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Table 1. Important characteristics of the parents studied in this research (Hashemi and Nemat) 

Trait Hashemi Nemat Trait Hashemi Nemat 

Days to 50% flowering 78.25 109.25 Panicle exertion (cm) 8.20 1.40 

Plant height (cm) 140.00 109.25 Grain yield (kg/ha) 4660.00 6300.00 

No. of panicle 15.75 18.25 Milling ratio 104.60 107.36 

Panicle length (cm) 27.00 30.95 Head rice percentage 73.95 84.29 

Flag leaf length (cm) 28.92 35.45 Milling yield 70.70 78.51 

Flag leaf width (cm) 0.82 1.02 - - - 
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Table 2. Descriptive statistics of rice recombinant inbred lines in first year 

Trait 
No. of 

sample 
Range Min. Max. Mean 

Standard 

error 

Standard 

deviation 
Variance CV 

Skewness Kurtesis 

Value Std. error Value Std. error 

Days to 50% flowering 148 32.75 78.25 111.00 97.89 0.545 6.635 44.03 0.07 -0.366 0.199 -0.089 0.396 

Plant height (cm) 148 86.25 87.00 173.25 127.58 1.492 18.151 329.48 0.14 -0.031 0.199 -0.457 0.396 

No. of panicle 148 15.25 8.75 24.00 13.99 0.212 2.574 6.63 0.18 0.505 0.199 0.476 0.396 

Pancle length (cm) 148 19.15 18.08 37.23 29.64 0.262 3.192 10.19 0.11 -0.197 0.199 0.586 0.396 

Flag leaf length (cm) 148 31.68 21.45 53.13 31.47 0.429 5.221 27.26 0.17 0.804 0.199 1.510 0.396 

Flag leaf width (cm) 148 .60 0.80 1.40 1.03 0.009 0.109 0.012 0.11 0.345 0.199 0.810 0.396 

Panicle exertion (cm) 148 24.68 -5.55 19.13 3.62 0.345 2.196 17.61 0.61 0.602 0.199 1.173 0.396 

Grain yield (kg/ha) 148 7080.00 1726.67 8806.67 4860.67 122.790 1493.850 2231588.67 0.31 0.296 0.199 -0.337 0.396 

Milling ratio 148 22.71 90.44 113.15 103.66 0.323 3.929 15.44 0.04 -0.198 0.199 0.365 0.396 

Head rice (%) 148 68.74 21.68 90.42 58.76 1.143 13.905 193.34 0.24 -0.123 0.199 -0.280 0.396 

Milling yield 148 63.41 21.10 84.51 56.67 1.080 13.138 172.61 0.23 -0.222 0.199 -0.375 0.396 

      

 >(+]3- ��%K'*�3 ,�- �� �?��� �� % A�[5 �[�5 
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Table 3. Descriptive statistics of rice recombinant inbred lines in second year 

Trait 
No. of 

sample 
Range Min. Max. Mean 

Standard 

error 

Standard 

deviation 
Variance CV 

Skewness Kurtesis 

Value Std. error Value Std. error 

Days to 50% flowering 148 33.00 79.00 112.00 98.05 0.562 6.835 46.71 0.07 -0.328 0.199 0-.253 0.396 

Plant height (cm) 148 86.33 83.33 169.67 132.56 1.483 18.045 325.61 0.14 -0.210 0.199 -0.359 0.396 

No. of panicle 148 12.67 8.67 21.33 14.02 0.201 2.447 5.99 0.17 0.483 0.199 0.316 0.396 

Pancle length (cm) 148 15.23 22.17 37.40 30.01 0.224 2.728 7.44 0.09 0.174 0.199 0.784 0.396 

Flag leaf length (cm) 148 31.51 21.33 53.13 31.72 0.444 5.221 27.26 0.17 0.804 0.199 1.510 0.396 

Flag leaf width (cm) 148 0.63 0.73 1.37 1.04 0.008 0.102 0.01 0.10 0.111 0.199 1.460 0.396 

Panicle exertion (cm) 148 26.03 - 4.60 21.43 4.12 0.335 4.080 16.65 0.50 0.904 0.199 2.727 0.396 

Grain yield (kg/ha) 148 7106.67 1346.67 8453.33 4424.59 112.069 1363.374 1858788.17 0.31 0.240 0.199 -0.343 0.396 

Milling ratio 148 25.43 93.25 118.68 107.06 0.389 4.730 22.37 0.04 0.072 0.199 0.312 0.396 

Head rice (%) 148 55.07 51.24 106.31 88.22 1.095 13.328 177.63 0.15 -1.012 0.199 0.338 0.396 

Milling yield 148 49.93 47.20 97.13 82.26 0.914 11.117 123.58 0.14 -1.154 0.199 0.717 0.396 
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Table 4. Analysis of variance of the studied traits in recombinant inbred lines of rice in first year 
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Table 5. Analysis of variance of the studied traits in recombinant inbred lines of rice in second year 

  

  

Source of variations df 

Mean squares 

Days to 50% 

flowering 

Plant 

height 

No. of 

panicle 

Panicle 

length 

Flag leaf 

length 

Flag leaf 

width 

Panicle 

exertion 
Grain yield 

Milling 

ratio 

Head rice 

percent 

Milling 

yield 

Block 2 0.19ns 0.04 ns 0.77 ns 0.35 ns 0.09 ns 0.001 ns 0.04 ns 99270.4 ns 4.27 ns 31.24 ns 17.24 ns 

Genotype 147 53.52** 332.66** 6.38 ** 10.23 ** 26.89 ** 0.013 ** 17.44 ** 1931787 ** 15.33 ** 201.6 ** 180.48 ** 

Line 143 39.13** 328.30** 5.92 ** 9.28 ** 25.06 ** 0.011 ** 17.03 ** 1878084 ** 15.21 ** 180.9 ** 162.55 ** 

Control 3 607.96** 578.56** 25.5 ** 7.81 ** 23.33 ** 0.03 ** 24.73 ** 4802439 ** 18.09 ** 356.1 ** 253.911 ** 

Line vs Control 1 447.24** 217.35** 15.1 ** 9.25 ** 13.50 ** 0.13 ** 53.90 ** 999385 ns 1.22 ns 2687 ** 2525.5 ** 

Error 6 0.22 5.59 0.46 0.88 1.84 0.0001 0.07 215028.3 1.50 18.66 16.07 

CV (%) - 0.48 1.86 4.86 3.17 4.32 2.91 7.22 9.50 1.18 7.27 6.99 

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 

Source of variations df 

Mean squares 

Days to 50% 

flowering 

Plant 

height 

No. of 

panicle 

Panicle 

length 

Flag leaf 

length 

Flag leaf 

width 

Panicle 

exertion 
Grain yield 

Milling 

ratio 

Head rice 

percent 

Milling 

yield 

Block 2 0.001* 41.79 ns 6.92 ns 2.38 ns 16.83 ns 0.002 ** 4.90 ns 15092.5 ns 52.18 ** 208.6 ** 71.47 ** 

Genotype 147 56.39** 336.09** 6.45 ** 7.72 ** 10359 ** 0.12 ** 17.50 ** 1927170 ** 22.26 ** 182.5 ** 126.84 ** 

Line 143 42.27** 314.55** 5.84 ** 7.55 ** 10299 ** 0.009 ** 16.08 ** 1570409 * 21.38 ** 180.2 ** 125.98 ** 

Control 3 560.75** 1233.09** 31.3 ** 11.61 ** 7.08 ns 0.055 ** 46.06 ** 4090603 ** 8.22 ** 177.2 ** 134.65 ** 

Line vs Control 1 464** 9.07ns 6.30 ** 15.2 ** 682.7 ** 0.18 ** 58.88 ** 1783814.5 * 13.27 ns 326.4 ** 201.72 ** 

Error 6 0.0001 15.40 1.87 1.52 21.29 0.0001 1.16 282806.3 3.64 8.34 6.39 

CV (%) - 0.53 2.23 4.53 4.42 3.57 2.87 6.59 8.64 1.12 6.72 5.44 

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 6. Comparison of means rice genotypes based on two years aerage of the studied traits 

Genotype 
Days to 

50% 

flowering 

Plant 

height 
No. of 

panicle 
Panicle 

length 
Flag leaf 

length 
Flag leaf 

width 
Panicle 

exertion 
Grain 

yield 
Milling 

ratio 
Head rice 

percentage 
Milling 

yield 

Khazar 98 116.67 10.67 28.93 31.70 1.03 9.23 3693.33 110.85 82.35 74.29 
Ali_Kazemi 82 149.33 15.00 30.57 30.70 0.73 6.03 4846.67 106.52 92.78 87.10 

Nemat 108 105.33 18.33 29.73 20.53 1.00 0.90 6226.67 112.36 90.42 80.47 
Hashemi 79 150.00 15.33 32.80 33.33 0.83 9.70 4580.00 110.25 97.36 88.31 
HN10-2 88 135.00 18.67 30.00 25.43 1.00 0.33 4326.67 106.81 95.25 89.18 
HN10-6 105 108.33 15.33 28.97 33.93 1.00 1.57 3060.00 101.84 88.36 86.76 
HN10-8 94 114.33 13.00 27.53 30.77 1.00 3.43 3106.67 117.51 104.25 88.72 
HN10-9 109 134.00 12.67 28.07 31.93 1.13 3.57 4000.00 111.25 101.39 91.14 

HN10-10 105 127.33 12.67 30.47 29.93 1.00 2.53 2006.67 100.36 81.22 80.93 
HN10-13 102 125.00 11.00 24.43 33.70 1.00 4.27 1346.67 109.34 91.54 83.72 
HN10-15 94 127.67 14.00 29.87 39.13 1.00 6.10 1880.00 114.85 86.34 75.18 
HN10-16 97 139.00 8.67 30.43 30.83 0.93 12.17 3613.33 106.57 95.87 89.96 
HN10-17 101 118.33 15.00 30.40 26.90 1.03 0.50 3400.00 108.45 96.4 88.89 
HN10-18 106 131.00 15.00 29.17 35.97 1.10 2.83 2700.00 104.23 93.85 90.04 
HN10-19 107 127.00 14.00 28.27 26.37 0.97 5.43 3860.00 109.25 88.63 81.13 
HN10-20 96 124.33 15.33 29.83 30.53 0.80 5.87 3693.33 109.34 102.25 93.52 
HN10-21 97 126.00 9.33 31.97 36.27 1.17 4.60 2953.33 111.47 104.32 93.59 
HN10-22 97 128.33 18.33 29.33 31.33 0.93 3.97 4020.00 100.47 87.44 87.03 
HN10-23 102 150.67 12.67 29.57 26.20 1.00 3.10 2526.67 110.25 105.34 95.55 
HN10-24 101 118.67 13.00 29.37 26.20 1.00 0.77 4486.67 109.25 81.47 74.57 

HN10-25 101 150.00 13.67 29.17 26.43 1.00 3.70 2866.67 112.27 87.3 77.76 

HN10-26 99 149.33 9.67 35.30 29.93 1.03 1.80 2980.00 103.45 57.69 55.77 

HN10-27 97 148.00 14.33 29.07 27.97 1.10 11.60 3793.33 107.25 92.36 86.12 

HN10-28 104 113.00 12.67 29.57 29.50 1.10 2.47 1893.33 112.58 102.25 90.82 

HN10-29 96 105.33 12.33 28.13 36.27 1.03 5.47 4086.67 114.36 105.98 92.67 

HN10-30 97 95.67 12.33 29.77 23.13 1.10 0.93 4553.33 115.47 103.57 89.69 

HN10-31 100 151.00 14.00 28.83 26.07 1.00 4.83 2966.67 106.39 81.98 77.06 

HN10-32 108 138.33 12.00 29.93 36.70 1.10 4.60 1966.67 99.63 75.32 75.60 

HN10-33 107 90.67 12.00 25.30 25.10 1.17 3.47 4540.00 107.21 85.36 79.62 

HN10-34 96 123.67 16.00 28.73 33.20 0.97 4.60 4460.00 93.58 75.41 80.58 

HN10-35 97 119.00 12.67 32.53 41.30 1.03 0.03 2820.00 109.35 96.58 88.32 

HN10-36 94 110.33 12.33 27.63 28.73 0.90 6.30 2740.00 104.25 91.58 87.85 

HN10-37 83 147.67 11.33 35.70 32.37 1.03 4.63 4793.33 105.25 87.57 83.20 

HN10-38 102 93.67 14.00 23.40 26.82 1.00 1.83 3266.67 115.36 95.68 82.94 

HN10-39 104 133.33 12.00 29.17 27.67 1.10 2.03 3553.33 106.35 94.58 88.93 

HN10-40 107 150.33 11.33 28.77 31.60 1.00 5.27 3373.33 104.25 100.21 96.12 

HN10-41 91 142.67 13.33 26.27 34.17 1.03 8.77 3100.00 106.35 99.82 93.86 

HN10-42 97 108.67 13.67 31.37 26.23 1.07 1.87 4520.00 105.67 63.35 59.95 

HN10-43 99 103.67 14.33 30.67 30.50 1.03 1.10 4073.33 105.53 92.57 87.72 

HN10-45 98 158.33 11.33 26.47 29.73 1.33 7.23 3926.67 105.33 96.87 91.97 

HN10-46 98 132.67 13.67 27.57 23.73 1.00 2.50 2893.33 115.87 104.63 90.30 

HN10-47 104 130.33 15.00 32.27 37.73 1.03 3.30 3733.33 100.32 71.54 71.31 

HN10-48 95 150.67 11.67 37.40 37.30 1.00 4.67 5173.33 118.68 91.52 77.11 

HN10-49 94 120.33 10.00 32.93 30.17 0.97 0.77 4473.33 115.65 102.36 88.51 

HN10-51 105 122.33 18.67 31.37 29.83 1.07 2.47 4280.00 107.24 91.36 85.19 

HN10-52 110 101.67 14.33 26.33 24.93 1.03 1.73 4173.33 117.47 94.21 80.20 

HN10-53 83 147.33 12.00 34.47 33.47 0.97 3.40 4706.67 102.35 84.36 82.42 

HN10-54 106 158.00 12.00 31.52 36.43 1.27 6.50 3160.00 116.81 99.68 85.34 

HN10-55 105 153.00 15.33 31.97 1267.57 1.00 10.77 4766.67 108.55 51.24 47.20 

HN10-56 101 116.33 13.67 31.40 28.57 1.03 2.13 5466.67 109.36 88.24 80.69 

HN10-57 91 110.00 17.00 29.10 32.73 0.97 1.40 5206.67 108.64 92.35 85.01 
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HN10-58 103 143.33 16.00 33.03 26.97 1.07 4.63 4600.00 103.32 77.87 75.37 

HN10-59 95 124.67 21.33 30.53 30.70 1.00 4.37 6126.67 106.35 93.25 87.68 

HN10-60 106 142.33 12.67 33.30 32.67 1.13 0.70 3880.00 112.25 89.35 79.60 

HN10-61 90 125.00 15.67 27.03 27.33 1.00 6.90 3133.33 114.25 89.75 78.56 

HN10-62 93 136.67 14.67 28.40 29.07 0.90 11.13 3033.33 116.32 96.84 83.25 

HN10-63 99 144.67 12.00 31.03 32.67 1.00 4.17 3300.00 117.47 105.85 90.11 

HN10-64 84 119.67 17.67 29.43 29.30 1.00 3.97 4366.67 102.35 88.32 86.29 

HN10-65 95 98.33 16.00 27.30 25.73 1.00 4.03 5173.33 101.75 60.35 59.31 

HN10-67 92 125.00 11.00 26.93 27.43 1.13 5.37 5120.00 103 94 91.26 

HN10-68 102 108.00 16.33 27.40 24.07 0.97 3.73 5100.00 106.35 92.57 87.04 

HN10-69 104 137.33 12.00 30.88 28.67 1.00 6.60 3266.67 107.45 90.24 83.98 

HN10-70 85 134.00 14.67 31.30 35.60 1.07 8.83 5100.00 102.24 89.35 87.39 

HN10-70 85 134.00 14.67 31.30 35.60 1.07 8.83 5100.00 102.24 89.35 87.39 

HN10-71 96 161.67 12.67 31.60 36.83 1.20 7.77 5846.67 106.35 76.86 72.27 

HN10-72 92 159.33 12.33 31.20 33.50 1.03 4.00 6233.33 105.36 80.23 76.15 

HN10-73 100 146.00 12.00 35.93 35.60 1.03 1.07 6260.00 110.25 98.36 89.22 

HN10-74 101 158.67 12.00 31.73 30.83 1.03 2.07 6366.67 102.45 66.85 65.25 

HN10-75 98 144.00 17.00 37.13 41.57 1.07 8.67 3473.33 106.31 93.24 87.71 

HN10-76 105 157.00 11.33 30.47 32.50 1.10 4.43 2166.67 109.82 92.36 84.10 

HN10-77 99 116.00 14.67 22.17 25.50 1.10 6.23 4986.67 111.13 96.36 86.71 

HN10-78 102 122.00 12.33 29.40 31.07 1.00 2.63 3693.33 105.45 91.57 86.84 

HN10-79 102 148.33 13.67 30.07 29.17 1.00 7.03 5400.00 105.26 92.34 87.73 

HN10-80 105 142.00 15.33 28.80 33.97 1.13 1.83 4166.67 108.59 101.45 93.42 

HN10-81 91 140.00 15.67 26.83 32.50 1.13 20.33 6080.00 112.85 93.65 82.99 

HN10-83 104 148.33 14.67 27.77 30.87 1.20 5.87 4753.33 93.25 51.78 55.53 

HN10-84 104 161.00 15.00 29.67 32.77 1.10 10.50 5220.00 106.71 75.26 70.53 

HN10-85 95 145.00 11.67 34.93 34.00 1.20 3.13 6820.00 104.58 93.57 89.47 

HN10-87 108 129.33 18.33 32.43 34.53 0.97 1.90 6780.00 107.82 103.51 96.00 

HN10-88 107 149.33 12.00 31.70 33.57 1.10 1.40 2386.67 106.58 81.45 76.42 

HN10-91 87 117.67 13.67 30.80 36.40 1.03 3.80 5100.00 109.38 100.84 92.19 

HN10-92 98 139.00 18.00 24.97 27.20 1.00 4.80 5620.00 113.29 105.28 92.93 

HN10-93 90 133.67 12.67 29.47 30.33 1.10 3.50 1966.67 106.37 98.54 92.64 

HN10-94 107 151.67 13.33 27.73 25.30 1.00 5.50 5626.67 113.45 93.25 82.19 

HN10-95 105 153.67 14.00 30.97 28.03 1.03 2.47 4620.00 108.42 95.34 87.94 

HN10-98 97 129.00 14.33 28.40 27.43 1.00 8.77 6833.33 110.53 99.31 89.85 

HN10-99 104 143.00 14.33 32.60 30.97 1.03 7.33 5766.67 104.93 63.35 60.37 

HN10-100 90 134.33 17.67 30.83 26.80 0.83 6.97 5933.33 111.48 104.4 93.65 

HN10-101 95 107.00 16.33 30.37 27.77 0.93 2.27 5780.00 109.7 69.98 63.79 

HN10-102 99 109.33 12.33 28.27 28.37 1.10 0.33 5806.67 104.55 92.73 88.69 

HN10-103 95 125.33 15.00 28.10 29.43 1.00 2.77 4873.33 102.52 58.26 56.83 

HN10-104 107 147.00 13.00 30.27 31.70 1.07 5.43 6160.00 100.93 87.29 86.49 

HN10-105 93 118.00 19.67 28.87 30.53 1.13 7.53 4980.00 105.37 53.29 50.57 

HN10-106 90 118.67 11.67 29.87 32.70 0.97 4.13 4893.33 113.92 95.39 83.73 

HN10-107 107 144.67 12.67 29.80 32.63 1.23 21.43 2700.00 108.58 93.54 86.15 

HN10-108 110 137.67 14.67 31.10 31.73 1.10 7.37 4086.67 100.25 76.54 76.35 

HN10-110 92 117.00 15.67 29.07 28.60 1.00 3.13 4653.33 110.92 102.63 92.53 

HN10-111 85 120.67 13.67 28.03 29.37 0.97 1.73 5100.00 108.77 84.19 77.40 

HN10-112 92 138.67 13.00 31.13 32.20 1.13 3.20 6333.33 108.45 103.61 95.54 

HN10-113 91 140.67 16.33 26.80 29.97 1.03 3.93 7566.67 109.58 63.88 58.30 

HN10-114 93 131.33 13.00 29.07 29.70 0.97 3.97 7286.67 102.85 83.57 81.25 

HN10-115 96 154.33 15.33 29.57 30.97 1.20 7.60 5773.33 108.61 102.34 94.23 

HN10-116 93 151.00 20.33 29.33 28.97 1.07 8.07 6306.67 95.53 56.31 58.94 

HN10-117 108 168.67 12.67 36.07 28.13 1.30 1.33 4540.00 104.21 76.13 73.05 

HN10-118 109 168.33 16.33 31.47 34.27 1.17 1.70 5966.67 103.25 88.24 85.46 
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HN10-120 88 136.33 14.33 28.90 29.23 1.07 3.07 4866.67 105.71 56.39 53.34 

HN10-121 94 102.67 11.67 28.90 29.23 1.10 1.17 5393.33 103.57 86.21 83.24 

HN10-122 92 149.33 9.67 29.77 23.07 1.10 5.17 4686.67 105.35 92.54 87.84 

HN10-123 95 143.67 13.67 25.27 23.50 1.00 5.97 5486.67 103.77 73.51 70.84 

HN10-124 102 138.33 12.00 30.67 24.70 0.93 10.70 4840.00 110.53 83.42 75.47 

HN10-126 104 120.33 11.00 28.13 29.40 1.03 1.40 3300.00 101.82 71.39 70.11 

HN10-127 103 137.00 9.67 33.87 29.33 1.07 1.80 3153.33 104.96 93.64 89.21 

HN10-128 86 140.33 15.67 31.50 31.60 1.00 7.90 4473.33 105.42 95.36 90.46 

HN10-129 101 120.00 16.33 28.30 29.50 1.07 7.57 5240.00 106.37 98.37 92.48 

HN10-130 102 118.67 18.67 30.83 29.03 0.77 4.00 6913.33 101.63 68.82 67.72 

HN10-133 89 117.67 15.00 31.60 31.43 1.00 2.60 2266.67 98.25 73.24 74.54 

HN10-134 99 132.33 15.00 27.53 29.37 0.97 4.27 6480.00 105.58 86.31 81.75 

HN10-135 99 129.33 13.67 27.77 30.80 1.07 9.03 3160.00 105.36 97.47 92.51 

HN10-139 96 151.67 10.67 32.10 30.50 1.00 12.07 4166.67 105.71 91.35 86.42 

HN10-140 85 143.33 12.67 32.83 28.07 0.80 4.57 4026.67 109.24 103.24 94.51 

HN10-141 109 120.00 15.00 28.90 31.60 1.00 1.57 3706.67 107.39 88.74 82.63 

HN10-142 105 142.33 15.67 29.60 28.20 0.87 3.33 6966.67 105.76 99.34 93.93 

HN10-143 96 149.67 13.67 31.83 31.23 1.00 10.33 6106.67 104.15 71.24 68.40 

HN10-145 97 121.00 14.67 30.63 36.10 1.03 1.03 6626.67 106.82 69.37 64.94 

HN10-146 112 167.33 13.33 31.77 32.20 1.00 11.10 3806.67 101.31 71.91 70.98 

HN10-147 95 163.00 13.33 35.13 26.00 1.03 5.80 3846.67 112.75 98.76 87.59 

HN10-148 98 134.00 10.00 28.53 27.20 0.87 4.03 3160.00 106.87 81.36 76.13 

HN10-149 98 128.00 13.33 32.83 24.13 1.00 3.30 4413.33 113.63 101.27 89.12 

HN10150 103 130.00 12.67 36.13 27.57 1.23 1.90 4133.33 106.05 96.85 91.32 

HN10152 99 152.00 13.67 32.77 25.43 1.00 4.83 4226.67 105.32 94.65 89.87 

HN10153 99 130.67 16.67 28.27 34.50 0.97 3.10 3880.00 102.36 98.71 96.43 

HN10154 97 150.00 15.33 31.93 24.37 1.20 0.70 3013.33 102.25 91.47 89.46 

HN10-156 97 129.00 16.00 27.90 23.53 1.10 1.40 5706.67 108.69 97.27 89.49 

HN10-157 95 143.67 12.67 31.17 33.00 1.03 5.77 8453.33 102.81 93.58 91.02 

HN10-158 97 83.33 17.67 27.87 28.67 0.97 0.37 4413.33 100.56 61.37 61.03 

HN10-159 100 169.67 11.67 24.17 30.60 1.37 11.67 5333.33 106.39 99.81 93.82 

HN10-160 97 131.67 11.67 29.43 34.60 1.03 7.53 3100.00 107.46 66.71 62.08 

HN10-161 95 168.67 16.00 36.30 32.07 1.17 4.90 4533.33 112.25 102.58 91.39 

HN10-163 111 116.67 13.33 31.47 35.60 1.07 1.70 3093.33 103.52 56.42 54.50 

HN10-164 88 114.00 18.00 28.23 29.47 0.87 6.33 2513.33 109.32 99.64 91.15 

HN10-165 96 125.33 16.00 29.23 28.87 1.13 1.03 3240.00 110.47 106.31 96.23 

HN10-166 84 92.33 18.33 22.83 22.83 0.80 0.33 3260.00 102.58 99.64 97.13 

HN10-167 96 131.67 13.33 33.87 32.73 1.00 5.13 4960.00 105.67 91.47 86.56 

HN10-169 93 131.67 8.67 29.33 29.03 1.07 3.13 2913.33 107.81 83.74 77.67 

HN10-170 89 107.33 15.67 27.27 31.67 1.20 2.17 6866.67 102.47 90.84 88.65 

HN10-171 96 135.67 12.00 30.73 30.20 1.10 3.07 3180.00 99.64 85.21 85.52 

HN10-172 101 115.00 14.00 29.40 34.07 1.10 4.90 3920.00 105.27 99.68 94.69 

HN10-173 102 111.33 14.67 28.17 32.67 1.13 1.03 5686.67 105.68 81.95 77.55 

HN10-174 104 144.67 21.00 34.93 28.67 1.20 1.50 5586.67 103.25 75.54 73.16 

HSD (5%) 2.45 10.22 2.12 3.75 2.33 0.09 0.25 123 4.8 5.2 4.9 

LSD (1%) 1.74 8.65 1.65 2.22 1.47 0.04 0.17 98 3.7 4.6 3.7 
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Table 7. Correlation coefficients among the studied traits in recombinant inbred lines of rice based on average 

of two years data 

 
Days to 

flowering 

Plant 

height 

No. of 

panicle 

Panicle 

length 

Flag leaf 

length 

Flag leaf 

width 

Panicle 

exertion 

Grain 

yield 

Milling 

ratio 

Head rice 

percent 

Days to 50% 

flowering 
1          

Plant height 0.093 1         

No. of panicle 0.452 -0.39 1        

Panicle length 0.345 0.42 0.442 1       

Flag leaf length 0.084 0.101 0.04 0.072 1      

Flag leaf width 0.314 0.256 -0.19 0.068 -0.025 1     

Panicle exertion -0.341 0.386 -0.059 -0.08 0.151 0.045 1    

Grain yield -0.141 0.08 0.507 0.251 0.018 0.003 0.02 1   

Milling ratio 0.562 -0.268 -0.158 -0.038 0.023 -0.076 0.049 -0.122 1  

Head rice percent 0.442 -0.02 -0.116 -0.062 -0.231 -0.023 -0.006 -0.146 0.535 1 

Milling yield -0.118 -0.001 -0.084 -0.057 -0.261 -0.004 -0.021 -0.124 0.282 0.961 
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HN10-114 /HN10-113 /HN10-145 /HN10-134 /

HN10-142 /HN10-170 /HN10-130 /HN10-87 /

HN10-98 /HN10-85 /HN10-173 /HN10-156 /

HN10-174 /HN10-94 /HN10-92 /HN10-115 /

HN10-102 /HN10-101 /HN10-99 /HN10-71 /

HN10-116 /HN10-112 /HN10-74 /HN10-73 /

HN10-72 /HN10-118 /HN10-100 /HN10-143 /

HN10-81 /HN10-104 /HN10-59  �;"� :8� ( � .�

 ,�c���% �?��� �� �"S$% �� % A�[5\�
 �� >(. '(�) *�3
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HN10-152 /HN10-51 /HN10-64 /HN10-2 /

HN10-146 /HN10-27 /HN10-172 /HN10-45 /

HN10-147 /HN10-153 /HN10-60 /HN10-19 /

HN10-47 /HN10-141 /HN10-78 /HN10-20 /
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HN10-54 /HN10-163 /HN10-160 /HN10-61 /

HN10-41 /HN10-8 /HN10-36 /HN10-107 /

HN10-18 /HN10-35 /HN10-169 /HN10-46 /

HN10-25 /HN10-31 /HN10-26 /HN10-21 /
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HN10-149 /HN10-128 /HN10-49 /HN10-34 /

HN10-24 /HN10-42 /HN10-33 /HN10-30 /

HN10-161 /HN10-117 /HN10-95 /HN10-58 /
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Figure 1. Cluster analysis of the studied genotypes using average of two years data  
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Table 8. Similarity (above diameter) and genetic distance (below diameter) among the groups derived from 

cluster analysis 

Cluster Cluster 1 Cluster 2 Cluster 3 Cluster 4 

Cluster 1 - 0.751 0.208 0.142 

Cluster 2 0.249 - 0.208 0.142 

Cluster 3 0.792 0.792 - 0.792 

Cluster 4 0.858 0.858 0.208 - 

 

�[# % �� ��TM
 7. 45�6 0���� �S5. *�3 >(+] ��9 

��.�. �[# % �� ��TM
 �� ��!�. �� �] 
 �� .�?. '+< *�3

�[# % /�S5.B� ,�.���!� /+!�D3 ��Db;3 ��` ( 4B�D% �3 J

b!] ���?�!< �� �;Q%�3 O�8�. J!�T) ( A�[5 �S�i% *�

�%���� ��% �[�. A�
�b� G95. *�3�!2+ )Rahimi et al., 

2009.( W�;3 >(+] �2 � H9 �% W�@�0!� �.+"
 /+3� 

�[# % �� ��TM
 |? 
 4B�D% �[# % ���?�!< �S5. *�3

 �(+6 � ;M% �� �2 +<82  A�[5 42 � !
 7. +5�� .� ��

 .+���2 ��] 
 �"#�$% �� % ��";] �[# % *.�.� >(.1�.�a 

�[!% �$? �% [5 *.��� A :R�� ��� > H( ���S;= ( 

1�.�a )�T� ( �br%�  +5�� ( 4�+b
 +5�� A�[5 *.��

� � +�[? 0��� .% �[# % ,�. �� �] 
 �� ,�.���!��
 W. 

\�
 �� �� *�34�+b
 1��a *-��  .� ��.���2 u��[
. �[# % 

O(�/ 1�.�a ,��
-�� �br% .� *.�� �
�[5  +!��%�
 � ��[
�. /

/�< U > H  �
 7(�50  +5��4)�3� �< U ^(�U > H /

_9` 7.  ( :R�� ��� ��= ( > H�<.�/ �#(  *.���.+"
 

�M!� 1��a [!%� � v��bD� ()�T � '+3�@%+< (  ,�.���!�

h�i��. \�
 ���3 �� % �[# % ,�.�
�.  +\�
 �� �� *�3 �%�8

 +!S� �< U ( .�2 u��[
!+.  *.�.� O ? �[# %��T�,��
 

 �br% 1�.�a*.�� ��.� ���S;=/  > H_9` 7. �< U ̂ (�U /

12 



'(�) *+!� 7. �U��,�-0��� 1�2�
 � *�3                                                        A�B�BC
` /A9:3� '�(�/  '��;< ��Q� />(.1399 

/�
 � ��[
�.  �.+"
�< U > H ( �< U  (��T� ,��
 1��a

 �[!%*.��  �
 7(�50  +5��4)�3� � �. ��! �] 
 �� ,�.��

% �[# % ,�. ���
\�
 �� W. �� *�3> YC%  .� I��(7 (

��2 u��[
. QR �[# % *.�.� O��1�.�a �br% ( ��T� *.�� 

 /��.� ���S;= > H > H *.�� �[!% 1�.�a ( �< U �.+"
 (

 ( 4�+b
 1��a ( _9` 7. �< U ^(�U > H /:R�� ���

 :M!� �[# % *.�.�1�.�a *.�� ��T� ( �br% ��= ��� 

:R��  > H *.�� ��T� �[!% ( _9` 7. �< U ̂ (�U > H (

.� � �< U  W.���;3 ( �;�6�)Rahimi et al., 2009 (

 T�� 0!��[# %  �S5.��5 
 �� 82 
 7. +5��42 � ! .� 

+��.� ��.T)/ �%. U�� � 7.�#. �S;] 7. ,�BBC%�S8 ( � �

) �C#�5+;C%Allahgholipour and Mohammad 

Salehi, 2003 () W.���;3 ( *�8�� (Bagheri et al., 

2008 (
 �J< �� .� �[# % T���"% �2+��.  

�� ,��"
 � &!%\�
 �� J!2.�� �3h�i��. ( \�
 �� *�3


��� 7. �.� ;� (�*+"� �[# % 7. 45�6�S5. *�3 ��'.�;3 

 �"#�$% �� % A�[5)2C% �� *�3  *� ;= ( �B�.WK.� 

�[# %�3 �% 4��@
+!3�  �H ��% A�[5 ( T�� 4U.� ��

 ~i@% �.� ;��%< /(+� ( '��[�?.  �[# % �?:Q% �S5. �


\�
 �� u��[
 *.�� �� �3�.� ;� (�+< h�i��. *+"�  4�<)

2(.  �2 �.� W�@� 0����,�- *�3HN10-8 /HN10-29 /

HN10-46 /HN10-63 /HN10-30 /HN10-21 /

HN10-49 /HN10-23 /HN10-165 /HN10-28 /

HN10-140 /HN10-166 /HN10-92 /HN10-20 /

HN10-110 /HN10-38 /HN10-164 /HN10-149 /

HN10-100 /HN10-62 /HN10-93 /HN10-41 /

HN10-91 /HN10-9 /HN10-112 /HN10-54 /

HN10-106 /HN10-35 /HN10-13 /HN10-52 /

HN10-40 /HN10-77 /HN10-80 /HN10-172 /

HN10-16 /HN10-147 /HN10-135 /HN10-161 

��'.�;3  7. O�8�. ,�. .+!���) �.�8 '(�) u� �� �;<�3 :8�

 �
�� O�8�. ���? �� �bD� ��.� ��[�2 �� |b
�% A�[5 �&�

,�- .+�� ��3 *HN10-107 /HN10-117/ /N10-54 /

HN10-159 /HN10-55 /HN10-45 /HN10-161 /

HN10-146 /HN10-76 /HN10-71 /HN10-147 /

HN10-139 /HN10150 /HN10-48 /HN10-21 /

HN10-85 /HN10-127 /HN10-88 /HN10-26 /

HN10-118 /HN10-60 /HN10-84 /HN10-16 /

HN10-75 /HN10-40 /HN10-122 /HN10-73 /

HN10-115 /HN10-32 /HN10-27 ( HN10-63  T��

 �.�8 O(� '(�) ��( +!���)  �
 7(� /�
 � ��[
�. A�[5 �&� 7.

50  +5��4) �< U > H /:R�� ��� ��= ( > H /�3�

,�- ���? .+�� � �
�� �< U �.+"
 ( �.�8 O ? '(�) �� T�� �3

 +!���)( .+!�<.� �� S$% ��"a( ��.� ���S;= �&� 7.   

  

  

 >(+]9-  ����[# %*�3 '+< ����7�. A�[5 ��'.�;3 �[# % �";M
 ( �bD� Z����.(�S5. *�3  
Table 9. Component loading of the studied traits together with relative and cumulative variance of the principal 

components 

Principal component 
Traits 

5 4 3 2 1 

0.25 0.04 -0.51 0.27 -0.11 Days to 50% flowering 

0.01 0.11 0.35 0.57 0.09 Plant height 

0.27 0.18 0.29 -0.41 -0.14 No. of panicle 

-0.62 0.36 0.19 0.36 -0.09 Panicle length 

-0.11 -0.52 0.13 0.11 -0.23 Flag leaf length 

0.45 0.27 -0.26 0.41 -0.06 Flag leaf width 

0.41 -0.43 0.44 0.28 0.03 Panicle exertion 

0.25 0.38 0.46 -0.14 -0.18 Grain yield 

-0.12 -0.33 0.04 0.07 0.39 Milling ratio 

0.07 0.07 0.10 0.06 0.62 Head rice percent 

0.11 0.19 0.10 0.05 0.58 Milling yield 

9.47 11.70 12.49 16.43 31.97 Relative variance 

82.06 72.59 60.89 48.4 31.97 Cumulative variance 
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Figure 2. Bi-plot plots of principal components and the studied traits to group rice lines. a) First and second 

pricipals, b) First and third pricipals, c) Second and third pricipals. 

(a) 
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Abstract 
To study the genetic diversity and grouping of rice recombinant inbred lines (RILs), 144 RILs 

derived from a cross between two Iranian rice varieties, Nemat and Hashemi, were evaluated in Rice 

Research Institute of Iran, Rasht, Iran, in two crop seasons, 2018 and 2019. The experiment was carried 

out based on augmented design with four varieties (two parents, Hashemi and Nemat, and two other 

varieties, Ali Kazemi and Khazar) as control treatments in randomize complete block design with three 

replications. The results of data analysis of variance showed that there was a significant difference 

among rice genotypes for all studied traits. The highest coefficient of variation in both years was 

observed for panicle exertion and grain yield, respectively, and the lowest for milling ratio. Comparison 

of means showed that some lines were superior to others in terms of yield and other important agronomic 

traits. Cluster analysis based on the average of two years data grouped the studied genotypes into four 

clusters. The results of principal component analysis showed that five independent principal components 

explained about 82% of the total variation and the related two dimensional plot also classified the studied 

genotypes into three groupes. According to the results of comparison of means, cluster analysis and 

principal component analysis, the RILs 157, 113, 114, 142 and 130 with the highest grain yield and the 

lowest early maturity were selected as the superior lines in this study and can be used to introduce 

cultivar and/or hybrid production in future breeding programs.  
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