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CH, and N,O emissions from freshwater aquaculture

DING Wei-xin, YUAN Jun—ji, LIU De-yan, CHEN Zeng—ming

(State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
Abstract: The global fish production in 2016 has reached 171 million tons, which contributed 17% of the global consumption of animal pro-
tein. Freshwater aquaculture is an important contributor of fish, and is also a key source of atmospheric CH4 and N;O. In this paper, the flux-
es of CHy and N>O in the different type of freshwater aquaculture were summarized. The conversion of paddy field to extensively managed
freshwater aquaculture (pond) increased CHs emissions, and in contrast, conversion of paddy field to intensively managed aquaculture re-
duced CHs emissions. Rice—fish paddy field is found to be a hotspot of atmospheric CHs and N,O, with the highest emission factors of CHy4
and N>O in freshwater aquaculture system. It is necessary to develop necessary field management practices such as decreasing water layer
depth to reduce greenhouse gas emissions from paddy fields. Although N,O emission factor of the applied N in the intensively managed
freshwater aquaculture was high, however CH4 emission factor was close to zero, resulting in the low global warming potential. Thus, the in-
tensively managed freshwater aquaculture is the direction of freshwater aquaculture development. The global budget of CH4 and N>O emis-
sions in freshwater aquaculture system was 6.04 Tg and 36.7 Gg, respectively, of which China was the larger contribution country. Thus, it
is urgent for China to improve the equipment level and intensively management level in freshwater aquaculture in order to improve feed con-
version coefficient and reduce the potential pollution on neighboring water body.

Keywords: freshwater aquaculture; greenhouse gases; emission factor; land use type
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1 KFEFREMR R EEER

1.1 85

A DR B A0k 2 21 (2018 47 itk Fik
FEFRRR BN 2016 4E A ER 287 ik F) 1,71
{21, F 1961 4 DLk 4R 2 7= i 1 3% AR 4 16 K
3.2%, fm T Bl A= Bl Wy R 2SO 2 i 4 H Y 2.8% AN 1
R 1.6% . R AR a2 o gk
20.2 kg, Hoxt sh 1 8 (4 3% 0 STECR N 17%, JE Kk
JE E RS YR A EZSRIE . Pafit, Rk L4
A e AR E R K EY, SR, B
VT WL R R Y H 25 A 0B, A BRI Bl T B A
1980 4 LUK s F A2 , K 7™ R0 S 4 5 N JExt a2k
P I RREE TSR, BT R C AR F] 8000 1 t(F£ 1), 5T
BRI 1976 421 7.8% 34 2] H 119 53% , Horp N Bl
IKP= RGP 1N 5140 J7 t, (7 @ BR/K = FR 8 6 7= 1 1
64.2%.

2016 4 Hr [ /K ™ B 1ok 6701 5, (a2 BRK ™
ab S PRI 39.21% , Horp K PR RGP 5O 5142 T7 ¢,
7 A BROK 7= FR A R 5 1 60% LA B Hh EE & A
AT B HoAh 4 8 1 K SRR T, H AT AR
A7 ik #) 35.1 kg, AR A IE Tk 1,72

1 2016 F LRI E R FAKF=FRE~E"
Table 1 Yield of global and China’s fishing and aquaculture

i, #E 1996—2010 45 [ 4E 414 6% , 7K 77 i X 5l 4y
EAMTTECEHATE 288 =022 —", MEK
K P2 S G B PR K R, K 7 DR R e e 1
K, BETE ZA 5] 2211 J7 v, 5 & db AR = B 1) 10%
e G0 I b DX £ 2SR 2 SR B IE B AR LU R
RIAR R E 513K F] 550 kg hm>F1469 kg-hm ™!,
1.2 FE#EK

K= SR AL IR K S5 AR K FRAE K2 IR
IKFRFE 2 A8 LR AR AR (A8t 3% K 5 7
) s ), B ARRE BERE SRR A K AR e ) AR
B, SR FH A B AR i, 1) % # 2S sl A oK A 3, B
LA 3 sl AR = AT SE I — G PR AU RS T 28
Deis g AR, BEE X B URAE R A T K
it (A5 BN T SR L A FH SR W bl B R R A I FH K
FEFEH, H AT K2 51.30% F PN il 2K 7 37 4 5 Hh B 4
H KRG I, FR5E 5 77 50 28 i8R B 1R K 7™ i i) 5
B JE 2016 4ETTHR T 49.06% i i, Hidh ik ok 35
F R G DTER A =ik 71.91% (£ 2) .

i 2 I Ak T A B R N K SR8 &R
e, 1T AR IR S T K v
e g T R T R
B T FRFE A, S AL e 77 5y = e . P =X
a2 B A KA IR R G5, vl R i, s/ 7
B ek RN S AR BT g 2 — Bl T HE i 2R £ 57
S HR, HATHR 0 & R RSN XK

in 2016/ PRI TTEREA L 1%(£2) .
%5 Ak bR ST SRR A, 5 LA e
L S R o R AR B R AR T AT
M 1160 . 1001 6000 4F: 1 77 511, 38 [ 7T LUK 31 2 TE AT 400 4K, 75
A1t 90.90 15.59 17.15 @;j\:'ﬁz/ﬁcﬁ LJT64‘75EE‘J!H‘5L"@ﬁ LJEE%@?(@%E
R WP 2870 19.63 68.40 FH H 5, Sk o Fop o 4 Bl - AR 0F R A B
Wikl 5140 3179 61.85 T, G KRR 2R B ) WM 7 03, 2 i 7 20 A v A
A0 e 0427 A FRBCE1 i J2 3 R AR 0 S MR L 1
L U L 2 0 5 4 AR 7 9] Rk R 1 7 5 0~
R2 2016 FEEETEATFEERI=E
Table 2 Yield of China’s aquaculture in 2016
etk T F7 51 Marine 1R 7K 758 Inland 41t Total
Category PR Yield/10° ¢ L5 Ratio/% FER Yield/10° ¢ He B8l Ratio/% FER Yield/10° ¢ A9 Ratio/%
EiZiie 2370 12.07 22 860 71.91 25230 49.06
FFOKIER 12950 65.97 6430 20.23 19 380 37.69
Tk 200 1.02 200 0.63 400 0.78
T — — 1630 5.12 1630 3.17
FeAte 4110 20.94 670 2.11 4780 9.30
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THYERT, 5 ROK IR R Gl A AR CHL T NLO HERC R W F

57099 EIEE S 0~31.85%"", Tk R ) H-13.11%
(1 FIFZ il 5 S0P RS B )1, e BROP-3 24
15961 S A P Cas: A6 B B K R B 2 V1) 1
WK 25 Sk 573.63 200, A AR U 4 742.97~1 025.67
2250 BEARNE RN B B 2k | Li 58I 5% & IR
o ILAE L A RIOK A R R 8 R R T 13.67%.
H Al ER RS AR URCN 254 77 hm? (32 3) , 1T 38 ELAS
1 HAE BT FH AR 1020 75 hm™, 35 G 4 K 1 & e
Wi

AR B TP H AR M R, DU A S R BE A
THFER B BN R IR AL 52 K 7 3258 5 AR TR B AP
PR BNRE  38 L 7E T PE SR SR A R G R L K
VA L MEL A E AR, s g
BEFIK ISR | B2 15 7K™ F5 58 (A Al B A S8R AN 22 53
ta, HOKIR T RESE A . H T2 EREE 2R K FRFE Y
IR IR X R Y BTN AL 10% o

SVARTIT T, e RESR A () R i A JUKOF IR K57
B A48 0] A5 AR A0 3R PSR 294k R R
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2.1 FBEFEIERS CH.HE

R g0 LA —FP ARG AR 25 R AW 0 sUE 3R Y
S, AT RLSEEL — SR , 3k 7K 8 U5 A A b R
s e KAk . 164 A A AT IR = SR HE Y
RS o RN ES IN N3 | ) | E A S A 0 i S K NI
Fed, TEENEE b SRR FEAE TP R4 T 000 2 e B, K A
5 AR B PR TR HOCHL HE R, 3G 0 R S
73.68%~112.27%", Frei Z52 24 5 AL FE AROD K2
SEIRA A T SE K IR, TR AT I 25 4 s 1 A
CH. HERL , & FLAE H CH, HE A & 3551 499 kg - hm ™, 7
o A 0 HE— A %) 798~924 kg-hm™, g i d A
T2 CHLAHEBCE i ol BEAL] : — 2 Sl RS H 77
TR BRIE K AR 2 R D R S SN T K Ay
B BRAR T KOS R i 8 o e, SRR
AR T AL FRAIG, 2035 T 7 A2 CH I R85, Datta

F3 HEMEK 20N ETEBRKKFERREE"

Table 3 Area and yield of global and China’s freshwater aquaculture”

FE faHEAE Rice—fish system

AL LRI IR Semi—intensive plus extensive system

EL{L IR Intensive system

162 Area/10° hm? P Yield/10° t [6 2 Area/10° hm? FEAE Yield/10° t PR Yield/10° t
SBR 254.2 1709 865.5 38713 3991
LR 149.0 1457 608.1 25 824 2076
4 BEILEXEE CHF N0 HEA A &2 0E
Table 4 Effect of rice—fish farming system on CH4 and N,O emission from paddy field
CH.HERCR: N2O HEC KA
TR0 Hl A LY KRR IKFE S F CH, emission/kg+hm™ N0 emission/kg+hm™ Rice yield/kg-hm™ ik
Site Year Species Rice variety L FEf IR H fEfa IR HRL fEfadt/E  Reference

Conventional ~ Rice—fish ~ Conventional = Rice—fish ~ Conventional = Rice—fish
ENEEEEsE 2005 ki) Varshadhan 45.38 96.33 1.02 0.75 3390 4470 [16]
ENEETERE ST 2005 i) Durga 51.33 89.15 0.92 0.72 3000 3330 [16]
ENREsetise 2011 ZEhFiigfa Varshadhan 109 126 1.40 1.23 4100 4600 [17]
EEETEIEsE 2011 P AIE4JE  Varshadhan 109 136 1.40 1.24 4100 4100 [17]
ENEEEI&sE 2011 il Varshadhan 109 149 1.40 1.29 4100 5100 [17]
FIERETE 2011 RPE Varshadhan 109 142 1.40 1.27 4100 4300 [17]
w1 2006 i £ — 499 848 (JTLiml kL) — — — — [21]
AL E Y ]E 2006 it — 499 924(fkL 1) — — — — 21]
i Iz EET]E 2006 il £ — 499 798 (A kL 2) — — — — [21]
WL 2006 fi £ Wi L 252 187 2.30 2.20 6188 6205 [14]
LRI 2007 fil £ Wi L 228 198 2.00 1.90 6983 7382 [14]
LRI 2007 {71 LRI — — 3.04 3.00 — — [15]
LRI 2006 i f2 Ry 267 250 2.29 237 — — [24]
WEHET 2006 Hith — 299 253 — — — — [23]
LT 2016 SEICFEUF %I % 456 268 3.08 2.85 6560 6800 [25]




752

URIEIRCX RSy F3965 45

SRR I, H R FH K )2 v A S B i (O b s ]
T 15:00 058 ) 7.96~8.21 mg- L™, T A fa H: A A
T B 51 5.00 mg - L5 & A 28 HEEY) 45 I 9 1 e
FIG I K R 2 A v T AT A A AL Y
O R GE PR T 2RI . BN R LR
F K ] 3 PR A LB 3 B 4.00~4.13 pg - L7, U
RS N T 81.819%~105.47%"; = & /K Fei A4 ¥y it
TR Ay R IRy CHLHE R T 5 2 A9 1, il
BT CHL BTS2 U S #0288 B B sl 4 4 4 4 3 o
() CHL LA 2B b ssid 288 il 28] A<,
Datta 5" 5% % BR, /K F8 & B 52 i A £ 3G 1 4
E CHLHERL AR , BAE KRG 5 F Varshadhan B, CH,
HETHCEE M RS HH 9 45.38 kg - hm ™34 0 2 e £ L4
196.33 kg« hm™, 1 7K A5 5 F Durga WA 5 B A H
9 51.33 kg - hm23E /i1 %1 89.15 kg« hm™, 7= A4 X ff 22
S5 11 = i DR R A T A A0 B R K R i
Varshadhan (77 &, 5308 2566 7 YR RIAR by 1
g, o0 B ARt T RO FEE AR . Bhattacha-
ryya SEFSE T 4 R £ 0 AR £ LA RS B CHL HERCR:
SEN , K B SRR B 38 AL ( Cyprinus carpio L) B
Fefa bk R4 CHHRC R e K. RN Z B 3h
) g 3 40 £ S a0 - R (1
b ) CHLBE 5 Bl R i, T LAt B8R 10 a0 52 ity Jan 37 6 £
(Cirrhinus mrigala H) % i 35 21 )& (Labeo rohita H)
W& H A0 (Catla catla) FE A T 75 H K2 OK)ZIRE
K25 em) By B3, DAEESRAE N &, DX CHLHE
I GEAUE N
FH L, o 5 34 AR IBIE 53k B0 5% ) 46 5 FH 2006 48
12007 4F 7K A5 A K 11 A CHL HE L 43 51 0 187 kg -
hm™ #1198 kg - hm™, Fb & BLRE H 2000 F [ T 25.73%
F13.11%,. R/INHe IR 9 g 24 T B8 & B,
HRURPRE A EL A HH O B S PR AR T SRR A K
B CH.HRGHE 5, BRI 43971 20.75% F131.01% , F
£ HLAERG I 89 CHL HERC R A 253 kg-hm ™, SER AL T
15.39%, Ji& & S PILE A Aol K2 S A 3 Wl &
PR, 5 5 A R AT CHL HE B3 e B2 /N L A
6.37%. AEEFEPTEM AL AT TR IR
JEEC MR A CHLHECA 5 R, K B Hi 26 K RS A AT
S AN RS AR SRR RS CHL HE R BRI T
41.23%. F&fa L AR H CHLHER R T RE RN . —
ST B OR R FH 30 2 4 A 1 HE Y CHL B B4R L (H
SR LR RS LA R A K2 (8~10 em , & HLAE
A 5 em) , 0] GEFEAR 738 1 /K i 9 #8 K S CH

HEHICE 50 R B R A K )2 S S A 2K R A
A, BEAROK R AR R 06 7, sl 5 7K Rt A AR A% i CHL
AIRE 1™ = ARG sh 4 1 I AR s Ay
FEAR T CH ™ A1 1™
DA b3t W1, e e VR RS FH CHLHE TR Y 52 1)
FEAEAE WERON AN, R I 4B T A Bk EE
MAEL T AT UL e £ AR X A D CHL Y 1E B8 5 3000,
A H K2 R PR, SR K Z R E /N T 11.5 em
AF, g AR T AR D CHLHER A1, 4K 2 IR
RF LS em i, IR HE T8 BT CHLHETL , 2ok
AERG R BAE K2R EE 25 em A2 4 . HETHE PR E 3
SR TP 7 AT A H R A — N FH K2 T
JE (215 em) , 191 401 g S 19 B B8 A fin i 1] 5 — R AR
FH DU J&] sl v ) 2 R 2 A R 2 2T 5l
7 o ) o 32 2 RS AN A2 TR B, Dt AR FH K 2 R B
5 em $E 5 F 8~10 em!™ > X Ay X 32 L AE R [E St
H Aij 18 T8 8 AR A 48— BUARAE , SR 2
WA K . XN/NHEESEPITERS b () THZ 19 78
1B P8 B AR BE 4991 50 em A1 100 em, 5% F5 38 S50
Li A5 I A HH IO ] 4 57 1) #6358 0 R ) 43 3] 2
40 e¢m F130 ¢cm, Mohanty 25" % 81, F i SLAE A5 H /N
DX HE &g B2 Ry 12.5 e BN #7100 7K A 7 1 D)
DA 12.5 em 115 em B4Ry . AR 4 AT DL, 3% [EI AR
o AR A0 ZKORR 7™ B C vy T R S B A i
(], R WITER H 0 ) 5l v ) 52 PR T2 (B E T
Ferfa LA B3R 1K R ™ i, )RR T CHLAHRIE , 2
— T 2 T AN R IR AN AUk Y 7 =
2.2 FREBETAFEEX CHARE I
et FH 8 722 SR 19 7K 37 B8 98 6 CHL HE TS0 Wil B A0 52
FEAETRE I e . B PE VL IR A8 24k i vy
iy W YRR EH R H A AR T R 1Y) 5% B T L CHL HE S
1007
80F
. 6ol
S aoh

O
y=—103.74+11.47x-0.2%" o o

201
ok
% 20} 8/
£ 40} o
5 IIO 1.5 2.0 2.5 3.0 3‘5
IKJZ TR Standing water depth/cm
| FEEfENTEECHARMMNEIMMEE 5KkERENXR

Figure 1 Relationship between standing water depth and effect of

CH.HEC 1 i
Increase ratio of CHs emission/%
(@]

rice—fish on CH, emission in paddy field
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THYERT, 5 ROK IR R Gl A AR CHL T NLO HERC R W F 753

T, IR FH | 03 R A I R AR 1) CHL HE
H23 5904 0.62.0.48 .0.37 mg-m™>-h', F H 4% 728 g 55
B 5 CHAHERGE 2K T 17%~49% . Wu S5 7E[]
— Ml X R F CHLAHEIGE &t T B L R 24% 4 F 1
WM E(EZ ], Lin 55858 & B, & HURS ) CHLHE
WO -4 0.71 mg-m-h', T A K A A 0 R IG K
A R ) 1 T A R B W) 43 3104 0.48 .0.21 mgem?+h',
5 RS A R T 329%~69% ., X Befff 57 45 S 3¢
HH A e A0 o % 5 0 b EL A B I ) CHL DB HERICR -
Liu S Hu 82198 |, A5 %50 10 1 7 7K B (] b A
S, SRSV 7= A CHL A T 5 ) 1) DR AU Bie
HJ2 R K AR s i S A, DA e AR Y
CH. B/ DA 34 0 HEIGE I8 |, (45 CHLTE 2EA RS Z 0
KIS FACTIIHAE . IR AR AR Lb , 5 H K2
B (215 em) , 3= AR 1) CHL Byl o 3 ik A
KA, T KRR RRAE by CHLHE T 1) 6 5 i 1 i % ekt
BB 35 P () CHAZ R R

5 Bk &ZBAHS , Yuan ZFFFE T A0 3 X A
B A Sy ) R B IR 6 CHLHERIC 52 Mm% B s LR
CH. HE il 38 £ 4 2.47 mg - m™ - h™", Y] % 35 5 1w ik
9.02~14.30 mg-m2-h™' (£ 5) , LR APEHE K H 2R 18
CH. HE T 1t 5, A HH A% A8 Sy T 88 55 5 U 30 CHL AR
B IR T 34145 . X Rk 7R T 8 SR A
R RS RRE, A 45 2050 kg - hm ™ & iRDE}
1250 kg hm™2/N4% 41 1000 kg - hm > B Wi F1 1150 kg -
hm > AEFFDF, 0200 T FRAE I IS U8 Al i A PR
B, R RS B A 7.97 17, ARDRHR B 4k o CHL
) ZEE K 60.0% A8 26k T B T 88 SR 4 o) 7R v
3, A W R AR (1930 kg - hm™) /2R £ (1240
kg - hm™) FIARFEDE (230 kg - hm™) 25, (H 2 15 U il v
A B B &N 193 mg - kg™, A% T AH 4B A% H %
(214 mg-kg™") , B A 500 F 95 M SR A IET e i 55
WF9E % B IR K SR YE I CHL 2L T R
AR, SR CHLHE G & 2257 CH. ™ A0
e, Ko KB, CHLHEGE & 5 R IE R
RIS AR 5 A5 B 1A 56 06 R T S K (A v
o5 A SRR R 2 A0 RH G DG R, %A T Y 7 0 2
ARSI ARG, BERS TR R KRRZ A
U AU HE T A MLER I 3, B AR T 7™ CH
RN T HLAR & TR U Y A B AL, BRI
TEVRI CHL I 7102,
2.3 REEBKKFHERS CHHHEE

5 TIR/K SR A 2 58 CHL AN NLO HE il 5t 1Y

ML NFeHal I IR K FR58 R 58 CHLHERGHE
HAEH 25, 2240 7E 0.01~19.95 mg: m2-h'Z ],
BV SN T VLR 24 A T 1.33 ha 060 D 1 %
(LB 80%: 20% ) TH 77 3 CH. HEHCE 7, 30 5% 4
R4 A 34 W X 35, R AR RL R X B R X
(PR T AT ) R AR AR X (AR MR A RT3
B S ERIIL) L 114 H (8 WD CHL AP 25 HE i 24y
49 0.38.1.63.0.57 mg-m>+h™", i KAE H I AEH 5
B AR X, S/ MBI A PR R X, Woa SR S Y (]
— i X A IE RS CH, HEAE &~ 0.51 mg - m?2-h', A F
IR R IR KR H 2R A K X I (A = ] S
A SR R R VLR R AT IR % fa i b1 T
T AR, 2 B2 S FH Wb, CH T 35 HEGE 4
0.73 mg-m”-h™'c B A 2011 4F 9 J #2012 4F 1
A XM T S AT T A AR B M, & 30 CHLHE
JCIE A 3.15 mg-m2-h' 2012 4F 6—11 ] B Ak
FE YA CHLHERGE R0 1.65 mg-m™-h™', $53E T Fk
A ZE I 5E (E, {H R R % CHL HE 0 2k 5] 19.95
mg+m2-h¥, RN T 2016 455 H 5] 2017 4E 3 A
DU 174 ] — DX MR 33 CHL AR R 35 51 18.69 mg -
m”>-h™', AT LA A0 CHLHEGE B A RE
W, FEOX P 22 51 3 i R R MR 2 SRR R R i
T Z R, AL T 3 1 CHLUR Y, i B
RN T KA R, O CHL 7 AR AR AL T3
FEREREER 1,

PRI S 53 R I, A7 7K A=A 0 R G K A A 1
1o % 33 5 S CHL HE W0 543 51y 4.8.8.69 mg - m ™
h' Yuan ZE7WEI 1 A M X3 AN A [] 7K R A ALK
T o] 8 7 5 i CHL HEBICGHE 5, 7 3948 43018 9.02.
9.46.14.30 mg-m?-h"'. 5 iR 45 R A, Liu
SEIODGT YT 5548 4 Ak T T0] 8 7 BV 1 1 0 {1 A4S
%, CH A HEGE 50 0.21~0.48 mg-m™?+h™'c 7E
EJJJRE 2% 2K R 40 AR 5 Ty 38 7 BRI o 1) T 3 CHL
i 308 8 DU B AR, 20 A M 0.04.0.01 mg-m2-h™' B9, 7
[ o ] 45 v AR AL A G R /K SRR it L Wl
ANE] CHLHERL,

U5 TR R G4 FUKCT SR ZURE W B IR K IR E R
4t CHLHERCGE | Yuan ZE70 2 ERIRK 0 R AR E
SRHECE A AT 7RS0T IR R I R SR
K- 25 HEIRK FRIE R GL o0 WA SR L
Y OB R A A ARG PN T 4RI SRIE R
S CHLHEBCR B B0 50k o, R o L VR RS Y
CH.HF R B =, 9 12.6 mg-m ™ - h™' 5 AR 2 {L U AN
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F®5 TEEMKKFFERS CHMN0HEEE
Table 5 Effect of conversion of paddy field to fish pond on CH4 and N2O emission

B RE CH. i ¥ CH, flux/mg-m~-h™"  N,O W H N.O flux/pg-m™«h™

e NN NP e b
o ?Eﬁﬁjif 7’;;*‘% };’y‘fﬁ*ﬁ Aeration i SR = SR Rf@v‘
system Paddy field Aquaculture Paddy field Aquaculture

TLAR IR VeI 1 R H X 2.47 9.02 80.70 2.13(0.05%) 7]
jawiwiNil| VeI 2 pL H o 2.47 14.30 80.70 4.30(0.10%) [7]
YL VedE 3 RS A & 2.47 9.46 80.70 485(0.11%)  [7]
LRk eIk [ o H 0.71 0.21 110.8 48.26(1.12%)  [6]
TLIR2%Ak eI MOE: 3 e} H 0.71 0.48 110.8 46.28(1.01%)  [6]
VLT84 4k T fa Ja el 0.62 0.48 138.3 40.90(0.54%)  [27]
TRk ey ] f A 0.62 0.46 138.3 46.10(1.10%)  [27]
TLAR%Ak eIk i X H 0.62 0.20 138.3 51.32(1.32%)  [27]
TLIR2%Ak eI h o el 0.63 0.51 210.6 54.78(0.72%)  [28]
TLIR%AE ek T & H 1.86 0.50 — — [29]
L%k ey | i H 1.86 1.14 — — [29]
TR H R VeI il o5 G 0.73 — [5]
jiNaE eIk T ¥ i 0.54 — [5]
TLIRH VeI [ H " 0.61 — [5]
WALE B ek 1 fa T T 4.50 — [30]
HALHE VeI 2 il G X 12.70 — [30]
HALEE eIk 3 il I & 6.83 — [30]
i AEN=] RyE4 th & X 8.92 — [30]
il AERE] eIk 5 h o o 17.56 — [30]
binhaeatll| eI LN T o 18.69 77.13 [31]
TLIR2%AE TeSb/ BRI il & H 1.63 — [33]
TLAR2%4k Ve SRR IX il o H 0.38 — [33]
IR P/ A SR IX i x f 0.57 — [33]
sk et e sk FEL — o 3.15 16.58 [34]
AR Jesk L & J 3.15 16.58 [34]
HDIN =3 e b ] i & 4.80 6.94 [35]
YL T T i G & 8.69 20.83 [35]
EVEE 28 K IR N 7 VeI LI & B 0.04 3.79 [36]
EJ1 3 o Ty 5 7 ek LIS o H 0.01 1.00 [36]
et VeI LN o o 19.95 10.74 [42]
kel eI o T i 1.65 11.80 [42]
TLIRH# eI f I I 0.73 60.80(0.85%)  [43]
HDiNGE ey T & & 0.54 68.40(1.12%)  [43]
YL 2 eIk T H o 0.61 69.60(1.10%)  [43]
INARARE eIk il o & 0.006 2.70 [45]
Wl E R FRAE f I H 1.07 [37]
K EE R PEERIK S5 1 1 T £ (2.36%) [38]
e H g PEAIK SR A 2 ) X H (2.99%) [38]
% EE W R DEIRIK F7 5 1tk il W i (1.92%) [39]
D=8 PEER K FEH M +VE A il G H (0.31%) [39]
Fe I B R PEIRIK TRt il & H (2.60%) [40]
[PRERT] PEIRIK F7 58 itk i G H (2.04%) [44]
INAR T e PEIRIKF7 5 itk il e} e} 376.40(1.26%) [41]
INZR VR PEMKFEA I +AEA S fa H H 575.90(1.89%) [41]
INAR T P PEA IR SR AR i+ Ok fh &l A 798.60(2.67%)  [41]

T A5 PO ES IR N2O HE R %

Note: Figures in the parentheses are the N,O emission factor of the applied N.
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THYERT, 5 ROK IR R Gl A AR CHL T NLO HERC R W F 755

MU FRIAIR 2., 5351 4 10.40 mg-m™+h™ 1 6.20 mg -
m”-h AR AR SR RGN 420 &, X 46 CH.HF
i ZR B R ST R A B A BR A4S [ER K IR E &R 48 CHL
Hel R B AL T EE AR
2.4 RKFHEES CHAMPZMEZ

A3 HT A ST A AT LR B, IR K FRIE R B8 CH,
HE I R 22 55 0] R R A MR A
TKAERE ) 2 75 2 JI U DA RGO B S A O
2.4.1 KAHIW)

T R A AN ], — R AR K A A
Yy, 3X A LA 44 J7 TH A4 « — 2 Ay Ty 8 AL R |
W58 b 3k G T RN 1) R 437 T, ke Sl L Al i
BRAS H i BTG 2R 5 ] DASE I SR R R 5 =
FEMSOK ol BB R RS Vb K DR S R A
Y= A2 SR, IEK A LA o3, DR ASE K BT T o
T8 SR Y T R I b X IR ) A S A S Y CH,
HERCIAE , & B 2016 4F 3 7 222017 4 1 J S5 5 N
fag JE Fh A 7K A ) IR 35 (Elodea nattalii) 530 CH,
HEFBCHE SN 14% . Liv S50 2 (943 7K 510K B
S 3 CHLHE T 240 %14 0.48 .0.21 mg-m™2-h™", K/
M4 CHLHERGE 5 128%. Hu 282 3] 1 2541
AR R 2400, CHLHEE 5 M 0.50 mg - m™ - h' 3% i 2]
1.14 mg-m~-h™'. FHeHE 5 PR (& 2) , KA AE
Yy B EARBE T SRS CHLHERL . KA A3 CHL,
HE S 5 s AT < 38 o A4 R B e R P e
Z WY, R E TRV CHy B 7= A2 3 97 5 CHLHEL
PR A WD T CHL AL s FE AR 22 %) LA i 1k 2
PR RIS 5 400 1 S T FE T R 4, T LU R A B 2
iﬁCH4FZ:€E|24]o

AH I, MR SO VL34S 1o v E Tl 3 A W 1 A
DI e 30, 7K AR A ) B A A R AR T ' 2R (7—9
A CH G i, IR N 44.80% ., Z0Fr &K BH, i B
EEIEHAT 8 a Y FRAH DT 1 A T, FEOR R
KHN 15 em, FRAY A HLIARL |5 IBOK B S5 AT ALy
CH. = AR $R 46 T 78 /2 BRI A BB R, 117 7—8 H FR7H b
JEEJZ K I 5] 30~33 °C, M7 H ke B4R 435 T AR A
B, CH HEGHE 5153 8.69 mg-m™2-h™' /KAFH Y HY
IR A K, AN AR TR TR IR B, 1T LR 28 0] LG5 2dk
AR P IR TR A A I S AL, A R B A T )
AR 6 7= A 1 CHL B DR A8 AE . SRR SRPE Y, 37
B EAE B T3 E R AR T CHLEE Y B LR, B3R
T CHy =R B DA . HIL, o IHET Fg It
IR IR I CHLHE R A Rk e 2 — .

147

127

101

=
s
a0
£
S 8
=
S 6
i
E 4
=
)
TolES AR HEY) WL

RS FIHEY) Effect of aeration and hydrophyte

B2 BMSEERGEMMEKEEYNFHERS
CH.HEB B9 550
Figure 2 Effect of aerators and hydrophyte on CHy fluxes in ponds

2.4.2 IKIRIRSE

T AT B, LA CHE Y CHL 38 o
5 IR E K URUR B 2 W 2 R A G B K PR A 6 em 3
JHE] 190 em M2 FEEGEIL . Yang S HLEEHESE T 7K
TR 50 em 1120 em F7 58 3 04 CHLHEBCR JE , & B K
FEFH I ) CH.AHRGHE JEETRKFRAESE Y 9.4 % . Yuan
TS S AT Hb X K 160,119 em I 835 1 CHLFHE
JHE 3 )02 9.02 . 14.30 mg-m2-h', TR K FRFE I L
UK IR 58 % 55t 58.53% s b — B WF 58 R B, 1ROk 3R FH
I CUe A LR AT PR A AR 1 12 o i, Ol ™ R ot PR
PO T 2R . DRI 3 BN IR A YR R
Z WS ISR R BRI I K R 0T LA 2% CHLHERK -
2.4.3 KA SHE

MNEI 2 AT 0L, e A SR G f 2 B AT T SR E T b
CH.HETIC, 557 % TiC W <0488 40 % 40 119 57 4 0 b AL L
CH. HEBCGH 5P Y AR T 92.67%. Wu 55 &
B, CHLHEHCGHE 5t 5 KR i i f R R A, &
B S mE e U CHL AL, TR B BRAIR TSR ™ CHL
U, SR, Yang S50} 35 AR 5 A9 AFF 58 & B, 7K
P A A S CHLHIEBGH B0 I8 35 0 & D
FoMh =0 T CHAHER . AP R I, A A
ARG WIPEIR K FRFE L, B A U 3] CHL HEE1,
A 7R PO A AT T RS, R BRI R AR
(N T3 48 1 O 2 LI SO0 40 B fa B 3R 5 1
b FH A A S LA S S g A ROR , X R
B3 RS A 8 S R T A . DR 4 S 2 LI R
AR R D e SO IR 7K 758 2R 48 CHLAHRRR
2.4.4 &P

Wu ZEPIRFIE R Y, CHLHERGH 2 5K R 2 B &
TEARDGHE . KAEFFE R B, PR IR L5 Z 52 i 5 5%
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BE R L CHLHECE 575 2l B2 T 4R 5 1 CHLHE
TG R, 2 ZE AR A I BE AR 1 CHL HERGH 3, (75
7B L CH. HE TR 30 2 5 B 1) A8 A 2 40 s o
AT, L T i — 7 ThI R e W g B P A, 3R T
IKAAFEYE ™ CHL ¥ J7 5 55— Jr T, AT LA4R 5 CH. (1A
SO 20 B HES A0

3 RAKFERSABERREME

3.1 fARMF AME

— M 2 Ak R BIOR TTA 37 5 2h P iRDRH 6 1 A
R K= FRFE R R L AL R ECH 1~3°0, BRI 2 1~3
kg ATV (50 ) A RERAS 1 ke RO (BEF )
HOEZ IR0 RGN se m TR Ak 3R 502 77
IS, BN BN T AR K Fm A =X (0.8~
2.2 kg)>FEHH G (1.1~2.2 kg) >Ye 3 (0.8~3.5 kg)™. 7E
MR A AL R, 389% Bl 2, 429% VAR T KK,
20% PAFURLAFLEDY, SR, a2 &b, —3 5
23 AHEH) 0T OB I KA . VAT 3, R LAY
11%~36% {4 B F Wk = i, 35k 2595,
3.2 AR EE

B A7 B TR A1 , 649%~89% 1) i) KA AE B T
T RGN 80%, 13% 11 B8 T [ (K ¥y o5,
FERFHRM ARG A, iem A 21% M ZGE S
A AL E AR LIRS MIE RS, Hu S5 T
PEPR K FREE M, B T DR 25 1), 2 BEHE /K
& 40.0% , HE 9 A ) 228 W R 3.6% , a7
27.4% , FEFE MK A 4.0% , 37 5 1t TP G A ) 2
YR 3.8% , HER A9 A< 20.9% , HETL Y N2O 1.3%. ¢
Pt bR GRDRRTE R S8 H B4 L R B, A3 2010 48
ML 5.7 T bl kLR, 285 R &N 1.2 Tg;
2020 4 AR A L iR 2 7.9 Te, Hirr 6.2 Tk
B B T R G KR s e (R 6) .

e A6 SR 1 ) 03 o HE o BRI 1) S W) <2 3R 9
K BIFRFA K520 . B 2 AR5 43 T AN R 37
BB H DR EUR 2o 1) o FETFHOK SR A | IR 46
SR AR R ASBE BRI FH 0 iR R HE G A K A4

F6 EKFHRERFEBAERAENEE (Tg N)P
Table 6 Amount and fate of applied silage N in global

aquaculture(Tg N)P
Z1] Fate 20104F 2020 4F 20504
T et 5.7 7.9 10.6
k) 1.2 1.7 2.5
5k EE 4.5 6.2 8.1

B EE A 43% , DURR I IR B9 240 209, FEH ik Y
FRGH N E A KA U 0 R R S B 9%~
33% F1 99%~80%, a3 ) 5 5%~35%. 1£KE I 10 He
e, HE KR RS U 0 i 3R ) R R L BB 4 i)
17%~51% . 13%~37% F120%~37% ., 1t 1.) fLF5H %
G, S0 B SR MR AR DA R e R I B L
IS, 46 1A E AR TR 3 AOKAR IS Je Fifa 3k
B T & EE 9 4 B R 3%0~51% | 8%~18% FlI 24%~
40%. ST , BEA 77 FE AR 240 RR B 3G I, imDkL i
b B =, AR T A 00 PR A4 67 £

4 RIKFEFEER % N.O HER4S1E

4.1 FBEFIEXTEE N0 HEM B M

55 CHHER 2 ZREPEAS ], R fa A i B A T
FETH NLO HEFC (6 4) o 3 A1 SEMIAY 2 4F H ()0 5 2%
SRR, SR A6 AT 48 A 1 T NLO HEICEE H s FLAS
HH R 5% 2% W5 S5 B AF 90 R, At ) £ T A
FH NLO HE 5 5 MRS B R % 6.9% ., i 5 =0
DT FEAEAS AT FH AT AR /N R R 27 X A NSO
HEC 52w, & 305 5 RLRS HAH B NLO HE ik 2 R I
7.5%. TEENJE , Bhattacharyya S50 5% & BR , #¢ £ 4L
P F5 HHA NLO HE it 80w BRSOk 2> T 7.88%~
12.14%, Frei S5 2 119 A5 0 AR A5 H NLO HERCE 1Y
T R R P K F) 21.73%~26.47% ., X e b i e E FED
JEE P 225 SR 2 B, o) s £ A AR FH ) NLO HE i o
B TR A R AR FH NSO HE A IR /)N
TEDRE . e fa VR 2% 6 HH NLO HECAY T RE IR R 2
Tt AR K 2 0 1 S0l 10, T A R s Sl 48 T
FH TAI K DA R fa il S e 2R S AR T OB VR 3l 7oK
T2 g SRR e DS T RS ARVE R 0 T Al A
JIE 4 NOs LR, ] T NoO 7= A= FifEdi . DRtk , ER
JEE A EH SR 1) 7K T2 AR B A 80 B AP NLO HE i, e £
FEAEDF /% HHNLO HECA 1 5 S B
42 FEAET AHFEIER N0 HEA B 20

Liu S57E VL5548 2440 T 0 5% & B0, 5 B ARG H
NoO A5 HERGE & 110.8 pg-m2-h™" , A /KA M)
TG 7K A= 0 1) 1) B 37 B IR 43 1) Ol 46.28 148.26 g -
m” - h', i B A0 R 5 58 3 S NLO HE S & KT
56.47%~58.25%, T Bt & % T 1 N0 HE ik R 5
1.019%~1.12% . Wu SE*7E [a] — My X F 5 27, A H
ke Ak Ry 35 5 NLO HEBGHE f 020 T 73.99% , N.O HETiL
BN 0.72% , I F-T0 88 FRHE 3 , B0 #8759 NLO
HE REOUR 2.46 g-kg ' 1, EESRPIIIBESE AR L FE
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THYERT, 5 ROK IR R Gl A AR CHL T NLO HERC R W F 757

FH % £ Sy . 398 1) 288 38 I NLO HE G & 43 51 R R T
70.30% F165.11%. Yuan ZE07E T 9504 AW Hb X 6] Fe
FE RT3 i = SARHE IR X B9 R 3, o A 22
FeVEAR FH NLO 4E P Y HEBGHE 50 80.70 pg-m?+h™', &
B3 S0 NLO HEBL 2R B0 1.05% , e FH G A5 Sy il 8 3
FAYE I NoO HEACGHE & R % 2.13~4.85 pg-m™”-h', [
IR 35 31 93.99%~97.36% , Tl BHA S T 19 NLO FEik
FZEAUH 0.05%~0.11%.

— B R 22 eV ZR 45 PR HH K B HE AR NLO
A5 44 M HETCR 1 5%~8%" ., FRAE IR B HET
WIS A AR AT ACIRES AN FF RS0 AE 7 A2 NLO Je
SRAE IR NOs o Yuan ZEBIF5 K R, SR Hh X o] 8
FRIYEETEH NO-N & & /N F 1 mg kg, I F S A
A 80 s i 5 5 5 mg ke s D340, FE
AL LB 7 i R 04 48 Ak Dt A o S i b ik
RIS, 72 AR B 200 N, 0] T N0 HEL (15 55
CHy R IHERD) o VLI 2440 T (4T 48 5 B e e Ay
RS2 ML SIG ARG, fem T OKIUHE R 2R
TS B R TRARPE AT, IR 2R VR SR AE A
Y FSHE T AT 22 0 NOs ., AH 2, AT L X i) 8 55
B YE A TR, IR R A IR I A R G, IR S8 a4k
FIRERE , AL AL/ N F =120 mVT, 1S 1k
VB 2 20 7= F A, A AR /E B I NOs , 33
NoO HECRARAR
43 RKFHERFENOHMES

IIERA I 5 SRR B (R 5) , 2FIRKFFE R 5
NoO HETCH & 7228 5l K, 28 A 7E 1.00~798.60 pug-m ™+
h' 2 ], fp R R S N0 HER 22 B R 4 0.05%~
2.99%, TEH 7, % Willow shiner 37 78 3 Wi 25 S0AK W
W& 3, NoO P2 HE i 535 % 109 pg-m”+h™', N0
HE R ECH 1.35%' . XF fa G2 45 # N i MR SR E IR 1Y
W5 %2 B, N2O HE i f A8 B 7E-9.07~284.6 pg+m™-
h' 2Z 8], A28 77.13 pg-m 2 -h', Hob 3R 5 A
46.44 pg-m?-hP, AP SERR R IR ARTE L L 2011
A9 220124 1 JJME T A ERIR A 57 585 95 19 N.O
HEMOE 5, 38 16.58 pg-m™-h™', NoO HE & £
$90.02% . SR T VLI 244k T T 7R A
NoO HEACHE 5 1) 2215 A2 4k, &3 2 > FRFE 5 9 N.0
HEBOGE R0 5 0 51.32.,46.09 g+ m™+h™', Liu ZE00%}
[Fi] — by DX 7K A A 9 A= K %) T 28 % B 39 1 00 Ay
48.26 wg-m”-h™, NoO HEBL R AN 1.12%. Hu FPIX)
FR A A PG PR K SR A Tt (B2 2940 ) I 2 & B0, NLO HE
i R KN 2.36%~2.99% .

Zou FFHENT T AT HE SR (R A AT AR IR
) SRR AL R B K B RS B E PR K IR R G, R Kk
B H UG IR K F7 58 & 58 N,O HE il 7 R 376.4 pg -
m2-h', NLO HE R ECR 1.26%; 78K 15 K FR ds s 1k
YA A FE R NLO HERGE 355 575.9 pg-m?-h ™' ,N.OHE
TR BN 3 1.89% ; 11K 35 ARt s AR A0 it < v
AT NLO HEHCHE 72 W35 5] 798.6 pg-m™-h™', N.O HEik
FRECR 2.67% AATABL, HHL AN A 20 T A
Bk A7 Ab B 35 A P NLO HE A 43 ) 104.7
109.2.131.4 pg-m2-h™, 275/, M AL BREE K A 7K 55
PRH 3R PRI NLO HEBCGE AR 22 5

5 FR %m0 HERGE 5], Vasanth S559%F B[
JEE MRS R BAF5E  BR, NLO HEGH 24X 3.79 pg - m ™ -
h', NoO HEil ZBUIK 2 0.02% . X IT 95748 K Hi X 3
A THTRRRI K TRA [R) A Tl 88 73 B 0 0 2 B, NL O 4
P HECE 3 918 2.13.4.30 . 4.85 pg-m>-h™'7, HEN
JEE I A EAR I, NLO HE TR R 2R 0.05%~0.11%, =
AN R (AR 7K SR E 2 55 NLO HEGHE 228 L 7E - 0.03~
0.46 pg-m?-h' Z [, ¥ A 005 pg-m™-h', il
T UBTT A8 T b RN AR T 8 SR s 25 5,
XA SRR A ARG ARG, BB AN 2
9 N2O , AER A T CHLAHER 5 AH B2, A Hh Xk 5 78
(AT Pl 28 RS U R 40 ) AR A0 30 NLO HEJCH = 811K
THERCHE 22 1 CH., 2545 1 2 8500 328 = F 2% Ak Tl 7T
BESRTHYE T

Y F IR R 58 N0 HECR 8022 F K, Yuan 5571
X A BRI E B AT TR T IR IR T R ek Tk
T3 28 dar T CEAEL L ORLECRIAS fa L4 4
FIR K IR 5 F8 0 3 F 0 R0 B K 7 S Y
N.O HECZR B, s B HE Y oy - A £ eV A AUT
BT K 77 R B NLO HE T 2R 800 ) R 1.93%
F15.50 g- ke EELYMMIR K FRIH R G5 1.16% F12.48
g kg f0 5 R AE AL R TR AR 48 0.35% F10.88 g kg
o5 HL R S5 8 2 58 0.24% F110.66 g-kg 441,

4.4 FIKFHEERFE N0 H M EI I E E
4.4.1 KAEHY)

HH AR RV Hu S50 % BE, 2K AR A ) O A7 AR R
T R A YR Y NLO HEGE B BRSO 11.35%,
{H B R B E Ko SFVT IR T ) 8 5 4
I A0 5 . B, K AR A P AR A 2 U NLO HE
JGE R, Liu SFOBF58 R 30, A K AR AR R TG K AR AR
W A K 1 T 35 B 3 NLO HE 0 8 43 51 R 46.28
48.26 wg-m”-h', AKAAHPIRE AR T N0 HElC . AK
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TSP I VR L (O BF 98 R, K AR A
FEAR T T SR FE 3% NLO HERGHE &, WIJC/K A Al ) 55
B 20.83 wgem?-h ' B EFEARE] 6.94 pg-m?-h, T
R 3K 3] 66.68% . XF L BT & B, 76 il 45 A6 Wt <
WA RS CE T B HET IS IR IR T KA A
23 2520 NLO HEBGHE &5 MR, TEARTE I B AR K
B4 77 A 3 RS K AR AR ) R RRAR T NLO (S CHL) HE
B, AT BE S K A A A A AR RO A R
fo VAR A i AR TSR I S AR AR T
4.42 WA=

Hu S5 R K IR 5H R G R B, K H N0
W RE 5 NHFI NO 7 it 52 I 3 15 A 56, R AR i fili £k
B (NHS) A RS AL B (NOSEE NOS) B RSP 3 iy 4 0k 1
NoO HE . Ma SEI RS & B, £ 5 1 NLO HE i &
6] B 5 R NOS—N Fl NHE-N 25 12 28 VI A 5%, 1
T8 3 NLO HEGH 2S5 TR H NOS-N & = % )
FASE. Yang FEH20% B, R IE NLO HERLHE it 5 NHI-N 75
A SE, FRE NLO HEGH £ 5 NOs-N 75 1 56 ; 148
HERYE R N0 F2 223k A AL AR, 1 a5 ) 32 %2
SAAE R 2 o Yuan S50k )88 35 56 5 AR 19 NLO
Hefom B & i TS Je  NOS-N & /N T 1 mg- kg™,
SEEAER T, HBE W, BRI
Ah, FRFHIE I e AR R AR S e 3 SR S5
M) NLO )77 £ 7 .
4.4.3 IKIRESHSE

Hu 55158 & B0, G PR K FREEE /K N0 Ve i 5
AR B ASE, Ma 559 & P IRFE I H /K Hpa]
RS 5 N0 HERGH 7 5 B TG, T,
FASARAE I FE RS AR AR AT A=A 38 2 1 NLO , 751
RGN0 W FE A #1824 N3R5 R Kb
ATV AU T DR R AR L o SR Ak TR 4
B ZRIEYINOs; #H S, 2o BB S Al T e g4k
YEF, BEAIK NLO 7= A FHER , 55 5% 58 3 vp R R /K A= A
IR NLO HEBCE A AH R R0 . #7258 & 48 N0
A £ 5 K ARG R AR SR B N G R AN A
B i FF IR AT
4.4.4 JGE

TELJE 52 R 2R G 0 R AL AN R AR SR I, AL A
SR AR AR 4 f R T BE A 25~35 C, A - 4500 %
PR, LB PN A I 2 2 KR AR AR HE 9.7~26.3 C
Z ], 250 15.8 °C, NoO HERE &5 7K iR 22 18] 77 78
W S 25 I E A JEOC R o Ft v I 3 3 5 T S A T N
Tl Al TR A9 35 1 A2 1E NLO 72 A FNHE L 5 28 IR K IR &

Girp, AR T AR AR AR AR W T Bl 1)
W oEE AEE XK A B s B A S
P VTR o B £ 1 NOSHI NOLHE AZKAA, SRk
FAEAC T B Z 1™, SR, Paudel 551758 1o
HENT AR K FRA R G, DA Ok A T A IR
(15~24 °C) X NoO HEIRE e (9 B 52 A B, N2 O HE T35 38
R RAE HBLLE 15 °C, /& 24 CIY 1.64 £, NLO HE ik
Z KU 24 CI10.98 g- kg FIEHNE] 15 CHY 1.88 g-
ke o AT HE— B 0F 5 R B, IR AR T 21 CH AL
PO T NO W S B BTGPk B A T S A Akl B H NLO
AL A AR, BV G K TR E R 5
Hh I EE i e] 52 ) NLO HE B, AL R S A B F SR
I AR RAMS

5 EIKRKFHEERESE CHFNOHME

5.1 CH.HERIE
Yuan ZE7H] F 7 TR K 57 58 R 58 CHLHECE
i M T R ERIROK IR R 48 CHLAHRGR , 4 6.04 Tg,
R AEREE — A BIROK IR0 R 48 CHLHEGE: . 7
HER A CH. 8 809 S RIS Fn > 48 24 fL AU 5 5E
AR, HR Ry et JLVERS 4R 240 525 R 48 LT
WA CHAERL (1 3) . L, $2 @ik K IR 4 21k 7k
-, SEI T R AR AR R I G K T AR FR 4 CHLHETL
HEEIRAR
5.2 NOHE 2
8 % 7K Ak FR 3k B o NSO 18 HE i & 5 1.80%,
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Figure 3 Global inventory of CHs and N,O emission in

freshwater aquaculture”



20204 4 A

THYERT, 5 ROK IR R Gl A AR CHL T NLO HERC R W F 759

BHRIE S N0 HE R B0 2.04 o kg™ 1, HE T AR 52
T A EK 2030 4F K 7 SR EE &R 48 N.O HE i B & Tl 456
Gg, H AR K FR 518 22 48 NoO HEfl & 5 )4l s A
R =52 — R R . Kanter SN, Al
J5 7K Ak AL A NSO HE IR B A TA B3 B
i 7K 7= 358 Z2 58 NLO HERI, by oAt AT TR FH A L RUIE 5
ST IPCCHEFE NLO HEfiR 250 1.0% #4744 55,2010
A BROK IR A R 58 NLO HECEE R 79 Gg, Tl 2020
AEFN 2050 4EAE 43 B3 TN E] 94 Gg F126 Gg.o

Yuan 257F I A T8 7 R [ 28 BLIR K 57 5
F5: N0 HEJi R AN T 2 BRIRK IR 58 7 58 NL0 HE
R R 36.7 G, %A% S A 2 1K F oAt % A A — A~
N2O HE i 2 FOk Al 4 AN IR K IR0 R 58 A
TEAR RIS IR K SR R G | 2 S AL RO 37
FH 72 58 NoO HEi e 5, M 16.6 G (& 3) , FE &
T IR 1 AR BT S R O R SRR RS I NLO HETL
oM 10.2 Ggs 5 20107 35 58 2 52 B 8K NL0 HE T R 5K
B AR B, HE N0 58 9.9 Ge.

6 g

(1) 7 o VR RS A & 9 CHL AT NLO HE R
B, R ELY CHL A NLO HERCIR | 75 2245 i A H K 2
WHEE<11.5 em DL ZE R = SR HEL

(2) A5 H 5% AR SRR RIR K SR B 2F T CHLHE
AT, T A A5 Ay A 24 Ak 7R 3 A 0 B AR CHLHERR, FR 56 &
4 i B A R GO A RO R T = AR HE

(3) ERIR K IR 22 48 CHL A NLO HEJICE: 2051 4
6.04 Tg #136.7 Gg.

(4) ZpkJr 2 R R rh [ 530 D) 5 R R K57
B 2 G 1) e £ KO AR AR B, 42 5 T R G AL &R
B I INAK SRR g, BTN K BREE B T AT, DA S B
IRl R AT R K

Sk

[1] FAO (Food and Agriculture Organization of the United Nations). The
State of World Fisheries and Aquaculture 2018[M]. Rome : FAO, 2018.

[2] FAO (Food and Agriculture Organization of the United Nations). The
State of World Fisheries and Aquaculture 2012[M]. Rome : FAO, 2012.

[3] R A A7 A G 22 b3 2 . v [ AR AR S M. b T s ARl i it
#t, 2017,
China Agricultural Yearbook Editorial Committee. China agricultural
yearbook[M]. Beijing: China Agricultural Press, 2017.

[4] Han D, Shan X, Zhang W, et al. A revisit to fishmeal usage and associ-
ated consequences in Chinese aquaculture[J]. Reviews in Aquaculture,

2018, 10(2) :493-507.

[5] EJSAF, P, XA, 45 R DX A g B K 72 FR4 AR S5 CH,
HECFSE[)). e S BE2ER, 2018, 27(7) : 1269-1275.

MA Yu-chun, SUN Li-ying, LIU Cui-ying, et al. Methane emission
from two typical aquaculture ponds in Taihu Lake[]]. Ecology and Envi-
ronmental Sciences, 2018,27(7) :1269-1275.

[6] Liu S W, Hu Z Q, Wu S, et al. Methane and nitrous oxide emissions re-
duced following conversion of rice paddies to inland crab—fish aquacul-
ture in southeast ChinalJ]. Environmental Science & Technology, 2016,
50(2):633-642.

[7] Yuan J J, Xiang J, Liu D Y, et al. Rapid growth in greenhouse emis-
sions from the adoption of industrial-scale aquaculture[J]. Nature Cli-
mate Change, 2019, 9(4) :318-322.

[8] Ruddle K. Traditional integrated farming systems and rural develop-
ment: The example of ricefield fisheries in southeast Asia[J]. Agricultur-
al Administration, 1982, 10(1) :1-11.

[9] F U . B AP IRAS SR B AL = SUAHR R IR S LKD),
A=A 2E4H, 2018, 26(5) :633-642.

WANG Qiang — sheng. Regulation and mechanism of greenhouse gas
emissions of circular agriculture ecosystem of planting and breeding in
paddy[J]. Chinese Journal of Eco-Agriculture, 2018, 26(5) :633-642.

[10] Halwart M. Fish as biological control agents in rice[M]. Weikerskeim
Germany : Margraf Verlag, 1994:169.

[11] Frei M, Khan M A M, Razzak M A, et al. Effects of a mixed culture of
common carp, Cyprinus carpio L. , and Nile tilapia, Oreochromis niloti-
cus (L.), on terrestrial arthropod population, benthic fauna, and weed
biomass in rice Welds in Bangladesh[J]. Biological Control, 2007, 41 :
207-213.

[12] Panda M M, Ghosh B C, Sinhababu D P. Uptake of nutrients by rice
under rice—cum—fish culture in intermediate deep water situation (up
to 50—cm depth)[J]. Plant Soil, 1987, 102:131-132.

[13] Vromant N, Duong L T, Ollevier F. Effect of fish on the yield and
yield components of rice in integrated concurrent rice—fish systems[J].
The Journal of Agricultural Science, 2002, 138(1) :63-71.

[14] FZFRFe, B, RIR07, 45 RN R 0 364 4 25 R 48 CHA A N.0

R 2 308 e 28 5 s BEAN . P AR R, 2009, 42(6) :2052-
2060.
YUAN Wei-ling, CAO Cou-gui, LI Cheng—fang, et al. Methane and
nitrous oxide emissions from rice—fish and rice=duck complex ecosys-
tems and the evaluation of their economic significance[J]. Scientia Ag-
ricultura Sinica, 2009, 42(6) : 2052-2060.

[15] Li C, Cao C, Wang J, et al. Nitrogen losses from integrated rice—duck
and rice—fish ecosystems in southern ChinalJ]. Plant Soil, 2008, 307 :
207-217.

[16] Datta A, Nayak D R, Sinhababu D P, et al. Methane and nitrous oxide
emissions from an integrated rainfed rice—fish farming system of east-
ern IndialJ]. Agriculture, Ecosystem and Environment, 2009, 129:
228-237.

[17] Bhattacharyya P, Sinhababu D P, Roy K S, et al. Effect of fish species
on methane and nitrous oxide emission in relation to soil C, N pools
and enzymatic activities in rainfed shallow lowland rice—fish farming

system[]]. Agriculture, Ecosystems & Environment, 2013, 176:53-62.



760

URIEIRCX RSy F3965 45

[18] Mohanty R K, Verma H N, Brahmanand P S. Performance evaluation
of rice—fish integration system in rainfed medium land ecosystem[]J].
Aquaculture, 2004, 230:125-135.

[19] Berg H. Rice monoculture and integrated rice—fish farming in the Me-
kong Delta, Vietnam—economic and ecological considerations[J]. Eco-
logical Economics, 2002, 41 (1):95-107.

[20] Lightfoot C, van Dam A, Costa—Pierce B. What’ s happening to rice
yields in rice—fish systems?[C]//dela Cruz C R, Lightfoot C, Costa—
Pierce B A, et al. (Eds.). Rice—Fish Research and Development in
Asia. ICLARM Conference Proceeding, 1992:245-254.

[21] Frei M, Razzak M A, Hossain M M, et al. Methane emissions and re-
lated physicochemical soil and water parameters in rice—fish systems
in Bangladesh[J]. Agriculture, Ecosystem and Environment, 2007, 120
(2/3/4) :391-398.

[22] Frei M, Becker K. Integrated rice—fish production and methane emis-
sion under greenhouse conditions|J]. Agriculture, Ecosystem and Envi-
ronment, 2005, 107(1) :51-56.

(23] XI/hHE, B8 BE, AT, 55 RENG S AR 25 R G CHLHEROR
WFFE]. LEZSHREE, 2006, 15(2) :265-269.

LIU Xiao—yan, HUANG Huang, YANG Zhi—ping, et al. Methane emis-
sion from rice—duck—fish complex ecosystem[]]. Ecology and Environ-
ment, 2006, 15(2) :265-269.

[24] & & HES EATV. 5. AR MAS RGU E Uk sci &

HEREIGIRE (). 44574, 2008, 28(11) :5461-5468.
ZHAN Ming, CAO Cou—gui, WANG Jin—ping, et al. Greenhouse gas-
es exchange of integrated paddy field and their comprehensive global
warming potentials[J]. Acta Eeologica Sinica, 2008, 28(11) :5461-
5468.

[25] TRHE ., TRBU, 2 Upk, S5 . R IR ARG R34 A L 2 <
AR AT, A SO 24, 2017, 25(11) : 1591-1603.
XU Xiang—yu, ZHANG Min-min, PENG Cheng~lin, et al. Effect of
rice—crayfish co—culture on greenhouse gases emission in straw—pud-
dled paddy fields[J]. Chinese Journal of Eco—Agriculture, 2017, 25
(11):1591-1603.

[26] {3, XRIK, Je B, 45 IR St R o At B s R s Ok

W R L 2 ACACHE RO B 7™ ik B S IR ()], A 5 2R AK, 2015, 34(5)
1263-1269.
FU Zhi-qiang, LIU Yi-yi, LONG Pan, et al. Effects of deep water irri-
gation with no—tillage and straw mulching on greenhouse gases emis-
sions and yield of later rice[]]. Chinese Journal of Ecology, 2015, 34
(5):1263-1269.

[27] 2258 . A FH 5 /e 7 5 VP 5 0 4 I A8 g SOL Y L
WFFED]. BIAT: i RUAO R, 2015.

HU Zhi—qiang. A comparison of methane and nitrous oxide emissions
between paddy fields and crab/fish farming wetlands in southeast Chi-
na[D]. Nanjing: Nanjing Agricultural University, 2015.

[28] Wu S, Hu Z Q, Hu T, et al. Annual methane and nitrous oxide emis-
sions from rice paddies and inland fish aquaculture wetlands in south-
east China[J]. Atmospheric Environment, 2018, 175:135-144.

[29] HuZ Q, Wu S, Ji C, et al. A comparison of methane emissions follow-

ing rice paddies conversion to crab—fish farming wetlands in southeast

China[J]. Environmental Science and Pollution Research, 2016, 23
(2):1505-1515.

[30] J&  WH., R, gk A, S5 A K 0 K - T e
FFAET]. FRETRF, 2016, 37(12) :4552-4559.

LONG Li, XIAO Shang-bin, ZHANG Cheng, et al. Characteristics of
methane flux across the water — air interface in subtropical shallow
ponds[J]. Environmental Science, 2016, 37(12):4552-4559.

(3] TN L o 30T 1L 8 Y 1 P B R AR I i 2 P (CHL A
N>O)it 5 1 L AR D). A8 H - A8 I K27, 2018.

TAN Li-shan. Comparison of greenhouse gases fluxes between Cyper-
us malaccensis marsh and shrimp pond in the Min River estuary[D].
Fuzhou : Fujian Normal University, 2018.

[32] 51 &I KW K Ho iy e IR & AR HERL R AT SE (D). e
T E R BE R A LTS IT, 2015.

XTANG Jian. Greenhouse gas emission mechanism in the Taihu Lake
wetland and its lakeside crab pond[D]. Nanjing: Nanjing Soil Re-
search Institute, Chinese Academy of Sciences, 2015.

[331#1 %, B0 @i, T R, S BT ELPEAN AN ORI AL 1 0 E TR

IR SR A i e HR O A (D] FRBERY 4, 2020, 41. doi:
10.13227/j.hjkx.201905092.
HU Tao, HUANG Jian, DING Ying, et al. Comparison of the floating
chamber and the diffusion model methods for measuring methane
emissions from inland fish —aquaculture ponds|J]. Environmental Sci-
ence, 2020, 41. doi: 10.13227/j.hjkx.201905092.

B4tz V.4 I AR, A RV O IR SRR - R = R

A3 ek S 32 B R TR ()], BREE R 224, 2013, 33(5) £ 1493~
1503.
YANG Ping, TONG Chuan, HE Qing—-hua, et al. Greenhouse gases
fluxes at water—air interface of aquaculture ponds and influencing fac-
tors in the Min River estuary[J]. Acta Scientiae Circumstantiae, 2013,
33(5):1493-1503.

3514, R NI G, 5 BRI SRA T A S R E

PRHER S 23 B SR 3D K77 2441, 2013, 37(3) :417-424.
LIN Hai, ZHOU Gang, LI Xu-guang, et al. Greenhouse gases emis-
sions from pond culture ecosystem of Chinese mitten crab and their
comprehensive global warming potentials in summer[J]. Journal of
Fisheries of China, 2013, 37(3) :417-424.

[36] Vasanth M, Muralidhar M, Saraswathy R, et al. Methodological ap-
proach for the collection and simultaneous estimation of greenhouse
gases emission from aquaculture ponds[J]. Environmental Monitoring
and Assessment, 2016, 188(12) :671.

[37] Paudel S R, Choi O, Khanal S K, et al. Effects of temperature on ni-
trous oxide (N,0) emission from intensive aquaculture system[J]. Sci-
ence of the Total Environment, 2015, 518/519:16-23.

[38] Hu Z, Lee ] W, Chandran K, et al. Effect of plant species on nitrogen
recovery in aquaponics|J]. Bioresource Technology, 2015, 188:92-98.

[39] Hu Z, Lee J, Chandran K, et al. Influence of carbohydrate addition on
nitrogen transformations and greenhouse gas emissions of intensive
aquaculture system[]J]. Science of the Total Environment, 2014, 470/
471:193-200.

[40] Hu Z, Lee J, Chandran K, et al. Nitrogen transformations in intensive



20204 4 A

THYERT, 5 ROK IR R Gl A AR CHL T NLO HERC R W F 761

aquaculture system and its implication to climate change through ni-
trous oxide emission[]J]. Bioresource Technology, 2013, 130:314-320.

[41] Zou Y N, Wu Z, Zhang J, et al. Attempts to improve nitrogen utiliza-
tion efficiency of aquaponics through nitrifies addition and filler gra-
dation[]J]. Environmental Science and Pollution Research, 2016, 23
(7):6671-6679.

[42] Yang P, He Q, Huang J, et al. Fluxes of greenhouse gases at two differ-
ent aquaculture ponds in the coastal zone of southeastern ChinalJ]. At-
mospheric Environment, 2015, 115:269-277.

[43] Ma Y, Sun L, Liu C, et al. A comparison of methane and nitrous oxide
emissions from inland mixed—fish and crab aquaculture ponds[J]. Sci-
ence of the Total Environment, 2018, 637/638:517-523.

[44] Yogev U, Atari A, Gross A. Nitrous oxide emissions from near—zero
water exchange brackish recirculating aquaculture systems[J]. Science
of the Total Environment, 2018, 628/629:603-610.

[45] ARELLTN, X% &, SCHE e . #8A) = A PN SR GE I 7K - AL TfT CO,, CHL,
N0 38 FHEFIE)]. 4R B EE R, 2017, 26(9) 1 1554-1561.
SONG Hong-li, LIU Xing—tu, WEN Bo-long. Greenhouse gases flux-
es at water—air interface of aquaculture ponds in the Yellow River es-
tuary[J]]. Ecology and Environmental Sciences, 2017, 26(9) : 1554—
1561.

[46] £ Wr, R 9KFEIF, S SRBLE CHLAHCRAIE S s e (5 R
[J]. BREERLAE, 2019, 40(12) :5503-5514.

WANG Jiao, XIAO Wei, ZHANG Xiu-fang, et al. Methane emission
characteristics and its influencing factors over aquaculture ponds|[J].
Environmental Science, 2019, 40(12) :5503-5514.

[47] Yang P, Lai D Y F, Huang J F, et al. Effect of drainage on CO,, CH.,
and N,O fluxes from aquaculture ponds during winter in a subtropical
estuary of ChinalJ|. Journal of Environmental Sciences, 2018, 65(3):
72-82.

[48] Schrier-Uijl A P, Veraart A ], Leffelaar P A, et al. Release of CO»
and CHy from lakes and drainage ditches in temperate wetlands[J].
Biogeochemistry, 2011, 102(1/2/3) :265-279.

[49] Xing Y, Xie P, Yang H, et al. Methane and carbon dioxide fluxes from
a shallow hypereutrophic subtropical Lake in Chinal]]. Atmospheric
Environment, 2005, 39(30) : 5532-5540.

[50] Natchimuthu S, Selvam B P, Bastviken D. Influence of weather vari-
ables on methane and carbon dioxide flux from a shallow pond|J]. Bio-
geochemistry, 2014, 119(1/2/3) : 403-413.

[51] Bouwman A F, Beusen A H W, Overbeek C C, et al. Hindcasts and fu-
ture projections of global inland and coastal nitrogen and phosphorus
loads due to finfish aquaculture[]J]. Reviews in Fisheries Science, 2013,
21(2):112-156.

[52] Van Rijn J. Waste treatment in recirculating aquaculture systems[J].

Aquacultural Engineering, 2013, 53:49-56.

[53] Olsen L M, Holmer M, Olsen Y. Perspectives of nutrient emission
from fish aquaculture in coastal waters : Literature review with evaluat-
ed state of knowledge[R]. The Fishery and Aquaculture Industry Re-
search Fund, 2008.

[54] Hargreaves J A. Nitrogen biogeochemisiry of aquaculture ponds|[J].
Aquaculture, 1988, 166(3/4):181-212.

[55] Bouwman A F, Pawtowski M, Liu C, et al. Global hindcasts and future
projections of coastal nitrogen and phosphorus loads due to shellfish
and seaweed aquaculture[]]. Reviews in Fisheries Science, 2011, 19
(4):331-357.

[56] Kanter D, Alcamo J, Sutton M, et al. Drawing down N.O to protect cli-
mate and the ozone layer: A UNEP synthesis report[R]. Nairobi, 2013.

[57] 2 [ 2, HRA=6 . K7™ SR A Sl NoO W HERL RS k1. v 1k
FERIE, 2019, 26(3) :604-619.

LUO Guo-zhi, SHAO Li—na. Analysis of current research status and
prospects of N,O emission from aquaculture production[]]. Journal of
Fishery Sciences of China, 2019, 26(3) :604-619.

[58] Islam M S. Nitrogen and phosphorus budget in coastal and marine
cage aquaculture and impacts of effluent loading on ecosystem : review
and analysis towards model development[J]. Marine Pollution Bulle-
tin, 2005, 50( 1) :48-61.

[59] 4205, S, T4, 5 MR A EAE S RGN R P 1Y
WEFELI]. AV FREERE 241, 2008, 27(4) 1 1326-1334.

LI Cheng-fang, CAO Cou—gui, WANG Jin-ping, et al. Studies on ni-
trogen cycling in integrated rice—duck, rice—fish ecosystems[J]. Jour-
nal of Agro—Environmental Science, 2008, 27(4):1326-1334.

[60] Ohgaki K, Oki Y, Inaba A. GHG emissions from an aquaculture sys-
tem of freshwater fish with hydroponic plants[C]//Schenck R, Huizen
D (Eds). Proceeding of 9th International Conference LCA of Food
2014. American Center for Life Cycle Assessment, 2014:920-925.

[61]2%  h. FRFEK R 2 AR B A7 S R S S LR BFSE (D).
DAL, 2015.

LAN Jing. Greenhouse gases concentration, emission and influence
factors in farming waters[D]. Wuhan: Huazhong Agricultural Universi-
ty, 2015.

[62] Barnes J, Owens N J P. Denitrification and nitrous oxide concentra-
tions in the Humber estuary, UK, and adjacent coastal zones[J]. Ma-
rine Pollution Bulletin, 1998, 37:247-260.

[63] Williams J, Crutzen P J. Nitrous oxide from aquaculture[]]. Nature
Geoscience, 2010, 3:143.

[64] Hu Z, Lee J W, Chandran K, et al. Nitrous oxide (N,O) emission from
aquaculture: A review[J]. Environmental Science and Technology,

2012, 46(12) : 6470-6480.



