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. 2016, 2019, 2020 4ELIPUJ FHEE KM ELL 505 iR bR, B8 5 NE, IR RED T4
PR 1) 28 57 B 00 KA B BERE R 5 (520, LA o Bt DX K R A AL 3R e ikt . 45 R38R
BEREIAMER . HIETm, FoREFRA R, JRE shBR >, SRR F oK 2 E IR 0 £ 2R
fgﬁikm&;ﬁfﬁﬂﬂ%ﬁ%%,mﬁm%miﬁi\ P EZRL T, H BRI SRR
BB BT RIE 83.0%, 22—k 99.9%; APk~ m RN Z R . JCRARBK R Em, Kok
m#ﬁﬁiﬂﬁci(ﬁfﬁk% 35.7%~54.0%), HIERFESIFUR TS 25.2%~31.2%, FE/KETTHRE 20.8%~33.1%;
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B REOM BT RN y =—1.16x+19.87x+7977.34, R*=047"", 1£4 A 3 HefiE. HaWr 4 A FHEEAK
PR IS EAE
X B OIR: Tk KEHET; Y R P

FESES: S513.042 XEkFRERE: A XEHRS: 1007-1032(2022)03-0257-08

Effects of meteorological conditions on maize growth and yield in hilly
area of central Sichuan and optimization of sowing date:
a case study of Zhongjiang, Sichuan

DU Xia', DOU Pan?, CHEN Xiang', KONG Fanlei', YUAN Jichao'"

(1.College of Agriculture, Sichuan Agricultural University, Chengdu, Sichuan 611130, China; 2.Weinan Institute of
Agricultural Sciences, Weinan, Shaanxi 714000, China)

Abstract: The main maize variety ‘Zhenghong 505’ in the central hilly area of Sichuan Province was selected as
experimental material in 2016, 2019, and 2020. Five sowing dates were set to study the differences of meteorological
factors under different sowing dates and their effects on the maize growth process and yield, to build the theoretical basis
and establish guideline for maize sowing date optimization in this area. The results showed that the daily average
temperature increased, the vegetative growth period of maize shortened, and the active accumulated temperature

decreased. Meteorological factors mainly affected the vegetative growth stage of maize in the whole growth period.
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Correlation and regression analysis showed that temperature is the main meteorological factor determining the growth

process of maize. The contribution rate of daily average temperature and active accumulated temperature to each growth

period was 83.0%, of which 99.9% was from silking to maturity. The grain yield was affected by temperature, light, and

precipitation at the same time. The contribution of light conditions was larger (35.7%-54.0%), the contribution of daily

average mild active accumulated temperature was 25.2%-31.2%, and the contribution of rainfall was 20.8%-33.1%. The

contribution rate of meteorological factors to yield components were different. The contribution rate of meteorological

factors to yield components were different. The temperature from sowing to silking contributed most to the number of

grains per ear, and the light from silking to maturity contributed most to the 1000-kernel weight. With the delay of the

sowing date, the biomass and grain yield increased first and then decreased. The regression equation between grain yield

(y) and sowing date (days after the first sowing date, X) was y=—1.16x*+19.87x+7977.34, R?=0.47"", the highest on April

3. Therefore, early April was the suitable sowing date for a high yield of maize in this region according to this study.

Keywords: maize; meteorological factors; sowing date; yield; central Sichuan region
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2 HR59

21 AEHBATEREFHE TYRRERTE
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F. BEEGIHEE , TORAE T R 4 s,
2016, 2019, 2020 4FHKW] 5 B 1 ek T
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ZHE, FRD; Yaore= 131.00-0.51x, R*=0.99"";
V2020=129.00-0.48x, R’=0.98"", #EMIAHE 1 d,
EEMER 0.34~0.51 d, 3 V45 044 d,
y=-0.44x+128.47, R=0.96"", Hrh, 3L KHiBE
AT R, EE Mg 6~25d, AEHF R
290 15%, FEEHER 1 d, #EF—rk228y))3 4F
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2.1.1

F1 FEAMEE R0 SRR R A

Table1 Growth period and duration of maize under different treatments

Ay Eii] FEF 22 AR FEFh—nk2z/d nh2z—p@vd  2AFBId
2016 Al 03-26 06-15 07-30 81 45 126
A2 04-10 06-23 08-09 74 47 121
A3 04-25 06-30 08-16 66 47 113
A4 05-10 07-14 08-28 65 45 110
A5 05-25 07-23 09-08 59 47 106
2019 Bl 03-25 06-15 08-03 82 49 131
B2 04-09 06-21 08-10 73 50 123
B3 04-24 07-01 08-18 68 48 116
B4 05-09 07-10 08-26 62 47 109
B5 05-24 07-21 09-01 58 42 100
2020 cl 03-25 06-11 08-03 78 53 131
c2 04-09 06-18 08-07 70 50 120
c3 04-24 06-26 08-15 63 50 113
c4 05-09 07-05 08-25 57 51 108
Cs 05-24 07-18 09-02 55 46 101
2.1.2 FHERE TRER | kT AR i S AW w52 ik 1)

M 2 FTRIE, S8 FoR 2215 T4 5

BB E K, AFEPRIZE SRR . A kT 5
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R 8 LUEY 5 B0 AI; 3 472, 6

SINE i3 GIPINE 3 N 2 IO 113 SR D7 i 4 3N
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W 3. 3 4 % 24.3%. 24.1%. 27.3%. 27.5%, 3

RS, 22T R DIE 5 MR, A S
A1 3R 2 5 3 4% 4 1 24.8%.19.1%., 17.2%
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Table 2 Dry matter accumulation rate and dry matter accumulation of maize under different sowing dates

Ay 0 MR ER % MZJEREBERY%  HBHRTYRRERe  AYrtE(thm?)
2016 Al 4391b 56.09b 398.77a 16.97a
A2 51.79a 4821c¢ 402.11a 16.70a
A3 45.24b 54.76b 412.34a 19.58a
A4 36.09¢ 63.91a 438.32a 18.57a
A5 50.85a 49.15¢ 347.11b 16.02a
2019 Bl 36.23b 63.77a 325.42¢ 17.31b
B2 35.59b 64.41a 376.85ab 19.30a
B3 43.52a 56.48b 345.92bc 18.04ab
B4 42.85a 57.15b 385.59a 19.57a
B5 40.37a 59.63b 270.30d 13.74¢
2020 Cl 34.83b 65.17a 376.54a 16.80a
c2 33.13b 66.87a 340.79b 14.96b
C3 33.73b 66.27a 362.55ab 15.54ab
c4 38.12b 61.88a 343.60b 15.21ab
c5 52.31a 47.69b 220.58¢ 8.90¢c
F Gy 27.04” 27.04" 73.49" 26.417
1 16.29™ 16.29™ 58.94" 18.25”
R0 X HE 13.69™ 13.69™ 6.817 3.38™

oA G T SR R 5 B F T A B 22 52 3 (P<0.05)
2.1.3 FEREM R

H1 ¢ 3 n 0, BRI ORI L P
A 1S R 22 (5 A 2550 RSO R AR ) S 12 T A b
K-, HAFBRIEIASABAE, X 2020 4152 M f K
BERE IR R — 3SR B, x), FOKRIFPRL™
H (V)R IETHERE(2016 4F) B %AK(2019 . 2020 4F)i
B, TR R E TR REOCR, 3R IE
T FEo R«

Yao16=—0.76X>+22.78x+8527.44, R*=0.44"(*/R it
EHX, TH);

Ya010=—0.55x—8.68x+7831.20, R?=0.79"";

Ya000=—2.18X*+45.51x+7573.30, R*=0.95",

7 e SRR 25 5 L (P<0.05) . 2 (P<0.01),

3 AR R TR Y=—1.16x"+19.87x+7977.34,
R=0.47", 7£ 4 7 3 H(x=8.56)Zc A #& M it i
6 3] B A e TR TR MR o BRI
B, TREREHFES, 3 57, ThTEREY)
SR IAHER AL O0B A7 7R yi=275.12-1.32X,
R=0.54"", 4&MAMHHER 1d, TR 1.32 g,
M A = BT, R IAHER AN G E 5 =4
7 A8~ S A 55 = s 7/ st A0 L] 5
AR B, WA B (y) 5 x Bl J5 R
yo=48.45-0.21x, R*=0.42"", #EWIEHER 1d, Wk
BHEAK 0.21%.

®3 TEBHERN~ER~EWHRER

Table 3 Yield and its components of maize under different sowing dates

Y Milem  FAUEM  HUem PR s TRmasg TR s,
(x10"-hm ™) (kg'hm ™)
2016 Al 22.14a 6.90b 5.51a 4.24 783.64 255.35a 8532.20 50.97ab
A2 22.06a 13.98a 5.58a 4.17 761.87 249.78a 8661.47 51.84a
A3 21.97a 14.50a 5.56a 4.75 774.83 250.76a 8602.00 43.94¢
A4 21.35a 12.61a 5.53a 4.22 842.28 236.81b 7936.40 42.80c
AS 19.39b 8.65b 5.01b 4.62 745.26 236.45b 7165.60 44.72bc
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F=3(&)
R Bkem  AREN  BRUem O e e TR e
(x10*hm?) (kg-hm?)

2019 Bl 18.66 15.88ab 531a 5.32a 667.54ab 248.05a  7858.37a 45.38a
B2 17.95 15.47ab 5.23ab 5.12b 650.18b 242.65a  7477.63a 38.87b
B3 18.56 12.86bc 5.30a 522ab  735.98a 211.10b  7217.58ab  40.01b
B4 18.16 11.81c 5.04b 5.08b 672.87ab 188.17c  6249.44bc  31.98c
B5 18.55 18.78a 5.04b 5.08b 670.36ab 181.65c  5361.84c 39.05b

2020 C1 2221a 13.67ab 5.57b 4.46a 754.13a 31026a  7774.22a 46.28a
2 20.00b 14.51ab 5.46¢ 439 711.49a 269.60b  7210.31a 48.22a
C3 21.30a 13.23ab 5.72a 429ab  742.33a 270.61b  7434.45a 47.93a
c4 19.73b 11.80b 5.25d 4.43a 744.27a 230.94c  5146.63b 33.88b
C5 17.76¢ 15.86a 4.79 4.03b 655.10b 152.63d  2403.10c 27.20¢

FME 6 102.20™ 16.19" 42.86" 42.36" 47.29" 79.39" 49.73" 24.43"
F1H 23.46" 420" 81.80” 0.82 8.19" 140.40™ 41.06™ 24.19"
AR X FE 7.46™ 7.83" 11.54" 1.81 321 35.80" 6.14" 7.117

TERIE R TR A 38 [l — AR RISV A ] B R 2257 135 (P<0.05) s “** 3+ Jp il 7R 257 1 25 (P<0.05) B i 2 (P<0.01)

22 AEBHATHEESREFER

G A =R RN AR bR 4 F15k 5
7N, ANTREE AR FOKRA & W] 2 D7 iR S SR
W, HAFPREAFTER R 2SS, HpRBoKEN A
B, nh22—plA BB, 2016 AERERRELD,
2019, 2020 4= 7 HJE. 8 HHIXIA SRR &4 ;

H T 2019 F1 2020 4ER/KE 2, H H BREHECHIREH
TR 2016 4F/, HISTREREL, 5 &
¥, 2016 454 F N H YRS 3145 2019 4EA
2020 4F R 1.11, 0.44 C, HIFURZ 112.65. 61.64
C, HMHE L 142.67. 87.36 h, KFHEH&ZL
101.41, 66.49 MJ/m’, &7k /0 19530, 267.20 mm.,

#F*4 2016, 2019F12020FFBF—ML LM NS REF
Table 4 Meteorological factors from sowing to silking in 2016, 2019 and 2020

- H -2l 53R/ C S H RIS $Uh SRR PR i/ (MT-m ) SRR R/mm
" 2016 2019 2020 2016 2019 2020 2016 2019 2020 2016 2019 2020 2016 2019 2020
1 2127 21.13 21.16 1722.50 1754.11 1671.50 334.00 33736  363.60 1023.69 1036.97 1022.30 187.50 123.86 79.70
2 2271 2216 23.15 1703.10 1640.11 1643.80 350.70 28496  338.90 999.23 934.09 949.11 17520 131.96 154.30
3 2393 2297 2490 1603.30 1584.71 1593.40 325.00 264.61 330.80 915.19 884.92 888.24 14820 162.26 153.90
4 25.14 2370 2553 1659.00 1493.11 1480.90 310.80 24431 260.90 902.93 817.19 784.56 177.40 118.36 177.90
5 2639 24.55 26.03 1583.40 144841 1457.60 28430 20331 207.50 823.70 748.05 727.01 157.50 174.86 217.00
FH) 23.89 2290 24.15 165426 1584.09 1569.44 320.96 26691  300.34 932.95 884.24 874.24 169.16 14226 156.56
&5 2016, 20197120204 nt 24 —mFAM RIS R EF
Table 5 Meteorological factors from silking to maturity in 2016, 2019 and 2020
-~ HP-HiRE/C H SRR/ C SH IR U/h SRR A B ST /(M m %) B/ /mm
’ 2016 2019 2020 2016 2019 2020 2016 2019 2020 2016 2019 2020 2016 2019 2020
1 27.52 2524 2637 123820 1237.00 1397.80 207.20 121.74 180.60 610.77 587.29 671.23 138.40 267.00 319.80
2 27.28 2553 2648 128220 1276.70 1323.80 223.30 133.84 182.10 637.23 601.92 638.84 199.50 456.50 232.10
3 27.92 2648 2644 131230 1271.00 1322.10 256.20 177.33 188.70 655.47 605.92 637.30 199.30 424.00 446.40
4 28.81 2721 2585 1296.60 1278.70 1318.60 300.90 189.34 175.00 654.15 595.68 626.76 121.10 413.80 612.60
5 27.58 2738  25.63 129630 1149.80 1179.20 256.40 178.64 183.90 626.64 529.92 571.18 130.50 338.50 576.90
FH) 2782 2637 26.15 1285.12 1242.64 1308.30 248.80 160.18 182.06 636.85 584.15 629.06 157.76 379.96 437.56

BEFE AR , BRI R —it 2210100 H 2R
JEZHT R, WA BRI, 3 AR, R
B d, #EF—nt2z g H R TS 0.07

"C(2016.,2019 F12020 4E535 24 0.08..0.06.0.08 C),
TSR /D 3.71 C o MEEREIAIHER , 2255,
I H ERE T E (2019 4F) s e THE (2016 Fil
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2020 4F), i S BRI R A e T A R (2016 F12019
AE) B A (2020 4E), H BRIFEURIR FRARSHE 25
Tt k% o

23 E£EH TYURRERTFESS5KEFHXER

Hi 6 TTLIE L, FOKEF—nt22 | nh 22—
RN AE B A RS W) H 20 B S 3 B
S, SRR R A B 4 S e b
IEMISE, RIREF S, TR, £FHN

BURA KRR . BIETEE SRR, B
R ETF L °C, Rk 22 45T 4.66 d, 22—
AR 1.62 d, AFE MM 5.12 do
SN R BLEE 7), TR R4 B IR S e R
LT, H SRS SRR 25 A B Y ) pamk
iR 83.0%, Hrbmk2z—piAdiik 99.9%, SLRRAN
KK %o 45 A BE DT s KBk o

*6 EAXREFH TYRRRM~EMHRERSSKEFHEXFEH(=15)

Table 6 Correlation coefficient among growth period, dry matter accumulation and yield components of maize with meteorological factors

sk AR FREL ] ”

H ¥k T B AR H IR FE BRI PH S Rk
FhRh—nt 22 KA -0.938" 0.906™ 0.755" 0.960" —0.459
I 22— A KA -0.581" 0.776" ~0.408 0.561" 0.330
TR —0.888" 0.844" 0.331 0.895™ ~0.404
22 T AR R -0.051 0.308 0.308 0.270 0.066
22 )5 T AR SR 0.276 0.671" 0.185 0.653" -0.319
kT B R -0.097 0.707" 0.757" 0.689" —0.589"
TR 0.068 0.381 0.521" 0.323 0.128
TR i 0.029 0.792"” 0.050 0.774" —0.417
FPRL 1O —0.374 0.833" 0.734" 0.846" -0.777"
¥R 7@ 0.390 0.495 0.260 0.584" -0.716™

FHORPRL i OXT BB IR T 2 T A G R TSR PR ™t BEAT AT S IMT 5 F 7 ek @X BRI S I T ik 22— )b BeAs <
G T GHRERL i AT BRI 5 RSO RO R IR T R — 1k 22 B BeAs UG R T SRR A T AT DG A0 TR B i X 1o 4 dfe ke
PRI 22— AR B SRR 5 TR T ARG AT o <o 23R B EARE(P<0.05) . AR AHFE(P<0.01),

®7 SERETFHEREGH~EWHHITIEE (n=15)

Table 7 Contribution rate of meteorological factors to maize growth period and yield composition of maize %
b el S
H ¥k TSN ENINEA S BRI PH S St Rkt
R Rh—nt 22 KA 52.8 34.7 2.7 3.5 6.3
I 22— AR AL 44.7 55.2 0.1 0.0 0.0
LN PN 45.6 37.4 7.8 8.3 0.9
FERIEL 29.0 252 18.3 26.0 13
ThE BT 32 0.2 34.8 222 39.6
FERL= RO 17.1 14.1 16.8 18.9 33.1
i A= O) 21.4 38 37.0 17.0 20.8

FHFPRLT HEOX BT L TR IR W5 SRPRL BT ARG T 5 FPRL7 R @%o B I T ik 22 — B Be s <
G RPRL P i AT B OGS 5 RSO RSO SR I TRl — 1 22 B BEA UG A 1 S DR EGHEA T IRAR DG A3 HT s T o o o 304>

T 22— A B SRR 115 TR BRI T IR 4

M6 FTLIE Y, k2249 SR S5 [F
IR HTHRARE, Ak 22)5 TR R RS
(7 S A AT A P 2 S A B 35 TE OG5 K
R, R RERDERER TP R
B, WZRIFKAR T TR R FORIFFRL

PR EAF IR . H R EORR PR
BORFIEADG, SFoKEEMBERME, SHE
T RE S ORGSR DU Zt TR A= (A, 52
AR IRFUR BHAERS A& iU R A U fige 2 A
AR TR 5 R H R R R K A
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K, A F WG R 5 A B A W O,
R*=0.67"), TR E L, AFTF 5K ek
PR R T R R R A oG
R*=0.84"", FbRTH T AN 1 g, TR EF
P4 24.93 kg/hm?)o IR, o 22 YRR AL 200k
/b B RREPECR R B AR S &, i AR TP BRI S 5 1 &
FOREIR, IFRARE AR i, #E—2 b &
PR, PRERL P B Bk K G IR (H BREHECRN K BH
TR TTER T 35.7%~54.0%), JUHIEM: 22— i
By IREE . oK EXPRERE R R TR R, B
YIRS SR TTER T 25.2%~31.2%, [k ik
T 20.8%~33.1% KGR FXF = gob il R 2 19 s ik
B AR, X FHRE STk R R R Rt 22 B Bt
FRJRRE X T Jo et o iR e R IR 2 22— s B B
I i

3 HFR5Te

SENTFRERRFEEREREFTNGE, &
R TR AL B R R, SRRk
SRR R, TR Be 2 i KA 4 B 4
KA IR R AR, AR R
B, FoKiEFh—nt2z | k22— e F IR
SRR . WA RBUR . H IRE S R PR
KIAFES A BB EANSC, 25 0 & B,
S FORA B IR UR P e R 2R, s H
PIREFG shBUR, &R TIHCRLE 83.0%L L,
HAS G AT 05Tk RN . H i Fp—nt 22137
MR MAK, k22— RS s WE ST
T, R HBRER LT 1 C, BRI
Wi 4.66 d, 2zl 1.62 d, 24F
W45 512 do

5% Sz B Hp R AS ] b DX ol 24 oK P i R4
HFARRE. fEdbr=IX, FFAEWRERE % | (KRS
SRR T K A 48 SR PR i v 11 T R R 2,
=X, DhesiiFtm, Bk, H REEos>
SHRRAIE 1) B8 T A A Bk i 24 K 7= i SR
F 2020 SRR IX TR R K R
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