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WE. BEAMEANCK). FHRZU). SREERECRU) ., BRABMA10%CRUL), #B AN A
20%(CRU2)FIE B AL A 30%(CRU3)E6- A0 PY, 3 1 2020—202 14 FH [1] i B0 A 57 45 P =L IRl 2 it R X6 AU A
AR SRR R AR AR . 45 R3K0] . MILULLEE, CRUL, CRU2, CRU3ALCHMFT
FEU(TN)AR T O i AR, JErP, 20204ECRUT, CRU2, CRU3ZEHR 4 RS FH TNAR R 25 00 BIRE AR 1
57.99%. 74.58%. 78.49%, WEREHEH K53 BIFEAE T 60.80% . 63.89%. 66.05%, 20214ECRUL, CRU2, CRU3AMHH
()RR HH TNAR I 2 1 20 BIFAAIR T 55.08% . 63.77% . 72.12% , BEREAR HH 120 BIFAAR T42.18% . 66.67% . 75.36%,
H TNAR A i 2% et AP e U it FH et ol D B AR 0 3 B A (NHA ' N) AR AR AR I e 1) FEOBA , A
AbPH TR NHs N2k £°80.50~7.98 kg/hm?, (i TNk 5 1928.40%~64.57%; SURLEEAH LY, P RRaUI0 i Ab 2
FELERE KRS i i [, BB BB AE 7 1 R R B SOR FH 2R 1) i 2 85 1 25.69%~37.63% . 13.48%~
42.24%. 9.55%~40.53%, HAIFEBAEIERA30% AR et 28 1, SRR S AR KR =i
IFil i e A B RS R R AR e, $E e BB AR, 3& B7Em SRR DX

KA. WER; SRAIE; ARBEW MK i ZERAR
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Effects of controlled-release nitrogen fertilizer reduced application on

nitrogen runoff loss in paddy field and nitrogen use efficiency of rice

ZHU Zeyu'!, MAO Zhiwei!, SU Ning', ZENG Peng', HU Dongsheng®, XIE Guixian!?"

(1.College of Resources, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.National Engineering
Research Center for Efficient Utilization of Soil and Fertilizer Resources, Changsha, Hunan 410128, China; 3.Agriculture
and Rural Affairs Bureau of Jingzhou Miao and Dong Autonomous County, Jingzhou, Hunan 418400, China)

Abstract: In this study, six treatments, no nitrogen(CK), conventional urea(U), controlled-release nitrogen fertilizer at
full(CRU), 10%(CRU1), 20%(CRU2), and 30%(CRU3) reduced nitrogen rates were performed in a field experiment in
double-cropping rice fields from 2020 to 2021. The goal of this experiment was to examine the effects of reduced
controlled-release nitrogen on nitrogen runoff loss, rice yield, and nitrogen use efficiency. The results indicated that

compared with the U treatment, total nitrogen(TN) runoff losses under CRU1, CRU2, and CRU3 treatments were
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(SYL201802004)
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HA, %, FEMFELO RS YR SO B IR TP AR DS, xieguixian@126.com
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significantly reduced. In 2020, early rice TN losses under CRU1, CRU2, and CRU3 treatments decreased by 57.99%,
74.58%, and 78.49%, and late rice losses decreased by 60.80%, 63.89%, and 66.05%, respectively, while in 2021, early
rice TN losses decreased by 55.08%, 63.77%, and 72.12%, and late rice losses decreased by 42.18%, 66.67%, and

75.36%, respectively. TN runoff loss decreased as nitrogen application rates declined. Ammonium nitrogen(NH4*-N) was

the primary form of nitrogen runoff loss, ranging from 0.50 to 7.98 kg/hm? and accounting for 28.40%-64.57% of TN

loss in nitrogen fertilizer treatments. Compared with the U treatment, controlled-release nitrogen fertilizer reduced

treatments significantly increased agronomic efficiencies, partial factor productivities, and absorption and utilization rates
of nitrogen fertilizer by 25.69%-37.63%, 13.48%-42.24%, and 9.55%-40.53%, respectively, while maintaining rice

yields. CRU3(30% reduction) treatment performed best. In conclusion, reduced controlled-release nitrogen application

effectively lowered nitrogen runoff loss, improved nitrogen use efficiency, and stabilized rice yield, making it suitable for

southern double-cropping rice systems.

Keywords: double cropping rice; controlled-release nitrogen fertilizer; nitrogen runoff loss; yield; nitrogen use efficiency
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Hh el 1 7 RS e DX A G A £ 7 40 o R AT
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W2 AR IR KRR B

PR RN —MERETACUF RUIERE, & RERS il
REAEF R, FATRDMAARR . IER
IR SNV DR 1B e N e B S S oE
RACHTIEFHREVRAMES RAE . JRERAIAE, T2 fF
Py R R A A I B A SR I, AR
MR RAETIR, RN RER A TEAC R, 54 1
FIFN IO, FERAENEC MO AR RS YT Y
Pl B ANRIBEFEE R, 5 AL ZAE A
P, R R AR L PR R R 10 T 9 AR i 6t
&K, BARAAE LR AR B, RN
AN E, MATE e AR A, FERIRARIR KR
T AR PR 5 G A KU 012 R SR AE — Pt
REN KR A A B IR R R E TRTR, S
KRR R B IR R RZ IR it A i i
R, MR RATRE RGP RHCRI L A XHERR
RE Rt XA TR IR . KA SRR SR
FZASERE IR TSRS, (HA IR 5T
AL, EOMER N AR AT . Sl AE
A TR, It FHAS ] A R R IR A XU A

M RGRTRAHIE . KR RAEH IR A4, LAY
PR SRUNE B8 R TR RRAE ) B A TRT TS Gt B4 B 475 45
FeftdE .

1 RIS

SE 33 56 A0 T ) R A D B T I VR AR A e
(113°49'E, 28°19'N), ZiRH M 2013 4R, A
Mo, BB 20202021 4F, KX
Sl RN 7 S T A e 7 S O i o R i
17.4°C, HIMAMRTH, AN 284 °C,
A1, AR 5.8 °C, 41 H
HEETHCH 1516.7 h, A FH4R8 KRR 1680 mm, TG
T 266 d.

2 MR5RE%
21 kAR

Ja v w5 b A S Y e I NI B TR LY
WS AR R B . I T LA T 4-3%(0~20 cm)
A Al SRR AL B0 5 118,
0.46.10.68 ,18.24 g/kg HEIANELH IR E , & N 46%;
PR RN R L AR RN BB e A7 B w7
TN 42%, FER 60 d; L BERRES T P2Os 12%; &
R KO 60%. PR AN AL 395, BRAS
a2 390,

2.2 Rt
R BEE 6 MALEE, 435 AN RN AL FE(CK)
WHURZRAFL(U) . FEREERENLLFI(CRU), #
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BERIERA 10%4EB(CRUT), FRERERE 20%
AEF(CRU2)., FERENINA 30%40FE(CRU3),
PRV 3 S BN AT, 20 m2(5 mx
4m), /NXPFEHLIXHHRD

CK. U. CRU, CRUI, CRU2 il CRU3 4b#
(RS N HEFE510 0. 150, 150, 135, 120,
105 kg/hm?, Bfs N EFE2 %14 0. 180, 180,
162, 144, 126 kg/hm?, it fEALFERFF PoOs Fl
KO i &350 72, 90 kg/hm?, BEFAE(K) P.Os Al
KO Jiti FH3 5120 60, 105 kg/hm?, 60%HI 4%, . A
JE Y LN, 40% 9% . B X o BEAE it F
100% AL 24 AL it FH

R FIRE AR RS TSR 20.0 emx17.4 em,
B 1~2 Wi 2020 AEAER R T 4 71 25 Hiidd
REFFReAR, 5 H 3 HiBAE, 7 A 18 HUHE; MfET
7 H 22 Hii3EAEHR4%, 7 A 29 HIBAE, 10 A 12
Hilcik . 2021 FBEER AT 4 J1 30 Hti S
B4k, 5 A 8 HiBAE, 7 H 23 Hikk; Mfa+ 7 H
27 HtREAEHF3%, 8 J1 3 HIBAE, 10 J1 17 HUsR.
KRG AR B I T Y K R A 7 A ]
2.3 tHmiRESNE
2.3.1 BRARZHMNZRLLAM S REFSHT

TERAS/INX B — M B HEK P,
KT E2ZEH 8 om, FEFRET, /NX /KA HEK
F, BSR4 1 AR i AT/ N R i
M, DU K20, FTAFRIRIN G /N X AR i
TR [FETBUR KT 500 mL ¥RV, ik
TORAE, 24 h NSEBUKFEAE R 0T o SR B
PR PR AR A — 52 A0 23 D06 I 2 A8 i KA A B L(TIN)
T ARUUKARZE 0.45 um BLIEREIIESS , SR

B o BRI AR A — 58 A0 53 oI BE VR T AR S AR
(DN)& i, 95 1 SmartChem200 4> [ 3hia] Wik 2%
A3 A ASCIN 5 Fil 0 S AR U K RE R A S A (NOs—N) Al
B SR NHS NI & o a0 S R AR RS AR
KRRBERTE L
2.3.2  KAGFE M A FHARAE o 09 RIS AT
/IR KA BSORR BT 1, D s R
o SERERAERFPR IR RLAE SRS T 105 °C
A, 75 CCHETRAEE ; SRR IR f LA
0.5 mm i ; )i RA HaSO4-H0, HE-HLKE
RIEME RGN 2R =
24 BEGITSSH
SISCHR[16-1710 57, T N RERIAR
LN ZRFRRAR N ERISCR R, N EA
R N B AE ™ 7 - 12 F Excel 2010 i1 7364% Ak
PRAECH T, VB LSD Ml ki T 28 K.

3 GZREDH
3.1 FEHEERR N EFER R R R R LR
3.1.1 FRAmGERFONEKELS ZAE

TE 20202021 4, FRSRIMAR A KRR K
1 FR, 2020 AERAAE KR SFE/KE R 754.0 mm,
H KB B 103.4 mm; BERGAE K Bk &
29235.0 mm, HFFKEEHRKEN 784 mm, 2021 4
K ZE MRkl 427.8 mm, HPBKERKE
9912 mm; MEARAE KRS KEN 166.5 mm, HFE
KRR 68.4mm, SVASKDE, XPAEH RAEA:
KRR AR R TR R TR

Fz 1 2020—2021 FRIEMEEFEE KEAEIMPEKE

Table 1 Rainfall in early and late rice growth seasons from 2020 to 2021

fEzE H [ /K H2/mm eSS Hi [ 7K 18 /mm [EES H I F 7K i /mm

BAE 2020-05-02 24.3 BAE 2020-07-03 22.8 g 2021-05-17 50.4
2020-05-03 81.4 M 2020-08-03 78.4 2021-05-27 11.4
2020-05-04 38.6 2020-08-04 19.8 2021-06-07 31.4
2020-05-11 103.4 2020-08-05 8.6 2021-06-09 12.2
2020-05-12 49.0 2020-08-19 60.4 2021-06-24 423
2020-05-13 36.0 2020-08-21 6.8 2021-06-29 13.6
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= 1(8)
(eSS H F#/K &/ mm e H A /K i/ mm Tz H A [ 7K 2/ mm
2020-05-19 71.2 2020-09-12 22.0 2021-06-03 30.2
2020-05-02 21.8 2020-09-13 20.6 2021-07-17 22.4
2020-05-21 41.2 2020-09-14 18.4 7% 2021-08-11 68.4
2020-05-22 98.8 L 2021-05-03 36.4 2021-08-28 52.2
2020-06-02 79.3 2021-05-04 29.6 2021-09-05 8.8
2020-06-03 25.6 2021-05-06 91.2 2021-09-18 32.5
2020-06-04 18.5 2021-05-14 18.2 2021-10-02 4.6
2020-06-29 42.1 2021-05-15 38.5
P32 A0, 2020 4EF1 2021 AE R FEEAIMRT 28 Hy7i 2 Ik, RS54 281, 170 m¥/hm?,
o7 925 1 v 2 EL RS o4 o7 NS
PRI R ZE R BR . 2020 HERFFR R 5 ¢ TG Falh G4 K B4 E RERRA LS
5k, Fsf [ SH4aH.5H1IH.5H
A NI M3 EHL 20204E5 H4H . 5A11H.

19H.5H2H M6 A2H, 5 KRR
HAr9IM 287, 316, 237, 256, 198 m¥hm?; RS
ZANAE 8 J1 19 H)7 i 1 IR, il 249 m’/hm?,
T A2 P T 6 2 AR A R A T R B 4 L LR
P 2021 AEFRAREZRAT ™I 2 Ik, Ui ah 5
A7 HMS A 14 H, 2 %P RSN
315, 273 m¥hm?; WEAEZ=r5%I07E 8 A 11 HFI 8 J]
F 2 2020—2021 FEFEMGEEKRAENERSE

Table 2 Runoff in early and late rice growing seasons from

2020 to 2021

TEZ HIH 2P /(m* - hm )

A 2020-05-04 287
2020-05-11 316
2020-05-19 237
2020-05-22 256
2020-06-02 198

Mok 2020-08-19 249

Ry 2021-05-07 315
2021-05-14 273

AR 2021-08-11 281
2021-08-28 170

H19H.5H2H. 6 H2HM8H 19 HIt 6k
PRSP A FAEAL TR TN 427 A A =5 i
ZAT TN ik S E ) 31.92%~41.59% .

14.10%~27.74% ., 7.65%~11.42%. 0.98%~8.04%

0.92%~5.38%. 18.84%~28.21%, 1T ii/Itt J5 P& /K
BMRSFERRAERBIE S 4 H .5 H 11 HHBA
AR 8 A 19 HAY TN Rk &4 K M U
AEFR, PEREEACTERS IH TN A RTE 5 A 4
H.SHI11H., 5H 19 HERZ)MS H 19 H(E
FeiZ) 1 o A, WiAE S H 22 HAll6 A 2 HIYE
FHN, X AT RE R A B AN KA A KR A
RIORI, S5 H 22 HA 6 ] 2 HINASH
KEEF RS, 202145 7 H. 5 14
H. 8H 11 HFI 8 A 28 H 4 y= g4 rh £ iti &
NEARFR TN #23i 2K 543 ) o b B TN AR ok
BMEH 39.19%~44.17% . 19.59%~26.74% .

20.42%~26.17% . 10.70%~15.20%; 1 4 7= Fi
H, FHEE U AR, iR AIEA R H TN 42
T g BRI, 2020—2021 4EF B AU &k B

3 2020—2021 FERIFEMEEFEEKHIEIN TN RRARAKE

Table 3 TN runoff in early and late rice growing seasons from 2020 to 2021

TN ik it/ (kg-hm?)

Jisz

2020-05-04 2020-05-11 2020-05-19 2020-05-22 2020-06-02 2020-08-19 2021-05-07 2021-05-14 2021-08-11 2021-08-28

CK  (0.14+£0.02)c (0.14+0.01)d (0.14+0.02)d (0.13+0.02)c (0.13£0.01)b (0.13£0.01)d (0.14+0.02)c (0.14+0.02)d (0.14+0.01)e (0.14+0.01)d

U (6.64£0.14)a (4.51£0.08)a (1.56£0.11)a (0.16+0.04)c (0.15+0.03)b (3.24+0.23)a (7.12£0.20)a (4.50+0.14)a (4.41+0.16)a (1.92+0.08)a

CRU (4.35£0.24)b (2.18+0.12)b (0.80+£0.02)b (0.51+0.03)a (0.31£0.01)a (2.31+0.04)b (4.78£0.24)b (2.57+0.14)b (3.12+0.16)b (1.45+0.08)b

CRUI (2.32+0.12)c (1.68+0.14)b (0.77+0.06)bc (0.45+0.04)a (0.25+0.04)a (1.27+0.02)c (3.48+0.18)c (1.74+0.08)c (2.31+0.22)c (1.35+0.14)b

CRU2 (1.43+0.04)d (0.82+0.04)c (0.47+0.03)c (0.36+0.05)b (0.23£0.01)a (1.17£0.01)c (2.52+0.07)cd (1.69+0.08)c (1.42+0.06)d (0.69+0.02)c

CRUS3 (1.38£0.08)d (0.55£0.04)c (0.37+0.03)c (0.29+0.02)b (0.210.04)a (1.10£0.16)c (2.12+0.10)d (1.12+0.05)c (0.98+0.03)d (0.58+0.02)c

[RISIAN ) FBER AR BRA] 1922 5 A7 GE 24 72 X (P<0.05).
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PR TN AR R S (i BN 5 26 1 T Wi i
IR R AT ) PR MR U ARBER 55
WA T 32.87%~ 79.22%(2020—05-04 . 2021-05-07) ,
28.70%~77.78% (2020-08—19 . 2021-08-11).

M 4 m]%1, AHEL U AbBE, 7 2020 4ERFEZ
I 3 WO, HRANA LT DN A
P R ERE; 75 5 H 22 Hy=mEd, 5
FALALPE DN 2y i 2 38hn; 6 72 H™
HFHMH, CRU fil CRUT b3 DN A2 6 i g 2
B 1E 2020 EMREZS 1 RS, CRU2 A
CRU3 4b38 DN 2 K i i FEAIK. 2021 4F 4 1R
PR, ERAEIEA LI DN Bk m
WBELF U A3, HREE SRR & k%

fik, DN Rk g ik

MFE 5 AH, 5 U ASEAHEE, 2020 4ERAEZE
HE 3 YO b, PRAIEA AL NHy N 42 30
TR R BEREAL; €5 A 22 HA18 A 19 H™ i
FErd, PORAEAEE R AC PR NH N Rk e i
FREMG; TE 6 A 2 Hy=JigF+, CRU2 fil CRU3
AbFE NH4 N R B & AR, 2021 4 4 k)™
TFECER, EBREIE AN FE NHy N R R a
BEMT U LB, FLREE BRI it
fik, NH4*N RHi R EA b i

M 6 a5, 5 U LA, 1E 2020 4EFRAE
ZERT 4 HIBERS | YOI b, BRAEE &AL R
NO; —N Ry ki A 76 6 J1 2 Hy st

®4  2020—2021 FRFEFMEFEE KHAEIAY DN AL E
Table 4 DN runoff in early and late rice growing seasons from 2020 to 2021
DN 232K it/ (kg-hm )

2020-05-04 2020-05-11 2020-05-19 2020-05-22 2020-06-02 2020-08-19 2021-05-07 2021-05-14 2021-08-11 2021-08-28
CK  (0.11£0.01)d (0.10+0.01)d (0.11£0.02)d (0.10+0.01)b (0.11£0.01)b (0.11£0.02)d (0.11+0.02)e (0.11£0.02)e (0.10+0.01)e (0.11+0.01)e
8] (5.38+0.12)a (3.00+0.14)a (0.82+0.06)a (0.14+0.02)b (0.11+0.04)b (1.20+0.04)a (4.62+0.16)a (2.66+0.18)a (3.04+0.24)a (1.85+0.08)a
CRU (2.28+0.18)b (1.24+0.08)b (0.49+0.04)b (0.22+0.04)a (0.18+0.02)a (1.15+0.02)a (2.58+0.16)b (1.43+0.14)b (1.74+0.08)b (1.14+0.06)b
CRUI (1.26+0.10)c (1.17+0.12)b (0.38+0.03)bc (0.21+0.02)a (0.17+0.02)a (1.01+0.01)ab (1.98+0.12)c (1.10+0.12)c (0.97+0.08)c (0.78+0.08)c
CRU2 (1.06+0.02)c (0.68+0.02)c (0.34+0.04)c (0.20+0.02)a (0.15+0.01)ab (0.94+0.09)b (1.50+0.16)d (1.08+0.06)c (0.91+0.06)c (0.62+0.04)c
CRU3 (0.87+0.04)c (0.46+0.12)c (0.22+0.04)c (0.19+0.02)a (0.14+0.01)ab (0.76+0.02)c (1.34+0.08)d (0.72+0.04)d (0.42+0.02)d (0.36+0.02)d

[RISIAN R T BE7R AR BRA] 1922 S GE 24 7 L (P<0.05).

&5 2020—2021 SFRFEMERFEE KHE NH N ZRAKE
Table 5 NH4*-N runoff in early and late rice growing seasons from 2020 to 2021
NH,—N #2328/ (kg-hm )

2020-05-04 2020-05-11 2020-05-19 2020-05-22 2020-06-02 2020-08-19 2021-05-07 2021-05-14 2021-08-11 2021-08-28
CK  (0.08+0.02)d (0.09+£0.01)d (0.08+0.02)d (0.08+0.01)c (0.09+0.01)b (0.09+0.01)d (0.08+0.02)d (0.08+0.01)d (0.07+0.01)e (0.07+0.01)d
U (4.42+0.08)a (2.51+0.16)a (0.85+£0.04)a (0.1120.04)a (0.09+0.02)a (0.92+0.16)ab (4.16+0.22)a (1.96+0.18)a (1.80+0.08)a (1.07+0.12)a
CRU (1.30+0.16)b (1.14+0.04)b (0.44+0.04)b (0.19£0.02)a (0.16£0.04)a (1.00+0.05)a (1.98+0.12)b (1.33+0.08)b (1.26+0.04)b (1.04+0.02)a
CRUI (1.15+0.03)b (0.95+0.04)bc (0.28+0.02)c (0.13£0.04)b (0.10£0.01)a (0.82+0.02)b (1.54+0.16)bc (1.01+0.08)b (1.02+0.02)b (0.40+0.2)b
CRU2 (0.88+0.04)bc (0.44:£0.04)bc (0.18+0.01)c  (0.12£0.02)c  (0.09+£0.02)b (0.62+0.02)c (1.20+0.06)bc (0.84+0.06)bc (0.84+0.04)c  (0.38+0.02)b
CRU3 (0.64+0.06)c (0.35£0.04)c (0.11+0.02)d (0.08+0.01)c (0.08+0.01)b (0.50+0.01)c (0.94+0.04)c (0.64+0.02)c (0.36+0.01)d (0.27+0.04)c

IS ) BE7R AL BRE] B9 22 5 B2 5 L (P<0.05).

6 2020—2021 FFRREMERFEE KAAEIAY NOs—N RRIRAE
Table 6 NO3™-N runoff in early and late rice growing seasons from 2020 to 2021
NO; N ik f/(kg-hm?)

2020-05-04 2020-05-11 2020-05-19 2020-05-22 2020-06-02 2020-08-19 2021-05-07 2021-05-14 2021-08-11 2021-08-28
CK (0.01£0.01)d (0.02+0.01)d (0.01+0.02)d (0.02+0.01)d (0.01+0.01)d (0.02+0.01)e (0.01+0.02)d (0.02+0.01)d (0.01+0.01)d (0.02+0.01)d
U (0.68+0.03)a (0.37+0.4)a  (0.18+0.04)a (0.12+0.02)a (0.05+0.01)ab(0.28+0.04)a (0.68+0.02)a (0.44:+0.01)a (0.42+0.08)a (0.24+0.02)a
CRU (0.36+0.06)b (0.18+0.04)b (0.10+0.02)b (0.08+0.02)b(0.07+0.01)a (0.13+0.02)b (0.41+0.02)b (0.27+0.08)b (0.25+0.06)b (0.17+0.04)b
CRUI  (0.21£0.02)c (0.12+0.04)bc(0.07+0.02)bc (0.04£0.01)c (0.04+0.01)b (0.15+0.02)c (0.32+0.08)bc(0.09+0.02)c (0.12+0.01)c (0.11+0.1)bc
CRU2  (0.11£0.02)c (0.08+0.02)c (0.05+0.01)c (0.04+0.01)c (0.04+0.02)b (0.14+0.03)c (0.24+0.08)c (0.08+0.02)c (0.12+0.04)c (0.08+0.01)c
CRU3  (0.06+0.02)cd(0.04£0.01)c (0.04+0.01)c (0.03+0.01)c (0.02+0.01)c (0.09+0.01)d (0.23+0.08)c (0.07+0.01)c (0.07+0.01)c (0.04+0.01)c

pisdil

oS

IS ) BE7R AL BRIE] B 22 52 i 24 5 L (P<0.05).



551 14

ARBETAE PR RO X A P SRR AR AL U K - K R U A 4 A 5 79

o, PR AR IR A AL FENO; —NAR i U gk it W 2
K 202 VR4 T B AR A AL BENOS—N
B R BE T UL PR, FREEERE
Jiti R AR FAEG . NOs—NAZR I It ok AT FRAIR a3

3.1.3 R ASAMAGAKEREHRERAAL S
FrR K R BORAT &

MFE 7 RIHL, AHE U AR, o mUIE it
i FFEMEASH TN, DN, NHs*~N., NO;—N 12
T (2020 4ERERS CRUL ARFRAY NHy N 4237
SR BRAN) FIFAARAG FH TN Ji 25 %2020 4 it 40 BE
FLAE 2R H TN AR it 2k B i 2.80~13.02 kg/hm?,
TN FRARHKN 2.02%~8.23%; MiFEZAE H TN 125
g Bl 1.10~3.24 kg/hm?, TN KRN 0.64%~
1.73%; AL U 4B, CRU, CRU1, CRU2, CRU3

PR R RERREH TN A2 300 2 4 T B AR T
37.40%. 57.99%. 74.58%. 78.49%, ARG/ 5K
fiKT 28.70%. 60.80%. 63.89%. 66.05%, FLHEHE
BRI R AL, TN R E s Wil
2021 AF A PR R AR TN iR Bl
3.24~11.62 kg/hm?, TN KKKy 2.82%~7.56%; M
FEZERE H TN B F R BN 1.56~6.33 kg/hm? , TN
MRHEN 1.02%~3.36%; 5 U ZLFRAHE, CRU,
CRUI, CRU2, CRU3 4bBEE)RAEZERH TN 1251
TR IR T 36.75% . 55.08% . 63.77%.
72.12%, WAARZREAYHIRAIR T 27.80% . 42.18%.
66.67%. 75.36%. PHAEHRIRIZR) TN ARG R
R R IR A R B AR, HAE R AR
AL FRAE I TN A2 3 it s i i LT CRU Y.

®7 2020—2021 FREBNRBEKHEANRRERREAEMNSRREE

Table 7 Nitrogen runoff losses and total nitrogen loss rates in early and late rice growing seasons from 2020 to 2021

N A& i/ (kg-hm )

A IEEE i3z TN J k%
N NH,'-N NO;—N
2020 HLfg CK (0.68+0.04)e (0.53+0.01)e (0.42+0.21)e (0.07£0.02)e
U (13.02£0.19)a (9.45+0.12)a (7.98+0.34)a (1.40+0.03)a 8.23
CRU (8.15£0.21)b (4.41£0.11)b (3.23+0.12)b (0.79+0.01)b 4.98
CRUI (5.47+0.23)c (3.19+0.33)be (2.61£0.25)c (0.48+0.01)c 355
CRU2 (3.3120.06)d (2.43+0.06)c (1.7120.22)d (0.320.04)c 2.19
CRU3 (2.80+0.09)d (1.88+0.02)d (1.26+0.04)d (0.19+0.04)d 2.02
WA CK (0.13+0.01)d (0.11£0.02)d (0.09+0.01)d (0.02£0.01)e
U (3.24+0.23)a (1.20+0.04)a (0.9240.16)ab  (0.28+0.04)a 1.73
CRU (2.3120.04)b (1.15+0.02)a (1.00+0.05)a (0.13£0.02)b 121
CRUI (1.2740.02)c (1.01+0.01)ab ~ (0.82+0.02)b (0.15+0.02)c 0.70
CRU2 (1.1740.01)c (0.94+0.09)b (0.620.02)c (0.14+0.03)c 0.64
CRU3 (1.10£0.16)c (0.76+0.02)c (0.50+0.01)c (0.09+0.01)d 0.77
2021 FLFG CK (0.28+0.01)e (0.220.02)e (0.16£0.12)e (0.03+0.02)e
U (11.6240.12)a (7.28+0.10)a (6.12+0.06)a (1.12+0.01)a 756
CRU (7.35£0.12)b (4.01£0.01)b (3.3120.02)b (0.68+0.01)b 471
CRUI (5.22+0.20)c (3.08+0.03)bc (2.55+0.03)c (0.41£0.02)c 3.66
CRU2 (4.21+0.04)d (2.58+0.04)c (2.04+0.06)c (0.320.04)c 328
CRU3 (3.24+0.03)d (2.06+0.04)d (1.58+0.04)d (0.30+0.02)d 2.82
WA CK (0.28+0.02)e (0.21+0.01)d (0.14+0.02)d (0.03+0.02)e
U (6.33+0.04)a (4.890.08)a (2.87+0.04)a (0.66+0.01)a 336
CRU (4.57£0.04)b (2.88+0.04)b (2.30+0.03)a (0.420.02)a 238
CRUI (3.66+0.02)c (1.75£0.03)b (1.42+0.02)b (0.230.02)b 2.09
CRU2 (2.11£0.02)c (1.53+0.03)b (1.22+0.02)b (0.20+0.02)b 1.27
CRU3 (1.56+0.12)d (0.78+0.02)c (0.63+0.04)c (0.11£0.01)c 1.02

RIS AN TR) 7B )4 ] 24k ) B9 22 53 A e 2 18 L(P<0.05)
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3.2 AEHAERN X W72 & ERF A ER
A
3.2.1 FAafmtAge) m 25 LR ARRE
HHEL CK ARPE, e A ANEIY B E S T 2020
AN 2021 AR REFIEAEARRL S 5, (IR ARG
FEvRE ™= i e it AL BR B () 22 S8 R G4 8 L
(& 8). MWAEMZEHSKRE, M U 4b3E, CRU.
CRU1 b3y R F PR AR R 210, 34 0R

F= 8 2020—2021 FRIBAGIEIFRTESH FHRRINRE

Table 8 Grain yields and aboveground nitrogen accumulations of early and late rice from 2020 to 2021

HoE AR i/ (kg-hm )

\ o7 " L D
o BRSO OAHE FPRLF= F/(thm™) e s T
2020 HRE CK (4.74+0.04)c (44.38+0.70)d (28.70+1.61)c (72.90+1.47)c

U (6.19+0.03)ab (75.22+0.68)c (39.89+3.17)a (115.110.25)ab

CRU (6.51%0.15)a (83.79£0.72)a (34.40+3.38)b (118.19+1.42)a

CRUI (6.48+0.11)a (79.03+1.31)b (37.37£1.17)b (116.40+0.80)ab

CRU2 (6.28+0.08)ab (76.82+2.03)c (36.37+3.10)b (113.19+2.05)b

CRU3 (6.15£0.09)ab (76.17+1.63)c (34.86+3.48)b (111.03+1.45)b

MifE  CK (6.73+0.08)c (57.45+0.74)d (20.69+1.57)c (78.15+1.69)c
6] (9.07+0.03)ab (93.63£2.27)c (38.80+2.32)a (132.43+1.12)b
CRU (9.53+0.11)a (102.81+1.00)a (34.39£1.91)b (137.20+1.02)a

CRUI1 (9.26+0.08)a (98.73+1.21)b (32.92+1.39)b (131.65+1.45)b
CRU2 (9.1120.08)ab (100.67+0.70)ab (31.10£0.63)b (131.77+1.30)b

CRU3 (9.00+0.04)ab (99.61+1.32)ab (31.93+2.41)b (131.54+1.22)b

2021 HR CK (5.02+0.02)c (46.27+0.31)d (28.33+0.72)c (74.60+1.47)c
U (6.48+0.10)ab (77.25+0.44)c (41.32+1.12)a (118.57+0.21)ab

CRU (6.830.05)a (85.84+0.65)a (35.64+2.02)b (121.48+0.48)a
CRUI (6.78+0.11)a (81.04+0.87)b (38.73+0.84)b (119.77+0.55)ab

CRU2 (6.56:0.04)ab (78.66+0.88)c (37.52+0.59)b (116.18+0.98)b

CRU3 (6.3120.12)ab (78.50+1.22)c (35.30+0.65)b (113.80+1.02)b

Miki  CK (6.82+0.05)c (59.66+1.71)d (20.36%1.01)c (80.02+1.23)c
U (9.12+0.09)ab (95.68+0.90)c (40.54+0.73)a (136.22+0.71)b
CRU (9.61%0.04)a (103.21+0.88)a (37.85+0.81)b (141.06+0.42)a
CRUI1 (9.34+0.05)a (100.34+1.02)b (35.29+0.92)b (135.63+1.22)b
CRU2 (9.2120.11)ab (101.89+0.51)ab (33.11£0.33)b (135.00+0.85)b
CRU3 (9.08+0.04)ab (100.15+1.31)ab (34.30+0.46)b (134.45+0.44)b

RS AR IR 55 A A BRI 25 ST 52 5 X (P<0.05).

H4.91%~11.39%; BRI PR FEH A B B i
Y EIAN, HEE R5.45%~9.80% ; J5 B AU ib B
R AU R 3 AR, (IR R AR R E
BRANEAL BRI 22 SRS F R L. 5 E, BRA
NERERE FA PR A R BB, IR A R B

3.2.2 FASGAmRAG 6 RAEA) R
MFE 9 A[H, 5 U AFEAHLE, BR CRU IAEJE

Az r=J140, R RN R B REAR FRR
i A= 7™ 3 A ORI P8 B 2 4 s PR AU IR
AR AE T, RRRAENEAR SRR L AR ) AR
FH R4 0T 25.69%~34.16% . 16.25%~
41.92% . 14.16%~29.03% , B & A4 4 51 38 1
27.64%~37.63%. 13.48%~42.24%. 9.55%~40.53%,
HAREERAEF YL, CRU3 AR



551 14

ARBETAE PR RO X A P SRR AR AL U K - K R U A 4 A 5 81

Fz9 2020—2021 FEREFEMGFENRIEFIAZER

Table 9 Nitrogen use efficiencies of early and late rice from 2020 to 2021

Ay iz b3 R AR %

AR A== F1/(kg kg ™) R /%

2020 Ly §] (18.62+0.50)c
CRU (22.62+1.26)b
CRUI (23.50+0.53)ab
CRU2 (24.64+1.34)a
CRU3 (24.98+0.80)a
A U (15.92+0.81)c
CRU (19.86+0.47)b
CRUI (20.32+1.09)ab
CRU2 (20.39+1.64)ab
CRU3 (21.91£0.80)a
2021 Y U (19.27£0.34)c
CRU (24.00+0.23)ab
CRUI (24.22+0.82)ab
CRU2 (25.17£0.21)a
CRU3 (25.76£0.47)a
A §] (15.94+0.88)c
CRU (20.50+0.60)b
CRUI (20.74+0.34)ab
CRU2 (21.32+0.22)a
CRU3 (21.510.62)a

(41.27+0.20)d
(43.41+0.97)d
(48.00+0.85)c
(52.30+0.67)b
(58.57+0.85)a
(50.37+0.29)d
(52.93+0.62)d
(57.16£0.51)c
(63.25+0.57)b
(71.4120.33)a
(43.20+0.14)d
(45.53+0.24)d
(50.220.88)c
(54.66+0.67)b
(60.09+0.21)a
(50.66+0.44)d
(53.38+0.31)d
(57.65+0.44)c
(63.95+0.78)b
(72.06+0.19)a

(28.14+0.86)d
(30.19+1.73)c
(32.22+0.74)b
(33.5742.65)b
(36.311.04)a
(30.15+1.08)d
(32.801.42)c
(33.03£1.17)c
(37.24+0.73)b
(42.37+0.47)a
(29.3120.47)d
(31.25+0.43)c
(33.46+0.38)b
(34.65+1.21)b
(37.33£1.18)a
(31.22+0.82)d
(33.9120.42)c
(34.33+1.07)c
(38.18+0.26)b
(43.20+0.62)a

RS AS IR 5 A A BRI 25 ST 52 5 X (P<0.05).
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