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Abstract: To study the characteristics of atmospheric nitrogen and phosphorus deposition and its effects on ecological
environment in typical rice-wheat rotation area of Chao Lake basin, monitoring and testing sites for atmosphere nitrogen and
phosphorus deposition were laid in the area to collect atmospheric deposition samples to analyze the mass concentration,
deposition fluxes and input characteristics of nitrogen and phosphorus. The results showed that, annual deposition fluxes of

total nitrogen (TN) and total phosphorus ( TP) in the monitoring period were 98. 22 kg/hm’ and 3. 27 kg/hm’ , respective-

ly. Atmospheric TN deposition was dominated by dissolved

eie H 88 :2021-11-12 organic nitrogen ( DON) , which accounted for 49. 56% of
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the total TN deposition, while dissolved inorganic nitrogen

(DIN) was dominated by NH;-N ( 14. 48 kg/hm*) , and
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ganic phosphorus (DIP) (2.36 kg/hm”) , and content of dissolved organic phosphorus (DOP) was low. The TN deposi-

tion fluxes in rice season (from June to October) and wheat season (from November to May in the next year) were 45. 84

kg/hm* and 52. 38 kg/hm’, respectively, which accounted for 20% and 23% respectively of the total nitrogen fertilizer ap-

plication in the current season. It was estimated that, the annual atmospheric TN deposition and TP deposition on the Chao

Lake surface were 7 661. 16 t and 255. 06 t, respectively, which accounted for 48. 41% and 32.57% of TN and TP inputs

from main rivers entry to the lake. It can be seen that, nitrogen and phosphorus deposition in typical rice-wheat rotation ar-

ea of Chao Lake basin is the important source of nitrogen and phosphorus input to the farmland ecosystem and the water

body of Chao Lake.
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Chao Lake water body

KA BT A Wb R AL 26 3R 1 B 40 %,
AT AT U R IO 2 Flag e, TR T
A i Bl Rl 4 A R E I ek S R R
A DTRE BT R B ARG 2 N E LU = T
IR AR SRR A A | B VR R B M e s Y T
R, Bl T A RS e Akt FH a2 ) 38 n, Rk
MR b 2K GEE, S RADE R H &7
Y, RRUIBEAMNRERHASRAEREENAER
SRR Al 2 I A S R G A A R B
BB HiE R IIE RS BB R Ay
ZREMENR DT IR 5 B DU S R 5] & KR E
17— RGN A A ) L, He % RPN R
BRI & B, AR AT RN E TR B R G4 K
SOMEEI A 99~ 117 kg/hm? , H i il g K Al
INFE A W ORI G R TR R 52 kg/hm?, 4 0
SV TR 1 50% S AE B A T I R B Y 31%
Wang 2510 LB 764 [ RBE || RUTREXT 7K R 1) 4
PR Y T KRS B = A 0. 60% , T 54 e (4t 7K
S K AL BEM MR FH 2% B9 DR . IRTA 7K 5
£ E 25 B8 TR W L R [ 4 A R T R T e T
AT TR RIA S T 67% ~94% " A DT RIFE
SR b X KA B SR RG22 VR B SR Bk
PR A YR KK PR AR B DT R E B K
JEREE FRAR R A E E R AR A, DA XK
AU A N AK S AE R R G 52 By L

ST TRV R A f R R i i i 3
SRR, 2019 A, BRI E A () Bk
et /R A 4.9%10° hm? | (5 R AEY) 3% F f
FRAY 72% R P70 K3.01x 100 t, ek Rg /N A 77
HR2.34x10° t F15.4x10° t, BB IE I FEIS1.09%
10° ¢ Al SR L del SRV v VRS e T A —

Chao Lake basin; rice-wheat rotation; nitrogen and phosphorus deposition; farmland ecosystem;

SRS A S KA B s, I ET A
PR SE 1 S O T A B R AL
SABRITRARFAE D T SRR 22 SR VR R X R R
R TR R B T S/ A A AT BE S MR 1 NS5 28
AT 2019 4112 H 78 5 B A Fg 22 5o 1R
DX A BRI ks 1, HEA T I 1 A AR S s U
R, AR A A SV A K 21 AR DO T it ik
FEARAVREIE BT R o, AT R AR TR X 4
ARG AW AR BIER , ITRTERS R BT
AHEATIEA , DA Ry SRR 2 e A XA R 7
Sy PRSI T RS B iR P R S

IR ik

1.1 R KEHER

BT 30 8 A 2 DRk ) Al R
R UG AR B A, R 22 S o J2 A A A5
3, RATTRE I A7 T2 B ML R 22 5 VT e 25
BRI (31°49'N, 117°23'E) MUBIRS & 4644 1, 3
AT W S AIEEZY 1 km, BE B SLIH1K 5825 10 km,
JEVTEL & T A R 22 KU X, K 83l O R
o7, P SRR ARG IR, Xt
BEALIR , b FAF-30 H AR Y 16 °C L, AT
i1 200 mm £ 47, A4 H B 292 100 h, 7Kg
—WAE 6.7 H il N Bk, 2 ) a8 it o BEAE , /N
HT—B 11 AR FEREAE , A 2 A FFERIE IR,
AR A2 450 kg/hm” | #2180 kg/hm”
1.2 #mlE

KAV EREEHEK 1.5 m N4 20 cm AY
RELN(PVC)E TS L AN B, B4 [ 2
TERRRI R R R 45 L2235 ) S LA 11 1 2 b
BT, B AR REDIREFES 1R, 3£ SR %
IRAETT BB A28 RS R AR NPT fig & 2B 1) 45 Fil



960 o9 &b 2 W

2022 4F & 38 % 4 M

P b YR, HERIRG A E I E B
(TN) E\BE(TP) By i, FH 0. 45 pm fFLUE AR T
P I AE AT M BUEL(DTN) | AT M S W (DTP) |
AR (NHE-N) B (NOS-N) | Al 3 4 T HL
(DIP) BTk i .
1.3 #H&NESHESH

B i 5 R A R e e B R A O
(HJ 636-2012¢ /K JoT SR e 3 18 440 T
il 52 AN O RE R ) ) HEAT R AL B, SR 3% SL 3 8 43
BrAX (SAN++, SKALAR,, fif 2% ) 1l 7 A & NHS-N |
NO;-N TN DTN {57 &2 ¥ Ji& , W] % FE LA ( DIN)
JF e B S NH -N FINOS -N 3t H v B 22 i1, ] % 1
FHLAE(DON) Fii v B DTN 5 DIN Ji i v B Y
ZE(H ., RABARRE EIEE D (GB 11893-1989¢ /K
B BB BHRR S EIEE TR ) ME TP DTP |
DIP Jii 2 vk B2, 7T % PE A HLBE (DOP ) it i vk i
DTP 5 DIP Jitfa ¥k BE M 2508, SR 3 0 me/L, M
TN ) A T e 2 WSO A BB YRR (B
T80 HF A ZRURE R B M 24 AU DL I R vk
JEE 105 H R e T A H R R R S H AR T
FEFRRFR IR, H 3 A RAE R AU DR o o
VA R St A SRS I (A S i X 3T LR o
ERFE PR E &, RS R T 2758 (ANO-
VA) XA R ZE 1 iR e T e it 500, 1 R IRk
SR SRR E A HE

KA 2R KRR TR @ =TT
K.

CxL
~ 5x100

A .D NUTREE R (kg/hm®) |, C R U0 B &
W (mg/L) L WA FEFRARBL(L) , S MR
LERREA AL (m?) , 100 S 3 b B i B 250

Bm b 2’ 5 48145 87 Microsoft Excel
2019 ,Origin 8.1 Al SPSS 19.0 5&Ji.,

2 SR

21 MARREFETH

2019 4F 1-12 H | S i BlRs 22 48 15 XARE R
T 751,50 mm (Bl 1) BAEAR (20092018 ) 4 T
EOFEME (1 200 mm) AR, & TR R0, (R
i H AR ST AE SR —3 BRI 5 A 3 FF 4R B
W IR, 8 H 0y LG R RN 2 2 i R IK - 7E 10

A UG RE R ASFR R AR 2 b
WERIE I PE 7 A il 2019 4[5 f K i B
1E6 H HREM R R EE P 5-8 A0, R
WA 55% /4, Horb 2019 4F 6 A 4y E ik 3
e E, 0 176 mm, f74F RN & 1Y 23.42%,9 H
R TR B ARG, A 7. 60 mm, 2019 4E/KAEZ=(6-10
H)BEN 4 370. 80 mm,/NEZE(11 H-IK4FES5 H)
R W 54 380. 70 mm , 435 7 SARE TR 1 1Y 49. 349% FlI
50. 66%

R (mm)

0

1 1 1 1 1 1 1 1 1
1 23 45 6 7 8 9 1011 12
A
—A—2009-2018; —%—2019

E1 E@REEmERAEN

Fig.1 Monthly variation of rainfall in Chao Lake basin
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Fig.2 Monthly dynamic changes of atmospheric nitrogen and phosphorus deposition concentrations of different forms in rice-wheat rota-

tion region of Chao Lake basin in 2019
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Fig.3 Monthly dynamic changes of atmospheric nitrogen and phosphorus deposition fluxes of different forms in rice-wheat rotation region

of Chao Lake basin in 2019
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Table 1 Seasonal variation of deposition fluxes of different forms of atmospheric nitrogen and phosphorus in rice-wheat rotation region of

Chao Lake basin in 2019

e W At DUREE L (kg/hm? )

(mm) N NH;-N  NO3-N DON DIN Ry TP DIP DOP
(=g 145.70b  24.37ab 5.88a 1.56b 10.15b 7.44a 3.77a 1.32a 1.01a 0.02a
H%F 353.10a  42.60a 4.06a 0.33b 24.49a 439 12.30a 0.97a 0.64a 0.09
B 36.90b 5.90b 1.08a 0.40b 3.09 1.48a 2.70a 0.53a 0.37a 0.06a
A% 215.80ab  25.35ab 3.46a 3.56a 10.95b 7.02a 0.97a 0.45a 0.34a 0.04a
g 751.50 98.22 14.48 5.85 48.68 20.33 2.48 3.27 2.36 0.21

TN B0 NH -N 280 NO; N A% ; DON . i A ML DIN . PV FEHLAL; Ry : NH; -N/NO; NLGAH ; TP . Eui ; DIP . il %M JC MLk ; DOP .

ETEA LR, FISIAR FHRER IR 1E 0.05 K E2ER B3,

3 11 8
30 EMREBEERERSENABREASE

iR EE b8

ARG B RS R UL IR TR A U0,
P AMIFIE 34 I 2 R < bulk ” PTRE , A2 45 18 TR AN
WA T UM, ARG Ao 45 R0 T
FH RT3 FITE 5 T A A7 A W ol 38 1 e M E A G, 7]
U R R IR A VIR 25 A 5 R R IR U A 45
TAE K V00 38, bulk ” VTR 508 U1 I 1Y 22 5% R
KU FER SRR 22 5 B LR P
O3 25 H KRR B N DT R B8 T R Y A ) 2
FRLUO140. 1240 o i e 2 SR AT I BT HE , & BRI
— XA AR RS A XA RS [ —
ARG R W e B i A DU AR — e 22 57, 1M
02N T S B o o RT3 TR

HW R R R ER K HAESRE RV =
(98.22 kg/hm®) 55 T4 HERFA 5 k7 A2 45 R 48 (38
kg/hm?) " ATBE 5 ARl AR 7 X 0 U O Y R R
8 R B O Al R HER G SE  HR T A
iR (HJE AR AR DT RRE 7 e, AR
AEASy | i ) 2SR AR [a] 30 26 B A — B L
L HUE I X AU (51,9 kg/hm*) 2 5
FARORE S | 3 AT g5 b0 5 W X e Pr 5o 2k
ARG T BUR B A e, RS A
NGB IR K T AR & ik, N i TR
WM S BRI RV, TSR R Lk
DX 10 SRU LA s T 1A i L X, b T B 5 N A 3% 4

SRAOE BB RE 22 AR X TN AR DG B 5
YLV 21 8 X A R DT & (62. 6 kg/hm®) " %
AT, = TR A A T (28, 9 kg/hm®) ) Ak
BRI (IRUTREE 18,3 kg/hm®) P K HAS RS,
TR A8 4 T I 3 0 B AR A7 T AR X 3, L
ek - A Oy SRR UMb A T, HLAR AR it 4
14 360 kg/hm®  HIXT 30 PR VIR HRIK, &
b b DX R A A% AR TR e P 2 SR AR T B
BRI AR R

DS 3 SRR 2 e A DX LT R A B S 08 080 v
iR, &30 2019 AL M TN JUREE 5 2011
AR T TN ORA 3 5 (89. 72 kg/hm®) 0 #2Y,
1M 5 2014 % 2016 4F TN JLREE & 1Y -F ¥ E
(64. 8 kg/hm*) " [ FEEIRAHIIA M TN DTk
A et P I S TREE I (75 kg/hm®) PO > K >
W (FRUTRE 13. 63 kg/hm®) "I, ARBFSE H TP
AR IE 5 A IS 2, v TR AL A
FERL 27 5 A i IX, 2 P 58 90 37 dek A 22 8 VE X TP UL
R A TR KT
32 EMREEZREREBTNEA FHET

S5 I IR 22 Fe A DX R AT rh Ul o v
SRR TG B A ME (P>0. 05) | H A BT T
e B AR T 25 W 2 A 1 i e I, 3 RT RE 5 e R 6T
KA ABE R 1 B B G, BFSEIX 6-10
A KRR ST, — it 6 A L i A FF nddi Bt
FENE 6 ANEE 7 AWnia 4 BENE /N2 A FE Y
11 A BENRAE S H,— e 11 AARRERD it L0
WAE 2 AFFIRIBAE, 5 H 5 10 H 452 /N fik



P AR ST B TR R 22 A DX RS AU DR B T S 5 0 F) 43-# 963

FEWCERZET , BEET IEAEAE D R AL A 53, AL
B2 8 o AT i 2 33— I ) ROl LA oo e 3 4
TR E SBR[, 10 8 43 4k T R 2 R,
R K PR BEVE P AR 55 , AT RE 2 KRR DT i i vk
SR R 3 A b A T £ TR o v
(7R Ak K B, It FH -5 00 I e ok 2 BT A 5%
B, mAK 3 ) 5 H 1y RN B G, TR T
WIE A A Y X IE S /N B AR v & i
1 6 F 5 B it a8 B A, AR DTS T v B )
FER AR, 7T 8 o T /K A5 56 A8 043 B AR it FH 1)
AR T4 R R B s HE s, 32 8 T R AAET
R o H VAR B

2019 451 I R 22 50 E XK TN ke it
LR B AR 3 E A OG 6 R (P<0.001, R =
0.87) , 7 B B WY & X R T 3l = B A 8 35 2,
TN TR A 2RI AR, 7E 6 5%
WA, 15 T A5 A T I e 0 T o 4 SR — 3k,
Sun 2T R B REE AR ST NH-NULRE £ 5%
o TR AR 204 s ), B A R B R , EDTRE
AR . 2 /T 2500 b S0 37 ek B 2 o ot
T8 a0 0 5 SR 2 B, 5 1 R 4 B 3 R0 IES it
3 d WEHE R IR B , IFrTHF2E 1, X —Br
B & A Y BRI L B E I 95% ., H1
Wik R — e 6 A b b A) I 1 Bl it 2 AR, 6
HIEEE 7 HHIE 4> BERE 17X — I A rR 4
29 5 K S ZE W TR 1 67% , IS TN 37T 46 30 - D) 36
F/K A TN YUK B 1 73% , BI7E = & 45 & F0 i
R R AL RIVE R TN DL S AR 6 H ik 30 (E
LSS IR Al A =16 3 A 5 TN T R i
FERF ] 1488 — 30, e T Aol I8 ZHE O TN 3t
FA H B

REAWFREEE R U, B iy NHG 2k 5T
NF 2RO ZRE &, NO; ) 32 Ok IR Tk A
BRORE A=W kR 2B HERSF . NH,-N5NOS-NI
{H (R M) B9 2= 284k 0] LU 7R KA TR 0 Uk
F A G 3h 8 S b A R R BB 24 R > 1
i, B TR R ZR A R, R Z R H Talkskisg
i, AKX IR R (E 12 A 4.9, KB
Al A 7= 16 S AR IR X R UL Pl = AR R,
ERA&F<1 DS, HRSEAFEWY>1, HA £
NO;-NUTFEIE & W 2 & F A 25 (P<0.05), /4
NO;-NAEJT B Y 60. 85%, X A fig &My, & 2

Aol Az 77 3% Bh A 55, ORI, B AE K>, BRI T
NH; -N T R& %) [0 v B[] o) 4 ZR R {1k Fi fAE 12 4
Tl B, SR E A BTk B T B T
KAHNOS-N JoT f e B, 3 A, S ke 1 B8 080 O 3 e
B AEIX RT3 Tl W5 R 5 ) 3 [T R

TN JTFEH, DIN 5 DON T & 10 25 )i -1
FAEZ A 0.5, DON 5 TN IR AY L 1] Ky 49. 56%
T EAA LA B A TR 28% 9205 P
P T 0 ) T TG KR T s SR A Y, HE T
DON 1 RE S5 TCHL A IRk %, ARBF5E
W, 2 DON UL R4 38 & B 3 i T oM &5 (P<
0.05), ik F| 4 4F & DON L F& i & 9 50.31%.,
Solinger 45" 5T 45 ALK A, B /K DON J i ¥k
JE 500 2 A AR O 17 B B RN 2 1) B R A A LR
i EE X E R W, & AR, A
B TFANLARDIERTE R, KPR E Y (B4
NO, FI H 2% ) At S A6 5 9 7= A B Ak 2% Byt 2 A
MLEIE I F 8 sz — ) NOS-N B B K HE 3
TR Y — S LAY AR R A IR £ 14 vl LA
BN AT IE B A T AR R I X A 2
DON Vi Ab TR S AR R, AWF5E T, DON
DU I v B H AR AR AR R X R, X5 Yu 450
NWFFE 45 5 —3 40 DON 7] it EHAE = NIE IS
BT KA B & A B i A/ vk B AR
DON Joi 5 V¢ & N 5 B o /K ot 1) 28 b & AR I 35 1 el
A5 Tz N DON ] REUE [ A=W Bk b, BLAh, IR
A Lt A KSR A LR BT R IR T

TP JLFE NI LL DIP S 3, DOP 5 DIP Jif4 i &
P HEACR 0. 11, TP PR 5 B 0
WEMIE(P>0.05) , X5 F 1T KA AT 55 1)
Hi DX RIFFE A5 S — 3, 1T AR PRk Bl R 5 4 1 B R AR
R U VA B BB M Tk e e
R BRAE 55, TP DLW B IEEAE S A, 5
TN VIR IF AT G, T WX — B K SBIE BT
AEA HoAIRAE 5 /N RIBHAICE], #5221
BT BB R X — HH KB A BRI
33 EMREBEREREBRIENESHER
VA

2019 47 PRI B B (7)) RG22 Fhie e AR
4.9x10° hm* , DIN 1E8 5 B/ E YW i A 85, Al
BAEYTER A 20. 33 kg/hm? , #H24 T 43. 56 kg/hm’
PRE . REUIFE) DIN 2B AED A, B4 nT



964 o9 &b 2 W

2022 4F & 38 % 4 M

PIg/b2. 110 ¢ IR R, Ml E & A M %
& KR (6-10 H) /N (11 ABKAES A)ZE TN
DU > 3K 45. 84 kg/hm® |52 38 kg/hm”, #%1HR
S AR KRR/ N B Al A A 225 kg/hm®
T, WKAE /N ZE 22 JIEKE 43 50 209% 1 23% 1)
WD ST X R, RO B O R 2 AR R IR
REBMNIR AR, T BAE A K IR H
DA% & IS AR . AR Z DR =, B
TORE R AN B H HUbtE AL AT i 2 1Y) 2%

HEWA RS 22 S0 AR X TN VLR A S A o vk
ELik 8. 47 mg/L, LR 0. 20 mg/ LI/KIAR & 5 A0
E TN R TP U0 B 5 2 vk B A7 ¥4 4 31 A
14.22 mg/LA1 0. 68 mg/L, 53l #8E T 2 mg/L Al
0. 40 mg/ LI EZOKBRE, J& 745 V 2K BT, X5
WK B B IR Ak 1 ™ b, TR B R,
TARFZ BRI R 75 &, JUH T B 2= & iR A
B AR R VR T RE S A T A L AR S
fEFEIRBLAR & (2018 4F) , 59 = 23 TN I TP
AT A R 15 825 ¢ Fl 783 o L 1H ALK
780 km® , DAREAZ FEAE DX BRI Ak 350 52 15138 1 K<
OB, W 5350 45 TN A0 TP 19 UL B & 5 0 R
7 661. 16 tHl 255.06 t, 43 % i 0 0 A W G w7 19
48. 41% 1 32. 57% , MK UCFEH TN Fl TP 19
LR & 4y 0l A O W A R 6. 14%
12.76%""*"  WHECHL K A4 5 BT Rk E /0N, 1 A TN UL
R AW TN Tl 339% | SR gT 45 SR 1
T, Kong 251 XL (1953-2012 4F) # 3 it
O AR SRS S R W 5L I DTS R SR S B
THCIRASHAE TP i A B{EA (546. 00£319. 80) t, A
WFoEEE R R, S K AL AR TP IR 8 & in -
FE AW TP, S A1 038 t, & 28 ok i A
P VA PR SRS B3 CIR S BT AR VR R AR TP i A
B I B (865.80 t), R AHEUL R 2 5 & B far 1)
24.57% J5 Qe AT AN A, X R, A BT AT
RESE WK R R Y BRI,

O W oe el S0, HLI /K AR & AR T34 I
KoK Bl SeVE B R, BT J5 1 B R G RR Y 3
T, S A K A B AR SR AR KT IR R AR I
[ B S5 T 4 A K (R AT E X S K AR re AR
), SR R P O S Ry T i R A
PRAE R A B 2 | O B2 vk A R s, R i
SRR P BRI R AR

IHE LA 2 WA 2P S TE LR , o T A T4
BUBEEAT AR KA IR S B 4R it T
B BB, St T R A B, AT RS
ST i v K A 0 TR BRI I 1]

Al X RIS Y™ B S A kL2 &
Hofh Z A0 2810 B AP &, 5 DL BORLES 1
AT RAH M 3T A R DT A A
) TRRRE R RN . BRI E SRR
A AT R AT, b LR DURE AT AR
AR T, A LT R B R A R AT fE S T
LR ) S T 207 ] i 2 R ST L3 o B
M R A A (B B R DR A 7 ORI AR 25
RO AR BRI AR AE S R
Wi A T A AR, rTREE R A AR S &
Gl k353 n B B Ok g R 2 AR it A - e
2 P R L WA B DTRE SR VR L R SR i 5T
it 2N DR [R] 4L 00 S WA o — B i i, LLIR
PR I R WL B A - PR MLBR A B . RS
SRR DU T U 30 T AN K AR A 5 3R 050 77 A I 35 3
M, T 5 A 980 DXl R P 3 1) ) A B T8 3 e, )
FHZK AR 4 W WA T 4 36 1t /K A Ul o 3R DL Tl K
T BRI A WIS Qe b, R, 4 DE I BRI
REIE AR, ) S RSB B U, D R
PRI A B F I X R R B IR . S
i FAT )12 IR R 22 e A oA DX, R R D
AR 7 Bl DA O, SRR R & B A IR
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I, At — 248 R A LA S 000
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(1) HIBFIRE 2 5 4E X KA B DR S 40
I 22 YIAH DG TN AFE TR 324 98. 22 kg/hm®, TN
URELL DON o 3, (5 TN JURE 8 & A9 49. 56% , 1
DIN DANH;-NR FZE 4, TP 4 ULk &0 3.27
kg/hm* , DIP J& KA TP YL EZIE, &5 TP UL
Rl B 1) 72.17% .,

(2) LR 22 e AE XK R 2R (6-10 ) I
N1 H BWAE S H) B9 TN LR & 40500
45. 84 kg/hm* 52. 38 kg/hm” , 73 29 |5 Y4 Z= 4 f1
FLtE R 1Y 20% \23% , W ARV i gk, i TP DLk
TR TTER /N, AR B A R R I A i 9 =
M 2% . Fh5E SRS TN FI TP BT 12



P AR ST B TR R 22 A DX RS AU DR B T S 5 0 F) 43-#

965

F B A TR 1Y 48, 41% F 32, 57% , 1F S5
bR R[S DU ke & I Am i D W (L A U

S 3k

(1]

[5]

[10]

[11]

[12]

[13]

[14]

GALLOWAY J N, TOWNSEND A R, ERISMAN J W, et al.
Transformation of the nitrogen cycle: recent trends, questions,
and potential solutions [ J]. Science, 2008, 320 (5878): 889-
892.

JUXT, XING G X, CHEN X P, Reducing environmental risk by
improving N management in intensive Chinese agricultural systems
[ J]. Proceedings of the National Academy of Sciences of the Unit-
ed States of America, 2009, 106(9) . 3041-3046.

GAO Y, JIA Y, YU G, et al. Anthropogenic reactive nitrogen
deposition and associated nutrient limitation effect on gross prima-
ry productivity in inland water of China[J]. Journal of Cleaner
Production, 2019, 208 530-540.

JIAN C, ZHOU J, PENG Y, et al. Atmospheric wet deposition of
nitrogen and sulfur to a typical red soil agroecosystem in Southeast
China during the ten-year monsoon seasons (2003 - 2012)[J].
Atmospheric Environment, 2014, 82, 121-129.

CLARK C M, TILMAN D. Loss of plant species after chronic low-
level nitrogen deposition to prairie grasslands[ J]. Nature, 2008,
451(7179) . 712-715.

MEUNIER C L, GUNDALE M J, SANCHEZ I S, et al. Impact of
nitrogen deposition on forest and lake food webs in nitrogen -
limited environments[ J]. Global Change Biology, 2016, 22(1) :
164-179.

GAO Y, HAO Z, YANG T T, et al. Effects of atmospheric reac-
tive phosphorus deposition on phosphorus transport in a subtropical
watershed; a Chinese case study[ J]. Environmental Pollution,
2017, 226. 69-78.

HE C E, WANG X, LIU X, et al. Nitrogen deposition and its con-
tribution to nutrient inputs to intensively managed agricultural eco-
systems[ J |. Ecological Applications, 2010, 20(1) ; 80-90.
WANG Z, ZHANG X Y, LIU L, et al. Evaluating the effects of
nitrogen deposition on rice ecosystems across China[ J]. Agricul-
ture, Ecosystems & Environment, 2019, 285. 106617.

ZHANG Y, LIU C, LIU X J, et al. Atmospheric nitrogen deposi-
tion around the Dongting Lake, China[J]. Atmospheric Environ-
ment, 2019, 207 197-204.

XIE Y X, XIONG Z Q, XING G X, et al. Source of nitrogen in
wet deposition to a rice agroecosystem at Tai lake region[ J]. At-
mospheric Environment, 2008, 42(21) ; 5182-5192.

PR TORFY kIR, A5 ALY PR DOK R R R T R
RS QR E DR ST [T]. RO IR R 222 4, 2015, 34(12)
2357-2363.

GRARGIT R, EHGITHELE 20200 M. dbat, RESH R

i, 2020.
BREE, A fE, ETE, . AIERRE R KA AR TR B 51

[15]

[16]

[18]

[19]

[22]

(23]

[25]

[26]

[27]

(28]

[29]

[33]

WIS AT ]. AR T R4 ( HARFLAR) |, 2018,
41(9) . 1259-1266.

AR, B AR, AF. AR A FRUbR R SRR DR
SIRADIREE[T]. BRI, 2018, 39(6) : 2557-2565.
XU W, ZHAO Y H, LIU X J, et al. Atmospheric nitrogen deposi-
tion in the Yangtze River basin: spatial pattern and source attribu-
tion[ J]. Environmental Pollution,2018, 232 546-555.
PRSI N MR P e I i R R MR DL P NG = R/ 2
[J]. 254, 2015, 35(10) ; 3419-3427.

PRI, B, B5S0 T, 45, W R UIRE R BIE Ak X H
AR TR )] FRERLE, 2019, 40(2) : 582-589.
Weot , A, B 4EF . RIBICAUR B LR TR
FERBEFEL]. METE S, 2007(2) ; 104-110.

DI 774 A P TN S N - N B R TV R e 1
[J]. PRI SR, 2012, 24(6) : 20-24.

TIC P, GAO B, LUO Y X, et al. Dry deposition of N has a major
impact on surface water quality in the Taihu Lake region in south-
east China[ J]. Atmospheric Environment, 2018, 190; 1-9.
EVLR, JRARTER /N A B 3 DO R BT R
WFT[T]. PEFRER, 2015, 35(9) : 2754-2763.
ERfE, X B EH, TS KR HASRERR
RAUTFEE IR )]. TR, 2008,45(2) « 280-287.

¥, RLLAL 2R AR AR TR AR S R ST
ULFREARARL)]. IR, 2015, 46(4) : 955-961.
XUSCAT, e, B2 . KRR DR B R 7K A L 67 1 £ 3
WP T]. BTSSR, 2014, 36(5) : 88-93.
RFEM sk EA, T kAR PR H AR RGP RRAR
ULREBFFEL )], KR feF2A4, 2012, 26(3) : 127-130.
SUNLY, WUZ, MAY C, et al. Ammonia volatilization and at-
mospheric N deposition following straw and urea application from a
rice-wheat rotation in southeastern China[ J]. Atmospheric Envi-
ronment, 2018, 181; 97-105.

/AL, By S, Ty A e R it T S A R e e e i
BRI )], A, 2012, 32(7) : 2119-2126.

LIUXJ, JUXT, ZHANG Y, et al. Nitrogen deposition in agroec-
osystems in the Beijing area[ J]. Agriculture, Ecosystems and En-
vironment, 2006,113(1) ; 370-377.

ZHANG Y, SONG L, LIU X J, et al. Atmospheric organic nitro-
gen deposition in China[ J]. Atmospheric Environment, 2012,
46: 195-204.

SOLINGER S, MATZNER K E. Controls on the dynamics of dis-
solved organic carbon and nitrogen in a Central European decidu-
ous forest[ J ]. Biogeochemistry, 2001, 55(3) ; 327-349.
GALLOWAY M M, CHHABRA P S, CHAN A W H, et al. Gly-
oxal uptake on ammonium sulphate seed aerosol ; reaction products
and reversibility of uptake under dark and irradiated conditions
[J]. Atmospheric Chemistry and Physics, 2009, 9(169) ; 3331-
3345.

PERRING A E, PUSEDE S E, COHEN R C. An observational

perspective on the atmospheric impacts of alkyl and multifunction-



966

AN NI A

2022 4F & 38 % 4 M

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

al nitrates on ozone and secondary organic aerosol[ J]. Chemical
reviews, 2013 ,113(8) : 5848-5870.

ANEJA V P, ROELLE P A, MURRAY G C, et al. Atmospheric
nitrogen compounds Il ;. emissions, transport, transformation,
deposition and assessment[ J]. Atmospheric Environment, 2001,
35(11): 1903-1911.

FRFIET, K27 kARl KA AVIRRT Rt ()], A3
2#4i%, 2007,27(9) : 3828-3834.

YU X, LIDJ, LID, et al. Enhanced wet deposition of water-sol-
uble organic nitrogen during the harvest season: influence of hio-
mass burning and in-cloud scavenging[ J]. Journal of Geophysical
Research: Atmospheres, 2020, 125(18) : €2020JD032699.
CORNELL S E. Atmospheric nitrogen deposition: revisiting the
question of the importance of the organic component[ J]. Environ-
mental Pollution, 2011, 159(10) ; 2214-2222.

WA RS L B B AR T E RN E IR A DRI
HRIBTSE[ 1], FRES RS PR, 2002(1) ; 54-58.

KONG X Z, DONG L, HE W, et al. Estimation of the long-term
nutrient budget and thresholds of regime shift for a large shallow
lake in China[ J]. Ecological Indicators, 2015, 52 231-244.
AR THIERL e s , 45 5T 2 Y5 RS 1y S Kk AR
I 25 254k (2009—2018 4F) ST 45 R AR ER T [ 1], 381
TARRAE, 2021, 33(2) ; 414-427.

iR SN, B R, A R REL ) S S ((Microcys-
tis) GHRALHE ( Dolichospermum ) {4 I J7 72 Ak Bz LUKy A
[T]. AR, 2021, 33(4): 1051-1061.

[42]

[43]

[46]

[47]

[48]

[49]

WAN L L, CHEN X Y, DENG Q H, et al. Phosphorus strategy in
bloom-forming cyanobacteria ( Dolichospermum and Microcystis )
and its role in their succession[ J]. Harmful Algae, 2019, 84.
46-55.

B E, FLEOM, ik R AE. ki B U /N R R
R A HUBE ORI AR I [T ] AR, 2010, 22(3) -
411-415.

ERRE R TR B Bk AR DR I S BTk A 5 07
TEBEFEL 1] T AR ,2020,48 (11) :246-250.
SRR, SEA A, T, A5 A [RDBR )RR AR 3 8 7 ) 4 i K
Fr 53 TR SR DT R Y i 107 2 S [ 1] A 00 9% DL 5 BRI 2 41
2021,30(6) :10-18.

LI W, LI B G, TAO S, et al. Source identification of particulate
phosphorus in the atmosphere in Beijing[ J]. Science of The Total
Environment, 2020, 762, 143174.

NASHOLM T, KIELLAND K, GANETEG U. Uptake of organic
nitrogen by plants[ J]. The New Phytologist, 2009, 182(1) : 31-
48.

GAO Y, ZHOU F, CIAIS P, et al. Human activities aggravate ni-
trogen-deposition pollution to inland water over China[ J]. Nation-
al Science Review, 2020, 7(2) : 430-440.

GROSS A, NISHRI A, ANGERT A. Use of phosphate oxygen iso-
topes for identifying atmospheric-P sources: a case study at Lake
Kinneret[ J ]. Environmental Science & Technology, 2013, 47
(6): 2721-27217.

(FrAE 2% 4% . K EAK)





