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O E: [86)] BTaF-FREKEEETORGT Kz, [Fk] AToERE, REA4EE (W)
MIBEBE (W1) 2 AP At X, R4ER (NO) . AREHA (N1, 135 kg/hm?) R EHER (N2, 180 kg/hm?) 3 Ak
AAKF, SRR KICRAE T ETHRGT K, =2, m5faddr. [BR)] BREIZakGEKRE. Bk
EhebKE, WL B XAtk WO X T a9 KAG#EKZ M) 18.12%~28.37%, S R=E M) 13.68%~22.85%, -3 K
28.77%. & N1. N2 #& R AK-FT, W1 3248k WO 432 89 K A5-F 338 = 4 5134 2] 16.57% 5 29.94%. 5 WO # X A48

tb, WL X T8 TN HX AT Z-FHmR) 25.67%. Bl —#BE X T, TNHA A2 AR mmiEio, 4
AKFHAELE TR R EY N, MBREXFRKEL AN AELEETOHAEE. (L] RROKRER
ER XA WINL & 32, 4835 TF 5 2o fs 8 X T4 KA = 0.82%, K 27.54%, 4275 25.67%, #HE 11.90%.
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KA R RO, DS BH WAL A HH 7K HE e R LRI AR
b HPRTS S ia SIS SO

1 #RIAFAE

1.1 R XHER

56 7E VL 7 28 HE MR 50 b v sl (115°58'E,
28°26'N) JFJE . 1%X I T BB (1) 7 F g 2= AUk
SAEX, FETHFFKEN 1 634 mm, ZEFT 4—6
H, BKEZ) HEERKRER 46.1%. 24P
9181 C, FFHHMERIEIY 1720 he 561X
JZ IR REAE 15~20 cm 2 1], H3ERACAKAE L, +
ST kBt IRAARR B 1.36 glem®, ML
2R 2. EMNRES SN 1.74%. 0.82%.
0.25%71 1.18%. XA HEHISR, LI %A
FUZKFEPRE | FEWE ] P AE RO P IR A A — e R .

1.2 It

T 2019—2021 I FEKAE bl “38 547D
HANX ARG, #/NXK 8 m, % 3.5 m. /X i
(FIBEA 80 cm) FIHEZK V4] FH 3 45) 4 FH 48 e ot 0, 22 5
T, DA & /N X 2 R R A H K R

TR 1B B A 4 v ZKRE R, (WO0) A ] B ETBE (W1
2 P AR X G K EARE LR 1D, A (NO) |
R (N1, 135 kg/hm?®) FIHE#HUEZ (N2, 180
kg/hm?) 3 FiE &K (LLaigit) , 3t 6 ik
(£ 2) . HTIHHIRE], 2019—2021 ) WINO
AL BRI WONO AbBEA 15 B H /X ((HAE/NX A AT
SWMELEHFE) , HAMHEYEE 3INMEE/NX,
TF 14 A/NX o Horr, 2020 4F R 1 WINO AR FEFT WONO
AbEE, HAhALFES 2019 421 2021 FHIEGUHIF, %
AN R X ZHHEF 1) 7 2Nkt o A FH R/ 3
it 52—, R K AR HE LR 3.

& 1 TR A BAE X T 69 @ ] K2 42 AR R
Table 1 Field water depth thresholds in different irrigation methods

HERT R RR-#E S B IR-Z /K EF/mm

HEWAE - — — - — —
BT 53 BERT Sy BEJE AT 7R A A 1 LY TR
. 65%~70%-20-50 90%-20-50 90%-20-50 859-20-50 65%-20-30
i NI . - 0/~ -
[kereti 23 0-20-30 85%-20-50 5 Tad Tad Fad E T
S . e 20-50-50 e e e 0-30-30
HETKHE B 20-40-40 20-50-50 & 20-50-50 20-50-50 20-50-50 ST
TR EREEREE R RERT N PR & LA S KR A E A L
k2 TRKiesms
Table 2 Different water and fertilizer treatment combinations
AbH HEAAE it K AbFE HEAAE it K
WONO* WO NO WI1NO* w1 NO
WON1 WO N1 WIN1 w1 N1
WON2 WO N2 WIN2 w1 N2

VE *RIR 2020 EAREZANT .

% 3 W\ ReE

Table 3 Field water and fertilizer management

TER UL HEK

EA il Gy £ BER Fiil B A AR EE A5 W ) N o
CHEVEN R A
2019 WA 0618 0617 0701 0723 0917 12/9 8
It BE  Rl= 3 =
o4
2020 HAEh 0616 0615 0627 0721 R 44% ° 55% 0924 8/7 17
2021 Htpg 0627 0626 0708 0804 1009 9/7 4

1.3 HmREMTHh

Pk S S G s FEK B KR &
HEZK AR IS HEZK T 5 F AR 2R B ) 22 (85, FH ]
FOKRBEWNZEH (H 08:00) /KEZEALEFHAT
ZEAH S, EKSHEKE D ERE BT e 22
RIS, N2 3EASEF, T8 H 08:00 F/KX
TET LI 1 A 8K R AL, PR R H KR 220t
FAFH . F H HEFEK K 2R H B SR RS 2K
T K

TEHEK . AAF IR 1. 3. 5. 7. 9d
AT 7K FH 7K 38K BORE, e 2, B %
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AEMMAEREIRE . B E G BORE —
B, HHTZ. M BEOBEATYRENE, TR
IKFERE MR FH HaSO4-Ho0, W 7 BIL IR E B AGE(NY/T
2419—2013) MlEARE. WERAT 1 RIE/NXHE 3
AN 1 m? (AT ARG o R P 3R A
F¥ERE, WA 7d NEREIE 1R, 5% 1~3d
HBORE LR, R 2R AE K3 5 d BURE 19k, B E
IRFBCRBURE LS R . R 3% R R i oA,
v=(%)x01, (1)
e Vo R B TR AR AT B T P () e s R R
(kg/Chm? €)); MO9S 1 d W3R B B (ug/d);
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A B R R AR AR. (em®)

H M HEK KB iR R 8 = e 21 O

T=¥1L, C;xQ,x0.01, (2)

X THREREE (kglhm?) 5 iy ndd K FEE
FWHF S FIHREG CONEE T H T K.
THOKPERIKE (mg/lL) + Q5 i H H K&
HBRE (mm) .

K Excel i1 SPSS 21.0 # A4 5HRI6 $ 5 12847 4t
THor T

2 BZRE S

2.1 FKBEEIE RS KSR
2019—2021 4FFe FH 7K & P17 B 25 T H RN 5 25
DI RE 4—FK 6, RPMHXHRELE 20% 54, WL

THEORE RS BR o J8 0 2 2 1S B E A U 52
FEHKE P ERN EZER R, X 3 a KRN
PIE R R Z MK, FEXE 2019, 2020 4 IHEKE A
2020, 2021 FHEIEE7 AR E R, iKY
IXAE 2021 FEXTBIR/KE =R, K &AL FL AN
XK B R B I A B2 . RO R 3 a
SEYHE KBRS R SR/ T HDK R, BAE 2020 421
2021 FIA BB E Ko [ EEEMERIN FIHEK &N
THEKHERE, HAE 2019 £ 2020 45 H R E K.

7 3 a iR B, ) BRI A bE A /K AR =X
I K & HKEFBIR R A s, Bt
%5153 514 25.98%. 16.03%F1 8.43%. nJ W., [A]&EKH#E
WA SRS K BOR B, B kIO ARG
TN BF 98 4518 — B

%4 2019 F AR KL T KERE
Table 4 Water balance table of different water-fertilizer treatments during the whole growth period of rice in 2019

HEM R CGHEK R+

A pEKEmm o EKE/mm %l“i/a\% HKE/mm  FKEMm  BREMmm  BEEmMm  FOKEHZREY  HRZE%
Pk E+HEEKE) /mm R
Ji R &) /mm

WONO 498.00a 674 164.9a 554.6a 104.3d 450.3 719.5 -6.75
WON1 518.90a 669.8 154.5ab 675.6ab 149.7c 525.9 830.1 -23.93
WON2 510.93a 683.1 125.9b 717.2a 172.1ab 545.1 843.1 -23.42
WI1NO 2259 345.21c 436 150.8ab 539.0ab 158.8bc 380.2 689.8 -58.21
WI1N1 360.46¢ 480.4 124.8b 607.7b 183.6a 424.1 7325 -52.48
WI1N2 388.70b 562 93.2¢ 625.2b 165.3abc 459.9 718.4 -27.83

W 0.022* 0.005** 0.177ns 0.302ns

N 0.347ns 0.182ns 0.130ns 0.145ns
W>N 0.663ns - 0.571ns 0.879ns 0.491ns

W AR EA R REA B LSD i FERFEE (P<0.05) , **:

P<0.01, *: P<0.05, ns: A&, FH-.

%5 2020 FRF KA T 0K E2FH
Table 5 Water balance table of different water-fertilizer treatments during the whole growth period of rice in 2020

Hetk i CGHEZK HE+

AeBL FEKEmm H#EKE/mm %l\? i HKkEmm  FKEmm  BlEEmm  BREmm FEKESREY HETIRZE%
(/K E+HEKED /mm e
&R &) Imm

WON1 419.5b 11685 306.5ab 822.6a 205.1ab 617.5 1129.1 3.37
WON2 249 317.3ab 1066.3 333.8b 731.6a 202.7b 528.9 1065.4 0.08
WIN1 289.4a 1038.4 278.8ab 743.9a 178.2a 565.7 1022.7 151
W1N2 313.9ab 1062.9 258.2a 744.2a 173.8ab 570.4 1002.4 5.69

w 0.005** 0.039* 0.892ns 0.015*

N 0.252ns 0.876ns 0.266ns 0.688ns
W>N 0.065ns 0.285ns 0.213ns 0.927ns

%6 2021 FRRFKIELZ T KERE
Table 6 Water balance table of different water-fertilizer treatments during the whole growth period of rice in 2021

Heth & CHEKE+

W EKEmm ok Bimm ik Hokfimm  FARmm  SREmm  BERmMm  HKROSRRE  HIXHR2%
(BEKE+EKED /mm N
W&k &) /mm

WONO 482.1ab 933.5 85.4a 794.9a 234.1a 560.8 880.3 5.70
WON1 386.2ab 837.6 65.3a 719.5a 238.5a 481 784.8 6.30
WON2 4514 502a 953.4 83.2a 650.2a 193.9b 456.3 733.4 23.08
WI1NO 307.6ab 759 59.4a 649.8a 149.7¢c 500.1 709.2 6.56
WI1IN1 354h 805.4 57.7a 618.0a 176.1b 441.9 675.7 16.10
WIN2 331ab 782.4 85.1a 673.1a 188.4b 484.7 758.2 3.09
w 0.021* 0.342ns 0.224ns 0.005**

N 0.075ns 0.113ns 0.189ns 0.011*

W>N 0.064ns 0.219ns 0.726ns 0.057ns
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2.2 KRR AR HOIE RN
2019—2021 AN K AEALCFE T fr) 7K Fe = 1 A i
FME TS RILER 7. HERKPRIZKAE A BN %7K

el =]

==

.
N =

1=
5

M{E 3 a WA FIE KT, KPR
WK ARG =8, N1, N2 AbFE 5 NO AbFEZ [A) £
RS, RN 2O KR &
FEIR B KT

7 2019—2021 7B 4 32 KA = 2 4tk

JEZIAE 2020

Table 7 Comparison of rice yield over 2019—2021  kg/hm?

Ab3 2019 4E 2020 4E 2021 4
WONO 394.37b 473.754hc
WON1 507.47491a 396.58432hc 572.79430ab
WON2 538.89:+10a 383.67422¢ 561.96:+19ab
WINO 382.72b 439.414¢
WIN1 535.38+12a 462.3014ab 590.41:+125a
WIN2 541.35425a 498.53482a 620.07+48a

w 0.834ns <0.001** 0.119ns
N <0.001** <0.001** <0.001**
WN <0.001** <0.001%* <0.001**

HMIFEMA T, 3 a KFE~ERNN N2 &

HI>NI AbHE>NO A EE . AH Rl AR T, TR R
KR W= B m TR, PR 6.20%,
Jite SRR ) R TS LAY K R R e, X S PN M
DBl R e 4548 — B

2.3 KRBT RIS R

AN [ A B PR R HEAK NS R 1 R s B L
% 8, FEMAANIET 2 a MBIR/KF AR S =AM
2020 AR K S ER A B ) S IRk B B35 KR
FEEK X 2019, 2020 FEHEFR KSR KE R G
BRI BRI KT AKIBRE HAE 2019 S5
HhF KRBT K B &R e = B B 5

1 2 Hh 3R HE 7K I 50 3R U R A B B K 2
WON2 A3, k&N 21.72 kg/hm?, S ER
12.07%, 1y Hb 2 HE 7K H 5805 Ui R A B /N 1R 2
WIN1 4b3E, 2 E 4 16.15 kg/hm?, Et WON2 4b3H
MR HERCEE /> 5.57 kg/hm?, #3575 25.67%. 15
FRRBIRMERER KNI Z WON2 &b, S 450
kg/hm?, (5 iEEE I 2.50%, TR ZIE R E &/
f5E WINL 40FF, Eb WON2 AbFHSF 1k s HE i
2.51 kg/hm?, 1%¥5 55.78%. #H LT #jit ERE =,
IREE RS 080 T 13.74%F1 36.16% ) Hh % A
BIREEHR A o B

LK BEBRAR L, (A& =X T (1 5 U 3R I
o MBI Mk & 2> T 4.06%~17.66% Al
14.73%-~21.53%, V42153 11.82%H1 18.91%.
AT UL, KR AV ERRE R AR A T A Ge e e, ] LA/ D M3k
MBIREZE AT, AW B A RZ SRR, X5
Xiao M T 4518 — 5.

%8 FRAKAETABALHA TS

Table 8 Total nitrogen and discharge load under different water and fertilizer treatments kg/hm?
2019 4 2020 4 2021 4
A2
MK BRK Mt &K BIRK it K BIRK Gt
WONO 1.32¢ 0.41c 1.73 1.14b 2.10ab 3.24
WON1  20.82#2.00ab  4.59+1.09b  25.4143.09  31.57#1.98b  2.254055b  33.824254  2.36x1.91a 37442292  6.10#4.21
WON2 23.4623.56a 5.8743.43b 29.33%7.00 41.5342.93b 5.4240.19 46.9543.11 0.1840.19b 2.2240.39% 2.4040.59
W1NO 5.29¢ 0.51c 5.8 1.64ab 2.56ab 4.2
WIN1L 18.2144.15h 28442232 31.0546.38  20.74#1.97b  15540.13c  31.29+2.10  0.49i0.94ab  1.5940.99ab  2.08+1.93
WIN2 ~ 20.25#1.50ab ~ 5.1843.07a 3543457 333142392  4.9940.48a 38304287  0.9040.29ab  2.26#0.57ab  3.1610.86
W 0.603ns <0.001** 0.003** 0.016* 0.608ns 0.683ns
N <0.001** <0.001** 0.002%* <0.001** 0.131ns 0.303ns
W>N 0.048* 0.012* 0.058ns 0.203ns 0.062ns 0.166ns
2.4 FK BBV AR HES Y X5 P B A e B

TESCHR[201 0 25k B3 hn 7 2021 F&FE K W
M. % 3 amFERAHEKRRE. FEFHBREE
REFATEEME D (R o [aFEE T RS
FRERERNTHRKEGSL, HERAEE, X5
AT NP2 A8 40— B il KT R R 3
SN R, R S R S i U ) 1S i 2
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2021 FEREFEIER FE R AN EY, HEE
¥ K7 29.00%~56.00%. AHFIMEZUKT R, A
IKEERE, TMEREBS TR R E MY
4.60%; [FA—EBREAS, WEAE T (ND 2%
REMEAESEEE (N2) P> T 17.97%.
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k9 2021 4 RAE L E AP &

Table 9 Ammonia volatilization and proportion in 2021

Sy BERT Sy BEJE A Z R FHRETT A FLEY gt -
E RBIE S HEE 2 HRE &E H8E &¥ AME & iR (e LSy~ ;.;‘%/
RE HRE KRB HRE KRR HERE KRR ERE KRB HRE KRR ERE (kg hm?)
(kghm?) L% (kghm?) LeBl% (kghm?) % (kghm?) LBl  (kghm?) HBili%  (kghm?) o HLl%
WONO 151 16 1.23 13 1.29 14 1.79 19 1.19 13 2,50 26 9.51d
WON1 221 19 241 20 1.48 13 1.83 16 1.25 1 2.62 22 11.80#c
WON2 493 35 2.89 21 1.50 11 1.95 14 0.77 5 1.97 14 14.0142ab
WINO 192 20 152 16 1.10 11 1.88 19 1.16 12 2.09 22 9.67d
WINI 140 11 2.25 18 1.66 14 1.86 15 2.27 19 2.80 23 12.2420.530c
WIN2 233 15 2,61 17 1.70 11 3.33 22 173 1 3.63 24 15.33Ha
VORI 4 U, Forkt 2020 SERHIEKI )2 45 6 H 21—
31t

3.1 KABEE I FERK & &R

3 a ik, [AIEGEBE T RRHEKE.
KBRS IR E /DN T HKEARE . 5 RIE 175 H
7K 2 PR T B TR) K 2 PR, 1 e B EE AR = 1)
e FE RE R L BRAR T /K R A 2, 3 350 I R 1
KRS E AR T W AR, 3 5 0 B M e %
R HTHEAEBRBE IR m KA, AR
KRS T BETE BN R, T R BRI AR = 1 el Ak
TFRZERES, LEKAEAIRMANRES, KIitES
/N HFREEIT T K, DR RS 2% P TR A 2 R 1
BIRE/DNTHKER. BTHOKEZRTEKLER,
TEIRT W, BN & K LR AN TR EERE, 5
A e T 1) BREE RS 2R BOHEZK R BR/IN T K, L
WERE TR, I 8 BT P HEK =N T
IKHEWE. MK, SRR IR R A
WINL kb3, #H b T 2L Gt WON2 Ab 23575
/K 27.54%.
3.2 JKABEEN kR BRI

FHIFHEBERE AR, 2 A% it UK 345 ek s A 2
PIKFEF= ERA B 2R, (HEE R T AREIAHE,
XD UGAIE T 3 it ZUIE AT A BERE R A KR
RErraE, SEnksRRT sss B8 R
Re KR RAEK . SRR RIE T SCEREARE
s, iR gNE A, SR AR ER. W
7 AR R R, EE SR P ) E W 445 e R A% ) 7
180 kg/hm? e A7 Fl, R EA K A A FE A Oy WIN2
AR PR {H 7% 18 B it 20 5 2 5 SRS HAE R = PR TR
T g, PRI PR IE 7= (0 #f B2 R, RT3
KRB X, Ft KRRy WIND 4b3, A
E 24 4% G 2, WON2 b P 3513897 9.82%.
3.3 KRB IAE I FEE A R HM S B IS0

2019, 2020 “EA1 2021 4 K IKE 58 8+ 17

25 HF1 7 H 3—10 H 2 MFE, 43 ilkb TR 75 HAA0
SYBERTI, BFIX 2 AN BURE A T EARRIBEAR, Ktk
Hok i EZE BN S, BRI REER, 75
W24 16.97 kg/hm? 1 9.37 kg/hm?, 5 FEZE EHEU 7
i Ff) 58.50%F1 32.30%. [F]—¥EMEAEAR, i HH B
(R % B S B o Tt E K 3 I 34 n , iR PR 7
T AP I 2B inAg HHEK R AR IR E, §
HAEAFEHOKE T, mEGHEHKE R i E T
R AL . [F— M EUK R, T I A =R
PIHEK BN T HKEERE, AT/ H A R R =
AL, PG KT, FEAR R R AR BE
FH 8] 7K A7 P A 280 B4 A1 FE TR 0B HE B B g o AN TR 5 %
Bids i R, St /KIE iR WINL 4bH,
FHAEL T4 AL i WON2 A2, s 2 A s HE
T AR A ] S 38) FEAIG 25.67%F1 55.74%

3.4 KAEEENEEREAHIM SN

IR EUKT R, AR N &R &
PR T WK HEE, 5 2019 £ F1 2020 4F o — 5.,
Vi) R AR 5T 38 IR A % AR 2 PN O R )
KA T HIMREBMRE, 8 7 LI EmLL
BRE, MIi$e e 1 3@ KaE S, e it Ag
SAERHPT R, peAh, 8 BB R A K Z
R BRISC T A HEE , 5 2R B AR X ) I T
IR IR L = T K HERE, TR RS 23 R R
Mk > SR SRR U B R, KB
WONL Ab#E, AHET Ml g WON2 b3, 715
/D E 5 K B 15.8%.

SR KRG AR 3G 7= L K. 95 Ik
HEONL, FEARIEF= 3 b, oo BE K Ay
T R HE AT, HEAE WAND b B B o) B e 0+ ik
Uit ER 2 MR B ALK AR R, AR E s 4t
P WON2 AbFE, 1977 9.82%, 7i7/K 27.54%, %i5
25.67% (R TN Hstimr) , gk 11.90%.
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4 25 g

VEE TR R 2t R 7K RN L ) 2R 2 2% HE I B A
AR, ] SR 2 L /K AR T (AR
HKE. HoKE. BiREAHERRHB A E 59
J/b 25.98%. 16.03%. 8.43%7F1 11.80%.

it KT KA P B R HF TR AT B AT HH 2
PR A 22 5, ek 50t 2 E Rt ek
2.64%. 1575 13.74%. i 17.97%.

036 24 b ) 7K IR A AR XAy TR e T+ 9 2Tt 0
B WINL Ab3E, AL GeRat, nl K AgE -
9.82%, /K 27.54%, ¥%i5 25.67%, JHHF 11.90%.
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Improveing Irrigation and Fertilization to Reduce Water Usage and
Nitrogen Pollution from Rice Fields in Southern China

XIAO Xin', ZOU Zhike?, CHEN Yanfei®, LUO Wenbing®", LI Yalong?,
YANG Zirong', ZOU Chuanlin®, DENG Hailong®, FU Taoxiu*
(1. Yangtze University, Wuhan 430100, China; 2. Yangtze River Scientific Research Institute, Wuhan 430010, China;
3. Guilin University of Technology, Guilin 541006, China; 4. Jiangxi Center Station of Irrigation Experiment, Nanchang 330201, China)

Abstract: [ Objective] Agriculture is responsible for 8.5% of greenhouse gasses emitted to the atmosphere.
Improving agricultural management and reducing gas emissions from soils is hence important in the fight against
global warming. In this paper, we investigate the effect of different irrigation and fertigation on reducing nitrogen
losses from rice fields in Poyang Lake Basin in southern China. [ Method] The field experiment was conducted at the
Ganfu Plain Irrigation Area located at the Irrigation Experiment Center Station of Jiangxi Province. It consisted of an
intermittent irrigation (W1) and a flooding irrigation (WQ), each irrigation treatment had three nitrogen fertilizations:
no fertilization (NO), fertilizing 135 kg/hm? (N1), and 180 kg/hm? of nitrogen (N2). Rice growth, its associated water
use efficiency, and nitrogen emissions from each treatment were measured during the experiment. [ Result] Irrigation
impacted water consumption and leakage. Compared with WO, W1 reduced irrigation water usage by
18.12%~28.37%, water leakage by 13.68% to 22.85%, and saved water by 28.77%. Depending on nitrogen
application, W1 treatments increased the average yield by 16.57% to 29.94% and reduced average nitrogen
emissions by16.42%, compared to the WO treatments. Increasing nitrogen fertilization led to an increase in nitrogen
emission when the irrigation was the same; fertilization had a significant effect on ammonia volatilization.
Irrigation-fertilization did not show a significant interactive impact on ammonia volatilization. [ Conclusion] The
optimal irrigation and fertilization for rice production in Poyang Lake Basin was intermittent irrigation coupled with
fertilizing 135 kg/hm? of N. Compared to WO+N2 — flooding irrigation with 180 kg/hm? of nitrogen fertilization, the
optimal irrigation and fertigation can increase rice yield by 9.82%, reduce irrigation amount, nitrogen pollution and
nitrogen emissions by 27.54%, 25.67% and 11.90%, respectively.

Key words: water saving and emission reduction; water and fertilizer interaction; ammonia volatilization; paddy
field; irrigation mode

WAL EE: ¥ F

73



