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Carbon, nitrogen and phosphorus stoichiometric characteristics of plants, soils

and microbial biomass in patches with different densities of Ligularia virgaurea

WANG Hongsheng, WANG Yugin“, SONG Meiling, ZHOU Rui

Key Laboratory of the Alpine Grassland Ecology in the Three Rivers Region ( Qinghai University) , Ministry of Education, Qinghai University Academy of
Animal and Veterinary Sciences, Xining 810016, China

Abstract: As a continuum of ecosystem nutrient cycle, plant-soil determines the nutrient balance and system stability of
grassland ecosystem to some extent. Carbon, nitrogen and phosphorus are the three main nutrient elements in the ecosystem,
they participate in the nutrient cycle of the ecosystem, and play a fundamental role in the maintenance of the ecosystem
structure and function, and the C, N, and P cycles within the ecosystem were transformed among plants, soils, and
microorganisms. In order to explore the effect of Ligularia virgaurea on nutrient cycling in grassland ecosystem during its
diffusion process, the micropatches of L. virgaurea were taken as the research object. Six density gradients were defined

according to the patch density. The changes of C, N and P in grassland plants, soil and soil microbial biomass and their
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ecological stoichiometry of 6 different density patches of L. virgaurea were analyzed, which were DO (0 plant/m”) , D1 (43
plant/m*) , D2 (99 plant/m*), D3 (163 plant/m’), D4 (332 plant/m’) and D5 (621 plant/m’) , respectively. The
results showed that with the increase of L. virgaurea density, the C content of grassland plant community presented an
increasing trend, plant N content increased slightly and then decreased significantly, when the density of L. virgaurea was
equal or greater than 160 plants/m”, the plant N content decreased significantly. Plant P content decreased at first and then
increased, plant C:N ratio showed a gradual upward trend, C:P ratio increased at first and then decreased, N:P ratio
increased at first and then decreased. The contents of C, N and P in soil increased at first and then decreased, in which C
content reached the maximum at D2, and the N content of D1—D4 is higher than that of DO and D5, but there was no
significant difference among patches. P content in D3 was significantly higher than that in other patches. Soil nutrients were
mainly limited by nitrogen. Soil microbial biomass carbon tended to decrease with the increase of L. virgaurea density, while
the changes of microbial biomass nitrogen and microbial biomass phosphorus showed “N” shape, and MBN:MBP showed a
trend of increasing first and then decreasing. Through correlation analysis and redundancy analysis, the density of
L. virgaurea was significantly correlated with C, N, MBN and MBP, Plant C content and soil C content were significantly

positively correlated with MBN, and soil nutrients were more closely related to microbial biomass.

Key Words: Ligularia virgaurea; density patch; nutrient cycle; stoichiometric characteristics
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Fig.1 Plant C_N.P content and stoichiometric ratio of different Ligularia virgaurea density patches

DO—D5 7R 6 NANF B E A FE PR, AFE/NE RN 25 23 (P<0.05)

http ; //www.ecologica.cn



10 4] FRE L ETEEE RS RS A AN E YR R A S R AR 4301

2.2 W EONEEE R C NP SRR L

I LA ) 2 SE T BB R C NP B (1B 2) BRI B B m SR A, R C i
LSRN FRAR a3 78 D2 Sk, ik D3, H D2 W3 T DO, D1 Hl D4(P<0.05) ; 134 N &
IR B IR P22 BOR R AN D4>D2>D3>D1>D0>D5; T34 P & &£k D3>D2>D5>D4>D1>
DO, H DO & Z L T HR A BEH(P<0.05) , X FAb2Eiti ok id, C:N RIS D5>D2>D3>D0>D4>D1,{H
B PEY R 22 R AR E ;C:P ol D2 B3 & THRKEH (P<0.05)  HHARTEHE 22 B A0 E ;NP LRI N
D4>D1>D0>D2>D5>D3 , {H A BEH [B] 22 57 18 i 3%

140 ¢ 6
L ?‘J a a
120 _a ab ab %40 5 a _-‘;i-_ _Ta_ . i
B 100 b b b el -
E i
e T T 4 2 o4
&aE 80t a3
[)2 Mg 3+
& g Ho
3 eof R
Z 40f 3o
@ 2
20 ERRN
0 0
DO DI D2 D3 D4 D5 DO DI D2 D3 D4 D5
10 357
2
) a 30 b a
Lol { 1
o
£ Sl S
&g 06 ) a —1— a
2%@ . ab ab ab  ap =§'§ 207
= o
Sﬂj? 04} ©F st
g o
[=9
3 10}
2 02t
z o
0 0
DO DI D2 D3 D4 D5 DO DI D2 D3 D4 D5
250 127
_a b ab a i a
al _T 10 b a
200 _?rb_ j'?_ i T T o/ 2 . i
: 1
o 150 | )
= KN I
23 2E ol
O & Z &
O 100 | z
4.
50 | 1
0 0
D0 DI D2 D3 D4 D5 DO DI D2 D3 D4 D5

R E A R FEBEHL Patches with different density of L- virgaurea

B2 EFETTARZTERKIECNPIERLFTER

Fig.2 Soil C,N.P content and stoichiometric ratio of different Ligularia virgaurea density patches
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Fig.3 Soil microbial biomass C,N.P content and stoichiometric ratio of different Ligularia virgaurea density patches
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MBC %5 HFMZR G481k, STP MBP Ll J& MBN & 5% 2 HEJP 4l 5 1IEAH ¢, STN:STP #1 MBN:MBP 5% 2 HE
FEah 2 AARDC UL SE 2 HEP Rl 2 2R Bt STP \MBP | STN:STP 45 ¥ 255484k, H MBN,SOC 1l MBC:MBN
SRS TR AR AR DR K

*2 EIEEFARAZTEREY . TEMYEYE C,N,P FERLFETELAHEXES
Table 2 Correlation analysis of C, N, P contents and stoichiometric ratio of plants, soil and microbial biomass of different Ligularia virgaurea

density patches

845 Index PC PN PP PC:PN PC:PP PN:PP SoC STN STP SOC:STN  SOC:STP STN:STP
S0C 0.490 -0.087 -0.714 0.169 0.751 0.567

STN 0.073 0.345 -0.295  -0.328 0.338 0.392

STP 0.261 -0.234 0.013 0.220 -0.030 -0.108

SOC:STN 0.561 -0.390 -0.482 0.468 0.493 0.250

SOC:STP 0.172 0.127 -0.612  -0.046 0.662 0.574

STN:STP -0.326 0.401 -0.022  -0.395 0.055 0.189

MBC 0.125 -0.088 0.369 0.080 -0.453 -0.417 -0.593 0.304 0.265 -0.655 -0.785 -0.065
MBN 0.884"  -0.475 -0.542 0.584 0.533 0.237 0.824*  0.030 0.383 0.827" 0.353 -0.509
MBP 0.643 -0.435 -0.407 0.537 0.375 0.125 0.528  -0.569 -0.181 0.869 0.638 -0.151
MBC:MBN -0.504 0.286 0.554  -0.357 -0.603 -0.384 -0.911"  0.169 -0.114 -0.951 " -0.696 0.321
MBC:MBP -0.365 0.194 0.521  -0.273 -0.538 -0.357 -0.677 0.513 0.253 -0.919"* -0.840" 0.065
MBN:MBP -0.127 0.128 0.215  -0.187 -0.178 -0.084 -0.116 0.825* 0.595 -0.575 -0.674 -0.225

# P<0.05; * # P<0.01;PC PN PP PC:PN.PC:PP LI} PN:PP fCRAEYIHY C N P & e fL# e [k PC PN PP PC:PN PC:PP and PN:PP represent the C,
N, P content and stoichiometry of plants; SOC STN STP SOC:STN SOC:STP Lk J STN:STP %% 31 C NP &g R Ak2FiH I SOC STN STP SOC:STN,SOC:STP
and STN:STP represents the C, N, P content and stoichiometric ratio of soil; MBC MBN MBP MBC:MBN ,MBC:MBP L) J% MBN:MBP 1t +-38 s E ¥y it 9 ¢ N P
i Sk H MBC MBN MBP \MBC:MBN MBC:MBP and MBN:MBP represents the C, N, P content and stoichiometric ratio of soil microbial biomass.

3 e

Y C NP YA K E B R R HEEZENEN, FEEY C N P & &4 B TRy A Kt i
TS A3 2 E DA R R BR B )5 o A 22 FEAR S A B B B S R B R VR B
C i IS X AT BB TRl B 21 5285 B A 385 K, BRLAS7 T AR AR ek P T B o L3 i, DT 384 1 i
R PR A R, TR B AR B4 O BIFgT B € 5 it i3 R 2 LR A A AN FBR B 1 i i | X gk — 4
TESE T 8 m S R AN TR EE B SR 0IE IV BE 17, 1X — &5 15 Poorter %57 (U245 R —30 MMM F C S EE
R AN R IR EE 0935 1 e F750 7 [ Bt 6 W o i S B AR W A ML I BB BE R Y ) NP TR
YR RA S Z WICR Y N & EE G LTS 53 T R, X 0T RE 2 RE & B 55 5% B 1 4 n , A P
(] S 438, () st 45 BREBR A N 75 o 0 S8 I T R [RS8 K S 07 Sk I sy 9 i) SR ARG Bl = ), Bt o B e 4
FERBENN, BALR B R, YT AR B =160 BR/m B Y N S8 B R, MY P &R R
Je T R UL B B S RN, AR PR R AR N, 13X A T R R AL B R P AU RE
J1csm B BRI 25 /A Frt— P Rk

IR C:N Fl C:P 38 % B8 S MUAEY) N AP BRI R fEARTEgT b, bl o 5 5 2 B A 386
C:NEL 2B LTS, C:P R SE L TGRS X R B 5 X N BRI FHRCRE S X PR FHRL
FAE D2 KR KME, "R R A S B LN, £ P S BRI A R, AR R AEEXT P TR, ®
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Fig.5 Redundancy analysis of C, N, P contents and stoichiometric ratio of plants, soil and soil microbial biomass of different Ligularia

virgaurea density patches

MARFIRAEY A BB LA F T e SRR TR IR E Y E W A i AT L

P BRI FIBCRIRAR, TR T3 P &R L SEGR SRR Y NP REHIWi 7 Al
Y Kt R e R R SR B BRI A Y AR ARG v b A v A B A AN, NP e TS R
R YRR =320 BE/m’ B NP /NF 14, A BEH 27 N BRI, M E G EEEEAN T 40 HR/m’
H1 80 #k/m* Z [A]} ,N:P KT 16, A REH 2257 P [,

FHEFR I R A W LY AL . AHET R E EE SE S RN, £33 C N P A R e
TG B Fo C & A D2 ik B K MH , BT S 5% A D2 Ya B, R C LR feoit , B G 1
T LAY, TTRE IR T A HLR A, B3 C EEEIRTY . N &8O DI—D4 & F DO Al D5, {H4%
BEPR2E AN X S5 R AR TR N SR eias PR E A N E R L N TR
X Z 1, P i D3 W3 TR BES X v AR Y i A B N 160 R/ m* B R E T 3T P Y
DORL MG T HHErh 2k Y & i, Bl BESR S B E— 203 0, A X PR RIS, s R P SR T
R ORBFST B A A C NP SRR R 45 R S T [ A0 A4 A TR R RGN - s A
RO YA R —EL, 3 0T i 55 sk AR M e BN [T 6 LA R 5 7 Ol SRR B (R A7 6, Shi ZEPO BF sk
B B 52 5 A D A 2R AR 22 A& TR IR AROIR 25 | 18 1 o B2 B B R ST FE OB o (AR
WFT550RE X S ARMREGE R -8 HEAAETFEFE R R LN C N P ST EIG I E 245
PRUTTS K N A ML BB L R R RS R R Y AR AR AT P, N FE DS A E IR,
X A 2 1R 2 BER AR T A HLR B9 o s R | DL R i il e P R E AR AT 8 CoN # s  +3%
C:P (W T B A R, LR, W A A R Y AR 9% o 408 C:P #E D2 3R B K MH, Uil D2
BEHRE B (0 A5 AT Bl A B S A e T - ML oA TR T -4 C:p, 3%
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N I P FR53 S P TN T @ AR AR bR FEARIESE b L N:P BB B S22 B2 (X1 I 222 s A1
Ja SCA B, BN P EAES BERY/NT 10, Ul e 22 NOFRE, X — 45 R Bt — P UL AR N A SR
Z R Sy B 2 M X et 2 R AL IR, 7T 25 B R AT N TR R BN, LA 5 BRI 0L

IR W A e R SR B PR AN T SR B SRR A R AT SR AR R
Fr BRI AR b, B R T 3543 A TR ARWREAE AR MBC Fifi %5 365 5L 75 25 J3E 1 18 A R ARk 3
11 MBN F1 MBP A2 AL 2 B N7 7 B 33k 5 ] 87y 55 5 11— 5 8 VU T P AR 17 S0 I T3 R sl A 0 114 3%
P ARG — R R, W AT A i e SR s IEE D AORSE . AR NORI P 3R (9 R/ NBEHT MBN :
MBP Lok FR S AR FE T MBN:MBP 2 Je i I e AR 3, ST 7 28 @ S O R b, 35 /N T 160
Bi/m? I, REHBAEIN N BOFSR/ANTXE PAYFSR, S8 EER T 160 BR/m’ I, FEHIAEHIN N A7 SR T X P i
oK o AT AT RDA 7043 A% C S5 L4 C & k5 MBN 2 B3 IE ARG, IX Ui W] - e 2R
Yot e S R A e A LTS A R SR A ML SR A W A T AN BB R o B B R TR [
IR A K R T YRR, A, P50 kB SR SR W B SC R B ), TR AR i AR
FA RO AR, TR S AL SR A A AR SR AR AT 520 381 - SR A i P L R ARG 2

4 #ip

B B SEE B R A B, SRS R AR R 1 S8 2 1) N BRI, 24 3 35 LR T 160 BR/m® I, e
AR AN N TR EER T X P AT SR, HaZre i ny N EAR T 20K R, S ko A 52 12
DX s R AL BAR , i) 5 X2 S A T N TR AN, IGE IR BRI Ol . D381, Mm SE B 1 S
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