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The fungal community structure in the rhizosphere soil and
root of Populus tomentosa in different plantations
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100083, China
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Abstract: Soil microorganisms play an important role in biological processes such as soil nutrient
cycle and energy flow, and can respond sensitively to changes in environmental conditions. In this
study, Populus tomentosa was used to explore the effects of three different environmental
conditions (community greenbelt, CG; park greenbelt, PG; highway greenbelt, HG) on the
structure of rhizosphere soil and root fungal communities. The results showed that there were
significant differences in soil fungal diversity index among the three environmental conditions
(HG>CG>PG), while there was no significant difference in fungal diversity index of root samples.
Environmental conditions played an important role in the composition of fungal community.
Fungal community of soil and root of Populus tomentosa was mainly composed of Inocybe,
Geopora, Mortierella, Tomentella, Talaromyces, Tuber, Hymenogaster, Alternaria, Thelephora,
Knufia and Paxillus. The relative abundance of Inocybe, Tomentella and Geopora was
significantly different under different environmental conditions. Comparative analysis showed
that the alpha diversity of fungal community in soil samples was significantly higher than that in
root samples. There were significant differences in the structure of fungal community between
soil and root samples. The relative abundance of Tuber in root samples was significantly higher
than that in soil samples. The prediction of fungal community function revealed that there were
significant differences in saprophytic functional groups under different environmental conditions
and different compartments. This study clarified the effects of the changes of environmental
conditions on soil fungal microbiome, and provided reference for forest ecosystem protection and
sustainable development of forest land.

Keywords: Populus tomentosa; fungal diversity; community structure; Illumina MiSeq
sequencing; function prediction
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Fig. 1

Geographic location of three plantations of Populus tomentosa in Tianjin. CG: Community greenbelt;

PG: Park greenbelt; HG: Highway greenbelt. The same below.
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Table 1  General information of three plantations of Populus tomentosa
b T -S4 f e AR T
Sample plot Area (m?) The mean diameter at breast height (cm) Soil texture
XS CG 4926 22.85 Fhi% + Clay loam
b gt PG 6413 23.45 5 %5+ Loamy clay
A F S5 Sk HG 9 146 26.42 s 1 Sandy loam

HIH R —ARE, AR LA 15 i, H
FIask 35 DNA 3. 35 DNA #
BCR H MAGEN A Al HiPure Soil DNA Kit
&, H Nano Drop 2000 I &£ DNA F¥ i &
4l g
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THRBARISES 4, TAESEAH CTAB 22 Mk 1y
OE PR, AR 15 7, FEmTE
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FL[H 4 DNA (Bainard ef al. 2010).
1.3 18FN
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AR EIHE T A Y, B ITS2 XY
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W59 A 1TS86-F (5'-GTGAATCATCGARTC-3")
FIITS4-R (5-TCCTCCGCTTATTGAT-3'). 25 pL
B AK % : TransStart Buffer 2.5 pL, dNTPs
2 uL, 1EJSZ[H) Primers 1 pL, TransStart 7ag DNA
0.5uL, it DNA 20 ng, ddH,O #hZ EiAZR
25 L. PCR J2JWiZ4(: 94 CHiAEYE 5 min;
94 CAEPE 30 s, 57 CiBk 30 s, 72 Citfif
30s, 25 MEH; 72 CAEM 5 min. ]
Agilent 2100 4:#)3#r{X(Agilent Technologies)
RS, I Halad Qubit Al SCZEWREE
DNA FEIRE G, ##% lllumina MiSeq (Illumina)
&R PEAT PE250 XUl ¥, 1 MiSeq HitrHY
MiSeq Control Software (MCS)IEZHUTFIFE & -
e R UG 804 A% £ https://www.ncbi.nlm.nih.
gov/, 12 PRINAT87666.
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Fig. 2 The Shannon index of fungi in soil and root
samples of Populus tomentosa in three different
plantations. A: The soil samples; B: The root
samples. The different letter in the box plot indicated
that there was significant difference between groups

(meantstandard deviation, meantSD) (ANOVA,
P<0.05).
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1] Basidiomycota (48.73%). iHF— 0kl
HEAM 2SS, 450 R A X Gt e i

W& Tomentella (4.63%). TR E B Talaromyces
(2.00%). HEFEE Tuber (1.71%). EEH IR

o R TR ] A AR 22 B I 2 T e A 1 55
O Bl 2 1 RE O [ X 48 1L (71.97 %)> 1o 3 18 5%
2 M (42.32%)> 2 el 28 HB.(23.53%), P<0.05]; 7
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*2 FAREAVZMTIBERIRAER o ZHM
Table 2 The alpha diversity index of fungi in soil
and root samples of Populus tomentosa in three
different plantations

SRS R O DA S VA G E S FHb ASV AL Shannon #1741
o . . Compartment Sample Observed ASVs  Shannon index
(72.66%)> f T4 [Hs 55 2 b (36.99%)>F1: [X. 5 plot

(23.44%), P<0.05] (& 4A). {RFRERIERTET] ] -5 Soil CG 117.60429.79 2 3.37+0.53 ab
N N PG 110.60+34.55a  2.84+0.48 b
(j’lomeromycom M 2T ] Roziuf)mycma 1837 HG 143.40+12.48a  3.66+0.31a
PR EER . SHEMAMMEL, RA H#& Root  CG 25.00+12.65a  1.96+0.39 a
#%T{ 3 /I\*—:'é:[:&[:’jjﬁﬁ%%zﬁ([g 4]3)O PG 23.00+7.71 a 2.07+£0.43 a
HG  25.40+838a  2.08:035a

2050t B 1A - RN A ol ) L TR
AR SR, R S R 2 5 A
J& Inocybe (24.43%). HifLHJE Geopora
(13.81%). #ifLF)E Mortierella (7.00%). HiE

FEHb Plot 51 CG EHG [E PG

T RPAF/NG TR AL 1825 22 e (M hR
#, meantSD) (ANOVA, P<0.05)

Note: Different letters in the figures indicate a statistically
significant difference (meantstandard deviation, mean+SD)
(ANOVA, P<0.05).
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Fig. 3 Principal coordinate analysis of soil (A) and root (B) fungal communities of Populus tomentosa in
three different plantations based on Bray Curtis distance matrix.

*3 FEEVREXNTREMRAEERFEHRAFMN
Table 3  Effects of multiple abiotic factors on the fungal microbiome composition in soil and root samples of

Populus tomentosa

Soil Df R? Pr (>F) Root Df R? Pr (>F)
Plot 2 0.349 0.001 *** 2 0.279 0.004 **
Sampling time 0.248 0.115 0.220 0.741
Residual 8 0.403 8 0.501

Total 14 1 14 1

Note: *P<0.05; **P<0.01; ***P<0.001.
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Fig. 4 The fungal community composition at phylum level (A: Soil; B: Root) and genus level (C: Soil; D:
Root) of Populus tomentosa in three different plantations.
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(0.51%) . Wita )& £ 05)8 Leohumicola (0.44%) .
8 5 1 )& Helvellosebacina (0.35%) 1% 1
%% )& Hebeloma (0.16%) (Kl 4D)., ZRHrah i
R, 1A 22558 Inocybe . HIALTA
J& Geopora. FiHE & Tomentella. WIS
Talaromyces MR & Tuber 7£ 3 PNFEHLHPAFTE
2 3 % 5 (Kruskal-Wallis, P<0.05) (K& 4C), H:
i, 255428 Inocybe FIFREE 1 JE Tomentella 7£
N R SR A il B AH N 223 (48.38%, 7.76%) 5351
2R A DX g b R R T 55 4R L (0.375%,
5.63%) (Kruskal-Wallis , P<0.05); #bi{L /)&
Geopora TEAT X L HAE Hb ) A T 2 B (32.25%) ¥
F o T 5 A (1.04%) 5 IR TH R
Talaromyces TE {5 ¥ 2N 1 55 ok Ho 1) 43 X £ 7
(5.96%) 8. % = T8 [ 4 31(0) (Kruskal-Wallis,
P<0.05), TEMZRFESHF, HWILER Geopora 1)
X ZETE 3 M P AR R E R R, X
ERHBAE L R, TR B SR AL S R AR,
RETEE X 2 RSP A ZE SR, B
Z 5 A% (K 4D).
2.3 EAHTIBEFMRAFRLER S
EBEE LR ARG ILE T, o 24
PP R BHER Coverage F8E(/b, T 3EFEN B
FZE TR ZEFEN(ANOVA, P<0.05) (Kl 5A).
PCoA Hil PERMANOVA 43#1 3 B + 8 AR 22 %
TL I v AT 25, H 2 U R TR i
(75 fH(R>=0.078 , P<0.001). #7020 j 1 22 5
IRV R R Tuber MIAHNTZ BETEM ZREEM,
(24.62%)H B T L HEREAL (1.71%) ;. BFE
J& Mortierella . W5 E @ Tomentella FVEEAEHL)E
Alternaria 16 +3EFESL(7.00% . 2.00%F1 1.22%)1)
AR 22 2 e T R AR (0. 0.05%F1 0.08%)
(Kruskal-Wallis, P<0.05) (&l 5B-5E). Venn /¥t
BIRTEBOY TR AL 854 SR HH
ASV, HrpH3ERESL ASV A 795 %, MRARFRS

1538 EEIR

ASV A 184 7%, MARMEMFI LR A 1) ASV
H 125 k. TIERMLREGPERA 1 ASV 2 670
159 45, 4335 78.45%F1 6.91% (&l 5F).

24 EAMFMEEEEINEGEST

WITXT 854 %% ASV TIRETII, & 489 &
ASV i R hae, Hrh IR ASV A
310 45, B4 179 4 ASV Wi B N FifP el ZFh
Uiee. HIEMFEMINEE TR, TR R
FESL TP ALARAS 21 PP ThRR 2L, A
F5 . AME R AR (ectomycorrhizal) B RERE . KK
J5i(plant pathogen)IRERE. AJE(wood saprotroph)
hRert . 209 (animal pathogen)Z REFFIRT:
J& (leaf saprotroph) DI HEMRE . T IEFEM P, Hldk
IRERFTE 3 DM Z RIfFTE R & 25 R FhIXaR
Hio K ¥ 955 JF (plant  pathogen) I fERE . 2 J 4=
(dung saprotroph) LI REFE AN JiF (leaf saprotroph)
LIRERERIAEXT 22 5 (20.28% . 8.47%FH1 4.75%) .
T B B SR ok H(14.75% . 4.81%F1 2.67%)
FIN el 45 11, (13.88% .5.76%A11 2.66%); A B
# (arbuscular mycorrhizal) Jj 58 B 76 2\ Fel 2% 3
FES i N EE (2.84%), B TR IX 4k
(0.13%) Fil = 3 2\ [ 55 48 30.(0.12%) 5 1T i Y5 40
J&5 A= (litter saprotroph)Xf] BE B (1) 4 X 22 B 78 &
BN [ 55 o L R ML (7.58%) . 255 g T el ¢l
(3.85%) FHE X 4 41.(3.50%) . MR ABAEM, X
)95 J7 (animal pathogen)Zf) g BEAH XF £ i 18
o T % S 2 H1.(6. 11 %) AT AT [X 25 101.(0.60%) . 2
T B 4 341(0.13%)  (Kruskal-Wallis, P<0.05)
(K 6A—6E).

R i B L T DI B8 0 S 22 7 40 i i s 1 4
R RIAAFAAE R 25 5, A (wood saprotroph)
Uifehf . 280§ (dung saprotroph)Hj REHE FIl FL 14 7F
H: (fungal parasite) ) BE 7 7E £ HEFE 5 (9.99% |
6.35%F1 2.90%) 1 B 2 = TR RAE 0 (4.41%
2.99% Hl 0.50%) (Kruskal-Wallis , P<0.05)
(K 6F-6G).
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72.66% , 15 BN PSS ML . 36.99% , X 4%
Hu: 23.44%). ELEAUSFZEAE, (HRAR
BRAMF T AN ZEA —EER, X2
S R e TF 2 3E — 2 i W 5 (R 0 0 A
2020; FREE 20205 PREESCEE 2021), i#F—200
MrEEEH, ZIAT T 3 BRI
TIE AR S O HGE R TR I
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Tomentella . TR W J& Talaromyces . HTH J&
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(] B4 SR A B T AN [R] 14 4 34 57 55 (Bonito et al.
2014, 2019; Veach et al. 2019), HA[RESEH T
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- BE RGO A, R R R AR L T 2 A
(Eom et al. 2000; Karlinski et al. 2013; FREE
5 2021), 7E 3 DEAMSMR R E RS,
LT R Ascomycota (FEIX ¢ . 67.18%, &
WIS . 54.87%, NPESkHL: 31.76%)F1
Basidiomycota (/[ £Hh . 68.23%, i i
Seogih . 45.13%, FEIXERHL: 32.66%). Gottel
et al. (2011)XF 3PN 2245 Populus deltoides 1R Z H
T 20 R AR 5T 45 SR & PR A TR ] Pezizomycotina

Geopora .
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