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Abstract

The selection of genotypes based on various characteristics is a critical
challenge in plant breeding. An experiment was carried out in a
randomized complete block design (RCBD) in three replications over two
crop years, 2018-2019, to compare the effects of genotype x trait (GT)
and the genotype X yield-trait (GYT) methods as well as to investigate the
relationships between grain yield and different agronomic traits. Plant
materials included ten sunflowers (Helianthus annuus L.) genotypes. Based
on the combined analysis of variance, there was a significant difference
in all parameters except leaf length. The effect of year x genotype was
significant in all traits except plant height, stem diameter, and leaf length
(P< 0.01). Gabur, Azargol and Favorite genotypes were ranked as high-
yielding genotypes in the years of the experiment. Based on the graphical
analysis performed on the effect of genotype X trait (GT), Zaria genotype
was selected as the best and stable genotype. The genotype x yield-trait
(GYT) biplot ranked genotypes by yield and other desired trait levels and
depicts their trait profiles, or strengths and weaknesses. The correlation
biplot revealed positive correlations between most traits with grain yield.
This method is pictorial, objective, effective, and simple compared to the
genotype X trait (GT) method. The GYT biplot technique is based on the
paradigm shift that genotypes should be assessed by their yield levels in
combination with other variables rather than individually. The graphical
analysis of the effect of genotype x yield-trait (GYT) revealed that Gabur
and Armavirski genotypes were selected as the best genotypes for all
traits investigated and could be recommended for cultivation in the Karaj
location.

Keywords: Sunflower, GT, GYT, Graphical analysis, Year X genotype, Multi-
traits

INTRODUCTION

Sunflower (Helianthus annuus L.) is the major oilseed plant with the largest
cultivation area after soybean, rapeseed and peanuts (Hu et al. 2010). Selection
based on morphological traits and yield components with high heritability can be
afast and accurate way to screen plant populations to increase and improve crop
yield (Gholizadeh and Dehghani 2016). 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 (Torres et al. 2004). The correlation study is significant in plant breeding
to see the relationships between traits. The correlation coefficient indicates the
intensity or weakness and direction of changes in two variables of plant traits,
each of which is influenced by genetic and environmental structure (Malik et
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al. 2010). GGE biplot can easily facilitate the selection of
stable genotypes by graphical plotting (Yan 2001). Yan
and Rajcan (2002) were the first researchers who studied
the genotype by trait interaction (GT biplot), which is
one of the GGE biplot methods. Genotype X trait (GT)
biplots have also been used to identify reliable traits for
indirect selection of a target main parameters (Akinwale
et al. 2014). The GGE biplot method also has been used
for evaluating the correlation of the characteristics by the
genotype-trait biplot graphics (Akcura and Kokten 2017).
In recent years, investigating the effect of genotype x
yield-trait (GYT) has become a new method for multi-
traits selection and screening of crop plants (Yan and
Frégeau-Reid 2018). GYT biplot ranks genotypes based
on the combination of grain yield with other evaluated
traits and shows the strengths and weaknesses of
genotypes with regards to trait weights (Yue et al. 2022).
GYT method can be used toidentify the best genotypesin
the correlation between yield and other traits. As a result,
the problem of genotype selection based on different
traits can be overcome by the GYT method (Purwati et al.
2022). One of the superior of the GYT biplot is reducing
the cost of measuring traits by identifying redundant
traits (Mohammadi 2019). Gholizadeh and Ghaffari (2022)
on 24 sunflower hybrids used GYT graphical analysis and
reported a significant and positive correlation between
the number of seeds per head and 100-grain weight
combined with grain yield. This method has also been
used in the study of various crop plants, including durum
wheat (Kendal 2019), bread wheat (Hamid et al., 2019),
sesame (Boureima and Abdoua 2019), maize (Mousavi et
al. 2021) and oilseed rape (Zeinalzadeh-Tabrizi and Amiri
Oghan 2021).

The objectives of this research were: 1) to investigate
the effect of genotype x trait (GT) and select the best
genotype based on this method, 2) to investigate the
effect of genotype x yield-trait (GYT), compare with (GT)

method and select the most desirable genotype based
on this method, 3) to determine grain yield relationships
and related traits, 4) to classify of the genotypes in terms
of all traits studied.

MATERIALS AND METHODS
Experimental specifications

In this research, ten sunflower genotypes were evaluated
for the effect of genotype X trait (GT), genotype X yield-
trait (GYT) and also to investigate the relationship
between yield and yield components in a randomized
complete block design (RCBD) in three replications
during two cropping years 2018-2019in the research field
of Islamic Azad University, Karaj Branch, Iran. According
to meteorological statistics and the ombrothermic curve,
this location has a Mediterranean arid-warm climate with
150-180 dry days per year. For its warm, dry summers
and cold, rainy winters, it also has a dry moisture regime.
The average annual precipitation in this area is 243 mm,
according to Karaj's 30-year climatic data. Rainfall is most
common in late autumn and early spring. The average
temperature over the last 30 years has been 13.5 °C,
while the soil temperature is 14.5 °C; hence, this location
is categorized as having a thermic regime. According to
the graphic derived for the number of freezing days/Year
in Karaj agricultural weather station, the temperature
decrease begins in October-November and lasts for the
majority of the days in December, January, February, and
March.Table 1 shows the genotype name, codeand origin
of the sunflower genotypes evaluated in this research.
The Geographical and meteorological specifications of
the experimental location are shown in Table 2.

The studied traits were: plant height (PH), flower diameter
(FD), stem diameter (SD), leaf length (LL), leaf width
(LW), grain width (GW), grain length (GL), grain diameter
(GD), 100-grain weight (WHG) and grain yield (YLD).

Table 1. Origin, names and code of sunflower varieties studied in the study

Genotype code Genotype name Origin Genotype code Genotype name Origin
G1 Progress Russia G6 Master Russia
G2 Gabur Russia G7 SHF81-90 Russia
G3 Zargol Iran G8 Zaria Iran
G4 Armavirski Russia G9 Favorite Russia
G5 Azargol Iran G10 Record Romania
Table 2. Geographical and meteorological specifications of the experimental location
Location Longitude Latitude Elevation (m) Average rainfall
(mm)
Karaj 50°54'E 35°55'N 1312 243
Table 3. Soil characteristics of the cultivated area in the experiment
. .. . Organic Organic .
0, [+) o, 0,
Location EC(ds/m) Acidity  Lime (%) carbon (%) materials (%) Clay (%) Silt(%) Sand (%)
Karaj 0.20 8.2 7 32 45 32 25 22




Int J Agric Environ Food Sci 2023; 7(1): 136-147

Shojaei et al. Comparison of genotype x trait and genotype x

Experimental plots were designed in four rows; each row
was 5 m long with a row distance of 75 cm. Irrigation
was done regularly during the growing seasons. All
maintenance operations and harvesting were carried
out on time. To eliminate marginal effects, sampling was
done from the two middle rows. The soil property of the
experimental location showed in Table 3.

Statistical analyses

Before variance analysis, normality of data and
homogeneity of error variances were checked using
Grubbs’s test and Bartlett’s test, respectively. Combined
analyses of variance were then performed to evaluate
the genotype and genotype X years effects.

The mean values of all traits in the first, second and
average two years of the experiment were subjected to
the GT and GYT biplot analyses using polygon biplots,
genotype rankings, genotype rankings based on ideal
genotype, and correlation of traits. The following
equation described by Yan and Rajcan (2002) was used
to study the effect of genotype X trait:

B 2 2

Qij — Bj -

Y = Z An&inNjn + &5 = Z §nNin T &5 (1)
) n=1 n=1

In this equation, aij: mean of genotype i in the trait j,
Bj: mean of the trait j on all genotypes, oj: standard
deviation of the trait j between the mean of genotypes,
An: singular value for principal component (PCn), &in:
PCn value for genotype i, njn: PCn value for genotype j,
€ij: residual value of genotype i for trait j in the model. Z
score transformation was also used to eliminate the units
of different traits as the following formula:

In this equation, Z: standard score, X: initial trait data, p:
mean of the trait, o: standard deviation of the trait.

GYT table was obtained based on multiplying/dividing
each trait with YLD based on the desirableness/
undesirableness of each trait according to the method
described by Yan and Frégeau-Reid (2018). Therefore,
by this method, in the GYT table, a larger value is always
more desirable. SAS v9.2 software was used for combined
ANOVA. Genstat v12 software was used to perform GT
and GYT analyses. Excel software was used for the mean
comparison graph.

RESULTS AND DISCUSSION

Based on the combined analysis of the evaluated
traits, a significant difference was observed between

the genotypes in all characteristics except LL at the
probability level of 0.01.

Table 4. Combined analysis of variance in studied traits
of 10 sunflower genotypes during two years of the
experiment

The effect of year also demonstrated significant
difference in SD, FD and YLD. The effect of genotype x
year was also significant in parameters except PH, SD
and LL. The highest coefficient of variation was related to
the SD (30.3), and the lowest was related to the FD (6.64)
(Table 4).

Due to the importance of the YLD and also the
significance of the genotype x year effect for this trait
(Table 4), the average of the YLD was compared over
the experimental years (Figure 1). Gabur, Azargol and
Favorite genotypes had the best rank in the first year of
the experiment. Gabur in the second year also had the
highest rank among the genotypes studied. Accordingly,
based on the data of the first year of the experiment, the
highest mean YLD was related to Gabur with 4712 kg/
ha and then Azargol with 4585 kg/ha. The lowest mean
YLD was related to Zargol genotype with 3589 kg/ha. In
the second year of the experiment, the highest YLD was
related to Gabur and Master Genotypes, with 3501 and
3102 kg/ha, respectively, while the lowest mean GY was
related to Azargol genotype with 2191 kg/ha (Table 5).

The significant effect of the year x genotype interaction
showed that grain yield cannot give a correct picture of
cultivar stability across different environments. So, the
GYT table is obtained based on the combination of each
trait with YLD (Table 5). According to the GYT table, PH,
FD, SD, LL, LW, GW, GD and WHG was multiplied by the
YLD; therefore yield-trait data table for GYT analysis was
obtained. Genotypes were evaluated based on genotype
X grain yield-trait (GYT) interaction for two purposes:
first, YLD is one of the most important traits, and other
traits are important when combined with YLD. Second,
the desirability of a genotype should be based on the
levels of the combination of YLD with other traits (Yan
and Frégeau-Reid 2018).

Evaluation of genotypes based on genotype X trait
(GT) biplot

Polygon biplot

A polygon biplot was used to examine the genotypes
and characteristics evaluated in the research’s first,
second, and average two crop years (Figure 2). This biplot
is drawn by connecting the farthest genotypes from the
plot’s origin, and the other genotypes are located within
this polygon. In each section, genotypes closer to certain
traits are more desirable regarding that trait.

Accordingly, in the first year of the experiment, Record,
Zargol, Master, Favorite, Gabur and Armavirski genotypes
had the most significant distance from the plot’s origin
and were determined as desirable genotypes. In each
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Figure 1. Comparison of the mean of genotype X year in grain yield on 10 sunflower genotypes in two cropping years

(G1: Progress, G2: Gabur, G3: Zargol, G4: Armavirski, G5: Azargol, G6: Master, G7: SHF89-90, G8: Zaria, G9: Favorite, G10:
Record).
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Figure 2. Polygon biplot of genotypes based on the genotype x trait (GT), A: first year of the experiment, B: second
year of the experiment, C: average of the first and second year of experiment.

(G1: Progress, G2: Gabur, G3: Zargol, G4: Armavirski, G5: Azargol, G6: Master, G7: SHF89-90, G8: Zaria, G9: Favorite, G10:
Record). (FD: Flower Diameter, PH: Plant Height, SD: Stem Diameter, LL: Leaf Length, LW: Leaf Width, GL: Grain Length,
GW: Grain Width, GD: Grain Diameter, WHG: Weight of 100 Grain, YLD: Grain Yield).
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Figure 3. Ranking biplot of genotypes based on overall superiority and strengths and weaknesses in terms of
genotype X trait (GT), A: first year of the experiment, B: second year of the experiment, C: average of the first and
second year of experiment.

(G1: Progress, G2: Gabur, G3: Zargol, G4: Armavirski, G5: Azargol, G6: Master, G7: SHF89-90, G8: Zaria, G9: Favorite, G10:
Record. (FD: Flower Diameter, PH: Plant Height, SD: Stem Diameter, LL: Leaf Length, LW: Leaf Width, GL: Grain Length,
GW: Grain Width, GD: Grain Diameter, WHG: Weight of 100 Grain, YLD: Grain Yield).
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Table 4. Combined analysis of variance in studied traits of 10 sunflower genotypes during two years of the experiment

S.0.V df FD PH SD LL Lw GL GW GD WHG YLD

Year 1 13.87* 1754  0.342* 0.01™ 5.79™ 0.05* 0.28™ 0.01"™ 887.04™ 21420375**
Genotype 9  10.75** 1812.7** 0.14* 7.22™ 10.7* 0.01** 3.5% 0.68** 7111.4** 465530.1*
Error1 4 657 649.17  0.02 6.11 559  0.0009 1.41 0.04 2244.1 397244.95
Year x 9 1046** 348.01™ 0.06™ 1278 16.6* 0.01* 383* 0.46** 4475.7* 531180.3*
Genotype

Error2 36 1.7 453.05 0.11 9.93 587  0.01 145  0.08 1885.2  76462.5

CV % - 6.64 12.24 30.3 18.9 1532 12,62 30.1 23.1 14.95 24.85

*** and ns: Significant at 5%, 1% and non-significant.

(FD: Flower Diameter, PH: Plant Height, SD: Stem Diameter, LL: Leaf Length, LW: Leaf Width, GL: Grain Length, GW: Grain Width, GD:

Grain Diameter, WHG: 100-grain weight, YLD: Grain Yield)

Table 5. Average grain yield and other agronomic traits in the experimental years of the studied genotypes

Genotype FD PH ) LL LW GL GW GD WHG YLD
Gl 243 1714 1.1 168 151 09 5.2 13 3109 3969.3
G2 206 1324 09 157 142 09 3.9 1.2 303.0 47123
G3 21.1 1763 14 19.1 165 0.8 4.1 22 3088 35893
G4 21.9 163.0 0.9 143 15.1 1.0 43 14 279.1  4101.0
Year1 G5 18.1 1935 1.1 213 165 0.8 3.6 0.9 259.5 45853
G6 16.2 1803 1.2 165 147 08 1.1 0.4 3448 35957
G7 19.1 1837 14 142 169 09 3.8 13 383.1 40453
G8 17.6 1910 14 184 158 09 3.9 2.1 3175 42520
G9 20.1 1593 0.9 136 132 09 13 0.6 2183 44253
G10 21.8 1707 1.3 165  17.1 1.0 42 1.1 215.8 38493
Gl 19.5 150.1 0.8 164 181 08 3.9 1.1 3450 26723
G2 20.0 148.1 0.9 166 134 09 33 16 2640 3501.0
G3 18.3 1756 1.3 157 147 08 3.1 13 2516 30113
G4 17.0 1795 0.9 169 153 09 5.2 16 3236 33470
vearzs O 18.9 196.1 1.2 160 168 08 46 16 287.0 2191.7
G6 19.0 1994 0.7 147 165 09 3.7 13 3186 31027
G7 18.3 1848 0.9 172 203 08 282 12 2863 32820
G8 19.1 1953 1.2 175 143 08 4.0 14 2573 30563
G9 214 1779 1.0 176 161 07 3.8 0.9 2813  2566.0
G10 19.8 1487 1.1 17.1 155 0.8 2.7 0.9 249.0 24446
Gl 219 160.8 0.9 165 166 08 46 1.2 3279 332038
G2 203 1403 0.9 163 138 09 3.6 1.4 2835  4106.7
G3 19.7 1759 13 168 155 0.8 3.6 16 2802 32913
Mean 4 19.4 1713 09 16.0 15.2 0.9 48 1.5 301.3 37240
oftwo 5 18.5 1948 1.1 178 166 08 4. 14 2732 33885
years  ce 176 1900 09 153 156 08 24 1.0 3317 33612
G7 18.7 1842 1.1 16.1 186 09 33 13 3347 3663.7
G8 18.3 1931 1.3 177 150 08 3.9 1.7 2874 36543
G9 20.7 1686 0.9 162 146 08 2.6 0.8 249.8  3501.7
G10 20.8 159.7 1.2 169 163 09 34 0.9 2324 31530

(G1: Progress, G2: Gabur, G3: Zargol, G4: Armavirski, G5: Azargol, G6: Master, G7:SHF89-90, G8: Zaria, G9: Favorite, G10: Record). (FD:
Flower Diameter, PH: Plant Height, SD: Stem Diameter, LL: Leaf Length, LW: Leaf Width, GL: Grain Length, GW, Grain Width, GD: Grain

Diameter, WHG: 100-grain weight, YLD: Grain Yield).

section, genotype Record in terms of GW, genotype
Zargol with regards to LW and SD and Gabur genotype in
terms of YLD were more desirable than other genotypes
(Figure 2. A). Based on the polygon biplot obtained
from the data of the second year of the experiment,
the genotypes Armavirski, Master, Progress, Favorite,

Record and Zaria were identified as the best genotypes,
considering that they were the most distant from the
origin of the biplot. Also, Zaria genotype in terms of
SD, Armavirski genotype in terms of FD and GL, Master
genotype in terms of WHG, Progress genotype with
regards to LW and Favorite genotype in terms of flower
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Table 6. Value of genotype X yield-trait in 10 sunflower genotypes in the first, second and average of two cropping

years
Genotype Y*FD  Y*PH  Y*SD Y*LL _ Y*LW _Y*GL Y*GW _Y*GD Y*WHG Y*FD
Gl 965474 680343.7 43663 66817.1 60069.2 3667.6 207622 5004.0 1234066 96547.4
G2 972311 6239129 44453 738266 668523 4291.3 18786.5 5500.8 1427837 97231.1
G3 758713 632679.8 5120.8 686759 59104.4 3093.5 14685.1 7061.4 1108506 75871.3
Year1 G4 896807 6684630 3909.6 58781.0 61925.1 4199.4 17850.2 6717.4 1144452 89680.6
G5 831749 8874148 49827 97667.6 75658.0 40748 16650.8 4826.8 1189894 83174.8
G6 583984 6484186 42189 592086 528563 2886.1 41182 2327.5 1239786 58398.4
G7 774789 7429929 5717.4 573089 685009 3932.0 155503 42880 1549902 774789
G8 747728 812132.0 57827 78095.1 67039.9 4067.7 16449.5 79342 1350152 74772.8
G9  89005.2 705103.1 4041.8 60037.0 58414.4 4263.0 6003.7 4977.0 9661970 89005.2
G10  84069.4 657209.5 5106.8 63385.7 659519 4016.1 16103.0 3823.6 8306860 84069.4
Gl 521105 401170.7 22715 43870.8 48378.1 2262.5 105735 26545 921955 521105
G2 701133 518568.1 3092.5 582333 46971.7 32209 11459.9 4924.7 924264 701133
G3  55137.5 528890.5 3844.5 47303.0 443268 26700 92949 4828.1 757852 55137.5
Veara G 569547 6008423 3280.1 567205 51209.1 3257.7 174044 44515 108331 56954.7
G5 41429.8 4296763 2564.2 35212.8 36929.6 1877.5 10001.3 3324.0 629008 41429.8
G6 591058 619706.0 2306.3 45764.3 51328.4 2833.7 11459.2 5181.4 988716 59105.8
G7  60038.7 6064589 2910.1 564504 66777.7 2910.0 9277.1 3916.5 939746 60038.7
G8 583352 597003.8 3647.2 535266 437769 2516.3 122253 42788 786496 58335.2
G9  54809.7 456431.5 26943 45170.1 414323 19843 97465 27627 721901 54809.7
G10  48575.5 363530.1 2819.5 41958.6 38096.1 2077.9 6555.7 2159.4 608722 48575.5
Gl 727649 533857.2 3237.8 549782 551867 2940.0 15254.8 3594.6 1089067 72764.9
G2 834885 576001.1 3750.7 66984.3 56678.8 3758.9 14907.2 5449.0 1164240 83488.5
G3 649182 579110.1 44487 554589 51322.8 2877.5 118126 56764 922396 64918.2
"‘)"fet:‘o G4 724032 6377660 3599.8 598654 56604.8 3719.0 17787.0 53352 1122289 72403.2
i G5  62759.5 660051.6 3823.3 603529 565032 2957.0 13883.8 4615.1 925907 62759.5
G6 593100 638733.7 3221.1 515005 52507.0 2883.8 8131.7 4467.3 1115011 59310.0
G7  68594.8 674939.0 42132 59310.6 68290.7 3404.7 12219.5 4209.1 1226351 68594.8
G8  67005.8 7058954 4665.3 65039.0 54979.4 3252.3 14377.3 5683.7 1050377 67005.8
G9 726117 5903985 3437.4 56929.3 51381.1 3040.6 90255 3826.1 874833 726117
G10  65755.8 503591.9 3909.7 53383.8 51577.8 2984.8 10822.6 2900.7 732757 65755.8

(G1: Progress, G2: Gabur, G3: Zargol, G4: Armavirski, G5: Azargol, G6: Master, G7: SHF89-90, G8: Zaria, G9: Favorite, G10: Record)

diameter had better performance than other genotypes
(Figure 2. B). The polygon biplot drawn based on the
average data of the two crop years of the experiment
showed that Zaria, Azargol, Master, Favorite, Gabur and
Armavirski genotypes had the longest distance from
the origin. Zaria genotype with regards to LL, Azargol
genotype with regards to SD and Armavirski genotype
were better and more desirable in terms of GL and yield
than other genotypes (Figure 2. C). According to the
polygon biplots drawn in the first, second and average
two crop years, it can be concluded that in terms of
all traits, Master, Favorite and Armavirski genotypes
are selected and determined as the most desirable
genotypes compared to the others. Rahmati and Ahmadi
(2020) used this method in their analysis of wheat and
obtained similar results.

Ranking of genotypes based on overall superiority in
terms of all traits

In this biplot, which is connected to the mean of the traits
from the origin of linear coordinates, the genotypes that
are at the positive beginning of this axis have higher
performance and desirability, thus the genotypes that
are close to this axis have a higher value in terms of the
trait studied. Based on the ranking biplot of genotypes
in terms of all traits (Figure 3), in the first year, Zargol,
Record, Zaria and SHF81-90 genotypes were determined
as the best genotypes. Favourite and Master genotypes
were also selected as undesirable genotypes. The order
of genotypes from most desirable to most undesirable is
as follows: (Figure 3. A)

Zargol> Record> Zaria> SHF81-90> Progress>
Armavirski> Azargol > Gabur> Master> Favorite.

Based on the biplot obtained from the second year of the
experiment, the Armavirski genotype was pointed out as
the preferred genotype. Favourite and Record genotypes
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were selected as undesirable genotypes. The order of
genotypes from most desirable to most undesirable is as
follows: (Figure 3. B)

Armavirski> Master> Azargol> Gabur> SHF81-90>
Zargol> Zaria> Progress> Record> Favorite.

Based on the data of the average of the first and second
year of the experiment, Zaria and Azargol genotypes were
determined as superior genotypes Master and Favorite
genotypes were pointed out as undesirable genotypes.
The order of genotypes from the best genotype to the
most unfavorable genotype is as follows up: (Figure 3.C)

Zaria> Azargol> Armavirski> Zargol> SHF81-90>
Record> Gabur> Progress> Favorite> Master.

Selection of the best genotype based on the ideal
genotype biplot

The ranking biplot of genotypes was drawn based on
the ideal genotype to select the best genotype (Figure
4). In this biplot, the best point is the center of the
concentric circle, which is marked with an arrow, and
other genotypes are ranked based on this point. The
hypothetical ideal genotype is described based on the
most stable and high-yielding genotype (Yan and Kang
2002). According to this biplot, in the first year of the
experiment, Zargol, SHF81-90 and Zaria genotypes were
selected as superior genotypes and Master and Favorite
genotypes were selected as unfavorable genotypes.
The ranking of genotypes from the best to the most
unfavorable genotypes is as follows: (Figure 4.A)

Zargol> SHF81-90> Zaria> Record> Progress>
Armavirski> Azargol> Gabur> Favorite> Master.

Based on the biplot of the second year of the experiment,
the Armavirski genotype was determined as the most
desirable genotype compared to other cultivars,
and Favorite and Record genotypes were stated as
undesirable genotypes. The order of genotypes in the
second year of the experiment is as follows: (Figure 4.B)

Armavirski> Master> Azargol> Gabur> SHF81-90>
Zargol> Zaria> Progress> Record> Favorite.

The biplot on the average of the data of the first and
second years of the experiment indicated that the Zaria
genotype was specified as the preferred genotype
and Master and Favorite genotypes as the undesirable
genotype. The order of genotypes from the most
desirable to the most undesirable genotype is as follows:
(Figure 4.C)

Zaria> Azargol> Zargol> Armavirski> SHF81-90>
Record> Progress> Gabur> Favorite> Master.

Correlation between evaluated traits

According to this biplot, the cosine of the angle between
the vectors of traits represents an estimate of the
correlation coefficient between them. The acute angle
between vectors represents a positive correlation, and

the obtuse angle between vectors represents a negative
correlation. If the angle between the vectors of the
attributes is 90 degrees, it represents no correlation
between them (Yan and Kang 2002). According to the
correlation biplot drawn in the first crop year, GW, LW
and SD, LL, PH, WHG and YLD, GL and FD were positively
correlated. Considering the vector angle between
the two traits of YLD and LL, which shows an angle
of 180 degrees, a negative and significant correlation
was evident between these two traits. The correlation
between LL and GW traits was also estimated to be zero
(Figure 5. A). The results of the correlation biplot in the
second-year data also showed a positive correlation
between GD, PH, YLD, GW and GL. Also, a positive
correlation was observed between WHG and LW traits
and between SD and LL traits. WHG was negatively
correlated with SD, FD with PH. According to the angle
between the two vectors, WHG traits with FD and SD
traits with GD were estimated to be zero (Figure 5. B). The
results of correlation between the evaluated traits in the
mean of the first and second-year crop data are also a
positive correlation between GW, GD, LL, SD, PH, LW and
WHG, and GL, YLD and FD were observed together. Also,
the degree of correlation between FD and PH traits was
negative. The correlation between trait GD with the FD
and PH traits was zero (Figure 5. C). Sincik and Goksoy
(2014) reported a positive correlation between FD and
YLD.

Evaluation of genotypes based on genotype X yield-
trait (GYT) biplot

Polygon diagrams

Figure 6 shows the polygon biplot of genotypes in
terms of genotype X yield-trait (GYT). As in Figure 2, the
genotypes with the greatest distance from the origin
of the biplot are specified as the most desirable trait. In
each section, genotypes close to certain traits are more
desirable than that trait (Figure 6). Based on the graph
drawn in the first year of the experiment (Figure 6. A),
the first two principal components explained 40.07%
and 22.06%, respectively, and a total of more than 62%
of the data variance. The high percentage of the first
two principal components indicates the high validity
of the GYT biplot in justifying the percentage of the
data variance (Hamid et al. 2019). This biplot identified
Armavirski, Gabur, Azargol, Zaria, Master and Favorite
genotypes as the most desirable genotypes. In each
section, Gabur genotype had the highest value of Y x
FD, Y x GL, indicating that this was more desirable than
other genotypes in combining YLD with a FD and GL.
Azargol and Zaria genotypes also had the highest values
inYxLW,Y X LL, Y X PHandY x SD and were superior in
terms of YLD combination with PH, LW, LL and SD. In the
second year of the research, the first and second major
components covered 62.79 and 14.09, respectively, and
76.98% of the variance of the data. Zargol, Zaria, Gabuir,
Armavirski, SHF81-90, Master, Progress, Azargol and



Int J Agric Environ Food Sci 2023; 7(1): 136-147

Shojaei et al. Comparison of genotype x trait and genotype x

Record genotypes were selected as the best genotypes
according to the distance from the origin of the biplot.
In each section, Gabur and Armavirski genotypes in
terms of Y X GD, Y X LL, Y X PH,Y X FD, Y x GL and Y x
GW show the combination of YLD with traits of SD, LL,
PH, FD, GL and GW, the best genotypes were identified.
Zargol and Zaria genotypes were also more desirable
than other genotypes in terms of Y x SD, which shows
the combination of YLD with SD (Figure 6. B). Gabur,
Zaria, Zargol, Master, Record and Progress genotypes
were determined as the best genotypes in studying
the average data of two crop years. In each part, Gabur
genotype in terms of Y X FD (combination of YLD in FD)
and Zaria genotype in terms of Y x SD, Y X PH and Y x
GD (combination of yield in SD, PH and SD were pointed
out as the best genotypes (Figure 6. C). According to
the graphs of the first, second and average years of the
experiment, the Zaria genotype was identified as the
upper genotype in all years and also this genotype was
the best known compared to other genotypes in terms
of Y x SD (combination of YLD with SD) in all years.

Ranking of genotypes based on genotype effect x
yield-trait (GYT)

In this biplot, the genotypes at the positive end of the
mean axis are identified as superior genotypes in terms
of all traits (Figure 7). Based on the ranking biplot of
genotypes in the first year of the experiment (Figure 7.
A), Azargol, Zaria and Gabur genotypes were identified
as the best genotypes in terms of a combination of
traits, while Master Favorite genotypes were identified as
undesirable genotypes. Based on this biplot, Azargol and
Zaria genotypes were identified as desirable genotypes
in combining YLD with LW, LL, WHG, PH and SD. The order
of genotypes in the first year of the experiment from
the most desirable genotype to the most undesirable
genotype is as follows:

Azargol> Zaria> Gabur> SHF81-90> Progress>
Armavirski> Record> Zargol> Favorite> Master.

Based on the second-year biplot, Armavirski and Gabur
genotypes were identified as superior genotypes,
whereas Azargol and Record genotypes were identified
as undesirable genotypes. Armavirski genotype was
ranked high compared to other genotypes in combining
YLD with GW. The order of genotypes from the most
desirable genotype to the most undesirable genotype is
as follows: (Figure 7. B)

Armavirski> Gabur> SHF81-90> Master> Zaria> Zargol>
Progress> Favorite> Azargol> Record.

According to the average data of the first and second
years, Gabur, SHF81-90 and Armavirski genotypes were
identified as the best genotypes while, Record, Master
and Favorite genotypes were identified as unfavorable
genotypes. Gabur and Armavirski genotypes were more
desirable by combining YLD with FD, GL, GW, WHG and
LL traits. Zaria genotype can also be selected as more

desirable than other genotypes in combining YLD with
PH and SD traits. The order of genotypes from the most
desirable genotype to the most undesirable genotype is
as follows: (Figure 7. C)

Gabur> Zaria> Armavirski> SHF81-90> Azargol> Zargol>
Progress> Favorite> Master> Record.

According to the biplots of different years of the
experiment, Gabur and Armavirski genotypes can be
identified as desirable genotypes.

Selection of the best genotype based on the ideal
genotype

The genotypes were ranked based on the ideal genotype
ranking biplot, whichis similar to Figure 4 (Figure 8).In the
first year of the experiment, Azargol and Zaria genotypes
were determined as the best genotypes while, Master
genotype was ranked as undesirable. According to this
biplot, the order of genotypes from the best genotype to
the most unfavorable genotype is as follows: (Figure 8. A)

Azargol> Zaria> Gabur> SHF81-90> Progress> Record>
Armavirski> Zargol> Favorite> Master.

Based on the biplot of the second year of the experiment,
Armavirski and Gabur genotypes were identified as
desirable genotypes while, Record was ranked as
undesirable genotype. The ranking of genotypes from
favorable genotype to unfavorable genotype is as
follows: (Figure 8. B)

Armavirski> Gabur> SHF81-90> Master> Zaria> Zargol>
Favorite> Progress> Azargol> Record.

Based on the biplot of the average of two years of the
experiment, Armavirski, SHF81-90, Gabur and Zaria
genotypes were identified as desirable genotypes while,
Record genotype remained undesirable genotype,
respectively. The ranking of genotypes based on
the average biplot of the first and second year of
the experiment from the best genotype to the most
unfavorable genotype is as follows: (Figure 8. C)

Armavirski> SHF81-90> Gabur> Zaria> Azargol> Zargol>
Progress> Favorite> Master> Record.

Correlation biplot of Yield x Trait data

Inthisbiplot,thevectorlengthindicatesthediscrimination
of genotypes (Figure 9). In other words, traits with longer
vector lengths have more discrimination power. This
biplot, like Figure 5, can show the correlation between
the traits based on the angles of the vectors. Since yield
performance as a component is present in all yieldxtrait
combinations, different yieldxtrait combinations tend
to be positively correlated. According to the biplot in
the first year of the experiment, there was a positive
correlation between Y X FD, Y X GL, Y x GW and Y x GD,
indicating the high utility of combining FD, GL, GW and
GD with YLD. Also, a positive correlation was observed
betweenY x LW,Y x LL,Y x WHG, Y x PH and Y x SD, which
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the experiment, B: second year of the experiment, C: average of the first and second year of the experiment.
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indicated the high usefulness of the combination of LW,
LL, WHG, PH and SD with YLD. (Figure 9. A). In the biplot
of the second year of the experiment, there is a positive
correlation betweenY x SD,Y X GD,Y X LL,Y X PH,Y X FD,
Y x GL and Y x GW together. Positive correlations were
observed betweenY x WHG and Y x LW (Figure 9. B). The
positive correlation between Y X FD, Y X GL, Y X GW, Y X
WHG, Y x LL and betweenY x LW,Y x GD,Y x SD and Y x
PH were observed (Figure 9. C).

CONCLUSION

The selection of genotypes based on various
characteristics is a critical challenge in plant breeding.
Combined analysis of variance indicated a significant
effect among genotypes in terms of all traits except LL.
Comparison of the mean interaction effect of genotype
x year in the YLD trait also identified Gabur, Azargol and
Favorite genotypes as high-yielding genotypes in the
years of the experiment. Based on the graphical analysis
performed on the effect of genotype x trait (GT), Zaria
genotype was selected as the best and stable genotype.
The genotype x yield-trait (GYT) biplot ranked genotypes
by yield and other desired trait levels and depicts their
trait profiles, or strengths and weaknesses. This method is
pictorial, objective, effective, and simple compared to the
genotype X trait (GT) method. The GYT biplot technique
is based on the paradigm shift that genotypes should be
assessed by their yield levels in combination with other
variables rather than individually. The graphical analysis
of the effect of genotype X yield-trait (GYT) revealed
that Gabur and Armavirski genotypes were selected as
the best genotype for all traits investigated and could be
recommended for cultivation in the Karaj location.
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