B50 % 1M B IR AR K FF WA BB O Vol. 50 No. 1

202241 H Journal of Northwest A&.F University(Nat. Sci. Ed.) Jan. 2022
xR £ H R BsF ] 0 2021-07-07 09 .46 DOI:10. 13207 /j. cnki. jnwafu. 2022. 01. 010

[ 2% H B i dE - https: //kns. enki. net/kems/detail/61. 1390. S. 20210706. 1718. 003. html

MBAEAHEHERZERNEER +ZER
= E R B S 1

A H.TAE.RiEHR

(PHIERAMBH R R 2B . BRI & 712100)

[(# ZE] [EMY HBadn PR R OR IR R B HR 008 1% R O R AR ZR M0 0 i ol B 42 L 3 36
s, (kY DL B EURBIRORE WNSO7 (BEAS) | HT R BUAEE WUL09(AXA) K H A 22 f I 7 4E Y Fy By \B, FI F,
S A RE s SR FH 2 DR 22 3 DRI A as A AR R L X 1 R b 3 R IE R A R K B B AR K R 2 T A AR 4 R I BURN AR 4
U AT 0% 20 AT o K25 SR 76 F S W30 M IE % 200 F o oK 1 AR AR 48 5% 1 AR L AR 3% 1 BRI AR A LAY 38t 4% 56 1 3%
o RS H R . AR T SR GE SRR K SR RAR 5 5 1 FR A R AR s AR B R B O EC2 % m - -
Pt 32 3 B+ 0 - S - L 2 R B R L By By JF, (9 3 LR 4% R 4 5 R 51, 37 %, 68. 462, 65. 69 % il
50, 01%,56.28% ,77. 63 % ; M3 3¢ T B A0 R A0 3B AL R0 Oy B-1(2 b k- B k- Ao v 32 36 IR+ k- 8 1k 22 B IR A st
BRI B, B, JF, B9 E R RAE N 31.92%,61. 96 % .72, 96 % 5 M AR B 04 B 1 s A B 80 g DCL X - 1k T
B 4 k- - M 2 B AR B, (B, JFy B B IEE AL 3N 0. 6406,0.6420,0.91% . FEIEF &M4F, £k
SR R 2 T AR AR R G e A AL 4 S E-1L, B (B, JFy 9 3 B R AL 4TI 65.20%0,68. 422,75, 72045
56.38% ,42.65%,72.13% J% 61.36% ,44. 26 %6 ,78. 55% , MR 4% 5% 1 AUA) I it A 7 ) EL B, (B, JF. (0 3 56 [H i 4%
A 55.27%,51.84%,48.97% . [&518Y F oK MARK ARF W AT LAAEAR AR B B A5 A sk 5. T 240 F Xt
TR A B R AR . IE W ST RORAR R B AR R o B AT AT R R0 T R A T W AR
AR T HEAT A Rk .

[REIR] ERF R EIAPR MR R AR 2R 5%

[FESZES] S513.01 [x#iirEmm] A [XxEHS] 1671-9387(2022)01-0081-10

Root characteristics of drought resistant maize at seedling stage
based on the mixed major gene plus polygene inheritance model

ZHU Meng, YU Dawei, YUN Haiyan

(College of Agronomy , Northwest A&F University ,Yangling ,Shaanxi 712100, China)

Abstract: [Objective] This study revealed the inheritance of root traits of drought resistant maize at
seedling stage to provide basis for improving drought resistance. [Method) In this study.drought sensitive
material WN897 and drought resistant material WU109 as well as their crossed populations (F,,F,,B, and
B,) were selected. The mixed major gene plus polygene inheritance model was applied to conduct inherit-
ance analysis on total root length,root projected area,root surface area and root volume. [Result] Under
drought stress and normal conditions, the heritability of total root length,root projection area,root surface

area and root volume of maize was high,and environmental changes had less effect. Under drought stress
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conditions, the optimal genetic model for total root length and root projection area was E (2 pairs of addi-
tive-dominant-epistatic major genes—+additive-dominant-epistatic polygene model) , and heritability rates of
major genes of B, ,B, and F, were 51.37%,68.46% ,65.69% and 50.01% ,56.28%,77.63%. The optimal
genetic model for root surface area was E-1(2 pairs of additive-dominant-epistatic major genes+ additive-
dominant polygene mixed inheritance model), and heritability rates of major genes of B,,B, and F, were
31.92%,61.96%,72. 96 %. The optimal genetic model for root volume was D (1 pair of additive-dominant
major gene+ additive-dominant-epistatic polygene inheritance model) ,and heritability rates of major genes
of B, B, and F, were 0. 64 % ,0. 64 % ,0.91%. Under normal conditions,the optimal genetic model for maize
total root length,root surface area and root volume was E-1(2 pairs of additive-dominant-epistatic major
genes+additive-dominant polygene mixed inheritance model) ,and heritability of major genes of B, ,B, and
F, were 65.20% ,68.42%,75.72% and 56. 38% ,42.65%,72.13% and 61.36% ,44. 26% ,78.55% ; the op-
timal genetic model for root projection area was E (2 pairs of additive-dominant-epistatic major genes—+ad-
ditive-dominant-epistatic polygene model), and heritability rates of major genes of B,, B, and F, were
55.27% +51.84 % ,48. 97%. [Conclusion) Total root length and root surface area had effective selection in
low generation materials. Root projected area had effective selection efficiency under drought stress. Root
volume had effective selection in low generation materials under normal conditions, while it had effective
selection in high generation materials under drought conditions.

Key words: maize (Zea mays L..) breeding;seedling stage of drought resistance;root phenotypic char-

acter;polygenic genetic analysis
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Table 1 Analysis of variance for maize traits under different conditions
yop Ok SAREK/em S TH AR/ em? R M/ cm? A/ cm?
Treatment Material Total root length Root projected area  Root surface area Root volume

WN897 85.13 4. 36 14. 88 0.22
WU109 117.51 5.79 19. 38 0.25
F, 232.69 11.08 35. 66 0. 44
F, 193. 31 8.07 25.46 0.28

+ B i ia By 123.69 5.19 21.93 0.33

Drought stress B, 207.15 9.56 30. 49 0. 36
JEAS[A] Between parents 1 056.88* 125,96 * 57.07* " 19. 46 *
Fy f bk F2 plants 31.72" 36.18" " 36. 78" " 39.78" "
By F#k[A] By plants 31.55* 35,44 33.30" 36,47
B, ##k[A] B, plants 31.10~ 32,77~ 35.61" " 36.00**
WN897 91. 86 5.55 16. 32 0. 27
Wwu109 144.78" 7.10 20.63 0.35
F 197. 65 11. 69 36.53 0.53
F, 128. 66 6. 34 20.23 0.28

T s B, 158. 16 8. 06 24,42 0. 34

Normal condition B 152. 26 7.40 23.81 0.35
/K] Between parents 1512.87* 69.82* 29.87** 238.86* "
F, f#R[A] F, plants 34. 46" 29,23~ 30,37 32.28%~
By i #kIE Br plants 27.95" 34.40" " 30.29" " 33.58"
B, #4 ¥k [A] B, plants 34.52* 32.43" " 34. 84" 25.64% "

e x x FIR P<<0.01 KF ERFMEE.

Note: * * significant difference at P<C0. 01 level.
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Table 2 Maximum likelihood value and AIC values of variant genetic models calculated with IECM method for 4

characters of maize roots under normal condition and water stress

R R . A ff&‘jcxfr*@;ﬂuuwa MLV A ‘/\IC fif AIC value
Root traite Modal TR0 % &1 TR0 9 M
Drought stress Normal condition Drought stress Normal condition
ARk A-l —3800.411 0 —3732.395 8 7 608.822 0 7472.791 5
Total root length A-2 —14525.239 8 —3 848.553 6 9 056. 479 6 7703.107 1
A-3 —4882.038 1 —3871.367 1 9 770.076 3 7 748.734 2
A-4 —4209.917 5 —3779.525 1 8 425.835 0 7 565.050 2
B-1 —3719. 286 4 —3706.726 1 7 458.572 8 7 433.452 1
B-2 —3788.438 2 —3737.614 9 7 588.876 5 7 487.229 9
B-3 —5522.146 8 —4 139. 480 2 11052.293 5 8 286.960 3
B4 —4538.929 9 —3 848.407 4 9 083.859 7 7 702.814 9
B-5 —4649.968 5 —3871.384 5 9 307.937 1 7 750.768 9
B-6 —4 858.802 8 —3871.384 3 9 723.605 6 7 748.768 6
C —3730.548 5 —3710.909 5 7 481.097 1 7 441,819 0
C-1 —3749.891 4 —3725.247 3 7513.782 9 7 464.494 6
D —3707.471 4 —3685.456 8 7 438.942 8 7394.913 6
D1 —3761.990 7 —3703.737 4 7 541.981 3 7 425.474 8
D-2 —3714.0515 —3720.928 1 7 444.103 1 7 457.856 2
D-3 —3734.724 9 —3724.842 7 7 485.449 8 7 465.685 4
D4 —3723.396 5 —3724.933 8 7 462.793 1 7 465.867 7
E —3698.247 8 —3684.233 4 7 432,495 5% * 7 404,466 9
E-1 —3696.823 2 —3663.614 0 7 423.646 4 7 357.228 0" "
E-2 —3707.999 7 —3724.812 3 7 437.999 5 7471.624 7
E-3 —3880.770 6 —3726.987 9 7 779.541 3 7 471.975 8
E-4 —3726.169 7 —3724.553 5 7 468.339 5 7 465.107 0
E-5 —3729.634 9 —3700.453 9 7 477.269 8 7 418.907 8
E-6 —3729.891 1 —3704.198 1 7 475.782 2 7 424.396 2
e AR A-1 —1704. 607 4 —1714.427 7 3417.214 8 3 436.855 4
Root projected area A2 —2000. 504 2 —1813.7213 4 007.008 3 3 633,442 6
A-3 —2110.541 8 —1811.469 4 1227.083 6 3628.938 7
A4 —1876.299 3 —1750.521 0 3 758.598 6 3507.042 0
B-1 —1649.680 3 —1685.267 5 3319.360 5 3390.535 0
B-2 —1667.567 3 —1715.481 2 3347.134 7 3 442,962 4
B-3 —2284.519 2 —1904. 903 3 4577.038 4 3 817.806 7
B4 —2001.664 5 —1813.696 1 4009.329 0 3633.392 3
B-5 —2067.215 5 —1811.418 2 4142.430 9 3 630.836 4
B-6 —2109.009 8 —1811.419 1 4224.019 7 3628.838 3
C —1 646.683 3 —1695.809 5 3 313.366 7 3411.618 9
C-1 —1648.270 8 —1727.710 7 3310.541 6 3 469.421 4
D —1642.774 4 —1692.444 4 3309.548 8 3408.888 8
D-1 —1650.938 0 —1710.886 9 3319.876 0 3439.773 8
D-2 —1648.207 5 —1716.377 8 3312.4150 3 448.755 5
D-3 —1648.199 6 —1726.153 9 3312.399 3 3 468.307 8
D-4 —1648.242 7 —1726.515 7 3312.485 3 3469.0315
E —1633.310 7 —1672.064 6 3302.621 47 3380.129 3" *
E-1 —1636.552 5 —1678.173 3 3303.105 0" * 3 386.346 6" *
E-2 —1648.219 9 —1726.1359 3318.439 7 3474.2718
E-3 —2124.781 0 —1727.724 6 4267.562 1 3473.449 2
E-4 —1645.991 8 —1725.7355 3307.983 5 3 467.470 9
E-5 —1 646.236 0 —1726.096 6 3310.472 0 3470.193 2
E-6 —1 645.686 0 —1726.120 9 3307.372 0 3468.241 8
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& 2(&) Continued table 2
PR X Bl SR MLV AIC fii AIC value
A IR i
Root traits Model TR Jaa iEH F AT T 5 ria EH S
Drought stress Normal condition Drought stress Normal condition
AR 26 1 R A-1 —2 459.220 4 —2 504.377 8 4 926.440 8 5 016.755 5
Root surface arca A-2 —2729.415 0 —2608.333 6 5464.830 0 5 222.667 3
A-3 —2838.933 2 —2 608.876 9 5 683. 866 3 5223.753 8
A4 —2601.518 1 —2554.413 7 5209.036 2 5 114. 827 4
B-1 —2412.422 9 —2 488.215 3 4 844,845 0" 4996.430 0 *
B-2 —2429.546 3 —2 507.445 0 4 871.092 6 5 026. 889 9
B-3 —2987.679 3 —2 700.861 5 5 983.358 6 5409.723 0
B-4 —2 730.820 5 —2 608.273 9 5 467.641 0 5 222.547 9
B-5 —2821.140 5 —2608.676 0 5650.281 0 5 225.352 0
B-6 —2 840.718 7 —2 608.6759 5 687.437 4 5223.3519
C —2419.327 0 —2495.324 7 4 858.654 1 5 010. 649 3
C-1 —2422.0197 —2515.632 8 4 858.039 3 5 045. 265 6
D —2414.178 3 —2494.122 5 4 852.356 5 5012.245 1
D-1 —2422.404 9 —2 505.602 9 4 862.809 9 5 029. 205 8
D-2 —2421.822 6 —2 507.620 7 4 859.645 3 5031.241 4
D-3 —2421.955 2 —2 514.847 3 4 859.910 4 5 045.694 6
D-4 —2421.958 6 —2515.158 1 4.859.917 1 5 046.316 2
E —2 406. 450 3 —2480.933 7 4 848.900 6 4997.867 4
E-1 —2407.108 3 —2 483.440 6 4 844.216 6 4996.881 2**
E-2 —2421.961 0 —2514.832 9 4.865.922 1 5 051.665 8
E-3 —2529.860 7 —2516.784 3 5077.721 3 5 051.568 6
E-4 —2421.797 8 —2514.494 0 4 859.595 6 5 044,987 9
E-5 —2421.832 8 —2 514.806 2 4 861.665 6 5047.612 3
E-6 —2421.895 4 —2514.822 8 4 859.790 9 5 045. 645 6
MR A-1 513.982 9 419.917 9 —1019.965 8 —831.835 9
Root volume A-2 295.924 6 353.704 5 —585.849 1 —701.408 9
A-3 257.964 2 343.028 0 —509.928 5 —680.055 9
A-4 394.062 7 412.282 1 —782.125 4 —818.564 2
B-1 540.084 3 452.834 6 —1 060.168 6 —885.669 1
B-2 533.408 4 419. 888 5 —1054.816 7 —827.777 1
B-3 55.3111 277.642 4 —102.622 3 —547.284 8
B-4 296.215 7 353.584 1 —586.431 5 —701.168 1
B-5 260.492 2 343.031 3 —512.984 5 —678.062 5
B-6 257.982 1 343.030 8 —509. 964 2 —680.061 7
C 552.772 9 451.244 6 —1085.545 8 —882.489 3
C-1 531.320 8 408. 240 4 —1 048.641 6 —802.480 8
D 555.630 5 451.985 2 —1087.261 0"~ —879.970 4
D-1 542.553 1 418.901 2 —1067.106 3 —819.802 4
D-2 541.956 3 424,319 3 —1067.912 5 —832.638 7
D-3 532.703 6 411.098 6 —1049.407 1 —806.197 2
D4 532.699 9 410. 760 1 —1049.399 7 —805.520 1
E 561.110 7 466.352 0 —1 086.221 5+~ —896.703 9
E-1 557.037 0 468. 343 4 —1084.073 9 —906.686 9" *
E-2 532.760 4 411.105 8 —1043.520 8 —800. 211 6
E-3 191.134 0 409. 033 7 —3 664. 280 —800. 067 4
E-4 533.378 6 411.533 1 —1050.757 3 —807.066 2
E-5 548.522 3 411.128 5 —1079.044 7 —804. 256 9
E-6 548.522 8 411.115 0 —1 081.045 6 —806.230 1

e ox % KRR ATC {EEL/IN 0 B A AR B hy 4 ok ot fL R A

Note: * % AIC value is small and the corresponding model is an alternative genetic mode.



86 P AL AR MBI 4R (A SRR 2 B 9% 50 &

R3 KREHTEARFINMBREEERNESERE

Table 3 Test of goodness-of-fit on genetic models for 4 characters of maize roots under normal condition and water stress

pig:d LEE RN A YAV 45t Statistics
Treatment Root traits Model Generation U? U3 U3 W2 D,
T 5 han BAREK E Pi 47.040 0~ 112.225 0" 250. 000 0% 8.086 7+ 0.020 0
Drought stress  Total root length F 0.692 3 7.2115*  195.000 0%  3.307 7" 0.025 6
P, 3.769 2 2.596 2 195.000 0* 3.564 1* 0.025 6
By 0.100 0 0.216 5 0.405 7 0.054 9 0.005 5
B, 0.012 9 0.003 6 0.039 5 0.026 7 0.005 2
F, 0.000 8 0.004 7 0.028 0 0.054 9 0.011 4
E-1 P, 47.040 0% 112.2250°  250.000 0*  8.086 7" 0.020 0
F, 1.923 1 23.3654°  195.000 0"  3.410 3" 0.025 6
P, 0.692 3 18. 461 5 195. 000 0 3.307 7" 0.025 6
B 0.215 2 0.323 2 0.227 9 0.076 9 0.005 5
B, 0.127 2 0.008 1 1.042 9 0.087 3 0.003 0
F, 0.003 5 0.008 1 0.016 6 0.033 1 0.004 8
E-2 P, 47.040 0°  112.225 0" 250. 000 0 8.086 7" 0.020 0
F 9.307 7" 0.288 5 195.000 0°  4.025 6" 0.025 6
P, 56.076 9 14.134 6% 195.000 0%  7.923 1* 0.025 6
B 8.354 8 8.953 8 0.599 8 1.040 4 0.005 5
B, 0.491 9 0.152 5 1.332 2 0.089 5 0.005 3
F, 0.342 5 0.204 2 0.210 7 0.060 5 0.003 8
IE# BARK E-1 P 69.360 0% 144. 400 0~ 250. 000 0% 9.946 7* 0.020 0
Normal condition Total root length F, 22.090 9~ 68.210 2%  220.000 0*  5.507 6* 0.022 7
P, 72.600 0*  144.000 0°  225.000 0" 9.800 0" 0.022 2
B 0.954 0 0.698 6 0.193 2 0.621 4" 0.004 8
B, 0.069 6 0.000 2 0.940 4 0.086 0 0.005 5
F, 0.500 2 0.499 4 0.007 7 0.205 0 0.006 0
T8 ia MR A% 5% R E P 47.040 0~ 112.225 0" 250. 000 0% 8.086 7+ 0.020 0
Drought stress  Root projected area Fy 3.760 0 28.850 0% 195.000 0%  3.560 0 0.025 6
P, 0.690 0 18.460 0% 195.000 0* 3.310 0" 0.025 6
Bl 0.070 0 0.074 0 0.004 0 0.042 0 0.052 0
B, 0.005 8 0.002 5 0.240 0 0.069 0 0.002 8
F, 0.004 6 0.004 1 0.270 0 0.023 0 0.004 3
E-1 P, 29,040 0 84,100 0 250. 000 0" 6.600 0" 0.020 0
F, 1.920 0 4,620 0" 195.000 0* 3,410 0” 0.025 6
P, 0. 080 0 10.380 0% 195.000 0  3.300 0" 0.025 6
B 0.080 0 0.023 0 0.240 0 0. 056 0 0.005 4
B, 0.002 9 0.006 8 0.015 0 0.053 0 0.003 4
F, 0.015 0 0.055 0 0.217 0 0.026 0 0.004 7
1E &A% R T AR E P 69.360 0" 144.400 0~ 250. 000 0% 9.946 7* 0.020 0
Normal condition  Root projected F, 0.272 7 17.750 0% 220.000 0*  3.6800* 0. 0230
area P, 1.670 0 25,000 0 225.000 0 3.800 0" 0.020 0
B, 0.190 0 0.200 0 0.004 0 0.190 0 0.005 4
B, 0.174 0 0.050 0 0.521 0 0.140 0 0.050 0
F, 0.003 6 0.000 3 0.030 0 0. 050 0 0.005 4
E-1 P, 69.360 0 144,400 0" 250. 000 0 9,946 7* 0.020 0
Fi 1..000 0 13.750 0% 220.000 0"  3.660 0" 0.022 7
P, 0.060 0 16.000 0*  225.000 0%  3.700 0" 0.022 2
B 0.004 9 0.060 0 0. 480 0 0.270 0 0.005 4
B, 0.000 3 0.000 2 0.000 2 0.079 0 0.005 0
F, 0.009 0 0.001 4 0.276 0 0. 050 0 0.006 1
T 5L 38 % B-1 P, 15.360 0~ 60.025 0%  250.000 0*  5.446 7" 0.020 0
Drought stress  Root surface area F 6.230 8 34,903 8" 195.000 0*  3.769 2" 0.025 6
P, 0.076 9 10.384 6*  195.000 0"  3.256 4" 0.025 6
B, 0. 000 0 0.071 8 1.111 0 0.040 7 0.005 3
B, 0.092 5 0.052 6 0.067 8 0.082 7 0.005 4




F1 BRSPS R E KT AR F R 0 T2 3 [N+ £ R DR 3 A B AL A 87
&R 3(&) Continued table 3
4 3 MR EIR A 1% Giithit Statistics
Treatment Root traits Model Generation U? U3 U3 W2 D,
TR0 W i B B1 F, 0.027 7 0.199 0 1.300 5 0.056 5 0.003 6
Drought stress  Root surface area E-1 P 29.040 0*  84.100 0%  250.000 0 6.586 7 0.020 0
F 0.692 3 18.461 5%  195.000 0 3.3077%  0.0256
P, 3.769 2 2.596 2 195. 000 0* 3.5641°  0.0256
B 0.040 7 0.059 8 0.038 5 0.058 5 0.004 9
B, 0.024 6 0.011 2 0.034 1 0.096 6 0.004 4
F, 0.000 1 0.009 0 0.166 8 0.025 4 0.004 8
& R i B B1 P, 19.440 0% 67.600 0°  250.000 0* 57867 0.020 0
Normal condition  Root surface F 13.363 6"  52.5284*  220.0000" 1,780 3 0.022 7
area P, 0.600 0 9.000 0% 225.000 0" 3.800 0% 0.0222
B, 0.718 3 0.553 2 0.094 4 0.144 5 0.005 5
B 0.019 6 0.033 2 0.034 8 0.086 2 0.003 9
F, 1.778 3 1.839 1 0.067 5 0.285 8 0.016 4
E-1 P, 24.000 0°  75.6250% 250,000 0 6.166 7  0.0200
F 9.818 2%  45.454 5% 220,000 0 1,484 8% 0.0227
P, 1.666 7 6.250 0% 225.000 0 3.888 9 0.022 2
B, 0.020 9 0.041 7 0.065 9 0.188 5 0.005 4
B, 0.166 9 0.264 8 0.226 6 0.104 0 0.003 8
F, 0.020 9 0.005 9 0.7517 0.092 7 0.009 8
TR AR D P 15.360 0* 60.025 0* 250. 000 0 5.446 7 0.020 0
Drought stress  Root volume F 0.076 9*  10.3846*  195.0000* 3.256 4% 0.0256
P, 0.076 9 14.134 6% 195.000 0 3.256 4% 0.0256
B, 0.119 4 0.080 3 0.041 9 0.060 6 0.004 5
B, 0.089 0 0.028 1 0.2350 0.050 0 0.006 2
F, 0.134 9 0.034 9 0.455 6 0.101 4 0.004 3
E Py 15.360 0~ 60.025 0% 250. 000 0~ 5.446 7* 0.020 0
F 0.076 9%  10.384 6%  195.000 0 3.256 4 0.025 6
P, 0.076 9 14.134 6*  195.000 0" 3.256 4 0.025 6
B, 0.014 1 0.004 0 0.042 3 0.025 1 0.004 3
B, 0.010 4 0.001 3 0.061 5 0.0510 0.006 0
F, 0.001 1 0.000 7 0.000 4 0.037 0 0.004 0
WA R AR E-1 P, 69.360 0* 144,400 0* 250. 000 0 9.946 7 0.020 0
NOfnidlﬁond‘UO“ Root volume F, 27.272 7% 76.818 2%  220.000 0* 5.939 4 0.022 7
P, 8.066 7%  42.250 0%  225.000 0 1,422 2 0.022 2
B 0.033 4 0.147 5 0.686 1 0.099 2 0.005 0
B 0.411 2 0.094 9 1.565 9 0.205 8 0.004 5
F. 0.138 5 0.059 6 0.215 8 0.160 3 0.013 5

.U U UG 5 R ge it i 5, W2, Smirnov K356 5831 4t 5 D,,. Kolmogorov ¥ 96 48 i 4t .

Note:U?,U%, U3. Statistics of Uniformity test;,W?. Statistic of Smirnov test; D,. Statistic of Kolmogorov test. *

difference at P<C0. 05 level.
2.3 AEMETEARAERSREERENE
£ S E it
2.3.1 BARK#EAELAHKAMLET WRIEAKREZMLET
K BR A B Fe P a8t A% 1 T s 1 S 8, A5 AR DL
Fd, HFATLEH, TEME T ERBRKZ 2
Xif 5 3 DR g o O ROR o — 51, 91, R
P20 % AR K R TR N . 2 % T S R A S A
G392 —36. 22 1 29. 03, 3 W 32 HE DA Y b 1k A% Sy
W e . I >R Ry 68. 775 B X
YRR Ry 66. 83, F B 2 XiF 35 3 DR A4 ok < ik &

* Fm P<<0.05 KF FERBFE,

indicates significant

VRS R R T X Y Y@ IV s B ol [ S LA O i = - S <6
IR 2 B) Y S BAE RN S — 11,60, 2 X FE 5
PR] (7% J8 4 A5 107 22 R] B4 o B AR RGO Ry 53. 65, 7
B, .B, f1 F, B 32 3K -+ 2 35 Y a8t 15 250
L_§U83.23/6,94.23/6$ﬂ93.16//0

AR P R SR R Y 32 3 DT A 2
ﬁﬁﬁ*%81%%£%l§m7Aﬁwmﬁﬁ
Koo FHPIY WE RN 43 5 55. 75 Al —4.39, 3%
B 2 6 DAL %) 8 IO Ay 38 0 T 1) 2808 5 A <
BN A 44, 87, Mk X i R RN A — 70. 29, F M
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P A RN T 18] 28R T LSS AR S A X
SRRV Sy B 1) R 2 D BARG B X 2
PR BRI 00 5 5 2 %ok S R DAL ) o P A8 7 22 1] 9
PEBAERON Ry —4. 39, 55 1 X E LY B30 5
55 2 0F 32 DA By A 2 22 TR AR i L A N A

82.53, Z 5L K i 20 I A I M AL 43 SR 42, 69
A 149, 43 B REHE BRI . F RN + Z A5

% AE By By 1 F, B A& b 4 00 3k 8] 85, 17 %,
74.90 % M75.72% .

F4 KBREHTERRRIDERNEESH

Table 4 Genetic parameters for 4 characters of maize roots under normal condition and water stress

JE¥iiSIS R 4% 52 1 TR LS ESIEA R
2% ", Total root léngth Root projectéd area Root surface? area Root volu@e
e e T RENE  ERAM | TREL ERAF TR ERA TREG LAAM
Drought Normal Drought Normal Drought Normal Drought Normal
stress condition stress condition stress condition stress condition
m 611.68 13.94 3.68 8.33 11. 49 4.46 0.18 0.09
d, —51.91 —36. 81 —1.80 —1.42 0.78 2.69 —0.008 5 0. 04
dy, —51.91 —36.81 —1.80 —1.42 0.78 2.69 0. 04
h, —36.22 55.75 —0.49 —0.35 6.56 —2.13 —0.000 5 —0.03
hy, 29.03 —4.39 1. 38 —3.14 16. 16 —2.19 —0.03
i 68.77 44,87 3.34 —0.82 4.08 12. 40 0.18
! 66. 83 —70.29 3.35 0. 27 —9.06 3.28 0.05
Jab —11. 60 —4.39 0. 44 1. 04 0.54 3.61 0.06
Jha 53.65 82.53 2.32 3.83 —4. 67 —0.73 0.007 2
[d] 42.69 —5.49 —8.18 —0.14
[h] 149. 43 6.29 36. 29 0.47
ob By 1 461.00 2 089. 26 3.75 4.75 55.53 53.85 0.016 0.007 6
Omg” 1543.23 3 915.05 3.75 5. 86 26.04 69.61 0.000 1 0.012
e’ 957.23 1199, 12 1. 68 0.24 33.58 18. 47 0.012 0.001 2
ol 503.77 890. 13 2.06 4. 50 21.94 35.38 0.004 0 0.006 4
hng 2/ %% 51.37 65. 20 50. 01 55.27 31.92 56. 38 0. 64 61. 36
hog? /% 31.86 19.97 22. 47 2.28 41.17 14. 96 74.23 6. 28
mg? +hpe®/ % 83. 23 85. 17 72.48 57. 55 73.09 71. 34 74. 87 67. 64
op° B 2 750.10 1119.95 7.05 4.50 51. 96 56. 30 0.019 0.010
Omg”~ 5 968. 14 2 426.90 9.07 4. 85 84. 64 41. 87 0. 0001 0.008 1
Opg’ 2 246.33 2 29.82 4.99 0 30.02 20.91 0.015 0.003 8
oo’ 503.77 890. 13 2.06 4. 50 21.94 35.38 0. 004 0.006 4
hmg >/ Y6 68. 46 68. 42 56. 28 51. 84 61.96 42.65 0. 64 44.26
hoe? /% 25.77 6. 48 30.93 0 21.97 21.30 78. 80 20.79
ong? Tl /% 94. 23 74. 90 87.21 51.84 83.93 63.95 79. 44 65. 05
o) F, 2 528.27 683.02 2.20 4.50 26.56 23.25 0.009 6 0.003 0
Omg” 4 840.73 2129.75 7.64 4.32 71. 66 60.18 0.0001 0.011
v 2 024. 50 0 0.14 0 4.61 0 0.005 6 0
o’ 503.77 890. 13 2.06 4.50 21.94 35.38 0.004 0 0.006 4
hng?/ % 65.69 75.72 77.63 48.97 72.96 72.13 0.91 78.55
hoe® /% 27. 47 0 1. 41 0 4.70 0 57.72 0
Prong® +Hhy?/ % 93. 16 75.72 79. 04 48.97 77. 66 72.13 58. 63 78. 55

oo, TEARE- I8 d oy W0 35 B PR PS80 5 P s Ao, T 6 DR 00 PR 80N 5 2. P D<Mk 20007 5 2. S X PR 3800 5 [l . 22 2 TR 1 4
N5 [h]). 22 He R SRR 5 7. 25 1 X0 S B PRUNE X5 2 % PR M BRI 5 . 55 2 X5 5L BRI X5 1 5%k 3 35 IR Il P B AR 200
2ORINTT 2% somg” . EIEHT 2500,°. BRI 2 50% BT 25 shg® . B IRAL R 0ot ZIHRAL R,

Notes:m. The mean of population;d, .d). Additive effects of two major gene;h,,h;,. The dominance effects of two major gene;i. The addi-
tive X additive effects; /. The dominance X dominance effects;[ d]. The additive effects of polygene;[h]. The dominance effects of pol-
ygene;ja,. Additive effict of the first major gene X dominant effect of the second major genej;ji.. Additive effict of the second major

. Variance of major gene;o,,>. Variance of polygene;

gene X dominant effect of the first major gene;s,”. Variance of phenotype;omg®

0.2, Variance of environmental;/ing® . Heritability of polygene.

2.3.2 WMBH@AGTAELRKMET RIEAREL
PR B R AR % 5 AR Sk A AR AL B R 2

. Heritability of major gene;/h,,*

B g R 4, R 4l LUE . TR & T
FORAR S T AR 2 % I PR EE AT
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A M A PR K B AR ZR R Y R R 2 R gt A A5 R S A 89

RN 38 b A BAR K -5 26 B 32 6 TR 3R v AR 4%
R B /0N 5 2 %6 32 B DR J M A0 0t A1, R B 2
XFRIEE G BRI R, EREFE NS L RAE B
B, f1 F, B4k 4 5 50. 01%, 56. 28% F
77.63%, ERF MR E F, BEA P B A
B, BEfR S ER P+ Z B NG 4 B, B, fl F,
HER T 43513k 72,48 % ,87. 21 Y0 H1 79. 04 %,

IEH F N EORAR 4% 52 1 AR %) 32 56 IR ast A% R A
B, B, f1 F, B 4y 3k 55. 27%, 51, 84% Fl
48.97%0 s FEL M BEBE AR E B BEIR PR F, A
B, B FHERN 2 R0 EL R B B, M F,
BEAR 43 B3k 57.55% ,51. 84 % F148. 97 %,

2.3.3 ARE @A EAELKAET RIEKESH
T KR 2 TR 1Y e U g A% R T B 5 1 S 8L 4
RUWFE 4, R ATUFN, TREMAETHEH EX
HR 22 T FR A 2 5% 32 5 PRI A8 ke 28 0 A0 156 B G X6
MR T ARG 2 AN K . 2 % 32 35 R ) S 1 S50 4 i)
 6.56 Fil 16. 16, F B 2 X 3= B X X AR 5% 1 B R
IE s T > RN SR 4. 08, I P X I MR A
4. 67, FR BN >t 250N AT DAl AR 5% T AR AR
Ko AR I MR RN AT DA AR R T AR AR N, 2 X
R PR 280 1 S P B KON A — 9. 06, A 71 [ BK
N o 2 (R 2 THT R AR /N . 22 3 BRI 1 50 A I P A
O3 R —5. 49 1 6. 29, S A b X 498 fin AR % i AR
EEM, F, FHREBMEFEMLFR B M B, &,
BB, il F, iy & 3N + £ 5 W w5 K55 58
73.09%,83.93% F1 77.66 %,

TEH S T AR R AR 32 2 5% 32 38 R4 ] O
PEZOR A3 9 —2. 13 1 —2. 19, R W] 2 % 3 3 4 X}
HR R AR A B 1) RN . 0k > Pk &z 2 12. 40,
FWII M >R RN AT ARG AR FeE A, 2 Xf 32 Sk
D] A8 00 355 02 22 T 7 8 Pk A O A 3. 61 1 B 4%
il AR e T AR Y 2 X 32 AR PR [R) ) AR S T ) R0
223 D0 M AR R RN S M RGBSl — 8. 18 Al
36. 29, Ut B 22 3k R X 1 i F oK AR 2 AR IE [ 1
M. 7EF, A ERENMERESCES, TN +£
FEH B i R AE BB, MOF, BE AR A e
71.34%,63.95% 1 72.13%,

2.3.4 ARAEReGRELAKLET RIWAKRELZMAET
KR AR B e P 38t A% 155 TR A R aE 1% S 8, A5 SR DL
Fd, MR AALFEN, T 5 F0 T #H LR
FEUAY 32 55 DR A o 200 1 A S 1 280 0 Ak T AR KT
B, B, 1 F, iy 32 3 B 38t % 3 435 2 0. 64%6,0. 64 %
M10.91%; B, B, Al F, ()£ 3K & R 5050 R

74.23%,78. 80 Fl 57. 72 % 5 i MR DA £ HL A i AL
FFE. BB, AF, 1y 32 5L+ 2 5 R AT R 45 G
Ky 74.87%,79. 44 % F1 58. 63 %,

IEH T EORMR AR R 32 38 H s AL 7 B .
B, #1 F, B4R rh 4> %]k 61. 36%, 44.26% H
78.55% . F, EIRFAEFEFIK B M B, &,.%
SN ML R A B B, M F, BERSI K 6. 28%,
20. 790080 0%, FHEH + LKL RAE BB,
F, BEARP 251k 67.64% ,65. 05 % F178.55% ,

31 ®

AWFFEEEREW AT RPHAMIER KT K
KRR AR T8t A A B R L U T BRI 2 R 0 HL R TR
B/ AT DURGE 8t AR X 5 I N R IR IR T
XF K BB AR A B AL T A R AR — B B R
FH AU B gT R WYL FEAR B R BT T L AR B £ Ok A1 38
AR R WA 2 X B H + L IERR G 6. 3
SE D 18] 7 A0 e 1k e BAR RGN A T MR ROR B
1o » PRI X AR SR T R S M RN . AR BRI R SR T
TR MA AT TORMR WA 2 % - k-
A T R AT A - S 2 R PR A X R
SFEURIBE IS R A — B, AR P, T R
FT FRMARIRZ 2 0 F AL -+ 2 JE R 45 . st A%
HORAE B, HACH R HoA B i 0 2 OR X R
P S R FT A R — B

FORPTRE R h 2 25 R P 1 52 2 o MR
L3 3R s NSE RS d AV BTPu R 2 N ¢ SO (Y B &
PR R I 3 v I B DR R 66 PR R R . ROk
AR B SR R R AR 3 A RER s R
2RI R W AN R R R R AT DA AR AR R
PEATA RS . T R T FORAR R A A it 1%
R T IR A T 52600 T X ERR B W
PUEAT B BERCR T o o 7R PP 25 1R T AR A AR 0 3t 4%
Y HAREA K AL AR AR E L I 554 A E
SN A% O T AEAR HE AR R it ] R AT A R %
BTSN R AR AR ) 0 e B R AT 8 AR oy
T LA 3 N7 B OK F A AR B W SR AT 38 AL B 5T [R] 1)
i ] LA 23 T Br itk — A2 i LLEDAIE .
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