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Abstract: Arbuscular mycorrhizal fungi play important roles in ecosystems and plant growth. The
physiological and ecological roles of arbuscular mycorrhizal fungi, especially in promoting plant
growth, have attracted much attention. The colonization characteristics of arbuscular mycorrhizal
fungi, as vital indicators of the symbiotic relationship between arbuscular mycorrhizal fungi and
plants, are key parameters to evaluate the ecological adaptability of plants. However, systematic
and comprehensive studies remain to be carried out regarding the colonization characteristics of
arbuscular mycorrhizal fungi in the plants growing in China. [Objective] This study explored the
colonization parameters of arbuscular mycorrhizal fungi in the plants growing in China, as well as
their distribution in different ecosystems and climate regions, aiming to provide fundamental data
to advance the research on mycorrhizae. [Methods] A database of arbuscular mycorrhizal fungi
colonizing plants growing in China was established with the data from FungalRoot and
605 Chinese papers. Furthermore, the database was supplemented with 47 700 data sets including
mycorrhizal colonization characteristics, ecosystem types, climate regions, plant types, and plant
growth years. The analysis in this study was then performed based on this database. [Results] In
China, 69.7% and 30.3% plants exhibited the arbuscular mycorrhizal fungal colonization rates
ranging from 0 to 55% and from 55% to 100%, respectively. The majority of plants showed the
arbuscular mycorrhizal fungal colonization intensity, hyphal abundance, vesicular abundance, and
arbuscular abundance below 40.0%. Among the symbiotic forms of arbuscular mycorrhizal fungi,
type A was the most prevalent, existing in 56.3% plants. Arbuscular mycorrhizal fungi
demonstrated similar colonization rates in farmland, desert, and grassland ecosystems (51.8%,
51.6%, and 51.8%, respectively) and a low colonization rate (40.4%) in forest ecosystems. The
plants in desert ecosystems showcased the highest arbuscular mycorrhizal fungal colonization
intensity, hyphal abundance, vesicular abundance, and arbuscular abundance, which reached
46.0%, 47.1%, 37.2%, and 31.2%, respectively. In different climate regions, the colonization level
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followed the trend of warm temperate zone (53.3%)>tropical zone (50.0%)>temperate zone
(45.2%)>subtropical zone (42.2%). The colonization level was higher in herbaceous plants than in
woody plants, and higher in perennial plants than in annual plants. Among woody plants, shrubs
had the highest colonization rate at 46.3%, followed by trees and vines, both at 43.9%. Herbaceous
plants had higher colonization intensity (30.2%) and hyphal abundance (32.5%) than woody plants,
while woody plants had higher vesicular abundance (19.5%) and arbuscular abundance (23.4%).
Among the plants colonized by arbuscular mycorrhizal fungi, angiosperms accounted for the
majority (90.2%, belonging to 110 families), while ferns, gymnosperms, and lycophytes were less
common. [Conclusion] In China, arbuscular mycorrhizal fungi showed the colonization rate below
55% and colonization indicators below 40.0% in most plants. Different ecosystems, climate regions,
plant types, and plant growth years affected the colonization status to different degrees.

Keywords: arbuscular mycorrhizas; colonization characteristics; plant type; ecosystem;
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Figure 1 Frequency distribution of colonization
rate of arbuscular mycorrhizal fungi in Chinese
plants.

L

0-20 20-40 40-60 60-80 80-100

IS VhaR By

0-20 20-40 40-60 60-80 80-100
MR

Vesicle abundance (%)

2 PEEVARKBERERRRIFHENE S H

BTG AR FEWE ST R |, X R
TP M AR LB R AR RS T T 40 (A 2),
BURRE RSP g . WML
R LML F I T 40.0%L0 T, Hrp
RYLsm B | I = R AT = R A v AR R
PAE 0-20%, 4390 46.7%. 59.0%F 58.7%,
1M B8 22 3= B B RS AE 20%—40% , 53] T
37.5%. DLk, P R B AR B R 4R G
FE . B2 FRE . W R R AR B A A
RHEALTE 80%—100%., FiRBFFEFMT, T K
AT A W AR AR LR AR QLR . W2 F
FE . WA T B AEL T E AL T 40.0% LA T .

30 3 % A A8 e DA TR L ) 9 R
T 22 55 AT AT (B 3), SRR, TefE

LN .

0-20 20-40 40-60 60-80 80-100

A

0-20 20-40 40-60 60-80 80-100
LN E)

Arbuscular abundance (%)

Figure 2 Frequency distribution of arbuscular mycorrhizal fungal colonization characteristics in Chinese
plants. A: Infection intensity. B: Hyphae abundance. C: Vesicle abundance. D: Arbuscular abundance.

P4 actamicro@im.ac.cn, & 010-64807516



TS S5 | TR, 2024, 64(7)

2571

Plai

O N O ® ® O O @ ® ®
&ﬂ/w%W®A&5%A®AQA‘»

‘9V”Wﬁwkubsbbﬂﬁﬁ%ﬁ 7

B3 HEEVAREREENEATFEEQ)FELEEB)NED M
Figure 3 Frequency distribution of spore density (A) and hyphal density (B) of arbuscular mycorrhizal

fungi in Chinese plants.

10 g H3Erp, fFHORAE 20 ASLLF BIREHIFT &5 L
Bk 43.2%, 20-40 MEFHFEY) Y 15.0%,
WIEIHIRENT 58.2%. TERMZZEE I, it
B /N FET 1 m AR A T 33.6%, i
22T 9 m PR AR T 27.7%, BFSY
=W, & 10 g HIEPRTHGELE 40 DNLUNAHE
W HE T AR 2 MR B A b, oK
SRR R A R A

TERE AR 22 5 KL T AR FL A e A 45 i TR S
ST 4y, S R R o )
B AR 2Ty 55 R 2 A (Arum) (5 56.3%, HAFAE
SR 1) 53 A13 0 B ) BT 22 AN A0 RO AR 5 A
TR (Paris) 5 31.8%, Hobk 52 40 W A7 7E
PRI 22 B TR JBUIR 23 53 (1 ARG 5 i Ry o () 2 2
(Intermediate) 7 11.9%, HAFAE Ay & 22 [A] i H
25 pE AL TR AR T R IE S 250 7EAS AR
SEMIEASR S b, R PR AR>S
RIS e ) S G 43 A LA
22 HEARRESRZRFASEXEEDD
M EREEREENREIFE

WRIEARAEBRG, P AR AR R

PR K(E 5A). HE, REASRG S FH
ABRGERPRIEME, ¥l 51.8%, Fi
S RMAES RGE MR IR IE 5 R 51.6%
1 40.4%., HU, MRAEAEY) oA 00 A dge X ik
115 Hr (B 5B), =447k fh i BIMIRAR U A 2 i
Gi N T AN R K NN 4 - T O P S [ |
K 53.3%. 50.0%. 45.2%FH1 42.2%., MAHh, HE

G IEslY)

Intermediate
11.9%

E4 HEEVARERILESHES
Figure 4 Symbiotic structural morphology of
arbuscular mycorrhizal fungi in Chinese plants.

http://journals.im.ac.cn/actamicrocn



2572

MA Luping et al. | Acta Microbiologica Sinica, 2024, 64(7)

A
100 -
_ 80}
s
£ 60
¥* = 51.6 51.8
% F 40 40
=
2
S 20r
0 -
PN A H el L
Crswnnt Chvealaad L P MMNannn
C
100
. 80F “
S
g 60r
zi.ﬁ TS 44,8 -
g 40f 38.9
2 I
2
S 20F
0 -
| 1
il {E'“* ]Eﬂtﬂ? iy
Middle Warm Subtropics Tropic
temperate  temperate
zone zone

& 5

ARESRAGMSEXBFENAREREFRR

100

= (=23 co
< < fe=]
T T T T T T T T

e
Colonization rate (%)

]
<
¥ T

f=]
T

i

ﬁﬁ?ﬁ’% JIZ#L% ity

Cuildvrmmineg

Hhibi
ANATAALA

Taenmin

0!

1
SRt ity
Middle Warm
temperate temperate
zone zone

100 -

o]
[=]
T T

[=)]
(=]
¥ T

EUE

Colonization rate (%)
iy
o
S T
N=
(¥%]

3]
o
T

[=}
T T

]zﬂhﬂ?
Subtropics

Figure 5 Distribution of arbuscular mycorrhizal fungal colonization rates in different ecosystems and
climate regions. A: Different ecosystem. B: Different climatic region. C: Forest ecosystem. D: Farmland
ecosystem. The middle point in the violin chart is the average value, the middle box is the data from the
upper quartile to the lower quartile, the black line extending from it is the maximum and minimum value of
the data, and the external shape is the data density. The same below.

— WSS T AR S A H A S R SR A A
fiE K IPR PR ES . ERMES RS T
(Bl 5C), tEPGKN-RB AR >Hh >
WM, ZGRIE 5 50.0% . 47.5%.
44.8%F1 38.9%; fEARMAEBZRGH (A 5D),

P4 actamicro@im.ac.cn, & 010-64807516

PR UK R BN G > R I > IR, 1=
YeRIE N 52.9% . 52.1%H1 49.3%.

i ERrR, RH ., B AT AR RS
) AR R B AR G oAb TRl —KF, TR
A RFE R YRR 1oh, hTHRE



LS 2| U, 2024, 64(7)

2573

AMABRG F LS GTE T IXI(E 50),
DEEE R R R e A, oAt 3 AR
SRR B P AR AR . AR AR RS,
Wi A R P 1) S R R AR, AR M TR
HRETH R YKt LB (& SD).

TELE R R G AR Y30 S A b o iy e I
XS HERRGERPAFESIAT T 500 (E 6).
G5 IR, TREEA S R G AE Y R AR L
PR YsRIE | HZFE . RFE R Ty
RN E AR, HHEE T 46.0%. 47.1%.

A
100
~ 80}
&,
g 60
= L
o=
= £
®E 40f
E
‘8" 20k H23.2
0 L
IQVIVE
~ 80r
s
& 60
< L
¥ 2
2 0
g 40}
g
[=]
°
© 207
0 -
Rgsmle WeFE HERE  MMEEE
Infection ~ Hyphae Vesicle  Arbuscular
intensity abundance abundance abundance
6 ARESRFHEYAKREIREERRFFE

37.2%F 31.2%, N 4 NMEBZRGEF R EK
Vo TERMAERRGH, RYGRE{TH 23.2%,
HEEBRGEPEAAKY . KHEERSH,
Tl W) AR AR T 22 F 2R 31 39.3%, A4
JEAUH 16.4%, X BEHIAR H A5 R G h A 1)
W22 w, MR

R T X SR Y 010, i — IR
T ARTRI S A D358 A ) DA T R B 1 2 e
(R 7)o 78R HL X, A4 DA TR AR A TR
EERINDE, Wik 47.6%, £ 4 MEEX

B
100+
g 80+
b
= L
o 00
2 8
Ul 8 40t 9.3
§ 8
S 201 6.4 4
O L
~ 807
s
B
o L
g = %0
= 5
B E 40t
=}
5]
°
o 20+
0 L
(s e LN SESES
Infection Arbuscular
intensity abundance

Figure 6 Arbuscular mycorrhizal fungal colonization characteristics of plant in different ecosystems. A: Forest
ecosystem. B: Farmland ecosystem. C: Desert ecosystem. D: Grassland ecosystem.

http://journals.im.ac.cn/actamicrocn



2574

MA Luping et al. | Acta Microbiologica Sinica, 2024, 64(7)

A 100F
80t
S
2 60f
= 5 76
m g 0]
- N
g=
= ]
8 20
0_
100

80

60

40

Rt
Colonization rate (%)

20

<

‘ é_’»

28.5

171 b AR e N L e

7 ARSEXEPEYARERE R R REFFE

fRiua
Colonization rate (%)

~J

B
100
80
y 60
o 40 P ki
207 7.0
0.

80
60
0t

322
201

R
Colonization rate (%)

Figure 7 Arbuscular mycorrhizal fungal colonization characteristics of plant in different climatic regions. A:
Middle temperate zone. B: Warm temperate zone. C: Subtropics. D: Tropic.

SRR B . PERRIRAT HL X, HEH A TR AR A
(RYSRIT IR, KE T 34.8%, [AEENKSMEX
WA K. MIEZ R, # b X AR AR
PR LT (R e B AR A A e, (HH R 22 2
IR B, 43515 32.2%F1 11.1%.
23 FEAFRERSEKFREIRIAR
RHIREERERFRLIFE

IR EUR R P 2530 (A2 e ROk - 2
St FECE P R ) R e AR AR AR 43 28 43 A
(B 8A), FAFHYIHIEYRINE S 48.0%, i

P4 actamicro@im.ac.cn, & 010-64807516

KPR 44.7%. [, AiE— M KA
YRR YRR, KL TR L HEAR TR
AW 3 K (K 8B), 1RYLFIGME A 43.9% .
46.3%F1 43.9%, KoL, i He BAEY) A K AR
FRUEAT M (B 8C), —AEAMEMI AR YL R Il
g 44.9%, ZEEAAEYIN 47.7%. TR |,
NAIRANWGE T 245 H Rl ) A R R AR () 42 e
ARBL(E 8D), (ZYLFIK TN FARSPEARS A>T
K, HAEGEIME R 504% . 46.3% .
44.1%F1 43.9%,



R S5 | AR, 2024, 64(7)

2575

R
Colonization rate (%)

A
100
< 80t
2
s £ 60f
=X .2 48.0 7
g 407 :
=
2
S 20t
0r
B A4
Herb Woody
C
100 f
£ 8ot
2
3 = 60
2 .S
™ § 40t &’
E
=]
S 20¢
Or

e
Colonization rate (%)

(=]

100
80 |
60 f
40t
20t

Tk WA
Arbor Shrub Liana

100} L
g0}
60t
l e 50 463 44.1
20}
ol

B8 ATRLEEMEKFEREVHIARERRRERSH

Figure 8 Arbuscular mycorrhizal fungal colonization rate distribution of in different plant types and
different growth years. A: Plant type. B: Woody plant. C: Growth years. D: Perennial.

MG R, M. (1) EAREY
PR R A " T ARA ;. (2) TEARAM Y,
MR RZRR IR 3) ZHEEMYNRIERR
F—AEAEMY; (4) EZEEMYT, AW
PRI AR 452 e AR A (R e o

WL AN FEAE YA, X T AR FIARA
{RYLHFAE (] 9A . 9B), % W H A W7 15 Y
SRR 2 FEE FETARAMEY, 250k
30.2%F1 32.5%, 1A AAH ) 16 I B F1 AL F
JETRRIB LI, 518 19.5%F1 23.4%.
BEAL, AR HT T AN TR AR AR BRAR W) 1 1R UL R AE

(K 9C. 9D), 453 /R —4 R IR YL
JEFINECF RS, 25108 29.9%F1 30.9%,
1M 24 A AR YT TR 22 AN B = By T RIS T
—AEAE, 4300 31.9%F 18.0%.
24 FEBEYMAREREERPERFNEE
ERIKFE LS

Shy o T AR ) ARG TR AR LR e AR D A T
STHVEA R EE 2 AR ) e R RRL 43 2 ik
IR i (K 10), HhgFAEY) a4 K2
B, A 110 BE, A EIRFE] 90.2%. BRI
1. BRFAEY T RE S T TR P BT o Ll 41K

http://journals.im.ac.cn/actamicrocn



2576

MA Luping et al. | Acta Microbiologica Sinica, 2024, 64(7)

801

60 ¢

40t

fRed
Colonization rate (%)

20t

100 ¢

80

60

40+

CUE
Colonization rate (%)

207 6.1 3

s ' s
2= R O s - A Tl - R A LR e e ===

&9

oy
Colonization rate (%)

80t
L, F 60}
#
g 40f
: 9
4.
20} Pl
0,
100}
80}
60|
401}
8.5 ?
207 0 5
0_

L
= vh AR @e

Ry
Colonization rate (%)

L L
T Ll b A St 1 b B Lh A e

FREFEEFNE K FRIEV B AR E IR R RAFE

Figure 9 Arbuscular mycorrhizal colonization characteristics of plants in different types and different
growth years. A: Herbaceous plant. B: Woody plant. C: Therophyte. D: Perennial.

Sy 9 BEL 2 BHRN L RL, A EAIR 7.4%.
1.6%F1 0.8%. FE#FHYITT, FKRKF-HH
Y= e R (8 i A B0 S A TR EE HES , JefIR
B IEEFRHEY), RIEBEN 1.0%, &
e RERMBEY), RARHER 81.1%, FH
ORI, B RR R 50.0% L
T, XFARWFIE 2.1 L5 RAH
FERREAEDIITE 9 B, RYFIE R &
B AR TRR 56.2% . BRAIREL 44.0% .

P4 actamicro@im.ac.cn, & 010-64807516

REBREF 43.4% . & RKEF 42.5% . B E
272% . AR 19.1%. &TMF 18.8%. K
TR 18. 1% 4 VR 4.9%; HFHYITT A
2 Bl RYRIME ML GIZF 84.2% AR
55.4%; AMITHEYTIICE 1 #B, EHNF,
1R U2 IE N 34.0%.

E— 253 BT T 8 AT R AR P Y R A
FH. 4R GRMFHREHX 4 A5 iR 2 RME
YRRFIE(E 11), RYRKE A ERNSE3.2%)>2F)



LS 2| U, 2024, 64(7)

2577

Angiospermae

N
LAY
e
C._ﬂ'- " il c"f\‘

Cﬁc"i& sSacea 4\.-5%

y Arace(lﬂ 4,5.-,1

Apiaceae 44,00
30

Ulmacea
Phyllanthgceae 44. .
Euphorbmceae 44,

Simaroubaceae45.33
Theaceae 45.52

Betulaceae 46,0

lﬂacgae 46

anpy, 25

Co;,‘i,g 7 vzbaceae 46.47
o,

<0 10 100
5 2y 80
5 % 60
40

20

El10 HEEIARERERRRARERKTLMSH
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Arbuscular mycorrhizal fungal colonization characteristics of plants in the four most dominant

families. A: Gramineae. B: Compositae. C: Leguminosae. D: Solanaceae.
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