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e RURE LB 42 ) R e o Tl A 4 sl i de vh
MV R 2K P F7R B B KR S R Gy, 484
FE ST BB R L (B R=1.5 m, & E=1.4 m)i}
)O3 A 5 R GUIE 3 FA B R AR s Eln
I R g 1B AT AN IR A AL S 2N 35 AT
BRI P AR B AN LA ] 72 T B AT (600 W),
F— B RIBITHRETEKE. F, 56 24008
T 5 370 R EE G ) S B P SR U S 4 H R
FE W = o H 30 B AR ThEE . ASLEE T20174F
10 H BRI TE 32 MUK X R EE R Z DU, 78501
G EMANERRSEA, SR TTR 8RR A
10 cm, FFENEE N mPIR 7K. BHREN
TN K PIFTUE TN B 90.56 mg/L, HIAA TP
90.065 mg/L. TEHES TAES WG, ff /g faw2
HIE TR S5, AR iET2018%1H1H, 1T
20184F12H31H.
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364 R FIBE . 6N b3 4y IR Ry X HE
H(C) H AR, TE IR B AE 3% /K 7 5 TH AR 481 2 1
WIEAE IR [ € FHE4L(T) K HERCPS. 51 5, #1
A L0 R IR TR S B, e B E E THEAC Uk
TR (V)EE 2 FHE R SE AL 2% &R R i s
T, AR 22 SO 5 TR0 11 B i <10 R R 2 5 1)
AR 270 R 1SR HE A B I 3D,
SEIT[AIfE2—12d, PA 1 7R B IR & k3l Frsk
I TE) A6 3—11d, F &R R IZ AL H R BB N\ S51E 58
FHR AL — 2 B INAL(P) R 1E B RKIR M T &
2J8 Wl KA HO MR — S8 (KH,POy) 25 pg/L(H%
(YR 0B R AR A o 52 R B SR A A A
(I 90 285 S IF AT 38 2 B0 R, FH DUBER R 13 1)
BB I RE); [ FHE IS I BELL(TP) 2 7E 3 28K
IR EEA_EAE 2 THE 4°C, I BAR2 R KR d i
KH,PO, 25 pg/L; W3 FHIR R N 4 (VP) & 7515 E
FHIER 4°C [R5 fe i B DR B 5, (R B2 J8] ) 7k A4
H I AKH,PO, 25 pg/L.
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o KIEFHTN,. TP, BAZENO; -N) ISR
(NH -N)ZHE GRAEA W I A4 73BT )y B
AT E, /KAKI 2 25 a (Chlorophyll a, Chl.a) )l
SEVES B EZ SR L EER R . T
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Vario TOC &L A HLBK 7 #T4X (Elementar, {2 [F) ]
SE o VT AR A AN P KA A 1) A2 ) A i) AT I
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“PVIEE=He0 35 P < M0 8 5 17K R, DA Sk
WL Fh S TR K AR AR AR W) FE AL
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Ml e o VSV ARFEAR N IR 0 M R — S T 1
TN 1E=45 cm, J = E=50 cm), FA4A 4N & 5 1 5
IS ()T B, I e R A AR A ) R AR I
TEIKTH LR 295 om, PABCHR PR AE A Ta) A6 44 R 30
B, IRV AR I TAE R AR A SR . R
BRI FE AR S, FER SB35 FH AR 6 52 4 78 76 LU ST
FH IR i R . SEIR A, A R R A
e BURSHE BA— H F8:30—11:30 58 S A IR
£ TAE, BAREAE DB — R SRR AR TR
AN E 3min{f H 5 Rl 2R R A, b e
SFARCE T K R K L, T 2min, 14min
AI26mind USRS S A3k, 55— IREURE I 2 i3
AT2U0HES, Bl IS FEKE30 mLyE: S 88930, 4 27k
S ARFE AN F5 3047 — IRFES . A7 58 A
KEEJG, T48hH 58 N, O S AR FE S Il g HLAk
WA 73 A YA =38 ) 30 mL S A v
BB 10 mLAARFE BIEN ECA-6TF 3 AR EFEAY
HEMGC 7890t itk T1/E R4t (Agilent, 3£
&) 58 Bl s TAE, N,O B L T il A I 25
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N2 mm, KJE5 5813 mif) 80—100 H 1)
Porapak QANE54M 73 B9 1 58 AN, O 43 1 Al IR,
FEFEIR ES5°C, BN @28 Ny(4>99.999%), i
§N25 cm’/min.
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A TR e A 9K 7 (A 80 v, PN TR R I
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PR EE B N 18] A2 A6 ) R (ppm/h) o

i 1o Xk S 6 18] Bk — A AR B N 9 H BIN,0
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B g/(m’y), n R B RRE B, Faeom e
iH BFPEIN, O il &, 138 7~ N ER I H IR B
1.3 BUESHh

S IG HACH A A 21 1 ) AR A RRAE R A S0
JH I BARKR o A& 12 A M—2 1, F23—5H,
HZ6—8HMMKTEI—11H . XTSRSt
1T H A B A EE ) 6 BTN, O 58 ¥ i & 11 H B4
o Gt oMk IR A (version 3.6.1) 58 1. 1H
T S B B 1 TR A M K T S MR IR R, K
BB AN R IS 0 A 5 77 22 55 IR ME B 264, ATk
P A S ATY A R0 73 B0H T i R R 36 2% A4, B bA
1% 8 2 AN POSTAE A I AE 2 80k 58 77 75 (Kruskal -
Wallis FRAFIAS 56 VR 00 A 2 20 1) 2 5010 42 35 1, DAk
AN [ B 340 4 Ak 3 2 (i) 56 4 1) R G K -SSR THINL, O 58
i3 B 1 520, I3 1 SpearmantH 56 23 #r i B 2
ST 7K - TR TN, O B2 He 1 B B R - R 7T Ho s
me) L o BT A SIS BOIE  4 B] AE Y e
GraphPad Prism#f(version 8.0.2)#{F 5E il 2%
A 3 (1) SI2 56 K5 4 4 3 DASS(E A5 AR 1R 1) 45 SRR,
Gt MRG58 LLP<0.05kR 1 3 2 5 .
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21 EFHRZAMREFHITEHE

KB SIS HAE, ) RGN AN E AL EE A
H /KRR aAmE 1 FR. BH RGN THM
TP 4 ) 7K it 76 % > 52 56 BA 18] 18 e = T H 28 7K
(CZHAIPLH () /KR4 C A A5, T % s T+l 1V 2
VP2 K i AR e iR 4 C 2 Al b SR B
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Fig. 1 Daily average water temperature in different treatments in
mesocosms during the whole experiment period

AEFZH (VAIVP) I 4 222575 53 01l 2 (7.45+0.28)C
(11.43+0.28)°C #1(11.16+0.33)°C, FEZ=I 05N
(20.16+0.47)°C. (24.19+0.48)°C F1(24.27+0.48)C,
B R4 9 9(29.55+0.22)°C . (33.31+0.21)°CHI
(33.71%0.25)°C, BKZ=13 7 51 °9(20.86+0.54)C
(24.81£0.53)°C F1(24.63+0.60)°C, /K M AK LI H
AR BEEEMFERRNELZURMREE 1).

BSR, RWREMpH  EH R4
SR (B 2A) KW FEIN171.03—426.50 puS/cm,
KRR T R, BRI e 2 S e 0 1) 1) B
/K, R R . B 2 I H IR Bl 3
KA DO 2B) i s A4 AT 3R 2, 4k 2 2H [6]
(AR PR FF— B, DOTE A Z= I BEH4E 9 (11.50+
0.37) mg/L. HFFHIREEIE $9(9.79£0.16) mg/L.
B2 B 2548 9 (4.59+0.3 1) mg/LFIRK Z= 134 5
Yl N(3.37+0.28) mg/L. 7KARpH(IE 2C)7E 5256 3
IF1) {4 A8 4 V0 B 7E.6.88—10.37, Ak b S8 1 i) AN [
A FRZH Al pHI R I & F 2 B ERENBED
e

. &, BEE  ARLEKEFDOCE
H(E 2D)REAREIME. BEFE LA, BEEK. &FT
B, THRRIRE(E . Fuitah RR A
AR N AR EA R M DOCT BEFERE ER
(P<0.01), HCHFPAHK AL T EARKI K. Kk
H TN 2E)7E B A 5200 B R) 47 2 2R 00 H 5 20 1)
Weshth, HAS LT BI#E0.19—2.16 mg/L, 1 Z= 1tk
(AR AL 38 AN W 5. (P>0.05). TP(& 2F)28 (Ll
FEl7£0.006—0.352 mg/L, Sk - 2HUAREA . HFA
2 1) 95 B 08 T R T IS A R R R I I AR A R
fE. KIEFNOT-N(K 26) & &=H 4 W E M=
TALEFIE, 4 ZEHINOS N B, FEHBAR,
B KETAG T, BN S200 1 7] A 2 2H R 1)
NO; -N& & & # A FE(P<0.01), HHPHIKINO; -
N& & 5 E T THP<0.05) MV (P<0.05). 7Kk

HINH, -N(E 2H) 7 BB 2= 550 B 2 00 H gt
1 AR AL R F, ELTE B A SO0 & 1 Py A B 4 [R] 11
NH; -N& &3 %2 7(P>0.05).
EASKEEMWTH AL,
P il R g0 A R (] () K AR Chla & & (B 2D 7E R
KETHEET &, FNCHAMChLe S & 5 EKT
TZH(P<0.05). PZL(P<0.05)FIVP4L(P<0.01). R4:
H LKA ) 5 V7 AR 2= PRI a2 1R
7, VUK ALl Y TE 5 (Potamogeton crispus),
FEBILTA. FHE, YUKHEMPYVHRE(XF)N
LTI N0—91.29%, ¥IME F(44.69+2.25)%, AbHE
B 7E A Z UK Y PVIFR BT % AN F (P<0.01),
KU NCHPHALTT. TP. VHMIVPYL; MAEHZ,
Ab B R TR Y PV BUG 2. 3% 2 7 (P>0.05) .
AN, R G BF Y 32 2 NZE (Trapa bispinosa
Roxb. )17 SZ(Euryale ferox), "E KA R T B K
2R, MY 5 FE (2 AK) H0—98.33%, ¥IME N
(25.35+2.15)%, Wb BRAH R FEE . K= HHE ) 55
FEW R APH>CH>TH>VH>TPAH>VPAH.
22 EHIRG A IELAEBIN,OZ il 2 FI T L HFHIE
N,OXZ B E M FET LI+ RE. &5
AL ERLH I R BN, OMR I, $5 61 RGN BT A 14k
LA R I AN,ORIIL; HFZEN,OX il & 5 44
AL a3 — 3, C4H. TRV 2 I HIN,O MK
Ml R ASHET P2 TPATVPAL I 5 30 Ky K A4
KA HINLO, HAFTA N, O il & i T
PZH(P<0.05)F1TPZH(P<0.05); B 2= EN,O7E /K-S
Fr I [B) A8 e B B O SR, TRITPA R I 7K A4k
F] KSR IINL O RS, TCY V. PAIVPZE IR I
KA ) RS HETEON, O RS s BK R 1 R 48 4 (Fr
2 T P TRV A1) 7K -/ 5 T [RIN, O A2 46 1)
R Aoy w2 HE RO 5L (] 3).
iR g6 £ (% 2), VAR 4 E T HN,0% #:
RS TR TS IR P4 (P<0.01). TP
ZH(P<0.05)FIVPZL(P<0.05), R I H IS 7% 5
Z Ja ¥R RS0 K-S A TN, O M HEACE 2 2 82D,
X5 K-S SN, O RARA #5753 2 1 45 A —
H(E 4), C. TAIVARIN,OHF B &4y Hl N
0.0039. 0.0094%10.0200 g/(m’y), TP, TPLLA
VPZH N, O4F RARA e & 43 1) 9-0.0049. —0.0065
F1-0.0018 g/(m’-y), T E 57 £k (I AT HE ) R 4%
PN 7K =" S T TATN O BH HE T ] WAL F) B 46
23 EHRFALIEHBEN,OXBRBESFRER
EETF XM
SpearmanA XM 73 #7 B 25 R BIDO. DOC,
TP. NO;3 -N. NH;-N. ChLaRYi/KAEYIPVITEH



3 3]

BSOS AU AR IR 5 B TR S LA PR e /K 7K -5 TN, O B R

(BH) R B3 MG 2 40 N, O S Hieit & [ M 15 K]
1, T AR PR N, O S # il B 5 S 2. pH.
TNAIPE ) 5 B (R BO IR SR VE I AN 35 (3R 3)
ANTA] Ak BEZH N, O 5 #ieJi 1 5 P55 R 7 R A S P A7

450

350

#1532 Conductivity (uS/cm)

150

20

15

A A HLA% Dissolved or ganic carbon (mg/L)

0.8

o o
B [o)}

T A% Nitrate nitrogen (mg/L)
o
o

250

A
OCmT SV
=1 P == TP =@ VP

%F £F HFEF HF

Winter Spring Summer Autumn

D

& HF HF BF

Winter Spring Summer Autumn

G

— Ny

i

%% FE HFE ME

Winter Spring Summer Autumn

F4R Total nitrogen (mg/L)

A% Ammonia nitrogen (mg/L)

20

2.5

2.0

1.5

1.0

0.5 ff

0.8

0.6

0.4

I
[}

& HF HF WBEF

Winter Spring Summer Autumn

E

X%F KEFE HF KF

Winter Spring Summer Autumn

H

i

X%F FEE HF KF

Winter Spring Summer Autumn

11

ey
(=}

oo o
[\S1U%}
i

0.20

0.15

JE& W Total phosphorus (mg/L)

0.05

50

N3 o B
(=] (=] (=}

IH-%%Z5a Chlorophyll a (ug/L)

—_
(=}

|

FEZE 5, Hoh, THIN,OZZ il i 5NO; -N& & it
K (r=-0.327, P<0.05)FIPL/KE VI PVITEE(%
) IEM52(=0.529, P<0.05); VAL HIN,OZ #uil & 5
KA DO & 47Uk 5% (r=—0.353, P<0.05), 5DOC

& KEE HF KF

Winter Spring Summer Autumn

& KEFE HFE BF

Winter Spring Summer Autumn

I

i
XZ KE HE K&

Winter Spring Summer Autumn

2 PR RGP R B A VPR R T A T P A AL RRAE

Fig.2 Seasonal variation of environmental factors between experimental treatments in the mesocosms



630 K& A& Y ¥

45 %

*1 LBHEESRZEATELE TR EY PVEER AT
FHEM B R ET T UHHE G EHRER)

Tab. 1
coverage of each treatment in mesocosms during the different
seasons (Mean+SD)

Submerged plant PVI index and floating-leaf plant

VUKEYIPVIFEEU(ATR) R R BE(AK)
40531 Submerged plant Floating-leaf plant
Group PVI index (%) coverage (%)
4ZWinter  &Z=Spring  H ZEsummer FXZEAutumn
C 10.33£2.22  76.2343.66 53.27+8.58  28.11£7.26
T 21.33+4.76  77.17+£3.66 31.50+8.06  14.39+6.56
V. 2439+440  72.81+4.23 28.06+7.43 8.88+3.50
P 7.61£1.77  72.04+4.87 54.01+6.89  36.58+8.00
TP  15.43£3.28  66.25+5.25 24.8248.45 8.16+4.18
VP 21.68+4.54  70.98+4.66 14.22+3.36 2.17+1.20

(r=0.472, P<0.01). NH; -N(r=0.323, P<0.05).
Chl.a(r=0.309, P<0.05) YLKV PVIFEH (%
F)(r=0.435, P<0.05) IEAHIC; PALAIN,O #7255
TP & IEA 9%(=0.321, P<0.05)FINO;3 -N& & 71
K (r=—0.428, P<0.01); TPZHHIN,0% il &1 5
Chl.alEAH%(=0.312, P<0.05); CZHAIVPLHHIN,0%E
Hoil 20 5 % R 3 0 R E A G

3 iTig
3.1 FERXK-S[FEN,OZ A F2

WA MR, JKIHAES KRG HN,OM A&
BSOS FR Y 2 52 BRI T S B R E .
WM KR S T 5 °CRE, YUAR Y 5 1 1 S R A o B T
P 5 AR KR F I B i IE AR, Kk
N, O PRIV A FEE 0, 2 B 5 s B ) vy T PR AT, IX
AT AT AT K-S G TN, OHE e (38 B A
FOHI 45 R IR, A EE L RN, O A2 40 3 & 11 2= 45 PR AR
B, 6/ A ELAH AE A R RN, O 7K
A ) AR, T H A ==Y R 2 TRV A I 3=
BLRIUAN,O /KR M KSR R iR
HH(ZR 2), TEANSZIG 3R]V 2 () 4E 2N, O A2 il & 3
T U IS 7R 2R 10 5 Ab B AH, T E RS U
BT A PR A K-S S THIN, O BN AL & o AH X
B XMAN SRS BA 8, QUi
AR FE T 5 iR = AR O 1 G N
FEEPERS . Soued 5 ol gz K itk v X A A
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Fig. 3 Monthly N,O fluxes of each treatment in the mesocosms
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Tab. 2

N,O fluxes of each treatment in mesocosms during the different experiment periods (Mean+SD)

N,OZ il &N, 0 fluxes [rng/(m2~d)]

#7Group X Z=Winter %éSpring B Z=Summer FZEAutumn 4% FTotal year
C ~0.033+0.028 0.004+0.032" 0.011%0.076 0.064+0.067" 0.012+0.027"

T ~0.086+0.031 0.079£0.018" ~0.004+0.026 0.107+0.034" 0.030+0.018"

Y —0.041+0.026 0.069+0.026" 0.069+0.025 0.100+0.034" 0.044+0.016"

P —0.038+0.032 ~0.007+0.020" —0.002+0.041 —0.012+0.023" —0.014+0.014°

TP ~0.092+0.085 ~0.036+0.028" -0.014+0.062 0.079+0.025" ~0.018+0.029"

VP —0.046+0.039 ~0.016+0.048™ 0.025+0.026 ~0.002:£0.036" —0.014+0.020°

T T REERIC A — I 30 A A B A () B 22 5

Note: Letters mark significant differences between treatments during the same experiment period
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Fig. 4 Total annual N,O flux in water-air interface of different
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W5 U R A K AR AR, TR PR R
BAK S b AR, S 80K AR
B RIE K TPRRAL, AR T 36 R %M K-<
G [E)NO ) 32 # &

#3 EBNLEHEFREILEEIIN,0R IR E ST E FHISpearmantl X 5347

Tab.3 Spearman correlation analysis of N,O fluxes and environmental factors during the whole experiment period

5 HESX ViR % Dissolved VBRI MUK Dissolved B Total S Total
G’mjljl Conductivity oxygen pH organic carbon nitrogen phosphorus
P (uS/ecm) (mg/L) (mg/L) (mg/L) (mg/L)
C -0.051 ~0.060 ~0.040 0.208 -0.039 0.030
T 0.060 -0.302 -0.079 0.194 -0.026 0.050
\% 0.089 -0.353" ~0.153 0.472" 0.102 0.230
P ~0.269 0.059 0.115 0.146 ~0.188 0.321°
TP 0.267 -0.061 ~0.188 0.174 0.237 0.101
VP 0.078 -0.176 -0.135 0.051 0.022 0.040
25 E NI AR i % . v
sy MAANimate  HAEHAmmonia  WHEa YUKRAIPYIE RS H) YRR BE LK)
Group nitrogen nitrogen Chlorophyll a Submerged plant PV index (%)  Floating-leaf plant coverage (%)
(mg/L) (mg/L) (ng/L)
C ~0.140 -0.016 0.079 0.304 -0.342
T —0.327 0.214 0.239 0.529" -0.370
v 0.128 0.323 0.309° 0.435° 0.290
p -0.428" ~0.189 ~0.222 0.322 ~0.121
TP 0.142 0.085 0.312° 0.016 -0.382
VP 0.185 0.044 0.080 -0.269 0.151
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EFFECT OF CLIMATE WARMING AND EUTROPHICATION ON N,O FLUX AT
WATER-AIR INTERFACE OF SHALLOW LAKES

HU Bo-Wen', PAN Meng', SHI Peng-Lan', XU Jun’ and ZHANG Min'

(1. College of Fisheries, Hubei Provincial Engineering Laboratory for Pond Aquaculture, Huazhong Agricultural University, Wuhan
430070, China; 2. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Our study built the shallow-lake mesocosm to simulate the N,O exchange process at the water-air interface
throughout the whole experimental periods under climate change and eutrophication. (1) Results of the mesocosm expe-
riment demonstrated that constant and fluctuate warming significantly promoted N,O emissions and annual accumula-
ting emissions due to changes in metabolic processes and biotic interactions. Phosphorus addition affected the effi-
ciency of denitrification metabolism in water to weaken the N,O emission at the water-air interface and annual cumula-
tive emission; (2) In the experimental periods, the dominant primary producer in the mesocosm changed from aquatic
plant to phytoplankton, and the organic matter content in the water body accumulated continuously. Our study showed
that the above two factors have a significant effect on the increase of N,O emission from the water-air interface, and
that the fluxes of N,O from shallow lakes under climate change and eutrophication trends were mainly affected by
changes in the ratios of N and P in water bodies and primary producers in the accumulation of organic matter. We con-
cluded that constant and fluctuating climate warming can tilt the N,O balance to higher emission, and the combination
of warming and nutrients can cause complex interactions in the N,O exchange in the water-air interface.
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