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2.1

10 cfu s mL™'( 1),

~

-pH.

N N N

(26.37 +1.94) °C (28.44 +1.04) mg+* L' (8.32+0.33) mg+ L'
(8.22+3.48) mg+L™" (22.23+3.57)cm (0.2+0.09) mg*L™" (0.06+0.04) mg * L™" 4 x10* ~35 x

(22.66 +2.88) cmo

(25 d) (10d 16 d)
(1. (1~19 d)
(22 ~25 d) ( 1).
1
Tab.1 The test results of water quality
z

bue Temperare  Saimy P D0 My S L) e )y Yo munber
1 30 27 8.3 5.8 11.5 0.2 0.05 30
2 30.7 27 8.6 11.2 20.5

3 30.3 27 8.7 9.9 17.5

4 29.5 27.5 8.7 11 18.5 0.1 0.05 35
5 29.3 30 8.6 9 17.5

6 26.8 30 7.9 2.7 23.5

7 25.4 28 7.8 3.1 20.5 0.2 0.05 22
8 25.3 27 7.8 2.7 20.5

9 25.0 28 7.9 3.8 21.5

10 26.1 27.5 8.1 5.6 21.5 0.2 0.10 13
11 25.8 28 8 6.5 22.5

12 26.3 28 8 6.2 19.5

13 25.4 27.5 7.9 5.9 23 0.1 0.05 33
14 26.2 28 8.2 6.8 24.5

15 26.7 28 8 5.7 25.5

16 26.3 28 8.2 7.7 28.5 0.2 0.13 4
17 25.8 29 8.5 11.7 27.5

18 25.3 29 8.7 13.9 25

19 26.3 29 8.7 12.8 21.5 0.2 0.05 6
20 26.8 28.5 8.7 14 22.5

21 24.8 30 8.5 7.2 21.5

22 23.7 30 8.4 7.4 24.5 0.2 0.03 35
23 23.5 30 8.5 10 23.5

24 24.3 29.5 8.5 9.9 25.5

25 25 29 8.7 14.1 24.5 0.4 0.01 27
26 24.2 29 8.5 9.2 25.5

6~9 N DO

Note: Low DO was due to the fact that it was hot without wind on days 6 - 9.



2.2
2.2.1 [Mumina HiSeq2500 Raw PE 114 397
103 384  Clean Tags 102 842  Effective Tags
Q30 93.00% - USEARCH Effective Tags 97 %
OTU OTU 1 878, OTU
OTU ; OTU UCLUST Silva
( kingdom) . ( phylum) . (class) . (order) . (family) . (genus) . ( species);
NN N OTU
443 79 91 652 952 16 OTU 50% OTU
o 2 o
2

Tab.2 The results of sequencing data

Raw PE-Reads  Raw Tags Clean Tags  Effective Tags Effective Rate( %) Avg Length( nt) Q30 content( %)

114 397 104 584 103 384 102 842 89.90 446 93.42
. Raw PE-Reads: PE-Reads ; Raw Tags: Tags ; Clean Tags: Tags
Tags ; Effective Tags: Tags ; Effective Rate: Effective Tags ~ Raw PEReads
i Avg Length: Effective Tags ; Q30contont: Effective Tags 30( 0.1%)

Note: Raw PE-Reads: The number of PE-Reads from the original machine; Raw Tags: Tags sequences obtained by splicing;
Clean Tags: The sequence that filter the low quality and short length Tags; Effective Tags: Tags sequence that are finally used for
subsequent analysis after filtering the chimera; Effective Rate( %) : The proportion of Effective Tags in Raw PE-Reads; Avg-
Length: The average length of Effective Tags; Q30content: The percentage of bases that the quality of base is greater than 30 ( The
sequencing error rate less than 0.1%) in the Effective Tags
2.2.2 ( Cyanobacteria) . ( Proteobacteria) .

( Actinobacteria) . ( Bacteroidetes) ( Verrucomicrobia) . ( Chloroflexi) .
( Firmicutes) 38.19% 28.11% 18.85% 12.85% 0.76% 0.37% 0.08%;
( Cyanobacteria) .o~ ( Alphaproteobacteria) . ( Actinobacteria) ( Aci-
dimicrobiia) . ( Sphingobacteriia) . ( Flavobacteriia) 36.39% 24.87%
8.95% 8.85% 7.47% 4.86%; Subsectionl + ( Rhodobacterales) . ( Acidimicrobia—
les) . ( Micrococcales) . ( Sphingobacteriales) . ( Flavobacteriales)
36.21% 22.22% 8.95% 7.88% 71.47% 4.86%, Familyl . ( Rhodobacteraceae) .

( Acidimicrobiaceae) . ( Microbacteriaceae) . ( Saprospiraceae) . ( Flavobac—

teriaceae) 36.21% 22.22% 8.68% T7.87% 7.19%  3.59%;
( Prochlorococcus) Marivita ( Synechococcus) . Candidatus Aquiluna~ Phaeodactylibacter
27.46% 8.05% 7.95% 5.05% 4.54% . ( Rho-
dospirillaceae) . ( Bdellovibrio) . ( Bacillus) . ( Lactobacillus)
0.09% 0.002% 0.006% 0.02% .

pH\ S ) ~

( Rhodospirillaceae) N ( Bdellovibrio) ( Bacillus) ( Lactobacillus)

o
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3.1 pH pH
o pH
6.5~9 7~8.5" pH 7.5~8.5
pH 7.5~8.6° pH 7.7~8.6°. pH
. pH 7.8 ~8.7
7
pH 7.9 ~8.5 pH .
3.2 ( Dissolved Oxygen DO)
8
’ 5~8mg-L"' S
3.3
. 10 -11
25 ~40 cm o
22.66 +2.88 .
3.4
12
0.5mg+ L' 0.3mg-L"" 0.6 mg = L'
0.2mg-L"", o
0.2mg-L"™"
14 -15 ,
s 0.2 mg-L"'
14 .
14 16 17
pH . 18
86.13% 71.96% . ’
(0.17 £0.1) mg =+ L™"; (0.07 £0.00) mg « L™
19
(0.14 +0.05) mg « L™";
(0.055 +0.012) mg « L™ .

0.2+0.09) mg*L™" (0.06+0.04) mg » ™"
g g

3.5

o ( Vibrio shilonii) . ( Vibrio parahaemolyticus)
( Vibrio vulnificus) 3 0.06%
( Early mortality syndrome EMS)

”
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% & 2.5 x10%cfu * mL™'
10 d 98% 5.0x10%cfu * mL™" 10 d 72% .
1.0x10% ~5 x10%cfu * mL™'
-3 )
3.6
( Cyanobac—
teria) . ( Proteobacteria) ( Actinobacteria) ( Bacteroidetes) . ( Verru—
comicrobia) . ( Chloroflexi) ( Firmicutes) 98 %
Mo 38.19%
0.08% %
( Prochlorococcus) ( Synechococcus) 27% 8%
2
7, o ( Alphaproteobacteria) .8 — ( Betaproteobacteria) .

( Rhodospirillaceae) ( Bdellovibrio) 24.87% 0.25% 0.09% 0.002% -

o - B - ( Polycyclic Aromatic Hydrocarbons PAHs)
PAHs ®
. w3t ( Bdellovibrio)
2
18.85% o ( Actinomycetes)
. Cottrell
Flavobacteriia 5%
36
0.76%
I ( green non-sulfur bacteria)
0.37%
® ( Bacillus) ( Lactobacillus)
0.006% 0.02% - ( Ba—
cillus)
¥ ( Lactobacilli)
al -2

1 J . 2016 36(24) :103 - 103.

2 7. 2013 35(3) 1364 —372.

3 J . 2016 24

(5):738 —746.
4 pH T 2013(5) : 229 - 229.
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Effects of Probiotics and Compound Nutrients on Water Quality and
Community Structure of Bacteria in Fish-shrimp Farming Pond

CHEN Jinhao' ZHENG Jinbin' MAO Yong'> SU Yongquan' WANG Jun'
(1. College of Ocean And Earth Sciences Xiamen University Xiamen Fujian 361005 China;

2. State Key Laboratory of Marine Environmental Science Xiamen University Xiamen Fujian 361005 China)

Abstract: Probiotics and compound nutrients were added into a fish-shrimp mix-eulturing pond to regulate the
aquaculture environment in the pond and their effect on water quality was evaluated. The bacterial diversity in
the water of the mix-culturing pond was estimated via a high throughput 16S rDNA sequencing by using [llumina
Instrument HiSeq2500 and its composition and abundance were analyzed. The water quality test showed that the
water quality parameters in the mix-culturing ponds such as transparency pH dissolved oxygen ( DO) ammo-
nia nitrogen ( NH;-N) and nitrite ( NO,-N) fell within the appropriate range of fish and shrimp farming stand—
ard and that the concentration of harmful vibrio bacteria was far lower than the pathogenic concentration which
indicates that this method can maintain stable water environment and inhibit the reproduction of pathogenic bac—
teria. The analysis of bacterial community composition and abundance showed that the number of bacterial OTU
in the aquaculture water was 1878 among which the number of OTU in kingdom phylum class order family
genus and species was 4 43 79 91 652 952 and 16 respectively. The relative abundance of bacteria in the
aquaculture water was mainly dominated by Cyanobacteria Proteobacteria Actinobacteria Bacteroidetes and
Firmicutes accounting for 38.19% 28.11% 18.85% 12.85% and 0.08% of the total bacteria respective—
ly. The result indicates that the water in fish-shrimp mix-culturing pond had a higher diversity of bacteria in the
bacterial community after the probiotics and compound nutrients were added into the mix-culturing pond and
contained many common probiotics. This study provides a theoretical basis for improving the ecological environ—
ment of aquaculture and healthy farming of fish and shrimp.

Keywords: Probiotics; compound nutrients; fish-shrimp mix-culturing pond; water quality control; water quali—

ty factors; high-throughput sequencing; bacterial diversity



