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Extended Abstract

Background: Temperature is the most crucial factor determining the growth duration of
agricultural plants. However, growth and development accelerate with rising temperatures,
leading to a reduction in the plant's lifespan. This phenomenon is a major factor contributing to
decreased yields in hot regions. Identifying suitable genotypes for cultivation in the southern
region of Fars Province is of particular importance. Evaluating a collection of new lines in this
area makes it possible to achieve this goal. Given the special program of the Seed and Plant
Improvement Research Institute aimed to increase wheat self-sufficiency, this study was
conducted to identify high-yielding and promising bread wheat genotypes in southern Fars
Province.

Methods: To evaluate several pure lines of bread wheat, two experiments were conducted
during the agricultural years 2021-2022 and 2022-2023 at the Darab Agricultural and Natural
Resources Research Station. The lines examined in this study were sourced from research
centers and stations in Karaj, Darab, and Zabol, as well as double-haploid lines developed
through a joint program between the Seed and Plant Improvement Research Institute and
Florimand Deprée Company. During the growth and development stages of the plant,
observations were made on certain agronomic traits, including planting dates, days to heading,
days to maturity, and plant height. Additional traits, such as thousand-grain weight, seed filling
period, seed filling rate, and grain yield, were examined after harvesting each of the lines. The
first year's experiment included 156 pure bread wheat lines, along with four local control
varieties (Chamran 2, Mehrgan, Sarang, and Barat), executed in an augmented design. From
these lines, 77 were selected for the Darab region in the second year, which were then tested
alongside three local control varieties (Mehrgan, Barat, and Sarang) in an alpha lattice design
(10x8) with two replications. In both years, the superior lines were selected using the Multi-
Genotype Ideotype Distance Index (MGIDI) based on morpho-phenological traits.

Results: The analysis of variance for agronomic traits in the first year's experiment indicated no
significant differences among blocks (except for the trait "days to heading"). The calculated
coefficients of phenotypic variation showed that traits, such as grain yield (18.92%), thousand-
grain weight (19.68%), and grain filling rate (20.91%), exhibited greater variability than the
other studied traits. This result suggests suitable diversity among the evaluated lines, which can
improve grain yield through proper selection. Heat maps of various traits in the examined lines
corroborated this finding. The results indicated that the mean grain yield increased in the
selected lines compared to controls and all lines combined; specifically, the mean grain yield
increased from 5.04 tons per hectare to 5.86 tons per hectare in selected lines. The highest and
lowest yields among the selected lines were associated with line 155 (7.2 tons per hectare) and
line 92 (5.12 tons per hectare), respectively. The mean grain yields for control genotypes Barat,
Chamran 2, Mehrgan, and Sarang were 5.13, 4.72, 4.95, and 5.90 tons per hectare, respectively.
The significant effects of lines in the second year across various traits indicate appropriate
diversity and improved genetic gain. The MGIDI index for the six studied traits showed
differential selection for desirable traits, with the grain-filling rate exhibiting an undesirable
selection differential of -0.01%. The highest and lowest percentages of selection differential
corresponded to "days to heading" (5.30%) and "grain filling rate" (0.01%), respectively.
Additionally, the total desirable positive and negative differentials were 6.73% and -11.39%,
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respectively, indicating the efficiency of selection using the MGIDI index. Factor analysis
revealed that the first two factors accounted for 72.4% of the variation. The MGIDI index
categorized lines based on "days to heading," "grain-filling duration," and "grain-filling rate" for
the first factor, while for the second factor, it was based on "days to maturity," "thousand grain
weight," "grain yield," and "plant height." Results from strength and weakness charts indicated
that both factors successfully categorized most superior lines based on their ideal values across
all internal traits. Among the selected lines using the MGIDI index, G49, G28, G38, G21, G44,
G59, G50, G53, G77, G35, G16, G41, and G79 were identified as superior lines in this research.
Pearson’s correlation results showed a significant correlation between grain yield and thousand-
grain weight at a 5% probability level, indicating indirect selection for high-yielding lines
through traits such as thousand-grain weight.

Conclusion: The MGIDI index efficiently identified the top lines based on all traits. In the
pedigree of the 10 selected lines, there was a common parent named OASIS, which likely
contributed to the superiority of these lines compared to the other tested lines. Based on these
results, it is recommended to use these lines to enhance wheat breeding programs in hot and dry
southern regions.
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Figure 2- Heat maps of genetic variation of agronomic traits in bread wheat lines.
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Table 1. ANOVA of different traits in bread wheat checks in the first-year experiment

Mean of Square Cilxy yo (3:Sleo

SOV Sl s i d")"d:?ﬂ Traits Claw

DHE DME PLO TGW YLD SFP FFR
Block Sobs 3 172 13,39 291 031 0.06" 19,087 0.01%
Check ol 3 8.63%+ 12.22% 9141 95.72%* 1.93+ 10.41% 0.05%
Error ol 9 0.39 372 38.75 2.00 0.12 5.36 0.01

Kb Lo pd S e )D (60 gixe 5 o3 iy e )3 ()1 Gxe (I gine pis pdind LS Cug *H g* NS
™ * and **: non-significant, significant at P < 0.05, and P < 0.01 probability levels, respectively.

Jsl Jlo ptalesl 1 (6 paiS (slagn¥ Sojalgté o890 ciliso Slino 4y bgsyo (inog ol (sloyiolyly =Y o
Table 2. Parameters of descriptive statistics for different morpho-phonological traits in bread wheat lines in the first-

year experiment

QLZ:{LA)'T LSI)J. @bul slpY L).iL.n

Jol s ebesl )3 oY ggesne Siks 20l5 glacuiss) p3> Jl

i Mean of total lines in the first-year experiment Check genotypes Mean of selected lines for second-year
= experiments
traits By s

OSle  jhms Bl Cops Jils Sl Sy Yer e Sle oSlke T[T Jie sl

Mean STD Cv Min Max Barat Chamran2 Mehregan Sarang Mean S T)D ucﬁ\"/"” Min  Max
DHE 105.24 5.26 4.99 99.00 125.00 104.00  104.00 103.25  104.00 103.29 281 2.72  99.00 118.00
DME 144.82 5.62 3.88 131.00 163.00 14525  144.00 141.50  142.00 14429 391 271 134.00 156.00
PLH 104.18 12.57 12.07 78.00 160.00 108.00  104.00 102.75  96.75 10539 8.89 843 87.00 129.00
TGW 3443 6.78 19.68 21.07  54.90 36.99 30.12 37.25 36.20 3737 6.81 1822 2336 54.90
YLD 5.04 0.95 18.92 2.81 7.22 5.13 472 4.95 5.90 586 052 889 512 722
SFP  39.58 4.23 10.69 28.00 51.00 41.25 40.00 38.25 38.00 41.00 3.14 7.65 29.00 49.00
SFR  0.88 0.18 2091 0.50  1.55 0.89 0.75 0.97 0.95 092 018 1935 0.58 1.55

ol (SGBF 0y dgite 9 cwlie g5 252y odimd Ll
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Table 3. The results of variance analysis for 80 bread wheat genotypes in the second year

Mean of Square &lxyyo (:Siko

XAy Sy wilio d")'!l f“?)A Traits Claw
DHE DME PLH TGW YLD SFP FFR
Rep S 1 0.50 99.22 42 28281 7.58 113.90 0.04
Block (adj)  (adj) Ssk 7 10250 108.017 18.2475 1209.93" 137" 113.40" 1437
Line (adj)  (adj) oY 79 22.34% 195.61%* 25.69%+ 1885.15%% 2,86 236.37%* 2.41%
error ol 72 9.07 87.118 11.67 122821 1.17 89.83 113

b Moy S o )3 ()5 xe g Mo yd gy e )3 (61 e (gD gixe pas b diad LS (s SFE g*

« DS

", * and **: non-significant, significant at P < 0.05, and P < 0.01 probability levels, respectively.
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Table 4. Selection differential of the MGIDI index for seven morpho-phenological traits in bread wheat lines

lio & oSl A Gl oS G Sl ) oS Jedyiss  Gan
Traits Mean Mean selected lines Selection differential Selection differential (%) Goal Sense
DHE 109.90 104.60 -5.30 -4.824 decrease  100.00
SFP 3191 34.59 2.69 8.423 increase 100.00
SFR 1.20 1.19 -0.01 -0.7399 increase 0.00
DME 141.80 139.20 -2.61 -1.843 decrease  100.00
PLH 103.20 99.75 -3.48 -3.366 decrease  100.00
TGW 34.60 37.99 3.40 9.816 increase 100.00
YLD 4.43 5.08 0.64 14.53 increase 100.00
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Figure 3. (A) Ranking patterns of selected lines based on the MGIDI index and (B) the strength and weakness biplot
of selected lines based on the MGIDI index
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Table 5. The results of selection indexes and its rank of bread wheat in the cropping years 2021-2022

Gen. MGIDI Rank Gen. MGIDI Rank Gen. MGIDI Rank Gen. MGIDI Rank
Gl 3.14 18 G21 2.54 6 G41 2.88 15 G61 6.63 80
G2 3.77 36 G22 4.31 54 G42 3.85 37 G62 3.58 28
G3 3.59 29 G23 5.00 69 G43 4.03 47 G63 3.93 42
G4 3.93 43 G24 3.92 41 G44 2.60 7 G64 1.87 1
G5 3.99 44 G25 5.20 72 G45 3.61 30 G65 1.97 2
G6 5.18 71 G26 3.69 34 G46 3.37 22 G66 3.38 23
G7 3.89 38 G27 5.07 70 G47 5.28 74 G67 4.42 57
G8 441 56 G28 2.37 4 G48 3.73 35 G68 4.26 53
G9 4.49 61 G29 5.69 77 G49 2.32 3 G69 3.62 31
G10 3.48 25 G30 3.43 24 G50 2.64 9 G70 421 51
Gll 3.26 20 G31 445 59 G51 3.68 33 G71 3.56 27
Gl12 4.49 62 G32 4.43 58 G52 3.65 32 G72 491 68
G13 4.25 52 G33 3.28 21 G53 2.74 10 G73 4.74 66
Gl4 3.89 39 G34 3.11 17 G54 3.25 19 G74 447 60
G15 5.35 75 G35 2.82 12 G55 4.06 48 G75 5.58 76
Gl6 2.83 13 G36 4.15 49 G56 432 55 G76 2.88 14
G17 417 50 G37 5.22 73 G57 4.89 67 G77 2.79 11
G18 4.64 63 G38 2.37 5 G58 4.71 65 G78 3.50 26
G19 3.99 45 G39 6.08 79 G359 2.60 8 G79 2.97 16
G20 5.92 78 G40 4.00 46 G60 391 40 G80 4.66 64
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Table 6. Explained variance, eigenvalues, and factorial loadings after varimax rotation in the factor analysis

e Ji Jele p5> Jole STyal ofien B oI
Traits FA1 FA2 Communality Uniqueness
DME -0.1 -0.77 -0.77 0.6
DHE 0.96 -0.21 -0.21 0.96
PLH -0.16 -0.84 -0.84 0.74
TGW 0.02 -0.66 -0.66 0.43
YLD 0.07 -0.73 -0.73 0.53
SFP 0.98 0.04 0.04 0.97
SFR -0.85 -0.35 -0.35 0.84
oy polde 2.84 223 - -
Eigenvalue
(/) (s uw'la)'s 40.6 31.8 - —
Relative variance (%)
(%) 25 by 40.6 72.4 - -

Cumulative variance (%)
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Figure 4. The heatmap of the relationships among morpho-phenologic traits based on Pearson’s rank correlation test
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Table 7. Comparison of traits of selected lines with the mean values of the total lines and check genotypes

Slaw
O,f‘\j Traits
Line DME DHE PLH TGW YLD SFP SFR
Gl6 137.50 110.50 100.50 36.75 5.11 27.00 1.37
G21 139.00 110.50 101.00 45.11 5.35 28.50 1.63
G28 139.50 105.00 100.00 39.71 5.14 34.50 1.20
G35 139.00 108.50 99.50 32.28 5.40 30.50 1.06
G38 141.00 104.50 101.50 4274 5.45 36.50 121
G4l 143.50 91.50 101.50 40.63 5.50 52.00 0.79
G44 142.00 98.00 99.50 38.03 5.00 44.00 0.95
G49 136.00 109.00 98.50 41.00 5.07 27.00 1.57
G50 140.50 105.00 99.00 34.47 5.28 35.50 1.24
G53 140.50 108.50 101.00 37.79 5.57 32.00 1.19
G59 140.50 109.00 99.00 36.95 5.63 31.50 1.17
G64 135.00 108.00 96.00 4233 5.67 27.00 1.61
G65 135.00 102.00 99.00 32.54 5.38 33.00 0.98
G76 137.00 93.50 102.50 39.88 2.58 43.50 1.15
G77 141.50 105.00 98.50 34.60 5.05 36.50 0.96
G79 139.00 104.50 99.00 33.15 4.09 34.50 1.01
55 sl Sike 139.16 104.56 99.75 38.00 5.08 34.59 1.19
Mean of selected lines
o 137.50 110.50 100.50 36.75 5.11 27.00 1.37
Mehrehgan
Sl 140.50 115.00 106.50 32.02 4.89 25.50 1.25
Sarang
<y 141.50 105.00 98.50 34.60 5.05 36.50 0.96
Barat
S ol 141.80 109.90 103.20 34.60 443 31.91 1.20
Total mean

MGIDI 23l jl oozl b ol 5y slacpnY (sloo e —A Jgio
Table 8. Pedigrees of selected superior lines using the MGIDI index

oY oy
Line Pedigree

Gl6 BABAX/LR42//BABAX*2/3/VIVITSI/4/Pishtaz/5/Sirvan

G21 CBRD-3/STORK X DICOCCOIDES/3/Attila-4y//Arvandl/Glenson81/4/DEZ/SW891882

G28 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Attila-4y//Arvand1/Glenson81/5/CHAMRAN*2//VEE/NAC

G35 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Attila-4y//Arvand1/Glenson81/5/CHAMRAN*2//VEE/NAC

G38 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Attila-4y//Arvand1/Glenson81/5/CHAMRAN*2//VEE/NAC

G41 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Attila-4y//Arvand1/Glenson81/5/CHAMRAN*2//VEE/NAC

G44 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Attila-4y//Arvand1/Glenson81/5/CHAMRAN*2//VEE/NAC

G49 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Maroon/5/DEZ/SW891882

G50 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Maroon/5/DEZ/SW891882

G53 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Maroon/5/DEZ/SW891882

G59 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Maroon/5/DEZ/SW891882

G64 OASIS/SKAUZ//4*BCN/3/2*PASTOR/4/Maroon/5/DEZ/SW891882

G65 Unknown

G76 'VN/10/Star"s"/8/TOB/ERA//TOB/CNO 67/3/PLO/4/VEE #5/5/KAUZ/6/Ures/Jun/Kauz/7/Ures/Jun//Kauz/9/Chamran/11/Baz
G77 Chamran/4/Darab#2/3/IRENA/BABAX//PASTOR/5/WEEBILL 1

G79 Morvarid/CATBIRD

G79 4 G41 G16 G3 G77 G353 G50 G359 G44
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