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Effects of nitrogen fertilizer reduction and topdressing methods on wheat yield,
nitrogen use efficiency, and N,O emissions in wheat fields

Shi Lyul, Shi Xiao-Xul, Han Xiaol, Shan Hai—Yongl, Liu Xu—Jiel, Zhang Jinl, Yan Yi—Nil, Li Yingl, Liu
Hai-Cui', Wei Ya-Feng', Yang Mei-Ying', Xue Ya-Guang"", Liu Jian', and Zhang Zu-Jian®"

! Jiangsu Yanjiang Institute of Agricultural Sciences / Key Laboratory of Recycling Agriculture of Nantong City, Nantong 226012, Jiangsu, China;
2 College of Agriculture, Yangzhou University / Jiangsu Key Laboratory of Crop Genetics and Physiology / Jiangsu Key Laboratory of Crop Cultiva-
tion and Physiology / Co-Innovation Center for Modern Production Technology of Grain Crops, Yangzhou 225009, Jiangsu, China

Abstract: To elucidate the mechanisms underlying yield enhancement, efficiency improvement, and emission mitigation in
rice-stubble wheat under the integrated “one basal plus one topdressing” mechanized deep fertilization strategy, a field experiment
was conducted from 2021 to 2024 within a rice-wheat rotation system in Nantong, located in the lower Yangtze River Basin. The
study employed a slow-release blended fertilizer (SRF, N © P,Os . K,O =26 . 12 . 12) and conventional urea (U, 46% N), utiliz-
ing two self-developed machines: the 2BFGK-12(6)260 full-straw-stubble field clean-zone rotary-till intelligent fertilizer applica-
tor and seeder, and the 3ZF-4(200) cultivator-topdresser. Seven fertilization regimes were established under a 30 cm + 15 cm
wide—narrow row planting system. The control (CK) received four split applications of urea (N 240 kg hm ?; basal : tillering :
jointing : booting =5 : 1 . 2 . 2, with basal application in narrow rows and topdressing broadcast across the field). Six reduced-N
treatments (N 204 kg hm ™, a 15% reduction) were applied: M; (100% SRF, narrow-row basal); M, (60% SRE, narrow-row basal
+ 40% U, narrow-row broadcast at jointing); M; (60% SRF, narrow-row basal + 40% U, wide-row banding at regreening); My
(60% SRF, narrow-row basal + 40% SRF, narrow-row broadcast at regreening); Ms (60% SRF, narrow-row basal + 40% SRF,
wide-row banding at regreening); and M5 (60% SRF, narrow-row basal + 20% SRF, wide-row banding + 20% SRF, narrow-row
broadcast at regreening). The effects of these fertilization regimes on wheat yield performance, economic benefit, root morpho-
logical and physiological traits, nitrogen use efficiency (NUE), and N,O emissions were systematically evaluated. Compared with
CK, treatments M,—M; increased wheat yield by 4.0%—-19.0% and economic returns by 13.7%-35.7%, with M, and Ms showing
optimal performance (yield increases of 14.1% and 19.0%; economic gains of 34.5% and 35.7%, respectively). These treatments
significantly improved root traits, with root weight density increasing by 9.7%-111.8% and enhancements in root activity and
oxidation capacity of 6.8%-52.0% and 4.2%-44.2%, respectively. Cumulative N,O emissions were reduced by 22.6%—34.5%,
and soil NO5; -N content in the 0-20 cm layer increased by 11.2%40.0%. In terms of nitrogen utilization, M,—M3 treatments
promoted grain N accumulation, post-anthesis N uptake, and its contribution to grain N content. Indicators of nitrogen use effi-
ciency—including partial factor productivity, agronomic efficiency, and apparent recovery efficiency—increased significantly by
22.4%—40.0%, 29.7%—74.3%, and 9.41-18.77 percentage points, respectively. Notably, My and Ms achieved the most comprehen-
sive benefits, with the greatest reductions in cumulative N,O emissions (27.0% and 34.5%) and consistently high apparent N re-
covery efficiency across two growing seasons (mean values of 43.5% and 46.8%), along with sustained root activity and topsoil
inorganic N content during late growth stages. In contrast, M, achieved the highest N,O mitigation (35.9%) but resulted in a
10.4% yield loss and 10.8% reduction in economic benefit, with unstable interannual variation in NUE. The optimized My,s
treatment further enhanced root morphological and physiological traits while improving apparent N recovery efficiency and grain
N accumulation. In summary, under a 15% nitrogen reduction (N 204 kg hm™2), split-application treatments using slow-release
blended fertilizer (M, and Ms) achieved synergistic improvements in yield, economic return, nitrogen use efficiency, and N,O
emission reduction, with the deep banding topdressing strategy (Ms) delivering the most pronounced benefits. These findings
provide strong theoretical support for the optimized and efficient use of slow-release fertilizers in nitrogen-reduced rice-wheat
rotation systems.

Keywords: strip tillage; nitrogen reduction; topdressing method; yield; nitrogen utilization; N,O emission
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Table 1 Soil characteristics at the beginning of the three growing season experiments

K A BB £ B e 4 A A
Growi Organic matter Total nitrogen Alkaline nitrogen  Available phosphorus  Available potassium pH
rowing season R ~ - _ -
(gkg) (gkg ) (mg kg ") (mg kg ) (mg kg )
2021-2022 22.62 1.11 114.84 34.99 86.67 7.62
2022-2023 24.45 1.16 128.81 57.94 91.67 7.86
2023-2024 24.51 1.20 123.50 45.52 101.71 7.76
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Fig. 1 Daily average, maximum and minimum air temperature, and daily precipitation during the wheat growing seasons from 2021
to 2024
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Fig. 2 2BFGK-12(6)260 full-straw-stubble field clean-zone rotary-till intelligent fertilizer applicator and seeder (left) and 3ZF-4
(200) cultivator-topdresser (right)
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Table 2 Nitrogen fertilizer management and application scheme

it A Jiti i Nitrogen application rate (kg hm ?)
Efy Bt R Ty Nitrogen LV WA EEM REM RN 2R
Year Pattern Fertilization application Topdressing way Seedin Tilleri R ; Tointi .
methods rate g illering Regreening Jointing Booting
(kg hm'?) stage stage stage stage stage
2021-  ON  — 0 — — — — — —
2023 CK  100%U 240 4 Mt 120.0 U 240U 480U 48.0U
Whole field spreading
M, 100% SRF 204 — 204.0 SRF — — — —
M, 60% SRF+40% U 204 AT 122.4 SRF — — 81.6 U —
Narrow row spreading
M; 60% SRF+40% U 204 FEAT A0 122.4 SRF — 81.6 U — —
Wide row striping
M, 60% SRF+40% SRF 204 AT 122.4 SRF — 81.6 SRF — —
Narrow row spreading
M; 60% SRF+40% SRF 204 FEAT A0 122.4 SRF — 81.6 SRF — —
Wide row striping
2023-  ON  — 0 — — — — — —
2024 Ms  60% SRF+40% SRF 204 LTI 122.4 SRF — 81.6 SRF — —
Narrow row spreading
Ms  60% SRF+40% SRF 204 FEAT e 122.4 SRF — 81.6 SRF — —
Wide row striping
Mys  60% SRF+40% SRF 204 1/2 474, 1/2 5847 122.4 SRF — 81.6 SRF — —
i
Spreading half in nar-

row row, striping half in

wide row

SRF: ZZRBIRACEKL; U: JKZE . SRF: slow-release fertilizer; U: urea.
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FEM SIS T, JRE 2.60 7T kg, L #ER
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B 225 96 kg, SALHR 3.80 O kg, ZBERIBIEME
42570 kg'o REHF . A A 375.00 56 hm %, BRE
#225.00 76 hm 2 HAb BA A4S HLAHFE 1200.00

AXF/INE P S A R R B A BE R 3). 5
CK AbFHAHLL, M, Ab#H 2 Z=E 240 7= 10.4%, M, \M; .
M, F M A FEA I3 77 4.0% . 11.4% . 14.1%F1 19.0%,

J6 hm?, HLMGEE 900.00 J& hm™ me&zﬁ H M. M3, My FI M AbF B 384 5= sl 7= 50O% 76 2
900.00 J& hm?% A TATZHHILER 750.00 JC hm2,  Z=H3K 55 EFKFE NS BN E 08, 5 CK 4k

AIT%&E@HB*4$U\ 150.00 & hm >,
1.5 Zitsth

X Jfl Microsoft excel 2016 HEF7EIE AT . F)H
Origin 2024 FAAEE, (] SPSS 20.0 it 1748
143871, KA LSD (least significant different)i#17
ZHILE, 2R BEEKTERH 5%,

FHAHEE, M, Ab B R RERERLECR Tk B A BT
FAATG; M A R34 T i 25 A8 1k M My A Ms Ab A A
B, RRRERLBON TR E A AR R E SR, P M
Ab B S Ay B 2 ZRAEAR . R RERLECRN TR
SERGBENE TN 9.3% . 12.5%F1 5.5%, “—3E—iB”
Ab B (M~Ms) ] L3 2 BR, My Mg Ab B8 P75 Ry 5 T

M, M Ab3H, H M bS5 | AR T by 8 3 2
BT My, M; 4B, M, 2bB VR, B EST
M, AbEE, 2023—2024 ARG, My.s AbEEAE M, il
M A B V- 44 5 3.1%, {25 Fk ik BB K.

2 ZER549H

21 ARERKEXTNEFE, FEMGKE

2021—2023 4 2 R L5 R R, ANFEE AL

=3 FEEREERXT/NEFEREHBEES

Table 3 Grain yield and yield components of wheat under different topdressing modes

(5

P e *%ﬁfmi ‘ i%#% . Spike number EERE IR TR
Year Treatment Grain ylild Yield-increasing per area Kernel nL.lmber IOOQ-kernel
(kg hm ™) rate (%) P per spike weight (g)
(x10* hm™)
2021-2022 ON 4363.46 f -38.9 336.31 ¢ 29.75d 4788 a
CK 7139.50 d — 517.06 cd 32.65 bed 44.35 cd
M, 6394.98 ¢ -10.4 499.28 d 30.92 cd 43.64 d
M, 7468.18 ¢ 4.6 518.54 cd 33.76 abc 44.38 cd
M; 8011.79 b 12.2 537.80 be 34.12 ab 44.62 ¢
M, 8183.66 b 14.6 552.62 ab 34.65 ab 45.84 b
M; 8551.82 a 19.8 570.40 a 36.16 a 46.42 b
2022-2023 ON 4260.27 ¢ —40.1 312.61 ¢ 28.29 ¢ 4957 a
CK 7109.67 ¢ — 499.28 cd 31.37 be 46.12 c¢d
M, 6369.76 d -10.4 484.47d 29.92 be 44.72.d
M, 7356.39 ¢ 3.5 493.36 d 32.51 ab 46.47 cd
M; 7864.09 b 10.6 512.62 be 33.72 ab 46.83 ¢
M, 8076.93 ab 13.6 522,99 b 33.57 ab 47.37 be
M; 8405.74 a 18.2 540.77 a 35.84a 49.01 ab
F-value AEA)y Year (Y) 2.54N8 — 49.44™ 317N 53.00"
Ab B Treatment (T) 317.09™ — 299.72" 10.94™ 21.65"
YT 0.10™ — 0.40™ 0.09™ 0.54N8
2023-2024 ON 5233.29 b -38.7 310.68 b 28.61 ¢ 4734 a
M, 8174.31 a 4.3 524.64 a 34.10 b 46.39 a
M; 8381.01 a -1.9 53233 a 34.64 ab 47.11 a
Mass 8541.02 a — 546.18 a 3598 a 47.48 a
F-value 4 Treatment (T) 78.35" 138.67" 68.29" 1.68%8

Ab B RIFE 2. [ HVBUR R A )/ B FR ] — 4R B AL B ) 22 S AE P < 0.05 AP 3. NS, TR AR IR AR 2 R R B E (P> 0.05), P
<0.05 F1 P<0.01 /KF- 3,

Treatments are the same as those given in Table 2. Different lowercase letters following the values in the same column and year indicate
significant differences among treatments at P < 0.05. ™5, " and ™ indicate no significant differences (P > 0.05), and significant differences at

the P < 0.05 and P < 0.01, respectively.
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2021—2023 4F 2 /NI 45 R KW, AAEEE
e AR S R —(E 4. § CK
AEEEAHEE, M. M, T My Ab 3 $ A BEAR(7.3%~
10.0%), Hi M, 4b B AR FE B K, 2 2P YRR
10.0%, My bR Z, FEIEA 8.2%, M, &b 345 i f
IN(T.3%); M il Ms Ab BB # A IR, 2 25F 23
BN 1.7%H 0.8%, I R, 575 (E
R —E, M CK A, «“—FE—iB "4 3 (My~Ms)
L SR, Horh My (34.5%)F1 M5 (35.7%)4b
P ) U 5 HE N R I 34.0% (P& TE)A B3, M,
(13.7%) A1 M (21.5%) 4k A4 5 0 35 388 Jin >R 1
13.0% (FF AN EE), HAFEREREE; Mt
Z N, — oM S it A BE (M) B 2R BRI
(10.8%). = b HT3R A, AHEE CK Ab#E, «“—H—

18740 B (Mo~Ms) i $E i 17 8 b, JERIN M,y
M 2B (M, > Ms) i 25 5 T Mo My Zb B — Pk 2k
Jiti ALk B (ML) UK 77 4% L0 TG 8 3 5 . 2023—2024 4F:
BE s, B My Ms Kb B, M. s 2038 i 7= (B AT 3
kg, Al THRARAA P LIy, gl s fe
Eitd i d i T By A
22 AEEREATNERRES. £EHME
AN AE AERE R FE /N AE 0~20 cm )2 AYHR R4
PE(E 4). AT 2 MR RFIEEHR 3, LSS 2 2450
PR M. MBS CK ALBE, “—3k—ja b B
(Mo~Ms) W 80 T AR R A bR MR 8 % B AR 2 1l
WML 18.4%~111.8%, JTAEW] 14.5%~90.4%, W
I 9.7%~92.7%, R ZRE ST ARG 8.6%~52.0% .
6.8%~41.0%F0 8.4%~42.7%, R REITHRETF 6.2%~

F4 TREEEEXT/NEFEESKE
Table 4 Output value and net income of wheat under different topdressing modes
P e 7H BA A2 e & LN E YIRS Edia
Year Treatment Output Va{l;e Input Vah:lze Input reduction ~ Net incorr;e Net income Output/input
(Yuan hm °) (Yuan hm °) rate (%) (Yuan hm =)  growth rate (%) value
2021-2022  ON 10,908.66 6540.60 21.6 4368.06 ¢ -54.0 1.67 ¢
CK 17,848.74 d 8347.12 — 9501.62 ¢ — 2.14d
M, 15,987.45 ¢ 7513.62 10.0 8473.83 d -10.8 2.13d
M, 18,670.44 ¢ 7735.63 7.3 10,934.82 b 15.1 241c
M; 20,029.48 b 8485.63 -1.7 11,543.85b 21.5 2.36¢
M, 20,459.15b 7663.62 8.2 12,795.53 a 34.7 2.67a
M; 21,379.56 a 8413.62 -0.8 12,965.94 a 36.5 2.54b
2022-2023 ON 10,224.66 ¢ 6500.10 21.7 372456 ¢ -57.5 1.57e
CK 17,063.20 ¢ 8306.62 — 8756.59 ¢ — 2.05d
M, 15,287.43 d 7473.12 10.0 7814.31d -10.8 2.05d
M, 17,655.34 ¢ 7695.13 7.4 9960.21 b 13.7 229 ¢
M; 18,873.81 b 8445.13 -1.7 10,428.68 b 19.1 223 ¢
M, 19,384.63 ab 7623.12 8.2 11,761.52 a 343 2.54a
Ms 20,173.77 a 8373.12 —0.8 11,800.66 a 34.8 241b
F-value AEA Year (Y) 41.26" — — 37.82" — 35.13"
Qb FR Treatment (T) 317.86™ — — 222.88" — 172.53"
Y xT 0.32" — — 0.32" — 0.22"
2023-2024 ON 12,559.89 b 6525.60 23.7 6034.29 b —49.5 1.92b
M, 19,618.35 a 7648.62 10.5 11,969.74 a 0.2 2.56 a
M;s 20,114.41 a 8398.62 1.8 11,715.80 a -2.0 2.39a
Myss 20,498.46 a 8548.62 — 11,949.84 a — 240 a
F-value Qb PR Treatment (T) 78.35" — — 47.00" — 25.81"

AbFEF R 2. WISVEER IS A RNG T8 FOR ] —4F BEAR BRI 22 548 P < 0.05 /K2 . ™, "R AR FOR 2 AR B (P> 0.05), fE P

<0.05 F1 P<0.01 KV 53,

Treatments are the same as those given in Table 2. Different lowercase letters following the values in the same column and year indicate

significant differences among treatments at P < 0.05. N5,
the P <0.05 and P <0.01, respectively.

“and " indicate no significant differences (P > 0.05), and significant differences at
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37.9%. 6.0%~42.9%F1 4.2%~44.2%, Hrh M, Fl M;s
WA AEF IR RIS B E S T CK ALBEAT M,
AhFE, H M AbBRTEAFE BRI AE I B T M,
FIMs AL B, My AL BRI 45 A= 5 AR R AR R B E & T
M, Kb B (SRS IAAR 2R 05 7). T M, ZbFEAH H CK 4k
HRON 5 B AC TOAR T R AR R AT

BRI, BEE A B W HESE, JoIAEEIR I, A
TIRFBEELEIM, . M), ZIRAIE AL (M,

M) MR 5 9% B 5 A BRSP4 R R 45 22 i R 7K
JC LA RE G AL H (M) B 3 . 2023—2024 Z=i56 3%

B, My.s ALFREE My Al Ms b BEBE— 20040 TR R R
P, MTEBE . RRE . RRAEAMITARER
S B 4 R 22.2% . 33.4%. 20.5%F1 3.9% .
11.3%. 7.9%, H5 M, Zh# (a2 57 03
2.3 AEHEBERX T/NELEEH N0 HE
ANFEAEBLTT NLO HEMCGHE & 1Y 2= 95 AR b 25
R, NoO HE F 2 b TN E AW Z 0T, 7EA
Bt IS 2~8 d DA R B R =1 )5, NL,O HEGH &34
BT Y 0, IF H 2 IR T AR AR it — R
- NLO HEBGE SIE(EIEZ T 2~6 d (K 5).
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Fig. 4 Differences in root weight density (a, b, c), root activity (d, e, f), and root oxidation activity (g, h, i) of wheat under different

topdressing modes

JEPERIR 20 AF/NG FRER IR A — 4R BEALBE] 22 5 7E P < 0.05 K3, TTC: A= RIETUE M
Treatments are the same as those given in Table 2. Different lowercase letters indicate significant differences among treatments within the
same year at P < 0.05. TTC: 2,3,5-triphenyltetrazolium chloride.
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Fig.5 Dynamics of N,O emission flux under different topdressing modes

AETR IR 20 SR IR 2 7 S 23 0 2 S AL AE ALTE I o

Treatments are the same as those given in Table 2. The solid and dashed arrows indicate the basal fertilization and topdressing, respectively.

TE 2 M/NEERKZER ON, CK, My, M,, M;,
M, il My ZbBE 2 /N N,O P34 HEHGE B 4390
15.58 . 74.63 . 39.94 ., 47.09 ., 43.86. 45.78 Al
41.89 pgm> h'o LRSI NLO HEE & (4
o T A it L Y A o CK Ak B RE B it I 1) e v
N,O HEBOE B 7E 2021—2022 F1 2022—2023 43
Mk 447.02 A1 531.63 pgm 2 h', My, My, My, My
1l Ms A PR N,O HEHCHE 06 {2 T CK Ab2E,
SrREBRER T 47.2% . 52.9%. 53.0%. 52.6%F
52.3%. JEARGE AR, CK AFEAY N,O HEMGHE & 1% (H
BN 107.70~197.57 uygm > h™', M2 F, My 4B
H) NO HE i 5 0 {8 AH X 8 AI%, JE 1 122.06~
165.91 pgm > h', My, M, Fl M Ab B () N,O HEjE
UG B W AR, SR 250 85.30~87.67. 88.70~
90.47 F1 49.90~68.75 uygm > h',

AFHBAE 2B E /N N0 R R
N,O R B N,O HEslR FE (& 6). AL CK ALbFE,
2021—2023 FiZE, M, Fil Ms AbFRE) i A N,O 21
HEWCR CIME A 35.9%F1 34.5%) K HEH F(F1E
I3 5H 40.6%F1 39.0%); My, M3, My ZbBRfK) N,O B
HERCE T NLO HERCREL 2 2 V- 3REIE 53 0°H 22.6%
30.0%. 27.0%H1 19.8%. 31.7%. 26.9%, HIikEH
PRI, T B (M~Ms) ] LB R B, M,
AEFE N,O EFBHEHERA NO HER R B E T
M3~M; AEF (5 2022—2023 Z= M, 5 M, ZbBR[H] A 3%
A1), M Il M A B R] ) TG & 3% 25 5 . ML CK AbEE, o
A7 5 NoO HEHGR BRI R My, My, Ms A A4
1, 2 IR 50 37.2% ., 36.0%. 45.0%, M,
M, WIRE IR ARRTEE /N, 2 ZERE RIS R 23.8%~33.0%,
H, My~Ms A0 B i 2K T M, Ab 3
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Fig. 6 Variations in cumulative N,O emission, N,O emission factor (a), and N,O emission intensity (b) under different topdressing

modes

PR 20 AlE/NG FhER IR [l —4F FE 7] —F8 Ar AL BRI 25 R AE P < 0.05 /K835 . CE Ml EF 43038 NoO S FUHE & Il N,O HEjik

Treatments are the same as those given in Table 2. Different lowercase letters indicate significant differences among treatments for the same
indicator and year at P < 0.05. CE and EF represent the cumulative N,O emission and N,O emission factor, respectively.
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Fig. 7 Variations in soil nitrate (a), ammonium (b), and mineral nitrogen (c) content under different topdressing modes at the ma-

turity stage

WPRF S 20 ANRVNG FRER IR R — 2R AL B E 2 524 P < 0.05 KR

Treatments are the same as those given in Table 2. Different lowercase letters indicate significant differences among treatments within the

same soil layer at P < 0.05.

R EE, My AbSJR 0 EREAL, H Ms AR Em T
M,~M, Ab B, M Al M, b 2 5 2 T M AR A
WR R AR AR SERSE AR ERLA )
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HABALER, M3 A1 My bR C R #2275 CK A3
FHEL, My F1 Ms 23 BB BRAR T 0GR R s it . 7%
BR NGB TR, (AR ERS THRAZHRE
K H ok A, HWE G # 2% Bk 2022—2023
ZAR REF B R B B EKF), HPhWELGAR
e is R BT B BARAS N T 14.21 F1 17.76 4
A3 My Al M3 bR J5 R R s it e i 78 1k,
BA R RE 2 RN s kR R TR, 5

REM R S H Tk R A S, Hod M, db AR
fEEIE . FRATLLE B, R R Eikish | s
BB TTHRCR R I M, Fl M 235 T My Fl M
Ah B, TEJE R FE R LTIk N R M,
M AbBHEEAT L3 . M, AbBAE G R E i 5 R M
KAEFRINTE B A% 2022—2023 ZALfE A K
B R FMT CK AbF), 2023—2024 4EHUE B,
My.s AEFHEE My, Mg A0FH I 42 & T s ke &
RER R, )5 AR KSR YK 6.05 4
T3 (S My AbHK B 2 KOF), iR 2R E 5
Hk R AR 4 8 6.05 A E 20 a5 (5 My AbHHE ik
KF)s

%5 FEBEER TN ERRRRMEE LT
Table 5 Comparison of nitrogen accumulation and translocation in wheat under different topdressing modes
ERASEARHRE HRHER HERMEA
N accumulation amount  FFRIAER  HFEAR  HEAR BWUHRA  WEAR  FExXHPRA
in vegetative organs HERE g it Hin % HITHRER HEE EQ
Ay Qb PR (kg hm?) N accumula- Post-anthesis Post-anthesis Contribution Post-anthesis Contribution
Year Treatment tion amount N transloca- N transloca- rate of N accumula- rate of
Biial| J A in grains tion amount tion rate post-anthesis  tion amount post-anthesis
Anthesis Maturity (kg hm’z) (kg hm’z) (%) translocated N (kg hm’z) accumulated N
to grain N (%) to grain N (%)
2021-2022 ON 7551 ¢ 13.34 f 78.71 e 62.17 ¢ 82.3 ab 79.0 a 16.54 ¢ 21.0d
CK 129.72 a 22.66 d 134.50d 107.06 a 82.5 ab 79.6 a 27.45d 20.4d
M, 121.44 b 20.15¢ 129.65d 101.29 ab 834a 782 a 28.36d 21.8d
M, 132.65a 2495 ¢ 14331 ¢ 107.71 a 81.2b 75.2 ab 35.60 cd 24.8 cd
M; 132.45a 27.23b 150.53 b 105.22 ab 79.4 ¢ 69.9 be 4531 be 30.1 be
M, 126.97ab  27.83 b 153.30 ab 99.14b 78.0 cd 64.7 cd 54.17 ab 353 ab
M; 128.71 a 29.28 a 159.14 a 99.43 b 77.2d 62.5d 59.71 a 37.5a
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(#% 5)
BRGBARPESE IR HE 5 R RA
N accumulation amount  FFRL A E EAER WEAE  EXFRA WWEAER FIHRA
in vegetative organs HEE g i % E Tk E A= E i

Ay AbF (kg hm?) N accumula- Post-anthesis Post-anthesis Contribution Post-anthesis Contribution
Year Treatment tion amount N transloca- N transloca- rate of N accumula- rate of
FFAEHH %A in grains tion amount tion rate post-anthesis  tion amount post-anthesis
Anthesis ~ Maturity (kg hm?) (kg hm?) (%) translocated N (kg hm?)  accumulated N
to grain N (%) to grain N (%)
2022-2023 ON 71.99 ¢ 12.76 £ 73.05 £ 59.23 ¢ 82.2 ab 8l.1a 13.82 f 18.9d
CK 126.77 a 21.26d 133.90 d 105.51 a 83.2a 79.2 ab 28.39 de 20.8 c¢d
M, 117.37b 19.52 ¢ 122.47 ¢ 97.85 bed 834a 79.9 a 24.62 ¢ 20.1d
M, 126.52 a 22.19d 140.12 cd 104.33 ab 82.4a 74.5 ab 35.79 cd 25.5¢cd
M; 127.67 a 24.56 ¢ 143.65 be 103.12 abc 80.7 b 71.8 be 40.53 be 28.2 be
M, 123.75ab  27.15b 147.18 ab 96.60 cd 78.1¢ 65.7 cd 50.58 ab 34.3 ab
M; 12090 ab  28.85a 151.47 a 92.06 d 76.1d 60.8 d 5941 a 392 a
F-value  4Fff 13.57" 49.35" 18.94" 6.60" 1.05™ 0.18™ 1.07% 0.18Y
Year (Y)
b3 146.57"  483.59" 278.00” 86.95™ 47.54" 18.44" 36.94™ 18.44™
Treatment (T)
Y xT 0.28™ 421" 0.62% 0.31% 1.38™ 0.19™ 0.19™ 0.19™
2023-2024 ON 105.13 b 19.56 b 111.18 ¢ 85.57b 8l4a 77.0 a 25.61 ¢ 23.0c
M, 162.24 a 31.56 a 191.37b 130.68 a 80.5b 68.3 b 60.69 b 31.7b
M; 159.02 a 3297 a 194.42 b 126.06 a 793¢ 64.8 be 68.36 ab 35.2 ab
Myss 156.84 a 34.00 a 202.97 a 122.83 a 78.3d 60.5 ¢ 80.14 a 39.5a
F-value  fb3 32.43" 89.75™ 311.73" 25.84™ 42.29" 10.84" 39.38™ 10.84"

Treatment (T)
LEERIF R 20 [RIBVER G AN [F/NG 13 3R [ — AR FEAR R IR] 22 SR AE P < 0.05 KR 3E N, "B ER R EF AR EP>0.05), £ P
<0.05 fl P<0.01 KFEFH.

Treatments are the same as those given in Table 2. Different lowercase letters following the values in the same column and year indicate

significant differences among treatments at P < 0.05. ¥ “ and ™" indicate no significant differences (P > 0.05), and significant differences at
the P <0.05 and P <0.01, respectively.
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Fig. 8 Variations in nitrogen partial factor productivity (a), nitrogen agronomic efficiency (b), and apparent recovery efficiency of

applied nitrogen (c) under different topdressing modes

PRI 20 AR/ING FRER IR [ — 4R FE AL B E] 25 5248 P < 0.05 KPR

Treatments are the same as those given in Table 2. Different lowercase letters indicate significant differences among treatments within the

same year at P < 0.05.
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Al Ms A BRI A 7= 1 BB AR | BB R
R R M 3%, M CK b E 4y 4 & T
34.3%. 59.7%. 15.52 DH 53 A 40.0% . 74.3%.

18.77 AN E 43 . H M, Al Ms Ab B 2 25 &I 3 00 A1)
FRYRR] T 43%LL 12 ZE 5510 43.5%A
46.8%). 2023—2024 FiRIEFKM, My, Ms Fl Myss
b =25 FNE A IR0 5 R 45.2% . 47.4% 0
52.1%, Mys AbBREE My, M AbBEgE— 42 5 T &R
FEH R CF 238 0 5.79 A~ E 43 55

3 it
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A
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R 10.74 A 5 S AR IRAR 22 550% 18.4% 1P &
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