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1.1 ISR

KA T 20222024 SFNEAE TR IR ERLTE
1 X B FEEE WL AR A /N 22 B /N B RS AT iR
ROA R AR B PE R OXCSOME, 2022— 2023 4
2023—2024 /N A B EEW R 158.9 (S
FFPO. 98.7mm (KTFH4E), RN 11.2, 11.8°C,
2022—2023 £ A1 2023—2024 FEAF ZFHERT 0~1m L2
HNLEHLAE (NO,-N F NH,-N) #2873 54 149.96
A1155.33 kg/hm?®o 3% B HoAt LRl 3R AR 0% 1 FIoR .

R 1 20222024 £ HEZ/NEIERT LR EAMME S
Table 1 Nutrient status of soil before seeding in 2022—2024

o e AP e B um
Fy ; Organic Alkali- ; .
Soil layer/ ota Available  Available
Year matter/ N/ k 7|)hydr01ysableP/(m kg ) K/(me-kg )
(gkg ) EE INimgkg ) TTETE TRIMETE
2002—2023 0~20  20.07 1.76 103.54 34.25 122.47
>20~40 1542 1.02 61.22 25.33 86.72
2023—2024 0~20  19.45 1.71 104.8 35.09 127.64
>20~40 13.83 0.98 63.09 26.38 80.44

1.2 Rt

IR DL 2 A R LR S6 AR A B A LR 43
FHERA R, BB N R BB (T KN
PR (T2) FEZEMERE (T3) 363 AMabHE, i
WRARX B, EX N, RXONFETR, 3K
BERE, TIAABETE 1.75m, 2% 0.5m, B 1.25m,
W 647/ T2 A EESE 2.8 m, Z2% 03 m, BEMH
2.5m, EM1247/0E T3 B AEZE, RS
T2 #E—8. KD XKEL N 60m, K2R,
T1 U TAN 105 m®, BEZE i 30 m?, 1T 3% Fh Ay et
AN 75 m?; T2 BB AL 168 m?, BEZE 5 il 12 m?,
F TR AR A 150 m*; T3 BEAUREAN 150 m?, 6
BEZE i, TR R AORET AN 150 m*. ABFR R, +
bR A 22 0 S B B T AR R A B AR N IX T ARD
L E, T1. T2. T3 R 2 58 71.43%. 89.29%.
100%, T1. T2 ¥ T3 #0557 FF1K 28.57% 10.71%.

3 AN FAT IR N 20.83 cm,  HL[A — SRl EEAT
PREEAHTE, BPRRAT H P8 — 2. 456 S Al o) BE OB Rr 12
Z5, T3IBR T IR 56 M4 43 Vit R 25 5 73 5 N
2.40x10°, 3.60x10° FR/hm?®, HRYEHEZE SHOERTEL, T1.
T2 B T AR 56 (1 Fh i %5 B 43 51 N 1.71x10°, 2.14x
10° #k/hm?, 114R 43 20 51 2.57%10°, 3.21x10° #k/hm?.

T1 F T2 AR AE 77 B AR G mE e 77 K, &
i NWEASE R, BEK I BOK B 90% 520, B2
K T A 332 I KK AR 90% Ao B N5 1B HE K T3 H

3% YAO £, Rt K. 2022—2023 /£
BEMNTRG . BT FHEREH TR 2023—2024
EEERBEEEN WD, 20 TikE. KT, i,
WAVRERL . R 5 A B A R 240 kg/hm?, FE3E
bt 4: 6, FEAETHHhFTHUE, JBAE TS AR TK
W, FERIZRRIY NIR . WA AR 4L, i
W90 (BAP,Os i) A175kg/hm* (LLK,0 i) . k6T
2022 £ 10 A 19 HA12023 410 A 17 HHEFP, 2023 456 A
10 H. 2024 5E 6 H 6 Hligk. HAhE R 6 S % K HE.
1.3 MEMBSHE

131 7~ &

WORATE R K B S X, R 2 m Kx6 17/
I, MATWGERIE, T1. T2 MRS BT e
TRIIESE 6 17/N3E s T3 B BEALIE EL 138 &) — B
B2 6AT/INEE . A A AR T O b TH AR U SRR TR AR R A
77 A il FE A T BE HLER 150 A 22 B T ROk %5 iR 25
P HL i Bt LR R A (i R - o 2
132 FHafRERREEMAIEATTE

W e B A 5 — B X IR E 1 m Kex6 17 /M
X8, T RT AR TR BE AL, T A
RS THTH. TREI. AT T o HORE
TR 0.5 m Kx6 T /N XL RR, 2% 1k — i 20
AN DAL 252 {7k AT 88 B ke Ab B DL T R
RMRR IS, FERWUCR A FEAR T 5. Xk
[ 1.3.1, BEAFRFRE DLZACELS & i A AT i 5
1.3.3 AP ¥ AT 4a 4

S BRAT 25 e T IAT B R S e X, &
Ti. T2 B3 T HEA E A OREBEZE & R
(0B 351320 47 410 %5 45 #0 (weight average edgegrowth
effects, WAEGE) W. Ulrem W, Hit8E 7N
O-T

W= % 100% (D

Xf O MG R SAT NERA =B Z A, kg/hm®s TN
T3 R SAT/NERER B2 F, kg/hm?,
1.4 BUBEALIBAO T

K F Microsoft Excel 2019 #F 17T ¥4 i kb #, DPS
7.05 AT EAR G T, SKRA LSD (P<<0.05) HI5)ykit
172 5 W RS, KA Origin 2021 #F2E.
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2.1 FERARAERNETEMEEHKARE
PR AR R /N A A& (B D 5
Ti. T2 ML, WA EZ T3 R iR 56 40 517214
PR 13.11% 8.51%, 1l A 43 4 5] °F %) B 52 16.17%-
10.04%. 5 T1AHEL, T2 B l& 56 Filidk 43 735
SPRIIEFE 4.24% 5.57%. FLrb, LR 43 17 5 1 i
mT R 56, BAEZ, IR 56 E T1. T2 fial P
T3 BIF= R INACE AT AR E 5N 23.78% - 3.22%,
ik 43 235105 20.52%. 1.78%, SMET T1. T2 #izk,
T3 BRI 28.57%- 10.71% FIHHIFHZ (P<0.05),
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8.90%, LAk 43 /3R E 16.06%. 9.74%; T3 T
ik 56 FIRERLE. TR RE T1 5350 F R BEAK 3.80%-
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K, TR ELE 3 MffE 7 BT EZEEZR (B D,
PR T3 AR 32 B8 I B sy A T AR A S IR 7
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3 SN56: 1l 56; SN43: 1k 43, AIF/NE F RIS F)4 7] b A ¥ 7] —
FRbRAE 3 BRI 22 5 3% (P<<0.05), I,

Note: T1, planting pattern of narrow furrows and wide ridges; T2, planting
pattern of wide furrows and narrow ridges; T3, planting pattern without ridge.
SN56: Shannong56, SN43: Shannong43. Different lowercase letters within the
same parameter and cultivar during the same year represent significant
differences at the P<0.05 level, the same as below.

B 1 AR e 2AP AR X3 & &5 A0 = M) A B & 0 R0
Fig.1 Effects of different planting patterns on yield and yield
components of winter wheat
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PR A N A F AT N E (B 2). Tl
BT R 56 il 43 Wil 14T 2 3478 2RI
R AT, AH LA ARSI AT 1] PN 4738 3
ik T2 B Rl 56 (930 147 30 2 AT R I B 1

FEEIATIH, Wik 43 404 147 2IAATHH. B
BT A R 10 7 B AT 3 30 AT A A FR A B A
23.78%- 20.52%; T2 # T 7508 3.22%. 1.78%.

T1 A8 AT AL SR B 5 i 5 77 B AR — 2,
T2 BN A 56 7210 1 AT AL 2 47 (iR 43 7214 147
B M CIATINSS, HAT S TR (2D,
T1 AR KR P i A 5D A 3 347 A 35 Fa B il
16.05%- 20.78%, T2 #0518 2.83% 2.18%.

T1 AN R 56 FIRERI AL, TR B EXATHE
P — 0 BAT L, A AT B AR 2 il
3.77% FH 2.38%, T2 X NI 147 21 2 47 IRk 3L
A AT TR SR & T AT, T T, T2 AR
A 43 FERIE. TRRBAESATHI LR EER, KK
B AT RS (B 2), X AT e S F AT RO I ok,
2.3 FERNIT N EH E TR RN

W 3 Fron, FE AR N R TT
WA RS T A B, B T3 B & T T, T2 B,
Hrh, 5 TUAMN, T3 TFTHAEGTEIRLK S6 MR,
T¥AE F0 R 2B T 9 i AR &R & A Sl 3 K 29.69%.
22.15%-+ 19.07%, 14 43 53 75 38 K 32.22%. 23.76%-
20.70%; 5 T2 #HEL, T3 BTk 56 4 5 F % &K
9.40%- 8.26%- 7.87%, 114 43 4> F ¥ K 10.19%.
10.06%- 9.91% (P<0.05). AW, K 43 KT
AR R EIIE = T LR 56, HBEA B BERE 14 P R
T4 o R B R o A ) (1) 22 SR 350 I A6 /N o

WAEZETI. T2 BT/ BT R E
BRI — & WA AT % . fEHRT . e
ARSI, WA BZ IR 56 1 T1 R TY 5 280
B 3 32047 0 35 48 £ 0 0l F 3508 7.95%  14.61%.
17.58%, T2 B 4> 5 N 2.38% 3.46%- 3.82%; 14
43 1 T1 #2051 F 8 5.89%. 13.12%. 15.99%, T2
R BN 1.64% 1.76% 1.90%. AR, 114 43
1 T1. T2 8T AR B INBCE 351047 0 348 £
Tl 56, (HEEAE BEFERHESE B AP T1. T2 BU7E
T4 )5 R BT TH AT AR BB K .

2.4 MEEK/NEFYREIZHF

PAEE LR 56 1) T3 AL TR is & T1.
T2 200 BF S 18 00 7.50% A1 9.18%, Ll A 43 43 il 14
0 5.66% A1 9.26%. AR 56, AR 43 () T3 XA FTE
e B TV Ie 25 T1 5 5 I FEAIK 12.00% 1
14.63%, AEHT T FAS PRI TTHRZE 730 FRAIK 4.93% Al
7.47% (P<0.05), {HFfEbrAE T2 BATEREZR GR2).

T3 B ERENERFETYRETRE (K2,
PAEE Z= LR 56 1 T3 848 5 T4 i 4 77 & L T,
T2 #5204 1 88 h0 14.43% 1 7.27%, 1L 4% 43 43 5] 48 hn
15.92% F1 9.67% (P<0.05) . 1R 56, 1l 43 Y T3 &
AL G T W05 A 77 X FF R DT R R T1 2 5 F iR &
1.21% A1 1.52% (P<0.05), HHE5 T2 LR FZEZR. £
B, T3 /N mpin, FEIE TS IR B il
T4 o [ KPR 2 B AR G T AR 7 I S A
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Fig.2 Effects of different planting patterns on yield and yield components per row of winter wheat
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_ = = e . . .
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ointing % < Ty
= = TERTE R4 E TR s =
@) 2500 [a) Fﬂﬁ*ﬁ%@. T‘EE:F%EEQEFEEE
2000 i
SN56 SN43 SN56 SN43 n R B DV l\e/[ Z:i%?gfe:nfsr(:tn DM assimilation
Sh AR Cultivar SRR Cultivar e mn R getation organ: after anthesis
18000 Year Cultivar Pattern anthesis to grain
- o0or ~ Wigh Wk sk ESR SRR
£ 14000 - g 16000 Amount/ Rate/ Contribution/ Amount/ Contribution/
FEIEH o = (kg'hm?) % % (kg-hm?) %
is 212000 & 14000
Anthesis £ = Wk T1 1866.98b 16.50a  20.08a 7430.79¢  79.92b
= 10000 |- = 12000 56 T2 1810.96b 14.26b 18.69b 7879.31b 81.31a
8000 . 10 000 2022— T3 2019.98a 14.66b  19.30b 8446.45a 80.70a
SN56 SN43 SN56 SN43 2023 Wi T1 1846.01b 14.58a  18.74a 8006.15¢ 81.26b
fbFfCultivar fiFfCultivar 43 T2 1762.04b 12.45b  17.25b 8450.49b 82.75a
27000 - 30000 - T3 1959.03a 12.57b  17.44b  927531a  82.56a
o a~ T1 1979.19b 16.16a 19.28a 8287.67¢ 80.72b
g L 27000
- 24,000 E "S'f T2 1975.82b 14.22b  18.19b  8889.23b  818la
I\lekjﬁr/i{jy fé’ 21000 F _%“ 24 000 2023— T3 2114.55a 14.09b 18.14b 9540.91a 81.86a
S 180007 5 2100 2024 7 T1O161565b 1163a 15070 9031.19%  8483b
A 15000 - A 18000 a3 T2 1585.37b 10.09b  14.23b 9557.88b 85.77a
12 000 15 000 T3 1698.47a 9.83b 13.95b 10474.14a  86.05a
SN56 SN43 SN56 SN43
i FhCultivar it FhCultivar 1 —_
ticulivr fithCultiar 25 FEAESIINEH I RRR A
i ) e 4 pros, PR R RN IR, TTAE
B3 FReEEFAEXSSNEARRALETHHATHRERREE ot . . o
4 AR AR RN &=, H T3 8&F ST T1. T2 85K,

Fig.3 Effects of different planting patterns on dry matter
accumulation (DM) at different growth stages of winter wheat
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11.50%, i 43 47 B 1K 24.33%. 16.33%. 15.40%:
5 T2 M, T3 T Ak 56 70 5 F 58K 8.76%.
7.60% 7.19%, 1 & 43 5 ) 3 K 9.27%.  9.20%.
9.07% (P<0.05). &I E, IR BHUIARHREY
Mg T e 56, (HEEAFHRZMERRLHEARRRE
AR AR 3 [R] 1) 22 S 38 3 4 /)~

WAEZE T, T2 B &EF /N A
FREERIE — 2 B T % R8T .
FRACIAR S, PAE LK 56 1 T1 BN AR R
BINBCE 351047 L35 T8 5007 3~ 3075 19.68%. 25.02%-
25.56%, T2 B 2054 2.98%. 4.09%. 4.51%; 114
43 1) T1 A 38 43 3 °F 28 12.61%. 20.35% 21.31%,
T2 B BN 2.50% 2.56%. 2.70%. FEARm S, 14k
43 {15 T1. T2 B A R R 2B AT R Fr 3K
Tk 56, (HEEAEEFRERHEGER &AM T1. T2 A7
B R HAAT AL IE G K
2.6 FMERNNERREBSHFEMN

Wik 3 fron, MR E NS R
B VR RL ) e 12 AR 5 W = . AR E 2= LAk 56
1) T3 #EAAERTE TR 8 B AR MR is & B T, T2 B
X B B R 11.36%. 7.57%, LA 43 43 ) 16 K
14.47%- 9.85%; 1li4¢ 56 ] T3 #2016 f5 B R WU i b
T1. T2 #0518 K 9.10%. 4.98%, 1Ak 43 55
HK 10.97%. 8.34% (P<0.05). PidhFhAERT S I8
BER A8 AL Ja 03 OO AT RL U ZR 1 o R 28 A6 A [F]
GELESMEIRS R E St

Pt e N R AR R E. WAEFE,
& 56 9 T3 B EE T1. T2 B2 5F K 10.90%.
7.04%, IR 43 35K 13.74% 9.54% (P<0.05). 1lIR

56 1) T1. T2 BEAAF R R R B2 INBCF LTI 4 48
BN 26.24% 4.63%, WAk 43 53505 23.08% 2.25%.
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Fig.4 Effects of different planting patterns on aboveground N
accumulation in different growth stages of winter wheat
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Table 3  Effects of different planting patterns on nitrogen (N) at anthesis remobilization and N assimilation after anthesis of winter wheat

TERT R R M PRI HIAEE-E S Te S HRAER R
FEy i it Remobilized N from vegetation organs at anthesis to grain N assimilation after anthesis Grain N
Year Cultivar  Pattern s G R TR gy Tk accumulation/

Amount/(kg-hm?) Rate/% Contribution/% Amount/(kg-hm ™) Contribution/% (kg-hm ™)

Wk T1 161.51b 74.05a 77.74a 46.26b 2226a 207.76¢

56 T2 165.57b 73.56ab 77.56a 47.92b 22.44a 213.49b

2022— T3 179.06a 73.30b 78.18a 49.98a 21.82a 229.04a
2023 Wi T1 191.76¢ 76.75a 77.69a 55.06b 22.31a 246.83c
43 T2 199.20b 75.25b 77.97a 56.27b 22.03a 255.47b

T3 218.38a 75.30b 78.16a 61.04a 21.84a 279.42a

Wk TI 195.56b 81.83a 81.47a 44.49 18.53a 240.05¢

56 T2 204.08b 81.43b 81.48a 46.39b 18.52a 250.47b

2023— T3 218.57a 81.69b 81.68a 49.03a 18.32a 267.60a
2024 Wi T1 216.82¢ 81.73a 80.79a 51.54b 19.21a 268.36¢
43 T2 226.58b 79.78b 81.06a 52.93b 18.94a 279.50b

T3 249.31a 80.63b 81.32a 57.26a 18.68a 306.58a

2.7 AR/ E R R IRUCF A RS20

PR Em N ERARZFHAE (B, 5
T1. T2 #AHE, T3 BT WA E IR 56 KA RF
FHRCR G B E 3 13.16% 8.53%, 14 43 43571
P 16.20%. 10.06% (P<0.05) . 4 56 ) T1. T2 #
KRB EF R IBCT B 3LAT A F8 500 58 23.82%.
4.07%, AR 43 735108 22.61% 2.19%.

TR W R S D ERRRBCEE, HENEAEN
EFRAMELRELW (K5 . 5T, T2 B0 LT,
T3 TR T F R 56 10503 ISR T2 49 31 14
K 11.50%. 7.16%, 14 43 F 3 % 5 8 K 15.41%.
9.06% (P<0.05). 1li4< 56 (1 T1. T2 % 20%0 & W 2%
FRIMBCE AT ASRE 7 3N 25.56% 4.51%, 11K
43 435N 21.31% 2.70%. FHRAHTRE, INEFEE.
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Fig.5 Effects of different planting patterns on nitrogen use

efficiency, nitrogen uptake efficiency and nitrogen utilization

efficiency of winter wheat
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Be B0 2 R BHAE . R4 (1 JRURI 452 (1) 97 43 55 4 s
AR TN AR T AR RE RN, Mg sia AT
N PR R, g A P B R AT, SRR
I ZEAT IR A — 2 AT AR #4001 I 28 A A 5
TIHATRA R A, B2 1) 25 5 R BE 3G 0 7 & R A
A HF FH A TR R A R, R R
AT A W B K5 TE BRI AE T 32 1 o 3 R AR 9] 1
BT, AN R PR 207 i A 22 S (1

ik TR IE D) (R R, o ZE R AT A Ak
7 =IWAN s o D25 R S = B e Y5 v B N T
ISR, AN P2 AT LA A Be IR M 3 il
- M AR AR A AR TSR I, AR RRE T1 BT
W ATRN 34T T2 BT B 1 AT 2 AT )R L
T RERMATMEA, HT1. T2 B T3 W neCE
VI A8 5 (9P 22.15%. 2.50%) BT
T1. T2 B T3 20 0 BRI 28.57%. 10.71% (1) L3

FIH % (P<0.05), HMUILERV T1. T2 B0~ &AAT
AT A BE TR AN 28 (5 3 SR R AR R ek b, AT
5 T3 A BEEEET T1. T2 . B, ik
P 2 BT SRR LA 56 17 B IAT A O ORI A
ik 43, X HRFREP AT AL, H T3 88 il
AR 43 FRE IR T LR 56 SRR, BT
et/ IN R R B8 A R T R A /N2 TG 2R P A P 3 = A 3
AT /INGZ )77 ) R 2R 7R S AL M — S (R s 3
% T A 8 R RR AT 3 2 PO B TR B AT /N 2 R
TR EORT TR0 38 T AT, (HILAT I P I R B R R
RBEAGR S, HUOSREREL, HeTREE. R0,
PBEWIENA, BATNE WAL R TR R
B I RER S AMATF G, I S R R DL AT
ANFE R REE, RERIEUR E & T RAT, ETRREZE R
BEC RBFFCA, BRI BRSE T1. T2 B
THRIE — AT A G T3 FIREEUNBCT- 84T
A Ko W BN 18.42%. 2.51%) , {H MK T TI.
T2 f208 T3 2 5 B 28.57%- 10.71% ) 4= 3 )
 (P<0.05), HERICZERER T3 R &
T T1. T2 8K, fEMAET7TH, 1A 56 fIFERi gL, T
JREAE T1 AR R H B/ NMBLAATIR S (RN
3.77% 2.38%) , f¥453 T3 A5 A BEORLEORN TR0 5T 2 B
KT T, AH L PR R B Sz K T 5 A7 T AR RO 6 T T
R BB TR B, (AR 56 7F T2 B AL A& 43 78 T1.
T2 0N AR TR R AR R I AU AT L%
WOLESS T3 LREES . Rk, TZEFHEE T3
A T2 B e ey B T AN AR ST B
32 MEEXNENETFYRMAZNEZRZEZHEMN
— B T R AR R B R AN w2
B2, /N2 T 5 0 A P AR R TR O B R A7 AE —
SE BB BR BN, AT N AR B B RN 3% 4 (i 45 2% 1
AHRTRIEMERE . KB, 25T A4 5%
ZREP, HFEAREFTNBONER A E S MEK
B Se 4 0 JEWEZIRREARR, FrLAdAT I3 m oK /M
FEE—EER. AARYE, NETYRMRERILAT
B ET IR R, R 2 )50 )2
PR AT A . AR TR, AN T
MBI TR AR RELE T1. T2 A FR
DL — T BG83 AT %, HLBE A & 32 ki
TR BIFHTIE R, X AT BE-5 4 B BT R AR AR R/
TEARRES, TR AR T O ZEEERRSE R
KBO, HAE, PIEME T1. T2 B N8 T3 T M
BERBREINLCEF BT HA R FFTKT T1. T2
112 T3 20 50l B AIG B) 28.57%  10.71% ) -+ Hb A1 F %
(P<0.05), 7JRFDATIEH A 58 TR kb i 28 5 Hb s ok
(1) 7% A TH AR DL T i F R = A R ek, AT A3 8
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F 11, T2 8. HiFAEH T, T2 Bl T3
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Effects of ridgeless planting on the yield, nitrogen uptake and utilization of
winter wheat
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HE Mingrong® , DAI Xinglong™*
(1. State Key Laboratory of Wheat Improvement, Key Laboratory of Crop Ecophysiology and Farming System, Ministry of Agriculture and

Rural Affairs, Agronomy College, Shandong Agricultural University, Tai’an 271018, China;
Center, Jinan 250100, China;
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3. Agricultural Comprehensive Service Center of Shahe Town, Shanghe County, Jinan 251609, China)

Abstract: Spray and drip irrigation have significantly promoted the spatial layout of planting crops in modern agriculture in
recent years. In particular, the irrigation efficiency has also been improved to reduce the labor costs in the large-scale
production. Planting without ridges can be expected to serve as a promising potential technology during irrigation. This study
aims to explore the effects of ridgeless planting on the yield, nitrogen uptake and utilization of winter wheat. A two-year (2022-
2024) field experiment was carried out in Tai’an, Shandong Province, China. The wheat cultivars Shannong 56 (with medium
and multi-spike characteristics) and Shannong 43 (with relatively larger spike characteristics) were used as the experimental
materials. The planting pattern without ridges (T3) was set as the target treatment. Two control groups were taken as the
traditional planting patterns of narrow furrows/wide ridges (T1) and wide furrows/narrow ridges (T2). The sowing areas of T1
and T2 were 28.57% and 10.71% lower than those of the T3 pattern, respectively, due to the presence of the ridges. A
systematic investigation was implemented to clarify the influence of ridgeless planting on the grain yield, yield components,
accumulation and transformation of above-ground dry matter and nitrogen, nitrogen uptake efficiency (UPE), utilization
efficiency (UTE) and NUE of the winter wheat. A comparison was also made on the tradeoff between the wheat edge growth
and seeds sowing area under different sowing patterns. The results showed that the edge growth effects in the T3 treatment
were relatively lower 28.57% and 10.71% than those in the T1 and T2 treatments, respectively, in terms of the spike number
per unit area, dry matter, and nitrogen accumulation at jointing, anthesis and maturity, as well as nitrogen uptake efficiency.
The edge growth effects of the above indices were also reduced to promote the land utilization rates, grain yield and NUE,
compared with the T1 and T2. The reason was that the absence of the ridge in the T3 treatment reduced the sowing area.
Specifically, the spike number per unit area of T3 increased by 18.33% and 9.32%, respectively, compared with the T1 and T2.
Meanwhile, the dry matter that remobilized from the vegetation organs at anthesis to the grain increased by 6.58% and 9.22%,
respectively. The dry matter production post-anthesis increased by 15.18% and 8.47%, respectively. Thus, the yield of the T3
increased by 14.64% and 9.27% respectively. The above-ground nitrogen accumulation in the T3 treatment increased by
13.45% and 8.13%, respectively. While the UPE increased by 13.45% and 8.11%, respectively. Therefore, the NUE increased
by 14.68% and 9.30%, respectively. The correlation analysis showed that the above-ground nitrogen accumulation and the UPE
in the T3 pattern concurrently improved the yield and NUE. The finding can also provide a technical reference to increase the
yield and the NUE of the winter wheat under large-scale planting.

Keywords: winter wheat; ridgeless planting; yield; edge growth effects; nitrogen uptake and utilization
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