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Abstract; In this study, the characteristics of wheat root development and their relationship with ears
formation were investigated, and the correlation between root characteristics and panicle formation
was clarified, so as to provide reference for coordinating root and panicle development. Three nitrogen
application levels(0, 120, and 240 kg * hm ?) were set up to study the dynamic changes of root mor-
phological and quantitative traits in 0—40 cm soil layers, root vigor in 0—20 cm soil layers and tiller

number of wheat at different growth stages using the big-ear type varieties Wunong 981, Zhengmai
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618, and Pumai 116 and the multi-ear type varieties Xinong 529, Zhengmai 16, and Zhengmai 22 as
materials. The results showed that the root dry weight density, root surface area density, root length
density and nodal root per plant increased first and then decreased. The peak value was reached at an-
thesis stage, and the root vigor showed the same trend, but the peak value was at jointing stage. With
the increase of the maximum number of nodal roots per plant, the root vigor increased by 68.56—109. 60
pgeg ' «h™'in 0—20 cm soil layer. The root dry weight density, root length density and root sur-
face area density were increased by 48.67—170.14 g+ m *, 0.78—1. 04 m* m *and 4.77—7.76 m *
m *in 20—40 cm soil layer, respectively. They were increased by 17. 96—65.93 g+ m *, 0.13—0. 18
mem *and0,96—1.55 m” * m °, respectively. The maximum number of tillers and panicle number
of tillers were increased by 385. 60X 10" —816. 34 X 10" » hm * and 51. 65X 10" —84. 65X 10" « hm ?,
while the ears formation ratio decreased by 3. 68 —3. 86 percentage points. The number of nodal roots
per plant, root vigor, root dry weight density, root length density, root surface area density, maxi-
mum tiller number and the ear per unit soil area all increased with the increase of nitrogen application
rate, but the ear-bearing tiller percentage decreased with the increase of nitrogen application rate, and
the difference between treatments reached a significant level. The root vigor, root dry weight density,
root length density and root surface area density of big-ear cultivars were higher than those of multi-
ear cultivar, but the number of nodal roots, the maximum number of tillers and ear per unit soil area
were lower than those of multi-ear cultivar, with significant differences. Correlation analysis showed
that the number of nodal roots per plant, root vigor, root dry weight density, root length density and
root surface area density were significantly positively correlated with the maximum number of tillers;
the number of nodal roots per plant was significantly positively correlated with ears number per unit
area, while the root vigor, root dry weight density, root length density and root surface area density
were weakly positively or not correlated with ears number per unit area. The number of nodal roots
per plant, root vigor, root dry weight density, root length density, and root surface area density had
significant negative correlation with ears formation ratio. In conclusion, the increase of nodal root
number per plant, root vigor and root morphological and quantitative traits is conducive to the in-
crease of the maximum number of tillers and ears number per unit area, but is rednces the ear-bearing
tiller percentage.

Keywords: Maximum tillers; Earbearing tiller percentage; Root morphological and quantitative traits;
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Fig. 1 Dynamics of wheat nodal roots per plant at different growth stages
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Table 1 Dynamics of wheat root dry weight density at different growth stages g+ m*
g I Rk i R Growth stage
Year Soil layer/ecm  Nitrogen level Ear type RS I AS GS MS
2023 0~20 NO BEC 177.41¢ 202. 35d 283. 66¢ 259.03e 246. 34d
MEC 176. 40c¢ 196. 15e 257. 80f 236. 90f 224.01e
N1 BEC 205. 20b 246.32¢ 399. 81c 318. 69¢ 278.81c
MEC 207.23b 240.91c¢ 334.45d 290. 56d 251.40d
N2 BEC 228. 35a 278. 36a 477.79a 383.52a 316. 38a
MEC 223.68a 270. 68b 423.83b 355. 80b 287.30b
""" FA6F value  EC  ns  xxoxe o wx o owa
N * % x x % % % % %
ECXN ns ns ns ns ns
C20~40 N BEC 19.63c 67.47c .81 52.87cd 38.61d
MEC 49.43c 55.13f 67.53f 46. 93e 32. 711
N1 BEC 57.62b 83.49b 109. 79¢ 65.86b 42.97b
MEC 57.86b 71.63d 100. 94b 51.38d 36. 11e
N2 BEC 63. 38a 101. 59a 142. 82a 73.68a 46. 65a
MEC 63. 19a 80. 21c 127.52b 55.06¢ 40. 84c¢
""" FAF value  EC ns  xxws e ws
N % % % % % % % % % %
ECXN ns ns ns ns ns
""" 2024 0~20  No  BEC  183.1lc  212.6le  289.28¢  26l.60e 252.42d
MEC 179. 09¢ 201. 58f 261. 36f 242,571 220.61e
N1 BEC 214.87b 260. 98¢ 407. 49¢ 323.60c¢ 286. 73¢
MEC 211.40b 248.71d 339.69d 296. 88d 258.76d
N2 BEC 240. 52a 294.71a 488. 04a 393. 38a 326. 98a
MEC 236.61a 272.32b 431.50b 364.23b 296. 63b
""" FFvalue  EC  ms  xx oxsxxsowx
N % % % % % % % % % %
ECXN ns ns ns ns ns
C20~40 N BEC 19,00 0,68 79.49 58.48¢ 10.95¢
MEC 49.12¢ 58. 88f 71.82f 18. 671 37.221
N1 BEC 58.01b 88. 82¢ 117.76¢ 73.11c 47. 64c
MEC 57.08b 78. 14d 108. 87d 56. 18d 43.46d
N2 BEC 64.94a 108. 70a 153. 05a 82.99%a 55. 89%a
MEC 63. 88a 87.21b 137.75b 62.70b 52.21b
""" FA6F value  EC ns  xxoxxowxowa
N % % x % % % % % % x
ECXN % % % % % % % % % %

[R5 J5 R RN R R /] —E A R 2 T RRI A H 22 7 B3, T ERR,
Different letters after the same columns indicate significant differences among the treatments in the same soil layers in the same

years. The same in tables 2—5.
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Table 2 Dynamics of wheat root length density at different growth stages me*m*
) +J2 6 AT i LRI Growth stage
Year Soil layer/cm Nitrogen level Ear type RS S AS GS MS
2023 0~20 NO BEC 0. 88d 1.08d 1.55d 1.35d 1.17d
MEC 0. 84d 0.97e 1.49d 1. 26e 1. 16d
N1 BEC 1. 06b 1.40b 2.42b 2.04b 1.87b
MEC 0.97c 1. 24c 2. 14c 1. 82¢ 1. 64c
N2 BEC 1.22a 1.57a 2.66a 2.34a 2.04a
MEC 1.09b 1. 39b 2.39b 2.08b 1. 88b
""" FAHF value  EC  xx  xx xxwax o xas
N % % % % % % % % % %
ECXN ns ns ns ns ns
C20~40 No o BEC 0.06c o.11d 0o.21d o.24d 0.23d
MEC 0. 06¢ 0.09e 0. 25d 0. 24d 0. 22d
N1 BEC 0.07b 0. 14b 0.41b 0.37b 0. 36b
MEC 0. 06¢ 0.12¢ 0. 36¢ 0. 33¢ 0. 32¢
N2 BEC 0. 08a 0. 16a 0.47a 0.41a 0. 40a
MEC 0.07b 0.14b 0.42b 0. 38b 0. 35b
""" FAF value  EC  xx xx xx xax o xax
N % % % % % % % % % %
ECXN ns ns ns ns ns
""" 2024 o0~20  No  BEC  0.96d  l23d L6  Ll4id  lz2d
MEC 0. 89d 1. 08e 1.56d 1. 29 1. 20d
N1 BEC 1.17b 1.37¢ 2.54b 2.12b 1. 95b
MEC 1. 04c 1. 31c 2.25¢ 1. 89¢ 1. 69¢
N2 BEC 1. 46a 1. 69a 2.83a 2.44a 2. 14a
MEC 1.19b 1.61b 2.49b 2.17b 1. 96b
""" FEF value  EC %% xax xx o xx o xax
N P % % % % % % % %
ECXN ns ns ns ns ns
Cpo~40 N BEC 0.07¢ 0.12 | 0.24d 0.23¢ 0.21e
MEC 0. 06d 0.11e 0.22e 0.22e 0. 20e
N1 BEC 0. 08b 0.15b 0. 38b 0. 35b 0. 32b
MEC 0.07c 0.13c¢ 0. 33c 0. 30d 0. 28d
N2 BEC 0.09a 0.17a 0.45a 0. 40a 0.37a
MEC 0. 08b 0.15b 0.37b 0. 33¢ 0. 30c¢
""" FAEF value  EC <= xxxxxax o ax
N % % % % % % % % % %
ECXN ns ns ns ns ns
2.2 MNEEBHHTLEURSERER HrHh 898.91 J5 .1 306. 18 Ji il 1 498. 53
2.2.1 EEHHETHIE T3« hm*, Z BB b A S5 R H ) 2 BE %003 i)

JINFE T ) 25 B K0 bt A 3 400 9 M S B TS kR J1110.06 7.1 473.98 JT#1 1 892.38 J7 -
A5 Ak R A B I3k B 0, P AR A5 R — B (A hm %, REERIGFHEEEREERT L
3). NONI.N2 &MF, KRR S Fl g i K25 8 Tl AU 5 b
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Table 3 Dynamics of wheat root surface area density of wheat at different growth stages m? e m?
) +J2 6 AT i LRI Growth stage
Year Soil layer/cm Nitrogen level Ear type RS S AS GS MS
2023 0~20 NO BEC 5.60c 7.87d 11. 38e 9.67e 8. 82e¢
MEC 4.92¢ 7.34e 10. 34c¢ 8. 42f 7.67f
N1 BEC 6.20b 8.85b 15.54d 12. 28¢ 11. 18¢
MEC 5.34d 8.12¢ 14. 271 10.47d 9.53d
N2 BEC 6.77a 9. 36a 18. 24a 14. 49a 13.18a
MEC 5.74c¢ 8.70b 16. 64b 12.72b 11.58b
""" F{iF value  EC %% xx o oxx o xx o oxx
N % % % % % % % % % %
ECXN ns ns ns ns ns
©0~10 N BEC Lize Ls7d 2.23¢ 1L86e 166
MEC 0. 98e 1.47e 2.03f 1. 62f 1. 45f
N1 BEC 1. 24b 1.77b 3.05¢ 2.36¢ 2.11c
MEC 1.07d 1. 62¢ 2.80d 2.01d 1. 80d
N2 BEC 1. 35a 1.87a 3.58a 2.79%a 2.49a
MEC 1. 15¢ 1. 74b 3.26b 2.45b 2.16b
""" FAHF value  EC % x  xx xx o oxx o xx
N % % % % % % % % % %
ECXN ns ns ns ns ns
""" 2024 o0~20  No  BEC  7.02c  10.23d 1543 1172  10.40e
MEC 6.17e 9. 54e 14. 02f 10. 19f 9. 04f
N1 BEC 7.77b 11.50b 21.07c 14. 86¢ 13.19¢
MEC 6.69d 10. 55¢ 19. 35d 12.67d 11.25d
N2 BEC 8.49a 12.17a 24.76a 17.53a 15. 56a
MEC 7.20c 11.31b 22.56b 15. 40b 13.66b
""" F{F value  EC  xx xx o oxx o xx o oxx
N % % % % % % % % % %
ECXN ns ns ns ns ns
©0~10 N BEC L3gd 2.11d 3.15¢ 2.52¢ 2.200
MEC 1. 22f 1.97e 2. 861 2.19f 1.91f
N1 BEC 1.54b 2.37b 4. 30c 3.19¢ 2.78¢c
MEC 1. 32¢ 2.18¢c 3.94d 2.72d 2.37d
N2 BEC 1. 68a 2.51a 5. 04a 3.76a 3. 28a
MEC 1.42¢ 2.33b 4. 60b 3.30b 2.88b
""" FAF value  EC  xx  xx xxxx o xx
N % % % % % % % % % %
ECXN ns ns ns ns ns
2.2.2 A3 @ARALH A B HROR AL S T AL Oy BE R RE R F S 4 R E AR T 2 RE B R

PIARZE R (38 4) R W], BE I 2 K F 9 32 & s NO N1 N2 Z 4T, KRR AL G A i B8 7 T AR Bl
AN B R ZE TR, AL T AR R, AR TE DL BULZRERL R FR 5 A 142,58 U7\ 117,22 T Al
Bk U R S R e o BE SRR R B EEAR 1127505 ¢ hm ? L BURR SCRE Ko Sl 4D 0. 78,0, 68
R AN 2K 7 [ 4% 45 bs 22 S ik E K R 1L 06 A, g3 BE AR R 2 B IR 3. 86.3. 68 Al
o RBETL A B A AL AR BE R R BB K 3. T4 AN T L
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Fig.2 Dynamics of wheat root vigor at different growth stages
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Fig.3 Dynamics of wheat main stems at different growth stages
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Table 4 Changes of stems, ears, ear-bearing tiller percentage of different ear-type wheat cultivars under different nitrogen levels

e Top———— oar——
(X10* « hm™2) (X10* « hm %) percentage/ %
2093 NO BEC 859. 711 412, 34e 3.19% 1.53¢ 47.96b
MEC 1 059. 23e 551. 38b 4.38d 2.28b 52.05a
N1 BEC 1 240. 84d 471.68d 4.63c 1. 76d 38.01d
MEC 1 378. 45¢ 572.49ab 5.70b 2.37ab 41. 53¢
N2 BEC 1551.21b 496. 58¢ 5.73b 1. 83c 32.01f
MEC 1 661.45a 597. 75a 7.06a 2.54a 35.98e
P F value EC w0 wo T
N P * % * * * x * %
ECXN ns ns ns ns ns
o024 N BEC 938.11f 10,346 s.a3f L6le 16.94b
MEC 1 160. 89e 586. 45¢ 4.79%e 2.42b 50.52a
N1 BEC 1371.52d 509. 65¢ 5.14d 1.91d 37.16d
MEC 1 569. 50c¢ 643. 28b 6.49¢c 2. 66ab 40.99¢
N2 BEC 1 947.32b 555. 21d 7.12b 2.03c¢ 28.51f
MEC 2 123.30a 679. 55a 8. 78a 2.81a 32.01e
FAF value EC x ok e xox x £k
% % x % x % * % % *
ECXN ns ns ns ns ns
x5 MEFEHBNRRFZERBE XS
Table S5 Correlation between ear-bearing tiller development and root traits
EER=gin ] [EEJEIN 12 R ZEBERL G BE R AL oy BE R
Growth stage Root trait Soil layer/cm Maximum tillers Ear-bearing tillers Ear-bearing tiller percentage
RS NRPP — 0.819** 0.760" ~ —0.651"~
RV — 0.828" * 0. 255 —0.855" "
RDWD 0~20 0.830" " 0.464 " —0.753" "
20~40 0.899 " * 0.521" —0.663""
RLD 0~20 0.797 " 0.212 —0.892" "
20~40 0.726" " 0.149 —0.821""
RSAD 0~20 0.536"° 0.172 —0.573~
20~40 0.535" 0. 254 —0.588"
"""""" J$  NRPP — o668 *  o.817°  —0.6718° "
RV - 0.886" " 0. 396 —0.761" "
RDWD 0~20 0.867" " 0. 352 —0.878" "
20~40 0.705" " 0.434" —0.640" "
RLD 0~20 0.843"~ 0.568" —0.841"~
20~40 0.755** 0. 319 —0.746" %
RSAD 0~20 0.618" 0.343 —0.508"
20~40 0.597" 0. 327 —0.566"
"""""" AS NRPP  —  o.879°*  o.832°*  —0.639°"
RV - 0.811" 0.375 —0.765""
RDWD 0~20 0.790" " 0. 496 —0.784" "
20~40 0,877~ 0. 341 —0.867""
RLD 0~20 0.807** 0. 390 —0.876"
20~40 0.691" " 0.333 —0.671""
RSAD 0~20 0.840* * 0.416~ —0.781" "
20~40 0.823" " 0.422" —0.743" "

NRPP: bk AR KGRV AR R J7 s ROWD AR T 5% B RLD AR K B s RSAD AR R W BLUE JE
NRPP: Nodal roots per plant; RV: Root vigor; RDWD: Root dry weight density; RLLD: Root length density; RSAD: Root surface area density.



¢ 1118 - # K F W

54

EE

#
IS

R AR R RAR 3R T AR D g BE
R 555 1E R OC BURH S R 38 18 3 7K 5 BRI
A AR AR RS ) AR T AR AR R
T AR B AR T 300 L BT SR O AR 1 5 0 B R
RE W FE B AMIC, DL ESRUE, B
f14 Jie R 2R BEHCAT I T MR 9 A8 AR A
AR 28 U R E — 2 B b vy o0 BE AR 4, (H T
AH T o BE R R AR
3 itk
3.1 NEMMRREFBHNERERTSEERFE

VEW) A A R 75 BT B R 5% 43 AR 73 35 R R
TR ZR I H 32 AR RO SRR CInAR B (AR
KRR BCRE 55D 1 52 e AR BT DO
EMAFLHEAA —EMR R, LB EA
R Y A B

AW IRIE N EAE 0~20 em + B AR
FRE T LA B, 205 18T B TE R A0
ERACAE  XENE BT I TR B — /)
WEARJ5 MO IR T B B2 U T R AR A
K B AR E R N ER R RS-
(ISR N A B S R B eI B =1 S
S AH i A R e g R R . /NEE 0~20 cm 1
JE B Z S T3 T W Ry 22 5 BE AR T A0 A
PR TREES . AU, AR NAE TR 0~
20 em R R F G 0t AR KT ) K B A Bl
JE BT e AW TR R R AT 0~
40 cm 2 JZ F PR RN 2 A AR I RE AR BT A
R AR B B TR BT U A s S N X A T AR
BB R OAE  BEJSZ R L WM R TEE SR AE R
W B Xk 37 23 B4 % SR i o DAL T 7 A 30 A 4T 30
PA B B AR RIS T R T AR FR S ) AR AT
AE R (Al 28 T /N A AR A B 2 18 7 g 00 ] /N e
XFFR T TR EA K . I/ N E B 2 A
FEAE RN ERY BT R R B R RS b
Z BT R, SRR AR R T R R AR R
TR B ARG 285 B 7R T AR 1 38 B I H )5 B 2
VT ek D) 3 1) A B A K B B R 1) 38 o S )
P is 1 i IR AL RS . MRIAAED IE SR 3
FL A i 0 2 AR G 0 AR R R AR kAR A A
NI I T /N A RIBEMHE , Christos 552 WA
A R /N A B AR T R TR AR B
25K, AR EZ MR E . AR AR R T
AR B R TR RGO 8 T 0~40em )2

F4 AR 2 T AU JEE AR R RAR I, S AT A
W4 R —2L

R /INAE Bl B MR 2R T 0 AR A R A
TR BRI o T 2 B Yl o, R R /N A2 1 iR A AR
RGN, EEHEPI R R, KR Z
FERY/NZZ 0~40 em = AR 3 %5 8 2 7 il A
J1 3% B (R R 528 ¥ T e, EL O RE R 4 Bl A AR R
AR IE b i T 2 AL G Rl AT B AT 5T 4
5 HTAMEFE LA — B, B R BE R R Y B R K
A HRBR T 22 BRI i b L TR AR TG ) AR R T B
JE AR R DL RO R 2 3 B R R iy
Pl T2 R A A B, it SR RE A 0 SR AR R G 7L 4R
o U A AR AR S T AU T AR T R DA R G
3.2 NERMREAFESHERBEHXER

IERBARKET S EHEKRNAERET
BE A At A SO EL A 24 O AR AR R B R 0 BE Y
3 22 T 4 (L b 30 1) AR R TR 2 R Ak W R
AN o RSN BT WL /N A2 IR T 3 BRCY SUROT AE
AR R IR R R 7 BE R 10 35 B I 3 I AN
5K Ut W TR (A AR T P o LA RO AR AR G
fih 73R W R IT AL T BE RO G A I
56 o [0 MR AR B K B 2 BB 7 W AR SR W I 2
MR R R A 7 o [ B H: A AR 28 0 b 3
PR 2 m Ko R

TER T P LU, 22 AR AL REBEL &
JERE L i 5 0 BE RN TC R BEIF B R T O
BE RO R (H JE 303 BE I R A AR OF AN 2
T2 AR R TR BE R A AR B S A
TETFROBCRE R B AE A OGO RE A R i T L AR
BRI R /N A2 R T 3 BT U R OT AE 9 B PR AR
HRB A5 A7 Th AR O RE 0 S R OGS
R A AR R 2 4R v B o T AR A . X R
AIREFEAE R W T =IO/ N AR R
KT AL A RE AN AL 73 Al 2571 R M JE 2 oy BE
THT- SR B2 B BOR AR 7 RT3 R AITAR
2 RS JX B8R AT 25 MR 36 [ 4 T T B A B
J o 11T 22 BRI JICSE N S5 2 50 A O 1R PE AT
FH I AT IS A 25 B8 T R 9 L X T fiE R S B
HRZRTE 7 AR AR RIRR 3 1 AR A7 v B g
FEACEE S IE AR G A 2R A

AN Oy BERR AR AL ) B A5 R P B R
JORG A B AR A B e 2% R R Ay L {H 2 AR
B e AL BE L H RS AR i EL/INVEE 2 AR T B 1 TS



8

AN R A /N MR T R AT B I A5 7 BE RRURE £ AR S A

- 1119 -

VAR R — JE 15 37 W) Jo (3t IR S A A TR TG 2K
GREECT ORGSR W] L /N IR T BT
T AE 9 AR R A AR 15 7 BE Bl 3R 2 Il 3 el
HRRSC . AT Lo BE I A AR TR A A
Bl AR AR B A AT I T AR AR, i 22 1 i
(273 BELL SRR T K 53 R SR 73 1 7 2K Al BE 2
PO AR AR S L DR 5 0L 0 BE i AN 2 R T
TH TS AR AR IF BEA 2 98 T2 AR A 0 BE R IE
it B L YA AR O 2 4R BT A ROIE A AT B
Jot L A BT 20 BE R ORAR R MR R A E AR Y
FRAETT L o0 BE R AR AN B AR AR BL

S o BE R MR 2R B N A2 2, a0
JE K g3 B R B T A 2 Bl R A5 IR R A e
AR AE S R 23 BE AR . AT A5 T T R AR
HE A4 X 73 B SR MR 28 B2 Wi B K4 IR, e b
ARG X 73 BEREAT 1 17 5 00 KR R A, RO AT
BB X A BEBEAT AL P IR AR R LT
X HLABE L 14 73 BE AR A

4 it

AL AT il R RE Y SR AR R T T 4R
U MR, IR SR B AR T W R
H R ZEBEHOR B A7 T AR SR A HL 2 AR 0 B A
TR JOREAY ity b L 22 R A S o 1 AT O e AR R
7 AR AU R TR R K,
{ERSRVQAEE S i e S PN i N R VAT VAW S ey
BER R RAR T Z AL AL AR . /N BRI LR AR
AR S 5 A ) T i R 2R B RO ) B R
O B2 e s AR AR T 0 R B TR R 3 T AR 1Y
FE M ASCA A T fi K 25 BE R B R X O BE R
TG I S0 52 0 5 B BRRE SR i KR AR 5 MR 2
TEARAYSE IR B, A 7 S ER P AR R R
AR B A AT 09 B0k 32 w8 B SRR AL L AT
b8 P I 5 R 2R BRI, 73 BE R KO 3 BE R R

S E WK

[1JFERRANTE A, SAVIN R, SLAFER G A. Floret develop-
mentof durum wheat in response to nitrogen availability Open
Access [J]. Journal of Experimental Botany .2010,61(15) :
4353.

[2]JWAI A H, AN G. Axillary meristem initiation and bud growth
in rice [J]. Journal of Plant Biology,2017,60(5) :447.

[3]JZHUANG L L,GE Y.WANG J,et al. Gibberellic acid inhibi-
tion of tillering in tall fescue involving crosstalks with cytokin-
ins and transcriptional regulation of genes controlling axillary

bud outgrowth [J]. Plant Science ,2019,287:114.

[4]SARATH G,BAIRD L M,MITCHELL R B. Senescence,dor-
mancy and tillering in perennial C4 grasses [J]. Plant Sci-
ence ,2014,217:147.

[5JHU Y S.REN T H.LI Z.et al. Molecular mapping and genet-
ic analysis of a QTL controlling spike formation rate and tiller
number in wheat [J]. Gene ,2017,634:15.

[6]SCOTT TILLEY M.HEINIGER R W,CROZIER C R. Meas-
uring tiller development and mortality in winter wheat under
field conditions [J]. Agrosystems, Geosciences & Environ-
ment ,2019,2(1) :180066.

[7]JTILLEY M S,HEINIGER R W,CROZIER C R. Tiller initia-
tion and its effects on yield and yield components in winter
wheat [J]. Agronomy Journal ,2019,111(3) :1325.

(814 &My, B8 R WA, /INZ2 B R M. b 50 op [ Al Y B AL, 2008
89.

CUI J M.GUO T C. Spike of wheat [ M]. Beijing: China Agri-
culture Press,2008:89.

(915 oas. /NZMARIMI. dbat . i E Al i kL, 1999147,

MA Y X.[M]. Beijing: China Agriculture Press.1999:147.

[10]JSMITH S.DE SMET 1. Root system architecture: Insights
from Arabidopsis and cereal crops [ ] ]. Philosophical
Transactions of the Royal Society of London. Series B, Bio-
logical Sciences,2012,367(1595) :1441.

[11] SHORINOLA O, KAYE R, GOLAN G, et al. Genetic
screening for mutants with altered seminal root numbers in
hexaploid wheat using a high-throughput root phenotyping
platform [ ] 1. G3: Genes s Genomes » Genetics, 2019, 9 (9) ;
2780.

[120M 0 TR, £ R NER BB B S B[], 5
[ 4 2 5 B I A= 4%, 2018,37(12) £ 5449,

MEI S W.ZHU H Z,WANG S,et al. Research situation and
prospects of wheat root system [ J]. Genomics and Applied
Biology ,2018,37(12) :5449.

[13]JPEDRO A,SAVIN R.,PARRY M A J.et al. Selection for
high grain number per unit stem length through four genera-
tions from mutants in a durum wheat population to increase
yields of individual plants and crops [J]. Field Crops Re-
search s2012,129:67.

(14075 #&, PIRLL . m K55 ARBTR L NER RN =045

FERER R LT R, 2019,39(8) 12922,
FANG Y, MIN D H, GAO X, et al. Relationship between
spatiotemporal distribution of roots and grain yield of winter
wheat varieties with differing drought tolerance [J]. Acta
Ecologica Sinica ,2019,39(8):2922.

L1505 302 AN [) A Y g /N 22 5t il AR B O 7 R FIE B JHG A DG 1R BF 58

[DJ BN 3 g Aol o2 . 2024 - 12.
LIANG W X. Study on the developmental characteristics
and correlation of roots and spikes in wheat (Triticum aesti-
vum L.) with different spike types [ D]. Zhengzhou: Henan
Agricultural University,2024:12.

[1678% . g Fh A R A /N 22 i b oo A 185 5 4 B8 0B ¢ 2R 19 F
FELDJ. AM TR A lk K 2% . 2009 : 39.



1120 -

I (7]

2 45 %

SHENG K. Study on relationship among carbon and nitro-
gen metabolisms and spike formation from tillers in two
winter wheat cultivars with different spike types [ D].
Zhengzhou: Henan Agricultural University,2009:39.

CL7 4 & 8 00 B, A RUPE, 45 /N2 AR BE R & R 4 0 B 1 A

BT =LA KOt HE 0 e N L] A A R S IR R R R,
2020,26(6):1070.
MEI ] J,ZHOU S M, XU F D,et al. Response of root and
tiller development and yield of wheat to tillage and nitrogen
topdressing patterns and nitrogen application rates [ ] ].
Journal of Plant Nutrition and Fertilizers, 2020, 26 (6) .
1070.

(181 e 47 20 3C, JRIIR B 45 /N AR i NADP-Jt Uil 5 50 K i

B PSR ARG 0 AT RO R BT L. B RO R
2018,51(11):2068.
ZHOU Y,YANG X W,ZHOU S M, et al. Activities of key
enzymes in root NADP-dehydrogenase system and their rela-
tionships with root vigor and grain yield formation in wheat
[J]. Scientia Agricultura Sinica ,2018,51(11) :2068.

[19) B & = FBRME R = 4, 5. R R B A /N2 5 FhAR R B 23

Gy A RFAE K H R AU A BIF 5 [ ], P LA 9 2 4, 2006, 26
(4):780.
MA D Y,GUO T C,ZHU Y J,et al. Temporal and spatial
root distribution and carbon and nitrogen metabolism of
wheat varieties with different spike shapes [J]. Acta Botani-
ca Boreali-Occidentalia Sinica ,2006,26(4) :780.

C20TXUtH 3% 4% > 3C, T Bk, 55 W 7K FIHE 60 % 4 /I 22 AR 3R R A 2

RAEFH BT AP 2441 . 2023,49(8) : 2304,
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):2304.

C21085 48, T80T, B IRAR 45 /K 0 EL AR ) i 5 T8 28 4 R B 4 /D

EMFAK B R LT BT A B %R, 2016, 27(5)
1518.
CHEN J,MA Z M, LYU X D,et al. Influence of different
levels of irrigation and nitrogen application on the root
growth and yield of spring wheat under permanent raised bed
[J]. Chinese Journal of Applied Ecology 2016, 27 (5) .
1518.

L2203k 6. 2= A, B OB, AN TR) it 205 0 i 9 A7 /N 22 AR R i 25 4
i R A 2 R 7w i s ma [ ], v Je Aol 2 42, 2016, 25
(2):195.

ZHANG W, LI L H,LU X. Effects of nitrogen fertilizer at

different levels on spatial and temporal distribution of wheat
roots,nitrogen use efficiency and yield in spring wheat under
drip irrigation [J]. Acta Agriculturae Boreali-occidentalis
Sinica ,2016,25(2) . 195,

[23]NOULAS C, LIEDGENS M, STAMP P, et al. Subsoil root
growth of field grown spring wheat genotypes(Triticum aes-
tivum L.) differing in nitrogen use efficiency parameters
[J]. Journal of Plant Nutrition ,2010,33(13) :1899.

(24168 % H, ERM, EEmW, %, A& /NERRER S

Fe iy sgm L], P AL #3),2012,21(1) :55.
QIU X Y,WANG C Y.WANG Y L,et al. Effects of nitro-
gen application rate on root system distribution and grain
yield of winter wheat cultivars [J]. Acta Agriculturae Bore-
ali-Occidentalis Sinica s2012,21(1) :55.

[250F Bl BEKEL,  pude, 45, 5% A 07 =CFIR AR 25 B X 4 /) 42 AR
R AR T, 2R #2023, 43(2) : 230.
WANG K,JIA'Y H,LUO S W,ez al. Effect of sowing pat-
tern and planting density on root growth and yield of winter
wheat [J]. Journal of Triticeae Crops,2023,43(2) :230.

[26JWANG K,JIA Y H,LUO S W, et al. Effect of Sowing Pat-
tern and Planting Density on Root Growth and Yield of Win-
ter Wheat [J]. Journal of Triticeae Crops.2023,43(02):
230.

L27 R, BEAR . /N2 e 8 5 39 3 25 R 43 BE IR A= AR X R R
AR BT S e L) ). 2 2R "E 4. 2011,31(2) 1 282.
SONG X X,HE D X. Effect of culm and tiller nodal roots at
late growing period on grain yield and quality of wheat
(Triticum aestioum 1..) [J]. Journal of Triticeae Crops .
2011,31(2):282.

L2803 FIF A% 2T 3C, A 3 80, % AN EZ R BER AR R B S

PEFLT]. A 355 2% 35, 2021,40(11) : 3656.
XU L L, YANG X W,.ZHOU S M, et al. Occurrence and
function of nodal roots belonging to infertile tillers in winter
wheat(Triticum aestivum L.) [J]. Chinese Journal of Ecol-
02y +2021,40(11) ; 3656.

[29JMADHU U,BEGUM M, SALAM A,et al. Influence of so-
wing date on the growth and yield performance of wheat
(Triticum aestivum 1..) varieties [J]. Archives of Agricul-
ture and Environmental Science ,2018,3(1):90.

[30JMOSAAD M G, ORTIZ-FERRARA G, MAHALAKSHMI
V. Tiller development and contribution to yield under differ-
ent moisture regimes in two Triticum species [ J]. Journal

of Agronomy and Crop Science ,1995,174(3) ;. 176.



