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Spatiotemporal Variation Characteristics of Wheat Quality
and Influence of Meteorological Factors in Shandong

WANG Xueyan, ZHAO Ying, TIAN Xianxi, REN Lingyun, WANG Ruijie, LI Zhenhua, LI Xiaoyue
(Shandong Grain and Oil Detection Center, Jinan, Shandong 250102, China)

Abstract: In order to explore the spatiotemporal variation characteristics of wheat quality in Shandong
Province and identify key meteorological factors, the quality traits of 673 Jimai 22 samples collected
from 105 counties and districts in Shandong Province from 2018 to 2024 were analyzed. The spatio-
temporal variation characteristics of wheat quality were examined by analysis of variance(ANOVA),
and the relationship between wheat quality traits and meteorological factors was analyzed by the step-
wise regression method. The high-quality possibility distributions were visualized by geographic infor-
mation system(GIS). The results showed that Jimai 22 in Shandong Province generally exhibited me-
dium-strong gluten and medium gluten characteristics, with relatively high protein content and wet
gluten content, but moderate processing properties such as stability time and maximum tensile resist-
ance. In terms of temporal variation, wheat quality showed significant annual fluctuations, and the
proportion of medium-strong gluten and medium gluten wheat increased from 53. 5% in 2018 to 87. 6% in
2024. In terms of spatial pattern, there were obvious differences in wheat quality among ecological ar-
eas, and the quality of wheat in Jiaodong was the best, followed by the southwestern of Shandong
Province. Meteorological factors analysis indicated that the anthesis-maturating period was the key

period determining wheat quality. During this period, the daily temperature range was significantly
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correlated with test weight, stability time, and maximum tensile resistance; the maximum tempera-

ture was significantly negatively correlated with protein content and sedimentation index; the rainfall

was significantly positively correlated with wet gluten content; and the average temperature was sig-

nificantly negatively correlated with sedimentation index and development time. Jimai 22 showed good

adaptability in Shandong Province. Jiaodong had the potential for developing medium-strong gluten

wheat, while the southwestern in Shandong Province was suitable for developing medium gluten

wheat.
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Table 1 Distribution and numbers of Jimai 22 samples
AKX O Year it
Ecological area 2018 2019 2020 2021 2022 2023 2024 Total
K2 JD 4 4 4 9 8 7 7 43
FBFIL NW 12 16 13 89 82 38 76 326
9 CA 6 9 5 27 22 20 34 123
#05/ SW 6 6 7 43 25 42 52 181
7R SD 28 35 29 168 137 107 169 673

JD:Jiaodong; NW

: Northwest of Shandong; CA: Central area of Shandong; SW:

Southwest of Shandong; SD: Shandong.
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Table 2 Classification standards for quality traits

A Type
HEIx 15 B i 5
Strong Medium- Medium Weak
gluten  strong gluten  gluten gluten
PC/ % >=14.0 =13.0 >12.5 <12.5
WGC/ % =30 =28 =26 <26
SI/mL =40 =35 =30 <30
ST/min =8.0 =6.0 =3.0 <3.0
MTR/EU =350 =300 =200 —

PC. 8 H i & &= s WGC I i /i & &= : SL Ui F5 8 ST e
A IE] 5 MTR : fe R hr B 7 .

PC: Protein content; WGC: Wet gluten content ; SI: Sedi-

mentation index ; ST: Stability time; MTR: Maximum tensile

resistance.
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Table 3 Wheat quality traits from 2018 to 2024
AEMY Year TW/(g+ L) PC/ % WGC/ % SI/mL DT/min ST/min MTR/EU E/mm TA/cm
2018 789+ 21bc 14.340.7a 36.543. 4a 56.845.0a 2.740.6b 2.94+1.1b 281+56a 149+ 24ab 514+17a
2019 795+ 15ab 13.840.9b 34.54+2.8b 32.7+4.1c 2.740.6b 3.741. 3ab 393+70a 124+15b 69+16a
2020 796+ 15ab 14.0+0. 7ab 34.74+2.6b 32.145.0c¢ 3.3%1.1a 3.6+ 1.6ab 353+67a 144413ab 774+22a
2021 792+ 16abe 13.7£1.0b 31.843. 8¢ 47.1+10.4b  3.24+0.8a 3.741.4ab 270+ 83a 166+55a 754+42a
2022 789+ 22bc 13.8+0.9b 30.7+3. 2¢c 50.34+9.4b 3.5+ 1. 1a 4.0+1. 5ab 298+99a 123+17b 70+43a
2023 7854 17c¢ 13.740.8b  31.3%3.3c  50.9412.5b 3.241.3a  4.0%3.1ab  289+110a 1394 18ab 65+35a
2024 799+ 16a 13.8+£0.9b 31.243. 8¢ 47.04£10.1b 3.3%1.1a 4.6+2.7a 352=x127a 129+17b 60+20a
F-H1{ Mean 792 13.8 31.8 47.3 3.2 4.0 312 138 65
s B Z
i‘i%%ﬁ 2.29 6.52 11.86 24.00 32.81 54.00 36.42 23.66 51.25

[ 51 B3 403 I AN T) 5% Bk e 7 AN ) 4F 2 0] 22 53 W 35 (P<<0. 05) . TW . AT PC.EHH S i

IR i) 5 DT < FE I ] s MTR : feg KB A B g 5 E < SE A EE 5 TA L o fif i B

Values followed by different letters are significantly different among different years at 0. 05 level. TW. Test weight; PC: Protein

s WGC . 9 T8 A7 75 4 5 ST DI TR B ST fa
TR,

content; WGC: Wet gluten content ; SI: Sedimentation index ; ST: Stability time; DT: Development time; MTR: Maximum tensile re-

sistance; E: Extensibility; TA: Tensile area. The same in tables 4—7.
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Table 4 Classification of individual quality traits

of wheat from 2018 to 2024 %

AR SR 7 i w7 55 i

Quality Strong Medium- Medium Weak

trait gluten strong gluten gluten gluten
PC 39.7 43.1 14.6 2.7
WGC 66.3 16.0 15.9 1.8
SI 69.3 8.8 18.3 3.5
ST 2.4 13.1 62.0 22.6
MTR 31.8 17.8 40.4 —

AR/INZZ N T BT DA A Ol L R E M B
M) 458 A AT e A8 K A2 e 1sF ] Rt w8 e R i v AR
Kb — LTI T

ST B e A A BEL A AR R
BARTERR A 4F 0y 0] 22 5 W 3, R = R
AN RRE VRS . R I T) A T RRAE 0 T BT Y
S RBUBEK Ty Z A BE IR R 52 0 J& AN AR E T
AR, 8000 LA b A b ) 25 P 0T R T A R R
P v Al A b BT B &2 22 (9 AR RN
TR A9 & B SIS o TR A R R AR A 3
IRy iR A i ST T R R T RN g Kz A B g 3=
BRIy b o BT U B B A A AN B
2.1.2 &REREK

I GB/T 17320—2013, ZE A B AR & & .
T T A9 et DL UE A8 B AR I R] R S5 K A BE g
5 A 2B M AR XS [ AR 5y 1 N 2 RE 43 i)
iz JE e S 5 A o A /N 2 AT AR OR T A 2R ALY
e (B 1), 2018—2024 4R il LA b /N3 H il AE

Pezh b it BIREE B h BE g S AR L. He
2018 4F [ 7R 18 188 7™ . 14 8] 75 5 = BORR E I 0] 12
A X T AR 2 AR O DL /N2 EE 4B A
FEEN 2 — AR N AR B R
12. 6 0 AR5 8] L B A8 A 5, 2020 4F LU il B 5
2018 AR fik, AR 5L S T 5 I 1 G248 T Y a3
TN LB, BRI 63, 700, BUA
b S e, A 18] A A R R RO, 2024 4R T
11 #5155 2020 4FE BRI .

—=— 138§ Medium-strong gluten
—— i Medium gluten

90r
80
701
60
50
40t
30t
20}
10F 7.1

.5 Percentage/%

20.7

16.0
143 10.1 10.9 12.1

2018 2019 2020 2021 2022 2023 2024
A Year

1 2018—2024 EINERFREBHTH

Fig. 1 Changes of wheat quality types from 2018 to 2024
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Table 5 Wheat quality traits from four ecological areas

PEAR Trait JEA 1D G NW G CA BV SW
TW/(gL 1 789+£19b 792+18ab 789+£18b 796+£17a
PC/% 14.24+1. 3a 13.940.7b 13.740. 9be 13.641.0c
WGC/ % 32.7%4. 1a 32.443.9a 30.743.8b 31.243.2b
SI/mL 50.3+10. 9a 49,949, 3a 48.2+12.9a 42.1+£11.7b
DT/min 4,0+1. 4a 3.1£0.9b 3.34+1.0b 3.2+1.1b
ST/min 5.8%1.9a 3.4=+1. 6¢ 4,242, 4b 4,6+2.5b
MTR/EU 361+82a 289+124b 327+120ab 322+ 94ab
E/mm 153+25a 140+34b 137+27b 133+34b
TA/cm? 71+£18b 51420c¢ 58=+19¢ 87+ 43a

AT B0 S5 AN ) B e 7R AN T A 25 X 22 57 8 35 (P <C0. 05)

Values followed by different letters of same line are significantly different at 0. 05 level among different ecological areas.

R6 FTRESRMNEBNRBEERSECRE/ IR/ PE/55H) R LG

Table 6 Ratio and Classification(strong gluten/ medium-strong gluten/ medium gluten/

weak gluten) of individual quality traits in four ecological areas %
Ecoitg?filzarea PC WGC SI ST MTR
B4R D 53/35/12/0 75/16/9/0 75/20/5/0 9/58/33/0 52/39/9
Eride NW 41/51/5/3 72/14/13/1 83/5/8/4 1/7/61/31 24/11/65
i CA 36/42/20/2 48/24/26/2 69/10/15/6 4/15/58/23 45/25/30
BV SW 36/31/29/4 67/14/16/3 47/11/39/3 3/11/74/12 41/23/36
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Table 7 Correlations between the quality indicators and meteorological factors

PEAR Trait [B] )9 75 # Regression equation MK R B Correlation coefficient
™ Y=765.74+1.669X 4 X14:0.200" "
PC Y=13.645+0.023X5,—0. 006X 24 X5,:0.410" " ;X 24:—0. 349"
WGC Y=61.605+0.012X 54 X54:0.512"
SI Y=94.772—0. 846X 20— 1. 206X 14 Xia: —0.428" " ;X 29:—0.407" "
DT Y=4.709+0.244X,,—0. 225X 14 X2,: 0.415" 7 ;X 14:—0.282"
ST Y=5.694+0.010X5,—0.169X 44 Xs5.:0.423" 7 ;X 49:—0.357" "
MTR Y=459.599—11.822X 14 Xya:—0.474"
TA Y=148.625+10. 357X 5,— 7. 996 X 4y, X3p:0.495" " 35Xy, —0.512" "
E Y=180.107—4.164 X, Xs5.:—0.392"

R X BT abc Al d 23 SRR FE A — B4 0] R 75— 30 W1 3k IF BT RUITAE— A X0 X X X A X A AR
FAH I IR BE P 2l P SRR IR L B R 2R IR A, % P<C0.01; % : P<C0.05,

a, b, ¢, and d in the subscript of the independent variable X represent sowing to overwintering period, re-greening to jointing peri-
od, jointing to anthesis period, and anthesis to maturity period, respectively. X1, X2, X3, X4, and X; represent average temperature,

maximum temperature, minimum temperature, daily temperature range, and rainfall, respectively. * * . P<C0.01; * . P<C0.05.
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