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Table 1. Maize lines used in this experiment 

No. Code Name Origin 

1 Ma001 P3L2 Kermanshah 

2 Ma002 P11L2 Kermanshah 

3 Ma003 P15L16Kahriz Kermanshah 

4 Ma004 P9L3Kahriz Kermanshah 

5 Ma005 P13L2 Kermanshah 

6 Ma006 P19L7Kahriz Kermanshah 

7 Ma007 P6L1 Kermanshah 

8 Ma008 P19L3Kahriz Kermanshah 

9 Ma009 P14L1Kahriz Kermanshah 

10 Ma010 P11L7 Kermanshah 

11 Ma011 P14L2 Kermanshah 

12 Ma012 P10L5 Kermanshah 

13 Ma013 P1L4Kahrizi (Dialell- Karaj) Kermanshah 

14 Ma014 P11L6 Kermanshah 

15 Ma015 P13L3 Kermanshah 

16 Ma017 P3L4Kahriz Kermanshah 

17 Ma018 p1L5kahriz Kermanshah 

18 Ma019 P19L5Kahriz Kermanshah 

19 Ma020 P15L14 Kermanshah 

20 Ma021 P16L6Kahriz Kermanshah 
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21 Ma022 P15L4 Kermanshah 

22 Ma023 P11L9 Kermanshah 

23 Ma025 P13L1 Kermanshah 

24 Ma027 P16L12Kahriz Kermanshah 

25 Ma028 P10L9 Kermanshah 

26 Ma030 Mo17 Kermanshah 

27 Ma031 OH43/1-42 Kermanshah 

28 Ma034 K615/1 Kermanshah 

29 Ma036 OH43/1-42 (Paternal) Karaj 

30 Ma037 R59 (Paternal) Karaj 

31 Ma038 W37A Karaj 

32 Ma039 R319 Karaj 

33 Ma040 R59 Karaj 

34 Ma042 W153R Karaj 

35 Ma044 R59×R319 (Maternal line of DC370) (SC) Karaj 

36 Ma045 B73 (RFCORCMS) Karaj 

37 Ma048 ZK472221 Karaj 

38 Ma049 K1263/1/1388 Mashhad 

39 Ma050 4*/89 Mashhad 

40 Ma051 9/K19/1 Mashhad 

41 Ma053 25*/89 Mashhad 

42 Ma060 S2/QPM/SUKMA (Indonesia) Mashhad 

43 Ma065 66*/1388 Mashhad 

44 Ma072 K166B/89& (14*K166B/1390) Mashhad 

45 Ma073 K18-B/1392 Mashhad 

46 Ma074 7/K19/1 Mashhad 

47 Ma075 23*/89 Mashhad 

48 Ma076 70*/1388 Mashhad 

49 Ma079 138*/89 Mashhad 

50 Ma080 K19*/1392 (Isolated) Mashhad 

51 Ma085 1390/Popcorn-53 or 54 (Line) Mashhad 

52 Ma089 172*/89 Mashhad 

53 Ma091 8/K19/1 Mashhad 

54 Ma096 67*/88 Mashhad 

55 Ma100 36-N/88-K3653/2 Mashhad 

56 Ma104 Line 1 - 

57 Ma105 Line 2 - 

58 Ma106 Line 3 - 

59 Ma107 Line 4 - 

60 Ma109 Line 6 - 

61 Ma110 Line 7 - 

62 Ma111 Line 8 - 

63 Ma112 Line 9 - 

64 Ma113 Line 10 - 

65 Ma114 Line 11 - 

66 Ma115 Line 12 - 

67 Ma116 Line 13 - 

68 Ma117 Line 14 - 

69 Ma119 Line 16 - 

70 Ma120 Line 17 - 

71 Ma121 Line 18 - 

72 Ma122 Line 19 - 

73 Ma123 Line 20 - 
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Table 2. A summary of single nucleotide substitutions identified in different chromosomes of maize inbred lines 

Chromosome 1 2 3 4 5 6 7 8 9 10 Total 

SNPs 72226 54110 53906 50408 49153 34873 35489 35009 34159 30596 449929 

A↔G 24212 17901 17876 16987 16329 11511 11955 11760 11356 10408 150295 

T↔C 24225 18130 18358 17080 16612 11928 12000 11896 11597 10290 152116 

Transition 48437 36031 36234 34067 32941 23439 23955 23656 22953 20698 302411 

Ts % 67.06 66.59 67.22 67.58 67.02 67.21 67.50 67.57 67.19 67.65 67.21 

A↔T 4265 3184 3072 2868 2892 2011 2059 1998 2026 1688 26063 

A↔C 6845 5141 5195 4755 4692 3277 3262 3253 3235 2919 42574 

T↔G 6979 5214 5067 4796 4590 3296 3340 3311 3165 2882 42640 

C↔G 5700 4540 4338 3922 4038 2850 2873 2791 2780 2409 36241 

Transversion 23789 18079 17672 16341 16212 11434 11534 11353 11206 9898 147518 

Tv % 32.94 33.41 32.78 32.42 32.98 32.79 32.50 32.43 32.81 32.35 32.79 

Ts/Tv ratio 2.04 1.99 2.05 2.08 2.03 2.05 2.08 2.08 2.05 2.09 2.05 
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 U M)3-  %�3= +>?=! �1�! �� <��+@!�1- +-B�1 ��P �� +4��� ��*�) %�& ���H "�#Zea mays L. +�*,�*� �9��:� x�4! �� (SNP U���� W�!�X �V
  
Table 2. Estimation of breeding value for studied agrobiological traits in maize (Zea mays L.) inbred lines based on SNP molecular marker under normal conditions 

Name 100GW Rank DM Rank ED Rank EL Rank LL Rank LN Rank LW Rank PH Rank SD Rank Yield Rank 
Sum of 

ranks 

P3L2 1.98 60 3.25 73 -0.09 40 -0.85 23 2.92 60 0.80 54 0.005 52 40.53* 70 -0.29 40 -7.53 34 459 

P11L2 -3.57 21 -2.77 14 -2.32 24 0.46 47 -2.77 26 -0.34 23 -1.18 6 -55.18** 4 -5.25** 5 -14.87 18 181 

P15L16Kahriz -4.60 16 -0.19 37 -7.22* 1 -1.63 10 1.88 55 0.66 49 -0.36 39 -0.06 44 -2.09 26 -25.77* 1 254 

P9L3Kahriz -2.46 32 2.53 66 -0.05 41 -0.59 29 4.32 67 1.61* 68 0.78 66 -5.34 39 -2.65 21 1.46 54 465 

P13L2 3.35 66 0.82 48 1.65 57 -0.43 32 -4.16 19 1.38 64 -0.85 23 9.54 55 0.97 57 0.83 52 455 

P19L7Kahriz -7.80 3 -1.47 28 -5.19 4 -2.23 2 -4.45 16 -2.78** 2 -1.02 15 -78.22** 1 -7.09** 1 -19.31 9 82 

P6L1 -1.37 41 2.67 68 -3.77 15 -1.65 9 -4.61 15 -0.15 29 -0.99 19 -55.02** 5 -4.05* 10 -22.30 4 173 

P19L3Kahriz -6.36 7 -2.95 12 -3.97 13 0.12 39 -1.04 39 -0.31 25 -0.86 22 -32.88 14 -0.23 42 -14.65 19 236 

P14L1Kahriz -0.58 49 0.55 42 -0.45 36 -1.91 8 -3.63 21 -1.57* 3 -1.01 17 -59.63** 3 -3.14 16 -12.15 25 175 

P11L7 0.32 52 -2.06 23 2.13 61 0.93 57 -8.97* 1 0.25 44 -2.05** 1 37.35 69 -0.05 47 17.22 65 425 

P14L2 0.94- 46 -2.10 22 1.19 49 0.97 58 -0.57 43 -0.72 12 -0.31 43 21.85 58 0.19 49 11.45 62 437 

P10L5 1.44 58 2.77 71 0.32 46 -0.97 19 3.20 62 1.62* 69 0.29 55 22.66 60 3.15 69 2.77 57 545 

P1L4Kahrizi (Diallel - Karaj) -0.98 45 0.61 44 -2.51 21 -0.46 30 3.36 63 0.14 39 0.82 67 17.76 57 2.35 67 -19.11 11 391 

P11L6 -2.98 28 -6.80** 1 0.82 48 1.05 60 2.60 58 -0.39 22 0.32 58 -14.98 29 -0.57 39 17.64 66 408 

P13L3 0.91 56 0.78 47 3.30 66 1.45 63 4.51 68 0.06 34 1.10 71 42.86* 72 3.85* 70 21.70 69 611 

P3L4Kahriz -5.41 11 0.58 43 -1.21 32 -1.96 6 -0.98 40 -0.44 21 -1.01 17 -33.02 13 -1.03 35 -12.44 24 257 

p1L5kahriz -3.09 26 -3.42 9 1.80 58 -1.41 14 -5.10 12 1.75* 72 -1.18 6 -0.93 41 -5.07** 6 -13.23 23 288 

P19L5Kahriz -5.09 13 -3.58 7 -0.11 39 -1.93 7 0.01 48 -1.45 4 -0.35 40 -21.33 24 -2.72 20 -6.85 36 241 

P15L14 -3.03 27 2.35 60 -2.49 22 -1.63 10 -1.29 38 2.37** 73 -0.48 35 -2.42 40 1.95 64 -20.65 6 341 

P16L6Kahriz -4.17 20 1.53 53 -3.62 16 -2.08 4 1.26 50 -0.25 26 -0.39 38 -10.80 33 -0.10 44 -18.83 12 280 

P15L4 -5.68 9 0.65 45 -4.99 5 -1.51 12 -0.07 47 -0.60 13 -0.70 27 -39.36* 9 -5.80** 4 -19.63 8 163 

P11L9 -1.50 38 -0.86 31 0.01 42 -0.62 28 -2.96 25 -0.60 13 -0.57 30 -19.52 26 -4.11* 9 -3.26 44 273 

P13L1 -2.44 33 -0.27 35 -1.94 26 -1.48 13 -0.57 43 -0.07 30 -0.54 32 -12.99 30 -3.13 17 -5.49 39 290 

P16L12Kahriz -6.77 5 -3.54 8 -4.69 7 1.83 67 -2.48 30 -0.54 18 -1.17 8 -17.00 27 -0.96 36 -11.77 27 250 

P10L9 1.15 57 -4.32* 4 1.31 53 0.56 52 2.65 59 -0.76 11 1.03 70 -6.85 38 1.42 60 2.58 56 440 

Mo17 -3.35 23 -2.96 11 -1.33 31 -0.45 31 -4.99 13 0.55 48 -1.22 5 -38.75 10 -3.57 14 -11.95 26 220 

OH43/1-42 -6.04 8 2.46 62 -4.16 12 1.64 64 -0.15 46 0.78 51 -0.04 51 12.21 56 -1.15 32 -17.40 16 396 

K615/1 -2.96 29 1.95 57 2.45 62 -0.86 22 -5.72 10 1.18 63 -0.50 34 -0.32 43 -3.54 15 0.28 50 401 
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OH43/1-42 (Paternal) -3.25 24 2.29 58 -1.89 27 0.75 56 -2.34 31 0.78 51 -0.48 35 0.12 45 -1.20 31 -10.63 30 402 

R59 (Paternal) 1.60 59 -1.58 26 2.06 60 0.73 55 1.87 54 -0.79 9 0.59 64 -23.19 22 -2.42 23 0.71 51 425 

W37A -5.05 14 0.02 39 -1.71 29 -2.13 3 -7.33 2 0.66 49 -1.17 8 -50.35* 7 -5.85** 3 -14.27 20 196 

R319 -3.36 22 -3.88* 5 0.07 44 -1.29 15 -4.91 14 -1.39 5 -0.67 28 -21.65 23 -3.79* 13 -6.24 37 223 

R59 2.06 61 -2.62 16 -0.60 35 -0.14 37 -1.36 37 -0.58 15 -0.09 49 -19.68 25 -2.77 19 -0.52 48 333 

W153R 0.53 53 -0.61 33 0.62 47 -0.75 25 -3.70 20 1.47 65 -1.12 11 -6.97 37 4.16* 72 -1.83 46 400 

R59×R319  

Maternal line of DC370 (SC) 
-3.24 25 0.96 49 -3.93 14 -3.33* 1 -6.56 7 0.18 40 0.24 54 -36.47 12 -3.10 18 -17.95 15 217 

B73 (RFCORCMS) -7.10 4 1.37 52 -4.18 11 -0.79 24 -2.61 29 0.13 38 -1.09 12 -52.76** 6 -0.95 37 -16.41 17 297 

ZK472221 5.37 69 2.60 67 -2.13 25 -1.01 17 3.17 61 -1.16 6 0.19 53 -43.96* 8 -0.22 43 -18.60 13 310 

K1263/1/1388 -5.20 12 -4.56* 2 0.03 43 -0.31 33 -5.20 11 -0.47 20 -0.35 40 -32.03 16 0.80 53 -9.66 32 274 

4*/89 -4.23 17 -0.93 30 1.45 55 1.04 59 -3.30 22 0.84 55 -0.78 26 -32.40 15 -1.09 33 -0.52 48 368 

9/K19/1 -2.11 36 -2.31 17 -2.34 23 0.44 46 -1.73 34 -0.32 24 -0.18 45 -26.44 18 -0.27 41 -2.12 45 359 

25*/89 -2.14 35 -3.83* 6 -2.79 18 0.37 44 -6.17 9 0.50 47 -1.04 14 -25.11 21 4.64* 73 -6.12 38 344 

S2/QPM/SUKMA 

(Indonesia) 
-0.87 47 -3.16 10 -6.64 2 -1.99 5 -3.17 24 -2.99** 1 -0.88 21 -66.99** 2 -6.24** 2 -23.84* 2 74 

66*/1388 3.89 68 -0.94 29 0.11 45 0.51 51 1.41 51 0.10 37 -0.47 37 -0.83 42 -1.83 27 -11.77 27 380 

K166B/89&(14*K166B/1390) -5.49 10 -2.29 18 -1.16 33 0.58 53 -6.78 5 0.85 56 -1.78* 3 -11.41 32 -1.44 29 -3.44 43 305 

K18-B/1392 -4.21 18 -0.78 32 -4.83 6 0.23 43 -0.71 42 1.60 57 -1.33 4 -9.73 34 -3.82* 12 -17.99 14 269 

7/K19/1 -6.37 6 -1.59 25 -2.76 19 -0.22 34 -2.16 33 -1.00 7 -0.84 24 -26.05 19 -4.34* 7 -14.24 21 205 

23*/89 0.04 51 -2.12 21 1.34 54 0.50 50 -4.32 18 1.71* 71 -1.15 10 -12.03 31 0.42 51 -3.51 42 423 

70*/1388 -1.39 40 2.48 63 1.63 56 -0.22 34 -1.45 36 1.50 66 -0.15 46 28.90 63 -2.63 22 -3.88 41 472 

138*/89 -1.11 44 -0.36 34 -4.30 9 -0.66 27 -6.81 4 0.92 59 -1.80** 2 -37.41 11 -4.12* 8 -19.76 7 167 

K19*/1392 (Isolated) -1.27 42 -2.17 20 -1.71 29 -0.16 36 -6.21 8 1.69* 70 -0.89 20 7.91 54 -1.36 30 -4.79 40 345 

1390/Popcorn-53 or 54 (Line) -2.21 34 0.05 40 -1.77 28 0.68 54 2.28 56 -0.57 16 -0.51 33 6.82 50 -2.37 25 -11.01 29 364 

172*/89 -8.95* 1 1.31 51 -5.73 3 0.49 49 -2.72 27 0.06 34 -0.84 24 2.07 48 0.89 56 -22.96 3 303 

8/K19/1 -2.90 30 0.66 46 -2.66 20 -0.89 21 -3.24 23 0.44 46 -0.56 31 -28.11 17 0.87 55 -8.75 33 369 

67*/88 -5.04 15 2.52 65 -4.30 9 -0.68 26 0.07 49 0.92 59 -1.02 15 -8.28 36 0.22 50 -19.25 10 354 

36-N/88-K3653/2 -8.10 2 2.45 61 -0.75 34 -1.18 16 -1.63 35 -0.17 28 -0.64 29 31.93 65 -1.05 34 -22.01 5 330 

Line 1 11.65** 73 0.07 41 3.40 67 1.17 61 11.59** 73 1.10 62 0.47 60 34.14 66 2.01 65 21.64 68 635 

Line 2 7.94 71 -0.15 38 4.59 71 0.12 39 -4.36 17 0.03 32 0.52 62 23.33 62 1.22 59 16.38 64 511 
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Line 3 -1.25 43 1.68 55 1.97 59 1.39 62 4.03 65 0.20 41 0.30 56 36.63 68 0.83 54 5.32 58 578 

Line 4 -0.62 48 1.65 54 2.77 63 1.77 66 7.02 71 0.20 41 0.88 68 35.79 67 2.05 66 13.16 63 619 

Line 6 2.66 64 -2.28 19 6.80 73 2.20 69 -0.87 41 0.90 58 0.30 56 1.24 47 -0.07 46 24.69* 70 540 

Line 7 -1.45 39 2.32 59 1.22 50 1.67 65 2.39 57 1.05 61 -0.09 49 22.16 59 -0.72 38 1.72 55 557 

Line 8 2.54 63 -0.21 36 3.19 65 0.00 38 1.50 52 0.26 45 1.41* 73 29.95 64 1.55 61 21.63 67 558 

Line 9 -4.21 18 2.88 72 -4.69 7 -0.99 18 3.69 64 0.05 33 0.57 63 -16.53 28 -0.03 48 -10.23 31 391 

Line 10 5.64 70 2.72 70 4.21 70 0.12 39 -0.30 45 -0.57 16 -0.30 44 -9.05 35 -1.68 28 -0.60 47 465 

Line 11 -2.07 37 2.48 63 -0.30 37 -0.91 20 -2.32 32 -0.77 10 -0.11 48 5.13 49 -3.88* 11 -13.99 22 316 

Line 12 0.89 55 -2.93 13 1.29 52 2.04 68 1.58 53 -0.82 8 0.62 65 6.83 51 -0.08 45 6.19 59 468 

Line 13 3.37 67 -1.56 27 3.03 64 0.12 39 -6.98 3 -0.54 18 -1.08 13 6.96 52 2.63 68 27.61* 71 440 

Line 14 0.59 54 1.81 56 1.27 51 3.03* 72 4.24 66 -0.25 26 1.13 72 0.66 46 0.78 52 9.15 60 558 

Line 16 2.10 62 0.98 50 -0.24 38 0.41 45 -2.67 28 0.88 57 -0.12 47 41.17* 71 1.64 62 -6.92 35 484 

Line 17 -0.26 50 -1.86 24 4.06 69 2.62* 71 4.99 70 0.22 43 0.51 61 23.10 61 1.77 63 28.16* 72 605 

Line 18 -2.89 31 2.69 69 -2.88 17 0.46 47 -6.62 6 0.78 51 -0.32 42 -25.68 20 -2.41 24 0.87 53 390 

Line 19 2.73 65 -4.53* 3 5.98 72 3.83** 73 7.16 72 0.02 31 0.44 59 43.43* 73 3.85* 70 37.78** 73 594 

Line 20 8.01 72 -2.69 15 3.72 68 2.27 70 4.57 69 0.08 36 0.97 69 7.65 53 0.98 58 10.92 61 564 

Narrow sense  

heritability (%) 
43.71  68.45  22.20  36.41  34.82  65.70  67.13  81.12  75.46  53.58   

100GW, 100-grain weight; DM, days to maturity; ED, ear diameter with grain; EL, ear length; LL, leaf length; LN, leaf number; LW, leaf weight; PH, plant height; SD, stem diameter.  
* and **: Significant at 5% and 1% probability levels, respectively.  
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Table 4. Estimation of breeding value for studied agrobiologic traits in maize (Zea mays L.) inbred lines based on SNP molecular marker under salt stress conditions 

Name 100GW Rank DM Rank ED Rank EL Rank LL Rank LN Rank LW Rank PH Rank SD Rank Yield Rank 
Sum of 

ranks 

P3L2 -1.11 21 3.29 51 -5.89 1 0.32 44 -3.21 15 0.30 37 -0.07 41 2.00 65 -0.34 38 -9.64 5 320 

P11L2 -1.09 22 -7.37 9 -1.14 20 -0.48 21 -1.27 27 -1.96* 2 -0.24 28 -2.20 24 -0.62 31 -2.58 27 250 

P15L16Kahriz -2.31 4 0.53 38 -2.33 9 -1.03 9 1.78 56 0.92 57 -0.27 26 0.46 44 1.90 67 -7.41 7 327 

P9L3Kahriz -1.20 20 -4.18 16 0.47 34 -0.61 16 5.18 70 1.87* 70 0.60 72 0.32 41 0.53 51 5.96 57 465 

P13L2 -0.74 31 -2.79 21 -1.14 20 -0.73 13 -2.71 19 0.31 39 -0.21 30 -2.46 22 1.21 64 -6.49 13 246 

P19L7Kahriz -1.93 10 5.94 62 -1.30 19 -0.30 26 -8.53* 3 1.21 66 -0.74 1 -2.92 18 -2.10 2 -6.94 11 272 

P6L1 -1.71 15 4.23 56 -4.91 2 -0.65 14 -9.22* 1 -0.47 22 -0.25 27 0.54 47 -0.83 26 -12.10 2 238 

P19L3Kahriz -1.90 11 -3.71 18 -0.33 26 1.10 62 -7.51 4 0.32 40 -0.50 10 -4.15* 11 -0.49 36 -5.91 15 271 

P14L1Kahriz -0.55 37 8.78* 68 -3.29 5 -2.59* 1 -5.19 10 -0.93 13 -0.56 7 -1.14 28 -0.99 19 -7.05 10 235 

P11L7 0.49 55 2.42 49 1.30 51 0.67 56 2.26 60 0.47 43 0.30 66 1.56 59 -0.08 40 11.61 67 561 

P14L2 -1.28 19 9.37* 69 0.63 36 0.36 46 -0.41 36 -0.32 23 -0.15 37 0.73 49 -1.24 12 1.90 42 453 

P10L5 -0.81 29 7.98 65 -1.50 14 0.21 41 2.37 61 0.61 49 0.18 60 2.10 67 2.64 71 -4.39 18 471 

P1L4Kahrizi (Diallel - Karaj) -1.37 17 3.84 54 -1.36 18 -0.65 14 -1.02 29 0.10 31 -0.21 30 0.87 50 1.06 59 -5.73 16 312 

P11L6 -2.05 8 1.30 44 -1.42 16 0.43 49 -0.87 32 0.17 34 -0.21 30 -2.38 23 1.13 62 3.57 48 368 

P13L3 -0.25 45 9.42* 70 0.46 33 0.86 60 1.85 57 1.09 62 0.48 68 1.67 60 -0.58 33 7.31 64 576 

P3L4Kahriz -2.73 1 3.78 53 -2.09 11 -1.53 4 1.66 55 -0.11 26 -0.36 19 -0.09 36 7.62** 72 -7.29 8 300 

p1L5kahriz -1.89 13 -1.83 27 0.41 32 -1.84 2 -4.62 12 1.51 68 -0.28 24 0.57 48 0.31 45 -2.85 26 319 

P19L5Kahriz -2.28 6 -4.43 15 1.03 44 -0.44 22 -0.91 30 -1.04 12 -0.22 29 0.23 39 -1.53 8 0.26 36 304 

P15L14 -2.44 3 6.92 63 -3.47 3 -1.13 6 0.01 42 2.54** 72 -0.19 35 1.03 52 0.49 50 -8.89 6 346 

P16L6Kahriz -1.84 14 0.02 35 1.22 49 -1.08 7 2.64 63 -0.52 20 -0.07 41 -0.75 34 2.06 69 -1.24 31 349 

P15L4 -2.09 7 -8.15 7 0.74 38 0.43 49 3.77 67 -0.85 14 0.08 55 -5.69** 3 0.75 54 7.01 61 375 

P11L9 -0.27 44 -9.13* 6 0.13 28 0.82 59 1.35 53 -1.42 5 0.50 70 -3.16 17 0.43 47 4.67 52 401 

P13L1 0.64 58 -6.74 10 -0.43 25 -1.08 7 5.61 71 -1.37 6 0.18 60 -1.79 26 1.54 65 0.29 37 331 

P16L12Kahriz -2.66 2 -6.04 12 -2.71 7 1.62 71 0.84 50 -1.15 8 -0.40 16 -0.94 32 -1.66 6 -3.71 22 277 

P10L9 -1.44 16 -9.34* 5 -2.85 6 0.03 35 0.36 47 -1.60 4 0.27 65 -5.44** 5 0.63 53 -6.91 12 243 

Mo17 -2.04 9 -0.67 30 1.02 43 0.05 36 -2.32 22 0.88 55 -0.51 9 -3.98* 13 0.15 44 1.30 40 313 

OH43/1-42 -1.05 23 5.70 61 0.18 30 -0.13 32 2.69 64 0.48 44 0.12 57 0.35 42 -0.94 21 -2.55 28 399 

K615/1 -0.17 46 1.63 46 1.19 48 -0.96 10 -8.83* 2 1.46 67 -0.65 4 2.14 68 -0.59 32 -5.40 17 321 
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OH43/1-42 (Paternal) -0.77 30 -1.06 28 0.96 40 -0.16 31 0.53 48 0.48 44 0.07 54 0.51 46 -0.85 25 -0.53 34 376 

R59 (Paternal) -0.74 31 -3.70 19 0.60 35 0.60 54 2.44 62 -0.82 15 0.49 69 -0.05 37 -0.42 37 0.25 35 378 

W37A 0.48 54 -0.99 29 4.79 71 -0.92 11 -0.39 37 0.49 46 -0.04 47 -3.37 16 -0.55 35 6.89 60 392 

R319 0.19 51 -9.38* 4 3.52 68 -0.59 17 -1.25 28 -1.13 9 -0.03 49 -8.46** 1 -0.67 29 3.98 49 311 

R59 -0.61 35 -10.15* 2 0.14 29 0.79 58 -1.34 25 -0.80 16 0.05 51 -4.47* 8 -0.004 43 7.16 62 310 

W153R 1.69 69 -1.94 26 3.41 67 0.44 51 2.11 59 0.91 56 -0.14 38 0.42 43 -0.56 34 4.56 51 488 

R59×R319  

Maternal line of DC370 (SC) 
0.68 60 -2.34 24 0.04 27 -0.91 12 -2.18 24 1.05 60 0.15 59 -1.14 28 -1.00 18 -3.83 21 323 

B73(RFCORCMS) -0.99 25 -2.69 22 -1.47 15 0.00 34 3.99 69 -1.75* 3 -0.06 43 -0.93 33 -1.10 15 -3.85 20 282 

ZK472221 0.32 52 -9.89* 3 -3.40 4 -1.71 3 3.11 66 -0.61 19 -0.05 44 0.50 45 -0.92 22 -12.57 1 227 

K1263/1/1388 -0.83 28 -4.17 17 2.32 58 0.52 53 -5.62 6 -0.48 21 -0.64 5 -4.24* 10 -2.06 3 0.80 39 269 

4*/89 -0.35 41 -5.38 14 3.38 66 1.18 64 0.33 46 0.32 40 -0.32 22 -4.87* 7 1.73 66 7.51 65 380 

9/K19/1 -0.54 38 -2.27 25 -1.38 17 0.36 46 -0.70 34 0.09 30 -0.14 38 -3.96* 14 -0.70 28 0.29 37 285 

25*/89 -0.30 43 -6.70 11 1.04 45 -0.34 24 -3.57 14 -1.21 7 -0.48 11 -5.31** 6 -1.19 14 2.44 44 220 

S2/QPM/SUKMA 

(Indonesia) 
-0.85 27 -12.33** 1 -1.51 13 -0.39 23 -3.04 17 -3.03** 1 -0.45 13 -5.61** 4 -3.92* 1 -4.39 18 146 

66*/1388 1.83 70 2.38 48 1.12 46 0.35 45 0.80 49 0.95 58 -0.56 7 0.20 38 1.94 68 -2.88 25 390 

K166B/89&(14*K166B/1390) 0.52 56 1.01 42 1.35 52 0.47 52 1.34 52 0.57 47 0.24 63 -3.65 15 0.82 56 -0.61 33 416 

K18-B/1392 -1.35 18 4.28 58 0.19 31 -0.02 33 7.48 72 1.01 59 -0.04 47 -2.54 21 1.15 63 -0.98 32 414 

7/K19/1 -2.29 5 1.88 47 1.18 47 1.09 61 -0.01 41 -0.74 18 -0.39 17 -4.33* 9 0.87 57 -1.58 30 298 

23*/89 0.89 61 -7.55 8 2.63 62 1.21 65 -2.55 20 1.17 64 -0.33 21 -5.99** 2 2.29 70 7.19 63 401 

70*/1388 0.60 57 0.47 37 2.38 59 -0.30 26 -6.43 5 2.88** 73 -0.62 6 1.45 56 -1.02 16 3.08 46 384 

138*/89 -1.90 11 1.01 42 -1.76 12 0.24 42 1.55 54 1.16 63 -0.39 17 -4.01* 12 0.57 52 -7.23 9 276 

K19*/1392 (Isolated) -1.05 23 -0.34 34 1.48 53 0.05 36 -0.71 33 1.98* 71 -0.20 34 -2.71 19 0.95 58 4.85 53 399 

1390/Popcorn-53 or 54 (Line) -0.71 34 9.89* 72 -2.46 8 -1.22 5 1.93 58 -1.09 10 -0.44 15 -0.47 35 1.11 61 -11.68 3 229 

172*/89 -0.88 26 -5.71 13 0.68 37 -0.52 19 -3.17 16 -0.78 17 -0.67 3 -1.14 28 -1.25 11 -5.96 14 185 

8/K19/1 -0.61 35 1.50 45 -2.32 10 -0.24 29 -0.90 31 0.74 53 -0.21 30 -1.08 31 0.48 49 -3.26 24 284 

67*/88 -0.09 49 8.47 66 1.27 50 0.40 48 -1.31 26 1.19 65 -0.71 2 -2.65 20 -0.29 39 2.77 45 384 

36-N/88-K3653/2 -0.04 50 0.06 36 1.62 54 -0.59 17 -2.84 18 0.04 28 -0.05 44 0.27 40 -0.66 30 6.14 58 362 

Line 1 -0.32 42 7.70 64 1.62 54 -0.52 19 8.43* 73 1.05 60 0.05 51 2.15 69 0.76 55 2.36 43 521 

Line 2 2.21 72 -0.63 31 5.34 73 1.70 73 -0.66 35 0.68 51 -0.09 40 1.07 53 1.10 60 16.25 72 567 
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Line 3 1.24 66 0.93 41 3.12 65 1.39 68 1.15 51 0.03 27 0.22 62 1.75 63 -0.97 20 15.10 71 509 

Line 4 1.30 67 9.48* 71 2.38 59 1.32 67 0.12 44 0.38 42 0.06 53 2.07 66 -0.92 22 10.52 66 529 

Line 6 -0.46 39 5.13 60 2.97 64 0.30 43 -0.33 39 0.61 49 0.26 64 2.28 71 0.43 47 4.88 54 540 

Line 7 1.07 65 4.83 59 3.88 69 1.67 72 -5.62 6 0.79 54 -0.28 24 1.19 55 -1.72 5 18.63* 73 488 

Line 8 3.18 73 4.25 57 -0.52 24 -0.17 30 -3.59 13 0.59 48 -0.34 20 2.22 70 -1.34 10 -9.75 4 344 

Line 9 0.95 63 3.43 52 0.96 40 0.14 39 3.98 68 0.26 35 0.72 73 2.40 72 0.36 46 4.48 50 530 

Line 10 1.89 71 0.65 39 4.29 70 1.14 63 3.06 65 0.28 36 0.53 71 1.91 64 -1.24 12 12.03 68 592 

Line 11 0.47 53 -3.29 20 4.96 72 -0.26 28 -5.04 11 0.12 32 -0.05 44 1.74 62 -1.74 4 3.11 47 435 

Line 12 -0.74 31 -0.41 33 0.96 40 1.42 69 -5.46 9 -0.24 25 -0.45 13 1.55 58 -1.59 7 6.33 59 386 

Line 13 0.98 64 -0.43 32 2.87 63 0.67 56 -2.49 21 0.30 37 -0.18 36 -1.82 25 -1.51 9 14.71 70 468 

Line 14 0.67 59 0.72 40 1.89 57 1.44 70 0.32 45 -0.25 24 0.13 58 0.94 51 -0.05 42 5.87 56 461 

Line 16 -0.41 40 10.48* 73 -0.81 22 0.17 40 -0.35 38 1.57 69 0.41 67 2.47 73 -0.06 41 -3.58 23 476 

Line 17 1.38 68 3.85 55 2.45 61 1.21 65 -0.33 39 0.16 33 0.08 55 1.09 54 -1.01 17 12.62 69 500 

Line 18 -0.12 48 8.63 67 -0.56 23 0.13 38 -2.23 23 0.69 52 0.02 50 1.70 61 -0.76 27 -2.00 29 427 

Line 19 -0.17 46 3.13 50 0.77 39 0.63 55 0.05 43 -1.06 11 -0.30 23 -1.65 27 -3.39* 1 5.27 55 380 

Line 20 0.91 62 -2.49 23 1.86 56 -0.31 25 -5.59 8 0.06 29 -0.48 11 1.53 57 -0.91 24 1.78 41 347 

Narrow sense  

heritability (%) 
15.01  76.08  11.34  23.69  31.83  65.35  -  72.60  0.28  19.62   

100GW, 100-grain weight; DM, days to maturity; ED, ear diameter with grain; EL, ear length; LL, leaf length; LN, leaf number; LW, leaf weight; PH, plant height; SD, stem diameter.  
* and **: Significant at 5% and 1% probability levels, respectively.   
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Figure 1. Dendrogram of hierarchical clustering of 73 maize inbred lines based on estimation of breeding values 

for the studied agrobiologic traits under (A) normal and (B) salt stress conditions. 
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Abstract 
The first step in maize breeding programs is to use the genetic diversity existing between populations, 

cultivars and genotypes. Molecular markers provide the possibility to estimate the breeding value of 

agrobiological traits of genotytpes using best liner unbiased prediction (BLUP). In this study, the 

breeding value for ten traits including weight of 100 grains, days to maturity, diameter of ear together 

with grain, ear length, leaf weight, leaf number, plant height, stem diameter, leaf length and yield were 

predicted in 73 lines with high phenotypic diversity under normal and stress conditions using the best 

liner unbiased prediction (BLUP) procedure. Considering the sum of ranks of the breeding values of all 

the studied traits, P13L3, Line1, Line4 and Line17 were the best genotypes. Under normal conditions, 

P3L2 genotype for days to maturity and plant height, Line6 genotype for diameter of ear together with 

grain and yield and Line19 genotype for ear length, plant height, yield and stem diameter showed high 

and positive breeding values. Under salt stress conditions, Line2 genotype for weight of 100 grains, 

diameter of ear together with grain, ear length and Line16 genotype for days to maturity, leaf weight 

and plant height showed high and positive breeding values. As genotypes with high and positive 

breeding values can better transfer their characteristics to their progenies, so they can be introduced as 

a suitable parent for breeding of these traits in breeding programs.  
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