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Schematic diagram and operation status of water plowing machinery
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Fig.2

Short-term effects of water plowing operation on temperature(A), dissolved oxygen (B) and turbidity (C) of pond water
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TEASSRAF T ) 55,45 2H (] /K A4 pH 346 I 35 25 5:(P>0.05)
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Fig.3 Long-term effects of water plowing operation on temperature (A), DO (B) and pH (C) of the pond water

NG BRI AR TR R A I ] AN [R] 20 22 (8] 22 57 1 35 (P<0. 05); RARTE R /R 03 22 5 (P>0.05). FAl.
Lowercase letters indicate significant differences between different groups at the same time;
no letter indicates no significant difference. The same below.
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#o0dmE, B4 COD fAk, HU R4,
WEMTX A ; & 47 d B, XL R
ALY COD /K43N T 9.9% .21.4%F1 21.8%,
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FO, KB P9 3R 5 B K AR COD 2/,
KWK HFA H = COD 7K HI7E T
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Rkadh, ELASH ]S BATR 2 8 T e 4l(P>0.05),
MKHEE 3 d B 3 FALL F Rl —K o Kk
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100.0%., VA FZEHFE, K#HESE 3 KKK PO;-P
e B A, K /K #EE $ PO3 -P v BE RS i /E H o

23 KFdhgSsaE. THESRMESENTN

WK 5A. 5B B, K#FE 3 d N, RS Xt
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Fig.4 Short-term (A, B) and long-term (C, D) effects of water plowing operation on COD and PO3 -P concentration of the pond water
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Fig.5 Short-term (A, B and C) and long-term (D, E and F) effects of water plowing operation
on NH;-N, NO3-N and NO3-N of the pond water
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Fig.6  Short-term (A, B and C) and long-term (D, E and F) effects of water plowing operation
on ORP, TOC and S3°-S of the pond sediments

X R 2 8 2 = AL A = i 4 (] 6E) o LA L 25 SR it
B, KB AT AR ST h TOC 2B .
e 6C Fias, KBFET, XIRHAMRIANY S5 -S
SRELEEES, 29N 83.81£6.74) pgg FI(77.07x
3.78) ug/g; TEKBHE S 3 RINPILMER K, ST-S &
0 918(220.85+18.57) pg/g FI(128.71+17.57) pgl/g,
X BRZH 0 25 PRI AL s SR 3~7 K, IR AL Ui
HhS3-S SRR BT, T 7 Kikdm(E, SX)E
2 2= NN E(P>0.05), KWIRA, &gl AL
S3-S Fri R TG TS, MR LT
P, A, XFHRZL S3-S SR T 298.4%,
R N = A AL A BB T 6.1%F1 7.9% (K& 6F). 45
R, KBHE 3 d T LA R S3-S A i

B, KWKBHE A FFREAK S3-S K.
25 KEFMNABYHAIEFHEHENTL

M 1 T LUE ), 252 /KRE %) 20 B 250 A PR Al
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ARZH NG 7 FefiG s A AU ORR S R o o b A s
X RELH IR, ARAI A SR fIK o A S B R vy, X6 IR
VBT ZE A0 3 A ZE AR R SR o A BN T 1.5%
29.1%F1 4.9% , U T B AT o5 LA 30 R R T 1.8% .
2.5%H1 7.1%, DL ESSRREY], KK BHEA B)
TREARTORR A PR BB, 00 S e RO A
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Tab.1 Effects of water plowing on the number of culturable bacteria of the water and sediment
o 7K Water/(CFU/mL) YUY Sediment/(10> CFU/g)
I [

pA ETSON [ETION e ETION TSN e

T Sample YT 24t IESEE IR LG ST 24 it PG SR L

Group time  Culturable bacteria  Culturable Vibrio Culturable bacteria Culturable Vibrio

number Vibrio number proportion/% number Vibrio number proportion/%

Xf RE 21 0d 600 220 36.7 800 20 2.5
Control 31d 110 42 38.2 228 1.5 0.7
R 20 0d 850 36 4.2 1 060 30 2.8
Low frequency 3ld 90 30 333 460 L5 0.3
[V 0d 750 80 10.7 1350 110 8.1
High frequency 3y ¢ 64 10 15.6 440 45 1.0
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pH B — BRI nE SIS i A KR AR RE T,
pH U5 SRS s )4 B D 2541 ) o 2 1) A= R AN Ak
(EEVB5E, 2020a), R AR FE pH AT F
W, (HAESCUG L5 o, 4410 B T 2a R, AL
I M IE D pH AL T 8.0~8.5 ZH], TEHIZA K&
HA pH L, RIS A R AR RR
AU

T K M3 W B R 62k ATt 3 it K B TR v
FRRE, HRU/Nd KPR E Yy . A LS |« e b e
{2 Y & /= T E (Bricaud et al, 1981; S5 %
8,2018), —MMT , AEATFPEAYEERR, B an im0
W PR R B, AT e AN E S R G
A 52 (Madsen et al, 2001), A5 A, KBEE
2.d PR KRR B v, LR PR K B A 8 T
WIS KBV FE HLIE B S5 5, X — DU P I
I R 2 P T K . COD J& Rk AR iy
BLETEHL AT & A0 5075 G 10 5 R b, 7T DA oK {4
Z B R TS YRR (M R 5, 2014), A
FEH, ARSI IK B = A0 KB 1) DO 4351 3 fin
T 4.2%F1 3.8%, LT X RGIHE(37.7%); COD 4
SIAINT 21.4%H1 21.8%, 217 T4 B 3%(9.9%).
DO ZBfbfa# 5K EME 2 IEAH, 5 COD A&
LA, X 5 RTT 5 A 2L (CHh A% 5, 2013,
BRI, 2013), ALK BRPRIZRE, —hES -
TR AR BE ) i KK AR A T RN A G, E—
FERRRE RS T I G A ME T, BOm DO IR XS R
I s 55— 7 TR AR TR S B0t CoD W LT,
[F] B 3 i 1 o A5 B SR AT FE AL TR R, DT
TR VR S B K AR () 8 T R4 , ok ey JTx S AT
W ORI AR, 380 T /KRG A s R A, T3k

KR YGRS, AT R AR 4 G S VR (ki R AE,
2006; AHFSE, 2016).

3.2 JKHH LR it SRR B R S AR R I

ORP 1E N [ WLy R S8 Ak 30 S R e T I 25 5 1R 4
bR, %% DO, TOC F1 S5 -S & it 5 ZFh S50 1) 5%
(RAETESF, 2012), ABFF KB, ARAEK BRI = 5
FRAKBRBIE R ORP 53] T4 5, X rlfE-5/KBHIF R
LR P T R S N A 56 . S AL .
A A K AR 2= R R AL R A B B2 (Bellamya
purificata) % Ji G sh ¥ 09 A= W sh 5 B LR A Ak
W PR AN A (2R 45, 2017; SKIAZE4E, 2021), /K
B 42 K B oh 2R, K I B R A R FE A
S B 7 =M O Sk, TR T UL 0 R 2 S50,
TEMEIE ] — 450% 3~7 em BIIMFG, 123 T ViR S
DO HyFfil, WERTH T UK ORP, XFHEA 2
HA— 5 BB AR

Tt TR R 45 Fh AL 22 S B A6 2 L R AN
SR L, BRI KRR R SR A 7 (PR,
2017). KZFEFEFHMYE, JKIEAWIEIE, HRET
KEMRBY, HhaiEahy . S-S %, HiE
SEFE I IREEEAL (] R4, 1997) . fi Ak e — iR
AR, AT S S 0 R R R e v, B
E [ HE S BHAE T (Joyner-Matos et al, 2010), FEASE
AT 31 d, SCE bR P IR Y S3-S A TOC &+
KT 0T Bt 3 R 301 0 KBV s 3 A o i v SR 4
A4 LY T s, R TR AR | TR AR SR
() 5 F FR R ] s £ i o A [i) J it ) O U0 B0 L 3%
VL B LS S R DR R, il 2 ok
TEYRIE, X EEA . 5 S5 e 2
AEEE L, R, BB RENE, & IETH
Py TOC F1 S5 -S ¥Ab T = /K-, il RS 90K
H b, 3 KR P A G SR KRR 2 T 3.1 °C,
VLRI B AR IR R I, 3 e Kt
T A= 43 R E T MRLE PR AG , 80T TOC Al S57-S 2
A

3.3 JKHHEM R M IEE FREE ARG

B KRB B R EIROUR , W UL A
AHLEIE SAFAE o TOHLZS B9 Z AT AT LK i 28
FIZH TR S5 AR 7 WSCRTR T, % 4K A 25 R
AR LS, 2019), —Bokdl, TURYIHE
PR BEIOK AR sh AT B Y e A4, DT 2 U
BRI THE (RUARAE, 2020), K Hhad & i R R 25 1 A
IKIEEE IR, ik rh— Loy TR R B, Y
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WA 2 5] & JR i (8 B4, 2008), AP LB, %
ASLEGHE] NHZ-N. NO;-N F1 NO3-N Bk {55
fREY /K (<0.1 mg/L), JoHH B ASfL LA, LB K
BT A ER R /N o AR B S B I vT 5 5  E y
A A O, A1 A R 7R g 2 T AL 40 o) 2R 1
ORI %, X 2 R UG 2R i A 3 5 2 (L
452024), ARWFIELE R W, LAY POL -P Ay
AR TN IR, H KB 30 s st e i X, X T B
5K BRI A B TR AR A 6 AT
W, MR R IURY b Fe® LR Fe’", TE ALK
B i K G POS-P HLAT W R AT,

AT FBUK R PO3-P P (Kim et al, 2011), It
Gb, DU PR TR AR 5K IR POL P BWE BRI
H5%(Zheng et al, 2021), X S/KBHIIFR S . PO; -P
WREEERAIRA — 2, A, B T WA P 36 LA A7 1) 2
WEFRICER, W LRI R AE W T ORI (4 AR AR,
2013). AKBERTREAEHE T IR UAAE Y 0 0, Ha5m T /KR
POZ -P WYWISCR T, 3517 FBUKIAR PO, P ¥ B BRI

3.4 AKEHE AL XU AR 4 AT B 3R 4R T B 22 0

AT EEH W, AR L i A2 3 AR A
SR ARG = BE A BIREAIR T 2.5%F1 7.1%, 1% HE 40
IFEAR T 1.8%, FWIH I St K BEVE M s A 2R AIG
ORI R %) e ], L Ah BT 58 e o 20k SR e I 2
STR 2K = SR 08 5 DL SR B0 R, CA MR R,
I 4ECHR A (Mbrio harveyi)Egy il 51 & HIZ< 9907,
b ZE PR 2 R AR GEERSE, 2017); Ak
IR (Vibrio splendidus)/ak g ] 2 5 300 2 & A T8

ZEAE"(skin ulcer syndrome), & 258 W N KR
BFET-(EEDPEEE, 2013), B, KRR LR IR
DL BE TS BT AR o) 2 i R A H A B 5 S
TP B AR O RR By vh BT L 451 ) ML P R 5 i
it YRR B G SR GO SR A AR BE | (2R BLJSE A A
Ko BARMF, AR A AL 3 AL BEE 43 80T
G HLET, R AT AR SR 2, T R 4
PEINGR A9 A B0, e AR LA E n] B R A i i Vs b
L. XA BB, KBER— A it . 57
FEMIEAE N — 2 E S R G, HAN R TE 4
FEHB IR . SR B kA
FIF= 45 (ZEME4E, 2010; Zhang et al, 2014).

4 BEHREZE

ABFEER BN, ERRBHEA R TRk R
PO; -P Ab THAAT, HEMMGIRY T S,*-S F
TOC Sy, WERT TIRYE ORP, [Fm
AEAT S5 P AR DR Hh A SICRRT L 81, 3 T 2 15 R AT
IR IR BT AR oAb, MORIZ R FRFE A W)
FHEERA , KBRS Z K BT A8 A X i1 2 57
BRSNS, T MR B3 AR S B A7 R R
LR OIS . ARWEFERIT, IKBEAL XTI A R
G R EAEH (AR 2). METIRIRA (R 8 d
K=, FIRA(CE: 4 d AKBF—UORYIE [ 355
AR . ST B A RBHE L2 2 B0l K DO
WA T FE . COD L THHIFRFE BAHE N, HL AT B A
IKBEI AR AR KL . DO W AN IR {5 44 2 Ak

xR 2 KHELAFRI IEKRIERIEIRE N Rt

Tab.2 Comparison of the effects of water plowing on pond water quality and sediment indices

K K $E FR Pond water quality index

WIS B 76 #7 Pond sediment index

245 M A pH O ke BEMER BAE U WA AR APk mikd IR il
Group NTU DO A PO;-P  NH;-N %A NOs-N EER YA TOC S-S Vibrio
COD NO>-N ORP proportion
Xif HR A K TR Atk mA AN =TI 3 ' TN L | A Y WA JhE T ¥ 5]
Control R TANY N NI L= B . JEREME AR AR T =R . =E REAIR
A2 2dME mA Bk JhE FREE edtm, B BRI e BRI eRREMR,  mEA
Low mL B3 AR AR BRSO B, T ORI AR R 1A = M= 2 U= A 1]
frequency gl o L
A 2dE A B JhEe ThEW SeTbeE, Bk Mk T ke JERRIE, FRIE
High L B3 FE AR R OB, IRT BRI Ak AR TN EFET e
frequency  FARyE B2

T RRZAR AR AR AR AT R T IR A

Note: * indicates the relative change of this index is conducive to aquaculture production.
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Effects of Water Plowing on Water Quality and Sediment Physicochemical
Factorsin Sea Cucumber (Apostichopus japonicus) Culture Ponds
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Abstract

Apostichopus japonicus is one of the most important aquaculture species in China and

pond culture is the primarily culture method by which this species is cultivated. In the process of pond

aquaculture, with the extension of the aquaculture period, organic fertilizer, residual bait, phytoplankton

debris and excrement of aquaculture species in the water is deposited in a large amount at the bottom of

the pond, which not only leads to the decline of water quality, but also results in the accumulation of a

large amount of toxic substances in the sediment, which in turn seriously affects the output of
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sea cucumber. In recent years, a water plowing operation mode to control the water quality and pond
sediment has emerged for sea cucumber culture in Liaoning and Shandong Province. However, the
water plowing technology and environmental improvement mechanism are still unclear. A 48-day water
plowing experiment was carried out in the sea cucumber culture area in Liaoning Province. A
low-frequency group (water plowing once every 8 days), high-frequency group (water plowing once
every 4 days) and control group (no water plowing) were set up. Through short-term continuous
tracking and long-term regular monitoring, the changes of physicochemical factors such as chemical
oxygen demand (COD), phosphate concentration, redox potential (ORP) and sulfide content in the
water and sediment of the culture pond were analyzed. The results showed that the turbidity of water in
the experimental groups were (4.16+0.39) NTU, which was significantly higher than that in the control
group at two days after water plowing operations. On the fourth day, the concentration of ammonium
nitrogen and nitrite nitrogen in the experimental groups decreased by 88.9% and 75.0%, respectively,
which was greater than that in the control group. After 31 days of water plowing, the concentrations of
phosphate and nitrite nitrogen in the pond water of the low-frequency group and the high-frequency
group were significantly lower than those of the control group, and the content of organic carbon in the
sediment was also significantly lower than that of the control group (P<0.05). After 47 days of water
plowing, dissolved oxygen (DO) in the pond water of the low frequency group and high frequency
group increased by 4.2% and 3.8%, respectively, but was lower than of the control group (37.7%).
Conversely, COD increased by 21.4% and 21.8%, respectively, exceeding that of the control group
(9.9%). Phosphate concentrations increased by 125.0% and 100.0%, respectively, yet were still lower
than that of the control group (183.3%). ORP of sediments increased by 67.6 mV and 82.3 mV
respectively, which were significantly higher than that of the control group (31.3 mV). Sulfide content
in sediments decreased by 6.1% and 7.9%, respectively, while that in the control group increased by
298.4%. The proportion of Vibrio in sediments decreased by 2.5% and 7.1%, respectively, while that in
the control group decreased by 1.8%. The results show that regular water plowing operations
are conducive to keeping the inorganic phosphorus in the ponds at a low level, effectively inhibit the
increase of organic carbon and sulfide content in sediments, significantly improve the ORP of
sediments, and effectively reduce the proportion of Mbrio in sediments. Water plowing
operations could be employed to improve and remediate the aquaculture pond environment. Compared
to the low-frequency group, the high-frequency group exhibited more pronounced environmental
regulatory effects. However, given that frequent aquatic tillage may lead to a slight decrease in DO, an
increase in COD, and higher aquaculture costs, the optimal tillage frequency should be adjusted based
on specific conditions, including pond water temperature, DO concentration, and the degree of sediment
pollution and aging. The results of this study provide reference data for the development of water
plowing technology and its application and promotion, and also lay the foundation for an in-depth
explanation of its environmental improvement mechanism, the construction of disease prevention
and control technology, and the realization of healthy culture of sea cucumber A. japonicus.
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