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51 8-0.48+ 0.06F11.47 mg/(m’-d), £k ¥ 5541 & 2 K T Ho At 1 4 (P<0.05); DONZZ #3d £:5 7 4> 5 }913.91,
5.32f16.79 mg/(m’-d), £h 2840 B2 K T HAR L (P<0.05), 7H 48 51795.82. 10.94F15 mg/(m’-d), EhF454 5
EHRTHABPIA(P<0.05); 5 TNT 2 Bl 840 5115.9 8.79H119.16 mg/(m’-d), #5454 5 35 /N T Ho At
H(P<0.05), 7H 437129531, 9.1H13.28 mg/(m’-d), £h[E 454 53 K T 55 5541(P<0.05). (3) LR M4 R
R, B 5NO; -N. NO5 -N. NHj -NAZ il £ 12 3 IEAHC; A HLR SNHS -N. TNl & &% EAOG RS
NH; N4 it & i 35 5%, &K%, FLBRE 5NO; -N. DONAS il & 5 3 1M 56 . 28 LA, TR A
(T TE TS YR, 1T el JITE FR I A W2/ T IR VI, = £6 5 404 ) F- R DIN, H 3k 5 28 A 1) TR
DON. #5025 4 A Bl T I VR ER T /K 7 GE It 35 (1 5058 0 38 8, DAy i b 7 R AR 5 0 Rk 2 2 B4 (I B0 S 4

KERIA: SRR, TORWI-K I B FLANXaR
FESHEE: 9173 TRAFRIRG: A XEHS: 1000-3207(2024)07-1183-10

JLYIEXT IR (Litopenaeus vannamei) ELA 4 Kl FEAk OO 2977 Ml e 1 32 2 )

AR5
M BT SR B K SR FE A, FEAR1S IR (1 st

FHEFRHATFIRL =, AN E LSk, Ll
VR T R 0 75 B 7B G A 1 1, 20224F 77 B ik
2095, [F] b b —4E1A05.78%" s FLYTE X UF A
SRR RS C ARG . K. BRI S
RSB AT 2254 R FLghs R A 45 i1
SR, T R R R . FRE AT K
S5 1 PR ) B SR A AR AT HE M S5 A B
5 M 8 R S TR, 3 R KA B T, BRI
TE AR 00 R A 3 0 AT RL gl v e O R 11

Wis H#A: 2023-11-16; 1&1T BEA: 2024-02-06

ATV e KB R ek — A A R R
(R K BRI 2 R RAE S TR . BhBR/K 7258
() FLAPIEE R F LA 0 8 1 ARG R 7 0 2, LR e
SHEEFMANMLFEREERAT YR, RE
ERRK TR, A 8OR) ) BRI b, 22 AR K 5 U Bk
(i) B, SR K P TR A, R R K 7 R, A
HAFRIE.

PRI K ST VR J 725 B G5 i Bk Ak 5 1t
RO, v £ 268 0 7K A £ Rk 2

EETH: EHZIFE LB AR AR R (CARS-48) % B [Supported by the National Shrimp Industry Technology System (CARS-48)]
EE B FLERK(1996—), L, Wi o i 5877 R N FRAEAE RS % . E-mail: 15134981806@163.com
BIEIEE: TRARLL, L, WF5C 0 BT MRFR A S ¥ 5 A B 1Pl . E-mail: zhangjh@ysfri.ac.cn

©The Author(s) 2024. This is an open access article under the CC-BY 4.0 License (https://creativecommons.org/licenses/by/4.0/).


http://doi.org/10.7541/2024.2023.0381
https://creativecommons.org/licenses/by/4.0/

1184 K& A& Y ¥ 48 %

B2 BRI E . SRERIRIL. EEE SR
B, A SRR FR B . NOS -N. NO; -
N. NHj -NZHRTHE(DIN) ARG HLE(DON)
() A8 B3 i, o FE 08 5 G5 v K A AR A R A
Flo ST ShRK S0 (0 7T SEIR A, G 2 T 4a 0 50
S 35 i 4 v P B e R T, R e R
SR Fr A A S P, T B2 B AR - K ST 07 55
S A 3 o 0 R v e A e SR B
VR SR E R Y, B R 1 FNH] -
N B 255 IR R ) R, HL R P e K
Na'\ K4 57o BRI Z, A B Ty
NH-Ny Btk B3, 56 ghidok dh /s
T4 AL IF 50 S LA T 7E T AL A R X /D38 S v
YRR IR, T ER B /K BF 3 2 K RURRAE, vl -
B RN K AL S R B R 25 R T ol
SRS SR RHIE T A A E . A
el St e K RS RIS B [ 2, R AR,
T KRR A 2 AR 1, LASEE P T LR YE S A ki K
FEFELIE 0, W 5 AN R T E K L SRR
NI K T R T 2 i, A SR K SRS 3R
OB R, FIN AT R 2, BT R FLa8TE iR 2,
T 7K FE B BT R - /K SR THT v 26070 36 A AE R AL,
Sy FLGPE PR ER K 20 1 T S8 R SR SR R 2 8
318, SIS R R U «

1 #RERE

1.1 RS FSCIE it

FEFEMYEAL T 1 RN T (B 1R AR =
NI E ). 12 X 9247 i — R IR A
R ZHE A, R — g /K47 K= 377,
FRPE PR WF. B DL BEE K RAE
R, TE R — g 2 R K, BT R i 25 R0 97 5 i
L FRAE i HE ) = JOK T REUR R a K
HEON ) £h 25 v A £, B & S Bl K — K £ 7.
128 378 43 R R 5 R K A 3k Tl ke, SEBIE /K
IR FI A Z 5 5. FHE

KI5 A N 248 v T S % B vk 45 1 TR A 300 /
HIE, KIEF1.5 m, 4 H K E S5 H Y, 7H 6
WK . SR v 20277 BB /R, S 56 3 A $E N TAH
B, PR YK E 1 5%—6%, B R £E4:00. 11:00-
16:00F123:00PY A (8] s 5P . ARHE — il K78 %
M E 3SR R4, 2R 284127.9942.00. #h
452144.74+4.07. HFE554156.03+5.47, A [F) 5 EE A
W B I KR K 2 R, RN R 3 E
2o LI5S, 6FI7H 3 AR FRGEETIA . AT A
W HURE .

118 119 120 121 122

41

40 t

39 1

24 B Latitude (°N)

38 1

37 1

118 119 120 121 122
% ¢ Longitude (°E)

1 BRI B
Fig. 1 Location of the study area
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AAEFE IR IR E . R VLA (DON)ATN S
T iR T HL A (DIN=NO, -N+NO; -N+NH, -N)[{] % ,
DU 70°C HE - 48h, AR LT 11 5 0 5 &= 2%
SRR LB T B S K RSB BT
UAR550°C Kikeoh s B it EA MR o
MAY-KAEXRBEHE  ERBEN
FU- /K R A o, T Fick 45— e i
F=¢ - D, 0C/ox (1)

o, FRADURP-/K SRS 77 $h A H il &, o AT
BFLp e, AR
(WW_Wd)

_ 100
= W)+ Wai2.s @

A, W TR 038 T (g); WO TR T
(2): 2.5 % J2 TR ) T 24955 B 15 7K 2 B 1 LA
DN FE T SRS 80 1 52 B 4 T B R ML,
D=pDy (9<0.7), D=¢’Dy, (9>0.7); DR F R 37 #h
FIELAR S BB 4, Dy=1.90x10"; 6C/Ox HITFAM-7K




7H FEEZ RS FLGATE X ik 57 S TR - 7K 5t T 0 3R A8 Hed B R wF 7 1185
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DURPIIRI B K (8 IR SRR T 22, B IR Eh & ik
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Hom E R, 258 el B IE AR R SR
IR B Ky 8, DR R BN E 77 SR R
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1.3 HRLESS

HFIFH SPSS 26.04¢ T # A X M PR - e <8 #e i
IR A R 22 S5 R ZE T AR AL AT B IR O 2 A A,
P<0.059 2% 7 8 3%, P<0.01LN 2 2 8%, A H
CANOCOHK i3t 47 22 ¥ 18 £ 5 PR 858 K 1 B TU AR 4%
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2.1 HEKES IR M R AFAE

FRAE A KR SO 1. FRFE IR K
PR AIE I, % 5 A b JEDOY & T 6 mg/L. /K
PRmBE M, pHI KT8, 7E7H, 2h 2820 [ pH & %
KT HARPIH . Chlad & #h B2 552H il 77 FE N 18] 5
Fh G BEAR, 7E6 H B i R AE, H 53 KT HAthp
2H(P<0.05); #h B 2840 FI &5 P ASLH (1) 5 v B HE IR AE
TH, BERKT H 554 (P<0.05).

FRPEIAR DU A S HOLER 2. DURBRIAL
B 2 3 L DM 0.46—0.61, 7% 38 B 2H 2 ) I 35 1 22
5, BN L EP>0.05). EFEHEPIGH)EH
FEASHPTRRI &K LA NUR & =B EMKT
2840 AN £ B 5540 (P<0.05), 6 H F17 ), % #hFH 2
() P 5 7K 26 S A LT % = 0 i 3 M 22 57 (P>0.05)
DU DR A2 2 R34 N 2 R b, 2R 28, 45,

SSHRIHERIZ 5 B N9.98, 16.11F116.55 um.
2.2 FEKFEIFEAK P EEFERAT LAFIE

FEAKPERSTNTSFE  LAEKT
BB BWRE WL 2. A B KRE,
Eh P 2840 AN 2 B SSAH FIDINAETH B 3% = T 5 H Al
6 H, DONFITNIG & 3 PE AR 10(P>0.05), £ 52840 il
ERESSHFINO, -N. NO3 -N. NH-N7E7H 4 &
FIlE . HE454HDIN. DON M TN & #1148
1h.(P>0.05). #h 5541 FIDONTETH &K T5H
A6 H (P<0.05), TNJG 2. 35 132 6(P>0.05). A&
FEARE, 7TH HE28. 5541 IDING 2% & T #h fF
454, X FP R E T EYR TNOS -Ny NO3 -N. NHj -
NI 535 TR (P>0.05); 7H h 450 DON & 2 5
T H A £5 B 2H (P<0.05); HoAth % ZH [A] ) DIN. DON
S TN TG 2 3 1 7% 57:(P>0.05)

BIFRK P ERSRWTAFME  FREMNN
ANTR] B 2H AT B K A B TS R FE AR AR AE LI 3
% 5 B AH H] BR /K HDINE ZE DANH, -Ny . DIN,
DON. TN H 241G, Sk ERSH B& & T
7H (P<0.05), H:HNH; -N 5 DINAZ 1L I 3 (P<0.05)
FEFEAIHIS A, ThEE2841NH, -N. DINE ZK T
EhEEASHLANEE FE 554, DONE 2 /5 T £h FE 45 A Al Eh
FE 5540, TNYET A & 2 %K (P<0.05), DINT & & 1
ZR . HEASHKIDONTETH B E % T HAh £k 5
H, TNHIRILH A S a5y, 2232 T HAth 2h B2 4
(P<0.05). #HESSHMINO, -N. NO3 -N7ETH B3
mTSH A6, TNTETH & 3 FF % (P<0.05), DIN.
DONE {3 122 K. (P>0.05)

23 A KAEAEFRRIHRBES N T ILEHE

MARSKE, DIN. DON. TNH U 1 /K 44k
PHL, BRI NDIN. DON. TNAIE, A A 12
NO; -NH K& m P 3 8, TR INO5 -N)

®1 FEHEXEREEK RS
Tab.1 Water quality parameters of shrimp ponds during breeding period

I 17 AbFH A KR

Time Group Salinity (%o)

Temperature (‘C)  Dissloved oxygen (mg/L)

M4k EKa

T RE H
p Chl.a (ug/L)

5HMay  #h/F2841Salinity 28 group  33.30£0.28™  23.70+0.64" 7.66+0.17™ 8.92+035™  31.65+1.03™
#h 454 Salinity 45 group  43.33+3.31%°  22.13+0.42% 7.65+0.68™ 8.96+0.21"  22.46+4.44™
#h BF 5540 Salinity 55 group  59.88+0.37*  25.18+0.22" 7.23+0.25™ 8.90+0.13™  28.51+2™

6HIune  #hfF284Salinity 28 group  20.77+0.30%  25.28+0.04" 8.06+0.41™ 8.69+0.11™  29.4943.42%
#h 4540 Salinity 45 group ~ 44.84+0.09"°  25.44+0.04™ 6.660.52"° 8.7140.06™  23.0345.75"
#h ¥ 554 Salinity 55 group  58.74+0.10™  25.24+0.01% 7.7140.59™ 8.84+0™ 41.0242.27™

7HIuly  #hEF28%HSalinity 28 group  29.90+1.14%  26.87+0.27" 8.57+0.75™ 8.76+0.97™  44.27+8.9™
#h P45 Salinity 45 group  44.74+5.07™  25.64+0.36™ 6.53+0.63" 8.53+0.10™  54.18+11.02™
#h BF5540 Salinity 55 group  49.07+0.17%  29.98+0.26™ 8.90+0.55" 8.48+0.03"  26.78+2.86"

H: AFERE F RN A W 2R R 3E, NEVNG TR $E R 2 7] 2% 7 2.3 (P<0.05); N
Note: Different capital letters indicate significant differences in months, and different lower case letters indicate significant differences

in salinity groups (P<0.05). The same applies below
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Tab. 2 Sediment physicochemical properties of shrimp ponds
during breeding period

47K FRate
of water
content (%)

35.46£2"

AP

Organic
matter (%)

3.67+0.49"

TLERE

Porosity

A

"li"j;llje b #E 2H Group

5HMay 25284
Low salt
group
#hpEEasA
Medium salt
group
#h S5l
High salt
group

6 H June £h/F282H
Low salt
group
#hpEasa
Medium salt

0.57+0.13"

255942  0.46+0.04° 2.82+0.3°

38.8£2.93" 0.61+0.03°  4.02+0.7"

35.78+4" 0.58+0.09"  2.84+0.3"

a

29.97+4.5"  0.57+0.13"  3.45+0.61"

MAZ B E 5N (1.69£0.9). (23.07+6)F1(19.36+
4.5) mg/m’, Forr, #h B84 B E AL T Eh A4S AL AN £
£ 552H (P<0.05). =~ 2k B2 2H () DON & 52 i i &
ZFIEE(P<0.05), 7 HIM(36.60+£5.72) (27.89+3.46)
#1(19.98+1.6) mg/m’; TN #eil & 45 1] 49(38.08+
5.84). (43.66+9.71)F1(32.55+7.96) mg/m’, F i1, #h
J5£ 2820 FN 5 B 4541 7] TE 2 3 M 22 57 (P>0.05), 1H 1)
3 KT 2R 5541(P<0.05).
[ 28%0 53 45%0 71 55%0

group

HhIESS2
High salt

group

7HJuly FhFE2844

Low salt
group

EhEASH

a

32.46+0.3

29.94+1°

33.47+5°

0.55+0"

0.52+0"

0.56+0.05"

4.24+0.2°

a

2.57+0.21

a

2.58+0.31

Medium salt
group
#hRESSUL
High salt
group

32.92+7.88" 0.5440.09" 3.41+0.3"

(& 4).

MR A 4 K, $hE284INO, -NAZ il & 7F
7RI, B HOT 1R H R _EAR YRR, NOS -NAZ #
WEAETH B IN(P<0.05). #HE28. 45815541
DIN-F 12 il &5 7 7351 092.08 6.374112.47 mg/
(m”-d), 7343 %9-0.48. 0.06F11.47 mg/(m’-d); DON
AEHl RS H 4 W 13.91. 5.32H16.79 mg/(m’-d),
TH 5514582, 10.94F15 mg/(m’-d). hEF2840 5
R FE4541 YIDIN. DONAZ # it &= 35 £ WL F i e
AR % . ShEE454H FJDIN. DONZZ e id 2 33
1E6 A Bl KAE, 5235 K15 17 H(P<0.05), NO; -
NAMINO; -NL B FE 2R . HASSHKDIN. TN
A Wl R BRI, 7264 7H B3 /N5 H(P<0.05).

MR SR B, R 55405 H DINAS # il &
BT HAN2AH, 6 A 3 FEIK(P<0.05); $h/E284H
DONZZ #e i 5 56+ 5 J5 BRI, 5 H B35 K T HAh24H
(P<0.05). 5H #HESSHMTNG & K T 2h 454,
U T H DINAZ #1385 5 K (P<0.05), 7TH I B & /M T
ERFEASHL, YET HDONZZ i i i F K T 3R B 454
(P<0.05), RIF=FE FTHAS H ) Eh FESSHTNUADIN Y &,
FR5E Ja WI(7 H)TNLADON N = .
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Fig. 2 The concentration of nutrient in the overlying water of
pond
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Different capital letters indicate significant differences in months,
and different lower case letters indicate significant differences in sali-
nity groups (P<0.05). The same applies below
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Abstract: Coastal saline-alkali land aquaculture is increasingly rising, with the nutrient exchange at the sediment-water
interface playing an important role in the ecosystem. It serves as an indicator of endogenous pollution levels in pond
sediments. In order to explore the nitrogen transformation dynamics at the sediment-water interface in Litopenaeus
vannamei culture ponds. Measurements were taken from May to July 2019, analyzing various nitrogen forms in overly-
ing water and sediment interstitial water across three ponds in Binzhou City, Shandong Province, with different salinity
(28, 45, 55). Using Fick’s first law, nitrogen exchange fluxes at the sediment-water interface were estimated, and corre-
lations between environmental factors and exchange fluxes were examined. The results show that, (1) Nitrogen forms,
including DIN, DON, and TN, predominantly diffuse from sediment to water, indicating sediment as the source.
Conversely, NO5 -N moves from water to sediment, with sediment acting as the sink. During the breeding period, total
exchange fluxes of DIN were 1.69, 23.07, and 19.36 mg/mz, DON were 36.60, 27.90, and 19.98 mg/mz, and TN were
38.09, 43.66, and 32.56 mg/mZ, respectively, for salinity levels of 28, 45, and 55. (2) Seasonally, exchange fluxes of
DIN, DON, and TN were significantly higher in May compared to July. For instance, the average DIN exchange fluxes
for salinity levels 28, 45, and 55 were 2.08, 6.37, and 12.47 mg/(mz'd) in May respectively, decreasing to —0.48, 0.06,
and 1.47 mg/(mz-d) in July respectively. Notably, the DIN exchange flux in salinity 55 group was significantly higher
than that in the other two groups (P<0.05). In May, the DON exchange fluxes were 13.91, 5.32, and 6.79 mg/(mz-d),
respectively. Salinity 28 group exhibited significantly higher values compared to the other two groups (P<0.05).
Conversely, in July, the fluxes were 5.82, 10.94, and 5 mg/(mz'd), respectively, with the salinity 45 group significantly
surpassing the others (P<0.05). Additionally, in May, the average TN exchange fluxes were 15.9, 8.79,and 19.16 mg/(mz-d)
respectively. Significantly, the salinity 45 group exhibited lower fluxes than that in the other two groups (P<0.05).
However, in July, the fluxes were 5.31, 9.1, and 3.28 mg/(mz-d) respectively, with the salinity 45 group significantly
surpassing the salinity 55 group (P<0.05). (3) Redundancy analysis showed positively correlations between salinity and
exchange fluxes of NO; -N, NOj -N, and NH; -N. Organic matter exhibited positive correlations with NH; -N and TN
fluxes. There was a significant negative correlation between temperature and NH; -N exchange flux, moreover, water
content and porosity demonstrated positive correlations with NO; -N and DON exchange fluxes. In conclusion, sedi-
ments act as potential sources of nitrogen, with pollution potential significantly reduced towards the end of aquaculture
compared to the early stage. The salinity 55 group facilitates DIN release, while the salinity 28 and 45 groups facili-
tates promote DON release. The results enhance understanding of nitrogen exchange fluxes in large surface aquacul-
ture ponds and provide valuable data to support the scientific management of this aquaculture model.
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