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Effects of Nitrogen Application Rate on Nitrogen Allocation and Utilization
and Stem Vascular Bundle Structure of Winter Wheat
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MA Dongyun, KANG Guozhang, MA Geng. WANG Lifang

(College of Agronomy, Henan Agricultural University/National Engineering Research Center for Wheat, Zhengzhou, Henan 450046, China)

Abstract: To investigate the mechanism behind the synergistic improvement of yield and nitrogen use
efficiency in winter wheat under appropriate nitrogen application rate, a strong gluten wheat cultivar
Fengdecun 5 was used as the experimental material and three nitrogen fertilization treatments [0 kg *
hm 2(N0), 180 kg « hm ?(N180) and 300 kg * hm ?(N300) ] were set up. The study analyzed the
effects of nitrogen application rate on internode morphological characteristics, vascular bundle struc-
ture, dry matter and nitrogen accumulation and translocation, as well as yield and nitrogen use effi-
ciency in winter wheat. The results showed that nitrogen application increased internode diameter,

number of big vascular bundles(NBV) (except for the 3rd top internode below the spike), mean area
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of big vascular bundles(tMABV), total area of big vascular bundles(TABV), number of small vascu-
lar bundles(NSV), mean area of small vascular bundles(MASV), and total area of small vascular
bundles(TASV). Compared with NO, the internode diameter of N180 and N300 treatments increased by
14.80% —29. 95% and 10. 80% —29. 41%, NBV increased by 3. 35% —28.39% and 1. 05% —17. 91%,
NSV increased by 17.32% —41.69% and 13.25% —33. 31%, MABYV increased by 4. 49% —20.10%
and 3.75% —9.91%, TABV increased by 8.19% —48.87% and 5.10% —27.58% s MASV increased
by 1.94% —20.47% and 0.49% —15.53%, TASV increased by 41.50% —59.79% and 19. 76 % —50. 67 %
respectively. Nitrogen application increased dry matter and nitrogen accumulation in vegetative organs
at anthesis, and also increased the pre-anthesis dry matter translocation, post-anthesis dry matter ac-
cumulation, pre-anthesis nitrogen translocation and its contribution rate to grain nitrogen, and N180
treatment was the highest. Compared with NO, the grain yield of N180 and N300 treatments increased by
271.95% and 215. 81%, spike number increased by 195. 29% and 147. 38% , and grain number per
spike increased by 40. 87 % and 34.42%, respectively. Compared with N300, nitrogen use efficiency,
nitrogen uptake efficiency, agronomic use efficiency of nitrogen fertilizer and partial factor productivi-
ty of N180 treatments were increased. Collectively, under the experimental conditions, 180 kg

hm ? nitrogen application was conducive to increase the diameter of internode and promote the de-
velopment of internode vascular, facilitates the post-anthesis translocation of pre-anthesis dry matter
and nitrogen to grains, and thereby achieves synergistic improvement in yield and nitrogen use effi-
ciency.

Keywords: Nitrogen application rate; Winter wheat; Stem vascular bundle structure; Yield; Nitrogen

use efficiency
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Table 1 Yield and its components of winter wheat under

different nitrogen application rates

il T T-ki s
Tre%l\j%em Spike number/ nt;f{)r;r 1 000-grain Yield/
‘ (X10* « hm ?) ik weight/g (kg « hm ™ ?)
per spike
NO 213. 35¢ 31.00b 47. 20a 2 761.78¢c
N180 630. 00a 43.67a 43.00b 10 272.37a
N300 527.78b 41.67a 41.50b 8 722.10b

[77) 3] B 45 J5 A [ /N5 7 B 3 78 Ak B ) 22 5 5 3 (P <<0. 05)
T,

Different letters after the values within the same columns in-
dicate significant differences among treatments at 0. 05 level. The

same in tables 2—4,

x2 TRAEERETENERZFABR

Table 2 Nitrogen utilization of winter wheat under different nitrogen application rates

W EMARMRE

Kb 3 Above-ground NUE/ UPE/ NAE/ NPFP/
Treatment nitrogen accumulation/ (kg » kg™ 1) (kg + kg D) (kg + kg 1) (kg * kg™ 1)
(kg « hm™—?)
NO 54.27b 50.91a
N180 296. 83a 34.63b 1. 65a 41.73a 57.07a
N300 289. 05a 30.17¢ 0.96b 19. 87b 29.07b

NUE: A R s UPE . A E WRHOR s NAE BB AR 2 50% NPFP . ZUIB W AR 7= )1 . T IR,
NUE: Nitrogen use efficiency; UPE: Nitrogen uptake efficiency; NAE: Agronomic use efficiency of nitrogen fertilizer; NPFP. Par-

tial factor productivity of nitrogen fertilizer. The same in table 6.
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Different letters above the columns indicate significant differences among treatments for the same organs at 0. 05 level. The same in
figure 3—6.
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Fig. 2 Dry matter and nitrogen accumulation in winter wheat organs under different nitrogen application rates
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Fig.3 Proportion of dry matter and nitrogen in winter wheat organs at anthesis and maturity
under different nitrogen application rates
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Table 3 Dry matter and nitrogen accumulation and transport of winter wheat before and

after anthesis and their contributions under different nitrogen application rates

T# i Dry matter
£ )5 Post-anthesis

A #E Nitrogen

{£J5 Post-anthesis

R Pre-anthesis IR Pre-anthesis

Ak 2
Treatment T XK RIRE s, SERIGTEE (o SDRERETECE  , ADRRESICE
(ke + hm~2) Contribution (ke » hm—2) Contribution (ke + hm—2) Contribution (kg hn ~2y Contribution
8 m rate to grain/ % g m rate to grain/ % 8 m rate to grain/ % g m rate to grain/ %
NO 1 402. 86¢ 51.19a 1 333. 84¢ 48.81b 28.74¢ 65.07b 15.43b 34.93a
N180 3 962. 26a 37.97b 6 495. 84a 62.03a 200. 05a 79. 83a 50. 73a 20.17b
N300 2 950. 50b 35.72b 5 312.76b 64. 28a 167. 80b 75.10a 55.72a 24.90b

DMT: (6] T #) B 5% 38 5 DMA LG T B R 8 NT AL R A R L i NAER AR R, TR,
DMT: Pre-anthesis dry matter translocation; DMA: Post-anthesis dry matter accumulation; NT: Pre-anthesis nitrogen transloca-

tion; NA: Post-anthesis nitrogen accumulation. The same in tables 5 and 6.

I I sx
D2

N300N180 NO

AT ) B AR 5 B oY B] BEJEE  SX BER 1 (B] ;D2 8] A ] D3 8] =) s D4 AR Uy E . R
A:Internode diameter; B: Internode wall thickness; SX: Peduncle; D2: 2nd top internode below the spike; D3: 3rd top internode
below the spike; D4: 4th top internode below the spike. The same in figure 5.
4 FAEAEARETENMNEENETEHERMEER

Fig. 4 Intternode diameter and wall thickness of stem internode under different nitrogen application rates
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Fig.5 Microscopic observation of winter wheat stem internode under different nitrogen application rates
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Table 4 The area of vascular bundles in internodes of winter wheat stem under different nitrogen application rates

W 1 31 s MABV/, MASV/, TABV/, TASV/ rapv/  TAsv/
Internode  Treatment mme (x10 e (<10 e (X-l() e (X10 mme CSA/% CSA/%
stem 1) bundle 1) bundle 1) stem 1) stem 1)

%EF “ ] NO 5.77b 14.47¢ 2.04b 323.07c 45. 48c 5. 60b 0.79
N180 7.47a 16. 78a 2. 35a 480. 94a 68. 18a 6.45a 0.91a

N300 7.27a 15. 65b 2.05b 412.17b 58.24b 5.67b 0. 80a

18] — A5 1A NoO 11.62b 13. 93¢ 2.15b 451.09b 70.09¢ 3.89ab 0. 60a
bz N180 15. 25a 16. 73a 2.59%a 618. 76a 99. 18a 3.97a 0. 64a
N300 15.43a 15.31b 2.27b 500. 04b 83.94b 3.24b 0.54b

=4 ] NoO 12.93b 17. 58b 2.06b 668. 14b 46. 83b 5.19a 0.36a
b3 N180 21.10a 18. 37ab 2.39%a 722. 86a 74.83a 3.43b 0. 35a
N300 20. 83a 19.01a 2. 38a 702. 20a 70. 56a 3.38b 0. 34a

] 4 ) NoO 15.61b 17. 62a 2.58b 698. 49a 41, 28b 1.48a 0.26a
b N180 24.37a 18. 76a 2.63b 768.11a 59. 68a 3.15b 0. 24a
N300 23.18a 18. 28a 2.77a 743.52a 59. 20a 3.21b 0. 26a

CSA BB MABV . MASV /8 K /N SOF ) 1H BL; TABV. TASV R K /N E4E 38 T AL TABV/CSA L TASV/CSA 433l
FR AR AR N R AR, N

CSA : Cross sectional area; MABV: Mean area of big vascular bundle; MASV: Mean area of small vascular bundle; TABV: Total
area of big vascular bundle; TASV: Total area of small vascular bundle; TABV/CSA, TASV/CSA: Specific area of big and small vascu-

lar bundle per unit cross sectional area. The same in belows.
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Table 5 Correlation between stem internode vascular bundle traits and dry matter accumulation, translocation and yield traits

- FEIR ] B 72 T TR g
Internode Trait Iclﬁtern()de DMT DMA Splll{)e Grain Lim'rll:ber 1 OOOfg}fam Yield
lameter number per spike weight
BT Ay i) NBV 0.802" * 0.968" * 0.972* 0.971%* 0.955" —0.728" 0.968" *
SX NSV 0.787" 0.889" " 0.905" " 0.922" " 0.919" " —0.769" 0.912
MABV 0.772" 0.966" " 0.900" * 0.930" " 0.887" " —0.708" 0.920"
MASV 0.647 0.752" 0. 646 0.669 " 0. 586 —0. 360 0.641
18] — 5 18] NBV 0. 455 0.744" 0.561 0.621 0.625 —0.303 0. 599
DZ NSV 0.722" 0.893" 0.817"* 0.872** 0.891" —0.807" " 0.881"
MABV 0.717~ 0.872" 0.806" 0.817** 0.780" —0.472 0.805" *
MASV 0.628 0.785" 0.792" 0.767" 0. 659 —0.421 0.749"
18] =45 18] NBV —0.052 0.267 0.110 0.147 0. 187 —0.041 0.171
bs NSV 0.856 " * 0.917"~ 0.892"* 0.920" " 0.898" * —0.890" " 0.932**
MABV 0.707* 0.542 0.675" 0.656 0.628 —0.806* " 0. 657
MASV 0.879* 0.912"~ 0.936" " 0.949" 0.984" —0.889" " 0.962" "
181 DG 4 ] NBV 0.262 0.456 0.309 0.392 0.508 —0.390 0.393
b1 NSV 0.903" " 0.938" " 0.918" 0.949"* 0.928" " —0.837" " 0.949" *
MABV 0.421 0. 443 0.527 0.482 0. 356 —0.399 0. 480
MASV 0.681" 0. 319 0.452 0. 456 0.467 —0.729" 0.474
* . P<C0.05; * x . P<C0.01.
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Table 6 Correlation between stem internode vascular traits and nitrogen accumulation, translocation and nitrogen use efficiency
e B b g
Imjejrlriﬂode "Ir,{trfltt Interljoljﬂe%i;%eter NT NA UPE NAE NPEP ALY
TR Ay 1A NBV 0.571 0.949" —0.275 0.949" 0.917~ 0.924 " 0.771
SX NSV 0. 349 0.120 0.290 0.251 0.148 0.170 —0.043
MABV 0. 646 0.903" —0.439 0.922** 0.950" ~ 0.946" " 0.935"~
MASV 0.844~ 0.869" —0.299 0.881* 0.904 " 0.901~ 0.878"
1] =% ) NBV 0.146 0.766 —0.132 0. 826 0.833" 0.832" 0.787
bz NSV —0.039 0.292 0.056 0.374 0.399 0.394 0.432
MABV 0.274 0.929"* —0.528 0.924" 0.912~ 0.917 0.818"
MASV 0.163 0.948" * —0. 364 0.931" 0.903" 0.910 0.769
=45 NBV —0.283 0. 548 —0.408 0. 500 0.572 0.558 0. 658
bs NSV 0. 055 0.433 —0.620 0. 369 0. 509 0.483 0. 744
MABV 0.106 —0.506 —0.151 —0.578 —0.517 —0.529 —0. 356
MASV —0.531 0.168 0. 306 0.207 0.223 0.217 0.229
18 pu 5 ] NBV —0.162 0.014 0.378 0.111 0.127 0.122 0.160
b NSV 0. 250 0.457 0.020 0.561 0.553 0. 556 0.514
MABV —0. 140 0. 444 —0.478 0.343 0. 396 0. 387 0.455
MASV 0. 310 —0.935"" 0.463 —0.894* —0.911" —0.909" —0.859"

¥ . P<{0.05; * %

B RAEE TR R R, X 58 G R ET
WFFE 45—, NO Ab B /N AL |G A6 5 T 4 R
Xof R 4 BT BR R A3 )R 51.19% .48, 81 %, N180
N300 Ab B ) /N 22 46 T T 90 506 A7 1) 5T 6k 26

: P<<0.01.

EIH 3

=

A

R

Bk 37.97% .35. 72 % ; 4€ J5 T 9 o X KR )
Bk 5 62, 03% .64, 28%, AT WL, A
it 280 A B A4 /0N 22 7 e DAAE AT T4 A Ok 3 it
AEFE LA JE T AR O L B

Py

5 H A5



« 1058 -« # K F W

2 45 %

SRR AATR S R AT R AR SR A E R L AE T
T e 25 A 75 SR A8 T B0 T W S 2 T RE 22 1)
A BH G T RPRLEE %, DT B T AE A T 4 O RE
R TTRR R

il R ] /N A S A R R B B R
CALRSTR ) 2RSS (2 7/ ey QU CIE PN
BEUS . BRI i AR R X A R R
KA\ BA et AF A AT R R ROk B g
T s BTGS2 B 77 1 24 B TE S B 7 A T
HOMBR B 78 N180 Ak BEF f i, 3X 15 Hiy A BF
FEAERIEAR — 2, A B BT RS /) 22 BE RO A
RLECRA R 25 9 B T, AT S B 7, R E AR Al
5T AT WA 25 5, 0l U R TN A
() TRLE, JLISL A AT BB B R AR L 3 /N A 7
8 T S B AR AR /I LT NO Ak B AR IR
/N AEFE PR AR XL/ i DL TR S A e
3.2 BREMNEZRFZFRRFEMEZTMNAN
ES0b A

TE—E JL N /N 22 19 R TR 2 BBl AU
JHER: B0 80 T g At R0 i s T 23 R IR
RFIHBCESY o /N AR T 25 v 458 SR A
FR W e 3z %R R 2 O H SRR AR 1Y
5096 ~952015 o ABEFE it AT i 3K B i AE
HIT 2028 B B ik SO0 P AL Y SRR L N80 Ak B Y
AL 803 X HF R 0 BT R R A 5 (79, 83000 . T
N300 Ab AL R 560 2 5% 8% 45 S HOUHF R 1Y) BT kR
N HG R 35 AT S 4 R — B, U] I e
A H T /N B IR A B R VAT B R A AR e 7% B
FrRL R R T4 R R B R AR L AR Y A
AR B IR E P R R s TR
R FFRLI LR

R A RCR & R 48 bn A7 ZUIE D 28 7
T3 VRE MR RIE A A RR 55 L X LR bR e
AN T8 7 1T VA 1 90 %t N8 B4 W% i A R g
T3, ZERRAE RIS R B EOIE A AR 7 T LR
AR 2R B RUIE B 3 R R, AR
Hh i R A B RS AR S R R R Rk
SR Al £ 7 7 4 8 2 AR L 5 45 it SC L A
fFFEAs R — 2. Xl e th T ad il R T BUN 2
X g BR A aod e R A T R 3 TR 3R 43 B4 A T
FE ST U AR R BR A N AW B e T
] ¥ KL (56 75
3.3 MEEMTELEERETHWRMEZSE
¥ iE

YEAE AAE g A1 W0 W s A L s fRE

I
e

TR R W 45 8 57 e B FIA BFL A8 B 22 8] Y 57 93 58
e, KRB ZERT YRS WA A ALRE 4R K g il
TEALER 3z i o RE 5 IR W R A S R AR K I
L I R A A2 B0 A 30 1) R R K O 2 1S TR
B, WFFE R 4 OIS /N 2 A AR R
FRATC 25 5 i IR i 26 T A K 4k A A T
T BTN 3 i R A A T 2R AT 4
W B3 22 K T AR A 1 O T e 2 D)
A SRR . EASIIE S T B L 1 Y
T TR R /NS OB TR B T AR B S8
R X 5 E R AT AT LA R A — B
WFE e B R HEAS SRR R T ARG AR AR N SR
F14 53 TC FIDRFARE 7 k27 52 TE A G L T /) 24 487 O )
FI B b L 7 i 2 B O O R R Y
LEPS ERINSE7/ DTt IR R Y T e
WEIE ARG 2R A S R BT 5T A5 R R
) 4 A R B F T RR K R R R I IE A
Ko BT R B, ZEFFRER 4 (8] F04E] 5 6] 4k 4
FORCH FE AR 5 W) s i AR A AR
WOIR G X 5 AT AW S R AR — B, o Y
Jits Z8AE 5 25 AT Sy ] 0] A ] 44 AROEH A
TE AR A Sk 2 4 0 T R R A b ] i T A B
o A AR — A /N i B AT T AESE L (H B
o A A ol B4 BIF 5, AR — 2 5T R Al 8
A R B AU L DL 5 e A A A R4
Rk,

4 i

il 28 H S R MR & N A ZE AT YR A R S5
A I 5T i AU i 180 kg « hm * N A FIF
JINE A A AR R YR A RORCE 3 £ T AR Y
R AR BEZEAT AW R AR R B R L e B TN E
FERT T Y Bl iz B K AE I T BB R A 3+
Py o A 3R AR R Al B I 1) R 5% 5, DA TG 5 B
i E- R VRV & SRS

S 30K

[1JLU J,BAI Z H, VELTHOF G L, et al. Accumulation and
leaching of nitrate in soils in wheat-maize production in China
[1]. Agricultural Water Management »2019,212 407,

[2]CHEN L.XIE H.WANG G L.et al. Reducing environmental
risk by improving crop management practices at high crop
vield levels [J7. Field Crops Research »2021,265:108123.

[3]JREN H,JIANG Y,ZHAO M,et al. Nitrogen supply regulates
vascular bundle structure and matter transport characteristics

of spring maize under high plant density [ J]. Frontiers in



8

PR BEAE i A X A /INHE AR 43 IRC R RN ZE AT 4k A IR A 1Y 5 ) + 1059 -

Plant Science ,2021,11:602739.

CATFUm s , ¥ 0, B 5 . 9 o5 it 280 %o ¥ 4 28 /) 22 1 W0 o R 2
R R E R[], &2 EW ¥R ,2021.41(3) :326.
KONG L T,JIANG G Y, YANG L W. Effect of reduced nitro-
gen application on dry matter and nitrogen accumulation and
transportation characteristics of spring wheat under drip irri-
gation [J]. Journal of Triticeae Crops,2021,41(3) :326.

[5]BACENETTI J, LOVARELLI D, FIALA M. Mechanisation
of organic fertiliser spreading,choice of fertiliser and crop res-
idue management as solutions for maize environmental impact
mitigation [ J]. European Jouwrnal of Agronomy,2016,79;
108.

[6]RAZA S,MIAO N,WANG P Z,et al. Dramatic loss of inor-
ganic carbon by nitrogen-induced soil acidification in Chinese
croplands [ J]. Global Change Biology ,2020,26(6) :3747.

[7JHAO T X,LIU X J,ZHU Q C,et al. Quantifying drivers of
soil acidification in three Chinese cropping systems [J]. Soil
and Tillage Research ,2022,215:105230.

(8717 45 JA. N HHZ S5 % /N 22 7= e il Jo e 254 2 A R g [ D .
W VAL R BRRLE RS, 2013 2.

FENG ] F. Influence of fertilizer application on the yield quali-
ty and stem vascular bundle of wheat [ D]. Yangling: North-
west A & F University.2013:2.

[9]DU J J,ZHANG Y,LU X J,et al. A deep learning-integrated
phenotyping pipeline for vascular bundle phenotypes and its
application in evaluating sap flow in the maize stem [J]. The
Crop Jouwrnal ,2022,10(5) :1424,

(100K A8 AE B8 k. i x Z E kg HNENSY
[ iz v RE YR WA LT . VER) 441, 2022, 48 (11) :2909.
SONG J,REN H,ZHAO B.et al. Effect of potassium appli-
cation on vascular tissue structure and material transport
properties in summer maize(Zea mays L.) []]. Acta Agro-
nomica Sinica ,2022,48(11):2909.

L1103 . A TR 0 5 T /K e =25 8 0 45 A PR Bl K Ak & 1 7R R 5%
8 M S I S R D], BB ARl K%, 2023 10.
ZHANG G. Effects of different nitrogen application rates on
accumulations and translocation of rice stem non-structural
carbohydrates and its relationship with vascular bundles
[D]. Wuhan: Huazhong Agricultural University,2023:10.

[12]JTIAN B H,LIU L Y,ZHANG L X,et al. Characterization of
culm morphology,anatomy and chemical composition of fox-
tail millet cultivars differing in lodging resistance [ J]. The
Journal of Agricultural Science ,2015,153(8) :1446.

[13JPAN ] F,CUI K H, WEI D, et al. Relationships of non-
structural carbohydrates accumulation and translocation with
yield formation in rice recombinant inbred lines under two
nitrogen levels [ J]. Physiologia Plantarum ,2011,141(4) .
325.

[14]JTRAVAGLIA C.BALBOA G,ESPOSITO G.et al. ABA ac-
tion on the production and redistribution of field-grown
maize carbohydrates in semiarid regions [ J]. Plant Growth
Regulation ,2012,67(1) :32.

CASTHR AL s THRSC, Ty 26 A i 77 /N 22 R K e 1 I 1 9 I 114

MBS HEL]. AEY A, 2008,34(8) : 1457,

ZHENG C Y.YU Z W,.MA X H.et al. Water consumption
characteristic and dry matter accumulation and distribution
in high-yielding wheat [J]. Acta Agronomica Sinica ,2008,
34(8):1457.

[16T4 2. AR AR BN iR 7 Al AR IR 5 7%

BRERY LR T D]. Z8 4% Il AR Al K27, 2022 3.
BAI H. Comparative analysis on the characteristic of yield
components, nitrogen accumulation and translocation among
winter wheat varieties [ D]. Taian:Shandong Agricultural U-
niversity,2022:3.

[17JDUAN J Z,SHAO Y H.,HE L,ez al. Optimizing nitrogen
management to achieve high yield, high nitrogen efficiency
and low nitrogen emission in winter wheat [J]. Science of
The Total Environment ,2019,697:134088.

[18TE T 78, o7 e , sk dk i, &5, P R @ BUNE T R A R R

FREGIZ XK A g we o7 [T ], A 9 8 57 5 LR 2 4, 2021, 27
(9):1542.
LU G D,QI X L,ZHANG ] B,et al. Response of nitrogen
and dry matter accumulation in middle and high yield wheat
cultivars to water and nitrogen supply [J]. Journal of Plant
Nutrition and Fertilizers ,2021,27(9) :1542,

[19JABEDI T,ALEMZADEH A.KAZEMEINI S A. Wheat yield
and grain protein response to nitrogen amount and timing
[J]. Australian Journal of Crop Science ,2011,5(3):331.

[20 B8 AR, T4 SC. 18 7™ A5 10 T it 280 ek T A /N 22 0 R Wi o

A E L], AEY 244 . 2006.,32(4) 489,
ZHAO J Y.YU Z W. Effects of nitrogen fertilizer rate on up-
take,distribution and utilization of nitrogen in winter wheat
under high yielding cultivated condition [ J]. Acta Agronomi-
ca Sinica ,2006,32(4) :489.

[210HE 8. A /INA A e B B B AR X 0 7= 2 b 1) 2802 0 L o] 1F

FELDI. KB ) e Al KA, 2024 .53,
KANG ]J. Studies on synergistic effect and mechanisms of
yield and efficiency in optimized cultivation technology of
winter wheat [D]. Zhengzhou: Henan Agricultural Universi-
ty,2024:53.

[220450 7. AN BE XS /N2 25 R TR R B R i = R R i
IRD]. L AR AR R, 20188
NI J. Effects of nitrogen fertilizer and planting density on the
lignin accumulation in the culm in relation to lodging resist-
ance of wheat [ D]. Taian: Shandong Agricultural Universi-
ty,2018.8.

L2300t 4% 29 30, B B, 45 /K i U0 & /N 22 AR R R AE &

RAEFH BT AP 2023.49(8) :2299.
LIU S J,YANG X W,MA G,et al. Effects of water and ni-
trogen application on root characteristics and nitrogen utiliza-
tion in winter wheat [J]. Acta Agronomica Sinica ,2023,49
(8):2299.

[24]s0 3l R = 8 555 TR AR B/ E TR BUR %
1B R R [T, 22 RAEY# AR . 2015,35(6) . 845.

SHI L. C,ZHU Y.,ZHAI Y.et al. Effect of nitrogen applica-

tion on dry matter accumulation, translocation and yield of



+ 1060 -

I (7]

2 45 %

drip irrigation spring wheat [J 1. Journal of Triticeae
Crops»2015,35(6) : 845,

[25 22 mi e, T ¥ m . 77 PR A%, 46, BROK I A X IR AL & /N 22 7= i A

MR R Z R A B T 9 53§ vy s L) ], Ve 2 4, 2019,
45(6) :964.
JIANG L N,MA J L,FANG B T,et al. Effect of lower water
and nitrogen supply on grain yield and dry matter remobiliza-
tion of organs in different layers of winter wheat plant in
northern Henan province [ J]. Acta Agronomica Sinica .
2019,45(6) :964.

(26 #IAR, sk o, FE T IF « 38, 55 A XTI HEL /N E T

B R YIS R s R ma L) ] 22 AR Al 2017, 37(8)
1085.
LEIJ J,ZHANG Y Q,SAILIHAN -« S,et al. Effect of nitro-
gen application rate on dry matter accumulation, distribution
and translocation of winter wheat under drip irrigation[ ] ].
Journal of Triticeae Crops,2017,37(8):1085.

L2724 35, THR3C, 3k 4R L 55 D03 40 A% 1 T it L X N 22 T

PBR R e 18 A wE s (). R AE W #2023, 43
(8):1042.
LICL,YUZ W,ZHANG J.et al. Effect of nitrogen applica-
tion rates on dry matter accumulation, transportation and
yield of wheat under the conditions of soil moisture measure-
ment and supplementary irrigation [J]. Journal of Triticeae
Crops»2023,43(8) :1042.

[28]LU X S, YU D S,CHEN Y,et al. Yield and nitrogen use effi-
ciency of winter wheat with different soil fertility [J]. Nutri-
ent Cycling in Agroecosystems,2020,116(2) :173.

L2903k AL 2%, B 3 bk, 5K SO 56 B 1R 7 =00 260 & X 52 0t 4 /)

K FEAE G T B 8 R A B i B R s ()], 2 2R 1E
Y24, 2018,38(12) 1 1462.
ZHANG L J,LU Q L.ZHANG W T,et al. Effects of tillage
regime and nitrogen application rate on post-anthesis dry
matter remobilization,sugar content and grain yield of winter
wheat in dryland [J]. Jowrnal of Triticeae Crops,2018,38
(12):1462.

(303K SCif VLA L 35 1E >k 55 ZNE it P 0T e 72 /) 22 98 2 45 1)
Ko g R BRI L) ], 2 2B AEY 4R, 2018, 38(2) : 172.
ZHANG W J,JIANG D G,HUANG Z L,et al. Effects of ni-
trogen fertilizer application on canopy structure traits, grain
yield and quality of wheat after rice [J]. Journal of Tritice-
ae Crops,2018,38(2) :172.

[31JKHAN S, ANWAR S.YU S B, et al. Soil water consump-
tion, water use efficiency and winter wheat production in re-
sponse to nitrogen fertilizer and tillage [J]. Peer J ,2020,8:
e8892.

[32]JSCHIERENBECK M, FLEITAS M C.CORTESE F,et al.
Nitrogen accumulation in grains,remobilization and post-an-
thesis uptake under tan spot and leaf rust infections on
wheat [J]. Field Crops Research ,2019,235:27.

[33JNEHE A S,.MISRA S,MURCHIE E H,er al. Nitrogen par-
titioning and remobilization in relation to leaf senescence,

grain yield and protein concentration in Indian wheat culti-

vars [1]. Field Crops Research »2020,251:107778.

(341 TR0 W Mg, RT3 it i XT38 7177 /N 22 ) SRR 3R 5 8

R BRI [T, 22 AW 27 41, 2023, 43(5) 1 609.
LI X M,YANG M, QIN B P,et al. Effect of nitrogen appli-
cation rate on matter accumulation and grain yield of strong
gluten wheat [J]. Journal of Triticeae Crops2023,43(5):
609.

(3512 B, J8 B, T+ M, 4. RV i R A 5 28 AL/ 22 7 OB

IR G FR MR PR UM g o 16 [ ). 22 2P W24 4, 2024,
44(3):376.
LI F,ZHOU Y, YIN P,et al. Response of yield formation
and nitrogen absorption and utilization of wheat with differ-
ent quality types to nitrogen fertilizer in the middle reaches
of the Yangtze River [J]. Journal of Triticeae Crops 2024,
44(3) :376.

(367l SCRIL, T ik o 0 R Ak L 4. it 0 12 %) i T 44 /N - K KA

AR R A E R AR [T, MY E 5 SRR,
2022,28(7):1279.
QU W K,XU X X,HAO T J.et al. Effects of nitrogen appli-
cation rate on annual yield and N-use efficiency of winter
wheat-summer maize rotation under drip irrigation [ J].
Journal of Plant Nutrition and Fertilizers,2022,28 (7).
1279.

[37 AR X0, 5 R, M AR AL 45 DA ALK 5 5/ Bk L /NIT RIL

T VAR S AR 45 SR R R i R 0 5 e B O B G R [T,
PEYI %41 . 2021,47(5) . 972.
CHENG Y S.HU M Y,DU Z M,et al. Effects of nitrogen
reduction on stem vascular bundles, panicle and yield charac-
ters of RIL populations in Liaojing 5/ Akitakaomaqi and their
correlation [J]. Acta Agronomica Sinica ,2021,47(5):972.

[38]JYANG D Q.CAI T.LUO Y L,et al. Optimizing plant densi-
ty and nitrogen application to manipulate tiller growth and
increase grain yield and nitrogen-use efficiency in winter
wheat [J]. Peer J ,2019,7:e6484.

[39JERAT . & &, AR, 45, BN X 2 ¢ 5 e A 4915 [m) 24 4

WREEH Y 5Zm L], WA R 27,2019, 48(9) : 14,
WANG L H,PENG T,XIONG ] B.er al. Effects of nitrogen
fertilizer on vascular bundle structure in first internode of su-
per hybrid rice [J]. Journal of Henan Agricultural Sci-
ences »2019,48(9) . 14.

[40]LIU Z,SHA Y,HUANG Y W ,et al. Efficient nitrogen allo-
cation and reallocation into the ear in relation to the superior
vascular system in low-nitrogen tolerant maize hybrid [J].
Field Crops Research ,2022,284:108580.

[41]L1 G H,CHEN X,ZHOU C Y,et al. Vascular bundle char-
acteristics of different rice variety treated with nitrogen fer-
tilizers and its relation to stem assimilates allocation and
grain yield [J]. Agriculture ,2022,12(6) . 779.

(4238 M0, J7 W, Bt (. /N 22 4 i) 0% 28 48 20 0 e JL 5 A oL
B R AL MEY 241 . 1987,13(2) - 102.

QIU Z F, FANG C,CHEN H J. On the vascular tissue of
wheat internodal and its relationship to the grain number per

spike [J]. Acta Agronomica Sinica ,1987,13(2) :102.



