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Abstract: Soybean is an important natural source of isoflavones, but their concentration is likely to be
influenced by external factors, such as climatic conditions and soil tillage systems. However, there is
minimal information about the effects of such external factors on the isoflavone concentration in
soybeans grown in Europe. Therefore, in this study, field experiments were established in Romania to
investigate the potential impacts of three different soil tillage systems—conventional, minimum tillage
and no-tillage—on crop yields and the isoflavone concentration of soybeans for three experimental
years, 2014-2016. Our experimental results indicated that the soil tillage systems had little impact on
the soybean yields each year. However, the 2016 yield was found to be higher than the 2014 and 2015
yields under all three soil systems. For every experimental year, the higher yield was recorded by
the conventional system, followed by the minimum tillage system and no-tillage system under first
weed control (weed control two (wct2): S-metolaclor 960 g/L, imazamox 40 g/L and propaquizafop
100 g/L). Likewise, the soil tillage system did not have a significant influence on the total isoflavone
concentrations. Nevertheless, we noticed some variations in the individual isoflavone concentration
(daidzin, genistin, glycitin, daidzein, genistein) in each year. Altogether, the minimum tillage and
no-tillage systems may be employed as a suitable soil tillage system in soybean farming without an
impact on the total isoflavone.

Keywords: isoflavone concentrations; soybean; HPLC; minimum tillage; no-tillage

1. Introduction

Soybean and soy products are consumed worldwide due to their high nutrient contents
and bioactive components [1]. In particular, soybean is an essential source of isoflavones [1,2].
Isoflavones belong to a group of flavonoids: mostly in the glycosidic conjugated forms (e.g., daidzin,
genistin and glycitin) but also in the aglycones (e.g., daidzein and genistein) [3-5]. Numerous studies
suggest that the isoflavones in soybeans and soy products may have positive health effects,
such as anti-oxidant, anti-inflammatory, anti-diabetic, anti-microbial, anti-arthritic, anti-obesity,
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anti-hyperlipidemic, cardioprotective and anti-cancer effects [6-9]. Due to these purported effects,
soybean products were widely marketed and sold as a health food product [1,10]. In fact,
the concentration of isoflavones in soybeans has been reported to be modulated by many factors,
such as genotype climatic conditions (e.g., temperature and precipitation) [4,11-18]. However, there is
little information about the impacts of soil tillage systems on the isoflavone concentration in soybeans
grown in Europe.

Romania is one of the major soybean producers in Europe, cultivating soy on 178,000 hectares
with a production of 260,000 tons of soybeans [19,20]. In fact, there are five very suitable regions for
soybean cultivation in Romania: (1) the Southern Romanian Meadow and Dobrogea, (2) the Banat and
Crisanei Meadow, (3) the Northern Romanian Meadow, (4) Eastern and Northern Moldova and (5)
Western/Southwestern Transilvania and the Northwestern Meadow. In these regions, a conventional
soil tillage system has been widely practiced for years. The conventional soil tillage system is specifically
better used in areas rich in humus, clayey or argillaceous soils. However, the continual practice of this soil
tillage system often leads to some negative outcomes, such as the stratification, structural degradation
and fertility reduction of soil, because it often requires plowing deeper and stirring more soil than
in the conservative soil systems (e.g., minimum tillage and no-tillage) [20]. In fact, soil structural
erosion and reduced fertility are very challenging issues in not only Romania but also other European
countries due to limited farmlands [20]. For this reason, in Romania, the conservative soil tillage
systems were recently introduced for soybean production because these soil systems often maintain a
high production potential of the soil through maintaining optimal nutrient and structural/biological
conditions in the soil [21,22]. Currently, conservative soil management (e.g., minimum tillage and
no-tillage) is practiced on approximately 10% of the arable land in Romania and is expected to be
expanded in the future. However, there is limited information about the effects of soil tillage systems
on the yield and isoflavone concentration of soybeans grown in Romania. Therefore, in this study;,
field experiments were established in Romania for three experimental years (2014-2016) in order to
investigate the effects of different soil tillage systems (conventional, minimum tillage and no-tillage)
on the isoflavone concentration and the crop yield of soybeans.

2. Materials and Methods

2.1. Materials

Soybean samples were obtained from the Agricultural Research and Development Station (SCDA),
Turda-Cluj, Romania, which harvested between 2014 and 2016. The soybean used in this study is a
high-grade Felix variety (Glycine max (L); subspecies (manshurica)) which was created at SCDA Turda
as a result of Maple Presto x Merit (Glycine max (L) Merr.) with several characteristics, such as compact
bush, erect growth habit with an average height of 94 cm, the average mass per 1000 soybeans of 178 g
and an average vegetation period of 122 days [23,24].

2.2. Field Experimental Design and Crop Management at the Agricultural Research and Development Station
Turda-Cluj, Romania

The field experiments were based on the subdivided parcel method with soil cultivation systems
occupying large plots and with herbicide treatments applied to the small, overlapping parcels.
The experimental parcel size was 48 m?. The field experiments were bifactorial, including the soil
tillage systems: conventional (smsl), minimum tillage (sms2) and no-tillage (sms3), with no weed
control (wctl) and two weed control methods (wct2 and wct3), as shown in Table Al. The soil type was
faeoziom with a content of 3.16% humus (organic carbon content 1.83), 51.8-55.5% clay (clay texture),
total nitrogen content 0.226%, available phosphorus 73 ppm; potassium 295 ppm, apparent density
1.28 g/cm?, wilting coefficient 18%, field water capacity 32%; and pH (H,0) 6.75 at a depth of 0-30 cm.

Tillage system: The conventional system (sms1) was done by plow at 30 cm depth, and preparation
of the germinating bed before sowing was done by a rotary harrow that grinds the soil at the 10 cm
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depth. The minimum tillage soil system (sms2) was performed with the chisel plow and with the rotary
harrow used for crushing soil at 10 cm in depth. The no-tillage system (sms3) was carried out using the
direct sowing machine

Sowing: Soybean sowing was done on 20 April, at 18 cm between the rows for the weed control
system [25]. The soybeans were planted 5 cm deep with a seed density of 65 soybeans germinated per
m?. The precursor plant in the rotation for soybean culture was corn.

Weed control: No weed control (wctl), 1st weed control (wct2: S-metolaclor 960 g/L,
imazamox 40 g/L and propaquizafop 100 g/L, with 1.5 I/ha; 0.8 L/ha and 1.5 L/ha, post I) and 2nd weed
control (wct3: dimetenamid 720 g/L, bentazon 480 g/L and fluazifop-P-butil 150 g/L, with 1.2 L/ha;
2.5L/ha and 1.5 L/ha). The pre-emergent herbicides were applied ppi (pre plant incorporated) at 34 cm
depth before sowing, and the post-emergent ones in the phenophase of 3-5 leaves of the soybean crop
and the weeds in the rosette phase.

Harvesting: Soybean harvesting was done on September 28, using the experimental plot combining
Wintersteiger with a working width of 1.4 m. Soybeans obtained from each variant of all four repetitions
were weighed individually, calculated at 12% STAS and reported per hectare.

Climatic conditions: The climatic conditions (temperature and precipitation) were recorded
at the Agricultural Research and Development Station (SCDA), Turda-Cluj, Romania, during the
growing periods from 2014-2016 (longitude 23°46’59” E, latitude 46°34’0” N, Koppen climate type:
Dfb: warm summer, humid continental climate)

2.3. Yields and Isoflavone Contents of Soybean Grown during 2014-2016

During the three experimental years (2014, 2015 and 2016), climatic conditions (Figure A1) were
monitored, and three different soil tillage systems (conventional, minimum tillage and no-tillage
systems) (Table A1) were employed to determine their impacts on the yields and isoflavone concentration
of soybeans harvested during these years.

2.4. Isoflavone Extraction and High-Performance Liquid Chromatography (HPLC) Analysis

Isoflavone Extraction: The isoflavone analysis was performed as described previously [4].
All soybean seeds were carefully hand-selected to eliminate any defected/damaged beans, then finely
ground and stored at —80 °C until extraction. 250 mg of grounded soy samples were extracted with
25 mL of 45% (v/v) methanol and shaken at room temperature for 48 h (Thermo-Scientific VWR,
Batavia, IL, USA). After centrifugation for 20 min at 4000 rpm, the supernatant was transferred into
1 mL vials ready for the HPLC analysis.

HPLC Analysis: The quantitative analysis of isoflavones from all soy samples was performed
by high-performance liquid chromatography on a Waters model 2695 equipped with Waters 2998
photodiode array detector [4,26]. The isoflavone separation was conducted through a reverse-phase
column (150 mm X 2.1 mm i.d., 4 um, Nova-Pak C18; Waters, Milford, MA, USA). The eluting
solvent included a linear gradient of acetonitrile (solvent A) and acetonitrile/methanol 3:1 (v/v)
(solvent B) for 60 min with the flow rate of 0.8 mL/min. A representative chromatogram of the five
isoflavones analyzed shows the peaks corresponding to each of the isoflavones. Daidzin, glycitin,
genistin, daidzein and genistein peaks were identified by their retention times and confirmed with
their standards. Quantification of the isoflavones was done by the external standard method with
genuine standards purchased from Sigma-Aldrich (St. Louis, MO, USA). The calibration solutions
were prepared by serial dilution of the individual stock solution of different concentrations (2-10 uM).
The relationship between the peak and the known concentrations of the standards was used to quantify
each isoflavone. The standard curve for each isoflavone and the correlation coefficients were obtained
using the linear regression model in SPSS Statistics. The correlation coefficient of each calibration curve
for the standards was greater than 0.99.
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2.5. Statistical Analyses

Two-way ANOVA was performed to validate statistically significant differences among the soil
tillage treatments (mean) in the same year and between the means of different years and the same soil
tillage systems. When the null hypothesis was rejected, Tukey’s honestly significant difference test
using a p < 0.05 significance level was applied to determine the statistically significant differences
between the means. Precisely, the field experiments were based on the subdivided parcel method
with the 3 tillage systems occupying the large plots and weed treatments applied to the small,
overlapping parcels. There were 3 large plots for every tillage system that were replicated three times
every season (3 X 3 x 3). Within every large plot we had overlapping smaller plots with the 3 different
weed control treatments (3 X 3 X 3 = 27 experimental plots). From each of the 27 experimental plots,
we collected 4 samples (27 x 4 = 108 samples). We repeated the experiment in 3 different years,
2014-2016, and we collected the same 108 samples each year (108 X 3 = 324 samples). Values shown are
means + S.E. (n = 3 for field experiments and n = 4 for HPLC analyses). In addition, the environmental
factors (monthly temperature and precipitation during the growing season (5 months) from March to
July) and isoflavone concentration were correlated by principal component analysis (PCA) using SPSS
Statistics 19.

3. Results

3.1. Experimental Year 2014

As shown in Table A2, several factors affected the quantity of soybeans grown in Romania
in 2014. One important factor influencing soybean yield was the soil tillage system along with the
degree of weed infestation of the soybean crop. In the conventional soil tillage system without weed
control, the annual dicotyledonous weeds (2-9 weeds/m?) predominate, and the monocotyledon weeds
represent 0.25-2.25 weeds/m?. Similarly, there is also a weed infestation of the minimum tillage and
no-tillage systems with no weed control; dicotyledonous weeds with 2-31 weeds/m?, and the annual
monocotyledons between 0.25-5.5 weeds/m?. Without the application of weed control treatments
(wctl), the production was 385-429 kg/ha, compared with 1921-2167 kg/ha, when the two different
types of weed control systems where applied. The higher production of 2167 kg/ha in the conventional
system was followed by 2015 kg/ha in the minimum tillage system and 1950 kg/ha in the no-tillage
system with the 1st weed control. The weed controls increased the crop yields significantly, compared to
no weed control in the year 2014 (p < 0.05) (Table A2). In addition, the soybeans harvested in 2014
showed significant differences in the concentration of individual isoflavone (daidzin, daidzein, genistin,
genistein and glycitin) depending on soil tillage systems. The daidzin concentration was the lowest
(2077 + 180 ug/g) in the conventional soil tillage system with the 2nd weed control (wct3), but its
concentration increased (2599 + 75 ng/g) in the direct seeding system with no herbicide (p < 0.05)
(Figure A2). In regard to daidzein, the higher concentration (605 + 47 ug/g) was found when no
tillage with no weed control (wctl) was applied, and the lower concentration (505 + 31 pug/g) in the
conventional soil tillage system with no weed control (wctl) (p < 0.05) (Figure A3). There was also a
significant difference in the concentration of genistin; the highest concentration of 2961 + 397 ug/g
in the conventional system with the 1st weed control (wct2) and the lowest at 2597 + 352 ng/g in the
no-tillage system with the 2nd weed control (wct3) (p < 0.05) (Figure A4). Unlike genistin, the higher
genistein concentration (852 + 44 ug/g) was with a no-tillage system with no weed control (wctl),
but the lower genistein concentration (698 + 24 ng/g) was from the no-tillage system with the 2nd weed
control (wct2) (Figure A5). The glycitin concentration was also affected by the soil tillage systems and
the weed controls (from 427 + 16 pg/g to 521 + 9 ug/g) (Figure A6). However, the three different soil
tillage systems had little effect on the total isoflavone concentrations (6892 + 561 ng/g (conventional),
6833 + 600 pg/g (minimum tillage) and 7107 + 526 pg/g (no-tillage)) in the field year 2014. Although the
total isoflavone concentration under the no-tillage system was higher than the conventional soil system
(Table A3), the difference was found to be not significant statistically.
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3.2. Experimental Year 2015

Like the previous year, the yields of soybeans were greatly influenced by soil tillage systems
with and without weed control in 2015 (p < 0.05) (Table A2). The lower crop yields of 488-496 kg/ha
were obtained with no weed control (wctl), compared to 1974-2243 kg/ha with both weed controls
(wct2 and wct3). Like 2014, the highest yield of 2243 kg/ha in the conventional system was followed by
2076kg/ha in the minimum tillage system and 1991kg/ha in the no-tillage system with the 1st weed
control. The average isoflavone concentration in 2015 was higher than in 2014 (Table A3). Soil tillage
systems also influenced differently the individual isoflavones in 2015. The higher daidzin concentration
(3659 + 107 pg/g) was obtained with a conventional system with no weed control and the lowest
(3102 + 135 pg/g) from the minimum tillage system without weed control (Figure A2). Daidzein was
higher (623 + 18 pg/g) with a no-tillage system without weed control and lower (501 + 17 pg/g) with
no-tillage with the 2nd weed control (wct3) (p < 0.05) (Figure A3). In addition, there were significant
differences in genistin concentration; the higher (3623 + 246 pg/g) under the no tillage system with
the 2nd weed control and the lowest (2522 + 232 ug/g) under the conventional system with 1st weed
control (p < 0.05) (Figure A4). Regarding genistein, the concentrations were between 620 and 766 pg/g,
which was lower than in 2014 (p < 0.05) (Figure A5). In addition, there was a significant difference
in glycitin concentration (346 + 31 pg/g to 430 + 16 pg/g) depending on soil tillage and weed control
systems (Figure A6). However, as in 2014, the three different soil tillage systems had no adverse
effects on the total isoflavones (7674 + 405 pg/g (conventional), 7729. + 437 pg/g (minimum tillage)
and 8563. + 449 ng/g (no-tillage)) for the field year 2015 (Table A3), despite some variations in the
individual isoflavone concentration (daidzin, genistin, glycitin, daidzein, genistein) (Figures A2-A6).
In fact, the average isoflavone concentration of soybeans harvested under the direct soil system was
significantly higher than those in the conventional and minimum tillage systems. Notably, the isoflavone
concentration of soybeans harvested under the no-tillage soil system with the second weed control
was significantly higher than those of the conventional and minimum tillage systems under the same
weed control (p < 0.05).

3.3. Experimental Year 2016

As in 2014 and 2015, the soil tillage systems with and without weed control had a significant
influence on soy production in 2016 (p < 0.05) (Table A2). The highest production (3012.00 kg/ha) was
recorded with the conventional system, followed by the minimum tillage system (2980kg/ha) and
no-tillage system (2874kg/ha) under 1st weed control (Table A2). In addition, like the previous two
years, daidzin and genistin were influenced by soil tillage and weed control systems (Figures A2
and A4). Daidzin was significantly higher (3626 + 72 ug/g) with the minimum tillage system without
weed control (wctl) and lowest (3103 + 74 pg/g) in the conventional soil system with 2nd weed control
(p < 0.05) (Figure A2). The concentration of genistin was higher (3858 + 141g/g) in the conventional soil
system with 1st weed control (wct2) and lowest (3286 + 106 pg/g) in the minimum tillage system with
2nd weed control (wct3) (p < 0.05) (Figure A4). Likewise, genistein concentration was higher under the
conventional soil tillage system (479 + 28 pg/g) than in both the minimum tillage (380 + 20 ug/g) and
no-tillage systems (318 + 11 pg/g) (Figure A5). The concentration of daidzein and glycitin were also
affected by soil tillage and weed control systems (Figures A3 and A6). Daidzein’s concentration was
higher (596 + 22 pg/g) under minim tillage, and lower in no-tillage (532 + 23 nug/g). Glycitin concentration
was highest (305 + 28 pg/g) in minimum tillage and lowest in no-tillage (211 + 15 nug/g). Like the two
previous years, there was no significant difference in total isoflavone between the soil tillage systems
(Table A3). Furthermore, like the two previous years (2014 and 2015), there was no impact from each
weed control method on the total isoflavone under the different soil tillage systems in the field year
2016 (Table A3).
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3.4. Comparison of Soybean Yields and Isoflavone Concentrations for 2014-2016

When the average soybean yields were compared during 2014-2016 field years, the highest
was the 2016 field year with 2109 kg/ha, followed by 2015 (1544 kg/ha) and 2014 (1473 kg/ha
(Table A2). In fact, the data are in line with previous reports [16-18,27], suggesting that the field
year factors (e.g., temperature and precipitation) may contribute significantly to soybean yields.
In particular, the fluctuation of precipitation in the months of June and July may be critical in
soybean yield, although other environmental factors cannot be disregarded (Figure A7). As with the
yield, significant differences in individual isoflavone concentrations were found during the three
field years. The daidzin concentration was significantly lower in 2014 compared with the other two
years (p < 0.05) (Figure A2). However, the concentration of daidzein was not much affected by the
years: 552 + 4 ug/g to 572 + 10 ug/g (Figure A3). Unlike daidzein, a significant disparity in genistin’s
concentration was also found during 2014-2016; the highest concentration in 2016 (3293 + 9 ug/g),
followed by 2015 (2930 + 261 pg/g) and 2015 (2834 + 22 ug/g) (Figure A4). In contrast to genistin, we
noticed the highest total genistein concentration in 2014 (763 + 35 nug/g), followed by 674 + 20 ug/g
in 2015 and 403 + 8 ug/g in 2016 (Figure A5). Similar patterns were found for glycitin; the highest
concentration in 2014 (467 + 12 ug/g), followed by 382 + 10 pg/g in 2015 and 262 + 2 ug/g in 2016
(Figure A6). Because climatic conditions were reported to influence the concentration of individual
isoflavone in soybeans [16,27], temperatures and precipitation were recorded during the field years
(2014-2016) at Turda Weather Station in Romania in order to determine their potential effects on
isoflavone concentration in the soybeans (Figure Al). The average temperature during the soybean
growing season in Turda, Romania was 12 °C in April and 21 °C in July, respectively. However,
the average annual precipitation was much higher in 2016 (816.8 mm) than in 2015 (641.2 mm) and 2014
(520.6 mm), suggesting that temperatures and precipitation in the growing season may have important
impacts on isoflavone concentrations (Figure A7). This is actually consistent with other previous reports
that soil moisture is likely to increase the concentration of daidzin and genistin [28]. Furthermore, our
data suggest that daidzin may be significantly affected by the temperature during the month of June
(with an average of 19.2 °C), even though there was little correlation between temperature and daidzein
concentration (Figures A2-A4 and A7). In regard to total isoflavone, the average of total isoflavones
in the field year 2016 was highest with 8129 + 307 ug/g under all three soil systems, followed by
2015 (7989 + 430 ug/g) and 2014 (6944 + 562 ng/g) (Table A3). Nonetheless, the data imply that the
higher total isoflavone concentrations in 2016 may be attributed partially to higher precipitation during
the growing season, suggesting that environmental factors may have more influence on isoflavones
concentration than soil tillage systems. Because there is no statistical difference in the average isoflavone
concentration for the three years, we investigated the variance of isoflavone’s concentration under
each soil system. Under the conventional soil system, the average isoflavone concentration of soybeans
harvested in 2016 was significantly higher than those in 2014 under all weed controls (p < 0.05).
In addition, the concentration of isoflavones of soybeans harvested in 2015 was significantly higher
than that in 2014 under no weed control (1st weed control) (p < 0.05). Under the minimum tillage
system, the average isoflavone concentration of soybeans harvested in 2016 was significantly higher
than that in 2014 under all weed controls (p < 0.05). Under the no-tillage system, the average isoflavone
concentration of soybeans harvested in 2015 was significantly higher than that in 2014 under all
weed controls (p < 0.05). In addition, the isoflavone concentration of soybeans harvested in 2015
was significantly higher than that in 2014 under all weed controls (wctl, wct2 and wct3) (p < 0.05).
In addition, the concentration of isoflavones of soybeans harvested in 2016 was significantly higher
than that in 2014 under the 3rd weed control (wct3) (P < 0.05). In fact, the data suggest that these
differences may be attributed to the climatic conditions of each year, not the soil tillage systems used in
this study because there was no significant difference each year. These data point out an important fact
that two conservative soil tillage systems (minimum tillage and no-tillage systems) had no negative
effects on total isoflavone concentration, compared to the conventional soil system in each field year
for 2014-2016 (Table A3). Furthermore, our data suggest that the soybean yields will be improved
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significantly with the weed controls (wct2 and wct3) under all three different soil tillage systems
without a significant change in the total concentration of isoflavone (Tables A2 and A3).

4. Discussion

Like previous reports [12,15,16,28,29], our experimental results indicate that the field year factors
(e.g., temperature and precipitation) may contribute significantly to soybean yields (Figure A7).
In particular, the fluctuation of precipitation in June and July may be crucial for soybean yield,
although other environmental factors cannot be disregarded. Significant interactions were found
between soybean production, temperature, and precipitations in June, in every year of cultivation
(r = 0.95), an aspect which might be explained by the fact that in this month, the high quantity
of precipitations and high temperatures considerably stimulate plant development and soybean
production. It is worth mentioning that this phenomenon was observed in all soil tillage systems which
were applied. Our results indicate that the three different soil tillage systems had no significant effect
on the total concentration of isoflavone under the three different soil systems, although the individual
isoflavone concentration (daidzin, genistin, glycitin, daidzein, genistein) showed some variations
under these soil systems (Figures A2—-A6). This study also showed that soybeans (Felix variety)
cultivated in Romania contain genistin and daidzin as the predominant isoflavone, followed by their
aglycones (genistein and daidzein), as previously reported [29,30]. In addition, glycitin was the
isoflavone with the lowest concentration in the Felix variety, as per other reports [29-31]. However,
we noticed significant variations in all five isoflavone concentrations during the three experimental
years, highlighting that the climatic conditions may play a critical role during the growing period in
the variation of isoflavone concentrations in the Felix variety. In fact, these data are in line with several
previous reports showing that environmental conditions have predominant effects on isoflavone
concentration in soybeans [28,32-35]. Consistently, higher isoflavone concentrations were obtained
from soybeans harvested in 2016, which recorded lower temperatures and highest precipitation during
the seed development than the previous two years [32-35].

Moreover, we found that the concentrations of genistin and daidzin were significantly influenced
by relatively high precipitation, specifically in May and June, while the concentration of glycitin
was minimally affected by this factor. These results are consistent with a previous finding which
reported that soil moisture could increase the concentration of daidzin and genistin, but not glycitin’s
concentration. Interestingly, other research has suggested that environmental factors could have a
significant effect on isoflavone concentration for different soybean cultivars [28]. For instance, when two
French soybean cultivars (Imari and Queen) and three U.S. cultivars (Dwight, Jack and Londa) were
tested under different environmental conditions, the results showed that environmental factors such as
soil moisture and air temperature could have significant effect on isoflavone concentrations in different
soybean cultivars [28]. Based on the principal component analysis (Figure A7), temperatures and
precipitation in the growing season may have an important impact on isoflavone concentrations.
However, our data indicate that the minimum tillage and no-tillage systems may not have negative
effects on the concentration of total isoflavone in soybeans, compared to the conventional soil system
(Table A3), although environmental factors may have an impact on the concentration of individual
isoflavones. Our data suggest that minimum tillage and no-tillage systems may be employed in soybean
farming to meet imperative cultivation needs. In fact, finding a proper soil tillage system without
impact on total bioactive components is an important issue in Europe, due to serious soil erosion and
reduced fertility in limited farmlands. This study implies that minimum tillage/no tillage-type soil
management systems may be used as proper soil tillage systems in cultivating soybeans, without a
significant loss of total isoflavone concentration.

5. Conclusions

Total isoflavone concentration is an essential matter for soybean farmers and consumers. However,
their concentration is likely to be influenced by external factors, such as climatic conditions and soil
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tillage systems. In particular, finding a proper soil tillage system is a very urgent issue in Europe due
to limited farmlands. This study shows that the minimum tillage and no-tillage systems may not have
a negative impact on the total isoflavone concentration in soybeans, compared to the conventional
soil tillage system. Altogether, this study suggests that the minimum tillage and no-tillage systems
may be used as proper soil tillage systems in cultivating soybeans, without a negative impact on total
isoflavone concentration.
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Appendix A

Table Al. The layout of soil tillage systems with weed controls.

Conventional Soil

Minimum Tillage with and No-tillage with Weed

No. wi t:(i)liig‘:/e“erfithCi?lctlrols No. without Weed Controls No. and without Controls
1 smslwctl 4 sms2wctl 7 sms3wctl
2 smslwct2 5 sms2wct2 8 sms3wct2
3 smslwct3 6 sms2wct3 9 sms3wct3

smsl: conventional soil system with plow: plow + seedbed preparation with rotary harrow + seeding + fertilizer;
sms2: the minimum tillage system: tillage + seedbed preparation with rotary harrow + seeding+ fertilizer;
sms3: no tillage system: seeding + fertilizer; wctl: no herbicide; wct2: S-metolaclor 960 g/L; Imazamox 40 g/L +
Propaquizafop 100 g/L -1.5 L/ha; 0.8 L/ha + 1.5 L/ha post I; wct3: Dimetenamid 720 g/L; Bentazon 480 g/L +
Fluazifop-P-butil 150 g/L-1.2 L/ha; 2.5 L/ha + 1.5 L/ha.

Table A2. The effect of soil tillage systems on soybean yield at the experimental site 2014-2016.
Different lowercase letters indicate significant differences between the means of the same soil tillage
systems in the same year of field, while capital letters indicate significant differences between the means
of different years and same soil tillage systems according to Tukey’s HSD test (p < 0.05).

Year Crop Yield (kg/ha)

Soil Systems 2014 2015 2016
smslwctl 429 + 1124 496 + 15 2B 521 +19C
smslwct2 2167 + 183 PA 2243 + 198 PA 3012 + 111 bB
smslwct3 2048 + 176 PA 2152 + 189 PA 2952 + 96 bB

Average 1548 + 123 1630 + 134 2161.91 + 75
sms2wctl 397 + 723A 492 + 16 2B 510 + 18 2B
sms2wct2 2015 + 189 bA 2076 + 177 PA 2980 + 89 bB
sms2wct3 1943 + 163 bA 1974 + 170 bA 2834 + 73 bB
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Table A2. Cont.

Year Crop Yield (kg/ha)
Soil Systems 2014 2015 2016
Average 1451 + 120 1514 + 121 2108 + 60
sms3wctl 385 + 724 488 + 14 2B 492 + 1728
sms3wct2 1950 + 175 bA 1991 + 168 bA 2874 + 78 bB
sms3wct3 1921 + 180 bA 1986 + 171 bA 2812 + 118 B
Average 1418 + 121 1488 + 118 2059 + 71
Total Average 1473 +12 1544 + 14 2109 £ 9

Table A3.

9of 14

Total isoflavone concentration in soybeans for 2014-2016, three soil systems.

Different lowercase letters indicate significant differences between the means of the soil tillage systems

in the same year, while capital letters indicate significant differences between the means of different

years but the same soil tillage systems according to Tukey’s HSD test (p < 0.05).

Year

2014

2015

2016

Total Isoflavones

Amounts (ug/g)

Amounts (ug/g)

Amounts (ug/g)

smslwctl 6800 + 510 24 7854 + 405 PB 8172 + 319 bC
smslwct2 7131 + 528 bA 7569 + 449 aA 8433 + 260 B
smslwct3 6744 + 644 @A 7598 + 361 a4 8256 + 238 B
Average 6892 + 561 7674 + 405 8287 + 272
sms2wctl 6843 + 577 aA 7857 + 449 bB 8575 + 270 <€
sms2wct2 6960 + 613 2A 7677 + 382 aB 8097 + 404 bB
sms2wct3 6696 + 610 24 7653 + 481 2B 7701 + 362 3B
Average 6833 + 600 7729 + 437 8124 + 345
sms3wctl 7493 + 601 <A 8457 + 490 <€ 8181 + 297 bA
sms3wct2 7097 + 492 PA 8778 + 428 dC 7909 + 313 2A
sms3wct3 6731 + 484 A 8455 + 430 <€ 7834 + 297 2B
Average 7107 + 526 8563 + 449 7901 + 302
Total average 6944 + 562 7989 + 430 8129 + 307
25 4 r 160
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Figure Al. Thermic and pluviometric chart. The average precipitation (represented by lines) and

temperature (represented by bars) determined at the experimental site in Turda, Romania, during the

growing period (2014-2016).
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Figure A2. Daidzin concentration in soybeans influenced by field year. Sms: soil tillage system and
wect: weed control treatment. The values shown are means + S.E. Different lowercase letters above the
bars indicate significant differences in daidzin concentration between the years undergoing the same
treatment, according to Tukey’s HSD test (p < 0.05).

Daidzein content pg/g

smsiwctl smslwct2 smslwct3 sms2wctl sms2wet2 sms2wct3 sms3wctl sms3wct2  sms3wct3

2014 02015 @2016

Figure A3. Daidzein concentration in soybeans influenced by field year. Sms: soil tillage system and
wect: weed control treatment. The values shown are means + S.E. Different lowercase letters above the
bars indicate significant differences in daidzein concentration between the years undergoing the same
treatment, according to Tukey’s HSD test (p < 0.05).

Genistin content pg/g

smslwctl smslwctz smslwet3  sms2wetl  sms2wct2  sms2wct3  sms3wctl  sms3wct2  sms3wct3

02014 [@2015 @2016

Figure A4. Genistin concentration in soybeans influenced by field year. Sms: soil tillage system and
wect: weed control treatment. The values shown are means + S.E. Different lowercase letters above the
bars indicate significant differences in genistin concentration between the years undergoing the same

treatment, according to Tukey’s HSD test (p < 0.05).
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Figure A5. Genistein concentration in soybeans influenced by field year. Sms: soil tillage system and
wect: weed control treatment. The values shown are means + S.E. Different lowercase letters above the
bars indicate significant differences in genistein concentration between the years undergoing the same
treatment, according to Tukey’s HSD test (p < 0.05).

600
500 { . i . l i c ;
([ 15 10 e &
X 400 4f: b ;:; - :;: oy
g £Z7Ig g7 7 4 I
s L1 7 'nm
£ : % : AT A 1A
S 200 H}|E |7
& 817 7z 7| slZ %
817 Z 7| RElZ %
- ﬁ ,4" 7 : f
E17| 187 Z| &7 ME7
100 1} / 7| RElZ 7%
7| 187 71 RE7| BRI
1Y 7 7| 8% 7z
§lZ| M8Z 87| 87| BEIZ
’ smslwctl smslwct2 smslwct3d sms2wetl sms2wcet2 sms2wcet3 sms3wcetl sms3wcet2 sms3wct3
02014 2015 £ 2016

Figure A6. Glycitin concentration in soybeans influenced by field year. Sms: soil tillage system and
wect: weed control treatment. The values shown are means + S.E. Different lowercase letters above the
bars indicate significant differences in glycitin concentration between the years undergoing the same
treatment, according to Tukey’s HSD test (p < 0.05).
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Figure A7. Loading plot of Principal Component Analysis carried out with the analyzed factors:
temperatures and precipitation during the growing season (T03, T04, T05, T06, T07 and P03, P04, P05,
P06, P07) and isoflavones concentration: daidzein (Dzein), genistin (Gstin), daidzin (Dzin); glycitin (Gly)
and genistein (Gstein) based on the first and second components accounting for 55.40% and 44.59% of
the total variability observed.
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