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Effects of combined fillers on the water quality, growth of tilapia, and functional diversity of the microbial
community in tilapia aquaculture water

SHI Lei-lei', FAN Li-min? CHEN Jia—zhang'?, BING Xu-wen'?, ZHAO Zhi—xiang', HU Geng—dong?, WU Wei'*"

(1.Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China; 2.Freshwater Fisheries Research Centre, Chinese Academy
of Fishery Sciences, Fishery Eco—Environment Monitoring Center of Lower Reaches of Yangtze River, Ministry of Agriculture, Key Open Lab—
oratory for Genetic Breeding and Aquaculture Biology, Wuxi 214081, China )

Abstract ;: Combined fillers were used as attachment carriers for indigenous microorganisms to study their effects on the water quality, growth
of tilapia, and functional diversity of the microbial community in tilapia aquaculture water. The results showed that the combined fillers af—
fected the water quality by increasing the concentrations of nitrite, dissolved oxygen, and inorganic carbon and by decreasing the concentra—
tion of nitrate and pH values in these aquaculture systems. At the same time, the concentrations of ammonia nitrogen and total organic car—
bon in these systems presented falling trends. In addition, the combined fillers significantly increased weight gain in the tilapia and reduced
the feed coefficients. Moreover, with the suspension density increasing, the feed coefficients decreased. The combined fillers reduced the
number of bacterial strains, but it had no significant effect on the alpha diversity of microorganisms presented via the Shannon, Simpson,

MclIntosh, and richness indices for these aquaculture systems. Nevertheless, the combined fillers improved the utilization rate of carbohy —
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drates, alcohols, and esters by microorganisms, and reduced these substances to amines and acids in the process. Furtherly, RDA analysis

not only showed the differences in functional diversity of the microbial community between the treated group and the control group in these

systems, but also showed that the variations in functional diversity of the microbial community were more related to the changes of DO, pH,

and nitrate. To summarize, the combined fillers could reduce the number of bacterial strains and affect the functional diversity of the micro—

bial community. In addition, they could effectively improve the water quality and promote the growth of tilapia.

Keywords: combined filler; tilapia; purification effect; microbial community; carbon metabolism
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Table 1 Effect of combined filler on water environment of tilapia aquaculture
R/ B NHi-N/mg-L'  NO;-N/mg-L'  NO;-N/mg-L'  DO/mg-L’ pH TOC/mg-L"  IC/mg-L"
0 A 0.44+0.04 0.08+0.09 0.02+0.02 4.9+0.78 7.27+0.15 14.93+1.67 12.33+2.91
B 0.34+0.06 0.17+0.11 0.04+0.03 5.37+0.81 7.17+0.12 13.33+2.78 13.2+0.52
C 0.35+0.1 0.19+0.15 0.05+0.01 5.03+0.31 7.17+0.06 12.33+1.24 14.33+0.7
D 0.41+0.04 0.05+0.04 0.01£0.01 5.2+0.46 7.17£0.12 12.7+1.81 12.8+1.21
7 A 0.22+0.13a 0+0 0.01£0.01 5.19+0.59ab 6.97+0.06 24.3+2.43 13.93+2.43
B 0.66+0.11a 0+0 0.11+0.04 3.27+1.8b 6.9+£0.26 23.33+6.4 14.63+1.17
C 0.08+0.04b 0+0 0.15+0.08 5.27+1.45ab 6.9+0.17 21.6+7.27 15.7+1.75
D 0.5+0.23a 0+0 0.09+0.11 6.22+0.76a 6.93+0.12 23.93+£1.33 12.57£1.06
14 A 0.56+0.15 0+0 0.11£0.09 1.19+0.28 7.33+0.06a 34+9.34 13.57+£2.57
B 0.98+0.61 0+0 0.16£0.12 1.53+0.58 7.13+0.06b 26.27+£13.95 15.27+2.71
C 1.02+0.53 0+0 0.39+0.12 1.09+0.36 7.1+0b 22.67+7.76 15.13+1.24
D 0.81+0.16 0+0 0.25+0.24 1.09+0.31 6.93+0.06¢ 22.43+2.55 13.27+1.1
21 A 1.02+0.5 0.02+0.02 0.36+0.18 0.91+0.27b 7.5+£0.03a 42.37+11.61 19.03+3.51
B 1.27+0.66 0+0 0.51+0.34 0.9+0.2b 7.46+0.02ab 31.1+£17.89 19.37+0.98
C 1.67+0.83 0+0 0.49+0.15 0.89+0.31b 7.43+0c 27.43+11.85 19.93+1.31
D 1.31+0.31 0+0 0.6+0.37 1.54+0.26a 7.41+0.02¢ 32.2+15.31 16.87+2.76
28 A 3.78+0.81a 0+0 0.06+0.04b 3.39+2.21ab 7.08+0.06 31.23+8.65 17.67+4.76ab
B 2.88+0.61a 0.01£0.01 0.02+0.02b 2.99+0.87bc 7.09+0.04 23.53+12.41 17.8+1.49ab
C 2.78+1.03a 0+0 0.32+0.06ab 2.06+0.48¢ 7.05+£0 19.27+8.91 20.7+3.5a
D 1.62+0.27b 0+0 0.78+0.48a 4.31£0.28a 7.11£0.02 30.4+10.86 13.23+1.5b
35 A 2.43+1.02 0.01+0.01ab 0.02+0.02ab 3.06+0.7ab 7.14+0.04a 37.17£10.42 15.63+2.34
B 2.39+0.45 0.28+0.28a 0.06+0.07a 3.41+0.29a 7.12+0.03a 32.83+19.65 15.4+2.65
C 3.26+0.93 0.06+0.05ab 0.01+0.01b 2.57+0.15be 7.11+0b 24.23+10.14 15.97+1.15
D 2.34+0.29 0+0b 0.02+0.02b 1.8+0.64¢ 7.25+0.03a 36.83x15 12.73+2.5
42 A 2.97+1.62 0.04£0.05 0.14+0.1 1.43+0.74 7.09+0.03a 36.7+12.12 19.4+2.15
B 2.02+1.7 0.39+0.37 0.05+0.09 1.53+0.86 7.07£0.02a 28+9.59 15.77£3.14
C 3.07+0.53 0.25+0.38 0.03+0.05 1.33+0.34 7.04+0b 25.9+13.18 19.13+2.15
D 3.89+0.82 0+0 0.08+0.13 0.84+0.4 7.29+0.06a 31.47+4.18 16.27+2.9
49 A 5.21£2.12 0.12+0.12b 0.07+0.1 1.61+0.11 6.99+0.01a 33.17+£7.34 18.43+2.91
B 3.58+2.71 0.56+0.5ab 0.05+0.08 1.84+0.18 6.99+0.01a 22.67+£10.3 16.9+5.36
C 4.31+£2.52 1.49+1.24a 0.02+0.04 1.86+0.04 6.98+0b 17.4+7.79 17.97+4.09
D 7.14+1.3 0.01+0.02b 0.06+0.05 2.05+0.46 7.13+0.01a 27.6+4.28 17+2.7
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Table 2 Comparison of the effects of tilapia culture in the treated and control groups
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Figure 4 Functional diversity of microbial communities and the

redundancy analysis of environment factors in cultured tilapia
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Table 3 Comparison of microbial diversity indices of treated and control groups

20 5] Shannon F§ %4 Simpson F§ %X Mclntosh 5% F R R
A 3.197+0.13 0.957+0.006 5.376+0.822 25.333+4.163
B 3.139+0.106 0.952+0.006 5.393+0.291 23.667+2.887
C 3.131+0.03 0.953+0.001 4.954+0.302 23.333+1.155
D 3.246+0.089 0.958+0.005 4.434+0.985 25.667+1.528
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Figure 3 Utilization of carbon sources by microbes under combined filler treatment
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