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Effects of Planting Density on Yield and Grain Nutrition Components

Content Among Different Types of Maize Hybrids
MA Xing-lin'%, WANG Qing—xiang?, LI Yong—qing', SHENG Yao-hui'?
(1. Institute of Crop Science, Chinese Academy of A gricultural Sciences, Beijing 100081;
2. Shenyang A gricultural University, Shenyang 110161, China)

Abstract: Effects of planting density on yield and grain starch, protein, oil concentration among different types of
maize hybrids were studied, using three types of maize hybrids, Jidan 209 as conventional hybrid, Jiyou 199 as high oil
maize, and Zhengdan 958 as high starch maize under field conditions rduring 2004 — 2005. The main results were as
follows: DYield comparison results indicated that the high starch hybrid Zhengdan 958 had the highest yield of 12 000
kg/ha, the next was the conventional hybrid Jidan 209, and the yield of the high oil hybrid Jiyou 199 was the lowest.
Path analysis results showed that grain numbers at population level was the main contribution factor to yield, while
100—grain weight was the least contributor in all the test hybrids. Therefore, it is most important to harmonize the rela—
tionship between ear numbers and grains per ear in populations in order to significantly increasing grain numbers at
population level and finally high yield for all the types of maize. @Effects of plant population on grain starch, protein,
and oil concentration were complicated and it was difficult to obtain a definite conclusion. Different effects of plant
population on grain starch, protein and oil concentration could be found. For all of the tested hybrids, the grain protein
concentration was the most affected and sensitive to plant population, the next was the starch concentration, while the
oil concentration was not affected too much and stable.
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Table 1  Effects of planting density on maize yield and yield components
Al Pt 2 B2 (¥R /h) FEEL(FE /hm?) OB E k) FTRL (o) 7 it (kg/hm’)
Variety Plant density Ears per ha No. of grains per ear 100—grain weight Yield
T EL 209 22 500 22500 674.37 38.95 5913.60
45 000 45 000 551.58 34.97 8 662.63
67 500 67 500 413.35 32.89 9 166.59
90 000 81894 315.98 33.78 8730.92
112 500 87474 263.71 33.56 7723.57
il 199 22 500 22500 837.37 36.48 6 869.74
45 000 45 000 596.93 32.87 8 823.50
67 500 61755 387.69 31.06 7434.16
90 000 66 054 305.92 30.51 6 163.67
112 500 62377 253.82 31.06 4911.86
HH. 958 22 500 22 500 826.66 40.34 7 496.59
45 000 45 000 707.69 33.63 10711.48
67 500 67 500 504.41 34.47 11737.95
90 000 89250 379.52 31.68 10 702.88
112 500 102 118 304.84 31.44 9784.14

T B8 958 78 22 500 B /hm? B T 709% () RS SR , A SO HAR 2 BEITTA
Note: 70% plants of Zhengdan 958 had double—ear under the density of 22 500 plant/ha, this paper were not included in the second one.
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Table 2 Path analysis of yield component under different tapes maize with different planting density

WiH Ttem xl—y X2y xl—x2—y
T 1209 1.260 0.331 -0.279
T 199 0.956 0.358 -0.022
HBH. 958 1.471 0.611 -0.525
22 500 #f /hm? 1.016 0.688 -0.249
45 000 B /hm? 1.071 0.280 -0.106
67 500 #k /hm? 0.795 0.262 0.188
90 000 #f /hm? 0.902 0.254 0.067
112 500 £ /hm? 0.943 0.188 0.040

x2—xl—y r—x1x2 —xly —x2y
~1.062 -0.843 0.981 ~0.731
-0.059 -0.062 0.933 0.299
-1.265 -0.860 0.946 -0.655
-0.368 -0.362 0.767 0.320
-0.405 -0.378 0.965 -0.126
0.572 0.719 0.983 0.833
0.239 0.265 0.969 0.493
0.200 0212 0.983 0.387

TE x1 N BHACKIE 2 Jhy EORLTE 5 y— A 1

Notes: x1 indicated population kernel number; x2 indicated 100-kernel weight; y indicated population yield.
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Table 3 Analysis of variance (ANOVA) of planting density on grain starch content of three maize varieties

iy 5 SR A Rl I EE ¥y F{E PH
Year Resource of variance SS DF MS F-value P-value
2004 T 25532 2 127659 469.21 0.000 000
w R 36.2 4 9.04 3.32 0.010 791
Al x 59.4 8 7.42 2.73 0.006 156
Bl 3% 1052.9 387 2.72
2005 ity il 22419 2 1120.97 332.49 0.000 000
W 58.9 4 14.74 437 0.001 810
F Al x B 169.7 8 21.22 6.29 0.000 000
Bl 3% 1314.9 390 3.37
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Fig.1  Effects of plant density on grain starch concentration of maize varieties
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Table 4  Comparison of significant difference (P-value, Duncan’s Test) of grain starch content

among different planting density of maize varieties

fi PR (R o) 22 500 # /hm? 45 000 £ /hm? 67 500 # /hm? 90 000 # /hm?
Year Varieties Plant density
2004 200 45 000 0.458 513 1
67 500 0.433 479 0.922 579 1
90 000 0.260 466 0.636 112 0.681 425 1
112500 0.903 240 0.420 123 0.389 204 0.228 976
il 199 45 000 0.025 811 1
67 500 0.000 061 0.065 998 1
90 000 0.002 363 0.359 235 0.306 384 1
112500 0.000 007 0.015 403 0.506 294 0.111 161
FBEAL 958 45 000 0.777 863 1
67 500 0.549 799 0.407 836 1
90 000 0.220 198 0.147 380 0.473 466 1
112 500 0.571935 0.428 620 0.939 402 0.459 084
2005 209 45 000 0.000 037 1
67 500 0.000 018 0.829 090 1
90 000 0.009 256 0.112 190 0.080 514 1
112500 0.000 691 0.433 809 0.350 191 0.368 017
199 45000 0.979 558 1
67 500 0.026 041 0.023 096 1
90 000 0.359 441 0.340 022 0.154 089 1
112500 0.000 051 0.000 045 0.062 116 0.001 441
FBER 958 45 000 0.200 578 1
67 500 0.043 552 0.000 921 1
90 000 0.801 130 0.142 996 0.069 252 1
112500 0.843 791 0.243 972 0.029 661 0.675 749
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Table 5 Analysis of variance (ANOVA) of grain protein content among different planting density of maize varieties

Ay Ap SRR S5 A A B ¥y 05 A P{A
Year Resource of variance SS DF MS F-value P-value
2004 i A 368.16 2 184.08 850.08 0.000 000
oy 13.80 4 3.45 15.93 0.000 000
S x R 27.53 8 3.44 15.89 0.000 000
HL 5% 83.80 387 0.22
2005 i A 123.34 2 61.67 212.60 0.000 000
Gl 40.51 4 10.13 34.91 0.000 000
b x %% 36.31 8 4.54 15.65 0.000 000
ML iR 113.13 390 0.29
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Fig.2  Effects of plant density on grain protein concentration of maize varieties

* 6 EmMARMIETEEFHERARSEESH Duncan L P &
Table 6  Comparison of significant difference (P-value, Duncan's Test) of grain protein content

among different density of maize varieties

= b FIHBELR o) 22500 Bk hm® 45000 Bk hm® 67500 Bk /hm® 90 000 #k /hm?
Year Varieties Plant density
2004 200 45 000 0.000 892 1
67 500 0.001 038 0.923 886 1
90 000 0.000 099 0.550 173 0.517 872 1
112 500 0.004 600 0.570 433 0.607 981 0.277 596
i 199 45 000 0.006 564 1
67 500 0.000 001 0.000 003 1
90 000 0.000 005 0.000 503 0.135 895 1
112 500 0.000 001 0.000 004 0.005 642 0.000 040
FBER 958 45 000 0.525 660 1
67 500 0.395 596 0.783 950 1
90 000 0.005 825 0.028 022 0.042 392 1
112 500 0.000 352 0.002 880 0.005 485 0.392 570
2005 2209 45 000 0.000 001 1
67 500 0.000 002 0.012 344 1
90 000 0.000 004 0.045 861 0.000 008 1

112 500 0.000 005 0.293 110 0.000 418 0.294 252
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i b PR o) 22 500 # /hm? 45 000 ¥ /hm? 67 500 £ /hm? 90 000 # /hm?
Year Varieties Plant density
2005 Tl 199 45 000 0.008 196 1
67 500 0.352 020 0.000 516 1
90 000 0.066 953 0.000 011 0.316 159 1
112 500 0.000 462 0.000 004 0.009 032 0.090 477
HH 958 45 000 0.000 005 1
67 500 0.063 887 0.000 003 1
90 000 0.001 094 0.000 190 0.143 288 1
112 500 0.121 167 0.000 004 0.712 991 0.083 112
223 FHEESERTAMSETHY @ WICHLHE, SYEky o U AR B Rl X

T 22T R B, FORTRO S mm A BER TR & B2 R T 2 E T LUE
[B] 22 57 2004 F11 2005 4E¥iR M BEKT, B 3 SR, BTN 199 i/ E0R B AL P ) 2% S ik
)25 5 FAE 2005 4EK B B ZKF, A SR E BB EKFEGE )., WU SEn SR EHRE R
YERONITE 2004 AEIRE KR 7)o HIEI 3 AT, b, PRI S R 5 2 A 2 FE AR AL 52 I
3 B B TR A P B A 2 B A AR A R
7 MEBEN 3 ERIM TN SBYMGTENN

Table 7 Analysis of variance (ANOVA) of grain oil content among different planting density of maize varieties

iE RIS ST S5 A ¥y F1{H P{H
Year Resource of variance SS DF MS F-value P-value
2004 b 47337 2 236.69 149.93 0.000 000
O 5.86 4 1.46 0.93 0.448 028
P x 2591 8 3.24 2.05 0.039 593
Bl 15 610.95 387 1.58
2005 b i 757.39 2 378.70 189.29 0.000 000
O 20.47 4 5.12 2.56 0.038 364
T x S 12.53 8 1.57 0.78 0.618 134
Bl = 780.25 390 2.00
12 12
= L =
10 1 Zhenadan958 10 1 Zhenadan958
8 8

TG 7 E%)
Grain oil concentration
TR 15 (%)
Grain oil concentration
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Fig.3  Effects of plant density on grain oil concentration of maize varieties
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Table 8  Comparison of significant difference (P—value, Duncan’s Test) of grain oil content among different density of maize varieties
A0y mh il PR B (K /ho)
Year Varieties Plant density

2004 209 45 000 0.723 286 1

22 500 £k /hm? 45 000 £ /hm? 67 500 #£ /hm? 90 000 ££ /hm?
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AF 0y mh Ff FAHE S E (B /hm?)

22 500 ¥k /hm? 45 000 £ /hm? 67 500 £k /hm? 90 000 ££ /hm?
Year Varieties Plant density
2004 T 209 67 500 0.419 940 0.610 861 1
90 000 0.156 705 0.260 538 0.492 875 1
112 500 0.336 063 0.503 590 0.840 082 0.599 862
i 199 45 000 0.000 898 1
67 500 0.033 512 0.216 720 1
90 000 0.006 780 0.510 099 0.511298 1
112 500 0.270 581 0.023 463 0.258 346 0.091 084
FBEA 958 45 000 0.626 107 1
67 500 0.626 624 0.989 450 1
90 000 0.505 505 0.824 264 0.826 642 1
112 500 0.736 426 0.854 534 0.854 202 0.708 537
2005 T 209 45 000 0.727 131 1
67 500 0.708 279 0.499 768 1
90 000 0.476 046 0.669 895 0.308 509 1
112 500 0.632 236 0.861 753 0.428 179 0.778 300
T 199 45 000 0.093 857 1
67 500 0.039 387 0.601 209 1
90 000 0.693 991 0.049 399 0.016 689 1
112 500 0.047 624 0.682 327 0.879 676 0.021 575
FBER 958 45 000 0.300 078 1
67 500 0.263 478 0.900 995 1
90 000 0.571372 0.584 786 0.525 236 1
112 500 0.258 617 0.868 240 0.954 170 0.511 554
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