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Abstract: The Larix gmelinii forest is a significant carbon sink in northern forests and also a dominant community type in
the Daxing’anling Mountains. Studying its species composition and spatial structure in relation to aboveground biomass and
soil nutrients can provide a theoretical basis for enhancing and scientifically managing carbon sinks in northern forests in
China. This study established permanent plots of Larix gmelinii forest in the Dobukur National Nature Reserve as the
research subject, calculated the spatial structure characteristic index, species diversity index, and woody plant biomass of

the forest stand, measured the organic carbon content, total nitrogen content, and total phosphorus content in the 0—20 cm
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and 20—40 cm soil layers, and combined correlation analysis, redundancy ranking, and variation partitioning analyses to
reveal the effects of tree diversity and forest spatial structure on tree biomass and soil nutrients. The results showed that .
(1) Storey differentiation was significantly positively correlated with biomass, while the uniform angle index and diameter
difference index were significantly negatively correlated with biomass ( P<0.05). The correlation between tree diversity
index and biomass is not significant. (2) Species mingling was significantly positively correlated with the organic carbon
content in the 0—20 c¢m soil layer, but not significantly correlated with the 20—40 cm soil layer. The woody plant richness,
Shannon-Wiener index, and Simpson index were significantly positively correlated with the organic carbon content in the
0—20 cm soils, while the evenness index was significantly negatively correlated with the organic carbon content in the 0—
20 cm soils, but not significantly correlated with the 20—40 cm soil layer. (3) The biomass of woody plants was affected by
stand spatial structure characteristics, and soil nutrients were mainly affected by tree species diversity, with an explanatory
rate 5.8 times higher than the spatial structure characteristics of forest stands. (4) Redundancy analysis showed that the
higher the richness of tree species, the higher the soil carbon, nitrogen, and phosphorus content. In summary,
comprehensive management measures that adjust the spatial structure of forest stands can increase forest biomass, while

emphasizing the protection of species diversity can enhance the overall level of soil nutrients.

Key Words: forest stand spatial structure, species diversity, biomass, soil nutrients; Larix gmelinii
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Table 1 Frequency distribution for forest biomass and soil nutrient content

PRMEZ hRifERE =9/ S e ]

T FHfH i % 25% PR 75%H i % ’ S|
Ifes Twiia :z?:t:: Stiiﬁrd HMJ:dii 25%%&?% 75%4M—l:dii Mfilzmial Dl;:f::f’“ ?‘ipe
'EY)E Biomass/ (1/hm?) 100.89 43.85 8.77 96.68 76.56 107.38 75—100  23.53—213.47 g
f}fﬁ?ﬁiﬁ iﬁzm 39.23 15.04 2.13 41.40 26.64 48.02 24(1;35% 16.54—81.10 PAL:
ﬁfﬁi if/c iizem 2.66 1.04 0.15 2.52 1.79 3.45 135__325 1.06—4.87 Ll
ﬁfﬁ?ﬁ; iguigzomem 0.23 0.08 0.01 0.22 0.18 0.30 0.2—0.25  0.10—0.40 B
x2 MATEEMEEME. TEFHEER Pearson X3
Table 2 Pearson correlation analysis of stand spatial structure with biomass and soil nutrient content
TRAEHE FRE Mty 5 MWEZE L
Species Uniform angle Diameter Storey
mingling index difference differentiation
¥J{H Mean 0.32 0.50 0.65 0.50
FRAfERR Standard error 0.03 0.01 0.01 0.01
=Y Biomass 0.321 -0.443 " -0.547 ** 0.492*
A B Organic carbon 0—40 cm 0.569 ** -0.081 -0.332 0.257
0—20 cm 0.419* -0.089 -0.268 0.149
20—40 cm 0.404* -0.004 -0.179 0.236
4% Total nitrogen 0—40 cm 0.430" -0.191 -0.322 0.273
0—20 cm 0.297 -0.252 -0.251 0.141
20—40 cm 0.324 0.036 -0.200 0.277
4= Total phosphorus 0—40 cm 0.074 0.209 0.072 0.168
0—20 cm 0.061 0.085 0.040 0.175
20—40 cm 0.046 0.214 0.064 0.070

* N P <0.05, # % R P <0.01
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A, 7E 2 A R (0—40 em) FUE IR G T4 W EAH G, WAZE S 0—20 cm ,20—40 cm 1%
ERFEMCHEATE HE 0—40 em BALELA ST EEE LM (E2),

2.3 YRS A YE | SR BARSC B
ARAAEY)E Y 5 Y8015 BE R Simpson Z2AEEF5EE0H Shannon Z2FEMEFEEEANSC, T 5 Pielou ¥J25)
RECAE O (I RIR B G220 KT U BAAE Y R 2 RE X AR S R R (% 3)

0—20 cm £ JZ 0—40 cm A& - HEH PR S 2 AP FhF=E JE | Simpson ZFEMEFEEL, Shannon R85k
BEIEASE, 5 Pielou Y2 FEFREU N AUAHDC, T 20—40 cm )2 1S 4 DY Fp VIS B R L 3] &
K, XU ARAAE YR MR A PR & i EE s, DIESA ST ®E S AREY £ & EM
Z AR BT R I IEA G (B AR B0 Z K, WRIZ (20—40 em) T840 SR 5 B W2 IEAHOC
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Table 3 Pearson correlation analysis of plant diversity with biomass and soil nutrient content

Shannon-Wiener $§ %%

FeE Simpson 154 . Pielou 54X
Richness Simpson index Shannon-Wiener Piclou index
index
I Mean 3.44 0.38 0.61 0.55
FRAEIR Standard error 0.25 0.03 0.05 0.03
A Biomass 0.388 0.284 0.296 -0.194
F LR Organic carbon 0—40 cm 0.712** 0.485* 0.527** -0.462*
0—20 cm 0.755** 0.450 * 0.518** -0.465"
20—40 cm 0.182 0.163 0.128 -0.095
4% Total nitrogen 0—40 cm 0.370 0.366 0.368 -0.284
0—20 cm 0.374 0.320 0.337 -0.298
20—40 cm 0.085 0.177 0.154 -0.062
4T Total phosphorus 0—40 cm 0.369 0.206 0.191 -0.309
0—20 cm 0.100 0.049 0.017 -0.146
20—40 cm 0.428* 0.246 0.255 -0.298

#* Fon P <0.05, % Fn P <0.01

2.4 BRI SMO A RIS AR DR 2 RE RS R T

T3 2558 3 W 2R W, Wy Z2 REPE 0 37 2500 )+ ISR o AR A ) R R S B K, IR 77.2% , S bR 4325 ]
SERFRIEY 5.8 £% 1 34 138 BAE R H465R A th B — e R RE T, AR 10.3% (&1 1), XU
V&I FAMR - 3955 53 R B2 R W 2 R RE )

LRA MRS M A5 R AR AE IR AR (R R ) 5 R ISR (N A i ) O HEIP 45 ROk, 2 [ 4540
FRHE AHY W ST HRESR O I RAR R h 54.2% 55—l T L3RRI 38.64% | 55 Sl B
T 13.41%(E 1), fRISsi v 25 R0 AW YA & B R X R 3E5% 0 AR (R A B B 0 K, 18 25.8% (P<0.01)
HYSRIRAZE M, Shannon ZFEPEFREUR Simpson ZFEHEAE AL, B W AR T 10% (P<0.05) , 2300 45
TR RAAEY) F= 6 BEARIR XS H IR 43 A8 Ab STk de oK, e i 5 B A T AE &5, P<0.01 5 LA F8 AR 1 R ik 5]
BEER(EKL),

x4 EEYPEMEFRELEITER

Table 4 Statistics of simple term effects and conditional term effects

fAI BAZ4 N Simple term effects 2348 Conditional term effects

T H Name fift B Explains% F P T H Name fift B Explains% F P

R 25.8 8.0 0.002 R 25.8 8.0 0.002
M, 17.1 4.8 0.016 M, 5.3 1.7 0.196
Shannon 15.0 4.1 0.030 Pielou 5.9 2.0 0.144
Simpson 13.7 3.7 0.030 TD 3.3 1.1 0.376
Pielou 13.0 3.4 0.064 Simpson 2.5 0.8 0.468
TD 7.3 1.8 0.166 Shannon 8.7 3.2 0.046
S, 5.6 1.4 0.256 W, 2.1 0.8 0.492
W, 2.9 0.7 0.514 S; 0.7 0.2 0.874

FHRIBG AR CHFR R, KAKEY) & E Richness of woody plant; Shannon, AKZAXAH Y Shannon-Wiener 54X Shannon-Wiener index of woody
plant;Simpson,*lliﬂ‘E% Simpson i34 Simpson index of woody plant;Pielnu,?kllliifE% Pielou 8 %% Pielou index of woody plant; M; RS Mingling
index; W, , 1 R Uniform angle index;TD, M43 545858 Diameter difference index;S; ,%E%g’fh%‘ﬁ Storey differentiation index

3 itig
FRARZS [ 5L E T e Z B SE GO A 2s [ A 2500, X EAR KRR Lok T AR 10 A= K AR e 1
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Fig.1 Variance decomposition analysis and RDA ordination of stand spatial structure, plant diversity and soil nutrients
F PR B R SO FR R, RAEY) & BE Richness of woody plant; Shannon, K Z<H##) Shannon-Wiener %1 Shannon-Wiener index of woody
plant ; Simpson , KAAEY) Simpson FE%L Simpson index of woody plant ; Pielou, KAHEY) Pielou 5% Pielou index of woody plant; SOC , 4375 HLAk
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IR JBE 7 T R4 TR BT 2 AR PR AR 2 6 B T 7 16 2 i F) R PR BE S AR X AR BRZ S R %
TR AR R IR EL RS SR, 222 IR S SR AR ARG 1 n] AR T 22 (e o, XA M T A e & 1R AT
PEMPER AR XSGR HAR)E 22 AP S A it 22 3 TEAR DGO 25 AR — 2, BIEARTE
TVRREARIBFTE T A B, bR o3 fiy ROBERER  WEARKE T AR 3T B, A A R /N 7 ik S AR B 7 bl RUBE
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WIS 45 SR A R R = B AT L f 35 8 0 b B TR o, S e R B T A A R (1 m R P
Wh == BRI T LR A W A W R e R e, 9 Tk A W SR R I B, e A A L
BRIGFR R X35 75 P BNBFF T 2 W], ZE VRIS SRR LSl 28 1 D T, A = 7 88 LU AR I 2R - S A o o
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W R S, REAB A KR AR DR P B Y 0] 15 2R 1, O IR e A A5 IR 55 D e R el e it n fe A s 28 5
%

4 it

X R e M DX e A RS TR G5 R R Ak W o A X i b 2R i | SR A0 R R 20 A, R AR
H AR AE R 2 2 RIS R R I 1 SR 00 B2 AR Y Y R Z AR R, MR 22 SR B S A Y
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