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ABSTRACT

Advancement in crop cultivation technologies strives to increase the yield and improve the quality of crops under
minimized threats posed to the natural environment. Application of biostimulants is a treatment which increases crop yield
and quality particularly after plants exposure to stress conditions. The objective of the work was to determine changes in
yield and nutraceutical potential of soybean (Glycine max [L.] Merr.) ‘Atlanta’ after application of biostimulant. A field
experiment was conducted in three growing seasons (2014-2016). Terra Sorb Complex biostimulant was applied in the
growing season in the form of single or double spraying in two concentrations (0.3% and 0.5%). Number of biostimulant
applications and its concentration modified yield and quality of crop and also the nutraceutical and antioxidative potential
of soybean. Foliar application of biostimulant improved yield of soybean (increased by 25% compared to the control)
without any negative effect on the nutritive value of seeds. The application of biostimulant increased (compared to the
control) number of pods and seeds (32%), plant height (38%), phenolic content (34%), flavonoids content (74%), and
reducing power (210%). Taking into account biometric traits of soybean plants, positive effects were observed in the case
of single biostimulant applications with lower concentration. The conducted study demonstrated a significant increase in
the soybean yield and antioxidant potential after double application of the tested biostimulant at higher concentration. On
the other hand, total fat and protein content was higher in plants treated once with a lower product concentration.
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INTRODUCTION

Many research studies emphasize the suitability of biostimulants in the cultivation of many plants in the world (Calvo
et al., 2014; Czerwinska and Szparaga, 2015; Kocira et al., 2015a; 2015b; 2015c¢; Koleska et al., 2017). Researchers
primarily stress their impact on plant yielding. However, there is still little information about the effects of biostimulant
treatments on the nutritional value and health-promoting potential of plant products (Michalak et al., 2016; Kocira et al.,
2017a; 2018a). Stress can affect plant metabolism, which in turn leads to increased antioxidant properties (Zlotek et al.,
2017). In addition, it was proven that biostimulants can also affect plant metabolism (Khan et al., 2009). The nutraceutical
potential of plant products is primarily related to the presence and quantity of antioxidants. Bioactive compound contents
and antioxidant potential depend on the types of biostimulants, their concentrations and number of applications (Kocira
etal.,2017a).

The group of natural biostimulants includes preparations based on free amino acids, extracts from marine algae and
fruits, effective microorganisms, and also humic compounds and chitosan (Calvo et al., 2014).

Among the natural biostimulants, worthy of special attention is “Terra Sorb Complex”, which is characterized by a high
(20%) content of free amino acids synthesized via enzymatic hydrolysis which enables preserving their completeness and
effectiveness. The amino acids in Terra Sorb Complex include: aliphatic amino acids (glycine, alanine, valine, leucine,
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isoleucine, proline), hydroxy-amino acids (serine, threonine), S-containing amino acids (cysteine, methionine), aromatic
amino acids (phenylalanine, tryptophan, tyrosine), acidic amino acids (aspartic acid, glutamic acid), and basic amino
acids (histidine, arginine, lysine) (Kocira et al., 2015a). Apart from the aforementioned organic compounds, Terra Sorb
Complex contains also (in lower concentrations) organic N (5.0%),B (1.5%),Mg (0.8%),Fe (1%),Zn (0.1%), Mn (0.1%),
Mo (0.001%), and many micro-elements (Kocira et al., 2015a). According to Oltenacu et al. (2017), such a composition
of this biostimulant being rich in nutrients (organic matter content at 25%), may ensure appropriately high rate of plants
growth and their increased resistance to stress factors.

Due to the fact that there is little information in literature on the modification of the yield, nutraceutical, and antioxidant
potential resulting from the use of biostimulant based on amino acids, the following research hypothesis was put forward:
the yield of soybean and its quality depends on the doses and concentrations of the biostimulant. The objective of the work
was to determine changes in yield and nutraceutical potential of soybean ‘Atlanta’ after application of biostimulant.

MATERIALS AND METHODS

Study material originated from a field experiment conducted in the years 2014-2016 in Perespa village (50°66’ N; 23°63°
E), Poland, on soybean (Glycine max [L.] Merr.) ‘Atlanta’. The experiment was established in a randomized block design
in four replicates on experimental plots with area of 10 m?. Soybean was cultivated on the soil belonging to the Gleyic
Phaeozems, characterized by alkaline pH (pH in 1 M KCl1 7.4-7.5). Soybean seeds were sown on 25 April 2014, 25 April
2015, and 23 April 2016 in rows every 30 cm at a raw spacing of 3.5 cm. Temperature and rainfall during the soybean
growing season 2014-2016 are presented in Table 1. In the growing season, plants were sprayed with biostimulant (water
solutions) according to the scheme of doses, developmental stages of plants and terms of spraying as presented in Table
2. Plants sprayed with water served as the control. The biostimulant was applied at the BBCH 13-15 stage of soybean
plants development, when foliar administration of microelement preparations is recommended to stimulate plant growth
and development. The second spraying with the biostimulant was performed at the BBCH 61 stage of soybean plants
development, i.e. at the beginning of blooming, because this is a critical period in their development (Kocira et al.,
2018a). Two water solutions of Terra Sorb Complex (0.3% and 0.5%) were used in this study. Plants were sprayed with a
biostimulant solution using a GARLAND FUM 12 B battery (Bricolemar S.L., Madrid, Spain) field sprayer at a constant
pressure of 0.30 MPa, using 300 L solution per hectare.

Table 1. Temperature (T) and rainfall (R) during the soybean growing season 2014-2016.

Season
2014 2015 2016 Average from 2002 to 2013
Month T R T R T R T R

°C mm °C mm °C mm °C mm

April 94 36.5 8.2 30.1 9.2 68.4 8.5 412
May 13.7 208.3 12.7 108.6 13.8 61.3 12.7 63.4
June 16.1 67.1 174 14.1 18.1 97.1 17.7 68.6
July 20.3 104.2 19.6 59.2 19.5 107.6 18.9 79.1
August 18.2 1154 21.6 234 18.2 95.3 194 71.8
September 13.7 894 15.1 137.6 152 412 14.1 69.2
Average/Total 15.1 620.9 15.8 373.0 17.1 470.9 152 393.3

Table 2. Plant developmental stages and dates of Terra Sorb Complex treatment.

Volume of working Date of spraying
Number of sprays and plant Combination solution/working
developmental stages Concentration code pressure 2014 2015 2016
Single spraying BBCH 13-15 0.3% T1 300 L ha'/0.30 MPa 21 June 20 June 7 June
0.5% T2
Double spraying BBCH 13-15, 0.3% T3 300 Lha'/0.30 MPa 21 June, 5 July 20 June, 3 July 7 June, 23 June
BBCH 61 0.5% T4

BBCH: Biologische Bundesanstalt, Bundessortenamt and CHemical industry.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 79(1) JANUARY-MARCH 2019 18



Determinations were conducted for: seed yield, thousand seeds weight, as well as contents of protein and fat in DM
of seeds. Protein content was determined with the Kjeldahl method (Distillation Unit K-350, BUCHI Labortechnik AG,
Flawil, Switzerland) (Official Method 992.23,979.09; AOAC, 2000), whereas fat content on the acid hydrolysis method
(Extraction System B-811, BUCHI Labortechnik AG, Flawil, Switzerland) (Official Method 922.86; AOAC, 2000).

Seed extract preparation

Seed extract was prepared following the methodology proposed by Swieca et al. (2012). Soybean seeds were ground and
extracted with a mixture of acetone, water and hydrochloric acid (70:29:1; v/v/v). Afterwards, samples were centrifuged
for 10 min (6800 g) and the resultant supernatant was collected and used for further analyses.

Content of total phenolic compounds (TPC) was determined with the method of Singleton and Rossi (1965) using the
Folin-Ciocalteau reagent. Absorbance of the samples was measured with a UV-vis spectrophotometer at a wavelength of
725 nm, then TPC was computed and expressed as a gallic acid equivalent (GAE) in mg g"' DM.

The total content of flavonoids was determined according to the method presented by Lamaison and Carnet (1990).
The prepared soybean extract was mixed with a methanolic solution of AlICl; x 6H,O. After incubation, absorbance was
measured with a UV-vis spectrophotometer at the wavelength of 430 nm. The total flavonoid content was expressed as a
quercetin equivalent (QE) in mg g' DM.

The content of anthocyanins was assayed with the method proposed by Fuleki and Francis (1968) using potassium
chloride and sodium acetate buffer at two pH values (1.0 and 4.5). After 15 min, absorbance of each sample was measured
at wavelengths of 520 and 700 nm. Then, anthocyanin content was calculated as a cynidin-3-glucoside equivalent (Cy3-
GE) in mg g' DM.

Reducing power was measured following the method provided by Pulido et al. (2000). The soybean extract was
mixed with a phosphate buffer and K;[Fe(CNy)]. Next, samples were incubated at 50 °C for 20 min. The reaction was
stopped with trichloroacetic acid, and samples were centrifuged (6800 g, 10 min). The resultant supernatant was mixed
with distilled water and FeCl;. Then absorbance was measured at 700 nm. Reducing power was expressed as a Trolox
equivalent in mg g' DM.

The obtained results were statistically elaborated with Statistica 13 software (StatSoft Inc., Tulsa, Oklahoma, USA).
The materials were collected over three seasons (2014-2016). Laboratory analyses were performed in triplicate. Normality
of data distribution was assessed with the Shapiro-Wilk test. The significance of differences between evaluated mean
values was estimated with the Tukey test at a significance level of p < 0.05.

RESULTS AND DISCUSSION

The conducted study demonstrated a significant increase in the soybean yield after foliar application of the tested
biostimulant (Tables 3 and 4). Kocira et al. (2018a) investigation also showed growth stimulation of soybean treated with
a biostimulant containing free amino acids. Colla et al. (2014) confirmed that the use of a protein hydrolysate stimulated
the growth of a pea stem, by acting similarly to gibberellins. The use of biostimulants caused also growth stimulation of
many other plants, including legumes (Boghdady et al., 2016).

The experiment indicated that, application of biostimulants decreased weight of 1000 seeds. Similar observations
were made by other authors who evaluated effects of various biostimulants on this trait, like an extract from seaweed in
chickpea (Boghdady et al., 2016), mustard and pea (Matysiak and Kaczmarek, 2008) or Terra Sorb Complex in common
bean ‘Toska’ (Kocira et al., 2015a).

Results of experiment indicated a distinct increase in the number of pods and seeds after foliar application of
biostimulant. Similar findings were reported after the use of biostimulant, containing free amino acids and the extract
from Ascophyllum nodosum, in soybean cultivation, including increased numbers of pods and seeds and an increased
seed yield (Kocira et al., 2018a). Foliar application of the extract from Kappaphycus alvarezii (red algae) increased
numbers of soybean pods and seeds (Rathore et al., 2009). Single application of the higher concentration of biostimulant
ensured better effects in increasing soybean plant height (increased by 38% compared to the control) (Table 3). The
highest plants were obtained in the growing season 2016 after their single spraying with the higher concentration of
biostimulant. Results of experiment confirm earlier findings reported in soybean cultivation after treatments with the

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 79(1) JANUARY-MARCH 2019 19



Table 3. Effect of biostimulant treatment on the yield and biometric traits of soybean.

Biostimulant treatment

Parameters Season T1 T2 T3 T4 Control variant Mean

Seed yield, t ha' 2014 3415+0.093a  3.523+0.116ab  3.780+0.099b  3.923+0.085¢  3.267+0.135a  3.582+0.267a
2015 3.705+0.083b  3.703+0.068b  3.650+0.174b  3.929+0.062b  2.664+0.218a  3.230+0.496a
2016 3.865+0.087b  3.919+0.146b  3.987+0.074b  4.084+0.155b  3.262+0.324a  3.823+0.324b

Mean  3.639+0.228b  3.772+0.198b  3.881+0.170bc 4.059+0.091c  3.064+0.347a -

1000 seed weight, g 2014 169.2+5 .5a 161.6+5.2a 163.9+4 4a 165.1£2.1a 182.2+3.5b 168.4+8.2b
2015 171.9+£7 2a 167.6+1.2a 173.6+£1.9a 165.5+£3 2a 168.5+2.3a 169.4+3.3b
2016 163.1+1.4ab 160.2+3 9a 166.0+1.7bc 162.7+£2 9ab 171.0+1.4c¢ 164.6+4.1a
Mean 165.6+4 .5a 162.2+3 9a 164.4+5.1a 164.3£1.5a 173.9+7.3b -
Number of pods, Nr plant’ 2014 18.3+1.8a 15.4+4.0a 18.7+4 9a 18.6+1.8a 15.2+1.0a 17.2+1.8a
2015 22.3+1.1¢c 16.0+0.7ab 17.1£1.7b 21.2+0.8¢ 14.7+0.5a 18.3+3.3a
2016 23.7+1.9b 21.8+0.7b 18.4+1.6a 22.3+1.3b 16.3x1.5a 20.5+3.1b
Mean 21.5+2.8b 19.5+3.5b 20.1+0.9b 20.4+1.9b 15.4+0.8a -
Number of seeds, Nr m? 2014 2019+20b 2183+128bc 2308+89cd 2377+21d 1793+56a 2136+235a
2015 2157+52b 2210+55b 2102+91b 2375+22¢ 1581x112a 2085+300a
2016 2369+47b 2447+43b 2402+41b 2510+53b 1907+176a 2327+241b
Mean 2200+176b 2326+145bc 2362+153¢ 2472+77¢ 1760+165a -
Plant height, cm 2014 119.3+4.1b 120.8+4.9b 119.0+1.8b 113.1+£9.7b 85.4+5.5a 111.5£14.9b
2015 109.2+8.7b 101.4+£2.2b 104.3+2.4b 102.3+£2.4b 81.9+8.1a 99.8+10.5a
2016 116.2+1.5b 125.2+1.8b 119.3+3.5b 117.0+7.8b 88.1+7.4a 113.2+14.4b
Mean 114.4+5.2b 117.5+12.7b 115.4+8.6b 112.7+7.6b 85.1+£3.1a -
Number of internodes in the 2014 12243 9a 16.7+6.1a 12.7+1.8a 13.9+1.7a 11.2+2.5a 13.3+2.1b
main shoot 2015 11.8+2.2b 9.6+1.3ab 11.3+1.3ab 8.1+0.5a 10.1+£2.1ab 10.2+1.5a
2016 15.0+6.3a 15.7+£3.2a 13.9+3.0a 11.9+0.6a 9.6+2.1a 13.2+2.5b
Mean 11.9+1.7a 14.1+3.8a 12.0+1.3a 11.5£2.9a 10.3+0.8a -
Location height of the first 2014 13.3+2.0a 12.5+2.1a 12.8+1.7a 13.5+1.9a 12.5+1.6a 12.9+0.5a
pod, cm 2015 13.3+1.3a 12242 4a 12.5+1.8a 12.7+1.0a 11.1+0.9a 12.4+0.8a
2016 13.8+2.2a 11.7x1.0a 13.8+2.0a 13.8+1.8a 11.7+0.7a 13.0+1.2a
Mean 13.8+0.3b 12.7+0.4ab 13.0+0.7ab 13.3+0.6ab 11.7+£0.7a -

Means in the lines, concerning the selected traits, followed by different small letters are significantly different according to Tukey’s test at p < 0.05.

extract from K. alvarezii (Rathore et al., 2009). The use of biostimulants caused also growth stimulation of many other
plants, including legumes (Boghdady et al., 2016; Kocira et al., 2018a). The use of biostimulant containing amino acids
resulted in an increase in the number of internodes on the main shoot. No reports are available in research literature on
the effect of biostimulants on this trait. Results of experiment confirmed the stimulating effect of natural biostimulant
Terra Sorb Complex also on the height of the first pod. A similar observation was made for a plant growth regulator
preparation, containing polyphenols by Kozak et al. (2008).

In conducted study, the use of biostimulants determined protein content in soybean seeds. The positive effect of
biostimulant on protein content in legume seeds was demonstrated by other authors in their experiments conducted on
common bean (Zewail, 2014; Kocira et al., 2017b). The treatment of Fabaceae plants with biostimulants based on amino
acids caused an increase in protein content in seeds of common bean (Zewail, 2014; Kocira et al., 2015b). However, some
studies on the chemical composition of soybean seeds demonstrated a decreased content of protein after foliar application
of biostimulant, containing free amino acids and the extract from A. nodosum (Kocira et al., 2018a). The application
of the Terra Sorb Complex contributed to an increased fat content in soybean seeds. Investigations conducted so far on
the effect of biostimulants on fat content in seeds have concerned rapeseed and showed a positive effect of Terra Sorb
Foliar (Jakiene, 2013) on this trait. In contrast, Wéjtowicz (2012) showed no effect of Terra Sorb Foliar on fat content
in rapeseeds. In addition, considering that the mechanisms of action of the tested preparation have not been completely
elucidated yet, one can try to hypothesize on the potential mechanisms of action of biostimulant to support explanation
of results obtained in the experiment. The changes in total protein and fat content in soybean seeds are connected with
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Table 4. Effect of biostimulant treatment on the protein, fat content and antioxidative potential of soybean seeds.

Biostimulant treatment

Parameters Season T1 T2 T3 T4 Control variant Mean

Total protein, % DM 2014 38.9+0.05d 35.240.60a 37.7+0.04c 36.2+0.03b 36.8+0.26b 37.0+1.42b
2015 49.3+0.04e 47.8+0.03d 46.2+0.05a 47.2+0.03c 46.5+0.43b 474+1.23c
2016 36.0+0.04b 34.6+1.05a 36.6+0.03b 37.0+0.03b 35.9+0.46ab 36.0+0.91a

Mean 41.4+6.99a 39.2+7.45a 40.1+£5.25a 40.1+6.13a 39.7+5.88a -

Total fat, % DM 2014 16.3+0.03b 16.0+0.03b 16.2+0.04b 15.4+0.44a 17.5+0.22¢ 16.3+0.77b
2015 14.8+0.03d 13.5+0.02b 14.5+0.03¢c 13.3+0.02a 15.0+0.17e 14.2+0.77a
2016 16.9+0.02b 16.1+0.03ab 16.9+0.06b 15.0+1.01a 16.6+0.31b 16.3+0.80b

Mean 16.0+1.08ab 15.2+1.47ab 15.9+1.23ab 14.5+1.12a 16.4+1.27b -

TPC, mg g' DM 2014 5.69+0.02a 9.01+0.04d 7.34+0.04c 10.66+0.02e 5.77+0.07b 7.69+2.14b
2015 4.91+0.03d 6.77+0.02¢ 4.35+0.03a 4.65+0.06¢ 4.50+0.03b 5.04+0.99a
2016 5.94+0.03b 9.11x0.01d 7.29+0.01c 11.24+0.03¢ 5.77+0.01a 7.87+2.31c

Mean 5.31+0.54a 8.30+1.32bc 6.33+1.71ab 8.85+0.42¢ 5.35+0.32a -

TFC, mg g' DM 2014 3.35+0.03d 2.64+0.04c 2.29+0.03b 3.71+0.03¢ 1.99+0.03a 2.80+0.72a
2015 1.95+0.01b 4.24+0.03d 4.24+0.03d 3.01+0.02¢ 1.44+0.03a 2.98+1.29¢
2016 3.65+0.03d 2.79+0.01c 2.13+0.03b 3.77+0.01e 1.99+0.03a 2.87+0.83b

Mean 2.98+0.91b 3.22+0.88b 2.89+1.17b 3.50+0.42b 1.81+0.32a -

TAC, mg g' DM 2014 0.00+0.000a 0.01+0.001b 0.02+0.002¢ 0.02+0.001c 0.00+0.000a  0.010+0.010a
2015 0.07+0.001c 0.01+0.003b 0.00+0.000a 0.00+0.000a 0.00+0.000a  0.016+0.030b
2016 0.00+0.000a 0.02+0.001b 0.02+0.001b 0.02+0.002b 0.00+0.000a  0.012+0.011a

Mean  0.023+0.040b  0.013+0.006ab 0.013+0.012ab 0.013+0.012ab  0.000+0.000a -

RP, mg g' DM 2014 0.33+0.005b  0.59+0.005d 0.51+0.084c 0.64+0.049d 0.15+0.010a 0.45+0.202b
2015 0.19+0.005a 0.18+0.005a 0.10+0.004a 0.20+0.005a 0.10+0.005a 0.15+0.050a
2016 0.36+0.005b  0.57+0.005d 0.52+0.005¢ 0.63+0.006e 0.15+0.004a 0.46+0.193b

Mean 0.29+0.091ab  0.45+0.231b 0.38+0.240b 0.49+0.251b 0.13+0.029a -

Means in the lines, concerning the selected traits, followed by different small letters are significantly different according to Tukey’s test at p < 0.05.
TPC: Total phenolics content; TFC: total flavonoids content; TAC: total anthocyanin content; RP: reducing power.

increased metabolism of N and Fe, caused by biostimulants application. Their positive impact on plant metabolism is
indicated by enhanced synthesis and activity of phytohormones and by stimulated growth and development of roots,
which contributes to better uptake, translocation and retention of macro- and micro-elements as well as determines crop
size and quality (Kocira et al., 2018b; Calvo et al., 2014). The foliar application of biostimulants has a positive effect
on physiological processes ongoing in plants, by contributing to the improvement in their growth and development and
also by increasing the size and quality of produced crop, which is ascribed to the presence of phytohormones or low-
molecular compounds (Tarakhovskaya et al., 2007) or to the presence of specific peptides and precursors of phytohormone
biosynthesis (like tryptophan) (Colla et al., 2014), or to the stimulation of the activity of selected enzymes (catalase,
peroxidase, lipoxygenase, nitrate reductase), enhancement of the activity of ferric ions in cells, synthesis of assimilation
pigments and a higher rate of nutrients uptake (Halpern et al., 2015), or to the promoted activity of naturally-synthesized
auxins as a result of enhanced inhibition of indoleacetic acid (IAA) oxidase (Haroun et al., 2011; Michalek et al., 2018)
in the biostimulants.

The application of Terra Sorb Complex biostimulant, composed mainly of free amino acids, resulted in increased TPC
content of the analyzed soybean seeds (Table 4).

As reported by Ertani et al. (2013), enhanced synthesis of antioxidative compounds, being indicators of increased
plants resistance to various stress factors, is due to the effects of biostimulants. However, as proved in the study, their
effects are attributed mostly to their composition. The physiological response of plants to the applied biostimulants
results mainly from the presence of many so-called activating compounds which include, e.g., hormones, proteins, amino
acids, phenols or triacontanol (Ertani et al., 2013). The conducted experiment proved also that the content of phenolic
compounds in seeds depended on the concentration and number of applications of the analyzed biostimulants.
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A better effect, on average, was observed after double spraying the plants with their higher concentrations. In turn,
according to Kaufmann et al. (2007), the highest effectiveness of biostimulants in crop cultivation was reported after the
use of their minimal doses, however they pointed out that this effectiveness was mostly determined by the species and
cultivar of plants and by plant growth stage. Experiments conducted by Ertani et al. (2013) proved also that differences in
effects of biostimulants were due to the number of treatments at the appropriate BBCH stages (Meier, 2001).

The total content of flavonoids in seeds of plants treated with Terra Sorb preparation was significantly higher
compared to the control. However, statistical analysis showed nonsignificant differences in their content as affected by
the number of biostimulant applications. The observed increase in flavonoids, evoked by biostimulants, consequently
led to an increased antioxidative potential and free radical scavenging power of the crop. This is also linked with
mechanisms of plants response under stress conditions and with the accumulation of reactive oxygen species (ROS).
Hence, plants response to the use of biostimulants is mainly due to their composition, molecular conformation and
weight (Bulgari et al., 2015). Additionally biostimulants activates also defense mechanisms of plants, owing to which
they may cope with the oxidative stress by enhancing the activity of enzymes of their antioxidative system and by
increasing their total antioxidative capability (Szparaga et al., 2018; Djanaguiraman et al., 2004; 2005; 2009). The above
changes occur as a result of increased enzymatic activity (catalase, CAT; superoxide dismutase, SOD) (Navabpour et al.,
2003; Zimmermann and Zentgraf, 2005; Dai et al., 2017). The increased content of flavonoids results, most of all, from
changes in the activity of phenylalanine ammonia lyase (PAL), which takes part in the biosynthesis of phenylpropanoids.
As reported by Huang et al. (2010), a gene responsible for protein encoding in enzymes is susceptible to various abiotic
and biotic stress factors in plants.

Foliar application of Terra Sorb Complex preparation had a significant effect on anthocyanins content in soybean
seeds (Table 4). The highest content of these compounds was determined after single spraying the plants with its lower
concentration. No differences were noted in soybean plants response to other combinations with Terra Sorb Complex
biostimulant. This nutraceutical trait of seeds was additionally affected by the growing season and conditions occurring in
it. According to Molmann et al. (2015), the content of phenolic compounds is determined by weather conditions occurring
during vegetation. Its higher values were reported in the years with higher temperatures (Table 1).

Significant differences in the reducing power (RP) of soybean were also noted under the influence of Terra Sorb
Complex biostimulant. The highest RP value (over 3.6-fold higher than control) was determined after plants spraying
with its 0.5% solution. In the second study year, the value of RP was significantly lower than in the other analyzed years
due to meteorological conditions. Investigations conducted by Ochoa-Velasco et al. (2016) showed the higher RP to be
caused by increased contents of phenolic compounds, anthocyanins and flavonoids. Shan et al. (2012) demonstrated also
that the value of the free radical scavenging power was mainly due to the increased content of flavonoids. It needs to
be emphasized that the reducing potential is associated with the ratio of compounds being donors of H and capable of
disrupting the free-radical chain. The increased value of RP due to plants treatments with biostimulants, determined in our
study, is consistent with findings from the research conducted by Koleska et al. (2017), who evaluated the antioxidative
activity in tomato plants treated with a biostimulant based on free amino acids. In turn, the experiment carried out by
Sidhu et al. (2017) showed that tomatoes treated with a biostimulant in the form of a seaweed extract were characterized
by a decreased reducing power compared to the control, irrespective of cultivar.

For all analyzed combinations of plants treatment with the tested biostimulant, it was concluded that the content
of these bioactive compounds was influenced by weather conditions in the growing period. It needs to be emphasized
that unbeneficial conditions appearing during the growth of plants induce their multiple defense systems. Under such
circumstances, plants tend to save energy and water reserves, and their vital functions are supported from their own
reserves. The occurrence of stress factors in the growing period leads to physiological changes in plants which close their
stomata to prevent moisture loss and to retard the process of photosynthesis, which consequently leads to the inhibition of
metabolic processes (Lakhdar et al.,2010). Providing an additional source of amino acids to plants through the application
of biostimulants facilitates the opening of stomata whose function was disturbed by adverse environmental factors. The
use of preparations based on free amino acids in plant cultivation facilitates water retention in plants, thereby stimulating
photosynthesis and also the rate and direction of metabolic processes (Jakiene, 2013).

Significant differences in the RP of soybean were also noted under the influence of Terra Sorb Complex biostimulant.
Investigations conducted by Ochoa-Velasco et al. (2016) showed the higher RP to be caused by increased contents of
phenolic compounds.
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CONCLUSIONS

The number of biostimulant applications and its concentration modified the yield, as well as nutraceutical and antioxidative
potential of soybean seeds. Yield and antioxidant activity of soybeans seeds after the biostimulator application was
significantly different from the control. Taking into account biometric traits of soybean plants, positive effects were
observed in the case of biostimulant applications with lower concentration. On the other hand, fat and protein content
was higher in plants treated once with a lower product concentration. In addition, it was found that double spraying the
plants with a biostimulant at a higher concentration, caused the increase of the antioxidant potential of soybeans. Analysis
of results obtained in the experiment demonstrated that the crop productivity and its quality, were determined not only
by the biostimulant application, but also by environmental conditions occurring in the growing season. The observed
differences in obtained results can be due to changes in average air temperature and precipitation in particular years of the
field experiment, which appeared to be stress factors to plants.

In the light of the conducted research, the application of biostimulant Terra Sorb Complex in ‘Atlanta’ soybean
cultivation brought measurable results in the form of increased yield and modified nutraceutical and antioxidative potential
soybean seeds. In agricultural practice, a double spraying of the plants with a biostimulant containing free amino acids at
a higher concentration is recommended.
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