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* M GraphPad Prism 8.0.

2 ERE55MH

21 MRES
W1 s i i R AR A L AR E S SRR 9 K L P<<0.05).3 4F - U B



104 T IR IL K FIRCA RAF RO 2026 4

TR 5 N4 AH LG . N3 AL B A 7 K B R B2 T N2 AR BT ) K i RIS 12.4 % (P <C0.05) . &5 T
Bl — 1 (8.1 26) FIE] =1 (7.8 %6) . N1 A3 ] — i 58] Znf i K B K 26.8 %0, i & = T =1 (17.8 %),
NO AbH R 5] — i (47.0 %6) FME] 0 (47.4 %6) B g 7R &2 8 3 =1 (38.2%0) (Bl 1(a-e)). 53 4h , hiE A = 5
4 B A 0L A il 2 (B SR ST () ) W DA MY i it 0 ok 9 /0, 3] v i T R R e S B R 48—
I R = I I B AR P A /N 3 B A 8] — i {8 o 8 = (L 1 Cd-0) . 5 22 6 0 il 2R e B ] —
I I BT R A A A B I, G Sy B e R B = (BT ST (b)) T AR S Ak A A AR, 18] — i 5 R R
2 T = (B 1)) FL B it 4 i s /b, — % T BRI ARl e B (IR ST (e i 22, it 2R AR e P
A A — ) ) RS ST (K BRI 7.8 %0 ~47.4 %0 SRR IE 9.3 %6 ~52.1 %), H g bk
JEE 6 G 2R SRR B v (&1 ST Ca)) X P IR 25 J1 98 A R 1 i 5 02 ek )23 65 ) 3 4 T 9 J22 28 3 o .

5 30 s 3 =40
= @ A AB = @ A A 3 @ 4 A A
5 aababbc aaabc aabcc 2 ,|laabbabc aabcd aaabc Z 30faabbbc aaabc aabbecc
= 20F = 2r -
] < S
E E = 20
= 10} =1 =
2 2 2z 10
H = =
= 0 = 0 0
5 30¢t 5 3T(e) E 40 M (h)
S = A A A 3 A A
2 = aaabbc aabbhccd aaabc 5 30faaabbc aabecd
2 20t = 2 .
B E 2 20
g 0 ey T B = g T
= = III M Z 10 0
[ ? il || i
S ¢ R3]
2 0 2 o s ol
_ 30 g 3D . 40 @)
;i A B A = A A A é A B AB
" aaabbc aabbbc aaabc = |abaabbcc abbbc aaabbc S 30faaabbc aabbbc aaabec
£ 20 E 2 g
o g E 20}
i=1 = =] = -
E 10 31 K
= -~ - 10
2 2

Z = =
= 0 -0 = 0

2020-2021 2021-2022 2022-2023 2020-2021 2021-2022 2022-2023 2020-2021 2021-2022 2022-2023

Growing season Growing season Growing season

mm Nl wmN3 wmN2 e=N] ==NO
AR RIR B bR, H BT AR NS R OR A AR K E AR A] 2 55 {22 (LSD, P<<0. 05), NIl K5 FhF&
ARAN A AR K 2R ) 22 R 2 (LSD, P<<0. 05) , 43Il
1 AR K (ae) v FERE (d-1) AR (g-1)
Fig.1 The lamina length(a-c), lamina width(d-f), and lamina area(g-i) under different nitrogen treatments
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MR A B G 249 kg « hm ™) @ A WF S HESF & (180 kg « hm ™ *), H N3(240 kg « hm ) 5§
N4(300 kg « hm ) FJ/= E T2 22 5 (B 5) X UE L8 2 30 %0 ~ 40 %6 AN 23 5 25 4 4 7= o L {5 n] Kl R AIG
IRBE RS 25 A i AT, o il 5 | & i R R 3 e 5 i s AR HE ) A AR b T D R ™ AR S R
Pt , N2 Ab#H (180 kg « hm ™) o) ¥ 1 45 # 0k )23 45 40 (28 b6 i+ 8003 6+ R fil 25 70, ] Sy 38 7= 19 AL
5B 0 XU 5 bR L AT AT B AR
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4 & it

AWFSE 1 3 AF M 8] E 7 32 5 3E 52, 98 it AL 2 180 kg « hm 2 Uil 120 kg « hm 2 + & 15 38 i
60 kg « hm ™ *) . if i =5 Pr[E ALK UL AL AL AU A /N 22 A 7 . — 2 el J2 45 1) 9 L A0 2 s 4 81 — i 5 48] — it
(MR BEIR 7.80~12.4%0) JE BB R bR Y, B 35 32 5 ek )2 J 30 B Ol % s TR 2R AP pu i M A . 130 i) K
AR /INT 4% HIETRZEH AR BB EMR GE 01 s = B B -ROR B AR A FR = /(7.9 ¢« hm D W
ot A (NOALFE 19.1% HEACAR A= 7 J1 (PFPN) 3k 44.1 kg « kg " (32 FF 25.9%0).4¢ b R4 A 120 kg »
hm *Z5 R IENE 60 kg « hm * A VRN AR AL J5 44 /N 22 ikl &4 380 Ak 8 =X

Bt Sk B FhR (DOT:10.16366/j.cnki.1000-2367.2025.06.05.0002).
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Canopy structural adaptation and nitrogen efficiency in winter wheat under
reduced nitrogen input in the North China Plain

Huang Jianxin, Ma Jingli, Han Maolin, Chen Peng, Wang Xiaojie, Hao Baozhen, Chen Leishan
(School of Biological Engineering, Xinxiang University, Xinxiang 453003, China)

Abstract: To address the dual challenges of yield stagnation and excessive nitrogen(N) fertilization in winter wheat pro-
duction across the North China Plain, a three-year field positioning experiment was conducted with five N treatments. This
study systematically elucidated the regulatory mechanisms of N reduction on canopy architecture, yield formation, and nitrogen
utilize. The results indicated that reduced nitrogen application significantly compressed the upper canopy leaves, optimizing can-
opy structure, among which penultimate leaves exhibited the highest sensitivity to nitrogen availability. For stem traits, N2
maintained upper internode length and basal stem diameter while reducing plant height by only 3.9 %. Regarding light distribu-
tion, although post-anthesis leaf area index(LAI) decreased by 18.6% to 42.7% , while the light transmittance at the canopy
base was increased by 1~3 folds. Grain yield followed a logistic growth model with LAI, and the yield under N2 treatment
(7.9 Mg+ ha ') was 19.1% lower than that under N4 treatment, while the partial factor productivity of nitrogen(PFPN) was

2

significantly increased to 44.1 kg « kg™ '. Conclusively, reducing N input to 180 kg * hm * optimizes canopy light distribution
and enhances structural robustness of stems and spikes, achieving resource-efficient utilization with controlled yield penalty.
This strategy serves as an effective N management regime for environmentally sustainable winter wheat production in the North
China Plain.

Keywords: winter wheat; nitrogen fertilization; canopy architecture; grain yield; partial factor productivity of nitrogen
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