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Response of grain filling and dehydration characteristics of kernels located in
different ear positions in the different maturity maize hybrids to plant density
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Ren-He"’
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Abstract: Exploring the regulation effect of planting density on grain filling and dehydration characteristics of kernels located in
different ear positions in different maturity maize hybrids could provide theoretical and technical reference for high yield produc-
tion for the mechanized grain harvest of spring maize in northern Shaanxi irrigation area. A field experiment was conducted using
the medium maturity maize hybrid Xianyu 335 and the late maturity maize hybrid Dongdan 60 with four plant densities of 45,000
(D1), 60,000 (D2), 75,000 (D3), and 90,000 (D4) plants hm 2 from 2018 to 2019. Their grain filling and dehydration characteris-
tics at different grain positions and their correlation with climatic factors were analyzed. The results showed that increasing den-
sity could significantly increase the grain yield with different maturity maize hybrids with both hybrids reaching the highest yield
under D4 treatment in 2018; Xianyu 335 and Dongdan 60 reached the highest yield under D4 and D3 treatments in 2019, respec-
tively, and the 2-year average highest yields were 18,739 kg hm ™ and 17,111 kg hm™2, which were 32.2% and 27.7% higher than
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those under D1 treatment. With the increase of plant density the grain filling rate and the grain weight decreased, and the dehydra-
tion rate accelerated of different grain positions. Under D4 plant density, the average grain filling rate of the lower and upper
grains of Xianyu 335 was 0.08 g d”' and 0.04 g d”! higher than that of Dongdan 60, and the grain weight was 3.6 g and 1.6 g
higher than that of Dongdan 60, respectively. The correlation analysis showed that the grain moisture content of different grain
positions was positively correlated with the effective accumulated temperature from silking to physiological maturity stage, but
the total dehydration rate was not significantly correlated with grain filling rate. The grain dehydration rate of Xianyu 335 at dif-
ferent grain positions was high, and the average total dehydration rate of lower and upper grains was 0.006% °C d™' and 0.005%
°C d™! higher than that of Dongdan 60. Furthermore, compared with the lower grains, the upper kernels had lower filling rate,
longer filling period, smaller grain weight, faster dehydration at the later stage, and required less accumulated temperature to reach
28% and 25% moisture content. Based on our study, the upper kernels were more sensitive to higher plant density than lower ker-
nels. Compared with Dongdan 60, the mid-mature maize hybrid Xianyu 335 has the higher grain filling rate, larger grain weight,
and faster dehydration rate in the dense planting conditions. In conclusion, properly increased plant density coupled with mid-
dle-maturity maize hybrids is a potential way to increase the grain yield for mechanized grain harvest in the irrigation area of
Northern Shaanxi.
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Table 1 Effects of plant density on yield and its components of maize hybrids with different maturity

Year Hybrids Density Panicle numzber Grai.ns per e;ar 100-kernel weight Grain yie;ld
(Ears hm ) (spike hm ™) (g) (kg hm™)
2018 60 D1 46,354+564 d 747£10.5 a 38.6£0.2 a 13,194+24 d
Dongdan 60 D2 60,101+5321 ¢ 70044.5 b 37.5+0.1 b 14,128%167 ¢
D3 68,182+5463 b 656+15.5 ¢ 33.840.4 ¢ 16,459+105 b
D4 82,323+875 a 611£8.5d 32.840.9 d 16,853+166 a
335 DI 46,465+875 d 748+11.3 a 42.5+1.6a 14,179+142 d
Xianyu 335 D2 56,061£1515 ¢ 696+18.2 b 41.015b 15,500=188 ¢
D3 65,152+1515 b 656+9.6 ¢ 39.6+0.9 ¢ 18,010+88 b
D4 80,324+358 a 633+10.5 d 38.9+0.2 d 18,741+107 a
2019 60 DI 46,308+744 d 744+12.6 a 38.740.2 a 13,627+180 d
Dongdan 60 D2 60,771%1936 ¢ 696+10.5 b 37.7+0.1 b 15,2762245 ¢
D3 68,421£1419 b 653+14.6 ¢ 33.7+0.6 ¢ 17,369+94 a
D4 81,774+355 a 611+18.3 d 33.0+0.6 d 16,976+135 b
335 D1 46,108+801 d 742+12.9 a 42.5+0.3 a 14,599+128 ¢
Xianyu 335 D2 56,148+789 ¢ 7114154 b 41340.1b 16,107£170 b
D3 65,127+1980 b 653+15.5 ¢ 39.6+0.2 ¢ 18,562+59 a
D4 80,165+999 a 624+8.4 d 38.6+0.2 d 18,737+81 a
Year (Y) ns ns ns ns
Source of variation Hybrid (H) - ns - "
Density (D) " - " ”
YxH ns ns ns ns
YxD ns ns ns ns
YxD " o " "
YxHxD ns ns ns ns
D1:45,000  hm™?; D2: 60,000 hm?; D3:75,000 hm?; D4:90,000 hm™ (P<0.05)
ns 7 P<0.01

D1: 45,000 plants hm2; D2: 60,000 plants hm?; D3: 75,000 plants hm%; D4: 90,000 plants hm 2. Values within the same column followed by
different letters are significant difference at P < 0.05 among different treatments. ns: not significant; ~ indicate significant differences at
P <0.01.

x2 TRBHMERFEUNRERSEEMRIEXER

Table 2 Regression relationship between yield components and planting density in different maturity hybrids

Item Hybrid Regression equation R’
335 Xianyu 335 y=-0.0027x + 861.9 0.987"
Grains per spike 60 Dongdan 60 y=-0.0028x + 871.0 0.998™
335 Xianyu 335 y=-0.00009x + 46.3 0.982"
100-kernel weight 60 Dongdan 60 y=-0.0001x + 45.2 0.931"
" P<0.01

" indicates significant differences at P < 0.01.

2.2 335 60
, 60 ,
( 3) 2018 D4 ,

60
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Table 3 Growth process and demand for effective accumulated temperature of different maturity maize hybrids

Year Hybrid Density Sowing R1 R6 D'ftys. before D.ay.s after Total TEAT
date (M/D) (M/D) (M/D) silking (d) EATBS ( d) silking (d) EATAS( d) growth ( d)

2018 60 Dl 4/30 7/16 9/27 77 713.3 73 739.9 150 1453.2
Dongdan 60 D2 4/30 7/16 9/26 77 713.3 72 734.4 149 1447.7

D3 4/30 7/16 9/26 77 713.3 72 734.4 149 1447.7

D4 4/30 7/16 9/25 77 713.3 71 729.4 148 1442.7

335 Dl 4/30 7/15 9/22 76 699.8 69 721.5 145 1421.3

Xianyu 335 D2 4/30 7/16 9/22 77 713.3 68 710.6 145 1423.9

D3 4/30 7/16 9/21 77 713.3 67 704.8 144 1418.2

D4 4/30 7/16 9/20 77 713.3 66 699.4 143 1412.7

2019 60 Dl 4/29 7/15 9/25 77 715.5 72 740.2 149 1455.8
Dongdan 60 D2 4/29 7/15 9/25 77 715.5 72 740.2 149 1455.8

D3 4/29 7/15 9/24 77 715.5 71 734.1 148 1449.7

D4 4/29 7/15 9/23 77 715.5 70 728.1 147 1443.6

335 Dl 4/29 7/14 9/22 76 702.0 69 729.2 145 1431.3

Xianyu 335 D2 4/29 7/15 9/21 77 715.5 68 715.7 145 1431.3

D3 4/29 7/15 9/20 77 715.5 67 710.3 144 1425.8

D4 4/29 7/15 9/19 77 715.5 66 705.4 143 1420.9

D1:45,000 hm™;

after silking; TEAT: total effective accumulated temperature.

335  5d;2019
60

335
2.3

335

335

D2: 60,000
D1: 45,000 plants hm™2; D2: 60,000 plants hm™; D3: 75,000 plants hm™; D4: 90,000 plants hm™. M/D: month/day; R1: date of silking stage;
R6: date of physiological maturity. EATBS: effective accumulated temperature before silking; EATAS: effective accumulated temperature
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Fig. 2 Effects of plant density on grain weight of upper kernels and lower kernels in different maturity maize hybrids
1 Treatments are the same as those given in Table 1.
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Fig. 3 Effects of plant density on grain filling rate of upper kernels and lower kernels in different maturity maize hybrids
1 Treatments are the same as those given in Table 1.
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Table 4 Effect of plant density on grain filling parameters of upper and lower kernels in different maturity maize hybrids

Tax Gumax Gumean D W nax
Year  Hybrid  Grainpositon Density  (d)  (gd") (ed) (@)  (2) “ b ¢ R
2018 60 DI 322 107 072 510 183 365 441  0.118 0.997
Dongdan 60  Lower D2 322 104 069 505 175 349 460  0.119 0.997
D3 320 100 067 500 166 333 463  0.120 0.997
D4 316 097  0.65 492 159 318 470  0.122 0.997
DI 345 095 063 521 165 330 536  0.115 0.997
Upper D2 345 092 061 512 157 313 571 0.117 0.997
D3 343 088 059 505 149 297 590  0.119 0.997
D4 341 086 057 496 142 284 618  0.121 0.997
335 DI 301 120 080 490 195 390 398  0.123 0.996
Xianyu335  Lower D2 2938 117 078 476 185 37.6 431  0.126 0.996
D3 295 .14 076 464 176 356 454  0.129 0.996
D4 204 109 072 457 166 336 476  0.131 0.997
DI 324 103 069 506 173 346 467  0.119 0.997
Upper D2 322 0.99 066 495 163 332 492  0.121 0.998
D3 319 095  0.64 483 154 312 528  0.124 0.998
D4 318 092 061 470 144 293 580  0.128 0.998
2019 60 DI 321 105 070 521 182 365 404  0.115 0.997
Dongdan 60  Lower D2 321 101 068 516 174 349 421  0.116 0.997
D3 319 098 065 SL1 166 333 423 0.117 0.997
D4 315 095  0.63 504 159 318 428  0.119 0.997
DI 341 094 063 520 163 325 513 0.115 0.997
Upper D2 342 091 060 510 154 309 548  0.118 0.997
D3 339 087 058 503 147 293 566  0.119 0.997
D4 335 085 057 488 139 278 612  0.123 0.997
335 DI 300 117 078 503 195 391 357  0.119 0.996
Xianyu 335  Lower D2 297 114 076 489 186 371 385  0.123 0.996
D3 204 111 074 477 176 352 404  0.126 0.996
D4 293 106 071 469 166 332 424  0.128 0.997
DI 323 101 067 516 173 346 427  0.116 0.997
Upper D2 321 097 065 506 163 326 450  0.118 0.998
D3 318 093 0.62 493 154 307 481  0.122 0.998
D4 317 090  0.60 480 144 288 527  0.125 0.998
1 abc 3 Tnax: 3 Winax: 3 Giax: ;

Gean: ; D:
Treatments are the same as those given in Table 1. a, b, and ¢ are the model parameters; T times needed for reaching the maximum
grain-filling rate; Wy, kernel weight at the maximum grain-filling rate; Gpmax: maximum grain-filling rate; Gume.n: mean grain-filling rate; D:
active grain-filling stage.

60
2.3% 1.5%, 60  0.006%
( 6) 335 d' 0.005% d; ,
60
0.5% 1.3%, , ;DI , D4
0.005% d'  0.002 d'; , 335 ( 335) 0.006%  d
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Table 5 Analysis of variance of moisture content of maize with different maturity hybrids

F
Source of variation Sum of squares Degrees freedom Mean square F-value
Year (Y) 1.16 1 1.16 146.05™
Hybrid (H) 5.45 1 5.45 683.78"
Density (D) 28.13 3 9.38 1176.76"
Grain position (GP) 130.93 1 130.93 16,433.32"
YxH 0.12 1 0.12 15.38"
YxD 0.01 3 0.01 0.43
YxGP 0.13 1 0.13 16.28"
HxD 0.10 3 0.03 4.04"
HxGP 101.87 1 101.87 12,786.23"
DxGP 0.22 3 0.07 9.37"
Y xHxD 0.01 3 0.01 0.38
YxHxGP 0.15 1 0.15 18.59"
Y xDxGP 0.01 3 0.01 0.29
HxDxGP 0.78 3 0.26 32.67"
Y xHxDxGP 0.01 3 0.01 0.18
Error 0.51 64 0.01
Total variation 84,066.82 96

*k

0.01

" indicates significant differences at the 0.01 probability level.
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Table 6 Effects of plant density on the dehydration rate of upper and lower kernels in different maturity maize hybrids

2018 2019
Hybrid Grain position Density TDR TDR
EATAS( d) GMCPM (%) (% d') EATAS( d) GMCPM (%) (% dh
60 D1 739.9 329a 0.078 ¢ 740.2 32.6a 0.077 ¢
Dongdan 60 Lower D2 734.4 325a 0.078 ¢ 740.2 322a 0.078 ¢
D3 734.4 319a 0.080 ¢ 734.1 31.6a 0.079 ¢
D4 729.4 312b 0.081 b 728.1 309b 0.081b
D1 739.9 319a 0.079 ¢ 740.2 31.6a 0.079 ¢
Upper D2 734.4 31.0b 0.080 b 740.2 30.7b 0.080 b
D3 734.4 30.5b 0.081b 734.1 302 ¢ 0.081b
D4 729.4 30.1¢ 0.083 a 728.1 29.8 ¢ 0.082 a
335 D1 721.5 30.8 b 0.082 d 729.2 30.5b 0.082d
Xianyu 335 Lower D2 710.6 304 ¢ 0.084 d 715.7 30.1¢ 0.084 d
D3 704.8 29.3d 0.086 b 710.3 29.0d 0.086 b
D4 699.4 28.8d 0.087 a 705.4 28.5d 0.088 a
D1 721.5 30.0c 0.083 d 729.2 29.7 ¢ 0.083 d
Upper D2 710.6 29.7d 0.085 ¢ 715.7 29.4d 0.085 ¢
D3 704.8 29.1d 0.086 b 710.3 28.9d 0.086 b
D4 699.4 28.5d 0.088 a 705.4 28.2d 0.088 a

1 0.05
Treatments are the same as those given in Table 1. EATAS: effective accumulated temperature after silking; GMCPM: grain moisture content
at physiological maturity; TDR: total dehydration rate. Values followed by different lowercase letter within a column are significantly dif-
ferent at the 0.05 probability level.
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Table 7 Fitting results of Logistic power model of upper and lower kernels in different maturity maize hybrids
- 28% - 25%
Year Hybrid Gr.a%n Density b c e Effective accuml.lla‘ted Effective accuml.xla.ted
position temperature from silking to temperature from silking to
28% MC ( d) 25% MC (. d)
2018 60 D1 96.1 506.2 1.85 0.993 817.2 889.2
Dongdan 60  Lower D2 95.7 508.9 1.97 0.994 796.3 862.2
D3 95.5 506.7 2.04 0.994 780.1 842.4
D4 95.3 504.6 2.09 0.995 767.7 827.6
D1 94.5 525.1 2.17 0.995 782.3 841.1
Upper D2 95.2 512.2 2.18 0.994 764.7 821.8
D3 94.9 512.2 2.27 0.994 751.7 805.6
D4 94.7 508.8 2.35 0.995 736.5 787.6
335 D1 93.7 521.7 1.99 0.995 800.6 866.7
Xianyu 335  Lower D2 94.0 518.0 2.05 0.995 787.4 850.5
D3 93.9 512.5 2.11 0.995 768.9 828.6
D4 93.9 512.4 2.20 0.996 756.8 813.2
D1 92.9 530.5 2.25 0.998 770.1 826.2
Upper D2 934 527.6 2.34 0.996 758.3 811.5
D3 92.9 530.5 2.48 0.997 744.4 793.6
D4 93.1 523.9 2.56 0.997 728.1 774.5
2019 60 Dl 95.4 444.0 1.85 0.994 820.2 894.7
Dongdan 60  Lower D2 95.1 446.5 1.97 0.995 798.8 866.8
D3 94.9 444.7 2.04 0.995 782.3 846.5
D4 94.6 442.9 2.09 0.996 769.7 831.4
D1 93.9 460.8 2.17 0.995 784.8 845.5
Upper D2 94.5 449.6 2.18 0.995 766.8 825.6
D3 94.3 449.8 2.27 0.995 753.6 809.0
D4 94.0 446.8 2.35 0.996 738.2 790.8
335 Dl 93.1 457.3 1.98 0.995 803.8 872.3
Xianyu 335  Lower D2 93.4 454.2 2.04 0.995 790.1 855.4
D3 94.4 444.2 2.07 0.995 771.3 833.0
D4 94.5 443.8 2.15 0.996 758.9 817.1
Dl 92.3 465.4 2.25 0.997 772.7 830.7
Upper D2 92.8 463.0 2.33 0.996 760.7 815.5
D3 92.3 465.8 2.48 0.997 746.5 797.2
D4 92.5 460.2 2.57 0.998 729.7 777.6
1 a b c

Treatments are the same as those given in Table 1. a, b, and ¢ are the model parameters.
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Fig.4 Correlation analysis of grain filling parameters and dehydration rates upper and lower kernels in maize
A: ; B: 5 Gmean: , D: ; TDR:
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0.01
A: correlation analysis between lower grain dehydration and grain filling parameters; B: correlation analysis between upper grain dehydration
and grain filling parameters; Guean: average filling rate; D: grout duration; TDR: total dehydration rate; MCAPM: MC at physiological matur-
ity; ATFDTPM: accumulated temperature from anthesis to physiological maturity; 100KW: 100-kernel weight. “and ™" indicate significant
differences at P < 0.05 and P < 0.01, respectively.
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