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limiting the use of chemical fertilizers in crop production 
are an incentive to seek alternative solutions. Some authors 
indicate the so-called effective microorganisms (EM) as one 
of the factors influencing the crop yield and quality. These 
are preparations containing microorganisms that belong to 
different taxonomic groups: photosynthetic bacteria, lactic 
acid bacteria, actinobacteria, yeasts and fermenting fungi. 
Originally, they were obtained from the natural environment 
(soil, compost, plants). However, the wide possibilities of 
EM application in agriculture and horticulture as well as 
a wide range of beneficial effects on plants, declared by 
manufacturers, are still under discussion. Many authors 
stress their capacity to increase soil fertility, excrete plant 
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 Summary
This paper proposes a new approach to the appli-

cation of microorganisms in vegetable production. 
The study presents the content of carotenoids and 
phenolic compounds in tomato fruits from two vege-
tation periods as affected by the application of a mi-
crobial preparation which included different strains 
of bacteria, actinomyces and fungi. In 2013 the con-
tent of carotenoids in tomato fruits (74–88 mg kg–1 
f. w.) was significantly higher than in 2012 (43–58 
mg kg–1 f. w.). The content of phenolic compounds 
ranged between 32–57 mg kg–1 f. w. in 2012 and 50–55 
mg kg–1 f. w. in 2013. Field applications of the micro-
bial preparation did not contribute to the increase of 
tomato yield and the lycopene, ß-carotene, phenolic 
compounds and soluble solids concentration in fruits. 
The effect of light intensity and temperature on yield 
and quality attributes was evaluated. It was found 
that under temperate climate conditions of field ex-
periment a more intense solar radiation during fruc-
tification period (2013) favoured the accumulation of 
soluble solids, lycopene, fraction of ‘others’ in carot-
enoids and hydroxycinnamic acids but had no effect 
on the yield, concentration of ß-carotene and total 
phenolic compounds.

Keywords
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Significance of this study
What is already known on this subject?
• Solar radiation determines the quantity and the 

quality of the yield from plants. Bacteria that colonize 
plant roots can increase soil fertility and plants yield. 
Plant growth promoting rhizobacteria can relate 
substances antagonistic to plant pathogens and 
mediate in induced systemic resistance. Some of them 
can also lead to increased accumulation of phenolic 
compounds in plants.

What are the new findings?
• Solar radiation in the conditions of a temperate 

climate is a factor that positively affects the 
accumulation of lycopene, hydroxycinnamic acids and 
soluble solids in fruits of processing tomato. However, 
the examined microbial preparation did not positively 
affect the concentration of carotenoids and phenolic 
compounds in tomato fruits.

What is the expected impact on horticulture?
• Searching for microorganisms and evaluation 

of microbiological preparations that could find 
application in horticulture for increasing the 
production of carotenoids and phenolic compounds 
in tomato as well as other vegetables requires further 
research.

Introduction
Tomatoes are a rich source of vitamin C, vitamin E, 

folic acid, potassium, and secondary metabolites such as 
b-carotene, lycopene, and phenolic compounds (Martínez-
Valverde et al., 2002; Luthria et al., 2006; Kavitha et al., 
2014). The content of these compounds in tomato fruits and 
food products is influenced by many pre- and postharvest 
factors (Dorais et al., 2001; Nour et al., 2013; Helyes et al., 
2014; Urbonavičienė et al., 2015).

Contemporary trends and legal regulations aimed at 
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hormones (auxins, cytokinines, gibberellins, ethylene) and 
decrease the risk of pathogenesis (Higa and Parr, 1994). 
Thus EM can improve the plant’s yield, vigour and health 
(Higa and Parr, 1994; Hussain et al., 1999; Daly and Stewart, 
1999; Javaid and Bajwa, 2011; Frąszczak et al., 2012; Khaliq 
et al., 2006; Hu and Qi, 2013; Starzyk and Wiśniewska, 
2015). Javaid (2011) even defines preparations containing 
EM as biofertilizers. However, other studies indicate that 
EM do not have significant influence on the microbiological 
parameters of soil and the development of plants (Mayer et 
al., 2010; Kleiber et al., 2013). Sangakkara and Higa (1994) 
and Widdiana and Higa (1998) proved that the application 
of EM increased the tomato yield in the climate of Sri Lanka 
and Indonesia. There is not much data on the influence of 
microbial populations on the phytonutrients of tomato and 
their effects may be considerable (Xu et al., 2001; Bourn and 
Prescott, 2002).

Plant physiology and secondary metabolites synthesis in 
plants is strongly affected by abiotic factors. The impact of 
solar radiation on the content of carotenoids and phenolic 
compounds in tomatoes is considerable. Their accumulation 
in fruits can increase with radiation intensity (Cox et al., 
2003; Toor et al., 2006). However, excessive solar radiation, 
especially UV-B, lasting a few hours, may contribute to a 
decrease in the lycopene content (Dumas et al., 2003; Dorais 
et al., 2008) and has no effect on flavonoids accumulation 
(Toor et al., 2006; Dorais et al., 2008). The influence of 
temperature on the content of phenolic compounds in plants 
is poorly recognized (Dorais et al., 2001, 2008). In the case 
of lycopene, different ranges of optimal temperature are 
specified. Dorais et al. (2001) indicate 12°C to 21°C, whereas 
Krumbein et al. (2006) suggest 20°C to 24°C. Garcia and 
Barrett (2006) claimed that the formation of lycopene in 
tomato grown in field conditions is inhibited at temperatures 
higher than 32°C. Thus the role of climatic conditions in 
formation of secondary metabolites in field grown tomato 
fruits may be considerable.

The discrepancies mentioned above led the authors to 
perform a two-year study in order to analyse the effects of 
microbial preparation on the content of carotenoids, phenolic 
compounds, soluble solids and the yield of processing 
tomato. The effect of solar radiation and temperature on 
yield and quality attributes was also evaluated.

Materials and methods
The research was conducted in 2012 and 2013 in Poznań-

Marcelin (52.408721; 16.858597), Poland. Tomatoes cv. 
Polset F1 (Bejo Zaden) were grown in the field on a sandy 
loam soil. The content of organic matter in the soil was 
1.69% in 2012 and 1.65% in 2013. The soil had the following 
chemical composition in 2012: N-NO3: 13 mg L-1, P: 63 mg L-1, 
K: 120 mg L-1, Ca: 782 mg L-1, Mg: 169 mg L-1, pH: 7.1; in 
2013: N-NO3: 15 mg L-1, P: 64 mg L-1, K: 145 mg L-1, Ca: 467 
mg L-1, Mg: 139 mg L-1, pH: 6.8. In both years narrow-leaved 
lupine was used as a forecrop. Seedlings were planted in the 
field on 17 May 2012  and on 29 May 2013. The plants were 
spaced at 0.5 m and 0.6 m between twin rows and at 0.9 m 
between double rows. The experiment was established in 
a randomised block design. There were 4 plots of 5.04 m2 
and 12 plants in each combination. Before planting, the 
field was fertilized with mineral N – P2O5 – K2O: 84, 77, 136 
kg ha-1 in 2012 and 96, 88, 144 kg ha-1 in 2013. The top 
dressing fertilizer was mineral N – K2O – CaO: 115, 48, 144 
kg ha-1 in 2012 and 90, 48, 129 kg ha-1 in 2013, respectively. 
The top dressing fertilization was applied in three parts. In 

either year there was one foliar fertilization with a Ca(NO3)2 

solution. Weeds, pests and diseases were controlled only by 
chemical treatments.

Microbial preparation application
The commercial product EmFarma® (EM) (National 

Microbe Centre licensed by ProBiotics Polska, Brudzew, 
Poland) was applied. The number of microorganisms was 
determined on appropriate growth media – standard count 
agar by MERCK for total bacteria number, medium according 
to Martin for fungi (Martin, 1950) and medium according 
to Pochon for actinobacteria (Grabińska-Łoniewska, 1999). 
Diluted samples of EmFarma® in suspensions used in the 
experiment (0.5%, 1.5%, 2%) were used for analysis. Petri 
dishes were incubated at 28°C (for growth of bacteria and 
actinomyces) and at 24°C (for growth of fungi). The number 
of microorganisms in EmFarma® suspensions was: total 
bacteria number 0.44·103 CFU mL-1, actinomyces 0.71·101 
CFU mL-1, fungi 0.89·103 CFU mL-1 (in 0.5% EmFarma® 
suspension); total bacteria number 1.06·103 CFU mL-1, 
actinomyces 1.67·101 CFU mL-1, fungi 1.85·103 CFU mL-1 (in 
1.5% EmFarma® suspension); total bacteria number 1.75·103 
CFU mL-1, actinomyces 2.94·101 CFU mL-1, fungi 2.94·103 CFU 
mL-1 (in 2% EmFarma® suspension).

EM was applied on the day of tomato being planted 
and during the growing season. During planting EM was 
applied at a dose of 30 L ha-1. Plants were irrigated with an 
EM suspension concentrated at 0.5% (6,000 L ha-1) or they 
were sprayed with a 2% suspension (1,500 L ha-1). During 
summer tomatoes were sprayed with a 1.5% EM suspension 
(1,000 L ha-1). Plants on plots initially irrigated with EM were 
sprayed 0, 2 or 5 times. Tomatoes on plots being sprayed in 
the day of planting were sprayed 0 or 5 times. The spraying 
started in late June and was repeated every second week.

In order to exclude the effect of mineral composition of 
spraying suspension on tomato yielding and fruits quality, 
the standard analytical procedure of chemical analysis of 
water was performed to EM suspension. During one spray 
foliar application of 1,000 L of suspension per 1 ha with EM 
of 15 L ha-1 the following quantity of minerals was applied: 
N-NO3: <2 g ha-1, N-NH4: 2.9 g ha-1, PO4: 12.4 g ha-1, K: 47.1 
g ha-1, Ca: 90.9 g ha-1, Mg: 16.4 g ha-1, Cu, Zn, Mn, Fe, B: <1 
g ha-1.

Meteorological conditions
The meteorological data were registered in 1-minute 

interval with a HOBO weather station (ONSET Computer 
Corporation, Bourn, USA).

Yield determination and fruit sampling
Only fully ripe fruits were harvested manually once a 

week from mid-August to late September for total yield 
assessment. The fruits harvested on 7 September 2012 and 6 
September 2013 were analysed in a laboratory for the content 
of soluble solids, carotenoids and phenolic compounds.

Soluble solids measurement
The content of soluble solids in the tomato fruits was 

measured with an Eclipse Digital Refractometer DR-103L 
(Bellingham and Stanley Ltd., Tunbridge Wells, United 
Kingdom).

Determination of carotenoids
Determination of carotenoids content was conducted in 

lyophilised tomato fruits (1 g). Carotenoids were extracted 
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from the material in accordance with the method of Buret 
(1991). The chromatographic analysis was performed with 
the LC Agilent Technologies 1200 Rapid Resolution system 
(Waldbronn, Germany) equipped with a Poroshell 120, 
SB-C18 column (4.6 × 150 mm, 2.7 µm). The mobile phase 
was composed of acetonitrile : methanol : ethyl acetate 
(Sigma Aldrich Chemie GmbH, Steinheim, Germany) in a 
gradient ranging from 95:5:0 to 60:20:20 in 20 min, the 
latter proportion being maintained until the end of the 
run. The flow rate was set at 0.5 mL min-1 according to De 
Sá and Rodriguez-Amaya (2004). Commercially available 
carotenoid standards: lutein, -carotene, lycopene (Sigma 
Aldrich Chemie GmbH, Steinheim, Germany) were used 
to identify compounds by retention times and ultraviolet-
visible (UV-Vis) spectra. The eluate was detected with a UV-
Vis detector set at 454 nm and 503 nm. Carotenoids were 
quantified, according to their corresponding standard. The 
other carotenoids were quantified in relation to b-carotene.

Determination of phenolics
Phenolic compounds were extracted from tomato fruits 

(10 g) according to the method reported by Vallejo et al. 
(2002). Phenolic profiles were determined using the LC 
Agilent Technologies 1200 Rapid Resolution system equipped 
with a Poroshell 120, SB-C18 column (4.6 × 150 mm, 2.7 µm). 
The binary mobile phase according to Tsao and Yang (2003) 
consisted of 60 g L-1 acetic acid in 2 mmol L-1 sodium acetate 
(solvent A) and acetonitrile (solvent B). The flow rate was 1 
mL min-1 and the total run time was 35 min. The system was 
run with a gradient program: 0–15% B in 15 min, 15–30% 
B in 25 min, 30–50% B in 5 min and 50–100% B in 5 min. 
On the basis of the wavelength in which the maximum of 
UV-Vis absorption was observed, the phenolics were divided 
into two groups, i.e., hydroxycinnamic acid derivatives at 
320 nm and flavonoids at 360 nm. The phenolics were 
quantified, related to gallic acid (Sigma Aldrich Chemie 
GmbH, Steinheim, Germany).

Statistical analysis
The two-way analysis of variance (ANOVA) and Tukey’s 

honest significant difference (HSD) test were performed at 
p<0.05 using Statistica Version 9.1.

Results and discussion

Yield of tomatoes 
Tomato yield did not differ between years (Table 1). 

The climatic conditions in the period of tomato cultivation 
contributed to balanced yields in both years. The sum of 
photosynthetically active radiation (PAR) was slightly higher 
in 2012 (4,234 mol m-2) than in 2013 (3,896 mol m-2). In the 
period of tomato fructification the PAR level was higher in 
2013 than in 2012 (Figure 1). Average daily temperature was 
slightly higher in 2013 (17.5°C) than in 2012 (17.1°C) (Figure 
2). The rainfall in the period of tomato cultivation was very 
similar in both years (276 mm in 2012 and 292 mm in 2013). 
According to Jedryszczyk et al. (2012) the hydrothermal 
index was similar in both periods of tomato cultivation.

EM did not influence on the yield of tomato in particular 
years (Table 1). According to the literature microorganisms 
can increase production of tomato (Xu et al., 2001; Kleiber 
et al., 2014; Olivares et al., 2015). This increase is explained 
by the stimulation of organic material degradation and 
acceleration of the process of mineralization, thus more 
nutrients are available for plant uptake into the soil (Hussain 
et al., 1999). Xu et al. (2001) also found that EM intensified the 
photosynthetic activity of tomato. However, microbiological 
and mineral composition of examined EM indicated its low 
potential to increase the production of tomato.

Soluble solids
The content of soluble solids in the fruits in 2012 was 

significantly lower than in 2013 (Table 1). The PAR and 
radiation in 2013 (Figures 1 and 3) were more favourable 
than in 2012 for the accumulation of soluble solids in fruits. 
The mean daily radiation and PAR from June to August 

Table 1.  Effect of microbial preparation (EM) on yield of tomato fruits (t ha-1) and soluble solids content (°Bx) in two 
cultivation periods (2012, 2013) (mean ± standard deviation; n = 4).

Treatment Total yield Commercial yield Soluble solids content
2012

Control 88 ± 9 75 ± 8 5.3 ± 0.3
30 L ha-1 EM irrigation 95 ± 13 81 ± 13 5.3 ± 0.2
60 L ha-1 EM irrigation and spraying 94 ± 16 75 ± 10 5.2 ± 0.2
105 L ha-1 EM irrigation and spraying 97 ± 2 84 ± 2 5.3 ± 0.3
105 L ha-1 EM spraying 96 ± 12 81 ± 12 5.3 ± 0.4

2013
Control 88 ± 16 74 ± 16 5.9 ± 0.4
30 L ha-1 EM irrigation 96 ± 7 76 ± 8 5.7 ± 0.2
60 L ha-1 EM irrigation and spraying 86 ± 6 73 ± 8 6.0 ± 0.3
105 L ha-1 EM irrigation and spraying 94 ± 7 78 ± 10 5.8 ± 0.3
105 L ha-1 EM spraying 97 ± 14 82 ± 12 5.9 ± 0.3
Anova F-ratio
Effect of EM treatment 0.710 NS 0.672 NS 1.95 NS
Effect of year 0.196 NS 0.457 NS 20.82 ***
Effect of year × treatment 0.178 NS 0.112 NS 1.66 NS

*** P < 0.005; NS: not significant.
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amounted to 189 W m-2 and 409 mmol m-2 s-1 in 2013 and 
168 W m-2 and 372 mmol m-2 s-1 in 2012 (Figures 1 and 3). 
EM had no effect on the soluble solids content in the tested 
fruits. There is only little information in the literature on 
the effect of microorganisms applications on soluble solids 
concentration in tomato. However, similar EM preparation 
used by Xu et al. (2001) and H. seropedicae used with humate 
by Olivares et al. (2015) also had no significant impact on 
these parameters.

Carotenoids
The content of total carotenoids in tomato fruits ranged 

between 43–58 mg kg-1 of fresh weight (f. w.) in 2012 and 74–
88 mg kg-1 f. w. in 2013 (Table 2). According to the references, 
the total content of carotenoids in tomatoes ranges from 2 
mg kg-1 f. w. to 221 mg kg-1 f. w. (Kavitha et al., 2014; Maurer 
et al., 2014). The total content of carotenoids, measured in 
the tested tomatoes, was within these ranges. According to 
the data published in the literature, lycopene contributes 
with 60–96% of the total content of the tested compounds 
(Clinton, 1998; Ilahy et al., 2011). In the tested samples the 
proportion of lycopene ranged from 88% to 95%.

It was observed that in the second tested vegetation 
period (2013) the content of carotenoids in the tomato fruits 
was significantly greater than in the previous year (2012). 
The concentration of lycopene was 1.6–2 times higher while 
other carotenoids 1–1.6 times greater in 2013 than in 2012 
(Table 2). b-carotene, in contrast, was not influenced by the 
effect of the year. Toor et al. (2006) claimed that the climatic 
conditions in the period of 4 weeks before the harvest have 
significant influence on the content of antioxidants in fruits. 
In the place of field experiments the radiation was higher in 
this period in 2013 than in 2012. When radiation over 450 
W m-2 is taken into account the number of hours with this 
radiation was 52% higher in 2013 than in 2012 (79 h and 
52 h, respectively) (Figure 4). In the authors’ judgement, 
under the temperate climate conditions of Poland a longer 
time of more intense solar radiation can be interpreted as a 
factor favouring the synthesis of lycopene. However, Dumas 
et al. (2003) indicate the radiation higher than 650 W m-2 

can cause degradation in lycopene during fruit ripening. In 
the above mentioned period, the radiation level was very 
rarely close to 650 W m-2 (Figure 4). However, direct, intense 
solar radiation has a high share of NIR and can raise the 
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FIGURE 1.  Average daily PAR in 10 day periods from May to September. 
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FIGURE 2.  Average daily temperature in 10 day periods from May to September. 
 

Figure 1.  Average daily PAR in 10-day periods from May to 
September.

Figure 2.  Average daily temperature in 10-day periods from 
May to September.

Table 2.  Effect of microbial preparation (EM) on the content of carotenoids in tomato fruits (mg kg-1 f.w.) in two cultivation 
periods (2012, 2013) (mean ± standard deviation; n = 4).

Treatment Lycopene b-carotene Others Total carotenoids
2012  

Control 39 ± 6  2.3 ± 0.2  a 2.3 ± 0.3  44 ± 6  
30 L ha-1 EM irrigation 39 ± 9  2.5 ± 0.5  a 2.5 ± 0.3  44 ± 9  
60 L ha-1 EM irrigation and spraying 41 ± 2  2.1 ± 0.4  a 2.1 ± 0.2  45 ± 2 
105 L ha-1 EM irrigation and spraying 38 ± 5  2.7 ± 0.3  a 2.7 ± 0.8  43 ± 6 
105 L ha-1 EM spraying 53 ± 10 2.6 ± 0.3  a 2.6 ± 0.4 58 ± 11 

2013
Control 68 ± 12 2.4 ± 0.4  bc 3.2 ± 0.5 74 ± 14  
30 L ha-1 EM irrigation 73 ± 6  3.0 ± 0.2  c 3.4 ± 0.7  79 ± 7   
60 L ha-1 EM irrigation and spraying 68 ± 3  2.3 ± 0.2  bc 3.4 ± 0.3  74 ± 8  
105 L ha-1 EM irrigation and spraying 77 ± 13  1.2 ± 0.5  a 2.7 ± 0.9  81 ± 13  
105 L ha-1 EM spraying 83 ± 3  2.0 ± 0.3  ab 3.3 ± 0.3  88 ± 3  
Anova F-ratio
Effect of EM treatment 2.487 NS 4.178 * 0.3164 NS 2.673 NS
Effect of year 116.741 *** 4.190 NS 15.7527 *** 106.683 ***
Effect of year × treatment 0.306 NS 7.945 *** 1.2436 NS 0.311 NS

* P < 0.05; *** P < 0.005; NS: not significant.
Different letters in the columns represent statistically significant differences (P < 0.05).



138 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Ratajkiewicz et al.  |  The influence of “effective microorganisms” and solar radiation on carotenoids

temperature of the plant surface and thus could influence on 
lycopene accumulation. The risk of an excessive increase in 
temperature was rather low. The average daily temperature 
in 4 weeks before the harvest was slightly higher in 2012 
than in 2013 and reached 17.6°C and 16.9°C, respectively. In 
this period only 5 hours in 2012 and 0 hours in 2013 with 
temperature ≥ 32°C were found. According to Garcia and 
Barrett (2006), there is low risk of lycopene degradation 
at temperatures below 32°C or rarely exceeding this value. 
The effect of rainfall in 4 weeks before the harvest on the 
lycopene formation in fruits was rather poor because only 
slightly higher rainfall was noted in 2013 than in 2012 (28.8 
mm and 20.6 mm, respectively). 

Application of EM had no effect on the content of 
carotenoids in examined tomato fruits, except of b-carotene 
(Table 2). b-carotene content even decreased with an 
increase of EM dose per ha in 2013. However, this effect was 
not confirmed by the results achieved in 2012. There is very 
little information on the microorganisms populations which 
give a chance to increase concentrations of carotenoids 
in plant organs (Mohamed and Gomma, 2012). Chandna 

and Gupta (2014) proved that after the application of 
compost with various bacteria there was an increase in the 
photosynthetic efficiency in tomatoes. They also observed 
faster maturation of fruits from the mature green stage to 
the breaker stage. The increased content of carotenoids and 
chlorophyll (a, b) caused by some microorganisms (Bacillus 
subtilis and Pseudomonas fluorescens) has been proved in 
radish leaves (Mohamed and Gomma, 2012). On the other 
hand the biological action of microorganisms depends on 
their concentration and viability. However, there was a low 
content of microorganisms in the examined preparation and 
therefore its capacity to increase carotenoids concentration 
was small.

Phenolics
The content of phenolic compounds measured in the 

tested tomatoes ranged from 32 to 57 mg kg-1 f.w. (Table 3). 
The content of phenolic compounds in tested tomatoes (Table 
3) was lower than levels reported in the literature (Martínez-
Valverde et al., 2002; Ilahy et al., 2011; Nour et al., 2013; 
Helyes et al., 2014). Hydroxycinnamic acids and flavonoids 14 
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FIGURE 3.  Average daily radiation in 10 day periods from May to September. 
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FIGURE 4.  Radiation number of hours above 100 W m-2 from 11.08 to 06.09 in two vegetation periods (2012, 2013). 
 
  

Figure 3.  Average daily radiation in 10-day periods from 
May to September.

Figure 4.  Radiation number of hours above 100 W m-2 from 
11.08 to 06.09 in two vegetation periods (2012, 2013).

Table 3.  Effect of microbial preparation (EM) on the content of phenols in tomato fruits (mg kg-1 f.w.) in two cultivation 
periods (2012, 2013) (mean ± standard deviation; n = 4).

Treatment Hydroxycinnamic acids Flavonoids Total phenols
2012

Control 48 ± 9  8.8 ± 0.8  a 57 ± 10 b
30 L ha-1 EM irrigation 47 ± 9  7.9 ± 1.3 a 55 ± 10 ab
60 L ha-1 EM irrigation and spraying 27 ± 8  5.2 ± 1.1 a 32 ± 9 a
105 L ha-1 EM irrigation and spraying 33 ± 7  8.4 ± 2.0 a 41 ± 9  ab
105 L ha-1 EM spraying 40 ± 9  6.5 ± 1.3 a 47 ± 10 ab

2013
Control 46 ± 9 9.2 ± 2.8 b 55 ± 10  a
30 L ha-1 EM irrigation 46 ± 5 6.6 ± 1.6 ab 53 ± 6  a
60 L ha-1 EM irrigation and spraying 46 ± 5 3.8 ± 0.5 a 50 ± 5  a
105 L ha-1 EM irrigation and spraying 46 ± 6 4.1 ± 1.4 a 50 ± 7 a
105 L ha-1 EM spraying 49 ± 4 5.2 ± 0.8 ab 54 ± 5 a
Anova F-ratio
Effect of EM treatment 2.518 NS 7.522 *** 3.262 **
Effect of year 8.005 ** 8.3287 ** 3.724 NS
Effect of year × treatment 2.444 NS 9.9197 NS 1.515 NS

* P < 0.05; ** P < 0.01; *** P < 0.005; NS: not significant.
Different letters in the columns represent statistically significant differences (P < 0.05).
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were identified in the tested samples. Martínez-Valverde et 
al. (2002) and Vallverdú-Queralt et al. (2012) reported that 
the proportion of flavonoids in the total content of phenolics 
may range from 5% to 34%. A similar profile of phenolics 
was observed in the tested tomatoes. Low content of phenolic 
compounds may be explained by meteorological conditions. 
Radiation, blue light and UV-B are essential factors affecting 
the content of phenolics in tomatoes (Luthria et al., 2006). 
In Poland, radiation and insolation have caused the low 
content of phenolic compounds in tested tomatoes. As a 
result of higher radiation in 2013 than in 2012 the greater 
hydroxycinnamic acids content was detected in tomato 
fruits. However, in the same climatic conditions the content 
of flavonoids was even lower. 

EM had impact on the content of phenolic compounds in 
tested tomatoes (Table 3). The application of EM at a dose 
of 60 L ha-1 decreased the total content of phenols in 2012 
and flavonoids in 2013. This effect was not confirmed by the 
result achieved in another year or with lower or higher EM 
dose. There is no data in the literature about the influence 
of EM application on the content of phenolic compounds 
in plants. The studies of Olivares et al. (2015) showed that 
PGPR H. seropedicae stimulated the secondary metabolic 
phenylalanineammonia lyase pathway in tomato. In addition, 
some plants growth-promoting rhizobacteria are known 
as agents enhancing production of phenolic compounds in 
medicinal plants (Rosario Cappellari et al., 2013; Selvaraj et 
al., 2008).

Conclusions
In the authors’ judgement, the EM formulation did not 

favourably affect any of the analysed components and yield 
of processing tomato. However, the application of EM could 
decrease the content of phenols content in tomato. This 
outcome prompts the authors to extend the study to include 
other microbial preparations, application methods and 
dosages in order to increase the content of carotenoids or 
phenolic compounds in tomato and other vegetable plants. 
The study showed that longer time of more intense solar 
radiation in a temperate climate of the field experiment 
should be interpreted as a factor favouring the production of 
lycopene in tomato fruits.
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