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Diversity and structure of arbuscular mycorrhizal fungi
communities in rhizosphere soil of different wine grape
varieties in the eastern foot of Helan Mountain

ZHANG Qianggiang’, LI Ling?, WANG Ruotong®, GU Peiwen"*

(1. School of Forestry and Prataculture, Ningxia University, Yinchuan 750021, China;
2. School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract The purpose of this study was to clarify the colonization and community diversity of symbiotic
Arbuscular mycorrhizal fungi (AMF) in wine grapes. The roots and rhizosphere soil samples at a range of
soil depths (0-20, 20-40, and 40-60 cm) of three major wine grape varieties (Cabernet Sauvignon, Merlot,
and Chardonnay) were collected from the eastern foot of Helan Mountain in Ningxia, China. Acetic acid-ink
staining method was used to observe the AMF infection status of wine grape roots. lllumina MiSeq high-
throughput sequencing technology was used to comprehensively analyze the composition and diversity of

AMF communities in the rhizosphere of wine grapes. The results showed that: AMF could establish a good
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symbiotic relationship with wine grapes, colonize in grape roots and form Arum-type structure. A total of 64

operational taxonomic units (OTUs) were obtained and further classified into 1 phylum, 3 classes, 5

orders, 7 families, 7 genera, and 32 species.

Cabernet Sauvignon had the highest AMF community

richness in rhizosphere soil, and Merlot had the highest community diversity, richness, and evenness, and

Chardonnay had the highest pedigree diversity. The community diversity, richness, and evenness of AMF

in the rhizosphere soil of 0 to 20 cm were the highest, and the pedigree diversity of 20 to 40 cm was the

highest. Glomus was the dominant genera of AMF among 3 varieties and 3 soil depths. Only Chardonnay

recognized AMF biomarkers in different soil depths. Variety was the main factor affecting the variation of the

AMF community in the rhizosphere soil of wine grapes. In conclusion, this research provides a firm

foundation for future exploration on the beneficial use of AMF in enhancing grapevine production, quality,

and sustainability.
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Fig. 1 Structure of AMF colonization in the root systems of different wine grape varieties
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Fig. 2 The « diversity index of different varieties and soil depths in the rhizosphere soil of wine grapes at the OTU level
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Table 1 AMEF colonization of wine grape roots

Ab 3 BB/ % SE FEL R JEE /Y
Treatment Total colonization rate Colonization intensity
CXZ-d1 19.72+0.86 b 23.8240.22 b
CXZ-d2 40.72+0.77 a 40.93+0.39 a
CXZ-d3 14.224+2.26 ¢ 17.55+£0.73 ¢
ML-d1 30.284+0.84 b 36.644+0.51b
ML-d2 40.2840.96 a 54.44+0.77 a
ML-d3 21.78+0.67 ¢ 35.154+0.50 b
XDL-d1 28.78+0.95 a 34.51+0.64 a
XDL-d2 14.674+0.50 b 24.944+1.74 1
XDL-d3 11.50£0.44 ¢ 22.684+0.94 b
CXZ 24.89+12.18 b 27.43+10.49 b
ML 30.784+8.05 a 42.08+9.31 a
XDL 18.31£7.99 ¢ 27.38+5.54 b
dl 26.26+5.00b 31.6645.97b
d2 31.89+12.94 a 40.10+12.83 a
d3 15.83+£4.77 ¢ 25.13x7.86 ¢
FFl Variety Kok Kok
+ R Soil depth ook okok
sk sk

win Filt X 1 PR Variety X Soil depth

T FHBURE A bR R . CXZFERFREER ML ERE R XDLFERELW . d1 FR HHEHEE 0~20 cm;d2 3R 20~40 cm;d3 %
7R 40~60 cm, R 22 5 B E OWR R 7 2886, P<<0. 001) o A F/ING 558 3 7R A [ 7 4 25 5 Ff o 50 07 AN Tm) 2 ) 25 53

#(P<0.05, T,

Note: The data is the mean=SE. CXZ, Cabernet Sauvignon; ML, Merlot; XDL, Chardonnay. dl indicates soil depth 0 to 20 cmj; d2

indicates 20 to 40 cm; d3 indicates 40 to 60 cm. *** indicates significance (two-factor variance test, P<C0.001). Different lowercase

letters indicate that the colonization of different wine grape varieties is significantly different in different soil layers (P<Z0. 05). The same

below.

F2 ARREFIRMRFRIBAMFES TEREN S HEMEREY

Table 2 The AMF « diversity index among different varieties and soil depths of wine grape rhizosphere soil

Ab 3 Shannon 4§ #{ Ace 18 51 Shannoneven #§ ¥ Pd 5 %L

Treatment Shannon index Ace index Shanoneven index Pd index
CXZ-d1 2.12+0.05 a 37.19+28.13 a 0.64+0.01 a 1.59+0.05a
CXZ-d2 1.7040.04 a 34.94411.08 a 0.57£0.02 a 1.58+0.12 a
CXZ-d3 0.84+0.42b 14.56+6.07 a 0.35+0.17 b 1.10+0.21 a
ML-d1 2.17+0.16 a 20.71£3.71 a 0.7240.02 a 1.06+0.39 a
ML-d2 1.984+0.4 a 23.43+1.29 a 0.67+£0.13 a 1.4440.33 a
ML-d3 2.25+0.09 a 29.25+14.23 a 0.754+0.02 a 1.2540.07 a
XDL-d1 2.26%0.06 a 34.43+11.86 a 0.68+0.01 a 1.20+0.20 a
XDL-d2 1.254+0.52 b 17.43+3.18 a 0.474+0.15b 1.88+0.23 a
XDL-d3 1.7540. 26 ab 19.32+1.53 a 0.66+0.09 a 1.73+0.81 a
Hh Bl Variety Kok Kotk
+ R E Soil depth otk *
Y PER T4 .

Variety X Soil depth
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Fig. 5 Linear discriminant analysis effect size (LEfSe) analysis of AMF in wine grape rhizosphere soil
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Table 3 ADONIS pairwise comparisons of AMF microbiota structure between varieties and soil depths in the root-soil of

wine grapes

b3 Treatment 41 2% Catergory R? P value
IR vs £ IR 0.362 4 0.001
=] 3
s ErRR W vs B £ 0.348 3 0.001
Variety comparison
ERvsEZLZW 0.379 1 0.001
0~20 cm vs 20~40 cm 0.053 3 0.465
f‘ AT s
* 5%{'712&‘;2 42 . 0~20 cm vs 40~60 cm 0.107 5 0.054
Soil depth comparison
20~40 cm vs 40~60 c¢cm 0.041 3 0.688

TE R (H 2675 43 21 19 3R % B 7K 22 5 (0 Al e R 88 5 R K, U0 11 41 % 22 5 (10 e R JEE M Ty . P<<0. 05 R WA AR I3 11 8 1 /K P 4 v

A

Note: The R* value represents the degree of explanation of the grouping factors on the differences of the samples; a larger R”indicates a

higher degree of explanation of the differences by grouping; P value less than 0. 05 indicates a high confidence level of this test. The

same below.
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Table4 PERMANOVA analysis of AMF microbial community structure in different varieties and depths of wine grape root soil

b 3 g T F g fi 2 P Bele 5 19 P
- Total square . . R .
Treatment o Mean variance F model P value P adjust
deviation
i AP Variety 2.882 5 1.441 3 9.099 6 0.4313 0.001 0.002
+ HER B Soil depth 0.576 5 0.288 2 1.1327 0.086 3 0.297 0. 297

3.3 i
3.1 AMF EHREHEIRRNHFE

AMF fig 5 Fifi b A 25 R 40 v 8006 247 W AE W) P
J TR R R A R AR s 2 0 R T 1Y) T
g5 o ARWESE T, AMF = 4% TR 78 4 49 AR 508 i A kL
PA AR, S B Rl 15. 83%6~36. 59 % , 5 FH R FE
25.13%~42.08% , & W AMF 55 3/~ [m] JiR {75 7] 4
it AR EAS [ R R R AR R B IR C R
AMEF {2 G i 115 7 29 AR 22 08 il 8 B i) Arum-type 45
F o AR AMEF 45 44 (1 G S 4 iF Fl B B 22 19 445
¥y, 6145 58 B R A (Arum-type, A A1) | B R
(Paris-type, P ) D) ¢ rfr [] 25 8 (Intermediate type,
TRDY A5 [ ARAE YRS v, o] 2 A 4 o /b WL
FE DT SR KGRA RS I B 55 v i 3 4l )
F PRI Z L U HAE S 6 BRESHEY) R TR

ANEF A Y T AL TP o 2 S AT 5 T AT LT
AIEAE Y T BRI A A R A DU S R 2 T R
22—, 3T AR g T A - R TR A 4 AMF

) 3 T fr Ye I Al
3.2 EEENFFEARERRNAMFAE Y SHENE
B AN A

WFFE AMF 1) J7 2 60 46 461 7 45 2 TAE Mo 4%
Mo SR, 61 % o 2 — 0TI (] R o A A
1155, 5 32 X SRR AL 1 2 Rl B2k 0 A s 0 46 1
25 0 n] A5 PR R IR b X4 A U i A B
PR AES S M 2R, e 5T AMF B
T 25 K RN Z2 R R A — P ke R g R S e Y
TR RIS T YRR FH R 3 T T R A 3 P A
KPS 7 BB 22 L AR TR TR T A A AR B - 1 AMIF 1
ZFEVEFIRE VS S5 R A7 o0 b7, LA D 3 17T 0349 .5
H .78 .78 .32Fh 644 OTUs, 2 W R 7 % 25 48 B



86 0 LN ES I Y NS S 4

2025 4F 45 30 %

+ 3 HAT Y AMEF YR 2R
3.3 BEEYIAMF SHFEMEFZLEMNZIE

fi MW R AMF £ BE PR BE VK 45 M
Kumar 58" BIF 5% 32 B, AH A8 T 75 B 25 8] 40 A B
% R FH J) 45 B G 5 RO 7 R B AMF Y 28 Bl R
A T NS B S L N = U o N
BE T AR SR T B AHAC AR R AMF 284, & 3

o 7 MO R AMF BE7K o ZRE1E L3 F,

{ERSE R B-Z2 FEPE o ACBIFSE v 34 R T 7 44 i A AR
B+ 48 AMF 1 5 2 59 S5 R 5 08 ik B 22 57 W 3, © 56
IR IR, HOHEVE £ 8F P (Shannon 48 50 #4) Ji
(Shannoneven 3§ #%) th 2. 35 =5 T H A & Fh , 2 B iR
T 8 2 1 RO B AME G2 B o 22 R 1 0 B B
&, X5 B e S iF o0 45— 2, Ui 36 4R
e JE AMF W78 Y . A TR & A b AMF B
E 0 FH X =F B AR AE — 5 22 5, LEISe 23 B7 BT U5 )
(A P br iC ot 2 AN [R] 3R WA [m] i A RS 4 4
AMF BEV% 4025 5+ I & o e, 34 TR 17 48 44 i b
MRPR R R 2 R AR ER EIR B
A3 G BT S R 60 SR AR L ELAS [m] it b XoF T IR T
75 TR B 22 S %) TR BB RN AT A5 B O g, R T RO A
B TR TS 78 75 AR B - AMF BEVE B AL N R . 72
T 7K S b AN [) B 2 32 A 4 2 BEAR I AR R N R AR
Koy WA ASTR] , SR 45 5 AMF f) 42 e SR s, AT
AR HRETE A
3.4 TEFREXNAMF ZHEMERNZNE

YER —REZR MY, AMF Z 84
ZE R T IE T . ARBEGE T AMF & S O
2RV RV AL N TR IR A 25 5 L 7E O~
20 cm Kb H5 v B A B TR R 04 1 0 R A 5 T B
M, XA AR R Y A% B R FURAE ek
M4 R X SR Y S R R R A
HAT R 7K FATR A A G 3K S8 25 A 1) T T B
AP AR A, R Cln pHL K 43 R 3R
Oy & B BB E 9 AMFE B Rl & A2 FAR X 32 5 1Y
HE R RO AT ik — 2 I 4 Y B Ak
PE 5T il 15 45 48 A, DAPR R T A 4 AME 2 M P
5+ 5 TR AH
3.5 KEBENMSHAESEENINGERNA

it AF G TE K 2 7 A R Y A A AR PR L
B AR il — s R AE R T AR IR E T A
B AR T A4 e , BRIEE

& 0 22 R A 4 R A A2 TR PG ) 4 AR B e B B 10
Pom 2O U RE PR TR A By U
AP . B EMRETR R, 4 REER
FFAE B R A I BR B (G, versiforme) g {2 7 4
MR R KR E . Villani 2550 58 UE B $% F AMF
B I B Bk 4 B (G viscoswm) BE % 1 5k 52 TN 48 R
W (Verticillium dahliae) 5% W ) 5 8 8] A Bk 14 15 460
LA R G, G2 A BOE AR o Ak, Wang
SFCURF T K e h SRR B M R B T, D.
versiformis W) 2 FHHE = T AT 28 19 A48 KRR 3R A
W . D. wersiformis FVEA I 1 09 B G il H i Bg %
1 WOGE ALY ) L EAS R R R R AMF 2
MREME P I AR X IR A AE K EFIEH
frik— LY
3.6 BREBEELEAMFRBFANANRE
AMF 75 4 %5 bel A= 25 22 58 vh & 450 80Ok B8 2 1Y
VEFT % 8 4G A 15 HoA A 48 2 ™ AR T
S 1L 2R TR TR A 4 A AME B 5 Y O & )
B 2, Rk AT LT J7 T 24T TR A Y
DIZ A 45 19 4% 0 8UOCHE AMF B bk L O ) %4 1 %
FE 8 /0 B 3 5 5K HE 5 E IR o0 3R A RO 4 o KA
A= W30 ECAE A W A g A A A T R 2R
B8 T 07 B AR 5 20 R AMF 8 77 A 4 2R S
B o 2 AR CanAE 75 22 A 27 B 43 Cln 3 21 18 Ay
A7 TR A5 e 1A PILRR ) R A8 A 2 SR 2 BT Y PR
3IWEFE AME Xof ) % A8 Wk v s SE R 4% R PR & W)
SRS L BCUE AT L i A A RO DS 7 R
P |, e 4 2 0 M Y K

4 F

A 5¢ A THlumina MiSeq 7= 38 2 0 5 £ AR 4
BE T 77 B 2% 1L 2R AN [R] R VS 8 25 5 R AR B AMF
PN [A) A SR B 1 BV S 2 REE R R 5T
B 7S 7 2 AMF (1) D) BE AR R AMF 76 $2 = R V5 A
2 7 A L JORN AT AR M O T YA g8 N R IE T =
k. FELEILMT

D AMF 5 34~ A [ il 7 2 245 0 Fh AR &R 24 g
ST R AR A SR IR LAY Y Arum-type 2544 .

2O 2% I AR T R A A AR PR R IR FE R
AMF Y fh Z M0 045 107739 58 .78 .78 .32
Flr (644~ OTUs, BR¥ERE G F FHA, 0 EZO
A YHE -



A1

TR A - BN 22 111 AR A [ PTG A 4 R AR PR X AME BRI 22 R AL G 87

3) AN [ TR 11 21 4 A oS S 0 AME 22 R 1 AL

A M Joy B9 TR 3R 22— RS 4 2 R B R AR 2, B A
F 5 H AMFE ¥ fh Z FEVE  ROR LR 18 AMF I 1 1
BRI AL RS AME 2 J8] (9 VT FC , PLIK 31 228 D5 1

S %2k References

[1]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

LiangJ Y, Zou R, Huang Y, Qin HZ, Tang JM, Wei X, Liang Y, Chai
S F. Structure and diversity of mycorrhizal fungi communities of different
part of Bulbophyllum tianguii in three terrestrial environments [J].
Frontiers in Plant Science, 2022, 13: 992184

Xu XY, QiuY P, Zhang K C, Yang F, Chen M F, Luo X, Yan X B,
Wang P, Zhang Y, Chen H H, Guo H, Jiang L, Hu S J. Climate
warming promotes deterministic assembly of arbuscular mycorrhizal
fungal communities[J]. Global Change Biology, 2022, 28(3): 1147-1161
Jansa J, Erb A, Oberholzer H-R, Smilauer P, Egli S. Soil and
geography are more important determinants of indigenous arbuscular
mycorrhizal communities than management practices in Swiss agricultural
soils[J]. Molecular Ecology, 2014, 23(8): 2118-2135

Valyi K, Rillig M C, Hempel S. Land-use intensity and host plant
identity interactively shape communities of arbuscular mycorrhizal fungi
in roots of grassland plants[J]. New Phytologist, 2015, 205(4) : 1577-
1586

van Geel M, Busschaert P, Honnay O, Lievens B. Evaluation of six
primer pairs targeting the nuclear rRNA operon for characterization of
(AMF)  communities

arbuscular  mycorrhizal

Journal of Microbiological Methods, 2014, 106:

fungal using 454
pyrosequencing [J].
93-100

Zhang M G, ShiZY, YangM, Lu S C, Cao L B, Wang X G. Molecular
diversity and distribution of arbuscular mycorrhizal fungi at different
Taibai of Qinling Mountain [J].

elevations in Mt. Frontiers in

Microbiology, 2021, 12: 609386
Smith S E, Jakobsen I, Grgnlund M, Smith F A. Roles of arbuscular

mycorrhizas in plant phosphorus nutrition: Interactions between

pathways of phosphorus uptake in arbuscular mycorrhizal roots have
and manipulating plant

important understanding

phosphorus acquisition[J]. Plant Physiology, 2011, 156(3): 1050-1057

implications for
Mickan B S, Abbott L. K, Stefanova K, Solaiman Z M. Interactions
between biochar and mycorrhizal fungi in a water-stressed agricultural soil
[J]. Mycorrhiza, 2016, 26(6) : 565-574

Boldt-Burisch K, Naeth M A, Schneider U, Schneider B, Hiittl R F.
Plant growth and arbuscular mycorrhizae development in oil sands
processing by-products [J]. Science of the Total Environment, 2018,
621: 30-39

Jing X, Sanders N J, Shi Y, Chu HY, Classen A T, Zhao K, Chen L
T, Shi Y, Jiang Y X, He J S. The links between ecosystem
multifunctionality and above- and belowground biodiversity are mediated
by climate[J]. Nature Communications, 2015, 6: 8159

Yang H S, Xiong Y Q, Wang Q, Guo Y, Dai Y J, Xu M M. Arbuscular
mycorrhizal ~ fungal  species  diversity:

Ecological  functioning,

determinants and assembling mechanisms [J]. Acta Ecologica Sinica,
2016, 36(12): 2826-2832

Massa N, Bona E, Novello G, Todeschini V, Boatti L, Mignone F,

[13

[14

[15]

[16]

[17]

=
3

[19

[20]

[21

[22]

[24]

[25

Gamalero E, Lingua G, Berta G, Cesaro P. AMF communities
associated to Vitis vinifera in an Italian vineyard subjected to integrated
pest management at two different phenological stages [J]. Scientific
Reports, 2020, 10(1): 9197

Liu J B, Zhu X L, Ullah N, Tao Y S. Aroma glycosides in grapes and
winel[J]. Journal of Food Science, 2017, 82(2) : 248-259

Cauduro Girardello R, Rich V, Smith R J, Brenneman C, Heymann H,
Oberholster A. The impact of grapevine red blotch disease on Vitis
vinifera 1. Chardonnay grape and wine composition and sensory attributes
over three seasons[J]. Journal of the Science of Food and Agriculture,
2020, 100(4) : 1436-1447

Mencarelli F, Bellincontro A. Recent advances in postharvest technology
of the wine grape to improve the wine aroma[J]. Journal of the Science of
Food and Agriculture, 2020, 100(14) : 5046-5055

Mele M A, Kang HM, Lee Y T, Islam M Z. Grape terpenoids: Flavor
importance, genetic regulation, and future potential[J]. Critical Reviews
in Food Science and Nutrition, 2021, 61(9) . 1429-1447
Fernandez-Lopez D J, Fernandez-Fernandez J I, Martinez-Mora C,
Bleda-Sanchez J A, Ruiz-Garcia L. Productiveness and berry quality of
new wine grape genotypes grown under drought conditions in a semi-arid
wine-producing Mediterranean Region[J]. Plants, 2022, 11(10) : 1363
Schreiner R P, Mihara K L. The diversity of arbuscular mycorrhizal
fungi amplified from grapevine roots (Vitis wvinifera L) in Oregon
vineyards is seasonally stable and influenced by soil and vine age [J].
Mycologia, 2009, 101(5): 599-611

Schreiner R P. Depth structures the community of arbuscular
mycorrhizal fungi amplified from grapevine (Vitis vinifera L) roots[J].
Mycorrhiza, 2020, 30(1): 149-160

Zhang Z, Zhang Q C, Yang H, Sun L J, Xia H C, Sun W J, Wang Z,
Zhang J X. Bacterial communities related to aroma formation during
spontaneous fermentation of ‘ cabernet sauvignon’ wine in Ningxia, China
[J]. Foods, 2022, 11(18): 2775

HEE KT KBRE . FH. TERZLFABRREATARAF XL
BEAHFAES M) PELESEE, 2021(6):35-41

Hu ZJ, Zhang Y H, Zhang X Y, Wang R. Characteristics and evaluation
of soil fertility in different grape production areas at the eastern foot of
Helan Mountain, Ningxia[J]. Soil and Fertilizer Sciences in China, 2021
(6): 35-41 (in Chinese)

BEWK, ERER, kFE, &1¢, XM&H, BER, TWE. AdLHBRFK
EHRAERMIEFAMEENSHEE]. EMEFSERSER, 2011,
17(1): 124-130

Fang YL, QuY P, Zhang J H, MengJF, LiuJ C, Cheng B S, Luan L
Y. The screening, identification of arbuscular mycorrhizal fungi in
Northwestern vineyards [J]. Plant Nutrition and Fertilizer Science,
2011, 17(1): 124-130 (in Chinese)

Wang R T, Zhang Q C, Ju M X, Yan S Y, Zhang Q Q, Gu P W. The
endophytic fungi diversity, community structure, and ecological function
China [J].

prediction  of alopecuroides  in

Microorganisms, 2022, 10(11): 2099

Sophora Ningxia,
Higo M, Kang D J, Isobe K. First report of community dynamics of
arbuscular mycorrhizal fungi in radiocesium degradation lands after the
Fukushima-Daiichi Nuclear disaster in Japan [J]. Scientific Reports,
2019, 9C1): 8240

Higo M, Tatewaki Y, lida K, Yokota K, Isobe K. Amplicon sequencing
analysis of arbuscular mycorrhizal fungal communities colonizing maize

roots in different cover cropping and tillage systems [J]. Scientific



88

0 LN ES I Y NS S 4

2025 4F 45 30 %

[27]

[28]

[29]

[30]

w
—

[32

[33

[34]

[37

[38]

Reports, 2020, 10(1): 6039

XuXL, Wang X J, Cleary M, Wang P, Lu N N, Sun Y J, Rénnberg J.
Slope position rather than thinning intensity affects arbuscular
mycorrhizal fungi (AMF) community in Chinese fir plantations [J].
Forests, 2020, 11(3): 273

van Geel M, Ceustermans A, van Hemelrijck W, Lievens B, Honnay O.
Decrease in diversity and changes in community composition of arbuscular
mycorrhizal fungi in roots of apple trees with increasing orchard
management intensity across a regional scale [J]. Molecular Ecology,
2015, 24(4): 941-952

Zhu C, Ling N, Guo JJ, Wang M, Guo S W, Shen Q R. Impacts of
fertilization regimes on arbuscular mycorrhizal fungal (CAMF) community
composition were correlated with organic matter composition in maize
rhizosphere soil[J]. Frontiers in Microbiology, 2016, 7: 1840

Parvin S, van Geel M, Yeasmin T, Lievens B, Honnay O. Variation in
arbuscular mycorrhizal fungal communities associated with lowland rice
(Oryza sativa) along a gradient of soil salinity and arsenic contamination
in Bangladesh[J]. Science of the Total Environment, 2019, 686: 546-554
Zhou T, Wang L, LiS X, GaoY, DuY L, Zhao L, Liu W G, Yang W
Y. Interactions between light intensity and phosphorus nutrition affect
the P uptake capacity of maize and soybean seedling in a low light
intensity arealJ]. Frontiers in Plant Science, 2019, 10: 183

LiuWS, QuKY, Xie YZ, WangRX, LiH C, Meng W F, Yang Y,
Huang Y Y, Li Y Y, He Y. Years of sand fixation with Caragana
korshinskii drive the enrichment of its rhizosphere functional microbes by
accumulating soil N[J]. PeerJ, 2022, 10: e14271

Phillips J M, Hayman D S. Improved procedures for clearing roots and
staining parasitic and vesicular-arbuscular mycorrhizal fungi for rapid
assessment of infection [J]. Transactions of the British Mycological
Society, 1970, 55(1): 158-IN18

Yan J, He X L, Zhang Y J, Xu W, Zhang J, Zhao L L. Colonization of
arbuscular mycorrhizal fungi and dark septate endophytes in roots of
desert Salix psammophilalJ]. Chinese Journal of Plant Ecology, 2014,
38(9): 949-958

BEE, KE, ME, K&, MG, BFES, aE, #F. TRSHEAE
BAREREE REERANEEEEEAERSTZDIHMS SEMEX
ML), REZ, 2019, 50(16) : 3930-3936

Cao G H, Zhang X, Gu W, Chen D, He Z W, Chen Z H, YulJ, He S.
Colonization investigation of arbuscular mycorrhizal fungi (AMF) and
dark septate endophytes (DSE) in roots of Polygonatum kingianum and
their correlations with content of main functional components in rhizomes
[J]. Chinese Traditional and Herbal Drugs, 2019, 50(16) : 3930-3936
(in Chinese)

LeeJ, Lee S S, Young J P W. Improved PCR primers for the detection
and identification of arbuscular mycorrhizal [J]. FEMS

Microbiology Ecology, 2008, 65(2): 339-349
Luo Y F, Wang Z K, He Y L, Li G F, L X H, Zhuang L. High-

fungi

throughput sequencing analysis of the rhizosphere arbuscular mycorrhizal
fungi (AMF)
sinkiangensis[J]. BMC Microbiology, 2020, 20(1): 335

Segata N, Izard J, Waldron L, Gevers D, Miropolsky L, Garrett W S,

community composition associated with Ferula

Huttenhower C. Metagenomic biomarker discovery and explanation [J].
Genome Biology, 2011, 12(6): R60

Yan K, Pei Z H, Meng L N, Zheng Y, Wang L, Feng RZ, LiQ Z, Liu
Y, Zhao X M, Wei Q, El-Sappah A H, Abbas M. Determination of

community structure and diversity of seed-vectored endophytic fungi in

[39

[40]

[41]

[42]

[43]

[44]

S
«a

[46]

[47]

[48]

[49]

[52]

Alpinia zerumbet[J]. Frontiers in Microbiology, 2022, 13: 814864
Ziegler M, Grupstra C G B, Barreto M M, Eaton M, BaOmar J, Zubier
K, Al-Sofyani A, Turki A J, Ormond R, Voolstra C R. Coral bacterial
community structure responds to environmental change in a host-specific
manner[J]. Nature Communications, 2019, 10(1): 3092

Dong C B, Shao Q Y, Zhang Q Q, Yao T, Huang J Z, Liang Z Q, Han
Y F. Preferences for core microbiome composition and function by
different definition methods: Evidence for the core microbiome of
Eucommia ulmoides bark [J]. Science of the Total Environment, 2021,
790: 148091

Aseel D G, Rashad Y M, Hammad S M. Arbuscular mycorrhizal fungi
trigger transcriptional expression of flavonoid and chlorogenic acid
biosynthetic pathways genes in tomato against Tomato mosaic virus[J].
Scientific Reports, 2019, 9(1): 9692

Smith F A, Smith S E. Structural diversity in (vesicular) : Arbuscular
mycorrhizal symbioses[J]. New Phytologist, 1997, 137(3): 373-388
Idondo L F, Colombo R P, Recchi M, Silvani V A, Pérgola M, Martinez
A, Godeas A M. Detection of arbuscular mycorrhizal fungi associated
with pecan (Caryaillinoinensis) trees by molecular and morphological
approaches[J]. MycoKeys, 2018(42) : 73-88

Stevens B M, Propster J R, 6pik M, Wilson G W T, Alloway S L,
Mayemba E, Johnson N C. Arbuscular mycorrhizal fungi in roots and soil
respond differently to biotic and abiotic factors in the Serengeti [J].
Mycorrhiza, 2020, 30(1): 79-95

Rodriguez-Echeverria S, Teixeira H, Correia M, Timéteo S, Heleno R,
Opik M, Moora M. Arbuscular mycorrhizal fungi communities from
tropical Africa reveal strong ecological structure [J]. New Phytologist,
2017, 213(1): 380-390

Rodriguez-Caballero G, Caravaca F, Roldan A. The unspecificity of the
relationships between the invasive Pennisetum setaceum and mycorrhizal
fungi may provide advantages during its establishment at semiarid
Mediterranean sites [J]. Science of the Total Environment, 2018, 630:
1464-1471

Faggioli V, Menoyo E, Geml J, Kemppainen M, Pardo A, Salazar M J,
Becerra A G. Soil lead pollution modifies the structure of arbuscular
mycorrhizal fungal communities[J]. Mycorrhiza, 2019, 29(4) : 363-373
Kumar V, Kumar R, Kumar A, Anal D. Spore population, colonization,
species diversity and factors influencing the association of arbuscular
mycorrhizal fungi with litchi trees in India[J]. Journal of Environmental
Biology, 2016, 37(1): 91-100

Sk, NEFM, FHEF, RMH, 8, HH. TRAMM=XTEMIER
RAMF M), EMEARBER, 2021, 37(6): 36-48

LvY, LiuJL, LiJY, HouL L, Sun M, Gou Q. Diversity of arbuscular
mycorrhizal fungi inhabiting the roots of Lycium barbarum in different
varieties and cultivation regions [J]. Biotechnology Bulletin, 2021, 37
(6): 36-48 (in Chinese)

Moora M, Davison J, Opik M, Metsis M, Saks U, Jairus T, Vasar M,
Zobel M. Anthropogenic land use shapes the composition and
phylogenetic structure of soil arbuscular mycorrhizal fungal communities
[J]. FEMS Microbiology Ecology, 2014, 90(3): 609-621

Moukarzel R, Ridgway H J, Guerin-Laguette A, Jones E E. Grapevine
rootstocks drive the community structure of arbuscular mycorrhizal fungi
in New Zealand vineyards [J]. Journal of Applied Microbiology, 2021,
131(6): 2941-2956

BEW, KBFE, REE, BREP, KR, HL ¢, X&H, 7. Fi
ERAAEIZEAMERNARKAGHREIEAR]. EUEFRSR



951 TR A - BN 22 111 AR A [ PTG A 4 R AR PR X AME BRI 22 R AL G 89

Bl=Z4R, 2010, 16(3): 701-707 mycorrhizal fungi on growth and nitrogen uptake of Chrysanthemum

Fang Y L, Zhang J H, Song SR, QuY P, ZhangZ W, MengJ F, LiulJ morifolium under salt stress[J]. PLoS One, 2018, 13(4): 0196408

C, Sun Y. Promotion effects of native AM fungi on Cabernet Sauvignon [55] LiSQ, LiG D, Peng KM, Yang L H, Huang X F, Lu L J, Liu J. The

grapevines in vineyards of Weibei Tableland [J]. Plant Nutrition and combined effect of Diversispora wversiformis and sodium bentonite

Fertilizer Science, 2010, 16(3): 701-707 (in Chinese) contributes on the colonization of Phragmites in cadmium-contaminated
[53] Villani A, Tommasi F, Paciolla C. The arbuscular mycorrhizal fungus soil[J]. Chemosphere, 2022, 293: 133613

Glomus viscosum improves the tolerance to Verticillium wilt in artichoke [56] Trouvelot S, Bonneau L, Redecker D, van Tuinen D, Adrian M, Wipf

by modulating the antioxidant defense systems[J]. Cells, 2021, 10(8) ; D. Arbuscular mycorrhiza symbiosis in viticulture: A review [J].
1944

x N s
[54] Wang Y H, WangM Q, LiY, Wu A P, HuangJ Y. Effects of arbuscular n £ 25 frfF ﬁ{f/\//;‘k

Agronomy for Sustainable Development, 2015, 35(4): 1449-1467

E—IEER/ A KU, T E MO T R BE, 2022 0 L AT A . BTN SHEYIBIG S E Y
BEURA B G ARL I BUB RS . DASE — AR By R CSCD IR 3 AL R0 1R,
ARAFLFIZAL 250

BIRAEE B A WU SE, W, 202 W AR W E AR Y B AR A R W R ROR)
A7 WA e SR AR . P AR B e 5 b R B T R R S B T R AL
FHMW B, T B LSRR A4 7 e D 2 % N [ 58 3 A RE A 56 G 0 H W _E 3T o % 5, (RO B4 T
FE)CT 5 M DX RO BIF ) 45 FI o AN o 49 58 R K AR Bk o 4 30T, ZE T 1000 5 3= 435 5 Al [l ¢
ST TR T E RS R TR 3R X = S A R R
SCPETH 45 13005 E 8558 R H VA X S FRIUH 150, EHE 13005 ERRAETF A A X R A Ak 0
H 130, B0 R 6 700, 52 A% [ 58 % W& R 1300, 552 FH e & R O T01 6 1 38 VE AR S 701 5 ke 28 3¢
ORI s BB 208, A 470, T ERHL B LR 4 T T B A B AL 7 i SRR S
i 2 |7 R AR BB AR SCIL T 48 T 0N 300 7 B A AR A T IR SO 6 i T R R R
5T,




