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Effect of sulfate on surface sediment microorganisms in
freshwater aquaculture ponds
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1 Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, Hubei, China
2 College of Life Sciences, Huzhou University, Huzhou 313000, Zhejiang, China

Abstract: The ecological effect of sulfate has attracted increasing attention, while little is
known about the impact of sulfate on sediment microorganisms in aquaculture ponds.
[Objective] To explore the influence rule and possible mechanism of different concentrations
of sulfate on sediment microorganisms in aquaculture ponds. [Methods] The experimental
systems were constructed with the sediment and surface water collected from an aquaculture
pond. After the addition of 0 mg/L (control group), 30 mg/L (T1 group), 150 mg/L (T2 group),
and 500 mg/L (T3 group) Na,SO,, the changes of the abundance, diversity, composition, and
co-occurrence network of microbial community in the surface sediment were determined, and
the environmental factors influencing the sediment microorganisms were analyzed. [Results]
The sediment microbial communities showed little differences among groups within 30 days of
incubation. On day 50, the microbial abundance and diversity in T2 and T3 groups decreased
significantly compared with that of the control group. Compared with that in other groups, the
relative abundance of Acidobacteriota and Bacteroidota in T1 group and that of Proteobacteria
and Actinobacteriota in T3 group increased significantly (P<0.05). Compared with those in the
control group, differential taxa increased in T1 group (62 taxa) and decreased in T3 group
(45 taxa). The complexity of the microbial co-occurrence network was increased by
high-concentration sulfate, which suggested that the microbial community might respond to the
environmental changes caused by sulfate via self-regulation. The redundant analysis and
correlation analysis revealed that the total organic carbon, total nitrogen, and
oxidation-reduction potential of the sediment were the main environmental factors influencing
the sediment microorganisms, suggesting that the sediment microorganisms might be affected
by the interaction between sulfate and organic matter. [Conclusion] The long-time exposure to
high concentrations of sulfate significantly affects the sediment microbial communities in
aquaculture ponds, in which the transitions of microbial communities and changes in organic
matter decomposition caused by sulfate may play a role.

Keywords: pond aquaculture; microbial community; differential taxa; co-occurrence network;
sulfate; organic matter
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i i (Mettler Toledo)M%E ., JiEYé NH, . NOs Al
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Table 1 Physicochemical characters of samples from different sampling times

Day Group SO NO;~ NO,” NH," TN TOC C/N pH Eh AVS
(mg/L) (mgkg)  (mgke) (gkg) (gke)  (gke) (mV) (ng/g)

DO 30.14+18.88 10.16+2.11 0.53+0.05 0.40+0.19 — 75.57£6.42 — 6.09+0.07 — -

D10 C 126.63+6.12 9.36+5.67 0.53+£0.01 1.30+0.55 6.41+0.07 72.09+0.24 11.24+0.08 6.04+0.08 182.50+103.94 —

T1 130.19+£2.39 7.45+2.85
T2 227.98+7.13 8.40+0.72
T3  467.17+£30.97 8.31+£2.50
D30 C

0.75+0.29 1.08+0.04 6.20+0.29 74.52+4.60 12.04+1.30 6.03£0.13 —217.50+£54.45 —
0.72+0.10 1.16+0.24 6.31+0.46 74.20+2.73 11.81+1.29 6.05+£0.02 —258.00+12.73 —
0.50+0.06 1.09+0.12 6.21£0.19 74.53+£0.27 12.01£0.32 6.14+0.08 —267.50+£19.09 —
145.18+1.97 19.54+10.400.97+0.19 1.04+0.17 6.10£0.66 69.10+£5.91 11.33+0.26 6.09+0.24 —204.00+£21.21 —

T1 160.86+5.83 36.58+25.62 1.84+0.87 1.68+0.47 6.37+0.35 76.37+1.24 12.00+0.46 5.91£0.01 —200.00+£29.70 —
T2 279.26+40.3717.16£1.54 0.69+0.04 1.02+0.27 6.49+0.10 79.00+4.23 12.19+0.84 6.04+0.05 —240.50+16.26 —
T3 518.44+22.4815.40£0.16 1.05+0.47 1.10+0.02 5.86+0.48 72.74+3.90 12.43+0.35 5.86+0.32 —249.00+19.80 —

D50 C

159.81+4.67 37.81+£39.460.87+0.27 1.27+0.01 5.84+0.17 70.03£0.30 11.99+0.29 5.87+0.40 —239.50+47.38 113.60+23.63

T1 164.20+13.45 34.49+45.68 0.58+0.11 1.39+0.11 6.08+0.14 71.11+0.77 11.70+0.14 6.18+0.04 —255.00+48.08 227.83+139.00
T2  298.16£16.6212.91£7.60 0.85+0.23 1.14+0.05 5.66+0.40 68.43+0.51 12.11+0.76 6.00+0.00 —282.00+38.18 154.06+48.99
T3 509.29+£28.60 19.11£16.40 0.74+0.40 1.06+0.13 5.69+0.09 69.58+1.79 12.23+0.52 6.11+0.21 —298.50+23.33 150.25+44.43

" Data are presented as meantstandard deviation. —: No available data.
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R2 JERHMEY qPCR 2514 K& /M &4

Table 2 Primers and amplification conditions used for qPCR analyses of sediment samples

Primer Sequence (5'—3")

Reaction system

Amplification condition

16SV4-F  GTGYCAGCMGCCGCGGTAA
16SV4-R  GGACTACNVGGGTWTCTAAT

2x qPCRmix; Forward primer 10 pmol/uL;
Reverse primer 10 pmol/pL; DNA template
20-200 ng; ddH,0

95°C 30 s;
40 cycles of 95 °C 10s, 55 °C
30s,and 72°C 30 s

MR BT S . PriEsh SRS, HT
16S rDNA V4 [X @81 (14 7E 5 o 254 b i i 22k
PXFR R>0.995, HIMAORIE 85%-105%Z
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AL FR43HT (primary coordinate analysis, PCoA)F]
M ape ¥ IETT o S H 5 4 B (linear
discriminant analysis effect size, LEfSe)>K F7EZk
I B 41 (http://huttenhower.sph.harvard.edu/galaxy)
47, ¥ factorial Kruskal-Wallis #4546 0<0.05 H.
LDA {H>2.0 HIZERERAE Ny 22 28T, SLAE 4%
) F Gephi 0.9.1 3T Spearman #5614 2 5142
il o JUA 43 FT (redundant  analysis, RDA) | F
vegan FEJF 1T . Pearson #H M43 H1 A

A

(¥3]
(=)}
T

2
=S
T

16S rRNA gene
(><10? copies/g)

C Tl
Experimental group

1 230 X(A)FE 50 R(B)RLIAMEYEE

Abundances of microorganisms for each group on day 30 (A) and day 50 (B). The error bars indicate

Figure 1
standard deviations. n=3.
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PERGE 2% AR T IBM SPSS Statistics 26 #17.
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AH LG RE S H B S B (8] 1B), (HOR ] 925
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5 S0 A B A ) 22 e R S U A, e B
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WL ) ) R 22 S ORI i, (HEIEE 50 K
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361 —‘7
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% 50 XEF4&323654H Chaol (A)F0 Shannon (B) % #1435 %

Figure 2 Chaol (A) and Shannon (B) indexes for each group on day 50. The error bars indicate standard
deviations. Different lower-case letters above the bars indicate significant difference. n=3.
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Figure 3 Microbial composition at phylum (A) and genus (B) levels on day 50 (only the main taxa are

presented).
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Figure 4 PCoA (A) and LEfSe (B and C) results of different samples. B: Different taxa between the control
and T3 group. C: Different taxa between the control and T1 group. The different taxa are indicated in different
colors.
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