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Effects of the spreading of Ligularia virgaurea on soil physicochemical property and microbial
functional diversity
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Abstract

Aims  Ligularia virgaurea is an indicator species of alpine meadow degradation. Recently, the vast spreading of
L. virgaurea has brought the serious economic loss of grassland ecosystem, but it remains unclear whether soil
microbes involve in the spreading of L. virgaurea.

Methods We chose four patches with different density of L. virgaurea to measure the influence of spreading of
L. virgaurea on the functional diversity of soil microbial community in the Qinghai-Xizang Plateau.

Important findings The spreading of L. virgaurea increased soil microbial activity, but reduced soil available
nitrogen concentration. The Shannon index, utilization number of carbon resource and evenness index of soil mi-
crobial community displayed no significant differences among patches, but the utilization structure of carbon re-
source in high density patch was significantly different from control patch. Our findings indicate that the limita-
tion of soil nitrogen caused by the changing functional diversity of soil microbial community in the distributed
sites is one of the mechanisms for the vast spreading of L. virgaurea in alpine meadow ecosystem.

Key words Qinghai-Xizang Plateau; Ligularia virgaurea; population spreading; soil microbial community;
functional diversity
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I B O B0 1 7R e T A K T A
B1k, MEEN T AR S RGN A RS )
HE(Zhou et al., 2005). FLHWAEHY PRI 2RI N
PR BEARBE R 7k, FRIZ T B A e 1
B AR . BT R B (Ligularia virgaurea)
JE SR B & 2 AR B AR, i T s AL
— PR AR, 1E N AR B ] 5 1N
MBFEE, BN % X R SR R
Fh(Wang et al., 2008). H 71, &% 57 S5 FEEY 7K
BUE, BN R NFRBERFAE AT SE 0 55 55 J T gk
177 KEMF R EREE, 2000; XA F2, 2002; i
E A, 2007; MRS, 2010). Bl R ILE T ELE
Tl B 1 K TR AR 5k 5 L 5 1) - B BRE 1 (U
HA%E, 2010). LS HEEERE I (Wu e al.,
2010) LA KAL) K 70U (Wu. et al., 2011)555% 1))
FHOE, A EHATA ARG RAEN R B S5 T 1 ED
AN o

IR NS RS HE B ES, I
N LB HENIN o SR IERE, AR 5 ER
R R A E T Hb_EAS Y B 7% (Philippot et al.,
2013). AHFFLRM, NZE A8 S N 1
A AR DAV b A 2 ol % R M S IR AR ) -
ERE AR, T BN AR P AR A 1)
(T2L7EEE 2005, 408555, 2007, 4:E %%, 2016;
NS, 2016; BIRURZE, 2016). #Ea B B
ZFh, H5 NZMAE PR SRR itk
AHEN, 7 55 T DUd i 5O A K b T B R AR
VIREVE RN I B SRR 5K . SIS IR —HENT,
AR TEIR T T i FE R B S B M Tk AR A
VIREVE . TIEERACRAAE KO IR Y T RE 2 AR
MzhAL, BERRET RS MY KR+ L
BT IE e 2 AR E AR AL U, B VR T
SRR — P Ik BRI AR

1 MRFAE

1.1 SR

BRI E H R 4 H RN B BB =K
v FE R 5 AR S R G A BF AL 3 il )
uli kAT, I b b B AR BR 09 33.73° N, 101.87° E,
W3 570 mo iZHLIX AR IE RS A%, SR
1.2 °C, FPFE/KE611.9 mm. %X HEH 55 b,
e FE S r [ - B R 3 A A R A ZEL R, AR A Rl O et

& H.(Kobresia capillifolia) = #8544 TEREH
TE(Elymus nutans) 2 % M (Anemone rivularis)ZE,
AERFHN5-IH .
1.2 #HHgERERRE

20124E8 H, fE—H50 m x 50 mf¥)~F-3H [ i fa)
b, O E S RE, M), K5, PR
J v FE AN B BLE PR B, AR B
B FRRE LAY SRR E o 5 FE S 2 1) 57 0 AR 2 i
R, KPR T BT MR TETE WAR 1. 1B/
P R FOA S B O T NI A DX A (]
J PTG S5 SR R . fEREANBESR, BENLIEHES
0.5 m x 0.5 miFETT, RIS &R T a4
BOG, W B R A S R BT 4, $ 44 D REF
(PFEL, R, GRS RE) BT, 80 CHT=
TE 5 &, WEAYE . EAFET PREYLIRAESH L+
B(TENE 3.8 cm, RE25 em), RTIRAJE, 47
BN FE S, — 4 T IR B PR I e,
— T LI . BT LR E T UKE W
RAE, FFT24 h ¥ 315050 2= AT A0 7
1.3 HIEBHEREINE

W IEAE105 CHTFRERE, RARES T
N SE IS KR, K EIE 51 mol- L KCAWR %
JRE 1SR A, JRP1 h, #EO0.5 hE, HpHiHIE
T HEpHE . ¥ LIETE4S0RI1 250 C N #kKE, 13 H
CHNS/)#T % 4i(Elementar Analysen Systeme, GmbH,
Hanau, Germany) 7 il & 3G WLk 5 S &S &
TG mol- L' KCHEHUS, FIFIAstar7#t
X (FOSS, Hillered, Denmark)#EAT I 52 . 355 20wk
FiMehlich-3 75 A - HUm, I AH B Ltk 2847 I
(Mehlich, 1984).
1.4 HIEWENINEES HES R

F Biolog i ~F- #% 1  sk 2 W i 7 044, BT
GarlandfMills (199117535, FFelcdEan s fEl i
TAEG TR0 g 1M AREAH90 mL 0.85%C K
NaClIE R 19250 mL=#Mi, 30581250 rrmin’
FIE PR30 min; E#E 10 minf5, S mL EiEHR
BIA45 mL 0.85%JC W NaCl/E R, #E LA it 7%,
P IR R AR 00045, FH 81 #5745 W X
150 pL & B ¥ n N 23 x 31 F B I 40 i 1
Biolog-Ecofd*F-#k 1, #%J& K Biolog-Ecofs -1 & T
25 ClHIRIEFEM T RFR, #MR12 hiEBiologhfifLi
LAY I EL590 i K I E i, FRERT R,
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1.5 HTWHITFADH

FrEE R 3.2.2 (http//www.r-project.org/)
AT G A A . AR TR, TR SR AT
1E 25 VR 23 A A 38 RN 5 72 55 PE RS 56 (Levene s K6 56,
X T ARG A5 A B R A B SRR Bk AT %
1o BT FR72 Wit B A A A AR A T FRE RIS S,
Al DL B IR AE M) B D e 2 AR, DAL e B R 7
I 18172 hifBiolog # e BEAT - 3B A=W 0 Hr o #E 4
A B, RIS B AR 2R (AWCD) R
BJC R B TR0 R 35 1%, R A Shannonfa k. 35— e
HORRAE LR E M D 2 .

AWCDH AT

AWCD:ZC"_R" (M
n

K, CRHENEREFREIL, RV IRFLIS90 nmfH
W AR, nvBs 7L FLEL, Biolog-EcotiniE 31,
ShannonfEX(H)H Tttt A Z L, tHEA
W/
H=-% R(nPR) )
A, PSR IALRIARN RO GAE 5 AT B AR
WOCAE AN Al AT

G-R

P==‘t—— 3
"G -R) ®

¥—ERE) T EAR W T

E=H/InS 4)

P SEIRAI F IR AR 24

T TR R AR MR A S5 M S I AR &
B 9% &, 2T Bray-Curtis# 7 EE 5, il H “envfit”
PR, KT A INE MEY AR R T IEE ST
AWy RE 2 R AR I G B IRAE Y R AR
ghE R AR B B £ 4E R (NMDS)HE /7 K] I (Oksanen
et al., 2017). [AW, f# f “vegan” 2 5* 4 1 )
“betadisper” PR F 155 25 BEERL (8] - S0 A Wi YA 5
SERI 22 e M, IR “permutest” R ELIHEAT &

F1 AFBEHERYRE R AP BELARHE IR ZE, n = 5)
Table 1 Plant properties in different patches (mean = SE, n = 5)

PR AR S5 0 2 S i 2 B L. BRI () 22 A
HIDifff& 7, HSD Tukey FH - 46 45 B e (] 22 57t 1) i
EVE A “varpart” BREOIAT 7 0 R, R S IR
B IR A S5 M 0 2 7 RN B SR B A
FER R MDY FRLE RS ) A ) B 2 A R
(1) % 5 55 P9 9 [|) 25 & ff B 1) 22 53 (Oksanen et al.,
2017)0 9 ¥ SEE R L 2 FE X IR A P B
K AWCDI B 5 R85, A FHAMOS 17.0
(SPSS Inc) Mg | — 45k 7 AR (SEM) . HHT-1E
T FE OIS LT R B IR R R & 2 R R i
VIREIE LR, A BT S5 R R R, TR,
A YRR RO AR R B S B R R 5K
MR, MiEESs R thah, BT e R ks 1
S5 o AR D A VR O 1) — AN KB ¥ (Wan er al,
2015), A7 1% AR AL P A I R R EE A o — A ik
SLHAS R, E T 20 R S SEMAR R, i A4
J 35 R R DR U S B FONMID S HE 565 — B (045 0
R . RINMDSHIHEF AT T e DL fRNMDS
55— Hi R A8 A K AR FE MO AR SR AE ) A V8 AR = M AR
5o WAV EHREANThRERGIE., RE, &
AR ) A Wy R AR 1 32 1 A BT A — AR
T RFEAS 2% AR 5 o B RABMR A DR AR 56
Bollen-Stine . i7 {6 % 5 & R BE 48 20 (GFD A T
K56 SEMAB Y (0L &A1 o FEIX SEAG B0, B2 ffp
fH(= 0.05)# A N2 AR RHUA

2 RO

2.1 A EIHIR A4S E

AR FE B e % FE B, d o 5L B MA R
I, H& P 2R BEF = 1747, p < 0.001;
1), Ui WIAHIEFT Brade £ 1) % 2 A RE S AR B b S
WE T BB R IR AR . XTI L R A s 3
ANPEH R FIRE YR R T B,

Bt WESEEE R E R MAYE HaP A4 & ] Proportion of plant biomass (%)
Patch Ligularia vigaurea Species richness ~ Total biomass = —— — 3 N
density (Ind.-0.25 m?) (g025m?)  WEHK Sedge FAF Legume ARHHE Grass I Forbs
XFHEBEEL Control 0 220+ 1.1° 722+11.9° 27.6 +2.9° 02+0.1 293 +6.3° 428+42°
R BEBLEL LD 8.8+2.7° 22.0+1.2° 86.7 +7.3° 11.7+5.2% 03+0.1 17.9+6.8° 70.1 £ 5.2%
TR MD 262+ 1.4° 21.6+ 1.3 120.9 + 11.3% 10.5+1.9° 0.5+0.1 15.1+2.9° 73.9+£6.9°
i PR HD 49.0+£22° 16.4+0.9° 146.7 £23.7* 15.4+3.7% 02£0.1 26+1.7° 81.8+8.1°

{8 FTHSD TukeyKr 3o AN FIBEH A AN A B R ME 22 5, ARVNS T REROR %=

FEE@P < 0.05).

Significant differences within each variable among patches were tested using Tukey’s HSD test, and different lowercase letters indicate significant difference (p <

0.05). LD, low density patch; MD, moderate density patch; HD, high density patch.
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H

F2 ARSI CPIEARERZE, n=5)

Table 2 Soil characteristics in different patches (mean + SE, n =5)

A Sk pH{H Syb e Ve BV TR MEA U
BEHR m pH value " Available nitro- Available Phos- Available N/P  Total nitrogen .

Soil Sand Organic

Patch moisture (%) content (%) gen . p horuf] (%) carbon (%)

(mg-kg™) (mg-kg™)

HHEEBEEL Control 355+2.1 63+0.2 20.1+1.1 25.6+£3.1%° 4309 6.9 +1.52% 0.5+0.1 33+04
REEBEE LD 392+1.9 63£0.2 19.1+1.4 23.8+1.2% 2.8+0.1 8.7+0.71® 0.5+0.1 32+0.1
HE BT MD 36.1+1.2 6.1£0.2 17.8+1.0 347 +4.4° 3204 11.2+1.04 0.6+0.1 37+04
TSP HD 413+25 6.0+0.2 17.5+2.6 222+ 1.6 3.9+0.6 62+ 1.11° 0.6+0.1 42+05

{81 FHHSD Tukey %6 A FIBESR AR B E R, ANFA/NSFRRREREE (P < 0.05).
Significant differences within each variable among patches were tested using Tukey’s HSD test, and different lowercase letters indicate significant difference (p <
0.05). LD, low density patch; MD, moderate density patch; HD, high density patch.

MR REBE B s BE B, kBRI AR 24 EYTE. TETESHIEMEYREEEN
KX Tte, MARREDERIENED. ZRE KR

VIEIEANBEER A E % R, PRV EEN R
Brderb i, JERE ST E RERE(ED.
2.2 FEIBHEHRAY HIRIBLIE R

Tm S R ok B2 O T R R AR
fE(F = 3.9, p = 0.02) 5 AABEL(F = 33, p =
0.046). 7E =y % BEPEHL A, 380 R B S A A
Tl Lb B A, HoAth AL FR A (0 R385 UK & . pH
B B B WIS )TE S BEER A T 16 35 72 7:(R2)
2.3 HIEWMEMMNINGE D HIE R BEEERK

o R B PR AW CD 5. 3 v T X6 R BE
Yo, (AR R, %5 B2 v FE B ML Ie) O il 35 22 e
BE AR EoR); #RHEH, wEARY. ERLE
FHESF, HAABEHRA K 1 A MR IR AR 45 i
7 57 .2 (Permutest 3 T: F = 7.0, p = 0.001), K
SRt HE B e 5 0K S8 R B e 1) ) i AR T 45 A A 0
(Diffconwo-p = 0.024, p = 0.74), {EAR[ET HAB2A4NBKE
B (Diffconromp = 0.081, p = 0.017; Diffcontrol-np =
0.093, p = 0.006)(F1). ¥tEH). +IEE HIRFAEY
FT A A8 A BINMDS HEF K |, R 54N
5 A Y iR U AR S b B A O, e
AWCDWIM KM, Ww iR BBk, EYEF
WS E R BN E D

A, W E S BT ERA TR ER
FE . MEYIRETE RS AR 2 ot A R
TS IERE J7, K IR S LR IR AR
MIERIRAR IR 5 #420.2% 78 5 o Fob, B SRR
W R T, REUE R 19% 1 R
HUCHHED IR, fRRES.9% AR S, W& T4l
YA & 2H (6%)(E2) .

W R MR S IR A YRR AW CD
(KI3A). Shannonts Z(K3B) 5 ikIEF] £ (KI3C)14
B IEAC . SEMBE AR GF & 7 AR50 ATk HY
fAs B (B RUSRVE, x> =1.7, df =3, p = 0.65; Bollen-
Stine bootstrap, p = 0.76; GFI = 0.97). {EiZ#R i
VIR R AE N AWCD SR I B R, SFAWCDI) 3%
N B AR R ARSI, — Sk A AR Y B A R
IAE BT 5, o3 — 2% BH 8w BE 5 B 25 B2 1) A8 4k
S (E4). mmE2E RPN 2RSS
B4 = 0.126)58 TR AW a 4H AT/ 5 1 42
B4 = 0.031)(Kl4). BEAl, BRI ARRE T
10%HIAWCD )48 5, (HAWCD ) X} 3 7 5% 5 Fp R
Pk AFAE BRI IE R BE (2 = 0.27)(Kl4).

3 g

VENMAE YT e 344, Biolog-Ecoli il it i
IR TR R R 14 AN [ 01 FH A B SR R AE S AR P D RE )
BN . BRI IR 3 AR Mok A R R YR 1) ]
F 8 J1AS A, TR ok ok 0 s - Ak AR M B VR 1)
AWCD, 5tnT ULIRZB A VD REVE i DR AR 1 A8 Ak 15
M (Garland & Mills, 1991). AWCDJ W T 3%
VIR Bl e D ARARUE R /D, e,
e A A T A 7 =5 (Konopka et al.,
1998). FEAMEFTH, Bl o w5t 5% E 3 hn,
AWCDW LRGN, B w 2 BRI ki &
T A AR EHE 71, %45 R 5 ShiZE(2011) )
WL SR — 8, AT IS T 25 R K a8
P LIEREYE. — RIS, LIRS LR
R I RIS R, e LIRS SR H
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0.1F i
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NMDS 1
K& Vector R? p
HRRERE 0.45 0.006
L. virgaurea density
BAEYRE 0.34 0.031
Total biomass
FELE Y 0.38 0.016
Forb biomass
REEEE 0.37 0.020
Forb richness
AWCD 0.87 0.001

El1 % T Bray-Curtistl 7 VEFRH, BT 55 MR 38 ik
PRRIE AR 25 K60 O P B 22 4 RUBEHE EI(NMIDSS) o 8] 14X
B EEMAEMBERPEHEZMLNEEP <
0.05). M [ ARZE 474 it 1) BRI AR HE i 22 - Control, X HEBEHR;
LD, R FE R H; MD, R E HD, & R
AWCD, ~FEIGEA A,

Fig. 1 Nonmetric multidimensional scaling (NMDS) ordina-
tion patterns of carbon resources utilization of soil microbial
community lived in the rhizosphere of Ligularia virgaurea
based on Bray-Curtis dissimilarity. Only some significant vec-
tors (+*-values and p-values were shown on the right panels) at
the 95% confidence level were displayed onto the NMDS ordi-
nation plots. Ellipses represent standard deviation among paral-
lel samples. Control, control patch; LD, low density patch; MD,
moderate density patch; HD, high density patch. AWCD, aver-
age well color development.

TEAWFE 3y 225 M sk AR e = 1%
Fror, MR T 38575 o RS Rt AR
fiby— 28 B AR B HF A, i &R — KB AR
(Solidago canadensis) W P82 B AV 0L IE
MR, (e B S PudE A KRR AEA
R IR FE 5y, SR 5 BB ) (B 2 18 5,
2005). BEAbh, AU T A AR 0T R
(7.25 mg-g )T I B AR M 05 (1.4
mg-g "), B BT RCH A [ R 4 4 IR
HILRAE SN2 7. 2T Bk adr, nIHElEg
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0.104 10.027 0.011 :

L EYAEYRAR
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N .. - * 723 Residual =0.798
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Fig. 2 Pure and shared effects of density of Ligularia vir-
gaurea, plant species composition and plant biomass compos-
ition on the carbon resources utilization of soil microbial com-
munity. Numbers are derived from the variation partitioning
analyses, and indicate the proportion of explained variations.

S0 A 0 e i L B AR R G,
eI PR TR0 K, A H T B SR AEK
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— B SCHF T WL, AU R R IRAWCDX B
S A Tk B A RN IR R IHERH A = 0.27).

AR, BT S E AR TR Al o AR
MIREVR KT BRIRAR IR 4570 o b5 R 5 HoAh— LE it
F(TNESE, 2005; FM&5%, 2016) 45 R —3. Lk
W TR I AR FE ) e 188 I 58 N A= ) - B8 Ak AR
VIRETR, BRI MY S TR RUE Y A KT
FR TSR AE FH, 5 T N A b S5 AR A 1) A= KR i
(R SEHr, 8B SRR . XU T e A
VR VE LRI S o B S B M K TIAR Y 5K 1K
— B PIAN IR AT DARRRE 2 S5 B 5k Al |
L IR AE YRR I S, AREYIYIRE
FA T EREA — BN R R AATFE, 2013),
BT Z B R IR A S LE ) & Th RE R AR B A R
(54 2 L B R MR (o] 3 AR D R VR I T e S
e, Jrmsadn B AR R B IERUE
VIBERIAE . 3B, BAAABET IR BRI E L
B A PR VAN B B AR B B B, (RS
AW TR S FH AR R A 1) A0 A TR e o I AR
YRR 5 F AT RE(Callaway ef al., 2008). Kb, 2
I B S A AR ) T AT T R 4
TR PR 2L S, AR —HEMA A Rr g « SR,
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Fig. 3 Linear regression of density of Ligularia virgaurea versus average well color development (AW CD) (A), Shannon index (H)
(B) and utilization number of carbon resources (C) of soil microbial community.
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Fig. 4 Direct and indirect effects of plant species composition on density of Ligularia virgaurea, plant biomass composition, soil
C/N ratio and average well color development (AWCD) of soil microbial community. The numbers above the arrows indicate path
coefficients (A = 0.05 indicates significant pathway). GFI, goodness of fitted index.
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