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Abstract: Nine different winter and spring wheats(from China and Kazakhstan) were used as materi-
als, the effects of autumn sowing at different periods[ 13 days ahead of sowing date(S1), normal so-
wing date(S2) and sowing date delay 13 days(S3)] on the differentiation process, yield, and quality
were investigated to provide references for wheat production regulation and introduction. The results

showed on the same sowing date, the young spikes differentiation progress of spring wheat was faster
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than that of winter wheat. Young spike of winter wheat from Kazakhstan had faster differentiation
progress than that from China, but the slower progress was found for spring wheat from Kazakhstan,
comparing with Chinese spring wheat. With the delay of sowing date, the development time of winter
and spring wheat spike was shortened. Under S1, S2 and S3 conditions, the young spike development
of spring wheat from Kazakhstan was slower than that of Chinese spring wheat. Under S1 and S2 con-
ditions, an obviously longer duration of single and double ridge stage was found for spike of spring
wheat from Kazakhstan, comparing to that from China. Under S3 conditions, winter wheat from Chi-
na had the shortest duration of the single ridge stage, while from Kazakhstan had the shortest dura-
tion of the single and double ridge stage. The response of grain yield and its components of winter and
spring wheat to sowing date were also different. With the sowing date delayed, spikes number, ker-
nels number per spike, thousand-kernel weight and grain yield of winter wheat were reduced, while
spring wheat had a reduced spikes number, an increased thousand-kernel weight and grain yield. The
change of sowing date had some effect on the grain protein and wet gluten content. With the delay of
sowing date, grain protein and wet gluten content of Chinese winter wheat were reduced, but an op-
posite trend was found for wheat from Kazakhstan. For pasting properties, Chinese winter wheat had
a reduced peak viscosity and breakdown, and an increased final viscosity with delayed sowing, while
for winter wheat from Kazakhstan, peak viscosity and holding viscosity was initially decreased and
then increased, and final viscosity and setback were increased. With the dalaying sowing date delayed,
except for breakdown, pasting properties value of spring wheat showed an increasing trend. The
breakdown of Chinese spring wheat was decreased, but an increased in breakdown was found for
spring wheat from Kazakhstan. Yield and quality of different winter and spring wheat could be im-
proved by appropriately adjusting sowing date. The results indicate early sowing could improve yield
and gelatinization quality of winter wheat, and promote the protein accumulation of domestic winter
wheat, while delay sowing time could obviously shorten the development time of young Spike, and
improve the yield and gelatinization quality of spring wheat, conducing to protein accumulation of
winter wheat in Kazakhstan. Thus, suitable sowing is beneficial to young spike development, yield
and quality improvement of different winter and spring wheat.

Keywords: Wheat; Winter-spring characteristic; Sowing date; Spike differentiation; Yield
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Table 1 Information of test materials
A (R) Variety(lines) f£%5 Code X £V Winter-spring characteristic 1% F Hi Breeding place
YK 151 Pubing 151 CW1 AP Winterness 1 [E B2 VY Shaanxi China
P§4 511 Xinong 511 CW2 P Winterness F1EBE VY Shaanxi China
PG4 886 Xinong 886 CW3 &4 Semi-winterness 1 [# % 7 Shaanxi China
SEVY 48 5 Dingxi 48 CS1 # Springness i [# H il Gansu China
T4 355 Nichun 35 CS2 #HWVE Springness i [# 7 & Ningxia China
754 8 5 Xichun 8 CS3 #HWVE Springness 1 [# B P Shaanxi China
19XW002 KW X Winterness A 5% 7 7 3 Kazakhstan
Astana KS1 #HPE Springness A 5% 7 73 Kazakhstan
19XS035 KS2 # M Springness W 5% o0 W 3H Kazakhstan
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Fig. 1

Precipitation and temperature during wheat grown season of 2021 —2022
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1— V. 9 materials were sampled for young spike differentiation on November 18 2021, December 25 2021, March 1 2022, March 9

2022, and March 14 2022, respectively.
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Fig. 2 Young spike differentiation process of different winter and spring wheat under normal sowing date
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Fig.3 Development process of young spikes of different winter and spring wheat at different sowing dates
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Table 2 Effect of sowing date on different winter and spring wheat yield and yield component
(X10* « hm™2) per spike (kg « hm %)

CW1 S1 654.3246.21a 40.2541.78a 43.3840. 34a 8 863.334237.88a
S2 642.3648.03a 37.67+1.80b 40. 8840. 54ab 8 606. 004248, 96a

S3 622.4549.73b 39.6740. 8lab 38.8340.52b 8 183.334203. 63b

CwW2 S1 675.26410. 88a 41,254 1.43a 46.1340.91a 9 858.334240.73a
S2 632.69+11.86b 40.5041. 60a 46, 2340.55a 9 316.67+172. 30b

S3 598. 7449. 06¢ 37.7541.06b 45.7240.49a 8 266.674223.81c

CW3 S1 688.2349. 16a 44,504 1. 56a 52.357+0. 66a 9 958.33+212.02a
S2 596.5547.70b 42,0040, 68b 51.34740.99ab 9 366.671196. 24a

S3 532.51410.41c¢ 40.00=41. 46b 50.33=%1.06b 7 533.33%189. 32b

CSl1 Sl 536.23410. 87a 36.75+1.62a 39.3440.59¢ 6 250. 004244, 84a
S2 489.36+38.93c 34,0041, 74ab 44,5340.75b 6 083.334202. 19b

S3 509. 3845.18b 32.0041.57b 47.05%40. 35a 6 316.674218. 86a

CS2 S1 486.73+6.06b 40,7540, 64a 44,1540. 30c 6 083.334221.40b
S2 536.33+5. 64a 39.2541.05a 48.5740.68b 6 566.674190. 92a

S3 516.4546. 79ab 35.5041.40b 51.9040. 35a 6 433.334190. 02a

CS3 S1 562.6645. 36b 30.5041. 29a 48.0340. 95ab 6 216.67+179.17a
S2 569.2248.53b 29.2540.97a 48.9740. 88a 5 216. 674245, 69b

S3 605.36+11. 60a 30.0041. 45a 46.4840.65b 6 408.33+235. 11a

KS1 S1 469.52+5. 54a 38.75+1.10a 31.6840. 54a 4 983.334236. 98a
S2 456.66+6.99a 34,5041, 66b 28.6240.29b 3 600. 004 183. 86b

S3 443.51+7.81a 34,754+1.23b 31.1240. 56a 3 650. 00+201. 83b

KW S1 469.58+5, 75a 36.5041.02a 34.7740. 40ab 4 783.33+170. 36a
S2 446.16+10. 55a 34,50+ 1. 68a 36.8240.61a 3 833.33+241.81b

S3 426.59+8.83b 31.2540.90b 31.7240. 39b 3 550. 004229, 44b

KS2 Sl 443.35+10.41b 32.75+1. 44a 29.8340. 89b 3 433.334240.65b
S2 463.23+8. 15ab 30.5041.00a 28.6540.61b 3 383.334178.49b

S3 499, 65+8. 60a 31.0040. 90a 33.0340. 80a 3 816.674210. 15a

(5] 51 B3 I AN [l /N5 B 3R [l — il B CFRO) B9 AR [R] Ak B8 ) 22 5 7% 0. 05 KPR . & 3 Tl

Different lowercase letters following data of same columns indicate significant differences among different treatments of the same va-

rieties(lines) at 0. 05 level. The same in table 3.

CS1.CS2 Ml KS2 () TR 7E S3 #4014 3 &k =%
B 19. 60% .17, 55% 1 10. 73% . 15 BH Bl %
(IR [ P A P /N 22 B T o SRR AR 3
PENEE B T
2.3.4 B FEEHHA

T 0N ] 4 25 1 /N 22 7 it 19 52 ) B 35 (P
<0.05), &PE/INE CW2 KW By &7E S1 4751
TREST S2HEM,CWL.CW2,.CW3 iy 7= & 7F
S2 FEIW T W T S3 W ;CWLL.CW2,CW3 Al
KW /== 7E SLIEI T B2 m T S3# (P <
0.05), FEMEM KB CS1,CS3 Hil KSI By /=& 78 S1
R W3 m T S2 #5119, CS2 MIAH Jz 5 CS1,CS3

FKS2 iy = & 7E S2 # T  F LT S3 #&1H,
CS2 Al KS2 fy=H7E S1 &M F B &K T S3 4%
(P<C0.05),KS1 WIAH . &R, [ N Ah & 1
AN R S0 B 4R 7 e S BRI BN B
THia%,
2.4 BEPEWNARLZEENZEARKREOFS
EN M

FEASTRIRE I /N 22 F R0 R 2 1 0 5 o R
I & 2 R (P<<0.05) (B 4), &ME/NE
CW3 MR HERTRAESIEN TR ES T
S2 W, CW2 78 S2 &I B & m T S3 #E L i
KW N AH & ; CW1 #l CW2 76 S1 # B & & T
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ROHLAE 1 o B R 40 i 4R R T R e, e Y
BT IR AP /N R RREL B 11 A U 1 R 2
TR BRI [ AN N 22 R R B
Eaoniki s AN

KM/ CW3 R T 7 7 & 7E ST #%1
EET S HEHL.CW 7E S2 #5103 5 T S3 %
Wy, KW AR 2 s CW (% 38 1 A & B 7E ST 3%
WEEET S3 M (P <<0.05), HFH/NE CS2
FCS3 MR T A & e 3 MR TR E X5,
KS2 78 S1 # .3% m F S2 #5111 :CS1 5 KS1 78
S2 I W2 e T S3 #E M, 1 KS2 W AH Jiz 5 CS1
e S1 4B W2 & S3 HEHI(P<<0.05) ., Likdy
BT U6 o ] P AP /0 22 4 300 4 i 2 2 v 0 T A
i, IR o BT HH AP /N 22 0 1 A R s B R W 1 A
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B E PR,
2.5 BENARLEE/NEZHESENZE
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WIoRTER GG KIEE ), 5 R L7 i B A ¢,
ZME/NAE KW I EDRS B2 7 ST K1 10 28 & T S2
WKW 76 S2 #5158 T S3 #11: CW1 A
CW3 7€ S1 #5111 2 i T S3 # 11 (P <C0. 05) . 1M
CW2 WAHfZ (% 3), FM/NZE h CS1 1y i {E K
FETE S1 4601 B3 T S2 #6301 CS3 F1 KS2
M ;CS1,CS2,CS3 #l KSI 78 S2 #% B #FHX T
S3HEHI;CSL 7E SI MR E & T S HEM(P<
0.05), 1 CS2,CS3.KS1 Hl KS2 W AHfZ . 5B b
FEIIHEIR | [ PN AP /N 22 (0 W (EDRY B 522 T R 3
W B s I A M /N FE e N R S B B N A B
INFE VR TR

Sl 82 383
20r A - 50rB
at
aaa
a a, aaa 222 QI[N 401 ab?:b
15 b bc ab. &
D aap, apap BT b a _ab2b
= 30l52 ag aaa 2aa
bay,a b BFN a
2 Ipab abb-;
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M E | & & Crude protein content/%

<

a L] L] a L] L
CW1CW2CW3 CS1 CS2 S3 KSI KW KS2
iAR(FR) Varieties(lines)

BT AS & & Wet gluten content/%
_ )
(=] o

0 L B L L
CW1 CW2 CW3 CS1 CS2 €S3 KS1 KW KS2
fFH(FR) Varieties(lines)

ARG F8ER IR — @A RO ARFE AL FLAE 0. 05 KF T 2257 B3,
Different lowercase letters above columns indicate significant differences among different treatments of the same varieties(lines) at 0. 05 level.
4 BEWNAREEHNMNEEARMEIEFSENTMN

Fig. 4 Effect of sowing date on grain protein content and wet gluten content of different winter and spring wheat

2.5.2 BHARFFHEGH R

TE By R 32 B B A BY B ) RN E 8 IR (95
CO) MY HRFEEAE HT, TE M 0K 3 — 20 3 1 VE B 4 1
VS W TR HE S L X — By Bl R B
EIN BRI W RAREE . &P/ E CWL 1
TREFREEE =B C R % 2 5, CW2 £ S1 4§
W1 KT S2 L i CW3 AT KW AR 2 s KW
e S2 & E AR T S3 & CW2 £E ST R R
FET S3IHEWI(P<C0. 05,1 CW3 MM, &
PE/NZE H CST M PR FERE EEFE ST #E 1 10 2% & T S2
4], CS3 F1 KS2 M AH J2 ; CS1.CS2.CS3 Al KS1

AR T AL BEAE S2 3 01 B F IK T S3 #& 15 CS1 7
S1 #4182 % T S3 # W (P <<0. 05), 1M CS2,
CS3.KS1 Al KS2 MU AH Rz . |3k 43 #r % B % 19 X
B PN 28 M /N7 1) PR R G 5 i) G S R i
T HH AP /N 27 I A TR R R R B R T RS
TR E AN RN T
2.5.3 &AW AR 4G % e

KAE/NE CWT KW BB W (85 76 ST #7519
WEET S2 &, CW2 A B s KW 1) 5 i
H7E S2 BB EMT S3 &M ; CW1 A1 CW2 iy
M W AE7E S1 #5112 2% = T S3 #K I (P<<0. 05),
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Table 3 Effect of sowing date on gelatinization characteristics of different winter and spring wheat
A A (R ki ] Ve (i 8% 32 PSR i i1 AR Il i
Varieties(lines) Sowing date  Peak viscosity/cP  Trough viscosity/cP  Break down/cP Find viscosity/cP Steback/cP

CW1 S1 1479.33=£ 22.40a 958.00+15. 58a 521.33+12.66a 1 836.33+42.28b 878.33+28.77a
S2 1 440.33+23. 23ab 997.67+41.00a 442.67+18.79b 1 912.33+48. 66a 914.67413.02a
S3 1426.67+5.44b 972.33+12. 66a 454,33+9.74b 1 880.33+20. 24ab  908.00+£8. 29a

CW2 S1 1273.00£21.97b 848.67+22.17b 424.33+4.99a 1 664.67+41.25b 816.00+23.51a
S2 1 320.33+£35.97ab 922.67+22.48a 397.67+23.46ab 1 789.00+44.11a 866.33+24. 39a
S3 1 345.67+4.99a 962.33+15. 33a 383.33+10.34b 1 786.33+41.67a 824.00+38. 74a

CW3 S1 1723.00£118.40a 1 090.00+£6.53a 633.00+118.10a 2 133.674101.33a 1 043.67£100.00a
S2 1 559.33+20. 98ab 981.33+18.93b 578.00+2. 45a 1 935. 00425, 66b 953. 67422, 29a
S3 1529.67+12.71b 990. 33+18. 08b 539.33+12. 36a 1 963.00+24.59b 972.67+11.56a

CS1 S1 1197.33+£17.59%a 831.67+30.07a 365.67+13.30a 1 598.67+24,96a 767.0047. 48a
S2 1.009.00+11.43c 678.67+28.17c 330.33%16.74b 1 364.00%=44. 65¢ 685.334+17.33b
S3 1 064.33=£16. 36b 754.67+24. 25b 309.67+7.93¢ 1 446.33+24.09b 691.6749.39b

CS2 S1 1 234.33+£17. 46b 778.67+20.89b 455.67+4. 64a 1517.00£25. 96b 738.3348.06b
S2 1220.67+14.61b 746.67+20. 85b 474.00+6. 38a 1 463.00£20. 54¢ 716.3343.68b
S3 1426.00£17.68a 1028.67412.04a 397.33%+10.40b 1 860.67+26.13a 832.00+£19. 13a

CS3 S1 1 686.33£23.57c 1 200.00417.68c 486.33+10.08b 2 141.67+44. 43¢ 941.67428. 29b
S2 1 .836.00£24.59b 1 337.00%29.81b 499.00+15. 75ab 2 318.00%20.07b 981.0049. 90ab
S3 1932.67£26.13a 1415.33434.97a 517.33+10.62a 2 478.33+10.84a 1 043.67+£17.56a

KS1 S1 1 685.00£16.31b 1 223.00%6.98b 462.00+22.11c 2 178.33%14. 38b 955.33412. 55a
S2 1796.00£136.74b 1 221.67+20.76b 574.33+115.99b 2 259.67+154.40b 1 038.00£133. 67a
S3 2 131.004161.99a 1 389.00430. 82a 742.00+190. 95a 2 580.004107.93a 1 191.00£135. 79a

KwW S1 1523.67+9.74a 1077.00411.52a 446, 67+7.04b 1954.67+39.51a 877.67+37.38ab
S2 1 409.33+5.91b 993.00+13.49b 416.33+7.59¢ 1 824.33+23. 46b 831.33+16.82b
S3 1533.33£23.0la 1 067.33420.98a 466.00+5. 89a 1 963. 00432, 66a 895.67+17.52a

KS2 N 1 140.00+9.09b 776.67+20. 24b 363.33+13.27b 1 586.33+25.25b 809. 67+ 14. 82a
S2 1327.33+59.98a 891.67+42.97a 435.67+17.02a 1 745.33+88.53a 853.67+48.81a
S3 1277.33+11.95a 880.67+10. 14a 396.67+4.19ab 1 705.33438.82ab  824.67+29. 96a

i KW WIAHR . BN CST M AR (6 7F S1
W) 2 m T S2 3. KS1 AN KS2 & E KT
CS1.CS2 Wi E S2 W B & ™ T S3 &,
1M KS1 W AH R s CS1 Al CS2 Y i (A 75 S1 3% 11
BEET S3 W (P<C0.05), 1 CS3 F1 KS1 M
FH L . i B I 97 300 40 5 1 P 4% /0 2 A8 1 2
TR B T T AN BT R LT
FER NI S SIS 8 (YN N S S N U g T
TN LT
2.5.4 B RLHKIENH "

BEE R JER A F o ERRERS
TE S T A9 VS R R N A R A B AR
JE 2 BT RE S AR SR IR A S Y R T I 11
RE S, &AE/NFE R CW1 Il CW2 1 B 4K 2 18
S1 #5308 T S2 #EIW, CW3 A1 KW 1 e 2 bl

BEAE ST R B8 T S2 4 KW ) e &k
1 S2 E W B E KT S3 IR s CW2 Ay e &K B 1
S1 #1980 F S3 #&3, 1i CW3 &3 & (P
<0.05), HFME/INZE CS1 F CS2 1y fi 2K 5 1E
S1 #1251 S2 7 , 1 CS3 F1 KS2 & A%
T;CS1.CS2.CS3 Fl KSI (145 4Kk BEAE S2 45 11
WE AR T S3 #E ] 5 CS1 Ay e 2K B 16 S1 #& 30
FE T S3 &ML M CS2.CS3 f1 KS1 W EFE T (P
<<0.05). LA LA H N A4/ 22 AL /N
Az WG MR S R B 5 b
2.5.5 e SHEM Fa

[ AE (2 e A B 5 I A F ) 25, AR
VR M (L 2 W 3 ) 5 AL B (B K A 2 fb R
JEMR, &M/NE KW R RITHE A S2 #1  2%
K F S3 #EW(P<<0.05), FEME/INFE CS1 Ay [l F
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