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Relationship between herbaceous plant invasion and soil properties in the

Changbai Mountain Tundra
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Abstract: The Changbai Mountain tundra, which is located in the upper part of the Changbai Mountain volcanic cone
(2000—2500 m) , is the only typical alpine tundra in eastern China, and because its environmental characteristics are
similar to those of polar tundra, the Changbai Mountain tundra is highly valuable for scientific research. Herbaceous species
invasion has been found in both polar tundra and alpine tundra, this phenomenon may caused by the climate change. In
general , there is a close correlation between tundra vegetation and soil, the change of vegetation community structure
directly or indirectly led to changes in soil properties. The progression of invasion resulted in a decrease in the organic
matter content. The growth of tundra vegetation is affected by both temperature and soil composition (i.e., nutrients)
whereas the composition of the plant community affects local soil processes. The vegetation of the Changbai Mountain tundra
is undergoing significant changes in response to global climate change. On the western slopes of the mountain, herbaceous
plants have become invasive and have expanded their distribution, whereas the importance of shrubs as the dominant plant
type has been significantly reduced. The present study investigated the relationship between herbaceous plant invasion and

soil properties in 100 m X 1600 m transects and 132 plots in August 2014. The latitude, longitude, and elevation of the
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sample plots were measured using GPS, whereas slope measure, direction, and position were measured using a compass,
and the plant community characteristics ( species, height, number, coverage) and soil thickness were recorded in the field,
whereas the physico-chemical properties (n = 12) of sieved soil samples (0—10 cm) measured in the laboratory.
Redundancy and canonical correlation analyses indicated that the invasion degree of the Changbai Mountain tundra varied
significantly and could be categorized into five invasion levels. In addition, ten of the soil factors (e.g., elevation, slope,
Total K, clay content, organic matter content) were significantly correlated with the degree of herb invasion, and the
samples with higher herbaceous invasion were mainly located in areas with lower elevations, greater slopes, relatively low
mineral , organic nutrient, sand, and silt contents, and relatively high clay content. However, there was no obvious
relationship “between herbacious invasion and available nutrient contents ( available N, available P, available K).
Redundancy analysis indicated that soil factors explained 93% of the variation in plant species abundance and that the main
soil factors affecting herb invasion were organic matter content, clay content, and slope, whereas shrub growth was mainly
affected by organic nutrient content. Furthermore, the distributions of the herbaceous plants Deyeuxia angustifolia and
Sanguisorba stipulata were related to soil thickness and clay content, respectively. Meanwhile, canonical correlation analysis
indicated that soil factors and plant species abundance were significantly correlated and the habitats of different herbaceous
species were significantly different. More specifically, first canonical variables indicated that organic matter content was
positively correlated with Rhododendron chrysanthum abundance and negatively correlated with S. stipulate abundance,
whereas the second canonical variables indicated that elevation and available nitrogen content were negatively correlated with

the abundance of Vaccinium uliginosum and Geranium baishanense.
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Changbai Mountain
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Fig.1 Transect sampling site location map
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Table 1 Plant species and their coverage under different invasion degree

HPIFP W REAR AR HEAR YN
Plant species No invasion Mild invasion Moderate invasion  Severe invasion Full invasion
4 7 #-88 Rhododendron chrysanthum 75.00 74.97 68.65 21.92 0.53
B A Vaccinium uliginosum 79.00 23.14 5.58 0.00 0.00
INEIREHBIGT Sanguisorba parviflora 2.40 15.31 21.21 15.08 2.67
KEALEHMG Sanguisorba siipulata 0.00 1.39 2.81 28.58 52.26
WALZETE: Ligularia jamesii 0.00 0.61 4.12 15.75 18.28
KEABEE Geranium baishanense 0.20 2.18 6.35 8.92 2.37
FIEXES Saussurea tomentosa 2.40 5.00 10.81 4.83 1.35
/N2 Deyeuxia angustifolia 0.00 1.21 13.70 16.42 24.16
SR Total shrub 154.00 98.11 74.23 21.92 0.53
HBEAR Total herbaceous 5.00 25.70 59.00 89.58 101.09
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Table 2 Average value of soil factors under different invasion degree

RS TR RIEAR AR T AR YN

Soil factor No invasion Mild invasion Moderate invasion  Severe invasion Full invasion
134K Elevation/m 2200.8+33.12 2159.9+63.98  2158.93+59.76  2143.00+51.97 2161.44£54.2
WERE Slope/ (°) 15.8+7.26 23.16+10.68 21.23+10.72 33.08+21.13 28.38+13.32
A7 Slope position 3+1.41 2.52+0.87 2.77+1.11 2.63+0.67 3.23+1.01
Bi1i) Slope direction 3+1.41 3.56+0.89 3.46+0.84 3.92+0.29 3.29+1.04
+IJEJE Soil thickness /cm 13.5+1.94 10.45+2.93 10.90+3.14 11.612.76 10.2+2.26
4% Total Nitrogen/ (g/kg) 9944.88+2517.71 7878.45+2264.52 8568.96+2376.44 7926.08+2116.05 7658.66+2330.07
21 Total Phosphorus/ (g/kg) 731.29+248.1 711.15£239.5  785.81x111.8 880.82:+170.45 711.16+133.83
4280 Total Potassium/ ( g/kg) 20620.13+3120.23 19474.35+2892.19 12646.94+3306.86 12664.45+1569.81  11092.61+10012.67
AT Available Potassium /( mg/kg) 156.48+23 157.41+53.21 167.54+59.11 146.4%51.18 165.85+46.61
LW Available Phosphorus / (mg/kg) 6.84+3.54 6.98+3.1 8.45+4.31 9.03+5.52 8.98+3.8
LA Available Nitrogen /(mg/kg) 653.18+167.77  607.87+136.21  685.09+159.61  585.9+133.16 700.13£157.62
FHLIE Organic matter /% 29.04+9.85 25.36+7.98 26.22+6.23 20.21+6.5 18.16+6.26

& Bk Fulvic acid matter/% 4.88+3.14 3.34x1.73 3.82+1.73 3.13+1.29 2.77+1.66
HIBRRK B Humic acid matter/ % 4.18+1.67 3.73+2.17 4.01+1.55 2.97+1.4 3.02+1.35
Kk Clay matter/ (cmol/kg) 6.7+1.47 6.46+1.22 6.55+1.95 7.91£2.01 8.63+1.84
H3RL Silt content / ( cmol/kg) 55.91+11.30 56.5+7.49 56.79+11.19 61.32+9.69 63.18+8.36
VbR Sand content /( cmol/kg) 37.39+12.63 37.05+8.56 36.67+13.04 30.77+11.51 28.19+9.99
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s PORLAURYRL & B B TR 3% 5 AL 2 AR o T W 221k
2.2 ARBES N TH RDA 204

X & JEHT 3 BRI W) R R AT B B X N 43 BT ( Detrended Correspondence Analysis, DCA) , 455 Hh &5
—Hl#¥) lengths of gradient &y 2.925 ,/INTF 3, UL IZ A& T 51T RDA 430871, HPFZEE +3E K 719 RDA 45
e iR BH (35 3) ZER A Ll s Ll & Aty | -3 R~ S5 AR 0 Fh S 18] ) A OC R BAE SR — Tl E o 0.66 , 7255 — il
h 0.42, FYIYIFI ) 93% REfE 1k + K 1 iR . 2834 Monte Carlo K555, 85—l SH iy 2 PG5 P (8
¥4 0.002

RDA 73 Hr 55— Bl RE AR R 87.3% MUM5 EL, 25 MM AEMERE 5.7% . WKL 3, 5505 Bk C ) LI 7 22
AP KR R RN RE 5 5 58 ZRIAR Gy T3 N 7 R R O S R, IR

http ; //www.ecologica.cn



6 S % 38 &

2210 13 23000 | ;11000 _
2200 {30 _ = 21000 | +§§ { 10000 &
§ 2190 125 & < 19000 | R L9000 >
£ 2180 L 1 & 2 17000 | { 8000
£ Y % = {7000 &
x 270 115 = 1 15000 | 5000 4
£ 2160 {10 ¥ g 13000 | { 5000 ﬁ
2150 {5 # 11000 | 1 4000 %
2140 0 9000 L1 J ! ' L3000
i U] et ® ™ it i it i ™
< 2 = 2 < 2 2 2 =
R ) = 2 H < R o = 2 H
& + Ll 3 bl + ]
S £
£ 70 9.0 s 55 ; N
g 65t :;ﬁg o) By T b S
&2 0| smm 185 = E2 sop iR |2 2
SE st 801 § BE 45} AR 25 B g
a g L
g 50 7.5%% mf» 40 | 123 ﬁg
rg 45 | =1 5 g
®S a0} 70% § B2 451 {21 g
{2 > & 51 ’ 119 s
gg 357 les = Blg 30l @
RBE 307 O wyg 17 S
S 25 . . . 6.0 c;> 25 I I | | | 15
= T 3 B B B B ®
< 2 2 =2 - < < 2 =2 2
R 2 # ) 4 R ixd # #® H
bl + il b + L]
N{RFRPE Degree of invasion
2 THIERFHEERANEGEENENTHEE
Fig.2 The trend of ten soil factors with increasing severity of herb invasion
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Table 3 Summary statistics for the axes of RDA performed on the Alpine tundra, Changbai Mountain
i Axis 1 Axisl 2 Axis2
HEAE(E Eigenvalues 0.284 0.018
TR L3R T HH OCHE Spec.-env. Correlation 0.663 0.423
R S B3 E 04T Cum. Percentage variance of spec.-env. Relation 87.3 93
SRS Sum of all eigenvalues 1
HLYEARAE{E Sum of all canonical eigenvalues 0.325
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Fig.3 RDA of plant species and soil factors of Alpine tundra, Changbai mountain
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Table 4 Selected variables in this study

A2 O 5 (1 78

Variable group Variables after screening

B E4H (X) R (X)) B (X)) BEAL(X,) Bl (X,) EHRE (X)) AR (X)) AN (X;) & BRKE (Xg) .
Independent variables group FARIRIRE (Xy) KRL(X,o) PRL(X,, ) IPRL(X ) GRRK(X5) B P(X ) JEEL N(X5)

PrfEAS TR2H (Y) FHEZREIL(Y,) R L (Y,) ARG (Y5) NIRRT (Y,) R AFEHAR (V) PRATESEE (V) |
Standard variables group KAZER(Y,) S KEL(Y,) B, (Y,) /(YY)

ARG XS 7 4 T bR AR B AR AT SR S AT, ARAS MR AR i 10 X, TTAT 3 X S
it X? e A R BTN 0.753 .0.676 F10.577 , Hil R T B HG 56 45 5 ik B2 (P<0.01) , Hihml
B J7 5 528 0.567 F10.457 , Ui BTG ALREVE A5 W ik R B R AR 65 56.7% . 45.7% W45 S8 T H AH I 1) 1 48
AV T LUERE, DLV S WOy ORISR B R OC RN O X A1 Y 4R R B, 0 RGBS
2.3.2  IRRE DG AR i FRIA R ORI G R 4L

S — X HAAR R (VW) YRR B RN R .

V,=0.314X,-0.329X,-0.153X,~0.141X,+0.188X,+0.162X,+0.603X, +0.224 X, +0.453X,~0.624X

0.46X,,+0.496X,,+0.047X ,—0.326X,,~0.085X
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W,=-0.846Y,-0.859Y,+0.657Y,+0.601Y,~0.688Y,~0.431Y,~0.166Y,+0.36Y,+0.182Y,~0.047Y,,

o — N MR AR ) 7 30 R B0P . H AR R DU HLT(0.603X, ) KPRE S (—0.624X ) BIALE R B8R R
FOE B L AR 2 LUAN PR UEAR B LR A AL A 22 75 (-0.688Y5) 4+ K ARG Z2 4 (0.657Y, ) AL EE R %k
BEK i BRI AR S I T P L R 2 B RN 36 B L R AR MR 2R R R 8 22 B 322 B ML RO R
RO, AR S SR 67 2 R BN IE SIS OO, AT LA o — 2H SR B 2 e 1 2F B2 RS A0 R 1 AR ey 22
R TEG R . AP 524 fA RS 2 B IEAR G, 5K AR MUk 22 B (A O, R 25 5 I AF 2

55 XL R (V,, W,) YRR AR .
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0.202X,,-0.236X ,+0.429X ,+0.150X,+0.595X

W,=0.359Y,+0.346Y,-0.416Y,~0.256Y,+0.337Y,~0.069Y,~0.471Y,-0.184Y,~0.513Y,+0.051Y ,
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