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Response difference of bacterial and fungal structure and diversity in rhizosphere

soil of typical urban tree along urban-rural environmental gradient
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Abstract: Urbanization brings economic prosperity while causing environmental problems, and as a greening landscape of
the urban ecological environment, the urban trees also have the function of alleviating these problems. As the growth
environment of urban trees, the health status of soil environment directly affects the growth status of urban trees, and soil
microorganisms are important biological communities in soil ecosystems, which maintaining urban ecological functions

together with urban trees. Among soil microorganisms, soil bacterial and fungal communities in the surface layer of soil can
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react quickly to environmental changes, and they can therefore be used as indicators for measuring the impact of
environmental changes. The purpose of this study was to explore the differences in response of soil bacterial and fungal
communities along urban-rural environmental gradients, and a total of 7 Styphnolobium japonicum (L.) Schott trees in
Beijing were selected as research samples, and then its rhizosphere soil were excavated for soil microbial determination so
we can explore the differences in response to urbanization in community composition and species diversity of soil bacterial
and fungal communities, and finally identify environmental factors that affect their distribution. The results showed that.
(1) The distribution and composition of soil microbial communities will be affected by urbanization, specifically manifested
by significant differences between soil bacterial and fungal communities in urban-rural environmental gradients, and a total
of 41 categories of soil bacteria were detected, among which Actinomycetes, y-Proteobacteria, Bacteroides, Myxococcus, and
Firmicutes were significantly different in the urban-rural gradient, and a total of 16 categories of soil fungi were detected,
among which Basidiomycetes and Rozellomycota were significantly different in the urban-rural gradient. (2) Environmental
factors that affect the distribution of soil microbial communities include soil physicochemical properties and climatic factors,
and environmental factors affecting the distribution of soil bacterial communities include soil pH, soil organic carbon, soil
total nitrogen, and mean annual temperature, while environmental factors affecting the distribution of soil fungal
communities include soil organic carbon, soil total nitrogen, soil total phosphorus, and mean annual precipitation. (3)
Among areas affected by urbanization, the suburb is the area affected by urbanization mostly, and the composition of soil
bacterial communities in the suburbs has a certain degree of overlap, while soil fungal communities can be completely
separated across the entire urban-rural gradient. (4) The soil bacterial communities are more susceptible to environmental

factors than soil fungal communities on the urban-rural gradient, and their environmental sensitivity is higher.

Key Words: urban-rural gradient; urban forest; bacteria; fungi; soil physicochemical properties; climatic factors
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km C mm Y (k) (&/ke)
o #(BFU 40°0'3'N

jt,?Mﬂkj({_( . ) WX Iy 9.5 12.32 555 7.54£0.05¢  0.2820.03a  3.97+0.47a 0.10£0.02a
Beijing forestry university 116°20"20"E
BRI SEARM 2 (OP) 40°1'31'N

X 10. 12.22 4 .19+0.01¢ .12£0.02 2.20+0.13 .07+0.01
Olympic forest park X 116°22' 17"E 0.5 543 8.19+0.01ab  0.12+0.02be 0+0.13b 0.07£0.01a
LA (LP 39°52'43"N
LR LB (LP) X raqn 6.5 12.49 571 8.27+0.05ab 0.12£0.06bc  2.05+0.49b 0.09+0.02a
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Fig.1 Relative abundance of the dominant bacterial and fungal phyla in soils separated according to urbanization levels
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Fig.2 Soil bacterial and fungal community distribution by Non-metric multi-dimensional scaling plots
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Table 2 Relative abundance of the dominant bacterial phyla in soil separated according to urbanization levels
FEH Sites
- Bk BARIG . 57 QI T63 I TR
A iy 7 - Bt e S 11PN o
. MR F N BN | L N YN
Bacteria . Longtan park . Yanshan park .
Beijing forest  Olympic forest (LP) Nankou park Jiufeng park (YP) Badaling forest
university ( BFU) park (OP) (NP) Jp) park ( BP)

TR Actinobacteriota 41.48+5.83a 31.77+2.65b 31.72+£3.23b  36.55+£0.98ab  37.67+2.18ab  36.17+3.14ab  35.75+3.98ab
ASJETE Proteobacteria 27.44+3.89a 28.03+0.56a 26.45+1.0la  25.08+2.79a 23.95+7.42a 25.32+4.58a 26.19+1.09a
o BB TH Alphaproteobacteria  19.89+2.57a 17.91£0.87a 19.00£0.49a  17.89+1.49a 16.92+4.98a 19.21£3.03a 18.37+1.41a
FRATH Acidobacteriota 11.13£3.95a 16.21£1.27a 14.72£1.29a  16.53+£3.49a 16.23+4.44a 16.50+2.08a 14.45+2.59a
LEISTE Chloroflexi 7.99+1.04a 8.09+0.57a 10.28+0.43a 9.34+0.70a 8.46+1.55a 10.56+3.38a 8.46+0.35a
v AT

. 7.55+1.34ab  10.13+0.31a 7.46£0.86ab  7.19+1.30ab 7.02+2.44ab 6.10+£1.82b 7.82£0.71ab
Gammaproteobacteria
FFH Bacteroidota 2.79+0.67b 4.79+0.19a 1.86+0.25h 3.05+£0.47ab 2.35+0.99h 2.74+1.05b 3.32+0.78ab
AEEREE Myxococcota 2.03+0.46ab 2.80+0.05ab 1.99+0.27ab 1.83+0.21b 2.78+0.46ab 1.78+0.45b 3.34+1.07a
ZEHLHUTE Gemmatimonadota 1.24+0.17a 1.82+0.54a 3.02+1.46a 2.03+0.35a 2.15+0.35a 1.54+0.45a 2.72+0.30a
JEREW Firmicutes 0.43+0.14b 1.25+0.23b 3.94+1.08a 1.19+£0.53b 1.87+0.63b 0.77+£0.44b 1.28+0.41b

2.4 SR BERET T HEAN TR 5 R AR 2 AR TERAIE
W 4 R, S EREREER OTUs 7B S B8 EIAFE S . T LR, OTUs KB IERK
SUTRR ~ WX, BRI it B B b0 B R B A B — E S0 (30km) J, BREHGE , H OTUs B {E e ; X
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Table 3 Relative abundance of the dominant fungal phyla in soil separated according to urbanization levels

FEHb Sites
. Jemibk HLARIL 3¢ - SR AR ) PASON L5 3
B . TEL\ EAIITAS
- Wk meam CRAE g YN I A VN
Fungi . Longtan park . Yanshan park .
Beijing forest ~ Olympic forest (LP) Nankou park Jiufeng park (YP) Badaling forest
university ( BFU) park (OP) (NP) Jp) park ( BP)
FHHE Ascomycota 82.03+6.31a 61.41+6.50a 67.06+6.98a 68.70+8.38a  66.27+10.12a  73.17+13.04a  72.45+7.32a
RAIYREE Unclassified Fungi 8.69+2.09ab  14.76+1.81a 4.70+1.07b 9.18+1.61ab 10.54+0.89ab  12.39+6.77ab 5.05+0.65b
HYHE Basidiomycota 3.61+2.38¢c 14.16+2.39ab 8.20+1.91abec  8.02+2.95abc  9.44+3.99abc  5.71+5.01bc  15.25+1.83a
WHIBE T Mortierellomycota 3.55+0.42a 6.54+2.35a 5.85+1.06a 9.06+3.84a  11.16+6.29 4.14+4.26a 5.02+5.30a
BEETE Rozellomycota 1.13+£1.57b 2.01+£0.55b 13.62+3.60a 3.31+£1.57b 1.66+1.10b 3.81+5.30b 0.23+0.19b
F4 ZHMTBEAR ERFEVMSHEE RELXESHEEMETRIEH
Table 4 Bacterial and fungal phylotype richness, phylogenetic diversity and Shannon index in the sampling sites
FEHb Sites
4 OTU YT ZFEPE . . - HH YT Z R e ,
8 ) ! YR A A AL K OTU NENECY (SR
5] Bacterial Bacterial . . Fungal
. . Bacterial Fungal operational . Fungal shannon
Indexes operational phylogenetic . . . phylogenetic .
R . . . shannon index Taxonomic Unit . K index
Taxonomic Unit diversity She B OTUs-F diversity She P
OTUs_B PD_B annon- S= PD_F annon-
= 2,
th%ﬂkj{%(BFU) 1182+150b 118+8bc 7.069+0.133b 315+46d 24+5¢ 5.747+0.140¢
Beijing forest university
PUARIT 58 ZRAR A Bl (OP
o i SARMAH (OP) 1333=112ab 13129abc 7.193+0.087a 522+42a 47+4a 6.2560.083a
Olympic forest park
LA (1P
JERLA P (LP) 1093+103b 104+10c 6.994+0.096b 380+38bed 34+5abe 5.938+0.097bc
Longtan park
P 1A (NP
AP AT (NP) 1105+£65h 105+6¢ 7.071+0.075b 467+48ab 43+6a 6.217+0.031a
Nankou park
TR P
?: EARALFE (IP) 1179+88b 112+8¢ 7.007+0.059b 501+16a 44+6a 6.142+0.100ab
Jiufeng park
e 12 e (YP
v p (YP) 1600+ 158a 164+27a 7.375+0.100a 345+39cd 28+6bc 6.104+0.100ab
Yanshan park
ik & FF AR ( BP
NAIRZEA LB (BP) 1589135a 151=13ab 7.3690.087a 449+46abe 40+4ab 5.8390.116¢

Badaling forest park

OTU-B: 4l ##4FE 435 BT Operational taxonomic unit bacteria; PD-B; 4 I Fl ZFEE: Phylogenetic diversity bacteria ; Shannon-B ; £l B 48 35 5%
Shannon index bacteria ; OTU-F ; EL /43 2K BT Operational taxonomic unit fungi; PD-F; L YIFh 241 Phylogenetic diversity fungi ; Shannon-F ; EL
A AHEHL Shannon index fungi

2.5 IEZNTE  E AT S PR R AR G R i 56 R

Mantel 43 Hr45 R 300 (£ 5) , B3R T ( +3% pH TOC TP Fl TN ) A5 K 7 ( MAT Fil MAP ) % + 32 21 1
SRR A B, MEXS AT A SRR () 3) TN 2 LA 5 BRI de B RS2 [ -

- SEAN R RN B B IR MAR o ZREME SRR T AAR SRR R I (B 4) R S
5 pH WEAMIC; 5 TOC WM RMA o ZBIEH v ZRIE W ZFAMIEE JERER 3 073 R LA &
ER TR o $650; 5 TN B HOCH A IR (o TR oy ZRTE R 2F AT R RET - RE 0 AT LA S B
W o 16805 TP BB A TR ;5 MAT B EHCNAE o 2B H oy ZBTEH ST RIS |
BB o F68550; 5 MAP BB MG KBk 0T 2 3 LA DL R LT RS o FE 50
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F5 ET Mantel 0% HIBMFAMERFEZANES TIE SEEFHHEXHE

Table 5 The correlations among soil bacterial, fungal community composition and soil and climatic factors

A i AR PR AL 5B A5t LEBS iR M
Variables r P Variables r P
474 Bacteria H# Fungi

3¢ pH(pH) 0.377* 0.002 + 3¢ pH(pH) 0.319* 0.004
FHEA LR (TOC) 0.422* 0.003 TIEE LR (TOC) 0.363" 0.003
3B (TP) 0.333* 0.007 + LT (TP) 0.356* 0.001
FIELE(TN) 0.249* 0.041 TIEALE(TN) 0.201 0.051
LR (MAT) 0.419* 0.003 AE 341 (MAT) 0.611" 0.001
AEFEIK (MAP) 0.303 * 0.009 AEREIK (MAP) 0.387" 0.001

pH: F3ERBNE Soil acidity ; TOC ; +3EA HLEK Soil organic carbon; TN 1344 Soil total nitrogen ; TP ; -3 4 Soil total phosphorus; MAT ; 4
#J7R Mean annual temperature ; MAP . %7K Mean annual precipitation ; * 50 B E 1 P<0.05

MAP

A
< 2 o=
& g 2 BFU
8 TOC ) opP
~ 2 eLP
6 TP . @) e NP
O 0 | © o TP
[\ [\l J
= TN = e YP
& R BP
& =)l
7 =4

-2 -2
-4 -2 0 2 -4 -2 0 2
X241 CCAL (33.69%) X4 AF1 CCAL (34.23%)

B3 TEAH . EREESHHNITRSN/ EEXNESHER
Fig.3 Redundancy Analysis and Canonical correspondence analysis of soil bacterial and fungal community distribution

pH:j:ii‘ii’%?ﬂ@UE;'l‘OC:iﬁﬁﬁﬂ%;’l‘l\l:it@'@é?ﬁ;'l‘l’:iﬁ@%@i;MA'l‘:ﬂfﬂﬂ‘iﬁ: MAP ; 4[5 K

3 itig

31 WEBREET L HEANTE TR A A R

A A P IR AR R BT | L2812 S T TR (Actinobacteriota ) (28.46% ) o "2 TE
W (Alphaproteobacteria) (14.64% ) FRF¥T W ( Acidobacteriota) (11.99%) %2 1 ( Chloroflexi) (7.16%) .y Z2 B
( Gammaproteobacteria) (6.04%) ., % SR ABFSEARARL 2 Tian 280 % P S5 40 T 1) TR AP 2O AR I T
SAT I, Hou 551" R B0 A0 B 1 = Z AP EONASTE B S 4 A5 T . e IX 48 AN TR 1 2 R T Ly
ASTE R AT KK 5 )RR T I & BB P APTE 5

TR T 2 — 28 BLAT HE AR S P R D REVE I A W, =D RE o P A A R B A & A W TR M T AR
WY, e AR LA Bl FVA HLIR 45 A B T4 e A WL A ) o, TR I B R A 0 B BT RN i R AR
RIS R RE RS B R R EE AR R AT IE P OA N B TR E IR . AR R B A TE R X
BFU ,OP LA J LP FEHUAFAE W35 22 5, 9 H32 21 145 pH TN 9 3035 52

AT BRI A A AT 0 D 5 P T 32 ey T A 2 SR T Cao A5 SRR TR B X PR (19385 37
s, HAR TR R T e B3R m ™, v AR TE B AR TR B T i — 2 B, TR A AR S A TR R s T y 28
TEHE, BRI y 2B BRI T LAIRHT 8RR DY ARBFIE R B y AR B RARXT E IR S B D AR 22 5
TESEIX. OP 5iE4%8 YP fA7E B2 5%, H OP B 5T YP, [F OP AEHLAY + 3 pH FIFR M8 Fr s T YP
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S5 Chloroflexi

—0,12‘ 0.20 0. . HH Fungi
0.09 : : : AL H Proteobacteria
-0.01/-0.02/-0.19 -0.13 -0.25 S Bacteroidota

-0.06/ 0.12/ 0.07 -0.20 -0.05 HEOTU OTUs-B

-0.07 0.12] 0.07 -0.19 =0.05] e s Shannon-B I 0.50
-0.01) 0.02/-0.03/-0.22 =0.09 yypmfh & RebE PD-B T 025

bS]
o0 %
-—0.19 =0.26/-0.05 B EE Rozellomycota ~025 ?é
0.08 <0.33 ~0.33 ~0.16 0.01 ~0.00 Epfe i Acidobacreriota i 050
0.3 ~0.05] 0120 013 jgess Firmicutes
-0.11 =0.17 ~0.03 ~0.21 wrs @il Mortierellomycota
-0.03 -0.18 FEERE Myxococcota
0.24 -0.32 -0.32 -0.26 IEAMIE Gemmatimonadota
0.25 -0.20 -0.31 HFOTU OTUs-F
~0.20 ~0.33 P K455 Shannon-F

~0.29 SRR 2 RERE PD-F

LS YETEHE Gammaproteobacteria

0.21 . #HFH Basidiomycota
= Q Z o = 9

<
8 = g g : =
EE ¢ & 2 £
£ = =2 ® 8 ¥
B OE 5 0+ ¥ ¥
T

4 TEME HEEHEIZENLENEE. o« ZEESHERTFHEXERE
Fig.4 The Correlation heat map of the dominant bacterial, fungal phyla, « diversity and climatic factors
pH: HIEMIEE Soil acidity; TOC; A HLEK Soil organic carbon; TN : 134 % Soil total nitrogen; TP ; 1884 Soil total phosphorus; MAT; 4F-
415 Mean annual temperature; MAP; AER%7K Mean annual precipitation; OTU-B ; A ERAE 2 TT Operational taxonomic unit bacteria; PD-B ; 4fi
WL FE 1 Phylogenetic diversity bacteria; Shannon-B; 4l 7 & 4¢ #8 2X Shannon index bacteria; OTU-F; H & # /E 4> 28 8. 9T Operational
taxonomic unit fungi; PD-F ; ELFE Y FIZ AL Phylogenetic diversity fungi ; Shannon-F ; ELFE & 448 %L Shannon index fungi; * 2B .3 P<0.05,
wox RUTREME P<0.01, * + = XY REH P<0.001

B, X 5 AR A—E™ | Hou &1 L MASIEE 5 TOC TN TP ¥4 B 3 IE A 3¢ 5+ pH 5L A%
KR, AL v ZIEH S TOC A1 TN 2 B E A, X 5B HNE EREAFT S, TR . —
JrT, BT AR Y B RS N, A AR X IR IR A IR EEXT T y AR T B B A BE B aE T BRAIG 5 55 — T T, AR [l
FHAEE L, OP A& T YP, BMEFESR 70 554409 T YP IO T KSR BLT OP & T YP )
0L,

FOURT T 2 - BRI v 20 R e 5 RUE BRI B B 26, R 2 S5 0 4 R R o 7 76 40 bk 4L
FFB 5288 BEARRL, %ot 908 B AN RS a0 A 5 R 327, e 34 e Ro5 i, AT i s T arE 5w
AW K BT T 5 A R 7 2 A UG B M OE R X 5 Hou 251 L BT 55 TOC TN F1 TP 777F 8.3
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BT S -4 pH AA7E 35 A R A A —E, WTRERIR R 5AZTE B AR{RL, B3R & (A1 [k 8 B 5 =X
PR T IAEE PR ) S AT A iR PR A N A TR R RE R T

RERTAAE o — 26 LR T KRB R, FEE R EB N R T SRA BB TR TR
EIRW . TEFR 2 R ORER TR AYAR XS 3 R BN ERE BP W T AR, JEH S T ARR NP 5 YP A,
SRR IR RIN BP ~NP<YP , M FEHAF FRK R BN BP<NP<YP, FURFERTR 5 MAP 1956 R by 35 A 56
P, DRI DRI R T — 288 Ml 2 (B AR T 2 P 8 75 97 TR R

JERE PR TE - AN TR AV @ T DR ECAT , VT FE R At v = A X s S A 0 A A LR, A 1) T g gt
L AEFR TR SO N ST B R AMEEER LA I 8 T S Fe > R, R B 7R 5 FR AT 3 =
FIFREE FP A BAT 5 A T, DR R 1 R Bk L8 s O o MR AR ST R R RE IR 5 TOC Al TN &2 1
FME, 51 pH LR FE KR, XS Hou 55" KBS RE R 15 1+ 48 pH 52 3% IEAHC M58 R—80, nlfg
W R ARSI LP (3% pH UIKT NP, Z i DL+ pH K5 ERE R A9 A X 3 5 5 B 405, nTRE S K
TR SN RE /NG 56 3R AE Du 50 rpds BT AR A 5 R

A R IR RIS o ZFEMEIRBCZ B IN F52 i B/, JF B A SEAN R V& 7E IR B Pt a8 B — e PR g
(30km) i}, A0 A RE TS ZREME B B TE X 5 xR SR ARG 45 SRR, DAk - SR 0 TR TR 7 A e R DX I A B
L BV E FREE T R IR S B N AT A S A Y AR 2 A RS B R DL R R A 4y i
YRR G, AN, SRR IR TP A A 2RI A HOR ) 1 7 6 T I 2K 35 4 5 R T Y i
U8 AR Z R WRFSE TR S X T T, ASHIFST & BB R M A A0 B RV R T — E R ey
T AV IERSFEHL(YP JP LASK NP) A —E B, RIEAAETEARST EH A0, O T sz e th 3k i Ak R BOR R A2 1k
XFT AR AR A E BEW , Ji5b, CCA G5 R PRI BBy 33.69% , YNl By 26.43% , Horb TN (92K
ek, W] TN 2520 - 38 A1 TR RV 1) S B R 7
32 S MEET A T IE A RE

P R B A ARXT B AT RS 1A 2 T (Ascomycota ) (70.16%) (A5 K HIE
(Fungi) (9.33%) . 1T & ( Basidiomycota ) (9.20%) . #% 61 % W ( Mortierellomycota ) ( 6.48%) 5% % H
( Rozellomycota) (3.68%) , AR EZ 1IN F B S aT ABFFE 4538 AL S04 ) FEak s 821 26 R4
FRHEW RGP FEREEN S ME LAEREES

T TR P TR O R A i A R T B IO K R R SO AR B R B I B R T
A B FRRER , FEAH ) A7 4 A 57 38 S5k LA A (0 ML T AR R 2200 A, S50 4 b () LR R VR
— AT A A S R G SRR P N U RO T ARHFSE & BT A X AR 2
BERE IO 25 5 LA 5 L A7 48 T2 70% (4 LR VA HEI0 7 3 A L PH T R R BE I 22 1 5, 7EIR
SR PATAE 22 5 R F XS B S TOC TN DL A TP Y5 52 8RR 35 A0 G, i 0 i 35 22 55 1Y F 28 1
AEXTFEEE S TOC TN 24K B3 EAH G, [l B - B R B o 2R 205 TOC TN 24 5 35 A OC , R I
ATHEN . (1) BT FREE TEFRAE, FILS TOC TN 55 138557 45 B 24 0 25 IEAH G 25 Ui T S8R 455
FEOPFTIE , BTERT T F7 50 B T SRR 23 BEAR, BRI AT 8 52 LA 1) R 3R B I T A0 i bl s (2) P REN 57
SPETH TR 2RI (785 37T, SR e S R AT I, 12 RO HH T 1A 2 W At [ AT DL A T R IRk 2
5 TOC 5 W3 GG, 1 TN (9 58 35 A0 545 R S5 R AR ST BUR AR Y, 454 T4 5 TOC 1 TN [AH &%
£,RU TOC 5 TN & W E 5 M A 5% b LG v 45 A8 730 A1 22 S 0 OB IR 15 (3) oy el s i 28 1 5 TOC
5 TN S0 0 3 E A, T B BEVE ZREME S TOC TN 24 B 2 A oG 6 7 e/ M A E B 5 TOC TN
S 3 GRE OGA D 1 R EE AKC, DXL T A LAt PR, 0 BT S R B A 0 R T L KA R T
M) > A R I FC R AR XS T AT S ST, AR A RETE o ZREMEFEECT, OTUs M1 PD #5525 TOC TN
BB E AR, E5 G HE SR IR £ B RIS IR X STEAL , [ Bf NMDS 45 5 2 B 45 FE L i
LA R Y RE S8 400 I, DL mT eI 38 T fb T B0 A 5E 22 S X BB R (e S A A P i 25 57
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3.3 ISR T HIRANGE R AR AE RS L

5 R LE , A R ARV TRk 2 BB 1 A7 A 0 28 22 e ) TR s i 22 T R IRV s A A v 9 0 pHL
TOC TN DA K MAT A 4 A CHE , M E B #EVE 5 TOC TN TP DL K& MAP 775 W2 M OCHE s MR EE o 24
PEAR B ISR AL AR PE 35 LTF TR o ZARPER BRI A0AE 22 RV B i ; 20 B ARV 7 AR AN BE 58 4
SR AR AT LASE 4o I o PRI n] S H 9nk 2 B 8 T 1) SR AR BT AE T B 52 B PR I 1 AR

4 #Hig

(1) HIEAN R 5 A BRI 2 M L AAAE i 22 7

(2) £3€ pH "TOC TN TP MAT LUK MAP T+ 3405 5 E # A& A B & m, Hobh + e aevg
A3AT B FRES R T4 36 13 pH | A PURR | A UL B AR AR T R 0 - M R YK A B BRI T AR
A PR B DL AR

(3) HIEARREVAAEIR £ B0 LRSS 2 XA JF , ZE T KB AL 1 BURE V&% 4 BUEE A, 17 - 9 B0 IR BF 95 7] LA SE
LA

(4) T HEAN TR VA A EL TR TR B 25 5 32 B ISR IR T I s
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