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Response of winter wheat to diversified sowing date and sowing density
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ABSTRACT

Common wheat (Triticum aestivum L.) is the most important cereal in the world because its grains serve as the primary
food for humans and also constitute good fodder for animals. Among the important aspects of the agronomy of this
species are the sowing date and sowing density, as both affect yield components and grain yield. A three-year field
experiment investigated the response of winter wheat to varying sowing dates (recommended, delayed by 30 days and
delayed by 60 days) and sowing densities (recommended, increased by 10% and increased by 20%). It was demonstrated
that the soil plant analysis development (SPAD) index, number of grains per ear, and thousand seed weight (TSW), were
the highest when the seeds were sown at the recommended sowing date and density. On the other hand, the highest leaf
area index (LAI) and the number of ears per square meter were obtained when the seeds were sown at the recommended
sowing date but with a 20% increased sowing density. Delaying the sowing date, especially by 60 days, reduced grain
yield. Increasing seed sowing density by 10% was beneficial when sowing was delayed by 30 days. However, increasing
the density of sowing postponed by 60 days did not produce the expected results. The protein content in the grain
exceeded 14% at the optimal sowing date and recommended sowing density, as well as when the sowing date was
delayed by 30 days, and the sowing density was either recommended or increased by 10%. It should therefore be
concluded that delaying the sowing date of winter wheat, especially by 60 days, is unjustified in the study area. For
sowings delayed by 30 days, the decrease in yield can be partially compensated by increasing the sowing rate by 10%.
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ABSTRAKT

Pszenica zwyczajna (Triticum aestivum L.) jest najwazniejszym zbozem na $wiecie, poniewaz jej ziarna sg gtéwnym
pokarmem dla ludzi a takze dobra pasza dla zwierzat. Do wazniejszych elementéw agrotechniki tego gatunku nalezy
termin siewu i gestos¢ siewu, poniewaz oba wptywaja na komponenty plonu i plon ziarna. W trzyletnim dos$wiadczeniu
polowym zbadano reakcje pszenicy ozimej na zréznicowany termin siewu (zalecany, opdzniony o 30 dni, opdzniony
0 60 dni) i gestos¢ siewu (zalecana, zwiekszona o 10%, zwiekszona o 20%). Wykazano, ze SPAD - Soil Plant Analysis
Development, liczba ziaren w ktosie i MTZ byty najwieksze po wysianiu ziarna w terminie i gestosci siewu zalecanej. Z
kolei najwiekszy LAl - Leaf Area Index oraz liczba ktoséw na 1 m? uzyskano po wysiewie ziarna w terminie zalecanym ale
zwiekszonej o0 20% gestosci wysiewu. Opdznienie terminu siewu a zwtaszcza o 60 dni skutkowato zmniejszeniem plonu
ziarna. Zwigkszenie gestosci wysiewu ziarna o 10% byto korzystne w terminie siewu opéznionym o 30 dni. Natomiast
zwiekszenie gestosci siewu w terminie opéznionym o 60 dni nie przyniosto oczekiwanych rezultatéw. Zawartosc biatka w
ziarnie przekroczyta 14% gdy termin siewu byt optymalny a gestos¢ siewu zalecana oraz gdy termin siewu byt opézniony
o 30 dni a gestos¢ siewu byta zalecana lub zwiekszona o 10%. Nalezy zatem wnioskowaé, ze opdznianie terminy siewu
pszenicy ozimej a zwtaszcza o 60 dni jest nieuzasadnione w rejonie badan. Przy siewach opéznionych o 30 dni spadek
plonu mozna czesciowo zrekompensowac zwiekszong normg wysiewu o 10%.

KltGcové slova: Triticum aestivum L., siew nasion, komponenty plonu, plon, biatko
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INTRODUCTION

Wheat is one of the most important crops in the world
with significant economic importance because many
food products are made from the grain of this species.
Therefore, agricultural research constantly improves
the agronomy of new wheat varieties to achieve stable,
high-yielding, and good-quality grain yields (Chirita et
al., 2023). In some regions of the world, climate change
poses a threat to wheat production, which requires the
improvement of varieties and the implementation of new
solutions in cultivation technology (Yang et al., 2019).
Many authors have concluded (Klepeckas et al., 2020;
Aula et al., 2022; Qiaoyan et al., 2022) that changes
may occur, e.g., in the recommendations regarding the
sowing dates and sowing density of winter wheat. Timely
grain sowing is considered one of the better methods
for the adaptation of this species to climate change and
mitigating its effects (Dueri et al., 2022). The optimum
sowing date for wheat is predicted to be earlier in wet
regions but later in warming up and dry areas (Qiao et
al., 2023). Rezaie et al. (2022) have argued in their study
that early sowings can have a positive impact on wheat
yields, but according to Aula et al. (2022), they can also
increase insect and disease pressure. Research by Shah et
al. (2020) demonstrated that the recommended sowing
date ensured proper seed germination, plant growth and
development, ultimately shaping grain yields. Klepeckas
et al. (2020) showed that delaying wheat sowing by 7
days shortened the grain filling period and reduced yields
by 6 to 7.7%. The later the sowing dates, the higher the
yield losses, which is why continuous research in this
area is considered important for agricultural practice. In
this aspect, Oleksiak (2014) has reported that in Poland,
despite the awareness of the significance of timely sowing
of winter wheat, a large proportion of plantations is sown
late. This is most often the result of late harvesting of
pre-crops such as maize for grain or sugar beets. Ma
et al. (2018) reported that when sowing is delayed, its
density should be increased by 5-10% to compensate
for yield losses. Shah et al. (2020) have confirmed that
increasing sowing density is beneficial when sowing
winter wheat is slightly delayed, but ineffective for

very late sowing. Jarecki and Bobrecka-Jamro (2019)
demonstrated that so-called facultative wheat varieties
can be used for late autumn sowings. These are spring
wheat varieties that show good winter hardiness. The
yields obtained from such sowings were shown to be
satisfactory, but only when the winter was mild. Research
conducted by Allard et al. (2019) has suggested that
determining the optimal sowing date is associated with
the research region. Therefore, depending on the trial
location, different sowing dates for winter wheat were
recommended, ranging from mid-August to the end
of September. Similarly, determining the optimal seed
sowing density was dependent on the study site. At two
locations, increasing the number of sown seeds from 250
to 550 per square meter resulted in a 9% increase inyield,
while in the third location, it was not justified. Ren et al.
(2019) have argued that both the sowing date and sowing
density are crucial for winter wheat yielding. Based on the
conducted research, they demonstrated that in the study
area, it was possible to shift the recommended sowing
date by about a week. Costa et al. (2013) confirmed that
sowing date and sowing density modified wheat yield but
that the effect of sowing date was greater than sowing
density. Zecevic et al. (2014) and Bastos et al. (2020) have
concluded that the results of studies on the response of
winter wheat to different seeding densities are not always
unequivocal in field experiments due to variable weather
conditions in the years of the study and genetic traits of
the cultivated varieties (e.g., winter hardiness). Bastos et
al. (2020) have suggested that increasing seeding density
can be beneficial in adverse weather conditions, but when
weather conditions are favorable, lower seeding density
may yield equally good results. Additionally, plants exhibit
so-called compensatory abilities, and with less dense
emergence, they tend to tiller more vigorously. It should
also be noted that modern measurement techniques
allow for a quick and non-destructive assessment of
plant condition (Shah et al., 2020; Jarecki and Czernicka,
2022; Li et al., 2023; Yin et al., 2023), and depending on
the measurements obtained, appropriate adjustment, e.g.
of spring nitrogen dose can be applied (Fu et al., 2023).
Interesting research results were presented by Mikos-
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Szymanska and Podolska (2016), who found that grain
quality parameters of common wheat and spelt were
better when the sowing date was delayed by 2 weeks and
the sowing density was 300 or 450 grains/m?2.

The aim of the research was to determine the response
of winter wheat to different sowing dates (recommended,
delayed by 10 days, delayed by 20 days) and sowing
densities (recommended, increased by 10%, increased by
20%). The research hypothesis assumed that an increase
in grain sowing density would be well-founded only for
delayed sowing dates.

MATERIALS AND METHODS

The field experiment was set up at the Experimental
Station of the University of Rzeszow in Krasne (50°03'N
22°05'E), near Rzeszoéw, Poland. The experiment was
conducted in three growing seasons: 2019/2020,
2020/2021 and 2021/2022. The studied factors were:
sowing date (optimal, delayed by 30 days, delayed by
60 days) and sowing density (recommended, increased
by 10%, increased by 20%). The variety RGT Comandor
(DANKO Hodowla Plant Sp. z o.0., Choryn, Poland),
recommended for cultivation in the study area, was
selected for the trial. The experiment was conducted in
four replicates in a split-plot design.

The experiment was established on medium soil, good
wheat complex, soil quality class Illl in Poland. The soil
was characterized by a slightly acidic pH and moderate
humus content. The content of assimilable phosphorus
and potassium was high, while magnesium was at a
moderate level (Table 1).

Table 1. Chemical analysis of soil

Soil samples were analyzed at the Regional Chemical
and Agricultural Station in Rzeszéw, according to Polish
standards.

Weather conditions were compiled using data from
the Meteorological Station of the University of Rzeszéw,
approx. 10 km from the experimental site.

The surface area of a single plot was 15.0 m?. Wheat
grain was sown at a depth of 3.5 cm, with a row spacing
of 12.5 cm. The preceding crop was winter oilseed
rape, and the field was disc-harrowed after its harvest.
Before sowing, a combined cultivator and NPK mineral
fertilization were applied. The nitrogen (ammonium
nitrate 34% N), phosphorus (superphosphate 19% P,0,),
and potassium (potassium salt 60% K,O) doses were 30,
60, and 90 kg/ha, respectively.

The seeds were treated with Gizmo 060 FS
(tebuconazole) at a rate of 50 ml/100 kg grain. Optimal
sowings were carried out on 23/09/2019, 28/09/2020
and 26/09/2021. Delayed sowings were conducted on
23/10/2019, 28/10/2020 and 26/10/2021, as well
as on 22/11/2019, 27/11/2020 and 25/11/2021.
The recommended sowing density for the variety
RGT Comandor is 340 seeds/m?, and for experimental
purposes, it was increased by 10% or 20%. Plant
protection products were used according to the
manufacturer’'s recommendations after prior monitoring
of the plantation. Chemical sprayings (Table 2) were
applied using a tractor-mounted sprayer, with a liquid
volume ranging from 200 to 300 I/ha. Plant development
stages were determined according to the BBCH scale
und Chemische

(Bundesanstalt, Bundessortenamt

Industrie) used in the EU.

In the spring, nitrogen fertilization (ammonium nitrate)
was applied at two dates: at the beginning of vegetation
at a dose of 60 N kg/ha and the stem shooting stage (21
BBCH) at a dose of 60 N kg/ha. For foliar fertilization,
Basfoliar 2.0 36 Extra was used at the following growth
stages: tillering (21 BBCH), flag leaf (39 BBCH) and
earing (51 BBCH), at the doses recommended by the
manufacturer.

Parameter Unit 2019 2020 2021
pH in KCI - 6.1 6.0 57
Humus % 1.4 11 12
P,O. 19.1 18.6 17.3
K,O mg/100 g soil 24.5 22.6 221
Mg 6.6 5.9 5.6
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Table 2. Chemical plant protection treatments

Preparation Active substance Dose (kg/ha or I/ha) Application phase

Expert Met 56 WG tribuzin; 0.35 BBCH 12
flufenacet
2,4-D;

Huzar Active Plus iodosulfuron methyl sodium; 1.0 BBCH 25
thiencarbazone-methyl

Antywylegacz 725 SL + . .

Moddus 250 EC chlormequat chloride + trinexapac ethyl 1.0+0.3 BBCH 30

. prothioconazole; bixafen; spiroxamine;
Boogie Xpro 400 EC N.N-Dimethy! decanamide 1.5 BBCH 39
Karate Zeon 050 CS lambda-cyhalothrin 0.1 beginning of hatching of
cereal leaf beetle larvae
Fandango 200 EC fluoxastrobin; prothioconazole 1.0 BBCH 58
Plant nutritional status (soil plant analysis RESULTS AND DISCUSSION

development, SPAD) was measured using a SPAD
502P chlorophyll meter (Konica Minolta, Japan). Leaf
area index (LAl) was measured using an AccuPAR LP-
80 apparatus (Meter, USA). Leaf stomatal conductance
(Gs) was determined with a Porometer SC-1 apparatus
(Meter, USA). SPAD, LAl (m?/m?) and Gs (mmol/m?s)
measurements were carried out at the flowering stage
(65 BBCH) on 10 flag leaves in the morning.

Ear density was counted on a 1 m? area before harvest.
The number of grains per ear and TSW were counted for
plants harvested from 0.5 m2. The harvest was conducted
using a plot harvester at full maturity (89 BBCH). The
obtained yield was calculated per hectare with a grain
moisture content of 14%.

The chemical composition of the grain (total protein)
was determined using the near-infrared method on a
MPA FT-LSD Spectrometer (Bruker, Germany) in the
laboratory of the Department of Plant Production at the
University of Rzeszow.

The results were statistically analyzed according to
the TIBCO Statistica 13.3.0 (TIBCO Software Inc., Palo
Alto, CA, USA) program. Statistical differences (P < 0.05)
between the analyzed parameters were obtained using
analysis of variance (ANOVA), followed by Tukey's HSD
test.

Air temperatures and precipitation varied between
study years (Figure 1). In autumn, the weather conditions
were favorable for plant growth. Low rainfall was recorded
only in October 2021. During winter, air temperatures
were higher or close to the long-term average. In spring,
air temperatures were similar to the long-term average.
However, the total precipitation was low in April 2020, as
well as in May and June 2022. Below-average rainfall was
also recorded in July and August 2020 and 2022. High
precipitation occurred in August 2021, coinciding with

the grain harvest period.

Precipitation {mm)
Temperature -C

m— 2019/2020

= 2020/2021 = 2021/2022 = Multi-years

----- 2018/2020 - = 2020/2021 —_— 202112022 sseneeees Multi-years

Figure 1. Weather conditions
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Skowera et al. (2023) have shown that in Poland, the
lowest risk of precipitation deficits occurs in May (from
15% to 32%), while the highest risk of rainfall shortage is
observedinJune (from 22% to 56%). This is an unfavorable
phenomenon since from mid-June, winter wheat is in the
so-called grain-filling stage. Jing et al. (2020) and Li et al.
(2020) have suggested that water deficiency is one of the
major environmental limitations affecting the yields of
winter wheat. On the other hand, Xu et al. (2023) have
reported that air temperatures play an equally important
role in the proper growth and development of field crops,
and their unfavorable patterns can be just as detrimental
as a lack of precipitation. From previous studies (Darguza
and Gaile, 2019; Heil et al., 2020; Szczepanek et al.,
2022), it can be concluded that weather conditions often
influence the results of field experiments. Therefore, the
studied parameters or traits of crops vary significantly in
the years of the study or are affected by the interaction
of the factor tested with the experimental years. For
this reason, meteorological conditions have a significant
impact on the results of long-term field trials and their

repeatability in subsequent seasons.

The SPAD index measurement showed that the
most optimally nourished plants were those sown at
the recommended density and time. Increasing the

quantity of seeds sown by 20% significantly reduced
SPAD scores in each variant. As expected, the highest
leaf area index (LAI) was achieved after sowing grain at
the recommended date and increasing seeding density
by 20%. Significantly lower LAI readings were obtained
after sowing at the recommended grain density but
with delayed sowing by 30 and 60 days. There were no
interactions observed between the factors tested on leaf
stomatal conductance (Gs) measurements. On average, in
the present experiment, the Gs index was 576.9 mmol/
m?s (Table 3).

Yin et al. (2023) have shown that taking measurements
on plants during the growing season allows for an increase
in the range of results and evaluates the effectiveness of
the factors tested in experiments. As an example, they
have provided the SPAD measurement, which indicates
the nutritional status of plants and has long been applied
in agricultural practice. According to Shah et al. (2020),
the LAl index is another useful measurement for assessing
the architecture of cultivated plants. The latter authors
showed that with delayed sowing of winter wheat, the
LAl index and plant biomass were reduced. On the other
hand, Li et al. (2023) demonstrated that the size of leaf
stomata and their conductance in winter wheat leaves
decreased due to rising temperatures and drought stress,

Table 3. The influence of the interaction of sowing date and sowing density on selected plant measurements (average over years)

Sowing date Sowing density SPAD LAl (m?/m?) (mmc?ljmzs)
Recommended recommended 53.612 3.78%® 592.52
increased 10% 50.30%* 3.96% 586.22
increased 20% 47.72b 4.052 585.92
30 day delay recommended 52.40% 3.66° 583.22
increased 10% 49.60% 3.87® 575.6
increased 20% 46.54¢ 3.98% 569.8°
60 day delay recommended 51.55% 3.60° 574.92
increased 10% 48.623b¢ 3.79® 566.5°
increased 20% 45.61¢ 3.88% 557.72
Mean 49.5 3.8 576.9

Mean values with different letters () in columns are statistically different (P < 0.05)
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which had a significant impact on photosynthesis and
transpiration. In a previous study, Jarecki and Czernicka
(2022) confirmed the usefulness of field measurements of
plant parameters, such as SPAD, LAl and Gs, in assessing
the effectiveness of fertilization of winter wheat and the
response of plants to the applied fertilizers.

As the sowing density increased, the number of
ears per square meter was also higher. It was shown
that sowing seeds at the optimum date and increased
sowing density by 20% had the most beneficial effect on
ear density. Significantly fewer ears per unit area were
observed after sowing grain at the recommended density
but with a 30 or 60-day delay.

The number of grains per ear was highest when sowing
was carried out at the optimum date and recommended
density. Significantly lower results were obtained when
sowing density was increased by 20% or 10% but when
sowing date was delayed by 60 days.

The most beneficial effect on TSW was achieved by
sowing grain at the optimal date and at the recommended
sowing density or increased by 10%. A significantly lower
TSW was obtained as a result of increasing the sowing
density by 20% in all variants, and in each variant with a
delayed sowing time of 60 days (Table 4).

Sobko et al. (2023) showed in their study that the
number of ears per 1 m? was dependent on the sowing
date. They obtained the lowest number of ears after
sowing wheat on October 1 and November 1. Different
sowing dates did not affect the number of grains per ear,
but significantly modified TSW. These authors achieved
the lowest TSW after sowing wheat on October 10 or 20.
Szczepanek et al. (2022) demonstrated that increasing the
sowing density to 600 seeds/m? increased the number of
ears and grain yield, but only in the year when drought
stress occurred. Additionally, the increased sowing
density contributed to a higher disease pressure. Spink
et al. (2000) observed a significant interaction between
sowing density and the time of sowing winter wheat. The
later the sowings, the more increased sowing densities
resulted in better outcomes. The reduced plant density
was compensated for by a higher number of stems per
plant, number of grains per ear, and to a lesser extent,
TSW. Qiaoyan et al. (2022) reported that winter wheat
yield was more influenced by sowing date than sowing
density. However, they concluded that agriculture
recommendations could vary depending on the variety.
Zecevic et al. (2014) and Dueri et al. (2022) confirmed
that sowing density mainly differentiated the number of

ears per square meter, while the number of grains per

Table 4. The influence of the interaction of sowing date and sowing density on yield components (average over years)

Number of ears

Number of grains Thousand grain weight

Sowing date Sowing density (pcs/m?) per ear ()
Recommended recommended 485.32¢ 41.6* 42.32
increased 10% 506.3* 39.4° 41.6
increased 20% 513.6° 37.2° 39.7°
30 day delay recommended 475.2b¢ 39.72 40.3%
increased 10% 496.43bc 39.32 40.22
increased 20% 503.7%* 37.4° 39.6°
60 day delay recommended 466.5¢ 38.8% 39.3°
increased 10% 493.23bc 37.3° 39.4°
increased 20% 487.73b¢ 37.6° 39.7°
Mean 492.0 38.8 40.2

Mean values with different letters () in columns are statistically different (P < 0.05)
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ear and TSW were modified to a lesser extent. On the
other hand, Zhang et al. (2023) demonstrated that the
number of grains per ear and thousand seed weight were

influenced by varying sowing densities.

On average, in the present experiment, wheat yielded
the highest after sowing at the optimum date and
recommended sowing density. The yield obtained was
8.54 t/ha. Increasing the sowing density by 20% at the
optimum date was unjustified. Delaying the sowing date
by 60 days resulted in a reduced yield. Increasing seed
sowing density by 10% was beneficial when sowing was
delayed by 30 days. However, the increased density of
seeding with a 60-day delay in sowing did not bring the
expected results because the obtained yield differences
were statistically insignificant. Wheat produced the
highest yield (8.49 t/ha) in 2020, with yields decreasing
by 13.4% and 15.1% in 2021 and 2022, respectively
(Table 5).

Shah et al. (2020) demonstrated that winter wheat
yield decreased by 1% with each day of delay in sowing
date. The lower yields were mainly due to a decrease in
yield components and plant biomass. In addition, the
plant developmental stages were shortened and the air
temperature was elevated during the grain-filling period.

Table 5. Grain yield in the years of research (t/ha)

On the other hand, increased sowing density mitigated
yield losses with a one-week delay in sowing, partially
compensated two-week delay, but did not compensate
for the yield decrease in cases of delays exceeding two

weeks.

The results of Sobko et al. (2023) confirmed that
delaying the sowing date of winter wheat resulted in a
decrease in grain yield. The average yields obtained by
the latter authors, depending on the sowing date, were:
September 1 - 5.72 t/ha, September 10 - 5.54 t/ha,
September 20 - 5.41 t/ha, October 1 - 5.45 t/ha, October
10 - 4.87 t/ha, October 20 - 5.11 t/ha, November 1 -
5.06 t/ha. Fu et al. (2023) also reported in their study that
delaying winter wheat sowing reduced yields from 6.14%
to 13.72%; however, increased nitrogen fertilization
alleviated this decline. The application of a higher amount
of nitrogen not only increased the annual yield but also
the income from cultivation, despite the higher costs
incurred.

Ma et al. (2018) demonstrated that the yield of winter
wheat was significantly influenced by the interaction
between sowing date and sowing density. Therefore,
these authors argued that both agronomic measures
should be optimally determined in agriculture practice

Sowing date Sowing density 2020 2021 2022 Mean over the years
Recommended recommended 9.15° 8.42° 8.06° 8.54°
increased 10% 8.98% 8.01%® 7.90% 8.30%
increased 20% 8.06¢ 7.39%¢ 7.31b¢ 7.59°
30 day delay recommended 8.56% 7.15¢b¢ 7.09bcd 7.60°
increased 10% 8.74% 7.44b¢ 7.35b¢ 7.84%®
increased 20% 8.37%® 7.06% 6.95¢ 7.46°
60 day delay recommended 8.13b¢ 6.71¢ 6.48¢ 7.11°
increased 10% 8.11% 6.85¢ 6.78« 7.25°
increased 20% 8.35%® 7.11bc 6.96“ 7.28°
Mean 8.49 7.35 7.21 7.68

Mean values with different letters (*9) in columns are statistically different (P < 0.05)
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depending on habitat conditions. Many publications
(Gandjaeva, 2019; Ren et al., 2019; Liu et al., 2023) have
also demonstrated that timely sowing of winter wheat is
an important element of agronomy affecting the resulting
yields. Korkhova et al. (2023), on the other hand, have
concluded that the size and quality of wheat vyield is
mainly influenced by weather conditions. With respect
to common wheat, the yield difference obtained between
the study years ranged from 5.02 to 6.94 t/ha. Darguza
and Gaile (2019) also showed differences in wheat yields
over the years of their trial, as the yields collected in 2017
(7.17 t/ha) were higher than those obtained in 2018 (6.18
t/ha).

The protein content in the grain exceeded 14% at the
optimal sowing date and recommended sowing density, as
well as when the sowing date was delayed by 30 days and
sowing density was either recommended or increased by
10%. Grain contained the least protein in all variants with
an increased sowing density by 20% and when sowing
was delayed by 60 days sowing density increased by 10%
(Figure 2).

14,2214 12

= 14,12
g 14 I13,9ah1 3.6° I I 13,7 13'gab13.6b1 3.70
12 I I I I l I
recommended sowing 30 day delay 60 day delay

date

mrecommended sowing density mincreased 10% mincreased 20%

Figure 2. Effect of the interaction of the studied factors on pro-
tein content in grain in % DM

A study by Sobko et al. (2023) showed that with
delayed sowing of winter wheat, the protein content in
the grain was higher (for most varieties) compared to
grain harvested from early sowing dates. However, the
differences were not large and generally insignificant.
Mikos-Szymanska and Podolska (2016) reported that
variation in sowing date and sowing density had little
effect on the quality of winter wheat grain. The genotype
and harvest year exerted the main influence on the
chemical composition of the grain. Research conducted
by Korkhova et al. (2023) also demonstrated that the

grain protein content was variable mainly during the years
of the study and ranged from 11.8 to 15.7% DM. On the
other hand, Sattar et al. (2010) and Shah et al. (2020)
proved that delayed sowing of winter wheat increased

the protein content in the grain.

CONCLUSIONS

The weather conditions during the years of the present
research varied and affected winter wheat yields. The
highest yields were obtained in 2020, while in 2021 and
2022, they were lower by 13.4% and 15.1%, respectively.
It was shown that wheat yielded the highest when sown
at the optimal time and recommended sowing density.
This was the result of an increase in the number of grains
per ear and TSW. A 10% increase in seeding density was
well-founded if the sowing date was delayed by 30 days.
In contrast, increasing the density of sowing delayed
by 60 days did not produce the expected results. SPAD
index measurements showed that the plants were most
optimally nourished after sowing at the recommended
time and density. Increasing the amounts of seeds sown
by 20% significantly reduced SPAD readings in all variants.
The largest leaf area (LAI) was acquired after sowing grain
at the recommended date and increasing sowing density
by 20%. Significantly lower LAI readings were obtained
when grains were sown at the recommended density but
with delays of 30 and 60 days. No significant differences
in leaf stomatal conductance (Gs) measurements were
observed. The fewest ears per unit area were obtained
with a 60-day delayed sowing at the recommended
density. The highest protein content in the grain was
obtained at the optimal sowing date and recommended
sowing density. Similar protein content was also acquired
when sowing time was delayed by 30 days and sowing
density was either recommended or increased by 10%.
Grain contained the lowest protein content in all variants
with anincreased sowing density of 20% and when sowing
was delayed by 60 days and density increased by 10%.
In summary, winter wheat should be sown in the study
area at the recommended sowing date and density. An
increase in sowing density by 10% allows to compensate

for the yield loss resulting from a 30-day delay in sowing.
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