE AR A T E BIREE 54T
BRI R A R L] (B D Ry, RAE S HERERAMES RS R T

BERIE, P A AR B B 96% L b MERE SREVE VTR % B HEOARE 5%,
YRR RS PR AIE SRR 38 B 20 N 66.164 95473 « 120.476 t-hm?2, kR E H BEAKES
G S K S Ho, TROR R (R B RS RE L BE PR RS 1 T B (&) Ak
62.557%  HHEPR 71.165%. ITEHK 77.264%) , TR Z AR Z KBS E G U 23R
BEadsy, HAERESRINYIEER 4.108%. HIEHK 1.695%. TR 1.098%, LT3R E 57
N 33.057%- 26.893%A1 21.550%

[ 4 2 Soil surface layerf I # % 2 Shrub-herb layer

s I #3547 Litter layer B 77 A2 Tree layer

[«2] [e]
o o
1 1

FMIZR T 5 /%
3

The proportion of carbon density for each stand layers/%

N
o
1

o
1

EIEEN rhk Ak bl W

Young forest ~ Middle-aged forest Near-mature forest
HREE P BE Forest age stage

B 1 TR EAFA LIRS RRRZEE X &
Fig.1 Carbon density proportion relationships of each layer in Quercus variabilis plantations of different stand

ages
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%, ERAMES AR R B

WA RAR YT, K BR N ARAS [R) 2 R8T 7 Bk 8 P2 ) AR A 35 K HL 7 e R LA WY 2 14
MR R o BAR RUBE -, R BORUARS B i B2 AR i S 25 1 o, L o5 b e i ) L
Bl Ko XGRS R AEARAT I XA PR RIBEATHFA (ORI FE 45 2R — 208, BIVRE A i 1
ARJFA & B IZHT S B B A S H o AHSRHIE TR D), A AN 2 5P st is
IR AEAEAT TR o AHRAEAA B 30 05 T A FE S BAR Y, AR B B 3 v A L AR 7y . B TT
R, W BRI TR E b b R, S 1A BERRAEAS [F A B AR 2R G LA FR 20 0
Posms . Moh, WRAREYE S LM FED M, SOk 7RI - AR R A
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