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Abstract

Maize production is increasingly challenged by climate variability, making the optimization of genotype
choice and sowing density essential for stable yields. The objective of this study was to assess the effects of
sowing density (SD I, SD II, SD III), genotype (ZP 434, NS 4023, ZP 555, NS 5051, ZP 666, NS 6030), and
climatic conditions on maize grain yield and its main components (number of grain rows per cob, thousand
kernel weight, number of plants at harvest) over four consecutive years (2014-2017). The AMMI model was
used to quantify the contribution of genotype (G), environment (E), and their interaction (GXE) to yield
variability. Results showed that the highest yields were recorded in 2016 under favorable climatic conditions,
with hybrids ZP 555 (15.07 t ha™') and NS 5051 (14.68 t ha'), while the lowest yields occurred in 2015 due to
drought and high summer temperatures, particularly at higher sowing density (SD I), with NS 5051 yielding
only 5.73 t ha™. The environment accounted for 83.56% of yield variability, whereas the GXE interaction
explained 12.26%. Hybrids ZP 555 and NS 5051 exhibited the greatest yield stability. Lower sowing density
(SD III) proved advantageous under dry conditions, whereas higher density (SD I) was optimal in favorable
years. Grain yield was strongly correlated with the number of grain rows (r = 0.75**) and thousand kernel
weight (r = 0.73**). These findings provide valuable insights into hybrid performance under variable climates
and offer practical recommendations for optimizing hybrid selection and sowing density to improve maize
adaptation to climate change.
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Introduction
Maize (Zea mays L.) is one of the most important agricultural crops in the world thanks to its adaptability

to different agro-climatic conditions and its wide application in human nutrition, animal feed, industrial
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processing and biofuel production (Szareski ez al., 2018; Pareja-Sanchez ez al., 2019; Dustgeer ¢ al., 2021; Meng
et al., 2022; Mandié et al., 2024). Maize production is carried out on over 197 million hectares, with a production
of more than 1.13 billion tons of grain (Zhao, 2022; Queenta ¢z al., 2022). In Serbia, the average yield of maize is
4.4 t ha'!, with an annual production of approximately 6.631 million tons (SORS, 2023). Despite the significant
yield potential, yield fluctuations are often the result of unfavorable weather conditions, such as lack of rainfall,
poor distribution of rainfall, as well as factors such as inadequate soil preparation, insufficient fertilization,
inappropriate sowing density and sowing time (Assefa ez al., 2016; Biberdzi¢ ez al., 2018; Bernhard and Belov,
2020; Mandi¢ ez al., 2024). With climate change, certain agrotechnical measures can cause large changes in soil
fertility, which significantly affects crop productivity and crop response to climate change, according to Wei ez a/.
(2021).

In order to solve the increasingly present decrease in yields caused by climate change, Ali ez al. (2022)
conducted tests using different adaptation options. The selection of a stress-resistant maize genotype, changing
the sowing date and increasing the sowing density were highlighted as the most suitable adaptation options,
while in the research of Tian ez 4/. (2020) the influence of sowing density on the content of oil and protein in
rapesced was not determined. Genetic characteristics of hybrids, together with production conditions and
applied agrotechnical measures, play a key role in yield formation (Paraschivu ez 4/, 2019; Partali and
Paraschivu, 2020). The number of rows of grains per cob, as a heritable trait, can change under the influence of
agrotechnical factors (Abuzar, 2011), while the weight of a thousand grains varies between hybrids and depends
on agrometeorological conditions and the level of applied nutrients (Wang ez 4/., 2023). Seeding density
significantly affects yield and yield components, such as number of rows of grains per ear, weight of 1000 grains
and number of plants at harvest (Assefa ez al., 2016; Testa et al., 2016; Paraginski ez al., 2024). Increasing
seeding density often leads to a decrease in grain weight (Shafi ez 4/, 2012), while different genotypes show
variability in response to increased density (Tokatlidis, 2013; Yerlikaya ez 4., 2020). Sowing density and its
impact on yield depend on several factors, among which are the length of hybrid vegetation (Stojiljkovi¢ ez 4l.,
2025), morphological characteristics of the plant, moisture reserves in the soil, sowing time and fertility level
(Djalovi¢ ez al., 2024; Partali ez al., 2021). Climatic factors, such as rising temperatures and lack of precipitation
during July and August, significantly reduce yields, especially in dry years (Brankovi¢-Radojéi¢ ez al., 2018;
Hong ez al., 2019; Wang ez al., 2022; Li ez al., 2022). Hybrids with a shorter growing season show advantages
in avoiding summer droughts, which contributes to yield stability (Wu ez al., 2024).

Genotype selection (G) and management (M) of maize under different environmental conditions (E)
and their interactions are essential to increase maize productivity. Genotype X environment (GXE)
interactions significantly influence maize yield stability and adaptation of agrotechnical measures such as
seeding density, especially under changing climatic conditions. Zhang ez al. (2017) used the CERES-Maize
model to fit GXExM interactions across the Chinese Maize Belt. On that occasion, they found that certain
genotypes and optimal densities (11.4-12.7 plants/m?) increased yields by over 10% in low-yielding
environments. Kunwar ez al. (2024) state that AMMI analysis revealed statistically significant (p < 0.05)
genotype, environment and genotype-environment interaction (GEI) effects, explaining yield variance with
interaction effects, captured by 3 interaction principal components (IPC).

The aim of this research was to examine the influence of seeding density, genotype and climatic
conditions on the yield and yield components of maize using the AMMI model, with a special focus on the
identification of hybrids with the highest stability and yield under climatic extremes. The research provides a
new perspective through a detailed analysis of the stability of hybrids in conditions of drought and acidic soils,
with specific recommendations for adjusting the sowing density to climatic conditions, which represents a
significant contribute to the improvement of corn production in southern Serbia.

Although genotype-environment interactions in maize have been studied, few studies combine seeding
density with climate variability using the AMMI model in this region. This paper examines the influence of
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seeding density, genotype and climatic conditions on the yield of corn grains and its components (number of
rows of grains in the cob, weight of 1000 grains, number of plants at harvest) in Jablanic¢ki District during a
four-year period (2014-2017). A special contribute of this research lies in the identification of optimal sowing
densities (SD I, SD II, SD III) for hybrids of different vegetation lengths, in different climatic conditions, with

practical recommendations for farmers in Leskovac.

Materials and Methods

Experimental design

A four-year field experiment was conducted during the growing seasons of 2014-2017 at the Leskovac
location (43°01'476” N, 21°56'126” E), on alluvial soil, at an altitude of 225 m. The experiment was set up on
the farm of the secondary agricultural school in Leskovac (Jablani¢ki district) under dry farming conditions.
The pre-crop in all investigated years was winter wheat, which ensured a uniform starting point for the research.
The trial was set up in a randomized block system with three replications. Each plot had four rows of hybrids 7
m long,

Plant material

The experiment used six perspective maize hybrids, created at the Maize Research Institute Zemun
Polje, and the Institute of Field and Vegetable Crops, National Institute of the Republic of Serbia, Novi Sad.
Hybrids from three different FAO ripening groups were selected, to determine the influence of different
hybrids on yield and yield components. 6 maize hybrids were tested: ZP 434 and NS 4023 from FAO group
400, ZP 555 and NS 5051 from FAO group 500, and ZP 666 and NS 6030 from FAO group 600. Sowing was
done in mid-April every year in three sowing densities: 20x70 cm (SD I), 25x70 ¢m (SD II) and 30x70 cm
(SD III), which target plant densities of approximately 71.428, 57.143 and 47.619 plants per hectare were

achieved.

Soil preparation and fertilization

The basic cultivation of the soil was carried out by autumn ploughing at a depth of 30 ¢m, after which
the mineral fertilizer NPK 16:16:16 (supplied by Elixir Zorka, Sabac, Serbia) was applied in the amount of 500
kg ha. In the spring, nitrogen fertilizer calcium ammonium nitrate (CAN, 27% N) was applied in two phases:
60% of the required nitrogen was applied in the 3-4 leaf phase, while the rest was applied in the 7-8 leaf phase.
Weed control was carried out at the sixth leaf stage with a tank mix of Callisto WG* (mesotrione 125 ga.i. ha
' - Syngenta, Rosentalstrasse 67, 4058 Basel, Switzerland) plus Motivell extra 6 OD' (nicosulfuron 45 ga.i. ha’
- CertisBelchim, Technologiclaan 7, 1840 Londerzeel, Belgium) was applied for postemergence weed control.

Soil characteristics
To determine the pH value, the content of humus, nitrogen, phosphorus and potassium, and the
presence of carbonates, an agrochemical analysis of the soil was performed before the start of the experiment

(Table 1).

Table 1. Provision of nutrients to the soil

Humus N Available (mg 100 g soil) pH
D () (%) (%) P,0; K0 KCl
0-30 2.65 0.13 17.56 34.00 5.78
30-60 2.10 0.06 8.90 21.76 6.10
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The soil is moderately acidic (pH in KCl 5.78). The measured humus content in the topsoil (2.65%)
classifies this soil into the group of poorly supplied with humus and moderately supplied with total nitrogen
(0.13%). An optimal content of phosphorus (17.56 mg P,Os 100 g* of soil) and a high content of potassium
(34.00 mg K>O 100 g') were found, while carbonates were not found.

Meteorological conditions

Meteorological data on average daily temperatures and precipitation were collected from the
meteorological station in Leskovac, which is located near the experimental field (distance 1500 m). Figure 1
shows data on average monthly air temperatures (Figure 1a), amount and distribution of precipitation (Figure
1b) during the experiment and multi-year averages for the Leskovac location, which were obtained from the
meteorological station in Leskovac.

Significant annual variations in climate conditions were observed both during the multi-year period
(1961-2013) and during the study period. In 2015, during the growing season, 433.9 mm fell, which is 337.0
mm less than in 2014 (Figure 1a), while the average monthly temperature during the growing season was 17.0
°C, which is 1.2 °C higher than in 2014 that is 1.7 °C compared to the multi-year average, when the average
temperature was 15.3 °C. (Figure 1b). A particularly unfavorable period was during June, July and August, with
102.8 mm of precipitation and an average monthly temperature of 22.4 °C during these three months, which
classifies the year 2015 as extremely unfavorable for maize production. During the vegetation period in 2016,
569.8 mm fell, with an average monthly temperature of 16.4 °C, while in 2017 only 434 mm fell, with an
average temperature of 16.9 °C. In 2014, 2015, 2016, and 2017, the average air temperature was higher for 0.5
°C, 1.7°C, 1.1 °C, and 1.6 °C, which is higher than the multi-year average, especially in important periods of
growth and development (Figure 1b).

emperature 1961-2013
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Figure 1. The distribution of precipitation (a) and temperature (b) during the experimental periods of

2014-2017 and multi-year averages in the Leskovac location
*Notes: The data for rainfall shown covers the period from 1 April to 30 October

Measurement and analysis methods

During the harvest at the technological maturity of maize, the following traits were monitored: grain
yield reduced to 14% moisture, total number of plants at harvest (NPH), number of grain rows on the cob
(NGR), thousand kernel weight (TKW). Samples of 12 plants from each plot were used for laboratory analyses,
which were performed in the laboratory of PSSS Leskovac. The thousand kernel weight was determined by
measuring on an analytical balance, while the number of rows of grains was visually counted on the cobs.

Statistical analysis

IBM SPSS v25 (2022) and GenStat 18.1 (2021) were utilized. To evaluate the impact of years, hybrids,
and sowing density, an analysis of variance (ANOVA) was used, with a significance level of p < 0.05. The
relationship between yield components was also verified using Pearson's correlation analysis. To evaluate the

4
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relationship between environment and genotype, AMMI analysis (Additive Main Effects and Multiplicative
Interaction) was employed. The hybrid stability and adaptability are seen through the use of AMMI 1 and
AMMI 2 diagrams, which graphically present the results.

Results

Grain yield

Figure 2 shows the average grain yield values of six maize hybrids grown at different seeding densities
over four years. The highest average grain yield values were achieved in the third year of research (2016), viewed
in general, as well as by values for each grown hybrid separately. The meteorological conditions that prevailed
in this growing season were the most favorable for the hybrids to realize their full genetic potential. The highest
performance is observed in ZP 555 (15.07 t ha!) and NS 5051 (14.68 t ha™) with SD I and SD II, and ZP 666
(14.85 tha'), with SD II and SD III (Figure 2). Observing average values that were obtained in the first year of
research (2014), the highest yield was achieved with all hybrids in the higher sowing density SD 1, and the
obtained values ranged from 9.96 t ha! (NS 4023) to 11.06 t ha™ (NS 6030).

—sD_I sD_l —sD_ll
ZP 434_2014
NS 6030_2017 16 NS 4023_2014
ZP 666_2017 15 ZP 555_2014
14
NS 5051_2017 13 NS 5051_2014

12

ZP 555_2017 " ZP 666_2014

NS 4023_2017 NS 6030_2014

ZP 434_2017 ZP 434_2015

NS 6030_2016 NS 4023_2015

ZP 666_2016 ZP 555_2015

NS 5051_2016 NS 5051_2015

ZP 555_2016 ZP 666_2015

NS 4023_2016 NS 6030_2015
ZP 434_2016

Figure 2. Effects of different seeding densities, genotypes and years on the yield

*Notes: SD I, SD Il and SD III represent maize seeding densities of 20x70 cm (71.428 plants ha'), 25%70 cm (57.143
plants ha'!) and 30x70 cm (47.619 plants ha™'), respectively. Six maize genotypes of study: ZP 434 and NS 4023 from
FAO group 400, ZP 555 and NS 5051 from FAO group 500, and ZP 666 and NS 6030 from FAO group 600. 2014,
2015, 2016 and 2017 represent four years of rescarch

The lowest average values for all hybrids at different sowing densities were achieved in the second year
of the study (2015). This year, in terms of climatic conditions (values of mean monthly air temperatures and
the distribution and amount of precipitation) during the growing season, was significantly different compared
to other years, which adversely affected the qualitative characteristic of grain yield, which is why maize is grown
(Figure 2). The lowest average grain yield was achieved in the first sowing density SD I with NS 5051 (5.73 t
ha'), NS 4023 (5.79 t ha') and NS 6030 (5.87 t ha). The highest yields in conditions of high temperatures
and poor distribution of precipitation are achieved with the lowest sowing density (SD III). These obtained
values are significantly lower compared to the values (2016), which produced the best results are shown in
Figure 2. The 2015 growing season was characterized by a rainfall deficit, with only 255.9 mm recorded
compared to 569.8 mm in 2016. There was a noticeable increase in temperature in July 2015 (24 °C vs. 22.8
°C in 2016), which had a bad effect on pollination and grain formation, which are key phenological phases for
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yield formation. In 2016, when precipitation was abundant and evenly distributed (114 mm in July),
competition between plants was less pronounced.

All maize hybrids and their genetic characteristics showed variations at different sowing densities,
indicating that the examined factors had a statistically significant impact, both individually and in mutual
interaction.

Analysis of the variance of the AMMI model revealed a statistically very significant influence of genotype
(G), the external environment (E) and their interaction GXE on grain yield (Table 2). At the same time, the
external environment had the greatest influence on the total variation of the sample and explained 83.56% of
the variability of this complex trait. The share of genotype was significantly lower and amounted to 3.53%,
while the share of interaction was 12.26%.

Table 2. Variance analysis of the AMMI model for grain yield maize genotypes

Source of variation df SS MS F p-level SS (%)
Total 215 1419.4 6.60 - -
Treatments 71 1410.1 19.86 294.92** 0.00000 99.34
Genotypes ) 50.0 10.00 148.48** 0.00000 3.53
Environments 11 1186.1 107.82 2150.50** 0.00000 83.56
Block 24 1.2 0.05 0.74™ 0.79612 0.08
Interactions 55 174.1 3.17 47.00** 0.00000 12.26
IPCA1 15 124.6 8.31 123.36* 0.00000 71.57
IPCA2 13 31.6 2.43 36.08** 0.00000 20.73
IPCA3 11 14.8 1.35 20.01** 0.00000 8.5
Residuals 16 3.1 0.19 2.85 0.00059 0.22
Error 120 8.1 0.07 - -

*Notes:**-Highly significant at p < 0.01 probability level; "*-Not significant at p > 0.05 level; df-Degree of freedom; SS-
Sum of squares; MS-Mean Squares; F-F value calculated; p-level-p value calculated; IPCA1-The first-interaction
principal components axes; [IPCA2-The second-interaction principal components axes; IPCA3-The third-interaction
principal components axes

The high share of the external environment in the total variation reflects the existence of significant
differences between sowing densities and years, which caused most of the variation in the formation of maize
grain yield. Analysis of the interaction revealed three main components, with all three components exhibiting
statistical significance (p < 0.01), which are shown in Table 2. The first principal component explained 71.57%
(IPCA1) of the interaction, the second 20.73% (IPCA2) and the third 8.5% (IPCA3) of the interaction (Table
2).

In all observed environments (years-sowing densities), the highest stability of grain yield in relation to
the first main component (IPCA1) was shown by hybrids ZP 555 and NS 5051, which achieved a higher
average value of grain yield than the general average of the trial. The least stability and the lowest average grain
yield were recorded in hybrids NS 4023 and ZP 434 (Figure 3a, Table 3).

The highest grain yield was achieved in 2016 in SD I, SD IT and SD III sowing density. At the same time,
the tested corn hybrids achieved the highest yield in SD I sowing density, while in the SD IT'and SD III densities
they had high interaction values (Figure 2). This is explained by the fact that the yield of these densities in 2016
was very variable. Grain yields in 2014 were the highest in SD I and SD II, while the lowest yields were achieved
in SD III, significantly lower than the general average of the trial. At the same time, the most stable yields were
achieved in SD I and SD II.
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Figure 3. AMMI 1 (a) and AMMI 2 (b) biplot analysis of yield stability in six maize hybrids in four years
and three seeding densities
*Notes: SD I, SD I and SD III represent maize seeding densities of 20x70 cm (71.428 plants ha™'), 25%70 cm (57.143
plants ha'') and 30x70 cm (47.619 plants ha'), respectively. Six maize genotypes of study: ZP 434 and NS 4023 from
FAO group 400, ZP 555 and NS 5051 from FAO group 500, and ZP 666 and NS 6030 from FAO group 600. 2014,
2015, 2016 and 2017 represent four years of research

Table 3. Mean value, AMMI model stability coefficient (AVS) and stability ranks of genotypes for grain

yield
Genotypes Grain yield IPCA1 IPCA2 AVS
Average Rank Value Rank

7P 434 9.06 5 -1.353 0.120 5.33 5
NS 4023 8.60 6 -1.474 0.392 5.82 6
ZP 555 10.11 1 0.413 -1.146 1.99 2
NS 5051 9.62 3 0.351 -0.830 1.61 1
ZP 666 9.65 2 1.137 0.703 4.54 4
NS 6030 9.54 4 0.925 0.761 3.73 3

During 2015 and 2017, there were very unfavorable conditions for the growth and development of
maize. In the period of grain formation and pouring, in both studied years, high air temperatures and low
amounts of precipitation were recorded, as a result of which the studied maize hybrids, in all three sowing
densities, achieved below-average yields (Figure 3a, Table 3). However, the most stable yields in 2014 were
achieved in SD II, and in 2015 in SD III sowing density. In 2017, the low rainfall in July (34 mm) and high
temperature (23.5 °C) during grain filling further explain the below-average yields, emphasizing the critical role
of moisture availability at this stage.

A more precise explanation of the interaction, i.c. the behaviour of maize hybrids in different
environmental conditions, is shown by the AMMI 2 biplot, where the first and second components (IPCA1
and IPCA2) explain 92.3% of the impact of the interaction on grain yield. According to this model, ZP 555
and NS 5051 stood out as the most stable hybrids. The greatest interaction effect, and thus the lowest stability
in all studied environments, was achieved by hybrids of FAO ripening group 400 (ZP 434 and NS 4023) in
Table 3 and Figure 3b.

The examined conditions of the external environment (year-density of sowing), which are located closer
to the centre, are characterized by greater stability. In this regard, 2014 stood out in SD I'and SD II, as well as
2017 in SD IL The highest interaction value, and thus instability, was observed in 2016 in the SD III (Table 4,
Figure 3b).
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Table 4. Mean value, AMMI model stability coefficient (AVS) and environmental stability rankings for

grain yield
. Grain yield AVS
Environment IPCAl IPCA2
Average Rank Value Rank
SD 12014 10.54 4 0.000 0.426 0.42 1
SD 112014 9.69 5 0.062 0.453 0.50 2
SD II1 2014 8.79 6 0.201 0.825 1.08 4
SD 12015 6.04 12 -0.534 0417 191 9
SD 112015 6.82 11 -0.484 0.305 1.72 7
SD 1112015 7.35 10 -0.359 0.302 1.29 6
SD 12016 13.21 2 -0.185 -1.068 1.25 5
SD 112016 13.43 1 1.064 -0.400 3.74 10
SD III 2016 12.19 3 1.447 -0.075 5.05 11
SD 12017 8.00 9 -1.491 -0.524 5.23 12
SD 112017 8.45 8 -0.201 -0.230 0.74
SD 1112017 8.66 7 0.480 -0.431 1.73

Number of plants in harvest

The obtained results clearly show that all the tested maize hybrids achieved the highest values of the
number of plants in harvest (NPH) when they were grown in the group of plants that was formed at the first
sowing density (SD I) and this trend was observed throughout all growing seasons (Figure 4, Table 4). In the
third year of research (2016), the highest achieved average values of the NPH were recorded at the sowing
density SD 1, in the hybrid NS 6030, NPH was 71.074, in ZP 666, 70.926 were found and in ZP 434, 70.637
plants were measured. These values are very different compared to the values achieved by the same hybrids in
this growing season, only in other sowing densities (SD IT'and SD III). The first year (2014) of the research is
also characterized by higher average values for the NPH, which were close to those achieved in the most
favourable year (2016). In 2014, the highest achieved average values of the NPH were recorded at the sowing
density SD I, in the hybrid ZP 434 (70.423), NS 5051 (70.221), and ZP 4023 (70.215), shown in Figure 4.

—sD_I so_Il —sD_ill
ZP 434_2014
NS 6030_2017 80 NS 4023_2014
ZP 666_2017 75 ZP 555_2014

NS 5051_2017 NS 5051_2014

ZP 555_2017 ZP 666_2014

NS 4023_2017 NS 6030_2014
ZP 434_2017 ZP 434_2015
S 6030_2016 NS 4023_2015
ZP 666_2016 ZP 555_2015
NS 5051_2016 NS 5051_2015
ZP 555_2016 ZP 666_2015
NS 4023_2016 NS 6030_2015
ZP 434_2016

Figure 4. Effects of different seeding densities, genotypes and years on the number of plants at harvest
*Notes: SD I, SD I and SD III represent maize seeding densities of 20x70 cm (71.428 plants ha!), 25x70 cm (57.143
plants ha'!) and 30x70 cm (47.619 plants ha''), respectively. Six maize genotypes of study: ZP 434 and NS 4023 from
FAO group 400, ZP 555 and NS 5051 from FAO group 500, and ZP 666 and NS 6030 from FAO group 600. 2014,
2015, 2016 and 2017 represent four years of research
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A significantly lower NPH in all six hybrids were formed at the SD III sowing density in all growing
seasons. The lowest values for all maize hybrids were achieved in the second year of research (2015) at different
sowing densities. The lowest NPH was measured in SD III and was 35.763 (NS 6030), 36.931 (ZP 666) and
37.118 (NS 5051). These values show that the sowing density factor had a statistically very significant influence
on the NPH and, in interaction with the year, showed significant differences in the obtained values by
vegetation scasons in the monitored genotypes (Figure 4, Table 4). The lower NPH in 2015, especially at SD
I11, is a consequence of extremely low rainfall in July (6 mm) and elevated temperatures (24 °C). In contrast,
the higher NPH in 2016 at SD I is a consequence of the field layout and the amount of precipitation in July
(114 mm).

AMMI analysis of variance for NPH showed a very significant influence of genotype, external
environment and GxXE interaction (p < 0.01), where the external environment accounts for the largest part of
the sum of squares of the samples (99.37%), and significantly less for the genotype and interaction (0.07%,
0.38%). This indicates that between the studied external environments, both year and sowing density, there
was a significant difference that caused most of the variations in the formation of these features. The analysis
of the multivariate part revealed three main components, of which only the first showed statistical significance
and explained 86.67% of the interaction, while IPCA2 participated in the GEI variation with 1.60%, and
IPCA3 with 1.02%, both with non-significant effects on the GEI variation (Table 5).

Table 5. Variance analysis of the AMMI model for number of plants at harvest maize genotypes

Source of variation df SS MS F p-level SS (%)
Total 215 23884 111.1 - -

‘Treatments 71 23841 335.8 1000.36** 0.00000 99.82
Genotypes 5 17 3.5 10.34** 0.00000 0.07
Environments 11 23734 2157.7 24351.33* 0.00000 99.37
Block 24 2 0.1 0.26" 0.99980 0.01
Interactions 55 90 1.6 4.85* 0.00000 0.38
IPCA1 15 78 5.2 15.54** 0.00000 86.67
IPCA2 13 7 0.5 1.60™ 0.09511 7.78
IPCA3 11 4 0.3 1.02" 0.43423 4.44
Residuals 16 0.0 0.13 0.99999 0.004
Error 120 40 0.3 - -

*Notes:**- Highly significant at p < 0.01 probability level; ™-Not significant at p > 0.05 level; df-Degree of freedom;

SS-Sum of squares; MS-Mean Squares; F-F value calculated; p-level-p value calculated; IPCA1-The first-interaction
principal components axes; IPCA2-The second-interaction principal components axes; IPCA3-The third-interaction

principa.l components axes

The AMMI 1 biplot analysis shows that in relation to the first main component, ZP 434 and NS 5051
stood out as the most stable hybrids for NPH (Figure 5). All studied hybrids achieved average NPH values at
the level of the general average of the trial (Figure 5, Table 6).

According to the biplot (Figure 5) and the average values (Table 6) based on the points of the seeding
densities (SD I, SD II, and SD III), it can be noticed that the tested maize genotypes had higher average values
of the number of plants at harvest in SD I'and SD Il in the first 2014 growing season, I sowing density in the
third 2016 growing season and SD II sowing density in the fourth 2017 growing season. In all three seeding
densities in the 2015 season, it can be noticed that the tested maize genotypes had below-average values of the
number of plants at harvest (Figure 5).
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Figure 5. AMMI 1 biplot analysis of number of plants at harvest stability in six maize hybrids in four years
and three seeding densities

*Notes: SD I, SD Il and SD III represent maize seeding densities of 20x70 cm (71.428 plants ha), 25x70 cm (57.143
plants ha'') and 30x70 cm (47.619 plants ha'), respectively. Six maize genotypes of study: ZP 434 and NS 4023 from
FAO group 400, ZP 555 and NS 5051 from FAO group 500, and ZP 666 and NS 6030 from FAO group 600. 2014,
2015, 2016 and 2017 represent four years of research

Table 6. Mean value, AMMI model stability coefficient (AVS) and genotype stability ranks for the number
of plants at harvest

Number of plants in harvest AVS
Genotypes IPCAl IPCA2
Average Rank Value Rank

ZP 434 55.510 3 -0.365 0.091 0.36 1
NS 4023 55.632 1 -1.468 0.611 0.87 4
ZP 555 55.615 2 -0.644 -0.705 0.8 2
NS 5051 55.122 4 0.446 -0.433 0.8 2
ZP 666 55.089 S 0.750 -0.207 0.86 3
NS 6030 54.908 6 1.281 0.644 1.08 S

As expected, the highest number of plants at harvest in all four analyzed years was achieved in SD 1,
slightly lower in SD II, and the lowest in SD III (Table 7).

Table 7. Mean value, AMMI model stability coefficient (AVS) and environmental stability rankings for
the number of plants at harvest

. Number of plants in harvest AVS
Environment IPCA1 IPCA2
Average Rank Value Rank

SD 12014 70.202 2 0.208 0.015 0.015 1
SD 112014 55.997 6 0.265 0.008 0.69 2
SD 1112014 46.159 10 0.382 0.012 2.24 4
SD12015 61.112 4 -0.775 -0.129 5.95 8
SD 112015 46.625 8 -0.458 -1.067 5.5 7
SD 112015 38.306 12 -1.779 0.502 4.03 5
SD 12016 70.647 1 0.550 0.240 2.08 3
SD 112016 56.374 5 0.384 0.118 11.86 9
SD 1112016 46.409 9 0.427 0.128 16.12 10
SD 12017 69.899 3 0.135 0.009 16.61 11
SD 112017 55.961 7 0.286 -0.009 2.24 4
SD 1112017 46.062 11 0.375 0.171 5.35 6
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In the SD III in 2015, the greatest effect of inerrancy was manifested (Table 7). The analyzed hybrids
achieved the highest number of plants at harvest stability in SD I'and SD ITin 2014, SD Iin 2016 and SD Il in
2017 (Figure 5).

Number of rows of grains in a maize cob

Analyzing the maize yield component, the number of rows of grains in the maize cob (NGR), we can
see, based on the data shown in Figure 6, that the highest average values were achieved in 2016. Maize hybrids
ZP 666, NS 6030 and NS 5051 showed a statistically very significant difference in the obtained values for this
trait compared to the rest of the tested hybrids. The highest average value was measured with ZP 666, NS 6030
and NS 5051, but in different sowing densities. The highest value of the NGR in the maize cob in the hybrid
ZP 666 of 17.56 was found at the sowing density SD III, then in NS 6030 in the sowing density SD I (17.41)
and in the hybrid NS 5051 in the density SD II (17.30).

—sD_I sD_ll —sD_N
ZP 434_2014
NS 6030_2017 18 NS 4023_2014
ZP 666_2017 17,5 ZP 555_2014
17
NS 5051_2017 165 NS 5051_2014
ZP 555_2017 ZP 666_2014
NS 4023_2017 NS 6030_2014
ZP 434_2017 ZP 434_2015
NS 6030_2016 NS 4023_2015
ZP 666_2076 ZP 555_2015
NS 5051_2016 NS 5051_2015
ZP 555_2016 ZP 666_2015
NS 4023_2016 NS 6030_2015
ZP 434_2016

Figure 6. Effects of different seeding densities, genotypes and years on the number of rows of grains
*Notes: SD I, SD Il and SD III represent maize seeding densities of 20x70 cm (71.428 plants ha), 25x70 cm (57.143
plants ha'') and 30x70 cm (47.619 plants ha'), respectively. Six maize genotypes of study: ZP 434 and NS 4023 from
FAO group 400, ZP 555 and NS 5051 from FAO group 500, and ZP 666 and NS 6030 from FAO group 600. 2014,
2015, 2016 and 2017 represent four years of research

It can be clearly seen from Figure 6 that the lowest average values of the number of rows of grains in the
ear of maize were achieved in the second year of the research and this is the case with all examined hybrids of
maize. The increased NGR in 2016, especially in ZP 666 at SD 11, corresponds to optimal temperatures (21.9
°C in June, 22.8 °C in July) and precipitation (63 mm and 114 mm, respectively) during silking, which had a
positive effect on pollination. In contrast, the lower number of NGR at NS 4023 at SD I in 2015 is a
consequence of insufficient rainfall in June (33 mm) and high temperature in July (24 °C). The unfavorable
conditions that prevailed during 2015 affected the functionality of pollen and grain formation.

The year factor had a statistically significant influence on NGR, both individually and in interaction
with the sowing density factor shown in Figure 6. The lowest average values were at the sowing density of SD I
with the hybrid NS 4023 (13.35), and then at the same sowing density with the hybrids ZP 434 (13.57) and
NS 6030 (14.40). The fourth year of research (2017) is characterized by the fact that hybrids ZP 434 and NS
4023 achieved similar results in all planting densities. Average values for ZP 434 ranged from 14.32 (SD III) to
14.42 (SD I). In NS 4023, average values of 14.37 (SD III) to 14.41 (SD II) were measured. The remaining
monitored hybrids (ZP 555, NS 5051, ZP 666, and NS 6030) also had approximate values of the NGR of grains
in a maize cob that ranged from 15.43 to 15.66 at different sowing densities (Figure 6). Sowing density showed
a statistically significant effect in interaction with year, as well as in interaction with different hybrids.
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The analysis of the variance of the AMMI model showed that in NGR expression, all sources of
variation, both additive (genotype, sowing density and year) and non-additive (GXE) showed high significance
(Table 8). Within the main effects of the analysis of variance, the largest share of the sum of squares belongs to
the external environment (50.37%) and genotype (39.24%), while the share of interaction is significantly
smaller (5.34%), Figure 6. Within the multivariate part, three main components were singled out, the first two
of which showed high statistical significance (p < 0.01). The first principal component explained 78.30% of
the variation, the second 17.33%, and the third component only 1.67% of the variation (Table 8).
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Table 8. Variance analysis of the AMMI model for the number of rows of grains in the maize cob

Source of variation df SS MS F p-level SS (%)
Total 215 302.62 1.408

Treatments 71 287.33 4.047 39.27* 0.00000 94.95
Genotypes 5 118.76 23.752 230.49** 0.00000 39.24
Environments 11 152.43 13.857 113.93* 0.00000 50.37
Block 24 2.92 0.122 1.18™ 0.27367 0.96
Interactions 55 16.15 0.294 2.85* 0.00000 5.34
IPCA1 15 12.92 0.861 8.36** 0.00000 78.30
IPCA2 13 2.86 0.220 2.13* 0.01671 17.33
IPCA3 11 0.27 0.024 0.24" 0.99451 1.67
Residuals 16 0.11 0.007 0.06 100.000 0.03
Error 120 12.37 0.103

*Notes:**-Highly significant at p < 0.01 probability level; -Significant at p < 0.05 probability level; ™-Not significant

at p > 0.05 level; df-Degree of freedom; SS-Sum of squares; MS-Mean Squares; F-F value calculated; p-level-p value
calculated; IPCA1-The first-interaction principal components axes; IPCA2-The second-interaction principal

components axes; [IPCA3-The third-interaction principal components axes

The AMMI 1 biplot shows the relationship between the first principal component (IPCA1) and the
average value of NGR in three sowing densities over four years shown in Table 9 and Figure 7a. In all observed
environments, hybrids ZP 555 and NS 5051 exhibited the highest stability in relation to IPCAL1, while the
lowest stability was observed in hybrids ZP 434 and NS 4023 (Figure 7a). However, all studied hybrids achieved

lower average NGR values than the general average of the trial.

Table 9. Mean value, AMMI model stability coefficient (AVS) and hybrid stability ranks for the number

of rows of grains in the maize cob

Number of grain rows AVS
Genotypes IPCAL1 IPCA2
Average Rank Value Rank

ZP 434 9.06 5 -0.835 0.128 3.77 6
NS 4023 8.60 6 -0.770 0.148 3.48 5
ZP 555 10.11 1 0.148 -0.464 0.81 1
NS 5051 9.62 3 0.294 -0.607 1.46 2
ZP 666 9.65 2 0.601 0.533 2.77 4
NS 6030 9.54 4 0.562 0.262 2.48 3

In order to interpret the GXE interaction in more detail, on the manifestation of NGR, the AMMI 2
biplot is shown. According to this model, the hybrids from FAO group 500 (ZP 555 and NS 5051) in Table 9
and Figure 7a, showed the highest stability, with a mean value of the NGR within the general average, while
genotypes ZP 434 and NS 4023 showed the highest instability.
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Figure 7. AMMI 1 (a) and AMMI 2 (b) biplot analysis of the number of rows of grains in the maize cob
stability in six maize hybrids in four years and three seeding densities
*Notes: SD I, SD Il and SD III represent maize seeding densities of 20x70 cm (71.428 plants ha), 25x70 cm (57.143
plants ha'') and 30x70 cm (47.619 plants ha''), respectively. Six maize genotypes of study: ZP 434 and NS 4023 from
FAO group 400, ZP 555 and NS 5051 from FAO group 500, and ZP 666 and NS 6030 from FAO group 600. 2014,
2015, 2016 and 2017 represent four years of research

Observing the studied environments, it can be seen that the highest average values of NGR were
achieved in 2016 at all three sowing densities. At the same time, the highest interaction effects and thus the
lowest stability were observed in these environments. The highest stability of NGR was achieved in 2014 and
then in 2017, with all three sowing densities as shown in Figure 7a. At the same time, the average values of
NGR were significantly higher in 2014 compared to 2017 (Table 10).

The lowest interaction effect and thus the highest stability of NGR was achieved in 2014 at all sowing
densities, while the highest interaction effect was achieved in 2016 (SD L, SD II and SD III sowing density),
Figure 7b and Table 10. The lowest stability in all of the studied environments (year-plant density) hybrids of
FAO ripening group 400 (ZP 434 and NS 4023) showed.

Table 10. Mean value, AMMI model stability coefficient (AVS) and stability rankings of external

environments for the number of rows of grains in the maize cob

. Number of grain rows AVS

Environment IPCA1 IPCA2
Average Rank Value Rank

SD 12014 16.02 b) 0.177 -0.280 0.85 2
SD 112014 16.09 4 0.269 -0.449 1.29 3
SD II1 2014 16.00 6 0.176 -0.236 0.83 1
SD 12015 14.12 12 -0.475 0.063 2.15 8
SD 112015 14.34 11 -0.480 0.106 2.17 9
SD 1112015 14.55 10 -0.310 -0.085 14 4
SD 12016 16.56 2 0.609 -0.020 2.75 11
SD 112016 16.58 1 0.611 -0.067 2.77 12
SD III 2016 16.36 3 0.503 0.775 2.4 10
SD 12017 15.14 7 -0.387 0.061 1.75
SD 112017 15.13 8 -0.362 0.076 1.64 6
SD 1112017 15.12 9 -0.330 0.057 1.49
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Thousand kernel weight
The average values of the thousand kernel weight (TKW) are shown in Figure 8, where we can see that
the highest values were achieved in the most favorable year of the research, 2016. All maize hybrids achieved

the highest values of TKW when grown in SD III.

—sD_| sD_ll —sD_lll
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ZP 434_2017 ZP 434_2015
NS 6030_2016 NS 4023_2015

P 666_2016 ZP 555_2015

NS 5051_2016 NS 5051_2015
ZP 555_2016 ZP 666_2015
NS 4023_2016 NS 6030_2015
ZP 434_2016

Figure 8. Effects of different seeding densities, genotypes and years on the thousand kernel weight

‘Notes: SD I, SD I and SD III represent maize seeding densities of 20x70 cm (71.428 plants ha''), 25x70 cm (57.143
plants ha'!) and 30x70 cm (47.619 plants ha'), respectively. Six maize genotypes of study: ZP 434 and NS 4023 from
FAO group 400, ZP 555 and NS 5051 from FAO group 500, and ZP 666 and NS 6030 from FAO group 600. 2014,
2015, 2016 and 2017 represent four years of research

The highest average TKW value 0f 438.20 g was measured in hybrid ZP 555, followed by hybrid ZP 666
0f 430.78 gand NS 5051 of 422.79 g shown in Figure 8. It is noted that in the first growing season (2014) the
average values of TKW at the sowing density SD II were the smallest differences in values between the hybrids
and ranged from 372.37 g to 387.15 g The lowest average values for all maize hybrids were recorded in the
second year of the research (2015) and when growing with a sowing density of SD III. Thousand kernel weight
values were 280.16 g for NS 6030, 282.90 g for ZP 666 and 286.32 g for ZP 5051 are shown in Figure 8.

Table 11. Variance analysis of the AMMI model for thousand kernel weight of maize hybrids

Source of variation df SS MS F p-level SS (%)
Total 215 368946 1716 - - -
Treatments 71 350635 4939 37.58* 0.00000 95.037
Genotypes 5 7857 1571 11.96** 0.00000 2.13
Environments 11 333077 30280 285.83* 0.00000 90.28
Block 24 2542 106 0.81™ 0.72291 0.69
Interactions 55 9701 176 1.34 0.09272 2.63
IPCA1 15 5002 333 2.54™ 0.00264 51.56
IPCA2 13 2932 226 1.72 0.06574 30.22
IPCA3 11 1174 107 0.81™ 0.62787 12.1
Residuals 16 593 37 0.28 0.99711 0.16
Error 120 15769 131 - - -

*Notes:**-Highly significantat p < 0.01 probability level; -Not significant at p > 0.05 level; df-Degree of freedom; SS-
Sum of squares; MS-Mean Squares; F-F value calculated; p-level-p value calculated; IPCA1-The first-interaction
principal components axes; IPCA2-The second-interaction principal components axes; IPCA3-The third-interaction

principal components axes
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A significant increase in TKW in 2016 at SD III, especially for ZP 555, is closely related to higher
precipitation in July and August (114 mm and 30 mm) and moderate temperatures (22.8 °C and 21.4 °C),
which had a positive impact on the phenological phase of grain filling. In 2015, a drastic decrease in TKW for
NS 6030 at SD III was due to drought in July (6 mm) and high temperature (24 °C).

Using the analysis of variance of the AMMI model, a very significant influence of genotype and external
environment (p<0.01) on thousand kernel weight was determined, while the influence of the GXE interaction
was not statistically significant (Table 11). In the sum of squares of the total variance, as much as 90.28% is
attributed to the external environment, 2.13% to the genotype and 2.63% to the interaction.

Correlation coefficients
The research examined whether there is a significant correlation between the characteristics of maize in
relation to the year and the sowing density (Figure 9).

NGR W GY

Figure 9. Correlation coefficients between the studied productive traits of maize hybrids
*Notes: GY-grain yield, NGR-number of rows of grains in the maize cob, NPH-number of plants at harvest, TKW-
thousand kernel weight. Correlation is significant at the 0.01 level**

Between the studied productive traits of maize hybrids, the correlation coefficients showed different
values and statistical significance (Figure 9). The correlation dependence is positive and very strong between
grain yield with the number of grain rows (r=0.75**) and thousand kernel weight (r=0.73**), and between the
number of grain rows and thousand kernel weight (r=0.66**). A positive and weak correlation dependence was
established between the number of plants at harvest with the number of grain rows (r=0.19), thousand kernel

weight (r=0.12), and grain yield (r=0.26).

Discussion

The results of the study indicate that the seeding density, climatic conditions and their interaction
significantly influence both the individual components of maize grain yield and the total yield. During the
research, there were significant variations in the production of maize during the growing seasons. Hybrids
reacted differently to climatic conditions, high air temperatures and uneven distribution of precipitation
during the growing season. This suggests that genotype, seeding density and external environment have a
significant influence on yield formation. Along with climate change, certain agrotechnical measures can also
cause large changes in soil fertility, which significantly affects crop productivity and crop responses to climate
change, according to Wei ez al. (2021).
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Influence of sowing density and genotype on grain yield

Research indicates that sowing density, genotype and their interaction with environmental conditions
significantly affect the yield of corn grains (p < 0.01). This statement is proven by the AMMI analysis of
variance. The highest yields were recorded in 2016, where ZP 555 and ZP 666 achieved 15.07 t ha' and 14.85
t ha at SD II (57.143 plants ha™), while NS 5051 reached 14.68 t ha" at SD I (71.428 plants ha™). These
results are consistent with the research results of (Raza ez al., 2019; Tuong et al., 2019; Zhang ez al., 2021; Yang
et al., 2024), who proved that optimal plant densities increase corn grain yield. In contrast, in 2015, the lowest
yields were achieved, 5.73 t ha™ was achieved in SD I by hybrid NS 5051, which indicates the sensitivity of corn
hybrids to stress at different densities in unfavourable production conditions (high temperature, poor
distribution, and low rainfall). That climatic conditions, especially during the growing season, have a significant
impact on crop yield, especially when the interaction of multiple parameters is manifested, has been established
in research (Bozovié ez al., 2022; Petrovié et al., 2023; Simon ez al., 2023; Mazibuko et al., 2024; Popovié et al.,
2024).

The effects of sowing density were specific for hybrids: hybrids from FAO group 500 (ZP 555 and NS
5051) stood out at higher densities (SD I and SD II), while hybrids from FAO group 400 (ZP 434 and NS
4023) showed weaker results at all densities under stress conditions, especially in 2015. This indicates that
adjusting seeding density based on genotype is key to achieving maximum yields, which confirms the
conclusions of Chen et 4/. (2017), Liu ¢f al. (2017) and Solomon ez al. (2017). The optimal plant density for
maximum grain yield must be adapted to the conditions of the area (Djamana e 4/., 2022). In their research Ni
and Wellend (2024), point out that the density of sowing and the optimal number of plants differ significantly
because the localities of cultivation are characterized by specific climatic conditions, primarily air temperatures
and the amount and distribution of precipitation.

Climatic conditions and their influence on yield components

The beginning, duration, and end of the growing season and the phenological phase of maize depend on
weather conditions (Wang ez al., 2021; Rajici¢ ez al., 2025), including average air temperature and monthly
precipitation. These two climatic indicators differed between the years studied, as well as from the multi-year
average. Climatic conditions, especially temperature and precipitation during key phenological stages, had a
dominant influence on grain yield and its components, explaining 83.56% of the total yield variability. In 2016,
favorable conditions of evenly distributed rainfall (569.8 mm) and an average growing season temperature of
15.67 °C enabled the hybrids to realize their genetic potential (12.95 tha”, average for all hybrids and densities).
In 2016, the highest average values of the yield in the four-year study were recorded at the sowing density SD
IL, in the hybrid ZP 555 (15.07 t ha). In contrast, 2015 was marked by a deficit of precipitation (255.9 mm)
and elevated temperatures (17.06 °C, 1.27 °C above 2014), especially during June-August (102.2 mm, 22.36
°C) when the average yield achieved for all hybrids and densities was 6.74 t ha".

The yield increase in all hybrids was the least pronounced in 2015, the year with the least rainfall in the
growing season. In the first and third years of the experiment, the average increase in the yield of all hybrids was
higher, but the increasing tendency was also explained by the proper distribution of rainfall, especially in April,
May and June. In a three-year study, Dugali¢ ez a/. (2025) also found that the lowest yield increase was in the
year with the lowest precipitation, which is in agreement with the results of our research.

Temperature largely controls crop phenological stages, especially flowering and maturity, which
determine the growth duration length and thus grain yield (Yang ez al., 2021; Dugalié¢ ez al., 2024). During the
silking and grain-filling phenological stages in July, an average temperature of 24 °C was recorded, which
exceeded the optimal 20-22 °C for pollination (Maitah ¢# 4l., 2021). This was reflected in a 61% yield reduction
compared to 2016 (e.g,, 5.73 t ha™ in 2015 and 14.68 t ha™ in 2016 by hybrid NS 5051). Yang ez al. (2021)
point out that as ambient temperature increased, and the lengths of maize growing seasons were markedly
shortened (3-14 days earlier reaching flowering and maturity) compared to the baseline data. Altogether,
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enhancing water use efficiency through breeding efforts, for example, by using maize hybrids resistant to
drought and early ripening and managerial improvement by applying earlier sowing of maize and cover crops
are warranted for moderating risk and even increasing productivity of maize in the future.

Maize yield is significantly influenced by the number of plants in the harvest, i.e. formed cobs and grain
weight, while these parameters are significantly affected by weather conditions during the growing season
(Yang ez al., 2022). The highest number of plants at harvest values, 71.074 by hybrid NS 6030 in the first
sowing density in 2016, was achieved in the year with optimal amounts of precipitation (114 mm in July 2016).
In 2015, the lowest number of plants at harvest values, 35.763 was achieved in the SD III by hybrid NS 6030,
due to drought stress (6 mm in July).

The number of grain rows showed a highly significant interaction between genotype, seeding density
and year. The highest number of grains was measured in 2016 (17.56 for ZP 666, SD III) with balanced
moisture and moderate temperature (21.9-22.8 °C, June-July). In 2015, heat stress (average temperature 24 °C
in July) and low rainfall (33 mm in June) negatively affected pollination, which negatively affected the number
of grain rows. These results are in agreement with the results obtained by Dong ez a/. (2021). In the research of
NiK ez al. (2011) plant density had a significant effect (p<0.05) on the number of grain rows. The authors state
that by increasing the number of plants from 65.000 plants ha” to 95.000 plants ha™, the number of grain rows
decreases and the highest number of rows was obtained at 65.000 plants ha” with an average of 17.95 grain
rows, which is in agreement with the results of our research.

The thousand kernel weight has a significant role in determining the grain yield of maize, and the
clarification of its basic genetic mechanisms is a challenge to improve its performance (Nowosad ez al., 2023).
The highest values of thousand kernel weight were measured in 2016 (438.20 g for ZP 555, SD III) with an
optimal amount of precipitation (569.8 mm), which had a favourable effect on grain filling. In 2015, the lowest
thousand kernel weight values 0£280.16 g (NS 6030, SD III) were measured due to a 20-day dry period in July
(6 mm), which negatively affected grain formation. The negative impact of high temperatures, especially in the
critical stages of corn development, has a pronounced impact on the reduction of the thousand kernel weight
(Khan et al., 2017; Liu ez al., 2021), which is in line with the results of our research. Our research findings
indicate that drought and heat stress during silking (June-July) and grain filling (July-August) are the primary
causes of yield reduction, which is consistent with Qi ez a/. (2022).

Genotype-environment interaction (GXE) and yield stability

AMMI analysis showed that genotype-environment (GXE) interaction accounted for 12.26% of yield
variability, with IPCAL1 explaining 71.57% of this effect. This gradient reflects the variability of precipitation
and temperature, as 2015 and 2017 (255.9 mm and 434 mm, respectively) had below-average yields, while
significantly higher yields were achieved in 2014 and 2016 (770.91 mm and 569.8 mm). Hybrids ZP 555 and
NS 5051 showed the greatest stability, maintaining yields above the trial average (e.g., 15.07 t ha” and 14.68 t
ha' in 2016) despite changing conditions. Their resistance to temperatures up to 23.3 °C (2017) and rainfall
of only 434 mm emphasize their suitability for the agroecological conditions of southern Serbia.

In contrast, hybrid NS 4023 from FAO group 400 showed the least stability and lowest yields (5.79 t ha'!
in 2015), indicating poor adaptation to high temperatures (24 °C in July 2015) and drought (6 mm in July 2015).
The results of the research are in agreement with Rajici¢ ez a/. (2025), who observed the superior performance of
the hybrids from FAO group 500 in changing climatic conditions. Stability was highest at SD Tand SD I in 2014
(770.91 mm, 15.79 °C), while SD III in 2016 showed a high level of interaction between density and optimal
rainfall (569.8 mm).

The dominant influence of the external environment on variability (83.56% for yield, 99.37% for number
of plants at harvest, 90.28% for thousand kernel weight) emphasizes its influence in relation to genotypic effects
(3.53% for yield, 2.13% for thousand kernel weight). This research is in agreement with the research of Wang ez
al. (2023), where the authors state that thousand kernel weight varies between hybrids and depends on agro-
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meteorological conditions. For thousand kernel weight, our results deviate from Nowosad ez a/. (2023), who
emphasized a genotypic influence. In this research, external factors are dominant (e.g. 90.28% of variability) due
to extreme conditions during the investigated period, which indicates that the selection of hybrids alone cannot
alleviate severe stress. Ljubi¢i¢ e al. (2023) reported a lower proportion of the environment (58.97%), probably
due to milder climate fluctuations in their study.

The distribution of precipitation showed a greater influence on the examined parameters than the total
amount of precipitation. In 2017, the total precipitation during the period June-August was 73 mm, with an
average temperature of 22.9 °C, which resulted in a higher grain yield compared to 2016 when 207 mm of
precipitation fell during the period June-August. This confirms the importance of precipitation during the
phenological stages of silking-grain filling, which coincides with the period June-August. This confirms the
need to align seeding density and hybrid selection with seasonal forecasts, as suggested by Djamana ez al. (2022).

By observing the average monthly air temperatures along with the amount and distribution of
precipitation by month, during the four-year study, it can be concluded that the thermal conditions were the
most favorable during the production year 2016. In this year, the period from June to August stands out as
particularly favorable and is very important for the formation of yields. On the other hand, 2015 had much less
precipitation and was the worst for corn production.

Practical recommendations: For farmers in the south of Serbia, it is recommended to use the sowing
density SD III (lower density) in years prone to droughts, because it reduces the competition for water and
enables more stable yields, especially for hybrids ZP 555 and NS 5051, while in wet years, higher yields can be
achieved with the density SD I (higher density), which is especially suitable for these hybrids in conditions like
those of 2016. These adjusted seeding densities make it possible to achieve satisfactory yields while reducing
the risk of losses due to climatic stress.

Adaptation to climate change: The results of this research provide guidance for hybrid selection and
seeding density in future scenarios with warmer and drier conditions. Hybrids ZP 555 and NS 5051, which
showed high stability in drought conditions, on acidic soil, are recommended for areas with variable climatic
conditions, such as Leskovac. Adjusting seeding density to specific hybrid requirements (SD II for ZP 555 and
SD I for NS 5051 in favourable years) can significantly increase yields and mitigate losses during stressful years,
such as 2015. These strategies are essential for sustainable maize production in the context of climate change,
where more frequent extreme weather conditions are expected. Further research should focus on the long-term
effects of climate change and testing a wider range of hybrids to develop adaptation strategies.

Conclusions

The results of a four-year study indicate that climatic conditions and sowing density significantly affect
grain yield and productive characteristics of maize. The external environment affects grain yield variation by
83.56%. Hybrids ZP 555 and NS 5051 had the highest yield stability and yielded up to 15.07 t ha” in optimal
agroclimatic conditions in 2016. The lowest yields (5.73-5.87 t ha™') were achieved in 2015 as a result of drought
and high temperatures. A lower sowing density (SD III) was optimal in dry years, reducing competition for water.
To achieve stable yields, based on the results of the research, it can be recommended to sow hybrids ZP 555 and
NS 5051 with adjustment of the sowing density (SD III in dry conditions, SD I in favourable years). Future
research should be focused on examining the long-term effects of climate change and a wider range of hybrids to
develop appropriate strategies in maize production.

Adjusting seeding density to specific hybrid requirements (sowing density SD II in the hybrid ZP 555
and the sowing density SD I in the hybrid NS 5051) can increase yield in favourable conditions (years like
2016) and mitigate losses during stress (years like 2015). Hybrids with stable yields (ZP 555 and NS 5051) are
recommended for the variable climate of Leskovac, characterized by acidic soils (pH 5.78) and variable
distribution and amount of precipitation (255.9-770.91 mm).
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This research brings new insight into the interaction of seeding density, genotype and climate conditions
on grain yield and its components in maize, using multi-year data and i adjusted statistical analysis (AMMI
model). A special novelty stands out in the detailed identification of the stability of hybrids ZP 555 and NS
5051 in conditions of changing climatic factors, especially under drought stress, which has not been
comprehensively investigated in previous studies for this area and hybrids. Also, the paper provides specific
recommendations for optimal sowing density under favourable climatic conditions, which is rarely processed.

Authors’ Contributions

Conceptualization: JS, VR, MB and ND; Methodology: JS, VR, MB and ND; Software: DT, BS, KL
and IT; Validation: DT, BS and IT; Formal analysis: JS, VR, KL, BS and IT; Writing-review and editing: VR,
DT, BS and IT; Visualization: JS, VR, KL and NB; Supervision: JS, VR and DT; Funding acquisition: JS, VR
and ND; Data curation: BS; Investigation: IT; Resources: JS; Project administration: ND.

All authors have read and approved the final manuscript.

Acknowledgements

Investigations necessary for this paper are part of the Projects grant numbers: 451-03-136/2025-
03/200216, 451-03-137/2025-03/200383, and 451-03-65/2024-03/200189, funded by the Republic of
Serbia's Ministry of Science, Technological Development, and Innovation, include the investigations required
for this study and bilateral project Republic of Serbia and Republic of Croatia, 2025-2026: "Alternative and
fodder plants as a source of protein and functional food"; and Bulgarian Project (2024-2027): "Intercropping
in maize cultivation for sustainable agriculture”.

Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.

References

Abuzar MR, Sandozai GU, Baloch AA, Shah IH, Javaid T, Hussain T (2011). Effect of plant population densities on yield of
maize. The Journal of Animal and Plant Sciences 21(4):692-695. https://thejaps.org.pk/docs/21-4/19.pdf

Ali MGM, Ahmed M, Ibrahim MM, Baroudy AAE, Ali EF, Mohamed SS, ... Kheir AMS (2022). Optimizing sowing window,
cultivar choice, and plant density to boost maize yield under RCP8.5 climate scenario of CMIPS. International Journal
of Biometeorology 66:971-985. https://doi.org/10.1007/500484-022-02253-x

Assefa Y, Prasad PV, Carter P, Hinds M, Bhalla G, Schon R, ... Ciampitti IA (2016). Yield response to planting density for US
modern corn hybrids: A synthesis-analysis. Crop Science 56(5):2802-2817.
bttps://doi.org/10.2135/cropsci2016.04.0215

Bernhard BJ and Below FE (2020). Plant population and row spacing effects on corn: Plant growth, phenology, and grain yield.
Agronomy Journal 112(4):2456-2465. https://doi.org/10.1002/agj2.20245

Biberdzi¢ M, Bara¢ S, Lalevi¢ D, Stojiljkovi¢ J, KneZevi¢ B, Bekovi¢ D (2018). Influence of soil type and compaction on maize
yield. Journal of Agricultural Sciences, Belgrad 63(4):323-334. https://doi.org/10.2298/jas1804323b

Bozovi¢ D, Popovi¢ D, Popovi¢ V, Zivanovi¢ T, Ljubi¢i¢ N, Cosi¢ M, ... Filipovi¢ V (2022). Economical productivity of maize
genotypes under different herbicides application in two contrasting climatic conditions. Sustainability 14(9):5629.
https://doi.org/10.3390/5u14095629

19



Stojiljkovié J ez al. (2025). Not Bot Horti Agrobo 53(3):14594

Brankovi¢-Radoji¢i¢ D, Babi¢ V, Girek Z, Zivanovi¢ T, Radojic¢i¢ A, Filipovi¢ M, Srdi¢ J (2018). Evaluation of maize grain yield
and yield stability by AMMI analysis. Genetika 50(3):1067-1080. hzzps://doi.org/10.2298/GENSR1803067B

Chen K, Camberato JJ, Vyn TJ (2017). Maize grain yield and kernel component relationships to morphophysiological traits in
commercial hybrids separated by four decades. Crop Science 57:1641-1657.
https://doi.org/10.2135/cropsci2016.06.0540

Djalovi¢ I, Prasad PVV, Dunderski D, Katanski S, Latkovi¢ D, Kolari¢ Lj (2024). Optimal plant density is key for maximizing
maize  yield in  calcarcous soil of the South Pannonian  basin. Plants  13(13):1799.
https://doi.org/10.3390/plants13131799

Djamana K, Allena S, Djamanb D, Koudahec K, Irmak S, Puppalae N, Darapuneni M, Angadi S (2022). Planting date and plant
density effects on maize growth, yield and water use efficiency. Environmental Challenges 6:100417.
https://doz‘.org/l 0.1016/j.envc.2021.100417

DongX, Guan L, Zhang PH, Liu XL, Li §J, Fu Z], ... Yang H (2021). Responses of maize with different growth periods to heat
stress around flowering and carly grain filling. Agricultural and Forest Meteorology 303:108378.
bttps://doi.org/10.1016/j.agrformet.2021.108378

Dugali¢ M, Rakodevié¢-Boskovi¢ Lj, Latkovi¢ D, Raji¢i¢ V, Terzi¢ D, Zivoti¢ Lj (2025). Effect of lime, mineral fertilizer and
manure on soil characteristics and  yield of four maize hybrids. Agronomy = 15(3):542.
bttps://doi.org/10.3390/agronomy15030542

Dugali¢ M, Zivoti¢ L, Gaji¢ B, Latkovi¢ D (2024). Small doses of lime with common fertilizer practices improve soil
characteristics  and ~ foster  the  sustainability =~ of maize production.  Agronomy  14(1):46.
https://doi.org/10.3390/agronomy 14010046

Dustgeer Z, Seleiman MF, Khan [, Chattha MU, Ali EF, Alhammad BA, ... Hassan MU (2021). Glycine-betaine induced salinity
tolerance in maize by regulating the physiological attributes, antioxidant defense system and ionic homeostasis. Notulae
Botanicae Horti Agrobotanici Cluj-Napoca 49(1):12248. https://doi.org/10.15835/nbha49112248

GenStat (2021). Trial Version 18.1.0.17005. The Complete Data Analysis Solution. Retrieved 2021 February 15 from
https://www.vsni.co.uk/

Hong H, Li FW, Xu J (2019). Climate risks and market efficiency. Journal of Econometrics 208(1):265-281.
bttps://doi.org/10.1016/j.jeconom.2018.09.015

IBM SPSS v25 (2022). IBM Support. Downloading IBM SPSS Statistics 25. Retrieved 2023 February 15 from
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-25

Khan FU, Mohammad F, Raziuddin A, Shah Z, Ahmad M, Shah Z (2017). Genotypic differences and genotype x nitrogen

interactions for yield traits in bread wheat. The Journal of Animal & Plant Sciences 27(4):1264-1268.
https://thejaps.org.pk/docs/v-27-04/29.pdf

Kunwar CB, Basnet B, Sunuwar S, Mahato ND, Chaudhari R, Upadhya J, Pokhrel P (2024). Multi-model approach for
optimizing cold-wave resilient maize selection: unveiling genotype-by-environment interaction and predicting yield
stability. CABI Agriculture and Bioscience 5:63. https://doi.org/10.1186/543170-024-00266-7

Li T, Zhang XP, Liu Q, Yan P, Liu J, Chen Y, Sui P (2022). Yield and yield stability of single cropping maize under different
sowing dates and the corresponding changing trends of climatic variables. Field Crop Research 285:108589.
https://doi.org/10.1016/j fir.2022.108589

Liu G, Hou P, Xie R, Ming B, Wang K, Xu W, ... Li § (2017). Canopy characteristics of high-yield maize with yield potential of
22.5 Mgha'. Field Crops Research 213:221-230. https://doi.org/10.1016/5.fcr.2017.08.011

LiuZJ, YangXG, Xie RZ, Lin XM, Li T, Batchelor WD, ... Wang KB (2021). Prolongation of the grain filling period and change
in radiation simultancously increased maize yields in China. Agricultural and Forest Meteorology 308-309:108573.
bttps://doi.org/10.1016/j.agrformer.2021.108573

Ljubi¢i¢ N, Popovi¢ V, Kosti¢ M, Paji¢ M, Buden M, Gligorevi¢ K, ... Crnojevi¢ V (2023). Multivariate interaction analysis of
Zea mays L. genotypes growth productivity in different environmental conditions. Plants 12(11):2165.
bttps://doi.org/10.3390/plants12112165

Maitah M, Malec K, Maitah K (2021). Influence of precipitation and temperature on maize production in the Czech
Republic from 2002 to 2019. Scientific Reports 11(1):10467. hetps://doi.org/10.1038/541598-021-89962-2

Mandi¢ V, Pordevi¢ S, Brankov M, Zivkovi¢ M, Lazarevié¢ M, Keski¢ T, Krnjaja V (2024). Response of yield formation on maize
hybrids to different planting densites. Agriculture 14:351. hetps://doi.org/10.3390/agriculture14030351

20



Stojiljkovié J ez al. (2025). Not Bot Horti Agrobo 53(3):14594

Mazibuko P, Mutengwa C, Magorokosho C, Kutywayo D, Kamutando CN (2024). Genetic gains of grain yield among the
maize cultivars released over a century from the national breeding program of Zimbabwe. Agronomy 14:246.
bttps://doi.org/10.3390/agronomy 14020246

Meng C, Wang Z, Cai Y, Du F, Chen J, Xiao C (2022). Effects of planting density and nitrogen (N) application rate on light
energy utilization and yield of maize. Sustainability 14(24):16707. https://doi.org/10.3390/su1 42416707

Ni M and Vellend M (2024). Soil properties constrain predicted poleward migration of plants under climate change. New
Phytologist 241:131-141. hetps://doi.org/10.1111/nph. 19164

NiK MM, Babacian M, Tavassoli A, Asgharzade A (2011). Effect of plant density on yield and yield components of corn hybrids
(Zea mays). Scientific Research and Essays 6(22):4821-4825. https://doi.org/10.5897/SRE11.1094

Nowosad K, Bocianowsk J, Kianersi F, Pour-Aboughadareh A (2023). Analysis of linkage on interaction of main aspects
(genotype by environment interaction, stability and genetic parameters) of 1000 kernel in maize (Zea mays L).
Agriculture 13(10):2005. hetps://doi.org/10.3390/agriculture1 3102005

Paraginski JA, Toebe M, Mello CA, de Souza RR, Moraes PM, Marchioro SV (2024). Corn hybrids grain yield submitted to
different sowing densities in the medium-high Uruguay region of Rio Grande do Sul. Revista Ceres 71:¢71025.
https://doi.org/10.1590/0034-737X 2024710025

Paraschivu M, Cotuna O, Paraschivu M, Olaru L (2019). Effects of interaction between abiotic stress and pathogens in cereals
in the context of climate change: an overview. Annals of the University of Craiova - Agriculture, Montanology, Cadastre
Series 49(2):413-424. https://anale.agro-craiova.ro/index.php/aamc/article/view/992/938

Pareja-Sénchez E, Plaza-Bonilla D, Alvaro-Fuentes J, Cantero-Martinez C (2019). Is it feasible to reduce tillage and N use while
improving maize yield in irrigated Mediterranean agroecosystems? European Journal of Agronomy 109:125919.
bttps://doi.org/10.1016/j.€ja.2019.125919

Partali E, Oltenacu CV, Petcu V (2021). The influence of sowing date and plant density on maize yield and quality in the context
of climate change in southern Romania. Scientific Papers, Series A, Agronomy 64(1):508-514.
bttps://agronomyjournal.usamv.ro/pdf/2021/issue_1/Art67.pdf

Partali E, Paraschivu M (2020). Results regarding the effect of crop rotation and fertilization on the yield and qualities at wheat
and maize in South of Romania. Scientific Papers, Series A, Agronomy 63(2):184-189.
http://agronomyjournal.usamv.ro/pdfy2020/issue_2/Art29.pdf

Petrovi¢ G, Ivanovi¢ T, Knezevié¢ D, Radosavac A, Obhodas I, Brzakovi¢ T, Goli¢ Z, Dragi¢evié- Radi¢evi¢ T (2023). Assessment
of climate change impact on  maize production in  Serbia.  Atmosphere  14(1):110.
https://doi.org/10.3390/atmos14010110

Popovi¢ V, Vasileva V, Ljubi¢i¢ N, Rakas¢an N, Ikanovi¢ J (2024). Environment, soil, and digestate interaction of maize
silage and biogas production. Agronomy 14(11):2612. https://doi.org/10.3390/agronomy1 4112612

QiY, Zhang Q,Hu S, WangR, Wang H, ZhangK, ... Zhao F (2022). Effects of high temperature and drought stresses on growth
and vyield of summer maize during grain filling in North China. Agriculture 12(11):1948.
https://doi.org/10.3390/agriculturel 2111948

Queenta NN, Olubukola OB, Mulunda M (2022). Aflatoxins in maize: can their occurrence be effectively managed in Africain
the face of climate change and food insecurity. Toxins 14:574-584. https://doi.org/10.3390/toxins 14080574

genotype, climatic factors and sowing time on maize yield and water release rate. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca 53(1):13770. https://doi.org/10.15835/nbha53113770

RazaMA, Yang LF, van der Werf W, Iqbal N, Khalid MHB, Chen YK, ... Yang W (2019). Maize leaf-removal: A new agronomic
approach to increase dry matter, flower number and seed-yield of soybean in maize soybean relay intercropping system.
Scientific Reports 9:13453. hetps://doi.org/10.1038/541598-019-49858-8

Shafi M, Bakht J, Ali S, Khan H, Khan MA, Sharif M (2012). Efect of planting density on phenology, growth and yield of maize
(Zea mays L). Pakistan Journal of Botany 44(2):691-696. http://www.pakbs.org/pjbot/PDFs/44(2)/34.pdf

Simon A, Moraru PI, Ceclan A, Russu F, Ghetan F, Bardas M, ... Bogdan E (2023). The impact of climatic factors on the
development  stages  of maize crop in  the Transylvanian  plain.  Agronomy = 13:1612.
https://doi.org/10.3390/agronomy13061612

Solomon KF, Chauhan Y, Zeppa A (2017). Risks of yield loss due to variation in optimum density for different maize genotypes
under variable environmental conditions. Journal of Agronomy and Crop Science 203(6):519-527.
bttps://doi.org/10.1111/jac. 12213

21



Stojiljkovié J ez al. (2025). Not Bot Horti Agrobo 53(3):14594

SORS (2023). Statistical Office of the Republic of Serbia. Retrieved 2023 December 12 from hetps://www.stat.gov.rs/

Stojiljkovi¢ J, Rajiti¢ V, Sevi¢ B, Tupaji¢ I, Cviki¢ D, Jovanovié D, Biberdzi¢ M (2025). Influences of sowing date and climate
conditions on the phenological phases of different maize hybrids. Journal of Agricultural Sciences, Belgrad 70(2):129-
144. https://doi.org/10.2298/]A52502129S

Szareski VJ, Carvalho IR, Kehl K, Pelegrin AD, Nardino M, Demari GH, Souza VD (2018). Interrelations of characters and
multivariate  analysis  in  corn.  Journal of  Agricultural  Science,  Belgrad = 10(2):187-195.
bttps://doi.org/10.5539/jas.v10n2p187

Testa G, Reyneri A, Blandino M (2016). Maize grain yield enhance-ment through high plant density cultivation with different
inter-row and intra-row spacings. European Journal of Agronomy 72:28-37. https://doi.org/10.1016/).¢ja.2015.09.006

Tian C, Zhou X, Liu Q, Peng J, Zhang Z, Song H, ... Fahmy AE (2020). Increasing yield, quality and profitability of winter
oilseed rape (Brassica napus) under combinations of nutrient levels in fertiliser and planting density. Crop and Pasture
Science 71(12):1010-1019. https://doi.org/10.1071/CP20328

Tokatlidis IS (2013). Adapting maize crop to climate change. Agronomy for Sustainable Development 33:63-79.
bttps://doi.org/10.1007/5s13593-012-0108-7

Tuong L, Khoi N, Quan D, Thinh B, Chung B, Thanh N (2019). Effect of different planting densities and fertilizer rates on
corn yield and yield components under Northern Vietnam growing conditions. Ecology, Environment and
Conservation 25(4):1696-1702. https://hal.science/hal-03040494

Wang L, YuX, Gao J, Ma D, Guo H, Hu S (2023). Patterns of influence of meteorological elements on maize grain weight and
nutritional quality. Agronomy 13(2):424. hitps://doi.org/10.3390/agronomy 1302042

Wang TX, LiN, Li Y, Lin HX, Yao N, Chen XG, ... Feng H (2022). Impact of climate variability on grain yields of spring and
summer maize. Computers and Electronics in Agriculture 199:107101. heps://doi.org/10.1016/j.compag.2022.107101

Wang YY, Sheng DC, Zhang P, Dong X, Yan Y, Hou XF (2021). High temperature sensitivity of kernel formation in different
short periods around = silking in maize. Environmental and Experimental Botany 183:104343.
https://doi.org/10.1016/j.envexpbot.2020.104343

Wei S, Peng A, Huang X, Deng A, Chen C, Zhang W (2021). Contributions of climate and soil properties to wheat and maize
yield based on long-term fertilization experiments. Plants 10(10):2002. hz2ps://doi.org/10.3390/plants10102002

WuW, Yue W, BiJ, Zhang L, Xu D, Peng C, Chen X, Wang S (2024). Influence of climatic variables on maize grain yield and
its: components by adjusting the sowing date. Frontiers in Plant  Science  15:1411009.
hittps://doi.ong/10.3389/fpls. 2024, 1411009

Yang B, Wu S, Yan Z (2022). Effects of climate change on corn yields: spatiotemporal evidence from geographically and
temporally weighted regression model. ISPRS International Journal of Geo-Information 11(8):433-454.
https://doi.ong/10.3390/4jgi1 1080433

Yang S, Zhao Y, Xu Y, Cui ], Li T, Hu Y, ... Chen Y (2024). Yield performance response to field configuration of maize and
soybean intercropping in  China: A meta-analysis.  Field  Crops  Research ~ 306:109235.
https://doi.org/10.1016/; fr.2023.109235

Yang X, Menefee D, Cui S, Rajan N (2021). Assessing the impacts of projected climate changes on maize (Zea mays) productivity
using crop models and climate scenario simulation. Crop and Pasture Science 72(12):969-984.
bttps://doi.org/10.1071/CP21279

Yerlikaya BA, Omezli S, Aydogan N (2020). Climate change forecasting and modeling for the year of 2050. In Fahad S,
Hasanuzzaman M, Mukhtar A, Ullah H, Saced M, Khan B, Adnan M. (Eds). Environment, climate, plant and
vegetation growth. Springer Charm, New York, pp 109-122. https://doi.org/10.1007/978-3-030-49732-3 S

Zhang Q, Tan CS, Zheng ZM, Welacky T, Wang YT (2017). Drainage water management combined with cover crop enhances
reduction  of soil  phosphorus  loss.  Science of the Total Environment = 586:362-371.
https://doi.org/10.1016/].scitotenv.2017.02.025

Zhang Y, Xu Z, Li J, Wang R (2021). Optimum planting density improves resource use efficiency and yield stability of rainfed
maize in semiarid climate. Frontiers in Plant Science 12:752606. hztps://doi.org/10.3389/fpls.2021.752606

Zhao G. (2022). Transcriptome analysis revealed the key genes and pathways involved in seed germination of maize tolerant to
deep-sowing. Plants 11:359-371. https://doi.org/10.3390/plants11030359

22



OPEN ACCESS

Stojiljkovi¢ J ez al. (2025). Not Bot Horti Agrobo 53(3):14594

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any
other lawful purpose, without asking prior permission from the publisher or the author.

License -Articles published in NotulaeBotanicae Horti Agrobotanici Cluj-Napoca are Open-Access,
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.

© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to
hold the copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published

in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional

affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors

or persons to whom they are credited. Publication of research information does not constitute a recommendation or

endorsement of products involved.

23



