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Microbial community structure and spatial distribution in
sediment of the Third Drainage Ditch in Ningxia
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2 School of Ecology and Environment, Ningxia University, Yinchuan 750021, Ningxia, China

Abstract: [Background] Microorganisms play an indicative role in the environment, and the
composition of microbial community is one of the research hotspots in water environment. [Objective]
To explore the bacterial community structure and spatial distribution in the sediment of the Third
Drainage Ditch in Ningxia. [Methods] The physicochemical properties of the sediment samples were
analyzed, and the 16S rRNA gene amplifiers of bacteria in surface sediments from 11 sampling sites in
gullies and main tributaries were sequenced by high-throughput sequencing technology. [Results] The
sediment of the Third Drainage Ditch had weak alkalinity and spatial differences in physicochemical
properties including organic carbon, total nitrogen, total phosphorus, ammonium nitrogen and nitrate
nitrogen. The concentrations of organic carbon, total nitrogen, and total phosphorus in the sediment of
Pingluo section were lower than those in Helan and Huinong sections. The richness and diversity of
bacteria in the sediment of Huinong section (in the lower reaches) were significantly higher than those in
Helan section (in the upper reaches). The dominant phyla were Proteobacteria (24.41%-44.40%),
Chloroflexi (5.46%—17.55%), (9.12%-21.21%), (6.96%—-13.10%),
Thermodesulfobacteria (3.40%—12.20%), Firmicutes (3.31%—-14.61%), and Acidobacteria (2.00%—9.77%).
The dominant genera were Thiobacillus (6.73%) and norank f Steroidobacteraceae (4.28%). The

Actinobacteria Bacteroidetes

bacterial community composition in the sediment of Shi’er tributary was much different from that of the
Third Drainage Ditch, while the composition was similar among the sampling sites in Huinong section.
The redundancy analysis of bacterial community and environmental factors showed that total nitrogen,
ammonium nitrogen and nitrate nitrogen had great influence on bacterial community structure in the
sediment. [Conclusion] The bacterial community in the sediment of the Third Drainage Ditch showed
obvious spatial differences and was greatly affected by nitrogen. The microorganisms involved in

nitrogen cycle remain to be studied.

Keywords: drainage ditch; sediment; bacteria community structure; spatial distribution
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Table 1 Coordinates and characteristics of sampling points
X 35, KA A E23)3 Hiig (DACEEE( i
Region Sampling site Longitude (°) Latitude (°) Position feature Remark
B S1 106.306 216 38.653 826 =R A
Helan Starting point of Third Drainage Ditch
county  S2 106.357 654  38.734 299 Mo i B
Diannong river Feeder drain
S3 106.359 209  38.733 303 A C AR
Confluence of Diannong river and Third Drainage
Ditch
S4 106.366 161 38.745 924 BrE =Her it
Distributary of new and old Third Drainage Ditch
FEHE S Ss 106.392306  38.755 621 “HEACEZ Wi
Pingluo Third Drainage Ditch flow into Pingluo section
county  S6 106.457 660  38.833 534 e =HLE R
Confluence of new and old Third Drainage Ditch
S7 106.495 313 38.955 472 e | B3
San’er tributary Feeder drain
S8 106.505 668  38.968 645 + 5 X
Shi’er tributary Feeder drain
HAX  S9 106.545 025  39.018 637 “HEA R
Huinong Third Drainage Ditch flow into Huinong section
district ~ S10 106.672 197 39.163 598 WA G
Confluence of Laoyanhu ditch and Third Drainage
Ditch
S11 106.779 716 39.200 689 S IHHE AR

Before confluence of Third Drainage Ditch and
Fifth Drainage Ditch

1.4 JREEAMEERNE

WE RC Ve B IE bR ds pH. ALK . 2
. . AEAMWESA. pH HES% L
BR(18]. IKUEA PR . A . & . ZAMEES
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Hodr A B D E SR P A R A 4 v -4
gk RS ENERHIIRERLE; 2
B e SR AR B P L ks IR A AR A
R E R AL B M B B e Bk
1.5 JEJRZAE 16S rRNA EF S BENF

MR 48 B A5 E 1 7 24 B A 7% 5L DNA 4, ff
FH 1% A B A B e P TR RS 2 B DNA ) 58 3%

P, (B Bl 36 B I 2 DNA R BE Al
B i S 2 338F (5'-CTCCTACGGGA
GGCAGCAG-3")#ll 806R (5-GGACTAGHVGG
GTWTCTAAT-3")%f 16S rRNA H£[H V3-V4 A] 25
X7 PCR &3, TR 3 IR A,
FIFH Tlumina 23 7] () MiSeq PE300 - ¥E1 71 1
ST, e AR AR AT BR A A 58 e
1.6 H#FEAIE

K1 Excel 2013 #AFHATERALHE ; RATE
AR B ArcMap10.2 B2, (e
AN EIAAE = 6 2 RS 2 5o HT . BT
Mothur FAFHEAT o ZREED AT, BESE AR REVE
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Table 2 Physical and chemical indexes of sediment
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97%LA I, Uk B RE S AR FAEAS b 240 B 1) B S 1
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FIHEATGETT, LA 97% M — B0 Ky 51 SR 2 i,
SRIGXT OTU AR T H A T Rl i B o JiS TR i
SR BE AL AL AL PR, b 00 ) 250 HA X 1 0
AR, SRR dE Do v, &
RSB ET 22, RPN T A5 R A AT R,
A LA 2 i — 25 A3 BT K

FEA 2 90 8 250 (18] 23 32 ) A i 43 #r 485
RIMRAE, W HAT B BRI AR T R
—i, BT ARSI AAR R, RTRUE S, 4
P REVE AL R I 22 B % H B (S1-S6) .
=R X B (ST, SO-SID A+ i
(S8) = KiB4r. Ui LUz S1-S6 T Bty 4
RIS RICIT;  S7 VUSRI BB+ — %
AN AR R i b MRz
MIRETE AL 22 B .+ 0 1 (S)TEIZ S R
Ferp R —37, BEHILRAE MR TR 5O
ke S AEER K ESR .

TR pH  ATHLIk o S AR AR
Sampling site TOC (g/kg) TN (g/kg) TP (g/kg) Ammonium nitrogen Nitrate nitrogen
(mg/ke) (mg/kg)
S1 6.96 12.83+0.20 2.31+0.03 0.91+0.03 88.07+0.30 21.424+0.29
S2 7.98 14.95+0.35 2.07+0.00 0.61+0.01 81.53+£0.16 21.45+0.08
S3 7.82 19.36+0.12 2.66+0.01 0.88+0.02 98.29+0.17 4.69+0.18
S4 7.58 15.21+0.17 2.77+0.01 0.99+0.01 98.38+0.08 4.33+0.57
S5 7.65 4.15+0.07 0.59+0.01 0.35+0.01 19.92+0.26 31.81+0.35
S6 7.56 2.51+0.11 0.58+0.01 0.25+0.02 8.75+0.06 4.84+0.43
S7 7.64 11.48+0.20 1.13+0.01 0.43+0.00 16.45+0.17 8.03+0.20
S8 7.83 25.75+0.25 1.95+0.01 0.40+0.02 25.60+0.27 4.34+0.37
S9 7.18 13.69+0.16 2.01+0.00 0.88+0.00 29.34+0.16 11.43+0.36
S10 7.59 16.42+0.15 1.89+0.00 0.92+0.03 31.2540.20 7.91+£0.21
S11 7.85 18.15+0.17 1.96+0.00 0.73+0.02 42.54+0.21 4.64+0.49
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Figure 2 Hierarchical clustering tree.
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Table 3 Bacterial community alpha diversity index

Sampling site OTU number  Shannon Simpson ACE Chaol Coverage
S1 2290 5.967 164 0.010 611 3011.516 181 3001.410 188 0.976 989
S2 2329 6.025 503 0.007 812 3 104.647 910 3 120.878 378 0.976 385
S3 2213 5.763 769 0.011 917 3 088.538 364 3010.501 319 0.976 065
S4 2 146 5.695 778 0.013 986 2 931.783 358 2 879.008 242 0.978 258
S5 2818 6.513 970 0.005 251 3457.227 788 3450.221 978 0.978 317
S6 2195 5.769 226 0.012 468 2 854.422 046 2 826.994 460 0.981 295
S7 2 437 6.220 825 0.007 913 3 181.506 120 3101.127 315 0.975 134
S8 2319 6.714 109 0.002 936 2 657.377 306 2 695.582 237 0.984 382
S9 2500 6.390 860 0.006 415 3 333.145 776 3 272.416 667 0.970 764
S10 2 541 6.315 065 0.006 759 3 325.282 707 3291.706 311 0.975 038
S11 2 663 6.279 163 0.008 657 3 454.490 547 3379.637 712 0.973 779
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Figure 3 Sediment bacterial composition and relative abundance at phylum level.
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Figure 4 Sediment bacterial composition and relative abundance at class level.
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Figure 6 Redundancy analysis of sediment

bacteria and environmental factors at phylum level.
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Figure 7 Spearman correlation heat map.
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