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Impacts of different crop—fish co—culture systems on N,O emission from freshwater aquaculture systems

BAO Ting, WANG Meng—jie, WU Jun—nan, LIU Yao—bin, LI Feng—bo, FENG Jin—fei, FANG Fu-ping”

(China National Rice Research Institute, Hangzhou 311400, China)

Abstract: A pot experiment was conducted to elucidate the impacts of crop (Oryza sativa L. subsp. japonica Kato, Oryza sativa L. subsp.
sativa, Brassica rapa L. ssp. pekinensis or Ipomoea aquatic Forsk) and yellow catfish (Pelteobagrus fulvidraco) co—culture on the production
and emission of N;O from a freshwater aquaculture system. Net N,O flux and concentration in the overlying and soil pore water of different
treatments were measured using static chamber and headspace equilibrium —gas chromatography methods. Co—culture of crop and fish
significantly reduced N>O emission from the aquaculture system. The total amount of N,O emissions from the indica rice—fish co—culture,
Japonica rice—fish co—culture, water spinach—fish co—culture, and little cabbage—fish co—culture systems were reduced by 82.1%, 69.2%,
67.9%, and 60.3%, respectively, compared with the fish monoculture system. Rice—fish co—cultures reduced N,O concentration both in the
overlying and soil pore water, while the vegetable—fish co—culture only reduced N,O concentration in the overlying water. The rice~fish co—
cultures significantly reduced the concentrations of total nitrogen (TN), NH;=N, and NO3—N in the aquaculture water and concentrations of
NH:i=N and DON in soil. The vegetables—fish co—culture significantly reduced the concentration of NO;—N in aquaculture water. Crop—fish
co—cultures significantly increased the abundance of nirK and nosZ genes in the soil at the early co—culture stage but did not significantly

affect the abundance of nirS genes at the full co—culture stage when compared with the fish monoculture. The crop—fish co—culture had no
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significant effect on fish yield but significantly improved the system’ s nitrogen nutrient utilization, reducing N,O emissions from the

aquaculture system. The mitigation effect of the indica rice—fish co—culture system was better than the other three co—culture systems.

Keywords : crop—fish co—culture systems; N,O emission characteristics; functional genes; nitrogen pollution
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Figure 1 Dynamic change of N,O emission flux of different treatments during full experimental stage
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Figure 2 Variation of NO3—N,NO;-N and DO concentrations in the aquaculture water and N,O emission flux in fish monoculture system

during full experimental stage
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Table I N>O emission amount and emission coefficient of different treatments during monoculture stage , co—culture stage and full
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experimental stage

b N>O HERLEE NoO emission/(kghm™?) HE R %
Treatments AEAEI Monoculture stage FAEIA Co—culture stage AE Full stage Emission coefficient/%

HFRAAE I CK 0.42+0.05a 0.37+0.04a 0.78+0.03a 0.08+0.01a

HifE -t JLVELL I JR-F 0.08+0.03h 0.15+0.01¢ 0.24+0.05¢ 0.02+0.01¢

RIS~ AR L B IR -F 0.09+0.02b 0.05+0.01d 0.14+0.03d 0.0120.01d

NP AR LC-F 0.10+0.01b 0.21+0.04b 0.31+0.02b 0.030.01b

20— EAE I WS-F 0.13+0.01b 0.12+0.01¢ 0.25+0.01¢ 0.02+0.01¢

T« A SUAN ) NG SRR R AR B R) 22 55 W 2 (P<0.05) . R IAl.

Note: Different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.

E 2.51

<

=

g o201
i =
% g/\ - a
2:n 1 )
XE3 0 i |
oy ¢ c
HE

£ 05fF

5

<

z 0

CK JR-F IR-F LC-F WS-F
Kb Treatments

?‘Q 2.51 a a
]
=
ﬂﬂ % 2.0r
ha
OF a
282 150
=
X
SRR
o = L.
= 2
B 7 b b
HE o oost
=
= 0
CK JR-F IR-F LC-F WS-F
Kb PR Treatments

AN PR FR AL P 25 S B 5 (P<0.05) 0 T T+

Different lowercase letters indicate significant differences among treatments at P<0.05. The same below

B3 ARAIELRIGH FEKF T IEALBEA N0 R EHE

Figure 3 Average N,O concentrations in the overlying water and soil pore water of different treatments during full experimental stage
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FUE (10 A 15 HO) I8 Hb S A 4 7 2% 5 B2
R2PR . A [RIVEY) - 3R b 21 4 ST A R 3
I8 JE T (nirK  nirS) F1 N O 38 J5 il (nosZ) & [H 2 & 44
NFIEIA . H R R A A B A 8 i K LR AR
A TR — N 0 S~ AR AR B 5 4 Tl A4 -
i AR LD 35 B S A0 A PR SR nirS ZE D FE U0 B 2
225 5 I UE nosZ FEK = B 5 nirK 56 [F = LA — 3%,
[Fi] A 2 B kg B 5 1 Kb B A= 358 nosZ BRI f /N, HL
AR TR -t 2SS - AN I, I AR
8 4 H A S it PR 4 18 S (nir K nirS) 1 N0 i JiE
H2 5 H NG - LA AL B 4 58 nirK Fl nosZ JE [
FEYERER TS O AIELA I, XEZEIRR
W, 4 b AR — £ A R B 0 A B ) ) i 2 A 2
FZARIUAE nirK F nosZ FE R F B I, ARG —fa L AE 4k
T3 NS 9 nosZ Kk TR 32 B 1 f vy, 4 S Al Ak v
(] 7 ) NLO 38 Ji A No, 5 Rl A — A AR 35 NSO HF i
SR A2
25 A EMRWE T

2019 AT Y B A N R . 1 4h
W 4 AR — 0 AR A FRISCRR %) 2 55 6 A ) i TR

WSO B A BRI AT R 25 S (3R 3) s E IR
Jei , B RR KR 11 A 9 e R RO S 38 o T R 3
Horzs 3R A Y SRR Bk, 4FMEY-fadt
VE AL FRER T A8 2 i T B R e pb 3, rbobl A — £ OB
Fei—FERI1/ N [ 32— A A BRI 2R 34 8 38
3 iTig

TRKFRIE Z 58 N0 HERCAT fE 372 2K A R KA
TCALE VR BE DO YR B R L pH 5 PR 28 (14 5% i e
DAAEWF5E & B, NoO HECUE 5 30 AE = JC ML AR
Ik DO Mk B S5 R 720 A5 & BB 55 fa 4b B AE 7
H 8 HF10 A 14 H I 5 19 NLO HE A, HoAth b
P NLO HE i 8 AH XT3 (P 1) o 38 el b B0 £ A 1
N>O i 5 325 K A& NO3-N \NO;-N F1 DO 5 £ % He
K, 7 H 8 HIRF KK NO-N F1 NO>-N 75 2 4 HH 3
WA (18] 2) , 3 AT R 32 2 5 oA CK A FR A R K R
R AR E P AAAE R TCHLA, i b R A 1k
PERF=H N0 BRI IL, sl i JCHL &R 0 ml e 7 H
8 H it H B NLO HE i iy 225 . FEJE I, 10 A
14 H HBN0 HEROE , o] BB W7 T8 R R, — 2 T
TR, 10 ] 14 HF S KR NOS-N & it e —

R2 AELAIEELIERTEAFN R EAER R nirK \nirS .nosZ BEEEE

Table 2 Gene abundance of nirK, nirS and nosZ in soil of different treatments at early and late co—culture stages

T8 H 13 H P RESL R F2 )

JE:10 A 15 H Y ThRERE R =

b Early stage : Abundance of functional genes on August 13 Late stage : Abundance of functional genes on October 15
Treatments (copies-g”' DW soil ) (copies-g”' DW soil )
nirK(x10%) nirS(x10°) nosZ(x10°) nirK(x10°) nirS(x10°) nosZ(x10°)
FEALLIE CK 2.68+0.50¢ 2.40+0.65a 1.10£0.18b 4.63+0.95ab 8.164.14a 4.47+0.43ab
Hfe -t LA EAL I JR-F 3.28+0.24bc 2.51+1.22a 1.56+0.16ab 4.38+0.24ab 7.862.30a 4.56+0.35ab
HlAE - L /ELbFE IR-F 4.35+0.49ab 3.45+1.04a 2.00+0.27a 5.14+0.71a 7.62+0.84a 5.53+0.33a
Nt AR B LC-F 3.90+0.77hc 2.09+0.38a 1.65+0.22ab 4.64+1.42ab 10.02+7.16a 4.88+1.85ab
25 0ot AR AL B WS-F 5.69+1.54a 3.31+1.89% 1.85+0.44a 3.47+0.83b 3.66x1.51a 3.53+1.07b
3 FELEEMENNEYNE TREEUREF AR
Table 3 Biomass, N absorption and N utilization efficiency of fish and crops under different treatments
O flish {41 Crops A
Kb 3 Treatments Feed/(g‘ m?) M R IS Y R N lftl'hzﬁtl()n
Biomass/(g-m™) N absorption/g Biomass/(g+m™) N absorption/g efficiency/%
AL CK 65.22 100.54a 49.98a 33.14b
Hlife - LR I JR-F 65.22 111.19a 56.88a 647.75ab 17.26ab 49.16a
HliRE -t LA b FE TR-F 65.22 109.21a 55.47a 777.57a 20.44a 49.59a
INFIEE- LR A LC-F 65.22 104.68a 52.61a 494.73h 12.47b 43.89a
250 E - LR b WS-F 65.22 99.62a 49.52a 217.89¢ 3.78¢ 35.33h

T - AR A 8 D B, KRR LA 2 IR, SR (AR AR 22 AN

Note: Fish and crop biomass are dry weight, in which rice includes stem, leaf and grain, and vegetables include root, stem and leaf.

1% WHART]
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