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Abstract: The water quality of a small watershed will directly affect the water quality safety of the entire watershed. The Lidu small
watershed of the Fulin District in Chongging was selected for this study. The characteristics of runoff and the microbial community in
the receiving water body were analyzed by high-throughput sequencing technology. The effects of the physical and chemical factors of
the water body on the microbial diversity in the water body were also investigated. The results showed that the small watershed of Lidu
was an important source of nitrite and dissolved organic carbon for the receiving water. There was no significant difference in the
microbial richness and diversity of the water flowing through different pollution sources in the small watershed, and the microbial
diversity index was negatively correlated with the total phosphorus (r —0.79- —0.84, P<0.01) and phosphate (r -0.71- -0. 80,
P=<0.01) of the water. At the phylum level, Actinobacteria (37.33% + 14.69% ) accounted for the largest proportion of runoff
flowing through the agricultural area, followed by Proteobacteria (32.53% + 7.18% ), Cyanobacteria ( 14.65% =+ 22.64% ),
Bacteroidetes (8.50% + 3.67% ), and others. Proteobacteria (43.67% + 10.80% ) accounted for the largest proportion of runoff
flowing through the industrial area, followed by Bacteroidetes (25.33% +11.97% ) , Actinobacteria (24. 17% = 14. 66% ) , Firmicutes
(2.53%+0.72% ) , and others. At the genus level, hgcl_clade (19.08% +13.46% ) accounted for the largest proportion of runoff
flowing through the agricultural area, followed by CL500-29_marine_group (7.40% +4.44% ), Limnohabitans (7.05% +3.14% ) ,
and others. Flavobactertum (20.40% +12.37% ) accounted for the largest proportion of runoff flowing through the industrial area,
followed by hgel_clade (15.30% +11.11% ), Acinetobacter (9.33% +11.50% ), and others. The Flavobacterium in the runoff water
may be related to the input of industrial sources in the watershed. Nitrous nitrogen, total phosphorus, phosphate, pH, and Zn’* were
the main environmental factors that affected the microbial community in the small watershed. They can explain the variance of microbial
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community 0.26, 0.21, 0.20, 0. 15, and 0. 14, respectively. DOC, nitrate nitrogen, and heavy metal ions such as Cu®*, Zn**
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Mn™*, and As’" were also related to the proportion of some microorganisms in the water.

Key words : small watershed; water; microbial community; diversity; source; influence factor

PR KA 25 R GE Y B o), B2
PRI SN 5 19 82 0, SO K OK A R ROR
FIE TR, K S A B B R L 5 K BOIR B
EUI R R, O R 5 R iR s K IR 1 KB R
BN ARl T, Tl 1 A A= AN AR i R
S, /INATIER A K STOIR 0K L2 52 W) 2 R Y K
iz 4x. FRTSE T/ B i Bk 8 32 284 AE Xt /N i
AR A B R R PR RS
A O RO S ) SR VR AR A S RIS /NI K
PRIR A W R v R I B2 W) TR 3 ) B 5 38 R DL A1 .
RATHHOKFR AL, NRIAR 2, P, /N s e 4
AR PRI A AR5 AP v 3 A n] alssi (9 4 1
TR A VT W 2 25 P 0 B B i e Ty [l
W, KA /N i dek 75 G B 7 4% 45 3 B A A+ B
Y. R AR SCUAR T b Ji AL f) /N bl
PR T B DX 7 DX /N DR S A R 506 R, /0N i

PR 28 AR 5 R K PR T LT R RE 40 b, s,
BB (Numina) 4457 VIRV

KUk K s AR My
B FEAE KRB 1 5 DA/
UM L0114 oy e

iy LA /LA R b T R S R
1 e S IR L VT iR a5 (s S

PR L A s

1 #RE5FE

1.1 B8 XA

2R DA T RE B PR, B RS B 2 12 km, 2
7 g R 10 30 DX Tl el X g o ST 3T Y 1
e A VE b AR T H AR AR 18, 1°C,
SEEREK B 072 mm, R 175 ~980 m Z 6], 5 iT
PRI, HHELL AR KRS o 32, A 2
KRG T KRN LL 245 A Tl FE X E R R
B2 MR e A il A5
1.2 HEALRRAE Sl

AR SCEE A R e 25 I DX/ IN LA [T B i 8 IX
B T5 Je HERCRRAE 23 0 2E S KR TR 2 AL B E
DX Tl Bl X AT 1 A5 7K s 5 R A e, T AR i R
FERL BN RAR MK AR HEAT 4325, SRAE A LT B A
MARMHEXAIEA A 4, HE XLYL, XLY2,
XLY4 F1 XLY6 55 4 AR mifor. SRAF ST Bt
WAAMHHEIX 2 TAlk R X A B 41, (045
XLY3 ., XLY10 FlXLY11 %5 3 AL S A7 i T30

TWTBOKIR/NT 1 m, H 6/ T 5 m, R H AR
PRI 0.5 m AL RAEKFE. FEAVL T 3L 4E
Ja RERFESAA C 4,848 XLYS, XLY7, XLYS
FXLY9 %5 4 A SRFE S A AT RS RAE AL
MFEKET 0.5 m &b, WL E 0.5 m &b SRAEK
FEIR G A A FRIZCR AR s AL K. SRAE B[] Oy
2018 4F 11 H 29 ~30 H , RFEERTBEN T4 14.00 ~
17 :00. SRAE 204 DL 1. BE SR AE I A K B )
R LMD AE KT R 0.5 m AbSRAEKEE,
T 950 W A K AR B 1 0. 22 pm Y 8 B AT

UE T UE S B IR R A OB R T - 80C
TRAF, I 15 kg T K% DU W00 5 125 M A HIL e
(dissolved organic carben, DOC) f}) 7J<1‘$?§__9'45 Jom
O et A , e A R 3 T PRV O 1
A7 W5 KPS KR T2 T 0 90 i B i
TR ¥ URAE . (& /g

.fl’

&
& Ei s N
N o\ xiva A
= XLy1 | # o UEALN
-+ - x. -
o WL XLY3 ‘
& |Hi9 *_»g@‘* xLyio- !
.xl_\"z ﬁﬂg‘f
in . M
2k # Hy
o ] ]
:; i XLY6™ 4
3 XLY7
il
F
a L
& XLYS,  exrys
:%, * XLY9
2: 1 L 1 1
107°14° 107°15° 107°16° 107°17° 107°18' E
E1 FEFRNMREKERERTE
Fig. 1 Schematic diagram of water sampling points

in the small watershed of the Lidu New Area
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FIAE E(WFE 3) , A diKREH 5 Fe i KBk
AT TR CR AT R TE ] 20 R T
PIFFEET T4, B kAT 5 TR R RSB R ],
UORIURT R ] BT TRERER T 155, C 4K
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Fig. 4 Comparison of diversity indexes
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Table 2 Spearman correlation analysis of diversity index and environmental factors
WiH Simpson F5%% Chaol 5% ACE #8%k Shannon $§%%
r P r P r P r P
pH -0.34 0.31 -0.46 0.15 -0.52 0. 10 -0.39 0.24
78N -0.80 0. 00 -0.71 0. 01 -0.78 0.01 -0.76 0.01
HA 0. 10 0.77 0.22 0.51 0.26 0. 44 0.34 0.30
AR 0.10 0.77 -0.04 0.91 -0.07 0.84 0.12 0.72
TEAHASA -0.28 0.41 -0.14 0. 69 -0.21 0.53 -0.22 0.51
Jux -0.84 0. 00 -0.79 0. 00 -0. 84 0. 00 -0.83 0. 00
Ay 0.17 0.62 -0.12 0.73 -0.11 0.75 0. 09 0.79
Mn>* 0.24 0. 48 0. 05 0. 89 -0.03 0.92 0. 48 0.14
ASS 0.24 0. 47 0.22 0.51 0.24 0. 48 0.22 0.51
Fe*+ 0. 30 0.37 0. 07 0. 84 0. 14 0. 69 0.30 0.38
Zn®* 0.12 0.74 0.01 0.97 0. 10 0.76 0.18 0. 60
Ph?* 0.27 0. 43 0.26 0. 48 0.31 0.36 0.15 0.65
Cu?* -0.32 0.33 -0.37 0.26 -0.47 0.15 -0.30 0.37
Ni®* -0.27 0.42 -0.03 0.94 -0.05 0. 89 -0.09 0. 80
G+ 0.18 0.59 0. 45 0.17 0. 50 0.12 0.32 0.34
DOC -0.01 0.98 0. 08 0.81 -0.04 0.91 0.21, ""'Q.|54
1)P <0.05 %75~ H AL BEAME; P <0.01 o —H{E 00 G B AehE : o i
L — I ‘ ....!ﬂ-' —
£3 KEMEMEKTER SO )% | | ey A
Table 3~ Proporti.(";.n of bacteria in the water at a phy'lum level/-% i | "'r ] F

i AL s ¥ @ U calf | g
S BT ( Proteobagiéria) /R.p3E2N 180 43/67%10.800 & 37.13£13.42a ([
TR 1] (ActingBaciérib) 4 < 37,33 1% 69 24.17414.66a| 33.93 % H.90a—
5 46711 ( Cyanobjeteria) < 68700 cumh 0.63 +0.45h . @ 18.18£9.12a %
IUFFET]( Bactefeidetes) /8/50+3.67a 25733211, 97b 4201100, 4
PR A ] (Planctomycetes) s 83 t’{..“77a | 0.30.20. 17h 1.68 +0.64a 4
Sl 'f.fhloroﬂexi) 4 /2.25 +3. 14ab 0.03 +0.06a 0.30 £0.08b
JEBEHT] ('Finniég;gs) . 0.20%0. 205"___,;,‘?‘ 2.53+0.72b 0.38 +0.25a
2% H B 1] ( Armatimonadetes ) 0.13 05133 0.00 =0.00b 2.03 +1.32¢
FRHT T T WA cidobacteria) 1.20 £1.50a 0.03 £0.06h 0.88 £0.13a
AP 1T ( Fusobacteria) 0.10 +0.08a 1.60 2. 34ab 0.00 £0.00b
Epsilonbacteraeota 0.10 £0.08a 1.20 £0.52b 0.13 £0.05a
PEIHE ] ( Verrucomicrobia) 0.28 +0.29ab 0.10 £0.10a 0.40 £0.29b
ZEHHI ] ( Gemmatimonadetes ) 0.23 +0.17a 0.03 +0.06b 0.25+0.13a
THALBRTE R 1] ( Nitrospirae ) 0.25 +0.50ab 0.00 +0.00a 0.13 £0.10b
Patescibacteria 0.10 0. 12a 0.10 £0.00a 0.25 +0.37a
H.FEH ] ( Synergistetes ) 0.03 £0.05a 0.10 £0.00b 0.00 £0.00a

1)a.b Hil ¢ FRA 2227 B AR P RERR AN 22 538 B3 R R PR 3R ) 22 5 3%

7 R RSB BT, O TR 1) i 4 TR
FHUAF BT 145, TUED 5 LUAE A 1R B 47K R 2 1)
FAAE R B VE2E ST T AU & ] PRI ] R
T ZEH B BRFTF [ Epsilonbacteraeota | 2f 5t
MOTE T TR E SR ] Ko A > B T TR ER
T RERTE ] BRAT T )R ZF BRI TR ] 108 ] 3k S T
T EZORIE T L IR A TTmk. Hobh A <B BT T8
FERAFFEA ] JEBE TR 1] | Epsilonbacteraeota F1 H. ¢ B
I, U X LR ] FEEORIE T L IR STk, A< s
WA TP X R B K AE S BE B T DAY & bE 2
fPILKAERY 6. 66 ~ 12. 65 fifF, T-test K30 145 Fe s
KWL BAS A M C Az B HFFTE S 2 5. [

F, $UFTF# ] . Epsilonbacteraeota FIIH. F2 & ] A9 5 H
WERI N B KRR, B S A M C A EHFF
TEEVEZE R

A9 5 HLAE B 4L C 41K BE 2Z 1R A7 T7E
EWEFWREITMEMET] WUAFET] R ER
MR REER T R R RATE
Epsilonbacteraeota JE (1 1] ZF M 1] i AL IR
BEBR T T A SR BRI 1], Hoh B > C 19 B 1 1AL 35 40T
EIRNELE TN Epsilonbacteraeota #1 H. FHEI] ,
it B 2 T DX /0N s VI D K AR X g A
Py v ] B E BRI A 5 HEAE A B R C K
FE2Z 0] JC 25 1 22 S W T 1) B 35 28 T2 T 1] L T2k
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B 1H Patescibacteria Z¢. 7 A B fil C Z [a] ¥ 1F
TE 55 PR 22 5 09 T 1) A 465 40U A 1D R TP T
e

JEACE L (W3R 4) , A dHKFEH 7 L KA Tk
H Y s 2 hgel _clade, H R & CL500- 29 _marine
group . Limnohabitans, 21 & W J& . ¥ #F & J&
Polynucleobacter 5 , B 2H 7K FE v (4 LU fie K9 72 BEFF
W E, HOR R hgel _ clade, K B FF W &,
Limnohabitans .21 & W J& B M 1 @ A0 g & R
5F,C HKREEF b B KR 02 hgel _clade , IR &
CL500-29_marine_group , Limnohabitans . EAN=N I
Polynucleobacter 5. B AL7KAE P 8 AT T J Y ot LE 2 A
HUKFER 4. 55 45, J& C 4UKFER 21,47 5. {2 B 41
JKFEH CL500-29_marine_group WY (5 HJ& A ZH/KHE

(¥ 1/5,J2& C 4UKFERY 1/8. THIFE A B I C 3X 3 41K
FEP 5 FE 3 KW hgel _clade . Limnohabitans 14L&
R S E A B E e R 5 A C PR REAR
e, B 2 KR H 7 L B 3 K0 T 2 AT T
NI 1 ) 2.

JEAKE b A HOAE A AT B KA 2 1]
FAAE 35 M 22 S W TR R O B TR R L CLS00- 29 _
marine _ group ., Chloroplast H Kt J& | W & W J& .
Virgulinella_ fragilis 1 Armatimonas. H:H A > B [
JEALEE CL500-29_marine_group . Chloroplast H )& |
Virgulinella_ fragilis F1 Armatimonas , 15 W iX 45 [ J&
FERPE T A IR R TTRk. Hd A < B B8 AL 45
B TR o R S, o 1 — 2 10 W) 5 L R i
UG T Tl JE Y BTk

T4 KESEDEBKE LT SHLEE /%

Table 4  Proportion of bacteria in the water at a genus level/% u‘ i & !
i H A4 B 41 ot / &
hgel_clade 19.08 + L?me 46a 15.30 = 11.11a | & 18.43 = 10'862.1-__,. =]
Limnohabitans 7.05 £3. 14a 7.73 £ 1062a | 9.28 6. 24.&' ;
HFF R ( Flavobacterium ) 4.48/42.93a 20.40 + 12,37 \ 0.9540.29c _~ 4"
CL500-29_marine_group, ¢ 7.40 +4, 448" 1.50 +1. 3.'1'1.) J 12.23 + 12 31¢ -
Chloraplast H /8 10.70 £187 64585 0.10%0. 108! Y 8.13£3.97 /1
L1 E R (Rhodoferax) | < JA/58529% 6.904£2.52a | W 3.70£5:07a = 4
Polyiticleobacter 5" | 1 1. 2873835 3.37£3.07a | 4 3.50 £3.23a .
ST R (Acietobacter) /0145 0.834 933 #11.500 ! 218 +2. 640, "
Chloroplast FI 58 /83 2. 00a 0.20'20. 10b 6.45+3.86c
@%iﬂﬁ 1%1@( Pseudomorias ) “‘0. 88 + 1.48ab 4.07 £3.37a 0.28 £0.10b
Psodayicdla, | D 1704 1. S0ab” 2.20 £1.06a 0.58 £0.42b
Auran/timicroubium, d 2.25 +2:28a 1.57 £0.31a 0.25 +0.17b
Microbactetiaceae T35 & 1.93 +1.96a 1.83 +0.61a 0.10 £0.08b
WA lil)%( Hydrogenophaga) 0.63 +0.66a 3.17 £2.22b 0.38 £0.24a
BFRH & (Acidovorax) 1.20 £0.91a 1.27 £0.35a 0.90 £1.07a
Burkholderiaceae B} J& 1.08 +0. 60a 0.77 £0.15a 0.85 +0.25a
Virgulinella_ fragilis 0.50 £0.59a 0.03 +0.06b 1.83 £1.31¢
Rhodoluna 1.60 £2.02ab 0.80 £0.53a 0.18 £0.15b
Burkholderiaceae FhJ & 0.80 £0.37a 0.53£0.12a 1.10 £0.18b
Rhizobiales_Incertae_Sedis B35 & 1.58 +1.82a 0.20 +0.00a 0.45 +0.06b
Gemmataceae £} & 0.90 +1.21a 0.23 +0.12a 1.10 £0.45b
Armatimonas 0.13 £0.13a 0.00 +0.00b 2.00 £1.36¢
S ROFEER 8 ( Mycobacterium ) 1.13 £0.43a 0.80 =0.40a 0.30 £0. 14b
Sporichthyaceae F} J& 0.55 +0.50a 0.67 £0.55a 0.43 £0.39a
Tabrizicola 0.55 +1.03ab 0.07 £0.06a 0.88 +0.64h
Pseudorhodobacter 0.40 +£0.32a 0.50 £0.20a 0.60 £0.37a
Candidatus_Planktoluna 0.83 £0.97a 0.40 £0.20a 0.20 £0.40a
Sediminibacterium 0.43 £0.29a 0.37 £0.38a 0.50 £0.26a

1)a.b Al c FoRMHME 2RI 03 MR T RRRA R 2253 A B3 AR T RER/R AR 22 57 0 %

A LLAE B R C ALKAE Z (R A7 7 3 1
250 R N AT s L CL500- 29 _marine _group .
Chloroplast H )& .Chloroplast H & BB |
Pseudarcicella . Aurantimicrobium . Microbacteriaceae F}
SR WS JE | Virgulinella _ fragilis . Rhodoluna |
Burkholderiaceae F} 3 J& . Rhizobiales _Incertae _Sedis

B S Gemmataceae B3 & . Armatimonas . 73 K
W& M Tabrizicola. Hor B > C 1Y B J& £ 45 25 4T
J& 5 BA M & | Pseudarcicella | Aurantimicrobium |
Microbacteriaceae Bl 3t J& % & J& . Rhodoluna F53
ROAF R, 150 B2 90 35 DX/ N el 2 AV D K AR ik
SEf A Y B R T EE R IE. SUEY 7 LEAE A B T C
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e

ZmEJC e #EHEZERNEE N hgd _ cade,
Limnohabitans 215 & . Polynucleobacter . NehH
B, & % J& . Burkholderiaceae F} - J& .
B H J&. Pseudorhodobacter .
Candidatus _ Planktoluna F1 Sediminibacterium %%. {E
A B I C 2 [A) P4 4775 i 25 1 22 S 100 TR s O BT T
J& Flavobacterium ., CL500- 29 _
H 5 &,

Sporichthyaceae

marine _ group .

Chloroplast Virgulinella _  fragilis i
Armatimonas.
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A P B8 B 5 KR Y pHL B ﬁﬂ@&i’\%ﬂ%ﬁkP
5517 DI 1T Forward 43 #7#1 CCA 43#7, 4
Rl s FE 6 Frs. WELS LU ) @QW@%
PR ER 55 5 — 2 Sl RN A — 2 ¥ B OE A G, PhYT
Fe’* Zn®t M N 58— FMBIEM X, 5% %
Bl S SR G, A AS 0 WSS 0 pH L DOC B AR |

Cu®* T A 55— Tl NI, 55— R
A, A LC° A Mn® " 55— ﬁﬂa&*‘“*ﬂﬂaﬂj
Vi P WA B B RR EE
R AR 4 0.26 . 0. 20 0/ pfis
10014, XA o e e 5 590 A ot W g
el 5 S Sk LRI i R FR %%ﬁi@ﬁﬁ
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Fig. 5 Canonical correspondence analysis of environmental
factors and microbial proportions at genus level

in the water samples from different sources
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%@%%@ﬂ‘)ﬁﬁ?@) _JUEILH (i 6) ‘B QEzEI’th
i ’ﬁﬁn XLY10 il XLY 11 B S 0 v 4R
fﬂvaW&w&ﬁ@w%'ﬁm“ Fe ik
RIS A 2] 10 I 73 4 A5 XLYl XLY2%5"
XLY4 Fil/C éﬁé’]j:iﬁ%ﬁ% S XLYS CXLY /A
XLY9 E’JME%%«MH& 5 n®r | Ve MRS
TEARG, AR L Al Sl 1A . /Hﬁi'%ﬂ
SRR T A S R o 5 ELERS T R b U
ST 1), PRSEEIA XA A A 7 8 5 i) e
R XLY6 A s o A W R Vi 20 R 32 S Wl S B R 42 Y
SRR f K, XLY10 A XLY 11 FE S M s 41
IR A S BB R R BE Fie R, XY T R XILYO A 1 6ok
A Wi 28 2 B A R B ST R AR
JEK R B 5355 A T 19 Spearman A 3¢
MM g R W3R 5. Nl UG |, Limnohabitans |
Rhodoferax 1 Acidovorax 5 i 75 & 2 b 35 IEAH K
Z. Flavobacterium . Polynucleobacter .
F1 Hydrogenophaga 5 Wil 25 & 2 1IE A KL &R, 1M
CL500-29_marine_group 5 A5 A5 A 2 A COC &,
Microbacteriaceae B} 4 J& F1 Hydrogenophaga 5 5.
BIEM KK R, Flavobacterium F1 Pseudomonas 51,
ey & & 2 IE M K & &R, Aurantimicrobium F
Microbacteriaceae B4 &5 Mn®* 4% i 2 1IEAH 56 56
Z , Limnohabitans . Rhodoferax 1 Acidovorax 5 As’*
2R ¥ IEMHXX R,
Microbacteriaceae B} 5 J& 5 DOC £ & 3 1F A 5 %
%, CL500-29_marine_group 5 DOC 2 g & A%
K 2. Limnohabitans 5 Cu”* S 5L F IFAHE R,

in the water sampleq from different source§
I

Pseudarcicella

Aurantimicrobium
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Table 5 Spearman correlation analysis of dominant bacteria at genus level and environmental factors
mH pH MAER  WHEA S k4 Mn?* As* DOC Cu®*
hgel_clade 0.05 -0.35 -0.15 0.14 -0.33 -0.16 -0.13 -0.18 -0.42
Limnohabitans -0.30 0.61" 0.03 0.03 -0.48 0.08 0.57* -0.02 0.61"
Flavobacterium 0.66" 0.42 0.90 ™ 0.49 0.62" -0.03 0.32 0.21 0.17
CL500-29_marine_group ~ —0.62 " -0.01 -0.81" -0.42 -0.32 -0.40 -0.07 -0.72" -0.34
Chloroplast H %% -0.34 -0.15 -0.37 -0.18 0.17 -0.24 -0.37 -0.24 -0.17
Rhodoferax 0. 06 0.84 ™ -0.62" 0.30 -0.01 0.26 0.80 ™ 0.15 0.55
Polynucleobacter 0.02 -0.37 0.79* -0.24 -0.22 0.51 -0.09 0.42 -0.23
Acinetobacter 0.26 -0.21 0.38 0.14 -0.08 -0.15 -0.24 0.31 0.55
Chloroplast H %% -0.04 -0.49 0.22 -0.17 0.04 -0.32 -0.52 -0.47 -0.21
Pseudomonas 0.55 0.51 0.36 0.36 0.68 " -0.05 0.55 -0.06 -0.20
Pseudarcicella 0.16 0. 08 0.76 ™ -0.09 0. 05 0. 60 0.45 0.53 -0.09
Aurantimicrobium 0.15 0.04 0.29 0.05 -0.12 0.87™ 0.29 0.78 ™ 0.29
Microbacteriaceae B 5:J&  0.23 -0.03 0.58 0.66" -0.08 0.75™ 0.18 0.78* 0.28
Hydrogenophaga 0.57 0.34 0.66" 0.99™ 0.35 -0.09 0.18 0.26 0.40
Acidovorax -0.15 0.67" -0.01 -0.23 -0.36 -0.09 0.57" -0.20 0.52
1) * #75 P<0.05, % * 5 P<0.01
,l' |
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