561 % 4 1M + ¥ o R Vol. 61, No. 1
202441 H ACTA PEDOLOGICA SINICA Jan., 2024

DOI: 10.11766/trxb202204210197

XHE, B ER, dlnifde, SRIEED, PMEA. Bobis 3 AR AR B Z AR R I AR AR AR D], R, 2024, 61 (1):
200-210.

LIU Lei, XIAO Guangmin, WANG Ling, RU Shuhua, ZHANG Guoyin, SUN Shiyou. Variations in the Diversity and Community Assembly

of Arbuscular Mycorrhizal Fungi in Greenhouse Soils during the Growing Season[J]. Acta Pedologica Sinica, 2024, 61 (1): 200-210.

iR TBEMARNEREEZ HIEREFEWERNEE

T

x| &, H) 8, £ &, #ofde, KEH, MEX

G RAMBLE B FIRFFATF T, WA IEEEOR AR .0, A% 050051 )

HOE. AR SRR ( Arbuscular mycorrhiza, AM ) ELRES AR A CHEIRZh3 7, SRAE oM T ai A m) 2
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Abstract:  Objective This study aimed to understand the key processes that drive the changes in diversity and community
assembly of arbuscular mycorrhizal (AM) fungi in greenhouse ecosystem. Method Soil samples were collected during different
growth stages (i.e., fallow period, flowering stage, fruiting stage) of tomatoes in a greenhouse. Illumina MiSeq high-throughput
pyrosequencing was performed to investigate the changes in taxonomic and phylogenetic diversity and community structure of
AM fungi. The relative importance of stochastic and deterministic processes in structuring AM fungal community at different
growth stages was analyzed by phylogenetic structure analysis. Result Results showed that both taxonomic and phylogenetic
diversity of AM fungi varied significantly across different growth stages. Compared with the fallow period, OTU richness,
Shannon diversity, Pielou evenness, phylogenetic diversity (PD) and mean pairwise phylogenetic distance (MPD) of AM fungi
significantly decreased by 42.82% - 59.18% 43.25% - 48.31% 17.46% - 25.40% 57.14% - 67.86% and 50.00%, respectively,
during the flowering and fruiting stages. In addition, the relative abundance of Glomus was promoted in the growing period,
whereas the relative abundance of Claroideoglomus and Paraglomus decreased. Also the relative abundance of Archaeospora
followed a unimodal pattern. Results of permutational multivariate analysis of variance (PERMANOVA) and non-metric
multidimensional scaling analysis (NMDS) showed that, based on both taxonomic and phylogenetic data, the community structure
of AM fungi in tomato soils during the fallow period was significantly different from that of the growing period, while the
difference in community composition between the flowering and fruiting stage was not significant. According to the phylogenetic
structure analysis, we found that the mean net relatedness index (NRI) across all samples was equal to zero at the fallow period,
indicating phylogenetic random of AM fungal community, whereas the mean NRI was significantly greater than zero in both the
flowering and the fruiting stages, indicating phylogenetic clustered. These results suggest that the primary ecological process
structuring communities shifted from a stochastic process at early succession to a deterministic process at the tomato growing
stage when local environmental filtering increased, which inference was also supported by the neutral community model (NCM)
results. Mantel test showed that soil pH, soil nutrients (SOC, total NPK, and Olsen-P) and salt content, as well as soil temperature
and humidity, significantly affected the seasonal changes of AM fungal community. Conclusion The highly intensive production
stress in the greenhouse vegetable ecosystem promoted the transformation of the primary ecological process of AM fungal
community assembly from a random process to a deterministic process, leading to a decrease in diversity and a change in
community structure. Our results reveal the degradation of soil quality and the evolution of the microbiome in the process of
greenhouse vegetable cultivation.

Key words: Arbuscular mycorrhiza fungi; Phylogenetic structure; Stochastic process; Deterministic process; Community
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MR E MR ( Arbuscular mycorrhiza, AM )
BRI I AAE B I E R, BRE 4
RZBBEHAE Y)Y BB A 34565, e
HERE PSR o0 WO . B AR ) 2 R TP L 5
b R R AR VR A5G . BGE IR L R
BRI AR PR AR T AM BT X 2 AR HAE S T g
e AR R v Z R, LB R FH AN AM |
WA R R B RE RSN EERIRZ
—PL TR 2R R A AL L
S AHEAE AT ok 8z B, H RS A
N AM E I 2 R S5 52 2R S T AR
AHOCHY PRI 23RS 9 a0 - 33 PE T ( pHLL 3243, K43 ).
SEEER OGRERE | IREE. CO, W) FAEAY)
R DL E AR S A R R R
BEHLPER PRS2 AM B HES A AL, ) an iR
1O, VA R IO UE vt ML SR ST R R
R A A Y O i B 45 5 W) R R AR s S 5 2R 20T
A BT 45— R BT 4 B Ge i A R
A NS DT EXIBGS TR EMIEEL, XFTA
[F] A5 358 T 28 RUBE T Bl AL 3ok 2 AR 1Pk 2ok 2 7
AM  ELIE ZREPEGERE . TR LA S P AL ) Xk 2
S A W AT R 2 D R i R ] T % AR 2 R
MRS M A 25 R G ke e MR T RS AR TR A AR

B R — R IF I R R AR AR 8, Iz
AGHAKIEE R, 5 8RR A R R R
) L, A [ 50 A 2 JR 48 m] R M 32 B A [a] 7
FER B, MR T G B TE bR, A Rt
IR A U WEE R, B IR
22 Rk B AR AT BR 3 it SRR, ELEIE A
RARA (ian AN TE 5 A LA AR . AT 4
FEWUD | e SR P B 4 ) UYL AR, AM
FRAEN “AWICR” . e sy” R EARYAE
AR S EREE RE J5 T pOVEAEAE T, AR A TR IR
BRIz (HEAEMHLL, ik A Y
FAEFREE ARG, XA R B A= 7 45 1 e s i
SR 14 AM ELE R 45 5 T RE Ry 22 fLIA IR
A AR Ry BRI, 75 4G AL 1) 5 A i
e, S AM EIE 2R R I A L X
Bt K i HE LA A 7 7 2 ) AL, AR5 T
b8 BePH B it b AN Rl AR 2 CIRBEIDT . 460 .
B ) HHERFSEXT S, A llumina MiSeq 5 if

ORI BN L AM B 2 REE AR AL
SEAL S FOR AN TR BR84S A e o I LA, X4 78
Jil B SRR 1 2% 13 R A 3 B A AR Ak SR R P Y
PR A HA BB, R AR i
Jiti - 39 Th RESR BERL -2 A3

1 BRIk

1.1 X ER

W5 XA 7K G ARl 457 el DX TR b 48 A bk
BloFBE B PHIR G 3 (38°16'14"N, 115°50'82"E ),
DX R S PR RS R T b2 55— | B AR A AR X
RRKAAETR -2 RN, —FWE . 5
i JE B PP S S B T R I, M SRS R P v T R
B, EHERRU ML B RbE, 4ERR 12.2°C,
AR 552.6 mm, & TR KR RS
1.2 Rt

MR TR T 2018 4F 6 A, FinFHE4E 7 A
JEHtE AR 2N A REAE A RAE , R AL 2 5 8 A0
—K (3£ 5)), N, P,0s. K,0 B ARN 775, 420,
1150 kg-hm 5 #HURTA4E 1 A P A AR InE &
HEAE S JEE A , A SR 5 4 2~3 B AL —Wk( 3 6 1)),
N. P,0s. K,O &4 A H 800, 450, 1200 kg-hm>;
B4 6 H 30 HE 7 H 15 H U TI8E =R I K
20cm ZiAq . MR 60~70°C ), ZJE kAT XK.

2020 EFAM A CENMIRIGE =5 1) 17
THEREACREE, 9T 7 A 28 H (REFH ). 9 A
17 H (#883) #0112 A 4 B (R REE. Ho,
PRI BORE R SIS AE G FH AT 3 KaEfT, MRg RN JLFfEHL
PEH 9 MFE (1 mx1 m), B BEALREE 3 4>
L2 (0~20 cm) FERBIRA N —AFEM; 160
BUOREAE B TR (N 17%. P,Os 17% . K,0 17% )
ZJE 7 RFAT, R BOREAE B it = BRI (N 20% . P,Os
4%. K,0 34%) ZJ5 6 Kifttr, #IEF|IEFWEM
FEIER g AR T P (10 m), WRESIHEZAR . PisR
53255, ARG IIBORERE 2, 40 0 26 KM 2
F P 038345 L 9 M (1 mx1 m), EK
18 e, BAFEBENLRSE 3 ANRIZHHE (0~
20 cm) FEAR G, 3 M EFWIRORAE 45 4~ IR
(9+ 18+ 18 ). RARM 1 HEFE F A VK& 7] 52 5
%=, i 2 mm i, PG, —H-20CHE, AT
AEPIIE , —10 4CIAAE, T H8ba b ol 2 .
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b T e S R e ) 1,
SN R HBILEGT: , NS ZUR B R L (23,
SR S S L i E —H 86 P L (3, Olsen-P
0.5 mol-'L ™' NaHCO; ( pH = 8.5 ) IFWEH ( 1K
w/v20 1) FHERPTHLEE, EHBUE— KL
Be, K TEER R, AL M N B %
iR A fb—%5 vk, 14 pH A 1 mol-L™' KC1 241
(K wivl:2.5) BAEEE.

- SRR B AR AL SR T BL141 ks B 23 5+ 38
M EE W R GE A, A AT IR BB - 15 em 1Y
b, BN RN 0:00 & 23:50 3 144
AN B H4ME (A 10 min SR — B ).
1.4 TESBEENFFHLIE

¥ E.ZN.A.® soil DNA kit ( Omega Bio-tek,
Norcross, GA, ZE[H ) F &# 1+ DNA, H
NanoDrop 2000 il ;2 DNA ¥k JE R4 . AM HEFET
HR A H50 PCR, %—XI5¥°4 AMLIF (5'-ATC
AACTTTCGATGGTAGGATAGA-3') Fl AML2R ( 5'-
GAACCCAAACACTTTGGTTTCC-3"), 45 = XI5 |#
3 AMV4-5NF( 5'-~AAGCTCGTAGTTGAATTTCG-3')
1 AMDGR( 5'-CCCAACTATCCCTATTAATCAT-3' ).
FI ] Tllumina 23 & B9 Miseq PE300 F & #4700 (I
137 AW R 2R A BR AR o 7 3R A5 1 IR 16 17
H 23k QUIME - & i ve 1 7 S AL JS , fk 4 97%I1)
ARABLRE TR it E 7325 5T ( Operational taxonomic
unit, OTU) (UPARSE 7.1 ). ¥ OTU {RFJF45
MaarjAM B35 E#EAT BLAST, {48478 3% ( Query
coverage ) > 97%. —&(M: (Identity ) > 97% . M
{H ( E-value ) < 1e-50 W75 ; BEAREA 515
GenBank ¥4/ )% 1t 1T BLAST, {487 1% %> 90%.
—EE> 90% ., WIHME< 1e-50 (541, LI A Xt
Fegh Rt 25 R . wa, MBRIPIEUN 5
F 5 19 OTU AKX unidentified 5510, $5 BT 45 ke
FFFFFEL 13300 HEA 7407 A S 2115
1.5 #HiE4E

KHMBHEZE 208 (one-way ANOVA )
AKX T . AM BB o R0 R A
Z R, JFH LSD &5 ( Jr 2255 ) 8 Games-
Howell ( 7 224E57E ) Mgt fr £ | Hbig, 7F SPSS
18.0 A7, SRHA R A4 vegan )P LI AM B
B o ZHEEMEMBEA LM, OTU £ EE . Shannon £

FEVEFREOR Pielou Y5 BEFEBUR A “diversity” PREL
T, KAl “metaMDS” pRECHATIRE & 248 7
#Hr ( Non-metric multidimensional scaling analysis,

NMDS) I 3HETYFLLL (OTU) B AM FLRHE
TEAEAN A A K 22 1) Bray-Curtis AT 3850, BEEEUE
AT R4k . R “adonis” pRELHEATE #: £
J7 25781 ( Permutational multivariate analysis of
variance, PERMANOVA ) 5541 [0] 22 5 i M, &
A 9991 AM ELTH I R Z AR ME RIS R R
BAF picante FEF AL, Z-HTETEE AT OTU U
P37 mega 6.0 TP HELE R M, Faith 1% R ZHEME 4
%0 ( Phylogenetic diversity, PD ) $87E—A~ a4
I YR (OTU ) 7E3S R LT i B i SRt
K “pd” RBOTR . PR E R EER (Mean
pairwise phylogenetic distance, MPD ) /i [7] —FET%
W AM #ff (OTU ) 7 R S8k B T B2 1P 2 1H,
KH “ses.mpd” BREGTHE; VUAFEEEE MPD,

Bl BMPD, FEAFA[R AM HHEREE 1 R4 %5,

K “comdist” BREICT R, DL R 456 R HE B Net
relatedness index, NRI) FALREEIE R LG54, Wit
HEHAT U E RN AM H BRI LR,

NRIHE BT R e 58 R D5 R BIrfy OTU X
JLEY MPD, SRJGH-EE OTU $im M AN Z AL,

He/MEJr T OTU 48R OTU Hh BEHLAIR 999 1K,

MNTTTERAF A 5 OTU FEREHLZERIRY N i) MPD 43
A5, dJa A R BEHL A 25 R WL E bR ek, NRI=
—1 % ( MPDyumpie=MPDrangsamptc ) /SD ( MPD angsample )
K, MPDyympte fEFEMEEME , MPDandsampre 1L BEAL
i 999 ¥ MPD HY-F- 3318, SD A5 ffi 22 - NRI>0
T AM HIE RS TS R 450 1R 4E  NRI < 0 38R
AM ELIHBETEIE R AR, NRI=0 /8 AM F I
TEIS R FIEREALAY, NRI H5ER 25 05
RHDBUR T k5 (95% A5 XA ), 7E SPSS 18.0
AT, RS RaR TR AR R 0 ik,
73T % R 4549 pMPD )Y NMDS #1 PERMANOVA
SHT, ITERRFIA K ZE AM B S R85 22 7200

T YR ( Bray-Curtis FEE ) FE & 4 il
( BMPD ) AM L[ 2 FEPEFIRE TS 451 5 1 4 /3R 5
( ZhrEfL)5 ) Euclidean MRS ) Z[A]1 )56 R R H
Mantel £ 55 115, 78 R # A4 “ecodist” &P AT,
B 1 00077 R Sloan #5454 Neutral
community model, NCM ) i — 2 5k Bl AL 14 o 2
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X AM FL A RV R A 0 VR A B IR AL R Sk
BB /) OTU 8 8040 2 e A1) 78 IR 3 7%
( Metacommunity ) 12 ( LU Jm 38 s 1 oF
BIMxt Z AN ) XRMATIE, R SR RREHL
PR EEE D SR, R R B
“minpack.lm” &7 43 HAE LM dR /) — 3 ((Non-
linear least squares, NLS ) #l 558V 24, H “HMisc”
FEF 43 H Wilson score interval 318 95% & (=X ] 21,

2 4 R

21 ARERFLEEREL

TIEERTR A KR A, HhRBHY pH
MASETRI CAPLIR . 2R 20, 2 AR ).
B RFEMRTAETY, mEEERRE R E S TAER
WO 1), B R RO B R T
A, BHEERERFE S TR (K1),

x1 FREKRFLEMER

Table 1 Soil properties across growing stage
ARkZFE (HH) A LBk SOC/ SR TN/ L2 TP/ L8 TK/
pH
Growing stage ( Month ) (gkg') (gkg') (gkg!) (gkg!)
B (7 1)
6.85+0.80b 15.85+1.21b 1.90+0.12¢ 2.86+0.02¢ 1.79+0.01b
Fallow period ( July )
1w (9 H)
7.61+£0.05a 22.04+0.97a 2.48+0.08b 6.06+0.03b 2.31+0.06a
Flowering period ( September )
R (12 7)
7.60+0.04a 23.65+0.66a 2.81+0.10a 7.07+0.02a 2.38+0.01a
Fruiting period ( December )
B o IR EE T HERE
ARE CHH) A% NO;-N/ AW Olsen-P/ 4% EC/
Temperature/ Moisture/
Growing stage ( Month ) (mgkg™") (mgkg!) (pS-em™)
C %
B (7 1)
69.72+8.05a 247.2+27.1¢ 166.2+10.7b 31.2940.17a 34.86+1.23a
Fallow period ( July )
1w (9 1)
41.68+5.38b 441.9+10.9b 212.8+17.1a 24.24+0.12b 26.84+0.84b
Flowering period ( September )
B (12 7)
41.87£1.79b 498.4+17.6a 196.7+5.6a 16.49+0.09¢ 25.01+£0.63b

Fruiting period ( December )

B N E AR DR . RIS AR FE R R2Z 7 3 (P <0.05), Tl Note: Data are presented by mean + SE. Different letters
in the same column indicate a significant difference at P < 0.05. The same below.

22 AEEKZFE AM EF o SHEMEMBEEZEAK

=R

MARTFAE K ZE 45 A IEREAC TIN5 5] 1 436
136 %551, KB 247 bp. Hh, AM EHEFSI
1145 764 %%, 2t — RV i AR 773 060 5%
AM HRFHEAT I 22 500, 26300434 96 41~ OTUs,
YR 8 A, S KRR Glomus . JRREE
Archaeospora, EWIK¥ERJE Claroideoglomus ., ™
YRS Ambispora, ARG Acauspora, %21
BEFRE )R Diversispora, JEE B JE Scutellospora
FZRERTEFE R Paraglomus .

AM HH o ZHMERAERKELZERESL, H
BT Wb AL BRI 28 2 R G 18 bR 38 26 B AR
ErRTAEW (M. 1), MRPHE I . R
1, AM EFFEEJE . Shannon ZEMEH Pielou ¥
SIE N RRE T 42.82%~59.18% ., 43.25%~
48.31%F01 17.46%~25.40%( % 2 ), % R L% PD )
FISF- 2 g %) % R BB (MPD ) r 5l 3 F T
57.14%~67.86%F1 50.00% ( % 2 ).

AM EL B RETE A AR Bl A 4 2 AR A, AR 1
B R R AR R BRI i 1 AM FL
B DL AhEE, (H P 3 A X 22 B it A K Ze s 25 A8 1k
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Table 2 Taxonomic and phylogenetic a-diversity indices of AM fungal communities at different growing stages

YyFh Taxonomic

% Z Phylogenetic

\ B4 i 2R
AKZE (AH) Shannon ZHEEFEEL Pielou ¥4 L &R ZHEME
) OTU F& i Mean pairwise
Growing stage ( Month ) Shannon diversity Pielou evenness Phylogenetic
OTU richness phylogenetic distance
index index diversity (PD) ( )
MPD
REHE (7 1)
17.00+2.76a 1.78+0.19a 0.63+0.03a 1.12+0.11a 0.14£0.01a
Fallow period ( July )
(9 H)
Flowering period 9.72+1.70b 1.01+0.06b 0.52+0.04b 0.48+0.09b 0.07+0.00b
( September )
B (12 7))
6.94+0.49b 0.92+0.08b 0.47+0.04b 0.36+0.04b 0.07+0.00b
Fruiting period ( December )
i 7 SRR SN, TSR KRB IR
| " e p?
- a =9 2 J5 2 5 I ARBH I 204 7 0 0 2 T R A
> . (2 \ N >
2 e0f a a M NMDS Z5 R eI LIE Y, Joig e T A2 i
= T N . TSN ~ . e
E L AR AR AM LB L RA K R
< b % , S v e are e
Agm.f OIS 05 : o, REHE AM ELRRE T 0 2 22 50 T AR AR
= N5 a —
2 22, X (E 2), B#feZiu)i 28 (PERMANOVA) 45
I '-E 2 T T <hEe /, o
S 0l 200 WAL KR AM S BEESE I B % (A
= Amb Aca Div Scu N .
2 . YIA: R*=0.285, P=0.001; R4 R =0.204,
ibb b P=0.020 ), (HAEIAFRI Z 6] AM E R 22 574

Glo Cla Arc Amb Aca Div Scu Par
AME B4 41 AM fungal community composition

¥: Glo: BR¥#EHEJE; Cla: IEWIREER; Arc: [FRRER;
Amb: PIPEEER)R; Aca: TAHEEEE; Div: ZMEE)E; Scu:
JEEEERE; Par: KERERE. 7: 7 H (AHHH), 9: 9 H
(W), 12: 12 A CRED. AR/NG FRERIR A K 2 0] 22 5+
B3 (P<0.05), N[E.Note: Glo: Glomus; Cla: Claroideoglomus ;
Arc: Archaeospora; Amb: Ambispora; Aca: Acauspora; Div:
Diversispora; Scu: Scutellospora; Par: Paraglomus. 7: July
( fallow ), 9: September ( flowering ), 12: December ( fruiting ) .

Different lowercase letters indicated a significant difference
between different growing stages at P < 0.05. The same below.

Bl 1 ARAKZE AM HEKFAN ZEES
Fig. 1 Variations in the relative abundance of AM fungal genus at
different growing stages

MUEATE, Horb, ke | MRBHNRIEN . R0
FAXTZ2RE W E N T 1.4 A5~ 1.8 A%, T 2 2 s A
X2 MR BIED S T 1.4 %, (2582

B (PR R =0.019, P=0.619; RER4:
R*=0.023, P=0.568).,
23 AM EFSHMRBEEHNSTEERKN
X&R
TS e TR S 21 R AN AM B
PR E 4538 5 M G, R 3
ALEH, pH 5 AM HH L FEMEFIREE 2515 b
PR R EM B EMCCR, BRI, &
FUsem) AM BB . BR T HIERAA, AM EHH
o ZFEMES RIS A i ALK . 4 AU BEER A
AW ). YRR EAMX, 5SHEREED
FHIEAHR (R3).
24 IKzh AM EREEEZERMNEEHELRE
HERFERERD T AM EEBERESE, K
HET NRI = 0, RIBER W AM TR 735 R 45
S REAILIY , AT 0 B I BE A sh R ()
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stress = 0.0$ stress = 0.18
1+ 0.1F

2 °7
K %' 09
2 of 2 oof v 12
Z Z

-1+ -0.1+

) L ‘. L L L 02 L L L L |

-1 0 1 2 3 -0.2 -0.1 0.0 0.1 0.2 0.3
NMDSI1 NMDS1

B2 AERFRETYMAER (a) FIERHAM (b) 1Y AM HERE NMDS 431 K
Fig. 2 Non-metric multidimensional scaling ( NMDS ) plot of AM fungal community dissimilarities among different growing stages using the

data of OTU composition (a) and phylogenetic composition (b )

x3 ETYMEARMILEREMN AM BEH o SHE#MEMEELENS TIRERMBXSHN

Table 3 Relationship between soil properties and taxonomic and phylogenetic a-diversity indices and community dissimilarity of AM fungi

o ZFEPE e 2257
a-diversity Community dissimilarity
- Yy R Yy LT
P
Taxonomic Phylogenetic Taxonomic Phylogenetic
Soil
) Shannon Pielou RS
properties - B XS
OTU £  ZHMHEE HWYEER SR HH% o KRR
%R EE R Bray-Curtis BMPD
OTU richness Shannon Pielou evenness PD Net relatedness
MPD
diversity index index index (NRI)
pH —0.542 *** —0.699%** —0.368* —0.686%*** —0.782%** 0.355* 0.671%** 0.469%**
SOC —0.427*** -0.327* -0.014 —0.535%** -0.287 0.046 0.325%* 0.162
N —0.484*** -0.327* 0.024 —0.548%*** -0.289 0.068 0.276* 0.137
TP —0.464*** —(0.593 *** —0.348* —0.578*** —0.525%** 0.071 0.575%** 0.423%**
TK -0.363* —0.598*** —0.414%* —0.495%** —0.610%*** 0.189 0.565%** 0.378%**
NO;s;-N 0.167 0.343* 0.235 0.315 * 0.382* -0.117 0.253 0.232%*
Olsen-P —0.532%%* —0.476%** -0.115 —0.670%*** —0.495%** 0.201 0.544%** 0.366%**
EC —0.421%** —0.437*** -0.329* —0.486%** —0.481*** 0.022 0.425%%* 0.322%*
Temperature 0.514%%%* 0.583#** 0.344 * 0.630%** 0.576%** -0.147 0.502%%*%* 0.419%**
Moisture 0.529%** 0.724%%* 0.451%* 0.616%** 0.645%** —-0.092 0.686%** 0.500%%**

H: *P<0.05; **P<0.01; ***P<0.001, Note: *P<0.05; **P<0.01; ***P<0.001.

Rt . BIARAE ) 2RSSR EGE, NRI>0, $5&R MR (& 4), RIEEPLTES B AERBHY AM ER K
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