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An growing-period indicator of maize cultivars for mechanical kernel harvest
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Abstract: The high kernel moisture of maize (Zea mays L.) at harvest stage limits the field-application of mechanical kernel har-
vesting. The breeding and selection of fast dry-down cultivars is the key to solve this problem. However, there is still a lack of
such indicators for evaluating the kernel dry-down rate in China. To explore the indicators, the crop growth and the kernel
dry-down of two cultivars, Xianyu 335 and Zhengdan 958, were investigated across various maize belts in China from 2014 to
2018. Between the two cultivars, there were significant varietal differences in thermal times (TT) at the stages of plant-
ing—maturity (P-M), planting—25% moisture (P-25%), and maturity—25% moisture (M—25%), respectively. The TTp_y; on average
were 3039°C d (2752-3249°C d) for Xianyu 335 and 3090°C d (2750-3546°C d) for Zhengdan 958, with a difference value of
51°C d, and the corresponding coefficient of variations (CV) of TTp_y were 4% and 6%, respectively. The TTp_,s0, On average was
3097°C d (2920-3392°C d) for Xianyu 335 and 3309°C d (2980-3613°C d) for Zhengdan 958, with a larger difference value of
212°C d, while their CV were 4% and 5%. In several, the TTy;_»s0, for Xianyu 335 and Zhengdan 958 were 66°C d (0-287°C d)
and 166°C d (36-338°C d) with the CV of 131% and 54%. On account of its better reflection of kernel dry-down rate among cul-
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tivars, the TTp_,s0, could be considered as the growing period indicator for the breeding and selection of cultivars fitting to present
mechanical kernel harvesting. In addition, this indicator might vary with region, year, or planting date, the same field and year
were recommended to ensure a consistent environmental condition for measuring it. Conclusively, a new indicator (TTp_,s0,) for
breeding and selection of fast dry-down hybrids was proposed, which potentially prompting maize kernel harvesting in China.
Keywords: maize; kernel moisture; dry-down rate; thermal time; mechanical kernel harvest
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Table 1 Dates of planting, silking, physiological maturity, 25% moisture content, and the last sampling at various experimental sites
(month/day)
335 Xianyu 335 958 Zhengdan 958
Site Year Planting 25% 25% Last sampling
date Silking ~ Maturity 25% moisture  Silking Maturity ~ 25% moisture date
2014 6/1 7/27 9/24 9/26 8/1 9/27 10/12 11/2
Beijing 2017 6/18 8/10 10/20 11/2 11/22
2018 5/15 7/10 9/3 9/13 7/12 9/11 9/25 10/22
2018 6/7 8/3 10/13 10/7 7/31 10/10 10/17 10/22
2015 5/31 7/28 10/2 10/3 7/28 10/3 10/12 11/14
Xinxiang, Henan 2015 6/11 8/5 10/9 10/10 8/4 10/9 10/19 11/14
2015 6/16 8/9 10/14 10/12 8/9 10/14 10/18 11/14
2015 6/20 8/13 10/18 10/17 8/12 10/18 10/20 11/14
2015 6/30 8/22 10/24 11/11 8/23 10/21 # 11/14
2016 5/29 7/27 9/21 9/22 7/28 9/26 10/3 10/17
2016 6/4 7/30 9/26 9/27 7/31 9/28 10/13 10/17
2016 6/11 8/3 9/30 9/28 8/3 10/2 10/20 10/25
2016 6/18 8/9 10/6 10/8 8/8 10/6 # 10/25
2016 6/25 8/15 10/21 # 8/13 10/18 # 10/25
2017 6/18 8/8 10/15 10/24 8/10 10/26 11/6 12/7
2016 4/28 8/2 10/21 10/20 8/2 11/6 # 12/4
Dagqing, Heilongjiang 2017 5/8 7/28 10/17 10/27 8/2 10/29 # 12/10
2017 5/5 7/8 9/12 9/27 7/12 9/15 9/23 10/11
Changji, Xinjiang 2018 5/1 7/13 9/10 9/11 7/17 10/8 10/13 10/15
Qitai farm, Xinjiang
First farm 2016 4/18 7/12 9/24 9/20 7/17 9/21 # 10/8
Second farm 2016 4/13 7/17 9/29 # 10/2
2017 5/9 7/26 10/9 10/22 7/26 10/2 # 11/25
Third farm 2017 517 7/25 10/9 11/4 7/24 10/9 # 11/24
108 108 Regiment 2017 4/23 7/11 9/14 9/18 7/13 9/23 10/3 11/10
# 25%

# represents that the moisture content of kernel has not dropped to 25% during sampling.

25%
, 25%,

(http://www.nmic.cn/)
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Fig. 1 Coefficient of variation (CV) as a function of 7}, when estimating thermal time duration
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Fig.2 Thermal times of the planting—maturity, the planting-25% moisture, and the maturity—25% moisture for hybrids Xianyu 335
and Zhengdan 958

e 0.05 0.01  0.001 ;
Tukey , ,+
, ", and ™" indicate significantly different at the 0.05, 0.01, and 0.001 probability levels, respectively. The box represents the inter-quartile
range (IQR), containing the middle 50% of samples in the Box-whisker plot (from the lower quartile to the upper quartile). The whiskers are
drawn according to the Tukey method, extending to the data point that is the closest to 1.5 times the IQR below the lower quartile and above
the upper quartile. The solid lines in the box denote the sample medians. ¢ stands for outliers more than 1.5 times below or above the 1st or
3rd quartiles. + represents the sample mean.
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Table 2 Factors of the thermal time from planting to 25% moisture content

50% , (IQR)

Variable Correlation coefficient Partial correlation coefficient Direct path coefficient Indirect path coefficient
X1 0.367" 0.264"
x2 0.625™ 0.657" 0.597 0.028
x3 0.518" 0.627" 0.484 0.035
X1 X2 X3 25% ;0 0.05  0.01 ;

ns

X1, X2, and x; represent the thermal times of planting—silking, silking—maturity, and maturity—25% moisture, respectively. ~ and ~ indicate

significantly different at the 0.05 and 0.01 probability levels, respectively. ™ indicates no significance at the 0.05 probability level.

2.3 25% 0~168°Cd , 168°C d; , 3
25% 958
3 , 335 25% ’ 1244~1654°C d ,
2920~3285°C d, 410°C d;
365°C d; 1221~1634°C 108 25%,
d , 413°C d; 25% 25%
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Table 3 Thermal time durations for the silking—maturity, the maturity—25% moisture, and the planting-25% moisture at each
experimental sites (°C d)

25% 25%
Hybrids Sites Silking—Maturity Maturity—25% moisture Planting—25% moisture
335 Beijing 1538 92 3110
Xianyu 335 Xinxiang 1507 45 3043
Dagqing 1336 20 3188
Changji 1508 152 3267
108 108 regiment, Qitai 1555 63 3285
First farm, Qitai 1634 0 3124
Second farm, Qitai 1283 90 3032
Third farm, Qitai 1221 168 2920
Range 413 168 365
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25% 25%
Hybrids Sites Silking—Maturity Maturity—25% moisture Planting—25% moisture
958 Beijing 1561 191 3273
Zhengdan 958 Xinxiang 1533 173 3264
Daqing 1311 # #
Changji 1642 120 3479
108 108 regiment, Qitai 1654 102 3475
First farm, Qitai 1449 # #
Second farm, Qitai 1388 #
Third farm, Qitai 1244 #
Range 410
# 25%
# represents that the moisture content of kernel has not dropped to 25% during sampling.
25% 25%
4 : 958 25% 2017
, 335 25% 2017 3346°C d, 2018 3613°C d, 267°C
3392°C d, 2018 3142°C d, 250°C d, d,

R4 TRFEMMHLELEERF. EBEHEBE 25%SKRNBEME 25% A KERENESR

Table 4 Thermal time durations for the silking—maturity, the maturity—25% moisture, and the planting—25% moisture among years

25% 25%
Hybrids Sites Planting dates Silking—maturity Maturity—25% moisture Planting—25% moisture
(°C d) (°C d) (°C d)
335 2014/6/1 1455 38 2976
Xianyu 335 Beijing 2018/6/7 1625 0 3127
2017/5/5 1570 287 3392
Changji, Xinjiang 2018/5/1 1445 18 3142
2015/6/11 1535 17 3049
Xinxiang, Henan 2016/6/11 1488 0 2946
958 2014/6/1 1374 238 3234
Zhengdan 958  Beijing 2018/6/7 1688 87 3255
2017/5/5 1524 173 3346
Changji, Xinjiang 2018/5/1 1761 66 3613
2015/6/11 1561 181 3213
Xinxiang, Henan 2016/6/11 1527 338 3357
25%
2015 2016 ( 3), 25% ,
, 25% s
, , 335 2015
, 958 2016 31 25%
3 , 25% S
25% )
N 335
3 i 958, [33-34]
, 335 25%

, 958,
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