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A study on the suitable sowing date of winter wheat with limited water supply
under the background of climate change
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Abstract: Climate change has intensified since the Industrial Revolution, leading to changes in winter wheat and summer maize
growth conditions in the central and northern parts of North China Plain. Modifying the sowing date of winter wheat to implement the
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“two early-two late” technology in this area is important. Based on the interannual variation in meteorological factors during the
growing season of winter wheat from 2016 to 2023 at the Luancheng Agro-Ecosystem Experimental Station of the Chinese Academy
of Sciences, this experiment studied the suitable sowing date of winter wheat in the context of climate change. Using field-measured
data of four winter wheat cultivars for seven growing seasons from 2016 to 2023 with four sowing dates under limited irrigation from
2016 to 2023, the suitable sowing date and necessary heat conditions for winter wheat were determined to achieve a stable yield. The
four sowing dates were normal (sowing date 1) and extended by 5—7 days each for delayed sowing dates (sowing date 2, 3, and 4).
The results showed that the yield of winter wheat (excluding SY20) decreased after date 2 and that the yield for date 4 was lower than
that for the other three sowing dates. Under the current climate conditions, the suitable sowing date was October 12-24. The thermal
time before winter and the total thermal time during the whole growing season should reach 350 and 2 010 °C-d, respectively. Differ-
ent sowing dates affect the duration of the different stages of winter wheat through thermal time. With the delay in the sowing date,
the durations of sowing—overwintering, overwintering—jointing, joining—anthesis, and anthesis—maturity were shortened, pro-
longed, prolonged, and shortened, respectively, and the responses to the sowing date of different cultivars were different. Winter
wheat sown late was not capable of sufficient tillering before winter and formed the largest population at the jointing stage. The lag in
the development process negatively affected the spike number and reduced the duration of reproductive growth, resulting in reduced
crop yield. Before anthesis, the biomass production increase rate of winter wheat was synchronized with the dynamic changes in the
community. If high temperatures were encountered in late winter and early spring, the gap caused by the slow growth in the early
stages of late-sowing winter wheat could be narrowed. The effects of the sowing date on the three yield elements were as follows:
spike number decreased, kernels per spike increased, and no statistically significant difference in the 1000-kernel weight. The harvest
index of late-sowing winter wheat was higher than that of early-sowing winter wheat. Grain quality decreased with the delay in the
sowing date, but differences existed among the cultivars. In conclusion, the outcome of this study that the suitable sowing date should
be postponed under the context of climate change provides theoretical support for the decision to implement the “two early-two late”
technology in the central and northern parts of North China Plain and reduces the pressure on agricultural development to adapt to cli-

mate change.
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Table 1 Winter wheat cultivar, sowing date and sowing rate from 2016 to 2023
HERKTF A T -H) it HF WK
Growing season Cultivar Sowing date (month-day) Sowing rate /(kg-hm %) Seasonal precipitation /mm

2016—2017 20, FiHi633 10-06 187.5 86.6
SY20, SX633 10-13 225.0 78.0

10-20 262.5 75.8

10-27 300.0 63.8

2017—2018 20, FiHi633 10-06 187.5 241.4
SY20, SX633 10-13 225.0 157.6

10-20 262.5 152.2

10-27 300.0 149.2

2018—2019 20, FiHi633 10-10 187.5 123.7
SY20, SX633 10-15 225.0 123.7

10-20 262.5 112.9

10-25 300.0 112.9

2019—2020 20, FiHi633 10-12 187.5 75.8
SY20, SX633 10-17 225.0 71.6

10-22 262.5 71.6

10-27 300.0 71.6

2020—2021 20, FiHi633 10-16 187.5 773
SY20, SX633 10-21 225.0 71.3

10-26 262.5 773

10-31 300.0 77.1

2021—2022 H215 . 4633 10-24 225.0 48.8
ML1, SX633 10-31 262.5 48.8

11-07 300.0 47.0

11-14 337.5 36.0

2022—2023 215 29 10-15 187.5 181.2
ML1, HM29 10-21 213.6 181.2

10-29 240.0 181.2

11-05 300.0 181.2
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Fig. 1 Annual variations of meteorological factors during the growing seasons of winter wheat at Luancheng Station from 1984 to 2023
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Fig. 3 Average thermal time during important growing stages of winter wheat from 2016 to 2023
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52 1S R R B R BEAR R, Sh 22 150k O [RERI R 9 20 BE U AR T 18 25 2200, 1B 6337 HY
A 2975 By SZARMIRL R o AN (] b 7o X4 20 094 o 12 O BE AR ARTERE ] 3 R LRI 1 I R, R 2
[FIAE 32 A B2 R, A6 7 IR AR 0y 3L, A 2019— M4 [RIREI 1 M3 JERE 225 . A 633 bk L

2020 Z= P i x4 19 2 JC A 1 DL 207 %8 47 3T A4 W 5 B P A S 8 3 o
2.3 BEANZ/NEREIEN R i, <AL 207 A bk e b 4 00 2 HEIS BRI 3 R

3 APIALNZE A (A 200 R AR 633°) [ (P<0.05), % 3 253 R, fieJa WA IE I &/
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Pk 5 A e K T AR B P33 ME . AR 200 AERE I M B K o
QI EEAM AR, I 1. 3. 4 F, AN LR F 24 BYPTHAEYERRSEN=ER KM
FESE AUBN 633 SRR T AERE I 1 IR K, S5 3 Ak ANz A Wy ) R R R AR I A T AR T
WA 22 R W3 Wk /N & B AR B R R W, 15 4 S 2016—2023 AFE A [RI#E 1 4 /N A2 B A&
I D, E R T U R R AR b R P AL BT o R A, R BT AN R B A
FEAN [ AN ) P [RIAE AR 25 57 0 /N2 oy BEAE AR ] i P R A AR o L A SRR ORI AR B A K B B 22
Wit 5 9 B0 AR AT IR, AR TE R BETE TR R A 5o GEALIRWL, FLRE IR G (] 45 B B A ) A 25 R
V- 35 43 BERCAE WIS S B 2 3R B LR R TR . o R AN AT AR S, T i R A
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Table 3 Average values of basic seedlings, tillers number per plant, ear-bearing rate of tillers, plant height, and maximum leaf area

index from 2016 to 2021
i b HEATH ST BERL Sy BERRESE 7= FRH I S £
Cultivar  Treatment Basic seedlings /(seedling'-m”)  Tillers number per plant Ear-bearing rate of tillers ~ Plant height /com Maximum leaf area index
4120 SDI 327.5+38.6b 3.4+0.8a 0.6+0.02a 71.6+5.9ab 4.3+1.0a
SY20 SD2 390.2+40.9a 2.7+0.4b 0.5+0.10a 72.8+8.9a 3.8+1.0b
SD3 344.5+30.7b 2.3+0.3¢c 0.6+0.04a 70.5+4.6b 3.8+0.8b
SD4 338.0+40.0b 2.1+0.5d 0.6+0.10a 71.5+7.5ab 3.1+0.8¢c
147633 SD1 344.3+25.9a 3.5+0.5a 0.5+0.01b 71.849.1a 3.9+1.3a
5X633 SD2 295.7436.5b 3.5+0.8a 0.6+0.05ab 70.8+6.1b 3.8+1.0ab
SD3 303.0+28.5b 2.2+0.6b 0.7+0.11a 68.4+7.7¢ 3.5+0.6b
SD4 308.3+29.0b 2.0+0.2b 0.6+0.09ab 67.6+7.0d 3.8+0.7ab

SD: #&M . S A — AN R/NG FhE R R AN R AL B A) 22 57 3% (P<0.05). SD: sowing date. Different lowercase letters in the same column for the
same cultivar indicate significant differences among different treatments at P<0.05 level.
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1234[1234[1234[1234[1234[1234[1234[1234[1234[1234[1234[1234[1234[1234
SY20 | SX633 | SY20 | SX633 | SY20 | SX633| SY20 | SX633 | SY20 | SX633| MLI | SX633| MLI | HM29
2016—2017 | 2017—2018 | 2018—2019 | 2019—2020 | 20202021 | 2021—2022 | 2022—2023

BEASAR 1. 20 3. 44RUCHFERIYI 1. 2. 3H1 4. SY20: £ {l 20; SX633: £ 633; ML1: Ih 2% 1 55 HM29: #5472 29; S1: # Fh—il & By B ; S2: %
L — T B S3: T B BE; S4: S AE—U B BL . 1, 2, 3, and 4 on the X-axis represent sowing date 1, 2, 3 and 4, respectively. SY20, SX633,
MLI1 and HM29 are different cultivars of winter wheat. S1: sowing—overwintering stage; S2: overwintering—jointing stage; S3: jointing—anthesis stage; S4:

anthesis—maturity stage.

B4 20162023 FLENEERKFANMEPR TR ARERNEM EMENE
Fig. 4 Above-ground biomass during different growing periods of winter wheat for two cultivars and four sowing dates from 2016
to 2023

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

702 Hh AR AR AR 2E iR (Fh 3 3C) 2025

BN, #E ) 1 FE A KR T R EmKE,
[Fi) it el X 475 100 10 o 7 A — 3K BRA R, e
A/ T o AR SR R I, A 0[] 2 S A 8K
TR AT S, A RO R 2 R . AR
WIR, AT AR A T Y E 2R Rl R, MRk /N4
AW ERIE b, vRAh T RIS R AN Y
[ A 22 0E SR ET, 7RI 1 8 2 AL B R AR iR T
SIS E (2018—2019 Z= 1 8 633’ FR4M), 1L )5
A H A Y BRI, (B TR R
FEX R R AR, BN R
i SRS At 3G INAE — 2 FREE R ARAR TRT A
FR AR 4 e U X 7 R RS

o1& 5 =i i s R (A AR AR
ToRLED) [B] Y [0 43 A 45 R T LUE Y, 7 e 5 R 4K
FT-RE 5 23 551 5 B 3 (P<0.05) Ak B 3% (P<0.01) 1E
AHIEEFR o F SRR IR 5 R 1 Jn 42 12 % AS [ 41403
ASTR] b A ) BRSO ) 5 S, (HL R R I R 4 T A
R B WA R S A], R A KRS ] A
5 A A (P<0.01), 1 S B AL I ), R 5 0B
JRKRE, HLS2 0 A6 BT i, N2/ NElYE 22 SR I ]
WM RERITE AL . 3 4 SR 2016—2023 4E AR [l 56
Ab A /N P = B RNSR TR B, M A /N2 1Y
TRERL BRI WSO S BRI TR, X T TR E Y

%533 %
w 0T 3=0.001 7x+681.9 1 900
= R2=_(')_.000 6 +
=)
5 + t+ + 1750 &
TB_) :*: ...... ': ...... _:- E
+ o~
i 540t +to 1 600 &
Hiﬁi = $=0.002 3x+20.916 o&' =
2, oid 5}
= R=0.7757 A_,..g% {450 2
=73 A,A-@ 3
I 2 A o
=8 90l y=0.001 6x+17.138 | . 2
e R*=0.383 9* )
g A FERIEL Kernels per spike =
i2 O T-HiH 1000-kernel weight {150 &
2 + T4 Spike number
[}
~ 0 : : - 0
0 2500 5000 7500 10 000

724k Yield (kg-hm™)
*: P<0.05; **: P<0.01.

B 5 20162023 EAEEE AEASME/NEZEHF~2
5FEstREEEE[ST

Fig. 5 Regression analysis of yield and yield components at
the average levels of different cultivars of winter wheat
with different sowing dates from 2016 to 2023
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Table 4 Yield components and harvest indexes of different cultivars of winter wheat with different sowing dates from 2016 to 2023

(224

H_a‘t/:é n”uﬂ' Ab 3 Spike number FRIAL ‘ TR ' LI’M’JE*S%&
Growing season Cultivar Treatment /(x10" spike-hm ) Kernels per spike 1000-kernel weight /g Harvest index
2016—2017 k20 SD1 949.2+7.6a 19.6+1.0b 35.120.9a 0.36b
SY20 SD2 889.0+17.0a 23.8+1.3ab 32.3+1.0b 0.40+0.01ab
SD3 620.3+10.5b 28.6+1.8a 33.7+0.8ab 0.42a
SD4 697.9+7.6b 27.0+1.0a 31.7+0.5b 0.40+0.01ab
f14r633 SD1 796.8+18.1a 28.0+0.3b 32.7+1.4¢c 0.36+0.01b
SX633 SD2 695.2425.4b 27.9+0.7b 34.3+0.9b 0.38+0.02ab
SD3 594.9+5.7¢ 35.8+1.3a 35.9+1.5a 0.42+0.02a
SD4 545.5+12.7d 33.3+1.4ab 35.6+1.6a 0.38+0.01ab
2017—2018 fitk20 SD1 825.9a 22.6+0.2b 29.7+0.7b 0.38+0.02b
SY20 SD2 703.7b 23.0+0.5b 31.2+0.4a 0.38b
SD3 577.9¢ 25.1+0.4a 31.0+1.6a 0.41a
SD4 555.2¢ 24.9+0.6a 30.0+1.1b 0.4la
137633 SD1 716.1a 24.2+1.3¢ 35.3+1.5b 0.39+0.02a
SX633 SD2 676.5a 24.3+0.2¢ 37.2+1.6a 0.39+0.01a
SD3 568.5b 25.2+0.7b 35.9+0.9b 0.39+0.02a
SD4 487.4¢ 27.6£1.7a 35.5+1.4b 0.40+0.01a
2018—2019 A120 SD1 528.8+26.6a 27.5+1.0b 33.6+0.6ab 0.39b
SY20 SD2 515.04+24.3a 28.4+0.5b 33.5+1.2ab 0.40+0.02b
SD3 532.5+8.6a 28.7+1.2b 34.2+0.3a 0.43+0.02a
SD4 457.5+5.5b 37.9+1.4a 32.7+1.4b 0.40+0.02b
£3#7633 SD1 542.5+19.5ab 34.5+1.6ab 35.3+1.7a 0.41+0.02ab
SX633 SD2 451.3+13.0b 37.7+1.5a 35.7+0.2a 0.42a
SD3 577.5%17.7a 35.5+1.5ab 35.0+1.5a 0.39b
SD4 580.0a 30.3£1.6b 34.7+0.1a 0.42+0.02a
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%4 X WA SR AR AT 5 T A PR A/ N 138 B AR 52 703
gk 4
K F e b s Rk 4 ik
) e Spike number R THE . M%’K*E}M
Growing season Cultivar Treatment /(x10" spike-hm ) Kernels per spike 1000-kernel weight /g Harvest index
2019—2020 £11:20 SD1 1020.0+37.3a 18.3+0.3b 30.3+£0.3b 0.38a
SY20 SD2 840.0+£22.6b 21.8+0.6ab 32.9+0.2ab 0.38+0.02a
SD3 837.3+29.7b 18.7+0.9b 34.14+0.7ab 0.35+0.02b
SD4 824.0+12.2b 23.0+0.2a 35.3+0.9a 0.37+0.01ab
FH7633 SD1 741.3+14.1b 23.4+1.2ab 37.7+1.0a 0.38+0.01a
SX633 SD2 798.7+5.7a 23.1+0.8ab 38.0£1.6a 0.37+0.02ab
SD3 816.0+£23.3a 20.9+0.9b 35.2+0.3b 0.34+0.02b
SD4 688.0+6.74¢ 26.6+0.2a 38.1a 0.38+0.01a
2020—2021 A1E20 SDI1 565.9+24.7b 20.7+0.7b 41.4+1.5a 0.4240.01a
SY20 SD2 733.94+25.6ab 26.4+0.8a 38.6+0.6b 0.40+0.01ab
SD3 688.2+14.2ab 26.3+1.0a 36.7+1.1c¢ 0.39+0.02b
SD4 802.4+20.9a 27.9+1.2a 36.0£0.5¢ 0.40+0.02ab
147633 SDI1 764.8428.8a 26.4+1.3b 37.0£0.4b 0.35+0.02b
SX633 SD2 579.3+11.3b 32.8+0.3a 39.6+0.6a 0.40+0.02a
SD3 540.3+14.2b 33.5+1.4a 37.2+1.1b 0.41+£0.01a
SD4 646.5+9.5ab 29.0+1.1ab 35.9+1.1¢ 0.41+0.01a
2021—2022 214 SD1 847.0+24.6ab 27.3+1.0b 38.4+1.0a 0.42+0.02b
L1 SD2 908.5+81.3a 26.9+0.2b 38.4a 0.45+0.02a
SD3 706.3+26.5b 30.1+1.7a 38.3+0.4a 0.46+0.01a
SD4 844.5+153.1ab 25.44+0.8¢ 37.7£0.2b 0.43+0.02b
£1H7633 SD1 809.1+96.4a 27.3+1.0ab 38.2+0.5ab 0.39+0.01ab
SX633 SD2 778.3+87.0b 27.6+0.6ab 39.5+0.2a 0.39+0.02ab
SD3 691.5+52.9¢ 30.6+1.8a 40.3+0.9a 0.42+0.02a
SD4 696.8+90.8¢ 23.3+0.5b 36.0+1.0b 0.35+0.02b
2022—2023 0215 SD1 642.9+32.2ab 35.0+1.6a 38.8+0.3ab 0.44c¢
MLI1 SD2 730.9+32.2a 28.9+0.5b 39.7+1.0a 0.45b
SD3 566.0+49.0b 28.1x1.1b 37.3+0.1b 0.43d
SD4 668.8+6.6ab 27.2b 39.5+1.1a 0.46+0.01a
229 SD1 646.94+59.5¢ 29.3ab 39.7+1.8a 0.44a
HM29 SD2 693.6+£37.7b 32.9+1.0a 40.1£1.3a 0.43+0.02ab
SD3 599.1+1.5d 29.6+1.3ab 37.8£1.2b 0.42+0.01b
SD4 747.9+16.1a 25.7¢1.1b 40.2+0.8a 0.42+0.01b

SD: #&. [FF A —E K 2 W) — A R /NE 7 B 7R R [R AL I 25 57 1. 3 (P<0.05) . SD: sowing date. Different lowercase letters in the same

column for the same cultivar during the same growing season indicate significant differences among different treatments at P<0.05 level.
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TR AR A GE S 2 2, B 10 H 12—24 H ., B 7
4 2019—2021 AFEAN AT AN [R] A A /N 22 R R 2R,
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75 109 g i JE A (), 3R 495 300 0 2 S e < L 207 R R
[T, JEHAERE I 2 2Z 5, A8 633 K 1R e AN [R) 4%
WITF R EES, fRefE M RERE, 1. 2.
3 ATE T AT WA B SR 8 2 092.6.
2009.7, 1923.6 F1 1 855.8 °C-d, -2 & Hif FLIR 43 51
b 431.0, 348.1, 262.0 A1 194.2 °C-d, 454 AW 5T 45

9 -
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s
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0 1 1 1 3

SD1 SD2 SD3 SD4
%1 Sowing date
(5] — iy A ) /NG R 3R R AN [ 1 401 ) 22 5% 4k 2% (P<0.05). Dif-
ferent lowercase letters for the same cultivar indicate significant differences
among different sowing dates (P<0.05).
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Fig. 6 Annual average yield trend of winter wheat with different
cultivars and sowing dates from 2016 to 2023
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BEARAR 10 20 3R 4ARUCHIEWN 1. 2, 3F0 40 [l — AR ZE IR — S A AN ) /NG B3R AN ) 488 300 ] 22 57 |35 (P<0.05)0 1,2, 3, and 4 on the X-

axis represent sowing date 1, 2, 3, and 4, respectively. Different lowercase letters for the same cultivar during the same growing season indicate significant dif-

ferences among different sowing dates at P<0.05 level.
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Fig. 7 Grain protein contents of winter wheat with different cultivars and sowing dates from 2019 to 2021
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Fig. 8 Annual variation of suitable sowing date of winter
wheat from 1984 to 2023
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