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Extended Abstract

Background: Faba bean (Vicia faba L.) is grown worldwide as a protein source for food and
feed. It is a very valuable legume crop that contributes to the sustainability of cropping systems
by its ability to fix biological N2. Genetic control of yield is directly affected by parameters
correlated with yield. Recognizing the correlation of yield and its components and finding the
type of relationships between them can increase yield. The selection of genotypes based on
multiple traits is a critical challenge in plant breeding and is important for improving stable crop
varieties. In this study, the genotype x trait biplot (GT biplot) and the genotype X yield-trait biplot
(GYT biplot) methods were used in combination with cluster analysis to investigate the
relationships between grain yield and simultaneous improvement of quantitative traits and select
the best faba bean genotypes: Also, the strengths and weaknesses of each genotype were
determined by combining yield and other target traits with the GYT biplot method.

Methods: To select suitable genotypes, genotypes were evaluated in the field, based on a simple
lattice design (6 x 6) with two replications in Gorgan research stations in the 2021-2022 cropping
season. Plant materials included 36 faba bean (Vicia faba L.) genotypes. The phonological traits,
plant height (PH) and lowest pod height (HLP), were calculated before harvesting. In each plot,
plants were harvested by hand at the harvest maturity stage, and seed number/pod (NS), pod
number/plant (NP), and hundred-seed weight (100SW) were measured on ten plants selected
randomly from all plots. Data were analyzed using SAS software, and the means were compared
using the LSD test at 1% and 5% probability levels. Two graphical multipurpose selection
procedures, GT biplot and GYT biplot, were conducted in combination with cluster analysis for
the simultaneous improvement of quantitative traits. The genotypes and traits were clustered
separately in each experiment using the Ward method and Square Euclidean Distance, and the
corresponding heat map was plotted using MetaboAnalyst 3. 0 software.

Results: Based on the analysis of variance, there were significant differences (P < 0.01) in all
parameters. Clustering and heat map graphical mapping assigned the faba bean genotypes to five
groups. The different groups obtained can be useful for deriving the genotypes with diverse
features and diversifying the heterotic pools. According to the mean grain yield of the genotypes,
the maximum grain yield was obtained for G25 (12TER-115-S2008, 058-4), G26 (12TER-124-
S2009, 039-3), and G4 (ILB1814x WRB 1-5) genotypes, with mean grain yields of 6251.7,
5965.6, and 5815.6 kgha™', respectively. Results of the GT biplot in the present study indicated
that G26, G25, G23, G21, and G16 were identified as superior genotypes. The GT biplot vector
view indicated a strong positive association between pod yield, the number of branches, plant
height, and days to flowering with seed yield. The GT biplot vector view indicated that the number
of seeds per pod, 100-seed weight, plant height, and early maturity traits could be used as a
selection criterion for improving seed yield in faba bean. Findings suggested that the genotype by
trait (GT) biplot explained less total variation (47%) than the GYT biplot (87.5%). The which-
won-where view of the GYT biplot divided the GYT polygon into five parts, out of which only
two parts had combinations of traits. The first part harbored the combination of the yield trait with
phenological traits, plant height (PH), lowest pod height (HLP), pod number/plant (NP), biomass,
harvest index, and 100-seed weight, and nine genotypes (G4, G6, G13, G16, G21, G23, G25,
G26, and G27), for which G25 and G26 were the winner genotypes. In the second part of the
GYT polygon, genotype G32 (Feyz cultivar) was placed with yield x number of grains per pod
(NG) and yield x length of pod (LP). Based on the results of the GYT biplot, G25 (12TER-115-
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S2008, 058-4) and G26 (12TER-124-S2009, 039-3) were the best genotypes in combining grain
yield with valuable traits. The average tester coordinate (ATC) view of the GYT biplot identified
genotypes G25, G26, and G4 with all positive yield-trait combinations as the best genotypes and
genotypes G35, G7, and G12 as the weakest genotypes.

Conclusion: The study shows that the GYT biplot is a very good technique, by which the ideal
and stable genotypes can be detected visually, and it can be used to define the best candidate
based on combining yield and trait selection in breeding programs. Overall, these findings
indicated that the genotypes G25 (12TER-115-S2008, 058-4), G26 (12TER-124-S2009, 039-3),
and G4 (ILB1814 x WRB 1-5) had the right combination of traits of interest required to produce
higher yield and hence are potentially valuable candidates to be tested in multi-location trials for
stable performance prior to release as new commercial faba bean cultivars.
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8. Length of pod

9. Hundred-seed weight

1. Days to flowering
2. Days to podding

3. Days to ripening

4. Plant height

5. Number of branches
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Table 1. The characteristics of the investigated genotypes

oo 90 Slbcagy Clasuio =) Joio

slice 05 K'Y Gei9) lice 050 X (R
ICARDA — IZTER-099-S2008,  Gfaba-433 514 Tran ILB1814 x WRB 1-5 10042 Gl
ICARDA — 12TER-102-52008,  ;_faba-434 G20 Iran ILB1814 x (ILB1266xILB1814) 10075 .
ICARDA —12TERCIIS-S2008, G pabadds 5y Tran F7/8986/05Giza843 10084 .
ICARDA  I2TER'124.52009.  Gofaba-439 ) Iran ILB1814 x WRB 1-5 8436 G4
ICARDA IZTER(S%%SZOOS’ G-faba-444 G23 Iran Super Aquadulce x TW 10137 G5
ICARDA = 12TERCIS.SI008. G abadds 54 Tran Histal x F6Latt7/08 11070 G6
ICARDA  I2TER-1IS.S2008, G faba-438 s Tran F6 ILB1814 x ZV1269-1505-40  G-faba-622 &
ICARDA  IDTERASN0. G pragsy o Iran Bar x ILB420 G
ICARDA — 12TER-LISS2009. G abadag 55, Iran Flip06-011 Go

[CARDA — I2TER-IGBTER  Gofaba-dd0 e Tran Histal x Luzdeotono G-faba368 10
[CARDA — 1ZTERSDTER- Gfaba-441 G29 Iran Leofrontu x ILB3621 G-faba369 G
[CARDA = 12T BRSO IER" G-faba-441 G30 ICARDA 12TER-003A-502010,38-1 G-faba371 1y

Iran ILB 3621 Feyz G32 ICARDA 12TER-003B-502010,38-2 G-faba-372 G4

Iran Shadan G33 ICARDA 12TER-003B-502010.38-2 G-faba372  Gl5

Spain luzde G4 ICARDA 12TER-003B-502010,38-2 G-faba372 6

Spain ILB 1593 Ascot G35 ICARDA 12TER-011/12-502010,51 G-faba378  G17

Tran Barkat G36 ICARDA 12TER-099-52008, 034-3 G-faba-433  Gl§
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Table 2. Analysis of variance of studied traits in faba bean genotypes

V.Sﬁ o Slaye (Sike
d);; @l DTF DTP DTR PH HLP NB NPP LP NSP PY SY HI% 100SW
Bl:")"slj 1 401" 355" 450" 49.07%* 12.58* 1.25% 0.39ns 1.77ns  0.11ns 105310ns 28098ns 1.43ns 12.74%%
(’e“‘_’fﬁfj 35 746" 615 823" 151.94%%  37.20%F  286%F  [4.13%F  2094%F  0.81%F  1867104*%  1042082%*  32.90%%  575.07**
s Error 35 0.67 0.29 0.58 6.33 1.51 0.18 0.13 14.44 0.02 75638.15 26476.24 2.08 5.49
e aye CV% 082 0.38 0.45 2.61 43 732 2.92 5.84 334 6.91 5.46 735 155

b sixe pas g o0 g /o) Jlois] a5 Iy xe BME] (o5 5y NS g e

** * and ns: respectively, significant difference at the probability level of 0.01 and 0.05 and non-significance.

PY B ;3 &l olass NSP B Jobo :LP gy 3 3ME sl INPP Ly 3lass :NB «cpwoj o 31 M () 5l HLP gy £lis)) :PH o Sy b jop DTR (a3 b jg, :DTP ( aalS b jg, :DTF
&l 3o 39 :100SW (s jd)cuisls y adls HI il 5 Slos [SY (8 5 Slas
DTF: Days to flowering, DTP: Days to podding, DTR: Days to ripening,PH: Plant height, HLP: Lowest pod height, NB: Number of branch, NP: Pod number/plant, LP: Length of pod,

NS: seed number/pod, PY: Pod yield, SY: Seed yield, HI: Harvest index%, 100SW: hundred seed weight.
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Table 3. Average of studied traits in 36 faba bean genotypes

M, (slaigss adllas 3,90 Clino (Sila =Y Jgi

Genotype DTF  DTP DTR PH HLP NB NPP__LP NSP _ BIO SY(kgha-1) HI%  100SW
Gl 97.5 140 168.5 72.1 157 415 17.8 108 375  4936.5 35173 71.3 125.3
G2 100 140.5 168 925 272 65 23.7 139 425 6323.1  4659.6 73.7 153.6
G3 98 140.5 169 102 282 55 31.1 116 34 5504.8  4222.1 76.7 130.8
G4 97.5 140.5 169.5 89.3 202 53 29 134 37 73519  5368.3 73.0 135.4
G5 100 141.5 167 926 284 6.2 213 192 505 5625.0 47288 84.1 172.6
G6 101 141 169.5 815 17 4.6 20 103 39 6750.0  4778.8 70.8 150.0
G7 97.5 141.5 170.5 764 212 6.1 15.7 126 34 4373.1 32683 74.7 127.6
G8 101 142 169.5 985 258 6.8 25 169 39 6279.8  4483.7 71.4 163.1
G9 97.5 141 169.5 99 32 7.4 25.7 129 39 44719  3470.2 71.5 127.7
G10 101 1415 171.5 96.5 253 8.2 415 10.8 3.3 58433  4094.2 70.1 108.0
Gl11 101 142 168 954 295 47 249 16.8 4 5422.1  4036.5 74.4 173.3
G12 101 141 167.5 962 315 6.2 18.6 183 4 4600.0  3279.8 71.3 175.9
G13 102 142 169 851 262 43 233 11.8 3.6 6203.8  4784.6 77.1 143.2
G14 101 1415 169.5 76 23 6.1 239 149 3.05 41269  3300.0 80.0 177.7
GIs5 97.5 141.5 170 948 318 8 37.5 108 325 57154  4230.8 74.0 128.9
Gl6 102 142 167 109 30.3 7.5 314 146 3.7 5972.1 44933 75.2 170.4
G17 100 1415 168.5 94 34 4.8 239 11.8 33 5504.8  3932.7 71.4 148.3
GI8 101 141 168 989 347 41 25.6 16 4.25  5258.7  3788.5 72.0 144.7
G19 102 140.5 168.5 82 274 5.1 26.9 158 435 5978.8  4257.7 71.2 148.8
G20 98.5 1415 167.5 89.3 281 8.3 31 155 4 5801.9  4091.3 70.5 138.3
G21 101 143 169.5 983 293 8.2 353 12 385 63423  4946.2 78.0 147.0
G22 99 142.5 169 97.1 274 74 34.7 159 45 6581.7 44029 66.9 152.0
G23 100 142.5 172.5 934 232 85 30 13 3.65 57442 45952 80.0 166.0
G24 102 142.5 169 952 253 415 29.2 106 3.5 6034.6  4488.5 74.4 132.5
G25 101 141 168 98 29.2 6.2 30 134 4 7013.5  5594.2 79.8 146.0
G26 100 142.5 170 993 199 6.8 34.6 126 375 6780.8  5322.1 78.5 149.1
G27 101 142 170 100 22.8 59 24.8 129 4 6613.5 48154 72.8 162.5
G28 97 141 169.5 962 297 6.1 35 102 335  6672.1 41212 61.8 143.0
G29 99 142 170.5 899 229 56 432 114 285 5131.7 39212 76.4 142.7
G30 90.3 1415 169.5 969 328 4.1 24 112 395 45019  3690.4 82.0 120.2
G31 98 140.5 171 918 33 6 39.8 139 465 56548  4476.0 79.2 119.2
G32 99.5 140.5 167 935 272 57 202 234 6 6400.0  4691.3 73.3 147.9
G33 100 140.5 170.5 948 222 1.7 46.1 116 3.5 5322.1  3975.0 74.7 120.2
G34 101 140 169 102 21 6.6 31.3 119 395 56462 4160.6 73.7 130.5
G35 101 142.5 171 792 229 45 312 745 2.1 3675.1  2890.4 78.6 83.6
G36 98.3 142 167 823 148 5.1 106 236 49 42104 31564 75.0 141.1
mean 99.5 14142  169.1 925 26.1 6.07 283 137 385 5677.1 4223.1 74.6 143.0
LSD5% 1.66 1.10 155  5.11 2.49 0.86 074 1.71 025 55833 330.3 292 476
LSD1% 2.33 1.48 2.08 685 3.35 1.16 1.00 230 033  749.11 443.2 393 638

5 AME dlaws NP a3l dlass NB ¢yoj o | SME 4ol glis)l (HLP 5y glis)l :PH ¢ Sty b jgy :DTR ¢ 23 8Me b jg, :DTP ( 25 b 54, :DTF

A Ao 459 H100SW (o p)cudld yy (as L HI ily 5 Slos :SY M 5 Slos PY (33 )> il sluss :NSP «8Me Jgbo :LP a5g
DTEF: Days to flowering, DTP: Days to podding, DTR: Days to ripening,PH: Plant height, HLP: Lowest pod height, NB: Number
of branch, NP: Pod number/plant, LP: Length of pod, NS: seed number/pod, PY: Pod yield, SY: Seed yield, HI: Harvest index%,

100SW: hundred seed weight.
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Figure 1. Graphical display of data using a heat map.
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DTF: Days to flowering, DTP: Days to poddin%,lDT
plant

height, NB: Number of branch, NP: Pod number

R: Days to ripening, PH: Plant height, HLP: Lowest pod
, LP: Length of pod, NS: seed number/pod, PY: Pod yield,

SY: Seed yield, HI: Harvest index%, 100SW: Hundred-seed weight.
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Table 4. Standardized genotype X yield X trait (GYT) values in 36 faba bean genotypes

. A B C D E F G H 1 J K L GYT
Genotype Index
Y/DTF Y/DTP Y/DTR YxPH YxHLP YxNB YxNPP YxLP YxNSP YxPY YxHI% Yx100SW
Gl -0.92 -0.96 -0.99 -1.69 -1.64 -1.54 -1.64 -1.01 -0.81 -0.96 -1.05 -1.18 -1.20
G2 0.63 0.68 0.68 0.47 -0.42 0.60 -0.42 0.64 0.81 0.67 0.46 0.78 0.47
G3 0.12 0.05 0.01 0.45 0.13 -0.36 0.13 0.01 -0.53 -0.16 0.12 -0.37 -0.03
G4 1.88 1.71 1.64 1.06 0.75 0.35 0.75 1.66 0.83 2.02 1.25 0.90 1.23
G5 0.73 0.74 0.82 0.56 -0.66 0.46 -0.66 0.74 1.81 0.29 1.49 1.47 0.65
G6 0.77 0.83 0.79 -0.03 -0.79 -0.53 -0.79 0.81 0.53 1.05 0.38 0.79 0.32
G7 -1.29 -1.37 -1.40 -1.74 -0.92 -0.81 -0.92 -1.37 -0.84 -1.37 -1.15 -1.36 -1.21
G8 0.31 0.36 0.37 0.60 -0.37 0.62 -0.37 0.39 0.24 0.50 0.07 0.87 0.30
G9 -0.99 -1.06 -1.08 -0.59 -0.95 -0.03 -0.95 -1.07 -0.73 -1.20 -0.73 -1.17 -0.88
G10 -0.26 -0.18 -0.26 0.04 1.12 1.04 1.12 -0.18 -0.73 -0.07 -0.47 -1.13 0.00
Gl1 -0.34 -0.28 -0.22 -0.09 -0.66 -0.94 -0.66 -0.26 -0.09 -0.35 -0.25 0.62 -0.29
G12 -1.44 -1.34 -1.30 -0.93 -1.64 -0.76 -1.64 -1.35 -0.83 -1.26 -1.32 -0.27 -1.17
G13 0.68 0.79 0.82 0.18 -0.38 -0.72 -0.38 0.82 0.18 0.70 0.87 0.58 0.34
Gl4 -1.42 -1.32 -1.33 -1.72 -0.80 -0.78 -0.80 -1.32 -1.58 -1.46 -0.95 -0.20 -1.14
Gl15 0.16 0.02 -0.01 0.11 0.83 1.08 0.83 0.02 -0.67 -0.04 -0.04 -0.42 0.16
Gl6 0.29 0.37 0.48 1.20 0.38 1.06 0.38 0.40 0.03 0.32 0.40 1.11 0.53
G17 -0.44 -0.41 -0.39 -0.27 -0.83 -0.95 -0.83 -0.41 -0.86 -0.38 -0.56 -0.18 -0.54
G18 -0.70 -0.60 -0.58 -0.21 -0.75 -1.41 -0.75 -0.62 -0.10 -0.61 -0.70 -0.43 -0.62
G19 -0.05 0.10 0.08 -0.53 -0.30 -0.57 -0.30 0.06 0.50 0.13 -0.20 0.19 -0.07
G20 -0.11 -0.18 -0.12 -0.33 0.01 1.09 0.01 -0.18 -0.03 -0.10 -0.44 -0.29 -0.06
G21 0.98 0.97 1.03 1.15 1.24 1.99 1.24 1.05 0.63 0.93 1.15 0.87 1.10
G22 0.32 0.22 0.27 0.43 0.68 0.91 0.68 0.27 0.82 0.61 -0.26 0.44 0.45
G23 0.54 0.50 0.45 0.45 0.29 1.79 0.29 0.55 0.07 0.26 0.93 1.09 0.60
G24 0.25 0.34 0.40 0.43 0.12 -0.99 0.12 0.39 -0.19 0.35 0.30 -0.06 0.12
G25 2.36 2.45 2.47 2.26 1.29 1.45 1.29 2.42 1.74 2.28 2.95 1.85 2.07
G26 1.61 1.54 1.55 1.66 1.48 1.40 1.48 1.59 0.85 1.57 1.68 1.35 1.48
G27 0.79 0.84 0.82 1.11 1.88 0.34 1.88 0.86 0.68 1.00 0.58 1.24 1.00
G28 0.03 -0.12 -0.15 0.05 0.46 -0.10 0.46 -0.14 -0.66 0.41 -0.98 -0.13 -0.07
G29 -0.40 -0.45 -0.47 -0.48 1.10 -0.54 1.10 -0.42 -1.31 -0.59 -0.25 -0.34 -0.25
G30 -0.48 -0.76 -0.77 -0.42 -0.97 -1.46 -0.97 -0.76 -0.47 -1.06 -0.19 -1.15 -0.79
G31 0.50 0.42 0.30 0.23 1.33 0.13 1.33 0.37 1.06 0.11 0.66 -0.48 0.50
G32 0.71 0.73 0.77 0.57 -0.81 0.11 -0.81 0.69 2.86 0.75 0.45 0.63 0.55
G33 -0.37 -0.31 -0.39 -0.19 1.45 0.64 1.45 -0.35 -0.63 -0.45 -0.30 -0.90 -0.03
G34 -0.16 -0.02 -0.08 0.38 0.10 0.21 0.10 -0.08 -0.01 -0.13 -0.15 -0.44 -0.02
G35 -2.01 -1.94 -1.95 -1.99 0.43 -1.75 0.43 -1.91 -2.28 -1.70 -1.75 -2.51 -1.58
G36 -2.29 -2.35 -2.28 -2.18 -2.17 -1.00 -2.17 -2.34 -0.29 -2.08 -1.97 -1.76 -1.91
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Figure 3. A biplot vector view of faba bean genotypes
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