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Abstract  
 
Soybean is considered one of the main multipurpose crop and the quality of soybean based products have increasingly 
received attention. Soybean growers have invested into agronomic practices to maximize production and increase its 
potential, one of the practices are the usage of foliar fertilizer. In order to quantify the effects of foliar fertilization on 
soybean seed quality, an experiment was carried out at Research and Development Station for Agriculture Turda, in 
two consecutive years (2020-2021) and was based on a randomized blocks design with three replications. Seventy-five 
soybean genotypes from four maturity groups were analyzed. A small influence of foliar fertilization on soybean yield 
was observed with a slight decrease for the early genotypes when foliar fertilization in both growth and development 
stages were applied. Regarding the quality, an improvement of the chemical composition of soybean seeds can be 
reached by applying foliar fertilizers. The results from this study revealed that yields was not increased by treatments 
applied on soybean growing season. 
 
Key words: soybean, foliar fertilization, maturity group, seed quality.  
 
INTRODUCTION  

 
Soybean is one of the most important 
leguminous crops due to its nutrition value 
being also a substantial source of vitamins and 
minerals (Kubar et al., 2021; Pratap et al., 
2011), with contributes of 25% at the global 
edible oil and about two-thirds at the world's 
protein feed, for animal feed (Dinesh et al., 
2013). According to multiple literature sources, 
soybean has a protein content of 30-60% and 
oil content ranging from 14% and 30% (Kubar 
et al., 2021; Al-Tayar et al., 2021). Lombardi et 
al. (2013) stated that the expansion of soybean 
cultivation areas in recent decades is due to 
several factors including its ideal profile of 
biochemical constituents, namely essential fatty 
acids and amino acids absolutely necessary for 
human health. The soybean protein contains 
most of the amino acids necessary for human 
nutrition, also the soybean oil rates major in 
unsaturated fatty acids like an oleic and linoleic 
(Al-Tayar et al., 2021; Carrera & Dardanelli, 
2017; Chandel, 2002). The chemical 
composition of soybeans and their multiple 
uses reflect how soybean production can meet 
the needs of a growing world population 

(Medic et al., 2014). Nevertheless, the seed 
composition is strongly affected by 
environmental factors and the genetic structure 
(Macak & Candrakova, 2013). 
Foliar fertilization can increase soybean yield 
and obtain high quality seeds, being an 
alternative method for supplying plant nutrition 
(Domingos et al., 2021; Domingos et al., 2019). 
The most important advantage is that the 
nutrients are absorbed through aerial plant 
parts, being an ecological method to reduce 
negative impacts on the soil and to correct 
nutritional deficiencies (Niu et al., 2020).  
Domingos et al. (2021) explained the 
importance of translocation of some nutrients 
from the leaves to the forming seeds. Another 
advantage of foliar fertilization is that nutrients 
can be applied in controlled quantities and in a 
specific stage (Domingos et al., 2021; YanTing 
et al., 2009).  
Westgate et al. (1999) stated that oil and 
protein content are closely related to genetic 
variability and environmental conditions, but 
also to anthropogenic factors such as soil 
fertilization and plant nutrition. Macro and 
micronutrients are important for soybean 
growth and development stages, most 
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assimilated nutrients are exported in seeds, 
according to Maehler et al. (2003). 
Boron among other microelements, has an 
important role in several metabolic processes 
like: photosynthesis, cell structure and 
synthesis of nucleic acids and protein 
(Domingos et al., 2021; Cakmak & Römheld, 
1997), biological nitrogen fixation, and 
physiological seed formation processes 
(Campos et al., 2020). 
Nitrogen is a macronutrient needed in high 
quantities according to Nendel et al. (2019), 
and is being supplemented by foliar fertilizer 
(Kebeney et al., 2015; Jabborova et al., 2020), 
but also through symbiotic process (Bono et al., 
2019). Nitrogen is considered to have a 
significant input at the growing and 
development stages, also is a part of the protein 
structure (Sharifi et al., 2018). The application 
of low-doses of foliar fertilization is considered 
a strategy to provide additional nitrogen and 
therefore an increase in crop yield (Oliveira et 
al., 2019). 
Potassium is most frequent present in plant 
tissue, plays a key role in regulating the 
osmotic cellular potential and activates over 60 
enzymes, mainly involved in the synthesis of 
sugar, starch and protein (Lara et al., 2018; 
Sharifi et al., 2018). Nevertheless, many 
authors reported that a high yield with superior 
quality indices is given by both genetic 
development and sustainable management 
practices (Tilman et al., 2011; Henchion et al., 
2017; Magrini et al., 2018). 
 
MATERIALS AND METHODS  
 
The present experiment was conducted at 
Research and Development Station for 
Agriculture Turda (RDSA Turda), at the 
Soybean Breeding Laboratory field during 
2020 and 2021. The soybean genotypes 
selected for the trial included 75 genotypes 
(Table 1), of local (28 genotypes) and foreign 
origin (47 genotypes from seven European 
countries), included in four maturity groups: 
very early 000 (15 genotypes), early 00 (30 
genotypes), semi-early 0 (15 genotypes) and 
semi-late I (15 genotypes). Each soybean 
variety was sown in the second decade of April 
at a seed rate of 55 germinating seeds per 1 m2, 
in a faeozem vertical soil. 

Table 1. Country of origin and number of genotypes 
experimented (Turda, 2020-2021) 

No. Country of 
provenience 

Number of 
genotypes Maturity group 

1 Romania 28 very early (000),  early (00), semi-
early (0), semi-late (I) 

2 Austria 14 very early (000),  early (00), semi-
early (0), semi-late (I) 

3 France 6 very early (000),  early (00), semi-
late (I) 

4 Serbia 4 early (00), semi-early (0), semi-
late (I) 

5 Switzerland 8 very early (000),  early (00), semi-
late (I) 

6 Croatia 8 early (00), semi-early (0), semi-
late (I) 

7 Italy 6 semi-early (0), semi-late (I)  
8 Germany 1 early (00) 

Total 75 

 
The experimental design was a complete 
randomized block with three replications each 
soybean genotypes being sown on two rows, 12 
m length and 50 cm distance between rows 
with the harvested plot of 10 m2.  
The polyfactorial experiment included three 
factors: year with two graduation (Y); 
treatment variants with three graduation (T) 
and maturity group with four graduation (G). 
Three levels of fertilization were analyzed in 
this experiment (Figure 1). 
 

 
Figure 1. The levels of fertilization applied on the 

soybean genotypes 
 
The vegetative and reproductive stages were 
noted using a worldwide standard descriptors 
methodology proposed by Fehr and Caviness, 
(1977). The soil type is Faeozem with a content 
in humus 3.5%, mobile phosphorus 4.5 mg 
P2O5/100 g soil (AL), mobile potassium 30 mg 
K2O/100 g soil (AL) and the soil reaction is 
characterized as neutral.  
Quality parameters were determined using 
Tango Bruker Optik Gmbh equipment and 
experimental data was analyzed statistically 
with Microsoft Excel and Polifact program was 
used for the analysis of variance (ANOVA).

  

RESULTS AND DISCUSSIONS  
 
The climatic conditions varied a lot in the two 
experimental years (Figures 2 and 3), the 
temperature in the summer months exceeded 
the sixty-year average, at the same time the 
precipitations were unevenly distributed 
alternating the dry months with the very rainy 
ones.  
After a rainy 2020, insufficient moisture was 
observed in the second year during the soybean 
reproductive stages with negative consequences 
on yield. 
Generally, according to F test, the studied 
quantitative characters varied very significant 
depending on the year, treatment and also on 
the maturity group (Table 2). Statistically a non 
significant influence of fertilizer on yield was 
revealed.  
 

 
Figure 2. Daily mean temperature (0C) on soybean 

growing season (Turda 2020-2021) 
 

 
Figure 3. Amount of rainfall on soybean growing season 

(mm) 
 
A significant and distinct significant decrease 
in soybean yield was observed for the very 
early and early soybean genotypes when foliar 
fertilization was tested. Regarding the later 
genotypes, a positive response not statistically 
insured was noted when nutritional intake 
offered by foliar fertilization (Figure 4).  
For quality parameters, the obtained data high-
lights a different response to foliar fertilization 
depending on experimented maturity groups. 
Even if the protein and oil content are geneti-
cally control by the genotype with right techno-
logy, seed quality can be improved (Figures 5 
and 6). For the very early genotypes an increase 
in protein and oil content was noted at the 
complete fertilization scheme. Urdă et al. 
(2021) reported an improved seed quality when 
studied the influence of soil tillage system, 
fertilizer and treatment applied to seed on 
soybean chemical composition. 

Table 2. ANOVA for the yield, protein and oil contents (Turda, 2020-2021) 

ANOVA Yield Protein Oil 
Source of variance SPA F Test SPA F Test SPA F Test 

Y (Year) 1480060.00 214.12*** 0.33 191.81*** 17.48 51590.08*** 

T (Treatment) 14459.25 3.73ns 38.93 1515.43*** 0.05 8.87*** 

Y x T 37561.75 9.69** 53.41 2079.37*** 0.16 26.45*** 

G (Maturity group) 849650.80 98.26*** 12.11 708.78*** 2.09 341.20*** 

Y x G 182705.30 21.13*** 58.26 3409.74*** 1.57 256.10*** 

T x G 70343.41 4.06*** 42.55 1245.16*** 0.75 61.78*** 

Y x T x G 76620.02 4.43*** 44.15 1292.09*** 1.22 99.70*** 

Error Y 13824.08  0.00 
 

0.00 
 Error T 15498.33 0.10 0.02 

Error G 103756.30 0.20 0.07 
Note: ns = no significant differences, * = significant at P≤5%, ** = significant at P≤1%, *** = significant at P≤0.01%. 
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A significant and distinct significant decrease 
in soybean yield was observed for the very 
early and early soybean genotypes when foliar 
fertilization was tested. Regarding the later 
genotypes, a positive response not statistically 
insured was noted when nutritional intake 
offered by foliar fertilization (Figure 4).  
For quality parameters, the obtained data high-
lights a different response to foliar fertilization 
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Even if the protein and oil content are geneti-
cally control by the genotype with right techno-
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Figure 4. The interaction between treatment and maturity group (T x G) for yield (Turda, 2020-2021) 

 

 
Figure 5. The interaction between treatment and maturity group (T x G) for protein content (Turda, 2020-2021) 

 

 
Figure 6. The interaction between treatment and maturity group (T x G) for fat content (Turda, 2020-2021) 
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The data obtained for the fatty acids profile 
shows that the genotypes were different 
influenced by the foliar fertilizer (Table 3).  
A slight increase with very significant positive 
difference compared to the control was 
identified for stearic acid at early maturity 
groups (000 and 00). A priority for the soybean 
breeding programs is the improvement of oil 
quality and stability.  
The increasing of saturated fatty acid led to a 
high oil stability while high values for the 
unsaturated fatty acids are required in human 

nutrition. The identification of an ideal 
fertilization scheme with positive impact on oil 
profile could be a solution to this concern. The 
obtained data points out a high variability for 
the quality parameters in the experimental 
trials. 
Krueger et al. (2013) stated some important 
results in terms of oil content and major acids 
when applying potassium and phosphorus 
mineral fertilizer. He noticed an increase in 
linolenic acid when high doses of phosphorus 
and potassium were applied. 

 
Table 3. The interaction between treatment and maturity group (TxG) for main fatty acids (Turda, 2020-2021)

 

Maturity 
group  Variant Stearic  

acid 
Oleic 
acid 

Linoleic  
acid 

Linolenic  
acid 

000 
Control 4.50Mt 24.18Mt 54.88Mt 4.95Mt 

T1 (Treatment 1) 4.95xxx 23.90000 52.10000 5.65xxx 

T2 (Treatment 2) 4.62xxx 24.75xxx 54.02000 6.13xx 

00 
Control 4.53Mt 24.50Mt 54.27Mt 7.25Mt 

T1 (Treatment 1) 5.52xxx 23.05000 51.70000 6.88000 

T2 (Treatment 2) 4.62xxx 24.62ns 54.07ns 7.45xx 

0 
Control 4.40Mt 24.40Mt 55.33Mt 6.28Mt 

T1 (Treatment 1) 4.350 24.2000 55.47ns 6.35- 

T2 (Treatment 2) 4.45x 24.38ns 54.83000 7.18xxx 

I 
Control 4.40Mt 24.07Mt 54.57Mt 7.60Mt 

T1 (Treatment 1) 4.38ns 24.13ns 54.47ns 7.430 

T2 (Treatment 2) 4.47xx 24.53xxx 54.40ns 7.25000 

DL 5% 0.04 0.13 0.25 0.14 
DL 1% 0.06 0.17 0.33 0.19 

DL 0.1% 0.08 0.24 0.45 0.25 
Note: ns = no significant differences, *, ° = significant at P≤5%, **, °° = significant at P≤1%, ***, °°° = significant at P≤0.01%.                                                                                                             

 
CONCLUSIONS 
 
Regarding the quality, an improvement of the 
soybean seed chemical composition can be 
reached by applying an adequate foliar 
fertilization scheme, for each maturity group.  
In general, soybean did not respond well to 
foliar fertilization, in terms of yield. However, 
a small influence of foliar fertilization on 
soybean yield was observed, with a slight 
decrease for the early genotypes, when foliar 
fertilization, in both growth and development 
stages, were applied. 
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Figure 4. The interaction between treatment and maturity group (T x G) for yield (Turda, 2020-2021) 

 

 
Figure 5. The interaction between treatment and maturity group (T x G) for protein content (Turda, 2020-2021) 

 

 
Figure 6. The interaction between treatment and maturity group (T x G) for fat content (Turda, 2020-2021) 
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The data obtained for the fatty acids profile 
shows that the genotypes were different 
influenced by the foliar fertilizer (Table 3).  
A slight increase with very significant positive 
difference compared to the control was 
identified for stearic acid at early maturity 
groups (000 and 00). A priority for the soybean 
breeding programs is the improvement of oil 
quality and stability.  
The increasing of saturated fatty acid led to a 
high oil stability while high values for the 
unsaturated fatty acids are required in human 

nutrition. The identification of an ideal 
fertilization scheme with positive impact on oil 
profile could be a solution to this concern. The 
obtained data points out a high variability for 
the quality parameters in the experimental 
trials. 
Krueger et al. (2013) stated some important 
results in terms of oil content and major acids 
when applying potassium and phosphorus 
mineral fertilizer. He noticed an increase in 
linolenic acid when high doses of phosphorus 
and potassium were applied. 

 
Table 3. The interaction between treatment and maturity group (TxG) for main fatty acids (Turda, 2020-2021)

 

Maturity 
group  Variant Stearic  

acid 
Oleic 
acid 

Linoleic  
acid 

Linolenic  
acid 

000 
Control 4.50Mt 24.18Mt 54.88Mt 4.95Mt 

T1 (Treatment 1) 4.95xxx 23.90000 52.10000 5.65xxx 

T2 (Treatment 2) 4.62xxx 24.75xxx 54.02000 6.13xx 

00 
Control 4.53Mt 24.50Mt 54.27Mt 7.25Mt 

T1 (Treatment 1) 5.52xxx 23.05000 51.70000 6.88000 

T2 (Treatment 2) 4.62xxx 24.62ns 54.07ns 7.45xx 

0 
Control 4.40Mt 24.40Mt 55.33Mt 6.28Mt 

T1 (Treatment 1) 4.350 24.2000 55.47ns 6.35- 

T2 (Treatment 2) 4.45x 24.38ns 54.83000 7.18xxx 

I 
Control 4.40Mt 24.07Mt 54.57Mt 7.60Mt 

T1 (Treatment 1) 4.38ns 24.13ns 54.47ns 7.430 

T2 (Treatment 2) 4.47xx 24.53xxx 54.40ns 7.25000 

DL 5% 0.04 0.13 0.25 0.14 
DL 1% 0.06 0.17 0.33 0.19 

DL 0.1% 0.08 0.24 0.45 0.25 
Note: ns = no significant differences, *, ° = significant at P≤5%, **, °° = significant at P≤1%, ***, °°° = significant at P≤0.01%.                                                                                                             

 
CONCLUSIONS 
 
Regarding the quality, an improvement of the 
soybean seed chemical composition can be 
reached by applying an adequate foliar 
fertilization scheme, for each maturity group.  
In general, soybean did not respond well to 
foliar fertilization, in terms of yield. However, 
a small influence of foliar fertilization on 
soybean yield was observed, with a slight 
decrease for the early genotypes, when foliar 
fertilization, in both growth and development 
stages, were applied. 
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Abstract  
 
Rainbow trout Oncorhynchus mykiss (Walbaum, 1792) is one of the most widely cultured fish species, with a high 
market value. Although in the Black Sea there is a well-established tradition of cage farming in Turkish waters, in 
Romania rainbow trout farming has been limited to inland mountain areas. Whereas there is an increasing interest of 
Romanian economic operators to engage in sea cage farming, this research aimed at testing the adaptation of rainbow 
trout to the Romanian Black Sea marine environment, determining its growth rate, establishing the optimal size for 
transfer to saltwater, and increasing meat quality. The research was performed for 7 months, during the cold season, 
and comprised two batches of O. mykiss individuals transferred to marine water from a mountain trout farm (with 
initial mean biomasses of approximately 300 g and 180 g, respectively). Upon completion of the experiment, growth 
parameters showed values much higher compared to freshwater culture, and the biomass gain was remarkable in both 
batches (reaching final biomasses of approximately 1,700 g and 1,600 g, respectively), the results indicating smaller 
fish as best fitted for transfer to marine water. The carotenoid-enriched feed provided to the fish resulted in a highly 
nutritious meat, with the much-appreciated pink colorization. 
 
Key words: biomass, Black Sea, marine water, meat quality, rainbow trout. 
 
INTRODUCTION  

 
Worldwide there is a growing demand for fish 
and seafood, while living aquatic resources 
decrease more and more. This situation 
generates the need for people involved in 
aquaculture, in fresh or in marine waters, to be 
concerned about economic viability, 
environmental safety, and social development 
(Nicolae et al., 2015a). Experts are constantly 
challenged to develop new technologies 
designed to increase aquaculture production at 
sustainable costs, with a focus on food safety 
and quality, in animal welfare conditions (Anin 
et al., 2021). 
Whereas Romania’s Black Sea coastline is 
limited to 245 km, of which more than half is 
represented by the Danube Delta, traditional 
Romanian aquaculture has been based mainly 
on freshwater fish species. However, in recent 
years, more and more focus has been put on 

mariculture potential and research activities 
have been performed in order to stimulate the 
development of the field, both for finfish 
(Zaharia et al., 2017) and shellfish culture (Niță 
& Nenciu, 2020).  
Rainbow trout, Oncorhynchus mykiss 
(Walbaum, 1792), was one of the first fish 
species whose life cycle was fully replicated to 
enable it to be farmed. It has been cultured 
since the late 19th century, making it one of the 
species with the longest presence in modern 
aquaculture (Gall and Crandell, 1992). 
Rainbow trout is capable to occupy many 
different habitats, ranging from an anadromous 
life history (strain known as steelhead, living in 
the ocean, but spawning in gravel-bottomed, 
fast-flowing, well-oxygenated rivers and 
streams) to permanently inhabiting freshwater 
lakes (FAO, 2021). It is reared in a variety of 
systems, in both freshwater and seawater, in 
many areas around the world, making it one of 




