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Features and Influencing Factors of N,O Emissions from Drawdown Area in the

Three Gorges Reservoir
LI Rui, LEI Li-guo, JIANG Chang-sheng, CHAI Xue-si, HUANG Zhe, FAN Zhi-wei, HAO Qing-ju”

(Key Laboratory of Eco-environments in Three Gorges Reservoir Region ( Ministry of Education ), College of Resources and
Environment, Southwest University, Chongqing 400716, China)
Abstract; Three heights (180 m, 175 m and 155 m) located in a typical drawdown area in Wangjiagou of the Three Gorges Reservoir

were selected for studying the N, O emissions from subtropical reservoirs. The experimental period lasted two years from August 2010 to
August 2012. The methods of static opaque chambers during the drainage period and floating chambers during flooding period were
adopted in this study. The heights of 175 m and 155 m were both located in the drawdown area, whereas the 180 m height was located
in the land as a control to 175 m and 155 m. N,O fluxes showed clear seasonal trends at each height and remarkable differences were
observed between the two years at the 180 m height. N,O fluxes were lowest in spring at the 180 m height. N, O fluxes showed a single-
peak pattern with climax in summer in the first year, whereas a double-peak pattern with climax in summer and after dry-wet alternating
in the next year after the highest water level of 175 m was succeeded in the Three Gorges Reservoir. N, O fluxes presented a single-peak
shape with summer climax at the 155 m height. Additionally, N,O fluxes were higher during the drainage period than in the flooding
period at both the 175 m and 155 m heights. The order of the annual N,O cumulative emissions at the three heights was 175 m
(853.92 mg-m~*) >180 m (336.69 mg-m™*) >155 m (324.69 mg-m~>), and there was a notable difference between 175 m and
155 m, indicating that short-term flooding could increase N,O emissions but long-term flooding could restrain N,O emissions.
Correlation analysis showed that there were no obvious relativities between N, O fluxes and environmental factors in the land and during
the drainage period. However, N,O fluxes were significantly negatively correlated with water temperature and wind speed during the
flooding period. Principal component analysis found that soil nutrient conditions and physicochemical properties were the most important
factors for N, O emissions in the land, the nitrogen distribution in water was a main determinant for N, O emissions during the flooding
period, and soil physicochemical properties and microbial activity importantly affected N, O emissions during the drainage period in the
drawdown area.

Key words: Three Gorges Reservoir; drawdown area; N,O emissions; seasonal variation; principal component analysis
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Seasonal variations of N, O fluxes from different heights in the drawdown area of Three Gorges Reservoir
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m (= RRAL - 2 HEGE B K, #E 2010 ~2011 4R (1]
(IN, OHEI R I by 5 2 e 285 177 2011 ~ 2012 4F[i]
R TR F m e 2 H R Mg, &
2N, OHE il i 5, 7K A e KW SGE o BRAE 2011 4%
5 H 22 H}306.80 wg+(m*-h) ", & EHEi0E &
FITE 2012 426 H 23 H } 705.24 pg-(m*+h) "' [ A
2(b) MIFE 1], 155 m E AL d /K I N, OHE g
FRE 7 T 91 N, O HE s a8 2 B B[] 1) 28 £k 32 Ry
JEIZ, S50 1 [R] N, O $5e i R S5 A HE B0 134 H BLAE
T, T 2011 4E 8 H 21 H ik 2 & v Hi il &
498.22 pg-(m*+h) ' [A4E6 H 5 H B ARHERK
i 317,53 pge (m*+h) ' N, OHEi = i AK[
2(c) MIFK1]; 175 m M 155 m @RI AbTE R ACH
MITH P 1,175 mom R T T W Y HEGE & R

97.03 wg-(m’-h) ™', W K W K 85.78
pge(m’+h) 7' 155 m &R VE T HIN, O 1 1 HEjik
A 60.45 pg-(m’-h) "' W K W R 40.96
pee (m®-h) =" AR R AL VE T T N, O HE A R
TR A, UL B & R K 5 T S M HIN, 01
HEik.

180 m =2 2010 4F 10 H ~2011 4= 8 H HIN,0
S HERGE R - 16,21 wg- (m?-h) 7, I KK
AN,O/IE, i 2011 4F 10 A ~2012 48 H N, 0F
HEOE B X E 6754 pg- (m®+h) ' AEPRAE{L
ZERBE(P<0.05); 175 m @=L 2010 4E 8 A ~
2011 4 7 H 19 N,O 4 F ¥4 HE ik i & o 105. 84
pge(m’-h) ™', 2011 4E 8 A ~2012 4E 7 H AN, 04F
SEIHERGE B K 95. 10 pg- (m*-h) 7' 4EBRAS AL 22
SEARB L ; 155 m SRR 2011 4 4 ~8 HHIN,0F
WHERGE B K 33.20 pe- (m*-h) ~', YRAE [F I B
N, OF 2 HE 08 £ 4 35.34 pg+(m’-h) ' 4EBRAE
2 S . R X% LN, OHE 32
AERBRAR AR 52 M /0N T ki B N, O 1) 7 AR B HE TG
IR S5 i AR A T I SRR WK AT DA S MR R
RRE k.

1 EXEEHAASELN,OTHEFHMBEE" /pg- (m?-h) 7!

Table 1 Average N, O seasonal fluxes from different heights in the drawdown area of Three Gorges Reservoir/ g+ (m?-h) ~!

R/ m H 79 4
180 54.31 +36.38a 66. 14 £25.0la 89.67 £109. 89a 66. 89 +96. 84a
175 28.87 +45.63b 139. 29 +67. 46ab 61. 69 +50.47ab 154. 09 +80. 65a
155 2.56 +13.45b 12.58 £21.21ab 48.54 £94. 46a 58.01 +45.38a

1) R/ NG FREAR [ — i R b AN ] 2249 6N, OHE A ) 28 5 1 35 1k

2.2 JEXN,OHER Y R AR A AL

K 2011 4E 4 H ~2012 4F 3 H 8] 6 W80 45 1
TPl AR B AN, O HE ik 22 5% 23 r, 181 3 3R, & AR
/N N, OF-F HE O &3 BBl B E . 180 m =y FE b
ZAEN, OHE U &t 55 (5 /D, FEALF & brifE IE &5
A (R A S MR 175 m SFRRRIN,O
HE G 5 K s S AT WA 40 A 5 155 m AEN, OFE
R REE 175 m AT A 38 ) HERCR
LIRS E , WA A /A0

M2011 4E4 F ~2012 43 7, iE7%w LA
FEN, OY4E ZALHER & 4 175 m(853.92 mg-m ™) >
155 m(324. 69 mg-m ) V757 I = AR AN, OHEL
WERTREFE(P <0.05); 180 m FHAEAEN, 0 &
FRHECE 9 336. 69 mg-m 2, LT 175 m &FE, 1M
5155 m WAL AL, REFEEARN,0fkk2:

S Un P - S AR AT A S 1) DTS K 2> e EN, O il R
SHERC (EHE R A LRI, O

800
[s]
600
= © X o P
T oy ¥ ORI RA f
a0 ¥ xASA
& 48
g of gy
% I e
Z 200 1 — RN
o x -
—-400 }
-600 . . .
155 175 180
/m

B3 BETTESELN,ONHMIER
Fig. 3 N, O fluxes from the different heights

in drawdown area of Three Gorges Reservoir
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Bt 37 %

Ay,
=

2.3 FEXN,OHEHM Y 5 [ &

A3 180, 175 F1155 m i FEAEN, O &
5 X IO A - 4 s K AR FR B DR R AT A SR S AT
45 5 7 il b R Vs A 7 T I N BN, O HET 5 45 36
BT A AH SRR 55, A T V5 i K 3 M BN, O

HEl Z KRR R & 3% (r = -0.41,P <
0.01).
FH T2 M N, OHE il 1) 45 PR 2= R) 45 1 [B) A7 7 25 AH

HRR, A SO 3E 3 50 43 1 R 5 X 26 R 3
[ RYSCFR. W 2 F7m 5 V& i K AN, OHEL
A 3 A, BRTTER LIRS 77.35% .
1 HE A5 5 # 31.68% ,NO; -N, DTN 1 DON
H5ERF 1 BEMC, TR T AKIEP A AR
sy Ak dl; I+ 2 F2ZH 7l 29.68%,
NO; -N, NH, -N, DOC ., DON ., 7K{& pH Flzk i 5H
T2 REMHE WF3 HFEADILHR 15.99%,
NH,' -NEAKHR 5 R 3 S E ARG, 5200 PR DX V& 47
T HAN, OHE A i) EZEH Tk 3 A4S, B 2 57
MR I B 77.84%. N F 1 J5 2 H 4r b 4 #
33.55% ,DOC . SMBC, SOC. TN M#iF 5 cm J&
SR 1 BEAIC, 32 e 4 55 R0 Ak
Vgt WF 2 HFZEHD IR 29.44%, SOC,
NO; -N, NH; -N| 3 pH A& /KR HH ¥ 2 B3F

*x2

X BT 3 52 H 4t 14.85%, DOC,
NO; -N, -3 pH FI & KRG K+ 3 BEMHL. &
M 180 m & A Ab fili HEN, OHE I 4 5 4>, Bl
Tk R A F 74.34%. T 1 FEHSHLN
25.44% ,DOC, DON, SMBC ., SMBN . SOC ., -+
JERE KRG 1 W EAC, FERI T 35805
WG 2 FEE SR 17.42% , DON |
TN, NO; -N, NH," -N K +-3 pH 5HF 2 BEH K,
FEREI T HEWEAFKTE; HF3 FEETT
A11.60% ,DOC, DON, TN, SOC ., + 3k &F & &
KEBEEHHF 3 BEMC; W4 rZa 053
10.50% ,DOC ., NH, -N, SOC K + & /K E 5K F
4 WFEME; W+ 5 H2ZHETIHHN9.42% ,DON
TN, NH, -N. SOC. 8 pH K &/KREGH T 5 BF
FHK.

XoJ 5 e il HB N, OFHE S A9 PR~ E 4 7388 25 4 M [l )
BTSRRI 1 R I W K N, O HE R i 3
T (r=0.34,P <0.05) , =& X N, 0 HE
W R =32.23 —22.24 x A7 1; 10 H %47 7% T 10
N, O HERL ] 52 B K F 2 B9 5 (r =0.42,P <
0.05) , KKK NN, O F- Y HEs i i =84. 84 —49.55
x K 2 i AN, O~F- 2 HE i 5 = 69. 88 +17. 06
xAF3(r=0.40,P <0.05).

Bfidty, HEWS RPN ESE TSR EEENN, OB ER S T

Table 2 Principal component analysis of the environmental variables for N, O emission in the land,

flooding and drainage periods of the drawdown area in Three Gorges Reservoir

K HF1 HF2 HF 3 % HF 1 T2 HF 3

NH, -N 0.13 0.59 ** -0.53*  DOC 0.65* -0.18 -0.62*

NO; -N 0.74 " 0.44 * 0.13 SMBC 0.87 -0.09 0.37

DOC 0.12 0.80 ** 0.20 SOC 0.78 0.46" -0.23

DTN 0.99 ** -0.13 0.10 TN 0.77 0.36 -0.06

DON 0.77 -0.52* 0.08 NH;" -N 0.21 0.78* 0.38

K4k pH -0.14 -0.72* 0.17 NO; -N 0.24 -0.79 ** 0.42*

K -0.23 0.32* 0.86™ 13 pH -0.31 0.70* -0.51*
FHEEKE -0.20 0.74* 0.45*
RS em HEE -0.63™ 0. 10 0.16

T ETTH % 31. 68 29. 68 15.99 I 22 BTk % 33.55 29. 44 14. 85

i Ml HF1 ¥ 2 HF 3 KT 4 HF5

DOC —0.42* -0.05 0.55* 0.19* -0.26

SMBC 0.86 ** -0.07 -0.03 -0.20 -0.18

DON 0.32* 0.52* -0.32" -0.12 0. 44 **

SMBN 0.88 ** 0.16 0.08 0.05 -0.02

TN -0.04 0.37" 0.70 ** -0.19 0.35*

NH, -N 0.09 0.50 " 0.06 0.51* -0.30"

NO; -N 0.10 0.81* -0.07 -0.18 0.16

+4¢ pH 0.14 -0.70 -0.02 -0.20 0.39*

FHEEKE 0.40 ** -0.27 0.45* 0.48 ** 0.45*

T HORE -0.83* 0.22 -0.04 0.07 0.21

SOC 0.35" 0.04 —0.40* -0.67 " -0.33"

JTE IR % 25.44 17. 42 11. 60 10. 50 9.42

1) # fRFRAE 0. 05 /KT BRI B, + « AFRAE 0. 01 KT Lk 53
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FE AT M SR i — B A B
XN, OHEC Y T mk (B (36 3) , & BRI V% 45 v /K 30
N, OHERFE e 3R () PR IR 3 £ 82 NO, -N | DTN
F1 DON, i 520 114 7 217 7% 1 390 1 it b N, O HE s 19 1A

I PL B A 4% 52 R [A 3% (] 7 BT RR 22 57 0 F A 2
AR, R Tl v T WAl N, O HE kB 1% £
R R AR AL 30 5 RS | JRE K pH S
AL U DIAR .

R3 B, EEHEKBEEEETHSHNERRENN, OH A it E

Table 3 Contribution values of the environmental variables for N, O emission in the land,

flooding and drainage periods of the drawdown area in Three Gorges Reservoir

K HiEvTEME  BTUEE || TH HIETTEME  EoTEME || i HIETTHME ST

NO; -N 0.12 0.23 SMBC 0.05 0.13 SOC 0.08 0.11
DTN 0.09 0.22 S0C 0. 04 0.12 SMBC 0. 04 0.10
DON 0.10 0.20 DOC 0. 06 0.12 TN 0.07 0.10
KR 0.11 0.12 NO; -N 0.05 0.12 SMBN 0. 04 0.10
DOC 0. 04 0. 09 13 pH 0. 06 0.12 KR 0.08 0.10
NH; -N 0.08 0. 06 NH, -N 0.05 0.11 T+ Mg 0. 04 0.10
7K A& pH 0.03 0.01 FIKE 0.05 0.11 NO; -N 0.05 0.09
TN 0. 04 0.10 13 pH 0.05 0.09
TS em HE 0.02 0.06 NH; -N 0.05 0.08
DON 0. 06 0.08
DOC 0. 05 0. 07

3 e e 1 5 B 1 2 A7 LN, 0 0 2

0 175 m R S S 5 — A O i

3.1 A[AEFREN, OHEA B[] A2 fb F UK 2 — AR g W TS TR 28 AR VR T A

ANTRIHb DX K FE 8 N, O HE U DL I AN A TR], A 2
T RUR A LR IAL , (HIEAERA Btk (1) 215 78
PERAHE 2020 SELE A 2 a WITH], 175 m S REAL
B —AEN, OHF i e 9 o0 B 2 Bl 25 AR A 2 L 1y
T E 7R A W ANE T A UK R W RIS T 155
m AR LRI TN, O B ZEHER S . T %07
1175 m A1 155 m SRR TER FiE TR EL T
N, OFHERL e , T2 2R PR N 3 2+ HETR e v, B
KT AP A KBRS 3 B R AN i A
K EA R YR, A T A b
F S ARAE R A nsi , = oA e I, 95 30 - 58
N, OHE A2 3Rk A& 2 LA K 3R | 1B 4R N
RMLEAm AR 2y, B2 F RIS REN T & A
FITFHEHEN, O I HE; BRI Z 41, B K KA Y
TR A A TN, OHE ™). T Bear &2 HE e
TR0 DX T T A RN s X R AT T 1 ARG
N, OHEBOWI | A& B4 X3 H BTN, O 5 ZHE s
W 5 7 A S = e 2R IX R L P T I BN, O HE
A S 6 ~8 HIH V&Y 1) N, OHE i ik =i , 2%
ZEANAE Y R B I L KB R 8 A N, OHEfi
WK, B AR R 8. BRI
KRR, 4 0 T8 58 BR RE 1R BN, O 1Y 1= 4k
JC SRR DR A o T 5 R K
5, HHESK RS B, Eh 58, I P A RS AR AN SR

BT AW S AN, O HE G 0 (T 1) 3k 2 K oy =
U 7K A S 3 LD 4 55— AR IR WA TR B 175 m B K
A7, ELE] 2012 4F A 1IE R B =K PR T 175 m
R E KN AR AETE 5 1 H 155 m = A
IFEA BT RS S E AN, OHE R = 6 (P 1),
DR R 155 m AR AL #E K W K 78 3K A 30
PR R T I R T R R R, R
RS S A A ME LAAFTG A, B 1 1
T2 K I 5 K 53 46 138 BN, O By 7= A Ak, 18 i T
B AR YT Sh AR, N, O By 2 1 A2 B i HL 45
SR 7K ) - Ak T Bl AR 5 I SR S RO AL 7 AR
N, OB By Wik J5 ol N, 12020

KR ZEA 175 m F1 155 m 2 FeAb 4 ZEN, OHEL
WALE (R 1), THHAH LA ZE R WK, N, OHEK
1o A DR R R B B A, — T TR 2 B KRR P4 1Y)
TR WAk T E& AN, AT s ik
BET FE AR, FRL5r =W, WK BI7K RN, O
HE B2 K R T R B9 AR T i
PER B R, N, OHE Bt i . H & KB K 44
ZEWS KN, 05T #B KAh & H—
D7 T, W5 DX A M Ay 2 KU X, A 2Rl —
MEAEZE DAL BER S5 98 i vK T 0 N, O 1) 4% i,
REFH A Pis R 2 HIE . X5 Lin 400 15
3T R R B K T JR AT S /K BN, O HE LA AFF 52
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GhER 3 Fan TN = K PR 7 I 30 JEN, O HEL
A s, &N, OHE it . 534, =7 A8 4k
SYMTREIT, W TE T IN, O HEGE V& T8 5 T
AKIICE 1) — 07 1 1838 B REHE i - 3N, O B HE
i 5 — KRR ZE IR B K, B KA 20 d Y
THIE AR 22 1) K AR R B TN s K A
REBI, FLIE 01 2 - e 1b RO A i
AR/ PN P U g 3R AP R 5 AR A 1
HB AN, O P2 Azl /b | i FLN, O 1 25 S P & i
SRR AR K P A R R A 10* A5 AN, O
-1 BA e (R B, - B K N, O HE LR 11K
Cheng %5 75 v ] AR 308 96 1A Y b S [ 8 KCIR 35
N, O HEBIFFE [RIAE 22 B | JE /K 3N, OB ik
RS T K L3 SR VG B RN, OHE B Y BIF 5
W I, DU 7 K HET B 15 50 T N, O i HE K
BN UERAAE F SRR T A i K S HIN, O
Heite, ¥ S AR SR 4.
3.2 RREERERN,OHE 22 5

AFFFEH 175 m B FEN, OHEI & =, 180 m i 2
W2 ,155 m ESFEHEERAR. 175 m i TAL T &
ARSI WK I R A0 B BT AR A
K& 5 W20 e N, O iy K Rk, 55—
11,175 m R ARAMH Y & B B AF, T - iAo 4
BEEE RN ; 5550, HXTF 180 m = FE Ak 44
THN155 m =R A K AW K 9 H A58, 175 m &
FRAR 1Y 498K 43 FREE ] BT N 38 A 3R AL A S
PRI A HEAT. 155 m (e P A 7 T v 7 (0 B AR A7
BRI K, S R C R R RE Y R
MAEIG I A HAE K R FRERNR X H R
FIFN, O A4 AR, 78 AF 5% A& B = 0k 42 XV V%
N TTR T B BT S5 A S 2 (TF-N) & i 5K 07
fe RS TE ARG, Bl R R0, b3R8 B ) R R A
FIFUUR b TF-N & B3 it i 76 8 7K 915X
WA RS AR A MR AR e =k
JE DI T IORIT S 30 & B, T4 767 3 B R R 75
RAE R KA B o O oy, AR AR KA B iR
1%, ZEM RIS FRIEE T, A AL g U (s R 44 e Bt
SR B KA R RS I . AR A S 32 853 AT
(Zs SR KRN - A = 9 T R BB S A EN, O 1
Az BRHE L. T T AR S R A Bk 4% A 2 A e AR
AT N, OHERL OB SE i , MK A S fifi s (X N, O
TS T iR, 2 KA AR MR DX A O o R B ey
TR B 1 4 5 X G2 T REARG , 5 AR 98 45 AT L.

5180 m E X FEAH L, 175 m = 72 A0 J 300

ARAEHE T N,OHEL, T 155 m i A A4 K 300 8 K 4
# TN, OHE. AT RE 2 LR BN R IR P8, —
SR KR B SK E . A R LA
K, XA REAEE TN, 05 8 )50 N, 1 H A3
ekt K, ST K B, BELARN,O [ KA g
B2 R K R A K At £ S e R A 1 A KA
K, Hirota 25 % 91 2 £ 7 N, O HE il & (1) 2%
(B2 S 2 54 FAEY A OC. 2012 426 H 22 H
A 175 m AbAEY & 315.20 gom 7,155 m 4bH)
LA 105. 56 g-m >, 5 m () A= 4)  ml ol - 3 [ e T
Z R R FPEIL R 95 S AR AT = X
THIEH N, OHE O & B, 170 m & A2 AL AIN, O
HEWCES S T 160 m &5 12 ; 5541, Wang %509 %t 5 2
AT M)A N, O HE B & 1 AF 5T 28 81, o i WA
IR RN, O BB ICUR , 1 R T 8 1 1 DU >4 KON, O
AV s =V D 3 1 3 N, O HE ASOUE I . & 88, 2%
FPERUK A /N B AN, OHE B T8 AR BUK 1 B
RERFED . DL BRI W K ] AY K J
S N, OHE U — AN EH P &R

3.3 RSN, OHER Y S PH %

- HEN, OHETUR: Ak £ A 2 3 [R] 7 G 285 23, n
THERE . FKCR . TTHLE . A PR . T35 T A
a5y RIR ., AKOAARAE . AR, KR XU, pH
AP A KRB AR A 5 3 3 A O 40 B % A
JE DX VR K BN, OHEAICH & 5 7K 2 4 3
MO FR , — MBSk 10 7K A T 38k 7, ol A 0 90 P ik
58, N, ON 1% B 25 5 A= I 158 KA (H R 7K
RS Ry | B2 KRl A e o AR K TR
R, A K R B AR SN R ) TR A T
FERZ | KPR DR SRR BE b A, FLA A= 30 h Sk
FoIEY, SN, OHE UK. T2 & Bl =
U 7K J2E K TN, OHECS K TR B A 6.

AW FE 53 0T il b | 3 9 Al VS K RS 95 TR
FHIN, OHE 5 [ & b 4T 1 F W4 4, 45
SR T T HE AN, OHE Jil 52 2 IX K AR /R 4 A
(R SE I fie 22, T i b A0 9 9% 4 9% 1 108 A N, O HE s )
FEZ AR ARG O T T R — e B
FRAL[R A, Chen %50 78 = 2 JE [X 382 1% 9] [X 6 B
T DU LR F e A R b DA Y T VR T 75 TN, O
HERCIR | %2 52 W 31 7% 15 V% I N, O HE ik i) 3 22
PZ A IR RO ARG O, 1 5900 P T R 5
Iz AR W N B3, SAF 45 RAH L.

4 i

(1) 2 AL BN, O HE A W 2 Y 2 75 44, 180
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m = AR ZEN, OHE AR ; 175 m S REAL 2 30
TR A ZEN, OHE B LS I, 17 155 m 5 2
AT ISR Bk B 25 N, OHE L () BRI 7Y (v FIH 7%
WA 175 m EAEA 155 m i ARTE TS TN, O HE
TR FHE K T, Ul BV v A e K S R 2 il
N, O HEL.

(2) AR EFEZ 0] 175 m mE R EN, OHE & i

155 m AN RAR, 5 180 m /& %t BEAH LY, A 7E

TH V& T K 22 HEN, OHE T, 17 9 7K Asf ] 4

2N, OHE A%

(3) TR A o3 A 2R BH T8 75 4 W K 1K pR rpoeT

T R A A R W K T N, O HE i ) £ = IR

K MTIE 75T 75 1 10 S i U] 2 A7 4 S8 R 1=

IO | B S pH SR R 1YL ] 52w A i 2.
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