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Abstract ; Late sowing is one of the primary factors restricting wheat production in the middle and low-
er reaches of the Yangtze River. Cultivating late-sowing-tolerant wheat varieties can effectively miti-
gate yield losses due to delayed sowing. To elucidate the characteristics of late-sowing-tolerant wheat
varieties, this experiment compared grain yield and its components, organ development processes,
and the utilization of thermal and solar resources among four wheat varieties of Yangmai 25, Yangmai

28, Yangmai 30, and Yangmai 39 under late-sowing pattern with increased planting density. The re-
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sults indicated that delaying the sowing date led to a significant reduction in grain number and grain
yield. Under late-sowing conditions, Yangmai 25 and Yangmai 30 exhibited significantly higher grain
yields, primarily attributed to their greater spike numbers. Furthermore, Yangmai 30 exhibited sig-
nificantly more grains per spike. Under late-sowing pattern with increased planting density, tiller
number decreased, while tiller fertility increased significantly. Yangmai 25 exhibited significantly
more tillers developed in spring season compared with other varieties, while Yangmai 30 exhibited
higher tiller fertility. Although late sowing reduced leaf age and tiller number, Yangmai 25 and Yang-
mai 30 showed relatively faster leaf age progression and greater total tiller number. Meanwhile, late
sowing significantly shortened the period from tillering to jointing and the period from anthesis to ma-
turity. This might be unfavorable for the occurrence of tillering and the filling of grains. Among the
four varieties, Yangmai 25 showed an earlier jointing stage and a prolonged duration from jointing to
booting, whereas Yangmai 30 exhibited an earlier booting stage and a prolonged duration from boo-
ting to anthesis. The former helped accumulate more thermal and solar resources during the produc-
tive tillering phase, while the latter provided more time and more thermal and solar resources for flo-
ret differentiation. In conclusion, the late-sowing-tolerant varieties, Yangmai 25 and Yangmai 30,
share key adaptive traits; accelerated tillering-phase development with efficient temperature and solar
radiation resource capture, concomitantly with prolonged process during the productive tillering phase
and sufficient accumulation of temperature and solar radiation.

Keywords: Late sowing; Varieties; Yield components; Organ development; Temperature and solar ra-

diation resources
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Table 1 Grain yield and its components of four wheat varieties under different patterns
TEN F A kL P e % SD1 ™ # SD2 Jg ™ T Tebobr Bk JERATS R 4 Tk
Pe ttI VI?EA ¢ Grain yield/ Reduction relative to Reduction relative to Spike number/  Grains  Grain number/ 1 000-grain
attern arety (kg « hm2) SD1/(kg+hm %) SD2/(kg+hm ?) (spikes* m ?) per spike (X10°% « hm ?) weight/g
SD1 ijiffzs 8 758ab 518a 41, 1de 213. 0b 43.9d
Yff’iigzg 8 845a 500abe 43, 5¢d 217. 6b 44.1d
Yﬁiff%o 8 475be 499abe 47.5b 237. 2a 38, 0h
inlg%jig’ssa 8 630ab 185he 10. 3¢ 195. 6cd 16.9b
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ijg%]jiOSO 7 827d 648 346 490abe 43. 9¢ 215. 2b 39. 5¢
ijgﬁjfw 7 321e 1308 156 155d 34, 3g 156. le 19. 6a
J5 2253 B1 Analysis of variance

#3 Pattern(P) * % * % * *x * %

Al Variety (V) * % % % X % % % % %

PXV % % % % % % % % % %

[R5 B3 5 B9 A 6] /NS R AC AL P R) 22 S 7E 0. 05 KB R W, » . P<<0.05; % x . P<{0.01, R,

Different lowercase letters following the values in the same columns indicate significant differences among treatments at the 0. 05 lev-

el. * . P<<0.05; : P<C0.01. The same in tables 2—5.
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Table 2 Effects of different patterns and wheat varieties on the number of stem and tiller and their fertility in population

it b Stem and tiller number/(X10* « hm ?) 2 BT g%%)ﬂcj@ﬁ 43 BE Bl 2R
Pattern Variety 4 44 1] 4 ] Spikes per plant * t;glli?ﬁy/t%er Tiller fertility/ %
Wintering Jointing
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7 39 Yangmai 39 570b 1 098d 2.70b 44, 28cd 33. 36bc
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# 7% 39 Yangmai 39 919fg 1.17f 49. 59bc 37.31b
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Fig.2 Tillering dynamics of various wheat varieties under different patterns
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Tillering; JO: Jointing; BO: Booting; AN: Anthesis; MA: Maturity. The numbers within individual segments of the stacked bar chart

represent the duration of each growth stage, while the value above each bar indicates duration of the total growth period.
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Fig. 3 Duration of the main growth periods of various wheat varieties under different patterns
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Table 3 Accumulated temperature during the main growth periods of wheat varieties under different patterns C-d
fi 20 I'ﬁ"lﬂ] FEAFH WM B Main growth period Wlﬁ%if{lth

Pattern Variety SO—SE  SE-TI  TI-JO JO—BO BO—AN AN—MA period
SD1 ¥ 2 25 Yangmai 25 120.1 195. 8 395.2 209.1 321.9 911.1 2153.2
¥4 28 Yangmai 28 120.1 195. 8 395.2 209.1 321.9 911.1 2153.2
%74 30 Yangmai 30 120.1 204.9 435.9 159. 3 321.9 911.1 2153.2
¥4 39 Yangmai 39 120. 1 226.0 455.1 148. 4 329.4 874.2 2153.2

Cosp2 W% 25 Yangmai 25 106.8  190.1  292.2  238.7  318.9  850.0 1996.7
¥4 28 Yangmai 28 106. 8 212.3 305. 3 221.6 300. 7 850. 0 1996.7
## 30 Yangmai 30 106. 8 215.0 246. 6 171.0 407. 3 850.0 1996.7
%4 39 Yangmai 39 106. 8 216.6 310. 8 239.1 289.9 833.5 1996.7

Cspa B 25 Yangmai 25 86.5 186.6  239.8  209.9  353.7  803.8  1880.3
¥4 28 Yangmai 28 86.5 186. 6 291.1 158. 6 353.7 803. 8 1 880.3
% 30 Yangmai 30 86.5 169. 2 286. 6 153.7 380. 5 803. 8 1 880.3
¥4 39 Yangmai 39 86.5 200. 6 321.1 156.5 311.8 874. 8 1951.3

SO:#EFl; SE: 8 5 TL 43 B85 JO 311 1, BO: Z2 BT AN IR AR5 MA i8]
SO: Sowing; SE: Seedling emergence; TI: Tillering; JO: Jointing; BO: Booting; AN: Anthesis; MA: Maturity.

x4 TEABEAXATNEGMHWETEEETENREHE

Table 4 Mean daily temperature during the main growth periods of wheat varieties under different patterns C
Pz}'\:icm V‘iﬁty FFAHF B Main growth period Wﬁ]ﬁ;:ﬁﬁth

SO—SE SE—TI TI—JO JO—BO  BO—AN AN—MA period
SD1 ¥4 25 Yangmai 25 20.0 10.0 5.3 9.6 15. 4 20. 2 11.4
7 28 Yangmai 28 20.0 10.0 5.3 9.6 15.4 20.2 11.4
¥4 30 Yangmai 30 20.0 10.0 5.4 11.1 15.4 20.2 11.4
2 39 Yangmai 39 20.0 10.0 5.5 12.2 15.6 20.3 11.4

Cspz Wk 25 Yangmai 25 0.7 56 5.9 139 6.9 206 s
¥ % 28 Yangmai 28 9.7 5.2 6.3 14.4 16. 8 20. 6 11.5
4 30 Yangmai 30 9.7 5.1 5.8 12.1 16. 7 20. 6 11.5
2 39 Yangmai 39 9.7 5.0 6.6 14.6 16.9 20. 6 11.5

Csps Wk 25 Yangmai 25 5.4 47 8.3 152 175 21 120
¥ 28 Yangmai 28 5.4 4.7 8.8 15.4 17.5 21.1 12.0
¥ 30 Yangmai 30 5.4 4.4 8.8 15.2 17.1 21.1 12.0
7% 39 Yangmai 39 5.4 4.1 9.4 16.0 18.0 21.3 12.2

SO AEF SE: B8 TLAFEBEW]; JO A1 BO . 28] s AN IF AL s MA . B
SO: Sowing; SE: Seedling emergence; TI: Tillering; JO: Jointing; BO: Booting; AN: Anthesis; MA: Maturity.
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Table 5 Accumulated solar radiation during the main growth periods of wheat varieties under different patterns MJ * m™~

2

fi 20 ncﬁ_ﬂ‘ FEAFH WM B Main growth period Wlﬁ%if{lth
Pattern Variety SO—SE  SE-TI  TI-JO JO—BO BO—AN AN—MA period
SD1 $% 25 Yangmai 25 77.3 249.7 884.2 320. 2 314.5 857. 4 2 659.7
$% 28 Yangmai 28 77.3 249.7 884.2 320. 2 314.5 857. 4 2 659.7
$% 30 Yangmai 30 77.3 263. 1 967.0 246.8 314.5 857. 4 2 659.7
$ % 39 Yangmai 39 77.3 285. 8 012.1 203. 3 285. 1 837.8 2 659.7
Cosp2 W% 25 Yangmai 25 120.9 130.7  626.0 2547  279.8  827.4  2497.6
$ % 28 Yangmai 28 129.9 146. 7 643.8 231.8 261.8 827.4 2 497.6
$ % 30 Yangmai 30 129.9 450.7 573.1 210.1 351.4 827.4 2 497.6
$ % 39 Yangmai 39 129.9 462.9 639. 2 239. 2 250. 1 827.4 2 497.6
Cspa W% 25 Yangmai 25 203.1 4542 4142 203.4 3205 783.7  2309.8
$% 28 Yangmai 28 203.1 454.2 456.1 146. 2 320. 5 783.7 2 309.8
% 30 Yangmai 30 203.1 445. 7 457. 8 138.0 334.2 783.7 2 3009.
¥4 39 Yangmai 39 203.1 485. 3 447. 8 165. 4 270.6 860. 3 2 386.4

SO &3 SE: H B 5 T 43 BEW ; JO AR 5 BO - 22 B s AN IFAEIW s MA L il
SO: Sowing; SE: Seedling emergence; TI: Tillering stage; JO: Jointing stage; BO: Booting stage; AN: Anthesis; MA: Maturity.
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