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Abstract: Water and fertilizer managements are important agricultural management measures to reduce ammonia volat-

ilization loss in paddy fields. However, there are few

7 B B8 :2021-12-01 studies on the effects of water and fertilizer coupling on
ESTE T AR B (B4l 35 H ( BE2019378) ;1T gaseous nitrogen loss in paddy fields. In this study, con-
SRR [ B AI E [ CX(20)2003 ] ;K FE 412 ventional irrigation (W1 dry-wet alternation) and water—
] 5% 5 S 3 L (20210404 ) 5 & B R 22 B e S Uk saving irrigation (W2 wet and unseen water in the whole
NAFRHIFE 05 B (jit-b-201914) growth period) were coupled with different nitrogen applica-

TEE BN ST (1996-) , 2, INFEHIM A, W F o8 A, E 2N H tion rates (N1: conventional nitrogen application, 353. 86
TR 54T EDFR . (E-mail ) Xinyu_673028@ kg/hm®; N2: nitrogen reduction by 20%, 283.09
163.com kg/hm*). Four treatments ( WIN1, WIN2, W2NI and

BIUEE 5OKHR, (E-mail) yerhang1 966@ sina.com W2N2) were set up to observe the ammonia volatilization
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flux, soil ammonium nitrogen content and rice yield at different growth stages of rice by pot experiment. The results showed
that the total ammonia volatilization of WIN1, WIN2, W2NI and W2N2 was 66. 07 kg/hm*, 47.70 kg/hm’, 43. 45 kg/hm’
and 34. 42 kg/hm*, respectively. Under the same nitrogen application rate, water—saving irrigation could reduce ammonia
volatilization in paddy fields by 8. 00%—61. 40% and 47. 03%~76. 82% after the application of base fertilizer and tillering fer-
tilizer, respectively, and reduce the total ammonia volatilization accumulation by 27. 84%-34. 24%. Under the condition of
water-saving irrigation, the total ammonia volatilization accumulation could be reduced by 20. 78% in N2 treatment. In addi-
tion, the accumulation of ammonia volatilization and ammonia volatilization per unit yield of WIN2 and W2N2 showed low
levels, indicating that nitrogen reduction coupled with conventional irrigation or water—saving irrigation could alleviate ammo-
nia volatilization in paddy fields. In addition, the results of structural equation model showed that the nitrogen application rate
was an important factor that directly affecting the ammonia volatilization in paddy field, thus indirectly affecting the rice yield.
However, W2N1 and W2N2 had the risk of reducing rice yield and grain nitrogen content. Considering the effects of various

treatments on reducing ammonia volatilization loss and stable yield of rice, dry-wet alternate irrigation coupled with nitrogen

reduction (WIN2) is a more efficient way of water and fertilizer management in paddy field.
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A AR TH - e % A S i BT D 9F HAT &
R A3 5 R A B K Dol B A 2l R A iR
1, P, AT 00K 1L (RS ) K
TR (A TR WIK) B K A8 7 2, 23 3l 5 0
WU ZAE 80 209 UL 1Y T3t HE AL BRAR 45 5, Jf 3k
PR R AR a5 IR LI , PR SEAS [ Kk RS 45 %0 A 1
T BOKRE ™ B B SE A, LU A RS 2% 1F sk b
KA TP R R RS A& R R ARt
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1.1 EHREEt

FAR AR T 2020 4E7-11 A 7L A AL
PlFBE AR 2 (118°52'E,32°2'N) #H4T, iXE 25k
M PVC & HI REE R 0.5 m, HA N 0.3 m, B+
FENBEA 35 kg 2850k W 7 18 5 14 FH 4238, Horp 20
kg HIAERIE HAEEAENESE, 5540 15 kg L4 540
NACFRRNEEHE S A SN R 1 Z 5K 2
BV B A IR, A A VR ol R
2EBEATRAE S ACAE H B, B Hiriz R B 2 B AR,
B EEO0~60 em(118°52'E,32°1'N) , +HEREA
BN cpHAE R 7.52 (£ : /K=1.0:2.5,FEL),
EAF N 0.96 mg/ ke, AHLE 4 14.58 g/ke,
FRRCER 2 R 92.00 mg/kg, A RCHE A B A 20,02
mg/ kg, BRH A& N 48.22 me/kg, A KA A
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Tk radE 46 5 KFELIE T 2020 4F 7 H 4 Hi##f7#%
FIFT 2020 4F 11 H 21 HikGE,
1.2 RXIeAbIE

IS 4 DR T, (1) TR HE I+
A (WINT) 5 (2) % 22 2 HE Bk + el it 209% &IE
(WIN2) ;5 (3) 2= 5 W1 i TG B 7K V8 J0E + &% A0t 2
(W2N1) ;5 (4) 24 1 J6 B /K HE B + I8t 20%
AIE(W2N2) , B HES 3k, BiRRKIEE
PRAS 0L ER 1,

TR HEWE (W) AR A 2R 75 PR 43. 0~
3.5 em HITAIK, S BEMIOR$E2. 0~ 3.0 em HITHIK, 4
SrBERR BT 43 BEELY 80% B HEAT I I, AL
TG 7 d WL KA A6, Y0/ 4F 3.0 em HITH
K AEfE BTHEK H AR T 2 1 R E iR 2 H
YRy 2~3 d JEEEATHEOK , I R R E KR B
1, WOGRET 10 d Wik, T KTEE(W2) et F
e - 49 38 2 AR R I T B ACIR S WOk 10 d W
Ko KRG ELNE | BE AL AN REAE 43 51 7E 2020 47 H 4
H 2020 47 H 15 HH12020 4£8 H 20 HLU4 : 3 ¢
3 MBI TR . AR EE AR 2 25, Horp N1 oy
R AU B B AR FH 239. 920 0 kg/hm® (1 %
1. 695 0 g) UKL JR % (46%N) .173. 040 0 kg/hm’
(1451.2225 o) WER A e (18% N,46% P,0,) .
132.700 0 kg/hm” (1 ££0.937 5 g) &AL A (60%
K,0) , BEARANREAL 4351 e FH230. 790 0 kg/hm* (1 %
1.630 5 g) WKL IR % (46% N) 3 N2 4b 3 s it
20% 7 A b B, HE AR Jiti FH 178. 560 0 kg/hm® (1 7%
1.261 5 g) FFHUKL IR % (46% N) (173.040 0 kg/hm’
(1451.2225 o) BEIR A M (18% N,46% P,0,) il
132.700 0 kg/hm* (1 %50.937 5 g) & 1L 4P (60%
K,0) , BERCFIFH AL I 43 51 FH 184. 500 0 kg/hm* (1
#51.303 5 ¢) HEURIR K (46% N)

Rx1 KIBSEERKBE

Table 1 Water and fertilizer management strategy

ZUE(N) #IIE(K,0) BIL(P,05)

Ak KA E R

(kg/hm*)  (kg/hm?®)  (kg/hm?)
WINI TMEAZ R 353.86 79.62 79.60
WIN2 T IRAZ R 283.09 79.62 79.60
W2N1 IR HE 353.86 79.62 79.60
W2N2 TR 283.09 79.62 79.60

WINT TR+ HUE 20 WIN2, T s R + it 209% UL 5
W2N1 57K+ WM ; W2N2 1 /KT + it 209 801, A0 Wk 4T
A ARSI F AR TS

1.3 #HERESNE

1.3.1 RBELXZ R [ okl -T2 W i
TR EAE LY I E AR S em B LB EE
[ e, ToUAT BA A HESALRR AL RS 2 m S
I CRAIL S B A, BKAESS 7 d !
LR %, SR A A8 E AR08 : 00-10 : 00, T 4F
13 : 00-15 : 00, f#iFH 0. 02 mol/L 1/2H,S0 X 1)
P B3 Y 80 ml BRI SO 54 717 52 ffi )E NH,
W NH, P B AR & i WL 6] H #5 % 72
ZiIRRNE <RV g h-ru i /N W

4

1
F=Vx107%x(Cx0.014% 0
TXr

X F ESE R IE & [ kg/ (hm® - d) |5V i
FEFTFHBRIR AR (ml) 5 107 MRS B 250, ¢
% 5 FHBR R A bR € W (mol/1L) ;0.014 AR JEFHY
RS I it (kg/mol ) 5 10 g T FR A% e R K r Ol
SEER(m) ;6 8 24 h 5 HEZIERICEERE] 4 h
) E AL,

1.3.2 3 NH;-N 4% Bt 400 5 1 3L At
RIS 8 d LUK BERRABEAR G FH S 56 7 d -T2k 4E
IHHAF 2 -20 C KA S AR A7, 3 NH;-N &%
TR KCL VR85 B 5 byl i 0 K ek +
HEREEH 2 mol/L KCLEW LA 12 10 (i iAF L)
() L iR 4 it O 20 23 BT A ( Skalar 28 &) 77 5 ) 0
RS R,
1.3.3 K&BZF KRG, B EE L B KR
SRR TR RO RE R,

B TGXTSWx667x15

1 000x1 000x1 000x7wx7’

Hr Y A KRS 7 i (vhm? ) 5 TG S
PR BRI CRL) 5 TSW N KRB TR =
(g)sr MBI (m) 5% 0. 15 m;667 F1 15
SRy T R 280, 1 000 A Joi e e 22500
1.3.4 #HE4RE MR E&ARERM H,80,-H,0,
THAZREIE ™ B AR e 2 5 PR
FERA AT W E A, A 0.01 mol/L (1/2
H,S0, ) ARHER R E , T AU
1.4 HUELEBSHH

B A5 558 R F Excel 2010 2234  SPSS 20.0 #£47
Pearson 73 #1 #ll Duncan’ s Z 1 L&, FE-XF K43 . AAE
HEAT LR R OB 2 5 2550 H7, 3 MK Ol P<
0.05, RJH SPSS 20.0 FAFHEAT S 11245341, [R5

2><6
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#F Amos 24.0 FRAFHEATE5HY RS 5347
2 R0
21 ARKEBALEXMEBEHSELBEETLN
=]

Bl 1o, 25 A B ] s e A F i e FH 2
R R X AR AT S R, A S e, 7
FENT S , WINT A 38 Y 2 15 el e 7t IE 5 55
3 dIARNE(E, A 2.71 [kg/ (hm® - d) ], SR )5 P 8h 78
b, HAAS AL BRI ZE AL S A955 2 d ik BIIEf, 4> BE

4*3 15 b

—_
[=]

RELit IS W2NT W2N2 b 3 i 4% 2 3 7 i AR5
52~3 d RBEAE, IS Z W TR, WINT WIN2 &b
PHAY A% ol R L B E T, ARG 4
AR R R E RS 5 1 d s, 4
ANE(E R/ W2N1[ 20. 81 kg/ (hm? - d) |>
WIN2 [ 10.97 kg/(hm’-d) ] > W2N2 [ 8.83
kg/ (hm® + d) ]>WINI1[4.55 kg/(hm* - d) ], 7E B0
EFJE S 2 d Birfs AL BRI 2015 kil e iR R R, 22 )5
WehAE 4k, WINL, W2N1 W2N2 %) 2 4% % i & 7 il
Bt 5 7 d #iE T 0,

257 ¢

20

15

1

A5 R BT [kg/(hm? + d)]

IR IER [kg/(hm? - d)]

1 2 3 4 5 6 7 8 1 2
TEAL S AL (d)

AL 5 AL (d)

IR IR [kg/(hm? + d)]

4 5 6 7 1 2 3 4 5 6 1
AL 5 KA (d)

—— WINIl; ——WIN2; —A& W2NI1; —¢— W2N2

a: FEME ;b AP BENE ¢ BB, WINI WIN2 W2N1 W2N2 WL 1,
B1 ARKEBRALETEZHENEAEBHSELZEETH

Fig.1 Changes of ammonia volatilization flux in paddy fields after fertilizer application in different stages under different water and nitrogen cou-

pling treatments

22 ARKEBELEXTEASIEL RREMNFN
F2 ok, WINT WIN2 AbFEF | 34 i 1 43 BE
05 245 K BRI R K, W2NT , W2N2 Ab 2 I DA i
M2k BRE R, A b 215 & B
TR AC I b, FEit R AE S, WINT Ab
PR L R, M 8. 60 keg/hm”, 5 3 5 T H:
filb b B (P<0.05) , W2N2 kb ¥ &% & B E /D,
LA 2.53 kg/hm*, {H 5 WIN2 W2N1 4b 3 i) 2% 5
AW E(P>0.05) , e EELS , WINL b3 T
R R B 5 (43,18 kg/hm?) |, & m T H:
flkb 3 (P<0.05) . W2N1,W2N2 &b B 75 jiti ] 43 B
HE S5 &% K BRLE 43 518 10,01 kg/hm® A 12. 56
kg/hm*, i E KT HABALFE (P<0.05) , 7t AR
JENE W2N1 b B 45 &k E s £, i 30,12
kg/hm®, 43514 WINT, WIN2 K W2N2 4bBEAY 2. 11
£ 142 f5F 156 £, XT3 UL 5 2 4% R A
HEORUL, WINT A5 & B R E R Z, h 66.07
kg/hm’, A LT WINL ZbFf, WIN2 W2N1, W2N2
AR PR 2 45 A R i 43 0 3 R AR 27. 80%

34. 24%F1 47. 90% ( P<0. 05) ,

BeAh il Ty 2540 K B, E R AL B (W) X 4%
UL G B B 2 5 & BB il ok B 3 (P<
0.01), AJEEH(N) 5 EN 5 o3 BE
it e DA 3 Wita B J A 2 45 kR (P<0. 05)
IR EFR A AL PR (W XN ) X 25 Uit I8 5 245 & R
B E 3k B R BN B 3 B 38 B W (P<
0.01) .

23 ARAKEBALAEMBCFERASELN
=21

B 2 WoR, WINT Ab B i) s = i 4% K i he
5,4 2,58 kg/t, W2N1 AbFRYR 22, WIN2 Ab B AR,
] —FE R AL BE R N1 ACEEAY BN e R R R
T N2 b HE Hod WINT b P 3 5 T WIN2 Ab#f
(P<0.05) ,W2NI1 4bH 5 W2N2 AbH[E) ) 2 7K &
E(P>0.05), N1 AT, W2 ZhH ) A 77 i 245
K EMT W1 AFE (P<0.05); N2 4bF T,
W2N2 b3 By 7 i 2 4 At = T WIN2 A3
HZERAEE(P>0.05)
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Table 2 Accumulation of ammonia volatilization under different water-nitrogen coupling treatments ( kg/hm?)

245k BB (kg/hm?)
AbFR
FEHE it FH Ay BERLE G TR it FH 5 R
WIN1 8.6020.66a 43.18+1.97a 14.29+0.64c 66.07£2.05a
WIN2 2.75+0.10b 23.71+3.35b 21.24+0.60b 47.70+3.47b
W2N1 3.32+0.15b 10.01+0.42¢ 30.12+2.70a 43.45+2.93hb
W2N2 2.53+0.18b 12.56+1.01c 19.33+1.16b 34.42+1.23¢
WINT WIN2 W2N1 W2N2 WL3& 1, [RFEHE )G ARG “FhE s AN R AL 3R] 25 5 8 2 (P<0. 05) o
= 4r 50
5y _
£ | < 40t 7
3 a g
4 b = L
ﬁ i b b g 30
2 < b
X ® 20p @ a b
- 5 . .
N - ) a
= & 10p b b,
i 0 b
Wit WIN2 W2N1 W2N2 WINI  WIN2  W2N1  W2N2
Qb Qb

WINI WIN2 W2N1 W2N2 L& 1, FHPARFE/NG FH:RR A
[Fi) b 38 ] 22 7 ¥ % ( P<0. 05)

B2 AEKEBRELETHEMFERELSE

Fig.2 Ammonia volatilization per unit yield under different

water-nitrogen coupling treatments

24 ARAKEBELETIERSESENHS
T

K 3 o el AL S BEAL i , A R e Ak 21
ARt A B A 4 NH)-N S 2% A 5E 57
(P>0.05), N1 AbFETR W1 4b¥ 44 NH-N & i
FET W2 A3 (P<0.05) , £ N6 ) 3 AR 4y BE AR
Jo, WIN2 &b B i + 88 NH;-N & & i K, 7051 8
16.90 mg/LA1 12. 12 mg/L,W2N1 4ZbHi) 14 NH]-N
iR/, 2391 4.30 mg/LA 0. 88 mg/L, it Al
HEJS WINT AbFEAY 45 NH-N &4 (37.45 mg/L)
Fn T HAAL L (P<0.05) , HoAl AL BRI 22 5 AN B 2
(P>0.05) ,W2N1 AbBEE) NHS-N &A%, o~ 11. 14
mg/L, WINT W2N1 W2N2 4b# ¥ DLt AT 5 +
HE NH;-N & ifpe s, it AR J5 v 2 it FH 4 BERE I
e, (AR WIN2 Ab BE7E e 3L A 5 4 45
NH;-N & g f ey, it o BEAL JE el 7 22500l
FH] MR AL B (W) A 5 ) & Ut T S Y - 4
NH;-N & (P<0.01) , & JCAF BE(N) MoK Z ARG Ab
FROWXN) ALAEt AL f5 %7 39 NH; -N & & 2 3%
WERIAZH I (P<0.01) % HoAtb it i J5 + 39 NH -
N & TR E R0 (P>0.05) ,

O EEiHE; @ 20 E; m s
WINI WIN2 W2N1 W2N2 L& 1, FHPARFE/NG FH:RRA
[Fi) b 3 ] 22 7 ¥ % (P<0. 05)
B3 AEKEBALETIHERSEESE
Fig.3 Soil ammonium nitrogen content under different water-

nitrogen coupling treatments

25 AEKEBELEXN KB EMHFHNESEE
EpA!

UL (K 4) B, 2 A0 BRIE] 7K RGP 8 R/ G
%N WINI(25.56 t/hm®*) >WIN2(25.47 t/hm*) >
W2N1(20.25 t/hm*) >W2N2(18.35 t/hm*) , WIN1
AP AR S R R B, A 7. 98 g/kg, WIN2 Ab B
(7.50 g/kg) Rz, H  F T W2N1 b9 (4.71
g/kg) Il W2N2 4b 3 (4.31 g/kg) (P<0.05) . HHA
FEBLAC PR N1 A3 A 7K A 7 5 FUFERL & R 34
T N2 AbF AH P ) 22 SR 3 (P>0.05) 5 AH R
JEAEARERS , W1 &b B A% K e 7 & FOR R 5 L
BEET W2 48 (P<0.05)

2.6 AEKEBELIEXABERKERBIIE

23 s, WINT Kb 3R 7K A A5 2 ok B i &2,
W2N2 ab#ii/b, AHRIKS- AR 3ET  NT A BROK RS B2
SVRLECEE i T N2 AL (H AR B ) 25 S5 OR I (P>
0.05) ; FHIEE AL BE T, W1 AbBRK R A 2Rk B0y
FHm T W2 AEHE(P<0.05) o AAbBRE] Y T-RLET &R/
KF A WIN2(33.13 g) >WINI(32.22 g) >W2N1(30.95
) >W2N2(30. 88 g) , W1 ZbBR) TR B3 = T W2
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AL PR, WIN2 Ab B )RR & 2 S T W2N1 A B A
W2N2 438 (P<0.05) , 5 WINI 2b3 2% BN B 2 (P>
0.05),

401 10
o g )
E 0F a a @
= b -6 2
i ol b =
= H4 4
& =
x 10 12 &

0
WINI1 W2N2

WIN2  W2NI
s

Wk DR &

WIN1 WIN2 W2N1 W2N2 WiL3& 1, ANFE/NE PR R AR L
HH] 22 53 W3 (P<0.05)

E4 AEKGEBELEHKEFENFNSRE

Fig.4 Rice yield and grain nitrogen content under different

water and nitrogen coupling treatments

3 FRAKFEELETRBERMER

27 HREEKESHEHIIELZRKBEEEHX
FEtR 1B B X BX 53 AR

h T I FE K R A Ak B R R & ALK RS
PR IR ), SR FH 45 48 5 R AR Rk 43 A o K = DU
Kot 8 5 2 A i A 2o o PR 22 ) Y PR AR
KFR, K5 BR80T FRUE SR RIF[ R
B p ERT0.05, WA ERE(CGFI)=1.00], %
REW HEKES THRESAS®E Ak K
Fe ™ & ¥ 5 E A OC, (HAH OGO R B 3E (P>
0.05) ;A S T HEESATEEIEML, 5K
Fep = a i AR O, 5 R o ) 5 A I 3 TE AR OG
(r=0.46,P<0.001) , IL4h, TSRS ESH
PR B i 3 IE A 96 (r= 0. 70, P<0. 001) , 57K
=W 2IEAC, @ LE 5KEm R R E
EAE(r=0.84,P<0.05) ,

Table 3 Growth characteristics of rice under different water and nitrogen coupling treatments

fbgm LIRATTR 2GS 4 AR THRLE R BRI ki
(B, 1 m?) (kL) (g) (x10°#%) (m)
WINI 543x11.66a 146+9.48a 32.22+0.38a 5.5530.25a 1.13+0.03ab
WIN2 533x13.47a 14424.81a 33.130.54a 5.381:0.09a 1.14+0.05a
W2N1 557+80.81a 119=11.57b 30.95+0.20b 4.579+0.30b 1.07+0.01b
W2N2 486+20.20a 123212.07b 30.88+0.40b 4.159+0.29b 1.02+0.02b

WINT WIN2 W2N1 W2N2 W3k 1, [RISIEHR G ARG R A [ Ak 2] 28 5 2. 35 (P<0. 05)

L 022 0.15 R
TR ARG , -

2 S <
S o & e
\\\\ 0 *

oy

R 4 AR A 2 (P<0.001) |23 (P<0.05)
B 5 #EAEMERESEZIEIRENEREI T

Fig.5 Correlation analysis between irrigation amount, nitro-

gen application rate and each index

3 1
3.1 KEEAWEESIES N
ARG K 8 A b B i R

Jei Rt FH 43 BE A5 4 rT S s DR i k. 5
FUAKNEAL AR LE 57K el 280 8 H B A A PHLAE it FH 5
JE 5 24 & e H AR A B /N HZ 4% % 38 i
%, E2FE LR T8 AL BE 76 it P 0 BE A J 0] 2
5K B T K R AR P G R K B2 AT
WAL BRRR RAL B 15 K A B AT DA K MR AR R
R R ] B2t FUE /K 22 I e A FH K
WL FORE T RE LSRN F, W AEK 380
LT W LRSS E O 32, gl B B BT K A AT
RERRAR T &K A2 T Reds n TRSfbE R . S5
FHIEACJ5 A0 Eb it FH 20 BE AR 5 22045 4 38 5 H AL I
JE SRR, R AL P, {H it o BEAE 5 45
AbFE A4 NH-N & I8 F i AL . X nl B
SEPUAFENEFEA L it F , AR T K5 3
T AT NH-N S (B Sh NH, B3O 75 2
— eI, FEEA R R 2 s,
HE NH-N 5 B [5G, BEAR SR A 33 imi s /UIE



PR K SR X P 4% e B KR 7 a5 ) 1217

77, WRE T WK IE 2 A6 NH R, $ifili
[l e e AT RS IR S W DO R RS N A £ 3N ]
SR Nt FH AL I 8 % kIR AR, it 43
BENE 5 2 15 e B B o i P SR T S 4 2 i+
NH;-N 75 5P, 30 5k 5 AR 0 4 g s 2>
IBIFTE 4 R —3L,

FEARAF AT 1, 5K IR T2 4 & 1R 52 k)
By S, 45 RW i FERIE 5 25 ab #1240 15 % 8
EXUETEMIIE G 1 d DB E(E, 5 R E TR, [H
I, H MK EAL 3 (WINT) 59+ 38 NHI-N &5 32
e T A 3 AR A KRS IE AL T AR K R
R K, HA BRI X550 1 75 >R St BT
SRR, R A A K NH; VR IR bR R
W R PR 2R N S AT RE L NHG B K
YR AR Y FEEME SO T B R T
ERFMEWE AL PR (W) 78 it F R AL J5 /K F kb
e AR K RS (A T K) IR Rl 5 55
POK A, ASPURA AL, KA (W2) BT
FE [R5 K 2 A A ( FHTET TG B K ) | IR R K gt ad A
DAVREE , 2 2 0 A TP S5 1 L it e e
HALALH (N1 ) i & G B 22, R G K B AR HE 7 4
AN b PR i AR AR J5 145 NHG-N B d i, 234
N AR,

BEAN R AL B 45 Uit A 5 38 NH-N & i
(A AR A 3, U BH 7K R 4 A5 5 0 1 B Ak X
338 NH,-N 19 B2 CHE 2, Fjit AL 5 W K0
F 3 NH-N & 5 152 v] B & R 2 0 BE I
TR AL (W) 508 38 NH;-N & 278
FEREFN o BENE S5 535 5 T4 2E B IR 1 JC K
AFR(W2) XAl fE R B S H KA &, — 7, 1
AR 2 YA S5 X KRS A T I W K AL BT B T
NH;-N 76 F IR i [ 45, 53— J5 1, AR AR
AT HHERZ DR R A 0, il ae & e ik
IR A SO B HEAT  BE AR 1 4 NH-N &t X5
BRSO AR TR
3.2 KkEBAIKBIEENZIE

IKERE X KR A KRR B XREZWIEM, H
FRRg R R A3 B S e K R R LR R B RO B R
SN R ST A SRR, IR KA bk
(AR MRV, Ak v il 2 it 20t P9 38 RT3 K, AR o
e F R W, A TR Y 1 A B A T, Wit
20% ZNEAL 38 1) Bk = TR (HL ) 25 SO i 2

S B VR JE I K HE R ) 2 S Ah R DU R
Jit AL B A R e v TR AL 3 W 25 AN
AR A KT, 18 50 2 I TR Ak B0 A e v 20 v
T oA WG K FE R AL B b R B R 2
Qb P 2 S5 AN 2 TR 2 A A BRI 2 S Wk 2
RIGHAS TN Ny, Wi 5 HE K B /b KRG Rk s 2
B RRA, 7K S0 W X /K Rk v s i B . (F 4% R
RAPRZ A 2 AN W3 . AR S H AT 4
JANGE A —5, H 220 32 2 0 B 7 Ak B ) ) 22 57 2
7 5 3 i, FLRE PR ] R & K R B AEHLEAS 52 4 4
], XU 45 B aT g SRR, Rl K AR AL 2R
SyEERE S R B EK 25 S5 R, T K EE S FEAIT
IKAEBE MR R ST — R R K R
SYEE, MIAWFITSE SRR, B — 17K (W2N1) 4b
BN K RG> BEA BT RGN , A SO AR > T (R4
TR 45 4 2 R AIG, AT 5 O . 1 KR AR
(W2N2) Ab BT 7K R )2 R 13 5 R A5 g ik
LB R B/ B0 BB ) 43 BERIOR A A
O NIV & L LN T AR 3l A 757 S A 3
I, FEAHRIEME AR T it R 0 2 S K A oy B
BORAR, A SO Z AR, T S ™ 6, ASBIFSR
WA SEA—B45e.

JHE 7K LRIt 0 e R A TR R L
A BRREESIG Tn 2 S 7 A 1) R R A% 1 G i TR
T fR— 22 AP E RBL, T A I T L
FE— 8 T 0 S T A A PR A O 2 v K R ™
T, b s et R e KRS 2R
oK T R, SR REEE R Z R
5 2 P k5 53 2R, AT e AR s 5 g ol ST B
fof 235 SR B AT N 1T 36 K RO =, ASIF o 45 IR 3%
BH 15 K E A B KRG 7 i DL SRR R B
IG5 BV R Ak 3L, 150 BH A KR 2 Rl B P A AR
TR H AR 7K 53 28 R 2 7K W 7 =X AT
REXT KR AR 3 B T — 7 B T2 i, AT 51 & 7K
FEvl =, it FHREAC S, 1 K AL BE N R E — 5
DISSIERAEMEIL S 55 1 d KEHK BRARK RS
AT, 45 G AL 5 A% A i D R 14
BASRS R TTH, EAM R T AENIE
4 ] R SR 1 BT K T AL B KR P e BORERE
R WERAUW RERE, 1A, IATE BAEAL
5 25 T Uk AL X T KRG TG S R, A 4
T NI AbFHE, N2 Ab 2 it 260 1 k20, (2 K A 7 12 JF



1218 e

2022 4F & 38 % 5 M

Toi TR U S AR IR AN wi g I I, K 3
BT BB R WA K R R AL R S
%‘%o

4 i

500 AR AR L, 42 AR T B KR T
8% 7E 5 T it FH 5 A0 43 BE T it S AT 43 0 B IR
8.00% ~ 61. 40% F1147.03% ~ 76. 82% F K5 [H & 3% %
EFE, H AT FEA%27. 84% ~34. 24% 1Y SR 3% & B
i, TETUKBEBESAET, vl A BRAR X TR it &
AEFRIEA T 20. 78% W B A IE & RE, 5T
BRHEWE -+ BTG AL FEAH EE 1 K I+ it A
PN 7K HEWE -+ Uk it 209% S0 NE Ak 243 50 ek 7K A = i
WD 20, 77% F1 28. 21% , I ELAEFFRL 2 A A
40. 98% H1 45.99% ,

SRR i P2 e DR 5 o FH 23 ) LB R i A
R, [R5 R A 7K e = et = AR A (R R 2R
TRASHE REWEAE A NE 5 DR AFHE ACIRZS Y F K 7
AbEE AR T NH AR A48 NH;-N a5 & 5
K, SRR R JE AR A SR AL T B4 A o R e A SR A
{2 ) A e B 2 L2 A5 1 I 1 JH A 3k A8 ) A
%o

A 08 0 e T 28 4% A 2R BRI K A AR = 4
THZEEIE, TR H G I AL H (WIN2) &
ATIGE 3R e A — TR T K AR 4 B 5 =X (R
X — PR BRI BV R AR AR BT i
— L RER,

Sk

[1] WANG H H , HEGAZY A M, JIANG X, et al. Suppression of
ammonia volatilization from rice-wheat rotation fields amended with
controlled-release urea and urea[ J]. Soil Fertility and Crop Nutri-
tion, 2016, 3:108.

HE Y P, ZHANG J Y, YANG S H, et al. Effect of controlled
drainage on nitrogen losses from controlled irrigation paddy fields
through subsurface drainage and ammonia volatilization after fertili-
zation[ J]. Agricultural Water Management, 2019, 221(20) ;231-
237.

CHEN L, LIU X, HUA Z, et al. Comparison of nitrogen loss weight
in ammonia volatilization, runoff, and leaching between common
and slow-release fertilizer in paddy field[ J]. Water Air and Soil
Pollution, 2021, 232.132.

SONG C N, JIAOY, YANG W Z, et al. Research progress on the

influence of irrigation methods on ammonia volatilization in farm-

(5]

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

land[ J]. Earth and Environmental Science, 2021, 647.12170.
EOFERE M, A KRB IAEX AN R
AR )] B AR, 2018, 29(6) :1919-1927.
MR R RS AR BRSO HER AR Y
BERELT]. A FRETR A2, 2021, 40(1) :16-25.

RAHMAN N S, YUNUS R, ISHAK C F, et al. Laboratory evalua-
tion on ammonia volatilization from coated urea fertilizers[ J]. Soil
Science and Plant Analysis, 2018, 49(6) :717-724.

LIAN Z M, OUYANG W, LIU H B, et al. Ammonia volatilization
modeling optimization for rice watersheds under climatic differences
[J]. Science of the Total Environment, 2021, 767 ;144710.
PR, BRI, BTG, A5 G2 15 T N AN A 1 % A P 4%
B HIRCR [ 1] AR, 2017, 38(12) :5326-5332.
F—6,E [ EPE, R AN G T IR K
HIN,O HERCHYSE R [ 1], BREERFEBEFE, 2019, 32(1): 159-
165.

XU J, LIU B, WANG H, et al. Ammonia volatilization and nitro-
gen leaching following top-dressing of urea from water-saving irriga-
ted rice field; impact of two-split surge irrigation[ J]. Paddy and
Water Environment, 2019, 17, 45-51.

JIN S Q, ZHOU F. Zero growth of chemical fertilizer and pesticide
use; China’s objectives, progress and challenges[ J]. Journal of

Resources and Ecology, 2018,9(S1) ;50-58.

BB, I BRI, AR R A A T R L R

BRI [J]. Al FREERLEER, 2021, 40(6) :1326-1336.

VR R N I v (S S T I O O W N i 7 1% S0 Bl
AR [)]. RHAESSH, 2007,18(12) :2771-2776.

XU X R, OUYANG X, GU Y N, et al. Climate change may inter-
act with nitrogen fertilizer management leading to different ammo-
nia loss in China’s croplands[ J]. Global Change Biology, 2021,
27(24) :6525-6535.

ZHAN X Y, ADALIBIEKE W, CUI X Q, et al. Improved esti-
mates of ammonia emissions from global croplands. [ J]. Environ-
mental Science and Technology, 2021, 55(2) : 1329-1338.
gl /MR BRIDER | AE. RS TR R XN -
FARFAEAR R IR AR R E ] A E TR SR
%, 2021, 27(2) :346-359.

JE AR, HEAE 3R, AR PIRR U RN 7 TR 1 HE BT Y
[J]. LHER, 2011, 48(5) :1090-1095.

O EE K WIS A A i HR DR DX A gt
KRR AT R R AR LU [ ], REERL, 2013, 34(1)
27-33.

i+ 0. AT M. 3 AR AL, E RO AR A
2000.

TRETAR, XIACER SNG4, AR K O it 45 R S X ok
TP i S R AR R [T ], Al PR S BRBE 241, 2021,
38(5) :858-866.

BRR REEE E E, AF . R [ UM Ak A P T K
FHR P FKAE = sg [ )], K R OREESER, 2020, 34(1) .
242-248.



AT TR K R X R B KR 7 5 )

1219

(23]

[24]

[25]

[26]

[27]

ATTIHY, WA 2 AR BRI N R K R A
KRR [ 1] KO, 2019, 33(6) :288-292.
FWET BRIRIE , WR AR, A5 K R P 2 RUR B A R X
IRREAE RS BT B R (1] R4, 2020, 52(2) ;254
261.

TIAN C, ZHOU X, DING Z, et al. Controlled-release N fertilizer
to mitigate ammonia volatilization from double-cropping rice[ J .
Nutrient Cycling in Agroecosystems, 2021, 119(1) :123-137.
BUKER, FERM X 2 AR R BN B R R IR SR HE
S BRI [ )], R AR, 2021, 52(11) .
305-314.

SR AR KRR A XK R 7 i A R A ROR
BRI [J]. KBRS K TR 4R, 2020, 31(4):199-207,
215.

RSO, PR, 15 AR, 45 TRAA IR BN 4 K FEAK AR
PR [T]. BRI, 2016, 24(5) :75-82.
XU R WA RRKIEZE S IR R K AE A4
KAFE ARNER L BB R T]. hEAA KRR,

[30]

[35]

2020 (12) :67-72,76.
B R P KRTTER, AE. AR it R e TR K R 2R
e s [ ], T E K RERL 2, 2021, 35(2) : 155-
165.

B 8% TIBUE, T T, AR At FE X K I R P g
RE i SR T R R [T ] VE R RO B 2% 2020, 48
(19) :268-274.

T ATBUR, T YR, 55, LT RAL TOPSIS #5 BT- i K [F]
T EUKE T KA HE HERL 2 [ 7). HEREHLAL TR 2 41, 2020, 38
(7) :720-725.

ARA, ShPT4, WA, 4%, K U AR K R = i 104 5 i)
WrsEot [ J]. HERK, 2019, 25(3) :21-25.

P25 XURERS A k. R[] W 9 5 3% 00 25 e A ke 2
PERIT YRR R R = R [ ] ], fRduR2#4, 2019, 34
(5) :106-115.

W TEARR 2 FAL 4. TR AR KR AR 2 A e i
HSEMRZEAR )], WAL R, 2020, 59(S1) :39-43.

WAEG R AR k)



