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Relationship Between Plant Community Characteristics of Different
Vegetation Types and Soil Erosion Resistance in Huangfuchuan Basin

QU Mingming, SHI Xiuhong, FENG Chao®

(College of Prataculture, Inner Mongolia Agricultural University, Hohhot 010011, China)

Abstract: To explore the characteristics of plant communities and soil erosion resistance under different
vegetation types in the Huangfu Basin, the community characteristics of mosses and herbaceous plants of different
vegetation types in the Huangfu Basin were investigated, including 20-year artificial oil pine forest, 20-year
artificial pine and poplar mixed forest, 40-year artificial oil pine forest, 40-year artificial poplar forest, artificial
caragana shrub forest, degraded grassland and bare land. The soil erosion resistance from 13 indicators was
comprehensively evaluated by using principal component analysis. The results showed that the o diversity of
mosses was the highest under 40-year artificial oil pine forest; the species richness and evenness of herbaceous
plants were the greatest under 40-year artificial poplar forest. The surface roughness, saturated hydraulic
conductivity, soil organic matter content, total carbon and total nitrogen content, and bulk density of artificial tree
forest, artificial caragana shrub forest and degraded grassland were higher than those of bare land, while the
average weight diameter, pH and erodibility K factor were lower than those of bare land; the particle size was
mainly concentrated in 10-250 um; the soil cohesion of artificial tree forests was higher than that of bare land.
The principal component analysis indicated that soil total nitrogen, soil total carbon, organic matter, silt content

and surface roughness were important indicators for evaluating soil erosion resistance; the comprehensive soil
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erosion resistance of 40-year artificial oil pine forest was the highest, and that of artificial caragana shrub forest

was the lowest.

Key words: Huangfuchuan Basin; Plant community; Soil corrosion resistance; Vegetation type
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BTG, T b A P AR A A IR B B
TR RRELIEEMmE™ENMX 2 —B, &
I F 2R A BUK LR R S AR om R, S )
T M X AR ™ AR 2SS ) AR B
b g v R R R BTSN E T 4 BRI R I R
71, Z LA B K AME B R LR A R,
e VAl L e RE ) i) AR AR A
Fife R AR AR, EEERGE T R
M58 55 . BFFLEREH, @ LY B S
PV B AH CPE 4 B, BTk ZH B2 R e - 438
ProdPE i S B B R Y. AR 7 ) 14
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o i 7R A R R 7 KOS 438 e P R 52 e DL EE A
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A, FEFTHUAGE ST, pb Ak, HB A IR E N
I B A 22 0 I PUAE E AE R B A A
(principal component analysis, PCA)J& PFA 13 HT
T 1R — VAP s W S8 UOIZE I 5 4 el 2 AN AR
FR 2R AR A B O A B b M ) o S, SR
F Gy o3 M 4 A SRR R B0 T I T M R A
fad. skFESMNES ST, AKEREH
RS E. AV, Puidss. BIZORML. B
FE W 13 B EAT AN R 4 T R AA AR I B
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TG R AR, O R EEHU PR B T AR R K
o FT U, MEHKE S EE B K Rk
X ) ARV B AT I, PTER T R p A,
BEEASHE . HAT, 2 )R K 0K
ARUEBL R e B AU PN L %, (H 1R
P EVE I T A D .

BT B A 16 75 A 5] 4 A 2 T g T B 4t ik
PERERINLEE, FEVPAN HOK L fRFrM . @il i 2
YIS R B 20 a N TR AR, 20 a N THAHS
RAM. 40 a N TR, 40 a N TERIAR, AT
Fy S BEAHR, BB . B AR AR &
BEALPER . I RHE R TR 5 M S R b, izt

X - e BT SO A 5 AR R SR 0
1 RS ¥

L1 BFFXARA

SRR T 587K 22 vy J5L 5 0 b v J R i O
oy, AT E R AL, BT KA E X,
AR E T I E X . BRI s i —
Hh, T R MBS, 5% L
JE& AL T R AUE, IR 6.2 C, FEXRE
KEHN 369 mm, 6 H—9 HBE/KE L 80%. )
TSR S A A D R A7 0 A B Ji R it 23
R EL A A (Stipa bungeana)H.)5 . HEIE
BN LA # A A (Pinus  tabuliformis) #K 1] 44
(Platycladus orientalis)¥K« ## (Populus simonii) AR Fl1
HHA] 43S ) L(Caragana intermedia)EARMEE; Huay ik
RIRMERA A E P A B B (Thymus serpyllum) %
R4,
1.2 FEMUESE

T IG T R AL T 5T A Y 43 b A TR SR
W, FAHE(111°07' E, 39°45' N)RK X A7 T 2 Ay
IR AR R, A 2R IR SRt B AR
(RN —, AT SRS ) A A A AN 4l
IR TR AR ER U . 5 43 M VA AH R BE SR 74
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B, W SR B TR SR AR T, F AR S
FERRRE, R R, HHh I8 B SRS A B
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2023 5 7 H» FERE TEHIEAT RV AL T B AR iR
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Table 1 Sample plot information

st HA A Pt 2L g R ) WG Cm) g o
Location Vegetation type Plot Long1?ude and Altitude TTee DBH/'Crown Line space
latitude (m) height width
URE A 20 a N Ttk QS 111°6'31.94" E 1077.6 4.87 10.01 4.52x1.67
Yangquangou 20-years artificial pine forest 39°45'43.91" N
20 a N TIAiREM QSY 111°6'32.26" E 1075.9 5.73 11.16 3.76x1.77
20-year mixed pine and poplar plantation 39°45'44.76" N
DT A LA QN 111°6'52.26"E  1160.5 1.51 184.00x182.67
Artificial lemon shrub forest 39°45'56.19" N
it QL 111°6'32.54" E 1078.8
Bare land 39°45'44.71" N
Loy v 40 a N TR WS 111°7'40.01" E 1093.2 6.81 12.09 2.30%2.64
Wufendigou 40-year plantation pine forest 39°4527.98" N
40 a N THpk WY  111°7'39.97"E 1100.5 6.16 11.78 2.08x2.83
40-year poplar plantation 39°45'27.55" N
SEY AN wC 111°7'48.00" E 1077.6
Degraded grassland 39°45'32.83" N
EEL B R FESKEET AW S TEAIINE NN
20 X EIEESFE SRS, BEVLER A AT 100 em® 143 3R K 1

PRTTHURE T e v A S oK 3R . # RT SUR SR
£ 0~5 cm 3%, 5y BIEERER S E R ARG S
WwEEN. ZHANTE, PoHER, 2 i,
HARZEGEERN A R Y EREE 200 g
SRR LT IR AR AR, HoA A R PR A
Jaid 2 mm 3T
1.4 f&haillE
1.4.1 3T BT 52

Hby S B N 5 32 Y e 2L MR S KRR
IR TIENON, S A R A P O R S s 120
P SR A R 1 R VR v 2y gl o o R R S
435 A3 B I w0 A e s R A2 g
1458 pH R HAEN ED); A NUR SRR
HER TR - AN AR e By R A, 4
B XA VICRE S OEE .
1.4.2 Yiph Z R

o 2 FEPE & R SEAS PR Bl AR 35 R ) B 2 R
F—MEEE, AWK A Margarlef 3 & & 540
Shannon-Wiener $5%{. Pielou $5%{. Simpson $5%{
Ko BT N T Fh AL 4h R Ja Hh EAE 2 PR

A (V)= 85 BE R 1 BE A0 55 2)/3,

Simpson f8¥( D=1-) (N, /N)2 , Shannon-Wiener

S
B8 H' =-> PInP., Piclou ¥J5] 4L J=H'/InS,

i=1

X, SHIRIECH, NS i FEAMESL, N OSBT
AR REH, PONHE | FHAXT 2, P

KH EPIC BARFHE K HFU, Kepie=

0.2-0.3exp[-0.02565a(1-8i/100)]}

{
[ Si 0.25C }X

0.3
) 1.0 -
Ci+ Si { C+exp(3.72-2.95C)
0.7[1_30‘)
100

(1 - Saj +exp| —5.51+ 22.9(1 - Saj
100 100

W, Kepic &R EPIC #5841 545 2 i) - 338 ] h Pk
K, BN th/(MJ-mm); Sa. Siv Cl. C 451N
IR, WKL BRL. A LR S (%)

Zhang FPURE B+ = F L PRIG oL, R HE L
R R KRB IE A K=-0.01383+
0.5158Kepico
1.4.4 T3 L

A 8 [ R 4 L B AR K /NI 43 AN [ TR R
T o AHIF TR A [ B ) A0 b [ B R AR 2 oA 7 2K,
Iy AE<2 um (BEKL) 2~5 um (ZHF KL 5~10 um
(FFP AL 10~100 um CFHAZRL). 100~250 um (4
kL) 250~500 pm (HHHEPHRL)FI 500~2 000 pm (FH
fbh )26,

1.5 HARHIGE T 47

% F IBM SPSS Statistics 26 1T #.[K & 77 25>
#r(One-Way ANOVA). Duncan % 5 HLE G 5655
174387, KH Origin 2024 3474

1.0- v
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2 SRR B

2.1 1Y a ZRMEFEH

7 RS R, QL R, BR QN 4h,
Fofth 5 PRAE B B H B EEEY /74 QS QSY.
QN. WS. WY. WC FEHh b ¥ B AR Y50 A (R
2). WS HEHE KA N & #¥ HE Y1) Simpson. Shannon-
Weiner. Pielou fRUE N, RIFIXEG UM 2
Yim FEERR WIS WC Tk
AN B EEAEYI) Simpson. Shannon-Weiner. Pielou
R /. WY MR T S AR 1) Simpson.
Shannon-Weiner. Pielou 8% K; WS HH#72M
N E AN Simpson. Shannon-Weiner. Pielou $&
e/ o
2.2 AN[FIRE A 2R B 1) 3B B M R

Hh R BE R R AR R . R KN B K
SEROM LG . REFE 4R T3 (E N 2.80~9.53
(K 1), Hrh QL #A%, WS i, fAfEREE R P<
0.05). QS. QSY. WS. WY. WC K155 &
m T QL, 43N 137.74%- 138.95%- 240.70%-
162.51% 93.08%. AN[FITEH KA IR 45 T)-F 1)
E°4 1.18~2.65 kPa, QN HIEHh 45 J1i /)N, QS T K,

2 GRS AR o Z R

Table 2 a-diversity index of bryophytes and herbaceous plants

5 QL #Et, QS. QSY. WS. WY f-3EF 4/
Sy REEREINT 26.71%- 13.55%- 23.72%- 20.75%,
QN. WC 73 AW T 43.71%- 0.86%, RN
T 2 HE AR AR AR Ab B 1 55 4 A L 3 B 45 )
B, NIRRT DAgem IR 45 7, 20a AT
THRAK T34 St AR SRR 1 &
KFEN 0.34~1.23 mm/min, QS. QSY. QN. WS.
WY . WC ()31 /K ZI B3 =T QL (P<0.05),
B 53 BN 239.48%- 150.92%- 266.05%- 189.67%-
138.80%- 116.48%, K/MK K N QN>QS>WS>QSY>
WY>WC>QL. RN T A7 AR IR T
KEFE R T NLIRARM, Hr QN ) LR F K 5
BT QSY M WY; A T IR A -3 F1 5K
R TR ANFEEPHEA TP EEEA
4 0.16~0.35 mm, HH1, QL Wi K, &3 =T QN.
WY. WC, #IHN QL>QSY>QS>WS>QN>WY>WC,
KB FE S REFL 0~5 cm LEM T ER
Bz,

SERKH, GHEEESNIERRRE . HIREM
SOKFRBE ST N TR S HEARMANIR b B Hh
SRR EIER S S, 20 a A TS 2w 1
FheE 71 ANFRE YRR T B B AR LU

iR b _F A AR Simpson 154k Shannon-Weiner $5 %1 Pielou F5%¢
Vegetation type Epiphyte Simpson index Shannon-Weiner Index Pielou Index
Qs E Y Bryophyte 0.403 0.593 0.855
LAY Herb 0.691 1.384 0.860
QSYy & #¥ {84 Bryophyte 0.428 0.619 0.893
LAY Herb 0.768 1.537 0.955
QN FARFE Y Herb 0.757 1.564 0.873
WS &8 {44 Bryophyte 0.509 1.009 0.919
ELRAEY) Herb 0.535 0.886 0.806
wY # #¥AH ) Bryophyte 0.491 0.831 0.757
LAY Herb 0.876 2.135 0.971
wC E Y Bryophyte 0.299 0.476 0.687
T AKEHA) Herb 0.662 1.699 0.948

QS. QSY. QN. WS, WY, WC L& 1. R
QS, QSY, QN, WS, WY and WC see Table 1. The same below

M 3 AL, R A A 8 K S R I E N
300.37~457.25 kPa, HH QL fix Kk, WY /. QS
QSY. QN. WS. WY. WC 5 QL AHLt43 7 & 2 ik
> 20.04%. 26.48%. 21.57%. 11.10%. 34.31%.
15.89% (P<0.05). QL & =T QSY. QN. WY (P<

0.05), {H5 QS. WS. WC [H][iEZR AL E . (£
B 7 ) AN R At 2 70 1 - 48 X S B 34 SR 0 3 3
G, BIBE A 2 R FE A 1Y 0 - 19 K S R A T
K, HrQS. QSY. QN. QL. WS. WY K+
S FE YA 2 R R A 0 2 5 0 (P<0.05),
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be

cd

Hb A FE S
Surface roughness index
(o)}

ab ab
abc

be

A S KHR (mm/min)

Saturated water conductivity
=)
T

QSY ON QL WS WY WC
HIHEISA Vegetation type

B 1 RSB R e BT . A AR T RROR ZE R B (P<0.05). R

Fig. 1 Changes in soil physical properties of different vegetation types. Different letters upon column indicate significant differences at 0.05 level. The same

Qs

below

WC 1) T3 RS B E 7 ) B B3 . R,
Al 78 75 7T DA 25 PR A 0~10 em £ 2 ) 3 sk
[, 40 a N TR REACROR e lir, KO AT
Fy 2RI, 20 a N TR GHK, IBALFIHIAR
B2

K 4 70, AR T, LEERAE<2 um
HIZL AL QL &3 =T QN (P<0.05), ZEHMET

+ YL (kPa)
Soil bonding force
o,

ab a

<o
~
T

ab be ab

SEHE AL AR (mm)
=g
58]

Average weight diameter

QS QSY ON QL WS Wy WC
FEBEIA Vegetation type

M FE A 2 F AN B2 (P>0.05); 5~10 um fH
MHRL & & QL EE LT QSY. WS, WY, 5 QS.
QN. WC ZRARZE; 10~100 um KRS &
QL Z#Fm T ON, BFMLT WS.WC, 5 QS.QSY.
WY A2 FAEE; 100~250 um FI4HRDHRL & &
QL B EFMT QS. QN, EF&T WC, 5 QSY.
WS WY % 2 AE 2 250~500 um 1 RHRLAT 500~

WS; 2~5 um 4R R R QL 3 m T QN, H5H 2000 um FORTRDRL & f 3 25 T H A AR 2R 2

% 3 NP R H IR S

Table 3 Soil compaction of different vegetation type

T +IEIRE Soil depth (cm)
Vegetation type 0 2.5 5.0 7.5 10.0

Qs 365.624+61.30Eabc 532.02+53.77Db 737.74+88.69Cbc 953.76+145.69Bb 1171.11+240.73Ab
QsYy 336.16+62.43Ebc 486.76+59.14Dbc 655.46+74.93Cbc 780.01+108.32Bb 891.91+148.67Abc
QN 358.62457.24Cbc 505.66+72.60Bbc 624.66+67.77ABbc 656.91+104.68Ab 694.10+160.02Ac
QL 457.23+136.88Ca 775.88+232.76BCa 1245.38+420.09ABa 1561.19+590.64Aa 1773.14+762.85Aa
WS 406.47+50.26Dab 532.43+57.99Cb 705.94+84.50Bbc 791.51£97.02Bb 889.17+143.50Abc
wY 300.37+89.90Cc 400.22+75.21Cc 543.07+82.25Bc 620.71£119.09ABb 704.52+194.95Ac¢
wC 384.58+94.20Babc 542.19+130.61ABb 798.97+427.57ABb 925.36+586.56ABb 994.11£526.51Abc

[ Z 5 AN AN 7 R OR 72 53 iR 2 (P<0.05), AT Jo AN IR 'S - BER R 2 57 i 35 (P<0.05). 1)

Data followed different lowercase letters within column indicate significant differences at 0.05 level, and data followed different capital letters at the same line

indicate significant differences at 0.05 level. The same below
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Table 4 Soil mechanical composition of different vegetation types

e ] +TIERi4E Soil particle size (um)
Vegetation type <2 2~5 5~10 10~100 100~250 250~500 500~2 000

Qs 1.14+0.27Db 0.84+0.24Da 0.69+0.34Dab 48.27+5.92Ac 44.54+3.75Bb 3.97+2.06Cb 0.55+1.13Dc¢
QsYy 1.55+0.35Cab 1.30+0.38Ca 1.04+0.38Ca 49.33+7.45Ac 40.44+3.83Bbc 4.06+2.96Cb 2.28+4.07Cbc
QN 0.46+0.14Dc 0.27+0.13Db 0.15+0.21Dc 34.46+5.26Bd 54.89+2.81Aa 4.53+1.68Cb 5.26+4.44Cb
QL 1.16+0.48Db 0.84+0.43Da 0.50+0.48Dbc 45.11+10.63Ac 33.17+5.20Bcd 8.48+5.17Ca 10.75+8.74Ca
WS 1.77+1.24Ca 1.28+1.00Ca 1.17+0.96Ca 60.42+22.41Ab  28.62+18.09Bd 4.80+6.85Cb 1.95+3.99Cbc
wY 1.61+0.34Cab 1.32+0.37Ca 1.15+0.41Ca 55.24+1.83Abc 39.11£2.08Bbc 1.58+0.83Cb 0.00+0.00Dc
wC 1.52+0.16Ca 0.95+0.15Ca 0.28+0.29Cab 73.46+5.14Aa 22.98+3.99Bd 0.50+1.38Cc 0.30+0.90Ca

X E WA H A 10~100 A1 100~250 um 1L
BEHEEHEEESTHMRAR. QN &b, HAhfEp:
A 10~100 T 100~250 gm HIRIAR & B2 F1 (5
EE 89.00%LA F, H 10~100 um & B EZE 5
T 100~250 um (P<0.001); QN [ 10~100 1 100~
250 um HIRIAR S B2 AL S S & 78.28%, 100~
250 um FRIAE & B2 T 10~100 um (P<0.001).
+HERIAR T EN 10~100 A1 100~250 um, BIFEF L
MRS RL S B, AR PO, 78 E PR 8 T
W, TEAE SRR . R ) 4L
BRI . BAMERGR, BEREKR R, wrLl
BT R m e A s BAROKRIE R 2. FR70r
TERBIK, AFTEDESSEHTEL, EEF
T i 5 AR o
2.3 AEREHE B LI E MR

35 pH EERMK, IR 18] (1 255 71tk
55, HIEGUME B ZE . B2 WL, ASERE
AU ) 45 pH H B WAFAE B35 22 7 (P<0.05), HF
PUE N 7.57~8.55. Hrh, QL 3% pH {Hig Kk, &
ZmT QS. QSY. QN. WS. WY. WC. AHE#
7 o5 ] DAR 3 PRIK 3% pH {E(P<0.001), B 1358,
PEREAG;  FRAR L IEHRME 8RN 20 a Te ARSI AL
HI>40 a AR N TAT SR HEARM . A F RS
T EEEYLR S 2T IMELE 0~5 cm LJEHN 6.05~
16.71 ghkg. QL TIEA MR & EHMK, WEHEMTH
fl R RAL, WC S &Em: AP E R
N WC>WY>QN>QS>QSY>WS>QL. iB1kHiHh K]
AN S Eeom, HIRRANTIRARMK, N THF
SHEARM, BRHEAR . B3RS B T E RN 9.57~
16.89 g/kg, TIEAE S &AM BUETEE N
0.38~0.93 g/kg. 7 PPEHEISAY 1) I Ak B = I9AT
TEREWZE R o, QL I 32w AR, WC

fEc i QS. QSY. QN. WS. WY. WC 5 QL #
b B8 0 10.30% 11.53%- 16.35%-+ 40.66%-
32.21%- 76.50%, FH QN. WS, WY. WC ¥ &
ZET QL, QS. QSY 5 QL ERARE. 7 Filahk
R AR S EIIAEREEZR, QS. QSY.
QN. WS, WY. WC ¥R =T QL (P<0.05), 73l
Hh0 82.64%- 75.32%- 89.08%- 73.66% 72.79%-
144.40% . AEME7E o5 0T DR E3E LA . AR
FE(P<0.05), BALFEHLAT RIS AR R
i, HUZ 40 a FeARM, N TATSRBEAIRAN 20 a 77
YNNI RS
2.4 AEEE KRB LIE R K B R0

K [ 3 Hr ik 2 fOECC R, B K FF
N, IR GE, IR XS K. AN
T SRR 3] ok K R 2)4H 8 0.033 1~
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Fig. 2 Soil chemical properties of different vegetation types
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Fig. 3 Soil erodability K factor of different vegetation types
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Table 5 Component matrix of soil erosion resistance index
Hebw F f4) Principal component
Index F P F; Fy
3R K K7 Soil erodibility K factor (X)) —-0.130 0.332 0.162 0.760
3B S Soil compactness (X) -0.274 —0.048 —0.863 0.006
35445 77 Soil cohesion (X3) -0.322 0.828 0.032 —-0.070
+ 34 Soil total nitrogen (X4) 0.708 —0.068 0.402 —0.129
324 T Total soil carbon (Xs) 0.875 0.224 —0.012 0.114
+IEAH WU Soil organic matter (Xq) 0.507 0.085 0.666 —0.273
~+ 3 pH Soil pH (X7) -0.022 -0.244 -0.279 0.826
07 724 FL B B 4% Wet sieve average weight diameter (Xg) -0.826 —0.009 ~0.084 0.147
AN IK 3 Saturated hydraulic conductivity(Xo) -0.235 -0.128 0.738 -0.010
b ki % & Sand content (X;0) —0.634 -0.724 0.112 0.028
ki E & Percentage of fine particles (X1) 0.643 0.712 —-0.101 —0.053
Ziki 2 & Clay content (X),) 0.205 0.890 —0.099 0.061
iR K& E Surface roughness (Xi3) 0.180 0.583 0.424 0.227
HFE(E Eigenvalue 3.348 3.100 2.220 1.450
BTk # Contribution rate /% 25.754 23.844 17.077 11.150
FMTTHk#% Cumulative contribution rate /% 25.754 49.598 66.675 77.825
# 6 DB BB LT Sy SR 6155
Table 6 Comprehensive scores of principal components of soil corrosion resistance of different vegetation types
et el FE 4 Principal component ALy HE4,
Vegetation type F F F; Fy Composite score Ranking
Qs —0.706 0.224 0.522 -1.104 —-0.208 5
QsY -0.592 0.417 0.400 —0.566 —-0.062 4
QN —-0.021 —2.037 0.838 0.333 -0.399 6
QL —0.855 —0.462 -2.076 0.367 —0.827 7
WS 0.013 1.139 0.391 1.312 0.626 1
wYy 0.224 0.425 0.383 0.226 0.320 3
wC 1.936 0.294 —0.458 —0.568 0.549 2

«QL
s Q8
@ Qs
E * QSY
z wC
3 * WS
-4 wY
i) 0 5 4
PC1 (34.9%)
4 ERS T Xi~Xi3 WK S,
Fig. 4 Principal component analysis. X;-X;3 see Table 5.
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