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Abstract:In order to explore the climate change characteristics at different growth stages of drought-
alkali-resistant wheat in Hebei and their impact on wheat yield, the meteorological observation data
and yield data from the main production areas of drought-alkali-resistant wheat from 2009 to 2022
were collected, and various methods, including quartiles and climate slopes, were employed to analyze
the climate characteristics and trends at different growth stages of drought-alkali-resistant wheat.
Subsequently, the second-order curve method was used to separate meteorological yield, and the grey
correlation degree method was applied for a dual quantitative analysis of the impact of meteorological
factors on wheat yield during different growth stages. The results were as follows: (1) At each
growth stage of drought-alkali-resistant wheat, there were clear distribution patterns for average tem-

perature, maximum temperature, minimum temperature, and sunshine hours. Precipitation was the
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most variable meteorological factor in the growth and development process of drought-alkali-resistant
wheat. (2) There were significant differences in the trends of various meteorological factors at differ-
ent growth stages of drought-alkali-resistant wheat. (3) Monofactor quantification revealed that pre-
cipitation at sowing stage, tillering stage, overwintering stage and heading stage, sunshine hours at
seeding stage and grain filling stage, average temperature at reviving, minimum temperature at joint-
ing stage had the greatest impact on the meteorological yield of drought-alkali-resistant wheat.
(4)Dual quantification indicated that the top five meteorological factors affecting the meteorological
yield of drought-alkali-resistant wheat, ranked as precipitation at tillering stage, precipitation at over-
wintering stage, minimum temperature at tillering stage, minimum temperature at jointing stage, and
precipitation at heading stage. Therefore, in order to promote wheat growth and high yield in
drought-alkali-resistant wheat planting areas in Hebei, some field water management measures such
as water conservation and irrigation should be used according to the precipitation change during wheat
growth period, and the low temperature impact on wheat should attact more attention at tillering and
jointing stages.

Keywords: Drought-alkali-resistant wheat; Meteorological factors; Meteorological yield; Gray correla-

tion; Quantitative analysis
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Table 1 Date and number of days from the beginning to the end of each growth period of drought-alkali-resistant wheat

J¥%% Number HEF I Stage # Ik HWI(H /H) Range of date (month/day) KEL Days/d
| AW Sowing 10/4—10/9 6
1 H 1 Seedling 10/10—11/3 25
ik S BEW] Tillering 11/4—11/28 25
N 2 Overwintering 11/29—3/1 94
V % Reviving 3/2—4/13 43
VI WA Jointing 4/14—5/1 18
VI Y Heading 5/2—5/17 16
Vi HESZ W] Grain filling 5/18—6/4 18
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Table 2 Characteristic of different meteorological factors at different developmental stages of drought-alkali-resistant wheat

EERERiie ] 5 R 15 H 53 BE fEE S ] iR 4 AT ELREEE] 3
Stage Sowing Seedling Tillering Overwintering Reviving Jointing Heading Grain filling

S1 S E{H Eigenvalues/C 16. 6 13.4 6.6 —1.0 10.2 17.1 19.1 23.5
[# {4 Threshold/C 15.8~18.5 12.6~13.6 5.5~7.0 —1.8~—0.1 8.8~10.3 15.5~17.9 18.4~20.8 22.4~24.4

TRRE CV/ % 10.1 5.4 24.6 22.2 16.0 11.7 6.5 5.5

S2 E{H Eigenvalues/C 26.1 24.6 19.6 15.5 26.2 29.7 31.8 34.4
[ & Threshold/C 23.8~27.7 23.3~25.9  16.7~20.7 14.1~16.8  24.8~29.0  28.8~31.4 30.6~32.5 33.9~37.2

BERFBCV/ % 8.5 7.7 10.9 19.1 10.7 7.1 4.8 5.4

S3 HHfFE{H Eigenvalues/C 8.5 2.2 —4.7 —12.4 —3.8 5.6 9.6 13.3
[®{ Threshold/C 7.9~10.6 1.3~2.9  —5.7~—3.4 —16.1~—11.7 —4.9~—3.0  4.2~6.7 8.9~11 11.7~13.7

AR EK CV/% 20.9 28.7 20. 2 24.8 15.4 13.5 17.3 11.6

S4 HEE{A Eigenvalues/mm 0.3 17.4 13.3 13.6 11.9 10.3 13.1 13.2
[® f Threshold/mm 0~3.9 6.5~24.1 7.4~26.1 10.5~21.1 7.5~18.9 5.4~20.9 3.7~46.2 5.9~25.1

A ZHK CV/ Y% 199.8 69.0 95.5 50. 2 84.2 91.2 95. 4 76.5

S5 HRME{H Eigenvalues/h 45.5 158.9 143.6 601.7 357.4 173.5 141.9 180.6

[#{f Threshold/h 35.2~54.8 143.2~168.0 121.8~175.5

BREK CV/% 20.3 13.7 28.3

534.2~635.8 331.9~378.8 155.2~179.6

132.9~157.6 175.3~194.9

13.8 8.8 9.0 14.5 8.7
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Table 3 Climatic slope of different meteorological factors at different growth stages of drought-alkali-resistant wheat

SRR Climatic slope

17 S3/[C«(10a) '] $4/[mm=+ (10a) '] S5/[he(10a) ']

A
Growth stage SI/[C » 10w '] S2/[°C + (10 &)
MY Sowing —2.98"" —3.40" "
) Seedling —0.22 —1.78
SrEEW Tillering 1. 85 0. 36
A Overwintering 1.83%" 4,68"
BT W Reviving 2.78% " 1.61
AW Jointing 1.88 0. 45
MY Heading —0.43 0.11
W Grain filling 1.37 1.75

—3.627" 33.70" —15.22
1. 90 —15.89" 2.55
0.18 16. 46 1.45

—0.74 —1.45 69.73
2.35 8.50 11.25
0.58 —2.90 4. 71

—2.03 —24.41 —6.36

—0.01 —6.10 24.51

* ; P<C0.05; * * ; P<C0.01.



¢ 134 #Z K fE

7]

2,

S ¢ 545 &

2.3 BEREAAEERHBESKEFEZEMMNENL
S

PL 20092022 4F B8 2 G i AE R RAE
JEA1, LA 2009—2022 4E ARl AE & I I R4 K
s Ay NE AT R T A BEAT K 0 SCEE 43 AT, 45 3
BRMEAFAETHPREHE 752 WERL " =
My DGR B (3R ), EREFI, X B0 A%
M) $5e KA S5 B 7 SR K i S VRO SR AR
M) 5 /0N B4 SRy e e A 5 LD T L R ) A
RGPk HBR A 55, ok ok fe s SR 52 )
Fre /N Ry B AR 5 76 43 BEI L 52 m de R <4
TR BEAK LR SR AR 5% W S5/ N 9 O SF- 3
A5 7B A M) 5 R 19 G I Sl B K
FLVR Sk F BR85S/ N 1) SR i v AR TR IR T
LIRS Tk s 84 I oNIISE ey B
) FLR ¥ Ok i AR S R A SR /N R B AR
T s TE PR 5w e K R R T O B IR
R/ SRS A FSUN NI ISR &

=N A

CHEY

=
_L/HEI'laE'Q

B/
2

ISIA
s 5

ISR
w

FERAE I, X R0 A R g ™ S A e KR
TR R K R E AR SR BN H R
BP0 7 SR 0 SR A ARG ™ o S W e K R
SRR H R E R P 3SR 5 /N Y
F R
2.4 REREAAEENBSEZEFEMANE
ELoH

H TR A B R N 71 R
HA TN G T R AR, DR
ANEF I RS A A B I R4
K74, PR AT I 68 DGR 43 BT o 45 31 0 22 A
BRI 75 AR &0 R R EUE R
FIOCHREE . 2 5 5 SR EEHEF T 10 AR
T PR A A AR I RS R R I
R 43 BE I Y R 7K ks LR 8 A 0 1 o K
3 BE I 1 e AR TR 52 i HE 44 58 = LR RO R
7T A R AV AT R B 10 B K i L BE R A v
R H PR,

ISR
2

F4 ERESEFESTREETHPSKETFHREXKERF

Table 4 Grey correlation degree and sequence of meteorological yield and meteorological factorsat

different growth stages of drought-alkali-resistant wheat

KA FKELE Grey correlation degree

A H I K 8 TR P
Growth stage s1 32 S3 sS4 S5 Grey correlation sequence
R Sowing 0.701 3 0.700 1 0.704 9 0.708 5 0.700 2 S4>>83>81>S5>S2
H ) Seedling 0.594 6 0.600 1 0.557 4 0.596 7 0.602 5 S5>>82>>84>>S1>>S3
JyBEW Tillering 0.548 9 0.561 7 0.583 4 0.586 7 0.566 0 S4>>83>85>>S2>>S1
AW Overwintering 0.621 4 0.620 3 0.622 8 0.656 6 0.630 2 S4>>85>>83>>S1>>S2
& ] Reviving 0.639 1 0.635 4 0.610 9 0.622 1 0.632 1 S1>82>85>S4>S3
KA Jointing 0.596 8 0.593 4 0.624 1 0.562 0 0.593 2 S3>>81>>82>>S5>>S4
B Heading 0.552 3 0.554 7 0.559 4 0.583 7 0.544 5 S4>>83>82>S1>S5
HEX W Grain filling 0.659 7 0.657 5 0.658 6 0.602 6 0.662 7 S5>81>83>S2>S4

x5 BRRESKFEScEETNPEIESKETHREXKERIERF

Table 5 Grey correlation degree and sequence of meteorological yield and main meteorological

factors in the whole growth period of drought-alkali-resistant wheat

A I KL W F R A IR Hey
Stage Meteorological factor Grey correlation degree Sequence
SrBEW] Tillering [ 7K & Precipitation 0.706 4 1
A Overwintering [ 7K & Precipitation 0.702 2 2
SrEEW Tillering AL IR Minimum temperature 0.7015 3
WATW Jointing AR Minimum temperature 0.695 9 4
Y Reviving [# 7K Ht Precipitation 0.688 7 5
S BEW Tillering % A Maximum temperature 0.682 5 6
iR W Reviving SR Mean temperature 0.682 0 7
AW Overwintering H B8 A} %0 Sunshine hours 0.6816 8
R Sowing F#7K i Precipitation 0.681 6 9
Sy BEH Tillering H M8 BF 40 Sunshine hours 0.6815 10
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Fig. 1 Total grey correlation degree of different meteorological factors and different

growth stages during the whole growth period of drought-alkali-resistant wheat
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