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(OPT—N) X 7K FE 45 A= B Wy BORE I 200 0 2% R0 AT L 9% 20 R e Fl H e 7 BRI s, 85 SR 3R] . 5 CF 4b
BHAR E L SIDS &b #FH (7] 3 8 7K i L R K B A 0 I 9B T o 43 B RIS 41, 7940,18. 596,45, 8% Ml 21. 9%,
e T )T 26 38800 16. 296, TN 1 TP 42 3 3 2% 2 43 S B AIK 32, 696 ~35. 900 36. 4% ~53. 1%, B IR T 2k &
Sy A BEAR 22. 8% ~32. 0% A1 16. 226 ~33. 3%, /K RGBT ] — 45 15 Z A ) 4 1) o5 e FE R0 422 T 98 T O 2
B 70% L E. 30%N+70%CRF 4B .OPT— N ZhH 4 FFP 4b T, TN 42 3 i 5% 42 0 90 A1 19. 7 %6 ~
29.2%,15. 1% ~25. 2% , 3B 2 A M AR 25. 4% ~51. 7% .20, 9% ~26. 4% . TP % % 7 2% 1 4% 5 [
Il 18. 4% ~24.5%,20. 4% ~31. 6 % .0 TP 43 i i 2% 5 25 BIAR /I o DA K G 3% 43 W e Fn + 38 5% 43 B 80k
Fi - SIDS 4B Sz PR s A CF ARBE AT 7= 4. 4%, B 040 em + 2 A B 54 BRI WA K, 300N+
70 % CRF 4bBEAI OPT—N AbBEAR X} FEP A BT 4 7= 5.6 %6 A1 0. 4% , H 0—20 cm - )2 3 80A B B 55 4 fig
eI fE— B E HARX T E K E., & RERES S 30%N+70 % CRE jifi A F T 7 M3 K k2> &
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Emission Controlling for Paddy Field
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Abstract: In order to improve paddy water and fertilizer management measures in Jianghan Plain, a field plot
experiment with two irrigation regimes (conventional flooding irrigation, CF; shallow irrigation and deep
storage, SIDS) and three nitrogen (N) managements (farmers fertilization practice, FFP; 30% urea+70%
controlled release compound fertilizer, 30% N 70% CRF; optimized and reduced nitrogen fertilizer application,
OPT—N) was carried out to study the effects of water and fertilizer managements on losses of N and phosphorus
(P), nutrition uptake of rice and nutrition accumulation of soil during different growth stages. The results
were: (1) Compared with CF, SIDS reduced the irrigation quantity, total water use, runoff and leakage by
41.7%, 18.5%, 45. 8% and 21. 9%, respectively, but increased rainfall use efficiency by 16. 2%. The
amounts of total N (TN) from runoff and leakage in SIDS were 32. 6% ~35.9% and 22. 8% ~32. 0% respectively
lower than in CF. SIDS also decreased the amounts of total P (TP) from runoff and leakage by 36. 4% ~
53.1% and 16. 2% ~33.3% . respectively. Meanwhile, the paddy runoff and leaching losses of TN and TP
from re-greening to jointing and booting stages accounted for more than 70% of the whole growing season.
(2) Compared with FFP, 30%N+70% CRF and OPT—N decreased runoff of TN by 19. 7% ~29. 2% and
15.1%~25.2%, leaching losses of TN by 25. 4% ~51.7% and 20. 9% ~26. 4%, leaching losses of TP by
18.4%~24.5% and 20.4% ~31. 6%, respectively, but no obvious difference was found in runoff of TP.

(3) Considering the nutrients uptake of rice and nutrition accumulation in soil, compared with FFP, SIDS
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increased yield by 4. 4%, but had no significant effects on N and P accumulation in soil (0—40 cm depth).
Compared with FFP, 30% N-+70% and OPT — N improved 5. 6% and 0. 4% yields respectively, and also
giving the high and stable available N and available P in soil (0—20 ¢m depth). In generally, the combination
of SIDS and 30%N+70% CRF could be effective in saving water, reducing N and P losses, promoting rice

yields and improving soil fertility.

Keywords: water and fertilizer management; nitrogen and phosphorus losses; runoff; leakage; yield
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ZWRED . —Jr . 30 E K 5 S s, B s
Oy AR AY 4 K & 45 %6 ~50 % B UK FE
FHE 22 50, /K IR B B0 G2 HAH 24 7= 55 53 — 5 T A
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FB IR 32 i K R K BRI 0% . SR, 3 26
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A 1 b, 3R Rl K A H Al A 0 B i X ) 7K R B Dy
AT HEK ST K, BT 0 S A G ) 4
PETF RS At AR S T B b X TR 4R 5 RTK
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TS R AR L HE B K5 G I S Ak 1R B 2 57
YK A BREE AR AT AT o ASBIF5E BT H )5, T
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AF A R R RRAE IR RO RIS R
FZR) S oA VT D b XA B T 7 A Ja HE Al o U5
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1 bR ik
1.1 REE# A

TR 57 TV JEE b 7 7T R 2 3K 0 i
(30°21'NL 112°09"E) , J& Jb 0 B A b <A 4 » 4F 7
IR 16.5 C,=10 CHUR 5 094. 9~5 204.3 C,
AESEEI K 1 095 mm, 4ESF- 34 H EASE] 1 718 h,
FHEZ (0—20 em) 1 IEEEAPER . pH 7.4, 2 A&
i 2.04 g/kg, W E 0.48 g/kg WAl A &&= 79.5

mg/ kg, BAHE & B 38. 5 mg/kg, BALH & & 108. 7
mg/kg. FTAE L /YK FE B R AL w4 52 m, &K
Va7 18 m, K AR R AR K A5, J& 3 A0 (4 K g H
B AL 8 5, & th BRI P &R 2 3 A L 7E W
JbBE—Fh RN . 2 W 135 d A4 . Hm 126
em A, — B4 A FAIE S A LAHER.5 H A E
6 A baB4k.8 A LA Zef,9 A ha .
1.2 REHE

PR TR A R I AE P D B A AR R B HL
XZHHED . 2 Fh i AR X R E (CF) FINR IR &
(SIDS), KFEARIT B 10~14 KN A Bk 5 /N X 14
HrR5 10~40 mm ¥HIK)ZE . )5, CF Al SIDS ih #5351 i
FrHRIK A8 B, CF B AW #E - KRB 3R 55 )5 B
PRAF 10~80 mm 7K 2 A4 I H L ISk ET 10 K
HARVE T 5 SIDS VRHETR & « BT IR T 5 B e FH — Uk e
k28 K 40~60 mm, R H A RE T E R LT
100 o CRE A FH - 498 95 3 oD 790 R 7K 8 A= i ) » 1
WHEMEZ 40 ~60 mm, A & #E47, KRG 16 11, 4E+5
T K %R 30~50 mm — Ji R | 10 K H AR T
WG A 75 3 5 A5 FH B K TR A« K R R 75 39 )
L3 [ TR RS B Al & UK & 50 mm; 2> BE M — 3k W E]
0138 5 TR RS P AT 57K & 100 mm s 38 15 B3 — i 2 4 i)
038 A R RS FH AT &5 K 2 150 mm, 3 Rl EIEAE HE N
A B 39 15t A (FFP) .30 %6 JR % (30 %0 N) +70 % 42 1E
KEBBIBIE (70 % CRF, B3k & #1870 T Ffl ik
Ik U AE COPT — N) - A R >J 4t AE Ak B v 70 26 4
HEL A 333 52 A B0 ARt A L 30 %6 R A R L 4 BE
A PR B IR AR AL B b 70 % AR BB IR A,
30 % HAE MR (N &8 46 %0) . FEAE A 5 B 4k ok
Jiti A Ak B e 50 06 AR S 838 2 A A SEAE AL 50 20
RN PRZ L 3 S0 43 BE Tt A 35 %6, 41 38 43k 191 it
A 15% . 20t A 3 R 15 TR IR 0 s & 1t Ak il e 4k
J b gl T RBR IS AN 2 A S O W R A (P, O; B &
12%0) FIAALER (K, O & i 60 Y0 #h 78, e St . 3
AL B AL A AR T IR A R R R A LRy
RN N 18%.P,0, 8%,K,0 15% ; #EF4BIR ME
G ERAES TRER RO A RA v F AL H 755 &
H9:N 28% (FLfE) ,P,O; 5%, K,0 9%, EAK 6 AE )7
ZhFE1,
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F1 KEHEEAE A kg/hm?
. i JEHE SYEEM YAk
(N—P,0;—K.00 &Rl EHEEAL RE i BEREY A RE RE
FFP 180—75—105 - 700 - 158.3 — 117.4 -
30%N+70%CRF  180—75—105 450 - 117. 4 437.5 107. 5 — -
OPT—N 150—75—105 - 416.7 - 347.2 70.8 114.1 48.9

WAL 6 N, 3 IR E R . MKIEA S 1K
ANFIRT A S 75 4 K RS V2R 74 1) &) 43k 18
A 15 mX 2.2 m WFLEE /N, PO JE 3 E 9E 1 m i IR
AT /NX DY JE I R 60 em PVC B 7K Az B& T, H 1
+ 2 LT 30 cm, B 1R 5 B /N X R R OK . R
FUEE AR E XA ML % 9 D/hIX L3 Fh
RUIE A BE7E X AL N BEMLHE A . RS AR 300 P 35 A
K P AN A HEK B L AR /N KRR
HE ARG $ % /N B T o K 3R HE KO OR o 92 4 R 0 B
Wi ALEEF 2016 45 A 5 H#EF.6 H 5 HEEA.
FHAETEIIE A 25 em X 30 em,9 A 18 Skt gk.

1.3 MEmMBSaWAZXE

1.3.1 AR BERKGBRAELNE KBEHHNA
GBI T IRIN Al X s . B e L 4%
IKAEAS TR A2 3 30 Je b (1% 7K A8 B 7 9 A HE K L 4% /0N
DX A8 i i 38 ok Al o AR A . R AL E 1 A
H 2B I AE (LA 30 em, K 1 m), HEAHLF 60
em, B LB R 40 em, BN LART 1k FE K 2R
+ 5 B HHE A Y KL B 2~3 RO 1R,
FRE KA 25 7133 B KA 38 T . 7 45 /0N X 1
HEKITAL 3,9,12 m bR A T 3L P £ 3k - g
TR TR AE R (30 cm 4b) L 78 7K R AY IR 75 401 7 BE )
PR 2 RE I | il B A A 190 0 SR s B B T R I
(M 30 mm)Z5H 1,3,7 RGBT KFE,

T30 I A (Y 7K TR B 5 5 T VAL CTIND SR F i
P b 8 R B A — 5241 3 6O R (GB 11894 —89)
e s B A (NH, - — N & 2Rk 90 B0 42 40 43
TR (RS GB 7479 — 87 A0 W &2 s il A
(NO;  — N) & & R H 5840 o0 606 B ik 0 5 0 i
CTP) FN fif 25 B (DP) & i 2R 4 R e 43 6 6 i vk
7 5 R A5 W (PP) ] 22 Ik sk 151,

1.3.2 ##RELSNE TGN/ EH
1 0—20,20—40 e WEE W) LR GH, LHE2A
R W H, SO, —H, O, 142 — 8K 20k 5E 5
BASAENH, T —N) & & R A KCLR 48 — & B i 1L
g 2 A A (NO, — N & &R KCl R —
SEHN 3 O BE I 5 A iR NaOH il —
BRI LE 87 0 5 5 3 A% 2 1R F NaHCO, 12 2 —
BRI HL sk e

1.3.3 ARGHKHRESMNE FREEETHE

/KT 3 2R BE R A A AR R RS AR 1Y 5 B
105 CAH .80 CHET HEIEE FREIFM ., Mtk
A ESR AW H,SO, —H, O, 14 — 9L & 2k
AR RN H,S0, —H, O, & — HLEH I
gkt .
1.3.4 = BB AR 2 A 5 X HFHE R,
I A SR R R RO R S SR TR, 4%
ANXEZC 3 m®
1.4 HESW

N DPS 15. 10 15 9 hRE 47 J7 25 43 B, LSD %
HEAT Ab 3] 2 AL R MS Excel 2007 fEE . [
WIOI ), Z ms A H o R W2 B e (R K 7 5
D A YR (A IETE 0. 2% A Bk
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IKFE S e J5 A (] 98 W A5 =X A o T o L T o S
AR E 1, KFEBARE 110 KA 2R &
& 550. 3 mm, HREEM & KK 70. 3 mm(7 J 2 H,
5546 KO, CF 4b M 8] #EWE 7 W, B &y 440. 5
mm, 2K E N 990. 8 mm,. AN 194, 8 mm (4>
BEMA = 157, 3 mm, k15 2 =4 37,5 mm) 5 1
SIDS 4b [ 8] ¥ 4 Y, I & 257 mm, B HIK
0 807.3 mm,. AW R 105. 6 mm (4 HBFE4FBEW]
FEAE) . SIDS kb H AV Bk K i LB K B R U
B CF b PR3 BIRRAR 41, 7%, 18. 5% F1 45. 8% . &1
F R0 16, 2% . 245, CF A1 SIDS &b 3 /K 7
SEF W R IRK R 518 343,268 mm, R HE R
H AL IS K AW E AR 21, 920, i F SIDS &b
S 2 0 B T TR Y R S R L ol A5 1 ) K 43
fof R B U T R
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2.2 ABEFHEAARAESR BERRAAE

TLDUOF I b X A A28 3 22 & ) 32 248 i A AR 1
HFRRTIN - . ASTRIK AR BEK R 4574 B J0IAS AR B A2 O
T M R R i LR 2, W RLE R O SN A AU
PRI BRI 70 %0 76 4 BER L 30 00 26 4R 17 2 A 5 i
TRHEURE AT e R AR i U 2 B A e 4 BE DL I
ST S M TR 22 TE AL T P R R T — 3R T 4
A, T O A R P At A A, T TR K R R W R W 8
(AR T 40— J3 BE 0T 1l Ay e AR P A A8 U Ik 2R 1 O
SEETHE, WOVEM T T . &4 F MR E NH, T —N,
NO;” —N,TN,DP F1 TP 42 Ji it 2% 1 4 51 K 1. 99~
2.69,0. 77~1.16,4. 30~6. 07,0. 14~0. 16,0. 32~0. 34 kg/
e, TRV TR 35 4 W IR I 7 =X NHL, ™ —N.NO,~ —N,
TN.DP 1 TP 42 i i 2% 5t 43 51 B AR 28. 526 ~35. 7%,
22. 4%~ 54. 5%, 32. 6% ~ 35. 9%, 35. 7% ~ 60. 0% F
36.4%~53.1% ; Hp NH, " —N.NO,” —N H1 PP & TN
TP AR R B FEIEA.

2 M KEH A T,30% N+70% CRF 4k 3 A
OPT—N 4bH4s FFP 4b B, TN 48 9 i 2% & 2 51 1%
1% 19. 7% ~29. 2% #1 25. 4% ~51. 7%, fH TP 2%
Uit % ik 22 AR /N s O 25 43 BT e BT R T TR R e
HEITRT 30%UN+70%CRF,OPT—N kbF TN 42
Tk B B EAL T FFP &3, SIDS+ OPT —N
AR TN R S R E AT IR E 2. 90 kg/hm” , H M
FEWE T =CN TP 428 B Ui 2k /2 78 3 it A Ak 3 2 [
Z5AWE HERHERE AU OPT—N 48 TP
By sk R BEAM T FFP 4B, Al 353 0. 15 kg/

hm?® , & WK A Az 4 i 00 260 18 48 8 sl ol o it FH » T A
KRR R0 R T o (R X 28 30 2R s 45 /N
2.3 ABEFHEHARESE BisRnkE

K43 RS 4345 B 52 M A% T 0 3R R 2R Uk 2k 1
WEHEE., AWK K AES A & IR A X
RBIwHKE LB RREIWE 3, NEAEF BBk
et B K NE 75 SR AN [R] 78 3 A 30 0 2B B A= K 0 x K
JE 5 SR 22 SR 3R 0 — 3T A A 0 2 A
JIES £ R 7K S di 22 1 B AL DT A U R M R Y
IR OR 2 Bl 22 3G, AT R R O — kT A
IR H AR MR B G 2T 75% 0 L H
Ry B B e T K K, SOIE A VLT AR
WA 2 F WA M NH, " —N.NO;, ™ —N,
TN.DP F1 TP &% 7 26 & 43 3 R 8. 98~13.83,1. 40~
2.83,14. 16 ~19. 38,0. 22~0. 32,0. 37~0. 49 kg/hm?’,
THTETR 25 80 H MUE I 77 =X NH, - — N.NO;~ — N,
TN.DPFI TP & I i 25 &8 4> 9 FE A% 23. 5% ~28. 1%,
12.9%~37. 5%, 22. 8% ~32. 0%, 5. 0% ~ 36. 4% #il
16.2%~33. 3%, H:vh NH, " —N,NO,” —N #il DP J&
TN F1 TP kR ) R ZIE R R ERE LB RLIE S
REERBIRMA R FEAERE W — 250, N
I I B B2 A AT R FH RV 2 18 DG BT 3B

2 Pk BT R .30 % N+70% CRF Ab 3 A1
OPT—N AbHi4s FFP 4bBEAY TN 38 I i 2% 52 2 Bl B MG
15. 1% ~25. 2% H1 20. 9% ~26. 4% , TP &% i 2k 1 43 9]
A% 18. 4% ~24. 5% 1 20. 4% ~31. 6%, J7 4k
B R HE T AN R 7 U 306 N+70% CRF 4k
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B OPT—N 4b¥ NH, " —N.NO, N fl TN B &%
S B LT FFP 4b#,OPT—N AbFRAY NH, " —N.,
NO,” N 1 TN &% Bk k2K T 30 % N+70%CRF 4k

R2 TRAKEEEEEAIETSEZNBRZIRRKE

BT 5DP F TP B i A 0k 2 & AE 3 Aot I
REFR A F I FFP>30%N-+70%CRF>OPT—N,
A4 b B R 2% S 3 R 2

B kg/hm?

LEH Ei=E 7D r SIDS
FFP 30%N-+70%CRF  OPT—N FFP 30%N+70%CRF  OPT—N
NH, " —N 2.27a 1.53b 1. 54b 1.73a 1.43b 1. 28b
NO,; —N 1.07a 0.90b 0.73b 0.90a 0. 66b 0. 35¢
Sy EE TN 4. 76a 3.20b 2.30c 3.89%a 3.20b 2.90b
DP 0.11a 0.12a 0.12a 0.09a 0. 08a 0. 06a
TP 0.27a 0.27a 0. 26a 0.21a 0.19a 0. 15a
NH, " —N 0.43a 0.47a 0.45a - - -
NO; —N 0. 09a 0.06b 0. 04b — - —
P72 R TN 1.31a 1. 67a 1.51a - - —
DP 0.03a 0.03a 0.03a — — —
TP 0. 06a 0.07a 0. 06a - - -
NH, " —N 2.69a 2.00b 1. 99b 1.73a 1.43b 1.28b
NO; —N 1. 16a 0.95b 0.77c 0.90a 0.66b 0. 35¢
B R TN 6.07a 4,.87b 4.30b 3.89%a 3.20b 2.90b
DP 0. 14a 0. 16a 0.15a 0.09a 0. 08a 0. 06a
TP 0. 33a 0. 34a 0. 32a 0.21a 0.19a 0. 15a
T R P ECF G RIR/NG F 1378 25 b BRI 7E 526K 1925 5 .35 (P<<0.05), NI,
3 AAKEEEREEHEESRENBESRALE Hf . kg/hm’
2 0 - CF i SIDS i
FFP 30%N+70%CRF  OPT—N FFP 30%N+70%CRF  OPT—N
NH, " —N 11. 32a 8.64b 7.06b 8. 58a 6. 87ab 5.96b
BT — NO;  —N 1.92a 1. 26a 0. 85a 1. 48a 1. 00ab 0.90b
45 7 T TN 15. 08a 11.28b 10. 35b 11.01a 9. 19ab 8.58b
DP 0.23a 0. 15a 0. 14a 0.21a 0. 16a 0.10b
TP 0. 33a 0. 28a 0. 24a 0. 30a 0. 24ab 0.19b
NH, " —N 2.51a 1. 88a 1.92a 1. 36a 1. 16a 0.91a
TR NO; —N 0.91a 0. 28b 0. 55ab 0. 29a 0. 26a 0. 32a
— 2 TN 4. 30a 3.21a 3.92a 2.17a 2.00a 1. 84a
DP 0.09a 0.0%a 0. 08a 0. 04a 0.03a 0. 04a
TP 0. 16a 0.09a 0. 15a 0. 08a 0.07a 0.07a
NH, ™ —N 13. 83a 10.52b 8.98b 9.94a 8.03ab 6.87b
NO;  —N 2.83a 1.54b 1. 40b 1.77a 1. 26a 1.22a
SR TN 19. 38a 14. 49b 14. 26b 13.18a 11. 19ab 10. 42b
DP 0. 32a 0. 20a 0.22a 0. 25a 0. 19a 0. 14a
TP 0.49a 0.37a 0. 39a 0. 38a 0. 31a 0. 26a
2.4 AEKEBEETKE EHNERBRKES S SIDS b FEAHRT CF &b B AT 34 4. 496,30 % N+70%
FRr= & CRF 4b Al OPT — N &b 3 Af 6f FFP b 13 7] 43 7=

AN TR 7K R A B AN [ AR 7 A 30 7K A 20 i AR SR
FSERR ™ 8 A2 W3R 4. BEAE & ERR . A R L 0
R B B I S L T A% A T R T K AR AR B
J7 SN TR] AR S W IR A 4 R — B 2 Aok IR
A BT AR BE L RO R 55 3] — o BE Wi 400 R0l O i
BN, 32 PR R i 8 KO8 A8 B — AL )5 18] SIDS
Ak R KRR F) SR R A W i T CF AR L, 32 B[R Dy
b S A T OR B AT DA RIS L AT ) 3 GRS AR DO S At
AR B A AR T RS K R AR R AR A8 AT i K
a6 5% o i e e M . N SEBR R R R

5.6 0 0. 4% . MG S WL ) 3 i K L CF
F1 SIDS KB HLT L3R 7 3 2 40 BE I W == 1 MR 34 o
30%N+70 % CRF>FFP>OPT — N, I i & 14 iig 34
J1 30 % N+70% CRF >0OPT — N>FFP; 4> BE 1] % 3k
T A R R 2 S A R L R R A
OPT—N>30%N-+70%CRF>FFP; k%5 22 i ] &
TR TR G R0 W R I 2 Ry 30 6 N+70 20 CRF >
FFP>OPT—N, 2ZSW i, 2 fEM AT
JI A R W R R S B R O 300 N+ 700
CRF>OPT— N>>FFP, & L B T 2% &b 2] 52 bR ™
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LR EER, AERERSE F 300 N+70%CRF
R B W B RN SE B 7 i 5 OPT — N G I 3% 2%
SR EST FFP, BN E ., 5 CF ¥ r UH
Lt . SIDS {#% 7 XF 30 % N+70% CRF Jjifii A Ab 2 5

A BT oK R XA B 0 W RN S PR R Y B L (E
OPT—N b4 By F 9 /b 5 Bt BE & 19 16. 726, [\
8 A 23 52 Wil 45 S92 30 R0 3R 1) R P B g M Bk
B i Y R AT

®4 AEKEEETKE EBHEABRBRKLES KR8 Hfr  kg/hm?

KhEm  AEEE _ B : : %s&ﬁ;ﬁ’ %&*ﬁ%’éf@ﬁ;ﬁ _ r@éﬁﬁﬁﬂ ‘ ﬁ&zﬁﬂ;ﬁ %Km
N TP TN TP N TP N TP TN TP i
FFP 1122 0.13ab 41,532 2.91b  61.19%  14.85a  124.51a  30.40a  153.64a 48.86a  824da
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