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Effects of shade-humid environment on the growth characteristics of different maize ( Zea
mays ) hybrids. YAN Qing-jiu, HUO Shi-ping, ZHANG Fang-kui, ZHANG Xing-duan, ZHANG
Jian, XIANG Zhen-fan, YU Zhi-jiang, FENG Yun-chao ( Chongqing Three Gorges Academy of Agri-
cultrual Science, Chongqing 404155, China). -Chin. J. Appl. Ecol. ,2013,24(12) . 3479-3486.

Abstract; The growth traits of 18 maize hybrids were studied in natural and artificial simulation
shade-humid environments. Significant differences were observed between the natural and shade-
humid environments, and the air relative humidity in the shade-humid environment increased
15.0% -16.4% , the soil moisture increased 27.0% —78.4% , the illumination intensity decreased
72.9% -77.9% , and the quantum decreased 72. 8% —79. 6% . Shade did not affect the ambient
temperature. The 7th leaf width, effective functional leaves, plant total leaves, tassel branch num-
ber, stem diameter, plant height, ear height, ear length, ear diameter, rows per ear, kernels per
row, 100-grain mass and grain yield per plant under the shade-humid environment showed negative
variations (reduction in phenotypic values) , with the grain yield per plant and plant height being
reduced by 72.3% and 7. 1% respectively, and the declining changes of the remaining traits rang-
ing from 14. 8% -53.8% . However, the 7th leaf length, 7th leaf length-width ratio, anthesis to sil-
king (ASI) duration, southern leaf blight (SLB) index and sheath blight index showed positive
variations (increase in phenotypic values) , with increases by 39.8% , 80.5% , 114.3% , 73.0%
and 54.8% , respectively. The comprehensive shade-humid-tolerant coefficient calculated from the
seven traits of ASI, tassel branches, plant total leaves, plant height, individual grain yield, south-
ern leaf blight and sheath blight index could be easily and reliably used to evaluate the shade-
humid-tolerant ability of the maize hybrids. According to this coefficient, the 18 hybrids could be
classified into three categories, strongly-resistant, moderately-resistant and weakly-resistant to the
shade-humid environment.

Key words: maize, hybrid, shade-humid environment, index.
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Table 1 Comparison of environmental factors between two environments

78 2o AR L¢) RTS8 5 EE375: 5 t1E
Environmental factor Year Number of Shade-humid Natural t value
paired factor environment environment

2 E 2011 115 25.5 24.3 0.6
Air temperature (°C) 2012 118 24.7 23.5 0.5

25 RE 2011 115 79.9 69.5 2.3°
Air relative humidity (% ) 2012 118 86.8 74.6 3.0
TR 2011 115 23.7 22.1 0.9
Soil temperature (°C) 2012 118 23.0 22.6 0.2

+ R 2011 115 35.8 28.2 2.4"
Soil moisture (% ) 2012 118 68.7 38.5 6.0""
Ot 5 I 2011 115 100. 8 371.5 -9.5%*
Tlumination intensity (umol + m™2 - s71) 2012 118 79.6 360. 4 -20.4""
JeiT 2011 115 66. 1 242.7 -10.8**
Photon (pmol + m™2 «s7!) 2012 118 42.3 207.5 -25.0""

# P<0.05; * % P<0.01. F[A] The same below.
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Table 2 United variance analysis of twenty traits
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B AL RE A SRR T R B R A R R 2R R
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39.8% .80. 5% 114.3% .73. 0% F154. 8% . [ 457

LEIN X 4 Gy 75 i W
Trait Block Year Environment Variety Error
257 WK Tth leaf length 65.18* 0.15 29140.02* * 319.80" " 15.80
557 M58 Tth leaf width 0.19 0.02 100.25* 1.88*" 1.44
457 MK S H 7th length to width ratio 0.62 0.15 3183.69 " 20.812** 1.05
%57 M4 Tth leaf chlorophyll 710. 50 256.77 751.79 715.45 689.24
ASI 2.39 3.64 490.66 * 43.37%* 1.61
JRRH B %X Plant total leaves 0.14 0.87 424.63 %% 8.29" " 0.35
AHRINHEM %L Effective functional leaves 0.04 1.03 169.48 * * 5.65"" 0.55
TERE/P AL Tassel branches 12.09 1.26 1037.97 * * 78.55" ¢ 8.62
ZEH] Stem-diameter 0.02 0.03 23.05%* 0.10** 0.02
Bk Plant height 442.82 76. 15 17968.04 * * 2058.62 " * 333.31
FEAT ) Ear height 0.09 282.30 13299.99 * * 1523.01 * * 125. 86
K Ear length 1.82 0.17 4589.16* * 21.18%* 1.90
T Ear diameter 0.09 0.04 54.85%* 0.62"* 0.05
FEATEL Rows per ear 8.07 10. 14 1218.38 14.97%* 2.96
TTRIEL Kernels per row 19.63 2.39 20079.74 * * 55.41** 13.38
BRI 100-grain mass 17.36 24.00 1661.67 * * 73.22% " 8.24
HBRRIE Grain mass per plant 241.58 0.29 1101158.03 * * 1605.19* * 218.02
KB R HE %L NCLB index 15.15 3.69 605.68 * * 30.60 " 9.47
/NBERFE %X SLB index 198.53 0.06 8143.37* " 718.12** 82.85
SURGRAESL Sheath blight index 263.73 353.98 3418.30 " 299.09 * * 108.13
A df 2 1 1 17 194

ASI: 0B 23 2216 f KEX Interval days from anthesis to silking; SLB:/NEESi% Southern leaf blight ;

same below.

NCLB : KX BES5 Northern corn leaf blight. FIE The



12 14 ZPRIVSE . BIRIREEN TR AE K & B Rtk i R 3483
#3 FAEWRET 19 MERA mFREF E S
Table 3 Genotype variance analysis of nineteen traits under different environments
PEAR BRI RS
Trait Natural environment Shade-humid environment
wi Rl W H R W
Variety Error Variety Error
45 7 M Tth leaf length 169.06 * * 10.9 197.81* " 15.72
iﬁ7 M5 Tth leaf width 1.36 " 0.13 114" 0.07
57 KT Tih length to width ratio 4.97*" 0.15 20.10* " 1.32
ASI 14.85" " 1.03 35.43* % 1.24
JEARI i EL Plant total leaves 5.16" 0.23 4.69"" 0.24
AHRIHEM %L Effective functional leaves 4.09" " 0.41 3.54** 0.41
MEFEP AL Tassel branches 87.77" " 5.21 37.37** 4.84
ZEM Stem-diameter 0.111** 0.023 0.033 " 0.016
Bk Plant height 1640.07 * * 108. 69 1606. 16 * * 416.14
AL Ear height 630.11** 92.23 1056.88 * * 151.22
FK Ear length 18.80 " * 0.47 8.75" " 2.58
M Ear diameter 0.40* * 0.03 0.32%" 0.07
FEAT4L Rows per ear 12.71% % 0.84 10.24%* 4.31
TR %L Kernels per row 35.69 " " 9.48 48.94 " % 14.32
BRI 100-grain mass 42.29" " 4.54 66.02" " 7.25
HERRIE Grain mass per plant 2178.25* " 115.78 615.85"" 146.07
KEEHFEEL NCLB index 61.21** 15.01 0 0
/NBESRHE AL SLB index 114.25** 23.78 1130.80 * * 59.69
SR RAESL Sheath blight index 121.89"* 50. 62 263.97 " 80. 17
B df 17 90 17 90
4 AMRETEERMEFREENTRRY
Table 4 Means, standard difference and variance coefficient of different traits under two environments
PR 13 B 45 ER:375 ¢ IR
Trait Shade-humid environment Natural environment I test
¥i{E iR BRFR ¥l iz BRFR D1 1
Mean SD CV (%) Mean SD CV (%) D value t value
%57 1K 7th leaf length 81.64 6.68 8.2 58.41 6.00 10.3 23.23 24.88**
%57 5% Tth leaf width 4.78 0.49 10.2 6.15 0.57 9.3 -1.36 -12.84*%*
557 MK 9 Tth length to width ratio  17.22 2.08 12.1 9.54 0.96 10.0 7.68 27.35%*
ASI 5.65 2.58 45.7 2.64 1.80 68.1 3.01 8.42% "
AR HEM %X Effective functional leaves 8. 89 3.16 35.6 13.28 4.28 32.2 -4.38 -4.72% "
JEAE I %X Plant total leaves 10.21 0.95 9.3 11.98 1.00 8.3 -1.77 -9.24**
HERE SIS 5X Tassel branches 16.19 0.97 6.0 19.00 1.01 .3 -2.80 -16.48*"
ZEH Stem diameter 1.32 0.14 10.6 1.97 0.19 .8 -0.65 -22.18*"
Bk Plant height 238.34 24.60 10.3 256.58 18.76 .3 -18.24 -3.89*"
TN 5 Ear height 86.18 17.18 19.9 101.87 13.33 13.1 -15.69 -9.01""
K Ear length 13.21 1.89 14.3 22.43 1.84 8.2 -9.22 -26.85""
T4 Ear diameter 4.43 0.34 7.6 5.44 0.30 5.6 -1.01 -23.29**
FEATEL Rows per ear 12.06 2.29 19.0 16.81 1.65 .8 -4.75  -12.36*"
FTRIEL Kernels per row 16.56 4.45 26.9 35.84 3.69 10.3 -19.28  -26.22**
T KIE 100-grain mass 28.61 4.07 14.2 34.16 3.25 9.5 -5.55 -6.88" "
HRAITE Grain mass per plant 54.71 14. 86 27.2 197.51 21.06 10.7 -142.80  -30.43**
JNBESRHEEL SLB index 29.11 15.16 52.1 16.83 6.18 36.7 12.28 3.93*"
SURGRTEEL Sheath blight index 22.48 10.46 46.5 14.52 7.87 54.2 7.96 6.28" "
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Table 5 Correlation between environmental factors and yield traits
W df 3N TR TEATHL (iR %4 JER Ay bk
Environmental factor Ear Ear Rows Kernels 100-grain Grain yield

length diameter per ear per row mass per plant
23S JBJE Air relative humidity 4 -0.914 -0.894 -0.966 * -0.850 -0.817 -0.867
LR Soil moisture 4 -0.733 -0.658 -0.810 -0.613 -0.725 -0.653
Y1t ¥ Photon 4 0.870 0.893 0.979 " 0.842 0.695 0.842
JEIEEE B Tllumination intensity 4 0. 804 0.837 0.974" 0.778 0.601 0.774
®6 BBNEXRRZHNESTARRE(D)
Table 6 Comprehensive shade-humid-tolerant coefficient (D) of 18 maize hybrids
T 4 B 7% 1 Method 1 77 2 Method 2 J77 3 Method 3
Name SZAMIREREL T ¢ K3 ZATPNE R ¢ R LR B R AT ¢t K5

Dy ! test Dy I test Dy I test

11508 5 Yudan 8 0.699 0.172"* 0.667 0.050 " * 0.726 0.366* *
ZIEE 15 Sanxiayu 1 0.371 -0.156** 0.644 0.027** -0.058 -0.419**
SEE 508 Xianyu 508 -0.075 -0.602" " 0.570 -0.047 " -1.110 -1.471""
7K ¥ 80 Dongdan 80 0.510 -0.017 0.617 0.001 0.295 -0.065
5 46 Changdan 46 0.502 -0.025 0.591 -0.026" " 0.318 -0.042
= 3 %5 Sanxiayu 3 0.630 0.103 " 0.596 -0.021" " 0. 648 0.288 "
= 5 %5 Sanxiayu 5 0.635 0.108 * 0.612 —-0. 005 0. 689 0.329**
= E 9 %5 Sanxiayu 9 0.539 0.012 0.616 -0.001 0.386 0.026
= E 1388 Sanxiayu 1388 0.607 0.080 0.613 -0.004 0.554 0. 194
LB 8 %5 Keen 8 0.632 0.105" 0.619 0.002 0.648 0.288 "
FEHr 23 Luxin 23 0.604 0.077 0.640 0.023" " 0.545 0.185
1FF 3 %5 Yukai 3 0.588 0.061 0. 640 0.023" " 0.499 0.139
JI| #4828 Chuandan 828 0.526 -0.001 0.569 -0.048 " 0.382 0.022
#55% 58 Banghao 58 0.588 0.061 0.583 -0.034" " 0.539 0.179
4123 Jin 123 0.626 0.099 * 0.630 0.013 0.574 0.213
=85 171 Gaorui 171 0.582 0.055 0.610 -0.007 0.551 0.191
JHF 16 Yuanyu 16 0.393 -0.134"" 0. 681 0.064 " * -0.089 -0.450 " *
£})7 9 %5 Liiyuan 9 0.536 0.009 0.609 -0.008 0.392 0.032
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