Advances in Environmental Protection FFiE{REH IS, 2025, 15(12), 1718-1726 Hans X
Published Online December 2025 in Hans. https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2025.1512184

15 et TR B A 4 AN 2 A 1 R R i

® 2
BTG AR B FRSTE A, 08 i

Wehks H . 20254F11 70 FHBER: 20254F12 100 KA HB: 20254F12 423H

H E

TIRANE R TR AE YRR RO S, AR IRAESRATIR. REFR BN IEEY 2R
SHEREEATERMIER . BN TRAEREE EEYMH. ARG RH RGN RS
HENAREEZHEENZR, NEFNAESTSRELRSBPONAE . FAGEERR, 11K
E L, FrAfERILERRIBeNTHAE . HH, BMLEE ] (Actinobacteriota) KA F BF 5= (29.50% +
3.37%), H:UCRZTLHE | 1(Proteobacteria) (22.46% * 6.82%)FFF& ] (Acidobacteriota) (14.68%
+4.53%), BHUCASZHE1(Chloroflexi) (10.99% * 4.27%)F FEBEH | ] (Firmicutes) (5.34% % 0.97%).
SRR T FREH]. BB 4HE I (Patescibacteria). WPS-2. 405 ] (Myxococcota) FFE%H 3
EARWERARIZER, B ATV LB RLE T TR E AN S T R, B2 BRI,
BB 4 T RIWPS-2 (AN B B BE T RS . ERUKF L, FrafeRtEBRI440/ MBI,
X FEEHF R 10 RN EE R B RARZER . SRR SN EE BB & TR
(p<0.05), RBEFRHEMPAERESHEKCERR. DRERTEREFERFPHAIRNAENSERS
AR,

Xiid
TIRAE, BRAR, SR, TSR

Effect of Sewage Sludge on the Microbiota
Community and Diversity of Soil

Kun Huang

Liuzhou Sewage Treatment Co., Ltd., Liuzhou Guangxi

Received: November 7, 2025; accepted: December 10, 2025; published: December 23, 2025

Abstract

Soil bacteria are a core component of the soil microbial community and play an irreplaceable role
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in maintaining soil ecosystem functions, promoting nutrient cycling, and supporting plant health.
Sewage sludge has a significant impact on the soil bacterial community. This study compares the
composition and diversity of bacterial communities in soil amended with sewage sludge and ana-
lyzes the potential of sludge application in soil improvement from a microbial perspective. The re-
sults showed that, at the phylum level, a total of 36 bacterial phyla were annotated across all samples.
Among these, Actinobacteriota had the highest relative abundance (29.50% * 3.37%), followed by
Proteobacteria (22.46% + 6.82%), Acidobacteriota (14.68% * 4.53%), Chloroflexi (10.99% % 4.27%),
and Firmicutes (5.34% * 0.97%). Significant intergroup differences were observed in the relative
abundances of Actinobacteriota, Firmicutes, Patescibacteria, WPS-2, and Myxococcota in the sludge-
amended soil. Specifically, the relative abundances of Actinobacteriota and Myxococcota were
higher in the sludge-amended soil than in the control samples, whereas the relative abundances of
Firmicutes, Patescibacteria, and WPS-2 were significantly lower. At the family level, a total of 440
bacterial families were annotated across all samples, and the top 10 families with the highest rela-
tive abundances exhibited significant intergroup differences. The diversity and richness of the
sludge-amended samples were significantly higher than those of the control samples (p < 0.05), in-
dicating a higher level of bacterial community diversity in the sludge-amended soil. These findings
may be attributed to the relatively higher content of organic matter in the sewage sludge.

Keywords

Soil Bacteria, Community Composition, Diversity, Sewage Sludge

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

TN R IR A R AL O LR 4y, TELERF LIRS KRG TR (REEIR A S
RS T RAEBEA T BRIEA ], EARRAESRGM MR H 70, HIRAEREETKF LR
W S I ORSFYE[2] o B WIAR A B T VR FE R ] 2T BRATE ] MBSO,
PR 155 [3]. TR E VR & EX A S5 E BRI 4] [5]. EA VR & ER SRR g, @
WA E S A 2R, BRRSWERCE, DIRREHEE, AT SR A ST BRI R
B ) s A H RIS 5 s FEANUR & EBAR B TR 43, 051 B 7 10 22 R B AR, B 25 4 2R Al
ML2 5 S SZ M B BT, &% SRS RAREEIR[6]-[8].

M EZ R BIEK S BV TS, 1508 8o 43 R SRR A A 22 77 = 1) A [F]
AT ZE5[9] [10]. B, A iEi5 KIS VeiiE s & B Ma MR, i T K5 e o] Ge & A
W2 WEE BN EAG FYR11] [12]. FSPenTH T 868 L3RR 7, ER LA E AR a4 b A 52 8
R 73013 [14] V53X I8 B 4H B& 1R V& &5 A P AL AT B 52 [ 15] [16]. 15 Ye R ARTE R, Betis)
FH TR WU ANE F=P 0, TEVS PRI G HARN AR B Tt RTS8
&R TARIR 2 FIARRE M, V5 R A IIN T B 2 B B BRI B AT AR 25, R DR BE YR A S5 1) SR SR 5 AR A
T G AN PR A K 1) T IR B B [ 17] o V5 8 T A S 5 I, 48— S R B 1 AN R B T T T 4 B
AT BE S NP AR 2 A A MU (RS B BE[9] [18]. ASHIF Tt L5 Ve i R 5 A b - 398 mb 20 T 1 7 11 2 A
RILZ PR ZE R, WA f B i Je 0E Rk B AR N R 70, is e gt i ROk ISR (L B8
Wt -
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2. MR EA*%
2.1. HmRE

WF ST AL T FE RN T AL X Vb S (N 109°25'41 ", E24°27'38"), MKk i BE A 112 m. 1%y BURL )
AT ZE S, PR 20.3°C~21.1°C, M T 1387 mm~1955 mm; FR4EFNE, 405
M RZERINZE: Ko 4 A2 9 AAWEE, HRIMEKE S 2FERER 65%LL 1[19]. &FE MR
FKARN B SR T L R A ) S A S TR R A

I IR i A B TRIETE 1 B WP BRSBTS K AR FE A mTHEBG S
VEAE AR R o R 38, A T8 A5 Ve 2 B 75 7K 6 BEA BR 5T A w44t 2024 42 12 H,
BEALREE 0~5 om PRFEALEEFE M 4 47, B LSRN TCBRAFE . [N ZE PR 59 2% 3752 [ 20 m (AN H
T TR AR A HUIERL R 52 36t R AR HERE i 4 43, BRI FE SR AR 5~10 go WA IR 338 i b (1
YIR RS, i 2 mm B3R, Pk IRAE S AECT 50 mL B0, AFIEI-80° CUKAE T A H .

22. SEENF

FIFH E.ZN.A.® Soil DNA Kit i& 7| S # I 35 F #F ¥ DNA J5, KA@M 514(338F: 5°-ACTCCTAC-
GGGAGGCAGCAG-3’; 806R: 5’-GGACTACHVGGGTWTCTAAT-3")%t 718 i ff 16S rRNA ] V3-V4 [X
AT PCR ¥ #4(50 uL £ R). 7 Eppendorf & H A 5 uL 10 x PCR Buffer. 1 pL dNTP. 5[#% 1 pL. 1
uL Taq . 50ng DNA, J8%), #78 ddH,O £ 50 uL. PCR ¥ #2444 A: 95C 2min; 95°C 20s, 50°C 30
s, 72°C Smin, 30 PMEH; 72°C 10 min. 1# 7 Quanti Fluor™-ST 5 {4.5% Y6 58 & R G4t PCR FEYHEA T4
. RIEIOLERNMELS SR, 4 NEXT FLEX Rapid DNA-Seq Kit #4205 30 %, ] Illumina 2 ] (£
Miseq PE 300 V&l 5. i & TAE i bifgse &5 A MR 2 BH A PR A W 58 k.

23. BRSSO

ARG T8 A, 184 Fastp #44:(https:/github.com/OpenGene/fastp, version 0.19.6)% 7 45 /7 5 41) 3t
A7 4%, B JE R A Flash B /F4#4% PE reads. F|H] QIIME 2 (https:/qiime2.org) #3451 Fr A1 it AT LA,
LR ER Y], 1529 161 752K (Amplicon Sequence Variant, ASV). #0455 5 Silval38 % &
(https://www.arb-silva.de/)tbXf, HRYE ASV FFHIRBLRATUFNER: . WRIE ASV FERELR, THEA0
FEED PR S AR R o AE R o AR B LLPIE + RN . &5 KA mothur 3 fF
(http://www.mothur.org/wiki/Calculators, version 1.30.2) 7 M1 i ] o ZF£1E, 45 Shannon #8544, Simpson
$6%0. Chao ¥8%f1 ACE 5%, Shannon 1 Simpson ¥& (3 7/~ 1340 B BEVE I Fh 2 #£4PE, Shannon 454
K Simpson TREHE/N, U B AR BEVE VTR 2 FEEER S . Chao $REUFI ACE fa R mHHEMMEE
B, FREUERS, UOAYIRR R

KH Wilcoxon rank-sum test 77 ¥2: FEEAN [FIAE & 70 4 84N R VR 1) o 2 REPEFR ST B 22 57
FF Bray-curtis #1257, K 3 48R40 HT (Principal Co-ordinates Analysis, PCoA) & 7~ 75 Jfe A% B8 FE i vh
TIREBER RS, IR B2 IR J7 2 /0 HT(Permutational MANOV A)SRTS4H 18 B V4 22 57 I A R 15
R2. AT R o AR SR, B K PN 0.05. i e LiliEHAEMEAREARAFR =G

(https://www.majorbio.com/) | 5& il -

3. ARER

IR L, FrERERIERER] 36 NMIRARE(E ). H, AZRE T T(Actinobacteriota) i AH X = &
B 51(29.50% + 3.37%), IR WA [ ](Proteobacteria) (22.46% + 6.82%)FNER#T 1% 1] (Acidobacteriota)
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(14.68% £ 4.53%), FRCNEEZS T ] (Chloroflexi) (10.99% + 4.27%)F1 JEEEH | ] (Firmicutes) (5.34% + 0.97%).
IR S ANTTRETE SRR 82.95% (] 1). SRTM, AFEIFEG T I sA 2 (15 2). LEART = FEFE
HT 10 ALAVAHER 128, SRR ] JERER ] #H 4B ] (Patescibacteria). WPS-2. Zh4HE (]
(Myxococcota) I AH % 3= FE A B B (20 18] 22 57, R I Ai5 e - 438 e 4 B T DR 8 20 BT 1] FRDAFDGS = B8 s T %)
HEFESL, (H2JERER . B 4w 1A WPS-2 FAF X =F B S5 35 (T A
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Figure 1. Relative abundance of microbiota from different soil samples at the phylum level
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Figure 2. Comparisons for the relative abundance of microbiota from different soil samples at the phylum level

2. RNEIRE G R E R AR 3 B BTk F)

FERPKF L, B RE SRR 2] 440 DRHAE (B 3). HAXFEHEF AT 10 ALRRD 52
Sphingomonadaceae (3.99% + 1.33%). Vicinamibacteraceae (3.31% + 1.29%). norank o Vicinamibacterales
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(3.03%=+0.40%)~ norank o norank ¢ norank p WPS-2(2.99% +0.89%). Bacillaceae (2.85% +0.46%)-
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Figure 3. Relative abundance of microbiota from different soil samples at the family level
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Figure 4. Comparisons for the relative abundance of microbiota from different soil samples at the family level
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Figure 5. Comparisons for the alpha index of the microbiota from different soil samples
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Figure 6. Differences in the community structure of microbiota from different soil samples, based on the Bray-curtis distance
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4. g

TR TR T TRIAR T B T IHE 2 Fh IR A rh o 2 AT, 2 0 A TR H L SRR L s, 2 5k
RIGI[1][2] REZHWEFLEE RA—F, AWK BL 350 (0B 10 20 I SRE Rk E T B
IR T [ T55[20] 0 X St B Fh 28 i A 5 LG MU 7 R 8GER 4y« e im LI A S5 Dh e
FYIRR[2]. BAAKY, BERETIRME AN —NEHEETR, [TZamT ARG LEY, 25504
IR (AN A Y 3R PR AR A A IR (21 ] ABTE BT 1N AT A S 5 R g . &, S5 ROt = 6 R,
I o AU A BE 1, (R kTR (AL SRR 2] BRAT IR T 1B R PR AT 43R . R
RS RARZ RGeS, sl LAV AL, HEShEROERS, BIanBRAT w2 5 R E1E
A, MR KERF T LI G RERR AR (4] SR, A F0 R 0I5 e T8 i A0 T 1 2R B AR =F
JEE 5508 HERE ot R T D SRAEN =R B2 X, 3 SR AR Ve 38 v (R TBCZ B T VN R 4 T 1) PR O = B v T 0t
HERE L . X ATRES PIANFE AL 70 AR A LB AR & B ZE R A K. —Hokul, ISk BB ramR S &
e T [ 12] . TR AN R AR A A LR, VAR R R AL AR IR (21 AL, TSR TTRE
HEAT AR TR T 1405 5] N 438, ] BeIG I B fd 2 2 A LIS B BE(16]. T5 TR AT HE B R 2/ HLERIE
SRR TR A0 B R, I SR RN BILBT 20 A 22 R SF- B 20 TR AR X 2 B 11 22 e ik Sy Je o
THBEZE T MRANURMAE R AT, ¥5Ye T35 e 0 S RE i | A 4 B T AR R R E AR T
XTREAE X R RE S R AR BRI SE A O%[23]. WIRTHTR, TR EA 140 R 7575 Ye T 338 v A X = B
AR TR TR AN B A TR ST A, R ECARXS FEREAC . EXT AR, TR IR E A LR,
IR A T AR AR, A B SR I e 4 R 1T GRS T5 e Lo, DRt S 85 e g b R A
P TR B D R RE N = PR T R 0

TR LR 2 PR N [24]. 7E o ZAEPETT T, 500N BRI AT BE DRI 46 ol 1
T BB 0 2 AR 25] o it P 28 0 A B )35 U mT DA Ik 39 b0 B 9 S o M AN G B AR A AT, B
IR AT S A 2R ME[26]. AEVR 13 F ) Shannon #5844, Simpson 5%, Chao fE%(fl ACE f&
ol B T HAh e, SRR E A S ARG s SUR LI R A RIS Z ARV, YRR
WL, DB E OV F 5, BRI TR AT REAE TR LR AL T 2 AR SR E
TR, FoVF S 2 ARSI IAT, IR E YR A T & R ORI AN B0, AT & B A=)
SV [23]0 TURF IR B (N TR 4 B )T A 1 9K IR PR R 7 s 7, WK T K 2 U A 27]
B RN 4 RAUESE, AT TR IG5 e FOo REAE i A R Vs S5 i A W R 2 57, RIS Vet e 4m
RS AR E A . TR R, i & B it A Vs 4™ =75 8 T e 2§ SO SR 18 e
Jd R, BEBEC IR 2, AR R —1h[28].
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