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Abstract. Crop architecture in winter wheat is shaped by cultivar, sowing density (s.d.) and seasonal
growing conditions. This study assessed the effects of cultivar and s.d. on selected agromorphological
traits and productive tillering in four winter wheat cultivars — Glosa, FDL Abund, Python and Promitor —
grown under the pedoclimatic conditions of Moara Domneasca, Ilfov County, Romania, during the 2022-
2023 and 2023-2024 agricultural years. The experiment was arranged as a bifactorial 4 x 5 split-plot
design, with four replications. The tested s.d. were 350, 450, 550, 650 and 750 germinating seeds (g.s.)
m-~2; Glosa and 550 g.s. m™2 were used as the cultivar and s.d. controls, respectively. Spring plant
density, productive tillering coefficient (PTC), plant height, number of spikelets per spike and number of
grains per spike were analysed separately for each year. The two seasons differed in precipitation
regime, with 445.0 mm recorded in 2022-2023 and 623.2 mm in 2023-2024, compared with the
multiannual average of 640.6 mm. Higher sowing densities were associated with increased spring plant
density, with maximum values recorded at 750 g.s. m~2 in both years. Conversely, the lowest s.d., 350
g.s. m™2, was associated with higher PTC, greater plant height and more developed spike traits,
suggesting a greater expression of individual plant productivity under lower interplant competition.
Cultivar response differed according to trait: Glosa (control) and Python showed favourable productive
tillering capacities, FDL Abund recorded higher plant height and grain number per spike and Promitor
tended to form more spikelets per spike. Overall, the results suggest that cultivar and s.d. should be
evaluated together when interpreting winter wheat crop architecture under the pedoclimatic conditions of
southern Romania.
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Introduction. Winter wheat (Triticum aestivum L.) is one of the most important cereal
crops worldwide and remains a strategic species for food security, due to its wide
adaptability, high economic value and essential role in human nutrition (Shewry, 2009;
Peng et al., 2011; Golea et al., 2023).

In Romania, wheat occupies a central position among field crops, and its
performance is strongly influenced by the interaction between cultivar, crop management
and local pedoclimatic conditions (Marin, 2014; Soare & Chiurciu, 2016; Chiurciu et al.,
2020). In the context of climate variability, the optimization of technological factors such
as sowing density and cultivar choice has become increasingly important, especially
where annual variation in temperature and rainfall affects plant establishment, tillering,
plant growth, spike (ear) formation and grain filling. In southern Romania, changes in
temperature and rainfall distribution — including increased maximum temperatures
during vegetative growth and grain filling and strong year-to-year precipitation variability
— have been associated with modifications in wheat phenology and cultivar performance
(Croitoru et al., 2012; Marinciu et al., 2013; Berca et al., 2021). Earlier studies also
indicated that winter wheat development and yield may be affected by changes in
thermal and hydric regimes, highlighting the need to evaluate crop-management
adaptation options under regional climate scenarios (Cuculeanu et al., 1999). Therefore,
cultivar evaluation under specific local conditions remains necessary for identifying well-
adapted cultivar and sowing density combinations. Among the traits involved in yield
formation, spike-related traits and productive tillering have a central role in winter wheat
productivity. The number of spikelets per spike and number of grains per spike contribute
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directly to the expression of cultivar productivity. Tillering allows wheat plants to
compensate for plant losses, low stand density or uneven emergence, contributing
directly to the final number of fertile spikes per unit area. Tillers initiated early generally
have a higher probability of survival and a greater contribution to grain yield, developing
stronger stems and more favourable spike traits. Tilley et al. (2019) showed that early-
formed tillers contributed the largest share of final grain yield, while late tillers formed
close to stem elongation contributed very little, suggesting that productive tillering
should be evaluated not only quantitatively, but also in relation to tiller survival, timing of
formation and final spike productivity. Sowing density is one of the most important
agronomic factors affecting plant establishment, tillering, canopy structure and yield
components in winter wheat (Kiss et al., 2018; Bastos et al., 2020; Aula et al., 2022).
Low sowing densities may reduce spike number when tillering is insufficient, whereas
excessive densities can intensify competition for light, water and nutrients, reducing
productive tillers per plant, and number of grains per spike (Petrovi¢ et al., 2008; Kiss et
al., 2018; Bastos et al., 2020). The optimal density therefore depends on cultivar
characteristics, tillering potential, sowing date, nutrient availability, soil conditions and
annual climatic variation. Several studies confirmed that wheat response to plant density
is strongly influenced by genotype and environment. Kiss et al. (2018) reported that
sowing date and plant density affected plant height, spike fertility, productive tillers and
grain number. Bastos et al. (2020) demonstrated that the agronomic optimum density
varies according to yield environment and tillering potential. Aula et al. (2022)
emphasized the need to periodically re-evaluate winter wheat seeding decisions, because
cultivars, planting date, row spacing and seeding rate (sowing density) interact with
changing climatic conditions and influence yield components. These findings support
adapting density recommendations to the cultivar and local environment. The effect of
plant density can also be understood through the balance between population
productivity and individual plant productivity. Increasing density usually increases plant
number and spike number per unit area, but may reduce individual plant and spike
productivity. Yang et al. (2019) showed that increasing plant density can increase the
number of superior tillers and spikes per square metre, but excessive density does not
necessarily bring additional yield benefits. Petrovi¢ et al. (2008) showed that high winter
wheat yields may be achieved at lower sowing rates under optimal sowing conditions,
due to the combined influence of genotype, environmental conditions, soil properties and
sowing rate. Jaenisch et al. (2022) highlighted that spike number and kernels per spike
can compensate each other depending on management and environment. Zhou et al.
(2026) confirmed that varieties with contrasting spike productivity respond differently to
density, reinforcing that optimization should consider cultivar yield formation strategy.
Plant density also modifies canopy architecture and the crop microenvironment. Zhang et
al. (2023) showed that planting density affects canopy structure and yield components in
winter wheat, while Manntschke et al. (2025) reported that high planting density modifies
tiller number and plant height. These results indicate that agromorphological traits such
as plant height, tillering and spike traits are important indicators of how cultivars respond
to population pressure. In Romania, Bunta (2002) showed that Romanian cultivars
differed in yield stability and ecological plasticity, with plant height being more cultivar-
dependent, whereas plant density and grain number per spike were more influenced by
environment. Racz et al. (2015) showed that yield and the main yield components of
winter wheat varieties are strongly influenced by environmental conditions, and that
newer genotypes can perform better under contrasting environments. Marinciu et al.
(2022) reported that environmental variation explained most yield variation under
organic conditions, but cultivar effect was also significant, with modern cultivars generally
yielding more than older ones. Voinea et al. (2022) reported that sowing density
influenced grain yield and related traits in winter wheat under Romanian ecological
production conditions, with medium density giving superior production results compared
with low and high densities. Chirila et al. (2025) showed differences among cultivars in
plant height and plant density among other agronomic traits under the conditions of the
Western Plain of Romania, confirming that cultivar response to local environment varies
across Romanian growing regions. Considering these aspects, the evaluation of
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agromorphological traits and productive tillering in winter wheat cultivars grown at
different sowing densities is important for understanding how each cultivar uses the
available vegetation space and how plant architecture responds to local conditions.

Therefore, this research aimed to assess the influence of cultivar and sowing
density on selected agromorphological traits and productive tillering of winter wheat in
the Ilfov area, Romania.

Material and Method. The research was carried out during two agricultural years,
2022-2023 and 2023-2024, at the Moara Domneasca Agricultural Research-
Development Didactic Station, IIfov County, Romania, within the experimental fields of
the University of Agronomic Sciences and Veterinary Medicine of Bucharest. The trial was
established on reddish preluvosol, representative for the Moara Domneasca area
(Mihalache et al., 2010). The climatic conditions recorded during the two experimental
years (Table 1) differed notably from the 1991-2020 multiannual average. Both years
were warmer than the long-term mean, with average temperatures of 13.4°C in 2022-
2023 and 14.5°C in 2023-2024, compared to 11.9°C multiannually. Total precipitation
varied considerably: 2022-2023 was a drier year (445.0 mm vs. the multiannual 640.6
mm), whilst 2023-2024 approached the long-term average (623.2 mm). These
contrasting conditions provided an adequate framework for assessing the response of
winter wheat cultivars and sowing densities to variable growing environments.

Table 1
Thermal and rainfall conditions at Moara Domneasca during the 2022-2023 and 2023-
2024 agricultural years, compared with the 1991-2020 multiannual average

Month Monthly mean temperature (°C) Precipitation (mm)
1991-2020 2022-2023 2023-2024 1991-2020 2022-2023 2023-2024

October 12.3 14.0 15.6 50.4 10.3 21.1
November 6.3 8.9 7.9 45.2 32.9 124.7
December 0.7 2.8 3.8 45.1 25.8 32.6
January -1.0 4.4 0.6 38.7 81.1 37.8
February 1.4 2.8 7.4 33.1 6.0 19.7
March 6.1 7.9 8.2 45.8 30.5 54.3
April 11.9 10.4 14.9 53.1 79.6 81.2
May 17.4 16.5 16.4 67.8 43.9 36.3
June 21.5 21.7 25.4 82.7 46.9 29.4
July 23.7 25.5 27.4 73.3 47.3 42.2
August 23.7 25.3 26.4 44.7 24.1 39.0
September 18.4 21.1 20.1 60.8 16.6 104.9
Mean/Total 11.9 13.4 14.5 640.6 445.0 623.2

Source: https://open-meteo.com/

Four winter wheat cultivars — Glosa, FDL Abund, Python and Promitor — were selected
from the Official Catalogue of Crop Plant Varieties in Romania (ISTIS, 2022) based on
their documented agronomic potential and adaptability to variable growing conditions.
Basic seed, category B, was used throughout. A bifactorial 4 x 5 split-plot experiment
with four replications was established, comprising four winter wheat cultivars as Factor A
(a1 = Glosa, a2z = FDL Abund, az = Python, as = Promitor) and five sowing densities as
Factor B (b1 = 350, b2 = 450, bz = 550, bsa = 650 and bs = 750 g.s. m~2). Glosa was
used as the cultivar control, while 550 g.s. m~2 was used as the sowing-density control.
Both experimental years followed the same conventional management framework. The
preceding crop was maize in 2022-2023, then chickpea in 2023-2024. Seedbed
preparation involved ploughing and disking. Pre-sowing basal fertilisation consisted of 60
kg a.i. ha™t each of nitrogen and phosphorus, with an additional nitrogen top-dressing of
60 kg N a.i. ha"t applied in early spring at the resumption of vegetation. Sowing took
place in October. Grain harvest took place at full maturity, in early July 2023 and in late
June 2024.

Plant density was recorded in spring at the tillering stage to evaluate the effect of
sowing density on plant stand. Productive tillering was assessed through the productive
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tillering coefficient (PTC). Plant morphology was evaluated based on plant height, while
spike fertility was characterised by the number of spikelets per spike and the number of
grains per spike. Statistical processing was carried out using ANOVA. The effects of
cultivar and sowing density were analysed separately for each agricultural year, after
preliminary data validation, in order to identify response patterns for plant stand,
tillering, morphological and spike fertility traits. Differences from the control variant were
assessed using the least significant difference (LSD) test, calculated at the 5%, 1% and
0.1% probability levels. The corresponding LSD values are presented below each table.

Results and Discussion

Influence of sowing density on spring plant density. In the first experimental year
(2022-2023), reducing s.d. to 350 or 450 g.s. m~2 resulted in lower spring plant density
values compared with the control (Table 2). At 350 g.s. m~2, all cultivars recorded very
significant negative differences, ranging from -102.67 to -142.67 plants m~2. At 450 g.s.
m~2, the reductions were also statistically significant in Glosa, FDL Abund and Python,
while Promitor showed a non-significant decrease.

In contrast, increasing s.d. was associated with statistically supported positive
changes. At 650 g.s. m~2, significant increases were recorded in Glosa (+44.00), FDL
Abund (+53.33) and Promitor (+50.67 plants m~2), while Python showed only a non-
significant increase. At the highest s.d., all cultivars recorded very significant increases,
ranging from +86.67 to +120.00 plants m~2 compared with the control. In absolute
terms, the highest spring plant density values were recorded at 750 g.s. m™2 in all four
cultivars.

Table 2
Spring plant density (PD, no. plants m=2) of winter wheat as affected by sowing density
(SD) in the 2022-2023 and 2023-2024 growing seasons

SD (g.s. m™2)

Cultivar 550 350 450 650 750
PD % Sig. PD % Diff. Sig. PD % Diff.  Sig. PD % Diff.  Sig. PD % Diff.  Sig.

2022-2023

Glosa 641.33 100.00 C 516.00 80.46 - ooo 569.33 88.77 - 000 685.33 106.86 44.00 * 758.67 118.30 117.33  ***
125.33 72.00

FDL 606.67 100.00 C 486.67 80.22 - ooo 557.33 91.87 - o 660.00 108.79 53.33 * 726.67 119.78 120.00 ***

Abund 120.00 49.33

Python 664.00 100.00 C 521.33 78.51 0oo 593.33 89.36 oo 676.00 101.81 12.00 - 750.67 113.05 86.67  ***

142.67 70.67

Promitor  592.00 100.00 C 489.33 82.66 000 564.00 95.27 642.67 108.56 50.67 * 706.67 119.37 114.67 ***

102.67 28.00

LSD 5% = 42.41; LSD 1% = 56.74; LSD 0.1% = 74.52

2023-2024

Glosa 672.00 100.00 C 542.67 80.75 - 000 602.67 89.68 - 000 738.67 109.92 66.67 ** 781.33 116.27 109.33 ***
129.33 69.33

FDL 642.67 100.00 C 512.00 79.67 - 000 584.00 90.87 - oo 712.00 110.79 69.33 *** 752,00 117.01 109.33 *¥*

Abund 130.67 58.67

Python 712.00 100.00 C 546.67 76.78 ooo 628.00 88.20 000 726.67 102.06 14.67 - 800.00 112.36 88.00  ***

165.33 84.00

Promitor  625.33  100.00 C 521.33 83.37 000 589.33 94.24 682.67 109.17 57.33 *ok 757.33  121.11 132.00 ***

104.00 36.00

LSD 5% = 39.30; LSD 1% = 52.58; LSD 0.1% = 69.05

In the second experimental year (2023-2024), spring plant density values were generally
higher compared with the first year (Table 2). Increasing s.d. to 650 g.s. m™2 resulted in
distinctly significant increases in Glosa (+66.67) and Promitor (+57.33), and very
significant increases in FDL Abund (+69.33 plants m~2). At 750 g.s. m~2, the increases
were very significant across all tested cultivars. As in the previous year, the highest
absolute values of spring plant density were recorded at 750 g.s. m~2,

Comparing the two growing seasons, the higher values recorded in 2023-2024
were associated with a more favourable seasonal context, characterised mainly by higher
precipitation. The control s.d. 550 g.s. m~2 was exceeded statistically only when s.d. was
increased. The recurrence of maximum values at 750 g.s. m~2 in both years may be
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related to the direct relationship between s.d. and the number of established plants,
while the annual growing conditions appeared to influence the final survival rate rather
than the overall response pattern.

Influence of cultivar on spring plant density. Under the drier conditions of the 2022-
2023 growing season, differences among cultivars were relatively limited (Table 3). None
of the tested cultivars recorded statistically significant positive increases in spring plant
density compared with Glosa. Python recorded slightly higher numerical values than
Glosa at 550, 350 and 450 g.s. m™2, but these differences were not statistically
significant. FDL Abund generally showed lower values, also without statistical
significance. Promitor recorded the lowest values and showed significant negative
differences at 550, 650 and 750 g.s. m~2. When averaged across s.d., Python recorded
the highest numerical spring plant density, followed closely by Glosa and FDL Abund,
while Promitor showed the lowest average value.

Table 3
Spring plant density (PD, no. plants m=2) of winter wheat as affected by cultivar in the
2022-2023 and 2023-2024 growing seasons

SD (g.s. m™2)
Cultivar 550 350 450 650 750
PD % Diff. Sig. PD % Diff. Sig. PD % Diff. Sig. PD % Diff. Sig. PD % Diff. Sig.

2022-2023
Glosa 641.33 100.00 C C 516.00 100.00 C C 569.33 100.00 C C 685.33 100.00 C C 758.67 100.00 C C
FDL 606.67 94.59 - 486.67 94.32 - 557.33 97.89 - 660.00 96.30 - 726.67 95.78 -
Abund 34.67 29.33 12.00 25.33 32.00
Python 664.00 103.53 22.67 - 521.33 101.03 5.33 - 593.33 104.22 24.00 - 676.00 98.64 -9.33 - 750.67 98.95 -8.00 -
Promitor  592.00 92.31 - o 489.33 94.83 - 564.00 99.06 -5.33 - 642.67 93.77 - o 706.67 93.15 - o

49.33 26.67 42.67 52.00
LSD 5% = 42.41; LSD 1% = 56.74; LSD 0.1% = 74.52
2023-2024
Glosa 672.00 100.00 C C 542.67 100.00 C C 602.67 100.00 C C 738.67 100.00 C C 781.33 100.00 C C
FDL 642.67 95.63 - - 512.00 94.35 - 584.00 96.90 - 712.00 96.39 - 752.00 96.25 - -
Abund 29.33 30.67 18.67 26.67 29.33
Python 712.00 105.95 40.00 * 546.67 100.74 4.00 - 628.00 104.20 25.33 - 726.67 98.38 12-00 800.00 102.39 18.67
Promitor  625.33 93.06 - o 521.33 96.07 - 589.33 97.79 - 682.67 92.42 - 00 757.33 96.93 -

46.67 21.33 13.33 56.00 24.00

LSD 5% = 39.30; LSD 1% = 52.58; LSD 0.1% = 69.05

Even under the more favourable rainfall conditions of the second season (2023-2024),
the overall ranking remained largely similar (Table 3). FDL Abund and Promitor did not
exceed the control cultivar Glosa at any s.d., while Python recorded higher numerical
values at most s.d., with the only statistically significant positive increase observed at
550 g.s. m~2 (+40.00 plants m~2). Averaged across all s.d., Python again recorded the
highest numerical mean value, followed by Glosa and FDL Abund, while Promitor
presented the lowest average.

Cultivar influence showed moderate variability in spring plant establishment. Across
the two growing seasons, Glosa maintained relatively stable values, while Python tended
to record higher average plant density.

Influence of sowing density on productive tillering coefficient. Increasing s.d. to
650 or 750 g.s. m~2 was generally associated with statistically supported decreases in the
PTC compared with the control in 2022-2023 (Table 4). In contrast, reducing s.d. was
associated with more intensive expression of productive tillering. At the minimum density
of 350 g.s. m~2, very significant increases in the PTC were recorded in all four cultivars:
Glosa (+0.35), FDL Abund (+0.35), Python (+0.46) and Promitor (+0.37). At 450 g.s.
m~2, positive differences were also recorded, ranging from significant (FDL Abund and
Promitor) to distinctly significant (Glosa) to very significant (Python) levels compared
with the control. In absolute values, all four cultivars recorded the highest PTC at 350
g.s. m2,
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Table 4
Productive tillering coefficient (PTC) of winter wheat as affected by sowing density (SD)
in the 2022-2023 and 2023-2024 growing seasons

SD (g.s. m™2)

Cultivar 550 350 450 650 750

PTC % Sig.  PTC % Diff.  Sig.  PTC % Diff.  Sig.  PTC % Diff.  Sig.  PTC % Diff.  Sig.
2022-2023
Glosa 1.12 100.00 C 1.47 131.77 0.35 oAk 1.26 112.98 0.15 ** 0.97 86.80 -0.15 00 0.86 77.18 -0.26  oo0o0
FDL Abund 0.93 100.00 C 1.28 137.47 0.35 oAk 1.05 112.67 0.12 * 0.84 90.30 -0.09 - 0.75 80.86 -0.18 o000
Python 1.10 100.00 C 1.56 142.05 0.46 oAk 1.30 118.18 0.20 xk 0.97 88.18 -0.13 00 0.88 79.55 -0.23 o000
Promitor 0.81 100.00 C 1.18 145.23 0.37 oAk 0.93 113.85 0.11 * 0.74 91.38 -0.07 - 0.66 80.92 -0.16 00

LSD 5% = 0.09; LSD 1% = 0.12; LSD 0.1% = 0.15

2023-2024

Glosa 1.13 100.00 C 1.55 137.78 0.43 Frk 1.30 115.56 0.18 o 0.99 87.56 -0.14 00 0.91 80.60 -0.22  ooo
FDL Abund 0.96 100.00 C 1.34 138.96  0.38 Frk 1.08 111.69 0.11 * 0.86 89.35 -0.10 o 0.94 97.40 -0.03
Python 1.09 100.00 C 1.54 141.38  0.45 Frk 1.29 118.85 0.21 o 0.94 86.21 -0.15 00 0.88 81.15 -0.21  ooo
Promitor 0.84 100.00 C 1.23 146.87  0.39 Frk 0.99 117.61 0.15 *x 0.75 89.25 -0.09 o 0.70 83.58 -0.14 o

LSD 5% = 0.08; LSD 1% = 0.11; LSD 0.1% = 0.15

In the 2023-2024 agricultural year, the general level of productive tillering was higher
than in the first year (Table 4), which may be partly attributed to the more favourable
precipitation conditions recorded in this season. The same compensation tendency was
observed: reducing s.d. to 350 g.s. m~2 was associated with very significant increases in
the PTC across all tested cultivars, while the 450 g.s. m 2 produced very significant
increases in Glosa and Python and distinctly significant increases in Promitor. As in the
first year, the absolute values showed that all cultivars recorded the highest PTC at 350
g.s. m 2,

Influence of cultivar on productive tillering coefficient. Under the drier conditions
of the 2022-2023 agricultural year, differences among cultivars were observed, yet none
of the tested cultivars recorded statistically supported positive increases in the PTC
compared with Glosa (Table 5). FDL Abund and Promitor recorded very significant
negative differences across all sowing densities, while Python showed no statistically
supported differences from the control at any density. Averaged across s.d., Python
recorded the highest PTC, followed closely by Glosa, while FDL Abund and Promitor
showed lower average values.

Table 5
Productive tillering coefficient (PTC) of winter wheat as affected by cultivar in the 2022-
2023 and 2023-2024 growing seasons

SD (g.s. m™2)
Cultivar 550 350 450 650 750
PTC % Diff. Sig. PTC % Diff. Sig. PTC % Diff. Sig. PTC % Diff. Sig. PTC % Diff.  Sig.
2022-2023
Glosa 1.12  100.00 C C 1.47 100.00 C C 1.26  100.00 C C 0.97 100.00 C C 0.86 100.00 C C
FDL Abund 0.93 83.00 - ooo 1.28 86.59 - ooo 1.05 82.77 - ooo 0.84 86.34 - 0o 0.75 86.96 - o
0.20 0.20 0.22 0.13 0.11
Python 1.10 98.43 - - 1.56 106.11 0.09 - 1.30 102.97 0.04 - 0.97 100.00 0.00 - 0.88 101.45 0.01
0.02
Promitor 0.81 72.71 - ooo 1.18 80.14 - ooo 0.93 73.27 - ooo 0.74 76.55 - ooo 0.66 76.23 - 000
0.31 0.29 0.34 0.23 0.21
LSD 5% = 0.09; LSD 1% = 0.12; LSD 0.1% = 0.15
2023-2024
Glosa 1.13  100.00 C C 1.55 100.00 C C 1.30 100.00 C C 0.99 100.00 C C 0.91 100.00 C C
FDL Abund 0.96 85.56 - ooo 1.34 86.29 - ooo 1.08 82.69 - ooo 0.86 87.31 - 0o 0.94 103.39 0.03
0.16 0.21 0.23 0.13
Python 1.09 96.67 - - 1.54 99.19 - - 1.29 99.42 - - 0.94 95.18 - - 0.88 97.32 -
0.04 0.01 0.01 0.05 0.02
Promitor 0.84 74.44 - ooo 1.23 79.35 - ooo  0.99 75.77 - ooo 0.75 75.89 - ooo 0.70 77.20 - 000
0.29 0.32 0.32 0.24 0.21

LSD 5% = 0.08; LSD 1% = 0.11; LSD 0.1% = 0.15

AAB Bioflux, 2026, Volume 18, Issue 1. 43
aab.bioflux.com.ro



The more favourable precipitation conditions of 2023-2024 led to a slight shift in the
cultivar ranking regarding the mean values across s.d. (Table 5). In this second season,
Glosa recorded the highest average PTC, followed closely by Python, while FDL Abund
and Promitor consistently maintained the third and fourth positions, respectively. FDL
Abund and Promitor again recorded very significant negative differences compared with
Glosa across most sowing densities, while Python remained statistically non-significant
from the control at all densities. Similar to the previous year, none of the tested cultivars
produced statistically supported positive increases compared with the control cultivar
Glosa.

Influence of sowing density on plant height. Reducing s.d. to 350 g.s. m™2 was
associated with plant height increases, with significant differences recorded in all four
cultivars: Glosa (+2.77), FDL Abund (+2.93), Python (+3.15) and Promitor (+3.28 cm)
in 2022-2023 agricultural year (Table 6). Increasing s.d. to 650 or 750 g.s. m~2 tended
to reduce plant height. In absolute values, all cultivars reached their highest plant height
at the minimum sowing density of 350 g.s. m~2,

Table 6
Plant height (PH, cm) of winter wheat as affected by sowing density (SD) in the 2022-
2023 and 2023-2024 growing seasons

SD (g.s. m™2)

Cultivar 550 350 450 650 750

PH % Sig. PH % Diff. Sig. PH % Diff. Sig. PH % Diff. Sig. PH % Diff. Sig.
2022-2023
Glosa 90.83 100.00 C 93.60 103.05 2.77 * 91.56 100.81 0.73 - 88.06 96.95 -2.77 o 86.61 95.36 -4.22 00
FDL Abund 98.38 100.00 C 101.31  102.98 2.93 * 99.08 100.71 0.70 - 97.35 98.95 -1.03 - 96.60 98.20 -1.78
Python 77.91 100.00 C 81.06 104.04 3.15 * 80.09 102.79 2.18 - 76.83 98.60 -1.09 - 76.03 97.58 -1.89
Promitor 93.61 100.00 C 96.89 103.50 3.28 * 94.72 101.19 1.11 - 92.51 98.83 -1.10 - 91.14 97.36 -2.47
LSD 5% = 2.61; LSD 1% = 3.47; LSD 0.1% = 4.52
2023-2024
Glosa 91.24 100.00 C 94.72 103.81 3.48 *x 92.61 101.51 1.37 - 89.55 98.15 -1.69 - 87.98 96.42 -3.26 00
FDL Abund 100.37 100.00 C 103.00 102.62 2.63 * 102.31  101.93 1.94 - 98.61 98.25 -1.76 - 96.90 96.53 -3.48 00
Python 81.34 100.00 C 83.35 102.47 2.01 - 82.15 101.00 0.81 - 80.47 98.93 -0.87 - 80.01 98.36 -1.33
Promitor 96.41 100.00 C 98.86 102.54 2.45 * 97.36 100.99 0.95 - 94.48 97.99 -1.94 - 93.20 96.67 -3.21 00

LSD 5% = 2.30; LSD 1% = 3.07; LSD 0.1% = 4.00

In 2023-2024, plants were generally taller than in the previous year (Table 6), which
may be partly attributed to the more favourable precipitation conditions recorded in this
season. However, the sowing density-related response remained similar. Reducing s.d. to
350 g.s. m 2 produced a distinctly significant increase in Glosa (+3.48 cm) and
significant increases in FDL Abund (+2.63 cm) and Promitor (+2.45 cm). The absolute
values again showed that the highest plant height in all cultivars was recorded at 350
g.s. m 2,

Influence of cultivar on plant height. In the 2022-2023 season, differences in plant
height among cultivars were evident (Table 7). FDL Abund recorded very significant
increases compared with the control cultivar Glosa across the whole s.d. gradient, with
differences ranging from +7.51 cm at 450 g.s. m 2 to +9.99 cm at 750 g.s. m~2, and
absolute values between 96.60 cm and 101.31 cm. Promitor also recorded statistically
supported increases, significant and distinctly significant, with absolute values ranging
from 91.14 cm to 96.89 cm across the tested s.d. In contrast, Python recorded very
significant negative differences compared with Glosa at all s.d., with differences ranging
from -10.59 cm to -12.92 cm and absolute values between 76.03 cm and 81.06 cm,
indicating a distinctly shorter growth habit. When averaged across all s.d., FDL Abund
recorded the highest plant height, followed by Promitor, Glosa and Python, suggesting
that cultivar had a stronger influence on plant height than sowing density under the
conditions of this experimental year.

Under the more favourable climatic conditions of the second year (2023-2024), the
same general ranking was maintained (Table 7). FDL Abund recorded very significant
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increases compared with Glosa across all sowing densities, with differences ranging from
+8.28 cm to +9.70 cm and absolute values between 96.90 cm and 103.00 cm.

Table 7
Plant height (PH, cm) of winter wheat as affected by cultivar in the 2022-2023 and
2023-2024 growing seasons

SD (g.s. m™2)

Cultivar 550 350 450 650 750

PH % Diff. Sig. PH % Diff. Sig. PH % Diff. Sig. PH % Diff. Sig. PH % Diff. Sig
2022-2023
Glosa 90.83 100.00 C C 93.60 100.00 C C 91.56 100.00 C C 88.06 100.00 C C 86.61 100.00 C C
FDL 98.38 108.31 7.55 ***% 101.31 108.23 7.71 o 99.08 108.20 7.51 *** 97.35 110.54 9.28 ***  96.60 111.53 9.99 oAk
Abund
Python 77.91 85.78 - 000 81.06 86.61 - 000 80.09 87.47 - ooo 76.83 87.24 - ooo  76.03 87.78 - 000

12.92 12.54 11.48 11.24 10.59
Promitor  93.61 103.06 2.78 * 96.89 103.51 3.29 * 94.72 103.45 3.16 * 92.51 105.05 4.45 Hox 91.14 105.22 4.53 Hox
LSD 5% = 2.61; LSD 1% = 3.47; LSD 0.1% = 4.52
2023-2024
Glosa 91.24 100.00 C C 94.72 100.00 C C 92.61 100.00 C C 89.55 100.00 C C 87.98 100.00 C C
;EL ” 100.37 110.01 9.14 *** - 103.00 108.74 8.28 **% 0 102.31  110.47 9.70 *** 98,61 110.12 9.06 *** 96,90 110.14 8.92 Forck
un

Python 81.34 89.15 -9.90 ooo0 83.35 88.00 ooo  82.15 88.70 ooo 80.47 89.86 -9.08 ooo 80.01 90.94 -7.97

11.37 10.46
Promitor  96.41 105.67 5.17 Frk 98.86 104.38 4.15 o 97.36 105.13  4.75 **% 94,48 105.50 4.92 *** 93.20 105.94 5.23

LSD 5% = 2.30; LSD 1% = 3.07; LSD 0.1% = 4.00

Promitor also recorded very significant positive differences at all densities, with
differences ranging from +4.15 cm to +5.23 cm and absolute values between 93.20 cm
and 98.86 cm. Python again recorded very significant negative differences compared with
Glosa, with absolute values between 80.01 cm and 83.35 cm. When averaged across all
s.d., FDL Abund remained the tallest cultivar, followed by Promitor, Glosa and Python,
confirming the stability of cultivar ranking for plant height across both experimental
years.

Influence of sowing density on number of spikelets per spike. During the 2022-
2023 season, reducing s.d. to 350 g.s. m™2 was associated with statistically supported
increases in the number of spikelets per spike (Table 8). Significant increases were
recorded in Glosa (+0.67) and FDL Abund (+0.67), while distinctly significant increases
were observed in Python (4+1.05) and Promitor (+0.83 spikelets). Increasing s.d. did not
produce statistically supported positive increases. In absolute values, all four cultivars
recorded the highest number of spikelets per spike at 350 g.s. m~2.

Table 8
Number of spikelets per spike (NSS) of winter wheat as affected by sowing density (SD)
in the 2022-2023 and 2023-2024 growing seasons

SD (g.s. m™2)

Cultivar 550 350 450 650 750

NSS % Sig.  NSS % Diff.  Sig.  NSS % Diff.  Sig.  NSS % Diff.  Sig.  NSS % Diff.  Sig.
2022-2023
Glosa 16.20 100.00 C  16.87 104.12 0.67 *  16.27 100.41 0.07 - 1593 9835 -0.27 - 1540 95.06 -0.80 o
FDL Abund 15.83 100.00 C  16.50 104.21 0.67 *  16.15 102.00 0.32 - 1563 98.74 -020 - 1543 97.47 -0.40
Python 16.85 100.00 C  17.90 106.23 1.05  ** 17.30 102.67 0.45 - 1662 98.63 -023 - 16.18 96.04 -0.67 o
Promitor 17.67 100.00 C 1850 104.72 0.83  ** 17.87 101.13  0.20 - 17.40 98.49 -0.27 - 17.27 97.74 -0.40
LSD 5% = 0.60; LSD 1% = 0.80; LSD 0.1% = 1.06
2023-2024
Glosa 17.50 100.00 C 1840 105.14 0.90  ** 18.00 102.86 0.50 - 1670 9543 -0.80 o 15.83 90.46 -1.67 000
FDL Abund 17.00 100.00 C  18.09 106.41 1.09 *** 17.60 103.53  0.60 - 1675 9855 -0.25 -  16.05 94.41 -0.95 00
Python 17.33  100.00 C 1857 107.12 1.23 *** 17.82 102.79  0.48 - 17.02 9817 -032 - 1678 96.83 -0.55
Promitor 18.13 100.00 C  19.03 104.96 0.90  ** 18,53 102.21  0.40 - 17.83 9835 -0.30 - 17.47 96.32 -0.67 o
LSD 5% = 0.60; LSD 1% = 0.80; LSD 0.1% = 1.06
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The more favourable precipitation regime of 2023-2024 made the response to sowing
density more pronounced (Table 8). Reducing s.d. to 350 g.s. m™2 was associated with
very significant positive differences in FDL Abund (+1.09) and Python (+1.23), and
distinctly significant positive differences in Glosa (+0.90) and Promitor (+0.90). At the
highest s.d. of 750 g.s. m~2, negative differences were recorded in all cultivars, reaching
very significant levels in Glosa (-1.67) and distinctly significant levels in FDL Abund (-
0.95). The absolute values showed that, as in the previous year, the highest humber of
spikelets per spike was recorded at 350 g.s. m™2, while the lowest values were
consistently associated with 750 g.s. m=2,

Influence of cultivar on number of spikelets per spike. In the 2022-2023 season,
differences among the studied cultivars were observed (Table 9). Promitor recorded very
significant positive increases compared with Glosa across the whole s.d. range, with
differences between +1.47 spikelets at 550 and 650 g.s. m™2 and +1.87 spikelets at 750
g.s. m™2, and absolute values ranging from 17.27 to 18.50 spikelets per spike. Python
also recorded positive differences, distinctly significant at 350 and 450 g.s. m™2 and
significant at the remaining densities, with absolute values between 16.18 and 17.90
spikelets per spike. FDL Abund showed no statistically supported differences from Glosa
at any sowing density in this year.

Table 9
Number of spikelets per spike (NSS) of winter wheat as affected by cultivar in the 2022-
2023 and 2023-2024 growing seasons

SD (g.s. m™2)

Cultivar 550 350 450 650 750

NSS % Diff. Sig. NSS % Diff. Sig. NSS % Diff. Sig. NSS % Diff. Sig. NSS % Diff.  Sig.
2022-2023
Glosa 16.20 100.00 C C 16.87 100.00 C C 16.27 100.00 C C 15.93 100.00 C C 15.40 100.00 C C
FDL 15.83 97.74 - - 16.50 97.83 - 16.15 99.28 - 15.63 98.12 - 15.43 100.22 0.03
Abund 0.37 0.37 0.12 0.30
Python 16.85 104.01 0.65 * 17.90 106.13 1.03 *x 17.30 106.35 1.03 *x 16.62 104.29 0.68 * 16.18 105.09 0.78 *

Promitor 17.67 109.05 1.47 *** 1850 109.68 1.63 *** 17.87 109.84 1.60 *** 17.40 109.21 1.47 *** 17.27 112,12 1.87 ***
LSD 5% = 0.60; LSD 1% = 0.80; LSD 0.1% = 1.06

2023-2024

Glosa 17.50 100.00 C C 18.40 100.00 C C 18.00 100.00 C C 16.70  100.00 C C 15.83 100.00 C C

FDL 17.00 97.14 - - 18.09 98.32 - - 17.60 97.78 - - 16.75 100.32 0.05 - 16.05 101.39 0.22

Abund 0.50 0.31 0.40

Python 17.33  99.05 - - 18.57 100.91 0.17 - 17.82  98.98 - 17.02 101.90 0.32 - 16.78 106.02 0.95 **
0.17 0.18

Promitor 18.13 103.62 0.63 * 19.03 103.44 0.63 * 18.53 102.96 0.53 - 17.83 106.79 1.13 *** 17.47 110.34 1.64 ***

LSD 5% = 0.60; LSD 1% = 0.80; LSD 0.1% = 1.06

Under the more favourable climatic conditions of 2023-2024, the general cultivar ranking
was maintained, though the pattern of statistically supported differences was somewhat
narrower (Table 9). Promitor again recorded positive differences compared with Glosa,
reaching very significant levels at 650 g.s. m™2 (+1.13) and 750 g.s. m2 (+1.64), with
absolute values between 17.47 and 19.03 spikelets per spike. Python recorded a
distinctly significant positive difference only at the highest s.d. (+0.95 at 750 g.s. m~2),
while FDL Abund again showed no statistically supported differences from the control.

Across both seasons, Promitor consistently recorded the highest number of
spikelets per spike, followed by Python, while FDL Abund showed values comparable to or
slightly below Glosa, suggesting that this cultivar may rely on other compensatory
components of spike productivity.

Influence of sowing density on number of grains per spike. Increasing s.d. did not
produce statistically supported positive increases in 2022-2023 (Table 10). In contrast,
reducing s.d. to 350 g.s. m~2 was associated with very significant increases in Python
(+3.93) and Promitor (+3.50 grains), and significant increases in Glosa and FDL Abund.
In absolute values, all four cultivars recorded the highest number of grains per spike at
350 g.s. m~2,
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Table 10
Number of grains/ spike (NGS) of winter wheat as affected by sowing density (SD) in the
2022-2023 and 2023-2024 growing seasons

SD (g.s. m™2)

Cultivar 550 350 450 650 750

NGS % Sig.  NGS % Diff.  Sig. NGS % Diff.  Sig. NGS % Diff.  Sig. NGS % Diff.  Sig.
2022-2023
Glosa 33.53 100.00 C 35.47 105.77 1.93 * 34.10 101.69 0.57 - 30.83 91.95 -2.70 00 30.17 89.96 -3.37 o000
FDL Abund 36.27 100.00 C 38.33 105.70 2.07 * 37.47 103.31 1.20 - 35.50 97.89 -0.77 - 33.63 92.74 -2.63 00
Python 33.27 100.00 C 37.20 111.82 3.93 *** 34,20 102.81 0.93 - 32.37 97.29 -0.90 - 31.33 94.19 -1.93 o
Promitor 31.67 100.00 C 35.17 111.05 3.50 ***  33.23  104.95 1.57 - 29.73 93.89 -1.93 00 28.37 89.58 -3.30 o000
LSD 5% = 1.64,; LSD 1% = 2.20; LSD 0.1% = 2.89
2023-2024
Glosa 35.18 100.00 C 36.93 105.00 1.76 * 35.27 100.28 0.10 - 32.63 92.77 -2.54 00 31.10 88.41 -4.08 o000
FDL Abund 38.22 100.00 C 39.02 102.10 0.80 - 38.52  100.79 0.30 - 38.06 99.58 -0.16 - 35.38 92.58 -2.84 o000
Python 35.73 100.00 C 38.37 107.37 2.63 *x 36.43 101.96 0.70 - 34.93 97.76 -0.80 - 33.33 93.28 -2.40 00
Promitor 34.31 100.00 C 36.37 106.01 2.06 ** 34.60 100.85 0.29 - 32.56 94.90 -1.75 o 30.18 87.97 -4.13 o000

LSD 5% = 1.50; LSD 1% = 2.01; LSD 0.1% = 2.64

In the second season (2023-2024), which was more favourable in terms of total
precipitation, the general fertility of spikes was higher (Table 10). However, the
statistically supported positive differences were again mainly associated with lower s.d.
Reducing s.d. to 350 g.s. m~2 resulted in distinctly significant increases in Python (+2.63)
and Promitor (+2.06), and a significant increase in Glosa (+1.76 grains). At 750 g.s.
m~2, very significant negative differences were recorded in Glosa (-4.08), FDL Abund (-
2.84) and Promitor (-4.13), while Python recorded a distinctly significant decrease (-
2.40), confirming the same compensatory pattern observed in the first year. The
absolute values showed a consistent pattern, with all cultivars recording the highest
number of grains per spike at 350 g.s. m~2.

Influence of cultivar on number of grains per spike. In the 2022-2023 growing
season, FDL Abund recorded the highest number of grains per spike, with very significant
positive differences compared with Glosa at 450 (+3.37), 650 (+4.67) and 750 g.s. m™2
(+3.47 grains). Python and Promitor showed only isolated statistically supported
differences from the control, while averaged across all s.d., FDL Abund consistently
ranked first (Table 11).

Table 11
Number of grains/ spike (NGS) of winter wheat as affected by cultivar in the 2022-2023
and 2023-2024 growing seasons

SD (g.s. m'2)
Cultivar 550 350 450 650 750
NGS % Diff.  Sig. NGS % Diff.  Sig. NGS % Diff.  Sig. NGS % Diff.  Sig. NGS % Diff.  Sig.

2022-2023
Glosa 33.53 100.00 C C 35.47 100.00 C C 34.10 100.00 C C 30.83 100.00 C C 30.17 100.00 C C
FDL 36.27 108.15 2.73 ** 38.33 108.08 2.87 ** 37.47 109.87 3.37 *** 3550 115.14 4.67 *** 33.63 111.49 3.47 k¥*
Abund
Python 33.27 99.20 0 »27 - 37.20 104.89 1.73 * 34.20 100.29 0.10 - 32.37 104.97 1.53 - 31.33 103.87 1.17
Promitor ~ 31.67 94.43 - o 3517 99.15 - - 3323 9746 - - 2973 96.43 - - 2837 94.03 - o

1.87 0.30 0.87 1.10 1.80
LSD 5% = 1.64; LSD 1% = 2.20; LSD 0.1% = 2.89
2023-2024
Glosa 35.18 100.00 C C 36.93 100.00 C C 35.27 100.00 C C 32.63 100.00 C C 31.10 100.00 C C
FDL 38.22 108.65 3.04 *** 39,02 105.65 2.09 ** 38.52 109.21 3.25 *** 38.06 116.62 5.42 *** 3538 113.77 4.28 k¥*
Abund
Python 35.73 101.58 0.56 - 38.37 103.88 1.43 - 36.43 103.29 1.16 - 34.93 107.05 2.30 ** 33.33 107.18 2.23 **
Promitor 34.31 97.54 - - 36.37 98.48 - - 34.60 98.09 - - 32.56 99.77 - - 30.18 97.05 -

0.87 0.56 0.67 0.07 0.92
LSD 5% = 1.50; LSD 1% = 2.01; LSD 0.1% = 2.64
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Under the more favourable precipitation conditions of the second season (2023-2024),
the general ranking was maintained. FDL Abund continued to record very significant
positive differences compared with Glosa across all sowing densities, reaching the highest
difference of +5.42 grains at 650 g.s. m~2. Python also recorded distinctly significant
positive differences at 650 and 750 g.s. m~2. Promitor showed no statistically supported
differences from Glosa at any density in this year.

Averaged across all s.d., FDL Abund again recorded the highest number of grains
per spike, followed by Python, Glosa and Promitor, confirming the consistency of cultivar
ranking across both experimental years.

Conclusions. The results obtained under the pedoclimatic conditions of Ilfov County
indicate that both cultivar and sowing density influenced the agromorphological traits and
productive tillering of winter wheat, with the magnitude and direction of the response
varying by trait and agricultural year.

Sowing density had a direct effect on spring plant density, with the highest values
recorded at 750 g.s. m™2 in all cultivars and both years. For the productive tillering
coefficient, plant height, number of spikelets per spike and number of grains per spike,
the lowest sowing density of 350 g.s. m™2 was consistently associated with the most
favourable individual plant expression, while increasing density above the control (550
g.s. m~2) tended to reduce these traits.

Cultivar influence on spring plant density was limited. For the remaining traits,
cultivar differences were more pronounced: FDL Abund recorded the greatest plant
height and the highest number of grains per spike, Promitor recorded the highest humber
of spikelets per spike, and Python showed PTC values comparable to those of the control
cultivar Glosa.

The 2023-2024 season was generally associated with higher trait values, which
may be partly attributed to more favourable precipitation conditions.

Overall, the study confirms that sowing density and cultivar interact in shaping
winter wheat crop architecture, and that their joint evaluation is necessary for
interpreting agromorphological responses under the specific conditions of the Ilfov area.
Further research over additional growing seasons would support more precise cultivar-
density recommendations for this region.
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