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Introduction. Identification and selection of plant cultivars possessing an optimal combination of desirable
agronomic traits is a fundamental and central objective in plant breeding programs. The development of such
elite cultivars directly contributes to enhanced yield, production stability, and overall productivity within
agricultural systems. Since selection based solely on a single trait (e.g., high yield) can often lead to a
deterioration in quality or resistance of other critical traits, researchers have developed numerous multivariate
and composite selection indices to address this challenge. These indices enable plant breeders to evaluate
genotypes simultaneously based on multiple key characteristics and to identify the most favorable combinations
of these traits. Accordingly, the primary objective of the present study was the screening and identification of
tolerant and high-yielding bread wheat lines based on a set of morphological and phenological traits. To achieve
this, a novel and powerful statistical method, the Factor Analysis Ideotype with Best Linear Unbiased Prediction
(FAI-BLUP) index, was employed.

Materials and Methods. Two independent experiments were conducted during the growing seasons of 2022-
2023 and 2023-2024 at the Agricultural and Natural Resources Research and Education Center in Fars. In the
first year, 320 pure lines and four control lines were evaluated from 106 selected superior lines. In the second
year, these lines were tested under an alpha lattice design with two replications. The wheat lines used in this
study were sourced from national research centers and stations (Karaj, Darab, and Zabol) as well as from
international sources, including the International Maize and Wheat Improvement Center (CIMMYT).
Moreover, double haploid (DH) lines developed through the collaboration between the Seed and Plant
Improvement Institute and Florimond Desprez were incorporated into the trials. During the first year, 320 pure
bread wheat lines, along with four check cultivars (Mehreghan, Barat, Sarang, and Chamran-2) were evaluated.
The grain yield of the tested lines was assessed and compared with the mean performance of the check cultivars.
In the second year, 106 lines selected from the first-year evaluations were tested using an alpha-lattice design
(22 x 5) with two replications, accompanied by four check cultivars (Ouj, Mehreghan, Barat, and Sarang).
Throughout the plant growth stages, agronomic traits, including days to heading (DHE), days to maturity
(DME), and plant height (PLH) were recorded. After harvest, additional traits including thousand-kernel weight
(TKW), seed filling period (SFP), seed filling rate (SFR), and grain yield (YLD) were evaluated .Descriptive
statistics and analysis of variance (ANOVA) were performed using SAS 9.1. To estimate the FAI-BLUP
indices, the metan package for multi-environment trials in R 4.2.1 was employed.

Results and Discussion. The results from the first year showed that grain yield and thousand kernel weight
had the highest coefficients of variation. In the first year, grain yield ranged from 1.90 t ha'! (line 33, the lowest-
yielding line) to 7.89 t ha™! (line 312, the highest-yielding line), with an overall mean yield of 5.22 t ha'! for all
tested lines. Ultimately, the mean grain yield of the check cultivars Barat, Chamran-2, Mehreghan, and Sarang
were 6.17, 4.12, 4.89, and 5.33 t ha'!, respectively, with an average of 5.14 t ha'l. The average grain yield for
the selected lines was 6.19 tons per hectare, which was higher than the average yield of the control genotypes
and the overall genotypes. The variance analysis results for the second year indicated that the lines significantly
differed in terms of days to heading, days to maturity, thousand grain weight, and grain yield. The FAI-BLUP
index exhibited a desirable selection differential for all traits under study. Specifically, the highest and lowest
selection differentials were observed for thousand-kernel weight (94.4%) and plant height (-2.1%), respectively.
Based on this index, sixteen genotypes (numbers 19, 67, 110 [check: Sarang], 93, 27, 16, 39, 4, 21, 63, 107, 8,
65,9, 64, and 68) were selected as the top-performing genotypes according to their highest FAI-BLUP values.
Moreover, the strength and weakness diagram indicated that genotypes 63, 68, 64, 110, 67, 16, 93, 27, 6, 65,
and 8 were closest to the ideal genotype in terms of plant height, thousand-kernel weight, and seed filling rate
(factor 1). Furthermore, line 21 was superior for days to maturity and grain yield (factor 2), whereas lines 39,
107, and 19 excelled for days to heading and seed filling period (factor 3).

Conclusion. Ultimately, The results of this study indicated that the FAI-BLUP selection index effectively
identified superior lines based on the evaluated traits. This index successfully designated the selected lines as
top-performing genotypes for subsequent adaptability and stability trials in the 2024-2025 cropping season.
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Traits Average lines infirst year experiment Check genotypes Average selected lines in second year experiments
Mean STD CvV Min Max Barat Chamran 2 Mehregan Sarang Mean STD CV Min Max
DHE 100.62 2.07 2.05 96 105 102.5 103 100.5 101.25 99.39 1.68 1.69 96 104
DME 139.25 2.65 1.9 131 144 142.25 142.5 139 139 138.56 2.73 1.97 131 144
PLH 108.18 6.43 5.94 75 127 111 107.75 101.25 104.25 107.83 6.73 6.13 75 125
TKW 38.5 6.38 16.58 18.75 52.27 38.95 33.53 40.66 38.9 40.97 7.14 17.43 2421 52.27
YLD 5.21 0.94 17.99 1.9 7.89 6.17 4.12 4.89 5.38 6.19 0.45 7.34 5.64 7.89
SFP 38.62 2.16 5.59 31 44 39.75 395 38.5 37.75 39.16 2.28 5.81 31 44
SFR 1 0.17 16.57 0.48 1.98 0.98 0.85 1.02 1.03 1.05 0.18 17.56 0.58 1.98
Total average grain yield 5.21 5.14 6.19
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bl Jols EF 5 £ oyleds slapY (39SAWSN) Lo Siddey ddkaio slapais Mol &l 51 Gl Jols
SA 9 SV SO o,les clap¥ (20HTWYT) Lis caliseo bl 13 YU (slod balys ,d s yiolojl slapaiS Mol oy <l
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Line FAI-BLUP Rank Line FAI-BLUP _Rank Line FAI-BLUP _Rank

Ist year  2nd year Ist year  2nd year Ist year  2nd year
Mehregan  0.09 157 85 38 0.12 37 32 75 0.1 52 79
2 0.12 49 40 39 0.16 2 7 76 0.08 92 102
3 0.13 53 27 40 0.10 101 67 71 0.11 74 58
4 0.16 7 9 41 0.08 77 98 78 0.08 86 100
5 0.1 57 74 42 0.13 31 26 79 0.09 59 84
6 0.07 64 108 43 0.12 36 31 80 0.09 72 89
7 0.13 29 25 44 0.13 33 28 81 0.1 54 72
8 0.15 3 12 45 0.15 15 19 82 0.12 40 34
9 0.15 18 14 46 0.12 39 33 83 0.09 73 97
10 0.11 44 48 47 0.11 104 62 84 0.11 45 51
11 0.11 78 59 48 0.13 28 24 85 0.11 66 56
12 0.09 88 87 49 0.14 95 22 86 0.09 79 95
13 0.1 51 71 50 0.12 21 43 87 0.09 76 94
14 0.09 67 90 51 0.11 24 46 88 0.09 60 83
15 0.08 81 101 52 0.09 63 81 89 0.11 103 61
16 0.17 12 6 53 0.08 98 106 90 0.09 62 82
17 0.1 106 66 54 0.09 90 86 91 0.08 93 103
18 0.12 34 30 55 0.09 96 93 92 0.1 56 78
19 0.19 4 1 56 0.11 41 47 93 0.18 1 4
20 0.09 84 92 57 0.1 83 69 94 0.11 65 55
21 0.16 6 8 58 0.14 10 21 95 0.09 87 88
22 0.1 85 71 59 0.11 100 63 96 0.08 89 104
23 0.12 47 37 60 0.15 14 17 97 0.06 68 110
Barat 0.1 141 73 61 0.12 46 38 98 0.12 22 35
25 0.08 91 105 62 0.11 43 50 99 0.07 61 109
26 0.1 82 76 63 0.16 16 10 100 0.1 107 70
27 0.18 11 5 64 0.15 8 15 101 0.12 50 39
28 0.12 55 41 65 0.15 17 13 102 0.11 69 57
29 0.11 71 54 Ouyj 0.11 125 60 103 0.12 30 29
30 0.1 105 68 67 0.18 5 2 104 0.1 99 64
31 0.15 13 18 68 0.15 9 16 105 0.09 70 91
32 0.11 42 53 69 0.12 23 45 106 0.1 102 65
33 0.14 32 20 70 0.12 48 36 107 0.16 27 11
34 0.1 97 75 71 0.08 80 99 108 0.09 58 80
35 0.12 20 44 72 0.12 25 42 109 0.11 35 52
36 0.11 38 49 73 0.09 75 96 Sarang  0.18 19 3

0.13 26 23 74 0.07 94 107




VFoF oy & jlosds cppiicd g oloely 6,90 o olp) (€1yj LS pgle Ao fe
b paS slaepY o ele Lo o ele (sba )l w0ing juolie woddangi wilyly 9 bl Juudlyays 0 J,.\?
.. . Mean of .
Traits Factor ~Originallines ) ted Selection FAl FA2  FA3
mean differentil
genotypes

PLH 1 101.15 99.95 -1.2 0.39 0.34 -0.07
TKW 1 45.48 50.42 4.94 0.95 -0.04 0.20
SFR 1 1.18 1.30 0.12 0.97 -0.11 -0.08
DME 2 152.68 151.34 -1.34 0.08 0.94 0.22
YILD 2 6.49 6.96 0.47 0.26 -0.37 0.13
DHE 3 114.10 112.27 -1.83 0.01 0.64 -0.74
SFP 3 38.58 39.07 0.49 0.06 0.17 0.98

2.14 1.72 1.41
Negative Selection differentil -4.37 30.50 24.60 20.10
Positive Selection differentil 6.02 30.50 55.10 75.20

&l 5 Slos (YLD 5 &l 0 s puo :SFR 0 4 0590 Jobo :SFP &ily 5o 59 TKW 5oy glis)l :PLH ¢ Sauusy b 35 3laxs :DME ¢ 2u5' U 34, slaxs :DHE

s 90 =y Jpad o 18l slacasp] g lacpY ggeme b o5l slap¥ Cliv duwlio T Jgua

1st year 2nd year
Line DHE DME PLH TKW YILD SFP SFR DHE DME PLH TKW  YILD SFP SFR
304 101.00 139.00 113.00 42.79 7.04 38.00 1.13 112.00 152.00 101.00 51.67 6.87 40.00 1.29
196 98.00 133.00 105.00 41.10 7.51 35.00 1.17 113.50 152.00 101.00 51.24 7.66 38.50 1.34
75 99.00 137.00 106.00 45.97 6.57 38.00 1.21 112.50 153.00 98.50 55.12 7.00 40.50 1.36
99 99.00 139.00 115.00 42.16 6.78 40.00 1.05 112.50 152.00 97.00 51.18 7.46 39.50 1.30
74 98.00 140.00 108.00 31.73 7.36 42.00 0.76 111.50 151.50 97.50 50.60 7.13 40.00 1.26
194 96.00 132.00 104.00 45.86 7.12 36.00 1.27 112.00 147.50 93.50 46.74 7.15 35.50 1.35
45 97.00 137.00 100.00 40.42 6.91 40.00 1.01 112.50 152.50 98.50 51.92 7.97 40.00 1.30
76 98.00 136.00 109.00 41.12 7.56 38.00 1.08 111.00 151.00 103.50 41.08 7.54 40.00 1.03
240 100.00 140.00 99.00 45.77 6.63 40.00 1.14 113.00 151.00 104.50 52.67 7.32 38.00 1.39
88 98.00 139.00 120.00 45.31 7.02 41.00 1.11 113.00 151.00 103.50 53.85 6.55 38.00 1.42
110 102.00 142.00 114.00 47.34 6.60 40.00 1.18 113.00 151.00 100.50 51.43 6.70 38.00 1.36
66 98.00 139.00 105.00 44.22 7.25 41.00 1.08 112.50 150.00 101.50 50.97 7.78 37.50 1.37
68 97.00 141.00 120.00 48.86 6.98 44.00 1.11 112.00 152.00 103.00 54.20 6.17 40.00 1.36
312 99.00 138.00 106.00 48.36 7.89 39.00 1.24 111.50 151.00 99.00 53.87 6.32 39.50 1.36
192 97.00 135.00 97.00 46.40 6.37 38.00 1.22 111.50 152.50 95.00 49.33 6.99 41.00 1.20
Mean selected lines 98.47 137.80 108.07 43.83 7.04 39.33 1.12 112.27 151.33 99.83 51.06 7.11 39.07 1.31
Mean total lines 100.62 139.25 108.18 38.5 5.21 38.62 1 114.10 152.68 101.15 45.48 6.49 38.58 1.18
Sarang 101.25 139 104.25 389 5.38 37.75 1.03 112.50 150.00 95.00 52.65 6.94 37.50 1.40
Mehregan 100.5 139 101.25 40.66 4.89 385 1.02 116.50 152.00 99.00 45.46 6.42 35.50 1.28
Barat 102.5 142.25 111 38.95 6.17 39.75 0.98 115.50 151.00 100.00 44.14 6.04 35.50 1.29
Chamran 2/Ouj 103 142.5 107.75 33.53 4.12 39.5 0.85 115.00 153.00 106.50 48.64 7.09 38.00 1.28

il 5, Shes SYLD g ails iy s yos SFR (i 5 0y53 Jobo :SSFP il Jlsn 35 TKW iy £lis)) iPLH « Sges, b 33, Shass DME ¢ 25 b o, slasi :DHE
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Genotypes  Pedigree
PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA

4 (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/KAUZ/PASTOR//PBW343

8 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz
PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA

9 (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/SW89.3064/STAR

16 WBLL1*2/BRAMBLING//TAM200/TUI/3/VILLA JUAREZ F2009/4/KACHU*2/3/ND643//2*PRL/2*PASTOR

19 WHEAR/VIVITSI//WHEAR*2/3/KACHU/4/2*BORL14
MUNAL

21 #1*2/4/HUW234+LR34/PRINIA//PBW343*2/KUKUNA/3/ROLF07*2/5/WBLL1*2/BRAMBLING*2//BAVIS

27 BECARD #1/5/KIRITATI/4/2*SERIL.1B*2/3/KAUZ*2/BOW//KAUZ/6/VILLA JUAREZ F2009/DANPHE #1
TACUPETO

39 F2001*2/BRAMBLING/3/KIRITATI//PBW65/2*SERI. 1B/4/ND643/2¥*WBLL1/5/2*MUTUS//ND643/2*WBLLI1

63 BAIJ #1/KISKADEE #1/3/WBLL1*2/BRAMBLING*2//BAVIS/4/BAJ #1/KISKADEE #1

64 MUNAL #1/SUJATA//CHIPAK

65 KACHU/4/WHEAR/SHAMA/3/C80.1/3*BATAVIA//2*WBLL1/5/CIRO16/6/WBLL1*2/BRAMBLING*2//BAVIS

67 BABAX/LR42//BABAX*2/3/SHAMA/4/TACUPETO F2001*2/BRAMBLING/5/2¥BORL14

68 ROLF07*2/SHORTENED SR26 TRANSLOCATION/3/2*WBLL1*2/BRAMBLING*2//BAVIS

93 DEZ/SW891882/5/PASTOR//SITE/MO/3/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/4/WBLL1

107 SLVS*2/PASTOR//IR/FR/3/SLVS*2/PASTOR

S5 ¥
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ibrary(metan) library(metan)

ER <-read.table(choose.files(), header=T) ER <-read.table(choose.files(), header=T)
data_mean <- data_mean <-

means_by(ER, GEN) %>% means_by(ER, GEN) %>%
column_to_rownames("GEN") column_to_rownames("GEN")
data_mean %>% round_cols(digits = 1) %>% head() data_mean %>% round_cols(digits = 1) %>% head()
FAI mean <- mgidi_mean <-

fai_blup(data_mean, SI = 20, mgidi(data_mean,

DI = ¢('min, min, min, max, max, max, max'), ideotype = c(rep("1", 3), rep("h", 4)),

UI = ¢('max, max, max, min, min, min, min'), SI =20,

verbose =T) verbose =T)

plot(FAI mean) mgidi_mean$sel dif %>% round_cols()
plot(FAI mean,radar = FALSE) pl <- plot(mgidi_mean, SI = 20)

p2 <- plot(mgidi_mean, type = "contribution")
arrange ggplot(pl, p2)



