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diversity and the key soil factors in mountain ecosystems, and to disclose the important role of soil factors in plant
community construction and diversity maintenance are the basis of regional biodiversity protection and the comprehensive
improvement of the ecosystem service function. In the present study, redundancy analysis (RDA) and correlation analysis
were applied to reveal the relationship between the vertical distribution pattern of typical plant community diversity and soil
factors on the eastern slope of the Helan Mountains. It was found that the plant community diversity had an obviously vertical
distribution pattern. The plant species of mixed broadleaf-conifer forest were the most abundant, with an obvious mid-
domain effect. The plant diversity at different layers showed different trends with the increase of altitude and each of them
showed significant differences between different altitudes (P<0.05) , and the general expression was herb layer>shrub layer
>arbor layer. Changes in soil factors along the altitudinal gradient were different, each of which showed significant
difference ( P<0.05). Among them, soil moisture content (SM) , soil organic carbon (SOC) , and soil total nitrogen (TN)
had the largely spatial variability. The soil nutrient content of alpine shrub meadow was the highest, and there was high soil
P limit in high altitude areas. Nine soil factors were strongly correlated with the plant community diversity and explained
89.68% of its ecological information. The key soil factors that impact the vertical distribution of plant diversity for different
plant layers were different. In conclusion, the SOC, pH, C/P ratio, and SM were the dominant factors affecting the spatial

distribution of plant community diversity on the eastern slope of the Helan Mountains.

Key Words: Helan Mountains; plant community diversity ; soil properties; altitudinal gradient; vegetation-soil relationship
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T2 3580 B A T3 R 1L o s 4 2 ) 2 R PE R s T R A0, S8 T IR R s ) ) 2 REERE R L AR
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T BRI A R RS MR e Ay T E R T M SE g (B AR R B —
BRI AIZ D X TR i i 5 2R e R 0 O R IR k= ol . BT ==l bl ek S
) ( Panthera uncia) JR( Canis lupus ) S KBV RSN, 78 2 09 & W08 IR IS IR 3 & 2 & 1 3 805 3 ( Pseudois
nayaur) FIEFEECE 20 ARBRK T 4 A5 REBE R G U M S TR Ak, REES RS T R, P B 2 1L A
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A SFE PR T AR T R S SRR AR 5 ST O 2R B A
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3000 m, FHXTEEE 1500—2000 m, MIE R L BE itk K, 2B B INA, &4F T2 /0W, 2K, g 7R
Fu T H BRETECE T 3000 h, BEHEER AR, KSR I A 22 5 TR 1110 m & FIEAE
JZ I 3556 m ARSI 9—-2.8 C , AF K & H L2, 200 mm Z#THE N E 016 500 mm, 24 K S TE
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BT ARIE DA i B A YR SR | Ll b e bR v LU A B
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A A R B 2 LR A e TR R A ) A SR R T A e B 2 LA A A R R 1 22 Uk S B R 25
B e BRI A ML | E S A AT SR 2021 4F 7—8 A MW A Kk SRR g I, VIR RS 1457 —
2920 m, BT 1500 m Y L BRI S AR g S 14 DREHLIET T/ B (R 1) Mg A
B 9W(S5 EH 61K) . TERAFEHENARIEREVS 25 M BENL A e AL D7, RV TR ARFE T (20 mx20 m) PN 4351
WEBEAFET (5 mx5 m) FIFAFET (1 mx1 m) TR R A, 2 R YRR AR A A TR IC SRR N
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Table 1 Overview of the plant community in the study areas

o . . FRR A Rkt R A . o
WK i * il - f
. Vegetation Community ~ Number of family, . . Importance
Study area Sample Altitude/m . Dominant species
types structure genus, and species value/ %
SI-1.S1-2, P e YN Caragana stenophylla 75.78
S1 1457 TR LI TEE - 8F14 )& 14 e .
S1-3 TR IR - 4R 147 K155 Stipa bungeana 52.33
S2-1.82-2 N FIHELE Convolvulus tragacanthoides 62.45
S2 ) : 1785 WILEM - R2F16)E1 .
S2-3 HRLEA -5 FrIGJE 19 7 JRAG58EDS Phlomoides dentosa 26.68
e — s D -
N T2 Picea crassifolia 45.89
-1.83-2 if] I - \ . L
S3 :; 3‘53 A 2090 f:; ]E *; Tr-E-E 24 B} 42 J@ 52 Fip BT Ostryopsis davidiana 45.45
) . FRIEBE Carex allivescens 20.03
4.1 542 HWE K Picea crassifolia 72.49
s4 TUT 2440 WiEsh R 16R 208208 EEE/NSE Berberis dubia 36.41
S4-3 S .
BB R Carex allivescens 54.46
e LLE A [ . /N4 FE M Dasiphora parvifolia 100.00
S5 S5-1.85-2 2920 . TEE- 13721 )% 24 .
X i fi) - FR21 /R 24 F TR Elymus nutans 22.36
it
34 F}74 & 102 Fp
Total

122 +HHERERCRE SIE
FYIRE IS WA S 58 FEREDT N TS R AE 0—10 em HIC S 2 AH R 19 362 1+ 30RE 5 78 /IR S R T
B ANRARE 20 (AL 2.0 mm) ZBRAGAL S RHA T 55 24 5 26 ARSI H BHESPIRR R S0 86 =, +
HERERL AL 42 0 . AARKTRIFES 5 2 IRC R A0 A0 AT (55 = AR ) TS - R AR | SR 3 4% R 40 A0 I #AV
A0 A BLEK (SOC) (HILIRE AR E 2 A (TN) 2 AL BIE Rl —EH BT L A 4 (TP ) L HE 10
FE TR E (SM)  HARIENE pH (E( 7K 1:2.5) FIHL SR (EC)
1.3 HdEgit 5ot
1.3.1 HEESAEY Z MR EOTE
| FH B ZAH (importance value , IV) fii A D) W) AP AEREIS G500 a0 A S BB TR AT .
IV e g = (AR 35 ARG B + AR R ) /3
IV gy = CREX 1 B2+ AH X 25 B2+ AH R 95 J3) /3
IV sy g = (AEOGT 15 B + R X8 J32 + AF G 25 B +FH XA ) /4
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1.3.2 Hdln i3 Kot

AR TR 2= 1LAE P E IR 35 ) 45 P EE T3S A 2 L AT %€ o [T Excel 2019 1 SPSS
25.0 XS EUHE A TR A ST 38 P 3 5 25 40T (One-way ANOVA)  HUBOA R4k A 40 v 22 R (R
TD JEAR)Z SI BAZE HI) | e 22 57, 5 2255 1E T2 F Duncan #8221, B S AT iE 1 Welch 3t
253 5 M Tamhane's T2 AT 2 8 S R ST AEA ¢ K55 FL 35T X S3.S4 T AR )Z (Al) H9) ZFE1:
B2 5%, i CANOCO 5.0 #4723 X N 4387 ( Detrended correspondence analysis, DCA) 52 PO~ HE 7 il B
REBEER 0.2, B EAT TUAR T (RDA) BIFFEAE Y 2R S LI T SC R I 18, 1@ 3T Pearson AH G/ Hr itk —
KGN T S ARV ZAEPERR OGHE . HAR I Origin 2021 2376,

2 #R

2.1 HYIREE Z AR B A RHIE

B AR RIS X ALY 2 R VAP TE 35 22 57 (P<0.05) (R 2) o BT, FL U ARV B A
PIZAEAR R R D H' B3I A B 2 WA I AL (B 1) o RE AE 2090 m B iR SSARIA 2]
AR, 7E 1457 m (TR R AR ;D 1 H' 76 2920 m (175 LI FA) A B0 (E | 78 2440 m (Y71 = 2R H B
.

R2 BREWAEEBREVEESHNE

Table 2 Plant community diversity at different altitudes in Helan Mountains

WFFEIX VAR JEIR Yk E Simpson a8 Shannon-Wiener 5% Pielou $5%%
Study area  Altitude/m Synusia Species richness R Simpson index D Shannon-Wiener index H' Pielou index E
Sl 1457 JER 10.67£1.20C 0.62+0.04C 1.24+0.12C 0.61+0.02C
FAJR 9.67+0.33b 0.66+0.02bc 1.35+0.06b 0.59+0.02b
i N 1.67+0.67¢ 0.40+0.00 0.72+0.00 0.66+0.00
S2 1785 JEREN 12.33+0.88C 0.64+0.02C 1.2320.04C 0.72+0.04B
AR 8.00+1.00b 0.75+0.01b 1.55+0.03b 0.76+0.05a
A 4.00+0.58b 0.53+0.04b 0.90+0.06¢ 0.69+0.12a
S3 2090 JERIN 34.67+2.96A 0.77+0.01B 1.83+0.07B 0.86+0.02A
RN 24.00+3.51a 0.90+0.02a 2.59+0.16a 0.82+0.03a
HARZ 8.50+0.50a 0.74+0.01a 1.73+0.02a 0.81+0.01a
TrARZE 3.33+0.33a 0.65+0.02a 1.12+0.07a 0.94+0.02a
S4 2440 JEREN 13.67+1.86C 0.58+0.04C 1.10+0.08C 0.79+0.03AB
HiAR 2 6.67+1.45h 0.60+0.05¢ 1.21+0.18b 0.65+0.01b
A 4.67+0.33b 0.76+0.04a 1.42+0.04b 0.93+0.04a
TeAR)Z: 2.33+0.33a 0.41+0.07b 0.66+0.14b 0.78+0.06a
S5 2920 JERIN 20.50+0.5B 0.87+0.01A 2.29+0.06A 0.77+0.03AB
FARJZ 19.50+0.50a 0.87+0.01a 2.29+0.06a 0.77+0.03a
HEAR)Z 1.000.00¢ — — —

BOR BRI AR R (R R 5 P )RS R ROR B AR I T 22 A VA8 B A ) 4 18] 22 57 (.35 (P<0.05) 5 [ B AN [l /N =7 b
FORTT T TR A R — JZ A TS 2 R AR RO A IR e 4 1) 22 57 .35 (P<0.05)
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WE 1 PR, SN 2R 2R R IR R B AR —B, FOA 2 (1457—2920 m) HEY) ZFE TS
B R H'FE 5 2B HA—FH R E FEEBUE R FETE ST 1R SR B i K, & Z RV B A ) i
PREIE EIRIL 2% 2557 (P<0.05) . #EAR)Z (1457—2920 m) Y ZAEVESR B 5 SRR AR —2, D (E
FEEEAE T 1 oA MGE B e, B R R A, R H 8 BB 7R B IR TR S AR D R0 M, TR 2 (U 2 FE M4
BOE AEHERBRE FIRAA B3E 255 (P>0.05) , TR K2 (2090—2440 m) A8 ) 22 FEVEHE B8 Bt v 4k T s T AT
TEAH IR B S BARARAE—5, D H 385U .35 22 57+ (P<0.05)
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40 5 30,
52
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&- Eg 057
0 | .‘_—__'. T~~a 5),}:% 0
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®
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o= 08 xS o8 N
2 &5
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ES04| &- ! T2 04t
% = o
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B1 BEELEMEESHUERERNTL

Fig.1 Changes of plant community diversity with altitude in Helan Mountains

2.2 A[FAEHER 4 HEN T3 B AT RFE

XU L b 5 Rl ORIV 1Y - IBRE AR MT A B (3R 3) |, BEifE 4K 717, SOC TN . C/P [ SM By
PRI AR ACREAE , 349 52 ST e P e A AR At e LRSI Ay v L A > I IR SRS T 1 S A MR > 1
LLIPEE AASSEBERE T s pH R B 5 Z AR A A R 3, B SS R TR AR, EC 22 SRR AITR T s m9 A2 AR A ik, £
HE C/NTE 1457—2090 m SIS AR FeAS R B MR [, + 398 N/P U B 4R IS T 0 AT
TERARB ST IX SV T 3753 5 Bk S LT Bt PUA7 A 3 2253 (P<0.05) , 13 SM L SOC TN 7EMHRBRIE A7 R4
REzs ) S5, o SOC 15 TN A8 R B , XK AZ A S A — Sk, 7T UL, BERESAORE BE 3 i, A
[FIR AT -3 C N P FR 5 & A A A A R i AT S 2P

®3 BHELUFRBRLIEMER

Table 3 Soil properties at different altitudes in Helan Mountains

527 bk Ko e THRSRE BISKE

Altitude/m SOC/(g’kg) TN/(g/kg)  TP/(g/kg) pH EC/(ps/cm) SM/ % N wr VP
1457 12.55+1.41d 1.50£0.12¢ 0.45+0.02¢ 7.83x0.04b  231.83+12.62b  0.22+0.03d 8.42+0.62¢ 28.23+2.79d 3.41+0.30c
1785 19.21t1.11¢ 1.90£0.10¢ 0.44+0.02¢ 7.8120.01b  190.39+3.56¢ 2.39+0.11¢ 10.21+0.56b 43.25+2.35¢ 4.27+0.20c
2090 79.57£2.17a 5.97+0.35b 0.87+0.04h 772£001c  180.12+13.96c  13.32+0.84b 13700902  93.22+5.69a 6.87+0.256h
2440 56.83+3.04b 5.75+0.18b 0.80+0.02h 7.99+0.02a  197.21+12.92bc  10.72+0.52b 9.92+0.51be  71.66+3.89h 7.22+0.15b
2920 82.84+2.71a 9.99+0.25a 0.97+0.05a 7.70£0.03¢  412.00£25.05a  21.23+1.74a 830£0.25bc  85.98+3.70a  10.39+0.48a
SEHI(E Mean 47.87+2.51 4.67+0.297 0.69+0.04 7.82+0.03 230.19+19.40 8.74+0.87 10.24£0.94 62.93+5.24 6.15£0.40
ERRI % 62.89 64.24 33.33 1.53 37.30 86.38 25.88 43.86 39.67

Coefficient variations

AN/ NE R ] — LI N F AR RN 1) 22 5 .35 ( P<0.05)
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2.3 MRS ZREMES R FH RDA HEFP

TORAT TR M AR T 8% 2 LU R R AR JZ A W A v 22 1 e L 43 A0 R i 55 S [R) 38 R - =2 ) 7 G R
(F 4) ,Monte-Carlo K56 /R HEF 25 AT A5, VAR Z AT AR )2 B TREA R 5D ARl i A 56, iSO B A Fn 7
AJZ RDA HE P25 SR T U, SRR AR A 22 R — - 72 1 2 HETF 3l A 5 R 00500 0 0.983
0.976 F10.974 .0.845 , FH¥) ZFEME— T3 T R REUE 43 HL a3l ik 95.4%F1 95.7% , R, Aif 2 HEFy il ae 4
UF I SOV AB IRV AR S R IR

x4 W LEYEEZHMENTEREFH RDA FITER

Table 4 Results of redundancy analysis (RDA) between plant community diversity and soil factors in Helan Mountains

+3ERATF SAAEHIEEYE Total plant community HAJZ Herb layer
Soil factors RDAI1 RDA2 F P RDA1 RDA2 F P
ALK SOC 0.8437 -0.2093 13.7 0.002 ** 0.6675 -0.2582 0.8 0.502
S8 TN 0.7392 0.0642 0.8 0.518 0.5019 -0.0589 0.4 0.672
S TP 0.7444 -0.1126 0.4 0.784 0.5320 -0.2554 1.8 0.19
AL C/N 0.4998 -0.6292 1.1 0.368 0.5883 -0.3564 1.2 0.332
kL C/P 0.8258 -0.3659 1.6 0.218 0.6951 -0.2572 9.2 0.008 **
AW N/P 0.6956 0.0127 0.2 0.888 0.4716 0.0043 0.4 0.676
pH -0.6691 -0.3228 7.1 0.004**  -0.7274 -0.2663 10.5 0.002 **
B 5% EC 0.3581 0.7427 8.1 0.002 ** 0.1397 0.3625 1.8 0.192
Fok A SM 0.8059 0.0190 3.5 0.034* 0.5961 -0.0642 2.9 0.084
FFIESEL Characteristic parameter
FEIEMH Eigenvalues 0.709 0.188 0.822 0.052
ZREHE—ER A2 R 2L Correlation 0.983 0.976 0.974 0.845

P
iﬁrﬁfﬁ X;lion o 75.40 95.40 89.90 95.70
TR
SRR 1% B 56 Monte-Carlo test F=10.5 P=0.02 F=18.5 P=0.026

# 7 0.05 MK BN b B EAE, + + £F 0.01 BYZKF- (BN b 2 240 ¢

VEEEHT 2 WA bR Y Z REPE RN 38 N 719 423 (6] RDA HEFF K, BRI 2 RErE S 38 N T-HE R 45
(B 2)  HEE R T ke T RS8R 70.90% , 5 SOC .C/P SM TP I TN FAH PRSI, HEFF il 1T fi ke 1 4
Y 18.78% , EE Mk HHE EC C/N 52, ARSI A FNET Sk i R/ Bos SR ZREME %80 D \H' R
5 pH BHMXEKR, 5HM AN TR IEMRE,E 5 pH Fl EC 05, 5 HAb + 38 N T2 IEAH X A P
KT ,SOC EC . pH FI SM XJ %% 2= LLAE P40 o 22 W P T R0 3 A A1 25 59 A0 v J3E B A O, R URG2&: C€/P LC/N,
FRZEY Z RS DIEN P 2R WoR (B 3)  HEp il 1 =% s 158 pH C/P SOC A1 SM 1520, HE
Fh I s 58 EC . C/N B9S2 s pH  C/P 2 i 3 52 1 B AR J2 Al ) 22 A 4 3 1531 1) 3B+ (P<0.05) , 3
YN SM FI TP ; HA ZAHY AR S R D H' E 315 pH BRAHKR KR, 25 L, B2 IR A3 35 N
XTAE YIRS Z2 FEE VR AR 075 i — 20 AR A FLAH DGR B
2.4 YIRS Z AR RS R IR R A e

FLF RDA HEP 255 R BT JE R 2 Y ZRE AR 5 1IN T AT G T s R B (£ 5)
YIRS ZFEE S IR R - [ SR B A A OCPE . SOC TN TP ,C/P \N/P SM 5 BUAH Y ZHEPEFR B R
D H' E 2 WEIFFX(P<0.05),C/N 5 R E,EC 5 D H' 5 %EIEM % (P<0.05) 1 pH 5 R .D H' 2 0¥
TS (P<0.05) . SAIEZEUCREARAY Z 41 0 2 AH 1 48 7R TR, Ho SOC pH ,C/P (SM 5 FiAR
JE R ZREEA DGR R, SOC . pH 5T A JZHIH 2 BEE A SR8, B T pH EC ,C/N 4b, Hifth + 3 K 11
SR ZMY ZHE B EAHE(P<0.05) . 25 1, 0T LU HAEY) Z 52 2 - 858E 370 B A S Ak 2s it i
Fb 8 3 [R5
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VAR 2R AR S R RN R 45 52 M (s LV Vg A S5
BEIFRE BTE U B g B X el O A I AR
AE R A A Jay ) 22 AN Ti) A 9 5] IR o el 45
TS LN R Z KA ) Z AR L AR e 25 7
AWFFT I DAY 34 BF 74 J8 102 B, 522 I0AEY)
SRR 12.39% ) W B TR B4 A AK R S HE T ¢
B (mid —domain effect)” R BI7E g4k
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Fig.2 RDA ordination between total plant community diversity
and soil factors
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Fig.3 RDA ordination between plant community diversity and
soil factors in the herbaceous plant layer
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Table 5 Correlation between plant community diversity and soil factors

e - - " + 3 e
EC SM
FSUIN R 0.786*  0.592*  0.676**  -0.554" 0.036  0.678""  0.622*  0.798** 0.549
Total D 0.679°*  0.698**  0.629*  -0.712**  0.614* 0.739**  0.21 0.604 * 0.639
H 0.697**  0.731"*  0.650*  -0.730**  0.668** 0.768**  0.163 0.616* 0.679 **
E 0.796**  0.602*  0.674** -0.244  -0.094  0.664**  0.690**  0.879** 0.622*
LR H-R 0.725**  0.474 0.593* -0.535*  -0.077 0.566 * 0.728**  0.762** 0.425
Herb layer H-D 0.538" 0.449 0.434 -0.813** 0269  0.535" 0.393 0.527 0.409
H-H' 0.675**  0.536*  0.553*  -0.760**  0.25 0.621* 0.521 0.677 0.492
H-E 0.544 " 0.402 0.393 -0.584 " 0.059  0.491 0.561°  0.626" 0.429
N S-R 0.725* 0.908**  0.802*" 0.4 -0.42 0.866**  0.097 0.677" 0.959 **
Shrub layer S-D 0.856**  0.917**  0.850*" 0.087  -0.501 0.922°*  0.395 0.822** 0.925**
S-H' 0.975**  0.922"*  0.919**  -0.173 -0.481  0.971*"  0.654 0.939 ** 0.875**
S-E 0.553 0.657 0.613 0.28 -0.163  0.601 0.165 0.512 0.649
PN AR -0.936** -0.252  -0.585 0.981°* 0511 -0.78 -0.854* -0.766 0.568
Arbor layer A-D 0.934**  0.394 0.465 -0.872* -0.436  0.761 0.796 0.808 -0.135
A-H' 0.888 * 0.52 0.551 -0.830* -0.496  0.846* 0.702 0.713 -0.089
A-E 0.941**  0.068 0.191 -0.871* -0.193  0.473 0.924*  0.949**  -0.177
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