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Noise affects microbial communities on loess slopes

LI Mingkai, ZHAO Liping, LI Xuezhen, HANG Xinyu, TIAN Lijiao, CHEN Li’

Life Science and Engineering College, Northwest Minzu University, Lanzhou 730106, Gansu, China

Abstract: [Objective] To investigate the changes of microbial communities on loess slopes
with different noise conditions under the influences of temperature and time. [Methods] Based
on the changes in soil phosphate content, the noise was determined at 70, 90, and 110 dB. The
microbial communities presented variations along the temperature gradients of —5, 15, and
35 °C and the noise duration of 2, 4, and 6 h. Subsequently, metagenomic sequencing was
carried out for the soil microbial communities. [Results] At the phylum level, Actinobacteria,
Mucoromycota, Thermoproteota, and Myxococcota showed differences in the relative
abundance among groups (P<0.05). At the genus level, Arthrobacter, Rhizophagus,
Pseudarthrobacter, Actinomadura, Kocuria, Rubrobacter, and Corynebacterium demonstrated
different relative abundance among groups (P<0.05). At the species level, there were
significant differences in the relative abundance of Rhizophagus irregularis, Actinomadura sp.
WMMB 499, Rubrobacter tropicus, Arthrobacter sp. PGP41, Arthrobacter sp. 24S4 2, and
Arthrobacter crystallopoietes among groups (P<0.05). [Conclusion] Different noise
environments have significant effects on the relative abundance of soil microorganisms at the
phylum, genus, and species levels.

Keywords: loess slopes; soil microorganisms; noise; temperature; metagenome
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Figure 2 Changes of soil phosphate content under different noise, temperature and noise time. A: Changes
of soil total phosphate content under different noise for 4 h at 23 °C. B: Changes of soil total phosphate
content under different time at 90 dB and 23 °C. C: Changes of soil total phosphate content under different

temperatures at 4 h at 90 dB treatment time. The different lowercase letter indicates significant differences
among groups (P<0.05).
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Figure 3 Percentage of loess slope on the Yuzhong Campus of Northwest Minzu University. In the figure,
0% indicates that the overall proportion of the species is less than 0.01%.

2.3 AREIESINEX & DA HE YRS
=AU
231 AREBREEFREXKFEE LB HED
B HY 220

wE 4 FioR, 2 A-T AR IEsSR BTG,
EEXTTT20 280K EBCR R T 1% 64 Ve i
HORTE ORIt . SRR, A& E T
(Actinobacteria) . i FRLfE T ] (Pseudomonadota) .
A% IE I ] (Thermoproteota) . % 41 41 4 []
(Bacillota) MR T % | ] (Acidobacteriota)s% 11 |]
ST R BRI, A R A T
PR 70%—80%. MEEIA 5, AN [F e P15
A IR A A IR IR TR (AR S AR OR
KL, (BHAMXFEEZRBELR, N CK 4
P 1 4, i (Actinobacteria) s 4k 1 il N
47.79%—-43.39%; R F U ] (Pseudomonadota)
N 22.59%—16.89%; ST ] (Thermoproteota)
K 2.07%—1.47% ; *F ¥ & ] (Bacillota) &
1.44%—-1.17% ; BR /T & I'] (Acidobacteriota)
0.77%—0.38% ; -E % M ] (Mucoromycota) &
0.77%-0.38%; ¥ & ARE [ ](Planctomycetota)

P4 actamicro@im.ac.cn, & 010-64807516

0.41%-0.34%; MCAi LB 11 (Nitrososphaerota)
A 0.24%—-0.19% ; % BR I '] (Myxococcota) S
0.31%-0.18% ; T & & [] (Ascomycota) K
0.29%—0.11%; PEFHE 1] (Verrucomicrobiota) Ay
0.15%—0.11%,

w5 s, X R 1T EEERCE I T R
EME2E ST, AR TR ] (Actinobacteria) |
A5 I B 1] (Thermoproteota) . & %% B 1]
(Mucoromycota) 1 % £k I# | '] (Myxococcota) [# #
B P aE R EEER . BACRUL, AR
I'] F 4H(45.37%; 70dB, 15°C., 6 h)B & & T
C 2H(44.0%; 110dB, —5°C. 6 h), KL E
152 5 AR 0 2 e Ak S, MR
15 cCHIMEF 1t 90 dB J&, TR ISR 2
BEWZ, VIR F 4(2.07%; 70 dB,
15°C. 6 h)BEET A 41(1.47%; 70 dB . -5 °C.,
2h), RUIPIEE ]2 0B o B2, 24
T EE & T 15 °CI B Rl @ 2 1, i 4 i
b 35 °CI I 35 R R BRI C 44(0.73%:;
110 dB.-5°C.6 h)fi & T 1 4H(0.38%; 90 dB,
35°C. 6h), RUIERRI ] E M)



ZHPL 5 | MEY IR, 2024, 64(11) 4225

80
or — m Verrucomicrobiota
60 L Ascomycola
= m Myxococcota
% 501 Nitrososphaerota
g Planctomycetota
E 40 - u Mucoromycota
2 Acidobacteriota
'é 30+ ® Bacillota
o = Thermoproteota
20+ » Pseudomonadota
= Actinobacteria
10 -
0

CK A B C D E F G H I

B4 EXREKITTHRHEDIVKESHBE  CK: TME . 23°C; A: 70dB, —5°C, 2h; B: 90dB,
=5°C. 4h; C: 110dB. =5°C. 6h; D: 90dB. 15°C, 2h; E: 110dB., 15°C. 4h; F: 70dB. 15°C,
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Figure 4 Distribution of soil microbial phylum levels under the orthogonal experimental design. CK: No
noise, 23 °C; A: 70 dB, -5 °C, 2 h; B: 90 dB, -5 °C, 4 h; C: 110 dB, =5 °C, 6 h; D: 90 dB, 15 °C, 2 h; E: 110 dB,
15°C,4 h; F: 70 dB, 15 °C, 6 h; G: 110 dB, 35 °C, 2 h; H: 70 dB, 35 °C, 4 h; I: 90 dB, 35 °C, 6 h.
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Figure 5 Microorganisms significantly affected by noise, temperature and noise time at the phylum level.
Different lowercase letters indicate significant differences among groups (P<0.05). The same as below.
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Figure 7 Microorganisms significantly affected by noise, temperature and noise time at the genus level.
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®2 MAKELZBRESN. BEEMEINEZMEZREY AL

Table 2 Microorganisms significantly affected by noise, temperature and noise time at the species level (%)

Groups Rhizophagus Arthrobacter Arthrobacter sp. Rubrobacter Actinomadura sp.  Arthrobacter sp.
irregularis crystallopoietes PGP41 tropicus WMMB 499 2484 2
CK 0.65ab 0.17¢ 0.10c 0.04d 0.02b 0.02ab
A 0.45cd 0.19¢ 0.10c 0.04cd 0.02ab 0.0lc
B 0.54bc 0.15¢ 0.08¢c 0.04cd 0.02b 0.01bc
C 0.69a 0.16¢ 0.08¢c 0.03d 0.01b 0.01bc
D 0.44cd 0.19¢ 0.10bc 0.04cd 0.03a 0.0labc
E 0.46¢d 0.19¢ 0.11abc 0.04bc 0.01b 0.0labc
F 0.54bc 0.29a 0.14ab 0.05a 0.02b 0.02ab
G 0.56abc 0.21bc 0.11abc 0.05ab 0.04a 0.02ab
H 0.42cd 0.26ab 0.11abc 0.05ab 0.03ab 0.02a
I 0.37d 0.27ab 0.14a 0.05a 0.01b 0.02a

RRNG B3R AE P<0.05 MK [ A7 15 5% 72 5

Different lowercase letters indicate significant differences (P<0.05).

irregularis, Arthrobacter crystallopoietes., Arthrobacter
sp. PGP41 . #ii7 41 & #F J¥ 1A (Rubrobacter
tropicus) . Actinomadura sp. WMMB 499 #l
Arthrobacter sp. 24S4 2 (1) B FE 55 4 IA) 4776
2R B, Rhizophagusirregularis C
ZH(0.69%; 110 dB. -5 °C. 6 hEFm T 14
(0.37%; 90 dB. 35°C, 6 h), FH Rhizophagus
irregularis 52 it BE I 23 DL IR 5200 580 1 2%
HA R BEE R T REmsghn, 16£-5 °Cik 3
KAH, FHH Rhizophagusirregularis HA — & )
Mif €4k o [E i, M 20 DL %) Rhizophagus
irregularis 7 T — s, Mo DY
90 dB H} % & 5 fIk ; Arthrobacter crystallopoietes
1 2H(0.27%; 90 dB. 35°C. 6 hEBEET B4
(0.15%; 90 dB, —5°C. 4 h), #*H] Arthrobacter
crystallopoietes 5z 21| il 5 F1 W Hsf [8] 14 5% i) fi
i, HBCERE R E A AR, fE
35 CCHHi ik B e KB, 7E-5 CIHi i e fik,
It HLF 2 e 5 Bf 8] A S T 4 i ;- Arthrobacter
sp. PGP41144(0.14%; 90dB. 35°C. 6 h)ig &
=T C4(0.16%; 110 dB, =5 °C, 6 h), £H
Arthrobacter sp. PGP41 52 3| 5% 43 D1 AR )
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SRR, AR Bl R e 43 DL T BN I R
B E T, 7 90 dB K Arthrobacter sp.
PGP41 Hin it S & AR E 25, HF
M35 3 DR ¥R BE 55 Arthrobacter sp. PGP41 %
AR, IREETH R R 35 oChT R i I KA
Arthrobacter sp. 24S4 2 7£ 1 2H(0.02%; 90 dB.

35°C.6 )R FHET C £4H(0.01%;110 dB.—5 °C.,
6 h), LA Bl G MR 4 DL FRLRE (Y T
B rga, 78 90 dB FEERE . W@
(1) d5e 18 AR TR — Bk 29 °CLA E, AN 9 AN TA]
AL BRRTE , 3 AR AR 35 °CIF A & 48
s P LD (A FTJE T (Rubrobacter tropicus) T 40
(0.05%;90 dB .35 °C .6 h) i 75 T C 41(0.03%;
110 dB. =5 °C. 6 h), FMPMFLEFIEH
(Rubrobacter tropicus) 3z | it & Fl Mg % 43 DL Y
AR, R R R S, 7E
35 °CHY Bt iy o SRR 5 43 DL G A 21 b
JE T4 (Rubrobacter tropicus)ii) 520 5k AH iz , bl
W4y DL I i S 21 6 4P 1 (Rubrobacter
tropicus) i A3 T AT E, 7E 110 dB B4l i
fiX; Actinomadura sp. WMMB 499 G 2H(0.04%;

110dB. 35°C. 2 h) =T C 4H(0.01%; 110 dB.
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—5°C, 6 h), Actinomadura sp. WMMB 499 5 #4
41 {6 A T (Rubrobacter tropicus): i AR,
2 B BE s AR, AR A TR B Y T
MsEIN, 7E 35 °C Pk # K fE.
3 Wik
TIEMAY R L AR RS E A
B, R Y SR A | AR
A LRI 58 55y 20 8 A S A P TR
- gegh iy =R mEE Y, SR, L IERUE
YIRETR 2 5 N W BOREE R 09 T80, AT AR
WA S R M RE MR A Yo
B S - A Y TE S S bR, AR KR
PRI PR 0T - ST P B B
TR b, i 4 1 11 (Actinobacteria) £ i bl
W ETmR i, 5 REEPI 8 ik
BT 1 R B A g v — e WA T SR R, T
R R RE R A [ e R A A AL
B FEERRE, A B m AU WA PR
HAFRHERY . ST B 11 (Thermoproteota) & T
JEAZAEY, R AT — R, R R
KU, Jo R A AR KA A A,
SEREIR R EE TS 2 —DY, IVEREIS
AT TARL, B2 AR, VIR R
AR ERE L 113 °cPY BEHET]
(Mucoromycota) & —F 55 A M FL I |, Ho o i i £F
AR MGAEOBEEER, HABRN S
J1] AR St - S ERE AR T ATk R
W BRI ORI B bR, XA AR
R RV BEET TR FrhmsEm, 5
ARG RA—F . AT BEAY it DR X A 45 4 B
) ER W R TR, AR ERGRE]
KIET LI, SSHEERET AR AR
BRI 255, N A AR, Zh
BRTA ] (Myxococcota) & Bk 4311 )12 A 4

W, FEEVE . IRK . LRV A IR T A
R, REZFABE PR BRERED, HAr g
IR BR A OIS AT . PR AR 4E R LA
2 5+ B BRI S T RENO

J& /K I, FFE S (Arthrobacter) /& —2H
ZHALR M E, R E AT e 2
LSRRIt 7/ IR DR s b IS i v G = 7/
Je AR I F B S 5 EW, DR R
J& (Actinomadura) & + e 5 LI 4H e, FET)
REE T MR FE T . R AER MY 3R 8%, 2t
5if - SR MIE IR B SR B A A D R i
2T J@ i B A 3 VAR ) U R AT R S AR
A4 ALY F 7R (Pseudarthrobacter ) & —#H
B QPAVE N A AT, AFAE T 0 KRN i
Wi 255 BRI, EEYEEES HHEPR
BRI e 2R 1 43 . [P ZRURIT P e S il A 1
R 1 9 %5 )& (Rhizophagus) HA B EL sl . T i
MPLTREEZRPLPE, AT ¥ 3 T 5
T AESIEE, AR T H LI mp e,
41 {6 #F % i J& (Rubrobacter) H. 745 5 B 1 Fg 4
P, S A KB ATk 60 °C. HETET% 7
I 1 J& (Kocuria) #1#5 #T 1 J& (Corynebacterium)
MBI FEARRT D, HARAE R S5 1 S LTl e ek
A REE— 2 1 53 125 S TN T RE S

7K |, Rhizophagusirregularis &) 12 47
TER) 1 IR, @R IR B E R S
A8 K5 b Rhizophagus irregularis %8
WIE-5 CHIZRMF N iRcm, T8 35 °CIZIF M i
ik, IR RE T B, S5
— &0, KR W a AT DL R 2 B 8 Rhizophagus
irregularis A5 1 AN EL 8 2 /75 Arthrobacter sp.
2484 2 J& LIRS S AR —EBUEY), T
REZKs b (R R 1k Ry 2P, Arthrobacter
sp. PGP41 & —Fh 5B B A 4w , 78+
e rh B [ A iR RE )y, JF RS
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HEEWE TAHR R4 KRR, Arthrobacter
crystallopoietes Fl#r £1 (4 #1JE 1 (Rubrobacter
tropicus) i i 5 AT R B HEA L, ¥ EA T
BRI, 5ZEEEPRAR—8. ITHE
SR R R, mad AR RIREEATIA 35 °C,

H i 56T Actinomadura sp. WMMB 499 FHF5%
FEXTE D, HAKD)ReA fife— 2 B0k . Bk
IR L R R, — LERFAE MR & R N AP AE
PSR, WVERT —4 BBV MEIERE

4 Zi

1E 9 ARl MR PR N ARTE, 17K ik
2k 1] (Actinobacteria) . B# I | J(Mucoromycota) |
2% I B ] (Thermoproteota) F1 5 Bk 74 [
(Myxococcota) 41 [8] £ 7k k. 2 72 5+ (P<0.05) . J& 7K
. 5 FF T B (Arthrobacter) . #7458
(Rhizophagus) . {15 #1 1% J& (Pseudar throbacter) .
I Kk L i 28 B & (Actinomadura) . % oG K R
(Kocuria) . £L 5, #1E 14 J& (Rubrobacter ) FI % 1 14
J& (Corynebacterium)H [b] /7 7F i 2 2% 5 (P<0.05);
7K F . Rhizophagusirregularis, Actinomadura
sp. WMMB 499 . #7214 4T JE [ (Rubrobacter
tropicus). Arthrobacter sp. PGP41. Arthrobacter
sp. 24S4 2 Fll Arthrobacter crystallopoietes ZH [f]
FAE R E R (P<0.05), A Ja %t FRE TR
HE—2E 10 B AR I TAE , ARG H I A TR
MR PRI T IR E W Dy R S AL, ST
R VE A I A SR PRI SR R A
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