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Effects of ecological engineering on water quality and bacterial
community structure in the Second Drainage Ditch in Ningxia

WANG Kai', QIU Xiaocong’, YIN Juan'", DONG Junlin'

1 School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan, Ningxia, China

2 School of Life Sciences, Ningxia University, Yinchuan, Ningxia, China

Abstract: [Objective] To study changes of the bacterial community structure in the Second
Drainage Ditch in Ningxia after ecological engineering. [Methods] We employed high-throughput
sequencing to study the bacterial community structures in water samples. We explored the factors
affecting the bacterial community structure by non-metric multidimensional scaling (NMDS) and
redundancy analysis (RDA). [Results] From August 2021 to August 2022, the ammonium nitrogen,
total nitrogen (TN), permanganate index, dichromate oxidizability (CODc;), and fluoride in the
water decreased substantially after the ecological engineering. The dominant bacterial phyla in the
water were Proteobacteria, Actinobacteria, Bacteroidetes, and Chloroflexi and the dominant genera
included hgcl clade, SARII cladelll, Limnohabitans, Rhodoferax, and Flavobacterium. The
bacterial community structures showed significant differences across different sampling locations.
The NMDS results revealed significant variations in the bacterial community structure across
different sampling months. The RDA results indicated that total phosphorus (TP), COD¢,, and pH
were the key factors influencing the bacterial community structure. Notably, TP, COD¢,, and TN
together explained the largest variance (8.81%) in the bacterial community structure, followed by
TP combined with COD¢; (—8.05%). [Conclusion] After ecological engineering, the water quality
of the Second Drainage Ditch improved, and the bacterial community structure became more
diverse. The physicochemical properties of the water strongly influence the distribution and
diversity of bacterial communities in the Second Drainage Ditch in Ningxia, which provide a
scientific basis for managing the regional water environment.

Keywords: Second Drainage Ditch; bacteria in water; ecological engineering; community structure
characteristics
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Table 1 Coordinates and characteristics of sampling points

Sampling site Longitude (E) Latitude (N) Elevation (m) Position feature

S1 106.269 625° 38.426 501° 1107.40 Shengli street intersection

S2 106.281 720° 38.440 568° 1105.10 Baohu east road intersection

S3 106.300 610° 38.454 844° 1103.20 Xinhua east street intersection
S4 106.309 122° 38.460 486° 1100.10 Yintong highway intersection

S5 106.319 875° 38.466 880° 1 098.70 Beijing east road intersection

S6 106.368 652° 38.489 518° 1095.10 Jingzang expressway intersection
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Figure 1  Variation characteristics of nine physicochemical factors in the water body across different months. A:
pH; B: Electrical conductivity; C: Total dissolved solids; D: Ammonium nitrogen; E: Total nitrogen; F: Total
phosphorus; G: Permanganate index; H: Chemical oxygen demand; I: Fluoride. Different letters represent
significant differences at the P<0.05 level. The error bar represents the standard error of the corresponding index

for different months.
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Figure 2 Alpha diversity index of bacterial communities in the water body across different months. A: Chaol

index; B: Observed index; C: Shannon index; D: Simpson index. Different letters represent significant differences

at the P<0.05 level. The error bar represents the standard error of the corresponding index for different months.
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Figure 3 Relative abundance of bacterial communities at the phylum level in the water body across different
months. A: Top 10 bacterial phyla in terms of relative abundance at the phylum level in August 2021; B: Top 10
bacterial phyla in terms of relative abundance at the phylum level in December 2021; C: Top 10 bacterial phyla in
terms of relative abundance at the phylum level in May 2022; D: Top 10 bacterial phyla in terms of relative
abundance at the phylum level in August 2022.
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Figure 4 Relative abundance of bacterial communities at the genus level in the water body across different
months. A: Top 10 bacterial genera in terms of relative abundance at the genus level in August 2021; B: Top 10
bacterial genera in terms of relative abundance at the genus level in December 2021; C: Top 10 bacterial genera
in terms of relative abundance at the genus level in May 2022; D: Top 10 bacterial genera in terms of relative
abundance at the genus level in August 2022.
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composition (phylum level). 1: Proteobacteria; 2:
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5: Verrucomicrobiota; 6: Desulfobacterota; 7T
Chloroflexi; 8: Firmicutes, 9: Acidobacteriota; 10:
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Figure 7 The relative importance of five physicochemical factors on bacterial species abundance. The results of
the variational decomposition and hierarchical segmentation analysis are presented using UpSet graphs. Each row
in the dot matrix on the right corresponds to a physical and chemical factor. For each column, isolated black dots
represent the marginal effects of various environmental factors, and lines connecting multiple points represent the
common effects among these environmental factors. The percentage of variation released by each group
decomposition (from the variation decomposition) is shown in the upper bar graph. The left column chart shows
the individual effects of each environmental factor (from hierarchical segmentation), whose values are equivalent
to the marginal effects of that physical and chemical factor, plus the average distribution value of the combined
effects with other physical and chemical factors.
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