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The study was carried out in Tekirdağ, a coastal city on the Marmara Sea, during the 2019 and 2020 

years to investigate grain yield and some spike characteristics of bread wheat genotypes, a total of 

15 bread wheat varieties, 10 of which were Turkish and 5 of which were of Greek origin.  

Experiments were conducted according to a randomized complete block design with 3 replications.  

Grain yield and spike related traits such as spike length, number of spikelets per spike, number of 

grains per spike, grain weight per spike, spike fertility index, and spike harvest index were examined 

in the study. The results of variance analysis showed that the differences between the means of the 

varieties, year and the year x variety interaction were statistically significant for the traits. In the 

two-year study, the means of bread wheat varieties ranged between 8.57 and 11.25 cm for spike 

length, between 18.13 and 21.95 No for number of spikelets per spike, between 42.9 and 56.8 No 

for number of grains per spike, between 1.865 and 2.452 g for grain weight per spike, between 

76.42% and 81.41% for spike harvest index, between 64.03% and 85.25% for spike fertility index 

and between 6147 and 7693 kg ha-1 for grain yield. As a result, it was concluded that Glosa, Prima, 

NKÜ Lider, Rumeli, Orfeas and Gogas 2 bread wheat varieties were higher performance for the 

traits and that they may be the most appropriate varieties for other bread wheat production regions 

of our country, as well as the Thrace region. 
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Introduction 

Cereals account for approximately 50% of global food 

production (FAO, 2013). Currently, wheat accounts for 

30% of global cereal production and 45% of food grains, 

making it the primary source of energy and protein for 

humanity (Chand, 2009). 

Wheat alone provides 21% of the daily calories and 

20% of the protein for more than 4.5 billion people in 94 

developing countries (Braun et al., 2010). Currently, it is 

cultivated on 200 million hectares, producing 

approximately 600 million tons. The global average yield 

is around 2.7 t ha-1, with considerable variation across 

countries and regions. 

Wheat is a grain of great interest to plant breeders and 

producers. Due to environmental conditions, wheat yields 

are below average in many regions of the world. The global 

average increase in wheat demand is approximately 1.3%, 

and this increase is expected to be approximately 2% in 

developing countries in the first quarter of the next century 

(Rosengrant et al., 1995). The rate of increase in wheat 

production (0.54%) is less than half of what is needed in 

the near future (1.32%). To prevent future hunger, wheat 

production must be increased to keep pace (at least) with 

population growth. It is estimated that global cereal 

production will need to increase by at least 50% in the first 

half of the 21st century to meet projected food demand 

(Rosegrant & Cline, 2003). Increasing production is 

possible by increasing sowing area, yield per unit area, or 

both. Agricultural production has reached its limits. It is 

expected that wheat production areas in developing 

countries will increase by only 0.14% (Rosengrant et al., 

1995). Therefore, the only way to increase yield is to 

increase yield per unit area (Reynolds et al., 2009). In order 

to increase unit area yield, the most viable option is to 

develop new varieties with wide adaptability, high yield, 

and high quality through plant breeding, in addition to 

improvements in cultural practices. However, because this 
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is a time-consuming process a long-term solution it is also 

important to consider testing improved varieties with 

different genetic and geographic origins to determine their 

suitability for the targeted region's ecology, and then 

identifying and introducing superior varieties into 

production as a shorter-term solution that could contribute 

to increased plant production. 

It has been reported that when appropriate varieties and 

good seeds are used to increase wheat production, the 

contribution of a variety to yield increases is 20-30% in 

dryland farming systems, while this increase is 

approximately 50% under irrigated conditions. Variety 

performance can vary from region to region, and one 

variety may not perform as well in one region as it does in 

another. Therefore, research to identify varieties suitable 

for different regions is of great importance (Akman et al., 

1999). 

Recently, scientists have attributed one of the key 

reasons for advances in plant breeding to the availability of 

diverse and extensive genetic resource material, consisting 

of new genetic resources generated by breeders, which they 

continually enrich and examine (Boyadjieva, 1994; 

Kronstad, 1998; Merezko, 1998). The first step in 

generating this resource material is to collect and analyze 

genetic resources from diverse geographic areas and 

genetic origins (Boyadjieva et al., 1999). In this respect, 

our study contributes to the development of this resource 

material. In this research, spike length, spikelet number per 

spike, grain number per spike, grain weight per spike, 

thousand kernel weight and grain yield were investigated. 

According to the two year results, spike length 8.3-11.9 

cm, number of spikelets per spike 16.5-19.9, number of 

grains per spike 44.8-57.8, grain weight per spike 1.68-

2.50 g, thousand kernel weight 40.8-51.2 g and grain yield 

ranged between 4611-7875 kg ha-1. The highest yielding 

genotypes were found as H8G3, H8G5, H9G4, Rumeli and 

Lucilla (Güngör  et al., 2023). The investigated traits were 

determined as; plant height (PH) 90.86 cm, spike length 

(SL) 9.40 cm, spikelet number (SN) 18.90, grain number 

per spike (GNS) 56.22, grain weight per spike (GWP) 1.95 

g, thousand kernel weight (TKW) 34.90 g, grain yield (GY) 

654.54 kg/da, test weight (TW) 76.17 kg/hl, protein ratio 

(PO) 12.28%, wet gluten (WG) 34.16% and Zeleny 

sedimentation (ZS) 33.87 ml  (Yüce et al., 2022). 

Regarding morphological and agronomic characteristics, 

genotypes 5, 67, 33 and 36 stood out with superior 

performance in traits such as plant height (10.94-66.51 

cm), flag leaf length (10.74-24.04 cm), flag leaf width 

(0.87-2.3 cm), flag leaf area (9.53-33.6 cm²), spike weight 

(0.82-2.54 g), spike length (4.79-9.66 cm), number of 

spikes per square meter (144.58-565.83 spikes m-²), grain 

yield per spike (0.67-1.63 g), number of grains per spike 

(14.69-40.45), thousand kernel weight (23.01-45.84 g), 

grain yield per decare (186.13-348.13 kg da-1) and harvest 

index (24.13-60.38%) (Yıldırım & Öner,  2025). 

Examining the yield, quality, and morphological 

characteristics of bread wheat varieties registered and 

cultivated domestically and internationally is of great value 

in providing insights into future research. The aim of this 

study is to compare grain yield and some spike 

characteristics of bread wheat varieties of different 

domestic and international origins under the ecological 

conditions of Tekirdağ. 

 

Material and Methods 

 

Material 

A total of 15 bread wheat varieties, including 10 

Turkish and 5 Greek origin, were used as material in the 

study. All cultural practices in the experiments were 

carried out in accordance with the experimental technique. 

In this study, the following varieties of Turkish origin were 

used: NKÜ Ergene, Adelaide, NKÜ Lider, Rumeli, Glosa, 

NKÜ Asiya, Esperia, Selimiye, Prima and Krasunia 

Odes’ka, and the following varieties of Greek origin were 

used: Moro R2, Accor R2, Orfeas, Gogas 2 and Africa. 

 

Field Experiment 

Climate data obtained during the 2018-2019 and 2019-

2020 growing seasons in which the trials were conducted 

are given in Table 1. 

Rainfall data from many years shows that in the 

growing season, the months of October, January, February 

and March had lower values. Other months showed 

variation. The average monthly temperature during the 

growing years was higher than the long-term average in 

November, December, February, January, March and May. 

Soil analyses for the 2018-2019 and 2019-2020 

growing seasons at the Tekirdağ location where the 

experiment was conducted were carried out at the Edirne 

Commodity Exchange Laboratory, and the data obtained 

are given in Table 2. The soil structure is loamy, with a pH 

close to 7.0, and is poor in organic matter and zinc. 

 

 

Table 1. Climate values for the experimental area  

Months 

2018-2019 2019-2020 Long terms 

M 
Temperatures°C 

M 
Temperatures°C 

M 
Temperatures°C 

L H A L H A L H A 

October 48.2 6.7 23.1 16.7 45.0 14.0 21.1 17.5 55.2 -0.2 32.0 15.2 

November 48.2 2.2 20.1 12.0 18.4 12.4 18.9 15.5 81.3 -6.9 27.9 11.4 

December 88.3 -8 18 8.4 17.3 6.4 12.5 9.2 86.2 -10.9 21.6 7.2 

February 63.9 -4.1 13.8 5.6 29.1 2.9 9.4 5.8 69.9 -13.5 21.5 4.4 

January 44.8 -3.0 14.8 5.8 54.2 4.2 12.0 7.9 54.7 -13.5 22.2 5.3 

March 29.0 0.5 20.9 9.3 23.6 6.7 12.6 9.6 55.6 -9.0 28.1 6.8 

April 42.9 3.8 25.2 11.6 43.3 6.9 14.5 10.7 42.9 -1.0 34.3 11.5 

May 31.2 8.4 28.0 17.9 83.7 12.8 20.5 16.5 37.6 2.7 33.8 16.6 

June 7.5 15.6 34.2 24.1 74.0 17.5 25.1 21.3 37.8 9.2 34.0 28.9 
M: Monthly rainfall (mm); L: The lowest; H: The highest; A: Average 
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Table 2. Soil analysis results for the experimental sites 

Soil Properties 
2018-2019 2019-2020 

0-20 cm 20-40 cm 0-20 cm 20-40 cm 

Water saturation (%) 41 43 42 43 

pH 6.44 6.72 6.55 6.83 

Lime (%) 0.01 0.01 0.01 0.01 

Phosphorus (1.39-3.26) (ppm) 13 11 14 12 

Calcium (1150-3500) (ppm) 2609 2100 2625 2180 

Magnesium (160-480) (ppm) 399 381 376 368 

Potassium (140-370) (ppm) 159 154 160 152 

Iron (2-4.5) (ppm) 24 21 22 20 

Manganese (14-50) (ppm) 22 20 23 22 

Zinc (0.7-2.4) (ppm) 0.30 0.37 0.33 0.39 

Organic matter (%) 1.05 1.09 1.01 1.03 

 

Table 3. Means of squares for the examined traits 

Examined Traits Replication Year Genotype 
Year × 

Genotype Int. 
Error 

Spike length 0.093 3.803** 2.944** 0.713** 0.031 

Number of spikelets per spike 1.462 35.344** 4.930** 2.710** 0.746 

Number of grains per spike 4.720 105.842** 80.108** 42.665** 6.760 

Seed weight per spike 0.004 0.106* 0.165** 0.107** 0.021 

Spike fertility index 0.350 280.935** 214.343** 56.968** 3.989 

Spike harvest index 3.575 7.128* 14.416** 8.946** 1.136 

Grain yield 2443.611 63308.544** 11026.535** 13691.306** 1028.082 

 

The experiments were carried out at Tekirdağ Namık 

Kemal University, Faculty of Agriculture, Field Crops 

Department experimental area during the 2019 and 2020 

years using a randomized block design with three 

replications. The experiments were sown using a seed drill 

in plots with 500 seeds per square meter, in six rows, and 

17 cm between rows. In this study, grain yield (GY) and 

spike characteristics such as spike length (SL), number of 

spikelets per spike (NSS), number of grains per spike 

(NGS), grain weight per spike (GWS), spike fertility index 

(SFI) and spike harvest index (SHI) were determined 

according to Gençtan & Balkan (2006). 

 

Statistical Analysis 

Data obtained from the experiments were subjected to 

combined analysis of variance according to the 

Randomized Block Design. Statistical significance of the 

difference between means was checked using the LSD 

(Least Significant Difference) test, using the method 

recommended by Steel & Torrie (1960) in the MSTAT 

3.00/EM package program. 

 

Results and Discussion 

 

The results of the analysis of variance performed on the 

data obtained from trials conducted over two years with 15 

bread wheat varieties for the characters presented in Table 3.  

When the variance analysis results were examined, the 

averages of the varieties and the year × variety interaction 

were found to be statistically significant at the 0.01 level 

for all traits examined. Mean differences between years 

were found to be significant at the 0.05 level for grain 

weight per spike and spike harvest index, and at the 0.01 

level for other traits. The results of the significance test 

(LSD) conducted to determine the differences between the 

varieties in the study are presented in Table 4. 

The primary goal of wheat breeding programs is to 

develop new varieties with high grain yield per unit area. 

However, yield is not a simple trait; it is a quantitative trait 

influenced by numerous factors. Therefore, determining 

grain yield alone and conducting selection based on it is 

quite difficult. 

Grain yield is directly proportional to the number of 

grains per spike and the number of plants per square meter. 

Breeders use grain yield as a measure of genotype 

productivity and are considered in wheat breeding studies. 

Average grain yield per decare of 15 bread wheat varieties 

tested over two years ranged from 6147 kg ha-1 (NKÜ 

Asiya) to 7693 kg ha-1 (Prima). Prima variety with the 

highest grain yield was followed by Adelaide (7600 kg ha-

1), Glosa (7392 kg ha-1), NKÜ Lider and NKÜ Ergene 

(7370 kg ha-1), Rumeli (7333 kg ha-1), Orfeas (7287 kg ha-

1) and Gogas 2 (7270 kg ha-1). When the study years were 

considered separately and in combined analyses, Prima, 

Glosa, NKÜ Lider and NKÜ Ergene were the prominent 

varieties in terms of grain yield per decare. The lowest 

grain yield in the average of the two years in the study was 

obtained from NKÜ Asiya with 6147 kg ha-1 and Selimiye 

with 6390 kg ha-1. 

Spike length, considered a secondary yield factor in 

wheat, affects the number of grains per spike and spike 

yield, leading to increased yields (Özgen, 1989). Slafer et 

al. (2015) explained that increasing the number of grains 

per spike is necessary for increased wheat yield, and that 

increasing spike length is one way to achieve this. In a two-

year study, spike length values for wheat varieties ranged 

from 8.57 to 11.25 cm. Among the varieties, NKÜ Ergene, 

NKÜ Lider, NKÜ Asiya, Rumeli, Adelaide, and Krasunia 

Odes’ka were found to be superior in terms of spike 

characteristics in both years, with spike lengths exceeding 

10 cm. Esperia, Accor R2, Gogas 2, and Africa varieties 

exhibited spike lengths below 10.00 cm in both years. 
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Table 4. Combined means and statistical significance of the traits evaluated in bread wheat varieties 

Varieties 
GY 

(kg ha-1) 

SL 

(cm) 

NSS 

(No) 

NGS 

(No) 

GWS 

(g) 

SFI 

(%) 

SHI 

(%) 

Prima 7693  a 9.87  de 19.45  ef 50.9  b-e 2.253  a-d 83.36  ab 80.05  abc 

Adelaide 7600  ab 10.07  d 19.97  de 45.7  gh 2.015  ef 78.41  cd 77.37  efg 

Glosa 7392  abc 9.85  de 20.55  b-e 49.0  d-g 2.342  abc 85.25  a 81.41  a 

NKÜ Ergene 7370  abc 11.25  a 21.37  abc 54.2  ab 2.377  ab 76.96  de 77.44  efg 

NKÜ Lider 7370  abc 10.85  b 20.37  b-e 46.8  fgh 2.388  ab 74.42  ef 78.96  cde 

Rumeli 7333  abc 10.07  d 21.45  ab 48.6  d-g 2.263  a-d 70.72  g 76.54  g 

Orfeas 7287  abc 9.62 ef 20.53  b-e 56.8  a 2.240  a-d 79.96  cd 78.25  def 

Gogas 2 7270  abc 9.47 fg 20.32  b-e 49.9  c-f 2.123  cde 79.83  cd 77.21  fg 

Esperia 7168  bcd 9.27 gh 20.30  b-e 50.0  c-f 2.207  b-e 83.14  ab 77.32  efg 

Krasunia Odes’ka 7088  cd 10.58 bc 21.95  a 52.1  bcd 2.452  a 77.76  cd 78.38  def 

Accor R2 7038  cd 9.13  h 18.13  f 53.8  abc 1.865  f 84.54  a 77.10  fg 

Africa 6913  cd 8.57 i 20.30  b-e 54.0  abc 2.263  a-d 72.98  fg 80.69  ab 

Moro R2 6688  de 9.87  de 20.07  cde 50.3  b-f 1.985  ef 80.59  bc 77.29  fg 

Selimiye 6390  ef 9.48 fg 19.87  de 42.9  h 2.112  de 70.79  g 79.69  bcd 

NKÜ Asiya 6147  f 10.52  c 21.02  a-d 47.5  efg 2.340  abc 64.03  h 76.42  g 

LSD p ≤ 0.01 49.612 0.272 1.337 4.023 0.222 3.090 1.649 
The identical letters indicate statistical groups of identical values with 0.01 confidence level by Least Significant Difference Test. 

 

The number of spikelets per spike is one of the 

important spike characteristics that affects yield. A positive 

correlation exists between the number of spikelets per 

spike and the number of grains per spike, suggesting that 

the number of spikelets positively impacts grain yield 

through the number of grains per spike. A high number of 

spikelets per spike also leads to a higher number of grains 

per spike, leading to increased yield (Wolde et al., 2019). 

Among the bread wheat varieties examined, the number of 

spikelets per spike ranged from 18.13 to 21.95 no. The 

highest spikelet count was in Krasunia Odes’ka at 21.95 

no, followed by Rumeli at 21.45 no, NKÜ Ergene at 21.37 

no and NKÜ Asiya at 21.02 no. The results indicate that 

Krasunia Odes’ka, NKÜ Lider, Rumeli, NKÜ Asiya and 

NKÜ Ergene are suitable varieties in terms of spike length 

and grain count. On the other hand, Accor R2 and Prima 

varieties, which gave the lowest results in both years, have 

low values for spike characteristics. 

The number of grain per spike, influenced by 

environmental and genetic factors, is an important yield 

factor in wheat. Environmental factors also influence 

spikelet development, pollination, and fertilization during 

plant development. It has been reported that yield increases 

can be achieved through increased spike capacity, and that 

increasing the fertility and number of spikelets can increase 

grain count and yield (Knezevic et al., 2006). In a two-year 

study, grain per spike ranged from 42.9 (Selimiye) to 56.8 

(Orfeas) no. NKÜ Ergene (54.2 no), Africa (54.00 no) and 

Accor R2 (53.8 no) were among the varieties with higher 

averages. Orfeas, NKÜ Ergene, Africa and Accor R2 were 

superior in terms of grain per spike, while Selimiye, 

Adelaide and NKÜ Asiya were the varieties with lower 

performance. 

In wheat, grain weight per spike is one of the main yield 

factors affecting yield (Borojevich, 1983). However, this 

trait is also expressed as a generalized index based on spike 

length, spike density, number of spikelets, number of 

grains per spike, and average grain weight (Vavilov, 1935; 

Hucl & Fowler, 1992; Ma et al., 2007). In cereals, selection 

for increasing grain yield is largely associated with 

increasing the number of grains per unit area due to the 

high genetic correlation between grain number per spike 

and grain yield. Conversely, grain weight per spike is 

considered a relatively stable yield factor with low 

genotypic variation (Fischer & Hillerislambers, 1978). 

Although grain yield is a combined quantitative trait 

influenced by many traits and environmental conditions, 

high grain weight per spike is required for bread wheat 

varieties to achieve high grain yield (Syme, 1972). In the 

two-year study, seed weight per spike varied between 

1.865 (Accor R2) and 2.452 g (Krasunia Odes’ka). Other 

varieties with the highest average seed weight per spike 

were NKÜ Lider (2.388 g), NKÜ Ergene (2.377 g), Glosa 

(52.342 g), and NKÜ Asiya (2.340 g). In terms of seed 

weight per spike, Krasunia Odes’ka, NKÜ Lider, NKÜ 

Ergene, Golia and NKÜ Asiya were the superior varieties, 

while Accor R2 and Moro R2 varieties had the lowest 

averages. 

Increased assimilates transport to developing ears and 

grains has historically had the greatest impact on 

improving yield potential in wheat, leading to increased 

harvest index (Foulkes et al., 2011). Although the 

theoretical upper limit of the harvest index is estimated to 

be 0.60 (Austin et al., 1980), there has been no significant 

increase since it reached 0.50 in the mid-1980s (Fischer & 

Quail, 1990). Improving the potential of ear traits is 

considered a key way to increase wheat yield (Richards, 

1996). The ear is one of the main photosynthetic parts of 

the plant, contributing significantly to grain yield (Araus et 

al., 1993), particularly under arid and semiarid conditions 

(Bort et al., 1994). Spike fertility index has been proposed 

as a selection criterion to increase grain yield in bread 

wheat due to its (i) positive relationship with grain number 

per unit area (ii) high heritability, low genetic-environment 

interaction (iii) feasibility and assessability in small 

samples (Pontaroli et al., 2021). Spike fertility values for 

the varieties ranged from 70.79% to 85.25% in the study. 

In the combined average of the years, the highest spike 

fertility was found in Glosa and Accor R2 cultivars with 

85.25% and 84.54%, followed by Prima cultivars with 

83.36% and Esperia cultivars with 83.14%. The results 

obtained showed that Glosa, Accor R2 and Prima varieties 

had the highest spike fertility, while NKÜ Asiya, Selimiye 

and Rumeli had the lowest spike fertility values. 
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The spike harvest index (HRI), which provides an idea 

of two important yield components in wheat: grain number 

and weight per spike, is considered an important trait 

(Pradhan et al., 2019). Fifteen bread wheat varieties tested 

over two years had spike harvest index values ranging from 

76.42% (NKÜ Asiya) to 81.21% (Glosa). Africa (80.69%) 

and Prima (80.05%) were the other varieties with higher 

average spike harvest index values, while NKÜ Asiya and 

Rumeli had lower spike harvest index values. 

 

Conclusion 

 

Among the 15 bread wheat varieties tested, the highest 

value for spike length were found in NKÜ Asiya. Krasunia 

Odes’ka, Rumeli, NKÜ Asiya and NKÜ Ergene were more 

spikelet number. Although the highest grain number per 

spike was counted for NKÜ Ergene, Oferas, Africa and 

Accor R2, NKÜ Ergene, NKÜ Lider, Rumeli, Glosa and 

NKÜ Asiya gave the highest grain weight means. The 

spike fertility index means of Glosa, Accor R2, Esperia and 

Prima and the spike harvest index means of Glosa, Africa 

and Prima were the best. Average grain yields for the 

varieties tested ranged from 6147 kg ha-1 (NKÜ Asiya) to 

7693 kg ha-1 (Prima). Prima was the highest grain yield, 

followed by Adelaide, Glosa, NKÜ Lider, NKÜ Ergene, 

Rumeli, Orfeas and Gogas 2. Considering the separate and 

combined analyses of the years in which the study was 

conducted, Prima, Glosa, NKÜ Lider and NKÜ Ergene are 

the prominent varieties in terms of grain yield per hectare. 
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