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Spatial distribution characteristics of arbuscular mycorrhizal fungi in the

rhizosphere of halophytes Phragmites australis in Xinjiang
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Abstract: In order to elucidate the spatial distribution characteristics of arbuscular mycorrhizal fungi in rhizo-
sphere of halophyte, roots and soil samples in the rhizosphere of Phragmites australis from three typical sites
in northern Xinjiang were collected at 0 —10, 10 — 20, 20— 30, 30 —40 and 40 —50 cm depth. The results
showed that AM fungi could form symbiotic relationship with P. australis although salinization was main lim-
iting factor for spatial distribution of AM fungi. AM fungi colonization rates and spore density were significant-
ly different in different depth of saline soil. Colonization and arbuscule abundance of AM fungi had significant

difference among three sites, and gradually decreased with the increase of soil depth, which reached the maxi-
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mum in the 0—10 cm layer. Spore density also decreased with the increase of soil depth, which had the highest
spore densities in the layer of 0—20 cm. Correlation analysis showed that spore density had very significant neg-
ative correlation (P<C0.01) with the soil pH, electrical conductivity and available K. Colonization rate, infec-
tion intensity, arbuscule and hypha abundance had very significant positive correlation (P<C0.01) with soil a-
vailable P and available K, but had very significant negative correlation (P <C0.01) with soil organic matter.

The results provided reference for the usage of halophytes AM fungi resources and promote the vegetation re-

pair and ecological restoration in saline land.
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Table 1 Introduction of different sites
. AR SR ) o
, _ 13K AR R OK B - s
b b B AR B . Annual mean + e i EAEY
. ; Altitude/ . Annual mean .
Site Location air temperature/ . Soil type Host plant
m o rainfall/mm
C
LT b 86.248 65° E. Efﬁhﬂ"ﬂﬁﬁ@i }E'-jﬁ(thgn.zites aust‘ra%i«\‘) .
. R 381 7.4 189 Heavy salinized — #M) (Tamariz ramosissima) .
Beiwucha Town 44.591 91° N . o .
meadow soil AL %8 (Karelinia caspia)
. %2 (Phragmites australis) .
" . b K+
W 7R 3 b 87.788 58" E, 1 ,}( . BMI ( Tamariz ramosissima) .
. 467 5.7 12.6 Salinized gray e e e
Zhundong 44.251 05° N . M ¥ H (Achnatherum splen-
desert soil
dens)
53 (Phragmites australis) .
2L 4R ) 87.935 69° E, 1 091 50 64 A EEFE L BMI( Tamarixz ramosissima) «
Chaiwopu Lake 43.523 21° N ’ Salt marsh soil % ¥ ¥ (Achnatherum splen-

dens)
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TEFEAR AR 0 — 30 cm Y FI N, 20 51 7E 0—10.10— 20,
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1.3.2 HHEh IR Ty B LR T E %
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8 A R R PG 4 Al i
1.4 Biagiilobr
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FOEEALE AM HIE o A A Y i 02 LR R EE
HYFZ R, AM E T 96 5 25 B R4 GOk 00 76 A ] - 9 IR
FEW AR (R 2),

3 AN b A TR AR AR G B )2 A R R A R R
G B KRB 0—10 em, F/METE 40—50 cm
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£2 AEREAMEFENZTESH
Table 2 Spatial distribution of arbuscular mycorrhizal fungi in the rhizoposphere of Phragmites australis
. 12 (EEES 12 it N S WiFE [ 5%
Site Soil Colonization/ Infection Arbuscule Vesicle Hyphal Spore density/
layer/cm % intensity/ % abundance/ % abundance/ % abundance/%  Spore ¢ 100 g !
0—10  62.67%2.15a 1.8340.08a 0.00 0.00 0.18£0.01a 13.33+1.76a
b 145 10—20  37.64%1.69b 1.22+0.17b 0.00 0.00 0.124+0.02b 13.00+1.53a
Beiwucha 20—30  42.30+3.10b 0.87+0.05b 0.00 0.00 0.094+0.02b 11.0041.00ab
Town 30—40  23.4441.63c 0.64=+0.04be 0.00 0.00 0.06£0.01bc 8.33+1.20ab
40—50  18.40%0.96¢ 0.1940.01c 0.00 0.00 0.0240.01c 6.00+2.31b
0—10  75.79+2.23a 23.77+8.31a 1.3940.19a 0.00 21.82+8.94a 19.3342.90a
o 10—20  47.7441.16b 23.41+2.75a 1.6440.08a 0.00 17.1844.39%a 14.3343.38ab
L 20—30  44,97+1.70b 0.55+0.05¢ 0.014+0.00b 0.00 0.05+0.01b 10.33+£1.45b
Zhundong 30—40  33.46+2.08b 4,284+0.09b 0.05+0.00b 0.00 1.16+0.13b 10.334+1.76b
40—50  13.02=+2.11c 0.13£0.01c¢ 0.00£0.00b 0.00 0.01+0.00b 8.33+2.18b
0—10 48.15+4.51a 2.9441.28a 0.00 0.0340.00a 1.31+0.15a 81.33+1.71ab
10—20  38.27+1.05b 2.97+0.19%a 0.00 0.1240.01a 1.37£0.10a 101.33+1.39%a
Sews
20—30 34,.104+2.02b 0.3440.02b 0.00 0.027£0.00a 0.0340.00b 74.0041.70abc
Chaiwopu Lake
30—40  21.34+1.90c 0.22+0.02b 0.00 0.00a 0.024+0.00b 12.0041.15bc
40—50  15.3241.12¢ 0.15£0.01b 0.00 0.00a 0.0240.00b 5.004+0.58¢

TE < [ 81 [ — R o K8l S5 AN 8]/ 'S 5 1) 3 7m AN Tl )2 ) 22 53 B 25 (P <<0.05) (n =12)

Note: Different lower case letters within the same column mean significant difference among different soil layers at the same site at 0.05 level.
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2 (P <C0.05), Ho i db 7 B8 RN S 6T B4R W A M
10—30 ecm & LJEZM B EH & T 30—50 cm & L2 1)
(P<<0.05),ffEA 10—40 cm & + 2 25 T 10—
50 em £ 2B (P<C0.05),

AU 75 RN S o AR ) I A e s T BE R IR R
REAA S MEAR MR Y50 B 0—30 em 46 )22 T
#,30—40 cm B EE T 20—30 Ml 40—50 cm &%+ 2
f) . V2R S s BRI AL H AM EL R AR L5 B 0— 20
em & HZBERET 20—50 cm & HJE K (P <0.05),
JEHEHEFEH 0—10 em L2 EF R T 10—50 cm
& LZEM(P<<0.05), Kk EFH, AM H I 1Y = G o
JERIAMEAR >SS BRI > i,

3 AR M P AT ME AR B ARG 4 R L AR R
o 5 T A 20 BRI S 5 R T A AR S . i 5%
ey AR R St i T N e N = 5 R e S L )

%,

SR 2 £ E AR S ) E IR ERME T
Wit a9« o o (ELIR 2 0 2 09 HH B AE 10— 20 em b, 240
BAE 0—10 em )2, MERMLEE RIEIFE L AM H A
B 2ZFEE 0—20 cm 4 H)Z B #F & T 20—50 cm 4%
+JZ M (P<<0.05) L AL &AM 0—10 ecm £ 21
EEHETHELENP<0.05), Bi& FH MERNE
2 ERE T AL A AR 1,

NES 8] 53 A1 ok L 46 % B 4 R B G + 2 R 1Y
I FEEAR B e (L HH BRAE 0— 20 em + )2, 2855 4R W H
BAE 10—20 em £J2 HAM M BAE 0—10 cm L2
HERO—10em HEMWEFER T 20—50 cm £ 12
(P<C0.05) ;b H AL B L2 0—20 em LJZMI 1
FRT 40—50 em HJZ (P <C0.05) s NEEHI K 7 , 48
BT R 0 96 % B v T AL L BRI AR T
2.2 ASRIREHL A3 P 123 ) 4 A

Wit AR b, 178 AN [v) R A 8 R R 1% el A, - 3 TR A
8 23 [A] AR o A% 00 B b M 4 b B =2 & A AR Ak
(D, b HZEAMUERD pH 76 12 1] 0 W % 2 =
(P>0.05), At 25450 pH B+ 2 N2 %6 T -
FhOMEAR RS BN B LT Se e 2 pH
TE0—10 M 20—30 ecm +JZ MW #E & T 40—50 cm £
JZ(P<C0.05),5 10—20 1 30—40 ecm 1 )2 &
FHXER(P>0.05) JF 2T LT REGH,

YEZR B L R B 2 IR 2 TR L, 40— 50
em HEMEERT 0—10 M 10—20 em +ZH(P<

0.05) ; Jb T 7 BRI 2 3 B2 00 1) Pl 320 28 ) G B 3 2
5 (P>0.05) ; b L 72 B W 5 3R B2 SR BRAIK S T =
RE AN A, S8 8 OR) S2 SE RIS T s e

WAENBE 0—10cm LEMNEE ST 10 cm LU
THELEENP<<0.05), i EMRE T REEHE, A
40—50 cm 28 20—40 em & LEWA FIH(P>
0.05) ; 5B R 0—50 em 2T m PRI, 20—
30em LEEMABEES THEA4ANALEN (P
0.05) 5 b 0. 7 FH 3 S50l 52 S R IR S T o 1 o 1
TE 0—40 cm #5 LJZMJC I & 2 % (P>>0.05),

WEAR IR 0—10 em £ 2 W E T 10 cm LU
T 128 (P<C0.05),10—20,20—30 Fl 40—50 cm
Z 0] 2 5 58 3 (P <C0.05) 5 58 55 B8 1) 1) 3 85 B0 7F + )2
H] JC @ 35 25 5 (P >>0.05) , R FH#a e ; Jb 1 20
) R OB B )2 IR S e RS T e R A L 0—
40 ecm A HZRILE % 22 % (P>>0.05),0—10 em +
EHEEST 40—50 cm + 2 (P<<0.05),

YEZR I A BT Bl 2 IR 2 B B AREE #, 0— 20
emBGSTENEEST 20—50 cm & EH (P <
0.05) ; 48785 LR 1 9 A7 BILJTT Bl 4 22 I 22 S 7 o ) AR
B %, 20—30 1 30—40 em HJ2 M B ZE ST 0—10
F110—20 em )2 A (P <T0.05) ;b 1 & B89 A LG
FREZE TR E 25 (P>>0.05), 2 % BALS T+ i
[E (AT

S BRI b T 7 BEORE M A A R 2 ) G (2
S (P>>0.05) s fEAR R EREFETHEH,0—10 em 2K
BEET 20—30 cm )29 (P <C0.05),

2.3 PUEEHUE AM B 4 b B 00 A G 4y
br

FUEERR L AM L 8 A R S DR A OGPk 2
KR AFHEES LI pH BT F A K A2
Wt 25 R OG (P <<0.01) s A2 P 8 R Qe o B AL =
JE W2 EE S PO K B E A (P <
0.01) , (= Y5 B KL 3= B FN TR 22 3 B 5 4 HLIT 2 4%
BERAHLP<<0.0D; M FHEHWRFEERD
FIEAI(P<<0.01),

3 e

3.1 AM H A RS W Eh i Ak 1 B
AT AEAEEN AM EAEEE,AM EH
BEM% 12 e AE K AE £ B AR B8 P 19 oK 2 80 W I R
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B1 BEMAERETERFZ=ESA
Fig.1 Spatial distribution of soil fators in the rhizoposphere of Phragmites australis in different sites
x3 HEREAMERERRESEFHBEXE
Table 3 Correlation analysis between AM fungi and soil factors in the rhizosphere of Phragmites australis
b=tz 5% ¥ oG AL P AL K AHHLBR B A
Item Spore pH Electrical Available Available Organic Available
density conductivity P K matter N
il 7% ¥ Spore density 1.000 —0.433°°  —0.484"" —0.203 —0.412°* 0.137 0.087
{2 4«2 Colonization 0.153 0.157 —0.004 0.542"" 0.594"" —0.185 0.123
{2 YL 38 B Infection intensity —0.044 0.023 —0.107 0.416" " 0.474" " —0.432"" 0.070
LN ERE . .
—0.102 0.041 —0.085 0.410" " 0.485" " —0.416" " 0.047
Arbuscule abundance
HHEE P Vesicle abundance 0.792**  —0.270 —0.243 —0.147 —0.269 0.072 —0.022
W 22 £ % Hyphal abundance —0.046 —0.021 —0.149 0.450" " 0.450" " —0.393"" 0.157

e o= Mlx x AP RIERRMH B E(P<<0.05) FIHk B3 (P<<0.0 DA%,

Note: * and * * means significant correlation at 0.05 and 0.01 level, respectively.
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FRU o AR BRI Hh 5 P i R 300 2 b X 1 R il b vh
59 FhEh BRI T AM B AR B TE AR G L AL I
£ 1R RN VY A L X R B - R B FEE N AM B
BEPRET L A 0L AM ECTA BE 68 35 I R B AR R,
AR A L B A B i R B T S AM
HEA LA XR, AR ERBUESR D, A AM
B AFTE AH i T - H R w2 TR
FIAM ELIA I Z AP, 5L ) P AR AM I
R AR G 8 R % 5 AH LU AR X AR, 158 B 46 357 10 72 i
A RE A 5 0 £ ot AR BT AM BLTA = B4R B0 Y FR )
TZ— WENERMLEEAFEH AM JEFE, A
AL FP K B (Achnatherum splendens) #3 Bl AM
FLH AT B B g 3, — Be 3 R N AP Y Y 75 L
Bl (Cyperaceae) F1ZE R} (Chenopodiaceae) FH ¥ H , ~F &L
(Carex duriuscula) \E; fi % (Saliconia europaea)
PIARA2 G G, 7E B R 06 b b A7 AE 2SR
B4 UL EER BUE B Y AM B TE K
FPEAR I AM ELTE FT DLSE I e 33 01 A 89 A 5 L {5 K
VE I PL A 75 2k — 2P 5T .
3.2 PEHUE AM BUR R A 3G & R A )y A AR

ARBFSE R, ERE AM AR FHR RN
37.1% ., Fe A 75,790, Ml T H P ¥ 26
A o100 g L B E N 184 A+ 100 g b, kAT,
AM HEH 5 ERIEMEAE LR, XE5HEMRE
AL BREAL S T A R L

FEEAREE AM BT 1Y f= By Mo A B B A
(] 73 A P AIE I BE 4 2 B IR 2 T R B AR G 3
1617 %5 BEAE 3 AR LY AN [R] 42 )2 AR AL AN ] L 3X AT BB A
H TR =5 AR R AEAS [R] 1 2 R B A AR 1 B0 A [7) i
B, 3 D FEHL AM BB Y I R B e KM B AE
0—20 em £ )2 RYAFRME T HAE 0—10 em L2,
XTREE I AM HIE 1 E 22 ffl 7 1 AE KK E W
B Y AR SOR R BT L TR 2 R s P
HEIR AR LR 2 s A A T AM BLE R Z A
KA L, R Bl A0 i R B, SR ALK
3R G R TE URR 1 L B ) M B W Y o A
L T R R S S5 UK

A T 55 B RN AR R Y ROR A B A R
AM ELT 1Y 77 46 BE T FIR Gl 3 PR 2 R ) i, AT
W 26 4>« 100 g 'R R 37,100 M X T
B2 AL SR I B ) vE AR A P TR AR B AM BT 17

Y AN 75 B Ok LR . AR O RS RO B P Ji
BE& R BE RIS, 2 R AM TR R T B0 A
RS WA 5 45 B WoR , B A IS Ak R
Bahn e 2 AL AM B B i 8 R T A RS
] RSB AT AR AM H R R QR B AW
Y 2 S ORI R R AL K B - > R R R AR R ) - >
HAHEE L. RUFEP, S A Y S R
T3 A PSR S R 07 ) 967285 B A T E AR LY
X5 E AP IR AN — B R B 3 A R AR
b 0 R B0RE AR AR S AR AL TR W a T BR s
SR TR ) A0 LV RS P L R TR IR T A B 2 A L 5 e
PR B IE B A R AM LB Y 17 G 1 00 46 F 2%
JEHREAR
3.3 LB 5 AM R T HE AR RN R

KRBT EY L AM ERERIGRA AT HES -
BHFXRBEO R R IR T X — i, A
WF5Eh AR YA AR Yo B B TR 22 R AL
P K 2 B & EAHC BT %E S 1% pH &
AR W CAROC IR i Ak LI —
O PN B B E ) A AT AM LT AR #Y TR R
22 4 T AR TR AR A IR WA ] BE 2 4 345 2 0 3k 15t
T A B R Z —

Rillig #1 Allen™ A0 + 3 pH B AM K
B PR AR B 7= R T i, D AM. BB Y A R0 U e &
pH H B A 6] 1 A 8RBk, ARBFSE 3 A FE M
pH {HFE 7.6 ~9. 1, UL W 76 il 1V — s i + b AM
FLE AL AE 5 IR A AR 5C & WA 5GP 2 i s L &
5 pH 5 il 7% B A 3 ORI OC, WL pH B R
AT REA A AM ELTE Y 7 56 AR B R, X 5 e 5
A A 2500 % 8 R B . AML ELBR 5 4 1 LA 1
G R WP R — B

B 5T L S BT 4R I RE Ml 00 A BT SR R A R
AM ELB 1 46 1 %5 B L R OR L X AT BE 2 R A A LT
1) X AR R F A A F R A EVE L IX 5 He
SN T B U WSk b X U & (Ammopiptanthus
mongolicus) AM T 58 45 5 — 2, {H 3 Fp A i 4E H
S — A,

v

&

4 £Hig

PR AM R B o3 A RR e AT U A 2
)5 0k . AM B4R G 17 D0 R 1 3 5
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HEZAF IR AR ) e 5 i R R R RN
WUl FOELAM HR A ALY AR BT 2 E] B A
PR AR A PR IR T 2 ]2 LA 2 EOA R R B —
ANEEAR e ER UK MR i PR T R L A S il g

DL T R SN K

AWEFE R R 7 it S 2 AR e B T 00 T L 5 2R BE L
FEF| AM FLTA X R T AM ECTE 7E BT 5 5 R R Ak
B o Aol A s B AR A T N )L B AM 5 R AR
L 9 P A5G 280 B0t 9 R el A 7 P FLAT EE 2 B

e BRI TR R AL R AM R RN SR PR I AL B2 R e
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