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Relationship Between the Vertical Distribution of Nutrients and Bacterial
Community Structures in Sediment Interstitial Waters of Stratified Reservoirs

with Different Water Temperatures

WANG Shen', ZHANG Si-si', XU You', GUAN Zhuo-yu', YANG Zheng-jian®" , LIU De-fu'*, MA Jun'

(1. Hubei Key Laboratory of Ecological Restoration of River-lakes and Algal Utilization, School of Civil Engineering, Architecture and
Environment, Hubei University of Technology, Wuhan 430068, China; 2. Engineering Research Center of Eco-environment in Three
Gorges Reservoir Region, Minisiry of Education, Three Gorges University, Yichang 443002, China)

Abstract: In order to study the relationship between the vertical distribution of nutrients and bacterial community structures in sediment
interstitial waters of stratified reservoirs with different water temperatures, MiSeq high-throughput sequencing was used to analyze and
compare the structural characteristics of sediment bacterial communities after reservoirs were built. Additionally, redundancy analysis
(RDA) was used to assess the bacterial communities and environmental factors with Cannoco software. The results showed that the
temperature difference between the surface and bottom layer of the Xiaowan Reservoir was 3. 3°C , and the maximum thermal gradient
was 0.2 °C»m ™' ; thus, it was a typical stratified reservoir. The temperature difference between the surface and bottom layer of the
Manwan Reservoir was 0. 1°C ; thus, it was a typical mixed reservoir. The average concentrations of NH, -N and NO; -N in sediment
interstitial waters of the Xiaowan Reservoir were 2. 233 mg-L™" and 0.030 mg-L™", while those of Manwan were 2. 569 mg-L~" and
0.016 mg-L™", respectively. In the different reservoirs, the concentrations of NH, -N showed upward trends, and while variation of
NO; -N was not obvious, the content of NO; -N reached a minimum value in the deep layer. In comparisons between reservoirs, only
NO; -N showed a significant difference, in which Xiaowan had obviously higher concentrations than Manwan. The bacterial community
structures in the Xiaowan and Manwan reservoir sediments had the same dominant bacteria at the phylum, class, and genus levels. The
differences of water temperature stratification had no significant effect on nutrients and microorganisms in the sediments. Under the
influence of other factors, the denitrifying bacteria in the Manwan Reservoir sediments were more abundant than those in the Xiaowan
Reservoir, and the nitrifying bacteria and anammox bacteria in the Xiaowan Reservoir sediments were more abundant than those in the
Manwan Reservoir. In the same reservoir, the denitrifying bacteria in the bottom of the sediments were more abundant, and the organic
degradation bacteria, nitrifying bacteria, anammox bacteria, and phosphate-solubilizing bacteria were less abundant in this zone. These
trends contributed to the differences of nutrients vertically in the different reservoirs.

Key words: Lancang River; stratified sediment; interstitial water; nutrient; bacterial community
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Fig. 2 Sediment stratification diagram
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Fig. 3  Distribution of physicochemical factors

in the stratified sediments
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Table 1  Analysis of nutrient differences in different reservoir areas

L7 TN NH,' -N NO; -N TP PO~ -P TOC
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0 0 0
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g £ =
2 2 o
| = |
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—— By
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Fig. 4 Bacterial a diversity index in the sediments
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Fig. 5 Community structure and distribution of the dominant species at the class level
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Fig. 6 Community structure and distribution of species at the genus level
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Table 2 Vertical distribution of functional bacteria in sediments
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XW0-2  XW2-5  XW5-10 XWI10-15 MWO0-2 MW2-5 MW5-10 MWI10-15
Sphingomonas A HLA e o 2.89 2.60 1.39 0.94 2.86 1.53 1.57 1.17
Nitrosospira IR s A AR 0. 04 0.05 0.05 0.03 0.01 0.01 0.04 0.13
Nitrosomonas 48 A A Ak 0] 0. 00 0.01 0. 07 0.01 0.03 0.02 0.01 0. 07
Nitrospira DA e A 0. 00 0.14 0.38 0.37 0. 20 0.18 0.33 0.73
Nitrolancea WA R R A 0.01 0.02 0.02 0.03 0.01 0.01 0.03 0.01
Nitrobacter R L A 12 0.01 0.16 0. 04 0.07 0.08 0. 08 0. 06 0.18
Pirellula IR A A 2.18 1.96 1.01 0.84 1.72 1.06 1. 40 1.30
Gemmata PRAA S AL 1.10 0. 68 0.19 0.22 0. 47 0.38 0.34 0.24
Candidatus Brocadia R AL 0.01 0.01 0.00 0.00 0. 00 0.01 0.01 0.01
Candidatus Kuenenia R EAL1! 0.00 0. 00 0.02 0.01 0. 00 0.01 0.00 0.06
Acinetobacter fitife, BwEl) | m el 0.38 0.25 0.06 0.04 0.06 0.12 0.02 0.17
Bacillus ﬁﬁiﬁc‘][f‘] S U 1.12 1.34 0.56 0.15 0.53 0.73 0.16 0.12
Pseudomonas iig%g\?ﬁf;? : 0.23 0.05 0.17 0.09 0. 07 0. 04 0.05 0.20
Clostridium sensu stricto JZftifh . %ﬁ?‘i 14, 24] 3.32 2.98 2.94 3.69 4. 88 7.43 3.61 0.34
Ornatilinea FRtiaAnd 0. 10 0.15 1.34 0. 45 0.38 0.57 0.39 0.95
Gemmobacter A Re] 0. 80 0.44 0.11 0.19 0.76 0.25 0.08 0.06
\ N
Rhodobacter iiﬁ;gﬁéﬁiﬁ& LS 0.19 0.12 0. 04 0.03 0.38 0. 06 0.13 0.11
" R

Dechloromonas iigg%ﬁi&m% A 0.01 0.02 0. 00 0.16 0.32 0.19 0.15 0.03
Longilinea AT | A7 ML R 26 0.16 0.23 0.79 0.87 0.58 0.75 1.01 0.91
Defluviimonas R Le. 271 0.15 0. 20 0.13 0.09 0.58 0.08 0.12 0.09
Exiguobacterium zﬁggé i%l; o 0.05 0.01 0.00 0.00 0. 04 0.03 0.00 0.00
Steroidobacter A0 0.12 0.10 0.10 0.61 1.00 0. 50 0.77 0.14
Thauera Rl AR 0. 00 0. 00 0. 00 0.00 0. 01 0.02 0.01 0.00
Thermomonas Ak 0. 04 0.02 0.01 0.03 0.24 0. 14 0.03 0.03
Thiobacillus AL 0.01 0. 00 0.01 0.20 0.03 0.10 0.13 0.06
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St (7)), NE TR Y, UM E &
( Exiguobacterium ) . Defluwviimonas . # 58 ¥ W J&
( Gemmobacter) . ¥ 2 I . )0 B J& ( Sphingomonas ) |
SFAUFT B (Bacillus) . ZL401# J& ( Rhodobacter ) . /)N
FUE B ( Pirellula) . H2EHEE (Gemmata) . NBIZH
HE ( Acinetobacter ) Fl Candidatus Brocadia 5 TN,
TP, PO, -P. TOC A &4 IEA &k, M5NH, -N

MNO;-N £ i A 3¢, B b, M/NTHEE
( Exiguobacterium ) . Defluwviimonas . # 58 ¥ W J&
( Gemmobacter) . ¥5 R 1 ¥ ) 45 )& ( Sphingomonas) |
ZEHUFTE & (Bacillus ) . 2140 1E J& ( Rhodobacter) . />
I W & ( Pirellula) . 1 2F W B ( Gemmata )
Steroidobacter . it 7 2.}l # J& ( Dechloromonas ) Fl1#
PR 5 J& ( Thermomonas ) 5 TN, NO; -N, TP,
PO, -PABUFRIEACHE, 5 TOC 2 MK,

E7 #MOEESHEETFH RDA 54

Fig. 7 RDA analysis of environmental factors and part of bacteria

3 g

3.1 KDY i S T ) A A BT

VU R AEE R A AL RO AR, 7
KT R SRS AL B AR K B I E A, Sl
OGS R S T P Y B A R ), A T S ) R IR
FCRDY . DU HoK A ih T PRAE IR, AT
REBR RS /b, HURMEBE2S 00 6 A 1 At %
T2 1 mm OB E SRR A WY E AN
ROUFRY)-7K T 1 A S A i I 58 R B, X
WA Sl B R B T ORI K L P
NREESEHEIN [ E 8 (a) |, FILTLERY Rl
A B AR 2 FR R E AW 2R
S 5 AN TR AR b G K i S Az B R i 3
PUASIR] By B e e B, Lk s i 41 25 S5 O R IvT
RIZUURIA BRI 5.

K 8 (b) Fizn, /NEKZERFIKIR 193 m, FIK
MR K(3.3C), #HEIZ (43 ~93 m) B AR {LR
F | B RKIR B EE 0.2 °C-m ™", HA B WA K
oY s VSRR ORI R 40 m, FRIRIREK
/N0 1°C) , KT RIA 51 404, 2 LB R & K
. ZAKIRATERE M, /N KRR K ARV i AR 2
SRR, IRZE AR 4.3 mg- L', &S0
ZRBUN, IRIZFRWE RN 7.4 mg-L™". U
Wb T8 K il S B LA 2 S BOK U B SR I 2

(a) VIR AR AAC BB (b) /AINE A P K Kl |
P Ate S U 4 0 Dt L T i)
B8 mIMMAMRIARA R KEREEFEE SR
Fig. 8 Dissolved oxygen exchange model in sediments and

distribution of environmental factors in sediments

KRR, DMK SRR, 2Kk 2
I R UURY KA A2 SRR, BTSN
TN,

ORP FHR FAF A 5t Ak 1 i S5 i) A X A
&, NETURRY) ORP 224K 130 ~ 148 mV, -1
{8 136 mV, HH 52 ORP fx Kk, EJZ VU FHERE
BN s 18T AR NS 99 ~ 142 mV, FHH
114 mV, [FEFERZLIT BN, o228 08 45
gz, NS | BISTIURYIRZE ORP 2 REUN, Ui
Mz PR R 2 S/, il U - ral
DIEH, KIS EX /N | @S IR L B K i
ASMEA, (HXF IR I TG i 3 5 .
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3.2 KPR ] B oK 8 TR Eh e 0] o3 A 5 AR )
PRI KR

i3 16S rRNA HEP Tllumina MiSeq 125 18 -1l J5
S5HCkE, NG B DURY H A R A A TE ]
MOL T JE, HA w5 4 A R TR B
T7% , RHTEE 36 2 R REVE G2 34% , Ha ok
A BORBUNTISE, XAFE AT AR A%
RN RN AN RN W R R TR = VRN
G

TN SKE (] 3) , AN PR IX AR 3R 2 1 i
K, XA REREZ B IME RS Y P DU UAE Py Y
AL RAERIITEC™ . INEI KRR, IRE A
FALTR R Z TR ER R B, AT 4= 3R
FEEAMANRZEE, WA SRR FIFRARK
Ak, MRS FA LY e TR TE R 2 RIS
FRE, N HEAT B BT, B B R R
( Sphingomonas ) TEAN[R] 2 X [0] 3 FE H41 e R, by 3]
AP SR , L ) 7 1] ) R R R e, 5 TN 2
] T e vk B S A B HAH AL, H5 ORP A Y 3 1]
AR B — 0 R R], BB
J& ( Sphingomonas) H: i J1 i it 52 355 57, X 2 A5
BER ST AIYA RIFMRERIER, I B 247
FEF HARAD | HEMIAE /N | 18 T i X UR A v
N R ( Sphingomonas ) J& F B K HE R F4A
WUV A D) RE A 4 T & (181 9) , X FI RDA 3 #r 45
SR rp O S P B TR ( Sphingomonas ) 5 TN HA TR
U IEAR OGO R —2L.

NH,’ -N5 TN 3 [m] 53 A7 FRAE AR 52, 5% i) JH: 3 [
O3 A AR Y B A ZACERT | R AERT . IR
R AAAER].

Hh G AR IR AT & A A VLY o)
HRRBAEY R, WZFRFTF S (Bacillus ) | &
¥ B OJ8  ( Pseudomonas ). A B FF &
(Acinetobacter ) FNH/INT 7 J& ( Exiguobacterium ) #R /%
AL REAFTE. RDA Z34frHh, X SE DI RETH 5 &A
FHOCHERR 22, (HIX IFAS 2 DA A 2 ik 26 7 i 1 2 fh A
1, 2 a] B2 i THxX LE T RE R DLW h [R) Is
25 A 24 00 A Ak~ AR R e e 202

T3 M E PB4 SR VR R fiF R 6 4 AL
VEFIMIER 732 A, 22 S8 A E PR S i A B oz ) FiR
AR, FE A AL E (AOB) M ALl
(AOA) JR N 58 WL ), SCBRATINZ5 b, 46 K 241
DL AOB b3, Uil L BRI J& ( Nitrosospira ) A
AL A ( Nitrosomonas) . WASER Eh B ALIIGEE, W
HALIEIE & ( Nitrospira ) . Nitrolancea FIRHALAT 1 &
( Nitrobacter) , X% 5% S AL [F] 2 5 58 L3 A il

Pt R FAUNZF AT R R ( Bacillus ) | 550 R
( Pseudomonas ) FIABIFT I J&E (Acinetobacter ) [RIREH 2
AR AT R 2 2 N4 B S RDA 25
HokE, NEFEX T, HA A EIE (Bacillus ) Fl
NENFTFEEE (Acinetobacter) £ . R EA B F 1
Tl FIERIENE S B 5 NH, -NA B 1Y FAH
WA R, ] B RAENER, B
NH," -NA B0 GO SCHE. SIS TR 3 240
T & o 25 f AT R ( Bacillus ) 1A 3l 1 B s
(Acinetobacter) , 18785 P2 X T FRY) T B AL 1 & o 25
TFFTJE ( Bacillus) (119).

HURA & A A N T gemite-Iaigfe, 5
SR HAR A, (X A B AR EE R X, &
SRR IR A A A AE YR T F IR E
( Planctomycetes) ', AR PG 45 3 /N AL T B )
(Pirellula ) . 1 %F # J& ( Gemmata ) . Candidatus
Brocadia 1 Candidatus Kuenenia & W 1 R H & E
Tew)E " HA/NRIE & ( Pirellula ) RS 25 14 )&
( Gemmata ) TE/NE | @B VIRY hEER R, MM
FREWMERAE®mTE, 2FERAAAMALE
(E19).

DAL X Se gk AL AR | il 1k T AR R
A T EX R BB EMIKZEAL, X5 ORP
FAERYIE ]38 SR M s 3 — 3L, K )2 ORP B
FALPERGR , (AR ALVE B ar 17, {2 fENH, -N
FEAR, RZLUT ORP BAA I Ess , HaEm Fig
Wk, @AER . S ALVE 2 B, NH -N&
Az BRI FLZ i SR AR i
SR EN—E

NO; -NHE [a] T2 K R BT B VR R I, X R
JEBR A A OC, T B Al AR H 32 195 ik
A A, A PLY) T & W B pH 45 IR & (A 5 52
W LR B T B R 2 5. Mo
REV e A R &, BBl Ak D) BE T AT 2 ST A s
(Bacillus) . Clostridium sensu stricto . Ornatilinea . *
FEAT 18 & ( Gemmobacter ) . 1 28 1 J& ( Longilinea ) |
Defluviimonas . wmNHEE ( Exiguobacterium ) |
Steroidobacter . )0 X @ ( Thauera) . BRI H &
(' Thermomonas ) Mmoowm W 8
( Thiobacillus )''~18: 07329300 3t 25 40 4T H )&
( Bacillus) BB & B, B R EBEF 1] ( Firmicutes )
FHIIRERECN 20— KW R, BB S REZBHAA K
H AL RE (1) IR 45,48 B4 4 ( Anaerolineaceae ) | “EJE I
2M ( Proteobacteria ) . it 2k # 29 ( Actinobacteria ) 17
JERIR 75 49 ( Planctomycetacia ) S5 fa 2 47, [A A4 2
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Pedt HAL S i AL 1 A= 4, IF B Ornatilinea . 258
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)/ FH 2 (i 2E 40 FT 1 8 ( Bacillus ) RS ALRE J1 A
ER B ST AR TR, B R
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( Longilinea) W] Bg & F Z ) S ABALE (F1 9) .

i 2 2275 2 RE T s T o) 0 A A 4 (/NS RNV A AR L, LUNE TP IE RS %)
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Fig. 9 Vertical distribution of functional bacteria in sediments
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