1EP) & Crops

2026 (5) : 181-188

EEER] MR KE T BT E XS K
=K. fEFAFM~ENN

R ORXA R KK TR FEMK

CRITRZEAR 2 BE, 434025, WHEIRIMD

W E IHARAERTMERTHREEREE ST XS KGREFANRA. REHEARMBK T HRRE Fo RG22
FETENYH, URBRAFLFREIRELG HHH, UESHGE (CK) AR, EERERE (NO) . £
fefaff e MR (N1) | RERAARIe RIe LM E 10% (N2) | KEleffiieay fRIedmE 20% (N3) |
AR RICRE 10% (N4) ok e RIEME 20% (N5) 47 ANRZ, oA R ARG T fLiE %
sSRAGEKR, REAAFZE0H 0, %4, 5CK A=Ak, N1 A2 F-F3 5% 2 F3Wh 9.58%, &
RS MFRLE D ERS T KGN A XARYK, ERZTEFFEHOTARKHFTHRAREE, NI. N2 4=
N4 4325 CK 4 A0k R & Z AR 825 4.53%~27.10%, RFERFA B EREG 13.20%~40.65%, RFLEEZA

DOI: 10.16035/.issn.1001-7283.2026.05.021

B RIRZ 5.19%~17.20%, A=/ #%5 9.57%~14.07%.

7 b, ABER H MR ho KA A AR, REK

HERFERN T RRERFTHAREE, ARSAEHANE, AORZHE.
XA RREHE; MFER; KEBEK: & AFFARNE

Bl 2 G POE R AU AN 55 31 T 568, AE
WA P T AR5 2 0A) 7 ARG RO B FARE 128 ) 5 %
TS, IR BN — BRI AR . 5
TG RARR LG, KRR e AR A @ i A Ak e A A7
B, e KRR AR R, s AR
B4, WARAIK 6%~12%501, 7K AR e AT ) 3= 5
TONFRRE AR — VR e 3 A0 32t 1 I B A [+
MR HAT, FEREREMR R A 52 AL R AR
s PRBE PR A 5 KRS 7 R PR VC BC R R S R R
2y, RPN FARM R R, 84T
3 UL, R EANE . JEBE RO K
JR7K AR A 452 AT FE AN A 7= B R R

BLBE [FD MR g/ 1 IR R RS, fig
A m AR, W R A, T
VIR R E, RSN, (B TR EE D
MRt (R I8 B L], ASIR] 2238 T 7 45 SR A7
TE 22 5% o HEBE RV 1 1) B it 60 it DA K U i
6 55 KR I AR KRN G R (A S RTE TR B2
AW FAULETL D K R AR 7= ) S 8 X 3, >R P
TUHD B 25 22 7K R T e 256 B [ 25 00 2% it 1 280 1ES Ok
R, SRR LG KREA K. RREFHR
=R, PRZR I BE R DAR tT 3& B 98

S, DAHPDNAS XK RS ™ sl i %4
AR B R AR

1 MRE5RE

1.1 iRt

R T 2021-2022 FEAEAAL A FRIN 77 A A Ak 1
X KT R ZE LR =L (30°22'N, 112°4'E)
AT, RHERACNRIE L, 2021 SEKFERE AT 0~
20 cm BH)ZE -3 pH 7.8, TR 74.3 mg/kg. &
R 32.5 mg/kg. AR 77.2 mg/kg. A LR
17.94 g/kg. 2021 FKFERHAT 0~20 cm Ht )= 13 pH
7.7 BHfEZ 88.4 mg/kg. MR 33.5 mg/kg. JHAL
£ 95.5 mg/kg. HHLIK 23.56 g/kg.

B oA R A AR AR AR SR F 208 GEldb
AL AR A A o WREE T
HEM (N:P205:Ko0=15:15:15, ¥EFREAH
BRAFAEF) , JRE (46% N, AT 440
B PR A A A7) s i I8 A B B2 45 (16% P2Os,
WAL = A A REN A IR AR A=) ¢ # R R EL
B (60% K20, HAALIEABR AR A7) .

1.2 Rt
2021 £ 5 H 11 H¥#&F, 6 A 2 HEEHR: 2022

E A BR, R ARASMIEEIE, E-mail: 1272066070@qq.com
BERABEAEE, TE2MFEBIRLKIZEF L, E-mail: blin9921@sina.com

AeqB: BEEEAATRAD (2018YFD030130101)

HAG B #7: 2025-06-24; 159 B #A: 2025-07-16; M4 Hrk B #1: 2025-08-28



182 RZET

Crops 2026 55 5 H

F5 H 10 HEEM, 6 H 1 HFEHk. FEaRmHE R /KA
ML (2FC-6, FHLRMAMWRARD , il
L 2% B AR KRB LA B 5 (5] B AR 4 115 2 50k e
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LT ANGLEE, BANAREE 3 RER, JE21 MK,
F AR FE R RIS P 7 a0k 1 FTR .
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Table 1 Nitrogen application rate of each treatment kg/hm?
[y /P Base fertilizer J3BENE Tillering fertilizer FJE Panicle fertilizer
WR L nitrogen U i U i U M
Treatment application Classification of Nitrogen Classification of Nitrogen Classification of Nitrogen
nitrogen fertilizers  application nitrogen fertilizers  application nitrogen fertilizers  application
NO 0.00 2EE 0.00 JRER 0.00 JRER 0.00
N1 195.00 HE 97.50 JRE 58.50 JRE 39.00
N2 175.50 2 87.75 KRR 52.65 KRR 35.10
N3 156.00 2EE 78.00 JRER 46.80 KRR 31.20
N4 175.50 HEN 78.00 JRE 58.50 JRE 39.00
N5 156.00 2 58.50 JRER 58.50 KRR 39.00
CK 195.00 HEN 97.50 JRE 58.50 JRE 39.00

BEAN /N DX B f B, ) R P R
BMEH ., CKABEMNEEFHAEEEN
195.00 kg/hm?, $%FEE : 73 BEJE - A =53 :2 ()LL)
BEFH, . B AR ELEh 2012, HARREAE 4
B AL, PRALAEEE AL % 50%, AL L4
HHE G, 7 BEAE RAEAE > MAERE RS 7 d LK
SRR = Tt P o R it L 5 Ak R A A 1)
YIFNSF 2 CK ARERIIKF, AR R A UG .
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TS 1 e M, ¥m R b 13, o 173 A
N 13 BFIEAE N KB AR B (7 SPAD fH, %
AbEEE T E 5 K.

134 FHhatRE E05E0. 280, FFR
AR, HRAE & AC T 38 2R Bk B B A R
PERIRERR 3 7C, 2. b, B FREAS, ONTA
i 105 °C4 7 30 min, 7E 80 °CHET Z1H H J5HK
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135 HMAASE 08, 2R, SERA
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TEH AR E . 54 B WIRRE A 18, Il ECS
4024 CHNSO Classic 73 45 5 7K g M AR (19 &S
&, ZECK 7%, HREERREWHHE
(apparent nitrogen use efficiency, ANUE) . & &
A& % F| H #% (agronomic nitrogen use efficiency ,
AB) . BEALEHFIHZE (physiological nitrogen use
efficiency, PNUE) HMIZ FH L™ J) (partial factor
productivity of nitrogen, PFPN) , #%-AbHEE &%
3 e

ANUE=(N:—No)/N (1)
AE=(Gn—Go)/N (2)
PNUE=(Gy—Go)/(Na—No) (3)
PFPN=G./N 4)
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PR E X R SRR (kg/hm?) 5 Gy NREEIX FE
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(kg/hm?)
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2 BREHR
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REFRTC 3 22 5 N3 FI NS ALFRS: S H5 b N1 4b
PR 16.25%F1 18.12%, 7= FI8 B RE /K 7=
IR, F AR AR 4E S SRR B T
Wi o % 2200, F 2 R RILEA S, NI
Wb FE A RO R R, ST CK AL 3 5 8.34%,
ZE IR F R FE K. CK A5 N2 Al N4 b H/E A
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Table 2 Rice yield and its components under each treatment

P e ARG AR £ iR s e
Year Treatment Effective panicle number Ave.rage numbef of Seed-setting IOQO-gram Yield
(x10%hm?) grains per panicle rate (%) weight (g) (x10% kg/hm?)
2021 NO 184.03+3.18d 190.46+4.86b 87.80+0.44a 24.57+0.08a 7.43+0.23d
N1 256.94+3.18a 217.22+12.58a 88.69+0.28a 24.55+0.04a 10.65+0.40a
N2 245.14+3.18b 214.33£8.90a 88.48+0.11a 24.85+0.22a 9.98+0.30b
N3 219.44+5.24¢ 220.59+3.75a 88.56+0.41a 24.64+0.31a 9.16+0.04¢
N4 243.75£3.61b 215.60+10.06a 88.29+0.30a 24.59+0.13a 9.68+0.22b
N5 220.14+6.70c 219.73£3.84a 87.71+0.75a 24.60+0.05a 9.01£0.29¢
CK 239.58+3.61b 218.16+7.02a 88.36+0.95a 24.66+0.11a 9.72+0.29b
2022 NO 192.36+2.41d 182.80+14.89b 80.16+0.14a 24.32+0.05b 6.40+0.20d
N1 274.31+2.40a 207.85+12.07a 80.36+0.36a 24.32+0.04b 9.17+0.34a
N2 248.61+£2.41b 205.20+8.38a 80.12+0.15a 24.61+0.21a 8.59+0.26b
N3 236.80+3.18¢ 211.20£3.91a 80.20+0.76a 24.41+0.30ab 7.89+0.03¢
N4 247.92+2.09b 207.01+10.33a 79.74+0.58a 24.36+0.13ab 8.33+0.20b
N5 234.03+4.34c¢ 209.12+4.72a 79.90+0.34a 24.37+0.05ab 7.77+0.25¢
CK 250.70+3.18b 205.1144.32a 79.94+0.41a 24.49+0.12ab 8.37+0.24b
Ay Year (Y) *ok ok ok ok *k
4b38 Treatment (T) ok ok ns * ok
YT ns ns ns ns ns

R S 5 A [F) /NS = BARR AR R AR ) & b B ] 22 Rk B KF (P <0.05) 5 “*” F “**” pREZEFIZRE (P<0.05) HEE

KFE (P<0.01) , ns REREFREBEKF. TH.

Different lowercase letters among each treatment under the same year are significant difference according to the least significant difference at the
level of P <0.05; “*” and “**” indicate significant difference at the P < 0.05 and P < 0.01 levels, respectively; ns represents no significant

difference. The same below.
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Fig.1 Relationship between total nitrogen application reduction and rice yield
under synchronized side-deep fertilization of basal and tillering fertilizers
*R3 BFLETKENEREFAR
Table 3 N use efficiency of rice under each treatment
F4 bR RERRE HREFUFHZE  FERFFNE WREEMAER  EHRMWLE™T
Year Treatment  Nitrogen accumulation (kg/hm?) ANUE (%) AE (kg/kg) PNUE (kg/kg) PFPN (kg/kg)
2021 NO 81.08+2.52d / / / /
N1 161.50+2.33a 41.24+2.49a 16.49+0.86a 40.03£1.93ab 54.60+2.03¢
N2 141.88+1.17b 34.64+0.78b 14.50+0.75b 41.90+2.97a 56.84+1.68b
N3 123.10+5.54¢ 26.93+3.51c 11.09+1.26de 41.34+3.20a 58.72+0.23a
N4 141.97+3.55b 34.69+2.96b 12.80+0.37¢c 37.114+3.98cd 55.13+1.26¢
N5 121.87+1.18¢c 26.14+2.07c 10.13+£0.39¢ 38.88+2.72bc 57.76x1.86ab
CK 144.79+2.90b 32.67+2.27b 11.744+0.37cd 36.04+2.43d 49.85+1.48d
2022 NO 70.70+0.69d / / / /
N1 141.294+3.34a 36.20+1.67a 14.20+0.78a 39.24+0.72abc 47.03+1.77¢
N2 122.81+1.54b 29.67+0.93b 12.49+0.63b 42.11£2.73ab 48.96+1.49b
N3 105.29+4.59¢ 22.17+2.89¢ 9.54+1.10c 43.16+3.32a 50.57+0.20a
N4 121.65+6.77b 29.03+3.67b 11.90+0.73b 38.29+5.35bc 47.46+1.15¢
N5 105.88+2.77¢c 22.56+1.69¢ 8.75+0.28¢c 38.91+1.87abc 49.79+1.57ab
CK 125.86+0.70b 28.29+0.48b 10.08+0.29¢ 35.64+0.84c 42.90+1.25d
£ Year (Y) *% sk . ns sk
A FE Treatment (T) *x *x *x *x *x
YXT ns ns ns ns ns

AR A 2 SRR F R IR AR — B0, RT3y o it A =
(el /> 5 B AT R A, 00288 it A Ak 38 7 A 2 7= 7 i it
JE 2 frp s/ 3 a3 .

2021 4, N1 ACHEMWE RN RE R m T HA
AbFR, Hidr, B CK. N2 F1 N4 A2 55 11.54%.
13.83%F1 13.76%; N1 kb P50 & % WA H F E
CK Ab#E 5 26.23%, 72 A F| B EKF; N1 AL
FIRE AR AR R H CK AL 5 40.45%; CK AbFE
FR) 03 A ORI 2 A 03RO 2B 7 ) A & it I Ak 2R
s AR, N2 ARER AR AR BRI R R K, W
CK AbHE ) 16.24%; N3 AR R mA = 180K,
b CK AbFH 7 17.80%. 2022 4F, NI ALFEHIEEM
RERE R T HMmAR, Hd, 8 CK. N2 fil N4
A TR 12.26%- 15.05%F0 16.15%; N1 ZLFH

BERUA I HE L CK A FE & 27.97%, 2 5755 5
K N1 LB R R AR F L CK b3 &
40.93%; CK AbHE %025 A BRI A R A8 R A2 7
JILE & Tt A AL B 35 9 B AR, N3 AR 038 AR B
FIH RRBE MWL 1 LYK, 2t CK Ak
P 21.11%F1 17.85%.
23 AEERARIIKBETYRIRZSRM
AN ) it R 77 3 (KRG T4 AR 2R i (]
AR 4 fior. % 4 7R, S4BT TY
R RR R A A R ) ) 22 S 2008 (R 3 KOs ZA R )
TV REAE 2 F TR EE R, HAL I+
VIR AR R AR ARy 1R 22 AR R 3 s AR 5 AR BRI (1
HLAE 25N X ok 43 BE U R S R A L A B SR 6 T4
AR BB EEM ., N1 ALHAESNEE YT
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x4 BAETKBETRESHNTYRRARE

Table 4 Dry matter accumulation of rice at different growth stages under each treatment x10% kg/hm?
THRB R TR BR &
A b Dry matter accumulation Net matter accumulation
Year Treatment /5 gsyy ZRY) SR B BE-ZREON ZRE— SRR TR — A
Tillering stage Booting stage Full heading stage Mature stage Tillering-booting Booting-full heading Full heading-mature
2021 CK 1.30+£0.02a  8.21+0.17b 14.59+0.19b 22.79+0.39b  6.92+0.16b 6.38+0.24a 8.20+0.23b
NO 0.56+0.0l1e  5.78+0.17d 9.81+0.39d 16.06+0.41d  5.22+0.16d 4.03+0.27¢ 6.24+0.13d
N1 1.30+0.05a  9.14+0.09a 15.99+0.02a 24.91+0.33a  7.84+0.11a 6.85+0.07a 8.92+0.31a
N2 1.24+0.05b  8.20+0.15b 14.76+£0.29b 23.25+0.18b  6.96+0.12b 6.56+0.44a 8.50+0.14b
N3 1.19+0.02¢  7.66+0.13c 13.33£0.14c¢ 21.13£0.31c ~ 6.46+0.15¢ 5.67+0.02b 7.80+0.22¢
N4 1.20+£0.02¢  8.14+0.21b 14.90+0.56b 23.27+0.54b  6.94+0.20b 6.76+0.62a 8.37+0.06b
N5 1.03+0.02d  7.53+0.08c 13.06+£0.18c  20.87+0.37¢  6.50+0.08¢c 5.53+0.16b 7.81+0.20¢
2022 CK 1.04+0.02b  8.43+0.27b 14.30+£0.19b  20.05+0.60b  7.38+0.27b 5.88+0.40a 5.75+0.66bc
NO 0.59+0.01c ~ 5.64+0.51d 9.68+0.17d 14.2840.68d  5.05+0.01le 5.59+0.51a 4.60+0.17¢
N1 1.27+0.08a  9.56+0.36a 15.15+0.21a 22.17+0.44a  8.29+0.08a 5.59+0.36a 7.02+0.21a
N2 1.24+0.08a  8.36+0.36b 14.20+0.48b 20.56+0.27b  7.12+0.08bc 5.85+0.36a 6.36+0.48ab
N3 1.23+0.02a  7.66+0.12c 12.36+0.28¢ 18.50+0.67c  6.43+0.02d 4.70+0.12b 6.14+0.28ab
N4 1.26+0.05a  8.31+0.32b 14.15+0.09b 20.29+1.01b  7.05+0.05bcd 5.84+0.32a 6.14+0.09ab
NS5 1.02+0.04b  7.56+0.09¢ 12.13+0.15¢ 18.35+0.32¢  6.54+0.04cd 4.57+0.09b 6.22+0.15ab
ﬁg%\ Year (Y) k% ns k% *k ns k% *k
AbFE Treatment (T) * Hsk *k ok Hsk Hsk ok
YT ** ns * ns ns ns ns

VIR R AT R AR R R S T A A B
2021 4E, fE4PEEH], CK 5 N1 AbFE T4
MEBERAERE, HEFSTHMMEELH; &
ZAREIA I Bl S AR B I, S AR T PR B
FHUN NI AbFEH K, N2, N4 fl CK AbFR R,
SRJE N N3 FI NS ALFE, NO PR /N, FE55AH,
N1 b CK 4bH# 5 8.76%, ERIEEEFNKT, CK 5
N2 FI N4 b B2 R AR, 40 b N3 A1 NS Ab 2
T 9.46%A1 11.71%, #75ik BE KT . 35—
A, CK 5 N2 AT N4 4bH 2= R AR, 27l
N3 Fl N5 A4bFE & 3.55%5 3.39%, AR E K,
2022 4F, {E4yEEN], CK 5 N5 AL T9)50
MERERAEE, HEFETHEELR; 7

— CK
2021
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300 |
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ZAREIA R BB S AR B I, SRR T AR R
FHN NI AEFEE K, N2, N4 fl CK AR,
SRJE N N3 A NS AT, NO AT Afe /N o 7655 R,
N1 bk CK &b R 5.91%, ZRIERFEKF, CK5
N2 FI N4 Ab# 72 e AR, 437 b N3 A1 NS Ab 2
& 13.60%F1 15.21%, 725 918 B3 K fE 55 fll—
B, NI BT AR RE L CK &
22.24%, ZERIEREIKF.
24 AEIMARS R KIEZEDSHFN

AN R it A 77 3 (1) 7K e 25 BE B B[R] 1) A2 Ak
W 2 fras, SACEE R KFE 2 I ZEEERE RS RS
BEET (A28 4 2 50 F T e N REE A .

2021 4, N1 AbBRAE 53 BERT HA 1) 73 BE o FE e b

N2 — N3 N4

— N5
2022
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120 0 20 40 60 80 100

A% J5 KA Days after transplanting (d)
2 ELETRIKEZEEDS

Fig.2 Tiller dynamics of rice under each treatment
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CK AbEE ()73 BEE FEALIR T N1, {HAERE G A KB
B, CK 14 BE LR W SE, 5 N3 Al NS A3
TSt BaRIGE 29 K, CK ALFE R4 BEHUE N1 (K
12.69%, ¢ N3 £ N5 4B 73 5l 157 11.23% A1 13.41%;
B AR PR KA B 28 AR AL HE P O NT>N4>N2 >
CK>N5>N3>N0, FHH N1 4bH R, CK 4b#
5 N2, N4 b3 = R8N, CK ALFEE & & T N3
MINS5. 2022 4, BAREE 23 K, N1 AH[) 588

Km0 2 DN BB o BERN S B S
2021 FRFF—3K.
2.5 AEMRGRITKFE LA BRI

AR AE 77 20 7K A8 LAT B B[] 22 4k G
Kl 3 fas, B AR B AR e 20 B E T RS
P, FEHAEF A B K. & B KFE 1)
LAL7E 2 ] TR DL B — 2, PR AR R K
R LAT Y2 Bt A B 1R 9820 2 R By, N1 Ab#

B CK AbHER 17.78%; CK. N2 FI N4 Ab¥E4pEE  7E&A42H M LAL IR K.
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9~ 2021 2022
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£ 5y
B
=
j=1 1 L
0 2o N e
73 By Z L) SR Y] 73 Be Y] Z eI S RE) B
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£ H # Growth stage

ANFRNEFRRRERESE (P<0.05)

Different lowercase letters indicate significant differences (P < 0.05).

3 BB TKBENEE B LA
Fig.3 LAl of'rice at different growth stages under each treatment
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FEFFREIIN LAT HE N3 A NS LB FE 43 5 15 2.71%A1
3.21%.
2.6 AEIMEABF R FI7KFE SPAD RIS
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Effects of Synchronized Basal-Tiller Side Deep Nitrogen Application
on Rice Growth, Nitrogen Use Efficiency, and Yield

You Hao, Song Wenijie, Fu Bin, Zhang Dahong, Jiang Xun, Lu Bilin
(College of Agriculture, Yangtze University, Jingzhou 434025, Hubei, China)

Abstract To investigate the effects of fertilizer application rate and fertilization method under synchronized
basal-tiller side-deep fertilization on nitrogen utilization, nitrogen translocation, plant dry-matter accumulation
and grain yield of rice, taking rice cultivar Quanliangyouefengsimiao as the experimental material, with
traditional broadcast fertilization as the control (CK), seven treatments were set up, including no nitrogen
application (NO), full-rate side-deep application of basal-tiller and panicle nitrogen fertilizer (N1), 10% total
nitrogen reduction for basal-tiller and panicle fertilizer (N2), 20% total nitrogen reduction for basal-tiller and
panicle fertilizer (N3), 10% nitrogen reduction only for basal-tiller fertilizer (N4), and 20% nitrogen reduction
only for basal-tiller fertilizer (N5). A field experiment was carried out to explore the effects of nitrogen
management on rice growth, nitrogen utilization and yield under synchronous side-deep basal-tiller fertilization.
The results showed that compared to the CK, the yield under N1 treatment averaged across two years
significantly increased by 9.58%; synchronized basal-tiller side-deep treatment significantly increased the
effective panicle number of rice, enhanced the leaf area index and dry matter accumulation at mid and late
growth stages. Compared to CK, apparent nitrogen use efficiency, agronomic nitrogen use efficiency,
physiological nitrogen use efficiency and partial factor productivity under N1, N2, and N4 treatments
significantly increased by 4.53%-27.10%, 13.20%-40.65%, 5.19%-17.20%, and 9.57%-14.07%, respectively.
Synchronized basal-tiller side-deep can increase the panicle number of rice, improve the leaf area index and dry
matter accumulation in the mid-to-late growth stages, and enhance nitrogen use efficiency, thereby increasing
rice yield.

Key words Nitrogen application; Side-deep fertilization; Rice growth; Yield; Nitrogen use efficiency
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