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Regulation of water quality using submerged plants in a Macrobrachium rosenbergii aquaculture system

MIAO Yanyang"?, GAO Zhibao™’, LI Xuguang”, ZHOU Jun’, XU Zhigiang’, XU Yu*, LIN Hai’

(1. Jiangsu Key Laboratory for Aquatic Crustacean Diseases, College of Marine Science and Engineering, Nanjing Normal University,
Nanjing 210023, China; 2. Key Laboratory of Genetic Breeding and Cultivation for Freshwater Crustacean, Ministry of Agriculture and
Rural Affairs, Freshwater Fisheries Research Institute of Jiangsu Province, Nanjing 210017, China; 3. College of Marine Science and
Fisheries, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: To explore the effect of submerged plants on water quality regulation in a Macrobrachium rosenbergii aquaculture system,
compare the water quality, phytoplankton, zooplankton, and microbial community structure between the ecological culture group based on
in—situ purification through submerged plants and the traditional culture group. The relationship between dominant populations of
phytoplankton, zooplankton, microorganisms, and environmental factors affecting water quality was also discussed.The results showed that
there were significant differences in water quality and plankton community structure under the two groups. The concentrations of total

phosphorus (TP), total nitrogen (TN ), chemical oxygen demand (COD), and chlorophyll-a (Chl-a) in the ecological culture group were

Wi A HA:2022-08-19 R EHI:2022-10-18

YEE B 24000 (1998—) , L VLIR M, W98 A, AR AE e SR SR FEMEGT . E—mail : sayamiaojm@163.com

BEMEE 2L E-mail: xuguanglil 981@163.com

B & WA LR i ik 0k b ARHE Q1B & 1 (BE2022422) s VLA A0 B FR1HIE (CX(20)3182) 5 VL34 RO AR % “ 5 B5 ££ 00" 51 H (JBGS
[2021]125) s VEFF BRI 77l B AR A R (JATS[20211408)

Project supported : Provincial Science and Technology Innovative Program for Carbon Peak and Carbon Neutrality of Jiangsu of China (BE2022422) ;
Jiangsu Agricultural Science and Technology Innovation fund (CX (20)3182) ; The “JBGS” Project of Seed Industry Revitalization in Jiangsu
Province(JBGS[2021]125) ; National Project for Agricultural Technology System of Jiangsu Province (JATS[2021]408)



SR % YUK A 5 TR AR G K 653

lower than those in the traditional culture group. The biomass of phytoplankton and zooplankton in the traditional culture group was higher

than that in the ecological culture group. The diversity indices of phytoplankton and zooplankton were significantly different between the

two groups. Microorganism mainly included Actinobacteria, Bacteroidea, Cyanobacteria, and Proteobacteria. In the ecological culture

group, the biomass of Actinobacteria was the highest. The dominant bacteria in the traditional culture group mainly included Microcysiis

and Anabaena in Cyanobacteria, and Flavobacterium in Bacteroideae. Redundancy analysis showed that TP, COD, and dissolved oxygen

(DO) were the key environmental factors influencing the composition and distribution of the plankton community. In—situ purification of

the water environment for Macrobrachium rosenbergii by submerged plants could significantly decrease nitrogen and phosphorus nutrients

in aquaculture, reduce the biomass of phytoplankton and zooplankton, increase the stability of microbial community structure in the water,

and improve the over—all aquaculture water environment.

Keywords : submerged plant; Macrobrachium rosenbergii; water environment; in—situ purification

B IR IR (Macrobrachium rosenbergii ) 3K J& F 15 i
P T WM R H KREIE R R, BATE R
PR A AR A, R TR e A TR OK
RS AR 2 —o W R RN T Rk i
T3 A A AR Ol B A e R 7 B 1Y) B R
o ITAERIRFE L PR EUR Vi 2 A G375 il it
8T v T R TR 2 i SR R T SR B
I A T 7 R R, R BOR BK AR R E SR A B I
TR 2 i B K R UR S AR L
BERYFRIE AR A R I8 i i e SR s g, i %
IRTAERIRAE S AR ST AP T H 25 58 H o

BEXS B TG TH ML Ge 4R 20 Al 7 5H 2 52 O SR PR P15
UK, BT 2R SO0 18 5 (TR PR K FRAE N T
LSS ) FEALEE (2 G AR SR R K RE55 ) 28
T3 AR WA E B &, BB SRR AR JA 17Kk
PG o D 58 SV S R T K 5 B K R R R
SEMKFRIE R G, il AN 6] 2 T RE XY 22 LR 2507 57
P fem 7RG A Bk aEe , SEBL T K BERAE
WA . FRoRSER S LA S8 07k RIS H
VE ] % BT MR % 58 R /K N T, 5 R0 BR %
SR ATy Bt m T IR K IR A, B3
P 7K RSB ATA]A= 1, AR 1 KRS LR AR o 5%
e ERE BTN T IR K IR (H T
BT AL IR DL R B it AR NS s
YA g, BN T2 VR I R AR R X XL
FIE RN — K — " BRI AR IR AL, SR K
AR R SR RS I S | DL RIR R A a6y ik
IR AT AT, KA P e i R 3 (Hydrilla verti-
cillata) M 5k 3 (Elodea nuttallii) 17 2 (Vallisneria
natans) A KM KT A0 D i Bk 12
T A G4 B ( Eriocheir sinensis) 58 [C R 2 MR (Pro-
cambarus clarkii) S HFEE A S IR 5 A K ARG (H

TERVL A T X % QIR MR A5 Ge B 2940 37 5 v A7
I FHAGE , LKA B FQ IR SR B K AR A S 44k
HOR AT

AT AL G IR A 25 T UK A
P 8 A 25 R A 2E A R A s VA B 7 I, 0T T2 0
Y RSP AR P A ML B TR S R 5 A )
RS AT S KA R TR AR C R
VABSELIP RV SZ 8 Aib)EURE L i/

1 #MHETE

1.1 FRFEMELR

AWFSET 2021 45 A & 10 A7E M T #IX A
R T IR IR 758 X T R T UK A % % FCR IR 77
BRI GE 0 A g ge, R 5 A H o i s
58 A 40 (H 40) 3 T DK R A ik 1) A= 2
FEEHA (P, B4 3/ 3, b 5 R/ NS — |, & 43
IR AR S 2 000 m*. H AL 2 IR IR, P4
A2 A 24 A AR B AR 3 e RS RE B L 4
H T HBCE AR, BB IR AR A 24 50
¥ 8 4~6 cm, TR A B B K308, B IRIR
WA H VAR X P IR IR R B SR . P AL
I 22 0k 0 FE 3 I R K 10 em, a] B Rl EF 2R
SRt R AT RERRR IR Y R 4 m, B AR B AR R
FEACAT ARG E b I b R S PR B 1~2 m
B (KPR M |, 57 8 A K BT 5 FE TR 30% i AT, FRGE
e WA K T 6 P THIAE 50%~60%

% PG R MR 7 10 1) 0 2 35 45 MR P45 T e DAL
EAE R 42% 00 B A AT B R ARl . B H bk
F9:00 AR /1 5: 00 Fe BH 400, H B 40 1t Ry iR 4 o 1
() 3% F A7, ELAACHR B B 104 45 12175 400 0 A0 400 o 4%
B e A P A, A H A TR 1.50~4.50 g-m?
FEIKGT . P A EAG M N R HEAK B, I e e 4 A

WWW.QEs.0r9.CN




m@g 654

VRETR Rt Y FEFE3H

BLS LA 1 4, A S 6 A IA) K ANk, kK
IKJFAF Al K ST AR HE) (GB 11607—1989) AYRLAE .
1.2 HmRESSH
1.2.1 FEhRAE

T FRFH ] (2021 4E7 19 H) 20 BIXT HA4L S
P22 4 3 A SE IR TR A B R XU R
JRUIT A v a] 3 A4S RAE SR A . OB & -
(T) .pH W& f# 4. (DO) s @K FE 1 FH 5 LROK 25 75 5
ARFE SR T 0.5 m A RAEIKFE, 2 A 500 mL TG
IKFELS s QTR SN - £ RAF SSHL 500 mLK, JITAS
mLEBF FC IR [ 22 PRI A , KA AR B (0 45 SRR A
I10 LK, FH 25 #9072 008 2 98 25 50 mL, LA
2.5 mL FF R [ 78 VR Bl 0 s DA W) < 45 SR A U500
mL KB ATCHKAESS . A FE R 4 CIRIRLRAE
1.2.2 FfanAb R

K TG AR I AE « Sl (TP) SR FHAH R S oy 6 e
2 (GB/T 11893—1989) , it % (TN) >R FH fidi P 1 78 iR
B fi— AN O L (HT 636—2012) , fb 2275 &
# (COD) R HEEE MR £h 1k (H) 828—2017) , 4t K a
(Chl-a) R 4366 BE 1 (H) 897—2017) . Kl 2 g
FIABERY R R A ORI K W 4347 5 32 (C5F
VURR) Yo FRUFAEDIKAEAE S B fE 24 h DL b, L b
T B UTVE (2920 mL) 5% A w0, 7 A FIEW
PPUETTIE R 3 UK, bR UETRE A E B, 8 A 2 30 mL.
Z BN i 7K 3 37 Ui A 0 W e AR R ) (SL 733—
2016) , FIl A S i o B A2 R T HEOPR AR ) ) T
TE P, A WK e AT 25 il I 5 (Wiggens®,
BioVac630B) ffi i , 551~ RAF A& Fil 8 3 48 500 mL 7K
B 3 2% B e F 0K ZBE R T, R G K
MV S AR, 4l 8 5 500 mLL, 7 BRI R (Milli-
pore®, S—Pak ; fL4£ 0.22 pum, E 4% 47 mm) 25 A TG H %
AL AR I DNA K
1.3 #iEabIE

1l Excel /b PRTFRIEHEY) 5 17 i sh P85t 1 THo 56
A3 e 45 5 8 ] GraphPad PRISM 8.3 %5 4 2 1l |8 3¢ .
i PRIMER 584 SR A= e 2 F

B = A EU (TH AR R B T RS0 x (e 4 1K
FURFEAATR)

A=y =2 P < IR

P Y=nxf,/IN
P n IR B oA G ) B S N Ry
FRK AR S S R . Y>0.02 8 A,

YRh & D=(5-1)/InN &

1% WHART]

WS ] ==X H' /InS

T 16 %5 (Shannon) H' ==Y, (PXInP;)

S ARFEEL (Simpson)=1- X N(N=D/[N 5 (N ¢=1)]
A SHREE YA EECH N R T & YR
ZJEERR AN NS i NP Y Z BESERR s Pi=NiIN w0
1.4 DNAZREL &0 FF

VR I JC T 8T 1 BT 4 , $2 IRUKAE DNA /R AR
M, 38 37 A barcode FIFF 5[ 919 1 16S rRNA JE[H
1 V3~V4 X . 519 FF 512 341F : CCTACGGGNGGC-
WGCAG; 806R : GGACTACHVGGGTATCTAAT . JZ [
S 294 CCHIASYE 2 min; 98 CAEYE 10 s, 62 °Cil 2k 30
s, 68 CIEAf 30 s, b 30 N #F 5 firJ7 68 CHEAf 10
min, CRFAAY S R EE ) CEI T 1S 1) 4 e Iy 4
Sk, M SCPE , Hlumina PE250 EALIY
1.5 M FF#HE AL 12
151 s M %

775 2] Raw Reads Z )5 , B 6 H F FASTP 4k {4
X BT i Reads #4720 6, SR 5 #1741 %%, 1l FLASH
A Wt Reads PF42 8 Tag, FEXT Tag HEA 7149, 15
F ) BIEFR A Clean Tag, 4% FRFET Clean Tag fifi F
USEARCH #f1¥) UPARSE 35447 OTU 526, R H
USEARCH {41 UCHIME 5.3 S BRI SE Ho X o A vh
R 3 4% G AR Tag , 75 21 195 S 2 Britk G AR 19 &
JiiiE Tags ¥4 (Effective Tag) , T #t—017 .

1.5.2 OTU %%

5T Effective Tag #4T OTU TS ¥ TagJF
G R BE RIS, 43 WA A 9 7 91 4 5 (cluster) , —
> cluster BI 4 1/~ 0TU
1.5.3 AYfEE T

fii ] qiime AP AT 0 ZFEVERRBLOMHT . B-2
FEPE ST BT HE T REA ] BE B 550, T R 155 Vegan U
HEAT AR (PCoA) 3T o F87R Wi ik : | H] LEFse
B 22 S AL A EA 5 50 A L SR 2R TR A HE A 7 kruskal -
Wallis Bk ARG 565 , 0 326 H 22 5 0 R, 738 2 wilcoxon
B 0K 56 2 47 HE %, {8 LDA (Linear discriminant
analysis ) 159 H ) 25 R VEA T HEF , 2 B4 LDA Score>3 A9
ZE UL Person A P43 HT i H R 157 psych i1, 3T
Yh = B2 R AN IREE R 7 AT AR OC R B3, IR ]
R R . FIHAAUK - 97% 9 OTU 2 fif DCA
(Detrended correspondence analysis) , X} ¥ 35 K1 7
ST, 45 B Lengths of gradient (55—l 5B/ N T
3.0, A LA FH 9T 4% 43 #F (Redundancy analysis, RDA)
ST S IR A YOG B o PR IR T I 1



BRI % UK RPURE S TG IR R 5 K TR0 655

T R Vegan [ ] Envfit test 75315 AWF5E
W K 0 A= A S8 0 B 68 P Bl 2 52 B A8 T U E A Bt

I 5 (http : //www.omicsmart.com ) 5¢ il -

2 GHRESH

2.1 AEIZFEAE A K RA M

KB AT R (R 1) R P41 HZL TP TN Al
Chl-a [ 25 5% 8 # (P<0.05) ,COD .DO 22 534 I # (P<
0.01) ; HZ1 TP . TN.COD Hl Chl-a & ¥ W Z & T P
41,1 DO B E L F P4,
2.2 AEIFFEAIIFHEDHIFN
2.2.1 TR RN

WA 2H 73 FE K AL 50 PR 6 1T 133418
59 4~F, Hidpr 238 1] (Chlorophyta) FF 28 Bt i 22 (5 &
Tl 250 47.46% ) , £ ] (Bacillariophyta, 25.42%) X
Z , Wi %] (Cyanophyta) i Fb 15.25%, B2 % ] ( Cryp-
tophyta) F1 £ # '] (Euglenophyta) #f 28 %% 40 [A]
(5.09%) , 1 #1 ] (Pyrrophyta, 1.69% ) /b . WiZHIL%
E RSP A AT 1248 56 A Fl, Horp 4 i 2%
(Rotifera, 35.71%) # 2% |5 e & , I8 4 819 (Proto-

zoa,30.36%) K Z , i fiZ& (Cladocera, 19.64% ) 518 &
24 (Copepoda, 14.29% ) /5 Fb 3 /N .
2.2.2 IR A AR AL H R

P IR K AR TR A TR G AR 25 5 o T
WA R AR R S L3 (Y>0.02) : P W R AR )
PR F HAL, 3 5Kk Chl-a ¥k — 50, Kb HALIE
B AP (100.749 mg- L) Fe iy, A7 H 4L 7 A
Yy iAW 1 91.8% (18] 1a) ; P AL IF B AR M AL 35 Fh
SEALHEREBET ] Y 22 T B R (Nitzschia) /NP 3
(Cyclotella) . 1 5¢ % J& (Achnanthes) F1 2% 3 ] H ) DY
FE M i (Scenedesmus quadricauda) %5 5L 3 )& (Coelas-
trum) . JEMFEE (Scenedesmus dimorphus) s H 41 M7
WAL B A 3 AL HE R T A B2 B R (Microcys-
tis) \ B J& (Oscillatoria) F1 4% P ] H (1 220K &5 %
(Ulothrix ) 4 23 (Actinastrum hantzschii) %5 B3 )®
P BT IR SR M B2 . Fish ey RS
PEFFP (¥>0.02) : HZH AR S A A R FRE R AE)
HHE TP, EAES YR Y EW AT, Kb H
PRI B (5.052 mg- L), AL EEY)
19 57.81% (18 1b) s PALS HALIF U s L fb 1 5

&1 FRIBINAEFRELX K RIEERE R0

Table 1 Effects of different culture groups of Macrobrachium rosenbergii on water quality indicators

415 TR - jeay ik Pt §s¥id BA M2 a
Group T/°C P DO/(mg-L™) COD/(mg-L™") TP/(mg-1.™") TN/(mg-1.™") Chl-a/(pg-L™)
P4l 30.30+0.30 7.82+0.23 12.02+0.52%* 19.00£6.00%* 0.10+0.03* 0.75+0.03%* 12.00+1.00%*
H 41 30.37+0.10 8.09+0.12 9.71+0.46%* 55.00+£10.00%* 0.58+0.16* 4.97+1.48% 250.00+£110.00*
T VLS (P<0.05) s M B 1k 22 53 (P<0.01) . Rl
Note: *significant difference(P<0.05) , ** extremely significant difference(P<0.01). The same below.
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Figure 1 Phytoplankton and zooplankton biomass in different culture groups
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Figure 2 Correlation between plankton and environmental factors

in different culture groups
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Table 2 Phytoplankton and zooplankton community characteristics in different culture groups

432 Classification ZH 5] Group FEED WSy FARIGEH' - FRAE EUL Simpson

TR P4l 1.21:0.22 0.800.03* 2.27+0.23%% 0.86+0.03%*
Phytoplankion HZA 1.71x0.37 0.340.08%% 1.190.32%% 0.54+0.09%

TR P4l 1.95+0.37 0.68+0.05 1.83+0.20% 0.77£0.04

Zooplankton H4l 2.65+0.52% 0.68+0.04 2.17+0.18% 079:0.04

R3 a-BHEMELH
Table 3 a—diversity analysis
251 Group Sobs Shannon Simpson Chao Ace F ¥ Good' s coverage

H4 1087.33:450.56  5.59+0.82 0.930.01 1252.98+386.81 1 335.19:414.19 0.99+<0.01
P4l 893.00106.66 5.6620.67 0.94+0.03 1.046.13+72.29 1 153.97+77.23 0.99+<0.01
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Table 4 Abundance of species at the phylum level (%)

["J Phylum H4 P4l

JREL ] Actinobacteria 25.43 59.80
HIFFIHT ] Bacteroidetes 30.49 14.05
WEANEET] Cyanobacteria 26.99 7.27
ASIE 1] Proteobacteria 9.54 15.08
TR 1] Planctomycetes 2.69 0.49
PEIRTE ] Verrucomicrobia 0.99 1.31
JEERETH ] Firmicutes 1.15 0.45
45T ] Chloroflexi 0.95 0.16
I Patescibacteria 0.65 0.19
FAATTH 1] Acidobacteria 0.07 0.16
K432 Unclassified 0.48 0.57
HoAth Others 0.56 0.47

x5 BT EE (%)
Table 5 Abundance of species at the genus level (%)

J& Genus HZH PZH

WG & Fluviicola 0.62 1.75
GURPIFFARTE & Sediminibacterium 0.90 1.53
WM )& Limnohabitans 0.96 2.67
ZRiFFIR Polynucleobacter 1.45 3.74
P22 Planktothrix_NIVA-CYA_15 6.47 0.09
AT B Microcystis_PCC~7914 8.31 1.00
CL500-29_marine_group 2.90 6.94
KB Candidatus_Aquiluna 4.02 15.15
WA R Flavobacterium 22.59 175
hgel_clade 12.38 14.27

F432 Unclassified 2471 35.18

HoAth Others 14.68 15.93
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Figure 4 Indicator species analysis(LDA Score>3)
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Figure 5 Heatmap of Pearson correlations between environmental

factors and species
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