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Comprehensive abstract

Introduction

Durum wheat (Triticum turgidum L. subsp. Durum) is the only tetraploid wheat species with high
nutritional values. Regarding the high adaptability of this cereal crop to the Mediterranean conditions,
achieving high-performance and stable varieties has a critical role in expanding the cultivation areas
followed by increasing its production. Evaluation of genetic diversity is the main foundation of any
breeding program, that can provide useful information about population structure as well as growth
and agronomic characteristics of the studied genetic materials. The main objective of the present study
was to investigate the genetic diversity in a set of durum wheat genotypes in terms of some agronomic
and morphological traits.

Materials and methods

In this study, the diversity of morphological and agronomic traits of 172 durum wheat genotypes
along with four check cultivars including Saji, Zahab, Sepand and Tabesh were investigated under
rainfed conditions during two cropping seasons (2022-2023 and 2023-2024). The experiment was
conducted in an augmented design with seven incomplete blocks. To investigate the genetic diversity,
some genetic statistics including environmental, phenotypic and genotypic coefficient of variation,
broad sense heritability, genetic gain and mean-based genetic gain were calculated. Furthermore,
multi-trait genotype-idiotype distance index (MGIDI) was used to identify the superior genotypes for
all measured traits. A two-way genotype-trait dendrogram based on cluster analysis was also used to
group the studied genotypes and traits.

Research findings

The results of this experiment showed that there were significant differences among the studied
genotypes for number of days to heading, grain filling period, plant height, 1000-kernel weight and
grain yield. Grain yield and yield components had the highest phenotypic and genotypic coefficient of
variation (PCV and GCV, respectively). Broad-sense heritability was also estimated to be moderate to
high for most of the measured traits in both years. The highest genetic gain was observed for grain
yield and plant height in the first year and 1000-kernel weight, number of spikes, and spike density in
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the second year. The results of MGIDI index identified 26 genotypes (No. 5, 8, 13, 14, 16, 20, 21, 26,
51, 81, 86, 87, 91, 92, 95, 96, 97, 99, 100, 102, 103, 155, 158, 163, 166, and 174) as superior
genotypes. These genotypes had significant superiority over other genotypes in this experiment in
terms of all measured traits. The results of cluster analysis also distiguished the superior genotypes
identified by the MGIDI index from other genotypes and grouped them in a separate cluster.

Conclusion

According to the results of multi-trait genotype-idiotype distance index and grouping of cluster
analysis, genotypes 102, 100, 92, 87, 21, 174, 86, 8, 14, and 5 can be recommended as the superior and
ideal genotypes of this experiment for use in future breeding programs in durum wheat.
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Table 1. Statistical and genetic parameters stimated in durum wheat genotypes in two cropping years, 2022-
2023 and 2023-2024

Genotype

Year Trait® (df = 171) Min Max Mean Std ECV PCV GCV H, GA GAm Cat
DH 517" 126.64 137.64 13234 239 095 1.72 143 6928 H 245 L
DA 4.65™ 138.71 142.57 14037 1.05 0.57 0.62 Null Null Null Null Null

GFP 4.52" 32.5 42.5 36.88  2.22 3.5 577 458 63.08 H 7.5 L

DM 0.43™ 168.64 173.14 16923 0.67 028 039 027 4866 M 039 L

PH 73.41" 53.43 10473 69.59 828 503 1231 1124 8333 H 21.17 H

PL 14.90™ 1993  46.53 30.05 486 926 1284 89 4804 M 1273 M

§ FL 5.97™ 16.12 3457 2391 272 995 1022 236 534 L 1.13 L
B NS 9290.36"™ 180 755  429.66 95.15 2025 2243 9.66 1854 L 858 L
§ SL 0.53™ 5.94 9.59 7.77 0.75 709 935 6.09 4246 M 819 L
NGS 33.03™ 18.12 53.37 3445 6.33 16.7 16.68 Null Null Null Null Null
TKW 11.40" 21.47 433 3329 355 6.62 10.14 10.14 5735 M 12 M

SD 55.42 22.1 65.83 4455 7.87 1538 1671 654 1532 L 528 L

GY 0030.40° 208.93 82552 426.04 99.9 1454 2231 1691 5749 M 2645 H

BY 5135271 666.43 1979.8 1181.64 236.67 1591 19.18 10.71 31.2 M 1234 M
HI 11.09™ 22.35 47.8 36.01 338 Null 925 Null Null Null Null Null

DH 2.30" 10571 11571 110.65 191 0.85 1.37 1.08 61.9 H 1.75 L

DA 2.29" 11271 12271 117.64 192 0.8 1.29 101 61.76 H 1.64 L

GFP 0.07" 131 133 131.04 0.27 0.4 0.21  0.21 100 H 043 L

DM 10.79™ 3379  52.04 40.9 376 336 8032 73 82.5 H 13.67 M

PH 10.01™ 151 167.75 15854 323  0.86 2 1.8 8149 H 336 L
PL 5.19™ 14.01  27.05 20.68 2.6 Null 11.02 Null Null Null Null Null

l\é FL 0.73" 5.44 10.19 7.66 0.87 956 11.18 579 2684 L 619 L
,@ NS 176390™  355.69 3838.06 1687.71 566.51 24.29 31.15 195 39.18 M 2518 H
§ SL 62.16™ 5.44 10.19 7.66 0.86 859 9.11 3.04 11.15 L 2.1 L
NGS 14.54™ 30.76  57.93 41.01 442 Nul 9.3 Null  Null Null Null Null

TKW 92.29" 1994 7449 4518 10 1474 2126 1532 5193 M 2278 H

SD 211.42" 23.63 115.1 59.7 14.44 1638 2435 18.02 5477 M 2752 H

GY 13835" 177.5 847.5 458.05 129.27 2233 2568 12.69 2442 L 1293 M

BY 29.83" 28.65 60.44 45.14 6.25 9.76 121 7.15 3493 M 872 L
HI 22.26™ 22.81 7024 4439 6.08 Null 10.63 Null Null Null Null Null

ms,*, and ** Not-significant and significant at 5% and 1% probability levels, respectively.
" DH, days to heading; DA, days to anthesis; GFP, grain filling period; DM, days to maturity; PH, plant height; PL,
Peduncle length; FL, flag-leaf length; NS, number of spikes; SL, spike length; NGS, number of grains per spike; TKW,
1000-kernel weight; SD, spike density; GY, grain yield; BY, biological yield; HI, harvest index; ECV, PCV, GCV,
environmental, phenotypic and genotypic coefficient of variance, respectively; Hy, broad-sense heritability; GA,
genetic gain; GAm, mean-based genetic gain; Cat, proposed category for board sense heritability and genetic gain. The
null term indicates a negative estimate for variance; H, M, and L symbols represent high, moderate, and low grouping
category for heritability and genetic gain, respectively.
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Table 2. Selection grain (SG) of MGIDI model based on averaged two-years data of measured traits in durum
wheat genotypes

Trait " Factor Xo Xs SG SG (%) Pattern
NS FA1 444 499 55.5 12.5 Increase
GY FA1 586 707 121 20.7 Increase
BY FA1 1435 1634 200 13.9 Increase
FL FA2 22.3 22.6 0.26 1.2 Increase
PH FA2 78.1 83 4.97 6.37 Increase
PL FA2 35.5 39.4 3.88 10.9 Increase
SL FA2 5.54 7.25 2.46 8.97 Increase
DA FA3 136 136 -0.21 -0.16 Decrease
DH FA3 125 124 -0.82 0.66 Decrease
SD FA4 52.1 58.1 5.98 11.5 Increase

NGS FA4 39.8 43 3.13 7.87 Increase
HI FA4 40.2 43 2.82 7.02 Increase
DM FAS 164 163 0.41 -0.25 Decrease

GFP FAS 38.9 39.2 0.26 0.68 Increase

TKW FA6 39.2 39.3 0.03 0.09 Increase

T NS, number of spikes; GY, grain yield; BY, biological yield; FL, flag-leaf length; PH, plant height; PL, Peduncle
length; SL, spike length; DA, days to anthesis; DH, days to heading; SD, spike density; NGS, number of grains per
spike; HI, harvest index; DM, days to maturity; GFP, grain filling period; TKW, 1000-kernel weight. X, and Xs,
average of the original and selected population, respectively.
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Figure 1. Multi-trait genotype-idiotype distance index. A) Contribution of the extracted factors for selecting ideal
genotypes, B) Selected genotypes in this model. The central red circle shows the cut-off threshold for selecting
of ideal genotype.
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Figure 2. Dendrogram of cluster analysis using Euclidean distance matrix based on averaged two years data
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Table 3. Mean, standard deviation and deviation from total mean of each of the measured traits in the groups resulting from cluster analysis

Cluster II

Sub-cluster II-1

Sub-cluster II-11

Cluster I Sub-sub-cluster II-1-1 Sub-sub-cluster II-1-11 Sub-sub-cluster II-11-1 Sub-sub-cluster II-11-11
Trait Mean STD D Mean STD D Mean STD D Mean STD D Mean STD D
DA 135.73 0.51 -0.08 135.59 0.59 -0.21 135.75 0.53 -0.06 136.00 1.38 0.19 135.82 0.72 0.01
DH 124.86 1.84 -0.28 124.96 1.94 -0.18 124.67 1.89 -0.47 125.77 2.37 0.63 125.09 1.62 -0.05
GFP 39.08 1.68 0.18 38.77 2.31 -0.12 39.23 243 0.33 38.53 2.46 -0.36 38.99 2.27 0.10
DM 163.94 1.06 0.06 163.73 1.48 -0.15 163.90 1.99 0.02 163.83 1.92 -0.05 163.97 1.64 0.08
FL 21.51 2.04 -0.78 22.57 2.07 0.28 22.39 1.72 0.10 22.56 2.08 0.27 22.18 2.10 -0.12
PH 77.98 4.55 -0.09 76.92 6.04 -1.15 76.85 6.10 -1.22 79.02 5.97 0.95 78.58 5.13 0.51
PL 34.75 2.88 -0.78 34.93 411 -0.60 34.50 3.47 -1.03 35.76 4.26 0.23 36.46 3.23 0.93
NS 539.75  74.77 95.89 411.07  59.44 -32.79 351.81 50.55 -92.05 433,73  42.58 -10.13 481.45  64.64 37.59
SD 53.96 10.28 1.83 50.93 6.31 -1.20 47.37 8.87 -4.75 52.80 6.52 0.67 54.02 8.75 1.89
SL 7.70 0.53 0.0 7.60 0.54 -0.10 7.80 0.52 0.10 7.90 0.56 0.20 7.70 0.53 0.0
NGS 41.42 7.24 1.61 38.34 5.20 -1.48 36.50 5.56 -3.32 41.00 5.22 1.18 40.79 6.29 0.98
TKW 39.64 3.39 0.42 39.15 321 -0.07 39.18 423 -0.04 39.08 2.84 -0.14 39.24 3.48 0.02
GY 759.08 176.67 173.15 505.48  45.13 -80.45 405.12  49.00 -180.82 572.34  37.88 -13.59 668.39  68.65 82.46
HI 38.29 4.25 -1.91 40.83 3.16 0.63 40.18 3.79 -0.02 40.35 2.72 0.14 40.47 3.13 0.27
BY 1916.70 369.86  482.03 1229.53 4290 -205.14 1016.02 102.69 -418.65 1402.00 53.34 -32.67 1606.98 139.73  172.31

T DA, days to anthesis; DH, days to heading; GFP, grain filling period; DM, days to maturity; FL, flag-leaf length; PH, plant height; PL, Peduncle length; NS, number of

spikes; SD, spike density; SL, spike length; NGS, number of grains per spike; TKW, 1000-kernel weight; GY, grain yield; HI, harvest index; BY, biological yield. STD is the
standard deviation and D is the deviation from total mean of each cluster.
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