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Effects of meteorological factors on yield traits of maize ( Zea mays L.)
in Heilongjiang during various sowing seasons

HAN Yi-qgiang', GAO Ya-mei', ZHENG Dian-feng’, Du Ji-dao’
(1. College of Life Science and Technology , Heilongjiang Bayi Agriculture University , Daqing , Heilongjiang 163319, China;
2. College of Agriculture , Heilongjiang Bayi Agriculture University , Daqing , Heilongjiang 163319, China)

Abstract: Differences in climatic conditions under which crops are grown during various growth seasons affects de-
velopment and yield of maize. A three-year field experiment was conducted to assess the relationship between yield relat-
ed traits and meteorological factors at each growth stage in Lindian County of Heilongjiang Province from 2012 to 2014,
and the Zhedan 37 (early maturity, 113 d), Xianyu 335 (early maturity, 118 d) and Zhengdan 958 (medium — maturi-
ty, 120 d) of three maize varieties were sown during three sowing reasons. The results showed that sowing date had ef-
fects on three maize varieties, and the effects on early maturing variety were most significant. Sowing date mainly affected
ear length, bald tip and 100-kernel weight leading to the change of maize yield, and the biggest contributor was 100-ker-
nel weight with a total effect value of 0.847, followed by ear length with a total effect value of 0.840. However, bald tip
had a negative correlation with yield, showing a total effect value of —0.213. Furthermore, yield traits and climatic con-
ditions correlation analysis showed that the maize yield had a significant positive correlation with average daily temperature
and precipitation from tasseling stage to maturity stage. So, the study has shown that early sowing at appropriate time im-
proved yield for medium maturing maize in the western region of Heilongjiang by increasing average daily temperature and
accumulated temperature. Suitable late sowing for early maturing maize can avoid spring drought, cold damage and other

natural disasters in early spring. The result of PLS — PM (Partial Least Square Path Modeling) analysis indicated that
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sowing date had a direct effect (0.763) on yield, and had an indirect effect on yield by interacting with meteorological

factors and soil condition at each growth stage. Above all, temperature and precipitation from tasseling stage to maturity

stage are the most important meteorological factors for maize yield in the western region of Heilongjiang, and irrigation

during these stages will contribute to high and stable yields.

Keywords: Maize ( Zea mays L. ); interval sowing; meteorological factor; yield
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Table 1 The basic chemical properties of soil (0 ~20 cm soil layer)

0y Bl Alkail - N AR Olsen - P HELE Available K " AHLE Organic matter
Year /(mg-kg™") /(mg-kg™!) /(mg-kg™!) pH fil /(g kg™)

2012 196.50 4.40 210.40 7.82 2.96

2013 188.60 4.52 220.60 8.01 2.88

2014 176.52 4.62 190.70 8.21 2.76
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Fig.1 Growth duration of three maize varieties

during each sowing day
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Table 2 Meteorological conditions in 2000—2014

% 40y A6 Month 59 1T
Climatic factor Year 5 7 3 9 Average
2000—2011 14.7 20.6 23.1 21.2 14.3 18.8
H 3L 2012 15.8 21.2 23.6 21.8 16.4 19.8
ADT/C 2013 17.9 21.5 23.4 22.0 15.0 20.0
2014 14.2 23.0 22.9 21.4 14.8 19.2
2000—2011 29.6 67.1 128.8 9.0 45.5 361.0
W T 2012 63.0 72.0 9.4 4.2 78.7 310.3
ADP/mm 2013 25.0 119.0 207.0 68.0 46.0 464.1
2014 48.6 33.4 145.3 27.0 57.0 311.3
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Fig.2  Changes of temperature and relative humidity of

soil during maize growing seasons in 2012
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Table 3 Grain yields and yield components of maize during each sowing day
A0y Al FEH MR S VA=T S N TR AL MR AR ERE SRt
Year Variety Planting date ~ P/cm E/em L/em T/em D/cm R/f7 R/FL K/g Y/( kg*hm~ 2)
D1 276.8a 116.0ab 21.3a 1.88a 4.93a 14.0a 37.7a 27.1b 8150b
g
VT 37 D2 274.1a 110.5b 21.6a 1.73a 5.18a 13.5a 36.4a 27.8b 8497ab
Zhedan37
D3 273.5a 126.0a 21.8a 0.58b 4.88a 14.0a 37.6a 29.6a 8749a
D1 305.0a 138.0a 23.1a 2.03a 5.13a 16.0a 41.7a 34.7a 10306a
;?E 335 D2 309.0a 115.0b 22.6a 1.98a 4.75a 16.0a 38.5a 35.5a 9811a
2012 Xianyu335
D3 311.3a 127.0ab 22.2a 1.75a 4.75a 16.0a 40.2a 31.7b 8184b
DI 303.0a 147 .5a 22.7a 1.25b 5.03a 16.0a 39.4a 38.7a 8686a
FR . 958 D2 318.5a 136.3a 19.9b 2.53a 4.85a 16.0a 39.5a 36.5b 8502a
Zhengdan958
D3 301.3bed  133.3a 21.8ab 1.15b 4.98a 16.0a 40.3a 36.4b 8260a
444 Annual 292.5A 127.7A 22.1A 1.65A 4.94A 15.3A 38.8A 33.0A 8761A
D2 269.3a 103.3a 17.5a 1.9a 4.7a 15.5ab 30.8b 31.3a 7412b
Hr
,ﬁ$37 D3 276.1a 105.5a 18.4a 1.25ab 4.83a 16.0a 34.0a 31.6a 8670a
Zhedan37
D4 261.8a 95.8a 17.5a 0.54b 4.53a 15.0b 29.8b 28.2b 7590b
D2 332.8a 111.8a 19.1ab 0.68a 4.76a 16.0a 36.8a 35.1a 10068a
51!335 335 D3 314.3ab  111.3a 19.7a 0.86a 4.82a 16.0a 36.8a 34.4a 8830b
2013 Xianyu335
D4 294.5h 113.1a 18.1b 0.68a 4.62a 16.0a 33.2b 32.9b 8174b
D2 299.0a 148.5a 19.0a 0.30a 4.68a 16.0a 36.8a 35.6a 9945ab
H - 958 D3 300.0a 121.0b 20.3a 0.56a 4.72a 16.0a 35.4a 36.7a 10676a
Zhengdan958
D4 293.8a 128.8b 19.8a 0.46a 4.52a 16.0a 36.0a 36.3a 9703b
415 Annual 292.4A 115.4B 18.8B 0.81B 4.69B 15.8A 35.0B 34.3A 9008A
D2 242 .5a 101.0a 18.8a 2.15a 4.90a 15.0a 35.8a 30.1a 6167a
P
H 37 D3 235.3a 102.8a 15.8b 0.93b 4.48ab 13.8b 36.6a 26.2b 5225ab
Zhedan37
D4 216.3b 96.0a 16.1b 2.87a 4.10b 13.3b 32.1b 25.5b 4331be
2014
D2 244 .0a 114 .3a 18.6a 0.70 5.18a 15.5ab 38.3a 38.7a 8044a
FR #7058 D3 259.0a 116.3a 15.9b 1.95a 4.51b 16.8a 30.9b 34.1b 5863b
Zhengdan958
D4 251.1a 114.9a 15.6b 0.05¢ 4.50b 14.7b 27.0c 29.2¢ 5215b
435 Annual 241.4B 107.6B 16.8C 1.44A 4.61B 14.9B 33.5B 30.6B 5808B

FE : [ — 40 | Jo] SR BB R [l /NG PR R 25 5 B35 (P < 0.05) AEBRIM B BS AR [ KRS FRR R 2 7 B35 (P <0.05)

Note: Values within each year followed by different lowercase letter are significantly different at P < 0.05. Mean values among different year followed by dif-

ferent upper letter are significantly different at P < 0.05.

IR RS VR Bk, R E VR B A
Jit, REAS AR B A MR VR A K R T LT Y
Ky Fror ARG, IRAIRLE R DA SR
VEMIRAE R o b S AR R D38 5 7 o R A G
PEACBE, P05 37 17 0 SRR 21 H i B BEAY 1R
JETEARSE , 5 H1 BlERE B B 0 B U S5E, Sl
HER AT B A R TE AR 5C SE 8 335 iy i
e 2 A BE AR IEAN O, WL 40 DAL 4E
SR FORAE AR B A M 3K I3 TR A
BRI . E AT A S Ao A e TR AL
IR AT A B K o0 3 TR BRI, B
IR AERE I AR R R T E R

R R/ N AR R AR R — A5 I M il BE
AR R R R R RS AR, 4
7R RO 7 AR /N TR R
RN, FEIA EL VR AR RO 0763, Il i ik
0 S A B e [ R M) 7 B O TR B (LI 3) o

3 e SE4R

TEAERTUGRIASE H gt B B 5 K A ] 7853038 1
AR R S A T E T A AR
45 P v 8 3000 R P e o S G ) B
RS K T80 A AR S PR P oA ARG R KB
VR 2%V AR BTy T T i X A0 4 R LA 3



R A5 R PRI U S MR SR VL3R T oK™ B B 5 ) 137

x4 FEAMBRSKEFSFEHERAEXRNE

Table 4  Correlations between meteorological factors at different stages and yields

o BN EEI j’;ﬁ EEI ¥ Ay TREE Bt +5% 1%
Variety Growth stage Bt HiTE:EYEu yﬂ{:ﬁ li’&% R K & /ﬁf;% TR
DT, DTin DT ADTR PP ST SH
FEREHE ETS 1 ~b/L/y 1 -/-k Iy
37 B STSF Vy -B
Zhedan37 45 B4 ife SFTS -k P/n -y
S R TTRP L y -1/-y y
BB ETS I/-n
S 335 P BT STSF -b -b d/y
Xianyu335 45 )ik SFTS 1/b
e S B TTRP y I/y /b - B/y -p Y
TR E L ETS P -1
#2958 I EITT STSF -I/-N -1/-d -I/-n -p/-b
Zhengdan958  J45 S|l SFTS L/n p/ Uy L/N/k/y B —r
il 3 4 TTRP I/y -Y

T B(b) :FER;D(d) AR K(k)  FOREEL s LD S NCn) ATREEG R () TR Y(y) 7 e ANEFPHRFRIR BEME, RE FHERH]

WM, - "FORMIE .

Note: B(b): bare tip, D(d): ear diameter, K(k): kemels per ear, L.(1): ear length, N(n): kernel number per row, R(r): row number, Y(y): yield.

The upper and lowercase letters indicate significant correlations at 5% and 1% probability levels, respectively. “ — " represents a negative correlation.
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Fig.3  The result of PLS — PM among meteorological factors

(climate) , sowing data, cultivar, soil and yield
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