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Variation of arbuscular mycorrhiza fungal communities in the
rhizosphere soil of Phoebe bournei (Hemsl.) Yang plantations
based on high-throughput sequencing analysis
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Abstract: [Background] Phoebe bournei (Hemsl.) Yang is a precious timber species. Clarifying the
characteristics of rhizosphere soil microorganism of P. bournei is helpful for scientific management of
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P. bournei plantations. [Objective] To understand the changes of arbuscular mycorrhiza community in
rhizosphere soil of P. bournei (Hemsl.) Yang plantation with forest age after the afforestation. [Methods]
The diversity and composition of arbuscular mycorrhiza fungal communities in the rhizosphere soil of
P. bournei plantations at different ages were evaluated by high-throughput Illumina MiSeq sequencing.
Then, we analyzed response characteristics of soil fugal communities in the rhizosphere soil of P. bournei
plantations to changing soil nutrient after afforestation. [Results] In total, 342 555 effective sequences and
253 AMF-OTUs were obtained from the rhizosphere soils of 3 forest ages of P. bournei, belonging to
14 genus, 9 families, 5 orders, 1 class, 1 phylum. In terms of alpha diversities, both Chaol and Shannon
indices of AMF community increased with the plantation age of P. bournei, but there was no significant
difference among different plantation ages. There was significant difference of B diversity in arbuscular
mycorrhiza fungal community composition among different plantation ages. According to the Bray-Curtis
dissimilarity analysis, the similarity of AMF community composition was related to plantation ages. The
Spearman correlation analysis between species richness and soil factors indicated that the majority soil
factors affecting the abundance of arbuscular mycorrhiza fungal communities were pH, total potassium
(K), nitrate nitrogen (NO3 -N) and ammonium nitrogen (NH, -N). Ammonium was significantly correlated
with the abundance of dominant arbuscular mycorrhiza fungal molecular virtual species
Glomus-Franke-A1-VTX00076 and Glomus-Franke-A1-VTX00269. [Conclusion] Our findings reveal the
relationship between soil microbial diversity and the ecosystem of Phoebe bournei (Hemsl.) Yang
plantations and provide reference for understanding the relationships between biodiversity and ecosystem
functions.

Keywords: Phoebe bournei, high-throughput sequencing, AMF community, diversity, soil nutrient
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1.1 #HREXER
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Table 1 The basic conditions of the sample plots of Phoebe bournei (Hemsl.) Yang plantations of different forest ages

Qb PR i RS A i Y Hh A2/ M A% g R
Treatment Forest Plots No. Longitude Latitude Elevation Diameter at Height (m) Plantation density
age (a) (m) base/DBH” (cm) (strains/hm®)

al 5 1# 115°27'05"E  27°1624"N 106.067 3.23 1.68 1425.71

2# 115°27'05"E  27°1623"N 107.984 2.88 1.42 1 400.70

3# 115°27'04"E  27°1622"N 109.508 2.76 1.38 1 500.75
a2 9 4# 115°27'00"E  27°1626"N  99.696 7.84 5.00 1225.61

S# 115°27'00"E  27°16"25"N  99.613 8.29 5.10 1175.59

6 115°27'01"E ~ 27°16'24"N 101.332 8.72 5.20 1225.61
a3 12 T# 115°26'55"E  27°1620"N  97.857 11.88 5.20 1075.54

8# 115°26'55"E  27°1620"N  98.218 11.52 5.50 1 125.56

o# 115°26'58"E  27°16'17"N 107.031 10.61 5.40 1075.54

T *: SARMIRALIE al h, EAEIAGHAE, a2, a3 ALPHEIIE D M

Note: *: In the 5-year-old treatment al, Phoebe bournei (Hemsl.) Yang plantations were measured as ground diameter, while a2 and a3

treatments were measured as DBH
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AMF #7% OTU 5 6.45%., ItAh, al 5 a2 A1)
OTU %zl 22 (8.87%),a2 5 a3 FA4 1 OTU &N
41 (16.53%),al 5 a3 A OTU $w M 17 (6.85%),
al. a2 a3 HATH) OTU i h 54 (21.77%)-
2.2 AEWHEEEHALKIRIE AMF 85% 454
S EZ =3k
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B 45UFN 2 FEVE (Shannon) F8 201 U3 T A N T ARAR
brt3% AMF BRSO 2. MR 2 A1, FEE
140
130
1201
110
100 [
90
80
70T
60
50

40
30

Sob index on OTU level

02000 6000 10000 14000 18000 22000
Number of reads sampled

1 FERE R ER L1 AMF 2% B9 R 7% ih 4%
Figure 1 Rarefaction curves of AMF communities in
rhizosphere soils of P. bournei plantations of different
forest ages
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Figure 2 Venns of AMF communities in rhizosphere soils
of Phoebe bournei (Hemsl.) Yang plantation on genus level

x2 AEHEREERIRLIE AMF 87% o ZHMER
Table 2 Alpha diversity index of AMF communities in
rhizosphere soils of P. bournei plantations of different
forest ages

ZRMEREL AbF Treatment

Diversity index al a2 a3

Sob 5%k 70+48.30a  44+11.65a  52+17.13a
Sob index

ACE 3531 74.27+49.89a 47.51+12.26a 56.64+17.96a
ACE index

Chaol 5%¢ 463+1138a 48.8+15.17a 55.14+17.32a
Chaol index

ARG 2066+1.38a 242740352 2.652+0.18a
Shannon index

AR AL 0.322 2+0.34a 0.141 9+0.06a 0.098 5+0.01a

Simpson index

Shannoneven ¥5%%  0.51+0.27a
Shannoneven index
Simpsoneven 5% 0.145+0.10a 0.178+0.04a 0.212+0.07a

Simpsoneven index

0.64+0.05a  0.68+0.03a

Pd $8%L 441+3.16a  2.53£0.360a 3.01+0.59a

Pd index
W RPBUE N EBEAR R . AHEI TR a FEHR A0 A 25 57
A2 (P>0.05)

Note: Values are meanststandard error. The same letter “a”
indicated that there was no significant difference among
treatments (P>0.05)
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(Chao1)#8 501 Z2 £ (Shannon )+ 55 bifi & PRI 1) 184
TN TN, Chaol F8%UE 46.3 (al)<48.8 (a2)<55.14
(a3), Shannon FE¥LE 2.066 (a1)<2.427 (a2)<2.652
(a3), HEYEII—1E Simpsoneven $5 %t 52 BLIE in 1)
B Tr 2200 R, ARIARE A AIARIE] o Z2 4%
PEFE R T AN B 2 (P>0.05).0

NI 3 AT, A R AN T2l AR Y 1
i, PR HIEARRRE YR Z,
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J& 10.86% (a3)>4.92% (a2)>0% (al); LAIFETEE
(Acaulospora) 5.02%>1.46%>0.725%; Unclassified f
Archaeosporaceae J& 5.328%>1.78%>0%; FERPEFE
J& (Paraglomus) 2.965%>0.4136%>0% ; XI5 &
(Ambispora) 2.72%>0.38%>0% .

X NCBI s il 7 41, Al e 345 2]
253 I~ AMF-OTUs, 0@ T 1111495 H 9 #
14 J& 59 Fh. =JoMHE(E 4278, OTU B H &
i OTU X H MB350 - BREEEE )R (Glomus_f
Glomeraceae)5i 79.9%, i al | a2, a3 FEARZ BT
HREE 235K 37.2% ., 32.8%70 30.0%. Unclassified
o _Archaeosporales J& 5 27%, HH al, a2, a3 #f
AR TIHREE 5K 0.261% . 31.0%H1 68.7%.
Unclassified f Archaeosporaceae J& 5 2.37%, Hr

m Acaulospora mQthers
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El3 REAKEREMEEHIRIELIR AMF REEHENFE
Figure 3 Percent of AMF community abundance in
rhizosphere soils of P. bournei plantations of different ages
on genus level
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Figure 4  Ternary analysis of AMF community in
rhizosphere soils of P. bournei plantations of different ages
on genus level

al, a2, a3 FEARYITTHREL 23510 0.061 6%, 25.1%
N 74.9%., TCHEREREE (Acaulospora)i 4.58%, H:
Hral, a2, a3 FEARH TTRREE 23510 52.8%. 10.6%
1 36.6%. B #% R (Gigaspora) 4.12%,
al, a2, a3 FEALITTRREE 090 1.36% . 96.2%7
2.42%. HAhJE (Others) 5 3.72%, b al, a2, a3
FEALL TTRREE 5000 29.0% . 11.8%F1 59.1%.

Rt LRI I N (R 3), JE B4 55 R
(Scutellospora). Unclassified f Diversisporaceae .
Unclassified f Archaeosporaceae iX 3 J& )3 FEXT
AU P38 4 e 13 B i (P<0.05)
23 AEIEFENIRIRFFLIE AMF 8% PCoA
D EHERRES

B ZAFME I3 AT 3 XA [ b 07 [0 AR AR s 1 43¢
AMF BEE YR AR T4 B oo i, IR
AN) o3 B REAS TRV 2 R AR D P B 22 et B T
T (Species)ZKF-F1 OTU 7K - FAS [RIMRHE 8] A Ly Ak
HBR 458 AMF g FAbrsr (& 5. & 6), 45
K ERUKE, FE 1 (PCHE E R4 2 (PC2)
fERE T 220N 31.92%F1 18.36%, 1 Fehk
1135 32.96%; TE OTU KV-73 #5501, PCI ffEkE
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Table 3 Intergroup difference test of the abundance of AMF in the rhizosphere soil of Phoebe bournei (Hemsl.) Yang

plantations
&% al ¥{H al riE%E a2 HfH a2 b2 a3 HfH a3 fpifE2E  PIH
Genus name al-mean (%) al-SD (%) a2-mean (%) a2-SD (%) a3-mean (%) a3-SD (%) P value
PR R Glomus f Glomeraceae 89.290 14.880 78.650 11.230 71.890 8.754 0.0750
Unclassified o Archaeosporales 0.041 0.078 4.902 6.657 10.860 7.656 0.106 2
Totii%E %8 Acaulospora 7.254 15.820 1.463 2.123 5.027 9.038 0.640 2
E #1285 )R Gigaspora 0.167 0.339 11.880 11.390 0.299 0.472 0.1259
Unclassified f Archaeosporaceae 0.004 0.008 1.783 2.318 5.328 6.752 0.034 7
HKERPEH)E Paraglomus 0.143 0.253 0.414 0.785 2.966 6.109 0.681 3
WINHERE & Ambispora 0.005 0.012 0.380 0.741 2.724 6.091 0.707 6
Unclassified c¢c_Glomeromycetes 1.539 2217 0.147 0.190 0.288 0.474 0.286 6
W5 H4)E Diversispora 0.762 1.314 0.031 0.069 0.042 0.094 0.187 6
Unclassified f Gigasporaceae 0.014 0.031 0.196 0.276 0.283 0.633 0.192 9
JF 2% )&/ Archaeospora 0.005 0.010 0.152 0.339 0.295 0.385 0.380 1
& B #3855 )® Scutellospora 0.435 0.744 0.000 0.000 0.000 0.000 0.031 8
Unclassified f Diversisporaceae 0.265 0.546 0.000 0.000 0.000 0.000 0.031 8
G_norank 0.075 0.167 0.000 0.000 0.000 0.000 0.367 9
PCoA on species level PCoA on OTU level
R=0.413 3, P=0.003 R=0.463 1, P=0.002
0.4r I 0.6 1
[ 1 al
03t A . 0.5 ¢ 2 a2
' 1
02} A ! 04 ° . ¢
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0.1f > y o -
—_ A ~ 02 I “
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Figure 5 PCoA cluster analysis of AMF communities in
rhizosphere soils of P. bournei plantations on species level

Ji2Eh 18.96%, PC2 fiffjr2: 13.80%, RilfEk
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TR S5 322 7B 2.(P<0.05), 3 VPR R R
PR35 5 A EA LR A SRR Z 7] AL i .
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PCI1 (18.96%)

6 ETF OUT K&l AMF % £ 1F7KF PCoA
RES

Figure 6 PCoA cluster analysis of AMF communities in
rhizosphere soils of P. bournei plantations on OTU level
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Figure 7 NMDS of AMF communities in rhizosphere of
P. bournei plantations on species level
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Figure 8 NMDS of AMF communities in rhizosphere of
P. bournei plantations on OTU level

A ) ) A AR P 1= 338 AMF JE7% 4 A 25 5 0 i

TE R B, A () bR 18] [ Al AR s 1 3%
AMF BEVEH R 22 5 8 o W Bray-Curtis [ 2554
e, KRR BE B AR B E 17 )2 9% R 25 (Hierarchical
Clustering) 73T (Kl 9), AT UG HE LA HAEAR > S
PR B IC ST, AR AT AN [] ) B R PR R A R 03 S
RHNH . IWBRFRIEIHAIRATH, AL (5 4
TAOMRPE AR A IR A — A HEIAR, A3 (12 4F
)RR REAS TR — D HEA, LRI A2 (9 4
FPROFEALL S AL A3 FEARA FEWFI AL B F 2 I
HEKESR ., WRIEFEARZ 8] Bray-Curtis 5,
AMF B9 2H AR AR AL S5 AR AR G
24 INEREFHEXMEDHN

P 10) 70 BR8], pH. SR
NH, N, 7% NO; -N FI&4f TK 55 AMF #£7%
FEATEM KRR . IREFEOYF Glomus-
Glo-F-VTX00167 (=0.522 1) . Glomus-mosseae-
VTX00067 (r=0.524 1). Glomus-group-B-Glomus-
lamellosu-VTX00193 (r=0.518 9)5 pH 2 IF & &
K12, M Glomus-Franke-A-VTX00211 5 pH 5 i
FH MR K R (=-0.622 5). SHFR AN 775 i
FIEMH L PR Glomus-PSAMG2-VTX00080
(r=0.586 6). &R HUHEAF Glomus-Franke-
A1-VTX00076 (r=0.658 1) . Glomus-Franke-Al-
VTX00269 (r=0.542 )My FFE R BHFEMKE, 5
Glomus-Yamato2005-D-VTX00084 Y = & £ 17 A1 56
* & (=-0.535 9) .
lamellosu-VTX00193 (—0.694 4) . Glomus-mosseae-
VTX00067 (r=—0.684 2)F & 5 AR NO; -N 24k
BEAMK ., Glomus-Glo-F-VTX00167 . Glomus-
viscosum-VTX00063 .
lamellosu-VTX00193 | Glomus-mosseae-VTX00067 .
Glomus-sp.-VTX00304 . Unclassified g Diversispora .
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Figure 9 Hierarchical clustering tree of rhizosphere soil sample of P. bournei plantations on species level
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Figure 10 Spearman correlation heatmap analysis of the correlation between species abundance of AMF communities in
rhizosphere of P. bournei plantations on species level and environmental factors
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