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Abstract: The popularization of soybean cultivation in Central Poland is progressing due to the
European Soy Declaration signed by 13 member states in Brussels on 17 July 2017. Hence, this
research was initiated under the European Innovation Partnership on phenotyping soybean cultivars
in two regions, i.e., Kuyavian-Pomeranian and Greater Poland for integrated systems. The aim of this
study was to determine soybean potential in the agrotechnical and agroclimatic conditions, with the
selection of the most suitable cultivars for tillage and no-tillage cultivation in the region of Central
Poland. Strict field research was carried out in six locations from 2018–2020 on 20 cultivars selected
in terms of their earliness of maturation to the climatic conditions. On the basis of meteorological
data, it was found that half of the plantations suffered from drought stress, as evidenced by the
hydrothermal coefficients (K) for the growing season of soybean K < 1.2. The significant multivariate
relationship (R = 0.67; p < 0.001) between the hydrothermal coefficient K and the vegetation period
days (VPD) as the predictors of the soybean yield was determined by the regression equation
Y(yield) = 21.8 + 12.0 X(K) + 0.20 X(VPD). A significant multivariate relationship (R = 0.43; p < 0.01) was
also found between the seed yield, hydrothermal coefficient K and the protein content, quantified
with the regression equation Y(protein) = 32.6 + 0.25 X(Yield) + 0.28 X(K). In the no-tillage system
of cultivation, the seed yield of soybean constantly increased with increasing K (+32.3% between
dry/relatively dry and optimal periods, +22.4% between optimal and humid periods), while in
the tillage system, the yield increased by 22.1% only when K rose from optimal to humid. In the
seasons with optimum and humid conditions, no-tilled soybean produced more oil, in comparison
to the season of dry conditions, and the opposite trend was found with the greater oil content in
the tillage system. Meanwhile, a higher protein content was observed in the tillage system under
humid conditions. All soybean cultivars were grouped according to the cluster analysis (k-means)
with ANOVA in terms of vegetation period in days, seed yield, oil, and protein content for tillage
and no-tillage cultivation. The study confirmed that soybean might be considered in the future as a
profitable crop in Central Poland and create perspective for a low-input source of protein and oil.

Keywords: soybean; yield; protein; oil; phenotyping

1. Introduction

The soybean plant is native to Southeast and East Asia, where its cultivation dates back
to 5000 years ago. In its home territory, soybeans are called “wonder plants” or “cows” [1]
due to their wide application in nutrition and drug production [2]. Soybean (Glycine max)
recognition as one of the most valuable crops in the world is largely due to the unique
chemical composition of its seeds (18–22% oil and 33–45% protein) [3]. Common soybean
(Glycine max (L.) Merrill), also known as veg soybean, belongs to the family Fabaceae,
subfamily Faboideae, tribe Phaseole. Soybean is commonly used in human and animal
nutrition and constitutes a raw material utilized in many industries, including biofuel and
drug production [4,5]. Global soybean production has been increasing significantly over
the last decades and is forecasted to continue increasing at least until 2030 [6,7]. The value
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of soya in livestock and human nutrition and industry has not yet been fully exploited [8,9].
In 2020, approximately 360 million tons of soybean seeds were produced worldwide. The
annual production of soybean meal is approximately 220 million tons, which constitutes
almost 70% of the total plant meal production [10]. Increasing the soybean cultivation area
in Europe, including for fodder purposes, is one of the assumptions of the European Soy
Declaration signed by 13 member states in Brussels on 17 July 2017 during the meeting of
the Council of Agriculture Ministers of the European Union [11].

In Europe, soybean is grown in 22 countries, including Poland and all the countries
adjacent to Poland. The history of soybean in Europe began in the first half of the 18th
century, where it was initially cultivated in the Paris Botanical Gardens. Soybean was
cultivated on an industrial scale in the 19th century in Austria, Germany, France and
Italy [12]. In 2021, the EU’s soybean production was 2.93 million tons, and the main
soybean producers are Italy, France, and Romania [11]. Raw soybean oil, a high-value
unsaturated fatty acid [13], accounts for over 43 million metric tons of global production.
Moreover, edible oil amounts to 26.7% of the total and the rest of it is used for animal
feed [10,14].

Despite the long history of soybean cultivation in Poland, the crop area of its produc-
tion has been presented annually as 14–25 thousand hectares in the last decade [15]. Due
to the climatic and soil conditions, the southeastern region seems to be most suitable for
soybean cultivation in Poland [16,17]. Moreover, the cultivation of soybean follows the
trend of soil conservation made by no-tillage practices and by biochar application, which
may have serious environmental and socioeconomic impacts [18]. It consists of leaving
organic matter in the soil and reducing the intensity of soil cultivation, as well as lowering
the carbon footprint [19–21].

Climate variability is one of the most important factors that influences each year
the effects of agricultural production, even in high-input and high-technology advanced
agricultural areas [22,23]. Some studies were dedicated to determining the limitations for
soybean cultivation resulting from temporal variability of climate elements [24], aiming
to adapt particular plant cultivars to projected changes in thermal conditions and water
balances in the area of the United States [25]. The opinion that an increase in temperature
and lengthening of the vegetation period was observed all across Poland has been con-
firmed for over 10 years [26–28]. However, scenarios on the fluctuations in the amount of
precipitation in Central Europe are ambiguous [29–31].

A strong argument in favor of the popularization of soybean cultivation in Poland
has to do primarily with an increasing number of cultivars being adapted for cultivation
in our climate and, compared to other legumes, higher nutrient content and lower soil
requirements [12]. The production of native soybean in Poland remains at a relatively
low level, as a consequence of the high import rate of soybean meal for feed [17]. For
cultivar breeding, high-yielding environments contribute to maximizing the expression
of genetic yield potential, even if the yield potential is not reached under farmers’ field
conditions [32,33]. In addition, the selection of cultivars in unfavorable environments with
lower yield potential, such as low fertility and high weed incidence, helps to identify more
resilient cultivars [34], and it is largely unknown how breeding affects this performance
in modern cultivars compared to older ones, especially the response to high temperatures
and drought.

The approach for the study was planned due to the need of implemented research
by soybean consortium for Central Poland. The aim of these studies was to determine
whether soybean can be produced in the agrotechnical and agroclimatic conditions of
Central Poland and what level of yield as well as oil and protein content can be considered.
The second important goal was to select the cultivars most suitable for tillage and no-tillage
cultivation, depending on the hydrothermal conditions. The third goal was to study the
response of soybean to drought stress that accompanied half of the plantations in the
studied space-time.
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2. Material and Methods
2.1. Location of the Field Trials and Soil Conditions

Field trials were conducted at six locations in 2018–2020 in Central Poland and in two
regions, i.e., Kuyavian-Pomeranian and Greater Poland. Research and development works
were carried out under the project name ‘Moja Soja’ (My Soybean), which operated on
the basis of the Consortium Agreement signed on 27 July 2017. The members form the
operational group, belonging to the European Innovation Partnership (EIP), referred to
in Art. 56 of the Regulation of the European Parliament and of the Council of Europe of
17 December 2013, for the purpose of joint implementation of the operation involving the
development and implementation of innovative solutions in selected farms cultivating
and feeding soybeans. An operation called “Soybeans in the Kuyavian-Pomeranian and
Greater Poland provinces-innovative solutions in cultivation and feeding for farms”. The
first part of the study concerns the production results of the soybean crop, protein and oil
contents based on experimental work carried out at three experimental stations (Mochełek,
Minikowo and Grocholin) and on the farms participating in the consortium (Rakowo,
Witrogoszcz, Jędrzejewo) (Table 1).

Table 1. Coordinates and soil characteristics of the study sites.

Site Latitude Longitude
Particles (%)

Texture N 1 P K OM pH
Sand Silit Clay

Mochełek 53◦20′ N 17◦86′ E 84.7 14.3 1.1 Loamy sand 0.17 238 216 1.8 6.6
Minikowo 52◦21′ N 16◦56′ E 80.5 17.6 1.9 Loamy sand 0.45 185 235 1.6 6.9
Grocholin 52◦99′ N 17◦42′ E 56.0 23.0 21.0 Sandy (clay) loam 0.70 182 197 1.2 6.2
Rakowo 53◦52′ N 19◦20′ E 64.1 33.5 2.4 Sandy loam 0.12 158 196 1.4 6.8

Witrogoszcz 53◦15′ N 17◦15′ E 82.7 15.5 2.8 Loamy Sand 0.54 178 216 1.4 6.7
Jędrzejewo 52◦51′ N 16◦36′ E 58.5 35.6 5.9 Sandy loam 0.32 167 234 2.2 6.8

1 N—nitrogen (%), P—phosphorus (mg kg−1), K—potassium (mg kg−1), OM—organic matter (%).

Field trials were conducted on 36 square-meter experimental plots, repeated three
times at each site in blocks. Cultivar plots contained 12 rows, each 12 m long with 0.25 m
row spacing. The harvested area was limited to the 10 rows, excluding 0.5 m from the edges.

The soil conditions with particle-size distribution exhibited sandy loam at three lo-
cations (Grocholin, Rakowo and Jędrzejewo) and loamy sand at another three locations
(Mochełek, Minikowo and Witrogosz). The soil showed a neutral pH (in 1 M KCl 6.2–6.9)
(PN-ISO 10390:1997P). The soil was characterized by medium to very high availability of
phosphorus (158–238 mg P kg–1 soil) (PN-R-04023:1996P) and high potassium availability
(196–235 mg K kg–1 soil) (PNR-04022:1996/Az1:2002P). The humus content was at a level
of 1.2–2.2% (KQ/PB-34), whereas the nitrogen content ranged from 0.12 to 0.70% (Table 1).
These data represent the averaged status of macronutrient content in the spring.

2.2. Cropping Practice

The twenty non-GMO soybean (Glycinia max (L.) Merrill) cultivars, originating from
the EU common catalogue of agricultural cultivars (CCA) or from the Polish catalogue
(https://coboru.gov.pl, accessed on 29 July 2022), were chosen for the investigation. The
relative maturity of cultivars is classified according to both EU and Polish catalogues as very
early type (0000), named here as the 1st group–3 cultivars, mid-early type (000+), named as
the 2nd group–3 cultivars, late early type (000), named as the 3rd group–5 cultivars, late
type (00), named as the 4th group–9 cultivars (Table 2). Cultivar selection was justified by
the region’s climatic conditions and by the breeder recommendation, so soybeans should
be harvested no later than October 10th. The duration of the period from sowing to harvest
when soybean reaches the full maturity stage (BBCH 89) is written here as VPD (vegetation
period in days). Each cultivar has the same VPD range as it obtained in the years of
study. The propagation material was treated with nodulating bacteria (Bradyrhizobium

https://coboru.gov.pl
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japonicum) NPPL HiStick® BASF. Soybean was grown in an integrated system without
monocultural practices and with chemical products used for macrophage control. The most
frequent fore-crops were small cereal species (wheat, barley, and triticale) and corn (Table 3).
Two different soil practices were used in the study. Soil cultivation based on plow tillage
at three sites (Mochełek, Minikowo and Grocholin), e.g., skimming and harrowing, (in
order: autumn: plowing; spring: harrowing, NPK application, cultivation with harrowing,
seeding, harrowing). A no-tillage system was used in three other locations (Jędrzejewo,
Rakowo and Witrogoszcz) using a stubble cultivator: grubber and cage roller instead of
skimming and cultivating instead of autumn plowing); in the spring, the same agronomic
operations were carried out as under the plow tillage system. Mineral fertilization was
applied before seeding at the following rates: N 30 kg ha–1, P 40–75 kg ha–1, K 60–80 kg ha–1.
Fertilizer rates were determined based on the nutritional requirements of the crop plant
and soil nutrient availability. The dates of sowing were between 30 April in Grocholin in
2019 and 9 May in Rakowo in 2018. The decision of the term sowing depended on the soil
temperature, which must reach a minimum of 8 ◦C.

Table 2. Cultivar characteristics in alphabetic order used in the study.

Cultivar Origin Years of Study Earliness Group Sites of Study # Vegetation (VPD)

Abaca AT 2019, 2020 1st (0000) G, Mo, J, R, W 130–135
Abelina AT 2018, 2019, 2020 2nd (000+) G, J, Mo, Mn, R, W 135–144
Aligator FR 2018, 2019, 2020 4th (00) J, R, W 144–152
Amarok DE 2018, 2019, 2020 3rd (000) G, Mo 140–146

Annushka UA 2018, 2019 1st (0000) W, Mo, G 100–130
Anser RU 2018, 2019, 2020 3rd (000) G, Mn, R, W, J 130–141

Augusta PL 2018, 2019, 2020 1st (0000) Mo, Mn, G 120–127
Aurelina AT 2019, 2020 4th (00) Mo, Mn, R, W 142–151

Bohemians CZ 2018, 2019, 2020 3rd (000) G, Mo, J, R, W 135–142
Comandor FR 2018, 2019, 2020 4th (00) G, Mo, J 140–151

Erica PL 2018, 2019, 2020 2nd (000+) G, Mo, Mn 127–138
Favorit RU 2018, 2019, 2020 4th (00) G, Mo, Mn 147–155
Galice CH 2018, 2019 4th (00) G, Mo 145–154
Mavka PL 2018, 2020 4th (00) W, Mn 142–145

Mayrika CZ 2018, 2019 2nd (000+) G, Mo, J, W, R 130–143
Merlin AT 2018, 2019 3rd (000) J, Mo 128–135
Obelix AT 2018, 2019 4th (00) G, J, Mo, W, R 138–146
Silesia CZ 2018, 2019 4th (00) G, J, Mo, W 140–150
Sirelia AT 2018, 2019, 2020 4th (00) G, Mo, Mn 136–149

Violetta PL 2018, 2019 3rd (000) R, W 134–140
# Mo-Mochełek; Mn-Minikowo; G-Grocholin; R-Rakowo; W-Witrogoszcz; J-Jędrzejewo.

Weed control was necessary every year and site, with the first treatment performed
after sowing soybeans using metribuzine (Sencor Liquid 600 SC, 0.55 L ha−1 at BBCH
00-03) or pendimetaline (Stomp Aqua 455 CS, 1.5 L ha−1 at BBCH 00-05). The emergence of
soybean cultivars varied in the years and locations from DAS 13 in Witrogoszcz in 2020
to DAS 30 in Jędrzejewo in 2019. The plant density was 40–60 per m2, depending on the
year and sites (data not presented here). Each trial was monitored weekly to control plants
from the diseases and pests. The second applications of herbicides, as well as the fungicidal
and insecticidal treatments, are presented in Table 3. Methyl thiophanate (a compound
from the benzimidazole group) has been used in several places in some seasons against
septoriosis—Brown spot soybean leaf spot, application term from a developed trifoliate leaf
on the second node until the pods are fully ripe (BBCH 12-79). Acetamipride (a compound
from the group of neonicotinoids) was used to control the bean legume pest at the stage of
pod and seed development (BBCH 70).
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Table 3. Agrotechnical characteristics in the sites and years of the study.

Site Year Pre-Crop Soil
Cultivation

Sowing
Date

Emergency
DAS # Herbicides 1 Fungicide 2 Insecticide 3

Mochełek
2018 Triticale Tillage 05/04 20 I-Met., II-Bent. + Imaz. - -
2019 Wheat Tillage 05/05 23 I-Met. + Fluf. Thioph.-methyl Acet.
2020 Triticale Tillage 05/02 24 I-Pend., Bent. + Imaz. - Acet.

Minikowo
2018 Seed corn Tillage 05/07 19 I-Met., II-Bent. + Imaz. - -
2019 Seed corn Tillage 05/02 24 I-Met., II-Bent. + Imaz. Thioph.-methyl Acet.
2020 Triticale Tillage 05/08 24 I-Pend., II- Bent. + Imaz. Thioph.-methyl Acet.

Grocholin
2018 Seed corn Tillage 05/02 18 I-Met., II-Bent. + Imaz. Thioph.-methyl Acet.
2019 Wheat Tillage 04/30 22 I-Met., II-Bent. + Imaz. Thioph.-methyl Acet.
2020 Wheat Tillage 04/31 16 I-Pend., II- Bent. + Imaz. Thioph.-methyl Acet.

Rakowo
2018 Seed corn No-tillage 05/09 16 I-Met., II-Bent. + Imaz. - -

2019 Seed corn No-tillage 05/07 24 I-Met. + Fluf., II-Clet.
+Bent. + Imaz. Thioph.-methyl Acet.

2020 Seed corn No-tillage 05/08 14 I-Pend., II- Bent. + Imaz. Thioph.-methyl Acet.

Witrogoszcz
2018 Barley No-tillage 05/08 25 I-Met., II-Clet. +

Bent. + Imaz. - -

2019 Silage corn No-tillage 05/07 15 I-Met. + Fluf., II-Clet.
+Bent. + Imaz. Thioph.-methyl Acet.

2020 Triticale No-tillage 05/05 13 I-Pend., II- Bent. + Imaz. - -

Jędrzejewo
2018 Rape No-tillage 05/04 16 I-Met., II-Bent. + Imaz. - -

2019 Barley No-tillage 04/30 30 I-Met. + Fluf., II- II-Clet.
+Bent. + Imaz. - Acet.

2020 Wheat No-tillage 05/02 14 I-Pend., II- Bent. + Imaz. - -

# DAS—days after sowing; 1 Abbreviations of active substances of herbicides, commercial names, doses and stage:
I-Met. Metribuzine (Sencor Liqiud 600 SC, 0.55 L ha−1 BBCH 00-03), II-Bent. + Imaz. Bentazone and imazamox
(Corum 502.4 SL, 1.25 L ha−1, BBCH 12-25), I-Met. + Fluf. Metribuzine and flufenacet (Plateen 41.5 G, 2 kg ha−1),
I-Pend. Pendimetaline (Stomp Aqua 455 CS, 1.5 L ha−1 BBCH 00-05), II-Clet. Clethodim (Select Super 120 EC,
0.8–2.0 L ha−1 BBCH 13-59). 2 Abbreviations of active substances of fungicide, commercial name, doses and
stage: Thioph.-methyl. Thiophanate-methyl (Topsin M 500SC, 1.5 L ha−1, BBCH 12-79). 3 Abbreviations of active
substances of insecticide, commercial name, doses and stage: Acet. Acetamipride (Mospilan 20SP, 0.2 L ha−1,
BBCH 61-70).

2.3. Measurements

Soybean was harvested with a plot-harvester Wintersteiger® AG, depending on the
cultivar earliness (Table 1). Seed moisture was determined by drying a defined quantity of
seed for 2 h at 120 ◦C, calculating the moisture content and using it to adjust the seed yield
(dt ha−1) to 14% moisture content. Crude protein content (%) according to PN-EN ISO
5983-1:2006 was analyzed by Kjeltec 2200 Auto Distilation® Tecator, and the oil content (%)
according to PN ISO 6492: 2005 by Soxtec system HT 1043 Extraction Unit® Tecator [35].

2.4. Weather Conditions

Weather data, i.e., precipitation and air temperature, were collected during the study
from the nearest weather stations (Table 4). The three vegetation seasons of soybean,
namely May–September, were valorized using the hydrothermal coefficient (K) according
to the equation:

K = 10P/t, (1)

where P is the precipitation total and t is the sum of the daily mean air temperature values.
The classification for Poland’s temperate climate is K < 1.0 dry season; 1.1–1.2 relatively dry
seasons; 1.3–1.6 optimal humid; and K > 1.7 humid season [36]. The calculated K values are
presented in Table 5.
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Table 4. Monthly sum of precipitation and monthly mean temperatures during seasons at the sites of
the study.

Month

Precipitation (mm) Temperature (◦C)
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2018
April 40.0 36.4 71.0 46.0 15.0 46.0 12.0 12.0 11.1 9.9 11.8 11.2
May 14.2 9.8 5.5 30.0 7.0 8.0 16.9 17.0 17.0 16.8 16.5 16.8
June 26.7 19.2 21.0 40.0 16.0 38.0 18.4 18.3 17.8 18.5 17.6 19.2
July 86.0 34.6 44.0 15.0 70.0 86.0 20.5 20.2 20.7 20.7 20.2 20.1

August 23.7 20.8 31.5 28.0 15.0 42.0 19.9 20.2 20.6 18.6 19.3 19.5
September 17.0 11.4 32.5 34.5 26.5 76.5 15.6 15.5 16.7 16.0 16.3 15.8

Sum 207.6 132.2 205.5 193.5 149.5 296.5 Mean 17.2 17.2 17.3 16.8 17.0 17.1

2019
April 1.5 4.2 9.0 30.0 45.0 5.0 9.3 9.3 9.1 8.5 8.7 8.9
May 89.2 58.2 86.5 95.0 55.0 39.0 12.1 12.0 13.5 14.1 15.0 14.6
June 17.7 19.2 33.5 65.0 75.0 21.0 21.9 21.6 22.0 21.5 22.0 22.3
July 22.4 16.8 45.0 50.0 15.0 52.5 18.6 18.5 19.0 19.3 19.2 18.9

August 37.7 36.2 35.5 61.0 1.5 45.0 19.7 19.7 20.2 20.3 19.9 20.5
September 98.5 72.6 76.5 45.0 19.5 87.0 13.5 13.2 14.2 14.2 13.9 14.6

Sum 267.0 207.2 286.0 346.0 211.0 249.5 Mean 15.9 15.7 16.3 16.3 16.5 16.6

2020
April 0.7 3 13.4 56.5 50.6 26.7 8.2 8.2 7.9 7.5 8.0 8.1
May 34.6 23.8 35.6 76.8 67.4 98.6 10.9 10.8 10.8 10.9 11.0 10.8
June 153.9 114 123.0 95.4 87.6 123 17.9 17.7 17.6 17.5 18.0 17.9
July 85.1 78.6 65.0 75.6 55.4 65.7 18.0 18.0 17.9 18.1 17.7 18.1

August 90.0 60.4 76.8 65.4 78.8 59.5 19.2 19.3 19.5 19.3 19.0 19.1
September 71.2 70.4 67.5 56.9 67.7 89 14.4 14.6 15.3 14.2 14.3 14.4

Sum 435.5 347.2 367.9 370.1 356.9 435.8 Mean 16.1 16.1 16.2 16.0 16.0 16.1

Table 5. Hydrothermal coefficient (K) calculated for the seasons 2018–2020 for the study sites.

Study Site 2018 Classification 2019 Classification 2020 Classification

Mochełek 0.8 Dry 1.5 Optimal humid 2.2 Humid
Minikowo 0.4 Dry 1.2 Rel. dry 1.7 Optimal humid
Grocholin 0.6 Dry 1.5 Optimal humid 1.9 Humid
Rakowo 0.7 Dry 1.5 Optimal humid 2.0 Humid

Witrogoszcz 0.6 Dry 0.8 Dry 1.9 Humid
Jędrzejewo 1.1 Rel. dry 1.2 Rel. dry 2.4 Humid

2.5. Statistical Methods

Analysis of variance (ANOVA) was determined (Table 6) using a mixed model with
cultivar and site effect as fixed and year as a random block replication model. The charac-
teristics (yield, protein, oil, VPD and K) were checked for normality by Shapiro–Wilk’s test.
The HSD Tukey’s test was used for the means significance differences (p = 0.05) and for the
visualization of the means separation on figures. The multivariate regression by the forward
method was calculated, taking yield, protein and oil as dependent attributes from year K
and VPD as independent variables. The goodness of fit of the regression parameters was
evaluated by Student’s t-test (p = 0.05). The division of soybean cultivars into groups that
differed significantly in terms of yield, protein, oil and VPD (also in tillage and no-tillage
cultivation) was made using cluster analysis (CA) with the k-means method. Confirmation
of significance between groups was performed via ANOVA with the grouping variable.
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The calculations were performed in the STATISTICA 13.0 program (TIBCO Software Inc.,
Palo Alto, CA, USA).

Table 6. Mean squares from the three-way analysis of variance for the seed yield, protein content and
oil content of soybean.

Source of Variation df Yield Protein Oil

Year 2 4446 *** 130.1 *** 0.98
Site 5 430.9 *** 19.4 * 1.33

Cultivar 19 151.4 *** 25.6 * 1.72 *
Year × site 10 33.1 *** 12.8 0.75

Year × cultivar 25 33.3 *** 29.7 * 1.19
Site × cultivar 32 46.3 *** 1.26 0.84

Residual 314 4.07 12.6 0.68
df—degrees of freedom; *—p < 0.05; ***—p < 0.001.

3. Results
3.1. Soybean Yield

From 2018 through 2020, the seed yield for soybean cultivars planted in two regions of
Central Poland averaged 9.81 dt ha−1 (cv. Augusta, at Mochełek in 2018) to 39.29 dt ha−1

(cv. Aligator, at Jędrzejewo in 2020) (data not present). The main factors, e.g., cultivar,
site and year, had individually strongly differentiating (p < 0.001) effects on yield, and
they interacted (Tables 6 and 7, Figure 1). In 2020, across the locations and cultivars, the
highest mean of soybean yield, i.e., 32.2 dt ha−1, which was higher in comparison to the
average yield in 2019 (27%) and the average yield in 2018 (40%), was noted (Table 7). In six
locations in the growing season in 2018 and in three locations in 2019, soybean plantations
received insufficient sums of precipitation, ranging from 132–207 mm. The hydrothermal
coefficient K ranged from 0.4 to 1.2, indicating that half of the plantations experienced
drought conditions during the three years of the study (Table 5). The 2020 season had
an optimal distribution of rainfall and temperature for soybeans, as both parameters are
indicated by the hydrothermal K coefficient ranging from 1.7 to 2.4, namely, optimal and
humid conditions (Table 5). The highest average yield in 2020 was noted on the sandy
loam soil (e.g., in Jędrzejewo and Rakowo) obtained from the soybean cultivars at the
3rd group of earliness (Figure 1). The interaction of soybean yield depending on the sites
and years with various precipitation was thoroughly studied by multi-regression analysis
(2). We found a significant multivariate relationship (R = 0.67; p < 0.001) between the
hydrothermal coefficient K and the vegetation period day VPD as predictors of soybean
yield. The standardized multi regression coefficient b = 0.56 (p < 0.001) was found for
the relation between K and yield, while for the VPD and yield, the standardized multi
regression b = 0.25 (p < 0.001), which can be quantified with the regression equation:

Y(yield) = 21.8 + 12.0 X1(K) + 0.20 X2(VPD) (2)

As producers of soybean have no influence on the K coefficient, they can decide what
type of soybean group and the cultivars they choose, which reflects VPD. Each day of VPD
from the range 100–155 increases the production of soybeans by 20 kg of seeds per ha.
Meanwhile, each unit of hydrothermal coefficient increases the yield of soybean by 1200 kg
of seeds per ha (Figure 2).
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Table 7. Seed yield, protein content and oil content in seed depending on the soybean earliness,
cultivars, and years of study. Mean ± standard error from the sites of study in Central Poland.

Cultivar
Yield (dt ha−1) Protein (%) Oil (%)

2018 2019 2020 2018 2019 2020 2018 2019 2020

Earliness group 1st (0000)

Abaca - 22.4 ± 1.75 32.6 ± 1.30 - 39.6 ± 3.95 42.8 ± 1.45 - 21.3 ± 0.10 21.8 ± 1.30
Annushka 9.25 ± 1.58 12.8 ± 0.45 - 37.6 ± 0.24 44.1 ± 1.45 - 20.7 ± 0.85 22.4 ± 0.45 -
Augusta 13.7 ± 1.77 12.7 ± 0.73 24.1 ± 0.72 38.4 ± 0.25 40.4 ± 2.80 45.8 ± 0.60 21.7 ± 1.77 23.5 ± 1.05 21.5 ± 0.45

Earliness group 2nd (000+)

Abelina 24.8 ± 2.96 22.6 ± 1.74 33.1 ± 0.44 43.0 ± 1.64 40.6 ± 1.93 44.3 ± 0.59 23.1 ± 0.22 22.9 ± 0.32 22.1 ± 0.20
Erica 19.8 ± 2.06 13.5 ± 2.72 28.5 ± 1.52 44.9 ± 2.23 39.5 ± 0.83 46.0 ± 0.40 21.3 ± 0.12 22.0 ± 1.17 22.8 ± 0.23

Mayrika 25.6 ± 0.93 19.2 ± 1.16 - 41.0 ± 1.18 43.5 ± 0.94 - 21.9 ± 0.93 21.7 ± 0.26 -

Earliness group 3rd (000)

Amarok 22.8 ± 3.80 16.8 ± 1.40 32.2 ± 1.05 38.4 ± 0.50 44.1 ± 1.20 45.1 ± 1.20 21.9 ± 0.05 20.5 ± 0.50 21.8 ± 0.50
Anser 20.7 ± 1.70 16.3 ± 0.52 33.1 ± 1.56 38.5 ± 0.50 40.3 ± 2.45 45.9 ± 0.65 22.1 ± 0.10 21.7 ± 0.45 22.2 ± 0.90

Bohemians 24.5 ± 3.36 20.1 ± 3.32 34.0 ± 0.95 47.1 ± 2.55 40.3 ± 2.67 46.2 ± 0.95 22.7 ± 0.70 22.9 ± 0.96 22.4 ± 0.65
Merlin 22.6 ± 2.87 18.9 ± 5.20 - 41.5 ± 0.55 39.4 ± 2.80 - 22.6 ± 0.50 23.1 ± 0.85 -
Violetta 22.9 ± 1.15 15.1 ± 0.25 - 43.2 ± 1.45 36.8 ± 1.15 - 21.9 ± 0.56 22.2 ± 0.95 -

Earliness group 4rd (00)

Aligator 31.3 ± 0.87 28.7 ± 3.25 35.5 ± 0.95 42.3 ± 0.80 42.9 ± 2.60 43.5 ± 1.30 23.5 ± 0.10 22.3 ± 1.05 22.2 ± 1.00
Aurelina - 15.5 ± 0.50 30.9 ± 2.85 - 37.9 ± 0.10 44.9 ± 0.70 - 22.9 ± 0.95 22.3 ± 0.80

Comandor 22.4 ± 1.10 19.0 ± 3.52 33.4 ± 0.79 38.9 ± 0.57 41.3 ± 1.69 44.7 ± 1.47 21.7 ± 0.20 22.6 ± 0.67 22.6 ± 0.27
Favorit 21.5 ± 0.96 16.4 ± 4.42 34.7 ± 3.63 42.8 ± 3.26 37.6 ± 0.10 43.9 ± 0.33 22.2 ± 0.60 21.2 ± 0.61 21.9 ± 0.59
Galice 23.3 ± 1.78 16.1 ± 0.18 - 36.0 ± 0.55 41.6 ± 1.65 - 23.1 ± 0.30 22.9 ± 0.45 -
Mavka 22.2 ± 1.80 - 31.2 ± 1.15 44.3 ± 1.10 - 44.9 ± 0.95 19.9 ± 1.25 - 19.5 ± 0.65
Obelix 22.2 ± 2.00 19.6 ± 1.56 - 40.8 ± 1.97 40.4 ± 1.66 - 22.4 ± 0.20 21.6 ± 0.41 -
Silesia 24.4 ± 0.91 16.2 ± 2.80 - 46.3 ± 2.08 40.8 ± 1.90 - 22.5 ± 0.55 22.6 ± 0.29 -
Sirelia 26.3 ± 2.93 17.1 ± 2.34 31.5 ± 0.92 43.6 ± 3.44 44.0 ± 0.80 45.4 ± 1.13 23.4 ± 0.25 21.3 ± 0.23 22.7 ± 0.32
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Figure 1. The seed yield (dt ha−1) depending on the earliness of soybean. Means ± confidence intervals
(p = 0.95) from cultivars planted in 2018–2020 in Central Poland. # Various letters indicate the
heterogenous groups according to the HSD Tukey’s test at p = 0.05.
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3.2. Protein and Oil Contents

Protein content had a significant influence on the cultivar, site and year of study,
and cultivar and year interacted with the protein content (Table 6). The highest average
protein content was in 2020—44.7%, while in 2018 and 2019, the averages were significantly
lower and reached 41.7% and 41.1%, respectively (Table 7). An interaction of genetically
attributed protein content in cultivars and the years of study was found (Figure 3). In the
first quartile of the highest protein contents, eight cultivars were planted in 2020 (Amarok,
Anser, Bohemians, Erica, Sirelia, Augusta, Aurelina, and Mavka), while in 2018 three
cultivars were planted, i.e., Bohemians, Erica, and Silesia (Figure 3). Meanwhile, the oil
content depends just on the cultivar effect; it was stable over the years, as well as in the sites
of study, and showed no interaction between effects (Tables 6 and 7, Figure 4). The highest
content was obtained from the cultivars Bohemians, Galice, Merlin, Aligator and Aurelina.
A moderate negative correlation (r = −0.45, p = 0.05) was detected for the relationship
between oil and protein in soybean seeds, indicating a 0.1% decrease in oil for each percent
increase in the protein content in seeds (Figure 4).

We found a significant multivariate relationship (R = 0.43; p < 0.01) between the protein
content and seed yield, and hydrothermal coefficient K. The standardized multi regression
coefficient b = 0.14 (p < 0.01) was found for the relationship between yield and proteins,
while for the K and protein content, the standardized multi regression b = 0.09 (p < 0.002),
which can be quantified with the regression equation (Figure 5):

Y(protein) = 32.6 + 0.25 X1(Y) + 0.28 X2(K) (3)
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Figure 4. The contents of protein (%) and oil (%) in soybean cultivars and the correlation between
protein and oil. Means ± confidence intervals (p = 0.95) from sites in Central Poland, 2018–2020.
# Various letters indicate the heterogenous groups according to the HSD Tukey’s test at p = 0.05.
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Figure 5. The relationship between soybean protein content (%), seed yield (dt ha−1) and hydrother-
mal coefficient (K).

The protein content in the seed increases per 0.25%, following the increasing seed
yield by 100 kg per ha, and per 0.28% in consequence of K increasing.

3.3. Tillage Versus No-Tillage Cultivation

The two-way ANOVA showed that the interaction between the cultivation system and
the hydrothermal coefficient for oil content (F = 4.04), protein content (F = 5.19) and soybean
yield (F = 4.47) was significant (Figure 6). In tillage cultivation, the yield of soybean under
dry and optimal hydrothermal conditions was uniform and significantly lower by 4.45 dt
per ha (22.1%) than that under humid hydrothermal conditions. However, in no-tillage,
the seed yield increases significantly with the increase in the hydrothermal coefficient. The
relative differences between the dry and relatively dry periods and the optimal periods
were plus 6 dt per ha (32.3%), and those between the optimal and wet periods were plus
5.5 dt per ha (22.4%). A reverse trend was noted in the oil content depending on the
hydrothermal conditions during tillage and no-tillage cultivation, with the highest oil
content in dry and relatively dry seasons in the tillage cultivation (22.5%) and in humid
conditions in the no-tillage system (22.6%). Under optimal humidity conditions, the oil
content of soybeans was at a similar level in both cultivation systems and averaged 22.3%.
In terms of protein content in soybeans, a significant difference was observed between the
tillage system at high hydrothermal coefficients compared to the no-tillage system and
optimal humidity, ranging from 3.9% points. It is interesting that under conditions of dry
and relatively dry weather, the protein content was at the same level regardless of the
cultivation system (Figure 6).
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Figure 6. The effect of tillage/no-tillage system and hydrothermal conditions on soybean. Means ± 
confidence intervals (p = 0.95) of years and cultivars studied in 2018–2020 in Central Poland. # Various 
letters indicate the heterogenous groups according to the HSD Tukey’s test at p = 0.05. 

3.4. Usefulness of Soybean Cultivars for the Cultivation System 
Based on the k-means (CA) analysis, two clusters significantly different in terms of 

such characteristics as vegetation period in days (VPD), yield, and oil content were ob-
tained, but they did not differ in protein content (Figure 7). Significantly higher seed yield 
and higher oil content provided the cultivars with an average VPD of 143 ± 2 day (Abelina, 
Aligator, Aurelina, Bohemians, Comandor, Favorit, Galice, Merlin, Obelix, Sirelia and Si-
lesia) compared to the cultivars grouped around VPD 132 ± 3 day (Abaca, Amarok, An-
nushka, Answer, Augusta, Erica, Mavka, Mayrika, Violeta). 
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Means ± confidence intervals (p = 0.95) of years and cultivars studied in 2018–2020 in Central Poland.
# Various letters indicate the heterogenous groups according to the HSD Tukey’s test at p = 0.05.

3.4. Usefulness of Soybean Cultivars for the Cultivation System

Based on the k-means (CA) analysis, two clusters significantly different in terms
of such characteristics as vegetation period in days (VPD), yield, and oil content were
obtained, but they did not differ in protein content (Figure 7). Significantly higher seed
yield and higher oil content provided the cultivars with an average VPD of 143 ± 2 day
(Abelina, Aligator, Aurelina, Bohemians, Comandor, Favorit, Galice, Merlin, Obelix, Sirelia
and Silesia) compared to the cultivars grouped around VPD 132 ± 3 day (Abaca, Amarok,
Annushka, Answer, Augusta, Erica, Mavka, Mayrika, Violeta).

After grouping analysis, it turned out that soybean varieties have varying suitability
for the cultivation system, which was confirmed on the basis of average values from the
years of research and location. For the tillage system, the cultivars with VPD 143.8 were
more useful in terms of yield, to which belong: Abelina, Amarok, Aurelina, Bohemians,
Comandor, Favorit, Galice, Mavka, Obelix, Silesia and Sirelia. The cultivars in the tillage
system did not differentiate with oil and protein content. Meanwhile, in no-tillage culti-
vation, the group of higher utility (including yield and oil content) consists of Abelina,
Aligator, Bohemians, Comandor, Merlin, Obelix and Silesia with VPD 140.2 (Table 8).
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Table 8. Clusters of soybean cultivars in terms of vegetation period days, seed yield, oil content
and protein content for tillage and no-tillage cultivation system. Means ± standard errors from the
locations and research years 2018–2020 in Central Poland.

Characteristic
Tillage No-Tillage

Cluster 1 Cluster 2 p Cluster 1 Cluster 2 p

VPD (day) 128.3 ± 3.33 143.8 ± 1.31 <0.01 131.2 ± 6.55 140.2 ± 2.06 <0.05
Yield (dt ha−1) 19.5 ± 2.07 22.0 ± 0.84 <0.01 18.5 ± 2.49 27.3 ± 1.34 <0.01

Oil (%) 22.1 ± 0.15 22.3 ± 0.17 0.42 21.2 ± 0.45 22.6 ± 0.10 <0.01
Protein (%) 41.2 ± 0.55 42.2 ± 0.53 0.23 42.3 ± 1.33 41.9 ± 0.66 0.83

Cultivars

Abaca
Annushka,

Anser,
Augusta,

Erica,
Mayrika,
Merlin,

Abelina,
Amarok,
Aurelina

Bohemians,
Comandor,

Favorit,
Galice,
Mavka,
Obelix,
Silesia,
Sirelia,

Annushka,
Mavka,

Mayrika,
Violetta,

Abelina,
Aligator

Bohemians,
Comandor,

Merlin,
Obelix,
Silesia,
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4. Discussion

When starting this study, the UE common catalogue of agricultural plant cultivars
(CCA) included 300 soybean varieties, while in Poland, there were 14 cultivars in the
national variety register [37,38]. Currently, the number of cultivars has increased three-fold
and reached 40 in the Polish catalogue. Thus, the hypothesis was put forward that progress
in the selection of cultivars will also have practical significance for Central Poland. The
demand for feed protein is covered only in 20% of domestic production. To reduce the
import of soybean meal from GMOs, a national program was implemented for 2016–2020
in terms of increasing the use of domestic fodder protein for high production quality of
animal products in conditions of sustainable development. It is a common idea of many
European countries [39], with the main purpose of creating opportunities to increase the
protein security of the country for feed and food purposes.

The original data of a three-year study in six locations in Central Poland allowed for
the drawing of several important conclusions regarding the reaction of soybean yield to
cultivar selection. Our study confirmed previous world reports [40,41] that the soybean
response was primarily dependent on genetically fixed maturation, which we defined here
as the vegetation period days (VPD). In the Central Poland region, the highest-yielding
cultivars belong to group 3rd, where VPD was defined here between 130–142 day. This is an
update until the recent opinion that in Poland, between 52nd and 53rd latitudes, in which
the research was conducted, the soybean cultivars must be the early and medium-early
group [42]. Moreover, a significant relationship was found on 20 soybean cultivars between
VPD and yield, which indicated that each day of vegetation period extension (in the range
100–150 days) increased the yield by 20 kg per ha. Yield improvement of 26 soybean
cultivars released over the past 50 years in southern Brazil was described by Umburanas
et al. [41]. The average rate of yield gain was 45.9 kg per ha per year (relative growth
2.1%). The authors see this progress in breeding through attributes such as seed number
per area and harvest index, less susceptibility to lodging, and reduced plant mortality. On
the other hand, an American study confirmed that the main abiotic factors influencing
soybean yield are solar radiation and the availability of rainfall [43]. According to American
research, delaying soybean sowing causes a yield loss of 0.09 to 1.7% per day. It is known
that the cultivars grown in America (Brazil, US) belong to the GM group, and the seed
traits cannot be compared to the nGMO genotypes, although certain issues such as sowing
delay or tendency to lodging may be discussed here, as a Polish study [44] also confirmed
that delayed sowing leads to a significant decrease in yield. Our research was guided by
the principle of adapting the soybean sowing date to the phenological phase of cherry
bloom, which is convergent with the soil temperature needed for soybean germination
in the range of 8 to 10 ◦C [17]. According to this rule, all plantations were sown within
10 d between 30 April and 9 May, which ensured the proper development of seedlings and
further ontogenesis.

A study carried out in this region in 2000–2015 led to inconclusive results regarding
thermal conditions for soybean [45]. First reports concluded that temporal variability con-
cerning moderate and strong frosts in late spring increases the risk of soybean plantation
disruption. We state that adapting soybean cultivars to the thermal conditions in Central
Poland does not seem to be a problem; however, vegetal seasons with insufficient rainfall
become problematic. Water conditions for soybean cultivation in Central Poland in this
study and the variability of the hydrothermal coefficient confirmed the results of an intensi-
fied occurrence of drought [7]. The evidence of nine periods without precipitation or with
low precipitation ranging from April to September 132–207 mm indicate drought syndrome.
The obtained image of changes in the climatic risk for soybean cultivation in the area of
Central Poland is generally consistent [46] and it confirms certain aspects of the theses
related to climate warming [47]. This problem also occurs in other soy-growing regions,
for example in the Krasnodar region, where the sum of active temperatures (above 10 ◦C)
increased up to 218 ◦C/10 year and precipitations decreased down to 20.9 mm/10 year
from 1987–2015 [48]. Generally, predictive models indicate precipitation decreasing in
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southern Europe and increasing in northern Europe. Although, the position of the exact
border line at which the positive or negative climate change signal starts is not certain; it
varies over a broad band somewhere between mid-Scandinavia and the Alps, within which
Poland is located [49].

Hydrothermal coefficient (K), which combined two meteorological parameters, i.e.,
temperature and rainfall, based on our data and according to the trends recorded by
Ziernicka-Wojtaszek and Kopicińska [36] was estimated. We believe that K is a convenient
and appropriate solution in two aspects: 1. the pattern of temperature and precipitation
expressed in one value of K alters two distributions into one, ready for the statistical
analysis (multi regression, ANOVA, cluster analysis); 2. the incidences of space-time in
four terms (dry, relatively dry, optimal humid, and humid) provide the rank classifications
of entire periods, which are easy and legible to describe. In 2018, in all locations where
the research was conducted, K indicated drought or relative drought. In 2019, the three
locations were classified into dry and relatively dry conditions, and the three others had
optimal humid conditions. In 2020, humid conditions for soybean were applied at all
sites. We propose the “optimal humid” for soybean, when K = 1.3–1.6, and “humid season”
when K > 1.7. Actually, the most humid season in this investigation (with K = 2.4, at
Jędrzejewo in 2020) did not reveal severity for soybean plantations, except for the need
to dry soybeans up to 14% after harvest, which is standard practice for sale or storage
seed. Such a weather pattern prompted us to analyze the soybean yield along with the
hydrothermal coefficient, which is original and may be very useful in practice. We found
a relationship between K and the yield of soybean that indicated an increase in yield of
120 kg per ha for each increase of 0.1 of K. A study in the Pennsylvania region showed
that total rainfall is positively correlated with the yield of soybeans, and the determination
ranges between 57–67%, with yield variability up to 72% in [50].

In response to drought stress, soybeans experience reduced growth to alleviate the
stress effect and activate tolerance pathways to ensure an adjusted metabolism, which
is similar to other plants, for combating drought stress [51,52]. The primary metabolites
(carbohydrates, amino acids, lipids) are differentially accumulated in soybean leaves,
although they decrease to a lesser extent than under heat stress [53]. Drought stress is
mostly responsible for the accumulation of major carbohydrates, such as glucose, fructose,
sucrose and raffinose, which indicates that in response to drought, soybean growth is
restricted, and more carbohydrates are stored [54]. A study on drought-tolerant and
drought-sensitive soybean cultivars indicated that under drought stress, more than 50% of
genes related to various metabolic processes increased in expression independent of the
tolerance factor [55]. In this study, protein and oil contents were investigated, as they are
the two most important parameters of seeds of global usefulness for humans and animals.
Soy protein is a more important component in the Polish market because most high-protein
feeds come from soybeans. The analyses showed here that the percentage of protein in
seeds depends on hydrothermal conditions and cultivar selection. Generally, in the humid
season of 2020, the protein content was higher than that in the dry seasons of 2018 and 2019.
Water stress reduces the protein content of soybeans and confirms the results of Borowska
and Prusiński [56] with the temperature dependence of the protein content. Michałek and
Borowski [57] showed that periodic drought increased the percentage of proteins with
a significant differentiation of cultivars. This finding was reflected in our study in the
case of cv. Bohemians and Silesia in 2018, although most of the 3rd quartile of protein
content (>45%) was attributed by cv. Augusta, Erica, Amarok, Anser, Bohemians, and
Sirelia, planted in 2020. The positive relationship between protein content and average daily
temperature was described by Chen et al. [51]. Moreover, Novikova et al. [48] demonstrated
that protein content has been increasing following longevity of the period with temperature
above 22 ◦C and decreasing with a rise in precipitation over a period of temperature above
18 ◦C. We also found positive relation between protein content and hydrothermal coefficient
K accompanying the seed yield.
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The balance between protein and oil content is still weighty, as the trend of negative
correlation between protein and oil contents in soybean seeds was found here (r = −0.45),
similar to the results described for Brazlinian’s cultivars [41]. The oil content in seeds was
significantly varied between cultivars at the level of p = 0.05 and was highly attributed to
the cv. Bohemians, Galice, Merlin, Aligator, and Aurelina. China’s studies showed that seed
oil concentration increased significantly with soybean cultivar yield increase [58], while our
results did not confirm this relationship. The accumulation of oil promoted by an increase
of the hydrothermal coefficient over the period with temperatures above 19 ◦C and in
late-maturating cultivars was prevented by a prolonged autumn period with temperature
below 15 ◦C [48]. This coincides with current reports that late-maturating varieties have an
increased oil content in the no-tillage system.

There are various practical systems to help farmers avoid stressful circumstances.
To minimize the late season drought stress effect on yield, Chebrolu et al. [59] proposed
shifting the planting and harvest times by incorporating maturity, groups III–V, in soybean
cultivation. A study conducted in one location in southeastern Poland in 2014–2017 pro-
vided data on the tillage/no-tillage treatment and monoculture/crop rotation practice on
soybean cv. Merlin [60]. Authors declare that the seed yield was higher by 10.3% in tilled
soil compared to the no-tilled and by 5% in monoculture than in rotation. Our experiments
were conducted at six locations in various soil and hydrothermal conditions on 20 cultivars
in the crop rotation system. We obtained a more complex pattern of tillage/no-tillage
effects depending on the hydrothermal coefficient. In no-tillage soil, the yield of soybean
constantly increased with increasing K (32.3% and 22.4%), while in tillage soil, the yield
increased only when K rose from optimal to humid (22.1%) conditions. In areas with low
rainfall, it is important to practice water conservation cultivation to ensure retention of
the highest amount of rainwater. No-tillage practices involving the replacement of the
plow with implements that do not turn the soil over offer this possibility to agricultural
producers. No-tillage performs best in a dry climate, and crop yields are often equal to or
higher than those obtained under conventional tillage [61]. Inconclusive results are found
regarding the tillage system on the oil and protein content. Under no-tillage conditions, a
higher seed protein content and a lower fat content were found in the case of cv. Merlin
cultivated in southeastern Poland [60]. However, an increase in fat yield per hectare for
non-tilled soybean has also been obtained [62,63]. The crucial issue of protein and oil
content in relation to seed yield and agronomic and hydrothermal conditions should be
considered. We found that no-tilled soybean produced more oil in seeds in the seasons
with optimum and humid conditions, while in the season of dry conditions, the opposite
trend was found with the greater oil content in the tillage system. Meanwhile, a higher
protein content was observed in the tillage system under humid conditions. The soybean
cultivars studied here showed high variability in yield and protein and oil contents. An
important finding from this study is that the new nGMO cultivars maintain genetically
high protein levels with increasing yields. The genetic disposition of the oil varies to a
much lesser extent than that of the protein and is less susceptible to variation depending
on weather conditions. This may be a good perspective for the further development of
soybean production in Central Poland.

5. Conclusions

The novelty of this research is a proposal for the evaluation of soybean cultivars
for tillage and no-tillage systems suitable for the region of Central Poland. Considering
that seed yielding, protein and oil content are economically important, and their level
varies between cultivars depending on the type of soil cultivation, decisions should be
made skillfully in relation to the selection. It is very important to be able to recognize and
evaluate this uncertainty by examining the temporal variability of climatic and agroclimatic
indicators in terms of agricultural practice in this area. This is essential for the consideration
of adaptation to future climatic conditions in this region. As a result of changes in the
global climate, the zones for cultivation of specific soybean cultivars can be shifted. As
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the choice of soybean cultivars alters the underyielding of protein and oil for farmers, it is
important to understand these changes to develop adaptation strategies for resources and
development planning.
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