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The characteristics of microbial community and its
driving factors in three lakes of Baotou city
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Abstract: [Objective] This study aimed to explore the relationship between microbial community structure and
environmental factors by comparing and analyzing the physicochemical properties and microbial communities of
three water bodies. [Method] Baotou Nanhai Lake, the tailings landscape lake, and Xiaobaihe Lake were selected as
study sites, where physicochemical parameters were measured and amplicon sequencing was conducted. [Result]
The water in all three sampling sites was weakly alkaline. Electrical conductivity (EC) and total dissolved solids
(TDS) ranked as follows: tailings landscape lake > Nanhai Lake > Xiaobaihe Lake, whereas 5-day biochemical oxy-
gen demand (BODs) followed the order: tailings landscape Lake > Nanhai Lake > Xiaobaihe Lake. Nanhai Lake
exhibited the lowest water transparency and the highest nutrient content. The cationic composition in all three lakes
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were dominated by Na*, Mg?*, Ca?", and K*. The dominant anion in the tailings landscape lake was SO4%, whereas
the dominant anions in Nanhai Lake and Xiaobaihe Lake were Cl- and HCOs3, respectively. Bacterial diversity and
richness generally ranked as Nanhai Lake > tailings landscape lake > Xiaobaihe Lake, while eukaryotic microbial
diversity followed the order: Xiaobaihe Lake > Nanhai Lake > tailings landscape lake. Proteobacteria were abundant
at all three sites, and their relative abundances differed significantly among lakes (P < 0.05). Pearson correlation
analysis indicated that microorganisms in the tailings landscape lake were significantly influenced by various envi-
ronmental factors. In Xiaobaihe Lake, the abundance of most microorganisms was correlated with metal salts and
anion contents; specifically, the abundances of Bacteroidota (bacteria), Chytridiomycota, and Rozellomycota (fungi)
were related to NH4*-N and HCOs™ concentrations. In Nanhai Lake, microbial communities other than Chytridiomy-
cota were correlated with K*. Hydrogenophaga in the tailings landscape lake exhibited strong sulfate tolerance, con-
sistent with the high sulfate concentration in the tailings landscape water. [Conclusion] The water bodies of the three
lakes are moderately polluted. pH, salinity, and ion concentrations are the main factors driving differences in micro-
bial diversity. These findings provide an experimental basis for developing pollution traceability technology based on

microbial indicators and for guiding ecological restoration of water bodies.

Keywords: tailings landscape lake; amplicon sequencing; microbial community; environmental factors; mul-

tiple stressors; semi-arid zone
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Figure 1 Distribution of sampling points in the three plots
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Table 1 Latitudes and longitudes of the sampling points in the three sample plots
RAE R B 5 UL KFE /N RFE R P ]

54 (B) Jed (D K% (E) Jeg (ND 4 (B) kg (D
H1 109°41'18.72"  40°36'07.20" X1 109°5028.86"  40°31'44.10" N1 110°03'16.80"  40°33'17.22"
H2 109°4124.36"  40°36'15.54" X2 109°51'19.32"  40°31'53.10" N2 110°02'09.18"  40°33'17.16"
H3 109°41'30.18"  40°3629.22" X3 109°5236.24"  40°31'41.70" N3 110°01'48.00"  40°32'37.38"
H4 109°4120.34"  40°36'16.08" X4 109°5126.10"  40°3121.30" N4 110°01'03.24"  40°32'09.36"
H5 109°41'18.00"  40°36'07.26" X5 109°50'32.70"  40°30'09.54" N5 110°00'03.30"  40°32'03.18"
H6 109°41'16.32"  40°36'03.84" X6 109°49'16.92"  40°30'19.26" N6 110°00'51.48"  40°32'44.64"
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121 RERIEARMNE KSR 7 v
Z 8 (GB 3838—2002) (Mi/KIFEIHR B hn) 8],
W 2.

122 RARZEAF E 454 sitis ot K
IR FRAR AN TS SFR S, R B —fabrsgim, A
W T RTA SRR & 484 A Rie-20%,

i=l

X (D F: NoAETRREG GO AN
PRl B SR B s Coi B bR AL E 2R § /N5
YRR T B PR AR

Pb/n<<l NIERKIE, 1<Pbm<<2 N5
KAE, 2<Pb/n<<3 NG 4KIE, 3<Pb/n<4 Ny
YR, =4 SRR BTG kAR
123 KA AHYEFR A PG H R
% T lllumina MiSeq *F & 521, X H 1 1TS X (5]
¥) ITSIF A1 ITS2R2122) K40 16S rRNA &K
V3-V4 [X (5|4 338F Al 806R12>-24) #£47 PCR 414,
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Table 2 Indicators and methods for water sample analysis
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1 ZE (NHS-ND Yy TR e EE
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3 M4EE a (Chl-a) 5] ErR
4 WEFEE (COD) PR A 5
5  HHAMKFERREBODS) MR e
6  K'. Na'. Ca?*, Mg? R & 58 B TR R SO AX (Agilent, 725-ES, USA)
7 SO4. CI'. COs3*. HCOs BT
8  NOy Iy I6IeIE: (Model-752)
9 EWEE(SD). SEEEEIE(TDS). #EE(DO). 2 S HUK RN (Hanna, HI98194, = AFD
HSE (EC) . pH
124 #AE4 32 SPSS 16 HEE T ZEMNE £ LLE: Mg Rl Ca? IRz, 5 REM 20% 445 K

W T 25 BB MR T5MEMXRE
F Pearson #H5%40#T, H4 R IES (R 4.4.1) FDR
e IE#E e PAEAR B s Origin 2019 #1745
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51 > RN > /N A AT SOWIKAR R SD E B
FE TR (P<<0.05) 5 /N5 RE S K A
MaRER a IR, WEMEHSEES TR =
Wi (P<0.05) ; DO EERI A/ AT B &
WA R, HEREE (P<0.05) , Y
NHs-N &85 FH 5T RN 500 &/ am (p<
0.05) , EMHELEEZER (P>0.05) ; BODs.
COD fH ¢ TP &&AE 3 MINHZ A LR EZ R (P
>0.05) -

3 ANEIE KA T S B - B o B L] 20
0] 55 R VI 7K A B 25 TR BEARFIE 3SR Nat>Mg?*
>Ca?*>K', Na'&&Emm, HHETERERN 50%

FREK. B RUBIHETLL NamhE, HEaE
1) 60%LA L, Mg il Ca? 5L BB ZE R . 3 MEE
B B 7 #1L CI SO2F1 HCOs A, HAdEH 5t
WL SO4ZFIT o5 LuAgl i K, il CLFr of beAgi ¢ i
/ANEFEL HCOs A E, ClEHER. NOs. F&
B2IRD. BV SOHIHEF &, CIH SO T &
BIRE ST/ S (P<0.05) .

9 7K A S 5 A 5 7K AR 2 R AE 25 D AR 9%
Piper —£& 8] ] ELWL e Bk A4 25 -4 Rl S A 27 2R 7Y,
K R R, 3 S i 3, B
5K N Nat - K + S04, Na* - K+ CI.
Mg?" - Ca2* + SO Ca? - K* + CI'H; /N )& T
Mg - Ca> - COs> + HCO5 - CI'fl Mg - Ca* -
COs* + HCOs™ - SO4*; P E 2N Nat - K +
SOl Na* - K+ CI Y, KM ZHE,

3ANHAKIETESESEIE 4 fI%K 4, Sr
SEmE, Li. Baikz, HMESESERC. B
HESEGERIC, WEERREZN. B 5
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Table 3 Physicochemical indicators of water quality

XFf BODs/ TP/ Chl-o/ COD/  NH{-N/ EC/ DO/ TDS/

W gL (mglh) (el (gL @mgL?) PO (Som’) (gl (mgLh SO
H 6.0+:2.42 0340.12  487+7.3> 69405 3.8+1.5° 8.0+£0.6° 552674141278 6.8409* 27143+656.3* 0.9+0.22
X 48+12% 054028  74.6453* 554152  3.9+409° 8.6+0.1% 897.7+14.3¢ 45+12b 445.7+1.7¢ 0.740.0%
N 534+3.12 044032 759+6.7F 574217 6.8+0.1*  9.1+0.0? 2205.3+4.7° 6.5+0.6* 1 103.0+2.0° 0.5+0.1°

e HARD FWH: X O/hE: NOYRHES . A58 EA RN FREFRORZREZE (P<0.05) .
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Figure 2 Content and percentage of cations and anions in the three lakes
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Figure 3  Piper trilinear diagram of ion distribution in the three lakes
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Figure 4 Distribution map of heavy metal concentrations in
the three lakes
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Table 4 Average heavy metal concentrations (mg' L)
RFEIA Al Ba Sr Ag As
H 0.009+0.0032 0.049+0.0172 1.695+0.336% 0.000+0.000* 0.0020.000°
X 0.013£0.0022 0.099£0.005* 0.675+0.011° 0.000£0.000* 0.002+0.000°
N 0.016%0.001? 0.101£0.001? 0.325£0.004° 0.000£0.000* 0.012£0.000?
Cd Cr Fe Mn Pb Co
0.000£0.000? 0.000£0.000* 0.01440.001° 0.051 5+0.037 0° 0.000£0.000? 0.000£0.000*
0.000£0.000° 0.000£0.000* 0.006£0.000° 0.004 0£0.002 0° 0.000£0.000? 0.000£0.000*
0.000+0.000? 0.000+0.000* 0.028 +0.002? 0.011 040.001 0° 0.000+0.000? 0.000+0.000*
Cu Li Ni Se Zn
0.001£0.0012 0.368£0.071? 0.001 54-0.000 0* 0.000+0.000* 0.000+0.000*
0.001£0.000* 0.030£0.001° 0.000 0£0.000 0P 0.000+0.000* 0.000+0.000*

0.000+0.000*

0.065%0.001°

0.001 04-0.000 0* 0.000+0.000*

0.000+0.000*

e FSBERA RN FRERORZE R B (P<0.0D) o HdukIE T AR A AT e g 1 17,

x5 UESREEEH

Table 5 Composite index of chemical pollution
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Proteobacteria. Bacteroidota /% H.F# unclassified k
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Figure 5 Analysis of the relative abundance and diversity of microbial communities at the three lakes at the phylum level
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Table 6 a-Diversity indices of microbial communities at the three lakes
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Figure 6  Analysis of relative abundance and diversity of microbial communities at different sampling points at the genus level
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Figure 7 Pearson correlation analysis between phylum-level microbial community biomass and environmental factors in three lakes
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Figure 8 RDA ordination diagram of microorganism and water quality index in three lakes

3 iTig
3.1 IKRIBIUARHREFAE

3 AR RS 250, 35 B R R KT
KRR —, EHFEE N RKITERE 707,
WA RI, ECy TDS BRI Bl 5o > re il
> /N, SR AT SO A S 2 TR R
HOEM R R MY K EE N2
—ANFERITRRRS2T, AT SO BODs fH R T At
PIANFE S5, IR ] BE SO o P KA, BB S
V) e AR RTE R AR T o0 i, RIS S5 = 7K AR I 3T
AL I AL T T 1985 FK ma g A [l 5
kgt A, JREHIIRE AN “LURNENE. FRHE
R, SERVLERIR 40 RJTANIR FEEEE NHs-N
SEBEST/NAWAEY S, N5 ki &
HOV TS N AT A G, XA 2 R
F AR A T B, 3 AN KA )
COD HIL W E Z 5 MR a IRERIU N/ =
RN > B 50, {2 DO 5 Chl-a KFHH A
A, RN R SO = rg il > /N B
MRS HCRARH 5 T R TR, BHATE S
fiid, "'FE DO 5iaE a IR ERY i E
ANRE AT FE S KEFEALY, HUHER AU
Ry AR, il 5 REEE R 3 2 K& DO
B, ARt FEOZIM RN E 2 —B, KR FH
BT IE SR SR, 3 MBIAKAR 5L, Nats Mg
A Ca HEEHE T, 5 2016 FRET 5 PMKMAE
FHES 7RI o4 RARIBY; Naty K. Mg il Ca?*
SRR A W F BB T, 58 s i B 2k
233, HEef e A T K R T K BE BRSP4,

KA FHREI A R SO SO N,
FHRILL CIoE, /NERBL HCOs il CoAE. B
AR P S SFKEA, A R ER SRR
HY, RIS iR ) oAby, i —2
TR SO, 1351, 3 S T ERA HEULTH -5 A 7 A 9 5
THRFEZERMEEFERF. 3 MK RS
PARBIIRIAT RS G R SOW B - FR br
X R, ARERETE RAREUE T 5 49K, W]
Re5 REA VA BRI BRAS A O, L SERRE SR
5 T M B
3.2 KEEREI SN

17 R T A A R E, B
KEREE ESi il 7 ARGt 78 sh iAW) 88 4 e N )
. XAV SR DifeRmm T, 8
N VAT RS S R R AL R DhRe s Bl
KMIEEL HAENS], —ERER “TAERER 7
P20 AR B UR L B A R R 5 R AL A ) 5 OK T
HBO3T i 45 RN, JRE KB B FETE Shannon
IR VG NN A 7Y £ 8= &= INA N S RLI & (A = R 1
TRBAE 3 MR A ZR AR, o SRR
ZREPEA S R LR I > R SO0 > /N (i
. ERfEEgfah, 2K pH KA (2
YNEEBETE Z R TR 29 CIr<<905 mg-L'. SO4>
<1 974 mg L' I, ZHREE AP ERER S
WERIEAG: MY CEIRERN 5.6~411.0
mg- L', Mgl &EiRE A 30.3~697.0 mg- L' A,
FHES T XA ARz 3. s, 5%
WIS L S T T30 7= A T e B8
Gh, JKAE COD 5 fg A Ai A 2 3 IEAH K
1 COD RBRAWURFE, PRI iRIGER



534 4 3

TPEHEE AT 3 NIRRT R AIE S LB A T 641

W25, H5REN SOWME A B ST AR
e R —8. B o ZFPEF, B Coverage #l
Shannon #544b, HARAREAE 3 AMHIVEAEH A 2 5
AR (P>0.05) , BEAKLEIN/NH > FE i >
AT SOV o FE VAR 55 0] = FE X LI B SR
YU B A2 RN AR ) 2 R I AN 3 A e 1 2 EE DTk
HB, X E AR RSO 2 AR
SR —H.

A ] (Proteobacteria) J&4HE Fix K. £
FEME B FE 0T, ERESR, ) 2. RS
BFF 55 B HL Ay S5 R s 5t 7 b P e A e o L3 A
[JE01, SRR S R — 3. Xl SO K AR A
7/ NI 1 N5 S VP G NI <]
Hydrogenophaga X A B R 52 4, ATH T
VAR A E AT, X5 R SOl KA A
K& R WE R M. & E ]

(Actinobacteriota) & 338 H i & Fl i 2 PE )
MR —, NHAEAGIRFE . HKR IR
PR I R S B GE AAAR TR
KRB i 8 R 2 — 281 R Hf Fe
Actinobacteriota 7E/)> 1] FRAR T F FE 25 = T R
H (P<<0.05) o hgcl clade (Actinobacteriota) &/
HM B E, FE = T AP, (AR
INE KR S A, HFEE AN
Actinobacteriota A fFE& 4L T R %6 4F. b4k,
Actinobacteriota ] JE IR A U AE AR TR R Gk
SE M, AP S LA 2 B S AR ) R B )
A4, B Chloroflexi AHX = 235 & /N A=l
RN FWH (P<0.05) , HIENREIRE 2RH N
VTR OCEIER, TR A e RS R AL
Vs G, BB V& 71, unclassified_k  Fungi
FE A 550 W RN T i T PR AR T 3 2 e TN T
Chytridiomycota A%} 3= EEAFAE R/ ARy HoAth
PIIAIG s Bacteroidota A 7E g MBI K AR H A L 3%
Il unclassified k Fungi 1 Chytridiomycota 7£ 3
ANTEIVERE S ARG R R AR R (P<<0.01)
Rozellomycota X FEZEREE (P<0.05 , &
WL T 3 ANV AR ZE ST
3.3 KEREMSIMERNRXR

3 MNMEEKAE A ) SR B R T[] Pearson AH
KA M5 TR, PRBEER 1 X il A WD ) 52
SR PE AR CN AT S > /)N 1) > R i, KRR
A S5 ML PR 30 B 5 X0 1 A A i 2 2L e o v A
M. 2R S, Proteobacteria. Bacteroidota
J unclassified k Fungi SO HEBEE TP,

NH4*-N. pH. DO. Na*'. Mg?". SO, HCOs £k
WEIEMS, 5 BODs. EC. TDS. SD. CI 2k
FOK. ZEML It B R Ef e R R 0, &
BLEF w#h mn. e Am A, mA A
SOs* HCOs1E N T2 AR, Widhi. &b
A& Pl s[RI HAQSHE BT 32T DO 2
& pH, JE R OB - BB IE A B E .

Actinobacteriota. Cyanobacteria. Rozellomycota %
TS 52 704 G A AR e S S A B, % BODs. b
JERARE TR, T 5003 B A AR A o A 4
FRRFIERRE , 1245 R 5 kiEHE ST IR
IR W R 9 AR i N GBI B0 B 1 B BIE 7 4 R —
(4, SO, CI'n BODs. DO 1ENIZLIKEN T,
Sy ETERRAEIA GE R T SR DA L . R IR AR
JE J AR R AR B R A28, (i pHL 3 LR Bk
T, mIKEE TP. NHo'-N ISR EHR LR, 2
peig s T B R AR VA P o N = R S

Proteobacteria. Actinobacteriota & unclassified k
Fungi %5 SD. Na'. Ca?'. K'. SO 2T EIE
#2%, 5 BODs. COD. TP. Chl-a. pH. EC. DO.
TDS. Mg? SR8 & ARG, IXEESRAE 2 iR K
STt £/ BB, & N BE TR AR ENE U R K ER
5%. Cyanobacteria. Chloroflexi &5 M5 2
B WiFm A GG &g If i MARE W 5,
& T & E 7% 18 8 B #F . Bacteroidota .

Chytridiomycota /2 Rozellomycota 3 %57 NH4*-N.

HCOs i 1% JF & 5 & 15 ¥ x| Ji 55 B §i5
AOA-MCBR R A SEOURR . R RS AW
[F 2D R 2B, Song 255k HI Bacteroidota X 7K A4
ROCRABNWEER, HERRGER . EAR
1, SO H RSN FH SR AR T A 5O : pH.
TP {158 75 EIEMA S E R EC SO ER TR,
AR S, ADEFAENESS TRV S, i
Wi % B AR AT . £E I, Chytridiomycota J9)
A, ZE2MIEETEERE, TENEE
T BRESEIGRNEGME. KN ERE
Rt AEEA, B3EIEM M Proteobacteria.

Chloroflexi, {3 11 145 unclassified k Fungi,
S TS T A0S TR FRORG T TG B 3 5 XA
THRHAERREFEN o Liu SEE2R A AE X iR
WX PURAKAEF ) ARGs FEREmTHA
[X, H. Chloroflexi & ARGs M EEfH £, XMERET
RIS Chloroflexi K& BRI . HAWEHE S
IR TAH R AN 2, R W] LAV AL i S A 5E
Feo WAV EAE, MARR ISR TS B



642 2

W A& Nk K

¥ Ik

2026 F

TR PR RINRESY (EPS) A3 +3%E 4 Cu.
Cd 43 4i[X Proteobacteria. Chloroflexi FJ3E53], 4
IEHED R W K AR PR35 H EPS BIA7AE W] Refe 2k 1 AH
KB E L.

SR, A SOWIUAE VR 2 2 R
FHE. —O7H, BYRZEAmEEE. mi N
INESRFAE, 22 B8 e [ ) 4 FH 6T o 2 P B s e
JE 7, BRI Db 250N #E M) N A 355 R - DA R AR A7 54,
F—OH, R XAERS R A T RIS B,
EVZ NS H BN S 5, BhZ KA
KB EGZ A, P53 ] B4
38 BT, RISk D [T B HI S5 7E
T BRI R 1 AR S M TBOR B30, ik 4,
FEN S AL R BE Hydrogenophaga & T DIReHs:
AR, HARWHET S, A I RERE,
BB SO42 . NH4™-N. DO S5 R H T1E AR
B HL T2 AABT . BRI IR T I AR A B 5 i 12 B 1)
RRESFRE, Tk “HF-AR-F57 f5mc
DAL, SR IR 25 A OC I o TR S BSI IE 7T
R, WIS QR OB, B S BR FRUR A R A
.%o Hydrogenophaga £ RN S I 2K
B, AIRsEEARUThE IR IR ER £L, {23 S. N. C
TCRER, PR IR EE 2B,
T B K AR T (RIS, 1208 B A A LA R 2k i
ZYEAE R SO iR O A S AL, 5 AR R
TE A 56 2R DAAR S BT A0, )dE T HR AR PR 150
3, B RG b

AR TR E B AL, HARIE
MIA IR LB TR, R REHER B &8 e R
I BT SR A S PR AR A N, SR B LT 45 &
ML B Fr, 3 — AT A R I () T

RETERBE
4 g

A S TDS. EC AR #E & T/ 55
W, AP 2 PR I R > R SO > /)N
FI,  EAZAE YD 2 REE R B /N 1R > R i >
A SO KA YRR EEZ SO Cly
BODs fl DO H2 35 5200 o 1225 P28 54 200 3
AN RAR IS R B S S, B3R SRR A 1 i
RURFAE, 7R KR SRl s 7
SE k-

[1] fRes, A28, B0, & askiiks RGM S E

VRS SHRLT]. A EE, 2025, 44(5): 252-261.
[2] Guo Z H, Cao J, Xu R, et al. Novel photoelectron-assisted

[10]

[11]

[12]

[13]

(14]

[21]

microbial reduction of arsenate driven by photosensitive
dissolved organic matter in mine stream sediments[J]. En-
viron Sci Technol, 2024, 58(50): 22170-22182.

Chen X L, Wang J, Pan C Y, et al. Metagenomic analysis
reveals the response of microbial community in river
sediment to accidental antimony contamination[J]. Sci
Total Environ, 2022, 813: 152484.

Huang Q, Huang Y, Li B, et al. Metagenomic analysis
characterizes  resistomes of an acidic, multi-
metal(loid)-enriched coal source mine drainage treatment
system[J]. J Hazard Mater, 2023, 448: 130898.

Giddings L A, Chlipala G, Kunstman K, et al. Characteri-
zation of an acid rock drainage microbiome and tran-
scriptome at the Ely Copper Mine Superfund site[J]. PLoS
One, 2020, 15(8): €0237599.

Nural Yaman B, Vatansever O, Demir E K, et al. Removal of
arsenic from acidic liquors using chemical and autotrophic
and mixed heterotrophic bacteria-produced biogenic
schwertmannites[J]. J Microbiol Meth, 2023, 211: 106775.
Rajput V, Pramanik R, Nannaware K, et al. Metagenomics
based longitudinal monitoring of antibiotic resistome and mi-
crobiome in the inlets of wastewater treatment plants in an
Indian megacity[J]. Sci Total Environ, 2025, 986: 179691.
Yin X J, Rahaman M H, Liu W B, et al. Comparison of
nitrogen and VFA removal pathways in autotrophic and
organotrophic anammox reactors[J]. Environ Res, 2021,
197: 111065.

LiHY, Tan L, Xu Y, et al. Metagenomics insights into the
performance and mechanism of soil infiltration systems
on removing antibiotic resistance genes in rural sewage[J].
J Environ Manag, 2023, 346: 118981.

James A, Afsal A, Bovas J J L. Pollution due to backwater
Tourism and possibilities for use of Green Energy Tech-
nologies[J]. Int ] Adv Eng Res Sci, 2019, 6(11): 130-135.
Dell’Acqua A N, Scicchitano D, Simoncini N, et al. Ski
tourism shapes the snow microbiome on ski slopes in the
Italian central Alps[J]. Environ Microbiol Rep, 2025,
17(5): €70195.

Wang B H, Hu K M, Chen L, et al. Effects of tourism de-
velopment on ecological network and function of sedi-
ment microbial communities in the urban wetland park[J].
Soil Ecol Lett, 2024, 6(4): 240249.

FX, T, Yang D, 5. k1T ERAESMEH @27
PRI, ARAHIEAAR, 2019, 50(9): 235-242.

BEgE, LMV, SEAL, & SR ETRMEY
T AR R A 1A% SRy DAL SR/ TR S B[], 3
BiktE 23], 2025, 45(8): 438-448.

FWA, HRW, ZEF, 5 GmiERhBES &
1FYLRE RN, FREIRNE, 2021, 42(9): 4275-4286.
J L8, BRGR, 4, 5. Ak iR [ 2=y
TR M ATRED]. AETT R E, 2023(20): 69-76.
. AR E RV SIS D R 4 S
HIER TR ARD]. Wk AEERHEIE, 2023,
GB 3838—2002. K /KIFIEREHRHE[S].

XU, BRER, SRR, S EPHTTP R XK E R KoK
P22 RHAE 5 4 XU RO (7], FRBERE, 2024, 45(4):
2129-2141.

Debnath P, Biswas A, Chaudhuri P, et al. Assessment of
hydro-chemical characteristics and pollution status in Ru-
drasagar Lake ecosystem integrating pollution indices and
geospatial techniques: a framework for sustainable wet-
land management[J]. Clean Water, 2025, 4: 100142.
Misawa H, Tateishi Y, Horimai Y, et al. A useful PCR
primer set for the ectomycorrhizal fungus Tricholoma
matsutake in wild pine rhizosphere based on the nuclear
ribosomal DNA 1GS2 sequence[J]. Mycoscience, 2024,



534 4 3

TPEHEE AT 3 NIRRT R AIE S LB A T

643

[22]

[23]

[28]

[29]

[30]

[31]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

65(4): 191-198.

2R KT, RS R Bk 505 0 A R AOR RERE R
R S 0 A P A ¥ 45 K R 22 R 23 BT (D] R £ B,
2026, 52(3): 96-103.

J g, RIETE, EOK, . =R TR FUEAL
02 TR M AR I 7 L A0 T TR A SR A (D). K™
224, 2026, 50(1): 142-155.

ERE, MR, Z, 5 MBS EY R
SERIRITHRERIREMA[T]. IRBEA, 2026, 45(1): 161-174.
WKE, T, W& & DU FE R R
IKIRES RS IR T[], JEHURL, 2024, 22(5): 798-807.
fIEZE, SR, PG, 5. B0 P IE SR T A 00 i
WA COx HEBFIUAE I BN T]. FAEERE
AR, 2026, 46(4): 429-438.

Chen M L, Hur J, GuJ D, et al. Microbial degradation of
various types of dissolved organic matter in aquatic eco-
systems and its influencing factors[J]. Sci China Earth Sci,
2023, 66(2): 169-1809.

WiscHe, 2675, sk, S5 B TKRS A 7 A 5
SILWIA K B AR RFAIE S 5 T [T]. AR, 2025,
37(4): 1249-1266.

FaLT, WM, DI, 55 E-ERRS TR KBRS
IKAEBF AR [T]. A E L KHEK, 2024, 40(22): 13-21.
Saha P, Kniggendorf A K, Pommerening-Rdser A, et al.
Assessment of oxygen kinetic parameters for closely re-
lated ammonia-oxidizing bacteria[J]. Lett Appl Microbiol,
2024, 77(8): ovae076.

Norouzi S, Spray J, Trojahn S, et al. Temporal changes of
headwater river surface microlayer characteristics during
the dry to wet season transition in the tropical rainforest of
Guyanal[J]. Sci Rep, 2025, 15(1): 45568.

Wi, RIE, FEJoEk, S5 R 5 NKIERES. B
L M TSRS ICR T RER MR,
2016(6): 5-7.

INEz=, D, HRUE, & Bemindh s s R
ARSI SR LRI[T]. HhERZEHR, 2020, 41(1): 65-79.
ERE], BRUY, R, S5 IR A S
BERID]. KI5 57, 2022, 46(2): 282-302.
Kong L H, Hu X Y, Peng X J, et al. Specific HzS release from
thiosulfate promoted by UV irradiation for removal of arsenic
and heavy metals from strongly acidic wastewater[J]. Environ
Sci Technol, 2020, 54(21): 14076-14084.

Kucher L, Kava L, Cepoi L, et al. Current state-of-the-art
of NGS in soil microbial ecology interpreted through the
hierarchical environmental filtering (HEF) framework[J].
Diversity, 2026, 18(9): 556.

Li Z H, Zhao C, Mao Z Y, et al. Metagenomics insights
into bacterial community, viral diversity and communi-
ty-scale functions in fermented red pepper[J]. Food Mi-
crobiol, 2026, 135: 104986.

Frambh, BAES, FI, & EZEKAZFEXNED
HETR S LA DO REROSEMALT]. 5 3B 5 B4R, 2025,
53(5): 104-113.

LA, sk, oo, 5. @I X N TR H
5 BRI L IR R 1 S SRR MR AE LB AT [T,
FR S5 2025, 45(5): 13-25.

PRk, 22 5 5 AN, 5 R AL G B SR TR e
FRIE MBI AR BT K AR A DR G54 3 T[] K A 35 2
42 ,2026,47(4):219-231.

Crognale S, Tonanzi B, Valentino F, et al. Microbiome
dynamics and phaC synthase genes selected in a pilot
plant producing polyhydroxyalkanoate from the organic
fraction of urban waste[J]. Sci Total Environ, 2019, 689:
765-773.

[42]

[43]

[50]

[51]

[53]

[55]

[56]

[57]

[58]

[59]

Chiriac M C, Haber M, Salcher M M. Adaptive genetic
traits in pelagic freshwater microbes[J]. Environ Microbi-
ol, 2023, 25(3): 606-641.

Debnath S C, Chaput D L, McMurtrie J, et al. Seasonal
dynamics and factors shaping microbiomes in freshwater
finfish earthen aquaculture ponds in Bangladesh[J]. Envi-
ron Microbiome, 2025, 20(1): 38.

BAgAE. ANIF L Rk SR A B VOt i SRR o R
LRSI, PR TAEEAR 2R, 2026, 16(1): 136-147.
BRIE, T, B, %5 RGO BR A &
G KIITERE S HTI]. ok AL HE, 2026, 46(1): 67-74.
ML, ZIW, X, 55 WAL E AT R i
FIHLE] 5 A S AE BT e 0], A0 Ik, 2026,
45(2): 327-349.

SRV, 0 PR eg, S5 R DT K R v R
IR ILARENHLHIBT FLIE % 5 e SR [J/OL) BB "1k, 1-16.
SR, 5K L5 P02 SR A2 S A BT
TEYIREE K SSBE D RENS TR LU [J/OL) s 1 HhER
1k 2Rk, 1-14 [2025-11-25].
https://link.cnki.net/urlid/52.1102.P.20260324.1036.001.
Li X Q, Liu W Z, Zhang W Z, et al. Short-chain fatty acid
production from waste activated sludge and in situ use in
wastewater treatment plants with life cycle assessment[J].
Resour Conserv Recycl, 2023, 198: 107186.

XUME, 5K 3, AR, % AOA-MCBR  Ht 2 45 40 HEL 430 41
A TG KR 2RE B B BE F A [J/OL). o [ FF B8 B
2% ,1-13[2025-11-25].https://doi.org/10.19674/j.cnki.issn1
000-6923.20260324.001.

Song X X, Liu L, Chen G J, et al. Quyinboa mangrovi gen.
nov., sp. nov., Quyinboa ferrireducens sp. nov., and Quyinboa
sediminis sp. nov., three novel Fe(Ill)-reducing and nitro-
gen-fixing bacteria isolated from mangrove sediment, and the
proposal of Quyinboaceae fam. nov. within the class Bacte-
roidia[J]. Syst Appl Microbiol, 2025, 48(6): 126668.

Liu Y C, Gong Y M, Cheng Y D, et al. Intensified anthro-
pogenic activities dominate the spatiotemporal dynamics
of antibiotic resistance genes in lake ecosystems[J]. Envi-
ron Res, 2026, 297: 124158.

BFY, A7 B 55 A0 B R A SR A % 3% Cu. Cd
WA T 25 B A P RETE OS2 WA [J/OL] A IR B ) 27 27
%, 1-12[2025-11-25].https:/link.cnki.net/urlid/12.1347. S.
20251120.1154.004.

KIMGET, skiEdh, BRIK, 5. B A X H A6
FARBRME IRV MR AE ST T (7], T
224, 2019, 59(8): 1484-1499.

Zhang Y Z, Yang Y W, Shi R, et al. Investigation of insect
diversity in the restoration area of Yimin Surface Mine in
Inner Mongolia[J]. Diversity, 2025, 17(9): 635.

Li M, Liu J, Cao D, et al. Heavy metal pollution simplifies
microbial networks and enhances modularity during tail-
ings primary succession: divergent assembly dynamics for
bacterial and fungal communities[J]. Front Microbiol,
2025, 16: 1566627. DOI: 10.3389/fmicb.2025.1566627.
Yang X, Zhu Y B, Zhao S P, et al. Reconstruction of a mi-
crobial TNT deep degradation system and its mechanism
for reshaping microecology[J]. ] Hazard Mater, 2025, 488:
137411.

TREERS, WA, DUKEE, . AT R R
WU Sz AE s RSt Fe ik FE D). rh PR 272, 2026,
46(2): 1000-1014.

TRV, 0 T, 5K A4, 55 22 U5E PR BBk 5 T L g S Hk 3
TR R AV M) 22 RE R (S W [J/OL). N 5 34
BEAEM 23R, 1-17. [2026-03-10].https://doi.org/10.19675/
j.cnki.1006-687x.2025.11007.



