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AR E ] 2 R A . B ZFEVESRECRY], AR A2 ARIE AMF BEEA S22, Brays-Curtis AHFPESM T B2,
20 N AMF BEVEFEAHS SN 2 AN, 55 2 B AN e (I8 B I o SR 2Rk I8 M #87s T AMF L B 2 R BE AU 5K . Glomus-
MO-G23-VTX00222. Glomus-viscosum-VTX00063 Glomus-Glo7-VTX00214 ##f € FHLAE ML it S8t o TRh. MR HEHE
Shannon ZFEMEFEECSIRPR L3% AMF #7521 Shannon fR%(E W38 IFMHE. TURITRME, THHME AN CEBER
(NH;*-ND JE[F 5200 AMF #7458 . L4518 YAZ AR % P B350 M B L 18 AMF 7R 2544 . Tl BRI B2 52 AMF
BRI T, SRR IE LRt S NHA+-N FITIAR & AN RZ8 .0 R ECH 0.9434, MRS 25 AL R,
MR A 7 2% 7R F5 %L Shannon SR PR 138 AMF B4 % FEtE Shannon $R %R 3% IEAHSE (1=0.494) . H3EFE (b R 40 287
ZAITETE HAH BAE R W] REZL M2 A AR AMF S IRTFE S50 PR35 B L 3B AR R, A0 I e e T v
Nogzsgmith FREAE, R TIEREE S R b ] )8 AS AR AL . X — 25 50 AMF AR E b T FAE R i AR A 2
T AT SR BT DL
KRB ARWEE: WP mEEN T, AR 2R, ShERrEmZ
HXHRG: AR ERG : XERT:

Effects characteristic of different densities on arbuscular mycorrhizal fungal

I

community structure and symbiotic patterns in rhizosphere soil of

Cunninghamia lanceolata plantations
WANG Liyan*, LIU Chunjiang , LI Hongru, HUANG Wenchao, Yang Hua ,WU Qiaohua, LUO Kunshui
1 Jiangxi Academy of Forestry, Nanchang, Jiangxi 330013, China
2 School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China
Abstract:[[Objective] Cunninghamia lanceolata is the widely planted timber species in China. To elucidate the characteristics of rthizosphere soil microorganism
of C. lanceolata is helpful for scientific thinning and tending of C. lanceolata plantation. To clarify the response characteristics of Arbuscular Mycorrhizal Fungi
(AMF) in rhizosphere soil of C. lanceolata plantations to density change, and the relationship and mechanism of action with understory vegetation diversity.
[Methods] Based on High-throughput Illumina MiSeq sequencing, the diversity, structure, and symbiotic patterns of AMF communities in rhizosphere soil of C.
lanceolata with different densities were assessed. [Results] A total of 163 AMF-OTUs were obtained from rhizosphere soils of C. lanceolata forest with densities
of 1950 /hm2, 2250/hm2, 2700/hm?2. and 3300/hm?2, belonging to 28 species, 8 genera, 6 families 5 orders 1 phylum, 1 class. The o diversity index showed that
the Chaol and Shannon indices of AMF community decreased with the increasing of C. lanceolata stand density, but the difference was not significant . The B

diversity index indicated that AMF community composition differed significantly among different densities of C. lanceolata. Bray-curtis dissimilarity analysis

HEWH: EERESHIRTRI2017YFC505500); Y1754 E SHTRTRIBE (20214BBG74008); V17548 B 5B & 1%
(20181BBF60012).
$—1EE . EUTHT (584692420@qq.com), EIWFFTHR, MHwFsE.
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showed that 20 AMF community samples were clustered into two groups, corresponding to high density and medium-low density. Collinearity network analysis
revealed a non-random pattern of AMF fungal composition. Glomus-mo-g23-vtx00222, Glomus-viscosum-VTX00063 and Glomus-Glo7-VTX00214 were
identified as the key molecular species in the symbiotic network. A significant positive correlation was observed between the Shannon diversity index of the
understory vegetation and that of rhizosphere soil AMF community. Redundancy analysis showed that soil alkali-hydrolysable nitrogen AN (NH4+-N) jointly
affected the AMF community structure . [Conclusion] The density of C. lanceolata stand significantly affected rhizosphere soil AMF community structure. The
main soil environmental factors affecting AMF characteristics were alkali-hydrolysable nitrogen and ammonium nitrogen, with a network centrality coefficient
0f 0.9434 in the symbiotic network. In the process of stand density change, Potential interactions between soil physicochemical properties and taxonomic groups
may jointly influence the AMF community structure of C. lanceolata forest. The stand density affected soil microbial community, and the changed soil microbial
community in turn aboveground vegetation. Finally, soil community and aboveground vegetation respond to density change cooperatively. This result provides
new insights into the construction of ecological networks in which AMF mediates the above- and below-ground synergy of plants.

Keywords: stand density of Cunninghamia lanceolata plantation; rhizosphere soil; high-throughput sequencing; arbuscular mycorrhizal fungi community;

diversity; co-occurring network

KK (Cunninghamia lanceolata (Lamb.) Hook.) &3 EHRME AN & M B, A fERE T 16 1
B (X)), MRERARZ) GREN TR 16%02, S s N TR sk m @, s et R AT
MRIC T RPEE A B . BRSSP A8 B e R 3 B8 1 Ry 5 M ) T 54k, 2R 22 REVE IR o DA R b [
N TR AR = 7400 % o R Ik 16 i 800 5 FH PR 4 it ) 5 R FE s o), 30 2 R 45 1) SN AR BRI
SAFRIGE, PR TEME KT EERWE . BN IR 55 BT T B A SRR T AR B
M HEAT 7 REMAETE, P ER TR 2N . AN AR S5 B L3R A e SIS TT T . BEXTAZ
KRR E VIR T 7T, A FEAR -G IRIOT), PRESSL, fR P2 pO), SRAR BE 1007 205 2% 11 T bkt 4 3 7k
VAR WRPRAAR DY REHE IO JE 1A OCAIE 78 o 4Bl A e 248 50 W 1 i FE 2 () TR P AN [ AR R A2 K
R B T AR e = SR 200 B R T R T AL P TR T I8Y . S AT A2 AR Al AR i) 22 J2 VR AT P 1 A A 3o A S R AR R
IR 7 IR AR E M, SO T A R R LB 2 AR AN R AR AR AR BE R U7 SO AR T e
FEVER 52m 3 BE BT RARGR AR TR A BN E R, B3R 402 TIERUAE Y AR IS 3 10 3 ZEOR B K] 71101,

MR BRI AE e B AR R 3 W) FF s a7 EHE ) 112 ), s v b e A e - (R gk A AR K . WAL
HRE B (Arbuscular Mycorrhizal Fungi, AMF) )& TERIEE | ]2 L3RR E ARG 5, FeA AL
R, AMF EAS RGTEERHENEH, 25 7 Fnici. LIREHNGE. F EPURTLERE IR mEEEST)
fit. AMF Jeilfiid 32 SRR I Hd MR SR sk ik A2 7= g o AR SR, H3RGAEY) Z A AL S T RE B 7245
BBk Z BT T, IR NS R ORI Z AR, SAEY) 2 A I R AT e S g
GyiBAL o E I I B0 A ) R RUAE ) 2 AR AT A BR DK B, N TR FE L AR H IR
R L3 ), REIM 2 A8 TR ANV, 3K AR B Ak 1 R DA B bR R R, RN AR R AR
SN T D AR 2R 50 WA A R« X AR A R A F IR AR IRV - AMF 7E(RBE R AR K A A S R
R REEE s R R EENEM . 2AKE AMF JERGEA R 2R, KZHW R R 0F 5 AN pikg
RN IHAHRH AMFI ., H AT AN R AR % A2 AR AT T AMF B9, DL RO BB 5 50EY)
A HL G R AERINLRE A TG, KL, B FORRS 25 BN L3 M 5k . AR AE A, DL B3t A
HAER R ERA BT IRATRZIN RS BEAR b A il A ) A 25 W9 28 TR R SR SRy o AT Sl Ik 3 A A [ 85 B A2 AR AR
HRBR 18 AMF BE7% 2 FE VERNRE T 2540 1Y) 22 SR B 452 1 A AMF BT 0T AR 3 5 FE IR 2 o AT FEAEVT P4
AKEETILMIGIEI 4 DNEEZARN TR, 5T 508 & Hlumina Miseq 7 T B FUECA [R] % FEAZ AR
N3 AMF ZFEUERBEE A, 456 LIRFR A FRAR MR T A 2 R T A2 AR IR PR 1138 AMF BEV& 1) 5%
Wi [R5, R FEAZ AR N AR [F) 5% FE T 38 A=) 0098 A 5 bk N AR A L3857 43 (1w S RRALE , IR NZRfE AMF
H5HMAET RGN R R, HA7 AMF XA N IR AE AR S b, DU AR R B 48 41
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1 MRS R%
1.1 FR X LR

WP XA, FIL U 35 2K Bk, ARG R BRI K%, IR 4 16.3~19.5C, &
B, TR K 240~307 K. HBEMT 10°CHRIES N 240~270 K, JEBHFRIE 5000-6000°C .
1.2 ARG &
1.2.1 REM

2017 4F 10 H, ¢ 1990 4EiE MR %5 By 3300 #/hm? (), MK 8a Jo 23l (A4 B FE %y 4 FhoR [R5
(3300.2700.2250+ 1950 #k/hm? DA N THONF FEXT G, A2 AR AT RN Tl o IR 107m~118m.,
W EIATE R, WL 15° o REHUREHLTRIRR 20m X 20m #ET5, BRGNS E 3 HE R, AR
THEHUTTIE 1.

R 1 TEZEE A RE AR

Table 1 The basic condition of the sample of different density of C. lanceolata plantation

Ab 3 ROy TR iz 31 i W W S P S
Treatment Plantation Height/m Diameter at Longitude Latitude Slope/°  Aspect Canopy
density/p lant-hm2 base/cm density
D1 3300 7.60 10.16 115°3424" 27°14'21" 14 southwest 0.70
D2 2700 7.82 10.43 115°34'23" 27°14'18" 15 southwest 0.68
D3 2250 8.75 11.06 115°34'23" 27°1422" 14 southwest 0.67
D4 1950 9.94 12.03 115°34'21" 27°1424" 15 southwest 0.65

1.2.2 WTFEREE

KHATHL [15] FERbE, 2 Rixt 4 MOASEZ FEAR 2 B 20 m X 20 m brifErfEHl, SRAX ML, £5
AFETTRIEI 3 AN 5 mX 5 m MR EHEARZ, [FIRER 3 N 1 mX 1 m P HEREARR, g MHE
MIRIAR. mE. R S
1.2.3 TIEBERRE

2019 42 10 H, 1E 4 N AR <BHEE RER PR 158, PR LSRR B, 5
AMFETTIEE 10 #RIAEAR SR ISR, RITFREY 2429 BIRE L, B R4, ReoREgaR B+
BRI 2 5 B AR 3 ANEERTT, BRI 10 AR PR, ILIR1G 120 fr RaRAE A
L@ 2 mm RS, HA— 0 RAFET-80 °C UKFEH T AMF ZFEHIE, 57— LR EIE L
Wy, 13 pH AEH pH vHllE KL 10 2.5); T34 % (Total Nitrogen, TN) K H I IKERALTE
M5E s T4 (Total Phosphorus, TP) K FH & AL B RL-FHEA P LL kil e ;. 13848 (Total Potassium,
TK) KHEEA R B- KA g, 1I3EER (Available Phosphorus, AP) il 52 >R FH Bk R S8 ¥ Wi
TRIGR S P tb ik HIEES A (Nitrogen, NH.-N ) FIEAZR. (Nitrogen,NO3-N) K H & ALHIR$2E

L s U6 17,

13 HUREER

IR R LW SE EH AR AR A IR A R T Illumina MiSeq =Rl &N FF &, MRiEHLERE T
TIRFAEAE /7K HIT(OTU), L OTU Hd X AMF #4172 1 #r sl
1.4 BIELIBS ot
L4.1 KA TEDZHETE

DARENREDT ML, it EAR R & 2 M E EE, DL Simpson 83 ¥)M 3= 'E £ species richness.
Shannon-Wiener $5%. Brillouin 541, McIntosh faZUFI352IEE48 2L Pielou 1450 # B & W Fh 2 AE4E 1 4
Fro
1.4.2 HAEMZHEEITE

Alpha Z FEPEFRBUEHE I V% F 2 € (Community richness) [JFE%1: Sobs. Chaol. ACE. JxWR#V%
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)21 )% (Community evenness) FJFE%1: Simpsoneven. Shannoneven. / BLEE V& 2 4 ( Community diversity )

[J#6%k: Shannon. Simpson 1 Coverage.
1.4.3 ARG T

FTFREA OTU FJEFATAS A B AL ARMFR 135 AMF B89 Fh 20 B Venn 35 B R AN BEE 4 i b, F)
M RIEF (version3.3.1) THSGIAWER. MHZRIEREAE Cluster 3.03 RO AN A% BE v 50 AN & 1
OTU #4740 #Hr. ANE R £ 5, KA Bray-Curtis #2575 ANOSIM /i, fiedlm =R 2R EE KT
HNZE S, TR 2 54 = 08T, SR B 6 2 [ R U7 % 73 it PERMANOVA (permutational MANOVA )
FAESEZ N2 7% 7081 (nonparametric MANOVA) X & 5 ZZ 04T 40, 43 B ASTR) 4 41 IR 306 K o 22 57 10
FRRERE, Fd B BAS B0 3 4T 2 2 ME 20 #1160, Network W28 A [B)% 2 v OTU AR IS fE o6 &, 34T
BATR AR I IS A R A e 4, EEURERERT 50 RORFIE, FEiHSURIE Z B ROA S R EL DU BiRRAE
Z A e M, W2 3 153 1 Spearman #H5S1H: (p<0.05), S8 1 F 2 AR LRI H = A Boh O ME P
- Cytoscape 3.7.2 BRAFXT LI 2 dh 4T T M4k . FIFH ¥ E & (Bray-Curtis ) #f— B @ TTR 9 M
(Redundancy Analysis, RDA) ftr ANFEIEERT T AMF HEBVE S 0. RiES vegan fE( QIIME
A AT AR B

2 ZRE DR

2.1 AEIZEFARALHRIRFRTIE AMF 85% 0k KR 2514

B AMF & AR FRE I 1 mT A, ZEAN[R) %5 B A2 AR MRAR B - 45 35k 98 55 )8 (Glomus_{ Glomeraceae)) 4AH
XfFEEREJE, £ D3 (2250 #h/hm?) %L T, REFERBHXSFEEN 99.78%, ML D4 (1950 #/hm?)
WET, BEXERERE (Gigaspora) MXTFEEIEN, N 7.16%. Hrh, THTEEE (Acaulospora) HAFFET
D1 ZEEAZARM . IoFFh Species KV INHFERA M TR, BEEKS B/, BREHEBN Glomous-
YAMFat02005-D-VTX00084. Glomus-Glo32-VTX00124 Fi 5 #I FE 5 & Gigaspora-decipiens-vtx00039 Ffif

STFEFEHAR, A2 6.9%. 5.89%F1 7.16%.

100% 7 pmm r—
80%
60%
40%

20%

I |
I |

0 D1 D2 D3 D4
Glomus-Franke-A1-VTX00269 @ unclassified-g-Acaulospora
Glomus-PSAMG2-VTX00080 Glomus-GlAb4.2-VTX00290
= M Glomus-Franke-A1-VTX00076 MGlomus-Frank-A-VTX00082
S W Glomus-Glo32-VTX00124 B Glomus-Yamato2005-D-VTX00224

Gigaspora-decipiens-VTX00039 W Glomus-Yamato2005-D-VTX00084
B Glomus-ORVIN-GLO3B-VTX00223  Wothers
W unclassified-g-Glomus-{-Glomeraceae

B 1 R AR BEAZAMNRER T35 AME AEXT 42

Fig. 1 Percent of AMF community abundance in rhizosphere soils under C. lanceolata plantations of different density on species

of community abundance on Species level

Per

level
ELxF NCBI S48 2200 7 P51, A7 3645 51 163 4~ AMF-OTUs, 48T 1111445 H 6 £ 8 J&, 28 1
Fio 8 ANE OTU i H & 42 OTU 5 H I EL B4 5o~ : BRFEFE & (Glomus-f-Glomeraceae) i 97.24%, TCHEHER
J& (Acaulospora) i 2.09%, Ef3EE)E (Gigaspora) 5 1.92%, H'EH 0.61%.
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B 2 T OTU /K-F AR ES FEAZ AR bRt AMF #7543 UK
Fig. 2 Venn diagram of AMF OTUs in rhizosphere soil under different density of C. lanceolata plantation
T WGE 4 FhEE FERZ AR NAR B LI v AR AR L B 1 22 5, RATRIH F5 8 Venn XS AN [\ % FE42
ARNLHRTARBR L3 AMF % J& OTUs fI3EE OTUs (3%BELEE &) HEHAT T IVE M. AIFE A2 KRR
brti% AMF B OTU 2R KILAWF @ 2 fx, D1 %EEH4ReH OTU (A& OTU [FAIHH) 27.87%
(114), D2 #JEReH OTU 5 24.69%, D3 %R OTU [ 25.42%, D4 %EHHRE OTU i 22.0%. 4
FIRZACE TR BR 133 OTU #Eh 44 (10.75%).
2.2 FEIZEFARANIHKIRFFLIIRE AMF 85550 R S 1M
& 2 TRIZBEFARRIRIIE AWF 55% o ZHEMIEH

Table 2 Alpha diversity index of AMF community in rhizosphere soil under different C. lanceolata plantation

Ab 3 REEFE L Rk Z etk REE R E
Treatment Community richness Community diversity Community uniformity

Sobs Chaol ACE Bootstrap Shannon  Simpson Coverage  Heip Shannoneven  Simpsoneven
D1 60.40 58100 55.4193 62.7213  2.1673ab 0.2197 0.9998 0.1340c  0.5303b 0.0824 b
D2 51.40 52973 53.1592 53.2656 2.0431b  0.2401 0.9998 0.1405c  0.5202b 0.0953 ab
D3 58.80 63.430 62.5259 61.3794 2.4999a  0.1419 0.9997 0.2002ab 0.6145a 0.1393 a
D4 51.75 61458 56.4552 54.0383  2.3714ab 0.1691 0.9997 0.1968a  0.6009 ab 0.1303 ab

J#id Shannon FEEUTAl AMF #1Fh £ ££1% (R 2), D3 Al D4 % FEAZ AR bR L HE AMF B 7% 2 R8s
i HGZ D1 D2 ARt Xl g AR B B LI AE 3% AMF YR 2 BV DT TR B 7B SAE A . T Ab
BRAENFESEE (coverage) LA REZEZER, FrAMAKNTFERZST 0.98, UHIMRRE L
B IRV MIE N I G EY) . Chaol 8 B2 Shannon ZREPEA—2, 3 —0 ULHH =% FEAZ AR bR
HAEMRI A Z M1 . B 3551 simpsoneven . shannoneven 355 B 48501 heip #FVE 515 B2 48 it b
o E LRI SN B .

*® 3 FEIZERZARERLIR AMF B#5% 4544 ANONIS, ADONIS %0 PERMANOVA 5347
Table 3 ANONIS,ADONIS and PERMANOVA pairwise differences in AMF communities in rhizosphere soils under C. lanceolata plantations of
different density

Tk A BIE o7 F R2 1 P
Method df Sums Of Sgs MeanSqs F.Model R2 P-value
B2 HRITEMM
ADONIS group_factor 3 0.147472066 0.049157355 2.21854 0.2938  0.002
Residuals 16 0.354521104 0.022157569 - 0.7062
Total 19 0.501993170 - - 1
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BB E LN
PERMANOVA - 0.147470000 0.04916000 2.21854 0.2938 0.005
FIF ANONIS. ADONIS #1 PERMANOVA 3 FARFE 775, 8T 17 ANF % FEAZ R MR bR+ 3% AMF #E7%
GERIES (R 3), 3MEZHEE T ENT G RIEY, 4 FIAFEZER AR T 138 AMFE (RS S M1 5
EEF (P<0.05),

® 4 ETHKFHRARRIZEREAZARKIIR AW HEXIFREAHEEREE

Table 4 Significant difference test of AMF community abundance in soil under different density of C. lanceolata plantation

AMF 73l D1 ¥J{H D1z D1¥fH  D24n#kx: D3¥YMH ~ D34rikZ DA D4 FrifE %P {6

Species AMF D1-Mean D1-Sd D2-Mean  D2-Sd D3-Mean D3-Sd D4-Mean D4-Sd P-value
1% 1% 1% 1% 1% 1% 1% 1%

unclassified_g_Glomus_f_Glomer 86.900 4.595 93.180 3.799 82.680 6.738 71.750 17.910 0.035

aceae

Glomus-YAMFato2005-D- 4.229 3.819 0.000 0.000 3.233 2.081 6.925 10.660 0.049

VTX00084

Glomus-PSAMFG2-VTX00080  0.157 0.104 0.496 0.924 5.937 4.075 0.017 0.030 0.003

I Kruskal-Wallis H test 57 PRk AU 560 AN [R5 FEAZ AR BR 3 AMF 318 B 4 1535 1 22 R A 56
SRS (F 4, 27 unclassified_g_Glomus_f Glomeraceae. Glomus-YAMFato2005-D-VTX00084 #il
Glomus-PSAMFG2-VTX00080 3= 52 bk 73 85 B2 (52 22 7 42 (P<0.05) , JLEWFh == [ 2 bk %5 B2 1Y
MmMERAEE.

D4 D3 D1 D.

I
I

I S

I ——

—

—

I

I E—

I

—

—

—

—

Glomus-Franke-A1-VTX00076

Glomus-Yamato2005-D-VTX00224

M unclassified g Glomus_{ Glomeraceae Glomus-Yamato2005-D-VTX00224 Se+3
W Glomus-Yamato2003-D-VTX00084 W Glomus-ORVIN-GLO3B-V1X00223 6e42
B Glomus-Frank-A-VTX00082 B Glomus-PSAMG1-VTX00291 =Te+l
W Glomus-PSAMG2-VTX00080 B Glomus-Glo32-N'TX00124 - 8et0
W Gigaspora-decipiens-VITX00039 Glomus-Franke-A1-VTX00076 Se-l
B Glomus-Franke-A1-VTX00269 B Glomus-GlAb4.2-VTX00290 le-l

B 3 BT OTU 23 JOKPHT 50 HOMIRR A R FEAZ AR PRt 398 AME B J AR Sk 44
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Fig. 3 The heatmap diagram of the dominant 50 OTUs of AMF communities in rhizosphere soil under different density of C.
lanceolata plantation

N T BTN RV FEAZ AR T L3R PR AMF BRI ZE 57, A FA B A AR R BT 50 B9 OTU. M
EIRE (B 3) AT, 3X 50 NEE OTU IFEEEAE 4 DMARE EEAMA AR . 255 AR
+3E AMF H{E% OTUs WH T AR . Hrf, $#ERLH OTU A, DI % EZAMMRER AMF fAd:4)
iRy OTU423. OTU231, D2 #EAZAK OTU231 fl OTU423 vy, D3 #EHAK OTU296 Fil OTU497
O, D3 #EA AR OTU298. OTU289 (i #. 4 M2 AM /R Er 3% AMF BEVE LA 7 TAAE . DI
W) 3 3 4 F A unclassified-f-Acaulospora, D2 W Glomus-ORVIN-G10313 1 Glomus-VTX00223, D3
i AL 5 5y F B4y Gl & Glomus-PSAMG2-VTX00080 «  Glomus-Frank-A-VTX00082 . Glomus-GLAb4.2-
VTX00290, D4 H Gigaspora-decipiens-VTX00039 . Glomus-Glo32-VTX00124 . Glomus-Yamato2005-D-
VTX00084.
2.3 fEE A TIEIME X AMF BE7E45 49 2+ 1E RS2 N

® 5 NEEEAZARKRTER SN
Table5 Diversity index of understory vegetation under different density of C. lanceolata plantation

FEHE ) 60 MEARTNFANE T P ILGETE 16 MR 2 F A Y) (R 5), BEMXEARK D3 k

fo = b B LR FE R Shannon #5%  Pielou ¥4  Briliouin 5% McIntosh %k
Layers of Treatment ~ Number of Simpson index ~ Shannon Pielou Briliouin index ~ MclIntosh index
understory species index index
HERE D1 13ab 0.9123a 3.5458 ab 0.9477 a 3.2267a 0.7671 ac
Shrub layer D2 12b 0.8906 b 3.3338b 0.9299 b 3.0648 b 0.7290 b

D3 15 ab 0.9163 a 3.6596 ab 0.9343 ¢ 3.3400 a 0.7728 ac

D4 16a 0.9195a 3.7126 a 0.9423d 3.3755a 0.7785a
woAk Z DI 2a 0.2275a 0.5556 a 0.5556 a 0.5249 a 0.1331a
Herbaceous D2 2a 0.2436 a 0.5850 a 0.5850 a 0.5537 a 0.1432a
layer D3 2a 0.4878 a 0.9752 a 0.9752 a 0.9405 a 0.3121a

D4 2a 0.4455 a 0.9131a 0.9131a 0.8783a 0.2804 a

AR FHEDPIFAIN %, H 16 T, AFEE A oY 2R 200 R, AN %R
XPRLAAE A 2 PRI e 22 e AN 35 o e BB E R A AR T ARV M EE A 2 F0. BERZ, FEE I
25 B %MK, Shannon 8% 2N .

% 6 FRIZEEHAM THEM S M SRR AW RS M IEREA SR

Table 6 Correlation analysis of diversity index of understory vegetation and AMF Community in rhizosphere soil under different C. lanceolata

plantation
EZ 2Tk Chaol 8% ACE #58( R Shannoneven 5%
Dicersity index Chaol index ACE index Shannon index Shannoneven index
Chaol #§%1 Chaolindex 1 0.925" 0.553 0.333
ACE 5% ACE index 0.925" 1 0578~ 0.31
33 AR 1541 Shannon index 0.553' 0578~ 1 0.952"
Shannoneven #54{ Shannoneven index 0.333 0.31 0.952" 1
T % AR HE4L Vegetation Shannon index 0.363 0.21 0.494 0.538"
Vegetation Pielou index 0.326 0.24 0.049 -0.003

Tl Pielou 5%k
Note:*. Significant correlation at the level of 0.05 (bilateral). **. Significantly correlated at 0.01 level .

MHEBERAE R A 5F FRAIEERA AT ART EEWHIR AR, 0 AMF BV 4H A 2 HEE
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L19], Mk TR B S 254550 Shannon S5ARPR 118 AMF #E75 2 FE% Shannon F8 3R B2 TEAHE (r=0.494)

MR AE P DAL ARMARFR 3 AMF BEE ZAEME AR, W] AMF BEE AL 52 & B 2 Ak
UROWE, M EAEE R, BRI AMF BEE 2R EGE (R 6) .

200

p e DI
150} :AN AD2
' ¢ D3
< 100 D4
2 50
R
<0
a
~ 50}

-100 | '

-150F unclassi ﬁed_g_Glomu.s'_f_GIq'meraceue
Gigaspora-decipiens-VTX00089
2004 Glomus-Frank-A-VTX00082 |
-120 -100 -80 -60 -40 -20 O 20 40 60 80 100
RDA1(46.98%)

4 TR AVMF BE7RZH RS A3 B PRI RDA 23 A
Fig. 4 Redundancy analysis to show correlation between the AMF communities and soil physicochemical properties
JUAR 73 Hr (Redundancy analysis, RDA) i HISRIRHUA iR A AR B3R MAE VI REVE 2 REMEh 032 k.
RDA 737~ 7 AMF B35 LRI 2 M IC R DL MIRE Ao R iR &, RDA 458 %
(B4, AFREEZARMRER 3% AMF 53R A0S B ) 61.99 % RE I 51 (1 7 ASFREE B F
fRE. b, B 1,2,3,4 BAPVRFIEME 2 B2 0.2545. 0.1143. 0.0443, 0.0189, 55—fil PC1 f#RE 1 K41
AMF FLHE RV SR (1042 57, RDAL il 1 46.98% 142 (5 5, RDA2 fitF | 3.49% A8 75 . 4 FiAZA
WERTR B 4 HE, AFE AR E TR AR R m, MR E 2 R
*® 7 WFh SRR T ROA HE K E R

Table 7 RDA data related to species and soil physicochemical properties

B T Eisr 1 Eisr 2 r2{H PfE
Soil factors RDA1 RDA2 r2 values p_values
4% TN -0.9406 0.3394 0.0353 0.736
T AN 0.2775 0.9607 0.3711 0.014
THAZ NOsN 0.7961 0.6051 0.0816 0.499
FEAR NHe N 0.9046 0.4262 0.6391 0.001
AW TP 0.5009 0.8655 0.1096 0.348
2 TK 0.9769 0.2137 0.1863 0.166
pH 0.9963 0.0861 0.1471 0.250

ORI, T VIR IE S5/ 2 TR S i R 5o . M 2R AN ) SR AR R VR A
AN A A7 AE 22 76l AMF BB V& 2GR 3 %2 NHL™-N. NO3-N. pH. TK HIs2m, X5LAEm s, +
B AR VB VE ALz M A . L8 N 5 pH SRR 1M 25 2R [20), B Al AN (12=0.3711,
P=0.014), %A% NHs N (12=0.6391, P=0.001) 5 AMF BEIS 45 B B EAIERTE (R T « BT
iR, RE M IR R TS AMF BEE 2%

2.4 FEIZFEFAKRNIKRIRFRTIE AMF 8% LI MM L& 55 47

LB ) 2 B AT AL R R DR EE AN R AR R R B R . AR A A L1 AMF LR PN TR
B (B 5), IEHSTFR 4 F, 252 Glomus-Glo32-VTX00124 . Glomus-Yamato2005-D-VTX00224 .
unclassified_g Glomus f Glomeraceae. Glomus-Frank-A-VTX00082 . [ [B)4%55 & 38K, D4 % EAZ AR
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RER L3 AMF BEE AT 2 TR 73 )¢ Glomus-Frank-A1-VTX00269 . Glomus-Franke-A1-VTX00076+
Gigaspora-decipiens-VTX00039. unclassified ¢ Glomeromycetes

unclassified ¢ Glomevomycetes
Gigaspora-decipiens-VTX00039 @®  Glomus-ORVIN-GLO3B-VTX000223
[ ]

Glomus-Franke-A1-vtx00269

Glomus-Frank-A1-VTX00076 5-PSAMG2-VTX00080

us-MO-G5-VTX00219
A J

Unclassified g Acaulospora

Note: Nodes in the network represent sample nodes or species nodes, and the line connecting sample nodes and species nodes means that the species is included in the sample.
5 FETRACERIANF) B EEAZARNLDR 1358 AMF & JL20 1 ) 45

Fig. 5 Co-occurring network of AMF communities in rhizosphere soil under different density of C. lanceolata plantation on species level

@ D4

Bl 6 LT OTU KT HAN [l BEAZ AR B+ 388 AP Sk 2ok o 2
Fig. 6 Co-occurring network of AMF communities in rhizosphere soil under different density of C. lanceolata plantation on OTU
level
FETIXLE OTU H (] 6), 46%111 OTU 55— ARG K, IESLPUAS R G REVE AR N 2% (1 2 OTUs
SR A SRR, 4 14%HEER OTUs 5 D1 HEZEZEML: £ 16%H OTU 5 D2 HERFAHL: 22%
[¥1 OTU 5 D3 % RGHKL . 16%IKEE OTUs 5HTA (1% BEAH K.
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caulospora-sp -VTX00231 Ambispora-leptoticha-VTX 00242

unclassified g Acaulospora @ unclaggified g _Paraglomus

Acaulospora-sp.-VTX00013 Glomis-MO-G23-VTX00222
Glomus-Glo-F-VTX0016
Glomus-yiscosum-VTX00063 —

Paraglomus-occultum- 00238
GlomusXa

Glomug-PSAMG1-VTX00259

Glopus-PSAMG1-VTX00291
(ilomnx-(ilz\d},}-\"lxq 289

unclassified g Scutdllospora

Glomus-MO+G5-VTX00219
- B Glon e GIoTS - 1ROV e Baius-MO-G 14-VTX00083
lmcla55|llcdigiGlamusiii.lerawae

Glomus-Franke-AL-VTX00269: lk}loﬂili;iuu'aradxccs-\'TXOOIOS
Glomus-Yamato2005-D-VTX00084 /’6\(1&"%3-]? ranke-A1-VTX00076

Gi, gq,t/pora-decipie!)d-\"l‘XOO()w

unclassified f Gigasporacede 4
Ny

N .GIomux-Frank-AW'TXOOOSZ

N
: N
unclassified_c Glonferomycetes

.(ilnmu.\'-PSAMG'.’-\”]‘XOOOSO

@ Glonmus-GlAb4 2-VTX00290

®unclassified ¢ Glomeromycetes cutellospora
@®Glomus f Glomeraceae ® Acaulospora ® Gigaspora
® Paraglomus ®.Ambispora unclassified f Gigasporaceae

T ASIFVEE BEAZ AR 38 AVIF FE7 (10 50 R B G I R 245 3 HT
Fig. 7 Univariate correlation network analysis of AMF communities in rhizosphere soil under different density of C. lanceolata

plantation
AHIME Network 23 M R BLCHE 7)), 1E 4 B2 BEAZ AR MR 20 NFEAR T, 10 ANFRAEAE IEFH 9GK & (Spearman,
R?=0.6, P<0.05); fEFTA A, Glomus BRFEFE S ILERZ, & 7 TA A 66.67%; ¥5 0Am Bitk

th, FrAEMT TN 2 AFREREE (=10 MTAD; B AP, ZERET 5 AR
Glomus-MO-G23-VTX00222. Glomus-viscosum-VTX00063 Glomus-Glo7-VTX00214. Glomus-Yamato08-A1-
VTX00100. Glomus-sp.-VTX00304 K HiX £t AMF £ A7 7E W 2% & T AZ LA

Glomus-viscosum-VTX00063
TK

unclassified f Gigasporaceae GlomusFSAMG2=VIR00080

Glomus-Franke-A1-VT.

/' Acaulospora-sp.-VTX00013

Glomus-G1Ab4.2-VTX00290

-, Glomus-Frank-A-VTX00082

Gigaspora-decipiens-VT.

unclassified_g_Acaulospora ™™ 3 ‘
O NH,-N
@ Gigaspora ® AN
® Glomus { Glomeraceae TP
® Acaulospora ™
© unclassified f Gigasporaceae o 1K

Bl 8 AN FEALAHRR 133 AMF FET% AR 2R IR 245 73 A
Fig. 8 Two factors correlation network analysis of AMF communities in rhizosphere soil under different density of C. lanceolata
plantation
ISR 5 o0 R R L2 1t I 2 0 i R B (B 8D, BRHRIFAEE RERAN R, RA— MR SIS =
BYIMHR . XRYIK B R — B 7 SRR AE RS BARML . FESLZ ik 2% b B AR 0 NH-N R AR AN 1
B REN 09434, RHXANBREEHE N (unclassified f Gigasporaceae . Glomus-Franke-Al-
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VTX00076+ Gigaspora-decipiens-VTX00039 . Acaulospora-sp.-VTX00013) Fl15EE 77 ( Glomus-PSAMG2-
VTX00080. Glomus-GlAb4.2-VTX00290. Glomus-Frank-A-VTX00082. Glomus-viscosum-VTX00063) H]%
FHELL AL
3118
3.1 #ARANIHIRPREIR AMF 3% 519Xk 532 B B9 e 2

KIS AR B EARZ AR T ARER 138 AMF BEvE ZRE0E0EFS AR W], A AT BREr 3% AMF B
7 ACE 454, CHAO! f5%Al Shannon fHHUEARILN D3, D4 HRAZAMD LT AMF BE &AM
RPN AR R ARG 1 HE AMF fU{R95 OTUs t13 FFARIE] . HJR IR 7T AR AR A 4 o s
TR N K AR A T DL SR SR, RIS AR TR AR R MR R VAR R I AR X
LE AR AR S UM LS A IRETS o T LA 0 AN R RS AR AR R A M S8 Gl A= W e 5 ) A R A
UL ARGy 55 FEFRAR, (R BEAR T 18 2, A AT R A7 BRFSS R IR KR X5 A SRS LA AR M iR B 3 AMF
RE ZREVEAR — B0, DR & B R AR I 3 B BE U VR, 2 R SR i, AR Tkt 3 I g DR

IS ANF B AMF B V& 45 16 2 18] SRR ALL P R0 22 S R R e B, R I AS [) 2% FEAZ AR AR B 12138 AMF
VRA AR R 5 225 BERE M T LA/, IRPR LR IER R (1170 T/ Glomous-Yato2005-D-VTX00084.
Glomus-Glo32-VTX00124 Fh 1 F 4 3¢ % J& Gigaspora-decipiens-vtx00039 Ff A7 XF 3 & #8 K5 40 F Fh
unclassified g Glomus f Glomeraceae .  Glomus-YAMFato2005-D-VTX00084 F1  Glomus-PSAMFG2-
VTX00080 F=F 5 52 bk 73 85 FE ) S0 22 57t B S5k o 5 P A BAK MV iy b A 20 5 o s DU IE e i 21 ), 03
FLE N B ACTE FEAFAEARMNE, BRI R A 5 52 B [FI M 48 J 25 B BR ). & BRI >3 R, ATk
WAL, WINAEWMZ . BTS2, AMF BV 2 RV 22 5 i B AR 2 25 B A5 1
3.2 TEIEEAARKIRFRLIR AMF 3R &N

BREETH JR 2 BRIETE [ Trh B WA BRI R, SHEIRIE L ARG R 122), FEAR LA M2 P i (0 B
B R RRERE, XE VXL [ TEN 2 M. R OrENE (FIanEE, AHr8eb ot Fg s oD
FRFERIE b, AR — SR 25 b A BT b L A T AR B S R A ) A A 23 ) AN [F) %5 FEAZ R MR B AMF
WAL 2 25 0 RE CCE N 0.63, RWIZAS MM SR, & T HMAESRGH CCH. M
BEMRETE AMF 0] DU A 33 R 77 73 SRS im0 2 7= 70 [24 ), AMF BEV& (e st b W 445 i o A=
BREMAD) ZREERE = J I EEE [25), Glomus-MO-G23-VTX00222. Glomus-viscosum-VTX00063
Glomus-Glo7-VTX00214 HAH =M Hoboofi, X RIIXLEHT /2 AW K h I E 24 . Glomus-MO-
G23-VTX00222 7£ LLHT BB FE - AR 2 oSt Yfd, 75 ZHE— 0 B AR B8 0 R I B B A2 38 A R 2%
VR L2000 BRI, BITA 2 S oRHE o BAF AT e e AL A T AR rh R HE SRR Y

AP R) AR AR P01 - E RS A oG ER E 127, 281, Aok, R THH SRtk B W9 45 73 Bt 2 B ED Y T4
R DRER LA B 129, 30) BRI 28 o0 i A AEIR R — RYVIAEC A BAE I TR, 4Rk
AR MISE G B 2G0T D30 3200 eAh, TMAENII 2% ko o 1 MR iV 43 B A MR 53 AH
VR AR PR B (14 o S 28 DG LS (33 ), il A W A 25 N 24 1] DLSRAEREVE Z RN IAR ELOR R o ARSI 2% IR PE e
i W) S GAE DRET  IRE AR AL, (34 ), TR, 0 B AL 3 SR X 2% R e 1, ORGP 25 it
FHRRE S5, 5 AH ML BRI A 2% BEAGRE L3S L ARAIT T, 48 3T 7s AMF BEZ& A7 AE AR AL BB X,
10 AR R IEAH SCHRAEAS R R 2 18], X WA 1 P RELETE Rt A b R S S AR A 30 flRgak
FEIRBN 2% Sk CEEIR PRI 2 LR B 2 T 2 IEAH G iX ST A RORIF 45 R — 821, sk, HEHa pah
2 RN R AE 2 TR) B A [ AH S PR W] I e 20 11 HAT RS 8 AR AR AIE . IX 48 AMF ELE R I ARRENLA &
R QAR B, Wi ] ) RE ELAE R BA B 075 10675 T iRV S5 49 D7 THD o 2 A
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