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Abstract: To explore the evolutionary characteristics of root physiological functions and their correla-
tions with yield traits in wheat varieties from different decades in Henan Province, 28 representative
varieties from the 1950s to the 2010s were used as materials. The varieties were grouped into seven

decades. The study was conducted using outdoor pot experiments from 2023 to 2025. The root dry
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weight, root vigor, total nitrogen, and soluble sugar content in roots at different growth stages were
systematically determined, and the yield traits were investigated. The results showed that, with the
passage of time, the root dry weight of varieties from the 1970s to the 2010s decreased by 13. 0%
compared with that from 1950s to 1960s, showed a trend of increasing first and then decreasing and e-
ventual stabilization during the growth period. The root-shoot ratio showed the same changing trend
as the root dry weight the root-shoot ratios of varieties from the 1970s to the 2010s decreased by an
average of 14. 0% compared with those of the 1950s to the 1960s, and those of varieties from the
2010s decreased by 20. 0% compared with the 1950s. The root vigor of the varieties from 1980 to 2010
was more stable throughout the growth period compared with that of the varieties from 1950s to
1970s, and its decline slowed down in the later growth period remained a high level. The total nitro-
gen and soluble sugar content in roots continued to increase, both reaching their peaks in the varieties
in the 2010s, with increase rate of 25.7% and 25. 6% respectively compared with the 1950s, and the
peak values for both indicators occurred at the regreening stage. The yield per plant of the varieties in
the 2010s increased by 56. 2% compared with those in the 1950s, among the yield components, the
number of panicles per plant decreased by 29. 7% ; the thousand-grain weight increased by 52. 6%,
and the number of grains per panicle increased by 3. 9%. The results of the correlation analysis
showed that wheat root vigor and total nitrogen concentration at regreening stage were highly signifi-
cantly positively correlated with the thousand-grain weight, while soluble sugar content was positively
correlated with the number of panicles per plant but negatively correlated with the thousand-grain
weight during the jointing period. In summary, with the passage of time, the root dry weight and
root-shoot ratio of wheat have shown a downward trend in Henan; plant dry matter was allocated
more to yield formation; root vigor exhibits a temporal pattern of initial increase followed by de-
crease, peaking in the 1980s; the total nitrogen and soluble sugar content in roots showed an increas-
ing trend with the advancement of release decades.

Keywords: Wheat; Root system; Physiological function; Correlation; Evolution characteristics
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Table 1 Wheat varieties used in this study from different decades in Henan Province

IS AR AR

Release decade

ity 24 B

Variety name

WS T2 VEEOK L TE AR 6028

1950s Mazhamai, Youzimai, Wangshuibai, Xinong 6028
L060s BT G5 8 B2 36,12 5 5

) Afu,Beijing 8,Neixiang 36, Neixiang 5
1970s 587107 B2 2 5 B4R 55 N 761

T Wan 7107,Zhaomai 2,Changle 5,Zhengzhou 761

1980s FAC 3217 B 7859 B K 2 5 BE T

) Bainong 3217, Shanong 7859, Yumai 2, Yumai 7
1990s BAL18 5 BE ST HL2 5 BEWWY

h Yumai 18, Yumai 13, Yumai 21, Yumai 49
2000 A 9023 HHE 366 FFE 55 K 9962

: Zhengmai 9023, Zhengmai 366,Zhengfeng 5.,Zheng 9962
2010 HF 7698 H AR 207 HFE 379 KB FE 1860

Zhengmai 7698, Bainong 207 ,Zhengmai 379, Zhengmai 1860
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Table 2 Root dry weight and root-shoot ratio at different growth stages of wheat

varieties from different decades in Henan

PR T E Root dry weight per plant/g

It Root-shoot ratio

Ay AEAR

Year  Decades WS RS Js HS MS WS RS Js HS MS

2024 1950 0.09b 0.22b 0. 48ab 0. 82b 0.73b 0.17a 0. 23ab 0.19a 0.06a 0. 14a
1960 0. 10a 0.23a 0. 50a 0. 86a 0. 75a 0.17a 0. 23a 0. 19a 0.07a 0.15b
1970 0.08cd 0.18d 0. 44abc 0.75b 0.70b 0.17bc 0. 22ab 0.19b 0.05b 0.13b
1980 0. 08¢ 0.21c 0. 45abc 0.76b 0.71b 0.17b 0. 23ab 0.19b 0. 05b 0. 14b
1990 0.07d 0.18d 0. 43bed 0.73b 0. 65b 0. 17bc 0. 22ab 0.19b 0. 05b 0.13b
2000 0.07e 0.17e 0.41cd 0.72b 0.63b 0. 16¢ 0. 22ab 0.19b 0.05b 0.13b
2010 0. 06e 0. 16e 0.38d 0.72b 0. 62b 0. 16¢ 0.23b 0.18b 0.05b 0.13b

2025 1950 0.14b  0.22b  0.56a 1.02ab  0.89a  0.19a  0.1dab  0.17a  0.12a  0.2la

1960 0.17a 0. 23a 0. 58a 1.07a 0.92a 0. 18a 0.13a 0.15a 0.12a 0.19b
1970 0. 16cd 0.21d .53b 0. 95bc 0. 80bc 0. 18bc 0. 11ab 0. 14b 0.10b 0.17b
1980 0. 16¢ 0.21c 0.54b 0. 95bc 0. 85ab 0.16b 0. 11ab 0. 15b 0.10b 0.18b
1990 0.15d 0.18d 0.52b 0. 93bc 0. 78bc 0. 13bc 0. 09ab 0.13b 0.10b 0. 15b
2000 0.13e 0. 19e 51b 0.91c 0.76¢ 0. l4c 0. 08ab 0.11b 0.09b 0.13b
2010 0.12e 0. 18e 51b 0.92¢ 0.75¢ 0. l4c 0. 08b 0.10b 0.10b 0.13b

WS A s RSGR T IS AR 1 s HS BRI s MS. sy . AR TR 4E 03 [R50 086 5 A8 8] S0 30 i il ) 22 572 0,05 T 3. FIE.,
WS: Wintering stage; RS: Regreening stage; JS: Jointing stage; HS: Heading stage; MS: Maturity stage. Different letters follow-

ing data in the same column and year indicate significant difference between varieties at 0. 05 level. The same in tables 3—6.
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Table 3 Root vigor of wheat varieties at different growth stages from different decades in Henan pg e+ g™' « h™!

HEH Y Growth stage

R FR
Year Decades ws RS IS HS MS
2024 1950 83.77b 70. 85¢ 144. 03d 66.48b 50. 58b
1960 82.10b 77.37bc 179.51c 69. 25b 55.81b
1970 119. 27b 91. 77abc 187.67¢ 83. 89a 67.13b
1980 176. 37a 102. 55a 232.01a 96. 28a 76.08a
1990 125.99b 95. 53ab 217.02ab 85.53a 60.73b
2000 93.66b 84. 14abc 197. 28bc 70.41b 59.59b
2010 91.75b 81. 38bc 194. 50bc 66.56b 54.63b
o205 950 16.20e 102.74e 137.10e me 13.87h
1960 133. 49de 105. 09de 162. 08cd 81. 42bc 47.86b
1970 144. 68bc 106. 87bc 172. 23bc 87.55ab 53. 43ab
1980 187.07a 122.13a 210.02a 99. 09a 63. 48a
1990 163. 37b 108. 65b 196. 46ab 93.61ab 56. 36ab
2000 157.91cd 100. 69cd 188. 08abc 84. 73bc 54. 33ab
2010 150. 10cde 85. 14cde 187. 03abc 79. 15bc 49.67b
F4 THAEAFRHERNMEZERMRHNEEESETL
Table 4 Changes of total nitrogen content in root of wheat varieties from different decades in Henan mg « g~!
FE AEf HEFHBHY Growth stage
Year Decades WS RS JS HS MS
2024 1950 16. 52¢ 19.47e 18.12¢ 13.12¢ 8.97e
1960 18. 37abc 21.76cd 20. 64abc 15. 14bce 10. 78¢
1970 17. 38bc 20. 7de 19. 88abc 14.37cd 10. 12cd
1980 17. 12bc 20. 42de 19. 13bc 13. 9de 9. 27de
1990 19. 90ab 23.03bc 21.95ab 15.78b 11.77b
2000 20. 61abc 24.69ab 22.77ab 16. 44b 12. 48ab
2010 20.97a 25.12a 23.08a 17.27a 13. 06a
o 2025 1950  1s.22d  22.03b 19.91¢ 14230 9.65¢
1960 20.31b 23. 38ab 21. 62abc 16.01cd 11. 54bc
1970 19. 23¢ 22.19b 20. 72bc 15. 41de 10. 94cd
1980 18. 84cd 22.05b 20.07c 14. 94ef 10. 20de
1990 21. 14ab 23.97ab 22.17ab 16. 43bc 12. 44ab
2000 21.55a 24.58a 22.90ab 17. 10ab 13. 00ab
2010 21.92a 25.39%a 23.21a 17.79a 13.58a
2.4 AHEARERNEZRTRPATBFEES 1980 AF AR F1 1950 AF 48 &l F 43 51 34 9. 206

ERNETHIE

ASTRVAEAR ZNZZ S PR o AT 3 P W R TR 45 A
BRI -2 225 (K 5., BEK L, L
A bR I A — 3, 1950 4F AR 5 F AR of AT s P
WO B AT A, 1960— 1980 4F AR i A A% 4k, g BiE
BN, 1980 AEAR UG B AR S i A, 1960—
1980 AFAL Pl - B AR v ] 35 4 B B R 1950 4R
fRI|AN 7. 4%, 1980 — 2010 AF AR & Fl 8¢ 1960 —

17.3% . WENEFWRE A FRAENRNE G F
R AT P AR i S B e T R R A AR b
B TE IR T WA B (R, BT R AR, 1950 AR AR
ol g 2 1 4 3R T T 4998020 55, 1%6,1960— 1980
SRR 51.8%,1970— 2010 4EAR 2 49. 7%,
SV b TR A /N 22 AR e R s PR o B AR
REZFEHmEH. BRI EERTE AR
BRI A MR R T
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Table S Root soluble sugar content of wheat varieties from different decades in Henan mg - g'
FE AE AR EH Y Growth stage
Year Decades WS RS S HS MS
2024 1950 26.60c 34.47d 26.12e 11.12d 7.77d
1960 28. 37bc 36. 53¢ 28. 64bc 13. 64bc 9. 41bc
1970 27. 38¢ 35.70¢ 27.81cd 12.37cd 8.92cd
1980 27.12¢ 35.42cd 27.13de 12.08d 8.07cd
1990 29. 90ab 38.03b 30. 03ab 13. 78abc 10. 56ab
2000 30. 7ab 39. 69a 30.77a 14. 44ab 11. 28a
2010 30.97a 40.12a 31.21a 15. 27a 11. 75a
o205 1950 28.26c  37.03%c 26.88¢c 12.23d §.45¢
1960 30.31b 38. 30bc 29. 62ab 14. 01bc 10. 27bc
1970 29. 23¢ 37.19¢ 28. 71bc 13.41cd 9. 74cd
1980 28. 84c 36.95¢ 28.07bc 12.95cd 9. 00de
1990 31. 14ab 38.97ab 29. 82ab 14. 43abc 11.11b
2000 31.23ab 39. 58ab 30. 90a 15. 10ab 12.08a
2010 31.92a 40. 39a 30.92a 15.79a 12.41a
2.5 WMEEARERNMNERMHTEREMEE FHAKF, Horb, 1960 — 1970 45 AR Fh 1 24 B OkL £

EHEL

B it A AR T L /N 22 BRORORE R i AR
EIANEE (R 6), 2010 AR Fh A P2 R 1y
% 1950,1960,1970,1980,1990,2000 4EA% 4351
BN 56, 0%6.32.0%.13. 9%.10. 0%.3. 8% . 1. 3%
M7= B R R A AR AR R B R R i A H
H,1980—2010 4EAL P B BBk B AL 4L 1950 — 1970
AEARE > 15, 8%, 2010 4E AR 48 1950 4F 1R ek 2>
29. 7 Y0 5 RERLECE B e R AR T s i R . 1960 —
1970 AFAR G B 0 AT T A 4R AC i b, 22 538

1950 4E MR 10. 6%, 1980 — 2010 4F AL #%
1960—1970 4EAF- X3 fn 12. 2% ; TR F B4R
T A A, Hod, 1960 — 1970 4E4RU# 1950
ARG N 27. 0%, 1980 AR EL 1960 — 1970 4F
B9, 6% ,1990— 2010 4FEA4E 1980 4FA% 44
8.8% . ERHNE ., LEKE MM /INE M
R S R L BRLORR RO o 4R T A B A Ak
REECT B AR B8 o A TR R RS2 38 ) B [
A Ak, Herp TR FE AT RE O HE B Rk 4R
M EZEHE,

o6 TEHAABERMNERMUTEREMKER
Table 6 Yield and its components of wheat varieties from different decades in Henan

HF G HARR AL TlL % TRL BARROFFRL 7
Year Decades Spikes per plant Grains per spike 1 000-grain weight/g Grain yield per plant/g
2024 1950 5.58a 46. 13ab 30. 82d 6.03c

1960 5. 20ab 41. 21c¢ 38. 26¢ 7.10be

1970 4.93b 43. 14bc 40. 62c 8. 39ab

1980 4.27¢ 46. 25ab 44, 50b 8. 74ab

1990 3.96¢ 47.44a 47.98a 9.00a

2000 3. 94c 47.75a 48.37a 9.08a

2010 3. 88¢ 48. 86a 48.02a 9. 06a

""""" 2025 1950 533  40.38b  3l.esd 562

1960 5.29ab 34. 66¢ 38.99¢ 6.67bc

1970 5.13c 35. 69bc 40. 84c 7.57ab

1980 5.25¢ 37.19ab 42.47b 7.78a

1990 5.33a 39. 15a 45.45a 8.51a

2000 4. 88c 39. 38a 46. 68a 8. 86a

2010 3.79d 41.11a 47, 25a 9.11a
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Table 7 Correlation analysis between root physiological functions and yield traits of wheat varieties at different growth stages

ERG) LSS =LY A B4 Bk TR 2 TR E
Year Root system indicator Growth stage Spikes per plant Grains per spike 1 000-grain weight
2024 RDW WS 0.173 —0.164 —0.008
RS 0.373" " —0.249" —0.272"
JS 0.214 —0.250" —0.244"
HS 0.2277 —0.157 —0.362" "
MS 0.283 —0.324 —0.396
"""""""" RV. ws  —o.026  —o0.0%  0.060
RS —0.052 —0.032 0.155
IS —0.376" " 0.114 0.415"
HS —0.069 —0.114 0.205
MS —0. 146 0.174 0.113
- TNeR ws —0.375" o.o71 0.454" "
RS —0.449" " 0.131 0.533
IS —0.408" " 0.169 0.458
HS —0.430" " 0.229 0.528
MS —0.426" " 0.139 0. 549
""""""" SSCR WS os90cc —o.249°  —0.530" %
RS 0.639" " —0.439" " —0.632""
JS 0.514" " —0. 344" —0.653
HS 0.524"* —0.352 —0.563
MS 0. 257 —0.162 —0. 330
"""" 2025  RDW WS o166  —o0.30°°  —o0.064
RS 0.233 —0.170 —0.251
JS 0.132 —0.143 —0.202
HS —0.028 —0.192 —0.351
MS 0. 242 —0. 249 —0. 296
"""""""" RV WS o138 o004  o0.337
RS 0.115 —0.243" 0.262
JS 0. 050 —0. 064 0.530
HS —0.044 —0.104 0. 280
MS 0.156 0.033 0. 339
 T~erR ws —0.260" 0.220" 0.577° "
RS —0.192 0. 060 0.312"
]S —0.262" 0.138 0.469"
HS —0.412" " 0.196 0.574"
MS —0.202 0. 080 0.461
""""""" SSCRws o180 —0.296"°  —0.507""
RS 0.110 —0.313" —0.539
]S 0.153 —0.317" " —0.653" "
HS 0.110 —0.297* " —0.567""
MS 0.145 —0.130 —0.454" "

RDW AR TH ; RV AR R IE J7 3 TNCR AR o2& 5 5 SSCRAR il i Mg & 1

* : P<C0.05; ¥ * ; P<C0.01,

RDW :Root dry weight; RV: Root vigor; TNCR: Total nitrogen content in roots; SSCR: Soluble sugar content in roots. * ; P<<

0.05; * . P<C0.01.
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2010 AFAR AL FRAR T E #1950 — 1970 4R AR 5 F 2
TR AR SRR R B RR SRS N L 5 R AY 4
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1950— 1970 4FAX /i Fh Al fiE A2 FR F 55 & = bk
R R AP RE ) DL R AR R A 5 A5 F AR RN T
Ak T K HL o s & L 1 1980 4FAC AL AR &
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SCIRFRAE A T AR 2R 06 0 1 7= i R s v S i T
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FRIK 8h -
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OB A LB At A S AL Y . 2010 AR AR /N ZE S
1950 FRAESAEFT MR HR S, X5 E K
B 1T B A AR R T W B A AR A S B A
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2010 4RO A H 5 R 5 FP (1950 — 1960 4E 1)



570

B 52 A5 AT g 48 A TR A AR/ 22 P AR 2R A BT R R G 5 77 ik P RAH DG 1 i AR AT

+ 933 -

AR 10. 396 ~17. 0% , 11 7= i $2& F+ 56. 290, R W]
AR b B AT RE S L A AR AR R S R Y AR K B
P SRR A B BCR AR T AR AR R AR K i
— B UE SR R AR P T AR A A R AR W o, 2
PRAR S B = R TR D RS . R LT
ANFE SR R AR R AR R AR AR T 1950 —
1970 AF AR A A= 4t MR 8 7 6 A8 R 1980 — 2010
AEAR B “ T RE ORI il i AR AR R IE R Tk
R A A% K O S A= I Y ) e A M L T
DAk 7= e i ol PR 2 3 2o T 10 AR RS
JEE 8/ S B T 3 — VA i A KT R
B H AR A S AR AR 7 SRR R % DDA
G B M A X A PR S BR T

4 Hi

TG4 /N2 AR AE 1950 4EARE 2010 4E4RHY
PR R AR T E SR R B FE 1950 —
1960 AFEARE S, 1970 4EAC G B W B R iR R G )
SV ST S BT B TR e n L L 1980
AP AR P 2R A R R v 4 R A R R M Y
NN SRR AR TR D) | IR VS T TARSh 1] KR A
WP SR T G TR s - i M I R 2 B
) AL RRAE , T b7 B AR S, SRR AR AN T R
B, TR B0/ 380, T E G R T T RS R
I EENER.

S 30K

[T Al Bk B B 26, 55, KVL P R il /N 22 G0 Al AR R 0 R 4y

it K K5 i L R T, AR 2241, 2015, 41(4) « 613,
TIAN Z W,FAN Y H,YIN M,et al. Genetic improvement of
root growth and its relationship with grain yield of wheat cul-
tivars in the middle-lower Yangtze River [J]. Acta Agronomi-
ca Sinica ,2015,41(4) :613.

[2]JHAI C ,LI Y,PENG C ,et al. Single-cell nuclear transcrip-
tomics reveal root tip adaptations to nitrogen scarcity in wheat
[J]. The Crop Journal ,2025,13(4):1156.

(3T 347 /N2 90 He AR A= AR 0Bl A B 3R 5K IS R T A% 1

26503 B[] FM < TR A lk K 2% L 2024,
MA W Q. Difference in accumulation of nitrogen,phosphorus
and potassium and use efficiency of both water and nutrients
between seminal and nodal roots in wheat(Triticum aestivum
L.) [DJ]. Zhengzhou: Henan Agricultural University,2024.

[4JskaE 3 Z P In, REILNE A5 /N2 TP AL I /K 0 1 38 57 43 e AR
F o Aa R )], 0 AR A5 274 . 2022,33(12) 3328,
ZHANG Z Y,QIN B T,XIONG S P,er al. Effects of irriga-
tion at flowering stage on soil nutrient and root distribution in
wheat field [J]. Chinese Journal of Applied Ecology 2022,
33(12):3328.

[5JANDERSSON A,JOHANSSON E, OSCARSON P. Nitrogen

redistribution from the roots in post-anthesis plants of spring

wheat [J]. Plant and Soil .2005,269(1-2) :321.

[6JMEAE 3, B WI A, Uk , 45 PR S Y8 TE AN [R) i 4 /N 22 25 W]

P 5 UK R R R R LT, BRI RL 2010, 43
(12):2428.
FAN T L,MA M S,WANG S Y,et al. A study on the rela-
tionship between stem soluble sugar with grain yield and wa-
ter use efficiency in different winter wheat under limited irri-
gation condition [ J]. Scientia Agricultura Sinica » 2010, 43
(12):2428.

[7TEEAR & U, BTG, 5. WA At/ TR
PR B AR LA (). & KRR 2241, 2010.30(3) : 439,

CAOT J,ZHAO H,WANG X C,et al. Evolution of main ag-
ronomic traits for semi-winter wheat varieties in Henan Prov-
ince [J]. Journal of Triticeae Crops,2010,30(3):439.

[8IokMEAE , T Wi, 11 B, 45, 10 3 44 AN [R] AR AR /N 22 i 01 38
75 30 A AR B () ). AR bR 2241, 2016,31(6) 119,
ZHANG P Y,.WEI L,BAI T T,et al. Physiological response
to osmotic stress at seedling stage of wheat cultivars from dif-
ferent periods in Henan Province [J]. Acta Agriculturae Bo-
reali-Sinica ,2016,31(6) :119.

[9JMATTHEW R,JOHN M F,A G S,et al. Raising yield poten-
tial in wheat [J]. Jowrnal of Experimental Botany ,2009.60
(7):1899.

[10JFU Y ,DAIJ Y,YANG H,et al. Newer wheat cultivars a-
chieved greater yield and water productivity through root and
canopy synergies in the North China Plain [J]. Field Crops
Research ,2025,328:109880.

L1153k S5, 00 g 4 /N 22 it 7 A 9 s A2 DIC SR B A G A ) 2 e 1
BB LD, M < 0T e ARl K%, 2015.

ZHANG Y. Genetic improvement in grain yield and associated bi-
ological characteristics of wheat in Henan Province of China [D].
Zhengzhou: Henan Agricultural University,2015.

[12JFENG F,DANG P.PU X, et al. Contribution of proximal
and distal grains within spikelets in relation to yield and yield
components in the winter wheat production region of China
from 1948 to 2012 [J]. Agronomy ,2019,9(12) :850.

[13JLTI Y. TAO F,HAO Y.et al. Wheat traits and the associated
loci conferring radiation use efficiency [J]. The Plant Jour-
nal ,2022,112(2) :565.

[14JWANG Y Q.XI W X,WANG Z M,et al. Contribution of ear
photosynthesis to grain yield under rainfed and irrigation
conditions for winter wheat cultivars released in the past 30
years in North China Plain [J]. Journal of Integrative Ag-
riculture ,2016,15(10) :2247.

L5083 1 2 DX T 45 AR 4% /DN 22 it i 7 e R S IR T
B LD, A5 i bR F R 22, 2018,

FENG F. Evolution in yield and related traits of winter wheat
released in different decades in Huang-Huai-Hai region [ D].
Yangling: Northwest A&.F University,2018.

[16]ZHAO P,LIU Z,SHI X,et al. Modern wheat breeding selec-
tion synergistically improves above- and belowground traits
[J]. Plant Physiology ,2024,196(1) :47.

[17]ZHANG Z,QIU X,GUO G,et al. An automated root pheno-
type platform enables nondestructive high-throughput root
system architecture dissection in wheat [J]. Plant Physiolo-
gy+2025,198(1) :154.

[18]LI H,LI L,LIU N,et al. Balanced below- and above-ground
growth improved yield and water productivity by cultivar re-

newal for winter wheat [ J]. Frontiers in Plant Science .



* 934 -

I (7]

EE %46 &

2022,13:1022023.

[19]HERMANSKA A,STREDA T,CHLOUPEK O. Improved
wheat grain yield by a new method of root selection [J]. Ag-
ronomy for Sustainable Development ,2015,35(1) :195.

[20]GILES ] W,BAHMAN E. Domestication and crop physiolo-
gy:Roots of green-revolution wheat [J]. Annals of Botany .
2007,100(5) :991.

C2105R B U0 B ot 25 A2 4, 45, /N2 0K R T 0 %6 1 ke [ 7 2
LI R A2, 2011,22(2) £ 369.

ZHANG X Z,YANG X B,LI T X,et al. Genotype difference
in nitrogen utilization efficiency of wheat []J]. Chinese Jour-
nal of Applied Ecology,2011,22(2) :369.

(22 .47 21 3C, R B, 45 /N AR o NADP-JBE SRl 5 40 G

i35 P S AR ARG O R B R AT LT B AR,
2018,51(11) :2060.
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):2060.

[23]2 2, RIBeEs , kS 25, 2001 — 2020 4F ] B 44 W & /N &

SRR R A B 3R R MR AR Ay AT D). R
2021,41(8):947.
LI A G,SONG X X,ZHANG W F,et al. Breeding character-
istics and phenotypic traits evolution of wheat varieties ap-
proved in Henan Province during 2001 — 2020 [J]. Journal
of Triticeae Crops ,2021,41(8) :947.

(24081 8, BUAE S, /NFE AR ZR05 03 10 A8 A3 A4 A T doe A JBURE R 5

Pl ()], 22 26 4R 241, 2011, 31(6) : 1094,
HU M.HE D X. Study ondiurnal fluctuations of physiologi-
cal activity of roots and the optimal time to sample and de-
termine their activity in wheat (Triticum aestioum 1..) []].
Journal of Triticeae Crops.2011,31(6):1094.

(2500 7K 5. 7R B A AT A 3L 128 e i B 7 SO0/ 40l

AERBE D], BRI gl K4, 2023,
LIU Y Q. Effect of nitrogen and phosphorus Co-doped car-
bon quantum cots on photosynthesis of wheat under red-blue
light cultivation model [ D]. Wuhan: Huazhong Agricultural
University,2023.

[26JYAN M, LIAN H,ZHANG C.,et al. The role of root size and
root efficiency in grain production, water-and nitrogen-use ef-
ficiency in wheat [J]. Journal of the Science of Food and
Agriculture ,2023,103(14) :7083.

L2785 @, 77 &, DR . /I 22 AR 2 4 AF X 1 52 0 38 149 R o7
(1. ¥4 . 2019,54(5) : 652.

MIAO Q X,FANG Y,CHEN Y L. Responses of wheat root
traits to drought stress [ J]. Chinese Bulletin of Botany .
2019,54(5):652.

[28]AZIZ M M,PALTA J A.SIDDIQUE K H M.,et al. Five dec-
ades of selection for yield reduced root length density and in-
creased nitrogen uptake per unit root length in Australian
wheat varieties [ J]. Plant and Soil ,2017,413(1-2) ;181.

[297IVAN M,MARIO M,MARCOS P,et al. Genetic progress in
winter wheat cultivars released in Chile from 1920 to 2000
[J]. Chilean Jowrnal of Agricultural Research, 2012, 72
(3):303.

[30JMCGRAIL R K,MCNEAR D. Two centuries of breeding has
altered root system architecture of winter wheat [J]. Rhizo-
sphere ,2021,19:100411.

[31]JCHEN Y,PALTA ] A. Editorial: Root structure and func-

tion adapting to climate change [J]. Frontiers in Plant Sci-
ence ,2024,15:1365263.

(32058 . AIEAEAC/IN 2 Bh ol G 2803 0 2 Wk T i 22 5=

B A FEHLFELD]. W 5 5ROk R, 2019,
GUO H. Differences and physiological mechanisms in photo-
synthetic efficiency and nitrogen absorption and utilization of
wheat cultivars released in different era [ D]. Nanjing: Nan-
jing Agricultural University,2019.

[33]ZHENG X, YU Z,SHI Y.et al. Differences in water con-
sumption of wheat varieties are affected by root morphology
characteristics and post-anthesis root senescence [ J]. Fron-
tiers in Plant Science ,2022,12:814658.

(34 ]k it , AR R A, 45, A /I8 AN TR 3k 81 280 460 38 R T 0%
1 22 5 SHLE AL ). b A2 3 4, 2007, 23(8) : 245.
ZHANG M M, ZHAI B N, SONG X, et al. Difference and
mechanism of nitrogen use efficiency (NUE) in different
winter wheat genotypes []]. Chinese Agricultural Science
Bulletin ,2007,23(8) : 245.

(350 W, BRVE/INAZ Bl A 25 R o 82 oy 7 o P bR RT3 23 ) o 1
K H A P LI D] 4 % < P IE R AR K%, 2018,
WANG Z. Genetic improvement of wheat yield characters
and nutrient related traits and its physiological response
mechanism in Shaanxi [D]. Yangling: Northwest A&F Uni-
versity,2018.

[36E R, TR A K55, W4 R & KK Edh B35 42 7+

2N B R R MCR T R A B LT ] AR W 3R S IR R 2
#,2024,30(5) :863.
WANG Q Y.YU Z W,SHI Y.et al. Strip rotary tillage com-
bining with every two-year subsoiling increases the nitrogen
use efficiency and yield of winter wheat [J]. Plant Nutrition
and Fertilizer Science ,2024,30(5) :863.

(37 MR Iah . o U - J /N 22 7 | BT B = 3R & <0 HE 7ok x
A HERGIR A B[ D] FF g KA L 2024,

WANG X ]. Response of wheat yield,quality and soil green-
house gas emissions to soil warming in Huang-Huai-Hai re-
gion [ D]. Kaifeng: Henan University,2024.

[38]LIANG X G,GAO Z,FU X X,et al. Coordination of carbon
assimilation, allocation,and utilization for systemic improve-
ment of cereal yield [J]. Frontiers in Plant Science, 2023,
14:1206829.

(39T M. #& + o JEUR IR B K 5 43 L R 4 /N2 AR R IR HL I 45 K

SR MHL B 5[ D], i - AL R bR RL B R, 2022.
DING T T. The mechanism of regulating water absorption
through wheat deep rooting under varied precipitation distri-
bution in the Loess Plateau [ D]. Yangling: Northwest A&F
University,2022.

L40 ] 4R, TIRSC, A0 55 KEIBE X /NECE WAL

PR L) ], % A A . 2024,35(6) 1564,
CUI ZK,YU Z W,SHI Y,et al. Effects of water and nitro-
gen management on photosynthetic matter production and
yield of wheat [J]1. Chinese Journal of Applied Ecology .
2024,35(6) :1564.

L4187 W 5 TR, A5 ) R A8 /N 22 5 9% 1L ol B 4

Z R TLT]. HIE £L BEIR2 I 2025, 26 (1) 167,
ZAN X C,CHANG Y Y,.DONG H B.et al. Quality charac-
teristics diversity of wheat germplasm resources in Henan
Province [J]. Journal of Plant Genetic Resources,2025, 26
(1):67.



