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Abstract: In this study, the effect of the 22 glutenin subunit encoded by the Glu-B1k allele on the chromosome B on the quality of wheat was 

investigated. Nevzatbey and a genotype of Triticum aestivum L. subsp. sphaerococcum were used as parents and produced the near-isogenic lines (NILs) 

in the generation of BC4F3. Plant morphological traits and protein content, sedimentation volume, lactic acid solvent retention capacity (SRC), and 

glutenin swelling index (GSI) of the NILs were determined. The mean protein content of the NILs carrying 22 glutenin subunit was higher than that of 

the NILs carrying the 7+9 glutenin subunit (20.4% and 16.2%, respectively). In contrast, the NILs with 22 glutenin subunit had a lower sedimentation 

volume than those of the NILs with 7+9 glutenin subunits. The 22 glutenin subunit decreased the sedimentation volume from 19.47 to 13.49 mL. The 

average GSI value of the NILs carrying 7+9 glutenin subunits was higher than that of the NILs carrying 22 glutenin subunit (3.05 and 2.92). In 

conclusion, in this study we were able to detect a quality difference between NILs with 22 and 7+9 glutenin subunits in a small amount of samples. 

These findings suggest that glutenin subunit 22 may be associated with low gluten strength. 
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Öz: Bu çalışmada, B kromozomu üzerindeki Glu-B1k aleli tarafından kodlanan 22 glutenin alt biriminin buğday kalitesine etkisi araştırılmıştır. 

Nevzatbey ve Triticum aestivum L. subsp. Sphaerococcum’a ait bir genotip ebeveyn olarak kullanılmış ve BC4F3 generasyonunda yakın izogenik hatlar 

(NIL'ler) elde edilmiştir. NIL'lerin bitki morfolojik özellikleri, protein oranı, sedimantasyon hacmi, laktik asit solvent tutma kapasitesi (STK) ve 

glutenin şişme indeksi (GSI) değerleri belirlenmiştir. 22 glutenin alt birimini taşıyan NIL'lerin ortalama protein oranı, 7+9 glutenin alt birimini taşıyan 

NIL'lerden daha yüksek bulunmuştur (sırasıyla %20.4 ve %16.2). Buna karşılık, 22 glutenin alt birimine sahip NIL'ler, 7+9 glutenin alt birimine sahip 

NIL'lerden daha düşük bir sedimantasyon hacmine sahip olmuştur. 22 glutenin alt birimi, sedimantasyon hacmini 19.47'den 13.49 mL'ye düşürmüştür. 

7+9 glutenin alt birimi taşıyan NIL'lerin ortalama GSI değeri, 22 glutenin alt birimi taşıyan NIL'lerden (3.05 ve 2.92) daha yüksek olmuştur. Sonuç 

olarak, bu çalışmada az miktarda numunede 22 ve 7+9 glutenin alt birimine sahip NIL'ler arasında bir kalite farkının olduğu belirlendi. Bu bulgular, 22 

glutenin alt biriminin düşük gluten kücü ile ilişkili olabileceğini ortaya koymuştur. 

Anahtar Kelimeler: Yüksek molekül ağırlıklı glutenin altbirimleri, ekmeklik buğday teknolojik kalitesi, gluten kalitesi, Glu-B1 lokusu, Glu-B1k 

alleli 
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INTRODUCTION  

Gluten is the most important quality parameter of wheat flour (Perten et al., 1992) and the main 

component responsible for the viscoelastic properties of dough with its elasticity and extensibility (Pena, 

2002). It is a storage protein of wheat endosperm, consists of monomeric gliadin and polymeric glutenin 

subunits (Alvarez and Guzmán, 2019; Li et al., 2020). Glutenin, which determines the quality of the wheat 

to turn into the final product, is a type of protein consisting of many polypeptide chains combined with 

disulfide bonds (Day, 2011). Reduction of interchain bonds with reducing agents results in the formation 

of high- and low-molecular-weight glutenin subunits (HMW-GS and LMW-GS) (Payne, 1987). A hundred 

genes encode gluten proteins in wheat (Asri et al., 2021). The genes encoding HMW-GS are located in the 

long arm of chromosome 1 (1AL, 1BL, and 1DL) of three different chromosome sets of bread wheat 

(Branlard et al., 2001). HMW-GS is encoded by the genes Glu-A1, Glu-B1, and Glu-D1 at the Glu-1 locus 

located on the long arms of homologous chromosome 1 (Shewry and Halford, 2002). Significant allelic 

variations in HMW-GS combinations in wheat are responsible for 70% of genetic variation in dough 

characteristics (Payne et al., 1987). Among these genes, the cysteine codon in the 1Dx5 gene plays an 

important role in the formation of gluten's physicochemical properties. It has been shown that the 1Ax2 

and 1Bx7 genes do not have additional cysteine codons and therefore have fewer disulfide bonds that 

increase the elasticity and viscosity of dough gluten (Wanous et al., 2003). Peng et al. (2015) stated that 

dough quality may vary depending on the molecular weight of different subunits and the number of 

cysteine groups. Many studies have been conducted to determine how high-molecular-weight subunits 

affect the quality of various product groups. One of the most important classifications revealed as a result 

of these studies is that wheat with the subunit combination of Dx5+Dy10, which is encoded by the genes 

on the D chromosome, is ideal for bread making with its strong gluten (Lei et al., 2006), whereas with the 

subunit combination of Dx2+Dy12, the ones with weak gluten properties are suitable for use in soft wheat 

products (Karaduman et al., 2022). However, the chromosome B has the largest genetic variation in 

HMW-GS-encoding genes and has an important place in the genotypic development of quality traits in 

wheat and the introduction of new gene sources into breeding programs. Several reports have shown that 

the allele at the Glu-B1 is also important in determining dough strength (Lei et al., 2006). Nakamura, 

(2000) reported that the incidence of the GluB1k allele in 405 wheat cultivars used in a study investigating 

allelic diversity in HMW-GS in Chinese and Japanese bread wheat cultivars is very rare., alsothe cultivars 

with the allele were reported to be Chinese wheats. In the study, it was predicted that transferring the 

genes encoding this subunit to wheat cultivars lacking subunit 22 may lead to greater genetic diversity In 

another study by Filip (2018) bread quality was scored according to the combinations of HMW-GS in the 

A, B, and D chromosomes of 28 cultivated wheat cultivars. Mostly, the association of 7+9 subunits in the 

Glu-B1 locus with subunits in other loci is included. Subunit 22 in the Glu-B1 locus with 5+10 in the D 

chromosome and 1 subunit in the A chromosome is found in the Mydlniczanka and Udyczanka 

Czerwona varieties. These two wheats had 8 points according to the scoring system that says bread 

quality varies between 1 and 10, and in the evaluation made due to the variability of HMW-GS in the Glu-

B1 locus it was determined that 22 subunits negatively affected gluten quality. 

In recent years, Sharma et al., (2020) a study conducted on how the protein composition of the wheat 

grain affects the quality of the final product. Among the cultivars tested in their study, six alleles at the 

Glu-B1 locus were examined. They shown when alleles were evaluated separately; it was determined that 

subunit 22 is one of the four alleles that negatively affect gluten quality. However, in the same study by 

same researcher, the effect of different combinations of subunits in Glu-A1, Glu-B1, and Glu-D1 on bread 

formation was scored according to the Glu-1 scoring system, and when 22 subunits were carried together 

with the 5+10 subunit in the Glu-D1 locus, it was scored as eight, also their study, the effect of the HMW-

GS 22 encoded by the Glu-B1k allele on the B chromosome on the quality of wheat was investigated. Up 

to now, the limited number of studies on this subject in the literature has made the subject worth 

studying. Therefore, we here investigate subunit 22, encoded by the Glu-B1k allele, is found in the 

cultivated wild wheat species Triticum aestivum L. subsp. sphaerococcum. It was transferred to the 

Nevzatbey bread wheat cultivar and developed the NILs carrying 22 and 7+9 glutenin subunits in the 

BC4F2:3 generation.  
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MATERIAL AND METHOD 

Materials 

Triticum aestivum L. subsp. sphaerococcum species and the Nevzatbey bread wheat variety were used to 

develop the NILs. The wild wheat species Triticum aestivum L. subsp. sphaerococcum has N, 22, 2+12 HMW-

GS, and the Nevzatbey cv. contains 2*, 7+9, 5+10 subunits. The NILs in the BC4F2:3 generation were 

obtained using the marker-assisted backcrossing method and the recurrent parent was Nevzatbey cv. As 

a biochemical marker-assisted selection, we used Sodium Dodecyl Sulfate-Polyacrylamide Gel 

Electrophoresis (SDS-PAGE) (Figure 1) modifed from Payne et al. (1980). The gels contained 8.7% gradual 

sep-aration gel and 3% loading gel. Five wheat kernels randomly selected from the spike of each 

genotype were crushed in a mortar. The extraction solution was prepared to extract the glutenin proteins. 

For this purpose, 1 mL of distilled water, 0.40 mL of extract stock solution, and 0.07 mL of ME (mercapto-

ethanol, 5%) were used. One mL of this solution was added to each sample. The samples were vortexed 

for 30 s with 15-min intervals for 2 h. At the end of this period, the samples were placed in a boiling water 

bath with 85 ◦C–90 ◦C for three to 4 min. The samples were centrifuged at 12.000 rpm for 6–7 min before 

loading to the gel. Glutenin proteins were loaded into each well as 5 μL. Special glasses of 16 × 18 cm 

dimensions were used for electrophoresis (Max ll and Bio-Rad Power PAC 3000). Electrophoresis was 

carried out for two gels at 60 mA and 15 ◦C for about 5 h. Gel imaging was performed using the “Kodak 

GL 200” gel documentation device. The plants were grown in the greenhouse under speed breeding 

conditions. Of the 72 plants used in the analysis, 25 of them carry the glutenin subunits 2*, 22, 5+10, and 

47 of them carry 2*, 7+9, 5+10. 
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Figure 1. HMW-GS of the near-isogenic lines (NILs) in the BC4F2:3 generation obtained using the marker-assisted 

backcrossing method. 

Şekil 1. Marköre dayalı geri melezleme metoddu ile elde edilen BC4F2:3 generasyoınundaki yakın izojenik hatların (NIL'ler) YMA 

glutenin altbirimleri. 

 

Obtaining Parents and Hybrid Seeds 

The parent seeds used in the study and the seeds of Triticum aestivum L. subsp. sphaerococcum, Nevzatbey 

cv., and the NILs carrying glutenin subunits 7+9 and 22 were germinated in a few steps. The seeds were 

kept in an incubator for two days with the addition of an appropriate amount of water in glass petri 

dishes with filter paper. After germination, it was vernalized in a refrigerator at 4 °C for a month in order 
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to meet the vernalization need. The seeds that completed the vernalization period were planted in 3- to 

3.5-liter pots. From the BC4F2:3 plants obtained before the study, fourty-seven plants with 7+9 subunits, 

twenty five plants with 22 subunits, and their parents were planted. These plants were grown up in the 

greenhouse conditions and agronomical practices (irrigation, fertilization, spraying, etc.) were applied. 

Klassman TS1 peat (Germany) was used to grow the plants. The leaves of the plants were sprayed with 

1% of calcium nitrate once a week. We harvested and threshed the material by hand. The temperature of 

the greenhouse was kept between 25 and 28 °C during the day and between 15 and 18 °C at night. 

Halogen lamps with 400 watts of power remained on from 17:00 p.m. to 2:00 a.m. Agronomic 

characteristics such as plant height, spike length, number of grains per spike, and grain weight were 

measured (Figure 2). 
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Figure 2. Producing of the near-isogenic lines (NILs) in the generation of BC4F3 in the speed breeding condition in the 

greenhouse. 

Şekil 2. Serada hızlı ıslah koşullarında BC4F3 generasyonunda yakın izojenik çizgilerin (NIL'ler) eldesi. 

 

Technological Quality Traits 

Since it is an early-generation material, developed under greenhouse conditions and providing 

preliminary information before going to the field, only small-scale quality tests could be performed on 

the material with a smaller sample amount. A laboratory type mill (Perten Lab Mill 3100, PerkinElmer 

Inc., USA), equipped with a 0.5 mm sieve, was used to mill whole wheat flours. Grain protein, ash, 

moisture, and L value were determined using Perten Inframatic 9500 (Perten Instruments). The 

instrument was calibrated according to AACC methods 46-19.01, 08-21.01, and 44-01.01 (AACC, 2010) for 

protein content, ash content, and moisture content, and Hunterlab colorimeter results for L value. The 

modified macro SDS sedimentation (MSDS) test (AACC Method 56-70) was performed according to 

Sayaslan et al. (2006). According to this method, two grams of the grinded samples were weighed and 
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transferred to sedimentation tubes with a volume of 100 mL. After adding 20.0 mL of water containing 

0.0004% (w/v) bromophenol blue to each of the tubes, the tubes were shaken manually for 15 s and in a 

sedimentation device for 225 s. Then, 20.0 mL of a 2.5% (w/v) SDS solution was added to the tubes and 

shaken in the sedimentation device for 6 min. At the last stage, 10.0 mL of a 0.47% (v/v) lactic acid 

solution was added to the tubes and shaken for 6 min in the sedimentation device. It was kept on a flat 

surface for 20 min, and the sedimentation volumes were read. The glutenin swelling index was 

determined according to the method developed by Wang and Kovacs (2002). First, the isopropanol-lactic 

acid solution was prepared (AACC 56–60). 45 mL of the 25% lactic acid solution prepared for this was 

taken, and the volume was completed to 250 mL after adding 50 mL of isopropanol. Approximately 40 

mg of flour was weighed into a 2 mL centrifuge tube, and 0.8 mL of distilled water was added and 

vortexed for 5 s. It was kept in a thermomixer at 1400 rpm for 10 min at 25 °C. 0.4 mL of isopropanol-

lactic acid solution was added and vortexed again for 5 s. It was kept in the thermomixer at 1400 rpm for 

10 min at 25 °C and centrifuged at 100 g for 5 min. Then, after the solution was poured and the top of the 

tube was wiped with a paper towel, it was weighed. Lactic acid solvent retention capacity (SRC) test was 

made according to Guzman et al. (2015). 5% lactic acid (v/v) was used in the study. Accordingly, 0.3 g 

flour was weighed into a 2 mL centrifuge tube, and 1.5 mL of lactic acid was added to it. After 

homogeneous mixing in the vortex, it was quickly placed in the thermomixer and kept at 1400 rpm at 25 

°C for 5 min. The tube contents were then centrifuged at 400 g for 2 min. After the solvent content was 

poured, it was kept at room temperature at a 45 degree angle for 10 min, the upper part of the tubes was 

wiped with a paper towel, and the tube and residue were weighed. 

Statistical Analysis 

The basic statistics such as mean, standard error of the mean, coefficient of variation (CV), minimum and 

maximum were first determined for all parameters. Then, analysis of variance (ANOVA) was performed 

according to the Augmented Experimental Design (Patterson and Hunter, 1983). A student t-test (LSD) 

was used to compare the means when the ANOVA F-test indicated a significant effect of the treatments (p 

< 0.05). For all statistical analyses, the JMP 12.0.1 statistical program were used (JMP, 2013). 

RESULTS AND DISCUSSION 

Plant, Spike, and Grain Traits of the NILs 

Some morphological traits of the NILs were given in Table 1. It was determined that the difference 

between plant height, spike length, number of grains per spike, and grain weight per spike between the 

lines in the BC4F2:3 generation was statistically significant (p < 0.01). According to the data obtained, the 

plant height values of the genotypes in the population varied between 53.93 and 83.40 cm in the 

greenhouse. The 39 of these genotypes in the population have higher plant heights above the average 

plant height of the NILs included in the trial. In this study, the plant height of 46 genotypes and 

Nevzatbey cv. was between 70 and 83 cm (Supplementary Table 1). Short-bread wheat varieties are more 

resistant to lodging. The fact that the wild wheat species used as a parent in the study is a dwarf wheat 

may be effective in shortening the stature of some NILs. It was observed that the difference between the 

average plant heights of the lines carrying the 22 and 7+9 subunits encoded by the Glu-B1 locus in the 

study was statistically insignificant. Longer spike length in cereals may cause more grain and, therefore, 

an increase in grain yield during the grain filling period. In the study, the maximum spike length was 

9.23 cm and the minimum was 4.57 cm (Table 1). Approximately 50% of the genotypes in the population 

and the Nevzatbey cv. had spike lengths above the average (Supplementary Table 2). The short and 

compact structure of the wild-type spikes used in the development of NILs may be effective in observing 

a wide variation in spike length. No statistically significant difference was observed between the spike 

length values of the NILs carrying different HMW-GS. In the BC4F2:3 plants included in the study, the 

average number of grains in the NILs carrying the 7+9 glutenin subunit was higher than that of the NILs 

carrying the 22 subunits (30.5 and 22.5, respectively), and this difference was statistically significant (p < 

0.01) (Supplementary Table 3). The fact that a wide phenotypic variation was observed in the number of 

grains per spike of the NILs. According to the average values of the lines, the grain weight in the spike 
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varied between 0.3 and 2.04 g. The compact grain structure of the wild-type parent could cause a 

significant phenotypic variation in terms of grain weight (Supplementary Table 4). As a result of the 

comparison of the NILs used in the study with the 22 and 7+9 gluten subunits for the grain weight in the 

spike, we determined the grain weights of the NILs carrying the 7+9 subunit were statistically higher than 

those of the NILs carrying the 22 glutenin subunit. 

 
Table 1. Some plant morphological characteristics of the NILs.  

Çizelge 1. NIL'lerin bazı bitki morfolojik özellikleri. 

Some plant morphological characteristics of the NILs   
Average Maximum Minimum CV (%) 

Plant height (cm) 71.57 ± 3.54 83.40 ± 5.25 53.93 ± 2.47 9.58 ** 

Spike length (cm) 7.42 ± 0.35 9.23 ± 0.53 4.57 ± 0.25 9.37 ** 

Number of grains per spike 27.83 ± 3.30 49.72 ± 4,89 8.08 ± 2,30 23.97 ** 

Grain weight per spike (g) 1.05 ± 0.31 2.04 ± 0.19 0.31 ± 0.09 24.13 ** 

Means of some plant morphological characteristics of the NILs carrying different HMW-GS 

  Subunit 22 Subunit 7+9 
  

Plant height (cm) 72.82 ± 0.75 72.14 ± 0.61 0.74 n.s. 

Spike length (cm) 7.35 ± 0.07 7.52 ± 0.05 12.67 n.s. 

Number of grains per spike 22.50 ± 0.90b 30.50 ± 0.70a 41.2 ** 

Grain weight per spike (g) 0.88 ± 0.03b 1.14 ± 0.02a 36.50 ** 

Means with the same the letters are statistically not significant; **: Significant at p < 0.01 level; *: Significant at p < 0.05 level; n.s: not 

significant. 

 

Technological Quality Properties  

Findings about quality parameters of the BC4F2:3 generation of Nevzatbey x Triticum aestivum L. subsp. 

sphaerococcum and the NILs carrying different HMW-GS are given in Table 2. 

Protein content 

Protein content is an important quality criterion in determining the baking quality and bread volume of 

bread as well as its nutritional value (Guzman et al., 2022). The difference between the protein contents of 

the NILs was significant (p < 0.01). The values for the average protein content of the NILs in the BC4F2:3 

generation are given in Supplementary Table 5. The average protein content of the NILs and parents used 

in the study was 17.67% (d.m.). The protein content of 68% of the NILs carrying the 22 subunits was 

above average. When the parents were examined, Triticum aestivum L. subsp. sphaerococcum had a protein 

content of 23.15% (d.m.), and Nevzatbey cv. had 11.85% (d.m.). There were 17 lines with a protein content 

above 23.15 %. The fact that Triticum aestivum L. subsp. sphaerococcum had a high protein content was due 

to its compact structure and small size. In many wild species, the small and compact structure of the 

grains could cause a relative increase in the protein content. The material in the NILs had the potential to 

be used as a source population to increase the protein ratio in breeding programs. The difference between 

the protein contents of the NILs carrying different HMW-GS was significant (p < 0.01). The average 

protein content of the NILs carrying 22 subunits was higher than that of the NILs carrying the 7+9 

subunit (20.4% and 16.2%, respectively), and this result was found to be statistically significant (p < 0.01). 

Ash Content and L (Brightness) Value 

The values for the average ash content and L value of the NILs were given in Supplementary Tables 6 

and 7. The difference both in the ash content and L values of the NILs was statistically significant (p < 

0.01). The ash content of all genotypes analyzed in the study was above 1.00%. Grinding the samples to 

be analyzed as whole wheat flour caused high ash contents. The difference between the ash contents and 

L values of the NILs carrying different HMW-GS was significant (p < 0.01). Accordingly, the average ash 

content of the NILs carrying the 22 glutenin subunit was higher than that of the NILs carrying the 7+9 

subunit. The average L color value of the NILs carrying 7+9 subunits was higher than the average L color 
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value of the NILs carrying 22 subunits. Due to the higher ash content of the lines carrying the 22 subunits, 
the L color value was also low in these lines. 

 

Table 2. Some quality analysis results of the NILs. 

Çizelge 2. NIL'lerin bazı kalite analiz sonuçları. 

Quality characteristics of the NILs 

 Average Maximum Minimum CV 

(%) 

Significance 

Protein content (%) 17.67 ± 0.32 25.40 ± 0.32 10.10 ± 0.32 2.55 ** 

Moisture content (%) 10.50 ± 0.02 11.20 ± 0.02 9.95 ± 0.02 0.26 ** 

Ash content (%) 1.35 ± 0.02 1.65 ± 0.02 1.20 ± 0,02 1.62 ** 

L (brightness) 84.97 ± 0.09 86.15 ± 0.09 82.75 ± 0.09 0.15 ** 

Means of quality characteristics of the NILs carrying different HMW-GS 

  Subunit 22 Subunit 7+9   
Protein content (%) 20.4 ± 0.07a 16.2 ± 0.05b 28.15 ** 

Moisture content (%) 10.50 ± 0.03   10.49 ± 0.02 6.76 n.s. 

Ash content (%) 1.40 ± 0.01a 1.32 ± 0.09b 6.76 ** 

L (brightness) 84.44 ± 0.03b 85.23 ± 0.02a 36.50 ** 

Means with the same the letters are statistically not significant; **: Significant at p < 0.01 level; *: Significant at p < 0.05 level; n.s.: not 

significant. 

 

Gluten Quality Properties  

Findings about gluten quality parameters of the BC4F2:3 generation of Nevzatbey x Triticum aestivum L. 

subsp. sphaerococcum and the NILs carrying different HMW-GS are given in Table 3. 

Sedimantation Volume 

It was determined that the difference between the sedimentation volumes of the wheat genotypes grown 

under fully controlled greenhouse conditions was statistically significant (p < 0.01). The sedimentation 

volumes of the NILs used in the study ranged from 8.5 to 24.5 mL. Nevzatbey cv. had the highest 

sedimentation value, and the wild-type parent had the lowest value. The NILs 34 and 30 with high 

sedimentation volumes followed Nevzatbey cv. (Supplementary Table 8). The NILs showed variation 

between the sedimentation values of the parents. This result shows the effect of target genes encoding 

gluten subunits, 22 and 7+9. Determining the differences between the sedimentation values of the NILs 

grown in the greenhouse is important in terms of obtaining preliminary information about the quality 

characteristics of the NILs before the field tests. Sedimentation volume plays an important role in 

determining gluten quality. A high value indicates that gluten holds water well and that breads made 

from flours with a high sedimentation value have a high volume (Guzman et al., 2016a,b). We 

determined that the difference between the sedimentation volume values of the NILs carrying 22 and 7+9 

glutenin subunits was significant (p < 0.01). The NILs carrying 22 glutenin subunits had a lower 

sedimentation volume than those of the NILS carrying 7+9 glutenin subunits. We found that 22 glutenin 

subunits decreased the sedimentation volume. Considering that the genotypic effects on protein quality 

are higher, it is important to obtain these results in the form of a preliminary screening under greenhouse 

conditions. 

Glutenin Swelling Index, GSI 

The glutenin swelling test is an important test for rapid assessment of end product quality in wheat 

(Labuschagne et al., 2021). The glutenin swelling index (GSI) method determines the swelling power of 

gluten to predict dough quality characteristics and end-use quality, especially those related to dough 

strength and baking properties. As in the sedimentation volume, the differences between the GSI values 

of the NILs were found to be statistically significant (p < 0.01). The GSI values of the NILs ranged from 

2.68 to 3.83. Nevzatbey cv. has a GSI value of 3.18, while the wild-type parent used as a parent has a GSI 

value of 2.95. A wide variation was observed between the values (Supplementary Table 9). The difference 
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between the GSI values of the NILs and those carrying different HMW-GS was found to be significant at 

the level of 1%, and the average GSI value of the NILs carrying 7+9 glutenin subunits was higher than 

that of the NILs carrying 22 glutenin subunits (3.05 and 2.92, respectively). The GSI test, in which very 

small amounts of samples are used, is especially important for the pre-evaluation of materials grown in 

greenhouses.  

Lactic Acid Solvent Retention Capacity (SRC) 

The solvent retention capacity (SRC) test, which is used to predict the commercial bakery performance of 

soft wheat (Triticum aestivum L.) flours, provides information about whether the viscosity is due to 

protein properties (Kweon et al., 2011; Karaduman, 2020). The difference in lactic acid SRC values 

between the NILs was found to be statistically significant (p < 0.01). The lactic acid SRC values of the 

genotypes varied between 83.26% and 118.28%. SRC values of the parents, Nevzatbey cv. and the 

genotype from Triticum aestivum L. subsp. sphaerococcum, were 104.76 and 95.33%, respectively. SRC 

values below 85% are defined as "weak" and those above 105% or 110% as "strong" gluten. Accordingly, 

two of the NILs (lines 8 and 37) were lower than 85% (weak), and six of them had a value greater than 

105% (strong) (Supplementary Table 10). It was determined that the difference between the lactic acid 

SRC values of the NILs carrying 22 and 7+9 glutenin subunits was not statistically significant. 

 

Table 3. Gluten quality properties of the NILs.  

Çizelge 3. NIL'lerin gluten kalite özellikleri. 

Gluten quality characteristics of the NILs 

 Average Maximum Minimum CV 

(%) 

Significance 

Sedimentation volume (mL) 17.43 ± 0.28 24.50 ± 0.28 8.50 ± 0.28 2.30 ** 

Glutenin swelling index (GSI)  3.01 ± 0.04 3.83 ± 0.04 2.68 ± 0.04 0.26 ** 

Lactic acid SRC (%) 97.20 ± 0.74 118.28 ± 0.74 83.26 ± 0,74 1.08 ** 

Means of gluten quality characteristics of the NILs carrying different HMW-GS 

  Glu-B1, Subunit 22 Glu-B1, Subunit 7+9   
Sedimentation volume (mL) 13.49 ± 0.43b 19.47 ± 0.31a 17.76 ** 

Glutenin swelling index (GSI)  2.92 ± 0.03b 3.05 ± 0.02a 7.71 ** 

Lactic acid SRC (%) 95.95 ± 0.8 97.84 ± 0.6 6.08 n.s. 

Means with the same the letters are statistically not significant; **: Significant at p < 0.01 level; *: Significant at p < 0.05 level; n.s.: not 

significant. 

 

CONCLUSION  

The fact that the quality analyses were carried out in small sample amounts on the plant samples grown 

in the greenhouse is important in terms of the rapid evaluation of the breeding material before it is 

released into field conditions and the evaluation of the results of the backcross breeding programs. 

According to results of this study, it was found that the 22 glutenin subunit may be associated with weak 

gluten strength. With this study, its effectiveness on gluten quality was investigated under greenhouse 

conditions using a small sample amount. In addition, the results obtained showed that some NILs 

showed superior characteristics to parents and would be useful for developing new varieties in breeding 

studies. Triticum aestivum L. subsp. sphaerococcum could be used as genetic source material in wheat 

breeding programs for quality and plant morphological traits. 
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Supplementary Table 1. Plant heights (cm) of the NILs. 

Ek Tablo 1. NIL'lerin bitki boyları (cm). 

GN ADAVE AVE SE (±) GN ADAVE AVE SE (±) 

1 73.60 72.00 4.42 41 74.74 73.14 3.20 

2 69.26 67.67 4.42 42 72.60 71.00 3.37 

3 69.80 68.20 3.61 43 79.60 78.00 3.61 

5 76.88 75.29 3.20 44 72.02 70.43 3.20 

6 55.93 54.33 4.42 45 74.20 72.60 3.61 

7 53.93 52.33 4.42 46 67.40 65.80 3.61 

8 70.20 68.60 3.61 47 76.76 75.17 3.37 

9 70.80 69.20 2.85 48 64.26 62.67 4.42 

10 81.41 79.82 2.77 49 73.65 75.25 3.06 

11 68.17 66.57 3.20 50 69.40 71.00 5.25 

12 68.60 67.00 3.61 51 69.40 71.00 3.93 

13 65.88 64.29 3.20 52 59.07 60.67 4.42 

14 69.69 71.29 3.20 53 67.20 68.80 3.61 

15 70.40 72.00 3.93 54 70.20 71.80 3.61 

16 64.65 66.25 3.06 55 81.07 82.67 3.37 

17 74.69 76.29 2.60 56 73.55 75.14 3.20 

18 83.40 85.00 2.85 57 79.15 80.75 3.93 

19 73.15 74.75 3.93 58 76.40 78.00 3.20 

20 77.74 79.33 2.95 59 78.07 79.67 3.37 

21 72.57 74.17 3.37 60 81.74 83.33 3.37 

22 77.59 79.18 2.77 61 77.40 79.00 3.20 

23 78.07 79.67 2.71 62 76.49 78.08 2.71 

24 77.40 79.00 3.37 63 78.15 79.75 3.93 

25 66.20 67.80 3.61 64 76.29 77.89 2.95 

26 57.10 55.50 3.93 65 69.65 71.25 3.93 

27 58.60 57.00 3.20 66 76.24 77.83 3.37 

28 68.43 66.83 3.37 67 79.40 81.00 3.93 

29 66.00 64.40 3.61 68 75.90 77.50 3.93 

30 71.60 70.00 4.42 69 76.40 78.00 2.95 

31 71.60 70.00 3.61 70 78.00 79.60 3.61 

32 83.40 81.80 3.61 71 72.90 74.50 3.93 

33 70.85 69.25 3.93 72 69.65 71.25 3.93 

34 69.35 67.75 3.93 TA 60.06 60.29 2.65 

35 59.85 58.25 3.93 NB 74.75 74.75 2.47 

36 65.10 63.50 3.93 General Average 71.57 71.59 3.54 

37 64.80 63.20 3.61 Maximum 83.40 85.00 5.25 

38 66.85 65.25 3.93 Minimum 53.93 52.33 2.47 

39 74.93 73.33 3.37 CV% 9.58 

40 64.10 62.50 3.93 
 

GN: Genotype, ADAVE: Adjusted mean AVE: arithmetic mean. SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. 

Sphaerococcum, CV: Coefficient of Variation. 
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Supplementary Table 2.  Spike lengths (cm) of the NILs. 

Ek Çizelge 2. NIL'lerin başak uzunlukları (cm). 

GN ADAVE AVE SE (±) GN ADAVE AVE SE (±) 

1 8.06 8.00 0.44 41 7.63 7.57 0.32 

2 7.90 7.83 0.44 42 7.31 7.25 0.34 

3 8.26 8.20 0.36 43 7.76 7.70 0.36 

5 8.49 8.43 0.32 44 7.21 7.14 0.32 

6 9.23 9.17 0.44 45 7.26 7.20 0.36 

7 7.40 7.33 0.44 46 7.26 7.20 0.36 

8 7.36 7.30 0.36 47 7.40 7.33 0.34 

9 7.56 7.50 0.29 48 6.40 6.33 0.44 

10 8.70 8.64 0.28 49 7.06 7.13 0.31 

11 6.63 6.57 0.32 50 7.19 7.25 0.53 

12 5.86 5.80 0.36 51 7.31 7.38 0.39 

13 7.28 7.21 0.32 52 7.10 7.17 0.44 

14 6.11 6.17 0.32 53 7.14 7.20 0.36 

15 6.94 7.00 0.39 54 7.34 7.40 0.36 

16 6.69 6.75 0.31 55 7.69 7.75 0.34 

17 7.26 7.32 0.26 56 7.94 8.00 0.32 

18 7.89 7.95 0.29 57 8.44 8.50 0.39 

19 8.19 8.25 0.39 58 7.58 7.64 0.32 

20 7.22 7.28 0.30 59 7.19 7.25 0.34 

21 7.10 7.17 0.34 60 7.60 7.67 0.34 

22 7.44 7.50 0.28 61 7.87 7.93 0.32 

23 7.90 7.96 0.27 62 8.19 8.25 0.27 

24 7.44 7.50 0.34 63 7.69 7.75 0.39 

25 6.84 6.90 0.36 64 8.38 8.44 0.30 

26 7.44 7.38 0.39 65 6.81 6.88 0.39 

27 8.78 8.71 0.32 66 7.27 7.33 0.34 

28 7.73 7.67 0.34 67 7.44 7.50 0.39 

29 7.46 7.40 0.36 68 6.81 6.88 0.39 

30 7.73 7.67 0.44 69 7.38 7.44 0.30 

31 7.26 7.20 0.36 70 7.54 7.60 0.36 

32 7.26 7.20 0.36 71 7.31 7.38 0.39 

33 7.19 7.13 0.39 72 7.44 7.50 0.39 

34 8.06 8.00 0.39 TA 4.56 4.57 0.27 

35 7.44 7.38 0.39 NB 7.56 7.56 0.25 

36 7.31 7.25 0.39 General Average 7.42 7.42 0.35 

37 6.66 6.60 0.36 Maximum 9.23 9.17 0.53 

38 7.19 7.13 0.39 Minimum 4.56 4.57 0.25 

39 7.81 7.75 0.34 CV (%) 9.37 

40 6.44 6.38 0.39  

GN: Genotype, ADAVE: Adjusted mean AVE: arithmetic mean. SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. 

Sphaerococcum, CV: Coefficient of Variation. 
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Supplementary Table 3. Number of grains per spike of the NILs. 

Ek Çizelge 3. NIL'lerin başak başına tane sayısı. 

GN ADAVE AVE SE (±) GN ADAVE AVE SE (±) 

1 48.72 46.00 4.11 41 34.72 32.00 2.98 

2 44.39 41.67 4.11 42 42.72 40.00 3.14 

3 46.32 43.60 3.36 43 43.92 41.20 3.36 

5 36.29 33.57 2.98 44 27.29 24.57 2.98 

6 44.05 41.33 4.11 45 24.52 21.80 3.36 

7 40.05 37.33 4.11 46 36.52 33.80 3.36 

8 26.12 23.40 3.36 47 30.72 28.00 3.14 

9 12.62 9.90 2.66 48 35.05 32.33 4.11 

10 34.45 31.73 2.58 49 37.15 39.88 2.85 

11 18.86 16.14 2.98 50 34.28 37.00 4.89 

12 12.72 10.00 3.36 51 28.78 31.50 3.66 

13 13.58 10.86 2.98 52 27.61 30.33 4.11 

14 10.14 12.86 2.98 53 27.08 29.80 3.36 

15 12.28 15.00 3.66 54 30.08 32.80 3.36 

16 8.78 11.50 2.85 55 20.28 23.00 3.14 

17 22.35 25.07 2.42 56 24.14 26.86 2.98 

18 24.78 27.50 2.66 57 15.03 17.75 3.66 

19 12.78 15.50 3.66 58 19.85 22.57 2.98 

20 14.72 17.44 2.74 59 19.95 22.67 3.14 

21 11.28 14.00 3.14 60 24.45 27.17 3.14 

22 22.92 25.64 2.58 61 21.71 24.43 2.98 

23 21.36 24.08 2.52 62 29.61 32.33 2.52 

24 18.28 21.00 3.14 63 14.03 16.75 3.66 

25 8.08 10.80 3.36 64 23.72 26.44 2.74 

26 36.72 34.00 3.66 65 21.78 24.50 3.66 

27 49.72 47.00 2.98 66 10.95 13.67 3.14 

28 42.05 39.33 3.14 67 16.53 19.25 3.66 

29 41.92 39.20 3.36 68 11.28 14.00 3.66 

30 44.72 42.00 4.11 69 15.83 18.56 2.74 

31 39.32 36.60 3.36 70 17.48 20.20 3.36 

32 39.92 37.20 3.36 71 13.28 16.00 3.66 

33 40.72 38.00 3.66 72 10.03 12.75 3.66 

34 43.47 40.75 3.66 TA 28.18 28.57 2.47 

35 38.72 36.00 3.66 NB 48.63 48.63 2.30 

36 37.47 34.75 3.66 General Average 27.83 27.88 3.30 

37 32.72 30.00 3.36 Maximum 49.72 48.63 4.89 

38 38.22 35.50 3.66 Minimum 8.08 9.90 2.30 

39 45.05 42.33 3.14 CV (%) 23.97 

40 27.97 25.25 3.66   

GN: Genotype, ADAVE: Adjusted mean, AVE: arithmetic mean, SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. 

Sphaerococcum, CV: Coefficient of Variation. 
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Supplementary Table 4. Grain weight in the spike of the NILs. 

Ek Çizelge 4. NIL'lerin başaktaki tane ağırlığı. 

GN ADAVE AVE SE (±) GN ADAVE AVE SE (±) 

1 2.04 1.89 0.16 41 1.38 1.22 0.11 

2 1.15 1.00 0.16 42 1.53 1.38 0.12 

3 1.53 1.38 0.13 43 1.57 1.41 0.13 

5 1.34 1.18 0.11 44 1.33 1.17 0.11 

6 1.53 1.38 0.16 45 1.01 0.85 0.13 

7 1.57 1.41 0.16 46 1.25 1.09 0.13 

8 1.18 1.02 0.13 47 1.54 1.38 0.12 

9 0.61 0.45 0.10 48 1.33 1.18 0.16 

10 1.32 1.17 0.10 49 1.22 1.38 0.11 

11 0.87 0.71 0.11 50 1.06 1.22 0.19 

12 0.61 0.45 0.13 51 1.05 1.21 0.14 

13 0.61 0.45 0.11 52 0.96 1.12 0.16 

14 0.40 0.56 0.11 53 1.06 1.22 0.13 

15 0.43 0.59 0.14 54 1.14 1.30 0.13 

16 0.48 0.64 0.11 55 0.73 0.89 0.12 

17 0.83 0.99 0.09 56 0.97 1.13 0.11 

18 1.00 1.15 0.10 57 0.62 0.78 0.14 

19 0.50 0.66 0.14 58 0.88 1.04 0.11 

20 0.62 0.78 0.11 59 0.52 0.68 0.12 

21 0.48 0.63 0.12 60 0.62 0.77 0.12 

22 0.85 1.01 0.10 61 0.66 0.82 0.11 

23 0.89 1.05 0.10 62 0.94 1.10 0.10 

24 0.74 0.90 0.12 63 0.56 0.72 0.14 

25 0.31 0.47 0.13 64 0.88 1.03 0.11 

26 1.17 1.01 0.14 65 0.77 0.93 0.14 

27 1.77 1.61 0.11 66 0.49 0.65 0.12 

28 1.55 1.39 0.12 67 0.66 0.82 0.14 

29 1.44 1.29 0.13 68 0.46 0.62 0.14 

30 1.90 1.74 0.16 69 0.69 0.85 0.11 

31 1.70 1.55 0.13 70 0.69 0.85 0.13 

32 1.53 1.37 0.13 71 0.56 0.72 0.14 

33 1.43 1.27 0.14 72 0.36 0.52 0.14 

34 1.62 1.46 0.14 TA 0.90 0.92 0.10 

35 1.51 1.35 0.14 NB 1.94 1.94 0.09 

36 1.43 1.28 0.14 General Average 1.05 1.06 0.13 

37 1.22 1.06 0.13 Maximum 2.04 1.94 0.19 

38 1.52 1.37 0.14 Minimum 0.31 0.45 0.09 

39 1.73 1.57 0.12 CV (%) 24.13 

40 1.24 1.08 0.14  

GN: Genotype, ADAVE: Adjusted mean, AVE: arithmetic mean, SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. 

Sphaerococcum, CV: Coefficient of Variation. 
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Supplementary Table 5. Grain protein contents (d.m.) of the NILs. 

Ek Çizelge 5. NIL'lerin tane protein içerikleri (k.m.). 

GN ADAVE SE (±) 
 

GN SE (±) 

1 13.35  

 

 

 

 

 

 

 

 

 

 

 

 

±0.32 

 

41 14.75  

 

±0.32 

 

 

2 12.40 42 12.00 

3 10.35 43 12.25 

5 13.90 44 15.10 

6 14.65 45 14.50 

7 14.60 46 11.25 

8 23.45 47 14.05 

9 24.75 48 11.05 

10 19.15 49 10.80 

11 23.15 50 10.10 

12 23.10 51 13.50 

13 24.40 52 13.00 

14 24.00 53 12.45 

15 22.65 54 13.40 

16 22.70 55 21.95 

17 20.50 56 21.90 

18 19.80 57 25.40 

19 24.80 58 17.05 

20 22.95 59 24.95 

21 24.50 60 22.00 

22 20.65 61 23.20 

23 19.65 62 20.30 

24 23.00 63 23.25 

25 24.40 64 21.30 

26 12.85 65 23.20 

27 13.75 66 24.05 

28 11.85 67 21.85 

29 11.65 68 22.80 

30 13.90 69 23.45 

31 12.55 70 22.65 

32 11.40 71 23.50 

33 11.50 72 24.90 

34 12.65 TA 23.15 

35 12.60 NB 11.85 

36 11.05 General Average 17.67 0.32 

37 11.00 Maximum 25.40 0.32 

38 11.90 Minimum 10.10 0.32 

39 11.05 CV (%) 2.55 

40 12.20     

GN: Genotype, ADAVE: Adjusted mean, SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. Sphaerococcum, CV: 

Coefficient of Variation. d.m.: dry matter base. 
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Supplementary Table 6. Ash contents (d.m.) of the NILs. 

Ek Tablo 6. NIL'lerin kül içerikleri (k.m.). 

GN ADAVE SE GN ADAVE SE 

1 1.30 ±0.02 41 1.32  

 

 

 

 

 

±0.02 

2 1.34 42 1.27 

3 1.36 43 1.26 

5 1.32 44 1.27 

6 1.38 45 1.27 

7 1.29 46 1.28 

8 1.48 47 1.21 

9 1.55 48 1.22 

10 1.34 49 1.20 

11 1.37 50 1.22 

12 1.41 51 1.25 

13 1.59 52 1.24 

14 1.50 53 1.26 

15 1.40 54 1.22 

16 1.33 55 1.42 

17 1.38 56 1.34 

18 1.32 57 1.49 

19 1.50 58 1.35 

20 1.38 59 1.51 

21 1.65 60 1.51 

22 1.33 61 1.48 

23 1.35 62 1.40 

24 1.36 63 1.44 

25 1.44 64 1.40 

26 1.46 65 1.42 

27 1.44 66 1.38 

28 1.34 67 1.35 

29 1.34 68 1.43 

30 1.30 69 1.39 

31 1.27 70 1.34 

32 1.24 71 1.38 

33 1.29 72 1.47 

34 1.27 TA 1.43 

35 1.32 NB 1.28 

36 1.26 General Average 1.35 0.02 

37 1.25 Maximum 1.65 0.02 

38 1.27 Minimum 1.20 0.02 

39 1.26 CV% 1.62 

40 1.21  

GN: Genotype, ADAVE: Adjusted mean, SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. Sphaerococcum, CV: 

Coefficient of Variation, d.m.: dry matter bases. 
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Supplementary Table 7. L value of the NILs. 

Ek Çizelge 7. NIL'lerin L değeri. 

GN ADAVE (±) SE GN ADAVE (±) SE 

1 85.55  41 85.30  

2 85.45  42 85.75  

3 85.20  43 85.65  

5 85.35  44 85.50  

6 85.10  45 85.35  

7 85.40  46 85.60  

8 83.90  47 85.85  

9 83.70  48 85.95  

10 84.90  49 86.15  

11 84.45  50 86.10  

12 84.40  51 85.65  

13 83.25  52 85.70  

14 83.70  53 85.65  

15 84.50  54 85.65  

16 84.50  55 84.60  

17 84.30  56 84.60  

18 84.30  57 84.05  

19 84.15  58 84.80  

20 84.40  59 84.30  

21 82.75  60 84.25  

22 84.45  61 84.45  

23 84.20  62 84.55  

24 84.35  63 84.40  

25 84.15 ±0.09 64 84.70 ±0.09 

26 84.90  65 84.55  

27 85.05  66 84.50  

28 85.45  67 84.95  

29 85.55  68 84.65  

30 85.60  69 84.65  

31 85.70  70 84.85  

32 85.80  71 84.75  

33 85.65  72 84.35  

34 85.75  TA 84.80  

35 85.40 ±0.09 NB 85.45  

36 85.85  General Average 84.97 0.09 

37 85.85  Maximum 86.15 0.09 

38 85.75  Minimum 82.75 0.09 

39 85.80  CV (%) 0.15 

 40 85.90     

GN: Genotype, ADAVE: Adjusted mean, SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. Sphaerococcum, CV: 

Coefficient of Variation. 
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Supplementary Table 8. Sedimentation volume of the NILs (ml). 

Ek Çizelge 8. NIL'lerin sedimantasyon hacmi (ml). 

GN ADAVE (±) SE GN ADAVE (±) SE 

1 17.25 ±0.28 

 

41 23.25  

 

 

 

 

 

±0.28 

 

2 18.25 42 23.25 

3 16.75 43 20.25 

5 18.25 44 20.50 

6 22.25 45 20.50 

7 19.75 46 19.75 

8 10.25 47 19.25 

9 10.25 48 19.25 

10 19.25 49 20.00 

11 10.25 50 17.25 

12 10.25 51 19.25 

13 14.00 52 19.25 

14 12.00 53 19.00 

15 12.75 54 22.00 

16 12.25 55 17.50 

17 17.25 56 18.75 

18 12.00 57 14.25 

19 9.25 58 16.75 

20 14.25 59 18.00 

21 9.50 60 18.25 

22 12.25 61 17.75 

23 10.50 62 20.00 

24 11.50 63 16.50 

25 8.50 64 18.75 

26 23.25 65 17.25 

27 22.25 66 15.75 

28 22.25 67 15.25 

29 22.25 68 14.00 

30 23.50 69 17.50 

31 22.00 70 16.25 

32 20.25 71 17.00 

33 21.00 72 18.75 

34 24.00 TA 8.50 

35 20.75 NB 24.50 

36 20.00 General Average 17.43 0.28 

37 18.50 Maximum 24.50 0.28 

38 19.50 Minimum 8.50 0.28 

39 20.00 CV  (%) 2.30 

40 20.00  

GN: Genotype, ADAVE: Adjusted mean, SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. Sphaerococcum, CV: 

Coefficient of Variation. 
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Supplementary Table 9. GSI value of the NILs. 

Ek Çizelge 9. NIL'lerin GSI değeri. 

GN ADAVE (±) SE GN ADAVE (±) SE 

1 2.98  41 3.83  

2 3.04  42 3.50  

3 3.22  43 3.46  

5 3.10  44 3.20  

6 3.51  45 3.27  

7 3.45  46 3.21  

8 2.74  47 2.88  

9 2.79  48 2.93  

10 3.01  49 2.89  

11 2.68  50 2.93  

12 2.70  51 3.05  

13 3.04  52 3.39  

14 2.82  53 2.95  

15 2.79  54 3.32  

16 2.71  55 2.89  

17 2.92  56 2.88  

18 2.78  57 2.94  

19 2.80  58 2.78  

20 2.72  59 2.98  

21 2.93  60 2.87  

22 3.41  61 3.07  

23 2.76  62 3.16  

24 2.76 ±0.04 63 2.91 ±0.04 

25 2.70  64 2.98  

26 3.33  65 2.94  

27 3.32  66 2.95  

28 3.16  67 2.75  

29 3.10  68 2.83  

30 3.14  69 2.88  

31 2.95  70 2.78  

32 2.95  71 2.82  

33 3.17  72 3.11  

34 3.20  TA 2.95  

35 3.25  NB 3.18  

36 2.76 ±0.04 General Average 3.01 0.04 

37 2.80  Maximum 3.83 0.04 

38 3.04  Minimum 2.68 0.04 

39 2.95  CV (%) 1.73 

40 2.95     

GN: Genotype, ADAVE: Adjusted mean, SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. Sphaerococcum, CV: 

Coefficient of Variation. 
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Supplementary Table 10.  Lactic acid SRC value of the NILs. 

Ek Çizelge 10. NIL'lerin laktik asit SRC değeri. 

GN ADAVE SE GN ADMEAN SE 

1 97.27 ±0.74 

 

41 108.33  

 

 

 

 

 

 

±0.74 

 

2 100.89 42 100.89 

3 104.62 43 95.57 

5 98.14 44 98.13 

6 118.28 45 99.24 

7 106.37 46 98.68 

8 83.26 47 97.70 

9 90.76 48 92.86 

10 92.83 49 90.44 

11 89.64 50 88.52 

12 93.15 51 97.73 

13 97.98 52 103.46 

14 92.93 53 95.41 

15 92.57 54 103.04 

16 92.50 55 100.95 

17 102.25 56 105.97 

18 95.61 57 101.02 

19 89.72 58 96.11 

20 93.61 59 110.39 

21 88.44 60 92.71 

22 97.02 61 100.52 

23 94.90 62 97.52 

24 98.00 63 93.06 

25 92.93 64 95.81 

26 105.27 65 96.03 

27 99.48 66 97.08 

28 98.53 67 93.16 

29 98.12 68 93.21 

30 99.21 69 103.88 

31 96.60 70 104.74 

32 95.11 71 101.13 

33 99.22 72 98.79 

34 100.58 TA 95.33 

35 100.41 NB 104.76 

36 91.31 General Average 97.20 0.74 

37 84.58 Maximum 118.28 0.74 

38 87.99 Minimum 83.26 0.74 

39 91.40 CV (%) 1.08 

40 92.22  

GN: Genotype, ADAVE: Adjusted mean, SE: Standart error, NB: Nevzatbey, TA: Triticum aestivum L. subsp. Sphaerococcum, CV: 

Coefficient of Variation. 
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