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Comprehensive abstract

Introduction

Knowledge of the amount of genetic diversity in germplasms provides valuable information for the
preservation of genetic resources and their use. The aim of this study was to evaluate the diversity of
durum wheat genotypes based on morpho-physiological traits and to investigate the interrelationships
between traits using the genotype-by-trait biplot (GT-biplot) method.

Materials and methods

In this study, 124 durum wheat genotypes including 120 breeding lines received from CIMMYT
along with 4 check genotypes (Saji, Zahab, Imren and SRN-1\..) with six replications were examined
based on an augmented desgin during two cropping years (2017-18 and 2018-19) in the Dryland
Agricultural Research Sub-Institute (Sararood Station), Kermanshah, Iran. Genotypes were evaluated
based on 22 morpho-physiological traits. Analysis of variance and mean comparison based on the best
linear unbaised estimator (BLUE) approach were performed for the studied traits. Heatmap-based
correlation analysis was to study the correlation between the studied traits, and the GT-biplot analysis
was used to investigate the relationships of traits and determine the morpho-physiological
characteristics of the genotypes.

Research findings

The results of this experiment showed that there was a significant difference between the studied
genotypes in terms of the studied traits under rainfed conditions, which indicates a significant genetic
diversity in the studied genotypes. Based on GT-biplot analysis method in two years, the studied traits
and genotypes were divided into five and eight groups, respectively. Based on the results of correlation
analysis and GT-bipot analysis, number of spikes per unit area, plant height, stomatal conductance,
biological yield, external peduncle length, spike length, number of days to heading, harvest index and
peduncle length were identified as most important traits affecting grain yield under rainfed conditions.
In total, based on the results of the selection indices, a number of the studied durum wheat breeding
lines in this experiment were selected as the most promising and high-yielding lines for cultivation
under rainfed conditions.

OMom .




Conclusion

The results of this study led to identify a number of durum wheat breeding lines with agro-
physiological characteristics superior to the check cultivars, which can be recommended for use in the
future durum wheat breeding program to improve drought tolerance and produce optimal yield under
rainfed conditions. In total, breeding lines 119, 106, 117, 104, 121, 115, 109, 118, 98, 49 and 124 are
introduced as the ideal genotypes under rainfed conditions.
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Table 1. Combined analysis of variance of morph-physiological traits for the studied check genotypes

Source of variation Year Error Genotype GxY Error CV(%)
df 1 10 3 3 30
Trait' Mean squares
GR 10.09"™ 0.65 0.58 1.11 0.72 30.2
NDVI 0.035™ 0.003 0.007 0.005™ 0.001 5.98
DH 0.521 2.471 1.576 0.521 2.415 1.22
RWL 0.338 0.585 0.227 0.226 0.237 41.1
SPAD 347.8" 25.1 7117 6.5 12.8 6.83
SC 12.0 246.6 144.8" 12.6 59.9 17.65
RWC 399.6™ 40.7 332.6™ 85.9 149.2 17.0
CT 220.6™ 6.0 5.6 8.9 52 9.66
PH 1.8 168.3 192.9 577.8 96.7 12.3
PL 43.5 43.4 43.1 91.8 38.9 15.7
SL 3.4 1.7 2.1 6.7 0.41 9.18
FL 15.1 12.5 17.2 9.7 6.7 13.3
PE 54.0 21.1 37.9 27.0 19.7 24.1
DM 102.1* 3.13 0.47 1.92 2.44 0.94
NGPS 35 121.3 270.7* 40.1 146.6 27.3
TKW 301.0 94.2 522 116.3 49.1 16.5
BY 408778.2 330874.0 110848.2 377379.8 320975.7 32.1
NS 3333.3 1570.8 9302.8 5316.7 5263.1 30.3
NSF 352.1 602.1 1391.0 3168.8 6389.9 325
GY 116762.1 32342.1 10195.2 13051.5 25187.0 30.9
HI 968.4 28.8 56.5 31.1 19.9 14.9
SY 962483.5™ 198137.2 124534.7" 11768.5™ 186371.6 34.6

“and *": Significant at 5% and 1% probability levels, respectively.

T The traits abbreviation are: GR, relative growth rate; NDVI, normalized difference vegetation index; DH, days to
heading; RWL, relative water loss; SPAD, the number read from SPAD; SC, stomatal conductance; RWC, relative
water content; CT, canopy temperature; PH, plant height; PL, peduncle length; SL, spike length; FL, flag leaf
length; PE, peduncle length; DM, days to maturity; NGPS, number of grain per spike; TKW, 1000-kernel weight;
BY, biological yield; NS, number of stems per m?*; NFS, numper of fertile spike; GY, grain yield; HI, harvest index;

SY, straw yield.
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Table 2. Description statistics of studied traits for 124 durum wheat genotypes based on best linear unbiased estimator (BLUE) in 2017-18, 2018-19 and average years

2017-18 cropping season 2018-19 cropping season Average two years
Trait' Total Mean of Durum wheat lines Total Mean of Durum wheat lines Total Mean of Durum wheat lines
mean checks Mean Min Max mean  checks Mean Min Max mean checks Mean Min Max
GR (%) 3.10 3.26 3.10 1.77 441 1.56 2.34 1.54 0.13 4.89 2.33 2.80 2.31 1.28 4.07
NDVI 0.54 0.564 0.540 0.437 0.647 0.608 0.618 0.608 0.368 0.723 0.57 0.59 0.57 0.41 0.66
DH (day) 128 128 128 123 132 127 127 127 124 130 127 127 127 124 130
RWL (g/g.hr) 1.22 1.27 1.22 0.04 2.11 1.07 1.10 1.06 0.12 3.12 1.12 1.18 1.11 0.19 2.49
SPAD 56.3 55.1 56.3 43.0 67.0 49.1 49.7 49.1 343 61.6 52.7 52.4 52.7 45.0 60.9
SC (mmol/m?/s) 459 43.4 46.0 4.8 87.0 46.9 44.4 47.0 5.8 88.0 46.4 439 46.5 5.3 87.5
RWC (%) 74.5 74.7 74.5 47.4 92.9 71.3 69.0 71.4 27.1 99.6 72.9 71.9 73.0 49.7 91.7
CT (°O) 27.1 25.8 27.2 18.4 38.3 21.6 21.5 21.6 19.6 25.8 24.4 23.7 24.4 20.0 30.7
PH (cm) 67.5 79.7 67.1 46.5 88.2 80.5 80.1 80.5 60.2 109.0 74.0 79.9 73.8 59.9 97.7
PL (cm) 36.1 40.5 36.0 23.8 53.3 37.9 38.6 37.9 26.7 60.3 37.0 39.5 36.9 27.4 48.4
SL (cm) 6.7 7.2 6.7 1.7 9.9 6.6 6.7 6.6 5.0 9.0 6.6 7.0 6.6 3.8 8.4
FL (cm) 18.2 19.9 18.2 10.8 30.5 18.1 18.8 18.1 11.6 23.9 18.2 19.4 18.1 12.9 25.1
PE (cm) 17.0 19.4 16.9 7.5 31.2 17.4 17.3 17.4 7.2 27.7 17.2 18.4 17.2 11.3 24.1
DM (day) 165 164 165 159 171 167 167 167 165 169 166 165 166 163 169
NGPS 48 45 48 23 81 49 44 49 28 72 48 44 48 29 73
TKW (g) 47.7 45.0 47.8 26.8 88.2 40.8 40.0 40.8 25.0 60.0 44.2 42.5 44.3 32.1 64.1
BY (g/m?) 1637.9 1670.0 1636.9 288.1 3597.3 1939.1 1854.6 1941.9 814.6  3409.6 1788.5 1762.3 1789.4  877.6 2797.2
NS 406 400 406 110 912 403 416 403 119 931 405 408 404 219 707
NFES 398 391 398 106 864 388 397 387 117 934 393 394 393 221 693
GY (g/m?) 544.3 562.8 5437 120.6 1082.8 490.2 464.2 491.1 2142 10242  517.3 513.5 517.4 304.9 834.7
HI (%) 339 34.5 33.9 13.3 46.0 25.5 25.5 25.5 7.0 40.7 29.7 30.0 29.7 19.9 41.7
SY 1093.6 1107.2 1093.2 167.5 25453 14489 1390.4 1450.8 5204 26179 1271.3 1248.8 1272.0  569.0  2059.0

 The traits abbreviation are indicated in Tble 1.
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Table 3. Average the studied traits based on BLUE in 30 superior grnotypes during two cropping years

Trait’ GRf# NDVI DH RWL SPAD SC RWC CT PH PL SL

92 41 122 066 10 124 95 018 26 609 55 875 114 91.7 88 200 113 977 65 484 92 84
72 38 13 065 16 125 52 0291 52 60.7 54 782 40 91.5 105 205 121 914 52 476 51 8.3
66 3.7 26 0.65 45 125 61 0321 41 585 115 69.2 27 88.0 115 205 122 899 64 467 47 8.1
68 3.6 16 065 51 125 108 0362 64 583 32 688 122 87.5 8 205 115 894 57 466 58 79
44 34 52 064 53 125 62 0371 31 583 107 675 42 869 118 20.6 6 89.0 105 460 49 79
123 34 118 0.63 63 125 119 039 19 579 42 669 29 86.4 122 206 123 882 66 452 31 79
99 33 18 063 12 125 60 0475 80 57.8 122 65.6 80 86.2 111 208 119 869 51 446 84 78
4 3.1 25 063 13 126 105 0480 37 5777 114 648 116 85.9 91 208 105 867 53 441 57 18
78 3.0 8 0.63 25 126 70 0484 99 575 121 o644 45 855 120 209 110 862 62 436 37 717
36 3.0 56  0.63 26 126 54 0490 68 574 60 64.0 55 85.1 107 21.1 108 859 114 435 88 7.7
62 3.0 4 0.62 27 126 123 0501 104 574 106 624 83 84.6 42 21.1 114 859 108 432 108 7.7
80 3.0 55 062 11 126 63 0543 54 573 27 619 81 843 101 212 26 858 25 430 4 7.6
121 29 61 062 21 126 71 0565 76 573 19 619 74 84.0 123 213 3 857 44 430 28 7.6
27 29 29 062 22 126 110 0595 8 571 49 61.7 120 84.0 109 213 118 855 63 427 48 74
122 29 14 062 49 126 45 0609 42 571 124 60.2 12 83.5 89 214 124 850 31 425 45 74
33 29 17 062 64 126 117 0621 88 570 34 60.0 110 834 124 215 106 842 56 419 63 74
8 29 46 062 76 126 36 0630 95 567 44 59.1 39 833 119 21.6 109 839 61 419 91 74
46 29 58 062 96 126 64 0643 24 564 8 58.8 60 83.0 54 216 111 837 7 418 94 74
37 29 44 061 106 126 68 0.645 47 564 119 58.1 18 82.8 40 216 117 827 60 417 114 74
75 28 79 061 112 126 112 0648 29 563 53 578 26 82.5 92 218 25 824 33 415 44 74
35 28 123 061 9 127 57 0.663 120 562 18 555 43 82.4 9% 218 112 812 115 415 98 74
59 28 47 061 17 127 8 0695 98 56.1 50 554 34 82.2 98 218 13 812 3 414 113 74
113 2.8 67 061 19 127 111 0.704 108 56.1 17 547 100 822 110 219 120 81.0 107 412 74 73
3 28 124 061 20 127 122 0.704 40 561 62 547 90 81.4 43 219 35 809 2 409 13 73
114 28 51 061 23 127 71 0720 33 560 9 54.6 56 81.2 93 221 107 805 50 407 27 72
38 28 48 061 24 127 33 0724 111 559 39 544 124 80.9 86 221 36 799 55 407 90 72
51 27 9 0.61 46 127 88 0.755 53 558 117 543 117 80.6 59 222 14 795 43 407 93 72
74 2.7 30 060 48 127 65 0779 44 557 21 540 98 80.4 114 223 44 794 48 406 104 7.2
2 2.7 27 060 50 127 90 0783 27 554 116 53.8 15 80.3 57 223 21 794 27 403 26 72
116 2.6 98 0.60 52 127 72 0816 66 551 7 53.8 35 80.0 117 225 37 793 54 401 80 7.1

Mean of checks 2.8 0.59 127.5 1.182 524 43.9 71.9 23.7 79.9 39.5 7.0
Total mean 23 0.57 127.4 1.117 52.7 46.4 72.9 24.4 74.0 37.0 6.6
LSD (P<0.05) 0.56 0.06 0.56 0.50 4.46 1.72 1.45 1.98 8.89 4.66 1.02
CV (%) 29.5 7.0 1.0 47.7 8.2 1.3 16.3 7.9 11.0 14.1 13.8
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Table 3. Continued anlsl =Y Jga

Trait' FL* PE DM NGPS TKW BY NS NFS GY HI SY

107 251 57 241 105 163 36 73 54 641 119 27972 117 706.7 117 69277 104 8347 72 417 63 2059.0
84 239 106 240 72 163 30 72 53 60.1 63 27545 32 655.4 32 652.7 119 7981 84 392 119 1999.1
12 229 84 233 28 164 114 70 78 567 32 2509.2 119 6467 119 6027 106 783.6 121 388 98 1840.3
69 223 122 233 75 164 38 69 73 53.8 98 24832 104 6142 74 590.2 32 7680 31 387 118 18112
81 222 115 230 106 164 104 67 69 533 118 24753 74 584.2 98 5715 121 7252 71 386 78 1780.8
109 221 112 228 114 164 33 65 70 531 106 2462.0 98 579.2 89 566.5 76 6963 66 375 27 17683
54 217 71 225 120 164 42 63 40 528 78 24574 89 569.2 104 5665 63 6955 81 371 25 17609
28 215 120 22.0 25 164 31 63 21 527 27 23775 102 5592 102 5615 75 6946 36 36.6 28 1753.0
71 214 68 215 27 164 34 63 22 527 104 23742 109 5567 106 54277 8 6781 37 36.6 17 17518
18 213 82 212 67 164 26 63 23 524 73 23645 17 5554 109 5427 78 676.6 42 358 32 17413
79 211 114 21.1 71 164 72 61 11 523 39 2341.3 63 549.2 17 5402 73 6743 94 357 9 1707.7
60 209 121 211 73 164 106 61 42 521 89 23224 106  546.7 73 5352 118 6641 82 352 39 1704.8
65 209 43 210 79 164 29 61 32 521 25 23145 118 5467 118 5277 34 6558 114 351 73 1690.2
3 209 8 20.8 124 164 121 61 57 518 9 23120 73 5442 123 5277 59 653.0 34 348 106 16784
108 20.7 3 206 18 165 20 61 35 518 17 2287.8 123  541.7 63 5227 40 6514 80 347 33 1646.0
78 206 111 205 26 165 40 60 82 51.7 28 22751 121 5417 121 5177 98 6429 45 345 89 16443
7 206 23 203 29 165 51 58 56 51.6 29 22589 115 526.7 75 5152 102 6417 59 342 29 16245
97 205 113 203 30 165 122 58 44 515 40 22416 91 5142 115 5027 39 6365 115 341 56 16234
111 204 107 200 74 165 60 58 16 513 75 22259 77 514.2 91 486.5 117 636.1 67 339 91 1618.6
20 204 109 20.0 76 165 18 58 76 512 76 22013 75 509.2 124 4827 29 6344 60 339 40 15902
51 204 110 200 77 165 109 57 20 511 91  2169.0 61 489.2 77 4802 74 626.0 109 336 30 15826
86 203 17 19.8 46 165 71 57 79 511 117 21684 78 489.2 18 4702 37 6191 69 335 113 15820
17 203 92 198 52 165 117 56 43 502 113 2163.5 124  486.7 37 4677 72 6184 104 335 5 1570.6
45 201 66 198 53 165 105 56 67 494 33 21589 37 485.4 78 465.2 7 6123 49 332 104 15395
50 201 35 197 110 165 107 56 17 490 56 2141.1 111  481.7 61 4577 27 6093 76 332 117 15323
52 201 79 195 115 165 90 56 52 485 7 2121.0 18 4754 113 4527 9 6043 40 331 75 15313
98 199 123 195 119 165 28 56 5 485 5 21199 34 470.4 34 45277 81  601.6 1 33.0 105 1518.7
76 199 78 193 121 165 86 56 12 482 102 21164 97 464.2 8 4502 84 6014 112 328 61 1509.1
99 198 93 192 122 165 111 56 77 481 61 2096.2 29 460.4 76 4502 53 5897 93 324 7 1508.7
82 198 124 19.1 16 165 78 55 75 48.0 105 2084.1 51 459.2 84 4502 107 5894 77 321 124 1508.2

Mean of checks  19.4 18.4 165 44.4 42.5 1762.3 407.9 394.0 513.5 30.0 1248.8

Total mean 18.2 17.2 166 48.2 44.2 1788.5 404.6 392.7 517.3 29.7 1271.3

LSD (P<0.05)  2.90 3.82 0.48 5.49 7.66 483.90 128.08 115.55 137.12 8.12 331.16
CV (%) 13.1 19.3 1.1 14.5 15.6 25.8 28.7 28.4 26.0 13.6 27.7

T The traits abbreviation are indicated in Tble 1.
* The numbers of the left and the right columns are indicated the line number and the two years average of the studied traits, respectively
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Figure 2. Correlation heatmap of correlations among the studied traits using BLUE values in 124 durum wheat
genotypes based on average two cropping years. The traits abbreviation are indicated in Tble 1.
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Figure 3. Polygon view of GT biplot for 124 durum wheat genotypes based on 22 studied traits under rainfed
conditions in 2017-18 cropping season. Numbers 1-124 are genotypes and number 1-4 are check genotypes.
Traits are also shown with blueletters in blue are. The traits abbreviation are indicated in Tble 1.
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Figure 4. Genotype-trait biplot showing the relationships between 22 measured traits and genotypextrait
interaction in 2017-18 cropping season. The traits abbreviation are indicated in Tble 1.
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Figure 7. Polygon view of GT biplot for 124 durum wheat genotypes based on 22 studied traits under rainfed

condition across years. Numbers 1-124 are genotypes and number 1-4 are check genotypes. Traits are also shown
with blueletters in blue are. The traits abbreviation are indicated in Tble 1.
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Figure 9. GT biplot to access the studied genotypes compared to ideal genotype. The traits abbreviation are
indicated in Table 1.
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