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Increasing consumption of plant-based proteins highlights the central role of soybean cultivation.
The purpose of this research was to determine the effect of different planting times on grain yield
and some quality characteristics of regional soybean cultivars. Thus, four soybean cultivars were
planted with three different planting times in a randomized complete block design under the Kosk
conditions of the Aydin region. In addition, soil characteristics of the experimental area were
analyzed, and findings were assessed accordingly. The number of branches per plant, number of
pods per plant, 100-seed weight, number of seeds per pod, days to maturation, grain yield, and
protein content and oil content were evaluated to be significantly influenced by time of planting and
cultivar. The interaction between time and cultivar was significant for number of seeds per pod,
grain yield, and protein content. Grain yield values ranged between 358-395 kg da™!, in which it can
be noted that as planting time was delayed, grain yield decreased. In terms of effective performance,
cultivars applied performed differently according to planting time; the highest yield (395 kg da™")
was obtained from Altinsoy and Cinsoy. Preliminary soil testing for baseline data showed that the
experimental site had uniform soil properties, confirming that all differences in crop performance
were due to plant variety and agronomic practices rather than soil conditions.
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Introduction

Soybean (Glycine max (L.) Merr.) stands as a vital
economic crop throughout the world because it provides
essential plant-based protein and oil for human and animal
nutrition (Hartman et al., 2011). The plant operates through
multiple economic systems because it serves as a food
source for humans and animals and functions as biodiesel
feedstock and supports sustainable agroecosystem
development through its beneficial impact on soil health
which boosts crop yields (Bender et al., 2015). The rising
market need for plant-based proteins creates more value for
soybean cultivation because soybeans contain high protein
content and deliver health advantages (Qin et al., 2022).

Brazil and the USA are the leading soybean producers
globally. In Tiirkiye, annual production is approximately
137.5 thousand tons. The average Turkish soybean yield
reaches 425 kg da™' which exceeds global averages and most
production occurs in Mediterranean provinces (FAO, 2023).

The sowing date functions as a basic agricultural
practice that determines soybean production results
because it controls the entire growth period of the plant

This work is licensed under Creative Commons Attribution 4.0 International License

(Pedersen & Lauer, 2004; Koca & Turgut, 2012). The best
planting time occurs when the growth periods of crops
match up with the most beneficial weather conditions.
Farmers must adopt new agricultural methods because of
the extended heat waves and unexpected heavy rainfall
events. Climate pattern changes create effects on soil
temperature and moisture distribution and nutrient
availability which directly influence plant growth and
agricultural output (Thomas et al., 2024). The plant
achieves its peak production when environmental factors
do not interrupt its required developmental phases (Ahmed
et al., 2002 & Jianing et al., 2022).

In Mediterranean environments such as Aydin—Kosk,
soil sets the stage for soybean performance: early-season
temperature and water dynamics govern emergence,
rooting and stand establishment, and they condition how
sowing date plays out in the field. Deep, permeable profiles
have supported yields above 7 Mg ha™ (Faé et al., 2020).
Even so, after accounting for soil organic matter, planting
date remained the stronger lever (Malone et al., 2024).
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Delays can also raise soil nitrate and suppress biological N
fixation (Barat-Carnino et al., 2022), trimming yield
potential. Choosing an appropriate sowing window while
maintaining sound physical and chemical soil conditions is
therefore central to maximizing yield.

Early sowing offers benefits but carries three recurrent
risks: cold soils that may limit seed germination,
susceptibility to diseases and pests, and late frosts
(Mourtzinis et al., 2019). Postponing sowing shortens the
growing season and typically reduces yields (Calvino et al.,
2003). Here we test three sowing dates for four cultivars
under Aydin—Kosk conditions to quantify the effects on
grain yield and key yield components.

Materials and Methods
Experimental Site and Environmental Conditions

The field experiment was conducted during the 2022
growing season at a producer's field in the Kosk district of
Aydin Province, Tiirkiye. The site is characteristic of
Mediterranean agroecosystems, with hot, dry summers and
cool, wet winters. Meteorological conditions were
monitored throughout the experiment. Temperatures
exceeded 40°C in July, coinciding with the reproductive
growth stages of the plants. The vegetative period also
experienced unseasonal heavy rainfall. Meteorological
data, including daily mean, minimum, and maximum
temperatures, as well as total precipitation, are presented
graphically (Figure 1).

Experimental Design and Treatments

The study was conducted using a randomized complete
block design with a factorial treatment arrangement with
three replications. The factors were three planting dates
and four cultivars of soybeans. Planting date treatments
were as follows: (1) Early planting (April 14, 2022), (2)
Mid planting (May 13, 2022), and (3) Late planting (June
13, 2022). Four soybean cultivars representative of the area
following: Umut, Altmsoy, Cinsoy, and Mona. These
correspond to the Table 1 codes as follows: C1 = Umut, C2
= Altinsoy, C3 = Cinsoy, C4 = Mona. Each experimental
unit was consisted of four 5 m rows with a 70 cm distance
between them. The middle two rows were used for
observations.

Temperature (°C)

Precipitation (mm)

A\

A\

Figure 1. Meteorological conditions during the 2022
soybean growing season

Crop Management and Cultural Practices

We used standard farming practices in the region to
prepare the soil for seed planting. The soil received 4 kg
da' N, 6 kg da™' P-0Os, and 6 kg da' K.O before planting,
followed by 4 kg da™* N at the V3 growth stage to promote
plant development. The field was irrigated three times by
surface flooding, with each event supplying approximately
60 mm of water, resulting in a seasonal total of 180 mm.
The experimental area is situated at 37.85°N, 27.84°E, at
an elevation of 120 m above sea level.

Plants were thinned at the 2—4 leaf stage to maintain an
optimal density of 40 plants per square meter. Weeds were
controlled manually by hoeing. The plots were regularly
checked for diseases and insect pests, but no significant
infestations were observed during the trial.

Data Collection and Measurements

Ten representative plants from each plot were
randomly selected for detailed measurements. The
following characteristics were quantified: plant height,
height to first pod, days to maturity, branches per plant,
pods per plant, seeds per pod, 100-seed weight, grain yield,
protein content, and oil content.

Soil Analysis

Soil samples were collected prior to planting from the
0-30 cm depth to facilitate characterization of the site.
Standard laboratory procedures were employed to quantify
critical physical and chemical characteristics. PH of the
soil was measured in a 1:2.5 suspension of water to soil
(McLean, 1982). Standard laboratory procedures were
employed to quantify critical physical and chemical
characteristics. PH of the soil was measured in a 1:2.5
suspension of water to soil (McLean, 1982). Estimation of
organic carbon was by the Walkley—Black method
(Walkley & Black, 1934). The Bouyoucos hydrometer
method (Bouyoucos, 1962) was employed to estimate
particle size distribution. Available phosphorus was
extracted by the Olsen method (Olsen & Sommers, 1982)
and exchangeable potassium by 1 M ammonium acetate
and was measured by flame photometry (Thomas, 1982).
Estimation of total nitrogen was by following the Kjeldahl
method (Bremner, 1996) and by core method for
measuring the bulk density (Blake & Hartge, 1986).
According to the USDA classification system, the soil
texture was determined to be loam based on the analysis of
particle size distribution.

Statistical Analysis

Statistical analyses of agronomic and quality traits were
performed using analysis of variance (ANOVA) under a
randomized complete block design with the JMP software
package (version Pro 13) (Gomez & Gomez, 1984).

We studied soil characterization data to verify plot
uniformity and to understand existing soil patterns. Before
planting, a single composite soil sample was collected from
each plot to a depth of 0-30 cm. Statistical analyses were
performed in R version 4.3.2 (R Core Team, 2025) using
the readx! (Wickham & Bryan, 2025), dplyr (Wickham et
al., 2023), car (Fox & Weisberg, 2019), rstatix
(Kassambara, 2023), and broom (Robinson et al., 2025)
packages. Within-group normality was assessed using the
Shapiro-Wilk test, and homogeneity of variances was
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evaluated with Levene’s test. We employed one-way
ANOVA (response ~ cultivar) for cultivar-assigned plot
difference analysis when assumptions were valid and we
provided n? effect sizes, but used the Kruskal-Walli’s test
when assumptions failed to hold. The analysis of soil
variable relationships through Pearson's correlation
coefficient generated numerical results which Spearman's
p confirmed through its robustness evaluation. P-values
were adjusted for multiple comparisons via the Benjamini—
Hochberg procedure, and all tests were two-sided with the
significance threshold set at a. = 0.05.

Results
Agronomic and Quality Traits

The average days to maturity varied between 124- 133
days (Table 1). Both cultivar and sowing date were
significant; the interaction was not significant. Among the
cultivars, Altinsoy was the earliest (average 125 days). The
maturity period was shorter in the second and third sowing
dates, likely due to higher temperatures and a shortened
vegetation period. Other studies have reported more
extended maturity periods under different conditions
(Akgun & Canci, 2023).

Two-way ANOVA (Table 2) showed that cultivar was
significant for all traits, while sowing date was significant

for maturity (days), branches per plant, pods per plant, 100-
seed weight, seeds per pod, grain yield, protein content,
and oil content (but not for plant height or height to first
pod). The cultivar x sowing date interaction was significant
for seeds per pod, grain yield, and protein content, but not
significant for the remaining traits, including oil content.

The average plant height ranged from 89.5 to 106.5 cm
(Table 1). While the effect of sowing date was not
statistically significant, the effect of cultivar was, with
Umut and Altinsoy exhibiting greater plant heights. These
results are consistent with other studies (Karasu et al.,
2002).

The height of the first pod varied between 16.4 and 21.9
cm (Table 1). The effect of cultivar was significant, with
Umut and Altinsoy showing higher values. The expression
of this trait depends on both genetic makeup and
environmental conditions (Kang et al., 2017; Kuzbakova et
al., 2022).

The number of branches per plant ranged from 1.2 to
4.4 pcs (Table 1). Branches per plant showed significant
effects of both cultivar and sowing date; the interaction was
not significant. The longer growing season of early sowing
enables branching because plants can better absorb soil
moisture and nutrients before summer heat becomes severe
(De Bruin & Pedersen, 2008; Irmak et al., 2018).

Table 1. Average values of the agronomic and quality traits assessed in the experiment.
SD C MD PH HFP BPP PPP SW SPP GY PC OC
C1 126.0102.7 20.2 4.0 28.9 17.7 1.2 385.0 35.3 25.8
. C2 126.7100.0 16.5 4.4 32.9 16.7 14 395.0 35.1 25.2
(April 14 2022) C3 130.7 89.7 17.1 35 36.8 20.7 1.7 395.0 33.2 25.8
C4 133.395.3 18.0 4.2 447 18.7 1.9 371.7 33.7 25.8
Mean 129.2 96.9 18.0 4.0 35.8 18.4 1.6 386.7 34.3 25.7
C1 125.3106.5 21.9 25 25.7 16.7 15 380.0 35.2 255
(May 13 2022) C2 124.0102.1 18.3 2.7 29.1 14.7 19 365.0 35.3 25.0
C3 128.3915 18.2 2.7 35.8 19.7 1.8 385.0 340 254
C4 132.095.7 17.7 1.5 42.0 17.3 1.8 360.0 339 255
Mean 127.498.9 19.0 2.3 33.2 17.1 1.8 3725 346 25.4
C1 124.7105.0 20.9 2.1 25.7 16.3 15 370.0 355 25.8
(June 13 2022) C2 124.0100.0 17.7 1.7 28.5 14.3 1.9 365.0 35.4 25.4
C3 128.090.5 17.3 1.9 347 19.3 1.8 378.3 34.3 25.8
C4 130.095.0 16.4 1.2 40.7 16.7 1.8 358.3 34.2 25.8
Mean 126.7 97.6 18.1 1.7 32.4 16.7 1.7 367.9 348 25.7
CcVv 1.01 2.45 7.73 21.93 5.38 3.45 8.28 1.23 7.67 1.18

SD: Sowing Dates; C: Cultivars; MD: Maturity Days (day); PH. Plant Height (cm); HFP: Height to First Pod (cm); BPP: Branches per Plant (pcs); PPP:
Pods per Plant (pcs); SW: 100-seed weight (g); SPP: Seeds per pod; GY: Grain Yield (kg da-1); PC: Protein Content (%); OC: Oil Content (%)

Table 2. Analysis of variance (ANOVA) for the characteristics in the experiment.

Source |df MD PH HFP BPP PPP SwW SPP GY PC ocC
Blocks 2 0083 892 2.173 1.13 15.61 0.19 0.043 13.194 3.888 0.166
Cultivar |3 9543 344.35 28.61 0.69 423.42 33.66 0.309 806.25 6.227 0.494
Sowing Date| 2 19.75 12.36 4.24 16.84 38.97 10.02 0.15 1146.53 0.884 0.416
C*SD 6 1.157 1.845 1.249 0.63 1.44 0.25 0.078 99.33 0.158 0.02
Error 16 1.68 5.79 2.024 5.729 3.34 0.36 0.02 21528 0.174 0.102
Total 35
LSDc 1.93* 3.14* 2.22* 0.51* 4.56* 0.63* 0.26* 7.1* 0.95* 0.25*
LSDsp 1.09* ns ns 0.39* 1.56* 0.51* 0.12* 3.98* 0.36* 0.27*
LSDC*SD ns ns ns ns ns ns 0.23* 7.97* 0.71* ns

C: cultivar; SD: sowing date; df:degrees of freedom. MD: Maturity Days; PH: Plant Height; HFP: Height to First Pod; BPP: Branches per Plant; PPP:
Pods per Plant; SW: 100 Seed Weight; SPP: Seed per Pods; GY: Grain Yield; PC: Protein Content; OC: Oil Content; *, **: p<0.05,0.01; ns:non-

significant.
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Figure 2. Baseline soil chemistry (0-30 cm) by cultivar: (a) pH (1:2.5), (b) CaCOs (%), (c) organic carbon (%), (d)
total N (mg kg™), (e) available P (mg kg™), (f) exchangeable K (mg kg™). Each dot is an observation; boxes show the
median and interquartile range (IQR), whiskers extend to 1.5 IQR; n = 3 blocks.

The number of pods per plant ranged from 25.7 to 44.7
pcs (Table 1). Pods per plant showed significant effects of
cultivar and sowing date; with no significant interaction.
The number of pods functions as a critical yield factor
which depends on environmental conditions that affect the
flowering and pod formation periods (Andrade et al.,
2005). The number of pods increases when planting occurs
early, but delayed planting results in fewer pods (Beatty et
al., 1982; Pedersen & Lauer, 2004).

The 100-seed weight ranged from 14.3 to 20.7 g (Table
1). The 100-seed weight was affected by both cultivar and
sowing date, but the interaction was not significant. The
cultivar Cinsoy had the highest average value (19.8 g). The
first sowing date (18.4 g) also resulted in a higher 100-seed
weight.

Seeds per pod showed significant effects of cultivar and
sowing date, and the cultivar x sowing date interaction was
significant; simple effects are reported. Early-sown
soybeans often benefit from favorable soil moisture, and
seed number typically decreases as sowing is delayed
(Pedersen & Lauer, 2004).

Grain yield showed significant effects of cultivar and
sowing date, and a significant cultivar x sowing date, as
well as a significant cultivar X sowing date
interaction;these differences are interpreted using simple
effects. Means were higher with earlier calendar dates
(consistent with the significant sowing-date main effect).
Grain yield values ranged from 358-395 kg da™' (Table 1).

For quality traits, protein content showed significant
cultivar, sowing date, and interaction effects. The oil
content was significantly affected by cultivar and sowing
date, while the interaction between these factors was not
significant.

Soil Characterization
The experimental site showed even pedological traits
within the top 0-30 cm of the soil profile, as determined by
preliminary sampling that produced a single composite
sample for each plot. Baseline soil properties did not differ
among cultivar-assigned areas (Benjamini-Hochberg
adjusted; g-value>0.10) the distributions overlapped across
groups. Total N, available P, and exchangeable K are
presented in Figure 2; physical water variables are in Figure
3. No significant differences were detected after BH
correction (q > 0.10); visual overlaps in medians and IQRs
support pre-treatment homogeneity. Pre-treatment soils were
homogeneous across cultivar-assigned plots (0-30 cm), as
indicated by overlapping boxplots (Figures 2-3) and BH-
adjusted tests (q > 0.10). This justifies attributing treatment
effects to agronomic factors rather than initial soil gradients.
Soils are typical of the area's pattern for irrigated
Mediterranean alluvium, pH ~ 8.0 and CaCO; and organic
carbon between 1-2%, within the lower boundary for
calcareous Mediterranean profiles described by Petruzzelli &
Pedron (2020) and by Duran et al. (2024). Distribution for loam
particle size places the field in loam and silty loam classes that
describe the great majority of irrigated Mediterranean fields
(Duran et al., 2024). Readings for bulk density at 1.34 g cm™
reflect slight compaction and suitable porosity for the root zone;
within the typical loam range of =1.2—1.6 g cm, with a central
tendency near 1.3 g cm=, depending on structure and organic
matter (USDA NRCS, 2023; Blake & Hartge, 1986; Hillel,
2004). Readings for water retention at field capacity of 30 vol.
% and available water capacity (AWC) of 11-12 vol. % are
typical of calcareous Mediterranean references (Duran et al.,
2024). The range for available water capacity (AWC) at 11 vol.
% was derived from median readings at —33 and —1500 kPa.
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Figure 3. Baseline soil physical and water variables by cultivar: (a) bulk density (g cm™), (b) clay (%), (c¢) field capacity
(vol.%), (d) permanent wilting point (vol.%), (e) available water capacity (vol.%). Boxplot conventions as in Figure 2.
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Figure 4. Pearson correlation matrix (r) among baseline soil properties (0—30 cm). Numbers in cells are correlation
coefficients (r); cells are grayed when not significant after Benjamini—Hochberg correction (g > 0.10)
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Clay was positively associated with field capacity and
permanent wilting point, and field capacity was positively
associated with available water capacity (AWC); non-
significant relationships were grayed after Benjamini—
Hochberg adjustment (q > 0.10).

Upon verification of the homogeneity of the soil,
analysis indicated generally favorable conditions for
soybean cultivation, with regionally specific issues.
Favorable root growth and nutrient retention are facilitated
by the loamy texture (Sato et al., 2015). The texture,
accompanied by a moderate water-retentive capability,
indicates the need for supplemental irrigation, as
maintaining constant soil moisture is crucial for optimal
output (Irmak et al., 2018). The slight alkalinity of the pH,
typical for the region, increases the availability of
macronutrients but may reduce selected micronutrient
availability. The moderate availability of organic matter
and of nutrients indicated sufficient basal fertilization to
accommodate early establishment but showed that the
productive potential of the soil is under the influence of
management practices to promote the availability of
nutrients during the growth period (Bender et al., 2015).
Under these conditions, the fertility of the soil failed to
become a significant limiting factor among cultivars;
instead, it served as a constant background for comparing
how agronomic management could draw out the optimal
productive potential of the soil (Huang et al., 2010; Tong
etal., 2014; Pendke et al., 2025).

Discussion

The initial soil characteristics were not significantly
different between the different cultivar sections because
Benjamini—-Hochberg adjusted q values exceeded 0.10
(Figures 2—-3). The pre-treatment soil conditions showed no
differences between groups because their distribution
ranges overlapped confirming the initial soil homogeneity
and demonstrating that treatment responses stem from
agricultural practices rather than soil gradients.

The soil samples represent the standard characteristics
of irrigated Mediterranean alluvium found in this region
because they have a pH of 8.0 and contain 1-2% CaCO:s
and organic carbon levels that match the lower end for
calcareous Mediterranean soils according to Petruzzelli &
Pedron (2020); Durdn et al. (2024). The field's loam
particle-size distribution places it within the loam and silty
loam categories which according to Duran et al. (2024),
dominate the soil types of irrigated Mediterranean
agricultural land. The measured bulk density of 1.34 gcm™
shows that the soil has minimal compaction and root-zone
porosity which falls within the normal range of loam soils
(USDA NRCS, 2023; Blake & Hartge, 1986; Hillel, 2004).
The water retention measurements at 30 vol. % field
capacity and approximately 11 vol. % available water
capacity match the expected values for calcareous
Mediterranean soils, as reported by Duran et al. (2024).
The available water capacity (AWC) was =11 vol. % based
on median values at —33 and —1500 kPa.

The analysis confirmed soil homogeneity before
showing that the soil conditions support soybean
cultivation but present unique difficulties in specific areas.
The loamy soil structure creates an optimal environment
for plant root development and nutrient storage according

to Sato et al. (2015). The combination of soil texture with
its moderate water retention properties demonstrates the
necessity for supplemental irrigation because plants need
consistent moisture levels to reach their maximum
production potential (Irmak et al., 2018). The region's
slightly alkaline soil pH enables macronutrient availability
but restricts the absorption of particular micronutrients.
The soil contains average levels of organic matter and
available nutrients which indicates that initial fertilization
supported early growth but requires ongoing management
strategies to optimize nutrient availability during the entire
growing season (Bender et al., 2015). The soil fertility
levels were not the main constraint for cultivar
performance because they established a consistent base to
evaluate how different management approaches could
optimize soil productivity (Huang et al., 2010; Tong et al.,
2014; Pendke et al., 2025).

Conclusion

In this one-season Mediterranean study, cultivar
selection was the most influential driver of grain yield and
most agronomic traits, and the sowing-date main effect on
yield was significant. A significant cultivar x sowing date
interaction for protein concentration (but not for pods per
plant) indicates that sowing windows should be genotype
specific rather than universal. Baseline soils were uniform,
slightly alkaline loams with moderate organic matter and
therefore non-limiting; thus, the responses reflect genetic
and management factors rather than edaphic variability.
Earlier sowing nudged the mean vyield upward and
supported key components in several cultivars. In practice,
prioritize cultivar choice; where feasible, test early-to-mid-
spring sowing for responsive genotypes while maintaining
soil moisture and limiting heat stress during reproduction.
Evidence from multiple years and sites is still needed to
assess seasonal risk and establish genotype-specific
windows in Mediterranean environments.
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