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Abstract: As the area of plantation forests steadily expands, the diversity of understory species plays a significant and
irreplaceable role in multiple aspects, such as water conservation, soil and water retention, and the enhancement of the
stability of forest ecosystems. Maintaining and promoting understory species diversity are crucial for the healthy development
and sustainable operation of forest ecosystems. In order to explore the key factors influencing the understory species
diversity, this study took the Larix principis — rupprechtii plantation forest, Pinus tabuliformis plantation forest, Pinus

sylvestris plantation forest, and L. principis—rupprechtiiXBetula platyphylla mixed plantation in the Qilaotu Mountains as the
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research objects. These forest types are representative plantation forests in this region, and research on them can provide
valuable insights into the understory species diversity in similar forest ecosystems. This study employed a series of scientific
research methods, including one—way analysis of variance, Pearson correlation analysis, stepwise regression analysis, and
variation partitioning analysis. The results of the study were as follows: (1) The understory species diversity of the four
typical plantation forests was abundant. In total, 68 species were recorded, which were classified into 56 genera across 43
families. Among these, the dominant families in the understory of the plantation forests were mainly Asteraceae, Rosaceae,
Ranunculaceae, Poaceae, and Brassicaceae. These families were common in the understory of plantation forests and play
important roles in maintaining the balance and functionality of the forest ecosystem. (2) Among the four forest stand types,
L. principis — rupprechtii X B. platyphylla mixed plantation exhibited the highest level of understory species diversity,
encompassing 47 species from 45 genera belonging to 32 families. Moreover, there were significant differences in the species
diversity index when compared to the other three forest stand types. This indicates that the mixed plantation forest provided a
more favorable environment for the growth and coexistence of various species. (3) Through Pearson correlation analysis and
stepwise regression analysis, it was found that within the forest stand structure, the diameter at breast height (DBH) was
the key factor influencing species diversity. In addition, forest stand density, canopy density, and tree height were
identified as the main factors affecting species diversity. These factors interact with each other and jointly influence the
understory species diversity. (4) Further analysis through variation partitioning revealed that the forest stand structure had
the highest explanatory rate. Specifically, it accounted for 49.1%, 44.6%, 50.3%, and 20.5% of the Shannon-Wiener
diversity index, Simpson diversity index, Pielou evenness index, and Margalef richness index, respectively. This shows that
the forest stand structure plays a dominant role in determining the understory species diversity. In conclusion, if we aim to
increase the understory species diversity of plantation forests, it is necessary to appropriately adjust the DBH of the upper
trees in the plantation forests. By doing so, we can optimize the forest stand density and canopy density, improve the forest
stand structure, and ultimately enhance the understory species diversity. This study provides a theoretical basis and practical

guidance for the management and protection of plantation forests and the promotion of forest ecosystem health.

Key Words: stand structure ;species diversity ; variation decomposition ;environmental factors
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BP0 PR 5 AR U T R R E R I £ B 377 ( 118°09 E—118°30"E, 41°21'N—41°39'N ) , M b s 111
L kAL 2 LUk 4K 800— 1890m , 4R [ /K 5 2 400—600mm , AF A7k i 4 FhifE 7—8 0y 4T Xk
4.2°C, JCFEH 117d, R IR 2 T R AU, ISR ORI IR A SRR e L R AR AR E T
Yy 2.8%10°hm? , X N FEBTRABFPA LRI A ( Larix principis—rupprechtii) A ( Pinus tabuliformis) BT
WA ( Pinus sylvestris) , 5. A Af #F0 4 45 ¢ %% ( Duchesnea indica) | FJE 3% ( Chelidonium majus ) | 40 & 5 ( Carex
rigescens) JEEL ( Elymus kamoji ) % .
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R1 HEHERGRLER

Table 1 Basic survey of the sample site

oy B = Mz W L3274 Mo B
Forest type Sample plot Height/m DBH/cm Slope gradient/ () Elevation/m Stand densit/ (#/hm?)
| 1 20.091 21.28 20.3 1196.1 1017
2 19.425 19.92 20.5 1202.64 917
3 19.936 21.31 19 1218.97 733
4 18.602 15.47 18.5 1241.29 917
5 16.991 14.97 23.5 1239.56 1100
6 16.599 14.71 23 1251.98 1133
I} 1 11.83 14.42 25 1169.7 1000
2 17.46 18.46 22.8 1170.4 883
3 14.66 15.8 25 1177.1 1267
I 1 14.46 15.65 20 1295.72 1817
2 15.56 15.1 20 1296.3 1817
3 16.91 18.58 14 1304.09 1333
v 1 15.451 15.45 22.5 1208.95 1500
2 15.579 15.58 19.8 1209.61 1650
3 17.887 17.89 20.3 1210.68 1383

DBH. lfij#% Diameter at breast height; 1 AR IE AN N T K Larix principis-rupprechtii plantation ; Il SBAA N T AR Pinus tabuliformis plantation ; Il ;
FEFHANTAHK Pinus sylvestris plantation ; IV . SeACIE A 5 FIMEN TIRSCHR Larix principis-rupprechtiixBetula platyphylla mixed plantation

Simpson ZFHFEEL(D) . D=1-XFP
. H
Piclou HSIEHL(]) J=
. . S-1
Margalef & FEFEEL(M) M=

InN

A, P RREETT NG | R B E A S Y R EEE A L EE, H 3278 Shannon-Wiener 5 %0, D £ /R
Simpson ZFEVEFEEL, J FR Pielou Y5 EFEHL, S FRanWMEE , M R/ Margalef 5 FEFE 5,
1.3.4 Bl

B G Excel XPEHR T80 0H00T, FIH R 15T AR “ vegan” U 1T B W) Fh ZFEPEFE 2L, #E SPSS Statistics
27.0 FAF PR RIS AT Yy ZREPERE B AT B R J7 2253 BT (One—way ANOVA ) FIXRH K5 45, Pearson
AHOCHE T B Z AR B S R4 48 | T3 R RO AH DG M, 225038 25 (81 UH 43 B 52 Wil 40 Ao 22 A5 4 28 1 ) G Bt
7, R TE R4.4.2 SEATAR 2200 , ST AR 3 540 5 - 8 TR DR BEE

2 ER55H

2.1 AR FATEE S5 FHIE

AR R BLEEAREY) 68 T, )& T 43 Bl 56 Jg& . HorbAedb g mh#s N ThK 27 B 36 J& 36 F, JhFa A
bR 21 BE27 J& 27 B RETAR AR 21 B 31 J8 32 Bl ARLIE AL S5 FME N TR ASAK 32 B} 45 J& 47 Fi, pUFH
NIMMT Z IR SRR B R RARE AR E . 3R 2 N IUAOR BRI SR T B EAEHEA T 5
B EZ YA, ARIEVE A N TR S B B Fh 2 M & ( Duchesnea indica)  FJ# 2% ( Chelidonium majus ) (AN #
%( Carex rigescens) T B ( Elymus kamoji) AN L ( Thalictrum L.) , HHEFEEMK IR N 30.55% . 14.59%
8.87% .2.79% 3.42% . TMFANTAREZLPLHAFh R dp g A 5 5 RGO FT | S8 AR A | L Ei B 0 30l Ry
36.77% 14.80% ,12.45% .6.94% ,2.87% , i ¥ ¥A N T AR FZ AR ML M 55 | 400 5 7RG & o2 Y vt
( Geranium wilfordii Maxim) FI/NEAT ( Polygonatum odoratum) , B EAH 435~ 51.92% 10.56% .6.44% .5.27% .
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3.37% ., fedbiEntpaS FIHE N TIRACHRIY B HEF T &7 RS &2 1% LS ( Pseudostellaria davidii) |
BEHES L ( Maianthemum bifolium ) FIJE 4 5L ( Agrimonia pilosa Ledeb) , F 8 EAH 4351k 29.83% 11.57% .10.19% .
6.00% .3.78%

R2 TRMRSEBTERYMHEAREZERNS B

Table 2 Top 5 important values of herbaceous species composition under different forest types

sl MR =2 Ah A B T B % FEHZ %
Forest type Composition and important value of main species in understory Sum of important values
IEHE(30.55) (FIJHSR(14.59) AN (8.87) ML (2.79) JFEHAH(3.42)
I Duchesnea indica(30.55) | Chelidonium majus(14.59) Carex rigescens(8.87) Elymus kamoji( 2. 60.22

79) .Thalictrum L(3.42)

WEHE(36.77) (ANTHE B (14.80) JEWLEE (12.45) (HH3E(6.94) FEHAR(2.87)
I Duchesnea indica(36.77) | Carex rigescens ( 14.80) | Chelidonium majus ( 12.45) | Chelidonium 73.83
majus(6.94) | Thalictrum L(2.87)

IEAE(51.92) NFERE(10.56) KEVLE(6.44) EHEL(5.27) /NEAT(3.37)

I Duchesnea indica(51.92) | Carex rigescens ( 10.56) | Elymus kamoji (6.44) | Geranium wilfordii 77.56
Maxim(5.27) | Polygonatum odoratum(3.37)
SN H(29.83) (FUESR(11.57) (2 #JL5(10.19) FEESH(6.00) JeF #(3.78)

v Carex rigescens ( 29. 83 ), Chelidonium majus ( 11. 57 ) | Pseudostellaria davidii ( 10. 19 ) | 61.37
Maianthemum bifolium(6.00) Agrimonia pilosa Ledeb(3.78)

M 3 0T, AedbyE R S IR TIRASHR 4 b ZREEFE B0 =, 4391 2.300,0.823 ,0.690 .4.770,
RN TR 4 R fh R RS B AR 4 51 M 0.833 ,0.320 0293 2.440, — 3% B 91 I 2% S (P<0.05) , 4E
eI PN TARSG A N TR 4 Fhh Z R0 48 500 B % 22 5 (P<0.05)

R3 FRMSEETUMSEME

Table 3 Species diversity under different forerst types

s Shannon-Wiener $5 %% Simpson ZFEMEFEEL Pielou 5] 454X Margalef - 5§ B H5 4k
Forest type Shannon-Wiener index Simpson diversity index Pielou evenness index Margalef richness index
I 1.582+0.260ab 0.608+0.089ab 0.516=0.068ab 3.525+0.481ab
I 1.340+0.325ab 0.51020.131ab 0.483=0.104ab 2.660+0.307b
I 0.833+0.339b 0.320+0.142b 0.293+0.101b 2.440£0.656b
I\Y 2.30020.196a 0.82320.029a 0.69020.0321a 4.7700.754a

AR R RR 2257 3% (P<0.05)

2.2 MO IR AR R RE

MROTEER S LI T a3 4, PRI G5H IR AR 19 4 %85 B AR PR BE - SRS i P S AR 43 S
1231 #k/hm’ [0.59 ,16.76m ,16.48cm, +IEH F )P 1 134 H  HIEEKE 0% pH  HIEA Pk 1 3E 4
RSB :2.08g/cm® 22.59% .5.50 15.60g/kg . 1.72g/kg .0.49g/ kg,
2.3 MROTESHRN I 1 S YR 2R AR BOR G

2 5 AJ A MR a5 R 425 Shannon-Wiener ZFEPEFE 4 Simpson Z2FEEFEHL  Pielou 32] 45
B Margalef -7 BEFEEOE 52 DU 035 TR DG (P<0.01) AR 7 S5 48 [H 7 5 0 Rh AR PR SR BON ARG . e
7K 5j Shannon-Wiener Z2FEPEFE L Simpson ZAEPEFEEL  Margalef 3= B8 52 3 1IEAHSE (P<0.05) , 3%
FHHLIKS Shannon-Wiener ZFEPEFEEL  Simpson ZFEMEFEEL  Pielou ¥472) BEFE X4 5 8 35 1EAHE (P<0.05)
2.4 YFp ZREEFSECS AR S5 3 R T 220G mHE S BT

3% 6 v, ZoehlIA T RBRRILE ZEUR 4. 520 Shannon-Wiener 22 FE P8 500 & B N T W12 AR5
WRE ABIAIEE , 52 Simpson ZFEMEFEEL Pielou ¥ 5) BEFREU B Z N T2 SABIAE , 520 Margalef =&
JERR B BB R IR SR BACKTR RO SR R S e B A ) R R b AR R e
A Fh A o SR IR T
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Table 4 Variable characteristics of stand structure factors and soil factors in the four types of stands

FH AR HiE i HUE

Type Variable Mean value Standard deviation Value range

I EEHE SD/ (#/hm*) 1231 344.52 733.00—1817

Stand non-spatial structure CD 0.59 0.05 0.51—0.67
H/m 16.76 2.27 11.83—20.10
DBH/cem 16.48 2.73 12.52—21.31

3R T SBD/(g/cm®) 2.08 0.21 1.63—2.34

Soil factors SWC/ % 22.59 7.62 13.31—33.86
pH 5.50 0.25 4.81—5.85
SOC/ (g/kg) 15.60 2.53 12.00—20.89
TN/ (g/kg) 1.72 0.65 0.94—2.82
TP/ (g/kg) 0.49 0.12 0.34—0.68

SD: M43 & Stand density ; CD ;A A1) Canopy density ; H: #J {5 Height; DBH ; {42 Diameter at breast height; SBD; 3% Soil bulk density;
SWC: 135K Soil water content; pH ; T IEFRIRE Soil pH;SOC ; - HEH HLAK Soil organic carbon; TN ; 11424 Total nitrogen of soil ; TP ; 134

Total phosphorus of soil

x5 MoEHMILERTFEYRSEEREHEXE
Table 5 Relationship between stand structure and soil factors and species diversity index
B8 Shannon-Wiener 35 %{ Simpson ZAEHEFEEL Pielou ¥J 57 B2 %K Margalef = & 544
variable Shannon-Wiener index Simpson diversity index Pielou evenness index Margalef richness index
SD/ (#k/hm?) 0.122 0.097 0.081 0.268
CD -0.132 -0.172 -0.149 -0.15
H/m -0.189 -0.152 -0.163 -0.143
DBH/cm -0.807 " -0.790 " -0.784"" -0.725""
SBD/(g/cm®) -0.236 -0.245 -0.215 -0.2
SWC/ % 0.518" 0.520" 0.49 0.525*
pH 0.24 0.235 0.349 0.188
SOC/ (g/kg) 0.571" 0.588" 0.556 " 0.389
TN/ (g/kg) 0.339 0.338 0.426 0.146
TP/ (g/kg) -0.273 -0.252 -0.179 -0.409
#% P<0.01, * P<0.05
xo6 MFEZEMEHETEATLE
Table 6 Multiple regression equation of species diversity index
YR Z PR R w975 7 R
Species diversity index Regression equation
Shannon-Wiener ZFEMEFEEL Shannon-Wiener diversity index Y=10.698-0.284DBH~-0.001SD-5.384CD 0.790
Simpson ZAEPEFEEL Simpson diversity index Y=3.854-0.100DBH-1.907CD 0.785
Pielou ¥J5] B84 Pielou evenness index ¥=3.036-0.079DBH-1.409CD 0.805
Margalef =F & £ $5%1 Margalef richness index Y=5.739-0.520DBH+0.371H 0.605

i —2E AR 22 (L 1) MR 588 R 7 X Shannon-Wiener Z2FEEFEEL  Simpson Z2 1445 %1 Pielou
YIS BE PR EL Margalef F2 5 BE #8500 B K, 7051 49.1% ,44.6% ,50.3% ,20.5% , Hk T3 7 5 M52
F 35 %} Shannon-Wiener ZZAEVEFE %L Simpson ZHEVEFEEL Pielou Y5 EEFE AL Margalef 5 B2 45 B [W] i ¢
RH 26.7% 31.4% 24.9% 34.4%
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B2 =25.8% W2 =23.5%
Shannon-Wiener$g £ SimpsonZ ALt FR L

B2 =21.4% B2 =54.1%
Piclou4) %) BEHGEL Margalef=42 & B 5L

1 YHEHEIRSENETERFEESMHEE

Fig.1 Variation breakdown map of species diversity, stand structure and soil factors
3 i

3.1 R[REIBRG BN FAY P 2R

VE R A5 R G BB AL o , RN R Z BRI B X R M AE S R FF e B B LR R ) A
W5 h AL R R ARG ) 43 Bl 56 J& 68 B MK N WiFh ZHEME T & . TEDUMORRIAR 2R T Aedb 5 A 5 A
N TIARZHMF} 8 S a2 M TAAE V% A TR R4 N TR A A TAK Shannon-Wiener Z2#£4E
F8%L . Simpson ZHEPEFEEL  Pielou Y5105 Margalef 3 & FEFR B0, — 7 R MY i 2 )2 R ko3 45
1, AR T AR AR AR AL T e RS 0], O3 —Jr R SSAR T B R IR IR &R R ek, B3 0 =F & i 8 7%
Wy, B R e A0 MM AR S A e R = 5 B R 28 5 B I AT AN TR,
3.2 RGP GERFN A 558 KX 2 A ) 5
3.2.1  MRATEERXT PP ZRE PR RN

FERRMAER R G T AE A W S8 R 5 R AR AR W) 22 v 55 00 Ik B LA 7 mT e 82 1T R #5
FEVEF S MR B AR AR A K A E 1 TR AR B AT A R R R MK T RE R S A S R
Giohfe, HEEmARMA R IR N TR YRl 2 SR B R T AR B B
B S, ARWSEIE L Pearson AHICHE ST B A0 [01H | 748 22 53 fifk A& S AR W) R 2 A6 78 A Y 2 B2 R
GEHE RS R R B S S MK T A 2R ) DGR R W v R EE ISP S AR T R 2R Y
FER A, MROTEE R T 1 R N AR 1568 )2 S5 H4 R 52 M AR /NI 23 S 3N 5 BHOGHR BE | 46 177 %6 Ak
TR ZREE AR Y Rago' ™ FEXT ELEE BB W B A A T ARERAREE IS OB 5 h R B, 2 R E T, K
BH A S R IU8D | K BH RS 0 AT I B T AR () A B ROMR o3 254 S s S 8 Pl 22 6 S R S 8 A3 2
Ao MR PR3] ) L4248 AN 2 038 Ly ) T8 S S 22 1) 1), DR R B AU 3 T A 2 R 4
XHEY) R E B REBEHEE , MY T8 ECR S 0 AR LUk XV 251 bR MR 2 W0 K PR S 25 B %
MR BAR A N S HE B/ . RG34 B XS ) 22 1 ) 5 i) 32 SR e 9 T TR K2 93 e S MO 2 (1]
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ST R AR T PR 3 5 R bR o8 B AR TR AR B AR 2 8] R, 0 1 R 45 SR M M T 2 bR R A )
APRIISR IS KA A A S, AR B B o R 0N R R Z TR PR S e 2 IR R 5770 (935 ok
BT, B8/ IR AT EE  MROR I JBE R A A bR AL A A K A2 B PR, R i AR T AR b 2 1
B RGRENE , nl LA i 0 MO 24 19 18] £, e il bR oy Mg A IS AT JE 55 0 2 P R il 3t 5 s i A T
MRS
3.2.2 IR X YIRR SRR R R

TP Z R R A e RS IR 5] BE 5 & B A, SR AE KRR 2 AR AR T o6 R Y
SRR A | L3RBT A Al 2 SRR ) 1 AR RRI A3 A 2 R R A 4 A K G A kg L A A
A2y, REAS RS LT R B IE ) ST TE . MRS b, R T b SRR S R A AL S Y Al 24
PeZ A SRIEAR M . AR 25 il R B L SN e — e R B X R 2 RV B o B — E RO R R e LI T
T, B UK I 2 B R R (R il i SN SR 0 B n R M A 3 Bl B S Y
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