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Characteristics and Influencing 'Factors of the Dissolved Methane and ‘Nitl*bll’s
Oxide Concentratlons and Emissions fmm a Rice Paddy Drainage River in Chlna.

WU/ Shuang YANC Weictong' , SHENG Yang yﬁe FA‘N‘G X’la,n tao' , ZHANG Tian-rui' HU Jing' | LIU Shu- wel1 2% 70U Jian-wen=? P
(1. College of Resourc”es and Environmental Suenaes Ndnjmg Agnculturcﬂ University, Nanjing 210095, Chlnﬁl‘ 2. Jiangsu K?y Laboratory of Low Carbon: Agriculture and
GHGS Mitigation, Nanjing 210095, China) .,"‘ 4 vl i -

Abstract Wlt'h the increage-in fertilizer application, a large amount of carhon and /nitrogen enters the irrigation water around farmland through leaching and runoff, which
mikdi®y 1t begbme an 1mportam sourée=of methane (CH, )vand nltrol}‘lb oxide.. (N 0_,) emissions. In this study, the dynamic characteristics of dissolved CH, and N,0
concenrationssand eftissions were observed from Sept. 20144Sept. 2016. The _pum&e of this study was to investigate the inventory and the influencing factors of CH, and N, 0
fluxes from drice-paddy draiage river. The results showed that the dls@oh ed ¢(CH, ) in the rice-paddy drainage river ranged from 92. 80 to 1577. 54 nmol+L ™", with an
annual mean value of (390. 57 £43.95) nmol-L~". The dissolved ¢(N,0) in the rice-paddy drainage river ranged from 10.05 to 75.40 nmol-L ™", with an annual mean
value of (40.23 +3.20) nmol-L~". The annual mean fluxes of CH, and N, O were (20.73 +6.08) mg-(m”+h) =" and (34.30 +7.12) pg-(m*+h) =", respectively.
The seasonal variations in dissolved CH, and N, O concentrations and fluxes were similar with higher concentrations, and fluxes appeared in spring and summer; lower
concentrations and fluxes appeared in fall and winter. The two-year total annual emissions of CH, and N, were (3876.30 +1153.96) kg-hm ™ and (5.74 £0.98)
kg+hm =%, respectively. The annual mean value of the sustained-flux global warming potential (SGWP,q,. , CO,-eq) over the time span of 100 years was(87.99 £ 15.73)
t-(hm*+a) =", The CH, fluxes were positively correlated with water temperature and sediment-dissolved organic carbon (DOC), while negatively correlated with water
dissolved oxygen (DO) concentration in the rice-paddy drainage river. Meanwhile, the N,O fluxes were positively correlated with water temperature, ammonium nitrogen
(NH," -N), and nitrate nitrogen (NO; -N) , while negatively correlated with water dissolved oxygen (DO) concentration. This study may provide important reference for
further understanding of total CH, and N, O emissions of agricultural irrigation watersheds.

Key words: methane (CH, ) ; nitrous oxide (N, 0); dissolved concentrations; emissions; drainage river; influencing factor
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Fig. 2 Monthly changes of dissolved CH, and N, O concentrations from a rice-paddy drainage river( mean + SD)

2.1.2  N,OF R R AEPRAS AL RRIE

e TR RTIAE ¢ (N, OV A7) MAEBrAs ik i 5
CH, #1—3, 23 H m &R 22 b #a 5, 5 1 [\
b, LS — A RN AR LI 30 ) 2 A R R X
JG— BRI & B RAL, F R LA R E R
IRUEAE. 81 2(b) TR A2 I N ¢ (N,O% 7 ) 1Y
ARG, 25 5 o |, R H R ¢ (N, O
TE) AR {H K (40,23 +3.20) nmol - L', Hirr 4
— RN A N ¢ (N,O%S 77 ) AL 5 [l oy 21. 34 ~
74. 88 nmol-L~"  F- 141K (43.70 +2.58) nmol-L ™",
HeRE B 22 (7 A 88 AW ¢
(N, O AE) 28 AL 5 K 10. 05 ~75. 40 nmol -L ™", -
IMH (36. 48 +3.87) nmol -L™" | FEHE O A H BLAE
WIE (6 H). 2 a WA 3 A RAE S Z 08 ¢(N,0
AL WAAE R 325 5, S0 0 S sS 1AL LA
K EGH ¢ (N,OBAF) 45F S4ME 5390 0 (39. 90 +
3.43) .(40.13 +3.03) F1(40. 68 +3. 13) nmol - L. ™",
HARLIE 43 5 R 17. 68 ~74.62 13.17 ~75. 40

#110. 05 ~82. 68 nmol-L ™",
2.2 FEHBEBRGE CH, FIN,OHE W & 1Y 215 48
FERFAE
2.2.1 CH, HEBGH & 1Y 1 AR fLAFAE

et HH R 3 CH,, AR 2= HEBGE TR TE 2 a W
MRS R AN 3 B, Dol i, BRI 5, 4
ANZ5 A P R RT3 CHL, - R B 2 R R
JE ZE, HOHE i & h (5404 + 14.06)
mg- (m’-h) ~' /NN A TR HHEGE RO (1. 34
+0.41)mg- (m’+h) ' FEMKEN CH, HEBGE
Y9N (12,93 +4.79) mg-(m*-h) ' #l
(8.08 £4.14) mg-(m’+h) ~'. P EW L3I
AT IRIX 3 A REERL 2 a JEIHE i E B 2 Aok
e U, LA HE S E O (29.52 £ 9.52)
mg-(m’+h) "', 2 fL W B 0.37 ~ 111.34
mg- (m*-h) ~'y HUKC B LR A4, HAFEHE T
KB K (15.16 £4.14) mg-(m*-h) =", 28 4L 5 H N
0.12 ~159.22 mg-(m’-h) ~'; F/NJ S, HARHE
HCAAAE M (12.61 +3.89) mg- (m*+h) =", A8 AL [
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H0.14 ~ 47 09 mg- (¢m?+h) !
Eﬂ{%/ﬂ%{‘]‘mh CH, “H it ?iﬂ’]ﬂjﬁzzﬁi,,ﬁ\%

5 &I CH, HEROE B9 5504 (19,59 +
7.43) (86.08 +23.89) . (9.80 +2.16) Fl(2.61 +
0.61)mg-(m’-h) " FESHEREN, Fii 5L
T LA B S A B SRR A B CH, HE R e A =
F(6~8 H)MAZFE(12 A ~F2 A) U ERHFZEA4
AMS A) B A)ARENER(P<0.05),
MIEHEZ (3 H) FFZE(10 A 11 )3 DRFEE
() CH, HERGE 25+ 0 25 5.
2.2.2  N,OHFGHE &1 215 AL FRIE

et FH PRI AN, O S [ 274 HE il fE 7 2 a W

MRS AN 4 B, Dol i, BRI, 4
ANZT R R YAT AN, O HE 3 2 Y e K ok
B2 HAOE R K (74.07 £10.17) wg- (m*-h) ™'

fe/N Y Ry A 2 FLHE R GE B R (15.83 £3.70)
pg (m®+h) ' FZEHFIRKZE BN, O HE HGHE & 8 5
R (23.47 £4.68) pg-(m’+h) " Al (19.79 *
3.57) g (m?+h) ~'. U FR S WAL A A T 3
X3 ANSRAE A 2 a i W HEHCGE & E &R &
W, HAEHE Y M (37. 66 +6.13) ug- (m*+h) ™'

T 4

AL 10.91 ~117.58 pg-(m?+h) 'y HkEL
i, HARHERCGAE R (31,40 £5.20) pg- (m -h) !
ALTE B M 8.59 ~ 88.24 pg-(m’+h) ', Bi/mg
F S AAL  H AR HE A (30,81 +5.25)
pg-(m’+h) "', A5 4L Y5 B M 9.07 ~ 99.37
pge (m?+h) 7' FZEAE HHE RN, O HE A & B
KA 30, HN,O HE ik #4 /8 h (28.30 £6.40)
pge (m’-h) 7'y HZE BN, OHEHGE & & K
FF4 R 3, FEN, O HE i & Y08 73 51k (82. 81 +
11.05), (22.79 + 4.699) Ml (19.62 + 4.55)
pge (m®-h) ~OrESHIEE R A, RS SR
ALY R FE S AN, O HE il 5 7E B 22 (4 H S
) EZZE&( AM8 H) k(10 Af11 H) M4
Z(2 A)ABEWNERE(P<0.05),MfE1,.3,.6.9
FL12 H 3 A SRHFE S BN, OHERGHE I Jo I i 22 5.
2.3 FEHFEBEAI CH, FIN,0 Z3-HEm T 5
LEPE R ERIGIRIEF (SGWP )

e FH BRI 9 CH, AN, OFE 2 a WL IH] Y 1)
THHERCR LA S 100 a RUBE A9 AT R M 4 R I v 44
(SGWP, o, ) W3 1 7R, ZERTIE] |, 2 a 9 CH, 23T
HEBCE IR A (3 876.30 =1 153.96) kg+hm ~*, 4FF-1)
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{Ejv<1938 15*# 576 98 ) kg-hm+ ﬂ%’—éﬁﬁ. CH
%’ifri‘leﬁﬁtgﬁﬁ?ﬁ#EE’J CH, ?i)ﬂrﬁkﬁka df%#

i CH, %ﬁ*ﬁlﬁﬁiﬁﬁﬁ 70% . TE55

ﬂfﬂji,‘ 2 a EI‘LILE/J |

{
s

)
kg+-hm > K@%I{mimﬁa{ti i@fﬁ?@(Z 67 -F"
0. 47) kg thm azo.haﬁﬁ;%ﬁﬁlsmimﬁﬁ,t@gﬁ
(2.65 +0. 44)kgf-hm

cm".?iwfﬁlsﬁﬂzg

4 P91 (2 961. 73 + 1 047) 51#){,_.-\'-‘
kg- “Him” s,\ﬁfea}d{mm{[& i’]ﬁj‘?(l 5611
+ 368, 35)1<g -hm ™?, SZUR AR R HERCE

Ak, 5

{E;&z(lzm 53 +314.90) kg-hm 2. ¥ TN,O0i &,
FERFENOEE |, N,0 B3 HEUE 4 (5. 74 £0.98)

kg+hm "~

2 AESHIME N (2. 87 £0.49) kg-hm 2, 5i—

AREIN, O R THERCRAR T2 —ARRYN, O Rt

H 28 TAEN, O RITHHERCE 1 77% . 5%

SfE] I, 2 aF

WHIN,O R HE ik & B =, ¥ {E R (3.30 £0.57)

DIES 2

t+ (hm’-
E42% .

t* (hm®-

P 4 BR 035 T 45 (SCWP,,, , Bk CO,-
eq it) B F ¥ MEH N (87.99 =
a) T H AR SGWP, g, - 1 1H LA —
2 a WLINHH] 3 A SRAE B SGWP, 4, 1
A7 3 k. £ W [ (13417 =
a) '] > FE W X W I [ (70.98

15.73 )

19.69 )

+

14.30)t- (hm*-a) '] > [ (58.84 £13.22)

t-(hm’-a)
WAL 1.9 1%

N H R SGWP, g, b W LR AL
, P32, 3 45

F1 TEHEER CH, IN,OFHH B E5 100 £ RENFIIFEELIKIGR BT (SGWP,y, ) (FHE = frikE)
Table 1 Total annual emission of CH, and N,0 and sustained-flux global warming potential (SGWP)
over the time span of 100 years in a rice-paddy drainage river( means + SD)
SGWP
1 REERL /kg(fl::n -2 /kgl\fil?n -2 (LA CO,-eq 115) ll)oji' (hm?-a) !
i 1196.46 £250.32 2.29 £0.30 54.46 +9.22
55— AL 1469.01 +314.58 2.40 +£0.33 66.75 +10.29
T 2139.00 +696.79 2.82+0.44 97.02 £14.55
SFHE 1601.49 +420.21 2.50 +0.36 72.74 £11.35
i 1386.60 £379.47 3.01 £0.57 63.21 +17.21
55— hp L 1653.37 +422.11 2.94 £0.61 75.20 +18.30
Fi 3784.46 +1398.23 3.78 +0.69 171.32 £24.82
S 2274.81 £733.75 3.24 £0.62 103.24 £20. 11

1)SGWP, g, ( LA CO,-eq HH55) B2

Y SGWP, g, = CH, x45 +N,0 x270
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PRAEHERT (B 5). 2 a UL A Py, 7K R AR 6 B ok
5.3 ~35.4C,FHIKI N (19.4 £1.24)C [El 5
(a) ]. KK R (DO) (I AS AL YE A 0. 34 ~ 2
30.67 mg-L~", F- ¥ {f M (13.11 +2.68) mg-L~' 5
[ES(b) ] KMEH ¥ 5 & (NH, -NAINO; -N) Al T
P Al A HLER (DOC) 1Y 2275 A8 A S A —
., H 5K EFAAE [ B 5(e) ~5(e) ]. .
Hor, p(NHS-N) 89 48 46 Bl 2.09 ~ 11.89 )
mg-L™" SEH(E N (5.16 £ 1.15) mg-L~", Eii [ 14 5
fH(5.87 +1.69) mg-L ™" Jfp(NH; -N) 535 F 32 Z
WM (4.97 £1.35) mg-L™" ] 528040 [ ¥ (8
(4.63+1.09)mg-L™"]; p(NO; -N) 4725 £k 7 Fl Ky )
0.59 ~10.65 mg-L~", 2 aXﬂ?ﬂﬂ%ﬁ@%i’%ﬁﬁ:@» 26 3
£1.27)mge L7, ERLE WML b X 3 AE 2
p(NO; -N) A4 310 (3. 65 %2. 2004 (3.21
+1.05) (3. 31+162)mgL1 %aﬂfl{ﬁg{ﬁ%n.ﬁf“--'- ) Pl S L N
U H9 ol DOGY My 72 fle 5t [y 17426 :/283/ 63 o y
mg- kg "2 a*iﬂfwh;ﬁgipigﬁj](% 2 + 8¢ 62) —f“: i | h, fx |
mg-kg 1, 4 AR b 3l b odhr T 2 .‘M\' i3
ERI A B (167,24 + 57225 [(1205 + ) | E o 4 Ay &
36: 69>¥u(113,05+28 Mmgkg . J A F mw‘ .‘.H.W. ,ﬂ |
%%2 SR HIE RN CH, FIN, OHEHcE S 2% ”3 3 SNZERRAANA 35828325358
SR T U AT 5650 7 A SR B S3333307574072422333233
', CH, HENGE 5K JRJE DOC 535141 (P i

<0.01), 1M 57K DO B F AL (P <0.01);
N, OHF i 5 5 7K iR L 7K 9 NH, -NFINO, -N & 3 1F
HIZE(P<0.01), M5 /KEDO R FEFRME(P <

B 5 fMEERARKERKEELERNADNSEN(FEHE)
Fig. 5 Monthly dynamic changes in water and sediment parameters

from a rice-paddy drainage river( mean)

#®2 CH, fIN,OH B 2 5k R BUIEIRE X ST

Table 2 Correlation analysis of CH, and N, O fluxes and physicochemical indexes of water

K Kk pH K& DO Kk EC JKPENH, -N JKIENO; -N JiEi DOC
CH, 0.717 ** 0.375 ~0.748 * 0.534 0. 457 0. 561 0.967 **
N,0 0.525* 0. 487 —0.574* 0. 647 0. 596 ** 0. 590 ** 0. 606

1) * FRTE P <0.05 KTV FAHGHE B2,

0.01). CH, FIN,OH ik

i=inj Al

3 it

3.1 S5EMNSMNTH CH, FIN, OHERLAY i
AHIFFE I AR FH VIR T3 2 2 LI CH, ¥

PR B AN HE HCIE i (AR 3ME) 20 51+ (390. 57 +
43.95) nmol-L™" f1(20.73 +6.08) mg-(m’-h) ™'

HAZ KM pH Il EC %

* FIRTE P <0.01 /KT FARSCH: B %

N, OV A7 B AR O 1 (47108 23514 (40. 23
+3.20) nmol - L™ A1 (34.30 £7.12) pg- (m*-h) ~".
TE5 E AP A e (3 3) , R BUABEE Y
et FHE TRt CH, W AF VR 2 5 B0 b Jiedeie s {H2
e T 3 SR KR YT R R - A VL DA SR U
Oubangui River , 32 [# f) Mid-Columbia River [ P A9
Amazon River DL NI SR Savannah River; K F i B
SEPAN TR DN N S TN IS o [ S 1 Ao R~ S £ )
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Sinnamary River F1E[J ) Adyar River. 5 FH #E i
TN, OV A7 B R/ NS T b ] %) DR T 1) LA % D
FERY Adyar River, fil Tl I/l (B s 736 3
] A A AL T e FE R BT O CH,, 80 22K /)N
S R EE o A NN 2 £ 2 T | S e <5 i )
Sinnamary River, {H i & T 3 3 v [E N &5 L Ath o
Ui A FHE T 3 N, O HIF I /N5 1 P 14 i Y
TN IR LA K 52 FE B9 Ohio River AT, 78 [ P 7]
DTG RIS R R 111 N N (2 £ £ s Rl 47
Guadalete River %< [E fY Ottery River 13 [E ¥ San
Joaquin River. S AT 5 , A5 HVE BRI % 19 CH,, Al
N, O A7 #e B DL KN, OHF CE 55 [ P 40 Al 7

TR HO AR T R HETBOK P B CH, HE SO &AL T
B HEBOK S, BLBRIT 3 CH, AN, OB HEBCFE 78 M
DX 22 5, 7 AR SRR 2 S 1 D IR T R R F T
PR, A AR IR T ] 5 AR Ml T gt B B
B 22 5, A AR anEE U Y Oubangui River, T
H N R ALY CH, FIN, OFF A7 # Al
HFHCH HE 2 A0 T AR K - 5 3ul o IR0 3T A K T 1)
FEO ARG R, A B B B R & 5
AT ST 22 5 T AN B 5 A T R BIDAS F 5 BT 5 1
A2 AL, i 732 A8 TRk B A A &
AR, KR 7 SRR AL 4ROl T i CH, AN, OHE
T, L 2 0 J] A M I U

*3 BEMSMNBLAR CH, FIN,ORFiREMARES XL

Table 3 Comparison of CH, and N, O fluxes with other international and domestic rivers

KA BRI ( CH, ¥ 1T) (N, O A7) CH, HEjifim &t NZOﬂFﬁJ.Z.iEﬁ
/nmol + L 7! /nmol - L~} /mg:(nlz'h)’1 /,;Lg:(mz'h) ’l_‘
e FH T (AR ) 390.57 +43.95 40.23 +3.20 20: 73 +6. 08 " 34.30%7 12
T PR /N 2524 610 150 . 0.084 31,83 ¢
KR 13507 ass 1 8575
B 72T R L g2 27 = — | ¥ 22,62 50400
K ey (28] 115410 .01 ) 20,38 aTs s
A A 192.%0 ", 14.5 4 0g4-0,62 10.48 ~24,23
— ] 0 349710° 10.6 (4L b 2684 2.26
* Oubanigui/River, 93" Y I 7712 S 0.07 AT
Sinndfary Riger, 1 8 32] =10 20000 —_— 34.33 — o
AdydiRiver B ) /fe3ato 057/ .-I'fa 1535 57,45
Mid-Columbia River, 3! e —\ a3 0.16 —
| T 'I““Cuadalete Rli-\jer,ﬂﬁﬂf%}ﬂ — — 0.33 & 170
] ¥ Ama‘znr‘l",River, g tIe - VN -d____.-"" 13.40 0.10 11.42
Savannah River, K| 557 200" 8.90 0. 60 17.42
/ Ohio River, 5% 3] — — — 39.2
" Ottery River, 3 [H %] — — 1.07 180
San Joaquin River, %[® 4] — 20.23 — 201. 90
3.2 R CH, AN, OHERL 1 i 25 A8 S 43 Ar WA, BB 3 FE 4 FTRVE W 7R 2 2, F 0

e FH P JBE ] 9 B9 CHL, RN, O 35 77 1€ 8 A HE ik
T A A HE RO B IR B R AR B R
B EHEOR  BAHERUIR 9 ZE 5 AR b 3 (R’ 3 f
K4). 2B SEERETSEINLR, X5
B AR YLLK oo I g AT CH, R
N, OHE il 3 2 Ji o7 W8I0 45 1 1) 45 98 — 25, R A
55 [ 4 g — e ] 3t JE A 08 oy 45 3210 19 CH, AN, O
0 75 5 AR Pl A A — 25 L A — &5 SR R
AR, — A E EWiRER N EEMAEY
AR RV, R R B8 = 1 AR 4 1 33 2 i )
# CH, FIN,Ofy7= A1), S5 — T & E P 2K
AR 2, KEMIEREA R H, 5 LR, 2
Z5 Ref T 4 sk 0 T e R v, R R Al R s o
T T i ) L A T LA bk 5 8 25 42 Ik A TR e A T
T[S PR AL B 2 B CH, AN, O A 78 T8 a7 3 rh
HEiK.

MR CH, FIN, OHERE & 8 % & TS0 5 ER %
LSS AL SRR ASOULIN 2] i CH, AN, O HE il 8 .
HIFEH 22T R — A3, HHEK
(1) — S A 15 5 7K DA S — 635 Ye ) 25 B 3 HE AT
TEH PRI = AR AR o DX R Ui Hp nT 2 R
(& i T 53 AN AN X8k, AT H: CH, TN, O
HElc it Bl 22 3 0. T AR A4 2, AR T2 R A A5 IX 5k
BT ER & A F & AR 2E CH, MIN, 0= AR,
RS DXk TP K L v i e AR A L)
Pris A R BRI R 2R, ANfESh CH, A
FRACA R PR B, 55 BL IR B, Al A A0 S R Ak
R KRR, PR It iF— A 0 T N,0 1) 7
A= 10T 58 AN RS R HEAK D AR T R, E B R
# HHEK , FBOR & & AR A R KR B A E 0,
X AT A S i AR 3 B HE R 2 TS S A s
— AN
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SR E I B A 3T 56 A& TR TN, O HE A F 5%
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FHERIR B8 2 3 BN, O 1 7 AE FIURE L. i 45
WHARKE 5 AN, OH I 55 ¥ B & ( NH, -N
FINO, -N) L2 BIH i 2 IEAH G 4518 — 3K

4 it
(1) 448 10 UL 35 PN, e FE B R S0T 3 CH,

N, OFS A7 BE () 4F-~F- 2414 43 531 R (390. 57 +43.95)
nmol - L "' F1(40. 23 +3.20)nmol-L ™", CH, FIN,Off)
HEk i 5 (4E ) 43 Sk (20.73 + 6.08)
mg-(m’-h) ' F1(34.30 +7.12) ug-(m’>-h) "' 7
FHAE R A9 CH, FIN, O i 255 HEBURAAE AR AL, B
B AR R

(2) WIS CH, FitHEicas S5k (3 876.30 +
1153.96) kg-hm >, 4E F % {5 K (1938.15 =
576.98 ) kg+-hm ~*; N,O R it HEjik & B (5. 74 +
0.98) kg-hm = AEF-{E Ky (2. 87 £0. 49 ) kg+hm —°.
ATRFEE P BRI IR (SCGWP,y, , VA CO,-eq TT5)
2918 4 (87.99 +15.73) t+ (hm®+a) ™'

(3) CH, HEGH & 57K KU DOC &2 1IF 4
X, M 5K DO &3 A&, N, Oﬁkﬁﬁzi_ﬁ 5Kk
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*Ha‘é,ﬁﬁ%ﬂ(ﬁi DO 53 H AR . i/ L
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