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GRAIN YIELD AND YIELD COMPONENTS OF PROSPECTIVE
HOMOZYGOUS WINTER WHEAT GENOTYPES
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Abstract: During the two-year research on the experimental field of the Grain
Center in Kragujevac, the 1,000-grain weight, hectoliter mass and grain yield of
ten prospective homozygous genotypes of wheat were analyzed. During the
growing season, the average annual temperature and precipitation were
favorable for growing wheat. In both growing seasons, precipitation was 120 mm
more than the annual average, and 220 mm more in the second year. Genotype L-
1/59 had the highest grain yield and the highest 1,000-grain weight, while the
hectoliter mass was more or less equal to other genotypes. All genotypes had a
satisfactory 1,000-grain weight ranging from 43 to 50 g. On average, all analyzed
lines had a hectoliter mass greater than 80 for both years, which ranks them as
high quality.

Keywords: grain yield, 1,000-grain weight, hectoliter mass, wheat
Introduction

The main task of breeding is the creation of hybrids and varieties of plants
that, with optimal cultivation technology in specific environmental conditions,
would have a high potential for yield. In the Republic of Serbia, in the last 20
years, grain yields have varied significantly, ranging from very low 2.2 t ha'! in
2003. to 5.7 t ha'! in 2021. The large fluctuations in yields indicate that we still
depend to a large extent on climatic conditions, meaning that in climatically
favorable years, we achieve relatively good yields, while in unfavorable years,
yields are very poor (Dodig et al., 2015; Duri¢ et al., 2020). Factors that will be
the main obstacles in the fight for higher production are unfortunately
becoming more prevalent worldwide (Knezevic et al., 2020). The reduction of
freshwater quantity and its increasing contamination with various toxic and
destructive substances will result in a further decrease in the already small
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areas under wheat irrigation. Soil degradation, both in terms of chemistry
(increased acidity and salinity) and functionality, is present on large areas
worldwide (Dencic et al., 2009). The emergence of new diseases and pests (such
as the new race of stem rust Ug99) that can reduce yields by up to 50% is also a
significant challenge (Braun et al, 2008). One of the extremely negative
consequences of global warming will be heat waves, which in the grain filling
phase can have catastrophic negative effects on both yield and quality. The
higher cost of energy will undoubtedly lead to an increase in the prices of all
inputs and, logically, producers will either significantly reduce the use of
mineral fertilizers or refrain from their use altogether (Sayre and Hobbs, 2004).
In the Republic of Serbia, compared to the ten-year average (2011-2020),
cultivated areas of wheat increased by 9.4%, and average wheat yields range
from 4.5 to 8 t ha'. Numerous traits play a key role in determining yield, and
the contribution of each trait may vary among different genotypes and
environmental conditions due to interactions within each genotype and
between genotypes and environmental conditions (Peki¢ et al., 2015; Zuo et al.,
2017; Grcak et al., 2019).

The work aimed to analyze the variability of the yield components, as well
as the grain yield of prospective homozygous wheat lines.

Materials and methods

In the experimental field of the Center for Small Grains and Rural
Development in Kragujevac, during a two-year study (2018/19 and 2019/20),
grain yield, hectoliter mass and weight of 1,000 grains were determined for ten
homozygous wheat lines: L-2/6, L-5/98, L-5/7, L-6/7, L-4/4, L-2/24, L-2/2, L-1/5 -
9, L-19/54 and L-3-2/3. The trial was conducted in a 5 m? plot with 10 rows, 12.5
cm between rows and 3 cm between plants in a row, according to a randomized
block design with four replications. In both years, maize was used as a previous
crop. The trial was sown in the second half of October (optimal time). Before
sowing, 400 kg ha' of NPK (8:16:24) fertilizer was applied, and in the spring
fertilization, an additional 300 kg ha! of ammonium nitrate (KAN) was added.

Meteorological conditions

The average annual air temperature in the first year of the research was
0.49°C higher than the thirty-year average, and in the second year it was higher
by almost 1°C. Amount of precipitation for Kragujevac during the 2019/20
growing season it was 728.5 mm, which is 220 mm more than the multi-year
average. The most precipitation in 2019 and 2020 was in June, with 143 mm in
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2019 and 1929 mm in 2020. Both the average annual temperature and the
amount of precipitation in both growing seasons were above the long-term
average (Table 1).

Table 1. Average monthly temperature and precipitation amount

Average monthly temperature(°C) Precipitation amount (mm)
Month 2018/19 2019/20 1981-2010 2018/19 2019/20 1981-2010
X 13.9 13.6 11.9 9.4 196 48.9
XI 7.6 11.7 6.4 41.8 68.1 49.5
XII 2.6 49 2.1 51.8 57.6 45.8
[ 0.1 1.3 0.9 85.3 23.3 37.9
11 4.2 6.2 2.3 2.2 47.6 37.0
I1 9.1 7.8 6.6 10 55.7 42.3
I\% 13.2 11.8 11.7 35.2 17.8 53.9
Vv 14.5 15.7 16.7 125.3 7.9 58.7
VI 22.4 19.9 20.0 143 192.9 76.4
VII 22.3 22.0 21.9 83.2 61.6 57.7
Average/Sum 10.97 11.49 10.5 627.2 728.5 508.1

Results and discussion

Grain yield is a complex trait of exceptional economic importance,
depending on several inherited characteristics and environmental conditions in
which plants develop. Therefore, numerous researches in the field of genetics
and plant breeding aim to contribute to a better understanding of both yield
and its components, especially crops grown for grain production. Wheat yield
and its components are quantitative traits that are significantly influenced by
environmental factors and applied agronomic practices during the growth cycle
of the wheat plant (Jaisi et al., 2021; UroSevic et al., 2023).

The prospective wheat genotypes exhibited variations in grain yield,
showing inconsistency across the years (Table 2). When observed year by year,
there were no significant differences in grain yield, but the lines significantly
differed from each other in terms of yield. Line L-1/59 had the highest average
yield over the two years, followed by L-2/2, while the lowest yield was
observed in line L-63/7. In the last 20 years in Serbia, wheat grain yields have
varied significantly, ranging from 2.2 t ha' to 4.5 t ha! (Dencic et al., 2009). This
yield variation indicates that grain yield is highly dependent on climatic
conditions. Growing conditions (year) significantly influenced yield, and a
significant interaction effect between genotype and year was observed (Zecevic
et al., 2010; Knezevi¢ et al., 2022; Matkovi¢ Stojsin et al., 2022).
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Hectoliter mass represents the weight of one hectoliter of wheat expressed
in kilograms and is accepted as a measure of wheat quality due to its simplicity
and quick determination. It can also serve as an indicative value for evaluating
milling quality and ranges from 60 to 84 kg in wheat, with good wheat needing
to have a hectoliter weight above 76 kg. All analyzed lines, on average for both
years, had a hectoliter weight greater than 80, classifying them as lines of good
quality (Table 2). Comparing the results of yield and hectoliter weight in this
study, it is evident that the varieties that achieved high yields also had higher
hectoliter mass.

Table 2. Grain yield, hectolitre mass and 1,000-grain weight of wheat genotypes

Genotype Grain yield (kg ha) Hectolitre mass ( kg hL1) 1,000-grain weight (g)
(A) Years (B) Years (B) Years (B)

18/19 19/20  Average  18/19 19/20 Average 18/19 19/20 Average
L-2/6 6361 5808 6084 81.1 79.5 80.3 44.0 42.36 43.18
L-5/98 6532 6200 6365 82.1 82.9 82.5 44.5 47.74 46.12
L-5/7 6000 6462 6231 82.1 83.3 82.7 44.35 44.52 44.44
L-6/7 5715 5978 5846 80.3 82.3 81.3 44.10 44.84 44.47
L-4/4 6090 5960 6025 80.3 83.3 81.8 45.70 46.86 46.28
L-2/24 6580 5833 6206 81.7 82.5 82.1 45.25 50.52 47.88
L-2/2 6710 6120 6415 85.5 82.3 83.9 47.30 44.56 45.93
L-1/59 6320 6650 6485 83.3 81.1 822 50.38 50.82 50.6
L-1/54 5870 6540 6205 84.9 83.3 84.1 47.48 47.26 47.37
L-32/3 5705 6420 6062 85.3 83.5 84.4 42.53 45.80 44.16
Average 6188.3 6197.1 82.66 82.4 45.56 46.51

A B AxB A B AxB A B AxB
LSDoos 196.7 107.4 274.3 0.25 0.17 0.46 0.27 0.19 0.50
LSDon 340.9 182.5 457.3 0.42 0.29 0.79 0.46 0.32 0.86

The 1,000-grain weight depends on the variety, agroecological conditions,
and production technology. Line L-1/59 had the highest 1,000-grain weight
(over 50g) in both years, while the lowest was observed in line L-2/6. A weight
of 1000 grains of 50g is an indicator of high grain yield (Kovacevi¢ and Rastija,
2014). Wheat variety is one of the most significant quality factors influenced by
variations in the harvest year, region, and location (Kaya et al., 2014; Peki¢ et
al., 2015). Growing conditions (year) significantly influenced yield, and a
significant interaction effect between genotype and year was also observed.
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Conclusion

Weather conditions in both observed growing seasons were relatively
favourable for growing wheat, with average annual temperature and
precipitation above multi-year averages. During the winter months in the
observed period, there was significantly less precipitation, and the winter was
mild, which positively affected wheat development and enabled high yields. In
terms of yield, the best results were achieved by the L-1/59 line. This variety
also had the highest 1,000-grains weight, while the hectoliter mass was
comparable to other genotypes. All genotypes had a satisfactory 1,000-grains
weight, ranging from 43 to 50 g. All potential future varieties had an average
hectoliter weight of more than 80 kg for both years, which ranks them as good-
quality lines.

Acknowledgement

The research is part of project number 451-03-66/2024-03/ 200088 supported
by Ministry of Science, Technological Development and Innovation of R. Serbia.

References

Braun H.J., Dixon J., Crouch J., Payne T. (2008). Wheat research to serve the
future needs of developing world: In: Proceedings of the International
Symposium ‘Conventional and Molecular Breeding of Field and Vegetable
Crops’, 24-27 Novembar 2008, Novi Sad, Srbija, 28-32.

Denci¢ S., Kobiljski B., Mladenov N., Przulj N. (2009). Wheat production, yields
and demands in the world and in our country. A Periodical of Scietific
Research on Field and Vegetable Crops, 46(2), 367-377.

Dodig D., Zori¢ M., Jovi¢ M., Kandi¢ V., Stanisavljevi¢ R., Surlan-Momirovié G.
(2015). Wheat seedlings growth response to water deficiency and how it
correlates with adult plant tolerance to drought. Journal of Agricultural
Science, 153, 466-480.

Deki¢ V., Milovanovi¢ M., Milivojevi¢ ]., Staleti¢ M., Popovi¢ V., Simi¢ D.,
Mitrovi¢ M. (2015). Uticaj godine na prinos i kavalitet zrna ozime psenice.
Zbornik nauc¢nih radova Instituta PKB Agroekonomik, 21(1-2), 79-85.

Duri¢ N., Cvijanovi¢ G., Dozet G., Rajici¢ V., Brankovi¢ G., Posti¢ D. (2020). The
influence of year and location on grain yield and yield components in
winter wheat. Selekcija i semenarstvo, XXVI (1), 9-18.

39



“2nd INTERNATIONAL SYMPOSIUM ON BIOTECHNOLOGY ™ Proceedings, 2024

Grcak M., Gréak D., Zupunski V., Jevti¢ R., Lalosevi¢ M., Radosavac A., Kondi¢
D., Zivié J., Paunovi¢ A., Zecevi¢ V., Micanovi¢ D., Knezevi¢ D. (2019).
Effect of cereals pea intercropping on spike index of spring wheat, triticale,
oat and pods index of pea. Acta Agriculturae Serbica, 24(48),167-180.

Jaisi S., Thapa A., Poudel M.R., Gairhe H.P., Budathoki K. K., Karki B. (2021).
Relationship between Wheat Yield and Yield Attributing Character at Late
Sowing Condition. Indonesian Journal of Agricultural Research,4(2), 142 -
155. https://doi.org/10.32734/injar.v4i2.6405

Kaya Y., Akcura M. (2014). Effects of genotype and environment on grain yield
and quality traits in bread wheat (T. aestivum L.). Food Science and
Technology, 34(2), 386-393.

Knezevi¢ D., Laze A., Paunovi¢ A., Djurovi¢ V., Buki¢ N., Valjarevi¢ D., Kondi¢
D., Micanovi¢ D., Zivi¢ ., Zedevi¢ V. (2020). Approaches in cereal breeding.
Acta Agriculturae Serbica, 25 (50), 179- 186. doi: 10.5937/A ASer2050179K

Knezevi¢ D., Paunovi¢ A., Djurovi¢ V., Roljevi¢ Nikoli¢ S., Mic¢anovi¢ D., Madi¢
M., Menkovska M., Zecevi¢ V. (2022). Improving the quality of wheat for
human consumption. Zbornik radova, “XXVII Savetovanje o Biotehnologiji”
Univerzitet u Kragujevcu, Agronomski fakultet Cacak, 11-20.

Kovadevi¢ V., Rastija M. (2014). Zitarice. UdZbenik. Sveudiliste Josipa Jurja
Strossmayera u Osijeku, Poljoprivredni fakultet u Osijeku, Osijek.

Matkovi¢ Stojsin M., Petrovi¢ S., Banjac B., Roljevi¢ Nikoli¢ S., Zecevi¢ V., Bacic¢
J., DBordevi¢ R., Knezevi¢ D. (2022). Development of selection criteria for
improving grain yield in wheat grown in different agro-ecological
environments. Acta Agriculturae Serbica 27(53), 79-87.

Sayre K. D. & Hobbs P. R. (2004). The raised-bed systemof cultivation for irrigated
production conditions. In Sustainable agriculture and the rice-wheat system
(eds R. Lal, P. Hobbs, N. Uphoff & D. O. Hansen), paper 20, pp. 337-355.

Urosevi¢ D., Knezevi¢ D., Duri¢ N., Matkovi¢ Stojsin M., Kandi¢ V., Mic¢anovic¢
D., Stojilikovic¢ J., Zecevi¢ V. (2023). Assessment the Potential of Old and
Modern Wheat Genotypes: Yield Components and Nutritional Profiles in a
Comprehensive Study. Agronomy 13, 2426, 10.3390/agronomy13092426

Zecevi¢ V., Boskovic J., Dimitrijevi¢c M., Petrovi¢ S. (2010). Genetic and
phenotypic variability of yield components in wheat (Triticum aestivum L.).
Bulgarian Journal of Agricultural Science, 16(4), 422-428.

Zuo Q., Kuai J.,, Zhao L., Hu Z., Wu J., Zhou G. (2017). The effect of sowing
depth and soil compaction on the growth and yield of rapeseed in rice
straw returning field. Field Crops Research, 203, 47-54. doi:
10.1016/j.fcr.2016.12.016.

40



