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Construction and Application of Quality Prediction Model of
Foxtail Millet Based on Meteorological Factors
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Abstract: In this study, based on the main quality data(amylose, crude protein, crude fat, vitamin B1, gel consistency,
and alkaline consumption) and simultaneous meteorological data from 10 main foxtail millet production areas in Shanxi province
from 2019 to 2021, using linear regression statistical methods, the influence of various meteorological factors at different growth
stages on the quality of foxtail millet was analyzed, and a foxtail millet quality prediction model was constructed to provide
scientific basis for conducting climate quality certification of foxtail millet. The results indicated that the meteorological factors
that affect the quality indicators of foxtail millet were not singular and the impact of meteorological factors at different growth
stages on quality was also not the same. The meteorological factors at the reproductive growth stage, especially the heading milk
ripening stage, determined the quality of foxtail millet. The main meteorological factors affecting the quality of foxtail millet were
average temperature,, average maximum temperature, accumulated temperature =10 ‘C, accumulated precipitation, accumulated
sunshine hours, and daily temperature range. Among them, the main meteorological factors limiting the improvement of millet
quality were the daily temperature range and accumulated precipitation at the heading milk ripening stage. Using the constructed
foxtail millet quality indicator prediction model, a foxtail millet quality fitting test was conducted in the North, Middle, South,
and Southeaset of Shanxi, the results showed that the fitting coefficients of the six quality indicator prediction models ranged
from 0.63 to 0.89, especially, the prediction effect on amylose, crude protein, and crude fat was good with the fitting coefficients
higher than 0.8.
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Fig.1 Distribution of meteorological stations and
quality monitoring points
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Tab.1 Meteorological factor characteristics of representative station of foxtail millet in
shanxi at different developmental stages

A I SEHF S KAl Be/ME i 2 A5 R %
Growth period Meteorological factor Mean Maximum Minimum Standard deviation (A%
MR PT/C 22.2 27 18.8 2 9.0
MS PGT/C 29.1 36.8 18.5 3.5 12.0
HT10/(°C-d) 530.3 783.6 360.2 111.7 21.1
PTC/C 13.5 34.4 3.9 4.2 31.1
LR/mm 93.8 243 32.5 46.4 49.5
LH/h 333.6 685.2 185.9 104.1 31.2
) PT/C 23.4 21.3 27.9 1.9 8.1
BS PGT/C 29.6 38.6 19 3.7 12.5
HT10/(°C+d) 420.5 698.7 168.2 122.3 29.1
PTC/C 11.3 3.7 24.2 4.7 41.6
LR/mm 137.2 512.4 20.6 93.6 68.2
LH/h 222.5 273.9 111.8 65.8 29.6
il e ) PT/C 20.5 23.9 18.6 1.6 7.8
©S PGT/C 27.2 35.2 16 3.6 13.2
HT10/(°C+d) 301.5 162.9 446.1 74.3 24.6
PTC/C 10.7 23 1.4 6.5 60.7
LR/mm 90.0 195.2 17 65.0 72.2
LH/h 183.0 240.4 97.4 50.1 27.4
FL A PT/C 16.8 14 20 1.8 10.7
RS PGT/C 22.7 34.6 7.3 4.6 20.3
HT10/(°C+d) 199.7 108.5 293.2 53.4 26.7
PTC/C 12.0 23.6 1.9 6.1 50.8
LR/mm 191.4 422.7 16 100.3 52.4
LH/h 165.9 219.8 68.7 60.8 36.6
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Tab.2 Characteristics of changes in foxtail millet quality at 10 sampling points

AEY R

Year Sample point AC/(mg/100g) CPr/(mg/100¢g) EE/(mg/100g) Vy,/(mg/100g) GC/mm RVA
2019 KB 17.9 12.0 4.2 0.4 93.0 5.0
INTER=S 16.0 11.7 3.1 0.4 87.0 4.2

HAEL 16.5 10.3 5.3 0.5 82.0 4.4

I ity B 19.5 11.4 4.3 0.3 92.0 4.6

Pl (AR50 17.6 11.7 2.5 0.4 83.0 4.2

SRS 16.2 12.6 3.2 0.3 84.0 4.1

AR 15.6 11.0 3.5 0.3 86.0 4.1

L B 16.5 11.5 3.6 0.5 93.0 5.0

FReEZ A% 14.1 11.3 4.8 0.5 103.0 4.0

TN X 18.2 13.2 2.5 0.4 122.0 4.8

2020 K] 17.1 12.2 3.9 0.4 95.0 4.0
LB B 15.9 11.6 3.1 0.4 83.0 4.1

FIEE 17.0 10.6 4.9 0.4 83.0 4.2

B £ 18.0 11.4 4.2 0.4 91.0 4.6

%0 & 14.2 11.5 2.6 0.4 106.0 4.2

HIHE 14.8 10.5 2.8 0.3 86.0 4.1

AR 20.1 11.7 4.3 0.4 84.0 45

Hi R 17.2 12.6 3.7 0.4 85.0 5.0

V= 14.3 11.3 4.2 0.2 89.0 4.0

TR T BN X 18.0 13.3 2.8 0.4 87.0 4.9

2021 pNCIEAS 18.5 11.8 4.3 0.4 94.0 4.5
NERzS 15.0 11.4 2.9 0.4 82.0 4.3

HAER 17.5 11.5 4.3 0.2 83.0 4.5

B il 1 19.0 11.9 4.2 0.3 92.0 4.6

A7 B EL 12.3 11.2 2.3 0.4 87.0 4.0

EEE=S 15.5 10.8 3.2 0.2 87.0 4.5

A 18.6 12.8 4.1 0.4 109.0 4.7

Tl £ 18.0 10.8 3.3 0.2 82.0 5.1

e 2 15.6 10.5 4.7 0.3 88.0 4.0

IR N X 17.0 13.0 3.0 0.4 83.0 4.6
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Fig.2 Relationship between foxtail amylose and meteorological factors
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Fig.3 Relationship between foxtail millet crude protein and meteorological factors
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Fig.4 Relationship between foxtail millet crude fat content and meteorological factors
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Fig.5 Relationship between foxtail millet Vitamin B1 content and meteorological factors
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Fig.6 Relationship between foxtail millet gum consistency and meteorological factors
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Fig.7 Relationship between foxtail millet alkaline consumption and meteorological factors
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B, T 2019—2021 4F 84N R AF 5 4t 24 40 %%
Tt 0 [v) 300 0 G2 50 Al ) A T DA ASE 80 5 4 4 DX 45
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Bl AR Z MR BN 0.82~0.83 5 H
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Tab.3 Quality indicator prediction model

S FiEFR  Quality indicator WA Prediction model r F P
AC Y=10.46+0.003 7X1-+0.002 3X7 0.75 16.1 <20.01
CPr Y=3.345+0.120 6X2+0.015X3+0.243X8+0.017X9 0.89 25.7 <<0.01
EE Y=1.265+0.019 4X1+0.042X4+0.002X10 0.82 18.2 <20.01
VB1 Y=0.67+0.019X5—0.047X11 0.83 28.1 <<0.01
GC Y=95.3+0.033X6—0.06X 12 0.63 9.2 <20.05
RVA Y=3.20+0.003 9X1+0.001X7 0.89 51.8 <<0.05

TE:X1,X2.X3 X4, X5, X643 5 425 7 W0 A ROPGE F 30 F 3 s Al H IR 8 Ol R MR K 3 5 X7, X8, X9 . X 10,

X11.X12 53530y il — L 2T 09 A7 OB O P 34 R - 34 e i <l

H BRI TR H 2 R K

Note: X1, X2, X3, X4, X5, X6 were the effective accumulated temperature, average temperature, average maximum temperature, sun-
shine hours, daily temperature range, and precipitation for the entire growth period, respectively; X7, X8, X9, X10, X11, X12 were the effec-
tive accumulated temperature, average temperature, average maximum temperature, sunshine hours, daily temperature range, and precipitation

at heading to milk ripening stage, respectively.
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4.92%~8.40% , M1 D5 & 1 35 1 1 AH X R 25

4.76%~10.26 % , 4k 2 B1 & 8 1A F 5 41 X iR
ZEAE 20.45%~42.86 %, i B B 006 1 5 R X iR 2%
£ 7.61%~15.79 % , Gk 14 {48 & 1 5 40 XF 15 22 1
12.5%~26.1% o JEKY KLEE 3 FOHLR D7 7 & A9 il
B X IR 2276 1020 AP, 0000 44 SR A e 5 44 4 % B
A B AN R A R 22 AE 2096 DA 1L T
I A 2%

R4 FNRBEHKLEER
Tab.4 Prediction model verification results
tion site Year Quality indicator value  tion value Relative error| tion site Year Quality indicator value  tion value Relative error
4L 2019 AC/(mg/100g) 17.9 17.0 -5.03 Hrh 2019 AC/(mg/100¢g) 19.5 19.0 -2.56
North of CPr/(mg/100 g) 12.0 11.0 —g.33 ||Middle of CPr/(mg/100g) 11.4 10.5 -7.89
Shanxi Shanxi
EE/(mg/100g) 4.2 3.8 -9.52 EE/(mg/100g) 4.3 3.9 -9.30
Vi /(mg/100 g)  0.43 0.29 -32.56 Vi/(mg/100g)  0.29 0.35 20.69
GC/mm 93 80 -13.98 GC/mm 92 85 -7.61
RVA 5.0 4.0 -20.00 RVA 4.6 4.0 -13.04
2020 AC/(mg/100g) 17.1 16.5 -3.51 2020 AC/(mg/100g) 18.0 17.0 -5.56
CPr/(mg/100 g) 12.2 11.6 -4.92 CPr/(mg/100g) 11.4 10.8 -5.26
EE/(mg/100g) 3.9 3.5 -10.26 EE/(mg/100g) 4.2 4.0 -4.76
Vii/(mg/100g)  0.44 0.35 -20.45 Vi /(mg/100g)  0.35 0.20 -42.86
GC/mm 95 80 -15.79 GC/mm 91 113 24.18
RVA 4.0 3.5 -12.50 RVA 4.6 3.4 -26.09
2021 AC/(mg/100g) 18.5 17.2 -7.03 2021 AC/(mg/100g)  19.0 17.5 -7.89
CPr/(mg/100g) 11.8 11.2 -5.08 CPr/(mg/100g) 11.9 10.9 -8.40
EE/(mg/100g) 4.3 4.0 -6.98 EE/(mg/100g) 4.2 4.0 -4.76
Vi /(mg/100g)  0.41 0.32 -21.95 V. /(mg/100g)  0.31 0.40 29.03
GC/mm 94 82 -12.77 GC/mm 92 81 -11.96
RVA 4.5 3.4 -24.44 RVA 4.6 3.5 -23.91
HHE 2019 AC/(mg/100g) 16.5 16.0 -3.03 EHRm 2019 AC/(mg/100g) 14.1 15.0 6.38
South of CPr/(mg/100 g) 11.5 11.2 961 | Southeast CPr/(mg/100g) 11.3 11.5 1.77
Shanxi of Shanxi
EE/(mg/100g) 3.6 3.5 -2.78 EE/(mg/100g) 4.8 4.9 2.08
Vi /(mg/100 g) — 0.50 0.39 -22.00 Vi /(mg/100g)  0.50 0.45 -10.00
GC/mm 93 82 -11.83 GC/mm 103 88 -14.56
RVA 5.0 4.3 -14.00 RVA 4.0 5.0 25.00
2020 AC/(mg/100g) 17.2 16.3 -5.23 2020 AC/(mg/100g) 14.3 15.2 6.29
CPr/(mg/100g) 12.6 11.5 -8.73 CPr/(mg/100g) 11.3 11.8 4.42
EE/(mg/100g) 3.7 3.8 2.70 EE/(mg/100g) 4.2 4.5 7.14
Vii/(mg/100g)  0.40 0.33 -17.50 Vi /(mg/100g)  0.20 0.25 25.00
GC/mm 85 90 5.88 GC/mm 89 102 14.61
RVA 5.0 4.5 -10.00 RVA 4.0 4.4 10.00
2021 AC/(mg/100g) 18.0 17.5 -2.78 2021 AC/(mg/100g) 15.6 16.5 5.77
CPr/(mg/100 g) 10.8 10.2 -5.56 CPr/(mg/100g) 10.5 10.8 2.86
EE/(mg/100g) 3.3 3.2 -3.03 EE/(mg/100g) 4.7 5.1 8.51
Vi /(mg/100 g)  0.20 0.15 -25.00 Vi, /(mg/100g)  0.30 0.40 33.33
GC/mm 82 75 -8.54 GC/mm 88 91 3.41
RVA 5.1 4.4 -13.73 RVA 4.0 4.5 12.50
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