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Abstract: [Objective] To investigate the species diversity, structural diversity, carbon stocks, and
allocation patterns in the arboreal layer of Quercus aliena var. acuteserrata-dominated secondary forests
across different types in Xiaolongshan Mountain forest region, Gansu Province of northwestern China, and
to provide a scientific foundation for forest management practices and precision-based enhancement of
carbon sequestration capacity in this region. [Method] Based on stand basal area composition, the typical
Quercus aliena var. acuteserrata secondary forests in the study area were classified into three types (oak-
broadleaved mixed forest, oak forest, pine-oak mixed forest). The species diversity, structural diversity,
carbon storage, and carbon allocation among different organs in the arborous layer of these secondary forest
types were systematically calculated, with comparative analysis conducted using Kruskal-Wallis tests.
Structural equation modeling (SEM) was subsequently employed to elucidate the relationship between
species diversity, structural diversity, and carbon stocks. [Result] (1) There were significant differences in
the tree layer diversity of different types of Quercus aliena var. acuteserrata secondary forests. The tree
species diversity of oak-broadleaved mixed forest was significantly higher than oak forest and the pine-oak
mixed forest, and its average structural diversity was 4.133 + 0.595, which was also significantly higher than
oak forest (3.469 £ 0.537) and pine-oak mixed forest (3.201 £ 0.199). (2) There were significant differences
in carbon storage accumulation and allocation among tree layers of three types of secondary forests of Q.
aliena var. acuteserrata. The overall average carbon storage of oak forest was the highest ((94.528 +
2.523) t/ha), followed by oak broadleaved mixed forest ((88.855 = 16.297) t/ha), and the lowest ((82.094 +
7.527) t/ha) in pine oak mixed forest. The allocation of carbon storage organs in the three types of secondary
forests also showed a significant dominance of stem branch-root carbon storage, with a total proportion of
stem and branch carbon storage ranging from 67.9% to 79.1%, and root storage ranging from 12.6% to
19.4%, totaling over 90%. (3) The structural equation modeling results showed that structural diversity had a
significant positive impact on carbon storage (0.484, P < 0.001), and tree species diversity also had a
positive impact on carbon storage, but it was not significant. [Conclusion] Significant differences in species
diversity, structural diversity, and carbon stocks are identified among the three Quercus aliena var.
acuteserrata secondary forest types. The oak-broadleaved mixed forest consistently exhibites higher species
diversity, structural diversity, and carbon stocks compared with the oak forest and pine-oak mixed forest.
Structural diversity contributes more substantially to carbon stocks than species diversity, highlighting that
enhancing forest ecosystem structural complexity may represent a more effective strategy for augmenting
carbon sequestration potential.

Key words: Quercus aliena var. acuteserrata; secondary forests; arborous layer; tree species diversity;

structural diversity; carbon stocks; structural equation model (SEM)
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Zhao S5 H MR S5 Z R FR (SO 25E
L N VA= o Y NN E 72 = 2 0 T N e
FIR Z Mk o S HT 45 IRE I (GE 4), BRI AR 54
ZREVER T, BIME N (4.133 £0.595), W& m T RRE
FR(3.469 + 0.537) KA BRI AE A (3.201 £ 0.199), H
[ A N 25 2 FE AR RO i Kruskal-Wallis
S E06 5 A1 Dunn 2 5 LU T VE S Wk o S5 4 2
FEVEZE 50, RIKR AR A AR N S AF R 5 2 R .
TR S ) PR A ) S v R AR R R A Y
FCR] o A [ BR 23 2 28 ) &5 1) 22 5 1 0 BL 0 B 3R
PREEVRAS MR S50 Z e S R 2 R 35 .

x2 MERLFEMMEYEAERSHRARAS RUE
Tab. 2 Parameters of biomass equations and carbon contents of different components for main
tree species in Xiaolongshan Mountain

+ 51
b

- 54 it

a b 4 a b

a b 4 a b 4 a b 4

BLAHR
Quercus aliena var.
acuteserrata

4.0347 0.9953 0.4772 84741 1.3674 0.4610 8.4170 1.0888 0.4813 4.5914 0.8657 0.4578 3.3630 0.7773 0.4492

I

¥ep  Betula platyphylla 0.473 2 0.490 0 0.5135 0.5332 0.482 6
B*e A ’ 3.9041 0.963 0 40957 0918 6 4.8359 0.793 6 4.6176 0.806 0 83710 13456

Betula albosinensis 0.4810 0.4880 0.508 1 0.4929 04745
W \
ﬁ:}fﬁs tabuliformis 3.8828 0.9359 04935 63807 1.1242 04996 53277 0.8812 0.5241 5.1129 0.8649 0.5258 4.7557 0.9204 0.4817
LN
Pinus armandii 3.8023 0.963 1 04927 5.9070 1.0903 0.4881 3.9108 0.6104 0.5190 5.8330 0.9682 0.4880 3.2756 0.769 2 0.493 2

A jiﬁq, M um sub 0.4809 0.4622 0.486 4 0.4472 0.4679

HAh cer pictum Subsp. mono 3 8852 (.980 3 56360 1.085 1 45320 0.7377 44480 0.771 3 3.1575 0.775 8

HoAfth 0.469 2 0.468 0 0.483 3 0.469 2 0.462 8

Hra DVEMBTRESEL cHEHE.
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Tab.3 Variation degree of internal tree species diversity in different types of

Quercus aliena var. acuteserrata secondary forests

it ZREEFR S S N: /ME VIME + brifEiR 22 PRt 22 A5 R EU%

o Simpson# 4} 0.933 0.736 0.837 +0.032 0.078 9.3
BRRENE AR _ N

Shannon-Wiener# % 3.093 1.873 2.417+0.193 0.472 19.5

) Simpsondi % 0.799 0.608 0.683 = 0.059 0.045 14.9
BRI . .

Shannon-Wienerf& £ 2335 1.365 1.777 + 0.289 0.501 28.2

o Simpson§ 4k 0.895 0.640 0.752 % 0.045 0.111 147
FARRIRAC K e

Shannon-Wiener % 2.823 1.261 1.903 + 0.259 0.635 33.4

3.3 AEZEBGERIFRERTRERESE
33.1  REEASLE MR R AR R R &L 5 o

KR A PR A - R R A Ky
FEXT 3 PRy ST TR 2 B B R AT 700, 45 SRR
HF AR R TR AS PR MR ISR IRA R VR 38 AR TE B3k fifh 2 R 2R
SR FAEERE ERCR S MREBRZHRTTAZ
S RO BN 48.278 ~ 152.100 t/hm?, H ' LK3
PEHLBR i B 152.100 thm?, &35 & T HABRE S, &
BEHEROR BT T (78.871 t/hm?) £ (41.123 t/hm*) Al
2 (19.355 thm®) o #REIRTE A JZ S B fili B R T
6 N 90.232 ~ 98.967 t/hm?, & 4H 43 43 Iie B A9 5y
Yt £ 5 Ee it ik 53.8% ~ 54.5%, 1R & BTk
o, N 132% ~ 13.8%, ¥ AT Gk fig & o5
1.9% ~ 2.1%, ¥ 21.4% ~ 22.79% )& T £ & 18 35 4K .
i MR TR A AR S Bk it B B IR OK, Mkt B AT
49.894 ~ 100.089 t/hm?. F: 3= -7 {5k il e 7E
IR R, B R BRGE RS iR A, N 12.6% ~
19.4%. MAE SIS, 3 P2 B8 AR A
MIRAR E it I LA Ricf & b e, & it s
1K 67.9% ~ 79.1%; 1R Rk TR IRZ (12.6% ~ 19.4%);
T PR R PRI B it i 7 BB U 7E 10% A4 e 3 Rk
FRETEAR Z i a8 B o e 2R T+ B R
Wit BN S IRRE .
332 REEABLE MR K AT K EBAEE £ 5T
P HF

A T) 28 0 40 14 AR IR AR PR T 2 1 ik i
E 22 S M40 M 8 B (R 6, AR MK 3 44 7 15 7k i
B 5 5 ((94.528 + 2.523) t/hm?), £k FE 1R & Ak k2

((88.855+16.297) t/hm®), AR MIRAK((82.094 +
7.527) thm?). F] ] Kruskal-Wallis 3FF 2 % ¥ % F1
Dunn 2 5 L7 15556 AS [R) 2 28 ik fidg ot 2 ) ) 22
PE 3 M2 BH, MR VR 2SS PR 5 AR TR 28 PR 2 T 22 7 (B
%o AR 55 SN S PR 23 S B 1 BT A 1 b 7] 3
KA B Gi vt 22 22 7 o (HAFIE R A2, BRI R AT AR
FE b 8] B i 5278 57 RAEIA 44.9%, 03 T IR
TRAT MR (22.5%) FIRIEAR(4.6%)
34 SHMERBRIHREEHNHT

Sk AR AW B BN 3, PIEA
0.188 > 0.05, 3 B WL 82 4l 55 A5 284 Tt 45 g 2 1) 3¢
AREER. 53 NEBEFUATRE: LR ETE
Hr(cfid A 0.965, I ALLRZE ) J5 iR (rmsea) ly 0.046 <
0.05 FlAx#EAL R 72 3 75 HR (stmr) 24 0.033 < 0.08. 5
G UL R, SRR SRR . WE
ATCLE Y, 4278 S5 22 50N 45 46 B 6 22 R P G AR 23
it Z R B3 R M2 (P < 0.001), HIEEE R
o518 0.907 A1 0.376, 1M F RS X &5 K 2 FE 1
SN FEAN D25 o 4500 BT 2 AR PR A ROBE X e 22
FEMEA 2 1E M B2 (P < 0.05), #5452 2500 5 N
0.237 F1 0.249, {H i 12738 T 58 BO0 B M 22 R PR I 0%
AEERW . 858 2 FEvE SR 2 1 2 (R A7 A
EIE AR (P <0.001), HFrHEAI T 28K
(0.927), VLAWY & K RN R . HIX A8 FR5T
B it B PRI SE AL A7 (E VB 3 25 57, 25 0 2 R MR O ik i 2
HEZEIEAIE(P < 0.001), HEEREON 0.484, 1
Wb 22 FEE R B 6 2 2 e AN B3, ULRR S5 R 21
AT 40 Tl 22 56 A1 A8 Bk it A7 1) 3 A DT R BE K

x4 AEEBHFEMBPRERNBEESHEETRERE

Tab. 4 Variation degree of internal structural diversity in different types of Q. aliena var. acuteserrata secondary forests

LSSt RKRE IR/ ME YA + bRz bRt A5 R A%
R YR 2 bk 5.745 2.409 4.133£0.595 1.458 353
BRI 4.227 2.430 3.469 + 0.537 0.931 26.8
FARRIR S K 3.822 2.491 3201 £0.199 0.487 15.2
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Tab. 5 Carbon stock of different components in various types of Q. aliena
var. acuteserrata secondary forests t/hm?
R T 5 + % i ;4 i )53
LK1 54.343 28.629 2.431 6.212 13.327 104.941
LK2 55.943 27.680 2.500 5.908 14.171 106.202
LK3 78.871 41.123 3.507 9.244 19.355 152.100
HRIERAZ bk
LK4 26.956 9.325 1.500 3.975 9.356 51.113
LKS 34.637 16.890 3.029 4.718 11.224 70.498
LK6 25.200 9.278 1.556 4.189 8.056 48.278
LL1 48.756 20.176 1.724 7.632 11.944 90.232
BRIk LL2 50.800 21.428 1.976 7.204 12.976 94.384
LL3 53.944 21.144 1.933 8.689 13.256 98.967
SL1 38.780 15.136 2.284 5.148 13.352 74.700
SL2 46.358 19.603 2.228 5.961 13.644 87.794
SL3 52.844 22.356 2.078 8.322 12.367 97.967
AR SL4 43.733 18.778 2.089 6.722 10.800 82.122
SL5 53.689 22.522 2.289 8.311 13.278 100.089
SL6 16.924 4.748 1.004 3.064 6.192 49.894

4 3w

AR S RGP 22 K VAT FE0F B AR A 1 25 1)
FHIE ARG tE A RE R R E 2, RARMAES
FRIAT O E A, A2 E N T IR, £
WREEH) Z FEVERT 7Lt H 25 2 B H AL . LaRue 2514
W42 RN Je B I8 K= B, R s 2R i
BEREEEFEE, SG6KFNEEFEEER
SHFEFEE, S SRRE IR R,
VN R CIEZR = R E s SR R SRS S 1< 4l 75 R
Gadow 25l Pommerening Z5PHF 70N N, #K43 7K
ST (R G5 46 22 M AT DU Fh 22 K M B8R o7 B AT AR
KR 3ATTHRZE . AT, KM T Zhao 55!
P I B T AHAR A G R AR 43 S5 00 2 FEPE 4R 2. %
FREANAE TR B 2% W 2 R0 DL
JRRAR ) KN Z RV, IR AR A R /N3 7 S )
HRIETHEALSW EMZFEE. BB HLE. IR
N HBAR I RR AR5 1 (1) 52 A R FE o A S0 R B, AR R VR
LT A JE G570 2 10 5 2 = T AR BRVB A AR AR 2

MR, IX—J7 T 72 BT MR TR A MR M 4 3=, AH (R
RE e ) R 2 A R OK, AT T ol BE &2 2% ) 2 T 5 4 o
AR TR AR RS L MR AR B AR 4R 1 7 (A
FLEAR, FEEAL R RELZRICY. BREMK
B VTR 5 LA 70% ~ 90%, L — R F T
HIBEV 25 R PR ) 1 AR A oAb, BT A S04 i [a)
¥IiAk . Danescu 555 ERRIM 1L B (Fagus sylvatica)
i bk r R ISP B VR A AT T SRR I 4 A e 2 T 3
JR IR R AR o P AR S BRI 45 4 22 1A,
— J7 TH1 A2 BT FLA ol 22 R 1 AR, 55— T AT
RE VS T R D RE AR PR o Sl ) OG5
SrRF VRIS 7R AR B By B, IR R
PEt SRR AL BRI ] &,

N 722 B E R R AR S BRI M 2 RS 4
FE 0N WA B R RITRE T REMHEF, (2 AR H
WA ) G518 o ACHIT 78 il 0 FH &5 0 7 RS L 20 1 A
[F) SR AL 50 D AR O A MR TR R B A 22 R S5 2
FEVE S RAE R R R, RIVBUGHHRIXEMRES R
Gt rh S5 4 22 RE PN Bk i A 3 L R SR, TR A

®6 ARABGEMBRENNBRFEEEREE

Tab. 6 Variation degree of internal carbon storage in different types of Q. aliena var. acuteserrata secondary forests

L viE=it] R RAH/(thm™) e/ Mi/(thm ™) M + BRuEIR 2/ (thm ™) FrdE 2/ (thm ™) 5 R A%
TR RE R AC PR 152.100 48.278 88.855 + 16.297 39.919 44.9
PRI 98.967 90.232 94528 +£2.523 4.369 4.6
FARRIRAZHR 100.089 49.894 82.094 + 7.527 18.438 22.5
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Fig. 1 Path diagram of structural equation model
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