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Abstract: During three growing seasons (2019-2022), an experiment was
carried out in cooperation with the PoZarevac Agricultural Expert Service in
Pozarevac with 6 varieties of wheat in order to analyze the influence of
genotype and year of production on yield, thousand-kernel weight and
hectoliter weight. The experiment was set up according to a randomized block
system in three replications on the soil type. The main crop in the first year was
sunflower, while in the second and third year it was corn. During the three-year
research, the Agrosava Apilco and NS Igra varieties had the highest average
yield, while the Zvezdana variety had the lowest average yield, but the highest
thousand-kernel weight. The average grain yield differed by year (variety/year
interaction). In the favorable second production year, all varieties had a
significantly higher yield, thousand-kernel weight and hectoliter weight
compared to the first and third year of production.
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Introduction

The yield of wheat grain in the Republic of Serbia over the past 20 years has
been variable, ranging from 2.2 t ha' (2003) to 5.7 t ha (2021), with the yield in
2023 recorded at 5.5 t ha'! (Statistical Office of the Republic Of Serbia 2024),
This significant variability in grain yield indicates that production in our region
largely depends on the weather conditions of the year and the economic
viability for producers (Dodig et al., 2015; Duri¢ et al., 2020). Unfortunately,
various factors are increasingly present as major obstacles to greater production
worldwide (Denci¢ et al., 2009; Knezevi¢ et al., 2020; Matkovi¢ Stojsin et al.,
2022). The reduction in the amount of freshwater and its increasing
contamination by various toxic and destructive substances will further decrease
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the already limited areas irrigated for wheat. Land degradation in terms of both
chemistry (increased acidity and salinity) and functionality is prevalent over
large areas worldwide (Dencic et al., 2009). The same authors also point out that
one of the extremely negative phenomena in global warming will be heat
waves, which can have catastrophic negative effects on both yield and quality
during the grain filling stage. Matkovic¢ Stojsin et al. (2022) found that salinity
stress reduced grain yield by 30%, while drought stress during the 2016/2017
growing season decreased yield by 20%. Developing high-yielding wheat
varieties of good quality is a primary goal in breeding programs. Breeders face
a challenging task, given the negative correlation between seed yield and
certain yield components as well as quality traits (Matkovi¢ Stojsin et al., 2018).
Increasing seed yield in wheat breeding programs can be achieved through
genetic improvement of yield components: number of grains per spike, number
of spikes per unit area, and thousand-kernel weight (Mian et al., 2019; Knezevi¢
et al.,, 2020; Urosevi¢ et al.,, 2022). Seed yield is a complex trait controlled by
numerous genes for yield components, whose expression is modified by
environmental factors (Miao et al., 2017; Zhang et al., 2017). The contribution of
each can vary among different genotypes and under various environmental
conditions, stemming from the interactions among traits within each genotype
and between genotypes and environmental conditions (Madic et al., 2016; Zuo
et al., 2017; Grcak et al., 2019; Madic¢ et al., 2024). The wheat variety is one of the
most significant quality factors that varies with harvest year, region, and
locality (Kaya et al., 2014; Djuri¢ et al., 2018). This study aimed to analyze the
variability of winter wheat's yield components under the influence of genotype
and growing season.

Materials and methods

To determine the impact of genotype and growing season on the yield and
yield components of winter wheat, an experiment was conducted in
collaboration with the Agricultural Advisory Service in Pozarevac. Six wheat
varieties (Obala, Igra, Zvezdana, NS 40 S, Galenika Avenue, Agrosava Apilco)
were tested over three growing seasons (2019-2022) in the agroecological
conditions of the Branicevski district.

During the 2019/2020 season, the experiment was set up in Zabela,
Pozarevac, on alluvial soil, with sunflower as the preceding crop. In the second
year (2020/2021), it was conducted in Cirikovac, and in the third year
(2021/2022), in Metkor, Pozarevac, also on alluvial soil. The preceding crop in
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the second and third years was commercial corn. Soil preparation in all years
was carried out in October to a depth of 30 cm, and before that, fertilization was
done with NPK fertilizer (16:16:16) at a rate of 300 kg ha'. Seed sowing was
performed within the optimal timeframe for all three years of the experiment, at
the end of October or the beginning of November. Each variety was sown in a
plot of 5 m? in three repetitions, in rows spaced 12.5 cm apart and 3 cm apart
within the row, using a seeding rate of 110 to 290 kg ha!, depending on the
variety. Fertilization of the crops was done three times: in February with KAN
(27% N) at a rate of 150 kg ha, in March with KAN at the same rate, and in
April (April 21) with Fitofert speed G at a dose of 3 L hal. Weed, disease, and
pest control were conducted using chemical preparations: Secator at 0.15 L ha’,

Amistar Extra at 0.75 L ha'l, and Fastac at 0.1 L ha'.

A two-way analysis of variance (ANOVA) was performed, with cultivar and year as
factors, and mean differences were assessed using the LSD test in SPSS software
(1995).

Meteorological Conditions

Table 1. Average monthly temperature and precipitation amount

Vegetation ~ Average monthly temperature (°C) Precipitation amount (mm)

season /

month 2019/20 2020/21 2021/22 2019/20  2020/21 2021/22
XI 11.7 6.4 8.4 25 12 69
XII 4.7 5.0 3.2 54 37 126
I 0.6 2.7 0.1 23.5 68.5 25
I 53 3.6 4.6 75 41.5 29
I 8.1 5.4 4.8 50 37 14
v 12.4 9.2 11.0 21 66.5 80
\% 16.0 16.5 18.2 101 64 26
VI 20.4 21.9 22.6 95.5 49 32
VII 220 24.8 23.9 32 5 26
Average/Sum 11.24 10.6 10.75 477 380.5 427

The first production year (2019/2020) had the highest average temperature
and the greatest amount of precipitation (477 mm) compared to the following
two years. The beginning of the growing season in 2019/2020 was marked by
warm weather, the warmest in the last 50 years, with an average temperature of
11.7 °C and typical precipitation levels until March, which positively influenced
the development of winter wheat. Air temperatures during most of March and
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April were above average, with low precipitation of 21 mm in April. However,
at the beginning and end of May, rainfall totaling 101 mm was relatively well
distributed, somewhat mitigating the effects of the earlier drought.The average
temperature during the growing season of 2020/21 was 10.6 °C, while in 2021/22
it was 10.75 °C. The lowest amount of precipitation was recorded in the second
year of the experiment (380 mm), which is approximately 87 mm less than in
the first year and 37 mm less than in the third year. This amount of
precipitation was more evenly distributed compared to the previous and
following years (Table 1), with particularly favorable rainfall distribution
during the period of intense plant growth.

Results and discussion

Grain yield and yield components of wheat, such as thousand-kernel
weight and hectoliter weight, are quantitative traits that depend on genetic
background (i.e., variety), ecological factors, and applied agronomic practices
during the growing season of wheat plants (Peki¢ et al., 2015, Knezevi¢ et al.,
2020; UroSevi¢ et al., 2023). The grain yield of the analyzed winter wheat
varieties varied significantly both between the varieties and across the years of
study (Table 2). The highest average grain yield, thousand-kernel weight, and
hectoliter weight of wheat were recorded in the second production year of the
study, followed by the first year, while the lowest values were noted in the
third year. The conditions for growth (year) had a significant effect on yield and
yield components, and a significant interaction effect between genotype and
year was also observed. Analyzing the grain yield values of the winter wheat
varieties over the three growing seasons (Table 2), the highest average yield for
all three years was recorded for the varieties Agrosava Apilco, NS 40 S, and
Zvezdana. The average grain yield varied by year (interaction of variety/year).
All varieties had significantly higher yields in the favorable second production
year compared to the previous and following years. The varieties Galenika
Avenue, Agrosava Apilco, and NS 40 S had yields significantly greater than
those of the other varieties. When observing grain yield by year, discrepancies
were noted for the varieties Obala and Galenika Avenue.

The quality of wheat grain is a complex concept that includes several
properties: physical characteristics of the grain (hectoliter weight, thousand-
kernel weight, specific weight, size and shape of the grain, glassiness and
flouriness, grain color, and purity), health status, chemical composition, and
more. For evaluating quality based on physical properties, it is simplest to
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determine the thousand-kernel weight, hectoliter weight, and specific weight of
the grain. A lower weight indicates a higher amount of hulls in the grain and
lower compactness of the endosperm (Kovacevic and Rastija, 2014).

Table 2. Average values of grain yield (kg ha), thousand-kernel weight (g), and
hectoliter weight (kg hL-1) of wheat varieties over a three-year period.

Grain yield Thousand- Hectoliter
kernel weight weight
Year (A) 2019/20 6 0730 43.91° 77.15>
2020/21 7 7802 45.222 78.202
2021/22 5773¢ 43.10¢ 73.13¢
Cultivar (B)  Obala 6 569° 46.752 75.104
Igra 6 7142 45.68> 75.76¢
Zvezdana 61994 44.33¢ 77.902
NS 40S 6 388¢ 45.30¢ 75.63¢
G. Avenue 6 6290 43.89f 75.134
Agr. Apilco 67324 44.664 77.10p
LSDo.os A 197.8 0.28 0.39
B 117.9 0.19 0.33
AB 283.4 0.48 0.65

The average values in columns marked with the same lowercase letter do not differ significantly (p > 0.05)
based on the LSD test.
*** F-test significant at the 0.001 level.

The thousand-kernel weight is a quantitative trait that depends on the
genetic constitution of the variety, agroecological conditions, and applied
agronomic practices. It is one of the components that significantly impacts the
determination of wheat seed yield (Ferrante et al., 2017) and can be influenced
by the environment and genotype-environment interactions (Krishnappa et al.,
2022). The average values for thousand-kernel weight for all varieties were
above 40 g. All varieties in the 2020/21 growing season had significantly higher
thousand-kernel weights. The varieties Obala and Igra had the highest
thousand-kernel weights significantly greater than all other varieties in both
production years, while Galenika Avenue had the lowest. The variety Obala
had the highest average value across all years (46.75 g) compared to Galenika
Avenue (43.89 g). Table 2 shows that the variety Zvezdana had the highest
average hectoliter weight, while the varieties Obala and Galenika Avenue had
the lowest.
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Conclusion

Agroecological conditions during the research years varied significantly
and affected the grain yield of wheat varieties. Based on the analysis of average
temperatures, distribution and amount of precipitation, the vegetation period of
2020/21 was more favorable for wheat production. The second year of the
research, which had the highest yield, was characterized by a mild and long
winter, cold spring and warm and dry summer, with the lowest but relatively
well-distributed amount of precipitation. Significantly higher yields in the
second year are primarily the result of growing crops on more fertile soil, as
well as a more favorable distribution of precipitation during the vegetation
period. In the entire three-year study, the highest average yields were obtained
from the varieties Agrosava Apilco and NS Igra, while the variety Zvezdana
had the lowest average yield but the highest hectoliter mass. In recent years,
there has been a trend of climate change, which leads to disturbances in the
amount and distribution of precipitation. Therefore, there is a need for a more
detailed study of new wheat varieties and the selection of genotypes that show
better properties under conditions of potential stress. This primarily refers to
increased tolerance to water shortages and elevated temperatures during
critical phases of plant development. In production, it is always recommended
to cultivate several different varieties, not just one, because varieties react
differently to different microclimates, soil conditions and localities.
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