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Table 1. Analysis of variance for coleoptile length
Source of varations df Mean squares

Genotype 51 511.93"
Controls vs SHW' 1 3891.28""
Error 103 54.87

**: Significant at %1 probability level.
7: Synthetic hexaploid wheat.
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Figure 1. Standardized difference between means of synthetic hexaploid wheat lines and control cultivars for
different traits. The right-hand side of line O is superior to synthetic wheat and the left-hand is superior to control
cultivars. B Standardized mean difference; horizontal bars, 95% confidence interval. Col, coleoptile length;
SE, seedling emergence; Vigor, early vigor, BT, booting time; FT, flowering time; Aph, aphid infestation rate;
GFP, grain filling period; Wax, flag leaf waxiness; SPAD, chlorophyll content; PH, plant height; PdL, peduncle

length; SpL, spike length; TN, tiller number; Gps, grain per spike; TGW, thousand grain weight; YLD, grain yield;
HI, harvest index.
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Figure 2. Standardized difference between means of synthetic hexaploid wheat lines and control cultivars for
thousand grain weight. The right-hand side of line 0 is superior to synthetic wheat and the left-hand is superior to
control cultivars. B Standardized mean difference; Horizontal bars, 95% confidence interval.
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Figure 3. The heatmap of significant phenotypic correlation at 5% probability level among the studied traits. Red
and blue indicates negative and positive correlations, respectively, the intensity of colors shows the degree of
correlation, and white squares indicates absence of correlation. Col, coleoptile; SE, seedling emergence; Vigor,
early vigor; BT, booting time; FT, flowering time; Aph, aphid infestation rate; GFP, grain filling period;
Wax, flag leaf waxiness; SPAD, chlorophyll content; PH, plant height; PdL, peduncle length; Sp, spike length;
Tn, tiller number; Gps, grain per spike; TGW, thousand grain weight; YLD, grain yield; HI, harvest index.
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Table 2. Fitted mean of different traits based on best linear unbiased estimation along with heritability, variance components, standard deviation, LSD and coefficient of
variation in the studied genotypes

CoL Vigor Bootin, FT GFP PH PdL SpL TGW Aph Wax Chl YLD
Genotype oy 15 SEPA) BAR)  DAP) Day  em  em  em T @ S M G5 (o) (spAD)  (kgha
S1 77.06 1.35 40.23 158.40 162.34 27.57 71.04 28.60 11.10 9.81 41.92 22.17 0.26 6.00 243 52.27 2356.74
S2 85.73 3.43 27.60 160.04 166.72 23.30 77.84 35.50 9.70 1431 3093 2724 025 5.00 4.37 46.09 337252
S3 70.10 3.35 25.23 158.90 165.34 24.57 73.04 35.30 9.90 8.56 30.68 23.66 0.23 6.50 5.43 42.31 2418.87
S4 83.89 3.43 33.06 153.08 158.45 31.46 72.04 29.10 1320 1399 4131 12.94 0.17 6.00 3.43 45.07 1776.44
S5 66.32 2.89 31.20 151.87 158.20 31.77 72.04 31.80 12.10 1098  24.29 32.39 0.22 7.00 6.89 47.50  3005.32
S6 76.73 2.93 30.60 154.54 158.22 31.80 55.84 25770 1140 11.06  35.55 18.51 0.20 5.00 4.37 45.32 1551.14
S7 90.36 2.93 30.06 154.58 158.95 33.46 61.04 23.10 11.90 7.24 28.45 29.12 0.22 4.50 8.43 47.24 1320.29
S8 109.16 2.93 30.10 157.54 163.72 26.30 52.84 20.50 1050  11.06  34.56 13.58 0.19 6.50 1.87 48.84 891.54
S9 102.18 2.36 40.08 155.86 159.76 29.86 52.04 22.10  10.10 5.59 32.67 18.94 0.21 5.00 0.88 44.47 940.62
S10 81.67 3.39 26.70 151.87 156.70 33.27 67.04 26.50 9.50 10.63  27.57 24.23 0.24 7.00 4.89 48.34 2482.80
S11 84.61 3.44 39.80 153.42 158.75 31.29 74.84 27.80 1190 11.87 36.95 16.32 0.22 6.00 1.41 47.29 2165.08
S12 101.23 2.94 30.80 153.42 158.75 31.29 54.84 27.00 1230 11.27 3255 12.16 0.16 6.00 1.41 42.98 929.54
S13 65.24 3.40 25.40 155.75 161.74 28.25 70.04 3320 1450 1243 2051 42.52 0.28 6.50 0.93 46.76 3016.99
S14 85.02 2.90 31.40 153.25 158.74 31.25 57.04 26.00 1140 1093 3835 16.02 0.21 6.00 8.43 52.39 212791
S15 90.97 243 29.75 155.46 159.49 30.44 78.04 29.20 11.20 6.44 36.95 24.61 0.26 8.50 0.97 46.81 1723.76
S16 106.43 2.94 36.80 155.92 160.25 29.79 59.84 2450 11.00 1237 35.62 12.81 0.19 7.00 1.41 49.55 1705.89
S17 89.66 2.85 26.92 153.28 158.87 31.05 53.04 24.10  10.90 8.76 3443 12.53 0.17 7.50 1.97 46.45 996.94
S18 93.58 3.35 30.92 158.28 161.87 28.05 41.04 1990 11.20 10.86 28.11 17.31 0.21 6.50 1.97 4791 1499.92
S19 103.29 2.86 25.77 159.74 162.30 27.34 48.04 23.10 8.90 6.84 30.25 13.97 0.17 5.50 0.92 46.03 437.71
S20 105.38 4.36 23.27 158.24 160.80 28.84 60.04 21.60  10.70 7.74 33.83 16.82 0.22 7.50 6.92 44.96 816.29
S21 - 2.12 33.45 160.59 165.97 26.45 68.04 2480 12.00 11.15 30.73 18.50 0.20 5.00 1.68 48.47 1607.59
S22 100.52 3.05 26.97 155.37 159.78 29.85 49.04 2480 11.10 9.26 3042 17.57 0.20 6.50 1.63 43.76 101191
S23 98.51 3.05 2747 157.87 159.78 29.85 74.04 3170 1280 1326  30.89  26.39 0.25 5.50 3.13 46.63 1881.64
S24 86.75 3.08 30.60 159.38 165.72 24.26 73.04 3250 1190 12,19 1717 32.87 0.23 6.50 5.14 47.44 2733.17
S25 82.45 3.12 25.00 153.05 157.74 32.30 66.84 2770 1140 11.08 37.58 21.02 0.28 6.00 6.62 50.18 3679.92
S26 100.29 2.62 31.00 153.05 157.74 32.30 69.84 28.60 1090 1048 3392 16.12 0.17 6.00 2.12 49.66 1856.76
S27 80.79 2.58 30.60 152.88 157.72 32.26 56.04 24.80 11.00 9.09 23.95 18.29 0.16 8.00 1.64 47.51 862.43
S28 114.01 3.54 25.13 152.91 157.86 32.06 81.04 30.30 9.80 12.37  33.16 941 0.12 8.00 2.69 44.14 1392.84
S29 68.43 2.54 25.13 149.91 155.36 34.56 68.04 23.10 8.70 9.12 32.66 19.20 0.22 7.50 6.19 41.46 1803.11
S30 66.45 3.54 31.13 152.91 159.36 30.56 73.04 2480 1190 1392 2837 22.35 0.21 7.00 5.69 48.64 2325.04
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Table 2. Continued
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Genotype CoL Vigor SE Booting FT GFP PH PdL SpL Tn TGW GpS HI Aph Wax Chl GY
(mm) (1-5) (DAP) (DAP) (DAP) (Days) (cm) (cm) (cm) (2 (1-9) (1-9) (SPAD) (kg/ha)
S31 92.95 2.99 30.52  160.29 163.18 29.69 88.04 41.10 10.50 11.42 2531 3353 028 5.00 5.36 47.69 2421.69
S32 86.32 2.92 41.04 161.08 169.49 27.09 56.04 31.40 1130 6.72 23.60 25.14 0.19 3.00 4381 40.86 1869.57
S33 96.14 2.49 30.02 15479 161.68 28.69 40.04 20.70 9.80 357 3232 18.64 0.17 3.50 1.36 48.26 799.47
S34 80.49 4.46 22.67 155.09 16093 29.51 75.04 22,70 10.30 10.71 23.81 2538 0.19 8.50 0.81 45.93 2320.00
S35 67.74 2.46 39.67 162.09 16543 31.51 55.04 27.80 11.00 12.81 28.75 19.55 0.21 5.00 1.31 43.97 1642.07
S36 67.26 1.99 32.06 15525 16094 29.54 56.84 2790 10.80 795 3693 1872 0.19 6.00 2.30 47.07 1432.08
S37 - 1.99 39.02  160.29 166.18 24.19 42.04 2090 9.70 432 2941 1634 0.13 5.50 3.36 46.19 538.21
S38 70.48 2.99 25.02 15229 158.68 31.69 89.04 2490 11.70 7.77 41.26 20.78 0.32 7.00 1.86 42.58 2368.89
S39 83.08 241 32.69 155.11 161.07 31.80 62.04 29.50 11.30 9.69 29.71 19.12 0.16 6.00 2.36 49.77 1290.22
S40 76.46 2.92 27.04 155.08 15849 31.59 72.04 31.20 10.30 9.57 3444 2460 0.27 5.50 0.81 44.93 2371.49
S41 99.78 2.72 31.89  155.68 160.96 29.14 57.84 2230 1040 7.74 38.08 10.10 0.14 4.50 1.65 47.48 823.30
S42 7291 2.14 33.01 153.04 158.08 31.90 51.04 26.00 1270 9.28 37.12 694 0.09 6.00 1.71 47.68 758.71
S43 87.18 1.22 32.84 15523 160.19 29.79 62.04 2680 1240 571 27.11 40.60 0.31 3.50 5.21 49.26 667.26
S44 92.98 2.14 32.01 155.54 161.08 28.90 44.04 24.00 13.00 7.23 29.29 19.51 0.18 5.00 2.21 44.95 735.77
S45 90.78 2.65 26.86  153.01 158.51 31.20 74.04 2490 11.60 7.66 3529 18.72 0.20 5.50 1.16 44.89 1381.80
S46 83.53 1.68 31.49 158.02 162.45 30.11 50.04 20.40 9.70 390 3354 17.73 0.17 4.00 1.67 43.08 509.54
S47 87.70 1.22 40.34 16223  167.69 2229 43.04 1820 9.90 371 2753 1654 0.13 2.50 1.71 40.86 787.95
S48 89.98 2.68 32.49  153.02 15795 32.11 62.04 30.80 12.60 10.40 33.65 29.15 0.27 5.50 1.67 47.45 2315.21
S49 83.79 3.15 2536 158.01 161.51 33.70 59.04 21.80 10.10 6.56 29.78 18.08 0.22 3.50 1.16 46.31 73791
S50 - 2.65 26.86 15551 161.51 2820 64.04 1850 10.50 456 22.82 3.86 0.03 5.50 5.66 49.37 1153.42
Bam 62.18 4.40 25.60 15030 155.00 35.00 72.40 30.74 11.24 12.03 34.53 2436 0.26 7.80 6.70 51.71 4126.97
BC. Roshan 73.75 4.00 23.50 150.00 155.50 3450 79.40 29.16 10.86 13.40 3090 3272 0.33 5.40 6.40 50.90 6016.32
Narin 72.07 4.60 23.30 15030 15530 3470 7440 29.32 10.37 8.04 39.13 18.13 0.19 8.10 7.20 53.00 2414.41
Arg 67.59 3.90 25.80 151.20 156.60 33.40 68.20 28.52 11.16 11.42 3195 2542 0.26 7.60 7.10 54.57 3594.03
Ofogh 66.30 4.10 23.80 151.80 158.10 3190 65.80 24.70 11.04 12.12 24.01 31.68 0.26 7.20 5.30 49.61 3620.60
Heritability (%) 73.7 25.9 85.8 56.1 60.9 69.6 77.5 73.9 66.4 314  78.0 76.2 52.4 57.8 89.8 54.1 60.7
Genetic variance 152.02 0.17 62.62 591 6.80 6.38 11435 15.63 0.79 26.24 26.57 4490 0.002 1.06 4.80 6.49 964711.2
Residual variance 54.39 0.45 10.37 1.05 5.14 4.97 33.16  7.67 0.80 10.72 9.72 28.10 0.002 0.89 0.85 10.82 1089537.2
Mean 85.07 2.92 30.13 15537 160.43 30.14 63.53 2658 11.08 9.51 31.72 20.82 0.21 5.97 3.39 47.00 1885.7
Standard deviation 6.02 0.50 4.46 2.28 2.30 1.94 7.44 2.79 0.71 18.60 3.37 452 004 094 097 2.38 847.8
LSDys 11.94 0.98 8.90 4.51 4.54 3.84 14.85 5.52 140 36.75 6.66 894  0.08 1.85 1.92 4.69 1678.7
CV (%) 8.70 22.99 10.69 0.66 1.41 7.40 9.06 1042 8.09 3443 9.83 2547 21.45 1585 27.13 7.00 55.4

Col, coleoptile length; SE, seedling emergence; Vigor, early vigor; BT, booting time; FT, flowering time; Aph, aphid infestation rate; GFP, grain filling period; Wax, flag leaf waxiness; SPAD,
chlorophyll content; PH, plant height; PdL, peduncle length; SpL, spike length; Tn, tiller number; Gps, grain per spike; TGW, thousand grain weight; YLD, grain yield; HI, harvest index.
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Figure 4. Cluster analysis of synthetic wheat lines and control cultivars. a) Dendrogram, b) Principal component
analysis for clustering confirmation. Clusters 1, 2 and 3 are marked in green, blue, and red, respectively.
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Abstract

Synthetic hexaploid wheats (SHWSs), amphiploids resulting from the crosses between durum wheat
and Aegilops species, are valuable resources for enhancing wheat genetic diversity and useful for the
exploitation of alleles outside the primary wheat gene pool. In this research, 50 SHW lines along with
five bread wheat cultivars as controls (Onfarm4, Arg, Ofogh, Narin, Backcross Roshan) were evaluated
based on different morpho-phenological traits in the laboratory and research field of Faculty of
Agriculture, University of Birjand, Iran. The results of analysis of variance showed that there was a
significant difference between different genotypes for the studied traits except for the tiller number,
indicating the existence of genetic diversity among genotypes. The estimated heritability for different
traits ranged from 26% to 90%. Comparison of mean between SHW lines and the control cultivars
showed that there were statistically significant differences for most of the studied traits except for spike
length, tiller number and 1000-grain weight. Cluster analysis based on Ward's minimum variance
method classified the studied genotypes into three clusters. Biplot diagram based on two principal
components that accounted for 53.09% of the total variations also confirmed the grouping from the
cluster analysis. The results of this study showed that the general superiority was related to the control
cultivars, but high genetic diversity was observed among the synthetic wheat lines for many of the
studied traits and therefore the superior lines for important traits can be selected as parents to produce
new wheat cultivars in the future breeding programs.
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