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ABSTRACT

This study aimed to assess the NaCl tolerance of 10 bread wheat (Triticum aestivum L.) cultivars during
germination and early seedling development. The evaluation was conducted on shoot dry weight and shoot length
across five salt concentrations (0, 4, 8, 12, and 16 dS m™).The effects of salt treatment, variety, and the interaction
between salt and variety were statistically significant (P<0.01, P<0.05) for all examined wheat varieties (Serince,
Hamza, NKU Lider, Almeria, Adana99, Bora, Eksperia, Falado, Selimiye, Gelibolu). Regression analysis and GGE
biplot analysis were conducted to assess varieties under various salt treatments, treating the salt treatments as
"environments." The GGE biplot accounted for 97% of the overall variation. The relative positions of variety in the
regression graphs and GGE biplot graphs were congruent. The varieties NKU Lider, Serince, Bora, and Almeria had
a lesser reduce in weight under salt stress compared to the control and demonstrated positive PC1 and PC2 values,
thus being recognized as the most salt-tolerant. Conversely, the cultivars Adana99, Selimiye, and Gelibolu, which
exhibited low shoot dry weight under control conditions and were significantly impacted by salt treatments, were
identified as the most salt-sensitive. The GGE biplot approach determined 8 dS m™ as the threshold for salt
tolerance based on the average axis utilized for variety selection. The paper indicates that integrating regression
analysis with GGE biplot analysis in future investigations of salt-tolerant genotypes will enhance selection efficacy
for researchers.

Key words: Bread wheat, Salinity stress, Germination, Seedling Development

Bazi Ekmeklik Bugday (Triticum aestivum L.) Cesitlerinin Cimlenme ve Erken Fide
Gelisim Asamalarinda Tuzluluk Stresine Tepkileri

0z

Bu calisma 5 adeti 2014 ve 6ncesi, 5 adeti ise 2014 yilindan sonra tescil edilen 10 adet ekmeklik bugday
(Triticum aestivum L.) gesidinin ¢cimlenme ve erken fide doneminde 5 tuz konsantrasyonunda (0, 4, 8, 12,16 dS m"
1) tuzluluga toleranslarini siirgiin kuru agirhg ve sirgiin uzunlugu Uzerinden degerlendirmek amaciyla
yiritilmistir. Arastirilan biitiin ekmeklik bugday cesitlerinde (Serince, Hamza, NKU Lider, Almeria, Adana99, Bora,
Eksperia, Falado, Selimiye, Gelibolu) tuz uygulamasi, gesit, tuz x cesit interaksiyonu istatiksel olarak onemli
olmustur (P<0.01, P<0.05). Farkli tuz uygulamalarinda gesitleri degerlendirmek amaciyla regresyon analizi ve GGE
biplot analizi (tuz uygulamalari = gevre) yapilmistir. GGE biplot analizi toplam varyasyonun %97’sini agiklamistir.
Her ceside ait olusturulan regresyon grafikleri ile GGE biplot grafiklerinde gesitlerin konumlari birbirleri ile uyumlu
olmustur. Kontrol uygulamasinda yiiksek agirliga sahip olan tuz uygulamalarina gére agirhg daha az degisen NKU
Lider, Serince, Bora ve Almeria cesitleri pozitif PC1 ve PC2 degerleri ile tuzluluga en dayanikh cesitler olarak
belirlenmistir. Kontrol uygulamasinda yiksek kuru sirgiin agirhgl ve sirgiin uzunluguna sahip olan ancak, tuz
uygulamalariile agirlik azalma orani en fazla olan Adana99, Gelibolu ve Selimiye cesitlere ait PC2 degerleri de diistk
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gerceklesmistir. Kontrol uygulamasinda distk agirliga salip olan ve tuz uygulamalarinda yiiksek oranda olumsuz
olarak etkilenen Adana99, Selimiye ve Gelibolu cesitleri tuzluluga en hassas ¢esitler olarak belirlenmistir. GGE biplot
yénteminde cesit seleksiyonu icin kullanilan ortalama eksene gére tuzluluk esik degeri 8 dS m™ olarak belirlenmistir.
Tuzluluga dayanikli genotipleri belirlemek amaciyla yiritilecek arastirmalarda, regresyon analizi ile GGE biplot
analizinin birlikte kullanilmasi arastiricilari daha basarili seleksiyon yapmasini saglayacaktir.

Anahtar Kelimeler: Ekmeklik bugday, Tuzluluk stresi, Cimlenme, Fide Gelisimi

INTRODUCTION

The swift escalation of the global population and climate change resulting from unsustainable human
practices have exerted considerable strain on agricultural output. The agricultural industry is acutely affected by
climatic changes, especially abiotic stressors like salt, which adversely influence crop output. FAO statistics indicate
that the global population is projected to attain 9.3 billion by 2050, requiring a 35% to 56% rise in food demand.
Climate change is anticipated to increase overall food demand by as much as 62%, increasing worries over global
food security (Van Dijk et al., 2021). The prevalence of undernourishment is increasing, with almost 768 million
individuals (9.9% of the global population) currently experiencing hunger (Marson et al., 2023).

Natural water sources generally contain dissolved minerals and ions, with concentrations varying based on
ambient circumstances. Climate change and global warming are modifying the hydrological cycle, impacting both
the volume and physicochemical characteristics of water resources. Global warming elevates atmospheric
evaporation rates, diminishing total water supplies and augmenting the mineral concentration of the remaining
water.

Drought, along with heightened evaporation, intensifies salt deposition on the soil surface, resulting in osmotic
stress in plant cells. Salinity stress adversely impacts photosynthetic rates, cellular metabolism, and overall plant
growth, leading to diminished agricultural yields.

Abiotic environmental pressures are a primary factor in the reduction of yield in global agricultural output.
Studies demonstrate that these stressors diminish the average yield of numerous basic crops by over 50% globally
(Koyro et al., 2008). Drought is regarded as the primary stressor, posing a substantial danger to agricultural output
(Liang, 2016). Salinity, the second most significant environmental stressor, severely limits agricultural performance
and productivity (Wang et al., 2003; Li et al., 2020). Salinity stress adversely impacts agricultural ecosystems,
resulting in diminished productivity and decreased biodiversity (Ashraf & Foolad, 2007). The negative impact of
salinity on plants is exacerbated in dry and semi-arid settings. Environmental stressors are most pronounced during
germination, seedling development, and early growth phases (Demir et al., 2003). Kanber and Unlii (2010) reported
that high salt concentrations significantly inhibit water absorption in the root zone, while deterioration of the soil
structure worsens water uptake by plants and prevents water transport to the roots.

About one-third of agricultural land is affected by salt issues, with estimates varying from 400 to 950 million
hectares (Hasegawa et al., 1986; Ozkaldi et al., 2004; Taghipour & Salehi, 2008). Each year, approximately 10 million
hectares of agricultural land are rendered unproductive because of salt accumulation. In Tirkiye, approximately
1.5 million hectares of agricultural land are affected by salinity (TUIK, 2004). Salinity's impact on plant development
differs between species. Cereals, especially during germination and early seedling phases, exhibit significant
sensitivity to increased salinity (Ghoulam & Fares, 2001). With increasing salinity stress, germination rates diminish,
plant height drops, and both leaf area and tiller numbers are reduced (Gupta & Srivastava, 1989; Pessarakli et al.,
1991). Begum et al. (1992) indicated that NaCl stress diminishes germination rates in wheat, but Vardar et al. (2014)
noted considerable reductions in root length, shoot height, and germination vigor with escalating salt
concentrations. Benlioglu et al. (2015) also recorded detrimental alterations in the growth and development
metrics of plants subjected to salt stress.

Wheat is the most extensively cultivated and consumed cereal worldwide, including in Turkey. Data from
2021-2022 indicates that per capita wheat consumption in Turkey rose by 7.4% to 179.5 kg, while food-grade wheat
utilization increased by 8.9% to 15.18 million tons (TUIK, 2022). Ensuring the sustainability of wheat production
necessitates the creation of cultivars resistant to biotic and abiotic challenges, alongside the application of suitable
farming techniques. Plants react to stress circumstances via resistance, tolerance, and adaptability mechanisms
(Mooney & Hobbs, 1986; Pagan & Garcia-Arenal, 2018). To attain agricultural sustainability, it is imperative to
develop cultivars that maintain soil health, optimize water resource usage, and endure climatic change. Bread
wheat (Triticum aestivum L.) is a crucial crop extensively grown in different countries and functions as a primary
food source globally (Shewry, 2009). Nonetheless, wheat productivity is negatively impacted by numerous abiotic
stressors. Salinity stress specifically impairs physiological and biochemical processes, hence restricting growth and
development (Wang et al.,, 2003). Studies indicate that wheat yields diminish by roughly 7% when salt
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concentrations surpass 6 dS/m (Shannon, 1998). Extended exposure to salinity inflicts irreparable harm on plant
physiology, rendering yield loss unavoidable (Munns & Tester 2008).

Consequently, thorough investigations into the salt tolerance mechanisms of wheat cultivars will facilitate
the creation of high-yield, salt-resistant variants via modern breeding methodologies. This research enhances
sustainable wheat production and is crucial for bolstering global food security. Regression analysis is employed
to ascertain the salt tolerance levels of genotypes in several plant species (Kandil et al., 2012; Guldiiren & Elkoca,
2012; Nasuiaku et al., 2013; Lavrenko et al., 2019). GGE biplot analysis is a graphical technique for elucidating trial
outcomes across diverse habitats, assisting researchers in determining the optimal genotypes for particular
situations and identifying the most suitable environments for selection (Akgura et al., 2019).

In the research, the effects of five different Electrical Conductivity (ECi) levels [Control (0), 4, 8, 12 and 16
dS m™] prepared with NaCl salt on shoot dry weights and lengths of 10 bread wheat varieties were investigated.
Stress tolerance index (STI) values were used to evaluate the variety tolerance levels using regression analysis
and GGE biplot methodologies.

MATERIALS AND METHODS

This experiment aimed to assess the impact of salinity stress, induced by varying NaCl concentrations, on
the germination and initial seedling growth of bread wheat cultivars commonly cultivated in Turkey, namely in
the Canakkale, Marmara, and Thrace regions. Bread wheat varieties used in the research and the organizations
they are registered with are shown in Table 1.

Table 1. Information of the cultivars used in the study

No Cultivar Name Registering Institution Registration Year
1 Serince GAP Agricultural Research Institute 2021
2 Hamza Tekcan Seed Company 2015
3 NKU Lider NKU Faculty of Agriculture 2016
4 Almeria Alfa Seed Company 2019
5 Adana99 Eastern Mediterranean Agricultural Research Institute 1999
6 Bora Tasaco Agriculture 2014
7 Falado Syngenta Agriculture 2021
8 Esperia Tasaco Agriculture 2011
9 Selimiye Trakya Agricultural Research Institute 2009
10 Gelibolu Trakya Agricultural Research Institute 2005

The experiment was carried out in the 2024-2025 growing season at the i¢das Agriculture, Seed, and
Technology Laboratory. The research utilized a split-plot design with three replications, wherein cultivars
constituted the main plots and five NaCl solutions (0, 4, 8, 12, and 16 dS m™) served as the sub-plots. Sterilized
distilled water was utilized to formulate salt solutions to mitigate the influence of extraneous chemical variables.
Seeds were surface sterilized using a 2% sodium hypochlorite solution, then rinsed three times with sterilized
distilled water. Sterilized seeds were positioned in 9 cm diameter petri dishes containing 10 ml of saline solution,
with 20 seeds per dish, interleaved between sterilized germination papers. To inhibit evaporation, petri plates
were encased in cling film and positioned within sealed transparent plastic bags. The dishes were subsequently
positioned in a climate-controlled laboratory with a 16-hour light and 8-hour dark cycle at 25 £1°C for 8 days for
germination (ISTA, 1996) and 14 days for initial seedling development. Seeds were considered germinated when
radicles attained a length of 2 mm (Adjel et al., 2013). Germination papers and saline solutions were substituted
bi-daily throughout the experiment.

Shoot dry weight and shoot length were employed to assess cultivar tolerance levels. The maximum
dosage (16 dS m™") was omitted from assessment due to inadequate data. STI values were computed for each
concentration according to the methodology outlined by Rasheed et al. (2015). Data were examined by individual
variance analyses for each concentration, a combined variance analysis for cultivar x salt concentration
interactions, regression analysis, and GGE biplot analysis.
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Biplot analysis relies on the graphical depiction of matrices derived from principal component analysis
(Gabriel, 1971), with axes designated as PC1 and PC2.This study utilized GGE biplot analysis to determine that
cultivars with PC1 > 0.0 exhibited greater shoot dry weights and lengths in saline conditions, whereas PC1 < 0.0
signified sensitivity to salinity. PC2 values approaching 0.0 showed stability under saline treatments, while
elevated PC2 values signified instability. Vector lengths and placements of salt concentrations in relation to the
average salt concentration were utilized for cultivar selection and the establishment of crucial salt tolerance
thresholds. Variance analyses were executed utilizing SAS JMP (SAS Institute, 2004), and biplot analyses were
carried out employing GGE-biplot (Yan, 2014).

RESULTS AND DISCUSSION

The shoot dry weights and lengths of the cultivars were strongly influenced by the salt levels applied. An
increase in salt content (from 0 dS m™ to 12 dS m™) resulted in a significant decrease in shoot dry weights and
lengths.

The shoot dry weight mean of the control group was measured 12.27 g. The cultivars with the highest
shoot dry weights were Bora (11.93 g), NKU Lider (10.90 g), and Falado (10.77 g). The lowest shoot dry weight
was recorded in Adana99 (6.43 g), succeeded by Selimiye (6.87 g), Gelibolu (7.77 g), and Esperia (8.37 g).

In terms of shoot lengths, the control group exhibited the greatest value from the Hamza cultivar,
measuring 19.65 cm. The subsequent records were Serince (17.32 cm), Bora (17.21 cm), and Falado (16.02 cm),
with Almeria recording the lowest result at 13.50 cm.

At a salt concentration of 4 dS m™, the mean shoot dry weight was 8.90 g. The greatest weight in this
therapy was recorded for Bora (11.87 g), followed by Serince (11.32 g). Adana99 exhibited the lowest weight,
followed by Selimiye and Gelibolu (6.89-6.56 g).

Regarding shoot lengths at this concentration, the average length was 14.43 cm, with Serince, Hamza, and
NKU Lider showing the highest values (16.01-16.05-15.53 cm). The remaining seven cultivars fell below the
average, with Esperia exhibiting the shortest shoot length at 13.12 cm.

At 8 dS m™, the mean shoot dry weight was 7.26 g.The maximum value was recorded from Bora,
succeeded by Falado (8.68 g) and Serince (8.60 g). Conversely, Adana99 demonstrated the lowest shoot dry
weight at 3.60 g, significantly lower than all other entries. The mean shoot length at this salinity was 11.95 cm,
with Hamza exhibiting the maximum value of 13.38 cm and Gelibolu the minimum at 10.70 cm.

At 12 dS m™, the highest shoot dry weight was recorded in Falado (4.32 g), succeeded by Serince (4.12 g)
and Bora (4.01 g). The minimum value was documented for Selimiye (2.66 g). The mean shoot length at this
salinity was 4.32 cm, with NKU Lider exhibiting the greatest measurement, succeeded by Falado at 4.92 cm and
Bora at 4.91 cm.

The Stress Tolerance Index (STI) is a frequently utilized measure for identifying stress-tolerant cultivars.
STI measures reductions in shoot dry weight and shoot length under stress conditions relative to the control
group, with cultivars exhibiting higher STl values being tolerant (Akcura et al., 2011; Rasheed et al., 2015).

A notable decline was noted in all varieties when salinity rose from 4 dS m™"to 12 dS m™. In terms of shoot
dry weight data, at a saline level of 4 dS m™, the cultivars NKU Lider, Bora, and Selimiye demonstrated superior
values relative to the control group (1.047-1.041-1.042). The Gelibolu cultivar had the lowest shoot dry weight
value (0.608 g) within the same salinity group. At salt levels below 8 dS m™, the greatest STl value was recorded
for Selimiye (0.958), followed by Esperia (0.885) and Almeria (0.861). The minimum values were documented in
Adana99 (0.537) and Gelibolu (0.552). At 12 dS m™" salinity, the highest value was observed in Adana99 (0.429),
while the lowest was in Gelibolu (0.265). The mean STl value for all kinds was 0.929 at 4 dS m™, declining to 0.767
and 0.366 at elevated salinity levels of 8 and 12 dS m™, respectively. In comparison to the 4 dS m™ treatment,
STl levels decreased by 17.4% at 8 dS m™ and by 60.6% at 12 dS m™". The analysis of the table indicated that, in
comparison to the control group, the Adana99 variety exhibited the most significant reduction (38%) under 4 dS
m~" salinity. At a salinity of 8 dS m™, the Esperia variety demonstrated the most substantial loss (59%), but at 12
dS m™ salinity, the Bora variety exhibited the largest reduction (67%).
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Table 2. Stress tolerance indices of shoot dry weight and shoot length of cultivars according to applied salinity

Shoot Length (cm)

Shoot Dry Weight (mg)

Shoot Length (cm)

Shoot Dry Weight (mg)

Salt Concentrations(dS m™)

Salt Concentrations(dS m™)

Stress Tolerance Index

Stress Tolerance Index

Cultivars
0 4 8 12 0 4 8 12 4 8 12 4 8 12

Serince 17.32 16.01 12.69 4.35 12.27 10.5 8.6 4.07 0.936 0.742 0.254 0.929 0.761 0.36
Hamza 19.65 16.05 13.38 2.82 9.9 9.65 8.32 3.85 0.825 0.688  0.145 0.924 0.79 0.368
NKU Lider 15.36 15.53 13.35 6.08 10.9 111 8.2 3.98 1.037 0.891 0.406 1.047 0.774 0.374
Almeria 13.5 13.81 10.72 4.12 8.7 8.12 7.23 2.98 1.013 0.781  0.309 0.968 0.861 0.354
Adana99 14.93 13.76 11.57 3.55 6.43 5.78 3.6 2.85 0.933 0.784 0.241 0.861 0.537 0.429
Bora 17.21 14.83 12.49 4.91 11.93 11.87 8.85 4.01 0.822 0.692 0.272 1.041 0.781 0.348
Falado 16.02 14.85 12.07 4.92 10.77 10.1 8.68 4.32 0.887 0.721 0.294 0.902 0.774 0.387
Esperia 14.01 13.12 11.57 4.06 8.37 7.56 6.87 2.78 0.941 0.83 0.291 0.97 0.885 0.359
Selimiye 13.67 13.21 10.96 4.44 6.87 6.56 6.02 2.66 0.963 0.799 0.324 1.042 0.958 0.418
Gelibolu 14.5 13.13 10.7 3.92 7.77 6.89 6.24 3.01 0.768  0.626  0.229 0.608 0.552 0.265
Avg. 15.62 14.43 11.95 2.82 9.39 8.81 7.26 3.45

Min. 135 13.12 10.7 3.92 6.43 5.78 3.6 2.66

Max. 19.65 16.05 13.38 6.08 12.27 11.87 8.85 4.32

Genotype *x * *% *% *% *% *% *

cv 6.19 7.54 9.53 18,24 5.84 8.64 1091 15.99

R2 0.85 0.8 0.65 0.61 0.85 0.8 0.65 0.54

**. P<0.01, LSD: Least Significant Difference, CV: Coefficient of Variation, R2: Coefficient of Regression
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Figure 1. Variations in shoot dry weight and shoot length according to the salt concentrations applied to the varieties
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In terms of shoot length, the NKU Lider variety exhibited the highest STI value under the 4 dS m™" salt
treatment compared to the control group, whereas the Gelibolu variety recorded the lowest value (0.768). In the
8 dS m™" treatment, NKU Lider exhibited the highest result at 0.891, followed by Esperia at 0.830. The Gelibolu
variety again recorded the lowest rating at 0.626. In the 12 dS m™" salt treatment, NKU Lider exhibited the highest
value at 0.406, whilst the Hamza variety recorded the lowest value at 0.145.

The 4 dS m™ salt treatment resulted in an average shoot length STI value of 0.913 across all types. For
other salt treatments, the results were 0.756 and 0.277, respectively. The 4 dS m™ salt treatment resulted in a
0.913 value, while the 8 dS m™ treatment decreased it by 17.2%. This value decreased by 70% after the 12 dS
m~" treatment.

The Almeria variety experienced the biggest percentage loss (23% compared to the control group) under
the 4 dS m™ salt treatment. The Hamza variety showed the largest decline (79%) under the 8 dS m™ treatment.
Similarly, the 12 dS m™ salt treatment resulted in a 67% decrease.

As with all of these findings, similar experiments undertaken by various researchers have revealed that
differences in germination rates are critical in determining salinity tolerance (Saxena et al., 1994). For these
reasons, seed germination in petri dishes under saline conditions is commonly employed to quickly assess salt
tolerance (Jana and Slinkard, 1976). Many researchers have used petri dishes containing different salt solutions
to test salt tolerance in various plant species (beans, sorghum, bread wheat, vegetables) (Goertz and Coons,
1989; Elkoca, 1997; Esechie, 1994; Kirtok et al., 1994; Cucci et al., 1994), and resistant species and varieties were
identified in a short time.

The adaptability of plants to specific adverse situations differs based on their growth phases; nonetheless,
possessing a robust seedling structure is crucial (Akram et al., 2010). Expeditious and uniform seed germination
throughout germination phases, together with swift development in the initial seedling stages, are crucial for
plant cultivation in salty soils (Foolad, 2004; Ashraf et al., 2008). In the cultivation of bread wheat, the
germination and initial seedling development stages are identified as the periods during which plants exhibit
heightened sensitivity to unfavorable environments (Ashraf and Lin, 1994). The GGE biplot approach is one of
the most effective techniques for visually assessing the responses of cultivars to varying environments.
Consequently, GGE biplot analysis was employed to visually assess the tolerance levels of bread wheat cultivars
subjected to various salt treatments. The variety exhibiting the greatest shoot weight and shoot length at specific
salt concentrations was identified, as well as the variety demonstrating optimal tolerance to particular salt
treatments (Akgura, 2021).

The biplot illustrated in Figures 2-3 is utilized to ascertain which variety had the greatest dry shoot weight
and shoot length at specific salt concentrations, as well as to identify which variety demonstrated superior
tolerance at those concentrations.

Analysis of PC1 axis values indicated a positive correlation between varietal salt tolerance levels and
ascending PC1 scores, with the NKU Lider, Bora, Selimiye, and Esperia varieties exhibiting the highest shoot dry
weights/lengths and maximum PC1 values, whereas varieties with PC2 values near 0.0 displayed enhanced
relative tolerance. The GGE biplot enabled visual analysis of inter concentration interactions, with vector angle
cosine values (Yan, 2014) statistically illustrating correlations with salt doses, demonstrating a gradual angular
expansion from control to 12 dS m™ (minimum angle: 4-8 dS m~'; maximal angle: 12 dS m™). Biplot analysis of
treatment responses (Figures 2-3) revealed that NKU Lider, Bora, and Selimiye consistently surpassed mean shoot
dry weight values with positive PC1 positioning, while NKU Lider, Almeria, Serince, and Esperia excelled in shoot
length parameters, all clustering within the biplot's tolerant zone. The graphical analyses (Figures 2-3) elucidated
concentration-specific selection efficacy, with the 12 dS m™ treatment demonstrating the highest discriminative
power for tolerance screening.

It was noted that an increase in the saline tolerance index (STI) corresponded with a decrease in the dry
weights and lengths of the cultivars. Bread wheat varieties demonstrated comparable alterations in shoot dry
weight and shoot length under both control and 4 dS m~" conditions. The varieties NKU Lider, Almeria, and Bora
produced results that were comparable to the control group for both measures. Moreover, at 8 and 12 dS m™
levels, the decreases in dry shoot weight and shoot length were more significant, with the salt-treated groups
exhibiting notable reductions relative to the control. The 8 dS m™ salinity level was identified as the most
effective electrical conductivity (ECi) level, as demonstrated by data from prior and subsequent salinity levels.
This indicates that 8 dS m™ is theoretically near the optimal selection threshold and may improve selection
efficiency if utilized as a critical parameter in breeding efforts for bread wheat.
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Figure 2. Interaction of genotype and salt concentration on shoot dry weight illustrated by GGE biplot graphics.
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Figure 3. GGE biplot graphics illustrating the interaction between genotype and salt concentration on shoot
length

This work utilized the GGE biplot approach, created by plant breeders for analyzing genotype x
environment (GxE) interactions in multi-environment yield trials (Yan, 2014), alongside regression analysis,
commonly applied to evaluate stress tolerance. Regression graphs and GGE biplots enabled the depiction of
varietal responses to various salt treatments (Akgura, 2021).
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The regression analysis indicated that varieties with the most significant disparities in maximum and
minimum shoot dry weight and shoot length under saline stress conditions (NKU Lider, Bora, Serince) displayed
low PC2 values in the biplot analysis. The GGE biplot methodology, treating salt concentrations as separate
environments, successfully delineated: (1) the superior varieties at specific salinity levels, (2) the most tolerant
varieties across all concentrations, (3) the ideal salt concentrations for genotype selection, (4) the
interrelationships among varying salt concentrations, and (5) the most salt-sensitive varieties. The analytical
methods effectively achieved the main research goal of identifying salt-tolerant cultivars, as the GGE biplot
analysis allowed for an in-depth assessment of genotype performance under different salinity levels, offering
critical insights for breeding programs focused on creating stress-resistant wheat varieties.

In the GGE biplot analysis, all salt concentrations demonstrated positive PC1 values, however the control
and 4 dS m™ treatments revealed negative PC2 values, with the remaining salt treatments exhibiting positive
PC2 values. Significantly, at salinity levels of 8 dS m™ and above (except 16 dS m™', where germination occurred
without following shoot and root development in all bread wheat varieties), there were large reductions in shoot
dry weight and length, which correlated with substantial fluctuations in PC2 values. A comparative examination
indicated little changes in PC1 values among salt concentrations, but PC2 values exhibited significant variance.
The data indicate that for salinity-based varietal selection, the PC2 axis is a more effective criterion than the PC1
axis, offering superior discriminative power for selecting salt-tolerant genotypes under diverse stress
circumstances.

CONCLUSION

In conclusion, the combined GGE biplot and regression studies definitively indicated NKU Lider, Serince,
Bora, and Almeria as the most salt-tolerant cultivars, whereas pre-2014 types (Selimiye, Adana99, Gelibolu)
shown significant salt sensitivity. The research determined that utilizing 8 dS m™ ECi as a selection criterion
effectively selects genotypes exhibiting both extensive adaptability and salt tolerance in bread wheat breeding.
Moreover, the integration of regression analysis and GGE biplot approach with traditional variance analysis
markedly improves the selection efficiency for genotypes tolerant to abiotic stress, especially in saline
environments. This comprehensive analytical method equips breeders with effective tools for enhanced
genotype selection in stress breeding initiatives.
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