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Fig. 1 Location of agro-meteorological stations over winter wheat in northern China
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Table 1 Accumulated temperature and yield of winter wheat for nornal sowing date and

sowing date delaying for 10 days and 20 days at Xianyang Station from 2018 to 2021

S i HEIR H $/d 2018 4E 2019 4E 2020 4F 2021 4F 20182021 43

0 448.2 504. 1 531.9 440. 4 494. 7

LRTRUR/(C -« d 10 312.0 366. 2 397.0 311.3 358. 4
20 196. 4 225.5 254. 8 196. 6 225.6
0 2136. 1 2017. 3 2087. 2 2157.6 2080. 2
ERERR/(C - D 10 2019. 3 1904. 0 1970. 3 2028. 5 1964.5
20 1881.8 1760. 4 1802. 5 1913.8 1814.9

0 565. 0 920. 0 463.3 481.7 607.5

AR /m 2 10 453.3 723.3 375.0 460. 0 502. 9
20 401. 7 435.0 378.3 425.0 410.0

0 22.7 15.6 33.6 31.9 26.0

Tekr £ 10 28.6 14.1 18.6 30. 4 22.9

20 28.6 8.8 16.7 23.4 19.4

0 39.3 38.3 48.6 46. 6 43.2

TR /g 10 36.4 37.2 38.5 43.6 38.9

20 31.5 34,1 33.6 43.9 35.8

K2 2018202l FREHENEEEBPNHERBYPRENTEEZRTN

Table 2 Accumulated temperature and yield of winter wheat for nornal sowing date and

sowing date delaying for 10 days and 20 days at Taian Station from 2018 to 2021

Z it iR H%/d 2018 4 2019 4 2020 4 2021 4 2018—2021 4F -4

0 505. 2 528. 1 611.9 538.7 546.0

AHTRLR/(C - D 10 368. 1 407. 4 467.5 404. 5 411.9
20 249. 9 282.5 336. 6 282.5 287.9

0 2143.7 2085. 1 2102 2060. 9 2097. 9

HERFERR/(C D 10 2006. 6 1964. 4 1979.5 1970 1980. 1
20 1888. 4 1839.5 1873.8 1848 1862. 4

0 685.0 625.0 700. 0 595. 0 651.3

15 3R/ m 2 10 700. 0 525.0 725.0 525. 0 618.8

20 590. 0 395.0 600. 0 465. 0 512.5

0 34.0 35.1 40. 0 50. 4 39.9

TR K 10 32.0 35.6 30. 7 44,9 35.8

20 32.0 34. 8 40. 0 33.4 35.1

0 46.0 38.5 36.9 37.2 39.7

THR.HE/g 10 42.3 38.6 40.5 36. 2 39.4

20 45.5 41.8 45.0 28. 1 40. 1

SO AR 2 i RO AR L B 2021 4F B Jak FFL AT 111 R 4% % i 2 4 4F K FH R 3

IR R« R R S I AC 3 U T 4R BB/ S XAl
22 S AN AH A /N 2 M 3R 4 W10 & i ARl 0 2
PR BRI A 5 A /N b v IR A O %
Mo b R TR RO /) B A AL B R
5 U o AT ol A 2580l 80 R 5 R T L R 3 O
RS - 25t ¢ Jha

ISPA
W

34k S iE

ARSI AL T5 3t DX A MY TG 3 28 DL e 2018—

B WHIE AN T R 5 A TR 1 OR R DL GE R
A LA it . T 5 2 B -

D) Z A BRASBE S0, 19611990 48 3 F b Jr
K G K AF -8 B AR SR AE 6. 7 °C BFFIT % 8l 0 S B
2L [JF, 20112020 R4 B R AR AR 20 4
80 AEATH S 1.3°C . /N A K F S AR T
T B 5 A S 3 S5 IR T IR R R — 3, 2011 —
2020 4F ¥ KA 20 g 80 AE R T
1.4°C, A MAR Wz 52 b 75 4 22 B o 1 i 3
J.2011—2020 4F FL 19611970 4F K F 0°C F i 4
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A W TGRS RO /D 5 LA S HE 3R 5 X ™ S 45 4 36 B
AN T A8 3R 5 e A 50N TR 5 459 40 Sl ik 2
S B IR 10 d S0 2200, #E IR 20 d
SR 40 %,

SRS T ST R E b 7 & 22 XCBUR I I 7R
T AR LN HEIR AR A X 7 A R R
i W B P4 Ja S R L R 28 22t IX >0 b A /N 22t B o 46
B I 4 Y 2~ 3 AF S — R R [ I Y
AR AR IR A 7 2 00 38 2 R T AN R ARk
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22 (R BE A8 3 N 2 M ) AR AL . R AT RE R R OK
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Abstract

Under the background of global warming, whether freezing injury is still the main meteorological dis-
aster in northern winter wheat growing region of China becomes uncertain, and whether delaying sowing
date is an effective measurement to adapt to climate change becomes an urgent scientific problem to solve.
It is found that the correlation coefficient between winter freezing injury index and winter wheat yield re-
duction rate is 0. 62 in the northern winter wheat region from 1981 to 2000, which indicates that winter
freezing injury is one of the main disasters before the year of 2000. However, this correlation becomes very
low after the year of 2000, indicating that winter freezing injury is no longer the main factor for yield re-
duction of winter wheat. Experiments are carried out at Taian and Xianyang stations, showing that the ac-
cumulated temperature before winter and the accumulated temperature of the whole growth season of win-
ter wheat are significantly reduced. The plant height, total aboveground dry weight and leaf area index
will decrease when sowing date of winter wheat is delayed for 10 days and 20 days. Furthermore, the delay
of sowing date has an adverse impact on the yield structure, the effective panicles and grains per panicle are
decreased by 5% and 10. 2% respectively when the sowing date of winter wheat is delayed for 10 days from
2018 to 2021 at Taian Station, and they are decreased by 17.2% and 11. 9% respectively when the sowing
date is delayed for 10 days at Xianyang Station. Overall, the average yield of winter wheat is reduced by
22% and 40% when sowing dates are delayed for 10 days and 20 days respectively, which indicates that the
delayed sowing date of winter wheat have no positive effects. The possible cause is that the local winter
wheat varieties have changed at Xianyang and Taian, and farmers have appropriately adjusted the sowing
date according to experience. The current winter wheat sowing date and the main winter wheat varieties

have adapted to local climate change.

Key words: winter wheat region of northern China; freezing injury; measurements to adapt to climate

change; yield



