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Effects of arbuscular mycorrhiza on absorption of nitrogen and phosphorus of

Spartina alterniflora and Phragmites australis

LI Min,CHEN Lin,XIAO Yan,GAN Lin,HU Qiu-Xiang, AN Shu-Qing”
School of Life Science , Institute of Wetland Ecology , Nanjing University , Nanjing 210093 , China
Acta Ecologica Sinica 2009 ,29(7) :3960 ~ 3969.

Abstract: Extensive competitions has been found between two species: the native plant, Phragmites australis, and the
invasive plant, Spartina alterniflora, in the large areas of coastal China. Although their different influence on various
species has been recognized, the impact of arbuscular mycorrhiza fungi ( AMF) on the inter-specific relationship between
S. alterniflora and P. australis, especially their role in the invasion of S. alterniflora, still remain an open important topic.
In this paper, a three-factor experiment is designed to clear the impact. Two plant species are grown both separately and
together in soil under mycorrhizal inoculation or un-inoculation conditions, while fresh water or artificial seawater with two
levels of concentrations are supplied, respectively. Experimental results indicated that the mycorrhizal colonization declined
significantly as the salinity ascended in the mono-cultured P. australis and mix-cultured S. alterniflora, while was not
affected by the salinity factor in the mix-cultured P. australis and mono-cultured S. alterniflora. In mix-cultured cases, an
inter-reaction of the colonization rates of AMF between two species existed, which correlated with the salinity. Specifically,
compared with mono-cultured cases, the colonization rate on P. australis declined significantly with 40.5% and 24.7% , in

fresh water and low salinity seawater respectively; the colonization rate on S. alterniflora increased dramatically with 86.
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9% in fresh water, in spite of a negligible change in low salinity seawater. In mix-cultured case with high salinity seawater,
however, the colonization rate on P. australis was unaffected, while that on S. alterniflora declined significantly with 78.
7% . The N and P concentration of two plants were promoted by mycorrhizal inoculation with fresh water. However, the N
and P concentration of P. australis were significantly affected by salinity, with a positive correlation. The effect of
mycorrhizal inoculation on N and P concentration was overwhelmed and suppressed by the salinity in this case, implying the
N and P concentrations of S. alterniflora were immune to the salinity. Thus, we conclude that, the AMF inoculation has
different levels of promotion effects on the absorption of N and P of the two species, the effect is correlated with the infection

degree, which is influenced by salinity and planting patterns.

Key Words: arbuscular mycorrhizal fungi( AMF) ; Spartina alterniflora; Phragmites australis

AR AAR U T A ARG LA W B E S5 A FThBE , T L3R5 I SR AR AR I R 153
Ve FIBE IR HEER MBI S R B AR AR

T8 i AEL B AR LB (AMF) 55 558 SRR RIE UM AR , RBAR 21 X%t L8 T & PN,
K. Cu.Zn SR, 32518 EAR R AR R IR o KB Re 0, s Y X TR R R SR MEERE v
Ve ZEHY AR R B PREES/ER Y . AMF S5 Y34 T8 1L —, —Ff AMF 8] L5 2 /Y
TR A: A, — R HL AT L5 2% AMF 2 st A (k)

DA AR I T DA SE o8 R AR T 41 P AR 588 B AR ) S I 1 AR B O ) 2L RN R AR ) 35 4B T, DA S
TFAEYIRT AMF FH125 SR s nami ) A EA/E R 7 o Hoin AMF BEg s ARFAE K IR B E R
EREHEER™ s A+ 3 (9 AMF Bl BARE T AR ARF Centaurea melitensis {4 K It + 35 Fh 9 354
10 s AMF REA% 383 B 22 R0 1 APl AR Rz 26 ik BBl , N TR 5 21 S P B AR BE 111 o AMF X 4h ke Fh s
A B B R < SR Centaurea melitensis SRR/ , AR £33 B fin AR B R (Benomyl) A B4 H
AINZE T R HAEFRE 50% , T H R AES B & MK AMF (EE . 7T L AMF f2h BER B AT AR .

I 20 R, HAEKE Spartina alterniflora Loisel. 7EF E i ] H MR P B8, © RO B il 38
BHREEMAREY . £REEF O KILOEMPAEEG, BERKREN L EHY S EEEBENTRY
M, AERZFEFAFEFOLEERREZFMTERE, NI SEFEERKEE A= E L TRERLE BT X
HIEKRERARE S,

M HEREREREEY T ERERE — ERAESREPTEAETENERY . ERE LA
ERAEY ' . R RN E K E A KA —E BEHE/EF . McHugh 1 Dighton A6 I 5 75 K B i A
EREREN5.5% )8 THMIERIEMEY " . FENEESD, BRERNERZE —E R, M
B MR B A6 K BEAR B 1R e SR AR , (B B AR B B A A T A B 4RI B AR R B e BR A T B3R e ™

HARKEL S AR AR BB 855 , T 358 TARCEARAEY) , AR 4 AMF X FiX B FAEY) A KA T
M7 BB M AMF £ B TR EAKRE AR ST ML, %3 T B KER S FHE R AMF 5256, 18 T g1
Heff AMF 5 R85 AMF, ph A K AR AP, A R E AL B B AT , XS B X PR TR I A K &
HAhE] S R A
1 #RERZE
1.1 SEEephet

SLRESPRAEY B ALK B (Spartina alterniflora Loisel. ) F ¥ R4 TTLI 4 IR IR F9 3R , /K ITIR G
BRI, KR RIB/KENL 24 h,28 CTHEZE, 1 AE B EZNNE U KRARME, TRAH.

v+ E ALY 2 (Phragmites australis) 524 1 SRR T 3R 0 I /K 3 b, S BOE- 30K & 0 (8 £0.05)
em(n =162) MIEFRLIH .
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1, 3ZH5 em 3 20 em RAGHR FE 148, LA PR B P 45 SR 4R 14 50 ke,

Wwifp 138D 101 e BlR G (3% pH fE0 8.2, A WL & &0 10. Og/kg, AR A & BN 45. 6 g¢/kg, WA
PSRN .1 g/ke) , A 3 EETRMATTYS , MRS G A BBHER B 042 17 em, £ 12 em,

B 27 #0137 KB, BRI 4 2 D K I A5-R R, R PR LI TR B B, B R L P S HL A 7
1530 H & R T RN B AR R, KR A R B 27 WY b, SR R AR 27 BV 1, 5
F AR AMF FiHeFh AMF 5%

1.2 SEmiEit

HALKEFP R AMF 25 =R R B : AMF L0388, Foa s X BEAL 3 . BAAh : AMF b33 4 $E R0
AR MR P S M B AR R B B SRR S — R 1R SR B AL 3% 3 ANBEEE WK AR BE (R 3R B,
FM=HR W EHE LR, FEPFPER P 3 F Oy M E P A AE Y , xR R A A # TR P w3 A
EREEALHR, B 18 MAbHE, AL E R 3 IR,

VEHUAE KRB ST AR IR IR SL IR TR . 7EWIFD AMF 2R3 B, & FPAE O B HIE KR, B4 6
PR3O 27, B4 6 K9 RIRFORF A5 MY 3 Mk, B AFE RSB 6 #hko % 3 d, BRI
10% Hoagland EFF 250 ml, EHAEEHM T o

1 A G4 e BE Y, P R BEAL 3, BRI BB K B 43 015,30 45 3 MR BE, B i 25 R AP IR Fh it
43 0.10.20 58 3 ML, HAEPEK 200 ml, L5452 d 38 1 YOK, 3R OREF 50% &K & , Rl & T4
HEREIREMBE.5%),

SERAE B OGN AT , = IR BENL X LB M2, A FEY LA R 2 A B . FPAE 10 {5 31T 2tk
WK, BYEURT B AR B, (RAFAE FAA BEE WS, AR AMF R XSGR AR MR AT IB TR AR &, 80 C
THELEHT 72 h FEH ZE RO TE, FUEEHE R NP SE,

13 AR BRI

237 SRR T Y 6 M AR R R . SR B RK sP U AL BB FAA W, )5
FARREE T 10% KOH #iH,90 C ki 1 h; 285 M ddH, 0 ¥ 3 38 , ingsitt H, 0, B 4 30 ~ 60 min; P2
H,0,,/n 1% HCl & 3 ~4 min, {Z HEFHR , AFEUES; A 0. 01% BRI M LAFLERIK, T 90 C T 1 h; i
ARG B ARSE B BRI, LRI A5 5k, XA AMF 2RI/ + 7, A REMIIZ -7, 81
AEFREERE 200 MREL TR RIR,

1.4 HEYRAR BEESENE

HEPR AR E R A ™ o AR BRI & R AR B s P
1.5 HdEabs

% F Excel (2003, Microsoft) il SPSS( verl3. 0) Gt itk (4 AT AE AT . (86— 445 AU ( General liner
model, GLM) {2 KR L83t 3 B R KEFRMEVIZE A XA B 3% 2 7 S EH T — B S it o
BT, 357 225047 (One-way ANOVA) AHIK R T, LAK Turkey 28 LU /AT Stk B BE 355 f5 22k 36 (p
=0.058,p = 0.01),

2 BRE5SW
2.1 FEHHEKERMERERSE

S TR R ER BE AL FEXT & AE Y (1) AMF (LRI, Wi R R 7 2 0 TR W], S AR E R G R
ZELE AR R R EEAR BE W (p <0.01,58 1), MEEKER AMF RHR 2R T
ERW (p <0.05) , ZFEBK AR, HRER ZEA BE R EEMH(p <0.05)

2.1.1 X RGLFMZ N

WA 1 s, 3 AMF RY4RE] B8 T B ARKE, §iE 7E AT A #efh AMF AL H KT 37% , Tifa

HYIAFE|10% , —FERBE(p<0.05),
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F1 MERXMBEEARRYARERSRERNZIN
Table 1 Effects of planting pattern and salinity on colonization rates

i I TR SRR HAR
Y Species pattern Salinity Species pattern x salinity
Plants
F P F P F P
P53 P. australis 98.61 0** 38.57 0** 17.93
HAEKH S, alterniflora 0.725 0.32 13.89 0** 23.44

* % fE p<0.01 /KF F5En B 3% Significant at the 0.01 level

BRI S B AMF {2 3¢ 3R i b JBE 1 = T e {1 (& 9 -
D), B Z a3 257 83 (p <0.05) ; SHAKRFIRF

O MonoF & MonoLL
80 a O MonoH @ MixF

2 AMF IR R IR K. RERRE ¢ 0r] | @ ML eV
I bR BT B TR f a3, (L7 3 2hEE 2 ] 25 5 or

HARBE,

RPN BAEKEL ) AMF RYR7E 3 3T T B
(B 1) 5 HIRFMEILKE, H AMF R4 %5
TR TR, ARk MR G B2 | TR
FEAE AL BE (p <0.05) 6
2.1.2 PR R YL R )

PR LA LR AP ET BE S ) AMF RYe, L B P S EARK AR M AR R R
NS AT ARBAR BRI 7! e et
PR R IPOK AL T W H AR FIET R 43R L L. EELIE Tow salinity,l-i,%jﬁ':g high Salinity;’ Klﬁm?&%/ﬂi
BRI T 40.5% , 2 F B E (p <0.05) ;KERE T 3 P25 5 5.2 (p <0.05), The different letters indicate significant
TR R R IR T 24.7% , 2R B2 differences at p <0.05
(p<0.05) ; tHXT T 5 , M ih B T WA AEA X P 3K
AMF {2Ye 3040/ IR R LR FRER T 13.4% , ZRHABE,

HARKE NS ) AMF RYRRUE, SRR HERER LA T2k, BB 1 A1, KA T 5
KEIRFP S ARG LR R = T 86.9% , 2 R .3 (p <0.05) ;{REL T IRFI B B AR K E R YL R L
FRETFEAR T 22.4% (HRAEA BEME; BERET, 5AEMBEME EIKER AMF IR EEEKT 78.
7% (p <0.05) .,

B RS, B EEFHE R BAMF (5L S8R, X5 R0 (2 =5 52 i B o BB IR FP AR T A 35 19 AMF
R YL R, X Ff 7 TG 52 ) 194 3 B Pl b B o TR AEG s IR /K AR B P IR PP & B 3 R HE B AR OR B AMF 2 44 38 FEIK
AR IR E T IR AMF RYRAFEKT .

2.2 AMF XM AR S B AR

B AMF 228 PR B =R X A BB E &SR S B T =2 R0, EREK
M =R R E PP E LA =F R EAER X B RE SRR R e R B3 (p <0.05,% 2) .
2.2.1 FEABSEENR

(D EREE BT, EAh AMF X35 B R & BRI (p <0.05) , ZOR bl EE BEHY i REAR ; 1B
et , REEMOK A 55 T R AMF Xt EA & BEABAREH (p <0.05) , FEh T 5N AMF £ 25 AHFEK T
HERSE, ERAARER AMF (A S i E RS EREREAS A (E2),

Q)MTREE BT, B AMF N A & &8 FTFEK(p <0.05) , Ho5 bl £ BE 1 fin i R4 1B
TP, Befh AMF ZEVROK FUIRER B F ¥t b T A & B A PR, (B R EE TWIREK T 29 47% b F A& &
TP AREERD AMF (0304 b T A& B E TS A= .

& e e e _ d of £
X I 1N mm,,,
#¥ P. australis HAEKTL S. alterniflora

A B R 43R AM colonization (%)
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(B) BAGE  HAE, EA AMF X B RS EA B B RRHE (p <0.05) 12 #E28CR bEER B3 i A Br
WEARG s TR A, 350 AMF REEVOK A3 T A B A S BABRME , KRBT BoA 0 , B 2 7E M 3h B T ik
T4 31% MEREE. ERIAREM AMF RAAABAEF 28 & BHERET R TIHE

(4) 3t ERESR BAPRT, HFh AMF X ok & BA B BIed (p <0.05) , M BT e B8R
55 (15 87% ) s IRAPES , Al AMF ZESRK AR B T %0 b LB & BAA (et , e OR Bk BE T3 T o

(S)WTHESE B, Hefh AMF 7EWRKRIR 3BT X T B & B3 TCRn , fEAREh B T A B in (p
<0.05) ;{RARm, HeFh AMF 1EIRK FMIRERBE T S 3t T Wl & BEFRARG, fE 2 BE B R M HA Frsfin . 2P
RIEF AMF BOACBREE A, 25 BEAR RS 3t T B 5 AR RN Ko

(6) BEER  FFPET, AP AMEF X1 H S S B fe B (p <0.05) , BLAR#ERCR BEERBE B v T3 5 5
IRARI, A AMF X S8 & BRI K, SUEBRK T A 5 MRS IR IRF A LU PR EEM AMF [
AP 0 B AR AR K, TR SRR HEA 2 v, o Eh BT AL B Ay o 2 ELAIRER BE AR o T 24 50%

O HFER AMF o JBAMERD AMF O BARER AMF & [RFRER AMF

M B R
—_ e
SN A 0O N A
S = N Wh UNAN OO

Total N concentration (g-kg')  Shoot N concentration (g-kg™')

T 1 T 1 1 1T 711

i EEAE
Root N concentration (g-kg™)

LEGR
M LB R

Total N concentration (g-kg™!) Shoot N concentration (g-kg™')

(=TS

LB R

1 T T 1T T 711

S = N WA 0 O

B R
Root P concentration (gkg™)

B2 M b T BR A RS R

Fig.2 Shoot, root, total N and P concentrations of P. australis
A RN AL BHA] 22 53 8.3 (p <0.05) , The different letters indicate significant differences at p <0.05

2.2.2 EHKRERHSEERL

(b ERS R BFPET, B0 AMF X4 - A& AR DA (p <0.05) , 55 B 1 fin 2 Hl 55 (2 #E4E
FH s IRFRES , Behh AMF ZEIRK AR BE T 0 b B R & B A BB (p <0.05) , M E T AL T 4 11%
Moh E SR ERANRER AMF B4 i R & BAERKFKERE Z R 2Z S AR, H 3 e i b
AEEAIRT(E3),

Q)T REE BT, B AMF ZEOK FKEE E TR AN TH T A S & (p <0.05) , mhE
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TR IR AP, A AMEF R X5 T RS B A B (p <0.05) SR BE S I SR BERUR . R4
AMF Kb32H 3T RS R 352 B3R B BN o

B)BAEE B, EF AMF X 2R & BEHREER (p <0.05) s IRFIT, #Flh AMF 838 K fed T
SRG R, R REER N TR, 2 e SR B R 2K

(4) 1 EREE R BRI, AP AMF (UFERER BE T X3t Bk & BARHEIE M (p <0.05) , 3RK M £8 B2
TR S B PR IR AR, B AMF fEWOK A58 T X b b B & B Bk, fE R Eh BE R SR BE T
PIREAR T o BB SR . FERBIOREAIAL A P, Eh AR LR AL o

(S)WTHESE AP, Hefl AMF ZEOK FMIRER BE T B 6 T k& BA B3 (p <0.05) ,HIER
HhBET R T B S R T 4 50% s IRAPES, Ak AMF R7ZEMRER BT X b T3 A B 2k, K T
T & B T 25%

(6) BB R FAPIT, 35 AMF fEHOK AT £ T AR T BB & & (p <0.05) , M ZEMRERBE T X 2%
B RAMRBENE R IR, 3R AMF 7EIR/K AR ER BE T 20 e ph & BA fe 2t (p <0.05) , HIER HE
TRAR T 21% H2PEE 8 7ERERN AMF 2B A, 31 AR o0 2 & B A K

40 —
35
30
25
20
15
10
5
0

N
(%
1

a a

MR RS

Root N concentration (g-kg™)

i EEAE
Shoot N concentration (g-kg™)
oo

R R
Total P concentration (g-kg™")
BB
Shoot P concentration (g-kg™")

S = N W A A

IR
™1
£

L
Total P concentration (g-kg™")

T T T T T T T 1
o

TR R
Root P concentration (g-kg™)
S = N w A NN

B3 HAOKEH - T SRS BB R

Fig.3 Shoot, root, total N and P concentrations of S. alterniflora
A RN AL BHA] 22 53 8.3 (p <0.05) , The different letters indicate significant differences at p <0.05

3 g
3.1 A[RAEY)Z [B]% AR TS B 5

W R A AR SE AR A ) 2 KA — R, S0 e AR AR R = AR . iR ER R
HARKE, LER—E0 BT B A IAR U  R e R 5IR A IR Y R E 2 57, RITNBAXT BIAEY I AMF (%
P RITH
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RAMEAEMRERAE TR, ARIENA, A5 % AM ERREMNHIES Z B AM EHHKEIR
i, KFERK AM B R RS, ARG 28 RHEY N BB AMF BEARTE A SR m ™ 5k
KEIRFFESE AMF RYREELINRE T IR

TEARELE T IR AP B ARR B AR YL 2R3 1, Trinck 278 B Hb = 52 ( Trifclium pratense) [f]—$53z AMF {7
AR 3P B 5 Lupinus spp. ) K TE—E I, P15 SR 5 3% AMF 23 [FAE St-Arnaud 2565 K R
FEYIFLAE B ( Tagetes patula) 53 MR ARME Y B A A 4T ( Dianthus caryophyllus) &R, 75 H J5 3 1) AMF {Z YL 3
BRFHRE . B, ZERIEET , B KEEN 2 5 MG B Hh A 2 R RN, @ 55 B EH 1% R IR
Z T, ok B HE R E KRR AMF Y380,

RS R AR SR N A & EAHRZ 7 VA BEARE 1 2 R 1) - 58 (0 7R 22 (MR i+ 3 b I i
B (FR BRI ESRS TR ) MK, R e T % 2E AR N HSAE Y W BOR s VA B AR B 058 2o A
W22 ME RS BRALE Y . BT VA BARE 5 IE Y 2 8 8A 0% BE& —1k, BT AE A
SRAL VA TR AT LA AR SN 22 5 45 [R) A A 40 sk R A ) B AS [RIAB AR T L3R A |, 3 S ZE P A s W0 A LA b4
YRR ZEEEEIEHMEZM VA W25, WAREMEKREISF T EEMESREFHEADEEZNIE
L AR AP VA AR R AR, B 359 1 AT AZEAS A P A el b T4 R A K By B B R FF A
ZIAITE TR L AR, B TR R AT DASE 5 TR 220 AR K o A S A B I 1 LA AR ) , AT 38 i Ak 5 AR 25
REM SRR ENE . BT AM B SHEY R LN G RS SRR, XA EERRER I E YT
BAAETE , I AM BB %S [0 20 A B2 50 AW RO A R B VIR . FER B ALK IR AP 1%
BUF, —F R EI SR AT BB B T RARFE Y & M B SR ECR X & R R G R B AN AR 1L, T
A [FIAE P AR B AR FTE BUFIAR PR AML LB B 9% 1 24 o
3.2 MEERRYT Y A BRI

FEE M LRI A B S B2 AMF 2270 Fa s X b = H R 3 5 Rm .

BRIRIKAEBE T #eA AMF BFE R AT 4047, BT DAUR BLERR AMF X7 3 R BRI B B3 R HEEA
H5xZUe e nE AR BER SHEYR BRI RIS —5 " EMEYR BERRIKEAEE B
ERW IS5 AMF B EAER . PSR, NSER AMF 55 SRR mE M E T REA S E,
AR B A S S B BN, 7EEhbA TR AMF AT LS I R S B H R REE 2R
TR B BEM_E P15, B AMF 520 Fl£R B2 3G AT FEAR, 7T RS2 R o 3h BE R IR TR e %
FREt. TTREH T EAEKEA B BA BRI ES A R S BRI ENENA R, BB R
T, B AMF SRR A S EMABS &, 7Tk E b R - 3L A4 5¢ R0 B AR KR B A B R ) STk oK
FIHFETEL
3.3 WEHIRREEEIKREARFHHER

R, BRRE S S I Te e R U Bl AMF X S RE IR H RS SRR B E
IEAHSE, Hiz Hof) R AR Pl AR BESE sl K, AHFAREE K AMF R FREBE T A ENEARENTRFEE
KEERE, — 7, VR AR T A ERNARKE IR S M ER I A RR; 5 —FH, iR
TR B A B A BEARAE Y () AMF (R 34 SR AR 3G Iz A Y B 32 R 88 7, W B B8 M AR B AR S 4E
PERER TR Spartina patens 15 I HLAE K B BRI T SRR .

A RE T H K E N AR YL SR, 3550 AMF BARW EAEKE i N.P S84 T 20, AL
HER S8R AMF X735 NP WA 2E1E FIAH Lu 355 , 2 /0 A B 7E N P Al L B AR E X P 35 /)
AR FIL, ok B LR EIKRE AR R E L EHY 7 3E 0 1] 68 5 MR ARR YL T REX R s b3Sk
Y AR 2 B AR E I AT 6B 5 7 25 M AR R G AR
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