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Effects of stand structure and environmental factors on understory herbaceous

plant diversity in eastern Qilian Mountains
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1 Beijing Forestry University , Beijing 100101, China
2 Datong Hui Tu Autonomous County Baoku Forest Farm ,Qinghat 810100, China

Abstract ;. Understory herbaceous species diversity plays an important role to maintain ecosystem services in arid and semi—
arid areas of northwest China. Exploring its related influencing factors can provide a theoretical basis for the sustainable
management of artificial ecological public welfare forests in the eastern Qilian Mountains. In this study, coniferous pure
forest, broadleaf pure forest, coniferous and broad mixed forest and mixed coniferous forest ( planted forest) located in the
eastern (ilian Mountains were selected as the research objects, and a multivariate parameter prediction model and structural
equation non-parametric effect model of herbaceous species diversity were constructed on the basis of correlation analysis.
The relationship between multiple factors (stand spatial structure, stand non-spatial structure, and environmental factors)
and the degree of influence on the diversity of understory herbaceous species were explored. The results showed that: (1)

among them, the number of Coniferous and broad-leaved mixed forest species was the largest, with a total of 132 species in
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129 genera in 39 families. And in the coniferous and broad-wide mixed forest, Elymus dahuricus, Lolium perenne , Fragaria
vesca, Carex spp. are the dominant species. (2) Pearson correlation analysis was indicating that mean diameter at breast
height, mean tree height, angle index, mingling degree, neighborhood comparison, and slope were significantly correlated
with herbaceous species diversity (P<0.05). (3) Multivariate parameter prediction model for herbaceous species diversity
was indicating that the diameter at breast height was the key factor influencing the Simpson diversity index. Slope was a key
factor influencing the Shannon-Wiener diversity index. Angle index and mingling degree were the key factors affecting
Pielou’s diversity index. Mean diameter at breast height and mean tree height were the key factors affecting richness. (4)
The structural equation of herbaceous species diversity was not effect-based model indicating that stand structure was the key
factor influencing herbaceous species diversity ( P<0.001) , and environmental factors were important factors influencing
herbaceous species diversity ( P<0.05). Among them, angular scale and mingling degree were the main stand spatial
structural factors affecting the diversity of herbaceous species, the mean tree height and mean breast diameter were the main
stand non-spatial structural factors affecting the diversity of herbaceous species, and Slope was a major environmental factor
affecting the diversity of herbaceous species. Moreover, slope not only had a direct effect on herbaceous species diversity,
but also has an indirect effect by affecting stand structure. Therefore, in the subsequent forest vegetation restoration
measures, the spatial structure of forest stands should be considered to form randomly distributed heterogeneous multi-layer
mixed forests to increase photosynthetic use efficiency and follow the theory of niche complementarity, so as to improve

herbaceous diversity.

Key Words: herbaceous plant diversity; structural equation model; Stand structure ; Environmental factors
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Table 1 Basic information of the plot

M3 FERF FEARFFAE BIfE Fieni| bR 5 5 R AL

Forest types Tree species Basic characteristics Mean Range Standard deviation Coefficient
LARURLIVEN =FZ AT/ (Fk/hm?) 1771.88 347.00—3438 825.25 46
Coniferous pure forest  [BI#f] -4 DBH/ cm 11.52 0.70—24.26 11.53 36
A SEHIREE H/ em 4.65 0.70—19.04 12.23 32
ELIEUN W /m 2562.50 2104.00—2674 258.68 9
¥ Slop/(°) 6.45 0.00—350 23.21 28
9zl 0.67 0.60—0.70 15.10 25
IFE] - 2l A e AT/ (BR/hm?) 1083.33 1000.00—1175 87.80 8
Broadleaf pure forest V942 DBH/ cm 16.04 12.96—20.04 2 22
IR H em 9.75 8.28—11.78 1.81 18
3/ m 2886.66 2880.00—2900 11.54 1
Wi Slop/(°) 27.67 24.00—33 4.73 17
HBpA 2 0.69 0.63—0.70 16.31 24
FFRETRASHR Py RREAR, - AT BE/ (BR/hm? ) 997.78 174.00—2778 357.78 36
Coniferous and broad =~k [l SEH 1% DBH/ em 17.38 2.56—28.16 67.00 38
mixed forest SEHREE B/ em 11.58 1.67—19.39 4.95 42
i/ m 2710.22 2463.00—2930 162.73 5
Wi BF Slop/(°) 24.92 0.00—45 10.04 41
B FA 2 0.66 0.61—0.72 14.90 26
B IR AT =kZ: VEHR AT BE/ (Fk/hm? ) 1479.5 1188.00—1771 412.2 27
Mixed coniferous SE-Y 945 DBH/ em 17.79 16.37—19.21 2 11
forest SEHIREE H/ em 17.96 15.59—20.33 3.35 18
TR/ m 3037.5 3035.00—3040 15.72 1
e BE Slop/(°) 20.5 16.00—25 6.36 31
AR EA B2 0.7 0.65—0.73 18 29
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39 BH129 JE§ 132 Ff, HUOWEF SO AT 32 Bl 63 J& 83 Fi; IENT SRR T AL 24 B} 38 J& 45 Fi £
MRS N BA L 17 B} 19 J& 21 F; AR 3 w0 ST alipkrb DIBPRERE 2 B BFE 482 M L3
FEAEHIH 43.8% 21.8% 7.6% 5.1% , - aidk e DIBF RiAg | s R R RN R #R i Sl 5
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R2 4 MMETEREYHK
Table 2 Composed of herbaceous plants under four forest types
MATZEAY Forest types B Sum

,TIA
io.of families ! I i B gL
JEEL gk ’ gk JRAEL Fh L :

2%} Compositae 16 28 28
R} Leguminosae 12
F A Ranunculaceae
1Rl Rosaceae
H4AF} Liliaceae
SR BRF} Preridaceae
St KF} Crassulaceae
FF} Polygonaceae
ARl Caryophyllaceae
R Campanulaceae
228} Orchidaceae
He 4 L #} Geraniaceae
HFIEE Primulaceae
ZHF] Rutaceae
KIEE Equisetaceae
PHEEL Cyperaceae
HFRE} Urticaceae
HERL Violaceae
BREl Pteridiaceae
¥R} Valerianaceae
TLARAERE Adoxaceae
AL Umbelliferae
ARAB} Gramineae
JETER} Labiatae
% 5%} Scrophulariaceae
+F 4Bl Cruciferae
/NBER] Berberidaceae
¥R R} Verbenaceae
K&k #l Euphorbiaceae
228 Onagraceae
PE R} Rubiaceae
LER] Boraginaceae
TR} Santalaceae
JEH-BEF} Saxifragaceae
JeHE} Gentianaceae
FZ=Fl Rhamnaceae
ZHii R} Plantaginaceae
BESEF} Papaveraceae
HWRFF Woodsiaceae
5ii % B} Thymelaeaceae
HiE} Solanaceae
ST ER} Juncaceae
BTt Total 63 33 38 45 129 132 19 21 130 156

I .4 4lidk Coniferous pure forest; Il . FE2i#K Broadleaf pure forest; Il JEFRETRASHR Coniferous and broad mixed forest; IV ; £ IR 3K Mixed
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Table 3 The main species and important values of herbaceous herbs under the four forest types

LSS EEYR(EEH) LA/ %
Forest types Main species( import values) Sum of import values
Shbabk W5 (0.438) + A 10 (0.218) +HFHEEE (0.076) +46 27 (0.051)

. Fragaria vesca (0.438) + Lolium perenne (0.218 ) +Avena fatua (0.076) + Bromus 78.30

Coniferous pure forest

I -4 bk

Broadleaf pure forest

BRI AR

Coniferous and broad mixed forest

B SHR

Mixed coniferous forest

Japonicus (0.051)

PP RIS (0.254) +FFER (0.119) +28 42 5 (0.062) +227(0.047)
Fragaria vesca(0.254) +Artemisia sacrorum (0.119) +Lolium perenne (0.062) +Carex 48.20
spp. (0.047)

PEHE(0.307) +HEH(0.160) +EFHAE(0.146) + 2511 0.079)

Elymus dahuricus(0.307) +Lolium perenne (0.160) + Fragaria vesca (0.146) +Carex 69.20
spp. (0.079)

PFEIAE(0.203) +EE7(0.183) +123%(0.105) +HEHHET(0.086)

Fragaria vesca(0.203) +Carex spp. (0.183) +Aconitum carmichaelii (0.105) +Elymus 57.70

dahuricus (0.086)

3.2 MArERE

MR 4 T ST XN ARG P IR SE FE A RUBE  R/INEE 350112 0.18 ,0.23 ,0.49 5 BRI F- KA A B2 |
PO 4531 R 0.63 ,1930.00 ; AR T BEASE- Y4 32 5 Z8E0%: | Simpson ZFEP:H8 % . Shannon-Wiener 22 FE1:
BEL Pielou 451485573 7 6.54 ,0.55 .1.14 0.60; - 58 & /K &t | L4588 2 )5 B | 18 R 1 430l o 22.60
42.50,32.00; EHOK TR | HIEURIE | JE 52 A AR, AR A AR E LU AR AR X R A, (BN TR S) h
JiE 55 BETRAC , R 2 BE R, B b 2 R PR AL AR

R4 HMETEERRE

Table 4 Basic characteristics of variables in the sample plot

AR i M0 A% WU G ¥ifE FrifE2 AR5 R EL
Variables Observed variables ~ Value range Mean Standard deviation Coefficients/ %
S A AL/m 2104—3074 2665.27 259.21 9.50
Site condition SL/(°) 0—33 14.40 5.3 38.00
TS Swe/ % 6.33—68.45 22.60 9.67 38.00
Soil condition Ht/cm 12—60 32.00 5.44 17.00

St/ cm 15—55 42.50 9.45 22.00
25 (B 4544 w 0-0.42 0.18 0.075 42.00
Spatial structure M 0-0.52 0.23 0.08 34.00

U 0.35—0.56 0.49 0.045 9.10
k2 [m) 25 DBH/cm 0.8—20.04 8.68 4.58 52.00
Non-spatial structure H/m 1.6—18.44 9.27 3.82 41.00

C 0.3—0.76 0.63 0.16 25.00

A/a 10—53 20.85 8.60 41.00

Sd/ (#k/hm?) 399—3438 1930.00 755.00 39.00
ZREE S, 1.4—11.00 6.54 2.30 35.00
Diversity H 0.07-0.78 0.55 0.16 29.00

J 0.15—1.82 1.14 0.36 32.00

D 0.08-0.86 0.60 0.17 28.00

AL M3 Altitude ; SL. Y58 Slope ; Swe : 1355 7K Soil moisture content; Hi ; JE 58 B /5 % Humus thickness; St: £3EIEE Soil thickness; W £ )R
J# Uniform angle index; M : R 3Z# Mingling degree; U: K/NEE Neighborhood comparison; DBH ;-3 i§7% Mean diameter at breast height ; H : “F- 2154 &
Mean tree height; C; fil A1) Canopy density; A ; bk age; Sd: #7325 Stand density; S, : #)FP 325 J& Species richness; H; Shannon-Wiener £ k15
$;J, : Pielou 5] EHE%L; D ; Simpson $5%X
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3.3 MROPEEHGFIERGE PR 1 X RO Fh Z2 R Y S e
R A AR AT SR E AT . B3R 5 TSP AR PRI R U TRACHE R/INHE IR S S A
ZRAEIRRL(P<0.05) o Wil SRR RS F X0 SR RN FE R OEE  WiRh AR TR A S A
R GRS W IEAE
®5 MOHEHETFRERTESHMEREBHEXE

Table 5 Correlation between stand structure factors and environmental factors and diversity index

Shannon-Wiener

Simpson ZFEMEFEEL

Variables index : Shannon-Wiener Pielou uniformity index Richness
diversity index
SR 5 Mean tree height -0.161 -0.223 -0.107 -0.323*"
S35 4% Mean diameter at breast height; -0.260* -0.272* -0.172 -0.275*
K/INHE Neighborhood comparison;; -0.2 -0.270" -0.127 -0.334**
£ R JE Uniform angle index; 0.273* 0.163 0.227" 0.157
IRAZHE Mingling degree 0.304* 0.272" 0.103 0.152
+- 357k it Soil moisture content -0.007 -0.091 -0.059 -0.081
Y Slope 0.288 0.281" 0.323" 0.186
+- 3R RE Soil thickness -0.061 -0.116 -0.048 -0.189
J& 5 )2)% Humus thickness -0.04 -0.089 0.032 -0.196
IR Altitue 0.104 0.069 0.155 0.049
Mt Age 0.018 -0.039 0.007 -0.07
ARFAEE Canopy density -0.142 -0.147 -0.143 -0.165

# Fe/8 P<0.05, % F/R P<0.01

eI 25 15 BRI A R 2 6 R, 4% (B 07 R A 005 R ECR A, T WU 45 [A 5 X BEAR )
P Z RSN L, SRR BAS Simpson 22 FEPE R B B I 1 R P B g 42 5 SR AR T B2 Shannon-
Wiener Z2FEPEHE XU SCHE R T O3B ; B2 Pielou Y2 P48 KU SCHE R 108 A1 )UK TR ACHE s jE Wy i =
JE B S HE R 1o S A PRI

®6 MOHEHETF HMEEFERTERYHESHEENSTEIRGRE

Table 6 Multiple regression equations for stand structural factors, environmental factors and understory herbaceousspecies diversity

YR ZFENE Species diversity [B] )5 )7 & Regression equation R?

Simpson ZAEMEFEEL Simpson diversity index Y=0.375DBH 0.191
Shannon-Wiener Z 4541 Shannon-Wienerdiversity index Y=0.398SL 0.197
Pielou ¥J5] #3844 Pielou uniformity index Y=0.323W+0.275M 0.407
FH ¥ Richness Y=-0.481DBH-0.132H 0.337

PEHT R & R FIAZSH )y BB RL (] 2) o 28 H B (bootstrap ) 1B 1E e B4 G B R 47, Horp-RO7 A H
(X*/df)=0.98 , WAL EEFE AL (GFT) = 0.98, HLHGE B Hs 4 (CFI) = 1, % (B35 B 45 50 (TFT) = 1, B0 35 Jic 45 41
(NFI)=0.98, A BEFEEL (AGFT) = 1.05, ] F TR IR Z N E R0 F ARG R ZREME . R EHRE M
5325 254 Ry 25 ] S5 A8 X FEA A Z RE PR W0 3= & B2 XA 1 il 252 1 ( P<0.001 ) 5 3 FE X A )
Fh AR R & B W5 (P<0.05) . MSEI RECRE W B AW Fh 2 VEH8 £ i e K T 28
WA R 23 (BS54 (0.60 *** ) SARArARZS IR 2546 (—0.36 " ) S (0.24 ° ) 5 XA YRl =2 5 S R e K i)
AR AR R PRI 23 [ 2540 (0.98 ™ ) >R AEZS 4544 (0.5 ) SHEE(0.08 7 ) o G5 Iy BT AL J3 A1 45
Z BRI 25 A S B A W b 2 AR P B S B R T (P<0.01) |, BRES IR 12 52 i B A ) b 2 A 1k ) J 2 T 1
(P<0.05) , MRAFAS A S5H MRAE 28 (R G548 X B A ) R Z2 A PEFR £ W0 Ah = & BE 15 R TR0 5 17T 3% 5 % L
AP AR E W Ph =F AR L R RN, gk B X 22 R M B BN S 0.33, [H] 423K
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T A7 —0.09 ; 35 BE X b =F 5 BE A9 BLAZERLN R 0.20 , (RN R —0.12 (3 7) , MAras [ 254 T 45 W48 2 (fA
R JRACEE /N B B F20 0 43 3R 0.24,0.20 0. 19 ; AR AFIEZS (81 454 T & W28 1 (P20 & 240
1) 1 7 28 ar 43931 h 0.99 ,0.83 5 M 22 FE MR BT 45 WA A% B 5 (Simpson 2 #1445 % | Shannon-Wiener
ZAEPEFREL Pielou FI5IPEFRE) 19 B #8457 4391120 0.93.,0.96,0.91

R7T MOEHET REEF XA TER T S HE N RIAR LR Im3e

Table 7 Standardized effects of stand structure factors and environmental factors on the diversity of understory herbaceous species

ERKE Y ZFEPE Herbaceous plant diversity YR F & Richness
T \ \ . \ \ \
Predicton RO BT S A B e,
Direct effect Indirect effect Total Direct effect Indirect effect Total

W Slope 0.33 -0.09 0.24 * 0.20 -0.12 0.08 *

ez [t
ﬁ)ﬂpln ”,*/A] -0.36 0 -0.36 *** -0.50 0 -0.50 =
Stand non-spatial structures

I32 |4k
T2 Rl 0.60 0 0.60 *** 0.98 0 0.98 **

Stand spatial structure

# Fe/n P<0.05, * * % FsR P<0.01

0.98 .69 _06 .04 0_04

[rsapis] [ riamate [k | [k | [Jobk ]
1.20 : R

LULUE TS S

AR LR

RO SR

LULGE 2SR

Simpson £ Atk B Shannonwiener 25 4% 45 %k Pieloud) &) BE a5

‘0.87 ‘0.92 ‘0.83
() ) (D)

B2 MOSEMMREEREFERTEREY SEESMNERHEEER
Fig.2 A structural equation model for the effects of stand structure and environmental factors on understory herb species diversity

el—14 FIRIR2ZE BFERREERE

4 iHig

4.1 4 PRI RARY R Z R

WETELE AR R 4 FlbR IR SRR IR B 156 FhAS, 73 Jm 42 B 130 J& , b o R SSp T mAs i i |
M Z, X SHEIIFE HFFEAE B R IR SO R REAR A TS T A R A, — Ty TR SR ik
BIOMIE E B TR R R G T RO FR S AR R ROARER A TS A E SRR L SOy i
IRACMGIV IR IR IR S 58, AR T AR BRI T 7 I AR R s ]2
4.2 BT TR S5 X A R A LR

WL A /R IREE IR - P B X R AR b RS K WP R A R R (P <0.05) | X 55 5K B I
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ST RFTEAS R B, BB FAY R A A B R T LS 3o 5 R bR 43 R X R A A e 2
P Az TS e vl T35 R A — e R LR M K BH RS A T 99 20 B SRy | R P 45 SRR AR, R K X
Fohi Sy, S RE A R K i) 2Bk B, 55 SR 19 LR h o | R B BRI IRR K SR AR
AR RHI T RARM AR RE 72 Hehh, B K e OGS A bR S 25 R S BEAS TR
FE AR AL RIS R B AR I I R 2R

WFFEAE R bR I3 AR 25 T 25 M X AR ) 22 R R 4 B 0 ol = A A S 35 02 ) ( P<0.001 ), -
Py AR AR P 2 REE A R EAR X AR, SR TR B R S e A B 25 S AR, AR
P L RN TIOR8 - R A8 15 A1 350 i A RE T A/ R AR X R P e A 8 A 52 b 70 2 1
2, 1 R AR SRR TR BOAR RS 4 P AN, PR AR A fl 2 g | O AR A i AR A
PE TR0 R PR

WFTEAE R s R 28 R 25 R X REAAR ) A b 2 A 1 2 38 0 ( P<0.001 ), Hirp o JUEE (TRAZ
JFERAEFIART AR, X BN g R — B, 1302 B BRUR A A K I DGR, RIS st T T
MREEIE oA (FRE) WA T el J= FOMR el 18] B85 20, b A BT 5 559 32 THRE S0 (A b PR e 2 T s Jm AN 45 2L
TR EESEW TR AR REAR DG RN A AR A R A A KA BB Y

A IR | SRR A S RO R G (e A ARIE LI AR PN TR A5 D REARAIR, An iy 2 55 2
AP AR N TR E A R BAT H S, AT R B 2R e P2 Ae RO TRAZ B
MM T REAAE ) 2 REVERI S B R AR S5 A TR 7, PR, B8R o R AR R 2 B, T A AR 454, AT
FER AL H 7 R AR 7 AR W) o Z2 R B S WA BIL ] SR 5 B 3 3 Rl ) U 25 72 X AR 2 R Y
SN A4 R RIS E I 5 RS 22 A i S IREAS R 4207 a8 WA ZAEER 2R R 2R

5 #ig

4 PRI N AR RS WA R 2R i RO SEAA IR R R AN B A 1 i) S B I 7
RBE IR TR AR R AR PR R F 2N T, RO 2 T 250 PR3 AR 2 R S5 A 0 FEA W b 22 AR 1 2 R B %
IO, FCrb A RO TRAZ B S R R AR W) b 2P 1) S BObR I3 25 (] 25 R DX 1, P S5 8 g - B A S 5 i R AR )
P ZREE Y T2 ZAR AR ZS I AS A DR 1 330 R AR Wy 22 B AN (A7 A B 00 i L 388 1o 52 Wb o 45 4 7
A TRIERIONE A, 2% R 1 X 25 R P RO S 0 DR A R0OA () 3R B AR 22 e | P B A B R AR T R
Simpson ZFEPEFEEURI OCHE R s W FEJESZMAAK N HLA Shannon—Wiener ZFEPERS R SCHEH - /i RUBE TR AC
BEJEREMA Pielou B SIVE RS RO SCHEIN 1 PR M P24 o S ma = o BE i G B Y 1, AT AR A
23 RIS PR GE A AR 25 (B 25 R S R 25 Sy AT N T IR B B4 b o PRI, w3 oo R 2 [ 45 44 F) B
LA, T IS REAIL A3 10 5 B2 JRAR SR, DL e G AR i 2 | S i LU AR ML X A N T A 25 8 i AR ]
ENES Sy e/l Stilioe ST
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