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Effects of soil rhizosphere microbial community and soil factors on arbuscular

mycorrhizal fungi in different salinized soils
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Abstract; Soils in the arid and semiarid regions face to salinization that adversely affect plant growth and cause crop yields
and quality to decrease. In Ningxia Hui Autonomy province of China, severity of soil salinization differs in different regions.
As arbuscular mycorrhizal fungi ( AMF) are important group of soil biota, understanding the relationship between soil
salinization and the AMF is critical for successful utilization of AMF in different types of saline conditions. To test whether
and how soil microbial community and soil salt stress will interactively affect arbuscular mycorrhizal fungi, we conducted a
study by sampling soils from three types of saline soil with the typical plant communities in Ningxia. The three types of
saline soils were alkaline soil, meadow solonchak and saline anthropogenic-alluvial soil. Four locations were sampled for

each soil type. We first tested the structure of microbial community and the functional diversity of microorganism in the
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rhizosphere soil by dilution plating and ECO-plate technique, Then we examined measured the spore density and
colonization rate of AMF. Soil property and base cations and anions were also measured. Multivariate statistical analyses
were conducted to compare the effect of soil microbial community and soil factors on AMF in different kinds of salinized
soils. The relationship among the spore densities, colonization rates of AMF in plant rhizosphere, the structure and function
of microorganisms communities and soil physical and chemical characteristics were analyzed.

The results showed that spore density of AMF differed in soil types. The highest spore density was found in Xidatan I,
and that the lowest was found in Huinong. The quantity and the distribution of microbes in rhizosphere were shown as
follows : bacteria> actinomycetes> fungi. Bacteria was the dominant community in all the four sampling sites. The major
microbial community was amino acid metabolism groups for the meadow solonchak in Hongsipu site, The bacteria of amine
compounds metabolism groups and the bacteria of carbohydrate metabolism groups were the dominant species in Huinong
and in Xidatan respectively. Except in Xidatan II, the rhizosphere microorganism had a lower ability of metabolism on
aromatic compounds in all the other three locations.

Our results also indicated that the ability of carbon source utilization of soil microorganisms was significantly different.
With incubation time increasing, the average well color development( AWCD) tended to increase in the ECO plate. Ninety
—six hours after incubation, AWCD in the ECO plate for four sampling sites was ranked as the follows : Huinong> Xidatan I
>Xidatan II> Hongsipu. The relationship between spore density of AMF and the microbe carbon metabolism groups was very
complex. The spore density of AMF in Huinong was positively correlated with the bacteria of polymer compounds metabolism
groups and had a significant positive correlation with microbial carbohydrate metabolism groups in Xidatan.

Redundancy analysis (RDA) indicated that soil organic matter, total salt, total nitrogen, available nitrogen and the
other soil factors including HCO; ,Na“, Cl” could be used to explain the relationship between the spore density of AMF and
the soil environmental factors in different soil sampling sites. There was close relationship among soil organic matter, total
salt, total nitrogen, available nitrogen and spore density, and colonization rate. The spore density and colonization rate of
AMF had close relationships with HCO;. The colonization rate of AMF was promoted owing to the higher concentration of
HCO;. But, there was a negative correlationship between the content of Na*, Cl™ and colonization rate of AMF. To some
extent, the colonization rate of AMF was inhibited by the higher concentration of Na”, C1™. Our results suggested that the
different effects of rhizosphere soil microbial community and soil factors on arbuscular mycorrhizal fungi may be due to the
differences of salt components and soil nutrition in salinized soils.

The result from our study provide important data for understanding the diversities of AMF and for promoting reasonable

development and utilization of salinized soils in Ningxia.
Key Words:; arbuscular mycorrhizal fungi;microbial community ;soil factors ;carbon sources ;salinized soil
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Table 1 Soil types and vegetation condition of different soil sampling sites

SRAEH A ey 223 2358 iz fii L)

Sampling sites Soil types Elevation/m Longitude Latitude Host plants

3% Suaeda glauca Bge,géuffﬁjﬂjﬂ Kalidium foliatum

A . e
H ¥ 4\ A Eh + 1210 E106°6'55.2" N37°26'30.3"  (Pall. ) Mog. , i Nitraria tangutorum Bobr. , [EE3N
ongsipu A Halogeton arachnoideus Moq, IEE Phragmites australis
R o B8SZE Suaeda glauca Bge [EES- NN Halogeton
i AL 1084 £106°47'5.8"  N39°5'32" e
Huinong fekint £ arachnoideus Moq, 7 55 Phragmites australis
el T W BE Artemisia scoparia Waldst. et Kit. , % 15 B
Xidatan T et 1097 E106°26'3.8”  N38°50'19"  Achnatherum splendens , 1253550 Halogeton
(datan arachnoideus Moq
[Nl S L3R Lactuca indic L.
2L 1097 E106°25'3.2" N38°53'12" v 1 e o
Xidatan II AL SIS E Lactucatatarica( L. ) C. A. Mey.

1.2 AM FLRHET% B E 5 A B IR 2 B 7 vk

AR ERERIE 100 ¢ KT+ 2 43, Hb 1978 105 C FRETZEIE T, 5 H S K E 5 1 6 IR
Bk BT FRAEFR AN FEfE 5 T A8 T (T2 4% 1 NMETFIHED) 7154 100 g KT g 75k,
HIPIMR R Ve, R B W R i 2 AR R e R MR PR R A HLR | 2R 20 il A skl ol
SACER  pH A SN R 400 SR FH B A% TR 25 B 7 P I T PG BRI - SRR VS A2 - SR B P b (0 vk R Hi:
Olsen 3% NH,OAc 248 - KGR 5E , pH K+ ok 5:1°°) | H B AR B R W3 2,
1.3 MRPrEIERHAEYZE LI S BIOLOG W32 J5 i

K H BIOLOG-ECO M e e MR i i A= Wit v K AR 31 0 A, e BOR S T 10 ¢ T EFavsrfif -
HE hNA 90 g LK, 7E 180 YK/ min 254 FAE AR 10 min, 7 4 °C 554 FUUFE 30 min, SR 5 HL 1 mL + 4%
B R 99 mL JCE KT FREE] 107 W IR 125 WL BESERT T ECO #i 96 L, 45 24 h A FH AL
T590 nm AbFREL 1 WK, GELLEA 7d, ARPR T RANTE | R MO T R AR R - PRI R S T IR
FREME R [ SREFRES I PO
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Table 2 The basic physical and chemical properties in the different soil sampling sites

Sampli £ X A BT Bl A A pH 2
SIS IN/(gkg)  TP/(g/kg)  OM/(mg/kg)  AN/(mg/kg)  P/(mg/kg)  K/(mg/kg) T5/%

sites

ZIFHE 0.36+0.007 C 0.3220.01 B 129.71£1.48 C 16.240.42 C 18.59+1.76 B 1800 D 7.55+0.35 B 0.50+0.01 B
B 0.5720.003 B 0.60+0.10 A 252.25+1.67 B 21.84%2.35 B 32.74+1.33 A 19020 C 8.36+0.03 A 1.2520.02 A
PERMET  0.68+0.006 A 0.65+0.03 A 303.72+1.80 A 29.40£0.29 A 5.46+0.49 B 253.3%5.77 B 8.46x0.01 A 0.100 D
PEARMET  0.33£0.001 D 0.65+0.06 A 126.80+6.38 A 15.72+2.18 C 12.86%1.23 C 273.3%5.77 A 8.1720.02 A  0.26+0.02 C
TN ; Total nitrogen; TP; Total phosphorus; OM ; Organic matter; AN; Available nitrogen; TS Total salt; [F]—Z%\ 50t J5 A~ [ 52 1 e 7 4 B 6] 22 5 4k
#(P<0.01)

1.4 SEEERE A

BiE R SAS(V8) #1745, CCA 43 #7F1 RDA 341K F Canoco 4.5,
2 ZEREHH
2.1 MRBR 5 AM BT HE EYRE SRS R

e 3 AT DL AR PR -3 AM BP0 72 B IR /INR IR R PERME T SZ0Sp RSP RME T >Hife, Hop g
M T SRAE S AM E IR T2 o B SRR ZL 528119 1. 66 A5 A0 1. 19 A%, P IRME T A1PE A0 T (Y i AR
RYFTC I E 25 A& TR R B A X IS T 20.27% —27.03% , ANFERAE SR PR 13
A W T St 1) 3R I 20 TR B K, R R, B B e /b A AT VR O A W R R, 40 ER
TRV EE A b DX 20 B R 5 e 22 ) /I (L BH S AT P M st DX, SR P R T BURE A1) 21. 59% F1 22. 01% 5 EL
PR A Y TP RHE [ Y 39.21% F149.09% , i 2 B fic /b AU 1. 14% 1 1.28% . BRVE KM T RAE £
A A S AT A B R — 8 R AR OGO R BRIV I b X %) 9685 B K, U E W B v B
Z AP EAR T2 /N, ME SR D

R3 EYRELIEAMEFATEE RRRSHEMNBREWEN

Table 3 Spore density, colonization rate of AM fungi and the rhizosphere soil microbial community composition

. T H% BV R e FLTH B R B
TR LT 8 e ) [ !

L /(1~/100g) - /(x10*CFU/g) /(x10CFU/g) /(x10°CFU/g)
Sampling sites X colonization rate . i . . . .

Spore density Bacteria quantity Fungi quantity Actinomycetes quantity

£1 77 £& Hongsipu 143+51A 77+2.5B 47+5.30 C 48.7+2.90 C 25+3.41 C
B Huinong 103+26A 74+4.7B 90+10.10 B 67.9+15.90 B 38+15.73 C
PHARHE T Xidatan T 171+£13A 94+2. 1A 213+16.92 A 99.1+£10.60A 2191+134.72 A
PEAME L Xidatan 11 113+9A 89+4.9A 209+5.43 A 99.2 +9.60 A 1265+55.60 B

[ — 3 B I AN [R) 7B s Ab B ) 22 55 1 3% (P<0.01)

2.2 ARPR - ERE YRR IR 2R LS AM B R O OC R
2.2.1  HHORBRGUEY R T 0B AR R

I PR AR RN (AWCD) 284k, AT LU GEA: W0 D) BB AR 7K 1 L R 48 7R S A B I 45 4 1) Z2 4
PE R HAR . BIOLOG 7% 4 FL V- Y560, 25 1 58 ( AWCD ) 2 S W - S A Wy B v A 3% e B S 632 W )
FHE—BRUERE T EEAEHRS) . BB 1 AT, 3555 24 h SN AWCD {80 R 25 15 75 I 1) f 94 77 42
AR EAFY, 96 h F AWCD FPU A« A S PERME [ >P4 KM 1T >20 508 ML TR AE 5 96 h M EL , AR FITY
KME T AL A AWCD 2338 T 131.80% H193.20% ;5535 % 96 h & , &6 5 AWCD RIS KB L # T 2%
Geit oA M B P RCME T RS S 20508 P R T RE 5 00 ek Wy e A0 I 1) 22 Sk 31 i K
Ve AR EAR SVERME T 21568 5 PG e T A A5 8] - S W e v AR T 19 25 S AR R
2.2.2 ARBRGCEYIRRIEFIH KIS AM B A AH R

ol 0ot AR TR R PO ) FE B 1 T DA Bl A AR T BE 2R B 0 22 52100 L i 4 mT AL, A5 R ek
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YIRBRIRAAE Se R R ZEMA R E R B &£ 5, H 1.40
h STSPERAE UL AR S5 R I « B & W > 2
FFRACHZERE > RIRISACUHE; BRI HBTEIE T
A DA, VE RHE 1 IS8 I ok b & A
T & R B AR A A B IR R 22 57 . BRVE R
W TLAE s A0, T A8 AN R A5 T S i 2 0 e AU i 45
TSR], (H A S ieA: M3 05 A AR 0 R e 0 #R 8% O T T s 72 96 120 144 1es
55, MRAPIAIE 31 FhERIEA LN 6 LA Wikt T R34 Incubation time/h

IR BT, FI TRy 72 6% Fil 84. 8% HIH — 3 Bl ARSI RN ER AT TR

BV R = A IOAIEI . ZHACEH. FIT. g 1 e e sl dedopment e ot sl rbi
WAKAA Y5 HE P i — A7 B bR, BB £ —5  community in the different salinization soil

HER Hge® Y, F i — N FE 225G YA

PSR, AHOCAr AT B 96042 B AR A QI =[] 1) 5 28 R BT Ak P BRI AN [R) I A7 9T 25 01, v KM T A
P 961 5% B Sl K A A W AT 2 0 28 LE ARG, S R MR A e v 222 35 A G, DB Bl AM 0 B 10 %% %
B0, LAKAL A W0 A iR i S R S 0, DA R A B R R T A D T Db . BURFE SR TR S
Z RACE WA 2 0 2 B ARG, SO LA W AT St 2 PR OC | I 20 =5 R A S D 2 B 5 R A A
FRiOp <R

[ —e— e
120 - —o—HEk
1.00 - —A— VR
0.60 -
0.40 +
0.20 +

PG EE AWCD

F4 TREMBABEMBRIRRE ST (96h)

Table 4 Metabolic diversity analysis of microbial carbon sources of different sampling sites(96 h)

T 5 s EI A Heft Kieh Kl - N
Sampling Carboxylic acid Polymer Carbohydrate Aromatic . . .
. Amino acid Amines compounds
sites compounds compounds compounds compounds
FARHCS 0.41+0.10 B 0.34+0.25 B 0.37+0.23 B 0.13+0.11 B 0.51+0.17 B 1.19£0.20 A
e 1.11+0.07 B 1.62+0.45 A 0.95+0.25 B 0.09+0.09 C 1.08+0.07B 0.65+0.22 B
PYRME T 0.86+0.13 CB 1.71+0.36 A 2.01+0.11 A 0.44+0.31 C 1.19+0.21 B 0.94+0.04 CB
PYAHETT 1.02+0.32 A 0.26+0.04 BC 0.41+0.05 BAC  0.56+0.48 BAC  0.94+0.04 BA 0.01+0.04 C

[F]— 475 5 A TR 7B Fe R A B A 22 53 4 2 (P<0..01)

2.3 HHEHTH AM HEMATHE RYRE LR

AT AM LR A G Y v A K R T A BRI RE 06 R BB 014 52 B R T AR IR P G R
Wi, 3R T AERS IR AM ELR R YR A i A rp B 2 (A A LR A s A AR R AR A e R B
WP IR A (X)) RA(X,) 2BE(X,) pHE(X,) 23 (X)) B (X,) BN (X,) APLT(X,)8
ANFEFRAIL T2 (Y,) AR YR (Y,) 2 MRS R HE T (V) B AM BB (W) A AR B 2 M4l
Ao CCA F3HTaRM . 55 — AL M SC R BN 0.993 , HAFRAF(E R 67. 11, BT 5Tk %N 80. 53% , Hp Ar ar it
BT 19.47% BIf5 8., JF H P=0.0268<0. 05 , T AA G245 X, S—XF i As mbr b5 e & . v,
=—1. 631X, - 1. 332X, — 1. 155X, —0. 125X, + 1. 6175X, —0. 799X, — 1. 7065X, +2. 6102, X, W, = 0. 9414Y,
+0. 1408Y, ,

S— A LT A Eh 9 R EEK, BV AL RN 4 ER A VE TS MK 28 21l P25 BE RS ok . BT RA,
S — AR P AR R AL Y B RS O AR R P o R R S R Y, R A ML S R e 1
TR,

TURII TS —Fh EL BB AT 7 i, BRI ST AR EE A AN A BT SRR A DTk R, mTLAE Y BlHE T 3l A A1
GANLT 2k R S AU & i B W T AT B W T R4 R R o A AT, 2 S B
(F2), U] e K A B 0 AM FL R YL R 0135 3 A0 A (0 B B A S A 1
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[ 2
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1.0 I 1.0 » 30
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L S04
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