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Abstract: To investigate the impact of meteorological conditions on the key quality components (protein,
fat, starch, and amino acids) of maize kernels, the stepwise regression-based prediction models are con-
structed based on the data from interval sowing experiments. The values calculated by the model are con-
verted into quality grades and the goodness of fit and forecasting ability of the models are analyzed. The re-
sults show that all stepwise regression-based prediction models have passed the significance level test, and
a relationship between maize kernel quality and meteorological factors from tasseling to milk stages and
from milk to mature stages is established. Moreover, the linear relationship between maize kernel quality
and meteorological factors is quantified. The results of the model test and forecast test indicate that the
mean absolute percentage errors for four quality components are all below 15% and the predictions for
starch and protein are closer to the observed values compared to those for fat and amino acids. The
observed and predicted contents of maize kernel quality components (regardless of cropping system) are

converted into grades for validation. For protein, fat and starch, the combined proportion of samples with
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predicted grades matching or within one grade of actual grades exceeds 90% (reaching 100% for starch),

and is 76. 67 % for amino acids. The predicted grades aligns well with the actual grades, indicating that the

prediction models exhibit high accuracy and can be used for forecasting and evaluating maize kernel quality.

The findings can offer an objective and quantitative basis for optimizing environmental resource utilization

to improve maize kernel quality and for informing maize ecological zoning.
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Table 1 Spring and summer maize varieties and their attributes based on interval sowing
tests in China’s advantageous maize areas during 2018 —2020
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Table 2 Stepwise regression-based prediction models of maize kernel quality components responding

to meteorological factors in China’s advantageous maize areas during 2018 —2020
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Fig. 1 Scatter plots of the model test and forecast test of stepwise regression-based

prediction models for maize kernel quality components without distinguishing

spring and summer varieties in China’s advantageous maize areas during 2018 —2020

(a) protein, (b) fat, (¢) starch, (d) amino acids
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Table 3 Mean absolute percentage errors of maize kernel quality components between stepwise

regression-predicted and observed values in China’s advantageous maize areas during 2018 —2020 (unit: %)
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Fig. 2 Scatter plots of the model test and forecast test of stepwise regression-based

prediction models for maize kernel quality components with distinguishing spring and

summer varieties in China’s advantageous maize areas during 2018 — 2020
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Table 4 Thresholds of maize kernel quality grades in China’s advantageous

maize areas during 2018 —2020 [unit: g+ (100 g) ']
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Table 5 Proportions of quality grade tests on maize kernels based on
observation and stepwise regression-based prediction models
in China’s advantageous maize areas during 2018 —2020 (unit: %)
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Table 6 Quality grades test on maize kernel of the forecast test samples of observation and stepwise
regression-based prediction medel in China’s advantageous maize areas during 2018 —2020
. A N ) EHONTIGE 38 2 T8 A T ASE 2 5 i 5 S 2

CERREG RS W eam mw ek mEm EOR WV ek ARE
T1 A fi& B HAE BT RAE BIK
Lo & 2018 oo T2 &g (S BAR Gk SR S 3 b BIR
EARK T3 AR 1% AR Gk heE K hE S BIK
T4 ik ik BIR | P B g EIK
T1 i B BAR i RAE BT Gk ok
i) 2018 s T2 4 R B B haE K Uik hg
EARKX T3 rh 4 A BAR g g K 4 g
T4 R BRI BUR % RAE BT i &%
T1 B ik Ly B B fi% P BAR
;37& 2020 s T2 1% (S hE BRI fi% Uik fi&
HEKX T3 B ik Gk TR B % g (IS
T4 BAR (S H &% A B fi% i ik

T B 7 SRR BT 2Bl B AE R — B SRR 2 — 452

PR ] 79 e P S A% o e TR [ A A 6 R 0 i A 56 1) ~F
Py XF VT 43 O iR ZE AL 156 LA, LB R B A Y
X JE 53 A 1 T T R X i A P IR A S

3 HHe

ARWFTEAEE T E oK GF 2 oK) KPR 3 20 i
LR CGEBA BN TR J SR 5 il ME— 7L 34
W1 FL B YD UG T B 2 A (] U T AR R
YRR PEAT 1AL - FFORE il 5 R R 4 O o S
Fik— LK, BT S5

COMIEE T TORFFRL A TR 5 i — L 28
FLA BB AR I 1 1932 25 [ U3 BN AL R O X
S NI S ST DI R RS AR R

B (L, F4 EE F) FOUI0 ASE AU 4005 010 B8 AR T B8 ) S AT

(2) TGRSR AT 2 52 i) B KR i ot i) 2 R R
(Correndo et al,2021) , AN X 43 ity T B o 2L 20— 1l 24
A0 BRI B R A R T A B B R R T R AR R b
T — LA = 1724 H BRI BT BEXT B —
AR AR T 5 V8 A & B Bl 3L 2O RO
10 em M ik 52 0 AH G 5 LA — AU - 2 iR AR
Tl LAY 20 em bR S UG FLEA—



%6 2 BEAE L TORRE L O R TN A R A 757

JSC BRI R g A R T A R ) B R i e —
FLEYT F9 00 B H 85 22 OO R T 2 B R 1 B
A

(B ANX A3 F  J K G A i 45 9 Clal A 46 56
RG0S PR 45 0 — BORAE 25 — DM S5 L ] 2
A B TR 7 TE A AE 90 Y0 LA (T B B i 3R
100%) & IEFR K 76. 67 %0 » 55 G (FHR) A5 56 2 3 1R
R 66. 67 Yo o ARG EAR B B IR 3 AE 900 LA I
VERY B o3k 10000, MR BF R EMERY
55 S B 6 O B AT 5 3% B 3 38 A [R1 05 ) 10 AR R AT
FHF B oK 7 X R K R R R (R AR
05 V€3 L ELSE R 1) TOAR TR0, Sk 75 43 ) FE U 4 IR
R R A S X R SR R AL W e AR IR A 2%

AR FEHRAN T AR AT X 2 — i e ml th [X R K
FERL JBAIF 52 1 Jag BR M B 25 18 T 488 K 28 1) 3 [l &
KOFF L it SO R AIE & () B S/ T 38 PRV FH A8 52 ) D
DX 3 K b Bl s DA S B A B R OK P 22 Sl B )
M), ¥4 S PR ot O 2R T A R LA —
Mo ARWFFEADAETE A L o T BT 1] AL 4G - {5
SITE WG FOR X L B R P BRI %
T B — 1 3t o5 198 3 6 50 A0 o B R AT AR A B L A
B REAS A X8 D A Ja AT i — 20 A R 2 MK 5
BAs LA T R4S Y 5 565 1E A5 Y /Y T R ), DLk — 2D
P AR R 58 . 9 Ah s XA K A A
RV B R OK AR DT 2 2 R 5l AR+, v] Be i
PRI 75 T 356 A B oK iy ol 4 A 3 6L AE 6T /0 o HLAH 56
5% 22 WG 7 2 Sk A X 35t 1% 07 468 180+ 52 P 55 5 1) AH
XN OB LT, 1998) . AWFFE EARIX 7 T/ H &
DK it i Qs 5 A1 A ) 52 ) 0 7 A5 TR A L (HL 4%
0 A R T AS AR [ L 25 SR O S R AL L T
WAL 22 T g AT e B i — D W5 OF B A SUR
JE AT RE K A B AR i AR TR LR KU EMR Ak R )
M5 A I T B — 25 DR K AR B2 T T 8 A G
WS o o K il JOT 9 42 B A X 5 BRI AR =

S % ik

MR 58 SELT 2 2R 55, 2017, A A8 Ak X AR Jb i IX B K A= 7 0 )
Y552 W 55 080 438 it A 40— A3 bRk A S I LT ). o R AR 2 2F 3l
28(3):821-828. Chen M,Kou W H,Li Y H,et al,2017. Impacts
of climate change on maize potential productivity in Northeast
China and the simulation of control measures:a case study of Ji-
lin Province, China[ J]. Chin J Appl Ecol, 28 (3):821-828 (in
Chinese).

B LR AR 201 L AR TR A B Rk

ah R BT, AR 2412 25(2) 1 353-357. Duan P F, Liu T X,
Zhao C L, et al, 2011, Effects of climatic factors on grain yield
and quality of summer corn in Henan Province[ J]. ] Nucl Agric
Sci,25(2) :353-357(in Chinese).

JRIGELL . 1998, H [ F oK A 5T ¢ U ity STk bk 1y 20 S LT 1. £ KR
#,6(1):14-16. Gu X H,1998. Analysis and evaluation of the
quality characteristics of maize germplasm resources in China
[J].] Maize Sci,6(1):14-16(in Chinese).

SR RTEAS ML 55,2023, P 52 R o i 2 X I R OK 7 R R
MBS AEHE RN R RLT] BARFE . 37(3):638-648. Guo A,
Zhu Y J,Wang Y, et al,2023. Response of yield and quality of
silage maize to meteorological factors in middle and late maturity
region of eastern Inner Mongolia[ J]. J Nucl Agric Sci,37(3):
638-648(in Chinese).

WY, E R A 42007, B EORRTY BAR R  4r T
B[], FoR B2, 15(3):95-98. Huang Z H, Wang S
Y.Bao Y, et al,2007. Studies on dry matter accumulation and
distributive characteristic in super high-yield maize[ J]. ] Maize
Seci, 15(3) :95-98(in Chinese).

VR, SR e R NE L 55,2023, h [ EOK R R E S RLT].
R AR G2k -34(1) :1-14. Huo Z G,Zhang H Y,Li C H,et al,
2023. Review on high temperature heat damage of maize in
China[ J]. ] Appl Meteor Sci,34(1):1-14(in Chinese).

LA AR L RG22 2023, T R0 FORAE K AR IR R &
B ML) ], E KBS, 31(4):91-98. Kong J L, Zeng Y, Li S
C,et al,2023. Effects of drought stress on growth, physiological
indicators and grain quality of maize[]J]. ] Maize Sci,31(4):91-
98(in Chinese).

BHHE 1985, SRR B RORIRIILT ). K4 1111 2 22-23.
LiJ X,1985. Adjust the sowing date of summer maize based on

climatic regularities[ ] ]. Meteor Mon, 11 (11): 22-23 (in Chi-

nese).
X HE L 2012, AR T X 1K™ i B TS i g LT . RO

TLAC BE4 . (1) :34-36. Liu H Y, 2012. Study on the yield and
quality of spring maize under drought stress at the stage of flower-
ing and seeding[ J]. Heilongjiang Agric Sci, (1) :34-36 (in Chi-
nese).

SEMLIR R F M TR 42 L 55, 2018, 1o 9 X P B0 R K TR PE RO
G T AR ST ). Fh 7. 37(6) :56-59.62. Meng Z Q.
Song F P, Li J S,et al, 2018. Quality characteristics of maize
landraces in Tibetan Plateau cold areas and the correlation analy-
sis between meteorological factors[J]. Seed,37(6):56-59,62(in
Chinese).

TS L #2022, IPCC ARG )45 56 TR [A] 26 700 - A8
P58 BT T 5 3 s [ ] A4 %R, 80(1) : 168-175. Wang C
P,Huang M T, Zhai P M, 2022. New progress and enlighten-
ment on different types of drought changes from IPCC Sixth
assessment report[ J]. Acta Meteor Sinica, 80 (1):168-175 (in
Chinese).

W2 WL 20200 FoR AL P R G XA A Al B A 5 S R L) D o
[H ek Bl 2%, 54 (17): 3587-3591. Xie R Z, Ming B, 2021.



758 A

% 952 %

Response and adaptation of maize production system to climate
change[ J]. Sci Agric Sin,54(17) :3587-3591(in Chinese).

TR il A & B KR L 45 2016, 15 S0 %) B4 R oK VE B BEAL e 1 1Y
)], A, 3009):1754-1762. Yang H,Shi Y L. Lu D
L,et al,2016. Effects of sowing date on starch physicochemical
properties of summer waxy maize[ J]. ] Nucl Agric Sci,30(9):
1754-1762(in Chinese).

W whmiE R & % ,2020. T B RBEMAE SR E R
WEAE LI, B % 54, 31(6) : 749-758. Yang L, Han L J.

Song J L.et al,2020. Monitoring and evaluation of high tempera-

B

ture and heat damage of summer maize based on remote sensing
data[J]. ] Appl Meteor Sci,31(6):749-758(in Chinese).

WA T R 2015 RIE = EREER VAR K ELES LR
PEALLT]. K% %4, 73(6):1141-1153. Yang R Z, Zhou G S,
2015. A comprehensive risk assessment of the main maize agro-
meteorological disasters in the three provinces of Northeast
China[ J]. Acta Meteor Sin,73(6) :1141-1153(in Chinese).

TRAPRAT L EEA S B B LA L 2007, R N T ROk KL TE A A R I

s )] VEW)2# 4% . 33(1) :38-42. Zhang B R, Dong S T, Hu C
H, et al, 2007. Effect of high air temperature during different
growth stage on starch synthesis in grain and yield in maize (Zea
mays L. )[J]. Acta Agron Sin,33(1):38-42(in Chinese).

SRR AERRGE L R R AE L SE, 2024, T 5B AL 5 B0 2 O vk K
RENEFEAEDF RS REL]] AR %M, 82(1): 1-21.
Zhang Q.Li D L,Yao Y B,et al,2024. Progress and prospect of
the research on drought formation, prediction, and related risk
assessment| J |. Acta Meteor Sin,82(1) :1-21(in Chinese).

KBS et B AR, 5L 2018 SRR RN AR P IR E £k
EEAR L] P E AR B2, 51(17) 2 3258-3274. Zhang Z
T,Yang X G,Gao J Q. et al,2018. Analysis of suitable sowing
date for summer maize in North China Plain under climate
change[ J]. Sci Agric Sin,51(17) :3258-3274(in Chinese).

ST 2RO » 4K A6 455 2017, 0 L R M XA OK A T AR
FERGE B PR L) ] KR S IR BEE R 33(6) . 66-72. Zhao
X L,Li L G,Cai F,et al,2017. Effects of different sowing dates
on growth process and yield of spring maize in southern Liao-
ning[ J]. ] Meteor Environ,33(6) :66-72(in Chinese).

oA N B LA AR 2010, F K G 3 DX 3 AR J ML (2008—2015
A [T, AR TARHA CR ™ & k) 5 (5) :11-13. Ministry of
Agriculture of the People”s Republic of China,2010. The layout
planning of advantageous areas of corn (2008—2015)[J7]. Appl
Eng Technol(Agric Prod Process Ind), (5) :11-13(in Chinese).

JEL T T S AT AT B L R DSBH L 5F L 2024 ST B I T LR 9 A o R 1R

FPREMEEL)]. R4, 50(3):265-274. Zhou G S, He Q I, Song
X Y, et al, 2024. Meteorological services support for high-
standard farmland production at the frontline of climate action
[J]. Meteor Mon,50(3) :265-274(in Chiniese).

Ali Q, Ashraf M, Anwar F, 2010. Seed composition and seed oil

antioxidant activity of maize under water stress[J]. ] Amer Oil

Chem Soc,87(10):1179-1187.

Butts-Wilmsmeyer C J, Seebauer J R, Singleton L, et al, 2019.
Weather during key growth stages explains grain quality and
yield of maize[]J]. Agronomy,9(1) ;16.

Correndo A A, Fernandez J A, Vara Prasad P V, et al, 2021. Do
water and nitrogen management practices impact grain quality in
maize? [J]. Agronomy.11(9):1851.

Jahangirlou M R, Akbari G A, Alahdadi I, et al, 2022. Phenotypic
predictors of dent maize grain quality based on different genetics
and management practices[ ] ]. ] Cereal Sci,103:103388.

Liu Z J, Yang X G, Lin X M, et al, 2018. Climate zones determine
where substantial increases of maize yields can be attained in
Northeast China[ J]. Climatic Change,149(3/4) :473-487.

Lu D L,Cai X M,Zhao J Y,et al,2015. Effects of drought after polli-
nation on grain yield and quality of fresh waxy maize[ J]. ] Sci
Food Agric.95(1) :210-215.

LuDL,Sun X L, Yan F B,et al,2013. Effects of high temperature
during grain filling under control conditions on the physico-
chemical properties of waxy maize flour[ J]. Carbohydr Polym,
98(1).:302-310.

Mekonnen T W, van Biljon A, Ceronio G, et al, 2023. Effects of
planting date, environments and their interaction on grain yield
and quality traits of maize hybrids[J]. Heliyon,9(11) ;e21660.

Nagore M L, Maggiora A D, Andrade F H, et al, 2017. Water use
efficiency for grain yield in an old and two more recent maize
hybrids[J]. Field Crop Res,214:185-193.

Niu S D, Yu L Y, Li J,et al, 2024, Effect of high temperature on
maize yield and grain components:a meta-analysis[J]. Sci Total
Environ,952:175898.

Rondanini D P, Borrds L., Savin R, 2019. Improving grain quality in
oil and cereal crops[ M] // Savin R, Slafer G A. Crop Science.
New York:Springer:269-285.

Shah F,Coulter J] A, Ye C,et al,2020. Yield penalty due to delayed
sowing of winter wheat and the mitigatory role of increased
seeding rate[J]. Eur J Agron,119:126120.

Stutts L, Wang Y, Stapleton A E, 2018. Plant growth regulators
ameliorate or exacerbate abiotic, biotic and combined stress in-
teraction effects on Zea mays kernel weight with inbred-specific
patterns[ J]. Environ Exp Bot,147.:179-188.

Wang L. Q. Yu X F,Gao J L, et al, 2023. Patterns of influence of
meteorological elements on maize grain weight and nutritional
quality[ J]. Agronomy,13(2) :424.

Yang H.Gu X T,Ding M Q,et al,2018. Heat stress during grain fill-
ing affects activities of enzymes involved in grain protein and
starch synthesis in waxy maize[ J]. Sci Rep,8(1):15665.

Zhou BY,Sun X F.Ge J Z,et al,2020. Wheat growth and grain yield
responses to sowing date-associated variations in weather condi-

tions[ J]. Agron J,112(2):985-997.

(AR ICTT - ] BEXO



